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1 METHOD OF PREPARATI ON OF PHARMACEUTI CAL GRADE PLASM D
DNA FIELD OF THE INVENTION 5 This invention relates to
the preparation of highly purified plasmd DNA, and in
particular to production and isol ation of
pharmaceutical grade plasm d DNA for use in
pl asm d- based t herapy. BACK ND OF THE | NVENTI ON 10
Devel opnents in nol ecul ar biology clearly suggest that
pl asm d- based therapy in particular in the field
vacci nes and human gene therapy may be an effective way
to treat METHODOF PREFPARATION @t PHRARMACEUTIOAL
t echnol ogy,, however i ci ent mays to
del i ver the gene of Fﬁghdiiggﬁﬁgfﬁ%% cell.
prom si ng nmethod of safely and effectively delrvering

' man cells is via plasm d DNA -
%FgghﬁﬁﬁE%ﬁgﬁghﬁ&ﬁgﬂglosed, circular formof bacterial
DNA | Thie ivwehiidn relafeblio the grepaarorodf Highlepeiiedplasniié DNA, and in
inserte C e red t t he h el | .
BRREHE PP ee A SO PRGN g8 RypergiPIEA ot use n
ipisgid-ededNdagequence. Thus, researchers view plasmd
DNA as a pronising vehicle for delivery of norma
genes into human cells in order to treat a variety of
BACREROUND OF TES INVENTIoant i ti es of pl asm' d DNA are

" needed f research devel o nt.to inple his new .
tech ngﬁ B%?Pn%ﬁ‘?f:? H u'la‘ﬁ@P]QEX/ cleag] Yﬁg@gﬁ’fﬂga 3) qsﬁﬂxerapy in

psRfbulaFin tBENEd VARIRE iinEhAtebRy thé‘rhlb}fhh@}albe a@ réﬂbrﬁl&é waf o treat
i's usually produced by bacterke such as her|.chi a

depses.EA L@iigant bardle e dhiss eghnqlogyipWerrreif ading, gifigient ways to
Sﬁﬁ%rﬂe%eh@@frﬂ{eﬁa%ﬂhd) {RNAIL fore Mdriisngneasd Q)farﬂér (aﬂ@éﬂfacuvery

of the bacterjal cell; as well as fromen
plebyesings pormehgensaatoghymn bt s, vigRipeTd P‘ef 355113 LS

CHI M4, Rtchl S fbreh QF badtSM @N}( Q@M%ch%@NAS&Qhé&ﬁe Q)f mterest canbe
purrfrcatron processes hat can be used to jso

ingeed. aAprerctivessd 191 the ppnraclk the PAMHADSEINS repércafere arné prodycing

e@BﬁE LaRte Hisfed DNANYeqRbRe M Thul Ufekdatdhads | ABWPPIRGRIASDNA as a
i nvol ves the lysis of bacterial cells jn order to

rrepeising vehiele &uidelivesy ofnormal geres inte hynpgsi cells Iherdpriestgyyariety
tiraneRestad® isolated. In fact, it i's first necessary to
achieve three_steps of cell resuspension, ceIIs lysis

and nélyee avantities of plawmigr BYApreaRdedsd &7 fRsgqrch development to
%ﬁiﬁwm Sew fBhdoldSSkia RaREh RRrdp. rsercerqhé >p1a%mra DNAZ 88d in

tirring or a rragnetr c stirrer,
hesn® dleerapy eand orther rpbiaicele ppphipatiens {sousually produced by bacteria such as

Escherichia coli (E. coli), methods are needed to effectively separate the plasmid DNA
from the genomic DNA (gDNA) of the bacterial cell; as well as from endotoxin and
proteins in the bacterial cell. Thus, there is a growing need for simple, robust, and
scalable puriﬁoation processes that can be used to isolate large amounts of plasmid DNA
from bacterial cells. -

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

and neutralization and precipitation of host contaminants. Cell resuspension is normally
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resuspend cells in the resuspension buffer. Cell lysis

may carried out by manual swirling or nmagnetic

stirring in order to mx the resuspended cells with

lysis solution (consisting of diluted al kali (basey

and detergents); then holding the m xture at room
tenperature 5 (20-25 degree% Celsius) or onice for a
period of time, such as 5 mnutes, to conplete |lysis.

As noted above, manual swirling and magnetic stirring

are . not scalable. The third stage is neutralization
aftips SEAyRt sHiFiBh op e mRgYticcier fhf antomogtnizsave ifipediar tiver to
S e&sasdnd s4IRAR tﬁei‘eﬁ'h@%éﬁﬁbﬁ Wil )@éﬁ ysfssvl?\?a? cfifibdlout b%aﬁlé%lisxévulmg

neutralization sol ution gent IThg OF
s©OF FIeBRRiictsHIting igiorder fqvaixy %@ ﬁséspb@i‘ed rcellsswittt kysig)salutidnaleonsisting

f QF diifted QIAl; NYERS aﬁcpdétégén'té)t Eﬁfh&lﬁﬁ. ]t? Qﬁ&% uJ at) O{éﬂ%%%une

reC| itati on of ecu nosona
é%‘% preBEssi %Slu%wa OétIWefpr h@smocwi 'mue.;lseél asBomimureaeadomplete

SWMsid. AR gmﬁbﬁchbm %Bhﬁ sv%frhr;g ing%%égtlp&{grm%sﬁgn bslcglaw e third

Cenerally, th reating
| y88% Wm@kza@og W@@ tPfeFiPﬁEth@rof hpsiaccmtdnahantse Lymatepfhora ghe semmd

O 1 € 0 91} 1LE. S L dd
oG ok T AR AT ST ke

cHErngdp asiddfysthpdysatsebedire settiamtn iice foysiﬂfﬁg wigltes t® faciitate the
S @8laturfdl @nd HRUBY GBion LP8y; lp?x{a)?%ﬁﬁ @Ht ro%io%ée/rfl%a ﬁ host

| arge scal e processing ve

s PIRIRS: and) ofhah hest moldgulds. fE@i’h plﬂ@pbswmgng)zimgmgdenc stirring are not
cesaphieses | ysozynme treatnment of the bacteria, then

boil ed at about 100C in an appropriate buffer for 20

to 40 SercsHbys thegehival] indigestesldtyuisating vith ysbzyee rfona shodNue or

201ap.ﬂ19athﬁé 'E)r %B{%sﬁﬁﬁ abdtatl @A%ﬁéﬁ%ﬁﬁ@%&q%hﬁq %grl&:ytllly added to

maln Co an

sé‘l’&!ﬁqeo]ﬁNéﬁ qﬁa@bmﬁ@as a@pmo@oarmymahfcm @epb sﬁa@) bé 8fficient in
h th
i B8 AL 2R Bl 50 K W B b, e

dergvp%weg mef@nkﬂ, fSDStearatxse slmpmuass odpidmethed fdsepiépa{}fg PAddhids

d@d?ﬁﬂrfé%f l%re #rﬁé rﬁeatme?fj%%; Ske Iba er brg en &g{l«%&e’% r‘r‘% ‘%( in an

and ce I's are reC|p|t
p@miawnbla’ﬁe@tfat ao (tqz)l4\0476®)1ds Atrmirpi s tniseleble plot bs genomic DNA,

utrallze Na sed in said
bRl i 1380 ey ‘SH&%}‘%%W?%%? mafihgtaminant.
tE@zﬁnaqmee«ﬂ solntmn sﬂ Na@HI #nd dodiuns dedeeylsytfaico(SBSH| hg Bdded for the
f r ment at ons
f u #%Et g tdllsg%gn € Fyt%p asmic Welfl 1anc. ﬁa{bﬂ-} gam%ec{;g%}p]teé PNAs and
CM&H}'fClﬁg@ﬁB&)RNIAS aap BDB ects todisoiMbe hﬁmb@ﬁ@éﬁdm«ahé&hl%ﬁ)rotems

t ai Lm n d super nat ant .
s DG RhoRUT IR RE T el aBY aregnlied, b1 Siing N
apMasSmmnﬁoptatas@I—hs 8) (AtaMQ Itldlel bllatls irh;ﬁ)rﬁﬁtCﬁ)fE botR |to neutralize NaOH

C . .i.S S ragnents and
M T R N
diof sdateuipt totachigh vahkmen@ibacterinl frmaktaitons @ad ® nRhR GRS aiations of

less than five liters. Thereafter, centrifugation is applied to remove the precipitates, thus

obtaining aiming plasmids in supernatant. Also, these series of manipulations require to

mix slowly and firmly, so as to avoid that the bacterial chromosomal DNA is cut off to
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One common al ternative nethod of lysing cells, known as
al kaline lysis, consists of mxing a suspension of
bacterial cells (solution 1) with an alkaline lysis
solution 5 (solution 2). Solution 2 consists of a
detergent, e.g., sodium dodecyl sulfate (SDS), to |lyse
the bacterial cells and rel 8ase the intracellular

“material, and an alkali, e.g., sodium hydroxide, to

denature the proteins and nucleic acids of the cells
E‘_grﬁlcul arly F‘%dGDI\IA and RNA). As the cells are |ysed
K@ DRI pad saerrepisy eausing Femitb sordshingte dfe Hilévenid; @hd tithdult to

rnﬁﬁém%tadﬁlhpg@lséayep&gs denaturation, an acidic

solutiqgn, e. aFOt assi un% acetate 10 (sol ution 3), is
added P&e ﬁ%@fnloﬁl torpativiganatind of dysingdbelis koleyn asmllmnm grms consists

r enativigtd eikpefsial oD, G 3
El\@l r egssocpatsedﬂr géngdg l)a}lagérlllgs('?%%%ﬁngt W%l} R aﬂ%ﬁ FySIS solution
t$pt23t eSolision 2rousista of paloisigent, peotalins dolidcpl ﬁﬂsfateé(SDS), to
OIyEB‘-‘EdebbG:ke@iaP cBifd Teléqs@ tFQQB@ErQC§fIL{fﬂ] metctg‘na‘i a{%ﬁ @g %ﬂ@f 1158 Bre SOdium

sul fate also precipitates, carry
YEOXiP-ctA dpratyre theaweteins amce:maleiﬁvexds nﬁthstcel&r@m:&ﬂar@[EMNA and

(RNASM As B eits by tlssetdvﬂgﬁqg %She I1:ur}'I ci qger V]ﬁﬁ:oggwathe solution

reassoci ate nor mal ret orm
whies hdreggtifally. | rAfS@@I deniratiohan peitlior scrtiong e pdtdzsylum acetate

Vﬁ&ﬁ'ﬁbg 8% id Qid%d {oRhigallA G S1E hgcrllrg @it%’xuéc&’cw Ténaturatioh of nucleic

ere ferent sol utrons

s¥ifise ntTIha| 1|09g éﬁ@smﬁr@ts tofegTHA utdsemintet eind@slyednd ©Fm txfsﬂk&ks that
& a_ Vi coel stic, fl

Bjﬁ ﬂft?eég}?ly@s lé?#{ép?ﬁg ;)é?t@‘n? lﬁndsufimgt her gueleic acids.; %be pyfassium

vﬁa{thoﬁ Aedecyiesiliots dex preSIpdates, mgrrylhg away< Ith’ﬁagpI@feufshﬁlth which it is

disfdcsxent LUt ses
rsag metﬁc? atrl?lgntwgf SQIQ%HA(§L gﬁ ﬁa@é}& rt@% Wit gach other,
d’F#SﬁP@@ﬂetnOvmllyse pﬁzfvrat the ﬁmtmfpkaﬁams, winiet féﬁﬁﬁls &f @hﬂﬁﬁd ed to
avmquj ires uid. In
addi tion, g?ltgt] g%ﬁi& d%p‘:?%es té‘rs éyéisi?&? m&’ﬂ@ﬂ tm"fB Ligj, Where the
bhﬁerepfascrlst)oms @raahmcchl?usaqeqmtm]ﬂz} ddirg ma @ﬁﬁtl&ﬂr@%sﬁléadr Rghks.
ter .t S tion c ai ning the
Bt b BRSO RPSHRE S5t i Yoo TR s Boipite, one
tql‘@ovsgf oot thist mcthadl Ioaiurméxrln)gsm ﬁumﬁg SbthB ket sbtib e Since
r Xi ng process is
] ekt A it o P O MR en Bt Rbemay dit t
§911’amﬂﬂecfmm PPN dmtth@is aran@deeto dofd dpglidativn b sl?eﬁﬁsti'e@&s Y the
they baﬁlcgdd%o [ qug s involves the efficiency
m Xi'ng of t (¢q (Brepter Han aboxt 4@ kilo; b?ge IP@ITS) is also
Isusmeptﬂnlheo ﬁfemafarr&gé dﬁiﬁ%&h@ﬁm@prb&s@%@&éﬂ i’ BEABR Eé}ﬂzgmn the
spAﬁsmrPﬁ CL g‘{ew g E}y he chr.omat ogr aphi ¢ behavi of
K8 sis Solyiony the; icpalpstio allehes lyste s
pM Wsth thd’lmutralﬁzaﬁacmﬁmy | Aghiaddhlsymixin 9&:%&5% roEngﬁé due to
':tﬁeq/ig(f elcg‘¥tlc;strand<31r d L‘I .cation procedures.
severa nﬁ’f’%ﬁ“ﬂ%ﬁ UP%i ng a batch pr ocess t o lyse
bact edn aliditied, lagothéredifRRY &NicalifUe]the DaRk M didSrobtRs mQ/B@'Es the
%liénc Ofof A hef{h ﬁgf}zer egl @DNA due to contam natio
gr agnent eglﬁm 8 (FHSEGPE tpidp g/p{lq/gfepnptmg to limit the shear stresses S0
as to avoid fragmenting gDNA. As noted previously, the chromatographic behavior of
fragmented genomic DNA is very similar to that of PDNA, so that it becomes virtually

impossible to get rid of by standard purification procedures. Thus, several limitations of
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| ow quantity of pDNA obtained. In contrast to the batch
nmet hod, several nethods for continuously m xing various

5 cell-lysis solutions using a series of static mxers
have al so been proposed. According to these nethods, a
cell suspension solution and a cell-lysing solution are

si mul taneously added to a 4tatic mixer. The |ysed cel
solution that exits the first static m xer and a
precipitating solution are then sinultaneously added to

a second static mxer. The solution that exits this
sBeibgd baich @rocessto disa badidrial palle eiepippartmtbubly 85dcalimNg, poor quality

] 7 h ti d lysi .
Cof T2 £l PONR ‘e & DifasipRon R omEREE el it oltively
wha quantity ofipdeAdetdined| | s are heated to 70- 100C.

Fol | ow I i.S,in.the heat xchanger,, the exit |
o onbt nE i WS ek BB RGOl o2 o
beeltlysisisslutionseusing f ssjed dfatid biitenchaub hleh bédarapdkddu | AREording to

d ' enem ¢ DNA are.precipitated, _|eaving the
SRS SR ML SR 8T 5 DL e Bl oy
| addedttp anstativdmipier.i fTihe dgsed velb folpioastatchxiNfuef fi@Mithtal @ er and a

Y, -1 ial _fermentations therefore requires the
BrtPall 8 el B SR eneP T e oo Gpdap dhpdc midwr The
psautégsthaDegipithie stdoad mixe contsinsTie padkiiatet NRatel ad Yeesids ewo
I é“?e?t?%-céoﬁ{iriu%lu C%ldles none gf . t@gm S’gdr ess t he

DT bl erte e AU SE Tt Hdyimestelis inglufe pse it g Slopirthenugty heat grehanger
f Whersthasdspehdedséediarare BéatddotoCEBE100PE.0| Regdwilar deMOlysE X B heat

S Th resent invention.thus relates to a new
rrée)?ﬁcg)%e ’oﬁwg Sﬁ?i%@ﬂsmaf’“&%ﬂc‘ieﬂ &'l GENeE coptinuqus Hlet oF j bafch-wise
cesdritrifopativandiring ahich thercg@ulaCadbes ang fRRacAONA W tHedbitated,
naj, or g%v:i\nt a B- n, Idém ting shear for ces. Anot her _

i TpOre ant’ %Sf"é‘g PI"sHPE P& preparation is plasmd

| sol atLarpe Geale Sigglaicht b p@iibafist Iof | #R® DNANEom laree volume

cl assi.cal techni qgues for isolating and purifying )
RN oS e oG GRYALPRTAR O G iaroved plasmid
Spilep@bich grodesgmal | or | aboratory scale plasmd
preparationg. After disruption of bacterial host cells

cont ai NPRYC HrEuResumethofpsurghibtused to lxtecagheral cells, none of them
reeddicdog llhe? Bilob s CabiSe N th Qis%e%ﬁ@bﬁo@&&i%op{he%gfs £ ltl#e shear
nom, c PNA and proteins _are generally renmoved by, for
4975 YO LYCR GpFing BGHES §rps. Theepreseaiinernping dus sdatessi ngiewhmesthod
o S 68 tGhu b R 1MANnG MysisSof aheipBRtial RER GsPhdsh &fla ﬁz?%: Jc%g %d rovides
subj ected to isopycnic 30 centrifugation usihg ¢ PR

t'H! B MRt 3 wantage &} Fnting shet Brfcdle to separate the
vari o%nqtﬁé?riﬂﬁmﬁﬁntpéltétﬁm gla%' DN;A? ﬁgﬁm ﬁotllta%d igolation or

nicked circle, and |inearized. F r extraction
Vi PRFABRR Btsopurifisationg The elassical temisines fou ddotiting aud pirifyingrplasmid
b 66mf BHctePE GerR¥ntbilhs Apd Qﬁfa?[‘gltf?% kA8 ¥p lle{bgra?clri ggi% plasmid

Addi tional purjfication st_elos W to renove
d¥eparations. After disruption of bacterial host cells containing the plasmid, followed by

acetate neutralization causing the precipitation of host cell genomic DNA and proteins
are generally removed by, for example, centrifugation. The liquid phase contains the
plasmid DNA which is alecohol precipitated and then subjected to isopycnic
centrifugation using CsCl in the presence of ethidium bromide to separate the various

forms of plasmid DNA, j.e., supercoiled, nicked circle, and linearized. Further extraction
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proteins. These current nethods for isolating plasmd
DNA have several limtations. For 5 exanple,
purification nethods that involve the use of |arge
amounts of flammble organic solvents (e.g., ethano
and i sopropanol) and toxic chem cals, e.g., ethidium
brom de, phenol, and chloroborm are generally
undesirable for large scale isolation and purification
of plasm d DNA. Alternatives nethods to the cesium

chl ori de centrlfugatlon may be used for plasm d DNA

pwithf butatol R reqmmsld as reioxe residdal Sdtkﬁdhéxﬁhbﬁﬂﬁ’deo BIRRAY bylBNA
X, at | . an valrl ous
E{eg % goglg lgeg R:H%(Iély g&gltlélé’cg é)&l‘lﬁ??th? eQ{;F@F 3%11% o, gemgve host cell

apumnmexchange These al ternatives may be adequate to
produc t research terial on

| abor for 5%%%%11: mn%bola %grl%(’laél@ﬁ é’?aé Ot hayg sgverpl Timitations. For
se:aarreﬂmumnfmambramtmm timapalhve Bt ueE O Ush® Gmlolis of flammable

quant.i t | pla h series of
Hxa %ﬁlsg egtﬁ %tgaglg Dl\@dsomgw ?r?i ¥°§1°p%}§§lil%13e &2 ethidium
obtomlda phénofy| and rehlbrofbrint) afeceBéraNehnbelii=Bl BrlatdeYscale isolation and

OB R B B G0 ot
meiah dﬂ)usedl-ld\mepbﬁmldV\DNh plrHiceiRTs6chl as W[@}[cﬂis{oﬂgchﬁﬁ%ﬁ&gaphy,
| cated an a

t|n and rifyvin cess is co
PERBhAREAT By Rifoustiifh BrESRIen Shustome s BtsthoRe heed on
i tevies ﬁﬁas%ﬁy&nﬂaﬁ QREIRAEe. Thest aanimRS nfAf, b‘é@ﬁécﬁlates@ Yo%ﬁ&essmall
and o Besaﬁg]ilé he chem cal separating a

pﬁrp?w %& emcﬂ Jpptert gbgratpry,saaleq bt gre gegerply mﬁeﬁ@ly scaleable

phralsa mts cbpabﬁi cﬁ“qicﬁdﬁﬁiﬂg BRSuntitid6F phlsRed Dﬁﬂh oretic method
inclu per roQ horeS|s and g
el ectr e |S§rles fﬂ'éFP ulatipRs. 5 B5Fdhed sabave, dt isietible to obtain

cplasfrﬁﬁtvhm refﬁheely Qﬁgh E'@quji%ﬁﬁft& mﬂgﬂoméﬁseﬁﬁa Vaﬂﬁ%:ﬁngﬁlmg

however It

bt ali. urity
RIPRLD SRR 1P O CUAPRERSGHE CriRed). BopFTRe Vi th chemnical
csﬂpb@@ﬁg @Bthod, Wap&adryl Md! Qﬂf}ir&@broc%@s i€ tcSm%ﬂg%ﬂ:ﬁ Q04 § Uk quantity

i S a present S|tuat|on that the el ectrophoretic
s%fp%fg%ﬁ“f vend must e ysrdy hengp dnposefempstyy prpylem op reatwprt of waste
fﬁﬂﬁﬁg@ﬁdaﬂkﬁfled by sald chem cal separating and
puri f % method is desired to inprove further.

Curre qs e Fhgsnieal repanaing andrpusifipieg method, Beret Isea method of
f @parBtidy pRkARE o;SHo&ermZQ‘hé %CEWM? Cmethod includes paper

chronatograph & arte et al., Jour
qg@qlsaeﬂ%ge clegpghoregis, o plect@pharsyis i @mommpa currently. The

eél&dh’dﬁﬁd?&l&ﬁétﬁg@h%gdhaa@%ta{gg 5?5&513%% stMi! \5}1 @g? 815}5{9' 1% ever

Techni ques Vol June 19
cib dips @aﬂwwhlwe)fd@re aﬁparmu tirne elsfﬁslutwlbctm low sample loading,

pé% Yehhans, ﬂllé/ & BxlesénF %ﬁon%ﬁt%?&&tn%gh&&% géd?ﬁfon is tésed only

mponent s Such hexam ne cob

p‘MIPE‘%Fh?I Yty ras] Hlasms% Eagtoymyprified be said chemucai eertaFaging modvpurifying
NRERQS d8diRd to improve further.

Currently available methods for separation of the two forms of plasmid DNA

utilize ion exchange chromatography (Duarte et al., Journal of Chromatography A, 606
(1998), 31-45) or size exclusion chromatography (Prazeres, D.M., Biotechnology
Techniques Vol. 1, No. 6, June 1997, p 417-420), coupled with the use of additives such
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unable to provide an efficient and cost effective
separation of supercoiled and nicked (or relaxed) DNA
In addition, nmany of the known nethods suffer fromthe

di sadvantage of 5 using PEG or other additives, which

may not be desired in manufacture of plasmd DNA, as
they require additional sepfration, disposal and

qual ity control nethods, which can be difficult, nore
time consum ng and nore expensive. Alternative forns of
known nmet hods for separation of supercoiled and
ras|palyeidhylene gy cof (MBI sdvietigebiN/ant bitlet e@npofents ik &Y tektfine cobalt,

il | h
RRORIABE RN BEEMIS ytitidohe TPE), Moot eBfiplindimrin Hotigs are
unabha Iy Ipeoviideearaefiicibmtand oot yffecaﬁmupaﬂaﬂmpbmp&adﬂ@d aftihhibied (or

L LTI (e T —

Ohmgm gr aqhbzyaddwlvm, hvhldhuﬁdWﬁSbeS&Bﬁlécﬁihlnwﬁuﬁﬁtufehﬁ pla¥id DNA,
nce. I n

1 i B R PR P and eyl mipdipnBichgen o
sil’{‘;ﬁqult i arettimescakbening am“ nbile @RfEnsing lﬂlﬁg‘na’:ﬁre foﬂﬁﬁﬂ%h@xb@m%&ods

i ucti ) n addi ti on
DB Eabn of sk ARd B Bt BT of g N, il Ve expensive,
gubpritetaop Sesitg twiitle also fuitisd hil‘&:nfsp sudbbdsadcBtowdtrilh), eﬂha%f@ﬁhlﬁi other
n to t VISCOU nture,o t e .
%E@péneﬁés e 3“‘6@"1‘6%&35 gﬁfﬁ% AP PRSP lHEBE ProFEsine:
bmntmaahnqﬂmsp afaepammg aﬂlﬁbr@iléxf And femwujma rdly ¥ ldfz@-eﬁ'flusmn
r.co requir

SRR, SHRFRE o Bior ofgp st gt DA based on
Gﬂnﬁim@k dif&remceﬁi“usiﬁad Tigseroaluyhnb 8ot €6 bakelWSHy Jord! Fos#2 significant

kngwn to use | a react ons, .such as_ fever or
SBETR SroB AR msltine HrRreoile € i logient i dbrEngtale rhadistion. In
?:r.ldmbm Eizﬁ&:;ﬁlﬁﬁo@ aithoad hatéd Eb@@ﬂﬁteﬁ%&ﬁﬁ{%@ﬁlﬁ?&tﬁ ﬁha@ bre infeasible to

nent, s er at are conponen S 0 e outer
ﬁéﬁg’r :ﬁ&ﬁeﬁ‘i‘{t}"% dye ¢ & highly dscapsenasire 96 e PNA.
Mmﬁ\mmA%%fa@éﬂoﬁﬂ Wihich bR pIQRked ﬁ“l)lln%a@ﬁﬂalm%arﬁﬁhé and often
nmenbr anes, or ng%ronnlecu es. _ Hence renova

SREBI Jx TS OF relpisd;aaf supracoiled slagmid Dae @ﬂrnn rqghiges endotoxin

Rethoval, Caxt deqiliredl byPtRFDA 8 2nddWkifOprolitel 31 %‘Jn'_y cBa&Erlal hosts are
hyl acti ¢ use. Endotoxin renoval from plaSmd

ST 156 ﬁl?fk%&w%f«)rydg%amtsr@% ey kPR /e sypsisiatepelipst recelvmg the

Plastiit DTN% OfhebcdéhdBRARE @ dg%ﬁeraliﬂq%)&@lﬁzsacﬁﬁﬁgép & ﬂgg@ ?t% #freof,

|s ne atively charged and hence separation Is
PRAAENHS obthe eht%aaexﬁ%fﬁ@e) (EIRrSERIP Spetdsianendisot present in
&Kbﬁﬂﬂﬁmﬂrﬁﬁhﬂtﬁﬁ e hHEldc%[ls Ql?cf héd fbeﬁ%ksi% Q%r macromolecules.
eferentially elute plasmd e
g{ﬁiﬁf’t%ﬂ‘?{% Lo Sﬂéﬁo’&n%ﬁa&ﬂ’étai @ﬁ NERASArY Ee3D thmptmltﬁlcgtlon of plasmid
WNA 8k th é'iﬁﬂc 913 pﬁipﬂﬁhédcc@s@t E?H&Hﬂh Srefibv EGh PiisAd DNA

elute with lasm d or a very poor recovery
5@1115(?1135%1@%5,3@ thee mgev‘eeév chmg@d rs@r@ctgrseaﬁethc sodagaxinsn Hamdver

sl DA o A o S B o

aplogﬁxp]ppﬁlgg\ygs(yspwhlgh‘bwd both these molecules and, under certam condltlons,
preferentially elute plasmid DNA while binding the endotoxins. Such a separation results

in only partial removal as significant amounts of endotoxins elute with the plasmid DNA

and/or a very poor recovery of plasmid DNA is achieved.
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preparati on process. Also a process for separating and
purifying a large quantity of plasmds DNA in sinpler

way and in shorter tinme is required. It is also

desirable for 5 plasm d-based research and therapy,

that the nucleic acids can be separated and purified
keepi ng the sanme structure ¥n a reproduci bl e manner,

and in order to avoid the adverse effect of inpurities
on human body, the nucleic acids are required to have
been separated and purified up to high purity. Wth

sai d cb#ngenichleniablaiiet hodl putifivetiverof plisatie DNAafraﬁ oxbfgemolume
t ATl S O with sufficien h

pﬁiﬁo%/l,glel n pafa{u?%sﬁ%g% reﬁl%lres s daﬁi‘\) PERRN 6’8’605{?41 diipsmid
| Frepagetien prpsesst iAtlse. a Phaeessf for $¢pat'dmﬁ% p:gda&pﬁﬁfymgnu Qirgd QGantlty of
a atl met hod t hat, _uti

RS R DR h ShBfeOwErRAY B e g Btz b elso el for
Sﬂbﬁl@t’@s‘aﬂ Tesgageh qﬂammyythaf the mhaisiﬂhdﬁs dablhs sbp’hr@ed and purified

RRIRR 2 Rl e e RS s o Pt o aveg tegherss

d¢f@ébvém}pumtleﬂommmmboﬂp,ﬁh¢)mm&macmg afttelquire® k@kdve Been separated

Eggﬁghg nld DNA. The plasm d DNA produce
|so et hod of the invention contains

v e ry | Whlserd@losvemﬁortad) ni=thodl riﬁtvlewg, thdde BEeHTEh tHaNe nf¥WMe acids
dot |ns Th as produced
2R Shci R G R o RSt ol bl o pned iy e
fqnantptyas"fﬂmntfdmsthd pt‘d?.&ftaﬂ%ntlaﬂ’l Hﬁns di f}ﬁb\ﬂld&ﬂ ﬁts:eﬁ’c'[ﬂatmg method that
oce r ng,and isolating
SR ERAT oo BRSERREmY whue phik SPRES esoeke s gury of
qédtSkradi; P in a sh\h’teﬁ ’timte laed with 8 highdst ?urﬂsegya&e. for

turbulent flowto rapidly mx a ce suspension wth a
solution that |lyses cells; and (b) a neans for |am nar

fl ow tSUMMARY OF CHRINVENEIONXt ure formed in (a)
W t ho subzéant alc$Wbﬁ$|tat|on wherein the m xture

f or med: AP YSHHOR s base {580¥R0f2 mefhod {or pradusipe pidoigplating
|hnghby ptlhﬁemﬁmdMA |'Hﬁ1plhaﬁncf DY prottubddlahf %Ia@é&%%éﬁ&ﬁod of

q%e .nvention, ? ni smmay additionally

b feckiON FotgaR e ford oo s asieting hsERcGmEIEINA, RNA,

rpmtemaland @Aaddtéednd. )’/Iihb asihed DINACBrod¥¥a€ ra@do?dlﬁ%“'% th@l?f*\t &1 ) Is of
NG ?%ed [ q%; é WS fron1the means for Tam nar

iSEHET Buwgﬁrsp gH g rapg.o a second sol ution. 8 | n

yet aﬂﬁﬁ;bleﬁhe Qﬁ%ﬂﬂbﬂ@ﬁﬁompﬁé%@s Dﬁ&ﬁﬂ@é@'ﬁl“bﬁﬁﬁ'ﬂ% allrﬂsﬁglaﬁrg Righly

d f X
Fia plefgi A Bp Beiffesithe.simpiaas rig st meh Gho i s means
threurtRAaS AbATto Eéplicﬂr @0k cdil s%)senﬁ&ﬁw{ﬂbé sJi&iHn ﬁalt '13%&{& ik; Qﬁd (b)

alkall?e “XSIH& ution g ding an am
ameans for laminar flow to permit incu atmg a mlxture formed in (a) without substantlal

agitation, wherein the mixture formed in (a) flows from the means for turbulent flow mto
the means for laminar flow.

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

a second solution.
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5 The invention further enconpasses a nethod of

produci ng and isolating highly purified plasm d DNA

that is essentially free of contam nants and thus is
pharmaceuti cal grade DNA. Anot her object of the

present invention relates tQ a nmethod for separating

and purifying nucleic aci d8 and plasmd DNA. In nore
detail, it relates to a method for 10 separating

nucl ei ¢ acids and plasm d DNA of pharmaceutical grade

that are useful for research and plasm d-based therapy.

A pl adniyet oigtep eopadimeantrihé methatisn maycyr oieddn & anetiiddao isolate

i i on.. b bject ..t j fi.cati .
TP D e ASh DLSRLARRE DY s Sl AL G0 B
athd nfeanst for urhrdgnti fivor; adé (Bvieotnal ziaghthn gikalink s Uitiep BY adding

a dydigphobi c interaction chromatography. 15 These
rré}??%dgés/ Lﬁug i nclude the continuous al kaline lysis step

descr iThednteoties Buither encomipases aanethdd oF FohoRGUAALiscRIing Mighly
e r t . dariple helix . )
chirRa PR TOR B8 RRRRRY 5k oP Einests s dhusds plgpmacentica
cereda®Nagr aphy. These net hods thus al so include the

conti kal | vsi s, step. described ereln in
conbi n%ét%#%ﬁ %\%&g‘?hbgﬁﬁs%gsﬁ gtn{nveérﬁlgﬁsreg s g‘hf“é‘??t cﬁ?éﬁﬁ’ératmg and
chirifying oydleiplrgidanahd P8smhidi PINA. heloxe ddihrivtdgesaphy metidd for
h 0 0k ' mat.ography in copbjnation.
i TR R s R e A
presgest and ipbastidelogsed ahmapyamgmby)hm @Fbplaugﬁ@} tsellratea G.:b?ﬁding to
o) .S 1o nmaximze t jeld o asm ]
R RSV OB 1y PSR Brou Benfiof sttes RSB east ipl
Alredit Fobronpityjgeaphy 0 fand ffﬁrthem\am'yt itx)lelildé &piblﬁ)lemlgm'g&i Ehr?mﬁﬂog‘iﬂi}d and
qg,g ation which is .substantially free o

bac %&?@?ﬁ%@c 0 \,@{0%0&?%@}(. object of the invention is

to pr Ghestenathqdk ahns Gcllithp oofbuals Ml [yeld step described herein in

SR AL i 0 s i, o

pehepi@atagiiphy, anb fafthdrgyddPhsbidigterdtibrdtrom At @8prg!

bact erd al host, chr onpsoma . 9 Anot her object of the

i nventtﬂp‘(:ﬁsi‘? ’?‘%tﬁ?q? g}“ﬁ\%@em&l"ﬂ%w slieabiag Jz;\-‘(ﬁlsoﬁeﬂ/ﬂfﬁ&?ﬁbed

| Ireirs ith sérabihativh| withr ®seqfiend atehe of ahioh @8R B8k Sraphy and

ng%hgé.obkect of the presshg,t |Fve_nt|_on IS to provide a
PiRodebr SBPREaeraRgY. pidr idrompotial nrasden prhomeemniy in

tdoatbinatiorhi g Hysatep URlEraticd’ of Sehel MocOfRRTeHoRN dnd) BRBIR-the first

based t herapy, and is anenable to scale-up to
K Oﬁg‘foﬁ@};’%%ﬂinuf act ur e.

Another object of the invention is to maximize the yield of plasmid DNA from a
host cell/plasmid DNA combination.

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

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

Another object of the invention is to provide a plasmid DNA preparation which is
substantially free of bacterial host chromosomal DNA.
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The invention thus enconpasses pharmaceutical grade

plasmd DNA that is essentially free of contam nants,

hi ghly pure and intact are advantageous over prior art,

whi ch DNA includes a vector backbone, a therapeutic

gene and associ ated regul atory sequences. 10 The

present invention also rel afes to plasm d DNA |iquid

formul ation that are stable and stays un-degraded at

roomtenperature for long period of tine, and are thus

useful for storage of plasm d DNA that are used

r es earglethanobieet afttleclinmentian istth eroxjslg a plismad DYWA jirby@ration which is

pgu%asﬂ%%ﬂyeema%&rfa%@sl Eigholind T 01007 al kal ine cel |
SI'S I ce ‘st mi xer or injector

Capablﬁeloﬁlﬁr Dﬂvje@tbf rige aresalt oaleitivn i‘sltmm}ovxdb theethqupfos ipkeparing

L3S o050 BHSPROR P P (et 8 i
whastrd theramamql Hamum,abla teelony t¢ latge-sodle mahwt’agaedl amet er

SO as 1y, 19\%@1(?:{0%t fzﬁug en nasres p ar?nva\{c%%tlf% g eh ﬁg%ﬁ;ﬂ@; H‘%t is

second mi Xer or Injec I nj ec
seskantialynfreeomt mmammdnta,ridgﬂtyapuxe atd intpco Aretddeantigbers cﬁf&dprlor art,

t@ﬁ"ic . A gn%h]uf gdl {/ecg ra\;faolg:i eCt B[%?%tlg?g\é{?%égg g%oc?atec{ regulatory

inventr on w fe’€e
deguencgst i on whi ch fol | ows, and in part will be obvious

from desc ti.on, d.by..p |ce of

the | rOEATSBAL I8t rt i lanp i DRGE L ToBtadon it e

i siabdnanidosteywviin-ddgeaded aatao&eﬂmpﬁdmfet ﬁ)aldmgqaebyd BERAS, Afl are thus
ment s an ions rt|c a i nted out

| WERE R aChleor el WA et SR Esioqrreh afrlihumen ero

]?O|t h Fhelly, Gﬂ‘ﬁgjﬂ‘bfbgt gﬁmﬁlﬁo’iﬂ relE:S @6 iapdonBifucal dikalhe: ce?l5ly51s device

0 tail ed des on_.ar.e .exe

cSEBTeEAag 8 5F i B et chigbiS P Tierce oy Baipe fibin the opposi

i dixeetivni afithe ca$l stbginseg, a ﬁbﬁuw@nmwwne@r b @awb Eﬁl‘ératémlufbhlent

orated in andcns ute .a part of this

e PRRREY BRGiry. eri BOORES lobisyaimaP Sa dhfa et &yfaminer

oflow hﬁmhmeﬁltxme taﬁdcohﬂgﬁidﬁail‘ m_ye‘ddo? fbtrtri]n’(j@ctﬂg%trde@ﬁ'dlﬁi% sTgﬁon

serve t plain the principles o e invention

BR EEC %E@@QPWSW@: E‘eﬁr%ﬂﬁ?églxﬁrﬁur elis a

schenmgtddRiondl 6Hj&t§1ﬂﬂﬁe{cﬁhrli§ge§ BEdhe IB¥ntRA WisleRk sEOforth in part in the

c ntj nuou Jysis of the invention. Figure 2
SeroBn BT RGNS REibo PR ieHobeR ks fsermiopemay be

| Wahé iRtk bf thelin{nfivh. S TR db?ec@ ah@ Edi\%nﬁt ERF e Yvention will be

purlflcatlon yi,elds in_terns of , proteins,

ReBEbRGAIRIGIH birieans ofihp plgmants ﬁnquoal@ta@anwaﬂgﬁladm pointed out
e ehapsRdshERERd, 0gr aphy

It is to be understood that both the foregoing general description and the

following detailed description are exemplary and explanatory only and are not restrictive
of the invention, as claimed.

