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METHODS AND DEVI CES FOR PRODUCI NG BI OMOLECULES Fi el d
of invention The present invention relates to the

wo p@bgosas4 pr oduci ng bi onol ecul es, in particul aPCT/EP2009/051370

pol ynucl eotides |ike plasmd DNA. In particular, the
present invention relates to a gentle clarification
step by an advanced fl oatati on nethod nedi ated by
generation of gas bubbles w thout gas/air injection.
The present invention is particularly suited for a

met hodVBETHODSH AN PEMICFSaF@R PRODUCING 45 OMOLEGELES
under al kaline conditions followed by neutralization
and subsequent clarification of the cell |ysate,

MSfiﬁlV@Mmﬂ hese steps are carried out in a
onpl etely continuous node. Background of the

e Biebans iVERGOaERiFICeShd fcliof erdliing iranadequlespinopasiggular
gé\y%!%?eoéﬂ% 1lgeu L %qud Iﬂﬁéf/fehe eg’gét[fo the \Br%e}l %V gr%gnre}gl' %9 to a gentle

tiagfipdatiod wedpi tgzrancvfdvamd floafadoit niétlﬁiﬂlﬁh&ﬁaibd?’éy generation of gas bubbles
(bi opol yners). . This group of macronol ecul es. inc¢ludes

'é“téoutrﬁaé/@&“?i?ﬁ“oﬁlu Eh%p@S@é IS HOR ISP eakelysaitedi g a mefhgd on an
ﬁfdﬁsthﬂ‘%}{c%%%hﬁ%&fudé% edi F?@lshHﬂ@Palpﬁﬁlet n§ifibfis fo'lle%!fT By neutralization
areas of diagnostics, prevention and treatment

gh sedbsapcntRéaeitatign obtire coll lyshie, whettas @liblst stepsarg/carried out in a
advalnc s have been made with pol ynucl eotides in the

Forep Gte&c%t%@%%‘? s, gene therapy and nucleic acid

vacci nes. Common to these applications is the

introduction of DNA, in particul ar extrachronosonal
Bnﬂ;grounﬂQNAtlierinUeldém s with the aim of a di agnosti c,

t h f.fect..
THERECHS s RRRRY £l oaFah B e RRRR AR {idaghy m e
bé ﬁ bf ﬁ%lf%&h@y raRe ldfdltb%@"t&lhn&ﬂéle@ F6INAG prod@BedH &F
or chronmosonmal DNA (cDNA), and pl asm d DNA

anfr‘me@eleﬁnlé$ Oriencdymerss Toisrerpen ef magremofscules includes c.g.
gl%ltjéﬂls hél&g%@%‘s 85(? i)glﬁya(cﬁé‘}deg eﬁleg Eﬁ\}ag&ﬁélhgﬁgsés(ﬁlgal}uman health

NnZyna egrada SEes an sSes
tacdashe ﬁe&effdinmoamstmevdnusnaﬁd ansnshegpdisdasgeci al |y
chronbsoma inits denatured and entangl ed form

Recontlynppe @éﬂ@lmw EvoditiopayAdvenees Brvedwsn mags yiith; méynuﬁleotldes in
HoFHIESE Ha orspcssgé'ﬂel tﬁéra SRER él&é 19V &N%u ¢hfhon t? these

econes nore and m)rec Itlca ration o
am;élcsthrﬁans fherioteodexcpors of BN@lepamcudar Mphrﬁhmyﬂ(bmal IMAA, or RNA

Bt g Taee .55 " Yighenic, BB S o) SHARTTSE P
Reprefengive idadedy ofhol ZRRRL Bl E fRERh BIFACRYIMRN A Ghnsfer RNA
(tRNA) and ribosomal RNA (rRNA), genomic DNA (gDNA) or chromosomal DNA
(cDNA), and plasmid DNA (pDNA). These macromolecules can be single- or double-
stranded.

Polynucleotides are sensitive to enzymatic degradation (DNases and RNases) and shear
forces, depending on their size and shape. Especially chromosomal DNA, in its denatured
and entangled form, is highly sensitive to mechanical stress, resulting in fragments with
similar properties to pDNA. This becomes more and more critical with the duration of the

shear force exposure (Ciccolini LAS, Shamlou PA, Titchener-Hooker N, Ward JM,
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Pl asm ds (pDNA) are double stranded extrachronosonal
circul ar polynucl eotides. Mst of the pharmaceutica

WQL@en9si84 are in the size range of 3 - 10 kbp, PGHERI909/051370

corresponds to a nol ecular nmass of 2 x 106 - 7 x 106

with a radius of gyration of 100 nm and hi gher (Tyn M
Gusek T (1990) Biotech. Bioeng. 35:327). In sone cases
pol yci stronic/ pol yval ent plasm ds |arger than 20 kbp,

whi ch encode for several different proteins, have been
Dgpmiﬂtﬂa@ 908 Biotechiy] Rinerer @): 768, WigocohniD, A KrPgerlo\PA, Titchener-

EREFE, ona it tnaitaie GRTD: vom Ve  nhel m b 119).

Dlaﬁrhﬁfs PONIRES QGibEAdtrah 8B tRAthidRNSomaIciRElar polynucleotides. Most of
di stingui shed. The supercoil ed (sc} or covalently

theadammasenteaal lesipis gye idhewiresrasenst derl@cdkbaswhighicorresponds to a
fnhgek&gﬁr £Qg déf”f{ Fpet #z .G 0B RR! 01%81{11? 85 ?ﬂg 1&% gf\ﬁf(’; b %Ec? higher (Tyn

esired foorm é ot her
Ma erselde(n 990) Bictcat (Blif)@fgnB 5)3275)1 Ith&@imeSdasey Iﬁ)lﬁdlitﬁiﬁd:/lﬁblfz‘%lent
en circul ar_or or double strand nick (linear)

Bkasmlé@ &rgerfth%ﬂﬁ%lm u@a@h Frrodpfas agvid differenfepraicingnkpy’e been
&?Brt@c? Mﬂh‘e‘é@iﬁ PRy 3l 9@k ﬂﬁ&%“%&%& I‘Hus@tnﬁyﬁag#lﬁeefM (2001)
y. C use

a tIVI or 't herapeut| e percentage o
Phsmdsdot Gmerfﬂnanagyamﬂﬁvé&cemaﬁm Wﬂsse&@H; gV mhhzelqu gl 1i1Py Different

Bppecal ot B EBRA il PG SRE TR Tipfr covareny closed

D[S‘ACCY% RabhQferb&hd B8kt stdh® B?H%@Jﬁeﬁﬁc ﬁ%&gﬁﬁi is therefore
hus it is al so observed that the demand

ﬁhaieﬁmdeibtmcﬂhe gtherdep@ Odical YW denhnssse dmm\rngfrqm thﬁGNF‘? form by

S RGPS b R L DA rosut o
&’%ﬁ%aﬁ@ﬁ BReilYagd o e $Bfan&y&n b‘é%‘éﬁie@'byﬁj Qigd1ae/EenAEd] ok k@ matic
ear will be required. Thus there is a denan

Mrvltpjr E@ré apeutigase thametrenisae Poeaedarmo i tha majfrparemicter for assessing

processes nmust fulfill
regh?“?§?3%? qU|re%%H%gm(e g. FDA, EMEA), shoul d be

Thomersasial Inymbeas dbiniabinid s Sﬁe fetd pf gdwcthd:mpy amdlgenetic vaccination
robust. In the past, the majority of biotechno |o

al
ebe pgtﬁm&l @é&%@@s HﬁE@N@e éF hu%%fiﬂé«b@zﬁefw ot thetcinend of
piﬁag%gé&lgluav DR bdRed L oanﬁ%m 4OV IS hﬁb?eas@y@onmuously

ere N t e phyS|c proper | es
Berteme;mopﬁhymhw legeriatlg $orathel np:rlcﬁr supsy Mthqﬁ\méiakmﬂ@ccmes many
cannot easi | E adapt ed. roduct. n
%Wﬁ)u 8}’%%?‘%1@ 11 $ B%rll T ggatr%ll gﬁg@lred Thus there is a

BEAEHIchF b cBLACERRER RARAUNAN & Afil QAR schRDTRG8pfoduction
protoco S nmore and nore face severe limtations

progessel mgst;fukﬁdﬂurcgmleﬁorsyrquwqh@ab(d ¢ thpArfeMEASst should be economically
% 1%% L I\ ut %here | s. a need fornethods that

e p R P%p{ %gffWﬂgP%gfldes in particular for
BY 06 peit] 86 nRforRIPNAbRRcAnological production processes have been developed for
manufacturing of purified recombinant proteins. Due to the differences in the physico-
chemical properties between polynucleotides and proteins, these methods cannot easily be
adapted for the production of polynucleotides. Manufacturers who established production
processes based on traditional lab-scale protocols more and more face severe limitations

regarding productivity, scaleability and costs of goods (COGS). Thus, there is a need for
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manufacturing scale. In brief, a process for producing
reconbi nant bi onol ecul es, which are not secreted by

W b@oke2s4 in particular pDNA and | arge pr ot ei PGI/EP2009/051370

follows the steps of: a) fernentation (cultivation of

cells that carry the bionol ecule of interest and

optionally harvesting the cells fromthe fernentation

broth), b) disintegration of the cells (rel ease of the

bi onol ecul e of interest fromthe cells), c) isolation

m@thopm thaf arcapplacableste patyautlootidss, inhpartlsiubmbdranodwstiof of pPDNA on a
e est fro inpurities). These steps are nore

Eﬁ$§?l%haracter|zed for the production of

Hpﬂ)rl/d’f UL h@edds @&Sprotlﬁbup%al’e%ﬁldin@ﬁt Hiholeb@le vaECArk @Bt Qkreted by the
DNA, as descri bed ow. Currently, E. coli is the

ﬁ‘iﬁé,tlh darieplar pDRsendileeas rreteing OO B Hueamsof. Ot her
%gchgelte—ré&lta%ﬁta@%ﬁfggw‘%ﬁ ?ﬂla‘? it n@%?)ac%mc?lgédl% of@&/erggt 3fd optionally

Sel ekdriveyningfihecesiyiffoabihe fhaghtasioh dkdth),a wel | - defu ned
culture nmedium applied in a high cell density grocess

d HainteEiione ﬂ%ﬁ cells ﬁtebqﬁsep@fatéﬁmnpéwlerﬂfﬁﬁf@fes fragmghe CGUS)

0] r:
7] OSSR VB R 1448 i
Khédsk iseepe afe, mélglspecifital MehhnateRzeKion ti fraduyctikn 2 flhucleotides, in

e for B proqicigh PR s AERRBH BPBn, the cel | s

@ﬁﬁreﬂtﬁ“ & do¥i 1D BMESE 8SmmERBL hott REdTERNSNAS production. Other bacteria,
centrifugati on. The harvested wet biomass is

y@smsmemdeétan andimseqh pﬁldmmamleo befifasras hetf astle irf fhp d¢rmentation step.

bR B e Fo RGPt S e P S g Rl 4 pigh co

@ﬁﬂﬁ& @i@c@ﬁ andmRditeharcelofh @thh Rahid YO EIMBE are of major importance
ol ynucl eotide isoforns; process related: e.

SheRRNAHhbLaTdcreialtfapa f@uﬁ@ﬁpmm@mr@@ﬁs yreg R, Urthaler J,

gghhﬁnﬁ]ﬁeﬁuﬁ qtl-ﬁ%\]e%'in%cl?ﬁc?r%;p Z?())/&t)(r) {rlaé/t R 1§Jst§fro e, a

reezing an aw n arvesti ng an

QQ@ummmndjm@wtham@bliubqfenp further proceSS|ng, the
fernentatlon broth per se may be subject to furt

%tl({rv\@egzp}lg g@g@yall}ﬁp%@gg H’QS%Y By meang Qﬁpentrlfugatlon The
Hét%és%(ﬁ%t%blﬂgss% rersﬁ] h&ld if a ?Q?h BH %ggﬂmd ef&}a @860 lation of the

and ends wth the overy 0 ari ution

palpbailevitidg of hEerpstIfgumm uhlauttled éhcr.sf ralateda reas tprotaus |g1Dj\IAhléNA and
uent isolation of tid intere

PHE TS Proghid e Bt PIaoRd: kP forfi b PoRs Fbted: e

fe?;fggﬂféﬁ'ﬁeuﬁ%sr (iﬂ?f{ tlﬁg gd?h%ﬁ‘ttatl&DﬂleHﬁlnb ac LOULR AP BE BloREksed, cither
directly or after freezing and thawing. Alternatively to harvesting and resuspending the
cells before further processing, the fermentation broth per se may be subject to further
processing (WO 97/29190).

Processing starts with disintegration of the cells (polynucleotide release) and ends with the
recovery of the clarified solution containing the polynucleotide of interest. During the
subsequent isolation of the polynucleotide of interest (by e.g. column chromatography,
ultradiafiltration, extraction or precipitation) it has to be separated from the impurities.

Disintegration of the cells can be achieved by physical, chemical or enzymatic methods.

Usually, disintegration and release of the polynucleotide of interest from bacterial cells is

3
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Di sintegration of the cells can be achieved by
physi cal, chem cal or enzymatic nethods. Usually,

wal@paeeegt ati on and rel ease of the pol ynucl eot PABERF009/051370

interest frombacterial cells isperforned by al kal i ne

| ysis as described by Birnboimand Doly (Birnboi mHC

Doly J (1979) Nucl Acids Res 7 : 1513). The

di sintegration/rel ease process disclosed therein can

be divided into two steps, the first one being the

pertorined by adellihe Hissiastdegprived by Bambbys pizd Bo bp(BamboinhEC, Doly J
ne .being t neutralization step. During

gﬁﬁgfﬂﬂgiﬁvgfg? cégﬁé)are subj ected to an al kal i ne

¥R¢ disin@prdtnAt RhRPYcNRBblokdd herdiH RdtbcQivived Mtdtwo steps, the first

detergent (preferably sodi um dodecyl sulfate (SDS)).

ot b the antring g gelh disintegsatias) qr lygas step and,be seeosd gne being the

. ereby rel easing the pol ynucl eoti de of
?%?%p%éﬁgﬁﬁg'other cell related conmpounds. Finally,
Diaeing alkulinclysis Scefie i sabjezed thyn aldalitd wiut@h (Bres@hbly INIOH) in
of an acidic salt, preferably an acetate

! I ? t in )
eRIbINatiANYIth 3 dalsEdcnhpagfeiehbesod ke fodsey koifets SRS & this

' j [ [ -
R
byertw andbdihencaf rebatdd angasedp Feaily) thateluf{ibe wynelBalized by addition of
Collins |J, Yi.mSS, et . (1999) . Bi oprocess En
3gplghion ol %éélﬁ éﬁt, pgqef%fa%wgtwfm Rl O T fcgtate (KAC) or
ankuh %Hétﬁt@l(NéﬁE). Phrink BEuPLIBSHiGH st (febﬁ@,sprBtQh_ﬁ &s well as gDNA are co-
separated fromthe plrasm d contai ning solution. This

piteeipitated with dodecylsaliatady dormationmf e Satose pvesmitab(Levy MS, Collins

s ‘cl ari i ion step".,.Regarding the
L SRS, & Ao oR BioBiberste a0mDTar Cont | wed angl e
0the héxti skeptthet fODSWs ﬁlk@l@ﬂéel%ib ¥ndis&AralRitadihe Wé&M%% ®43 to be
| aboratory and pre-preparative scales (Ferreira G\M

Spraidd {jors theplasraideonpmng sodgon. Bhistséaptipoh ther gganing of the present
ﬁ&&%%@tmﬁ?&”&%@ﬁé?@ﬁgEﬁmts usual Iy handled in bottles
ac i qui pah

ear er ase ts separating froma | arge
Rbgséingfihd ¢laxflidanign klepesenaifilgs i ndeedangdicngtors is the most frequently
(non-floating) precipitate after a while. Only the
picddnathod sraRipHch o BBoTatorE gk B-RIER2IiG scrlee dicgigira GNM, Cabral
e i !
PRSP S, PR B9 BRReffoLiTRe 15023, EITBLE Lol RUBEA handled
hampdesedclcluer liquid please mcrepastnl fomuntargefphiiscodfSlaating flecs and some

| earer phase when the fl oes wer. i srypted dye to )
C Phdihe DO aRaRE brr ARty PR 4 Wil ShRe Rl a diplspphase is sucked

HENHE RtYreaNOiRARKe RIS N18E PSR VLA IFmEGRRIAbIoE N e filter used.
| ayer of floating floes is not very conpact "and

The fikfagpe ptdsesspe ceanmeargehaofpetadealul gavthe in¢reasce pmoheise floss in the
?1?%%% %ﬁagé { .eﬁ/ %&éotecg t%xﬁ:\g@ #&pge%: (ﬁ‘rent";t‘% %1%!9?%1“ C%E) tgh asr%su"iltri]rtljg in reduced
flefh@d@ndency and poor phase separation. In general the layer of floating flocs is not
very compact and therefore the percentage of the lower clearer phase is about 50-70 % of
the whole volume (clearer phase and floc phase). Since the fluid in the floc phase contains
residual plasmid DNA (Theodossiou I, Collins IC, Ward JM, Thomas ORT, Dunnhill P
(1997) Bioproc Eng 16:175), high losses of up to 40% have to be taken into account
(Urthaler J, Ascher C, Wohrer H, Necina R (2007) J Biotechnol 128:132). Further more,

strong adsorption of (poly)nucleotides such as pPDNA to various filter-media has to be

4-
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resi dual plasmd DNA (Theodossiou |, Collins IC, Ward
JM Thomas ORT, Dunnhill P (1997) Bioproc Eng 16:175),

whegb/odsasses of up to 40% have to be taken i nt BCHERO051370

(Uthaler J, Ascher C Wirer H, Necina R (2007) J

Bi otechnol 128: 132). Further nore, strong adsorption
of (pol ynucl eoti des such as pDNA to vari ous
filter-media has to beconsi dered (Theodossiou I,
Collins 1J, Ward JM Thomas ORT, Dunnhill P (1997)
Bimopic mde(%ecﬁimgsullﬁl ﬂﬁhnsﬂlie‘é’daisﬁvloﬁhdmasmmumu P (1997)

PPt el 7Y TP BRRT) T e, iy 5 Blophocess B

e -ar4i79 Yo G Bule fil i SahiBrial SoNB&; LilR@S SrelBRE® FdralifRhe the lysate. Since
either not certified or not scal able, they are not

Hept inetabikle afemlther]@otmeﬁcfmtqr aat wla;blmthm@&mt@aphc@bm@r the
?Jo%sgﬁ 20%@%1%1%@%902&12 %{éa)l((ig g‘hgmzfsgbg 1 of?ctyﬁ%g? E‘c(a‘l._fsk/)[ore recent

t&hlfdlo @bd @Wcleepandad bed adyogiopi (EB]AQ dwﬂi&h albw raMidvlaBof precipitated
turi n}gﬁf the desir ed pr oduct q( Chase HA (1994) Trends

iabwhidg cappurinzgly desisgdyacuct (Ghapp A @9 Trﬁk@rBIPWPBHOI 12:
Q&égoﬁﬂ&]&%a]? Ihgéjt% HGQaﬁetqun‘Jo n‘g hATRLED tﬁé afr%bgctilla%lre]ter of the

regate oes, gener at ed duri ng neutr a
pegregital fldds cadnenuedpdurmg ricotréBAtions pesskrnificaion(frer teEBA is essential

M . I J P 0). Bi t
G exeirg L) By CHI! IV et AT D Oabiameer-Eongy 1 \elena)L
HiepgRaas, Wi aRA0)c o THeUcR) BRYEpfieash soysy al at tenpts

to devel op i nproved technol ogl es for each ‘of the
abov bdesbacnbbedraltatiomptsthidehelop anrbt/@tedp@rl@@cfor ﬁach of the above-
t hat be r the ri

g%ggﬁ%‘f%lelggo# Eca?ﬁt%% eﬁagegd l&l}%lécgg glﬂ,Oé]ﬁ opsn @’Sﬁ%lﬂs that bear the risk

atpEMicebnaintdnitlR. TRS PlocssstshPk afed? atidBatcdep@nkierbults therefore
The met hods and devi ces used are therefore not

sierapindettolhe methods ik dovaees opcqurathraeferstiat anitapicaige the production
?%L%glﬁ%%egg%%%g%de%%@u@%n{ﬁ% th;ﬁ(r)llrnglglfgﬁ%ln?%sclﬂeTﬁg le% to handle

g pIPNY-digouniefodl evdhqescessesds mubiplying tlhﬁfélvidés e ab bl them in
In view of further purification of the pol ynucl eoti de
p#allelt erest, it is often necessary to adjust the

Hla%@@%tf?ﬁrﬁleﬁ) Euﬁﬁ?&\}%ﬁlolﬂﬁe%bgtﬁfdfelatlaéoﬁg %a‘l? R %?ﬂeﬁ hg&ssary to

conductivity t'o guar ant ee I'ng o
adysst rt]ﬁdpapﬂlh@tmsajf elot Sodiﬁlomlr(smhrassa]m cémbosstlcadjcum@ummty, pH-value) to

ste 1N ani resent t1on, ..
ae bl&@lﬁa.ﬂ? W@ﬁﬁeﬁ%ﬁnﬁc Qaaa%wi! tl} a{aﬁlétment step is, in the

ﬁféluﬂh% BN thic DUl ifedeBnt Rrhhie Bh&lﬁbnﬁig REBY S%s%eﬁlén@ly, the solution

step (capture step). The linmting factor, which is

prsobjabtey torthstfirsti Cﬂlfomzubgrapluc step (e Sp). he

Tl Sl RSP R P BRI e eagon o
fyk @8 T Ebtain a cleared lysate the precipitated material has to be separated from the
polynucleotide containing solution. Conventionally this clarification step is carried out in a
batchwise mode using techniques known in the art like filtration or centrifugation (e.g.

US 2001/0034435, WO 02/04027). Most commonly, the filters are depth filters

(WO 00/09680). Other filter means for macrofiltration are macroporous diaphragms
consisting of e.g. compressed gauze or an equivalent filter material (EP 0376080).

According to some protocols, filtration is carried out in presence of a filter aid

-5-
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pol ynucl eoti de contai ni ng sol ution. Conventionally
this clarification step is carried out in a batchw se

worp@e/092851g t echni ques known in the art |ike fPCT/ERI00D051370

or centrifugation (e.g. US 2001/0034435, WD 02/04027).
Most commonly, the filters are depth filters (WO
00/09680). Other filter nmeans for nmacrofiltration are
macroporous di aphragns consisting of e.g. conpressed

gauze or an equivalent filter material (EP 0376080).
(LW Ot d? G0t W 6285 P46t bIS3A092/ OHHIQ%MW@n%/%l Bardidckgeoumethod that

res of  afilter aid(WD 95/21250, 02/ 05744
oRBbos FlETo8etP vsiie Gy 1o L BE detu oA SERapereby
SENda g & ditidrlal SfdcPBf fldgPing S RINAI RhRAB FRAHS RRE tddmbinations of
after a centrifugation step, thereby achieving an

agwmbirgiediltes pitdict logse matgisidRlags, sthiga-RRlaarioncseitange resin or
F ld{otnllh%g re%rthj(f Q\F:géshgcaotn'm?l?gntgrf ac‘?ﬁsr@a it DN41 b&le B\éetnl'lie&rlbed n

oose nmatri x ani on excnange re

BP OSHaI%nacecﬁdﬁlgeaW(b)%/O&BO@ WO@WUIZISDEP X06136638auﬁd EP 0875271
carrier for DNA, have been described in EP 0814156.
plarifisationds rdhioner 8 Aol e, Whedcdiratioppegt mppoqrsing gBE farrat

ﬁqte@ﬁl??gét $Ia§s| a4 Qlaﬁlhﬂﬁ‘ndrﬁ o2B] fﬁ\‘tﬁg A}}%{]f& lggs\é'p%ﬁlcles layers or

ose ation p rf may consi s
filitreplatad Espeialy wgiklass asysirhé¢toapgel sizealistributiom) dFdle(ﬂi)X through the

E'Egrptfé gﬁgc‘gp? f 15{)&0 O3 e@ﬁ%gatgipmil}l@ < lgsglré) {)r (fgln![rﬁﬁ?léatf)ona}\%gther option to

Srsdvel s@fa‘atrht‘ﬁﬁl) of fIR§ ahdl WXatk B QUehLddNG Wl d01/028283 and

acconp i shed by graV|tat|on vacuum pressure or ] ]
Bem 2004/ LeFR00 ohher@inovrteert tb@buf&ns/sdumﬂm@nsthp aragt$squior or during

of fl.oes and.| i bed in WO 2004/ Q24283 and

Sy alieord it R sPurTRRE SEtpiel el ARRLA5IEE Byt Fine
dﬁ@fﬂ)uh&n bhcRhORESSoRFlisREd BY a dpdrkOSoRE bbﬂﬁ@ﬂ s Zﬁﬂhﬁfbdn&numcanon
m xed with a controll abl e stream of gas i ntroduced via

ylt@élg,e sodition/smpprasign gnd whigh oaviges sl gasdupiles of a certain size. The
I
R A DRG R ¥ PR RR R kP Rne MATARl B hflon. The

@dfml\ahd@BlySQ’ﬁBdeﬂl sgagiobubdd | Rstedfin ata@rahdiholdsfoz & cerfdie time, which is

bubhb hed h [
Bt 5 GG VAR JoF a1 AT OHIeC i GRS ESCRYDPlpsd Rervards

ﬁl%llé)wérq%hltténg%s V\ESI Clﬁéréc?ﬁe}tﬁg '(153 V?aoé ?é?%f ﬁﬁgrs e fhof If%f se%flp the lysate

certain , IS nee e nHJOFI
flooesxthited abta{nee ahitt c&dml:hout be iafetaoh)ed ccghsteti (11]:) Ita&k) which is

Afterwards the ate ase i |tered batch

(sirel L 8 Sral Y sttty E N AR IR B iok pndssspiod vy bove the
fibos, s&béhwegv\é@ *ewm&b wv@fzo@ﬂ/mgzda)@ UFhe@@%uﬁrﬁhﬁﬁfdv@i‘ﬂle floatation
is Collected in a tank, whi is designed in a way t

adidic floonarid dircgtsl them atpﬁielt@mf thﬁ colleating MpBe‘élgmtéods perforrn

vagcu , ve the roc/I 942
G5 0h 38675 eha st Tinet 381 SuRkRRRishH) BFLe S or Haifcation.
Cheriflgassn ang c&itfn@@ﬁ§cl§1hﬁéﬁ\tfbﬁ nidiigodt (@@ @fsc bfaek centrifuge or decanting
col l ection tank. Both nethods perfo
centrifuge) is disclosed in WO 99/37750 and WO 96/02658. Also combinations of
centrifugation followed by filtration are described for the clarification purpose
(WO 02/26966, WO 96/02658).

