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WD 2005/ 026331 PCT/ EP2004/ 011437 METHOD OF PREPARATI ON
OF PHARMACEUTI CAL GRADE PLASM D DNA FI ELD OF THE

WO DMERI3EN 5 This invention relates to the preper/BP100£011437
of highly purified plasmd DNA, and in particular to
production and isol ation of pharmaceutical grade
plasm d DNA for use in plasm d-based therapy.
BACKGROUND OF THE | NVENTI ON 10 Devel opnents in

ther apy METHGRAPEHEE MOk Mk IO B RR
gene therapy nmay be @RADE PTIASMIDWNA O treat

di seases. A significant hurdle to this technol ogy,
however, is finding efficient ways to deliver the

I@I@L@)G‘FTHEQNQ%NTI&N the cell. One prom sing nethod
of safely and effectively delivering a normal gene

i nt o Thisianendion] relates to thy mmmiod obkghlPperéfed psmid BPNA, and in
péﬁh%HaQ%g grodﬁl:t[i :Lrﬁlrlsglg{l ca lﬁ%‘ég&h{l&h @@ﬂl&@é&“ﬁw & use in

sequence o |nteres I'nse
pdasniig-baseed thevaiyhe hurman cell, the pDNA begi ns
replicating and producing copies of the inserted DNA
sequence. Thus, researchers view plasm d DNA as a

BPACKIGROUNIEOFCIBE iNVENetiorery of normal genes into
human_cells in_order to treat a variety of disease

st at d2evebpmppiydn gglesular bl@gogwleaﬂ&%&@stm Rlpanideased therapy in
Japc'fcu[a? ?@ﬂlreqﬂ:lcﬂ in@? untleﬁ’l gehnB] ay B Sn REMCtive iye way to treat
t

t echnol ogy and unan erapy pl asm
dissesksi A srgerﬁ@amtﬁmrdpyo dmjte@htttémgyc [hbw'cw,l is dppding aﬁi‘mm ways to

ciegiversctf%gér% oq? rlljotel'eﬁggtﬁk%%% ri[?gpgalzlgs%{]gor%g ?cg &h%'y anda effectively
c&ﬁpﬁh@te nbiigal (deds ihitd HiNAN cfeln@m, tvtaepgﬁﬁﬂnDN@NAPlégﬁMAb)NA is a
he b cterlaiL cel], as well as from endotoxm and

ed ke ap om0 h@itq‘ggépéﬁ‘ anto whigh a-ﬂNué seq Henae Qiginterest can be

1Q§e91‘é€1 NYnBe8LiveRid 8 hPhiEnan’ @AUEE prANA be§ﬁ§fé]mc§tm and producing
purification processes that can be used to isolate

dopiegeofathe Untested DN AasaanencONAThYs; apsehigherervian plabmid DA as a
ﬂrsmgfr}\gg{c’éhltcﬁet f?)F délﬂew er ﬁ‘esq{’f{ 'Huh%ﬂtcél?ylrpér%&et?ﬁreat a variety

nvo er a
of diseassatatdse ceI l'ular contents fromwhich the pDNA can

to* adtieedige oL i DR frq aetbpelit: el f‘sve%pment to

imySnfenf its AEWttEcinbIbgy ia8d hamdn RRESHPT Baké e PlashBSIDNA used in
cont am nants. Cell resusEensn on i's normal |y WD

gene theygnysand pdgy elimiod47npliqations is usually produced by bacteria such as
Escherichia coli (E. coli), methods are needed to effectively separate the plasmid DNA

from the genomic DNA (gDNA) of the bacterial cell, as well as from endotoxin and
proteins in the bacterial cell. Thus, there is a growing need for simple, robust, and
scalable purification processes that can be used to isolate large amounts of plasmid DNA
from bacterial cells.

An important step in any plasmid purification process involves the lysis of
bacterial cells in order to release the cellular contents from which the pDNA can then be
isolated. In fact, it is first necessary to achieve three steps of cell resuspension, cells lysis

and neutralization and precipitation of host contaminants. Cell resuspension is normally
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2 utilizes manual stirring or a magnetic stirrer, and
a honogeni zer or inpeller mxer to resuspend cells in

wao b@soassspensi on buffer. Cell lysis may carriBOI/BP100H§11437

manual swirling or magnetic stirring in order to mx

the resuspended cells with Iysis solution (consisting

of diluted al kal.i (base) and det er gents); then hol ding

the mxture at roomterrperature 5 (20-25 degrees
%ﬁ%ﬁsg@gn%a stérglrr}élogtaemagne% er1rr%§ ai%gt eborg%%e%gz%r rrd%eiller mixer to
fasbispehd geltviel thegsedpesicit buffer. F@elﬁﬂ)&lmhy sftdBhltdy nldm@al swirling
third stage is neutrallztlon ange C|p|tat|o of ..
RO ERZRLS |Gt SRR Hy rd e‘Lt;‘?é’é‘?‘é § FGHIPER Bl‘i‘ﬂt Iygig, gpdution (consisting

BPGITRkH %Iﬁ'ﬂllxﬁagséﬁ" anh c@te?ééln%) Ngh ﬂ1€ldl@¥ﬂe%1x§% gt k&% R¥mperature
gentle swrling or magneti ¢ stirring to acidify the

(30521 éegre¢SO€el81s1e)t o1 eiylcerfor g @efiod of OB syrhrasteminuges, to complete

e

aage )1 haltraﬂlﬂtanmide}n‘etlpﬂatloBomﬂ']hdmnu:atlammtmﬁsl Lygteafrdm the second

netic stirrci are t al abl e erally ..he .
TR S GBS e SRR BT b bl 5 opmaene
Stk tol ABIBY theViySatd|deddrk NBitAL ROk To1 tumsacaﬁmatee to facilitate the
éKOAc) treatnment. RNase is also generally added to

15
QAR PECIPHEIQHa of drighh malpapan gieight chrpsagsomal DNA, host
Eﬁ)g{q-xg aind%ﬁé?%og@%oggulgifﬂ&ﬁ ShuAswid R %d%&% §tlc?rga¥f'(rgi§g are not

scal e. However e I ncrease I n Viscosl
lscaiﬂajaée scale processing very difficult. An alternative

si npl for epar.in

compr pegal s SoiL bl ac e B BErti® BRPATS g short time or
bpi d1Rslit orafalisiuh086tdtd (KOA R bt nt. RI¢asb Us hBb gensralPP added to
to 40 seconds form ng. an insoluble c|ot, of genom

drgmado Mo pkihe %%?aer@bﬁvapgnwavﬂr?@e chemigg] asg?ﬁsom%%e efficient in

sRldY EaR Wb ths A s@eﬁetH@w@@érnt%oﬁkéﬂlé"ﬁpblscosw)%ake@ large scale
m xed sol uti on of NaOH and sodi um dodecyl sul fate (SDS)

preocassiteriverp diffipadt. Ppualmwvgfsmple ausd mpnigmcthed for preparing plasmids
S I ] 0
BRI ey, RO AL e SR SO0 i o

tybyeroprbate rbaufifer drd2 @l em ao u;eeoqdls dbming .an ﬁsmiulsie slot edfygenomlc DNA,

S TR R TN T ST L —

NeRE.a RitkddS sd 168 bﬁNaOfHJ bnd @bdlufhOd AR b 151 fakeZ (’SIB@CH added for the
used in said manipul ation and to renature plasm

PRRese Pl dlsmlgmg dlacheiteplasmig nprsrbrang. NAGITE partighly é@ﬁlﬂ@%BNAs and
h%tl@ll? ngé} %Bd Rt a%ﬁ B! didsSIVIRRL ﬂ]%fn%%ie I@?&ej Flér?ature proteins.

ernen atrons o | ess than five
Shercesvdler SDSeprvteint wgaplesnarids celp piebeel aro presiptatedt by adding SN

reci tate ai nin . m
BiS facdhe® RS bR Guf T SR E T 1P fpneutatize NaOH
08U s&idtreandflilation Bl @(y\lre)ﬁatamjplﬁslnlilm Mowser,ahis teeh@ivod & not suitable
that the ba%terlal chronoso DNA.i s Célt of f %o .
for scale up to a high volume of bacteria ermentatlons and is meant for fermentations of
less than five liters. Thereafter, centrifugation is applied to remove the precipitates, thus
obtaining aiming plasmids in supernatant. Also, these series of manipulations require to

mix slowly and firmly, so as to avoid that the bacterial chromosomal DNA is cut off to
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WD 2005/ 026331 PCT/ EP2004/ 011437 3 small fragnents and

aggregate, causing themto contam nate the plasmd,
wa@pasged3si cult to inplenment on a | arge scal e PCI/EP2004/011437

processi ng. One common al ternative nethod of |ysing

cells, known as alkaline lysis, consists of mxing a

suspensi on of bacterial cell s3(sol ution 1) with an

al kaline lysis solution 5 (solution 2). Solution 2

consi.sts of a . detergent, .e.g.. .sodium dodec sul f at e.
TUBErREds R o Bl RR huy i PR RERE Hlesi, o ittt o
implemesldn lafgersedle praekssignd an al kali, e.g., sodium

hydroxi de, to denatyre the proteins_and nucleic ,acl ds .
of thQnEQPm@OPﬁiqe’fanW gefhpd lwﬂsapmym aaglkafige lysis, consists

SFehligingr £ shpeRGorf B8 bhiEridMNRIL (ssleia 1Y §th 4 8lkaline lysis solution

viscosity of the solution rises dramatically. After
(@elntivnr2at i Soytioan? aensiitcobodetergent, ee. godivpbdedpsylulfate (SDS), to
lgé:ee{}?et & c%egia( %Qﬁ ua{ﬁdox%l %ge th'esln@ﬁgﬁlﬂalt ?la{é?lhllt %ﬂ‘(li b Gélktah,ee.g., sodium
odr Um Ny droxT de, 1 nduci ng Tenaturation of nuclerc
lndrdside, thelehaimg the pgieind andafucidNgidsoafsbocdliat(partiaudalbnEPNA and

f orm.net wor kst hat recipitate as flocs, . .
B8 aht 5 (e miso e RS ENR, b5 sipiFoch, I Bicosis o he soluion
RS BRhAGISAIWN Adbi dehatt@desyhn weldidtsBlu@ibsOe.g., potassium acetate
(grec.l pitates, carrying away the proteins wth ich it .

alutign $dF added to Terralige thersedivashygroxidaunduging seratirasion) of nucleic
jHcer tag.n ; : : hateqn
e e g R B BAGE reast R TRRRRLD B RiPh ks tha
setdipitateras fkive, gitiapping protgiemdipads, yndeter nbdsic tabids. Thsipstassium

t echpi,qye | n tch node,.i.e., where th differe C e .
SO0 L PRt e Bty cer N Subife MolelsS ¥ which it i
®8dihteONSTHO tWE SESADS & pDEAK GlasniBé IMNAY ihitetwahddalvitheach other,
|ysate is a viscoelastic fluid that is very. difficult
regsSReiaicarmely tagistormdhe sl pfasmig, pvhighyemalps dmlutite ur s

duri ngnhd PSorHrXdenBra®f dbOgived fhiay§otechRhte in®aAkh nRddRCEe. Ahere the
shear stress causes fragnmentati on of gDNA, which then

differsme solusionse aisl mixgidfifi saquentiady addiparthe eolfions foDressels or tanks.

SERURE R YRS, 12 yMeBHE AR BB Vb LieB R pangputte, one
diffeaflyr with ahis abhahdd dEcuks Harinpathe mixingsyf the diffsent solutions. Since
usceptible tq shear .da uri.ng the m xi ng process.
RPrar T GGt AEEITEUN BT NG CHECh HeT Lo e dighult to
s@Fﬁ'&t&fr&ﬁdpme hdiBodsYard Beddel Ub 1a06id dppBcarioh ©@Fehe strsses to the
"al kaline lysate is 25 mxed with the neutralization

fhadut i dditigai Ferge RPN A Gep-ngrepieo dtagsaboyt 3P gl ke pairs) is also
[ -1 r ' f ' .

S D BAAEL BB EREARER 5.0 DS g

deHtssispéngminshas ibeere pgxddrwith thedysih eolutdr, itled epmylastic atkalinedysate is

R R I O T TN T S
thev idoglagicl Rosdrives dfftie @iutivamt ogr aphi ¢ behavi or of

In addition, another difficulty in scaling up the batch lysis process involves the
efficiency of mixing of the different fluids while attempting to limit the shear stresses so
as to avoid fragmenting gDNA. As noted previously, the chromatographic behavior of
fragmented genomic DNA is very similar to that of pDNA, so that it becomes virtually

impossible to get rid of by standard purification procedures. Thus, several limitations of
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30 fragnented genomc DNA is very simlar to that of
pDNA, so that it becones virtually inpossible to get

w0 p@sote3by standard purification procedures. TPCBEEP2004/011437

several limtations of WO 2005/ 026331

PCT/ EP2004/ 011437 4 using a batch process to |yse
bacterial cells are apparent,4such as scaling up, poor
quality of the recovered pDNA due to contanination by

RBTSE SR SR el 4B Gl A boor it

SEHRMMaLoRIINPON A Biie tboéﬁnkdﬂtlﬁaii:‘dnybﬁfrxglﬁgiwcﬁgDm and the relatively

cell}g¥5|s solutlons using a series of static mxers

Iy, guagii d. According to these nethods,

a cel{ %ﬁ%'ﬂ@bﬁ@ﬁ erth%ﬂ @0 aPmedblis f&%b%lﬁﬁél&'?ﬂlﬁﬂé various

are simltaneously added to a static m xer. The |lyse

aadl-lysiseblntiononusihgn senidstod statie nfikers hawetadso keepripraposegn dAegording to

c in | U h [ e

t?xegean'lé%léhggg %?l%gusgteﬁs%}l %lﬁq% Srﬂis% I g’fr gﬂ’&t %)gvfctl h 4 ?gﬁ‘lﬂlltaneously

ddded toersmde mixat Thnlygedisell belutiore diapiekiad the ﬁrySﬁhti&: mixckr and a
10 97.. Ot her . continuous nodes of i ng.

Bisr PUafiRg, SAHOR A dhons SRS e B S5O WA Mixer.  The

Jh18fiéh tHAE eRiuSHENEREhE Rlite cBht@ink TR ﬁ@c‘ﬁﬁa’c@@ 1y@fCand plasmids (WO

Following cell lysis in the heat exc er, the exit

7.rQiher eantigueyscnedas of dysing ¢edls incdydeiuseofia %qurgh heat exchanger
\8@% hfh@'I enﬁg@tc.%H; %%Léa%ﬂ g)urﬂ)rf@Od@ SgllB@lﬁn C@él g/lsfré‘rm the heat

ris an genom ¢ are precipitat avi n
quca)angaﬂ IINA axit tstreans Lﬁpesubmcazdt to ]&Gthtralcgmlmoad; gflow or batch-wise

l. i DNA f I . .
fseih opfarhirh it sblufo B T aCasharieaiia B prgpitaed
aviakoRnEaimf DA ih iy pedatghtasmi d - preparati on
process. Despite_ the numerqus nethods currentl¥
to | ybaresasals iislation) ard pHEHEatSR ehefsmitidiAs relﬂelarge volume

ﬂl&gtﬁﬁe&ﬁﬂ%gnp%érg@rev tERE! ARt H&veRIpRRAE lires Rhprb@ plasmid

ui ds and the shear forces |nvolved during n1X|ng
§K$g®n0ﬁpemgﬁesent invention thus relates to a new

met hog)ggpﬁ{e tﬁont I n 2y %eﬂloﬁ? ﬁrr tl&%%édstoq& &gtgg}gﬁ%ﬁﬁg’iﬁ‘%ge of them

cel | ensi o sca
addreds the\pastilage caﬁseﬂlbj‘/l ﬂhb Ndsceklasic lﬁmp@ﬁ& ofAthet feids and the shear

nport a tep in, plasmd rep aratlo pl asm

b OHeb g A SOp- ARAP B%wtflmeeafl% s 3iBted ' Rew method
fﬂr%ﬁilﬁﬁius taﬁ&hﬂé ARSI bdcBPlafbdINgspdddion Wk b fiak®8cale and provides
plasmd 25 DNA from bacterial fernentations are

wiithteahjer adyantaga i liwitingshear fereesy scal e pl asni d

ggﬁ?gr %})ﬁ%ptﬁﬁlgp%t%rﬁs QB %ﬁ#}? }'ncf@ ]%(Iébﬁx%gﬁﬁﬁgﬁ elb?)ﬂsm?ds lidofation or
swpatatiahi apdtpueifications iThe ctaksca rtemlmpluesafqr dsvlaingrrnd tpuo&lting plasmid
BNA rPro%n %eraigldfé%rrn%ﬁtg{.ignss are suitable for small or laboratory scale plasmid
preparations. After disruption of bacterial host cells containing the plasmid, followed by
acetate neutralization causing the precipitation of host cell genomic DNA and proteins
are generally removed by, for example, centrifugation. The liquid phase contains the
plasmid DNA which is alcohol precipitated and then subjected to isopycnic
centrifugation using CsCl in the presence of ethidium bromide to separate the various

forms of plasmid DNA, i.e., supercoiled, nicked circle, and linearized. Further extraction
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are generally renoved by, for exanple, centrifugation.

The i quid phase contains the plasmd DNA which is
wW@bk@shzi33preci pitated and then subjected to i SPEYEPI004/011437

30 centrifugation using Csd in the presence of

et hi di um brom de to separate the various forns of

plasmid DNA, i.e., supercoile8, nicked circle, and

i nearized. Further extraction WO 2005/026331

PCT/ EP2004/ 011437, 5 wi th butanol is. required t enpve

VG BRISO SRR TR 8P RS FEreheti i mingromide: folloRed ‘6 DNA
PeEipitRidnatitiag 6ol AIdAGRN -pufitidatidnogias BlIow k& aérh@R host cell
steps follow to renove host cell proteins. These

IéfQFe!ﬂ‘éﬂt_ met hods for isolating plasnmd DNA have several

lim tafd Qﬁrreftoﬁuetpgﬁisef&?%lla%n ﬁﬁ'{shfi#l ??&A Ay TBL BN SindiB@dns. For
i nvol ve the use o arge armg ts o | ammabl e organic
sainpdnt pur{feeaon ne¢thedsothatindolveoheopmnof Jargm dmoonts cof flammable
cheni cal s et hi di.um . brom de... phenol. and. -
RO RO 1 b, NoReafo, RS Pigp MRissts - ethidiom
biealidd, iphndlNghd Estofdrmabieagenorallp luadesirdblPMéy: large scale isolation and
Slg:ﬁeq;ag% éég];gﬁnﬁltlﬂﬁgs bAtel?qu%aét h;ef'eesf lglfz’éhgg]%@h %Eml degp chloride centrifugation

Ry el GRHI PR pISHAED SASHARICENG], UBLIP s GiUeOSRIR AR matography,
10" chromat ography on hydroxyapatite, and various

Jheoawesghaphi dydxyadtteh #8¢dvasiqus chiparaies g aneglrods based on
nj hange a Y

8018054617 T3 LB AER T B PR e e

imbanabvdregesscamaterinlion ataborpeore sedlé ybunete geasmlly not easily scaleable

scal eabl e nd_.are not capable o ro i.ng the

S5 1ot @oalF o PRSHIGE BRALETES QRRETKINBS of

mani P’Phl@h%l@ ASseies GE DedniifiRAiond QY Qlesdribedl 2bpes St B poskiBle to obtain

obtain 15 plasmd with relatively high purity . .

plagnidi wish relptivelw high prioderwsinadien éalétmﬁbocgﬁﬂsepwtmg/ prypurifying
O.C | tLE .

RUSHEAE b LSS, R FSLA FERLLGL A o chenic

sephiatidg nstial; atpangingredd puriffing ppcpssds esmpligited and a large quantity

C licated and | ar ge,quant it of organi c | vent

o eRans o Eaf Mhshhe et pERCt bty R prBREind of et of waste

ioleatd@idtotdrswast e sol vents and ot hers. 20 Besi des

the chem cal separating and purifying nethod, there is

a et Reddsst theselisanenl | sspprpiings A SuH{y g aethodpiipsieds € method of

JpEraBh 8 CHIL QRO 8 icfecHBhHMRE . NPl RS rBHORic method includes paper

el ectrophoresi s "and gel el ectrophoresis, and gel

eleettaphorsisrand igs] ¢lectophenssis.cnd igehelegfropifpresis is common currently. The
Lect retic t.ho i N

B GE AR RO, AT PRl RS, bowever

priabheny @bblemn pfdepasephiation tinmee difficdlf calekction, low sample loading,

col Jection, |ow sanple ]oading, .25 .,etc., Consequent!|y,

F1F. CansaEL ot is & PRbY PIPR AT {TFCe OB OTBR P n 15 used only

SRBRURL ity ioF plsafld @Akdon purified by said chemical separating and purifying

method is desired to improve further.

Currently available methods for separation of the two forms of plasmid DNA
utilize ion exchange chromatography (Duarte et al., Journal of Chromatography A, 606
(1998), 31-45) or size exclusion chromatography (Prazeres, D.M., Biotechnology
Techniques Vol. 1, No. 6, June 1997, p 417-420), coupled with the use of additives such
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when the purity of plasmd fraction purified by said
chem cal separating and purifying nethod is desired

wo eoosiopiseve further. Currently avail abl e met hoRGT/EP2004/011437

separation of the two forns of plasmd DNA wutilize

i on exchange chromat ography (Duarte et al., Journal of
Chr onat ogr aphy A, 606 30 (1988), 31-45) or size

excl usi on chromat ogr aphy (Pr azeres D.M,

Bi hnol T [ Ju 997 .
SSh GBI RETBES HEZe i b Bomone 0] gaghn cova
spaRRiR35 3 pBsVidyHRAROHiOHeL (BTP)0 Hasveel, Mﬁh’etx{ﬂbe Rﬁoxgxh Yithods are

(PEG), deter ents, and ot her conponents such

unéa!e REOVidsRl efficiegpand sast eféectiyg seRgEItigy .%wqmoe}mi perbRisked (or
rélﬁ’%ég? MRV Sditi i i Rt R0, FEBAIRRE Front ke RBd{fage of

e an e I ci ént cost effective separation of
using 8E€H ot ethenmbilitiveskeblich oray notbastesitd DNAanufactand dif plagmid DNA,
agﬁ\rg% r%fg?i%%gcb;é@n% s%ﬁa@%gg%gpuofsngaglgfqr \%ﬁ:ly gtrgll n%é}H a%n%%g:% can be
dekgisilt, eﬁoﬂertlmmifsamﬁng andahorp leﬂ;sfmsﬂ'e DNfernatbe fbﬂi’&yof known methods

reqU| re additiong aratio osal it

RGPS OOk ABRRCOIH, 6 AR IR %ae‘mdtﬁp’%o&ﬁ@. vily expensive,

p%ﬁ?ﬁé‘ﬂ/ NQsiA8 OwhRh IR} BERR YdventY, s AS ia¥&odiRNIEBetRdnol and other
known et hods for separation o supercoi |l ed and

cr»epm@m,fldqermetbwlqmlae AR tebmipntik athmpeiuge phosphgie risipg processing.
ARfdﬂR)rn ]%(odrs &é%rﬁﬁ%g é)‘?lgcti lé“il élé)?edsﬁmefgl on Ssr%%réxclusmn

as acetoni her one
chroiratdigthplng, nzehldn thvbbites adzmreyion aﬂmhmtwqunﬂnsmﬁ bmslmd DNA based on

o L PR P TR DR eyl Pl e e significan

sE€16-OpBpRBIAR) Ymalhe Gh ihfex MY S meRehait @nldde-iBR pMduction. In
fornms of plasmd based on the small difference in

agdtien SPserelsRMABodsaIEd poncpairated ARl pejutions ghat gessinfrgsidle to
oﬁ’caﬂ{‘b&fl }Pg@tsml fflﬁb& SHRItlBﬁ&LHugr{g tgé"ﬂﬁhﬁg visbodsTiR&@e ! the DNA.

I n ["'arge-'scal e production. I'n 15 addition
P:i;asmed XN Aupieparatigtsh @dscmaeq:ro@meé rftmmtbe@telselrmblmratlons and often

solutions_ that asi bl e, t.o, obt
cBRATSBITPT R Flieed ST narAr i piomet dodanghth g Radotori
réhval, B &Sqmréd BiAhe FERG3tdndodxinvipreduced By piiang Ukedrial hosts are
from bacterjal preparati,ons and etften conta ﬁ
kpPwR {p cagge ‘Pgﬁléﬁ@ﬁr&ﬁ%?cgﬂlﬁe PR as 8"%I°§§?ﬁsé§ Bﬁg ot £egiving the

plRAH TS ePEQE QXidoxihe IRVRheraBs 1 pGSHN sabhaRles! befrigdbnts thereof,
as endot oxi ns produced by many bacterial hosts are 20

thet ewre eropereatsefithd outemmenbiyne ebCrannegative brcterip, ped e present in

t% eDZ\gA? 2}:){%%%[‘9[1&{1 of I?ﬁ)es thog‘cecceﬁk | a:nH Q}otsp Cell ple 1% q}@nacromolecules

OXl hs™ are genera opol ysacc
Hehagreandwal bherdeodxins & hatucél enctmwpmaeyrﬁtqa infthe pweifwatier of plasmid

s Bh i R Ao B0 AR SR sl D
SORIBEA PEignRfly WB&d GIEPhSBH S charged structure of the endotoxins. However
plasmid DNA also is negatively charged and hence separation is usually achieved with
anion exchange resins which bind both these molecules and, under certain conditions,
preferentially elute plasmid DNA while binding the endotoxins. Such a separation results
in only partial removal as significant amounts of endotoxins elute with the plasmid DNA

and/or a very poor recovery of plasmid DNA is achieved.
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Hence renoval of endotoxins is a crucial and necessary
step in the purification of plasm d 25 DNA for

w0 bh@sapsst i c or prophylactic use. Endot oxi n r eP@I/EP2004/011437

fromplasm d DNA solutions primarily used the
negatively charged structure of the endotoxins.
However plasnid DNA also is fdegatively charged and
hence separatlon i's usuaIIy achieved with anion

5 n 8 2 ?E g? tr SS?? 81/%1%1 S purltgcrailfné r Zeﬂe gpmzk/ %ﬁ% CRorh nlau‘ge volume

micastthld feiNfenvdtiohs tﬂihﬂdﬂeq@résheheel’di@@él &8. oSumh idproved plasmid
separation results 30 in only partial rempval as
PERIRAHOTE RFACeE MR & Bocess d8t ssharting) dePyiifying; pdarge quantity of

p%s?rﬁ@fh DAL sql'ﬁgfePrwagr MR ¥ DOBREr fiRE QY 88airRh. I‘?h@%ﬂb Qk:suable for
I's achi eved. WO 2005/ 026331 PCT/ EP2004/ 01143

rLza;rrg:é-lm@d esearch and theragpidthpluthe belaiciagidls ghn pe amaﬂed:md purified

ljeg Q tﬁég Jc Hlre i 2l Po'd éibfeerﬁg%%}; aa'ﬁ qg%r&e'? ng avoid the adverse
Uer'e &eveﬁopnen of an 1 np 8

qﬁfeetpaf mﬁpumwp poheman bidys mheaanIe@c:ﬁS@s afre) reqaep@tcaﬁavl eangtparated

r|f a uantity of plasm ds DNA in sinpler
&J’&H%ﬁtghlﬁﬁ’t%éﬁr%h me is required. It is also
d eS' I wthSsafddonPeitlcRgMbtod aRRevereHery is B padhierh BRE BRMucleic acids
that the nucleic acids can be separat ed and purified

withe pffigiamtly highwustys de partisulapn Masmddy BN/ icannot harpbtained in large
q%glqil "Iqlreije%ret En ﬁ%l%’s%xt glllj@enﬂ Glnreat ?Jo(/ﬁﬁﬁ Qfse}lqaratmg method that
"ties on hu e nuclerc acid
utiﬁqes a‘ebbaxtdwhaMmMQgraplgpae}at @&hchaimdblputq fepadteurplatge quantity of
nyent i onal however ,
g PINAY i e s p SRR AP ot 188 10wt
uffl ciently high purity, in particular, plasm ds DNA
cannot__be obtained in | arlge &uant ity. Ther efore, the
pr es PV MMARY OFnTHERNE iﬂg iding a separating

met hoglyd {P@'Entldﬁt |Ha§éaso@ﬁlelc§§3§$er§ wp a%tﬁ’é@fo? %F(ﬁﬂbﬁﬂg and isolating

steps, which enables to separate a |arge ntit
higtds mui§iediEsmidhDA A b piasmid BNAapmdwedmné 1S®|lag¢delm the method of

R rili&%(nt%r algo%‘tebll;fsE g%RYevgl: EH%OAtI\M%N{IlI Oghp-(%nﬁosgm]al DNA, RNA,

I nven I Sscover
ppsteithy cind genalotbxirs0 Thé |pﬂu3m1dh IDNDA 3pr¢dmed mebrdih@sontlet Mation is of

LA R g, o 2o oy, 7o s

cont aﬁhd%attlﬁé"ﬁw@m&ﬁ@&@ﬂ@ass@é\lé prB0Rs foPpRtigding aﬁ(ﬂ‘qlsolatmg highly
endot oxi ns. The El asm d DNA produced according to the

puﬁﬁ@ﬁ.tplwxd PNA thatgneludasithe sigp of g;elist lysip @ e which there 1s (a) a means
B e e T e
apheegrs fdr RivAndrHatw tomErmdescubhiingst mjxtak femiddsin (a)svithounsubstantial
agl eiltgcl;n,tw Yersin Itlr§e &%gtur% Ot in (a) flows from the means for turbulent flow into
the means for laminar flow.

A further embodiment of the invention, the mechanism may additionally comprise
a means for adding a second solution that neutralizes the lysing solution, wherein the
mixture incubated in (b) flows from the means for laminar flow into the means for adding

a second solution.
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for turbulent flowto rapidly mx a cell suspension
wth a solution that |lyses cells; and (b) a neans for

wo 200502033f | ow to permit incubating a m xture fPBPCTEP2004011437

(a) without substantial 25 agitation, wherein the

m xture fornmed in (a) flows fromthe neans for

turbulent flowinto the nean8 for lanminar flow A

further enbodi ment of the invention, the nechani sm may

addi |onaII a_neans for addln a, secon

S or L SR arother RERRo ey o e, mache ST L F S RL S Rfkdiog; g isolate
pl&dghid DINE B8 ckllS lébﬁx%)ﬁgmgn(@ Bixihb @vscellk Qthtaheliogiansing Svlution in
lam nar flow into the nmeans for addi nﬁ(fhso a_ second

thomgensdir twiplergolip woaskd) pertraipole olkeling IygingFolpgion by adding

a‘ﬁ%*db:? oifigpodi ment, the mechani sm may be used in a
to isolate plasmd DNA fromcells conprising:
( a) riihg i imgentibe foshérsengotripassas al reethod Iommdgcmglamiusniatmg highly

pélpﬁg{m ﬁgmiwﬁgﬂggrshq%?%ﬁlghg\fvga 8t S %I;ta nggtlsltaég ltl'luzsll_p gharmgceutlcal

g@leddNAN. S5 The invention further enconpasses a net hod

of prod C|n% and i sol ating, highly urified plasmd .
DNA tHiether obisgls @ﬁtth%u)rf‘;semr@éergwncra P Retiod far shgeating and
JusifRR@hiBRER Ul dxahnd PlRARD P, ANORdIETdeRR ACtelAs {N® method for

pr esent invention relates to a nethod for separating
sapratingupicteye pejda e ailesndiRNAaefdphsrmatenticabigradel Thatrm? aiseful for

rgs%'éll%hland tlasgﬁﬁ AhS, fh%ra wgn{d%ﬁ %agfr%rﬁ Fﬁ&d agcordmg to

eutica
thhﬂkt%dﬁoﬂ&eﬁnﬁenftlon mae/slmmbjlecatujpm[fwemmstbp]smdludmg at least triple

el Aot R CREST UL r) e Lap S EpoTploatphy and

@ufdpﬁb&atﬂt&actmaﬁoma@gw%wg at least triple helix
t i ncl ude ani on exchan

chr onat ogra and fur

chr orfdie @Swis Hrg inglydn Bp wemrelquﬁ@lésﬁla& [ygig step describe herein in
g h t h t

SHEMRASAA o, 3SRt SRR e ol

ahmmﬁngaphynaw funthen b}schrqp&muc mtnramloexbt@mvggraphy

chro ogra i ple ar ormat .
Fur ¢ HOPE Pt aBe Rl budE | bF coRPBRME SRR Ysis ARE doscribed
Héﬁiﬁ@d%oﬁlbuﬁn@{ SWith 13Gbdeg erit NvepS Oatt drfietD Hﬁc}ﬁhg@bhf@ﬁlatography and
l.ysis step descri bed herein in cgrrbl hation w )
tdplss diglis nicheomabeesphnn 39 e‘%i'i RRligBICC HntSEAEIB r & EW%‘?&Hath in

BhbidatiBh.eAhglak GEARL 88RRRY floRNfd YHh SR Clﬁé)c precede the first
i nteraction "chromat ography in conbination. A l'ysate

dhramategrapyy stap- ot her fl occul ate renoval may precede the
fir StAnother object of the invention is to maximize the yield of plasmid DNA from a

host cell/plasmid DNA combination.

Another object of the invention is to provide a plasmid DNA preparation which is
substantially free of bacterial host RNA.

Another object of the invention is to provide a plasmid DNA preparation which is
substantially free of bacterial host protein.

Another object of the invention is to provide a plasmid DNA preparation which is

substantially free of bacterial host chromosomal DNA.
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chr omat ogr aphy step. Another object of the invention
is to maximze the yield of plasmd DNA froma host

w@edosopd3asi d DNA conbi nati on. 25 Anot her obj erCT/BP20Dd1€11437

invention is to provide a plasm d DNA preparation

which is substantially free of bacterial host RNA

Anot her object of the inventi8n is to provide a

p!tagrri d DNA preparati on which is subst antially free

0 ot he ect

v ert oGt PLIEESRPRIMAEUE 1 B AR R N4 prasion which i

s%ét@tﬂlallﬁ fred Qf p@stidiobednldytokimee of bacterial host ‘

chronosomal DNA. WO 2005/ 026331 PCT/ EP2004/ 011437 ?

Anot Heothspjiject At theeprﬁw&m\feaﬁon ds o PRvésle fanehod for preparing

| i3l -

B G A S iy Ry PO Oe Flaich 2Rd plasmid

hpsaktherapy, audrs pmanabde tOcBCplleﬂ\pltd darge-paalchoanufenturpr epar i ng

phar naceut i c ade :

T R TR T

d'_ls_ﬁenﬁﬂll?)ﬂ ﬁrbé ef tc@n%ﬁﬁhz&rts,l thighdy baﬁe%ﬁsmb@armﬂvénmgbm%over prior art,
e invention thus enco ses phar naceuti c rade

gl FNA BRGATRRE Vestor Daatnfad FPraReEEe gpnc SRl bR Jegulatory

ggh,gﬁlcég pure and i ntact are advantageous over pr| or
art, which DNA includes a vector backbone,

t her dpeuresenydneensing alwsesdates wdpleapidl RNy quéefa%lﬂété@ that are
ﬁ]f%éu!;@ ﬁ%%sﬁll[ﬂtde HM&F%’J ?)%nxajteﬁﬂ)e ﬁL {6510 hg g@h@@m‘ ﬂm%d are thus

are e an
u,seﬁmlﬁgrsm@é et plasmaichDéApleat ateursed faseartloangyl q@bntaddwm therapy.
usef u

re thus r toraeo pl,asm d . .
t ot EAP o6 e Ry sa e RO RSP, ceil Vs device
domipising a fir6€ nik&SEHThjcktdy %ﬁ}idb&ﬂofr iajeati@Sart alkalimofiit il HéSopposite
al kaline cell lysis device nmprising a first m xer

dreciiel] efcthoecl sppsnEona s by Pwaélrfhﬁnkfﬁl fos tp Eeficgpie A turbulent
@JW withif 'etr%flxtf!nr% di JE5id QBe OF 2 tlg'%s e FdrhetSUSPENR] Qieraf® a laminar

I rst tu smal' | di ameter so to generate a
flaw pitharthe iiatureyi & kéaond Irexeri cxtlmm@or far §genting tha neutralizing solution

e ter so as.to lam nar flow
%?r% eﬁg Agﬁﬁvfftﬂf}geon the Ofx Bﬁ%J m xelrgt oe? i nj ector for
i Nj ecAddigonall @bt 4ndl ddxhmgges @flid MRentidn willebeeset! foathdin part in the

harvesting on the other end xtur diti
drspription vaHeh dalat agesn sl e pitoRomths dissgm, or may be

£t by PraPBE of Meliffentidh. TBS Ehjels hAd adVintBed of th@i’iﬁ/entlon will be
and 1n part wll be obvious fromthe description,

nealjze @nd attained by means of the elements and combinations partlcularly pointed out
in the appended claims.

It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not restrictive
of the invention, as claimed.

