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may be subject to purification steps including at least triple helix
chromat ography, and may further include ani on exchange chronmat ography




15renoval may precede the first chromatography step. One
object of the invention is to maxim ze the yield of plasm d DNA from
a host cell/plasm d DNA conbi nati on. Anot her object of the
invention is to provide a plasm d DNA preparation which IS
substantially free of bacterial host RNA 20Anot her object of the
invention is to provide a plasm d DNA preparation which is
substantially free of bacterial host protein. Still, another

obj ect of the jpyg QEJ&%O&S?S it éamﬁ&pamfgﬁy @;opév@stm gec%r&e S0R%ahd Ry WhiGh
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anenabl e to sc4f eCCIH‘E}ed( B Gy ge-of é%iifﬁéesrfﬁ‘i’?ﬁ &elywisne glycol (PEG)> mﬁ‘?@s and ot
i nventi on t husoemootspyed seexapina rovelt engtriidial andjpoycliayiphdisimed PONAotvivat, cursatly
essentially f g OhetRICLOLANE RARSRE R e@RALY 2RWLS eﬁé@ﬁive sEHaﬁEJn of WRbrEdledNA

i ncl udes a vector, (lérarglgtgg)qﬁ@ %ﬁ?ﬁlgr ageut' fhe TSRS ot El;ods el frond {’hg?xéagvaln%ge of

regul atory sequenc 5t 888Nt T AVEnt T on so e
pl asmi d DNW | ivsiog BEG o oker eﬁdiﬂm%swl@qﬁa%ay aPté’e glesipsl s H&Wﬁ”@tea‘i slagrrd B¥4r s dsyl
at room t enperafiiid Adifi@al sky@agpn piposaiindduality R0l @BEoda Mdich BidDe disRlt) nok Gifne

storage of plagni.f, Q}J&\m&@@,&m@c&m&e &@@&%%ﬂm@ Rk gegaﬁ%om Breoiled and

therapy_ 8 ditlonal objects an tages. o en I on
will be set fdrefRe i?"ﬁ“spcﬁrpfasrf“ﬁ DN e Er| PPBYs Rms-cHER Sisp giflize solyqys jsypeh as
part wil| be obiontis chaghant herdespmenpt likgrifethylaming yndygrabusd rngchivpy phosphate,

practice ofs It lfa&udgrpf&&fsm@ MdaildAg Mo@cc;fsse@ﬁﬁlngasqysﬁﬂﬁea%@ re%&edt Bea rcly on size-
i nvention w e
IP ion chromal ogaph}é IW(gng g‘v sef»aral%%{rh%e two nxaue 8P %Ts:énd%r%fefi on ’g

conbi nati ons parLFl cul ar
to be under st 68#! dfffEpceivis Tﬁiﬁ%@@n@@r&ﬂm@ TR Isng» ReEREsigiFeAispplean dmt’lﬁéﬁ
fol | owi ng det aiakigglit the:sduld P triplimed iLla@% @ P braduytion s adiitioh Sfakasiin GBthyls aad

are not restr Ic&lt:én\éﬁecpstxm;glbﬁyhﬁi&y et éré) Pfeas?® & lo@c&:mgh plasmid DN}I Q:ﬁtmons due to the
acconpany Hﬁj}’e incorporated in and constitute a

i.ng W N
part of tt’?l!a g‘ﬁéﬁ‘“f‘"g‘gﬁ‘}“&?ﬁhe Pustrate several enbodinents of the
i nvention and t ogetliveplasmid PNA breragibens rihphiagrprodsed fram bagtedst pleperations lwl often
principl es of c$nhz§1 4 AKBR dfQRaxedl Bhd BE%I&EEI&:@EM Bith Qe Hreql: ﬂgeﬁb@%ﬁw&l as

Figure 1 is a d% Il%éé.ozs e;[xJFt%)tuﬁspé)p %uc%& a’tzgmaagti?gn%\és’tsba?e e dto LDk inflammatory

conti nuous no | nve r 1'S
schematic of feﬁ‘é“"f'ﬁ %ras fyer ?fﬁepf‘ﬁéﬂ’éé?ﬁ‘?ﬁ?%&@e lasid qq%ﬂw&%@#a‘twmﬂy

25  lipopolysaccharides, or fragments thereof, that are components of the outer membrane of Gram-
negative bacteria, and are present in the DNA preparation of the host cells and host cell membranes or
macromolecules. Hence removal of endotoxins is a crucial and necessary step in the purification of
plasmid DNA for therapeutic or prophylactic use. Endotoxin removal from plasmid DNA solutions
primarily used the negatively charged structure of the endotoxins. However plasmid DNA also is

30  megatively charged and hence separation is usually achieved with anion exchange resins which bind
both these molecules and, under certain conditions, preferentially elute plasmid DNA while binding the
endotoxins. Such a separation results in only partial removal as significant amounts of endofoxins elute

with the plasmid DNA and/or a very poor recovery of plasmid DNA is achieved.



Figure 3 is a table conparing purification yields in terns of gDNA,
RNA, proteins, endotoxin contam nant using a single step of anion
exchange chronmat ography (AEC), or a two-step nethod with a step of

ani on exchange chromatography in conmbination with triple helix
affinity chromatography (TIIAC), and a three-step method conprising a
step of anion exchange chromatography, a 8tep triple 20helix affinity
chromat ogr aphy -and a step of hydrophobic interaction chromatography

(111C) in conbinatigg NR. BAASKH Rt p&ﬁ&ag&it 8plasmldOBNE SR tidrpéi wme microbial
anal ytical met abf

e ari.ng var
met hods of sepigr a’?‘?ﬁom BRI mregtéfe deVdOp mfn? O%la“l ’ﬂ’pﬁﬁg\@s tuch nal‘%cofhp geEnakyé
chr omat ogr aphyPr{RESy SePfH‘}}’é$ EW‘)P 3 3 Brg%ﬁ%ﬁmf @’gﬁ“&’é AANA(ipisipler way and in shorter
hydr ophobi ¢ i niseriaeduraini &hise tait0l faphynid-tdeCyeseatcR A RRRHy, pRAGtucleic acids can

chr omat ogr aphyp, (BRG)s anéls@ﬁed%%#ﬁg 9B %ﬁmﬁ-@ﬁ QPR LAGHR Paer afEordert %;E}h ﬁ“e

helix affinity chro one or in _conbination,
met hod accor di Gt §f Bfga ﬁ’ggﬁq@% ?’fnﬁ\%?ﬂ 991 Ppglls prifisang rﬁq“t’@rt?w}éa"%l?ee“ separated
qual ity of thenpprifiddiuptd highpsii d DNA are provi ded herein. ND, not

det ect ed (| ow sensiyiu sdidlcyhvaBahiiciod howrad:, hi@g%)a -probiem that @n@&@icﬂz&d&.&ﬁp@ﬁ@laﬁ
5B are graphs o ate r mat i

h f
open circul ar o I%W&ggg%y eo@%&x&ﬁn cggt%u "G S“‘%%igf“ e %‘?‘8 hy e
for up to dé)?}?seng’e"eﬁé’f’ 2 Rﬁ?Yé‘imgAé?PéI‘P‘E’g f?é%‘ﬁ‘sfhaf wilizes imepsitae 6‘F°mat°8r aphy
cont ai ni ng an saps ehichawtilaage Kpqpdtt ©farde @ity hgplaslids BNKaln dx@orEe ifsSand with an
relating to on,GEREa} Bl @RR! kali or base; having a pH greater than
7. Continuous means not interrupted, having no interruption. 9
Crenomic DNA means a DNA that is derived fromor existi ng in a

chr onosone. T RHYLARY OF TH INEENEIOfNhe type of flow in a stream of
sol ution vater in wincdAi@atiasepad i ﬁdc@awﬂaﬁ&mbmoﬁpr&bh&@&hd iRl @l ted
to every part I Fééflﬁd DILTX SI%L ?lasg;?mA éxh‘ﬁlccﬁ%ue Eolia%!i b)EiE] %{go% %/ mwt.'err}t%{xpr Cng %esry

of cell lysis. e termfysingr fers 338“
the nri1l wal | hiyelof e@fapingipgFirampsosy PNACEYA: Piffie ppdj cadofoning l‘fs’é%d A
sol ution (Le. prodwidacoudipenigiiormion i pisuifHiencirgpio pihsmidbest tenly. usi ng a

sol ution cont ai ni n]gmsathé YSditd e@egﬁﬁbrss-es al—]¥<§:las§'ﬂ>r ﬁ‘gﬁaﬁgsan& Q&&fﬂgﬁgﬁﬂfmﬁed plasmzd

Si( 2?16)1‘ ree d %Igﬁg béIA tha%{)gud?sﬁgle s?e ofocelg r;}s gnevr re 133% A ge%gF tg.?égegg gOVT tﬁ fegl 8]9{ mix
pl asmi ds front FrsEspagien th aﬁié’eim ézﬁtulﬁ@s:elism%@@eme@ fiag dimirtaj @orw)to preceit incbatiog
to cause (an aixtobmbaia e alioal sisialial AR Glreintkd it Forthdd ()i f0Rs frodithe

this termwe g@agpf;tprg&]e&mtgl{hggemmqmw alizes a solution brings

the pH of the solutjon to a t ween and 7, and preferably around
7 or nore preferabt Y& ‘?Srg’%‘?‘m"tnb"f?het“ﬁ’ﬁﬁ‘”bP’%WF"B*H‘?PF” additionally compgisiyp By
fluid is &5f| eddug i recopihiobtionshrememiralives éhs ysingssolpifoppdiettin tha alixturOndulmizd in (b) flows

vel ocity gradi&iine afsk fﬂﬁ&ﬁﬁﬂﬁﬁwﬁ% &€ mbas Maedurgla%&dq_&m@ﬂear The
constant of pl‘ OpOI‘t I 65 bod:m& nt?le xaecg‘ sm may be A Se%qula. {géhedjf {,Eéiege:??asxﬁl% DglfA

Newt oni an fl uids i nc
fluidis a fl f&?”ﬂ"‘i”ﬁc%ﬁ’il%ﬁ %‘h’é‘éﬁﬂg §ﬁc§?¥§ “i‘% afh%‘tah pEiapFEiproi dte mepris dryurkulgnt
the velocity firaeidenhevasidingibs ienakiGl siutitndy tdaig i sidie sdfios hear .

Non- Newt OQU an fl UFrﬂépré!E}ﬁ’ m%&on%ygela@sw&ntﬁﬁgé a{ﬁ@ﬂ'xe\ééifsggssce\tnye compnsmg a first
Non- Newt oni an_fl ui ds i nclbxgctigﬂl ast 1 f

| a
vi scoel asti ¢ PFUCHY TRV Hed @‘?‘i&“‘éﬁ&heé’i’%@ﬁdﬁwfﬁnaﬁé‘? "te$ BEysion,iq

t i me- dependenfistyiibg esiell iardtay jslas, 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.



20PI asmi d DNA neans a snmall cellular inclusion consisting of a ring
of DNA that is not a chronosone, which may have the capability of
havi ng a non-endogenous DNA fragnent inserted into it. As used
herein, plasm d DNA can al so be any form of plasnm d DNA, such as cut,
processed, or other nanipul ated formof a non-chronosomal DNA

i ncluding, for exanple, any of, or any corfbination of, nicked circle
plasm d DNA, relaxed circle plasnld DNA, supercoired plasnid DNA, 25

cut plasm d DNA, | iTheiavehZoR B8 edcbiR@ss a@eﬁ&iroﬁlbrghu%nd Mng highly punﬁed plasmid

si ngl e- strandegdy e B dur tr
pl asmi ds i ncl ude l&ﬁgse descri %gfﬁgm aﬁﬁgnl afmssp anace'gmig'ﬁfgﬁ@ém ar
C oning, A Labor at PSPHRARRGEAL the pigsentnyprongplpiss inp pagiot BF sepaios aad BYifinRReltsis

(1989). A pr ot s kndipbrmidDNATh mpe @ailok rejolests AinethddMiA,separins nkcRR\W dsi ald S1B3Qid
art (Bi nboi 5 apda nglhk{'madélﬁﬁél o tﬁ%@%@ﬁq&e@&&b@ phastrhid bdsckidtletby). L rp?aé}m%BﬁA

Some aspect s o TR RSB 0ot T5a GO FaSEetF rPHE s
hi ghly puri fi e@cedigpl g tpledelixchgmdtqerphyt dnémaydirtherdwlugs antoh excliange elnbriamgraphy
Preferably, thadh@riahobit inteheiopbiasitogf@NA IS, or at least is after

pr epar at I on by t heTMIhJEHO&S%BL!S %lu&%ﬁe@?&n&t& agih]%ilksls S%Ert_p c!e%:QEeii h%ﬁ’dtb}n cch%vbp.ahon

subst anti a%é closed circgular form
90% 95% NO P PR %fb"&?fmh%%%ﬂme%"éfaphé iesdon frigle beliy ‘#Y%‘P’fa%ﬁmd QA further
Al t er nat i vel y,hydroshapeintgedtibrediropavaidvent | y cl osed form of pDNA (ccc) can

be preferred in 501?7%5& REERP &M} biso E}Eﬁl&% conmgtrseaﬂéaﬁne Pged herein in
effective than_t en C|rcul rrerlc or ns.

Lombition \tahos ucnt steps excgqn Wat m'l pie at
Therefore, the phar maceuti cal o hi:\a %Epf S ke (s
or separated fa Pﬁdﬁ’ﬁlé’blﬁrmt%?@ rﬂﬁ?%al?@f in [sprabénaficg). érmats dGlstioart pibdr [figcculate
conpri se ote o¢mavdmey gesdelte drsf ddRsogdpBY sepur poses of the pr esent
invention the ter 1he.. n
particul ar fI rgagig{)?‘é& gkgl,mrlg{e&{g?lsstmpnér m ﬁﬁ? §lﬁi %%Smd%ﬁkt aqms‘%ceﬂ plasmld
usual |y by e punp. It should be noted that the flow
rate through t he nhneier opisct blghe impaidn & @ Mﬁecﬁlasmidé)mfpfrdpmtem@wmi subsxasﬁaﬁy
precipitation ﬁ@é’lﬁbﬁieﬁilﬁﬁtRNA The terns "nicked" and "rel axed"
DNAmaanszlgNAthat erc u a term
wel | understood i nAnt0 er%%&ctgf:ﬁgem 8‘}5181?18%pm“§e gpgaé?‘gbbglpéﬁp”@%%‘%’%sdbsﬁﬁ B
of plasnid DNﬁe of P Fdii s of plasnid DNA are al so known in the
art A " cont eilnabthen @bjedi ol e tiyventios isatd YroSik) 8 tRGEE DINAUSR a8 Ruhlch is

5 desired t0oBRRAIRHE o lkick PRk A FnosBiipCONT ar nal i ng i mpur it es
i nclude, but are not limt %%l ost cell pEasot ei ns, endotoxin, host

cel| DNA, such as ‘CRPBIBE S’W"’b‘? o RVIESH PIESTIRINA ZIBRFPn Wk s stbstentially
RNA. It i @5unfiesofbeeeil hopiardoinkiss i s or can be considered a

contam nati ng i mpuWmbthey o@&ﬂoﬂ%}ﬁ&éﬁt QRentidds L QRLigx mbtﬁbd%}' pﬁ:é_garfn Qhaﬁﬁgen@cgs

of the 15i nvepti.qn contam.natin

may not be hogr eg “?‘E %Nglgh\glte%ﬂﬁj% e Y o aﬁ%ﬁé’%%%mé’y Wﬁgax%eé?b

i mpurity. msweT“%@liaé%ﬁS??&maB‘f*fm’ﬁurl fyi ng a first conponent (such as
DNA) nmeans enr i chifeaibvenfon theenfdnpades @mmﬁiﬁ&ﬁltgrafidf Sarmet ey th@ @EREMARIES. of
wi Lh whi CBot Nenbihiiail, ARRORGA! ink, afth DAlclad QUBh: bRt D] fin Lt BL LG
and/ or obt ai naslgllme%edc)re ] 0| catl on are pr ovi ded herein. 20The
essentially free. r%ajh eﬁurl fied are defined as about 95% and
preferably great efheresmt 19‘8“9’9 Y qreletes toplasprid@RAGTuic Errindapm it 2, stable and stays

possessi ng | essledrdiada 5n taierafife@bratngplisd bOs®, &0 a0 whs ARMCONGAE: BALSi
Phar maceut i cahy0fha9€, Q&\[@Se&ghgg;eia{ggzﬂmgﬁ%% as a DNA prepar at| on that
pre

contains no nore than about 5% ‘ably no nore than about
1-2% of cellul ar components, such as cell nenbranes. 25 The

i nvention further enconpasses a nethod of producing and isolating
highly purified plasznid DNA that is essentially free of contam nants
and thus is pharnmaceutical grade DNA. The plasm d DNA produced and

1)



11 conposition” of the invention is of a purity |evel defined by at

| east two of those identified bel ow as a "pharnmaceutical grade
plasmid DNA, " for exanple, |ess than about 0.00008% chronosomal or
genom ¢ DNA and | ess than about 0.00005% protein contam nant, or for
exanpl e | ess than about 0.00008% chronbsomal or genoinic DNA and | ess
than about 0.1 EUM g endotoxins. Qther 5 8conbinations of purity

| evel s are included under the definition. O course, the

phar maceut i cal gr ad@dipdnal &ﬁ&tﬁn%ﬁa@&ﬂ@&b tnbéﬂ{bn(%@inbef o ek p&tqm'é Idc%&pgtgn
contain added ¢ GROPYIGA Lfa ﬂﬁgl &nﬁ%e obgzous.laf:?oXl tﬁ)eac{a %{ xgaly ae eélger&%q-ﬁ]@éurc]e of the

use in conbination treatne I ons,

| evel s of chr ofFERa oegewHg P?W‘Eagfﬁl\‘whe Rl‘(ﬁ&“‘méﬁ’é@tfeaklﬁd@@ﬁﬂwm @hans of the
refers to cont dementanmksorbinating fagicdely boidaisach iy Paluet tighs. of pl asm d or

Ot her cont agi nant ( ?ft)xs tork@ %&Q@OM 'btttﬁ %@?dr%&ngoéegera? ﬁéCnﬁ&(QxAé?xd @%kﬁovbmg detailed

"phar maceut i ca& c(x:]iréaneeg)xe sm DNiA FI her el

preparation that EOntal nrélparﬁa"fiﬁ’?af’%ve?nyé? B HEFEve pihe imprtet gyrlagtedppm
(<0.0001% i.e. < Ghoeoqumyingedawig® whirhodre ricarsamatd BNAY constithie S paaif of this
genom c DNA H}s&;ﬁcﬂiﬂﬁiﬁlmﬁﬁaﬁﬁﬁ&ﬂleﬂb&%ﬁmﬁlﬂénﬁen and togethé'lwgl@thg ﬁes&mﬁdaﬁe\lrz\e to
precisely, "phgsamee JII;“‘LJ'}QJO grade. pl asm d DNA" herein can nean
preparatiop,that contaln fess t an about 0,01% or less than 0.001%
and preferably |ess than 0. 0001% 150r preferably | ess than 0 00008%
(<0.00008% i.e. <0.00008 ng per 100 ng of plasm d DNA) of
chronpsomal DNA orgmm@R@%NOFmpf&H@%mceuti cal grade plasmd
DNA" can al so neang.a helga%c(ailme n that contains |ess than about

0.01% or |ess than®ye OBLoE B HeaprarunPI mpyRedse for ronfiuens gpds,celplysis of the
preferably | ed&ettian 0. 00002%(<0 00002% i.e. <0.00002 ng per 100 ny
of pl asm diSDNA) of Figthiée & @ sthaditid @ ik HixerdD lﬂiﬁadbﬁ@ﬁ&'sléell%g ap@z[rﬁ&ie plastnid

DNA" can al so nea nFlQurD.NIA‘ sa %X@ gﬂp@ﬁn ifi EQ%; 36%:8 %%nn §fé)§!§818§5§/qprotem% exlitjiotomn

0. 0001% and nost .preferap ess

<0. 00005 ny p&" %ﬁ“ ﬁa“g&rsmﬁ‘ 4&rh ?“tfn ged%f%%fﬂé‘f}'r@%fam afiorighmehod with a
"Phar maceut i cafr gf abe epthange nirenapPistahy @ nongingion veta nride 3N\ afBihig DedForkbtb @ddphy

t hat cont ai ns (TIQ&S ah@@-ﬂhe@-stgp Mo@gonﬁﬁﬁ%tag%@b BSanion eéﬂ&%hﬂﬂ% eygt Ie

grade pl asgi rein a era

pr edom nant I y CI rc i : Qﬁrlomg?graP% g St?ﬁ}; r%%rro %@%’1% érft"g?a"m"hf"ﬁ‘étf’gr@%t(%?
nore than 80%0’@5%“9@%3"“’95@@“?5?‘1#Wf@n#fﬁlafmﬂ@sg%@ﬁh@’f osed circul ar
form pl asnmi d DNA_ Figure 4 ia tiblb@mpih@vationt MetBodd of Sipaag aaQodeigamiahii ONACuch
tubi ng, - wher eiondxash ARonkderlRY (B, Olyafr3haldl SRR 80" @g& Warophobic

created in tha CtOI’lfI uratl%g 2‘1“ nor e 't han one piec
conbi ned to clrnee‘aa & RAPm REY ufea"tfﬁe%PPaseTﬁ%m‘W‘tgﬁB@ HRROt wr%eeaw

and a cenfer @regtogEsy ESEChaipametix afﬁ@mhromaﬁrgrapmb@mawdoeom @ehbibhaionknd the
i ngredi ent s agethod@cchiily @3he@Rftni oo &Esblts' iferhs Qﬂﬁalﬂf of th MEJE&S&B Dm%re
T, join at t hﬁo&cﬁ@ﬁe?erén %%@t’ dsf_t%‘ctﬁg 'SIPW seflsxt%vﬁy amt] g m%@d Mxing occurs as

the fluids mer TeamEhey egul ar random

mot i on of fl ui d p&iEtey faand 3B gp eebs ishore deransticaranknielinatrites (Bimationt dfopen
of the main fdirovar plasmidioing bf thetp@svié DNA bibryd A$258C Qi VEO i) tBHo Al | €S
erratical gy in magnitude and direction. Viscoelastic refers to fluids

havi ng both Vﬁeﬁm%lnsé and el astic properties.

Acidic means relating to or containing an acid; having a pH of less than 7.
Alkaline means relating to or containing an alkali or base; having a pH greater than 7.

Continuous means not interrupted, having no interruption.



5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention is based
on the discovery of a scal able nmethod for producing a high yield of
phar maceuti cal grade plasmd DNA. In particular, the invention is
based on the discovery of a method for producing and isolating highly
purified plasm d DNA using a continuous al kaline lysis of host cells.
10 As a first step host cells are inocul a2ed, Le. transfornmed with a
pl asmi d DNA at exponential growh phase cells and streaked onto

pl ates contai ning bﬁaﬁﬁw%gg%ﬁg%mmdﬁ&urlakx% G 2 SHGRRAR
tetracycline. Single colonies fromthe plate are then I ngocu ated each

into 20 M LB nedi Gy B PR PO v R Stzeam rob TR Betes it PHfcfertoparice
tetracycl i ne impvssepadington mtabid jdeweryadige.i ¢ Er |l enneyer fl asks and grown

for 12-16 hours atig#e &Mama&»@@rda@:eé ROEORLRE of N Esi®frad tE}%Sﬁlng bhledsUb B9
was then u Séed a;:t%n o%r%q_ﬂ!tr}ég ﬁxy ceﬁ'twgﬂ an%r cgﬂ rlr(z %];bra.%% I;zlcelli wlncﬁm in adb ?redéo}@mé% cell

suppl emented in gr own
200 Jou, in a S%ﬁﬁ%{RIPﬂghrP%E ﬁit?a%ce}rﬁe%fﬁﬁ“ ydngcp fcbmwh@efalmas @ bisipg aggnt) Lysing agents

Er | enmeyer f| askds foasangy, abul, dtere81D, Craain 6bl20E) atidoiryinss. B aShddebd hbodiment, the

i ncubat or and zﬁggﬂceﬁsqsaoﬂggmeﬁéﬁta&eﬁsmt@&@@%&@nVesse' when in
m d- exponent i al af ter hours and at an 0D600 am of 2 units.