The above-described clarification methods are usually carried out after the material has

been incubated with the neutralization buffer for a certain period of time. This does not

allow continuous connection with the foregoing and following steps and is limited in scale.
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clarification in a non-continuous node and need
additional filtration steps for clarification.

w@zowodfspat i on as a continuous clarification PE/AERPW09/051370

(e.g. disc stack centrifuge or decanting centrifuge)

is disclosed in WD 99/ 37750 and WD 96/ 02658. Al so

conbi nations of centrifugation followed by filtration

are described for the clarification purpose (W

02/ 26966, WD 96/ 02658). The above-descri bed

Apant iffoincthis, Giftratien h@djsiqaﬁ@am oftah kyrricdpnt isdpon ticwdédseyith the risk of

terial has_been in ed with .

P]%Sa‘cb “{aa’i?lf“%th% aFFEAnY W? L'é%etdé’flﬁ CE@\?]I? BEPCSTS Pigfbe validated,

Jdulﬁorﬁ@ Bfiends AthoQih GRRYOLVIMYANSpGRRRtd CthWilthritd®ocess, are

foregoing and following steps and is limted in

wavialle aypided. Yot apether disadyantegeafithnclestentiog meghegsngvpdm the art is
ri e f S

g g{] ac%ﬂtﬁlatt‘ttlmé of @c?cﬁsghngq}\{#a?e n@g%‘ré/ Hﬁlﬁl&segﬁl%ho@ w@%ﬁ Shgllllg be avoided

r rd@ss redigt tlﬁ&ls\kéﬂﬂlﬁh@tlﬁ@',redi@ﬂﬂdtidhmh chizyrhgtfc digtiglation.
the performance of the filterin

al tho@gh I nprovi n
coav@tlegﬁﬁreys o3 iR OYRACI e HET soen@&mlfa%gh&@ large
?%oﬁﬁl%f gbﬁlﬁilﬁélf‘sqwcg’ rln?fﬁ&llﬂgg,sa Wh ik %%? %l?erﬂr %lglrtiﬁ% éhat is retained

ong contact time of oes and [ysate ore
bepemadtend maywksdhinsiesuiaiobef ehediabe dnd re-dissbdutidnoof impurities,

WS St et s teh St R oL@ e orfar large amounts of
DA haliis shg%*estea% RRRALY Lma et 2008 (RLAGKAMM), which is

he | arge anount of vol um nous fl oes. dition,
sarissigahlc indxdisadbrntepe fyrgvipificureg seale. i s ret ai ned by

e nmate a. result jn des ructlo of t floe
N PRt TR onlghe R LSRR by the sensiiviy
bEyRydicegatd teehédFiacts Mk ﬁfé’h@m&ﬂ'rh@/‘éaﬂ% &doPRitiofr 6f plasmid DNA
| arge anounts of pDNA it has been suggested to

asl ganpmjc Bteansedlseedaghenayt of pracipiteted impysica by gppyture of the flocs.
Mua(s‘?a C ncﬁﬁ(‘imﬁi §1.Je§'; ?sbipéllgygefgredf%?gxﬁ{qéaﬁgﬁ tfhg I;s]allf"conégosnlon and/or

manu uri ng one centr ion'tec

theubddizeivity Bnd/Sﬁﬂlib pHeadité oflihy Sleyl;edbyﬁatdim td be hdl]&sted to a
sensitivi ty of pol ynucl eoti des to shear forces this

Pl‘reé%&?%ﬁ? e thatisrsurss Gingang pldhe gesigsd é@q}?fdﬂwh%ﬁf‘ém in the
FEREHLfy S0 LR A B LB B s s
panfthiatibo é.ggembeq of sndrpthn&ais dmstbed 11 iWI@I00/09680).

urifijcation, the, 6 sa osition, and/.or the }
B e RGBS boliticasnith of SRS 4Ok PG ar ahs wal! o i the art,
B@stahQenbig] ﬂéjd/lf'ffthgﬁl)nt(W@ 0R/09959 e§1£@ &?C%SY&J HBothiBEraphy

ensures bi ndi ng desired nol ecule to the reS|n
(WO 9e2 5128 Bl 8%l 12081 anien etcbpngeShinenitagsphsheVo 00/09680,

BRI, 3¢ 3b1Bse) Afl a5 dwaRont RS hamageraphy
QE’S}:(IZ/MQ79H WD 00/ 09680). For capturing the

nucl eoti de of interest, several techniques are
g@ %/ ofichedescriped preceps steps are ‘operated in a non-continuous and/or non-automated

mode. Commonly the procedural steps are not connected to a fully continuous system.
In EP 0814156, WO 93/11218, EP 0616638 and EP 0875271 processes are disclosed
wherein cell lysis, neutralization, clarification, washing, optionally conditioning and
capturing are carried out in the same apparatus. These methods are open systems that are

operated in a non-automated/non-continuous mode including several holding steps. The
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e.g. tangential flow filtration (WO 01/07599), size
excl usi on chromat ography (WD 96/21729, WD 98/1 1208),

w@riodnesLhange chromat ography (WO 00/ 09680, UXCT/EP2009/051370

6,410, 274, WD 99/ 16869) and hydr ophobi c interaction

chromat ogr aphy (WO 02/ 04027). Most of the descri bed

process steps are operated in a non-continuous and/or
non- aut omat ed node. Conmonly the procedural steps are

not connected to a fully continuous system In EP

081485865 onDs@iBbIe P 1®oraaﬁy©6@1656®81 @nuotiR t08FEaEd to manufacturing

di
Ry T S i <BPARRr et R DS D or sy prec-scal
pRAdéddnONi Nng and capturing are carried out in the sane

apparatus. These nmethods are open systens that are
Bydheametr, cembinadensattismgtdeldeetideyings hanedwsn dpwaibed, wherein the

g@ﬂl%{gd:l Qi %&tl;?‘?dn%%&gd & GRE ot gP Goe Xdlﬁl‘?%o@sr So®NW0 96/02658,

scal es an

W@06/e68E VO 2/966.aCE 100 NYOBEAb &80 9’7!*2360136\1&70) @[M@S358
al so | ack reproducibility and suitability for cGWP

N g&3d E%Q)eBbfrlma@ef ﬂ@ﬁe plpo@?&SﬁSeweJ:ﬂ@eS re%rﬁﬁh%latbre@ﬁgeps within the
\%’égliek lst%ftn% l,fl 5 &L ﬁﬁh aﬂaae\ﬁﬂltlge\%'&l Qﬁéﬁﬁﬂeg 1 The dev1ces used

erein I ndi vi s are direct connected t
sabbseohdtbodsi do eatheomttl guaxau&:e troohe g¢nibs G602 ®b 8ay\APply

9680, WO 02/.26966, US 200 34435 97/
36 %@é@seowefé/f%f?%f@)the lfon gt b6 s L diation
fé@ﬁ?ﬁhﬁ&s(ﬁ[%ﬁi%nt QanithiRe) 2lcaRthpMddtiyctigl §8hbsks described
starting wth a re-suspension step and ending with a

prpiously. step The devi ces used in these nethods do

Sirb0 ARk a0 A e PO EEURH o h S i B sRBRhYan avtomated

EitinD@is M6 & suitaBledpPtht custrial piold GatonQT at RV e 8Se of interest is
éfl Itration, centrifugation) are hanpered by several

selagrddir SV @e?é)eﬂ/O§é@43pqné\hYd&1§h%ler JAAﬁ@lteﬁ&al WaitaerddaiNewra R (2007)
t
gilélgﬁgltcfg%é tlgg lgwcg%t %nto (t)%le Bpoc £ys i 15@&1 t%o%rﬁl%feo'tlae which is
hotcdbgsictedaly the ekt céll diludes an mrymmdlmtmedﬁsmﬁlethmi ak drtcell
i.s. disclosed in WD 2004/ 085643 and by Urthal er
ASPrReratonie f NEPTalEai oS e, (azdr'mﬂcatlgn ﬁrslbta@é ﬁﬁ%@naﬂy a conditioning

K arkdens cdiRERE MRSk Tohdlic B BETRATLE UM bBofbeplc. The
clanﬁcadlea mcarnn(pom\kmhlbhvk@ haenikinsé whhﬁtcbm;brias thbprecplithte and the
.a.neutral i

on st ep, t st , a. . . .
bl Phf iR fgPiizfieTo f e SRy Be ShERmBs ing: Qpidipation
I%rdgtlop{)vhﬁh(iQﬁﬁ%‘lBWF é&ﬂoﬁ'bﬁﬁaflf hll@d‘ﬁ/ﬂh B¥tehtif material. The precipitate
purification of bi onol ecu
18 retained on the top of and within the layer of the retentlon material. The cleared lysate is
continuously gathered via an outlet in the bottom of the reactor. Although this method and
this devices are scalable and work in a continuous mode, the capacity of the clarification
device is limiting. To increase the amount of biomass that can be processed within this
setup the volume of the clarification tank has to be increased or another clarification tank
must be applied to collect the whole floc-volume, consequently increasing equipment
costs. Alternatively the production process has to be discontinued to remove the flocs from
the clarification reactor, thereby delaying the production process and causing additional

working-effort and furthermore increasing the risks for contamination.
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clarification is carried out by allowng the m xture
whi ch conprises the precipitate and the |ysate

W@Dbdoalovs2e4 duri ng neutralization, to gently di SeCT/BP2089/051370

and separate in a clarification reactor which is in
its lower section partially filled with retention
material. The precipitate is retained on the top of
and within the layer of the retention naterial. The
cleared lysate is continuously gathered via an outl et
Snmmiraylwdthomventietne reactor. Although this nmethod and

hi s de s..are scal a wor. K in onti
bt M sE S e Frg ST Brio Bfap Pt g GO 8 Piffing
%d)l?hﬁdlélﬁldeJ 6f inREEEAdA 4 8l ANMREb RbrcBhRARS ﬁmttb@énscoarﬂle known
e processed within this setup the volunme of the

mebhom iSugh imsthadzand desise slouldbe plsp switdle for 2 gprtirvens production of
elflﬂﬁ%ﬁé @]gl ctagfy%o %Eleggde%pfﬂﬁs? %ucthg)r&,oesi o Rll({ Fe%the{ require the

se uent

GSESdf&‘enzﬁcirléﬁlimaRN mlayid tlisazjaﬁ@ d@ncﬁlé Qe wctwag@m@ﬁrﬁ foorh SDS.
di sconti nued to renove the floes fromt

Evehsrmpecie giethadzad slevice pgudd he srtabis fﬁg deﬁﬁ,m@lr walgPredigtion of
?&Egéf Sun@ ok tﬁ@g&lgﬂ&l@(gﬁle%{lﬁ Wkl}(d?%tﬁ% . Uﬁgpr%jr:écq‘afsﬁte #8%hn industrial-scale

ernore I n asing theris
pdtamnnabddenisSuromgr gtelgfcohhirudus perfoinomct df eaklysin, neutralization and

bj ect of 't i nvention rov de a nethod and a
tevpksaray F%@F%ﬂqmow%a?%d ides of interest from
R0 GEvE tIfe%rBMEﬁ Jnge@ylﬁg %éniﬁvéd't‘%n' {h S lﬁ%ﬂnﬁ@ §teﬁ§ w&léecaken
known nethods. Such’ nét hod and devi ce shoul be al so

Bascd ainl the fngthod anddevine é]@glo pefdod OEOI 2004085643 a nurnber of experiments
th t | [ el . h
bESCABRE T oY Er L WPuGubP o IR GEIA ™ und Jibuost e

Rf@aeom@s A4 SRENSEhNBE michRd Us e deficsledcesraRatis Ve a004/085643 are
from SDS. Furthernore the nethod and devi ce shoul d be

sq3ablipind Wwerk ip pgoRtinions modelthe panaeiticet ba clrificaiqgedevice is limiting.
#IOW %&ﬁffrgle{r{tpfle%odl%g%‘a ﬂﬂgr%@?d Hgat%t?o dfltg fg?élgia'rr]ld'%‘oncurrently

prereqg or an |n SCa

wrﬁple&gz ¢cﬁlt1aummbba&h@dryofah®ﬂbmush@@rsﬁtermmecﬁtlo@eiﬂthe lysate-
ysis, neutralization and the subsequent clarifjcatio

E%@é@gre(dg%fem giditives tol’@%@l“@@dtcﬁ@%?l%ﬂl ehihg rb&éffﬂfsw% tested for

Lﬂﬁ Uiy eidtiafln. the foll owi ng steps were taken: Based
0hlegmetﬁlod and devi ce disclosed in WD 2004/ 085643 a

huovdsenrpoisingkpeundint sddsereofCacarbatitasalt frior,alueng «nmafterhhe

limtation of the clarifi a_tlon descr.i be
oG GHSBED 55 (b TEH ARt T80 OE S Tss Epppaiad during

{2 nNdRrALRALPGeF A hah& dtAatABh & ﬁ\@@b%{é@ldtéa % small gas bubbles

conti nuous node, the capacity of the clarifi'cation
gengrated bya blnqmlt:alrrgactrohe‘é’éle@ ﬁwrhmategls wepkd sl ercobilized in a

AR B oS BB o Lied RnGR SyREAT HE Sikion 02 s
ty&8EfroBast eabaatadaltarcalinghs thy®abeidgaeaction equation:

COY +2H,0" — CO] +3H,0

In one embodiment of the invention the carbonate salt is solubilized in a separate
buffer/solution. In another embodiment the carbonate salt is solubilized in the resuspension
buffer or in the lysis solution.

Alternatively the carbonate salt is solubilized in the suspension generated prior to the

neutralization step (e.g. the carbonate salt is added to the buffer for resuspension or is
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m xture different additives to the standard
conposition of the buffers were tested for inproving

W0 b@ave28on. |t was surprisingly found that adeCT/ER200D651370

a carbonate salt prior, during or after the

neutralization step led to a significantly inproved

floatation of the floes generated during the

neutralization step. Enhanced floatation is thereby

nmedi ated by small gas bubbl es generated by a cheni cal

a@adttq') the. 1ysi\h griuttidmy. H@rcbmnatt@tias ofithealaitwngtalstlt ghen applied
EI|IZ in a neutr

|
R PR e St ibugis® b st g Soteplip @t bror o

ﬁ&itﬁﬁ%ﬁﬁ)nﬁ isOMatrRifxcCTaBOMS.G1 Al M, PEFQHBIYTNA © (L 1. Generation of
| ow ngl reacti on equation: In one enbodi nent of the

rw@am@ cp herts aihion et lesodaet] splytign isgontactedvithnthg acidic
[1%&& n SH 1{t1{8{1{a§8 étﬁca&%lﬂldlu%ﬂ %HQ 1nh tné aﬁfj%a{g%%blep Sttach to the

car ona he F'esus

bcbﬁ‘cﬁﬁént@f geﬂéraitéi:kiprbMpita&e $f0d od tolf betaséiuh@ﬂdit&tcyl\lﬁilfﬁtd dveprecipitated
carbonate salt is solubilized in the suspension

YéherthdehyispPiogting dnd graomebNajand thus rpr@,m%ts theesugsequegt floatation.
‘i’"ﬁ‘lf kb &%%&‘5%{5 inlaf e?&qjl?gt %k%ﬁé &?O\Q)HBE ?Ethecffocg Grvd'thid lceo fhis is the

concentr at
prferetcjuslte &vrtmammpéets abnnmioam opgratianeaf thisIpudxickd steyd fov ﬂakt separation of

G514 D el PR Sy TP Btk g and the

ﬁpmtc(gﬁggmg%pc%npr eferably 0.02 to 0.1 M Generation
the CO bubbles starts when the |lysed cell solution

Thesc oerudis swdrisingly revealcddhatiacsimplgtooataineamiithrangulietiati aggiven position

PR EER R e Pl eIl J78R HHpRpEom of he

tditaes. Ohe (16Q! asfhidimpaRAaEN reS Al ¥ 8teCOUM BE EdlldcRId®E the top of the
with ceII debri s, protei ns and genom ¢ DNA) and thus

?ﬁ%fﬁ’@@fe bheoEtbeealEnts Fhoatratirom UFHIesopt rerign, is 4 low-through
us gﬂﬁépl @crﬂ?% %%ﬁbix %‘% ?ﬁg 58 36RanAtl.ap,.0f afﬁzgg%n&u?f% glass or

prereq UISIte
@i@ﬂtﬁxekiee COfd. iThu ols r@zpeariat bomadf of HiSicpracesSiestr@prial acceptable
for fast separation of floes and clarified | ysate and
F%ﬁ“&hé%%¥ﬁu%%%P%%$*¥¥he of the precipitated

lle(:{eﬁsﬂoeg]gl ﬁr S f&w\?‘f&% %H?ﬁ; gorsrgé&%n%p 3Fthd- H:@I%L%al inter-floc

res ts surprisingly reveal t a sinple contai ner
11y|sath barwashingtanddor dragiivg Bepusicoirantiahd] onshatsritkic watuigugation and/or

col |l ec f the re-)cl ari .edI ate
st igh R oo bRt P R fin deyicttsharRi i o 20041085643
Rap iTabp s dlale hurpales TiROWLL Baloeel |a€ﬁ1'é%@tt§1tn Jullet fARe cylinder
t he Contalner e Contalner which is also a

1S§ut§§1¢mlr0@fssedﬁw bssgaent plunﬁeérttqnmtﬁpSLs a (I owthrough

O by P Su Sl B Pt A8k W3Npe, TR feps may be aadea to
the lysate collected at the bottom of the cylinder. In an alternative embodiment the flocs
collected at the top of the cylinder may be reprocessed by adding these flocs either to the
neutralized lysed cell solution or directly to the mixture in the separation cylinder.

The continuous CO;-release from carbonate salts (added in solubilized or solid form prior,
during or after neutralization) under acidic conditions developed by a chemical reaction
with the neutralized lysed cell solution in a continuous industrial scale alkaline lysis

process resulting in improved continuous floatation of precipitate flocs generated during
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stainless steel lube. The tube may al so be nade of
pl astic or any other material acceptable for

whe@plgs2smceut i cal production. The coll ected fPOEEPI9AY051370

be further processed e.g. for recovery of the residual
inter-floc |ysate by washi ng and/ or draining. Beside
conventional nethods |ike centrifugation and/ or
filtration, in a preferred enbodi nent the
clarification device described in WO 2004/ 085643 nay '
haitappitioads hovel thetermenc poseplicatve/doyganasioo oif thes nek! &tchnique
the bottomoutl.et of. the cylinder.is further processe .
bR TN sHpl o P GIE0r At ot e gRa ISRt scale s
h&&DVEIc@dnibindtidn bF &1¥ o6l ¢ O LthMAS MohtAdH adf BdHRE] device for
steps may be added to the |lysate collected at the
pattmyesofioa separetion wirbrthe aworaptca cortimvans bsisend oantrdiaetion as

. A n I
bR E 004 Sbrol RS By fle bBRh} B8 B aRFiotves he
nethtiddsiofechlt yiskd th@tlorsauicitl R c@notiic priduytidntoftii@e quantitics of
m xture in the separation cylinder. The conti nuous CO
PleemdNAf r om car bonate salts (added in sol ubilized or
Soli dof QMRS ddtinuAHdnf Gy Rim th chih 2t h tion of
under C(gcllg gﬂlegr%oonlg}@lﬁorﬁlg Hgveﬁ@%&plgrgdlg%lda C 1emé‘lf: a?gzﬂera ono
r eact ctlonfied lykatt fiermeiotrasd i zed | ysed cell solution in a
continuous, [ndustrial scale alkaline |lysis process

iy SgtiovBep!

resul £9 Ay ES¥H ¥ Rtious fl oatati on of

preci Righatdn d QBPnBaNGLakRAHlr i ngneutral i zation is
novel . Furthernore the application/conbination of this

novel impoed Getatigntwithdue adbudomae davitewirpgoasenmy (eup ygthout air
separatic% of floes and |ysate at an industrial scale
i s nol&M%he combination of the novel Cq 2-medi at ed

f | aat g@hipfNainfed dFeoiPYiehtcd 8Yjl g theh@lang i tBRAYS déhaRIs
separation with the automated continuous |ysis and

neut r Ebustamdaepraducdidscri bed i n WD 2004/ 085643 provi des

}c .0|-! O 178 (96%1?&91%9#11%%103%3\{1%% @ﬁﬁ&s‘%@ﬂﬂ&% Merﬁw](cg? redissolution of
imtations of scale and i's therefore ctucial Tor

econopiecipftited i pindtics@find @ipyeitiguattiched wsprefipipdtasm d

DNA: conpl etely continuous and aut omat ed production

chai nitcespsadrdclddlye fop mofe srmpachflpe [ayer andcapseduprshy less pDNA

bi MBS 4inGOTRLENEL Yyslepsed Ol Pabl e systens -
reduction of equi pms}ﬁt Size and costs inproved

f | cat atinioval verttdvd timeadghir¢ciptaadd idguiites(focs pmd pEB$ATgntaining liquid
(e.q. 1without air injection) sinple and free of
conpl (lxsfdd adj ust nents and nai nt enance denmands

Detailed description of the invention:

The present invention uses the release of CO, from carbonate salts under acidic conditions
with the effect of improved floatation of a floccose precipitate generated during
neutralization in a pDNA alkaline lysis procedure and to allow continuous separation of
these flocs in an especially designed device. Thereby it is unessential when or to which
buffer, solution or suspension the carbonate salt is added to the process as long as it is done
prior to floc separation. Either the carbonate salt is added prior to neutralization under
neutral or alkaline conditions or it is added to the already neutralized, floc containing lysed

cell solution with an acidic pH. In all cases the CO; release takes place by contacting either
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- robust and reproduci ble gentle (reduced nechani ca
stress on floes resulting in reduced redissol ution of

w@e@elopi2sat ed i nmpurities (and inpurities attacPEHEP2909/051370

precipitate) increased yield due to a nore conpact
fl oe layer and consequently | ess pDNA cont ai ni ng
inter-floc-lysate) - mninmal contact tinme of
precipitated inpurities (floes) and pDNA-cont ai ni ng
liquid (lysate) Detail ed description of the invention:
T h@umteslemuspw'mt doptrinisge thetdatbonetceals er DcGalid carhonate salt with the
carb e s s under gcidic conditions with the
Bt Bfish SobioR o ettt BrTaPon bR ose
preci pitate generated during neutralization in a pDNA
al kaline lysis ﬁ@pcedure and to all ow continuous

®

$hp mdatidunh steps ehbe pradueiéan pracess ferdpemplgrulys dericetlydDNA)

G570 S RERSRDIS B MIED B0 8 A peromed

aﬁﬁﬁﬂngmnhﬁamphaﬁ&$s as long as it is done prior to
fl oe separation. Either the carbonate salt is added
prior to neutralization under neutral or alkaline

?)Iondi F.étﬁ{éﬁtl cﬁlhvét gﬁ(q P aflg ﬁal@le&%@%dgﬁstﬁtﬂg&gh@?

oe contaln ng lys tron
Imtha InletleaisEfshd meer@ong pteeﬁasldy tFadodisis phaaicas Hoyt, unpﬂramﬂamhen the

i thera sol.ution o spensj.on. co

D alech SBFTE b PORG SEFmEM Bt At e ah 1eqitTe fofaethods known
ﬁ%ﬁ&ﬁﬁhﬁé%gwhx§ﬁgtﬁ&%kn%Q%H&hﬁﬂs%&ﬂEhe neutralization
sol ution. The individual steps of the production

Proesisr i elsopedmunasicascersingete peatherds kpopDimheesp iy omﬁgembodiment of

| kali ne | ar.e descr,i bed bel o
BV sy tisboRis phFREH Biter Sentive SRRTR pRnbtiuctihre used
o sERI R the 81 BUkdrh ViRt dulhvatiah éhedRinh. AN Be! KN ARY BB haBY are frozen
and resuspending): In the nmethod of the invention,

prefttefaioy PRcswiIne, ity el gambe foam, (nchidyeg everdlgratignbdirectly after
flﬁ%s@mﬁe@ aﬁgrqje ?énsiorﬁt oq{tﬁ%s %ella %ble': &l ntgrgltc%ﬁ)? hoﬁffer

accor novvn | n

b(ﬁitmhl,nga) (M Tré, ON)ICM EDTARt pABoUsthivodes ndladdigstal F@uuﬁnsmn
al so perforned accordlﬁglto met hods known in the art.