The accompanying drawings, which are incorporated in and constitute a part of

this specification, illustrate one (several) embodiment(s) of the invention and together

with the description, serve to explain the principles of the invention.
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| earned by practice of the invention. The objects and
advant ages of the invention will be realized and

wa@eaaiomsel by nmeans of the el enents and comnbi naPCDRB2004/011437

particularly pointed out in the appended clains. It
IS to be understood that both the foregoing general
description and the 25 foll d® ng detail ed description
are exenplary and explanatory only and are not

restri Y [ ' ai nred. The
accokﬂ%@ﬁﬁ@sgwiggﬁmféﬁrﬁm%or porated in and
constrigiied B PRhEmAfic of MeSappaffis the@inaPbe std B¥tdoAfifious mode
one (several) enbodinent(s) of the invention and

celb fpstsiafithe igventiophe description, serve to explain the

pri negg . J .

b BhE% Bt 145545 B R AP AR e sy gmpretes

Fi guifigdrei 3 im asteblemebimparirfg pheficgivar giclds inhatmsma§ gbNA, RNA,
used for, continuous mode cell lysis.of. the Jjnvention
pﬁ(?tale}ﬁ,eengotio?nacog Hg{ni wsing atsmglei#t%% rof fRion ﬁxf}f‘?élge chromatography
(ABaY, BH@&V@-@&? hyeiod aphakaitys . ofSakibg UehahgeSclomalo@phy in
comparing . purification yields in terns_of gDI\CIQ, RNA,
comBtBHifR WGt d2liT G F ARSI THAG)nEILH drespster method
cﬁ@{pﬂgggxé; hanosr GRIATRLOHBP héhrorﬁ@t%@aphjﬁ,r a st \Qrifib Siklix  affinity

w th a step of anion exchange chronmatography in )
coromiritogaaphyn and téh stap pife hidibplobad finteracjion helwemeatograpkhy(HIC) in
T : hresq- : .. |3 ep of
oo tes SEnBu AhPInah el IR} R Y ARA el ool
af f i Wigureld ichr bk egnpptiyg aadoas sietiodsf ofhyspaciihglind purifying

inte i.on chromat ograph HC in c phatjo D .
DAL IV Cek ot EREE o e ehperphE APL L HAY) Mroxyapatite
d aphfyl BINC®, HydipRobia %t@ra@@é@&ﬁbﬁ%’c&ﬁfpﬁ? YHIO®tefsd-phase
of separating and purifying plasmd , such ) i
chrnmtogsdya ) hizereaxslps@phghromgograpsSEC), triple helix affinity
t] . ) r [ :
SUFERSRIR, APaCPUIGoR SR, ond W AR rane o
pedyennatagioapResultRRPClernmsi of guebity| afshe puificdoptasnoigrigAare provided

SEC) . triple helix aff.jnit hr ography (THAC)
h%’febrh of ﬁetﬁ%?fg‘!l?l‘é’tsfﬁ#f‘v’&yn%‘aeﬁlé:aﬁ@n?tﬁ?ggs)accor ding to
the WMHASEBA anfl\sB thieQitapHSeRoWing dePurli®itivh afd nitudliritys @rmation
the purified plasmd DI\EA are provided herein. ND, _not
of| Op &t Sleehlqr| Pbagmd Frsm) /F thy plasmpd, PN ptorgsk H dde ¢ and gorledor up to
d 5B are graphs show ng depurination and ni cking
rates (formation

Definitions
Acidic means relating to or containing an acid; having a pH of less than 7.
Alkaline means relating to or containing an alkali or base; having a pH greater
than 7.
Continuous means not interrupted, having no interruption.
Genomic DNA means a DNA that is derived from or existing in a chromosome.
Laminar flow means the type of flow in a stream of solution water in which each

particle moves in a direction parallel to every particle.



10

15

20

25

30

20 of open circular plasmd form of the plasm d DNA
stored at +25C and +5C for up to 90 days. Definitions

wa@\eiodioze3geans rel ating to or containi ng an aciRBCT/RP0DHQL1437

a pHof less than 7. 25 Al kaline neans relating to or
contai ning an al kali or base; having a pH greater
than 7. Continuous nmeans not 1i1nterrupt ed, having no
interruption. Genom c DNA neans a DNA that is derived

fromor existi in a,chrono Lam nar £l ow ans .
the 1€ B B ridbr SO ERRT BY Tae OBPOR Laall G TE G lysing
r¥B#sGH t1RPon 3Prupdiring €he cBD el dand/oR celil ikadbrae dfardllvetlich is in a
to every particle, WO 2005/026331 PCT/ EP2004/011437 11

buiferad esofrtions(ien seteiapsrion) GERIEE dchsinical dregipent susings a solution
cSftainideys1 itnﬁ-gégntt Ef’%% ?é%étﬁg indl®lefop ekdpiBeaIRAL 'd@férg%f'ntsi organic

rupturin cel " wal'l “and/or cel| nenbrane of a cel
solvewth, angl dnaymes. B faf pre eagred gdnoteddamentty éhe, lysis|of cells is done to release

.suspensi. throu chem cal treatnment using a
I%tg‘?[@?%sglﬁgsr%oﬁggﬁﬁ?%g a lysing agent. Lysing agents

i ncl oatrhlives ex ambk €a salliktini) nedeilesig@niamnse ¢argaoid or base/alkali) to
sqQl vents, and en s. In a preferred enbqdi nent.,,. the ..
unnggrg% ngpirglizatign. gﬁ%‘ﬂé fegmr WeeRea thalsopiething Jvpigy neutralizes a
sbruabh BAREs &€ blsof thesdltfibh 288 piPLERKE § and 9] 2d M8Jerably around 7
neutral or to cause (an acid or base/alkali) to

on e prsfanehl elasar s tham prByiouslys term we nean t hat

sone . u . .
oD BSAGR HESR, R WL DR B vl
gpadidne raab | permendicnidr 7o thé pdanenoft ehear.efBreatdngtaot of eropodionality is

t han evi, ous] y.. New oni fluidds a fluid i ich
Ran e, TPl braTeotpS aiviisTagtuds Bt gy

and penPeastosidh Muid i@ o AeidinanEick khaberéss iJ her gropstion! solely to
prog’ortl onality is..  known as the viscosity.

of )
thscerionierseretientand eprpendielar testhe plang @& shaaguNga-Ngwgionian fluids may
FPRARS: Wi Uehed GRlcefty f |N(?1{1N16|§n<?11£d Hhids it AlktRR8Rds, power-

stress is not proportional solely to 15 the 'velocity

lgw dtliidmtvimnelagier fhadd(loaving both viseoyd amb elaftics henperties), and time-
Non- l\letvw.oni.ﬁ{g f.Luids may not have a well defined

7P iSOG Eswe oni an 1 ui ds i ncl ude plastic

sol i @$asmid®PBIA meaw of Sntialdlselllarsificladion tomsistingofls rigaf DINA that is
bot h vi scous and el astic preog%%i es), .and tine-

16 B SHERRRSOUIes Wichy a3t gy edh HtY oBiGaY e aneonsendogprous DNA
Fetle! HsedtdIC kS 110 Pr6QORIred FAItHRS cohsirh@tbnOobf PM8midiainciude those

described in Maniatis et al., Molecular Cloning, A Laboratory Manual, 2d, Cold Spring
Harbor Laboratory Press (1989).

For purposes of the present invention the term flowing refers to the passing of a
liquid at a particular flow rate (e.g., liters per minute) through the mixer, usually by the
action of a pump. It should be noted that the flow rate through the mixer is believed to
affect the efficiency of lysis, precipitation and mixing.

Nicked" or "relaxed" DINA means DNA that is not supercoiled. "Supercoiled"”
DNA is a term well understood in the art.

A "contaminating impurity" is any substance from which it is desired to separate,

or isolate, DNA. Contaminating impurities include, but are not limited to, host cell
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20 not a chronosone, which may have the capability of
havi ng a non-endogenous DNA fragnent inserted into

WO 2005@238edures for the construction of pl asm BGI/EP2004/011437
i nclude those described in Maniatis et al., Mol ecular
d oning, A Laboratory Manual, 2d, Cold Spring Harbor
Laboratory Press (1989). For Virposes of the present
invention the termflowing refers to the passi ng of a

25 Jiqui,d at ari L ar ro .
s pin RSy Tana o SR Rl Berigod ey bogsderea
ﬁ@&ﬁaminhﬂﬁ@%k rlﬂﬁ cﬁlﬂtcﬁgeﬁch@h thB econteRV if abidich hﬁ@u@ﬁhods of the
t he m xer elieved to  affect the ef ficiency

inyestign af?rl@eqtﬁr«@aﬁ. contagBatingdmagrioNieReer mey noty g f&%%%?“ derived,
% ttﬂp%hdsﬁgcapﬁnpﬁﬂ rcoi | ed. "Supercoi | ed"
'S a t rmwe

understood”in the art. 30 A )
" cont"Mamag'i mg"pur;fumgt' B ﬁrstscoampnwk(smczhmsdDNAb means eritichment of

o S AORRPTRD FAp e pmong i i B hC g compgpepg p niilly
foond. Eatehtsaeldesitda éiﬁ%/o@%@dble ﬁﬁﬂc&ﬁ’&ﬂﬁéb&i&l&eﬂheﬂ&n
proteins, endotoxln host

under SeJEENS FSENtigHk frepsa ‘l‘gﬁ hlcl?’eii’lérdij“3le ar@oﬁlﬁ% ﬁ’étqbﬁbt 95% and

ﬁr@f@iﬁﬁ YreSBNhAE RRVDoPBulhR FeRHERYAtamihanki SIthSE@,smg less than 5%,
nmet hods of the invention are practiced.

atndrprﬁﬁﬁhlatlma@}mrnb@%@qptarmymér may not be host cel |

deri I v t : .

i npur| ?tmacgutﬁ:las gllre{({e déﬁ%%dpl %relgeas% lglqgtl r;rgﬁrlltlon that contains

mnmenhmt ablpstUits, asd @fdﬁe}rahfly ansn@En nhanrubemt 1-2%6 oftckBulfi comtponents,
Rgo%gnt from ot her conponents with which the first

AReP¥aRST-t i al Iy found. Extents of desired

an d/ PmagRicRhtiaPblggadeUslhdnhid adINANs ﬂéﬂnddfliét‘dald &g alTBNAi preparation that
The ternms essentially free, and hig éﬁ)(glu“fled are

atingertarer alien osepa(f 0. B@@f"/erlaﬁo [y0-B9amgrpe HAp mg of plasmid
r 0 [ﬁg{‘a r possessing
I?ﬁAz 8{3/%61%{11%%9?1%01@13%(]'% re {"?‘g%‘fmf@?}fgt han 1-2%
cont avfpweaptesiselph avhmnmtlcfdl g@daddasmild\ P¥Adafi¢amecherein a DNA
her ei.n re rat t a cnt in Q, nor
e et R S AF bl %k RS el 00 R prefppabty tes
tBén 6.60019b,20r peFERONERES than @LODDO% (&a, OOOUEYSDT.QHEGOOOOS mg per 100

Phar maceutical grade plas DNA is d i.ned herein as
e phlappid J A} ?g rpﬂ’é’fsomi'g]]gérﬂrﬁeﬁ%m‘ﬁ NAper million

or pmﬂaﬁﬁac@ut@aplg/ﬁadé }ﬂasnﬁdoD@QQ I &hs PRYeih 08 DR AOhreparation that
pl asm d DNA) enomi ¢ DNA, RNA, and protein

eotnsiess éhﬂnsabowt)ﬁ 1% etlegseﬂhyn 09 &Ymrardprefesablly lgssidan 0.0001%, or
ﬁ‘Li%?amydle%aﬂr%moa% ?i 60%0% i.e. <0.00002 mg per 100 mg of plasmid

DNA) of RNA contaminants.

Pharmaceutical grade plasmid DNA means herein a DNA preparation that
contains less than about 0.0001%, and most preferably less than 0.00005% (< 0.00005%,
i.e. <0.00005 mg per 100 mg of plasmid DNA) of protein contaminants.

Pharmaceutical grade DNA means herein a DNA preparation that contains less

than 0.1 EU/mg endotoxins.
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preparation that contains | ess than about 0.01% or
| ess than 0.001% and preferably | ess than 0.0001%

wo@eroopoafdar ably | ess than 0.00008% (< 0. 00008% PGCT/EP2064/011437

0. 00008 ng per 100 20 ng of plasm d DNA) of
chronosomal DNA or genom ¢ DNA. Pharmaceuti cal grade
pl asm d DNA neans herein a DNI& preparation that
contains |ess than about 0.01 % or less than 0.001 %

? Egn p]!aqea%}ej%%gé}ya(l ng}l%afl)s élre;i/? 6%pr ef Fit abl Naltdﬁ preferably

pr&Hoafindwlt ag6ulg: 1rD[’é‘1\h Gfnd RNérecpratiastly namt contadids more than 80%, 85%,
Phar maceuti cal adgﬁpl asm d DNA rreans herein a DNA

Prefarears laﬂretth%n 99% sclasad cirgdy form plasmtiPNe- 00019

and "fot%t)e Péf@r% 6 8- 3hdRa %oﬁﬁ@ﬁat@orpgﬁtgglég( ﬁh&e&@@@?{ﬁpe is formed

S ng per ngy pl asm
htyraoftlmlﬁ p@%@tatubmameatedvhaﬂma@mﬂgmabn gr aupee tbmone aigge of tubing

B o NS BB B DR IR M 3 g A H S den vihere

théh anmygomutA &"ahbegnnayi (be[ﬂ’sléd memnmdgmfdeams @ tifyAluids can flow each into

reparation ferab pr nt. circyl ar
oty R Bl e e 015 B et alen, BEG AR DA (Misihe oceurs as
tROPRidSh¥%ge. RA%ifi&5% or nore than 99% of cl osed

circular formplasmd DNA. T tube refers to a T-shaped
conf iTythudant dleve meandiirggulgheandpmn motor |94 fhiiq @alftlélf:ﬁea “directions
témp%rs% t§ 'tﬂbgc’ilf‘ecﬂbr?{;?tlgg m%iltllbﬂ(ﬂ?g lﬁ rvﬁﬂ&l?gle'\)glotc!}?tat a glven pomt varies
configuration or nore than one piece of tu
et:nattt;ﬂl]ryemntagmmdeanédimamrconfl guration. The T tube has

thre r,ar.ea ere

t ube Visy BN IEE oS RS P Sieeus 8RR plisliosan

flow each into one of the arns of the T, join at the
center area and out the third arm M xing occurs as

d@w ON\QF |T£%JNY@WI ent flow neans

' r r e%’e MvehBEHIR Badil b@ﬂlletsct){/éi’&Q)f Ratiihgk %tﬂda for producing a high
directions transverse to the direction of the nain

yﬁttl@wf phammu@haltm@devela@tmct ?Na’t Ta pgiticalar,pbp mventen isdased on the

I I j ' .
S50 575 PR, LA GE g RESPLT Do v
cpnmpmut alkﬂlnelﬁslmthElldDESCRl PTI ON OF THE | NVENTI ON
e PR OB RRTR e 8 PEOUST L B RLEEL s

Spaatsl aowe e ddlsPand | Grehidd dhie ﬁlaﬁé’se'%bht@ﬁmigs LB medium
based on the di scovery of a nethod for producing a

coBiginga py aptijatis sy iap itelepcyr ke Sdngirsolpsisgirem the plate aro then

inoculated each into 20 ml LB medium supplemented with the appropriate antibiotic

tetracycline in separate sterile plastic Erlenmeyer flasks and grown for 12-16 hours at
37.degree in a shaking incubator. One of these cultures was then used to inoculate 200 ml
of sterile LB medium supplemented in a 2 L Erlenmeyer flasks. This was grown at 37°C
and 200 rpm in a shaking incubator and used to inoculate two 5 L Erlenmeyer flasks, and
grown at 30 °C and 200 rpm 1in a shaking incubator and used to inoculate the fermenter
vessel when in mid-exponential phase, after 5 hours and at an OD600 nm of 2 units.

Host cell cultures and inoculation are well known in the art. Generally, host cell

are grown until they reach high biomass and cells are in exponential growth, in order to
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conti nuous al kaline lysis of host cells. 20 As a first
step host cells are inoculated, i.e. transfornmed wth

w@2@basassd DNA at  exponential growt h phase cePCHEP2904/011437

streaked onto plates containing LB nmedium containing
an antibiotic such as tetracycline. Single colonies
fromthe plate are then inoc#tated each into 20 m LB
medi um suppl enented with the appropriate antibiotic

LS TR Bk b S B TRY B, e
Rk Ged-BasbRgEntatie of these cultures was then used

to inoculate 200 M of sterile LB nmediums Pl enment ed
in a Bath Eermerigtinperl gwnir rovwi wiefadegositpll lief hegpigh magrgpulation

O%QIQe g&%fé@?rtgpégéﬁl@ ?% ngg%ép&tn Oloufiad;seg esls h&d' HE?&H' t‘ﬁE %erm "batch

nneyer grown at 30
fexpmarlltauloa sremdalngy turec pbatssrbyawhlch sldhe outrinots m¢camred tf¢rece“ growth

oG B Plohtio B E B i SEGARRY Gl AR Sl in grea

ebdsk Yfoe &xﬂﬁ%e J Tofold @kte3n otdreprivg lakt donemtratmmstdfmuarehts) at the time
Ceneral |y,

T L T Y -
Fot- Q12205 AZRARE, flﬂiT {h'élzﬁ%g@fdr@é%%?( fadiilamedds hitl gRtegies.

quantity of plasrnid DNA. Two di stinct nmethods may be
errpl oymatheri type of fsrmnentationl uselyl t@ﬁecz;rﬁmgetmﬂm gvpwion is fed-batch

C il n‘ca‘c]K Sém% {hg %el?rgn&% Jg{%ﬁ% g&ﬁ bgttfger %&%}tﬁ% of nutrients to the

dudtoreedaing eelhgtbmheﬁcsauimdnhaemr Cﬁadl-l&BIﬂl fepmentgtégh” refers to a cell

herein, the t bat c n

G et G By Sy 1= oREOH b el Biipisd aadions of
th&thbdlRed to0he \Whifurd e in@r felh &iationl ©8d-bhtchf@@itnthtion according to the
contained in the cultured cells are in the vessel in

igyesuion peseitssle eqlluliasatmieach a bishen tomatsdlan kel feppqniption.
art ST B E&Hx%g 18 *Strobé‘sgt fd Bkerhf&ry! B oPfeed addition are

i nocu tlon er eby ating the needtomae
dedctiltedl bakowt for aﬁe Lsrepitagon.gdsrdvenfotier vohges, for example 10 L, 50 L,

(ﬁ‘%taa}tm %bg§ ) gﬁg nggg %tF g)gﬁpcseSS nl%m%t%{a %%glg{)la%; fe%? TREE escribed
l?e@%vﬁgié?éﬂﬁinigf"bme&:dl? aﬁﬂﬁrdquip%hehoht he i nvlelnt ion is

ed- bat ¢ erment ati on t

i s cdhehy |e@§clt§§l brkeh, dps nirl]ran aég Fﬁﬁlfrhea‘ etnée \A'hi‘émentatlons are
%)gwlggira?e A i SodREbnIsanER celﬁﬁeﬂéﬁ?%uhﬁfe&b Mnaxithed-spadif plasmid

ntation" refers to a cell culture process in
yiblidehd eHew hayestiat hlﬁhé)lbl@a@omlhﬁtlﬂléd epgonentid frewth.
noni t d t cul
o AR LRI L Pabl ¥ G, e, T
feﬂnélhﬁlon]l5 runnividatch amodeeuntil tlse inktéal cabbn sublstrate éghmosc)eiaehhausted

THACE LSS I Tt S—"
t@ﬁléﬂ 1rhi88dideR after this event. The previously primed feed medium pump is then
started. The pump rate is determined by a model derived from Curless et al. (Bioeng.
38:1082-1090, 1991), the whole of which is incorporated by reference herein. The model
is designed to facilitate control of the feed phase of a fed-batch process. In the initial
batch process, a non-inhibitory concentration of substrate is consumed by cells growing

at their maximum specific growth rate, max, giving a rapid rise in the biomass levels after



10

15

20

25

30

descri bed below for a 50 L preparation. However, other
vol unmes, for exanple 10 L, 50 L, or greater than 500

wa.2008l0%33ay be processed using the exenpl ary PEBEP2004/011437

rates described below, depending on the scale of the
equi pnent. 20 Highly enriched batch nedi um and
fed-batch nmedium fermentationk are appropriate for
the production of high cell density culture to

maxim ze ecific plasmd i.el d and

AbeyesPo TR e Ferof BRM e s aﬁﬁﬁgu‘felﬁaafw &Seofihulation of
toRR- H@E%ﬁllﬁ@r@‘%@&lﬂbl &NaliS eFefth &t AS¢h MecBhdi6®f AsiMS Recombinant
car bon sour ce. The fernentation is run in batch

node
MirrpgreeHens. niln Biotechaplogh sdbskr dt Bhergl aidoSie Repd: Weinheim: VCH
g&gf%ﬁ%ésgl‘i’sc?afgﬁbglh?@ 1 pﬁm, 19%92 @qoeﬂlowccﬁnﬁug@ n%aﬁthﬁﬁ‘?c sBwth, the

confirme | ucdse analysis of a sa t aken
o dalauletey theftines- batShd &e@vetmof thithgroprtlelimatireg gﬂrlpml swbsgirate, without

g{%g‘? F GSH]%a%H gg%o gr‘i‘ veted ) g%l‘]la-éjh Sf gg%%t a s'et f)}§ the operator.
T8k Qﬁﬂh@sen a38 16&@8\2&1&@36@5 nl&%hpse thd@uiMhap ef trfhibifoirg batat®lites and is

%géo porate%£§§1reference herein. The nodel is
FIEHAASEE M5t e control of the feed phase of a

f ed- b@ifefiR! 6&E1S Fermbitalide us&d hi fgﬁ'le\;?e@s CH-fOIAR SRS thed prior art
non- |nh|b|tory concentration of substrate is consuned

doycendtatigng ob wieqursorstarg presentrinstharentichpd bpich enagiunp In particular the

AT et B0 A AR ey

Ahg/lican I thuy groeidimgdiugg rqomtatiest i gromalt €adterd @hd mutleicyacitl precursors

e R o R B AU LTS, £ e

M 6FoaRicORRLEES - Thel AddMisHse ONstaGYors €@szantd nitrogBh€hNthe form of
and G Reed. Weinheim VCH erla%ﬁgesellscha t nbH

grpmoniym. splfgte) durgmy) the fepding pugcessrinitedrbefch deymentetipn are designed to
&ewh?lettteﬂsus%fféeg%h fRnf! gaggrthe ti me-based feed

rate o rowt h-1 |n1t| bon substrate, w thout

t he n(émj irﬁpm“raﬁ'eesﬂnbetcckf thornethod dcoomgingetaathfeeptedzat dtvention is cell

1@ sg tﬁg wh. at a.set bé t he ogerator.lehhs.hs nd .isolatin
idys Gus 1S, Pesehs o P%‘h RSQWPASES @ RIQeS? far BndPeng fnds g

tigitly lpuhﬂe& plasiRDDNIAt st intdes thessibp o€ cellt lykio i iwhﬁ:hlm@’é is (@) a

bi o Ceneral ly, hatch fernentatiqn us s. hi g|

NERAS| gr Wg:)uéent flgwrtg rapigly d:ﬂgi, apﬁléﬁusrgplp%qn tlolid 1n Figure 1) with a

SRR AR ké%rb%)ls Qioh&fo%CZJ iR qflgu@rﬁ BEE TN nidAnd AR laminar flow to
enri ched medium 1In partlcu ar the quantities

mmytelasmbaémg raatmxtum formeddncla) methouimsebatantiakb dgitasiom Bherein the
)Jtur(a ?(?m{eﬁ {r?ag lﬁ@n f n egls%xl futrlﬁfl d‘ft Rt fﬁE %e%gs for laminar
uge quant i actors an nuc elrc aci
ﬂmacursors The nedlun1|s al so supplenented with
as, a_saurce

o GarhESHIEE b, Heg A gh G NG i P B, g Aflitonally
doniprRE &N nieAnd R® AddR @fsecond solution that neutralizes the lysing solution
(solution 3 in Figure 1), wherein the mixture incubated in (b) flows from the means for
laminar flow into the means for adding a second solution.

In yet another embodiment, the mechanism may be used in a method to isolate

plasmid DNA from cells comprising: (&) mixing the cells with an alkali lysing solution in
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15 amoni um sul fate) during the feeding process in

fed-batch fernentati on are designed to prevent
waledoensissous effects on plasmid quality. One | PODEPZNL/011437

aspect of the nethod according to the present

invention is cell [lysis. Thus, the present invention

enconpasses a process for pr d@um ng and isolating

hi ghly purified pl asm d DNA that includes the step of

b L b 5Lk e 2Bl oo b g

ahSeidit Johftioh. i N Fi gure 1) wit h a solution that | yses
cells (solution 2 in Figure and (b) a neans

| ami Respitq Ganp@erope methods FreBly wgdéo ﬂﬁsi tba?té“?l(‘}ieﬂ% gopgof them
aﬁal)esé'v{hter@'%leﬁxy Qﬁﬁs@?tﬂﬁpe %éo%tds@@ (yeﬁé?tﬁe%' of ﬁl@ QIulds and the shear
m Xt ure Tormnmed from {pﬁ nmeans
foreebinvelved flindmg nmting sﬂw r@laﬂ obfegt of taipmesent mvmonzsa method of

Lﬁﬁ%ﬁ dl E%] ﬁ)g “Q‘Q‘gft%efﬁ% n&)egf%lﬂ%me luﬁgne aarrllg trhtgreﬁkaline solution
(&ﬂdﬂldig 23 uﬁﬂ‘@rﬁﬂsﬂ a6 Wy Qﬁplﬂlbaibefwéltthéilviszeaaitiheﬂlhlstéppgars. Thus
sol.utio (solution 3 in Figure 1 wher e

n the
%1%11%%% aeepreiaei i the) PP Sks P RAT, REY ﬁiean% pjpr advantage in

lin"i‘iml?%heefrl BYek NToubae hiRARSH My M INGiaMeREAOMEg, usually with a
solution. In yet another enbodinent, the nechani'sm ma

diamaieremi¢rior o rﬂ@ﬂhmefmblyS@’tl‘ ar@nd3d asd o m, mnfor%mefy rably of

T 8l DAL AP g s o

rhdke uve afi smf(mg mdllrcbtﬂj lbg rpassbg@vthroagkﬂ tl@do)ubae"l[ialﬂalh I®ireig beloay shows

Vgllé‘il;tl?ﬁql ) SI n ]HLb M add?ﬁg‘gﬁ%@ t@ﬁ‘fd}téﬁ)ﬂ );analggrdﬂow and

tin%ule)rif Qloha%@kbtﬁ}el}c ednldSthei? 0 B8rr&pohdiam W daRSSSE,hS2, and S3 as
(gro bl ens_caused by the viscoelastic properties of the

played imbigutee shear 5 forces invol ved during m xing
steps. One object of the present invention is a nethod
of using T tubes for m xing the cell suspension
Tabd¢ Uti on 1) and the al kaline solution (solution 2)
uniformy and very rapidly before the viscoelastic
fluid appears. Thus continuous lysis according to the

mlegaamh)l nventmmap]m@w des | 82@pI0h) advant| &gsv tates
||nr'if| c hav et !!\1 own!!
diameist o eligﬁbl fEEmeRy a}efl?h |tdr'1an%?t‘°if0 be’ﬁ het S $A 8¢ | pRanee
t5ao fmem 2-pmef [erabl Yo pi3 @r oYirsdo2 and28onm)| 6asdoomme | + 20%
preferably of aroun mm i order ,to increase
contact| tine o]f9 zfﬁnui (isng%‘ut 1ﬁa ngt hod does | not
make use of m Xi ng |nduced by passage through t he

t ube. le 1 herein bel ow shows variatjon

par oAogieS Ohjeat & thegprgsegt inggnipn RrieM ek A gHor b pstead of
o TOWhidAPkMAls issioR the cells into the lysis solution. Accordingly, the

mechanical stress on the fluids that pass through the tubes is greatly reduced compared to

when the fluids are stirred, e.g., by paddles in tanks. The initial efficiency of mixing
results in even greater efficiency in the seconds that follow, since this fluid does not yet
have viscoelastic properties and the mixing realized by the small diameter tube is very
efficient. In contrast, when a T tube is used for mixing, the initial mixing is only

moderate while the fluid becomes rapidly viscoelastic, resulting in considerable problems
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turbulent flow, respectively, and their correspondi ng
flowrates S 1, S2, and S3 as 15 displayed in Figure

waz2ooFamdser 1 Bl a (60L/h)B 1 b (60L/h)B2 (90L/P)TFEP2404/011437

rates di aneterl engthdi aneterl engt hdi aneter| engt hS1, S2

et S3Range 5 to 7mR2-6 inl2.5 to 13 to 5to 2 to

60/ 60/ 90 L/ h 20% 19 m23n8nmmdrh 20 Anot her obj ect of

the present invention is a mxer or injector MAth

tubes inst.ead o . T, Which permts

RF ol Birahs, dhisant f Snl ¥l T L M B pSiioh BF the cets
smriharfaatarsdnle fdeadla pbtioh lofihd §31hdﬁﬂ1ﬁs pame ﬁdmh@u@mohh e

tubes is greatly reduced conpare En the flui
are sPrereag t¢ e prFsehdrERLoT WS mf‘sldeim 4 fyq pagses during lysis,

RIhdLPIRREY ot PRSI IThdsE ik h§asé§ csafss@)og& %@t)elrym of the cells and I
efficiency in the seconds t  ow, since

d¢n§ttmatdme§ nueleioyasidspGubiag e %@c@@lﬂgg i dlqgmpx@i bwgloarﬁl@at results
enf% vﬂéo’él ? C fl&l%l I&Cﬁlgstlgg tﬁe V&iaﬁé@s.rofqhg%eg Ena‘kg? ﬁ fpo§s131§ rtcy meet the

needs ngthes;e‘t&vol phlasdsaIWnnhm lanmall diapnétyr tulm@Btaat mlxnhg isdnéragsed. This

fl becones rapidly, viscqel asti resul ting,i ..
o TR Gioa e Eh it Lo OB Dot L SR apoioh (B 11 e mixing
fanid \Wistiee Shle@Vdtidek) |1sﬂreﬁﬁl&dt Phgis t18 b&nﬂi’?ﬁéﬂlcﬂ{ erﬂ%»léyéwfor Phase II.

results in lysis of only a portion of the ce
t her ef\esaadinghy. wanse # Bixes selled Mbthatds desicted & Bigheed.- efew T shaped

ggxfl&r fal bRl i \%agtécb %Pow&c }éegélggn Jfotﬁg kel %3§§éﬁg\i%n accordmg to the

I nvention, dent| ases

prsand 1ﬁ>&msen | %thdtlm]ageerj lsolut[‘d)res]e i$ \ugeq;thdiszegnter currently into the
rre ond to | s of the cells and |]. 5 .

HRHAE VT pahon teonsthe Ui PR DeREs offiresinandsrgp obtaim an

eﬁfﬁcreheaispgismal Dighereisosf thead ofi€ives tage iafoumdv0SCHR a5t2 Gnm, and

flui Adjusting the dianeters of the tubes nmakes it

pistes? Y%b(t%lﬁl%tm thegonhigeongePidigse two phases.

W t hi Pham$ gl extts MREAV1 18! B&s Brobigh)a tuBk %F @&al]%lame’cer (Figure 1)
increased. This 1s the configuration used for Phase

for a\sherhfime petied (pf abivw et ). CobdigaBnif the diemetex andyflow time may
KoM B 5P S f s
peramstersaareripreidedaih | BableML t Ahtrefesemdeptctubd diaméteigpuoeid2.the inner
%Xlege-:r SOIP %Pee%be, not the outer diameter, which includes the thickness of the tube
walls themselves.  This brief residence time in the tube permits very rapid
homogenization of solutions 1 and 2. Assuming that solution 1 and solution 2 are still
Newtonian fluids during Phase I, the flow mode is turbulent during the homogenization
phase. At the exit from this tube, solutions 1 and 2 are homogenized, and the lysis of
cells in suspension starts.

The homogenized mixture then passes through a second tube (B1b) of much
larger diameter (Figure 1), in which lysis of the cells and formation of the viscoelastic
fluid occurs. During this phase, mixing may be minimized and the solution may be
allowed to “rest” to limit turbulence as much as possible in order to minimize any shear

stress that would otherwise fragment gDNA. In one embodiment of the present

invention, a contact time of about 1 to 3 min, around 2 min, and preferably of 1 min 20
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device may al so be used to provide dispersion of the
cell suspension according to the present invention.

wO2dok/02d3ss m xer, solution 1 is injected countBCT/EP2004/011437

currently into the alkaline lysis solution through

one or nore small dianeter orifices in order to obtain

an efficient dispersion. D dfeters of these orifices

are around 0.5 mMmto 2 mm and 15 preferabl y about 1

nm.i n e nf i qurathon 1 xture. e

i Pl oS B ShBMeR, iR TS E bR b Bl IRt A During e

ddﬁh@lh&tﬁmbhase‘ @i flows masde dfi the fIpRY isothndindr, pludndting. Sow diffusion of
ion of the |arreter and flow tinme nay

i na
%IBS é‘é%?chb yeraxide dyvard cehlacamMRO 8oty bul ent 1 ow.

Exa”'phf‘eslyﬁ’efte Hﬁ% 'oﬁ@ahféﬂ Stem@fthet &%ﬁﬁlzaﬂ%%ﬁk%% RltRen mixed with a Y
provided’in references to tube dianeter

pixsy calledtve. ﬁnmmererr@@dmeatr@f the ptﬁfsenhmvpm theoinsidp diameter of the
Litxﬁt@r Fﬁ‘f(f% 1o Y\g' H (J)r %ﬁﬁ%e 1{191' %5 J of Q}Sund 6mm or
U e vva S () r| e enc I N

ense resi
drbend Lbmnmp &hasimnsll dmmy:ter abiede. gh e genmaatubeis (pbsmoned at the outlet

%’%'1%%" lg%%&t%ea?lgwgﬁ Iiaﬁ% (ﬁg]\,ﬁﬂg)rﬁn & fFISCﬁ!V% tglll%llgg ﬁ81 gﬁsgge with solution

3.hghd heutalRalesdlifiohUs theh @Bllectidrih AGhArkestiMgTRIE NDEBkg Mditralization,
phase. At the exit fromthis tube, solutions 1 and 2

rap@ homweing shed pHakduesseflpspylate dprmatipnc £ig.s foration of lumps or
g&@@”%@ﬁqé&ﬁ&gﬁ?d FH@FME@Q&%H ﬁ'Bl%%H i Gerlddfs Qél-zsq%%ckly and

rough a secon ube er diane
n(eﬁaagls e sdlytion. ﬁhaﬁﬁlpmettgeslcsvn@radthblyaeIthsh@mdstmg tards carying away
ﬁg tﬁﬁfﬁgscoglastkc fluid occurs. During this phase,
P PP IS CBE I zed and the sol ution nay be
al | oviEigh dchernat®sdrawing i Figute T shobulccemiaglimettofalse continuous lysis
ssible in qgrder to mnimze any shear 30 t hat

&émsust@mh SORIOUS Pystsaait begisrihon 1th olertakithy aﬁ&% al gfocesses.

the prgesSgRinod! G bleQdht ifvenAbh 8t Hel 822D 1§§2b8éﬂ\xolypé Rf2ell (ie.,

mn, around 2 min, and preferably of 1 mn ) ‘
PORGH 06 B3 ulRACTEP B el IS rdlgiaskto lysingyStehcpseriicasing desired

| I ' .
SRRk HUEL L AR ARTR Y 843P i,
thk Lmdhcbct of alnd pr@sent pivention fguseld aw Bisé fhosi oellsofontfhiBg grigbmids to

sodi u Q%ﬁrOX|de toward cel |l ul ar conponents. The
e&? ¥H4S obtai ned and the neutralization solution 3

is theme plo¥&d ofichbitindioys alRalifieX§tis G 8&toMing té) tiRNFresent invention

enbodi nent of the present invention, the inside
@Ry hetsriopned pp cells haryasted; fsora raoksrmentation phigh has pen grown to a

SIS0 4 P 80 0 5 oY SO B o hneni
fgmwﬂoiﬁﬂioogedtyaweilghéliteu)t [The ccxnfmmhms ‘alkaalmerlyme siép anry also be
%rfoﬁmg% %Zﬁlha?‘vee%gedafrr]gm ee{ ffeenchte}lt\éﬁon Fhitd l?as eré% flg \Szvfalt % a high
biomass of cells and are not in exponential growth any longer, but have reached
stationary phase, with a cellular concentration of approximately 10-200 g dry weight per
liter, and preferably 12-60 g dry weight per liter.

The invention further encompasses a method of producing and isolating highly

purified plasmid DNA that is essentially free of contaminants and thus is pharmaceutical

grade DNA. The plasmid DNA produced and isolated by the method of the invention



3. The neutralized solution is then collected in a
harvesting tank. During neutralization, 10 rapidly

wo ovs02a3g1 t he pH i nduces fl occul ate formati on PCT/BP2004/011437
formation of lunps or nmasses). On the other hand, the
partially denatured plasmd renatures very quickly and
remains in solution. The flodd settle down gradually
in the harvesting tank, carrying away the bulk of the

cont am nant s e schematl c dr.aw [ igure.l

SRS s St wloES ML of et jeaRE Shomosomal
BXAL R’NA Gabieid) WAl endotstifs, MY cbAtdisLMoly tloSedovirtuldi form plasmid
with additional rocesses. The nethod of the prese

PN¢e A gipsedd pEasleadoadeqing, #y theyiguergionda of s'eﬁﬁcgnt purity for
@%9&%&%9%& QEmBUKREY@biaGy. fOr any purpose related to

ysi ng, suc as releasing desired plasmd DNA from )
tar ge’fhecmlethsdtonf the irs/amncmmnrﬁ%esmmﬂ‘ca@m steps éncluding triple helix

PSR RPRGELTR b BPABESE30) Rl i Bbronny nd e
BhpHEluds hTy@roFB&bldS Bﬁ@@cﬁ@nmhﬁﬁﬁﬁtﬂgrapﬂ'ﬁ er gol q‘aeﬁﬁehueﬁ chromatography.
continuqus al kaline lysis ste

d
Theogiam of o exphprge clvematggraphy ?rb%h%% %aﬁn%eﬁwélﬁgrt\?éé%axchange

SO aﬁﬁ'ﬂﬁﬂf Adidl %Hd/@maﬁﬁl hRR 1LeRRHEH Mieh ERhangUhPdB&Sgraphy,
of cel at

have no reached stationary phase,
and arl e ptegwdi thusempl@ﬁ@rf{lf: alkaliggy MmstQqu_sgn@ec{vjhg} rein in combination

&%s/e!]%? f()élr gﬁ% Hltolnwt'(%@)hﬁlé ES i e rﬁty%h?&n%%raphy and

r om
ﬁ}elrdf[:&mbﬂstm‘&mcmm cliroma®glzpby stgpm,vwcchmr@ 1h|tly?h ordharom&mte filtration

BBt Reigtat Pt p S SR g 4 Rfcthods of the

RoaRRAtdeadrivea hefeirfop b@ﬁfg(@t ﬁb%ﬂeﬂBﬁ@Da@ sdél}[blwah@ fusR@fenable to
liter, and preferabl 60 g dry weight per liter.

