WO 2009/098284PCT/EP2009/051370 METHODS AND DEVICES FOR PRODUCING
BIOMOLECULES Field of invention The present invention relates to the fie i
. gharoshcing

biomolec&f&,zﬂ?%gﬁ?@ﬁlar 5polynucleotides like plasmid DNA. in particulaipr, € presentinvention

relates to a gentle clarification step by an advanced floatation method mediated by generation of gas
bubbles without gas/air injection. The present invention is particularly suited for a method on an
industrial scale that includes cell lysis under alkaline conditions followed by neutralization and
subsequent clarification of the cell tysate, whereas all these steps are carried out in a 10completely
continuous mode. BadEFHGDIDANE IIEVHOES FORIWREDE DINMGIdidaian dcdllbiSogy in the last
guarter of the 20th and in the beginning of the 21st century have led to new technologies for the
production of 15recombinant biomolecules (biopolymers). This group of macromolecules includes e.g.
proteins, nudigiklagidsvandqolysaccharides. They are increasingly used in human health care, in the

areas of diag&ostics revention and tre[(aitﬁr]'neglt PJO. eaﬁes R%cgnt(l}fesop'ne of tgﬁimu(faﬁl revolutionary
: . .

advances haveetg)é‘%‘qrﬁ3 hEFE WA ]b%flyt%%c eotides in the field of |anglnogﬂcess,’ glg%ﬁe tﬁerapy and nucleic

acid vactinegolgominainite thesd 26dpaibatidnsis tihelinttbd petismiohRidAoinrgartictdar gentle
extrachromosomal DNA, or RNA into cells wit ctfne aim. of a diagnostic, therapeutic.or pro E lactic
effect. Reprec ch lé:ﬁ%}gnrﬁéel%g ) B’SR/%%C%S‘?? s gg%i%é%%%?%&%ﬁﬁ?ﬁ% ,Otfrg%rlfg#eu:% }"QE‘A (tRNA)
and ribosomatiRNA £eRAAN jgctiomiEhb A gD Ay iochropao s sy ddDNA caimdl prasmid DNA
e R AR SRR ST Sl ledhen AoRRRRER. RAVIURRONEER AR NS Ve t©
enzymatic degradation ases an as s} and shear forces, depending on their size and shape.
Especially chrahsobsradiDblA;i firitsoderfzhred aiysaentahgted fohthers highiyaseemitivd dotmechanical
stress, {gsultig%irll lf[r?ﬁ}gmeqltsu\/.yliltsrl nsli)rgg_:lar properties to pDNA. This becomes more and more critical
with the duration of the 30 shear force exposure (Ciccolini LAS, Shamlou PA, Titchener-Hooker N,
Ward JM, WO 2009/098284PCTTP2009/051370

Background of the invention
The advances i molecular and cell biology in the last quarter of the 20" and in the
beginning of the 21¥ century have led to né\xf technologies for the production of

15 recombinant biomolecules (biopolymers). This group of macromolecules includes e.g.
pfotei.ns, nucleic acids and polysaccharides. They are increasingly used in human health
care, in the areas of diagnostics, prevention and treatment of diseases.
Recently some of the most revolutionary advances have been made with polynucleotides in
the field of diagnostics, gene therapy and nucleic acid vaceines. Common to these

20 applications is the introduction of DNA, in particular extrachromosomal DNA, or RNA
into cells with the aim of a diagnostic, therapeutic or prophylactic effect.
Representative members of polynucleotides are messenger RNA (mRNA), fransfer RNA
(tRNA) and ribosomal RNA (tRNA}, genomic DNA {(gDNA) or chromosomal DNA
(cDNA), and plasmid DNA (pDNA). These macromolecules can be single- or double-

25 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 pPDNA. This becomes more and more critical with the duration of the

30 shear force exposure (Ciccolini LAS, Shamlou PA, Titchener-Hooker N, Ward JM,



Dunnill P (1998) Biotechnol Bioeng 60:768; Ciceolini LAS, Shamtou PA, Titc enerHooker N (2002)
Biotechnol Bloeng 77:796). Plasmids (pDNA) are double stranded extrachromosomal circular
polynucleé’ﬁﬂégo?\/i’gﬁ%f the pharmaceutical plasmids are in the size rang% 2008/ &ﬂﬁ-’?/vhlch
corresponds to a molecular mass of 2 x 106_. 7 x 106 with a radius of gyration of 100 nm and higher
(Tyn M, Gusek T (1990) Biotech. Bioeng. 35:327). In some cases polycistronic/polyvalent plasmids
larger than 20 kbp, which encode for several different proteins, have been reported (Muller PP,
Oumard A, Wirth D, Kroger A, Hauser H, in: Schleef M (2001) Plasmids for Gene Therapy and
Vaccination Mﬂgm\xqwg\&/)elkiheﬁm@l BiSnpiterent Catofitiogiss] Ritmseof pPRNAtcRmbe

distinguished, The sup d (se vale ed circular (ccc) form is considered as most
stable for théﬂﬁﬁ%ﬁt é%@%ae% %ﬂé"gg c?nye %édesired form. The other topological pDNA foins
are derived fP@Jﬁnﬁlﬂﬁ Qppmlmabycejﬂm mghaeswaﬁdcmm@mmmmudwqmmmﬁmabte stsansk nick
(linear) or result conjy reakage of the strands can S|cal chemical or
enzymatic 1%1%&:3 ﬁ‘oﬁ"‘fﬁ@ B Tﬁ%egﬁ' t?be?]czgnrfé@gf} t’:cc?ﬁr}%msw ?gpg%befter for
assessing thm@ll&&ﬂ&‘r@ﬁeth@o}fDNAcﬁrena{amﬁnm%e intieasingrationbed nfmiumcmkitheghan(mﬂeld of
gene therap atio ectt al advanta es DNA. T us it is also
observed thﬁh@@éﬁ%@ gﬁgﬁ]ﬁﬁc CaF h%egg%ﬁj A6t E%dpggéo%éﬁnrﬁct@ q@(ﬂkg Mles
increases copiisuadislyr 20 Henrecasispcorfitm dhaicﬁsﬁﬁ&mbtébdlﬂferm.aﬂrMemmthﬁhspDNA based
vaccines man veral kilograms illL.he r Thus there is
a demand fo?%ﬁ%‘é%%@%%‘@%?ka@ %@%5&%@“&%@?&8 Rma aIe eseﬁpréﬁj\%cqisg Brocesses
must fulfill replakatady feqGikesiBiniste. andEDicchlution), Shiewld Ol cbarioimioally féasibldgtaraitmust be

productive andr bust Inth? , the maj r| ofbhot($ noIo ical aczéc%tlong f%? hage been
otein ﬁ it i

develodgd fotP nfiededd enfo érences ih the °*°

physmochemj@ahnmewé&ﬁa&vmm@mb&ammomesm&:ptb&eapsumheg@lmeﬂwdmdanﬂméasﬂy be
adapted for the uction o ucleotl cturers wh she roduction processes
gﬁ Fé?[) %%512[% %%186 IS 10&, %t% s die 8er IP % gh UfC Hr\)g

based on tra d'more TACE Severe limitations f)regar
productivity, seateabilily sinchdastk Qﬁygmad&(ﬂ)@@%):}'ﬁln mlspﬂéem&lamehémwam result from

2009/098284PCT/EP20(§§9/0 1370 nthods that aﬂe gﬁ% %%ble oqpol n %II%?(;[A %§€|rpz I%g%cular for
production ofﬁﬁ}{ﬁi 8 anuggc({urlnggs%% can be ¥ payst

15 activity. For therapeutic use the percentage of ccc form is the main-parameter for assessing
the quality of the pDNA preparation.

The increasing number of clinical trials in the field of gene therapy and genetic vaccination
reflect the potential advantages of pDNA. Thus it is also observed that the demand of
pharmaceutical grade pDNA produced according to cGMP rules increases continuously.

20 Forecasts confirm that especially for the market supply with pDNA-based vaccines many
grams or even several kilograms purified pDNA per year will be required. Thus there is a
demand for processes that can be performed on an industrial scale. These production
processes must fulfill regulatory requirements (e.g. FDA, EMEA), should be economically
feasible and must be productive and robust.

25 In the past, the majority of biotechnological 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

30  regarding productivity, scaleability and costs of goods (COGS). Thus, there 1s a need for



In brief, a process for producing recombinant biomolecules, which are not secreted by the host, in
particular pDNA and large proteins, follows the steps of: 5a)fermentation (cultivation of cells that carry
the biomoMELA&8f st and optionally harvesting the cells from the ferRieHESFER R3], b)
disintegration of the cells (release of the biomolecule of interest from the cells), c) isolation and
purification (separation of the biomolecule of interest from impurities). These steps are more
specifically characterized for the production of polynucleotides, in 10particular for the production of
pPDNA, as described below. Currently. E.coli is the most commonly host used for pDNA production.

Other bacterigcyeasigamasupgligirnd isectcelisdoaymnisethalused pobosieels pDtha termentation
step. Selection of a suitable host strain, a well-defined culture medium applied in a high cell density

process and FEMHEETARRE SRS high plasmid copy number are of major importance 15for the pDNA

quality and cryeiabfos priebusteerRaBIsdQeesbifie hemBiesuitihalged alolvaasmdred-iibge H,
Necina R, Konoﬁi.tzky K (2002‘ Cantract Services. EuroRg, a upplem(gfr?t to Phalli'. Technol. Eur. p.
34). After ferehtBiHIHAEE 2l iy RGO IS A9 Re@ns of centrifugation. The

harvested wej biofags-itresuspendedin accappiopsiate hiuftesnRetortefitahisalatian opthedd,

polynucleotide of interest from im%ﬁurities h(;%t related: e,g. proteins, gDNA, RNA and endotoxins;

product related: e YTRTRGAEE BOlS A RTEOS IS TSR BFB ss related: e.g. residual compounds of

the fermentagpn ndegiteayaihe eelis-need (@ hespiotessadnaithandientlyros dften fleeziig)and thawing.

Alternatively to harvesting and resuspending the cells hefore further pracessing, the feimentation broth
LT RBLSTGTAIO 6 BoTS Srses g

per se may e subf@ct g aRHErs GRS 87190 TEBOBIEe 8L @%%rf?ﬁ%%i%s ration of
the cells (polynusisatidarelaasedmodiedts aviththeireddue tiopihe claifiethsoutior@akaiinng the
olynucleotide of interest. During the suhsequent isplatiqn of the polynucleotide of interest (by e.qg.
Eolzmnlghroﬁ?éﬁ?éﬂ%ﬁif, tﬁﬁﬂ&’l‘%‘fﬁﬂ%ﬁgg P@Mcﬁ% GSPrg?ggi%ﬁlgﬁgn)yit has to be separated(frgm ?he
impurities. 3QRisitggration; of the aelisoamhmachieyactbyophsical pahkrmical Otenzymiatie, methods.
Usually, disintegration and releasg. of the I§1Hgﬁlynucﬁgtige of ingqrEsttfro ba&éertial celltgtis WO
2009/09828 45 TYEBHBIFE 10 NS HoT e By ARGIRTe 8 H S bR B BLE A Boly
(Birnboim HG:Relivd (T2 4Q)thichAsidsRes Twbidindhedisintegtationpelease proggss:tisclosed

therein can be divided into tw: stegs, the first one be{n%ltlae intrinsic cell disintegration ortla%sis step
and the sec o%dq%ﬁ{epﬂg?ﬁ@st maihténance of a mgh plastmd copy number are of major Importance

15 for the pDNA quality and crucial for a robust economic process (Werner RG, Urthaler J,
Kolmam F, Huber H, Necina R, Konopitzky K (2002) Contract Services Europe, a
supplement to Pharm. Technol. Hur. p. 34).

After fermentation, the cells are usually harvested, mostly by means of centrifugation. The
harvested wet biomass is resuspended in an appropriate buffer. Before final isolation of the

20 polynucleotide of interest from impurities (host related: e.g. proteins, gDNA, RNA and
endotoxins; product related: e.g. undesired polynucleotide isoforms; process related: e.g.
residual compounds of the fermentation medium), the cells need to be processed, either
directly or after freezing and thawing. Alteratively to harvesting and resuspending the
cells before further processing, the fermentation broth per se may be subject to further

25 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.

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

Usually, disiniegration and relcase of the polynucleotide of interest from bacterial celis 18



5neutralization step. During alkaline lysis, cells are subjected to an alkaline solution (preferably NaOH)
in combination with a detergent (preferably sodium dodccyl sulfate (SDS)). In this environment, the cell

wall structWr@%%%"&%’ﬁ‘foyed thereby releasing the polynucleotide of inte SEARGUSHEY 28l related
compounds. Finally, the solution is neutralized by addition of 10a solution of an acidic salt, preferably

an acetate, in particular potassium acetate (KAc) or sodium acetate (NaAc). During neutralization cell
debris, proteins as well as gDNA are co-precipitated with dodecyt-sulfate by formation of a floccose
precipitate (Levy MS, Collins Yim SS, et al. (1999) Bioprocess Eng 20:7). In the next step that follows
alkaline lysisparfdneidtializationetheiptscipitateddas thiberdbsepdrbted (EimiberplaSnildigahtaining

solution. This step is, in the meaning 1i e present invention, termed “clarification step”. Regarding
the clarificati E@F@rﬁﬁﬁ%gﬁaﬁ 'olrg i§’< d angle rotors is the most frequently used method employed

on laboratoryrapdipra-prepaiative: scptoscds direltadd NideGakmabdMiS| R tbizesas & Mip 198 F)rst
Biotechnol Prog 15:725). For lysatc. amaunts usually handled 20ijn, bottles a clearer liguid phase is
08 812 Forlsale am y inotles 2 dearer oy

separating fronT 3R HIHEERT fidafhy Hoed iy SHRE 3 cehding Gon g

0 ingj)n%recipitate after a
while. Only thewetehgetidifuigihase is sucked off and filtered. Otherwise the big floc volume would

immediately plock the filter used. The filtration process is even more hampered dyge tg the increased
amount of floﬁwgﬁg‘gl&%ﬁsﬂﬁﬂﬁ S\ﬁﬁeeﬁu%%%cﬁ’oc?v%raé‘&f ?Sﬁ?ge%t%ﬁ)ﬁlg%gﬁ%gg%%%%%ss, resulting
in reduced 258aniaticoierdendyandpdprdithrasey sedanatidolcey beriéral (higJaydn diifloating flocs is not

very compact and therefore the percentage of the Jower clearer phase is about 50-70 % of.the.whole
volume (clea?g?nﬁ?f%lg%ht&eﬂ %p‘ﬂgligsr.%%ﬁ%eéq fhe 4@%%%?@ SC‘P%BBZ%%S@ taen%) ?eslll é&ﬁ&%‘s’efmid DNA
(Theodossiointefseling tEhdMasid @hicihomas@RTE DuimhileR(1L9BY ) Bicptodi Edd  GditGpnmigh

losses of up to 40% have to be taken inta acgount 30(lirthater J. Ascher,C, Wiihrer H ina R (2007)
3 Biotecting| 158053} ARAERIGTD: B A trbronior (e iebriten Sk adts B RVarious
filter-media hasitmbecdtd@ 20024098284 CAEP200810513%M o nsideneth{ ThaddogElowil pEallins 1J,
Ward JM, Thomas.ORT, Dunnhill Pél Bigprocess Epg 16:175; Theodossiou |, ORT,
Dunnhil P (1808 ERBIGE R RS A0 LA I BT e et B s v CE
clarifying thellysaie. Sinee:dhese i daralzerelaith2d fpt certified or not scalable, they are not

rmaceytical-grade plasmids on a manufacturing scale. More recent
R)E%WS a p%hncaég%%ﬁ?d ﬁﬁ:é}#liafjhzagon (I Ccl){‘rlljfélifl@ Ha3G'6

applicable fo tq%productio of
technologiesgﬂtl' engjﬁtp%ﬁ%éh&%e adsorption W Ows removal of precipita ed material

while capturisgptizetctefivedipeqdach{Chiaseitite ($904) T rEnd sBjote chiilet 1R:228¢) oFbwevekrit has to

be taken into.account t?satql e to the large diameter of the aggregated flocs, generated during
neutralizatioﬁ%?%-@%’ri |(€r§]ﬁ§n %W&?@%@%ﬂ@g essential
Regarding the clarification step, centrifugation on fixed angle rotors is the most frequently

used method employed on laboratory and pre-preparative scales (Ferreira GNM, Cabral
IMS, Prazeres DMF (1999) Biotechnol Prog 15:725). For lysate amounts usually handled

20 in bottles a clearer liquid phase is separating from a targe phase of floating flocs and some
descending (non-floating) precipitate after a while. Only the clearer liquid phase is sucked
off and filtered. Otherwise the big floc volume would immediately block the filter used.
The filtration process is even more hampered due to the increased amount of flocs in the
clearer phase when the flocs were disrupted due to mechanical stress, resulting in reduced

25 floatation tendency and poor phase separation. In general the layer of floating flocs 1s 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 1, Collins 1C, Ward JM, Thomas ORT, Dunnhili P
(1997) Bioproc Eng 16:175), high losses of up to 40% have to be taken into account

30 (Urthaler J, Ascher C, Wohrer H, Necina R (2007) J Biotechnol 128:132). Further more,

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

4



o(Ferreira GNM, Cabral MS, Prazeres DMF (2000) Bioseparation 9:1; Varley DL, Hitchkock AG, Weiss
AME, et al. (1998) Bioseparation 8:209). There have been several attempts to develop improved
technologi®& AIPEEE Y the above-described steps, which are often opergférﬂl?ﬁ%%?{gabﬁé;uous open
systems that bear the risk of possible contamination. The process steps are not automated and the
results therefore 15user-dependent. The methods and devices used are therefore not suitable for the
production of pharmaceutical grade polynucleotides on a manufacturing scale. The only way to handle
large pDNA-amounts for such processes is multiplying the devices, e.g. to run them in parallel. In view
of further putifiggtion©f Ihedaoksioudlensite OffineresIML iTlaften ERESSAmNIGIPD Adjo%) the parameters

of the solution, (such as salt compaosijtion, candyctivity, pH-valug) to n inding of the desired
polynucleotidBBReAT SRS gﬁu@hﬁ‘ﬁ%@t‘é‘bﬁs %?W I?ﬁéjln ﬁﬁ%ﬁ%ﬁ?gﬁé@ RIS ﬁﬁ%ﬁ%ﬁmed
"conditioningpgtep’)). Subsesurilsthesahiion issdtiasted ixthddirselfitomaiegrapticStep (capture
step). The limiting factar, which |s probably most difficult to overcome is the clarification of the
Siysate. ToBEIAACCIEArE R e FRAT ChEE SR FES DB LABRIA TS hre
polynucleotigeccantrinintpsaluticrutaneniopalntbiiselarifieatifisteniscabrriddoutiem batchwise

de using techniques known in the art like filtrati trifygation (e.g. US 2001/0034435 WO
02104027, NRTBIRHROA thE RIS L N IEIS Fo0 00108680 I L A AL Har

macrofiltration-asginabipansussiaph hgins 30sonsisiihgsof-2ay C9rpTessddBgatszenol ah: equivalent
filter materia %g 5376080). ccording to some protocals, filtration is carried out in presence of a filter
aid WO 200 BAPCHEPSDHR ”ée}b“(‘\tz%g@%l}?g%%f!\‘}\?é"dgféé"f’z&‘g?{ﬂg‘%’fé 012990). WO
96/21729 disglgsgardikitoddhatcondainsatiination steppusitigriiatvimapeonsodaith aftasantial
centrifugation_step, thereby achievi additioﬁg]e{ j%ﬁ)t freducing the RNA content. Furthermore,
combing ion§F it e n(ggﬁﬁagrf&%nagr%gseé a ]I;:Ie ,&)35%1& | a%ﬁgé ,na?l?(ljh%edfcefya%égé resin or
5diatomacecd @by, Aol sonatuiie iyl 28cdBiies faraDdhAS :D6YE been described in EP 0814156.
According to, WO 96/08500, WO 93/ 1218_,tEP 0611663m8 aon_cll3 C#Ee %%(7)%2}?&8, ()Ilagia{ic%agf)&isagggégved by
a device, whOSE RIlFTOR FARCNTEY AHRDRPIP SHa SR MRVl S G Gss 'Ry 8l B hGm oxide)
in the form ofiieoseedantiple sylityrersc@ffitespiates {especiatlyimitharpasyyumetsithpobeasite risk
distribution). The flux through the.10filter is accomplished by gravitation uum, .pressure or
centrifugati o fRYS ?ﬁg:r c(g)&ti%%n ation. The pracess stgps Do ot atomised dh Te revaltd Tererors
15 user-dependent. The methods and devices used are therefore not suitable for the production
of pharmaceutical grade polynucleotides on a manufacturing scale. The only way to handle
large pDNA-amounts for such processes is multiplying the devices, e.g. to run them m
parallel.
In view of further purification of the polynucleotide of interest, it is often necessary to
20 adjust the parameters of the soiution (such as salt composition, conductivity, pH-value) to
guarantee binding of the desired polynucleotide on a resin (this adjustment step s, in the
meaning of the present invention, termed "conditioning step”). Subsequently, the solution
is subjected to the first chromatographic step (capture step).
The limiting factor, which is probably most difficult to overcome is the clarification of the
25 lysate. To obtain a cleared lysate the precipitated material has to be separated from the
polynucleotide containing solution. Conventionally this clarification step is carried outin 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