Pkﬁff%ﬁ‘és Enborfidse Rriobi Allding i ibis repicr dyiyer yolume:. In a

AU GRS tiR- 19ven'ﬁHﬁ ]54 gérisﬁgl% a&(ﬁ @ﬁaq Ioftains the
e USG for separatlngt e Cce romt tIV t1on

umﬁonwnsdﬁ the cells (the biomass) are frozen prior to
H’I {Vggplgaéhpl%n]; é{%F g}gflgga‘rfl%tf %grvtés(:"tnfgra% ergsu Il)ennc(:illn% the gells may
be ormtted. In this case the fermentation broth can be directly further processed in the lysis

step b) without separation of cells and cultivation supernatant.

b) Disintegrating by alkaline lysis:

In principle, step b) can be performed according to methods known per se, preferably
according to methods that are gentle and can be run in a continuous and automated mode
using an alkaline lysis solution that contains a detergent. A typical lysis solution consists of
NaOH (0.2 M) and sodium dodecyl sulfate (SDS) (1%) (preferred), but in principle also
other alkaline solutions, detergents and concentrations can be used (see ¢.g.

WO 97/29190), in case of the method of the invention as long as a floccose precipitate is
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harvesting or after resuspension of the cells in a
suitable buffer, typically a buffer containing 0.05 M

waei09/0928901 M EDTA at pH 8. In this case no adelT/ERP2089/051370

resuspensi on buffer has to be added prior to al kaline
lysis or it is required in |lower volune. In a

preferred enbodi nent of the invention the resuspension
buffer additionally contains the carbonate salt. In an
alternative enbodi nent of the invention, harvesting
sergratebdepertte pg)cmelm@iel csnbodymdg of thictitreahtioh phet liybis solution
9%@? t@e fernme atlon Pro h can be directly further
pihiionally gomtamns the qarionateedlty 1y wit hout separation of

TR harvansl sk oF Vidp b Pire SHRET IREAN brocBdsedPbSihaw 8 Ui &lok&before (c.g.
by al kaline lysis: In principle, step b) can be

pehRloraReo e BHaMR omeradDoEPRASbIFFSe hab e harvasted cells are
I
REEBARR M «ESEPCLR iR ARGk PG 3R Suffel,
alsiadgratdnl sygi 19. sol ution that contai ns a det er gent A
pical lysis solutiagn consists of
éﬁaﬁnamv% &&%m@ﬁﬁmttéot@mnqdﬂwtew & @ch@& )furﬂt?ﬂ prqeﬁssed
[ I i.00S
B e SR e QDb 9 eSS B pynicaraca by
dincatiyendictinp elkabbhd bdisqhind dygionale nittisequeasndutmaliza®niin a fermentor

floccos pitate jsgenerated durln cess. .
PO R CaTBY qﬁetj meSfatoR SRR RN S Fe mgﬂnstﬁ SFUpfigRent without

?Eggéptehsqw{ﬂe%a%ﬁﬁ@s% el e %ﬁﬂ&pﬁﬁﬂé?tas@ﬁéutraﬂ-&ealkalme fermentation
harvested cells of step a) are either direct

Iy
protic ¢s thedyos salbtamer tp fthef mecuzrehzdddymd@etl @0 lgtion tcobiainrige floatation

opel | ti procedures is that
Fﬂé'ﬁ§?3§%%“59%%?9%“gnge’?gﬁg Ehed in a resuspension
breffdraly 3%p Bg $CAdcO@PlisHad Akinp thOpridcdp1é BEthieMhdthatbard &®lde described
disintegration step b). Alternatively the fermentation

Br WiCh2BHQi5Red in step a) is directly further
et‘lﬂt% ?&fq%ﬂn%m \Lllﬂ%%fs &ﬂov(geﬁt dlﬁﬁtg gtra?8H %BSE% ﬁleotf o g‘? Cfu%%ension" is

élnte r

ddedefot both.cbe ﬁbsaipeﬁ@edadeﬂda hftaehalmyesnﬁg adhithe (f@tnemabh $roth.
subsequent neutralization) in a fernmentor or by
transferring the fermentation broth into the lysis

ggactg%uﬁMﬁﬂ 1%m§ﬂ%ﬁ@ﬂ@@nﬁﬂ&$éhOUt resuspensi on the

r bonat e sa e added either to a neutral or
Alhiadliynebd féroksitlatiorowith natliz, pH and high lsyls cencsutrationosnused for
on to obta

to t ne sed cel
Rl 15%%%7“% P‘?Z;W ?lﬂa %‘P’F%‘b?oné%m% i‘& PRYSSER a%eéate Zlééc) atpH 5.5.

Bhfsas&ar}ler f@%ﬁﬁﬁg bMesst d§ Rodhim &R c@6S %Hlohﬁﬂﬁ qcéﬂaab BEpétE&ium
principle of the nethod and device describ

phosphate may be used or added.

Also this step may, in principle, be performed according to methods known per se,
preferably according to methods that are gentle and could be run in a continuous and
automated mode.

In one embodiment of the neutralization step c) the lysed cell solution is mixed with a
neutralizing solution in a continuous, preferably automated manner. This can be
accomplished by combining the lysed cell solution and the neutralizing solution ¢.g. by

means of a T connector or Y connector, at a constant ratio of the flow rates (= constant
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in WD 2004/085643. In the followng, with respect to
cell disintegration in step b), the term "cel

WG ompesRson” i s used for both, the resuspendedPCBEP209/051370

after harvesting and the fernmentation broth. c)
Neutralizing/precipitating/ C q 2rel ease: Typically a
buffered solution with acidic pH and high salt

concentration is used for neutralization. Preferably

this solution contains 3 M potassium acetate (KAc) at

pikiBg BatioBand enssung nheing nedithcadbyzhergugldy nsutealigingdudiipitating of the
@etate agnoni m acetate or potassi um phosphate nay

BRI A OXEHEY MRSt step may, in principle, be
performed according to nethods known per se,

referably according to methods that are gentle and
cgenphwdipentio the igvetiopushere Arrocaghameteeseb ds #rsigéd prippncutralization,

%gﬁ@%%%g%éﬁﬁés p%ce claﬁ &ﬂﬂeelﬂ%l%%é h%@tathrg{iﬁg?ptr&ﬁ%l? he. l'ysed

1 on "Zl1 ution in

Bre€ahibliy BLEP S is qaheédecm kiyig atug riveiee o e mesthodT: ahideeGﬁ;B didelosed in
accon&ﬁlshed by conbining the |Iysed cell solution and
R ﬁ2|ng solution e.g. by neans of a T

?ﬁ@@&l%tl ed 9%11 E(olﬁf?&{‘ﬁ“c*o{?{acte&*wﬁ tﬁ@ﬂ?ﬁt 'i‘%atﬁcﬂltéoﬂnf% hBBH of the

ow ra = constantm xing ratio ensuri n
nnmumgieawdsdsh(eacabyc ainh dormagioh wf the flocs starts. If the carbonate salt has been

%%%Q@gllglgﬁ)lt n {e?gljo SEQQ 961(%26 t@l}fgﬂso L tggth%tg%q: atithgsame time due

{oneEntiERBdn, 'Y‘@eefy@e(f & HalpdaARal %est%luﬁal'lz?at@g d8ielti®f bR then further
neutralization,” the CO rel ease takes place

ooreduin renitxing et & 4 wibrg/ Sfysteml Ppidesdribag in W@ﬂ@@‘b{%%ﬁ%) and
is carr ut. u t he
bR dh RO EO R SR P 0Bt rossurized
bdye |ysed cell solution is contacted with the
neutralization solution, the pH of the mxture
€8 p@m@@t, @n @quenys f Bpsratarow lefont frearmligddn ghapresent

nfveI§ At ‘ﬁl‘?g%:g) ’brggﬁls%gqgﬁeo?lgl erbottlat% solution. This

neu |za ease an or na
ﬂbaatﬁ(ﬁl sailuttdmas datircttftoie théuﬁhetr praeblolutat iothat i b@ntalns the

| ysed cell solutjon and the neutralization sglutio

g Bonafferh trand dhagdediia @Ry 9iiha ofick piogess selufigns (Tde gem} Fprecess
LUBRAR S 6y S SN RSB o
pptﬁfnalrlﬁbdsysp@yls1pm)rﬂ“hlsd‘[oamtleﬁ soluiige chagds .miked wrt_htohe of the process
gog‘gtl?qdnlég)%%f Hle?}%gggrzgggﬁ tstep or Wlt%tong ro]f ﬁl%lsldgplegslonsl generated in the
process. Alternatively the floatation solution may be mixed with the neutralized lysed cell
solution. The concentration of the carbonate in the floatation solution is in the range of
0.01 M to 1 M, preferably 0.025 to 1 M. The mixing ratio of the floatation solution is
thereby 2:1 — 1:50. Preferably higher concentrated carbonate solutions at a low volume are
applied. When the floatation solution is applied continuously the mixing ratio is adjusted
by the ratio of the flow rates (floatation solution : process suspension).

In this embodiment of the invention using the “floatation solution” in step c¢) the
neutralized lysed cell solution may be mixed with the floatation solution in a continuous,

preferably automated manner. This is accomplished by combining the neutralized lysed

cell solution (containing the floccose precipitate) and the “floatation solution”, at a
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invention the term"floatation solution” neans an
aqueous carbonate solution. This floatation sol ution

W0 200dios2861ct from t he ot her process sol utions PEI/EPZNI/051370

it contains the carbonate salt and is added to any of

the other process solutions (The term "process

solution" refers to any liquid that is used to perform

al kaline lysis, neutralization and optionally

resuspension). This floatation solution my be m xed
vmtstanoraeiowff thehBowp rsee(sscogsthutt i Iptibm g thygmeans of a T connector or

utrali on ste th one e (0]
Seibhh & A Oahe oRually i-phs wid By LRSS e on
ﬁr@ﬂs&ébﬂt&t[bnrfﬁ}fh@&am&ﬁﬂlx%& o tReuPRYtéERlciazigdationS@dieeln this
sol uti on. The concentrati on of the carbonate in the

¢mb@d1menbthe s Bpajetiaansolyiony mayercgppancgrwith the nlwftffdlZiMysed cell
?{l&tlﬁ{% gm? O%n ’Ighslgl 6@1%%%] ﬁ]ﬁggthquge 691fl Eér er apbdl the

ﬂmgllaﬁzatimrs@ anmioh ah@ thecadrifivadbe ds\abeg pradrablgtwichih e first half of the
volunme are applied. Wien the floatation solution is

asnsed conti nuously the n1X|ng ratio is adjusted by

I h f{s ; %0 t it t
R Ehan IRl LR LB PO EPIRIAN or subscquen
(wingrihe 6ﬁhoanast10mg§otdmen“)f COatcktasothepoherbicdnthall gasbehblas)get attached

h eutrali.zed ed cell. solution ma mxed wth .
ofbe fogarsaniG: &tﬂ@y BRI VAnGPRASH BTTRERSS 09%&%@@@3 plogs during the
ﬁk’&%f@ﬁﬁ%&ﬁ ’T‘ﬂ@ alcdiRicd th&r&ﬁﬁpm&ﬁ%n@é’nt&ﬁﬁﬁ 'umh@ gesultmg
the neutralized |ysed solution (containing t

hsate dlosaniptuee (\mﬂt @tta@)ledaﬁ@z bhkbles) Isbenlabi @mth@crangel o rabout 0.003 to

s gt SEiogt Gobibo B oV uleRnRRBR: §ui resuit in

%%Mgﬁﬁé o0), r&B@ke VNI th & Bigh RSH QmeBti ¥ s kil BesBR Gn HREV@BMgeous
rel ease during transportation of the reaction

feapting.e to the subsequent cI ar| fication device. In

Ig{)}' n%CiC(r)]Iél R&n {ﬂ'é Ct@ erele% Q[ﬁ{ e 01 ysﬁllg%tnleeﬁlg Sg?%?él?lgsna %e%utralization

t he

agycasi detscrﬂ)eti\l\ieWO bed/0&s4B rigpiRairatly afedt h"ﬁlsld;éSﬁd icetubing of

sol ut ion and the neutralization solution and t

oyt B DRmerneianecterddencading ap the sk the plchr:%se Presgrably greater

?‘Ian tSh‘quh SRR ELavaid Q%Qle{?idtﬁg tﬂ,ogg QH@&B{I{ge\MH The oglentatlon of the

sI nmul taneous to neutra atlon preC|p|tat|on
ﬁu‘bsmqum*lih apy slirngfionh preférhlﬂ&mmvaﬂis (Bomutfiacpiryl) GOm1x1ng distance of

Iease th ener at ed s bbl es attac
88 cra Seye g pirysedt etaﬂg% %‘ES‘P%’%% %LB ﬁ%geons fhd thus

ﬁl%@@[tﬁ'ﬁﬂgoﬂﬁe leljd¥§@édeinﬁ‘)ﬂﬁt1&l ARCOVFAINRG e nlnﬁfn%rdlstance the inner

|arification. The calcul ated theoretical carbonate
dl@memntof theitelre dsrwelhes the saiertiondiniy/inghemitiog devie effest the quality of

e e M T e T

th Hotiér cln®VEimcaoHe RIAIHa:dpOM)Sin Waleh Goh@Sibub ndde the carbonate salt is
added as “floatation solution” or as solid salt to the neutralized lysed cell solution collected
in the clarification device. The clarification device is preferably designed as described in
WO 2004/085643. In this embodiment the “floatation solution” is preferably added from
the bottom outlet in order to support homogeneous distribution of the floatation solution
over the whole diameter of the clarification device via the retention material located at the

bottom of the clarification device. For the embodiment with solid carbonate salt addition,
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negligible CO2 rel ease while too high concentrations
woul d result in disadvantageous foam ng. For

waewonp2sshi ng the CO2 rel ease by one of the prE&r/EP20891051370

enbodi nents a neutralization device as described in WO

2004/ 085643 is preferably used. This device is a

tubi ng of about 3 - 200 mminner dianeter (depending

on the scale of the process) preferably greater than 8

mmin order to avoid shear of the floes at the tubing

thalsblid FHeis edid@hfremiaondditiondlenlet gvharmp apd homogencous mixing may be

di.recti on ref r.abl rmof a iral).. A .
?ﬁl&?Vﬁé béiunélf‘ 818["“%%’ 18???\/\@?9(1@&@% °r ht 8F§P§1r‘a}r6%%“°n device. Any
g@et ﬂo@atﬁﬁ%r%ﬁﬁﬂg&h&héﬁ For gk Qfdltﬁdﬁeof&@é tﬂda@aﬁ)naa anbﬂmr the solid
precipitating the cell-derived inpurities and

%b@@éeepromélgﬁuiﬁ%gntm karagrsacousKeD; 1glvase mlth%ﬁvéliﬁhéﬁfd lysed cell
t
ddélvtllc%:nelkg %‘@4 #erfb%m tP 1{18110?9& née%rt]le é)ré%{a@ehféé]ag atios edf?ﬁe method of
fheringdntion of t he preC|p|tate and CO2 release. In
anot her enbodi nent i ncluding step

ina . .
ol %mdlm%twh%é Tlopfations W’éa@%ﬂdtaf%a%wfé&e neutralization
" t . i3]
AOURPAR 488 PO el LRl debaf Pl fRiign pe volume of
némlﬂmd:lamdnellckeiutme) 1s pnefembbrdhbbanadn tho odeha'uﬁbtoipsovide COz release

B R Lo B RSB e ViR b P otk hana
qua%as%ﬁg@gg% S @ashe, bottomoutlet in order to

support honobgeneous di'stribution of the floatation

solutlon over the whole dianeter of the clarification

ce via t.he retentjo terial |ocated at the
oD om SEp Tl hEhTHY (87 BRO G Mash RS °F ha’ eredi ment
Pbit the 8@V anthoeisRpPRERiohdIf thcaMblihbd 8N eltHABc&OldahtRoal df preipitates
added froman additional inlet at the top and

gm@n@g’g@ Imu;(a]m@tmyn pealkelnedyasg pWe&ﬁW&@z release from carbonate

?;ﬁtdiht #1 r}/al E ]Iﬁjocgsg R{L}enm&?ﬁd i £V1 eair& th%fcleirn?catlon (separation of
aricticatron i on or

ﬂ‘ietﬂmebs%q)lreoﬁmaté:)dﬂcmblah of the ' f I oat ation soI ut | on

or the solid carbonate providing. sufficientl ) )
hbies gREidseonampdes fanadyaniageays apRligatign pL g mfg%@dofctéfs fnvention are
Qjpid.on is possible to performthe inproved gentle

gre0|p|tate fl oatation of the net hod of the invention.

I n al |l L.endzodinnest s when a "fl oatati on sol ution" (added

after gdditi.on of the neutralization solutlon) 'S

used, theSM5PRYMESi 0 (vol ume of added "floatation

solutlgp mﬁg&nyﬁh p@khyneutralized |ysed cel

solution) is preferably chosen on the one hand to

wlnlth%ﬁtSOclnaeﬁeeam rgedefib cireind ofitorccerdmel tetaemetheld wiolimieg e device

gf{l)](_)o% &1?% %egnsg ?JP}S‘% éq'%gi ?‘{CEL?OI% Ili)a%fO? flﬁ é)r?s%gta{ngeentlon file secon(a an8 the third
mode of clarification are based in parts on the clarification-device and on the method

already disclosed in WO 2004/085643.

In a continuous system (I) the CO; release usually takes place prior to the entry of the
neutralized lysed cell solution into the clarification device. Nevertheless CO; release in the
clarification device (as described in step c¢)) by addition of a floatation solution above the
outlet of the clarification device described below is also possible. In a fully continuous

system flocs and lysate are continuously separated in the clarification device. The lysate
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d) Separating/clarifying (and optionally washi ng) For
t he advant ageous application of the nethod of enhanced

w0 bwave28on of precipitates generated during PCT/EP2009/051370

neutralization in an al kaline lysis process by CO2

rel ease fromcarbonate salt in an industrial scale
process the nethod and device for the clarification
(separation of the floccose precipitate) is crucial.
Three clarification nodes for advantageous application
oy bh eeqwcthd dt b botiemiontlerdnidohe Boe thrwagh bh entldt af the top of the

t |1 t
AR et 25 ENnAEE of Pirtfnad ot R Ract &M iRe ythe
@(Hitln@@&soafndl thigs fa s@parBhidiosk Atck lahd 1yRBteah L@ £ tindiis Midhfzed,
per se novel and a crucial part of the present

thetebr miginizingdhes agdoeiddegrrdatioreandyinfradyatiga offmpurities, which results in
&}n%’h‘ pfljlx%ﬁ‘t ugptyg[l ‘?hebcao%%gtg& j}hs%;%r AL

cat evi ce an he net hod al ready

Ths advas edrifitatidh d2024/cO8b6EAAde bNglasss ominldaviotds!, pyisticedh any other
(I% the CO2 release usually takes place prior to the
gl Bt s gecontabis far plzaéalaf:%@al Iareﬂlﬂct@m Tﬁq Rasici satup af e

¢ ﬁﬁ&%ﬂoﬁ%ﬂebl‘a@l %bv‘ﬁGin F@Y@Hef‘ @h@% rﬁ%lcfne 9 ) OB@ Jl&)eoe

arification device descrlbe in step
axiehded;m; shbwa ifi Fomtat 3o hs s]ha;giemcﬁ ltheﬂhamepatthxﬁthmﬂardaﬂicadbn device

the clarificati on devj e desc bel ow.i s

PaEoF rs?%m{rwﬁ %uff lamryﬂcw TR gr ) lorohad %Iéﬁ&ﬁ'ale Step d) in the
heaRter %&n?&ﬁbhnyﬁﬁéﬁéﬁd%%&@é s@ﬁpé br thBgeelor i fication

devi ce. The |ysatemay be recovered at the bottom

Bl tletifieatidntdewict haesn euiled mfghe hﬂttqm (6)eatndaino1thheout®p atghe top (9)
the.clari atlo ant age of . 0
b piteC MR EEET o PR R A REE PO UGS ot the
bétetsim b ontRRAH fe@{bv@fﬂoﬁh@gﬁrea@%ﬂemg et thB &L TRE B6tlets are
time is mnimzed, thereby n1n|n12|n% the risk of

P

H@&rdamlqcmdms isprtiopellscedngial of taprpd Dptprwf thirglakfication device,
%l?ﬂ?blﬂl fl%ngi_ﬁth%r E np% g?@&ar#lta}écri] 'tcg) e{rg §0§‘Sﬁhé %‘i’tﬁg rmore tl%e

evil can be na
glhﬁﬁsatloatdamrob esstaint @lrt (e kiposioibn dbtyveoh ﬁ&fbdﬁtahﬁafﬂd&he top outlet,

that is. acceptable for. pharmaceutical praoduction.
prsisrebly é the middiciof this distance die ontlete ané hejisles Hy are prﬁferably

gi% g ev%l?@valve-gr@ £ |8§r\!vlf11'cﬁ’ 2 ng%s\éa[_&lgd glﬁwd%eg'%tﬁt?hg?n the meaning

as shown in Figure 1 ape
oftihn ppaeit infentibe velvey art lasp e cesd preifaeblyayentigane valves) suitable to
lin cal f in principle every other hollow body
SEnspae2sretits ep ) 1 fhe

Since the novel clarification device can be operated in a fully continuous mode its size may
be reduced compared to devices for semi-continuous or batch clarification. By example
based on a predominantly cylindrical shape typical dimensions for industrial scale
production, processing 10 — 1500 kg of biomass, preferably 50 — 750 kg, are 20 - 100 cm
in diameter and 50 - 300 cm in length, preferably 30 - 80 cm in diameter and 100 — 250 cm
in length. The diameter to length ratio should be in the range of 1:1 to 1:10, preferably 1:2
to 1:5. Increasing the length of the device may result in even better separation and drainage
of the floating flocs.

The clarification device is equipped with a port (15) connected with the tubing in which

neutralization/precipitation and preferably CO, release takes place. This port may itself be
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met hod of the invention is independent of the shape of
the reactor. The clarification device has an outl et at

W@ b@be28om (6) and anot her outlet at the top PONERWLHS1370

are advant ageously designed to conti nuously recover
pre-clarified |ysate at the bottom and conti nuously

renove floating precipitate floes at the top. The

outlets are preferably |ocated cross sectionally

central on top and bottom of the clarification device,

thetihlotefithaplprifedimn q@m@e ehdis drectlheotysricd witirtde noradiretion/
ossibl.e. Furth Iarlflc devi.ce. . .

