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sol ution. 30Th uci%r%ese%utfesno\fel%ﬁlé)ﬂNﬁl so relates to a continuous
al kal i ne cel P dévi'ce” B8iprising a first mixer or injector
capabl e 8% inj ectNWngﬁﬁheafthaPﬁl srearfting inefhqdpseparptingypp pifiting peficese is epranticagdd and
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enconpasses a nethod of producing and isolating h ly purified
plasm d DNA that is essentially free of contam nants and thus is
pharmaceuti cal grade DNA.



Mot her obj ect of the present invention relates to a nmethod for
separating and purifying nucleic acids and plasmd DNA In nore

detail, it relates to a nethod for separating nucleic acids and
plasmi d 5 DNA of pharmaceutical grade that are useful for research
and plasm d-based therapy. A plasm d DNA ?)r eparation isol ated
according to the nethods of the invention may be subject to
purification .84 @PSedrRhbldfl iNniion L:ﬁﬁaﬁtty Héwepérah@@éc{ré@h&mcm%@% Yproblems

and may furth i ncl ude. ani.on ex e chr raphy and hydrophobi c
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Wi th subsequepha.ap kﬁ&nﬁé&ﬁhb@q%ar@ ht QrBt.ear MOnﬁfbgfaﬂﬁf A Teb®[1998)€3114%) or size
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and hydrophobi c interaction chro
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chr omat ogr ap higkegt(eprelaxed) DNA.Oneddglop.eudny of the ewn metnds soffer ifiomttie dimstiantheet

the vyi el dgof ,phasim o SRNAIEQN dnbBPShy f&lbk /d&lr@eﬁlmn%nm&r& sRRAUMOA - as they
Mot her object of the inv entIOELIFIS toqlgrow

bt epar at 1 on LG R A P 5P ReBa i egat: . more tme
20Anot her  objc@stming andl ere iexpewsive.i Adtamptive foomyf bvoiwd enethiods [far sepaetidDAsupercoiled and
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DNA. 15 during pﬂwcsslb@rAddibP@bmeMds tofi @epamting Niupeoteilddsant gelpred WNderely on size-

plasm d DNA prepal abdnh %&%%H&%E@&%@Af% R TohEor BlastI@BNRoh@h on the
host endot oxi n resent. invention is to
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asm d at 1S

i nventio enconpasse ar maceuti cal grade p
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DNA i ncl udes a vemoopladnactDHArpeeparanohhmpemtp'm@ucgefrem&ambnalsmmiamledxd often
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storage of pteagimscbudNAfld at se@isén thsiwel receisiogthe plasaidON A6 [Thdsechdbroning Are generally
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part will be™SHUF Bk ?‘Bir?fetﬂﬁeéenﬂ@sﬂ&er 1\%} SWa“?}’r"fFPéi‘o%‘éelf @’&PPﬁé&eHblgFmbranes or
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fol | ow ng0 detegativeigl clghezs € ridptence epargpnex exvply arhyevahslitteaon araitnge yesionvictalsiol
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acconpanylng draw n are | ncor orate I n_and const te a

part of thi sengﬁ%?i‘ﬂsf g“&‘é*t ‘“IeBaﬁa“"’i erlisie gy E“%(?E‘P‘&f as SiB B AR P %Fndf’ﬁ’éns elute
i nvent i on anwlith thgeédsieirDNA dnlifortalvery ges excovplyiobmigsmBIGINACs babieeadpl ai n t he
principles of the invention.




10 BRI EF DESCRI PTI ON OF THE FI GURES Figure 1 is a schematic of

t he apparatus that nmay be used for continuous node cell lysis of the
invention. 15Figure 2 is a schematic of the mxer M in the
continuous cell lysis apparatus. N!Zégure 3 is a table conparing
purification yields in ternms of gDNA R proteins, e,ndotoxin
contam nant using a single step of anion exchange chronat ography
(AEC), or a two-stieg st hedhish tahd JusStcan off lﬁé%inﬂnD&ACﬁ&ﬂg&ge volume microbial

gm ggt 83: ZB% '? ) CO*H?AS r}é‘%x%rgs”t{;%“géeve o%?emp(l)teanhlﬁxlgraved onlasnu‘& Spr%l?aratlon B ofis0 2

ani on exchan @@C‘??ﬁfob Wa%r%ngz apraprityie gtlagy Cﬁl?riﬂ‘ﬁl Oéplz@nﬁéﬂw masfmnl% Wyand in shorter
chr onat ogr ap ihe BN6huedS it @f1s0 desiyuly ﬁp;bmmdaaasem feSaRE bildQRerHi FRHITE Q@YeRPRBYS can
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anal ytica arrng’vari
met hods of séfrarastieetgf Bmaritiss el nympriaphods Fﬁeauwmdwemmii @ﬁm@%eqmam@ted

chr onmat ograplaﬁﬁpﬁlﬁ&@)lpmmgd@@*yapatl te chromat ography (HAC)
hydr ophobi ¢ i nt erg@% sal Qon%pr{tlgna &%dai%wg\ggl( l&'}ﬁre s'a rrgfogl\{:r%rﬁsﬁtge x{)ué%%mds in Partfcglar

chromat ogr aph Ze exclusi on
helix affini® Sm;@fr%fae@t aptijpined meficiant Sige puwity anﬁ eyl fmeﬁéatrgemanuanﬁletefvee

met hod agoor ehe @,gasetnom&ehﬁmmn&sae ﬁbwﬂlﬂglﬁfbbdr@!ﬂg mERRSIUhd: tiliz8h o ﬁw&vo%omamgmphy
rein.

lit f th
qua i y O s pspwﬂi ht en Q?SRO seﬁarlatet i Cé qura}ng.}t)ﬁo CPYa)snu%s Dpﬁs III:a shorterstmg &n%hv an

detected (lowsensitiVi
5B are gr aph@%mvdlhlggfd%‘pﬁlgfaﬁ%\tl on and nicking rates (for mat i on of
open circular plasmd form of the plasm d DNA stored at +25C and

4-5C for up to 90Q Acidic neans relating to or
contai nin IOan acisaj;mﬁél\}l n%le;ﬂﬂowﬂf '{}%ss than 7. Al kaline rregns
relating? go or cotie aventiongs bavedeh kg |discagery pfagusthodiauirelyciag pHiisgléatizhly pihidied
(73e tCont I NUOUSladMBAPSA NOE plaﬁh@bmgmdaed RaMioRBd BPthé ﬂzt:tﬁcﬁdrciﬂ@{eh%tlon ntains very
rtomc st.i.n
chr ormsomle\lAlowal‘CVGFS gﬁ%nﬁaénrmap ci/hvmr’f’é’soﬁ‘s liﬁﬁ‘g 1{1\5 Ogefn de?thrﬁ @l e PESHE JPNA
sol ution wat prduice apdeiding teethecihvepiiontiy of Fléﬁqrmfxpeety fqnplasrr@ld pasagittheny. par al | el
to ever y particl ephud 16 &b&um&m&;@@ alFRLRS foPhrodREiREHag %@mlmg nihe pa{f@@ﬁgsﬁnd
Che el 1 2al PRATET ar St 4R ibis Rt et F claPen g o i ey min
sol uti on (Leel 9611@@13@81%@&%9111@@)&% hypes ekl aah(@) recabs forlaminarday topsimiignegbating
sol ution cong ﬁixairenamﬁd X8 WiBouR dBRAntial laYi Bl AOWIREENESmikile | FHhEd ﬂh@ilj flows from the
exanpl e, al kal i gr?ﬁ@vs%tothe aryﬁg:rlsol vt?nts and enzynes

preferred enB3d e Si°S Y done to rel ease int act
pl asni ds from host futﬂ@r ¢r1§30d1Nei!§tOf @P mzeeléont ibe meckanisfanay efdifonaly compeist 7 mdansgfior

t 0 causezf anydamb 8se0dnd BR88A Bhiedlialkized Be MHBRFIGRn, 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 methed to isolate plasmid DNA
from cells comprising: (a) mixing the cells with an alkali lysing solution in the means for turbulent
flow; and (b) neutralizing the alkaline lysing solution by adding an acidic solution.

30 The present invention also relates 1o a continuous alkaline cell lysis device comprising a first
mixer or injector capable of 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 mixiure, 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 the lysate.



10 neutralization. By this termwe nean that sonething which
neutralizes a solution brings the pH of the solution to a pH between

5 and 7, and preferably around 7 or nore preferably closer to 7 than
previ ously. Newt onian fluid is a_fluid in which shear stress
is proportional to the velocity gradi ent dnd per pendi cul ar to the

pl ane of shear. The constant of proportionality is known as the
viscosity. 15 Exarpieent fiveetetrdinpitses h bbtatE of 16dubttleant isolbkind $igh Burified plasmid

asses. - id. i luid in ich s r stress
igs not pr opor?lf%l%gtlli\géﬁ%w é%ﬁ%é%&% Qa%li {h'f/s “ (r%a |°ee\‘r£1\[?°ale§ﬁa(§e§§‘g'pendi cul ar
to the plane of sKagper ongshofieares srrofiqnysials iavayetiod for perating andautifying nucleic
def i nefl Vi s f: Oids ynd powid Nt xa_rmoaemlefan,ui ﬂ&;si 516 hbtale falﬁe@;ahgg Ok 8Sds and plasmid
ower - | aw i i aving _both viscous an )

bl Aot ¢ propart s omaRElAE oot S RS PR iRl oo gD
DNA means a SHEPPLREIfalH apcordiig |t & aftheds o ibs tifvamgion fnap be subiyetod pBNGation aibps
i's not a chr cnbsinget leavttriptd helghroR@tgrahlenCiaf @inkd il fud@hnidARVdnRge élromatogr_a%hy

non-endogenoggd%p&%)@%@a@-Oniﬁﬁrg%%ﬁg%g%to it. As used herein, plasm

DNA can al so be ang ormof p NA, such as cut, processed, or

ot her mani pul at ed TR&ARtRoAs thusriestude He evriaiorre kaliprilysis e fesalibaigherefndi combination
exiarrpl g, 1@nylmﬂu,suméquagryni@oémiaﬂg%tdhfbﬂ;gtleérzghyl Fxﬁl@eqqgﬁl Held @n&ﬁa@ygﬂ)}% Loy further
rel axed cirche; plasds [N, ol led plasmd DNA, 25 cut plasm

DNA, lineari zgciwor (Iqlhtnga? pﬁmzﬁégn%% and singl e-stranded pl asm d

DNA. Procedures f &ese Refhedy ie ralietindide dlie gontinyens datkalireclysiel etep lessibed herein in
descri bed i n chdisiaabn withedibsaduent st @FGkibiRExchah @ bhRBhatoRaghRREFIARDL YRR ohy,

2d, Cold Spri I at.ory Press (1989). A protgcol for a
m ni - prep of ﬁ%@%ﬂlﬁﬁkg&\%@ %h-r?(%a(t)o\ﬁ%p P ,E: %ngjm&l}}%n' f‘é?%ofﬂ?ﬁ“%ﬁ 5t {focculate
Nucl ei ¢ AQi d&mred gay rigrede-tesfisy chrqgregyaphy sisan be used to initially
i sol ate plasm d Db objed: of 1B @benfiinQCB SBkiRGe thB FiOM ShpISAENNAS Q%BEOSPJSH&)%d
i nvention ang Qoﬁmtiﬁne contrasted. with the highly purified sanples
produced fromthe nethods of the invention. Preferably, the form of
the plasm d DNA i4nothgfrobiggt of taaigventian igip pevidqy rayaiddINoprefesatidntvehich is substantially
puri fi cati onfresirbedriahost a¢ai nventi on, substantially closed circul ar
form pl agpi d DNA, 0% 85%. 90% 95%. nore than about 99%
cl osed c?g]cul ar fjﬁé)n(ra{r_}ﬁer(’%Fﬁgclstl%’rllc't SRRt A] tp grro‘r’%etalp\?aé%‘ﬁ‘}?) RPAETRATHiCR ¢ substantiaily
coval ently cﬁ%?soééflc‘le’éﬁ*gﬁsﬁﬁmﬁw (ccc) can be preferred in sone
t her apeuti ¢ nmet hows, anvhe@r Bjebit of By il@EE Qo @foli@s b ipSmit A tpnzﬁaraﬁ%xg which is
open-ci rcul af st:lnhﬂlg%%é f%gcteg}cqlht L D oS0 faPISl\rJ]E' Therefore, the
phar maceuti cal grade pci_asm nmay "Be TS0l ated ft urn or separ at ed
from one or nor e 48 sbiest ofhedinyeniépn diel providstrisrnil BNAyprepanipnivdich dRstfially
nmor e des2B edfrde@F BiBterial host endotoxins.FOr pur poses of the present invention

a Sparticul ar

the termflow ng r o.Lhe passing of a liquid a p _
flowrate (e.qg., Al"lg_t%%ro ?e‘%g &]ﬁ‘f’rﬁ%f' telj’vef‘t%P SugRVe? ﬁﬁl?%‘{ for prengsrg Rpargigecpiical
action of a Pifsplesmid DYA gt id higkly nee bruse fratsedrthend plowidtated tiehapo tiglhs dnkeable
m xer is beltheudrap tQargfdfchatquef ficiency of lysis, precipitation
and m xi ng. The in e'nl'tp%tﬁueg&g " ni céjed" andl "rel axecﬁl;_; DNA nmeans DNA
that is not supercolled. “SHPeEsT Ea™ RK B IaPPBIHP e fet i el Gisto!
in the a3Q igntareiawssi Hehhgpuge v intdc whigly DNA doludes @ drecion barkiarhe, ol tasiéudc BRNAand
10 O her f ora®cigtd pdua®mii sdquBNd. are al so known in the art. A

"contam nating i rity' 1s a bst anc, mwhich it is desired to
separate, or isolate. . ?né%a?fﬁée?ﬁgeﬁgotp?% ‘%P%(]}qi“\é\?%@“}f‘t‘r?ﬁﬂ i are stpfi and ptays
not |imited Wwyeerdightt reqa] empsragire fon dpng paniddbigienand hwstus el fDNBrags tfpbsais
chronosomal DdMAh@kregen daich ¥Alr@neharmdpet cell RNA It is
understood that what is or can be considered a contam nating inpurity
can depend on the context in which the nethods of the 15invention are
practiced. A "contam nating inpurity"” may or may not be host cel
derived, |I. e., it may or may not be a host cell inpurity.




Phar maceuti cal grade DNA is defined herein as a DNA preparation that
contains no nore than about 5% and preferably no nore than about

1-2% of cellular conponents, such as cell nenbranes. 25 The

i nvention further enconpasses a nmethod of producing and isolating
highly purified plasmd DNA that is essenfi al | y free of contam nants
and thus is pharmaceutical grade DNA. The plasm d DNA produced and

i sol at ed byl ][ _he ﬁﬂidhiﬁd]abcfb%et:tk’l&di aﬂmgeis mh@ﬁf}&l@dnrﬁﬂ ‘ﬁ@lge}&/fol—t@w ﬂlsﬁ\{x?tllé desérif)tion
part per m ¢ [ chr onrpsona , ,
protein, and %ﬁ%ﬁ%%%%?%d %apﬁ!g%g{)%{%ﬂ%% ﬁnror’gsf eI %Scrcqlil’%lé’ré’e"a " EX%EBI’%?N% Bpfipe of the
pl asrni d DNA. ™FR#p Thsohisets prdrdyrbers ekl avatmdiith ge redizedand pitpinehbyi means o the
of suffi ci enteldd@puisndicymtfi@tions setidularly @80 b& h t@ppliashing- based t her apy,
and optionmally for, . L N ri mat eri al. and human, gepe . .
t her apy e%eri nengtéfp%%q%%sjﬁopgg% tﬁhl a?aé)fegomg gencrgl dﬁsﬁ’i‘?é‘??r%@é‘fﬁ ﬁg@g‘img detailed
grade pl asni FeBNioB FRFEEPIEY Siexpoaoyenly arderrtroUrstict vepfithe nbration & claimed.
produced by-a met e a@bmiahing Bieinbs GhicR NG GHeorbsradtl G0 BRIO Sdnbtin@ aNAMT BOmis

at | east one . ' . i ned. bel.ow "phar naceut i cal
ar ade. pl asni A BIg > BiEpiskelshil i BailEl £ 8L Gl S gfhen B DB ihoprs o
11 conposi ti GiPlipte prigirlersfdiiienor s of a purity level defined by at

| east twol0of those identified below as a "pharmaceutical grade

pl asmi d DNA " for exanple, |ess than about 0.00008% chronosonal or
genom ¢ DNA and | ess than about 0.00005% protein contam nant, or for
exanpl e | ess t hanBRBEFRESGRETIONRBICHIHMSIBES] or genomic DNA and | ess
than about 0.1 EUfigireendoti@mhitss hOhgpektudha GO BAlHQRSinths B didlysis of the
| evel s are irﬂleeriﬁgr?d under the definition. O course, the

phar maceuti cal grade plasm d DNA conposition can further conprise or
contai n ddded con%@HéEtSsﬂS@érmeeﬁherr@ﬁer%ympamﬁr@ensmu lysiseppaianve| udi ng

use in conbi nati OFigire BalaBM GmpLRERESiaibroRsds 1PBchs LREMGDIRRS; prdibifs, endotoxin

| evel s of ch - .genom ¢ .DNA, . R endot ox or protein )

refers to co%(?lg%%%gﬁlfﬂslé) % Sﬁ%&hsg%%&% &1 e }batégslélg%iorﬁ?t%‘iﬁgyt d“\gﬁ) 8 PP egrmopvith 2
ot her conta _nftﬁaf’ﬁ oy @P‘Ffé%ﬁet%mmﬁpm_’ Eatimbmatpn ogésiEple h@ksatirgly ebromatography
"phar maceut i cRA@Iad e tHdeaspindthdMNBmprists A@feh BEMioh 8XBinde %onﬁto%él@n, s Srtep triprlﬁ

pr epar at Lgn t, t AN .t he Ieseel of .one part per I ]
( <O0. 0001t|‘>2/09 i L%Q <ﬂ§ ﬁ.%og‘lfg‘?r‘ggr%é? %56 ﬁﬁ Gt hyﬂﬁoél‘é’ﬁﬁgdmﬁfi& 0 GPromgERPyE Gty n
genoni ¢ DNA, cqaijRatiog A rerenspipigleisiet : dorensitivifyantlgical methods. Al so or nore

preci sely, "phar megedd is @ able 9émaaenghhRsinehddNK se BRI Ad SARTEANR

preparation tk 'gex&g&gaidg(? Itoes%w%}gg@ ahbgut Ogiﬁg/ﬁ [%Ir I%?gmitg%an Opg%%%h
and pref erabl y Tess"Than L 60019, Y507 rﬁ’r‘yé?a&ealﬁ?”ﬁm"l‘t%? ¥ h&nCo. duberionc
(<0.00008% mewctior( cyopBG Ry pEHC) 0Qverrgd-piasep | chommiderddNA) (RPC), size  exclusion

chr onoso®l  dia0Erage NSED) arifNAix affinity chroRRGdFRE QHACS Abne Ok ALEHIRLAST HaThe

DNA" can al s . reparation_that contains |ess than about

0.01% or | e@%@%&ﬁ%%&msgnn& or et lé?sh%ll i gLonpliuf i RGPt giesefl DNA are

preferably |Beddet bpagin HDOWOGRH{ O GOBODYUnalitiod methddsPO002 ny per 100 ny

of plasm d DNA) @iguRNAAGRRISBNGN@EhS shokdg B@bﬂﬁﬁﬁ&ﬁéﬁﬁ 'nf‘cﬁihg &Ee@%mﬂ*i&si?“ogen
ou

DNA" can al s epar af i t h tains less than ab
0. 00019 and e phsta ) BERFRRLSPRuire B 56008 T TeGRoBIP*: o
<0. 00005%%y per 100 ngy of plasnid DNA) of protein contam nants.

" Phar naceut i meihitigisade pl asm d DNA" can al so mean a DNA preparation
that contains |ess n. 0 U/ endot oxi ns, - 25The Pharmaceuti cal
grade plasmid D!\%%F%g’%sns f%‘%lé%%r’lorac mn?pa?é‘ﬁ‘ggfé’fﬁgéﬁﬁf &F "P&7-pr ef er abl y,
predom nant |y ci Alkelingmeing refagngtp orgpdeiringrae alprlior bse hyvilphAH gleatr teant ai ns
nore than 80% 868#inRmeaBb in@fuplBh8videH8 MBI Rf cl osed circul ar
form pl asm d DNA.




T tube refers to a T-shaped configuration of tubing, wherein a
T-shape is formed by a single piece of tubing created in that
configuration or nore than one piece of tubing conbined to create
that 30 configuration. The T tube has three arnms and a center area
where the arms join. AT tube may be used %0 mix ingredients as two
fluids can flow each into one of the arns of the T, join at the

center area, and @iHomlcA dMahsh ]ﬁiA‘&xathéM&@fr&ﬁ&%&étm@ﬁaacﬁx%mf)slox‘dé ds
nmerge. 12 gurbul ent flow maa(\r;] | rregul ar random notion_ of

fluid particles i Ui J8Y m5HE o st i dn ¢ 5remet goipticr telshimathich achrhgrtisle
flow, in whi alvisties deétor parajleldas evary girien p0| nt varies erratically in

magni tude and di r et Ans Wb 56QH Bk by l -
vi scous agd el ast% : Sertl = gr%%%%%{eg F”ngls\ln%%]:alﬂl1 E’I%IF:Z?I%Ireré fo the

| NVENTT OND aeton orphitog ot v aplor 6 eal B ERETHAR R R Pifsred splution (ie., cel
scal abl e net hodension threl vhimg! gedmeghusingel glugbn pivaming eelydngcatnt. gryside agents
pl asmi d DNA. yfcRad@f éxhrﬁﬁlé Qfkcali, BQ&ge‘nt@‘é?éﬁﬁr!: meh@ am%ep%éﬁgﬁe@d%&&}ééﬁlﬁ%f the

of a nethod for {)@? u(%n ez i sol atlng Og quurl fied asm d

usi ng a contlyﬁ’ﬁ8 IS4 904¢ P reearey el Pidp Ber hebelss. 10 As a first step
host cells are i ndautlatsed, mdke (2 salaingf rimbar wi tduseaaplacis 1t dasBéelipto undergo
exponent il ggu@fmzt;hoe hﬁ?ﬁusci&lnlw\% n@mhas5&%&5&%&9k&umzésta%ﬁm%q%?gkE}.; B ofBe

medi um cont ai ng t| biotic such as tetracycli ne ni es
fromthe pl af®EW gy & ¢ ef“f‘??fbflla%d[ &P FERTPH 6000 7 i MO8 Rreferpinfloser to 7 than
suppl ement ed pawittalyt he appropriate antibiotic tetracycline in separate

sterile plastic BuRmRYGH i i asks a0G JLLWRJ QL m;&nﬁg tQ%rv@ ogt% g?’a%ig& and

in a shaking |nc‘ilf|bator One of these cultures was 5

i nocul at e 2087 PRI 1@ (8R40 Of ghefe TR nioRABh PlePrRROFtIOBRIS ém?”fl_as the viscosity.
Erl enneydb f Esshbs of Thiveniweuidyiolwe igtid3nCegard 200 rpmin a shaki ng

| noubat or and Usedubh@ulARCHIARS dud Bils Lk SAIBY 6L 18Rl waBO 6L MMy

at 30 C and 20Q rpmin a shaking 1 ncubator and us 0 I hocu ate
fennenter ve&adf W‘iié’ﬁrp?‘i‘?’c\‘?frdo 8% paveth ehear Nophlewtoniay fuids may pes firvs 2avel defined
an 0D600 nm @fcoftyumMot-Newibiost flubds lidcludaiplistic eida pelver-RECLALVisodtlagtic lulte (Having
known in thebcﬁl{'slscox@ﬁl?eﬁa@écldopert}&?%d(fﬂeldax: eﬁvg& ﬂ?n%yntl | they reach

hi gh blogﬁss and are in exponentiral growth 1n order to have a
large quahtity off'4ry Nﬁ FBRA STHWG IR oFlpan spsistigdd avig A Nenfbrioly aef,
i .e., batch cnshobee; Wiathohnyfheren@nhmbiiig pf having a non- eBﬁig&husfMMEighﬁxﬁtlnﬁ&ted into
allows the gfo i o]

F.OWE el Aléin [t SRANGS OLd Bilhnf RERUBRGIRNDRA Bl 8ROl i) or

gromﬂh tenperature an source use erel

term "bat ch ¥ featPaelrd ﬁ‘mu & o nereghpometorel PN Ap inskidiag Ty cxprplel har@u of, pheny
nutrients reguibingthnbfnicka lclrclgpiomidDem delixgd cifpleQMiiRidiTNA, Gfpeddias plahid DNA,
cont ai neQ'S I Nyt &énﬁcﬂﬁ\gg %L&Hieggr lﬁ?a!r Ll§sm§'€f I?NA Qm}sjl}n Ie-sgeﬁla%l’ﬂa!smxd gf\lgai)roce)égre

(for exanple excess over prior art

nutrients) afe CHSTlgReokplasmids dpgiude |“6¥F dfsﬁ@% By Mspigtisattighg Mo’ﬁ%}ﬂaﬁ é?é‘dmlgo A
nmake additi drhfborﬁtOrytN&aufﬁ,tZe,r(Edlespﬂﬁ§ Herbor dbiioRitory hress sd): i @bibdol A& m@iprep of
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Anot her type of fernentation usef accor nvent
f ed- bat ch’ f ereesdtupitighy, isofafy plagpid fRfiddpr I%tﬁéroe%wg fa@@hfwneraane@s Pféhe invention and
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culture process I'n rTate 1S

moni tor ed adt P1BHE R REET] TEeremptieme BNyt abQR AR g%, 50%, 95%, or more
f er ment at i onhankeg 98t Cdied @tua Rina blasaid CA.OAltHagvelyPa sﬁxﬁbﬁcollé’cl\éeﬁtehtgl'&losed form
permts the &f SIBNA %&) o e pll‘e?errg(?ﬁg@ne%epd'p%g {netQAdQ %@r@ 1tter§Qe more e ective than the

f erment ati on.



