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5 METHODS AND DEVI CES FOR PRODUCI NG BI OMOLECULES 10
Field of invention The present invention relates to
the field of producing bionolecules, in particular
pol ynucl eotides |ike plasmd DNA. In particular, the
present invention relates to a nethod on a

manuf acturing scale that includes cell |ysis under
al kaline conditions 15 followed by neutralization and
subsequent clarification of the cell |ysate.

Background of the invention The advances in nol ecul ar
and cell biology in the last quarter of the 20 h
century have led to new technol ogies for the
production of bionol ecul es (biopolyners). 20 This
group of naturally occurring macronol ecul es includes
proteins, nucleic acids and pol ysaccharides. They are
i ncreasingly used in human health care, in the areas
of di agnostics, prevention and treatnent of di seases.
Recently sonme of the nost revol utionary advances have
been made with polynucleotides in the field of
di agnostics, gene therapy and nucl eic acid vaccines.
25 Common to these applications is the introduction of
R OTRANTA DB SIS R FIRODHE T HIGMAL M 1 c,
t herapeutic or prophylactic effect. Pol ynucl eotides
are a heterogeneous group of nolecules in terns of
si ze, shape and biological function. Common to all of
tfield ofivemion: bui | di ng bl ocks (nucl eotides 2 as
Adenl ne (A, Guanine (G, Cytosine (C, Thymne (T),
?rgse(l%erﬁﬂﬂ rEBfBIS to t}n‘;' ﬁiﬁd Bﬁg%ﬁhéﬁﬁ Bﬁﬂ{(g&ulﬂﬁdﬁf partlcular
1ol ogi cal conditions. Repres entative menbers of
gml)ﬁrmbloaéftﬂ likeplzsned RNWA (Ingsistéoudpey thRNAsciitrinvigition rélhias to a

CRBRAS OF AR s SORR (s (sAgRy Celk @i aC RO eeanbe

Cf@llmb@d BV haltediz@&lonidh sttt Rte Hicafbb # BE céiPlysate,
proteins, they are able to build three-di nensiona

structures and aggregates under distinct conditions.
Pol ynucl eoti des are sensitive to enzynmatic degradation
( DNases

Background of the invention

The advances in molecular and cell biology in the last quarter of the 20" century
have led to new technologies for the production of biomolecules (biopolymers).
This group of naturally occurring macromolecules includes proteins, 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 vaccines.
Common to these applications is the introduction of DNA or RNA into cells with

the aim of a diagnostic, therapeutic or prophylactic effect.

Polynucleotides are a heterogeneous group of molecules in terms of size, shape and

biological function. Common to all of them are their building blocks (nucleotides
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and RNases) and shear forces, depending on their size
and shape. Especially chronosonal DNA, inits
denatured and entangled form is highly sensitive to
10 mechanical stress, resulting in fragnments with
simlar properties to pDNA. This becones nore and
nore critical with the duration of the shear force
exposure (Ci ccolini LAS, Sham ou PA, Titchener-Hooker

ol AR 1, U (G Pl ity Bighfifd (9, URAIRG and their
et T
T PO s 16 NA ncesprscs RO dearit RO eeBaReN 1
ARorAS KA EASR) AR SmbbinGl THOK (SORANS A Musrda DNA

A
6-13 x 106 Da and several thousand erent.
t(PPMA0gT bese niaromsolstulpDdn becumglbeordiosbicrsgranddde §imifargo

supercoi | ed ( r.covalently.closed circular (ccc)

TP e e b e g s e LR, B Rt i uncer
aRfncE @ridaibmd NeolySudleRided MeQehdieydtd Tt Rfatddddgpiditiod (BNases
ot her topol ogi cal pDNA forms are derived fromthe ccc

fand RMRpcoiand shear $piggs, dependippmihelt sizepad skapec Bsneeiady

0 r.do St i l i e 1
R PRAN NS0 s ERGRpa e A Vst
angdhamthlGtrasd, rasultihg ifr@ragmichR vépediinilar poperties to pDNA. This
percentage of ccc formis the nmain-parangeter for
bserasy mEre He megAriticyt with theslupmdan of tssdeat foggs cxpgsure