BRRP RIS wbislr ARER) b oo ameiPheeaittRBingapipg(® which

ARF it bendceRdawitt @t neRtLfzefiePpiicipRatidteupind dineth® Ernbbdlﬁlent wherein
di stance. The outlets and the inlet (1) are preferably

ﬁ@moﬁp@ﬁlevm][eh tkylg injetgs g simpde haly in W¢| lethrad ek f dregiatéfication device
%n[ﬂo&tla ;gr%i}éétmé ﬂl&é Iﬂlee all 8£V1 eP?n Rl eSﬁ%Ill ernbodlrnent a

nventl n va evices (pre era

pr&fetﬁﬂir ré&hib bk cﬁsthbutm:gembﬂlg%pﬂlc@ﬁﬂy eidd ol hgxd rﬁateﬁﬁ shhﬁole for
novel clarification device can be operated in _a ful

Ww@ag THRIEHOIPR:SC- 8 s8N aystasd) qxg‘@dé Htio ét?rﬁéaérf@éﬂ%devwe The
(0)
exa %ﬁ%ﬁs %gtg eng,ﬁ in ﬁl%%ldgfé%%he dl ] cyP? alaed f T'h% gh&é %gbpeﬁy

napre o nant 1 ndrica
hylpnth ambddimentsi tbaportt Qronnfmiimgtplortah tlsacﬁxisteembmtﬂmemti oornd of extended

SSIn 0 - 150 of bi 0 ref erab
bt logiled sgprevis y St & s B oo g e o
b@t@ TR fePIbRS ﬁrtﬁ@hﬂdcﬁg of th&0diSthden Tﬁié poEARE ARAIOKame or larger
cmin I'ength di aneter to length ratio should

d@meter tchmparadn glath@ﬂleutralllzabomtubmg @6)@ﬂ1eﬂ@k$|e90n11. entiodimer the port
In | engt h result.in.even. )
iyt bEol ah A%y BN e S ETEh SErER bRk st rubing
bhgicatealih hinadtthAnt ARMIsGRwaidseTow BP®E ndhtkdlizad BREd cdll®lution and it
connected with the tubing in which

?@étptf%fﬁliabb’tméhﬁ pidsds off thaclapficetind ¢svisker abl y CO rel ease
f | f
55y LA SR ST IS L s o

bllﬁﬁ)lfﬂie uﬁtelal(ﬂ)z@t: lctanﬁcmcmcdqm&ata e pottlyil Hpr thd distribatiny aibing (3)

the port is connected with a distributing tubing (3)
rmediatelysthe phases ﬁ%’?ﬁ?é?:t% tw'tlienat‘{aﬁ]éed gas bu les the density (mass per

gﬁﬁh{ ?Ef ttﬁﬁtﬂb EOYsRI ﬂ?}é Bed ed folthd Bﬁ)c@s@%ﬁioﬁf@bz release.

ere e port e I nlet, Isinlet'is a sinple
b¢reforathicHech éﬁ)estaaﬂ tOJfb)aken tlmfmtbtfecectbalne fobreadriless cthaviiged (lysate)

Wi rth par.t ect| into the . .

B Pl 68 st B e il T b M 1B ondie davice is above the
Hﬂé%f 1S %Qsl NutbRIBNER t§ted;!o%¥p'léx*é§1 F’})%e fo‘#&'drlﬁ up@Btd ARALIbY to the top
made of rigid material suitablé for pharnaceuti cal

puttbdluct i on; e.g. stainless steel) extends into the
evi ¢ tional |

R LG R RS R BB BRIt L botom
O®valve (5/6) is closed till the clarification device is filled with neutralized lysed cell
solution. Due to the attached gas bubbles the density (mass per volume) of the flocs is
significantly reduced compared to the process without CO, release. Therefore the flocs (7)
accumulate in the upper part of the device and the more or less clear liquid lysate in the
lower part of the device.

Alternative, the clarification device is already filled with liquid, usually with a buffer

containing components similar to the lysate. Starting the process, the bottom outlet/valve
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In both enbodi nents the port (connecting port in the
first enbodi nent or end of extended tubing) is |ocated

wa@sgoopogszsousl y nmentioned at a hei ght between tPET/BRI0DHOF1370

and the top outlet, preferably in the mddle of this

di stance. The port/inlet nmay be of same or |arger

di anmeter conpared to the neutralization tubing (16).

In the second enbodi nent the port may be | ocated at

any position at the clarification device. Preferably
(3@ islopened bod ithegoutlidoi mdjubtsd ar & @y ¢ol mamtain wapnstingtievet of the

al | ds .fl.ow, of. the neutr

Bl EREF SRS i bR Lichgh A5 P Rt GEPeSSr Thasenstant tevel
@f t@é liktbiEatel 1?§atedﬁy¢s<a§ conffRd B getht lopbhiAe dx tbitSTFdh £Bdttom valve,
sol uti on, ready containing floes with attached gas

Bhishlapsonadhytie ﬁ@tO(nB)edt hee ¥olamitriccnttflon peretine at the otfera is lower than

FEGh 0 R 4 PSR B TPt

Elhﬁﬁde&i@ﬁldbylcé FRSthe pprowiet (871%) Site tH&Qnﬂ‘eH‘@@lyBe&e ﬂocs 1s below the top
@@?m ficantly reduced conpared to the process with
&t gredgaananity dheafiensd with dnipnead gesidupl &ﬂ‘élfitbei"%?eﬂ} %Tﬁtfor@ﬁd through

(bRl L85 1 S FROEE Rl Ghe BLREn UL TS prgiopged
tlevieg thennteh galet and thiccedidwah lydetgiicecowrabihvaighhiee battomt putlet (5/6)
pr eC| itat

(e G dBes 3R Pl dimEresahébaloBaythriSry.

mlotthlaﬁoﬁioﬁrtb fhcatdl tR@{)l%tC&B il bRt Glloﬁh%ftﬁeoﬁtﬂoﬁ{]olg@t’ (5?@) drd continue to
ty. The bottom outl et/ val ve is closed til

fehé the damiiqatlan dovicd @piiemaliysvith & beﬁferwotlmon @gntamlmgmdnponents

?lﬁ]éﬁ tﬁ? hvgt(()alnigli gﬁ n%S}cE\u?gﬂ%%E%rQ gqr ciLo%ﬁ féf gg%%gcg via tlhe %op outlet

?o@)n Thé elRAL lyyatd RUGR h HRMRACEh then §ikpIPFe6RFSd Wa tRObdttom outlet
rel ease. Therefore the floes (7) accumulate in the

(ﬁé@eﬁs desaribed pbeved tareatisb(faNndhelchid i dsciligspargicagnting valve (10)

% 2)4 iahe in the lower part of the device.
've, the clarification device is already

‘ﬂ“hd: ’[vﬁdopmdnh forl cading, oftisdisotess bl akoiafcbmibinednit dierfoligwing way:
nmponents simlar to the lysate. Starting the

EF%]&%E}’WF Ferepter shicserdims tP\Parl%é gpéyegogd %t%ﬂpéa aggigroed out of the

Flﬁﬁﬁf’é{fgg'a‘éw{cé‘%ﬁa‘%ﬁé dd% eﬁaée@b/duﬁ f@'nﬁh gin a constant

eve the inter ysate in the
bl the iaftéroatt veoamhelnerg th:lreﬂnl glthus retlehise(bmdhe slarifiddi®n device (as

ons | ev the interface ate-f

SSREbET st & Shasdte hERh A S oo g asBe fysfe-flocs
MAL MR, in WY QhYifRkibe G@V&afvﬂa%n%aa%ﬁm%ﬁ/m@ d\éggﬂéaeglﬁmgr to the one
outflow per tine at the bottomis |ower

descubast ghioze farghe p@ﬁratlzmlyeadﬂeéltsp lutfohefi)pmcmaélytﬂhe port/mlet may be
addi t the clarifdc

tieportin
PR p e PELIRE Mo il g Fredh Fa e SPY KT at e end
tormatted WiGs részhgliony thd8latiBation device. This inlet has to be positioned

between the bottom outlet and the inlet for the neutralized lysed cell solution.

The bottom part of the novel clarification device is optionally slightly conical in order to
guarantee complete lysate recovery (complete discharge) and complete removal of
cleaning solutions after stopping the process. This bottom part may be equipped with a
fixture (4) suitable to retain residual non-floating flocs above the bottom outlet. For

removable fixtures the bottom part of the clarification device is detachable from the
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outl et predom nantly the floes (with mniml residual
liquid between) are forced through the top outl et

walevngs2she process. For ending of the processPCT/ER2009/051370

feed is be stopped by closing the inlet valve and the
residual |lysate is recovered through the bottom outl et
(5/6) till the residual floes floating on top of the

| ysate reach the bottomoutlet (5/6). Another option
to the end the process is first closing the bottom
wmyiduel dey B ol ixames manbé peréorbiod pbdeh, sibecsches,iffiisgatanp nther

ol e PR i 1S ol el TR oF RS RS may be s

foraeswhé18 cfa@ﬂf@@@mpwsteﬁf sthilRsEQ¥dI Cl a4l ﬁolyﬁ@pyl@@e @Iuaﬂyaither material
(8/9? The clear |ysate present In the device is then

siitepleyfor pleanaecdicl piodustiondntagine el nelodBe Yhesixture is a retention
Fjasgrc&z lpglgmﬁp gv %e&ttlé)aﬁ) A eiseth ge%r?% Ef&l% Id cfb ({f‘o/r %ﬁe clarification
C oseé, Separat & venPing var ve ( 10) “at “the top

maetﬁeda)wom@wmmpti ons for ending of t he process
ould al so bhe _conbined in the foll ow irst the

N@l&l@éal yedgpdt Blies anydedpitalicdgt ths Q?&Pﬁb‘?}lﬂft ﬁ%lo ktBe drtgribed
Elgﬁﬁ&!f}lf&ﬁ%eglfcg td ﬁleedsaPéf% ds%fa uﬁde@ﬁ&f Bgﬁ&hl%ﬂ%lﬁ §¥ inffimal amounts
ng t . I'n e

Vi a out et acco opti on
af tar fhaxdting éloesrbﬁldohmz&melw\ﬂhe lrfmoner@d)lysste medyelsested into thidhearification

clarification devj described ijn.step c)) a

e Rnite e Sof b 1GR3 S Shrachidhel y to the
*TH@ﬁ)tpgja{rtl cﬁ"fﬁe Bvel Mﬁﬁﬁédﬂlohtal%w% ?srdﬁ‘tﬂoﬁgﬁ}} t‘aﬁetﬂ%v bﬁé@er‘ﬂ)@ conical
an additional port/inlet, designed sirilar to the one

thpeming, been mbovdiameter sitvelan suthe airice driniejes of thegbp outlet valve (8) and

Bk b TRl RE e S ety Sty S ERRSC for

PRirinaEakREl RbAlEion! Ti ihhdridiarddtet dTah& bt aipar@tedd ottchop part of
or reaching into the clarification device. This inlet

Higslardicaéopdesiied (end eotsequeatly theep yakve and igtfp Bewingdubing) is in the
ta%l ? be éboorut t3h e%&fﬁ]&‘l{ ﬁi bé}%ﬁjn(ﬁ %ﬁrs ?119 s&ﬁ{: of &1%' %de pré@r%bly greater than

on1part I catl on evi C
® pirh dneddely tosdvio@hshkeyr cfahd flads dt theaubliap watl. Fhi@rapatigeangle of the top

conpl ete | ysate recovery (conplete discharge) and
Be el arléﬁﬁm deyfceds BRAAF Fyes OF 97 oY’ aqu@f@%@t%pp% gThe

?;&tlr% g@?ﬁfa btk CF% {h%rﬂn? Bttt r@ﬁflcf?gu&?&é‘n %Pﬁcﬁllc% Hﬁnﬁge of the

suitable to retain resi oati ng
ﬂba:té@ fiee e andachots ss ofulyba¢ thréuggh axpooedfid@. Thixttapreesg top part

a of the clari ati o evice i s )
bos SR BRI PR e i fetianPiellE iy RE striye glgening).
Hﬁ&ﬁome@%ﬁ@o&h@h% acwn%&ﬁ@umn&t@urefmlbt) $orQhe @ép\éra@fbh ®F flocs and
installation or material permeable for the I'ysate. The

lysttens ednnodted toethe topi mﬁlat/edeﬁiﬁ)b:é tlaﬁsclﬁloﬁcatthe dﬂmqs,epreferably in

clarificati.on talnl S

e lsEy TR By LA TP fTiaf BF  stffeSiTrg e upper patof he
plaaficaion lditebféakm@lﬁlqﬁbt(‘dyhﬁdhcal)l’l THe REE Flthie ab@ebRER Mhit e be
fixture is a retention )
shorter compared to the main clarification device e.g. about 1/3 of the length of the main
device. The inlet (11) of this additional unit is connected to the top outlet (9) of the main
clarification device at same inner diameter. Next to this inlet (11) the diameter of the
additional unit is increased (e.g. to a similar inner diameter as the main clarification

device). In a preferred embodiment the inlet (11) of the additional unit is not the lowest

point of this unit. In this alternative embodiment the bottom of this additional unit is either
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| ayer with simlar or identical parts as the retention
| ayer described for the clarification reactor in WD

WQO®40088643. Additionally depth filters may bBRCT/EP2009/051370

installed at the bottomoutlet Iine of the described
clarification device to ensure safety regarding

undesi red breakt hrough of m nimal anmounts of

non-floating floes. Alternatively the recovered |ysate

may be fed into the clarification reactor described in
Yoy emahginigito thejeckst avdrfthawholo F@ottﬁmetrdaop apacertah point. An

VG LR B L5 B B SR R R, Won the pre-

§1*a[He|d&Toc§ entbh@e 'eﬂlﬁﬁged@aﬁ BEERS adfitid e uﬁl@ Reub it€ inl¥all Vea further
(8) and the outlet tubing follow ng next to the valve

ploe beneratignarocenytaien rlnpgcaWhslsitheBpes 4o pggim dparitee(d fcthr top of the
E’&agt%%ﬁ p?%ﬂc% ?&?dda[‘&%? %k B{}ﬁf) ed B?m%@ﬁ’gg A0 g{cglgnallates at the

I Ca vi ce

oS et ant byulti ibe r&a@per\ealav&le ddett(h8) thedughwharehlv&I@2NGYhich is
is.in the range of about. 3 - 200 nm (dependi ng on the
QRtiang lbﬁu@ﬁ@tlﬁ%lbc paraqdignllyros camnpoysly gpencdiip arvay thehmigimal flocs

%ﬂe}%??orrt&i t@%&h& Wi tﬂ?@lre fl§’sfahet i Hpo(gﬁltn@ga%iéhpﬁléél Wit qué@?éﬂed similar to

aperi ng ang
theaop 6f thatmaimcldefica®nidevica vxtﬂlhemrcmmlg‘e(léﬁ, ab@lve (8Pand a separate

referaly 5- 65. Th erin r S ott| eneck
?n“tnﬁéf aFVG Jad ?P“%ﬂ ﬁo‘ﬁ%w g%‘? E 'i c@&ﬁ?j Py ?1 5’@%‘?’“11 a
Elﬁglefté)ﬁ)@ﬁtle@ 014 |t1§be§oc(s7a}e éﬁb@rt%@ dUEERathOS2y Ak dés)éﬁ%di‘for the main

h¥ ough exported | oes. This tapering top part of the

cllalaﬁca‘tlonaﬂtevmﬁ ldéhd erebarhpeieritptwotealduglctd @naohtisloatlets is equipped

rate cl eani not her enbodl
iRt Ro" ¢ oG Er%G rop Br PR MR ETRE Ty Tcovery
N Rashandvd ¥Sdt Sedofid G BIRRE REIdsed Bivend GP p@webse(taém{euethat the
(8/9) of the clarification device, preferabl

Betfarm gt (@lbis aritionaldmiieis elossd)irets s sxidieerdboneh theather top
};fﬂe%“gqlngg@f;g%@é&@fneae L BPAi: figfr of the

evi ce cylindrical). The

11“Edﬂ gitslite @ﬂdltlhneﬂly&dcb\terddnﬁlthlsl it n’[@yoebﬁdsdl(mr theclacifisp Bred recovered
he main clarification dewcee% bout 1/3 of the
t

Ptéhf; ptlcdf theendtaichrifiegtionedeviasd o) o tethq lfrf)er bpatephase in the main
a%gﬁgdtfaﬂqﬂevgglb% E@t qugtgg&%“ to the top outlet (9) of

mal n clari e at sane inner dianeter.
Rex matnoclbrfi gitiomideticd mag pe ehpandbdfmese@ide tike)thich more than one of the

ddltlon mcreased(eg to a simlar inner
%? Sgaii‘hgoﬁl?i YAl ari fication device). In a

Hffe‘t %ﬁ&tﬁgr &ﬁ%%&ﬁ@homeaddm&;al &ﬁﬁﬁca%ntuhﬁ n@g%etdo%ﬁ@dted to the

unit is not the lowest point of this unit. In th
wiptaaitlptaef th@n@trb@@mffmtwn tdh@ceb dﬂmsoerdddiontahumt @m)dlst& Qf rghbe put into

unj, ¢ herdes n omthe inle he j.ac ,
her R e BT orarss 8P by anEt i o [saf b ECGiThe main
Olutifiedtion H3yicwhahdhas adhi@ didmdte@hilbetol tRigauaet atsnlallér but at

| owest gar t of the bottom When the predrained

minimum 8 mm. The outer tubing surrounds the inner tubing over its whole length and has
an outlet (optionally equipped with a valve) next to the connection of the inner tubing to
the main clarification device. The outer tubing is fixed to the inner tubing at both ends by
e.g. suitable gaskets. The direction of this tube-in-a-tube combination is (slightly) inclined

upwards from the outlet of the main clarification device. The length is in the range of

30 cm to 3 m, preferably in the range of 0.5 — 2 m. This inner tube is perforated over its
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floes enter the enlarged part of this additional unit
next toits inlet ( 11) a further phase separation

WQe@eesss akes place. Wiile the fl oes are agai PCT/EP2009/051370

floating (7) to the top of the additional device,

residual |ysate previously trapped between the fl oes

accunmul ates at the |lower area and could be recovered

at the outlet (13) through the valve (12), which is
optionally automatically, periodically or continuously
mbgh:dchgtlm irathpvaadiallyaowr hilfref the jaskst, preéereiXp ovithelgound) holes of a size

RO qeih e dimiinavies 81 PP hofioeREaReH (roden the outlet of

tHeahidih bﬁﬁﬁb&t[bnd&\bic%%ré’\fdr&dﬁtﬂro@%ﬁ lt&tmﬁemﬁbe Bk ﬂﬁ at8dhed gas
and a separate venting val ve and optiona

beresi the flacsswe orrdomintandy transporthé atetha ol ltpm/r pfn’t af the tubing,
%'hﬁg h% r%ﬁgua? gﬁssa{%tca& %gl)t %ﬁeﬁﬁ lt&t? ﬁ ﬂ{rg éﬂﬁ? e %ajugn Mhels collected

dﬁhb @er,er idblﬂg%d&ﬂélﬁﬁteﬂ%ﬂ thevuutd’ﬂ tlﬁM@g b@tlbt OIfidr&ysth® ﬂSCSJire further
the oqutlets is equipped with a renpvable frit or
ei3HIgE @nd dyspic teeqvery ivpicasdnt R lysaip addibpnadlyi ragovered) iy §124§ gnit may be

Ecﬁ&g\é&a ﬂ% clém}ae'a %&l‘?e fé%\)/e?ecp{t tﬂ@gutf%?gpﬁg Htié?lﬁ thl:ﬁbn' ®vice or to the

uring the process (assuned t
lowntel Etsategthatchinshaohdint dlarfadatiom devwesby: hgsed)atd tubatgs. i s

P hEBergiimetre Bp Mot tael epiotipE geuss abE cquipped
%ﬁ'rﬁécﬁﬂﬁbdl%kﬁﬁﬁ&g Sk kidh béhtiﬂi‘lbﬁsl&' Qkitn FBY10BE eﬁgﬂiggt th®@top outlet of
the clarified |ysate recovered at the outlet o

theictaridicatigrf dfz,vactq bnthdmmbmilr(l@)t the top@utlbtas equipped \yrﬂata ekimming top
ase in.the ' Iar| cat evi ce by appropriate

Pl g cOucehEn RIR firithed PEG D RrfIEYPEEetiy Do xpanded

(it aastaer dﬂﬂﬁﬁdlt%ﬁthhé‘ﬂdﬁ@ caf R evaflotvhe tRbey Sutlet and be collected

descri bed additional units. In yet another enbodi nent

Hriotdisetionidng ptrshed rdidlyfte gt Autleli By aegflowinedhn ta @dlet the
E}lﬁc Iﬂ%a%eog Iaﬂll&i laﬁ& W/%Ehet(il%ﬁsﬁ%%lﬂg %&é}; d ééﬁ ogcjtt%cg Fcr?eﬁ%/ @\ﬁ&l a ring to

onal "uni
aslchémintd Desalctiehsy ) bef@e falligg 1nto'|' ﬂe dotle@iontritipe The bottorn of the
connected to the top qutlet of main clarificatio

lpeien Hpg sRisieebly ﬁlﬁlémna ﬁgﬁ@tn@rth% FeHecie flogs ﬁwpglatlcally to a tank
9&1 e|c§ Lo B SR @Hr;b%re% {Jicni mum 8 nm  The outer

surround t’'he” i nner tubing over its whole
Ireyfg Bhothﬂderiﬂaxhraentcbhﬁ fledtingdlvics onglbeyuagdiofixedhavoploudet of the
alv 1ﬂ§xt to .th con ection of the inner tubing to

afipn ApYiPe YEWS: The outer tubing is

éY?QdHﬁohﬂ%ldrﬁﬁﬁﬁoﬂ h'rlﬁ’[ 89 cAbe Mok 81 DeRY ndirdd with another one.
| e gaskets. The direction of this tube-in-a-tube

Ebmﬁpﬁmt@doﬂpqs srq eptioghlly Whnehpﬂopeﬁ@@ﬂ (aesadnal daming ewashlng)
ﬁﬁsti{hhai dFaé]}}tagre%’?’ Ier;lcgonqlghsfhe& éact:clog ng ?ovrln(e:t%odsT lpneown 1nqge art e

filtration (preferably depth filtration), application of filter presses, centrifugation or
equivalents. An advantageous gentle draining method, which can be combined with a floc
washing step is described in WO 2004/085643 utilizing an especially designed clarification
reactor including a gentle distributor with a retention material in the bottom. The method
and device described therein can be easily combined with the present invention by
applying the exported flocs to the clarification reactor of WO 2004/085643 and performing

the drainage and washing procedure described therein.
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30 cmto 3 m preferably in the range of 0.5 - 2 m
This inner tube is perforated over itswhole length in

wae b@ogstsal |y | ower half of the jacket, preferedli/EP209/651370

(round) holes of a size (diameter 0.5-3 mm avoiding

passage of the floes. The floes exported through the

outlet of the main clarification device are forced

t hrough the inner tube. Due to the attached gas

bubbl es the floes are predom nantly transported at the
Fadthamayhing pelntipebuffafa compositibn igchoatri thet ddve notsidissalve the flocs.

sate can. exit the i nner_tubi.ng.thro
SRR a0 o i ety e co bR Vi aroiit 8f S eg Agesang washing
§ QG EEbr ahd hiigin@Ubbctingt M0a @ihideimildBtRbNeutRBzation tubing
floes are further drained and |ysate recovery

{WEr 2004418 564heOptpenally theifio esironatlpybe wethed i d senirath fagk (batch or
#ﬂuﬁt ? added to the clarified |ysate recovered at

e outet’of the main clarification device or to the
Iromm@thdr ¢Hdb&infhaskthe vichBomihic Mlocs Al bi eadycled ifl ei¢i @ cllarification
approgylate tubin I n yet another enbodi nent the top

paige. dhereruc A doE |0% é}eat‘rqafmg Aprosrraeed seheigp Belekefiing sl@aﬁcatlon
|
%T%\Il& ﬁ??ﬂ&ﬁ‘éﬂo&@& (69% @B%B’S) WF‘%@ tl%e}?&&%%‘éﬁ@ i d¥v1§é({71g15{11t9ﬁ)le tubing

oes exiting at outl et arirfrcati
alela saparataintdt nsarehdmdiit ok tite fedbsalatpnotivt his am;botelquem pte1d

th a skinmn al | coll ectio
V%V&egagms tp avrtn%é?&ﬁ?wéﬁgﬁtﬁ on yqjutRn méﬁf‘omvgl i RO dovice.