Exanpl es of fernentation process and exenplary rates of feed addition
are described below for a 50 L preparation. However, other vol unes,

for exanple 10 L, 50 L, or greater than 500 L, also may be processed
using the exenplary feed rates descri bed bel ow, depending on the

scal e of the equipnment. Highly enriched batch nmedi um and fed-batch

medi um fernmentations are appropriate for the 5 production of high

cell density gub-titbier, i@alEohuinZBe ﬁ)ﬁﬁCTﬁei'efordQ h@§ﬁﬂnﬁb€éﬁh&l Ead@hsail | IOV may be

har vest at hl ant cft?o%%%e X\lhtlecl g msct)r!e lor l‘l'lIOI'I(::;I f%})}(‘P(%nr Orfnd gnsd ngstal\éytra@y (ﬁ)mgxaﬁro&e O more

Fed- bat ch Fernen lon uses gl ucose™ar
The fer nment at $8dif&¥ms yn i n batch mode unt|I the initial carbon
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consuned fgy o@har&ngmwaagdammawmmﬁqmémfsmm fic gromh rate,
giving a rapid ri s af.t er gcul at 1 on.

cul ture 15 cannot §“gr 6‘33“1& a“fg U atlseam F1CR PR e Qﬁfés ‘%e?)mfiﬁ‘ésepamte or isolate,
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whi ch does not ca&%ogm e°r b%m{ty%i’g 6% SPHRTBE BTy dja\fb‘aﬁ???ris egdehmeny of éhe Gt
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suppl emented wit ammonj whi ch s as_a source of
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quality. One rtant ect,. of e net ccord to_the present
invention is @gﬁ% 1* ess‘fnélglg'%ﬁﬁ%fmlt%mﬁ'ﬁa t%’éés ARG 3[‘2‘6?? ¥ Shprisigdrip
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ur bul en ow S Si 0 ution ure
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flow. According to oa%‘acé Py & I?pfﬁ}té%t f’fot > INYeREP™ AR R0R 11 18 mrofgsA

addi ti onal | yb)(;zgmghng)é thg invention and/or is a composition having at least one of the purity levels defined

below as a “pharmaceutical grade plasmid DNA.” Preferably, a “pharmaceutical grade plasmid DNA



means for adding a second solution that neutralizes the |ysing
solution (solution 3 in Figure |I), wherein 5 the m xture incubated in
(b) flows fromthe neans for lamnar flowinto the neans for adding a

second sol uti on. In yet anot her enfodi ment, the nechani sm nmay
be used in a nethod to isolate plasmd fromcells conprising: (a)
m xing the cells with an alkali lysing solution in the nmeans for

turbulent fl ammpcaiﬁdx”(obﬂle medationdd bzl pafity tdva d&inkcaﬁyi afRast (@ ioNQoss Oletttfie®Beiddyas a
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(solution 1) an ne sol ution (so
very rapidly PEP8 PMCHI@PO&*P%%M%@E PREPFitegF ?j’“*é‘ﬁﬁ‘@&ﬁ‘ %ompqrﬁeféde@tﬁelﬁ“qr AtYggicular
| ysi s accor dluﬁtglnblﬁdlﬂighﬁe iplc@stexation MR, Ciinppditmd, eiShetapidR TOE lcRdl/@0kragRomal

in 15 limti %P e%&ﬁ @ENLO%\%@ %ndot-gx1w§1%teBQ'¥f§'S geé%ﬁgrﬁhén% ﬁ%xg%l ! F&a&@%o@&ctlon of

t ubi ng, usual aneter inferior
around 2 and P@S’ﬁ‘ﬁf’“‘gﬁbco a“ﬁ?)é‘f’@ﬂ&l?%ﬁcﬁfonarﬁ%?éﬁnd Gr um in order to
i ncrease 16ont act As feedOfphdinacadicd] lgtatidSasmbUDN A hia tiefitet et A aesNnAngtpaiiadsahat

use of m xi ngoﬂtmb&% Ievel &ao§n§ pe; Iﬂﬁl%}ﬂg& p&nﬁ?< E)‘dgg%, TeaQ| 09003'1 g% §,§r| IIaO mg of

bel ow shows variation of para ers
t ur bul ent fI@Wm’figﬁﬁh‘é#essquéwm‘é%%WMP@W@TOFGFWPWWE@EeCt| vely, and
t heir correspondi Rigo bl Gdter@dcREy, Sipharhateutiad Grlda8 pROAS HNASp{eﬁyﬁdmlrﬂ:an a DNA
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or preferably less than 0.00008% (< 0.00008%, i.e. < 0 00008 mg per 100 mg of plasmid DNA) of
chromosomal DNA or genomic DNA.

“Pharmaceutical grade plasmid DNA” can also mean a DNA preparation that contains less than
about 0.01%, or less than 0.001%, and preferably less than 0.0001%, or preferably less than 0.00002%
(< 0.00002%, i.e. < 0.00002 mg per 100 mg of plasmid DNA) of RNA contaminants.

20 “Pharmaceutical grade plasmid DNA” can also mean 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 plasmid DNA” can also mean a DNA preparation that contains less than
0.1 EU/mg endotoxins.
-25 The Pharmaceutical grade plasmid DNA means herein a DNA preparation that is preferably,
predominantly circular in form, and more precisely DNA that contains more than 80%, 85%, 90%,
95%, or more than 99% of closed circular form plasmid DNA.
T tube refers to a T-shaped configuration of tubing, wherein a T-shape is formed by a single
piece of tubing created in that configuration or more than one piece of tubing combined to create that

30  configuration. The T tube has three arms and a center area where the arms join. A T tube may be used

to mix ingredients as two fluids can flow each into one of the arms of the T, join at the center area, and

out the third arm. Mixing occurs as the fluids merge.



5to 7nun 1 2-6 m12.5t0 19 mfmm 13 to 23m5 to 8 MM 2 to 4m 60/ 60190
L/ h 20% 25Another object of the present invention is a m xer or
injector wiwth tubes instead of a T, which permts dispersion of the
cells into the lysis solution. Accordi ngl1y, t he nechani cal stress on
the fluids that pass through the tubes iszgreatly reduced conpared to
when the fluids are stirred, a. g, by paddles in tanks. The initial
efficiency of m XirRguéessl h&nd Fre@he An@hBdie of8fuldiprki@RGY diteBtichd¥msverse to the
seconds t hat C;iglﬁl g&thesélaqgﬁovg Qi \%hifhldé{i gel dﬁyeag[ not Xet have \t/,iaﬁcoel astic
properties and the mXing real I'Zzed by The™ vt PUT fst Ertfah e pagnitude and
30very efficidgption| n contrast, when a T tube is used for mnixing, the
initial mxing i SVQEUeMstiUQ@@Jt@-ﬂﬁds\MQ@iﬁg%othJvﬁcd’uhﬁdElkﬁ%\ﬁoﬁﬂﬁfé@ mes rapidly

vi scoel astg’ c, resulting in considerable problens ile flowng in the
tube. This partial mxing results in lysis of only a portion of the
cell s and t hd¥eiAJLED PESCRIRNION @F dHEdNYENBION on of the plasm ds before
_ngut [ a:c i zgt It on. ﬁ@&qﬁﬂiatﬂﬁ_isl &se{dms_ﬂw&s%@v@;yddf Eﬁ&[&% ?fﬁtShoty\ﬁr B,%c\éﬁing a hligh yield of
identifie ase ring. | a ase |. an ase :
These. tuo phabEa<end SERgaHa Y H R Erop Phatwdt Peceide e of  mehod
denat ur at i on fyrodesdieanddsopsinghighlyranifsd nigsneid AYA ovinasivamigeous sikafilvd pliso§haedells.
behavi or 1ohat resul § Srsi fepodt 8R! i@shih6d, f4. %Qfonﬁqjv&ﬂtﬁtaipﬁgnih BRA at exponential
di aneters of th thlajst%ecgusna etrsakieé IQOSISi bl e 1o et the needs of these
two phases. WUTH h a €nall ofame (éPatte%’ﬁjga‘(%?g?,meﬂi"?icﬁ‘ﬁm?‘%g‘i‘“n‘"é‘ Rigjicgseh as
This is the d&oadvrlger dinglonolppas dirdop fthe PHais @re| theinbdiated eathaingpe 20 i Tt erdium
tube (Bib), btiplembddth@RNGprbiRaS ahitldiis REAYCHSL !ESate! s§3ﬁfe%ﬁ%%emﬂ_epér%asks
is the configu atlog,r?{_r}%l oye 1f7QrC.Ph|a§}? | Ot cc%rgln ly, we uSe a
m xer cal | ed " MEPHAL 15 d8BT &t FaCith® ag‘a%“ AOIAN® 9 1558 BT R the gy
al so be (§edinognighy W imd ef thiridgedt medinm obpleripeted ol d 2 & Epenst Onkatioowe ggvn at

to the presesfciamM@BiphaRa Sh\&iﬁghn&lmm? aﬁﬁiu&_ﬂﬁo in& Qb Evi’o% ]irleixrﬁeygﬂ}ia&g,taﬁcggrown at
is solution through one or

counter curreng i,nto the alkaline |lys o

nore smal | d?grée nd rzg(%Fplmflf’ @&9akg, ‘%&&@F X‘tdd‘s‘?ﬁibt? HoRa Iy ferpepitioyresel when in mid-

di spersi on. Biparestiabphgscoditer Howeandrai Q680 ar & 2anisund 0.5 min to 2 mMm

a_nd prefer f’ibl y at}%tt cell chifdeMrddNndchios QRO Whhnl i the %Qﬁéﬁ&rﬁf}, otk MEare grown

m xt ure ? its mixer Clg\x/[lm.g%x%ﬁg‘ass & hﬁ ough a tube of Ihs,maldl di amet er S

( Ei gure ? f ot b yslh% . i ass and cells are’in exponential growth in order to have a large quantity of
plasmid DNA. Two distinct methods may be employed, i e., batch and fed-batch fermentation.

Batch fermentation allows the growth rate to be controlled through manipulation of the growth
temperature and the carbon source used. As used herein, the term "batch fermentation” is a cell culture
process by which all the nutrients required for cell growth and for production of plasmid contained in

25  the cultured cells are in the vessel in great excess (for example, 10-fold excess over prior art
concentrations of nutrients) at the time of inoculation, thereby obviating the need to make additions to
the sterile vessel after the post-sterilization additions, and the need for complex feeding models and
strategies.

Another type of fermentation useful according to the invention is fed-batch fermentation, in

30  which the cell growth rate is controlled by the addition of nutrients to the culture during cell growth. As
used herein, "fed-batch fermentation” refers to a cell culture process in which the growth rate is
controlled by carefully monitored additions of metabolites to the culture during fermentation. Fed-batch
fermentation according to the invention permits the cell culture to reach a higher biomass than batch

fermentation.



period (of about 2.5 sec). Conbination of the dianeter and flow tine
may be easily calculated to maintain a turbulent flow Exanples of
variations of these paraneters are provided in Table I. All

references to tube dianeter provide the ipnner dianmeter of the tube,

not the outer diameter, which includes the thickness of the tube
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drawi ng i n Fi gur egcherBiONEch RARnBABAR MR leval (e bR ROk YSor kY SdnSentefdbds)
system Contipuous I%/fesi S r[[a‘ithbe ugﬁctl) an idts ger\én or V\%th addi %i onal )
processes. TRV PMEtRod BFPHR S FESEE O FHUEHET SHPRSHY B QRIS Py RS §¥iract in
any type of &epitchmegium enrigheddheay yadt(psdn b medium) tadfl efiter Yhot providifedugeayuyntities of
pur pose pgl akR@htRidy:Hi RBicicSHE Bre@iSsofs E11R aRiRg iSRS bipSithndied $/ith SndNownf LBR

target cells 0,.be subsequent|ly purified. |n a preferred = . .
enbodi ment , {%@5 W%?h%c 2t Soiaﬁ’ee"ffo‘?%‘rs“g Hlttm%eﬁsg’ﬁﬁdg‘ﬂnsiog PEeEgs §°6gafl‘§§’ér°$?8é‘lthe
cel I s cont ai Frmgf pirmerive sulfele) dushe dseeqding procels in fed-batch Fnentpivn eesdsigfed to

continuous ahkahi dRtelidiSikcStBhsARGRIEl Ng to the present invention may
be perfornmed on c(gl l.s harves

ed from.a fernmentati on.which, h he
om0 n B onms S thol it 55, S e Rt SR bERERB et at i GHLyG Ths, e
phase, aR@ apresetttitysntioneresrasestrrass r owiaing 2nd 10latnadighly weriifipt pladmid BN that
The 15 conti peioas tmdlsk@bi R 1l¥sSih Svheh @ereTBY) AhSHs BE wRBhGTWRY BRIyGHk b Sel
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reached st at inemafoy laphas 8ow Wi pehmif ingubhting|aanixive foend malk) withowf substantial agitation,
approxi mately 10-200 g thy weight per liter, and preferably 12-60 g
dry weight per liter. Another inportant aspect of the invention is
hi ghly purified plasm d DNA conpositions and 20 pharnmaceutical grade
pl asrai d DNA conpositions produced through a conbination of
chromat ogr aphy steps, which nmay or may not be conbined with the




purified plasm d DNA that is essentially free of contam nants and

thus i s pharmaceutical grade DNA. The plasm d DNA produced and

i solated by the nethod of the invention contains very |ow | evels,

i.e. 25 part per mllions (ppn) of contan%pating chronmosonmal DNA,

RNA, protein, and endotoxins, and contains nostly closed circular
formplasm d DNA. The plasm ci DNA produced according to the

i nvention is wereuhd migluerformpdini(4) Ylof O onUiGe meaS Patutbhles Mdw pl@beiembBselinar
therapy. As ngfed above, a pharmaceutical grade plasm d DNA

conposi tion of the inyvention can, in one aspect, be defined by a
purity |evel withACORIECP CtermBotinest ot @vanlam the mechampmmadfitional s epaprise a
as host cel | maoantfamidtiesd scon@OluAccbat deungizgs thedysfiig adliriag gullition dlin PguddB, wherein

pl asm d CHLIC eq 1n 111 01 SECOI
Bont ai s on f‘ﬁim‘?%“vé’i I b 1t B il AP s, o STRE gl BP g sgons
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pl asai | d DNA (ONROSL b Qe agm&g,gnﬁa & Pl §DNORHERY {){&%Blent

contains | ess than about 0 1% or less t % an pre
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preferably | ess grdfaibl0of0BQOS Yafd<® rid) AR5ERGre ipre@rabls oD adOEIMmGn P td @rease
mg of plasm q r@&ot m Q)ff kaQ§ ﬁux%e%mﬁl}x%{h% &eg&P&Mu&aogfn&ing mduced by passage through

phar maceut i cal asm osition can
pl asmi d DNA fi arT&PlPéﬁefﬁlﬁa%lo“c%lﬂwa‘raﬁ@% glarapmptern By, BIEBp @n@mprrh@em
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Thus, a conposition having a detectable |evel of host cell genomc
DNA of |ess than about 0.01% and |ess than about 0.001% host cel| RNA
can be includeslein the invention. Mst preferably, the pharnmaceutical
grade plasm d DNA conposition can have | ess than about 0.00008% host
cell genornic DNA and less than about 0.00002% host cell RNA and | ess
t han about O} BEOTEI host | B 600t ei n. BAPPLAG f act | Flawmypteeonbi nat ijon of
the purity | eyg@heter NOERG ARRYECARndE |QIRIRY §Tnk@T an}zz&@ﬁt RipbAr
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conponents, puffers, stabil?inrers?3 mr CSGW@OUI‘GSHfO’ i nprovi ng gene
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or gani s In anot a t he net hods of the inve n co rise .
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Ot her techniques include hydroxyapatite (type | an




25 chromat ography, reversed phase, and affinity chromatography. Any
avai l abl e affinity chromatography protocol involving nucleic acid
separation can be adapted for use. The ani on exchange chromat ography
or any one or nore of the other chronatoqraphy steps or techniques
used can enploy stationary phases, dlsplaéknent chr omat ogr aphy

met hods, sinul ated novi ng bed technol ogy, and/or continuous bed

col ums or syt @i becdnies aghidiivt Viooelastipnyesulting ir0congiderable fobkhewhileeld®/in@lin the tube.
t echni ques c %S%%LI %I’xn@ r&bltsag lygg&f 09\5/ %&1 oF 1hE OHREQ HARW cal mleégé"ggomon

or systens. g the invention conprises
purification ogﬁléﬁlgsn}“ﬁ Ffﬂraf“??ﬁal’tz'f‘t}"ﬁl e heI ix affinity chronmatography

with a further stapodfagitohe gxehianesor v davatdogifiapivy paase divitiztifse) nafi@d/Phase I
i ncl ude h)Gdr (%H(i]ﬁgéeql IT'ELS@ ME@&OQ&E&W 19%%5%@;}{3 Qs agc?III er?aﬁx@{% Afg&ll)elc acids,

chromat ography.  The st egeﬁ ﬁn exchange 8 chromat ogra
both in flui f"sE8 23T iBHe%LRAA ?ﬁg’@ﬂ‘éﬁ‘?&*ﬁh‘tﬁaw&%v aaﬁ%foeé%%‘il mdandﬁwmg the
radi al hi gh rdesetens bf thrutgninges iepaaiildeig eed ke asvat dgie@picyphases. Within alsh@ll diameter
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affinity chr s 1 e sHeD ?Séed!SceF s isdhecp étl‘ﬂ"é’ﬁﬂ?yé‘iﬁoéﬁmﬁ IL
steps, odéurring Awotlingly, veroskes mixék chles a1 ehaf is Héplcat inOiguds 2. @y T Bhaped device may
flocculate repp vﬂsemgro%a@&gﬂgloﬁ bﬁhef def %peﬁgénoa%; e ém%m&md}@ s

of the invention describ herein ur i asm
scal abl e and "G E° ‘éﬁ’éhéfb’lg‘”éte? Bougﬁ%ﬁu%enﬂbmf"dhel ’g‘@ 13@’& sQlaiopdirpyEheae efrore small
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conbi ned with ad . du eSS L It in a high
purity product cgh{xﬂa?{ﬁ%f@%% FM%M% e (l%éi be 10 conbi ned

T exa
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order. | Boan %%Q%Bm 96 E&uﬁo&q %& ) U&Hﬁw.nl Xﬁa!t &)ldtﬁn f agxli LOQ‘%?QZ Q? s’cﬂlX\%ew%oman

filtration, ani on_exc e chromat ogr aphy,

chr omat ogr apAyds Fee lIﬂ’{&?ﬁrlfotb‘f'l BY Boderit ‘é‘?b%‘tt idgyive é‘ﬁrhefﬁﬁe’@@aﬂ%fp?’i‘?s |Aﬁthf> it from
order. ThesetbstugpsolatidnOWanfl 0 bre &orhdpetixtd, aeEthea gl of cené ﬁs\ﬁpéﬂswfﬁs&ui acturing
process, which Cafpe LR Hﬁz%d m@&zggth Ekreé trhllo§$1 a secogpmgé @lg Scf much liar er dhameter

unpr ecedent ed purity. as we pr ot

sub- ppm r ang&ig=FHe "h‘é’P‘H’d&F‘S&f the ﬁ"é‘s Wé%ﬁt"n Pﬁ%‘ﬁ%c??éﬁﬁﬂ criifl os¢us0 DH%@ this phase,

further 85 epsixtl ngly be mektibad 2hdthe 20utich mayBd Qigwaiah Yre§t'Sio@mit turbulence as much as

rever sed- ph K ogr t 0 nd/ or
p ggﬂ@sﬂg@ P ORLOGr A0 . Hy q{,]%mpsashst V@%uﬁdhgﬁmge %é@%)gly%ﬂ 10 one

ot her avai l hr omat ogr ap tec ues
conbi nat i on TRReHmEH & e @"Eféméfé’%’lflf"i"l%éﬂ“%@i*@Oﬁaﬁoﬁ e 3 el 2 2\Win, Andriderably
present appl éfcatin0dv. sec is sufficidutfid e@pltleahecedl @pBVEAl BYatkre nereR) @M@thnﬁ})g the

de high RENA
leod 1o rompgae Pt b BePOZREERE: LG AR, BOARME by ABforBE s FRfoatt

mat éri a PBECy
mechani s#Y of ISxigeiPr e (Mg PPERHH ate removal is through a Iysate
filtration step, Tﬁejlykhteaﬁlstobtélﬁddlgthd e heutrQizhion¥vlutianis e e @blya B mdxebcall¥l
grid filter, t S fltratio
Step. G her Yethoder s SodbenPyrafikedal il bERRRUAR0N R M e BN 1Y
cent ri f ugat i B Frerouest ?Pﬂﬁgm‘aﬁ“my““fPﬁﬁmé%@ﬁﬁﬁ@@ﬁdﬁﬁﬁﬁﬂﬁﬁgmﬁ %ﬂﬂﬂe
be enpl oyed (@, proove then thbel liosifidued it yhet ddtidt BEthe ersidixéri 16 GldRDINArap8 @61 Gic) and
Ani on exchange may be sel ected depending on the properties of the
contam nants and 30 the pH of the solution. Ani on exchange
chromat ogr aphy may be enployed to provide higher purity to the
resul ti ng pDNA product Ani on exchange chronmat ography functions by



For the ion exchange chromatography, packing material and nethod of
preparing such material 5 as well as process for preparing,

pol yneri zi ng and functionalizing ani on exchange chronmat ography and
eluting and separating plasnm d DNA therethrough are well known in the
art. Compound to be used for the synthesis of base materials
that are used for the packing material for anion exchange

chr omat ogr apheffestiny mixing aftie parpdti ndision 5.f The asuraized ongtid theaabllegtdid B Sarvesting
that exhi bit tlﬂ&d rﬁ%ﬂk@m&a)ﬁorp l}apl\(i@rlb&éz‘iﬁg {hggH%ﬁggﬁ&:@ukgé RH'I%%O&:% Rgnanon of

i ntroduced by a post-reaction
synt heti zed. 'ERRSBIRSeBt GPoho P dttdoha Pt Grwpeed; Brsmid devaigtey v & guickly and
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ratio and pr esénsiel futhuebgheissed)br idiaddi®h tortis§0d MaRd offiotliing bl lbbwdg figty
the purpose gf. < ROL 1 ned ang §lc ar