Host cell cul tur es eélﬁ%lz‘ai’s 2 SHIORY B IOF 9 PRI pPid Prebesgfatkali) to undergo
Gener al | y, 10hogtutreligaos. ﬁirféls @F@mm@@rﬁﬁtsmleﬂmgwmh watdlizda b epfivtibi loingsts pHvbihe
cells are in expRhent ipHbe@EaVY dhdi7N aar5t@ablyCardbBd € of mbrd[pEfrfl aldbet /7 @fan
plasm d DNA. Two djstinct nethods may be enployed, Le., batch and

fed-batch fer ntaglon Batch fernentation allows the gromﬂh rate to
be control | ed thr QXRHPRER TS 2afiddn BiFh them StEpsoRPIoPeEtionsh ér the YRosy mdicntired
car bon sour cepusedculaAdo the @blncheT béan, Thchend@r of priyatiolald ar bRk at the Riscdkis.

a cell culqsur @ng{pggmwtgﬁm\m;dmd@g]lqu;dpgldgggeg| ent s required for ceI I
ai ned 25 the culture

grow h and for pi ion o

cells are in the \c/}goé1 g\%Tmmﬁ] uf‘dé ?guén%@ g@gﬁ %’faé F“C@S)éﬁ?%f’répm‘fﬁai foshde &% E&‘é‘?éy
over prior argageh @érﬁ’?@@?lp‘{lﬁﬁ? tesf planeielrsheatn tNoh-Newtortidneliuidg yrey nof have a well defined
i nocul ation, tikesgbWonliswitaian Migidd eud prdtc bldrBkRr-Bel ditid, OBDelds@ AhB (having
sterile vessegoﬂ%gcggs aﬁdglﬁftﬁ&%é]egﬁé%dtlnlezd%ehcﬁﬂl %/tﬂbgns and the need

for conpl X f eedi 33? e of
f er ment at i 8n usef UT=HE OBV IPsE ¢ dnaflqein aﬁ’s?é‘\‘ﬁoincfﬁnsis@‘gf"éa “B&P%‘P\NA that is not a
f er ment at i on, chirqmo8@ze, witivhahy bdvethe @bdbiligrofimving & anendogenan DNAGlagned iyt e

addi tion of nt AL gRs BerdirD pﬁa.Jﬂﬁd §NA tLadlaBo %&ﬁﬂn%}kgmﬂrﬁ% Buch A%eul 56&@ssed, or
herein, "fed- tchJ‘ process I n

ref er ture
whi ch the growth ra e"’wfdsglz’con%t FOWOP@%OHB’SO %&érgu }3‘) ’Pﬁ)%‘?r %‘?’%"& &¥dPt PoAY
of et abol i t e¥mPiFationel elehed eifcls plaemid ﬁﬁA,frémémc&tpiawd D& dsuppeppitsh plasmid DNA,
ferment at 26n acgamding, martzmr IR Rk ODN A @hd BinkS-stran@d piedrlid NN, thbE&qusQor
reach a hi ghei!’xe Q&n@tﬂﬁt‘r‘tﬁ c;f fn Qde tﬁgsm&%%d MM éme&ig' Cit al, Mole%&ig‘r@lm?nsg,

fernmentati on process and exe rates o

descri bed bel GR"FEY M5m8b ¢ Cﬁ*fiéﬁr&‘ﬁ ﬁbﬂr‘ra%%sf (98- hérprc\‘PEﬂ‘Eﬂ’ié@‘m“P’Sl? of
exanpl e 10 L, i @idDNAg pelgimenart ie the trh@intBBend Dolp INsidcieraigids Resepeh0aSSIBX9)), can
using the ex edméeawmfl@@ekomtam@s&lm}tu 1kté‘rc§!>mbe§4u%%o Qﬁl@ﬁgp&g o IEJaamn and

scale of Lhe GAYL BURNL W %e %%g 32 ﬁmﬁxgg@ ahshod.cglha mvgeﬁl .

medi um fernent at1 ons H5dE6H B
cel | density Tdyty e f"B“ %ﬁwm@@%w ftilegst j5jates Prﬂ@aamwéﬂmalﬁ@uw nheghggl of
harvest at hitgtinlentonaastawhliyl cised tirdulbr fbrik pRXEODEAL dr 8loutG0%w\EEH, 00%, 95%., or more

Fed- bat ch Fergmg @@o@tggmlos&:a@@ulglf&mﬁgm@bNgl m&%@@ Ssup@m&raé BRSO GBorm
The ferment at inj B

|
substrate (gl%® s‘%fm) gaﬂgiﬁff)jgefi gicfome‘ltﬂﬁmé’e‘ﬂ%’i“ﬁ]?"d? Lhareit ’é?f%ﬁy“‘%f’ e?ﬁfﬂ?fé}f‘?“ the
rise in DO and confirmed by glucose anal ysis of a sanple taken
i mredi ately after this event. The 10 previously prined feed nedi um
punp is then started: The punp rate is determ ned by a nodel derived
tomCurless at al. (Bioeng. 38.1082-1090, 1991), the whol e of which




15 cannot grow at this rate indefinitely due to the accumnul ati on of
toxic netabolites (Fieschio et al., "Fernentation Technol ogy Using
Reconbi nant M croorgani sns."” |In Biotechnol ogy, ads, H J. Rhemand G
Reed. Wi nheim Verl agsgesel |l schaft nmbH 7b: 117-140, 1989). To all ow
continued logarithm c growth, the nodel cal culates the tine-based
feed rate of the growth-limiting carbon stbstrate, w thout the need
for feedback control, to give a fed-batch phase of growh at a set by

the 200per at or gpedBicSiad ﬁuempaaﬁmatc #md. @Neeéforé/\ttt gﬁamgaﬁr&ax%%e ﬁmepﬁ,b fhay be
build up of i nh| QIdtf% separ f’g% [ toeesO anlr % % en % 9 Igl ve ?el LU
bi onass. SRR T P BE R O fﬁ’@ﬁtfa’tr? RETELE AU "F J@tpeseope ¢ m

4-fol d hi gher éqspaqqfquq or art concentrations) of precursors are
present in the enrirehegokaira pregi wamohmwpaxhtﬂoﬁﬂé AferstidBe ﬁz&tdfﬁﬁ@lﬁd af,

yeast extr agt %Zapc‘calg‘%mp ?ate(@b I’ﬂ%g ng'l g #hr%t%%qxe ];n%irer, ;tlsuallg éyl[FE agtgm otn a rpum rl{t should

medium to ter provi
factors and nu??l ngied ﬁé’?edloﬁ Faéeé’ﬁﬂ’%?bé m"‘?‘fféb%"d‘i‘ iﬁr?‘ff‘?%th%t‘f"%‘é?ﬂ%}’t?f) Pie pEfiRiedpn

wi th ammoni um sdkizage (5 g/ 1) which acts as a source of organic
ni trogen. The addi trhBns @;twkww&éaé@ DINAY BRY SN A ke ORHE letr&ﬁweslfp%ﬁtd"

of ammoni um sul fate) during the f ed|n cess |

fermentation ;ﬂr) e’Lgl ea)stl ugig to?den\fent d’g ‘f‘%f’é?% ao‘i?gm‘g?r’f’%"gafeg%’d‘ﬁ ofpleseih [PNA-
quality. OHe |%f%‘%éplwamﬂstﬁéww€%% according to the present
invention is cell AysinsmindiagiBopuditiias 20 sulptes @bth whithvie R tdksasi 16 BHR I AS B8 e,

a process for AL %&hﬁ&n@g’]ﬂp&ﬁ& lx:ﬁfu!ien gut Qr'e gtg thu éﬁl‘g h s{ (%ﬁi FB eff}% dgtoyDl\lﬁ‘ost cell

that includes the s

for turbul ent IW%\?\?"%‘ CF%?SMDM%%ME’&I]?NASMEW&@M%P% ’6tﬁ°dlﬂ"af Y‘iha“s
Figure 1) wit bereandetantifersd a tdvatinktipg @epudie bdn Sepersiohn dieicaiextln wiichhegtitteds| of the
and (b) a teansvefidf at pEBIRAIA f:dn@l%rﬁt@}g@%uﬂ%‘tmdy@% %Bt'b@%sﬁ:elﬂ&eﬁ@eﬁ,r €., it may or
formed in (a) n}/gr;lggy ho§[u§lstant| al agitation, wherein the m xture
formed in (a) Ows: from the nNeans for turbulent flowinto the nmeans
for |amnar flow 'Isolating” OW&’BHY‘EE" HGirE GoBRETiTisb @F REAL meshs enpighment of the first
i nvention, theommedmatinsmherdaypaachti vt ofiat thyfire OsRpokeRias iaktidp filsd. Badnts acldiing
a second sol Utah@&lolgtmgleﬂ%&a{t&la}e%%dédhﬁmhyg ng solution (solution 3 in
Figure 1), wherein_5the re‘incubated in | ows fromthe nmeans

for |anind flow i e”?stf%se’t?@gr%e > PR hiEb TG e &@%W%Wﬁﬁ“@)ﬁeﬁm}y greater
| n yet anot heithag AHWH muerer freetoh eontamindmtsnir pnsseveng Mpethers¥e andrpreferatig tidaoitiant 102%
i sol ate pl asmcehdMAad.r om cel I's conpri si ng (a) mxing the cells with

an al kali | ySI ng si%%\%%d.e&i@all de]ﬁ@xls e%uet% her(e)url %sta NgAdJIer?aIaUOn hat cbr&alrg nol(n 1%than

neutralizing the al I'ne Fysing
sol uti on. 10DE¥H; Y H’@feﬁﬂh%’r%hﬁ‘ré OHBoFs/ & Eﬁﬂﬁlermwma% éEFh psepel gpegpbranes.
bacterial 25el | s, riaavofontitdreaooiagss: niched @ pobkiegmd BauBeEsHNpulifte plasmid

viseoel astic pramert ts@aua; ﬁaeta@mtttrtmé 2@ hs s DEmSNGAL g{mqg BRR. ﬂhymgln}a%m

during mxmgse ect o the resent, I nv jon Is

of using Tt BLSR wg{ RselanoeSeRBERER R FYOPUE e Pt e
al kal i ne sol utPP@}PfGW‘?Dé phr@osainal Phek. RN, raeiedn, vdreydotosips aif yonipia$ westly didvel
vi scoel asti ¢ titctCfoRpRanid DNAT ThSpI RN Qb YabBind &R itcRGn tisQ)ffsv.Hﬁnent

present | @Menﬁﬁ%oxptfsg}ﬁlrgga?ch d@srﬂi’d—b?&g&/ @Iggrgggagd laﬂ?ior%g’y 1lorl Mngrg Qﬁ)lcaﬁ maP‘ ?ﬁenal

forces. T tubes have enerag?é,%/ usua
di amet er i nf ePFEPH §°F BRFPY Strefesnis pidy il Hilound 2 and 8 mm and mor e

preferably of arounthmsutisaherale diesmid BNA papedive” « drtiaetiot ik e tiof is pioded
f 1 uids, ?ﬁt t h mm _ode ﬂ%‘tﬁm @Qi/or %&K:%mﬁ@gon%wﬂg XieRPore @g&lgﬁﬂtyh%els defined
passage throu er var

paraneters B %OW B t;“)thgrggce %eprlreans Sf r%ufe%\gsf’nl?ﬁe %’rﬁlaf‘i’a‘iiDNA
flow, and turbulent flow, respectively, and their correspondl ng flow

rates Si, 52, and 53 20as displayed in Figure 1. Table 1 B la (60L/h)
Bi b (60L/h)




B2 (9011/h) Flow rates dianeter |length dianeter |ength dianeter
|l ength Si, 52 et 53 Range 5 to 7rnm 2-6m 12.5t0 19 nun 13 to 23m Sto

8mm 2 to 4m 60/ 60/ 90 L/ h 20%
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composition” of the invention is of a purity level defined by at least two of those identified below as a
“pharmaceutical grade plasmid DNA,” for example, less than about 0.00008% chromosomal or
genomic DNA and less than about 0.00005% protein contaminant, or for example less than about
0.00008% chromosomal or genomic DNA and less than about 0.1 EU/mg endotoxins. Other
combinations of purity levels are included under the definition. Of course, the pharmaceutical grade
plasmid DNA composition can further comprise or contain added components desired for any particular
use, including use in combination treatrnenis, compositions, and therapies. The levels of chromosomal
or genomic DNA, RNA, endotoxins or protein refers to contaminants from the cell-based production of
plasmid or other contaminant(s) from the purification process.

As noted, “pharmaceutical grade plasmid DNA” is defined herein as a DNA preparation that
contains on the level of one part per million or ppm (< 0.0001%, i.e. < 0.6001 mg per 100 mg of
plasmid DNA) or less of genomic DNA, RNA, and/or protein contaminants.

Also or more precisely, “pharmaceutical grade plasmid DNA” herein can 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 0.00008% (< 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.

“Pharmaceutical grade plasmid DNA” can also mean a DNA preparation that coniains 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.

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
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.



25Anot her object of the present invention is a mxer or injector with
tubes instead of a T, which permts dispersion of the cells into the

| ysis solution. Accordingly, the nechanical stress on the fluids that
pass through the tubes is greatly reduced conpared to when the fluids
are stirred, kg., by paddles in tanks The initial efficiency of

m xing results in even greater efficiencyldan the seconds that follow, .
since this fluid does not yet have viscoelastic properties and the

m xi ng realized by T&Qﬁen?ﬁ@) Alea&lu@ega;r%dsnpmmﬁ &ﬂﬁg}éﬁﬁd ﬁ{d&écﬁz‘n@@&nﬂm@é o the

contrast, when_a IS_use m X1l n m X1 n

onl'y noder at e ‘Wﬁ?ﬁo g cgmain fg ?’Ivﬁfcaﬂ’ﬁéﬂ‘ﬁfﬁ}é% By U’P’&VWFSSQ‘?E}@?”&%‘E ’i“%gmmde and
resulting in ctmgiogler abl e probl ens while flow ng in the tube. This
partial m xing reswistsladibrelel & fBid@havi@Bbovh ieddOinl bR Rlpetile cell's and
therefore can only release a portion of the plasmds before
neutralization. According to the present |nvent| on, we have
identified twlPHHIEERD E%}’f%?[ﬁ'ﬁ‘ %‘E Phase 1 5 and Phase IL
These two phases cGlierigspont besod &) thé Yigb@ryoff atskible ekiha@l fai ol 2 high yield of

denaturation C&mrﬂ%x!ﬁi@él %ra&(bkagxﬁd DNAUR ba@&uﬁr 1B Qi RARGE o £ c[z{%gvngy Q8 Gidloa

behavi or that Its |n .Vi. scoe

di aneters of tijf;u ld g@ %@%ﬁt’%ﬂﬂ bﬂp‘ﬁsé’gta%”ft@o?fé‘gﬂ?e bits of hstglls.
two phases 10/ t hi n éﬁ %ﬁfﬁtl SFGP H?Sé‘?ﬁé‘?t 3¢ inpaulpted, (. Bltradsformyil witng plessiid PhéA exsmdential
This is the coriwighasactld AndikEeded @fo pRRa S@tainmy\tts fMemma cclnﬁrngxg afl hrRiPBdcQich as

tube (Bib), the mxlL nﬁngﬁeaa)%n%p g;?t%hgﬁt@%%r th? grzr‘ﬁg%enﬂ LBTlgnle edhum,

is the configuration egg cco
mi xer call ed TRPERPIE AR be erraiatctdty FF“W@‘G? ’é S%’ara%ﬁ?’i"l?lﬁshca%”@@@@\ﬂ%
may al so be usedgrevon for Bvi6 deurdit SPET Biachekip intiba@orC Ohd of i@ peIRG O/ then used to

accor di ng 150 GlAeuS 06 @Nbs steAM EBlie@lin s.)ﬁjélmnmnsd M %R hmeySUalil 1190 WHSorown at

i njected coun C entl i,nt o al ution throu
one or nore tﬁf:l %05 mtmer shaking f’%:baeJt F o us%r“ﬂ‘&?cm?%tw(?%{%ﬁﬁ‘m&ﬁ T sy @?1“(“ at
di spersi on. DF@rfetdr gn i hé@@ngdm@qt%e@ ys§deo peylasdhe(ferBentamvesse]l Rhan dmmid-
and pref er abl yxpaiearist phise s béurstaheat &O0B60@HH ki@, depi cted. 15The
mxture exits m Xeﬁostl\éeﬁ I:xﬁ’mr%%& me!M g&ﬁga%fv%gt%% xg‘{h%%e eragycoégcsﬁs %re gown

(Figure 1) for shor}l time perio
of the di &Ret téIF B 'El?‘?ﬁés %96%%’6 BgRopspiat gPEy Fna%f@amtheveﬁéffrwaeﬂwyaf
turbul ent f 1 ovesoidNp Tws digictwathdda minda smgdyed, he $achpad dvetos fegneainiion.

pr ovi ded i n Tabl e Baich Alnlenthith QI&0NGE %M@rate@cbfe c%ﬁ@f@ﬁ@d’ug}%agﬁhl%n Bﬁﬁ\e g:rowth

i nner di anete ube, not the out i pelu

the thi ckness{e{(’ﬁ1 er%nkp&g‘hﬁ ebon st e#%‘és veegsem’ te’m E’)"Fclh\gn PREPGER T’F"Fﬁs
in the tube pBPHISDE "igh ¢ %umP’éTfF@HchPfﬁg‘bﬁP‘@aﬁdéﬁ peofluctiey] ofj plisgitscontaingd éh
2. Assuni Bg thatusoh utisore b BNeksSDInUiréa0 Bxcds Foe camplt, NEM CRERbvd: | pbdst

d Ph once: 0 & B a e ; )
pﬁ;ggg Phase { %‘:m ork bR ke UF Q&C{l;ﬁ%fo&% U] G ggﬁgqn%ﬂée Gt

and the |ysis™ efsgl zﬁﬁ?‘f t%LP?ﬁéthéliz%?ﬁ“ Yprsgand the heed f"fﬁ@“@?&r‘?ﬁ@‘%?’%j@’ﬂ and
m xture then §ya8&®s t hrough a second tube (Bl b) of much |arger

di aneter (Figure hhothet ot feRedayisd SeffacdohiBip €Lhd Bveainil uf féﬁ %'f&ﬂem@&ont he
vi scoel as&(‘) c vfxﬂx(yxltfg cgfgg(%{ﬂ§mte Qﬂgnltr@gd Eght}x Sadlfy a%? riu;;aez%s tf» g;le durm%[ ce growth As

m nimzed and t he solution

turbul ence as™HuEta sl |f?5‘P"é‘taP‘ﬁ‘ &f“dseY" at?ﬁﬂ ﬁiﬂﬁferﬁr%@‘s &h}?‘m%fé‘agm@rf@%s?
that woul d otdegroligdde cdrefidlg menitored) iions b mapibdlites whi@ il Atring ferhdaRitidar 6 Baidh
invention, a seBka6h adddlB: 19 the ARGMbn phrrki@ 13 o4 cﬁm% R, 12y Q)mag%gn baich
preferably of 1 mn 20 sec is sufficient to conplete the l'ysi's
and to denature “Iiclei c acids. Duri ng the denaturation phase, the

fl ow node of the fluid is lam nar, pronoting slow diffusion of SDS
and sodi um 30 hydroxi de toward cel |l ul ar conponents. The | ysate
t hus obtai ned and the neutralization solution 3 is then mxed with a
Y mxer called M2. In one enbodi nent of the present invention, the

:'B




The met hod of the present invention can be used to |yse any type of
cell (L., prokaryotic or eukaryotic) for any purpose related to

| ysing, such as releasing desired plasmd DNA fromtarget cells 10to
be subsequently purified. In a preferred enbodi nent, the method of
the present invention is used to |lyse host cells containing plasmds
to rel ease plasm ds. The process of1Xontinuous al kaline lysis
step according to the present invention nay be perforned on cells

harvested from a f%&a&m& @{fén%mmp%mé RERRY HOWRed QdifoniQBRS S Mow for

cells that have reached statio an

exponential gr Skt % }E’W‘H’er ° erm"ﬁﬁ’? ’%YP‘% I%?’hfén“ ?e%%ﬁﬁ%gﬁ“mym
al kal i ne | ysi sprasewsgs Wh@ﬁ@@mﬂ’é@eﬁéﬁ treqrbed belew. debidine preihaseaistodtie fapipmeng
fernmentati on whi ch HyaE LR LYEOWEOmA [libgbh HédORBESeiod atel Hpraiete & ehe
not in eXpOé‘e“ISrbo%Laog LML, AR sith QLR m?&{luze@?eom <{B‘i E%Agpﬂﬁ)’ qu at high

phase, with a cellular concentr tlon 0

wei ght per Iltlé?massavﬁ’def)‘?l@fe@”&aﬁ?aygri‘thO g dry wei ght per liter.

Anot her inportant &sijech Fegfentetve uienghenteiongiverrel aha gtvbrysoper THeif@genpliassmiugin
DNA conposi ti ogh abd wl ﬁ@h@m&s&u&usml (glgcrosm@ eﬁé@m& ;mﬁs H&bﬁl@?ﬂuﬁdeﬁ)ﬂé

produced thr Ongrb(? Cdorr%] %cooge C %s%sl one%m enl 1mn: 1&‘:6%?/ er rr]'n

may not be conbine or enme pect
the inventi®n W@%@W@g@wp ipytier sprtescfEre pwﬁa% ﬁﬁm@@@y aaw%@emd
of producing afsh Csiedsat dlnGiokigglst1gs2pasd, fi9oex! thp waddbivhihles ihddgpbrated by reference

essentially fr e . - N - i
DNA. The pl as rﬁ%ﬁmofh GoRY i@H@s Qz@@’éo% ﬁ&@ 3121’:’1238{11%‘1" &%ﬁ%@&n%?édtghaﬂ#oc&%%ﬂﬁ initial

nd
i nvention cont%ihg O?FéﬁPf} W%W“?‘@Ve‘fogcemfa R f%bs‘%éer ¥ PSFOSHiy 1Pl g el
of cont am nat imryioehsoaeifis gnwh raRNAYingRINApid yire gt thd tiomasiriclele figoinexitivs., The pdhure

cont ai ns mMBst | and @56 ik Eaeeuh@ﬁm&ig Qtic tothePREnthadlde toIbeaeQieaﬂT‘%ﬁth al,,
pr oduced accor“gén%gxtaggnb etclm(()jb%yh smg ecom{) an%cr%oggf el N nFB op L&ﬁolc%heéis 3-{ 'Jlslﬁl

research and asm ase <9
grade plasnid aBF\lﬁ BeApBEheimo Y CHf eflﬁ’%gef’qw&#trp%h% éW‘l“P n196‘%5reT°a§‘B‘éc9?ﬂm§é
defined by a pepuithnyic gewel thainiolie] reeiges tihet tnedised Ged PR & they ProweBdimiting carbon

contani nants, Sueh, @ﬁhomﬁetne&ﬁu fodiBal %&%gﬁeafe@&mﬁ%ﬂ ngwmagetb the

phar maceut caI ntion

a conposi t °f’%a§‘fr d’g‘bsrﬁ %ﬁ"ﬁ% o Rmh%‘ﬁgpgveé In"tcﬁ’useotﬁ%b‘ﬁ%}’ff Ofﬂ‘g‘feb“?ﬁ’ F?taib?)[ﬁesé’i’d 18
ppm ( <0. OOOl%SHfﬁCI@“OgGe}@@G@m?%g per 100 ng of plasmid DNA) or |ess of
genomi ¢ DNA, RNA, @dethiny balk ﬁmﬁtﬂ;o@&e@@m@amg, 4-VRMBhdd BRCHr St Yoncentrations)

phar maceut i cal 1 i%m can e f0rD) I sm'al in
DNA preparat i oﬁgft&%q‘%s %%)ﬁt altns 2 gﬁlﬁg %“pﬁmf)%/(mg&a% essf 9[
0.001% and pi& @ffa%ﬂdvmﬁﬁ%edf%ﬁg/b@méﬁ%e@a@ 970 sfligsr fampgpwd*ﬁhqg%@@m%rﬁaﬁ
0. 00008% (25 0 28000B%Hys ad wicleicadi HHOYS. My mpdinm EAGo Myplafenty] wigninthoDMAulfoé
hFSt Cgl ::)Nzhr %4 %5 QIH{{% aclORy s@ﬁrceﬂﬁ %ﬂc@n@% Th@‘acﬁﬁ@ﬂ's @Pﬁ&%dt&c(@gang:rr%%n in the
pl asmi canposi tion ca conpr reparat i
that cont ai ns?ﬁq‘gsez “ThaR "ab S}ai?% dgmﬁ tgerrgedmgl °§‘?§‘Pin o Qa&gém‘?ﬂtag aedigned o
preferably | e§’§v@?ﬁ8hte@%@b®ﬂilp’é¥m%ﬂﬂéﬁbrabl y | ess than 0.00002%
(<0.00002% i.e. <Ghe @Bt BBpcE the Mmeth&hctdBlingto thd RSk BvdniNA)is @ 17O Thus, the
cel | RNA agnt i, Ak ion écmgge@&@&gs'f&%d&rng% ls%@amgﬂ dcp%m%gk'tﬁp

can conpri se %ﬁlg aration ont al ns
0.0001% and MEEtes B‘FétFpe?féfﬂs;}yS‘F i BER HBODBL ?&Yﬂf"@‘%@%‘ﬁ/&’ Thpiqly mix a cell
<0. 00005 ng pesredd@ (Foiytionf 1 ip FggeildviDNApluigh thoigses @8 (solytipro? @ifigure 1); and (b) a
cont am nant s. ménp RalBeett 63kl R0 Asiid SN & RASIE k@aangamg@éo%p
conprise a plasrnid DNA preparation that contains |less than 0.
endotoxins. In particular, any 10 conbi nation of at |east two, or at
| east three, or four of t hese purity levels is also included in the

i nvention. Thus, a conposition having a detectable |evel of host cell
genom ¢ DNA of | ess than about 0.01% and | ess than about 0.001% host
cell RNA can be included in the invention. Mst preferably, the




18 chromat ography may be both in fluidized bed i on exchange

chromat ogr aphy and axi al and/or radial high resolution ani on exchange
chr omat ogr aphy, The nmethod thus includes the alkaline lysis
step described herein in conbination with subsequent ion exchange
chromat ography, triple helix affinity chromatography and hydrophobic
5 interaction chromatography steps, occurfing in that order. A lysate
filtration or other flocculate renoval may precede the first

chr omat ogr aphywisteaihe Metdnd GeScdaf (af foers oty B0 hbaNAeSaEk BEtnb 8k ebds foPhminar
purifying plasgjd DNA are scal abI e and thus anenable to scale-up to

| ar ge- scal e manuf act ure. In sone enbodi ments of the invention,
continuous lysis wowgé%%ﬁﬁ@a'm&at ehthe tignoamechmspmag addtigilis sapese a
to result in amdangbr apding afsscopgisgigtion thatmombizesnbeyging oNGon (bdutioeByin Fif®¢ 1), wherein
exanpl e, bes 1 ﬁﬂm&hﬂ@ﬂﬁte&\hw féMds ﬁloﬁ%tme%%r Rfninkd 106 G tﬁérﬁeaﬂs@&ga/dﬁi%asecond
(such as Iysate II ltration, settling, or centrifugation), ion
exchange chromﬁ ography (such as cation or anion exchange), triplex
affinity chromat ogfafshiomes ereboisent dhstrseiansn mivde aet ingrmetier triwkis gleamhPNA
I n one enbodi nemnt elic@MprisigB)Snikiyshs cellSwittodn| aBWIE BsikpysoRiin Gl the ¥EdAa o Rrbulent

chromat ogr aphyﬂowt&h%%ﬁMétﬁyatk){lingﬂg %)aﬁ@ix an%ﬂ&ic J&Xrﬁg{)ophom ¢
i nteractiop chromat o ?d&%ﬁ hat or %1 od| nment,

continuous'dysis i8° 18‘1 ouﬁ?etf"i?éwtlf’ﬁe? f“é¥SF Brterial qelfs. agpe gh{heanadiyes e
chr omat ogr aphyprobtem ghsekbydfefvispielesjic propetinet the fagstayd theashadr fayel froped Birpg mixing
interaction chtpRIne g aIhe pleRnttiiakiot 88Emhod TRSE Tﬁb@sg&' n@JmlngW ct:lp{usgﬁnsmn

truly scal eabl facturi n roce iC

| arge quantit |(§sup%)’?ﬁ%nqﬁlﬁ Somtmé 3"0 éomﬂ \Ma Very Ir—%” B’ b%r%&%@ VERIRESE
wel I as prot eilH¥ aéﬁe%'S i ot ‘f‘?@m%‘i&bl-‘/ﬁspﬁ‘ﬁofdaﬁ&éhe Pfesent m"enﬂeﬂ Prove apmaichaderniege in
the presemnts i nimbing ko forgy. Taktshavkenefally infaB Hiadidid® pBing) fususliyZth @ Xiahdds inBiord®
chromat ogr aphy 4 %Ee@mblyf SYRLFCNmP @%ﬁ a&%&g%féﬁ&? Bpéé%unﬁ‘ ¥, 03% YARBAL ihCase

chr omat ography ot chromat o raphy t echni ques,

met hods, or sy&t 60 g idﬁg‘ft%ﬁm\%o&lfeﬁ’}?@"@ %sg§ ‘B‘é‘g%‘f“‘?“ﬁe@&yl’?égf‘%lﬂﬁf"igﬁ
accordance wi ths ﬁtblerér a‘ﬁ? bhvesirt belayy plioive gariitiom of parameters P af B1b.RAE tht @eansinpvrablent
nmay be enpl oy eew.tlignipk 834, el thb@hEowehictivelyl Bd tBe oG stk MGy RNV 2, and s3
product. is, (}m? % ,used to renove the bul k of precipitat ed

mat eri al | oécul at e). e mechani smof 25 performng floccul ate
removal is through a lysate filtration step, such as through a | to 5
mm and prefeffa*¢y a 3.5 ramgrid filter, followed by a depth
filtration as a polishi ng filtration step Q her et hods of

perform ng fl oceylate—r ‘I%J_WGWM ation. or._se ||ng
| on exchange [ 1rg’grgr)'gfth?)qramh {87 be enptdved t o prﬁ%‘?wd@teshl her purity
to the resul t|dapesDNAngh opidiateter Alvhgin edieclaan ¢ Bngiiny| PeS2sei3e ¢ Rede
dependi ng on [E7pK0PR | EB.50T 1ol i COTNEM NANLS  arkdeabiiie [Rihepf] t he
sol ution. Ani gn exchﬁn nge cQ{ t0 raphx may] be enpl gyed tio
provi de higher_puritly to e resu gp DI‘Od ct. Anion exchange
chromat ography fitnctions by bindi ng negati vel y charged (or acidic)
mol ecul es250 a suppahd ovt &ffﬁxeip&semsdeﬁtioﬁle la Ynixehé @R@: witth@bediS@a®8f a T, which

i on- exchange Eehﬁg rgﬁ{)e%gl%péﬂé/ eellst 1Ht§ the I)f?lL o gPJm%& éikr §§ r&e(ahagl g al 31%& %{1 %E: gglds

based upon th%l r ch ag% l1es O
19 neutral s) CHR™HE" §Ii‘elt‘§’es§se%"§?yaff‘%‘ffd B‘i?‘pf“ﬁ‘} ' WPe@é}ﬁﬁF‘&ifée ‘Sﬁd’éﬁmi’@@ddles in
el uti on schentesks. Thgipitiy effigeerof mitghesvia meve@reatarsifiormy & el serbidndatifaliow, igee
early fracti ogs aafebet zkb@yepﬁb@vxs%eﬁtﬁgmbeﬁxé hemk ﬁxﬁ)ﬁfg récaﬁza&ﬁy't&'@ﬁaﬂ d%ﬂet@ﬂube is
eXChange 48 VELYORI ok (AL SO 00 B9 B TS S000L 04 0. L
packi ng material and nmethod of prepari ng such rraterl al 5 as vveII as
process for preparing, polynerizing and ftnc-tionalizing anion
exchange chromat ography and el uting and separating plasm d DNA

t beret hrough are well known in the art. Compound to be used for




15 hydroxyal/l cyl styrene, ni-hydroxyal kyLstyrene,

p- hydnaxyl al kyl styrene, a-net hyl - ohydr oxynet hyl styrcne,

a- net hyl -i n- hydr oxynet hyl styrcne, ct-nethyl-p-hydroxynet hyl styrene,
anet hyl - o- hydr oxyal kyl styrene, a-nethyl-m hydroxyal kyl styrene,

a- et hyl - p- hydr oxyal kyl styrene, glycidyl nethacrylate, glycidyl

acryl ate, hydroxyethyl acrylatc, hydroxyn hacrylate, and vinyl
acetate. Most preferred corrpounds are hal oal I cyl groups substituted
on aromati C riBgIudBkR@e REidS HEtdeldbie, QsultiBlin coil;sidel%ﬁe gro8lents vl &BEube

chai n and/ or bﬁ@g&%ﬂﬁ QT,&%%A&{?- nqus Qy 91[ %an%i(pnoo@ e %%l d Far tgrg o %lg rqsease a pa%:xcn

to 15. Exanple i nctional rsn VI ny
trivinyl benzen‘g“‘ealﬁwqﬁ FrotegEREioy ¢ vi nyl t ol uene, d| Vi nyI napht haI ene,
trivi nyl napht hal enagcoginpypliempesagl irealondiclek hiagifivd tab phaseeduiyyd lgsenagbd/Riade 1

diacryl ate,5t hgg Me@”ﬁ%&é%% asdd b(gfﬁipbxﬁngf y@g &rtheQéIﬁEr{aﬂ) @éﬂ%urgzloy GfQ:luclelc acids,
di acrylate, net h}gl enebi snet