The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate one (several) embodiment(s) of the invention and together

with the description, serve to explain the principles of the invention.
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(AEC), or a two-step nethod with a step of anion
exchange chromat ography in conbination with triple
helix affinity chromatography (THAC), and a three-step
met hod conprising a step of ani on exchange
chromat ogr aphy, a step triple helix affinity 10

chromat ogr aphy and a step of0 hydrophobi c interaction
chromat ography (HHC) in conbination ND neans not
detected : low sensitivity analytical nmethods. Figure 4
Is a table conparing various nethods of separating and
pur i f)BRi@FlhE&SRiM‘MOB’DBEI&GURE@XChange

chro phy EC dro patl
chr o% gr ap’ﬁ % ﬁc *#35? 6%% rﬁl@’r Eﬁ:!ﬁeg for continuous mode
chdysaiafgheapmnuéH C) rever sed- phase 15 chr omat ogr aphy

(RPC) , excl usi on r onat hy trip

hel i xFag‘%re%%SGhE‘H?% ftg‘@%ﬁg’ﬂ(lﬁﬁa&éfg fﬂ-‘ecegrlYﬁlSrﬁpparamS
conbi Mdirers maactamaecdfeqiah@gi pﬁﬁﬁ@hﬂh %el&solnt Rems Bf @D, RNA,
|nvent|o interms of quality.of the purifiéd

. RS i e R sPgler S\ed 2t cngligt SlzempogAPhy

S@EL)t bw iat w(aﬁlﬁ;b yhdthed et Rodey of Fdrﬁbﬂ @ﬁchﬁrt&eaﬂﬂorﬁﬁoéﬁﬁly in
ra

hs .show t d Ki

CeaPiEsstRh 316 RAKL sty PoREiosip it AHAGH ko treeree method

pioafpm;ldg RDNAtept 6ff aﬁoﬁt extBange admeorﬁéé‘grélmy WPtk triflO HEBY Saffinity
to_or contalnlng an

D(glflnlttlosaémdlcrrens rel gt

[ERAIRRA g2 6P P &% e lo7 intougetigny ghrpatogaplys (HIC) in
r@indinatigh ND méans QoticRiddied g lowsendikidity andlytibAgRihoBaVi Ng a

pH greater  than 7. Continuous nmeans not interrupted,

havi n§815¢ %A e Ceparns yasieusonathads, A separsfipg epd muriing
dsinicd DINAQBucH 28¥inSéxchghgk N lﬁorﬁhﬁﬁﬁﬁm n

\%gns t he t)@g fl ov(\;/ {)rgi ac streamo soICl)J’t F-%Ir? V\g}{dééﬂy%xme

Cgval’ryf#ftﬂhe ifdnperaction chromateezanhy (HIA, syeraad-phase

tohromedgyapBi! (RPU).L sizd ledeWSdh ecfﬁ&ﬁ&égx‘aﬁ}ﬁl @(ﬁ lt@dle hehx afﬁmty
oduced % tt}wlé&or ocess of cell |ysis. term ng

éf"é‘}%"gf%’ HdHR&Q i dancopr iy ﬁ?ra'iamﬁgmt lyad dlee methgd |acca)nranm fo the

C;Eésbnt'lﬂ&ﬁ@rﬂ Relltsan G6nls oMLy 'OPtHerbuﬁﬁecplglﬁg Hqﬁ\IA are provided

olution i.e., cell suspension)
t%}e@H’f H%POW‘?‘PE‘I Hovpiensitiyly anglyfieadimethogoa | ysi n g agent .
Lysi ngigh@ 84 ahd'SB Beteorhfls sEAIP li@punﬂétml a'n%l nféﬁqhg [ Mot mation

organi ¢ 5 solvents, and enzynes

BB Sichler plapaid|fpgn)softhe plapmis JPNA(ﬁm@P 0 26% ersts°C for up to
igotdagd pl asmi ds from host cells. Neutralizes to make (a
solution) neutral or to cause (an acid or base/al kali)

to wundergo neutralization. By this termwe nean that

IRidEEg Which neutralizes a

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

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

Continuous means not interrupted, having no interruption,

Genomic DNA means a DNA that is derived from or existing in a chromosome.

Laminar flow means the type of flow in a stream of solution water in which each

particle moves in a direction parallel to every particle.
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solution brings the pH of the solution to a pH between
5 and 7, and preferably around 7 10 or nore preferably
closer to 7 than previously. Newonian fluid is a fluid
in which shear stress is proportional to the velocity
gradi ent and perpendicular to the plane of shear. The
constant of proportionalityliis known as the viscosity.
Exanpl es of Newtonian fluids include |iquids and
gasses. Non-Newtonian fluid is a fluid in which shear
stress is not proportional solely to 15 the velocity

gr adi Q&Eat@ﬂx@arﬁ%&ﬁ%?i%‘éﬁr@ﬁuc%@b ke Rbage féeﬁé?s?sﬁgge term lysing

Non- Newt oni an f 1 ui not have a we

VPSEds theacting i bgreel matlasd/onedliraenishnesifiacel pihicids in a
RRRfed dofitloh | (Hé.d8ell MispeRESDSthiduch ;cﬁggtﬁ?lgg?a‘@g% nglg% solution

vi scous and elastic properties), epen
ViBapEIe 3 lysing peret. LyriagAsantpigslude dersexamplentlkali dptengents, organic

| SBRkMS, 20 SRS DErePlrrdl bR En, Il}Isﬂer c%ﬁshis 2Rn0 % refoase

chronmpsone, whi ch may have the capabi ity o aving a

ripiactoipgmidsfogshashglls.f r agnent i nserted into it.
Proce ; ' I ' I+ .
AR RiESfo hbig @%Eﬁdﬁﬁ%’eﬁ?alg}ﬁt? C%%P]e(%ﬁ?éé&f] %J‘C‘U%E{alnkga’h) to

f
those described in Maniatis e ]
Anderae meutsalizatignn u By  thixd ter@owe repan thet seseatijog whidhonanrelizes a

RoRSisn bR e pIrF the %lﬂ@i%ﬁ 20 g %Ht lﬂ:ﬁ;vé%?sagxﬁ% Zé{blvplﬁg{rﬁ%agﬂaa{r&gxd 7

tern1fIOMA2$ refers tot ssing o

P moreRegrabh deser taf/ shapeprgviously.t er s per ninute) through

the m : L - E td . .| ul .

be. not S TCE 1¥g RELd 8 with i s Mol BNRY \brociy

tesadiest @pd perperdiqudastio tthe pddnkei ofi smay Bhe byrstast of proportionality is

=V ey o : w or v ol axed"

RaBih By R VP NG 8l 0 RERE an B

i s a DNepdNewd¢rianyfhrdéisst ol inrwlidheshaart stre@Qs Aot proportional solely to

" i, nali [ AN sSu ance f whi gt

GO, Pl Bl oial & ALY B AR Rt S Tidimay

inephaveta well defimkedidliscosiiyt  MoreNewgtonian fiuids dndlale pistit salieks) power-
el ; i host.cell DNA,apd/ior RNA. It

o B 350l SR ALK Pl P Bl econt Mot YSHL Pty e

idepandent yiscesity flejdend on t he context in which the nethods

of th ' i.on_are acticed, A contan nati.n <
rmpur ¢ P EA it S St Bipusion CPrBP DER iR gt pva hatis
in})t Hlﬁyromosmmg widdh Ih-ej;c dahe sie @phbilityngiuiaving .a fii)n-endogﬁnous DNA
" ting' .ar, ", [ ng".a first copponent (such_a

SRR R Ao e by (Pt ety gRpfuce those
otdveibed gzt es aly Mblesbiat Tldnbe, Al Labrab A4l 2d, Cold Spring
i}paigoi ﬁl {%1% : fciynd. gét/'_ent s of desired and/or obtainable
SO FRATTie B (988N ded herein. The terns essentially

f r ee, Fanglrposghdfithppresdriteavention thefiérieovwisg afesto B9¥aai of a

liquid at a particular flow rate (e.g., liters per minute) through the mixer, usually by the

action of a pump. It should be noted that the flow rate through the mixer is believed to
affect the efficiency of lysis, precipitation and mixing.

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

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

or isolate, DNA. Contaminating impurities include, but are not limited to, host cell
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preferably greater than 98.99% pure or free of

contam nants, or possessing |less than 5% 10 and
preferably | ess than 1-2% contam nants. Pharnaceuti cal
grade DNA is defined herein as a DNA preparation that
contains no nore than about 5% and preferably no nore

t han about 1-2% of cel |l ul arl2conponents, such as cell
menbr anes. Pharnmaceutical grade plasm d DNA is defined
herein as a DNA preparation that 15 contains part per
mllion or ppm (< 0.0001% i.e. < 0.0001 ng per 100 ngy
o]ﬁroqginamﬂ@ox@l‘h@st odll gEACad©r BINA,. IRNdndeassbd@hif2] Wha is considered

C S Aregl har eutical grad
P IR AR 8 e8! by BB H B3 o 35 of e
CmVﬂnaDrn arelpeticach aﬁncmhmnnhat&gﬂﬂn%rltgﬂ mhP 6Smbp ast Ud HI&1HMI derived,

and erabl es 001% or preferably |ess
“prﬁa &X‘Ete ?‘Bﬁﬁggbﬁ‘l’“l“ . < 0.00008 ny per 100

20 gy "Isblaﬁhgélsnm"ﬂuiﬂf)b&)g"ag ﬁtﬁﬂ‘ﬂoﬁ@ﬁﬁdﬁﬂ@hctﬂﬂﬂ)ﬂ)&) Eﬁﬂﬁr@nﬁchment of
ar mc ical. grade pla ns here
%ﬁﬁs? 8?) aponen ‘% tPg‘ rﬁsswrtgé)\gm ﬁge%%gamp@leetllsgextlally
ohbutideExtemtkl ?ﬁde@%emm%r cw#ameqfugggdgm ale Sy %égg%rze@a 0001
efera t % % i
< 0. oergé es% lfl%ﬁ?ﬁ 6:?&1]’313 % %}%ﬁ)g glinednaa a%out 95% and
cefembly ppeutes thaR OEIRY PRGN fies af cc@faﬁﬂ&n@ SSi0sEbs NN BRANS5 %,
her.ei %ID!}IA"%@?' / ti n that contains |ess than about
FH6E ‘“f? hLifE aZ[a’a PEFRIBERS | ess than 0. 00005% ( <
O OOO(BE%naceutléal giad DN(AOiS defined ered042 a”IgNAfpr a8t 5h thabbihains
oJalt m nan Phar maceuti cal e DNA neans
otk 3 ERORY B4 a0 BT AATIOBOREANS |- op R components,
Ednﬁmcemdmﬁmmna@ 13 Phar maceuti cal grade DNA neans
her ei

a at.i on preferably
pr edo ﬁbwgwfeu{}? pliast’imfim lsa‘??@n?ﬁ)]i‘eéelb A& 2 A yprepprgtion that
CoonfiRb Part wmxlﬁbﬂ@r g&%( 82060199 98/o< 85661 19%1 PP 60 h@%@ plasmid

ogf_ggﬁ%gg)%nﬁﬁ tube refers

?ré{ or m pl asm d

Rrﬁﬁ%‘“&f‘m@‘@}@iﬂﬁ@ wherein a

T shapsré SrécReRE OphapmBéuficad | gt pRinGia eDﬂfA tahd Gerein a DNA
created in that configuration or nore than one gl ece of

(RiEErRgon thaheantabes tess hpnahaut ARG, eides .ﬂgaar%m&’n and psferably less
tthlebﬁ) (00%%; b:rlﬁ@feadmssleamka@o DOV (<. BORELE < 0. dtﬁoﬁalg'iaer 100

AT tu sed to mxmgedlents as

f%‘i’fd%aswadrPN%wf é%feﬁwr»w% DNgher gsnomisdNans of the T,
join Bﬁarh@&auﬁ@ﬂt ?{ad@r;ﬂé"sm@"@l\muﬁqe&ﬁ Cnekdth rzij AN LI a’r(dti'alg that

occurs. as A verifier 10 Turb

qosfamﬁ@aﬁéaq %bPHQ 04t6, prled A1 B arasr!rpmﬁewbty lpwhancﬂ @gl%, or
| pefekbI® Gdsk @RS 0.00002% (< 0.00002%, i.e. < 0.00002 mg per 100 mg of plasmid
DNA) of RNA contam inants.

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

Pharmaceutical grade DNA means herein 2 DNA preparation that contains less

than 0.1 EU/mg endotoxins.
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transverse to the direction of the main flow, in which
the velocity at a given point varies erratically in

magni tude and direction. Viscoelastic refers to fluids
havi ng both viscous and el astic properties. 15 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The invention is based on
the di scovery of a scal abl €l3ret hod for producing a high

yi el d of pharmaceutical grade plasmd DNA. In

particular, the invention is based on the discovery of

a method for producing and isolating highly purified

pl asm Hlameumah grade I3 trheano baeial KBNANPrepat&ios th‘eft mp&ferably

Bkl 8 1 180, APPSR R 55 e,
g?Wﬁ%pmaB@e d;h;ilnl 9§‘%anﬂciested enduda font mamlam cont ai ni ng

LB ne [ i oti.c ,such
tetr a?ytlc':i i %ege% aalhgTSfelg%e%l At %urg’fop r#?lﬂ%g b”fhg’fe@ 3 Fghapp dyformed
i otingle pidcecefdibingitrea0 mthatﬁnﬁgt&amﬂn Gt ERR Rhepiedd dffubing

P B EHME RS S
Hbel ﬂTQ‘lSanZ 3. Bubdaupyce: usad o mbahgﬂeglemﬁ asibad Biids &M FloRfeach into

BRSSPSR b WSS 08, T e
fthafkids mige.sA warifiegr own at 37C and 200 rpmin a shakl ng

Tk OS5 L 4534 AL SRR i
i treosMeEse b ﬂlalddemtkmd)fttbe nﬁmCﬂdvaﬁﬁwhﬁﬁ tlﬁd‘-‘fdl&ﬁtﬁr Qf a giVESHRIt varies

m d- ex hase, after 5 hours and at an
%{gﬁhﬂmm g‘?ﬁ“}%sdt st cell cultures and
i noc ulVidcbelastia Feferasd ﬂuids Q¥ing both Yigcodk bnd SRHE hpbies, NOSt
cell are grown until they reach high biomass and cells
are in exponential growh, in order to 14 have a | arge

WDESQMBM@NEM\TMVHEMwM nmet hods may be
ch and fed ch fernentation,

oo o R iwioBa is teRo o SR A e Rer G ehlepla FRetRg desprocucing a high

/el bf)}bﬁaﬁﬁiacbﬂi’ttcﬁug’adé'@[hblmd BRNAOh pa@fictﬁzﬁ'ethg ru%ﬁt'ibg is based on the
use ereln,

cﬁsng)era TS ‘ﬂft he carbon source used. As

FEOYEY T > R, forpre tlﬁoéar‘img ihighly psified plasmigrNA using a
RofiReE: dilalivdiyeis oﬁhd,sttcblg nutrients required for cell
gromh a for 1g)lrso ctlon of plasm d contained in the

cul t ured By s ft e @ogdysdiLe; Hansfosmed wik eadasmid BNA at
expoiphiil gkbwthObRbseXE8RS al QfredRbd Unt@ I PlateL '381%% gt 18"Sedium

of nuIrlentsé at the tine of inoculation

SBYPEPE Y FHBIHE SHCh g5 ﬁ%ﬁ@@y‘a'aeu $1F1§1ﬁs°0ﬂ@1qshﬁi0@tﬂ@r plh're are then
\egeleled @bdeintd he n%llpEBt m§&1§1'h' du Fﬁl@ﬁ'llm?cgd A4 fLIhE:I opriagbda&tﬁ?otlc

S and strate

Lor conpl ex feedin
ﬁ%‘@ﬂﬁ’ pe {n srpaigte stepl@apeshe |Et§1ﬁm9§@f @IaSI@c%TdrE!iWig far d2ti6ehours at

BNMeftd i0R shakideedeltat&ond @Ftﬂé%@ anr vas tHenWE%an!B %&ﬁla&%b ml
ow h rate is controlled bﬁ’ tion o
ggstphl@ LB medium supplemented ina 2 L. Erlenmeyer flasks. This was grown at 37°C

and 200 rpm in a shaking incubator and used to inoculate two 5 L. Erlenmeyer flasks, and
grown at 30 °C and 200 rpm in a shaking incubator and used to inoculate the fermenter
vessel when in mid-exponential phase, after 5 hours and at an OD600 nm of 2 units.

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

are grown until they reach high biomass and cells are in exponential growth, in order to
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culture during cell growth. As used herein, "fed-batch
fermentation" refers to a cell culture process in
which the growh rate is controlled by carefully

noni tored additions of netabolites to the culture
during fernmentation. Fed-batch fernentation according
to the 15 invention pernit® the cell culture to reach
a hi gher biomass than batch fernentati on. Exanpl es of
fermentation process and exenplary rates of feed
addition are described below for a 50 L preparation.
I—hwve\aehm;geatdasmwMIp]ml d DA ’Evgamﬁctlﬁeth%dsﬁﬂaﬂ_be elﬁf)loyed ie.,
or.eat al so may be processed using the
e&%ﬁb dfé %%HPFg?gg %escri bed bel ow, dependi ng on the

scal e Edtcht faemetptiop At Otvs tHbOgrb%vmh’abe t6 BE ic6itetled Biréilzh MRA g Mion
opriate for

fed dlun1f tations a a
e B et A . A om RO oyt SRR i fonstch
Sﬁaﬂm‘tatmn'pisa&rﬂldultme girbcead sl @hich W1 Iﬂfbrﬁ(ﬁﬁltsa’t:qﬂe& lfor cell growth

LN _ex Fed- bat ch
Farfdz@mgﬁfﬂ%wn@@gawmﬂsqv CHTRTRE G T
se)mess ¢for Ehenplé, GDFfﬁlﬂte’chﬁ rd)vérSprfoH Brt lc&w@ﬁ!i’aﬁxhnmtriéﬂfs%ﬁt the time

i s exhauste

b I
1%cuktt18%ltmre u S%eyn algq(fp%?l}e Bs 1o adgargﬁ yessel after the
cmf-stemﬁdtl@ya@ﬁtmgaﬁdmey@ fo? cehplex fRERE hotlalk &R strategles
s _event._ The previously prine

i medi after .thi
f eed @H’?}t‘f% F fermapiafion distfpl @erordim t, difp I Rton, § fod-batch

d&hﬂe‘rmtibﬁ‘ Cn bgmcal tH@d#l grd@eH M@ds En@a116a 5y 188 8ddBlondf nutrients to the
Bloen%F§£38 1082- 12$O 1991 t he whol e of mhlch i s

| AGrE S iRE P ngroPty i Hecd FF‘é?léq rfedweh deepentationd refers to a cell

dﬁ.ﬁﬁl@l’lﬁ&eﬁﬂnfv&ﬁm thé Qi*cﬁ?vtﬁ o4t sQon@d11ch B ooty BRRARE O Ed(ﬁtlons of
f ed- ﬁFch oc I'n the initial 30 batch process,

nRabaligs P i @EH%& Srmesvation. Kedhatchafeanentation ﬁ@c@rﬁm to the

biivé&gibh §erﬁﬁ1@ \Meﬂ:@ll calbure AelehcH BRI EHE BlopRECthid Gatdh faeMehtanon
rate, giving arapid risein the biomss |evels

af ter Ei‘smplﬁ-aaﬁ %fme@ﬁaﬂ%emew 129 eexemnlant 1aj9so0f Fed taddision are

. T @k@ibe 981w Tht £50/1, gﬂﬁ)a?agoﬁ NeovRGEY BUEA M MEs Obr exlaf lecl (()) L,50L,

met abol it es Flesc io et al Fernentatlon Tec

U} et ardbamndi0rlso 1oy s grepateed waing thenexanalaé'cﬁﬁbratﬁg escrlbed
Eltow, Hepeﬁdm?@ﬁ AReARsle Gf ﬂBee%glp Vi nhei m VCH

Verl a | schaft nmbH 7b: "117-140, 1989). To all ow

cont i ﬁ{lglém egiched Hsteh gresiem, andh dedsbaiefy anedium cletraangations are
teﬁ% c{phﬁ'f@ fhose r(fdﬁ@cﬂ)rf @f}ﬁgﬁgelf &%5195][ %E& fol 4L 20 s Oﬁﬁﬂgﬁasmld

rate, without the need for ck contr

gvictd and gllone hemyeshat higksliomassgrhdastill atexaormnal lgyovthe
oper atF@&ubatcﬂ_me?mblﬁat§t§}Pﬁ§%| %fuc&el &Y ghycé\‘%' Gh zg%ﬁ% dl? Uurce. The

cause the buil Itory c ites
sigmpentgtion is rirp lrgbam hpérhurtil Sedritial cabon saistrgte (mmoseﬁ is exhausted

fﬁ{xggam; hody B8 suddb sl 8YSH §m§) (feon%rmea"bj S@&%@A.ﬁl}%{fs 0%12 Shuple

10 concentrati ons
Tﬁkmhmntqdrﬂitqih @fterbthisc evenrt dihe mrevllcvqu'aprimcmfead ntemam pump is then

il n?i%_n E&>det i
%c'he §11 % ?e %ﬂlﬁ&i%yl_g}nodaledg (? lfromz“ eﬁrllle% et al. (Bioeng.
38:1082-1090, 1991), the whole of which is incorporated by reference herein. The model
is designed to facilitate control of the feed phase of a fed-batch process. In the initial
batch process, a non-inhibitory concentration of substrate is consumed by cells growing

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



10

15

20

25

30

20 g/liter thus providing huge quantities of growth
factors and nucleic acid precursors. The nediumis

al so suppl enmented with amoni um sul fate (5 g/1) which

acts as a source of organic nitrogen. The additions of
precursors (organic nitrogen in the formof 15

amoni um sul fate) during thth feedi ng process in

fed-batch fermentation are designed to prevent

del eterious effects on plasmd quality. One inportant
aspect of the nethod according to the present invention

| $nocalhtion. Ts cidturely tmsot gidve JpHIES R 1nt1éﬁ/fﬁt@Iyl &1 16 MR EHATon of

toce i sol ati hly purified
o PR, (BT e i St diomofectapigy Yjsipg Regombinant
\/\Mm‘bonghnﬁﬂms 1 $n Biotechndléhyirexis SHI Or Rhdmi BHd entrdel OWeHHelm VCH

| c olution | in Fi
et R TR S LR R s Pinue opes i o e
1)nod%1 realc(lbies the mlﬁft.ertﬁsefd]g‘éedkafﬂ d’f@{e( drb @t l%]ﬁitln? Sdrﬂasat stubstrtate ?mthout
cu m X Qr me n (a) wthout substantia
DR R Rofllh S i e Rt SrOep a2 o i cperstor
f Thisnis dh@seiesd n fevelovhi¢hudobdh 8 dausd ta¥bhIRE ctfhﬁulmiﬁﬁéatib‘aﬁtes and is
According to one enbodi nent of the

| a
i '{fgﬂ?r?té?lgw?ﬁ%hﬁ{é’ B¥i&hi sm may additionally conprise a
means Gﬂferaalgi,dbdﬁgl RSREA6S @@A Mbh Wvelsak. a%rdnﬁgﬂe%%rﬁm

n¥SI ﬂﬁ@a SSJB SO| ution in Fi gur e ii, er ern h]l?%rart

%arf Byes Flptdaéher finélﬁhqdrh@t n.dn parncular the
| qlfﬁlﬁﬁ&‘s of |y9£Wt exilax ih (R bARANAediRh ARG ShorR 5 Q?Eag% LB medium) to
a

gdg@l ‘?@ gnot her enbodi ment, the nechani sm nmay

b P JEES anidtiesaqfeeronth %Pta@ﬁné npplaicfacignprecursors.

C'@hd ﬁediﬁm’ﬂﬁ h1Sd H@plefmditedidhNBnrhdtwh ShibRe Eﬂ %/g r@ﬁc}fﬁg@s a squrce
u W,

%{m%g Sol.ution h ﬁ‘ég the nmeans for tur

(B 1B PN e 1HEdiLipne, jof Hsequysersh Praasiq mitengen jn ablfdlfwgl of
amm@nldm(kuﬁ‘ﬁb)lﬂulnﬁg the @@e‘&ﬁict robdd8 i Mﬂiaféﬁ%‘eﬁ%hﬁﬂ%ﬁarﬁ designed to
currené %/t ysed to ly bacterial cell , hone o

akfgyeatdel W@%P@ﬁtwlﬁ%éﬂalﬁ& the viscoel astic

pr operddeesnpoftart N8pdet bf fie RABMod Q@co?cﬂ ko i lifgrgsreﬁgﬁwentlon is cell

| vol ved during njxing steps. One o ect £
%n?h%nfhespr%ﬁe#ew%%fene@npagses % ptoeess ffor pmdmm@ andh isolating

Clﬁhﬂly %Hﬁﬁ@;ihs%ﬁd ﬁﬁ\qﬁl il B IHks ﬁ'x@‘%teg g?lllsklggﬂfs [ﬂ'?wﬁ%h W Of @a

(sol ution uni my and very r

ViPeaRs &rdubpientt fayy t raméléam;c a qﬁﬂ@spmemm (sohxtms 1liy Figwre 1) with a

adofifiofl ithd 1§8s b N

advant age %ns a?rﬂl‘?‘?@r{fwear or desﬁ) @ %’grénsaf?mn%nar flow to

JRSHBE dnqupatingas migpeenforeed thwinyithes abdtantial titatiod, Owherein the

CthBHRS REmbdfnQh {

mn and  mor élqurfgj;“ésr@ the edﬂé?%ﬁﬁrgaé% i ﬁ{ogﬁgglre %l gorqam’nar
‘ease contact tine of mxed fluids, but that nethod

does MREord{kg K@ ohkS EnEddiniEn¥ | 7 %e’ lﬂgﬁﬁi&q tﬁé/ mRARRRAN emgyhgﬁ%%nally

the tube. Table 1 herein below s
comprise a means for adding a second solution that neutralizes the lysing solution

(solution 3 in Figure 1), wherein the mixture incubated in (b) flows from the means for
laminar flow into the means for adding a second solution.
In yet another embodiment, the mechanism may be used in a method to isolate

plasmid DNA from cells comprising: (2) mixing the cells with an alkali lysing solution in
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variation of paraneters Bl a, B 1 b, B2 of the neans

for turbulent flow, lamnar flow, and turbulent flow,

respectively, and their corresponding flow rates S 1,

S2, and S3 as 15 displayed in Figure 1. Table 1 Bla

(60L/h)B 1 b (60L/h)B2 (90L/h)Fl ow rates

di anet er | engt hdi anmet er | engt#di aneterl engt hSi, S2 et

S3Range 5 to 7nmmR-6 inl2.5to 13 to 5to 2 to 60/60/90

L/ h 20% 19 mR3nB8nmim 20 Anot her obj ect of the present

invention is a mxer or injector with tubes instead of

latha' mewisi fohtupeian ﬂswﬂﬁl‘gﬂb)’ Tnémmliﬁihg tﬂ’meallﬁtﬁlné $ysfﬂgt $LitibR by adding
S| Accordi ngly, the mechanical stress on

%‘Acﬁillcsgdls%{’hat pass through the tubes is greatly

r educ ébspiterthanetktrtus matieln Gltl_h'altfyl usedi® 19detbabtetiflrc@ls, nénedbfthem

b e n tan The efficie
régg e?éjglelpﬁo%?/nésncaé'?eeda?y Fh e\fl?crog g CVOPWI?%%féSMSWHg? shear
ffofdemmvo]sed‘ldlmnghmmngIsta:pd dne Sbjaatof}ﬂﬁ pré®nhi@véntion is a method of

LB S ARG 55, RO T D35 e S
Vﬂﬂ@lntlcm 2) tmﬁﬁmlys andsedyfr@pldm $bfog, thb hsﬂsdoélh§tlcaﬂu1m P8, | Thus
COHMHUO q S-lS acc \Mj f h‘& S d beCOﬁESf Jl€$ antage ln
VIS co8 PEYE 19 WY P %rfﬂea‘é‘f’%m‘é o%lr’é‘?d%r gdvantag

vlimitlag fshawfmges T tibes havzegeddily Radll idainetdr Xibigg, @mblly Sith a
and t%]er efore

[ sis.of on a pprtion.of the cells

S Qyterigy Lo Boltm e BIbHORE Goupe ‘B?Jag P8 2k FigFeepreferably of

reeoitnid dhing, di orker toﬂﬁcﬁ'@ersé lctr@adtAinid 6 Afked Bids, i by B1at meihod Wes not

ha e |de€t|f| ed t & ases during. lysis named Phase |
&t

AREKepise SEmiring: fgused Hipasmgs darorsly the ton detle 1 hereisy Belaw shows

tvaeiationl df paRni@icts Bla, B16|@Bd UM AR RF nibltR ifowd tHnfiRar flow, and
i n, rheol ogi cal behavi or that

C a major .C e
BEEleRe 0P Feuisel e i PRTSBPOMGIEGOY ighee el S5, and S5 as
diigptenFigie 1.he tubes nmakes it possible to neet the
needs of these two phases. Wthin a snmall dianeter tube
(Bla), mixing is increased. This is the configuration
UBle for Phase |I. Wthin a |arge dianeter tube (Bib),

the mxing (and thus the shear stress) is reduced.

This is the configuration enployed for Phase Il. 10

AeeoE0L/Ag] y, \BIBEEL/R M Xef Booray M UNT@Fow Srediepr Tted

irA—F-are—2 nv_T. s .?nnd evice may allso be used to

|o|d He Z‘iﬂP%tBe-élﬁlaﬂefm hgd {diametet d i o laRebSHi Reneo

fthgo7mm | 2-6m [12.5 to|13to 5to 2 to 60/60/90 L/h | +20%
19 mm 23 m 8 mm 4m

Another object of the present invention is a mixer or injector with tubes instead of
a T, which permits dispersion of the cells into the lysis solution. Accordingly, the
mechanical stress on the fluids that pass through the tubes is greatly reduced compared to
when the fluids are stirred, e.g:, by paddles in tanks. The initial efficiency of mixing
results in even greater efficiency in the seconds that follow, since this fluid does not yet
have viscoelastic properties and the mixing realized by the small diameter tube is very
efficient. In contrast, when a T tube is used for mixing, the initial mixing is only

moderate while the fluid becomes rapidly viscoelastic, resulting in considerable problems
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present invention. Wth this mxer, solution |l is

injected counter currently into the alkaline lysis
solution through one or nore small dianmeter orifices in
order to obtain an efficient dispersion. D aneters of
these orifices are around 0.5 mMmmto 2 nm and 15
preferably about 1 mmin tHhe& configuration depicted.

The m xture exits mxer M to pass through a tube of

smal |l diameter (Figure 1) for a short tine period (of
about 2.5 sec). Conbination of the dianeter and flow

t while fayyingliethe aiiel Vhis gdimallnaklﬁglrésmtnﬁi IpéifbNondy b Pérbibn 6Nthe cells

fl 0 riations,of .t aranef.ers are
pﬁﬁhﬁwﬁg gle % 2RPftop é’? F ?ﬁ%ﬂ’é‘?steb@ﬁgﬁ B‘E“@f‘%?ﬁ‘%’f -er
pr ovi décdaokding ke pieﬁerdl isveeti@y wef haveddéntified t\n@bhafsaﬁdurmg lysis,

t he thi
T TN N RE oy A M
t Idglatlmﬁ@npnénmltls avids, yausmgIadnajdimmﬂ@’hmztﬂédldg’lcaof)ehavmr that results

t hat i on and
sg{ y%llg%ﬁﬁ Gre sgdﬁu%sngw%ﬁ?tgﬁ Qf é Sd’ﬂﬂkFWé ppibigstomeet the
t heedf bftheserere phased. uwnummnanl Biahdeger e (BQQP&%thZfQ'iﬂc%sed This
pﬁatﬁ%con gattllg ex rP tIhI t.ube, solutions 1 and
on, &se a geﬁg ’iﬂgn&‘f Iarg2:5dler§1:tp1§tupﬁ (Bib), the mixing
S (rp énis t}@rshsar atrdss) is TddecddoTmgie ma&ﬁﬁ%ﬁbﬁ @nﬁl fOARESIL
through, | anet er

ond tube I ar
(Fi gure cfsd?ng%ﬁ YHtR A nTléf*g @ egﬁ]’( ﬂ’]é ’ééiIeP’g‘e HHFL%YF ey shaped
oflevideemayi slew bt asdd w0 prf)\hwd dispbfhi‘dﬁ sf tl@lﬁdlrkﬁlsﬂehélﬁn BERREng to the
m zed (():hlthe sol ution may

aPiEbHE Vory oo i, eoluiomo ) Briglecied Souer Rurently into the

paikdmbllms soluviod @liroligh d¥iertr MoZLsnaAlY dRBRH oAflcslih 8/ 1 \SHtain an
I n one enbodi nrent of the

erw s J‘ra
oo S D oS e PR R g .51 Mo tog 2y and
apm&mﬂly&bﬂufrﬂ, mﬂﬂd ﬂw&ﬁﬁ‘g@dﬂoy d@flcﬂedm n 20 18 sec is
sufficjent. to conpllgt eMLhe cel sis and to denature

nucl ei CCIURYLe e m & Pﬁﬂ%ﬁéﬁ"&%‘e& 4o of suald diamgier (Rigwe 1)

nﬁ:d & sl ttrﬁ\@pefriod i(6F abﬁut'Za.fHeE)aC@mlenQﬂEH biftfe &aﬁWeldénfdfﬂéW tifle may
di um gl¥ roxi de toward cellu

?fﬁs rﬁ"ﬂl e} el0| {pauian ehybulspt eﬂ%dEwquh@f variations of these

np'zmdrﬁﬂér‘s 2@t provid&Pinutdbn] ., 3 Alﬁre?é}@ﬁbeg]té( Bfbe Widnikid ¥ov1c|i_’e the inner
I n one enbodi nent of the present

xer C
%‘B‘ﬁ?f ‘gtJnfLetﬂrPé’ Peisthg QU dizmeter Which frcludes thectiickness of the tube

a\K/ﬂl&&n thefhstl0es] 5 Thid, bAEF sRiend Qnﬁ@ 180 M AN Qe FR% t3§ry0frap1d
a}é)ound 6mm or around 10 mMm The snuall dianmeter tub

mypgenization of golytiens Jpa 2. sAjswaing Gaespletiont hendowolution E avé still
tmﬁvtblmm Relds H@m@ P f e AidPhbdt & tlxrlﬁﬁ&)t dﬂﬁ% Bk fhgli%B%e\ﬁ%atlon

m xi ng, of the |ysate with sol ution eut

ROPSF | hnihp e #@W i 1ubs selytions 1aanth? \a@shcrm@emama andthei Iyigjs of

NRNE mabdpeadidrOdlarts10 rapidly |owering the pH induces
flocculate formation L..., formation of |unps or

massed)'® hemogsezedt fﬁ@‘i‘urﬁéh?_ﬂ pagsha theengh &l $epontlevae ((Btk) of much
Abedithn seN@igthe D), \E WhicH WSk tn8lls and formation of the viscoelastic

fluid occurs. During this phase, mixing masy be minimized and the solution may be

allowed to “rest” to limit turbulence as much as possible in order to minimize any shear
stress that would otherwise fragment gDNA. In one embodiment of the present

invention, a contact time of about 1 to 3 min, around 2 min, and preferably of 1 min 20
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remains in solution. The flocs settle down gradually in
the harvesting tank, carrying away the bulk of the
contami nants. The schematic drawing in Figure 1 shows

one enbodi nent of the continuous lysis 15 (CL) system
Continuous lysis may be used on its own or with

addi ti onal processes. The i hod of the present

i nvention can be used to |lyse any type of cell (i.e
prokaryotic or eukaryotic) for any purpose related to

| ysing, such as releasing desired plasmd DNA from

t sgcgietsuffisient to confypdets [tityse}adiulgsik layd polrdediatdd .nubldicaacids. During the
p odi od .of .the presen

PUSER (R0 B Tl mpad QPRE TG, Ruinat fehfigglow aifusion of
pBSBS mndisodiwon h@Boxidd tews:d cpllhaambﬂpon&xlme process of

nvent §aro S8 el Bt SR BaRRR LSl PRSI o v

f evixee odldiND Iwkm@ brnﬂmlﬂndﬁﬁ efithg Ipms&’httlﬁlveatmrh it msHe Afameter of the
C?I ljn_?(ﬁlt Eaatr%&gxtletgﬁg] Pr arlrgl?ng\?f ﬁ) fé at] onﬁﬁvp Qeag’te arognrgidﬁmm or
V\@]Ogﬂlﬂ 10 e The sﬂ'dhleixzmﬂn&rlt\ﬁhdelq_l_g ﬁdokﬁblnﬁﬁ tdbgpis positiGied e outlet
ells rveste
F ol Rimies: RS IERICE L8 S 8RIRG Eine gt by ey sofution
c@l| The peutrabized sn]cntlon B ﬂ&mm@h&tﬁdl imh l@[’\ﬁ%{g tax:il?/ ﬂl)@ﬂ&eﬁeutrﬁl%uon
W t ce ul ar

have.r eached

c BRI, FI) nén‘hsfpﬁﬁb‘ﬁ‘{i?g Prﬁ‘tcé RGO Leir ormETightof Jamps or
I nﬂﬂbs) anckhp otechiald] the bartiolly Gendtﬁlt‘ed/\ﬁl'aﬁﬁ'ﬂ rBhurkd V&Y qufgﬁ? and
i nvent i.on furt?wg enc sses a od_of produci hg and

| EBPRIh TP §F 056 Sl sormatedill n e bRxeRg fankscairying away
e&ﬁenmkﬁﬂhwomm@mmaﬁ contami nants and thus is
phar eutj cal rade DNA. The plasm d DNA produced and
i sol at £ SBYFmatie d'%ﬁ’f’l%dﬂ Figure hshoyy pam embediment o igheagontinuous lysis

VO shstoth.l @Mﬁhﬁous'-lyswﬂﬁéi}t bGQEEd &t ksl RS WRIPAdi®nal processes.
cont a natlﬁ&nc romosorfal  DNA, RNA, protein, and

endot oicriEethde, of g Rreser dnyestien (ancbe yesd tei IYQPLﬁrlé{rf}'P% pheell (ie.,

pﬂmﬁﬁeﬁ‘y&lc dNAkarTbiR) Forag ﬁr@é@rc@i’c@g Y& @ﬁn%c QQJhdésnﬁletaﬁné H%lred

g{l% %IS 0 sufflc:lent urlt%b use researc

pPagnd 0k fom rest splly to Be subaeqyent prteds Tca profesrodegpodiment,
Cmﬁﬁﬁdtlﬁﬂsoﬂ)thélpfrés&ﬁtlh@ﬂn&{ RP$sed S i a: Eéllspéoﬁtéﬂﬁ}xé Plasmids to
afLﬁHnl ty chrormt ography with a further st ep of 10

& ormat ography and further may include
hydr Opll‘]@@rﬁce'sﬁéﬁfoﬁﬁﬂdoﬁé"alﬁmn@%ﬁ ﬁﬁ%{lﬂﬁ @Plhe resent 1nvent10n
per meati on chromat o e ste [ on exchan
cHrb e Perderasa yn ealls %@sirfrqm] affﬁrml@maz@d vihich h@nbeen grown to a
eB'iGIlﬂﬁ’s@g)? Y
EGRRRR colt ATV Rl Kol ity B tnd B9t i ifbocptia
tﬁ%’thl el Qe drst Miesichidali Tbe lopating.oys eqﬂ@dﬁesdlysm@tbphmaglahso be
t e 0

PRI B o narled, S 3E R B p G en aroum o = bian
abpigmass of cells and are not in exponential growth any longer, but have reached

stationary phase, with a cellular concentration of approximately 10-200 g dry weight per
liter, and preferably 12-60 g dry weight per liter.