P‘I f@&ji)lys%ld IﬂlgA rttQP PO, %s?flg e &%B&t&nﬁleagé eutdotﬂ ds dpharm (];e tf 'r1 o%ve dl)é!A

preciselyvvege-ou nmeri zat tirator are a

wel | stirring® Pﬁ%@ldrﬁ% HP cqdgnd ipplated Bﬁi’fteth@HOftﬂE? inyesion conpingyearielow deyple Le..
30 suspensi pant mlnylmms|(gc;a{)|o®raorwﬂefaengrbhtohﬁsdﬂwbmemu§ ;asieiﬁdmu R&dtoRiAs, and
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mxing wth @fﬁ‘nﬁ%w of é#ém% lpwwqrzléﬁ fegparch @%Hmttaéed thpgapyyr dd ualef! ybove, a
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pol yfuncti on a r 1 nol of pon i ona
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to obtai 0 s of¢eogREY ‘o EmatsRiicy ggde plppid Ae?mpsmonoﬁb«r ipyeBtidn et Ye@rgomposition
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peroxi de typ

stabilizers Igﬁspﬁd DA %ﬁ?eéscgu g%% al%thg ﬁ?\%nﬁngﬁ’i ol oﬁt(a: a S f? precisely,
pol ymers wi twmafﬁﬁﬁvfﬁla@ﬁ%plﬁrn&pawwowosﬁw U eFDtifeed é@#ﬂWAaprsmrab@ that
used to preventkind ke tRggbaganive br eHag 0.00106, ndraphust Sss e 0B@H %Es: preferably
The packing material to be used for ion exchange chronatography fo
purifying plasmd DNAs is preferable to have relatively |arge pore

di aneter, particularly within a range from 1500 to 4000 angstrons.
Surface nodification to introduce ion exchange groups to base




30According to a preferred enbodi nent of the process of separating

and purifying plasm d DNA, the present invention relates to a nethod
of separating and purifying nucleic acids and/or plasm d DNA by ion
exchange chromat ography and triple helix f.ﬁromat ography in

conbination for efficiently obtaining nucleic acids with high purity
in large quantity. 21 Triplex helix affinity chromatography is
descri bed i ntless tiehiteP0P3%t ¢ve0.00008&0tie. USOBOB 12, 187 200 g 28 Plash6@ DAR) WE hdst cell
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Thus, the method of the invention comprises purification steps including triple helix affinity

chromatography with a further step of ion exchange chromatography and further may include
hydrophobic interaction chromatography or gel permeation chromatography. The step of ion exchange



22 As stated above, the specific sequence can be a sequence
naturally present in the doubl e-stranded DNA, or a synthetic sequence
introduced artificially inthe latter. It is especially advantageous
to use an ofigonucl eotide capable of for 'Qg atriple helix with a
sequence naturally present in the double-Stranded DNA, for exanple in
the origin of replication of a plasmd or in a marker 5 gene. To this
regard, it i Schkamowsrathymey @h bR GURAGL d8ibiby 8REankd\@tonSQEEhY Q6H 86 afdfor radial

these DNAs, | ks excindBroQlh gin, of replication, could possess
AgHaofut &%Lﬂx‘i fc}Qm% g b oty P P

homopuri ne- honopyr 1 m di ne regrfons. synt hesi s of oligonucleotides
capabl e of form ngtPerigioe rsipdues i tafkalingdisés yiept dpsaaibed herein in combination with
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Among t he horfBBuFseeie isdH sFPrsieerphe e Maberds ©F the dtventian Heporfpedoleesint for puridying
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alternately t t oubl e hel ix . as describe
Beal and 15 l%e%(vang%%?ﬁ%%%@%u% % o%’.n TGy S heige %@Wfﬁ}%ﬁ‘}r"%‘@m"%” and
Jayasena and Hprbetioiftelaniiss cupratogaptps IRese embodiment, xonting@y §sig B )owed reanion
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-l act anmse . Nt | . Proc. ... Acad. i \
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sequences SuhPERt SRS rRoPRPEmEY ipler afffte shiginpthergy.t induhyarophobic interaction
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5 -TC 11 1TTHeFGGha@ord4nSEQiH h MNGEnt §pri@lidngonucl eot i de. The pCOR

backbone cont ai ns urine stretch of 14 nqn repetjtive bases
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ith the |4- l.e t.ar.y ol j gonucl eot i -rt . CTT-
\(MSEQ ID 30 NO ri‘%P .gg‘lshlg;g%ggrﬁ}e{%r’p%% F%y 8|dF‘b“bﬁ§‘8‘¥°8&f f §gishing filtration step.  Other
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i ther  Gol E1P Y g HAre: Bfjcn BERingSinto: N ched ckborlo e PrstyLogitpespnants an
triad (T3GC ByPIATrOlHiy result in conplete destabilization of the
"[\Ar i pl ex SE ruct ur &aion E&hqnggeh chromaf@rapts8n) foe @ﬂﬁpl@j{eii ﬁpﬁgﬁéquéhk%riﬁﬁpﬂplr&ulggg
mng a tri sequence presen .an origi
repli gati on pgjrl\%alpr %lél%é%\réﬂ gene P Esy ﬁgeé f"g‘?'?‘%/“c%’m/{é?'%'g&’é&%, ve i‘g?f%edi(‘fr acidic)
makes it posEllesples towistport Waick i pesittykly goasd | Blotuselel iort-axcipugei chpmatpgrapbiylAben,
cont ai ni ng  tdewsmailetuley to Gk RepRited RRM uflihe@Rhddbe. Fathifles BRI REuE BB1cs, HR1C Sra
ills not necessary to nmodify the plasmd or the doubl e-stranded DNA
in order to incorporate an Sartificial specific sequence init.

Al t hough fully conplenentary sequences are preferred, it is
under st ood, however, that sone m snmatches nmay be tol erated between



nodi fications enabling its resistance to or its protection agai nst

nucl eases, or its affinity for the specific sequence, to be

i ncreased. digonucleotide is al so understood to nean any |inked
successi on of nucl eosi des whi ch has under,gone a nodification of the
skeleton with the aimof naking it nore J¥ resistant to nucl eases.
Anong possi bl e nodifications, oligonucl eotide phosphorothi oat es,

whi ch are capabtaB) @f bd ﬂﬁll‘yisé]:grated bypthie rehiedue EBepWist HutDNA:hérﬁ@@dﬁy &tus&ﬂ, with many
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o G0 Rt & e P PloR el i Bl SR M PNt Sy By o
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Hel ene, Curr I

Lastly, the. oSl BlaiEbih %me‘gl%%&e’ Ralfisfoie M
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may al so be brom)u increases t | nit
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1989, fl j, glycidyl methgrbieaggidyl acrvhi@ ydiorgthgeergle hmﬁwalbtéayry@@n@éwmyl acetate,
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me oi i di or any ot her ific n kn

per son sk|>ll P%gc%lfjn C?ahreyyaft ‘J(??eﬂ%le“e c?lew}‘h:,mee%1 i an eln%negyc& diadrylate,

Qpi ni on St r ueethyl@pliymethacydaymde, @d%@ﬂ@ﬁgﬁl@)’lmde Anot her type of

modi fi capfon of t\hﬁm@ Ildngmmsgb @@bﬂsd@y B@ﬁm&dﬂ&d%y me p@fe@ct131$ @%&@M ¥5 m@ﬁase

i mproving the.in tion and/ aor af cleotid

ten HIC BS a I‘St Slteﬁ W. eren monlo{‘uné{mna?t on%me aI\ll a%({? g[bOﬁé monomer are

and the speC| IC seq
modi fi cat i onvagedPH Ptr?g ampptléh@railwé memhf weigheshost célwnhorrmltfemwlam appgpsedrfer the

g yt 0|SI nes ﬁf puk e &fblij%lﬁgfﬁé @Qéslu?@mc}h %nﬁﬁdh@@ﬁﬂﬁﬂ?@k&x@@ d&e@l@d Jﬁ?ﬁdiyyrleaia%
i splays the, _not ewor r orjun hel
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the risks of 91e radatl onI ofm )k asn ongmhg ?u ;
length of th& olgonuclieor e s iR e FefHhdy a'f'ml?%gmﬁe%?%!mof‘ atio °
bet ween 5 arvgergfynctingpl gerogenieciobdnitideal gfondmsn it denegptle atcerd 1 helof h@nifasteal
i's advant agegdsit, 448 @dund DI 1d @NPLIRE Wﬂrﬁ&nﬁ%ﬁ&n@gsm tPobRAMREHE Stitles of base
skilled in the art for each individual case to suit the desired
selectivity and stability of the interaction.



The ol i gonucl eoti des according to the invention may be synthesized by
any known technique. In particular, they may be prepared by nmeans of
nucl ei ¢ acid synthesizers. Any other nethod known to a person skilled
in the art may quite obviously be used. %BTO permt its coval ent
coupling to the support, the oligonucleotde is generally
functionalized. Thus, it may be nodified by a thiol, am ne or

car boxyl ter miatahl. gheliferiadion MRiafbr is @ko Wt pRRSladly PArictdd enP fobik ¢ Ajor i&ide

addi ti on of ay boxyl group nakes it possible, for
exanple, to gyteg'fngéus??%m“ﬁmoaﬁeuué dreotl de to a support bearing

di sul phi de, mal ei ﬁ'iSEFésmaﬁ?bH@efS Seehlrexigiic swletefs, nenvngie] tiefactaply nd gelpmers with
brom de or alagighiye: froRef boRKurel NRERT BOURID ROSed B fRvEN 18SdzabdalishaRA 011
of disul pi dg, lteQm Eer ester, 25 amide or am ne |inks between t
ol i gonucl eoti 8 e support. Any ot her nethod known to a person
skilled in the ar ?hemmbé‘afﬁ@é@ be gigé For ig8 eishapgprrétenepgitphy fpupirifying plasmid DNAs
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o 08 d Gn2ay A&
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ol i gonucheot i de al“wcatyﬁd@Qﬁ' eRielli HbABE @sell [G@Nhd e SRR chrom@6@dphy. NG fitst Stuent

condi tions of lt glti %ﬁ&? dngerr}?sw on {&” saltI and a seconbdo eluer% co:T_?]rI;mg hé%%oncergratxon of fag % be

advant ageousfy near car
and pr ef er abpspd-6lhe pluting nethpyongyivin psitching ﬁepafﬁe Sp ths figgh Pladt igdrerypoomyd eluent and

b: ndi ng ][ o the gf‘a@lleru Mtlng-ﬁli'é&oaﬁdﬂlmﬁuslyl dﬁzk@iﬂg e c@lpﬁﬂt%ﬁﬂxlaﬁtt& fﬁit ehub}®1o the second
oli gonuc eot |

interfere Wi F %en% it ufﬁﬁs ag?isa dtl §1attalre "ener qlﬁse e;luer?tsg)r ion excgaﬁge chr%?to%r%nh& ey
panne bades. bygeqer é&?éﬁfﬁf@m CPIﬁ@mn%lp@re‘é’Fem@amOf@dhﬁwfs%swh@l withgporsertretion of
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prepacked in a cah ldMiuonf waﬁeﬁahﬁg]agehmﬂ A1k lrleGl M MR ORSusQ such as for example,

functionghiz a gnetic.or ot

support sggr eggyi ¢ lalm ete%re%ra Ty arg?déao g tmﬁ e CQ %% o0 ‘ffﬁ’gh ’Bﬁﬁ"r‘?&? @3&%@]‘?‘3@
supports captigiress Glfthﬂ‘liéiafﬂ gf Eﬁs@dcb@rceh éfgaw@eﬁaﬂamf ylheétmme@for bleslent mgtel &g is
wel | as thei prefdh@biy ¥,atl19@sm( such as Sephadex, Sepharose, Superose,

etc.), polymers sych as.po ne/ | bepzene rafted or

ungral ted silica, X Sie vaie f?{émmeyr%aglyéﬁr %b)r{raa g?’“%ﬁ%e %rll %g’b‘%?f fg‘p‘ﬁ? iy
in the diffustsen lreyrenﬂpfemfclxlé%wt mefdinitedrie thylst 2viifablo o OREE rinfon Eathirgn Resins,
yields, 23 |Gia@8PR6d@dad, Eteﬁgéﬁ@@b@%@dlﬁucﬁe@péd%ﬁd P@Hnaﬁlg@omxﬁﬁm fhe cumngBoros

seguence co i sev

ol i gonucl eo?lit‘( gieﬂoI pr es é’g“ ’r’e% %teglwnﬂ%/(gﬂ?% yg’t&:sg)ﬁ"pﬁ’(?@f ?}} ggénd 0.7M
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the oli gonUCd goliNdel in WhhuCld boRAA Sollikes @srthdnrﬂﬂtﬂi@d/ sirenttiohshrd @@ected Preferred anion

purificati onéé?egleg%%'gogmlph% Ef(%’iij’salp {oﬁlgmgﬁgaotl de containing n

repeats of ( S preferable to use a DNA
sequence3tont ai nifagprdine ¢ eprsferred embadivienind e awosessrb apfrefing amipupiyieg plesal HNA,
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ol i gonucl eotabl Y8 CRETERE a&%%?%af’v aﬁ%h%a%%ﬂlxscé‘ﬁoﬁﬁ?%ph& d?lt"&‘f‘lﬂ%at‘?i’pfof §igigndly
hybri di zat i ohtapisinedeiprsids wikdighipwity v lageyuantitd conpl enent ary noti fs.

The nmet hod according to the present invention can be used to purify
any type of doubl e-stranded DNA. An exanple of the latter is circular
DNA, such as a plasmd, generally carrying 30 one or nore genes of

t herapeutic inportance. This plasmd nmay also carry an origin of
replication, a marker gene, and the |ike. The nethod of the invention




5The cell lysate can be a |ysate of prokaryotic or eukaryotic cells.
As regards prokaryotic cells, the bacteria E. coli, B. subtilis S.
typhi murium or Streponyces may be nenti oned as exanpl es. As regards
eul cnyotie cells, animal cells, yeasts, % and the |ike, nmay be
menti oned, and nore especially Kl uvveronytes or Saccharonvces yeasts
or COS, CHO, Cl127, N1113T3, and the like, cells. 10The nethod of the
present inventi on Tlec helix ntfinitgl efsomdtogh@Rsis dascxsﬂee%&fazzhﬁxi ﬂ;EQ;&texﬁé‘ ik Ristiy672,

chromat ograp hé’ 28'79!32 Q%e@gg?rl ﬂ%ﬁguo 8 Qﬁém?%&)ﬂg?onl 1911 She rm%grl\l&(ymhl(b?t‘l 8? the Applicant.

resul ting pDNA ptroduct. In trip
ol i gonucl eot i de i SUHEIEK %f%ﬂ%dgw&@faphy lgfefeqfi owecaﬁcdmb@rmnoagf@gwdmgqs and
or other mat I’dWgetfétﬁexﬁﬁmﬂhr&hMIﬂgstﬂudeﬂﬁ]Nﬁd Th&e Bifg&ﬁcl%tM@dnaWc&khﬂtﬂcefollowmg
bound ol i gpnugleotide, such as by applying the sanple to a

chr omat ogr aphy coI um cont ai ni ng the oligonucl eotide bound to a 15
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ol i gonucl eotidc and t n Thi s
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20 m nutes orD%r e. A vvashl ng step may be enpl oyed. F| naI |y, cytosine
depr ot onatd on occur s ignanthe (@Uiia is Eiftleart forhgitibiagwhihe.clbo@sid® of loublk Qinded
the oli gonucllﬁ@{l de-bound resin. 20According to the nost preferred
enbodi nent, the ‘process of separating and purifying nucleic acids

and/ or plasmi d DNAs c@f?fﬂ“i*‘%de%}’%ﬁlﬁ%(%"ﬁ epich ot capable offermina géplets with G.C doublets of
chr omat ogr ap hiyybld strarabdEDie (Rajgaphifet 2] loy ciefar omat ogr aphy, m d hydrophobic

i nteraction chronatogr [ 0 bic .

i nteraction chronat ogr‘%gﬂ )JJsilungg@ gl%flforﬁ’m%tr%tsgft%gf%%hgba?@ﬁ‘& rate
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glycidyl nethacrylate, glycidyl aerylate, hydroxyethyl acrylate,



15 net hyl enebi snet hacryl am de, and net hyl enebi sacryl am de.

Vari ous hydrophobi c functional groups or various ion exchange groups
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according to ;%}nﬁg gﬁ%lg% ‘tahg hg“ - S K nOV\fnmkecﬂo ap Oﬂ’%ﬂff ?Agfog%@}méeﬁl%ﬁr of a "spacer”

diafiltrati on netho tration using
menbr ane havi $EPaeh¥l bétewaﬁh fehqy Ffﬁer%ltﬁt"efhfthel hybridivetionafyes, G "$BeO@6h tomprise

500, 000, tepefntdienths8n Ahen BxfplpRS i Gpanr’z @an ac_)mpﬁsestﬁ@ Qquécncéj GaGL! t rRt LaN;s
all ows for bq&&g&tgégggggid qlconc It qgl erfornmed. The
eluate is concentrat 2-T0l % ?dﬁmgﬁPﬁgﬁ'lc K41 at | on
(menbr ane cut - off13%&34@&%CWQ¥%§§@§Wge@W@ﬁh@eﬁvmauwmmRHAaah&manDEAtnmx
3.0 ng/nl andat befnapeant rcabﬁatbgsapbu fsfubrise ¥OhANG Q:‘l(eddfnaaf Sl 2fuh@Bnaftbeq
constant vol gw %Qes]b(; ntlonﬂEed latex %ﬁ(&s ne and a USt ed to the tar get

ol asmi d concentrati on wi bR Sarin %§%§ﬁfﬁm 5% oTERRoBEPiQFHPROgs are
cal cul at €3 f PETFPesedh s eaﬂasee’lwheze@mﬁtpmp@fc semorp| ceisble fof béng used are agarose,
concentrate. aEPyIarSiﬂ% dr Ehansl Wi e@ﬂhdlrsdeﬁi'ala{reg I’(S%Eh Lsh&ﬁ%& @ep@argse Usllberos etc)
capsul e f'ltﬁ&zﬁ %h%gdqqshgt eral  al %ﬁots % are storeq |
containers in a cof Y @WUHFWF)‘ﬁﬁf & o fgpiidsyilicy forrprragple. "The
yi el ds a pur |°W%°%Wd@h@ﬁ@?@0matem%e%ﬁﬁaem@e@mnm@hcent ration of
Supfel’ COIbl ed plyaS MoOobkash &&filtﬂﬂﬂﬁcz&x@yée?&%: 158Qp&181§/5a@/an% 64?18 1%5158 oﬁ@fg plasmg[d a
prefera vera asm dr ver process is a
east 3500 aovirgeipbih bebp s atloth i oot Lo proe of
average r ec ovearprgl f@i‘?“d@@lom)@osﬁlamdem@sng effegt, thy nr@raemmrabhtmmﬂlp sdid@quence and the
di afi | trati onlighRRotids, WaRh feads G, Rk Bnd cfaﬁlJn %& Nehe§ @?gﬁélfggﬁaeonde
beerforsﬁegﬁ%l,emggy%%&‘ @ﬁ‘ use |rst tratio
(step a) against 12.% 1 ol )¢ 55613 e‘ieP]ieéq‘F@f N&%“WW@P‘%
pH 7.4 ( name# 95sifcemplepjentary mytifs| Inperfrblymral sevbnehtal astitl Arsa;ﬁmﬁmcaﬂirmg:hel
retentatesfr ajiﬂp&fn&@axja)mcﬂleH@ (n@&@%p t@ p@sﬁlﬁahﬁ SF ﬁbr%lzg’&n wﬁ) 0. Vi olﬂ%e%‘ade
of saline exggg\pltgn(t)uslg DWXI I\ C) ﬁ{ Srre rafiltratio ep
according to NAVERETS ?‘Ifsl i t% YPridiFforn ResEings: a iy to Say 10
removes annnﬁwmh¥@mW¥@@€iand EDTA extensively. Al so, subsequent to
this diafiltrati ghe Sic@Ps ac@RPORN hat sQPM@eQioQg:'axg
concentratlo&m&gggqgﬁPﬁg g%l g F % ﬁ% ]S conceﬁ%r%?f%% ow 1 Bpe of
rol VI (between ORI 1Y 3 e§ S%ef 5|°Vi“elﬁr Dibpsughiage ppgaic éﬁnPFﬁIFYe?PW
so obt ai $#od ¥ oUmerEgenesif shedbaati¢ impprienéeo his plesmic payisoseryNaGligia 8f BallckioR a
25 eXCIplentmﬁmﬂgﬁaaﬂﬁ@KMQFTm&&ﬂﬁ@aﬁﬁﬂ&kﬁﬁhQ%ﬂg @a@mgﬂggg&%ﬁ%mgqn&w
mai ntain or e(fn%nélment the % n?ld 1flé§ \?B i3 0 nd d by c

formul ati ons according torREMSE BeERt rg.‘f)ﬁ)f‘f atq 6’?1 e&f&‘mﬁa*ﬁw&‘m difeptly after
useful as t Heys PBrhasH. dﬂemhmgf ths ipvpntipsinayglsy bdypplst! oragtbar Isaie, th Rl sy to the

non- degr adabigerra@fit/bthifedtae 5 GIRAL b QRrif QbionVr B o
at 5C and Up t0a25c lt hat | S at r oom terl]‘p%ruét ur gfsgtepﬁﬁlhy&ltggbv%ohsme




As described, according to the inventive nethod for separating
plasm d DNA with high purity 30can be obtained in large quantity by
si npl er mani pul ati on over conventional method. The process of
purifying plasm ds may be used subsequentlé/ to the continuous |lysis
nmet hod as descri bed above, or any al ternatd ve | ysis met hods which are
well known in the art. For exanple, Rowthrough heat |ysis of

mi crobi al cel dpicaQRs @ aryomgonmr@&mesl bﬁBwaﬁxetH&ﬁdThlJ RktBodRs0 68818 ﬁn%ar g circular

descri bed i nt&(IAaI i a i i uenceo ;negﬁgnatl nal fpg | i cat.ion WD 96/0
The particul af hear &x %qan o "ERH IR {% PYYIed T agpixiyre C%r‘ﬁ%mﬁ%‘ﬁdfffeﬁm
st ai nl ess st esfiucrghe Télhalvé’dd iaprowsling teghd invitien cai hlsd e msphethel pprification of
i mrersed int odoam@gm&re@nmAhi gh terrperature wat er bath. The hol d-up

vol ume of the coi r mpcoup) es .and a t hernonet er
wer e used %o neast?r‘e ﬁ ecﬁrfbeal%ac’f ?ryctnéf’fﬁggfa&'f’ﬂ"r“@ and the water

bat h tenperature, 4 eesgéscnrw@efpt;ﬁ celfphihe pemsdyﬁt__lstﬁ eubtilis, §. tpehinpeidn on$iepédiees
heating coil rhb?'b@@xeﬁhoh@%ﬁ efafnh@sx ‘Q&Egaﬁﬁa @Jkﬁ.ﬂy&lc Qélﬂpan%ay\éehp yé&tg f&l%in £nd the like,

b g ol NSt et he Col el thsh CEI EL LRSS U B, .
centrifugati d\Wﬂ%@%ﬂlﬁé}kﬁW@!SDNA may be purified using the net hod of

purificatigpon accorrﬁls ﬂl&h&dooft he pE”HS@lS REntibN WBRE 1iQRdes at Ieast élsksro@%ﬂlé&eammty
rs.in ser

cell lysis

described in %@gl%’ %%pgbi’ay(()}feneén 8% edﬁ%i’%va R P P ‘g"e’feﬁ’#@ﬁ EBI)IA P’éBd‘f"f rI§ttrlplex
static m xer 2ffgty Fyapagpgrapliyeancaip¢nycleotigeds btundatofai spgpbrt, sddd as b alirérgatagiapl@rresin or
and for precioiet ktin gTﬁe*’b@mﬂ@ bding ﬁﬁﬁﬁédQs B’l&ph&gigd @1ﬂ§§19 LIs]a R %ﬁé@aﬁﬁcﬁo’[{ﬂe nggh zﬁ by

b d | ternat thod for | | t
ot hod of - pu PP " AR 8 DRACEAEAPR o PSS, L aliorfori. Fee o o