SFRls-UDodarer-senle @ﬁﬂf@frt“@ncorrpasses a net hod of
pr odugi Rgh Alnd Rkl bfﬂlehh%ﬂtﬁﬁp BOndHIOLE 1REk ﬁ’lla?%@]c‘memed with

DNA that 1s essenti al free of "contam nants and
adslitinal perdenatiore stips @nasxh@ DA Iperipyl product CDmaupmg)plDNéd It may,

nd | So!,)e% ed% 'Egg ! hofefgt;oﬁlge Vgcrlllgate rgmoverl (Nuch as lysate
ﬁlﬁmﬁbﬁ, settllﬁg,,orn&htrlf@hoﬂ) librk emhe(n@grdqm)ﬁatsgmpl@n(suah iag@ation or
chr onos ei n, and endoto
FUeR af av%t |t9p19r<o§§amef cilm% TOEEAPRY p Al rcmg&cm%teracmn

HrédFograph B B eRBo@aRAY, Tofth hdust BSis| 1@‘1’&[3\%@%9 8ni6h exchange
sufficrent” purity for usé research and pl asm d-based

¢Hrematograpby, THeiplest Hdnisf  elremiatngsaphiyon and npyydeaphobic  interaction
éﬁ&%%)gt%ghgqlﬁﬁa% %?%érn% #tﬁer Stz&lhﬁlepglcbﬁn%;@)fu% g}%}gstegé followed by
kybarte itraghma phipn axchdhge tchmmatography, triplex affinity chromatography, and
hydrophobic interaction chromatography, in that order. These steps allow for a truly
scaleable plasmid manufacturing process, which can produce large quantities of pDNA
with unprecedented purity. Host DNA & RNA as well as proteins are in the sub-ppm

range.
The method of the present invention may also use further steps of SEC, reversed-

phase chromatography, hydroxyapatite chromatography, etc... in combination with the

steps described herein in accordance with the present application.
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may i ncl ude hydrophobic interaction chromatography or
gel perneation chronmatography. The step of ion

wexohangal chr omat ography may be both in fl ui di e€dEP®d4/011437

i on exchange chromatography and axial and/or radia
hi gh resol uti on ani on exchange chromat ography, 10 The
met hod thus includes the al kadQ ne Iysis step described
herein in conmbination wth subsequent ion exchange

chr omgt Qgr aph triple helix affinity.chyopmatogtaph .

ona” " By ispRE eriovabRy BE PRIk Shiidbife RIS SR E the resulting

?DNA ptdtlic. N Thixaéte ikh§T be Asddy@ictnovel theabulRbf Secipithied material
| occul ate renmoval nmay precede the first

Eliecswatedgr @pnyneshapsm it PRstRsmTe flReeulpifyismavah is through a lysate
SREFAER, N B0l PUT) £ HeanfRAEALY £8 e, olloved
baagepth ddtratiomsas afpetishingfiltiatios stap  Qthiew dnetieodsf perfotmeing flocculate
inventio cant i us. | ysi g,may be conbined with

K 8 o RS RSB o T estl't T a i gh

pur it Yonp&:etaugk desthabgrbpty bNBe ehiplo¥id, to provideshighet urity to the
be conbined with gh J east. one of floccul ate rgnnval )
(@nggé@)ﬁ@,éﬁq({gc‘[.f pppgﬁ(p}gﬂge g‘@yﬁeiSﬁa ’ctegr epending on the properties
e e cohtd@Rt{ahRMhd thedfH 6XHB3REEo T omat ogr aphy (such as

cation or 20 anion ‘exchange), triplex affinity

chr omanisgrexphange shremaiagrapph atsly beiempberrs togrovide higher purity to the
t | . : : S
PR AONEF Bloakl SRR RRBMIR, ehroEBHbLAURY Trob iRl bF binding

aédatinely\chetped (@t aidiayxylecdesdtony siippphtoWwhichiinpesitie¢ly @harged. The
chr omat ogr.aph in that order. | n another enbodi nen

G5 Ara LR APty Patop GBS BYo™) FOSieuT F BPaCpBried based upon
AH¥irQhaféC Fangites O UIBuRE (@fdiYs, bhdiésreKndfifalddicky be easily separated
chr omat ogr aphy, and 25 hydrophobic interaction .

b rthiseiedEiashy Stepyyise reAeticsr shpmesT ey ebe tsess With guaryopongaminants

Efuﬁh% in %‘é %hﬁf‘@a@cio’ﬂg andd tp@m&' fe?ﬁédl'ﬁﬁ LR 1REOEETRns. Mh IR exchange
can produce 1arge quantities of pDNA wth
innEreeffidient fod rqmuoning/protdosandRNdot@xiRNromshepDN Agpreparation.

proteins,are in,the sub-ppm .range. The. nethod of t.h .
D1 st PRIEHETBAERS ARG Piifinel PR SRE et Bk proparing
swshematetlal B0wglhas erazbdsofoRbaephitd) polyryeriziny apatfutictionalizing anion

chromat ography, etc... [n cqnbination with the steps
FectanEesRoR AP BaphY FicAluEIE A cePatiog Hqﬁ%mﬂﬁ%@éﬁbereﬁir&gh are well

RRRMA GALL9R. WO 2005/ 026331 PCT/ EP2004/ 011437 20 A

floccul ate renmoval may be enployed to provide higher
puri t Fompoentketor be ybad feg thepsyuthegisgfurase mfegals thy arpypsed for the

L e
fientivied] greupgshthawepthitst hydraplebidityl ¢rr edrieus ®hegxchangehgmsps can be
}r{%{o?iﬁ?e?i ?}z): q ggﬁ—geamon aart]tgr %{eet)gsrearkr)lla‘ééri%lss '3.1'56 @Htﬁét{zgd_ Examples of
monofunctional monomers include styrene, o-halomethylstyrene, m-halomethylstyrene,
p-halomethylstyrene, o-haloalkylstyrene, m-haloalkylstyrene, p-haloalkylstyrene, o~
methylstyrene, a-methyl-o-halomethylstyrene, o-methyl-m-halomethylstyrene, a-methyl-
p-halomethylstyrene, a-methyl-o-haloalkylstyrene, o-methyl-m-haloalkylstyrene, a-

methyl-p-haloalkylstyrene, o-hydroxymethylstyrene, m-hydroxymethylstyrene, p-
hydroxymethylstyrene, o-hydroxyalkylstyrene, m-hydroxyalkylstyrene, p-
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5 by a depth filtration as a polishing filtration
step. O her nethods of performng flocculate renoval

wae®@spbazsugh centrifugation or setlling. |on erCiTEPZPO4/011437

chr omat ogr aphy may be enpl oyed to provide higher
purity to the resulting pDNA product. Anion exchange
may be sel ected depending on 2he properties of the
contam nants and the pH of the solution. 10 Anion

ﬁy% A FBEge o (ne- Sredbies ﬁ@f&&m‘?%m%m £°7;n,d§n semethylem-

RAPEhgRfyRmNBL 0gr aph&nf L/ dfoxi dthy1sky o~methyl-o-
atlvely charged (or ac nol ecul es to a support

hw?reﬁyqllsvlffﬁr@nnqrmeghyt—ﬁahﬁgbwya dstyrere, @methg %@&ylstyrene

GYERAP sakaRte, ENERy BRI MG U A0, S5O St

@mxti\dlilﬂsacehm;i Mostapefeed canpjundararbehalagikyl gseysr atbstituted on

Foult e HERORL S48, H P o5 ¥ 0 AELRTERT RS e

Eaftaﬁteldoﬂﬁdraéuﬂbdd@ ewRPNArtRhULess 6t Rhe) |16I Exaflpast b0 @Slyfunctlonal
Ani on exchange i s very efficient for renoving prote

HI0HOWEFo Rk Wﬁmlpwe%mlqu)éw‘z%q,o,ﬁilvmy)lfol@qq@, |t51|x(1nyltoluene
S e ARPRtHaRAS) %V%T%Maleﬂ@%ﬁiy%e "%Wc%l' cﬂ}neﬁﬁgryﬁé tIL:“Elﬁllene glycol

of preparing mat eri al as well” as process
giaepydate.ng diedullsneer ighica  aliaethagrzlateo naldisthyleneani giwol 20diacrylate,

ﬁgagg nd, separating

a m g'f)ﬁg&gﬁgre e?%ﬁ%ﬂl%ﬁ&‘eg %Cﬂqﬁ%o%n in the art.
Corr‘poMadomS)lob excimege fioopd iney by iftlodadesd b tHeasBt-reaction. Preparation
gﬁ_ttgrl al s that are sed for the ackin terjial for

6 BRI HEBRER dor B35/ eiayiaBe  Priodinsiaels mappmer and

pélfidldGonal WimbineNale WéighHaSovt Rehn EppbBlibte}Es aRd RicklyYweighed-
or various ion exchange groups can be 25 introduced b

auipdiient eyl Yeyh whfchegre uprs foadhe pripesei of adjngtimg the pores 11)1/ particles
n[(‘hteg%e %’ilarﬁéﬁgaéehal o%e@@wéﬁi’aﬁﬁn iHRARIRLS added, followed

by haéld rslatﬂing sther enigture p& hlmlnoslﬂilm;tédstty)r enei]-in-water type suspension

golrp}g‘n:eggzlrt‘% g{h%r enzhe ? ﬁlﬁlk%{céa o €an aqueous solution dissolved

suspeidion stebiliad ersRihaN lost precibay beforehand and oil droplets with aiming size
a- met hyl - m hal onet hyl styrene, a-

ae#awmw;@qg,wgh LT, ‘T‘Pélt Wquglegprb gf cp@ng@tﬁi by gradually warming

ﬂm@?it @Ulluflﬁi’i hRE@@'&@’ hRh¥fufftfonaf mithomer to polyfunctional monomer is
met hyl - p- hal oal k{lstyrene o- hydr oxynet hyl styr ene,

mrtvyfdlyomm Ryingt 9f moﬁpctlmtjmyn@thymdstamuedeo 01 to 0.2 mol of

B kGRS bR LS i S PGS of WS Grerih. Wotymerization

hlyﬁhftﬁlxw bk ybispartianaly sestrietddy bnd abotds axpysrehdigt perpkileeype being
hyd xym et hyl styrene,
HS%PH%OH&)Y ?'F)?d‘ls ynet hyl styrene, a-methyl -

Suspension stabilizers such as ionic surfactants, nonionic surfactants and

polymers with amphipathic property or mixtures thereof may also be used to prevent the
aggregation among oil droplets themselves.
The packing material to be used for ion exchange chromatography for purifying

plasmid DNAs is preferable to have relatively large pore diameter, particularly within a
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hydr oxyal kyl styrene, a-nethyl-m hydroxyal kyl styrene,
a- net hyl - p- hydr oxyal kyl styrene, gl yci dyl

woredohmeasyl at e, gl yci dyl acryl ate, hydroxyet hyl PCT/EP2004/011437

acryl ate, hydroxynethacrylate, 5 and vinyl acetate.
Most preferred conpounds are hal oal kyl groups
substituted on aromatic ring2 hal ogens such as d,
Br, | and F and strai ght chain and/or branched

sat Jr qug gé Fé@ﬁ{)] %823@% Igu ! bongg.t qoaﬁlrrgp 35 el%troguc%sibn exchange
gfo\aww RO ARRSialstis Wil !&M&\K’x@ﬁﬁﬁaﬁn di vi nyl t ol uene,
rivinyltoluene, divinylnaphthal ene,

tri vi Aoriapest ofdleants may Ay nesdelogthpden exchengssbrgmatpgraphy. A first

gquXtI %Qxﬁalﬂ}réf ‘?Aw—égncq [of! BF Sart dhfL lesg d9bER containing high-
I met hacr ene glycol diacrylate,

n@tchytlrammbmfsmﬁt hag bylumd déhe @utihg method con51sts in switching stepwise

t hyl ebi.sa l.arni de, Vario i on S
Ryt S o B a8 A e et Y Bt PTG R Sontnuousty
ohanlghiy the8emp&iteini fedm ItHbCﬂirﬁldeQﬁenatcf the S&carideflustheBeliféts and salts that
nnnofunftlonal nononer and functjonal nononer are

ks grredily psedin @ﬁseaﬂb%iafqra% eaﬁ nge GhepmegrpRNs| (ray be used. For

WR! feedudm ceh’t'amm(g 186 onSént2QbyY 8N ¢altVily 6Eb 1R8I R WiftPéoncentration
usting the pores in particles

t he purpose of
bttt 946 (a5 ANg PnebRSEKo Aes prtbisulady preforable. For the second
I \ I
BR800l bt s
adideditn emetnenc isyeeticileslyeprsfeeeble. Fol yinesodiam satsdueliven rhloride and
ure i s added into an aqueous sol ution
&? @BFU Yo MY G on st abi | i zer wei ghed out precisely

bef or gh Q&ﬂtlo@rﬁj cl%!lz!ltlr@r aRhets B‘M/ztlght ah&taldo iy B uddesuch as for
f or ned qﬁ;ﬂn Xi ng stirrer ol ymerization is

exameRlet wd@rra@m@rm@c%awﬁn@r lﬂlﬁl}k g dhs deareslatioraf plgsmids due
o ﬂWR%{eéﬂﬁﬁq‘ S%EITQPWE?W@% lirsgn féfséﬂé‘ﬂdh?aﬂ%h ”‘?HQ’EBBcé ation of

gener al o uncti onal nononer,
ahadating dgettfot blvéleﬁ!t maethl iofi is prefesablyrl;t koA @0 midno ms r s o

as to pbt.ain s art i cl. se .mat er

oy Pl Vet b Bl TR S Rt St Qpiriges are suitable
F&Sisé iicthe @res@tﬁdnﬁlﬂbﬂl Snélydigg B0 limtRIdasithissetay @igabkefro®l POROS
25 used commonly are used. Suspension stabilizers_such

Agiqno Exehagge fRaféP&nR'sage‘i‘roF?s@nHéass RSTaEn  IPhsrrglex, Nucleopac, and

PRAMIIRIS P%t&aﬁng@'tﬁé‘téb'hﬁmpr ORRE Y BYMT Xbuhfs & hl%}?CIE initially
may al so be used to prevent the ag?regatlon anong oi |

dqwlibreted witle A8 @IlMe&lS TRIS Byerwine at phat.-8r anal 0.7 d\dﬁéa@s ddie sample is
Eﬂ%rggdmgrgd %&ga%ﬁl Qrggtlrflgglteb%?% onJ elﬁlf{o%lf%lnﬂgnt 0% 5 Mto 0.85 M

ferab ave re l"ar g
pace irdatsoe 26 rcphm&f t/cblﬁmbzarsl thennapiphilech aﬁ\ﬂcﬁﬁ%é&&ﬁ)ﬂﬁdted Preferred

SPIGR X GHRES ST SABLITI0S POES INAOTOU®: | on

exchapgeording to a preferred embodiment of the process of separating and purifying
plasmid DNA, the present invention relates to a method of separating and purifying
nucleic acids and/or plasmid DNA by ion exchange chromatography and triple helix
chromatography in combination for efficiently obtaining nucleic acids with high purity in

large quantity.
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groups to base materials is well known in the art. Two
types of eluents nay be used for the ion exchange

we@boosietzagr aphy. A first eluent containing  PCT/EP2004/011437

| ow- concentration of salt and a second el uent

contai ning high- 5 concentration of salt may be used.
The el uting nethod consists i #3 swi t chi ng stepw se from
the first eI uent to the second eluent and the gradient

Fr om ARBICR, Gt b PHBE ok BE AT R Bpted fefeP i 8 Baces Us

aBd9 Babt 6,280362 AR Rely@Behalnkemativael biteid @pplicitidgNpublished under
i on exchange chr omat ogr aphy may be used. For the
W‘PQ%”Féﬂﬁ‘é?ftth% Aeligent ng | ow concentration of salt,
aqueo?rﬁr&ﬁ;@ h@lg@ﬁfﬁ%lﬂyhc}ﬁ%%?hb% |1grbgg<% IO$Cnu Qg{:d‘lﬁé lﬁfbrlafkatlon of
phgcfnnucbbtlées Pod a hergete sospidncee Madint thordcaibid- ﬁganded DNA.  These
tr us solution with 0, 1
g‘?ﬁggo{;&@ m%‘a (i%?angglaéfg Ci"gnéﬁ%%%t Cis particularly
pr ef er abl ethykiding KTE), smkihumcapdules of sostingnudibsrwide Aahdoublets of

e e 50 ospielst ot b (088 850 ae for

15 exanpl eadAtrRy{AAN@RiAMs RPpARS bREGRIihE @ipleds Wil A.T doublets of
i nhibitiri 8 t he degradatl on of plasm ds due to

prublersanget ANAnzynmes in the |ysate of Escheirichia

C0 L 0 SPRRTIOFO L, Bl P MLl G . douts o

dowdde-ganndet YYPNA; comer CI aI I y avai | abl e ani on exchange
matrices are, sujtable,. n the esent . . .
vent  on: PR g Ciray WFichils ebspBE Bh§Miming triplets with G.C

ayvaetitaler aodmama%GEwSNAzmambpm <ExIc e gR HResi ns,
Q agen, Toso Haas, Sterogene, Sp herodex Nucl eq

and Phar naeyasil (lﬁbwh@%aﬁﬁqp@blet%@%%m SogytIA L1 o Tyase pairs.

MBlefer 919 tHeS oli%&hﬁdl@dtfd)ﬂ usEd lébllngh&'%‘tae%ﬁ@s;ng ) H%opyrlmldme
B| s/ TRI'S Propane a . The sanpl e
stquenmahemcxfa§hwnw pmselnhel tba PNA f5i 2 hamopwurfifieehomgpyrimidine
eé lﬁtﬁfﬁc%nvgﬁ ﬁe%er:]r}ceoc{f i§ o%m'vé %nakgi %1?123? %eh/gé gggﬁ'{—tz hgl?x which is
stableesttaRitl pAr @haertkel cytzﬁnemarerpremhradw;gmct ldesiatitiogh aphikaline pH
i ncl uﬁes Fr. acto el TE\AA?% Hi Cap. According to a

ﬁ’lhﬁlfeet ?&Mm t he pirocess of separating and

pur i f pij ?%ucﬂ@oﬁﬁ@aﬂd%spéc‘i‘ﬁc BERSEM plefraninl 8RR DRIARGRS preferably
to a nmethod of separating and purifyin nucl ei ¢ aci ds

spraplsmeplags i dllovnformgtiononl @kinaheléx. cRebnvelds eapihe la%‘d selectivity
AR S T ORI A L SRRl e e oy
complethehtaryge Fouaramply, ad\0ligaD6le0@E&38dly(CTT) and a spec1ﬁc sequence
QT/(J;K%(}O%O 1437 23 ,
y( referred oligonucleotides have a sequence 5'-GAGGCTTCTTCTTCTT
CTTCTTCTT-3' (GAGG(CTT); (SEQ ID NO: 1), in which the bases GAGG do not form

a triple helix but enable the oligonucleotide to be spaced apart from the coupling arm; the

sequence (CTT);. These oligonucleotides are capable of forming a triple helix with a
specific sequence containing complementary units (GAA). The sequence in question
can, in particular, be a region containing 7, 14 or 17 G.AA units, as described in the

examples.
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Triplex helix affinity chromatography is described
inter alia in the patents US 6,319,672, 6,287,762 as

wowdos/0as3i n i nternational patent application pedi/ERved011437

under W02/ 77274 of the Applicant. Triplex helix

af finity chromatography is based on specific

hybri di zati on of 5 oligonucl#btides and a target

sequence W thin the doubl e-stranded DNA. These

ol i gonucl eot i des tal n the oW n SES;

by AFFBE 15065 e IE BRI O oo FETNG 7Y En QPAGGGAGGA

M@GAATa'd@yExb ey ®™o: dpulihi- SbqRREES dofié ﬁRamgonalx with the
et Bi ochem 28 (1989) 7859); adenine {Sﬁ@ whi ch s

eawt@o@qlesf 08 AAGGAGAGBACGPARGGAAR ub or
| .

S G 8 (PN 1, B i

ths mratnt ammuaﬂelcym@mtme toGhy polytpucihe sigandpalilese ¢fiple helices are

qggsf tglg'g‘fetsgqc"e‘”aq ggas%ggfletfélslag&h%grﬁ% b llﬁ%ﬁj)aﬁp €943.7251;

mammdlrseraa&psbibﬁcepﬂ9glgum nge60-13¢8)ets with A Uor AT
base pairs.. Preferably, the oli gngCl eotide u
i

il
conpr Psstated 2bpvedhe apsciicseAwsnsp§an Re 8ispavense damrRlly Riftpnt in the

Lb&b18REe&IdEl DISRAVER Qﬁltﬂétféss%&&enbé‘ ittt aktFiclly in the latter. It is
honopuri ne- honopyri m di ne  sequence. The presence of

cgneo@llm edvantdgeausi to uppasdlidosucleotivmapadle pf firminges friple helix with a

agid ACYERS e
SRl By B2 R il D ) BRAY B AGRIERE e origin of
tef]ﬁlcﬁt}ﬁmsf laelﬂasmmé dsreimt aaharkﬁ'dgerﬁ [ @orﬂnﬁ eefgardjelt dmdknbtva through
resent in re pr

ecific a ahl ..
: n%@&% SR B rft?ﬁe St bR ch 7l the origin of
Bgtcatyde! &iﬁll@ﬁﬂs%@ﬁ HeRRbuSR-Bsthdpiirinidin8BYeddéhsO bt Blid @¢Inthesis of

% usi ng an oligonucl eotide and a specific sequence
igevcleptidgsu| cgpablsonpsifentaimiy . trple ekahipase, vfh  these  natural

Johs @ [ u
S SO #Ph hoposSERueAA sl B endi o e
ﬁiwmﬁﬁﬁa’ ﬁrﬁhm@ﬂﬁrﬂlﬁﬁﬁds in p@&@ﬂa@fﬂ'l)lﬁletﬁﬂcpla@nds of the

RO PRt i ol PN cAPTES 05 Bemopdibhéinpyrimidine

afiehcds mattirdlyepre@upPinl \@udleBirabb&] DBIRY 4 eirqeer(c€Tdnprising all or part
These oligonucl eotides are capable of form

Rk sqpeneas e AN iR eRAA i i [IBN: ') phesen in the

gﬂl {igddonUbt ES cS1EPMsmid TRHISE AUSNGE rhdhtidHESt IIANhROcase, the
articular, "be a region confaining 7, 14 or 17

@Monmlepsde as f@t@‘sngl bdbe i ntiple  exdinpl eBOSSCSSCS the  sequence:
5'-GAAGGGCTTCCCTCTTTCC-3' (SEQ ID NO: 6), and binds alternately to the two

strands of the double helix, as described by Beal and Dervan (J. Am. Chem. Soc. 1992,
114, 4976-4982) and Jayasena and Johnston (Nucleic Acids Res. 1992, 20, 5279-5288).
The sequence 5-GAAAAAGGAAGAG-3' (SEQ ID NO: 7) of the plasmid pBR322
[B-lactamase gene (Duval-Valentin et al., Proc. Natl. Acad. Sci. USA, 1992, 89, 504-508)
may also be mentioned.

Appropriate target sequences which can form triplex structures with particular
oligonucleotides have been identified in origins of replication of plasmids ColE1 as well

as plasmids pCOR. pCOR plasmids are plasmids with conditional origin of replication



10

15

20

25

30

WO 2005/ 026331 PCT/ EP2004/ 011437 24 Anot her sequence
of specific interest is the sequence 5' - AAGGGAGGGAGGA

W@2ESH2331 (SEQ I D NO 2). This sequence for nsPGI/EPI0pY/@11437

helix with the oligonucleotides

5' - AAGGAGAGGAGGGAGGGAA-3' (SEQ ID NO 3) or

5 - TTGGTGTGGTGGGTGEGTIT-3' (SEY ID NO 4). In this
case the oligonucleotide 5 binds in an antiparall el

entatlontoth T. iple .
A ik By @i sl oy HOPH T EaeBR B0 Un AT 3., S colbtderived
E SeHseonin ﬁ'l%m&' Rephekiag s qileﬂ&g -A@%AZ\ZA%AZ\Z}:GA 3" (SEQ ID
eal and Dervan, Science, 199 251, 1360-1363).

NQit & mappsre upsirrams o dh RNAHG trapseapt By uedh i dﬁ%ﬁ@ﬁé greplication
gsatcg efth bYalP98 ENathi2, 26 29)0 uﬂl? s%@%%@m%a&é tréplex structure

etic Sequénce |htro uced tifrcially in
fatht ethe |]t2-msr Q@nplsplenﬂaad I § HﬂD’ﬁﬂT’ﬁ"@'ﬁ@@g -0 (GE8 adiD NO 9

811%(%&1 C e n al*e Lﬁé(ﬁ??)a%(%gg c%n?arn?]g A cgg%g I e s%r P ?16‘ rfél él C}'10n repetmve

Bhids (' orAGXANA RAAA GAL-3)(EBQMDINO: ll@)ﬂbd:@taﬂ I110_fhtef.+'B-rlch segment
|

plasmd, or in a rker To this reqgard,
RF] quﬂlib{?gvhcors@r%e}é%ég% PRFQ &S k06 T%hreleffe@wéﬁgeaf 24, 1936).

TRRS Qe e fhitndY tstabil Qﬂplb}f‘ dhewds | WD Ble 14-mer complementary
replication, could possess §ur| ne- honmopyri m di ne

pb@mlnk:otldmei-wmméfél‘TérTa\CTw o( E il INQt i Hes cHpalspaesponding
ﬁfl n%fé‘oﬁ“@ests‘ rphe-rhel 3%%% tIBeﬁg @ae[ﬁ‘ f 8lpr TTTTTTTICTT-3
Qjits) 7 SGans ag

honopyrim eous
(53Y 2 (1) I IEBS N(hé l)mfﬂimehtlyf atich epecuﬁbaﬂm ttxyet tloeib ereqmotwe cdotnplementary

unnodi fi ed pl agm rt | ar .cy al plasmds .
Stpnes 5l B 55 ongin P ilicetng of P g b orferang R orin. tn
the aimgwﬂéﬂ BEoRRAPEME (TG BEC* ATHHRN &G [NAtdehipldty destabilization
present in a doubl e-stranded DNA, a sequence

@B%ﬁﬁlﬁlﬁﬁ&r‘mmreor part 20 of the sequence

5'-CT '

Tl e Y T
peegertian mnrmguneﬁxeplwattohm acagker gdne is esfapoailycddyantiageous, since it
orrin t tr. eheli posse the.se e; . . .

ket et e e BRRRB G it SRR popgaining the said
@hgfhfdf &lé;ﬂicutldrportsaﬁl &Mer gﬁehé aHél’iceQ'f 1s nbenddediire tdy@biy the plasmid
as descri bed by Beal and Der-van Chem, Soc.

ovths. doz@eﬁandezl A Ay gesipr f@nacoyw%r-g éﬂ aridficialspreific seAuence in it.
(Nucl Q'ltﬁo@ql fRy B&ﬁgleilﬂ%gl%g S%Quenégga?e %?e%%}ed it ‘%mderstood however,

sequence
phaascpmd npmghz:s ma@ beatotemmlsleet‘g@amdhe Bwanca/af qultgoe@cleotlde and

ﬂle s’eglrlenge Bresentt the ﬁg{lldeyt%'a‘% fig' %?tzl’eaég %0 to%g%dfeg%%})ss of affinity.

1 one
Whe sdyuende S'WMAW@GAMGGGS (SEQ ﬂiDﬂ?d(]: il2upm@sent in the E. coli

B-lactamase gene may be mentioned. In this case, the thymine interrupting the
polypurine sequence may be recognized by a guanine of the third strand, thereby forming
a G*TA triplet which it is stable when flanked by two T*AT triplets (Kiessling et al.,
Biochemistry, 1992, 31, 2829-2834).

According to a particular embodiment, the oligonucleotides of the invention
comprise the sequence (CCT),, the sequence (CT), or the sequence (CTT),, in which n is

an integer between 1 and 15 inclusive. It is especially advantageous to use sequences of
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30 oligonucl eotides have been identified in origins of

replication of plasmds Col El as well as plasmds
WEAOR02GBEOR pl asm ds are plasm ds with conditiBCEHEP2004/011437

origin of replication W 2005/026331 PCT/ EP2004/ 011437

25 and are inter alia described US 2004/ 142452 and US

2003/ 161844. Col El-derived p%snids contain a 12-ner

hom)puri ne sequence (5'-AGAAAAAAAGGA-3') (SEQ ID NO

naeg(glﬁ[s,dg]f @%II Tsagﬂ‘}%];ﬁép k{:ﬁlgtslg?vg?ga 1%?11}%{'1% h &@Ig %erlﬁcat{jon yield was

Mwﬂidéd b3 HMe afiddt -of TihIhS@lpoaideotider llli’ﬁpzﬂtﬁ:h&b' # shown in Example
tri pI ex Structure 5 with the 12-ner conpl ementary

% thy eyrriqatippodyid dncreasexyvben Neoligpnuchiotige mgataies fewir cytosines. It
Ehﬁd&%d%‘il?@&?goﬁﬁ&&@dd&§ oPth@‘?rW%H b4 B él%{’) %B@gg% (cgr) (CT) or

non repetitive Dbases
(3T)1@ytsi ocated in the A+T ri ch segnment of the y

oot bcriORafle BEFR SEUSMRN orfbosll oy bR fegpegpral bases

ot éfehdicdlly pbeaiXied! M Phiticalani thé olifehut kotids negnihvanRpéaisly possess
10 ol i gonuc| eot TTCTTTTTTTTCIT-3" (SEQ . D NO
&eﬁam gmtcal r@%‘#ﬂgfﬂﬂoﬁ@; enapl,l%htécqeélé’{ap&ee dO or its protection against

ﬁlc'leﬁ@_s-rgfr ity Iﬁgﬁ $or tﬁcs@cfﬂ@ s%@en@e) t@Bchreased Oligonucleotide is also
S RRRERA TS 1) ‘efficiently and

%@e&wqdcm Iryeatnaﬂ@eth*héusncqee%m@tf i m@l@@ndgls ewbighahas undergone a
t h r f
BOHHERSE oL A8 SEdetth P e BigP OF kil 1 SR SRR 8 nucteases.
Aomng q:nsmbleahodlﬁd:amdni,'Bli@}lwieoﬁﬁd\iﬂ)oslphgmﬂﬁ'smﬂet, winich are capable of
onp Iete est abi ' e tri X S cture.
EREn P e B et FalopllBie i Rovnd 4852 223330,
A iwile abedugénw&dhd@s SRRLBEARE foMARRRMorl ﬁx@ﬁyl@ﬁé@h&na@é skeletons
replication or a narker gene is e %em al

@d@ﬁ&ﬁ%@g@@éﬁ Ay &demy Sogrg kY, 143, §§r7t7|68 HpY fgepationed. It is
0&&319 o Y @?édé‘gﬁf"ﬁ‘ﬁs @#théﬂzg?%t%&%?bp h&%l%ﬁ{g%s, which

origin o cationh or ene
atltio ifgrnm dtipheh@'@ssawtm PNAodLé )DdaheetpdllasNudleROAmdst Res., 1987, 15,

cor ppr at.e . :
BT RO )RR, P redighichhel ReleRRRE borapidyte tink. ror
@@ﬂ’@ilé‘;‘ rﬂaatl\a*r-ys Slﬁﬁl&h&ﬂl@@lﬁdeaplﬁ)sﬂ{cﬁﬁlﬁfdﬁ%dhnk Eielscfrlbed by Gryaznov and
@gger od, hovvever t hat some m_ smat

Iest QigoRuelpRtides aqy@mgeesaw%l}yest@?l?g}aﬂkﬁ&ek}sﬁ% Wigh DNA (.

ARd ChbRESSEADAC €1 DB EFRBT44), "lni}hl?e HMionBé. OWIH&% §th&¥mEB fications
not lead to t 00 great a loSs of affinity.

elethgetielet@!, -theasnaGabpmindds, 3f X QEQethmlmse;mwaPhodlester etc.
@ég i %HtH%&le}, I&l{ﬁ Ogﬁ L)ﬁ S?rﬁgth% 4161%@'"@154% ﬁer 5 d-ﬁ'%y alI&? Pﬁ énentloned.

I'one case ne Tt
Jpaskly pthrei plospleguebased nkyletos maychy mpiz&eld by a p@uamldie sladleton as in

R SRS L ARy e hRE Bl Sinc,
(9916954, P®71508] Kim et al., J. Am. Chem. Soc., 1993, 115, 6477-6481), or by a
guanidine-based skeleton, as in DNGs (deoxyribonucleic guanidine, Proc. Natl. Acad.
Sci. USA, 1995, 92, 6097-6101), or by polycationic analogues of DNA, which also form
triple helices.

The thymine of the third strand may also be replaced by a 5-bromouracil, which

increases the affinity of the oligonucleotide for DNA (Povsic and Dervan, J. Am. Chem.
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Bi ochem stry, 1992, 31, 2829-2834). According to a
particul ar enbodi nent, the oligonucl eotides of the

wo pwsenedzan 30 conprise the sequence (CCT),,, PCEEP2004/011437

sequence (CT)" or the sequence (CIT),,, in which nis
an integer between 1 and 15 inclusive. It is
especi al | y advant ageous to usé/sequences of WD
2005/026331 PCT/ EP2004/ 011437 26 the type (CT)"

i1 1980 o GPRI0R R P R B (?e”@algrr?rtm#urslfbaées among

iwhidhhéhetd inGINBE IngdtibakRl 71deaal ide6 )S}xaﬁthoﬂﬁe @Memgahnet al., Nucleic
the urification yield increases when the

BTG 1851 e Eotia C-seoment-Bythodiraass D prmefigi-s-amino-
YROS S8, 3tJ7_'|§!'yruhhﬂn Qldne C(K‘éﬁ' et%et D@l%&»n of Afechiye 'Stobor!992 114,

can al so conbi ne CT) 5 (CIT) units.
éﬂ”ﬂgéﬁl&ﬂ §®txp@rtenugea anmyomlemp,az t@ﬂietf(ydmﬁnm@d:y@ﬂme or any other

par aB Y ﬂn&%w & er?&sﬁcg@ed 1ﬁrt Q‘? 919 er v}/e nPe% é ?nd II-IQlene, Curr.

e ofigonu ageou
ﬁ)(pmen;StruaeBiom h993h@,rﬂ4t568569md| f| cati ons enabl ing its

resi stance to or pr.ot i 0 ns Ieases or

te aprpieE o 3F moHTieBgt P e Slediiielsoade b thie S more especially,
bhEhesRE. thOlrtdanisnl Aalok @lﬁ‘lmt? wRtw&enkhe alﬁlgiﬁxnab@ade h@d the specific
mean any | inked successi on nucl eosi des whi ch ha

sRfERGontn Rartigean: f4 wast ashanreeone madfication aggorAingHie e rinvention
Qénsf@%rd;&% Ila?i%ﬂ%%hé @itbéh@{&f @ in’é \ft:?eg@ae. Tﬁ%ogﬁgonucleotlde thus

possi ations, ol i gonucl-eot
pletetet displayaties potaivbithy areperppdidbeniog a stableni tnigle helix with the

t r I ce%aggl%{c(égg Hg%gg% x?od O%Lgta\]]@/l @_’ Q’S\Mﬁ lhgrllcce é%ﬁ(es it possible to
oiorlg @lﬂlhighﬁqil{ &?elﬁes)ﬂﬁﬁ Qﬁbl@nﬁﬂé(ﬁf&&@bﬁkhe@rlor art, that is to say at pH
nmet hylghosphonat e| etons 15 (Matteucci et al J.

tiggésks Ogé‘iﬁia atiqmof plogid DA pre mygh gaaller.

nent i 9RERngthlofitife olRboRGIRARE B LNt MEBod of the invention is between 5
oI i gonucl eoti des synthesized with a anoners of

@otnadigonygigotide oflengthfaseaterttharpl @bases isadsanfiagéoubiyused. The

{fbggx%% 8? tad%lr’gl Ng%let%aﬁ fsilgiglla ?rb {n%%o {o% hlnﬁlex{lg%al case to suit the
ddssaeﬁbeisq:thmyaﬂd dabﬂntj ofitkie if@ractioaxanpl e, the N3' P5

I nt ernucl oram date |.ink descri

Gryazﬂg Oilﬁ ‘?f? %H ‘RRFF?% t@i‘g%énYﬁ“F‘@%ﬁ%X g@t ?H’é‘%‘es‘zed by any
kv ﬁ&:h%&g@m ) f\értﬁ:hﬁt?' ﬁheS/rﬂnﬁif e Blchi@8 By %%f( Aucleic acid
Am Chem 994, 116, 3143-3144 may

sehestzREsd Ammhg ragthed kv 1] ad%@rsomkllleéﬂn thh@fém@b’ @uiip obviously
Bfﬂ edse of ribonucleotides, of 2'-O nethylribose,

osphodl ester, etc. (Sun and Hel ene, Curr. Opinion
St ructTo pBingit .its chﬂﬁnt%@h@&ﬂ)hemppm ghe btgoramndleatiteds generally

Ve AR P MK T -
ﬂt\el5d61) 3 p@blltlch Gaparfibifiar, fheradiiich P e thiel, beaR dr Nagbse g®lup makes
% Ip0551ble ?or example, to couple the oligonucleotide to a support bearing disulphide,
maleimide, amine, carboxyl, ester, epoxide, cyanogen bromide or aldehyde functions.
These couplings form by establishment of disulphide, thioether, ester, amide or amine
links between the oligonucleotide and the support. Any other method known to a person

skilled in the art may be used, such as bifunctional coupling reagents, for example.
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1991, 254, 1497-1500; Kimet al., J. Am Chem Soc.,
1993, 115, 6477-6481), or by a guanidi ne-based

W@ k@sm26B81 as in DNGs (deoxyri bonucl ei ¢ guani dP@EEP2004/011437

Proc. Natl. Acad. Sci. USA, 1995, 92, 6097-6101), or
by pol ycationi c anal ogues of DNA, which also form
triple helices. 30 The thyn1r%30f the third strand nay
al so be replaced by a 5-bronouracil, which increases

;ES D oil}%iﬁ/t gfnﬂh{h"%&ﬁéﬁg %@gg%}\% ; Orfoup hgonuc(ieotlde it can
BRI ObE Az o1d0n Bl otide 19 8Ontaihlah, "aﬁﬁ'SQ’tcBQB‘%lbaceﬂ' hﬁ:quence of

third strand may al so cagntai n_unnatural q;
Basesh Theg e oﬁﬁp ag@ makesilhpesgible, in effect, to bin the ollgonucleotlde at a

Zh&@ﬁa&ta%ce %Qf%é %Gﬁlﬁb% bﬂ&hﬁg‘lﬁs lcb&BRoRt of3hterachief VELE the DNA to

ci ds Res.
be (rzpmgwyTlQ@arm adv@otagmﬁkysym;lstsOﬁethhwmsrbamqh@m comprising 1 to

%\&;apl ?étgl‘ Oyg630r?_ g(el!{;?]_%ogps ar%gga( ﬁl}% ﬁjcth;Qﬁ%Ps’ biilldmg to the

c&alamad@he rem &- Hﬂikeﬂotpuai iphesphate of the ol1gonucleot1de or of a "spacer"

CRIEPHFE 5F PO I 694 SHRE o LeE P R o8 g e gpacer” can

Nd rﬁﬁ%a@én @sﬂ'ﬂl SRhHIE thdCUphicer" ¢l ddhPFsSihdlSdquence GAGG.
BIOF d%m 3, 345-356) Anothgr tgpe O?@ﬁbdlflggklon

"The are lwdvg@tﬁa%q%brtqowomlsoftaﬁ@eaq oArDaRRhaingopyarising ¢ or 12 carbon
%n{nprOV|ng the interaction and/or affinity between
e ollgonucleotlde and the specific 10 sequence. In
par t i Tdbkex, affnityostromalognplagisorsy effidiehi oatdnorying RiAliand genomic

BRA st FGE b Bhatiorliesd S alRimiisc el PRI ST b Bked in o

Sstuhyl &h@dldﬁhﬁ@da)ﬁﬁsﬁ& Suigdee V& f\hl)étl@ﬁdhﬁﬁf tiste0f bélsrinfggnetic or
a stable triple helix with the specific sequence in

9ﬁe¥%ﬁ@es Chropaapstephin eyPPRAlS ©e Esefgipbly| psqﬁiencésnanp(e@cample the
LlhroRRstkding El%goi’i@ rcgpa@Ie & sy uRid éf@lagé‘r%set RaR/15M&de or dextran as

OIgOﬂUC|eotI prior art, that i$ to say at
welll a$ Shwnadqne@tlmdﬂecmehéeph@k& Sepheresy; Suparpssnets.), polymers such as

é?slgs ren P(’i\f'\al‘ny enpetz %W%Jﬁggdne%ﬂ 21851%?(9@ hmﬁéa I}g example. The

e used in e Invéntion rs
cblabm&fgr@hya:ﬂwnﬁﬁ cahoperhte gothecliffinsiorder peffusiemgidde.

greater than 10 bas i.s advant ageous] u ed, The
engt RO ARABESHTABT LFatg AelBr & ah CSiE e dorHHLegRITs g use. on the

PREmEACH | RehdticdURbn@ases t @veldl t pbdiGonsd&Fi m§Bridization with the
select|V|ty and stability of the interaction. 20 The

oligeruslisetidest Thiepreawnee o8 prvgral bybridization dasitions pagmaeses, in effect, the
ﬁ%&?ﬂ(ﬁl‘ Z‘%QWQ% Y S%)E s%wentcg CRR! G Col; éoﬂucﬁ@d'tfd%c WBfh leads to an

e pre ans of nucl®el ¢
BypioNeseman she pmmflcamdreyieldet Hlmak, ﬁn@mhgmlalep’edg @nntaining n repeats

8&‘ I(&l&'?sj, (bt}) to? %Ciilli“s mrI)%)fs qtu{stperet%ra%l O%Susx BﬁAusse?quence containing at
least n complementary motifs, and preferably n+ 1 complementary motif. A sequence
carrying n+ 1 complementary motif thus affords two positions of hybridization with the
oligonucleotide. Advantageously, the DNA sequence contains up to 11 hybridization
positions, that is to say n+10 complementary motifs.