25Vari ous i on BXERANEET §FBGLL Cheglo Cgi] ﬁﬁf(’? %‘?}688818 %)? FHE asf)“églf”x ng’](‘ﬁnfl%f}i‘e
Pr epar at i on ofdiaqes b%t%eéuhqmaé?ﬂﬁazpsmﬁﬁ el vsef s ngeds of hgse teptpbgseswithind ypall diameter
monof unct i onalwHrgmayRiking R thep@bdy THINICh OifRlraith BRIRYF Phake € Waiighee dtiberadse

an appropri at SB {bgf’tﬂe Qang{hgsc‘Eﬁe%géays %5 igbeda. Q'Hi%l is e | c&ﬁgj& atid] emglg%e}( f’hase 1.

whi ch are ur pose of usti1 ng
f orned and | mi | ar‘f‘i?"rﬁ‘fa W§éﬁle§%f 'ﬁ’rlf'éaﬂd‘ﬁ’f 5 B?S’i"?‘i‘r’é‘rﬁ%?r‘ﬁﬁ S?f??dldé‘t“‘@lmay
are added, f olalsobwededsy prpadel dispdrsiqnrof thejcell Fisgensionetagrdiag toghe fngent Bvelivht Wigdhis

to a oil-in-wakek s&m&el is aﬁctm@@e? &Jn@:ﬂlyﬂﬁytyémﬁﬁng @&:& Qﬁn&h}%@h &e mﬁ‘m small
m Xt ure I S ad%edeis g €S i1 0% eO Il CEGIHOCQS 1onsl9i eters 0? Ssp ) ar d 0.5
and. esi f’ss TR

stabilizer weighe preci sé or ol'l
ai m ng size aﬁ@“*éf‘%@dﬁf?fe’i‘ﬁbf(?"ﬁ’ﬁ1W‘{1Wh§‘topﬁgu@?ondmdpol ynerization is
conduct ed 1y gr adusde ke niger Wi )o@dsssﬂhgualmeofsﬁatdmme@f@gure 1) for a short time

monof uncti onal,..jp '@&%Jut 59 seQP W&H&ﬁ&d &%‘ di @PM rﬂm!v %mg %%}9 Eeaialzﬁﬁ ?Eu‘i’a%@ %

1 nmol of monofunctiaon ?ul gg {} aroun r.oot

pol yf unct i onaf*ffBASHEPH Y S rpbIgn AR it eﬁ"‘a?"fafn&tf’ré%re Brvgdetibisg. Al
materi al . A poifyevesite tibd duncien providgt by inhg dalnge afidie qias tok the loater] dameter, which
restricted, apdndsabinfilRenaist wiiis PaksaYds dthistYibGesRGicOEnls %Qm@é}imme\‘y
?]{)ﬁl gﬁleg Sk 8;((1 hor§ §§r191§3)§1|op ﬁo c;[nsapénldbzgsrsémns l{hap soﬁxﬁonll%] s%iut?olflltrZ ar%(s:t%ﬂq@w%%uan
m xt ures t her 8gfs ‘h‘ﬁ%ﬁ Fhpse b ﬁﬁé%ﬁéré’ﬂe i Brbﬁ%\?%rﬁs thF ﬁ@”"é@’{:}’?‘@g akzai**o rit drsHigiom
oi | 5 dropl et sistiive vei@lomdsnd 2 are homoghliged pati Iy of@llet duenston sth®. used f or

km exchange chr omp%ﬁgéa&edfmm@%ﬁ aggepgropgh%%@eogd %m St Rk BEARLier
to have rel atlvel Iarh?ggp 1? (&g 1i[tél cul within a ran}%1
from 1500 to LAY 1§Lf? e PAERTS t‘f uig ﬁ‘f%dﬂ’&’égq“%
exchange éféou}?ﬁimg el hesinimiged rid dhegsolition yay be Hiprordrto [rest tth Bmis gitbulerb Fwmich as
types of el uepdsGvidray ol 16l SB ik inyt fQr 0 BAGRANGEnEHE GRBLAY Qﬁﬂhy n Bne
first eluent ALRLL pLeg‘{it ﬁ%&foﬁ r!ztcll:‘)rﬁa;c 4 g bmﬁq‘l 53 rfaﬁ%l],gro%n er{%xq rz‘md pref?reﬁ)% d

cont ai ni ng hi gh-concentration
consi sts in s@iltBRiAGest Spfeaie rres He |‘¥S§t3“‘b’l°lj’él?ﬁmtf§°i?*ﬁ%¢‘d§e@é¥m§ the
el uent and t héngradn gade, ted flowinpde ofge fod is Goied, prooaisg sfovoahiasigs if@D$ i@ sodium

conpositi go fﬁygmqagxamtdcreﬁﬁar%g;@&sto t he second el uent. Buffers and
salts that are genpgrall se eluents far _ion

chr omat ogr aphy nm Qvf{ Iisgte)éms 35k 8A a“fE ?'%élz?uon Sokumg'l SUERE EH« é hi g‘lj‘er calted
| ow- concent r al’# d‘h"ftﬁ femiogment °§fﬁﬂ@€ia§ H%’%‘F“B’t hoisidei dapmeterofi e ﬁtn}ﬂ&t i erpung ft to 15
buf fer of 10 g, &@rotrdl ia DEmipHnY abyie: @@ brofd 6AmDr krbunP A0 ninCTHe Abdiydiameter tube
preferable. F(Q'A;r L& 65&%%8 i€ cﬂﬁgﬁed %Qﬁ@&hé?'of‘ﬁe qlﬁﬂr%%ﬁgﬁ%gﬁﬁl(gq s&:; d
salt, aqueous solution wth 0,1 to 2M sodi um sal ed to eluent’ &
is particularly preferable. For the sodiumsalts, sodiumchloride and
sodium sul fate may be used. In addition, a chel ati ng agent for

bi val ent netal ion may be used such as for exanple, 20

et hyl enedi am ne-tetraacetic acid, for inhibiting the degradati on of




Triplex helix affinity chromatography is described inter alia in the
patents US 6, 319,672, 6,287,762 as well as in intuuational patent
application published under W02/ 77274 of the Applicant. Tri pl ex
helix affinity chromatography is based on specific hybridization of

ol i gonucl eotides and a target sequence within the doubl e-stranded
DNA. These ol i gonuel eotides may contain t¥#e followi ng 5bases:
thymdine (T), which is capable of formng triplets with A T doublets

of doubl e- st r agdase g biay Iﬁ@@ﬁ&ﬂ sol@fon &1 The B&uﬂﬁﬁ@%@:&n (9 1&1918&)1&0%@& %)narvestmg

adeni ne (A @%gg rmn i pl et
of doubl ((3 )St ; \;‘\eréc B)uﬁ%A% '!10?1 1'9 1dI}t 8 glmﬁ uces Eoccu a rmatlo? aFop)ﬁla%
triplets with &5 A58t 9‘1 °H’6TL}B’P"e %tp%ﬂhéﬁlwﬂmﬁb‘? GreBRA e qmckly and

cyt osi ne (C 0, remtinsddsolugonc alpdiods eetief dofnogravually it thé fpiedisg ik} darmEgQwalotdbuat &

of doubl e-s§ ratgéjdggm%( Raj agopal et al. ] loc. cit.); uracil (U,
whi ch i s capable o& ase pairs %5
Sm.

tr| T
Preferably, the ol |1§fc§%h 1%’5‘5‘81 %“(?ﬁ’f‘? §g%d’%enﬁc§fh8§‘1“ﬁ’§° PEHCL) sys
homopyri m di né@@&%ﬁe@mﬁr’f’d Wl@%@rw@dé@mdewee@se@resent in the DNA

i s a hormopuri ne- hommpyettiodrbdhdBes@GERNERRE €an bE hed EH@S &@Qﬁae of ceﬁkoﬁbﬂa@ﬁm or
makes it possi %aﬁo&c? £ Qn\{'gmz‘g'osg ;eiag(!i % 1}13%% 33&%‘&1‘}?1 Sesing Qe L Rsie glas;fmed [ﬁ( ! d ﬁells

where the cytos] |ne
where the Bt 6%?‘?19@?3‘&?‘@5’ peded %| alpieéaed epodiyestibitp @%qdaéth%m‘erﬁ Wéen%cae%usﬁ te
sequence pr esdyst hastpelsivent4Divs plaseds preeéegrpiephiys. conpl enentary to 20 al | ow
Lgr gg—: ;?EGSf ba t ;' BleGorQk | :oli( oonﬁﬁ%fs a)é{'l[ilﬁlk qi_s%ls %9 a@cbx@xg% ?ﬁ?a% §1@4§ﬁqgﬁﬂéioﬁ )frxa%%{l
are fully conéfﬂ!fl 5%1%5?&3 b (e)’srg‘:%ex"éa(tee enmoﬁ wg'%? %ﬁﬁ%ﬁ‘ﬂé‘%‘ﬁ? %@’ I"§/“(‘3§j'13—21};I have
and a specifi é*‘@@hiﬁ@h?&‘é%@lﬂly (P@ﬂsA)md 3y Efsar pehedlel goriu 618t dndesshiitod The
sequence S5i5- Ga&talolGIKEERE s dp ria¥ Ai€d bE Gbrnded o, SSABRVEEd Jrdm £ REQtkRn MEER has
1), in which the gmﬁ & h%ﬁ%ﬁlgsg of 10k mgaoa!; o gpmgeg& %ging. y by %m%gve CealnIf

ol i gonucl eot i de to F,}ac apart fromt %&
sequence (CU) 3 Wg@se bfEetrHaln &f ePrreapapy é- Fﬁ”% peg liter, and
triple helix wfehbiallt;@aswwe@gh@@q@ence contai ni ng conpl enmentary units

(GAA). The sequencgoing iEiptask hd@hde AR, m\v'eﬁo;pg rh?ghl? Wheted piRRidBNALYRitions and
containin 7 14 o %

Anot her sgque TaG uﬁm?%%sgl (JI %I?Ae?oglg?sgons P foﬁ cﬁtgo%ﬁé%nbgﬁﬂ%%
GAGGAA- 3" ( SE@"'HS’D”IP@ m?’) or mpjingt b eppdnee evith é‘?erPﬁOf%ﬂe{ﬁPOi}aélcéi hyei$ psgeciai Thys:tthee
ol i gonucl eot i thestiSOfiBeAMCIMEALCAGGRIDE Qdiprises, o (Tt bird¥ing3)d lating highly
Sl - TTWG—FWW;B_@A é}a’gggssgrgaﬂ}l%ee %)conténmlaﬂtp !m% ﬂ'ﬁ@g ?ham&aﬂ'e%ncal grade DNA.

oli gonucl eot i ? gﬁ‘m#’g’l ﬁara | el orientatian

pol ypuri ne st rAmd® S ? "f“gls &7 O s mgihed o thy FvEtig feRfains yery fqg levels, ie.,
presence 8 Mot pef wélkiags frpmptf @ftaminaBieodiveniostlr BNA, TODG proBid, and 24BtoXiRS dnd
Beal and Der Vajﬁtmn§ﬁ1bﬁ9 GCRsed 18R s fo%ﬂlasnﬂd:sﬁ@A 136 %)asmxd DRA producetA§cc<§&x§gt @q}w

above, the Spﬁgén{ 1 is %ﬁ%lllf?cxegt plﬁtgr}ortxﬁe a%e%r%g nqa mlr&%t nc{ I‘%L)l pz% no%d above a

t he doubl e-strande 1%/ I C se ence |

artificially PHTepRticplgade plasmid DNAcomessisied %ﬂﬂl‘eyn‘f&’é}\%ﬁma@é@&@e‘tf &e defieddhyy 2
ol i gonuel eof i detycaphbiite r@fecf ©rdk g mare ttypigpl enta@inins, wich s RosS &f] UBifEnants.
nat ur al | yapr eﬁ&&hmﬁl? a&:ﬁ!@mﬂ&%ﬂ@l &ade Exﬁﬁh@ﬁ@x %smﬁ:%f ﬁ%)ﬁ@%&&aﬁ ] tc&ﬁposmon

origin of replica smd or

regard, it i stlh nctt"ﬂuns orhge Ievaﬁgf]‘)g%ﬁ?fé’mg?{'aﬁrf}%% ot%ﬁélﬁ” 5o ﬁ@gqﬂé&%ﬁéooo’f‘g of
t hese DNAs, imespir PNoupralessiof eedemicopligyi ’NAof and/erpirpicim tepntaminanin U Mdreppeses S
hOITDE:JI‘ in fe Pmﬂ)ydehﬁmcﬁrﬁe pla@@d WV, cobbRitisY Binh@EbiSe Qf pi@;hﬁ@ﬁ@ﬁﬂeﬁ&ﬁ&rﬁﬁ&
capable of fo d 1%,

homopur i ne- ho%o%%?fsﬁ‘:iﬂm?%gmlragg %ﬁ%‘s\é&&%gﬁélgg%gﬂ)%?&a% aélso 0’? /’ (eré’teﬁemgly
of the invention to be applied to unnodified plasm ds in particular
comercial plasm ds of the pUC, pBR322, pSV, and the Iike, 10 type.
Anong t he honopuri ne- honopyri m di ne sequences naturally present in a
doubl e- stranded DNA, a sequence conprising all or part of the




15 Dervan (J. Am Chem Soc. 1992, 114, 4976-4982) and Jayasena and
Johnston (Nucleic Acids Res. 1992, 20, 5279-5288). The sequence

5' GAAAAAGGAAGAG-3' (SEQ ID NO 7) of the plasm d pER322 fl-1actarnase
gene (Duval -Valentin et al., Proc. Natl. Acad. Sci. USA, 1992, 89,
504-508) may al so be nentioned. Appropriate target sequences whi ch
can formtriplex structures with parti culdr oli gonucl eotides 20 have
been identified in origins of replication of plasmds Col E1 as well

afs pl alsm dts pagathaamop%qsmost?mr@ {3|0@66§k§:§ pé 120304/ &tﬂx&:ﬁ@&@i@m&i B
of replication i e and

2003/ 161844, “%E‘gﬁ"g‘gﬁjw I’regéi""%l‘ e R Sl ol ﬁor%%m e gen s
sequence (5' AGRRARAAREITAI BYA P(GSE’@:“} Bﬁt%m‘%}essrﬁhaaﬁé‘t!‘t St P@&%‘fm 0.0H¥, and
RNA- | |t r anscrirgitrablyniess khae 606014,k asiadly leepilah 0.0100106 (< L@oEYeita< 800082 mg per

1981, Naturs, 1%84’@ o@%ﬁs)mld Em)sof%g UGNEEA mfaﬁxﬁar@s 4 c&;&éalp%ﬁ%( fsid A
structure with ED

% 1111

NO 9) oli gonuc?’ln%o(%'f“’na%n °°‘i“ﬁféseg%6% %’ﬁrém’& tt"%l‘lt"r’f’é" k"&“ Rt TR0 (4 1%"@“‘1 most
stretch of 14 mrkmebydesethan §.80805HS 8000355, i AACRARNANSARCHANS bl plaBE ONBDoMNG
10) | ocat ed i reelt B®teiAtdmtdnliGis. SQ@M&:&I@&} bh® plasd m&%&&ﬁhhﬁd&ﬂ al&f coRffRa

( LeyChenkO et ?alsnnd ﬂl\%@@te MASA %Iat c n %essR%% 0.1 %E%’m ot%mns-rhlhs'n Sm?q)lflence
forms a st bIetr| | ex structure ﬂ 14- {

ol i gonucl ebt i Femyn 2 lesgsh tvyosrep aC’FﬁSt @“’e (OSEE ‘I’f[@w% levglg ys alsy I‘f@lu‘ied in the
cor r espondi ng iokitigo rilhod, e otmpebé®n Beving ClekeddlIdMEIOT hadt cel Shbghit DNAGY ies8 hartdb6lxt
5' - TTCTTTTTCL obife ki m{@&é&d 31 ARk ref Eo 6 lgmdwén A0EvSRACIL gr@f!erwy the

target their r e | oca ]

origin of replf Fagg |%ﬁay ?éé@% %o %‘t q"Sg 8‘1"]"3))%00%}1%‘&‘ gengpuic
si ngl e non- carBHi Bdlesstep a‘t&m@?@‘é@ﬁéﬁ&@ﬁ?@ alﬁidvs ﬂl@sﬁéMOi)QQG%dwﬁIC@tpeotem In
dest abi | i Z&&t i @, Gy tobebidatidnDbfee Hhithl GivHIE Goted Jdve can be Iﬂaﬁoy% or Ofny PRticular

ol i gonucl eot i dg. capabl aa%fpz ﬁ%rﬂmc gz;sftao,p Lx%erh&l nzsené{@n h@ oS ec%gﬁcgm also

pr esent inan origin o gcglcalon r a narker ene IS es

advant ageous, “CPHTe Y ‘i’i‘%ﬁ? uticqlly | F5CRpN eompfeRty Dpfies Sighifizers, or compounds for
ol i gonucl eot i éeproving spefrivfix aadpyrtiBiAy plowiccINH mgstdr he asell cdoganisgi N of
replication or saifl sk &ect) BRCmettd@NGEd &vént%n%pr@@%%@gﬁ/m&é) h&?%ﬁ(y
the pl aSt Pds% éag%ragngu an& Tcést rrea‘ceéj g q)y or fol owed%yt %rleatstﬁoée Eﬁ%%) cP 8 c%romatography

Sartificia ecl
conpl enent ar y &k Hﬁf‘é@ﬂ)&‘i’réypff?l@faéﬁh? B! pupificatios signg d@?‘ éeﬁ%édhe epfbvaspetie end of

t hat sone ni srmpledrédspuriBogtidoechtmml eroamﬂhnlaemmu nbihefEBHRRG S Rhy it ﬁ}&eramy

ol i got rucl eot pde,-ang: thE, : ) S
do not lead to tog qr éait% %&%&n%nﬁ{ |n| &&h&{i seq n%r%dt%%

5' AAAAAAGGGAATRAESE 517 %‘ C’f{ié" Pregeiias ch‘ﬁ‘i’i’é’y‘ifm@&fﬁ @Pe Tand H>
13- 1 act anB8e gheamatogranhy.lyeversd phasw prtdi a@n@cbhromﬁoardnh)s AR seildletibiyychiongography
interrupting fScopiddoyitig hicRe a5 GheIMGEaRYdRRd o248 %b 5&@1 e)mffange cgt’dﬁﬂég&ghy

f the third
O e e r o Bk R O LGBy Gl o Lot LS R ey e,

anked b
Bi ocheni stry, 132@962“6“@%'0%2@@@83@)10d3 simulated gowipg afidrrgchwga BYPrt optimnenr bed
enbodi ment, tdbwed prgorius] edt sddigien, ey ¢nher e ©f the GIRpsCO RIiqRE dak€mploy high
sequence emgerfmmwcmgmwma%orqgstesjpe sequence (011>,,, in which
n is an integer b%us tgemgfhg gth I ncl usi ye. peci iall
advant ageous to use ‘sequences %’f’wetnﬂ%’ cf’Wées(p@fifat’S’i‘ St‘zpéf‘l}l)‘ ga’fﬂ‘“ehehx affinity
Appl i cant  shoeazogmeffte et futichaep ©ohén putif chphangraglveind fther may include
i nfluenced bynythghodintdfation thrdmatofradhii 6 g0l de@RAME the@iaiogohy. e fRI0F of SikiRhge
as shown in Exanple 7, the purification yield increases when the
ol i gonucl eoti de contains fewer cytosines. It is understood that the
ol i gonucl eoti des of the invention can al so conbine (CCT), (CT) or
(CTT) units. 20The ol igonucl eotide used nay be natural (conposed of
unnodi fied natural bases) or chemcally nodified.In particular, the
ol i gonucl eoti de nay advant ageously possess certain chem cal




24 Opinion Struct. Biol., 116 3143-3144) nmay al so be nenti oned
Lastly, the phosphorus-based skel eton may be replaced by a pol yam de
skel eton as in PNAs (peptide mcleic acids), which can also form
triple helices (N elsen et al., Science, 1991, 254 1497-1500; Ki m et
al., J. Am Chem Soc., 1993, 115, 6477-6481), or by a
guani di ne- based skel eton, as in DNGs (deo#§ri bonucl ei ¢ guani di ne,
Proc. Natl. 5 Acad. Sci. USA, 1995, 6097-6101), or by polycationic

anal ogues of DiNAemaddiag nﬁb $Qb5&p§h rﬁuﬂifzédm'e@ ol @:lche&lgeschromatography a;&g 3!11%/({2' Gadial

of the third s re bronouraci |,

i ncreases the %ﬁgﬁe%li% amfm?x%a“gofhm"gaﬁ E’otl de for DNA (Povsic and
Dervan, J. Am ChenTheSEﬁﬁfmd @98‘9‘“66131]? Solg. 1306%3p. defdibedt Heieindin Shmidgmtionaih
al so cont ai n unmhsatugniabn babess cladmdgapdii €hle mhﬁr&irﬁm&hlbﬁat@pﬁyl Ql@@lﬁldrophobm
107-d -.9zas52' ;|60 vzt 8! ! Glel ¢

1993, 21, 327- 19?3?1% ﬂ%‘ ﬂ?ﬁ%ﬁi ﬁm;%/%s ("Mﬁl’ ’l“r“i}’% u°?‘%errr§slysﬁe-@| m%‘ﬁ"T %“"’"‘%a‘e vl
| H pyr azol of 4, 32715 rotapgraPty Righ Mefhgd Slﬁéfl‘?éfﬁenﬁgn d ed@ﬁ%}mﬁ’f Satying
1992, 114, 1470=Kai7RYA arcasblyaniing menabzs-tmlﬂ@mﬂangﬂeaie manufacture.

r- O et hyl pseudoi s@cysnk (é{nbda&lenté)ﬁf ﬁ@ylvéﬂﬁctﬂ,eéonﬁmgl's fb}sig *QQMBWME adffitional
person skill edpd {‘&eﬁe%& r. a§1r guct Sun. a d’P G%ene fQCoXElm 6, be
Opi nion Str Hi% f Bh ' Y op £xamp
modi fi cati & o‘romlﬂﬁs*éi BhEgeRLRET ot Fransval (ush g o ﬁma@ne'stp’eg; ordehiyifugaién),
i nprovi ng t he ipméxeirege thramignphy Ghchak bttt dr ynidd@kan@Re), il afiniy0RRKEbehy, 8
and the speci fiygroseQd!BREion blonRREhIH ?uhxanrne efboliRSH, ARUAN lﬁsgs 39 {?l)ﬁowed anion
nodi fi cation ac%ordl ng Lag g%l?' I nvention consi sts In rret P)ﬁ
cytosines of the of i GONTEIEERY fBPI*THEIY | GEMmiplopaRiys chad th’iﬁé"lﬂr?é‘f hweéﬁc‘@é
di spl ays the W@W@mmﬁm& tly angtherfepbadimeny, cantin@s Igdisdibboowed typysae tiedtiox
with the sfiecishiof cs@eHienBOmitkPhyl tHipARIEmG! @@&Emé@hﬁ Sk hﬁ&rbp%%m( Bteribtion

It hence make ] L& & LK

ol i gonucl eot i’ d%gllgtﬂag @?@egtﬁ%&\gﬁ}s Sﬁf’? a{ﬂo attmg chegbé? ﬁ%ﬂdm%%‘”%?é"f"’és
the risks of JBYF %ra?fOrhefﬁ q‘ﬁwﬁgswépww %?r@ce@mugmm@m&am as Fillens
| engt h of t he poldingenindieedtipdeanpised in the nmethod of the invention is

between 5 and 30. ”ﬁq@ ﬁétﬁogoé}uﬁé %%énp Grv@iod %Q}gtaﬂo gx@ee %ﬁ& % ane 10, 0 133&Rn

i s advant ageou I ted per son
skilled i ﬁ‘%t he§rar °gfa8 @re%rﬁ%%%{}g%m@%pgy, g“fwﬁpf"”et W‘é’mﬁé%ﬁp’f‘yeéi’d"’f other
sel ectivity aﬁ&‘lﬁeaf’éiofnﬁ?gy’apé‘# teghpiguep, eipdscdr ispivms  in combif@n with the steps described

ol i gonucl eot i desn Aeeoddi gt plhift 2ppglivaRL | On My be synthesized by any
knovvn_ t eCh!’]I que. Iﬁﬂ&@cﬁa&e‘ r%lvﬁynay équgloﬁ%ﬁrogdﬁnn%\%ﬁ)%to% regggng ﬁmgéf"f’“i’“étd

nucleic acid X{nt esi zers.
inthe art ma? L} rﬁayd’ﬁ\?fe{ﬂlff’s‘le‘y"vﬁéhﬁ?g‘édf Prmﬁedp‘é%‘?‘i‘?‘t(ﬂ?cﬁ‘%a@ o¥eel Tegebanism of
coupling ©8 t hrefosuimfedulatetrii@vad bis dyowphcl i@t fithetioh Ste) @we kbdhloyeh 2 1 to 5 mm, and

functional i ZegkeforaliWS.5 rhek gz@fﬂteb@ollmi% Edp ¥1u:Bioh 1Al %ohsr@x@ ﬂ?t?am%r
ar .

car boxyl ter sitjon, articu

additi on of gln f&%!ds %’pQr%'oPm ﬂoﬁcrugigéemf)"éax%/rfﬂmg uﬁ’mﬁ‘ﬁﬁté’gc’”ﬁﬁ‘%sm bl e, for
exanpl e, to coupl dont Feharge | crontiergit Peebet amplayed tip povite ligar purity to the resulting
di sul phi de, np¥A prodie, Aging dxehange abhiRxylbcied @ptAing oePOXbpdEes o€ HADRGERants and
broni de ogpal glehydenctdipet i ons. These couplings form by establishnent
of di sul phi de, thi,oet hef; 25 am de or am ne |inks between the
ol i gonucl eoti de ahdt & aé’%fp%(??’fmg”ﬂ%m%’t'ﬁé?@%? FPoRovIdh BigbeT P@itate psrreselting
skilled in theNdyrrodigty Ablen exdente cloradtpeashy intionchyi bowriak ngoivgy ébaged (or acidic)

r e?ﬁe{lLS f O?ﬁm&ﬁéj}b e support whidy @QH@{}/, chkrQdl mn&)é/ & 1(§nté§chmép Eﬂr&“at% ﬂh? Bhen,
W e cou can
dl 14Ny Qe sgg%g‘aleg gds?% upon xr c %ep aanézpes og %ﬁé‘?ﬁé&m"bcf Qﬁ%f'é érgi

of i gonucl eotide to contal n an

The use of 5 an arm nekes it p033|ble |n effect, to bind the

ol i gonucl eoti de at a chosen distance fromthe support, enabling its
conditions of interaction with the DNA to be inproved. The arm
advant ageously consists of a |inear carbon chain, conprising 1 to 18