The invention further encompasses a method of producing and isolating highly
purified plasmid DNA that is essentially free of contaminants and thus is pharmaceutical

grade DNA. The plasmid DNA produced and isolated by the method of the invention
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hydr ophobi ¢ i nteracti on chromatography steps, occurring

in that order. Alysate filtration or other floccul ate
renmoval may precede the first chromatography step.

Met hods of the invention described herein for

purifying plasm d DNA are scal abl e and thus anenable to

15 scal e-up to | arge-scal e anuf acture. In sone

enbodi ments of the invention, continuous |lysis may be
conbined with additional purification steps to result

in a high purity product containing pDNA. It may, for
emtqniseverjo éovc (bfmelsn eel, part beraimlllcﬁxm(ppﬂi) &f Qfon1fa{n(ikﬁaﬁiql,«ir dhr8mosomal

ate. filtr

;i;N é)tlilo Slﬁ) °t8§18ﬁ aaﬁ& 801€’rﬁ Q’ﬁ?f{)g{@l%t‘: fprmplasmid
CENIAO ) the) plaﬁlﬁlchIDNArpredmahhﬁrg:gﬁdglgt 1ol ﬂilta ﬁiVeﬂﬂti(fri Wiof ¥ufficient purity for
chrom r ophobi c interaction

chgerfsg%rog d&%sml?ﬁasg ﬁ] 'odi ment, continuous lysis is

f ?I I ontHﬁb Ih%thﬁd’l b?meemlnamg Sorrapi'f@ég lﬁﬁﬂifﬁ@%@ﬂ @tépi Hcl&t[r@)@rlple helix
ar .l ni cnro ogr.a an ropnoni c I nteracti on
c#ﬁB%?%a'PﬁtBﬁS?P gl R%fha’i ﬁeﬂ 1oR eXFinae Fhremsearphyand further
caay inolude! Bydryﬁ'iosml1ﬁte1fa&ﬁdncbﬁ£bﬂua%aﬂh‘y$ﬁtg§l delbrhdih biRBmatography.

|o exchange chro ra triplex affinit
B PR Ao eRgaP DG b Rtk & doidghbed fon exchange

C&Iﬁ'@ﬂﬁb ggps}@piﬂy ax1lal’hntilbai'ad&[ High resbREiSE aSibe B2chah ée‘?:}%oﬁrﬁfo g?aphy,

truly cal ea P ufactur|n process, whi

can pr Fg%u P‘ghb‘é 'E’Egﬁ’i Fﬂ? alkainsy lyﬁbﬂﬁp gfcrifed hersin in combination

Ul aﬂﬁétﬁﬁﬁiﬁdn thfhhﬂige chf@’fa&og%&rﬁwh@& ahily @1§omato aphy and
are range. _-The net hod of %ﬁ

PRSP Sy RGoB Al Bt PEpks indhgpsoesA fyses Hiration

r @vtha dlbcoidfle phesal ey prRBdRIEABRY ,cmmf@m? aleb! lgltetéxogs of the

CRHEPD AFForEr ioes o s aER LIS Pivcilile 8 s amensble t

afepleivpad laegb-sca@ nﬁnﬁﬂaaﬁﬁul ate renmoval may be enpl oyed to
prOV|§g er |ty to the resulting pDNA product.
Thi s TGRS T {15 TRERHYD ORENYSARS SR may be combined with

pddﬁﬁloﬁaltﬁhﬁgatﬁﬁts Fé ) resufifth Qﬁfg‘ﬂl ﬁlr?% prodi& c@ﬁﬁfﬁ pﬁjﬂfgf It may,

perform ng flocculate renpval i's ro%g? aly
fior te?‘%f’f‘PIB:n & capbingd, s¥ithaat lepst e of floceudate rnmvaér(alch as lysate

d
P st & S EA00,  bard MHE o E7

R0 FXhnepler irip ﬁ&ilﬁ%’o@b@mfégfanh&m hydephéhie Uigteraction
C&P&rﬁdttﬁg%ﬁtﬂlﬁr R Rk efBblileRd codtﬁﬂo@g(&gi@qg ?olﬁ)We@ rﬂgta?xg)ﬁlaag(mange

may be e oyed to prOV|de hi gher purit
fé'ml%t?&’ﬁ@? DN&IDso ity A@hrwtegr@nlamg@nﬁawy@@plmﬁoecmmcnon

d&&ﬁﬁﬁﬁiég&‘ﬂ)h?nmttﬁﬁ RALP G Eﬁcﬁ&r effbolifen E%Bﬁﬂ{ﬂoﬂsai%@ i@RHowed by

he solution. 10 Anion exc

c‘ﬁ?aEF tugtiom smipnrxghasge ehrpmelpeiarhy bl a:fémm givematpgraphyy and
Ui dtdpBobié Sitethdd oﬁgchﬂﬂ%gﬂ)éﬂg ﬁtthatAB}dQP %84%%&% allow for a truly

chr or nat ogr aphy function
scaleable plasmid manufacturing process, Wthh can produce large quantities of pDNA

with unprecedented purity. Host DNA & RNA as well as proteins are in the sub-ppm
range.

The method of the present invention may also use further steps of SEC, reversed-
phase chromatography, hydroxyapatite chromatography, etc... in combination with the

steps described herein in accordance with the present application.
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negati vely charged (or acidic) nolecules to a support
which is positively charged. The wuse of ion-exchange
chr omat ogr aphy, then, allows nolecules to be separated
based upon their charge. Fam lies of nol ecul es
(acidics, basics and neutrals) can be easily separated
15 by this techni que. Stepwk®e el ution schenmes may be
used, with nmany contam nants eluting in the early
fractions and the pDNA eluted in the later fractions.
Ani on exchange is very efficient for reaning protein

and engotieeculitd feitviliBayPdeNhpRy rrat il aI R gﬁ{fg tlﬂ% re?ultmg

hro to raphy, acklng
éﬁ\i& %ﬁ@f uct |, (':1" 1S $1¢ 1k P2y |be égeq,\g femgye Fhe bukks of precipitated material
p r@pevulaty. DAL HEhardn Gf F8MoriMEC HbQRAE ZLMGvaA1S MroudP a Iysate

exgchange chr opat ogr aphy and elutlng and separatin

p! HERH SERASICR &F BF9HE8 ddHo amumaqedl prelszabliug 3. hmiheridifikter, followed
C(]j_mﬁldzpfﬂ fil@ath ad 9 9dlidhdls ﬁh?‘é@lﬂﬁ ¥i8p.nemics nﬁfho@f‘%e%ﬁﬁiﬁb AbSeulate

that are used for the  pack |ng mat eri al ni on
5

ef&’ﬂ%aéére& PusbtaEHugsHN Frstiling: any conpounds, if

vari ouson é}&bﬁ@ﬁg‘e@ﬂﬁmﬁﬁf 2PipRy mlaP Bk efpldiyRRl ko Bydilfdgﬁg%%% ghﬁﬁ_{r to the
or _varioys lon exchange groups can Be 25 Intro
a rﬁ%@lngr iPERdlug 14s0R prehangs maybe selegted dgpeading on the propertles

swﬁmﬁﬁbmagﬂwngﬁgmgk%gxqmwSggﬁ&{unct|onal NoNOITer s
i ncl ude styrene, hal onet hyl st yr ene,

m hal o ﬁéequgbwg%ﬁﬁomatpgrm&mmftbﬁ ymalayed reprovide higher purity to the
o-rBenlial kBNAL peRme. A& %ﬁ&ﬂﬁﬂ% e bibAfography functions by binding

p- hanaI | styrene, a- yrene,
a- “ﬁé‘%tW? angs @fgcﬁl}q) glt@qc@]ﬁ@to a support which is positively charged. The

a- ﬁ@t)f‘%h-eﬂéﬂaﬁé@ﬁ&ﬁé’t&gﬁﬁﬁﬁ&eﬂ& aRoWiEhOMkL ulgéjtopoe@%JJarated based upon

onet hyl sty
a-theit %Wgeo Fﬁ@ﬂ@a ok polseylesdpeidies, hresidsyind mehizdl)aki bt sasily sepmrated

tﬁﬁttgéﬂm haét 1§é’ L:]ﬁﬁéi:{q?%@mes ma be u with many contaminants

ydro ne hy styrene roxyne hyls y?ene
hﬂﬂﬁgg e ﬁgql}gfrW@mgand the pDNA eluted in the later fractlons Amon exchange

1§“y Qm“ k%l‘ &%ﬁgﬁrd&ﬁ] e?lF&@)Llﬁ}(ll o Ao ﬁg)ﬁl.ﬁp PreParatlon

hydr ox styren r oxy rene,

a- met h%pr_the 1quhﬁpgprghrhnyatgm}gngackmg materlal and method of preparing
T T Y ——

hydr oxya styrene

a_emhahgq chp;mgmg-r@hyamﬂ clyting apd emratmgpyasmdMDNA therethrough are well

ng% ﬁ gl yci dyl acryl ate, hydroxyethyl acrylate,
roxynet acrylate, 5 and vinyl acetate. Most

prefer Eempcmdrxomemr&ar thab;mﬂiekiy lof frage i paterinl Shattdué a@skdofor the

ar ' hal oge C s C and F a
e ekl e A AR SR ooty Pt by oo frions
wiferetiosd [zoovpa tiietrsxbibit Zhytlmplictbxcltﬁmmaheas :ilfél exchange groups can be
ude i.nyl benz

p f tJ.onal 0
t?ljllt%(/ | E beyn 20 gt—reaa{}) n%ﬂsef 6}}6 ey mq?rfl ts%r}ﬂ%‘élﬁgd Examples of
d |manm§ahctwphl mah@nes irtchide Istyydnﬂﬁ@hilbrabﬂﬂ&tyraieh wl-Rdl€methylstyrene,
thacr t | en 10 di at e,
PEERm BB SE o Bl Rl el v en e IS Biene, o
dmwdryjdt}admb, u—methyl—o-halomethylstyrene, o~methyl-m-halomethylstyrene, a-methyl-
p-halomethylstyrene, a-methyl-o-haloalkylstyrene, o-methyl-m-haloalkylstyrene, o-

methyl-p-haloalkylstyrene, o-hydroxymethylstyrene, m-hydroxymethylstyrene, p-
hydroxymethylstyrene, o-hydroxyalkylstyrene, m-hydroxyalkylstyrene, p-
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nmet hyl enebi snmet hacryl am de, and

nmet hyl enebi sacryl arni de. Vari ous ion exchange groups

may be introduced by the post-reaction. Preparation of
the base material includes a first step wherein

nmonof uncti onal nononer and pol yfuncti onal nononer are

wei ghed out at an appropri ale ratio and precisely

wei ghed 15 out diluent or solvent which are used for

t he purpose of adjusting the pores in particles forned
and simlarly precisely weighed-out polynerization

[ ﬂnbldlioaxldkylatryeene,dded foambthyledhy dpxywelkiylsyrefid, i ng Tlagmethyl-m-

' bmtted .t
?P’lg“gr%ﬁyﬁgr |mz af’i s% ﬁh}&ﬂ @gﬁoﬁy@ﬁ%’%‘?@r e is agEthyl-o-
[ lhvdl‘oayalladpnﬁem a.srndatbyll-Mydibs}&Ddyls@ﬁbneS d&ﬂﬁﬂﬁl-p)ﬂydroxyalkylstyrene

Bl R e ST S G bt v mptapryite
Stand N*Myl aadtepcthepSretzﬁEd @Bmp&une O AER q{aﬁﬁu@y @b@duaibkituted on

SO ut 1.0 of nD uncti ona
o R e e R B A L S ——
1 szlimﬂatedf hymtﬁfbdmtmmnadrbdmﬁl@ﬂiﬁ rof BRS B (Eb!bﬂl s0ds F&yﬁmgﬁonal
fungtio nonoper .So as t obtaln SO

P EpeE T Bl TSR | S b ueren iayiuens
[ ﬁl\&i}&l&pmhhlemlhﬁwmdh@hﬁweﬁ@%thlyleﬁé 8§ coBbdichel#Omiate, eiHYBene glycol

SRSl or FEiEne Y T, Uimeri o R acpiol i

nmblt}mtﬁneblstwthmjﬂa:ﬁtds, @a%etrg%wmm@]amfas amohl pat hi c
proper&x?or .m xt res t her eof | sQ used

nma
pr event “t & mrhaﬁ’ ClETE R ’éi‘ﬁff)hegm%i’ ucg (%Iﬂéet Eosf‘FF‘é%"é‘} Prsgaration
The the Hasd gnatiab rihcthdes Oa FRst Uﬁ@ﬁ wheteih ORofEHBAE monomer and

glﬂq’r@g’ g\% ‘%@ﬁ%x‘ﬁg‘%}r@f %F%L%&%\% ?t gl@ﬁgkgfagglgsﬁ%;)%plsely weighed-

paﬁﬁ dlﬁl@ht&fﬂ spivehit Whibh aredbed BRER Puffdse bP Q@u!;tﬁlg“tgg Bores in particles
ag&f Sur. f ace, nDdlflcatlon to introduce ion

sighlatip Bregisely fecishadpw polmerizationeitiatas syhaddad,tfllowed

ale' wellVBtifrR e The f mBhE NS Sthéﬂa%bﬁ’ﬁteﬁsﬁg f Bfi-id-Bter Oc? e suspension
exchange chromatography. A first el uent contaln %

| ByEsHEatian r wherein e itwre df Rddeds drton an eaqueons solutlon dissolved

c @likbéismn%bhizgﬁelghéa%@ &@Elﬁ&@}} bé?&eﬁgnds ahd oil B RE \Vlﬁfgmmg size

The elutlng nmet hod consi sts swi t chi ng SIGEMASG

t A% fpimediby anigimg withstiprpe m@é@mnéat@é ris cenfyctef &y graduillyrwarming

€kl ddN So i ekt 60 BE InfABHALNonalC %H&g&g td l}%ﬁm.?&?élt H8Bomer is

fromthe first eluent to the secon nt~. Buffers %

s genewally pgpundy} @ncl e en@oﬁgmcmldmpmpmerreged arquadt G0k tor annol of
?SGI B ARG Sora BB 2 3h ﬁpmob%yso@nepai{&feg of%%e sem atlgﬁalf I\ é)% L?/merlza’uon

uént contai ning | ow concentration
s Sitiatorois ajot 10t PeHiselatly aqstrwwdwdoazobl@f ttveq: a@dlougerpmd6 Gypeeing
agebarbinkR g 9&%5 to 9 is particularly preferable. For
t he secon el uent contai ni ng hi gh-concentration of
sal t, Suspewsipn siebilizsronsugh tas Ot sofAMEHdienivsal surfactants and

polymers with amphipathic property or mixtures thereof may also be used to prevent the

aggregation among oil droplets themselves.
The packing material to be used for ion exchange chromatography for purifying

plasmid DNAs is preferable to have relatively large pore diameter, particularly within a
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added to eluent Cis particularly preferable. For the
sodiumsalts, sodiumchloride and sodium sulfate nmay
be used. In addition, a chelating agent for bival ent
metal ion may be used such as for 15 exanple,

et hyl enedi am ne-tetraacetic acid, for inhibiting the
degradation of plasm ds due€2to DNA-degradi ng enzynes
in the |ysate of Escherichia coli. The concentration of
chel ating agent for bivalent netal ion is preferably
0,1 to 100 M A wi de variety of commercially avail able

aninpe feons 130Qeo #BOC hﬁ‘g@ﬁforﬁg Susfide! AOIA cati @ td!Hfolifke!iBE exchange
preseg%ﬂ i nventi.on, rfcl uding but not limted to those

aVBETYPS ) hese maisripleiscis!l WA BRatEx change Resins, Q agen,

Toso Haas typﬁiseﬁ‘@@éﬁte maPRekdBXthe MC LLMRAC c}ﬁ\&qato aphy A first
exanpl e, .the_col um (Poros 11 l\/%T

For
nrﬁ?‘ﬁ?ml iping; jow- ?%‘FT‘V"““% Gf iselbraat et shoom Ebleﬁ’t\/lcontammg high-
BIcBﬁGERh'ﬁtoHrdﬂbaﬁ enat bedied . Phedling. rlethbMaGhsistd B s&@dﬁﬁlgestepwwe

nd washed w,t the sane initial buffer.
oo B 5 1B Stont bhiess 200 85 R loting ABOM cargnuously

C @hatiginghd LoiBsosition FopNthe Rt et ANEE J<384 LRBS. Bhiffers and salts that
col l ecteq. Pref eéred 25 ani on exchange chromat ogr aphy

i i %ﬁﬂ‘g’?ﬂ}fﬂlﬁ“@[ iggasse einents ifraap exchangs (hromatographypmay be F??é For
e ﬁi@ﬁﬂsﬁﬂﬁﬁn’t Obntiifiag MovReQREntAtiorS 8@k Al uBBuPddilitidH rvtn{hydoﬂ&ntratlon

?E gNA the resent invention relates to a net
D to? B oL 10 S A0 APt G It et corefeesisy For e second
pleashd dén@h%ﬂgﬁ-@&hc@ﬁt&ﬁ&pg{esaﬁ hiQdvat QSlﬁﬁ&t%]gt? R4 tt)riZl\/Féo%mm salt

hellx chr omat ogr ap in conbination f i ci ent

oBagAP fpentiEl e tpema'él?rébsptﬁfemblm Fehthpgoriom paits, wmnapl@erlde and

0 @adihh bilfatdBay bé iNegX helix affinity chronatography is
described inter alia in the patents US 6,319, 672,

6, 287, lnsadditionya) qhelgting Agan fesrbivelanbmeitalpign enay be used such as for
aféﬁﬁﬂl@%ﬂ@%m%&%&%ﬂ&&a&éﬂg @Eld M‘)Zﬁ%? fle Q%gé'gcﬁﬁﬂn of { plasmids due

Applicant.” Triplex helix affini
bde ENAsHegpding feP%YWF’f bipi e dyeterf Bicherdchia jcgbn b eondedtation of

a'&ﬂelﬁlntg%F&ﬁ%m%Fﬁl@taWoﬁﬁ ef&rglﬂ gaubl I%D?ﬁl{/landed DNA.
These wwgﬂonuc eoti des nmm cont In the [ owi n

bases: 4 Wil C(f'FPmnWﬂl‘fd availablgpabie emhaﬂgﬂmamges are suitable

t Fférms@trﬁh%ﬁesbnﬁn%r%ﬂ bih %ut F%ﬂ 3’%@%’&5@%@9 la%om POROS

Raj agopa et al Bi oc
( AypionyBxchan geSR@%tEfa 1§diggenf T@S@rﬂaan,gsterogshat SphmddaX,ANifcleopac and

deuhlaLis @b Qutt i 9\!91 u (O ohi ch
is capalb | e of oIq toﬁ p’fgﬂg&w /&E’Caglo%g‘? J00), ¥ Tnitially
degblilzated Maﬂic%)de\IBus TRIS Propane at pH 7.5 and 0.7 M NaCl. The sample is

loaded and washed with the same initial buffer. An elution gradient of 0.5 M to 0.85 M

NaCl in about 25 column volumes is then applied and fractions are collected. Preferred
anion exchange chromatography includes Fractogel TMIAE HiCap.

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

large quantity.
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protonated cytosine (Ct), which is capable of formng
triplets with G C doublets of doubl e-stranded DNA
(Raj agopal et al., loc. cit.); 15 - uracil (U), which

is capable of formng triplets with A U or A T base

pairs. Preferably, the oligonucleotide used conprises

a cytosine-rich honopyri mi dd3he sequence and the

speci fic sequence present in the DNAis a

honopuri ne- honmopyri m di ne sequence. The presence of

cytosines makes it possible to have a triple helix

whi ch Tsiplegthelik effatity abiothapigraphye iseddstrtbeely inf | diRSinahe€ patents US

pr, e destabilized at. alkaline pH 20 where

n@tlg@%yg’%@@ 5 Nl teain Firatiof GBIE | wBlvatien ppLTHRG under

spEODI/VE274edtenmlipimesent in the DNA are preferably

conpl e tary.to allow forpation.of a triple helix. . .

Best y?gqa}é %}% ?’Lﬁ@%\ggﬁom@ BRRhY s {pgsed gy S;BECIgBthé’Pﬂ@aatmn of

\%)ngﬁiungomes loiluidg anmegeleatmﬁ@ceamha ﬂﬁe@éﬁﬁll@-sﬁﬁﬁﬂ& NORA. These
I.C e.fu cO enentary. For exanple, an

olokléwg%f’té%finﬁ%c%tfiwm’gﬂ%gaie%peci fic sequence 25

gol y( GAA) . tRymfdeer @y \ﬂiid:lgﬁmdﬁdbﬁg&ﬂ f?ﬁ&g%?ﬁ@%@;ﬁ?gé%ﬁ IQ«%Jblets of
' 'TC ITCTT CITCITCTT-3'

NEB?‘%?%“HG@A}?@&@?@%@@L ek AHONEPHE a triple

hel i x but edahihe (AJ)eviadh BapsHiEe ot 'fdiixﬁin%otr 15 PAGEA. Te@Rblets of

fromthe co i,ng arm the sequence (CTT)7. These
ol ﬁ'ﬁfﬁ*}"é‘c’)‘rﬁﬁ are capable of forming a triple helix

Wi th a- spegiahing (SROUEACR GPMAbNIIAEInG oMM NG doublets of
I n

uni t GAA), _The sequence in question 30 can,
pgf"flﬁ%'%ﬁaéﬁd%dB region containing 7, 14 or 17 G AA

units,-as JdecwohatePeytbsinet (@), WKETR! @fabld 4 ANMRE triplets with G.C

seguence f specific_interest is the sequence

5 %@%&&R an (Rejagprgtey al.plogysit-B) . Thi s

sequence f aframl @)L whidH i€ cdpable bf Wthin ith A, . i

ol i gonucl eotri de(g)S,' lAA(3‘::‘32)?%GGAGGGA et-s:33"/It[h(AS'IEJ(frIADTIl\)fl)s._(3 p_ al_rs'

3) or PEtrEpledicrlimnagdestideac enyiss |quiosioe-righ, homepyrimidine

U Bégmendfd tHeiBedplié SMAEL HiRlchCR 1R DNAGSa hBmBPurine-homopyrimidine

antiparallel orientation to the p&% urine tr_ang.

THRRENE | Thegrrpsneccelscyipsimes makgs|iep E-‘ﬁmhﬁtvhel Tpipteslagtizewhich is

ObtablBtal abMaASYY@erLihe Rytosind £E ' i i

7223- 725all; 6‘;ﬁgeal ' angl ) 0r!i;l\r;an, %m%gegy%%gi%éabégz%d at alkaline pH

1 3bere thepeyyosings argmgvizalizethove, the specific sequence can

be a sefREBoRR! Hadht | ORI SRt

DNA, or ga&lsyn(t)th etic se%ﬂ%ﬁﬁ%ﬁ%ﬁnﬁ gghéggrét g‘r ﬁgfﬁglia%r?&q%grably

t Femplgmenary tp plipw forpptienspfeeiripld helind Bastt vigdo el the bestesclrrtivity

Olriag HRUWHkARLd Biew lebﬁgoﬂflclécﬁfdg‘aﬂﬁa%gééi@?lsg%{%ﬁéé ghl t fully

a seqluence nat'uralTy preésent in the doubl e-Strande

DREPleBenteryanfsiresxpmplehen oligoghdeatide pply(CTEheRd R spcific sequence

Ehg\%{?ﬁfg l};'r erfed TBigRhcIBRAE hal® & Moferdc 898 Sh gEETT®TTCTTCTT
CTTCTTCTT-3" (GAGG(CTT); (SEQ ID NO: 1), in which the bases GAGG do not form

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

(@

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

examples.
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sequence anal yses that sone regions of these DNAs, in
particular in the origin of replication, could possess
honopuri ne- honopyri-m di ne regi ons. The synthesis of 15

ol i gonucl eoti des capable of formng triple helices with

t hese natural honopurine-honopyri m di ne regi ons

advant ageousl y enabl es the #fthod of the invention to

be applied to unnodified plasm ds, in particular

commercial plasmds of the pUC pBR322, pSV, and the

i ke, type. Anmong the honopuri ne-honopyri m di ne
sequenaasthantaqnaick of Bpiininteiedt B tHO Whendt 526 dGRAMGGAGGA

o R AR AN 2" W e 5 6ok bl o the

orqhgonuctafbtldaepl 5\ A GOAGAIGAAGGOAGGEAsE d (SBOELDMaN®e 3) or

the rlm T¢é§¢§538§§§§%%§gﬁ%éﬁ gogngé%%gggg &guwéghdﬂﬁme

5 hmﬁﬁﬁﬂ]&fﬁf"&ﬁl@h& to( thEQolypuride sufihd. aTtbsditile hehces are

to the t a nds o he doubl e heI|x
GBI 6 Brsiote e T Va ST o oL by, G985 3o gadr2s1;
2 Bekllahd DEOVED; S&&%} md,zsmas@m@sgand Johnston (Nucleic

ACIdS Res 0, 9-5288). The sequence
- @p %l g‘gé cayl) e seﬂH@nc&naglﬁa}l]d' present in the
pBBBﬂE—stﬂiﬂdedl w&mfaﬁsyﬁm&ﬁ: s(e@wﬁaé mYBtRBH | aRiffialR! in thd fa&@r It is
ﬁ Sci . USA, 199 89,..504-508) may al so
me?ﬁlﬁ“lﬁ‘ LAIVARBEH 1 Uean P%%‘&E‘E‘e%'éa Gakle s°f\£ﬂ>ﬁfe11€ taiply hﬁh?hwﬁh a

t rsbcpieﬁoe Bduiirdlly Yreeént ih i AstiblelsGEhddE DINK), Pbd SR ﬁa%te dR%in of
gg been dentlfled in origins of repTlcat|on of

P Plasadd Qe jin & make) geapd gL FteresasboR ip kaews dkrough

arséqdéh@S Mallsedial s6m8 dbdibNat! thedel BiNAsOfin iﬁmchfé@tm Qfe rigin of
and are |nte{ alia described US 2004/ 142452

26@%‘%@1’8&&?‘1 CBPIEEsS Jqmapuine-hamoppigidine gegions. a Hhe- mwthesis of

h@ﬂg@ﬂueameseq@h@a&s (& - - libed SERH Dthéé'Q natural
%g@ﬁﬁged upstream of the RNA-1I transcript 1nvolved in
| mediomopYimigine (eeiRngt afvaniageonsly | enabdes, taatmethod of the

2%%@(313&) be bpplfed 36 HHEHGRed }Qﬁﬂdsamsﬂamh?artcf)hxmeﬁ?fal plasmids of the
structure 5 wth the 12-ner conpl enent ar

S PUFCPPRAEITERY. and (BEGKDYRG Bponib e dRmepeinerhpaopmisidine
PGbdnchas KRRty pRE&AINS déhbtboéﬁ‘aﬂdéﬁ 'DT@A S é&]ﬁ%& 95?1%&?\@511 or part

repetitive bases & - &g
167 theoteqrange iSHCTRE ﬂWW@é@ﬁ&ﬁ-y GEQ BB YOoh) giesent in the

r %E,lghcmeﬁlﬁcaﬁgggf (- 46 ek ebiEd! may 3O grﬁentﬂglgfdee'h? cg§ the

Res. . . Thi's "sequence forns a st tr
sto}l&%laleetldm t h oppwg14-ther &gl ehelit ar possesses  the sequence

oot T RGTSTRRTTIERD o R iy o o
( Stayds pf Ph@dosble é\ﬁm s dgspdier by BerrgrDg van (JSE@. CheNOSoc. 1992,
rl-”é%% g@?f-&g@ggw [v%lagené BEE S duh&al Nuctel! A8HdstRIE! {992, 20, 5279-5288).
The sequence 5'-G AAAAGGAAGAG 3' (SEQ ID NO: 7) of the plasmid pBR322
B-lactamase gene (Duval-Valentin et al., Proc. Natl. Acad. Sci. USA, 1992, 89, 504-508)
may also be mentioned.
Appropriate target sequences which can form triplex structures with particular
oligonucleotides have been identified in origins of replication of plasmids ColE1 as well

as plasmids pCOR. pCOR plasmids are plasmids with conditional origin of replication
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sequences located within the origin of replication of
either Col E1 on or pCOR (oriy). In fact, a single
non-canoni cal triad (T*GC or C*AT) may result in ---

conpl ete destabilization 15 of the triplex structure.

The use of an oligonucleotg%F capabl e of form ng a.

triple helix with a sequen present in an origin of
replication or a marker gene is especially

advant ageous, since it nmakes it possible, with the

sanme ol igonucleotide, to purify any DNA containing the

s 8N4y areo ey @fiaofeserisidi Té‘étz()@%{ 149453 andl UPaPROY/ 1¢/@dé. CelRicerived

' E)la.'sﬁlcﬁ%ntgﬁlcﬁﬁ Hey h&lﬂoﬁ{ﬁﬁg é/qtué&g C ﬁ%@ﬁhdﬁb 1Sh (SEQ ID

doubl e- st r anded I'nor
aMNQ:f $)C mappedpensireane of e el manseript m\Yth@Ug}h plastid/ replication

leaﬁﬁ? Cﬁ? ﬁ%ﬁe%ﬁ% §§4h %??) pl“h?sf s%ﬁ&e%ge a stablebtrlp]ex structure

under st 0o sone m snat C
t aVidr athed lﬁeweeqqnmtames‘equ eﬁc’EC'lﬁﬂ"TfIH‘ECGIT-@jo n(SEIQeoID d&NO: 9)

apf crrIubl@ot‘ftfeq 4hE 5@0@&5@3 e E&lta'i % @%ﬁur&geos\ﬁ&?cﬁg ft IE &Xg ﬁeé)gtltlve

not ead to too gr eat 0SS O se
5 basap (AAAGCEGAATAAGHE BA-ZOSEQQIIDN@IOIR))apdasﬂntA-lr'lhntH]Rgment

o 09}, SRS DR ARIBIIRY CAE R RO R ol Bt 030

rrﬁiqu eequenrgg farme da btyabéfs gupinx regructhret kwigh t ﬂier d4stld§1a|0dmplementary

¢ Pg%@kaéle tﬁfew&i ﬁ’l{ oSt (}gs ?2;[]521662 t 1131 St'ﬂ]l%l gorrespondmg

prgdwnhe@tdey- 5'-1©D'EL‘TIID“CCZBEQSE@ B2 NO: By arad ﬁ’l-Tﬂ‘jZT’BI"EiITTTCTT—T
Pﬁé\/ﬁe(?]clﬂ ¥o: g]gb%&m ‘an h cﬂllca O?alil'celet etgﬁfdr%gpeg{%e complementary

thon conpri’se enc s
s egpuemes loc@?] withinrthe brigis efqnepelmaﬂox( éflé‘ﬁ)m‘r ColB1 whil @pOOR (oriy). In

S L e Sy o i
(GﬂmynnﬂmmMmmﬁnpllcant showed, in effect, that the
D et S SR bR St L BIRAAN  Sone
Elpmﬂq‘ait én an/ prlglg @f mpilltciﬂoﬁaﬁ'la(lﬁlar&ér%lefb is l’é@p’eﬁﬁeﬂg'sadﬁ_ﬁﬁ@gebhﬁ since it
ol i de, cont ai n r 0Si.pes. is .. )
RO Bl o BB epmieib) batrr SimbNa, tlwirian o said
C afigla log eeplicanion Besafdiadker gega [)Héce 1t5si ﬁo@ffaaessﬂﬁy fosmoﬂiﬂethe plasmid
i eot | nat ur a ose
08 Apelc a6 R R i G5 s ARt T LB eeaveng i it

par ti cAltisugh filly o@mpmuwyesa@ed@s RReYbrefeyad) tifig @tﬁ&léiktb!od however,
cert in chem dlflcatlons enﬁbllng

pQssess
PHT SR mBmets oy iy & Blect Shs-aence A dp ehuiclegiide and
|t saduehdd ﬂr&seﬁﬂﬁ K TENAP hflécﬁh@ﬁtﬂ“ﬂiﬂ &8d 16 oleat a loss of affinity.

reased anucl tlde is also 10 understood t
2B SR S A A AR A S E AT ATO G RERIPS0 ) mRscRbis the . col
Pdﬁi’taﬂﬂi@@ gene MR b CabAtRRDf 1hh@isskat etrpn thR{nlge iR BptAg the

making 1t nore resistant to nucl eases. ng
pBRPHIE s TRt BegReOENBR] tmeneniap of e third strand, thereby forming

PB@IROH N vARILER is WHIE vhak Bafk@R@Dtho % AT triplets (Kiessling et al.,
Biochemistry, 1992, 31, 2829-2834),

According to a particular embodiment, the oligoriucleotides of the invention

comprise the sequence (CCT),, the sequence (CT), or the sequence (CTT),, in which n is

an integer between 1 and 15 inclusive. It is especially advantageous to use sequences of
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formng triple helices wth DNA (Xodo et al., Nucleic
Acids Res., 1994, 22 3322-3330), as well as

ol i gonucl eoti des possessi ng formacetal or

nmet hyl phosphonat e skel etons 15 (Matteucci et al., J.

Am Chem Soc., 1991, 113, 7767-7768), may be
mentioned. It is also possadle to use oligonucleotides
synt hesi zed with a anonmers of nucl eotides, which also
formtriple helices with DNA (Le Doan et al., Nucleic
Acids Res., 1987, 15, 7749-7760). Another nodification

O{hett}tb% (@Jfﬁ o?t@f‘l‘)' STﬁ@ﬁ%}?Q&ﬁ Weﬁ%gﬁg& thla %o Pﬁﬁﬁc&ti?n yield was

er nucl eot | hos
| mﬁlker@e% by mg@awsyt &G/iatkeonligamiglegiddectie nartwmams ghovesin Example

047 'tH@ Bﬁi@ﬂic@ﬂ&ﬂ %ﬁ&l hOEAGE gfh&@@ Shﬁé{xé’leoﬁfd 9 gta'ir% 11%&/8‘ cytosines. It

hel i ces
3@4@@1@% thah*ﬁy Ob@melﬁ@tid@ﬁ eitthe inmentign arthelso wowlbing (GE T (ST) or
{ tHengkel eton, the use of ribonucleotides, of

2" -O-nmethylri bose phosphodi ester, etc. (Sun and

Hel enel he@hlugpnuc@ptldﬁ uied Stay be hatu@] (sbmpostd &f uBMedifed Adfpral bases)

gﬁg@g#@%ﬂgﬁ J%fgatdr gfg%%gé 8‘3@%4 (Mt %ger%ﬂgée) %g o{&i‘/?.nta %ousg}r Rossess

ZQEYPNAQhG(ﬂpe@t ingdifiegfiingi @ab{mgd&s) xeswdtancdn toanr dtss profestion against

151590?%&%&8%' its | iy é{ I{hé g&jﬁ'tc )&%uex&g] %8 el c?dase%ggf;on%%ghde is also

6Wxiprsgwg 110, mean tayy dinkgd anécdisive- bihsmdeosidels etbich tas ndergone a
R Al ,
SR BUELLPNE) Ep0 HE fs rones
afhuiong pessibdd mDﬂiﬂpaMS,cﬂxgamskeoﬁdm’phnsphmom1eaﬂag |whietsare 3fpable of
T. b |
oo T8y WG4 O B, B, (L2
o#s geHua ebgwmielaﬁhﬂes[p(b&s $iay Sormacatal @em/ahylﬁhbsgﬁkﬂmte skeletons
) 0 t hi stran
oAl <Clh AN e S SIS P ThSam b pRef @R s
nalyo pﬂzssubbn!b:lma eﬁgimdlgatz@s Wgeé@éwhmum?ngws gﬂ:\g/hdclaogm, which
t. al [ C.| - ,
7h1p6 o, R Beflocp Y EPNAT L Ppos 2y sl AP Res, 1987, 15
1H49yI76a)0] Ahdtha d:]omﬂcatmndamhe? slefigor( Kohe msmatﬁaate Jink. For

exgmpcﬂeo gﬂfﬁ ﬁg} 55 t]é Iﬁg‘%‘#yﬁ’}ﬁ?gﬂ e 7 > 4 ) (ﬂeﬁ%ibe ﬁ?lr}yaznov and

oChey, whivh @iviek ongomalekﬁuemrmg asﬂ&elaﬂy)ﬁtalﬂ&lthble Ghelides W@ DNA (J.

art {;E‘ Bf() g 3 ?835 ﬁg’bé%%;gggmg lm%ﬁ*?‘ﬁ‘@ {;A;}B‘élgcﬂiher moglﬁcatlons

neftih i skelbton, nthefusé o€ rﬁiohﬂﬂb’dti@ds e@ﬁ 2 @rﬂ%ﬂﬁdﬁb@e a?liﬁspl{lﬁ[e@ter, etc.

especi f 1 mr.ovin te and

SRR and Helbuen Glor, OREE P grel-chs: 3EALHG Rt e mentioned.

10as8¢,qihe @ﬁ&sphbﬂ&s—fbﬁﬁeﬁlsﬁﬂb@ﬁ magt bﬁ&éﬂlao%d 3Nk q:@gxaﬂﬁde skeleton as in
|f|cat, or to the i.nventj on consists in

RS (P el Sy SrRCcan e KPPl EPLB e o FincScience,

oigggowr;lle@msbo Kt alel Ry, ahed. @b&gh% 1t1|986477 6481), orby a

not ewor t h ropert f formn a stable triple heliXx
;ﬁ? = ag/edpske eton, 3':13 ?n DNGs (deo%ynbonuclelc guani ne, Proc. Natl. Acad.

Sci. USA, 1995, 92, 6097-6101), or by polycationic analogues of DNA, which also form
triple helices.

The thymine of the third strand may also be replaced by a 5-bromouracil, which
increases the affinity of the oligonucleotide for DNA (Povsic and Dervan, J. Am. Chem.
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speci fic sequence in pH ranges closer to neutrality (>

5). It hence nakes it possible to work at higher pH

val ues than the oligonucl eotides of the prior art, that

is to say at pH 15 values where the risks of

degradation of plasm d DNA are nmuch smaller. The |ength

of the oligonucleotide used2in the nethod of the

invention is between 5 and 30. An oligonucl eotide of

| ength greater than 10 bases i s advantageously used.