The method according to the present invention can be used to purify any type of

double-stranded DNA. An example of the latter is circular DNA, such as a plasmid,
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To permt its covalent coupling to the support, the
ol i gonucl eotide is generally 25 functionalized. Thus,

w0 poosmge3be nodi fied by a thiol, am ne or car boRgI/EP2004/011437

termnal group at the 5 or 3" position. In

particular, the addition of a thiol, am ne or carboxyl

group makes it possible, for2®xanple, to couple the

ol i gonucl eotide to a support bearing disul phide, '

mal ei.m de, .am ne, car boxyl ster,. epoxi de anogen.

ST ey QY dCte BRARS ot RSreneutie JBPUIIGH | e pigmRid may also
dutresd aRginSITFeslicatidn, di SbakkBNEdhe, addthe &kbe The 65ét86d of the invention
am de or_am ne 30 links between the oligonucleotide

ey berpPieh pseatly tarccl Ireate it tisdermbrslimertothe plapmish amplified by

S5k drbRthtibh foMGve by fg@}}/ chfurd! 91% guriﬁé&:@ir&ﬁy bipky qg&é 8P@le cells. The

coupling reagents,” for exanple. WO 2005/ 02633

rAeihoe POt/ D1dmBT 128y Misocley epplietl doi avplean bysatee that is to say to the
hvbri di en. wdh the coupled,aligenucl eotide, Jt can

Ol Bl b e Ra R B0 S BRI T B B sl B 10 may
quitedbvandlyebe' gpiedalso sefsodintivd peépurifiag 8 kndka msBody THis method

rm es..it possible, in effect, to bind the )
e 655‘58% bptar %ﬁqu&r AR aweaner%mmwance to be purified

fPURPL ilixtuR R pridthg DN AGUTHifré e Ssehentcsy. ETIRS léMbdMdcBrding to the
the DNA to 5 be inproved. The arm advant ageously

ipypaia eanglsode|userbior thegrusidinatiavetilovblorspridechgNAs.t o 18

and i ne
o chTBL UL Sufle S8R s A0 AR
| i nkeds tregaadspprokpiyatie calfs, tHeebaoterig dwolieBt sudstiloy, So imurium or

_S;&% Hfg% egﬁgrgito?lfs% _gsa i \i\g]slt ﬁgs gegﬁlglgtgpi(anttéfgﬁg %El?s, animal cells,
YRR iR, iidi e 1kasesy besméiofd Al enoreBpeSiBRE Klluyveddinyces or
conprise the sequence GAGG 10 The armis .

SatehroRses RS O5 DS GO C 1374 NHETR. vtk Beieneslls

COMpr ki . o fini Ly .
R L
afEnoyi chrordMografine seayc he eopldygdctoi pnowide Zidgher purity to the resulting

mat ogr.aphi ¢. suppasts, .in bul k or prepacked i.n a
gNERCARAH GaP BB cokfribiadp®) BLSRPALERG: % bound 1o &
sidlqppﬁttj ﬁﬁﬁHsZaﬁc_ﬁlnbmh@gralpB@(ﬂésin ﬂfa@flféﬁ Iinﬁttr)ilti[ T girhisll‘evbie&%. purified is

romat Qgr aphi ¢ supports are prefera used. . an

tBﬁ‘_én‘f}}Xé,g Vi the t FRPHPUIEy S 8% W apRBingothe sample to a

dpRbRgtogSHHy 36 RnAdRNhAHfng A YiLATUCHSHAE baENIbACIRSmat¥gldphy resin.

as their derivatives (such as Sephadex, Sepharose,

Tdap desired  plgsmig dn )the panglaeyil bind ko the oligonucleotide, forming a triplex.
L Vi e I f .

0L Mo HER0RA Y LEARERGRA e 81 AL B 86 HABEALh s T

sogremay eceur at heHK S, s high sdt cqreeidtrsion fommnabat a @inlcoof 20 minutes or

obt ai n, better urifigatioRggéeHgs, it is e peciaILX .

R Fant 2gEEHEE PR O FmPiacd o Yy cyigsing Hgrpienation ocours in a

it BbuTkdr Jel6@eEha lplaeMsd frb@Ake SlfgohiElbdtiliezRuhdRestht h t he

According to the most preferred embodiment, the process of separating and

purifying nucleic acids and/or plasmid DNAs comprises the steps of ion exchange
chromatography, triple helix affinity chromatography, and hydrophobic interaction

chromatography in combination.
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ol i gonucl eoti de. The presence of several hybridization
positions pronotes, in effect, the interactions

wheddeniz3t he sai d sequence and t he ol i gonucl eoPCTHEP2004/011437

which | eads to an inprovenent in the purification
yi el ds. Thus, for an oligonucleoticle containing n
repeats 25 of (CCT), (CT) or 3CTT) notifs, it is
preferable to use a DNA sequence containing at |east

n co tary notifs, r ef er abl +.1 . _

Corpl BHEHPEY* wirerreto sBiatemeeiriyapisy; Rydghobic moicties on

s%@‘ﬂ?ét@'f@'&&ﬁfcy h?@bgﬁotﬁ@ kszicHs i mitedul¥d iRARE Ednile fof purification. It
ybridi zation wt ol i gonucl eot i de.

sh@vhhb%ge@dsthv th@%éimumo@aaémlé by @ntdpsiasingp offectno covalent or
iORRY 'bghgsatafeo 'i*om%QS %nt 'sH%%d T\thtle‘%:rg%eﬁ to18@Ned! ?igsgcmte . hIéIydrophobic

conpl ementary noti od according t
iptersssion qhmmeatbgnaphyc anbdreficigkas itds penyi dificiamtyy teypevastpen circular

oubl ran xanpl e I atter .
o Pt PR Sty e hagifhris: SEFRLo5 oBuA. SuA 5k hd pfbucin.
PCT/ Eﬁ’ﬂﬂf Héhﬁ]sﬂdﬂ%g nfer BN for &bfﬂryﬁpki{ﬁﬁ% mtélﬁcl:tmﬁ&:hgdmmrg&phy, as well
genes O t erapeutlc |anrtance Thi. s asmnl
aSaPreFesth fQr PERPATIRS: PAIPMPEARE Aivd 'smﬁtéwﬁzmg e%@fggﬂw Hateraction
cHrk@ato g’h%h g8hd Qﬂtlﬁé aﬁch tphx‘&ﬁﬁé‘f)l‘agﬂld X tﬁ&etﬁﬁﬁllghecﬁie well known in

di rect to a cell hi s embodi ment,
thee maud agqrittent iléa dwrlb@d EnYP aratrat Non 6f4411) léﬁe’dnl@b ig énqorporated

I%%%Pg&q?ﬁ%§ggurlfled directly after lysis of the

met hod of the invention nmay al so be
appl i €dmpoural tl bansddyfoatthe sydtladsisi of thase Swaterials thee are used for the

REASHTE THGHEL SR hrovng R afradtft h@mafiEcsnl i any compounds, if
vRROu8 B cyiohdl sitRd ehidR hS/@roFl Suitit droAriphLipH Exth&e Byoups can

known net hods. hi s net hod so enabl es |inear or

bet ingipdapedDA acRast-irepiipraatics dhe Rase Beteriplp gre avisketizgdpExamples of
RYhdfuh&bnal E?ﬂ)%ﬁle{gh?g fﬁgg g%?écﬁ%[ 'ogﬁaﬂgn%ygﬁe,%f ﬁ%ﬁ&%@lthylstyrene

sequences. hg to t I'nventi on
pChaloaieﬂlylt’mﬁrerlseGb-liab(valltsﬂsymm,i fn'n-bait)albylls’(yfene p-haloalkylstyrene, o-

BPS|EedS SenEtr aemu e B RE ANl T MR, aomethyt-
ﬁah@l@ﬁfeﬂﬁﬂﬁtﬁreﬁ@ '(ﬁmetﬂwoﬂﬁwaﬂfyﬂsayr&e C @-inethBl-mshidtbalki/Styrene, o-

phi myri um or Streponyces may be nti oned
@ﬁ%p&loa}d@sﬂére%dsowﬂwy@?ﬁiws%mes ARy Bstyrene, -

IXRRSEn etﬁ%@@i‘ene and Bh@d%dﬁ@lky]@@i/en@e me ﬂ{ hﬁﬁ@}@yalﬁﬂgtyrene p-

nor e esge0|a Yy Kl UyVEfOﬁKCES or Sacc aromnyces
hpslaexdallsylseo®e, CHO,  Ceanet qumoxmﬂﬂhxlﬁ&reh%ke cel pgnethyl-m-

h | ud
1SRG aSlenk® Pr ESE R MBI AR LIES Hmethyl-o-
Hg&iremalllq&slyi'ehﬁ; opl‘rmth_yﬁ-m ]'nycb‘h@allgllﬂtyrm)e, taanbtlhgl-p-hsfdtd}dyakyylstyrene
Broiybaeienias eheiBl e Q{]Y'dfs,%}efé@?/ i, BkipcRethacrylate,

At Q']Elﬁll gwemhymo@@ ipPef@fedd chRpoulit Mdr - haTé'tﬂk}ﬂ agpluPs bibBgtuted on
urifiedis
agomatlc ring, halogens such as CI, Br, I and F and straight chain and/or branched

saturated hydrocarbons with carbon atoms of 2 to 15.
Examples of polyfunctional monomers include divinylbenzene, trivinylbenzene,

divinyltoluene, trivinyltoluene, divinylnaphthalene, trivinylnaphthalene, ethylene glycol
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20 then m xed with the bound oligonucl eotide, such as

by applying the sanple to a chronmatography col umm
w@oovsaea3sng t he ol i gonucl eoti de bound to, a  PCT/EP2004/011437

chromat ography resin. The desired plasmd in the

sanple will bind to the oligonucleotide, formng a

triplex. The bonds between tdike ol i gonucl eotide and

the plasm d may be Hoogsteen bonds. This step may

P iPacd e, Bhievs e hoitilisy g voel EAnAR LS icthylene
IR REaceyTRlOMetly lchbhahstiacr FifaRel ARI FleRyRhSHIALHMmide.

Rh
occurs in a neutral buffer, eluti ng_t%e. plasmd from
t he oY g@sUIdERRobS- fvaetidngl geEPHor B dpmhgxehengd groups may be
. s i e Nolo ti.
RSl TR T b DRGSR 0 RSARE s produs
desinpd tcssepatabedist topbe bydrogimbettyleahipéted b tlenzdse gragginl itself, or the

sprlheSet fnkitooL e thad B RERh T AR R o 1 Wt Soncentration
230 Q66 Ranl iP el t=d) Q¢ BaskdmdteBfl BysteRRIBOPbfepared using relatively

i nteracti on chromatography uses hydrophobi c noieties
hyfrogphilds, aneaiees: 8o Pt Bactdshyrattashose-celyeigybarsyate, hydroxyethyl
BN AU d:FniehRcSAIR! 8nd Yiny?UddefatLs alﬁr‘e%i}'at;dr; of SARUbSke material

‘be noted that these HI C supports work
inddes @ firsi gtepeviiesein; monsfinstiana mongmer poh pelybwatienalrrgonomer are

%@dﬂ Hl? ratsalﬁ?p%g p\{lﬂ?enrta ig Gng ?eDclis% u\lNgl h -éuotccii@%%' pr solv?nt which
rophobic interaction chronatrography is benericia
adsusdd fos thegpurp@kfof adjastingythe pomey @sparticies foirmed hal similarly precisely

lLasnmjd fornms and ot her contam n s, .such  as. ) .

,ergaw& ROLBEERRPAN Ing{iatprale addey ?Oﬁﬁmd Dl stirdn g gPhe mixture is

thend@hReH Go landiBmAwhteP Fype RuGEREOY paRMérizafon\Rhdre irfthe mixture is
process for preparing, polymnerizing and

afidadctintonan pgyeqys oltiopésplved suweasen sfgbilizer weighed out precisely
LLE | . . .

HEREPHR ST BRI bt R od GREBREN By R ASHE Bl irer, and

pohieeriztion idemdnétbéby pradludlypadraring Niked BpUHitidn. 160 whi ch

| S. i ncor ated . herein b f er.ence. Conpound to be

R P8 RqlHactoak MaRget op PabRuclighal Fiogotief f-engrplly peypd 1 mol

of @foridTenctidagkinbgori@t 8id &buihd0.0Ye D@PREI Cpoly¥iedtAsiHal @bnomer so

chromat ogr aphy may be any conpounds, if various

ap {heblaghsatt e%rzymls@, of base rr@iﬁmabi hepgtipnaptpebifenatipnglpmonomer may be

@A QS0 2BuEX VPRI VEHRYRS £20 %aig%ér@:ﬂélﬁfé% e BYsePmaterials.

post-reaction after the base materials a
Polyfuhetionabmonéinangbmsmay be nsddd abtainieyerliarday pertisiides.

et e RGeS R B0 pRR gy g and s e
a@d/oalpesdxidd tspy being usedcominmalkark siked:. ene,

- hal pal kyl. styrene, a- t hyl styrene, .
g_ met e _iqpa|y fem Sp e"ﬁé lontig surfactants, nonionic surfactants and

pRtyREER Wit Ak iPARICPHEb Sy R RixtRes BERYE may also be used to prevent the
aggregation among oil droplets themselves.

The diameter of formed particles is generally around of 2 to 500 um. Preferred
diameter of the particles is comprised between 2 to 30 um, and more preferably around 2
to 10 pm. When aiming at large scale purification of nucleic acids with high purity, it is

around 10 to 100 um and, when separating the aiming product from crude stock solution,
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p- hal onet hyl styrene, a-nethyl - o- hal oal kyl styrene,
a- net hyl - m hal oal kyl styrene, a 20

woreaolpte3pt hal oal kyl st yrene, o- hydr oxynet hyl st yPEHEBP2004/011437

m hydr oxynet hyl styrene, p- hydroxynet hyl styrene,

o- hydr oxyal kyl styrene, m hydroxyal kyl styrene, p-

hydr oxyl al kyl styrene, a-net hy32 o- hydr oxymet hyl styrene,
a-met hyl -m hydr oxynet hyl styrene,

%I%%&IOB Bgﬁd@o'é'ﬁem"é lSt%ﬁ‘Pe‘y rﬁrﬂ%ﬂﬂ’rng‘i% 190 umy Fgpeadiusting the

RrtHEE Ridm ded) YigH Mi‘)hlﬂﬂp‘ééd/ bE&Grer 4Raydbe/4dj@dd during polymerization.
nmet hacryl ate, glycid acryl ate, hydroxyet hyl

Whet parc e%w%%pﬁlbt o aqeeneed%dthvuWbera@étra‘f@unons may be
r r I kyl

e BLET At FAIDOURIRS e LY BURE votutions may be

CBm:ealsedaridlerS, ainde she dilgdnt toHwmi wsednid/ wed Hmaadgh&tmg pores in formed

AR B s 7 IR e Ao R R R g G dabreratal concept, for

thé gbmh?erb?eeml d f@r[j]bdlyrﬁyﬂllﬁﬁﬁlﬁ &tﬁlﬁ?stméiﬁ iglindddyy validieste combining a

i vi { ol uen i vi nyl napht hal ene

Vfiﬂt H‘i’f ﬁé’ﬁ’ﬁf ¥ £or reeaeE Mth spvsnt hes is gpest epdepmfor monomer.
"ﬁgélg? SPRHE @ittt 3y 1 %%%ﬂo@hﬁtelﬁde&ié‘ﬁcﬁx@ongméc&'olecular size
di acryl ate, diethylene glycol "di methacry
Qj]rg.tq}g;q: @ﬁés d@lg&‘@@ tod;pgagaty; higtdt is preferable to be w1th1n a range of 500 to

I

46'3 | S 1l re;k?aglé%l érfcﬁ‘glgldroilla{}%l?lc 1rﬁer%ctlon chrormatography and
vfntttnmta mngé figino U HR0 m40mrarxgsmomsafbr&he: packiyey gaterigsfardygn exchange
C‘%f ﬁ{]tro uced by the post-reaction. In order to

NPA°2EPERe i nfl uence on ai ming products 5 desired

t 0 seRpahath9ddpRoti® 1ﬁt§lﬁcthﬂ1dd}@&ﬁ§t5%1@1 phyy, fWﬁbﬁhﬁ@%nMei&&ids with
n

base material itself, or the swe or shrinki ng of
differash seydiephobicily prefpblegbe widizing R?ﬁlﬁﬁgemﬁwrlglm twith  different

RO R0, e EHROAR AR YL e i mporan
hydr oﬁhdﬂophohm igoovps snaysbee belededyhipongljdng rmailnanrrl;rlalaclmd including

i gyl h
st praRRapf e SERPAUFHGH huuBtidertBimssuigomgan gjoms of 2
tb RO. BacBatitRtigd ind) alkd bé Beltaidesinahé hydibeasbRprvdier ei n
nmonof uncti onal nononer and pgl ysgimct i onal nononer are
t

wei ghldddionkobie siRURSy FRaypRIse qctpda AROPS eoMpappds having the
ELOMROMEIRDI | uent or solvent which are used for the
pur pose of adjusting the pores in particles formed and

sim | aBhg¢ preci se vve| ghed- o\t pol meri zation
i niti afQierake add ovved wemH28y rring. The
m xture is then submtte a0|l-|n wat er type

suspewhéei B4 WROILEDO aRd Vﬁ&h@ﬂh&‘leh@ ?rdﬁb&ﬁé}}f Be bSsékBight chain or
added into an aqueous sol ution dissolved suspension

bsangdierl; 215P tobeiiicdans ity drcaioseargup Hey oe of aﬁﬁ@gh@h@}% pr branched,
aﬂﬁ%h?tsd'%{&{fb & %&ggréﬁ %u@r‘h@th&@ﬁggg) E godded HﬂeTtl to base

stirrer met |1 Zation | y gr adual
maiﬁmalngltlmuxéd soI ution.

Hydrophobic groups may further include ether group of alkylene glycol with
carbon atoms of 2 to 20, which consists of repeating units of 0 to 10, wherein the
opposite end of functional group reacted with base material may be OH group left as it is

or may be capped with alkyl group with carbon atoms of 1 to 4.
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Rati o of nonofunctional nononer to pol yfunctional

nmononer is generally around 1 nol of nonofunctional
worewsnosiil and around 0.01 to 0.2 nol of pol yf unCT/Er2vad/011437

nonomer so 20 as to obtain soft particles of base

material. The ration of polyfunctional nononmer may be

increased to around 0.2 to 0.3% nbl so as to obtain

hard particles of base materials. Polyfunctional

nonoper al one, ma sed .0 obtain eyer harde . .

o ¢ 1158 2% HeSttyantaobR P G be]uslErdel g in mixture to
nic¥iflyitedIb@fAgg. restricted, and azobis type and/or

per oxi de ita%/zﬁ){(e)é{bei ng used comonly are_ used.

25
Suspéhain LEPYEESYiEh eaben a{amp B Lo AUsarbn aiprpg are preferred for
189 gﬁ)glogfréﬁt%‘lﬂ%aﬂta%@ﬁdLo% ERAE o8 amgi rGHpR maﬂ’?grﬁ %o 15 carbon

prope xtures there may al so be used S
apmes/fen sepangingapgreyads with Aipbriyydmipholdeitpsushsis RNA originating from

ensel ves, T i amet er ..of forned parti gl es,i
BRI R 1L okl A BTGSeI o B 3R Bl groups of 4 t0 18
chfbven paacsrth cﬁoeslepaaﬁmbinpsmdsewme&elaﬁvetlya 130 Kgydrophoticity such as
e prefera round.2 .30 0.1.Lm n am )
DA atfgjgae%ﬁ’efvﬂp%cﬁ?fﬂ ?%WDS?D%}R%% indhe C%IE?% upe And) i%aﬁnal&
pUri Upon! dephidtins I cdBpbehdtOnPoands mah &g sﬁﬁé’t@v\% apbRspriately to

the aimng product from crude stock sol ution,
@iy the 8RacePEithepiping onfined taid exemplifisatiargdn effeghghe degree

. far . - .
AT TR Rt HAURY 1Al belde B nespaion, g s i
naddiwe ior rthe comgentbretiadpfisdleth eluentrfgr pdsoyptieni kasdditinn the degree of

en particles with smal Laneter are needed, the
TRERBRIICEY oty apiieo ey BT drBrudil oy Tpl of the group
ihttsdueediiaid tHeltRse maridesi red, the nunber of revol utions
may be 5 decreased. Here, since the diluent to be used

is ude frore adjamaieingolpdhes base rptael f9nr hydpRlvbig pdnteraction
. | | .

HEHES P, Biop B 1kt T elogs e con o

splottydrapproptintely, franlj 1ast rappe deendmd@nihie weddoulas Isize of mucleic acids

onhi.ni n ol vent that, is poaor solwvent.for NOHEBI .
R B et AL Lol BB R il G PE PR g materia
agﬂ e aglfsoﬁﬂfoﬁ dd'gaﬂ@t (leampllayeddﬂ]gs difeee tdegbrﬂlng:r @pthee @bmlddiameter, it is

ependi ng on e nol ecul ar size 10 _of nucleic acids .
paf‘_efé)v@_glﬁée ¥ asg%%r‘&f“@,“albwﬁili‘rg? Soisy UPBFIEHIE ASIqaacicls with large
mB1EdUR sz HAGELRE 2AGid it 590 Alakh® thofuddiCacids with small

packi ng material for hydrophobic interaction

neHequteastagr aphy and within a range from 1500 to 4000

angstir t ackin [.al n c .
eSS0 Tkl SUERE RSB LS, d Scly BU ARt woun
cotmprising opngpthain fodr alkgp groaps, ngsing hhlegen-emitaigingi ¢dmpdind and/or

c%@éﬁﬁﬁ%%@g? %%r %Ft)ag)g% S:l:lhﬁ éf, E{engﬁg& eor k34}/1Cllj3t, iaLcE ﬁiﬂ%ng Friedel-Craft
reaction, it is possible to add directly to aromatic ring in base material as dehalogenated
compound and/or acylated compound. In the case of the base material being particle
containing halogen group, for example, using compounds with OH contained in
functional group to be added, like butanol, and utilizing Williamson reaction with alkali
catalyst such as NaOH or KOH, it is possible to introduce the functional group through

ether bond. In the case of the functional group desired to add being amino group-
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hydr ophobi city, respectively, the surface nodification

of the base material is inportant. Hydrophobic groups
woreapsoss3sel ect ed anong | ong chai n or branched, PCT/EP2004/011437

i ncludi ng saturated hydrocarbon groups or unsaturated

hydrocarbon groups with carbon atoms of 2 to 20.

Aromatic ring may al so be condbined in the hydrocarbon

group. 20 Hydr ophobi ¢ groups may al so be sel ected

anpn und aying the . foll o) rnul a

CRUGH)E SHPEIL5S BrROARMar e epaso e P Bk et such as
NdtsH Gﬁtlh(%irleﬁﬁl 1Dk ﬂ@ﬁé]d@@m@facﬁltrfeé’dtﬁht IrCARdi cAseDbf the base material
branched, m=0 to about and hydr ocar bon group may

contamin &iQJA reupaityeeselh rlfamérn@wngzeo%cgrwn» alogen gm@m ppr carbonyl

hg[l ?pﬁl/p ge?cﬁ&anﬁ”ﬁﬁﬁﬁé%ahrﬁﬂ@n% %P&A%glly%r %&geﬁi is possible to

ase nateria t
1gur<ndups ﬁhayfuhcmdliabrgroupcthnmghetthﬁr ' esierpbmid dhklinb aage of the base

BrFS sl lge RS St T 5eaise i FErROPIE i § IR Dp or amino
Lop &nthiteetih Ahalfu@tiond) dreds esikeditd idBaRds Foisttle &d nﬂwduce the
fgﬁqgg};lag rg%lg tlt*f({u% A E%Iag}l%g 134 l\rirc?%g\?ei, (;\/%gecgsewoft the functional
%9%5(46%%%3%& aﬁ’@élﬁ%%ﬂ%a@&gjeﬂ%%@g 1’[@ ?oﬁh@é’ R SRSHE 'ﬁgl%ﬁllonal group

hobi ¢ groups may used sol e in mxture to
thmdglf yztlnehiévosldrlfsatgeamd:h@tnalysbfslrmekttxﬂa pgrmapm off funciéenabenoup to be

ﬁt;%drﬁg pﬁflgé) b sezﬁgn %ﬁalb nll’l?ﬁlg ebr eth%rlﬁrd%ﬁh%glc t'? kofI slug%ct product

I Cl ep asm
dgsicad® M\ata_tfg 1T2(:etnﬁoﬂ.& reaﬂribteﬂ blﬁ at gﬁﬂiﬁral,(}faclseg a’ramrlahgvnh around

c hydr o ICIt

B g b opoLel Y such cs. BN suitale

of huprgdp ragﬁéctaﬁl tH@kl&fac@JrrK)\dhﬁcﬁﬁ&U RSméhod of Mldkh the Aflednal group
atons for separating conpounds Wi th relatively | ow

thgpgglbpﬁgu‘e@@ttoy adiige frragtiopfiapse piatpriabet pagtiglesofps described. Surface
cealﬂoqlh c&ﬂlul:te@rllgc fhnthte NEmE er{lét‘ﬁo@fwﬂéfgq}?e @%@ material is

ani ma pon separating-these conpounds, conpoun

fnm;edbﬁt&elbcdymeﬂzmp neprei momdmyers ovithlidrfiohcfigna igeoups added before
rface w thout being confined to said

R§§ 53%i%Bation. In effect, the degree of

hydr @ehhskiiyl @by RRG Niern&)rﬁiiﬂ silitaakelVAr ineﬁlod Qﬂ&ﬁtﬁmf.@@t@ﬁhg silica
the concentration of salt in nedium or
gebrermrsstsiane spundigeiusing %F%Pﬂunfloﬁuclaag aw{tr"@ﬁthomﬂane directly

ABApatRIest REnHEALRE REording to the method described in "Latest High-Speed
Liquid Chromatography", page 289 ff. (written by Toshio Nambara and Nobuo Ikegawa,
published by Tokyo Hirokawa Bookstore in 1988). Prior or after coupling the silane
using epoxy group-containing silane coupling agent, a functional group may be added
according to the method aforementioned. Proportion of functional group that is
introduced around 0.05 to 4.0 mmol of functional group added per 1 g of dried base
material is suitable.

Eluents are used in the hydrophobic interaction chromatography separation or
purification step. Generally, two types of eluents are used. One eluent contains high-
concentration of salt, while a second eluent contains low-concentration of salt. The

eluting method comprises switching stepwise from an eluent having high concentration
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hydr ophobi city of packing material differs dependi ng
on the anobunt of the group introduced into the base
woraiosn2aBlt 15 The pore di anmeter of the base naRE@r/EP1004/011437

for hydrophobic interaction chromatography is

particularly preferable to be 500 to 4000 angstrons,

but it can be selected apprdﬁilately fromsaid range
dependi ng on the nDIecuIar si ze of nuclelc aC|ds

esired t se arate. ener al nce ent
et o0 G LG oo RERTagh AR af e, Ha0EReelfing method
c@ﬂﬁrﬁﬁ)ﬁ%lyoéhaﬁ%@g%é Yorh SRR 36k BEEntdb fah6thedRRE BE UGKH. For the

on th ore ameter, it is 20 preferable to use a

by slsis galis sgengrally upesk fe theohydrepheiist igteraciien ghromaiography can be
h a

u\%&i %r\’\fhlte elh%h? g:% ’Icagmntf ighfa%orré%lﬁx%luglﬁ] %f E§al*i’ ac‘cﬁleﬂ;?sh&flutﬁinl with salt

condeptratian of |1203to FOM exdapHl el 9f e1t@ 8baspertmllaﬂy ipadferablye. For the

e reacted wth dr.ophobi rou l.on .

gl.ﬁ:g{ %orbtpmél?g( w-a?%albtgaﬁloﬂsqusaﬂh%qttgalé%soi{g ﬂ?ﬁﬂp ccglcentratlon of

SN OB G IDValud bf € & $)Qljiﬁi't1dﬁﬁirly<j3€efaﬂdle@alt§ IGeaéraly @inmonium

as FeCl13, SnCl2 or AICl13, and utilizing Friedel-Craft

sulfate pred sodipm sulfatsgaay b wed gs s directiy to aromatic

ring i «g;%h%@fcqmeﬁictlaﬁ cﬁ%ﬁﬁkd@%ﬂggy%ml&gmogﬂﬁcatlon step may

and/ or acyl ated conpound. In the case of the se
beapediicaed betomgbipagta prcking omterial fritreguded|thgyBnctigneligroup oyith weak

I Sin S
ungﬁ?lgfﬁg Vélrﬂg psgﬁ?r%egna ae\é\quj qn%%@c{;tﬁ%aﬁ%?tugﬁl group with strong
hytiophatbiciry i kéquansoin effectt iediumi ctuﬂtu&ld%b]herf&ﬁlamha:loymin in large

such as NaOH or KOH, i ossi bl e to jntroduce t
QEHEY OfREIPLY rcgmyopm,t% Lfgﬁjereg A& - DYGEIRGObIELLY (SR As< Bolg?accharldes

Hsbgerich e 10 ga{ongar DNR,, A grasms add pRR4AY 1011 1EHoRAPthat there
WO 2005/ 026331 PCT/ EP2004/ 011437 34 Pont aj ni ng

acohiplstianses in the hydsophebiviteeventamanggwsleictacidsitaenasglyes dirpgeins that

BT} bRl iale FUAN BRIRH I R IR ki, 00

mat elNIahy hpdroplaibid imger&dtiog chromatograpdrysediys arg fivailable commerc1ally,

e T T
%ﬁiphﬁglct @rAfe, Mbsti sreRped RsBist &eSToydped Uk t fymeric media.

nctional group through ether or ester bond. In the
Toyepeagk i he Bathecryhiatrolyrasr dRirar#ingghighompclanisap, anpf chemical

StHARY.T Rk e %Qaqpaqu Woh BurftddoHAIRME <@IW TR re@fn@%d may be

contained 1n the ncti1onal group desired to add,

desvzpasdu witk stifadenthepusities fdreion feelzango nhﬂonglmm@hvmrdwghor)hoblc
Ptﬁrﬁi&: 1ons our %PS %p]goélgpeaégﬁf@ Ir'e‘sgla qcaé% f Caf}ﬁ%renthsuffhge chemistry and
Igvets pf hyﬁro;ﬁlobmftﬁ irhdye be aised dTheh aydrupimbmimyad)f @D}Ztlmarl HIC resins

1%&%33%? Pchlg)hglggthqb g%dgﬂs:'l%h%g g}l(l: | dbc]?%?]la)égé 'He)sglync trutctrl]ﬁes of preferred
Toyopearl HIC resins, i.e., Toyopearl HW-65 having 1000 angstroms pore diameter are

showed below:
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i ntroduced into base material is influenced by the
hydr ophobicity of subj ect product desired to

waeepanaide, it cannot be restricted, but, in gePer/BP2004/011437

packing material with around 0.05 to 4.0 nmol of
functional group added per 1 g of dried base materi al
is suitable. Wth respect to 3he surface nodification,
a method of adding the functional group 15 through
post-reaction after formation g ase material or
particles is as described. Sur pdi fication is
conductleyopeabEtlieng5@o t he safe hd (Ovibidr-€HpheédHase
material is forned after pol 1t i [
nmononmers with said functional groups added before
polynerization Base material r akso be porous
silica gel th? f nanuf;c Tng shli 0 gel,
conpr i y?PFﬁﬁ ?B“%P ng using a 6% ophound W as

al kyl tri met hoxysilane directly ~onto particles

nanufactured according to the pethed described in
oFEWogY aphy, g

"Lat est iquid Ch
ff. (WivP %ﬁm§§ g§ﬁbo Narbar
publ i shed by Tokyo Hi rokawa Boo ofe in 1988). Prior
or after coupling the silane using epoxy

group-contai ni ng silane coupli woent, a functi onal

group ripyolpearhtideyl-&® accor di 9%9 t he OréitheldHz- CH>-CH,-CH>-CH;
af orementi oned. Proportion of Yunct¥onal group that is

i ntroduced around 0.05 to 4.0 mmol of functional group

added per 1 g of dried base material is suitable.
El uents are used in the hydrophobic interaction

chromat ography separation or purification step. ]
GenerTéublgbpvewlﬂsmylp@s Toforehtl eresigs anay beeedvarve paridetsize grade.

ont ai i centr
B B Ao LR BERSTRAE MR 2ol SRl oppga 100w,
vﬂ}lld:t T@@ﬁm resaMe hﬁw b gRRickkize Mfl’@oﬁﬂe@l\l;ds e0firh Opiedstably around
el uent, havi ng concentratjon WO 2 026331
PerFy a@éﬂw@peariﬁ hayeqt pagtigle sizg 0£ﬁr0élr18 25 ﬁ(g\% greferpbly around

3BARC BNk Wl RA0WH dsRbphrtRROsitd R rAERLE 88bIuBbal A N OreBREM improves
conti nuously changi ng the conposition fromone el uent

fram &riotMhée igle size @pderand thheincipasdseyith wplles aartigle sizes. Most
d r h
RRREEE TR e ookl o MCTACIIR fipcbBBh2EED Myn the process of
shlbagditiamomxdephnﬁd:atmn aff the gllasmid U Auscedingt tiootﬂ’le\anedemsah\tentlon is
concentration of 1.0 to 4. alue of 6 to 8

Ty SR b SR B PPt SO ERHE Sont ai ni ng

| oW eR6RINE 88 hQiteffred @ﬁbodwwm&@k diaifi@Patitht slfepsa,l fg;erformed
concentration of 0.01 to 5M and pH val ue of

Standgh tqownafma&lym@tﬂéblsbqiléﬁE@P% MRS £ yultwﬁq wee in this
p?wegs?tagc&aglgsﬂp'sﬁmia?wtE%%d@?MmQ@m UsiCfle ast. S@'prréferred diafiltration

method is diafiltration using an ultrafiltration membrane having a molecular weight
cutoff in the range of 30,000 to 500,000, depending on the plasmid size. This step of
diafiltration allows for buffer exchange and concentration is then performed. The eluate
of step 12 is concentrated 3- to 4-fold by tangential flow filtration (membrane cut-off, 30
kDa) to a target concentration of about 2.5 to 3.0 mg/mL and the concentrate is buffer

exchanged by diafiltration at constant volume with 10 volumes of saline and adjusted to



10

15

20

25

30

The hydr ophobic interaction chromatography plasm d DNA

purification step may 10 be conducted by conbining a
w@2oRiong3nat eri al i ntroduced the functional grBPCPEP204/611437

weak hydrophobicity with a packing materi al

i ntroduced the functi onal groa7p with strong

hydrophobicity in sequence ef fect, nmedium cul tured

Escheri Chl a coli cont al n | n I arge quant i ty, vari ous

tﬁ%%one 18}1 &fc:pfggern ) 8 Csﬁl 1%) 3’?? ‘i\g %Cﬁ:ggwrsﬁr is calculated

fRInR §1¥ dBSor®Alce4tI fif of lshmples 8f Senckieasl NWAFGF@IRioATs filtered
are differences in the hydrophobicity even anong

thiquglep O-a dra capideridiey @ad dpjidadeintns sgvgepd ahﬂ%w@hwh are stored in
c'oﬂﬂafhrefst ines &ﬁ& ‘:‘rogﬁlg&eﬁ 8h@ drRp ek &G érﬁcé&%ﬂ?ar’ﬂqs glél@s a purified

pl asm ds. Many hydr ophobi c I nteraction chrfomat ography
coaesintrate ayigh avplpsraidl BNCo penseatiationyof superchilclsplmaidtin gatund 70%,

7rgg/§ I%#g), ﬁg-(p(}/ D Qo2 9'5% %8% Bge?eraﬁ? %%JyIlhl%)g?raﬁ era]‘sg‘nthI Feaovery with this

avrrng’ " hy
pre=bN ﬂr1e3a§'t03lm;aaﬁ%, eV177'¢ fﬁﬁ’ﬁ,yiﬂ%,l 60%;365% 78%, and 80%, with an
Toyopear!| is g thacrylic polyner i ncorporati ng hi gh
é‘ﬁ ey 2680 hreni cal  stability. Resi ns are

avai |slb@iss td&is baBedinRaathe 8R TN S8 @%Jeffﬁﬁﬁé&lsac%!?ﬂmg the
may be derivatized wth surface chemistries for ion

f@Wﬂ& genddtipesrhuder @p IWP el anshfgr gpmbbire usqdat er act i ons.
our tf%pc‘?ﬁaﬂ traIBX ?ﬁ%@‘ﬁ %&n@ ﬁf§ft5]§3 gsfggﬂﬁ%l i rf'llt/lefr? Cl 150

urface emstry y may
mMéﬁhClTMéMdmﬂdiuﬁer Dyamf Toyopear! HIC resins 25

na REGI SSEPU UeRGron pf BEdPFba SO oped) Foster b agains

@ RS ,volurﬁes ofr aYiap @REipichh( 1869 HRVNAQ) 1PRE padtaiséd @aEltration step
pore dianeter are showed bel ow. WO 2005/ 026331

apgordipp e ryeseatinveptionRfpiently and ¢ensiysty remeyes ammonium sulfate

ah@ %Ac'égétensgély-ro)@&e agdbsgdéu%ﬁ‘ty lt5 Gk dTﬁﬂHQ@(ﬁlr ls%ll-jl% appropriate
Butyl - 650 Toyopear |

ply DpiRgiCHIAN aCl—lQ@@blztrm (Mnd §] éolab@vaedd“e@b ifrlb eohcentration below 1

T, ear | us particle size grade.
n%ﬂél/(g% %na% M;?f’dr:g é\q arﬁg almg e sloze of around go to
150 @asmid ddAfolntuntionnd obfiiiad byhidieg Tidy dpﬁ&tdtloﬁ S com prise
]\me a partlcle size of around 40 to, 90 erably

@ eRlING sSHCIDIRNt elbé@?rppre%%orws%at@n r é’P Cs0A8 t%f“amtam
oRIcOMRS t1&Dp HOvapR: BetweB ¢fa8l 3. PIARRUDNA formulations according to the

present application are particularly useful as they plasmid DNA may surprisingly be
stored in a stable non-degradable form in these conditions for prolonged period of tirme at
5°C and up to 25°C, that is at room temperature.

