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chmca\fvglﬂe c Mﬁe%ﬁ@) pfr%ﬁ{plgzatlmggg’ Q&glc.s upe?ﬁ%?lll!ﬁ% P l%lgﬁ% DNé%re@ngn(*b) a final

concent mg, c?lgrec itated, s &g cione%ﬁ d freat
conee A G ST & B ] T ol Bral Y P fecor
proce%@pér%éwé@ﬁyraeﬁﬁdquﬁ septh) rREBCErLY W IVkHo WA sthesasenriched i
supercafitdgpipolyeibylene glyedt of alcohol#idnciudiags bltusotiinditethtoetbaroln a third
aspecgrrhemaa%@edmr anekedi iae }ama{efaﬂm&l%ﬂr%@ﬁs\e&@t@fpa(mgg@aee microbial

ctly replace ultrafilt (I ation pracedures commanly us Lnal

fermertagor Wh ]l? 120 T 54l erc 31% )ﬁ d]% (tb% concentrating

concentratlon uffer exchange pI’OCE ur I puri Icati
said pm&%§umfﬁeﬂﬁ}|ﬂ§smtd DNA by mlczoﬁltratlon Lmder a taswenital flow filtration mode.
Precipitation of the supercoiled plasmid DNA in step (a) may occur by well known methods using
polvethylene glycol or alcohols, including but not limited to ethanol, methanol and isopropanol. The
microfiliration process of step (b) may directly replace ultrafiitration procedures commonly used in final
concentration/buffer exchange procedures of plasmid DNA purification processes, minimizing
recirculation rates, filter membrane areas, and total batch volume.
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recirculation rates, filter membrane areas, and total batch volume. In one

embodiment, supercoiled plasmid DNA is precipitated from an enriched,

clarfiedeeebidlysatesihecoidiqsieell [Psatasthadhasdténmenrichedhal, clarified cell
Iysate %%P%%QE@&}P'@%‘%Q NA dus, %H&%%@@a&%&@al%g%@trﬁ% fo upstream and

Rurlflcatlon ess Wlt P step |nfthe novel. downs am
prior \\mstreflm U1 tl roces Cil llr nave downstream
concentration/polis purl catlon pFOCESS ISC ose ereln

Concelﬁﬁé‘@iﬁﬂ‘étéa“ﬁlégﬁﬂﬁﬁm/Q‘BC?FFeHlsélﬁﬁﬁéé‘@al‘ﬁo T rBRiRGH afsratetNA 1s then
subjectath deniartdiigeintiabfleindfiltcatiotrrrgede] Thwsltoneremebodimenthrelatediterarelates

to a 1%@&%%1%@&%@5@%@%%@ BHA fresn ayeall lysatadfcscale microbial
fermen‘%{%g %&f E r‘% §1| [SES 3§c1ﬁﬂ£@% Qlé: t:! chﬁféﬁeﬁas@x dpfﬁ@p'%twg}iﬂs@dand {b)

concentrating said

Su erco i
conee f§8m|f§’fid’“’s‘i}6@%|lﬁf?eﬁ?8§?ﬂ|d’ﬁ@,&j b?%ci"é’ﬁm‘éi‘t? ‘ﬁ A R Sggal flow
filtratiffopeditidoniaddfetTherppies ofi thadbalproe auy bf aeel distiépirserhiiiptng process.
Thus, parbed asstegivise, fitEatiprprecess.sublusiidd ghamithdodiment,described above, is
concelﬁ‘gi% W@Q't@é %g fm%t W@%f&?%z@@%! @i qgﬁ:&'l 'Q&gv@gf %Yz}?rﬁ%geﬁiﬂ*aﬁon and
a waasew e 1itratio ces ISIn IS Hiral
e B e B SRS SR ek 0l v ane
mpuria?éci%.ﬁa%@adp%%?a BreALERIPFy g Eéargﬂﬁa%’id%%%wﬁarﬂﬂtﬁpwmé@m and
furtherAseeunktiliratbrnstep s ptacktis ghe PEG withirnthe DNghpiesipitédenithNA that
can beeihan@l sl furhescareentsates thesplasimictRNAseesulingdpadinalwalkr dryer

apparaR[S’qH&irOzI gt‘ﬁ@é(%%e&&lﬁ%ﬁ‘ id ENA“SHDSJ}& ;ﬁ&k@ %s@%@dﬂ%@&%}f} eﬂﬂﬁmg pressure
Thls nd fi ste n take place J;f% liter. dryer

wdered for
ﬂm“&bﬁ%‘}a‘fﬁ%lﬁﬁ é¥18gstT ‘é‘"& TR gﬁe atiOH t?f ‘h@lé“%‘fb RS fiiggperootted
plasmiglidy) ﬁéﬁﬂﬁ%}@a&@m@rgﬁﬁ@ﬁi@ﬁﬂawai%ia“énuﬁﬁadwi AgtichIferatEes; (Rprecipitating
said sighsclasdindxelatEsto alm@mGdanﬁ,p(w}iﬁ;dmg:ﬁwegcmkeﬁrepimw pbAcdieplasmid
DNA Q&%”&Wﬁ%ﬁ%@%@fﬁilﬁﬁgpp%@ &H @i‘@ fﬁ%ﬁﬂ%@ﬂ%tﬁ&%@i@@%l&%m mode.

Said &reCIP IetaP Q::%t}gl?'lq Su ercone d D IAL 'iﬂa?g G; anghigbgng step comprising
concen ratlng sa preC|p| a I’COI asml I'SR?,&

microldfEiRRs B AFRATAO Jey E@iﬁwk.ﬂa mfeffafﬂt?‘é HEHIR ai%ﬁg%ﬁﬁaﬁ filfj-containing
diafilufiliratibrmodberSaididtd pliisaifittranidn peovessacoiprisésofaymdiret of PEG, and
optionfillyatian:c oge niAtREG:6HapICaRPLISING AMietafiliiatian) unader damgertial wherein the
precip ﬂ&\é\éf' HS&Q&&@}%M&%@' @%ﬂ%}?%}@%‘@&%@ EE%&H&V’APQ&M (d) a second
dlafltrat|on buffer rein said diafi atlon buffer cont ra§ ff|
ﬁltratige) ﬁgnce },5% mﬁ 6]@]&@)@? (a}]ad seco ona S at}ﬁn 8 e%rsnésé i dé A)a% Lﬁ) . In a further
embodfaatin BN fbETpitated d(&f)'ﬂéraaf@ﬁwpéﬁéﬁ%ﬁéﬁ Qﬁ)ﬁéFém“tﬁ dilter dryer including but
not linpretipitateds-plapeXooitbd lasinict Dkr ispartiaflyaenhydratedstiydhes]l mode.
acldﬁéicam&@;@aﬁm{m(@élﬁc@es%ngcﬁmmpﬁlﬁmﬁg@ﬁ{ﬁmgeat%sﬁmm)/\afmm a cell

lysate o?ab nd q;'%ﬁgtrag;%giat?&i an oss;[ \]ifg § /Vx);s%tsh recl,n f%a{u a1d s erco;ied plasmid
iIment, e SGCOI’] tratlon and 1afil I’atl te S 0

DNA gEB el n@%w&%a@ﬂaﬂmﬁ Buetise! tlmﬁéﬂli’éaﬁ%ﬂ@@?&l&%% [qgneentrating
said pfijtanitelisgeplasmdepidres arstfifitmtion andbineasstivieedaeliitige. Mnae embodiment of
this pagliselasdieifuithestplatesiieatomethadtipustiyingaupercoiled plasmid

DNA from a cell lysate of a large-scale microbial fermentation which

comprises: (a) precipitating said supercoiled plasmid DNA with alcohol,

including but not limited to ethanol, methanol and isopropanol; and, (b)

concentrating said precipitated plasmid DNA by microfiltration under

tangential flow filtration. In one embodiment of this part of the disclosure,

said microfiltration concentration step is part of 6



a stepwise filtration process which comprises: (a) a first filtration

concentrating step comprising microfiltration under tangential flow
a stepffiratfiatp) aRestdiniehatonrsiss dgainstith Bliviionlieosetutiving wwiserejmprising
microfthetethandd cargeetr dtientidifsaid Golution Halifficient:tp keeprsmidthanolic sohution,

whereUREGRIIRA RasiueiRINA spreginitated; Lok @iéﬁ@@'ﬂgegltsﬁ%'gu%ercoﬂ%d plasﬂmd DNA
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plas""ﬁla@% BYRIA B(}Gml@ﬁoﬁﬁﬁﬁ%ﬁﬁ?ﬁiéat‘én@"éﬁwﬁﬁéw filbaitioted(0) il yNA by
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precipRifANOiNANdy (h-consentratingnaaid padialby Q%hygﬁ@é@ﬁir ﬂﬁ@cﬁk@&ﬁg dehydrated,

pl\é@mg irre }gi gll fﬁtg{ dryer. In a fifth aspect, there i is provided a
prec}prr?ét d of éurl ﬂﬁg Cseupchng d plasmid DNA from a cell lysate of a
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clar :fyﬂﬂf%lﬁﬁm J&Q%&é&%‘ ﬁf‘%&%d@é‘m@a‘%ﬁ@bﬁ"a@&{%@@@ﬁ%&%@g (Sfecipitating

rmentalion

I h P d, (d conce tratln
s s s ot s Stageiapme

DNA Bl iffiaiiaHoh Bes: W@%ﬂ%lé?d\é@ﬂ“ﬂﬁ’éf@’?§‘iﬁrOV|ded a method for the
purificatibrspésupercoiledyplas mickDMNNofrdm arc@ihtsaiésopadaitge-seated DNA

from digrobiakfermentation. Vﬁmﬁi’bﬁ@mﬁﬁ@ﬁ&(@) Mﬁ&%&&ﬂﬁkﬂ;ﬁ@&c@p}ﬁ v'@&?ﬁg microbial

host cgﬁlﬁgﬁpmﬁ%mﬁg fation. ?59 s:(p)ﬂt}/ hast cal B in alggifﬁ ?:gfv

unt of a p {|SIO (0]0] ical SIS o) utlon ectin 0St C

st sELRT RS RS i Eﬂ?[r‘é iRGHREPA ‘8%‘%‘&?8 AGHH T Hthir BB G e
to betyigen 2abpi AbbUE pHdL3beHY) nbutralizin grtheradlikialin s hifkedhesh iljshtesto Tysae 1o
approx@ppreximatelyothipktiofutifecdysis dutieadehclatifingetheseell fysatel ofsiefg host
cell dé&%@%@}@%@ﬂﬁ%‘%t})@@” @I?Qf %Wﬂb &Q}% %g&%@flP EGq KQ&%@OQ‘Q@ ectively
premp%%%i Oé%%l{lateld ho eclll %9\/&5\2&(1% Sel?gryz}/c! V. g{nelcg%g'%]& )111881er§r0011% e-induced

VA With'a hexa cyltrlmeth [amm

P*em@ﬁ?@abn%ofﬁdﬁ%y ffé%ﬁs%*aWﬁfﬂ?é%.sé%ﬁe%féﬂﬂdmmﬁd%g&rﬁnlg a well
defineimpiffitiesfinmainvelld definedrbutie rof dptingizednivniv sthedgthdandyfirthed calcium

silicargoniadaingp hiydratachicrysiplized calsium.silicateufh-adsarhing Leraaiing silicare-

mducé&n Qwéﬁlféawngj)%?&?&&%ﬂy Q&B\E‘P& & ?ﬁghﬁgdﬁ;@}& I%Sw‘g’@teékl)n ggx?ceegma‘{mo the

t iled plasmid DNA (K)
Precin g8 RgeniFat A e e it Erep Py

dehy dgtipgh Gen et o i atipricrisde DN paitiakgdtiehyelr atibrg chel preeipitentding the
dehydsuperepited BENAWIth-additieh Gfkethanol;{a) oancaptkating:thethanol.

dehygdratedsunprcailed AR S&%dz@ﬁklc&'ﬂlgfa&f Yelnah o) dii nghéﬂnaceutica
grade ?Iasm &%%E r(;?et 8%, uﬁaggrelip ct)%ro qaigweél BLMXI 130 ggédt rgntl {(ggtsceﬁllnl al sofa ]eve§ of

rmaceut
purity acceptdb e for admnnstrat;en to humans for any known prophylactic or therapeutic indication,

including but not limited to gene therapy and/or polynucleotide vaccination applications.
As used herein, “non-supercoiled plasmid DNA” refers to any DNA that is not supercoiled
plasmid DNA, including any other form of plasmid DNA such as nicked, open circle, and linear, as well

as host genomic DNA.



grade plasmid DNA" refer to a. preparation of plasmid DNA isolated from

host cells which is of a level of purity acceptable for administration to

hafriaas e any Wiowr Srdphyraeaized tHatdibetits maraiien isididioefqg particle
"countdjuttnict fiamitedtiie gend fréfapy ahadfoggahrbactedtide vacdinatiorbe monitored with
2 laser BRRICHLONS AS WsQENrein, "non-supercoiled plasmid DNA" refers to any

DAt R notsupersaled. PIRSMIHPNA fcluding any ofher form of
asmid DNA'such as nicked, oﬁenycwcl%, and linear, as well as host

p 1 " 1) . v '

genolifd ORIAN7 AdRiged HE eI "N PRI AbrAQLIiZ8k tirbltgy scattering,
spectraphittomeTin bickspiengefinticagupheticfecelbéuhts” which pass by the optical

fiesldu@efcﬂl&idbmerg&!ﬂ"ﬁéﬁﬂ?@mSﬁM@Mﬁﬂhldﬂy can _be monitored with a

lagerDagedl oleCale: %%@%%lﬁ&»@@?%ﬁﬁﬁ%gﬁéﬁén’ "PEG" refers to -

P | §§‘3’L%¥‘£n94¥ _?alfw'“r%fé‘é?ﬂ)gﬁ&ﬁém V?t Q' I5fers to - optical density

6
nm-,"a’light scattering, spectrop ol&g%?ﬁc measurement of the

niBEFof kEAEmIC Wsiséeitieréin, " opee i@ Ry B d dvastisn - o -
cetylirkstighchinenéim BWarefers to molecular weight in Daltons. As used
haraitsd hizA Micretars terzldRid Rameyal-AeamcalAsuseddberein,
"GIARY fefers i hexadecylrmethylainmonium bromide - or -
cetyﬁr|methy1émm,pnlum bromide -. As used herein, "ncCaSi03" refers to -
hy e B stz SHCRIRURCEIERECD ~As used herein, "IPA" refers to -
isoprephitin. ASHige@hereitrafFutiaters to - microfiltration -. As used
hereiged b efeTs Tobufidtratitration bufs useghkeseipproSipaffett Tris-HC1 (~
pH 7.006 IS RY TR RPEIPTIS gL ARRIKIRAEH ARMT sHiCh(1 i 7.0-9.0),
about 50-100 mM EDTA, about 8% sucrose, and about 2% Triton-X-100.
7a WO 2006/083721 PCT/US2006/003015 BRIEF DESCRIPTION OF
THE DRAWINGS FIGURE 1 shows E. coli cell lysates allowed to settle
over a 2-day period. The lysate in Bottle 1 was generated by
resuspending cells in a STET buffer (defined herein) and incubating with
lysozyme (500 U/mL) at 20C. The lysate in Bottle 2 is similar to that in
Bottle 1, except after lysozyme incubation, first base was added to raise
the pH to pH 12, and then acid was added to neutralize the pH. The
lysate in Bottle 3 was generated by resuspending cells in a STET buffer
containing 3% PEG 3000 and incubating with lysozyme at 20C. The
lysate in Bottle 4 is similar to that in Bottle 3, except after lysozyme
incubation, base and acid were sequentially added, as described for Bottle
2, to induce an alkaline pH shift and subsequent neutralization, This
figure illustrates the potential of PEG as a
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flocculant for cell debris from alkaline lysates. FIGURE 2 shows 50 ml,
centrifuge tubes containing various cell lysates having an initial OD600 of

wASRgspum at 16,000 X g for 5 minutes. The lysate in Tube:dMmaSaes/o03615
generated by resuspending cells in STET buffer and incubating with

lysozyme at 20C. The lysate in Tube 2 is the same as in Tube 1, except it
was subjected to an alkaline pH shift and subsequent neutralization (as
described above for Fi ure 1) after lysozyme incubation. The lysate in

BRIEF'P@&QW&Q ShetHRE §pend|ng cells in STET buffer containing

3% PE@@@M@%%&QMQ@MYM%&@W@ tats@0€oVEhe Aybateiods (ithe Ysate in
Bottle ISsie:GRMR 8% #hkuhRi3: EXRARL b TYaSHSEbICead-t0haria) lsadii %maﬁglxﬁm
iysory RSy BAROE b REHIRIGaNon AGE YRARINE JIGHRRHRIN. NS LBA:ysonyme

e 5 s the same as i Tube 2 excsegp G was a

incubatigp HREPRIGR R R AR ZER O R a%té‘ﬁ%%lfé"\’ﬁs Hi 5 T Eabieptt
The lysaig In Auibe 2y oxsepridinateconcetitatidin io SR BETB000 wEsEdd BEG 3000
and incalbtgitheialkatinenplt sttt/ nenstralizatianetep ik Kl R o Shahawsiturbigitypt after
lysozyrﬁg?@c%ﬂﬁ%%&fﬂd%?dlm?égéb&?\ﬂ% Hzic@cg lég%%txli‘é/e%l forlﬁ%%yﬂ% nll:>d§ce an

alkal n‘g@ﬁfg# PEG STET = 3% P
: éﬁ’&é“ﬁ*?‘é%%&?‘&faﬁ?@%3%‘861%?%3?&%‘%&%@? 8&%&%{&’&9 BfE,
flocculgpfersilbdabris froml Bplardyprieibated in the presence of lysozyme and
subjecteriorakatine g nahiftlacicke &llbﬁ'sﬁdiﬁﬁﬂﬁﬁlg REGusteoksekitionsofn mitial

ODgp di*'i@%@éi‘%ﬂﬁ&?&%% k%ovy@g%t% (REGA99:9 g Wers. 24eddR ARV resuspending

fth e.to ac eve final P concentra,tlon of between
el R S R AL e D T e P g T

1, excepps pirfetiiieiatuire ol approkintiians E@Fﬂamt v eipOBlerribed above for
Figure meﬁ&ﬂwmgntsmmbak&*}(ﬁgmrexﬂm)bgﬁgwe kchavig & piotekhQRBeth STET

buffer &%ﬁ%&gﬁ%@%@o%%ﬁ% %QQJ‘&E tRESaN fﬁsmgegﬂb‘[he same

3000 FIGUF% l?eghows IasrggdtP NA pr itation curve. for
a

as mTube except’it was su ne en neutralization after lysozyme
increasi concen IOI’]S |n ysoz met} ?‘F ysozym

incubatigprd e Deate BlesO R 6REhHe GBTeb?ﬁp%rh@@%Wé ﬁa@vp%%és@%w alkaline
pH shifdiagramsadif4tian final TergentiatingArokshingoprecadiresioflenge-sadle

concenﬁ%?r;ﬂd@ @M@gﬂ%ﬁﬁsﬁ%ﬁﬂ@é@éﬁéﬁ 7A§aI§aNQ p@@@rg I;\)illzglilzatmg step. _
ct solu
different gég uﬁg%gl ur}é&e‘?,&] 8%%%5% Sdrop i sol B%/ BIBRA
lysozymgs X §dﬁﬁoﬁq‘8f]ﬁy§§"§%ﬁﬁ hgﬁ(i?ﬁgqsléé%centratlon is >2% W/V
howeverlEh&de 48 nul dBationsDNAbsolifisi ity Bi@ tolsollidionibmperatixeulation
of E. coi diNAGRNeRnt atendaniia irnhgsdaestg ﬁlﬁﬂyxﬁ%@ﬁﬁb&@@iﬂ%lﬂﬁﬁﬁe pH
shlft/acgal}léiﬁsdﬁﬁml e%% &%L%ltﬁumoélsoc% W Fn?mo{gcruigrewreaz‘%gs E%qu&fj & é)m Ae

MW increases, the critical mass o cessary to precipitate

added 'fa é@fél&&é@“ﬁféﬁﬁeéygaﬁém@%ﬁﬁmé’ﬁ&ce?ftsﬂrﬁt'ﬁiﬂéaﬁféﬁaw oo and
15.0%. shpoeshlinnmbrigrecs dlows thattlfite rapoenSemimetis agpaatertiant hours,

and theD P Qb iritirhd Nad mpreuipitated. FikakdRE 36wandRBB:sDo,sepehilifte and
DNA Cg,m&gmqgg&gtgyﬁrmg% £ihang! pidures. Concentrations of NaCl

are on % ?}R%no free basis, FD%JI‘G 9A shows that NaCl concentrations of
1.8 to 5 shows a plasmid DNA preczp;tatwn curve for increasing concentrations (0-

8% wiv) of PEG 6000 in lysozyme/pH shifted lysates.
FIGURE 6A and 6B compare the general process flow diagrams of two final
concentrating/polishing procedures of large-scale plasmid DNA purification processes.