Large vol 1l§>ne§hf91ﬁlatwphlsre@a nTHsalegrechplisynidain the couple witl bing koythd ylipeddicleatiad, iforming a

usin gt he st adgic. ﬂh%&ﬁdsadégveéﬂﬁé olfé@rmgéougé a?ati ke pﬁ%jrfﬁi@ ;n?y 2 ﬁoogété%ﬁ: §&hds. This step
ut.l on_an

in-line to acconpl glt %qﬁkons such

preci pi tati of:” 8t It B’llp ﬁtﬁ g é?’ge“ffgté’f’ﬁ‘?ralcﬁmi’%émﬁﬁft Howinges o pgre. A
present i nvervaihng Sﬁemm#mmmalnxﬁdf [Faally, dFostnhdeproghatide vicre infagibefal extfer] dutingithe
tIhF ar% haS apﬁ&ﬁaﬁé‘m%oﬁgaﬁdc@&d%&m&@eai@r ?f a | Engt h SUfrl ci ;ant Eﬁ

ur pose &Pl ysi ng GETE o B LR EFT R aBh P B Ape PE R
whi ch woul d péids\andier plasroid dPANAs Geraisss teisires df énwedmgt bleorhajagiaply, Siple litlixQiffinity

and the cel | snbRudrpRlsa hizd?@)h&by&ht&a&& M%aﬁgfmh%tco&ﬁhén& duri ng,
passage through t referre nbodi ment, suitable static

5 mixers contain }g’ﬁmf’ QP'@EW%W“‘%?“FO&T&T‘%@E}’P' (RS Y EoPRpRiGROTgtiss, &b subsfgte to attract
| i qui ds to 28clowkobicregionirmooleoplet fn tenempln 6t Iperificition.alt sb@pio®inagd that these HIC

rotationgb f I.S\,@W)rlg %ﬁ{' H?gl tciﬂ@ednh’qwegsnot (szﬁ@n%(ort &gcelgolﬂ@sraré ﬂm?edfyp Ehgrlé!i &0y these

fl ow. h]ﬁ )?ﬁj\repprat n géu“ yl ng

accordi ng t o™ H&"D rasé%céaﬁet i Cdee RHEEEPY o g@ﬁ%ﬁ’%ﬁse“ Sntppiifiienty
any types of repieess eres ciwilptplaamid fging @ othFhentagiimats, sah gegDNA, BNA S ehdbdbidn.
that may be s epar@ﬁtﬁégls Qﬁ’ba&ehﬁatquﬂ% h}?gyd ﬁﬂfc%té?&tﬁn%ﬁoﬁ%o&&%? %pgvilbas process for

invention is frama 8‘9 raxi nat e appr ox| mat el

preferably 1B%E% TRBE W‘éﬁ‘mﬁ@ WE‘W thssinterachign ffﬁ‘?m%’g@}i}ﬂ(?ﬁ‘%elﬁﬂg and
appr oxi na¥ el sep@atinp plegnid PYAgiveatirough gre vell &moin ars $10 eit.ainé ore eguliatiaerbed in US

sequences. TmbaaN@6mclrs@&maﬁ%t}%?ateuﬁé&myref@feﬁcge invention may be
capabl e of canyl hAsSe pro imtely 10-50 kb or | arger. The

insert may incl u tl"}bf)fﬁeg\ﬁ? 65 Fﬁ‘ss‘ﬁ’as BRteriEs et B¢ Brdiontks prckes mterial
manmal i an or fogilmmpla)hld imgactiprrabtometegrarihn madichi dhy ampbeida ifyertives SRaionk Heupd that
ther apeuti ¢ gh®k 8 dophdtRaY blaRbuY i RUMERE Edup3 Ume%oﬁxﬁcgm ae;])’o‘.s,ttreac%% oA
adenyl ati on sequences, enhancers, |ocus control regions,

gene encoding a therapeutic protein nay be of genomc origin, and

t herefore contain exons and introns as reflected inits genom' o

organi zation, or it may be derived from conpl enentary DNA. Such




15 (FOE- 1), useful for treating patients with end-stage peripheral
arterial occlusive disease (PAOD) or with peripheral arterial disease
(PAD). Canerota et al. (J Vase. Surg., 2002, 35, 5:930-936) describes
that 51 patients with unreconstructi bl e end- stage PAD, with pain at
rest or tissue necrosis, have been intramfscul arly injected wth

i ncreasing single or repeated doses of NVIFGF into ischernic thigh

and cal f. Varg&wsnaaﬁéxﬁ%t etsz@@ he@splkd BRSHLARGME M&Q@& umruﬁé SHEe, o-
ankl e and to |aI ygg(a ns sSess

0 a n[%é] f"
heal i ng nave BB ﬁ%%“&f& Eat Bagonsth T bSfelaslgstyrene,
brachi al i ndex@@alkﬂéﬁmiq mﬂhmyrqmal orpethybs-tdlontefhglistyefe, eHnetbyl-nshaeethglsigre@na-

i nproved per fﬁ@ﬂyﬂﬂhﬁéﬁe@&lﬂWﬁf @Fme%gm ﬁHl(ﬁltk%fI%ﬂe&n a%{eﬁlylvﬂﬁ Bﬁoaﬁtpﬁ feNE cAL-methyl-p—
I nventi.on eri al

Host cells. u accor
strain, % 38'{?%} CANS p8§’?’ ‘g?’i%‘etg’ﬂﬁy o5 a M HEY %ls@if’?eal m%vdm@awys@m@ o-
coli and Sal rivfretveldylshyrpiai mur |rmmdmxyaBal§iyfehus t hetbydresylalydaidne, of Zbnethyl-o-

mai ntaini ng a g&b%eﬁiﬂﬁ%eﬂaun@ﬁéthﬁ-fm-ﬁylal%xﬂeﬁiﬂ%&l& de: ﬁi@&&ll}qur@gﬁ\éﬁylst;rg}fe o~
exarrpl e 20-200 c (p%] S . coli host st rain be uséd accordin

the inventi o™ gﬁg r?&ofr’(fg-% S EINON IS L R ‘a(y fEene, X ey iRy drgRgre fene,
116, TEX2, amtyciiExRispayide, QWMN@SB% ﬁ)@'ox}’@b’t &iyles, lydnkanerhadgatt, el vinyl acetate.
plasmd ofp F I\@As@;?réﬂ:r@d Q&ﬁprﬁi Y %a@l%?ouﬁs&%i@d 011%%6 rﬂ{genaggéﬂ§£ueﬂ zlsx:l Br, 1

not preferred use
t her apeuti c Sf“gg?ﬁ a“%%hb%a ?“dp’éﬁﬂg]&%rsﬁ?r%&d h[yiifp‘éf]i’B‘fsﬁ"@wcaé%“ﬁé@{“s of2{iu15-
present inventi onEsingles of gblafesortibnaongoiseltde divinglbapane, sivirgiblrizeph) divinyltoluene,

purified \Wasngighyidnt, hﬁ‘t'mﬂh%p}@%ﬁeﬁ@t’d‘l@%hﬁﬁ HikaRfe, Oefchyfégé-'tg@ml rﬁg&@c@fatel @thylene
t he range of f}’ﬁ‘? Eﬂ@gonta g}gnts FIUS I's pharnaceuti cal Cg

DNA. The phar PEATTy g‘]F °pl & Cr?fd BREAEY RGO s iegrea c @BF |n@‘a‘t‘36""te
the presdit imvetebionectiahyismide atdmnatylegdiaguimide<0. 0001% i.e. <0.0001
ng per 100 ng of pz&rﬁ%ﬂy@m% Al LA 1or %gus%n%&fa&e %8%3% gggfréduce:é%y

The phar macet%l cal ra B m d nposi tion thus contalns

t han about 0M§POES é%%r ?rﬁqalﬁmﬁmﬁélfo}@ﬂ“ﬁ‘?‘fa ohEIE Praficly dpsizedsto pepagpte due to the
0.0001% or pydfpbetadiy pxhitdesbyt thealrsOmHERDIBE, O<Be HROBEEr shrigking<oD tHd BL8 miawgrial
per 100 ng Ofi d@étmtl'g cﬂ%@)m Qltt c&laéngm%ﬁ Qrgﬁixe c% f E)Hg 5!305% g’as%nal 1F greferably

The pharnmceut i caal rade g asm d_DNA conposi tion thus contalns

than abodt OPGEBES e Bpavely dydipphgic %maﬁ‘efh gF sPefd pnshaprgale glygigyl acrylate,
0. 0001% or [b}fdedxefrﬂabIay"ylhte,swdtoh:mﬂﬁcrﬂ@a%%\ﬁmjn QB2 Prepdration o Che ORM:2 miAmrial
per 100 ng Oincﬂhé-ﬁ 'ﬁﬁi er%lm Ql%nmlogg%%ﬂep%ss&yﬁmﬂmnal monI & are v&{eﬁhed out at

pharmaceutical grade *sand DNA conposition thus contains [ess

about 0. 000185 ZERE FFoet° g@@fe@f%wygqe@gtg dt“l’?étn"r(ﬁ‘ﬁmbﬁ’ﬂ% B¢ B o the purpose of
cont am nant s adjusting the pores in piltdegfhardraceimiiatealrecyeln deigiph-as pbigmddAion initiator are
conposi t bgn s f&BQchib aeﬂ mﬁm&%&mﬂe IEH{eﬁrguanﬁf@@ 408 B bNSuter type suspension

The phar rraceutl cal cp;r * osition thus contalns
predomi nant BYYEHFAEP Y"?F“ﬂ”btft’?ﬁmx&lﬁ?j‘ AP AfueRs yolwion disiolyed spenersionisighilizer
80% 85% 90%siziBB %t porischIoeshand] 08 eitldroplercwiliaumihsimapel fasad & dilNAg with stirrer,

The present hd&‘f;@x%ér%hoﬁls%&dﬁﬁd% Er3auh \Palnﬂiﬁé%qed%iﬁhdn' quid formul ation
that are stablea un- degraded roomtenperature for

| ong peri od Bﬁmotf’ "“"Qﬁé‘ogﬁl "PATE ‘ifis@llyﬁ?““tfoﬁfi" B gE PPy a8t IDRgal of
t hat ar e3Qsedoroémgmna mogndr, wel aaduedio.flmal nioheffpalyfinctional monohkieso ps BSBME soft
i nvention t hb‘a?tm[e@ L@Jaﬁsnakﬁal arme Ea%m (ﬁ'p&#ﬂ&:‘%ﬂl %&%W% k00 t&&gﬁﬁ& b ? Lo

pl asm d DNA, ver%/ e buffer solution I ne exclp

wherein the ’B&‘fsf’é‘f % Q?Faﬁ‘t}iaﬁirPaF’él%?fé??Sﬁ?aﬁi“ﬁ‘S -FobrBReian paromshalas % bﬁ gsed to
mai nt ai Nt heohodth ayér hgdérgarfiamtesrul at i on or conposition between 7 and 7.5.
20 Buffer solutions that are capable of naintaining the pH of the
conposition between 7 and 7.5 consist either of an acid/ base system
conprising Tris Rris(hydroxynethyl)-am nonmethane], or |ysine and an
acid chosen froma strong acid (hydrochloric acid for exanple) or a
weak acid (maleic acid, malic acid or acetic acid for exanple), or of




Sal ine excipient that nmay be used in the fornulation of the present
invention is preferably NaCl at a concentration between 100 and 200
mv] and preferably a concentration of around 150naM O her 30 saline
exei pient may conprise anions and cations _selected fromthe group
consi sting of acetate, phosphate, car bon#8, S0214, O -, Br-, NOB-,
me, Lit, Nat, Kl-, and Nflct. The nol ar concentration of the
buffer solution ig QeteiAAHHSR iPsolddr SXRTriy BeidRSf & hiobif 1y8E bRt peroxide
withinalimt %nd inda vol une V\(@ere the pH value is stabilized

bet ween 7 andPF. 818 $rEOBPGRY £ Fhsni dDNA st or age conpositi on

according to the Pwseseint shizemtsidinast imis seéntprsd, ooy sxfadtaits DA, polymers with
sal i ne 3_6 eXmipRibamd proﬁé?@ oﬁn%frés&ﬁereﬁy@hﬁﬂ? LIS bAVRRE & Reveht@hddbfeition among oil
sol ution i p*ﬁegeegg 1n.a concentration up to 1nM and preferably

bet ween 250p. TPERETHT®E or preferably between 400pM and 1nM so as to
mai ntai n the pH offhedamgtef efiferopedateitioks io engraliyroning ¢i@rio O weRpleTedalfathetr & the
Anong t he bufh&Elesy sdoibed 36N DI 0190 L, dhddBode PBAbIy QRbund 18 18 [unSWRH b at

sol ution at concgent.ration of. 4Q0p ives. particularly satisfactory.

Fosul t o sand & PR PG palgerterta st Bt §iseiso Pl Do Rae v kg
present i nvertkd agning product fromgrudheieoh silwtiop, fitgnaa Ml te 0el pewe prefaeblp bragndi2go to
DNA f or mupat i08 . ACES Hhudlibs 1R phrhige BR85S e HAVERT ipada c@&mebm;é 88 adjusted during

excel lent stabjlity.bo at 4C and at. roomte rature (RT. 0., 2

OS50 Part rourAn MR Pl AP B M bl oy e md be
prol onged pericgdsedfnd, vhen lgke partivies ey desrednthetniigber 3 repaitions, mayde Gleqrepprd here,
and up to 12 JenkOginad: e BRds &kd &P Sdjus@ngores inFdrmed PR, MeQ8I8RbR of diluent is
i nvention thus ,r‘Sllat.es t(% g c&gﬁosm on co rthSI n\% tptl %?m % tDNA,I a .

buf fer sol ut PEHCUAY dMERFTNES XEIIBTBRL Confie FEi 'S RE L F P98I BYYBH7e™
present i1? a adevwcahtmatd brvasely reibarng atsovept befdy poer solvens frir choBINKF Vith a solvent
stabl e form qfu #GoddQoideror monomer. THNEe Bf R%CdHmelePMB Yo is@8ktel hiopfibiAlSshding

to a conpositign c risi l.asmi d DNA, a buffer .solution. and .saline
et ot Wi RB R St e Bk et e i o § e UO AR R Fof of
suf ficient td0prdsidrvsirds fpltiaadkis Dhisrial for kidepphobicfidaraviicautchd@atograpRb40d fwithin
a prol onged Q%%@ﬁnpfw@@omo aﬁgstrélns@@{elﬂackgg AREE Ny io@cx@ﬂl Qﬁromatt&ra@hy.

nont hs a%(a up to

2 ths. . .In effect, plasmd that are
Stored atlsc or aft POBHPEHSIPETPD RGOS PSS Arffgvil difteen
exhi bi t ver y hydepheleqim piefeable brutiéirick repéng-neieriduvigr diffeseni hydrophalhiety, respectively, the
inferior to 208 rloa¥catibl¥ihevile ndferiat iskRRhnecMONt h.  20The conposition
according to the present invention further conprise an adjuvant,
Sueh as Por Cexanpheri YT Db PR DR i SHor Yoty EHE DGR gad
pl uroni c, or barpabyswripabrenstgdad, hydpcadbe gk with carbon atofe efg¥ ®©i 20 gArbmatic ring

anot her agpeghy ald1R cRELReRkhe hPNERbbORpel ates to a nethod of
preserving plasm i i

in a conposition conprisin . prepari.ng a

e T el Sanpho. GRARPAEIEE A BN e RO R Fiepons: BupBis B pyincy e
sanple of plasmd g\A with a saline/e pi ent _and a buffer solution

t hat maintains thernagliaq)sf“rhAe(CH&GﬁZPﬁn between 7 and 7.5.
The present invention also relates te—a’nmethod of preserving plasmd
DNA in a conposi twierirat0 & drenpraad be ectbfleng grotpomatde wf st2@IT chagomprancded g=0
a) preparingAuRihiahd §eoSRAITR kSuPhaye 88 HaGnt M ortlan@OdrBdA RE=HNSoup or ether
purified azrrpl e of@pl ﬁsmd vmth a,salll e excipient and a bufter
sol ut i on3Qhe P8 PEgretpeneistrp mey b Bnded GRHY & B aesHt *HP iy concent rati on
of | ess than 1nmM Halroplmbicweeps b Ontvrambiddatievroupafdiopmeflmobdithycadd@Ojtdniviof 2

and C) St ori Gt [AGRbASRbEkeM: GHTBOSH 1, Wherh i ob BHE Sadk Hh&iof ¢rBRIbted
4C up to about 20C.




37 Exanples GCeneral techniques of cloning and nol ecul ar bi ol ogy

The traditional nmethods of nol ecul ar biol ogy, such as digestion with
restriction enzynes, gel electrophoresis, transformation in E coli,
precipitation of nucleic acids and the like, are described in the 5
literature (Maniatis et al., T E. F. Frit4th, and J. Sanbrook, 19809.
Mol ecul ar cloning: a | aboratory nmanual, second edition. Cold Spring
Har bor Laboraqh@faéseng@hgnﬁpswggﬁagmk h@&% bOEYp RS Slicyl DRV YR Kb
Ausubel F. M, fl Prent R E. Kinston, 1 a?/bora)eép g%lt%}’&]\{) LG on atoms
Sei dman and §fruhl 1987. Current pr ot ocol s in rml ecul ar bi ol ogy
1987- 1988. John WIh¢ ehpveadrscriSainy droplebic ¥owks, fray Busddeotelyde is ediren @esodify the
were determ nggacby the chain term nation nmethod according to the

pr ot ocol al read ubl i.shed (Ausu et al 1987 Restriction
enzynes mejS?e supp?‘élhafé)rﬂ °%§)Ey . nﬁ’lﬁbﬁg"’ﬁla‘&“éﬂgg “BéQ/é%"F"? 208 FBPrEPEsr low
To carry out Hyirgeipbigivdike Digteidsy lngeretningf alid gionesibetelitoi 1A cabdaufob® ffor separating
conpri sing 5Q0ﬂ§4uf[d’s'v§ﬁ1'ﬂi%ﬁhﬂ?&pﬂobﬁi 4fn mm%mtm%%‘olnrﬂséﬂen&tgoh 2d AT e
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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
30  functional group desired to add being amino group-containing compound, like hexylamine, it is
possible to add using alkali catalyst such as NaOH or KOH and utilizing dehalogenic acid reaction. In
the case of the base material containing OH group, inversely, if introducing epoxy group, halogen group
or carbonyl halide group beforehand into the functional group desired to add, it is possible to introduce

the functional group through ether or ester bond. In the case of the base material containing epoxy
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reaction after formation of base material or particles is as described. Surface modification is conducted

post-

10 according to the same method, where the base material is formed after polymerization using monomers
with said functional groups added before polymerization.

Base material may also be porous silica gel. A method of manufacturing silica gel, comprise
silane coupling using a compound such as alkyltrimethoxysilane directly onto particles manufactured
according to the method described in "Latest High-Speed Liquid Chromatography”, page 289 ff

15  (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 fimctional group that is
introduced around 0.05 to 4.0 mmol of functional group added per 1 g of dried base material is suitable.

Eluvents are used in the hydrophobic interaction chromatography separation or purification step.

20 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 of salt to an eluent having a low concentration of salt and the gradient
eluting method continuously changing the composition from one eluent to another may be used. For the
buffers and salts generally used for the hydrophobic interaction chromatography can be used. For the

25  eluent containing high-concentration of salt, aqueous solution with salt concentration of 1.0 to 4.5M
and pH value of 6 to 8 is particularly preferable. For the eluent containing low-concentration of salt,
aqueous solution with salt concentration of 0.01 to 0.5M and pH value of 6 to 8 is particularly
preferable salts. Generally, ammonium sulfate and sodium sulfate may be used as salts.

The hydrophobic interaction chromatography plasmid DNA purification step may be conducted

30 by combining a packing material introduced the functional group with weak hydrophobicity with a
packing material introduced the functional group with strong hydrophobicity in sequence. In effect,
medium cultured Escherichia coli contain in large quantity, various components different in

hydrophobicity such as polysaccharides, Escherichia coli genome DNA, RNAs plasmids and proteins.
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hydrophobicity may be used. The hydrophobicity of Toyopearl HIC resins increases through the series:

10 Ether, Phenyl, Butyl, and Hexyl. Structures of preferred Toyopearl HIC resins, i.e., Toyopearl HW-65

having 1000 angstroms pore diameter are showed below:

Toyopear! Ether-650 - (O-CH,-CH,),-OH

Toyopearl Phenyl-650 . -O- @

Toyopear]l Butyl-650 - O-CH;-CH,-CH;-CH;3
Toyopearl Hexyl-650 - O-CH,-CH;- CH,-CH,-CH,-CH;

15
The above described Toyopearl resins may have various particle size grade. Toyopearl 650C
have a particle size of around 50 to 150 pm, preferably around 100pm, while Toyopearl 650M have a
particle size of around 40 to 90um, preferably around 65um and Toyopear! 650S have a particle size of
around 20 to 50 pm, preferably around 35um. It is well known that particle size influences resolution,
20 ie., resolution improves from C to M to S particle size grade, and thus increases with smaller particle
sizes. Most preferred Toyopear] resin used in the HIC chromatography step within the process of
separation and purification of the plasmid DNA according to the present invention is Toyopearl butyl-

6508 which is commercialized by Tosoh Bioscience.
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According to a preferred embodiment, a further diafiltration step is performed. Standard,
commercially available diafiltration materials are suitable for use in this process, according to standard
techniques known in the art. A preferred 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 diafiliration allows for buffer exchange and concentration is then performed.
The eluate 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 the target plasmid concentration witﬁ
saline. The plasmid DNA concentration is calculated from the absorbance at 260 nm of samples of
concenirate. Plasmid DNA solution is filtered through a 0.2 um capsule filter and divided into several
aliquots, which are 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 %.

According to this embodiment, the diafiltration step is performed according the following
conditions: buffer for step a) and for step b) are used:

i) a first diafiltration (step a) against 12.5 to 13.0 volumes of 50 mM Tris/HCI, 150 mM NaCl, pH
7.4 (named buffer I), and

ii) Perform a second diafiltration of the retentate from step a) above (step b) against 3.0 to 3.5
volumes of saline excipient (150 mM NaCl). This preferred diafiltration step according to the present
invention efficiently and extensively removes ammonium sulfate and EDTA exiensively. Also,
subsequent to this diafiltration steps, appropriate physiological NaCl concentration (around 150mM)
and final Tris concentration below 1 mM (between 200 pM and 1 mM) are obtained.

Plasmid DNA formulation so obtained by using this diafiltration step comprise NaCl as saline
excipient and an appropriate concentration of Tris buffer so as to maintain or control the pH value
between 7 and 7.5. Plasmid DNA 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 time 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 96/02658. The particular heat exchanger consisted of a 10 ft. x
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0.25 inch O.D. stainless steel tube shaped into a coil. The coil is completely immersed into a constant
high temperature water bath. The hold-up volume of the coil is about 50 mL. Thermocouples and a
thermometer were used to measure the inlet and exit temperatures, and the water bath temperature,
respectively. The product stream is pumped into the heating coil using a Masterflex peristaltic pump
with silicone tubing. Cell lysate exited the coil and is then centrifuged in a Beckman J-21 batch
centrifuge for clarification. After centrifugation, the plasmid DNA may be purified using the method of
purification according to the present invention.

Alternative cell lysis may make use of static mixers in series. In effect, as described in
W097/23601 (incorporated herein by reference), a first static mixer for lysing the cells through a first
static mixer and for precipitating the cell lysate though a second static mixer may be used as an
alternative method for lysing the cell prior to the method of purifying plasmid DNA according to the
present invention. Large volumes of cells can be gently and continuously lysed in-line using the static
mixer and that other static mixers are placed in-line to accomplish other functions such as dilution and
precipitation. Suitable static mixers useful in the method of the present invention include any flow
through device referred to in the art as a static or motionless mixer of a length sufficient to allow the
processes of the present invention. For example, for the purpose of lysing cells, the static mixer would
need to have a length which would provide enough contact time between the Iysing solution and the

cells to 5 cause the lysis of the subject cells during, passage through the mixer. In a preferred

~ embodiment, suitable static 5 mixers contain an internal helical structure which causes two liquids to

come in contact with one another in an opposing rotational flow causing the liquids to mix togetherina
turbulent flow.