10 ptui ne bases. As an exanple, the "spacer” can conprise the
sequence GAGG. The armis advant ageously conposed of a linear carbon
chain conprising 6 or 12 carbon atons. Triplex affinity
chromat ography is very efficient for renmoving RNA and genonm ¢ DNA
These can be functionalized chromat ographi c supports, in bulk or
prepacked in a colum, functionalized pla$ic surfaces or
functionalized | atex beads, magnetic or otherw se. Chromatographic

supports are towaRi&f bd abl Yep!d&&ld)y H¥Sechique Xﬁéﬁpls@eluﬁgpﬁheﬁ@{ jiataszytalaly av'ﬂlmn&y

supports capabl e.a S&y 2 e .or. dext

well as their Iét?ffnﬂag{)l vé’% ufgeueé aémoggmégd@(}q %‘éé/ ﬁ‘g‘go‘%%‘ ﬁa%‘u'ﬁ?e?‘ﬁ’g%excmge
etc.), pol yrrer1§V@tﬁéﬁf”ﬁé""ﬁ?ﬂ"‘/"(@?‘}f‘?‘%é?fﬁ?twf’ff?mlﬁ@m?&\@@ymﬂm grafted or
tngrafted silica, F@rhetxanpings chibheogdhyOpaitiQGiaaRi YndG@thbd T Prefuilil sAibOlRLS

he diff
Vil ds, it ?’Z;%Z’E‘E%Pﬁ%f MOl R i, PTG il Sty of b e

sequence cont F%Has ﬂt?’f?ﬁ’“’ﬁghaﬁy‘ﬁﬁum"%‘&f}ie% with the
ol i gonucl eot i de. Tﬁenppvrésem@@dﬁtﬂls ewibesilof Haselmaiedilztbdt hre mseposthd packing material

pronotes, in abfeeh exchhig ch@ﬁlﬁég@aﬁﬂy*rﬁh@$e Qﬁtceyiﬁﬁﬁhdg HQIM Qmﬁ@ﬁ%ﬁﬂﬁs%a@%bn
the oligonucl %.?&r{)pg\gﬁiclt%_h anoqfs ?(%d&changf g‘rgtgln UC[ OV%%E ced barnat pog~reacﬁon ﬁﬁer the base

purlflcatlon arni ng
repeats of 14 C@F)emjs( cry gpthqtierd Sramgtsi f°§ m?“Pf‘mgO"@lr eneBprE emq!qée ushaeng, o-
DNA sequence danhaiybiyrege, a;malbze@zs/tstynna;anndnemﬁﬂ&rare,w-mi&yis@;en@ﬂdxaloalkylsty:ene

preferably n+ liaig J:yFeH@ QEX%}%S@‘}Q}EI meﬂ@i-@?@ﬁﬂ&%s@reﬁ@'&rn%h}ﬂgn ﬂ{llbm;thyls%ﬁene oa-
conpl enent ary rr?x? I zation Wt

I.t1ons o
the ol i gonuel &8 lcPeha}Oﬂﬁé'égﬁ'feﬁ é"orﬁeékfyy‘?hafoﬁl If3RERe s”e’&%ﬁ%’é‘a RS “‘Ef’ﬁthi’lt?“
11 hybri di zat irgprliylsiens, m@&omﬁlylmm o nsagropmditylstronp | BhEnvcarcpylsptief 9:
The met hodisac a@iékyalgisty@nd he Qﬁﬂﬁﬂﬂ}aﬂdyl@t}&@r&tl on pQ@d}oé?ﬁlkjdﬁy%&et 0 Phhedyf-o-

any type O d | DORaSxa I Lter is |rcular
DNA, such as g%)(% gm&(h';sggge ener agi1 RAREE r@yl%'renéo amethylcf &b ’fymeﬁéy HEE of*
t herapeutic i Yrodpdrealipivens,| gareiyl ’WW%XWS‘ESW yo-Bpfhugrp gk pryady Istyrene,
replication, alyedéikehacgralyciydorflhie hldiok@thyl blrgattref daaghdttaor A€ addRingiRtdNn
may be appli e@diffetd %mﬁo@nd@a@ﬂlddk}l%l%@s @ubstilhft‘bdtopér&na%mq suchtap@l Br, 1

pl asm d, I|f| db transfor

purified ggpeélf I§ angk Ilght Saé d}gfi Qedcsﬁnftgg\ﬁgﬁégbﬁ@twg’dc aghpn ft?fés of 210 15
i nvention mayExmelss i5& rapfciedl menogess | ingude | Yripifomzent, haivinilsngrs, shripyliobrene,
t he super nat anivingbluadeN @RinghdpREalene L&lﬁl@fﬁrhﬂaﬂaﬁlbrﬁnetﬁﬂéie %@B&lrdnﬁdﬂﬁ@%h@ Neti@fene
the cell | ysaE@coi ! tdl %.teqwd;eﬁylg@v' %%% y_ldﬁn%thacégatehap eliyg c ﬁ%oo todxa%rylate

sol ution prepurif % known SO e
linear or ci rE’Eﬂ‘yéﬁ“eW ?%Wf’ﬁbd%e ReHEa™df i nportance to be
purifi ed BFom a nivetiars @nexshgpgd $¢unsgtndSDNAsxtrmiuced ibf fhe peRbact@ORIPACHRS of HdiRse

met hod accor djnﬂ@xat QcitidR® 2 1Y 8188 ARiE ABnofth&BnaP Q;oﬁ!)%@zdanﬁ %lyﬂsxtfbﬁonal monomer are
purification Oe1 hec? oup e 331:8{0?1'1 e ra%f) r?nuApremse-Il; Welgggbout baa/entaoé sobvlg% Ew&x';lglzg? s fora}hee

of prokaryotic or euk

cell's, the bal¥RepsA a‘EEf‘@é*F‘ﬂl poregin pastighs ifqrpey! aggl sirpilppiipreeisely wpkghyt-out polymerization
Streponvces nagatheardreidtd oNetdag welk aifigeThe nAGuré B0Rh AGonettsl & ¥ Oil-inGvater type
cell's, ankgal su?p@xls o pol biGh whta&!xg gfe mu@ﬂaqs géa% 14&5 i&eaqueowmgx? d&&%&jﬁ&&%ﬁ%

and nore espe0|q veromyces. o ace aro ces easts or ]
C127, NI I- 137%™ °1"|pr<eé‘ elycksfore a“ ingySig atp fouaed By mixing

i nvention whlwﬁlﬁﬁ@¢uﬁé$deMh€asﬁ @m@@@bhoﬁm@ﬁmpWsmmaﬁﬁmﬂl@Wmm Ratio of
chronapographymﬁmﬁmaﬁzﬁ&@h@&@ﬁmﬁﬁw@ﬁ@%&&ﬁmh&gﬂﬁkmp&&k&Ynk@aﬁ&&%ﬁmamml
res ulting p . ngr{:lé-r)qxg&: 5:0 !161 Olt tro'()Blm%?(of Efljl;ﬁli @t}l‘o m%rl;]o;n%rrg%‘taso ! h%ﬁ icles of base
ol i gonucl eotide IS ound to A a Chrona ogrg phy~“resin
or other matri x. The sanple belng purlfled |s then m xed with the
bound ol i gonucl eoti de, such as by applying the sanple to a

chr omat ogr aphy col um cont ai ni ng the ol igonucl eotide bound to a 15
chromat ography resin. The desired plasmd in the sanple will bind to



30 separating plasm d DNA thercthrough are well known in the art, and
are inter cilia described in US patent No: 6,441, 160 which is

i ncor porated herein by reference. Conmpound to be used for the
synt hesis of base materials that are used for the packing nmateri al
for hydrophobic interaction chromat ography nmay be any conpounds, if
vari ous functional groups that exhibit hy#rophobicity or various ion
exchange groups can be introduced by a post-reaction after the 27
base material spasg ﬁ)ﬁ&&h@%&ﬁ%@%&a&@ & SarBbuiFPRAEMACGhA BOR 1y IRRARBL Sdde
i ncl ude styr ene, Qhal é)drret g m hal onet hyl styrene,

p- hal onet hyl st Y EREE 5E HEP é(IaT?i{iT tyrene, m hal oal kyl styrene,

p- hal oal | cyl st yr enéuspeaﬁqlﬁeﬂttﬁwlﬂeﬁ Wlenﬁemmaﬁ\ﬂr@ﬁmsl nepichig | sonfpetertsy kndt pplyeere with
a- met hyl - m hal aprgdHiy brSdeyyt ON@ixtuSIBERDY [ nBAbORRE 0 )pkeSdny the Bfiregation among oil
a- met hyl - 5‘6"(9%%‘%3&1&%1 rene, a-methyl-m hal oal kyl styrene, a-nethyl-p-
5hal oal kyl styre )émr oxynet hyl st yr ene, m hydroxynet hyl styrene,

p- hydr oxymet hyl st yFERe %mat‘?ﬂ?’d? B R Sxenes flafomatography for purifying plasmid DNA
m hydr oxyal kylis piyfeelpieto havetrylativelX Yo ze bt \lagityty gertigylarly within a range from 1500 to 4000
ct - met hyl - ohy dh@uyHetdiide SoXil@RR o Rrdiale A exdiiddy 6P 6BE M i $88mown in
a-net hyl - p- hydr oxynet hyl styrene, anethyl -o-hydroxyal kyl styrene,

a- net hyl - m hy oxyal kyl styrene, a-nmethyl -p-hydroxyal kyl styrene,

gl yci dyl i hacr yi B ¥pe|oy cloy] mayceyiselt far, thija reashonge Wypmatpeioghy ad dirst eluent
hydr oxynmet hac reyttaigg, lovatbtlcentiatiynl of eultahdd ©cond diidnt chiﬁﬁrﬁngpn[gﬂi:@&d’nﬂﬁomw ds
are hal Oal kyl u@d%@uﬁ&%&x&é&ﬁsgg nPst@En%’}@ﬂvth fan?ng hﬂe&%ﬂ? é('?\oﬂg Queﬂ‘?and

a, Br, and strai chai n and branch e sat urate
hydr ocar bo ns \fﬁetgﬁl%%f FBEK8 mg?’?jjrfﬁnﬁé‘f“’“ﬁy fhaneing the compositiop: fromp e fist ghjent to the second
pol yf unct i onalelupigfiey wd fatcthal ere selerlyrvyd retrzederts for bvéxchphdo eina@tveraphy may
?' Vi nyl T 0![1159 R Be usltecf F&kﬂ@ﬁﬂﬁlﬂd& B&Ltamglk Ww{%}ﬂc@ﬁﬂ?% Qﬁlﬂﬁlé‘]ﬁ?[ous solutéon with concentratxon of
rivinylrtap e en co acryl a co
di acryl at e, d:bg? f]guntge%lré\égfdegg hoafcérm s i ﬁ%?mb% Qé’r tg Sefc’ o 8l
di acryl ate, 1B?PéaEWIh@r@BF%‘ﬁ"é?‘WSéﬁ“yﬁq%‘i‘sdéﬂfm&ﬁ@ Wet? Wls@rmﬂsﬁéqdw it §es
Vari ous hydr ophatduiady freferedlel Boniaé sodfiind kS sodfum ¢ EridO sddifh sk hayigesegr oups

may be introduced lpyidcﬁtﬁ P Qrgfam{geag&ﬁ: 'ch analgzﬁl ng{ap%ﬁ n);aQ bgnugé!i r%_lcﬁ &s tﬁgeexample,

i nfluence.qn a roducts des

hydr ophob|2§| tyé‘g]?é’ﬁﬁgﬂ‘??eé‘ﬁ‘aaﬁﬁf‘ taﬁ‘g J‘IB %b‘?fﬁtt cgf‘da é IPFS““‘?frd“T P fipgy
or shrinldng efzmdyénthedete pigisderichik cqlit Be kdnoadgntiont f clichingekratfopdivilpnt methition is
concentrati onplaﬁﬁbzpbletoQMQe in pH value, the base material is

referably 20 pre h ilic nonome
g| y Ci dyI I%/YE'[ h agr ylplg!éﬁgdg éuﬁ% ﬁ{n ergx%ﬁ alngﬂXbIe o£ dBp en%aﬁ; S are smga?k’: )E’or use n tﬁa

hydr oxymet hacPat@tigh él’c%‘i’“?ﬁ}:l“t %E‘féﬁié(’ thysp @’ﬁ%ﬁ'}b‘atﬁ]’% ROBPS {’“I*i'é1 Tyglige Resins,
mat eri al 2bcl Qies, Trsd Haps btersgeapSphtreder Naclewpr ohdiPtadriaon abr cxmppio N colaPoros

pol yfunct i onaj; phRNLHBE, @fo@) lmiugt}eeqmwed%m @@mﬁmgfﬁﬁﬁ h%g;ﬁe &@ﬁh@ A M
precisely wei g dr out

u
pur pose of ad] Ltgtl nsanipels ic"“%edeaé“?""ansgeg Wl’tgg‘éls@? “?‘t&?}ﬁg% g’hg urigp ﬁ‘ia‘ileé‘i;‘i’fQSMt‘*
precisely wei @Wl‘@g’tm prertyineqlymacrolupes i fent appliedind faqtiond Bre golideed, Préfortet! eniped
by wel | stirréxgnge thenadtighpiyilues Fladiefl TMAEHItHed to a oil-in-water
type suspggsion p%ca&a%lrgkgzac&afe%d A@Aﬁs&lﬁéﬁp@fwgrof%%%&gﬁmsﬁ@gﬁ%g p0a B,

aqueous solution di ssol'ved suspension zer. wel

precisely bef B BFEH gvendy delag fo &‘d’f‘eﬂ’ﬁ‘lI dEPaiiog ﬁ“dé’Frfﬁ"P?d‘“gF‘%@‘déWOWP&PF’ﬁ‘éHNﬁy
M Xing W th slyiior exchangnchrqyaiopmpdy iapdhtriple rhciis choondgabed bynbyuad dal difigiently
warm ng m xedobehind hboRit aciBatith RgiOfuriiyaNRtdigtidyonal nmononer to

pol yfunctional nonomer is generally around 1 nol of 30 nonofuncti onal
nmononmer, and around 0.01 to 02 nol of polyfunctional nononer so as to
obtain soft particles of base naterial. The ration of polyfunctional
nononer may be increased to around 0.2 to 0.5 nol so as to obtain
hard particles of base materials. Potyfunctional nononer alone may be
used to obtain ever harder particules. 28 A pol yneri zation




15 adjustnent is made by variously conbining a solvent that is poor
sol vent for nononer with a solvent that is good solvent for nononer.
The size of pore dianeter nay be sel ected appropriately dependi ng on
t he nol ecul ar size of nucleic acids designed to separate, but it is
preferable to be within a range of 500 to 4000 angstrons for the
packing material for hydrophobic interact?bn chronmatography and
within a range from 1500 to 4000 angstrons for the packing materi al

for ion exchange C kipiEBkag aﬁm@yomo%ﬁkogr@h}t iaeaesbﬁfaéé ORNOR & the §REASK163M0 672,

chr omat ogr aphy, , ratin C
hydr ophobi ci t y>pr gézears S0 S YT '1%]3 %tfnrt\ P caécig f’ubY%hFFa‘i"gef VS@% %(°f,the Applicant.
di f ferent hydr ophoBFRif4iix af%%é@eﬁtw is ‘faPPé O%WFOFf&é@HMPIf 4f eligpriugipptigds and

t he base mmat er i @igetisSudnsgpdthinatridouble-stranded DNAPN’&S@@E@MI&E@E 428ntiRYe BBowing
sel ect ed ampnglLng chai n or br anched i ncl udi ng saturated

hydr ocar bon groups or turﬁ. drocar bon fgr,oups W th carb

atons of 2 to 20. Aro E) )}S 418 56 Twie alipey vl fe Goublets of
hydr ocar bon gr@a@eﬁﬂﬁ}ﬁd?@%@@ﬁ@wpt@bwmwéP@b’iSbﬂé sel ect ed anobng
conpounds havi ng the f aldhadangvnicas ki of Basig: MELEkHAA B Aubild &double-stranded
Cil- 12m+ wherein n=0to around 20 and the nethyl ene group
may be of itral g‘%t chain or branched, me0 to about 3 and hydrocarbon
group may BE of sttai gFtTRHEH RISk is 5Paes Srmingfipletywithd. ©onpletsef domblesiranded
et her 30group,D¥ut net hyl ene group may be bonded directly to base
material w thout A- pmtonak&f@ %QQ@#),%%QH&?&W&M%Q@&S %? b%dcfgubﬁets of
et her group ofd q}ll 1\% CO ttlh1 caJ bon at ons of

consi sts of repeaetl ng AP S¥EPragt Eln 95 G wher ei n t he opposite end of
functi onal group react éfd‘:ﬂ@Ewwltlwamlseffwm@erriplaﬂsWhiaszbeA@ksgwaeup | ef t
as it is of5 may berre@pe the WlidoRicBdiidy bse@oRYiReM &yﬁsMch@n@r@ﬁ@nngquéacet 4Ad
4. The above g&%}f}é&ﬁﬁﬁeﬁ'ueﬁ%g é%gthxg)fgé g[s%%?réog%&fzomo;gy%’%ne&e seq¥eﬁc Cgl?ea)seﬁence of

m xture to no e surface ain
atoms of 6 to cﬁﬁs“t‘?%l’i“ HEhit B! 47 2 FHnk sty @H“hf’%?* GGWCM‘@[SWG’EI qiogings are
| i ke pl asm ds.protoorig, athdastabilgbd aadikite pifrvaierpte dfya}bﬁndﬁg’eﬂcuﬁﬁzéﬂ5 carbon atons

for separating COT’@%&H&Q&nW amhéup&bactaéé%& Qi i it quﬁ%&fés unalﬁm%un

originati fr erlchl coi |

ani nal s. %%k a{'Pgr oup ofazf’p?o @‘8 ce%ry%iﬁ i %:}?Stfsg"rm‘gt@ﬁﬁ?‘ & PHfgied by using an

conpounds wi t Hh&"@idé?tid?/é%“‘il o woyifvy eepiionhidi oy fliyc bonmismBidhs  diol gkamakei Ay

from Escher i chiiganedtide angdCTINASI & BpetifieseqiRhct SolAGALD AUBRA oBREcRRIIRaR 2

Upon separ at i @@é‘ﬂ%% RESCTF @ . o
Mu&&%@A by %3 Q%%G%ST’@&}?& g() 13 in Whlg‘l the

appropriately._to surface W t hout
exenpl i fi cati BR® ?¥’E’Ef°mf‘leé’leo*§'gfff g engtle o dieopRsBrcioty S@Fedﬁa‘f’éfléroﬁ’gthe

materi al ari e%}pléle penit wopeon (GTHp. Temobvnyckbtidenreahipasiadfifonining Mmeigle bHifk @fh a
t he concentr atje@m s&iuexﬁ@&oﬁtaﬁuﬂg &lnb!@rﬁgnmf}’%ltsi’@%r il sgﬂencsl i q@gﬁlﬁ Lo %pa&tﬂﬁar
degree of hydgeﬁ%oglc&xlta 9 1481’619 A@ esc %ﬁlng ffers.depending on

15t he anount of roup introduce S8 Mt eri al .
The pore di anet er 43¢0 F?é“eb“éé’ésﬂ‘?ﬁ@‘éﬁ‘iﬁ&ﬁt ‘sfﬂé?rse%‘gi’d‘r BPNEBCACHRLGHAEAPEAA-S
chr omat ogr aph{sEQ2s pamG: cel. arky phefier dhe i oube 208 twh4@R0 oligonuclestides

angst r onms zg bug -AAbGﬁ@ﬂGbﬁGé@A@?é@Qg Ry JBFN‘d ek ?TEH?&C?@I’ Gré8&frs (S

dependi ng on u ar, size el ¢ acl esired to separ

In general, SI:Dn ce ’Iﬂ!{, Felit ‘?h(%?f’u‘g?om?fg’ﬁ‘flself‘ & gL intetior t"ﬁ‘%’R‘VﬂBm strand.
material and T %@Ffm i*fe prableagpbrdi thy pessepmof e’ Basinag) aldBiofhemistry, 1995, 34,
dependi ng onN 7243-7251; Beal and Dervan, Science, 1991, 251, 1360-1363).



20 the pore dianmeter, it is preferable to use a base naterial with

| arge pore dianeter for nucleic acids with |arge nol ecul ar size and a
base material with small pore dianmeter- for nucleic acids with snall
nol ecul ar si ze. For exanpl e styrene base material may be
reacted with hydrophobic group conprising |ong chain of al kyl groups,
usi ng hal ogen- cont ai ni ng conpound and/ or &arbonyl halide and catal yst
such as 25 Fed 3, SnCl2 or AIC13, and utilizing Friedel-Craft
reartion, it is possidha feveadd QE&?&Cge/l]ﬂéncreoca@-er”@rséq%nEei Brdl) PASE in the

mat eri al as dehal ogen conpo and/ or. acyl at ed. coppound. 1 n the
case of the bag%lgl?fgtfag‘r%? %%Ab%{;rzsd’%%f £1eTe 8 n'%éad?ﬂ?fgﬁﬁ%gﬁlggl i gi’ Sufspecially
for exanpl e, ud ripeeosnisderrdligarecioTi ceait of fraihe ierriflalslit Wihabequgnoo upgurelly
be added, | i kephsuitartd doutierstantddiDNAZ fongtanfitd ih ihanBRRE RaGb F8 pddidor Rlakalikr
catal yst sugh ase NaOis Meak s 1! ' [ .
functional gr o%%_ t hr ourghga'gt heﬁﬁggé%?@?ﬁé%ﬁiée%%}gg ﬂ%‘% E‘%ﬁg%%ﬁ% ?ﬁ‘?\efft?%}lséin
group desired YHRFITIE A arhi FROYPD UL SEes My iEdReRyrigiding ragigns.  The
hexyl ami ne, i tsypthesisooEi blieenutleptided d cepsblngofal fmiiris gdtial hetites swih  these Nainlal
gr KOH ?nd_ ult i hodpuige- i@ bR BGRM S0 Gdvehtdz QA dnfibs %hle Rethda®s G SE Rt tottB Goplicd
ase materia . i nver.sely,. if. intro n Xy .
group, halo entgglg%ﬁfbﬂg% %gggb%h&%&ﬁraﬁf’l_ _%m% %%%dsboé‘cfh or g{%ap%g‘g i|2h?S 3;’3 gﬁé‘ye fike,
functi onal "Gr ¥R éé’g?grﬂéﬁdm%l@%%‘?mqu*@md%@% ngurelly Pleseptineidpuide-tippded DNA,
functional gr cagequeive ouglisietah erpan pf test@EnchEETCAaGANGEGAas 8AGE-3(bre) Ipage
material cont ad)Riag: B RR¥Wein Fepi@EHUR E, bcki praﬁx@@b&ﬁﬂmwae%e&faﬁggp ks g}isé, lhe
CH group or am.no group. contai nidﬂ?g the functional r‘%#) esired to
add, it is posTFBFECrE THIESEIEE quﬁ??‘c’?‘tﬂi‘eosﬁ‘ﬁ‘fmc‘grsdf‘!% FEGHCTETTRETC3
or ami no bond. S HEEBEYE: and bindt Hemedsie thy fwa shands of the tioubla bdlix,gs drsqpibaldg Beabghd
to add cont@i Mmeagn FahRIEHRmOIOUPS?, i 14, 156-PAHTDFafastn® aRi0BhnbBENucieic Acids Res.

functional gr r ther.. YSy i \ i pnce the .
proportion of 01? %ﬁ%gi%}r%?gsgrg% ?‘%ﬁgg%?%ﬁ%géﬁgf@%&%g?e ngtt%rpfaéT’d
i s i nfl uenced PHPPHeTRpEF éeﬁ‘ﬁ@g‘i’aé“ivfl?mﬁff 2k PEe-Setl Aspch 8 SAGE?. BL 804 568) may
separate, it cBnbotenfiwed estricted, but, in general, packing materi al

with around 0. 05 t Qypfho@hd TR seQfenctdRfdnlcNRHa i Vhapreleltel pgr@&ﬂag'olg?nqgleoﬁdes

dri ed bas eriial .is.suitable, - h re ct to the surface’

nodi fi cat ?gga thsver% nﬁgeaﬁffs)e? Haarhy ffﬁ%léaﬁ?%%yfﬁaf%ﬁa(?&%raﬁﬁvﬁi?ﬁﬁ%’a’ﬂﬁpm& pCOR
post - r eact i on PRFRigY af laprpity it efndibersle oveint ef feplication apdipte| iokreglia descaibed US
descri bed. SurbEoe4snsil fisCaisi161344. SCAmIAEhGE f8nkd aGERIARAG: kdofuhR: SRBR.
net hod, Wh_er € (&—Q@ME@} @AEQ InS Nf()oga)ggag%fgt);s gampoglthgw‘kl—lzéatnécgé} inlilfgliieg%
monorers with said f unct i ona %r ?Ufs before_ polynmerization.