3.4 M have little effect on plasmid solubility. In Figure 9B, lower
concentrations of NaCl were studied with various concentrations of
weihanalsskhe dashed line represents the plasmid concentratiafrthedonmisteh 15

be present for each solution if no precipitation occurred. FIGURE 10

shows the solubility of NaCl at various ethanol concentrations. FIGURE

11 illustrates the extremes of "salting out" and "salting in" for IPA-NacCl

systems at two IPA concentrations. FIGURE 12A and 12B depict plasmid

solubillfRETHERY AT b e (i) RRCHR SHtesm ERibt e S gt shovs
a sharp drop farokibitsy FIGURE 2 3ciHiow of FRG-JIBbwbidbabEshebfithettisiandatd fow/v:
boweveR iBSIRicHH0 MAsprecintatedtamiae JovoiNa 1 eofistinn  0rA2NNicsaealidlORe the
range iVASHBREAN G2 rd ANV AUORRER C%S?;h@telg%i@ﬁ% WMo IR SHEHoR kg,

was first retrieved from an origlnal 40% ethanol concentration, and then
e

studied; but a5 RAMVAHICERSTR A BUSA el FO0RSSata s RareRitHRioN b SeFgses:
The relEI(VEY Staiitie eddnirishef PN darstinittipidn nBRARSCD selniign. Figure 8
shows tiacdranIessbigieake gAsigailicesdyhighemtiimnens meeipiiee0% ethanol
is obsepuea G UREEL4AShawsRameaie valmes cllesiad Q¥eL M Gires.

during microfiltration of precipitated plasmid. The initial concentration of
ConconigRen SNACH A e e CALER BHGH 16 SR F3P RBlA ML SR et 18 o

3.4 M hivpibitis sSsersiotvairnbRildy Sodiawe Buipusisioretie pag €Akl gerpstudied
with vatiohdRiifcewtititionodd egreab el peyaehie M @verthelooniisenftiarion that would
be preseRXRE LR LA, PRIVANIRARIESS R Jeadings of 10 prig throughout the

filtratiop, Ei 14B shows. the. ethanol and NaCl concentrations during

it o TR BB e Al LU R ek B VR han,
FIGUREGSREC -8 aisrdbe sttpmstohiebnaribuahisaies preepRadd!

systemsdurmgiPiignegliratiomsunder tangential flow filtration ("TFF") conditions
using Masteifexsize 1955461 bivainsofak fard iangeeagapkpPdiian,, win

Sodium%gg&féltrasg ﬂﬁn':a! l{gtea éLaE?é shows results from a continuous

d ,
precipitation/microfiltration study using a 100 kD PES membrane and
precipifatig fuith 209 YN meiiimb ﬁe?#@‘fé@(ﬂ’ R St oPiAER R wrecipitated

from a Thirfilg) eatisraldSU-B0 ol ciitiinsAftembdant 2200 TLltGHONAME:, 20 in. Hg vacuum).
This m@@%/&&%%lﬁ;%@%%%g @1%];@4?9 %;% _&ﬁiﬂpﬂmﬁiﬁﬂ@f@%ﬂﬁiﬁ&ﬁ%&h @le{itlbag?an after
ecrease ano 0 O ItS 1Nl Igur Q resul
sthanol BRSO Sl S IO ol SRS L Y Ve
V plot ipgicinp A % A OB TR AR vt O i YR Tt e ish P ettione is
observegdso about 30 mL/min; however, a one minute lag time was incorporated
betweeriversalanshbiliepmigise,dokes BaWs L@ sutSifHo Man, SXRErinash of

precipitggéf&mg. Sﬁw lf?lﬁtgﬂ EQ@EBM'LI@H St %ﬁ{ﬁ &Q tﬂ‘e%%c?%ggi MEMREANE L0 for each

data Setlr%gu%la? time); however, 50% ethanol, rather than 40% ethanol, was_

d 't B LR e B DR AT REERRS & g s Bl R s it
no deﬁf@-ﬁg Artlperadeiedtibfrone thecaoos vivhe trarohethii igun BB )bt eeadings of 10
psig thrE QIS8R MGtEaserRAe 4B B fig: e dltraliDNeX patisaeatidas meng dhdifation
of the p?égiﬁlﬁaégsﬁéf&tﬁﬁﬁl}%lﬁmn with 80% v/v ethanol.

FIGURE 15A-C show three attempts at continuous alcohol precipitation during
microfiltration under tangential flow filiration ("TFF") conditions using Masterflex size 14 (5/16") tubing
for feed and ethanol addition during filtration. Figure 15A shows results from a continuous
precipitation/microfiltration study using a 100 kD PES membrane and precipitating with 40% v/iv
ethanol. The feed flow-rate to the filiration cartridge was about 30 mL/min. After about 200 mL of
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FIGURE 16A and 16B show two attempts at continuous alcohol
precipitation using microfiltration under TFF using HPLC tubing for feed

wodethanael;addition during filtration. Figure 16A shows contipg@igsees/oo3e15
precipitation/microfiltration using 40% ethanol concentration and no lag
time. FIGURE 17A and 17B show process yields (A) and impurity levels

(B) of two purification runs using the plasmid DNA purification process

described in Example S. Purification of each_plasmid began using, 75-80
porme SO o S AL WIS B 15 T GPURE I RIBR o e s
from a eAioHT PEIGR TR a S edr o eE affakridon RRDF semRreanegyy in
precipigtmsiantdthe paraasit adhsiipefooilect: BNAILYESaD BATLAMANgVarauSone
minuta?l@%% %&b&f&#a&fiﬁt%@&%&i @;%Mblf\lézfﬁ g&%&% sﬁféﬁétf}@%ﬂg%&ﬁ _lﬂ_ﬂ‘ tet r

. flocculation of host cell debris ; after first calcium silicate
e A i LM B AR AP S 28
howevera it et ismelataisatbin 48%orianmt A6 utrierorcPitinbepjaspd DNA. The decrease
in pel-m?:%ﬂgpje Wd@dl@ﬂbﬁgjhahﬂ\lﬁ&@mw??éd&viﬂ?ﬁgl E](E)%Fga@i pHEBLi Gt ?\ﬁd}ressm‘e
increas® HHAHOR SRRl bré ne

quantiﬁ&%?ﬁﬁ;%oxﬁgg% ELtT/mIﬁ), Eét@?#%%éanﬁ%@%ﬁ%%r;&a} the .

~ same s?sz €S 0 ,eaBurl |ca{1|?_)vrvl B’r%%essp déseribe ﬁllr’)sﬁcgouf)e _fRf ﬁ?ﬂljﬁl‘:g
mmﬁitsag%weg%%ﬁ&téﬁ%g [Wbig fatsrhindetisy s eldides dyis Al gogoe 104
shows flogoulatestcalltyisataias@ ttanctioing i fiviatiGhd Boconoetitratidmoddaaneby

CTAB igiatradueadiatorthendysabe:0yy REAING 206 MG AR IR AG M

purificHON iR BoAd M DIRIR DR o o prbt ot Sobod SRS o iom of
invention refates 10 a scaleable methog oﬁogy of puri ymg cinical-grade

each pigpidhep AR SUHg thdRaucdl Breduistidts 5atd Aniddndrdassd pitnse Sieure
17A coppustiessuitiy oft comsidedethsthidiiNg (smdipalg)hitopenstiod shfgrercent of
superc@t@éﬂﬁ&@%mm‘?ﬁéﬁﬁﬁg-%{m Salkdysise Eﬂ&fﬁﬁﬁﬂon process: cell lysate ("Lys");

et rafiltration car 0 . ever en .. .
e SRR oy M it b
ﬁdmi@aﬁnﬁégl&%ﬁﬂé&%ﬁm fatlBrE HEEERRdAtsan st i erggn and
filtratiqpaAlRGZB Othdighsugorendtid ARt thig vag natitzat dinimBRG priticbetorerd
subseq@AAMPISfithRieXpeRSCIHHBWFIRACITBISoSpa At (QeMaianst Buflersn (s

EU/mL T RIS g%‘é%ﬁ%%ﬂﬁ[f% ¢ RIERR A% 8?%9_{59&&&‘&'&1%@%Qd\&%bed in Figure
06/083721 PCT/US2006/003015™ prohibitively high unit cost and poor

" capacity when applied to large-scale plasmid DNA purification processes.
A recent $i58Bdriows Sepanisii lapsiicaturipe@y S(5A3pg(Uns, PEG 6000-
flocculpiebkientiparnaiber SO0 08).chagisce niliet aaternativeuced into the

lysate qugg;ﬁ% DLNG RYEHigatianPraGasgihat eliminates the requirement of

relatively expensive chromatography steps while ensuring the isolation of
rain quantities of plasmid DNA of clinical-grade quality (i.e., useful in at
DETALER REth&F VHeRi Rat DAY BH& gene therapy applications). The
presentThyertion futhbmexpandsupdebhorgdaldiofogenepatifygne chiniomigale
plasmiSERIAARIAIRIO GERIRSION tRGRUSIfGAIRN RELIRGRFAAdR RIGREAD PN Ifsidered

i 5,20 dhe Present nvsntion deptfis aernaliies 19 D 6018 o
. erations o asmi purirication processes, the
{(microfiitration/ultrafiltration) and chromatography. However, when isolating pharmaceutical-grade
plasmid DNA in large scale, said identified, principal unit operations must be tailored to suit the process
goals of both high quantity and high quality at minimum unit cost. For example, the expense of raw

materials, such as resins and buffers, for mulfiple chromatographic steps has proven to result in a
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generation of a clarified cell lysate and the final concentration/polishing of

supercoiled plasmid DNA. Therefore, the present invention relates to two

warasnikpperations common to plasmid DNA purification piQegssesis/onsets

including a novel upstream (i.e., prior to and including host cell lysate

clarification) and a novel downstream (i.e., post lysate clarification)

purification procedure. The disclosed upstream purification step includes

a two-part lysis/lysate clarification procedure whereby a cell lysate is first
probibiXel FARE A HT O PeRI SR b BQPB‘ﬁ?)ECh}?f‘ﬁéd%eﬁfﬁéfa‘ﬂé%ﬂgﬂﬁcmn
procesgontaining Gupercoiléd. plaemitbDidaicand. 8876617 NS ate iskifveriool avified
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requue%éﬁzad??eﬂ&%h@ &?Qﬁ‘?\% %g‘x%%tggr x? h!%l (s durther gu Hiified Mg, o an ?ﬁfémiﬁes

downstream processes ownstream rification ste

of plaspid Dl ?f&é‘ﬂﬁ%hgfé%%ﬁ}ﬁéé’s’és“éﬁﬂ%éﬂ U AT RSO d fgnan gene
therapyoanwirdting a Jhrauessiitvensby fktiseridp DR firt sprbeisitatad feonepmical,
scaleatBO lbiQBs@NIEhe Gunitb.5aitoPINA - sk b edriasNuiiic alio Bra eRSrigeaid
inventilth ‘i@&dﬁé&‘&l&%&%@ %‘4%' '&@éﬁé&h@%ﬁ?@ Bi&liﬂﬁh%ff@{ Sad AYak S&LQ&J&&P G

rocedure, and subjected to microfiltration ( é?ﬁlnatangentla low

senerafigh o6 8 ¢! ?HB’&%@H&S% ﬁ?fé&‘?)f&%ﬁ%?ﬁﬁ&“&’&#?ﬁi PE & HHRECTOHORIRid PNA.
plasmidIbiefoprde e isaihvtenting feiatheiodescriisattihprteien plifiewn to plasmid

DNA fherinichgdtpsticiatmaing adovnsieant P ifisalien.siepshafitheqprese Nsate

clarxﬁdﬁ}’&;'?H:%ﬁ&eﬁ%%%ﬁl\@é@ goditonalpueificati Ehr&f&f%%ﬁgﬁéoem&!eu &g
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isclosp SR B EAHE PSP &%, ?«;%0 &bt r%%) U AR RS ey @
cell lysgfotigelt ﬁf@g@wtﬁ%fméﬁst@%mh@m@ub%ém@ﬁ thesiptfidagtn aapyme
supercadsigribeddiavainid fernaetictean omenalkstatEalliedoukificationopngtessell debris.
The pliYfMEIDIES uﬁ&e&é&%@g@/ﬁw&sﬁﬁ&%&@ﬁ%ﬁ '@ﬁﬂﬂ@t RMNAL iitainthe

conn R o e
eﬂcom%%%‘é‘?ﬁﬁ@%”@ﬂ?ﬁ%ﬁ@ﬂ’i@%ﬁw ﬁ%ﬁﬁféﬁﬂ@%t@&%ﬁrvé%%&éﬁwrﬁ@a%ﬁ first
precipigated fresenieddweneinhddovignveid DN wayarg pthespuafamiplesintende thibe
removdlmﬁr&aelﬁr%ﬁﬁm&g&%@wrﬁg Q@%@ﬁ@ﬁigﬁﬁa&g&mﬁ@é@ rqﬂ@y@d?&@éa fo

mlcrofr }%aﬁon (tr%@ énzel tahtggg%t&lljﬁ L&?}% ';%8 Iedl’lplagn Led f\le'?‘nifé%.& 11 lh.en be dried

ysa eo rge-sc micro ermen a’uon mprlses ySing

to formy g el %étpé%ff&%?ﬁ’ﬁéﬁ‘nHb“&fﬁ&r&?ﬁ@ﬂ??ﬂ%ﬁﬁaeﬁmﬁe%ﬁfﬁﬁg fp¥ear and
downseedhlpsateatensi¢h) ol drifyingrsaidiyisnteceb stepda)by ftgduiatingfostn
proces€8lifaidise Mtdafusthey Bmkadinrst ﬁfﬁh&ﬁﬁmvcﬁmi%d ¥ Qatent
Apphc:?rg% %’%78%‘ ﬁ%&” EOQ%’/ Q%ere?“ﬁ%‘b?é%c%e@ %‘i RIS L 9&99%%%% uk%ﬂze

ene ore, one em t e resen

either ?ﬁ\'?8??tPcf/ﬁhFé1‘é{‘E§éﬂE8”éSFﬁ%%H85&I8%eBE}ﬁﬁ}ﬂwﬁ rpulsra gyl Ry Eigrdon
procesfargishsesitisimn drotsicivéarniefitatidawlinhsoodipidest J(sa\)dt}mngemmr@mbf the
skilledhosi6 el satl@ni diRinEASHPQIGONER asiE L2 P fasMiNgaeni@ $Ince ddy satejuality

requueﬁ%rg@ GJ»%? Bﬂp&éﬂf)‘i‘eyﬂ&% t&l@ ﬁ@epﬁ(uﬁ%QH&Q%J&%EC&I&QEHH%DHM are

G. The microbial host c€lls are harvested from fermehtation

pmsen?‘?]%léﬁ[ﬁ‘ﬁ Bﬁ‘ﬁ?"ﬁf (P9 A e R BRI P It iR Lt iy Rrs e tsaigrore:
acceptaBite pubrsiiteng ofahsmpmetat S TED dfferjae method of purifying supercoiled

plasmid DNA from a cell lysate of a large-scale microbial fermentation which comprises: (a) lysing
microbial host cells containing supercoiled plasmid DNA, forming a host cell lysate; and, (b) clarifying

said lysate of step (a) by flocculating host cell debris. In a further embodiment of the present invention,
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appropriate dilution. One of skill in the art will recognize that optimal lysis
conditions, in part, depend upon the concentration of microbial host cells
wehidbgstysis buffer. The host cell concentration (OD600) g-lysis:buitBso1s
at which optimal lysis occurs can be easily determined, as demonstrated
with E. coil host cells in Example 1, infra. Optimal lysis conditions can
also be measured in terms of a dry cell weight ("DCW") dilution of host
cells. An initial OD600 of 70 may be preferred when lysing E. coil host
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1 o OI’ %aﬁﬁ ﬁ on t ate. process

Thus, any J58ie'D trhat oes 0P stbatan ect ora
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CTAB-based, downstream precipitation steps since divalent metal ions will
prevent complexation of plasmid with CTAB. Additionally, the CTAB
WaNgEHLEaLtAN range in which to precipitate plasmid DNA is §eRendsitoosers
upon both Triton and DNA concentration (see U.S. Patent Application No.
09/875,379; supra). The buffer pH range may be adjusted according to
the best results determined for the particular microbial strain; however,
the preferred pH range is between about 7.0-9.0, with an optimal pH
of the pegpre Ipceis dUNBIYEE. B Un valhintike wav odihsaneshilespribsbhrin ditiosyer, it is
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acee & T 4. an
~HEE e Bl
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may be present in the host cell lysate, either as a component of the initial lysis buffer or added after lysis
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value which enables complete denaturation of the soluble host cell
chromosomal DNA, e.g., approximately between about pH 12 and about
vikhdokdRMel time, exposure of supercoiled plasmid DNA to thigs glovaiessois

pH will also cause plasmid to denature; however, due to the small size of

plasmid DNA, it will re-anneal easily when conditions have neutralized. It

is important that the lysate pH is not elevated above approximately pH

13, wherein plasmid DNA rapidly denatures and has increased sensitivity
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the Iy PR PIGH BB TS ©2) YRRl Bl BAA L b e
the plagind Ak 7 tinfrededeinon Stretdsanbydbeware. thae percejiedpidsaiichBdtAated with
use of (BB QAEIPAEAL: kS WO RINGI0F344d LLliIFR006/A03Q4R NI hehi@hg but

not xme&ﬂo%g%emg AmpPg L%E@gpgﬁ wihilethe alkaline p e@a&%ﬁ vty of

Su segkent neutralization step descri erein removes a portion of

DNA af high wﬂﬂa%&w&eﬁ@ﬁ%}ﬁ.&%ﬁ&ﬁfﬁ Qenz:*ﬁé‘ar%ﬁé@ W Ridirakned, Bioen,
75: zsm@aéséaaﬁﬂgmp@aégm@mmpMmfammmmemmenmmn is also

importgiifos ifi-ach g uhsegsan de wnalizaionsiep-al thaPrasanhivealian iFsate.
Expeﬁﬁ@ﬂf?ﬁ@%gﬁ p&%%ﬁ%é&%métﬂ%e&fect of high pH (e.g., pH 12) on supercoiled plasmid

DNA (presented in Example 7, infra) demonstrate no damage to supercoiled plasmid DNA when exposed
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lysate for the flocculation procedure, not to lyse the cells or clarify the
lysate in itself. Thus, without being bound by any particular theory, the pH
vehithgfdbepresent invention has proven to be an important grepasaéginsors
step for the subsequent flocculation of cell debris (described further infra;
see Example 1). Again, one embodiment of the present invention relates
to a method of purifying supercoiled plasmid DNA from a cell lysate of a
e-scale microhial fermentation which comprises: (a) lysing hast
o 011 1610 SIS SN SLbRTEEHBo GG DI by et carp
neutraligadigtestendtseihed et meprsase 4pssienaishe @?&)@BWEN&I#@HH@M@@J lcomplete
clearancleibiis: Afierdadiesicaiblysatedsganamtathiandopiionally subjestethitopH

shift an@@uﬂé'é@m@ RELsRan Qte?%%@&h{‘i‘ﬁ%ﬁﬁ%%‘ QLBIGRAD Pepad *P@e%st cell
host ceII s floc ulatﬁd to r%'{;sﬁgj e host cell ffgbrls eW out
s

Lysate fO“ ﬁ?‘o S GRS &‘a’ﬁ tb’r%ﬁ& P S 5BGiRdH

being bg@ﬁ&hﬁﬁ@%&ﬁﬁé@qw&@m AfbPaRRFRRS RS SRREDTRGI eévdmmlawrtam

preparanoy kgt tte, sshypaien d plasarick BN Acbid(saltthie] chnben ogaiat Bkample 1).
genomlggm%nme%sdlﬁﬂm%@ g&ftnnse%ﬁ?aae&wsgmmfﬂgﬁsw@m

eff sflo latio ost ceI debrl com onent
s B Rt b0 SARERSELL AN S e R s 0
lysing hasymjerghial sl ppdnins vesmietP et iiito F?@ﬁlfrgét dett yldvsatsy ik ()
clarifyingetibiyscis dlosed ) @reincgnbatly lenhatickdrithelsepaedbiityeiigaiclis generated,

and optf@x‘z@ﬂ?}@@j sedhlysatanAlRwie %ﬂtxﬁ%@rgﬁ@é@%@ RILAHER NGRS 9 descTibR)above,
the hosg ceﬂ grsat %P mﬁg %@g 1[e];|}§)CC atrlorhtg furt er C&%g IF € Ie})’%{% t%csg ((:)elhl%l%A cell
brls can se tIe fom solu 108G ation (

membr@@&l @%@%ﬁyhswge%aﬁégééémfmé%aqmie@ﬁﬁmgaﬁaﬁ f\% b ingugpcput are
not limiteg td. Supriroiies ! ascliddingh bud swtiimitectoscontimgousdehliifudation. A

emboamﬁsbfmgi@éh{%&nﬁ&i Ngle Q@Mﬁﬁi%fcﬁi @’f@&lﬁf&%&ﬁﬁ&h Resed daRtRrs is a

compoxg:—:n? ) %%Q;?%}?E; 1&%1%% adaion é%ﬁ@téﬁﬁ% 00N QudSTONE roesaceﬂqysate
8 romt Fysate ¥|%CCU ate I‘IS IS remove

after by Bt ettt p%‘gfﬁs&aMA f@?ﬁammtwméq%ﬁ&dﬁjﬁ&ﬁgﬁﬁ?l&%ﬁﬁw enhances

the sepfigaithisy plrdfiedianiay fdnyothen dontanisartst ipyedpitatistr etaprigurifitABOmn be

perfornDARSIRS RARCBMNPASSIRYIResE: KRRWR R e AFtteid deh%eﬁ@t@.ﬂtseme from

squtmﬁABR’kl%gglﬁatmg (959 @Ztﬁe?g garﬁj‘] ef@c%géoe ?9?&3 %ch?lfza c Vi rngtl o e?b Iflp Si5 RUCH

disclosed as art 0 the resen invention. Flgcculation of host ce
X8 15F@BP&?&»%W&‘%&‘&%‘@é%ﬁ%?é@ﬂﬁ?&?‘ifa?ﬁ’?&é@gaﬁém fOrRIATLA B (-5 using
cellulogiepy Earypperpesrerdl based| deb fltres brafidechiatioh ageaitids @ epetdigtion, to
remove(@@dpsl spidymea) sadate. clagfynpaidiculata suspansipnsvhaeraehysepdetoiled

p}asnnmr@hm%g%zﬁam{@aaﬁ%%tmégmﬂm% Q&gtﬁﬁlecomammms
sus%oensm he flocculated material rep%nsentln%hnsoluble}ggrtlcu ate
t olubl

by dowpsER RN I PSSt AR GTAS I RSUOAVEP. Tt ol Higi g prtication
No. 094g78: 3?9@@gg}é@c&%@?ﬁ%ﬁér%ild%ﬂﬁﬁmgemé@alwﬂﬁ@ee@raﬁtbmrqmmamgm

those celbdebtisflatsdestibied hpreitnican hgeasihn cepaiatadfiam, i.c.