As described, according to the inventive method for separating plasmid DNA with
high purity can be obtained in large quantity by simpler manipulation over conventional
method.

The process of purifying plasmids may be used subsequently to the continuous
lysis method as described above, or any alternative lysis methods which are well known
in the art. For example, flow-through heat lysis of microbial cells containing plasmid may

be used. This process is described inter alia in the International publication WO
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35m It is well known that particle size influences
resolution, Lee., resolution inproves fromCto Mto

wW®2@antd3sl e si ze grade, and thus increases w tPCERRIDEL011437

particle sizes. Mst 10 preferred Toyopearl resin used
in the H C chromat ography stgf wi thin the process of
separation and purification 8the pl asm d DNA
according to the present invention is Toyopearl

s 650S wWhich | s.co rcialize 0soh . .
BHD6sh e M by STERES Pup BEf e belibBar A inehy0.D. stanless
draet thiiter staped ihior atdodln Tht egpill B @efifleeReinmersédRfl@radconstant high
commercially available diafiltration materials are

SHPHABreVHEE bade Tha helt-ep valgmsad dheseoil i @bewtdiOhglt Shermocouples
Al aNdantbr RGh VeAUERdKD MEshR thhGié&Tdnd RitRERPELARY, and the water

diafiltration nethod is diafiltration using an . o
hath fembpraturatreapechivelyr Bheploduétritream v pwopddaintombe ginating coil using

YT L, O 0010200, RS0, 60 s e

deotrifiggefifie p Bexkhmnde? labuiclcaenadinge drictmificatidon @ifter centrifugation, the

er f. . T eluate .of step, 12 |.s concentrated 3-

0 PITA iy B Risted i i eined phpurEitef o Aisoties fo the present

iawdntieh.f, 30 20 kDa) to a target-concentrati on of about

2.5to0 3.0 ng/nL _and the concentrate is buffer

excha¥tfaenting “erlbdysis meyi Bakatuse oistatiet migiraie sgiiesh Inceffect, as
i : ' : 6 .

AP 3,0 001 9 3 O RAORLRCRRL i e

lysingdtheadelln throTgle a MivstFBRiccmivee atd &iri wecipitatinglthaibell byshte though a

fro he absorbance at 260 nm of sanpl f . .
SRR P08 sl i @y e B3 ipe thgel prr o the
etRoddof madgiubepladnidaDNANdcotditigdo dhéd pilcdent @M@h@dn. Large volumes of
ahi guots, which_ are stored in_  containers in a _cold

Geddraabe gemly and continyepsly Ayssd Jediasusige the ptatig mixgfsang that other

Rl hbRH RreCORENtihdine W hompRbiaSMd tMNions sych as dilution and
concentration of supercoiled plasmd is around 70%

Pr&ipitagon, Sugsbde gaie mosss usehid ipthefraethd 9f GO HresTittgnvention include

FLEE R BT A 8B Rprps lt

sufficienato albvettrgeotass\dite pesdnd ifentiac Bodénaple félthépurpose of

enbodi t, the diafiltration step is perfqrne )

R P e SRS O s, RoRF @ 5Pt SUUFH Bpuidgprovide enough
oh@ tihe B8 EAthS [y3MgohATOR 8RRk cdlls 18 5fdalufd the lysis of the subject
diafiltration (step atimagoal nst 12.5 to 13.0 vol unes of

oslis dwiing: jpgssaee, thioygh themixer. In ppHpreforednembadinernts sgitaple static S
0d. i er f n jafi [ .

AR sl BB B ARGl MR 06 s gy o comac

v@tbonecdnothes irofan spbosieg etatiquiab fow(chBingrieNaDids. to Thikgogether in a

¢ ie%e{#ed diafiltration step 15 according to the

fibie

%nvention efficientl y and extensively renoves

amoThe m&kdd af 8eparating and purifying plasmid DNA according to the present
invention may be used to separate and purify any types of vectors with any sizes. The
size range of plasmid DNA that may be separated by the method according to the present
invention is from approximately 5 kb to approximately 50 kb, preferably 15 kb to 50 kb,
which DNA includes a vector backbone of approximately 3 kb, a therapeutic gene and

associated regulatory sequences. Thus, a vector backbone useful in the invention will be
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and EDTA extensively. Al so, subsequent to this
diafiltration steps, appropriate physiol ogical Nad

w@oemwsendssrat i on (around 150mV) and final Tris PCI/EP2004/011437

concentration below 1 nM (between 200 Mand 1 m\M) are
obtained. Plasm d DNA fornul ation so obtained by using
this diafiltration step corrpr?ge 20 Nad as saline
exci pient and an appropriate concentration of Tris

AT 9 5o Pl LA BB 8L e gy et

DdlA frem qmyenmlsmpb\hti eidit Iirefer&ﬂyeb@ af tlagiadieh Yriphehntd mag include,

it he surprisingly be stored in a
bt SBT3 SiegP SABITS G AR B it ALK eghences such as
ﬁbﬁioﬁ&ﬁﬂ%l)pﬁdélﬁlﬂatﬂfn degi@hcad, enBbncBRd 1048s E&lt&ﬁ(;eglt)lk!sa'étc' 3’ he gene

at roomtenperature, 25 As descri bed, according to
Pe0ding RukeraRoURIS Protein mephya off gengmis @w,dnmmr%bterponmrgwons and
|
R X SRR O, St ol AR, B REY BV B Shmplementary
PUA. fSLICh g/epﬂoess miays inchyle or es@mipls Westag waittoye trepltdaable with high
i s .met hod ri.be

‘ (gci%try] et n%ef e hf:%é?% BEIng S Wﬂqﬁ?ﬁ% r‘@s‘%é‘l?‘}bg’i\i‘ﬁ egf@?/gerpe a gene

érieediag ta. sefeotab BX matles, e. §.| SM}&HH&HRM the tdtrabyecting k@ﬁamycm resistance
m crobi,al] cells containing plas may be used. This

gnscald jssrhwsdeslbpesmalnpad bl .Theth@tqrnbeqlqba@q cﬂfarhe plasmid
Mﬁth%@)hhl?[}}ﬁ%t%ﬁt@@éf £ ﬁ&l“’%@fkilétﬁgar)g) c, pro prokary otic

96/ 02 articul ar heat excﬁanger consi ste
arovifal DNAOaIEBthmrmumn@ led mhayske pstified andibgedsinaged or ex vivo

I%:lons ? %h&lerﬁgpeV%&e%sa a%l a%lgely }L%@e glr gt—uﬂn the range of
24 rtreplesf/cdlhepcm 100082(E700¢dp1é§&em_ma'yr|w sepatsdl arl puﬂ{ﬁbd by the
ter eusedtome ure the inlet and exit
ws‘hﬁi Fies 1o Ak PRt iaeBtions %ﬁteﬁa‘?@ﬁp%i"%‘tt%%at includes the pUC
G850 OF tréplRhiYon. TH HréFeR6ty ﬁéco?dlﬁg 3Nthe neHBRESE 1BLiRvddE8n. The pUC
heating coil using a Masterflex peristaltic W th

¥igin ebrrplicationnpermiis| moreyesBgientawplication o€ plasmid gN@ prgl results in a
tch i fuge

AR i8R W pASiid oy REKEP R, DEL pgRia bRy,

astnidal)Nide withr icbhditionk i m@xhhﬁ naplibattbnobr PWOK ias addsaibed in US

j to the t tion. 10 Alternative
BB E8, iy PR iy BHSR At o ipusdivangion. The
refifl ey highSopyd Biafibed fdally indBAEés2B6 Odiid dMNIINNAATIN Ao chromosomal

herein by reference), a first static mxer for |y
IPNe. B&VAscqllar, groteing ppd ccodagtprse impsaaes alagmidyield, and fuclitates

Q5L hPWh MehRp e Bh! Alcé’(ﬁéfngl# AR Ry Igﬁlgﬁ:?iﬁdi)ﬁkz be used
m xer may be used as an al ternat emat or

acperdipg|to therinvgntion. Ripresentative Vectors include but are not 11m1ted to NVIFGF
plasmid. NVIFGF a plasmid encoding an acidic Fibroblast Growth Factor or Fibrob last
Growth Factor type 1 (FGF-1), useful for treating patients with end-stage peripheral
arterial occlusive disease (PAOD) or with peripheral arterial disease (PAD), meets safety
requirements. Camerota et al. (J Vasc. Surg., 2002, 35, 5:930-936) describes that 51
patients with unreconstructible end-stage PAD, with pain at rest or tissue necrosis, have

been intramuscularly injected with increasing single or repeated doses of NVIFGF into

ischemic thigh and calf. Various parameters such as transcutaneous oxygen pressure,
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met hod of purifying plasm d DNA according to the
present invention. Large volunmes of 15 cells can be

w@ensioy3dand continuously |lysed in-line using tPET/BPADI/E11437

m xer and that other static mxers are placed in-line

to acconplish other functions such as dilution and
precipitation. Suitable stati49 mixers useful in the

met hod of the present invention include any flow

t deV|c referred to.in the art as, a

Bl 08 TR GRIEER min SRRt ot S gl ave been

s%bwqaaﬁ@sméssédw%pglgﬁmaﬁnﬂ m¢easd on bricalal XEMRN, GredicBibn of pain,
t he purpose of 20 %/SI ng cells, the static mxer would

rreadefianoothleer size, # WRPEONehoatEsipr el VdFGlighdministration are
w98 LBGkvddi me between the |ysing solution and the cells

to 5 cause the lysis of the subject cells during,

passddwst edlsouefhl abwrding éo thel invcaltioneﬁ@r beeahyerabtedalntnain, i.e., both

G 1P " i ap LA SR B s EBfL S St

on Btiltus ehad ixodapatil el o AAinRMINS b lh@hr &ipgtivivet of thewlasmids described
ether in a 25 turbul ent

aﬁgus'ggﬁg}ﬁ@% h@gifg(? %@fﬁ:‘r tﬁlgh%&trﬁmﬁ i3y} Py UpRdadsspigling to the

lmhuaﬁ GRd fcRde HE3 1416 DU ESRADHSJFY KN QB BYA 9 pi#S86, TEX2, and
arate and gurlf any types of vectors with any

B2 TNOOL0 6 Ghrfeiios ptiaisimedhORpleneid ardy plsgmid derivatives
d
TR et
ﬁﬁﬂhthqmpeﬁtmpibdmﬂﬁoklhntto 50 kb, 30 which DNA

i nclu vector backb of approximately 3 kb,. a . .
\ her et e oA et FoD e e G e EhL ISt 07 c CapfbisReomprising
hTQH%uﬂﬁéch ltagﬁldtmmm i4 sRbntiallynirdensr ¢dﬁ‘b‘aﬂﬂharﬁ§oﬁ/\4n| the range of
2005/ 026331 PCT/ EP2004/ 011437 39 capabl e of
TRPPY APATRgEHS @T’élf thyp ¢ Phpacentical graie lRﬁAo The zphgerpaceutically
t
%ngre blpr e?e]? yco gﬁl c@m%n;é Mh@%eﬁﬁgﬁl@%ﬁ{?gyﬂ{ﬁ contains sub-

llan ori‘gin
ppnt (8 de)001%on i. adﬁll (ﬁ POMl g pergEifemencibpliasigidaDNAG rgiiédir RNA, and
PP o}e oPeand eaggsl atory sequences such as pronoters, poly
éggﬁ‘y(i Hnél?'l equences, enhancers, |ocus control
regi one, pk@trﬁaceiﬁli@alggﬂa&e ﬁ)l&ﬁﬁd)dDNg dorhpéxitapethiub Ccontains less than

! LY d_t her ef
B ) scsioes Tamn o ey Bt TS gemesfrably fss

tﬁérgmmg%oc:h 090 08bs, "By, Rep dedd vied det omocglgpbﬁrﬁaaﬁm YDNA) of
Such vectors may include for™ exanple vector

Obmhﬂél PYPI arganamieDNA-h hi gh  copy nunber
repl 'ﬂ%héh%ﬂhac@&t‘{éﬂggﬁd@ g)llélslﬂl@ lﬁsdl('Af %mé&?ﬁaci JE%‘%P c%Iltaﬂls less than

t her enco
abautk@aﬁ ] %emgl.ess tBaxp R’h@O 1eRNAd ﬁrhﬁerabe;t teac ;hah IOrOI)OR%n anmprxiferably less

EShPROR  DaRBO% o kob B0 Foa RE IO ER e pSHia DNA) of RNA

duaiiageously pernmits inserts of fragments of

mammal i an, ot her eukaryotic, prokaryotic
The pharmaceutical grade plasmid DNA composition thus contains less than

about 0.0001%, and most preferably less than 0.00005% protein contaminants.
The pharmaceutical grade plasmid DNA composition thus contains less than 0.1

EU/mg endotoxins.
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or viral DNA, and the resulting plasm d nmay be
purified and used in vivo or ex vivo plasm d-based

W b@sapip3l Vect ors having rel atively high copy PCIBR004/011437

i.e., in the range of 20-40 copies/cell up to

1000 2000 copies/cell, may be separated and purified

by the 15 net hod according t @1t he present invention.

For exanple, a vector that includes the pUC origin of
repliﬁation IS preferred ac %Hd to the nmethod

the iR EARTMBRoUtivRe SFAde P %ﬁmlé /éfCOP’é’BF‘F‘B%Fli‘”drFOB@i%Hrgdommant

cifhlgr ﬁfféﬂn? 'aﬁ&‘hqo?@ﬁiéc@s%iy QShifhs ﬁb?&%ﬁbﬁs@%‘ﬁsm Cb(f’/@%% ?r 99% of
in a tenfold increase in plasmd copy number/cel

CbmedCIrcellagforﬂaplpBR@izDNdri gi n. Preferably, plasm d DNA

descRab bk Bnain B Pl 3. A0 SPNRUGEF BB that re

staib&: gudotays Siadzgardetid ray rb@nttétaperam&eﬁir lorrg/periodoasf tlrﬁheand are thus

h| CoO, i ncreases .the ratio
SR oL SaS BRI LR RO A ALl R gAd Fae igen therpy.
pr ot qlhBS{)@ﬁBﬁt CivdpAEdOtBus irBRfe VRS aPk@BRI1 @la¥i@l HNANEormulation
facilit easi er domnstreanipurification

cARPESiag plpsgpid B V@g@x‘grdlm haftgropofutia mﬂ,a salingsexgipient, wherein
tl?ec%ﬁff%' Eiguﬁd?l i PrelsANE M 1208 &cgﬂpe&ﬁ)ﬁeﬁ gl 1ty €& 1ﬁ&§rPC}T°e pH of said

I nclude but are not |m ed to NV 1FG- 25 plasm
ﬂmmuhﬁénwrp@apmmdmeh@mdcm@aad7éC|dic Fibroblast G ow h

Fact r obl,a ct or, t 1

Lot unBE sSLRERVIER" e DRSO FathaihibBr g S Bhsomposition
batvieRh i a: dgdCWLBSIc(ﬁlﬁBtSQa&ﬁer (&Acaa% #id/Wdst h smémphem@hsmg Tris
arteria I sease (PAl nmeets sa requir
[ee%éwmé@yaramlrewgeee]a Shirlypine 9 zn agigl © Llesgs 0@3'1‘5)9“"“% acid

Hﬁ&&éﬂi&%&&ﬁi e%lﬁféﬁ‘t)f 8§ Weak Wil RmHRIEAIN Thdl i eld¥ricetic acid for

end stage PAD, aln at rest or tissue necr03|s
enampleBOT o€ em acld/cbaemm@m somprisingdispes [W(4-R-hydsexessdivinjperazin)-

lsﬂ%glLa%e&gphoﬁﬁf & %.nﬂ% ?t%n r arre(%&%:m &hﬁomde%p%rﬁole) The buffer

arl ous ers s
sbluams andyanko Lﬁbmpxi)@em’np/i-ﬂ,s lystne/NCl, ZD3hARE33did, Tris/malic acid,

/ EP2004/ 01143 nd toe brachial indexes,
1]1:575 aﬁ?“’e@%%ﬁﬁ%‘%oé BV%‘Q?‘ eal i ng have been
subs pgafeablyy the PPEES fdintAinéd Bitvbért 2Rhd 7CaRIBsEHE @bre particularly at
brachi al i ndexées, reduction of pain, resol uti on of

amu@_ér_%i ze, and an inproved perfusion after NVIFGF

adm @gﬁﬁer éﬁcgﬂé}h t @bt mAy be 1@9&%{ Vr%dfon*ﬁul'éﬁéﬁ of ﬁie edtfi€iivbntion is
according to the 1nvention my be any bact eri

etfmabliy Ne€l vt coﬂccmtrquoai betweerari(OOGtmthﬂ@gmM,vmd preferably a
strajns Sal nonel | a_ Typhi.muri. um .
cBpélin 2Fndd s Vining? Belog SrEpIRTA Ay SRR oA gpg cations
sBIEtbE Froffthé BRoup basmsdsg sfesetatd) prospasie)V@ibonate, S®ANTLIE Br, NOy,

205,200 cqpies. E. _coli host strains nmay be used
Mg cdridiNg, Ko aph®H4fvent i on and i ncl ude HB101, DHi,

and Bl &l ar@rcdntBdtbn 6ok Mutfel 38utidEX2det@iflned so as to exert the

buffering effect within a limit and in a volume where the pH value is stabilized between 7
and 7.5. The stable plasmid-DNA storage composition according to the present invention
thus comprises plasmid DN A, a saline excipient, and a buffer solution wherein the buffer
solution is present in a comncentration up to 1mM, and preferably between 250puM and

ImM, or preferably between 400uM and 1mM so as to maintain the pH of said



5

10

15

20

25

30

10 TEX2pir42 (W04/033664). Strains containing the F

plasmd or F plasm d derivatives (for exanple JML09)
wa@e@sgzizer al |y not preferred because the F pl aRei/EPI004011437

co-purify wth the therapeutic plasm d product.

Accordi ng to another aspect, the present invention

al so conposition conprising 4d ghly purified plasnid

DNA that is essentially free of contam nants or in the

AR R PR AR e

thd asehbnDNe TEIFMASEE isonitias G adédi@edtutiol fMIDRRN ives particularly
i nvention thus contains sub- ppm (< 0.0001% i.e.

<
seLisGRRtory igsyisr andod o Prefraachiny tisijasgishAorpgtionaaf the present
i%&a&ﬁ@ﬂ.n contam nants The pharnmaceutical grade plasmd
conposition thus contains |less than 20 about
0. 01%s sbowh @ thetbxaamDeOl 6w, tha glasmed BNt Formiubsgion aibranding to the

0.0001% ..or pr.eferabl v, | ..t han 0. 08% (<. 0, 00089

rresg Vg oL AR st e B & A e bR R

e_cgn,rz(?rmszldﬁxal Pafﬁf%ld } lﬁ[y,qﬂﬁmiﬂd)morhﬂlﬁleti@h'ﬁnmelﬂirIaq:ablrc])nged period
rade pl asni d_ DNA conposition thus contains |ess than

o oL, BTt HmOnEs hanihe OO IpNBHINGIR el atPyths @4 C and at

skh@an H.WP01% or preferably Iess 25 than 0.00002% (<
0.0002% i.e. < 0.0002 ;g per 100 g of plasnid DNA)

of Rfhe peesantanyanaipnsthus rdatph b fraempediden comprdéngoplagmiddPNA, a

I 1140 u [ S t. 0,0 .

R R T A o N R

coneenaatiancsnfficient hep plsenvaptantid DANA oy sabde formsatrvitC ONS°C.
conpqsition thus contains |ess than 0.1 30 EU .

endot 8% PRSBSOS, YFERACHET? EPBBYAT N AR ng‘ﬁ%md DNA, a

baffer FBleALh | il sginedexeibRetll GhéRh ¢Skt |BMHOAUE present in a
contains predomnant <circular _in formb nd
al

and nore
cpnesairaiinysutbicient taspiepsrie PhamiGHA 81 sgablbpizrmoaiod’ Cop 25°C for a
0, , . cir r i
PR A, A Bk TR I, TRnASERL o 12
mianthsul ati on that are 5 stable and stays un-degraded

at room.t er at for, L on I of  tine, and. are .

£ hus TP BiekeE R Bl R B A PRREK 0 ol oS eniBpianit Bypine tong
peisk af tifhe aRHibiteled) dowieptindtioaraadyopedacylatsatioh rates , inferior to
invention thus relates to a stable plasm d DNA

20¢ h2itoal %> Yocyript i%sinsgmems i d DNA, a very dilute

buf f §§¢ St:%l‘rf&).kiﬂgn a@@grdﬁlgs?(l itlﬂ:ep%&it Hh@é?lttionvmg}; Bhther comprise an
adjuvant, such as for example a polymer selected among polyethylene glycol, a pluronic,
or a polysorbate sugar, or alcohol.

According to another aspect, the present invention relates to a method of
preserving plasmid DNA in a composition comprising a) preparing a purified sample of
plasmid DNA and b) combining said purified sample of plasmid DNA with a saline
excipient and a buffer solution that maintains the pH of the resulting composition
between 7 and 7.5.

The present invention also relates to a method of preserving plasmid DNA in a
composition at a temperature of up to about 20°C, comprising a) preparing a purified

sample of plasmid DNA, b) combining the purified sample of plasmid DNA with a saline
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the buffer solution is present in a concentration so
as to maintain the pH of said 10 fornulation or

W@ wp0%i3si on between 7 and 7.5. Buffer sol uti oPGT/EPZID4/011437

are capable of maintaining the pH of the conposition
between 7 and 7.5 consist either of an acid/ base
system conprising Tris 3

[tri s(hydr oxynet hyl ) - am nonet hane], or lysine and an

aci d roma st drochl oric .ac

S haP USRS o QA B el TN S Lb S e Rhton of
1863 @hdrC1rAN, dr bétvedib2 n€) LmoN, afd prfleralsly AODASIE ad 8} &6%ing the
conprising Hepes [2-(4-(2- hydroxyethylplpera2|n)-

plaspiig DNAnfraaraAspion @t & learpeaptubaef about 4 6rip abeut29dei um

hydr oxi de for exanple). The buffer solution may also
conprise Tris/HCI, |lysine/HCI, Tris/maleic acid,

Tris/malic acid, Tris/acetic acid, or Hepes/sodi um

hydr oxi de. Preferably, the pH is maintai ned between 7

and 7.5 and still nore particularly at 20 around 7.2.
Bamples exci pi ent that may be used in the fornulation

f t resent ventlo o f.erably NaC at a
‘ : LIS gg‘—gﬁ%m%and preferably a

concerme rtﬁtiit@ﬁal&ﬁetamwfdmbmﬁm bid1bgy, sualh b$digaxidnPwRR testriction
conpri se ons and, cations _selected fromthe
S

eﬁF)HEﬁ:? ggrpaselr ek trg%@g{x%nonplﬁ&@g gecwgqxtwr%ﬁnélclelc acids and
t%ﬁ ke are cgscribe@rm theMRature %ﬁIaMlEé' et Mi, 7T, E\lﬁ"'Frrééh 2889, dhmbrook,

he nolar concentration of the Buffer solution is

1989 erMDheldarsdoamgt ® lehoaatory eanubhyfsteanidneglitédit. e §loldwSpting) Harbor

Sy, 09 i TR0 G RISHHE Lt g B

RE 0 Kévgpeong APo dMdaran.AcS miﬂl’i; 04.t Seidhen pné d&n$trutiy ers8i7onCurrent

t hus .canprise asm d , sal i he i pient, and a
RRPFLT TR ORRIA it oo B8t f dpis oV aky biysopg "Rel Yor).
NAUICRDEDE sdqilertes we&ea&errﬁhwbyﬂlet&a&m@fmm%r%%aa akdoYding to the
bet ween 250gM and 1mM or preferably between 400M and

profReed glready mybhisicd (Apsgbehet abHI)sai d” WO 2005/ 026331
PCT/ lﬁpgtggt‘%noén]rzd;ﬁgesdf%elfe H%iﬂ%td' B ﬁéwcﬁﬁgi% HiQHbs dBeverly, MA

bet ween f'er systens accor
(Bwlatshe i nvention, the Tr| s buffer solution at a

cone L SN, 5B b RS s

o1 r THRE-HC g1 70f, 10 hReMVIgS8N1 0 ni VMBI, DM B TRSinghopsdnBe of phage
t he Exanpl es bel ow, the pl asm d DNA for mul at i on

Tl AdigaRs ool  present invention exhibit an
eXC)eldlr%Gﬁuc‘{?éoﬁQég latey sPRhBsiadd 452N PhédphbRAURItETRERREY Rith the

ps'xosphoramldnes protected at the S position by a cyanoethyl group (Sinha, N.D., J.

Biernat, J. McManus and H. Koster, 1984. Polymer support oligonucleotide synthesis,
XVIII: Use of p-cyanoethyl-N,N-dialkylamino-/N-morpholino phosphoramidite of
deoxynucleosides for the synthesis of DNA fragments simplifying deprotection and
isolation of the final product. Nwucl. Acids Res., 12, 4539-4557: Giles, J.W. 1985.
Advances in automated DNA synthesis. Am. Biotechnol., Nov./Dec.) with a Biosearch

8600 automatic DNA synthesizer, using the manufacturer's recommendations.
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g., 20 or 25C. Particularly, plasm d DNA formul ation
is useful for a prolonged period of tine of 1 nonth,

wQ2005/024331 3 nonths, to 6 nonths and up to 12 PONEP®0#011437

4C and at 25C, e.g., RT. 10 The present invention
thus relates to a conposition conprising plasmd DNA,
a buffer solution and saliné4excipient, wherein the
buffer solution is present in a concent rat i on

Zg{ Gt Dlﬁ-gé ﬁi\&;}\rﬁ) eln(a;éq?fi %%thgllrggfqag lf g'grﬁs?%rrrglgon are used

t&&%@&hﬁﬂq@!blléqlﬂgétﬁim&rﬂb%%%tp% a buffer sol UFI on
and sal i ne eXC|E|ent wherein the buffer solution is

Epr eendint DHpodF/e orseiRl7at isunE4df f thijlentreedlpr a¥dydfe relAl,

: . ab .
AR1oBE ThCan GO 6D, RORP OB T A My sdrayy (O PR plosgicy; o
Enoaoli KA C-pio (for apmpCe-dendedplasmid)2 nonths. | n effect,

I 1.d. DNA t.h t 1 t 5 t .
P S o arl D5 b7 sk dh i gt iein
al.owgdepurination and open-circul arization rat es ,

inferior to 20 20% 15% 10% 5% or <
mont kB cpifereapiiuails yssel faethsiearig i &alé*ﬁs%lg%@ﬂ%maﬂs etal., 1982).

MR NSk ORcdBRNdf At B7Y  CRARES Gurdplatdfli by B! disRCBf 3B medium
or exanple a polyner selected anong pol yet hyl ene

sgppteroentedwish suritshlentibigrtica. pol ysor bat e sugar, or
al cohol . According to anot her aspect, the present
inventi on relates to a nethod of 25 preserving

8l DNA in a conposition conprising a) prepari ng a

purl fied sanp pl asm and b)
pur i I éédlé‘%ﬂ?ﬁf”e"f&{‘ © fpastery ¢ %w Fpicg U] F&ﬁ@ s B Sbtation of

F@e}’ﬁblﬁé @ﬁﬂnb@t@ dinachif b Ens bitiduns tiPat syBmt aiBRsatshahdHollowing
the resulting conposition between 7 and 7.5. The

applysie pssumay et therbekavaer plthadlbidstis Newienian dhafigures reported below
?J&ﬁz Wllﬁ’ r?ﬁm ghd ¢dba ea(é&qt‘ﬁpggos' tion at a
ure of upto

abo ut rising a)
pr epdihe nglua optie iReyaads mnmbealhfwmrassmlhtd [DINthe dof) to specify the type

SR P S TR DL B T 1y v

eg@lqe@ﬂgyffer sol uti on vvher ein the buffer solution is
present in a concentration of |ess than 1nM or
bet ween 23DNPrNE™ieAAR A4l preferably 400M and c)

storifag t&/g@ eB R38R e%li%f? 'H%l@d%' hbQtofméhly EROMERREM B industry
of about 4 up to about
are Bingham and Ostwald de Waele.
In this case, the Reynolds number (Re) is calculated as follows:
Rey is the generalized Reynolds number
Ren=(1/Q2" M x@/3n+1)x (pxD"xw>™/m) (1)
D: inside diameter of the cross section (m)
p: volumetric mass of the fluid (kg/m?)
w: spatial velocity of the fluid (m/s)
n: flow behavior index (dimensionless)

m: fluid consistency coefficient (dyn . s" / cm?)

And n and m are determined empirically (study of rheological behavior).
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Exanpl es General techniques of cloning and nol ecul ar
bi ol ogy The traditional nethods of nol ecul ar biol ogy,

wGemkh/oas3di gestion with restriction enzynes, PBEI/EP2004/011437

el ectrophoresis, transformation in E. coli,
precipitation of nucleic acids and 10 the like, are
described in the literature ¢daniatis et al., T., EF.
Fritsch, and J. Sanbrook, 1989. Mol ecular cloning: a
| abor at or nual econd edition. Cold Spring Harbor
Labor at oré woﬁl%ﬁﬁ'?‘ﬁg Har bor Laboratory Press, New

Yor kAsAlest‘H@?lrst EecMon 18Eq@£tﬁiﬂt(1)vs}%lﬁve Kinston, D.D.
Moore, J. A Smt ) Sei dman and K. Struhl 1987.

Cur r Ret= f(msnit: dtame@r,l 1) m@thdel@)udslaqae i hied wepye figgrionsosfaL.
Joh V\b and Sons, New York.). 15 Nucleotide
e determ ne )by the chain term nation

rret h?)d\/%ﬁﬁ&ftx@d Iﬂgssto@tﬁerfﬁud péphPyol al ready published
(Ausubel et al 87). Restriction enzynes were

supplu: é’dSbetM\ﬁheEmegﬂ dregs, Bid L ahBa.s Bdvadb | y, MA

(Bi ol [y, Out DNA fragnents are
(o e G et Pitbes Se‘?‘?é‘#ﬁg)sso 20 MM Tris-HCL pH

7.4, ulﬁleﬁﬂ\/hﬂd@ﬂlv%locit@oﬂibﬂelﬂ'ﬁiﬂ (@/siM ATP in the presence

of p e, T i i se A i gonucl eoti des

are &&ﬁf‘tl‘fé’sékgm% ' SS%BEﬂB?%#@?t e chenistry with

the Wﬂl‘i)q;lh %@%@(ﬁq%) BiPS eChathcdlarda 6 thé cRRS bdction (%) and if p
a cyanoet group (Stnha, N.D., J. Biernat,

ineiveminscPafignH, Koster, 1984. PoI ymer support

ol i ggyuuc £ Use of

8- cyginéoe{ h%#d/ﬁﬁ@g%z @ @Pno)ﬁ% rﬁ\/kdr?or phol i no ®)
phos pihar @feuthi t@nduft the ﬂowm ahiras fataRéyaolds hmnﬂ)ynbéie\sizs 00, and
.of fragrrent deprot ection and

i duiselighBormene Hrmm .ﬁ HURE . 4 NRYNOIdA FiEbgRelaetwea 2000 and
5%@@0451%3 1intk tsSfelibdraldly e bet&gé&ﬁﬁg(ﬂﬁaﬂcfnﬁm Q}&H%Feegoth types of

synthesis. Am Blotec nol ., Nov./Dec.) with a
tehoderzre hsed 3G daerminewhatinaymiuan o9enrhans the phoigesiswepdeiggrosterior.
manuf act ur | mmendat i ons. WO 2005/ 026331
PCT/ Epzooifgi%%g&“gm Li gated DNAs or DNAs to be tested
for tShedern &fdfm @ascgenefally mankd ownpthe doll@avieg mppbxinbaions have been

transformthe fqllow ng strain rendered conpetent: E
S(floeﬂ—@ﬁ EISHERAF hsdRL7, supE44, thi-1, recAl,

gyr A%wtéxﬁ@rﬁﬂmd (RaRZYBscFoh)69, deoR, (DBAI ac
(1 af:ZAI\/[ls $f r ll?ﬁr&%‘hCol El plasmd); or 5 E. col!
XAC- i T 1¢ rangfo eflsidsved pl asm d).

pu=  5cPinBlaand40 cP in Bl b (our data)

2.5 cP in B2 (our data)

The following calculations were performed using Equation (3) for two standard
tubing configurations tested called configuration 1 and configuration 2 (without Blb
tube):

Table 2
Coil Configuration 1 Configuration 2
Bla | B2 Bla ’ B2
Viscosity* (cP) 5 I 2.5 5 ‘ 2.5




M ni preparations of plasrnid DNA are made according to
the protocol of Klein et al., 1980. LB culture nedi um
w0 20008s33f or the growh of E. coli strains ( VBPCHEP®0O€£011437

al ., 1982). Strains are incubated at 37C. Bacteria
are plated out on dishes of LB nedium 10 suppl enented
with suitable antibiotics. E48mple 1 The adjustnent of
the dianmeters to the flow rates used follows from

cal culation of _Reyn s nunpers in coLls of th

cont | 1@@3@?3@?@ sys%‘ Bec agée t he f%l | owi ng 6615
anal yspﬁm@&quﬂ? t hagpt he behags or of | the fluildg is
Newt ohian._the fiquftes repor ed _helow _are anliv ful ly

val i d| Reymlds nambge| {834 cert ail #6%xt ent 141 B2. iF’r?é
val ue| pf.tie Reynol dg, Tpmber BdifaE OBt < ahhat "
art tp specify the type of behavior gencount erled.
Here, we will address only fluid flowin a tube

(hydraul i c. engi nheerij ng) 1 n- Newt onj an f1l ui.d .
Tha TS b O EGHIORE A RIoK 3P (aan it b yhe solutions
ROFRUBERERH, kel fsbedler.y are Bingham and Gstwal d de

Wael e. an this case, the Reynolds nunber (Re) is

cal cuionpther tyBing gppiggusationREng Bdb tuhe).gunbkavar i zed

rﬁem | ds nunmber 25 ReN=(1 /(2n-3))x(n/3n+1)Xx
S Dg%hxvan /m (1) D: inside dianmeter of the cross

(]

Codct i on () Figh spesdvistd diaimeterreSHigb bpeet &1 G huilB | High s@pd /6 mm ID

w. spatial (gglocity ©f the filgj.d (nm g)gn: fl B2
behavi or i ndex (dinensionl ess,l?l 30 m fEerI d cg%\ﬁsal stency

Visedity T ¢Pent S(dyn . ShS/ cn2 DS And n g in ar®e 2.5

Dt fhied | ¢9pi ri cal {y (study;eof rheaqliggical| g 6
behavi or). | WO 2005/026331 P(CT/ EP2004/|011437 45 2)

Figgiiets fi/Bn 1130 d As 9P the fi¥28t sect|iZdf, in Bduat i on 210

ReyolddBuiY €70 Re = T((dopl de diageter, [ggsP, andny) 4951
since n and in are functions of . Re=(uxDxp)/ (2)
Process laminar turbulent laminar laminar | laminar turbulent

Similar calculations were performed using Equation (3) for various tubing

configurations with both Bla and B1b tubes present:

Table 4

Coil High speed ‘ High speed / max agitation

Bla Blb B2 Bla Bla Bla
Viscosity* (cP) 5 5 2.5 5 5 5
Diameter (mm) 6 16 6 3 2 3
Flow rate (L/h) 120 120 210 120 120 160
Reynolds number 1415 531 4951 2829 4244 3773
Process laminar | laminar turbulent | turbulent | turbulent | turbulent

10 Clearly, predefined Reynolds values can be obtained by adjusting the tube

diameters and the flow rates.
One skilled in the art can envision many combinations of diameters and lengths
for B2 or for the two sections of Bl (Bla and B1b). For example, the first section of Bl

can be reduced from 6 mm to 3 mm in order to reduce the length and increase the
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5 p: Volunmetric mass of the fluid (kg/nB) : Viscosity

of the fluid (Pa.s, and 1 nPa.s = 1 cP) D: inside
waelr@seeasl of the cross section (m u: mean sSpaPCEHEP2004/011437

velocity of the fluid (ms) Equation (1), for n=1,

reduces to Equation (2). 10 Wth Q= flow rate (nB/h)

and S = surface area of thedc70$s section (n2) and if

is given in cP, then: (4 x (QL3600) x p) !/

o g )ﬁaéfﬁ’%mg f AT A R

NS RW el dids srmaekdiot détdmine fthe ki ﬁwﬁaedctals{?eymhdmbes.
number between 2000 and 15 500,000. The limt is

del i Beridesefhe ogiilien peificiensy, 2060 MeHdalse ONSidfethe Beraton of the
gbﬁﬁﬁ‘ﬁ %whqg %ang renﬁﬁgln%ﬁﬁdofttﬁ’e %@és%ﬁmn'i}gntmalts O‘E)Pa){netdrl?ynadj usting

ccur, and the choice I's nmade posteriori
thhallecgthafﬂmmsllSl nce n and in are general |y not kaown,

t he LI [ L Y d t . .
est i t[ﬁ% d? é&t c?ﬂgtﬁ Qﬁ(beé I{E{‘/\P vglo?ﬁ)z rc‘iae t %ﬁp%art %)edommate in
Bejustésh Sed‘bﬂ @Iﬁsh—NelwtanérDﬂﬁlngéﬂﬁ%ncStf shrowa%l Iﬁ hﬂlefrlwdrds)it does not
=5¢ 40 cP.in Quy aa 5 cPin .
Spm %Eﬁ Mg %fjfecﬁ*ﬁ%‘f% et gridrpear St tha t ool eape Trow e i Squation
Pff‘irsfu‘é‘éd"ﬁﬁi cHRURHoRENWRAh B b(aBd iH0B2.t WPheré AN Ey r8s are desirable,
tub| ng configurations tested called configuration 1

thndiameiar ¢agiheatariehalpng with theulovglrgge. t ube): Table 2 Coi |

éﬁ?%b&ﬁrm@%@i gﬁ%fe gLy eﬁtd 43 slfor %n‘rﬁtlﬁg agi%ati%nsas much as possible

in Blb and B2 in order to avoid fragmenting gDNA.