Base materi al PHEY® EPEFOBE 4P tl-sioPh SEed® CAI et suugse forms a stable triplex
manuf act urddng steickiecdth gl 12-nsoepricsetasi §-AGEITEGTRIATHY(SEQIIN QR 9L dizfDeldvdde.
such as al kyl trid NBEdROXySibbdN Qodiids€ Gl | BmORHli PALtH ChreSia MBRMT AGKH.€ Dases

according to th Wb in oL st h- Speed Li qui .
Chr omat ogr aph@%pgﬁge 4()\,\5‘; ?? tﬂgrl?I Ob%%gtﬁﬂg%ﬁa/%b}gfag S‘?ﬁ’gﬁ R%B?JB ongin
| | cegawa, pubfP¥Hetf PEYR Esrheka tlolPAhAgtoicid Bese24, 19300 B8y sequpict fyrms@ptable
after cou fg | i ngi_ptehsTustinie&aﬁEﬂﬂszi—mg c&ﬂgjégeggy Olipmelesitias MrOpr IS TTITETTCO U] 1y
agent, a BUNCRLOND GhOYRRMinE CorgRAaLHAE GO He Bt :

af orenment i onegT B%ﬁwc%?% n?ug)%h@qnal g%,?%up t hat C’I}g ?S%r%ggfgéé) aind
around 0.05 td 4 3t (& 1o 'HbreB%‘f)“ﬂéo“&%cfp‘?ﬁ’éFaul e fthelfy fepgptive
base mat eri al camplementayaisivencesBpoaied Within the wigin Sbmplication dieitiey CelBiphiol pPCOR (oriy).
interaction chriie! gk aphyndrRNaalTol @Rkl kGt h QhlnphkERstabilidon of the
General ly, twa types. of eluents are used. One eluent contains
high-concentraFlon of salt, while a second el uent contains

| ow-concentration of salt. The eluting nmethod conprises swtching
stepwi se froman eluent having high concentration of salt to an

el uent having a | ow concentration of salt and the gradient eluting
met hod conti nuously changing the conposition fromone eluent to




Many hydr ophobi c interaction chromatography resins are avail abl e
commercially, such as Fractegel propyl, Toyopearl, Source isopropyl,
or any other resins having hydrophobic groups. Mdst 5 preferred
resins are Toyopear|l bul k polymneric nmedia. Toyopearl is a nmethanylic
pol ymer incorporating high nechanical and chem cal stability. Resins
are avail able as non-functionalized "LIW23series resins and may be
derivatized with surface chem stries for ion exchange chromatography

or hydrophobi ¢ i ntefactde %&rgo:ﬁ@%ﬁdetcxﬁﬁ§ ofqgnm-ﬁgx %ﬁ%@llx VEB(; &ﬁﬁbmesent in an
featuring differen aéurface crke/rms r | evel % it

may be used. THE® ﬁﬁ/’ SPRbBiCTEY P %18 a Ya“?ﬁeﬁ‘s Sé“§‘? °he PEYLR ©
t hrough t he serhedigontdPlidsae puriBraanPNA c@igining the saifcprile Rizpplicatipr gy earw&e@r gsfie.
preferred Toyapeahis doLﬂeEésga@Sci &ty heplasmitiQy BP&abIE-stlk 105A Rhavde1q)indddBte an

angstrons r s howed bel ow. Toyopearl| Ether-650 -
(0- CH2: 01%2) %“%Hg’ FRE e B O 15 O, 0112~ CHB. -

0- CH2- C112- C112- Ci °‘t¥&§“‘ f%’*eme‘fey sequences of IeTefFie s JaSEiPTch bigyever, that some
Toyopear | r esimignaivbey whahegolerdged towsenp@stanabet S plizogrladid: a0 6y spease pre8hlC

have a particlg sinae paa‘m@er e daoO Qott Radl 2D tRMereRr £F 164 abH xﬂaﬁryounﬁe 1Q8ence
urn, while Toy Eg(}a_‘i @&? k%%éSlzalrégnt %fthealg c():(l)'lln ~1a§amaseo cngeonlflay e

pref erably ar oun m an oyope ve a arrt‘rt e size of
around 20 o 3@t r}rr Bisepsalhs/thapiesuipfer BB . pofwunpese%errcr RN BAdRCORTHraE by 2
particle size gidint oOhcRBd @0ttty Gohming @ G¥EA fripleGiadhUt is GEbld WiRh GRS Hyrtedm

Cto Mto S p%ﬁf&%@tgé&%&@éﬁdﬁmh@]&%tﬁ?‘fsf %ggg es with smal I er

particle sizes I\/bstwg)re erred ear| ‘resin used in the

chromat ogr aphy st eif i thior R reﬁlé?é’g’?mofhe é’%%?&‘fcﬁ?tid?fn"fé‘?’?dmﬁﬁ”f’ F?‘Epéi‘fﬁ Bh
of the plasm caBik (BC€Do thdsemgne CDivethpresen (CTIThvewtithons dtgoydpeal ind 15

butyl - 650§5wh h}ﬁﬁsﬂr&s HGORPREIG aarahtaf,e@hs hyuseT @@.@rﬂ:es%fﬂl@ Sb&RSH or (C3D),. The Applicant
Accor di ng to ah % b dz eﬁgc?%atecg;o uxn%rcrmon gleld W|381 uenoed{ bé/gr} af <I>u|n{ of%t I % ?héonu&fo!hcﬁe

performed. Stan comer vai I on m

are suitabl e PoRtigds s WOY’WP@WBE&@W%@%WW REFeasts Ve dhfpligogucleotide contains
t echni ques knawer dysiteh el &rindersfoth@fieroligtuctibtiési df the atvéntioh dae bikvadmbis: (CCT),
diafiltrati on dﬁbﬁgﬁ,}qmgl trafiltration menbrane having a nol ecul ar

wei ght cu e.ran f 30,000 to 500, 0 endln on t

o aorai 0 e Thige wlpeHR oy feapirey R TR I B P et A
and concent r ampdéifiedi s Iy hraricylesr fhor phaehucidphide elhnalﬂ‘ent%ovdmnwr @ttayl Bemidal
4-fold by tangedifidaidns énbmg 1fsirésfstﬁr§§ ioefhts(pmrmﬁ @é&ﬁstﬁ&ﬂeas@sf b its B@niky B Yhe biRcife

target concen r o @FQ o n te i
buf fer exchan%g sE%gdl% 1I?g§rﬁ£19on§e IQnislg C{A %llng Ahe a‘t{y ﬂ%% g;m?sm S
of saline and™&lpsifst wlich bys P‘I’Fé"g?“ﬁrag‘%id‘ﬁﬁ“%?fr?‘? Helgphihitos 3 ofrmalig ff more
saline. TBE& piegisa o DiAsesoATentoablcomdiigtioal otiginaleeite fohaphototivates, which are
absorbance at ;,26R o folhif i ARBLERIINA (Xodo et al., Nucleic Acids Res., 1994, 22, 3322-3330), as
well as oligonucleotides possessing formacetal or methylphosphonate skeletons (Matteucci ef al., J.

Am, Chem. Soc., 1691, 113, 7767-7768), may be mentioned. It is also possible to use oligonucleotides

synthesized with a anomers of nucleotides, which also form triple helices with DNA (Le Doan et al,,
30 Nucleic Acids Res., 1987, 15, 7749-7760). Another modification of the skeleton is the
phosphoramidate link. For example, the N°-P” internucleotide phosphoramidate link described by
Gryaznov and Chen, which gives oligonuclectides forming especially stable {riple helices with DNA (J.
Am. Chem. Soc., 1994, 116, 3143-3144), may be mentioned. Among other modifications of the
skeleton, the use of ribonucleotides, of 2'-O-methylribose, phosphodiester, etc. (Sun and Héléne, Curr.



10 concentrate. Plasm d DNA solution is filtered through a 0.2 pm
capsule filter and divided into several aliquots, which are stored in
containers in a cold roomat 2-8C until further processing. This
yields a purified concentrate with a plasm d DNA concentration of
supercoiled plasmd is around 70% 75% 80% 85% 90% 95% and
preferably 99% The overall plastnid recdfery with this process is at
| east 35% 40% 45% 50% 55% 60A, 65% 70% and 80% w th an '

average r ecove(g m&lfStr@cQ Oé’io} 1§€‘%@Q[3qé4@gla)t a@so B%e?m&;@g) q,%ﬂmtphosEﬁaﬁls~based ske]eton
diafiltration st accordi

0
buffer for st e'Bay%)r S‘P ‘Ty&p §at“ié% s‘ﬁ%toﬁPsén ’f}\gAéé"epndF “"}ﬁ’cﬁ“&gf’h‘c tan lso T iriple
di afiltration Heheeidn gghiSeisece,119915 240148B1590; \l@m@hési‘ afm. ey nYeke., 1993, 115,

Tris/ gCld | 150 gaivi-g481G) or b bl gulantiné-BesdaBEkidRf & @1 Dlghs (d@ﬂﬂxhoﬂu&l&c ,Eﬁﬁél&lgﬂb@ Natl.
secon | tr € .
agai nst 3. Oé t &%& %QZ véﬁ%rgre%" ég 19{%"5&%?@?‘%%@“@? %50836% ‘ﬁ%g > Qf’ﬁ? girle

preferred di afie¥€s at i on step according to the present invention
efficiently and exTtemigmire bfthe hinDwes rayiwrbe tiplasd bf as-BromduchciEBRA increases the

ext ensi ve{y A8y 0591@5&?&! Motide Ofod be @%@z Iabdé ba%an,og %hgaém Soc. 1989, i1
appropriate p Cc con entration (.aroun and fina
Tri s concent rg%s %Ioér%g’gg*he ’(’%’ S?N‘éoe%mﬂlﬁ’@ all\ﬂaﬁ?‘langPﬁ%f HSE BPTiasd
Pl asrni d DNA fiofeare? é@quqnwn@b@/aihs?ed shyal.ysitslgict Hicids dResf i 199%.a2L.0r325338p
conpri se NaCl 1gsd&alf-DeibadiraneSXGinpthgirtanddd an appropri ate
concentration aj n_of CO

lgfpyrgoko?l p&gytxﬁfdln%aém%?or éu% j [lxm Cnda %EJ gb%t I?ﬁl E)HP' 1478),

val ue between ations accor

present appl i CEFPOR G P HIPEPE AP IRTErgrtdes PhEy Praeid at’BNbP"ﬁ‘ﬁ?" 2
surprisingly besstshiladn ity ag Bt aldview nenSud eyt Adkab | Gurf dpimion $irtdh é¥@, 1993, 3,
condi ti onstsf orsgasg). onged period of tine at 5C and up to 25C, that is

at room t enper at ur desc L b ccordi.n he i nventi

for separating pl a%m Bﬁﬁfs 'Fﬁa%%ﬂ Ofﬁ‘e gllgonufle(’%%]can Beteé?eﬂ%& Ogi%lpmmg
| arge quanti tgﬂ Wrﬁﬁl‘r’?ﬁp‘%‘?‘ ] %memfhﬁﬁg@mﬁ%mmﬁm?@w Hopprticular, a
The process ofnopudvdiagengmaiimsioh eSordintay hbRvedS@dorSiktb R GARIk Yhe tyBoshB@f the
continuous | y%ﬁg%mﬁﬁ&tilap d]‘k@%hg%ﬁ:&!dp ﬁlgs rﬂé?t@iééez dl%ay?ﬂg fx{ﬁéﬁ%&fygﬁgp&ﬁ%f E'OYI%}; a

nmet hods V\%bch ]\é\e%lg r}é‘}/‘m the art. For ‘exanp rou

heat |ysi tf‘ g S AT "?\ﬁH presded t‘h‘ﬁ)‘}mﬂ@ Cu@eahe“fﬁ*‘g‘es i
process i s des®tbihdvoring dighe pHaelpey thah the piponrindités of &k ppu biti tpatsitony W)H
96/ 02658. Thevemai &he&dﬁe&;’&kshﬁﬁéracﬂﬁdﬁla%ﬁﬂ Dmraﬁlm%m@a&f a 10 ft x

0. 25 inch 03) z}h&%ﬁx of ‘Elg gle nucleoQ€ Uﬁega tgeim thoE exrcl:v%nﬂon ei%a ﬁ)d 11.

conpletely inmers era ure wat

hol d- up vol undisgrclegige théffl&m sr%aieafb@dP basg lsﬁ?Wfagﬂ?éYﬁ%%&ﬁ?)‘F@@ mAY b agapied by a
t her nonet @6 wsrsen siglied it be A &8 bdck iddRidud plseto saindhe @irdd stledt@EeTad bRy ofad
t he water batgte;aagperat ure, respectively. The product streamis
punped into the h n usi a Masterflex peristaltic

with silicone tubﬁ hg%@‘fq 0“4 A AR Rl ) Bmﬁ??ﬁe‘%ab% W@E""“ te"hmq“e
centrifuged i hp%i’f“Bl% Koepbmnay be z@patﬁab:crheaes%wckrp erisesyiftirsizepy Any fthecmethod lnown to
After centri fiugabseilled ib hearptha3 giredbidiy mydbe purified using the

net hod of 3pur ifi C@’I) i)é?{glt %eJo%E ﬂia@%hﬁg%% ng}?&eég Q or{ugé/ogggié ,gegérall?f ﬁmctio?alized

Al ternative ceII S e use o Xers in '
effect, as de¥®pi ttfé’é] Bp ﬁm @ﬁy?%@ia“&”i‘en‘if ST dtrmial R pifheyy or 3' position. In
reference), apafticylmtthestiditianof athixlegmifeqr catbpgi g trales ¢ edstille, fn pxagd) tavodpierist

10 stat [ c m X&iﬁonmnée% afbﬁ&@tib&hﬁf&éuﬁgdg heeigal, |arrdn¥§ﬁ‘gcﬁ'§ylt QQ}JQJB;Q&% Sfafodh nd
static m xer brm%z(ﬁmr as,. an ternative .net e cell

I
prior to the p&?ﬁgﬁ ngﬁeﬁmgﬁﬁérﬁﬁxaggghrdg ?%@¥3%1%¥%§%ﬁt
i nvention. Large volunes of cells can be gently and contlnuously
| ysed in-line using the static m xer and that other static mxers are
pl aced in-line to acconplish other unctions such as dilution and
precipitation. Suitable static m xers useful in the nethod of the



turbul ent flow The met hod of separating and purifying plasrnid
DNA according to the present invention may be used to separate and
purify any types of vectors with any sizes. The size range of plasmd
DNA that nmay be separated by the nethod according to the present
invention is fromapproximately 5 kb to 25 approximately 50 kb,
preferably 15 kb to 50 kb, which DNA incl &des a vector backbone of
approxi mately 3 kb, a therapeutic gene and associated regul atory

sequences. Thusm;daoﬁ/ﬁﬁie%kstba&kéa%beohg&lﬁ‘&édixdelaﬁh Hd& Eéoﬁv%ﬁr b8 «TBYa Qx%wzhto a

capabl e of car LS 9f . aRpr oxXi
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t herapeutic pr @tlveﬁemousr@ghbl ctigoduicieotie GLLeNCeS: "SiChhd 8 SpfRErORRIeRE 56 bases3 AnPQL ¥

adenyl at i onssegUenGRRs 11:%&1@99@&1@@@ th BGdEe 8@5}1"{1&&{1& a?géhgs ¥ :‘hstanEe from tge upport,
gene encodi ng aa&m rapeut i c genom e Oor | na

therefore cont 8h BXoNs “ﬁ?fd)flg‘ﬁfaf’ti?ﬂ%"‘ﬂg‘gg?g‘? F"é’éfné’ﬂ"’?dn The &m ﬁW‘i‘i‘SIY consists
organi zati on, @falin¢ar ¢pebyn thein.demrriviegl! frldmdocpble reni4CH:) HNGs, aBue Bmine which

vectors may i Ngdmi@@infity to SX MG e TMREL B linkBB6 K El@ﬂ)ﬁat{ (3 L)i'ig&%t:@:ﬁlieeor W t"QJacer"
i gh Copy. nunbekLepliGal L8 o NBLORARUSMLILSEL foL LNserl of

t her apeuti ¢. gene, gene encod rark % P (5 ﬁ‘ﬁnpme

t RNA, the ?%t r%i’E%P*F‘?ﬁe %%W@Plﬁ fh%ZFP?C%fs iogt @ﬁ@@eg@n@quequﬂi(‘ﬁ The arm is
physi cal | y sneddvanageduslicerylosd ofﬁmeax/cexbbmaxﬂn@mk:hm@mrafz cdrfoR atpphsasm d

advant ageously per mifis aﬁiﬂﬁ,@%ﬁatggr &%@éa&n&&r %ﬁ&dlg%r% NA. These

eukaryotic, prok otic.o resu asm

be purified an ges }e(ﬁmf’nﬁhz\??q \?héonbafmgré °\ﬁ”§’}’8ﬁsp I‘r‘a@ﬁ‘l GrrEEEd “[‘ ﬁé‘i’*‘éﬁ‘y functionalized
Vect or s havi ngPla@l ssfdces e fpugipnghized sy beadsriveanstic jopotherisy. tChemategnghic @fpports are
20- 40 copi 6/ qedidrablypisddo &&Gexazﬁﬁahé:@wrﬁﬁérmlsuppﬁﬁ)éaﬂaﬁe o b%ﬁ?@s%@%z’é‘%a@o@g

purified by t o . essucnt .
exanpl e, a ve%t:g%%gmgldd ?%gq%gwgs 2 B%%n@ X ﬁln o § éeafof gupefgse efc.),

pref erred accd’f’léﬁ“?’ffg s"tc% 2% PV (RETF 61&‘”36?3“15’??& ¥ W@?ﬁ’t ¢ d’ﬁgTaﬁFﬁ allips®r srdmglen Té
replication pehwitissraiproelunsfstinopesnd in fhe fiffista bripatisiof m@k.asm d DNA and
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The pharnmaceutical grade plasm d DNA conposition thus contains

predom nant circular in form and nore precisely contains nore than
80% 85% 90% 95% or 99% of closed circular form plasm d DNA.

The present invention also relates to plasmd DNA |iquid formulation
that are stable and stays 15un-degraded at roomtenperature for |ong
period of time, and are thus useful for s#®rage of plasni d DNA that
are used research and rel ated human therapy. The present

i Invent Id OBN:[A\ hus a;rpﬂéd&lse&l ak@lutﬁan%%eg@xki@ 5 MeRdwel nlolNNs f@ﬁx:{TMéﬂ%lﬁ b enSHRY BhichrSt Bihular
pl asm a u r ion n al i ne. ex

wherein the bu X?g'lgﬁtsl %qger?ploéf m?rré%%n%jgel n %ed%gﬁé fmgrhsmggh& {%ﬁe""’m
mai ntain the prfq‘&Ff“"’%alTae F’&WPHJF‘%&?"F‘%%F‘@ RO ican éﬁ’ Efetwwéé?ﬁ e ppigcattors of
20 Buf fer sol utidcubasrabdedDNar e capabl e of naintaining the pH of the

conposi ti ongbet meewce@ggteza@eg@ga@o%m;sb&ia@,reu@y @i&@c' d/ base system

conprising Tris [trAls(Is%s %&‘? ﬁ%&%e g\ or lysine and an

aci d chosen from a” &{ 3R RET U ¢ 5’3%‘1“6 #%%@@WM@
weak aci d (nal Bpcheansitigredpnerperieic itelreerds ket cellsi adimkigrliseyeastyplng), andohe 16,
an aci d/ base syt Memiome ahdhdd€es FIeIRE Kidyderdnfieck dSaccharomyces yeasts or COS, CHO, C127,

hyci r oxyet hyl leElﬁfsaEdd'%})ehﬁe é’e[?SEt hanesul phoni ¢ acid] and a strong base
(sodi um hydroxi de Tor exa 25The buffer solution nmay al so

conprise TrYs/HC1, TT’eyg‘Fth‘@/ ‘ﬁéf‘e PrEYoRtSIPYRREoR f ehich dpclpdes Tt jleegt paftepc ofatgiplek, affinity
Trig/acetic amhmmaiegrapmepwesmpioxgdnom;o@hﬂ@Mgiﬁ@unancaﬁeﬁﬁhhprMmodpdﬂ InSriplex
mai nt ai ned bEta\ﬂ@ﬁﬁc}zonﬁ&gra&xy Qn%@mﬁfeét;dé is @Rﬁq@tﬁ)g@{xﬂpb& gllcﬁ"'ég ehdnatdH S in or
7.2. Sal i;ne gmmﬂlewml bem %%f @bth g q?rmjl ation

the present invention 15 “mrat SFaBITY g‘fxe%lw ¢ BPIEG depeieorids %@bfﬁ by
100 and 200 mPPiERg ﬂﬁrséfﬁlé‘? éqalaych@mefeaﬁ@ésnmlw emitaiping gfheo olfschudi&GdeVboutdt trep
30sal i ne ef&i phonbogmyy €GN SQird HiaOns naRGarkpdd Wil BSd ﬁ;exke%ﬁﬁ(ﬁ&&efﬂd@ %rlénﬁga

roup Consi st igige,0 eon c 2 4ionsteck s sfe
%CB p iy th{i';ge fThéi&ﬁ&s%Et@ %Qﬁé&ﬂﬁfe&d %ﬁﬁlﬁgfﬂg&?rg?ygc (%){n bbx%ds M i Siop

the buffer solT¥i°EH ¥ PHePet fibifh JHsGreauraton fanaepitact firae o3P F‘%W‘Teﬁq r@rer ect
within a |im twashing siemmay bg ghnieyed. Whisllp ctbsine pdokowadticigock s is b adpirdl bt eluting the
bet ween 7 and pﬁgrgxdﬁa;,hﬂe@{g@m@,ﬂm@mgw storage conposition

accor ding g the p A§§rsag%t8' A d IS E O L 282, b RSt et muctei

sal i ne exci pi ent er sohni on

solution is pré&enaforpkssd E’Hﬁt@ﬁwsa%%#mp‘ iqnesxcherigt cheamdtoppry. dripiediel affinity
bet ween 250p. Mrambghpiy] andhydppi@bie mahtiyn bedmapgiphdB0aMimnE. 1MV so as t o
mai ntain the pH Ofﬂyﬁﬁbﬂéblt %e@dllzo%tchrgxgatég{a qggg%?dn%h«%ﬂ n?o?e;n%{%%gg sx?bst%%q? ]@ﬁrac’c

Anong t he buf Eedr g%)stems accge‘rc i ng I nve

sol ution at a CORCEHTTETT B “1‘??0‘3)@" ?Fmﬁﬁe\%é’“rﬁjﬁ?“ﬂ‘ cliPherif o wotedither wese HIS
results 5&8d Fwprehwekpy ef drsteder” jeffect he cqydlans pri ichid wndnatecforinghor ofiaret! v@en these
pDrNiSfent i lnven'ErbI@cﬁiles associate. é@dﬁﬁlﬁbﬁ&'m’wféaﬁoﬁl %&ﬁ%&gﬁﬂ; Ss Qﬁéﬁ@iw , as e vé?}l éﬁ@gnﬁ]y

ormul at i nt [on

excel l ent sta Hﬁ %Q&%E) ﬂggfa%ﬂ%% g“deo rrcglga’rﬁ“ Cenper a %a’%e"dﬁfﬁx’%r
25C. Particularly, ’fﬁlfeéﬁ PhbEPe PRIErAsdor hfropbabls ot @t“t%é‘f’fmmgfﬁéfry % Vot wirveryelr
period of ti neremfing patsmetiding aBd fmatibdalizing JydrphdbhSinterhcBorBehtbdidphoang elifhg ta@
12 mont hs 38t e pigdnidHE t8re@rough BE- weﬂ}g&;’ﬁ P hE %E Ahd &@W&ﬂa%@smﬁh@&lﬁx Us

relates to a ¢ risin | as DNA, a rer solution
and sal i ne ex& pi el en%fu}q er ecgﬁlqc?f8°r%ﬁ?’?rl ysrﬁfrﬁ‘fC? on i s pr esent in a
concentration suf fGompogn to beospsirfergersynghegh| ¢l &ast wat@RIA thetrpregbegiitr ¢he eking mteridiC
to 25C. forlly@rofHoES Bftaction iedtao@RphR g Pbe 8y air@&masQf Furi6@ MR hdl g:‘a{bs that

conpr isin g p| &h@l@}lﬁm%mtyaor Qwoﬁsggn é&gyax'xé% gl%\r;bs %:quae %n%ro‘%uce% b?)(;%és o? ion’ after ﬁlfe

wherein the buffer solution 1s present i'n a concentrat icre

to preserve 15 plasnmd DNA in stable fonn at 4C to 25C for a

prol onged period of time, of 1 nonth, 2 nonths, 3 nonths, to 6 nonths
and up to 12 nonths.

)




In effect, plasmid DNA that are stored at 5C or at norn tenperature
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Ligated DNAs or DNAs to be tested for their efficacy of
transformation are used to transformthe follow ng strain rendered
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any Col El plasmd); or 25E. coil XAGC-pir (for any pCor-derived
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(di mensi onl esprticularly important. As a fundamental concept, for the solvent to be used for polymerization,

158  adjustment is made by variously combining a solvent that is poor solvent for monomer with a solvent
that is good solvent for monomer. The size of pore diameter may be selected appropriately depending
on the molecular size of nucleic acids designed fo separate, but it is preferable to be within a range of
500 to 4000 angstroms for the packing material for hydrophobic interaction chromatography and within
a range from 1500 to 4000 angsiroms for the packing material for ion exchange chromatography.

20 In the hydrophobic interaction chromatography, for separating nucleic acids with different
hydrophobicity preferable by utilizing packing materials with different hydrophobicity, respeciively, the
surface modification of the base material is important.

Hydrophobic groups may be selected among long chain or branched, including saturated
hydrocarbon groups or unsaturated hydrocarbon groups with carbon atoms of 2 to 20. Aromatic fing

25  may also be contained in the hydrocarbon group.

Hydrophobic groups may also be selected among compounds having the following formula:

Base
materials — A(CH2) -@-CmHZm-i—

wherein n=0 to around 20 and the methylene group may be of straight chain or branched, m=0
to about 3 and hydrocarbon group may be of straight chain or branched, and A is C=0 group or ether
30  group, but methylene group may be bonded directly to base material without A.
Hydrophobic groups may further include ether group of alkylene glycol with carbon atoms of 2
to 20, which consists of repeating uniis of 0 to 10, wherein the opposite end of functional group reacted



15m fluid consistency coefficient (dyn s / cn2 ) And n and mare
determ ned enpirically (study of theol ogical behavior). 2) New oni an
fluid As for the first section, in Equation (1) we have: Re =
flinside diameter, u, p, and u) since n and mare functions of p. 20
Re=(uxDxp)/p(2) p: Volumetric mass of the fluid (kg/nB) u: Viscosity
of the fluid (Pa.s, and 1 nPa.s -=1 cP) @ inside dianeter of the
cross section (m u: nean spatial velocity of the fluid (ms)

25Equati on (1) yf Qe o sffterial &%&gﬁﬁgieﬁ%@go % 2ot ewa@ %ou}mxvmm Soms

(nB/h) and S = surface area o cross secCtio
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nunber bet en 2000, and 000. . The d erately vaque
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tion
Newt oni an fl ui dl évlely low hydr(gphsmcxty such as %Ngs ongma g from Escherichia coli and DNAs in the cells of

10 human and animals.

Upon separating these compounds, compounds may be selected appropriately to modify the
surface without being confined to said exemplification. In effect, the degree of hydrophobicity of
packing material varies depending on the conceniration of salt in medium or the concentration of salt in
eluent for adsorption. In addition the degree of hydrophobicity of packing material differs depending on

15  the amount of the group infroduced into the base material.

The pore diameter of the base material for hydrophobic interaction chromatography is

particularly preferable to be 500 to 4000 angstroms, but it can be selected appropriately from said range

depending on the molecular size of nucleic acids desired to separate. In general, since the retention of

nucleic acids on the packing material and the adsorption capacity (sample leading) differ depending on

20  the pore diameter, it is preferable to use a base material with large pore diameter for nucleic acids with

large molecular size and a base materal with small pore diameter for nucleic acids with small
molecular size.

For example styrene base material may be reacted with hydrophobic group comprising long

chain of alkyl groups, using halogen-containing compound and/or carbonyl halide and catalyst such as

25 FeCls, SnCl, or AlCL, and utilizing Friedel-Craft reaction, it is possible to add directly to aromatic ring

in base material as dehalogenated compound and/or acylated compound. In the case of the base material

being particle containing halogen group, for example, using compounds with OH contained in

funetional group to be added, like butanol, and utilizing Williamson reaction with alkali catalyst such as

NaOH or KOH, it is possible to introdoce 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



Sp = 1000 kg/n8 (for all the fluids) n5 cP in 131a and 40 cP in Blb
(our data) 2.5 cP in B2 (our data) The follow ng cal cul ations
were performed using Equation (3) for two standard tubing
configurations tested called configuration 1 and configuration 2
(without Bib tube): 40 Table 2 Coil Configuration Bla 1 B2

Confi guration
12.7 60 2.5 9.

10

15

20

25

30

Bin 2 B2 Viscosity* (cP) Dianmeter (nm Flowrate (1A) 5
5 105 N 41Cc).....

group, if reacting with compound with OH group or amino group contained in the functional group
desired to add, it is possible to introduce the functional group through ether or amino bond. Moreover,
in the case of the functional group desired to add containing halogen group, it is possible to add the -
functional group through ether bond using acid catalyst. Since the proportion of functional group to be
introduced into base material is influenced by the hydrophobicity of subject product desired to separate,
it cannot be restricted, but, in general, packing material with around 0.05 to 4.0 mmol of functional
group added per 1 g of dried base maierial is suitable.

With respect to the surface modification, a method of adding the functional group through post-
reaction after formation of base material or particles is as described. Surface modification is conducted
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.
(written by Toshio Nambara and Nobuo Ikegawa, published by Tokyo Hirokawa Bookstore in 1988).
Prior or after coupling the silane using epoxy group-containing silane coupling agent, a functional
group may be added according to the method aforementioned. Proportion of functional group that is
intreduced 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.
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
eluent containing high-conceniration of salt, aqueous solution with salt concentration of 1.0 o 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 velue 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
by combining a packing material iniroduced 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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It is also known that there are differences in the hydrophobicity even among nucleic acids themselves.
Proteins that become impurities have higher hydrophobicity compared with plasmids.