formarSRWHIRN @61'@%@%%9&&@nﬁlfﬁg&“%te6§*mﬁjﬁxﬁmﬁt%&m%g%§rmz¥'¥ a
polyme% fer (?ntf cﬁrs 15 WO 2006/083721 PCT%‘U82006 0301,5 can

e exien I%ccuTaatlon SFanlljo(ﬁls Ing uet ?ZIOE'E1 ml?e nﬁj]uecegsu a%)é‘ﬂ%: g
agglomerpinrdiey adigd b‘h%@&PMc@ﬁ Slaseudten énﬁtﬁatér@pf%@%@é@n&@é@mm}ate
matter, ftec osilailt sdsorptionmates Hodeeontentiationbid@utiolcecdlisigmeratabrandial

formedGRAGEMIAN AR ANGcSHSRENBIGNHIIIAY £AN NS FsSHRLIAN isthoughl

separatg% from solution by low speed centrifugation or simple filtration methods. Many different factors
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occur as a result of either the charge of the added flocculant ("charge
neutralization™) or its molecular weight ("bridging flocculation") (see
wenEpipisgyR.H. et al., 1996, Bioseparation 6:17-23). Flocculgtigmisvidsaozo1s
charge neutralization occurs by adhesion between a flocculation agent
that carries an opposite charge from that of the material to be flocculated,
causing either an overall neutralization of surface charge or a local
reversal of charge and allowing effective particle collisions and increased
can affih ey S{RAR O P HEC EOR S O A CEERRA BN Ao 41T Es fERTRsa Dt Y and
physicalbehaiaistirionot depentiene lponltedcitartlanolsoritenveighndrdtsentration;

particltR0166: iROINMRHZARANINCOMRAMHSRA nagTEegation.af callvlammatesiaheh o
occur aQY ré%ﬂﬂ 9&9}!&98%“4&‘&29 é%%(l: Qé&ﬂrﬂé’&‘aigmrgﬁaqg% k%&li‘&nﬂf’&r il %‘iécmar

and is more e endent on flocculant molecular we t and/or degree of
welght  RARER ?&ﬁ%ﬂﬂ"éﬁdéﬁ‘?‘é GtoRRiadoH [ tedahy aBdmaﬁéan%fyﬁa}a # o Hfightption
via chargolesmbiralieighepolpmdetra Wispersidncotletiio itaishtieloss Thepposite charge
from thilpgRBaRiadsesbs fla:thrisd dace ofimara thampreuehtheipastieleddicdarge or a

local re'x%%%&@M@é‘%ﬁ%ﬁ%ﬂﬁi’?&n@?ﬁ%&l nIBgDEn 190 IRaT A RUMPEEOf

different flocculants can be used to aggregate the host cell de sas

tficiengy SLHBSH FSTRIA® ritHiER Bt o mﬁ@&%r%ﬁﬁﬁ‘e‘if@?% o 'ﬁ’(?fi/g?ﬁ%}f?ﬁ&
molecufgivpeitd prigdealty eCeelingz{éoy. leroraitppolgeransioslhrgitdafengicrial by
bridgin@ti@nit.ancationia) ontinthasgethdbhbsic icoagambariiment GfpdiRnt on
ﬂoccmm%ﬁgédﬁy%%ﬂpampwg JR%%@JH&@OHS %I&QIHQQEJ@EHCI;&IL)Q %bfﬁally achieved

eqgatio theh st cel sate enerat % scrlb d ove It
by 200 R T R SoUp (AL TR g dsors

to the Sbféaﬂ%eE%ﬁéHaaﬁ%ﬁ&%ﬁme@ww taisefeamatenntigepiioming them
togethaintended to be reserved (i.e., purified), when choosing the type of
floccu |@@B@n@$¥$§h€§é¥&@h8&ﬁ&9&%@@&&ﬁ {5' igﬁe%% %&Bﬁ@&@ﬁ&bﬁ@ R

descnb%ﬁf I;g{g Em'\fpﬂl Itc riag#] zrrln{tgg It%se hﬁlxn nzu orta e%l? L{gngs)% Ider&lt'l?r d occurrmg
sanega ely charge charg
(e.8., ChigsaR) RAREI o dei#f<E CoHRBINIF Rﬁmﬁherﬁee%ﬂ?&fé Ea%%éﬁap%émbodlmem of
the pregigbifisstiodesiapler Apositivelysehar ged:d octtdkdni willragejredgatbedelutad Iysate
genera@RY - Q100G Withethe IQ@MMtW&&m&%@gtﬁQ QaRuciieds JNesalRtgaititended
ve RISIRIEPIR N8 e e charaod: and Rele. eieEble R, o,

unc arge er is selected to per orm the floccuration stép descri 5ed
purifiefepdp C%O%ﬁ%tmpmg%wﬂmﬁ%?gﬁ?%{ HOREtRYRE Y B ey grocess.
In a plagrmd BPAGXBCUstiaffectine fidopulamt isnelirsatesdeoisttiriRY HlasmigaBiAX charged
biomolBlale 18 @GRHRNIgyRAL R NEAMPASerbef FRREAMBHRIIS (R 16 Hu i dicterial

cell deéﬁs”ﬁ%?m?aﬁ?e”%@&m% G &‘é’%&?&lﬁ’ﬁ'ﬂ?ﬁ&%&}& aRie &%"r%tﬁ& %thﬁ

mers with molecular ts of up to 400

Plasn“%B%@fﬁfm *8\‘7&1’36‘%‘3“ ﬁ%@e@rsdmwﬁsq@wtwam%w&hf@@&?@%m
preferaglqdtiiih anaebirand vrdYorso eisiing 1P RGwadhiotziyl i sqrdvenbsdhstpin. To

this enfirdfi ehasmibdeRNtRGRHRR I PIaBY (B Cadneidnedicamaenisianrdiant for
lysatesgu?ltt %léﬁnﬁhﬂwg 'péa?s E%M%@p&%@%oﬁﬁ&&{lve 8}?&3&%@%@% -

host cell debris from a microbial ysate solution;

CHa) 9 G349 1 Beoft 5 B 0 830 8™ St Rl i d i o8- PEG
polymrpvatl mplpsa i flutietinnonm io H Y0 ate ¢oiprosslblewlabPE BEstiscprapatible with
most ofsaditienahbridging flacttlatian:mecharisPE® hetrby:te hdehrisviit et $rofile as

itis an %E?&Hé/nwmﬂjm? mlfyﬂﬁéec!wnter medicaments and ointments. As shown in the Examples

herein, PEG induces flocculation of host cell debris from a microbial lysate solution; however, the
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adsorbing onto the polymer surface. Alternatively, PEG may exclude an
unidentified component of the lysate from solution, wherein this excluded
wapdaréalsthen acts to flocculate host cell debris. Thus, PEG ischareine/oosois
identified as a flocculant of microbial host cell debris, wherein a
"flocculant” is defined as a material which induces the flocculation of host
cell debris via either a direct or indirect mechanism. It was shown by Lis
and Schleif (1975; supra) that suff|C|ent PEG caoncentrations can
P’-‘BC*S@&?%&%% R RR e A g AA e Aot earaibiafihBEs atods
traditiopddeidbing rereiativnisyahporambaishy thié debrieénieratio At REGUSe golymer,
adsorbifgibiiniaethenpassinitity ofplasmid BNAprecipittiansiuingdntomponent of the
Iysate fﬂ&&%&lﬁ%ﬁl'\ﬁ{&& 9&5@%x@f%%ﬁ%&BMQQH%&%&&&Q&Q%@R%@ aSRECTRESPEG is

lonjc po t e extent of flocculation. is likely dependent on
v R PR AU e LR of e AR s o
materiahyRipfierdOpidhstiiatmintigne Brodsnldleipisival s e ditiriotial g gpechanism,
appropiiaies ebnee birniianasitlem olent lapweghtsafiRkL te@ehievtrihiéns can

precipiROBEf '{}i%nkfﬁ?@%%ﬂ%&fsﬁﬁéh&&lhgﬁ Q{'ﬁxe‘&ﬁ@tf%ﬁg daming z%ré{ﬁ“lﬂé’a%ortam
factors such EL[J“SE: e.of the sml(:;{1 NAto e

that the Eeiess B B S e YIS ENE e cos e

par ICU ?’IOSt ce

EOCC“LI‘H@ﬂ%&?%ﬁ?ﬁﬁﬁﬁﬁt@t@ﬁ@%nﬁ%@ﬁﬁr@ﬁﬂdh@@%él&‘F@rRﬁEﬁ@f’rﬂ - PECDHdhe
extent efSedcidafioculiditdy aqantienlar bhostiealidysate refyasantddidagrhitpotesediation

of the jRFhEMast £ffisientdacculatio cf\rﬂfaﬁ?ﬁétl%ﬂ%@ hEmACEVRGR mée&m%n and

uIa dce lular ris al ount.of
motecs T A B e R A I IO i i
variety ﬁféﬁ“t?ésa%‘ﬁ‘i’e?&ébelﬁy%?ﬁ@?\@hﬁfﬁfbﬁ Fewlﬂ%ﬁ @Pﬁ? e pgeyaidipst cell used for
plasmid¢Bhidentrdtioatias. whencdisingn atiowam ofpcetanweigtdni i lBnand tidoular weight of
PEG p&%mmwawgbarﬁ@mM&:Qaiap@f@@ﬁ@s@r&la %{am@fﬁ%xﬁe@@ A58 most

6 Be @"@{ bet ee G.p er.concentration and
[ 1C1(3I1 QCCULARION O E’i% y%ewnﬁon anga&@‘&) mo Cﬂllla%d Cﬁil%lsc Osed

us any SpECI concentra ecu ar weig

Combmﬁ% FER PRI ATARHST P pEs QERorg B e Eer s&2aplueEmIE Hhafigent
Hoccullipaitimgytoe thivee hiionlasaatishlewleriixane et PEScreekingostudiesovesevhen

using alRibialiycanduetgst @GQB@@WC@ME%ﬂZ%MC@ﬁ@&I&ﬁf@Eﬁérecmt&d that there is

a ciosefxlr(l)ng(xg) 9%8&1?69@% S%ﬁé ((:)(Ingg _&}e[t‘l? Cﬁ” d ecuﬁr !}fe\:/iv %% adneGI %{mlned t@m ic PEG
iS a_highly effici locculant of E. coli ce S, espeua ter
concenpsafiayand ?r%g‘t?ﬁeéﬁ aéf”ﬁi%“f‘:d‘i?o‘??e&?e‘?? %éff’é ‘Q‘IaBPP BHFRORS "‘ﬁd be viewed as

a guideliphrokrpidieiieHos!s tovapjsroximetely: pH 12.5, and then back to
approximatelymp, Sshknbactefiad eelt ysaipsdinmcid eolifemne RIAliRrize the

ofects EPPIRIRIAG A-BIASN '&&u&ga%%%ﬁmaﬁ%egﬁp SHUSLBLIHEAIEBI is o righy
officie ch% afsEsrgglwcn n Fi éjre% %; r?s (Zﬁﬁmg cel stln STET buffer o
escribed stpraj a di l?lli’ uk?ﬁ?lﬁba ﬁﬁef & Lot po ek rOh AU
(e.2., pHeshalt Froomeppreimate! ﬁaﬁaatwmww@bm& &2 20Chandattidn snbjsionryy pH
8.5). Bysatel telbgsefacidrrEaiidainandi¢d r sastspendingueaisAnSiTibdsbuiter
T iy ’%%’%‘?Sﬁ@aﬁ%ﬁ”%%ﬂ e e e
s A P S BB LBH s U T B S oy i
mcuba%awh(lw&b@%&&) Hterrdaberiatiraiogdripittecbecssit eevupn; 2044 pervgnding
cells in-3VHEIV@{RO064083 72 1% PEN 3BR0AGIOARE 1othysgrawit yiaiohdend heblysate s sate
to basePlRMRAIMEID Lﬁ%&tﬁ?&n\ﬁ%qr&ﬁmﬁ% t%%ﬁW%éi&g%gc@ation of cell debris

in the pH-shifted, PEG-treated lysate (lysate #4) after material wag permitted to seitle over a 2-day period
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characterize the observed PEG-induced flocculation (see Figure 2).
Aliquots of said lysates were incubated for 15 minutes and then
wonmnrifuget:i Turbidity measurements (Figure 3) demonstratertiieusmtionesds
PEG as a flocculant when added to a lysate subjected to base/acid
treatment, showing a solution turbidity of 16 NTU after flocculating with
5% PEG 3000 (lysate #6), compared to 730 NTU of the control lysate
hese results dicate t tcontln entrlf ation can be
by eSS AV AIGN SARELD o SRR e e ek BAT o
characiizgipsomien DRREEordamiHdr sidpien sionTizienidyind sl 2D sekiritgre
incubainit @ UE using capblishicgdifiadiD T tovprepasa sarchaificgibwan dxemple the
action HHBRE gsmmﬁnﬁﬁemgé%mw &%}P@M@m@%ﬁaﬁ CGHPh . so}utmn

ccuylatio ell ris, d crlbln
i O B e B A PR e
COHUO\A@?@%@W%ﬁ?aeé"njﬁm@sﬁtgwété@v%taevﬁévewnﬁ&wmmeﬁbﬂeisémmlon
clarificofibvostacell debpisatclihe Bfiedisc0 hiREMGIdonec et fiandabE Amolegulsg suspension,

acineviﬁ’@égg‘ﬁ@ﬂ'f@Qﬁﬂ@tlﬁ&@t(ﬁgﬁggBélﬁzltl’%ﬂﬂgﬁbp%%ﬂe gt%l%ﬁgélf?éﬁm%xmnple i

re |n ated usm a reen|
further%eﬁllonsgat ertﬁ) rma%t?: S féf%gé: Ceﬁn e%ns n[i)o eaﬁs g gl’?t gfim r?acdhatlon O bactenai
cell depsig A fifrtyeeiikiHdnghe deree IS?HWE@W%%F%%&@‘@WQOH and
molecthasefgbiovireamientas deserbedbibovibe YarioilcREE stotkisohithonsell debris.

The efﬂ%g @f MC@Q@@&W&[ %rﬂ‘%&gclmpv»}e@gﬁﬂ Lraicieatsiof thedyaates aiesulinghcrerial
|ons of b ?%nusabout 1% and 15% @l/v@/gase?e mléures

cells contamm N Yokt g a rapid screening e 0 sefiim
ﬁ n a OWG to settle a room tném%frature %rgapg;oxma eci &

PerfOYfH%ﬁFsofffﬁé%qa?ﬁ@ dt selifedssontdoinspateid Bty of e Suphindermrsence of
lysozy$@® BDEOOYwexkiom bas(atiiserckigaesditrdDiNAe OrantrBHEOt(ak solutions (PEG
400- 60@@@!&1&' ﬁﬁédzcbﬁ(lte\ E@(@Mo&r@ By I%%E%t%}muﬁg IR aveRR dhERGhs of between
about 1 Vﬁl%tl%?% II%gu?ng%rg%hg y Ccugabnt aure 3t J0ese. (esults

emonstrate or exam that a concentratlon ange eXIStS

approxjpp{hi L haarf d“éber.‘éo%}%eceﬁaﬁé%%ﬂlémd 10, BEDHHER A1 SP P RER o) were
measugBiseA Spvitaldpl dShic BINAUp o pitadtdonndud dwwesialsoy) entrapeadiont turbidity
were firfhés iHOQQMmksR LPRGERLONTRBgEnO{Iheiness). aleu Q¥ aad ik, for

exampﬂ‘yvh{at @ﬁ%’fﬂ% go%le&ﬁ%%%fpa (% I&Qﬂ%o? (pllﬁgﬁl @?Qéb%f '#i'oecc%gtégg&t DNA is not

invention SU%GI’COI ed p asmi NA Is purlfle from a arge- scale

orec oy 5 Rl ol g AR L0 RGBS 14 NS AEPRB GaZE
6000 opgrritamimsistiperesited pasmidRNAT oG & tos) cetl Raaes)and, (b)
clarifyinghsaititysatadratepi{a): byflopetdadingshost, cefeadebeispnMinia DNA is
purifich @&mffgiégcs%é‘ljé @ﬁ@&&ﬂ%ﬁggﬁg?ﬁp%g g%@ﬁ}gﬁeﬂiﬁﬁcﬂ ly&%ﬂsgsE@ ?&sxlgﬁolsjt%hs
contammé F“Peﬁc’%pd eﬁ)asmlg B%fls}/ Sfomfnil%sa Eost cg Sl?l?{sate at?é?j}% c?aré?ygx (Ié/sate in step (a)

e presence a phy
by ﬂocgt%ﬁ&ﬂ@%ﬁ#@@ﬁﬁéﬁ%@ 5 3o @ala%&éyt A%ma@ﬁ/woiwaw&gf@%ﬁ PEG").
The hesetigicarsbe(ysed hdypadsageptbraugbe abhant eX thange gpgfardilySraie presence

of lysoH$e Oﬁ%ﬂiﬂ'@sp Q_%_lﬁ%%gf/&g;dg 1} QBQH@WeP %?é%}?ﬁé@gy ﬂstaAltematwely
e flocculation of the host cell
harves%&g)r S??F?pgtcep W oslsyl%er in Gh il %Xc?méﬁe SR %i%osea m PCT
mtemﬁﬂé%#ﬁé‘&@lﬂ?ﬁih ?f%”é%&mﬁf)o?’éé? Fﬁé‘%%@'?%?g?@gé&édmﬁo
floccuifioes pintrereincsitbilocs gomthiwit mpnipaek.dmbdidiiadiup recipitedeé o PG NMid

perfonl%w Awcliigine RRRedImen: Of IBe RISRENLIDNE U M NENOFhed8 WA flocs contain

a minima Oag{(())t%% I%"re%%?a!t%t? %95(1)1161(/1(}9&21%1 one embodiment of the present mvention, the host
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cell debris is flocculated with the addition of PEG, preferably of a
molecular weight greater than about 1000, more preferably of a molecular
wWeighthabveen about 1450 and about 15,000, and most prefgsabidoiionsers
PEG 6000, to a final concentration of between about 2% and about 5%
(w/v), more preferably between about 3% and about 4% (w/v), and most
preferably of about 3.7% (w/v). In a further embodiment of the present
invention, prior to flocculation of host cell debris, and especially when
cell i [SEHLEH P ORI 0 -GBS SAE CRFAGRt han b
1000, weoeprssrthly diostadedhlysatizlis wtibjer tbdutd 450 atikadivet AFI0ShIfiraimabst preferably

of PESBlIER GLemidN estidalizaibansienas desenfaddersins o (Ws), Sfid preferably
betwee%mfagwea% QBH}%S%%% m@&b%%]e@ez% supescailed, plasmid DNA

from a cell lysate of a large-scale microbial ermentatlon C mprlsm (

lysing h8&t éﬁ»&f&&?ﬁ%ﬂﬁiﬁ@f glibe REGHREL TSR R IREAC Forriripmatstical] debris,
and esposiathy; Whynstisjee thepah es ostensiihps Stetiof Stepiffe) toanchikftinempploskift the
host cellgbaSL I SEELRAL 1D HRHEMIFN sRNdnicuBiagiiyin g-saithREbS bifled Meats-aherein.