During lysis, agitation can be quite vigorous as long as gDNA is not denatured.
Reducing the diameter at the beginning of B1 makes it possible to increase agitation
(increased Re) in order to sufficiently mix solution 2 with the cells. On the other hand,
when the cells are lysed, agitation and friction al forces against the wall may be reduced to
avoid nucleic acid fragmentation. Increasing the diameter makes it possible to reduce
agitation (decreased Re) and friction (lowered velocity).

M1: mixing the fluids.

Bla: fine-tuning the mixing at the beginning of lysis: convection phenomenon
(macromixing).

B1b: letting denaturation occur plus diffusion phenomenon (micromixing).

It is assumed that the generalized Reynolds number has the same meaning for a
non-Newtonian fluid as the classical Reynolds number has for a Newtonian fluid. In
particular, it is assumed that the limit for the 1 aminar regime in a conduit of circular cross
section is Rey < 2300.

Neutralization is performed within B2. High flow rates tend to increase the
fragmentation of genomic DNA by causing agitation that is too vigorous and by frictional
forces at the wall (mechanical stresses). Using a large diameter tube makes it possible to
reduce agitation (Re) and frictional forces (velocity). We positioned here a small

diameter tube (6 mm) to avoid having not enough agitation. Our observations showed
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B2 2.5 WO 2005/026331 46 PCT/ EP2004/ 011437 Di aneter
(mm 12.7 9.5 6 6 Flow rate (L/h)601051221 Reynol ds

WO nose26334 1564141495 PCT/EP2004/011437
Processl am nar | am narl am narl am nar In these two
configurations, the flows are am nar at all stages
and the solutions are not affquately m xed together.
For other tubing configurations (no B 1 b tube), we

e: Tapl e 3 Coil Hi d /. std diametey High.
B8 B B9 0 AL 0RRRR . B 2TEb s Sy
B2k =piste b ne(aR)fd 38R, 552. 5 Di aneter () 1210161666

Flow rate (L/h)120210120210120210 Reynol ds
number 7072971531185714154951

f{@fﬁaggl am narturbul entl am narl am narl am nartur bul ent
imTar calculations were perforned using Equation (3)

f or Ve canrealudgvimgthe €dreystgariatoi Sostspwilt ndparticBat erabcatigient, the
Cﬁnﬁ%%a%%ﬁgg a?{)fﬁl?o%s‘i : Table 4 Coil H gh speed Hi gh speed

1) Mixing: cells (in solution 1) + solution 2 (M1 + 3 m of 6 mm tube).

Beginning of lysis of the cells by SDS, no risk of fragmenting DNA as long as it

is not denatured.

2) End of lysis and denaturation of gDNA (13 m of 16 mm tube).

3) Mixing: Lysate + solution 3 (M2 + 3 m of 6 mm tube).

4) Harvesting the neutralized lysate at 4°C

5) Settling down of flocs and large fragments of gDNA overnight at 4°C.

The following conditions may be used to caxry out continuous lysis:

- Solution 1: EDTA 10 mM, glucose (Glc) 9 g/l and Tris HC1 25 mM, pH 7.2.

- Solution 2: SDS 1% and NaOH 0.2 N.

- Solution 3: Acetic acid 2 M and potassium acetate 3M.

- Flow rate 60 1/h: Solution 1 and solution 2

- Flow rate 90 l/h: Solution 3.

- Cells adjusted to 38.5 g/l with solution 1.

The cells in solution 1 pass through 3 nozzles that disperse them into solution 2,
which arrives from the opposite direction.

- Mixer M1 has a geometry making it possible to optimize mixing of the two
fluids (see Figure 2, schematic drawing of mixer).

- The first section of the tube after mixer M1 is Bla and the next section is B1b.

Bla: 3 m long, 6 mm diameter, 2.5 sec residence time

Blb: 13 m long, 16 mm diameter, 77 sec residence time

The process of the present invention provides an advantage in terms of efficiency,
summarized as: dispersion, brief violent mixing, and gentle mixing by diffusion.

Using the process of the present invention, the number of cells lysed is increased

and therefore the quantity of pPDNA recovered is increased.
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Bla Blb B2Bla Bla Bla Viscosity* (cP)552.5555 Di aneter
(mm 6166323 Flow rate (L/h)120120210120120160 Reynol ds

WO 200b026831155314951282942443773 PCT/EP2004/011437

Processl| am nar | am nar t ur bul ent t ur bul ent t ur bul entt ur bul
ent 10 Cearly, predefined Reynolds val ues can be

obt ai ned by adjusting the t uth di aneters and the fl ow
rat es. One skilled in the art can envi sion nany

o 8 B0 St TR B B B of miing
B¥R TR, dub Bethtir pedpesR6 ih ParthlaBihle v1§@61ab@c1fyed uced from

6 nmto 3 mmin order to reduce the |length and

| ner edTptESs PO CuSTRb BYSHIPCTAkRD B (RoRBhle 49 Aimaip shear stress and
B k@ Mimif bR ¥f gﬁl\@‘p dfabi']ﬁ&fﬁ*)% he L8561 rﬂu@fﬁg subsequent
fromthe study of the rheol ogi cal behavior of the
dhremategraptic peigfgbation.det er mi ne the right characteristics

of t hlfhe d)‘l‘@lﬁém 1?%%11 §1ngh$1t}f%llﬁt% | gn gfcﬁ'rﬁéye BE ¥o01€d §own to 4°C.
may al so consi der t on agitatron,
I\nmneIambasdlmmst}erﬁmﬂsmh@ncénttohmqas esent invention is

obt ai ned by adj ust i 5 the.length_ qf t coils. The

di ane-{@%%% 10?&?&2? ST POt ont 1 Poes not
appearrheedRiloN fleuid B2 FRRL AfRAmikdr X10I 2

non- Newtoni an fluid (data not shown). In other words,

it dd&s htof 6dwmpyheprasidengsrténesflisesti ve to alter the

di a t I

(1) n?lgaggesggﬁéqow %I/(TQSC altae:s%l%; o%mﬁﬁécd ic%ﬁgﬁrglu?% F{%;.@tt& WWow the
Afrategek b burfdontimuoas bsisgrecesesimpmirbdto batth lykis. di anet er

can be varied along with the flow rate. These

principles can be used as a basis for limting

agi t atdpps as much as possible in B 1 b and B2 in

order to avoid fragnenting gDNA. During |ysis,
s—abDNA i s not

ag-t-ati-oh—cah-be—guite vigorous as -l ong-a
denatured. Reducing t RECEPNAPONA ndystife b Elyriiofplegvd

Bl makes it p033| ble to | ncrease ag| tat| on eXft@tedpergof cell (mg/g)

\Hatld l T DCU FKC) 111 Ul UCI U Dul I I Ul CIIL I y III DUI ull UTI L
l?;'y fp cells.. . On. the. other hand. when the cells are

IC}‘?%‘I—‘:‘EP“S dyist with &h &HEMfrictional forces agaifst the
\ueslmhbecmayxahmlen educed to avoid nucleic acid

VNPV - VIR S WS- FP- - P~ nnlcac 1t

o ol
| | aullcllt utl UlTT. I nmorT Aol Ilu CIre Ul AATTC U T TMUAUNGC O LY

possible to reduce agitation (decreased Re) and
friction (Il owered velocity).

Example 3

The column used is a 1 ml HiTrap column activated with NHS
(N-hydroxysuccinimide, Pharmacia) connected to a peristaltic pump (output < 1 ml/min.
The specific oligonucleotide used possesses an NH, group at the 5' end, its sequence is as
follows: 5'-GAGGCTTCTTCTTCTTCTTCTTCT T-3' (SEQ ID NO: 1)

The buffers used in this example are the following:

Coupling buffer: 0.2 M NaHCOs, 0.5 M NaCl, pH 8.3.

Buffer A: 0.5 M ethanolamine, 0.5 M NaCl, pH 8.3.

Buffer B: 0.1 M acetate, 0.5 M NaCl, pH 4.
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ML: mxing the fluids. 20 B | a: fine-tuning the
m xi ng at the beginning of |ysis: convection

wEhb®soxssaon (nmacrom xing). Bib: letting denatRPCEHEPING/011437

occur plus diffusion phenomenon (mcromxing). It is
assuned that the generalized Reynol ds nunber has the
same meaning for a non-Newt&hian fluid as the

cI assi cal Reynol ds nunber has for a Newtonian fluid.

the MaePRin feyred i RN B aindhfif alischiplegtle diluted in

tRECub Bl b fdRe 5@ ﬁngﬁﬁq m ?\lﬁ%é@dﬁpﬁéd 100thel BIUREY A R dor 30
w thin B2. H| low rates tend to increase the

nﬁmafgmtn*p@mut@npmtu@e Adeicelumms wgshed thsiea gimegiie sqesspiamyith 6 ml
? QA Xllx LY ‘T’nl%@guﬁ?é/r ]{JST}?et dl%@ﬁuclecft@d G§ %hlﬁtboihﬂg g&@alléntly to

ani c stresses arge dianeter
tlmkﬁwnm thr@@sa GONH link3@The edhuma iagfbteat atciC (IREB Saﬁd % NaN3, and

frictio e velocity). W positioned here a

%elusecg%a{?@%’n” fﬁ’%% (6 M to avoid havi ng not enough

agi t ghé eNlowidt tvasiRbdadléotiass wae\wpkthd\-&0 0bikom e vlide 4817:

PCT/ EP2004/ 011437 48 that it was best haV| anl
GAAPAAGAAG

SSRATCCHANEPACAAGA AGAABAAGAAGAN AN
MWMAA@} Bgﬁsﬁdﬁbemey; ) &d &@%dd@&&& 485>sm/serﬁ’céwcw

can break he CL 'systeminto 5 steps. In one
QH@TEQJTE@TB@BB@T%HCTTGETCHM TGl ﬂHETBﬂngTﬁlﬁ 3' (SEQ ID
(&143 1) Mxing: cells (in solution 1) + solution 2
3|n of 6 mmtube). Beginning of lysis of the
cel | $hese Sigbnuadentides kvieh Hybﬁ@ilzmaﬂdﬁgloﬁihﬂ\ iae d plagnals inttoduce a

i s not denatured.. 10 2) End d den
hemogeRys-oponYHMYging g s ’f.“i?beégAil‘% RPRRAGD LD o ot o the
c%%s;pbhaﬁ §1a§rwd ds &sEﬂ'be@fabgve‘thbe) 4) Harvestl ng the
neutr al |zed | ysate at 4C 5) Settling down of flocs and

| ar gdhe seayarget corigspagimg o thesnivihlrybaidiagd oligppacleotides was cloned
| i 1
4 i PR SR £ 0T Rabl P 4o BRI Ry st o

wWHEC rarBieg/ai e&mp:lci]llhi-&sikﬁﬂ@ngM el thi<2 end,- thSoélugomucithldes were
3:. Ace

0
h?ﬁ'gd%?ﬁ %2@13 3%1%;%‘8% i}ag'h%‘M one pg ofotﬂese two oflgonucféogdes vMere placed
together in 40 ml of a final buffer comprising 50 mM Tris-HCI pH 7.4, 10 mM

MgCl,.This mixture was heated to 95°C and was then placed at room temperature so that
the temperature would fall slowly. Ten ng of the mixture of hybridized oligonucleotides
were ligated with 200 ng of plasmid pBKS+ (Stratagene Cloning System, La Jolla CA)
digested with BamHI and EcoRI in 30 pl final. After ligation, an aliquot was transformed
into DH5a. The transformation mixtures were plated out on L medium supplemented
with ampicillin (50 mg/1) and X-gal (20 mg/1). The recombinant clones should display
an absence of blue colouration on this medium, contrary to the parent plasmid (pBKS+)
which permits o-complementation of fragment w of E. coli f-galactosidase. After
minipreparation of plasmid DNA from 6 clones, they all displayed the disappearance of
the Pstl site located between the EcoRI and BamHI sites of pBKS+, and an increase in
molecular weight of the 448-bp Pvull band containing the multiple cloning site. One

clone was selected and the corresponding plasmid was designated pXL2563. The cloned
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- Flowrate 60 1/h: Solution 1 and solution 2 - Flow
rate 90 1/h: Solution 3. 20 - Cells adjusted to 38.5

w@2d050ed3B1 sol ution 1. The cells in solution 1 PEFEP2004/011437

through 3 nozzles that disperse theminto solution 2,

whi ch arrives fromthe opposite direction. - Mxer M

has a geonetry making it pos8ible to optim ze m xing

of the two fluids (see Figure 2, schematic draw ng of

m xe ré 25 - The fll‘gt section of the tube after m xer
WAeHeE B 78 and'9iHEd nextYsectFaYeREng 1 gsingg 1 primer 20

(5PTGATE GECAGCH ANERTEL3' (SEQ IDECOF a%zzd@m@@ Ligm ﬁlmessﬂaé 1982.
mIo g: 16 nm di ameter, 77 sec residence tine

plasnpide 3 eMelﬁanr%md @ﬁstmr@quyesnsaﬁloadmﬁmgws and
ée uén%fn%swﬁﬁ ?{tflé’cfé' ﬁﬂ&éﬁsal HIFRT 2R, 26 2{? §§%;FP¥ ?ﬁl’smld pBKS+

rlef vi ol ent m Xxi ng, gentle m Xi n
G0ratagéeneClohig Systems ba dxﬁlla G4). pPlesrerd pKﬁQé@ﬁ wan putifiel according to

of cel | nc sed t herefore the .
SO b P TR A0 AR b
2O O2Raddds. PThsERPROOH DN prepdRitibe wad aie®fthétedftdd SinOkamples

cjally inportant because of the difficulty of
4%%%?5% ]It"Wese fluids due to their properties, in

par tirgadhitd pRE23635GRR! dakifikd toh (A€ HR S&,hglf, t
present |nvfént| on make? it possi bl e tg?e}i’lemt s%egkﬁlpled fo the

oJigonucieatide, destiibedinot-&., fromi 4 selution adsmreontiziningplastnid PRKS+.
”flﬁe u'ff&saJsleJ‘thhfs%uﬁﬁE%‘éﬁ' {edtHé 1wt sequent - 5
r I C purl }

omat ogr a foblemis then
m Xi ng1ffmth2MlNaﬁld]12MammecpHm5/tdoe cool ed down to

4C, Qdi of the invention

uses: éul}f NEXE% Hﬁ’ﬁiﬂﬁ (Q?EIR@%&%Sl nsi de di ameter of
abOUtTtholﬁfﬁn 1s W-Eljlﬁdfvﬂﬁhté AloPbuffh € taHB ehBadphias exb l@é 6leI§XL2563
m xer M. : i n of 6rrmtub; residence tine:

@é@omf@%sdemdlw o oBBuffenE) prepplisd s the qedemn and mcubated for 2
ARl e, SO S SR B O v oo s
therbbazriéd R@thﬂl gﬁﬁﬂNEJDmhe phsmidsare dtertedi dfier @%/ec]:rb;.iﬁm:sﬂs onl%
aeg)értorséjl Cgtelegncp %{hiﬂur?lf br%gn e tnll%lr%) The proportion of the plasmids in the
solution is estimated by measuring their transformin g activity on E. coli.

Starting from a mixture containing 30 % of pXI1.2563 and 70 % of pBKS+, a
solution containing 100 % of pXL2563 is recovered at the column outlet. The purity,
estimated by the OD ratio at 260 and 280 nm, rises from 1.9 to 2.5, which indicates that

contaminating proteins are removed by this method.
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Batch |ysis16.91.4 Continuous lysis with CL
systenil. 61.9 described in exanple | 15 Exanple 3 The

w@odoanes3ssed is a | m H Trap col utm acti vat edP@I/EPRONHB 1437

( N- hydr oxysucci ni m de, Pharmaci a) connected to a
peristaltic punp (output <1 m/mn. 20 The specific
ol'i gonucl eoti de used possess®2 an NH2 group at the 5'
end, its sequence is as follows:
' - GAl TTCTTCTTCTTCTTCTTCTT-3' (SEQ ID NO 1) The
used in this exanple are the foll ow ng:

Coupl Cogplingf € ke BligocNatileds -GAGHCNECT T EFETTCTTCTT-3'
gﬁgfer A, 0.5 Methanolamne, 0.5 MNaC, pH 8.3. 25

Q P NO: d)) tavihecealyma, is pedornsgh @s deseribed ipgExample 3. For the

1) k

o o AR ool P R A R DR ARy Q3 e o e
plosphaie of theshaasy bpah faem cBainingpb carbof atdms (Modified oligonucleotide

| . ol d for 30.. ninute . 1o
BRbatfts SR, BUGE, TR0 b Gt s At PiHeSe fbizhhegaprep
kit (BeasigaConp.; Madisoh, Waf akvefdies td thadupplRds Geddimmdndations. The

F‘grfer 5 he ol igonu Iefotli de is thus bound coval ently
fa5S el R Y FRAMPH BRI 1SICHRES | nk. The col umm i S

st or egufdr M4 ©-2 M RBE, 02 N1 a¥etlV@NBH £5¢ 5.may be used at

| east four tines. T ow ng two oligonucl eoti des

he foll
ver e Byffarkesh %&iS‘HCFQH%u@-ﬁ BBT4817:

AA aFAGAA@ i'l iéggu o ) “and dl 1 gonuc ot dé id pXL.2563

digaal & 40040 POBTIFGTH arkGhen applied to the column and incubated for 2 hours at

CITCITCITCTT CTTCTTCITCT TCITCITCITCITCTT. .
lioggldemgera%.cﬁ})e cp ISOWPsgg%ﬁ%{{lég}i %bggﬂﬁ%nlg:%ng elution is then
turhied outaeich BTter ©. OTHRC1AsRiQ isquelndiFiet Gy rhédsli@elgRical density at 260

honmopur i ne- honopyri m di ne sequence (GAA)17 (SEQ I D NO
HB8) into the corresponding plasnd, as described

abov ey, 13 eXhRpIs SOHERE & &%Jde&ﬁoiﬁﬁ &gffeg%ﬁé{gg tﬁﬁ)éérw with respect to

hybri di zed ol'i gonucl eotides was clone
Nelk vapies fremdhiiogMgbufferdd). FhapwiificgRitSiell Secmbseg evhen the molarity

9 ﬁé&l%lls%eeﬂﬁ of‘t%e ‘%%ldLmag b%'ﬁ)er can vary from 4.5 to 5, the purification yield

being better at 4.5. It is also possible to use another elution buffer of basic pH: elution

was thus carried out with a buffer comprising 50 mM borate, pH 9, 0.5 mM EDTA.
Coupling the oligonucleotide (5'-GAGGCTTCTTCTTCTTCTTCTTCTT-3' (SEQ ID
NO: 1) to the column is carried out as described in Example 3. Plasmid pXL2563 was
purified using the Wizard Megaprep kit (Promnega Corp., Madison, WI) according to the
suppliet's recommendations. The buffers used in this example are the following:

Buffer F: 0.1 M NaCl, 0.2 M acetate, pH 5.

Buffer E: 1 M Tris-HCI pH 9, 0.5 mM EDTA.

The column is washed with 6 ml of buffer F, and 100 pg of plasmid pXI.2563
diluted in 400 pl of buffer F are then applied to the column and incubated for one hour at
room temperature. The column is washed with 10 ml of buffer F and elution is then
carried out with buffer E. The content of genomic or chromosomal E. coli DNA present

in the plasmid samples before and after passage through the oligonucleotide column is
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which carries an anpicillin-resistance gene. To this
end, the oligonucleotides were hybridized in the
wo edos02d38y nmanner: one gg of these two ol i gonurtBEBPI0d€E11437

were placed together in 40 ml of a final buffer

conprising 50 MM Tris-HCl pH 7.4, 10 mM 20 MyCl2. Thi s

m xture was heated to 95C an&3was then placed at room
tenperature so that the tenperature would fall

sl ow Jen e. m X e, of ridi zed . .

Pyt ThEointee DAY s St Sy TR oBerg s i the . cpoli zalk
%SAc&o‘salhgtt@mnavmg 8toSYE B seb@ent®|of ahdséprimers is described

sted wth BamHl _and EcoR in 30 1 final. After
hy.lgeéw

ket abh ANuglpig didses. 138 dBol8tddl 85§}it o DHsa. The
L O A BT B S N e
a@Q 0-6gAINGCTHE ACTAHDT Al GA© OEHG FRIB' dSEQsl@ NHO: 180

.ue col ourati.gn th| j u co rar
]?18 tr acF %l’érlgﬁ#lu%il LOmDgs etsp QRS +§§1 'ﬁ’fg g\%fg romega France,
C&raﬂﬁiﬁ'@ie&ﬂ)% Nt lMgItlz,f(T 2gIENdXTP (Blﬁarﬁam@,OOrsay), 0.5 uM primer; 20

al act osi dase. m ni.preparati o

Lﬂm&q‘faﬂ BoLYBIease égmega; @ heaﬁacagg gqp%)%amfag gccor(P ing tonlle sequence:
di sappeahaneecof the Pstl site | ocated between the

EcoRI and BanH sites of pBKS+, and an increase in 30

mol ecdf ayclesetfgsenst A5ke 448-bp Pvul | band cont ai ni ng

the nultiple c (pgél gf; s®Lte. One clone was sel ected and
the corresponding plasm d was desi gnated pXL2563. The

cl oned WO 20051 ;262&JB°@CT/ EP2004/ 011437 51 sequence

was v&|f| e sequenci ng using priner -20
(5 -T MAAAATGP, (SEQ ID NO 16)) (Viera J.

BRAMbfiME DN A Gragrh@8 224 bafkpMHCGnkRAgH1iSlSeparifed by electrophorems on
ML3np7-derived systemfor insertion rrutéwg)ene& s and

33é)q4£éf?é¢ B¢ itk peegeneh of Sbfbrlﬁﬁev@nl%olwi rabesRygene,1gSA), and
9- ( e

t%%\ clpgarﬁnmielz_cg 9%0 éﬁ%ﬁ Q'AB? g%l(BL %@%% S%eg :flfd?lg E. coli strain B

(Sigowy of PY88YH. W zard l\/bgaprep kit (Promega Corp.

Madi son, W) according to the supplier's

recommendations. This plasm d DNA preparation was used

Ehaiebter in exanples described below. Plasmd

pXL2563 was purifjed on the H Trap col um coupl ed t
the Tho %Pmégrﬂ‘ié‘fr%f plagmiddedt} pidtication from a cfgap, Sate of bacterial

RRLAL bR e 388110 iRip tpn Gealhk 28 Hindl o7 %ﬁ%{?emﬁ]ﬁ cblt'lirfa %f @HSa strains
used in this purification are the fol | owi ng

cpntaining Masbhid pXL258B arceqeatrdtigedd apd3he peldet is mﬂm@rld@ 1n11 00 ul of

TN B P T OB Tyd o, 1

DY 25 Gaded, the tubes are inverted to mix, 150 pl of 3 M potassium acetate, pH 5 are

then added and the tubes are inverted to mix. After centrifugation, the supernatant is
recovered and loaded onto the oligonucleotide column obtained as described in Example
1. Binding, washes and elution are identical to those described in Example 3.
Approximately 1 pg of plasmid is recovered from 1.5 ml of culture. The plasmid
obtained, analysed by agarose gel electrophoresis and ethidium bromide staining, takes

the form of a single band of "supercoiled" circular DNA. No trace of high molecular
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15 and 20 g of pBKS+ in 400 1 of buffer F) are applied
to the colum and i ncubated for 2 hours at room

wo ewpeeasure. The columm is washed with 10 m pET/BRfoD€011437

F and elution is then carried out with buffer E. The
plasm ds are detected after el ectrophoresis on 1 %

agarose gel and ethidi um bro®de staining. The

proportion of the plasmds in the solutionis

est. ed b ir. transf

B S hendafl IR PR oRNA i SEEREbEone dr m‘fﬁanéo%ﬁyf g4 by this
methab63 and 70 % of pBKS+, a solution containing 100

% of pXL2563 is recovered at the colum outlet. The

purity, estimated by the OD ratio at 260 and 280 nm
FigEsierom 1.9 to 2.5, which indicates that

c‘m‘natl ng proteins are renoved by this nmethod. WO
2OOSMQmpWM@M®MdMA$qumme@emm ¢angedoc6ut under

%%E%ﬂgl?:ﬁ grlf';e%)st %ant]é%% CS%A?BL |r§ 'Ii‘ftlmgpf%’l»l .ﬁlf«téa%grléf culture of DH5a

mﬁe rcbbﬁﬁnrlgﬂplEémiatpﬂ)}eLﬁS&Fﬁl‘hé ell peletpk itilign dphé 1.5 ml of 50 mM
g cIe dﬁ L}s rmdifi](\e/gEat the 5 .end wth an
& 25t s HEk PH 8 10HEVEE DA phatle ifarigdkout suiet mbpf 0.2 M

NI M6 SDkabil ﬁ‘eglt@h%irohciﬂt}ﬁtl%l Q)M?ade hdRshsium acetate, pH 5. The
ol i gonucl eotide Eurogentec SA, Belgium). Plasmd

W&zs@wnwa@lm@ﬁdfwﬁﬁ i of §-riepanail zandathwipgligs s akerk ap in 0.5 ml of
df P g@(ﬂam%%{ﬂte’ FPM Nﬁ@l@%cf%%g#(fgntgoché %F gonuc{eﬁtlde column

supplrer’s Feconme ﬁda? i ons ers use
abxeamadl a5 dasceibedin the hbowiBxgmpl BuBindingt-wabhidg b fia Colunth dhd elution

w5t Sgiad ot o dogpibed e e RV TRampls FageRiIPR i Wehite buttr, the
rﬁ)élﬁlﬁt?fotﬁwhléﬂ dvidORsptt @ NACRIF10dI MXL2RE Blaskhid Wb@fhelNanalysed by

400 of buffer F are then applied to the colum and
AZHOD Seletleqtipphoresis gnd eéhldlumo Fanidapstainingr wkesthe foon e single

' R E

g VSR oy ph. D6 e AT A0 W
[&NArmalé WNA&gs d@tatd&é 1rdtha31’uti§z‘1edtp1%ﬁid ]lBlgmnonqu théplasmid with a

binding is ca ut in buf f er who .
TR AIne PRl bl Rl o BLmplesilen MERREof 3 kilobases.
Thewldsatid bged cOh@iBW ¢dsiettaichMainihg it Secmeas@sruspesmbtde the gene
| arjt of NaC falls. The pH of ,the blndlng buf f er

ceaine\far §l°ff?ra$ﬁ andsthe domopyrie- bamppyreatdl%sw@rca G&e‘}*)mg(SEQ ID
Nstiss ror@f)naﬁné fron pla%m"f’d PRLP98SI bR Et?alﬂslﬁ-lf‘r(ﬂlfahﬁlﬁs et al., 1989)

elution buffer of basic pH elution 20 was thus
conteiningothisunlaspiid is euliyeedfine 7eldtrp fersienters ﬁmrtiwm s, prepiared from

200 gQan?s SMER e cell pellet is taken up in 2 litres of 25 mM Tris, pH 6.8, 50 mM
glucose, 10 mM EDTA, to which 2 litres of 0.2 M NaOH, 1 % SDS, are added. The

lysate is neutralized by adding one litre of 3M potassium acetate. After diafiltration, 4 ml
of this lysate are applied to a 5 ml HiTrap-INHS column coupled to the oligonucleotide of
sequence 5-GAGGCTTCTTCTTCTTCTTCTTCTT-3' (SEQ ID NO: 1), according to the
method described in Example 3. Washing and elution are carried out as described in the

above Example.

Example 7
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Coupling the oligonucleotide
(5' - GAGGCTTCTTCTTCTTCTTCTTCTT-3' (SEQID NO 1) to

wao b@soad3smm i s carried out as described i n Exan@i/EPR04/011437

Plasm d pXL2563 was purified using the Wzard
Megaprep kit (Prornega Corp., Madison, W) according
to the supplier's reconmend&bi ons. The buffers used
in this exanple are the followi ng: 25 Buffer F. 0.1 M

NaCl, Q.2 M acetate, p ffer Tris- HC
9, 0 BitnPenrk dqqeebisoﬁmnw so%ws%hegg%ulcwosdw begfing Phcthylated
%sﬁrﬁ% Fhe @éalde&e%fgﬁ ofl oxmcpe%ﬂaéﬂug@&haaﬁ%uo%l uted in

00 {Afer ]\}I: are then g&el ed il t he col um and
) n@é@zﬁ e@Tﬁ" orCUﬁeCFfEurCHi Ce orﬁTEnﬁé’P”’é‘ﬁu@S@Q IRO: 19)
col t f ff d.el ut S Me~
theﬁ c% |£k‘390(§§g% Q?Stg%s%guf@eﬁ% %F] C%Etteh%t %olf‘%Qi ! e =
Hewthylaytasinec hT}ﬁsmhgnmablecﬁldeoamlableDbmaqnflé L2568 no theepurified under

tgl? ?@f@ﬁﬁ%%agﬁﬁi lggl}c S{F}ﬁa g t&l%%g?)%?%@% Ethg: rr‘&rsk 09 Hegrafatlon of the

asHiER2B046Pddcdchéed3 neasured. This genomic DNA is
quantified by PCR using priners in the E. coli galK
gene. According to the follow ng protocol: The

gge of these prinmers is described by Debouck et
%‘Ifﬁﬁj%wcl eic Acids Res. 19 85, 13, 1841-1853): 5'-CCG
AAT TCtheGhovEARGIDA, m@c@hg@nctemxd@uwcss@ctcﬁﬁmt thg §'-t6rminal end

‘g%.g ‘?ﬁ%e%ﬁé@{& |tM Sph Q%’i%ﬁ%h%@rg’i%ﬂ%m@ 5(%3565 atoms:

IkliH{ -{@H,){. Prianihira ekanapi€, ethe a(ﬂmae heroib eirseﬁﬂkedltoS thﬁvbh@»@hae of the
priner;

Hﬁé&x%gfé‘llé?%’g%%l( ‘%}n&‘r‘%‘ﬁﬁ)& O*F&%Onr alams; Blll,flzr(ngz)u Coupling of

tREINigbMRILoAES QR4 g&ﬁ’saé@ tl{rblg% ARUEINIERIn aredcdiiBd Jut 98 Wel@ibed in
- 30 cycl es of sec at C 30 sec at 60C 1 mn at

Ergple .W@Ihmhﬂffﬁt F: 29 NafH 0.3 vp hetdte dplDMA - f Thig abganugzatide makes
. . ir i R .. tad,

DRSSPI LA 1Gh ey YR 2 DYoE] ERMRRLARA, i
dligohedestide conteinérg, 6 EnrenaomsiSA)s, yiehtlis dfhtha oqdardfoSI %cinder the
by ref {‘ence to an Utrapur genom c DNA series fromE.

5 %‘Fcogcf Mh B (Sigma, ref D4889). Exanple 5

Example 9
Following the cloning strategy described in Example 3, another two plasmids

carrying homopurine-homopyrimidine sequences were constructed: the plasmid
pXL2725 which contains the sequence (GGA)is, (SEQ ID NO: 20) and the plasmid
pXL2726 which contains the sequence (GA),; (SEQ ID NO: 21).

Plasmids pXI1.2725 and pXL2726, analogous to plasmid pXL2563, were
constructed according to the cloning strategy described in Example 3, using the following
oligonucleotide pairs:

5986: 5'-GATCC(GA)sGGG-3' (SEQ ID NO: 22)
5987: 5'-AATTCCC(TC)»5G-3' (SEQ ID NO: 23)
5981: 5'-GATCC(GGA)7GG-3' (SEQ ID NO: 24)
5982: 5'-AATT(CCT);7CCG-3' (SEQ ID NO: 25)
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20 This exanpl e describes plasm d DNA purification
froma clear |Iysate of bacterial culture, on the

wa@eeosabdsed "m ni prep” scale: 1.5 nl of an overmtTRP2004/011437

culture of DHba strains containing plasmd pXL2563

are centrifuged, and the pellet is resuspended in 100
| of 50 nM glucose, 25 nM TPPs- HCL, pH 8, 10 nM EDTA
200 | of 0.2 MNaO—| 1 % SDS are added, the tubes are

' d
ar e oHeei Rihude B SovEnd abe R SR PaGH Bl Brelpd Pic2ras

] tl@hm@&l‘ié blifsigdlebtides dtge BRI NadAMcoRE sﬂése@iOyBKS@l (Stratagene
@ | oaded onto the oli ?onucl eoti de col umm obt ai ned as
Glog

peiyesms ha iliibie wWhile the pdgemuclseiidse o8 h ambﬁ%ﬁ% ware used for

A6 ohdRtibiE BF pIa@mH‘ KE2ABS CrrinBqhnt ) e{f}%@ﬁﬂgn@al ?t-ondltlons as for the
Approximately 1 g of plasmd is reco froml m

eomsteustipn of plapméd pKa2He wershusednadd cmdnaltlgﬁsehgdwclag@cieosa;rs were
| h
bl SRR P P Dy SREL Q100 5 SLBAT By e i

a 'singl e
This endbded iDid/be sNen thaagplasmid WZM@mbﬁra Mb6dification relative to the

2005/ 26331 PCT/[EP2004/011437 54 sonal ) .
SRACIEF BHORGR | Iral ci dBi SoqIRnERe s P T B sbyhere i
@G;A@A(mﬂpbngén@rmbegfg 5 This exanpl e describes a

plasm d DNA purification experinent carried out under

the sane conditions as Exanple 5, starting from20 m
Labetigri @l culture of DHSa strains containing
% XL2563. The cell pellet is taken up in 1.5 ni
of 5(1"h¢1\4>11@hu£d@md¢s 2&rnring Tmpls -He@ices piitB thekd Iraslxﬂdﬁﬂﬂ'ﬁe sequences
Lysis i.s. cartie utW|th
Bt R b ntshrding to Bhefechpidse REsEpad i Bipmpte 1.1

H&e@l@bﬁuclwﬂds of Iét@eﬂ& MTGCCmﬂcmewcamﬁmmm 33(SEQ ID
propanol, and the pellet is taken u

189 26 Vzawsgéé?ruﬁhf: RuEtigation qﬂnl@m@‘ AXRERECI s <|>1ega)aé<aeotlde of

LBhct he ol i gonucl eoti de columm obtai ned as descri bed
i n the above Exanpl e. Binding, washing of the colum
FCEGUTCHRTCRCECARTIOTET (UET-3's (GBS ADLh&W:i A8} Iveasabispdefor the

. he washing buffer, the nmolarity
@%0&0@}%&%‘% %18%702:6 to Nad is 0.1 M The plasm d
obt aiThe dwoatudlinise thebgby 1dbtaiged eﬁaeblgdé|th£|c6ﬁé$’mﬂﬂ\mgqﬂa§nids to be
thldumbomdes i ni,n e fo
ﬂ'}g& Acco %tocyge teg%@fecc%ﬁrgﬁg i, (ljﬁ,f lilm();ol{qufj{g%buffers

Of higiffeP! 8 NACI,WE BcetafelpamRs onal ) DNA or of RNA
is detectable in the purified plasnid. Di gestion of

t he @“é@hﬁd1Mﬂhlsd{C1rBHt9$OéthrEEﬁfyne gi ves a single
I

SR aress s Al psm ol ol 7 Koplsgay

cyt omegal ovi rus pronDter, t he gene

Example 11
This example illustrates the influence of the length of the specific sequence

present in the plasmid on the purification yields.

The reporter gene used in these experiments to demonstrate the activity of the
compositions of the invention is the gene coding for luciferase (Luc).