. ‘ _ , o _
A AP, TR R AR AR (1995
dhetecinall Bloengso(o76d; étanvbinnbAS, Plizntlen B2\, Tiaherteo-Hdober N

[ i amount s of requi red for preclinical
42@623?%%‘%813?0%9%%?{?% is a demand for processes
that can be performed on a manufacturing scale. These

et (N R) e6ass8R siasled adtfathlonfoeguhbiadi@iular polynucleotides.
requirenents (FDA, EMEA) and 30 shoul d be econom cal |

f4 gl plasmid coptping befasen 1 ad 28kjle basepags which corresponds to
. L a6 . 0 _

7Sl A A PAOBS38R BB o

paabe idistingidked The Reperchifell €50 e esvalentlyhvdosed circular (ccc) form

RIS COE A N T
f18fm IR RRQABES108RaDNA forms are derived from the ccc form by either
single strand nick (open circular or oc) or double strand nick (linear). Breakage of
the strands can be cansed by physical, chemical or enzymatic activity. For
therapeutic use the percentage of ccc form is the main-parameter for assessing the

quality of the pDNA preparation.

Therapeutic treatment based on pDNA is considered to be an alternative to
treatment with classical chemical drugs or recombinant proteins. Due to the
increasing amounts of pDNA required for preclinical and clinical trials, there is a
demand for processes that can be performed on a manufacturing scale. These
production processes must fulfill regulatory requirements (FDA, EMEA) and

should be economically feasible.
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5 pol ynucl eoti des. Thus, there is a need for nethods
that are applicable to polynucleotides, in particular
for production of plasm d DNA on a manufacturing

- scale. In brief, a process for produci ng reconbi nant

bi onol ecul es, which are not gecreted by the host, in
particul ar DNA and | arge proteins, follows the steps
of: 10 a) Fermentation (cultivation of cells that

arry t bi onol ecul e of int.erest and optionall

AR raef fl BRETEE P S PR et en e 61 Beygbecn
Qi)ev&oﬁémfo? SRR AR Ifipariced l‘e%oﬁibﬁlaﬁ@?l%t@ﬁs. heR to the

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

ahidensneastin gha plosicoshpaical poperics belevesn palyhedeetiles find

[ S r i I 5] qond ) ste 'y re
OB e BPndy B Foil BF hoenlERE BB IRS o
polynuukbadés. Thss, thete o fided $bBimethods thacap hpslicbleas of
pDNA, as follows: Currently, E.coli Jis the nost )
PohrdRleptidess i prsdeulpior prodactinrefiriasngd Db ipera manufacturing
hagterial, yeasts, mammalian and insect cells may al so
be used as host cells in the fernentation step.

Sel ection of a suitable host strain is of mgjor

ilmpoiet, amrecdss fortpneducpMaceplinantbioniokighs, odlith sremst segreted
1d di . I '
Hirb o e R AR S e pielraior s B bpiel

econoni ¢ process. For this purpose, a well-defined
eyl t urRniesthtsn (calthadeedf cellRehndrp idBioRbledble of interest and
fermentation and the conditions during cell harvest,
whi ch orbgadliyharggstipgshe gells frort @ﬁif@menga@ﬁﬂrbmm,e to the
qual ity of the polynucleotide (Werner RG Urthaler J,

L] _ . ,
Bt o g 1 M A o B I e B e e Hrom the
Techneklls)Eur. p. 34). 4 After fernentation, the cells

~are usually harvested, nostly by neans of

trif tion. T ) ted bi [ .
F0 o ettt F R o P Bon P g bR AEelT o et from
I sol atim@arifiey. €. 9. col um chromat ogr aphy,
ultradiafiltration, extraction or precipitation) of

t he polynucleotidefgfuinterest from proteins, %DNA
. ca

RAll&se$igps are more speci y characterized for the production o

polynucleotides, in particular for the production of pDNA, as follows:

Currently, E.coli is the most commmonly used host for pDNA production. Other
bacterial, yeasts, mammalian and insect cells may also be used as host cells in the
fermentation step. Selection of a suitable host strain is of major importance for the
pDNA quality. A high cell density and plasmid copy number and its stable
maintenance during the fermentation are crucial for a robust economic process. For
this purpose, a well-defined culture medium is needed. The end point of
fermentation and the conditions during cell harvest, which usually follows
fermentation, contribute to the quality of the polynucleotide (Werner RG,

Urthaler J, Kollmann F, Huber H, Necina R, Konopitzky K (2002) Contract
Services Europe, a supplement to Pharm. Technol. Eur. p. 34).
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5 other host related inpurities, the cells need to be
processed, either directly or after freezing and

thawi ng. Alternatively to harvesting and resuspendi ng
the cells before further processing, the fernentation
broth per se may be subject t4 further processing (WO
97/ 29190). Processing starts with disintegration of
the cells and ends with the first isolation 10 step

CopaTRE Bl oyl FiraGhes FORTERY el o
CRRARgRATON THEHaYst@W el KidhmassGR %ﬂl%d&i inSZYpPRdpridte buffer.

nmet hods. Mbst of currently avail able procedures were

deelercolpend igodationiby el ecdwanshronptegrephns ultradiafiliatione pxtgaction
SR BRSO R AHEE ARG B8 oy s

t(ﬂﬁéﬁhd&ﬂ&&tﬁf enplitict,ahd bdisdictd e Bngesesedd, tihdrikrectly or after
physi co- chen1caIABéopert|es bet ween proteins and

pEFsEHIECINdd TRUVEhY &W@ﬂﬁéﬁ%éﬁﬂ%f@aﬁ the ¢¢dls before
TRPhe GARERGIE SAOLRAAR b et RABUERY albfcct BY RLELAS.
cannot” be us ynuc ue to their
qﬂma%dmgéﬂﬁDﬁ@Qéhﬁar force sensitivity and possible
destruction of gDNA (Carlson A, Signs M Liermann L

hrgBessinkiarbg ) SiiERion Or 8t il 2pd Sids b ol isotation

gy sBthe pokyheaBbto bR intérdl, QMscHBA alsd 98Med Be SR Gaps.
Technol 9: 143) nethods cause m ni mal nechani ca

stress and minimal irreversible deterioration of the
pPisgtiearatian) eicae pells cgn prackjerrd l@érh}ﬁﬁrtah GHemigALAr pREyRatic

qhéﬂhﬂ&& WI@%\: E&Hyédtl | i lé ﬂﬁ%g yp C t(ﬂ@?lgﬁ LRY tﬁ%frelease of

cnoli ce on oratory SC ozynme 1S

| g tenls-foan itheeck1ls und;tarcmmﬂmrdsyd fcrr@niynhckektedesegglom@cema)n

25 and therefore its use. is tential health risk
(RPBHSYS- Ligptpions of &%eéfaé?h lg‘zi Bies it que g fhe difterences of

r'&e ﬁirllgstl&f bfhéi‘ﬁ’i%ﬁl‘ifrbﬁérﬁés BektkEerhbrcRs ﬁﬁ%lyn%ﬂe@ﬂdes High-
reconbi nant | ysozyne involves high raw materi al costs
dssarmﬂt(ywmlzabom,dhtt wostTosmmen technadogynion thecfecqway of

{ S an

di h
T, RO P ule oo B i 0, B S5 o
QRSB VAR bnd'Posaitde M@&A&Mﬂgﬁmlhg:z&ma@%nsg@@ Mmlefmmn L,

m CIr oo anl sNs processed Short tlnE exposur e
G RS B g P 605 1t (Rosiers QS Bitectsy 10,