Thus, e&ee@&&%&%&u@ﬂ@&ﬁ&&ﬁ&% Sekyi gg%mo?e!mggn%wﬂ'H%Uwﬂysm of a

: mited t%P ethylene glycal. In one embod |ment resent

arge- S?%“"’e‘ﬁi‘f&% 1% TR a8 ‘R@’éi’ég|E°é‘p‘ﬁrlb*>ﬁ?ﬁﬁf81§gﬁéﬁﬁfé‘é}?‘éﬂ6ﬁ’ﬂld DNA,
forming|y tpss el dtsot i abieprintahaiiystretiveels abser (B0 Badnshii8sbifband
subsegiesuibafdhedbufferdinovhichihg dpsicelsareyniliallyepUspsrmiRehafigds host cell

debris I\Vﬁﬁg Siygnmaxﬁé @%&T}Eﬂ-ﬂ@@gf & Eﬁ%@@i@@ &9&9 rﬂx@nl@ﬁﬂ:ﬁ&:'ne;lp & the
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WO 2006/083721 PCT/US2006/003015 cells are lysed may or may not
contain lysozyme. In the alternative, the alkaline pH shift and subsequent
weusadisaion step can be performed after the addition of PEfgt9iddeaizors
lysate. For example, PEG may be present in the initial lysis buffer at a
concentration which has been empirically determined to effectuate
flocculation of host cell debris, wherein said PEG-containing cell lysate is
i then Jy ected to the alkaline pH-shift/neutraljzation step described
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20 WO 2006/083721 PCT/US2006/003015 exchangers. Additionally, the
novel lysis and flocculation procedure of the present invention creates a
weeadtam-which cell debris is easily removed, including but petlimied 03015

settling of flocculated cell debris and decanting of the plasmid

DNA-containing supernatant and centrifugation. Either batch or

continuous centrifugation, whereby the plasmid DNA-containing

supernatant is removed continuously as it is formed, can be used, The
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lysate flocculation. Lysozyme incubation alone and/or in combination with heat Iysis may be sufficient
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lysate flocculation. Lysozyme incubation alone and/or in combination with
heat lysis may be sufficient 21 WO 2006/083721 PCP/US2006/003015 to
veifegitvely-prepare a cell lysate amenable to flocculation. Ong-gkikeshémeso1s
the art can easily adapt the harvest and lysis/lysate clarification
processes disclosed in detail herein for purification from bacterial cells to
purification from mammalian cells. For example, said skilled artisan would
be aware that lysozyme addition, effective to aid in lysis of bacterial cells,
to effeciistidRBta ﬁ&é&%ﬁ‘?‘%ﬂ%é"rﬁﬁféﬁﬁ‘ﬁ%lPW§F§IIﬁ4é?é§?ja%ﬁa‘éﬁéé’l fnadpgt the
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cells to |¥§x§1c§i€ﬂ'ﬁ‘6% ifioatioref plastskpNAfDRIRastHalsowaulth kel yhat

Iysozere :Eﬁf { fro Q Ve lﬁ) a%lggtlf 15 oquay %qgg}ﬁsf%éﬁ?ﬁ&lgygeg%m%égﬁﬂmnahan cell
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(via flocculation} process of the present invention to adjust to the specificities both of a particular host
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mammalian cells.. It will be within the purview of the skilled artisan to alter
the lysis/lysate clarification (via flocculation) process of the present
wiyeniiegsta;adjust to the specificities both of a particular hostZgod&e/003015
2006/083721 PCT/US2006/003015 cell types and of a particular product
biomolecule to be purified. For example, exposure times to elevated pH
conditions during the alkaline pH shift/neutralization step described herein,
in addition to. maximum pH stabilities, will need to be considered when
cell typaR g AirfoP A SAE RSP SHRle RS Ay st FoBFifERo fiprotsdEnes to
elevatefigititechdsitha tulivel Usadkitithetria §antinlientionrtprdierbedificatiom eddition to
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concentration/polishing step that results in powdered plasmid DNA
product. As used herein, a downstream purification process, as it relates
JoRRsmig-RNA purification regimes, represents that which egeWr$aft&n3015
the initial host cell lysate has been clarified, a result of upstream
purification processes (e.g., -23 WO 2006/083721 PCTIUS2006/003015
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purifi atlon step descri 0 sent Invention’may lnize
Pfesenvnﬂﬁﬂgﬁy *e}fx/sme}é%?ﬁiﬁ ﬁ%@t. W@aﬂﬁ@l%ﬁ@ & ?ﬂﬁ‘é?ﬁﬁ‘iﬁaﬁ‘i?/ﬁ“aﬂy purify
superc@isg @feoifddplasmig DAawaiofromusiaiiiiigainpuntesmingeailSENA and
allowu@ciﬂﬁﬁﬂﬁﬁﬂémgaﬁﬂ‘i% RiNAeaRd iAW IESUSREN SR dHe.a fm@éﬁemphﬁed
herein, " @l@i%&y £§ \{Qp a-tggnus%e of gae %@é?«:%%%%%%ﬁ%«”l%‘a‘?s‘% net Sha'l it}a Riditional
novel downstream purlfQ cation step of the present invention wi Vil e
purificalon ppsaste vt tieg R A PP i it Br%é%gé%ﬁ?ﬁ%?adiﬁﬁ‘?ﬂﬁtd?ﬁc}%e\%ﬁw S,
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supercoiled plasmid DNA to be precipitated in step (a) above will have
been enriched in the cell lysate as a result of prior upstream and
wownsleam processes, thus making the concentration/poliskingszoos/e03015

purification technique of the present invention one of the last processes in

the overall plasmid purification regimen. For example, in one embodiment

of the present invention, supercoiled plasmid 24 WO 2006/083721
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and endotoxins from a DNA-plasmid containing cell lysate after
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amount of hcCaSiO3 required for addition is governed by (i) the amount of

impurities present; (ii) the buffer conditions (e.g., salt concentration); (iii)
vilnexaugyersnt of total DNA in solution; (iv) the volume of solutiegr@rshov)ezeis

perhaps other variables which include the temperature and the type of salt

utilized throughout the purification process. Thus, it will be evident that
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cationic detergents, crowding polymers, triplex agents and other organic
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highly dependent on the concentration of the polymer in the DNA solution
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completely precipitate plasmid DNA from a post-LRA filtrate is

demonstrated herein (Example section 3). The test was performed under

wothdiferimg temperatures and total DNA concentrations, Vagyingk:8ed@3015

DNA concentration between 0.3 and 1.0 mg/mL since this is likely what

will be encountered in large-scale purifications procedures. A sharp
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with a PEG precipitation step followed by a DNA concentration process
which includes microfiltration under tangential flow filtration (compare
viRpuR, BAMIth Figure 6B). Microfiltration under tangential flga-fHitatRb03015
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fouling; and therefore, TFF is often quicker and more efficient than DFF.
There are two important variables involved with all tangential flow
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with a lower NaCl concentration (e.g., 100 mM); however, under these
conditions, the PEG concentration of said buffer should be increased to
vasaesunisiosthe low salt. As demonstrated in the Examples petgitks2ifos/oosois
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an impeller rather than by recirculation of said solution through channels.
The filter dryer used to exemplify the second filtration/diafiltration process
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comprises: (a) precipitating said supercoiled plasmid DNA with PEG,; (b)
concentrating said precipitated, supercoiled plasmid DNA using

wrickpbiligatian under tangential flow filtration; (c) partially dehyefatingocimishis
concentrated, precipitated DNA by the addition of ethanol; and, (d)

concentrating said partially dehydrated, precipitated DNA in a stirred-cell
filter dryer. The present invention further relates to a method of purifying
rcoiled ?]? asmid DNA from a cell Ig/sate of a large-scale microbial
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other. If the phosphate repulsion is overcome, hydrophobic regions stack
and DNA precipitates from solution. Figure 9B shows that plasmid
w@hialityss fecreased by the addition of either salt or solvergcS@ibiRMezo1s
ionic strength (salt concentration) affects solubility electrostatically
whereby cations shield the repulsion of the negatively charged phosphate
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precipitating said supercoiled plasmid DNA using alcohol (including but
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can be a component of the original lysis buffer or can be added to the cell
lysate after lysis has occurred. As explained supra, the quantity of PEG
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precipitated; (c) a second filtration concentrating step; and (d) a second

diafiltration step against 100% (v/v) alcohol (e.g., 100% ethanol). To this

whdothegaresent invention further relates to a combined progasg@oos/003015
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flocculated host ce rs selective recipitatin super00| ed

amo““b?%rﬁ‘?éisﬁﬁﬁﬁ‘?\}u Fi3 108008 ﬁﬁ?%?éfﬁ?lﬁﬁﬁﬁ |H‘éa e at shift by
raisingphe oidivhioa I radiskseingakie P ridoipitaie p\‘ééﬁn{d) Deuabptsibe aisiing -
shiftediBpUViiRIdRpdRhatefite g ufier oiBpiimiZas) KaitysiFangtIARGEERRH (d) by
ﬂocculgﬁﬁgq{mwgé%@st%h%éﬁw %&90%!&@41@@@9&5% host cell debris; (g) selectively

precipitating supercoiled plasmid DNA with a hexadecylirimethylammoninm bromide-induced
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(i) adsorbing remaining impurities with a second hydrated, crystallized
calcium silicate-induced adsorption; (j) precipitating supercoiled plasmid
viaNAowi BEG; (K) concentrating the precipitated, supercoileg{fANAst5inehis
microfiltration under a tangential flow filtration mode; (1) partially
dehydrating the precipitated, supercoiled DNA with addition of ethanol,
(rn) concentrating the dehydrated supercoiled DNA a stirred-cell filter
dryer; and, (n) drying to remove ethanol, leaving a fine, powdered DNA
Frec PR 0 T B AR AR A AR £ s @ el defned
buffer of etdrgiard jorécipitetiband fusbet ivthinipgiifidatioh cpysodiésd ddsonbditate; (1)

adsorbiiprogsiaiehpbene. iaid @@ﬁ%ﬁﬁﬂ&ce@&mm dsesma fshiowmuta adsorption,
H precﬁgglﬁll%t&%ggcﬁg é}lftl@nl;l%rﬁ%/}? iR I&H%‘L‘E ' gcgr}:gat? %q %)&QS Et'ét?erg Fnraoﬂed

lysate followed h-cut preC|p| ation Stﬁ% reC|p|

DNA “Wﬁ{n@fﬁ@m‘ﬁn mﬁ%af%at@éﬂ% plstsians Ptﬁhféﬁ?&%m%he
dehydrafigbamatetdehbbcetdebriel] 84ddrigh-out redipitatiorestep viguld. theving a fine,

powder@CDWAISIRG: D eClad inddysaie b the piteipmarah,of BehRlaR-delES hitation
is used I¥ 9{@&%@9& ?59&49&91%%&& %F‘%%L@Vﬁn&'8%9@%@&%5@495‘3%;%95& a first

combined process of purityin ercoiled plasmid from a cell lysate
oG L ETO BT AT R ESHiREE e e iy = o
high-cuhprerdipialiotosercisl s deiviteia Playmahiaiion Hrofasodoukuiretam edi brp e ysimgor to
removaliR@hogbaesliadn s uéficients. ameowntaeha phy siglagicatiysiaralwipRio(td then

occur uSHPIECURGADE PSR! g6l lvsaleio.an Alkaling i ﬂﬁmgby%)ﬁ@gém&i BE'@ above.

said lysgte to between ab?ut Ip 12 and about neutralizin

alkaline- SHEd CRIFRSRA YO B )?l%cgf%}fif‘ﬁ%l liﬁ’fif%fo AT SIS STRRTO(EY
plasmiddpifityirigthec Bdpaisete %*g@twledwsp%é@m'amm@ona@@wm@m@ Wharvesting
microbiRlRG; (Bllsdimendfgsaididlacautatad: bﬁiﬁir@&{b&ebf &) (g)iseteetivalyells in a

sufficiell %@P@Hﬂ%%ﬁﬁ@@ﬂﬁg @Jﬁ@?&t@&k\% d d {c) subj ectm the host 7(:611 lysate to an
rme ro e induce
i e R

Re‘precipl

neutraligig e e aﬂ&eéﬁg%ﬂaﬁﬁa iﬁmfﬁ%léWﬂh%aT%aﬁé%f (e) clarifying the
cell lysoptifvize didyi i strdndgth lanc-#irdaetcomainihg hydnated, iy skadtidedd host cell

debris; ?I@wa@l%1@@9§%QMé%m@iﬁm@)mp@mﬂ@Mﬁ%@ﬁ%ﬁaﬁﬁam?o;uum
I Cr. 1Z ium.silicate-in e SO Iatin
o R O SR R ARl S

mawe’é&f;%?%héféﬁﬁmtﬁ%‘ﬁ%a et SmEh R AR S RIRG LW mirsdized calcium
stlicaterfio edso(bifp rtneirdonicamntititgithe sclohy dydtedds uperdGiteld: i ailicate-induced

adsorptRiNIgepeiblilier iyl anrd p(Bhd PiRg PHamaye.elh a&%ﬂéﬁ‘iﬂg %@Jﬁé@pit&t&d
supercoﬂgg\ﬁgﬁz’-? &Q?ﬂ&&?%%n %n%nlea%m el ug'ﬁ (%fltggt?o res T(l nf\\/uetgé%ocghr%ntraﬁng

stepwise detergent preci Itatlon IS use € puri Catlon proce
oo o
fine, porsdered; DBt eisitatio ipstegrrobrdimovecfdlyiduskprotantdoaridendistolkitgérom
precipititRCRILiys atentolloiediby Rokighreu e RGN SI6RE0 SIRGRIRME: process

compn&aéﬁ;@m&t Jﬁasgf{ﬂ?l, Y&p%%ﬁ?&e%%%%@w&% RURL IR LTV Qi

the flocculated host cell debris. In such a case, I\%f -Cut precipitation
t

lysate fQyoued by AIVERRNETP ARy AR 2 |%Fﬁﬁ8&af§§%\?@1t‘fié3 P TR ep can
be perfprgst gaipdelrsyyrbprasdlessdisyisen () dbove STH bipheserterinitaitontep would

then océlSasieiate sltpiReCONRINEE, RIRCeSSRAIRIHY IRGSUPaEeals e-dasm NA (o)
above. Irom a cell lysate of a large-scale microbial fermentation which comprises:

(a) harvesting
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microbial host cells from a fermentation broth or a culture medium; (b)
lysing the host cells in a sufficient amount of a standard STET buffer
veontaiegyiysozyme; (c) subjecting the host cell lysate to anpetkadin@didzois
shift by raising the pH of said lysate to between about pH 12 and about pH
13; (d) neutralizing the alkaline-shifted cell lysate to approximately the pH
of the STET buffer; (e) clarifying the cell lysate of step (d) by flocculating
host ceII debris with PEG; (t). removing said flocculated host cell debris;
(g) selett N‘%ﬂbﬁ&ﬁ%ﬂ*%&ﬂbﬁféd“ﬁ%f&r BRRU AT gt describing and
disclosing xeetiedipleiinethy etaridnibehmirio i desiid vese pieciyitatio nregedt invention.
Nothing@eienalving.thepieainitateehpianmich DA aiads ath iigiBanb liesatisach

dxsclosﬁ’i’c?ﬂyd\ﬁﬂ{?eegfBHQ;%\%{?QPm'Zed ionic strength and further containing
hydrated, crystallized calcium silicate; adsorblngl remaining impurities

with a s@%"d%dﬁ%?&rh&fbﬂ B%K&dtﬁm%‘&“&% iohreifestEom e osa b iien:
accomp@yire dipiatingisupe rogitetplabehibie DN tortisethaintled k) borcaptisiting
embodithénpleginitatediosupeicailad RiLsiog Migaftipiientndanadanganiah the

art wﬁh&qvﬁég%%ﬂg@rmﬂq&&)empﬁﬁ GPRGSRILAtNg. hesfehydrated supercailed
A a stirred-cell filter dryér; and, ée%F%H)é‘afg to remove ethanol, leaving a

flne poWderaa ERE A BIET L Hi& g B PSR ﬂ‘t.%n
howeveg, é‘@ﬁ\%@%&?@r@@ﬁﬁo precipitation is used in the purification process

described immediately above. Said stepwise process comprises a first

low-cut precipitation step to remgygyiesielyal proteins and endotoxins from

the cell lysate follo ed by a h| ?_[rcutcp{elg6 |tat|(2f[‘)l§£%) to precipitate

plasmid DNA. The fi rs e TOWER steép can"bé pertormed prior to removal of

the flocculated host ceII debris. Said high-cut precipitation step would
then ocgunlysialythecdlarfietyticahte: (els aftecd énioval(Dfatlienkogtoed ("AEX™) -
rpLc A6RUSkieR'a BY:SIaR @e@@ﬁ%’ﬁogﬁ@ WS, ggﬂ@@@ﬁﬁ@éﬂdmm bromlde) and
(i) qP 1913’53532906’ oAl P bl%gsa“%@%”aet oﬁdthegS'” ares'rdv‘%{i' Tadmg
ose ﬁﬁescrlglng Yl sc?fosmg methodo ogles and materi ﬁ

per We%@ﬂ%@ eeRg e Sngr ttish wnwlﬂ%é«ﬁfe@éﬁfaﬁééﬁwawbﬂﬁmlﬁé%%s
squivaltmtbeloonstpné deasibuged dmis Siepeittat thieridveniion ismotse Stifledatants were

decantﬁn%ﬁﬁﬁﬁéy%emldé@i@}fdﬂ St!vkﬁngfe@ Bﬁéﬂ IRYRBIQBHAVING dR8arRedter at pH
8.0. Tlpref%régt% sglbqgsl W&Qtrﬁe‘)fdtﬂﬁ %%ﬁvg i‘r eferer{c?o‘él 1theon the E-gel. An

companyln lgures, It'Is tO e U erstoo e invention 1S no

identicy HEYGAPHibERS @?md%mwg%fﬂﬁ aFgﬁﬁﬁwsPnanges and
modificdtionemdysdapreffEitetitharelrsbytofies statterbitptined dvtapsitisa g impact of

Iysozy@SRatingdranmiiihe: seapeiansRdQfdhe inventianssgeingdinithgion by acid
additioRPPERISH SIS . 5‘)9 EQA'%H%%%@BM% S‘éﬁ&&%}%@e%ﬁ 1%?%59&%&!‘&& using

present iInvention without, however, |m|t|n the same hereto: E

cts RO 1t A1 BT Wi L DL PO : o
treatmen gt Wit cieldsliZeeis nE RIS Withdrroryiex ARG Ak st 1 Epicentre)
in a staAGSARTH oefrel et apmissicity MAgEBTVitFoge:iQBYH agarssavvithcrose,
pH 8.2%@%92&33@?:@@@%@%&@& Jower plasmid DNA recovery (plasmid DNA concentration of
ca. 0.3 gfLL) when compared to lysis at 37 °C. The highest yields were achieved vsing lysozyme
incubation (500 U/mlL.)} followed by base/acid treatment. The base/acid treatment consisted of addition
of concentrated NaOH (5 M stock; final solution concentration of .25 M), 15 minute incubation, and
addition of acetic acid (5 M stock; final solution concentration of 0.25 M). Plasmid DNA vield was ca.
0.5 g/ from ODge 45 lysates incubated at either 20°C or 37°C and subjected 10 basefacid treatinent.
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(i) gPCR using a Taq man PCR assay. E-gels were run at 60 volts for 50
minutes with 20 pL loading per well. Prior to running the E-gel assay,
veamplasyere pretreated with ethanol precipitation (2 equivaiant yabimes)s

and centrifuged in an Eppendorf microfuge for 5 minutes. Supernatants

were decanted, and pellets were allowed to dry for 5 minutes prior to

resuspension in 10 mM Tris buffer at pH 8.0. The pretreated samples

were then diluted in 1X TAE buffer prior to loading on the E-gel. An_

identicAP FHEPRETHEIT WAL s AGTHIRE SHUSHIIES WiBRTt iR C o gBtsg the effects
of PEG4leatybigon ysistiliitih ¢y sabebis- [Rigak B sbokisais Malmdind owaevpdridiiored ODg
45 E. c40 Bssesgdhenmpaskald iysezymenbassiagid ineaimant{bassyadtlibemimacis
in STEP %&E&%eﬁ;@é&%@&@éﬁﬁ%&%%&g%%%EQB;RX Bﬁ%ﬁggﬁ o4 tE seTM) t 20°C.

i
é) roximatel and temperature on lysis er ormance Ce ySIS

Bottle 7 jquub| h%i%’ﬂed%iﬁta a%a E%gasb% ﬁ&’é‘%?’f’&%ﬁ%’o%a%?%%’mt%g‘WYﬁ?ﬁﬁm
 incubatigs iy phel! Fogarel| Bsgafrdhperdiued srepabeladies ratitindotipSsutegierated by
resuspel@v@ cylie s TS s fmir20kwithy he ernieddat WimatRe acky-lyys8Ine 500 U/ml)

at 20 cEﬁbQ@@&r@amu}né ﬁ@%@?&? 5 hiandigr i%l.mbé' b££&$at'§4ve%ase Mo%%%ﬁer

Yo VIV Trlto % w/V sucrose, ut no
soryie R A O e SRR bag\?%‘ﬂ?‘{ﬁl‘?féﬁm?ddﬁ’r&’ﬂ“’d by vty aore,

indicatipg Haprtestistioase 0wy Egvhesréanipale et eiedatBroierrsi g Hes PEG
works eyieddsiyvestt achirvedausingdyistrylm espacilbation (B0 mhidiellanved st cell

lysate (PASGAAGIE H@@J&H 3T5*1@ basa/ecd fraaimenticonsisiag of %Qfékféﬁﬂecpibove) In
fact, the z?c[c‘icentr? c'ylsxsm (!fctflzn alc? l‘%tlr%g Concent{i %I< L@t% 0 '}('2 I;Ihed toa
minute incu atlon ) on ofeac &UC SCTATE R &0 R HRIPSoRitGR
lysate %ﬂb’é@t?ﬁfl@??‘b?‘@-‘%ew ‘F"Pﬁé‘ﬁﬂ)‘W%ﬁeld was ca. 0.5 g/L from OD600