30 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-



achieve separation of flocs and lysate is described in WO 2004/024283 and WO 2004/108260.
Therein, one of the buffers/solutions used in the process prior or during ne jzation_is, mixed with a
controllabR&FuRAY ﬁ%as introduced via a gas port. Fine distribution of thPe%gg!sg%Bag(@?cf?hpglished by a
sparge stone, which is in fluid communication 15with the solution/suspension and which provides small
gas bubbles of a certain size. The small gas bubbles get attached to the precipitate generated during
neutralization. The neutralized lysed cell solution is collected in a tank and hold for a certain time,
which is needed to let the majority of floes float (mediated by the attached gas bubbles). Afterwards
the lower tygavepirazecisofivé@d baich4dise ¥ Z0825ed BiditersVn a6atRdsbsulp shedysateodGhae
mixture (obtained V\(ithﬂ?r WithOL{t ﬁ;as. inj ctjtopl?‘ is collected in a E’{arélét which is designed.in a way to
additionally SR8 EHPIEIHERbI éléirl}gr ERIFETRRLTURT d0SVE the Hodrysate hass (WO 03/070942,
WO 2004/108R68)nT he vaditism irsffcoves thindioatdsdinoh thenfloc skumthelinents toemitatiestop of the
collection tank. Both meﬂods{xpgm{m clarif%g,at' In a.npon-continuous r!é\ﬁ)de and need additional
o™

filtration step?sr?g KA enth urfj% iBh 885 cOntingous clarificatior T%Ag?hnoglr(e.g. disc stack

centrifuge orddecantingisenttifygediishdisctosed ity WO: 984875 XN 0296/02658: satdstombinations
of centrifugati Il d,by filtration ibed clarificati se 126966, WO
06/02658). LT A Lt e et A g e A el s
30been incubatéficutitn thexcidatralizatiodcbistfewfosa GTeraionpsriockgf toneisThisidéesnot allow

continuous connection with the foregoing and.following steps and is limited i le. WO,
2009/09828 7%%%0%#6@%3%"%&??& ?f?‘éﬂrﬁ"ﬁﬁf& ‘%ﬁh&gﬁé‘rﬁ%éecﬁoﬁf&uoe@éor‘% 5 t%%cqg%’r}fxf(% out in open
devices withfilterrisktef @opsibid contaminatiomSincpoanyimatstiahusey il e dOKBprabeds must be
validated, additional filter aids although improving the performance e filterin cessy.are usually
avoided'Yet 5%'16&]}%&6 153 \%ar?%tgg% the darification methods rn%%%%%a%géh%%&%}wggél()%l{té)ct time
of flocs and Iydate{beferefauriiglsepandtiysgiovihitdsshimd dib® vaidéd 4 Brdendo reduce the risk of

and ars soon WA A B oo e el oo e
precipitate thatisaletaiived oy thel wite daioniay lrbsu it inade sfrassionrofitivediioes: @ad rerdiEssiution of
DA it s BB e B e e rable
and a disadvaittatie mxaiumwf&a@qmgrstamicﬁcpmei_d%m@aﬂsrbltébhfﬁiqu_é§ftr¢ﬂjmgbf@.rﬂh€(semi-
cominvosi b USIBIS e pLeRNS eSSl DR BRE T cavse
rupture of thedlacdized lysed cell solution is collected in a tank and hold for a certain time, which is
needed to let the majority of flocs float (mediated by the attached gas bubbles). Afterwards
the lower lysate phase is filtered batch wise via a set of filters. In another setup the lysate
20 floc mixture (obtained with or without gas injection) is collected in a tank, which is
designed in 2 way to additionally allow application of under-pressure (vacuum) above the
floc/lysate phase (WO 03/070942, WO 2004/108260). The vacuum improves the floatation
of the flocs and directs them to the top of the collection tank. Both methods perform
clarification in a non-continuous mode and need additional filtration steps for clarification.
25 Centrifugation as a continuous clarification method (c.g. disc stack centrifuge or decanting
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

30 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.

-6-



In case a conditioning step is applied before final purification, the salt composition and/or the
conductivity and/or the pH-value of the cleared lysate has to be adjusted to a predeteimined value that
ensures bNEiRE dPHiEdHesired molecule to the resin in the subsequent ca%wg%?t%(ﬁ.lgé&wetimes the
conditioning step is added for reasons of pre- 20purification (e.g. removal of endotoxins as described
in WO 00/09680). For capturing the polynucleotide of interest, several techniques are well known in
the art, e.g. tangential flow filtration (WO 01/07599), size exclusion chromatography (WO 96/21729,
WO 98/11208), anion exchange chromatography (WO 00/09680, US 6,410,274, WO 99/16869) and
hydrophobic iptgtaesienchromaiograghin ot GHO4 07 dMastobthe deseribedtbtbcess steps are

operated in a nop-continuous and/Qr non-automated m%gde. (%%yﬁon%/ th%%rés)cgdur ld%? S are not
connected td M CORHRIBALCLy st TERHE A TSR Wd P 16638 SREEP 0875271
processes akgglisclasedavherenseldysispradtratizaperoalanfieatiche dishingpeptionally conditioning
and 30capturing are carried gut in the same apparatys, These.methods arc open syst msvgmt are
operated in é‘?’r@ﬁyaﬁYB %qea?ﬁjfdﬁl%gﬁ’iiﬁ%%‘é&%? 3 e‘#@ﬁ& ilﬁai%a\?eor%l%eot%’l nsgﬁs}%\ﬁg}?%ée o}
2009/098284R6ik EfREANORIE Abdevinkly are (nlfostittatite: faptabacatorytscakbsaddcannaibe
transferred to mapufacturing scales. The techniques also lack reproducibility and suitability for cOMP
large-scale dfbﬁ%ﬁé%?ﬁ‘ﬁ%g}% O 6%1?5%5%1 bﬁfﬂ HRG Bfiter %%€§?c%%ﬁaggg'%ﬁen described,
wherein the Singividuiakstepsiaraad fitetycenrniested taeadly athierrinsacobiticked 5ynmodefw O
96/02658, WO 00/09%80 WO 02/26966, U 2t001/&003n45€13§> w00%242%g0%éélvga$0 033{?18&&’1\’%)
99/37750). BUFAEHE Y%L@E@BPS e P IR RS AR R B SRR the Senes st%w%ng with
a re-suspengignistemend endingswithradeapiut @ siefthT e deaides-dsedlinitheseimethtds do either not
guarantee homogenous mixing or may apply 1()disadvantageous shear forces to the solutes.
Furthermore%@a‘ﬁﬁﬁ%d&%’?ﬁ?tﬂa"i?o%lé%#ﬁ%ﬁé d(?i t?gt%en? (c%e?% rﬂ‘llggsa%%sr'\) 3??1%%%%?88"%9 several
drawbacks dgpttibethaserdenshysgdsmétibad dripl device s alowingdhencdmbinaperaidéinerethan three
steps in e ajfometed contnuqus made syteble fo the Indysti production of a polynucleotide of
Some centrifugation techniques could be run (semi-)continuously, but due to the sensitivity
of polynucleotides to shear forces this treatment may cause degradation of plasmid DNA
15 and genomic DNA and also detachment of precipitated impurities by rupture of the flocs.
In case a conditioning step is applied before final purification, the salt composition and/or
the conductivity and/or the pH-value of the cleared lysate has to be adjusted to a
predetermined value that ensures binding of the desired molecule to the resin in the
subsequent capture step. Sometimes the conditioning step is added for reasons of pre-
20 purification (e.g. removal of endotoxins as described in WO 60/09680).
For capturing the polynucleotide of interest, several techniques are well known in the art,
e.g. tangential flow filtration (WO 01/07599), size exclusion chromatography
(WO 96/21729, WO 98/11208), anion exchange chromatography (WO 00/09680,
US 6,410,274, WO 99/16869) and hydrophobic interaction chromatography
25 (WO 02/04027).
Most of the described process 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
30 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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Isdisclosed in WO 2004/085643 and by Urthaler J, Ascher C, Wohrer H, Necina R (2007) (J
Biotechnot 128:132). According to this process isolation of a polynucleotide which is not secreted by

the host c&IQORIEEE28H improved alkaline lysis method as the cell disintegrafidt S¥ 4 Heutralization

step, a clarification step, and optionally a conditioning step and/or a concentration step followed by the
purification of the biomolecute. The 20clarification is carried out by allowing the mixture which
comprises the precipitate and the tysate obtained during neutralization, to gently distribute and
separate in a clarification reactor which is in its lower section partially filled with retention material. The

precipitate isgetainegosmithetnpef ardavithinthedayenad thadeténtiomsnatediab. he:tleartdlysate is
continuously gathered via an outlet in the bottom of the reactor. Although thjs.method gpd 25this
devices are SEalEbIESHARYARSS g%ﬁﬁ%ﬁ%‘??% é,“ﬂﬁ&"c%a @@l{gyg‘% CriificAtivn HiéVice is limiting.
To increase fhgdamaint of biomass that can be processed within this setup the volume of the

clarification tank has to be increased or _%nothgi %Iarificdation tz%r]k ust bde a%,%li d to collect the whole
floc-volume, BB RERIHH§PMEIBARS BalirtrehEEE St IRT e AtV R R iR Brodticon SFOCeLE has to be
discontinuedit@iremayetthe flocsbain ddihecaldrificatboterdtos, dheiebyudelaylintide qrodagtion

process and causing additional warking-effort and. furth e ingcreasin isks for contamination.
Summary _ Imgoé%\%dg?ecﬁl §fl %&gﬁoﬁﬁﬁéﬂ@%@é{égﬁ %?@i ro&[ e%216 476135[% d and a device for
isolating polywaelentideswf interest fsomacptbceitdtetmbuercame thedithitations ofithi kinown
methods. In one asPect, there is provided.a method for rodu%ng goglasm{'d A,dshort Iinez?r 5 DNA

or RNA that &HEt S8E1BRYHY de HIBERERL, %%%ﬁs?ﬁ B S B IS S ivAfingG Tiost ¢aifs to
produce the plagsichi2hAdsdortitineatoDNAranxNAandeaptionalyrhanvestingalyd resuspending the

whereby . prUBTHTATASE T GE 15 ) SOReaI s ATy ST B e Rtte obvaimed!
p 1 ) (ffthél ClEATEY e’fysa ShPorm thé prempﬁlate obtained in
step c), e) puiibiingshaiplassnidDNAfishadrineahBhpAred RN#veral drawbacks described
previously.
A method and devices allowing the combination of more than three steps 1n an automated
continuous mode suitable for the industrial production of a polynucleotide of interest 1s
15 disclosed in WO 2004/085643 and by Urthaler J, Ascher C, Wéhrer H, Necina R (2007)
(] Biotechnol 128:132). According to this process isolation of a polynucleotide which is
not secreted by the host cell includes an improved alkaline lysis method as the cell
disintegration step, a neutralization step, a clarification step, and optionally a conditioning
step and/or a concentration step followed by the purification of the biomolecule. The
20  clarification is carried out by allowing the mixture which comprises the precipitate and the
lysate obtained during neutralization, to gently distribute 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 material. The cleared lysate is
continuously gathered via an outlet in the bottom of the reactor. Although this method and
25 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
30 the clarification reactor, thereby delaying the production process and causing additional

working-effort and furthermore increasing the risks for contamination.
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wherein a carbonate salt is added in at least one of step a - ¢), whereby due to the neutralization in
step c) CO2 is released and wherein in step d) the precipitate and the 15lysate are allowed to separate
in a clarification device. Such method and device should be also suitable for a continuous production
of therapeutically applicable polynucleotides. Thus; such process should neither require the use of
enzymes like RNase and lysozyme nor the use of detergents apart from SDS. Furthermore the method
and device should be suitable for industrial scale production of 20 large amounts of the
polynucleotides up to kilograms. A prerequisite for an industrial-scale production process is a
completely c ‘fi’?f’ﬁ'&féyperformance of cell lysis, neutralization and the subsequent clarification
process (see Figad hnlabiotue the arobléimantdérdylogethretiselespreyidrweafallaidgpsiepdovniece taken:
Based on the method.and evic? djts losed in WP 2004/0 1643%? %nber of e eri.metn{]s were carried
out to overcor?s HRIAHRR RROAS H08 8 B S & St RS ARS S TG BB M2 S KRR IGH the
method and dgvikeswesesibetkin WO 2004/085643 are scalable and work in a continuous mode, the
capacity of the clarification device is limiting. These experiments were dir %to improved floatation
of the floes and BBRARFERIYLOMBIE ‘é%leé:)% ir?tf}bolff';%é%gora iohof tﬁg%lgi%&ﬁ the ysﬁaﬁ%aheside
aeration of th@lygate 30N ahanixiureseitfardriaddifives del i) e etepritangd denspesitién of the buffers were

tested for improving floatation. It was surprisingly found t dition gf a c nate salt prior, during
or after the neut?éﬁ%ﬁﬁ"é%‘%e‘%o éa\%ﬁ Se‘i"s?d%ﬁ?ccgn% ﬁrﬂaﬁ%\?’eﬁéﬁg‘at%h?%qéﬁﬁe oésoé A during
the neutralizatipriosisiy knheneechiidatatigreisiinerhbytigdiated by small gas bubbles generated by a

chemical reaction. When the ca}ilbonghte as ?FS lid %alt or solubilized in a 5neutral to alkaline aqueous
liquid comes int§ GREACERRRBR A &R "€ released from the carbonate salt according to

Eebiliame
the following reagtiguesluationi<3R3R oRHREHr-2tDT, wWIidi2B r: pnecigriredinfeni«al, the disclosure
the carbbhate s Btis solubilized | a se arat t})#ffer/soluti n.{in anather embodiment the carbonate
salt is solubilize iﬁ%%@ﬁe‘?&%ﬁ b%ﬁ)adﬁ%?%? ?ﬁééﬁ}gﬂ?@%fﬁ B RIR ISRy the carbonate salt
is solubilized in $estispepsierpeneddiedinribotoltheanedivalizakidiAstep (e.g. the carbonate salt is
added to the buffer for resuspension.or is added to the lysis solution). The conceniration of the
carbonate salﬂ}i}ﬁ’??f’a?pﬁfgar%éff_ ﬁi‘feaé%ﬁﬁl}ﬁ 1?@&585%85%? UFFES Of Fnlé&f sfl%1 %(E)ﬁ[[‘l%n (solubilized
prior to neutrafizatigliaksonia sapas 0lalisowtloRddtandviipieierablep OPthe Pricijit@enrdation of the

CO2bubbles starts Whenlé‘ihve (iysed celltsolutio is contacg[ed.with the acidic neutralization solution and
proceed:';?gduriR@"ﬂ'ﬁfif’i’ﬁ”g‘a.l & Fﬁaﬁ?%%% BibRICSAHEH T Vemc?(‘)ncurrently generated precipitate (flocs

of (potassiumidodecylsuliale aanieciplaiet il cellARis: POlaR BN 9eRaMIG BNA) and thus
promote the subseduent floatation. This process results than excellent phase separation of the flocs .
and the lysate thdhiseisithi pappéquisite foymcienplete Tontinuokipopesatiboutd tisiproeesistap, for
fast separation of 10flocs and claied lysate and for 2 sfiet contagt fime of the precipitaled mpurites
Furthermore the method and device should be suitable for industrial scale production of
20 large amounts of the polynucleotides up to kilograms. A prerequisite for an industrial-scale
production process 1s & completely continuous performance of cell lysis, neutralization and
the subsequent clarification process (see Fig, 1).
To solve the problem underlying the disclosure, the following steps were taken:
Based on the method and device disclosed m WO 2004/085643 a number of expertments
25 were carried out to overcome the limitation of the clarification step described in
WO 2004/085643. Although the method and devices described in WO 2004/085643 are
scalable and work in a contimuous mode, the capacity of the clarification device is lmiting.
| These experiments were directed fo improved floatation of the flocs and concurrently
completely continuous separation of the flocs and the lysate. Beside acration of the ysate-
50 floc mixture different additives to the standard compositipn of the buffers were tested for
improving floatation.
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pDNA-containing solution. These results surprisingly revealed that a simple container with an inlet at a
given position allows continuous exit (collection) of the (pre-)clarified lysate at the bottom of the '
container. The flocs, containing minimal residual lysate, could be collected at the top of the
15container. The container, which is also a subject of the present disclosure, is a flow-through
container, preferably a hollow body formed as a cylinder or tube, in particular a glass or stabnlessl
tube. The tube may also be made of plastic or any other material acceptable for biopharmaceutical
production. The collected flocs may be further processed e.g. for recovery of the residual inter-floc 20
~ lysate by wasHirigeantrorsirshifeuBdbidaddiivaritionatthenhtos likeioenrifigativat@ndior filtration, in
a preferred e | ; ificati ' ' | 2004/, 3. mav be applied for
these purposg?%@%%gggé Ilgégcé% %l Zﬂtﬁ&%ﬁ%ﬁﬁgtg%l?%%ﬁ?#d%?%g%ﬁ%%%%ggggw%
subsequent pukificationlswes Tt Sobmend fiorsove re thiiuityfromlittedlog sveshing bucbiimining
steps may be I o) he cylinder, In an alternative
embodiment the f%%é%ﬁé%%%@% %g%ég{%ﬁ?fﬁﬁé?/ﬁr%gr&?r%@ tgedfs'eab?g%i%éﬂoﬂfoaaﬁaliﬁ%e%%sde flocs
either to the negtalizediebtecsileplatisRicr airesstinto thstasixite an talsepalatonylinder. The
o o e O R e e B e O e
neutralization) under acidic conditions develope a chemical reaction 30with the heutralized lysed
cell solution in@tjgommg sjnct_usg‘rialg,spz@e alkaline lysis process:resulting in improved continuous
floatation of precipitate flocs generated during WO 2009/098284PCT/EP2009/051370 neutralization is
novel. FurtherfRGHewrRbosEReatiohtbodismetion Glthishvowst telifinispiebilivedrie desecatdlowing
continuous separation of flocs and Jysate at an industrial scale is novel. The combination of the novel
Co2-mediate D AATUN Shct b PR GO FA0 GG CORARUUE ok bep s MO AP IRG AComiateer
continuous lysisfiadonentiglization asibndescribed in WO 2004/085643 provides following outstanding
advantages and solves tpe,limit ions of scale and.is therefore crucial for economic production of large
quantities of pASTTFDITA: Bo HBIBP CARIACO S BHA A AYEE SO SEOFFARARTOF thE Generation
of clarified lysatesfrahahiomass Qoonpleteboclosed GlRakle systerBsier for resuspension or is
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reduction of equipment size and costs improved floatation without additional devices or processing
(e.g. without air injection) simple and free of complicated adjustments and maintenance
demands 15- robust and reproducible gentle (reduced mechanical stress on flocs resulting in reduced
redissolution of precipitated impurities (and impurities attached to precipitate) increased yield due to a
more.compact floc layer and consequently less pDNA containing inter-floc-lysate) 20- minimal contact
time of precipitated impurities (flocs) and pDNA-containing liquid (lysate) Detailed description of the
invention: The present invention uses the release of CO2 from carbonate salts under acidic conditions
25with the effddtdfantiprdxsed ddaiatipTbé ackiocobsspredipitateryengrated Whemgméadalization in a

pDNA alkaline lysis procedure and to_allow.conti ian of th in.an especially
designed de@%%ﬁlﬁh%reygﬁ; [ tllé”lfﬁsélss &n }gflv?/ O?é%#ﬁ%%vﬁ@ﬁ%%ﬁergs(é lﬁ%ﬁ%{%%ﬁ%&g%er?sion the

carbonate saitigratdeibt) theprocessastonglas itisldehershoe byibeSeparialbris Sitherthe!
carbonate salf I3 added proc g ncuiralization. sadercsongyiel gralaling Gandiiaag.or it is added to
trafiz&d. ta jsed cell sol cp

the already nel oc containing lysed ce ution with an acidi . In all cases the CO2
release takesplaeédyicortactioy aitheooids 2009/088284P TTYER200e/ 051876 attaiutiothor a

suspension cotalnin the carbanale, sall o [Re. 2ol carhonals eallwil he, neylizert ysed cel
solution or th& heutralization solution. Fhe individua gﬁeps of the proa]uctlon process %%r biomolecules
(especially pBNArSapeyingpatkatinedysisnareid E8dihen HeionpSteps d)dcuw)sanmastdpeirncay be
Do TR RRM Reih oo R pier VS g @B R ame . her PRng Ao
prerequisite for a complete continuous operation of this process step, for fast separation of
10 flocs and clarified lysate and for a short contact time of the precipitated impurities and the
pDNA-containing solution. '
These results surprisingly revealed that & simple container with an inlet at a given position
allows continuous exit (coliection) of the (pre-)clarified lysate at the bottorn of the
contairer. The flocs, containing minimal residual lysate, could be coliected at the top of the
15 container. The container, which is also a subject of the present disclosure, is a flow-through
container, preferably & hollow body formed as a cviimder or fube, in particular @ glass or
stainiess steel tube. The tube may also be made of plastic or any other waterial accepiable
for iopharmaceutical production, _
The collected flocs may be further processed e.g. for recovery of the residual mter-floc
20 lysate by washing and/or draining, Beside conventional methods like centrifugation and/or
filtration, in a preferred embodiment the clarification device described m WO 2004/085643
may be applied for these purposes. The fysate coliected at the bottom outlet of the cylinder
is further processed by subsequent punfication steps.
The additionally recovered fluid from the floc washing and draining steps may be added to
25 the lysate collected at the bottom of the cylinder. In an aiternative embodiment the flocs
collected at the top of the cylinder may be reprocessed by adding these flocs either 1o the
neutralized lysed cell solution or directly to the mixture in the separation cylinder.
The continuous COs-release from carbonate salts (added in so‘lubﬂized or solid form prior,
during or after neutralization) ﬁnder acidic conditions developed by a dhemical reaction