The plasmid pX1.2621 contains a cassette containing the 661-bp cytomegalovirus
(CMV) promoter, extracted from pcDNA3 (Invitrogen Corp., San Diego, CA) by
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20 coding for luciferase and the
honmopur i ne- honopyri m di ne sequence (GAA)17 (SEQ ID

WONE05AZB30r i gi nating from plasm d pXL2563. ThePGI/ER1004/011437

DHL (Maniatis et al., 1989) containing this plasmd
is cultured in a 7-litre fermenter. A clear lysate is
prepared from 200 grans of 8élls: the cell pellet is
taken up in 2 litres of 25 MM Tris, pH 6.8, 50 MM

| ucose,, 10 nM EDTA, to whj 2I'Ir 0.2 M NaCH
SeairRitn Jhe Prmn eppramepeidil] i it ATl Slonait Gpbigeay of the gene
@A Dr Qtsfetast,r 2 tBE MM Bt H%ﬁHH 8§ eindd €he PEk&' pGL basic Vector
diafiltration, 4 M~ of this satearea plied to a 5

@romget CosD- l\mdéglllau% cTckxﬁdpléwd ava leenetrig \mm&am@ed tschniques
SEHUERES b GCCTTCTTCTTCTTCTTCTTCTT-3" (SEQ I D NO
1), g@cor Io ‘to the nmethod described in Exanple 3.
V\ashilfhg piamiméi; PNIRT2 A earclapKLR2 W 76t ware derstructbédni the following
t he above Exanple. 30 Exanple 7 WD 2005/026331

EP2004/ 011437 55 This exanpl e descri bes the use of

an olTvagomidgais 8¢ pheaid 7621 hydratigftarigad Weh BafaHIT Im% enzyme
sequence f the oI| nuc eotide used is as_ follows

We@(?ﬁﬁ%@ffﬂbééﬁmeglmq g@ollg)nucleotldes
6’6@6 aﬁ@%ooﬁf\kz& h&b&ﬁ%s%&dri@@d W%%iﬁ%&u@ﬁb%’%l&m& Bx@b563.

- met hyl cyt osi ne.

@Oﬁgé'n@étIT@E((ﬁdé)ﬁﬁiﬁlce‘@@T@"gﬁ GERADRE3: 2% be purified

e b|nd|n

RS- CATEAPLR PR Brchre TsPoiNG: Bt he "
pI as Mihdk h}&)rMIBatlelbynlﬁlﬁrH wasddjed dExhaBan8l 20dd of plbﬁmd pXL.2621
ahove exa t he ol nucleo 1 de u ed is nodifi
S v AT htion Tep AL oaRbiagah s el MasTed by Bt
dnBemfhospfiRtien tahﬁlgéiﬁlhs@dé e BRSNS iAtr6@EdROR Pstl site. Two
atons: NH2- (CH2) In this exanple, the amine group

qlaner ek eplected; 19ad phroBysieatide spquerte obthe elppgch frgment was verified
o AT OGO RCEr T JSPQp NO: 3Dy as &

seaspaige reemtlonqmmdsre(\beﬂamandrb Massmgdlﬁlﬂit a‘she pUC plasmids an
3 wth a buffer
TSGR, B Bneaginl myheGariic | St eouiongioag it syntheti
PO&sdabprimée. RNE1Pesd- ga;g)purl fication yields: a 53 Jo
yield 1s obtained, whereas, with the oligonucleotide

cont dinRitHY clne ApBLAT A Dreontainitie $FIBICRCS §AGY repRaedd fdimes. The
REorfiTp X 9FeF) doiBiinsBE Bt ORI S-CAMG AAGAG(GAA),GGAAGAGAA-3'

(SEQ ID NO: 32).

A column such as the one described in Example 3, and which is coupled to the
oligonucleotide 5'-GAGGCTTCTTCTTCTTCTTCTT CTT-3' (SEQ ID NO: 1), is used.

The plasmid pXL2727-1 carries 14 repeats of the sequence GAA. The
oligonucleotide described above, which contains only 7 repeats of the corresponding
hybridization sequence CTT, can hence hybridize with the plasmid at 8 different
positions. Plasmid pXL.2727-2, in contrast, possesses a hybridizing sequence (GAA),
(SEQ ID NO: 36) of the same length as that of the oligonucleotide bound to the column.
This oligonucleotide can hence hybridize at only one position on pXL2727-2.
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20 Exanple 9 Follow ng the cloning strategy described

in Exanple 3, another two plasm ds carrying
wheowspeadsne- honopyri m di ne sequences were CconsPCUEPEA4/011437

the plasmd pXL2725 which contains the sequence

(GGA) 16, (SEQ ID NO 20) and the plasmd pXL2726

whi ch contains the sequence 38A)25 (SEQ ID NO 21). 25

Pl asm ds pXL2725 and pXL2726, anal ogous to plasmd

XL2563, were .canstructed according .tq. the. clonin .
P b bt BORSHRA Ti it BTna i BREHEH R s following
mfegonucl eoti de pairs: 5986: 5'-GATCC(GA) 25GGG 3" ( SEQ

ID NQ 22 5987: 5' - AATTCCC(TC)25G 3" (SEQ I D NO 23)
30 s&yffer 5 2AANaEL.EVaeeiate3pPHASEQ | D NO 24) 5982:

5' - ABLHCET) M PEGHRY, 195Q.5 RMBDEE) WO 2005/ 026331
PCT/ EP2004/ 011437 56 The ol I gonucl eoti de pair 5986 and

5987 Thaspwifedtioro yaadehsis r 2 t% pwitk nplesnpid p2AR 72631 @hdnlhde with
5%% 2J7_| gonucl eotides at the BanH and EcoRl sites of

pp g (ZStratagene Coning System La Jolla CA), while

t he adhegelisiadedairé VEH BIBBdelBNihobABZd Whi Eheudaddbdfore the k&periment

OGRS Pl e el AL 50000 Pof/ BRI TRergemel 1s iuted i

1BELARD B rdUsRdd e tan hiiﬂoﬁ:&@ntokf’mﬁ 483 L0t A dgpdB@itdr? positive
were changed. Simlarly, the cloned sequences were

ohaigpyPheh pgativticharask mfioorquelie opls ased. ddhe nikfuge isrvatere, left for

td tilﬁxt&e 36560 térF@ératme?aﬁﬁt?% Rdngdiam b fietal %al_f serum and then
Fodi Tl cation relative to the expected sequence:

addest toatble ofllstih ¢heseropreticeof3GAs 0EPREL pelr dltire medl, Aftrteo hours at

e TSt SR 0P e AR et

A3 BRI 3TEC HE e QRdEifce NS B TAMR.eUhé Qelth AFcrRadhel ¥Wiks with PBS
according to the technique described in Exanple 1.1

anh gheplurid@asgcacivity iganegsured aererbing to the protocol described (Promega kit,

PRom AT €G] ﬁﬁﬁ%‘&ﬁcﬁi% %&?%h'%@ﬁ iorhet G%Z%i &aFerthold
used for 't he purification o gl?asm le‘lp%Q?elé\I% and the O
Hyrry)goRlasthislopXH2725F1, mwifjeé s elescribed in Example 8.2, gives transfection
yﬁe%%sﬁ%gstq%g%%%o G ST S sath® ;E)?aslm[?d Npg'riﬁ%(? Lsi\ﬁvg%he Wizard

Megaprep kit (Promega Corp. Madison, WI).

Example 12
The following example demonstrates the purification of pCOR-derived plasmids

using triple-helix affinity chromatography. This technology has been shown to remove
nucleic acid contaminants (particularly host genomic DINA and RNA) down to levels that
have not been achieved with conventional chromatography methods.

A triplex affinity gel was synthesized with Sephacryl S-1000 SF
(Amersham-Pharmacia Biotech) as the chromatography matrix. Sephacryl S-1000 was
first activated with sodium m-periodate (3 mM, room temperature, 1 h) in 0.2 M sodium
acetate (pH 4.7). Then the oligonucleotide was coupled through its 5'-NH, terminal
moiety to aldehyde groups of the activated matrix by reductive amination in the presence

of ascorbic acid (5 mM) as described previously for the coupling of proteins (Hornsey et
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purification of plasmd pXL2726. The two col umms

t her eby obtai ned enabl ed the corresponding plasmds to
wheoosad3puri fi ed according to the techni que deRCT/EPm®d4/011437

in Exanple 2, with the followi ng buffers: Buffer F 2

MNaC, 0.2 Macetate, pH 4.5 Buffer EE 1 MTris-HCI,

pH 9, 0.5 nM EDTA. The yiel d89obt ai ned are 23 % and 31

% f or pXL2725 and pXL2726, respectively. 25 Exarrpl e 11

hi.s_exa |IIus ence of
B 17 KB UG KisthodSal iR S S57KPs dhe HPRFCRNEifIES of g0 totide used
foh @hdRel reixpéraadrt® (frdth Gl'lﬂ&gen_fd&e HRERph Afied)ehal dsﬁqwﬂ&e which was
these experinments to denonstrate the activity of th
OFTHRGRTHATS 12 6RO Mk FEOPBNG gequeg@né%é A A BRAGAA-3)
(SEe) T576¢€ 10} Prosent 3 fﬁlaeor%ﬁ ﬂc?gt%%zﬁo WrgfaﬂhQSpC%R plasmid

cassette con*g)l ning the bp c tomsga ovi rus
(Soubrisr et al.,cCaneddesgyf 199 pcEl231488nv iAtSrdig@nse@cabpvq, t8asequence

OQtﬁengdmcgeE)A)rm{?«%me\f!Q 3R S FEIERE 3R 3 (s 1D No: 1),

|"eava 1’7 on enzyme
Hi ndl"ﬂhle fotloomes plysilidse arerofchtdmgatg@aphed: opKNG2ION(PCOR with no

EERSF. B P LY GO B gt koshpp KRR GERYIGOrE, 23
m@ Sp30l 781 (HCURSAFEP) n§t7r1eb1@?] ek Ui piERIAA suepéw' HIEFKL.3397

nol ecul ar _bi ol og | asm pXL2727-1 and
(PROKTBIlged P ¥llborket rifpted AN fives | Dlaboiisngverpranyiied by two

6
e S R
axempht 4.6 PCysmad }ﬁBKES-FSGMstcnm IItI<Eﬁa+oIﬁjog‘DSU‘a1lagmel) d& ColE1-derived
O RRRT B S SR SRR ATl et ver
18 'thdpATEC ) (> DS PEGARATEEaIBtatd, SEQ | D No 29)  6008:
5' - GATCAGATCTGCAG TTO) 17A-3' (SEQ ID NO 30). This
hy br ildeaR nlasmigy Am%rlf\';@gw% P¥RFEIECHE - %Wdl%‘aﬂﬁlmsn@ﬁd%Néfm 6 ml of

Phesred 0@&%smﬁ%etaéf(%§r5 & FRShARORL @ﬂo%'ﬁt@ o@%%m/h on an

reconbl nant cl ones were entified by Pstl enzymatic
a‘fﬁmt}rl ct cenmanal yeontnieg nce thehe oab@(mmcntameddes ollgonucleotlde

SO S N, 1, SRR SE R PR goomes
ofethe: fdnedlbufiks] beuntddasptid meis e{Lﬁé’cBﬁuth 1 M Trls/HCl 0.5 mM EDTA (pH
9 0) an%uantltatéﬁg%gc?and 1og1§e§( an gec 'romatograpﬁy with a Millipore
Gen-Pak column (Marquet et al., BioPharm, 1995, 8, 26-37). Plasmid recoveries in the
fraction collected were 207 ug for pXL3296, 196 pg for pXL.3179, 192 pg for pXL3579,
139 pg for pX1.3678, 97 pg for pXL 3227, and 79 pg for pXL 3397.

No plasmid binding could be detected (< 3 pg) when pBKS was chromatographed
onto this column. This indicates that oligonucleotide 5'-TTCTTTTTTTTCTT-3' (SEQ ID
NO: 11) makes stable triplex structures with the complementary 14-mer sequence
S'-AAGAAAAAAAAGAA-3' (SEQ ID NO: 10) present in pCOR (oriy), but not with the
closely related sequence 5'-AGAAAAAAAGGA-3' (SEQ ID NO: 8) present in pBKS.

This indicates that the introduction of a single non-canonical triad (T*GC in this case)

results in a complete destabilization of the triplex structure.
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sequenci ng reaction prinmer (Viera J. and J. Messing,
1982. The pUC plasm ds an ML3np7-derived system for

W0 p®en243dn nmut agenesi s and sequenci ng Wit h syne@iEEPII04/011437

uni versal prinmers. Gene 19:259-268). 20 The first

cl one (pXL2727-1) contains the sequence GAA repeated
10 times. The second (pXL2787-2) contains the
sequence 5' GAAGAAGAG( GAA) 7GGAAGAGAA- 3" (SEQ I D NG

32). Acolu suc he. on r|be | e
ol Vi ERORESL. B BIig Cof 1 ey WhBn $X13179 was

AAro -E@T&CH—_BGB_EQBTQ nthedizel %:a@eﬂ Qrl¥edy shhilat Sonditions but
used The&Aasm d pXL2727-1 carries 14 repeats of
withous eligasneleoti The ol i gonucl eoti de described above,

whi

b a9 A0 Ol JANERS b 50/ BRONE s e,

levet of kargamohatién By Hodt fgenmit DTﬂ)&\)svetsnedwed Hras iA.@% down to 0.07 %
XL2727- h di

BE g abnbintpehp oA iR RS 531 fr (ShbeniefoN duhast PNA was

red\kd Gomt M18 YOUVAORLEOEB0%i ke RrepriatidnoftpIel T019UNRen thd@ample was

This ol i q&nucl eqti de can_hence hybridize at only one

PEINAOHAP grihg same Hnsnesrn6331

PCT/ EP2004/ 011437 58 The experinment is identical to
the one described in Exanple 4, with the foll ow ng
Exenipde 43 Buffer F: 2 M Nad, 0.2 Macetate, pH 4.5

Buf f .
L BN s (Y F T —
uktheOfriplettelix raliﬁlﬁﬁlgc}rr(ﬂnata'@eplqel ’EBI? whdolag HNI; iHe&hl Shown to remove
C nocul.ated on. t a er or e e r nt

l"lf il cRofamipanty W@‘CBP al/ gg%&ﬁ“‘?‘ﬂ'@ i dﬁ?ﬁé& ggYYB to levels that

1H29é hét/beBA hohiclBE withasmtibifal ShibtaRdrdpAy rﬁ&ﬁodg\/l Nadl and
mxed with the |ipofectant RP1 11 5 A |i pof ect ant

posi ¥} rerlepaifinily gekvansynthegiaed D ceh@lm@e@f py ol igorugigetide having
th® segltuérﬁse us ?@TT%W?T%&W SSr § Iﬂq\F t’@ggﬂm bglfl afté) 5x1d{zﬁg l§tephacryl

es at room tenper at I'n rre I um w
S—d)@IOaSF :{saieécréaedmmhalatioxteﬂbaamptedded to the cells in the

ti f | t | | ,
oo Sissprids; P 3 FpoaR o ns abstsfor sog Bk e P Eiftpsgerived
plﬁenﬂﬁid%r@n%rblhﬁtogﬁbh&i adne a npubatcsmnfnor corft@inii@Ursdighucleotide

nce of % C02. The cells are

M@J&” TtTwTE%Tm} {AERER H_@ %)rﬂﬂ copditippcdeseribabingBxample . Plasmid
rlf&ﬁggn%ég k r?c‘ﬁ%f? ot Werk 185 RE B8PS 883 <11 RE[r pXL3296. This
indicates that ohgonucleotlde S-“TCTTTTTTTCCT-3' (SEQ ID NO: 9) makes stable
triplex structures with the complementary 12-mer sequence (5-AGAAAAAAAGGA-3")
(SEQ ID NO: 8) present in pBKS, but not with the very closely related 12-mer sequence
(5'-AGAAAAAAAAGA-3") (SEQ ID NO: 34) present in pCOR. This indicates that the
introduction of a single non-canonical triad (C*AT in this case) may result in complete

destabilization of the triplex structure.

Example 14
A seed culture was produced in an unbaffled Erlenmmeyer flask by the following

method. The working cell bank is inoculated into an Erlenmeyer flask containing
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Pronega Corp. Mdison, W) on a Lumat LB9501

| um noneter (EG and G Berthold, Evry). Plasmd
wW@X03PHB31L, purified as described in Exanpl e 8PQI/EBIN€611437

transfection vyields twice as |arge as those obtai ned

with the sane plasmd purified using the Wzard

Megaprep kit (Pronmega Corp. ®hdison, W). 20 Exanple

12 The foll ow ng exanpl e denpnstrates the purification

of ved pl asnm ds ing triple-helix affinj )
hrBiias astiph g 2GR aherly s shiRet ot 229 pm in o
OBFPYRker WGl brCl °@Ghel a&ﬂﬂﬁ g ?I?JH@ ux(tH a%lhb&s%' e%h&x)’suBfPS tThlS results
genom ¢ DNA and RNA) down to levels have not

ih @290 anelsee/@dtur. t Thecaptiva enotyadf tieheudimere dgexpebied to be Agoo around
thods. Atriplex affinity gel was synthesized wth
‘phacryl S-1000 SF (Anmersham Pharmaci a Bi otech) as

t he (‘Alpfbléfﬁﬂm@r 1ﬁphﬁdrsfrwrméﬁ¢or iS&gﬂiﬁﬁEatéd .STHRQRedvaslturé iig Sdeptically
actjvated wit sodl um m per i oqat e room
FONSEFL fRA e ?erﬁ!)enﬁ% centzmmgswam%ﬁg AR e 19 gppute f)seed rate of

OT@%& v BnPb1SRIBECkHRIBE AdiRioNaRd %ﬁHm edfﬁé“ﬁ@? Q;h*nhlhﬁuned above 40%
H2 term nal 30 noiety to ald I% t he

rg)eé{ e groups of
ofcetupaitoad Hhet eultardis hasvrstedi wheenaiive igicosa i wonmned after 16 hours.

TS FERS i 1n q oﬁsﬁﬁﬁl@rg of‘%!réjc&gl{mT S ;ﬂﬁg’a?r g‘é’ of t e\ﬁblture is

previously coupling protei ey e
e%@%ém%%ooﬁfmnﬂmOM 011437 59 al., J. Inmunol.

Met hods 6, 93, 83-88 The

T T PR S——
debitREIBN At fertdllén ﬂéﬁﬂeﬁto@ (ﬂﬂleéﬂ Wi’th@ﬁ eReNTRtMNiZ6d FH@&GZ medium
conpl enentary to a short 14- honopuri ne se

tp snsusAEAGRA Aala /A apot 4 0% (V(VQE@hP iy lsmt)arts@ ea erhatdhrmedseto build
S?He%(ﬁne%g Gﬁf%%ecf@édﬂ%ls(s ey ))n&fthé % Hgf%%"g after about 4

Soubrier et a e Therap
hawrsdi Aagarsse stirsihgve), (@0%) s (@ﬁcteo l)otemperature (37+1°C) and glucose

LR ponseied oo e WeFif growtiv e £liss PG - The

daltas s And e ElﬁerCiHoﬁfTBS %ﬁ@Medlﬂ L3248 reRHRnbdat 200 liters of
trans%en . pXL3179 (p - FGF, 2.4 kpb),
e

detms ept@@hdeyﬁ@gf th cgfturg Wpecp%tgmAéqggmwwo 3.7

(500 B ARARTF et 00 0BTyt s

hae&reeted& wwithfai dagk shqpktomtrxﬁ;geo fThe budtla isgencdmtcated dgroapfoyd to eliminate
5 SRR G Bl S BRER o f P Gep Rt TR o1 it 51 buffer
THi¢ REABSM 8out 30 elored-tomRftionBd BRfals. PaW = Brh-Bys/1 .,

ultracentrifugation in CsCl was al so studied. All
pl asr epsondseegargiiprestep is performed, which is called a concentration step. After

resuspension‘homogenization in S1 buffer, the cells are processed again with the
separator to yield concentrated slurry. This results in about 60-80 liters of washed and
concentrated slurry. DCW =150 £30 g/L ; pDNA =300 # 60 mg/L.

A freezing step is then performed. The slurry is aseptically dispatched into 20-L
Flexboy™ bags (filled to 50% of their capacity) and subsequently frozen at —20° + 5°C
before further downstream processing. This results in a frozen biomass. pDNA =300 +

60 mg/L ; supercoiled form > 95 % .
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in their supercoiled (> 95 % topological state. 15 In
each plasm d DNA purification experinent, 300 gg of

WER@SR2@3DNA in 6 mM of 2 MNaC, 0.2 M potasBCT/EP2004/011437

acetate (pH 5.0) was |loaded at a flowrate of 30 cmh

on an affinity colum containing the above-nenti oned

ol i gonucl eotide 5'-TTCTTTTTGATCTIT-3' (SEQ ID NO 11).

After washi ng the colum with 5 volunes of the sane

buf f er und asm was_.eluted wi.th 1. M Tris/HCl o
0.5 mfe tepisd! mpegfpama% i frRrabass B (BEd pRyto 20°C
aﬁﬂ%d@ﬂs@%@}@%ﬁté&%%%@ RoYwid 160 AMI TS Bk &hloride, 10 mM
Gen- Pak col'um (Marquet etqj}gl Bi oPharm 1995, 8,

EISTA,730 miM gdyeose anslihe spspessipmi ist Ie& at fZﬂaicﬁu U ferol Iheundetiagitation

BRESeb0s%, 185 sBISR Bardtratest Bl PERD 4152, ang

79 g Tef geﬁﬁlresgé’rwnd Mthaaﬁmlﬁedammgnms@w d be
det ecte when PBKS was chromatgl?ra phed 25

ont o Ath F"i‘a]@tﬂ b’ﬁﬁ steh issthem gredaned. + R cell i lysis wéapetst samaprised of
p'i_hmprrgqﬁ;ﬁﬂ[tm TGr g—usﬁens O%E\% thm-NQ misk? kag §ol§fl<§}p!)190 2 N NaOH-

triplex structures conpl ementary 14-mer
agMeFio® (soﬁlth/S@MAl&waM@oaxc@rtm(n@E@omcu@ep 110@ Cpld%lsfghmg The

I n. y w.th the I
LBIRERE o abeian Rale A bt e B Rl o, genomie

IMBKSind plbtens. Mtk calueisn oh &ised bﬂlsllmhflﬂﬂilmt-llﬁﬂwmfh sa)lutlon 3 (S3) of

. | | T GC
a1 M ProS B s ice? A Scestioeics defoom oot b § phlied agitared
gl CTRY Liditith o%QQﬁhQ@ 63 $é|suft’§5/ tﬁé’glﬁé@ﬂ){t%&fr 3fa %@n(ﬁﬁl\?\;]DNA RNA,

control, no plasmd binding (< 1 g) was observed
psoes el KBS.  chr omat ogr aphed on a bl ank col umn

synt '}f“@}sgtﬁ%lt%%ﬁ @érf‘d ﬁui éex%' Fﬂ]& a ut&%gﬁiysg&si %&1 1ncubated at5

wi t hou onucl e de. PR

4p3A0 for Qabi2drh wmlhdumgntamoh hﬁd ﬁd:ta«éd tt}hr(m@ & Gpi)frine@rlb é‘i’l‘sel' to remove
h 5 | evel, of con mnatlo ho DNA was . .

tho Bl o PRCERE GO OS ah%ebf%)ﬁwei by aﬁﬁﬁ% paFafans polishing

fratRAL2&96 - Thl FsLRY by atﬁﬁlfieﬁvlgl;at@fwﬁl? Rt RPARALARH BY superc01led
host was reduced from0.5 % down to 0.008 % for

nhasepdebmprsrithaf 9G9%L3179 when the sanpl e was

chr ongt: A t 0 0,

Exan égrgéfc?:%lgg%fcg?({rgé{g%aﬁ@ils% e%%ﬁ%ﬁ% i ?‘F © élé%miésage solution is

di)luteidfvindﬂplirdhdoﬁat@ab Elat@e(rdoudubtlpitﬁsmluel of SOS‘nSl/gm ﬁltered through a

pl.e- h ff| hro gra This C

ubBrisn i o KRGS PRt Ao tography

C?Eﬁ}tﬁ“ AUB@U-JnYh B&ﬁltnn%ﬂl@é@ withNWA\ 02D G r AN Rl O A 1O Hl@&ﬁ'(M) resin
a

(Merck; #1.10316.5000) is used. The clear lysate is loaded onto the column and elution

is performed using a step gradient of NaCl. The bulk of contaminants bound to the
column are eluted with a NaCl solution at about 61 mS/cm, and DNA plasmid is eluted
with a NaCl solution at about 72 mS/cm. This results in an ion exchange
chromatography eluate having a high concentration of plasmid DNA.

This is followed by triplex affinity chromatography. The eluate from the anion
exchange chromatography column is diluted with about 0.5 volumes of a solution of 500
mM sodium acetate (pH 4.2) containing 4.8 M NaCl and pumped through a triplex
affinity chromatography column equilibrated with 50 mM sodium acetate (pH 4.5)
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have not been achi eved with conventiona

chromat ography nethods. 15 A triplex affinity gel was
wa@shassrzed by coupling of an oligonucl eoti dePdIEEP2994/011437

the sequence 5 -TCITTTTTTCCT-3" (SEQ ID NO 9) onto

peri odat e- oxi di zed Sephacryl S-1000 SF as descri bed

in the above Exanple. Plasni 88 pXL3296 (pCOR with no

transgene) and pBKS, a ColE 1-derived plasmd, were

onat d ol umm contalnln
SR 2 ApeTC ROt i GIORICRT M edniaing 9.0 byof THAC
$ephaceyiditt $-9060 (R C(Ahi@ﬁsﬂamnBBsaﬁmeg Piscihaag] dNJ). The column is
e eries in the fraction collected were 175 g fo
@%@Y it golytiory of SOy sodiumragesate (pi dedteantaine | M NaCl and

IQV'I BePuCLieRY 'V\ﬁlﬁ 190 mTI@FrTHg B%ox?’tam(r%&% HM'\QDTQ) This results in

makes stable triplex structures wth

e@n@eﬁﬁmtmm@omphythmgﬁhlgm@mwG@mm
(SEQ4 3&@ Ph Iapﬁlq%§%ﬂgn cﬂro?x? KoS ra steg tfoi’l\ﬂo “ﬁne Véilidte of the

cl os mer sequen
a(fﬁhﬁyAG%ﬁAtb@ﬁa%s}\ dlumr( SEﬂQldt&i N@h 34)vghiraeerdf 4 BolpfieiRof 3.8 M

R AR R T DT g

is ‘PJH&E&E&%O eam ahb |a'h§@1‘obﬁ(5b1@fntérﬁ&1dnrdom&¥ (SHahiétdr W08 -mm) packed
mple 14 30 A seed culture was produced in an

‘Mlﬁb%pflr eidl wopeiiRButy-6308stesipy Tesol ¢asp| GuvRgCity@HddThe column

TRRYIRE RS, SRon kBTN ALE L P Tl YO r i i

dibed cith amodonivm atlfage ate220 mdten.ofThHs &Swlts/ in HaeHHE rehiate free of
' &%tlvated at 220 rpmin a rotary shaker at 370 1
Ef °HB%ut 18 2 hours until gl ucose exhaustion. This

resu |Ac&ord1r[g o 2QE:fteds@ftbditbitUh Gurthdd &lididatah s Eégniﬁ | ge¥formed.
of the culture is expected to be A6Q0 around 2

Yienslagdy) qompraersially afvfull%’le Aiefitetionr mpterigly e ¢ putableg forrﬁe in this

p?@&gs ClebddIng doSstARBRE feCRliles Mo%sfnefh%eﬁt ta referred diafiltration
-ferment 6r contai ni ng nmedi um to ehsure

re@b@ﬂ isndiafilfation . using( s v)traéiﬂtoatmul mﬁmbnaeel hawirey aampmulan weight
c?lﬂ)qf i JEhrerxjaﬁ]@ir%fT WO(#DOO% 50?) db%' %pen g \éer?lg%%/ld §i7e. Tglés step of

satura ture t's harves
dlzﬁ'lltra)t[tmn‘Ides&‘étt laurffet Gxdh@mgeSand c'thantmﬁsmisttb‘en lpeﬁbﬂm}éd 3bhe eluate

iter re C ity of t
o Siep R ParRerpmel s ffalcy s (BREAGIIY Bl o (Tembrang Gyi-ofE, 30
kD) ! b QargSt édﬁ@éhtﬁﬁ@@b?%duﬂ 2% RELOML/MEr RN condéhtrate is buffer
liters OF preculture are aseptically transferred to a

exelpangert by draﬁltraél@nw ednstarovalyme péthdi0 elwnes pf eadinerand @djusted to
tﬂ@%‘ré@plasmld concentration with saline. The NV1FGF concentration is calculated

from the absorbance at 260 nm of samples of concentrate. NV 1FGF solution is filtered
through a 0.2 pm capsule filter and stored in containers in a cold room at 2-8°C until
further processing. This yields a purified concentrate with a plasmid DNA concentration
of supercoiled plasmid is around 70%, 75%, 80%, 85%, 90%, 95%, and preferably 99%.
The overall plasmid recovery with this process is at least 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, and 80%, with an average recovery of 60 %.
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to ensure a seed rate of about 10% (v/v). The culture
is started on a batch node to build sone bi omass.

w@Rwsnss3f eeding is started once the initial SPOEEP1084/011437

consuned after about 4 15 hours. Aeration, stirring,

p02 (40%, pH (6.9 0.1), tenperature (371C) and

gl ucose feeding are controlBéd in order to maintain a

specific growh rate close to 0.09h"1. The «culture is

ended after about 35 hours of feeding. This results in

about 400 liters of culture. The optical density of

the cpkdmiple 15s expected to be A600 of about 100. A

first _separation step is perforned, which is called

cel | Rarwethed offthe ahormhzampls coppripag Assioaxghange ghepnagtography
. 0 | C o 9=

Ao 51 Pl HIBRy oBRRaR Ry sfeog AR ERY R iE o Khatography step

weovltsi inaoust punifEsigaand ENA prepdhrtibn trercongfarst with peevBiusly known

buffer.. ..This results in about 500 liter f
B it M BB ke bt bRl Rngun pginods and has
fesplaidaini SDNAt @ Eparstiope hhoihgaguchMoiveh ahfound bedeomic DNA, RNA,

congentratjon, step., After .resuspensjon/ honogeni zati o
prote, 3 phdofoxin. s g retlscied dn B s CEY SRR CnFS Py that AEC,

ZHATERRAOprolide Y sBiRlism@ R Phdr FuibcAH Yiéld ddMaring with some of
results in about 60-80 lNi'ters of washed and
therfcwen eepkigationg ferythe pfpgtive Ismovad @f gl L contpymigants. Jp@nbination of

BRIl 555103, PPy 85065 PELLOESh Al f bt D

{rbm| dtlet HidogGC&lorodteridientid capaninbyty, smold ssurseiiueind eydotoxin, RNA

frozen at _-20 5C_ before.further d stream ..
OG0T NAris Vol BUTRED FFUaT PASTEh ) SaLs: (pecsistic sieps
Sdbinatidf, G0 AWCTHA HRE h6&rdigd td B MezeBbinVYent)dA enables not only to
2005/.026331 PCT/ EP2004/ 011437 62 A cell thaw ng step

phiaip Hdghly prriBedyplprmeratically, 54949 plpsmid ONAr haldalge cpmpositions of
[ [ { t 0 ogb L,
Qtﬁﬁ/ }ﬁl?éjaﬁch ﬁllfl'jrieggﬁﬁl%l)ﬂ’édr Y)if InFord 'tllla{ﬁlgﬁj/ﬁM QS%D_?%\’/J; fg%ﬁd %hore than

l\%\ll 100 MM T ydroéhl ori de,

P obsmidldNALt he suspension is left at 20 2 Cfor 1 h
under agitation before cell lysis. This results in

t hawed bi omass slurry. pH=9.0 0.2. 5 Tenperatures

Bxsiipld 180C may be used during this step. An al kaline
l'ysis step is then perforned. The cell lysis step is
conpr I €edighod Rimfingbere BranRled veush sorapusssi 8 Jemexchange

@fomiobiapy e eh tMbikheRix SAinity @Rroffatddraply MeFPHanB2 WMrophobic
SDS (sol ut’ion 'S2), foll owed bK' a continudus cont act o
dreipatpgraphyceien &u the biepgyatiqm ef higbhyt pumifizadsplesmidaldNAs prsparation is

: [ VA : upat j ;

B T e I
the| fresents inventenh surptisingly weduits sial pPNANpBepafadpnothaving much lower
%‘Eﬁlninlésﬁ?ﬁ %ﬂymﬁ:oéﬁsg:%gg@%ﬁ,%@ d:’r\lldgtg)gnl, (in ?}?el It'ja'ngek:J %ff%[leesub-ppm.
Also, as shown in Figure 4, the process of the present invention shows a product quality

obtained at up to 10g.

Example 17
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vessel. The addition of solution S3 results in the
precipitation of a genom c DNA, RNA, proteins and

WO DB5/0%63Bysate filtration is perfornmed next. TPREI/EP2004/011437

neutralized lysate is then incubated at 5 15 3C for
2 to 24 h without agitation and filtered through a 3
5 mngrid filter to renove 63 he bul k of precipitated
rraterlal (floc phase) followed by a depth filtration

a filtrat This_r | t a .
o1 af e e ation, st fRSbrD6f i RS Aok BpuriEs scgading the
Bl ASiIE GoRditioRy: Dutibefor 3Y0a MY R sBPCHANES used to determine the best

chromat ography is then perforned. The clear |ysate
copditienssiarsi s 20 diluted with purified water to a

7SS b 103 e s T,

mhv[twa(ﬁnpléﬁlﬂmamﬁd:huffﬁgé), et omat ogr aphy colum. A

i cag i Pogs R A Rrieh b memisie Bt 4o %ég%v'v‘?%g b) against

30 ®3.5 ivMaﬁntaeof@hh@a&qﬂer@msmmmmmburm and elution is
performed using a_step %radl ent of NaCl. The bul k g
cont S ATTETiD GABItEEOR HEp 395oRBIE A PESSERt resntign eHficjently and

e&@%lv&?lr%b% AimERAH sulble BRI EPTAAGRDVLIP! ARB] lek&]uent to this

eluted” with a Nad sol ution at about 72 nS/cm
diafdigation St‘ipsaﬂpprmlaé@(@YthI@U emmtug? aohnd 460 emM and final Tris

c]poﬁnﬂgtu%l EE%@? gfpg 3{1\2 Eh ? lé)ﬁg'ﬂag(} %m&% Bf pfasmld DNA

femnuditéonk bmﬁpbsm@om mmowéethheﬂmﬁatﬂdnﬁ bmm@gmdp hy col umm
is diluted with about 0.5 volunes of a solution of 500
30 mM sodi um acetate (pH 4.2) containing 4.8 M Nad
and p@blee® t hrough a triplex affinity chromatography

columm_equi t1brated W th 50 mMVERaflHB-AG2iAT € (pH 4.5)
V\D 2Q05/.026331 PCT/ EP2004/ 011437 63 contalning 2

SPIHES col umm N gl nd thvath'maceutical
10 % L of THAC g@@?@m d%g@‘ﬁﬁgrlo Alrer shaﬁngredient

g

Jbbl CIILC bbal y '\ . III UTTtT I waS U
POAMgL; uﬁa onh of @m sodli um acél;Mte (pH 4.5) éﬁl

cont aElDTAg 1M NaCI 4@MJI NV 1 F@l iugMel ut (=d W|th<11Qﬂv1

IIIVI II l S H 9 U III IIU AV :-\TII_\\. ] III S re° I
%‘ riple >( aff:’“dﬁ’iluMy chi o tlégr“a%y elluat e hg{ﬁ‘h%{
a h| gNagl asm d| concengqnat i on. A 1Byefwphobi c 154 mM
nh\/ st ep follows.  The eluyate of

t he afflnlty chromatography colum is diluted with

Brafhpioigmes of a solution of 3.8 M ammoni um sul fate
‘|Ta‘|l¥$‘§—(pH 8.0). After filtration through a 0.45 m

filter, the filtrate is |loaded at 60 cmh onto a
hydr dphediingcal ritagnhaof i pasmid| DA (NV HeFe AP30(actimg  pharmaceutical

ngargé(lgr%s) named LS06 is manufactured according to Example 13 with the diafiltration
process step described in Example 17. The eluate is first diafiltered at around 2 mg API
/mL against about 13 volumes of buffer I and the resulting retentate was diafiltered
against about 3 volumes of saline excipient. The final retentate was then filtered through
a 0.2 um filter and adjusted to 1 mg/mL. The final API (pH 7.24) was stored in a Duran
glass bottle at +5°C until DP manufacturing.
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10 with 9.0 L of Toyopearl (r) Butyl-650S resin (TosoH
corp., Gove Cty, OH). The colum is washed with a

waedosneasl of anmoni um sul fate at about 240 nS/ poT/EPZV04/011437

NVIFG-F is eluted with anmonium sulfate at 220 nS/cm
This results in an HHC eluate free of relaxed forns.
According to a preferred emb®@i nent, a further
diafiltration step is perforrred 15 Standard

ggmma‘{, Ft@&# gySt al ?:tsr%)belf frge %]I, %@E\{ﬁ %nlc% %H? 11? puran glass bottles

@tpangkasell Ta@ﬁhalnﬂy Qfal Ko Drd%ﬁproaﬁ&t nﬂn@ﬁa@tﬁ]ﬁﬁg eflfter 90 days at
diafiltration method is diafiltration using

TA°Crthe pxientaf beth depviiegae ahféop%‘gmépum@élen dgr aA}e$agmles was hardly
f 030 0
:’Jc%fgf agmddi"g/i);:@%& o dagg) thf@ q? &?&?Bfﬂl i HE open-

o

cfne Is ste af i PYOR 4

dirulabizdtfonrratex chBBQYE samlecoaeaidor @iiteOlow. SThEI depurmatlon and open-
perfornmed. The eluate 20 of step 12 is concentrated 3-

‘t"i?ulei‘rl?%loé THgs ¢adgidnlert frem tis sy weterfat i ‘8P M ane

cut u :

0121{1% stgé’y mg strtatgd %ﬁ&éqg%ﬁ%gﬁt ] gﬁﬁﬁé?ﬂb@?ﬁ{@? BRAUNVIFGF is

\@X}C Habig dértithb ﬁomud\aftnohtqf el pmeat invertnawhergol ﬂhﬁ’@Hl\f/éﬂiIESli@ maintain
ol u of an sted to thet

AR 87 S hlIE RO RARh e B ol g B RS A gomerally

stidhgly| ateekateli ranm25he, tbsosglizattchat shafdntiad thesplafhRISDNA stay

of concentrate. | FGF solution is filtere 25through
Saabée@aemoegﬁgaﬁféi%m%@ IpHP g G YPi Tners in a

col d Tl@%ﬂécﬁﬁca%bfg Ghd#ild bd undebid e IFQhQQﬁstﬁé RFehidd¥ 6f the references
yields a purif concentrate with plasm d

e ceifhtin dlg &??le@ﬁtl%pg he sinbedinngs Mvrlt:hm shespreificarigngprovide an
171&5(?%1?{? R otgtﬁe/qu%ﬂﬁ Ph ﬁé %ﬁngldyno%QDéo con {}S d to 1m1t the
over a plasmtrjnrecov REES process 1S a T%a

sBSﬁd bf Othe 4%6ntibh %% T%Wsklﬁﬁi’/qartlﬁﬁ)%eaﬂﬂ% recOgnizean tha8 Ol%my other

an average recovery af 60 % 2005/ 02633 e o
B ERIGORF CRTRE @é“ﬁdf“ée“i@“ﬂ%‘\? HOPHGHBS apgatents cited in
tBRQNR] s TR ﬁc@@ﬂﬁ[édﬂiy"@fe@éﬁcb ‘i’rﬂt}ﬁiﬁé}ﬁﬁ&? To the extent the material
chromat o ph st ep, triple helix affinit
iperpRraice Yamf;remee 50nt’éﬂﬁt9tsa ohyig| riBgsmestnt cithy ﬁ%tsoéﬁe&}ﬁ??tlo“ the
I fi
%@E&%@&V@ﬁ“&é?@% sty FRAFRAL | Bl SIARM Jf hteferences herein i
noe ain @tij‘eissiﬁrrhthst suehvrafgtivssl alhaepsxiob ek o timmumwd invention.

pr eV| nown net hods as _resul.ted i n.p . .
D oparte EeHRAS: AR St shrresiny amufRcoigeredient
rElNﬁon cl@ﬁdih@ﬁsn and@B6l ferld atedxinnthe Fpécsfic&iong finchediggl claims, are to be
gur ea .These_ experinents shonit hat AEC, THAC@;F ol
@%’P 5 Being madifisd; iajaflgnsrancey R& thestarmr Tabaut o i grodipgly, unless

SRR iRGced B %%nﬁf&r Qhet Hﬁngrlc'%i SR AR NRE I ngﬁﬁ)xfrﬁﬁtlons and

the effective renoval f cont am nant s. I nation
mfy vary depending upon the de51red propertles sought to be obtained by the present

p—s

invention. At the very least, and not as an attempt to Limit the application of the doctrine
of equivalents to the scope of the claims, each numerical parameter should be construed
in light of the number of significant digits and ordinary rounding approaches.