45 lysatedhunbuliateREbtieitived B0 utnBd G akdssubjgeied tobass/aatdibed in
Figure i@@;@ﬂﬁ@&ofé!ﬁ%@b%@@&ﬁﬁ%@ hﬁ’&W&%%@Q%%M@%ﬁ@%ﬁl@é%

roury IS8 g ScTeEna Styglies were conducied to characienze (he fisgt of
Y PBES Hoccuiation tﬁlngo cell debrs. fgure?L ows four Nalgené
flocculagg i adeidrehesnte Hbisoe MEPrse(eaif fyimestddmEr ﬁ’gowﬁafgfm@*mm
measurBotile fbrcbntepasidays alehg eneratpdshysraisndieme ih gicelgiin tebEEyRffen
NTU aftdlesatiiecahove) apg Wﬁl@mﬁim&ﬁwz{ﬁ&w Wiile 6), compared to the

s iSRS SEIMAL 20 B0LR,S aniglosbe sameisaie as inbolle 1

ase/acid step Wasl%rrforme atter ysozyme |ncu atlon

e S b P N B R RS A I e
also indigstretatd B ys reslispondionydelidindSTETbUSfar comtafving 8% R EGBO00
and incefatinoPaith-isazyme:ao8: Whnklu a2 o Bria 41@@@&;&:5 cmBEG

concent?&f&? alyéﬂl@e@az{pv%%tﬁ eo;? ﬂE’éME}%P 90%&1 %ﬁ}gsg’é%dvﬁgi% e{g HNE g; method

g me incubation. T H-shifted, PEG-treated material settled over a

based of 41 nﬁé’ﬁ‘éa“ﬁ%‘?&\?ﬁ“@ﬁ% - SRR P RO B St T LD ttavRg (500
U/mL) @@ﬁ?ﬁﬁg@ﬁﬁh%@ﬁféﬁb@@m@ﬁ% depepbeddbrsemirsidun BEP RGkwovkgns were
mixed iexinemaliwetes aflnesulant fns eellitlehrisnespeaialyafiteibase/acitom

temperé{&@m%'at R iBgNask GBIl YRR die8-s itk SR ‘iﬁé‘!ﬁ% %'?'&;;éﬁ%&ﬂ((@ﬁm) were

measar e‘fﬁs fg Eggl%c to cta pH 8.5; as described abaqyve act, t

SIS 6P EL k) 6%188%‘1’8%?#@%1‘“?&‘8““&%%?% BECA eGP ehtiahs i =
known (M \BeirseniEphl WS 48 Nsarbath BH Aatnpatben(atdjeowerddh ASe asiel) and
supernatt@atoigtiy Ter ﬁw_ttia@ m_begﬂﬁ@eimm uRedifideattniian, tuaribus gelPlysates
comenﬂrzﬁi%% fesarihediRebrs floceulates, but DNA is not precipitated. Results also

demonstrate that DNA does precipitate if PEG 3000 concentration is increased above approximately 5%.
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Figure 2 were aliquoted into 50 mL centrifuge tubes. The bottles were
incubated for 15 minutes on a rotary mixer and then centrifuged. Results,
vahoxasRsrigure 2, demonstrate the action of PEG as a floceglaptyheszors
added to a lysate subjected to base/acid treatment. Figure 3 shows
turbidity measurements for the supernatants of the six samples tested in
Figure 2. A solution turbidity of 15.5 NTU after centrifugation was shown
with a final PEG concentration of 5% (Tube 6), compared to the 730 NTU
turbidity 87 98%BNt TR Ry e §I7ﬁﬁlcgfééz’ﬁ?aﬁ“c@¥ﬂ?ﬁ5§§tﬁm%%ﬁlﬁe
subsequesiyirastalivid lificwtioplstraddfyA @achitiersulva N Behatdeil jonii0 G000. The
precuplth’tﬁciﬂg@@@ ighing lﬁlﬁ;@ﬂ%rs dﬁ@ﬁ@ﬂ@@@&t& m@?m Q@ﬁ@eﬁﬁ@%&ﬁ@aﬁ@ﬂlm&tﬂy
e ed eit ror to, or id trea
e e e S R R
danger %ﬁW@%@ﬁ@éﬁﬁﬁ&l@%ﬂ&fﬁﬁﬁ’é&%?%&h% AeoeRttHAFER 5000
investidéated lirsing ectaspidrscreeningimdtheffedvas buion‘setdingas performed to
determipeiie iancenebeaheebrisr Galishuerm nRquateshintbedee SRRGRbA described

above c%ﬁ%s\{ﬂg} @9}911 x‘?ﬁ%)ﬂgp qo%&%?%a%%/&%?&%ﬁ 55%%%53&%0}3 for Iysaie

describ e above. Various PEG stock solutions were mixed into 1

clarificafiot SYBHE! ﬁ&ﬁi’ecoﬁﬁ“iﬂ“fﬁ%of’ééﬁ’tﬁﬁés‘?ﬂ iR Rfric\nsiina QB?th“aPD 600)
were inppgigattdniperatigterforedghaarhoisid Ofthe volUmes obtexladssbitdsemddatifecd
lysate vilisRIglityl Dy peinatanbiQDRell)] wereimansuieti¢ igumeds)d BNAEG solution to

this mxt&‘?@&?%ﬁé“%\‘i@dﬁo%@Jﬁ%ﬂ}%ﬁ%@ﬁo%ﬂ&%xp&ﬁl%ﬁ&ﬁ cgscentratlons is a
known DNAg)regépltant igure 4B shonﬁgr%h DNA concentra

determfmEtf %"fésrg%/’f'éeﬁ@"%‘ﬁ TBHIE) FoFe E{E’Jé %n”éas found
that CTRE cpgid e a@é@mtélﬂﬂm@ﬁ@%tmﬁémﬁé%}w%em@ 3600) eﬁm@aqﬂea‘ﬂ@wf
soluble faggd famwhiehdesd ielats flozauwatesST ABtDMNANE NaCpresipitaitedcentration of

B e b e R e
o ot P 00 R FOE L BRI ™

(wiv) (F4Bikaline-pH shifted and subsequently neutralized lysate, a plasmid
DNA pregipitaticnr e wias 4engrddediobk Hece - Theinpreti piationus
cenmfu%'éﬁ\()ﬁ Sl I"@Z(EF @%E%}én&mm ﬁ&?@@ﬁ%a@epmgglﬁ%gﬁw@&%@ﬁNA

was tesfE AR mate P’éci g e SIS/ Spls Sl 'f'C Pl S{S’u gtihe, presen
ven on WI ICI nty remove an danger O prec:lpﬁa P asmlépﬁ

solids %ﬁshﬁgef|6éem5%%ffﬁ%f§ﬁlcwa@m§ tase%@@@tle@e@)m@%ﬁ%rﬁwﬁwéw has a
2 L. bovglwmity condanttaicnfeite fiactilidslysisosiadtigyitpvasipeifgrmedetded plasmid DNA

of interfiRIQERINRIRNG m%i{?fé rﬂc@@ﬁé&‘&ﬁﬂiﬁ&iﬁﬂ;ﬁé ﬁﬁ'&ﬁ;ﬁ‘ﬁi@ﬁiﬁs@@l&ﬁﬂ? @Leaﬁmatm) and
Q escr Ve G

e o A e T S e B Rl

APPTO’%*%%‘P’a %W@Nfﬁ’{y‘ %Bﬁ%ﬁ%@%@%?&%&ﬁﬁ%ﬁ%ﬂ@ﬁ%‘ﬁﬂ% di-%ﬂ’gﬂ%hé{*e

solids 3OO wim 1D 66D)ommresidvidstigatek lewastidberrnineidtiratoarr ihitiahrse of the
run. TEHRBEA @ELQwas DPEME. resulling:inastarified lysate with a total DNA

conceniiianof. o8, O f, Ul AR RS AUHIAN T AA9 AL ANIRER:, o poi

olution o this inifial ce lysate, the OD600 is slig iluted from its
depth fg‘ﬁﬁiﬂﬁf%‘i’ﬁé“l}tﬁz‘“‘%@ fﬁf@ﬂ@?ﬁ\ﬁ’ﬁﬁ%fﬂ?ﬁ?ﬁ%ﬁ?@%&éﬁ% YSRfrefor example, a
celluloflp ot dlettivacopith REC 800 dethfdistidund MHEEPCT B oufchbe g datobthesed at
an approgesibatRdlysatedprioriadysate clarification) to reduce levels of
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soluble protein. This was done by adding 2% (w/v) CTAB in 40 mM NaCl
to a final concentration of 0.15% (w/v) over 1 hour. Figure 18 shows the
wevieindeyel as determined by BCA assay, as a function ofdirgl/SGhéBazeis
concentration. A minimum protein concentration is achieved between
0.1% and 0.2% (w/v) CTAB. Continuous centrifugation during flocculation
procedure - To simulate continuous centrifugation conditions, PEG
flocculation of a host cell lysate containing supercoiled plasmid DNA was
tested with a model (CTC 3) wESHMEE trifuge. While this model
centrifuge is ndticapd b dPustiidgodigthdrigezitisdsciivetzame internal
geometry as largergpupdustonsentitgesclheeenidge has a 2 L bowl
with | L of holding capacity for solids. A host cell lysate containing
supercoiled plasmid DNA of interest (generated via lysozyme incubation,
an alkalif& B 4kt §ﬁ%§5&ﬂ@?}?ﬁ}%@ﬂ?}3l}zaﬂon) and flocculated with
PEG 60U0Virsis: passsadettr ouhinine upitopedatirg it 20000 X gidi 260 2,000 L
E. coli fBlniBatatioAPREe Matelys d:Silinaf dysate cosld bepassarhtiaraugh th@DRit70 using

sTET BRIABHURARERIMaANIPHER NSy, SRS WEre YES Yt IGh &k ose, pr 8.2) in a 50

compressed, there was no loss in DNA concentration over the course o -
L Lee fank ‘E’)ﬁ?i‘. ArisiitieS WS 30 KPR e AEIC A b d RIS B iSRrdy-Lyse
lysozymir(@8id H/min Beiettbn weeidde myddepationtseoediciirevdescriptatehi vé, Glor ca. 2
hours. [Tokishi depthvWikratiosoern hemilizedstv oy eresichidisolids fubnutfies mode

over a @@%ﬁ%@@a&%@?m}?&% ﬁm%%zgﬁquéz%g%géﬁo %ﬁ&%ﬁﬁnu& hold p&(‘,jriod,
earth-based de ilters ., Millipore r e use

25 M G A A S T ET0S H 000 200 TR V1 i

RCM (Heztipey S 200boGS 01 s ehen NP Eddplae prfiaadrepcpinitieanbiaftdy) PEG. The

total lykyis ozipmeafineubditig Na(Ba sedAcidid redtieh s @iid ek GeF lbeodialiden. ODg, 70) to

35 L (ANGJicah meihads . aes meibhodsuoh Examplalo 39, L‘IJX%@O@Q%@{%%%' ottles

and s Cé’%traig“r%?nﬁ‘é?&r&oé'% plasmid DNGRarvesipd.from.a Zﬁ%%’%% v e jurbidit
PYermentation Process Wererthawed In 5 warm' fea. 35 & Watet bath and Y.

of ca. fijftdd themeodcioifiddgsrertisamtesdet hif Tris HCI, 100 mivi EDTA,

2% Viv Frithiys108,i8%sivwiv Stidsesdiopth 8 R)An-alSamiciteT amkivith a
supercoiGilArdd @Wﬁ@r@f&&ygﬁﬁg"f?m j!(@ﬂét@@%&% s?’géslse\lv\@dﬁlﬁpmﬁg’@%ameter A310
. Ready-LyserM lyso e (5 L, Epijcentre) was added, and the .
el S HEREUTRS o e S R SR RO pprosimacty

8 inchega SHHERTGO Y FHRecLittssin A NdS i stres aglaat! SV medisisiitave
Readyinod@’ lyveyasg0ohiiole) pesiatitd intrdasedpbliofulbes s 32y ey 3T prior to
the pHGAiF 2r AL &30:-AiRYiebeld pariedo-B % Mmcehaacid wassheraddertion
concen@éﬁénfs& 6‘59%%‘59 ara%ﬁhl %@e{‘% %JQSS-ﬁ‘lEPf%f%QQQSé c%!igyx/ %é’l Z%C Mtgr

_. (saline, 150 mM NacCl) was then slowly added to a fina concentration, of
additioggy RSk YIS B ORAREe (ERAINSEHE OGBS ARG N N Ackreedatign due to
impellggsbcp 800 tymereaselipfroho3ebisa: OEIEP0 20 tonigHds. (Ean@mBed acetic
acid (260, BEO-flecsudaterldysaianyas themilaosigsreddeedirkifloAB AR, Five minutes

into theGaH g&@&og %&l ﬁﬁpeﬂer speed was raised to 350 rpm for better mixing. The final pH after acid
addition was 8.4. Concentrated PEG 3000 (50%; 0.475 1) stock was then added over 1 hour. After ca.
30 minutes of aging, the lysate was aliquoted into 1-L Beckman centrifuge bottles and centrifuged at 15
kG for 15 minutes. Resulting supernatant was decanted into a 10 L. Nalgene container through a 20-fam,

4-inch diameter, stainless steel screen to catch any large particulates.
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and spun for 15 minutes at 15.9 kG. Supernatants were pooled, yielding
clarified lysate with a turbidity of ca. 17 NTU. The pooled clarified lysate
wWasithemstored at 4 C. 4.3 L lysis: An identical 4.3 L lysis frogp@sbdsGroozo1s
coli fermentation containing a supercoiled plasmid DNA was completed
using a 7 L jacketed glass vessel with a 3-inch diameter A3 10 impeller.
The vessel has a rounded bottom, 10 inches in diameter, and the liquid
level was approximately 8 inches. The impeller was positioned rou%hly at
a 15-detfrétsariyié Snpliefisrrepesarsrane o RBRipIBlsdrm -1 ysis
procediyswzypaddb80. Uhm tonvadratded andizis wedid ol inicish dtefow 2.6. holiwssat
dezemia&ﬁ)pg@nemu%pﬁ@ammm%&m%ﬁ{qmgw@& IRAULAER BRR5C,

concent: 33)115 éxNe slﬂgg |_iln('95'1911510 l‘.“] fln 1e L{QOQ & qnl%%é]]:wil)ocr(]}n aﬁog?y '&1? ¥V% genomic

over 60 minutes. ase addition' was
DNA, vehieliith seoifiraet %‘W.W?ﬁ?@%&%%%ﬁ@éd%@%ﬂfﬁfﬁ%ﬂﬂ@@%%ﬁfnethod
(ca. 10-4pfp)D NiAs dogradddivn ddectonimpellerishearilidmivibefiS até gamemaill G3Wed
relativel® Wgddaaterat highpE for; 3Qsainutes. ongeriaied t?ﬁ@&kbl@sﬁiﬂi @?@%olecule is

~10 kb Qh% &T}f&é\{’a?C&al%drgﬂq &Q&m éi jl oa:i?fgg:]r%lds %lu E'VO;P %gttli]ati% %enatured

Five minutes |ntot e acid addition the impeller spee Was raised
under bé%@ﬁﬂam%}sﬂaf&@ﬂm RgYAres AnaK i EranRent Adite domiivAS 3ot reslting i
second@nitssrmtiiare o IPEE! 3000 (B0%r=0udiE: i) stoek yeasaivdPMNadidedsover 1
hour. After ca. 30 minutes of aging, the lysate was aliquoted into 1-L

Table 138545@1%&&?%%%9?1985“35 and centrifuged at 15 kG for 15 minutes.
Descﬁﬁéé#“”gﬁ)%%@é‘“ ol 3 3%9&981\5%“5 A L NAI e COmIeT o ona
through acg,Q_-:@L)él-m |c1me,¥l§§s éﬁaln e§§n%t<a? Igge en tcaoPc)atch @&y;cﬁo 0 (%)

1ar9 rthUI—af.eS 46 WO 2006/083 721 {PCTIUSZ2006/0030T, b ReSUults -
ODGUQXQ altgf\ru I+ IQFQ‘@I'\ nk%:i\ rimn‘kﬁjc r{ncnri@\%?‘ 1*'!13_"113 nrﬁ):?’ Q L !yé:s

UILUFL‘IIU'JUIJC CI\ TS U T oI ToOC U T T AT _l.,u—r

Post pfﬁ@b!éfd re Wh¥ performéd. The cdficentraticP 8f4atal DNMnﬂ‘% Clarified 12
ClarifiSgigwas B8x/L, jas adeterminesicdoy gel elgglsaphoresisassay. Resgits 17

« Trom QRCR analyses of host let(: NA concentration are shown in
Taab e 1€IC1:I%1r|Ef} ‘(}i{]@/g taegwas%r ermined to contain only ca. 2 % genomic

DNA, which is a significant reduction in genoniic DNA levels typically
achievedabingriaad lysigaprdthpe ffomed 20H1590). Tl gBronsidt DhA yield of 0.74
g/L of tRduntionis due te.tbe, lom:difbisivity:obkk ook geram e BN Anitalatirede peaks

and cmpéamqh@%emg%éugauog@aﬂgmc PRA oﬁeﬁ%d&ﬁﬁw t%akyﬁé%glpe mid

alecule s --10 Kb, the difference in mass drives the rastlca
perceng A AR WA DRIRTS AR Dl lcts EBRdes
results ghdifitertHEPDMTethequiik I repirehink i d géna dre DA samohanced DNA
concentiefulingiinbiseacandanpinteraptiohswiiircalkdelssaind Reraduttionibion, the
clmﬁeg)ﬁgg@glhggggmgqm evals; kabje 1. PCR results for 4.3 L 1 sis.

Description Total DNA Volume Plasmid DNA Gen. DNA Gen. DNA Gen.

DNA cone.* () (L) mass O conc. ( mL) (%) reduction (% 9D600 70l sate
Table B S Xqassey 1egutofor 30Ldysiy. 1 3 PostpH shift0854740209 2124

Desciiptiog 2| Bijutiongifiad E@%EtEP@&EBfMOS!@EAl 3.5ragRD 2| DoBugENA Jonc. scaled
used for AEX {cone. (/L) inPeak3 conc. (g/L) |[(g plasmid DNA per mL
assay of original lysate)
QD 70 lysate 30 3.862 93.9% 0.809 0.862
Post pH shift 30 0.820 74.4% 0.610 0.906
Clarified lysate 30 0.742 37.0% 0.646 0.902
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* Values derived from integrated electrophoretic gel. The lysis procedure
was also performed at the 30-L scale. The result was a yield of 0.74 g/L
wwhtalaiNA with 87% peak 3, where percent (%) peak 3 is the i 4hsa1s
anion-exchange peaks and correlate to the percentage of supercoiled
DNA. The correlation follows that the higher the percentage peak 3, the
higher the percentage of supercoiled plasmid DNA. Table 2 shows AEX
assay results at different steps during the lysis. The last column in Table
2 demoh¥&tr&te Y idshrkaidsrDRIR PEBAERIRPATOA B AiAasR iR AE-0.9 &/L.
and an (k8 7H. plnfichtdngprovessesicdedbribdor kebgimtiihasoitionathearcl acifides one
fewer Ysapeohad astinal v rRiditeiobledaNdl TE@W&@G&A%&?@&E@%@ Eﬁléﬁf}@@&e the
cnenlil SRR R

Cmomﬂmm&l ﬂ?éﬁ"’n\?‘*’e&s%SBFHH%%HW%PGWW%D%W%’?‘@ ‘?5‘5869

floccul@iBBReRPost pH shift 30 0.820 74.4% 0.610 0.906 Clarified | sate 30 0.742
87.0% 0.646 0.902 -47 WO 2006/083721 PCTIUS2006/003015 The new
lysis described herein can be pg 5{9{%& gt a DNA concentration of -0.9
g/L and an ODGoo of 70. Thus, this concentration allows for
substantially smaller tanlgé“é% dat ?‘ﬁ%“éﬁ)é"%%er large process vessel
than heat lysBisideathitasnEhisMysisidartideqf iiGrinadpattroughly twice
the concentration of the prior plasmid DNA production processes, utilizes

a single,tapk, ﬁ%ﬂ*ﬁﬁ%ﬁ'@atf&%‘b;&&“&”&%%?@%ﬁh%é IEXSISn % e SBNALEISR 875,379

downstream solids separations_via a novel PEG-based flocculation ste

(U3, D ST A ot G STEBALY FEesnen SgpRab NP st ation
("UF") siseresfifeatid of giepRC PrecipitansstArsais DNt ticatidhp fdueisgo ~ 7+ mg/mL
DNA, Gseebbgd:ino. S Meiaot ApplitationtiNgc09b87msidtol YuBepublicaiianzure 6A).