RMRQANTBNhe td'@&nfble@ @ﬁnbﬁé’iﬁle%’[srgi’é ﬁre@éf%lil I iind Ny ds ‘%Bt may also be
outl et and be collected in a collection ring attached

e.gdbaal wvetsoga‘tmaltvwr@mmh@tg el&/smbheftd) opémgoseHanesipppes and/or

OQl';]té?lgetgst opf,eo?fotﬁeé &gla gsr cgeéﬁr%e% i Ifg[ed b)élés&be o.nr11i%ed (e.g. top
giitdt ReWed)waaloat REuendind ek %ﬁc/?ﬁhélbfégshhﬁbﬁér bh@e invention.
collection ring. The bottom the collection ring is

bﬂéf: sembeantingeys smsﬁ@gl @p rﬂéﬁl:@@m teledse upusllly sdes glace peer to the entry of

%{Rﬁl z%éil e}sgﬁi tai 9%15 ot in o he %%ﬁ ggtlgnh(fevg{q aNE?eqﬂ&(elegg &0)2 release in

pr ecl er e

fHe@%fﬁatymb&e\&m&edleﬁﬁ(ﬁneatm slep CD)Q@ dadingaif adfoatdiien @lution above
clarification devij Every

He@utletnidhe %lﬁraﬁwaoeai@weﬁ dwﬂge%sa&or%%blﬁb ove may be
F&ngﬂb B c\éhé gtnwodocﬁghe %@%gﬁ)gﬁﬁ raasEﬁﬁj cg)r}tﬂgﬁu@ﬁﬁde the

option urt er processe . residu ral ni ng,
vasheaigh red@ﬁmadld&lclode(hinnWﬁgZOﬁéiXOSBMbmqmﬂfpfaIbSth as clarification

F5re Sty Pupt RORT o P il ooac Bt il b Sopticd v

%%ﬁl%?%d the Bhginfap&aafdhﬁt@d QPectldby e%lrﬁlsctnblﬁﬂr described in
advant ageous gentl e draining net whi ch can be

ﬁﬁhﬁﬂﬁ%ﬂ&ﬁﬂﬁh a floe mashlng step |s described in WO
004/,0856

3
iRy BRBPa L BR A B By Do YR 67 rdification sgctor which is
WHJve tide Fe@in€iBh nRiferMRIRId t8lthd Mnprieedoat0ich bihEe AMBHAAGS the present

invention based on the CO; release from carbonate salt by acidification, the risk of
blockage of the retention material during the process is significantly reduced. Therefore the
thickness and composition of the retention layer may be adapted e.g. reduction of the
number of layers or change of the fineness/porosity of the retention material. By example

only course glass beads may be used above the bottom frit.
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and devi ce described therein can be easily conbi ned
Wi th the present invention by applying the exported

WO baes2ed t he clarification reactor of WO 2004POBEBA89/051370

and perform ng the drai nage and washi ng procedure

descri bed therein. For the washing sol ution/buffer a
conposition is chosen that does not re-dissolve the

fl oes. Washing nay al so be carried out by conbining

the stream of exiting floes and washi ng

boingttico ambodifent efittie sémi-enpticomtsanodaef the miethod o ¢hvd ipeention only

inilar to th ral i zat t ubj ng .(\WQ.2004/.085643) ..
atmshl - § e Pedeh g e S B AGRRHHT AR i itiRtion reactor
bENO £ Ry ed56as. A&Ht—i&ﬂﬂ ?hdéﬁ&ﬂﬁhers InhyaRahfgilcdataRdbomRt outlet line

of the invention the floes may be recycled in the
abilie clagifigaticn igagtoion celewre é@fetymgfrrémg riadesigd breagthreygh of minimal

I{M% QQHCEA RES: gvxf%%gted at the top outlet of the

ar| I'cation IcCe are transported (e.g. by punps)

DA€ kentiiccohtigudlspiddeb c@tds whed éivd ¢l8rifidadion dacrdp iecdnhleoly filled with
and a separate_inlet near_the inlet of the feed

dhatingloipcs Fhire flogsdn ghasrdaifiraHen reactos may\parashedoang drained according
%%9&1¥d@@e§&ﬁ6eﬁgﬁ"wf)'2%&@%5@4@ solution in the novel

clarification device valves in the descri bed
Aithmmghntha bkariﬁcmanreaimmlsgrlhmm (%= 0) éOOﬁ’D&iﬁ;Bbm benﬂy:lal and

val ves e valves or an els
?%@& fer ¢ &Ee‘?ﬂtélileo@é thpd Hgﬂ’/@ﬁ%‘é‘goﬁﬁa? 8§ 18\1‘%&%0‘?6 any other

@'lfﬂi‘w Bbdyf WEK YR llﬁ{&SanQ %%Etbgle(qlﬂ'epfotr RenBBAHINBIN BcHRYy of the lysate
al so be 'omtted (e.g. top outlet valves) w thout

wmﬁﬂdﬂmﬁnﬁ@sthXb@5|c/prlnC|pIe character of the
invention con uous s

PSR Py (DR RS Sl R P Gt o ferSat-
E&Hinedd dadidayise the@RIdk kBOWHITH @B attnt Qs iliReasd BeaphdigaDue o the
device. Nevertheless COrelease in the clarification

u@wfp@@l fletatinarini GReknbibiessttaghed g thyreaipifateyflogs the layer of floating
gs%g org OIﬁ elcltné ﬂlni‘P?Q’ s!lt % t%teh f?Jc "Pﬁer fore more biomass can
ed s a feasible. For
behproa@sfsbd Wﬁh Ia(ylvdhfvdhhﬁe fm'tabadm(lﬁtldﬂmf thdﬂﬂ&cﬂ;t ihale ¢larification device.
sem -continuous npode the clarification reactor as
dhe racpsay of seraBteolyste Birsa 38 ucheasies fham rgeays falgsate trapped
ﬁftﬁé99'§°n devi ce. The neutralized |ysed cel
ution %contalnlng the precipitate) nay be applied
Thas%tdmfplethddeﬂ)r sond-cohenwaruis glandicatoon adBptrédd sped mhy also be

di st.ri butor descriped.in WO 2004/ 085643. In
QﬂgFﬁgFggﬁ%ﬁﬁpﬁéﬁP‘PﬁEnW%Wéﬁ ﬂﬁﬁmﬁg at any position of
fhenéd- %ﬂtﬁlh&@ (}bo L%@Fehp(lll\}\’ﬁiefébi 21AROMRed lhscerlﬁtt@@élamamn

mat eri al € inproved floatation he net hod
déviechadtap rd@s@me ilmm@hmddnselﬂa@adomon hﬂeﬁk[ﬁ@mrtl@d ¢xse, foapimg some

é:paarcgJ ?or%fle a(ﬁiatlon obfya &oatag[iofn 1408 nCOz re ?ease 1skcarrfled out directly in the
clarification device (as mentioned in step ¢)) by addition of a floatation solution above the
outlet of the clarification device. This non-continuous system is limited by the volumetric
capacity of the clarification device. Once the clarification device is almost completely
filled with neutralized lysed cell solution, containing the floc precipitate, CO, —mediated
floatation is started. The bottom outlet is closed till floatation is finished. Afterwards the
lysate is recovered in a similar way as described for the semi-continuous system. The

clarification device may be designed similar to examples given for the semi-continuous
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bl ockage of the retention material during the process
is significantly reduced. Therefore the thickness and

wW@opos2s4 on of the retention |layer may be adaptBHEP®IY051370

reduction of the nunber of |ayers or change of the

fi neness/porosity of the retention material. By

exanpl e only course gl ass beads may be used above the
bottomfrit.Iln another enbodi ment of the

sem -conti nuous node of the method of the invention

sprskoym, preferahly a(ceorgingdoslilm@méﬁmienfwactqr apdegrobedeineWiQ 2004/085643

5t iroRariot i an Ry D 1 F srE- s et sySlef ossibl).

?ﬁbﬁilllyﬁﬂalﬁingtalﬁ@ wghih g Y A RE id danGeddduttabBescribed for the semi-
arification reactor to ensure safety regarding

Q%ﬂﬁwpm%ﬂmﬁﬁbakthrough of mnimal anounts of
@E@refs{ﬂg%g Csfka“ ?o%%{ed-liﬂf 289;% of?tﬁlgg s@elﬁ?suﬁ?es?ﬁl?e%eaigyf ﬂg:‘?ther optically

vledrundfchodireai) bd fuesr prébssdd e s:apﬂnretdh esuall@ bl fch@aidt@ftaphic
reactor may_be washed and drai ned accordi ng to nethods

FFERRATGSY 1§ ﬂlr% povisddgzediional smplsdhergification c.g. filtration.
clarification reactor described in WO 2004/ 085643 is
beneficial and preferred for carrying out the nethod
of t hBuiifyyention in a seni conti nuous node any ot her

hO||0M/ wth an | et .and a .boftom outl et r
LD ED@%%%}E@ AP %ﬁt}}e grvepiin fayﬁléw lﬁ%la%% capugng) and
fyi 'o°f tMlQ%f‘ecuI%'bf%%%ﬁ‘ttlﬁgﬁe besécfﬁ%ntss%‘éﬁs (@?nédnﬁﬁﬁ’é{y?s or
clarification node conpared to other sem conti nuous

nd)taccprftm@aus mmcemtaitnod,scolndmmmmgnﬁttmeoarqhmreatpg@phy)-

FBSbbred SR BolsP i P B 8B B ifjacon

Wstd‘rﬂls‘l&%&ﬁl&dﬁ'b@%sls IsGitd@for, bu@ AvAthitdd @P&bﬁﬁ)lécﬁ% tﬂa‘! gRlBnsitive to
bet ween the fl oes. Therefore nore bi omass can

pheaciosecsdoigforably tagpalmclestidere i mm@d@er@ﬁr@ﬂumﬁAoﬁndt lngge proteins,
gl osivh et he clarification device. The recovery of
para?eg | ysate phase is nuch easier than recovery of

Thsp@e@ rod phieidvstitiohican b asddl foesny Hihmo&yﬁlte@fﬁﬁtatehtoﬂorfthé
sem -contj nuous clarification as descri bed abov

Rioductn of pEoteinsy iy b detignad sych it elsﬁpi:%%a%edé B&fh@mrotem of
efigst a{eﬂmetk R0 nféﬁ{btd'd? V&be “1§‘¥nd§%¢§fd€ﬁ@ lehd %enhafta&&l process
r akes p ari

el ease t ace In tion eV|ce aft
bieofeht bowecnelithe piataie de. chsietérla,eydas‘rsol ution is filled

hedelce Vi n r the additjion of .
iR et B BoTuh iR Tog PaL gty P dhiofiowng processing
dipest |s1¥oﬂg1'y hﬁﬁleﬁée@rﬁyfth@ ﬁfdté?ﬂ’s@ﬁa‘{é mahé 8Q1sNERE FRBRtalidh:
step c)) ddition"of a floatation solution above
Hhhe protein 1s over expressed, it may be present in the form of so-called “inclusion
bodies”. In this case, the treatment with e.g. strong alkali in combination with a reducing
agent (e.g. dithiothreitol, DTT) during lysis results in a resolubilization of the protein,
which is, at this stage, in its denatured form. To reconstitute the protein’s native structure,
refolding can be achieved by neutralization (e.g. by addition of phosphoric acid),
concurrent to the CO, release, in the neutralization reactor or in a second reactor similar to

the lysis reactor. Insoluble components are separated from the protein-containing solution

in the clarification device.
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outlet of the clarification device. This
non-conti nuous systemis |limted by the volunetric

W@ 2pa092§4 of the clarification device. Once thBCT/EP2009/051370

clarification device is alnost conpletely filled with
neutralized |ysed cell solution, containing the floe
precipitate, CO2 -nediated floatation is started. The
bottomoutlet is closed till floatation is finished.
Afterwards the |ysate is recovered in a simlar way as
thethe cadsabic protein heinseedt icohtlila inoths celfs sheenlls Thaedisintegrated in the

arification ?eV|ce Ey ned simlar to
BBtk 2 b S S R e b P T o eyt om
B @ efsableycta %rda&hai@loh@g_ doiRicCtirk, |Joh§€§ftﬂaﬁ6‘n HEAE 1Wis @ution) may be
described in WD 2004/ 085643 (sim | ar
elthapn Ht 4 was thehthegeeicmstays seluplsad, disonasivelyy therparameters are set to
. 1 . n { y Ny T
SRR o R RSBLS) RLRPALACLBUS

pccdsbbinsteheanilizninusagystwiich, iherme sﬂ&dﬂsﬁ@ctioylsﬁts&mlar to the
recovered by anyone of the systens descri bed above s

bisisHegctQsr e qUa Fabiah rescipr Chod T pelynpglegides) andrbg clarification
Héﬁﬁee s 8 cEb&t fof 9(?{15‘1'11 S 1n9ﬁ1§1%#1|b\68f%% 18 W, ?@t‘eﬂlgig ?rpﬂé §enatured state,
techn ur ie ddi't e

I ques or is er pur i onal sinple
picopitetiar ¢ahicithti dready ke pidct irathic dnyms E)lcté’uon a‘fmg'ds A the

RaRfirsinass S eTdE0T e Ehocibineant o Bty Rt dient pricurrent o
ML REH I both dafils€he ShndiflodsBr e EIMBRbn EERS k1P chosen to

cont | nuous or non- COI’]tI nuous concentrati on,
seadicailp picaipjtateithe patdionf ingdress (rwhri@mmhlye)d iMfreitips beesg. RNA,
at ation u

oty AT My S B R YRGB B0ty s Gt from ehe

S3liti@OinftRE clafBdatidatdelicsl A RehwhRls, Bl @[’&Iqﬁﬁlw 8 2ith&ratmaVv& from the
sensitive to shear forces preferably

@@ﬂi}ﬁaj@n@@wca éepntinpoysh as @«Frd:tedpfprat@mcqntmus aseen )y glthe present
PROAE e £ 50 0L A BB GRS BBl oyt g ey
Rothet p@cgsadinahisalrviet. pfta@tiehasbeen teni@ped kﬁ&)nd&fei @n&d the precipitate
such that the specific needs of the protein

(H‘i?té’r“é%ftmfﬁl?eét) ireteso e RidZe N forgPaRLe GBI AIRR) MHDE arw@ole buffer, which is

?ﬁ%@?&&ﬁﬂfle& Qfa BRE rﬂé/néa@é BQBJ?S IR fe%ase @ %&fpl_tﬁ%eremalns in the

rce o e pr oteln acteri a, yeas
clhnﬁaelonfdesme,a‘ﬁsﬁolmblhﬁttﬂondspafurhmb ltieeré Gry a_cddition of a suitable buffer

|nte ati.an a d the follown ocessi steps are )
BRI R iBnAS O, 21 e PREBY IS SPeS ALy & profeteof Interest) is
%bl‘uﬁﬂ@@d %caﬁlq;e%mﬁehﬁ%d fbntdie cﬁm&ﬁwﬁ deSic@\i8bugh the outlet in
expressed, it nay be present in the formof so- ca%

thierbortomi on bodi es”. In this case, the t r eat ment mnth

8'01%m0§1ttr0 %ﬂ%aalgtll(oanlslof e r%gtﬂb(ii of ‘Ehle et 10n mathg %gol’(li(flic:t?ocil of proteins are
the options for further processing the resulting protein solution. Beside additional refolding
steps, the same steps as described for processing of polynucleotide solutions (continuous or
non-continuous concentration, conditioning, filtration, capturing) may take place.

The process of the invention meets all regulatory requirements for the production of
therapeutic biomolecules. When applied to polynucleotides, the method of the invention
yields - provided the fermentation step has been optimized to provide high quality raw

material - high proportion of plasmid DNA in the ccc form and a low proportion of
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agent (e.g. dithiothreitol, DTT) during lysis results
in a resolubilization of the protein, which is, at

WO R0g/0s28pe, in its denatured form To reconstPCUER20D9@51370

protein's native structure, refolding can be achieved

by neutralization (e.g. by addition of phosphoric

acid), concurrent to the COrelease, in the
neutralization reactor or in a second reactor simlar

to the lysis reactor. Insoluble conponents are

gepaites &g froteins hRNpr ohremeseoaltlANAL eigloswding) i Bre pracashaeither

clarification devic t he se the
ot S S TR RN ol o7y g nBb e G Bdetergents except in
Risistdpad! Bhsbnkddt 1l of Yysh& an@Iek&seipecipifitdbdfere clEiREfion is
as described above . In the lysis reactor, the
gienidicentbrrsdycsdnFaghermone theqwerssnis catricdoubivithpiet sppplying gas (from
f%ﬁ%ﬁﬁp%nl be chosen in a way that the protein

ays solu or, alternatively, the paraneters are

FB¢ ploocss E elict 1h€@itio)d islenaably for prodegirdhigl tadtoantsRE polynucleotide

protein. In the first case, the solution is further

eprteiBng sally. it mmebheRaratad Po AR i Bustaaleale”. thnigrllyipFocess more than
f I

O R SR P W Rling WhomhiThioBL Lk LoVRrdh Y60  JRGRE BFhe

payyunliaitido bl deapstaind nideetheldamahdclar chmcdanials @s waB as for market

descri bed for solubilized inclusion bodies. If the

tHP8t%ein is in its denatured state, precipitation can

?hé B&licabiliBAcHnE poReRiAR& 1infitdd s rboStSd WRAGEDId Y size, sequence or

afterwards 'in the neutralization reactor (by addition

thie fanatientof e tipmgleawd b intgresscA piolyanuiclegtidegefrinterest may be a DNA or

current t.g COrelea . both ca .
RRAGPI<SRE wih < HrE BB b GRS RSy dDUEp pr bighge proferably
the poPeitlebGd dNinRFREIsRift@beDNRE i Br Slhehid INAIWItILE §iS¢ of preferably
imhlle undesired inmpurities li ke e. g. RNA, endot oxi ns,

ﬁszﬁhpéwﬁymébmH@W§P The precipitate is subsequently
ﬁo%&s%%%l{i El%naetvg;%s 8?{%1%%1’1\%%1619 r{ h}%t ?hﬁ‘trea fVi}l teéé%ﬁ to the C?ell source

reci e|t r enov
ﬁbﬂﬂthﬁa@ﬁﬁmowmﬂ@bﬁmnxawmn6®ebbmnmdnuously as
descri bed for the continuous system ( of the present

Fhwf%?%r?a% pe gagily ipplesiraradrigd af ﬂ@ﬁ\?lef"fl I5E#Y 1 avtopatien and
4 tﬁ?&a‘?@ %ﬁ’néfﬁ%f ﬁ%)qot%h gg &@&rfehéﬁofn%{rh&gfa%a%%‘éﬁgwﬁ&l%y

I's de en renoved from't
dewineejallyheaabde ppinpsadrel frpssoteaiysten® thateesves stpadysflows and a low
resolu ilized in a separate container using a suitable

pepacket mﬁﬁhaEﬁa‘I WChpirically determned on a

A%ﬁ_epydvgﬁt%g Qﬁtfhb Presbiit 1ﬁ$&tlsﬁ$sethsnﬁe RERESRIE @ln@izeable,
remains in the clarification device, resolubilization

d@yp@ehizmitéd anchaltav Clogningléti pleon(@P) endssiganaibi én place HP).

d opti soon as the precipitate .

FREpRARRT bttty s e iF Bl 2RoPEER AR Bpsyem

pérferaanfein@agbdcd sy smyAibvin® tirtd €urt @ hidcessatd Gthél etiti@ously
through the outlet in the bottom
produced lysate obtained after clarification, ¢.g. loading it to a chromatography column or
allowing online conditioning and/or filtration of the lysate prior to column loading (Fig. 2-
4). After clarification, there may be an intermediate concentration step before conditioning
or loading onto the chromatographic column (Fig. 5).
In the process of the present invention, irrespective of whether step a) is performed

batchwise or in a continuous mode, each subsequent step may be run in a continuous and
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Common to all variations of the nethod of the
invention in the production of proteins are the

W@paovossf or further processing the resulting PCDERINI/051370

sol ution. Beside additional refol ding steps, the sane
steps as described for processing of polynucleotide
sol utions (continuous or non-continuous concentration,
conditioning, filtration, capturing) may take pl ace.
The process of the invention neets all regulatory
rgguated meicsPiefiralilven gomdduatoned abfeastiep apppeisélected from steps b) to
%%gnnle ] es. 1V\hen F%ﬁhed to E?I nucl eoti des, the

MERETY FRIeRt vl sISPY i ded t he
fretheRiNcahd BRisStP) hathe laama@w/ddmlﬁ&dlstsﬁep It @s/ind@péaugh of how the
quality raw material - high proportion of plasmd
Pl suspension Hap besneefdaiacd W%Wwartcp@tm@w ApURtiQn, égect use of
SR EhB S o e STRIRTE, o BN SIRL A i S

ﬁfdepényismzquec In3e frbhﬁwlmsle ﬂm‘lyd@é RasgRBh Sbt@iﬁéept inlysis
step b). The contact tine of %W?te and fl occose

Bﬂ@e cpictthe Beusfigrtionste ¢t b epimated/ %naﬁvq%csm fhg application is
fn%g}%%ggnt dJr l%mﬁé BRJQCSSSE{‘ ?lkgﬁ&cl SR deft 6 fbh %ds Qé%n prci%ared (c.g.

suppl yin rom a extern sour ce
patdoeiss ooforttineousnvie ratpreﬁarreé cimbadiatohetht oollqgt@dassiotigwing the

Iar amount s. of .pol cleotide co inLng.cells, jt . }
ﬁ%}gt Bt is dosirediin A1 e yavas t@% @P@hcaqioa r?%ﬁbqréaﬁqrgbed in
W(©0664085548 (A cdse i&ldr%ﬁt%'ﬁ e rrc@lduf baté‘l%sé’ bleﬁegﬁl%ntmuous)
anounts froml g to several 100 g up to kg of

pothy wass!| teo tladacagfonistepet) esthe tahmnam@éttontlheou;%@mnﬂl@ applncatlon is

clinical trials as well as f.or rket. s ly. The

SiobrEe oo e PRisESd pleloh SRS, S PRy gt Mie loes has been

?@ﬁﬁrﬁd ¢4.2 bandhiisd @IRRGN TS S 1ZS alsé BHLBHERNOST Wi and where (prior to
unction of the bionolecule of interest. A

ﬁ@l%\f@?@m fleyaceqtr in Hheedlartficatiay dpdc) tinAOp Felraaof the method of the

%81%%%1 tgkélyl l %s %ré?aespg{g %61{39 (ofr dﬁﬁh% tg’y %%18 o%gj %? ll‘y 18
furthermst 1mc&pemde@ud>fahovm&6 reSultﬁlg Qhrafad 1gisJDNA ﬂmheh pRockstd.
of preferably 1 to out limtation).

The
%E@Ef‘éreéﬁalmﬁgn%\ﬁh% e%tﬂew qfﬁhﬁ ?1ﬁ‘§}@?ﬂt§06rﬁie&1ﬁ‘% 1Srﬁ9fmbmed with the
EbWotf% M&nrr%?%stgg?rest BﬁeﬁgJ {%e Shi gtis%g%gre?ﬁ@hgglg solution) by

I ool ec e of Ist ess
seansbE as@sntofori gl @ifeot ‘éd:oan@btérsorfdﬁlextilwinel mixtite degar dThe two

aut omat.i on and .desired. scal e; ust nent of the
SRt S e ieBg Rusips B Ce b Bova 5y

GOMERIS 'eﬁ\lbbamﬁmﬁ@ PAENRMIRS 0PN SBERASHILBioR yssetoﬁﬁg'@eot Bake flow-
ensure steady flows and a | ow inpact of nechani cal

witg efsthe lysate leaving the clarification device. The mixing device for this purpose may
be a device filled with beads like the one described for the automated lysis step or a tubing
system like the one described for the neutralization step (WO 2004/085643). Such a setup
may be used if conditioning of the lysate for the first chromatographic step is necessary.
For example, a solution of ammonium sulfate (or simply water) can be added in this way.
In another embodiment, the process also comprises an intermediate concentration step
(Fig. 5): as soon as a sufficient volume of the lysate leaving the clarification device is

present, the lysate is concentrated, e.g. by means of ultrafiltration, prior to conditioning

and/or loading onto the chromatography column. Concentration may be performed in one
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Anot her advantage of the present invention is that the
devi ces are sanitizeabl e, depyrogeni zeabl e and al |l ow

wW@b@anysgd i n pl ace (CIP) and steam ng i n pl acePCBEP009/051370

The net hod and apparatus enpl oyed therein provides a
control | abl e and consi stent performance in a cl osed
system allowing direct further processing of the

conti nuously produced | ysate obtai ned after

clarification, e.g. loading it to a chromatography
coingrerpassaged drshyenge oarticd eutciopdioniioumius gr hatditwise mode. If only one

LMt SN ARE Rl AP BRI UBSal e ey
totdaidnRed iof iR dEPRCLHrbRbIo@RpEY ePluRRl B @ @Q@fécﬂftsb&b@dtll’iﬁséages the
| oadi ng onto the chronmatographic colum (Fig. 5).

tahatgle sdeexslask untth gheplessechiingl yo bimad/ esmcentyatien p?el@tlthﬁé @fd
(Fl%[ltlg tﬁﬁﬁw@érocgssg rﬁo? T QOIPJ%{H&RWH s?elgggortv%nt?onal deV1ces can be

con% nuo subsequen

asdf ¢.g.uﬁuﬁb@ﬁd@utfombewsme or kslefwe ﬁaals YTheacut-off of sultable
conbi nation of at |east twy steps selected from steps

Brmbgngy derendyen Berizemd dishigme e reqrsed nEoinkiNA: wyally
ﬁfeﬁﬂ?&neé gr}t'htﬁecu? @ﬁeoeu)égen 13()54113 3@5 %aba)re lisedt he

aut omat ed/ conti nuous step, It IS |ndependent of how
hhaepm&rtedsmﬂmdnmm rthé gslshemuonykmﬂahmmhtr(abmroh\mmr@me combined to

ggntlnuous ]ﬁerat P di rect us% of fern&gtat on Papﬁh.