'u('ga.g féyd)taﬁ& e&%ﬁzﬂlc (Asérﬁﬁ rRY ARLASs BA S0 BENR8cds§ Technol 9:
143) methods cause minimal mechanical stress and minimal irreversible
deterioration of the plasmid. Since it is the gentlest method, enzymatic
disintegration utilizing lysozyme is the method of choice on laboratory scale.
Typically, lysozyme is animal-derived (most commonly from chicken egg white)
and therefore its use is a potential health risk (prions) and is considered as
problematic by regulatory authorities like FDA or EMEA. Using recombinant
lysozyme involves high raw material costs and analytical efforts. Thermal
treatment of the cells is another option for a disintegration technique that avoids
shear forces, as described in WO 02/057446 A2 and WO 96/36706. The suspension

of microorganisms processed by short time exposure (30 seconds to some minutes)
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carried out in conbination with a detergent (e.g.
Triton) and |ysozyne. Usually, disintegration and
rel ease of plasm d DNA frombacterial cells is
performed by al kaline lysis (a chem cal nethod) as
descri bed by Birnboimand 5 Boly (Bi mboimHC, Doly J
(1979) Nucl Acids Res 7: 1513). The

di si ntegration/rel ease process di scl osed therei n can

be divided into two st &ﬁ( the first one being
\d

ith 801 (n &} & sigk ppates & pady %ﬁ&t?nmsj@ﬁ%) Ebléﬁl%di ltsh‘éuauy
SRR MFcorREhiton P ZUCIAN! €3 S SR

sol ution (preferably NaOH) 10 in conbination with a
déstueﬁg,eiitini(egnaéﬁe nadrelea8DS) plasmid AN feom bactan@ve]ls ishe

ertoput i alelAt s &7 e RS b RhrT Yy BR-BETA AR

QBRASoimIHCaDbY: T t1beosahdltAeds R& MesiTal i zed by
addition of a solution of an acidic salt, preferabl y

an acetate, in particul ar, potassi um acet at e

Sldei dﬁﬁltés@flavféelmﬁaeqceswlamééwrﬁ@ @B hE I‘ltVil‘é?ﬁ’smFOe‘é{@ ﬁtt?PS

qgf@ gf:s? éf;i% baﬁ]ﬁ,ﬁ{ 1&&111@@%11%51&@%\5&?%& o y% g g{gﬁ ;ﬁﬂg 15Cdek & one

r 'ue o
being tht ecwepiaatidn gep.of t he conpl enentary strands is
prevented. This enabl es enti re renaturation of the

e A B dE L S eue e S R at R0 b 2R fgtapty Naom)

YA e6RBIrALieS with G RIAG et §ple@ihiblaBHSh NG thif BWirdrinent, the cell
irreversibly denatured. At this stage t

t he
poillsinstwes ard degmyed ﬁhﬁxeb)wcty@smg tl@meéynusle@ﬂd@ﬁ@t@est and

erial
T N e
@élutlBhM ah asidloMait( ;319&9%1}9\@1@ laydtate aih pafficalip @oiasditing acetate
275:122) . The exact pH-value for irreversible

dBAx OF mdlw agptate{Darg). Jdei adkalige §?1%<B%@1SQ64%¥P| deaniuediopy!

SRS RPN 00 i O AR 5 0

Dhidpdetel sqracdtenrad theer @)rﬂﬂelxdematywtmdds 1ts @ocveﬁkda’flms &haldes entire

Srragatiph Pt e LS MR, BRIk R STy Jf th

| g@@&he efccelsa@h@ Gbr?ﬁﬁraﬁ&ﬂi AasSt, Emmnsm@d RFF{{%K @g:elogtfand the

especial |y of the Iarge gDNA nol ecu
rpéBﬁAtli; ugevetsrhig dgmtlsreﬁa%ﬂlmaﬁwrthq: pelyoushsdidg bbetatn@ large
f t d
OB Py e BT LB 198 o P mimnptic bases
ADSRSHIM | @Sz JA, Monteiro GA, Prazeres DMF (1999) Analytical

Biochemistry 275:122). The exact pH-value for irreversible denaturation of the
plasmid is strongly influenced by the base pair composition, the resulting hydrogen
bonds and its size (WO 97/29190). In parallel, genomic DNA and proteins are
denatured, too. Denaturation of DNA leads to entanglement and formation of long
single pair strands with low mechanical stability. Impact of mechanical stress may
cause breakage of DNA, especially of the large gDNA molecules. The resulting
fragments have properties comparable to those of pDNA. Since precipitation
during the subsequent neutralization step is a size dependent process, these