The Iength may be adapted by a person skilled in the
ardocf,dP8%ddh, 30368306 Yu dlhe cleisiestiand muy hlsd budtaitl @Bh4t&El bases, among

S [ stapility.of the interacti .20 Th .
SFUAEE U 08 BRI il BB AE A A1, i
fymi&ﬁe&ebszele%w-sjan dV@-db@@tﬂﬂf)qﬂﬁﬁllrdnbsﬂ)%-_frlaéih&l@tamino-

I al S nuc | ac
oy pER8E PR G Pl B R TR fitegn, Soc., 1992, 114,
sKi470-4d78)n 8tdxea®ninte,rm;mﬂ]mpﬁrﬁlepM-ﬂiéﬂiylpselﬂﬁtstbﬁ}t&%ine:rer any other
p : ],. coval en cou | 0 e Ssu ort, e on
oS bATRIE LR PR § hut U R PBRars Stmmnartiine, Cur.
TRt AR i e o
part1 cdghe! BRg 3L maridreion s iy Figrpleotidhite g imampmepecially
grofunpprosiogsthe intergutios aind/er, affigity [RxadeR kiR, olicOnueR3tRIIE ahd e specific

g e

broonéiel.h_e i meﬂiymi?yg_& éylum.ﬁtefj of ﬂmehqli'g&ﬁiﬁﬁoﬁﬁu PIHen Bﬁg(fnfﬁgl%tmé thus

est i.S n{ o i su i de, thigether, ester, amde or

AR Rles® fstal O PrReTIHOR e ¢ geblgntipielix with the

s upgifid seqAence Gh PRI raiiRt bdeerks avialiy (B HELSRAce Shektd R Pobdble to

t he gr{ nﬁ%/oql]f ased SlACh .as hi functjonal, coupling

r SEOgS At WizherpH valngsfhan the gliggnnelsqtides of the prigr axfthitg to say at pH

hhlueshviert idarvisks bidckiagatin wpbRéhia DN Y aheRihdRer. i t Can

be advgﬁt ﬁgegui for, the oligonucl eotide to contajin_an

“arni - AHtIeAEoE fie ligonuclofiferieed ipthe megador npriavention if besieen 5

amfd BBk A dlicoREstitd 6F ledgh £E4t8Ghan 10DballsiadvABtageously used. The
otiide at a chosen _distance from the support

ol i ggnucl ,
eﬁ%’%f i S? 8daptidchyt 4 pveongkilled insthy ettifereagh individual pags to suit the
5 dbsiret] BElEQES and BiELIBHYBF BEVRBhaRAOUS| Yy consists of a
IinearEﬁar on chai.n, conpri si ngﬁl to 18 and preferably

6 or ynuglegtigss  acserding rio 4he verlfincmap densynthesized by any

bikAskvi Gedh@iduBe IrC PhridbMar, ThE ﬁ_ﬁﬁ’HeSprlaﬂapéﬂegx Uedhs of nucleic acid
phosphate of the oligonucl éotide or of a ™spacer

c Earso ANy A8hss migfiod fmern et persap sliifleskia thei arhmapiquite obviously
hybuiddi zati on. Thus, the "spacer"” can conprise purine
bases. As an exanple, the "spacer” can conprise the

sequent® PEREEIts Tovaius ceiling &0 thevaprosig dsnlisynedentids dsl geferally
afilicN&Riz&R I BRA, £Hh3) Be ﬁlggfg% B_J}r/] 5 thif), Dine-6r c%ﬁ{cggﬁ]te{ﬁ#r%{rﬁbup at

Triplex affinity chromatogra Is"very e cren

r theoy Phe) PREVEOm 1 Ryetisblat, ¢he addition of a thiol, amine or carboxyl group makes
it possible, for example, to couple the oligonucleotide to a support bearing disulphide,

maleimide, amine, carboxyl, ester, epoxide, cyanogen bromide or aldehyde functions.
These couplings form by establishment of disulphide, thioether, ester, amide or amine
links between the oligonucleotide and the support. Any other method known to a person

skilled in the art may be used, such as bifunctional coupling reagents, for example.
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DNA. These can be functionalized chromat ographic
supports, in bulk or prepacked in a columm,
functionalized plastic surfaces or functionalized | atex
beads, magnetic or 15 otherw se. Chromatographic
supports are preferably use As an exanple, the

chr omat ogr aphi ¢ supports ¢ bl e of being used are
agarose, acrylamde or dextran as -well as their
derivatives (such as Sephadex, Sepharose, Superose,

etc.),_ polynmers_ such as Eoly(styrene/d|V|nylbenzene)
or gr aMO&PVes tQARprare Bg hypridieation tith theepupled oliphaucleotide, it can
CBE QRPHnOGE AR TYr @1@ oy PR Ric B %51@&1& ah Parf Gndlh I ga%lep'nseaﬁence of
perfusion node. 20 To obtain_better purificati

ybategs The use of @ pae mkwylt aessiin dyeffgs t@ binddkes obigorgksotide at a
pl:ﬁ@s@h qlstaﬁcesﬁ’%%&tpﬁ&@ teﬁbﬂiﬁlg s §§1\flﬁ{oﬁ£ oﬂﬂﬁ AtiBR Sl the DNA to

hé r|d|zat|on with ol i gonuc tide. e presenc
e dmpieved Mesrmdidyantdseenshosonsiste pla bre@mt@s chain, ecbrhpmmg 1to

the antiPr&EAGE O1F 19%#%9 0{1 ear?@élg amfnd l‘bﬁﬂ&eﬁe el g'ig?]ﬁ% to the

ol i gonucl eoti"de, a to an 1 nprove
pﬁP]I“ffinC athe ﬁﬂylléll’@gﬂd ﬂma@homhateanf thé ioljgmmudeandd de of a "spacer”

Ce&ta s@H Bfﬁbﬁe{ﬁﬁﬁﬂh§ ngtsingffw)the }(eﬁ;[blz&fon( qr};Ds trlrlgt'§pa§er" can

erable to use a sequ econtaln’n
I QQ@PHW Ruing bessanbary empldf,ghe ’apﬂsterﬁj rcarf eomapisey ﬂmel-se];uence GAGG.
C
C% %@gﬁ%%g%rga%ﬂ co gar c vvéﬁ %%a@?ﬁ%&ri‘m& 6 or 12 carbon

hgtensdi zati on with the ollgonucleotlde

ndvant g anffm os. FQMﬁ\mfsﬁ%%@&%ﬂ%g Gt B MeindRrl 8l and genomic

hybrldlz tion 0 say
cbiy etesr eanybenfionétiogalizzd cl‘ﬁiomatmgrtaplmd SEpox, ah bylkt @ firbgacked in a

RS @l‘g%ﬂt fﬁl‘[@t’l&éﬁli‘ag’%ﬁz&{iﬁ%g%g &OEII?# %l%}étr gcpags O];nagnetic or
cothsmﬂaﬁr D&bkomtﬂ!gfaphs suppbms med preRabiye meerdal | Xscar rexample, the
O?ﬁrof?fa@%ﬁa&ﬁm%ﬁ@@o%s caj gb?eecr)tagegx?%t vlés%% é)g%}ggq, %gfgfl?fgﬁl% of dextran as
nmeleles t}ga‘rtbnv:awds (sheh dtSI Seehad&'t;eSepfmtdse),(Bupéroiehetd Js6iRineRsuch as
.i.ed, di t || te. In_thi

PERRARR ot AT iof, ARG o e dBR' Siohorty e The
f ohﬂommgrab%y aﬂths:uhtogeretSe in the ﬁiﬂ;nsib? echetliusietiadeaf t er

| ysi f e c s. .Jhe t 0 e i.nvention

o 50" oEb aham Bt Burifehferny PR R SPrialy ABIEHE0R 1 e on the
tphsmﬁll#per Bedquande odmﬁainih@ sebdralr pmubﬁsaldfz aybfifizafiéh with the

trif.u t he f.e.

S0P e pretnt= of Syerb b TG i R RSP Resep effet the
kmamctimﬁﬁ tbethieen Tihié Saidescgshce ahs Ghee Bﬂﬁﬂnﬁﬂedﬂd&?&ﬁhla{ leads to an
circul ar carryin nc nce to
pHPRIPYRREOT 11 By asz?fmﬂsﬁf;qﬁw ‘@r légﬁ@ Bt %lF‘P‘ft%‘PE‘ﬁt“ repeats

sef| (TR sCT)THe(OTHY hmhf@qm rpEdfErablE € ﬁd&% Dml deitjieitel @taining at
d%% al so he used for r|f|cat|on

B T SRR SRRy rﬂf\?&lfs:ﬂqg PEEFIbLY P& ot gomp iﬁmesm mafify 4 seguence

pmigamg/m i Céo@l[oleﬁiéhﬁf}yﬁbﬂﬁcth@eﬁéﬁ‘o‘ids % poSiasbF HbAKBENG Whh the

th b erla E. cqli . subtilis, S
Mnﬁﬂpc?tgiﬁ.] vantageously, the DNA sequence confains up to 11 hybridization

posmons that is to say n+10 complementary motifs.

The method according to the present invention can be used. to purify any type of
double-stranded DNA. An example of the latter is circular DNA, such as a plasmid,
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Streponyces may be nentioned as exanpl es. As regards
eukaryotic cells, animal cells, yeasts, fungi, and the
i ke, may be nentloned and nore especially.

Kl uyveromyces or 15 Saccharonyces yeasts or COS, CHO
C127, NIH3T3, and the like, cells. The nethod of the
present invention which inolgudes at | east a step of
triplex affinity chromatography may be enployed to
provide higher purity to the resulting pDNA product.
In triplex affinity chromatography, an oligonucleotide

| SerRPUIREatPing ond Hpﬁgfe %enéﬁ"'&‘ﬁb abeflid rp%ﬁ% gg astnhl ﬁnay also

of othér natrix. elr'rng pu
nfakBtanprigin pheeplieation, a)ma@remmb,emﬂ itlakelikes Uitk raahduyof the invention

oo kr Rgp ﬁé&edu%@ﬁ?&oea ) saté; h te‘ﬂ:ﬂ)r f’i‘i?&}{t &l Bi38nid, amplified by

alnlng t he I gonuc eOtI oun
clippsirmetorn filpwed i gell ciihge, desmrrf'@d qmeasmfdmlysm biethe cells. The

SI?{EB‘JOS (Wthé 1rWe ﬁlorf ﬂ'xag mfsooiné H& lte?lt e(:ja? I sa? %q%ﬁ% SEY, éo the

tr|p ex. on S et ween e (0] |gonuc
pﬂtﬁ@ma@nhalytamed rBergetugrelizaliom eisd céﬁmfsgatwn@p‘ thegeld tysate. alt may

at?ﬂ?i{é oﬁmu@& bg aﬂ%lgﬁ afg Itc%%go%lﬁ)ﬁ B&é&ﬂ}lﬁefﬂ;yf k%gwt% é{é C%ﬁ%{% g'gls method
Siay: G?%PS lllien!abll wrCU@]tEﬁA reerryiep Rcequeatd offnrnmrtame tonbe purified

r romthe
Pltélo%g?ﬁot i 1'(3} rlﬁh%?gﬂ%egbﬁﬁé%& éﬂr gnces ’ﬂm fiishodipgpording to the
plne'ﬁl@ron@m alndbriiised fitr, the heifipzidoes dmrbﬂe-mpdﬂdaDNlAg and

DU YEANGLE i B (RS ORL RS BIS SRTT oes

the steps of” 1on exc hel I x
af fi nlAynghﬂd@mmkegmaphylls ﬂndaabtynmb’ _p@bl‘Bc ulﬁttlﬁ[ 8ctybifurium or

t ombi nat i
inter 1i&olﬁg%ﬁéjorna\ttmclaltfgeSr“apﬁxam ie s e&[S?‘S'O%FéFi aimal cells,
a'easie,bﬁmlataed the liet rrmgtbehyejmom;)blnd:mb&gdaspMalﬂ}nK;]uvvtlargmgces or
[ shou e
b Doddbor BRI i B0 b 800 Bty ety g
ef f ectThenoethod aff it present ummﬁnnbwmdb n&ﬂlﬁdeﬁ ot et @fstep of triplex
t hese nol ecul e oci at dr ophobi ¢
i ?B%g %mam(,gﬁa ?{nﬂl%?'gs qyg E‘?s ﬂi’écfvr“g’ E\IEP’/G&'SP ity jte tb% frgsulting

gPNAi pnducy. Merxiples aﬁilﬁﬁy Ghrd’nﬁaﬂdgwphy,pérﬁsl’@oﬂmfﬂébﬁﬂ% BMbund to a
oxl n

ShBoes L B RRBURngRarhy b SNk o Dy conie b piafied i

c¢hew mmixexg Maﬂnhjhe B&Sm\ﬂ/ed)ligonﬁseoﬁﬂégcﬁﬁls ak Oy BSSIPREI e, sample to a

%{ré P%B%r F%ﬁ'gc Ct | Oﬁ‘% ZI ng’é?tﬁig Eﬂdg{g:fc@gﬁ%@}%@w resin.

arlasmsﬁed)msmmemema rsamgla véll e,maeeolthé,( aﬁmuaeotl& dtenirY b triplex.

d ar des tent No: 6,441, 16
e s bith 6 B ol SR eivileam e e be eospe fnde.o This
lseepunetodear atfaf}ﬂl §3,at QB@h SalodonBAGLdTBbEL bttt HiRRf 80 fhinutes or
used for t acklng?naterlal for hydrophobic

P act MBI TEARES SPRIPYstny Fiyallarsytosianfepitpsatiqns oceurs in a

neutral buffer, eluting the plasmid from the oligonucleotide-bound resin.

5
g’g

According to the most preferred embodiment, the process of separating and
purifying nucleic acids and/or plasmid DNAs comprises the steps of ion exchange
chromatography, triple helix affinity chromatography, and hydrophobic interaction
chromatography in combination.
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various functional groups that exhibit hydrophobicity
or various ion exchange groups can 15 be introduced by
a post-reaction after the base nmaterials are
synt heti zed. Exanples of nonofunctional nononers
i ncl ude styrene, o-hal onethyl styrene,
m hal onet hyl styrene, p-hal gget hyl styrene,
- hal oal kyl styrene, m hal oal kyl styrene,
- hal oal kyl styrene, a- nethyl styrene,
- met hyl - o- hal onet hyl styrene,
-neth t
hal o @L‘@ il onfoaro pﬁ%%ﬁ K Opykip gmoicties on 2
aSl,“aé@.‘ﬁ? fte rq@ap@p JoEons, m molegules in the sample for purlﬁcatlon It
Y: t
mwhyyddr gef(’ngn‘tglti %@Jltg%ekfgg %ﬁ@g o “gm%’é aﬁ&F&xAg #f&fi%0 covalent or
oL P 9<¥ e eshared h\ybnnoshm mylesmlw @sﬁeclaﬁr» Hydrophobic
P aesh %Mﬁ%%ﬁg% bﬁne?ﬁ@itam(sj it W}d@ﬂ?&éﬂﬁ§ Porh e "opEf circular

a-nmeth m  hydr styre
aplgemi Pﬂﬁzﬁ andthex mm;zmgs, yrcbe gDHAn%NHy indend otoxin.

hyd
ay mra?)tig ﬂllgéL Scfg%ﬁ%%ﬁg?tﬁﬁ?l% %hroﬁﬁogéqé@%@dg%:%ﬂogﬂsm, as well
rest ipaasessl ﬁtrepregarym dplynmiripg snd, fuhofidnalizinet hydroplobid aﬂta‘actlon

: | t pr.ef
SRR oy B b BN Bl L
rthngart land erseinter s hlestsib@f jn BS patent:dal G440 stIniah g}shtncorporated

Egb '}Qf(e%cé” anched saturated hydrocarbons with
car

on“atons of 2 to 15. Exanples of pol yfunctional
rmnorre@smpmmldud ébedised fiyrl the npeireis of basei mgtbﬂmnm ere us@ for the

RY di VI { hal en
e TR RO it S R RN B gounas. 6
e\_tah*gdue fimctjbnat gtoupk &alra)m@itélydldpleﬂamty emrxghsymn lexchange groups can
ﬁuéﬁn;t{agﬁé%ll lzilyt n%ipﬂsqlgeeat F fgeg' theglh%g cr)rlxategfa?scarrg S}%lttheétlzed Examples of
mabhyfuestibalsmonghars mcﬂﬂe skg{éﬁdepu—éalhmd&plp@fdﬂb,&nﬁhﬂh@mmﬂﬁbrene,

kB R SRR BB BrRe (B, o

tnhethylmfylrﬁap aeneaﬁylﬁkhaﬂomgsﬂpﬂsnﬁﬁfet s-megxygﬁshdlcﬁﬁbtlﬁﬁs@maa,roahﬁthyl-
r opho te
i Fab Rl Bt ol RE, S o kipgene. o
bﬁ&&yﬁ?—h&?h&blstyt‘éﬁg I odi}ﬂa&@néthﬂst?ﬂaﬁl@gerlnl-l’fydﬁ)ﬁﬂyinethylstyrene p-
entration an e cha in va ase
:‘}Qf‘g elidstERg: or abﬁhvdﬁ‘?’@%gﬁétareﬁgl ng M BV%IP%KX?@#)BSWH@ p-
Hsetire:pitalkylstyraagonmer s, o@rﬂ&hylaﬁh}@kd}@hémblsﬂﬁtnaac ryl at gmethyl-m-

?fﬁ%ﬁ@%fﬁmﬁ lre%t Zt ehydir’ﬁ%%(%‘?yii? y‘éregf“ré%‘léy StyPhar at i of-Bfthyl-o-

tyairbaeBcylskirerel alme:tl@yunnﬁydwb@&lkgls:fyfdl&ta-ﬁlte@;pl M@’ﬂ@x?alkylstyrene
nof nct i onai )&%’5 an? paql yfuncti onal nononer

m&mac%( ate, gl Fads, éwpmeéhyér?arya%i%cfrsédgpvmethacrylate,

vuﬁcg h&@i Qidbtagd] NI tpréferr&d B dunid laf:ehhalamaylugleﬁipé cs&bstnhﬂed on
ose of ﬁgﬂeustln the pores in particles

and
PHE ripep PRlesBE ISP dkiChnBa-Totrd Hhand ﬁ@?lslzta%haah ndlor Branchad

lsfédt&rht%&ﬁfrdxﬂéz@bcﬂﬂdﬁ@lcaﬁb@hh@ﬂ@@f@w mell stirring. The
mxture 1s. then subnmitted to a oil-in-water ty

sus penSFPIgorRAbHP RO eRBFS; ipclpcseiinylpefiegnd, arivinylbenzene,

divinyltoluene, trivinyltoluene, divinylnaphthalene, trivinylnaphthalene, ethylene glycol

QYT O

'O
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15 added into an aqueous sol ution dissol ved suspensi on
stabilizer weighed out precisely beforehand, and oi
droplets with ainmng size are fornmed by mxing with
stirrer, and polynerization is conducted by gradually
warm ng m xed solution. Ratio of nonofunctional nononer
to pol yfunctional nonomer B3 generally around | nol of
nonof uncti onal nmononer, and around 0.01 to 0.2 nol of
pol yfuncti onal nononmer so 20 as to obtain soft
particles of base material. The ration of

[yt ey Lt Rt yldie nyvel dis@ylafee dieth‘;‘zreﬁél 81§ €l tdmeéthAvaiHte) dibthylene

to O0,5. nol so to, obtain _hard rticles .of S

o0} Risatd et E R B BB mieltSreohigeBandEed ¢ o

obt ai Wzﬁ:ilﬁlé hyaro@Bébid amttcl Q’éupsporlfi@hb‘lfﬁeibh Zaﬂ&hgﬁlgb groups may be
cte

i.njt g ﬁ al so not Bgrt|cularly r%ﬁ

d9%gHce fPeSé © BRIFSICHe b idgitor Hipanipe fhygniieace %msfroducts
afeard&ﬁ;olsepaétems o6 the hQdkoptobRitY iexibhited Wy ahe Ea%e afdriat 1tse1f or the
surhactan nonlo i C surfactan&s and ners wt

g hiEinging Al f‘ybaa? afeRieh s dtlﬁ&}@sfcg i, Salh %cenﬁaﬂon

ume dhe Q:h@ﬂig,%VﬁnﬁH tvaRe, B8 BhROAEA lalgwfegamy reépfi@d| @iy relatively
The di apeter of  forned

t.h VesS. icles is
ﬁ@P?ﬂ‘ Yfo mopererg: Freh 2 lycisiyb mstacpia M@aﬂ aqty gt thyfrogyethyl
td&@ylaﬁ@f H1|y@ﬂo§§mbtﬁa&ﬂ8@r hﬁ@dfﬂ?ﬂ?t%@tﬁ@ 2rdpBrafibh BF tABAbAEBI Raterial
r arou 30 to 10 lum Whe n at | arge
'g}“ge FiFSF PER Y F?“bm‘”?ﬂﬁé‘}c@%al Fofergen gy Wo%ﬁ ‘b‘éﬂlﬂ#‘iﬂomef are

| Weigtfed®1@ bR Gn h@gﬂ(@rﬂt@ EhtiB rﬁh@?%ms@@ Sbighefandiluegt Inhﬁ)lvent which
romcrude s solutiagn, 32 it may

aimn r oduct
13@@11516% fgothemurm»éﬁ‘- ef 3djusting the Pgremingariigles frymed) ety @remsely
agligtidd-08 poligherR@idnl iftifoid a@&ea I foll6 WA Byolét & "ﬁféﬁ‘ﬁﬁ&ute is

of stirrer ray be adjusted during polyrmerizati on.
phen sehmaigtedyitq H oflripwates ipgsuEendeepeluBey zgtion w@erﬁmbé rrmeswre is

r R Liﬁtboﬂlsaci[ﬁxuéogolutloﬁqlﬁéﬁgcg @s?@hsm itRF g}@lgﬁ@& touf pRRisely
are desired, the nunber of revolutions may

dheforelandg andeil edroplpts wth iming; sigeetre f@@ﬁéé)}/u@@wgq gvithsgigrer, and
fﬁbﬁyn?@ﬂiééﬁ%ﬁ RoR@icEet Hy%rJdQélHﬁQarmﬂ%ﬁﬁﬁcgd Khutiohhe sel ection

of diluent I's particualarly inportant. As a fundanental
Rl epftmonafunctiphal mospmere ppkyﬁ{pétlwb@omqg;er is generally around 1 mol

%dﬁfﬂ]ﬂtﬁbh&lr}n el %Lmtmd §.0esl62 %l ﬁf"?él?’fgﬁtﬁbnal monomer so

I nin vent that 1s oor sol ven I nononer
vﬁsfah DhtagbﬂiOﬁemtuthatf basg« mepira il bk vasien of plylaetional inonopigs may be
31&1 ti tBoe{rSmYHh 95% &SB! el ?at% s & BL materials.
epen |ng on ecu ar size 10 o el c aci

dlé%yfgn@tepmbmgwame migy be psed ffsolaie fear hmd@r ptamcbéesw thin
a rangg ﬁ{loré}gzag& nﬁi@%& fAngsd B&”?arﬁ&ﬁarﬁ/hx%stﬁ@t%' B azobls type

material® f ic interaction c ronatogra
vintlfei rpemxrcbrtgm Hmmsgmmumlmeosedngst roms for t he
packi g&% ! %J[ab{l ers I s%?h CXC h%ncg %uxif ct ntsWO?l%?lﬁp h%rfaétgnts and
t he hydr obi &PNEer aCtl on Chr ord aphy, T1or

Sreban e wngl ameigtitic popelty avimiltures thereof may also be used to prevent the

aggregation among oil droplets themselves.

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

around 10 to 100 pm and, when separating the aiming product from crude stock solution,
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15 different hydrophobicity preferable by utilizing

packing materials with different hydrophobicity,

respectively, the surface nodification of the base

material is inportant. Hydrophobic groups nay be

sel ected anong | ong chain or branched, including

saturated hydrocarbon groupg or unsaturated hydrocarbon

groups with carbon atons of 2 to 20. Aromatic ring may

al so be contained in the hydrocarbon group. 20

Hydr ophobi ¢ groups may al so be sel ected anong conpounds

hav:hat},gbds heo téd sbo @wi ngoré @referhtdy a&’iﬂﬁﬁ 200mad eo(b a}ns FA¢ GRisting the
n=0.t und, 20

n%f’f‘ﬁf}F 8K ?‘%‘r‘ oi’i‘ﬁ rﬁ‘&E}"“ﬁb SP&Fd gfﬁi’é’ieb Ry &R giiJHS"%‘i’ 3‘“&5‘18 Rrlyagization.

rTWGiehq;aﬂhmst with asfrchlihgieh etera e aiee dpdo il ﬂi&;{beb&;f&évcﬂhﬁ@sgin‘ay be

PR S i P Ao i beg of Gy ptions may be

b%ﬁeaséﬂitfﬁre aémdM thb diluerd. to Hyecised 1o bsea @[‘ QUjpsingByores in formed

furL er Jjnclude e r f al kyl gl ycol with
S ket S Bkl SR Stk en: s hramettal ggeept, for
Uﬂhb ts‘élv@ﬁt t0 be Gisddfor %@hﬁhihtlbﬁl%dju@tﬁﬁﬁﬁis ngde By vﬁl{ously combining a
ctignal grou reacted with base teri al

gYﬁiltF pRar sofvepifor mgnggper %fi; aﬁglverg ¥ gmoq $p gqr(r)n_gmomer.
gT Iﬁbu ﬁzé(\bﬂ r€ dialeter faP BB sdidciell approfriatelP ddfeadiaP eV @e molecular size
bed ed solely or in

h bi ¢ grou S
Re peidd ﬁfﬁt@?% oty Pk s Peslril B bR 2gPpERet 500 to
vw,ctoh) a5t Bf GEpackindmiterial @;&F&J@g{bb&tlﬁt@ﬁaﬂfn&hﬂﬁﬁi@%@ﬁ@ and

for,.low rop bICIt like p Long chain.o

aViin sg’fﬂsa%gf Cﬁ%ﬂé" Qangsrenly gb Hle pscling, ppatefiglfor ion exchange
saﬂﬁm@bgﬂ@hﬁonpounds wi th high hydrophob|C|ty such as

RNA orlglna n ron1ESQher|ch|a and RNA in the

cel I s Bfthe Ay HI%&‘?& igierashensc %laz%wréwof?béepawaﬁag Ryslgig acids with

CarBeMt AHyAFHhbBIELS e]ﬂé\ﬂ'eﬁblen gy cmﬁmgn gackgt MateghBt Wil Mdifferent
| ow hydr ophobi city. such orl%lnatln from
q

é%‘ﬁ@?@ém% remeptl‘@wd thw&acp ﬁwfiﬁ@af&sq dhedpsepateripl Anignportant.
ani mal FydbpRibics 8B apPhby 8e tHESR &mgqy,@alaup&rm%ma RMding

be selected appropriately to dify the surface

wiafgisd hydroprsberogrpipfed “Fiﬂ“%ﬁ?f&hiék@ﬁibpn grogpg Vighcarpgn atoms of 2
efof2ef WrothdiR rﬂx%%%ﬂalsoq{e BN OPAGR 1§)dtobarBbn BBGKI NG

materi al varies depending on the concentration of salt
in  nmedydrapkabiq igeoups nwentalsat borrelspted smong ncamngends fhgyving the

aRf8Wald BAnuik:n addition the degree of hydrophobicity
of packing material differs depending on the anount of

the groBge o @CmMm+

materials

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 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 units of 0 to 10, wherein the
opposite end of functional group reacted with base material may be OH group left as it is

or may be capped with alkyl group with carbon atoms of 1 to 4.
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i ntroduced into the base material. 15 The pore dianeter

of the base material for hydrophobic interaction

chromat ography is particularly preferable to be 500 to
4000 angstrons, but it can be selected appropriately
fromsaid range depending on the nol ecul ar size of

nucleic acids desired to sgparate. In general, since

the retention of nucleic acids on the packing nateri al

and the adsorption capacity (sanple |eading) differ
depending on the pore dianeter, it is 20 preferable to
use aTﬂ@%ﬁo@E&Eﬂﬂﬁ:‘d ]deg)h!)lﬁé %ﬁ)u fn%y WA & elg%g in mixture to
nucl eic acids wt nDIec ar- size an

eaddll ihel sugfaph snall pore dianeter for nucleic aC|ds

Wi th @H%ilnl of aﬂ%h BOHb PRt b a't:cﬁﬁ Cfﬁ’&%ﬂ@%@arﬁ&%ﬁ&ﬂ?ar@ Peéferred for

materi a e reacted Mﬁth

éwwwdrgphgblp@n Qk‘t: hlsmides ngmammfcnhlpé SrQups ﬂpgvmg 2 to 15 carbon
Q@g&%%e‘b%‘ﬁ rﬁﬁou‘ﬁ&g&%\’ g@h gﬂ%f)]g{obxcﬁifl%ﬁ §p ﬁﬂ% or@hétﬂl% from

catalyst
s¢herighin g?OFranédﬁﬂA@n alfet celle 9 hiroan aridt amrsalpo%lkylmreunsooié@@o 18

ghﬁ@;ﬁ Glofnd %PEéfHPahh%u %@Bglhdg? WASI IZ dlb@' h Tophopicity such as

ogenated “conp or acyla
t%wgen@mgtﬁm Bepberiehia eoliiand Dbesrgthg gelsi af haman and animals.

cont aj I r i
o LB RS AR ARl o SO s 5 PR
Inpcidify Ishet surddce veithduibding qqnﬁgedmblshndamsrophﬁcea@t iho pffegit the degree

B B TR & kR AT o Ringipin o oliReBSE St in

Inrediue o almccmbertttalaotﬁ uﬁ el mrﬁillleng fom Lapsodlﬁminr hﬂaddmoad:dhe degree of

' Qnt aj. ound
ASUOABIERP of caog Snd 2 JeBRERE I s i, gt g rove
§MBhMa$1nhhﬁbbmﬁnKﬁkhhnd ut|I|2|ng dehalogenlc aci d
react I n e case of . th ase ia ni .
ot or B0 Pofb cFERRB® o ot Festc B Boky PP gER. nfeaction
ketoaggraphyup particakarlp q:ngfbrablla ab ibd 60@ no l4p0(b exﬁgstre:hartﬁhti mt:an be

s35ered Biroe st ol Bid GRi Setifind i g rialechieR 828 b miiab @ acids

ldesintd td sepate. (Ilagemeﬂlﬂ siriee tHeaaentionf mucleid acidsvhahePabBing material

Wi.t h d.with OH . .
31 Sl besnt B PR D FORCRPORE e bl e i i
tpeefadde totust 3 Haes miatekial with ilage pm‘z danwigtbe forf nuslzid aitdd with large
n reqver

th th |
HicitRiot SR 7 n Fort et SEhechat F0% e JOE sty Witk gmal
hadl@ghknsigeoup, it i s possible to add the functiona

group_10 through et her bond ng,acid cata yst
the pF¥pSFemB ByreRq Rete Batria g‘i"@g BotgaqRd WitAt by @ESQEIC group
icBinBridh@s Son@cBiinadf hlkyll BloupteNERg MOgEﬁLGoﬁiMﬂlhg pdaﬂiycﬁha Yand/or

of subj ect product desired to separate, it cann

be
cadepyl bpdige aa%tcatalim Heher ApCLpudl ngl%h apd 4il7g Rriedel-Crat
Qéa@ﬁéﬂj it 13 193551519 téadl oty &f arbMaid ﬂxr@&ﬁ'baﬂ! 19448 46l @Ehd6denated

of driied base material is suit
compound and/or acylated compound. In the case of the base material being particle

containing halogen group, for example, using compounds with OH contained in
functional group to be added, like butanol, and utilizing Williamson reaction with alkali
catalyst such as NaOH or KOH, it is possible to introduce the functional group through
ether bond. In the case of the functional group desired to add being amino group-



10

15

20

25

30

Wth respect to the surface nodification, a nmethod of
addi ng the functional group 15 through post-reaction
after formati on of base material or particles is as
descri bed. Surface nodification is conducted-according
to the sanme nethod, where the base material is forned
after polynerization using34ononers wth said
functional groups added before polynerization. Base
material may al so be porous silica gel. A nethod of
manuf acturing silica 20 gel, conprise silane coupling

USdnRhiRg ifs IQHPQIEHHd hﬁé’ﬁéﬂ{yﬁaﬁu@é k@fé bdskiBRLUD g&y §§1+1f{lﬁa1{j<iﬁlfag9§tlsxch as

onto es manuf act ured accordi ng
d%IgQH,%eI@Oﬂqandng{h@@g qep@qageg'g@g@ rquth@, Ig the case of the base material

Chineidah & T %Pdﬁ m%‘hgﬁy?@ %tfoﬁucﬂ%"%ﬂsok% gfbb g,y III'T%H 'gﬁlxup g gart carbonyl

Nanbar a_and kegawa,
Bblide tzspEp mfor%*ssl intpr the rﬁlmﬂoaﬂtmum desiried rig adiheit Sis | pmelble to
U888 PR YEuRERIMRT R %118{1 dtﬁ%J @rr‘@sté} b ﬂxgm%gcﬁlgé ofdhe base
functional group nay e acco Ing to
neglstd] eanéreing r‘PPP?@h@@UP,Flf eppeiing with eémpaynd twithn@H gyeugppr amino
‘ lg}%tét F%ﬁtg n@g o ik 812(%1911 gx%upg d&%‘e{} P dréﬁkg dpggdosﬁlglﬁé ér%tro uce the
i Binglignehrosp therouel ﬁféxerameamnse bondn Mdreovias; dn tiphalss of the functional
r flca

%%@15 @é(%tlellr?g r'?cé Q{M 9%1%% ﬁﬂt%en?&%r /4 n[%)dsgmgf;e Jo R4 ‘é ¢ fifget 14,90 group
eﬂ'ltfélﬁl@ el thond gls}mggqld @0113(30 ridien tthea piopertiof of &lrictlonﬂlh glrcmpato be
Zﬁl‘lﬁrtg‘lﬂﬁgg lr#e%n{)%fg qﬁﬁt@ljrlep zisé lérmgf'fmﬁ%%g A ?rnljhg %&hl%\ﬁvl‘aooolcﬂgraotl sughec? product
eflagisef tohseppuaty, ki cghnqt ba aestrictedt bm,run;gan@ﬁl pakingtnoataxial with around
e t n
glr) gﬁﬁelln? ﬂ}é){}q}f "ri]*urlcﬂ hat glgaﬁf g%i%{i‘%)éroi dri%fll h}lse magerlaPlﬁ éultable
conmposWi ﬂﬁhdnspﬁcfdmﬂmﬁsrfettelmﬁlﬁqabora ammdﬂmd qfag&dxh@tha diedtiofal rgroup
Bea AR BEIPLR LS E U oyt swaes
Fmpdlﬁmiil@l isesundudiert a¢oniding toi thi-seme cethodatihere thé bswl material is

. %&ﬁ%%&%i&?ﬁka&# H%ﬁgln 05me%§) \r%rct tslalrdaﬁ.néc?ﬁog}a(i{%r(éﬁpg Iatgg?debefore

Fenlyrhdrizatieh.uent cont ai ni ng Iom&concentratlon of salt,

agueo nwth salt concentration of .0.01 to, ..

0. 5M alﬁ?]acféq?f%rlq fay 1506&? Borgus i crsiage{i %ﬂ%ﬂ%ﬁfﬁp@éﬁf&g}n& silica

sglt cg:mp@'sa gﬂaﬂd gqupWgﬁﬁmﬁpﬂuﬁﬁkﬁch%&ll&@tﬁmmoﬁyﬁlbﬂé directly
, e use S S T I,C, 1N

Bt REPISES IR R Rk o0 b PR shrLELEY M FiishySpecd

cbxquﬁd Cedmbypgephyd|, phge@ 88 £ aelitien by MRiskid I}&lnbhﬁtah@ Mﬁﬁd Ikegawa,

It T58b Ry b R oSBT ST st

Sﬁﬁr@@oﬁ@b@@ﬂlmng yildne co@fling ngent, 4 Iﬁurﬁfiiﬁtﬁ@bouﬁ&ﬂiﬁ% added
cul t redé%ﬁ%her a (o]0)

Cabotrtng” 1, B0 Rl P Prrutinet: oPRoeen P yPaL giPr dhat i

pmtry(klae‘d fagound 6505 to 4.0 mmol of functional group added per 1 g of dried base

material is suitable.