The method of separating 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 may be capable of carrying inserts of approximately 10-50 kb or larger. The
insert may include DNA from any organism, but will preferably be of mammalian origin, and may
include, in addition to a gene encoding a therapeutic protein, regulatory sequences such as promoters,
poly adenylation sequences, enhancers, locus control regions, etc. The gene encoding a therapeutic
protein may be of genomic origin, and therefore contain exons and introns as reflected in its genomic
organization, or it may be derived from complementary DNA. Such vectors may include for example
vector backbone replicatable with high copy number replication, having a polylinker for insertion of a

therapeutic gene, a gene encoding a selectable marker, e.g., SupPhe tRNA, the tetracycline kanamycin
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resistance gens, and is physically small and stable. The vector backbone of the plasmid advantageously
permits inserts of fragmenis of mammalian, other eukaryotic, prokaryotic or viral DNA, and the
resulting plasmid may be purified and used in vivo or ex vivo plasmid-based therapy. Vectors having
relatively high copy number, Ze., in the range of 20-40 copies/cell up to 1000-2000 copies/cell, may be
separated and purified by the method according to the present invention. For example, a vector that
includes the pUC origin of replication is preferred according to the method of the invention. The pUC
origin of replication permits more efficient replication of plasmid DNA and results in a tenfold increase
in plasmid copy numbet/cell over, ¢.g., a pBR322 origin. Preferably, plasmid DNA with conditional
origin of replication or pCOR as described in US 2003/1618445, may be separated by the process
according to the present invention. The resulting high copy number greatly increases the ratio of
plasmid DNA to chromosomal DNA, RNA, cellular proteins and co-factors, improves plasmid yield,
and facilitates easier downstream purification. Accordingly, any vector (plasmid DNA) may be used
according to the invention. Representative vectors include but are not limited to NVIFGF plasmid.
NV1FGF is a plasmid encoding an acidic Fibroblast Growth Factor or Fibroblast Growth Factor type 1
(FGF-1), useful for treating patients with end-stage peripheral arterial occlusive disease (PAOD) or
with peripheral arterial disease (PAD). 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 NV1FGF into ischemic thigh and
calf. Various parameters such as transcutaneous oxygen pressure, ankle and toe brachial indexes, pains
assessment, and ulcer healing have been subsequently assessed. A significant increase of brachial
indexes, reduction of pain, resolution of ulcer size, and an improved perfusion after NV1EGE
administration are were observed.

Host cells useful according to the invention may be any bacterial strain, i.e.. both Gram positive
and Gram negative strains, such as E. coli and Salmonella Typhimurium or Bacillus that is capable of
maintaining a high copy number of the plasmids described above; for example 20-200 copies. E. coli
host strains may be used according to the invention and include HB101, DH1, and DH5aF, XAC-1 and
XAC-1pir 116, TEX2, and TEX2pird2 (W004/033664). Strains containing the F plasmid or F plasmid
derivatives (for example JM109) are generally not preferred because the F plasmid may co-purify with
the therapeutic plasmid product.

According to another aspect, the present invention also relates to composition comprising
highly purified plasmid DNA that is essentially free of contaminants or in the range of sub-ppm
contaminants and thus is pharmaceutical grade DNA. The pharmaceutically grade plasmid DNA
composition according to the present invention thus contains sub-ppm (< 0.0001%, i.e. <0.0001 mg per

100 mg of plasmid DNA) gDNA, RNA, and protein contaminants
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The pharmaceutical grade plasmid DNA composition thus contains less than about 0.01%, or
less than 0.001%, and preferably less than 0.0001%, or preferably less than 0.00008% (< 0.0008%, i.e.
< 0.0008 mg per 100 mg of plasmid DNA) of chromosomal DNA or genomic DNA.

The pharmaceutical grade plasmid DNA composition thus contains less than about 0.01%, or
less than 0.001%, and preferably less than 0.0001%, or preferably less than 0.00002% (< 0.0002%, i.e.
< 0.0002 mg per 100 mg of plasmid DNA) of RNA contaminants.

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.

The pharmaceutical grade plasmid DNA composition thus contains predominant circular in
form, and more precisely contains more than 80%, 85%, 90%, 95%, or 99% of closed circular form
plasmid DNA.

The present invention also relates to plasmid DNA liquid formulation that are stable and stays
un-degraded at room temperature for long period of time, and are thus useful for storage of plasmid
DNA that are used research and related human therapy.

The present invention thus relates to a stable plasmid DNA formulation comprising plasmid
DNA, a very dilute 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.

Buffer solutions that are capable of maintaining the pH of the composition between 7 and 7.5
consist either of an acid/base system comprising Tris [tris(thydroxymethyl)-aminomethane], or lysine
and an acid chosen from a strong acid (hydrochloric acid for example) or a weak acid (maleic acid,
malic acid or acetic acid for example), or of an acid/base system comprising Hepes [2-(4-(2-
hydroxyethylpiperazin)-1-yl)ethanesulphonic acid] and a sirong base (sodium hydroxide for example).
The buffer solution may also comprise Tris/HCl, lysine/HCl, Tris/maleic acid, Tris/malic acid,
Tris/acetic acid, or Hepes/sodium hydroxide.

Preferably, the pH is maintained between 7 and 7.5 and still more particularly at around 7.2.

Saline excipient that may be used in the formulation of the present invention is preferably NaCl
at a concentration between 100 and 200 mM, and preferably a concentration of around 150mM. Other
saline excipient may comprise anions and cations selected from the group consisting of acetate,
phosphate, carbonate, SO*,, CI', Br, NO5, Mg”", Li", Na', K*, and NH,+.

The molar concentration of the buffer solution is determined 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 DNA, a saline
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excipient, and a buffer solution wherein the buffer solution is present in a concentration up to 1mM, and
preferably between 250uM and 1mM, or preferably between 400uM and 1mM so as to maintain the pH
of said formulation or composition between 7 and 7.5. Among the buffer systems according to the
invention, the Tris buffer solution at a concentration of 400uM gives particularly satisfactory results
and is thus preferred in the plasmid formulation of the present invention.

As shown in the Examples below, the plasmid DNA formulation according to the present
invention exhibit an excellent stability both at 4°C and at room temperature (RT), e.g., 20 or 25°C.
Particularly, plasmid DNA formulation is useful for a prolonged period of time of 1 month, 2 months, 3
months, to 6 months and up to 12 months at 4°C and at 25°C, e.g, RT.

The present invention thus relates to a composition comprising plasmid DNA, a buffer solution
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.

- The present invention also relates to a composition comprising plasmid DNA, a buffer solution
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 for a prolonged period of time, of 1 month, 2 months, 3
months, to 6 months and up to 12 months.

In effect, plasmid DNA that are stored at 5°C or at room temperature during long period of time
exhibit very low depurination and open-circularization rates, inferior to 20%, 15%, 10%, 5%, or < 1 %
per month.

The composition according to the present invention may further 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 excipient and a buffer solution wherein
the buffer solution is present in a concentration of less than 1mM, or between 250pM and 1mM, and
preferably 400pM; and c¢) storing the plasmid DNA composition at a temperature of about 4°C up to
about 20°C.
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m xi ng the fprobdsat @@chbsman byf 4 gyenctthyligrogp (Sivba, I.IX] nGieatt, 1 MeMbewg bridrH. KGster,

of lysis: comggction P&%@mnﬁppoﬁmcﬁl%ﬁ%ﬂe&ﬂg @y}ﬂhemg et t k@'ﬂl Use of
nonenon mcromx

denat urati on_occur ffus

i s assuned t’%%ﬁan‘)tewg%lgﬁ PPDE: W@Wﬁ‘i‘oﬁoﬁﬁm‘?ﬁe ﬁﬁ%e"’fyﬁ’édeg%‘i‘?éfol‘r@éﬂnﬁﬁs
for a non- NeeftId¥fi Bapmeitudimdpldidngt dagrotedtians sid dalatidieyf o lids produrh euch adsids Res.,al 2,
Newt oni an f |4'5'3ﬂ455|7 rGLQ@rJtW qwsa%dvdnges 5r§auﬁ>§1§tEmBQAg)t}x§1tes1st %n ! Exmeéhnxglof\b\; /]fﬁgc)
| am nar E duit of C|rcular Cross section is

25Neut r d za‘?qbar#] ?S%af%é PSrBdc RN AReEzn UEipghe PABiartees ée§°’¥‘%‘1‘i‘6?t‘f”8

i ncrease the fragizerd BNADM DDIAS greecess Cor DNA effiyace afttshdfi@matiph tua tubed o tdAEbrm
is too vi gortgy@nmsm{mfegdegggzo%ggtgntforces at the wall (nechani cal :
stresses). % 1 g [?/F-%[éil di aneter_tube nakes it possible to reduce
agi tation (FeyRRIsHPEEAL Sl rtaddhirly BEAL BAPS L dlee At Aol iy 0B
smal | di amet®i0dieafeZAN! 5p]din) any Ooldil plaghiliaeri Ng not enough agitation. CQur

obser vatigpnsg, g&]%@ﬁ,rdféa%@gr&gyédggsnggbl y a small dianeter tube for
82, in order to "yiolentl ui ckly" agitate the neutralized

| ysate. Exanpl e Minipreparatio p@%ﬁ"i B%é&f?n& Wcofqﬁ‘égt@}_’e RrptaqoLfikilsit ¢ al 1980.
steps. | n one palbBrdutcarcdigmtradédienmbe gréveh of Ealigusiast(Maiatis 8t AAS1987)] Bieads are

incubated at 37°C. Bacteria are plated out on dishes of LB medium supplemented with suitable
antibiotics.
30
Example 1
The adjustment of the diameters to the flow rates used follows from calculation of Reynolds

numbers in coils of the continuous lysis system. Because the following analysis assumes that the



42 1) Mxing: cells (in solution 1)+ solution 2 (ML + 3 mof 6 nm
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 in of 16 mmtube). 3) Mxi ng: Lysate + solution 3 (M2 +
3 1n of 6 nmtube). 54) Harvesting the néfitralized |ysate at 4C 5)
Settling down of floes and |arge fragnents of NA overnight at 4C. The

foll ow ng comgladib:Of SheRMs RENMSRMn, LR £Hct YpBHdl bGRN kel BRP YUly WYRIiS B1a and to a
Solution 1: EDTA 10 glucose (Ac) 9 gfl and Tris HC1 25 mll14, pH

7.2. - Sol ut *BR"EHE2105 and NaOH 0.2 N. 10- Sol ution 3: Acetic acid
2 M and pot assi unTrecdtadfehe Reynoldi-humkeratioves dBOskilleth in 8ot spesify thedyped of behavior

sol ution 2 - El.owdsatige 2 whil datiress SRy Bl 88 i%ambgf@,}rclrﬁgi@éﬁgfdéehﬁﬂ to 38.5

g/1 with solution 1. . The cells in solution| pass through
3 nozzl esgt hat di sper SEVHEMPREE"Sol ution 2, which arrives 15from

t he opposite direbeitoniypes of non-Newtohixiids Mbstlversmenlygeonmitned inrimikity grei Bingham
possi bl e to Qpicd.fkeWa4kNg of the two fluids (see Figure 2,

schematic draw nglﬁot m xerg. - TILe fi rst secdti ?q of the tube after
mxer ML is Bla aAdtHAE Priqmolds spmosrRpds gopiged 5folgws: 3 m | ong, 6 mm
di ameter, 2.5 secReéshedemeizet RagpoldOBlnber 13 in | ong, 16 nm di aneter,

77 sec regi dQNCe ) . /3, +1NEIN19GESS) Al ) the ppgsent invention
provi des an advahtage 1 h terfs of efficiency, summrized as:

di spersion, bri efP\isHE dipetsrpiiheiges KR §¥nt | e mi xi ng by di f f usi on.
Usi ng the processy: edlurhdd@ npEs@s @Bl gt i on, the nunber of cells |ysed
is increased and t.her.gf agc%gﬁefﬁyda(wsity of pDNA recovered is

: W: spatial v
i ncreased.
n: flow behavior index (dimensionless)

15 m: fluid consistency coefficient (dyn . s/ cm® )
And n and m are determined empirically (study of rheological behavior).
2) Newtonian fluid ’
As for the first section, in Equation (1) we have:
Re = f{inside diameter, y, p, and u) since n and m are functions of p.
20 Re=(uxDxp)/p (2)
p: Volumetric mass of the fluid (kg/m’)
L: Viscosity of the fluid (Pa.s, and 1 mPa.s =1 cP)
D: inside diameter of the cross section (m)
w: mean spatial velocity of the fluid (m/s)
25 Equation (1), for n=1, reduces to Equation (2).
With Q = flow rate (m®/h) and S = surface area of the cross section (m?) and if p is given in cP,
then:
Re= (4 x {Q/3600) x p) / (W/1000) x IIx D) 3
In a circular conduit, the flow is laminar for a Reynolds number below 2500, and is
30  hydraulically smooth turbulent flow for a Reynolds number between 2000 and 500,000. The limit is
deliberately vague between 2000 and 2500, where both types of behavior are used to determine what

may then occur, and the choice is made a posteriori.



25The idea of diffusion is especially inportant because of the
difficulty of mxing these fluids due to their properties, in
particul ar the viscoelasticity. The process of the present invention
makes it possible to limt shear stress and therefore to limt
fragmentation of gDNA, facilitating its B8nopval during subsequent

chr omat ographi ¢ purification. The problemis then m xing
with solution 3, which)any.R&scool ed down to 4C. In one 30enbodi ment,
the process of the invegtion usgail: - M xer 2@ which is a Y of inside |
di amet er of about SHG il ™ ALY nggy™ hilolqiEne BPprOFPAoRYhaxe Pegp used w.
m xer M2. B2esthamttpfre@ls:nm t ube; residence tine: | sec 43 Tabl e
S bel ow gi ves t hexggskthtisia @RLiphOES: iicsgmpar ative tests to show the
advant age% of our continupus |ysis grocess conpared to batch lysis.
Tabl e 5 5°Exanpl eP 31008 kgmcGrathfieiedd is a 1 nil |iTrap col um
activated w t h NHS=( Nsky thrBix ysiuc cit in Bl biiottelata) Phannaci a) connect ed

to a peristaltic i?%?%néﬁ’@&%) <1 mM/mn. The specific
ol i gonucl eoti de used 10possesses an NH, group at the 5 end, its

sequence i s as fol1oReing) wkdarT T PLICTRPTCTE Faetior- @ fr Sme sfapslapjciubing
1) The buf f ecsfigs@idnd iestet] bdllsd eniggnplie@ 1andcobfiparafi@l2 (eimom@B 1b €oe)pl 1 Ng
buffer: 0.2 M NaHCG3, 0,5 MNaCl, pH 8.3. Buffer A- 0.5 M

et hanolam ne, 0.5 M Nad, pH 8. 3.



15Buffer B: 0.1 Macetate, 0.5 MNaCl, pll4. The colum is
washed with 6 mM of 1 nM HO and the oligonucleotide diluted in the
coupling buffer (50 nnmol in 1 m) is then applied to the colum and

|l eft for 30 minutes at roomtenperature. JThe colum is washed three
times in succession with 6 m of buffer A%nd then 6 m of buffer B
The ol igonucleotide is thus bound covalently to the colum through a
CONH l'ink. The colum is stored at 20 4C in PBS, 0.1 % NaN3, and may
be used at | east HQ# Laptimes. The followi ng two ol i gonuel eoti des
wer e synt hesi zed: Lgaonuel eotide 4817:

5L GATCOGAAGAAGAAGAAGARTAAGAAGAAGAATRATRRIEAA GAAGAA ERRIsEARGEAGG: 3] ( SEQ

I D NO 13) and oliganucl eoti de 48¥a5' - AABECCTTC| Bia Bz
CTTCTI L,IIL,IICITL,IIC"K;I,'(;"*u HECHECHEHCEEETCGH3- ’SE\, No- 14)
25 These ol i gonucl eqt 55}6’ en f')?bl‘l di ze 5and cl gned i ni %Sla

pl asnai d, introduce zPIWS‘F?b@m)l ne-\Hé#opyr il #Pdi ne $équence| 6GAA) 1, ( SEQ
| D NO 15) into the @mwrrasamndi ng epl asm d,loias des@:i bed apove. | 44

oliaohuel aotd

The sequence corr espeng to—thesetwo—ypri-di-zed—ol-gopucteoti des
is cloned at the muljt \R W‘SE’% ‘é?ﬁ ncﬁgé}te off {% asm dT‘BBKS+ r at algene
Cl oni ng System La ué’quQS CA), whi|ddmirgnr r i| &irgn afpimgid | i hlamei st ance
gene. To this end, the ofigonucteotides are hybridized i the
foll owi ng manner one jig of .these twg ol iggnucl eotidex are placed
together in 40 ni %E’%Jeftg?lé?nﬁ%?“f"egr e diepr f”gq?{ﬁn%ét lﬁf‘ggs‘f‘ﬁ@e pREfiOpsy pre not
7.4, 10 | BM NMj@u@ely mixedstogeibst ure i s heated to 95C and then pl aced at
room tenperature $& ofhlatvideREnsLRIRES @S tivSurbphd Svsl oW y. Ten ng of the
m xt ure of h iggl zed oligonticleotides are ligated with 200 ng of

pl asmi d pBKS+? E’ ratagene Coning System La Jolla CA) digested with
Baml il and Ecp®ilin 30 pl Bighsmaéd/siaidaeeter| | igh dpexd/ 1ammaD I} igbbpebdy 6 mm ID
transforned into DHSa. Thg;transfgy mati ongypi xturigs, are g:(éat ed ()lé? on
L nedi um supplenented with anmpici|llin (50 ng/1) land X-gal (20 nmg/1
The 10 reconbj WEREYE(Bhesd shoul d| 4 spl ay| an absdrice of | Bl ue
col our ati on onDixhéts (merdi UM contfEry to tise parens pl ass d (th8+)
whi ch perm ts| @5£00R greniAation ojlofragmel?g, co 02(1]@. C)HO 210

DNA cm 6

fl-gal act osi dase. _After mnipreparation plas

clones, they AP UBapresed’t he diPappear/aite of (¥ Psti4Site I|6¥ated
bet ween t he Ectbdess and Balainﬁiar Si tt&xﬁulélf[ plléﬂﬁ&r & NhidA l'a\ﬁ‘afn@rase i:xfbulent
nol ecul ar wei ght | cont-ad o e -
cloning site. OneSi l%rr‘%gcﬁralggnss gql}é SR edkhgm% Raen i ef%r ‘%‘fhéis mbmgl%) pg aFOHS e b
desi gnat ed pb%h Blgnd Bifebeg prespred sequence is verifi ed by sequenci ng
using prioer Take4 (5" - TGACCGECAGCAAAATG 3' (SEQ I D NO 16)) (Viera J.

nbic_nl Ac Y derivoad cvet em
L S vy |

and J. Messi r‘"bi] 1982—TFhe i pé‘“ astHaS,—at—v AU AT A
for insertion nmutagenesis a%ﬁgs Sequencing with s§ %ﬁﬁ tIc ontversal

primers. Gene, 19, 259-26@afor |plasni dBpBKSH B8t r at agéne JIR3ai ng
System La JOWMsaoskA)ep)Pl @y d pXE2563 | ss5purif4ed accerdingsto Wzard
Megaprep kit SProme a, Cor R Madi son, \N% 20 acgcording,to th%
supplier's rec ations. Thig plasmd DNA preparatfon igq-used in
exanpl es des Fiowe@e@élb ow.| 120 PRasmi g219XL256801 s putdofi ed 16h t he
I1iTrap col UlMRey&elERuEE:T O 114'f5e of isgonuc @ggi de,zggigascr' g T 3331
froma soluti n al so cont ql ni ng MPl asm @BKS+ Hﬂ Jffe S usgg im
this purificati’on are the FOMF oW Y™ 25 | tpd nt | dprplegy

acetate, pH 4.5 to 5. Buffer E 1 MTrls 1-1C1, pH 9 0.5 mM EDTA.
The col um i s vwash&dy,Wrddbings Ryndids vAdsfcer beFobtaBBflbst JaRistl A% T Stiafn@rs | Jaﬁcgme
of pXL2563 apd 20 jig of pBKS+ in 400 al of buffer F) are applied t
t he col um ai PhKEubated for 2 hours at room tenperature. The col urm

is washed with 10 ml of buffer F and elution is then carried out with
buffer E. The 30 plasm ds are detected after el ectrophoresis on 1 %

agarose gel and ethidiumbrom de staining. The proportion of the

U




45 at 260 and 280 nm rises from1.9 to 2.5, which indicates that
contam nating proteins are renoved by this nethod. Exanple 4

5Coupling of the oligonucleotide (5 -GAGSCTTCETCTTCTTCTTCTI CTT- 3"
(SEQIDNO )) to the colum is performed as described in Exanple 3.
For the coupling, the oligonucleotide is “odified at the 5 end with
an amne group linked to the phosphate of the spacer by an arm
containing 6 car b@ﬂe AIRI® tﬁé\@ﬁdaﬁ bxﬁ'ﬂloﬁ’Ma@%ﬁ&hﬁ@ﬂs'o@@mﬁé{&p%%%ﬁs 882 or for
Bel gl ur’r) Pl aﬂ% tWﬁ)/g é?(o%g? ? ap H EBII I EOﬁ e}lijafsnlglg%t lrgtaéﬁB?ni g.} gan%apeduced fl§on£6mm

(Promega Corp acco d
r ecormendat i dﬁ§ mm (Y préerer frfdqesheiseath iirﬁ indriess thexapifploe. avdditienaldy, n and m may be

fol | owi ng:  Bufefe@iinel frof-iBe MIRGF the Ohedlodibad6hdd: &f 1B Hutds Phdtied3o d@éhﬁafn@ ke Friont
| MTris-R Cl EDTA The colum is washed 6 n

of buffer F, R o ol asmid pXL2563 diluted in 400 ol of
buffer F are thenBesspl theegitation ehicicnsyl cnpmeaagid comiderdet duchtibroef R apicKiors waith in

room t enper atsﬂrﬁ@emb&ﬂﬁerﬁ%ﬂf H19’Bre§k5ﬂ1§vefﬁ@§f§%gazﬂﬁdﬁs ad]-lg’aﬂyt}ke l&éthlafltfxé &fis. F and
elution is then carrie fied

by measuring opti¢ b 1aa1§tﬁ>rs @ %he\{\\ﬁbf:s %g}ﬁ;‘llgi{relomty does 1o p{)eﬁ{tg g&xg‘aﬁ%{q ggt}a‘glon (1) fora

binding is cé’P’P*N@ﬂOWtﬂuldtﬁda& npiphévey. Inhibeevordp litalpéstoyt sevint th by respetiive ® alter the

l(;laCl var I’KE)SWh fd[aﬁﬁﬁeﬂhithl i td\étltérhhg A ral )t eq&h&l (@HE bdell GRLAQMHYs %tﬁn BI}]bgand in B2,
ecr eases t ar i i ndi

buffer can vary ?’rgh%D s odeguabi\ja‘% dlad’?efeffaﬁgff ?‘ijoay’l“%}”ﬁ”ﬂ"eﬁkﬁ”g’atﬁet ter at

4.5. It is also pHssidspeplgsgatgussd a?aﬁﬁi@ilhfelrlmeﬂmgtagl@nonbamﬁ@ras pissitdain Btb B2

elution is tmk&d@wa{,dnegag%ﬁtmg\wma buf f er corrprl sing 50 | BM bor at e,

H9, 0.5triME upl . ol.i gonucl eot i
55' GA(XBCTTCTTCT%EI%O “?“%’ ge( % e“"ig)as BRNA frarotdsnatimse- jReducing the
carried d8t dsmeese iietegniing %nlpﬁkes GPOSFiblamn@Ireqsé(h@Efﬁﬁ (ingregseit R) iie drder to

using the W Zl&ﬁ&nﬁ@ﬁﬁ{&f)ﬁﬁbnkﬂ \tr}ﬂl(tgé' &:ﬁ?% 1@@&9@" 1harMagllle§ %meﬂé’a}e 1?5%(9 qggla&lgand
to the suppli ecommen %atl Hused i hi s exa

glonal iro fa1gaurls e wel Ta}i\}f ‘?“Fe t(baVQIdmu e&ce'twéfit féagmﬁ{ailgn Increasmg the

are the fol | GW ng
dxameter ‘makes it possible to reduce agitation (decreased Re) and friction (lowered velocity).