30 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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In the method of the invention, preferably E.coli is used as host, in particular when the tobiomolecule
of interest is pDNA. Fermentation is perfoiTiled according to methods known in the art in a batch, a

fed-batch 8r&BHlitititis mode. Harvesting is also performed according b Mathade Rec\h in the art.
In one embodiment of the invention continuously operated devices, e.g. tube centrifuges or separators,

are used for separating the cells from the cultivation medium. If the cells (the biomass) are frozen

15prior to further processing, the cells can be frozen (including cryopelletation) directly after harvesting

or after resuspension of the cells in a suitable buffer, typically a buffer containing 0.05 M Tris, 0.01 M

EDTA at pH Sdtrdhistesés no-additietalresyspe npidinchifiechadiiatenadded pootl tedikaline lysis or
referred embodiment of the invention the res

it is required in lower volume, In a ‘ spension buffer
additionally CHEAPS 4R SOTIT S LAE A s ANEHTR R SO NERE of e TRV AR esting
and resuspending thie-celistinaydecrtittect ¢n(s-onghathe feuneiiation throtheaddeddifectly further
processed in the. lysis s#f(f béjwithout seﬁg%éatiortl of c%%%s and cultintion sﬁpernaﬁnt{
25b)DisintegPARHG YR Slkine 8K T BV iraip A LRAE %) LA B He HEHHEY SREBRIRY TS Aethods
known per seleptaterhblyvaccopdiigrsrmieihodd dhid dreigentlesandiarndeatitny i’ andonlintsabis and
automated mode using an alkaling lysis solution that.contains a detergent. A typical lysis solution
Conaists of NBHFLES ) 51t EBLITTSIo RAEy T SGHALE (SEo5) CLSeh THITERLE) T A HHAEG o
30other alkalytesadUions; detergents and concentrations can be used (see e.g. WO 97/29190), in
case of the method of the inyvention as long as a floccose precipi
55 (iRl

tate is W%} .
2000/098284PCT/EL IO/ 0% £976 S AIS A ORI the PPECAN ST BHS ShibB R4 b? the invention
the lysis solution adelisibfied!yyeamntaing tiemasbonate salt. The harvested cells of step a) are either
directly processed or tha%n, if fggze(#gqagf%re ée. . including cryopeltetation). Common to both
proced fes is that tRE'HR glété &g re %ﬁ' <0 B@%ded in a resuspension buffer as described in a)
prior to the intrinsic egil.digintetratipnstepiby. Aldemmatively the felmentation broth obtained in step a) is
directly further ptoc?gz?)%gved floatation without additional devices or processing (e.g. without air

injection}
- simple and free of complicated adjustments and maintenance demands
15 - robust and reproducible
- gentle (reduced mechanical stress on flocs resulting in reduced redissoiution of
precipitated impurities (and impurities attached to precipitate)
- increased yield due to a more compact floc layer and consequently less pDNA
containing mter-floc-lysate}

20 - minimal contact time of precipitated impurities (flocs) and pDNA-containing liqmd

(lysate)

Detailed description of the invention:
The present invention uses the release of CO, from carbonate salts under acidic conditions
25 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 m 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
30 neutral or alkaline conditions or it 1s 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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without harvest and resuspension of the cells. In this case, the cells may be disintegrated by directly
conducting alkaline lysis (and optionally subsequent neutralization) in a fermentor 10qr by transferring
the fermeM&tfIA3EH into the lysis reactor. In this embodiment without ré’&%ﬁgﬁoﬁ%{?ﬁﬁ& carbonate
salt may be added either to a neutral or alkaline fermentation broth, to the lysis solution or to the
neutralized lysed cell solution to obtain the floatation improving effect of the CO2 release (see step c)).
Preferably step b) is accomplished using the principle of the method and device described 15in WO
2004/085643. In the following, with respect to cell disintegration in step b), the term "cell suspension”

is used for bpthitheesuspepaeihealimalienbaivestinganrtihefaimesiidtanbbrath salt with the
c)Neutralizing/precipitating/CQO, release: 2%1\%/Bcicall .a bufferid solution with acidic pH and high salt

concentratioheRTaEEeABRRE GRAROMINT Ul R8I 8Bhtains 3 M potassium acetate (ICAC)
at pH 5.5. But also other neutralizing salts e.g. sodium acetate, ammonium acetate or potassium
phosphate may be used or added., Alsq this step may, in principle, be performed rding to
methods knowif Béidauss) ?B(fe(?gm& Ao 8%%%%%%{‘88%{%?%@% 18‘&(1# %ﬁ%%&’ﬁ %’3 run in a
continugus angigHeaRiGdMode ate anertrabodioveritofihe teytratization)stey b} theflyseetcell
solution is mixed with a peutralizing solution in a continuous, preferably automated manner. This can
be accomplié‘ﬁ%ﬁ%ﬁ?%@rﬁﬁﬁ%rﬁ?ﬁﬁfﬁed cell solution and the neutralizing solution e.g. by 30means of
a T connector or Y connector, at a constant ratio of the flow rates (= constant WO

2009/098284$>CT/ 2009/051370 rr%ixinrgdr ti?(j)%tanglfa sgrgg&rrpixing andwthereb%ythoroughly
neutralizing/Plecipitalinyg B s LI RaREA S Dl et

equé& mixing SEC |c§%s.uw?ﬁ%nﬁ embodiment of the
invention, whgrgdhe:aarbondie saitisaddecptidlyneutializ atieh x StleetCOgartlensevakeshslace

concurrently to neutralizi recipitating. Preferably step c) is.carried out using the principle of the
method 4nd HETEE \4&% R WoR oA B O e §s8 Taries HeBe S the
neutralizatiomsalgion, theapdy1a ot dhieardixtu recdadrease sitodacidic and frolllation of the flocs starts. If
b o B A P ASUREOlRD. U S0 e p B g o
further mixedts iawmixiog geciian(ely ofeattbiryisystem asdesoiitaddinoN@p2004/086643)dand
oy e D A AR VISR PISIG IR PP U RL BISHALLIGE AB%:n
15 prior to further processing, the cells can be frozen (including cryopelletation) directly after
harvesting or after resuspension of the cells in a suitable buffer, typically a buffer
containing 0.05 M Tris, 0.01 M EDTA at pH &. In this case no additional resuspension
buffer has to be added prior to alkaline lysis or it is required in lower volume. In a
preferred embodiment of the invention the resuspension buffer additionally contains the
20 carbonate salt.
In an alternative embodiment of the invention, harvesting and resuspending the cells may

be omitted. In this case the fermentation broth can be directly further processed in the lysis

step b) without separation of cells and cultivation supernatant,

25 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

30 other alkaline solutions, detergents and concentrations can be used (see e.g.

WO 97/29190), in case of the method of the invention as long as a floccose precipitate is
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15In another embodiment, an aqueous "floatation solution is applied. In the present invention the term
"floatation solution"” means an aqueous carbonate solution. This floatation solution is distinct from the
other proc®€s28%f1987%¢ in that it contains the carbonate salt and is addedt6™ky28¢4Mé&iéther process
solutions (The term "process solution” refers to any liquid that is used to perksi m alkaline lysis,
neutralization and 20optionally resuspension). This floatation solution may be mixed with one of the
process solutions prior the neutralization step or with one of the suspensions generated in the process.
Alternatively the floatation solution may be mixed with the neutralized lysed cell solution. The

concentratiopgtthe fatbenale indesloptation sebdinrids o7 the rReaef @Ol M tailta preferably
0.025 to 1 M. The mixing ratio of the floatation solution is 25thereby 2:1 - 1:50. Preferably higher

concentrated'¢diHsBHECeBlaSHEAEH 18RAFotaine are applied. When the floatation solution is applied
continuouslyithe WE@%&%&%%@@'iéﬁ%daﬁyem%{ﬁﬂ@c@@t?‘ﬁ)ﬂ@é@e@lﬁ&Eﬁk@ﬁ!@@i%z@@Bgﬂﬁé Qrecess

suspension). In this embodiment of the invention using the "floatation solution” in steE c) the

neutralized tyS3B0EA SRR bE ABATRIP R TTBSEAHE Solltidhs ParesithtrdtisdSopreferably

automated ManREEndiSis 2eGAPRIBDE hBY-cQIRIRINGhens wrkzedHysedicall sglution (containing
the floccose precipitate) and the -floatation solution”, at a WO 2009/098284PCT/EP2009/051370

constant rati§ BPREHRP PFBL (= constant mixing ratio; e.g. by means of a T connector or Y connector)

and ensuringatharowgtly mixipgancihereRCBairleassdying Hassperation plohaseaction mixture

to the subsequent clarification device. In this embodiment the "floatation solution" may be combined
with the neuffAiRsE e CHIFSRNTBRSICAR] Thie D@l FRsmbshTy SOt B tymaaatetMSolution
and the neutplizatici soldtian anditheickaificationidevicesiyelgrshy.within ety si hati-afther

distance. Independent of concurrent (simultanegus to neutralization/precipitation) or subseguent (using
the "flodtatiof! SOIGHOR et b EL Rl IgR RER SIS MAINGAS BTN Bt AR ¢ e hout

floc-precipitatgs ifiRralvn iAPYiRG ABSE sepaatignotysateanskilaes duingithedateneladfication.
The calculated theoretical carbonate concentration in the re ultli g élslsate-floc,mi ture (with attached
CO2 bubbledyeHoifd e YiHE Myt At R G 6856 byoss &a BYABIPSAHB RO HD.05 M.

Lower concemtations wardd sesutannegligiblee@pelgase while too high concentrations would result
in disadvantageous 15foaming. For accomplishing the CO2 release by one of the preferre
embodiment?g S R AC R RS AR B R ESBEL Srthsd iR W@f@é’?}ﬁ% %%ﬁ%@?’é‘ﬁeﬁ‘ﬂfiﬁ @éﬁ.%ﬁﬁ‘is device

is a tubing ofialypot B3R saas inner diameter (depending on the scale of the process) preferably

greater than 8 mm in order to avoid shear of the flocs at the tubing wall. The grientation of the 20flow
hay be in A HfoEISFY BFe i AbtS BbiaP e BRSBTS DA S GB gpopensin s

used for both, the resuspended cells after harvesting and the fermentation broth.

c) Neutralizing/precipitating/CO- release:

20 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 pH 5.5,
But also other neutralizing salts e.g. sodium acetate, ammonium acetate or potassium
phosphate may be used or added.
Also this step may, in principle, be performed according to methods known per se,

25 preferably according to methods that are gentle and could be run in a continuous and
automated mode.
In one embodiment of the neutralization step ¢) the tysed cell solution is mixed with a
neutralizing solution m & continuous, preferably automated manner. This can be
accomplished by combining the lysed cell solution and the neutralizing solution e.g. by

3¢ means of a T connector or Y connector, at a constant ratio of the flow rates (= constant
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30 cm to several meters allows gentle and complete mixing of the solutions and thus precipitating the
cell-derived impurities and CO2 release. The mixing distance, the inner diameter of the tube as well as
the retent®OtRHE/198He mixing device effect the quality of mixing and the REf3(EFHE%8PAsation of the
precipitate and CO2 release. 25In another embodiment including step d) in a non-continuous mode the
carbonate salt is added as "floatation solution” or as solid salt to the neutralized tysed 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 suppartiheMAgeAEPURdistibHtigR.ofthenipataticisalition-30anentisvislaidiametes of the

clarification device via the retention material located at the bottom of the clarification device. For the
embodimentSHitiaR e £ 8 bR SEIPABINGHOWO 2009/098284PCT/EP2009/051370 the solid salt is
added from an additional inlet at the top and homogeneous mixing may be achieved by mixers

additionally installed in the lower part of the clarification device. Any other location or mixing method
for the additiBh(Elﬁtﬁ’é‘bﬂéﬁlﬁﬁﬂbﬁfééﬁjﬁﬁfﬁm@?lth@’}é%ﬁdht?a%‘@ﬁ&f’éﬁﬁgwﬁi?@%@lﬁf&%ﬁ’(ﬂ}ﬁﬁ?}i‘ﬁﬁ%{%eous

CO2 relgaseip the Neuializgad dysas:cehasokuigndispossibip s reiatmitae improved gentle
precipitate floatation of the method of the invention. In all embodiments when a "floatation solution”
(added after RGOS BN i tRETISE oM SHREIGITNELERIE ShiaingHy fanst doitsm el s asrdda
"floatation sojutionjeenaselyime of neutralized lysed cell_ solution) is preferably chosen on the one
hand to provide CO2 release 10sufficient for complete and compact floatation of the}gézcipitate and on

the other harfngs Soldsess st 6ARTEMR A ROBFAHE ¥ LR YA HGHG R R Ry tamaToStidHally

washing) Forthe adviepiagesusRpalicationohiheeethediet eahandediieatationotareaipiiaies 15
generated during neutralization in an alkaline lysis process by CO2 release from carbonate Sgéfillet in an

industria? scaA8dsFoREes tHRCHEMEHI AR e &Vike RS MR BRI ErEHSH BE YIRS
precipitate) ischugial cAysertianfication wedesiienathaniageeusiapplicationsef thenmnethed of the

O AT PO S o S A oo MoK S 33684 643) and
concurrently transported to the clarification device, preferably by pumps or pressurized
gas.

15 In another embodiment, an aqueous “floatation solution” is applied. In the present
invention the term “floatation solution” means an agueous carbonate solution. This
floatation solution is distinct from the other process solutions in that 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 alkaline lysis, neutralization and

20  optionally resuspension). This floatation solution may be mixed with one of the process
solutions prior the neutralization step or with one of the suspensions 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

25 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 1s 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,

30 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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While the first clarification mode is carried out according to a method utilizing a device which are per
se novel and a crucial part of the present invention, the second and the third 25mode of clarification
are basedWPPAMYEEEMe clarification-device and on the method already diSdiGE2AHMWE"
2004/085643. In a continuous system (I) the CO2 release usually takes place prior to the entry of the
neutralized lyscd cell solution into the clarification device. Nevertheless CO2 release in the clarification
device (as described in step c)) by addition of a floatation solution above the 30outlet of the
clarification device described below is also possible. In a fully continuous system flocs and lysate are

continuouslysgrarateddntheciarifieation-deyicant hedieatai W2 00 HRIS2ESAP T TAaR20HYO51370
may be recovered at the bottom outlet and the flocs through an ou Iﬁt at the top of the clarification

device. An adveRAHAoG! #7E FHSHHGE By shle SR EAHAHETR o tha FOMRTBEEEnd thus fast

separation offlagsopnddysAtadhe.caniaslitime is mintuizesdhesrby catiimiznghin nisis of degradation
and introduction of impurities, which results in 5a high pDNA-cauali‘&{di the co I,ec%ed I¥%at The novel
g ?%i ey

clarification &W@Qi%*b@%cgﬁétﬂf‘ﬁla@&%?%f&@% FREH BEHERRaERlYS is

acceptable fop phigraasepticaliadustian: Mrhasisosetupint theglasificatipplenicthis shown in
Figure 13a. The clarification device could alsg be extended, as shown in Figur 1;3%, Th%\%hape of the
main part of B ERIARCAREAI YRR ORA HIAERC DT RH Xi&]éq@@g&?%‘fﬁte HofbWbody is
applicable. Step.d)dn the method of the invention is independent of the shape of the reactor. The

clarification device has an_ outlet at th ‘bottom (6) and ano her%glet at the. tog (gr%y\%hich are
advantageoUSRFABGRER P EOHTRIJOERIER50E? [ UERHEY R BIERYAEDIRE M ’ivd Ehtinuously

remove floatingipsesipitataioss allthpiopCThedeilethaibpreferablydachiddicsass seatiedally

central on top and bottom of the clarification device, although any other positipn on the. bottom and top
are posgiime.‘EﬁtEH%%%@F@%H&Q&%F#&{SE}Sﬁ“a%fﬁw%8#%?&%%6%%%?%@&@56;)%@5&& betve i

Ween the bottom
and the top quiletsiprefesably Ththemiddie afdhistdistanteniibeauitetsasod thehintet (kjrare preferably

orbsont inve TG e A UL hor A TR a1 SRS S lose.

conduits. Singg hg navelelayiicaton: devicaecartbeoperateddincarfutyi@ontnudusmode its size may

be reduced compared to devices for semi-continuous or batch clarificatjon. xample based on a
i SHARRAE SRR

predominantff8 SAP3rdpes s it SRRCRFTHAR A A LR fiction - processing 10-
1500 kg of bigyagss preferably 50- 750 kg, are 20- 100 cm in diameter and 50 - 300 cm in length,
preferably 30_- 80 cm in ,d_'amye er and 100 - 250 cm | len thfmTQ diam 1t]r%r'_rt1 Slg%‘tﬂrgﬁg%ﬁgould be in
the range of T f’é‘fﬁ’@;lﬁlﬁ%éﬁlg%ﬁ PE. Yn%?gggrk’ﬁ P%S Fglg%ﬁ%a? dgvice may rééultin even
better separatiancand drairibgeinfire floatingfidésisFdheblanficatithidévice:is equippedivith a port
(15) Connectg OVI\J{’itE Ehf()bugizgl%ge\{y ggleter (depending on the scale of the process) preferably greater
than § mm in order to avoid shear of the flocs af the tubing wall, The orientation of the
20 flow may be in any direction, preferably upwards (form of a spiral). A mixing distance of
30 cm to several meters allows gentle and complete mixing of the solutions and thus
precipitating the cell-derived impurities and CO; release. The mixing distance, the inner
diameter of the tube as well as the retention time in the mixing device effect the quality of
mixing and therefore the formation of the precipitate and CO; release.
25 In another embodiment including step d) in & non-continuous mode 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 n
WO 2004/085643. In this embodiment the “floatation solution™ is preferably added from
the bottom outlet in order to support homogencous distribution of the floatation solution

30 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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neutralization/precipitation and preferably CO2 release takes place. This port may itself be WO
2009/098284PCT/EP2009/051370 the inlet of the clarification device and is directly connected with the
neutralizaffo/2p086R%8ion tubing. Alternative the port is connected with FEiEFERAIRYX g (3) which
itself is connected with the neutralization/precipitation tubing. In the embodiment wherein the port is
the inlet, this inlet is a simple hole in the lateral jacket of the clarification device Swithout any further
parts projecting into the clarification device. In the other embodiment a preferably removable
distributing tubing (optionally made of rigid material suitable for pharmaceutical production; e.g.