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

eluting method comprises switching stepwise from an eluent having high concentration
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Escherichia coli genone DNA, RNAs plasm ds and
proteins. It is also known that there 15 are

di fferences in the hydrophobicity even anong nucl eic
acids thenselves. Proteins that becone inpurities have
hi gher hydrophobicity conpared with plasm ds. Many

hydr ophobi ¢ i nteracti on chr®&bmat ography resins are
avai |l abl e comercially, such as Fractogel propyl,
Toyopear|, Source isopropyl, or any other resins having
hydr ophobi ¢ groups. Most preferred resins are Toyopear |

baf dstt B layi NBRlen hakBsk & love Qoﬂl‘éﬂt@a@i@ﬁ‘ lof sdliSan@ tﬁ@gﬁaﬁﬁﬁélﬁtﬁlg method
pol ynmer jncorporating high mechani cal and chem cal

stoaBirerely. chapging, thegompasibon fom engelugnb i Mﬂ@t M8 he ises For the
" bif¥erseRd Qs fgﬁrﬁa‘rﬂﬁl @Rdl rirae Qfdroﬂ%ﬁlb VibrhdRd Wddhicibt%Bn be

chem stries i on exchange chromat ogr aphy or

hipee- Jiok olE celuenh centaiaing drigh-cansentratigmek sals aquepep edytionHwith salt

r @abdfradi6Rop 1 iong Asiif mEGH vaW bB6R § ﬁeﬂﬂrﬁx[a\‘ly%erable For the
| evel s of hydrophobicity may be used

HfeRb pEBInEIE: i Worongeisiened sl upes |Sﬁ1§tu25mth ctlbgepeeniration of
t hop@sNhed ?Jﬁrw}aﬁi% of’ %ttg 8 rlglpaﬁlfb%ﬁ}’lil Pre@ﬂz{b‘!’é salt& @n&%’f}y Iarnmomum

Structures_ o referred oyopeail HI Cresins, i.¢€
@aﬁiﬁomeslfmmam@ew@@sm&gsnom pore di arreter are

sh OV\BQ“}EQ%GYE hebic ﬁﬁéﬁ@&ﬁﬁrchroﬁ{a ap%@asml frcatlon step may
Phenyl Fbyopearl But yl - 65 ar |

(@@P@C@@ }" cog,blnmgja p@bmg nmterigp ingrpguc @p{gtlonaYgroup with weak
QiR nst Rty Cids y Wil 2 rmg:% “rhdiBial N RARQY B¢ Elblpd? %roug Wéth strong

Toyopearl ave various parti e S

shyfleppbaigity HB%QPIWQVT@ @ﬁfeptamdlum@ubﬁrzth@hermhmﬁ cg@airin large

A, e ko A0 Ty U e,

aE&ghm@hlaG@m gendm¥ BMoH.RNA s pBOBIdR andepratejpar it iscilw lgiowa tbat there
I

a0 Hi@fg %12 té % atrﬁ? | %’cfi‘bep}l%%&? a¥n0§ gﬁlcnegc ac%?ﬁ%xlerla%:’l\}e .é’\.{'\gﬁekns that

knomn S| ze Iuen es resolu
riesoheinpritieshrwhdagher hydmplﬁbtcmy Mnipares votipldsolids. si ze

O a0 M AR AT EAES b B SR Bl loBlo b erciatly,

chuclo ma tiogetapdlypropdp Teyopearl, Shecpisopepd, of angqﬂmra"bsmm having

i .
W G N bR Re SRABGRRHCOIR, fehrpdfe media
Choyopsadi d$ iazembtlhapry‘[‘mspﬁyﬁenmenmﬁng 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 hy drophobic
interactions. Four types of Toyopear] HIC resins featuring different surface chermistry and
levels of hydrophobicity may be used. The hydrophobicity of Toyopearl HIC resins
increases through the series: Ether, Phenyl, Butyl, and Hexyl. Structures of preferred
Toyopearl HIC resins, i.e., Toyopearl HW-65 having 1000 angstroms pore diameter are

showed below:
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According to a preferred enbodi nent, a further
diafiltration step is perforned. Standard,
commercially available diafiltration materials are
suitable for use in this 15 process, according to
standard techni ques known in the art. A preferred
diafiltration nethod is di [ tration using an
ultrafiltration nenbrane havi ng a nol ecul ar wei ght
cutoff in the range of 30,000 to 500, 000, dependi ng on
the plasmd size. This step of diafiltration allows
for buffer exchange and conceptratinon is then

per f or mAdyopdiel Bherads®e of step | § concaptHg) e 3- to
4-fold by tangential flow fil (rmenbrane cut-off,

3.0 ng/ L and the concentrate S b fer exchanged by
diafiltr t| on @;Sl}econ tant vol (imE W _st of
(

sal i ne HHDE%ﬁ" 83998 37 the\t abyer pla

concentration with saline. The WYFGF concentration i s

calculated fromthe absorbancega 60 nn1of sanpl es of
concent %‘e’%’eﬁ%‘ﬁﬁ:‘s ol ution 'er Bdc @glgtcé_l

pm capsul er”and divi ded\i néo -everaﬂ

which are stored in containers _- a cold roomat 2-8C

until further processing. Thls yirehds a purlfled 5
concentrate w a smd D gawnc ant
super co .Tﬁ)éapﬁféﬁ?ﬁ-‘/ér %% ar ound g)_aé 'ég%‘ CHlpdgH-CHs
95% and preferably 99% The ove Iasn1d recovery

Wth this process is at |east 35% 4096 45% 50% 55%

60% 65% 70% and 80% w th an average recovery of 60

% According to this enbodinent, the diafiltration step

i s perfherakede afs@{l nﬂ)ybﬁﬁr] rjegln; %éyol’{&vg glaﬁ&ﬁdbafrhé?é‘ Bize grade.
buffer for step a) and for step b) are used firs

dTeyPpyarl GaP Cobave s RAsicly siagef sieund £9) tg 15Q nmaprgf: wﬁeen‘éﬂ 00pm,
s@hlfg\AI‘JS’bEMISOMlﬁQe A Priasize B&'l afouftd 40 QH@@ﬁ H Ubfefirably around

and i1 erforma second diafiltrati on of Fetentate

f $24m amdél‘pyapeﬁb@iﬁh% laye a panbiyle sizaof around2Qyiot58 e, prafespblyggound
0.‘55&%@'1 i %veff(ﬁt'ld%ne{ﬁtat éal'é e P4 MGtaces @Mﬁtlcﬁr 23 efe'é(ﬁﬁ’tlon improves

[tration st accordlngtot e presen
i fiom§t iodd temeacﬁuémmg/gra@m apdcthaniscrpadey with soeliss paripksisizan Most
T, |
cheleibE TaPShRt B kT ME Hic dhifhuo SRS RO fud Brobess of
cesparatinn mdl owificatioyed tllesp)lﬁMIddmAfacmﬂmg t¢ ghe present inwvention is

1
ogggﬁneJﬁhgﬁ§§ﬁﬁgﬂ¥%ﬁf?ornuP%t|o 99%%%%%gd bngs?ne
this diabiding & b ereforabengondpnintea ft@then\@@iiltratsons%tﬁn iseperformed.
eﬁ#cm'de %n&ﬂ&cﬁﬁ aé%z@ﬁ«%‘?é 'dﬁatﬁﬁra@iglm Cn?ﬂ'%rfa hl%ni_lﬂgblgrfbls use in this

er '’so as I'ntain or contro
bpiovss racc‘;’orémg ‘rb Sandard taehel pRSIANPWN rin | the a@né prefeuedi idhgfiliration
t eﬁlgf is, Bfa &%maﬁ)s%llyé gl?tulltpa@ilt@acng? Qﬁ%ntéﬂrﬁel l@fvln% &'%ﬁ)fléclllﬂ'swelght

ey pla surprising
cutoff in the range of 30,000 to 500,000, depending on the plasmid size. This step of

diafiltration allows for buffer exchange and concentration is then performed. The eluate
of step 12 is concentrated 3- to 4-fold by tangential flow filtration (membrane cut-off, 30
kDa) to a target-concentration of about 2.5 to 3.0 mg/mL and the concentrate is buffer

exchanged by diafiltration at constant volume with 10 volumes of saline and adjusted to
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o y
~ to 5 cause theeﬁyms o(? the subjec

stored in a stable non-degradable formin these

conditions for prolonged period of tine at 5C and up

to 25C, that is at roomtenperature. 25 As descri bed,
according to the inventive nethod for separating

plasmid DNA with high purity can be obtained in |arge
guantity by sinpler manipuldtion over conventi ona

nmet hod. The process of purifying plasm ds nay be used
subsequently to the continuous |ysis nmethod as

descri bed above, or any alternative |ysis nethods which
athe tmd:tlplasnddmon@ﬁtrﬁtmnt \Iﬂt&h saline. Fhe Né’)lﬁﬁﬁ | @ncentration is calculated

Hi-gﬁé" ntg‘%{bg Q%Qseagtggg f sam fna 8£§c§1|c$n|§ra 5 gg? } dgq?lliljf?)ig ?sgﬁltered
athraugha @ emh rmamlteaﬁlmrmlki cﬁwwﬂnddl it se0eraViliqasis XhidR @RSstored in

e el g 1681, P 2RSSR SR el <

coinkentrftgevithial plassnid AMPA ebrdeytrition®f Sestrdoiled pRsKAIANS agvihd 7 O%,

A T N R K b

venoeess) et lteastmmo%,t 1%, B0%t 55960600k 65%,ETOPE I 4t LBD@S , with an

a t th tenperature, respectively. The
p?‘%r ?ecé\?crgé)?néqgapunped into the heating coil using a

Mast erAdcaadnpgetd &tsaémhdﬂn'pen‘r,pth&vdiaﬂltﬁhbn siop @ peoimi@l ackeiding the
I Oﬁa‘;w% %XI {)1 HS % n@ centrifuged in a
CRIBA 3" rﬁsa ﬁ'ﬂ;‘gfof PP Y12 1P cation. After
c?]nt r |afﬁrgahaﬁmudsrh(sstepm) agathsd lmlﬁodm&vﬁﬁn@ﬁéﬂ J0i 881 TYSV/MCL, 150
t on, according to the present
Wg%ﬁe(?loﬁg’ﬂ{)( %"F%L'l’é?rtdl Cell IyS|g may makg use of
stigt i d’eﬁ’bm lasetond skdfil@stion| of Rl btefhte Hdth stéiﬁg%b&te(@kep IB) against

ncor orated h ref erence st
D 4 2300 GaLRE! A DS AT ) B LS, ey
Sdcabrding 1 therprésesk thedntiBh Qﬁiciéhﬂ)aiﬂdr!ﬂtehﬁﬁel? ?én{ovké/ Sh6hium sulfate

second, static m xe as an
a?“?ie%ﬁg?‘l FIPEVRY Y 4l5ps |S%SF‘HJ§“& i tli"él #lﬂﬁhﬁ&?ﬂ { ¥ePE:h @ppropriate
nEiysiefdgiedl NLC] éoﬁbéiﬂraﬁb@@d%xﬁd PAn RS e/ ghd Q‘rfs ‘éoﬁd@ﬁtratmn below 1
g‘@ﬁf&m i nventi on. e volunes of 15 cells can

Sﬂﬁz%mq‘i‘ﬂd% areybiaipedn . | j ne using the st at| c

m xer pagRghid MNA %Irriﬁﬂatlo‘ﬁtS%tdb%lﬂ&’b%rlﬁlr%rﬁlsM1ﬁ]§ﬁlthtép'J&ﬁlprlse
pﬁ@(gccorrpl i sh other functigns such as dilution and

29 54lia¢ e APt And a8 apPropHats eongentiatien efskrs fuffersorag éo maintain

na dagieb] e bH&/aRie&RBRen TUHAM S, PlhsmidISNABm3M6nt hdtding to the
t hrough device referred to in the art as a static or

nRseseBnfpleatianae nerticlarlyugefy] as they indasaid DNA arayomnrisimgly be
psftél@& ST 0 n&rh@e icﬁﬁf%%rrd ﬁ\\{ﬁt{% b&ﬁltlogg)fbl‘ ?W@E@?erfog rof Eme at

pur pose of ySI ng e statrc mxe
n%é‘rdmdépwaR/SeCathafelﬁgmowwmrwm d provide enough

cont agds dedc e Sl Bt Bieihhf. n'?‘e?ioldtfblo%aﬁ&?'lg ﬁla%m?cﬁblhﬁ with

gk iy e beighiaingd imlagsrquaytity by pimples nraniputatibo avmmtventmnal
sHih@pl e static 5

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

be used. This process is described inter alia in the International publication WO
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m xers contain an internal helical structure which

causes two liquids to cone in contact wth one another

in an opposing rotational flow causing the liquids to

m x together in a 25 turbulent flow The nethod of
separating and purifying plasm d DNA according to the
present invention may be G8ed to separate and purify

any types of vectors with any sizes. the size range of

pl asmi d DNA that nmay be separated by the method

according to the present invention is from

agnN2638. Imépbuuﬁlléfbleht(bxamgwdoﬂﬁitai of H00 Kbx 06 éfichr@abl ytainless

Lo B ) 50 31 OB B o PSRN s

amsmperhtatcenaterasath allerholdas uslome sf thélebid is #bowte3t @r.. Thermocouples

backbone us fuI in the |nvent he 39 ca f
g, PR e grel G g ot o0 e RoRay Y water
Tlmt temeaﬁmre:rwspeaﬁx}eqd The PNBudt rs@éﬁnampumpgcaﬁmmm hkatibg bl lising

R e L R

r @gﬁiﬁagea iy a Beakanc Bl satelh c@&tﬁlgﬁ’iﬁffﬂh@ﬂi@tlolﬂ QI f¥r centrifugation, the

on seguen nce s contr
rBan DN ey Bhiane usiE Srcuui Mk Lo Herap atrertio dbaprpsent
rﬁmwﬂﬁglof genonmi c origin, and therefore contai n exons
and introns as reflected in its_genomc or, anlzahl1 %
efiect, as

or it ‘inagEe fsll el mHomakomst Shskiia mixerpNA, seds
V@séibes mowmsedﬁ (iharrp&ét@mle@mvsﬁtraéremb; KD @R static mixer for

L5 ool firq gt # FE Pl ASF 3 PR S pRtinE g Ly oe hodgh o

gea6hd seitic Rlkagmay $6 et e@taheart&ﬂatkermetmod, fmSLyEﬂE €he danl/ﬁnor to the
the teéﬁacyclln kanag&gln resi stance 10 and f
tGodoff puyifupg nlas acardina thrdRtessit IBUERBb TGt volFes of

pt@@ Rhrflbe gétmgnaﬁg&ﬁﬁﬁtaﬁsmwwtmh@ 88hd theQkatik rlagéma &ha@fother
manmal | an, ot her eukaryotic, prokaryotic, kK or vira

affefic; mixero aig| Plased f1- Ragriay apRQyIPHE ﬁtylpr fimgtonsgpchy Saéodxruﬁon and

ViG 1%101@ XSuYt'aE‘Ié stitlcaginbd uBANas tehfdtdos ﬂﬂé%‘rﬁééﬁﬁn%ﬁb@ Bichude
reIa? ., In the range of

D e Kenion THBiTebioTo0k:. BhEG LI B SRS T ofs length
S GRAGk fPaRRAHR Yrbdebed opﬁae bRSent &v&ﬁtohqdor%ﬁﬁ@;rrg IfGhd Furpose of

the present i1nvention. For exanple, a vector that

i heingdells, theestasiganixsr wghid nsed tOelpﬂVP @dengghwhish yrosideprpdge enough
ae&garctjﬁrﬁg bEtQ/eEH e B5HL DoiBfiod £R th¥E8 ttd 9 'aausyﬂ?e IPYCof the subject

origin of rep I catron perntts nore efficient

r eqhlls idyveing, anpswEepheeyeh dhepmixenna & pefpmed embodimeptp spigable static 5
' %% gs%ﬁtairpalpﬂrﬂéﬂél%eﬁg%ﬁrﬁw&@ %M&%ahse?‘f\% llqtﬁdé}co'coﬁ‘ie in contact

p origin. Prefer | asm d

cwithions envdier |ag|0np<zsrngrretﬂlp@9éﬂpwwawn@teahqwés e tpgrter in a
| rddRngAow003/ 1618445, may be separated by the process
according to the present invention. 'The resulting

hi gh cBsymetherbef sepragating ynd perifyingenasnnié DN perorsdingolodberpigsent
DN?} &tf%{]or OISR se B}?ﬁg S@'ﬁhr;/ﬂ?%}'xg V}Lp% 8{:"?5&& D3th 3 sizes. The

I NPproves aCI itate
srze range of plasmld 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

assocjated regulatory sequences. Thus, a vector backbone useful in the invention will be



easi er downstream purification. Accordingly, any vector
(plasm d DNA) may be used according to the invention.
Representative vectors include but are not limted to

NVI FG- 25 plasmid. NVIFGF a plasm d encoding an acidic

Fi brobl ast Gowth Factor or Fibroblast G owh Factor

type 1 (FGF-1), useful for 8%eating patients with
end- st age peri pheral arterial occlusive disease (PAOD)

or with peripheral arterial disease (PAD), neets safety
requi renents. Canerota et al. (J Vase. Surg., 2002, 35,

5 c83ble 93 6urydegs dusehie sf ﬁﬂmﬁxn’iﬂtelypl@t-ﬁ 0EkH & Igér The insert may include

PR B0 Sl B0 SR b et g Rjpigeude,

. Wlnt ldditior enai gighesbmvgling or tHeﬁipaﬁIceﬁroﬁﬁﬁ eegulitorD\lelfdncdsndeh as
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i schem ¢ calf Var i rameters such as
{ PG ZRBoTEm SRS Ao qsprase minear 4R <@ El dog g8 oic. The gone
beamtinglk ﬂuemj:exﬁs propdn fiay 88 spgeﬁamtmga;n&d&h&@iﬁrd’&a{aimons and

ha e _been uently assessed. A's f.i cant
e e T R T R L M S —

r &AL Buch ﬁ/eﬁf)rsuhﬁji rindlideefor &ﬁﬁnﬁl@ veEtBI PACRBbnR &ep[iiaBR with high
af t erdﬁ? FGF..a nhstratlon wer e obﬁgrved 5 Host

C shapYEr trplicey i § Bolyliker fry drettigh oha hopweuy aene, a mene

baﬁdodihg al selettaliermarker, B@J, ISupI@'e&m\IKAO ﬂlettbﬂ/d@?l@lﬁg kﬁ'ia?rfslcm resistance
tlvg strai ns sucg as E. coli_ and mone
i §

finPhysically . sp#] and hfpble-s The yagpie bé‘Fkbﬁ%ﬁ REalti plgsmid

a a.ﬂnagiagemay pEiiiREinspfs of hﬁg]ﬂén@ssé'ﬂ A AARA JHRE duk AR eprokaryotlc
for égﬁgée 20- 200 copi es. coli host strains may
uSedr dgtherephidng AP beapRT A end #eedHB 10O or ex vivo

Dhihsmidtidsddtiberbpy. Vedbort hé’\ﬁ% rEREvEIP high kdBy nukfBée. ; A earhq thkQange of
ra2 ( 41033664 trains contalnln

=
Exéﬁllcaplswqﬂ WP 48 00 gemisirel. mpy be smaeﬁ%qﬂ andy wcf@)i by the

a B8 Aol ihg/ t e p@és@nﬁﬁﬁi}éﬁ@kﬁ’ Fof H}?a‘?nﬂl@ 8 vectBi ﬁ%gu&@%e pUC
co-purify wth_the therapeutic plasmd product

ACEER O iEplicaionn i Preferted reearding i they methedt of Higcinvensian.aTheopUC
C@ﬂ?ﬁ%f FdpQbhatioR rﬁé‘i‘ﬁmﬁé Hﬂ)re é}ﬁgi@ﬁﬂ&elﬂwéﬁéd cﬁ%le@hﬁ@m ﬁhﬁesults ina

is essential y ree of contam nant's or
r i Brereasesinsplgsmisheapy rumberieat @vearmg,thRB%Z origin. Preferably,

p REFRCONA Gath 86REEonkNOrigihNer RIPREAB T HEGR | 4 @Jsé}go%d in US

asm d DNA conposition according to the present
i ﬁ%ﬁkﬁl ##5t may besapaniad by ths-pregses qeeording d@ thprésens, invention, The

0r208do AL RESy ﬂ%b%@ilyﬂﬁ&%&sdthp%}) &Pﬁ@mdﬁﬁﬁz& t@'@grorélosomal

protein contan1nan s The pharnaceutlca
DR As Gibhseellular pratginscandt @-ﬁﬂstOtSeyspmmmlasmd ari:ﬁMJtand facilitates

OBkt o LS8 SR Sl o

i ageordingdo @@oqu@opeliepﬁ@mtatg/eo'tectpds agiridd by nagflimited to NV1FGF
CBfa%?ﬁW#G%lggmlgeeﬂ&mi& Midlc Fibroblast Growth Factor or Fibroblast

Growth Factor type 1 (FGF-1), useful for treating patients with end-stage peripheral

arterial occlusive disease (PAOD) or with .peripheral arterial disease (PAD), meets safety
requirements. Camerota et al. (J Vasc. Surg., 2002, 35, 5:930-936) describes that 51
patients with unreconstructible end-stage PAD, with pain at rest or tissue necrosis, have
been intramuscularly injected with increasing single or repeated doses of NV1FGF into

ischemic thigh and calf. Various parameters such as transcutaneous oxygen pressure,
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The pharnmaceutical grade plasm d DNA conposition thus
contains less than about 0.01% or |ess than 0.001%
and preferably less than 0.0001% or preferably |ess
25 than 0.00002% (< 0.0002% i.e. < 0.0002 ng per 100

-nmg of plasm d DNA) of RNA contam nants. The

phar maceuti cal grade pl asm d0DNA conposition thus
contains | ess than about 0.0001% and nost preferably
| ess than 0.00005% protein contam nants. The
pharmaceuti cal grade plasm d DNA conposition thus

CHMAIaRS b€ radhldN ifdedes, 3RinEUAsBsRAAO X NI&er Héhhﬂg‘ Ghave been
pharmaceuti cal grade plasm d DNA conpaqsition thus

cwbﬁ%auﬁglyp%%ﬁﬁ% r?arwgmféqaﬁfc erspse; of 'Praﬁhﬁi imfexesyeduction of pain,

PfR8ILER! Of @68 tsBleN and Bk SrpRABd 30HsiRoer SPAF GO HmifistrRRH0are
of closed circular form pl asm d DNA. The present

i Wowebsest?dal so rel ates to plasmid DNA |iquid

f or mul @dst edms b @Jcerdnfg t%ttl?ebilnﬁ‘enﬁﬂﬂj {,@u %@5&&&%@&@@% Alboth
roomtenperature for perlo and are tﬁus

uSEFy positye aad Siramg enecsﬁtl\fﬂ §ﬂi*ﬁad3“E§f\$§ Eh%ﬂh ael Salyaquglla Typhimurium

I §SBAIIRR tl‘?&@ﬂ; craﬁ'«hﬁ‘é &4 nl3HBfing Q@J%Qﬁbpy Iﬁ‘lﬁb&r&% lasmids described
invention thus relates to a sta [asm d

f ahaves & ewnple d0rG0stonipspk agaki lespsbmam%mbrby uged gpcerding to the
bﬂfv&ﬁfon%ﬁ’é fﬁk!u@@}naam BH3 2nld TR REC KRICED bind j@@rﬁﬁrﬂlstm and

fer solution iIs resent in a concentration so as

nﬁEX?ﬁt“ﬁ wwasém)s Sitrgins contpipingnihal ipbasmigh o ppergidt ¢e@lﬁaﬂves
ng‘o e Ka fi\@beY are Fﬁ@éﬁlﬁrrnoﬁ? gl‘e!ﬂ;nleﬁ rb%céu@@iheqr Ela&ﬁ‘i@%yecoogunfy

Ring th nmposi tion between / and
7“@@@!’5@@1“@111%@?1@0@@ aci d/ base system conpri sing

Tris dﬁ%’% hiso @bmbdsitioR ofpfsi
an aci ééc%o en q‘? ??réhggg%tx r %)hr? &gﬁ%?ﬁegr %358 mk ?(Sgt Ogc |og{is Sme
f btghb'mnﬁecteplamld @b@é\anhafaléueése(!wwée@ @@pnramrmmis @r Hcthd range of
e
oSk Bl A WATR, S @Eatl BAE TG AR pil SR cally
1gsaﬂ9 pletraid d3NA shurdositign iadjording) toathg tprasmq iepstior( thuel centains sub-
h | r.ex r [ I
R SR B PO md PR Lo of A REATENR, RRiA, and
Tpiotimeniniamigenisd, Tr| s/ acetic acid, or Hepes/sodium
hydr o e, e
and 7X’Eh% ]i}]hélﬁﬁ ‘Ft&l? glg%n?x&iu ar l”@&n%o@ftl ﬁthg Eo‘(’@ﬁ{} l%ss than
Sabadun@. Oé%poqollesrtham Iﬁ)alOl%ayndoprefmww ]ess thhe ODO(BII%I,I mmrafu‘q:raldﬁ' less
t P on dS bl
O ERERs BB EE oo SRBOE0EY wky b, g PNA) of
cohromnsmtDNAcmgenommeASOﬁM O her saI | ne eXCI p| ent
ey Cofpr Ilnhsa%ng}:gﬁt%)cn 1 & gra e plasrrllignBNA composition thus contains less than
about 0.01%, or less thann 0.001%, and preferably less than 0.0001%, or preferably less
than 0.00002% (< 0.0002%, i.e. < 0.0002 mg per 100 mg of plasmid DNA) of RNA

contaminants.

The pharmaceutical grade plasmid DNA composition thus contains less than
about 0.0001%, and most preferably less than 0.00005% protein contaminants.
The pharmaceutical grade plasmid DNA composition thus contains less than 0.1

EU/mg endotoxins.
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selected fromthe group consisting of acetate,

phosphat e, carbonate, SQ2"4, d", Be, N03-' 25 Myt +,

Li +, Na+, K+, and N114+. The nol ar concentration of the
buffer solution is determned so as to exert the
buffering effect within alimt and in a volunme where

the pH value is stabilized®etween 7 and 7.5. The

stabl e pl asm d- DNA st orage conposition according to the
present invention thus conprises plasm d DNA a saline
exci pient, and a buffer solution wherein the buffer 30

sol ut il nhsm‘fﬂpweait giiade plagoiddANA reampasitianpthbocohmdifs @edbminant

it e N T R

f dpsed cheulaydoroy plesorid d¥AI on bet vveen 7 and 7.5. Anong the
buf f erTh%%q?és@ﬁ@in@eﬁfighddﬁbgreﬁaq S to P asrm wfb%fw gttsrgguTatwn that are

buf f er ution at a concentration o
piatls end sigvisyn-degnded auoonytem@smtutesfoa fudgiperiddtftime, and are thus
tion, of .t resent
Pé]s\%/élﬁ toﬁ' gl‘rf}ra!gg o&@%m?gm ghatft %re'%da esefirecg alb%ll' %d%ﬂ]gn r‘c‘herapy.
pl as milde Dasehb rimvghsibn othus celatedi togat sialild q:lasm’@ SBNA formulation

[ ' | tabilit h at
ST LS T\ S S L, iy
pﬂhasmffdl‘ BNMtidnoisnrkadnit dn 4 somtsmfaﬂionfsorasatopminwﬁgehb pH of said
PR ttiondh csaangmsgf%mpﬁhang% smonths, 3 months, to 6

m)nt s and t~4C and at 25C, e.g.. RT.
10 Théufieeselntors rthamareo naﬁathoﬁ mlaﬁltahﬁng theapH OGS | ddrrfpﬁsmon

C Sisn I m d uti on and sali.n
e%gpéeher?t gdngh Zr%e i Re %@‘P’f eﬁlﬁr 0 L?f"l%}c?ﬁsei SYHrls é’ﬁ{np}"ﬂ“%\ Tris
C[@hﬂélﬁldthameihml)ﬂmﬁfdmetm],tdﬁ IS atdve ﬂilcaﬁmsdn @Nﬁ\ 4 Btrong acid

S@?&'{)&Igr%ga@adattglb ac t ?)Zog%v%eg pﬁ ﬁglgt Fllgnv r%!aéc’t% acid for
baxkinple), 9o lofltn auid/base systemn@nepxicing iHRpés, [vafél-ﬂyd}oiﬁ:ﬁlylplperazm)—

L LA TR e

tsollﬁiBﬂl rhayr also oMb qehsmu:u OghirefHQl meis/neicl adNTHs/malic acid,

s and up to 12 nmont hs. In
et t’aC%icaﬁfdggr%&e&e%‘f\WoW&gg ®stored at 5C or at room

t enpe Padferntely,cdhi¢ pids |nm*ilgamﬁxfb¢t®ébn07 artdi TIB aK &l bre RFt}ularly at
I OWnQ%gz‘L,”' nati on and open-circul arization rates ,

inTeri 20 20% 15% 10% 5% or S 1 % per nonth.

]:I'h e CGafesixvipient thac magh b’ebg.lséd) id the f&l’lfqrﬁl%Bh of ﬂié%ﬁ&sle{@ﬂnﬂ&‘fion is
ur ri se an nt a r exanpl e a
FoREY SR acediftenEilon Cdvier oib «a 2001 miA. I psthredly a
aton@nstionod afaic] TR Ot sding @ﬁ%lent may comprise anions and cations
selected from the group consisting of acetate, phosphate, carbonate, So%, , CI', Br, NOs",
Mg*, Li*, Na*, K*, and NIL+.

The molar concentration of the buffer solution is determined so as to exert the

buffering effect within a limit and in a volume where the pH value is stabilized between 7
and 7.5. The stable plasmid-DNA storage composition according to the present invention
thus comprises plasmid DN'A, a saline excipient, and a buffer solution wherein the buffer
solution is present in a concentration up to 1mM, and preferably between 250uM and

ImM, or preferably between 400pM and 1mM so as to maintain the pH of said
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According to another aspect, the present invention
relates to a nethod of 25 preserving plasmd DNA in a
conmposition conprising a) preparing a purified sanple
of plasm d DNA and b) conbining said purified sanple
of plasmd DNA with a saline excipient and a buffer
solution that maintains thet2oH of the resulting
conposition between 7 and 7.5. The present invention
also relates to a nethod of preserving plasmd DNA in a
30 conposition at a tenperature of up to about 20C,

Cibﬁﬁﬁlhtﬁinrt@ oBppitRabetdger?7 REA 75l Rchons m&fepgys&hésa%di’dmg to

i ni.n purified sanple of plasmd
e ki, Ta%geﬁfga Fleon & foconcenipia of APQuM aives . partcularly
V\éhﬁﬁﬁdtﬁ'ytl’e&ﬂtb Winefs &k WréeRed $n MLpREHid Rrfulation of the present
concentratl on of less than 1nM or between 250M and
MG preferably 400M and c) storing the plasnid

DNA' c o irdihe Bkafiples BREHAIE hRsAld BRRYbmA
about 20C., 5 Exanp T p Gener al EDt echni ques o%tMﬁgﬁaﬁdmgmthe

asePFdP%eeHPlanbbhlb#rb @’SFf’lM’é stebitityi hqﬂoﬁalfc ped #oerm ernperature RT),
f@é emlér@fb'"@' Pll!rﬁ&}/éﬂys EI‘aE\nﬁSDﬁA%ﬁﬁdl'&ﬁn% H@ﬁﬁ ?&t ﬁ! @Bﬁé@:ﬁ period

el ect rophoresis, transformatlio
e f}me ?frléBPrﬁhst%WP@i]ilso?r mADE.ap 6 roareisind v 10 1D moNds b 4g,and at
agecdesarrbed in the literature (Maniatis et al., T.,
E.F. Fritsch, and J. Sanbrook, 1989. Mol ecul ar cl oni ng:
a l ab&hspfﬁsem AEFOEED this celaigs tus erappsition lcampyitingplasid BBYA, a
LispeF %Bl‘ﬁﬁ(‘{n aﬁ@l an%gré)&%ﬁﬁ@r m&eina%r gﬁf?&rysuﬂtﬁ SB MeWnt in a

Yor k; Ausubel E.
I\RS’BFE‘étratIPnA“ffSFﬁﬂf 119 prssee(e pé;@mhﬁhmaln ertakle f@m atHFC to12583.

Curr enthe pRE& @RhSoh lewelﬁeéj{oa{ c sﬁ’igX © grzsugﬁgsmld WA a
Wl ey and Sons, New York eot| ences

vitier gelptieniand saliye t ﬁ@lpeqm wh@remmhqabmf&n spiuttiondis present in a
%ﬁ&hﬁlétﬂﬂ ﬁﬁ;&éﬁ@ to rQERE ngasﬂlllJ BRAY irP ik %}ﬁ*ndfitt(é@gscg bgé for 2

. ricti enzymes were suppli

E!H@P%ﬁ‘i’é psrled afa@meeet}érm@mh anomes,ca aiosths, 6 lnetrthsyarmiuup to 12
|8t ons, DNA fragments are incubated in a buffer
conprising 50 20 nM Tris-HC pH7 4, 10 mM Mgd 2, 10

m\/l D1 effechiplasmid PRNA thet pre stoegdod SUF opdiaigren tefpediibe during long
sﬁﬁﬁ‘g S%ﬁrgé %%%@P% %er ﬂogggﬁgﬁnheggh aqg %P(%nr @@iﬁﬁ%ﬁ%% rgtgs » inferior to
s phier HY,d%, ©s<|c1r‘kﬁtmrmm:d1t}at the 6 positi on by a

g%gnaﬁﬁéé?gos%]d%g%ié CE’“O% 10 nél}e gre%eﬁtb }r{velatm 161?%%\?1‘8‘18{ Icalaprlse an

sdiwviresiueh as for example a polymer selected among polyethylene glycol, a pluronic,

or a polysorbate sugar, or alcohol.

According to another aspect, the present invention relates to a method of
preserving plasmid DNA in a composition comprising a) preparing a purified sample of
plasmid DNA and b) combining said purified sample of plasmid DNA with a saline
excipient and a buffer solution that maintains the pH of the resulting composition
between 7 and 7.5.

The present invention also relates to a method of preserving plasmid DNA in a
composition at a temperature of up to about 20°C, comprising a) preparing a purified

sample of plasmid DNA, b) combining the purified sample of plasmid DNA with a saline
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8- cyanoet hyl - N, N-di al kyl am no-/ N- nor phol i no

phosphorani dite of deoxynucl eosides for the synthesis
of DNA fragments sinplifying deprotection and

i solation of the final product. Nucl. Acids Res., 12,
4539-4557: Gles, J.W 19883 Advances in automated DNA
synthesis. Am Biotechnol., Nov./Dec.) with a Biosearch
8600 aut omati c DNA synt hesi zer, using the

manuf acturer's reconmendati ons. 44 Ligated DNAs or DNAs

t exciptent @sitaithffeofolitiog Whesdid the dasferablution RSfresefh b @dshca:rtﬁnon of

u tran formpt oII ng strain rendere

%ﬁ%@%"eﬁ? batgee andprgieraply 40033 and Prforipg the

r slastlid DA ékﬂﬁmsms;h é’sla,temﬁelﬁﬁl@(ﬁ'a%utﬁ Sup B adeis c.08CdI ac

| acZAML5)] (for any Col El plasmd); or 5 E coli

XAC-pir (for any pCor-derived plasnd).

M ni preparations of plasm d DNA are nmade according to

the protocol of Klein et al., 1980. LB culture nedi um

is used for the growh of E. coli strains (Maniatis et

aExamifl@32). Strains are incubated at 37C. Bacteria are

'tg%t on dfﬁhes of LB e [ n1.10 suppl enmented with
Pt +—theadj ust ment of the

dl ameﬂ‘ée graditiond meﬂlodsvof attc&&ulas Bﬁblcfgyl hlﬁhﬁasﬁi@ﬁ&on with restriction

er coils of t
e b 8Dl Sy Maffor AT & el sty ol scds and
athe llys o desaibedt i thé Hteratine (@hﬁg gﬂ all of"., B Fhitsdl, dtﬁcfl ] .ﬁambrook,
0 orted bel ow, are o ully
B0 NifiReand Gonine] oy oBRY malo Bl <FHomo. Cokh sPng asbor
oEabbi‘m)rﬁEIS/cﬂd) SgsngHaber Labdrates Bres, Blewl YR Afsubdler. Iﬂr tR. tB¥ent,

oRE DD Ry b S RGP R, P . o
eprgiotete ih NgYlectdt Biblopp mmmeml anb}ﬁll Witleyl Afd t3Ms,t NB@SYork.).

Newt oni an fl ui ds t .encountered in
S A T (e ipmefhgd pecordine to the
?&lstiacdbh&dﬁgylﬂmhdﬂmmm&%taﬂR!E987D s cal cul ated as
(0] (0]

np
ReN=( ﬁf"i‘ﬂﬁ’%)l\'j’@wtﬁg ek 36 %{ﬂ( %ﬂbi'%ﬂﬁ@y %n/g ad ?B%ylal?er Boverly, MA

i@nﬂdﬁ)dlaneter of the cross section (n) p: volunetric

mass (}fo carry oul P igations, %{ﬂ fragments are incubated in a buffer comprising 50
mM Tris-HCI pH 7.4, 10 mM MgCly, 10 mM DTT, 2 mM ATP in the presence of phage
T4 DNA ligase (Biolabs).

Oligonucleotides are synthesized using phosphoramidite chemistry with the
phosphoramidites protected at the f position by a cyanoethyl group (Sinha, N.D., J.
Biernat, J. McManus and H. Koster, 1984. Polymer support oligonucleotide synthesis,
XVII: Use of p-cyanoethyl-N,N-dialkylamino~/N-morpholino phosphoramidite of
deoxynucleosides for the synthesis of DNA fragments simplifying deprotection and
isolation of the final product. Nwuel. Acids Res., 12, 4539-4557: Giles, J.W. 1985.
Advances in automated DNA synthesis. Am. Biotechnol., Nov./Dec.) with a Biosearch

8600 automatic DNA synthesizer, using the manufacturer's recommendations.
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w. spatial velocity of the fluid (m's) n: flow behavior

i ndex (dinensionless) 30 m fluid consistency

coefficient (dyn . sn/ cn2 ) And n and mare

determined enpirically (study of rheol ogi cal behavior).
45 2) Newtonian fluid As for the first section, in
Equation (1) we have: Re = #4inside dianeter, , p, and

u) since n and in are functions of g. Re =(uxDxp)/ (2)

5 p: Volunmetric nmass of the fluid (kg/nB) : Viscosity

of the fluid (Pa.s, and 1 nPa.s = 1 cP) D: inside

di amef e4a+Qf ]Eg;d

vel ocﬁ% ofDltmi Opbﬁlﬁg té( o E}S%a éfg{%te l|&‘I ofﬂp%%rbﬁ l‘malmm are used
riedigadern he fllgwinesiaip pendergl owrxpnte@ = flow rate (n8/h)

g SIF WAIELLOAQIRIAC GOEE SEEL ORAT) B0hdel AL,

i's glven In

CP,
(/é@%ﬁ@;ﬁs@w 6%&‘59_,(@})@% (b_ZAMd é)] &for w@mm platstmei)f drow
| B, R KARRbir (OF Y59 r bel ow 2500, and is
hydraul | cgllrlty %‘ﬁg& 1‘9%1 HH@ flow for a Reynol ds
nunbeMipreperaioed (pla@m@ld DN%\ @@(ma(d@ @ccofidieg foithd profosol of Klein et
dﬁl héxgr ately vague between 2000 and 2500, where both
types of behavior are used to determ ne what may then
occur LBagufuremeedbivoisgeed for M@O\athpn@ £t enli somins (MB)iatis et al., 1982).

an r rall
CREH P o hart i Dy T BablBaF efe BEREE ' th B OP 1 medtum
esyipplemended Wish suitable entibf@tidtewt oni an fluid (in all the

cross sections) p = 1000 kg/nB (for all the fluids) =
5cPinB1laand 40 cPin Bl b (our data) 2.5 cPin
Example 1dat a) The fol |l owi ng cal cul ati ons were perforned
usi ng sta
conf | Jﬁrgg@h%ﬁg“ tt(0 g%c, o métf:rrsedﬁ]co%g’ g5t 55(6%#{%?8%?8’ calculation of
cReyholdsimambern i doils tOﬁ d¢he dBhiinuons bys)s syEtelol. € Because the following

analysis assumes that the behavior of the fluids is Newtonian, the figures reported below

are only fully valid in Bla and to a certain extent in B2.

The value of the Reynolds number allows one skilled in the art to specify the type
of behavior encountered. Here, we will address only fluid flow in a tube (hydraulic
engineering).

1) Non-Newtonian fluid

The two types of non-Newtonian fluids most commonly encountered in industry
are Bingham and Ostwald de Waele.