M NPsLED ayigmpied &g‘bté‘H’Q% St Pé‘ﬁéPW ouftlow ot the lysis reactor
fsrc%ﬁﬁécf&gi) andlrhixb® with$Re F16W R aRARDra®Satibh 8o QS inf t'h@ Eﬁanner described
whi ch the |Iysate has been obtained. In the case

feetha W‘i’m@t@d@wﬁm@m nf)utnahzatiga Sm(mtz@ﬂé‘r/@&iﬁ%bn&m@lls the flow rate
ﬁtgg ?E gd g?ﬁg#lgﬂiédqos@gué%négﬁ Esg%qd tﬁ?{ﬁ% ﬂoW Jate B)i@}e,? outflow of the lysis

ﬂﬁaﬁared (e.g. batchwi se or continuous). In a

referred enbodi nent the coll ector tank foIIOMAng@fhe
ther prederrashenshasimery thiergugialigation regréorsashaplyriiaentippdevice are

é}rﬁ‘&h@d f%aﬁolng A th53 e{ Juthgag(ﬁ/kgﬁglué@so:%% éag?é‘gh%ss‘gag“%pé bltflow of the

e case C DO TS Carti e
ﬁ@mra-hzamﬁn rBatdetSy codncicsvithahie atitomatddatohfinuark ic i fi Sﬁt&m device of
i s the automated/continyous St@%h éhe applicati
f

ﬂ@ invraEpedadhit cor. WeWegse opPREdEs @ffqrap}ltiféd/al%w optionally
g%'tlé%é& HLLOB) G é‘l'aﬂﬁg?lo%' d%@ﬁe %gftob&%ggfe%%gEﬁ?lag e9evel of the

W se or ‘conti nuou so i ndepen
inhefucaidtenfaes beillprin dlre ¢larliﬁdaaon ldavicé)i of dtotomg flecs and cbrar lysate is

t he cl ificatio vi.ce) the rel ease of .th
I‘ﬁ‘ﬁt TS aflﬂ%nﬁaﬁ EAf 18#%@@5%3{135@6&@% Bfglend bp/tm?ags of an
Qﬁég%te& Abatel WHD) ﬂ(ta.leseorpih@ rliq&idqﬁit h8NorPihe qr%% Adotthelr Dption is
furthernore i ndependent of how the resulting clarified

mwmg it flow ehidae bpftovesitethf thmclarlﬁwéfoardewe which can be used for
N TN T R R e A
bhred BEXpRiAOe ASfifgl SraRcteS (Histribatich toaTLiBa) STHeotten) outflow
m{ly never be less than 50 % of the feed flow. Also other systems like light barriers are
applicable. In principle every system suitable to recognize the interface can be used. By
means of an electronic connection to the outlet valve the outflow can be adjusted stepwise
or stepless according to the floc-lysate interface level or the outlet flow.

In another embodiment the lysis step and the clarification step are connected by directly

connecting the two devices without an intermediate distinct neutralization step.
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means of a connector, e.g. a T- or Y-connector or
directly in a mxing device. The two sol utions may be

wW@eoopeeB2ey conventi onal punps at certain fl ow PEE/BB2009/651370

anot her enbodi nent only the flow rate of the second
solution is adjusted to the flowate of the |lysate

| eaving the clarification device. The m xi ng device

for this purpose nay be a device filled with beads

i ke the one described for the automated |ysis step or
Newtwdlizagos gy enihlig ¢ase b earand odes ¢hd Herfidagipn deece of the non-/semi-

ARl SRR ARG e SR o B iR o Phifification

Iiértﬁ’éf@foﬁgéaﬁlﬁ@d SutSlo8RohBNUIMREESTRE YutldrBf th@X¥@ARbLAsimus clarification
sol ution of ammoni um sul fate gor S|nplamwater) can be

aetdesds iclpsechitdireand thalyaerbedhletoluisiondelp ed pftl anegeiasglume of
PSR LBRE, T IMGLIRARLSLSIRGETI LML Pl ctifeion

H@&Nd Mht Reutedliaitidn Sbihitio(ﬁﬁs detedatet the W@@%ed ¢diissolution is collected
ysate is concentrated, %%hb means
m ttl? skrification; dspice $hip &y PrefsTabbn APRe B p h@tt%mdvﬂétr i) thg peihygemi-

O Rubliee é&jfﬁé%ﬁ@ﬁ QGHaRHY b6@! M5 -m %ﬁ%‘ﬂ{ {h@tlﬂls%a cgméolgﬁon may be

performed in oneor nore passages per se carri
enltancadl ey (skanly)Hnmnsg withhatichnosietrodubing dif thomigh thoielet in the

assa es place, .the r nt at . cont ai ni ng .. .
%ﬁe&fadﬁ& c ST B et i T belany t(FF“il‘P lesHlain Peviepogiment with
Hﬁ’&@ @ohrcltiéh 6MhO 'I%isoé'ﬂé@@hﬁ el AHRbatibR dEN& ﬁ@@@zqglease takes place
several passages,” the retentate is recycled until

thebe cledfifatival devisleu Ry mbmetﬂ(ﬁaltt) ip therebyrmaelctobty, a acmiponent of the
sed. For.this

ubse tly furt en
BVRE S BN ot 3t i B £ 8 R op o b et SERRRR s A€ Batt or s
‘ﬂbaft&[olm sofutions satitiesolld greteta®y Bd &li%é thrEﬁlgh t% bo@brh odflet of the
sui tabl e membranes depends on the size of

e FemEctaupppelag Beaiionmdgyice Oiaterud gad W))nfémbfs anéef
}%&t i%atfo ﬂo%baftlggeﬁ&f g&]{légoﬁng?r%c%tlg%k%g glagé ﬁﬁﬂée lseﬂn@manner as

preferre s reactor
deutibal in2AR0 2004108364%0r ar e conblned to forma two-step
aut omat ed/ cont i nuous system In this case, the outfl ow

Byan fﬂv@n IS §refersad Rbadimeninthe p¥hole systshisteldy dtemaieh gy employing
5 100 Q1 tfgﬁﬁoﬁgtﬁ;)] LAk b aﬁ? %h&‘ﬁlbﬂ rktédﬁa)taﬁﬁ/o?@rﬁﬁ%r cantinuous

descrl e aut onat ed Contl nuous ‘neutral i zati on
sytsegm. (IvEhi2 68 disls64 B)e. mﬁ}ow bf ghe lyherdabtomsrchteetlyotoﬁﬂeeted with the

u d neutraliz |on i s adj.usted to the,f
ReTBE G Rl Bs ff bhe STk B el Py BRlPR 54 R dhibithefomhected with
el L1860 EAROA. HEMs drhiso ekt tRd ﬁﬁl@xtdoﬁﬂm[o%%s%m@ﬂ%r the semi-
the clarification device are conbined to form a

chgowyaﬁgnnﬁiﬁtfe@nqudmlmf@awsbje (O Ireleasaiveouddibeapplied. The
t
Tk e S b LReetions B8RS i1 FRSAPF ob JerbGPaEaire

In a most preferred embodiment, the fully automated system is connected to an optional
automated (and continuous) conditioning step (and device). This embodiment allows
continuous mixing of the clarified lysate that leaves the clarification device with a
conditioning solution (e.g. an ammonium sulfate solution). As described above, such
conditioning step may be necessary to prepare the polynucleotide containing lysate for the
subsequent (chromatographic) purification steps (e.g. hydrophobic interaction

chromatography).
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the invention. In this case, the degree of opening of
the bottomoutlet valve (and optionally the top outlet

Wo 2009098286 the clarification device has to be BU/BB1082/051370

such that the level of the interface (interface height

in the clarification device) of floating floes and

clear lysate is kept constant. This may be achi eved by
nmeasuring the interface | evel by neans of an

integrated floater, which floats on the Iiquid but not
4ddingeudt oesnditinmghsep optltson ansxtepsionof Hyg auklendtédndatontinuous

5955 LA Sl BledBuF 4T SASE s SR B Shrioni
k(ﬂﬁ{tﬁln & He%nhﬂlcﬁ&[&rﬁ}ﬁﬁe@%ﬂﬁrtﬂé El@nﬁ&i Bs&Pasih@h device, which is
ori thm based on enpirically defined paraneters
? thly pilitheoame daref asdhelbysis reapmcf Pas devirowes faynd pmpe most gentle
%
S)?‘;?féth@%ﬁé ﬁ%ﬁ]né gﬁFol tgor S C§¥l‘[§l¥1£ T2, {aoeigﬂfcfléo%@’?s ﬁlafa ¢ Q4f6ilve to shear

RIrtRCY pll dseotBerydes st . swideabibed fo thieea@nalizgionBep) can be utilized
i.nterface can be used. By neans of an electronic
fos ke erIPese: €& 9%6@%@%&&%%@@ Hae dlos 1agpitha pyap that pumps the

?(fu 'f'(% SHERY Sf 2% dﬁl%t%@ I‘[(Fﬁl% RGEQAL e Qtfﬂ]"otlﬁof the clarification

te interface | evel or the out e
dmd:dﬁle;r intahmgianfiow ntehﬁlrér;l&ltsmﬂt ‘Bl pmnip tdnebe connected with this unit

rlflca ion s re co ed b ectly. )
s e s Spnts G e iy TG attoat! Bafes Hidgspoltions constant.
BESiden %Bndlﬁ’é’ﬁlﬁg b &fph @B s&p et &EHﬁé fAltiazidh L@P niBYoel ifserted.
this case be carried out in the clarification device

bf yet heotharenitwelim e of thmowt@ysammhréﬁly@tlemtelb isgadded.|By) such an

t d f ti
et o PO B BEL P R SR e e P e Taps four-ier
Sfstdne@n MEH eHBOdiRHOMS r&uB gl Iy Gad bORe FRVICUE sleps Kl @R&Strated by
at first and the lysed cell solution is conbined with

ltrg8Kragion. W@lle the Rermﬁféenwcamawﬂs B refentateiippitherdaectly further
@%‘dés@?ﬂ t&é c%ﬂ 18111 é s%pfaq? tlpe lga(ﬁﬂé gtg \thtcﬁ eans an extension

ari eV|c eutr n so
bBthaddﬁdluaﬁi @l’stetrﬂlby mhmbretvdoyaiddlo@el dte]@@blultebyxﬂed 1$nt11 a desired final
collected in the clarification device this is

ﬁ?r@p@gaé@pﬁyom%ls\;paéhg g thelattsrnass, then‘reﬁtﬁ‘gng concentrate is further
@%@es’s@@(@oﬁ&’i%m %H&/oi:l Eﬁ gb Q@ér'c%ﬂc%] WiGPis ﬂn”shl%gt h

ases ni Xl ng MA d cell ution may
Bndmetice dmbydl(rmlnomheyl)ysaate lﬂowmwouzmof thealstficatien dorice rnay be directly

i ntroduci ng air throu the inlet in the botfom.of
B M R e Pisiosrrn o epluir e By Bty e pReithe Pl aNe:
&Jhcbma%oﬁryﬁ%k er&mm(vmﬁgw qultﬁ SCHitEAN @%Ehl%ﬁt Bh- 1B &1tk Dh$

steE he clarification device the CO rel ease
tradd @esmlbﬁﬂeembodnm@lte btalFifg d}@talummad@l/mmoveﬂr(é?Oz release) clarification

SRGHFBLAGAR et G SR GRERA s P o

Proc@sé®fe. A1 By ichahdcziag ItIQal“bu(tﬂ&N 1) thectlaﬁrﬁichtl&{ d@8ce with another device,
‘floatation solution", which would preferably be added

¢.Br DEyAMEIRErapbict@mBx et coppentradion epd/ps eqrditioping sigroigsmployed in
glﬁsaﬁdtgﬁlgt@a bpo%e&?‘}ﬂeccgnée%%%eﬁ Théor %h(éhtlldneb)lysat%t cah I%ﬁhgﬁ)% collected

in suitable tanks or directly further processed.
The method and device of the invention are independent of the pumps used for pumping
the solutions. In a special embodiment, the flow of the several suspensions and solutions is

accomplished by air pressure in pressurized vessels instead of pumps.
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neutralization/floatation,
non-conti nuous-clarification takes place in the sane

wWOorone98286 descri bed in WD 2004/ 085643. | n an RUBRPIMY/¢51370

preferred enbodi nent, the whole systemis fully
automated by enploying at least all steps b) to d) and
optionally, in addition, step a) and/or e) in a

conti nuous system In this enbodi nent, the outfl ow of
the lysis reactor is directly connected with the
hbeiproatss zad idovicelef/the envantion e souatfle w ceMP KEurrent Good

Sfib PR PR RgeRedRaof of hf-EFurbuGHRE RANST Gy process can be
m?)ddrta%s séied @rg@mmx 0k, ohay $arkeankil RY@YS. 18 Ya#RMar due to the

for 1nmproved clarification by CO rel ease woul d be
piopritiss of theeydesi e prasesstiahg mypntianalows dah eaciesng effarse

RGES % K18 AT ASARRGH ABSROYEN 1018 TRR e 1ysat

cagiact atbuks @Damapgﬂa@mglsumdmamﬁd ak BINhs€R ptdcemuﬁe) is a key to
conditionin st (and device). This enbodi nent al] ows

BighrorlisLigual lélrd Invbisorfcit gspaciplis e shoms sentped dipssof the
th

P e 0 G 44000 AT

alyomén Buﬁmamradvantagel ng step may be necessary to

are th ol ynucl eoti de contaiping |ysate
iﬁ%g@&ﬁﬁé ﬁ‘PS @g %H}Q‘E‘S Jrapher ?reﬁl:ﬂt?cp %06 gfng‘ﬁ“‘?t %{iﬁi\(%q@r use in
hydsarRakk 108 #6GTVean S OIRIREE By apﬁﬁ‘@a!tfﬁﬁs N0 &s high
conditioning step results in an extension of
amﬂocrtanf@dtha mdocwsmanrhmmsd fdﬂrpe@d@tletm&p@clanwl @n@ chmcal material as

ﬁ Fuous four - | ?% s%t g1 Gp {his enbodi nent, a

ondv £9 rdﬂﬁrﬁﬁts%wt AR BE Ot i nuously ni xed with
Sﬁl@e tHeahétho®shd JsddeUIsd MPerBioQNbBIE coMPictdly béntinuous execution of
preferably of the sanme type as the |lysis reactor, This

\ﬂﬂli?émml% ﬁlsm@u‘tr@imgéom thg ehrifisatiosy andericppepdeng and connected
I
R

(aelogzmga@od@smg lobbidniags obthided Gt Rlimz@thiicnr upttegdodascr &&n more).
utilized for this purpose, e.g. conventional static
m xers. The flow rate of the punp that punps the

E?ﬂﬁﬁggc 'ti?l 0§%¢J&fﬁﬂ gﬁan be adjusted to the flowrate

oW 0 arification device by
Figateal :| | nngwfehaxWofmacsmbmméndmtimbus thfdeestwpcasanorbprising alkaline

© hebR: fhtation bileaBtiratt bR e dess frd Jpdfcation.

FRORI ANt . BRLMRSR of BRALEILARE REnRNHUS AREALEEp §¥o%Ess AFigure 1,
on-line filtration step may be inserted. In

anottterded iy adiomtintous fconditoning step (o g, coapentratlon and/ or high salt
ul t rafl ltt ration step is added. By such an extension of
t hePSEPERYY néd three-step system the process

FRRfESeNt SFRwehi bNtheusmbaidd csh@ious process of Figure 2, extended by an
additional capture step.

Figure 4: Flowchart of the combined continuous process of Figure 3 including an on-
line filtration step between conditioning and capture step.

Figure 5: Flowchart of the combined continuous process of Figure 4 extended by a

concentration step before conditioning.
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system In this enbodinent the resulting |ysate of the
previous steps is concentrated by ultrafiltration.

WO eIBE perneate i s discarded, the retentatBCT/BP2009/051370

either directly further processed by the conditioning
step and/or by the |oading step (which neans an
extensi on of the continuous system by one or two

addi tional steps) or recycled until a desired fina
concentration/volune is reached. In the latter case,
Figera @sul t Selgneolioc hetcoatiedus combinkton pfédlséd'méﬁsis reactor,

dit d/ t
£ § nrialifton Bl e BRaRR e ER R G Par RrsRR dgFice of
out wah 200083I6AB | ippqaaam@tbr@@aﬂfﬁ@umm@@“@lstreﬁpm ¥nd agctesh 1117,
onto a chromatographic colum, or it may be | oaded
Bigues The cblansatign mpde Siysien HatGampasisen of floating flocs (in the adapted
C on 1rlcgc ts%%‘l' %9&11? \%ﬁ% gégéégco&w& 0@%@%5&@ %iota%{%td q'yntﬁe novel method

t hewahtlmpmvedi flonifiey @ aa 6y, kel easieyd mbdod (U)gaithon (S(Dzeﬂélease)
the _obtained cleared |ysate may either he collected in
a sthg ‘aIEﬂeé IPageR shew &rer@érmlveﬂeﬁﬂ%r wWhile thedewer imsggs shey a
con of the clarification device
Wi t not Jrgléé\??%éeia%&l a chromat ographi ¢ col um).
ngua: gonc eAhalatlcad 13150100} I:Iubmamgdam obm rafgeﬁcteelpsats obtained by a

|l oyed.in this auto ﬂ rocess, Z Enc ra ed
PSR PrB o Eareing ot o eeal SV B g eher)-
Bightad! e t@ﬁ'fﬁic%orﬂhﬁ@@*‘ﬂyl(teﬁ#ﬂ* Uﬁfalﬁfc@?ﬁ?ﬁ@c&hromﬁogram of a lysate
net hod and device of the’invention  are i ndependent of
t heolpainpd by dedcontinuqny mpdtinayl efithe swkatiaroinsluding the stprscliysib,
Sg})ﬁgu:t%lﬁgat ogt(?{]g:& m\l\lﬁe%%%eé ggg/ “g’cif{f gogll}lgﬁéj%rp Q’Sfl}?%ﬁg’n ﬁllntﬂe adapted up-
pr esald deeitc be B 2804/083633d of punps. The process and
device of the invention are suitable for cGW (Current

Beoee Manuf Aetlyticd diRbaehrpaetogpin gliteiSdic B«pol as last purification step of
h ical.
foaéd E@W&anﬁhm ﬁg%%@w&q Br{‘%e 8t%§§o%§ ot é’| & f?l?%%&ﬂlon

source o

souinchudingrthpatepd kysis atcudkzat on t(inel. momelrehs@eSncbientltt@ntmuous
syste the .process of the inventigon allows

pr oelad ??ﬁl@nélp th[eaﬁd@gted, 8p1§ﬁq;_l§d dewsscf WO %{}044)&]5643 — clarification mode

I mpay k@pcg for processing cell lysates. Since the

| ysate contains vari ous pDNA-degradi ng substances such
BguiNelses, Chiridicetssn mbde ‘dystem e yFloavingifhpias pr thd ladapted up-scaled
qual

oo TP B DL TRt i owarion

| ysakmoR@F tcSnfdndiohf i cation, enabled by the nethod of
the invention is of major advant age. The process and

HegurcE: of ChelﬁCﬁanp@m“Sasf@nsﬂ ‘tPeoicetlore qirflod reashing (86cs separated
bach WSS R B g In R TRl ! Bisop gt adapted up

hi gkealed clarification device of WO 2004/085643 at the end of the recovery process.

Figure 13: Clarification mode “system I”’: Scheme of the novel continuous clarification
device of the invention — a) Basis setup, b) example for a preferred optional extension
part of the basis setup.

Figure 14: Clarification mode “system I”’: Lab-scale development set-up

Figure 15: Analytical HPLC chromatogram of a reference lysate obtained by a

conventional manual method on the laboratory scale (without CO; release).
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productivity, the process can be used for production
of preclinical and clinical material as well as for

worenore982841ppl y of a regi stered product. Since BECEEP2009/051370

nmet hod and device of the invention enable conpletely

conti nuous execution of the alkaline lysis, the
neutralization and the clarification and correspondi ng

and connected steps as descri bed above, nethod and

device of the invention are conpletely scal able

Fagutooli:ng pleoidestsoimigodd “dystomals sAodlyacal &tPLfG dirpmatogram of a lysate

fernentations up,.to 4000L or.even nmore).. Bri .
cestTnBey b Mr<oRHb oy iy ConR T eTion e ko dbe sigms ysis.
COMbtRHzARALIRYQD, b8 HdBNIARKE SRriERIRIY WwitRéhe lab scale
al kaline lysis, neutralization (including
conéerckpmensss@quent CO rel ease) and clarification

' 2 i ' e
FRSHLPL 2, AUGHED30 LB RRIRLER ROPAIUSUR: puscaion s of
cong pbDBRUSorEANGAt QR dtgaifi¢ EPy (He.contif@DS eftthodtdf@le invention
and/or high salt precipitation). Figure 3 : Flowchart . ]
of tnsBdingrBs peps lsint hevialicatiop dek §Cgfrelpasg>m prd gontinuous clarification
ext . kL step. Figure 4 :
F|o§§ﬂ§§??§#ﬁt‘ﬂgggﬁﬁfﬁﬁﬁk’gﬁ%f%%o s process of Figure
Bigurecl81di n@laauficatiod mnéde Fayktemall’i Brotatyeplabatale egt-up

conditioning and capture step. Figure 5 : Flowhart of
t he conbi ned conti nuous process of Figure 4 extended

by a concentration step before conditioning.Figure 6 :

Schene for the continuous conbi nation of al kaline
Eyainplerkact or, neutralization reactor and the

adapt.ed i, -conti.nugus ,clarification device of WO
%65%%%@8@2§?Q%68V$5%@1 -Gl arification node "system
iThe pPRA coyEhi@ME. bbli bioka@iives froduéddaictdrdfatth AMOMDUL/085643 or
"system | 1": nggarlson of floating floes (in the

acsaptiegltopMQA008037T¥0] ari fi cati on device of WO
2004/ 085643) obtai ned by the novel nethod with
i nproved floatation (a) and by the standard nethod (b)
Ewainplwa CO rel ease). The upper inmges show the
cogplete floe |layer while the |ower inmages shaow a
Yeorasdiop&f thegrincide enrdisabiippen imprayed doglatiopfn Cbirelgpse from

i . r . ined by a
D A A ST Rl B BRI PELS Coal o
FinstteRperim @B wetcamsadd. ouEivgihrmifRrs only,aviiiduc bioineuss. idferent carbonate-

;asﬁ% ?EE. 2'&03 anﬁ%a{géé)g %Jhi&'lpal_rgagxbarn aré%togsgsril?crg Igjan% I\lle}4 Sa‘rsjltco(:"untelr-ions
to COs™ are already present in the buffers/solutions used for lysis or neutralization) were
added to the resuspension buffer or the lysis solution in a concentration of 0.5 M. While
solubility in the buffers were examined on the one hand, on the other hand the intensity of
CO; release during neutralization and consequences on floatation of flocs (generated
during neutralization) were examined.