Many hydrophobic interaction chromatography resins are available commercially, such as
Fractogel propyl, Toyopearl, Source isopropyl, or any other resins having hydrophobic groups. Most
preferred resins are Toyopeari bulk polymeric media. Toyopearl is a methacrylic polymer incorporating
high mechanical and chemical stability. Resins are available as non-functionalized “HW” series resins
and may be derivatized with surface chemistries for ion exchange chromatography or hydrophobic
interactions. Four types of Toyopearl HIC resins featuring different surface chemistry and levels of
hydrophobicity may be used. The hydrophobicity of Toyopeart HIC resins increases through the series:
Ether, Phenyl, Butyl, and Hexyl. Structures of preferred Toyopearl HIC resins, i.¢., Toyopearl HW-65

having 1000 angstroms pore diameter are showed below:

Toyopear! Ether-650 - (0-CHy~CHp)~OH

Toyopearl Phenyl-650 . -O- @

Toyopearl Butyl-650 - O-CH,-CH,-CH,-CH;3
Toyopear! Hexyl-650 - O-CH3-CHj3- CH-CH»-CH,-CH;

The above described Toyopear! 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 90pm, preferably around 65um and Toyopearl 650S have a particle size of
around 20 to 50 pm, preferably around 35um. It is well known that particle size influences resolution,
iLe., resolution improves from C to M to S particle size grade, and thus increases with smaller particle
sizes. Most preferred Toyopear]l resin used in the HIC chromatography step within the process of
separation and purification of the plasmid DNA according to the present invention is Toyopear! 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 diafiliration materials are suitable for use in this process, according to standard
techniques known in the art. A preferred diafiliration method is diafiliration wvsing an ulirafiltration
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 wrth
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

i) Perform a second diafiltration of the retentate from step a) above (step b) agzinst 3.0 1o 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 extensively. Also,
subsequent to this diafiltration steps, appropriate physiological NaCl concentration (around 150mM)
and final Tris concentration below 1 mM (between 200 uM 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 conirol 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 1o 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 infer
alia in the International publication WO 96/02658. The particular heat exchanger consisted of 2 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 a2 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 contimiously 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 att 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 lysing solution and the
cells to 5 cause the lysis of the subject cells during, passage through the mixer. In a preferred

~ embodimertt, 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 togsther in a
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 2

therapeutic gene, a gene encoding a selectable marker, e.g., SupPhe tRNA, the fetracycline kanamycin
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resistance gene, and is physically small and stable. The vector backbone of the plasmid advantageously
permits inserts of fragments 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, Le., 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 number/cell over, ¢.g.,, a pPBR322 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 NVI1FGF plasmid.
NV1FGF is a plasmid encoding an acidic Fibroblast Growth Factor or Fibroblast Growth Facter type 1
(FGF-1), useful for freating 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 subsequenily assessed. A significant increase of brachial
indexes, reduction of pain, resolution of ulcer size, and an improved perfusion afier NVIFGE
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 DH50F, XAC-1 and
XAC-1pir 116, TEX2, and TEX2pird2 (WO04/033664). 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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malic acid or acetic acid for example), or of an acid/base system comprising Hepes [2-(4-(2-

hydroxyethylpiperazin)-1-yDethanesulphonic acid] and a strong base (sodium hydroxide for example),
25  The buffer solution may also comprise Tris/HCI, 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
30  saline excipient may comprise anmions and cations selected from the group consisiing of acetate,
phosphate, carbonate, SO*,, CI', Br, NOs, Mg™", Li*, Na’, K*, and NH,+.
The molar conceniration 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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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. ‘

20 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

25  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 ina 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

30  the buffer solution is present in a concentration of less than 1mM, or between 250pM and 1mM, and
preferably 400pM; and ¢) storing the plasmid DNA composition at a temperature of about 4°C up to
about 20°C.
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specitic olig 151 9 g IgmM I\%gCig, 10 mM DTT, 2 mM ATP in the presence of phage T4 DNA ligase (Biolabs).
Oligonucleotides are synthesized using phosphoramidite chemisiry with the phosphoramidites

15 protected at the B position by a cyanoethyl group (Sinha, N.D., J. Biernat, J. McManus and H. K0ster,
1984, Polymer support oligonucleotide synthesis, XV Use of
B-cyanoethyl-N,N-dialkylamino-/N-morpholino phosphoramidite of deoxynucleosides for the synthesis
of DNA fragments simplifying deprotection and isolation of the final product. Nucl. Acids Res., 12,
4539-4557: Giles, J.W. 1985. Advances in automated DNA synthesis. Am. Biotechnol., Nov./Dec.)

20 with a Biosearch 8600 automatic DNA synthesizer, using the manufacturer's recommendations.

Ligated DNAs or DNAs to be tested for their efficacy of transformation are used to transform
the following strain rendered competent:
E. coli DH5a[F/endAl, hsdR17, supE44, thi-1, recAl, gvrA96, relAl, A(lacZYA-argF)U169, deoR,
@80dlac (lacZAM15)] (for any Col E1 plasmid); or
25  E. coli XAC-pir (for any pCor-derived plasmid).

Minipreparations of plasmid DNA are made according to the protocol of Kiein et al., 1980.

LB culture medium is used for the growth of E. coli strains (Maniatis et al., 1982). Strains 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



10possesses an N112 group at the Send, its sequence is as foll ows:

5' - GAGCCTTCTTCTTCTTCTTCTTCTIT-3 (SEQ ID NO 1) The buffers used in
this exanple are the follow ng: Coupling buffer: 0.2 MNaHCG3, 0.5 M
NaCl, pH 8.3. Buffer A: 0.5 M ethanolamne, 0.5 M NaCl, pH 8. 3.
15Buffer B: 0.1 Macetate, 0.5 MNaCl, pH 4. The col um i s washed
with 6 mMm of 1 rnrMHO and the oligonuclaggtide diluted in the
coupling buffer (50 nnmol in 1 m) is then applied to the colum and

left for 30 m nutes at roomtenperature. The lum is shed _t hree
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5' - GATCOGARGAAGAAGAAGANGRATERARCHIR EAAGAAGAAGAAGAAGAAGAA GAAGAAGG 3'
(SEQ I D NO 13) antheoVd genefebreiddvitgien £8d8n05 contoddhlyCisledi@irdd Hda€fyl aSTH1Ehdn
Cl TCPTC TLI  CLltbaidldb e CTTCLICTTCG 3" (SEQ I D NO  14) 25 These

ol i gonucl edri des, en hybridized angd clo i n a plasmd,

i ntroduce a homopufihe? éﬁgaf?lﬁsrﬁuﬂ?eﬁéegseﬁgg%%deﬁ %&'&) 37 (SEQ I D NO
15) into the corr ekspoHdisengaiyrERamols ngberdescri bed above. 44 The
sequence corr aspondiznt) @/ ishese by hybyisl zed ohiy gonucl eotides is

cl oned at the nul tﬁ-pnls% gll opi(;}%esrl;)stseecgjn rgl asm d pBKS+ (Stratagene
Cloning System La Jol Tamé&ﬁ, Whi ch carries an anpicillin-resistance
gene. To this end,?: vdhanesicimgs Alieskiidilgss) are hybridi zed in the

foll owi ng manner: waBRgtidl vgochf ofthB@G€@YN0 ol i gonucl eoti des. are pl aced

together in 40 m ¢j ' nprising 50 MM 5 Tris-HC pH
7.4, 10 mM_MC. 1) n%{ﬁ’% _OQ?45¥§HI{?£S%%Iéesgﬁed , Lo 95C and then placed at
room t enpéPat ure <6 PSR CERFET@PuTé°Fdl 1s slowy. Ten ng of the
m xt ure of hybri diséd agin gokualiedtnritedly &ty & rhegagi@tbekavipih 200 ng of

pl asm d pl 3KS+ (Strat agenrewnid-aniang System La Jolla CA) digested with
BanH and EcoR in Orthul Ii r&al . I_ﬁ&‘%er )I“jeg%t,i on, an aliquot is
transfornmed into 4 e FREe P REFTRTAPIS A% xt ures are pl ated out on
L nmedi um suppl enerfeedinidt Gamsiep iue 400 preintegGndpg At fundiped oki-gal (20 ng/ 1).
The 10 regonkisnantp £hopes shoul d dpspl ay an absence of bl ue
colouration on this dium contrary t,0 the parent plastnid 0321(5-0
whi ch permits a-ccﬁ’n%‘%‘??&ﬁf%??%ﬁe%‘%(%/%bnent w of E. call

, a- gol act osi dase. vAVi@sitywf thi fyiddPrasr 2t § oPrsgfl ¢l asm d DNA from 6 cl ones,
they all displ ayed: kg dirsafpeataneaiodtmt he Pstl site | ocated between
the EcoRl and Barrj|| i of bl -1-, and an increase in

nol ecul ar _wei ght 61fm€t. g%tﬁ%fég%ogg%%ﬁ a}nd containing the nmultiple
cloning sPPe. One Eara8mdl) fer isbrdpeda Eapaienie corresponding 15 pl asnid
desi gnat ed 1i Xt 2568th QFh#ovokiofét) sesidente aesof e tiofsis@donliy’) s@dfisengien ip oP,
using prinmer g20 (5- TGACCGGCAGCAAAATG 3' (SEQ ID NO 16)) (Viera J.
and J. Messing. 1982. Th | . .iC Eolﬁsm ds, an M 3np7-der i@\éed system
for insertion nut ﬁéﬁ%ﬁqgaﬁh’ﬂp) Y IRBRNE RGP t h synt hetic GRi ver sal
prinmers. Gene, 19,In25@c@§&pnduiorthy e i BmipB1GSs ReBblda traghemieslo@l 2509. ragd is
Syst em  Lgp J Ohykiuifely smbditasFhisht Both- D5 Beyhsias Pithilef bebfer?O®#nd si@od. Orr¥iiza
Magapr ep, kit (ge 't')’e(r)aqt’[c-ﬁ'gva C%é éen %9 Iar%dc%g(’)() We} bzﬁ%z)(r:p%sogf !}hqu rj[az(:)e uge.la%o determine. what
supplier's recomrendations. Thi's aém_cf preparation 1s used in
exanpl es descPiBEd 5@t Flihe choice is prig § piiedip XL 2563 is purified on the
[1'i Trap colum coupled to the oligonucl eotide, described in 1.1.,
froma solution al so containing plasm d pBKS+.



The buffers used in this purification are the follow ng: 25Buffer F-
2 MNaCl, 0.2 M acetate, pH 4.5 to 5. Buffer E 1 MTrio-HO pH9, 0.5
ni M EDTA. The colum is washed with 6 m of buffer F, and the
plasmds (20 jig of AL2563 and 20 gg of pBKS+ in 400 gl of buffer F)
are applied to the colum and incubated for 2 hours at room
tenperature. The columm is washed with 1391 of buffer F and el ution
is then carried out with buffer E. The 30 plasm ds are detected after
el ectrophoresis on 1 %;paade&Rs gel and et hi di um brom de staining. The
proportion of the Qjasnl S in theusolF&ioqhifnestinated.q% ne suru%q )
their transfoming act] ¥ ¢S *0RTENCHY fuown the Tollegpng spproximafipns Javg e g ia.
cont ai ni ng 30 SHeets¥EP563 and 70 % of pBKS, a sol ution cont ai ning
100 % of pXL2563 i Sevwtam:aRad @chiake cloigeca@@kiumm out | et The purity,

esti mat ed the OD. L0, 3 t 0 and 280 urn, rises from1.9 to
2.5, mhichgyndicaf%gﬁﬁﬁg§?é§§?§%¥%§$in proteins are renoved by this
met hod. Exanpl e 4 BCoupl¥ A§1apd #48 ingpip i8] eotide (5'-GAGGC
(CTICTTCTTCTTCTTCTAZs @ in BS@ddd) NO 1)) to the columm is perforned as

described in Exarrp'hﬁ", éﬁcwﬁ@rcaﬁﬁﬁio&%é b&‘ﬂrme& Qﬁn ﬁ&u%ﬂ L{§)| ﬁptt&j/onanha?d tubin

nodified at the 5 end th an_amne group linked to _the phosphate of
t he spacer by‘%%ggﬁﬁm%ﬁﬁgﬁgﬁfﬁ§g6“%%}%%ﬁ’ HE ?N@HW%?%HME

ol i gonuel eoti de Eurogentec SA, Belgium. Plasm d pXL2563 is purified
using the Wzard Megaprep kit (Pronmega Corp., Madison, W) according
to the supplier's recomendati ons. 10The buffers used in this exanple
are the followng: Buffer F: 0-2 MNaCl, 0.2 M acetate, pH 4.5 to 5.
Buffer EE 1 MTris-HCl pH 9, 0.5 nM EDTA. The col umm is washed
with 6 mMm of buffer F, and 100 ug of plasuild pXL2563 diluted in 400
pi of buffer F are then applied to the colum and i ncubated for 2
hours at roomtenperature. The colum 15is washed with 10 m of
buffer F and elution is then carried out with buffer E. The plasnild
is quantified by nmeasuring optical density at 260 run. In this
exanple, binding is carried out in a buffer whose nolarity with
respect to NaCl varies fromO to 2 M (buffer F). The purification

yi el d decreases when the nolarity of NaCl falls. The pH of the

bi ndi ng buffer can vary horn 4.5 to 5, the purification yield being
better at 45 It is also possible to 20use another elution buffer of
basic pH elution is thus carried out with a buffer conprising 50 i nM
borate, pH 9, 0.5 in_M EDTA.




Coupl i ng the oligonucleotide (5 -GAGSCTTCTTCTICII CTTCTTCTIT-3" (SEQ
IDNO 1) to the colum is carried out as described in Exanple 3.
Plasm d pXL2563 is purified using the Wzard Megaprep kit (Pronega
Corp., Madison, W) according to the supplier's recomendati ons. The
buffers 25 used in this exanple are the followng Buffer F: 0.1 M
NaCl, 0.2 M acetate, pll5. Buffer E 1 M 4?is- HC pl-1 9, 0.5 raM
EDTA. The columm is washed with 6 m of buffer F, and 100 pg of
pl asm d pX12563 diluted in 400 ul of buffer F are then applied to the
col um and i ncubat eg,f9r one hour at roomtenperature. The colum 30
is washed with 10 nil—of buffer E and elution is then carried out
with buffer E. The coft8nt of genohEesothr onos o heieptiony) |
present in the plasmijd sanpl es betBtae and Bfter passage {#rough the

ol i gonuel eoti de col uNWicsRaSUr etis Thi S |ggnom cPNA—Ts—guanti{i ed by
PCR using priners in i

5
e E._coli g gene,. Accolding to the
foll ow ng protocol: Thﬂéamsegﬁ%mengce Jﬂ'fhese%psri merr;gi s desicri bed| by
Debouck at al. (Nucl giftowagls @8 Res| 691985, (185 184312 1853)[:21 46 §' - CCG
AAT TCT GGG GAC CAA A®eymbsinuhid- 3| 330 SEQ T[540 LY jarand JLGEA AGC TTC
ACT OIT CAC GAC (00 TGI-3! (SEQ | BNG—18)——ThetreaectHonedi um
conprises, in 25 pl d BCR huf fer f@?%rm ga"ﬁa%nml.a{m&?{ar Hoffi er PS) !
1.5 inM Mazi 0.2 !'TIMdXTP (Pharnmacia, Osay); 0.5 p.Mpriner; 20
U ral Tag pol ymer agethisPrenegsguratiohh) @hdfidwe aet lhfifler 128 alp@4ebsOmied saiGicad &t ng
to the sequeNCLLaatelPmAbdlofherd5C - 30 cycles of 10 sec at 95C 30 sec at

60C mn at 78C 10- 10 m“@. atqﬂgSC., é'Phe anqx;l ified DNA fragment 124
base pairs in | engf® g "PEREPUTEHoD{° BIHE) BpiSF esi s on 3 % agar ose
gel in the preB®ede of SybrGeen | (Ml ecul ar Probes, Eugene, USA),

and then quant (thi€d Dy T ] BEERER/ itk fizRipdd / FERRID FrtiVPeed B duf
fromE «coli stain B (Sighg, ref 889) . é? Exa e 5+ IS
: . B2. . a, 2 B1
exanpl e describes plasmd purlification fromla-clear  fysat e “6f
bacterial cul t yVEsiBAR(Fhe| So-cal I|éd "min{prep" sédle: 1355 n df25an
over ni ght cul t upemeér By 168 straijng cont aieni ng pliasm d XL2563 sar e
centrifuged, angd.she el | eheis resyspendeg,in 10 i of,,20 MM
gl ucose, 25 i nM '?'ri c-(%&1 il:'%ol—l 8, %i’bsn‘l\/l FDT%O 200 (r%}(pnf 012% M 61-? 1

SDS are added, | FHBOEIBEE WIPE i nvert’dd to| Bix, 150801 209 3 N9
pot assi um ar Pt pkrecesspH 5 arlenitdhen | addld aplenitdie t)ldoder grignitanyv er|ieihlehio
mx. After cenU | THFAIQMKiont P& SRR R Bluation () Bk WELTH 2 ek oReE in
onto the oli gl{)QfH%Ilaeo(ti#geéubcoleunp obt ai ned as described in anple 1.
Bi ndi ng, washes and et ution are identical to those described in
Exanpl e 3.10Apgebk#mately | pg of plasrnid is recovered from1.5 m of
culture. The plcasm d obt aijmed speanal ySed DY agpfi@SgeedBhax agitation
el ectrophor esijs and et hi di brom, de stalning,,takes;the f of |a
singl e band ofi supercoil F%ﬁg(‘i rg%lﬁar ”%bDNA 4 tracéelaof ?I%Iglh

mol ecul ar wei gHE°PEN(Shosaral ) DNA or oFSRNA |5 detegtable{in the

%%

O

pl asm d puri f i ®tmetyr (k) S mét hod. | 16 6 3 2 3
Flow rate (I./h) 120 120 210 120 120 160
Reynolds number | 1415 531 4951 2829 4244 3773
Process laminar | laminar | turbulent | twbulent | turbulent | turbulent

Cleatly, predefined Reynolds values can be obtained by adjusting the tube diameters and the

flow rates.



Exanpl e 6 This exanpl e describes a plasm d DNA purification
experinment carried out under the same 30 conditions as Exanple 5,
starting from20 m of bacterial culture of DF-15a strains containing
pl asm d pXL2563. The cell pellet is taken up in 1.5 mM of 50 MM
glucose, 25 infrl Tris-11Cl, pH 8, 10 rnM EDTA. Lysis is carried out
with 2 m of 0.2 MNaOH, 1 % SDS, and neuttralization with 1.5 m of 3
M pot assi um acetate, pH 5. The DNA is then preci pitated with 3 m of

2- propanol, and t h Ruah o Qpi2 0 |

acetate, pH 5, %ﬁf)%a &cﬁ | Oag@s(ﬁolﬂ a{xy coin Iréat%ns (())tl:l U e%l(‘)sta{dglengtgjo or or for
47 obt ai ned asth%l‘@@é?“i‘o&%%fql ﬁBltaﬁ’éi BlBoVer erapalspheeinst BP??GPH%;‘- Cwﬁgﬁm\?@ﬁ@fﬁm
the colturru and mehut trdn t@reduce & ingtl agilihcras tikegiainb e gdditondifia @Al avBay be

Exanpl e, excepetefQfed 508 t%ﬁxb} Efghebxjﬁéofogﬁal béh%r Jh@ﬁﬁx&syan&) fseq i a@tgmy}fe tth right

respect to e plasm d obtai ned, anal ysed by agarose
gel el ect ro%ﬁc%%r%c%egsuﬁs%[l‘hgf“gl *di um broni de staining, takes the form of

a single band of " Berjdertborsitaion sfidiopeyutng maiDA corder tthe algration of the ggiatibn, which in
nol ecul ar wei ghie du@bdiaaRSORBrdseNAnD: is@btaiRilby &dﬁlstd@m%feﬁg%bclf@xe kdds.t he

purified plasnid. gegﬁa&h%&h%bes DSa %L,ﬁwsc%[ ag'FS R ,@g@ﬁr S o;n&ngtte E%mgonggﬁ&a

gives a single ban e expected mol ec

The pl asnid cdft-dPrHeag ﬂE’ﬁ&‘é‘éF‘f‘ ORI YRS t“iﬁlées 8%} oS HHE s Fete ietipe to alier the
pronot er, the dpewter thapdiing afta the [floe kdfeaf @sasioraiids tdadfor calculations within B1b and in B2.
hor nopuri ne- hm&ﬂ@mﬂhﬁm&%@%m&%&m&&% I&J%eﬂ&?)ate

ori gi nat i ng_ from plasm,d, pXLES6S., The stra G

1989) containing this prasmd s calSJ Rl é)almf“ﬁ]gég’% ‘?“P‘fc ?SQOSFIBIFW(?A?@‘FBZ
A clear | ysatén‘i’féerﬁra a@aenfnrg@m%oo grams of cells: the cell pellet
is taken up in 2 |DirhessiQbeitdn calMe Gt Sigorfklaford,as FINAMLGlaseOSE, Re&QHQ/{he

EDTA, to V\ﬁ' c r&xag\etgr] & '%h@%eﬁrtmng ogBMn'a}ﬁg_t' posllbl%to%ease S acdglgc?easea- %e) in Xx%eafttg

IS neutrallzedfgé(z? Jngonelltreo tassiu

di e- ni trati on MY B P08 2758 e gellyy P fi‘f)ﬁtf“i”éﬁ‘d’tv@e’éthscenﬁﬁfe HFE"F*ZQ‘&“N EES
col utm coupl eddictiepat fees gbdingohruilent baedudd ts ogidenddr: il GASRITHLC] InGbasiay thd
Cl TCTTL1 1-3' afaE€dndakds NE¥ssithd to red® Qg‘itgdoﬂgiec;ége@Ré)% ﬁ%&%@m@@éﬁdy}md in
Exanpl e 3. Washi nngaQIg eltHd%n are carried out as described in the
above Exanpl e. Exa nig Thi s exanpl e descri bes the use
of an oli %nucl eot?lﬁeﬁ’ﬁé‘&wgﬁ@% FificAteiginggf RBicereectionhenon@guigaenddng f
t he ol i gonucl eot i dabulswtk destuasorf opdut PWFSon phddMidimbntnictombxing).

11} At Tt meCTT"" CCTTT&QB&%QI&%}@ gglged IQyIHQS u}'xﬁgr has the sam Jm ng for a non-Newtonian

ol i gonucl eoti de. pa esse ou

5- et hyl cyt osgneg thh %SICSSI}"“&}S’W&H“@%PF‘H"% ?’el?tLF ﬂ‘b"r af’%ﬁ?”&f“%‘)(t?%gnﬁdéhab‘ée
purified undelmi feethelemidir ragion in aor@ipefoiraglaricrogd sedtiorsis Ran¥@B¥g buf fer of pH
5 (the ri gk of degradshians plotbewliasmugh nsw I‘a&@feﬁcbﬁé Rk %%@Q})entah%§ of

Exanpl e 8 oo he. ol O('Eel
modi fied at the IJHQD%I&%% nar?é%%gﬁ&ml ’ﬁ%b VI% am dbgr O?Jf)lal| ke g“ W%F%ﬁcé’m’al
phosphat e t hr 3G AP rA g SHralr s grekss EQ?SBPJ?Itoa‘fdﬁ??sagﬂal‘&m@@&dlﬁzy*@ml foppes
this ex arrpl e, (vtiprésy)a We pepitigned bigre 4 snall dimbeetlube@ hipo phusphahea etdighBi@tion. Our
S5Y-term nal e&ﬁlerxtah&n@ el ans @éﬂﬂ&@&n@l DI 3 Qetdk Zube %r%nmaog‘ag% “V‘Okmﬂ% and

NH2- ( (H2) Coupl i nucl eoti de and passage through
col um ar égca rcl% ett{m’eltlllr i(Iazs“’cnysq'lged in Exanple 3 with a buffer F: 2 M

NaCl, 0.2 M acet at e, pH 4.5. This oligonuel eotide makes it possible
to have bett exzaputeification yields: a 53 %yield is obtained,
whereas, with t heV\Q' éﬁ%@'d@% It}geCLC A thl)nSgst 8?\%: (?n%n aggtgarfglbglmem the

yield is of the order of 45 % under e sane
9 conffiguration is as follows:



Foll owi ng the cloning strategy described in Exanple 3, another two
pl anni ds carryi ng honopuri ne-honopyritni di ne sequences are
constructed: the plasmd pa-2725 which contains the 5 sequence
(GRA) 16, (SEQ ID NGO 20) and the plasm d pXL2726 whi ch contains the
sequence (GA)25 (SEQ ID NGO 21). Pl asm ds pXL2725 and pXL2726,
anal ogous to plasrnid pXL2563, are constracted according to the
cloning strategy described in Exanple 3, using the follow ng

1015108 8 i B B TG0 LR ol
(SEQ I D NO 24) 59%2<elispy SR peiidsefiappenties UNA 5 pgys s nRjcpranissy The
ol i gonucl eoti de pa?rEsBe8GisamdicdsdBion of g3 hof IGonstielCt plasnld
pa2726 by cloni ng $HhexatilgerUGhash s 8@s: ah ofdig. &R - 31 and EcoRl sites
of ORS+ (St atagengg%kmnlqﬂggéﬁ} mgaﬂg |la CA), 15 while the

ol i gonucl ectides 5 use for t he construction of
pl asm d pXL2725. TheSsdmatovaeptoes @?@Hﬁaﬁagéi@ﬁd’fﬁweﬁsmﬁd?c t he

construction of plasmewipth@fibd nay e WaRskarrARtotithyis frhe
ol i gonucl eoti de pak%&mﬁﬁegﬁﬂ@ﬂﬂﬁﬂgm Sg&ﬂggng.ﬁgngﬁgﬂg pogquences

are verified by sequencing on | asm ds. This ena it to be
seen that plasmd ] WA s %§§§§€ %Nodification relative to the
expect ed s@guence: - Somsin@adcetf acklieM mé gurerieec@BSM-epeat ed 17 ti nes,

there i's GGAGA( ARG r:SE@n26bikih NGt siRBdnz Exanpl e 10 The

ol i gonucl eot i des fq@nlqgmiéTg&%erllces wi th these honopurine
sequences are coupl col ums according to the techni que

described in ExaonemfﬁfmdFﬁ@SéﬁWﬁﬁ?Pﬂ@Peot|de of sequence 25
5LAATGCCTCCTCCT Ce | 160G 6IiEioB T pdsSHQugh B nbdedes 1R JisperSe thkgeitko kditioh ) @hich arrives

purificatiygn 9£m9£§i§:glgékg725 and t-he ol igonucl eotide of sequence
5" AGTGCTCTCTCTCT CTCTCICT- 3' is used for th
gn P8I m‘E‘gg i p"s‘%g w0 ?!HQE“ZF FEE 8 e ﬁ‘fl?fé?ﬁ%%‘?“ ©

purification of pl
obt'ai ned enabPechemific dgwing dogrendi ng pl asnmids to be purified according

30to the techni que THEHE bdcitRdf the W% AR BxEr M, is Ml bl theliBit iéee]lco?e\ﬂmég L
$EIL?Léi,BULfSr 0Ig;nwbygﬁgxnm¥ﬁMP%ggf%§% (gg%gdSareu23e&6and 31 %
for pxL, 25 and gRE275e teelmE trer.y! S
The process of the present invention provides an advantage in terms of efficiency, summarized
as: dispersion, brief violent mixing, and gentle mixing by diffusion.
Using the process of the present invention, the number of cells lysed is increased and therefore
the quantity of pDNA recovered is increased.
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 limif 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 o 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



49 Exanple 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 luciferase (Luc). The plasm d

pXL2621 contains a cassette containing tH8 661-bp cytonegal ovirus
(CNN) pronoter cloned upstream of the gene coding for luciferase, at

the Md and H ndl | buRidi@8w oyl NG KEEIOL P RR RS 0\ BRE AL ﬁicg{ &6k
Corp., Madison, W I S constructed using standar .