stainless stegl). gxiends: intodhe: dapficalan:deNiFsnitha wbing endsonieaalbuinibapigdieds the

clarification device. The end is open. In both embodiments the port (connecting port in the first
embodimentashiavaobeseiraeaddoionmy)insteldeddn s i dstioradcatianisgiebeiteen the
bottom and thg, top,euiist prefeirb i ergiddle fithis distanagehRRAinieh mavReefisame or

larger diameter compared to the neutralization tubing (16). In the second embodiment the port may be

located at arGERSSiSPEMHE | sPftatiy denresprens Sbly tsadrstiiBring HiRei& 8k ertEd in a way
that it allows Wpwahds fRweidhe nemraliaediiysed celsplutiprandd hasndspreferahlyipdhs middle

of the clarification device. When the neutralized tysed cell solution, already containing flocs with
attached gasPuiBBRYI®nters (1) the clarification device via the port (15) or the distributing tubing (3)

immediately {he, phagessenatala-Pyedgdhaaltachedwasubblasthedansty dmassneryalsme) of

the flocs is significantly reduced compared to the process without CO2 release, 20Therefore the flocs
(7) start to fIGRLBIPMSSIHEFIbE TIHHE TG (P I8eS abatdisLidoriatos) shlme i ArficaivRdeVice, When

the liquid levgLin.the Llayificationsdayvies issaheneahe insleins 9rs tidiblsdntestiiate complexes (7)
are forced in upward direction to the top outlet. At the beginning of the clarification step the clarification

device i¥empailiTiRat Serermpsiuird carmpae By tRrs el thr e iAfcbATIbSieEE hred Rith

neutralized lysgdcelh sabiiomRie BT the Riiached gas bubbles the density (mass per volume) of the
flocs is significantly reduced compared to the process without CO2 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. 30Altgrnatiys.theclarifigation devissusmalieasdysfilled with liquid, usually with a buffer
containing components similar to the lysate. Starting the process, the bottom outlet/valve WO

2009/098284F% HE S EDETIS POREFEIE Shdheinshadind ermB GHRMMEHP ARG Raintain a
COnSta”ltsleve%&fe%%&n&ﬁﬁﬁg%éﬁ%!?zim iR dheearficationsadeeincoghau shapioeassaliae
e

constant level of the interface lysate-flocs is_contrglled through the opening extent of the bottom valve,

which option&fl}} 18 aRirtEal SeRk PENsRTE e BLRAGH Pt S atth b SO REFpRETon of

the floccose precipitate) is crucial.
Three clarification modes for advantageous application of the method of the invention are
possible:
20 [. continuwous
I. semi-continuous
i, non-continuous (batch)
While the first clarification mode is carried out according to a method utilizing a device
which are per se novel and a crucial part of the present invention, the second and the third
25 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 (1) the CO, release usually takes place prior to the enfry of the
neutralized lysed cell solution into the clarification device. Nevertheless CO; release in the
clarification device (as described in step ¢)) by addition of a floatation soiution above the
30 outlet of the clarification device described below is also possible. In a fully continuous

system flocs and lysaie are continuously separated in the clarification device. The lysate

-16-



5the volumetric feed per time (inlet). Therefore the additional volume has to exit the clarification device
via the top outlet (8/9). Since the interface lysate-flocs is below the top outlet predominantly the flocs
(with miniiVal 26e88833iquid between) are forced through the top outlet dUffnt/tR&pEEEES. For ending
of the process, the feed is be stopped by closing the inlet valve and the residual lysate is recovered
through the bottom outlet (5/6) 10till the residual flocs floating on top of the lysate reach the bottom
outlet (5/6). Another option to the end the process is first closing the bottom outlet (5/6) and continue
to feed the clarification device, optionally with a buffer solution containing components similar to the

lysate, till allfgsiduatiioes-aradoreadrih alihe deaviee iR ihptopioulet(Ri): thbecpledtliysate present
in the device is'then siméﬁ)sly_recovered via the bottom outlet 15(5/6) as described abO\ée (top outlet (8/9)

and inlet (1/2jalI8sationssiice AR AR REVET(U15) BF e h B BHEETOPHE 180 Bi5tiSrE%or ending of the

process coulghalsR.Hes GamBine tin dhafolonwiTawayifdinskine isatads r eeayaredmesasding to option
1 and second the flocs are forced out of the clarification device via the top outlet according to, option 2.

20In the altethERVE BABIHAS S afresys igios aad dendi bR RS IR A L 58 fibed in

step c)) a -float }pﬁmw'@ﬁ'ﬁ{% addrd:enutinaousic to the lysate-flocs mixture in the clarification
device via an additional port/inlet, designed similar to the one d,eTcribed above for the neutralized

lyscd cell solflBBACESHEHHHICAHNR BB IR e B aSHH AR BB HEF #WHSHribution

(e.g. a perforgtrel-plateiok @J&E&E@f@%ﬁﬁ@é@ﬁ%@%@fo@m ngsite:the sfarification device.
This inlet has to be positioned between the bottom outlet and_the inlet for the ngrl#rali)zed tysed cell
|

solution. The"BEREHIBRADRTAESTBIILIRHER o M de Ve BRI SiEh I EOAERISR order to

guarantee cmplpillsABFeEN e RO MRlcB disehawehanthzopapletiealanbtaficledning solutions
after stopping the process. This bottom part may be equi%ﬂgd_with a 30fi tuygl%@%suit ble to retain
residual hon MBRHRG TR Kh o R R IBBYSRE GUHEY G rRANGVABIS Fisd TR 38 BiottSh P ARt 6F the

clarification dgvigsds defaahableotiomithe M2 00 HOIBLSARCHTIER2009/051370 residual device.

Fixtures may be perfqrated plates, sieves, nets, fits Qr any ather installation or material eable for
the lysate. THEMAIEASFEPIARSEMNGATES AP HY ﬁgﬁﬁgﬁt{ﬁgﬁ ]éé]t?&ﬁf%étf’ '%E/astté%ﬁ %ﬂgﬁg]ss steel,

glass, polyprapylangosmaaiRennadetiahsuitablemfonpbanmaseutiqat pradtieddpsdr atgpecial
embodiment the fixture is a retentjon Slayer with similar ar idetthicaI parts as,ltne retention layer
described foPHERARiCHBmuously remove floating precipitate flocs atthe top. The outlets are

15 preferably located cross sectionally central on top and bottom of the clarification device,
although any other position on the bottom and top are possible. Furthermore the
clarification device contains a port (15) at a position between the bottom and the top outlet,
preferably in the middle of this distance. The outlets and the inlet (1) are preferably
equipped with valves (2, 3, 8), which can be opened and closed separately. In the meaning

20 of the present invention valves are any devices (preferably membrane valves) suitable to
open and close conduits.

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

25 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 ratic 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.

30 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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reactor in WO 2004/085643. Additionally depth filters may be installed at the bottom outlet line of the
described clarification device to ensure safety regarding undesired breakthrough of minimal amounts
of non-flodigzfisedsadernatively the recovered lysate may be fed into théClERaeftfgiFiéreactor
described in WO 2004/085643 for fine clarification. The top part of the novel clarification device is
optionally tapering, preferably conical tapering, to an inner diameter similar to the inner diameter of the
top outlet valve (8) and the outlet tubing following next to the valve consisting of any material suitable
for pharmaceutical production. The inner diameter of the upper tapered end of the top part of 15the

clarification qgyice(dHRONSEALAMY J06 JoRrvaly %i@é&@l%ﬁ%%mﬁﬂt%m&tﬁl%iwge of about. 3

- 200 mm (depending on the scale of the process) preferably greater than 8 mm in order to avoid

shear of the fitrsaraiatias tibing WalETRHE talbe oG- Higlene L b 1ol pahsBitnane Arfieaton wbike is in
the range of 1Q¢ i%oco‘a'if‘ef&fe%hb’ﬁ%ﬁhéﬁe&bﬁiééﬂ%%geefﬁﬁé%@mmgpﬁ%@éﬁ%m&ﬂ%&@mch

provides enhanced drainage of the 20floating flocs (7) and reduces Loss of lysate through exported

flocs. This taihermgttsgisaitier thé cngifieatiomplevies mahblEptionain; aetbe REBIE@ g féFs&harate

cleaning). In@ﬂﬁé@%ﬁm?@l@pﬁ%% )@iﬂg%@tea%ﬁ%@&%@hé@k@%@@%@@@@M&%@ﬂg lysate

is connected to the top outlet/valve (8/9) of the clarification device, preferably in straight line. This

additional uriéEniaramereble disishabeediming tentienappanasisd brthe mewEahissiincdelice (main

part Cy|indfiC@%{Fﬁ%é&@&mﬁ&&'&lﬁi@ﬂ?&!@%ﬁﬂ[@&ﬂ%i?%ﬁ@&é&eihﬁpm@éfz%ﬁi%ﬁ%ﬁ mRipLClapfication
abo

device e.g. ut 1/3 of the length of the main device, The inlet (11) of this additional unit is connected
to the top oufititg) Bt RPHM el AR tRaTSACR e %E BERR it iafdtet SbHt @9 Fhis inlet (11) the
diameter of theragelitiapalisnibis IRCIRAsRd R IR 3 similaninmer diamelerasdhe.main dlatifigation

30device). In a preferred embodiment the inlet (11) of the additional unit is not the lowest point of this

unit. In His aftbipalivelespednisaT oIS IFoRTIHGTGK AdsigohhrtrreTstasthetopyend the top
2009/098284RGH/ER2008(0%1 #0rHeacending omdhe ﬂ@%&%‘i}ﬁd@ﬁ!@t&@ﬂ' §£y%.é/%t}q@%e@ttom area
e

or at a certain point. An outlet (13%$v‘\;i.;[h a valve (12) may be located at the lowest part of the bottom.
When the préigmiHadasesrehisr e eHistysiPartonid Qatiibaarcrnd FeXRad ST BC @Y a further

phase separafiangarerass akes HasaohilsLbr fnssaie Roain Boating (7o dheton ok theing

5additional dQV|ce, residual lysate previously trapped between the flocs accumulates at the lower area
and could belEEETETS dNat Y GRitlat %ilgyﬁwwgﬁc%qﬂ%%ttﬁfzmwm%lwf#&%|§Pa&teﬁfat¢c5uy,

periodically Qreentintpislyarsoeddmaway-thatminimaldlecs are exported together with the lysate.
The top of this additional unit is designed similar to the top of the main clarification device with an

outlet (14), a Wk ) neiralisehhraé o ntirgy A Y O HAMEStRATA Y HbATRFS S Scond outlet. In

the embodimembnihcdters (1) the clarification device via the port (15) or the distributing tubing (3)
immediately the phases separate. Due to the attached gas bubbles the density (mass per
volume) of the flocs is significantly reduced compared to the process without CO; release.

20 Therefore the flocs (7) start to float on the interface to the more or less clear liquid (lysate)
in the clarification device. When the liquid level in the clarification device 1s above the
iniet, the gas bubble-precipitate-compicxes (7) are forced in upward direction to the top
outlet.

At the beginning of the clarification step the clarification device is empty. The bottom

25 outlet/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 1s
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 iquid tysate in the
lower part of the device.

30 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/vaive
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single top outlet (14) the flocs are exported in the same way as described for the main clarification
device. In the embodiment with two top outlets one of the outlets is equipped with a removable fit or a
connected¥RépPopéIfesenting another point of lysate recovery. When the VAIVEBIMH#SEYSNd top outlet
is closed during the process (assumed that the 15bottom outlet (of this additional unit is closed) lysate
is exported through the other top outlet white flocs are retained by the frit or the filter. The lysate
additionally recovered in this unit may be added to the clarified lysate recovered at the outlet of the
main clarification device (6) or to the lower lysate phase in the main clarification device by appropriate

tubings. ZOT%a?@ie garification.dryitamanbeexpandeddcassade Mkehwith vanesthae one of the
1ne

above descr additional units. In yet another embodiment another additional clarification unit may

be connectedteriies topasuliecofbasiariioaritr dssir By bovisthemers GRr el sr wbe
put into anotherulg(ube eALYRe) if RENPRELURS ISICONNEHIRh S0 MeniQT BlatialRikhemain

25clarification device and has an inner diameter similar to this outlet or smaller but at minimum 8 mm.
The outer tubiRF@RELRTY dseTremRithbin oM IS R o gy BF aithasthn Ratieat i Rissain
equipped witlpawalvaihientta the sarnactionidhedrnar ihingiaithenmaimelagfication device. The

outer tubing is fixed to the inner tubing at both ends by e.qg. suitable gaskets. The direction of this
tube-in-a-tubdHiBiRaIbTY e (¥itg menﬂeﬁ%fé?&—p%ma%ﬁdmefﬁ%@f@f%ﬂ% thamCdaHidaRon

device. The lgnathig 8 £angeotRe:awite Sminiefenahll iythe saner:of H ks thisadaner tube
is perforated over its WO 2009/098284PCT/EP2009/051370 whole length in the radiallg lower half of

the jacket, préfetebRrirtHiva R HBRS B 5Qisadigmnidhs %S mibs L66iing HaBRSE &% the flocs.

The flocs expastad: thongh theweuliatal the maineladiication devigeare forcedibrougheths /mner tube.
Due to the attached gas bubbles the flocs are predominantly transported at the radially upper part of

the tubify, SihiBereRshiarnSeatnmander fdhnterttBRiGARS BHIHEFERGRIdN and is collected
in the outer tubing anghrissayaredAd the &%@@géupmmlﬁhgﬁner&%mmézw@ fndthendrained and

lysate recovery increased. The lysate additionally recovered in this unit may. be added to the clarified

lysate recoveFéf REtR@HITARIBE #EIR N EPIAHEABR HBYEE 5P R AT RMERIYE SPPIORSE the main

clarification deyige: by RpRYeREatE bingsuio N an esherembedinanttbetopdparspbthrmovel
clarification device may be equipped with mechanical skimmers, which continu{%;fgsly skim the flocs

exiting at thef8 ol EGFTHESAIE e A dEGIHRY I i e B BSOS 51 (i PREGELABHEY with a
skimming toy aHewing cetiraticinof the kimmedilass fartutercpecessingatnyatiapatties (10)
embodiment ;??hg?oc; (?p%?} ‘gci{r)r?ply overflow at the top outlet and be collected

The two options for ending of the process could also be combined in the following way:

First the Iysate is recovered according to option 1 and second the flocs are forced out of the

clarification device via the top outlet according to option 2.

20  In the aliernative embodiment wherein CO, 1s released in the clarification device {as
described in step ¢)) a “floatation solution” is added continuously to the lysate-flocs
mixture in the clarification device via an additional port/miet, designed similar to the one
described above for the neutralized Iysed cell solution. Optionally this port/inlet may be
equipped with means for better flow distribution (e.g. a perforated plate or a frit} at the end

25 connected with or reaching into the clarification 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 stightly 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

30 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

~1G-



15in a collection ring attached radially to the top outlet. By overflowing the top outlet the flocs may be
drained and washed by flowing over a perforated screen (with a ring to collect drained lysate below)
before falli§ A¥A138286llection ring. The bottom of the collection ring is pFETEFERAY BNy directing
the collected flocs automatically to a tank collecting the drained ("dry") precipitate. 20In yet another
embodiment the floating flocs may be sucked off at the top outlet of the main clarification device by
means of pumps. Every additional clarification unit described above may be combined with another
one. The separated flocs are optionally further processed (e.g. residual draining, washing). Residual

draining mayhesaacamplished according: pmstheds kranidnthaalt 8ig #5iiliratian (preferably depth
filtration), application of filter presses, centrifugation or e&uivalents. An advantageous gentle draining

method, whitsEdiatise esmmintal Rrrsaie WalKihgdtep s dederBbalih RSB 08%613 4ilizing an
especially deggigned.alaeficatinrieaciosingluding.a seatledistripuiorinassienianimaierdakin the

bottom. The method and device described therein can be easily combined with the present invention

; : Yy CC¢ . p
by 30applyingiiblefpoPledmacctis thaTemiia:oh ¢ SRt SPRRY Dt54 /68 64T S pEWBHng the

drainage and\yaspingspacedr e aesalipedsthereine WRRIDVOSRBARCTHER20Q0/ARLRA0 For the
washing solution/buffer a composition is chosen that does not re-dissolve the flocs. Washing may also

be carried ode#FBIMBIING dD8trehin of exiting flocs and washing solution/buffer and

mixing/contaglingiiAn; A depieesiRlafatodb & neubaliz atiop kN g Wi RO A8 a6 4aptionally the
flocs may also be washed In a separate tank (batch or 5fed-patch mode). In another embodiment of

the invention“lAETGETHY 158 TR EPOIEE 1At REVEI M RISHIGH HERACET bk Sf JTEnAHA FBPHE floating

flocs exportegrabihademauiiedohthe-clarficatindevisearestiansppueeigioniinimiiabiagk to the
clarification device via suitable tubing and a separate inlet near the inlet of the feed solution. For this

emboditient ita§108eRAREGEON O S QHY Gtiafab fae roaE3HUbIution in the novel clarification
device. All vatygsdp taf desrrihedrabatlispataie-arelstab membiane yaivasbuoriay also he e.g.

ball valves, gate valves or anything else suitable to open/c|ose tines O%pes and/or c%ntadﬁe{ﬁd Some of
\7

the valves deaesis 1A tHBRIHUAMET S AT B8P BRI Piog oML E
influencing thedasic/Ripciple tHRiastesekshadrientiamsihinotbe semi-aentinuousisysiem (1) the CO2

release usuallﬁ takes place prior to the entry of the neutralized lyscd cell solution into the clarification

device. Never 53 RERSE-tRAI A HCHABI a0 AP PRE RRSHREE RE R &I By & ding of a
floatationy solytionalrveidheieutiet afdhewafification deyicrideserhrd isirisiteasible) Fanthe

application Oz‘egggergg ztitg)ggtp Zf% tb%()l(r)] Q&ti&gggn?iirs}_grgk %k?engic:nalfg g trgeogr%ég%) preferably greater than

& mm in order to avoid shear of the flocs at the tubing wall. The tapering-angle of the top
part of the clarification device is in the range of 10° — 80°, preferably 25°- 65°. The
tapering creates a bottleneck at the top outlet, which provides enhanced drainage of the

26 floating flocs (7) and reduces ioss of lysate through exported flocs. This tapering top part
of the clarification device may be optionally detachable (e.g. for separate cleaning).
In another embodiment an additional unit (Figure 13 b) for the separation of flocs and
lysate is connected to the top outlet/valve (8/9) of the clarification device, preferably in
straight line. This additional unit is characterized by a shape similar to the upper part of the

25 clarification device (main part cylindrical). The length of this additional unit may be
shorter compared to the main clarification device e.g. about 1/3 of the length of the main
device, The infet (11) of this additional unit is connected to the top outlet (9) of the mam
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

30 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

20-



20clarification reactor as disclosed in WO 2004/085643 is preferably used as clarification device. The
neutralized lysed cell solution (containing the precipitate) may be applied via a top inlet and the original
or adapted$paiianeRasigned distributor described in WO 2004/085643. InBrigtiaf@fbediment the
inlet may be at any position of the clarification reactor which is 25above the retention material. Due to
the improved floatation by the method of the present invention based on the CO2 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 MMRRTQ! 13KEHS a{eag@p&%%ﬁh% fingne se/maEPsits of the wienligpmalesial. By

example 30only course glass beads may be used above the bottom fin. WO

2009/098284RtsT A2 Protb/osaa?d 1R dansiksr ertsdhibaler trersshoi donhatios Wode Bt 158 method

of the Inventjgn:onlyRlninal-(6 9. sRAe4ee fiionaadsiantion natatatisttiized infheglarification
reactor of WO 2004/085643. Additionally, depth filters may be installed at the bottom outlet line of the

clarification rasfoPIPREHKINETOATSH FetiatHiry NrHlsiredIBraaktriergHipttnmhErsRisnms e

non-floating fjg&sichREdse Mi:GRRINYONS REGRESHENTSHIRA thewdlahitkationyeacteiisieompietely filled
with (floating) flocs. The flocs in the clarification reactor mag/ be washed and drained according to
[

methods desemsed i Wi ot raseaseratab iy Adtitaasa Bctdhgdd it Wo
2004/085643 388N i&iﬁb@ﬁ@l&ﬂﬁ[@@{&%&@l@wmﬂm@w@@m%cafm@ WRYERHRNA focs

semi-continuous mode any other hollow body with an inlet and a bottom outlet for (semi-)continuous

recovery of tREIGE2RESE Waeane woihis BATosEh cARmR AR A9E HP I Wahis d5HERED S&ElaT e ation

mode com padi?éi&ﬁ SRS SeMicGertiaUer s slasification metbodsknovanintheritisdistnereased
capacity. Due to the 15im£roved floatation by COZ2 bubbles attached to the precipitate flocs the layer

of floatinfy flo¥e e sredhbattdeiRglie seNEat et AUHE HochcrreefdnE thaiHomass can
be processedindth agivanvolumefaraceunaniation of the fogs inihe dayificatioa:dayigrid he recovery

o Separated{'! asriaf%%ar‘giggsdeexlr?cren lljrc;: rt]hee%%%ro'«[cﬂ%%nrte \(J:vci)t\f}etr%/foogg S()alsttteie%ac?&ec? f Méhgﬂtigt% I!%qusliipped
with a removable frit or a connected filter, representing another point of lysate recovery.
When the valve of the second top outlet is closed during the process (assumed that the

15 bottom outlet (of this additional unit is closed) lysate is exported through the other top
outlet while flocs are retained by the frit or the filter.
The lysate additionally recovered in this unit may be added to the clarified lysate recovered
at the outlet of the main clarification device (6) or to the lower lysate phase m the main
clarification device by appropriate tubings.