It was observed that 0.5 M NaHCOs; could be well solubilized in the buffer usually used
for resuspension of the biomass (containing 0.05 M Tris and 0.01 M EDTA at pH 8) and
resulted in extensive CO; release when acidified by mixing with the neutralization solution

generating floating foam of precipitated SDS.
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obt ai ned by the continuous nethod of the invention
including the steps lysis, neutralization (incl. CQ2

WO 2000098234 and semni -continuous clarification i nPETEP2009/051370

adapt ed upscal ed devi ce of WD 2004/ 085643. Fi gure 10:
Anal ytical HPLC chromat ogram of the SEC Pool as | ast
purification step of a pDNA containing | ysate obtai ned
by the continuous nethod of the invention including

the steps lysis, neutralization (incl. COQ2 rel ease)

ahid esperimad mtas mepsatsd otitr 3 £ ibrandserwhioh wae rasimperaidgd in 50 mL

REGRERNCT pIRAE T Pen Tttt NI e Tltbe SRR Bror was

tdducedib@at Mg Jrii&Qs aldid tdtestasharbadin gQasS&%Eﬁi@d in the ﬁrst experiment).
clarification device of WD 2004/ 08564 obt ai ned

Therasewpendadriemgpssteas genthamixadowith® midlysis sehgion (0.2 {4 NaOH, 1 %

gﬁggr&éhﬁ&ed f&%‘&% gﬁ% ftcé\lr\%ﬂ(ig Fglﬂ}ah%]d %ﬂ %e%?%%gﬁ(gﬂe Ao lution

eaure o oe Was oes separate

(oVEK ABE tThxtetilp Wdtked aote deIQﬁgardin@mo?de‘f@e eottdd dxadnlsivay CO,
the top of the adagt ed upscal ed clarification device

pcayrrahenicsesenianged dloaigop pf th@@r%@miﬂgcspbyo@@gged CO,
ﬁk& LThS1yssth dblold BBy ?Pn%]?&j& "a%yaag 0 ( HP ‘(g%)rh%hﬁ%oﬁfpared with

e novel “Cont I NUoUS ¢ i cation eV|
lynate obtanred-byahe Basdasd peicequre b)ithextaDidi ela‘asaf a preferred

BRe BN Patits sl B & tysate dnetarh uvekpmenabou 70 %
§€the ‘r'&el%hgéﬁy@até- Sth AR X tho Bl eddh tlygvéétgré’ﬁaltﬁﬁ{ U2 olfn bdth cases. The

reference | ysate obtained by a conventi onal manual
lpethafdfloating Hecy wb&ama@lonlprfsmm@c‘(wthh outeri@ent with the CO; release

el eas e.16: Clari at :
[ MespE Ry, LR D UG bt Bliatygpace for
élaﬁﬁggﬁhlolﬂuﬁélﬁldﬁﬁhmoﬁa@f the invention including the
steps | neutralization (incl. CO rel ease) and

Thistntiokaxecimani shpvad Pepcinicenponbilitabf deahebonate salt based CO,

t

RSt BR DB PLonR g PolorbuRiaEp Mg POPEUERY ¢ e peutarion sep
Ofarﬁalpibhdé lgsinp@icedung fdrypSMN & pedatuaiisied by the conti nuous
nmet hod of the invention including the steps |ysis,
neutralization (i ncl. CO rel ease) and conti nuous
g :pfeljlatl on ("systeml") in the |lab scale

evel opment set up. Figure 18: Carification node
Opysizanvh Of thProtbonypeohaednstial €ngbe raspspension buffer)

These experiments were carried out as described in Example 2 using different NaHCOs
concentrations (0 M = reference, 0.05 M, 0.07 M, 0.1 M and 0.2 M) in the resuspension
buffer (P1) and 1.1 g biomass respectively. After neutralization the floc containing lysate
was hold for 3 min and afterwards clarified by centrifugation (lab centrifuge at 7500 rpm).
The lysate (after centrifugation recovered as the supernatant) was analyzed regarding
concentration (yield) and pPDNA homogeneity (HPLC). The pellets were washed and the
wash-fractions also analyzed in the same manner. Furthermore the impact of the addition
of the NaHCOs on the pH of the resulting mixture with lysate solution (P2) was
investigated. The experiments were carried out in 4-fold repetition. the results are

summarized in Tab. 1.
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Exanpl e 1 Production of pDNA-containing E. coli cells
The pDNA containing E. coli biomass was produced

W@e@ongh2eg t o WO 2004/ 085643 or according to PCT/EP2009/051370

WO2005/ 097990. Exanple 2 Verification of the principle
applicability of inprovedfloatation by CO2 rel easefrom
carbonate(-salt) during neutralization in an al kaline

| ysis process First experinments were carried out with
buffers only, w thout biomass. D fferent

talb.HoRaswsdhvsagefd. rep@0OBS eofdEMet®Ch, whi ch are

advant agepHsstnce—K+ @r“ Ner cothter—ons—tp—Ca32
are_alreéﬁ@ﬂﬁiﬁggﬁt i n Y9l b fﬁ%?@%?@fﬁtlons BLd for
lysis of ngutr@lj z3 (;Qg%m%? addgdcd)0 tIhgf P1/P2 mixture
resuspemsion buffer| or the lyisis solutign in a

concent 1 & ¥ Bafepdnco. 5 016 ANOQ) & soIﬁbVlity in tha7
+ h

buf f er s pwere—exa G %I“W f“e ore 5 A
hand t he inggﬁgf of E%Q(P%Ieasefggrlnc
neutralizatggmand COMFEAYENCIES Ofy |1 oatjat 1 on @k T 1 0€S

(generatted during neutralizatlion) were gxamned. [t
was observe@lﬂhht d. 57NQ%ﬁ8[I>cou7U7be VB|| 12.4

SOl Ubl | I ZCU ) I TC I'F'F nr IIQ aTr 1 _y \o v | I r
resuspen3|092g¥fthe $%gﬁég contgrﬁlng 0.05 WHris
and 0.0 MEDTA at pH 8) and resulted I n extensive

rel ease when acidified by mxing with the
@eumlabylielziatfasm’otaamﬁtd,n wibom t@enmsatﬂsmgl Huffeacontgintd 8196 M NaHCO:.

B atePieeni o S trod S S phd g Bropped
Qgﬁﬂi‘@éntly'ribﬁoQQVIC?DNAaﬁdrﬁngﬁ&thﬁ@at%@%%tﬂ@aﬂJ@ems not to be
e

resuspensi on buffer was reduced to 0.1 Min order to
sigwifigantboaféctednghe loaver sitgld eisho bicherMeHER: eqnsentiations is mainly

gﬁ{gﬁd’ Enﬁl%trgﬁuslltgrl{églos < I%g ﬂ%(erg xgll %%Wﬁ%ﬁ@%f& a'ﬁ'd)f?s(?s solution.

st detpddisfopiticl for degredcamhpl eteiiess d$ cefllewltsmadgramd th\d: pH reducmg
neutralization solution (3 M KAC% This setup

Gldsqy ofuideicarheyate dilh Qas‘mte&@rcaﬂ%}df{r% orthigheg sz@@ﬁ%ﬁrv@ps é@the example

t 1
48RS PREN LYo STPRLGRE RLARHSIACY, S ABrions shou
betitlowpphel witbattichgndihgihs NufE anakyz@wn(ikBicQysiasaution or its applied

C ar ed th a | ysat e. obt ai ned by the standard
ﬁﬁ' &Gt ¥° %ﬁﬁfp@P@§§e The pDNA- concentrati on

aighe)ed &}a§hh§aclt1¥ﬁ§§1f‘ow%@tsﬁhﬁﬁ%mmt\ Qo%trﬁﬁétﬁﬁﬁi%d’ﬂ%%enelty

about "70 % of the reference |ysate.
honogeneity was greater than 80 % in both cases The

Example 4

CO; release from carbonate(-salt) during neutralization and improved floatation in a
process utilizing continuous alkaline lysis, neutralization (CO; release) and semi-
continuous clarification (“system II”)

This experiment was carried out using the principle of the lab/pilot-scale system described
in WO 2004/085643 applying semi-continuous clarification (system II). Compared to the
original clarification reactor the distributor was adapted for the method with improved
floatation/CO; release according to the method of the invention. Instead of a tube with
slots reaching to the bottom of the clarification reactor (above the retention material) a tube

with an open end and without perforations was used (Fig. 6). Due to the improved
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| ayer of floating floes was nuch nore conpact in the
experinment with the CO2 rel ease (conpared to the

wexpenysrent without CO2 rel ease), which poses BCHEPI909/051370

advantage for clarification on the industrial scale.

This initial experinment showed principle applicability

of the carbonate salt based CO2 rel ease for inproved
floatation of precipitate floes generated during the
neutralization step of an alkaline |ysis procedure for
foNatiqr gthet by the. attEstedygas babdes, ihrei fiers iimmed'fatetlﬁ Hoated upwards to the

ar.bon t,e onc ntr n the re n buffe
AR e RS Rl edoukt Pr Pt HARGARLT Piggon rcbsary that the
ﬁéi@reﬁlte@m% tH@ blﬁﬁﬁ@dtfoﬁ%a@fﬁr WakigRaaneeditdcay ks altehMypresent floc
reference, 0.0 M 0.07 M 0.1 Mand 0.2 in the

}aé;rgl‘lféthgqr{gjmg slyfing procpss) bagyiting thrgugh @ﬁ@g orations of the distributor
fn%?ﬁ@%s%d’ %%diﬁiég‘[ ;lgr h@ﬁg&/rs% rhARkd chnlt M‘t% d?s%?lfaﬁ 8ﬂ'o@9he floc-

e Wds and af erwar

easting §algadn @ntheleal of ttprodesgevadly 7)5&Qhé Whible ﬂla'cbelayer/reactor
I ysat e (after centrifugation recovered as the
@B@Feﬁat ant) was anal yzed regardi ng concentration

[
e R RO R RO AERE i & Bomal o B ! Sl
(ia]pmwd flvatatiof)ud.0 5 8F MeHE O Inerd axjulad to e reduspadadintbiubiier. df the
t he HCQ on the f the resulting .n e with
Ff‘;?%%‘%\%xpa?&m&’ﬁ &lﬁ S@é&f%&%@ﬁ%%ﬁ %“Stlg‘&rq g}ﬁ‘f IYIBB FIASHAR PP as
&@s@ﬁb&ﬁhrW@dZ(f@WOS'SmS‘lwgl%llgeJ eI@l%tﬂotv&!' 1249 Glﬁ‘ﬂueﬁl@ﬁglrﬁﬁm%ra%d defining
sunmari zed i n Tab. 1: Results (average of

theeniatt tonsin the lﬁqul I@ut‘;alg@tlomrétww) eind ofles ommm\éga}rameters
e pens cont ai 0, 05 Na :
DGl GroF SRBREERY Par dh o8 CRE" Bae el e ¥ itused 0
o6 el /Mirtlod a0 86 RAB A s RPeh st RRRSGpSh @l HibGadt lg}ﬁsfs@mtign 2
M pDNA honpgeneity was rel atively stable and seens

AOtrafigatipa seiuglﬁn} ¢arEsponding foecqonghct tire of abgayt 1y5 mingfogtysis and
%‘raﬂkfg V\gg%g%{igconcent rations is mainly caused by

e res pH of the m xture of resuspension
ﬂihlé fysite abduﬂeylsbysthe sdtut vith impiovee fib atigHvhs fuethet lbtoaéssed by
for dea%r ee/ compl et eness of cell disintegration th

H
FRERT gL at helallogy fibgrailtsaftlaion sonditioning i %blaeng on'the
SYRT BlirdRHoblt ARG RS K é}ﬂwgf(HI PGy S |1tewth4M

%}g)gc(pgge@% re the crit ?cﬁli% ai—?gitr g)n% lg]ﬁ'%er '
mmhammwﬁ@smmamﬂrﬁitratmms(mﬁdww) not be appli ed
WI t hout changi.ng the NaQH concent the |ysis

B dRRtson e da P o G ppeacdssg e bR Ral) squal o
Pi;Qi@A$omass was lysed and neutralized in a small tube according to the conventional
lab-scale procedure, clarification being carried out by centrifugation (12.000 g). This
sample was used to calculate the yield of the lab/pilot-scale process with improved
floatation described here and to compare homogeneity (criterion for smoothness and
quality). All samples were analyzed by HPLC (concentration, homogeneity, approximated

purity). The results are summarized in Tab. 2.
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Al'l anal yzed wash fractions showed sim|ar pDNA
concentration and honogeneity. Exanple 4 CO2 rel ease

W0 e@aoegsbonat e(-salt) during neutralization apdI/EP2009/051370

i nproved floatation in a process utilizing continuous
al kaline lysis, neutralization (CO2 rel ease) and

sem continuous clarification ("systemlIl") This
experiment was carried out using the principle of the

| ab/ pi |l ot-scal e system described in WO 2004/ 085643
aplp 12y Ragpl serfithaantinmusdgsighertiativa anidaificesion eystem)]) with
CoIgrBar(gﬂ tQt the ori |t 3[I1 ckarifi cation reactor the

HRRPY T Rt oG $'6r°"f'HE met hod with i nproved
floatation/C q Ir gLapke [A36@6EENREy | Pufie] YRINPd of the
invention. Instead of aftube with slots reaching to
the bottomof the clarifj ca(%@fw)reac(%} dbove the
retention materirg)—a be—wth—anropea—ent-anhd

Wi t hout perforat %{)eﬁ%re%é’s useod%Fl g. g)“ pdQ% b t he

i mprovedf| oat at ijqRs@tTect byofhe aftasghed gas|bubbles,
the floes i medilately flloated upwarnds tolthe

fI oc/ i quid intetl&clkoadny oug$95he I 0%3 z/%ar > phase.

ref r.e it sS—hgt—heecessary entering
e R P T G Rl BotiP R reRdo ik ect Ly 1o
the aIready present floe |ayer (level varying during

rocess) by exiting through the perforations of the
%h%tqsulbmh@rv thafi the homggansiy of thedy satconiusingd by thelimpyeved continuous
?1%1818% %?n ﬁ%‘ 4r}f caﬂoﬁ) (1s ?&?ﬁérgblg éc‘? {h%l ?%{}eng? o@; ts%]g and purity (up to

H‘Y@Jﬂok&d))ﬁ( ebmq)hnebwft@ |ﬂ&1t bbamel ayier the eagimbudmatiet erlthoﬁhﬂoatation.
experinment was carried out twice with 100 g bi omas

R vieoquensilcatge mohos (erﬁ?fr%\z(éamprr@bkea@ e
gg?%tamﬂ%vlﬁ%‘a?gné Ev&ﬁﬁogt pension buffer. In the

exper | ment e st an par aneters and the
ImiFigi ala alddy)ithé fadtatam ofecs (m tisetlaficasiod esetdrlod VO 200085643)

004/ 5643 r ed.. The flaw rate i nf | uenci ng

tﬁrnﬁggmr ra%ﬁpﬁiwr% it Dot GOE g AR 51 S and
NEUEHAb ZBht RO nREGUGRIR @09 rQERETesORES @td BB more compact floc layer
paraneters were simlar for both experinents. In both

e pend remal inhd))fcdomparcdtte theascthod withedt G©; (b@) and momed in b2)).

Thi€otuial fprRE foF SPP S R ER Tt 3t PR RE o SPagty of the

§&n1300@1ﬂﬁﬁ(ﬂﬁtclériﬂéﬁt1&f rea®@tindleonsEubntlPyicl dfidSit BRdprerequisite for the
neutralization, resfpect ively. The |ysate obtained by

ereplsishignlinEes ahsHvaten syst.at i on was furt her
processed, by concentrating it by hollow fiber
uItrafiItrati on, conditioning it for binding on the
Example §

Production of lysate by the method of the invention (with improved floatation, clarification
mode system I1) and subsequent purification.

100 g biomass were disintegrated as described in example 4 applying the method of the
invention with CO; release and improved floatation. The collected lysate (3050 mL) was
concentrated by hollow fiber ultrafiltration to 600 mL. In the next step the concentrated
lysate was conditioned by mixing it with 4 M ammonium sulfate stock solution followed
by filtration. An aliquot (575 mL) of the conditioned lysate was loaded on a HIC column

of appropriate dimensions and eluted with a decreasing salt-gradient. The HIC pool was
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15

watoavdsasd and filtration (H C Load).

subsequent hydrophobic interaction chromatography

(HHC) step by mxing it wwth 4 Mamoni um sul fate

As a ref ePENER2009/051370
an aliquot of the resuspended cells (wthout

to 1 g wet biomass was | ysed and
neutralized in a snmall tube according to the

conventional |ab-scale procedure, clarification being
carried out by centrifugation (12.000 g). This sanple
ﬁ\a&leusla’ﬁietddoymmu@@halgelmrqm%bgfapﬁy tARC) aalld/smel eett:hisioaICIaromatO-

thi t b

PREE R ol BUSh by 23RS eRhLl b Rene et LR ur

Sihadnbdized-in Aab. Sad es were anal yzed by HPLC
concentration, honogeneity, approxi mat ed purity). The

b trferencerigsasymampicpeed pndasgpbedinagmpie 4. Resul ts of
the continuous |ysis/neutralization/clarification

(systemll) with inproved floatation conpared to the
Teh. &F erclct (@MJA)}/sipeJ:lﬁc lﬂ@;uIt@ ofthScbmatho(s NelsudutigiAtibn/clarification
Ewew ous steps eﬁg. ysis) The results show that the

HEEdhev il mwrov ﬂ@%&ﬂ@ﬂé@ﬂhﬁeﬂé@ﬁ Byritierion i epared to the

£e9thdous nmethod (system Il clarification) is

conparable to the reference. The yield and purity (up
to H C Load) is|conBamalkl e toHdmaigen)é)tyal n‘éd:ld/vl th the

conti nuous nmet hod wi t hout fl|oat bsequent

H C step worked|as expected (coZﬁaﬁC Ie t(§/‘t hg
standard syst em Wl ySate [obtaigigd W th ilmpr oved
floatation). In Befcter (a_and b) tﬁe fl ca?gpi an of
floes (in the claysdte¢ cati on [react9@ar) of WD 2004/{085643)
obt ai ned by thelmethod with land without ICO rellease are
compared. 1t is|bBys oukstansat| t he It hod [WiTH ¢O
rel ease resul tedTnm a nmuch re comnmpact ffoe tayer
(al) and zooned in a2)) conpared to the nethod wi thout
TaR 4 Bleyuland impaitgcdnalysib?) dhe dfiby substeanaf naj or

s be

sanpl e,
carbonate salt) equal

i nportance for flge—elarification—it eficial
regardi ng capacity of Imperityeni | contRstbus
clarification reagt@El,fishCONSEAUEINg PUMET P and it is
a prerequisite for| the conpl etely continuoup
clarification system Exanple bS>Rrbfuctindn pf |ysate
by the nethod of tthe+rventtenrwth—+rproved
floatation; clari fquﬁlopﬂﬁ g)}@%"&n I'l) apd
subsequent purifigg{gn. 100 g DIGIESS Were

di sintegrated as described in exanpl e 4 app ying the
nmet hod of the i nvgroem wi t h CQOR.4f7elgdake angd i nproved
floatation. The collected lysate (3050 m ) Whas

The results show that the pPDNA homogeneity is not negatively influenced by the addition
of a carbonate salt for CO, release during neutralization. Overall yield including also all
(subsequent) purification steps was very good with nearly 50 % (upper end of overall yield
achievable, when lysis/neutralization/clarification are carried out according to the routine
method without CO;-enhanced floatation described in WO 2004/085643), showing that the
addition of the carbonate salt has no negative impact on purification, which is also
confirmed by the low impurity content in the drug substance (comparable to results

obtained for drug substance prepared according to the routine method) .
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concentrated by hollow fiber ultrafiltration to 600
m.. In the next step the concentrated |ysate was

w@omdiosi2ehed by mixing it with 4 M amoni um suP¢HER2009/051370

stock solution followed by filtration. An aliquot (575
m.) of the conditioned |ysate was | oaded on a H C
columm of appropriate dinensions and eluted with a
decreasing salt-gradient. The H C pool wasfurther
purified by ani on exchange chronmat ography (AEC) and
Sinzéar essulty siconolgdinadnat an. agiequpity cXrBEQahsimiulatiak Itye completely

filt d.b 0.22 f bst . Th
ot & it Qi SR TG hlstr R S B R RE Ao B Ty were
bm@h@%&@@@@y@&@% festyitbe@uinp. Exanpl e 4. Tab. 3

: Product (pDNA) specific results of the continuous

l'ysi s/ neutralization/clarification (systemll) with
' ed floatation and subsequent purification steps
Egpn%@r/ee% to the reference. Tab. 4 : Results of

Kevpng up Yhe&lpaicwﬁdd%ldr@“ daien elysegn SUNWEL 20008 584®fol- @ppliddsion as a
show that the p horml’genel ty is not negatively

Piferud r(@reHI)WWFﬁ 6/ dadiathadre/ ke BveRioB sHdy uéléimflonaf?r ibeymethod of

fh%lz}?\?e?zﬁ guring neutralization. Overall yield including
al 'so alfl ‘(subsequent) purification steps was very good
Whe primepie lcyndiction apihe upendedtlantiedtminl syytemlveks already described in

S BP0 i 2 e Ty atiaB i hprovea

b 4t DG twldRaiaHRANGRE fchQRiRl! OR eS8 thstddd WPa slotted distributor
2004/ 085643), show ng that the addition of the

e anm@rfaltaeedstabet, vagh W@Ch¢ég€mmvtée tqpp kearalp to fhaboftpmar itlenglarification

so confir msd W ity .cont in
1R OR Sl FpERR T ab 5o, D B hafgEf MG Rbpivashing
d&EE B pREbAN GRSINNE PARIRCTAR Sl idgeds Pirbahé QiptwR€nstalled (washing
met hod Simlar results were obtained in an adequate

Eopethe hettam svamgrraicr gyt asdeserdheg|ie D 2004AB 56930 dEhls device was a
i
%ﬁ[n‘gl ggltqllts%cg F‘ofr%%ﬁ&&l(:éﬁ‘ ﬁ%%lhée \]v cfl Wa§ u§ 28 rdlslfrr‘:r‘lﬂ}te the washing

| oes rec nu Us renove

soletkomg ehly @fef thal floles. al eutgw oftka Imlslﬁng s@atidh Wgs tlﬁrdbiy&educed
up-scal ed clarification system of W 2004/ 085643f
appraredior isrisgdn Glistrode i erider igraveid desigession ot gre Hage and possible

ﬁ%ﬁsﬁ@gtlﬁ oﬁﬁg)uh%?m' on and its utilizationfor the

i nvention. The principle construction of
Toshaip ssdaliley of tlar ndviet mtprovedsytavi fenativa sicetodewitty floc-floatation

B HotGRo 1 PR PERCHR N HalAD SR Fiagat G 1084085643 was
LM (5 BEdpaRal él%ﬂ&f §sdtePRBEGNBA. 24 (RELIORBsN AR resuspension of the

instead of a slottéed distributor

previously frozen biomass, resulting in 13.5 L resuspension, and degassing the system,
lysis, neutralization and clarification were carried out methodically as described in
Examples 4 and 5. The pumps were adjusted to 0.75 L/min providing a contact/mixing
time of about 1.5 min in the lysis and neutralization reactor. The resulting floc/lysate
mixture was separated in the clarification reactor, where the majority of flocs were floating
mediated by the attached CO, bubbles building a compact upper floc layer. At the end of
the process after a first draining step the flocs retained by the retention material (glass

beads with a diameter of 0.42 - 0.84 mm and 3 mm and polypropylene sinter plate) in the

bottom of the clarification reactor were washed from both sides with a washing buffer at a
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a un-perforated tube, which reached (fromthe top,
|ateral) to the bottomof the clarification reactor

W@ 209009828he retention material) was used. On tPET/BP1969/051370

hand an additional washing device to perform washing

(at the end of the process) fromthe top was installed
(washing fromthe bottomwas carried out as descri bed

in WD 2004/ 085643). This device was a rotating bal

used for CIPing (cleaning in place), which was used to
tiowtratclod 8 d-/mive Rivedllyithe flew| wire drimsddnl applyveg 0 5Her byayesessure

(s g TREMERY (eied Watse Ve e Pt BTaFeseed by the
Q&ﬁﬁtﬁdﬁ@ﬂg Q8 Qhcludifg flllegRnRRH DO %ﬁmh@enrt @ﬂhoﬁﬁwngtphg)@te@é (HIC,

i mpurities To show scal abi |it t he novel inproved

A& i DL OH spreples avorig mlﬂeé}ényM Eonerntigtipm s geyeity,
SR BRL iR P SRR R AEPLRRHRHET e Mctorence

pracesigiR® the Z&Tmoﬂ‘ﬁhg bht@ﬁﬁ&fgrarﬁ\fof eic lp@w&ﬁansd fmrthﬁfexperlment
the previously frozen biomass, resulting i

P%’é\?scﬁéh@i%‘ﬁ sysi¢ra (detrasdicky nopdoryad @#&uw ;1/% rlse “inalytical HPLC

L ) A S P oA AL G e g ioed n

prampleer e adj usted to 0.75 L/n1n providing a
contact/mxing time of about 1.5 min in the lysis and
neutralization reactor. The resulting floc/lysate

THR 15U PRy NYBS(pDRDRY @Eﬁﬁc 'r&uftp 8 fb %Bht‘iﬂl,féﬁ}; 1yR1y/ ﬂeﬁﬁ‘&’ﬁﬂﬁon/ clarification
where the majority of floes were floating nedi ated by
(siyetemt D awitle dnm@vtﬂjﬂ@ﬂt@mnkmdl sdbfwgu%nt porifiea fonupype combared to the
|ayer. At .the end of the proces

i rasb B uProchlE® s BIGH RER BobER 6P BbiRinraperer.
material (glass beads with a dianeter of 0.42 - 0.84

nmm and 3 nm and polypropylene sinter pla 9\ in the

bottom of the cllaSampkat | Bemegasitnl Pukine| ¥ekhed from

both sides with|a washing of 3
L/'mn. Finally tlhe fl oes q?fc%:alneg%% 6§I/|ng 0.5
bar over pressurdaeessuri zedsair 8Ihe albpal ned
clarified |ysate was furither (stepwise) processed by
t he condi tioni ng Isflsétp (i ncI u%lll fg fil 16r%t 6’ﬂ)1 and t he

subsequent chro Vi it SEC)
Al'l sanpl es were ana?? ed b HELC;%CO% nf?%t on,

RQUBGR RN YoonPRRAIIAY iréfeicack)RudlidiMg all Pttt skpshows t he
anal ytical HPLC chromat ogram of the refer ence | ysat e,
Figure 9 the correspondi ng chromatogram of the |ysate
t i Nt .svst
PRE BloaEel bRy R AR lhab e G G RN SLEMpte. Al
KHEbTotlbw gl sig hvamedfas tehgeciid opfihing Thee tllieelfye![te Bbt@ined by the novel

| ysate was prepared as descrjbed in Exanple 4.
micthod of the invention (improved floatation by CO; releasc from carbonate salt can be

117

_b

further processed in the same way as a lysate obtained by the standard procedure (as
described in of WO 2004/085643). Figure 11 shows the advantage of the improved
floatation method in the up-scaled system — a compact floating floc-layer is obtained.
Figure 12 shows the washing process by the CIP-ball at the top of the clarification reactor.