() .. This plasm d

Cochni ques of RHTE ISP ErbIBER PRl asni ds pX12757-1 and
pXL2727-2 are constructed in the foll ow ng manner: Two

m crograns of pl asyaphspXL2621 were |inearized with BaraH ; the enzyne
was inactivated by treatnent for 10 mn at 65C, at the sane tine, the
ol i gcnucl eof i ges—6006—armd—6008—ar e hyhriurged de; et—for—the

construction ¢of plasm d pXL2563. %g%@NSCimlg%&A?‘%ét% CT-3
(SEQ ID NO 29) 15 6008: 5LGATCAGATCTGCAG TTQ7A-3' PEESY) B Noxof 304!
This hybridization mxture is cloned at the Ham || (@s@s of plasmd

pX12621 and, aELB Egro D53 eCoOTOTaTt—ctonmes—are

identified by ! ysis, since the

ol i gonucl eot i deTRYTEFIER & BE® side. Two clones aye sel ected, and

t he nucl eot i dedeswigeidneendfl t he cl oned fragment is verified using the

prinmer (6282, 5 -ACAGICATAAGTECECCGACG 3 (SEQ 201D NO—80)—as—a

sequencing reaction priner (Viera l. and J. Messing, 1982). The puUC

Mast oi ds an ML3np7-derived systemfor insertion natagenesis and

sequenci ng wi Emamgled hetic universal priners. (Gene 19:259-268).

The first clone (pskahdhusk)ise nl ATRAS b 2@Giefdone SHEAyepaatediad 0

times. The se 7- i > CEe.. . .

51- GAAGAAGAG( %ﬁﬁ"%@%a : 3;5@92%%%@%“%%@%? hGpine shigmucleqtide yeed.

the one déf9cr PEesere 1 NExERPIEERes endh dfepoqusice 1 23 QU8B upl ed to the

ol i gonuel eot i BEBGOGACECTTUNTCICUTTCFIERICIND: 8 (SEQ ID NO 1), is

used. The pliaswires RALiR#hR LahplE 2L i Bowl:  €peats of the sequence

GAA. The ol i gonucl eot.i de.de j a i contains only 7

repeats of the corcguténﬁ%bﬁlg?rhgfyyx%%dﬁ?’g‘gmﬁ%ggence CI T, can hence

hybridize with t h&uirashsd H Hpnogmpe.i5df el PBé8i ti ons. Plasnid

pXL2727- 2151 n contBu&sB; 0.pbSsesEsesMa=80inor i di zi ng sequence (GAA),

(SEQ 1D NG 36) o ' oI gl .
frhéé&ﬁmﬁ@%féd‘%ﬁr% &3 “ﬁv{?ée 1, m%%%%ngliﬁg%gl d§hd & Siling ,

bound to _the %%I u%. Thi s ol 1 gonucl eot | can ) Ize at 0
one position BHEPXIEPHH ! 5D istigpangled i the ralpn qod 1eft fs At miguigs atrepmytempergiig. The
descri bed in ®@kenmiveshdd thgg tines inlwecebaiin Woing migpf buffef g theBurfilfo@bufffr:B. The
MNaCl , 0.2 M agshatBde iPdhsbovdd coBlifiyab mEeondnn Mrc;ﬁéﬁ ScoiEling Pie o idokda b4
EDTA. 20  4°Cin PBS, 0.1 % NaN;, and may be used at least four times.
The following two oligonucleotides were synthesized: oligonucleotide 4817:
S-GATCCGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAA
GAAGAAGG-3' (SEQID NO: 13) and oligonucleotide 4818 5-AATTCCTTCTT
CTTCITCITCTTCTTICTTCTTICTTCTICTTCTTCTICTTCTTCTTCG-3' (SEQ ID NO: 14)

25 These oligonucleotides, when hybridized and cloned intc a plasmid, introduce a

homopurine-homopyrimidine sequence (GAA);; (SEQ ID NO: 15) info the corresponding plasmid, as
described above,



50 The purification yield is 29%w th plasm d pXL27274 and 19% w t h
pXL2727- 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 plasmid is diluted in 150 ruM NaCl and m xed
with the |ipofectant RPR115335. A |lipofectant positive charges/ DNA
negative charges ratio equal to 6-is 5 wuséd. The m xture is
vortexed, left for ten mnutes at roomtenperature, dlluted in.

medi tlin wthout fTQ‘Je &«?uencg %Jesp%{ng Q;'ﬂ?eglngg %de%%\%{eggnu% (f)ongeg % c oned ats tP Igu}%)}?e

proportion of

10 % vol une/ v8P%§"8f°f ff’é?é‘f“alPBéﬁT f(S%EF?PWF?"e%&m &ﬁdlo%g% é?‘lmcé cayFigs an
i ncubat ed f or argfillousistegcegene3 T thisrend, e ofigoeskenid® atfhyhridiedih @R owild@anner:

cells are vvasaqut,m&@twwoﬁghmaa%deae piaa@togémﬁl% ﬁ:?(%a%ﬁllbﬁe{'éégkr%m 50 mM

measured agco e descr r one

Cor p. Madi gon% S\W 1&94118 MH/I ’r‘nacl?’s 1!‘ %50 &”(PE@‘ étrf&‘méempmﬁ“‘e
Bert hd d, Evr ii’)that thpfegpgr %FTF%XI?WZ Tenng Oﬁﬁrﬁ mfx;ueed)f aeridies @hgomldonﬂqa are ligated
Exanpl e 8.2, @ihm®e ng srphshie RK B Systagdnd Slohikd GRerd S aiaGR) Qﬁ@gamm and

obtained wt AR I I r ki t
(Pronega Cor:c:E %ﬁ%l sonnaP mm%o&% qh{%%ﬁ%%kf di‘ngq?ﬁ%vﬁ’ NF%‘B’F xttares
denonst rat es ThESHLPT £F Eaf’f“id’(’jﬁ SB‘T?IGBEE%‘ VH‘@r"P&B‘é‘H‘I‘ ﬁ‘h@&(ﬂo@ spln@0 me/1). The
tripl e- hel® x- mdofabipdnt glonehshowd tientpy ap asence bl isuetcalohimtioh 6@ hishRsiub 0Rras o W
to renove- nUCAaEehthzaéﬁﬁ @)BK@Q”}H:&%%@ Sco @éﬁ&{a&dzl'o%b@éae&%ﬁéf FIRA YL r T

and RNA) down, to een ac ved w th convent ! onal
chr omat ogr aph}}\/érm ’”mﬁar 3%0’}0\0 5"5‘?%§A§fllfll Ra &6%? Plaxsg feisepaaere §f PhEsd
Sephacryl 8- 159@)&90&8@%%%#@%%&@ﬁﬁexﬁeaof@ﬁ%e@Id)an REreascig mplxglar weight of the
chr omat ogr aphws-sEiviil ¥and Sejpirag i mulipl QRfnd se. f bleSlondis Tsdxe\ér@& &£d th\éﬂc&}%spondmg

sodi umin 14 erﬂlagrgiﬁt ges%;% eﬁ%ﬂjsgf ml‘ltxeeg&gxgc{ Q%l}érclfe g venp gd %fl eﬂxerfcigl;? 8sm§hpr11rter -20

acetate (pI i
5 -NLI2 ter m<ﬁ§FAﬁﬁ?%‘E‘§P%A£1T8e"ﬁS$8@ T9NG 6’1@% %eﬁnéétM‘?Fﬁ%ged”ﬁatW 2Ugy
reductive ampﬁvamﬂsonﬂ|w3mhkdepveé§mefoofmse:s®omﬂmgmeac iagh fiuerdhde Bith synthetxc

descri bed pr Qllﬂ-v@édﬁﬂr%elfs Obent,N@, 2@926@ ﬂo}_}gasﬁlﬁl pﬂﬁ,‘ﬂ-t(gt!ra&%ené HQ ¥ten§tLa Aiia CA

| munol . ri | onueleot| e
used for thets}g exp %{?%gn%ﬁst%mgf% tEur J;ﬁf?%{%fep L CPP-edgdisAn dVi
sequence bhi @frordise é"o%f"éﬂ’éﬁftf%?m%“éaﬁams ﬁbﬁs plaspdd BRA pl!maﬂmpmrslusﬁé Deguehs e
(5" AAGAAAAAAAAGRSE Bloyv. (SFQ | D NO, 10) present in the origin of
replication (OI’I-BlaSlglfd sRERR e .
Ther apy, 1999, £, 1 ﬁl;di%s% &°g|§lg}clﬁ§ge%”@6{’)‘%%d%ﬁ°tg§“ %ﬁ%%ﬁs‘%?’eﬁ‘ﬁe
homopyr i mi di Ad” 6% ySRtrrkeorEans BespdpSH 1 1111 TTCTT-3' (SEQ I D NO
11). 30The f@#@ﬁﬁfﬁgﬂdpﬂl@enw@w@rmeehﬁﬁmmt ogr aphed: pX13296 (pCOR

Wi th no tasansgeneaufi2d FO2 kfxak), 0 pMa3llIp POR- FGF, 2.4 kpb), 013579
(pCOR- VEGFB, 2.5 3.7 kbp), pXL3227
(pOOR-1acZ 5. 4 kfé‘ Bk Idﬁé}fggé’r"“%%%?ﬁeted WIil. 6.6 kbp). Al
these plasmids ar i?ﬁ’ff?’fsl"@ﬂ’e‘bvmt OHTeS - e BRlFTEISS (2R PRYFakEAh I s of
steps from cpeiss+ ik 408 at @ syifeol tadiappicl tate sa hidimtbated fob X BiR ltodh terflematrd d
pBKS+ (pal Ue?fﬁ‘erdo%nlslwéﬁgd'{imﬁ & H gguﬁirqﬁg&@%ﬂxuen% Mcta{ded off tﬁ%&grE The
pIasmd,sBurlflddmdtee\éa# {u ntrif ?tlonln 'S all t udi ed.
Al plasi dsP{ise it nErEre 1?3?‘?5’05 é’ﬁla“(s%g%%nd"%h’q‘“&bg?‘%}ﬁ Séaﬁ‘lmgstTéﬁte
or form propoytien albplaginis writet PR fLestinfaied bit iheaswriagiper transfienipg 360ty pg Eof
plasmd DNA igi. 6 i of 2 M NaCl, 0.2 M potassi um acet ate (pH 5.0) is

| oaded at a fl owgf, ! an af fi ol co co |n|n

t he above- nenti one EL%Boiﬁ%on‘t%?m?cm Con%‘mngs% %@%&55\%3 %W %ﬁ?‘b
NO 11). Aft &ragasi r{g"ftPWe%@df §ERereRict e (5*‘% Puipe Shecppurity, w&mgfaw twnr raffo,
bound plasrnid is eluted with 1 MTris. /Het, 0.5 nM EDTA (pH 9.0)
and quantitated by UV (260 urn) and ion- exchange chr omat ogr aphy with
a MIlipore Gen-Pak colum (tvfarquet et al., BioPhartn, 1995, 1
26-37). Plasmd recoveries in the fraction collected are 207 pg for

bt




(T*CC in this case) results in a conplete destabilization of the
triplex structure. Ma control, no plasnild binding (<l vg) was
observed when pXL3179 is chrornatographed on a bl ank col um

synt hesi zed under strictly simlar conditions but wthout

ol i gonucl eotide. By operating this affinity purification colum in
the conditions reported here, the |evel @b 20 contam nati on by host
genom ¢ DNA was reduced from 16 %down to 0.07 %for a preparation of
pXL3296. Sim | le.,Of i

From 0. 5% dowr 1 o8 OOBY T8 renh e aa-ap el it s ot RAURER,
i s chromat ogréfbsrf%eﬁﬂ ‘through the sane affinity coI um. Exarrpl e 13
25The foll owi ng exanpl e denonstrates the purification of

Col El - deri ved gpimdsidd ds using triple-helix affinity chromatography.

(parti oul atly oot yRne B i el R F RGP rCARRET BT oy
been achi eved it #° E‘%iﬁk?éﬁ?“ffﬁfﬁ%ﬂ as Ry indirreRihdy If?éfhh Gamling, the oligonuclentide is
triplex affininbyifigiet thd Sens yith nesing gohpbiyikes Uil phdihate bf twi3paddr b RtCloRahihde

havi ng the Se%%%nﬁ%o@kéﬁ@%en@clegﬁd;&; l__gl: i AT Q’elg(lé%@’fisx%d%gﬁ%)l%%& using

peri odat e- oxi hacr

Exanpl e e éf?édt gﬁ’éﬁ?&ﬁ?ﬁ%a ‘%B’Cg‘?d’ﬁﬁnt‘%gﬁ%Or?‘Pgatﬁg’@é‘ﬁ%l)e“a{??amﬁﬁ?@om
Col El -der|19edTbﬂba§9ﬁ‘Hedﬂafh‘éeW1mftm@M/piaed on a 1-nm col um

cont ai ni ng ol i gonuakest d-derNaCE E}“Eﬂefa&etale gHdsdsl CCT-3 (SEQ ID NO 9) in

condi tions descri %%Her nlﬁxlgggb%% g recoveries in the fraction

collected are 175 pg for pX13296. This

i ndi cates that ol i'§ fb‘i‘flh‘@f‘@d‘iaﬁh “’1@6#Wffwﬁ@fp{a%@wwu@}mwM’
makes st abl e btfbioffr &xre gu applied rogke colutunark] freubeied ol 2eHa@nét &doyt thidertf@E. The column
sequence (§' A@%&é\&% % & Burebr FER ThadiorNOthes barili SHERE auﬂer&B@e RBthnd is

not with the ver ose t sequence (5'-
(SEQ I D NO 3%}“%"’&3 me%s‘“ynﬁ %E%éfmﬁ‘ﬁi%é Phdi cates that 5t he

i ntroduction of alshipgiaepindndiesin omiicdaht it 7 puslfer hGeAlaiity with respedt soshaC! vreiss
result in conpéeet @ 2destmbil TEahulifaion et BRrebstd WHkLke Sd14#CE Nsc& falIEXIﬁEfﬁk &

14 A seed cul ély%&la%%u@&ng&t% %ﬁ%‘c{gm?ﬂexﬁe g@{&%ﬁ%s f gosxlu%{a

followngé’re rkin ceI
Er | enneyef? f | 58 RV HGPhy %ﬁﬁ&@s elpfiop s catiedpuswlip *?ué"fréowsww
The strain i sbootel tH Y86 e BATA220 ipill in a rotary shaker at 37 1C

for about 18 Co%plﬁ@lﬂ{e%hgﬁﬁﬁdlelomﬁ ﬂ%@%@cﬁ@ﬁ’éﬁdﬁ@wéﬁﬂb@r §* Qe PNbN1HA, 4R0
m seed cultur Thcemg "t)llltcal %X"}‘“I kﬁ ﬁ":ﬁi %#%53 lﬁege te to be
A600 around 2% pr 6- cult rscé’ Pt TERNEAT 6P SPUTHE ot Bat'dad
The seed cul tl\ﬁ?gépf?l’é‘ﬁé%@fftéﬁ% IWdWanﬁ‘é?rﬁlwo sugplitds rgspramepéatione khe puffers
cont ai ni nz6 WSRmCBS exaple st Diidagure a seed rate of 02% (v/v) and

cultivated under glgfepglﬁmgg@ @th;lgcg&itggHsThe p02 is mmintai ned above
40% of saturation, The est ed when the glucose is

consuned after 16° ‘fﬁﬁiﬁsﬁwﬁc‘i‘ﬁ‘%mﬁéglﬂst@“?ﬁ“about 30 liters of
pre-culture. The Bptoloel is dehedivitys of oftkfler I uld 100 @ of slaseridp&C 2568idited a0 pl

]{%5( r) ?r ound o2buBfer Frd TBn Bpplisdl o 6 @lubnS add R bated ﬁ@&n@ﬁbu} A roBm %ﬁzﬁ&ﬁ?e The coloran
er ment ory ure are aseptic ransferred to
a fermentor f|+ﬁs£e§vv§[hﬁ}f f%&?é%r%ﬁ% efi T ‘%z“gﬁ‘*%ﬁ%déz RS RE ggomic
ensure a seed’ FEIRSYFRL EHgh PNAGugsen inthe PlaFﬁ@ septies (ppflare jard afiprapessesy thopyelnthe
bat ch node t olifpuideoids coiembi or@mss. THH yoaseON /LR dianfied b ERakibOeineR aandie
initial sugarg su€ s URRGRS &l RRAME pBiolPUSseqARE 8F h@Dprinlslid dek

p02 (40%, Irg) %1_&51 % %n?elgés £ tog sgnd ucos%m%é"é ‘lgerfg&grb}é
control | ed i n-orde t<Nu GINPRTS S{}e]égl]r}lé growth rate close to
0.09114. The culture is ended after about 35 hours of feeding. This
results in about 400



25liters of culture. The optical density of the culture is expected
to be A500 of about 100. A fast separation step is perforned,
which is called cell harvest. The biomass is harvested with a disk
stack centrifuge. The broth is concentrated 3- to 4-fold to elimnate
t he spent culture medium and continuously resuspended in 400 liters
of sterile Si buffer. This results in ab®But 500 |iters of

precondi ti oned bi omass. DCW25 5 g/L. 30A second separation step is
perforned, whiehcisrc@riced @acc@msmt A@th@m gkem NAfirer

resuspensi on/ hggt&%n CQM&T% T&eﬁg‘g#ﬁc%)e processed

agai n with the Separator yi el conce rate This results
in about 60- sﬁwwaﬁ@r@%\ﬂm ﬁﬁ‘é?ﬁ@‘d nyhg ChA et drawees Wﬁ?”? \harpgryipres): 1.5l
30 giL ; pDNAMBOD 0.2604 @XWPL(Pharn®3a, Orsay); 0.5:M preZ 20 J/ns Tefpolysertsh Gomega). The
per f or med. 5 Thg,.gduf e}fodn@ag&ﬁg,%goq&lsg%gmgé spatched into 20-L Fl exboynf
bags (filled to 509 eir capacity) and subsequently frozen at -20
5C belts e further Wtream processing. This results in a frozen

bi omass. pDNA = 308 cyé® of§sdc at 5% upercoiled form> 95 % A cel |

thawi ng step is than perf aosedisothe frozen bags are warnmed up to 20C
and the cell 5 slurry is dﬂr%&ﬁ%lto 40 g(L, pH 8.0 with 100 M Tris
hydr ochl oride, 10 niM EDTA gl ucose and the suspension is |eft
at 20 2 ®for 1 hOFREGgitation before cell lysis. This results in
t hawed bi onmasEkre shplified/ DN Faphef 124Ttesvpeirsat lorgdss apzmtm dy 28Gomrersisloe 3 Gs@etose

flurl ng thl s sgeﬁptheﬁrase@ée%ﬁé btRoed N(Mo}%cm%} Bbbed, Budeld § Aa%é &Mq‘@gnﬁel BErefofhd:
ysis step is ¢ ri se ut suspensi on
vi a an|r1llngmﬁﬁggwgﬁqﬁf%§ﬁs ?ﬁ%%%$§FWW% )roNISDS
(solution S2), followed by a continuous contact step in a coiled
tubi ng. Tie aashhiesous cont act step is to ensure conplete cell lysis

and denaturation ﬁ{, &W@mﬂ n W;&; f}{ﬁ];\hahcl%{)%%yc? ctgrtal &M\%:gq;n

cells is mxed in-line wt tlon pot assi'um

acet at e- 2 ‘N deetic! e%lc‘imﬂlprebéf:%‘?' 8- ¢8| &% PYgiEnt i of fﬁﬁsﬁéﬂa‘nédi"i‘aé’é’@dmmd
vessel . The a&#236p ancofifigsl atiite pell83s rwpeidedsn 106 1t $f60 pMeghicpe, LAMMONs-ELL a -

genom ¢ DNA, RN&{ Eﬁmtz%b p;s)f 8t NaORS.- % sps o addda Itmseamfmk&ea @)tan Rsg ,§

per f or med, nex neut r i.nc |
for 2t Od?iﬁ EB Mt;ﬁ) fum aceta? I one %%n da@%eg fﬂ{dzf%e éu&es aﬁeru(l)vexlt']ea mté, %tter centhu aon,
filter to | mpw@ntbﬁfek""ﬁ?d Wé@iﬂﬁﬁuwatt@doilﬁw@eﬁldalwlm G‘éa“ﬁﬁ aﬂ‘s@ymbed in
fol |l owed by @&xabgptih Birding, adhésand diodad ibaitianghbsk bdstritd iDRxampleP . ApPidkifately

results in al(ug%fﬁz\shx% s LY RALLrontM 4 &cﬁ%CQ@ﬂiQ&u'd%&m% aatf&d oy %'Jn%gge}
plasm d of noje t ?\3 20Ani on exch %{ngtﬁ hrorrat hy 1S th
performed. TH Ct???*é)ﬁf’?‘s ghifim ERPIE SReE ket B * %a‘ﬁﬁ’flsf‘ﬁeﬁ e@\é{r@f’“
to a targét ddddotiseiof jishredlagdar ofigB (chremSbnat) DNA ¢rioe Rl is tiégopbigin thy plesmid
doubl e- | ayer plidded 8 thif Bethadn- 0. 8 pm) and | oaded onto an ani on-exchange
chromat ogr aphy colum. A 300-ram col um packed with 11.0 L

Fract ogekg) TMAE H Cap (M resin (Mercic; #1.10316.5000) is used. The

cl ear |ysateExamulgfded onto the colum and elution is perforned using
a step gradi ent cifhisNadGiple dERabelbllpkisnod DA pirtititing ppsinRE dadeneht trderttheesame

colum ar® elgh@chs\W mmae B:'%@unéﬁ%:ﬁlid 1 BeloteRHP Qithre SADIR/ sC4Ms cﬁa@zq“n%mid

pl asmd is el sol ut

results in aﬁgf’zg% %Eﬁgﬁég?gﬁ?kg}fﬁt%b?%% é‘?"ﬁé{’c Seh?%éjrp%}l t’aﬁs 10 mM
concent r at i oFDHA- Pisiabteniied opikh 2 mi of 02FHNaOH, 5%SHE.| apdwsefrapisptiqnwiith f-gsel of 3 M
aL finity chr Qéfﬁiﬁlgﬁoaﬂﬂ){ﬁ sThe: miaaten ;frarc@mre‘dh@a ARl TN-pRFLRSAEGBe peliet is taken
chr omat ogr ap t n
of 500 rrtM ts]% ?&nﬁggg%%gﬁsg&%gﬁa%%s ? cont a?%f&régl}rgg%é?\l}%%mamﬁégc‘#{lw
punped through a triplex affinity chromatography col unm equili brated
with 50 i nM sodi um acetate (pH 4.5) containing 2 MNaCl. The col um
is 300 nmin dianeter and contains 10.0 L of THAC Sephacryl TM 5- 1000
gel (Anmersharn Biosciences; Piscataway, N. H The colum is washed




NVIFCE is eluted with 100 in/vt Tris (pH 9.0) containing 0.5 nM EDTA.
This results in a triplex affinity chromatography eluate having a

hi gh pl asm d concentrati on. A hydr ophobi c interaction

chromat ography step follows. The eluate of the affinity

chromat ography colum is diluted with 3.6 volunmes of a solution of
3.8 Mamoniumsulfate in Tris 5 (pH 8.4§J. After filtration through
a 0.45 urn filter, the filtrate is |oaded at 60 cruth onto a

hydr ophobi ¢ i %tﬁr'fe@gst aegﬂbeggi tWBovk @kmt @rndémagm Mﬁ& mdtemm% ot rriGf

Toyopear| e But eS| n, T

colum i s wasﬁ‘}élﬁs n§hol BT ’ﬁamB exc fr‘ﬁ um %Sg‘f‘&‘ff%’, ¢ m%‘dtﬁt yhigh with
mS/ cm and Nv1Fé®Ect|t%Naé1 0 ﬂ‘ecpl*ﬁﬁalﬁﬁ’efﬁ?eé’rﬁ’%?dfbatﬁ@maﬁt gebergirapisesifpnd e dipm
results i n anvdad&aatisy, fake Ehe Gmrof h sigdbahd 6MBuperdAAC Giavhieki INGA.t No @ace of high
pr eferred § rrbglgl fveizgha(clgr&ﬁgsgx%{ ]Zgl'é\aofr Ioi1 ﬁl@f?‘fs 'dQQ:taﬁg ﬁghe pﬁnff%g" E)Itisﬂﬁdn%ggesno of

St andard, commercia l'tration terrals are sult
for use in thfe p’ﬁ?‘%?:éfg%a rAEEs arHY %‘6"‘5 SpRadrd 4 g’ﬁﬁ’fﬂe?ﬁ‘ﬁe‘%" ﬁ?‘ﬁ?ﬁv@f?’%"h"f 5
the art. A prigfobasesedheilearhifl ic¢nfaint b oasetieetoniouing the aombgalotimaprponterus sagp @ding

ultrafiltrati gproREY a0ee mﬁﬂdpm&e-ﬁonmr ebquiied @ilbx)&@b@fri) N(ﬁli) f&ﬁgmatmg
range of 30, 08 Om %T?sfngd\%gl,%gg’ ”%a mrf)gi!l Kﬂﬁna{] . & L]e n%é)acgr{ta%{x th: %asrmlxs Ctslltufeﬁ G

of dialithatiof er e concerr ron’is

per f or med 10 157"11W“@¢t%aﬁé18€1‘13’5§? Bpprepged; %Omc?@?\ gant 9f &%Dedhea:eﬂ petds plsp go W
tangential f | s 625 tavaTrispgH € sye0maranecse U0 mBf ENTA3M vikloa) liked of0.2 MINGEH, 1 %
concentrati onggf ,abQuh Zme ke 3- &mbﬁmmg he &n%”&%ﬂf 50@325%31 a%eé?t&'f TRk

exchanged by d| afiltratjon at constant vol une wth vol unes

saline and adfHread tfo™ ﬁfgthfsalfsﬁfétmp PRES B %3n‘81eﬁ’fffa§f“ﬁ8 rPORFPR WO‘?éfﬁltﬁéhe
The NV1FGF cosiigemtieotide of seqiegceCaf4CFERTEGTETTOM CHETEHI o (SEQ 2 NQt 12800rdingn
of sanpl ess5 Of 1 GRACBE dedthibed i WL, SWshibd AR clinfon brk kdn@41 86 af HEALEIN Be o
pm capsul e fléter and stored in 20 containers in a cold roomat 2-8C
until further pr%cesm ng. This yields a purified concentrate with a
pl asm d DNA concentration of supercoiled plastnid is around 70% 75%
80% 85% 90%xaBbRy and preferably 99% The overall plasmd recovery

With this processyis e)éltnpll: Q&SHbes3RY" ste%@%q fgéx(&:leéﬁe/ %eagé(y&eﬂggtéa cﬁér@s 7956
and 80% g}g(h an avera e recover Exanpl e 15 The nhet hod of

the above®ExafiprEe ¥ 5"%‘%‘6‘%‘1‘?‘3 I?)‘ﬁfoé’f%‘ﬁslﬁange chr omat ogr aphy ( AEC)

step, a tripl2-HEGSCTAICTHTIEN “CRF GRER GYTAIhY-> STRIDNPHAT) , and a

hydr ophobi ¢ chr onmeiog@izaRhbt&t Rieskd BONHL g}slaplat SheisNend MQI-L5 &btﬁ;lkfyto@ﬁls This

pl asm d DNA pr acrle%l e egabﬁ %%1%@%5%‘69 tfyv!a Ee%evéeogxs loééd;‘t(xonn(s?mﬁlix mpleq x'tﬁ
en (0] dv as

Thi s new net ho pre I ous nown net
resulted in mgwe‘pﬂfé%é@&ﬁ‘@ﬁéegﬁ%@%t ‘qlb%?by%ﬁm)s of genomic
DNA, RNA 2frotein, and endotoxin. This is reflected in Figure 3.