M1: mixing the fluids.

20 Bla: fine-tuming the mixing at the beginning of lysis: convection phenomenon {macromixing).

Blb: 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 laminar regime in a conduit of circular cross section is Rey < 2300.

25 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 show it is best having only a small diameter tube for B2, in order to “violently and

30 quickly” agitate the neutralized lysate.

Example2
We can break down the CL system into 5 steps. In one particular embodiment, the

configuration is as follows:



Buffer EE 1 MTris-HCl pH 9, 0.5 nM EDTA. The colum is washed
with 6 mM of buffer F, and 100 ug of plasm d pXL2563 diluted in 400
ill of buffer F are then applied to the colum and i ncubated for one
hour at roomtenperature. The colum 30 is washed with 10 m of
buffer F and elution is then carried out 4ith buffer E. The content
of genom c or chronosonmal E. coil DNA present in the plasm d sanples

before and after ﬁﬁ&@eceﬁswn@a%nﬁﬁesoﬁhmqmalserp&fla% 1Gise),. unﬁbginﬁmg of 1 31s of

nmeasured. This gep rsint
E. coli gal K gene %%%’%nﬁ”isgu%? 5‘?% &%ﬁg‘mﬁf‘%&‘fﬁ" Fé‘)‘ sequence
of these priners il)sEreieélamdeéébnhiyra@ebm(é%mafIGmed)el c ACI ds Res.

1085, 13, 1841- 185@,)Mm,,g~aL e CRREAANT BCT 50R fRGHGAA AGC ACT TTGC 3
(SEQ B) Ng 17) gdré AGC TT ACT T CAC GAC 000 TOT-3t (SEQ I D
NO. 18). ° The reXctdBHgardikatsrradC i 25 pl of PCR buffer

(Promega France, Bh3ttlgrpiee dgdsandllarke MMHWA Ovethigivit 4PKTP
(Pharmacia, O Say’)’he f&b&ln@%n@ﬁéﬂgﬁﬁ be%@edWéaﬁ‘Jr ouT@eﬂtxﬁQ&sXﬁEr ase (Pronega).
The Sreaction |5 BelLgl g ASKeN g, Byl SoRUSIAG; e Al of 95C
78C. The anpli fi edoDN ¥ rSB§inrpdH Ba8e pairs in length is separated
(ol coul o Probes. - Emen d A G2 bl D by r o er once. to
gn Utrapur genom “5%&%@? %S@’“f“rldlﬂfﬁ @’gzl i strain B (él gma, ref
D4889) . 15 Exanpl €1&v rate 90 Uh: Phfuongxanpl e describes plasmi d DNA

purificati on from@;lgdﬁ%dtl)ygg Bfsolpagtierial culture, on the
so-cal led "m nipr

an ov ht cul ture of DH5nN
strains containin —gpﬁTllggﬁoﬁt‘%‘inﬁgélgo“&Lén‘&zél tgﬁtgﬁ%esﬁthe’éﬁﬁo St"}‘l‘ﬂo“pzef"l’l@i argives
resuspendéd irpm EQOppsitedirecB. MM gl ucose, 25 MM Tris-11Cl, pH 8, 10 naM
EDTA. 200 pl Of Qh%x&ﬂw%gi gebme(?y%n@irt Stﬁ'g%q nnm%n&lkﬂ%he el V&L hg&ie

to mx, 150 d P SSI um acet a are n added and
the tubes ar Sftf?{?etfct 8“8”"?8 After centri fugati on, the supernatant
is recovered and -Ileaﬂerdqumafﬂtemeemeilgmﬂmﬁliebtaiadahmkmmnomwai ned as

descri bed i n Exanple 3m1§]gwgmmcé§@n&|u%l on are identical to
t hose deggri bed i Ex roxi pately 1 | of plasmd is
recovere 8f rom1, ?ﬁl"éﬁll?ﬁ‘f“@o 77pfie%1‘§%g‘i[ef“ﬁ’“5‘8t ai ned, anal ysed by
agarose gel el ectifhepthwsseﬁ it& p@sedlt imtehtiod iptomidds mo advelengs tnadrms ufgmcteadye@mmht&ed

formof a si &gﬁl%elgﬁﬁ'@ngtnole&%g?ﬂdlg&ﬁe mﬁ&n‘fggy&ﬁ"ﬁsl(}%S DNA. No trace of
hi gh nol ecul ar V\e‘;glétbﬁc rom)soma%il or of RNA is detectableln
i f

the plasnid pur FOPTt ¥ RO BT BT ol ied Hrigsreased and therefore
descri bes a bt asntitdofDNNApeeovefed Gsatcrearrd.exper i nent carried out under the

sane 25 The idea of diffusion is especially important because of the difficulty of mixing these fluids due

to their properties, in particular the viscoelasticity.

The process of the present invention makes it possible to limit shear stress and therefore to limit
fragmentation of gDNA, facilitating its removal during subsequent chromatographic purification.

The problem is then mixing with solution 3, which may be cooled down to 4°C. In one

30  embodiment, the process of the invention uses:
- Mixer M2, which is a Y of inside diameter of about 10 mm
- The section of the tube B2 placed after mixer M2.

B2: 2 m of 6 mm tube; residence time: 1 sec



30 conditions as Exanple 5, starting from20 nl of bacterial culture
of DH5a strains containing plasm d pXL2563. The cell pellet is taken
up in 1.5 mM of 50 nmM glucose, 25 iuM Tris-11Cl, pH 8, 10 i nM EDTA
Lysis is carried out with 2 m of 0.2 MNeal, 1 % SDS, and
neutralization with 1.5 m of 3 Mpotassi4t°im acetate pH 5. The DNA is
then precipitated wwth 3 m of 2-propanol, and the pellet is taken up
in0.5nm of 0.2 Mbeomew ga;ée{ha}@uns Rhaifad o compMaiNe &dsts a6 hok ARIBANQERE B our
t he ol i gonuel e(%tl de1 S 9 tDa hr]ed as described in the above
Exanmpl e. Bi ndPhy, " wa lsrf’mcessc?mp?rﬁeocof and elution are carried out
as described in the above Exanpl e, except for the washing buffer, the
nol arity of whichymiddh respect to NaCl is 0. 1M The plasm d obtai ned,
anal ysed by agar ose gel el ect rophoresi s and et hi di um brom' de

Stalnlng, t akes—the—forntrof 0131|||‘\,|"‘ﬂm"l e f-etH-at

DNA. No trace of high 5 nolecul ar §@twel‘%)ﬁff/&pr‘N‘ﬁ‘r n’gﬁnmﬁﬁﬁﬁ?laé?n of RNA
is detectable in the purified plasm d. Digestion of extrpsted | mas raniol  wietthy
a restrictiop enzyme gives a single band at the expagdgd nol ecul ar

wei ght of 3 egkgﬁa&ea——#h&-p#a&m—ﬁ—gemﬁams—a—easme—een&amg—wé
cyt or negal ov i BPomoter, the ge &’ codi ng for |uci f8rase and the

honopuri ne- hoﬁnpymusﬂw@w@@eq@emce (CAA) 17 (SEQ ID NO 15)
originating fgomueliRsahy \qe p3CL2563. “$The strain DH (Miniatis et al.,
1989) containing-this plasmd is cultured ina 10 7-litre fernenter
A cl ear I?sate i's prepared from 200 grans of cells: the cell pellet
is taken up in 2 litres of 25 MM Tris, pH 6.8, 50 nmM gl ucose, 10 nmM
EDTA, to whi gg ﬁgjtres of 0.2 MNaCOH, 1 % SDS, are added. The |ysate
is neutraliz dding one litre of 3M potassium acetate. After
diafillration, 4 Tecchmoipgdds o el A Eangolma piivtedayith THg (hydoxiquaoindpidHS
col utm coupl Bighrrhadiaf dagneatd 1§ OperiehieOtuing @ufit <SIQGeR CRe BeciABTddotidle used

1CTTCTTCId uAOE;%JSBSS?@E%P@@%&#&C%F%?&94 AeAsto t he net hod

described in Ion are carried out as
descri bed i nSIQﬂ“é} eI EIEHPF e CTES Bhp (REQAD NO: 1) Thi s exanpl e
descri bes the usa‘h@lﬁufﬁﬂ@uﬁﬂingﬁfﬁiﬁhpﬁﬁrétﬂﬂoi&ﬁ&{gi ng net hyl at ed eyt osi nes.

The 20sequence of i s follows: 5

- GAGG nmeCTTneC T1i ﬁ%%ﬁ%%”@?‘%%%‘%?ws ag% 1§ngQ ID NO 19)

Thi s ol i gonucl eotiuffE HIodeetvmdanine. NP ¥pCbuPi 84t the 5° end. neC

5- met hyl ¢yt osi ne Buffliss oglmg:aaamlsa@mcdq)zﬂnabl es plasmd 0(12563 to be
purified under t Ltian habl

pH 5 (the risk o &R@% a aigajo(?lwo %0? : as eo}fgﬁmwle%lde %lug?g‘a e"a‘jpf‘mg
25 Exanpl e gbuffer (50 nmof iy 1ds ta%w@ees@abmpleen antil?éfwi) genfmﬁt won fteghperefgriedThe
is modified @tumnevasiet eFaatinglin @Eﬁésthwhh@ﬂcﬁB%ﬁ}EAgxfdQ&bﬁshdl HﬂiﬁﬂerﬁaOTﬁéﬁe
phosphat e thcglf%%{‘%geo%@e Sl b%o tcg‘\!ra entB/ tgecéf %tr%%}tl D Ospi}ll O%B?u%n%és sloped at

this exa
5' -t er mifal %ﬁ@ﬁﬁ%‘bhéﬁ’ ﬂﬂ‘ﬁw%ﬁ‘t‘j&lﬂﬂ%ﬁgﬁrﬂ@eﬂz car bon atoms
N1-12-(Ci2)2 Coumpd folyirgftwd dligortiécg@s wel §athtsled: dRGnRASEB IS 71 hr ough the

| F. 2 M
NaCk 0.2 M ag S{@&MW’%“E‘?@%‘%’?‘S BRI A AR RE b % o
have better W‘T’M (R YPNP: A D). anéol%n%egtideﬁ%ﬁw&ﬁ“ﬁﬁﬁféﬂ‘ wher eas,

with the ol |@nm¢temmﬂcn@tacmmgcm@mlp@@mm@rc¢h @Qymddd 14 of
t he ordei5 of 45 epd;ﬁ ame coqldé

tio Jol I oW
the cloring stratogy onuc es whenExg rldfzeéﬂlsa?d a(?]}% (Exxa’cot V\DpIannéS n]inﬁ%duce %

S Ccr I
carr y| ng homopurme—homopyrumdme sequence (GAA)U (SEQ ID NO: 15) into the correspondmg plasmid, as

described above.



honopur i ne- honopyri m di ne sequences are constructed: the plasmd
pXL2725 which contains the 5 sequence (GGA) 16, (SEQ ID NO 20) and
the plasm d pX1l.2726 which contains the sequence (GA)25 (SEQ IL) NO
21). Pl asm ds pXL2725 and pXL2726, anal ogous to plasmd

pXL2563, are constructed according to the f oni ng strategy described
in Exanple 3, using the follow ng oligonuel eotide pairs: 5986:

51- GATCC( GA) 25000h8sequeinteQorkdsholithg 1@ Zikse Ho BBBHzed Bl o&MeIt@@qg &ibned ét%énultlple

(SEQ I D NO. 981: 17GG; 5982
5r - AATT( CCT) %‘f%i‘éd“ ¢ sf%@“%”%g tagere C%mng %arr qgﬂoNgg&& Whigh saries an
5986 and 5983picdlinysEgeneeseat nt this end, b dliaiudlegiesRFOIE biidized fnothd foljovtideemanner:

ol i gonucl eot érﬁ@g?of&hesém Bé,iﬂ{ﬁﬂleoﬁdégargﬁlﬂgé to§étﬁe?fn 49'm1 BBKSH e g% BSo
an

Cl oni ng stem. b I | eot i des

5982 ar e%lusefflfor ajt{%g cons rgﬁ%t?msmlélfm‘ﬁ}égtﬁqq 9%§L $hen plesyy até%?f?éempem““e
exper i ment al sodkshdip teimpaigura 11§ dewly.hEengg néﬂw midureorf hptfridigbdadligbnticlipdiie? 56 Jigated
are used, anghonb Yig bflaskld r@@@u@u@@%@h@@mﬂﬁg gﬁmar@a fahmg) este'ﬁ'vm th%md

Lhe ol oned seaensss ety el iuiet B asuenc g, SRt s e TS
relative to aheliekpeonddmetguempenenien siit adpioflint (7@ nga Y weink -gal @Amg/1). The
r]_gpeat ed Q]I-_ E rEdoilﬁﬁﬁant 155714 @hoh@ m{f %e{ g¥ lfh@'—%@o&?ﬁoﬁ Qn : , cmpcl) Ghe
e ol or.m riple helices w
nomopur i ne. SEGUATHERS B0 R el o Rt et of Bisel Pedecepidese
t echni que deXer inly@eepirgtioErbrigying I]l\fﬂfrorﬂ' h ok, |tlg@ allidibigytd tlediebpeaattl 8NBEPst
25 5' - AATCCGl:el foat I%M&Q&@@I f e
purificatio t y )—(—’27 5 a d t he oI [ Mguag%ﬁe Ihl(ﬁ&ﬁlm%{%{n%}
5' AGTGCTCTCTh é%“‘r«%’#@% € mt“’séb" PEENES- ‘g@)dqng is peledpdopt the Pﬂs,respondmg
puri fi cath ormlasfid pHesmicl 339(22652 6lhe cloned sequence isTheifitdVby ehdnts usingeprieBy -20

b d
obt ai ne enth@sict:b@c&@cmmﬁl a2 m%@§§%§hpgwq sﬁ% 365014l g

30to the tec e%&cr gf Jon Exa
buf fers: Buff&¥ fﬁ“ﬂz Tvedy S5ty % PR mpppepesis. anwfq“@wme with Whetw
Tris-HO, pHmQE,rsaDprEnemleE[@)Tm, 25PHpe8)yforepliaatsid OBE $ti (SedlagaieaClchithg Ryt LBINACA).
for pXL2725 pakga X252 85 p&%@%&%}diﬁglté/ Wizl Megaprep kit (Promega Corp. Madison, WI)
20  according to the supplier's recommendations. This plasmid DNA preparation is wsed in examples
described below.

Plasmid pX1.2563 is purified on the HiTrap column coupled to the oligonucleotide, descnbed in

1.1., from a solution also containing plasmid pBKS+.
The buffers used in this purification are the following:
25 Buffer F: 2 M NaCl, 0.2 M acetate, pH 4.5t0 5.
Buffer E: 1 M Tris-HCI, pH 9, 0.5 mM EDTA. A
The column is washed with 6 ml of buffer F, and the plasmids (20 pg of pXL.2563 and 20 pug of
pBKS+ in 400 pl of buffer F) are applied to the column and incubated for 2 hours at room temperature,
The column is washed with 10 m! of buffer F and elution is then carried out with buffer E. The
30  plasmids are detected after electrophoresis on 1 % agarose gel and ethidium bromide staining. The
proportion of the plasmids in the solution is estimated by measuring their transforming activity on E.
coli.
Starting from' a mixture containing 30 % of pXL2563 and 70 % of pBKS+, a solution
» containing 100 % of pXL2563 is recovered af the column outlet. The. purity, estimated by the OD ratio



Exampl e 11 This exanple illustrates the influence of the
| ength of the specific sequence present in the plasmd on the

purification yields. The reporter gene used in these
experinments to denonstrate the activity of the conpositions of 5the
invention is the gene coding for |uci fer&se (Luc). The plasm d

pXL2621 contains a cassette containing the 661-bp cytonegal ovirus

(CW) pronot ef260 keIBi ntdgks R . 0fo 4 GhigeN@cd Bia\@nthhatihtGbEBS A8 RmoRlb by
the M ul andﬂlll-llrgl%}" sites, into the vect or p&. basic Vector (Pronega

Corp., Madi son, . This pI asmd is constructed using standard
techni ques of nol ecul ar biology. 10The plasm ds OCL2727-1 and
p3CL2727-2 a@__gig_er_wtruct ed i n the follow ng manner:

m crograng of pl p 26

enoyne was | nact [ounag e RalEE ¢l 3"?&@%@?@%@6‘%&% Spap o
time, the ol LYénmiie pdom 1&1@@"6’@9@3 é?ﬁ%flbﬁbmgixmré‘s hyBritlei centing she b mrondldotd is
for the constbaifiddadfe DEndotih SiheindaXbug 5834 to@RPEssphate of the spacer by an arm containing 6

g.L Gélggé\g;?) / 7CT%AT% %Z‘gé&SEgE&% %%@%e%ééi’éelgmng Plaan)%LZS@ is purified using

hybri di zat i ofte Wizfdleeairey I@I(Bfﬁ’é%gaé:t’fpt’ NMedigganWiE aesprding t5f theuppdiens decpih@@Rigns.
and, aftep t wm&@maimm ekditip@ afeeFRlowingcONMbi nant cl ones are

i dentified by Psty WNCCI,FQ%ﬁ?Iace %eépqpﬁggl ysis, since the

ol i gonucl eot i des | uce a cl ones are sel ected, and
t he nucl eoti de séﬁﬁ@ﬁbéhﬁﬁ“ﬂﬁepﬂpdh%dﬂﬁﬂﬁgnent is verified using the

primer (6232, 5' TMGK%TM@W@F o PSR 12 Of J1dan %%%hi_ﬂﬁeﬁ%gom
sequencing r 0. RLL ey e

pl asrni ds anet%ﬁ%erg ‘dert d]( sﬁ’g tccﬁ %?‘mur%%dr&%‘H’“ﬁ%ﬁﬁ%ﬁ@éﬁ%‘“ﬁrﬁe column
sequenci Wy \AﬁStVﬁ‘S@? mthéﬂ |Hé ofihifee Foafl ciplidone then cfn@det ¥8h BEBr 268he plhivad is

first clone 4@&&2&@&%@;@{@1@%@&@6@@@%% GAA repeated 10 tines.
The second (p3CL2727- 015“ |ns th seque .

5' - GAAGAAGAG GAA%’? Pt ‘Y ose BRIV PR, forNagh varies
the one des cﬁ“inb%@ 2iMh (bESta drp | Teve Burlﬁamin Whi ddarehsss wou bk exdlatitp of ¥e€! falls. The pH of

ol i gonucl eot m@@@@@&%ﬂi@&@ﬂ@%&%ﬁﬁﬁk%ﬁr ylé)!d be(uél:—égte} Q 4NO{t il a)so p&sscible to

used. eats of the sequence
G The? % 56 et P § e i Qi 8 T bttt fatep gt b e
repeats of tﬂ@éﬂeeﬁi?»éépi@ﬁ@i)ﬁg hybri di zati on sequence CTT, can hence

hybri di ze widdipitnd @ndpdiastubishtiad (s%ﬂeééﬁf@@tmﬂ@ﬁ%ﬂ@ A0 % No: 40: 1) fo the
pXL2727-2, 1N contras possess 7

sequence (GAA)
(SEQ 1D Mo JBF 01 PR ~uaRatraRg oo i P R o0 SHIES B e Wie
bound t o t héViesaitrenit (Prathées Corpi M&I%%@@éﬂﬁa the heppliegs tagpbmietatoes. dthe butfeys
one posiiy onm@nnmg}&;ggagme‘fmwgéperl ment is identical to the one

described in Exag?% F &{I%& EQ& f %!Itl 0 ng buffers: Buffer F: 2 M
NaCl, 0.2 M acet? ‘h‘ gD P M Tr i 5. HOL, pH 9, 0.5 M
EDTA. Buffer E: 1 M Tris-HCl pH 9, 0.5 mM EDT Al
The column is washed with 6 ml of buffer F, and 100 pg of plasmid pXL2563 diluted in 400 pi
of buffer F are then applied to the column and incubated for one hour at room temperature. The column
30  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 measured. This genomic DNA is quantified by PCR using primers in the E.
coli galK gene. According to the following protocol: The sequence of these primers is described by
Debouck et al. (Nucleic Acids Res. 1985, 13, 1841-1853):



50 The purification yield is 29.%w th plasm d pX127274 and 19 %w th
pXL, 2727- 2. The cells used are NM 3T3 cells, inoculated on the
day before the experinent into 24-well culture plates on the basis of
50,000 cells/well. The plasmd is dil ute‘%ti n 150 raM NaCl and m xed
with the |ipofectant RPR115335. A |ipofeCtant positive charges/ DNA
negative charges ratio equal to 6.-is 5Sused. The m xture is vortexm,
| eft for terr-oCGQUWASTCIIGGIOAAC CANPSCAATIEC-BSEQT®RNOL 17) medi um wi t hout

f oet al | f ) ' . ti f 1
oo s ! ANt Her ARG Ll g yple poport 0 o

lig of DNA per culture ~Af hour s 10% .

vol ume/ vol untge §Rofp ardr™ caprissel dr & HEdudordRigmesid g [Farbgpmsres): 1.5 mM
i ncubat ed f avig@B 0.2 mMyEXITS(PREma3iACsdY); BIFQ@MOprEse 10 &/m Tadpmetasd P meghl €The
cells ar 1 W ' : e luciferase activity is

measur ed%a\é\?g%ﬁg tot észogdrngg?%(}:lg%qﬁg%’cri bed (Pronega kit, Prornega
COT. Madi son, W) BR#®YHCa Ltunat LB9501 | unai nometer (EG and G
Berthol d, Evry).-Blad®iotliopd292F-1, purified as described in Exanple
8.2, gives transfection yjgaldscdm ce as large as those obtained with
the same plasmd purified using the Wzard Megaprep kit (Pronega
Corp. Madison, W). Exanpl®®#5¥¥5The fol | owi ng exanpl e denonstrates

t he purif0 cati on- wimip&€@Rcderi ved plasm ds using triple-helix affinity

chromat ogr a i r b,C

2el d " cont any gtk Eoh SEOMAL BF e 0 ROERIOD QAR by LETNRDU £ hagaros
| evel s that sRldyie ﬁ@%ﬁnﬁééwba%?ﬁléé\é@e% obes Aveste Vdatnd dise etifiod prapsgnce
met hods. A tté anfiliepugkidmi YA gbs fios Syl istash dashawetiug®ephacryl 5- 1000
SF ( Aner sham Phar maci a Bi ot ech) 20 as the chromat ography matri Xx.
Sephacryl 8-1000 is first activated with sodium m periodate (3 mV
room t erfper &4BeS1 h) in 0.2 M sodium acetate (pH 43). Then the

of i gonucl eot i de Tiss oM eteribsirpbisgll DNASpuliEMid2irdnes Eban Bhatd 8 badtdfiall @iture, on
al dehyde grqups. t.he. act | yat i Ny I j i.mation. in

o esonce of hes el tARRRE! LB SluTBE il e GRLEL NEnARUBP b8k Bulale
coupl i ng of PEFBER R senTiiseds awhhegielley fs resuspendqdriprififael of SustMhglcese. 3998 TrigHCL
83-88) . The phar ropy EDWA C2A0REfOLIMNIRH, || e0$DILhe: 4dsaafthd Wes irBiBSeted to mix, 150 pl
exper i Mgt s 25 ( o{a&%%g{%é%g ?ﬁ%%%’tbek‘%?% P bine Dl RAG. Ao SEIYGDCE ML,
is conplenentary to a shor -Mer _honopuriné sequence e
(5' - AAGAAAARARERART: 1y reosserey! piY Ided 93y thsrodigespieotigs qolyamn @ptaigdnas gfescribed in
I’ﬁpl i cat i on EkDipley) Mdin&,h&slﬁ%elﬁﬂi@ﬁﬁii&nt{cag&ﬂhgde @dscrided iﬁExamp(B@ﬂ&ppm);imatﬁy
Ther apy, 19 482 - i v e of t
nomopyr | i di Al o FEARE S AEH gubt U BEURRE R GG FULEIREesd OF
11). 30The flstopirresigandichisinm banidersiingrrtgnsfograizsege baske3 sopoqilptcreular
W t h no26r amsige e, rack. o hikipigleculdredchy @hrOaésbd A ordf ANK [ Yetectiblelin B8 Fsmid
( pCOR- VEGFB mﬁﬁe(g%}ﬁtgg)ne L3678 (pCOR-AFP, 3.7 kbp), pXL3227