This M PRSLHS20 %4%9&&9&8%; IncorpRaied by referenes hesein, Uillizad.a

ultrafiltratjo step at th of thé_process to con entra,tea
s R L R S e e T
limit offpehinpdassn Efb?réﬁff@ PEEHERRE ates fopURRtisiT b tfedingd BE (spelihg plesmid
DNA poAyss Thidinad pakshing steswasisatiriaptorydateviollonesgitappepatipately
f;ltratmlnﬁ@ahl%l@ﬁﬁepé’{s@'ﬁg&@@wf@ﬁé‘fﬂﬂ@ﬁ%ﬁ!ﬁ/ﬁ%ﬁ?ﬁm&ﬁo&ﬁﬁ%g

s ze ow rates beginnin tli] each the i
f?o tes

mlcrOf?tmho 31‘ t?ngg? er avo 1 nensl% %I’O(Illégns SC&|€-U%~E£:1 Utfétg mﬁna? SEIS

femduaé%ﬁ%m é“ﬁlﬁ’éﬁﬁdT@N%Ecﬁfb’é’é@‘é%a@é@ﬂ% S deplines PR with ethanol and
debydrprecipifion Tirotedure foibwed bistwalseptratafiltrationidiafilisatiover form of

DNA. S1RRSi1(986.Fi0NIER] flba bRk iltialionAafftale B SRR LANRESIEG, as long as
this step is performed aseptically. Although the prior polishing process only requived two steps,
compared to the four steps of new PEG-precipitation process, the PEG process is scalable to
manufacturing velumes without compromising product quality or requiring the use of extremely large
pumps and flow-rates. The new process also includes an additional purification step to further reduce
impurities, whereas the prior process only concentrated the plasmid and provided for buffer exchange.
This new unit operation has the ability to reduce residual RNA ieveis, possibly by 2 logs or more, does
not require excessive flow-rates and large pumnps, reduces cycle-time, and provides a powdered product,
which reduces necessary storage space and possibly provides a more stable product.

DINA solubility in PEG (kinetics of precipitation) - The concentration of PEG 8000
necessary to completely precipitate plasmid DNA in a post-L.RA filtrate was examined under varying
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microfiltration under tangential flow filtration mode, concentrates the
precipitated slurry and clears residual RNA and impurities. The second

wiirakiooigiaiiltration step displaces the PEG with ethanol angcgahydsgiRses
the DNA. The final wet product is dried under full vacuum to obtain a fine

powder form of DNA. There is no need for sterile filtration after the
product is dried due to ethanol addition, as long as this step is performed
aseptically. Although the prior polishing process only required two steps,

temperatysaatdettoie roureatepsist AEn PECoprertiBhatidAsBiedde e PR apd 1.0
mg/ml proeels isigehlabie t0ll ranofactreihy lotemel witifeaticompretaisin§igure 7A

shows tmp@lea@tlgw ity acdeavinineitbeiyse ONBXI e Malida P HRMDRSARE the PEG
concent Wnr% 3, b (I\:'v?v E‘-}%e‘%é%a%%s alpadnciydes an additio 8" B 'f'CP‘t'OQrE&%Q oA

erre mpurities, w ereas the EI’IOI’ EA ess O% concentrate

Concemfﬁ%%%mrdf&ﬁalﬁwavéﬁifo%ﬁa?fé}t e et opserlail
precipithiad thetability R feibchesivual FEGS8Vels cpassibiyoh§ 72 vagshoremiorée
mmamdipaﬁthe@&Eﬁ'&u&rgr@as@@ﬁixesﬂew@ﬁsﬁ and large pumps, reduces

cycle-tig, A RIOVIAES A RRWBER RIOMIGt, M ICILISOSP NERE0SA e e
storage space an OSSI provides a more stable product Solu

might bﬁaﬂﬁ@@éﬂ(ia%f&%‘%fpﬁ?@emﬁaﬁ oREVPHE SRt Ation ﬁfﬁ%ﬂt@@@@uble in 400
MW PH{gtudsante dutivgldtelys prepifitate Sl smich B Audreiatipd stas RA RiiBateressary to
precipitd@HEXAMIRLE L NURY MABY fof SINE L BRFAE B ESLAVBR0AHLQ089d,600

could b&%%@f‘f‘ﬁ[&ﬁz é?&ﬁla%%&o&ﬁﬁ%@}%& Qﬁr%on Wﬁxstggné %Ecﬁrrﬁgwas

varie etween /mL since thisis |i ely at will

encounTg?éﬂlﬁ?ﬁanst%aiscwﬁgﬁ%ﬂm‘w&@éfaa.tagn%ﬂrgci‘?@* Z\hgw&fe)é tiag after
PEG addieve issaiBtieni deurelgsa N A ohadititytion DRgNin Sslyotia tion e PR @00 0utes,
greater Whepothefe GNeORgeRIfRHea, ildicdihywhv) Thermwashoekieetam BNAient.
solubili g6 19, sPlHOR JSTIRELAUE A YA g@%@@&ﬁ@g%f&@%m%m
o ﬂs gg The reSL%Its \‘5{ re7 s ow, th NA is (:orpJ letel
par Yppre By 2bolt 4% é %UB’& é@ﬁ@%‘oﬁﬁ Sﬁdaﬁt?&ﬁlon
powdergg W@W&@W@éﬁ’ﬁ sugisecorisgh Bt epdiame I@ﬁjﬂi§§€t¥§9p%\ﬂ devgepeX pspfat)can be
resuspefaietion Diffesehimaleeular weights of PEG were evaluated to determine if
anothe&ﬁ%ﬁ&@/mﬁlﬁlam@& RERIRSWIARIG.lRY, mg@&eﬁ%ﬂ&mmﬁpﬁmmg
e ?5&3 o‘évse thuai;[feDtl}loﬁ xjss C%m Igte ltm%leu gsledeg 400 M(\,/Tv atce:;n];O Qé\éalagl%?fi 379
Process da: bu IaPn INcreases, HHEcL i Car mass oF

(supra)n, Eééggw%owééﬁsﬁa’f@m%?é\é%aség L Tne HEEEEBNRO PedenTip e sivat
RNA. BRG RECVDEIedE MAu3:0080panthila;0B0D 0y dibegisRiMesgte Etiwe BH00-10,000
have be@ﬁ%&t@ﬁﬁéﬁ CiiNAadER I ﬁtﬁﬁ‘ﬁu@@ﬂ&@ G%éﬁ@%@%b@tﬁﬁ Qﬁt%@e{[lg R stPGar 2
netl | Investl ur, a

e D B B e
mmﬂﬁsﬂ&ﬁkfﬁfsfw%ﬁ%ﬂ%%ﬁawwﬁﬂ OtRsS Rfwier M@W%ﬂﬁeﬁ@m&ng honrs and
then copratipitdtethgn Gidatmgthatcdi@vHoer holkdtinme tsgpord thanfdefficientmersham
BioscielotRENReRIah RGeS i ub IR R I oI R O RANKSH NGRS AAUEE WS recirculation
rate waQSX‘?A?Rﬁgb%{%ﬁmﬁ{x Uty Rlasm ‘%?é\iﬁ by removing residugl RNA and 5ox

her so EéDUI’I'[IeS resultlng Ina |na pow ere product consistin

conceniG ALY INAC P SRR ES Rt s Fhra Pallirerdaepinstitiedwan PEC
8000 inhle2 M%@@@x@e@mlgn}w@}ﬁ@mmmnas collected and the membrane washed with 8%

(w/v) PEG 8000 in 1.2 M NaCl at a volume of 4.5 L/m* of membrane. This wash can be combined with
the retentate product. The final retentate was adjusted to 50% (v/v) ethanol by subsurface addition of

one equivalent volume of 200-proof ethanol over 30 minutes. During the ethanol addition, the
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The starting solution used to demonstrate the novel, downstream
concentrationlpolishing process of the present invention is a post-LRA

viliralgyasAescribed in U.S. Patent Appl. No. 09/875,379 (spgidsdii€oeozais
composition of the solution is 3 M NaCl, 1.0 mg/mL purified DNA and

some residual RNA. PEG 8000 MW (Fluka) was used to precipitate the
DNA, although MW ranges from 3000-10,000 have been examined. The
post LRA filtrate was first warmed to 20C and agitated with a stir bar at
precipiipediepane wpder (50! AsitjeREaadto avtayerhnslcbpicentratddistebiion
was cofQhtioe 6 apRYaitiufely BV biecipinutEbNAtibihe finallsolitfenquipped with a 25
mm%q@}z%a&%g@@tyg?(%%l{éefé\é)eemﬁd%%ﬁ'@gﬂf@ @@%ﬁgﬁ %@%%Jmmm& 6
w fi

e 0 FSOSSEUREE 19080 SRR o et means e
keep thiyalgrngmgmied/ Moo o Rt deoalNH e *@&FE@I%Qﬁé‘ﬁg et bsconsidered a
lower llnfin 2hwinhianddite fuschsisccdnirotad i bineémiperRenmdeatezwasnder-loaded

filter. £O) '&Qﬂ?gwﬁmn%% W'%W%MW&QQHH@S@QQ@@W@ted
retentale was then digf g BRI against 80 (W BEC 000011 2 M
for 5 diavd r’ﬁcezs” iS re ntate was collecte raqe a§hed

wavelepths 368, HihAIBERS BD0BNH b M widestigr soGElcRTRe <8f52 @MM ) per 1
absorbmenabitain ehe Phisnwiasivadaiythe TemitinetRoitbs the: retentateproduce. sl

Sampld i@s@bﬁﬁjW@fﬁd@&ﬁ&@%&%&é@%ﬁ%ﬁ)ﬁtﬁ@ﬂ%ﬁh@@? f@@ﬁ&&:@ﬁ‘é@%&@@n was
lvalent.vo roor etna ] inutes. Lurin e
e S T o0 S b D S s

by R‘bﬁﬁ:@"éﬂbﬁ%ﬁgd sIurry was kept well agitated to avoid the formation of ethanol

"hot spotsttdrinieoolutii wasmonebrward o fdpproxidivdiely 80 yfb comprising
microfith@Ripitaies PNA SlaErricadinkiyeraaspReenwitha %5 Waigien@&bhon in a
tangenfsgﬁanosf?t%%gl (APRlter R ffel?owéc{‘gy %‘?fuga%f"t ee%?g%?e %N} 2909 QJ Qb reduce the

dlavolumes ux control t32 m2Imin. Moderate

working yioltesof T REQUHF I PR e RSRb RS RatmecetishsPehseHiBl™
solutioF e loedivigtivas Tl BNAME 4 shohis lovdingyahbi @1 wénsitmmsgngations
to ensU@WEY JifBHiSIDCEA tRISMIPREHIMES ahtia haeriieifoe X Per ke tHREMWE BN A will

remamqj%g: JSM%‘H H%@%}gﬂ%%g %&W?&tg 1t§£ ,é: 8@&1&2 &Q%Mé} R@n@@ of PEG used in

er was dried under vacuum for 2 ours at naytlca

the prigh BTFRE S BNAP (R eS AN WK %%ﬁﬁl@%? B‘gf’WgB BRRFSESPaly > M NaCl. In
the exapaircteritans280v SohaNeBomnirairARastehieskihetio? dbefiikiontldiiG may
be necERabgiakeep (BEDN pekctipahear Fpetntnit aithenz60 thinamavelengtuifdisal
concex{@é!&%e?:@%@%@o%a W%ﬁﬁ%@é@é@@ ﬁ%é@f) D%%rﬂfélﬁp@g& Iﬁ) ARG (viv)

edin uar mlcro cuvette Wlth a I ﬂ th. PEG
ethano utxo us 1 oraer t P@ erate near th e the aalt concentration
[0 was evaldated using rler Fanstorm Intrare

after “Sﬁ%ﬁt?ﬁ’éﬂ%ﬁ&ﬂ{” TEFIRY .@N)&ﬂébhééﬁﬁ%ﬁbnﬂ%&%\%ﬁh{’e% Ni-Rilse @egisvell for
the sulasgay Gamobnidaiionep.PEG precipitated slurry (first filtration/diafiltration

step comﬁﬂ%glpmmgfﬂ&ﬁmmy ReenikRR AN DG RFEGRIRIGA fish
shows %%ncsqg tr%) e reg é/ %%O?lt%?tl? rbor\lvs?'tht% tieaa!rgt?cvev flltraﬁl OP rgtg Eltzatxon
owe ?é’& iafiltration (see Figure Was Used 16 redlce
step aaﬁafkﬁ?g RffLithé H@%ﬁdh@%&%ﬂ@%%ﬁ%@%&ﬁ%ﬂé‘ﬂa 3 shows the tout
clearammonepradbe PEC phidpinaite stgft Wrbsalutionsaftampre oigitaidis iFlekeared after the
initial BgfiFalemh Wi shald.have APRRPIAIR: RS JNGhsalt SANsefiatingshe
residual RNA is reduced by almost 2 logs. This reduction would probably be greater if the feed

concentration of RNA were higher. The final product RNA conceniration was near the L..O.D,
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to ensure the plasmid DNA remains precipitated during diafiltration. For
example, plasmid DNA will remain precipitated if the diafiltration buffer
wenkainsapproximately the same percentage of PEG used igcihespsiRfoosois
precipitation step (e.g., 8% w/v PEG in the example above) and
approximately 1.2 M NaCl. In the example conditions above, if the NaCl
concentration drops too far below 1.2 M, additional PEG may be

necessary to keep the DNA precipitated. Experiments have shown that a
Table 3mmﬁﬁﬁi*ﬁerﬁ§m&r‘lh¥ﬂ}g ﬁﬁﬁ?ﬂi&ﬂqﬁﬁf% hp'r\/\/ppn 100.and-600 mM NacCl is

l 3
e6essary Ie keep-DNA-g &v hatnol solution. Thus,
POSt I‘* tgr\ onoarath - naarthao-Hpenar ol heaid—taa |t
Permedte‘ﬁlavqlu O creartme-oppel !j\.igéluw |\|a\.,| (LR L~ Sal
Perme&t%%ﬂ&'dﬂl%ﬁid”:’ thefirstdi amuq;wgneeus tobeatteast 1.2 M NacCl.

Permea D BNaE LB Z VI NaCTalso workgwet for the stubsequent ethanol
Permemo QPSRRI EG precipitation followeed by the microfiltration/diafiltration
PermesteDigdebanberl harein shows a condsterable reduction in RNA. Table 3
Permesh dlirs dhvenBFA clearance over thesfiSt*diafiltration. stepiagainst 8% PEG
Final Hepduot M NaCl of the purification probéss described above. Table 4 shows
** Beloyjimibiifetféitance across the PEG precipitation step. Table 3 shows that

Table 4m Bercepttﬁﬁ cl:\olélﬂgxgs!oen%%% ae‘zflt%r tcp % I!'%Efle?zlaafv nn]esogycq is below the
quam_lllowle Moy W&Iéﬁ%yﬁ{%( A0IE ‘} U%/&RN&L the residual
Post-LRAA IS educed by aimost 2 1ogs; This TedUetio VWosHI probably be

Final Bader if the feed| concentratiamof RNA were highepsThe final product

* The poRtN Cplltqrgtg r»]vtar attlgen %{\(l)?‘nsag%%%p r% 1pfé:3 1nt§qw&9%qg§%7g&emmate LRA filtrate.
PCT/US2006/003015 Table 3: Clearance of RNA durin first diafiltration

RNA concentration ( mL) Post-LRA Filtrate 37.1 Permeate Diavolume IX
3.136 Péfndeneaialeimt Reryde/Peime s Didlolhn&rsHilatgeic.,
microﬂﬁ’x&f@]ﬂaiﬁ Ricveluta¥asthi' PrBenmeate 0 avobimadths PL8Hd DNA and

removez QEE%&%B‘EMQMH‘&@% 1% z!: 'ﬂﬂ'llf J&)M‘% \Jf@ ethﬁ]% %ngmiﬂé’%&proof

etection, Table 4: Percent RNA comparison between Feed

bl uck A ESUHGH R O DR TSt [ OREE 2
dehydrarian Qrg2aniRinabMBde te ol DB e P s I RRHIPARNOSomREA b
substanGepbQ\iatdsr| (k3 schitbiieassibie JvtiNat and usekdip mpppaxipates i filtrate.
structmg Eeg’ﬂﬁlx?ﬁ% %ﬁ&%&’i&ﬂi Hi%%%é%‘@iﬂ&@&&%ea%ﬁ!&h%' Eﬁitpﬁ lﬁﬁﬁ,@&lt .
ethanol Ibeﬂéentrations are possible for the adjustment step, but an ethanol concentration within the range

between about 30-80% v/v is preferred. Concentrations below 30% risk redissolving DNA back into

n

y.u

solution; while concentrations above 80% start to precipitate salts along with the DNA.

A second filtration step, followed by diafiltration against 200-proof ethanol (see Figure
6B), was used to remove any remaining PEG in solution, to further dehydrate the powder, and to remove
as much salt as possible. The ethanol adjusted feed was reduced to a DNA concentration of 50 mg/ml
by filtration in a filter dryer systern under stirred-cell mode, followed by a 6X diafiltration against 200~
proof ethanol. In the example above, the filter loading was 0.3 kg DNA/m’; however, this loading is
considered a lower limit since the filter set-up nsed was under-foaded. Flux through the filter was
controiled at 3.2 L/m*/min. When final PEG concentration was assayed by FTIR, all readings were
below the limit of detection (< 0.05% PEG). The wet powder was then removed and vacuom dried at 25-

37°C. If excess salt remains in the dried product, it will become hard and glossy, leaving it very difficult
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microfrltration) and diafiltration step against PEG and NaCl to
concentration the plasmid DNA and remove impurities, the plasmid DNA
WoAkehayas adjusted to 50% v/v ethanol by feeding 200-prairRISAON 3015
over 15 minutes. This changes the characteristic of precipitation from a
volume exclusion to a dehydration mechanism, changing the physical
properties of the precipitated DNA from a gel-like substance to a harder,
less compressible precipitate. The resulting precipitate packs into a
to redissgfiigy Eretvieidifordstntinty s Do faveeaha Hidhyshsmmig b amtrudmately 50%
DNA, ifteNs€toerdifiliratien stednaDitfele md ethabigleadcd Fitations are possible for
the adjustment step, but an ethanol concentration within the range
between about 30-80% v/v is pr;_g{ goncentratlons below 30% risk
redissolving DNA back into_solution; while concentrations above 80%

start to precipitate s%‘&%ﬁ@l%})ﬁ%ﬁéﬁﬁ{}Niﬁ &&EBRY filtration step,

followed by diafiltration against 200-proof ethanol (see Figure 6B), was
used tommx;a{mayn@minm ﬁﬁﬁidm%@&lféptﬁhl @%ﬂ%@g&a&ﬁﬁ&wxs

purifie gsyv g:re eme%u%.sr AN gz;'ten% f@l? (%S?%%g ng% ol 2’2 nsdt%en diluted

was reduced to a D ﬁA concentration o atlon Ina

to the fﬁﬂ*ﬁé?‘?i’rﬁ%‘?%%ﬂ@ﬁ?uﬁ@é?‘%t%&?%?%%’ fsﬂe}wbaoswa aﬁlaﬁméﬂ%wm
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redissolving plasmid. To aid the development of wash protocols that remove sodium chloride without
dissolving plasmid, the solubility of NaCl at various ethanol compositions was measured. This data is
shown in Figure 10.
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A sharp solubility decrease occurred between 30 and 33 percent ethanol.

At 30% ethanol, plasmid did not precipitate at the salt concentrations
WwaeHa k3370 ethanol and higher, solubilities corresponded Q-rrus2006/003015
precipitation yields of approximately 99 percent for an initial plasmid
concentration of 0.5 g/L. All NaCl concentrations are reported on a
pre-ethanol basis, meaning that the concentration of NaCl in the final

solution was lower than that reported. Figure 9A shows there is little effect
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ethanol, %ﬁe e%e%get, o so 1usn?'lz;[|cggt!ende£%als§sfafﬂel}ls?n%l %}{sb%ity, however, at other points, plasmid

solubility is actually higher with sodium acetate than with an equal concentration of NaCl.

Plasmid precipitation with methanol — Methanol concentrations of 33% and 50% in
combination with 1-3 M NaCl failed to precipitate plasmid. This makes methanol nndesirable for
process use, but it was able to precipitate plasmid at 67%. Table 6 displays these results. The "salting

out” phepomenon is clearly evident.
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at two IPA concentrations. The figure shows the effect of salt only;
however, Table 5 shows that this effect is also achieved for IPA at
wenstantsalt concentration. These results are analogous to prat€Reoso03015
precipitation, where electrostatic shielding causes "salting out" but
chaotropes at sufficient concentrations cause "salting in." This indicates
that DNA precipitation is the result of intermolecular, hydrophobic
interactions between base pairs. To compare with results obtained using
Table Gyl p OB N Y GO BT HeOR b CBETO
methanol and lower, o L X " ;
r——atetate;a« thhJeﬂl.i;feyv SRt lgélﬂ 9] AL 5 10NS. Flgures
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undesirable for process use, but it was able tQ precipitate plasmid at 67%.
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acetate OOR IR Moliatiling shara decieaseinplasmithaoittslitybtausshas the ability
to precRRINCERANANAL CORGaNEAtians 9f30ARd F3RRICENEI A 33% sihanp!

and higher, solubility based yields for 0.5 g/L plasmid solutions are

approximately 99 percent. In water-ethanol mixtures, increasing

concentrations of NaCl reduce5%6MBltfy of plasmid (i.e., "salting out"). In
water-IPA mixtures] bBtidiffolisbingditdoeyohlidotibPsaltpiigtiout concentration
causes solubility to increase ("salting in"). When kosmotropic sodium

acetate was substitut oth.salting aut an ting in effects were .

e el P SRUDA DB e mode s
a viable gpriep igdeHec st rElaes o ‘Bivdielsonrsrralieuadishisg o Priiaigpy gleplasmid
DNA phiifahN ArRetishingiRrodestipiloo o Plecipitdtio) Asfshonipaboten REG
09/ 8759"@@9&5@&5@8&«]‘&9 @ﬁf@iﬁaﬁﬂi\'&@@ ge”ﬁﬂ@f&ﬁ |i§ﬁﬂﬂ€ci§iﬁﬂi%%_ sanade l% iy e powder
form of BEORPIEL A0S TR MlLNON of 1D NP IRAhe NS ENEAI SR ROIIRR G SRR

rge-scale plasmid DNA %urlflcatlon processes. Earlier development

unless g sradual wash eradient jwas applisd K}Bb Freamply gggcribes a process to create a purified bulk

powder form of plasmid DNA featuring alcohol precipitation augmented by microfiltration. As an

enhancement of this approach, continuous precipitation with concurrent microfiltration may significantly
reduce vessel volumes relative to the batch method.