fragments may remain soluble and thus behave similarly to pDNA (Marquet M,
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30 fragments may remmi n sol uble and thus behave
simlarly to pDNA (Marquet M 6 Hom NA, Meek JA
(1995) Bi oPharm Sept.:26). Therefore they would
interfere during the isolation process. The

i ncubation tinme at high pH vglue is critical for the

~renaturation of the target polynucleotide, the degree

of cell disintegration and the genom c DNA content in

gt N4 e L oy BT s a8T hefass ficggrouid ntertore

qu?lﬁé il 1's@1@t1b1§ pfd&@ssC‘PHé AelibdiolimM I?uélﬂﬁ-l @Hﬁ@ lid Qfical for the
l'ysis solution. Usually RNAse is added to

geraentonaf the tatizglemtlyriikofide, (bh@i@me ofjsict ciwntnmitwmand the

Ié.%hgrrﬁ%:ﬁb)gft# Ié‘o%?en% (i)rl( %@%{mﬁ%ﬁog eg% OFg ¢ rﬁ?lﬁagng%amge} %cﬁ‘hquality
laal Qe )ﬁfﬂﬁgﬂhﬁﬁi&l (& bieh aa6on Eoheccrvadt fithe with BR'alkali
USA;a{ Af?er addi ti oneoof Na?)—| a%%l SDSC thé sgl uti on& ne

Hedd sriution. §suglly BNAss spadied Eb%lwsqun@sw fedigest R éo small

VLS Mt S e e DS e iy AR

dheBBMolecidmt Cloming: Agldbasatbry Hemdpoek, AIREERLbss, Todd Bping 0

g T o T 3 R RS

Y
Pl gy g S A e R

WﬂmepRﬁc(éam)eT Elathem324bé7@4a)rlfamc el al\nn@dbﬁaﬁt Iami sﬁiment
t
g P, BB ERL R s SR dtieee phoiareamal Fugbon. Usially

rsEllQdHRI Tike/ glagihdttestdaBaBfiRY BieRcosdidi@thd K6 nxed very
manuf actun&g scal e. For large scale conventional

ﬁenﬂy by Bang Qipgen Fewndd-Hradbuehd W HU, Ringen Skl Ldaemey)-

ed tanks
PR AR corlR e p R 3R S R I Bl BPE e
iabowtr fdb]lysatté)pavlﬁj’tﬂ@ rIElstnlilﬁﬁlg opé@tdr elﬁper(deﬁt@ pﬁﬁz@dﬁn@Mﬁv

Ferreira G\M nt e Cabral JMS
(@@93 lhi#iéwsd is @%@fl@&ﬂ%ﬁwieﬂ ffsgmawfa@wg%@y Fqrlargp geale

| %H BEALHRSH A2 hbE Qi@ Bec%h?eoﬁlef s br gl?sk%rdagna\%np Ecﬁﬁ%ﬁ%sand

wel I as genom c DNA are co- pitat
kg}DN@r Pophé pmccffsesaus:emmhaxedftlamimcanﬂstmﬁﬂmr i doatbéna?ibn of

1999 ocess
gﬁ% %%‘NBS?‘“SAB&F%%% ﬂY?fsome ﬁ\?ﬁe WBH@&&@ |D5\4ﬁapgg
(HARS ENEURIONEHT GAL 28549TUL, (b8 IR (18bof Plen§ONPI €t €
Biotechnol 17:169; WO 02/26966).

In the subsequent neutralization step, cell debris, proteins as well as genomic DNA
are co-precipitated with SDS by formation of a complex floccose precipitate

{(Levy MS, Collins 1J, Yim S8, et al. (1999) Bioprocess Eng 20:7). Again gentle,
but homogeneous blending (homogeneous neutralization) is essential for complete
precipitation and for maintenance of pPDNA quality. Vigorous mixing causes
destruction of the plasmid and the flocks, resulting in redissolution of the
impurities precipitated before (Levy MS, Ciccolini LAS, Yim S8, et al. (1999)
Chem Eng Sci 54:3171; Marquet M, Hormn NA, Meek JA (1995) BioPharm
(September):26). This burdens the subsequent chromatographic separations (By e.g.
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precipitation and for maintenance of pDNA quality.