26 The main clarification device may be expanded (cascade like) with more than one of the
above described additional units.
In yet another embodiment another additional clarification unit may be connected to the
top outlet of the main clarification device. This additional unit consists of a tube put into
another tube (tube-in-a-tube). The inner tube is connected to the top outlet of the main

25 clarification device and has an inner diameter similar to this outlet or smaller but at
minimum & 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 fubing to
the main clarification device. The outer tubing is fixed to the inner tubing at both ends by
c.g. suitable gaskets. The direction of this tube-in-a-tube combination is (slightly) mnclined

30 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

21-



20The system/method for semi-continuous clarification as described above may also be
applied/perforined in a non-continuous (batch) mode In a non-continuous (batch) system (lll) the CO2
release takés2812888the clarification device after the entire neutralized |§§§(§E&’£ﬂ0 ORI is filled in
the device, leaving some space for the addition of a floatation solution. CO2 release is carried out
directly in the 25clarification device (as mentioned in step c)) 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 tysed

cell solution gpntaiging theflos prasiniiale: KO3 rmegiaked fediation isisiarahdf helbottasiautlet is
closed till floatation is finished. Afterwards the 3§}ysate is recovered in a simiﬁlﬁ{ v]@{iﬁs det?cri d for
i 8 RS

the semi-conBRTBIE $4/3t8 FmpHE QIATECRARSAES @éel%%iﬁbghﬁe@géﬁgﬁpﬁﬁﬁf’a givan for

the semi-coRtinuous WA Q98R8ARGHERRARIOS L3 Rusysten, Piefesablyaacirding to the
clarification reactor as described in WO 2004/085643 (similar a%{?i ations/chané‘;) %as gescribed
above for theuhbnes dbnfingoae SyetompaatiniEn BRieh Al arr ARG RER § f theHbcs is carried

out as descripgbigrthe:aginceRiipsoYs SHRIeM-Plbmeskiing Ysaiefecoverestity arjene! of the
systems described above is either optically clear and can directl further processed.e.g. captured,
usually by chRGRFRYGTaHRIBESAHTRAESH Y fARRSF B IR B&VE% RSl fih & Ifihtion e.g.
filtration. e)PyyifyitintORRIOEESS, folloWing Sie PEna)l ieae) afdhiaventosytaciitatessiselatiny be

(capturing) and purifying of the biomotecule of interest in the subsequent steps (e.g. continuous or
non-continudd4bincbRt g bR oRTag Rt At Q}}ﬁ%ﬂﬂg{g& fgﬁgﬁvi .{;\:ﬁ{é’ %}%%é% dodbe

CVICE O .
$'6f fherivention
with improveg fleatatian sHilizingtapenefihealacification systenagmiesdubeadtabgye is suited for, but not

limited to, biomolecules that are sensitive to 15shear forces, preferably to polynucleotides, in particular
plasmid DNAR & fl%‘?&?‘bﬁ"’&%”%ﬁﬁ%ffﬁbﬂ?&?%& ’b%%?eg rb%fﬁ%%\?% ??fﬁ?r/\mca ngﬁg BLERTor any
biomolecule gfintasesinkal thexpredyclioRipisnoteinsLit tuay e designedmuahithatthatgadific needs
O O et on dehsce. Theehe o dimen: TeSon an A EREper b s eimeniatgn
process

allowing collection of the skimmed flocs for further processing.

In yet another embodiment the flocs can simply overflow at the top outlet and be collected

15 in a collection ring attached radially to the top outlet. By overflowing the top outlet the
flocs may be drained and washed by flowing over a perforated screen (with a ring to
collect drained lysate below) before falling into the collection ring. The bottom of the
collection ring is preferably inclining directing the collected flocs automatically to a tank
collecting the drained (“dry”) precipitate.

20 In yet another embodiment the floating flocs may be sucked off at the top outlet of the
main clarification device by means of pumps.

Every additional clarification unit described above may be combined with another one.
The separated flocs are optionally further processed (e.g. residual draming, washing).
Residual draining may be accomplished according to methods known in the art ¢.g.

25 filtration (preferably depth filtration), application of filter presses, cenirifugation ot
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

30 applying the exported flocs to the clarification reactor of WO 2004/085643 and performing

the drainage and washing procedure described therein.

o



20and of the source of the protein (e.g. bacteria, yeast). The choice of specific methods suitable for
cell disintegration and the following processing steps are strongly influenced by the Protein's state in
the cells afiterFeIHiERtation: If the protein is over expressed, it may be preggﬁfﬁézﬂ?g ¥t bt so-called
"inclusion bodies". In this case, the treatment with e.g. strong alkali in combination with a reducing
25agent (e.g. dithiothreitok 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 CO2 release, in the neutralization
reactor or i@, SeRORdJRACIYI SImHAIPhedySiS eactak dRsatbiRiceiBpaseRtsiasel separ died from the
protein-containing solution 30in the clarification device. WO 2009/098284PCTIEP2009/051370 In the
case the pro¥SrsiBntarEalse BeRrimTethom ¥ Tende S5 aihed Gratig Home RS AW or in a

similar manngf ag,Aeseribed fheve . faibpiysisrpaciritherandiions:(comiatiioa, abmgentration of
the tysis solution) may be chosen in a way that the protein stays soluble or, altemg‘ﬁ%@%ﬁ% he

parameters AV6QEORGSSEHDaRPdeRaky e i SrEtEpithie Tha BrBRiAD miRaTAst olution is

further pyoceggeghipthg,peutralization reactor (which, in teiins of construction, is similar to the lysis
reactor or the neutralization reactor used for polynucleotides) gnd the cllcirifiﬁ}ation dée\ﬂce a}%.described
for solubilizeEniAeNATHATBRRAEEEN et b HSFITO MRS LReSFE A STEREC St SHEASH L S ERRT Wready

take place inghgdysis,seasierafafienuardsirribh adinayializationreacseti (oyfatditarifdaineutralizing
and/or precipitating agent concurrent to CO2 releasegf.1 In bo’gh.%ases, the conditions fﬁr {[r%a
precipitation STEf5&TeIABINIORES -t RpBEMEAIY ISRt Sha R %F&‘éﬂ%ﬁ%f’é?e%{“(a\ﬁ file i

ile'tidesired
impurities likg&.9.sjNA«engatexdinshandePiAstaysalibie) The preapitaididsesubdiequently separated

from the solution in the clarification device. Afterwardié({he preciggitate §1eith§}r removed from the
clarificatfon eVEE{EEMACUER AaERFR PR S XOHHRTIL LS REh (T BIHE Brésatt invention or

e.g. by sucking qffjesdlshing.out mith-ananpiansiate pulianhor dicadityfurthierprocesseasn teis
device. After it has been removed from the device, the p((?ﬁc[ipitate é?%tﬁiqof ir/1tere§9 |(§/ resolubilized in
a separate cOrtaMEriAY SAEIVALRS BHABY NREH IS BHIRNC RIS LRSI R EASESY - case basis.
In the case thg pracinitaisteBrainsyntae 28 ¢lasficationaevidentesotubilizatidn isipertbimeddhere (by

addition of a suitable buffer and optionally mixing)..As sogn as the precipitate (especially the protein of
interest) is r&&@bﬁ?ﬂ@%ﬁ)in&Qﬁé@ﬁWW&@&?@%‘?ﬁ&%%&# nogjé}ilﬁclg ﬁ?glﬁﬁh the outlet in the
bottom.,Compen.te-all-variatiens af thennrihed oOthe linventianl in teppadieation of firoteims affe 25the

options for further processing the resulting protein s [u’tiﬁn. .B_eségde ad ft:ionl%l1 { efg(gln&j@g ]%t]eegésé }Qe same
steps as desEHbBH EHIBRIEE T o DUIVAT AL e CSBIHBRE 1SS uoUS BF Hon-contintots

concentrationycongifiening, itrtion; srptivirg)imayiaketyladéinthe prideessof thixtioverition meets all
regulatory r%%ugjrements for the production of tgera[l_ﬁ)eldtic ipn}ole% les. When applied to
polynucleotid®s, ARahdtisc B ieefiRfefigighe described 1s also teasibic.

For the application of the method of the invention in a semi-continuous mode the
20  clarification reactor as disclosed in WO 2004/085643 is preferably used as clarification
device. The neutralized lysed cell solution (containing the precipitate) may be applied via a
top inlet and the original or adapted special designed distributor described in
WO 2004/085643.
In another embodiment the inlet may be at any position of the clarification reactor which 1s
25 above the retention material, Due to the improved floatation by the method of 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

30 only course glass beads may be used above the bottom frit.
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30yields - provided the fermentation step has been optimized to provide high quality raw material -
high proportion of plasmid DNA in the ccc folln and a low proportion of WO

2009/098 XBGRETAPA09/051370 impurities (e.g. proteins, RNA, chromoZeraf iEASEHlotoxins).
The process neither requires the use of enzymes like RNase and tysozyme nor the use of detergents
except in tysis step b). The contact time of tysate and floccose precipitate before clarification is
significantly reduced. Furthennore the process is carried out without supplying gas (from 5an external
source). The process of the invention is scalable for processing large amounts of polynucleotide

containing cells, it May.he QRelaiesron-aamindustiabssalp ude tRiGahnpIQsess Mkt ihaprlkilogram

wet cells, and yielding amounts from 1 g to several 100 g up to kg of the polynucleotide of interest that
meet the demamiagide QimisHiglascEitven »e TiFmHaERISEabIIV iR 4p Hhe ST ot e fTEss is
not limited 05@6@6%9@#{1’@3e;gga;\dﬂ%mﬁgﬁt@m&@ theyfunstign Rithedhiamales Weref inferest. A

poly-nucleotide of interest may be a DNA or RNA molecule with a size rangting from 0.1 to

approximateRf B0k e Hiigharapiari s8Ry e isosatd Bre ettt dseaktRiruga P ONRTA! plasmid
DNA with a sjze, ofRrsferrbhn 1eho £ &bp (without limitation). The process and the devices of the
invention are not limited with regard to the cell source from which a biomolecule of interest is to be

obtained. Thi!jrepmsseainBRUS A5G SRskh BB 4118 flS31INR Y4B sGts maat s Hhd desired

scale; adjustypgntif ihe fowsangthe sactigtines can-ke aehisyed i@ atosmescialboayaiable
pumps and pressure systems that ensure steady flows and a low impact of mechanical stress. Another

advantage of%@%?@%ﬁ?ﬁﬁﬁ@?ﬁi@h%%%ﬁ%@%ées are sanitizeable, depyrogenizeable and allow

cleaning in plagRALAPhaNd.SEAMIRG-ARRER (ST Thevmethedrrd aoparaiuseinpayed therein
provides a controllable and consistent 25performance in a closed system, allowing direct further

processifg oPFEEehRILGTSI BroduBe R ER VB BRSIHEE IR B4 Qe P HoRa A S er
chromatographicekwap Qkallaving enline.capditinnisgranaiekilibatian ol shecbiaateomiis fpsgelumn

loading (Fig. 2- 4). After clarification, there may be an intermediate concentration step before
conditioning rJeehtfBhtBI RN Smatographic column (Fig. 5). 30In the process of the present

invention, irrespggtiyeplaurethacsteaiin o faimac.Baichvirecanip.aceanidtiuausmode, each
subsequent step may be run in a continuous and WO 2009/098284PCT/EP2009/051370 automated

mode. PrefereBijRERSIABTHAGRIPBIAIOLS O Srab D Sid At EATARDEBITHRIHESHIR ESntinuously
connecting thﬁlﬂ?@%@%aﬂﬁ% ‘by CO, bubbles attached to the precipitate flocs the layer of floating

flocs is more compact trapping less lysate between the flocs. Therefore more biomass can
be processed with a given volume for accumulation of the flocs in the clarification device.
The recovery of separated lysate phase is much easier than recovery of lysate trapped
within the flocs.

20 The system/method for semi-continnous clarification as described above may also be
applied/performed in a non-continuous (batch) mode.
In a non-continuous (batch) system (III) the CO; release takes place in the clarification
device after the entire neutralized Iysed cell solution is filled in the device, leaving some
space for the addition of a floatation solution. CO; release is carried out directly in the

25 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 til} floatation is fimished. Afterwards the

30 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

4



In the case the lysis step b) is the automated/continuous step, it is independent of how the cell
suspension has been obtained (batchwise or continuous operation, direct use of 5fermentation broth
or harvest¥fd#esiE8hsion, optionally after freezing). It is also independ®al GEEE¥ 548 TFom which
the lysate has been obtained In the case the neutralization step c) is the automated/continuous step,
the application is independent of how the processed alkaline lysed cell solution has been prepared
(e.g. batchwisc or continuous). In a preferred embodiment the collector tank following the
inneutralization step is designed in the same way as the clarification reactor described in WO

200_4_/08564%#%&9339@1%%6&?@&%9&9@'%&&{@eﬁﬁﬁééﬁtﬁfﬂw&%@&mrﬁﬁﬁtmmzd@n&bgmge the
clarification step d) is the automated/continuous step, the application is independent of how the

processed nésitraly edap s eErEeRROH S6HERMAGIDESPRE D SR Y B HRENNISE o
continuous). d jg As0RESRENOEN hwhenarsviiete (prRlte Jgthe Rlasification gr\ysgor in the

clarification device) the CO2 release of the method of the invention takes place as long as it is prior (or
during) the crMIEARYA HrEEBss. It is furthermore independent of how the resulting clarified lysate is

further procesged.dn@prefefied ambedimentydhe sptilow atthedlasfication dewesis.copbimgd with

the flow of the solution necessary for the next processing stepée.g. conditioning solution) by 20means
of a connect&ic®. §né cpnslirgclyritcbmbarranesisdrs & rarivgdevitally B s Lo hay be

pumped by corygRiienal RUMRSALteHRINAoIRISS. | B RpRiTs:embedimentQnifithe:few rate of the
second solution is adjusted to the flow-rate of the 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 253y§}g§ng<_e the one described for the neutralization step (WO 2004/085643). Such a
setup may be used if conditioning of the tysatc for the first chromatographic step is necessary. For

examplé? a sOIRRFFEY HRHERLTFRUNLIR ToPSihsoR watian RaHisics fipdw Fedfaniaipah®ifother

embodiment{herprRceshalse Genalses ariermaniate coneanttation stepiigidl as soon as a
sufficient volume of the lysate leaving the clarification device is 30present, the tysate is concentrated,

e.g. by mearfOBf I ARMPHHGAT BRoFEIRE &G ISEdME B 8 BhFomatography column.
ConcentratiofaayResperfarmadaniensvich improved floatation utilizing one of the clarification

systems described above is suited for, but not limited to, biomolecules that are sensitive to
15 shear forces, preferably to polynucleotides, in particular plasmid DNA, and large proteins,
c.g. antibodies.
The process of the invention can be used for any biomolecule of interest. For the
production of proteins, it may be designed such that the specific needs of the protein of
interest are met. The method of the invention is independent of the fermentation process
20 and of the source of the protein (e.g. bacteria, yeast).
The choice of specific methods suitable for cell disintegration and the following processing
steps are strongly influenced by the protein’s state in the cells after fermentation:
If the protein is 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 reducimg
25 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-contaming solution

30 in the clarification device.
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WO 2009/098284PCT/EP2009/051370 or more passages and per se carried out in a continuous or
batchwise mode. If only one passage takes place, the rctentate (e.g. containing the pDNA) may
subsequeNtk) BBy conditioned or loaded to a chromatography colurfR TS "8f several
passages, the retentate is recycled until the desired final volume/concentration is reached, and
subsequently further processed. For this concentration step, conventional devices can be used, e.g.
membranes in foini of cassettes or hollow fibers. The cut-off of suitable membranes depends on the
size of the biomotecule processed. For pDNA, usually membranes with a cut-off between 10 and 300
kDa are useq, |§a-prefarrhambodinant thelvsis isasiorandiheneutalizationspaciprare combined
to 10 form a two-step automated/continuous system. In this case, the outflow of the lysis reactor is
connected akiehimigegiaiith 4HETIbW BRERE 56 WlesdizbRibAPS3RItion in the manner described for the
automated/cqnipugus RerRliEANAN SIERNQGRAIHRIBS B NS he dawisaineihe-pimeed

neutralization solution is adjusted to the flow rate of the outflow of the lysis reactor. 15In another

preferred enmeafhEhe ey BatraRZe6RY S8 oA 196 ABFIHAETSH Jd86iParaRe EEHBMEY ® form a
two-ste pﬁ“gﬁ%&@%ﬁ@'&ﬁ?'&éﬁﬁﬁﬂ@ Sysisnndliscansidhe Ruiflonal dhe nevtalizalion reaster is

connected with the automated/continuous clarification device of the invention. In this case, the degree
of opening of)fﬁ@eb‘iﬁﬂdmtb%ﬂét“iéll\?éf@%%ﬁﬂéﬁ‘éﬁ%héﬁtéif’@éﬂ’étc%ﬁ%"af’ﬂaé‘*c‘i}é?i’ﬁ%raﬁb‘i%evice has
to be adjusted gueh, thatdheleyalefithei2Riniariacednterfass heiahtinethelanlicationcdayice) of

floating flocs and clear tysate is kept constant. This may be achieved by measuring the interface level
by means of &iiefetAeariinatéer siitirsd i ol hadiasoll s e e St Ls ARMHEFOHN is
measuring t é%?,;%%&ﬁ%ﬁ%ﬁ%%%&ﬁéﬂ@ﬂ@éﬁ%@tﬂ@ﬂﬁ%@@@aﬂ%faf@@wmym&or the calculation

of the theoretical level of the interface according to a special algorithm 25based on empirically defined

paramet8rs (RSFBIRIGR T BEFRIRY. SRHE BB RS SR RIS BEIEEERE 25 B ARSHIFRIFER flow.
Also other systems;like JightiaatrigrsaiB-appisatie. i RINGINIG,RYBHY: SYSIRBTSHHRIRIQ:RaBOgNIZE the

interface can be used. By means of an electronic connectjon to the outlet valve the outflow can be
adjusted stepRisEisr btapResai B HIRING RN AE BT SSI AR IR IS E T VBINF RS St HoW -20In
another embggimgntihedvsisssienang ihaslarificationsiap arasennRatedBy-diieetoeornecting the

two devices without an intermediate distinct neutralization step.