Materials and methods — See "Materials and Methods” in Example 4. Pellicon XL
microfiltration cartridges, accompanying pressure gauges, and 0.45 pm syringe filters were purchased
from Millipore. Vacuum filtration apparatus and membranes were purchased from Fisher.

Stepwise filtration/diafiliration process to make bulk plasmid powder - Once solubility

data established the required conditions for plasmid precipitation, collection of precipitated powder by
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09/875,379 (supra) showed that ethanol could be utilized as a

precipitation solvent to gain a dry powder form of plasmid DNA. However,

vRiesowese slow and extreme compaction of the cake was evidgntsulesiSois

a gradual wash gradient was applied. This Example describes a process

to create a purified bulk powder form of plasmid DNA featuring alcohol

precipitation augmented by microfiltration. As an enhancement of this

approach, continuous precipitation with concurrent microfiltration may
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remaining before the ethanol concentration approaches 80% v/v will keep plasmid from resolubilizing.
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over time. The initial concentration of DNA in the precipitated suspension
is also shown for each data set. The suspensions filtered easily at 15
Wil-#B0iswdth no decrease in permeate flux over the course @iihgso06/003015
experiment. A feed pressure gauge maintained readings of about 10 psig
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performed for a 40,000 L batch in 8 hours using 215 ftz of membrane

area. EXAMPLE 6 Continuous Alcohol Precipitation and Microfiltration of
wiasiidsPNA: Reduced Vessel and Alcohol Volumes Plasmigrus2006/003015

precipitation in batch mode requires a vessel large enough to hold both

the batch volume and the amount of ethanol required for precipitation. If

both feed and ethanol could be continuously pumped into a smaller,

intermediate container from which microfiltration simultaneously removes
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tal.ﬁre(:l |tat on vesse r to créate a one mlnute time a
peris

SREPR &IPS ?ﬁﬂﬂfﬁf?afffb@?eﬂfgé%%ﬂ%“éaf’f%f’*é‘?eé’{ﬁa‘l‘ Vfeh A rapid
transcajiFEtgpioratend trecans moiutbstaredfoeibe twenptvessk andstiftdfasthitricde 14
tubing RiSRddSRd 40%cyMEihaneiand@fead pump set to 30 mL/min; however, a

0.1 m'Cf@gfhP YRF SRGHRIRRG %%%p%%%%ﬂ&ﬁ@%s%ﬁ%%oéé% ri]%% Q%Qtséﬁz%ta igure

process with ag time shows a smaller percentage. ux_than seen’n

15B wkﬁlwféei%% 8};&1}5111% f:ﬁ%g}gatmn to 50% viv. In this'trial, permeate flux slowdown was

lessened somewhat from the 40% v/v ethanol trial, but the pressure increase was even more dramatic.
Filtration was stopped after only 30 minutes when it became unfeasible due to the pressure increase.

This attempt also used Masterflex size 14 tubing for feed and ethanol addition during filtration.
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volume of 200 mL. However, the initial rate is slower than for the data in
Figure 15A. It is possible that the length of tubing used to create the lag
wimgoeaay-have resulted in a frictional resistance that causeds@gfisiadti®ozo1s
pump slippage and decreased the flow-rate coming from the stirred
vessel. A rapid transcartridge pressure increase is again observed for this
attempt, which also used Masterflex size 14 tubing for feed and ethanol
addition during filtration. Figure 15C shows data for an experiment that
used tHEISEHHE PRSI IEERT BTG A5 B RN e Ladin e Ehafibs
semicontmory RretipitetoBOYs iiratipahisoenzsl, Peawibatanfian slondowneprae, pressure

increasd© SABEEHy SARAAYY PREHos s Aot ethanet thaliltktheoRs essabred slury
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minutes when it became unfeasible due to the pressure Increase.
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exiting the narrower tube mouth likely improves the dispersion of ethanol and feed into the bulk
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rate, in contrast to the constant permeate fluxes obtained subsequent to
batch precipitation. Increases in transcartridge pressure were also
wabseygdyin contrast to the batch case. Particle size monitopng,eéhaledors
precipitation by LASENTEC indicates that, subsequent to alcohol addition,
an age time of about 15 minutes is required for particles to increase to an
equilibrium size, likely reflecting the simultaneous events of aggregation
and dehydration. Failure to provide this age time in the continuous
suspensigin ReRely REOIHN 8 ot HEERE BRI Q’?I”E}Si%ﬁafﬂﬁ’ég’fé‘ﬂﬁ’é@f‘sﬁﬁf?@h &RffIgo not clog
membrforabeghepore fouling particles are withdrawn immediately to the tangential
filter. The addition of a one minute holdup volume to permit particle aging
between vessel and filter in theﬁgp g%gs precipitation/microfiltration
approach improved permeate fluxes. The use of smaller-diameter tubing

for feed and ethanol ad8fib AR RELEMIcBAhuous approach also

decreased transcartridge pressure and improved flux. The higher linear
velocitwakdieniide exiting the Narrpuetdubesmeiih, ikely: ompvesdite ol cells
comamgiég%r%%ﬁeﬁg?g%ﬁ(ﬂﬁﬁ %tj %?eqesnw&tg?egllé"én%%l}%/lgligoe‘;g gorm buffer. To
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his SO AT o SR e SR OPEE QBRI A el HB At Cm SRt csls were
incubatethirtbie lysE )ARPRE Teghdapon prShifteceDRA ¢fisatetMatariaty#l for
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with tlp%%@é@g rﬂ@ﬁ %U)l%r%&?ﬁhm@swgamﬁ %eéﬁt%g ﬁa‘%ﬁﬁ? \{IgsSHgIR ?&q%%gutes pnor 10

00 units/mL of recombinant

=70in Sé%E%nbuff r. To thls
increasigg the e IR S LGB 1 #75°CT PRI A RR TEEFL TS s o 200
ft/min, wd a8 Irivaeis Weasisbrafferdaisht-least 2 hours. Approximately 5 L of
materigtauds ramgued fornidritigaadsivdios; and mbilizingibetemaimb gpstieam

Iys:s/lyélatz é!&?fﬁca% al& Wag. ?#%Mv%ﬁ@ﬁ@gswg}%@fygﬁyﬁﬁ s‘ﬁ%ﬁ’ﬁ% ﬂoccallatmn),

s fro t 2000 ft/min. At each tip speed aterial was hel
e o TGP bk, R FIGHEAEN 1 1o ST Tt 1 NRET3050 i *hovs
the resulfs apablyinEifg N ecupraistisn (BAs redivceenteuBeocisdmisaitie phtap
("%SCly sadermaman ixed (BB rpighic Resultssh ToayBiYepotentialdegiadatant
supemdmmmhﬁ wamﬁﬁt;@m@&?m &B%eg@wsﬁmems& SAGHERHIGAYRR, no
esent invention sSQz sis/p
asmag B R rsr s T S M B St
t‘*"hn"l%’tﬁi%}?éﬂ’éb%* P\?é‘s"éléféﬂ?ﬁ-‘?ﬁ@dﬂ“‘r:é'&é i %ﬁ@%@ﬂ mé:vﬁéwfsbwa?ﬂmﬁ%@%@ut
shearinN¥Aoo mieemtiatienc(g/L) and percent supercoiled plasmid DNA content
("%SC") as determined by a 0.8% agarose gel. A high total DNA
concentration a rcent of. s C lasmjd DNA was maintained
as the tip see vr:/%sgfngre%se Lf%ppt%%%egfmm Lf: us%ﬁ'o damage to the
plasmid DNA mgggggdled at tip spegdsiyp 102880! fifrifA, [?dlcatlng that
ti

the lysis techno{ﬁgmﬂlsclosgﬁ S partiahéhe p nt i n is sufficient
to lyre host bcmﬁvﬁ@%‘ﬁﬂwﬁﬁ iR .c efsis vessel. Table
7. Data from pH-sBifed-lysate3near Il 051 1.7%
U500 4T 425 Iimin | 051 54 0%
700 594 22 min | 0.56
900 764 333min | 0.60 | 64.2%
1100 934 44min | 0.64 | 67.3%
1300 1104 33.7min | 0.67 | 72.9%
1500 1274 67min | 0.69 | 74.5%
2000 1659 78 min 0.67 | 77.3%

avernight 255 ~16 hr 0.52 | 60.6%



Tip Speed Sampling DNA %SC (ftimin RPM Time Conc. from ) (91L) Gel
300 255 0 min 0.51 51.7% 500 425 11 min 0.51 54.0% 700 594 22 min

VS H0e0908 764 33.3 min 0.60 64.2% 1100 934 44 min 0.646F:8%n0d30015
1104 55.7 min 0.67 72.9% 1500 1274 67 min 0.69 74.5% 2000 1699 78

nun 0.67 77.3% overni ht 255 -16 hr 0.52 60.6% -59 WO 20061083721
PCT/US2006/003015 EXAMPLE 8 Purification of Plasmid DNA
Lysis/lysate clarification - E. tali cells containing a plasmid DNA of interest
is first resuspended in a STET mM Tris, 100 mM EDTA, 2 %
Triton X-100, and 8% w/¥wiigsisna of Bl4sgid i 4an ODtoo of -70.
Recombinant lysozyme is added at 1167 U/mL (Epicentre technologies),

and m'mm&k@&gm%tp F 25 c%ﬁgcﬁa%fagaq)ﬂsﬁé%&h&%réé{%m

(o batl te, H.is added tot sate to a fina
resusped e R e R0 i TP o B IS Th P T i perose
~pH 8.27 fps S Afis 7R tB paedtis s H 8@y meOstiyidsd dind &7 Hinla eniecatidasherlogies),
and mix@u&ﬂs Heubrouget lysate i the mélopeutatetwithhRiEG £00Ghadaed 8 @bPete, 5N

NaOH i¥a:b4 &!li'ﬁ@h@ﬁe]éq M %ﬁ&l‘)ﬂtﬁlg’nm@) \M\N%f i H&H ngelﬂ%g@tbqgc%m%or 1

centrifugation (e. aShar les A

locculated lysate is p f
hour. ToE st {igk %tufjér%o?/ Soé ?% g BEPESTS, i éﬁn"%%ﬁ?r? Liictay i Iysate is
then ﬂoe%%%aﬁ BRGSAIS0 e v HouebmrifimAtmMiiilted Afewévager | hour
ClarificMiblofl fHeierpast tenteifupations dise desitegtianelish: filteation 596 beatrifuge) to
mmwe?@e@bmela%ﬂ@l J@m%ﬁhr&@%aeagc%@culfgm&ég%r &déélatgelﬁ Q’Js%c'é?rlﬁt?f sm
iltratio ith a Mi or e eratalo
3 SAr e RIS BEAVE N1 YDA bl

rnove ool [0 LI WP&&%&%@W%&%‘%}@@H@WW%@W%WO o

CE50 dgptt6iicfwi v )lotdingoiopersolulieyproigin’ andoendtoxinhiespbaiatyiiNT U turbidies.

downstﬁ@amh&m tﬂmqmscaeg;f&ﬁg@gbnﬂa@ cgélaeqw&ﬂﬁd% Adeling 2wy

to remo(/e QE%IA% =111 ;md & ’%ol\loya{i%let ) the] ﬂOFCH!)a‘J.‘}e a]E[ 90%r1§0 EPI’FOervegt This
host s OP]]; tration, ﬁl e mat er?af hen rea clari |ca |on as aescri

can be dggp by 3%91*}& B7precipitatdhin WM&. ft?f‘ésl}ﬁfi%? ByRgse &Vﬁrééfpﬁé&@é?vem
host spd Gty clBirifiaderinss tell tyshtéonitivificstinglesQlS08badAbE&FAB-induced

precipitetion step inibe PrasensecefidladniEplinne R3O idiaiamaceaustied
host celP B RPGVHY SRR OERR INA0 MM NAGHR addgdiio e clanfied.
Celpure P300 (diatomaceous earth). A 2% w/v CTAB solution in 40 mM NaCl is added to the clarified
lysate over 2 hours to prevent hot spot formation. The lysate is filtered, and the filter cake is first washed
with a quarter of the batch volume of 5% IPA with 50 mM NaCl. The filter cake is then washed with one
tentth of the batch volume of 50 mM NaCl. Micelles of CTAB and Triton® X-100 are responsible for
DNA precipitation. The enbanced selectivity of the CTAB/Triton X-100 micelles for plasmid DNA, over
free CTAB, is due to the a}igﬂment of CTAB charges in the micelle with the spacing of phosphate
charges on the backbone of double-stranded DNA. The washed cake is then taken to the redissolution
step.

Redissolution and calcium silicate batch adsorption - Redissolution entails manualty
removing the CTAB-precipitated DNA-containing cake from the stirred filter tank. This cake is then
resuspended in 3 M NaCl, targeting a 1.2 g/I. DNA concentration (wherein said target DNA
concentration can range from about 0.3 to about 1.2 g/1). The initial 3 M NaCl charge contains 25 g
LRAIl/g DNA and is incubated for a mininmum of 4 hours. This initial LRATII incubation can be
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lysate over 2 hours to prevent hot spot formation. The lysate is filtered,
and the filter cake is first washed with a quarter of the batch volume of

e ibMyyith 50 mM NaCl. The filter cake is then washed with-ang;igpiha ks
the batch volume of 50 mM NacCl. Micelles of CTAB and Triton X-100 are

responsible for DNA precipitation. The enhanced selectivity of the
CTABITriton X-100 micelles for plasmid DNA, over free CTAB, is due to
th&ah%nment of CTAB charges.in the micelle with the spacing of

Pe"fomb IR BRERY IEHERGES BRCTHE ?35’6%8 ASh b8 iSO ReAneped for a
minunwaé‘iﬁ’e@wak@l Igvtheby takesantb 1ehe g e 8IS 5 dh chreys. tRe Bissulutiorfandditional
time (neaickTOSlitaie)batehadsento mxRerisseltien entalsmpanualy (g, AEX

assay) £§&TB9\QQQIQE&09%§5R@%P}W%WA §9@mmega‘s@ftﬁﬂmstm@tkﬁ&%m step,

en resuspended in 3 M NaCl, targetin

050 TR LS eﬁral i "(’wﬁ’ére"%%% ﬁ“t‘émé%f‘iﬁ‘i\‘i%‘&l%&&ﬁfr%%%% A %Sﬁaeﬂ Eel
electrophopsih G OPB: G b alig e g Al o dhfitial 3RS @1 dhaseryasorerdirfer25
concengatidn Al griaNAlanstis:ab ated teraiminiaim of Ainowks cbhisdAdbigland if not,
more LRRAY ingupation can be -60 WO 2006/083721 PCT/US2006/003015

performgd in a s e e herein_a initial charge of 12.5 g LRAIl/g . .

DN o e Tt RN S HOU T TANEATER 7 CoBEP S ¢ et
with a ?WW&W&F@@W&? g iRialateentof aelano e LA priimbnicsiian.
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wash idyepagsdydteagairhfoeprance rratiomha ks pperocite dipdroedtBy dhthmed with

the Ceiﬁﬂ%@ﬂ@hmla@é) She, rﬂﬁ@ﬁdpﬁ ERIUNENCAR: ARhif AL PRESLRAR S treatznent
added :Sret:on E‘szi(?)?!\{? aﬁamkzdags Abtsﬁ?glu': oSr:le IS gl}ﬁ{g 'ﬁl'lscllﬂgtl 1] lgno rmed to
inch housing 4- f eh a memprane area propo onate

assure %ﬁfb@%@&?@%&fé@éﬂﬂ%ﬁﬂﬁ Rt e iR SotBr essiers) @LW&#% is
added G Blppieergd ERNknakbBupaed fof hiowf. VBlesvbitiBasaticonthectotakamount

electroftickd3ib\ (2B Soelpdradiie piRpey) arnhasRf Millinerer G50 dsi:lilkadioRrs untit
> 90% &%&L‘Eﬂ?@ﬂl&%‘?&‘fﬁdﬂ%ﬂﬁ%@%&%&" RS tlize %é@&%ﬁ%ﬁ& i Qo ration

ter filtratioh Is complete, a SU IClent amaount O

housin
IF this s LA HimAe *ﬁmw\é%%%ﬁ%&ﬂ%@%%% T A
Durapogpfiiembating aéeghete wiksisarnrip end e Tihmgdwhshstepey dractbeabtovelicate
into dothatasgapgicentage of plasmid DNA entrained with the Celpure and

LRAII c%@ ARE materialis m@ms%m@ Omrer: 488 ﬁ@%@%ﬂmn of
AII econ caIC|um silicat Yfé sorption - A secon
poh'ethﬂg t@fe@n RS M AR arél%e %&%ﬁﬁ%?%ﬁﬁ%&é%?%%%&?é
Pol1sh%ﬂ%>d§tth%i?wnﬁ<ﬁﬁﬂmm%lyﬁ1®0&v FRANG RO utirdeerddsdrethe second
LRATI plasmid sthutionenekitcidiated fov, 4dneutag B g ehitinndsthapmassayRoiNac
A first ﬁﬂrgﬁﬂn %!%gf 9%&%%&%&@3@?’? flfl%:rl %@' ggﬁ?ﬁg%O?%Q&%m%&%mpmmd
slurry aBd ﬁearmgegs UE%%[? Q{mp Title %g Hng%gat ux@!ﬂ'fy I& %ﬁflﬁ) S%amst 10%

ached, assayingpriortoe
wiv PEG 6000 in 1.2 M NaCl for 5 diavolumes. The retentate is then further concentrated using a second

stured filter vessel-based filtration step. First, the retentate is adjusted to 50% v/v ethanol by subsurface
addition of one equivalent volume of 200-proof ethanol over 30 minutes, displacing the PEG with

ethanol and dehydrating the DNA dehydrating. The solution is then concentrated in the unit using a
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if this second LRAII step utilizes a 1-2 Millipore Series 2000 housing that
holds a single, 30", 0.45 m Durapore filter, having adequate cake capacity
v dgpeaxenting the bypass of hydrated calcium silicate into glownstieamas1s
steps. PEG-based precipitation and ethanol powdering - A precipitation
step by addition of polyethylene glycol (PEG) followed by two separate
filtration/diafiltration steps represent the final polishing step in the DNA
.. purification process. A 50% w/v PEG 6000 solution is added to the second
stainless R fiftrate 1 2TRPRS e ARGEOH Brefoss i/ Yanarheititrdl firid dayptumes.
The fingbeibenvlpittoinintet R dduMaChkial findefithatiortstdpis partaondet frsingfdNA.
Once thojevidipendipoaembrana.sten] cancesiialing:he. precinitaiedisid myansh of
the resEGHPEIRNIILIALRINA, ADLLIRYIHICS, Efiﬁiﬁf’%%&eﬂﬁﬁﬁéig Y %é}feﬁé%’hm, PVDE)
diafaltered against 10% w/v PEG 6050 I 1.2 M NaCl for 5 diavglumes.
ata loaghpg PR PRREHE Rt &0 R IRBR BT At G Ry e S XS SRR filter
vessel-Bartsefilerivd orostesyi diedmmmaiyalerntater ibradjld et eye500esyyield for two
DNA peihaag Hxssidos urtemesnad ditignef:anerequiv adeni vekun gl ah2d Ggraabely (see

Figure ?ﬁaﬁ%)oﬂuéolﬂ@iﬂ&% 1&59[@1‘3‘ HSsHé@rféﬁe% f%‘é@m‘? mﬂ(%%(?h production runs,
iF deh}/_%r_a%gl\g the DNA dehydrating. The solution is then c%ncentrated in the

ot Fig i SR B BT SR B0B TEE S P T PE f S 06765588 5T AR & dlEel

demongpriedbpigiiteaSmnrbeTe gy edrel didfitdhe i v afrmss R00pESsREthanol for 6
diavolumes. The final ethanol precipitated product is dried under vacuum
to obtain a fine powder form of PNA#Ppee the powder bulk is produced,
the material can be res spen e(g ﬁeﬂgr 5;% %/L . Sterile filtration of the
resuspended DNA solu i6n Can be per 8rme euéli[ﬁg a Millipore Millipak
200 filter (0.22 m, PVDF) at a loading of approximately 400 grams/square

meter aTkeftosy abid0i<kE06 Midminfen2aiRepr easnbativelRreessding, but not
1imited){@i§3§{§(§\ﬂ@k€it¥ Qk_,f?,a;'fdamg %@Iﬁmi}r £ FHP:QSY&x%é?‘i%%ré!é@{%&éiﬂé?b@%}inﬁmd to,
asmids id A an smi enera .2 and 19.0 grams of,
L G S e e
ceils cappiieteRstelipl Ak BNA p6i6tRproduction runs, and Figure 17B
shows thia ke§. Tmp GiitiiteNalsoifemthity 20GrSechf jplbce §bingaTigassdy500
MwCaesttssseme stk thal alhkeympuritigsonere reducripelewnihe; Igvel
wansm@EARRE ALHAUIEARON, X MG E R RASIENR o HRNESHEIRCEAE:  Bieure
_ oal_o? harvest step i5 to'concentrate an wash hos c‘eq_ls.c(tl‘néfaﬁ1 ing,'bu‘tl_
optical gEpsiipitdartes HatE EPedis! @ ODw: puliy LomeskiRg R pivhioidthne be plasmid/L.
At har{petfedifimohedingh butonlt lionitdddo Tisspercoited: plasmidiDARoighagdbin
microfificatianisphisexaBRledescibrsHe-RaNa shabi 2B ast. a8lSarvest step is
i 20i ! f Ipte I . G
operate%§¥ﬁ@aﬂy%?8ﬁ§q’ﬁp§m%% %h% V%g#%ggﬂg?ﬂh %}é&%eabt%%!(%és%w cf:(%ntrol

Healthcare (formerly NO Tec iber cartrlngesW

valve. e BSR4 58 Spatatbarir PaaCP o™ ttar 622, 2Anibe beirlidgpomes
concenfyaieshibtdradamessrnarrerabrifenshedset er¢sTivReichabSmus SVE, ~15 psig), the
cross-fRi@ssHeVdRiR100 neatl al o fas ateamndsiiuy o CLliEgs Optitahdensithdbs is based

on dry Gagé%%%}i{gsﬁaﬁ% franm 8010820600 and Yolumetisprogugiivity will be r:

puriﬁcgdon. %Based on initial culture ODygop of 80 to 100 obtained in development runs, a2 concentration
factor of 3-4X will be required.