In this case, the Reynolds number (Re) is calculated as follows:

Rey is the generalized Reynolds number
Ren=(1/Q2")x@/3n+1x (pxD"xw?")/m) '€}

D: inside diameter of the cross section (m)

p: volumetric mass of the fluid (kg/m?)

w: spatial velocity of the fluid (m/s)

n: flow behavior index (dimensionless)

m: fluid consistency coefficient (dyn . s" / cm?®)

And n and m are determined empirically (study of rheological behavior).
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Coil Bla 5 B2 2.5 Configuration 1 Configuration 2
Viscosity* (cP) B2 2.5 Bla 5 46 Dianeter (mm 12.7 9.5
6 6 Flowrate (L/h)601051221 Reynol ds

nunber 3341564141495 Processl am narl am narl am nar | am nar
In these two configurations, the flows are | am nar at
all stages and the solutio are not adequately ni xed
toget her. For other tubing configurations (no B I b
tube), we have: 5 Table 3 Coil High speed / std

di ameter High speed / 16 nmID High speed / 6 nmID Bla
BZBI a B2BI gy B&vvhiggaeildt y* (cP) 52. 552. 552. 5 Di anet er

1210 666 FlI L/ h)120210120210120210
(M % f%rt%ie grst secggyl,[ cﬁlat(lon (1% we have:

Re = f(inside diameter, p, p, and u) since n and m are functions of p.
Re=(@uxDzxp)/p )]

p: Volumetric mass of the fluid (kg/m3)

p: Viscosity of the fluid (Pa.s, and 1 mPa.s =1 cP)

D: inside diameter of the cross section (m)

u: mean spatial velocity of the fluid (m/s)

Equation (1), for n=1, reduces to Equation (2).

With Q = flow rate (m*/h) and S = surface area of the cross section (m*) and if p
is given in cP, then:

Re = (4 x (Q/3600) x p) / ((1/1000) x ITx D) ?3)

In a circular conduit, the flow is laxminar for a Reynolds number below 2500, and
is hydraulically smooth turbulent flow for a Reynolds number between 2000 and
500,000. The limit is deliberately vague between 2000 and 2500, where both types of
behavior are used to determine what may then occur, and the choice is made a posteriori.

3) Calculations

Since n and m are generally not known, the following approximations have been
used to estimate the trends:

Newtonian fluid (in all the cross sections)

p = 1000 kg/m® (for all the fluids)

p=  5cPinBlaand 40 cP in Bl b (our data)

2.5 cP in B2 (our data)

The following calculations were performed using Equation (3) for two standard
tubing configurations tested called configuration 1 and configuration 2 (without Blb
tube):

Table 2
Coil Configuration 1 Configuration 2
Bla | B2 Bla | B2
Viscosity* (cP) 5 l 2.5 5 | 2.5
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Reynol ds nunber 7072971531185714154951

Processl am nart ur bul ent| am narl am nar | am nart ur bul ent
Simlar calculations were perforned using Equation (3)
for various tubing configurations with both B 1 a and
Blb tubes present: Table 4 C0|IH|gh speed Hi gh speed /
max agitation Bla Blb B2Bl 48l a Bl a Vi scosity*

(cP)552. 5555 Dianeter (mm) 6166323 Flow rate
(L/h)120120210120120160 Reynol ds

nunber 14155314951282942443773
Pr oces$ Pt MBEY nalr 2t bul enPdur bul et t ur bul jght t ur bul e

nt 10 Crearhiqmyedefdoned Reyngd ds valiges can pe
obt ai n¢ | the tube " dianeters and the fliow

rates. | Bpaioldeinnmber i B3¢he ar{ 18&h enyildion meyrtps

combi napjons of dia an Y14 B2 T
the t sogctl ons of aﬁ?@i a anégﬁféfg b) . léi#cl)réexalMII'ancuu he
first section of Bl can be reduced from6 mmto 3 mm

I ' he 47 .
agi ¢t el it RS B2 3 slE 48 g ol
thrensitxlcma@fymtxedtdgabtrogl cal behavi or of the fluids
and U gOﬁlg qghgﬁonﬁgurahm}% (110%%) (ilt erl st I €S Of t he

t ubes. BaSId iron—e ency, ‘one may al so
cwmueaer the duratlon of the agltatlon mhlch |n sone

et g b e e e er [ SR T Rt P g s
the t ubes orf Bihe f| LlPéf vel oc| Blz does Bét apaBéﬂr to |B2

OFH.Sg* &P) N| sEqUATT QR 5( 1) fofsa non- Ngwton gy fiuid |53
(data not. shown). In _other words, it|does npt seemito
fedtive tqBiter th¥ diameld? thah®it is t|&

&rlﬁveratet(tfa) flox rate |i2i0 equatjmo (1) [2®0 usejlioor 210

By T A .7 DA K VRS € 5y B ST U U
rates are desirable,| 10 the I'amet er can be'vari ed
alrensy wi t h { Feumay ow | iabwent Thplswingr i nglaplires Claminge us dabulent

as—a Dagfis tabulddodt ‘v(ré?eg peab A gﬁ?g Goh § @Wh@ tubing

in B 1b and B2 in order 'to avol Tentln
Danniﬁﬁgaﬂuylsmthba@uEbtanéﬁlbalbebereeﬁm‘tte vi gorous as | ong
ag.GIERA i s not denatured.

Coil High speed : High speed / max agitation

Bla Blb B2 Bla Bla Bla
Viscosity* (cP) 5 5 2.5 5 5 5
Diameter (mm) 6 16 6 3 2 3
Flow rate (L/h) 120 120 210 120 120 160
Reynolds number 1415 531 4951 2829 4244 3773
Process laminar | laminar turbulent | turbulent | turbulent | turbulent

Clearly, predefined Reynolds values can be obtained by adjusting the tube
diameters and the flow rates.

One skilled in the art can envision many combinations of diameters and lengths
for B2 or for the two sections of Bl (Bla and B1b). For example, the first section of Bl

can be reduced from 6 mm to 3 mm in order to reduce the length and increase the
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Reduci ng the di aneter at the beginning of Bl nmakes it
possible to increase agitation 15 (increased Re) in
order to sufficiently mx solution 2 with the cells. On
t he ot her hand, when the cells are |ysed, agitatien and
frictional forces against the wall may be reduced to
avoi d nucleic acid fragnent &7i on. Increasing the

di aneter nmakes it possible to reduce agitation
(decreased Re) and friction (lowered velocity). M.:

m xing the fluids. 20 Bla: fine-tuning the m xing at

t apitatiegi Additighally, W& f mBORVE{EIARPHGNARERAAY of the rheological
cr.om | etting denaturation occur plus

d %ﬁhf’pfﬂﬁmh‘éﬁﬁ‘ tp H?tETPB‘?ﬁtE?P Bight chpractedstigs efifkaérbehat

t he gﬂ}b@fﬁ@d ﬂieeﬁigﬁﬁ&ﬁf\%kﬁiﬁengﬁ gy nﬁ?SaIMT%m?sﬁﬂF tﬂ@%ﬁfa Qn of the

for, a n-Newtoni ap fluid as the classical Reynol

nEiRign. W hyip sorge g fBlﬁPr&hoffth%|Pdesemrfnvezlsowr<tht@nﬁdd¢y adjusting
|&e&ﬁ§tumseﬂletcb§g the limt for the | amnar regine in a
condui circ I gir, gross section is ReN < 2300. .

Neut r F 66?{ %@F%an@a fiyi 4 welacigpdoesingh appesitor dameinate in

t Bqudtiéro(10) 764 £ ﬂ_&lﬁNE%maf] FRENRIALAA MR oRh). gﬁn&mrcw% iPdoes not
causm a |t(%%§:m&n that js _too vigorous and

fPES B o glterthrdigiagter m dHad dter tf@tﬂ%@tﬁsl)“ equation

D RGised fo@ﬁ:@l@ulﬂﬂl@ﬁﬁ\h@ﬁn Bub&dBKES WwWheRRORsH b rﬁt@s 2 desirable,
ce agitation (Re) and frictional forces (velocit ys

PIET Gea vRGdaleestith the flavamet er tube (6 mm) to

aVOI dTlhasél BeRE cRNBYIEHd 204 bATd PR 1infily QRSEIVAL
%ﬁfﬁd 48 I{ﬂhaitﬁ |tc was best havi ng onl yg a sm %%‘%gfratse gsible

i Bin order to aypid fragmenting®BNN.y and  qui ckl y"
agl t atfirihp *Pysl'be 'd%_aﬁln'l éafnd yahg org&(saégﬁbl‘?% Zs ng\?ﬁ {5 4Bt denatured.

break down t syst eminto steps
pBGdEriag ther dlé%*éld PiniiA tbeginkiag of &hf mgkesait ipossibiso énsrease agitation

f cke@%ﬁ Re})n Mdéf ﬁ%ufffc?énh? n{nl 10kt s tﬁe). céTlsS%riut{!:le gﬁlelzhand

(ML + egi nni ng o
c‘@hlqnéhwﬂsgslysma agitaﬂ@n end fruetgsgwé mrpwgigw theswalbmay besreiiced to

L%oﬂ%{&llg\fé%%ﬁdjﬁg enlﬁlog) I@?Af]ﬂé th? %Weﬁg qn%ep f a}#) s%lé W reduce

Ssitalion §decrpapadpie) a{Bd ffwtl@ﬁ (I@veradh valomity). 4) Harvesting the

neut r ahii: 2pelidMRSAGdat 4C 5) Settling down of flocs and
| arge fragments of gDNA overnight at 4C. The foll ow ng

condi Bl&ndinpdyningethg seiding ¢t Barbreginging efolysis:noovetiby shaomenon
(macromixing).

Blb: letting denaturation occur plus diffusion phenomenon (micromixing).

It is assumed that the generalized Reynolds number has the same meaning for a
non-Newtonian fluid as the classical Reynolds number has for a Newtonian fluid. In
particular, it is assumed that the limit for the I aminar regime in a conduit of circular cross
section is Rey < 2300.

Neutralization is performed within B2. High flow rates tend to increase the
fragmentation of genomic DNA by causing agitation that is too vigorous and by frictional
forces at the wall (mechanical stresses). Using a large diameter tube makes it possible to
reduce agitation (Re) and frictional forces (velocity). We positioned here a small

diameter tube (6 mm) to avoid having not exiough agitation. Our observations showed
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15 - Solution 1: EDTA 10 mM glucose (dc) 9 g/1 and

Tris HO 25 mM pH 7.2. - Solution 2: SDS 1% and NaOH
0.2 N - Solution 3: Acetic acid 2 M and pot assi um
acetate 3M - Flowrate 601/ h: Solution 1 and sol ution

2 - Flowrate 90 I/h: Solution 3. 20 - Cells adjusted

to 38.5 g/l with solution 48 The cells in solution 1

pass through 3 nozzles that disperse theminto solution

2, which arrives fromthe opposite direction. - M xer

ML has a geonetry making it possible to optimze m xing
ofhat ﬁtewasvmast ﬁalviﬂgdé‘nlﬁ 8 @haffi dibiicBor 2ubS FHEBRL th Corglr AWV 1Ry and
he flr h,sectlon of the tube after m xer

'iw%& @‘tfteéhea'}?atr? &t sectionis B1b. Bl a 3 m
long, 6 mMmdianeter, 2.5 sec residence tinme Blb: 13 in
I l1 mm di aneter, 77 sec residence tinme The process
0 €% esent invention provides an advantage in terns

of ef fWeicambigak doHBCL %ﬁ@%ﬂﬁﬁm i be%’bartp:ﬁla‘?gmbodlment the
e m Xi ng ydlffu3|on 30

VI o nt .m xi nd gent
‘iaﬂ‘éng?stfgéﬁ%lg’“@f the present invention, the number

of CeII)Sl\/ﬂl>M§§dells mgamfx&age;dsolﬁegth$§%§féa§ltgyy@ntIty
of p [ ecov is increased. 49 T dea o

di f f usTERHLE ébiésc?féhq SPlls iy 8PB it riffeebiiagmenting BYIA as long as it
di ffi c;ghbt)deﬂefmrgam ng these fluids due to their

properties particul ar the viscoelasticity. The

pr ocesé lqu qfwlsﬁnéggﬁ‘fmﬁt’r‘?@@ﬁ@% (Areef igmpdeis).bl e to
limt @hﬁﬁﬁngstﬁy@§§+@ﬂdtloﬂmﬁ 94E of @ rdnk AL,

frag tation facilitating its rermval duri ng
e

subse ?Wesﬁn%WFBWBEﬁdéﬁﬁﬁe@ti)Ql fication. The problem

i s theg) setaqhgl@ovw SfHo8PAnd UdrB Fradm W SHEDTRY oP&ni gﬁ&h e
down t % In one enbodi frent, the process o

i nventngAoHpwviRg condifipysapanie usedip ey outeontinfous hisisde

di anet-&ohibn ab EDtTAlﬂJ xﬂfm %}uco@(i}lé)eﬁ bh %‘d ofis HBF%.‘} HRE pBZ 2.

pl aced after m xe
r esi demeBIon g SDg lsl‘e@d?‘li‘&}@%Nbel ow g| ves the results

obt ai newdlion 9omafcaat:id\a%taﬁéfaoﬁas&ﬂn?m%é advant ages
of our _conti nuous gfls process conpared to batch

| ysi s.” Floyprae 6f I (Sobtigbliapdholtion 2 | ysate Quantity of

pl asm_GFlow rate 90 I/h: Solution 3.
- Cells adjusted to 38.5 g/ with solution 1.

The cells in solution 1 pass through 3 nozzles that disperse them into solution 2,
which arrives from the opposite direction.

- Mixer M1 has a geometry making it possible to optimize mixing of the two
fluids (see Figure 2, schematic drawing of mixer).

- The first section of the tube after mixer M1 is Bla and the next section is B1b.

Bla: 3 m long, 6 mm diameter, 2.5 sec residence time

Blb: 13 m long, 16 mm diameter, 77 sec residence time

The process of the present invention provides an advantage in terms of efficiency,
summarized as: dispersion, brief violent mixing, and gentle mixing by diffusion.

Using the process of the present invention, the number of cells lysed is increased

and therefore the quantity of pDNA recovered is increased.
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extracted per g of cell (ng/g) Batch lysis 16.9

Continuous lysis with CL system 1.6 described in

exanple 1 15 1.4 1.9 Exanple 3 The colum used is a I

m  Hi Trap colum activated with NHS

(N- hydr oxysucci ni m de, Pharmaci a) connected to a
peristaltic punp (output <4B m/mn. 20 The specific

ol i gonucl eoti de used possesses an NH2 group at the 5

end, its sequence is as follows:

5' - GAGCCTTCTTCTTCTTCTTCTTCTIT-3' (SEQ ID NO 1) The

buf f er Sheuilea of dlfﬁlhmmlsexmtallg iap@tdnh ®edatid he ifficulty of mixing

f . H 8. 3.

El#%ée]trhﬂgs ‘Q’% t%&ﬁ)l FIREIET éﬂﬁ%%éc“‘aﬁg’se M%&ﬁ“‘“ H 8.3. 25
Buf f er TIB: ptOceks b ’éleepiratn& intenBorMnbiREd it pb&shlﬂe t&ﬂnﬂfrkﬁear stress and
C Wi, t.h
0 I(Pllleg%% 6c e}g@]‘? gr gg“a iCed fmgp IQ‘%’h%’ ’Tﬁ?}ﬁ’l& lﬁsgmmﬂ“’f‘le E“r(“gosubsequem
nwlromategiephnt: purifcatitten applied to the colunn and | eft
for 30 es rogmte ratu um i s
was hedTl%ﬁrglgejlg |lsrr%§n FH<Eg, @'&@@%‘H’ &n Y"'Pn‘cg ed’P"]ﬁ@inP\&l tond°C.
afortereerbodinmeht, the p’maés‘seofthB mv'Ehtﬁhnoigegonucl eotide is thus

bound | ent | e h a CONH |ink.
The coﬁgﬁérr% &Q g 81? g&%f’pﬂﬁg‘?%ﬁrﬁﬁ?o tO/]b NERB, and nmay
be usedTlEtsecttteasfthémbb B2iplesd aﬁéla&nfcmevw ng two

lellgonlgflf%tc;f %eressi erllltcg’gr%!e sec ol i gonucl eoti de
&7 1ex shéW the

G%%@ﬁee&? (SEt?bxlmPs l}[\'Qs prog SS gor}r?pa?'clad t%%atc Ilyes(l)'stI de 4818
u TCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCG 3' ( SEQ

NOI‘ 1%4 These ol i gonucl eoti des, when hybridi zed and
cI oned Tt

a plasmd, introduce a
honmopuri ne- honmopyri m di ne sequence (GAA) 17 (SEQ I D NO

=+
,_

1p) into the corresporkhingdNA®SIA ifllysaeS 0 eQGhtiE Plasmid
apove. extracted per g of cell (mg/g)

Batch lysis 16.9 1.4

Continuous lysis with CL system

described in example 1 1.9

Example 3

The column used is a 1 ml HiTrap column activated with NHS
(N-hydroxysuccinimide, Pharmacia) connected to a peristaltic pump (output < 1 ml/min.
The specific oligonucleotide used possesses an N, group at the 5' end, its sequence is as
follows: 5'-GAGGCTTCTTCTTCTTCTTCTTCT T-3' (SEQ ID NO: 1)

The buffers used in this example are the following:

Coupling buffer: 0.2 M NaHCOs, 0.5 M NaCl, pH 8.3.

Buffer A: 0.5 M ethanolamine, 0.5 M NaCl, pH 8.3.

Buffer B: 0.1 M acetate, 0.5 M NaCl, pH 4.
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15 The sequence corresponding to these two hybridi zed

ol i gonucl eoti des was cloned at the nmultiple cloning

site of plasm d pBKS+ (Stratagene C oning System La
Jolla CA), which carries an anpicillin-resistance

gene. To this end, the oligonucleotides were

hybri di zed in the foll owi ngbranner: one gg of these two
ol i gonucl eoti des were placed together in 40 M of a
final buffer conprising 50 mM Tris-HC1 pH 7.4, 10 nM 20
MyCl2. This m xture was heated to 95C and was then

pl ac edr. latcohlmnns tveshpéd with Gme of DrrMHCI dnldehd eligeahddotide diluted in

. Le f xture of h i zed
otk bufforg b ong 152 it B biTied e (s S LR
Sﬂ@%es(a&opmttagmtauﬁ dhi(:j “‘ﬂ“lﬁlé?t‘@md Et)}&ied ?_hiea luﬁ‘ﬁ'kAcf:etssmn w1th 6 ml
| in .ina er
LA A A0SR L 0k L el Sy
t ﬂamelmmn irbughs @ﬁ)NHﬁlrrﬁs T‘he«olﬁhfml ﬁ%@%cﬂﬂ}@? th lh%sm)dll %:Na%\Ié,oand
S th anpi ci In (5 1) and X-ga
%¥€§gﬁ$ﬁéﬁg%%gﬁ%$ﬁ%%tnglones shguldnglsplay ang
absen Cﬁedéllwln@tvmﬂllgumﬁtsebmﬁs Qirelshithe sTR4: UligontOlBStid@UY11: O
t + i G rmts
R LU Boamommoanomac

f MgraAAGmcejaquQAbtm 13)rafid Flig@pIeaitide 48 0f 5' QA&ﬂWdTﬂM“T

T A e B

oNOp BRSH+, and an increase in 30 nDIecuIar MEIght of the

TR
\Ah@najmﬁn@ht&ﬁ@ﬂrnﬁﬁﬁﬁé6§eque-ﬁb£ conpd @E%GQDG NGS: W8 into the

verlfle seguengi n ng pri mer
%&%&ﬂ@%&ﬁﬁ%ﬁsﬁe@cgmm 16)) (Viera J. ‘and

I\/ESI$1B BeuedGrrespbidingdidthddb &ﬁﬁhﬁ)ﬁdlz%ﬁ MESR eof&: 'v%@ Yloned
ﬁ% ligr kpsertlop Eph€q§2e5|s and sequenci ng Wt

%t SRRl ol SRS Ushanaau: Claatradosyns bt Jolla CA),

pinﬁﬁmcﬁi'rilaﬂﬁﬁ"anﬁn&lﬁilfr@di%% Serfel OMb '?Hsséfﬁit i oi-r&nﬁ@l%tﬁies were
%E% é&é&gs was purified according t W zard

fﬁﬁg&zgﬁ £ {) Bawnesr pre Hapefi thesp qullgae‘@éqoaﬁ?ﬁgwre placed

t fogetBat PRl 4021Sof & SHANMBERS ol Hﬁn Foi ﬁﬂ\@"?ﬁélHl é}j 7.4, 10 mM
|n exa es scri bed

p r%tlon was used t her eaf
@@% Thismixprrewisdiestsd o 905G afffhwas thergolgped giaogp Tgmpsrature so that
cmb tHiﬂ’peféﬁM@{vﬁﬂldtfﬁll E1bRly. T8n Bf bOAB HEkBAL bﬁ%»bnﬂ%é& Bl%ﬁgclédﬁdes

fron1ﬁ sol ution al so_cont ai ni ng pl asm

TW%“" bigdted it 208 @giof plepmid RRKSH(Staiegeme Gering r$arstem, La Jolla CA)
f dibdsRahig BanﬁHfaflg EcoRI ir B(MLINQQ 'Abfger ﬂg%(ﬂf? gh Qltu%ot P tfleﬁéformed

to 5. Buffer EE I M Tris-HC
cigto JAHs %} s %gﬁ@ﬂorwatlw wixHresowers (platask ovrt oxaiﬁdn@mm supplemented

Pwtts Sthstailin?@0 Gtk O anB -2 €D mg/1). The recombinant clones should display
an absence of blue colouration on this medium, contrary to the parent plasmid (pBKS+)
which permits a-complementation of fragment w of E. coli f-galactosidase. Afier
minipreparation of plasmid DNA from 6 clones, they all displayed the disappearance of
the Pstl site located between the EcoRI and BamHI sites of pBKS+, and an increase in
molecular weight of the 448-bp Pvull band containing the multiple cloning site. One

clone was selected and the corresponding plasmid was designated pXI.2563. The cloned
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15 and 20 gg of pBKS+ in 400 | of buffer F) are applied
to the colum and incubated for 2 hours at room
tenperature. The columm is washed with 10 m of buffer
F and elution is then carried out with buffer E The
pl asm ds are detected after el ectrophoresis on 1 %
agarose gel and et hi di um brboii de staining. The
proportion of the plasmds in the solution is
estimated by neasuring their transform ng activity on
E. coli. 20 Starting froma m xture containing 30 % of

PXe@B6G andwa0 % whifpBKS+bya seushéinp CORLA Ni ngriﬁagp % 0
of [ . t he colunn outlet” Th

o P RCBICI A PEAX R Ek g 1T NEF o & (Vi Tarsd 28bering. 192,
r iBies pUCoplatmis} an2 Mi3mphidervell Nelistth ©%ort Blrtion mutagenesis and
cqpf api;nating ) oteins are.renoved by this metho‘é. 5
Egg{lrp e % &guﬁf')?‘?ﬂf YHveH pré‘P‘?r@oﬁfﬂeeg?ai 9-268) for plasmid pBKS+
( BSurGREBOTHATECYieh ] Cd TdUE TR Phismid ol .

t R§;.5Q! Mm.1.S Ff(?rf r med ﬁamgescn?begggﬁggg%@égg%gfdmg o
the " "CoupPiRg, tth& 8PP0 Ot ddedisem. | Whisgedrdiag tat theheupplier's
5'recomthenddiionan TS pRsEIAODRA| frakedidd wab %t RRpsRbALe o6 ples
t:égs %Eeadcbef by an arm contai ning 6 carbon atons

(MBai f1ed Ol'i gonucl eoti de Eurogentec SA, Bel gi um.

Pl asm Blapd2 pRB2563S viae I pirifRE &$i t i
BT R bs i  Se s
s UPBI P&y deaeithad Hghat  9m  Sofwion allsw eqsitaining plesriid pBKISS.
eTherbiféeraused tri’tﬁisfpﬁfiﬁ@%lggé g@gﬂfﬁlfﬁﬁn : | OM 2T'V! Na(de 0-H29'V|
acet at ) ) uf fer E ris- ,

0.5 mﬁﬁf‘#g %?ﬁé‘fag&?’%%ﬁtméweﬁtwth 6 m of bu? fer

F, andBdffd BgyMTripHas mHb, 0XkA2EST i | uted in 400 gl of
buf f er,F a@e t.hen@g&%i ed to the colum and i ncubated

for 2 HSFPLmys wa it8 S oh buffes . 7né theglagmidsi(20 paefe.2563
Wetid 2016y ofl pBRfS-+aH i1be 1) &F LtétdnB1ed Le {
s s o, ot S04 R o
%?‘F%%ﬁm‘d’é ReiAture. Bpcolymn iyyashed with d Oeanfpliffer Bamicklntipn is
i theft @#rfibd ButOMth buFfed H) | ' spect .,
i e Nar él Sutouth batrea B":f‘}lt(e?'la.zsi‘:?ﬁl\l/flg(%g%?P{é:?{eggaﬁe%%c@roﬁﬁorgms on 1%
pBEFast &gl F“EfLe{;’i‘dé‘F”a Yypide sginingah dhet preperibmrof ttge pbismNaGh the
f edlition isld3EmBdel B nieh@rikd M Yoorf 0m 4. 5
to 5. ;t;he our | f?cat | gﬁéeﬁgﬁ%ﬁﬁnﬁga‘%‘gﬁé‘?ﬁaﬁia. 5. 1t
is al YBIE%gP‘Bl B Mgugcentainge [Rdr Yoed T pKEASEUsdeT0 8 obpBKS+, a
pidlutidh Woht@Ring 2@ ' .\t buf f er :
conprising 50 n&V%ZOf tgtb(g?S&ﬁlg g%cgg‘ﬁfrga %%D%A&mbgﬂt&%i ge purity,
t ?Fggla 35 §% %l‘fcq’]a GRtfooRt 26@an TSSTEFHATT ©T2.6 WIGIH indicates that

( &nfniddtinNGotelns abOrefnldedaR! psi;carried out as
descri bedﬁ\lprg E;a?nplee 3. q%ltg‘g%ﬁﬂgé%XLZ%B was




5

purified using the Wzard Megaprep kit (Prounega Corp.,
Madi son, W) according to the supplier's

recommendati ons. The buffers used in this exanple are
the followng: 25 Buffer F: 0.1 M NaC, 0.2 M acetate,
pH 5. Buffer E 1 MTris-HC pH 9,0-5 nM EDTA. The
colum is washed with 6 ml 92 buffer F, and 100 gg of
pl asm d pXL2563 diluted in 400 | of buffer F are then
applied to the colum and i ncubated for one hour at

rogmtemerature. The colum is washed with 10 nl of
bu&ﬁ%‘?ﬂ-lg—%and elution is then 30 carried out with buffer

E. The comligtor | [ ol i DA

o Ry Sl O i e
pas¥ay NP0y Hotthe celng dapetfentddde dwtrited inSExduple 3. For the
meesuglift] the IdligsniBRRAM & ngagﬁgh it AN exl}&{:\lg ah ﬁxﬁgpcgr;qspl‘sl?n ed to the

prijvers in the E. coll gene. _ :
f oPHOSRIIRPT it BaeRE Bl :an Tirre corejuiem eoatont e NSRS Slidofiucieotide

deEsbidaed o . cleic. Acids Res. 1985,
1e“@ 1641 féég)'o?) E@%{qy %%ﬁi% @&tﬁ%éﬁwnﬂéi@ Afdzard Megaprep
TTEE § T3R8 Cospidadispy, WamgorBinsCEAhAGEPIEE: AGImEbId4EA%. The
CAureksasdd3h1ids e{ﬁ%@ %fp&%llgls .. The reaction nedium

con‘priﬁ:\*s in 25 0 uteer (Promega France,
Char boRHEr Bs§-2 M NaChi2Wg @e2ie, @iP4.5m4 SIXTP ( Phar maci a,

10 Or say) BuffeE:M Rf THE; nh pol yner ase
(Proma%él).e The ri(;actf31 P’sdgplgr %ﬁﬂ"@‘d according to the
(5]
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sequenc8® column is washed 961G 618 of BOffaVE; 8 100 ;Jgoot‘?ﬁgsnﬁ& PXL2563
9%luted Gh in at.78C_- 10 mn_at 78C. The
ampl i £ eg&pdf\% ffbrgg}grr%%rte rﬁﬁeﬂfp%‘a?g dOhg ‘i‘i“‘%“h andsigihgtadgfor 2 hours at
Siﬁ‘ﬁ? anengrasire.e | Thetoobptmois w‘:slsdawxglith 16 i %Plﬁlﬁﬁfb @Sﬁaggﬁhﬁdn”is then
t Rerrigd 8 n. . cul ar Probes, Eugene,
USA)r , aﬁﬁmﬁﬁer%g{g‘? ipf"ug“eliﬁl e “Er"‘é?‘éiaj g}ﬁ Eeaguging 9piigal densiy at 260
g@omi ¢ DNA series fromE. coli strain B (Sigm, ref

D4889) 1 ¢ 20 Thi s .exanpl e describes plasm d DNA
purifi caﬁé%n 8’%“?9%% BEPIF] LUt 1B ﬂotru%%wheﬁei raplarity with mespect to

o Naphgr@bﬁgmlq te@ MifbutfepFe (The peeikieition -y@ld@ec?efasa%%hen the molarity
OUERBCIGRS. Ot & 0 1R P 2L S RO L B D D as @y
pXL2563 are centrituged, Béficer4-p & p.dbuppifivdénn yield
i heingbetienat 45. Ii5€ alsd/pgdsibl0B @se 2hothdY eliftiod Yy oPfdsR: p}ﬂ: Qelution
%ﬁ@a—ﬁang&%ult Wﬂ{l a%ut%erl\c{lorlr\llgr%_r'ig g’O féi\/[ borate, pH 9, 0.5 mM EDTA.
Coupling the oligonucleotide (5-GAGGCTTCTTCTTCTTCTTCTTCTT-3' (SEQ ID
NO: 1) to the column is carried out as described in Example 3. Plasmid pXL2563 was
purified using the Wizard Megaprep kit (Promega Corp., Madison, WI) according to the
supplier's recommendations. The buffers used. in this example are the following:

Buffer F: 0.1 M NaCl, 02 M acetate, pH 3.

Buffer E: 1 M Tris-HCI pH 9, 0.5 mM EDTA.

The column is washed with 6 ml of buffer F, and 100 pg of plasmid pX1.2563
diluted in 400 pl of buffer F are then applied to the column and incubated for one hour at
room temperature. The column is washed with 10 ml of buffer F and elution is then
carried out with buffer E. The content of genomic or chromosomal E. coli DNA present

in the plasmid samples before and after passage through the oligonucleotide column is
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SDS are added, the tubes are inverted to mx, 150 gl of

3 M potassium acetate, pH 5 are 25 then added and the
tubes are inverted to m x. After centrifugation, the
supernatant is recovered and | oaded onto the

ol i gonucl eoti de col um obtai ned as described in Exanpl e

1. Binding, washes and el utb®n are identical to those
described in Exanple 3. Approximately 1 g of plasmd

is recovered froml1l.5 m of culture. The plasmd

obt ai ned, anal ysed by agarose gel el ectrophoresis and
elnfthdlirdd N OIS DRIANsRPant NS BOR tWbSe HaMH:Oh tRe E. coli galk
si ngl e band of "supercoiled" circular Uﬁg. No trace of
higgl- macediede tfollavingorqtesnl o Rirstrausnce pRikesy pinerRigalesaibed

dey eebak & ah.[FNhasicQI%ﬁiesi 105 3 eghibpgssRi s met hod.
6 5 This exanpl e describes a plasm d DNA

Exanpl e

PArE R At AT G565 CARRAAALCIAGT 56 A& D NRe 18arre

C ghdls I0CANA GRS X AT TP CcABIEAE G TAAM4SEdmNo: 18)..
bacterial culture of DH5a  strains containing plasmd

pXhe siactionrhmedigny  qemypriass, ik Rakeh ofp PGR 1busferi (Potmepg Fance,
9lcuaBsMicraP MVinM MsdiGlo, ; , S0.S NP primer;
czgjr}i ried ois 1vvi th %@ gmdlg;loo{¢2 %%%T%Q@Egﬁn’;%lé?g fb'gr%@ primer; 20
nélimnt Edipelymesnse (fromega) 5 Thy reagtiog inpqstormedacgpidingde tesequonse:
5. The. slQin[ANGsds then precipitated with 3 nl of
2-propanol, and the pellet is taken up in 0.5 m of

0.2 M-s¥develps eddsae & 95H 5, 0.1 M NaCl and | oaded onto
the ol i gonucl eofd gde .cedodmm obtai ned as described in

t he above Exanpl e. Bindi ng, washing of the columm and
elution are calmied 8¢ as described in the above

Exanpl g, for the washing buffer, the nolarity

of whi?ﬁrﬁ%%ﬁﬂ$gépect to NaCl is 0.1M The plasnid

oBhe pmplified IR froemensyl 24 basg graire drelength ivseparated b eleetsophoresis on

and, | di j el t s f

2B M FOTLIBE b U AR DE R T s,
hithgh quranitified barefaxsheshto gnclilepwsgemainjc DNMAsepies difornRBlAcalisstrain B
de: béh the purified plasm d. Digestion of the
p?%g@niggmsﬁﬁé restriction enzyne gives a single band

at the expected nol ecul ar weight of 3 kil obases. The

PEsiLfl sused contains a cassette containing the
cyro'gr‘gga-r

ovirus pronoter, the gene 20 coding for
| uci f eFlasexampld deberibes plopmid CPEA porifigation fiodi m elesrdgratenafdacterial

( NG 15) I Qi ' ] .
ke n fePckiba bk ool 955 I oL ABHLLAR St DS stains
c oentzining plgsmhidi XIpA563 miectentsifiagells andettle pelled is7rebuspergled in 100 pl of
f . t &y bS P f 2 0
070 B fbose) 2F BTk uR i b2 1 F R 2681 650284 3By 1 %0
mSD$raresgddeiile. tBhes5e imvérted o ads,el50 10 ofiIMEPFASsitng astlate PHZS are
l i, fre f Q. NaCH,. 1 9% SDS.. arge. added. The | ysate . .
| dtch EgeRonf e, bR S ere) R A el o, I e i
acebatrel andildaded ontafhd dligatickevtide cotlimn obtained as described in Example

1. Binding, washes and elution are identical to those described in EXample 3.

Approximately 1 pg of plasmid is recovered from 1.5 ml of culture. The plasmid
obtained, analysed by agarose gel electrophoresis and ethidium bromide staining, takes

the form of a single band of "supercoiled" circular DNA. No trace of high molecular
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of this lysate are applied to a 5 m H Trap-NHS col um
coupl ed to the oligonucl eotide of sequence

5' - GAGCCTTCTTCTTCTTCTTCTTCTIT-3" (SEQ ID NGO 1),

according to the nethod described in Exanple 3.

Washi ng and elution are carried out as described in the
above Exanple. 30 Exanpl e 7945 This exanpl e descri bes

the use of an oligonucl eoti de bearing nethyl at ed

cytosi nes. The sequence of the oligonucleotide used is

as follows: 5

- CREBIEDTOIVESOMAIVEINA My G TRIEOGE MefsEEMe Gt Tihd plabSEQurBiel@y this
19Q)eibRi s ol i gonucl eoti de possesses an NH2 group at the

5" en MoC = 5 5-nethylcytosine. This oligonucleotide
enabl es pl asm d pXL2563 to be purified under the

c itiagns of Exanple 1 with a binding buffer of pH5
(%’EHE%: of degradation of the plasnid is thereby

decr eatlbsl ):xanE@kadqabrd)eS aplisinh IDhg @bﬁi{:@u&p@@mlﬁ&n chri8d out under

Oltﬁeg&%céoﬁg'ttlblgse d ;Iﬂg ég 0 ddrIU];Ig fﬂ(gn éﬂ gﬁ’gf’é&ﬁ;’:ﬁmeﬁg%e gg DH50

an am ne I‘OU
arstwmnmnaamng] gla@ndaps}hMﬁat CIH& cell Nelet (iR upl il THiS of 50 mM

C 23 AN RACHCE il €1 sl A S Ciseaieiou w2 ml o702 M

c &laDbip 1 6 SIS, add-RoufraliiRyid? witoLP hil @ 3Q¥1 potdiGum acetate pH 5. The

Olpg0 i. & age thro gh t he colum ar
carri ggﬁ 4%%%%‘%@%%‘%@3 ?ﬁpﬁ@a atdt Ee pellgt tsﬂalﬁmblﬂfllﬂ 8¢ ml of
F0.22MNolliadl acefiiel le Aaet M HaCPhhdHoaded s the oligonucleotide column

) d bl h b
o P HRRAE] R TS S BxobilS: g Wt afder coper eton

wetetvatried out ks gesnﬂbﬂdemtthd ebae rmﬁmyldﬂ @x&pf #rhRe uﬁé}ﬁﬁ@ buffer, the
% under the sa

t the o
c@n? on‘éVhlcé "t lﬁﬁ‘fﬁ“e{ogﬁf—(al ’ISOQ/\}Mg Threrlesmid; Q%a"éﬂdr aedyggd by
degal:crse kgehlelbctftrdﬁkraﬁm end cthRINGE HESmIdWRRiAS ThidS the ﬁfrﬁlydfﬂag single
n%p Wl ne- h,(i) ri ml%]ﬁﬂ uenc S wer e constructed
E%n S aupergo1 eg?(fé |]1\'?'S Ctg g trﬁ%le l}@ngé(chromosomal)
( DEA) drtof IGER ddiediBle RAGhe Ifiéd asﬁﬂlasmj stuﬂNﬂztﬁg QlaMidebuh a

cont.ains the se uence (GA) 2 EQ

estrlﬁglod'nsenﬁwzi gEs 8 ﬁ’&glﬁ)a_aﬁ §t6the gﬁach&dggleq%arﬁyqi@hoﬁ 3 kilobases.
theQﬁiﬁs’&ud Wafd&:onﬁm@ %tobsééﬂt@am%iﬁiﬁé @ier@i&ﬁbgﬁiaﬁrﬁ 1981'119191‘ the gene
ng

str scrib npl e 3, using the fol

ofq r‘@% }u‘gg pe; Eomopurme—homopynmldme sequence (GAA)17 (SEQ ID
NO: 15) originating from plasmid pXL2563. The strain DH1 (Maniatis et al., 1989)
containing this plasmid is cultured in a 7-litre fermenter. A clear lysate is prepared from
200 grams of cells: the cell pellet is taken up in 2 litres of 25 mM Tris, pH 6.8, 50 mM
glucose, 10 mM EDTA, to which 2 litres of 02 M NaOH, 1 % SDS, are added. The
lysate is neutralized by adding one litre of 3M potassium acetate. After diafiltration, 4 ml
of this lysate are applied to a 5 m] HiTrap-INHS column coupled to the oligonucleotide of
sequence 5-GAGGCTTCTTCTTCTTCTTCTTCTT-3' (SEQ ID NO: 1); according to the
method described in Example 3. Washing and elution are carried out as described in the

above Example.