Unless otherwise indicated, the term “at least” preceding a series of elements is to
be understood to refer to every element in the series. Those skilled in the art will

recognize, or be able to ascertain using no more than routine experimentation, many



t hese steps provide a clear synergy in terns of

effi cacy of separation of plasmd DNA from other
whe@bogdsal material s and contam nants, such aBCPEP1064/611437

and endotoxin, RNA and genom c DNA, as well as open

circular plasmd. In addition, the synergistic steps

conbi nation, i.e., AECVTFM(]$¥C:accord|ng to the

present i nventi on enabl es not only to 15 obtain highly

RbhasaRC b e SRai: brpoditiatts SRt GVRyiony sesetichereg  Such

eﬁ'ﬁfvﬁleﬁdﬁ art i8KAed36 Ye i agé%b?@lﬂ: N6 RinkEARM D 9%
pl asm d DNA. Exanple 16 20 The net hod of the above

Exanpl e, which conpri ses an ion-exchange

chromat ography step, a triple helix affinity

chr omat ogr aphy step, and a hydrophobic chromat ogr aphy
step for the preparation of highly purified plasmd
DNA preparation is conpared to previously known

nmet hods. As shown in Figure 3, the nethod according to
the present invention surprisingly results in pDNA
preparations having nuch | ower 25 anmobunts of genom c
DNA, RNA, protein, and endotoxin, in the range of the
sub-ppm Also, as shown in Figure 4, the process of
the present invention shows a product quality

obtained at up to 10g. Exanple 17 WD 2005/ 026331

PCT/ EP2004/ 011437 65 The diafiltration step as
described in Exanple 14 is performed according the
follow ng conditions: buffer for step a and for step b
were used to determne the best conditions for: iii)
a first diafiltration (step a) against 12.5 to 13.0
vol unes of 50 MM Tris/HCI, 150 5 mM NaCl, pH 7.4
(named buffer 1), and iv) Performa second
diafiltration of the retentate fromstep a) above
(step b) against 3.0 to 3.5 volunes of saline
excipient (150 MM NaCl). This alternative
diafiltration step according to the present invention
efficiently and extensively renoves anmoni um sul fate
and EDTA extensively. Al so, subsequent to this 10
diafiltration steps, appropriate target NaC
concentration around 150 nM and final Tris
concentration between 400 Mand 1 nM are obtai ned.
Exanpl es of plasmd DNA fornulations conpositions are
provided in the Table 6 bel ow, and
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Tabl e 6 Final concentration SpecieslSc diafiltration2
pa diafiltrationActive Pharnmaceutical |ngredient

wa\osseass sul fatel0 Mk 1 Mk 1 M EDTAAMK 1M 1MPAT/ERE04/011437

mvL. 48 nir40 M Nadl 154 nML54 nzML54 nM 15 Exanple 18 A
techni cal batch of plasmd DNA NV 1 F G- APl (active
phar maceuti cal ingredi ents)6haned LS06 is
manuf act ured according to, Exanple 13 with the
diafiltration 20 process step described in Exanple 17.
g#ﬁEﬁkF@@is first diafiltered at around 2 ng API
about 13 vol unmes of buffer | and the
resulting retentate was diafiltered against about 3

vol uriagend$: sal i ne excipient. The final retentate was
then filtered through a 0.2 mfilter and adj usted to

1 ny/ Pl 7.2 st ore
gl ass otxy(ﬁ@lat({i@gaéx f eﬁaﬁ%ﬁ;eu& vt agt %ms % Vicdhs [sere
ad00acaa&d31 PCT/ EP2004/ 011437 66 A stability study was

per f n_sanpl es of d|n Dur an

bot t 1K Sy s R0 e e abs 1 MGl o Larige chcaly flaim Bgfcarion
(Poggjuct manufacturing. After 90 days at +5C the

extent of both depurination and open-circul ari zation

for VP HEPbN-Ga¥Wahat dl, Werlwt far LesingeCels (1993).99 .
Al t ery 80 giRys ) ab S+%§<§I&§B?L gyyog%i%@ V\%;Hg 9 PRE rlztn% plasmid

C|rcular|zat|on rates o SO qui
Detvusubkleastidibpfrea ofaeinomc D4 APe9: cir cuI ar| zation rates

ot ua) St Bab el S D Wt By ey TP B prasntd Bvia and
pm&saﬁm,qw{»\srwzalzﬁﬁ@@ of§enoWDNﬂt(2@U1§ i n the
formul ation of t present invention wherein the pH

val uddiblicatignsint ain  at around 7 to 7.5. Wile the
depurination rate and plasm d nicking rates are

generpt! BirdGhistdnang Délyac}ic {7%{ %@ﬁaeaéxtrbg%% ptrbfedure for screenzng

Appl i cant has showed |asm d DNA Stay stab
rewn@hw%ﬁla&ég#@?&éalwbmﬁ@éResparth?gg@ple‘}lﬁobﬂﬁf(197% even

at Rp of. %GIESBS Cf: fl‘lk%“rﬂlttah hq ifrﬁ U n R RASES 1998 11n3 JF R in sDs
of thet I ngs references
lysates Bioseparation 3 :285-289 (1993).
M.S. Levy, L.A.S. Ciccolini, S.S.S. Yim, J.T. Tsai, N. Titchener-Hooker, P.
Ayazi Shamlou and P. Dunnill, T%e effects of material properties and fluid flow intensity
on plasmid DNA recovery during cell lysis Chemical Engineering Science 54:3171-3178

(1999).
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cited within the specification. The enbodi nents within

the specification provide an illustration of
wepdvsaizasent s of the invention and shoul d not bBCT/EP2004/011437

construed to limt the 15 scope of the invention. The

skilled artisan readily recogni zes that many ot her

enbodi nents are enconpassed the invention. Al

publications and patents cited in this disclosure are

|.ncarporated by reference in their entirety. To the
VAl

‘he material incorporated by reference
contradicts or is inconsistent wwth this
specification, the specification will supercede any

such Avaeelianism fornge ipilysing GHs etmpnising:ef er ences herein

'S . o r .

7o 8 Ol SmAURLRAL 00, OB YR, L EAPERIEToq A lion s
lysediceltst et] al | nunbers expressing quantities of

0 ol BB A et BB he ARty winou
subdafthl gadtas bei ng modified in all instances by the

term "about." Accordingly, unl ess ot erm%se inicated
whereindhedpiiyra fyymed He(ahfipws frem the meansdpefirbylent flow into the means

BPRLS: Btk ons and 25 may vary dependi ng upon the

desired properties sought to be obtained by the

present invention. At the very least, and not as an
tte O Ll.mt ot ppi on ye ri

Bout var ahfeigh of eifn QLRI ERN Botyillen dREHK B sadile  sccond

sohrtiafeliat mesthdizbdth dydamn sdlatice wherein thghhixafiret ineubatedbiar (b) flows
f significant digits.and ordinary r.oundin .

tipop s fespas For pmigatiow indy fheducani i e dice A Sefighd solyfions

| east" preceding a series of elenents is to 30 be

understood to refer to every elenment in the series. .
3rhos e\ glethoddar ysing the machanjzm jaccordipg ¢helaien Lfo iselatgplesmid DNA

rtak: ysing no nore than routine
%ﬁ%géﬁﬁgﬁggngh, many WO 2005/ 026331 PCT/ EP2004/ 011437

67 ecimising mhescells witheansybledi tysiog soliotich metitesmednstfhieturbulent flow;
iHvention descri bed herein. Such equivalents are
it ended to be enconpassed by the following claims. WO

2005/t? a0l AEThERRARMY 19didd solutdéh REIRENGES:iBatselitisn.
WO 98/00815 (utilization of T [Tee], Pasteur Nbrieux
S6rums et Vaccins [Sera and Vaccines]) 5WD 96/ 02658,

ﬁ'ﬂrp?ﬂtﬁl‘ﬁoﬁstalﬂline &l %k%@@t@Eoﬂaﬁﬁﬁﬂ% Scal e Plasmid
Purification (1996). "W 97/2360 1, N.C. Wan et al., ]
Met hodf Grst myisérney i@siclos caped®79f injecting an alkaline fluid in the opposite
direction of the cell suspension;

- a first tube of small diameter so as to generate a turbulent flow within the
mixture;

- a second tube of a large diameter so as to generate a laminar flow within the
mixture;

- a second mixer or injector for injecting the neutralizing solution on one end and

harvesting on the other end the mixture.
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WD 99/29832, D.S. McNeilly, Methodfor purifyirrg

pl asm d DNA and plasm d DNA substantial |l yfree of
wW@emwsna3DNA (1999). 10U. S. Patent No. 6, 214, SBGEI/EE2084/011437

McNei | 'y Met hodf or purifyingplasm d DNA and pl asm d DNA

substanti al | yfree of genom c DNA (200 1).

Publications: H C. Birnboim@hd J. Doly, 4 rapid

al kal i ne extraction procedure for screening

BTN, S LSl L B e i
cBatkb] tie MW Rilles cPiRAhixilbCk RINh B tafbuldt dnd BmPRY? fldwsat es

Bi oseparation 3:285-289 (1993). MS. Levy, L.A S
Ciccolini, SSS.S. Yim J.T. Tsai, N Titchener-Hooker,

L. Théo‘x f.nuéﬂadﬁe@fﬂe %@l@ R}gﬁ%{g? :ok‘ l:l’ain:f Beoteﬁ,f\ﬁffcﬁ Bfther comprises a

materral properties a ow I ntensity on plasm
pDipdor injroting gr plumpingsthe ekll suspeisionGhenitact]in Engdbprsite digection the
fS [ ence 54:3171-3178 20 (1999). WD 2005/ 026331

'ﬁ%ﬁéﬁzoow 011437 69 WE CLAIM 1. A nechanismfor use

in lysing cells conprising: a) a neans for turbul ent
flowto rapidly mx a cell_suspension with a sqglution . .
O R dexiop 95@?/ 19t Slaimh 105, VIeHRIR IS HgimixahyoR Hyeopri an in-line
nhiQeRiffkdtod. NCUbating a mixture formed in (a) wthout
substantial agitation, wherein the mxture fornmed in

(a) flows fromthe nmeans for turbulent flowinto the

TIRR0Sevider ah PR & oditn Mo 6] Qinérein HE AER AR P10fupg| &1 T
l additional1y conprising’a neans tor adding a second
solution that neutralizes the lysing solution, wherein

t i xture incubated in ( flo fromt negns for,

8 Afi Fe 108 oA O ARG 7eis PGP LA HEE Yol Al Sspension and
aB@likd sdditionfowd thdup® il aRlst fndte 248 nBuleRtellove R dhe time.
according to claim2 to isolate plasmd DNA from

cells conprising: a) mxing the cells with an al kal i

o ¥l @&/icceodf*éh.& BRe bfcihiftf 3 %p\?{/h&gfn the R k@R thak laWMam&BFinferior to

lcm, preferably between 2 and 8mm, and more preferably around 6mm, and a length of 1

to 10m, and preferably of 2 to 6m.

10. The device of any one of claims 3 to 9, wherein the mixture is subjected to the

turbulent flow during 1 to 10 sec, and preferably 2 to 5 sec, and more preferably 2.5 sec.

11. The device of any one of claims 3 to 10, wherein the second tube is a coiled tubing
capable of generating a laminar flow to allow continuous contact of the alkaline solution

and cell suspension, and to ensure complete cell lysis.

12. The device of any one of claims 3 to 11, wherein period of continuous contact is
between 30 sec to 2min, preferably between Imin to Imin 30 sec, and preferably of

1min20sec.
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b) neutralizing the al kaline |lysing solution by adding
an acidic solution. 20 3. A continuous al kaline cel

WO y®s®2@evi ce conprising: - a first mxer or |iPQBEPING/011437
capable of injecting an alkaline fluid in the opposite
direction of the cell suspension; - a first tube of
smal | dianeter so as to genefhte a turbulent flow
within the 25 mixture; - a second tube of a |arge
di apeter, so_as to generate a_lamnar flow wthin the .
Igh L devics of A% At ke 5 o7 1Enpéeey the éPCP'i‘f; Bibe; lpg @ diameter
ihRE o RUIhE bty BOtwébh 20 aRD26HR, 6 6LREG 1937 N8IV, and more
on the other end the m xture. 30 WD 2005/ 026331
prefE/ablyxgoal/to 14may and7plength i é teldd s endpretarablyof,13 to 23 m.
wherein dianeter of the tubes and injectors are
selected to control the flow rates of the m xtures
M, The deviidesoftany bud efivlaimed to &Briwisereifi Hevthird BabeTlies a diameter inferior

cqontinugus.al kaline cell lysis device, of clai.m3 or
twﬂp@hprpfm #etggq;ppf rosgsmgl, r ﬁ%r bj% b&megegi tﬂ é%rrgp, anﬁ a length
HREIRhNGo 108y &A1 dors podreraslyBRtvieen Q@pkUaCt i n the opposite
direction the first mxer. 6. The device of any one

of claims 3 to 5 wherein the first mxer or injector

155 R die{)i'clf* bf‘%g(ﬁ‘fbé? Elafths 3 B ﬁﬁ%éreirﬁ@le Secoh@Em ALY bCRjddfor is in Y
any one of claim3 to 6, whefein the first mxer 1s a
shapednd. in Sine itk thitdysedecel$ toainjectonelgfonoksltitsg B the precipitation of a

wher ei h i xture of the cell suspension and
ggP%‘BH‘E@s@N&% PiG%s t hrough the first tube at a
turbulent flow for a short tinme. 15 9. The device of

any one of clains 3 tqQ 8, wherein.the first tube has a
& dhederios A api o th&tlal‘lnén%toplﬁef"é‘f%‘b‘ﬁ ypffé"é%wnﬁctsﬁao a tank for

BBnisiad. nore preferably around 6nm and a length of 1
to 10m and preferably of 2 to 6m 20 10. The device
of any one of clains 3 to 9, wherein the mxture is

bj e (0) . rd C
£ SEUFR A g P A0 B, 5 s
tamalent flow to rapidly mix a cell suspension with a solution that lyses cells; and (b) a
means for laminar flow to permit incubating a mixture formed in (a) without substantial

agitation, wherein the mixture formed in (a) flows from the means for turbulent flow into

the means for laminar flow.

18.  The method of claim 17 further comprising (c) a means for adding a second
solution that neutralizes the lysing solution, wherein the mixture incubated in (b) flows

from the means for laminar flow into the means for adding a second solution.

19.  The method of releasing the plasmids from plasmid-containing cells, comprising
a) flowing the cells via a means for turbulent flow to rapidly mix a cell suspension with a
solution that lyses cells; (b) then flowing the cells via a means for laminar flow to permit
incubating a mixture formed in (a) without substantial agitation, wherein the cells
mixture formed in (a) flows from the means for turbulent flow into the means for laminar

flow, and (c) contacting the cells via a means for adding a second solution that neutralizes
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11. The device of any one of clains 3 to 10, wherein
the second tube is a coiled tubing capable of

w@emwsnaidsng a | am nar flow to all ow conti NnUOUSPCDRPA04/011437

of the al kaline solution 25 and cell suspension, and
to ensure conplete cell lysis. 12. The device of any
one of claims 3 to 11, wheref# period of continuous
contact is between 30 sec to 2mn, preferably between

jn.tolmn 30 sec, and preferahly af i n2Csec., 30
o apiybn ecs HisS0p Ao spstaedts OF NGRS hefeans for
1@&AMaNéw afto Bleahms fortaddihd a sebadablitibNand pLeAEdS bileeelda®d from

a dianeter inferior to cm preferably between 10
theell®0nm or between 12.5 and 19nm and nore
preferably equal to 16mm and a length of 5 to 30 m

and preferably of 13 to 23 m 5 14. The device of any _
20ne die aiegliadeofany ond 6f claitmesrigitn 10 heharéintie lysibsohdionds a solution

T PR St e g Bl 35 S podtheent,an
ddginvesdiveit, bad dderfyme @r ABfigtupy théres@bl y between 2 to 4m

15. The device of any one of clains 3 to 14, wherein

the second m xer or injector is in Y 10 shape and in

1l ne Tt blttda P 6k Slldifis 19 td 29, BrtheR cHBpHKIAON

resulting in the precipitation of a genom c DNA, RNA,

and ) gniengschange chrpmaigeiapbs of any one of clains 3 to

15, [ ' r ctad to a tank for
ferngﬂﬁg F%%ﬁﬁﬁgcgg%%%%ﬁggﬁﬂﬁﬁof lysing cells
conpr) Siydwphdtimintgadtioa chminlasodrdphgugh (a) a neans for

turbulent flowto rapidly nmix a cell suspension with a
solution that lyses cells; and (b) a neans for

ham mhe hdthod bP cRRA M1{ whefeuD &el 4MgorPexOh¥ide’ EhrbiaM@Saghy, triplex
a%?) W t hout substanti al &g;tatlon, wherein the

inityu elromgtogeaghy nanda hydiophebie igfaractien gavgmmatagsaphy occur in that
(% Lbulent flowinto 20 the neans for Iamnar flow.

. The nmethod of claim 17 further conprising (c) a
nmeans for adding a second solution that neutralizes

he lysin ol.uti.o erei he m xture incubated.in
by SRR SR et e Aol PR B ls breceded
byednsitd Mikrafisldi ng a second solution. 25 19. The net hod
of releasing the plasmds from plasm d-contai ni ng
cells, conprising
24.  The method of claim 21, wherein the first chromatography performed is preceded

by flocculate removal.

25. A method for preparing highly pure plasmid DNA comprising a step of anion

exchange chromatography and triple helix chromatography in combin ation.

26.  The separating method of claim 25 which further comprises a step of hydrophobic

interaction chromatography in combination.

27.  The separating method of any one of claims 17 to 26, which is amenable to scale-

up to large-scale manufacture.
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a) flowng the cells via a neans for turbulent flow to
rapidly mx a cell suspension with a solution that

wo ywem2@el | s; (b) then flowing the cells via aPCERPR04/011437

for lamnar flowto permt incubating a m xture

formed in (a) without substantial agitation, wherein

the cells 30 mixture formed 78 (a) flows fromthe

nmeans for turbulent flowinto the neans for | am nar

flow, and (c) contacting the cells via a neans for

addi ng a second solution that neutralizes WO

Z05/1h26RBk Relb/ MEBBO T GladdBabrufigt mghlbfypﬁir@ BlaPhidt DR, wherein

wherein the cells n1xture i ncubated in éWL:floms from

Rlpsnigheantaining host egls sk flpweshwip giraean dorfagnient Slovairyfapiglly mix a
t S nafr.

&llssﬁ%ﬂgoﬁ‘ Qi %gﬂﬁgﬂﬁgﬁﬁ%@§ g&hlg gﬂ tfte ?&ig%gfﬁnfénlg&%d {/gea means

f@héarmnnr tﬂm@v Ity piewmi dheubitarg msmixtee| formed in c(ahtmtmu'ugs@stanual

g%’téﬂ eepet n ee ceeqltselglx Lre ?&6 g ,{9 éa%u;grra 3@%? hg’\tg% of B means for

et er gent,
terbn)ema ﬂOW atorihét s tfbleraﬁmfar v, ahbigcymare ft@dta&ﬁed’mM Ofrans for
2 H‘l%la'%%egg’& ;ﬂhﬁ?fgg\ﬁgéﬁ{;}a onp{nlﬁg)s(slogﬂﬂn;— }())vpgrelg rt]llleo cells mixture

RARRBLIAILRRIRWs B th Hﬁ%&r%hgjﬁin%r iBvends teOheans for adding a
chromat ography. 22. The nethod of claim 21, wherein

Pféldawlléiwnemﬁ dhey@lasmidsnast wslpesadhfyomt thie piell are] Separated by anion

L P RASSE BRrsRbUABABRL S BB eracion
dﬂmmﬂmgﬁﬁnmhmuﬁmmmﬁbﬂhﬁirst chr omat ogr aphy per f or ned

is preceded by a lysate filtration. 20 24. The net hod
of claim 21, wherein the first chromatography

PerA edefied for thE @eafieton bl bhefGEbAlE p’lﬁﬂﬁéb@hti cdb gAde plasmid
net hod for preparing highl ure plasm d DNA
N ApEomBpigng the sfppoff &hlpé?fy‘mg@ eafcwélﬁ geongditisgaplignihiINA, b)

s, D! oGSO LRI s 4 e et

daoptinwas afkadine [bysui chyd:lomzdntrbﬂl@ stepbgrmedipication with an adequate

chr.opat o h n_conbi nation. 30 separ at i
SN SRR 54 2Ly PGSy s,
faehydfiphobio isteRkton thitomatobAPEE-4nda) & fildl ufepCdL B R iltration and/or

buffer exchange.

30. The method of any one of claims 17 to 29, further comprising a prior step of

flocculate removal passing the solution through a grid filter and throw gh a depth filtration.

31. The method of any one of claims 17 to 30, further comprising a d iafiltration step after

the last chromatography step.

32. The separating method of claim 31, wherein the diafiltration step for reaching

appropriate salt, buffer and pH target values
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WD 2005/ 026331 PCT/ EP2004/ 011437 73 28. The | arge

scal e net hod of manufacturing highly pure plasm d DNA,
wob@s®e24331 pl asm d- contai ni ng host cells are f|PUEBEP2DH011437

a nmeans for turbulent flowto rapidly mx a cell

suspension with a solution that lyses cells; (b) the

cells are then flowed via a fkans 5 for Iam nar flow

to permt incubating a m xture forrred | n (a) wthout

uhstanti al he, cel I,s .m xture ..
Pothe aertaynarel oh S §Die a2 whionbe taghalicg Sep comprising
thé fdlebv@it stdpsow i nto the neans for |aminar flow, and

(c) are contacted via a neans for adding a second

sol uthapisstingghe spdutianran the lagh ghropatageppbigisiepi on, wherein
the lf‘tglr?nlfl‘%é T %1aﬁltfh‘f1‘69 %g qF%let (sl AC? Wasebt om the

nmean m nar ow 1| nt e neans for adfding a 10
secomdrfsxmhlug iaosecorth diafilietiph asapi @ir&s salmeemsmid‘imrm suitable for
cells anlo exch h

i preaRSing R O1eE e Bl P i AR O BB ARERRE PP O the fina

I nt erpdidi®@DNACRHQOREOYr aphy occur in that order 29. A
nmet hod for the production and purification of
pharmaceutically grade plasm d 15 DNA conprising the

3. e QbhdthaRifel GribiSni T2 obeicaiby f nghfamsddé?m%d in any

preparation of a l'ysate containing plasmd
aiesf glptinly to3é. cel I's with the method of conti nuous
al kaline lysis, c) a concentration step by
precipitation vvith an adequate agent, d) an anion

3ex dhplmgeachtiaingtadg pésmyd BN corpositidnr doplpeisingsisb-ppm (< 0.00001
p ste . a hydrophobic interaction

eﬂ%‘gﬁ&ggr 61’1‘¥pr°5’ﬁ‘gc‘§’)ta“é n¢thal step of diafiltration

and/ or 20 buffer exchange. 30. The nethod of any one

of clainms 17 to 29, further conprising a prior step of

3f6+ o%émrma%emeﬁtgyﬁie pisgnd RVA pRmBQsitin; thef is Hﬁs@ﬁgﬁlmfr@q of DNA,
h grﬁ@gm cGﬁtgfﬁ% _depth filtration. 25 31. The
rre 0

any one o “claims 17 to 30, further
conprising a dlaflltration step after the | ast

4 B, 2R i AR SRR o SF iy free of

baptﬁflapfobtadhﬁ;rﬁ@bmalleIAf er and pH target values 30 WO
2005/ 026331 PCT/ EP2004/ 011437 74 33. The separating

met hod of claim 31 or 32, wherein the diafiltration
Rt P AR RO grddb o1hil OWNRI cShFRSion comprising less than about

0.01%, or less than about 0.001%, less than about 0.0001%, or preferably less than
0.00008% of chromosomal DNA or genomic DNA.

39. A pharmaceutical grade plasmid DNA composition that is substantially free of RNA.
40. A pharmaceutical grade plasmid DNA composition comprising less than about

0.01%, or less than 0.001%, and preferably less than 0.0001%, or preferably less than
0.00002% of RNA contaminants.
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harvesting the solution fromthe [ast chromatography

step; performng a first diafiltration step agai nst
warediospda®l buffer; 5 performng a second di af i PCT/EP10041011437

step against saline in conditions suitable for

controlling the final buffer concentration and for

stabilizing the pH of the fiffal plasnid DNA

formul ati on. 34 A pharnaceutical grade plasmd DNA

obtained b nme ho S ned in.an 10 gn f
P e Rrmeseytias sl D ﬁiaﬁﬁ%\: Eompesiotthat 35 syadpglplly free of
p%nggﬂ@gmamson corrprl sing sub-ppm (< 0.00001 %
DNA, RNA, and protein contam nants. 15 36. A

phar maceuti cal grade plasm d DNA conposition that is

Ss NN [
4?0n$25r%aﬁgénc¥mwa§?mg% ng %glfﬂné)ceut c Pgté@ggtugp&g?ﬁ d lets)?\l,&han about
OcanopUs atd @ostipreeferably lsss isn):A0085 Yo\préteipeontamimats.er i al
host chronosonmal DNA. 20 38. A pharnaceutical grade
pl asm d DNA conposition conprising | ess than about
B. 0\ %hRmateRtsalt frade plhonid DNOOLompbditseh tHaans silosthntially free of
0.0001% or preferably less than 0.00008% of
cHAPtORB SOMAMIBNA or genonmic DNA. 25 39. A
pharmaceutical grade plasm d DNA conposition that is
substantially free of RNA. 40. A pharnmaceutical grade
4|él Asphadnwuzab gysds iplasmid DdWpednspastiion eemptibiag l%ﬂﬁigﬂﬂ 0.1 EU/mg

d % or less than 0.001% and preferably |ess than
b ?ﬂ%ﬁf or preferably |l ess than 0.00002% of RNA
cont am nants 30 WD 2005/ 026331 PCT/ EP2004/ 011437 75
41. A pharmaceytic rade m d DNA c 0oSi.tio
Sva prancals ey Hpret PO GuabHioto R Higg, redominant
sﬂ rcol}legtf@irnnaceutl cal grade plasm d DNA conposition

us contains |less than about 5 0.0001% and nost
pr eferably | ess than 0.00005% protein cont am nants.
oy AR E HoE Bl DR DL ARl O AR Bl er more than
%%éﬂclosédphaﬂmfoampla&a[d IPNAde plasnid DNA corrp05| tion
conprising less than 0.1 EU ng

47. A stable plasmid DNA formulation comprising plasmid DNA, a buffer solution, and
a saline excipient, wherein the buffer solution is present in a concentration so as to

maintain the pH of said formulation or composition between 7 and 7.5.

48. The stable plasmid DNA formulation according to claim 47, wherein the buffer
solution comprises: (a) Tris or lysine and an acid chosen from a strong acid or a weak

acid; (b) Hepes and a strong base; or (c) phosphate buffer.
49. The stable plasmid DNA formulation according to claim 48, wherein the buffer
solution comprises Tris/HCI, lysine/HCI, Tris/maleic acid, Tris/malic acid, Tris/acetic

acid, or Hepes/sodium hydroxide.

50. The stable plasmid DNA formulation wherein the buffer is Tris.
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endot oxi ns. 45. A pharmaceutical grade plasm d DNA
conposition conprising predom nant supercoiled form

wa 200402638 phar maceuti cal grade plasni d DNA conpOFEP10041011437

conprising around or nore than 99% of closed circul ar
formplasmd DNA. 47. A stable plasm d DNA formnul ation
conprising plasmd DNA, a buffer solution, and 20 a
sal i ne excipient, wherein the buffer solutionis
present in a concentration so as to maintain the pH
of said formul ation or conposition between 7 and 7.5.

8 Thd BRbLR! AkinAd PINGS TorehulNdn fo® 'b[ﬁ‘rh &0l MReRGR MATHY bhifer is present
claim47, wherein the buffer sol ution conprises: (a)

e conestrpijest ofdess tlendmMcand reefermbly 208M andimdhg aci d

or a weak 25 acid; (b) Hepes and a strong base; or

(c) phosphate buffer. 49. The stable plasm d DNA

o M btablie plasmdtDNAI fogntletial @fichaidhs;] oomgi-dsimg 400pMb 0FiE éoffer.
sol ution conprises Tris/HCI, lysine/HCl, Tris/maleic
acid, Tris/malic acid, Tris/acetic acid, or

kPR %faﬁ[éciilétbliﬁlﬂl YN ﬁrﬂﬁlat@ﬁ) c519pr1§m§ Rbaid @M ashifier Bition, and
formul ati on wherein the buffer ris. WO 2005/026331

Ppeatingpseipient Wherpm the byffer yolutiony emr@%m &% A cgnesgiration of less than
fRATH b RRbSS 2508k MPQnherein the Tris buffer is

present. in d concentration of |ess than 1mM and
preferably 250M and 1mM 5 52. The stable pl asm d DNA

{0l 158 AR TP B TR, P tion,

Platiaerextifibin, wHerbet]ieﬂBuf&ﬁ beltificnnis pBa’eht idaS@intéitration of 400uM
exci pient, wherein the buffer solution is present in a
concentration of less than 1mM and preferably 250M

SN0 éor%ositﬂ)n%mpﬂsﬁ%ﬁ&lsﬁlﬂbﬁﬁnh gu%of&ﬁdﬂ-ﬁrﬂ@aﬁﬁ‘e exc1p1ent

conpri s asm d er sol utlon
whadrein éhesb@gfep padwfion igmeoseit in @ prnchffation sg@'lcumtdm pre§erve plasmid

ﬁNﬁﬁﬁ@&kab &peggg{&etlon of 400M 55. A conposition

conprising plas a buffer solution and saline
exci pient, 15 wherein the buffer sol ution |s present

a COHC ntration S I eserve ﬁ DINA
éﬁﬂ Asc'togmo§ 1py comprisingp flscsmg @? a buf er solution a d saline exmplent
wherein the buffer solution is present in a concentration sufficient to preserve plasmid

DNA in stable form at 4°C to 25°C for a prolonged period of time.

57. A composition comprising plasmid DNA, a buffer soluti on and saline excipient,
wherein the buffer solution is present in a concentration sufficient to preserve plasmid
DNA in stable form at 4°C to 25°C during 1 month, 2 months, 3 months, to 6 months and
up to 12 months.

58.  The plasmid DNA composition according to claim 5 7, wherein the saline

excipient is NaCl.

59.  The plasmid DNA composition according to claim 5 8, wherein NaCl is present in

a concentration between 100 and 200mM, and preferably around 150mM.
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56. A conposition conprising plasmd DNA, a buffer
sol ution and saline excipient, wherein the buffer

WwW@E 0802 i s present in a concentration suffi CPENEP1004/011437

preserve plasmd 20 DNA in stable format 4Cto 25C
for a prolonged period of tine. 57. A conposition
conprising plasmd DNA, a buffer solution and saline
exci pient, wherein the buffer solution is present in
a concentration sufficient to preserve plasmd DNA in
stable format 4C to 25C during 1 nonth, 2 nonths, 3
6mnt Nehe pRsHIATDNA Sofipdsitied adddrdiag 14 fMRIhNS9, RBereN@he rate of
| asm d DNA conposition according to claim5b 7,
arigationt pel 9REY-piEculasization oftplasnifaBNA 3gomd . atrgeC or at room

t&*@?ﬂé@uﬁe 1 8@‘3’&9%%& ), ARE YRl A £, ?%ﬁn@h 8,

present’ 1 n’"a concent n bet ween
100 and 200nM and preferably around 150nM WO

égos/dgzaa%ﬁ RCT/ EP2004/ Olifs 7 77 60. The plasm d DNA
mpd$ MO of Pres Ty ing s SEOMPOSHHANFOMPLISHgE o of
depurgrgsinga paAfePRAPICHTflathad DN iagd of plasm d DNA

stored at 5C or at_room tenperature is inferior to
209 cpsuyningsid pwifiedsamplepf piagmaid YA withs sghine gxcipienigad a

SR S P CHTOD N SR

conmbining said purified sanple of plasnmid DNA with a
l'ing_exci.pi.ent and b r. sol utian.that maintains
e prrsiotRE Fiaerlite shsmd RO i Cmopat inuch » Fopetiredt up to
dbouBR)°C Acomirising: of preserving plasmid DNA in a
about 20C,

conmposition at . enperature of _up to

conprir§13Hge éav%fg%fi %aﬁgff‘aofpﬂﬁsmi Bd%anpl e of plasmid

DNA; - oribkHiRY e phitfeddipld ﬁ%la%ﬂf?@b@l@{vib@ll £ShE kDPiel 42

a saline excipient and a 15 buffer solution wherein

huier palwtiasr whestin thedmifies sqdnigandmpresent in @ opuentratien oflegsfthan ImM,

nd 1mM and
LSRRI 8% A RSOATSGB T T
conpcsiringalre @Ehsnaid DA ev@pesitionadt a tgmpedataipo of up?d@bot320°C.
The nmet hod according to claim62, wherein the plasmd
DNA conposition is 20 stored at a tenperature of

@houtTheethod according to claim 62, wherein the plasmid DNA composition is

stored at a temperature of about 4°C.
64.  The method according to claim 62, wherein the saline excipient is NaCl.

65.  The method according to claim 64, wherein NaCl is present in a concentration

between 100 and 200mM, and preferably around 150mM.

66. A stable plasmid DNA storage formulation obtained by the method defined in any

one of claims 62 to 65.

67. The method of any one of claims 17 to 32, further comprising a step of sterile

filtration, formulation and filling of vials with the purified plasmid DNA.
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64. The nethod according to claim62, wherein the
saline excipient is NaCl. 65. The nethod according to

w@b@soedd;, wherein NaCl is present in a concenp@CEHEPING/ 011437

25 between 100 and 200mM} and preferably around 150nV
66. A stable plasm d DNA storage fornul ati on obt ai ned
by the nmethod defined in any’8 one of claims 62 to 65.
30 67. The nmethod of any one of clains 17 to 32,
further conprising a step of sterile filtration,
formulation and filling of vials with the purified
63 a5t pRhfed MRRATR Q6@ %k BETHERRARM ALiAR 6778 68.
Vi al of purlfled pl asm d DNA obt ai ned by the nmethod of
claim67. 69. Vial of claim 68, wherein the purified

I ' 5: '
‘?%@gmgg%awﬁﬁgiﬁ? ca ﬁ%g %ﬁgggggggPgﬁﬂ%§£§§e$gw£&i
NV (@l whichds a pBEOR p‘}'@ad geTEng/f epressiwt ¢nsskttefenemtiingfoe the
= clains 17 to 32 wherein it enables the renoval of
(ﬁ%U?P?ies such proteins, denatured genom c DNA, RNA,
proteins ol i gori bonucl eoti des, 10

deoxyri bonucl eoti des, denatured plasnid DNA and
WOr gﬁp@rﬂ;ﬂg@efcque%clams ad2pdiarst ihenablegithyremevalgt

Hl?ﬁrlﬁ’és SREIPhER ink/ ddnBiued g DRI AC HIOABLBH: AL BiigtHtBRScleotides,

e perfornmed on solid support 1S any organic,
dligordgemiribonyclantidpn dertagurediplestinidI D Ngoarstkipopolysprshatidssous
or non-porous, suitable for chromatographic
separations, which is 15 derivatised wth poly(al kene
Tl Yhomsthod addsediesto aaly bae ebclaialsKyhes32, avhersis chrbm@tolgmphy steps
nnleggleg th?t confer a hydrophobic.character to E
g P Erned ensolifsupprt 1§48Y § dPH@ga&f“’ AriPIyIosts E’iaPFE‘a porous,
shper%%romeh&i ordu €l rs@mwofopcﬁreﬁ@t@g%pm@ sepalHRARAGERRNY

is carried in a fixed bed or 1n expanded bed. 20
derivatised with poly(alkene glycols), alkanes, alkkenes, alkynes, arenes or other

molecules that confer a hydrophobic character to the support.

72. The method according of any of claims 17 to 32, wherein hydrophobic interaction

chromatography is carried out in a fixed bed or in expanded bed.