Concentration is performed until the target concentration factor is achieved or until
significant flux decay is observed (in the instance of high biomass culture). A threshold flux level can be

defined in order to trigger the end of concentration. At the end of concentration, diafiltration is
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At harvest the fermentor broth is cooled to <10C. This temperature is

maintained throughout the microfiltration and dispensing by cooling on

whernetertate vessel and/or retentate line. The harvest step isc@permtRBOY1S

initially maintaining TMP at 10 psig by regulating the retentate

backpressure by control valve. The cross-flow rate is set to 50

mL/min/fiber (300 LPM for 22.2 m2). As the batch becomes concentrated,

the feed pressure increases. When the feed pressure reaches 25 psi
performp\ it pBREMG A 4 %&@mﬁ@swe&w&asayhﬁea%&?%ﬁ%?@é@ 3
mM Sogresdtie b «2Biprig. (Sehfénmatidrractonis Bakbed Poospimteaddbnaigh tNatLPO,
Monoh@@éw&wsﬁIaf@&ﬁ@e@%@@ememuée&@a&o&&mm%& Oh3RQ dsriBe:d during

concan ar R n H’Lu rﬁ) %UOPUIQQ Sc%gcgn Ia':slclﬁ aalt ﬁyelgﬁ c? @ti)tl ap (]; 8%3? %%:1011 and

evelopment runs, a concentratlon actor O

dlaﬁltri‘é‘a‘h FF&EP ?&R?E@Hﬁ%@t?ﬂﬁ f%eﬂé%‘?ﬁfé‘d‘ﬁﬁffrl YHE i‘eff@‘é‘ta%‘f*f&’é‘ﬁ‘c%? 6??‘(3?91‘8’# in the
retentais wekievedipstinatihedigrificast tfiotk detbayeisk chaenpedainith bénstasiaeofeation.

high biomass.culterifethie abaldiffadeye) sandeadefinedsiniorden tte at
<10°C H&%V\g Ea%%)%n%‘}lg °§1‘%§B&%’9&%&E§%{8§é /%L‘?ﬂ%’?g pheongeREaten. éjtaé@@fﬂ%n%éand

1 PCT/U 03015 performed with approximate
frozen p 740 A Eba LBt oS SIalsE RS SIT TRENeER B 1 ﬁ‘ﬁ@e‘%“"
accepiapliiiiSeriigmdtisdsphate Dibasic (Na2HPO4 anhydrous), 1mM Sodium

Phosphate:ManehasiedNatddBadt ManthydntekdGwash dfieharvest is listed in
Table §°ﬂlccﬁﬂt£§£%‘319%ﬂ§ 650@%%@9 8&&@4&&%@%‘2@%@&9%@@% \%ﬂtﬂfﬁblﬁé’ Bﬁount of

concentration, then the batch is further concentrated_ at the end of

mate“?:i Qﬁft BB PRGN (PSS B TR RSP VOB EEHE e’ HPSIPSQH’“"‘“’SS
volumepf-bleed nicderasd tobmstariediobies ledemarinraifafipet beabterfabe the tank
for an v@ssel hyuadjustiogethedee phraterpl b atifiledine tankin cempdng atefalihe ‘

volumd Q6 e meateRs AL ke end of diafiltration, the cell paste is to be
maintained in a well-mixed state at <10C during dispensing. Aliquots are

dispensed in either 2-L Nalgene bottles or 8-L Stedim bags and frozen to
Table & fgnor Josabcenpstorlye Heompiéebath or static freezing in an

Retenlépelgglsgf{eezer are acceptable freezngog]f C)or‘gl%le%g q{ —%I& fprocess

CL{UI}JI nent prblﬂbalIUllb UDCU OT TTOHL LT

M&Wé@mﬂ vessel dpqmnﬁ?&rl-nq the.retentate .vessel will iimit
Filrativ@ 8kiount of material that can be p*ammrmmmmm@mmmm

Feed B%Q%Mfactor of 3X, an optimumpyeggss volume of -1200 L of

culture could be harvested. ThiS VoIume ensures_sufficient head-space in
Mem?%l?éﬁg\ ef\fﬁ%al%lgpticqal dlluuun uf €0 lucMﬁﬁW‘fW
“Pump etnradactodaivmewith Euttirerapi a2 00 inwengiek: besloarbg.
Table 8: Equipment Specifications for DNA Harvest Step Retentate vessel
600-L P8rAsishemaend(y/Babthd oynReatitatiojesie o badh Goesiannicd pepgd on an
in-prodeiration:Skidnk afghMictafitkaigr:tik tMeds 18) Feed amimasituaiid? OUsing

this exla'BMe, an initial colture volume of 1200 L. will generate >300 L of cell paste for downstream

processing. The batch will first be concentrated at least 3 (or until flux decay is observed in the
instance of high biomass culture), then diafiltered with 4 diavolumes of sodium phosphate solution, and
finally concentrated to the final target of 300 ODgpo- A minimum of 1600 L of buffer will be required for
diafiltration, with an additional 400 L. peeded for pre-use membrane conditioning.
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Membrane holder capacity 22.2 m2 (6 x 3.7 m2) *Pump maximum at zero
backpressure. Pump capacity will decrease with increasing back-pressure
It is recommended that the concentration factor for the batch be calculated
based on an in-process measure of the broth optical density and a target
of OD600 of -300 after concentration. Using this example, an initial
WHAL e MO Sf 1200 L will generate >300 L of cell paste for
downstream processing. The batch will first be concentrated at least 3X

(or until fiux decﬂ%ﬂ&@(ﬂs&{ Xﬁ%ﬂ}&%p (ﬁgg 195f QF?B]Q/Q E”&ﬁ% ggl t&l a)té of a large-

then diafiltered with 4 diavolumes of so ate so utlon an
scale piprgbial dRoRs At T th& TRl g et of 300 OD500 A minimum of 1600 L

of buffer (ill be Ipatpgireidrébiaidiadiltraiaonwiting R pddibibniahl400id IéadReming a host
cell HQlPEgaUse membrane conditioning. -63 WHAT IS CLAIMED IS: 1. A

method urifyi upercojled NA from a cell lysate of a la
scale mlz{)fblal ?L %%H%a%b@hﬂfﬁ%ﬁiﬁﬁ%g R AlocpL) aﬁ&gr\ﬁ%ﬁgpoqﬁ%ﬂlﬁ‘é’gp po;yethﬂe“e
glycold®léi¢ontaining supercoiled plasmid DNA, forming a host cell lysate; and,
(b) clarifying said host cell lysate by flocculating host cell debris with
polyethylene glycol (P ) thod laim 1, wherein the host cells
in step (a) are I}‘/Xse t|{]n %%tan'&ard %ﬁrglf% 8Srt(?8r11 anllnii'% i%lzey &d < %Sta“dard
STET eilberaiarnedr®eitpe preceding claims, wherein the STET buffer
contains PEG. 4. A method of any one of claims | and 2, wherein PEG is
added t03the hoﬁtrﬁauolyﬂgy%f&gr Hﬁl r%cél e(ngd OIPV NepPbil ge(%tlirﬁ? buffer contains
preceding claims, wherein thie mo?e ei r Wel of the PE Hocculant 1s
PEG. hetween about 1450 Da and about 15,000 Da. 6 A method of any one of
the preceding claims, wherein the host cell lysate is subjected to an
alka“ne pH Sh'ﬂ&\%é’t}%&%ﬁ%ﬁly%ﬁé QPHHﬂ@PQQ@ Z.St@[?e?ém%lig Hae(artg%rhost cell
1 te aFthIOI‘I of PEG. 64 7. A method of claim 6, wherein the alkaline pH
ysa ?favﬁbs subsequent neutralization step comprises raising the pH of the
host cell lysate to an alkaline value of between about pH 12 and about pH

13 and tBen |0Wf$mﬁﬂ%pﬁﬁ&miﬁgw%%@tﬁégl%ﬁ@%@;@Eﬂﬁ@ﬁé’%su}ar weight of
the P%bh(ﬁA%ro 1.7 an aQ&”& Sy L Sgﬁﬁﬁ%ﬁ)%ﬂ qu?;éd ing supercoiled plasmid

m a ce ysate of a large- scale micr &rmentation which
comprises:
6. A method of any one of the preceding claims, wherein the host cell lysate is

subjected to an alkaline pl shift and subsequent neutralization step either prior to or after the addition of
PEG.
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(a) lysing microbial host cells containing supercoiled plasmid DNA in a
physiological lysis buffer, forming a host cell lysate; (b) subjecting the host

cell lysate of step (a) to an alkaline pH shift by raising the pH of said

lysate to between about pH 12 and about pH 13; (c) neutralizing the
alkaline-shifted cell lysate of step (b) to approximately the pH the lysis

buffer; (d) clariffinigtimg céHiwdterdf stophe by locdl kit gndosbsalient neutralization

step ceHgRiSWiiBIRERR; pANd (e heenayingsaifkflageuiatedibost cal sl 12 and

d), gbtajning.a splutjon.. superpatant containing.soluble supercoijled
bout SHERs - -
o R B B S S e S PR AT S avur
9 puffer of step () is a standard STET buffer. 65 10. A method of any one
of claims 8 and 9, wherein a detergent-induced precipitation step

betweengsteps (d).and (6} @ﬁ%‘%%g%p&%%ﬂgﬁ‘? %Aaﬁéjlf a cell lysate of a large-

n,on-s,urzfercoiled_plasmid, urtherclarifying ysate. 11. A me Rod of
scale rcrohiglfeqsatainmdigh argRsE hexadeeyltrimethylammonium bromide
(CTAB).(32. A iyethodicfopitifying<lspercoiad: plasroddl ddNAsfrahDa sel a

physiolb3atA BER 13198; ScARMIcreRial fermentation which comprises: (a)
precipitating said sLéelerc iled plasmid DNA; and &b) concentrating. said
|

precipitatéd suﬁgl? S Branig N’Aaﬁffr#@?o%ﬂ arnrlataery shibuning the pH
of saidfypatfiltedtiomemodhe rd ] A2raedhabdubpdldim 12, wherein the supercoiled

plasmid RNA is\prasipiatest nksten fakusing & arecipiapisalegsd fiamely the ph
» th%&coup consisting of alcohol and PEG. 14. A method of claim 13,
he lysis ar . . . .
whereiri the supercoiled plasmid DNA is precipitated by PEG. 1.5. A
method &Pclaintlaulsisabeire S dvdepretiptrdedysiprsriviteaihongelidebris with PEG;
and, concentrated in a stepwise filtration process which comprises: (a) a first
filtration step cqmlpoq',%il q, igofill};%g R d ngential flow filtration:; .
a first diaﬁ?j t.ratior(?ll step%agdg(ilrjscicg PEG -}ggﬁ%g?{l(l{r%r%iéﬁ?%&%\g %Itt)} élﬁl,lg ? S(Obgﬂm
SUPCTAZ ARG IR ARG BRI PEs LIRS dufficient PEG and salt to keep

said supercoiled plasmid DNA precipitated; (c) a dehydration step

wherein éne pregipilaid, SLREIGOURR BIATDIGHPANA . AN 3198 ;

oy e Adjon o ialsdl PN SRR Aedraed is o
standar ufter.
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(d) a second filtration concentrating step; and, (e) a second diafiltration

step against 100% (v/v) ethanol. 16. A method of claim 15, wherein said

diafiltration buffer of step (b) contains about 10% (w/v) PEG 6000 and

about 1.2 M NacCl. 66 17. A method of claim 12, wherein the supercoiled

plasmid DNA is precipitated by ethanol. 18. A method of claim 17,

wherein Said prédisiieal stipeiesicdpradnid DRACTS oAt atdy Ipd
precipitepwise filtratanspioadsandhieghs addepris esicta)adftshditiat @on-supercoiled plasmid,
ﬁlrtheggﬁgg%réa&i]@geﬂ%%&gmprising microfiltration under tangential flow

filtration; (b) a first diafiltration step against an ethanol solution, wherein

the concentration of ethanol in said ethanol solution is sufficient to keep

said supétcoiled plesmid DMAnp&cipitate dh{clk gizerondditdeiprimethylammonium
bromi@ONEERHFALING step; and, (d) a second diafiltration step against 100% (v/v)

ethanol. 19. A method of claim 18, wherein the concentration of ethanol in

the ethanol solution of step (b) is about 80% (v/v). 20. A method of :

purifying iSupereoitethpibeimidiNa sirorreeled biysaibIoNa fapger edblesate of a large-
scale AGBRIRIaMANIAIORWRIGRERMIPrises: (a) precipitating said supercoiled

plasmid DNA with PEG; (b) concentrating,said \pitated, supercoiled

Dlasmid BUA by SEBHITA oG e et ow’ﬁﬁétimgartiall

dehydratihyy saiePestetitatel pretipatedrsneallsy nismaid microfiltration
underethapalkiandw dicancentidiing said partially dehydrated, precipitated DNA

in a stirred-cell filter dryer. 67 21. A method of purifying supercoiled

plasmid DNA from a cell lysate of a large- scale microbial fermentation . )

which cotriprises: T&RS M iR robiaP HESt BEIRRSHRERIRG Shigdfogheprecipitated in
step (plasnid PiApinra sghysibfogichklysisphuifastfarofialgddiostiddifiysate; (b)

clarifying said host cell lysate by flocculating host cell debris with a PEG

flocculant; (c) precipitating said supercoiled plasmid DNA with PEG;.and, . .
(0) concaratn CHIRpl LA ST HEANE BHEMIER RO s rcpiated by

PEG. microfiltration

15 A method of claim 14, wherein said precipitated, supercoiled DNA is
concentrated in a stepwise filtration process which comprises:

(a) a first filtration step comprising microfiltration under tangential flow filtration;

)] a first diafiltration step against a PEG-containing diafiltration buffer, wherein
said diafiltration buffer contains sufficient PEG and salt to keep said supercoiled plasmid DNA
precipitated;

(c) a dehydration step wherein the precipitated, supercoiled plasmid DNA 1s
partialty dehydrated by the addition of ethanol;

(d) a second filtration concentrating step; and,

{(e) a second diafiltration step against 100% (v/v) ethanol.

i6. A method of claim 15, wherein said diafiltration buffer of step (b) contains about
10% (w/v) PEG 6000 and about 1.2 M NaCl.
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under a tangential flow filtration mode. 22. A method of claim 21, wherein

said host cells in step (a) are lysed in a standard STET buffer. 23. A

method of any one of claims 21 and 22, wherein the host cell lysate is

subjected to an alkaline pH shift and subsequent neutralization step prior

to the addition of the PEG flocculant. 24. A method of claim 23, wherein

the alkaline pH shift and subsequent neutralization step comprises raising

the pH of the hosheeiblysaitia an alkatinahwdugeabietweenid b Riprddpitated by
4nd about pH 13 and then lowering the pH of said lysate to approximately

its pH prior to the alkaline shift. 25. A method for the purification of

supercoiled plasmid DNA from a cell lysate of a large-scale microbial
fermentatibn, whiclebodgrides: (&) Wareestinid michobiall hosecelisdndnsaid DNA is

conceFRHREMRHORRPIRINIPY S ehe hiash ealis.ina. sufficient amount of a

physiological lysis solytion; (e) subjecting the host cell lysate to an ,
Bkaline ] st Dy ARGt B AR S BT LBt b ggptangenti
flow f@frdtabout pH 13; (d) neutralizing the alkaline-shifted cell lysate to
approgin‘(a;tfelly tB@ii:@fﬂﬁﬁﬂh@thﬁiﬁengﬁﬁé@(ﬁ) ﬁd@eﬁM g@dﬂ@]%@tléb’eﬁﬂ%ﬁﬁoncenﬂaﬁon of
te culating host ce ris with the addition o : -
etran g e e SRR P DR SIS RS ke
supercoilédl plagrifePNATAitPn& Resedgbey fFaRistylammonium
bromide-{aguces spcesipdiatinonios (o) eeaissalving the) stpeantoiled plasmid
DNA and adsorbing impurities in a well defined buffer of optimized ionic
strength and further containing hydrated, crystallized calcium silicate; (i)
adsorbiné9remamﬂgﬂ?prftfﬁﬂ?éw%waf§@eahﬁ WY EFAEHOCRISEARRL | the ethanol
soluticaldisep @i)icaterin@0ted /atisorption; 0) precipitating supercoiled plasmid
DNA with PEG,; (k) concentrating the precipitated, supercoiled DNA by

microfiltration under a tangential flow filtratign mode:; (1) partially

enyciatil the R R Lk SO HA R T S B kgt of a laree-
scale (pireacennetitip tehddsratsdssupercoiled DNA a stirred-cell filter

dryer; angy)(n) dpdngitairemayegthancel gesAidmsthodef elaim 25,

wherein g low-cut hexadecyltimethylammonium ied plasmid DNA by microfiltration

ethan

under tangential flow filtration;

{c) partially dehydrating said concentrated, precipitated DNA by the addition of
ethanol; and,

{d) concentrating said partially dehydrated, precipitated DNA in a stirred-cell filter
dryer.
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bromide-induced precipitation step between steps (e) and (f) is added to
precipitate debris and non- supercoiled plasmid, further clarifying the cell
lysate. 69

21, A method of purifying supercoiled plasmid DNA from a cell lysate of a large-
scale microbial fermentation which comprises:

(a) lysing microbial host cells containing supercoiled plasmid DNA ina
physiological lysis buffer, forming a host cell lysate;

{b) clarifying said host cell lysate by flocculating host cell debris with a PEG
~ flocculant;
(c) precipitating said supercoiled plasmid DNA with PEG; and,
(d) concentrating said precipitated supercoiled plasmid DNA by microfiltration

under a tangential flow filtration mode.

22. A method of claim 21, wherein said host cells in step (a) are lysed in a standard
STET buffer.

23. A method of any one of claims 21 and 22, wherein the host cell lysate is

subjected to an alkaline pH shift and subsequent neutralization step prior to the addition of the PEG

flocculant.

24. A method of claim 23, wherein the alkaline pH shift and subsequent
nentralization step comprises raising the pH of the host cell lysate to an alkaline value of between about

pH 12 and about pH 13 and then lowering the pH of said [ysate to approximately its pH prior to the
alkaline shift.

25. A method for the purification of supercoiled plasmid DNA from a cell lysate of a
large-scale microbial fermentation, which comprises:

(a) harvesting microbial host cells from a fermentation broth;

(b) lysing the host cells in a sufficient amount of a physiological lysis solution;

(c) subjecting the host cell lysate to an alkaline pH shift by raising the pH éf said
lysate to between about pH 12 and about pH 13;

(d) neutralizing the alkaline-shifted cell lysate to approximately the pH of the lysis
buffer;

(e) clarifying the cell lysate of step (d) by flocculating host cell debris with the
addition of PEG;

H removing said flocculated host cell debris;

(g) selectively precipitating supercoiled plasmid DNA with a

hexadecyltrimethylammonium bromide-induced precipitation;
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(hy  redissolving the supercoiled plasmid DNA and adsorbing impurities in a well
defined buffer of optimized ionic strength and further containing hydrated, crystallized calcium silicate;

(i) adsorbing remaining impurities with a second hydrated, crystallized calcium
silicate-induced adsorption,; _

£} precipitating supercoiled plasmid DNA with PEG;

't concentrating the precipitated, supercoiled DNA by microfiltration under a
tangential flow filtration mode;

1)) partially dehydrating the precipitated, supercoiled DNA with addition of ethanol;

(m) concentrating the dehydrated supercoiled DNA a stirred-cell filter dryer; and,

(n) drying to remove ethanol.
26. A method of claim 25, wherein a low-cut hexadecyltrimethylammonium

bromide-induced precipitation step between steps (e) and (f) is added to precipitate debris and non-

supercoiled plasmid, further clarifying the cell lysate.
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