WO |
2009/09828 4P EHEPD YoM HE A NIARY IR ANOFH WG RRIBIESREHE SR G thdieriication
device qf the NOYRISRIRICAREDL QWS SHSIRRY( Y dem B antbi el sothis @mbogiment neuilialization and

clarification are therefore carried out non-continuously. The outlet of the n ni%grntinuous clarification
I

device is clodB¥CAHARPHAE: the ySeaLeif soitgHIE eBhbitet AP PRSIt VIl &8FSheutralization

solution. ThefgytralizatioR SQlUlINAKDA Rresaniesin thendarifieatio e evicec | titbenelfialization
solution is added after the whole lysed cell solution is collected in the clarification q:f}gce this is
preferably doEOURRDbEFEITT T RS Het /DeteRtaRURIS RS ifS ioh HEoRE BPSEH BSOS mixing

with the lysed ggll-zalufigadnamnbe anhancesby (sloudy) Biringasitha sdoeieeirirducingiair through
the inlet in the 10 bottom of the device or an additional inlei%t?)elow Iﬂ?fﬁﬂﬂmd level. In ti;i%e bodiment
with dirét corlmREaBIPBIARE §si8 S8BT AR S REFIRERSH HEGIEY e Yele B R K ce in the

clarification dayicsptibhgiasianale (\salbhis dharebyepraterablyraempasensefitlé irsrekoall solution or
is additionally added prior or after neutralization (as solidéz?l_t or as "floatatign soluglgélég\qhich would

preferably ber&d HFiHug A S DT BHISE O AR {RhERTESAST o e M Aice

(system Il anghHhpBithe end of neutralization/floatation, non-continuous-clarification takes place in
the same magggrr?oanzgsa%rigfr(ijaginor\{g ((?f %i(l)eoéllc(:)tggg g% the mmvention in the production of proteins are
25 the options for further processing the resulting protein solution. Beside additional refoiding
steps, the same steps as described for processing of polynucieotide 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
30 yields - provided the fermentation step has been optimized fo provide high quality raw

material - high proportion of plasmid DNA in the ccc form and a low proportion of
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In an even more preferred embodiment, the whole system is fully automated by employing at least all
steps b) to d) and optionally, in addition, step a) and/or €) in a continuous 20system. In this
embodimé&he thePHutABty of the lysis reactor is directly connected with thef{&UiEAPAfSH device and the
outflow of the neutralization device is directly connected with the clarification device. In this
embodiment the fully continuous system (1) or the semi-continuous system (lI) for improved
clarification by CO2 release would be applied. The design for the individual connections and devices is
the same as described above. 25In a most preferred embodiment, the fully automated system is

connected tq a1 optionakayiamales (@Rd.santipusms) sdiiaaing:siep @Rchasuiaa).iTiis embodiment

allows continuous mixing of the clarified lysate that leaves the clarification device with a conditioning
solution (e.gragivissnthe MR StrtaSoliifdh)iaas esuipegRvdlE IR BHACIRISATIY SR Ay be
necessary tq RreparedhepobiEieatide faniaining Lxsain fonthe ARsukssaUant fRaremajographic)

purification steps (e.g. hydrophobic interaction chromatography). WO, _

20091098284 BEYEPYIEIRTSE 3 FORMATAR S HRhPESEHUIR GATRE LAY YA SHIRVEIESHSIBHOB! the
automated apd.contintQusdbyee-step system to a continuous four-step system. In this embodiment, a
conditioning solution can be continuously mixed with the clarified lysate using a device, which is
preferably of the ISaRsasHHE A Fa ARG T e RIS THI PERSGRENG A 16 P IS5 & hReSrykiRsi8for
continuous rapsingef Seliops:eantRiBRgRINEsleRtidasithatate sersiivaitorshbea iawmeshatet also

other devices (e.g. as described for the neutralization ste?) can be utilized for this purpose, e.g.

conventionall siiifiatmnaes. crHe A8k FsldiBe #BINHA STaTat pt i S @ R IR 8 SLESN can be

adjusted to theiflqwrateseidhe ertiion.etibe alarfication devicaiby nrirlisgyalflayrsnaasikeement unit.
The pump can be connected with this unit 10and thus regulated, keeping the ratio of the flow rates of

the twolfhixed8diiitions constant. Between conditioning and capture step, an on-line filtration step may

be inserted. el aneibarsnbedinentQfithainvantios: anwitialitaliossiendsaddadBycsush an

extension of the automated three-step system, the process represents a continuous four-step system.

In this embodimBrcties iRty Tpelae by ¢ &S olsPYepEs LB AR e BT A5 it Arat¥n. While
the petineatepis fliscArdgd $ha retenialadmeithan direedivfprikenpasassecbhy theneerelisieripy step

and/or by the loading step (which means an extension of the continugus system by one or two

additional stépapeRPaERIEd LRk TRt BTN rtFa G ISIUIMY 1A Aricee 9 RRFTERY case,
the resylfing pw%%ﬁW§Hw{h%%g5g§sed (conditioning and/or loading) after concentration is

finished. ZOI%ggotherﬂem%odi‘ment_, the lysate flowing out of the,qlarifi_catiqn device may be directly
process and the devices of the mnvention are not limited with regard to the celf source

from which a biomolecule of interest is to be obtamed.
The process can be easily implemented and is flexible with regard to automation and
desired scale; adjustment of the flows and the reaction times can be achieved by

26 commercially available pumps and pressure systems that ensure steady flows and a low
impact of mechanical stress.
Another advantage of the present invention is that the devices are sanitizeable,
depyrogenizeable and allow cleaning in place (CIP) and steaming in place (SIP).
The method and apparatus employed therein provides a controllable and consistent

25  performance in a closed system, allowing direct further processing of the continuously
produced lysate obtained after clarification, e.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).

30 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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loaded onto a chromatographic column, or it may be loaded onto the column after concentration and/or
conditioning (with or without subsequent on-line filtration). In all described embodiments utilizing the
automate Mt peAeBIB0, release) clarification step the obtained cleared RSHEE R &IHEr be
collected in a suitable tank or directly further 25 processed (e.g. by connecting the outflow of the
clarification device with another device, e.g. a chromatographic column). If a concentration and/or
conditioning step is employed in this automated process, the concentrated and/or conditioned lysate
can either be collected in suitable tanks or directly further processed. The method and device of the

invention are, jndepeRdeOt OFASPLTPS Héﬁfﬂ;iﬁ?itﬁ%?&@%%@@%&&%d@@%@%@"EE'P@dimem,

the flow of the several suspensions and solutions is accomplished by air pressure in pressurized
vessels instsadsatpERIBIAIS 2 010 8P A BRH0BANS1370 The process and device of the

invention argsyjtable. iyl GEMRUG WirsNhSardMantdastiindFiastiae) Madisien: of pharmaceutical

grade pDNA. The processcan be adapted to ang source of pDNA, e.g. to any bacterial cell source. In

particular duestbsieaniprRisDBPHD @REE D ARB YIRS B LOBIINE YR PRSI BIIBRS 1488 Bfocessing of

large volumes whiehiis, %W@ﬂ%%@%ﬂ&%&&fsﬁéﬁ%ﬁ?E}&i@ﬁﬂi@%ﬁ%@ﬁﬁ@&@ﬁ%}hﬁ lysaje contains

various pDNA-degrading substances such as DNases, process time is a key to high product quality

and yield. In irisreareak 0 sprebatiyiom sk dbntxetiais betehbeeese precipitate and the lysate
before clarifigation. grakledbytha.methed of theinyantien:is Qmaiet adpntagesHiRkhsrocess and

device of the invention are suited for production of pDNA for use in humans and animals, e.g. for
vaccination dRécgeEthef ey dpprsatersd BBk KGR SRRl RS Brotaesdds Be used for
production of,preclinicat anshalivical Maipiakasnalrsfomankelsuerly ehr fagisiietproduct.

Since the method and device of the invention enable completely continuous execution of 5the alkaline
lysis, thed neREAIALABACAAEEE draERetiBN mer s Eshththing ARHCHRRSEREIS IS RS Yl cribed

above, methegngoda)ise-of thadnventien AR AAmplalah scalabiadrliewipgseracessingalspiomass
obtained from fermentations up to 4000L or even more). Brief description of the drawings.20Figure

1:Flowchart 6% 8 SABIHEF KBRS R de I§tllls provBatceERTHYRYSAeRN i IR HEGR Hiization
(including copelpaniiarbesaneant G ielensaiandclayficeiionsdiigive nrlawghasohieegmbined

continuous three-stop process of Figure |, extended by a continuous canditioning step (e.g

concentratiofTSR#RS (5igh A BrSEipTaaBT OB RIdhIe e BWePRIH BT e ESMIB WRSRERTIBLL process
of Figurg 2, extended hyandadditional eaptwe e igvie-f hlonohastatthe eembined eentinuous

process of Figure 3 including an on- line filtration step between conditioning and capture step.
invention takes place as long as 1t 1s prior (or during) the clarification process. It 1s

furthermore independent of how the resulting clarified lysate is further processed.
In a preferred embodiment, the outflow of the clarification device is combined with the
flow of the solution necessary for the next processing step (e.g. conditioning solution) by
20 means of a connector, e.g. a T- or Y-connector or directly in a mixing device. The two
solutions may be pumped by conventional pumps at certain flow-rates.
In another embodiment only the flow rate of the second solution is adjusted to the flow-
rate of the 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
25 system like the one described for the neutralization step (WO 2004/083643). 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
30 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 n one
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Figure 5:Flowchart of the combined continuous process of Figure 4 extended by a 30concentration
step before conditioning. WO 2009/098284PCT/EP2009/051370 Figure 6:Scheme for the continuous
combinati&Cofiéiketiig4lysis reactor, neutralization reactor and the (adaptBdy#&a%e8ntiilous
clarification device of WO 2004/085643, applicable for clarification mode "system II" and "system 111",
Figure 7:Clarification mode "system II": Comparison of floating flocs (in the adapted 5pilot-scale
clarification device of WO 2004/085643) obtained by the novel method with improved floatation (a) and
by the standard method (b) (without CO2 release). The upper images show the complete floc layer

while the lowgr,iages @eyvaﬁﬁ&fe@gamﬁqu ﬂ%ﬁﬁx?%ﬁie%%m?éxﬁsa&ﬁmg ghromatogram

of a reference lysate obtained by a toconventional manual method on the laboratory scale (without

CO2 release)afriiréabecrnficdioraoue Gystepnming hpeBNAP N Lo aHsGH Y O f B date
obtained by Ub%%ﬂ@&!%%%@%@%%ﬂ%%%}ﬁg mﬁlﬂﬂmﬁfaﬁe%@s%sotfys%%ﬁ@%g@ 'é_@éi,%e(incl- Coz2
e a

release) and semi-continuous clarification in t apted up-scaled device of WO 2004/085643.

15Figure 10 &itakptica FPLEEHGHRREraRTO iR SHEpEoPaBRIPUHICARBH st of a pPDNA
containing lysate.obiained.Rxdhe:-continyatt: metesef thednventioniReliding the Riansdysis,

neutralization (incl. CO2 release) and semi-continuous clarification in the adapted up-scaled device of
WO 2004/085843< &l stmebtfss i e msgErassaitcsoriglvey berarfieatdrfhodevisskitem 11" Floating

flocs in the adapied un-geplad clarificatiantenica QhMEz0pAA8384 S R hiaad hydhg novel

integrated floatation method of the invention Figure 12:Clarification mode "system II": Procedure of floc
washing (flocBselansiedith a cuispihbaipver Heandd B iHaamveHiRsh) utilizing a CIP ball at the top of

the adapted yp;aasealed CaniiGation, féﬁéfgy@@@Fééé%129%9@§@é§aﬁ%@ﬁ@&qaameer&ﬁ%ﬁ{mﬁocess-
C

Figure 13: Clarification mode "system I": Scheme of the novel continuous clarification device of the
invention - afBasSEnSPAEKERPACRSIIR T TSHEId IR edfeiBioPHIETOT Y BEdiTedtis. Figure
14:Clarification mode:avsie miktARsc e develpnmentseli¥Rion solution in the manner described

for the automated/continuous neutralization step (WO 2004/085643). By this, the flow rate
of the pumped neutralization solution is adjusted to the flow rate of the outflow of the lysis
reactor.

15 In another preferred embodiment the neutralization reactor and the clarification device are
combined to form a two-step automated/continuous system. In this case, the outflow of the
neutralization reactor is connected with the automated/continuous clarification device of
the invention. In this case, the degree of opening of the bottom outlet valve (and optionally
the top outlet valve) of the clarification device has to be adjusted such that the level of the

20 interface (interface height in the clarification device) of floating flocs and clear lysate 18
kept constant. This may be achieved by measuring the interface level by means of an
integrated floater, which floats on the tiquid but not on the flocs. Another option is
measuring the flow at the bottom outlet of the clarification device, which can be used for
the calculation of the theoretical level of the interface according to a special algorithm

25 based on empirically defined parameters (distribution coefficient). The bottom cutflow
may never be iess 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.

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

connecting the two devices without an intermediate distinct neutralization step.

20



30Figure 15:Analytical HPLC chromatogram of a reference tysate obtained by a conventional manual
method on the laboratory scale (without CO2 release). WO 2009/098284PCT/EP2009/051370 Figure
16:Clarificatidrofagedszsdystem I": Analytical HPLC chromatogram of a lysdt€ BBEHEdHy the
continuous method of the invention including the steps lysis, neutralization (incl. CO2 release) and
continuous clarification with the lab scale development set-up. 5Figure 17:Analytical HPLC
chromatogram of the SEC Pool as last purification step of a pDNA containing lysate obtained by the
continuous method of the invention including the steps Lysis, neutralization (incl. CO2 release) and

continuous darification {rsystem fhldrthe ab.sealesdeueiaprentisatdraFigurer 1 Glatification mode

"system I": Prototype lab-scale set-up 10 Example 1 Production of pDNA-containing E. coil cells The

PDNA contaifinjrBoss psiemssesteas! bradUtBdladbisremptine poomiasonsal 4E6H16Hg o
W02005/09799Q, Example, 2 Mefification,afithe Rinciple applicatility of tpriveddfaatatiandy CO2

release from carbonate(-salt) during neutralization in an alkaline lysis process 20First experiments

were carrieddsuiGRith Bosdrat GHRy apstutsrshead sobirahcerrbBra il 1LcTR1Y. RIS $hnd
NaHCOg3, which.are advaRiRgRaus incaR M NALAS BAURIS OBt a3 Lndra AlreadyPresent in

the buffers/solutions used for lysis or neutralization) were added to the resuspension buffer or the lysis
solution in a éstieertraoRiBIE oW 88| thatfier HfeRohdresdamiridt i ihéBks!Fand, on

the other hang ghe ntensiteRfReCOR ielepradusingineializalianand SopsraHensesan floatation of
flocs (generated during neutralization) were examined. It was observed that 0.5 M NaHCO3 could be

well solubilizeeniintathelfe floaipmgades BB rssenaiorsrind s ivaed eelrieitfing BH5% Tris and
0.01 M EDTAaf-pELBLand desiiadin £XBRIE &P TRIeass Wb an asigified Ry mbingyith the

neutralization solution 30generating floating foam of precipitated SDS. | ) _ .
10 bottom of the device or an additional inlet below the fluid level. In this embodiment with

direct connection of the lysis step with the clarification device the CO; release takes place
in the clarification device. The carbonate(-salt) is thereby preferably a component of the
lysed cell solution or is additionally added prior or after neutralization (as solid salt or as
“floatation solution”, which would preferably be added through the bottom outlet of the

15 non-~/semi-continuous clarification device (system II and II1)). At the end of
neutralization/floatation, non-continuous-clarification takes place in the same manner as
described in WO 2004/085643.

Tn an even more preferred embodiment, the whole system is fully automated by employing
at least all steps b) to d) and optionally, in addition, step a) and/or ¢) in a continuous

20 system. In this embodiment, the outflow of the lysis reactor is directly connected with the
neutralization device and the outflow of the neutralization device is directly connected with
the clarification device. In this embodiment the fully continuous system (I} or the semu-
continuous system (II) for improved clarification by CO; release would be apphied. The
design for the individual connections and devices is the same as described above.

25 Ina 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

30 subsequent (chromatographic) purification steps (e.g. hydrophobic mteraction

chromatography).
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WO 2009/098284PCT/EP2009/051370 This experiment was repeated with 5 g biomass, which were
resuspended in 50 mi. resuspension buffer. The concentration of NaHCO3 added to the resuspension
buffer waswedweet®2®.1 M in order to avoid too strong foaming (as obsef¢adF2H/HEt/Bxperiment).
The resuspended biomass was gently mixed with 50 mL tysis solution (0.2 M NaOH, 1 % 5SDS),
contacted for 2 min and afterwards neutralized with neutralization solution (3 M KAc). This setup
worked very well regarding moderate (not too extensive) CO2 release and concurrently enhanced
floatation of the prccipitate-flocs by attached CO2 bubbles. The lysate below the floating flocs was

analyzed (HF%lcf&)n Wl sempargdavith abpals.abiained by ibsstandand Breaed Uk Wil f02

release. 10The pDNA-concentration {yield) in the lysate obtained with CO2 release was about 70% of

the referencéhigsasterTiveipD Ko KonTBYeHE i reatar thashgorvtipdiam e s ditiiager of
floating flocswagmuch MO CAMRRA! 1ilhe eRemmertwith 1}%@%5;@@@%%@@@ to the
ag

experiment without CO2 release), which poses a major advantage for clarification on the industrial

scale. 15ThigipiteabéxpéiinernsriBivets hrmbiprerapiinbabmityer BV Bt B¢l o2 release
for impraved floatation afsecinitaiedocs gepsiateshdyingihe-pautalizatianssteniot an glkaline Lysis

procedure for pDNA production.” Example 3 200ptimization of the carbonate-concentration (in the
resuspensioddseHCE of sscotigseliienitéotefe BasrabratpathaaseiBleriPE timbTab il Sfrerent

NaHCO3 congentiations (0 M= d&feransaaflRidmBa¢ NnOdoM ard 22 Munhedesuspension

buffer (P1) and 1.1 g biomass respectively. After neutralization the floc containing tysate was hold for 3

min and aftefRafitdoBIRamRaMEY e TR aaNsIF{IabtBe AeruGERTBOO WA o6 1S IfEis (after
centrifugationy teca %@ﬁﬁtﬁeawrﬁa@ﬁwaﬁ analyaed aaaiding concentation(¥igdhand pDNA

homogeneity (HPLC). The pellets were washed and the wash-fractions also analyzed in the same

manner! Furttietihsre sreinpdesitEdhsdgiiRpATdhadoNRICTOU BY tHE BRFGH BRI FaQLTAN HHi%kure with

tysate Solutiogeea%ém%mﬁsag\%a&ﬁ&l c%_hﬁr@)g imeptsINeraIsaadep R AHolkdaretition. the results
are 30summarized in Tab. 1. WO 2009/098284PCT/EP2009/051370 Tab. 1: Results (average of 4

repetitions) oREsASNEIY ROz ronc ip*iem?n, an ultrafiltration step 1s added. By such an

extension of the automated three-step system, the process represents a continuous four-step
system. In this embodiment the resulting lysate of the previous steps is concentrated by

15 ultrafiltration. While the permeate is discarded, the retentate is either directly further
processed by the conditioning step and/or by the loading step {which means an extension
of the continuous system by one or two additional steps) or recycled until 2 desired final
concentration/volume is reached. In the latter case, the resulting concentrate 1s further
processed {conditioning and/or loading) after concentration is finished.

20 In another embodiment, the lysate flowing out of the clarification device may be directly
loaded onto a chromatographic column, or it may be loaded onto the column after
concentration and/or conditioning (with or without subsequent on-line filtration).

In all described embodiments utilizing the automated improved (CO; release) clarification
step the obtained cleared lysate may either be collected in a suitable tank or directly further

25 processed (e.g. by connecting the outflow of the clarification device with another device,
e.g. a chromatographic columm). If a concentration and/or conditioning step is employed in
this automated process, the concentrated and/or conditioned lysate can either be collected
in suitable tanks or directly further processed.

The method and device of the invention are independent of the pumps used for pumping
3¢ the solutions. In a special embodiment, the flow of the several suspensions and solutions 1s

accomplished by air pressure in pressurized vessels instead of pumps.
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Yield (ttg/mL/%) Homogeneity (% ccc) pH of PI/P2 mixture O = Reference 80.6 / 100 73.7 12.7 0.05M
81.8/10272.812.6 0.07M 74.1/92 69.6 12.5 0.10M 71.2/88 71.7
WO 2009/098284 PCT/EP2009/051370

The process and device of the invention are suitable for cGMP (Current Good
Manufacturing Practice) production of pharmaceutical grade pDNA. The process can be
adapted to any source of pDNA, e.g. to any bacterial cell source. In particular due fo the
properties of the system, the process of the invention allows fast processing of large

5 volumes, which is of major importance for processing cell lysates. Since the lysate
contains various pDNA-degrading substances such as DNases, process time 18 a key to
high product quality and vield. In this context especially the short contact time of the
floccose precipitate and the lysate before clarification, enabled by the method of the
invention is of major advantage.

10 The process and device of the invention are suited for production of pPDNA for use in
humans and animals, e.g. for vaccination and gene therapy applications. Due to its high
productivity, the process can be used for production of preclinical and clinical material as
well as for market supply of a registered product.