Example 7
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5986: 5' - GATCC(GA) 25GCG- 3" (SEQ ID NO 22) 5987: 5
-AATTCCC(TC) 25G 3' (SEQ ID NO 23) 30 5981:

5' - GATCC(GRA) 17GG- 3" (SEQ I D NO 24) 5982:

5' - AATT(CCT) 17CCG 3" (SEQ I D NO 25) 56 The

ol i gonucl eoti de pair 5986 and 5987 was used to

construct plasmd pXL2726 %@/ cl oni ng the

ol i gonucl eoti des at the BamH and EcoRl sites of pBKS+
(Stratagene dConing System La Jolla CA), while the

ol i gonucl eotides 5981 and 5982 were used for the

const r ibisi exangple ;dbash&sdﬂth@?Bﬁ anTI@ﬁg&ﬁ:ﬂEoﬁd@%érﬂgnh@{h lated

st ructi | asm d
Q?thhésozﬁh -3 el?('re Otfn’I ﬁégod'luf a%tﬁlﬁ BFoSOE 2% 18&’?1 s vvefe
c IFareGG @’E‘ﬁ“’i&@TTWCTﬂﬁeemf“mﬁwestmg- (g@qu\szf ed
by seq c e asm ds his enabled it to
seen t ﬁﬁ? BF%SH amﬁ‘}a(Lgofﬁseﬁo% e]g-élr%s EPURD AL fheat'i &R Sy =
r Stagthyleytosing, hEhis eligpacdledide emubes qaeasnhﬂl %b@;@%:@fo lgé%&died under

| R St SRR g SR bGP 1 7o 4, B e e ardtion of he

f olashidgs therably dedredséddes Wit h t hese hom)purl ne sequences
were coupled to H Trap columms according to the
techni que described in Exanple I.I. The

o@ggm_n!ﬂ eoti de of sequence

- AAT, (SEQ ID 15 NGO 27) was
dsed FOY PV SISl GhEBRISdS HaRk pHEiteast ta futermigal end
olwmg@n laniu&aogmuieluﬂéd tosth€ plddpleite throufg an arm contalnm 6 carbon atoms:

)gT CICTCTCT
used th %JF’F\“? attb%ﬁm&e HPYR s IMZVZBG Phh%’h@fwf the

cc'rtamsaltehe nlebyghodntmrt@dtamn@bjzaﬁradaﬁat&ﬁg NeRRARG, ﬁchu ling of
according to the tecC up

ed
d "é%i‘;rﬁgfﬁ%%‘ﬁ?"ﬁg%%ﬁﬁsg u“ uslh thengolrpm ¥ qaglemtfteassdescnbed in

Bﬁﬁ le Fwith aMullad: 2 M
dngple Fwith aMu I\QCNB%%\%E&{?%Z ;H-F'Lé 4. Q‘hls%lﬁgfnﬁfcggtldel makes

2§ P&Ssibﬁedt"z‘ﬁ?" ?‘gﬁf PH)SECQ 1gld% apﬁﬁ@z’me‘d iy aktpiaed.jwhetops, with the

Exligoniqiceidd borfihinthg @Xarkoh Qtdnls! H&t fiales oFag oAk 4R, Wlier the
t he Ieﬂgﬁh of the specific sequence present in

pP S Y B/t he purification yields. The reporter gene
used in these experinents to denonstrate the activity

o]%xgnli]gqe 9

Following the cloning strategy described in Example 3, another two plasmids
carrying homopurine-homopyrimidine sequences were constructed: the plasmid
pXL2725 which contains the sequence (GGA)16, (SEQ ID NO: 20) and the plasmid
pXL2726 which contains the sequence (GA),s (SEQ ID NO: 21).

Plasmids pXI1.2725 and pXL2726, analogous to plasmid pX1.2563, were
constructed according to the cloning strategy described in Example 3, using the following
oligonucleotide pairs:

5986: 5'-GATCC(GA),sGGG-3' (SEQ ID NO: 22)
5987: 5'-AATTCCC(TC):5G-3' (SEQ ID NO: 23)
5981: 5-GATCC(GGA)7GG-3' (SEQ ID NO: 24)
5982: 5'-AATT(CCT);sCCG-3' (SEQ ID NO: 25)



conpositions of the invention is the gene coding for

| uci ferase (Luc). 30 The plasm d pXL2621 contains a
cassette containing the 661-bp cytonegal ovirus (CW)
pronoter, extracted from pcDNA3 (Invitrogen Corp., San
Di ego, CA) by 57 cl eavage w the restriction enzynes
M ul and Hi ndul, cloned upstream of the gene coding
for luciferase, at the Mul and Hindlll sites, into the
vector pG. basic Vector (Pronmega Corp., Madison, W).

Thi s pl ] nstr ed. usi ng standard techni ques
of nol e%%{géf?"’l?@%f’%% :alréé% é{’dgﬁb&% i dfsuspk iRt plasmid pXL2726
p Xby Ploping thie pligopueisdtidac bieile iBamtH arfdok d i <5k o{rgggg (r/F\n (ts fratagene

TWedite! sm XL2621 were |inear

BanH ; t%@%@%&lﬁ s%ﬂ%ﬁ?i"ﬁ%‘l@&lwd%r@m prech 6982owerk Qised for

i e gonssmetionaef plhenid giRE.2V237e Thé hanel BTG Uoh§ns as for the
or e

5 60QGsiand e \fvhri di zed as descri bed
constr uc?rlpgﬁﬁ Ig%qﬁ{sll %)Qr%géé BRIS2%8%, and owlyde oligonucleotide pairs were

5' chapgedT Sapityrly7 B GRAGAIdGIedss WSEQ R : , .
5" T@%&ﬁ@é\ﬁ%%%ﬂg}%@afs SEQ | Bl S%@%‘.“’"%??’gthe plasmids.
hybri d ‘Iﬁi 2at i on RS 1 &P gpsseyses Bandificgimiselafive to the
pl &Ppated SoqueeRl ianehd of HRS séduansd iRt (9Dl Nt a, :
re@Qﬂ‘@M@@bch @]ggrg i degtqlhfi ed bGyTEPfse?‘T%téd;rgyPﬁgH’?f’cmem 18
restriction’ a %25 ;e Dnce the ol gonucl eoti des
Ointroduce a Psti site. Two 15 clones were sel ected, and

t heQihgd R°t | de sequence of the cloned fragnent was
verrrred -using the prinmer (6282,

5' - ACABRCAlZoAGH e GG a3t . as_a.
s big tion pri rrermf {%SE(}Q&&G? .‘»@n 31%%9 }l%g%lfrﬁ]ﬁ , Sequences
19{5{35 f_b%he Ip ! ﬁ%g{l}lpxgags aisordig 3pythe irshiigesideysiiedrin fRxample 1.1,
i ige oligapncleatida @€ semibsce INAATEAET S ' HCay
15 uw%g% sreid ge@}é%mGeg e _13: 259- 268?‘902%&?’%@(?????%3 SRR D
(pXL - S.I.? ¢ offt "4 Ruigapon ebplasmeid BERTR8pmdttbel oligbnucleotide of
t s¢pusnceThe second (pXL2727-2) contains the sequence
S5%r GAGAA- 3 SEQ ID NO 32). A
Cg| W&ﬁé@éﬁ&%ﬂ%d&m ER aNp! QSB,vzra&ndsed for the

whirifieation of plashiipXti7bhe ol i gonucl eot i de
5' - GA [TCTTCTTCTJCTTCTTICIT-3' (SEQ ID NO 1), is

used. T S5PHERmMNSSREIEDY, Rptoiped cnatled ticesorbdpanedingaslssndfis to be

20 t pwified qeeoniie A teéﬁhgufgésgtg{ég ‘Erlog%{nh@% gg\?/ﬁligxls %ﬁgqvﬁgg 1?)/ueff'ers:

whi ch t A |
hylb::i ﬁ%ﬁ%ﬁbﬁ%ﬁ%@%ﬁwm@,wmeme hybri dize with
the plBasieiEt aM Sidht], 0.5 A HTRNS. Plasm d

pﬁlﬁaﬂeﬁ%{% .1 n contrast, possesses a hybri di zi ng
sequyé P F@&E\)alp 23 % and 31 % for pXL2725 and pXL2726, respectively.

25 Example 11

This example illustrates the influence of the length of the specific sequence
present in the plasmid on the purification yields.

The reporter gene used in these experiments to demonstrate the activity of the
compositions of the invention is the gene coding for luciferase (Luc).

30 The plasmid pX1.2621 contains a casseite containing the 661-bp cytomegalovirus

(CMV) promoter, extracted from pcDNA3 (Invitrogen Corp., San Diego, CA) by
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(SEQ ID NGO 36) of the sane length as that of the

ol i gonucl eoti de bound to the colum. 30 This

ol i gonucl eoti de can hence hybridize at only one
position on pXL2727-2. 58 The experinent is identical
to the one described in Exanple 4, wth the foll ow ng
buffers: Buffer F: 2 M NaCd%70.2 M acetate, pH 4.5.
Buffer EE | MTris-HCI, pH 9, 0.5 mM EDTA. 5 The
purification yield is 29 %with plasmid pXL2727-1 and
19 %wth pXL2727-2. The cells used are NIH 3T3 cells,

i mlbatdgaM&ﬁl the résﬁﬁ;tldﬁl)énﬁ@{e@ Niul AR BRI B8R u O;Bs‘ﬂ%é}n of the gene

t b f 50,
- S g 1 e Wi B Bl Bstvenor e st

m(meﬂlegu Cdip hﬁdisbr[} O BC traR iplokitidied 38 Rstrted  RAESEhARG echnlques
po? Gg@ﬁjﬁo char ges/ DNA negative charges ratio equait

mxture is vortexed, left for ten

M NUt eFheaflasMBSNpXENPET-RtMA GXIITIAS Sferbs rboﬂ?cﬂlc%‘ Hf Ih@%howmg
foetal calf serumand then added to the cells In

pGP%ftion of 1 gg of DNA per culture well. After tvvo
hour s B#o nﬁ&@rarﬁ@ of4 ?Mﬁhi‘d P62 lu\{@e aneQ%H Qzlnﬂp%l_'ﬁH? %ﬁéjgﬂzyme

|.s are incubated for

|3§f’és f“ﬁctl"ﬁfég g?/ é"seé‘ﬁ‘tegt G 18 mjin gt 6 Cpat thp sarpe fims, ﬁlleei)llmrslhbdtldes
t 60BBRandi6008 WBShHhridid af B&clived T&%%%ﬁs@ﬁlbg kY1 %Drﬁld |‘?BXL2563
6u 5 géigggé&ng ,}‘o thgaprs)t ocol descri
603 1eC TREACAGHT-AINSEQIP NQ: 3fnt L89501 Iu
%WSLGATCE@MT@EG rtoL Al sEven Nopbé‘)s m d
pXL27 rified as describedin. pl e 2, gives

t r ansf f‘ﬂﬁ'ﬁuﬁ‘i“& Béxtyngveas clpged &tk &Qﬂﬂh@dé 06 plesthidenKL2621

Weikd) 46 tSAFBrnikieS Nintd @H’S‘(xf 'r&gmyﬁbr'i‘lg ci Es \%%@ gentlf' ed by, Pstl
p kit (Promega Corp. di son, X2

I\/E a
: F’Gﬁ‘q BRiiston Rualyise Sa@ﬁéhﬁs@lrgam@é‘sthes p!l]quﬁcet: atB_ﬂnsﬂ@f Two
p@@ﬁ%dﬁié h’e@éi:teﬂl m&snuclééﬁcﬁq;e d'eh‘%acgf @elc'lcﬁle mﬁﬂlteﬁtywas verified

chr omat ogr ap hi s technol en S

S L A kA e Sy TS 31 as o
h

D O Y o 1 MEpfog, 185, PRIORE, Hiipids an

AMBmpT-dscivat f syptemy fope insortion oyriaghessiiy ead vweqhersmgh avithy $ynthetic

Surk Q01 Smers. ATBISI oy maci a Bi otech) as the

chr onat o%r aphy matrix. Sephacryl S-1000 was first
act i vaihedrshiclone §odiATR7h pantdinsdbe seqyenasiA Ageprated 10 times. The

i T S e

A column such as the one described in Example 3, and which is coupled to the
oligonucleotide 5“GAGGCTTCTTCTTCTTCTTCTT CTT-3' (SEQ ID NO: 1), is used.

The plasmid pXL2727-1 carries 14 repeats of the sequence GAA. The
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 pX1.2727-2, in contrast, possesses a hybridizing sequence (GAA);
(SEQ ID NO: 36) of the same length as that of the oligonucleotide bound to the column.
This oligonucleotide can hence hybridize at only one position on pXL2727-2.
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30 noiety to al dehyde groups of the activated matri x by
reductive amnation in the presence of ascorbic acid
(5 mMV) as described previously for the coupling of
proteins (Hornsey et 59 al., J. Inmunol. Methods, 1986,
93, 83-88). The honopyri m di ne oligonucl eotide used

for these experinents (fromgeurogentec, HPLC purified)
had a sequence which was conplenmentary to a short

14- mer honopurine sequence (5' - AAGAAAAAAAAGAA-3')  (SEQ
ID NO 10) present in the origin of replication (oriy)

of thepp rlmeﬁislglidénéca gh@&{e%res gﬁ)ecg lm Exa%ﬁg 4T\p?hr %e)fbllowmg

1999, 6, 1482-1488)- I scusse ove, the sequenc
otuffese honopyri ni d| ne oI i gonucl eotide is

5 -TT TH.T 11). The foll ow
pl asmﬁggzﬁrgigﬁrlgﬁgzyrggﬁpam L3)296 (p?:CRovvi ?\#Eg

t r ans GEHer E2 I KigbICL pK1%B 93N EODA- FGF, 2. 4 kpb),

e R £ Mo ol 55 7

eleted FVII1, 6.6 kbp). Al these plasm ds wer e
puri f fIﬁg chYs H0R aﬁ%@?g§ %Q%n gl%c!.gggcp TRLRY rd%g Bgfgre t leépeiiment

fromclear |ysates escri bed
FAntasireelhenigee plpBB or sl hasis of 50,8® eellis/wetl. S‘ﬂ‘heaplagmﬂe) dilated in

CﬁIO Eﬁlle ?«faby %ﬂ §c§ Wétﬂ t&? ‘fh{){eémﬁ lQlyR&l § 338C¢ éec L ngsr}tlve

asm ds “use
tqheligps/léblﬁerreg@tme@harges 1880 é@ualmpﬁab ogidcal’ heshﬁtl&e ishlrtexed, left for

et@rgls}lrln C@%&’Q%p@ %\Jr% I(ﬁlgtt 1"{/] er I E%Et%aggzgﬁﬁfzﬁum and then
aﬁﬂé@ih@éhe( geiis B tp praportiop all ¢ gig af DNAf ﬂ)em/ttuitmteavecblf Afer ewd hours at

oPrang AN B ST s SRUEESET B o
A&St @uurs ap@g1l mghe heesanod ufm%mTﬁctox mm uasitssare ohstell @wizameth PBS
A e

mn@adﬁangadihmo rmt)cugpr aaphyatvEBStSOB lLMl‘lil‘lOltl‘[E(Hi‘ €EGGad-GaEerthold,
i.oPha 19 8 =37) . .
Wm%lgr ec ver2|7gz 11 o f}?% B %fcr:l o %?3‘??38]&2%%? %?A{ﬁsetr%ff’cno“
gdeldsowiqeXis 3286 as o glitgnddowithpie 3 OH1a4@R wirified ugiXg 8 A izard
rn RXL3648 7.9 f pXL 3227, and 79 gg for
;@%ﬁ%@%“?(@mﬁg%é?ﬁpdﬁﬁw%&fWé)'coul d be detected (< 3

jig) when pBKS was chromat ographed 25 onto this

4 um. ..Thi s i ndicates that oligonucleotide
i—%ﬁ%— TTTTTCTT-3'" (SEQ ID NO 11) nmakes stable
t r i pl Ehe ﬁﬂ]bumigwmﬁlpw delmohdn@tes mmuﬁﬁeaﬁ@wfﬁ@emenved plasmids

SEOLSHRR 5, AR SR i A B o

srmqlareramd cbhiaARANMMAANIEAY Bost E&loRid DINYOanBRNRAN @swito lefkls that

o e R Sy A G phihggycthon, of @ sinole

A triplex affinity gel was synthesized with Sephacryl S-1000 SF

(Amersham-Pharmacia Biotech) as the chromatography matrix. Sephacryl S-1000 was
first activated with sodium m-periodate (3 mM, room temperature, 1 h) in 0.2 M sodium
acetate (pH 4.7). Then the oligonucleotide was coupled through its 5'-NH, terminal
moiety to aldehyde groups of the activated matrix by reductive amination in the presence

of ascorbic acid (5 mM) as described previously for the coupling of proteins (Hornsey et
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30 results in a conplete destabilization of the triplex
structure. 60 As a control, no plasmd binding (< 1 Q)
was observed when pXL3179 was chronmat ographed on a

bl ank col um synthesized under strictly simlar
conditions but w thout oligonucleotide. By operating
this affinity purification &plum in the conditions
reported here, the 5 |evel of contam nation by host
genom ¢ DNA was reduced from2.6 % down to 0.07 % for
a preparation of pXL3296. Simlarly the | evel of

centJamnﬁambp Mdihodbla986, AR, The AbaRdyihIMcblzodicionlle used
0,008 % for a ﬁ eparatlon of PXLS 9 when the sanpl e

thesk  SREBEIS -parifedifhad 4 esAueRse Which was

1QoNanEt ey ks a-EH&t wmepm,ﬁq)uﬁﬁ@mh@ndée@omm@l@&AMGAA-y)
purification of El- derlvedgglasn1ds

t K35 dDnBPr %Obﬁijsﬁ}ttly they 0Bt FGHWOHTQQFW) pgélrmql%yplasmld

hasoubg& et 51 QWhe MTDetafyT099, ejlf@ézem dy'ﬂc iad d%@ﬁgs@ammgttﬁe sequence
(partlcularly host genonic down to leve

t REthe PF&WWB@‘%@SE?“%W@% @cf WFRTEEW RETEPA(SEQ DNO: 11).
chr ometipg mwnﬁtmﬂﬁ wéé aus&latpérsgshe@f f i 86 g@bd@@%mh no
nt hesi zed b ou n an o i gonucl eoti de havin
¢ Fensgeu i ol 95%%1’?'?1(%@@ 4 3P0 BXINGTS dpCORyFEGEB, 2.5
{’gg@g g%gmaxqg@bkeﬂr SNy qtg@y bx;(%zgg@{tcﬁf 1IR3 ﬂ@%ﬁ)‘ BRdpxiB397

t (R QRyBeelpted n§VEBKES &bp| Ewbéb$%ealasrp1dasﬁ$@ mﬁ@i by two
C BhieABERGKRP Blﬁ'gm%%r@%}{]}f @@e&& QllonnaleQP rlgﬁte@' Mame[()i R degcrlbed in

ol i gonucl eoti de

| ExERRIf | Dpsnid) @?@*@EIWSWH&H%&? ) @ompéfaajaaeae), a ColE% -derived

g&%ﬁr f)lﬁ’?ﬁeﬁ By hﬁﬁcén >édﬁ‘éﬂ uP@Adl %E Slgg gﬁg%? é éﬁtp@%mlcﬁrused were

p;
ollfl f@@mwe@@tl%(g %' %)qupivmcmrst@m 3 (SEQ ID NO. 9) nmkes
t abl .
i Zanerelnsetééﬂ hsSﬁeﬁd ?NAuﬁJrHTcﬁﬁonV@xP%&ﬁ%ﬁ %T%E%‘FFA%&@Né)m 6 ml of
pR¥ $eCLi0x2 Memssipmtaceige (W 61) whelonded/at@l tnyeraje ¢fedOxine/li on an

érese SFQHE F Zih&gmnﬁdlcates tgf? fﬁlké I'n rod@@%m&ﬁ&ﬁde
oﬁ'—’&T(éTWH"ET&T TeA (R EANQ: (il h dA fteewdBhing thehtodumpmwish Srvalumes
(58U SRIPL 54 155 ) WSROI 8 TR0 mpv o
af-0y w@eqtrantetelte@by EYn@g@nm) ngdsipn-pxcharge dhedrhasegraghy witht mM@Ilhpore
Thﬁ‘é’;ﬁw% gd}]l?xgln gﬁa}qugae@ k1. ']§10Pﬁh?xﬁ%®t5 é’ ﬁdqgﬂ emas'r:rflb CABTRHES in the
fraction collected were 207 pg for pX1.3296, 196 pg for pX1.3179, 192 pg for pXL3579,
139 pg for pXL3678, 97 pg for pXL 3227, and 79 pg for pXL 3397.
No plasmid binding could be detected (< 3 pg) when pBKS was chromatographed
onto this column. This indicates that oligonucleotide 5'-TTCTTTTTTTTCTT-3' (SEQ ID
NO: 11) makes stable triplex structures with the complementary 14-mer sequence
5'-AAGAAAAAAAAGAA-3 (SEQ ID NO: 10) present in pCOR (oriy), but not with the
closely related sequence 5'-AGAAAAAAAGGA-3' (SEQ ID NO: 8) present in pBKS.

This indicates that the introduction of a single non-canonical triad (T*GC in this case)

results in a complete destabilization of the triplex structure.
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MOnmodG5 medium at a seed rate of 0.2%/v. The strain
is cultivated at 220 rpmin a rotary shaker at 370 1C
for about 18 2 hours until glucose exhaustion. This
results in a 200 mM seed culture. The optical density
of the cultare is expected to be A600 around 2-3. 5 A
pre-culture in a first fernBhtor is then created. The
seed culture is aseptically transferred to a
pre-fernmentor containing MnodGs nmediumto ensure a
seed rate of 0.2% (v/v) and cultivated under aeration

and stAg kiddgiolThe pRisRid &ngm%@& g ;ib?qua%bﬁys@n%&)%heﬁ 'PXI3179 wes

safuration., The culture i arvested when the cose

i ShropaogwReden & dlapk wqiipnssyntheyized ynderstristly simils ponditions but

Ihmﬁmﬁoggm@&@mﬁglture. The optical density of the
culture 1s 10 expected to bhe A600 around 2-3. A nmain

cul t ur’®y pRergtpghig F‘gﬁft& auiifipaorsendsniingthy wardidens regrted here, the
| dver &f PhtaRiRE by k6t g&ﬁmlélﬁﬁw Wadkdbed HRRS S %y %@w&,?ﬁ@ 07 %

fernmentor filled with 270 liters of sterilize

i PP AR08 1 Brd 3396 ctimilarly thedeveh phenntamistin by hostRNA was
C b@dhwd@rdnﬁo 3 b@ﬂ&v@ﬁto‘lﬂm@ oD & & BrepRG ot g?@iﬁ 199 w32 Bhe sFmple was

J ucose feeding is Sstarted once the initia

s ﬁ@é?’a‘iogra@%ﬁ%@ﬁﬁ%h t4¢ gagpe affjiiyicoldmns hours. Aerati on,
stirring, pQ2 (40%, pH (6.9 0.1), tenperature (3710)
and glucose feeding are controlled in order to

ed3a5 specific growth rate close to 0.09h' . The
cul t urpel SLERHE @xeﬁﬁ l@ Helﬁ‘&gﬁ‘étesglﬁe E i o E‘r%%fﬁln?e’rwlﬁ' biasmids
results_ i n_about [1ters of ure he o
d ey trip eohehfiwéﬁ@m qhmn@tmapéx ;pdbisdethnaogre hasBen (shmain tautemove
1Q@bleibadid £ j
calad cel T parve punilab g BoRE 0L SR R Ele Qg e
ahaiedwt been ashiqved vith coryentionplechiomatdgraphy owthndat r at ed 3-
to 4-fRlGhit0a@hinBaY gﬁﬁ@slz%e %S]tco?ﬂeﬂr E anr@groﬂ{lr&l@cgﬁe having

contlnuousl resus 400

bihefsequence iy §T|T@§EJI€T@CT13' @&BaUb T@@(f?)loﬂ'{(’e}’@ iodfite-oxidized Sephacryl

PEE06@SE hd dRBHEdd B AR EMs 25 S5 9/L. A second
separation step 1s perfornmed, which is called a

concenftli#sidopXEBAe. HEQR withr be trpsced) omih BESe nai x:aﬂlE loderived
Izglaé}ld bufdrer chraﬁﬁogﬁ%@‘leﬁ 3hea P 9Ge g&g%ﬂ ag:%h Vl\ln‘.l ol éré)mmtleotlde

se arat or to Yi concentrate rry.
i A~ TTHICET -3 i(318Q 4D OFO: i shead ditinnek desoonikeed ity Eamﬁ;ile 9, Plasmid

SLe‘dBvreYles Y Fackivd el %Qte@(vle 17§§|\|%orﬁ?§(%gﬁ = H?gor p}é3296 This

freezing step Is t
a@émﬁeﬁz diaf )Dllgfl)l‘slp]aoimdﬁeﬁj—TG‘iﬂa"T 20TCCTH! éSEQyI[MNﬁth) makes stable

oyttt SRR DY s SRR A g

TfﬁEQ HEN Ok BlpresentinfpBiiSe hutiobwills the vp@l‘dk)sel}@ﬁ[hted BOm6fsequence

ARG/ LI MO8 1 el G B e S e

introduction of a single non-canonical triad (C*AT in this case) may result in complete

destabilization of the triplex structure.

Example 14
A seed culture was produced in an unbaffled Erlenmmeyer flask by the following

method. The working cell bank is inoculated into an Erlenmeyer flask containing



10

15

20

25

30

and the cell slurry is diluted to 40 g/L, pH 8.0 with
100 nmM Tris hydrochloride, 10 nmM EDTA, 20 nM gl ucose
and the suspension is left at 20 2 Cfor 1 h under
agitation before cell lysis. This results in thawed

bi omass slurry. pH=9.0 0.2 15 Tenperatures around 20C
may be used during this ste%. An alkaline lysis step is
then perforned. The cell lysis step is conprised of
punpi ng the diluted cell suspension via an in-line

I f 0.2 N NaCH nmM_SDS
( é‘@?’ﬁ?‘iﬁéﬁfn Soﬁi %He%ﬂ@% By %’Vébnﬂ‘%ﬂﬁlg i¢ gitivased &{23p rpm in 2

a retaiyl shgket b!tb3’7|‘19: 1°€er alfolNid PH QbS:s RN AGLosS %leafulstf’ont Orhis results
ensure conplete cell |ysis and denaturation

160 BRAD mhipesd peiugs. nhe opieal derisitt pivhe eltuirg iekpedéd m bles%oo around
mxgd in-line with solution 3 (S3) of «chilled 3 M

pot assi um acetate-2 N acetic acid, before collection in

a chil ﬁé&e'ﬁ‘ﬁ}weame?dﬂrst/@%@lmr isTthen adated. i dihe eéedsmiltutei io aseBBeally

I @@bMfdrfedit9 o HE-FRNREIP 'c&rﬁ“uhlﬂgl\ﬁ mdic3SH it BNAfisulhea seed rate of

proteins and KDS. A |ysa ration s per

n @W) (viend eultivaigd ynder aetation and sitringe TH erpQubia tredhtaibedabodb40%
3fosé1ﬁra§oﬂ OT]?élmhtu}‘@ fshﬁWest@cg%@rf Jch% %@e flic r%ﬁ%gdta er H&gﬁours

nmm gr [ter to renove the bul
pffézﬁ ’iﬁ?‘{ltétlé oﬁbﬁlﬁt @r ligers of prsecultires eBhef epplicahaldndily of deptutiure is

f lckpeeRy bl A5, PAUnasM.ng filtration step. This results
inaclarified Iysate, with a concentration of

super cOimai culpreisihen etatadon @ sedond f@BOMtoANi30 Hitex ohpregsdture are
ChELHBAIQ %ﬁ’s@&)ﬁd't@ atﬁg}ﬁx@rgg 1ﬁeﬁ %%710 g' %lf?l%nh%e\ésf‘a ‘{edgﬁdg‘idwm

solutioh is
c Hhensee |a\$qu3FaKmlf abo%ﬂ 0% @v/vs/ "ﬂmculturb isostaed ¢ ©bgth mode to build

dosthd ﬁoﬂuﬁ’s\é e Glﬁ‘cbéetf@éd 4 s &gi}t o%cé"%e ?}'xnt al s%gaq'g%fémnﬁ#ﬁ?%%q%mbout 4

ani on- exch ange chro
ph@lkédAWatldm, ﬂ.rrl@gsLPOEF(éMb ng (6 g)i Gm&[ﬂﬂb&?ﬁﬁre((m-’-loe;hﬁﬂ glucose

6. rly RS
| SR e bt A S S o Sl oS sFavibmte amedo 0Q0KS The
aclsltueqalsgaé‘ndeﬂ leﬁxtr abbutNBChourd gﬁfd@dihg afhi€ @émﬁf.mm andus 400Unds of
t [ofs) re uted.wt sol ution at
| BUbRE o8 ofifeeh A Sh TS e BRRAS o4ibrt 190Nac
sol ut lzbrfﬁrsatse;mtmum sté@ isfatfonned,TWhish fs@allkd Sell Rardébt.! PRe biomass is
RS TR AR Py Bhci Ao nethedied o to liminate

t thiefspamx clflfufe mediym ahd mhmg;&l&@é's)dspeﬁdw @l 108t1Rerk bPHRAIPS] buffer.

a chro ol um is diluted th

o Db oot RIS BD SR SErre PR Bomatn DEB T1Rb & e

acet atge Sf(c@xhdl &p&htl&@?éfpﬁk Periteindt, Fhivh Natglleard@oﬁééﬁf?&gm step. After
nltg chr omat ography col u

through, a triplex.a
e’Efﬁ'i‘SP%’S‘roﬁ@é’G‘ogﬁnﬂﬁu% BV Ls Beffetnihaceslat are( BHCE!SS@ aggn with the
Csuphrdion tdgeld c%d}!ﬁﬁ;llted H—lh T){-M?hly BRultsSin3RDulT880 1r&BPMEhed and

and contai ns 10.
concentrated slurry., DCW = 150 130 g/LL ; pDNA =300 = 60 mg/L.

l:

A freezing step is then performed. The slurry is aseptically dispatched into 20-L,
Flexboy™ bags (filled to 50% of their capacity) and subsequently frozen at —20° + 5°C
before further downstream processing. This results in a frozen biomass. pDNA =300 +
60 mg/L ; supercoiled form > 95 % .
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Sephacryl TM S- 1000 gel (Anersham Bi osci ences;

Pi scataway, NJ). The colum is washed with a sol ution
of 50 mM sodi um acetate (pH 4.5) containing 1 M NaC
and NVIFGF is eluted with 100 MM Tris (pH 9.0)
containing 0.5 mM EDTA. This results in 5 a triplex
affinity chromatography el ude having a high plasmd
concentration. A hydrophobic interaction chromatography
step follows. The eluate of the affinity
chromat ogr aphy colum is diluted with 3.6 volunes of a

sol ut Immeld)fchaami?g dbp ammrpebmr&al frét @okdh bEfdsSrd %{n?ed% to 20°C
Afﬁcftg\ |Ltlrat§dp |:ﬁfdrog& 0.45 mfilter, the filtrate

" oo te et Sy sttivteiio A ea - RHS AW HORM (T @V%F@Phlwﬂe 10 mM
CcEDTAN 26 M BiREe éﬁﬁ&hé“ﬁsp&@ﬁ)h edie Qi Wb tthy S Ogok 10f undar a 1tat10n

Toyopearl (r) Butyl-6505 resin (TosoH corp., Gove
obfforeerib bysts| Ghﬁrespgsm&meémw shriyo [PBEBAhE 612 anmoni um

sul f at PenderABOUtrownfiG0PE E%ng})@ﬁbgd %\fh':%s kgp eluted with

ammoni um'sul fate at 220 [ resuPts in an HC
el uat A aikelins lysisestapxis dhéroparformetic cBhadpelly lysis steplietanprisdd of

Eﬁ%ﬂéﬂhé’ﬁl@tdﬂuéd e LR é'nsﬁ §ial i ﬁltlébrﬁ&els\alﬁg a s?)}tg%ﬁ 1,26 988 Na0mH-

t andar d commer y aval
mai BM 8PS (splwios §2). deflasvetl by ageminuonstehitact q@mneasczo;led tubing. The

a
E&elf@igl?drug g:ogt?%t‘fs%t?ﬂq %throﬁeg%ﬁg I?:Bllnﬁlgtg celt qu’\g ]gu!l{i] tc{en r%ortJ gﬁ ﬁ%nomlc
PN@I andafrpteins.a thhe solnerbefdpesd leellsi in gmasdnn-llmeudvmli soletaphd (S3) of
Cbihﬂ’édf 3as'1\)rl‘;] gﬂgsn;rgrﬁg%ﬁtgfz l%oaCQ[Q:O ]Qe' chpec 1012 ﬁne gﬁqhﬂ%g agitated
f tﬁSS%uTh%add@mMﬁg}etuanSB msmns enhe pnempmauom ¢fregenomic DNA, RNA,

P&, &he eluate 20 of step 12 is concentrated 3-
grroeg{sgﬁd y tangential flow filtration (nmenbrane

cut - of4 lys@® ﬁltk@ayl ismeriarmeimgst Toonaemtizedtlysae fthalintibated at 5
rate.is huffer
316 R 18 2T o ol SrOMER RO S i e remove
vthb lbn’lksafqﬁecqnﬂated enmdd &ﬂjcqﬁhse):ifouﬂwed bea CRpGEfiltrbticksa¥l gblishing
nt rtatl o% L sa |n]g @ ) concentratlgn is
LB WistetneRLs Bhnd et oo PRFYNratiohpi agegsoiled
cpiammdbfmbmthdﬂ\ﬂOF@F solution is filtered 25 thr ough a
apsu f|| er tored in cont ai erS|na
r oom a‘f“ ‘g’ F’I n}a&gﬁqg}( 15 E"ﬁ‘c@%@f‘?@ FHg elegril a&‘ssoé}‘tm“ is
pdihitedi veich pmlrﬁe& mateamea ’iéﬂrgeh ccaxdﬁﬂuagyn%%/m7 g):/ ﬁisgo%g} tmtgltgg @rough a
erc S i's un 0) 9 9 9
9%58;‘%%8 %Jétﬁ pf‘)‘é‘?" ‘?]HBH) ;?“‘bg*%? opffeary grpHTeRClsNgS phrgmatography
r @hamer y& FO0tMmit EuhEnP pAkes with I 18tL h?ﬁﬁﬁigeI@%MAﬁ%{mﬂﬁ?M) resin
80% wi th an averag

B30 e et i P S T 3 SH et
Ebsqnﬁbmeaqmpfgl £ 5189 geddicn® Bf FUCIN aNPELIIR 0P I BRI bound to the
Stoﬁ@a} @Bﬁ’ dlcvse;xghhg gcg{l EQBI ; g‘%og hélorrrrl%}c?n? ra%?l EYNti?asmld 1sdeluted
with a NaCl solution at about 72 mS/om. This results in an jon exchange
chromatography eluate having a high concentration of plasmid DNA.

This is followed by triplex affinity chromatography. The eluate from the anion
exchange chromatography column is diluted with about 0.5 volumes of a solution of 500
mM sodium acetate (pH 4.2) containing 4.8 M NaCl and pumped through a triplex
affinity chromatography column equilibrated with 50 mM sodium acetate (pH 4.5)
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5 results in a nore purified plasm d DNA preparation

are conpared with previously known nethods. This new

nmet hod has been conpared to previously known nethods

and has resulted in pDNA preparations havi ng nuch

| ower anounts of genom c DNA protein, and

endotoxin. This is reflecte§3|n Flgures 6. These
experiments show that AEC, THAC and HI C provi de a
surprisingly higher purification yield conparing with

sone, of 10 2-step conbinations for the effective

r e‘i?BR?%}i‘F“gé M;IIQT-CIC e SHTR i 290 1o A AaetFomd glonteirsd 66 L of THAC

StSepBacpIOVisdE08 £d e@ﬁne‘féﬁﬁlﬁ F B¥sdidhct€ rf‘ﬁ‘; Fgf ﬁ\]lfgaﬁ{e column is

sgg F%B on of . plasmd DNA from ot her
BhgdayEh 2rigludisn o4 3P rvdﬂtsgdlu@w@ﬁa@s(pﬂrdoi)ecmmmdg 1 M NaCl and

eNdYIFGH 13 eluRNAVItRIT ARMeRT 9
clrc;ulﬁ}é lasmid. In addltloﬁ%¥b @%erglstlc'gtT%wrﬁmhsm

HY C#IIO@atoglAm ehﬁmavmgaé@b@asmr@cwmemmcn
pr esenta h?&@ﬁﬂdbﬁ:nm@éﬂ@%ﬁ%hﬁﬁfa?gﬁg?{ é{a&&g abu;% ﬁ%%y of the

pu phar maceuti cal | ?
‘éﬁ‘i JRYOFRP Iy, lsp@i dayith f3uﬂ Vqﬂms&ﬁp@fcaosdhﬁmn of 3.8 M

m&m&hﬂm sif% m&%@(qﬁ@%) 2nep dﬁﬂ?t %ove % tgla Sﬂ!;g P ltrate

he et ho

\ mple 16 -20
%%&?ﬁﬂ% OB{f & Wﬁtoémmr@@cﬂ@rhwdm (:tyampthy 380 mym) packed

t |
S S O B8 G e

hityAPRSPeh aFith ¢ sefuiimaafiemapign suléprantatbour240s mSémmrpad OV IFGF is
PIeRNEAOWTA YRR SREROES220A5SSROWRyik Do l'tsq%{ 8 ﬁrgp Qpﬁalfgfe of

met hod according to the present |nven 'on Su
r &dgned forms. ppna preparations having much | ower 25

anmount g, ’H%N@H endot oxi n

the r ana‘g&%fg {ﬁp g] pgelf% £ % fgiétﬁ]% ﬁlga{%v\ﬂtr?thonﬁtaﬁ 1Sebs A-h’rmed
t Reangad,c eapgmerpially @Vplﬂaébedmﬁltraucem triaprials M)M/Ssu&alﬂé RdtiGike in this
%lﬁicéé,y accORfir ﬁegalﬂltardu cﬂn@ queg, %)vanE]X a{ﬁg g 1 f£e§e§e£ diafiltration

diafiltration step esc
pg}efh@pl rie dliafdeation| wglgt «h?eultrhﬁitrhm mgmbxamj hi-Viag sd nhilﬁcﬁﬁ[‘ weight

f Qo d to,d

] S R G OE SR e B o
afiafilyation ellopm. fgr buffet 8xdbange landresicafirabéh B¥AST peaforiebd. ThOeluate
oﬂ%ﬂ\ﬁqs c th?atedd é-Q@H?(ﬂfl Egtangei tlae lqw.ii il I?rla%ﬂ% Per rgx)[tenc]:ut-off 30

second dla |Itrat|on 0
alsBe)eo (asterget eoncenirations of abdut®.§ o 30 EnglmLmnESth@f:mﬁaahttai@ is buffer

SRHRIEER by il b Ehdans L0lBe B El bt S ot B elpitnd o
the target plasmid concentration w1th saline. The NVIFGF concentration is calculated
from the absorbance at 260 nm of samples of concentrate. NV 1FGF solution is filtered
through a 0.2 pm capsule filter and stored in containers in a cold room at 2-8°C unil
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%0, 40%, 45%, 50%, 55%,
60%, 65%, 70%, and 80%, with an average recovery of 60 %.



extensively renoves ammoni um sul fate and EDTA
extensively. Also, subsequent to this 10 diafiltration
steps, appropriate target NaC concentration around 150
mM and final Tris concentration between 400 4Mand 1 nmM
are obtai ned. Exanples of pl 2srri d DNA fornul ations
conpositions are provided i A%t he Table 6 bel ow, and
Table 6 15 Final concentration Speciesbt 2nd Active
Pharmaceutical 1 diafiltrationdiafiltrationlngredient
Ammoni um sul fatel0 Ml M< 1 M EDTAAMK 1M 1M Tri s50

mvL. 48 t nM740 M Nadl 154 nmML54 m ML54 nM Exanple 18 A
techni gghmbtah of plasm d DNA NVIFG= APl (active

phar maceutica i ngredi ents) named LS06 is manufactured
accor diltg medod pf diepbevel Bxagnlé corhymisilg afni foheathange Sfomatography

. or i ' Luate is
g L S i

S 1 FeRHF irfeEors Puriind riasmid BRGh prearaties atetcamgparegtveitk preeiowdsknown
di aéthdds € TR neAORLMSI naLE cgméﬁ\%\g {Sgeqﬁ-ﬁg%)uﬁ? :kngg/g dpethods and has

excipient. The final retentat
t HeBHfgh in ADYAprepartions baviag thualjlayet eohduntslofgpnoic D, RNA,

f i fekinAR - : [ ran | ass Jbottle
LR ehitibndn, hls ET1eE0L lel & TRUE BoptnSing sy har“amc,
waside prbHife provide 8 swprisisglyfhighSOBriicaticedyield cBimpaingWals Some of
10 bahd bes ; i - i al s used for Dr )
Product . ﬁ%‘ﬁﬁb aétg)? ﬁ f‘?éﬁjéé eiz?sctt llé/? r%t?%‘a%/fs?ﬁa%on %Eal’tt%ecgyggﬁft‘m of
ofthese S1sPURpYIES AslsansynerEY ippems of effithay b2 sdph@riof of pRkhid DNA
S . C 3 0.3 9% . After, 90 days
2o, Bl Aog Rl Mok Feh® o & hirPlo P e durp A
r #0¢ genpmie BDB., samslless open eirailaplamid. dnladditionnthe synergistic steps
d i DAt ' larization rates cal cul at ed
¢ ?g?lnﬁin%, gét]’ lﬁﬂ\}"@%@@lqéé%g%g% t?né)]ﬁ F?,Senltﬂﬁ“éeng?lb W%iés not only to
15 dohishishighly purifiddapharhesestially grady plesafd DaNAQfbuplais HothpBions of

e Y T .