This experiment was also repeated with 6-fold more biomass.
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Tab. 5 : Product (pDNA) specific results of the
continuous lysis/neutralization/clarification (system

WO R09d&2B4 | nproved fl oatati on and subsequent PCT/EP2009/051370

purification steps conpared to the reference obtained
by the up-scaled systemw th adapted clarification
reactor. overall yield (conpared to reference)
including all previous steps The product specific
results confirmed that the nethod of the invention is
Ezample 2. Al |l steps follomﬁng | ysis worked as expected

onfirm t t he sat e t al.ned novel . .
SRkl B woBR LRI TR Ol il el Pk in a complere
EShpasks S e Rl Q seal b wmas heritdlhher processed
in the sane way as a lysate obtained by the standard

Eihl@ cEpriiecnt a¢s gasied ioyeesinmthefly sWougosaraigsga pringipigafshe lab/pilot-
fl ogt
%sgrg‘éé’ﬁl cﬁe{gg 1&%’1%%6% ;085@% éf?&ﬁ%& % anoP&s ?&g??rncgompletely

e up -scale act f

édlﬁ@ub@y@fe )&arﬁbhﬁd)rﬂ@;de F@u@ﬂﬂ&arﬂcﬂl@hEmdfoh&hél\@‘iﬂﬁimg design shown
process by the CIP-ball at the top of the
& gy I34be &%lowab&:@qyﬁlom}?p&d@me@?%%ﬁmﬁé fog)thgycontinuous (pre-)

El@ﬁﬁ%&sca S cgngrdccfgdd 3P F?Pin‘a%ﬁh %ﬁ?ﬁe ﬁeﬁﬁ%@étg?ow4 cm and

esystemfo Ication o
& heightnfelft4 an was equippetpiveh e laterat infrt dw theahiddiefdfelut ¢y1>imder and a

de stem | its utilizatjo Thj s experi
ke 1@&@?5%1@00%18@ at s h@tt%é fhge yindepdMeapier and @swgﬁ port were
BSdnRete @ 'tc?tu@fng& Bes iR iftel Qlasfetdr erl%’t%{a %m&%ﬁﬁ&&%s'l&k}S‘Qof
2004/ 085643 extended by a novel setup for "conpletely

comettad outh a(lp]p@el) | agtppdr U@thtfms@ge"ém;hgpgee tap@reglr{frotndy diameter

P B 5L QIR ) S b 5 o

TROtapBe@ WSy &l SF-the Byt {)v|a§ adrinePted@sthGOR5ing WE kit lar diameter
glass cylinder with a flat bottom_ a dianmeter of 9.4

wpranring thetaprutist ofltbe devalarieant deirpies gontinueun (re@prafication.
*l“ﬂé s(glu o otflafe] Jgtn%q%tg %Ef %g{ oncé/elvg P%ﬁ] a%gl& l%SQ%]? rlﬁklaemﬁcatlon 18

opp05| tom e cyli

banhed oﬁmd atshi-ostitirbupmbtic whling o Byseah Hdsehlp Wit b o@sificdtion device
i nner di aneter. The top of the cfyl i nde

Wwas
P%%Rlﬂﬁlb\{ﬁlul@é LK0mal) t‘mst\f?hgnﬁ Biopkrbeasyificieny s p(pl}f‘gt the flocs obtained
Edlfﬁ@ lysﬂzﬁe%trlaﬁ?aq othQ&Itqgog %;%@icﬁngk amet er

S|m ar to opo he cylin to a dianeter of
2PRe expewinteht wasacdreeryout vath SiogibioGhissresusphededap essasbensipn buffer

e B HORETCOLRR BORN TG Fowah B Rl % f0 prigmin for an 3
Qcﬁm%lgﬂﬁﬁﬁhmgﬁygsﬁsﬁ&ﬁe&%&ﬂa@y%ﬁs SolhftRm) ﬁé@fa’h&étfo%ts'oﬁﬁ‘mn) At the

The vol unme of e conplete clarification device was
bémting abhe process the baﬁwrﬁ |oo‘é@t| adithd Jatfagationdevioe used ta collect the

éargjl)cé?rlﬁe%d lg?a[%%ﬁfag%ﬁe(y nid the clagﬁcatf%séeswe Iﬁllleg w1t|111 aygintn%-buffer up
to the inlet.

As observed in previous experiments the CO, release immediately started after contact of
the lysed cell solution with the neutralization solution when the process was started and the
small gas bubbles attached to the precipitate flocs which were concurrently generated.
After passing the mixing distance (coiled tubing) the mixture of lysate and flocs of
precipitate entered the novel clarification device. Thereby the clarification device was

completely filled. Due to the gas bubbles attached to the flocs, the precipitate was directed
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of simlar volume (1450 nL) this volune would be
sufficient to collect the fl oes obtained from al kal i ne

WO y®be98ut ral i zati on of about 100 g wet bi onmaBGI/ER1969/051370

experiment was carried out with 500 g bi omass

resuspended i n resuspension buffer containing 0.05 M

NaHCCh (at pH 8). The flow rate was adjusted to 30

nmL/mn for all 3 solutions/suspensions (resuspended

bi omass, lysis solution, neutralization solution). At

tirearde gidhsopagtadfirarhe lpweocdesserntihwtdpiasomhabtdostaingtl nihanal flocs.
arifigcation, deyice us 0,col | ect the

?\é}eg_ﬂ}ecﬁ%qsirﬁcga(? ﬁvstgle gu St‘ilg PB@% 0 ﬁ(&t vi/ansé)pened to recover the

Grandlhditat lyoie BRNdcaBe bbttdr dutidttlhs WAB Gy Bptnc@ thelffow @ate of the

the inlet. As observed in previous experinents the CO

byette gx6InE rivelde Kooy oytlervasdowrt ban derflave ratoef thaenteysgmixture.

L uti Py . C L uti o
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alitigaheekrifoctipaitq rechdpirédiced by ORIapdiing Bop\ef e device, were forced

concurrently generated. After passing the mxin

treteiribe pcdilFernd aalprg] viendubingdnp &0 qq%latl@ageﬁ&ieve. Residual
%Jth.@%vagfc ﬁéc‘? iﬁ'atc%'hféi bELRGKE bRV %!deglle@roTBb&ﬁ'ﬁé &fthe bottom
There y t f evi cé8 was

evi ce. e clarification
o et elaypudliy ddpabtedDner way toHecp s ibiehbtelysatflachmdhe device

PR PG ) BB RO b e SAEEisd ARBE L oate was fod into

£ Bt R1on SR8 icBRinid QS fi MBR dbViee fi¢REBBed BAFMLEHUIR 5643 for fine
top outlet, the bottomoutlet was opened to recover

tlhafi¢asion- Insicad pf the dlarywatien dSiqead WOe200410866r Joalsd eanventional

B52% Pl B BB B Sttin NG ot B fRE' e

Eiabmaiordphe. IERLBhHHiNBniAL Xieh sBeh astitsmbmiamf Jufee predpitaiboads planed
in the upper part of the clarification device and

poei irein#egigphy thellysae euld bopropgsset withgufingetarifsgtiene d'he fine-

. [ £, 1 ' . f.or
P RELSBESTAPAU AR 0y 05 9 S R PR BNt
sathisiacieithlilye flacdtgdgs bed Boc-Rastiing hctions ahetha@sd of the process the
collected in a container bel ow the sieve. The de

ted s g TIGRIQTE ViR W atper @id sdovvainlysats phase Jl%git%gae device

ggs oclftfed QiaKRERotdRE ottt ?}‘.ﬁ% ?1%%10'0% t?e%ggéc{ tﬁg %gtlé't?‘. 0121'89 he bottom

vice approximately in elg ev
oatldt eas ebbs¢daretthe fadistared agyis atith weshirfegduhffentoloag as the bulk of

BECPR blheihr s B i besarmraorst o Beden Pty | on
It agetribbd LiiRriblcAt 5dd €@kl BBnfisvisty Bl cé’sfg&f%v%&%gy limitation.

al so conventional dept ilters could have been used”
This if $-tigncs Inzore Lompared o theiamouniowhigh icoild dnvobedpyprocessed in a size-

chromgt.ography.. | f a conditi e uch .as

SRR et s imup SRt Y BP0 R BR, S Efoutd be shown that he
A6WeD (Ftoahapiitioh REstév Sals@o€ Dnitdd Bgaiiincassed ofbiodidd processed,
fine-clarification. The fineclarified o

the system enables processing of much more biomass than the 500 g applied in this
experiment. Separation/(pre-)clarification of flocs and lysate by the fully continuous
(pre-)clarification system worked very satisfactory. The lysate collected at the bottom
outlet contained only minimal residual small flocs and the flocs exiting via the top outlet

were compact, containing only minimal residual inter-floc lysate. The experiment showed

that an infinite amount of biomass can be processed (including (pre-)clarification) by the
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| ysate was collected at the exit of the clarification
devi ce of WD 2004/ 085643 and conbi ned with the

WO @284 nage and fl oc-washing fractions. At PEEERIAI/051370

of the process the feed to the clarification device
was stopped and the |l ower |ysate phase left in the
devi ce was recovered via the bottomoutlet (till the
fl oes reached the outlet). Then the bottom outl et was
cl osed and the feed started again with washing buffer
asthodrgd dsvithef thalikveofior. | The yolveie ofi Ipsathenllsktmdiaf theand oh

devi ce forced thro the top outlet. In

DS P &Rt S5 e 6 R HILE ¥y ubdto20 mL. The lysat
RE96RFHRE HMHITAU fordMNA icBhdedtrht®h anliotndg@néityt dsFRS1 AL
conpared to the anmount which could have been processed
ppprexigiajedduritn flath iteo sepritcts frismeothncssyand app d the results were

4 .NGe. h t hat vel . ..
AP SE TR Py SR e PR 1 I PRy M L reibed in
BRIOpIE 40fTHeicomessd Reae esseided birgals yisdue Mien il §HNA.

Er ocessi ng of much nore bionmass than the 500 g applied

il he tasplés & papmaerd ndebab-at i on/ (pre-)clarification of
floes and Iysate by the fully continuous
(pre-)clarification system worked very satisfactory.

Thie d: Psaiuet (pDIN Acdped fiatresuhe obibt tcomimuotb Btsistentraizagdn and fully

only mni residual small floes and the floes

SR e PSRk DORIRYC HAgFIRB(SYStaghl Brampged to the
Apl¥ad@ nimal residual inter-floc |ysate. The

experinment showed that an infinite anmount of bionass

can be processed (including (pre-)clarification) by

t henet hod and devigee—oftheinventirogn-——Theyol une of

| ysate col | ect ec SETPfe ellf]:ﬂm%enﬁ’rt%cgggfyng?% g wet

bi omass i ncluding the wash dg ion abopt | 16920
m.. The |lysate was anal yzed(bby PLC g‘%f M
concentration anddwmagenei t30.&4s wel P.3as| flOP

approxi mat ed purtty{tast—twoas—erttertps ot
snoot hness and c&éfé?tlg’y) and “{%g res;ulbt%Js ;%Qrg conpar ed
Wi Qeonesiinks of the reference Tysate, which was
prepared as described in Exanple 4 . The collected

| ysate contai ned overall about 1.4 g total pDNA. The

?g%;lﬁss%rg%i tgfll’ltgg?a[éérﬁls gesnielg}z -211-1?(? %st%lat%-(f ﬁﬁ’%}? gf th%rlygs%!flecotbtained by the

con

InyEbeé Uy lcahtiZis efttdds tethparaslond theuefdtence. The yield with nearly
clarification nediated by i n‘g)r oved floatation (system )
$0 o wanpiy egod and briter eerapapd ko the prayirus ¢xpimetie vdrideis of major

ow t hat the honbgeneity and esti mated
%%?P{nscsﬁﬂoﬁﬁg ‘'ysate obtained by the inproved fully

ol Nuthe anatgtited HALC cloopatoghbine of ordftrendediyeite eichouT ), release)
%/si Sﬁ|0\91n \gﬁn(ti gannt?eaéoln%/pared with the analytical HPLC chromatogram (Fig. 16) of the
lysate obtained in this experiment utilizing fully continuous clarification mode system I.
Both chromatograms are comparable and show similar peak pattern, confirming that the
novel method utilizing the novel (pre-)clarification device can be applied without
negatively influencing lysate/pDNA quality maintaining homogeneity and estimated
purity. In Fig. 17 the analytical HPLC chromatogram of the SEC Pool as last purification
step of the lysate obtained in this experiment is shown. SEC was applied after

concentrating the lysate, conditioning (ammonium sulfate precipitation and filtration) and
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90 % was very good and better conpared to the previous
experinments, which is of nmajor econom c inportance. In

WO-2@9/0988384 he anal yti cal HPLC chromat ogram of aPCT/EP2009/051370

reference lysate (without CO release) is shown and can
be conpared with the anal ytical HPLC chromat ogram

(Fig. 16) of the lysate obtained in this experinent
utilizing fully continuous clarification node system |

. Both chromat ograns are conparable and show sim | ar
Hé@kaqdafth@mmriﬁc@tﬁmi e p@NPthmogmleim\ileﬂhe r$£t(hB@bl was 94 3%

til.izin 0 i cation I

sispvnE e el st REi Frotbad ariiei e o 15 B RRR i i
Rk inteyit mwb@mc&gﬁn@mﬁ@@ irda¢hiAB @ 1S ﬁﬂﬁtc@@l DNrA-iaYe
In Fig. 17 the analytical HPLC chromatogram of the SEC
Pool as last purification step of the lysate obtained
EQaltngless experiment is shown. SEC was applied after
concentrating the |ysate, conditioning (anmonium

Brib@pelaprealeBivitan ifonapiidadon dftthd inoihpd afithielikyenfivklin a complete
AEC- purification. The pDNA honogeneity in the SEC- Pool

M@lngaussdwﬁ%wwdﬂ@ﬁf%@ apg g Elisiodi ned by the

I .
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s @m asatescritied amV @ 2804085 @Bypieh 4 adved sathye faywstopintely
for a epcatlo of. t .net hod of tlﬂg q ntio.n'nla

g‘t%e EortarHisatien: dibds prefodule; (85¢ \(égﬁ%‘tt%lﬁ?‘i § I nefgssary parts

fotr% déhiulld&l@bir&@ss FBi e @URETUoTE Qe ‘)‘@laﬁ‘lﬁﬁﬁﬁh ?%c@&éta Mtddghe
the lysis and neutralization princCiple

a@brq@mg ot the ébsegrsglwennafsgtdeé g miabased. ﬁovmamoatm&@al@pment

et f,0 0 ntin
Ei e P Tt St B 8 PRy i) ek 8 B g fapered at he
B&IrRbMES tAE topN BERIRFMbME, BRI hiet Has l0ate@ Mtédlp USthe middle between
process. For the continuous (pre-)clarification

Predoten adghotopopfet adcode inglally in e riddicgd thhexhindpm The inlet and
t d
(s N BES 1o GRIRSLER R O RENELPTOT er of

Ehpesqrmmt @él)érlﬁrrteﬁnﬁlt @0a gitnilah@abat eoribatinakanpk 7t @ph up to 1000 g
Furthernore, the inlet was | ocated laterally in

hioguseuseg QB8 to IAMSabPBHE sHEIN the resBipeBLipn solutiony Télﬁ dlogks floated
I
(ﬁrg'v@éll %égérgtl%éﬁomtﬂg o%ve? Lhe Iyfs¥te p'ﬂg§r anfd‘[%ﬁl‘gnl}n Eéflﬁ%a&i 'chler at the

re connecte totubings o
thipgraetodithe dbvpmrmnéﬁntgmmre&em hettdr @drfmnnmnlcm 0 ﬁths icharif@ation process.

LR 180 TR FryoT ot G ar e o s R Emiopd TP b ysete in between.

TRSHPRSAShRUdNS Qlﬁtﬂoftg’ HlaXI-Hi]éﬁ rédoQ&KI% ff(bl‘%ﬁ}t c@equﬁ/e%rlysa‘f@ Mihe homogeneity
separating from | ower cl earér ysate p ase and

ouelity) af &1@@@5\% i thgdysaget washemilar to the reference and yield was about 90 %.

No limitations regarding capacity were observed.

-45-



10

15

20

25

30

top part of the device resulting in an even better
performance of the clarification process. The fl ocks

wawree/o9sasced out through the top outlet wth nPEI/ERL009/051370

residual |ysate in between. The tapering bottom
supports maxi mal recovery of (pre-) clarified |ysate.
The honpgeneity (quality) of the pDNA in the |ysate

was simlar to the reference and yield was about 90 %
No limtations regarding capacity were observed. C ai ns
Claias met hod for produci ng a bi onol ecul e of interest

that is not secreted by the host cells, conprising the
steps of a) cultivating host cells to produce the

i oRlceod! fBr podiidlhe b BRIMABHI OB inRRat thét RaloY S&kdt@Bbyaihd host cells,
resuspending the cells, b) disintegrating the cells by
al leamprisingyhg $epsof neutral i zing the |ysate obtained in
2 te S g ?g%l}ltﬁm %ﬁ%‘%X c%g;? lé dlgtjpgﬁce%lg Ploﬁlofle%cll%ligeo%rnétg)est %nd Oé)tlonally

obt ai n(hdrvbﬂnfgtahﬂ rés)uspeelhmgtthe talispg t he b| onol ecul e of

interest, wherein a carbonate salt is added in at

| eas®P) @ﬁ’é‘t%fa@tgébe gells byyalkahpe hesty due to the

neut |

o SEERARHARR A EhERyEhe P 8 BENFEREY aFREIRY £l Brme

t 0o sdpsapatating me@clmr@d lys:itte &oinothe qbeaciipnate (ﬂataﬁibrblnmedzp‘@d

of claln%l mgeé eared | ysate obtained in

stepeh¥HP¥Q€ lﬂawgwalq ISESn react or / devi ce

thryohgdin %'&aﬂiéhﬁt@tsal@{s 4dd&d Rok 1o ori% of 5% a'tect) h\QHier@tgy due to the

claim1, wherein the carbonate salt is added in Step

a) nentral‘lﬁla,gomrgt siede)df Ocisatlaastd angheheiem inhséepedirthopegtigitate and the
salt is thod of claim1,

andv et Sorf S Eed Bovhfledh Mot step ) 6. The

met hod of claiml1 - 5, wherein the cal cul ated

t heoretical carbonate concentration in the resulting

2y§%heén¢th@i:0ﬁﬁla<iﬂulr eviiajigin theatl eaaedh bigatoobteintse e step dg Igayes the
e(:IJ] rgﬂgﬁog{eaé‘tgf)/géwg% %Po%gil%{l%plﬁ&t 91&‘]3650‘[ . 7. The

erel e cal cul ated t heor eti cal
carbonate concentration in the resulting |ysate-floc
mxture (wth attached CQ2 bubbles) is in the range of
apollhe rcthersok daigbburheseip shaagboniresalidy #slgd ét step &l m 1
to 7, wherein the carbonate salt is NaHCCh. 9. The
nmet hod of claiml1l, wherein step d) is operated in a
4 enffihequethodholtadsinot, valntin theocasbonate salt 1s added in step b).

5. The method of claim 1, wherein the carbonate salt is added in step c).

6. The method of claim 1 — 5, wherein the calculated theoretical carbonate concentration
in the resulting lysate-floc mixture (with attached CO, bubbles) is in the range of about
0.003 to about 0.35 M.

7. The method of claim 6, wherein the calculated theoretical carbonate concentration in

the resulting lysate-floc mixture (with attached CO, bubbles) is in the range of about
0.005 to about 0.05 M.
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node. 10. A device for carrying out step d) in the
met hod of claim1 in a sem -conti nuous node,

w@podRshg a contai ner which i s equi pped w t hPEl/ER2009/051370

retention layer in its lower part, b) an inlet at a

position above the retention |ayer, c) an outl et

underneath the retention |ayer, and d) one or nore

di stribution neans that reach to the surface of the
retention |layer and evenly and gently distribute a

fi xtthemecthdd pfr deainpl taat.evienen hesaronat selytiaNadgOapon

al kaline lysis and neutralization into the container.

11. The device of claim 10, conprising in addition

geane th@hoSoiPRhivh Piwikdn R w9 & tedLid a AnfAlRhGRJU9br continuous
carrying out step d) in a nethod of claim1l in a

corff¢dsuous node, conprising a container, which is

equi pped with a) two outlets, wherein one is

positioned at the top of the cylinder and the other

OMeA dévitdhfor badriagoof stéhe) iaohd @kihed of aain b)in aBehhé®@itinuous mode,
between the two outlets. 13. A device according to

cl £PRPIISINg reepiner thechds AIHPPRIWIR connected with an

adq?5|§gﬁ219ﬁ@%qnﬁg ‘Qﬁgﬁﬁsh unit. 14. The net hod of

ereln at t one step selected from steps
b)lﬁanmﬂduﬁaqpemmneunmnhamn@nmnﬂ%@us node. 15. The
od of claiml wherei.n | east a conbi nati on of

t
%tleb@,etélé%@?aé%t#erram% *h¥d o e) is operated in

a GHBhE BHRBR: TEBuRYh HEANARAHBELE @net PRl of MRE ?etentlon layer and
i ndivi dual steps.16. The nethod of claim 14 or

wher evenly mnchglfmtlwldmnhutep nzixtursofgperinitad andhlyaate as Obtalned upon
conti hu node c.onn cte to step b). 17. The
ot hORBH PR R R PR GRARE 0% ShF one step 15

operated in an aut omat ed node. 18. The nethod of claim

1, wherein washi ng step of the precipitate is

| hlhetdsuiice ef wen 18+ epnaisingria addigpn eycansi Br sunpdy peedrorressed gas.
of claim 18, wherein the washing step is conducted in

an additional

12. A device for carrying out step d) in a method of claim 1 in a continuous mode,

comprising a container, which is equipped with
a) two outlets, wherein one is positioned at the top of the cylinder and the other one at
the bottom of the container, and

b) an inlet between the two outlets.

13. A device according to claim 12, wherein the container is connected with an additional

drain and/or wash unit.

14. The method of claim 1, wherein at least one step selected from steps b) to ¢) is operated

in a continuous mode.

15. The method of claim 1, wherein at least a combination of two steps selected from steps
b) to ¢) is operated in a continuous mode by connecting the two or more individual

steps.
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drai n/wash unit of claim13. 20. The nmethod of claim
1, wherein a concentration and/or a conditioning step

W@ poveloesiBhg al so filtration) is inserted bet weRCI/BPBPI/051370

d) and step e). 21. The nethod of claim 18, wherein
said concentration step takes place before said
conditioning step. 22. The nethod of claim1l, wherein
the | ysate of step d) contains the bionol ecul e of
interest. 23. The nethod of claim1l1l, wherein said

bi onol ecul e of interest is a polynucleotide. 24. The

s St b R
DWOC%Q,g bone; dhbaed @f st& @ m 1, wherein the cell nmass

obtained in step a) is cryo-pelleted.

17. The method of claim 14 to 16, wherein at least one step is operated in an automated

mode.

18. The method of claim 1, wherein a washing step of the precipitate is inserted between

step d) and step ¢).

19. The method of claim 18, wherein the washing step is conducted in an additional

drain/wash unit of claim 13.

20. The method of claim 1, wherein a concentration and/or a conditioning step (including

also filtration) is inserted between step d) and step ¢).

21. The method of claim 18, wherein said concentration step takes place before said

conditioning step.

22. The method of claim 1, wherein the lysate of step d) contains the biomolecule of

interest.
23. The method of claim 1, wherein said biomolecule of interest is a polynucleotide.
24. The method of claim 22, wherein the polynucleotide is DNA.
25. The method of claim 23, wherein the DNA is plasmid DNA.

26. The method of claim 1, wherein the cell mass obtained in step a) is cryo-pelleted.
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