Since the method and device of the invention enable completely continuous execution of

15  the alkaline lysis, the neutralization and the clarification and corresponding and connected
steps as described above, method and device of the invention are completely scalable

(allowing processing of biomass obtained from fermentations up to 4000L or even more).

Brief description of the drawings
20 Figure 1. Flowchart of a combined continuous three step process comprising alkaline
tysis, neutralization (including concurrent/subsequent CO, release) and clarification.
Figure 2: Flowchart of the combined continuous three-step process of Figure 1,
extended by a continuous conditioning step (e.g. concentration and/or high salt
precipitation).
25 Figure 3: Flowchart of the combined continuous 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 fiitration step between conditioning and capture step.
Figure 5. Flowchart of the combined continuous process of Figure 4 extended by a

30 concentration step before conditioning.
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12.4 0.20M 38.8 /48 71.3 10.9 Optimal yield was obtained, when the resuspension buffer contained
0.05 M NaHCO3. When higher concentration of the carbonate salt were used yield decreased and
dropped 5#igrificesnsgsor 0.2 M. pDNA homogeneity was relatively stableB& ¥ 268 HT4o be
significantly affected. The lower yield at the higher NaHCO3 concentrations is mainly caused by the
resulting lower pH of the mixture of resuspension buffer and lysis solution. Since the pH is critical for
degree/completeness of cell disintegration the pH reducing effect of the carbonate salt has to be
considered for higher concentrations. In the example 10described here the critical pH is at 12.5.

Therefore higﬁ@ﬁ&HCO%ﬁg&ﬁg%ﬁ{@%ﬁg%%g W@aqgjpgf\gjmgﬁg thapgingshe NaOH

concentration e lys s solution or its applied volume per volume resuspended biomass. All analyzed
} 1

wash fractions shoviedizitiiar FORAd e friatsn BIRPHERTS GenBy! B3 PRVE T2 release from
carbonate(-salt) dusjngaepialization AN ITIBrYEdHlaakHion i apirsese YiliZingeantinuous alkaline

lysis, neutralization (CO2 release) and semi-continuous clarification ("system II") This experiment was
carried out uEiEgT@hE.p.rinq@l@@%@h@ﬁﬁﬁﬁ@é&l@éﬁt&%@ﬁﬁég SomiveAoudacBs 843 E8plying
semi-cogtinuousg{3ileaton.(susiean - Gampavesbiouine:arainalslalicajans sasieribadfsiributor

was adapted for the method with improved floatation/CO2 release according to the method of the

invention. Instead #h amise o thoawtoretoting b the o srabhed(BificatisntreRett?atove the

retention materiap,a %53%%‘3@@ QRRN ERJ AL Mdthgut RRIArRlIORS MRS H$8AJEIgnE) Pue to the
improved WO 2009/098284PCT/EP2009/051370
zoomed part of the floc layer.

Figure &: Analytical HPLC chromatogram of a reference Iysate obtained by a
10 conventional manual method on the laboratory scale (without CO» release).
Figure &: Clarification mode “system II": Analytical HPLC chromatogram of a lysate

obtained by the continuous method of the invention including the steps lysis,
neutralization (incl. CO, release) and semi-continuous clarification in the adapted up-
scaled device of WO 2004/085643.

15 Figure 10: Analytical HPLC chromatogram of the SEC Pool as last purification step of
a pDNA containing lysate obtained by the continuous method of the invention
inciuding the steps lysis, neutralization (incl. CO, release) and semi-continuous
clarification in the adapted up-scaled device of WO 2004/085643 — clarification mode
“system 11"

20 Figure 11: Clarification mode “system II”: Floating flocs in the adapted up-scaled
clarification device of WO 2004/085643, obtained by the novel integrated floatation
method of the invention. '

Figure 12: Clarification mode “system I1”: Procedure of floc washing (flocs separated
by the novel method of the invention) utilizing a CIP ball at the top of the adapted up-

25 scaled 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

30 Figure 15: Analytical HPLC chromatogram of a reference lysate obtamed by a

conventional manual method on the laboratory scale (without CO; release).
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floatation effect by the attached gas bubbles, the flocs immediately floated upwards to the floc/liquid
interface through the lower lysate phase. Therefore it was not necessary that the flocs entering the
clarificatioWw fe2s#ssase distributed directly to the already present floc layRf¢ {IEFSPARARY during
process) by exiting through the perforations of the distributor 5initially used. Additionally a hollow spiral
was built in to enable distribution of the floc- washing solution (at the end of the process) evenly over
the whole floc layer/reactor diameter. The experiment was carried out twice with 100 g biomass. In the
first experiment (improved floatation) 0.05 M NaHCO3 were added to the resuspension buffer. In the

10second experiipqyt the siangRIAAARE AR Mo nilalclesfisation aasiosaalup asdascribed i

WO 2004/085643 were used. The flow rate (influencing mixing and defining the contact time in the
lysis and neutraliZzasedbyitie) condivthes Bistiedioh i parandesr palafensihindiepy bsth experiments. In
both experimentg the flow rate;was@asiysteddp 20apbAminder alkSmaluions/auspensions

(resuspended biomass, lysis solution, 15neutralization solution) corresponding to a contact time of
about 1.5 min foldlRsioBRME@Satralization, respectively. The tysate obtained by the setup with improved

floatation wag; frthes procassed; by penceptainddtRvhotiow dhernduelitiaipnrieradiioningdt for
binding on the subsequent hydrophobic interaction chromatography (HIC) step by mixing it with 4 M
20ammonium sutfalaXselgapiiame firatorP el bady sntreerepebehrighe EHEhigTot of the

resuspended Cellﬁ&wm%]%g%@ﬁm&%%ﬁ%@ﬂ%ki&ﬂ&wet@wmwa&dmﬁ&%sﬂ@uﬁﬁﬂaﬁmn a

small tube accord‘iang to the conventional lab-scale procedure, clarification being carried out by
centrifugation (12.6p8). 1This Sxniieilsdeyelgns eaicaiate-the yield of the lab/pilot-scale process

with improveg; 2flogtationdgseiibadihsiriand insompais fioprogeneily (etitgrion for smoothness and
quality). All samples were analyzed by EIPLC (concentration, homogeneity, approximated purity). The

results ate summarized in Tab. 2. WO 2009/098284PCT/EP2009/051370 Tab. 2: Results of the
continuous lysis/neutralization/clarification (system Il) with improved floatation compared to the

reference Sample
Exampie 1

Production of pDNA-containing E. coli cells
The pDNA containing E. coli biomass was produced according to WO 2004/085643 or
15 according to WO2005/097990.

Example 2
Verification of the principle applicability of improved floatation by CO; release from
carbonate(-salt) during neutralization in an alkaline lysis process
20 First experiments were cartied out with buffers only, without biomass. Different carbonate-
salts (e.g. KoCO; and NaHCOs, which are advantageous since K" and Na” as counter-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 band, on the other hand the intensity of
25 CO» release during neutralization and consequences on floatation of flocs (generated
during neutralization) were examined.
It was observed that 0.5 M NaHCO; 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 §) and
resulted in extensive CO; release when acidified by mixing with the neutralization solution

30 generating floating foam of precipitated SDS.
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Homogeneity (/0 ccc) Purity CYO Yield (%) Reference 90.3 6.4 100 Lysate 91.3 4.9 HIC Load 89.5
40.3 75.5* * total yield up to HIC-Load (including all previous steps esp. lysis) 5The results show that
the homogEfaityvéPiagitysate obtained by the improved continuous meth88 TSERYIHF Sdlification) is
comparable to the reference. The yield and purity (up to HIC-Load) is comparable to that obtained with
the continuous method without floatation. The subsequent H1C step worked as expected (comparable
to the standard system with lysate obtained without improved floatation).

This experiment was repeated with 5 g biomass, which were resuspended m 50 ml.
resuspension buffer. The concentration of NaHCQ; added to the resuspension buffer was
reduced to 0.1 M in order to avoid too strong foaming (as observed in the first experiment).
The resuspended biomass was gently mixed with 50 mL lysis solution (0.2 M NaOH, 1 %
5 SDS), contacted for 2 min and afterwards neutralized with neutralization solution
(3 M KAc). This setup worked very well regarding moderate (not too extensive) CO;
release and concurrently enhanced floatation of the precipitate-flocs by attached CO»
bubbles. The lysate below the floating flocs was analyzed (HPLC) and compared with a
lysate obtained by the standard procedure without CO» release.

16 The pDNA-concentration (yield) in the lysate obtamned with CO; release was about 70 %
of the reference lysate. The pDNA homogeneity was greater than 80 % in both cases. The
layer of floating flocs was much more compact in the experiment with the CO, release
(compared to the experiment without CO; release), which poses a major advantage for
clarification on the industrial scale.

15 This initial experiment showed principle applicability of the carbonate salt based CO;
release for improved floatation of precipitate flocs generated during the neuirahzation step

of an alkaline lysis procedure for pDNA production.

Example 3
20 Optimization of the carbonate-concentration (in the resuspension buffer)
These experiments were carried out as described in Example 2 using different NaHCO;
concentrations (0 M = reference, 0.05 M, 0.07 M, 6.1 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).
25 The lysate (after centrifugation recovered as the supernatant) was analyzed regarding
concentration (yield) and pDNA homogeneity (HPL.C). The peliets were washed and the
wash-fractions also analyzed in the same manner, Furthermore the impact of the addition
of the NaHCO; 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

30 summarized in Tab. 1.
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10In Fig. 7 (a and b) the floatation of flocs (in the clarification reactor of WO 2004/085643) obtained by
the method with and without CO2 release are compared. It is obvious that the method with CO2
release re¥(tatO088a%4ch more compact floc layer (al) and zoomed in aZfEGHgEAF18’the method
without CO2 (b1) and zoomed in b2)). This is of major importance for floc clarification, it is beneficial
regarding capacity of the 15semi-continuous clarification reactor and consequently yield and it is a

prerequisite for the completely continuous clarification system. Example 5

Production of lysate by

the method of the invention (with improved .floatation; clarification 20mode system Il) and subsequent

purification. ‘
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Optimal yield was obtained, when the resuspension buffer contained (.05 M NaHCOx.

When higher concentration of the carbonate salt were used yield decreased and dropped

significantly for 0.2 M. pDNA homogeneity was relatively stable and seems not to be

significantly affected. The lower yield at the higher NaHCO; concentrations 1s mainly

caused by the resulting lower pH of the mixture of resuspension buffer and lysis solution.

Since the pH is critical for degree/completeness of cell disintegration the pH reducing

effect of the carbonate salt has to be considered for higher concentrations. In the example

10

described here the critical pH is at 12.5. Therefore higher NaHCO» concentrations should

not be applied without changing the NaOH concentration in the lysis solution or its applied

volume per volume resuspended biomass.

All analyzed wash fractions showed similar pDNA concentration and homogeneity.

Example 4

CO; release from carbonate(-salt) during neutralization and improved floatation in a

process utilizing confinuous alkaline lysis, newtralization (CO; release) and semi-

continuous clarification (“system 1I”)

This experiment was carried out using the principle of the lab/pilot-scale system described

20

in WO 2004/085643 applying semi-continuous clarification (system IT). Compared to the

original clarification reactor the distributor was adapted for the method with improved

floatation/CQO, release according to the method of the mvention. 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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(%) Reference 91.1 100 Lysate 92.0 Drug Substance 94.6 47.3 10Tab. 4: Results of impurity analysis

in the drug substance. impurity Result Endotoxins <0480 EU/mL > 0.240 EU/mL Genom ¢ DNA 1
ng/ug RNAVEIB§9/098284 PCT/EP2009/051370

floatation effect by the attached gas bubbles, the flocs immediately floated upwards to the
floc/ligquid interface through the lower lysate phase. Therefore it was not necessary that the
flocs entering the clarification reactor were distributed directly to the already present floc
layer (level varying during process) by exiting through the perforations of the distributor
5 initially used. Additionally a hollow spiral was built in to enable distribution of the floc-

washing solution (at the end of the process) evenly over the whole floc layer/reactor
diameter,
The experiment was carried out twice with 100 g biomass. In the first experiment
(improved floatation) 0.05 M NaHCO; were added to the resuspension buffer. In the

10 second experiment the standard parameters and the initial clarification reactor setup as
described in WO 2004/085643 were used. The flow rate (influencing mixing and defining
the contact time in the lysis and neutralization device) and other operational parameters
were similar for both experiments. In both experiments the flow rate was adjusted to
20 mL/min for all 3 solutions/suspensions (resuspended biomass, lysis solution,

15  neutralization solution) corresponding to & contact time of about 1.5 min for Iysis and
neutralization, respectrvely.
The lysate obtained by the setup with improved floatation was further processed, by
concentrating it by hollow fiber ultrafiltration, conditioning it for binding on the
subsequent hydrophobic interaction chromatography (HIC) step by mixing it with 4 M

20  ammonium sulfate solution and filtration (HIC Load).
As a reference sample, an aliquot of the resuspended cells (without carbonate salt) equal to
1 g wet biomass 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

25 floatation described here and o 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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Protein 1.47 ktg/mL The results show that the pDNA homogeneity is not negatively influenced by the
addition of a carbonate salt for CO2 release during neutralization. Overall yield including also all
(subsequenity peidfiesidn steps was very good with nearly 50 % (upper enBFBREIMHOGISH
15achievable, when lysis/neutralization/clarification are carried out according to the routine method
without CO2-enhanced floatation described in WO 2004/085643), showing that the addition of the
carbonate salt has no negative impact on purification, which is also confilHied by the low impurity
content in the drug substance (comparable to results obtained for drug substance prepared according
to the routiner ietog), WO A0SUNSRRRARCI/RRANNDARIATA FiENRRGSYRNP/G pbtained in an
adequate experiment simulating the completely continuous clarification system (system I). In this
experiment t%ﬁt@ﬁﬁﬁ@ﬁ@é@%@@w%%ﬁﬁyﬁr@ﬁ%%d by sucking it off with a pump. 5 Example 6
Setting up the up-scaled clarificatipm feTn @gﬁ{o &yéﬂyc @pﬁ@ regRiication as a system I (or I1l)
device of the method of the invention and its utilization .for the méthod of the invention. The principle
construction of the up-scaled clarification system Wa@cﬁpready describéd)in| LOWO 2004/085643, For
the application of the method of threggévc%lﬁué)éu with %q{oveo figgiation fygo main parts were redesigned.
On the one hand instead of a slott stributor a un-perforated tube, which reached (from the top,
lateral) to the bottom of the clarificatipseteactor (ab@)llé the retehfion material) was used. On the other
hand an additional washing device rfornTwashing (at the grdoftheprocess) from the top was
installed (washing 15from the botta%iyvg“so%%med ogl?t%s descri 'é%l n%V\'?O 2004/085643). This device
was a rotatinty toadl wsed fortC PiGgl(elddninigdmpladeycwhichswas asgetytesdistribute the washing
solution evenly over the flocs. The flow of the washing solution was thereby reduced compared to its
use in CIP mode in order to avoid destruction of the flocs and possible redissolution of impurities 20To
show scalabﬂ;ecrmbhsrm@l’ thap ithy ed mlagHicatjont methsdtv\ﬁiltbtéfﬂcdfiaathﬁ@menﬁahcenitby%ached
CO2 bubbles e sdapted iy ealed ysIoln AL AI0AABE043 s uied {0 IERAIGA St
lysate processing biomass. Afer re uspensmn of the previousl roz resulting
in 13.5 L rcsudlienhsiadh) ;amdrdegabkmg the spston] ngsthﬁe&ﬁmimmmﬂmélmn&wtfé@camed

out methodicﬂ% g&?ﬁ?f&éﬂ?%dn step worked as expected (comparable to the standard system with

lysate obtained without improved floatation).
10 InFig. 7 (a and b) the floatation of flocs (in the clarification reactor of WO 2004/085643)
obtained by the method with and without CO» release are compared.
It is obvious that the method with CO; release resulted in a much more compact floc layer
(al) and zoomed in a2)) compared to the method without CO; (b1) and zoomed in b2)).
This is of major importance for floc clarification, it is beneficial regarding capacity of the
15 semi-continuous clarification reactor and consequently vield and it is a prerequisite for the

completely continuous clarification system.

Example 5

Production of lysate by the method of the invention (with improved floatation; clarification
20 mode system [1) 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 ultrafiitration to 600 mL. In the next step the concentrated

lysate was conditioned by mixing it with 4 M ammonium sulfate stock solution followed
25 by filtration. An aliquot (575 mL) of the conditioned lysate was loaded on a HIC column

of appropriate dimensions and cluted with a decreasing salt-gradient. The HIC pool was
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25Examples 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
clarificatioW PeHoR#98¥here the majority of flocs were floating mediated by fRd/E#A¥HEF G2 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 30beads 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 WO 2009/098284PCT/EP2009/051370 flow rate of 3 L/min Finally the flocs were
drained by aﬁmx@}q;@rﬁqte@%%%aq{aéugﬁg%ﬁma@@@ {hecghiained: clasified daatswas further

(stepwise) processed by the conditioning Step (including filtration) and the subsequent
chromatograpkphstdSE(andimtiv fHired br p Al Samplistidredaninfeace by BPcevliEghgentration,
homogeneity, approximated. pusity) ;igure 8 shows the analytical HPLC chromatogram of the
reference lysate, Figure 9 the corresponding chromatogram of the lysatc obtained in this experiment
by the continbiBuE st isgsteras| PHHWﬁﬂﬂsﬁﬁH@ﬁ?ﬁh%i@HWJanalyticaI HPLC chromatogram of
the SEC;pool. The reference lysate was prepared as described in Example 4. 10 Tab. 5: Product
(PDNA) specific results of the continuous lysis/neutralization/clarification (system Il) with improved

floatation and uBseyodveisuRRtANShesiEpsessHiRl i ROTBYERs Bt SBEREHBY B fisetetied
system with pdapieet glaficalpRy 3910k RaMRle Hamageneh o Y el Qospar o) (16

Reference 87.

reference.
Sampie Homogeneity | Yield
(% cec) (%)
Reference 91.1 100
Lysate 92.0
Drug Substance 94.6 47.3

10 Tab. 4: Results of impurity analysis in the drug substance.

Impurity Result
Endotoxins < (0.480 EU/mL
> ().240 EU/mL

Genomic DNA | 1 ng/pg
RNA < 1%
Protein 1.47 ng/mlL

The results show that the pDNA 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
15 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 tmpact on purification, which 1s 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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8.0 100 Lysate 91.9 6.3 70.1 SEC Pool 94.0 100 39.9* 15* overall yield (compared to reference)
including al previous steps The product specific results confiuined that the method of the invention is
scalable. ANGEEpERASWINg tysis worked as expected confiiming that the BEatEFaHaEdBy the novel
method of the invention (improved floatation by CO2 release from carbonate salt can be 20further
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 the10p.0f e clatfication Laactay. aﬁ@éll%&é%%@ilﬁﬂéﬁ’{’%ﬁrﬁ!ﬁ%@%@%%‘m%&@ fold more
biomass. 25 WO 2009/098284PCT/EP2009/051370 Example 7

continuous clarification system (system I). In this experiment the floating flocs were

continuously removed by sucking it off with a pump.