(pCOR-1 acz B )" And pXL3397 (pOOR-Bdel eted FVIU, 6.6 kbp). All

these plasmds are purified by two ani on-exchange chromat ogr aphy
steps from gk#aled ysat es obtai ned as described in exanple 4. Plasmd

BEIKIS;-I (68 Bl gis cri ’IQ]ES el:gmplﬁsde;crit)ésOarglggn{d%ﬁg %&%étior?‘ ex%%%n%nf gzggeid \égtdunﬁ)elr %ﬁansian(%lé

- 30 conditions as Example 5, starting from 20 ml of bacterial culture of DHS5e strains containing plasmid
pXL2563. The cell pellet is taken up in 1.5 mi of 50 mM glucose, 25 mM Tris-HCL, pH 8, 10 mM
EDTA. Lysis is carried out with 2 mi of 0.2 M NaOH, 1 % SDS, and neutralization with 1.5 ml of 3 M
potassium acetate, pH 5. The DNA is then precipitated with 3 m! of 2-propanol, and the pellet is taken

up in 0.5 m! of 0.2 M sodium acetate, pH 5, 0.1 M NaCl and loaded onto the oligonucleotide column



by ultracentrifugation in CsCl is also studied. Al plasm ds used are
in their supercoiled (> 95 % topological state or form In
each plasmd DNA purification experinent 300 pg of plasmd DNA in 6

m of 2 MNaCl, 0.2 M potassium acetate H 51)) is loaded at a flow
rate of 30 cnih on an affinity colum co alningSthe

above- nentioned oligonucleotide 5. -TTC1-1 111MCIT-3" (SEQ ID NGO 11).
After washi nghdikee aﬁ&kchiﬁ?ﬂ e abo5e minplaesmemg,m ame bonfufnend eitmum carried

Cast-aid is el ut d %(% ove %e cé?(degtﬁ"o? the Wa%m%g-g&{ggké mﬁlm)%o thch with

quantit at ed B f- exchange ma
M1 1ipore Ge??SHBﬁIEO Té«%ﬂl tfr?rm que%rvd ehtaingfl, anabBF%‘PWé"F‘PPF g%tglgfarop@@smryi ethidium
Plasm d rec OM&Eﬂd@&aﬂnﬂg ttdRes the BEA bioNsicD daeCbethpat@le@Qlcydd TN, Mokt 85Lngh

é?(ﬁ gg 2f70§ 18an %w?%h% Px%lgos %a&g% Zt%{NAlié %T\tlgcgab fe%{ }z)i(,llﬁ lgdZP sml%7 I%%Ftldm of
be detected hxrBsyg )NI Pﬁﬁfﬁmsm%necw% fFreingly rbél}S‘h'fé dheoeﬁmte@ mOEC [%gight of 3

Thi s indicat ﬁﬁ)bz{s&atl‘h@blksgﬁﬂﬁdﬁihlﬁﬁﬂ daﬁi&teSoﬁéEﬁaé tﬁ&ayiomeéﬂovmrm&ter, (ﬂ%@@w' claimg

NO 1) make bIetr ex ructu £S.. W

sequence 5' - @k mlesfl’g ’ Bmﬁ@e S%[‘E&fn ﬁgﬁ%@fe\ys on%u’;%?ng
but not wthﬁméaw@@%ﬂr@m@ﬁr@@%@@éﬁ%@té A 2

D NO 8jo prﬁﬁfiﬁﬂfemﬂeﬁterp B Sear Thtkesis pﬂaguraaaito&szob Batns bfh@m ﬂhE wldf;mett isQke@lp @ 2

I
destabi 11 2at TBROP PRSP ks Tl J Mol G5el b o3 HRLEY

pl asmi d bi nd¥iy ae<addedt af lwafé mb@é@lv@dbwmmg EXLBle7 of M potassium acetate.  After
chromat ogr ap&lﬁﬁkxa@aq ar bl anknic OfsatmreS yptidaesi Z SmUNERE Y lclidhy c&ipmi | t8rthe

condi tions buyt ut. ol i go

purificati onlfg0 Udeouge o s%%%é%g%%@c£§ﬁ8§@bW3 t(#(fpa%el %c&%ng
cont am nH i dnﬂﬁyﬁeﬁ%é%@émhﬁéaw Weeshipgesid) eleigpnfarecsavict @t 8% ddwsiiped irghQabo®
% for a prepakagikon of pXL3296. Simlarly the |evel of contam nation

by host DNA is reduced fromO0.5 % down to 0.008% for a preparation of
pXL31 79 when the sanple is chromat ographed through the same affinity

col um. Exanfsample3d 25The fol | owi ng exanpl e denonstrates the

purification of gk EﬂameQfeécM&g R @8 T &S olkdhRBottdk IbBkiBs Rt ke Efdshbd Y The
chromatg%{aph %tgﬂtl k dhas %een shown to renove nucleic acid
n %IUS%JFF léOrnflC €O C ed IS aﬁg) OWS!

cont am C" DNA and RNA) down to |evels
t hat have not-Gp&sH’ @EH.C@WeaTw @WEQSH sAT6MED' (BEQ Be@:d8r aphy net hods.

AI tripl ef( aI f Idm triis gl@éondc%otﬁly RbsbBs ZE/HP o&)odd @11@5';]-?1_'@_?_24&(:]8-_9 35—meth lcy‘tosme This
ol i gonucl eot i .de in e. se

5) onto per I ERPEE BISG SRARALTGP Pors D ESp I o I PPy s
above Exanplbtinding buffer @lpHSihelssk pide82880n( g GORawwid i thasbytdearsssgene) and
pBKS, a g0l El -derived plasm d, are chromatographed on a I-m col um
cont ai ni ng 3! gon;icl eotide 5 -TClL 1 ITTTTCCT-3'" (SEQ ID NO 9) in

condi tions ed in Exanple 9. Plasrnid recoveries in the
fracti on col | ect bdhaslevel&bnyplg. the rligobRlepBIKSsed ritl medifiqycpt fhe r5'-ieiirBP 8@, with an

g;n S Ik ndi ctatagllfﬁmtg?ﬁ znlqdea gqlgwabsspd@ H48ugh an aAmL cbddihing ls karfefy hroRd: 1@1%@125 Dn&\l@s
maKes sta e I ex Sstr.u u erren _
sequence (5% m §é‘f‘g’é§‘e\%§’ %@ Og hegft R en ﬁ“%@r@ ami')ﬁ‘f“
With t hévery cobostdms: N%J—(@Hed C@plingar ths eligemmizetide5hd PAGARNARANGAOBIN) are
(SEQ 1D NO cidda B 95 @ik 2SR e Ihmla erpﬁtm Ni_}ﬁtoﬁwfcetate pH 45. This
I Nt roductl! on_o S e .non- a l

esult i colprie AR PR B GRetHEl G AP o B aoned bt

with the oligonucleotide containing 6 carbon atoms, this yield is of the order of 45 % under the same

conditions.



Exanple 14 A seed culture is produced in an unbaftled Erlenneyer

flask by the follow ng nmethod. The 10 working cell bank is inocul ated
into an Erl enneyer flask containing MnodGs nedium at a seed rate of
0.2%/v. The strain is cultivated at 220 rpmin a rotary shaker at 37
1C for about 18 2 hours until glucose exhggistion. This results in a
200 m seed culture. The optical density of the culture is expected
to be A600 around 2-3. A pre-culture in a first fernmentor is then
created. The seed culture is aseptically transferred to a 15
pre-fernent oExag@mtgai ning MBnodG nediumto ensure a seed rate of 0.2%
(v/v) and culti vat g) " ntger aer a|teon d%%gbeétl rﬂ'x Them[e)rg0 asmid

mai nt ai ned above® J084% 0SSP e Ul £FE & ARIVRS hEncarHze
gl ucose is dmmsmweﬁhoam@rmdlrs ﬁqqm’ficss arf fgpastryced:ythe s:ﬁai"rﬂd aBbyRs 3@1011 icordgins the
of pre-cu t UkRenct EGOR! ise!m d@N30)tyd B pladh@d 5313704 RhikiScofNiREBE Rbuch@ (BR),5
A600 ar ound §E$ r’gﬂ)n culture is then created in a second

fermentor. 3 P% s of preeulture are aseptically 20 transferred to
a fennentor fil | BdsovwdstoL2720ardipK&2B6.ghalegpesri¢ plaspidbXEATE] a@Xxopsbdtitadrapconling to

gntsu;:]e adsesﬁt c'icﬁanst@teg%%gedjtﬁ)ﬁﬁaﬁn}*%g)usmg iﬂ@?ﬂéﬂaﬁéﬂh@oﬂu@eoﬁ&@g{aﬁsﬁd on at "
atch node | e feeding is started once the
initial suga? Sé)g %ﬂ@‘ﬁﬁg&%ﬁ?&%&gﬁb %ﬁhours Aeration, stirring,

p02 (4090, pPBY G-BATI.CLTOL@ANBFQAING 8B71C) and gl ucose feeding are
controlled |5@810r5d@AT(§@Gg§j rd SRecidhHi ¢ growth rate close to
OO e e T, oo o (sedng, e
culture is expeclledlitmudeti®gon ST aah T is DG o construct phsthid pXL272@ aslertiigoie
step is per fog oﬂ?éi’eoudw!n% Ba%ﬂﬂ ahd IR CAL ofpﬁztsze@&atag&eecmr%@§§n, g JoIIa £,

harvest e cen

once
Lol aeT o 1y P leate S Sofam St P Bira P Ba e ien SRR RO Gt he e
resuspended ekmrid@B:! |cotdioss of fat e ichstn@lionhof Pleymid PHILS56B e fuged, ﬂmﬁ erio ute

500 liters gf oﬁﬁc%%%&é Mﬁtxg@d Of1RiZ:21y tMn&ﬁseq@n«Qé hre ve3 (b @%@Qﬁtmg on the

separation s is erf a concentrati.o

Afer T eous BEHBonTR ST 9 ke N EREIE o ES GV R PRI o the
processed agmeﬁedmect{dqmt% h exsterd pé tha s@pent oG A elpeied G et Hhare SOCGAGEEFANTIHE
resul tsopn gbhauto0-80 liters of washed and concentrated slurry DCW =
150 30 gfL ; pDNA = 300 60 ng/L. 53 - Afreezing step is then
performed. The slurry is aseptically dispatched into 20-1, Fl exboyTM
bags (fill e@ix4npl&W®0 of their capacity) and subsequently frozen at

--20 5C before fi rot@ﬁﬁcle@@dé@ %ﬁﬁ@-mpﬁrlﬁﬁc@ssﬁitMese E&h@uﬁr@%bﬂu&&es‘ A @)u led to
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A lysate filtration is perforned next. The neutralized |ysate is then
incubated at 5 3Cfor 2 to 24 h without agitation and filtered
through a 3.5 nun grid filter to renove the bul k of precipitated
material (floc phase) followed by a depth filtration as polishing
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The met hod of the above Exanple conprising an ion-exchange

chromat ography (AEC) step, a triple helix affinity chromatography
step (THAC), and a hydrophobi c chronmat ography step (HHC results in a
nore purified plasm d DNA preparation are conpared with previously
known met hods. This new net hod has beerfO0conpared to previously known
met hods and has resulted in pDNA 30 preparations having nuch | ower

anounts of genom %%ea%w}d% Do it plARSH ;ﬁdﬂ@@b@&h@w o PRHSHLS727-2.
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Exanpl e, i ch onprises an 1 on-exchange chr onat ogr

triple helix jafSpie §2.cHives fatsEeion s sViepas lame fhﬁf;?da%%*ﬁfﬁomﬂbthe same plasmid
chr omat ogr aphyirigédepind @¢ widae MaEaRa ka(PrargofohMgdidoy, Your i fi ed pl ai d DNA
preparation is conpared to previously known nethods. As shown in 10
Figure 4, the nmethod according to the present invention surprisingly
results in pORempleddarati ons havi ng nuch | ower anounts of genomic

DNA, RNA, 15r ot ei nmamO\eﬂagle@arme Aemdndrated €her pmgetiaf of PEOREPRIMpladhiso psing

as BS?“q'u D FGMEE kD RhAGERE Ol EuRREATL WEAVERL] Bl Rutlc aci

anpl e
di afi | trati orFosmipanisgpafiecylafy MGPW§MPM® doun [odels thvplvarat Ben pevpved
the foll ow ngmﬁ&&d/bﬁtioﬂunamrﬁm@faﬁiyrde%dsstep a and for step b were used

to determne the plex a q)ll ell %Q§ntﬁe91£e:d with Sephacryl S-1000 SF (Amersham-Pharmacia Biotech)

20  as the chromatography matrix. Sephacryl S-1000 is first activated with sodium m-periodate (3 mM,
room temperature, 1 h) in 0.2 M sodium acetate (pB 4.7). Then the oligonucleotide is 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 etal., J.
Immunol. Methods, 1986, 93, 83-88). The homopyrimidine oligonucleotide used for these experiments

25 (from Eurogentec, HPLC-purified) had a sequence which is complementary to a short 14-mer
homopurine sequence (5-AAGAAAAAAAAGAA-3") (SEQ ID NO: 10) present in the origin of
replication (oriy) of the pCOR plasmid (Soubrier et al., Gene Therapy, 1999, 6, 1482-1488). AsA
discussed above, the sequence of the hoinopyrimidine oligonucleotide s 5“TTCTTTTITTICTT-3'
(SEQID NO: 11). '

30 The following plasmids are chromatographed: pX1.3296 (pCOR with no transgene, 2.0 kpb),
pXL3179 (pCOR-FGF, 2.4 kpb), pXL3579 (pPCOR-VEGFB, 2.5 kbp), pXL3678 (pCOR-AFP, 3.7 kbp),
pX1.3227 (pCOR-lacZ 5.4 kbp) and pX1L3397 (pCOR-Bdeleted FVILL, 6.6 kbp). All these plasmids are
purified by two anioh-exchange chromatography steps from clear lysates obtained as described in

example 4. Plasmid pBKS+ (pBluescript I KS + from Stratagene), a ColE1-derived plasmid, purified



iii) a first diafiltration (step a) against 12.5 to 13.0 vol unes of
50 /TIMTris/HC1L, 150 mM NaCl, pH 5 7.4 (naned buffer D, 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 diafiltraPfon step according to the
present invention efficiently and extensively renoves amoni um

sulfate and %Eliéfa&émgﬂom ¥sc1 Al 50 stuStD S LA HigRidstuReat 44 & tﬁ!z'ir%ﬁﬂel*c%ﬂfeﬁt@ 95 %)

steps, 10 app ‘grl atetarget Nan concentration around 150
final Tris cOWeRstd {5 ¥ Bet ween 400 ji.Mand 1 triMare obt ai ned.
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column with 5 volumes of the same buffer, bound plasmid is eluted with 1 M Tris/HC], 0.5 mM EDTA

(pH 9.0) and quantitated by UV (260 nm) and ion-exchange chromatography with a Millipore Gen-Pak

column (Marquet et al., BioPharm, 1995, 8, 26-37). Plasmid recoveries in the fraction collected are 207

g for pX1.3296, 196 pg for pXL3179, 192 g for pXL3579, 139 pg for pX1.3678, 97 pg for pXL 3227,
10 and 79 ug for pXL 3397.

No plasmid binding could be detected (< 3 pg) when pBKS is chromatographed onto this
column. This indicates that oligonucleotide S-TTCTTTTTTTTCTT-3' (SEQ ID NO: 11) makes stable
triplex structures with the complementary 14-mer sequence 5-AAGAAAAAAAAGAA-3' (SEQ ID
NO: 10) present in pCOR (oriy), but not with the closely related sequence 5-AGAAAAAAAGGA-3'

15  (SEQ ID NO: B) present in pBKS. This indicafes that the introduction of a single non-canonical triad
(T*GC in this case) results in a complete destabilization of the triplex structure.
As a control, no plasmid binding (< 1 pg) was observed when pX1.3179 is chromatographed on
a blank column synthesized under strictly similar conditions but without oligonuclectide.
By operating this affinity purification column in the conditions reported here, the level of
20  contamination by host genomic DNA was reduced from 2.6 % down to 0.07 % for a preparation of
pXL3296. Similarly the level of contamination by host DNA is reduced from 0.5 % down to 0.008 %
for a preparation of pX1.3179 when the sample is chromatographed through the same affinity column.

Example 13
25 The following example demonstrates the purification of ColEl-derived plasmids using

triple-helix affinity chromatography. This technology has been shown to remove nucleic acid
contaminants (particularly host genomic DNA and RNA) down to levels that have not been achieved
with conventional chromatography methods.
A triplex affinity gel is synthesized by coupling of an oligonucleotide having the sequence
30 S-TCTTTTTITCCT-3' (SEQ ID NO: 9) onto periodate-oxidized Sephacryl S-1000 SF as described in
the above Example.
Plasmids pX1.3296 (pCOR with no transgene) and pBKS, a ColEl-derived plasmid, are
chromatographed on a 1-m! column containing oligonucleotide 5-TCTTTTTTTCCT-3' (SEQ ID NO:

9) in conditions described in Example 9. Plasmid recoveries in the fraction collected are 175 ug for



Tris 50 triM1.48 mM 740uM NaCl 154 nmM 154 nM 154 rriM 15 Exanple 18
A technical batch of plasm d DNA NVI FG-F APl (active pharnmaceuti cal

i ngredients) named LSC6 is manufactured according to Exanple 13 with
the diafiltration process step described_in Exanple 20 17. The cluate
is first diafiltered at around 2 ng API Plal agai nst about 13 vol unes
of buffer land the resulting retentate was diafiltered agai nst about

3 vol unes of ysakine<exchPiantss. T iddicRal ihd eiRRicRbIR: WA T ETTICC besed 1D
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hardly det ectdestrbidizafion @118 tigex stafcueer 90 days at +25C the depurination
and the open-circularization rates of LSO6 sanples were also quite

| ow. The 5depurina J on and open-circularization rates calculated from
this study \A&l‘i—%—g—;’“e % per nmonth (Fig 8). Thi s study

denonstrat ed t hat Atsted caltuzep piogugedoingh uhbaffied Egsingeiet fesipinthp{elipwimgGmetheg. The
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pH val ues is pmintaipn at . around 7.5. Wile the yrinati rate
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t he Appl i cantntiabest ehedtidnh dhis tdyéts il 220¢ind sélevigitea he drilod! densify cdthe culture is
non- degraded f QLM d QAR doRG.speriod of tinme even at 10 RT. The
speci fication should be understood in |ight ﬁ% t he teachi n%apof %he

references cited WERHATRHEISTEER EHPP shaledrHae s HE APRTHp fRrHTrHR 2
speci fi cdbi opregerowitat@odaining MeUstdGa tuedim of engrdrodédrein v80.256 (W) end anljigatddi voder
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skilled artisan readily recogni zes embodi nent s

that many ot her ae .
enconpassed B K& IPEHPPFOHT M Pousu PR Ctifgh&boyinty liters of pre-culture. The optical

density of the culture is expected to be Agy around 2-3.

A main culture is then created in a second fermentor. 30 liters of preculture are aseptically

20  transferred to a fermentor filled with 270 liters of sterilized FmodG2 medium to ensure a seed rate of
about 10% (v/v). The culture is started on a batch mode to build some biomass. Glucose feeding is
started once the initial sugar is consumed after about 4 hours. Aeration, stirring, pO, (40%), pH (6.9 £
0.1), temperature (3721°C) and glucose feeding are controlled in order to maintain a specific growth
rate close to 0.09h™. The culture is ended after about 35 hours of feeding. This results in about 400

25  liters of culture. The optical density of the culture is expected to be Agog of about 100.

A first separation step is performed, which is called cell harvest. The biomass is harvested with
a disk stack centrifuge. The broth is concentrated 3- to 4-fold to eliminate the spent culture medium
and continuously resuspended in 400 liters of sterile S1 buffer. This results in about 500 liters of pre-
conditioned biomass. DCW =255 g/L.

30 A second separation step 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 shurry. DCW =150
+ 30 g/L, ; pDNA =300 + 60 mg/L.
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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
30  4.2) containing 4.8 M NaCl and pumped through a triplex affinity chromatography column equilibrated
with 50 mM sodium acetate (pH 4.5) containing 2 M NaCl. The column is 300 mm in diameter and
contains 10.0 L of THAC Sephacryl™ S-1000 gel (Amersham Biosciences; Piscataway, NJ). The
column is washed with a solution of 50 mM sodium acetate (pH 4.5) containing 1 M NaCl and
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NVI1FGF is eluted with 100 mM Tris (pH 9.0) containing 0.5 mM EDTA. This results in a triplex
affinity chromatography eluate having a high plasmid concentration.

A hydrophobic interaction chromatography step follows. The eluate of the affinity
chromatography column is diluted with 3.6 volumes of a solution of 3.8 M ammonium sulfate in Tris
(pH 8.0). After filtration through a 0.45 um filter, the filtrate is loaded at 60 cm/h onto a hydrophobic
interaction column (diameter 300 mm) packed with 9.0 L of Toyopearl® Butyl-650S resin (TosoH
corp., Grove City, OH). The column is washed with a solution of ammonium sulfate at about 240
mS/cm and NV1FGF is eluted with ammonium sulfate at 220 mS/cm. This results in an HIC eluate
free of relaxed forms.

According to a preferred embodiment, a further diafiltration step is performed. Standard,
commercially available diafiliration materials are suitable for use in this process, according to standard
techniques known in the art. A preferred 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 the target plasmid
concentration with saline. The NV1FGF concentration is calculated from the absorbance at 260 nm of
samples of concentrate. NVIFGF 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 %.

Example 15
The method of the above Example comprising an ion-exchange chromatography (AEC) step, a

triple helix affinity chromatography step (THAC), and a hydrophobic chromatography step (HIC)
results in a more purified plasmid DNA preparation are compared with previously known methods.
This new method has been compared to previously known methods and has resulied in pDNA
preparations having much lower amounts of genomic DNA, RNA, protein, and endotoxin. This is
reflected in Figure 3. These experiments show that AEC, THAC and HIC provide a surprisingly higher
purification yield comparing with some of the 2-step combinations for the effective removal of all
contaminants. Combination of these steps provide a clear synergy in terms of efficacy of separation of

plasmid DNA. from other biological materials and contaminants, such as protein and endotoxin, RNA
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and genomic DNA, as well as open circular plasmid. In addition, the synergistic steps combination, i.e.,
AEC/THAC/HIC according to the present invention enables not only to obtain highly purified
pharmaceutically grade plasmid DNA, but also compositions of highly pure and fully supercoiled, of
more than 80%, 85%, 90%, 95% and more than 99% plasmid DNA.

Example 16
The method of the above Example, which comprises an ion-exchange chromatography step, a

triple helix affinity chromatography step, and a hydrophobic chromatography step for the preparation of
highly purified plasmid DNA preparation is compared to previously known methods. As shown in
Figure 4, the method according to the present invention surprisingly results in pDNA preparations
having much lower amounts of genomic 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

atup to 10g.
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Example 17
The diafiltration step as described in Example 14 is performed according the following

conditions: buffer for step a and for step b were used o determine the best conditions for:

iii) a first diafiltration (step a) against 12.5 to 13.0 volumes of 50 mM Tris/HC, 150 mM NaCl, pH
7.4 (named buffer I), and

iv) Perform a second diafiltration of the retentate from step a) above (step b) against 3.0 to 3.5
volumes of saline excipient (150 mM NaCl).