99% plasmid DNA.

Example 16
20 The method of the above Example, which comprises an ion-exchange
chromatography step, a triple helix affinity chromatography step, and a hydrophobic
chromatography step for the preparation of highly purified plasmid DNA preparation is
compared to previously known methods. As shown in Figure 3, the method according to
the present invention surprisingly results in pPDNA preparations having much lower
25  amounts of genomic DNA, RNA, protein, and endotoxin, in the range of the sub-ppm.

Also, as shown in Figure 4, the process of the present invention shows a product quality
obtained at up to 10g.

Example 17
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at around 7 to 7.5. Wiile the depurination rate and
plasm d nicking rates are generally 10 strongly

accel erated at +25C, the Applicant has showed that the

pl asmi d DNA stay stable in an non-degraded formfor a

| ong period of time even at RT. The specification

shoul d be understood in |igh® of the teachings of the
references cited within the specification. The

enbodi nents within the specification provide an
illustration of enbodi ments of the invention and should
not beThsodigfitratioh step las ibseribedein IBxaspbod 406 Hefformed accordlng the
[ on. +.The  Ski [ recogni

e nailify it £F 3 b SRR ol i o fimint e bt
| nenditionefer: Al 1 publications and patents C|ted in this

S P SERROTRRT A I BT eReb b g 5
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ci fy D le atlo su ede. an )
SR bl Alecdell GiahRR6 bl B8 s o P OACKE BD ) paains
20. Om@B 5 anluagspbmiingexcipét (slﬁ(a:inMHﬁceipences are prior art

toth t.h di

e DT B SR 6758y v
r edetsively remnthstmmm;unamﬂifa&mnﬁ 8DITA éxtetkively. e, subsequent to this
SRR R S heodit! ol L SEL R T

Acmerﬂiﬁatigi jogtwmemi 466 uM)hiitEll whisleart R8tagadde Exh@pled @f plasmid DNA

unmerica [ rs_are approximtions
Q@Bgﬂs co’e}g?s&locﬂ‘é pe r%qvf‘fgg H’patg%%%lleeG g’gg’l“i’ 8% properties
sought to be obtained by the present invention. At the
very |IBagée and not as an attenpt to limt the

anpl -cat+on—of-the doctrine of pmn valents tao the

zFope of the clj@ins, each nurreFlnélaqo%ﬁrf%ﬁ‘ﬁFer shoul d be

clonst rpeeles i n | ghf ..o e njunper of si gn| TA&ﬁQTPh 0ids
H‘H@‘Iﬁ?}ﬁflodc Eggila filEpGOIS |of hor %gﬁgdf?ent cal

At el +tha er-m-atleasgt” nr a series. of

nd ordi nary rou

Heated- : preceding
éwgl“}?‘lfﬁ? 30 B8HNhder 4t ood<t BMefer| to everheM
I enenEDTA t he [seri esuyMThose skid] gfai n the art 3 i1

H a nb{n N askerta|n UsS+-po—ho—hpnre than
out i nefrégxperi ﬁﬁnt a?gw many 6?4 H‘SM\/aI ents to/theM
peci f NaCenbodi jnent B4@iMt he |i nvepd movi des|cri bedidugh®i n.

) PP 4 nt dad t h nm
och—etui-valents—are—+ntended—+e—be—encorpassed—by—the

follow ng clainms. 68 REFERENCES Pat ents: WO 98/ 00815
(Bxarhplzd8i on of T [Tee], Pasteur Merieux Seruns et
Vaccins [ Sera and Vaccines]) 5 WD 96/02658, A. L. Lee

et al r cal Pl asm d_Purification
‘A tec:hmcaf1 atc of pgsrglg B lF GF API (active pharmaceutical

ingredients) named L.S06 is manufactured according to Example 13 with the diafiltration

(’)UJ““(D(D_'

process step described in Example 17. The eluate is first diafiltered at around 2 mg API
/mL against about 13 volumes of buffer I and the resulting retentate was diafiltered
against about 3 volumes of saline excipient. The final retentate was then filtered through
a 0.2 pm filter and adjusted to 1 mg/mL. The final API (pH 7.24) was stored in a Duran
glass bottle at +5°C until DP manufacturing.
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1996). WO 97/2360 1, N.C. Wan et al., Method for

(Lysi nZg CelI's (1997). WD 99/29832, D.S. MNeilly, Method
for purifying plasmd DNA and plasnmd DNA
substantially free of genomic DNA (1999). 10 U.S.

Patent No. 6,214,568, D.S. Neilly Method for

purifying plasm d DNA and asm d DNA substantially
free of genom c DNA (2001). Publications: H C Birnboim
and J. Doly, A rapid alkaline extraction procedure for
screeni n% reconbi nant plasm d DNA Nucleic Acid

Resear ésabiliy study @asyBolBmieliGmpmpltS o DLSGS plRe iBDiikan Blass bottles

t nin SDS

F"y‘?g??é W B 5 VI heg B G3he PE M Qo Ader 08 days at

L A Gthewxieahp heth deguidnagion Mldnpeﬂ-cﬂ’culd'ﬁmtmx; br Sll,ll samfales w'?'?’] Iéardly

k P Sha nni
SFEE O, At YE B RE TS S doprBiam euh dhe pen-
0 wuwlamwm BIA of E804/ sampled uweird) glsg qblkzeoldﬁﬁ bg}é@@ﬁ}) if#@lon and open-
71-317

R AT Eil e e e < O sy wlohe <1205
Vet hodThi shxde pamedstrasd @at Blatamag éﬁl@'of?l%gﬁd ?}xﬁéwm}: is

- <150> Us 6 / 503, 4
%rg sg:é?éqx; the % 20 atiag @Fggger@ Wen%ybergmohg P valges is maintain
<368puBU7 il 7. B>W|Hl’:1& ﬂﬁtdepﬁxn‘éﬁcfzﬁfagagmﬁ ;glasrﬁa]nqamilg Fafets b generally
Clal < .
<%trongly accelerflge:tli at +ér5 (Jl tLe Applicant has showed that the plasmid DNA stay

! n

stable in an non-degraded form for a long period of time even at RT.

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

Unless otherwise indicated, all numbers expressing quantities of ingredients,
reaction conditions, and so forth used in the specification, including claims, are to be
understood as being modified in all instances by the term “about.” Accordingly, unless
otherwise indicated to the contrary, the numerical parameters are approximations and
may vary depending upon the desired properties sotght to be obtained by the present
invention. At the very least, and not as an attempt to Limit the application of the doctrine
of equivalents to the scope of the claims, each numerical parameter should be construed
in light of the number of significant digits and ordinary rounding approaches.

Unless otherwise indicated, the term “at least” Ppreceding 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



<223> Synthetic Aigonucl eotide <400> 1 gaggcttctt
cttcttcttec ttectt <210> 2 <211> 19 <212> DNA <213>
Artifi cial <220> <223> synthetic oligonucl eotide
<400> 2 aagggaggga ggagaggaa <210> 3 <211> 19 <212>
DNA <213> Artificial <220> _<223> Synthetic
ol i gonucl eoti de <400> 3 aagéggagga gggagggaa <210> 4
<211> 19 <212> DNA <213> Artifi cial <220> <223>
synt heti c oligonucl eotide <400> 4 ttggtgtggt gggtgggtt
25 19 19 19 <210> 5
equivalents to the specific embodiments of the invention described herein. Such

equivalents are intended to be encompassed by the following claims.
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<211> 19 77 5. The device of claim4, wherein dianeter
of the tubes and injectors are selected to control the
flow rates of the m xtures within the turbulent and
| am nar flows. 6. The continuous alkaline cell lysis
device of claim4 or 5 which further conprises a 5
punp for injecting or punpiﬁ@ the cell suspension to
contact in the opposite direction the alkaline
solution. 7. The device of any one of clainms 4 to 6,
wherein the first mxer or injector is an in-line

' injector. 10 8. The device of any one of claim
Zhéﬁhgﬁgﬁﬁéein the first mxer is a T tube. 9. The
device of any one of clains 4. to 8, wherein the

m xt urPataedtsst he cell suspension and al kaline sol ution
flows through the first tube under a turbulent flow for
a shor ' Q..Th [ of any. one of clains 4
to 9, m%@]glg E‘étﬁFF‘tﬁ"&t gftﬂ Eéeﬁ g’%“%'f AMARETeryme el Vaseins [Sera
t endVappinesjy ef er abl y between 2 and 8nm and nore

refer nd.6 and a ngth _ of 1 tol On and
Br ef er\gEJl %6/@‘{6%5’ ‘g& ?F% et293'= fMethodhjoy dgrae Sese RiagmishBunification
c(l8P®s 4 to 10, wherein the mxture is subjected to the
t ur bul\gpty-f [ 1 to 10 sec, and preferably 2 to
5 sec,\ﬁgngg/%we?\g{:'e\?g‘?%fﬁ['y/"-’?f’@i@"e@{mxfeﬂmwﬂévi ce of
any oril¥0di9/298a2,MB.SAMcNeilld, AMEd Bir Qmﬁzﬁbﬁzﬁﬁ LR bH?%nid%lc%mid
c Phe%}}u?i c? abl e Qf generating alamnar flow to
a? ow con ?22?8%‘?{’5” gﬁﬁ?f" Né%lgpg)e al kal i ne solution 25
and cdl.$. BatmpNosd,Did, 568/ 0.St McRARY LS ; !
am%ggmﬂev'ce o&ﬁﬁgxgpne Q? clginé %ﬂ?gﬁ%g?ﬁ§%%$%¥$Pﬁza"d
g?;’r. 0d~o S&%ﬁ‘f’?ﬁﬁ SFoate OV CHdY-ween 30 sec to 2

m n, [Publienihaty between Imn to Imin 30 sec, and
preferably of 1 m n20sec. 30 <212> DNA <213>

Arti f g ah: > > synt hetic ol igonucl eotide <400>
5 ot tl-gdé%lgg)é%g 6%1% Zégoéb z }ﬂlapz al}calme exiraction procedure for screening
recombinant plasmid DNA Nucleic Acid Research 7 (6):1513-1523 (1979).
D. Stephenson, F. Norman and R.H. Cumming, Shear thickening of DNA in SDS
lysates Bioseparation 3:285-289 (1993).
M.S. Levy, L.A.S. Ciccolini, S.S.S. Yim, J.T. Tsai, N. Titchener-Hooker, P.
Ayazi Shamlou and P. Dunnill, T#e effects of material properties and fluid flow intensity

on plasmid DNA recovery during cell Iysis Chemical Engineering Science 54:3171-3178
(1999).
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1

25

DNA ..

Artifi cial

synthetic 0ligonucleotide
1

. gaggcttctt cttcttctte ttctt 25

2

19

DNA

Artifi cial

synthetic oligonucleotide
2

aagggaggga ggagaggaa 19

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

<220>
<223>

<400>

3

19

DNA
Artificial

synthetic oligonucleotide
3

aaggagagga ggdagggaa 19

<210>
<211
<212>
<213>

<220>
<223>

<400>

4
19

DNA
Artifi cial

synthetic oligonucleotide
4

ttggtgtagt gggtgggtt ' 19

<210>
<211>

5
19
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<223> synthetic oligonucleotide <400> 9 tctttttttc ct
<210> 10 <211> 14 <212> DNA <213> Artificial <220>
<223> synthetic oligonucleotide 13 12 12 <400> 10
aagaaaaaaa agaa 14 71 0003001-PCT <210> 11 <211> 14
<212> DNA <213> Artificial _<220> <223> synthetic
nucl eotide <400> 11 ttcttt¥ftt tctt <210> 12 - <211>
17 <212> DNA <213> Artificial <220> <223> synthetic
ol i gonucl eoti de <400> 12 aaaaaaggga ataaggg

5. The device of claim 4, wherein diameter of the tubes and injectors are selected to

control the flow rates of the mixtures within the turbulent and laminar flows.

6. The continuous alkaline cell lysis device of claim 4 or 5, which further comprises a

pump for injecting or pumping the cell suspension to contact in the opposite direction the

alkaline solution.

7. The device of any one of claims 4 to 6, wherein the first mixer or injector is an in-line

mixer or injector.

8. The device of any one of claim 4 to 7, wherein the first mixer is a T tube.

9. The device of any one of claims 4. to 8, wherein the mixture of the cell suspension and

alkaline solution flows through the first tube under a turbulent flow for a short time.

10. The device of any one of claims 4 to 9, wherein the first tube has a diameter inferior
to lcm, preferably between 2 and 8mm, and more preferably around 6mm, and a length -

of 1 to 10m, and preferably of 2 to 6m.

11. The device of any one of claims 4 to 10, wherein the mixture is subjected to the

turbulent flow during 1 to 10 sec, and preferably 2 to 5 sec, and more preferably 2.5 sec.

12. The device of any one of claims 4 to 11, wherein the second tube is a coiled tubing
capable of generating a laminar flow to allow continuous contact of the alkaline solution

and cell suspension, and to ensure complete cell lysis.

13. The device of any one of claims 4 to 12, wherein period of continuous contact is
between 30 sec to 2 min, preferably between Imin to 1min 30 sec, and preferably of
Imin20sec.



<210> 13 <211> 58 <212> DNA <213> Artificial <220>
<223> synthetic oligonucleotide 14 17 <400> 13

gat ccgaaga agaagaagaa gaagaagaag aagaagaaga agaagaagaa
gaagaagg 58 <210> 14 <211> 58 <212> DNA <213>
Artificial <220> <223> Synthetic oligonucl eoti de <400>
14 aattccttct tcttcttctt ctf®ttcttc ttcttcttct
tcttcttctt cttcttcg 58 e@BOpi-Por <211> 51 <212> DNA

<§%§; g‘?"Aéi ificial <220> <223> synthetic oligonucl eotide
< < > i gaagaagaag aagaagaaga agaagaagaa (Jgaagaagaagd
<220> aagaagaaga .a <210> 16 <211> 17 <212> DNA <213>
<223> /ﬁyg?‘ﬁ Fa 1igenueisptide

<400> 5

cticccgaag ggagaaagg 19
<210> 6

<211> 19

<212> DNA

<213> Artificial

<220>

<223> synthetic oligonucleotide

<400> 6

gaagggcttc cctctttcc 19
<210> 7

<211> 13

<212> DNA

<213> Artificial

<220> v

<223> synthetic oligonucleotide

<400> 7

gaaaaaggaa gag 13
<210> 8

<211> 12

<212> DNA

<213> Artificial

<220>

<223> sSynthetic oligonucleotide

<400> 8

agaaaaaaag ga 12
<210> 9

<211> 12

<212> DNA

<213> Artificial

<220>

<223> Synthetic oligonucleotide

<400> 9

tettttttte ct 12
<210> 10

<211> 14

<212> DNA

<213> Artificial

<220>

<223> Synthetic oligonucleotide

<400> 10

aagaaaaaaa agaa 14



72 <223> synthetic oligonucleotide <400> 16 tgaccggcag
caaaatg <210> 17 <211> 27 <212> DNA <213> Artificial

<220> <223> synthetic oligonucl eotide <400> 17
ccgaattctg gggaccaaag cagtttc <210> 18 <211> 27

DNA <213> Artificial <220>,,<223> synthetic

ol i gonucl eotide G 003001-PC%117 27 <400> 18 ccaagcttca
ctgttcacga cgggtgt 27 <ZON001PCK211> 25 <212> DNA

<212>

<213> Artificial <220> <223> 5-nethylcytosi ne <400> 19

<21@>ga§gcttctt cttcttcttc ttctt 25 <210> 20
<211> 1

<212> DNA

<213> Artificial

<220>
<223> synthetic nucleotide

<400> 11
ttetitttttt tett

<210> 12

- <211> 17

<212> DNA
<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 12
aaaaaaggga ataaggg

<210> 13

<211> 58

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 13
gatccgaaga agaagaagaa gaagaagaag aagaagaaga agaagaagaa gaagaagg

<210> 14

<211> 58

<212> DNA

<213> Artificial

<220>
<223> synthetic oligonucleotide

<400> 14
aattccttct tcttecttett cttctterte ttecttettet tettcttett cttcttcg

<210> 15

<211> 51

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 15
gaagaagaag aagaagaaga agaagaagaa gaagaagaag aagaagaaga a

<210> 16

<211> 17

<212> DNA

<213> Artificial

<220>

14

17

58

58

51



<223>
<400>

<211> 48 <212> DNA <213> Artificial <220> <223>

Synt heti c oligonucl eoti de <400> 20 ggaggaggag
gaggaggagg aggaggagga ggaggaggag gaggagga <210> 21
<211> 50 <212> DNA <213> Artificial <220> <223>

synt hetic oligonucl eoti de <400> 21 gagagagaga
gagagagaga gagagagaga gagagﬁﬁaga gagagagaga 48 50 <210>
22 <211> 58 <212> DNAGgco2d@zphrtificial <220> <223>
Synithesiq e1tgangolegeidsot i de 73  0003001- PCT <400> 22

gat ccgagag agagagagag agagagagag agagagagag agagagagag

tgaccogmrgagagggg58 <210> 23 <211> 58 <212> DNA <213> 17

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

<220>
<223>

<400>

Artificial <220>

17

27

DNA
Artificial

synthetic oligonucleotide
17

ccgaattctg gggaccaaag cagtttc 27

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

<220>
<223>

<400>

18

27

DNA
Artificial

Synthetic oligonucleotide
18

ccaagcttca ctgttcacga cgggtgt 27

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

<220>
<223>

<400>

19

25

DNA
Artificial

5-methylcytosine
19

gaggcttctt cttcttcttc ttctt 25

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

<220>
<223>

<400>

20

48

DNA
Artificial

Synthetic oligonucleotide
20

ggaggaggag gaggaggagg aggaggagga ggaggaggag gaggagga 48

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

<220>
<223>

<400>

21

50

DNA
Artificial

synthetic oligonucleotide
21

gagagagaga gagagagaga gagagagaga gagagagaga gagagagaga 50

<210>
<211>

22
58



<212>
<213>

<220>
<223>

<400>

<223> synthetic oligonucl eotide <400> 23 aattccctct
ctctctctc-t ctctctectet ctctectetcet ctetctcectet ctcectcetcg
58 <210> 24 <211> 58 <212> DNA <213> Artdificial
<220> <223> synthetic oligonucl eotide <400> 24

gat ccggagg aggaggagga 9969993939 gaggaggagg aggaggagga
ggaggagg 58 <210> 25 <211>"88 <212> DNA <213>
Artificial <220> <223>c§p3noherarc ol i gonucl eoti de <400>
Btaat tegtoct cctectecte ctectectec tectcectcct
cctcctcctc ctcectececg 58 <210> 26 <211> 50 <212> DNA
<213> Artificial <220> <223> synthetic oligonucleotide
54/6%&“18 2998 5%g5 %ygaggagga ggaggaggag gaggaggagg
apgaggagga 50 <210> 27 <211> 25 <212> DNA <213>

gatccgagadi 39agR¢A%agn 2g30agagag agagagagag agagagagag agagaggg 58

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

<220>
<223>

<400>

23

58

DNA
Artificial

Synthetic ol+igonucleotide
23

aattccctct ctctctctct ctctctctect ctctctctet ctctctctet ctotcteg 58

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

<220>
<223>

<400>

24

58

DNA
Artificial

Synthetic oligonucleotide
24

gatccggagg aggaggagga ggaggaggag gaggaggagg aggaggagga ggaggagg 58

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

<220>
<223>

<400>

25

58

DNA
Artificial

Synthetic oligonucleotide
25

aattcctect cctecctecte ctectectee tectecctect cctectecte ctccteeg 58

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

<220>
<223>

<400>

26

50

DNA
Artificial

synthetic oligonucleotide
26

ggagaggagg aggaggagga ggaggaggag gaggaggagg aggaggagga 50

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

<220>
<223>

<400>

27

25

DNA
Artificial

synthetic oligonucleotide
27

aatgcctcct cctectecte ctect 25



<223> Synthetic oligonucl eotide <400> 27 aatgcctcct
cctcctcctc ctcet 25 74 GC03001- PCT <210> 28 <211> 26
<212> DNA <213> Artificial <220> <223> synthetic
ol i gonucl eoti de <400> 28 agtgctctct ctctccctct ctctct
<210> 29 <211> 66 <212> DNA <213> Artificial <220>
<223> synthetic oligonucleo¥4de 26 <400> 29 gatctgaaga
agaagaagaa gaagaagaag aggswgfagif agaagaagaa gaagaactgc
60 agatct 66 <210> 30 <211> 66 <212> DNA <213>
<10- Agtificial <220> <223> synthetic oligonucleotide <400>
<211> 320 gatcagatct gcagttc-ttc ttcttcttct tcttcttctt

<212>
21> @Mottcttc ttcttcttet 60 tcttca 66

<220> .
<223> synthetic o7ligonucleotide

<400> 28
agtgctctct ctctctctcet ctctet 26

<210> 29

<211> 066

<212> DNA

<213> Artificial

<220> .
<223> Synthetic oTigonucleotide

<400> 29
gatctgaaga agaagaagaa gaagaagaag aagaagaaga agaagaagaa gaagaactgc 60

agatct 66

<210> 30

<211> 66

<212> DNA

<213> Artificial

<220>
<223> Synthetic oTigonucleotide

<400> 30
gatcagatct gcagttctic ttcttcttct tecttcttctt cttcttette ttcttcttet 60

tcttca 66

<210> 31

<211> 21

<212> DNA

<213> Artificial

<220> .
<223> Synthetic oTigonucleotide

<400> 31
acagtcataa gtgcggcgac g 21

<210> 32

<211> 39

<212> DNA

<213> Artificial

<220> . )
<223> Synthetic oTligonucleotide

<400> 32
gaagaagagg aagaagaaiga agaagaagaa ggaagagaa 39

<210> 33
<211>. 21



<212>
<213>

<220>
<223>

<400>

<210> 31 <211> 21 <212> DNA <213> Artificial <220>
<223> synthetic o ligonucl eotide <400> 31 acagtcat aa
gtgcggcgac g <210> 32 <211> 39 <212> DNA <213>
Artificial <220> <223> Synthetic oligonucl eoti de <400>
32 gaagaagagg aagaagaaga agﬁéﬁzagaa ggaagagaa 21 39
<210> 33 <211> 21 75 <212> <213> Artificial
Gc03001- PCT <220> <223ec3peit4reti ¢ ol i gonucl eot i de
%ﬁh?aagaagaag aagaagaaga a 21 <210> 34 <211> 12

H1H5 € <213> Artificial

Synthetic oligonucleotide
33

gaagaagaag aagaagaaga a 21

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

<220>
<223>

<400>

34

12

DNA
Artificial

synethtic oligonucleotide
34

agaaaaaaaa ga 12
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<220> <223> Syn ethtic oligonucl eotide <400> 34
agaaaaaaaa ga 12 76 WE CLAIM 1. A nechanismfor use in
lysing cells conprising: a) a nmeans for turbulent flow
to rapidly mx a cell suspension with a solution that
5 lyses cells; and b) a nmeans for lamnar flow to
permt incubating a mxture76ormed in (a) w thout
substantial agitation, wherein the mxture fornmed in
(a) flows fromthe nmeans for turbulent flowinto the
neans for lamnar flow 10 2. The nmechanismof claim1
vaéaﬁﬂﬁﬁnally conprising a neans for adding a second
solution that neutralizes the |ysing solution, wherein
the m xture incubated in (b) flows fromthe neans for

L. | amAn@aecHahisw foRtse f&lh?SlH@@é]E cb@prigidgl ng a second
solution. 15 3. A nethod for using the mechani sm

acc8t GG fordnmhulenpilew th sapidly @iy haslirswspBidion Wit mselatibis that

lyse9Q8Bsi fang: @) mxing the cells with an alkali lysing
solution in the neans for turbulent flow and b)

neub) almens dortlneireak Kaki 10eetvis indGbARig W h Biurd Yoraldiin ?a) %thout
Sm’§WFIC solution. 20 4. A continuous alkaline cell Tys
a @@'G@Hﬁ%lSlng - a first mxer or injector capable

whefeid Rk ﬁﬁﬂuﬁgfo%ﬁe@irhlﬁp 0B&s Fol e h@aﬁst}%r ﬁ%ﬁ?ﬁt:ﬁﬁw injg the means

direction of the cell suspension; -

fordgpaingr ovimet er so as to generate a turbulent flow
within the 25 mixture; - a second tube of a |arge
di aneter so as to generate a lamnar flow wthin the

2. i XThe Riechanin® o eRfn i ARty %Iﬁﬁﬁ %(ﬂ{eahg] ?%‘dhxﬂg L8 na
neut r al IZITQEE sol ution on one ‘end arves I'ng o % e
solygfiquatha gesrthg dysieg solution, wherem the mixture incubated in (b) flows

from the means for laminar flow into the means for adding a second solution.

3. A method for using the mechanism according to claim 2 to isolate plasmid DNA
from cells comprising:

a) mixing the cells with an alkali lysing solution in the means for turbulent flow;
and

b) neutralizing the alkaline lysing solution by adding an acidic solution.

4. A continuous alkaline cell lysis device comprising:

- a first mixer or injector capable of injecting an alkaline fluid in the opposite
direction of the cell suspension;

- a first tube of small diameter so as to generate a turbulent flow within the
mixture;

- a second tube of a large diameter so as to generate a laminar flow within the
mixture;

- a second mixer or injector for injecting the neutralizing solution on one end and

harvesting on the other end the mixture.
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30 78 14. The device of any one of clainms 4 to 13,
wherein the second tube has a dianeter inferior to
lcm preferably between 10 and 20nm or between 12.5
and 19 nm and nore preferably equal to 16mm and a
length of 5 to 30 m and preferably of 13 to 23 m 5
15. The device of any one of8clains 4 to 14, wherein
the third tube has a dianeter inferior to 1 cm
preferably between 2 to 10 mm nore preferably between
5to8 M and a length between 1 to 10 mand nore

14.pFlef egvags! §f et oeenf glatnas 4o 136 whikein ﬂﬁ\/ﬂe@@ndoﬂ‘ubalhyis @NBameter

o g B o S S St P o

prelfd’]!ﬂﬂjzéqlﬁﬂ sl 6thinQ Bnd £RHEMIAS th Gohh%n@ 1%%
genon c DNA, RNA, and %ﬂrhotel ns. ergdé%?f:ie?g)fﬁ;rﬁy

one of clainms 4 to 16, which is operably connected to a

t f S|n ca
1 e o L SRR a0 P P R 0 0 o
to tom, Iprdfemblyfieomedn@ tbaplrdrhymBIeXprafef‘a%U beHWERETR s%mMah@a fength
le on, that, lyses cells; and (b) means for | am nar
bet?"le Oofbp‘é‘rth‘i’rﬁ Praberebly petveen Rita f’@ formed in (a)
wi t hout substantial agitation, wherein the m xture
formed in (a) flows fromthe neans for turbulent flow

16.] | "ﬁlneodeVB@ dflasy oB@ nﬁclﬁm’fs 4 ‘@rTMSnwhelfehOﬂYe sdddnd HigerRtikiectok in Y
b %%ﬂn%s furtaﬁ |S|ng a_nmeans for adding a
5 aB% ] HY%C %@umes‘i 3 %)é%thnﬁésulw inghespregipitetion of a

gendhid BNA, m@Argrggtﬁil&gmlsncubat ed in (b) flows fromthe
nmeans for lamnar flowinto the neans for addi ng a

second solutlon 25 20. The nmethod of releasing the

f d I
17, ERXGR olraR fe 37 e A T6C R F mp bt spracirg B i for

fermamtdiny mx a ceI | suspension with a solution that
lyses cells; (b) then flowing the cells via a neans for
| am nar flow to permt incubating a m xture fornmed in

wh h [
18. &ai?\gqﬁéétﬂ%k¥ ?ég@g@é]fs' c?hp?%ngaﬁd\%n% thet gr n@ﬁotﬁlgﬁf(é?a n?eans for
turbiuleni ﬂbw[lb rtﬁjndlly l{nﬁt mcélf'lleusp‘aﬁm Witk ahdl‘ﬁ?ﬁﬁthaﬁd g@% celf; anf(b) a
ntac e cells via a neans 10r a
meggl 35 ARG JIVBH PHER: HEAEHR6 A egrn rmegdr ) Sgiaut peantial
aglﬂéﬁ&f NHRreih fheGR )J‘nﬁe e flf g%kl%%%ctﬁﬁ Henddad f<$1J dang A Jnto

he means for | am nar Into the nmeans tor a
mﬁﬁﬁﬁmhﬁrbmhnmﬂbny and plasnmids are rel eased from

19.  The method of claim 18 further comprising (c) a means for adding a second
solution that neutralizes the lysing solution, wherein the mixture incubated in (b) flows

from the means for laminar flow into the means for adding a second solution.

20.  The method of releasing the plasmids from plasmid-containing cells, comprising
a) flowing the cells via a means for turbulent flow to rapidly mix a cell suspension with a
solution that lyses cells; (b) then flowing the cells via a means for laminar flow to permit
incubating a mixture formed in (a) without substantial agitation, wherein the cells mixture

formed in (a) flows from the means for turbulent flow into the means for laminar flow,
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the cells. 5 21. The nethod of any one of clains 18 to
20, wherein the lysis solution is a solution
containing a lysis agent selected fromthe group
consisting of an alkali, a detergent, an organic
sol vent, and an enzynme or a m xture thereof. 10 22. The
met hod of any one of clainms798 to 21, further :
conprising at |east two chronmatography steps sel ecte
anmong ani on exchange chromat ography, triplex affinity
chromat ogr aphy, and hydrophobic interaction
andc(s) epriedgiedhhyell@a athenadthddingfa ghandsdZion VRS, @uftalif28 the
[ xchange chromat ography, .triplex 15 affinity
tysRe IRy PR ool PR OB bfed iar Gk gy from the means for
landifer dloRt DG i iyeaRS Eatladliihgt ]S hgd, o
claim 22, wherein theH??FE?&gﬁ%gﬁg%%Jgéﬁﬁ$gﬁg¥¥%F%%ﬁeé§Dn1
ﬂmﬁ?@%eded by a lysate filtration. 20 25. The nethod of
claim 22, wherein the first chromatography perforned is
preceded by flocculate renoval. 26. A nmethod for
21.pr efiar metob o by omuisecl EhB 816 2N G SRR E'%F%oﬁltiﬁﬁ &P Hiution
ani.on 25 exchange chromatography and triple helix
CO{AMBER 5P ABHY Srﬂ%c'@é ik Aie gAup eqnsisting ofentuficilioh deteagemt, an
' r .se St of hydrophobi c
Orgi%ﬁ% ‘gér]g%{%’l %dr(]& acg:jhrgr?%#%tg gg‘{‘ g%}@eﬁ%ergo ibi nati on. 80 28. The
net hod of any one of clains 18 to 27, which is anmenabl e
to .scal e | ar ge- scal e manufacture. 29. The | arge

-up t e
2. 5ca Wg{hr‘?gd"fgfm ardctleimsntd e gl Jurther ecopipaisimg et Dt two
chraiab &la ] i, | s .are fl d via.
ety P, L AROpF ool Pl EBhanfar sy, Pific by
chreynaparplyo andiydropheot intérantion khtoraysespteel | s; (b) the
cells are then flowed via a nmeans for lamnar flow to
permt incubating a mxture forned in (a) w thout
23. subBicamtihall ofagaibAdD OWherdACIhEiaRidhh ScHil -
formed in (a) are then fP%Jgga?g%#?$ﬁgh%€§%§ﬁ?§éﬁﬁnntnphx
affinifi ghyogrograriw, i andohydiephebienintdrastionachimamtogtaphy @odr (€ )that
ord@' € contacted via a neans for 10 adding a second
solution that neutralizes the |ysing solution, wherein
the cells mxture incubated in (b) flows fromthe

means fo amnar_flow into the means for adding a
24. e?&?@l@%‘l’i?{n Jrm Zhvherin Fhedisss ehsomatograplpertbrinedns pieeeded
by aq%e{@ﬁﬁlragoﬁ_epar ated by ani on

25.  The method of claim 22, wherein the first chromatography performed is preceded

by flocculate removal.

26. A method for preparing highly pure plasmid DNA comprising a step of anion
exchange chromatography and triple helix chromatography in combination.

27.  The method of claim 26 which further comprises a step of hydrophobic

interaction chromatography in combination.
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exchange chromat ography, triplex affinity

chr omat ogr aphy, and hydrophobic interaction

chromat ography occur in that order. 15 30. A nethod for

t he production and purification of pharmaceutically

grade plasm d DNA conprisina»&ﬁe step of a) production

of cells containing plasm do , b) preparation of a

| ysate containing plasnmd DNA by disrupting the cells

with the nethod of continuous alkaline lysis, c) a

congentration step by precipitation with an adequate 20
28.2ge g‘? “{‘]’&Ogrf’r}é‘ﬁy ohe Qz%lﬁ%fg]@ te RY ORIl i aamanpblette poaleip tp large-
scdld mBh&adigld X chromat ography step, f) a hydrophobic

i nteracti on chromat ography, and g) a final step of

diafiltration and/ or buffer exchange. 31. The nethod

29,11 SP¥ JRE5 1 BhET ol Curhe i oo R e BRSAGNA, wherein
plas@idiédr@dininB U8 ae fiswid Lk ermand f&ﬂﬁpdﬁgé?llt ?logvetetfgpitdg mix a

filtration, 32. The nethod of any one of clains
celBguspensiamwith agebitionithaj lgsedicelis; (W)rthe ealls as¢ dendfoved vii heneans

I . ch Qired 0 step. 81 33. The t.hod, of. cl ai )
fOIB%,ﬁﬁnﬁ% eﬂel Nt ﬁéel%gpﬁ?ﬂ%?ﬁ% iaoﬁ”’%t“s pPQPBgEr”éa@hi‘Wﬁhom substantial
agitaiph ophéraineths aells miktthé @rnAdn PA) 4rareet AYHEd 8Sm3the TBSs for

of claim32 or 33, wherein the diafiltration

t ho
mg‘ﬁ%‘ﬁ fi‘m‘rﬂtpsthﬁ gnaaRe ferolaméngr dlpw, snd t(epare deatagtedtiing mbans for
tal f : r . step; .performn
A s T O
incplatéd imigflews doan thedingnd for dirivar Sb@Pined &icnEkaiald: Mding a

' i ti itable f trolli the final
scopff At A g ars Tlesc KO 1] S (e spparasd Pesnion

exch c i i i ;

e B ERRY AR FRAR. b M eragh, phIENREHRSl: incraction

chrometogtapby peginyn tabpsler.ar e performed on solid support is
any organic, inorganic or conmposite material, porous,
super - porous or non-porous, suitable for

30.CAraembO gAY rodRRA ki@ Penficdibs bri p%aﬂéa@ﬁﬁéal’l?%ﬁ@éj plasmid
wi t h pol y(al kene glycols), alkanes, "al kenes, a nes,
DNgYy epewrising othgestep nafl ak redsictio tof cestis esontaiting rppdmoidi DNA, b)

: t . The .nmet hod ,accar di.ng, . of
prefSGELE] L' DR RRE R BN P R R sRCeh P o
of mhﬂimnglsg@lgﬂg{eylyisis, cid fcbeetnfbtion fief b ipredipikfidn O%ith An adequate

e naeda. bed.
agené % an anion exchange chromatography step, ¢) a triple helix chromatography step,
1) a hydrophobic interaction chromatography, and g) a final step of diafiltration and/or

buffer exchange.

31. The method of any one of claims 18 to 30, further comprising a prior step of
flocculate removal passing the solution through a grid filter and through a depth filtration.

32. The method of any one of claims 18 to 31, further comprising a diafiltration step after
the last chromatography step.
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33. The method of claim 32, wherein the diafiltration step for reaching appropriate salt,
buffer and pH target values

34. The method of claim 32 or 33, wherein the diafiltration step comprising the following
steps:
harvesting the solution from the last chromatography step;
performing a first diafiltration step against Tris/NaCl buffer;
performing a second diafiltration step against saline in conditions suitable for
controlling the final buffer concentration and for stabilizing the pH of the final
plasmid DNA formulation.

35. The method according to any one of claims 18 to 34, wherein chromatography steps
are performed on solid support is any organic, inorganic or composite material, porous,
super-porous or non-porous, suitable for chromatographic separations, which is
derivatised with poly(alkene glycols), alkanes, alkenes, alkynes, arenes or other
molecules that confer a hydrophobic character to the support.

36. The method according of any of claims 18 to 34, wherein hydrophobic interaction

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