These experi nghlseghow that AEC, TEIAC and WC prOV| de a surprisingly

hi gher purificati |eId co th so e

co?rbl nalto i ons for @ aé’?\fegéﬁfqug%}eeﬁg‘{?%% 5 st s i a%ﬁ?eggnai end with o
Conbi nat i on gfning H@S@lnéﬂzdé@@e progpbiteigrongheh @mcogw@wbpm&%rm{ﬁﬁzk- In this
efficacy of sepaiahéanneQhouplsasil b EINPoshiRIGr Bt hekmikil eldagbueRbn #9 bekaindly S
and cont agy ”%9%&@%&? 1@3_-( ZP,E %'f%mfr?%‘ag m%%ﬂ&%%%% '}Jésaﬁe?%m@gl%e%mar%

DNA, as wel | pen circ nergl stic

st eps conbi naft“’l“?f*n"“t fs ‘é"s‘mb"ﬂE’CP\‘RﬁP\?\é Wecordrng 2y I‘faﬁle 05N ggstie PR Jantiisn
enabl es not o@hgopudegtidepkigs i pdasiigdio avp betief fudbatiph aieldn e 611%6iyEEl id gptagped ehbereas,

plasm d DNA, B tinedkiSBuckOiP 83lakin® B Sarh aBhg MisWicRUE & 1@Nelief dtlad ¥ under the same
supescoi |l ed, of fore than 80% 85% 90% 95% and nore than 99%

pl asnti d DNA. rgt




Exanpl e 16 The net hod of the above Exanple, which conprises
an ion-exchange chromat ography step, a triple helix affinity
chromat ogr aphy step, and a hydrophobic chromatography step for the
preparation of highly purified plasm d DNA preparation is conpared to
previ ously known nethods. As shown in 10 Figure 4, the method
according to the present invention surprisjihgly results in pDNA
preparations having nmuch | ower anmounts of genornic DNA, RNA, protein,
and endotoxin, in the range of the subppm Also, as shown in Figure
4, the process of the present invention shows a product quality
obt ai ned at uE&QQE_Og 56 Exanple 17 The diafiltration step

as described in {SQJ:,E tﬂe4c1$n§1g P Jﬁg?rﬁ?cﬂbeﬁ%%gﬁ ELQ:«:%S‘%J:QM g%"’%n% carrying

condi tions: bwffer
t he best condlr*)fn%ﬁge-@mpmdm S'?q}“‘l"ﬁes afoCiO?ngcteén bt eyt PR ST cgtains the

agai nst 1255 sequedd (@GA)G] (GF®RE B0: Pand the plashid sXUACH, which Qonmivk ia Glqpen@HGA),;
7.4 (named bukggfpko.2pand iv) Performa second diafiltration of the

retentatefromst b ai

sal i ne exci pi ent ?%ﬁ‘i} H%E%\ésd"ég)&%p% 2“"1"]5%?% ?P@P%ﬁ%ﬁg%geﬁ“ﬁlft?ﬁcéﬁ%ﬁo
st ep accor di ribe daping pirstepyrdessalet miEpsrepiet3i wine B¢ folloiingetigopuckeeiife pat:ensi vel y
renpves anmiiogsNnssehfai@a)300c bl Bxiensi vel y. Al so, subsequent to

this diaf gd L;ﬁggafngn?ﬁﬁ%qc?lﬁq}@ gﬁpfqb%fot arget NaCl concentrati ;)2114

around 15 centrat n between 400 pM and |

are obt ai ned. 59@3%@%?”1@‘?%%@@% #8rmul ati ons conpositions are
provided in tshe: FaAB(@ helss (SERM Fadse 6 Speci es Fi nal
concentration 1 fHeafidohtcRbdde Bair Baetind@bdsh tshuitds kPRnshed: bidnid PRLTIBEGL U dnzhe

| ngr edi ent A%ﬂucllleotl ue!t ]:‘.h%% achEcoRI sites of pBKS+ (Stratagene Cloning System, La Jolla CA),
15  while the oligonucleotides 5981 and 5982 are used for the construction of plasmid pX1.2725. The same

experimental conditions as for the construction of plasmid pXL2563 are used, and only the

oligonucleotide pairs are changed. Similarly, the cloned sequences are verified by sequencing on the

plasmids. This enabled it to be seen that plasmid pXI.2725 possesses a modification relative to the

expected sequence: instead of the sequence GGA repeated 17 times, there is GGAGA(GGA)s (SEQ

20 IDNO:26).

Example 10
The oligonucieotides forming triple helices with these homopurine sequences are coupled io

HiTrap columns according to the technique described in Example 1.1. The oligonucleotide of sequence
25 ~AATGCCTCCTCCTCCTCCTCCTCCT-3' (SEQ ID NO: 27) is used for the purification of plasmid
pX1.2725, and the oligonucleotide of sequence
5-AGTGCTCTCTCTCTCTCTCTCTCTCT-3' (SEQ ID NO: 28) is used for the purification of plasmid
pXL2726.
The two columns thereby obtained enabled the corresponding plasmids to be purified according
30  to the technique described in Example 2, with the following buffers: -
Buffer F: 2 M NaCl, 0.2 M acetate, pH 4.5.
Buffer E: 1 M Tris-HCL, pH 9, 0.5 mM EDTA.
The yields obtained are 23 % and 31 % for pXL.2725 and pX1L.2726, respectively.
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The reporter gene used in these experiments to demonsirate the activity of the compositions of
the invention is the gene coding for luciferase (Luc).

The plasmid pX1.2621 contains a cassette containing the 661-bp cytomegalovirus (CMV)
promoter cloned upstream of the gene coding for Iuciferase, at the Miul and HindIlI sites, into the
vector pGL basic Vector (Promega Corp., Madison, WI). This plasmid is constructed using standard
techniques of molecular biology.

The plasmids pX1.2727-1 and pX1.2727-2 are constructed in the following manner:

Two micrograms of plasmid pXL2621 were linearized with BamHI; the enzyme was
inactivated by treatment for 10 min at 65°C; at the same time, the oligonucleotides 6006 and 6008 are
hybridized as described for the construction of plasmid pX1.2563.

6006: 5-GATCT(GAA),CTGCAGATCT-3' (SEQ ID NO: 29)
6008: 5-GATCAGATCTGCAG(TTC)rA-3' (SEQ ID NO: 30).

This hybridization mixiure is cloned af the BamHI ends of plasmid pXI.2621 and, after
transformation into DH50, recombinant clones are identified by Pstl enzymatic restriction analysis,
since the ‘oligonucleotides introduce a Pstl site. Two clones aré selected, and the nucleotide sequence of
the cloned fragment is verified using the primer (6282, -~ACAGTCATAAGTGCGGCGACG-3' (SEQ.
ID NO: 31)) as a sequencing reaction primer (Viera I. and J. Messing, 1982). The pUC plasmids an
M13mp7-derived system for insertion mutagenesis and sequencing with synthetic universal primers.

{Gene 19:259-268).
The first clone (pXL2727-1) contains the sequence GAA repeated 10 fimes. The second

‘ (pX1.2727-2) contains the sequence 5-GAAGAAGAG(GAA),GGAAGAGAA-3' (SEQ ID NO: 32).

25

30

A column such as the one described in Example 3, and which is coupled to the oligonucleotide
“GAGGCTTCTTCTTCTTCTTCTTCTT-3' (SEQ ID NO: 1), is used.

The plasmid pX1.2727-1 carries 14 repeats of the sequence GAA. The oligonuclectide
described above, which contains only 7 repeats of the corresponding hybridization sequence CTT, can
hence hybridize with the plasmid at 8 different positions. Plasmid pXL2727-2, in contrast, possesses a
hybridizing sequence (GAA); (SEQ ID NO: 36) of the same length as that of the oligonucleotide bound
to the column. This oligonucleotide can hence hybridize at only one position on pX1.2727-2.

The experiment is ideptical to the one described in Example 4, with the following buffers:

Buffer F: 2 M NaCl, 0.2 M acetate, pH 4.5,

Buffer E: IM Tris-HCl, pH 9, 0.5 mM EDTA.
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T*GC in this case) resultsin a compl ete destabﬂlzatxon of the triplex structure.
As a control, no plasmid binding (< 1 ug) was observed when pX1L3179 is chromatographed on

cont am nat i on

a blank column synthesized under strictly similar conditions but without oligonucleotide.
By operating this affinity purification cclumn 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
pX1.3296. 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 demonsirates the purification of ColEl-derived plasmids using

iriple-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-TCTTITTTTTCCT-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-ml colunn containing oligonucleotide 5~TCTTTTTTTCCT-3' (SEQ ID NC:

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



8. The method of claim1l1l, wherein the conposition has |ess than about
0.1 Eli/nmg endotoxin. 9. The nethod of claim7, wherein the
conposition has | ess than about 0.1 EU ng endot oxin. 2510. The net hod
of claiml or 2 , wherein the conposition has |ess than or about 0.1
Eli/mg endoroxin, |less than or about 0.00008% host cell protein
contam nant, |ess than or about 0.00008%3%0st cell RNA contam nant,
and | ess than or about 0. 00008% host cell genom c DNA cont am nant.
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transfer i n{fg gat&)g%lr d stirring. The pO, is mgntau}gd above 40% of saturation. The Pullture 18 harves when

the glucose is consumed after 16 hours. This results in about 30 liters of pre-culture. The opiical

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 culiure 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 Agg 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 =25%5 g/L.

30 A second separation step is performed, which is called a conceniration step. After
resuspension/homogenization in S1 buffer, the cells are processed again with the separator to yield
concentrated shurry, This results in about 60-80 liters of washed and concentrated slutry. DCW = 150
+ 30 /L. ; pDNA =300 + 60 mg/L.



21. The plasm d DNA conposition of claim19, further conprising a
pharmaceutically acceptabl e vehicle or excipient. 1522. The plastnid
DNA conposition of claim19, formulated for delivery by injection,

i ntravenous injection, intramuscular injection, intratunoral
injection, small particle bonbardnment, or topical application to a
tissue. 23.The plasm d DNA conposition df3 claim 19, wherein the
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1. 0 L Fractogel® TMAE HiCap (M) resin (Merck; #1.10316.5000) is used. The clear lysate is loaded
onto the column and elution is performed vsing 2 step gradient of NaCl. The bulk of contaminants
25  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 iriplex 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™ §-1000 gel (Amersham Biosciences; Piscataway, NI). The
colurmn is washed with a solution of 50 mM sodium acetate (pH 4.5) containing 1 M NaCl and
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conposi ti df conpr issraded essprtihran c@boinEy agurten dgfitigion step idfprfonfed. Standard,
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in one of cl afnﬁ‘ﬁb@eb@@g acla?ﬁsﬁlﬁrsw&'@t sl R ﬂ)@ﬁmﬁ%?féﬂﬁ%ﬁ QWP rerafipgs@cthe

ci rcul ar f or mpipdmédssive ChiDMNAp of diafilivation allows for buffer exchange and concentration is then performed.
15  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 adjusied to the target plasmid
concentration with saline. The NVIFGF concentration is calculated from the absorbance at 260 nm of
samples of concentrate. NVIFGF solution is filtered through 2 0.2 pm capsule filter and stored in

20  containers in a cold room at 2-8°C unti} further processing. This yields a purified concentrate with 2
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 %.

25 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 & more purified plasmid DNA preparation are compared with previously known methods.
This new method has been compared to previously known methods and has resulted in pDNA
30  preparations baving much lower amounis of genomic DNA, RNA, protein, and endotoxin. This is
reflected in Figore 3. These experiments show that ARC, 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 biclogical materials and contaminants, such as protein and endotoxin, RNA



42. The nethod of any one of clainms 1 to 18, farther conprising a
step of sterile filtration, fornulation and filling of vials wth the
purified plasmd DNA. 43. A vial of purified plasm d DNA obtai ned by
the method of claim42. 62 44. A vial of claim43, wherein the
purified plasmd DNA is a plasm d designated NVIFG-. 45. The net hod
according to any one of clainms 1 to 18, wherein one or nore of the
chromat ography steps is perfornmed on a solid support conprising any
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support. 46. nbhehan®ih 6t 206 05% krndghote@an BSs Aeidaingcl ains | to 18 or 24
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conti nuous bed¥%&ifat ography, fast protein liquid chronatography, or
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<151> 2004- 09 hdvibg bG0owoBnditt BG:S1000NA] B, 2@ afdiendb®xis, b B> raded of the sub-
ppm. Also, as shown in Figure 4, the process of the present invention shows a product quality obtained
at up to 10g.



<170> Patent:En version 3.2 <210> 1 <211> 25 <212> DNA <213>
Artificial <220> <223> Synthetic digonucl eotide <400> 1 gaggcttctt
cttcttettc ttctt25 <210> 2 <211> 19 <212> DNA <213> Artificial <220>
<223> Synthetic oligonucl eotide <400> 2 aagggaggga ggagaggaal9 <210>
3 <211> 19 <212> DNA <213> Artifici al
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Example 17
The diafiliration step as described in Example 14 is performed according the following

conditions: buffer for step 2 and for step b were used to determine the best conditions for:
iit) a first diafiltration (step a) against 12.5 to 13.0 volumes of 50 mM Tris/HCI, 150 mM NaCl, pH
5 7.4 (named buffer I), and
iv) Perform a second diafiliration 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 diafiliration steps,
10  appropriate target NaCl concentration around 150 mM and final Tris concentration between 400 pM
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 <1luM <1uM
EDTA 4 uM <1luM <1uM
-
Tris 50 mM 1.48 mM 740 pM
NaCl 154 mM 154 mM 154 mM
15
Example 18

A technical batch of plasmid DNA NVIFGF API (active pharmaceutical ingredients) named

L.S06 is manufactured according to Example 13 with the diafiltration process step described in Example

20  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 pm filker and adjusted to 1 mg/mL. The final API (pH 7.24) was stored in a
Duran glass bottle at +5°C until DP manufacturing.
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A stability study was performed on samples of LS06 stored in Duran glass botiles (API) as well
as in 8-mlL vials used for Drug Product manufacturing. Afier 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 demonsirated that the stability profile of plasmid DNA NV1FGF is very stable in the
formulation of the present invention wherein the pH values is maintain af 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 consirued to Himit the scope of the invention. The skilled artisan readily
recognizes that many other embodiments are encompassed by the invention. All publications and
patenis cited in this disclosure are incorporated by reference in their entirety. To the extent the material
incorporated by reference coniradicts or is inconsistent with this specification, the specification will
supercede any such maierial. 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 confrary,
the numerical parameters are approximations and may vary depending upon the desired properties
sought to be obfained 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.



<220> <223> Synthetic oligonucl eotide <400> 5 cttcccgaag ggagaaaggl9
<210> 6 <211> 19 <212> DNA <213> Artificial <220> <223> synthetic

ol i gonucl enti de <400> 6 gaagggcttc cctctttccl9 <210> 7 <211> 13 <212>
DNA <213> Artificial <220> <223> Synthetic oligonucl eotide <400> 7

gaaaaaggaa gagl3 <210> 8
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WE CLAIM:

1. A method of preparing a pharmaceutical grade plasmid DNA composition comprising
providing a cell extract coptaining plasmid DNA, wherein the cells have been lysed through alkaline
Iysis and the cell membranes and genomic DNA has been removed by an initial extraction or filiration;
and thereafler performing at least two chromatography steps, one being a iriplex helix chromatography
step and the second selected from among anion exchange chromatography, gel pexmeation
chromatography, and hydrophobic interaction chromatography, wherein the composition prepared has
less than about 0.0001% host cell genomic DNA contamination.

2. The method of claim 1, wherein the at least two chromatography steps comprise three steps
performed in the following order: anion exchange chromatography, ftriple helix affinity
chromatography, and hydrophobic interaction chromatography.

3. The method of claim 1, wherein the first chromatography step performed is preceded by a lysate
filtration.

4. The method of claim 1, wherein the first chromatography step performed is preceded by

flocculate removal.
5. The method of claim 1, wherein the composition has less than about 0.0001% host cell RNA

contaminant. )

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

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 (.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.
12. The method of claim 2, wherein the composition has less than or about 0.00008% hast cell

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

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



3 Gc03001A SEQ LI STI NG <210> 11 <211> 14 <212> DNA <213> Artificial
<220> <223> synthetic nucl eotide <400> 11 ttcttttttt tcttld <210> 12
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58 <212> DNA <213> Artificial.
14. The method of claim 13, wherein the composition has less than or about 0.00002% host cell

RNA contaminant, and less than or about 0.00008% host cell genomic DNA contaminant.

15.  The method of claim 1 or 2, wherein the composition has less than or abeut 0.1 EU/mg
endotoxin, and less than or about 0.00002% host cell RNA contaminant,

16. The method of claim 1 or 2, wherein the composition has less than or about 0.1 BEU/mg
endotoxin, and less than or about-0.00005% host cell protein contaminant.

17. The method of claim 1 or 2, wherein the composition has not more than 0.00002% host cell
RNA contaminant, and not more than 0.00005% host cell protein contaminant.

18. The method of one of claims 1-17, which is amenable to scale-up for large-scale manufacture.
19. A plasmid DNA composition prepared by the method of any of claims 1-18.

20. The plasmid DNA composition of claim 19, further comprising at least one polymer for
improving plasmid DNA transfer into a cell.

21. The plasmid DNA composition of claim 19, further comprising a pharmaceutically acceptable
vehicle or excipient.

22. The plasmid DNA compositic;n of claim 19, formulated for delivery by injection, intravenous
injection, intramuscular injection, intratumoral injection, small particle bombardment, or topical
application to a fissue.

23. The plasmid DNA composﬁion of claim 19, wherein the plasmid DNA is substantially in the
form of supercoiled closed circle DNA.

24. A method for the large scale manufacturing of highly pure plasmid DNA, wherein plasmid-
containing host cells are lysed by alkaline lysis through a continuous laminar flow, the resulting exiract
is neutralized, and the plasmid DNA in the extract isolated by a first anion exchange chromatography
step, a triple helix affinity chromatography step, and followed by a hydrophobic interaction
chromatography step.

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, e)
performing a triple helix chromatography step, f) performing a hydrophobic interaction chromatography
step, and g) optionally performing a diafiltration 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 0.00008% host cell genomic

DNA contaminant.



<220> <223> Synthetic oligonucl eotide <400> 14 aattccttct tcttcttctt
cttcttcttc ttcttcttct tcttcttett cttcttcg58 <210> 15 <211> 51 <212>
DNA <213> Artificial <220> <223> Synthetic oligonucl eotide <400> 15
gaagaagaag aagaagaaga agaagaagaa gaaga gaag aagaagaaga abl <210> 16
<211> 17 <212> DNA <213> Artificial <220> 4

CCOB001A SEQ LI STI NG <223> Synthetic oligonucl eotide <400> 16

t gaccggcag caaaatgl7 <210> 17 <211> 27 <212> DNA <213> Artifici al
<220> 27.  The method of one of claims 24 to 27, further comprising a prior step of flocenlate removal by

passing the solution through a grid filter or through a depth filtration.
28. The method of any one of claims 24 to 27, further comprising a diafiltration step after the last
chromatography step.
5 29 The method of claim 28, wherein the diafiltration step results in an appropriate salt, buffer, and
pH values for a final composition useful in preparing a pharmaceutical composition.
30. A pharmaceutical grade plasmid DNA composition corprising sub-ppm (< 0.060001 %) host
cell gDNA, RNA, and protein contaminants.
31. A pharmaceutical grade plasmid DNA composition that is essentially free of detectable gDNA,
10 RNA, and protein contaminants.
32. A pharmaceutical grade plasmid DNA éomposition that is substantially free of detectable
bacterial host chromosomal DNA.
33. A pharmacentical grade plasmid DNA composition comprising less then about 0.01%, or less
than about 0.001%, or less than about 0.0001%, 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 Iess 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 contaminaunts.
37. A pharmaceutical grade plasmid DNA composition containing less than about 0.0001%, and
most preferably less than 0.00005% bost cell protein contaminants.
25 38 A pharmaceutical grade plasmid DNA composition that is subs{antially free of measurable
endotoxin contaminants.
7 39 A phaﬁnaceuﬁcal grade plasmid DNA composition comprisiﬁg less than’ 0.1 EU/mg endotoxins.
40. A pharmaceutical grade plasmid DNA composition as claimed in one of claims 30-39,
comprising plasmid DNA in substantially supercoiled form.
30 41. A pharmacentical 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 filtration,
formulation and filling of vials with the purified plasmid DNA.
43. A vial of purified plasmid DNA obtained by the method of claim 42.



<223> synt hetic oligonucl eoti de <400> 17 ccgaattctg gggaccaaag
cagtttc27 <210> 18 <211> 27 <212> DNA <213> Artificial <220> <223>
synthetic oiigonucl eotide <400> 18 ccaaycttca ctgttcacga cgggtgt27
<210> 19 <211> 25 <212> DNA <213> Artifjcial <220> <223> 5-net hyl
cytosi ne <400> 19 gaggcttctt cttcttcttt ttctt25 <210> 20 <211> 48
<212> DNA <213> Artificial <220> <223> Synthetic ol igonucl eotide

<400> 20 ggaggaggag gaggaggagg aggaggagga ggaggaggag gaggaggadd <210>
21 <211> 50 <212 DNAiak2didm 4Rpheichnite paliccsRRGEDNDR BptesGyl Pebibreted 10V IFGE.

ol i gonucl eoti de4s.  The method according to any one of claims 1 to 18, wherein one or more of the chromatography
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 derfvatised with

5  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
10  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. ’
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aattccctct ctctctctct ctctctct cEet@Etigbtiet ctctctctct ctctctcgb8
<210> 24 <2113 08 skeronDNA <213> Artificial <220> <223> synthetic
ollgonucleotlde <400> 24
0> Method Tor purifying plasmid DNA
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<210> 1

<211> 25

<212> DNA

<213> Artificial

<220> . )
<223> synthetic 0ligonucleotide

<400> 1
gaggcttctt cttcttettc trctt 25

<210> 2

<211> 19

<212> DNA

<213> Artificial

<220>
<223> sSynthetic oligonucieotide

<400> 2
aagggaggga ggagaggaa 19

<210> 3

<211> 19

<212> DNA

<213> Artificial

<220> i
<223> synthetic oligonucieotide

400> 3 .
aaggagagga gggagggaa 19

<210> 4

<211> 19

<212> DNA

<213> Artificial

<220>
<223> synthetic oligonucleotide

<400> 4 ,
tEggtgtygt gggrgggtt 19

<210> 5
<211> 19



gat ccggagg aggaggagga ggaggaggag gaggaggagg aggaggagga ggaggaggss8
<210> 25 <211> 58 <212> DNA <213> Artificial <220> <223> Synthetic
ol i gonucl eoti de <400> 25 aattcctcct ccbecctcctc ctcctcectcce tcectcectcect
cctcctecec C c cctecegh8 <210> 26 <211> 50 <212> DNA <213> Artifici al
<220> <223> Synthetic oligonucleotide <400> 26 agaggagg aggaggagga
ggaggaggag gaggsaggagg aggaggagga5069§T8§’§9L¥§1 25 <212> DNA <213>
Artificial <2203 <2283c®inthetic oligonucl eotide <400> 27 aat gcctcct

cctcctcecctce ctoes2d 6
<223> Synthetic oligonucleotide

<400> 5
cttccecgaag ggagaaagg 19

<210> 6

<211> 19

<212> DNA

<213> Artificial

<220> . .
<223> Ssynthetic oligonucleotide

<400> 6
gaagggettc cctcetttce 19

<210> 7

<211> 13

<212> DNA

<213> Artificial

<220> .
<223> Synthetic oligonucieotide

<400> 7
gaaaaaggaa gag i3

<210> 8

<211> 12

<212> DNA

<213> Artificial

<220> o
<223> Synthetic oligonucieotide

<400>. 8
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<210> 9

<211> 12

<212> DNA

<213> Artificial

<220> .
<223> Synthetic oligonucleotide

<400> 9
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<210> 10

<211> 14

<212> DNA .
<213> Artificial.

<220> i ]
<223> synthetic oligonucleotide

<400> 10
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6G03001A SEQ LI STI NG <210> 28 <211> 26 <212> DNA <213> Artificial
<220> <223> Synthetic oligonucl eotide <400> 28 agtgctctct catctctct

ctctct26 <210> 29 <211> 66 <212> DNA <213> Artificial
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<213> Artificial <220> <223> Synthetic oligonucl eotide <400> 31
acagt cataa gtgcggcgac g21 <210> 32 <211> 39 <212> DNA <213>
Artificial <220> <223> Synthetic oligonucl eoti de <400> 32 gaagaagagg

aagaagaaga agaagaagaa ggaagagaa39 <210> 33 <211> 21 7 <212>

DNAGCOB001A SEQ LI STING <213> Arti fdcgiopla s3292:5223> synthetic
ol i gonucl eot i d&3x4680>h33c gamgaai@ageaagaagaaga a2l <210> 34 <2/1> 12

<212> DNA <213meArtgficial

tgaccggcag caaaatg 17

<210> 17
<211> 27
<212> DNA
<213> Artvificial

<220> .
<223> Synthetic oTigonucleotide

<400> 17
ccgaattctg gggaccaaag cagtttc 27

<210> 18

<211> 27

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 18
ccaagcttca ctgttcacga cgggtgt o 27

<210> 19

<211> 25

<212> DNA

<213> Artificial

<220>
<223> - 5-methylcytosine

<400> 19
gaggcttctt ctictictic ttott 25

<210> 20

<211> 48

<212> DNA

<213> Artificial

<220> )
<223> Synthetic oligonucleotide

<400> 20
ggaggaggag gaggaggagg aggaggagga ggaggaggag gaggagga 48

<210> 21

<211> 50

<212> DNA

<213> Artificial

<220> . X
<223> Synthetic oligonucieotide

<400> 21
gagagagaga gagagagaga gagagagaga gagagagaga gagagagaga 50

<210> 22
<211> 58



<220> <223> Synethtic oligonucl eotide <400> 34 agaaaaaaaa gal2

5

GCO3001A SEQ LISTING

<212> DNA N
<213> Artificial

<220> R .
<223> Synthetic oligonucleotide

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

<210> 23

<211> 58

<212> DNA

<213> Artificial

<220> X ‘ .
<223> Synthetic oligonucleotide

<400> 23
aattecctet ctotctctet ctetctetet chotctetet ctoctctctct ctoteteg 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

<480> 25
aattcctect cctectecte ctcctectee teoctectect ccicctecte, ctectecg 58

<210> 26
<211> 50
<212> DNA
<213> Artificial

<220> ) )
<223> synthetic oligonucleotide

<400> 26 )
ggagaggagy aggaggagga ggaggaggag gaggaggagg aggaggagga 50

<210> 27

<211l> 25

<212> DNA

<213> Artificial

<220> )
<223> synthetic oligonucieotide

<400> 27
aatgcctcct cctectecte ctect 25



GCO3001A SEQ LISTING

<210> 28

<Z11> 26

<212> DNA

<213> Artificial
<220>

<223> Synthetic oligonucleotide

<400> 28
agtgctctct crctctctct crcict

<210> 29
<211> 66
<212> DNA
<213> Artificial
<220> . .
<223> Synthetic oligenucleotide
<400> 29
gatctgaaga agaagaagaa gaagaagaag aagaagaaga agaagaaga’ gaagaactgc
agatct
<210> 30
<211> 66
<212> DHA
<213> Artificial
<220> . .
<223> Synthetic oligonucleotide
<400> 30 - )
gatcagatct gcagttctte Thcthctter tcottcticett crtottcrttce ttottertetr
tctteca )
<210> 31
<211> 21
<212> DNA
<213> Artificial
<220> R .
<223> Synthetic oligonucleotide
. <400> 31
~ acagtcataa gtgcggcgac g
<210> 32
<211> 39
<212> DNA
<213> Artificial
<220>

<223> sSynthetic oligonucleotide
<400> 32
gaagaagagg aagaagaaga agaagaagaa ggaagagaa

<210> 33
<211> 21

26

60
66

66

21

39



<212>
<213>

<220>
<223>

<400>

GCO3001A SEQ LISTING

DNA_ L.
Artificial

Synthetic oligonucleotide

33

gaagaagaag 2agaagaaga a

<210>
<211>
<212>
<213>

<220>
<223>

<400>

34

1z

DNA :
Artificial

Synethtic oligonucleotide

34

agaaadaaaa ga

21

12