This alternative diafiliration step according to the present invention efficiently and extensively
removes ammonium sulfate and EDTA extensively. Also, subsequent to this diafiltration steps,
appropriate target NaCl concentration around 150 mM and final Tris concentration between 400 uM
and 1 mM are obtained. Examples of plasmid DNA formulations compositions are provided in the

Table 6 below, and

Table 6
Final concentration -
Species Active Pharmaceutical
1% diafiltration 2™ diafiltration
Ingredient
Ammonium sulfate 10 uM <1uyM <1pM
B EDTA 4 uM <1uM <ipM
Tris 50 mM 148 mM 740 pM
NaCl 154 mM 154 mM 154 mM
Example 18

A technical batch of plasmid DNA NVIFGF API (active pharmaceutical ingredients) named
1,806 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 botile at +5°C until DP manufacturing.
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A stability study was performed on samples of LS06 stored in Duran glass bottles (API) as well
as in 8-mlL vials used for Drug Product manufacturing. After 90 days at +5°C the extent of both
depurination and open-circularization for all samples was hardly detectable (< 0.3 %). After 90 days at
+25°C the depurination and the open-circularization rates of LS06 samples were also quite low. The
depurination and open-circularization rates calculated from this study were <1 % per month (Fig 8).

This study demonstrated that the stability profile of plasmid DNA NV1FGF is very stable in the
formulation of the present invention wherein the pH values is maintain at around 7 to 7.5. While the
depurination rate and plasmid nicking rates are generally strongly accelerated at +25°C, the Applicant
has showed that the plasmid DNA stay stable in an non-degraded form for a long period of time even at
RT.

The specification should be understood in light of the teachings of the references cited within
the specification. The embodiments within the specification provide an illustration of embodiments of
the invention and should not be construed to limit the scope of the invention. The skilled artisan readily
recognizes that many other embodiments are encompassed by the invention. All publications and
patents cited in this disclosure are incorporated by reference in their entirety. To the extent the material
incorporated by reference contradicts or is inconsistent with this specification, the specification will
supercede any such material. The citation of any references herein is not an admission that such
references are prior art to the present invention.

Unless otherwise indicated, all numbers expressing quantities of ingredients, reaction
conditions, and so forth used in the specification, including claims, are to be understood as being
modified in all instances by the term “about.” Accordingly, unless otherwise indicated to the contrary,
the numerical parameters are approximations and may vary depending upon the desired properties
sought to be obtained by the present 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 equivalents to the specific embodiments of

the invention described herein. Such equivalents are intended to be encompassed by the following

claims.



tctttttttc ctl2 <210> 10 <211> 14 <212> DNA <213> Artificial <220>
<223> Synthetic oligonucl eoti de <400> 10 aagaaaaaaa agaald4d GCO3001A
SEQ LI STI NG <210> 11 <211> 14 <212> DNA <213> Artificial <220> <223>
Synthetic nucl eotide <400> 11 ttcttttttt tcttld <210> 12 <211> 17
<212> DNA <213> Artificial <220> <223> S§hthetic oligonucl eotide
<400> 12

REFERENCES
Patents:

WO 98/00815 (utilization of T [Tee], Pasteur Mérieux Sérums et Vaccins [Sera and Vaccines])
WO 96/02658, A.L. Lee et al., 4 Method for Large Scale Plasmid Purification (1996).
5 WO 97/23601, N.C. Wan et al., Method for Lysing Cells (1997).
WO 99/29832, D.S. McNeilly, Method for purifying plasmid DNA and plasmid DNA
substantially free of genomic DNA (1999).
U.S. Patent No. 6,214,568, D.S. McNeilly Method for purifying plasmid DNA and plasmid
DNA substantially free of genomic DNA (2001).
10 Publications:

H.C. Bimnboim and J. Doly, 4 rapid alkaline extraction procedure for screening recombinant
plasmid DNA Nucleic Acid Research 7(6):1513-1523 (1979).
D. Stephenson, ¥. Norman and R.H. Cumming, Shear thickening of DNA in SDS lysates
Bioseparation 3:285-289 (1993).
15 M.S. Levy, L.A.S. Ciccolini, S.S.S. Yim, J.T. Tsai, N. Titchener-Hooker, P. Ayazi Shamlou
and P. Dunnill, The effects of material properties and fluid flow intensity on plasmid DNA recovery
during cell Zy;s'is Chemical Engineering Science 54:3171-3178 (1999).



aaaaaaggga ataagggl7 <210> 13 <211> 58 <212> DNA <213> Artificial
<220> <223> Synthetic oligonucl eotide <400> 13 gat ccgaaga agaagaagaa
gaagaagaag aagaagaaga agaagaagaa gaagaagg58 <210> 14 <211> 58 <212>
DNA <213> Artificial <220> <223> Synthetic oligonucl eotide <400> 14
aattccttct tcttcttctt cttcttcttc ¢QOBAISIIERILISTINGCttctt cttcttcg58
<210> 15 <211> 51 <212> DNA <ZRYNAMPIIEi al <220> <223> Synthetic
ol i gonucl egisde 548015 gaagaagaag aagaagaaga agaagaagaa gaagaagaag
aagaagaaga ab5l <210> 16 <2%;? 17 <2¥;> DNA <213> Artificial

GCOB001A SEEL| 'erhRes Fen Py5itying RES™ 8 gonucl eoti de <400> 16

<130> GC03001A

<150> PCT/EP2004/011437
<151> 2004-09-17

<150> UuS 60/563,008
<151> 2004-04-19

<160> 34
<170> PatentIn version 3.2

<210> 1

<211> 25

<212> DNA

<213> Artificial

<220> ) _ i
<223> synthetic Oligonucleotide

<400> 1
gaggcttctt cttcttctic ttctt 25

<210> 2

<211> 19

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucieotide

<400> 2
aagggaggga ggagaggaa 19

<210> 3

<211> 19

<212> DNA

<213> Artificial

<220>
<223> synthetic oligonucleotide

<400> 3 )
aaggagagga gggagggaa 19

<210> 4

211> 19

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucieotide

<400> 4
ttggtgtggt gggtgggatt 19

<210> 5
<211> 19



t gaccggcag caaaatgl7 <210> 17 <211> 27 <212> DNA <213> Artificial
<220> <223> synthetic oligonucl eotide <400> 17 ccgaattctg gggaccaaag
cagtttc27 <210> 18 <211> 27 <212> DNA <213> Artificial <220> <223>
synt hetic oligonucl eoti de <400> 18 ccaagcttca ctgttcacga cgggtgt27
<210> 19 <211> 25 <212> DNA <213> L ficial 0> <223>

5- met hyl cyposi na<400> 19 gaggcttG(:dt%%édé%\tS%?taL(:Itsf%%ttctt25 <210> 20
<211> 48 <2u3»> ANAF«23aB> Artificial <220> <223> synthetic

ol i gonucl gg34.de <400> 20
<223> synthetic oligonucieotide

<400> 5
cttcccgaag ggagaaagg 19

<210> 6

<211> 19

<212> DNA

<213> Artificial

<220> . .
<223> synthetic oligonucleotide

<400> 6
gaagggettc ccrctticc 19

<210> 7

<211> 13

<212> DNA

<213> Artificial

<220> i
<223> sSynthetic oligonucieotide

<400> 7
gaaaaaggaa gag 13

<210> 8

<211> 12

<212> DNA

<213> Artificial

<220> .
<223> Synthetic oligonucleotide

<400>. 8
agaaaaaaag ga 12

<210> 9

<211> 12

<212> DNA

<213> Artificial

<220> i
<223> Synthetic oligonucleotide

<400> 9
tettttttic ¢t 12

<210> 10

<211> 14

<212> DNA

<213> Artificial

<220> . .
<223> Synthetic oligonucleotide

<400> 10
aagaaaaaaa agaa 14



ggaggaggag gaggaggagg aggaggagga ggaggaggag gaggaggad48 <210> 21 <211>
50 <212> DNA <213> Artificial <220> <223> synthetic oligonucl eotide
<400> 21 gagagagaga gagagagaga gagagagaga gagagagaga gagagagagasO
<212> DNA <213> Artificial GCO3001A SEQ LI STING <220> <223>
Synthetic oligonucl eotide <400> ZzZogmhisGaadagragagagagag agagagagag
agagagagag agagagagag agagagggs8 <210> 23 <211> 58 <212> DNA <213>
Artificial,f2203 <223> Synthetic oligonucleotide <400> 23 aattccctct

ctctctctckerbctt ctct® ctctctectct ctctctctct ctctctcgs8
<212> DNA
<213> Artificial

<220> .
<223> synthetic nucieotide

<400> 11
Tttt tectt 14

<210> 12

<211> 17

<212> DNA

<213> Artificial

<220> i
<223> Synthetic oligonucleotide

<400> 12
aaaaaaggga ataagdg 17

<210> 13

<211> 58

<212> DNA

<213> Artificial

<220> i )
<223> Synthetic oligonucleotide

<400> 13
gatccgaaga agaagaagaa gaagaagaag aagaagaaga agaagaagaa gaagaagg 58

<210> 14

<211> 58

<212> DNA

<213> Artificial

<220> .
<223> synthetic oligonucleotide

<400> 14
aattcctict tcttettectt cttcttette ttcttotter tottortetrt crttcticg 58

<210> 15

<211> 51

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 15
gaagaagaag aagaagaaga agaagaagaa gaagaagaag aagaagaaga a 51

<210> 16
<211> 17
<212> DNA
<213> Artificial

<220>



<210> 24 <211> 58 <212> DNA <213> Artificial <220> <223> Synthetic
ol i gonucl eoti de <400> 24 gat ccggagg aggaggagga ggaggaggag gaggaggagg
aggaggagga ggaggaggb8 <210> 25 <211> 58 <212> DNA <213> Artificial
<220> <223> Synthetic oligonucl eotide <400> 25 aattcctcct cctcctcctc

ctcctcctcc tcctectect cctcctcectc eda3ediaCgRB AR 26 <211> 50 <212>
DNA <213> 28+ f pyitapti<c20(gor2?8i@ynt heti ¢ ol i gonucl eoti de <400> 26

ggagaggaggaﬁggaggagga ggaggaggag gaggaggagg aggaggaggas0 <210> 27
11> 25 +tgaccggcag caaaatg 17

<210> 17

<211> 27

<212> DNA

<213> Artificial

<220>
<223> synthetic oligonuclectide

<400> 17
ccgaattctyg gggaccaaag cagtttc 27

<210> 18

<211> 27

<212> DNA

<213> Artificial

<220> i
<223> Synthetic oligonucleotide

<400> 18
ccaagcttca ctgttcacga cgggtgt ' 27

<210> 19

<211> 25

<212> DNA

<213> Artificial

<220>
<223> 5-methylcytosine

<400> 19
gaggcttctt cticttcttc ttctt 25

<210> 20

<211> 48

<21Z2> DNA

<213> Artificial

<220>
<223> synthetic oligonucleotide

<400> 20
ggaggaggag gaggaggagg aggaggagga ggaggaggag gaggagga 48

<210> 21

<211> 50

<212> DNA

<213> Artificial

<220>
<223> synthetic oligonucieotide

<400> 21
gagagagaga gagagagaga gagagagaga gagagagaga gagagagaga 50

<210> 22
<211> 58



<212> DNA <213> Artificial <220> <223> Synthetic oligonucl eotide

GCO3001A sfQ LI STING <210> 28 <211> 26 <212> DNA <213> Artifici al

<220> <223> Synthetic oligonucl eotide <400> 28 agtgctctct ctctctctct

ctctct26 <210> 29 <211> 66 <212> DNA <213> Artificial <220> <223>

Synt heti c oligonucleotide <400> 2&ogediat gGRagarggaagaagaa gaagaagaag

aagaagaag ?%?a aagaact gc60 agatct66 <210> 30 <211> 66 <212>
DNA <213> Afti f TCQ 20> <223> Synthetic ol igonucl eotide

<220> R
<223> Synthetic oligonucleotide

<400> 22 ’
gatccgagag agagagagag agagagagag agagagagag agagagagag agagaggg 58

<210> 23

<2131> 58

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 23
aattccctct ctctctetet ctctctoctct ctcictctet ctctctetet ctetoteg 58

<210> 24

<211> 58

<212> DNA

<213> Artificial

<220> .
<223> Synthetic oligonucleotide

<400> 24
gatccggagg aggaggagga ggaggaggag gaggaggagg aggaggagga ggaggagg 58

<210> 25

<211> 58

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 25
dartectect cctcctcete ctectectee tectecctect coctectecte ctectoeg 58

<210> 26

<211> 50

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucieotide

<400> 26
ggagaggagg aggaggagga ggaggaggag gaggaggagg aggaggagga 50

<210> 27

<211> 25

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 27
aatgcctcct cctoctecte ctect 25



<400> 30 gatcagatct gcagttcttc ttcttcttct tcttcttctt cttcttcttc
ttcttcttct60 tcttcab66 <210> 31 <211> 21 <212> DNA <213> Artifici al
<220> <223> synthetic oligonucl eotide <400> 31 acagtcataa gtgcggcgac
021 <210> 32 <211> 39 <212> DNA <213> Artificial <220> <223>
Synthetic oligonucl eotide <400> Fogmagargaggrmgdaagaaga agaagaagaa
ggaagagaa39 <220> <223> Synthetic oligonucl eoti de <400> 33
gaagaagaag,fpgdaggaaga a2l <210> 34 <211> 12 <212> DNA <213>

Artificiakzx22026
<212> DNA
<213> Artificial

<220> .
<223> sSynthetic oligonucleotide

<400> 28
agtgcrcict ctctctctct cteict 26

<210> 29
<211> 66
<212> DNA
<213> Artificial

<220>
<223> Synthetic oligonucieotide

<400> 29
gatctgaaga agaagaagaa gaagaagaag aagaagaaga agaagaagaa gaagaactgc 60

agatct 66

<210> 30
<211> 66
<212> DNA
<233> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 30 -
gatcagatct gcagttcttc ttcttcttct tctictictt cttcttcttc ticttcttct 60

icttca 66

<210> 31
<211> 21
<212> DNA
<213> Artificial

<220> .
<223> Synthetic oligonucleotide

<400> 31
acagtcataa gtgcggcgac g 21

<210> 32

<211> 39

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 32
gaagaagagg aagaagaaga agaagaagaa ggaagagaa 39

<210> 33
<211> 21



<223> synethtic oligonucl eoti de <400> 34 agaaaaaaaa gal2 WE CLAIM
1. A method of preparing a pharmaceutical grade plasm d DNA
conposition conprising providing a cell extract containing plasrnid
DNA, wherein the cells have been |ysed through alkaline 5 lysis and
the cell nmenbranes and genotni c [RNdsdras seggRsF@goved by an initial
extracti on? fONAtration; and thereafter performng at |east two

chr omat ograpRy AtEPS!%one being a triplex helix chromatography step
and the sezznd sel ected_from_ anong ani on exchange chromatography, gel
per neat i oR2SHr oAt aghigonarigoHydr ophobi ¢ i nteracti on

chr omat ogragphy,z3wherein the conposition prepared has | ess than about
0. 0001% hozagasedab gemmaeee BDNA cont ami nation. 10 2. The net hod of2xl aim
|, wherein the at |east two chronat ography steps conprise three steps
performed<2xo-t lsa fol |l ow ng order: ani on exchange chronmatography,
triple hef %afgfﬁi nity chromat ography, and hydrophobic interaction

chr onmat OQE@QEy.Ar%-;f-EBﬁaﬂTEt hod of claim1, wherein the first

chromat ogra Dy step performed is preceded by a |lysate filtration. 15
4. The net of L .%ﬁﬁ i he first chronmat ography step

per f or ned |s>prS gée l'éfje évg oc%!t’ﬁqg%e renoval _ 5. The nmethod of claim
|, wherei #%he 3donposition has | ess than about 0.0001% host cell RNA
cont am nafit??333%22 98 The nethod of claim 1, wherein the conposi}%ion
has | ess than about 0.0001% host cell protein 20 contam nant. 7. The
met hod of claimb5, wherein the conposition has |ess than about

0. 0001% host cell protein contam nation. 8. The nmethod of claiml,
wherein the conposition has | ess than about 0.1 EU ng endotoxin. 9..
The nethod of claim 7, wherein the conposition has | ess than about
0.1 EU ng endotoxin. 2510. The nethod of claiml or 2 , wherein the
conposition has less than or about 0.1 EU rng
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i nj ection, sﬁ%*ﬂat‘f)ram?‘iabl e bonbardrrent, or topical application to a

ti ssue. 23. Tk’le PITas ko dINA 6 0NPAS ] 110 BorHosifdndadMesk Fan WbVRY ©d0D19k RSBt cell RNA
pl asm d DNA | subﬁtantlallylnthe

cont
6. The method of claim 1, wherein the composition has less than about 0.0001% host cell protein

20  contaminant.

7. The method of claim 5, wherein the composition has less than about 0.0001% host cell protein
contamination.

8. The method of claim 1, wherein the composition has less than about 0.1 EU/mg endotoxin.

9. The method of claim 7, wherein the composition has less than about 0.1 EU/mg endotoxin.

25 10 The method of claim 1 or 2 , wherein the composition has less than or about 0.1 EU/mg
endotoxin, less than or about 0.00008% host cell protein contaminant, less than or about 0.00008% host
cell RNA contaminant, and less than or about 0.00008% host cell genomic DNA contaminant.

11. The method of claim 2, wherein the composition has less than or about 0.00005% host cell
genomic DNA contaminant.

30 12 The method of claim 2, wherein the composition has less than or about 0.00008% host cell
genomic DNA contaminant.

13. The method of claim 1 or 2, wherein the composition has less than or about 0.1 EU/mg

endotoxin, and less than or about 0.00005% host cell protein contaminant.



form of supercoilecl closed circle DNA. 20 24. A nethod for the |large
scal e manufacturing of highly pure plasm d DNA, wherein plasmd-
contai ning host cells are |ysed by alkaline lysis through a

continuous lamnar flow, the resulting extract is neutralized, and
the plasmid DNA in the extract isolated by a first ani on exchange
chronat ography step, a triple helix affinity chromatography step, and
foll owed by a hydrophobic interaction chromatography step. 25 25.
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step after tbgmm§§gm@nﬁonatography step. 529. The nethod of claim 28,
wherein t af i te sul r
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of chronmpsomgly, 15 «fNANGE SRS NduforEdephy Itbp, AdPRASWIRCEUL | 5 @lpHIRE Gnteraction
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25 25 A method for the production and purification of pharmaceutical grade plasmid DNA comprising

the steps of a) producing cells containing plasmid DNA, b) preparing a lysate of the cells containing
plasmid DNA by disrupting the cells by a method of continuous alkaline lysis, ¢) concentrating the
Iysed cell extract by precipitation, d) performing an anion exchange chromatography step, €)
performing a friple helix chromatography step, f) performing a hydrophobic interaction chromatography
30  step, and g) optionally performing a diafiliration step or buffer exchange step.
26. The method of claim 24 or 25, wherein the purified plasmid DNA is present in a solution with
less than or about 0.1 EU/mg endotoxin, less than or about 0.00005% host cell protein contaminant, less
than or about 0.00002% host cell RNA contaminant, and less than or about §.00008% host cell genomic
DNA contaminant.



cell RNA. 35. A pharnmaceutical grade plasm d DNA conposition
conprising | ess than about 0.01% or less than 0.001% and preferably
| ess than 0.0001% or preferably | ess than 0.00002% of host cell RNA
20contam nants. 36. A pharnaceutical grade plasroid DNA conposition
that is substantially free of detectable host cell protein

contam nants. 37. A pharnmaceutical wade plasm d DNA conposition
containing | ess than about 0.0001% and nost preferably | ess than

0. 00005% hos#£7.c el The petbedeif pnecad pliawRhERl.JirthSo8Bisifg p hdar serddipicalat reagoged by
pl asnmi d DNA gagméxgést)mmtmegﬁagsdaab@h@aﬁgﬂaadeﬂmﬁmﬁﬁ of measur abl e

endot oxi n co am ant rade

conposi ti on rrprTFIl %O‘ﬁ Ogéuéy ‘%“ﬁﬁg %’i geé ﬁ%?ﬂ“&‘% %@aﬁ?ﬁaﬂﬁl steg after the last
phar maceut i calllmlg#fxd!ehymeasm d DNA corrp05| tion as clainmed in one of

cl ai ms 3053929, CONRE inSthdliht PhikSR] \%&Mhé ﬂﬁmg@pkgm In¥n SIBRGH&AQLE %ﬁ%fer ang

form 30 41. i cal rad osition as claine
in one of cl %{%ueﬁga %’S“EJ CERETCL Y BISQ?FD ?Céuntrlﬁéi?fn’@@"}%nof cl osed
circul ar forA?-pl asphadnaBitcal zrﬁde'ltﬂﬁemﬂé?ﬂ%o@mmsmamyon@nsng)iub@tra(%mm‘,b%laqst
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43, wherdfn RNé, ap@uprptﬁme@tapllnasm d DNA is a plasmid designated NVI EGF.
45. The net hegd a%cﬁ{agﬁa@&héap iy p1dtfd QfJACcloﬁfJogﬁonlthBtoxs Js&:staffﬂ@ gl of%@ct&ﬁe

nore of the ﬁhro %{?mpﬁ%lr S is performed on a solid support
conprisi ng afy® 9 sﬂéﬁ% c or conposite material, porous,
super - por ous3dr pﬁmharpmeaml Sadp plosntid Dslaicbxaﬂ@hiéonfc@mprishxg@ammW DD, or less
separ ati ons, gpWhireh d.()‘@l‘%@,%rh%@-&h;ﬁ %utvﬂ.dotﬁ%, or preferably less than 0.00008% of chromosomal
15  DNA or genomic DNA.
34. A pharmaceutical grade plasmid DNA composition that is substantially free of detectable host
cell RNA.
35. 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 host cell RNA

20  contaminants.
36. A pharmaceutical grade plasmid DNA composition that is substantially free of detectable host
cell protein contaminants.
37. A pharmaceutical grade plasmid DNA composition containing less than about 0.0001%, and
most preferably less than 0.00005% host cell protein contaminants.

25 38, A pharmaceutical grade plasmid DNA composition that is substantially free of measurable
endotoxin contaminants.
39. A pharmaceutical grade plasmid DNA composition comprising less than 0.1 EU/mg endotoxins.
4Q. A pharmaceutical grade plasmid DNA composition as claimed in one of claims 30-39,
comprising plasmid DNA in substantially supercoiled form.

30 41. A pharmaceutical grade plasmid DNA composition as claimed in one of claims 30-39,
comprising about or more than 99% of closed circular form plasmid DNA.
42. The method of any one of claims 1 to 18, further comprising a step of sterile filiration,
formulation and filling of vials with the purified plasmid DNA.
43. A vial of purified plasmid DNA obtained by the method of claim 42.



5pol y(al kene gl ycols), al kanes, ai kenes, allcynes, arm es or other

nol ecul es that confer a hydrophobic character to the support. 46.
The met hod according to any one of clains 1 to 18 or 24 to 29,
wherein one or nore of the chromatography steps is perforned as

di spl acenent chronat ography, sinulated noving bed chronatography,
conti nuous bed chronat ography, fast protein Iiquid chromatography, or
hi gh 10performance |iquid chromat ography. 47. The nethod according
of any of claikns Avikierd8mas, whbreh the 2RificNRHAI DNAWY dpRphoRE grakedirerraet | ONn

chromat ograp ULX P Sie dhbd agcco(r)c{igg 1 arrlly gnefdf c 8611915 Pt%qg, gvgxergirrxl oneexo ;%Q—g gf%xe%ﬁrgrhatography

10

steps is performed on a solid support comprising any organic, inorganic or composite material, porous,
super-porous or non-porous support, suitable for chromatographic separations, which is derivatised with
poly(alkene glycols), alkanes, alkenes, alkynes, arenes or other molecules that confer a hydrophobic
character to the support.
46. The method according to any one of claims 1 to 18 or 24 to 29, wherein one or more of the
chromatography steps is performed as displacement chromatography, simulated moving bed
chromatography, continuous bed chromatography, fast protein liquid chromatography, or high
performance liquid chromatography. »

47.  The method according of any of claims 1 to 18 or 24 to 29, wherein hydrophobic interaction

chromatography is carried out in a fixed bed or an expanded bed.