5 Example 6

Setting up the up-scaled clarification system of WO 2004/085643 for application as a
system II (or II) device of the method of the invention and its utilization. for the method of
the invention.
The principle construction of the up-scaled clarification system was already described in

10 WO 2004/085643. For the application of the method of the invention with improved
floatation two main parts were redesigned. On the one hand instead of a slotted distributor
a un-perforated tube, which reached (from the top, lateral) to the bottom of the clarification
reactor (above the retention material) was used. On the other hand an additional washing
device to perform washing (at the end of the process) from the top was mnstalied (washing

15 from the bottom was carried out as described in WO 2004/085643). This device was a
rotating ball used for CIPing (cleaning in place), which was used to distribute the washing
solution evenly over the flocs. The flow of the washing solution was thereby reduced
compared to its use in CIP mode in order to avoid destruction of the flocs and possible
redissolation of impurities

20 To show scalability of the novel improved clarification method with floc-floatation
enhanced by attached CO; bubbles the adapted up-scaled system of WO 2004/085643 was
used to prepare a clarified lysate processing 1.25 kg wet biomass. After resuspension of the
previously frozen biomass, resulting in 13.5 L resuspension, and degassing the system,
iysis, neutralization and clarification were carried out methodically as described

25 Exampies 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 matenal (glass

30 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

-40)-



Setting up a lab-scale system for application of the method of the invention in a complete continuous
clarification mode (system I) and its utilization. This experiment was carried out using the lysis and
neutraliza¥Wéh39AHE98EOf the lab/pilot- scale system described in WO 20043898549 &ridAded by a
novel setup for completely continuous (pre-)clarification (see Figure 13 and 14). Based on the principle
design shown in Figure 13 the following development device (see Figure 14) for the continuous (pre-)
clarification was constructed: a glass cylinder with a flat bottom, a diameter of 9.4 cm and a height of
19.4 cm was equipped with a lateral inlet in the middle of the cylinder and a 10lateral opposite outlet at

the bottom ofighe sMingen. g iplatapehthgocutiel-parkwele seppastRcte Babings pfdsmm inner

diameter. The top of the cylinder was leakproof connected with a hopper as a tapering extension. This

hopper tapefeertiaics aanTdtecbimnad Rahact [y Brensasy e (RCR HitrhBter ST b Mvithin a
ength of a8 T (ARSGEKh 1P B0chS e ApRRS MR SmBSIed il dubiog sl

diameter 15reEresentin the top outlet of the development device for continuous (pre-)clarification. The

volume of th& &b Clarit AR BRViEr WRDAEE Y 1A MO ICRi I TRo&SsEY out in a
semi-CoRtiNUKS MANRMIIZNG) arsystem shd Setup mith acelarficationdeviegrafsimilar sdbimes(1450
mL) this volume would be sufficient to collect the flocs obtained from alkaline lysis/neutralization of

about 100 g WetBiBRHES? St FRIESPRMISHERRRERRHE SLIRISEEP I B R &P STRFEMEEY in
resuspensiopbiffelcantARing Aap (M NahiC Qe (atald8) add eiflow 1atenwasaadjustetPtar30 mL/min for

all 3 solutions/suspensions éresus ended bjomass, lysis solution, neutralizatjon splution). At the
beginning of RO HRSRERELRE BB RSTh Beflet SR FRiLRRRACRIAA WAV ITERES %déﬁﬁggfjﬁn’é’ (pre-)clarified
lysate was clpggdand the clarification device filled with washing-buffer up 25to the inlet. As observed
in previous experiments the CO2 release immediately started after contact of the lysed cell solution
with the'heutralization solution when the process was started and the small gas bubbles attached to
the precipitate,flogsmitich wismaeongrtienty aesemiede.Aienpassing, tataixngotistarice d¢oied
tubing) the mixture of lysate and flocs_ of 3Qprecipitate entered the navel clarification ﬁeviﬁ?. Thereby

the clarificati6h HevdE Wit L8RS ROHiRILP R PARIBEY BUBBRAL SR ARE S RE SRS e

des!
precipitate wag:gisgcted M6y 2000/098284RGRERZ 008094340 vawardsandseparated from a lower
clearer lysate phase which contained minimal flocs. When the flocs reached the top outlet, the bottom
outlet was opened to recover the (pre-)clarified lysate. Since the bottom outlet was only partly opened

the flow rate of the tysate exiting vVia dag:pettdnismtietwas Ipwernithary thig flow rate of the entering
mixture. 5Thus the flocs separated in the upper part of the ¢larjficat ogﬂevice and containing minimal
i eré’for

inter-floc tysate, further reduced by the tapering tof§ 6fthe devié¥, v ced through the top outlet
and collected via a tubing in a subsgggenih: Located sieve. Rasidual i dysate was collected in a
container below the sieve. The depgree of opening of the boftom.outlet wasl manually adjusted in a way

to keep the interface lysate/flocs in t&4evice T 919 6.3 ) 701
SEC Pool 94.0 100 | 39.9%

15 *overall yield (compared to reference) including all previous steps

The product specific results confirmed that the method of the invention is scalabie. All
steps following lysis worked as expected confirming that the lysate obtained by the novel
method of the invention (improved floatation by CO; release from carbonate salt can be

20 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.

25
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toapproximately in mid-height of the device. The collected (pre-Iclarified lysate was fed into a retention
material containing clarification device described in WO 2004/085643 for fine clarification. Instead of
the clarificifbrotiigsgesdf WO 2004/085643 also conventional depth filterPEGHEHAYEREE used for
fine-clarification prior to purification by chromatography. If a conditioning step such as ammonium
sulfate precipitation is planed 15prior chromatography the lysate could be processed without
fine-clarification. The fine- clarified lysate was collected at the exit of the clarification device of WO
2004/085643 and combined with the floc-drainage and floc-washing fractions. At the end of the
process the fgaﬂ,{gﬁhﬁ clarification device was stopped and the tower lysate phase left in the device
was recovered via the bottom outlet (till the flocs reached the outlet). Then the bottom 20outlet was
closed and tietfeutiatartaer sghirviiarmiasrmmg i ddhe et e B oenses ief ret¥¢arification
device was forged through the lon atiet Jnbs Heseribed mxpetment 500 g wet biomass could be

processed without any limitation. This is 5-times more compared to the amount which could have been
processed NS 2EPEHMBRlr HRCEEHTHOHIRITBUS S VatisAnS Wy SoaaBBBRgr SiAt &t BomEYBe shown
that the 25nqyelRigrslafilication;aystemvar posddmited Jeasyding Ameauns ehbiemarsdprocessed,

the system enableS processing of much more biomass than the 500 g applied in this experiment.
Separation/(SPELJERIMdRIICHE Hisasian GSrpshiensy 1P @Fd Il R trdRTs hsraRsinin dstivh shetdm
worked very ﬁ@ﬁ%&%ﬂ?@/th%%l.i&%ﬂ#@%hﬁg%ﬁﬁ%k%&@t{@ée pilet caningd eahirninimaksesidual

small flocs and the flocs exiting via the top outlet 30were comtggr?ct, containing only minimal residual

inter-floc lysaterTRalERIEHRRRTEHEGE @ FaTHY NSRS Ehb it BPHen aaBsiB e brotetsi!
(including (prepglayifigation).bythe YMPRAMHB9BR84R G4 R2ARHUAGIR ¢ ihethor @ndusieyice of the

invention. The volume of lysate collected at the end of processing 500 g wet biomass including the

wash fra¢tioraraal appesitenslstihtirmBajeate (vas aAlgsed By mist B1¢0hp BRIK RSKERETAtion and
homogeneity a5 well a& FRbARRIOKIMAte thRkrily:(astivi a3y beia: fof amaoihnessansbauality) and

the results were 5compared with the results of the reference lysate, which was prepared as described

in Example 4-0mHsgdIlstie9RaE domianTea HeEIaIPRBo J0H AP RAIPEIRA TR 3ELME e
summarized ek 1§ the Tabo HinR QMM RNALSheCHiIsTes Whis ofithe: GopHBN SIS MEpiralization

and fully 10continuous clarification mediated by improved floatation, (system],.? compared to the
The tapered top end of the hopper wids connected with a tubing of simiilar diameter

15 representing the top outlet of the development device for continuous (pre-)clarification.
The volume of the complete clarification device was about 1450 mL. If clarification is
carried out in a semi-continuous mode utilizing a system 11 setup with a clarification device
of similar volume (1450 mL) this volume would be sufficient to collect the flocs obtained
from alkaline lysis/neutralization of about 100 g wet biomass.

20 The experiment was carried out with 500 g biomass resuspended in resuspension buffer
containing 0.05 M NaHCOs (at pH 8). The flow rate was adjusted to 30 mL/min for all 3
solutions/suspensions (resuspended biomass, lysis solution, neutralization solution). At the
beginning of the process the bottom outlet of the clarification device used to collect the
(pre-)clarified tysate was closed and the clarification device filled with washing-buffer up

25 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

30 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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reference. Sample Homogeneity Purity Yield (% ccc) (%) (%) Reference 76.8 9.3 100 Lysate 76.0 9.5
89.0* *compared to reference 15The results show that the homogeneity and estimated purity of the
lysate obt¥Sed¥yofi§e8improved fully continuous method is comparable toPfEFBIEFEHEE T he yield with
nearly 90 % was very good and better compared to the previous experiments, which is of major
economic importance.

th

10

15

20

25

30

upwards and separated from a lower clearer lysate phase which contained minimal flocs.
When the flocs reached the top outlet, the bottom outlet was opened to recover the
(pre-)clarified lysate. Since the bottom outlet was only partly opened the flow rate of the
lysate exiting via the bottom outlet was lower than the flow rate of the entering mixture.
Thus the flocs separated in the upper part of the clarification device and containing
minimal inter-floc lysate, further reduced by the tapering top of the device, were forced
through the top outlet and coliected via a tubing in 2 subsequently located sieve. Residual
lysate was collected in a container below the sieve. The degree of opening of the botiom
outlet was manually adjusted in a way to keep the interface lysate/flocs in the device
approximately in mid-height of the device. The collected (pre-)clarified lysate was fed into
a retention material containing clarification device described in WO 2004/085643 for fine
clarification. Instead of the clarification device of WO 2004/085643 also conventional
depth filters could have been used for fine-clarification prior to purification by
chromatography. 1f a conditioning step such as ammonium suifate precipitation 1s planed
prior chromatography the lysate could be processed without fine-clarification. The fine-
clarified lysate was collected at the exit of the clarification device of WO 2004/085643 and
combined with the floc-drainage and floc-washing fractions. At the end of the process the
feed to the clarification device was stopped and the lower lysate phase left in the device
was recovered via the bottom outlet (till the fiocs reached the outlet). Then the bottom
outlet was closed and the feed started again with washing buffer as long as the bulk of
flocs left in the clarification device was forced through the top outlet.

In the described experiment 500 g wet biomass could be processed without any limitation.
This is 5-times more compared to the amount which could have been processed i a size-
comparable semi-continuous svstem of WO 2004/085643. Since it could be shown that the
novel (pre-)clarification system was not lmited regarding amount of biomass processed,
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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In Fig. 15 the analytical HPLC chromatogram of a reference lysate (without CO2 release) 20is shown
and can be compared with the analytical HPLC chromatogram (Fig. 16) of the lysate obtained in this
experimeri®@itigingdady continuous clarification mode system |. Both chroP@&tdigeaneg iy 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 25purity. 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, CO“"'H%?HBQS %Q%%fﬂ}@eg{%%p%ﬂg%iﬂﬂg% ﬁ'g )cﬁﬂgct\%cc)lt the end of |
2009/098284PCT/EP2009/051370 HIC- and AEC-purificatio e pDNA homogeneity in the
SEC-Pool was@4s394 §00wingtthiemhes indudiobthinsddytheinetodbeid de9ifensk tHédryesition in
i oxnerimanoAHIRe sysippeiull pufedIaciine. & LA INRcec RANAA'E, frample 8
Prototype lab-scale ste for application of the method of the inv ntlo in a complete continuous
clarification rﬁmxgygt@dmbréﬁdl&ﬁ Uil At C T [ epepithiees wad Geaiied ot Usingule Weis and
neutralzation pyipgiola ol ik ebialots als sxslem. asgesaripad MWKRA00AO8EGAT it novel

setup for completely 10continuous (pre-)clarification: This prototype (sec Figure 18) contained all
necessary pargaratontingolisqno ceste FortHpedontmababopreé daldafidatidN rocess a prototype
according to the design.shown.in Figuee +3was used. Compared to the development device as
described in example 7, the novel glass cylinder of this prototype tapered at the bottom and at the top.
Furthermore, the inlet was located laterally in the middle between 15the bottom and the top outlet and
ended radiallyjp erpiddieabihe cyindes Thainigtand e oS eI £ORNRRIAR fulings of 8
nun inner diameter. Experiments were carried out in a similar way as described in example” 7 with up
to 1000'§ bictBEBUYsInGl OO ad0D. Ipdigtad biiatersatcintnatpisndpeticioh senitiprcd Fetilocks floated
very well se%@g‘ﬁggrom the lower clearer lysate phase and built a compact layer at the 20top part of
the device resulting in an even better performance of the clarification process. The flocks were forced
out through the top outlet with minimal residual Lysate in between. The tapering bottom supports

maximal recovery of (pre-) clarifie Ie Q,gﬁ@i%!;) WWW)S%H‘ 2 pDNA in the lysate was
similar to the reference and yield was about 90 %. No Limitations regarding capacity were observed.
25 (Yo cee) (%) 1 (%)

Reference 76.8 93 160

Lysate 76.0 9.5 189.0%

*compared to reference

15 The results show that the homogeneity and estimated purity of the lysate obtained by the
improved fully continuous method is comparable to the reference. The yield with nearly
90 % was very good and better compared to the previous experiments, which is of major
economic umportance.
In Fig. 15 the analytical HPLC chromatogram of a reference lysate (without CO; release)

20 1is shown and can be compared with the analytical HPLC chromatogram (Fig. 16} of the
lysate obtained in this experiment utilizing fully continuous clarification mode system 1.
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

25 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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Claims 1. A method for producing a plasmid DNA, short linear DNA or RNA that s not secreted by the
host cells, com rlsm the steps of 5a) cultivating host cells to produce the smlglog)é\mg_,%hort linear
DNA or RWQ& ﬁally harvesting and resuspending the cells, 8? sk egra ing the cells by
alkaline lysis, c) neutrallzmg the lysate obtained in step b), whereby a precipitate is formed, d)
separating the cleared lysate from the precipitate obtained in step c), 10e) purifying the plasmid DNA,
short linear DNA or RNA, wherein a carbonate salt is added in at least one of step a - ¢), whereby due
to the neutralization in step c) CO2 is released and wherein in step d) the precipitate and the lysate are
allowed to senﬂaa@dn@d@ﬁiﬁiﬁaﬁmimd%e@mﬁﬁ hbhe matiigdroflel &iBC1Pwrhereiv4hecleared lysate

obtained in step d) leav rpg(clar jcatio tor/d vice thr u ha utlet at the bottom. 3. The
method of cl %/f%é‘?é gt Pé&aﬁ’é?g é%af LY e(§ ifrstep a);, 2 %ﬁl S Method of claim 1,
wherein the 6@;&1@%&&& salilistadaeckinflepyi fedThechiethoblgf Smihrdg pxihbmlmthe carbonate salt is
added in step c). 6. The method of claim 1 - 5, wherein the calculated theoretical carbonate

concentration 25in the resulting lysate-floc mixture (with attached CO2 bubbles) is in the range of
0.003 tos0.3FNMhmpid Be method of claim 6, wherein the calculated theoretical carbonate concentration

D O AR R
wherein stepcdhnsz@@grateﬂfncaz&embmmmm@mdomwdwmmode 5 10. Method according to claim
cauipped w2 SGRYGN Asar T aat B o) e S e e,
scale system as described in WO 20047085643 with a novel setup for completely
10 continuous (pre-)clarification. This prototype (see Figure 18) contained all necessary parts
for a continnous process. For the continuous (pre-)clarification process a prototype
according to the design shown in Figure 13 was used. Compared fo the development
device as described in example 7, the novel glass cylinder of this prototype tapered at the
bottom and at the top. Furthermore, the inlet was located laterally in the middle between
15 the bottom and the top outlet and ended radially in the middle of the cylinder. The mlet and
the outlets were connected to tubings of § mm inner diameter.
Experiments were carried out in a similar way as described in example 7 with up to 1000 g
biomass using 0.05 to 0.1 M carbonate salt in the resuspension solution. The flocks floated
very well separating from the lower clearer lysate phase and built a compact layer at the
20 top part of the device resulting in an even better performance of the ciari.ﬁcaﬁon process.
The flocks were forced out through the top outlet with minimal residual lysate m between.
The tapering bottom supports maximal recovery of (pre-) clarified lysate. The homogeneity
(quality) of the pDNA in the lysate was similar to the reference and yield was about 90 %.
No hmitations regarding capacity were observed.

25
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10c) an outlet underneath the retention layer, and d) one or more distribution means that reach to the
surface of the retention layer and evenly and gently distribute a mixture of precipitate and lysate as
obtained upon alkaline lysis and neutralization into the container. 15 1 | . The method according to
claim 10, wherein the device comprises in addition means for supply of compressed gas. 12. Method
according to claim 1, wherein step d) is carried out in a continuous mode on a device comprising a
container, wiights equipped with 20a) 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. The
method according to claim 12, wherein the container is connected with an 25additional drain and/or
wash unit. 14. Phaeriethéd piactatingls pihenel DAl Ac asboliestcpréalectadArtat staps b) to e) is
operated in a COQJ}&% S ;%oggs.tSQH%SCJnQqigngtngsgg %Igyn [, wherein at least a combination of two
steps selected from s eﬁfs 3 0 efls épera{)ted ifi 3 continuous mode by connecting the two or more
individudl steps. d6:uftiermethend oilsimiprdduer ths plebmrdiRinaduitidinste PRy isoRNAted in a
continuous mo%@éé;ﬁﬁﬂ%ﬁﬂ?ﬁ@@&}ﬁg éﬂdﬁ{%ﬁs@mdin&hg hgjmethod of claim 14 to 16, wherein at least

one step is operated in an automated 5mode. 18. The method of claim 1, wherein a washing step of
the precipitate is isEpaiBatnedy sedls by dkaliely¥s. 10 19. The method of claim 18, wherein the

washing step is congligtesh-inanAdeitonahinwash |Rihef Pl k3ip?Gic I g menod of claim 1,
wherein a concentration and/or a conditionin steg}(inclu_di,n also filtration) is inserted between step d)

and step e). 15 21) AR EF SRIshy 3¢ WA IR RARPAGHRNALE SIS thkes place before said
conditianing step.) pu?dyihbehsitsaddodrlainhdrauhesePNheclyRate, of step d) contains the plasmid
DNA, short 20I|n§a DNA Q{QO%-L}J[A' %.S'Iéggem%tgtogg clalrr} ., Wherein ghe gel mas%l%btalned in step

r
. WRETCIN a car C 54 one Of §1Cp a - ¢}, WhCTeny ue 1o
a) is cryo-pelleted.
neutralization in step ¢) CO; 1s released and wherein in step d) the precipitate and the

lysate are allowed to separate in a clarification device.

15 2. The method of claim 1, wherein the cleared lysate obtained in step d) leaves the

clartfication reactor/device through an outlet at the bottom.
3. The method of claim 1, wherein the carbonate salt is added in step a).
20 4. The method of claim 1, wherein the carbonate salt is added in step b).
5. The method of claim 1, wherein the carbonate salt 15 added in step ¢).
6. The method of claim 1 - 5, wherein the calculated theoretical carbonate concentration
25 in the resulting lysate-floc mixture (with attached CO; bubbles) is in the range of
0.003 t0 0.35 M.
7. The method of claim 6, wherein the calculated theoretical carbonate concentration in

the resulting lysate-floc mixture (with attached COs bubbles) is in the range of 0.003
30 t0 0.05 M.
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8.

9.

10.

11.

12.

13.

14,

15,

The method of claim 1 to 7, wherein the carbonate salt is NaHCOs.

The method of claim 1, wherein step d) is operated in a semi-continuous or

confinuous mode.

Method according to claim ! wherein step d) is carried out in a semi-continuous mode

on a device comprising a container which 1s equipped with

a) a retention layer m its lower part,

b} an inlet at a position above the retention layer,

¢) an outlet underneath the retention layer, and

d) one or more distribution means that reach to the surface of the retention layer and
evenly and gently distribute a mixture of precipitate and lysate as obtained upon

alkaline lysis and neutralization into the container.

The method according to claim 10, wherein the device comprises in addition means

for supply of compressed gas.

Method according to claim I, wherein step d) is carried out in a continuous mode on a

device 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.

The method according to claim 12, wherein the container is connected with an

additional drain and/or wash unit.

The method of claim 1, wherein at least one step selected from steps b) to €) is

operated in a continuous mode.,
The method of claim 1, wherein at least a combination of two steps selected from

steps b) o ) is operated in a continuous mode by connecting the two or more

mdividual steps.
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16.

17.

18.

19.

21.

22.

23,

The method of claim 14 or 15, wherein in addition step a) is operated in a continuous

mode by being connected to step b).

The method of claim 14 to 16, wherein at least one step is operated in an automated

mode.

The method of claim 1, wherein a washing step of the precipitate is inserted between

step d) and step e).

The method of claim 18, wherein the washing step is conducted in an additional

drain/wash unit of claim 13.

. The method of claim 1, wherein a concentration and/or a conditioning step (including

also filtration) is inserted between step d) and step e).

The method of claim 20, wherein said concentration step takes place before said

conditioning step.

The method of claim 1, wherein the lysate of step d) contains the plasmid DNA, short
linear DNA or RNA.

The method of claim 1, wherein the cell mass obtained in step a) is cryo-pelleted.
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