Vi gorous m xi ng causes destruction of the plasm d and
the flocks, resulting in redissolution of the
inmpurities precipitated before (Levy Ms, G ccolini

LAS, YimsSS, et al. (1999) 3G Chem Eng Sci 54:3171;
Marquet M Horn NA, Meek JA (1995) Bi oPharm

(Sept enber):26). This burdens the subsequent

hr ormt ogr. aphi par.ations (.by e.q..7 . 10ss of
st SO SRR e Pt b sorsione t RNA and
SAMIAAKKRA Halc RMIaABRiaMpertbi)ch have sini | ar
bi ndi ng properties). In the next step that foll ows
al kaline lysis and neutralization, the precipitate has
tlg thgyeexs sisa that deflawsotkaling lysinand rpugishization; thg psesinitateas to
(L hi , i ) . S -
e SeparAls el Tl cORAM R oBich, e5i8b 2 e mogping of
fthe preeentunentibe,atinosd "olari fiortisissted”).dnvest Bf furthef purifidaéion by
necessary to.adjyst the parangters of the sol ution, _
(5908 18 AP ALIPEER DPCERSANE Bttt TR RAFAEEES A Iﬂ_ﬁﬁef’)‘)?‘ftk?n (like
GUATARBbh bk Rlry ! S HRS) oBharPUIHEHE B 142eGRa
the resin (this step i's, In the nmeaning of "the present
ipelanicleotide on dremesin (ihoratkipt is.onithgmseepg pf thSposseniuenditipn,
the sqluti.on is suphjected to the fjrst.10..
APsaeond Bng sEpopStaraliy. BE spiidtimbiectsdae thiish
Rmﬁﬁﬂmaggbﬁm@QEQE@ﬁ@E%&%he nost frequently used net hod
enpl oyed as the clarification step on |aboratory and

pre-preparative scales (Ferreira GN\M  Cabral JMs,
Hropsiaiugationen fixabaslaomra tp s mestdipquentihuspd npeghod employed

I ' I

438 o Rh Srep Mo 8 bl sCed S B,
dedbed JM &P rieessi IPMIE1 9299) Bisteclived Podd 1 ARz )f Fort 1gsaelamounts

G h i se the big flock-vyolu woul d shartly bl oc
ﬂ%@ﬁbg%%%qdi lf‘_(?P?t%éi‘ ey | i Reee HORVISER ?m%ﬁ?%tawiécks and
Q&%&uﬁ% préE&iAY &l subkSTF ShPh L NGRERRSE B¢ b:g% 168t Ldidfe
IC, Wward JM Thomas ORT, Dunnhill P (1997) opr ocess
Eviyiléh sleorily GplobB theygied fitiey S ihwmsbe Sulibhatwean the floekerpntains

Rl rEd DA phicRieSHestl fiees) DR PR 05 e
MRUHnh QDR ¢ 1497 @@ﬁiﬁ@ds@ﬁn%ipe@ﬁlg' 193679, hi¥RIsksetMave IB¢B%en
ORT, Dunnhill P (1997) Bi oprocess Eng 16:175;

THeGgewTt ot furthvhpiphlem syong adeermtion pf muqlacyigley and pDNA to
%129‘8; tﬂ?e%—stﬁecﬁg gasztg ‘be Meﬁibnédw(mgaos%%%%f’(}oﬁfﬁls IfJ, fw&h%f\/[,
Thomas ORT, Dunnhili P (1997) Bioprocess Eng 16:175; Theodossiou I, Thomas
ORT, Dunnhill P (1999) Bioprocess Eng 20: 147). In many cases, bulk filter
materials or bag filters are used for clarification of the lysate. Since these materials

are either not certified or not scalable, they are not applicable for the production of

-pharmaceutical-grade plasmids on a manufacturing scale. More recent technologies

utilize expanded bed adsorption (EBA), which allows removal of precipitated
material while capturing the desired product (Chase HA (1994) Trends Biotechnol
12: 296). For capturing plasmid DNA direct after lysis by this chromatographic
technique, it has to be taken into account that due to the large diameter of the

(during neutralization built) aggregates of flocks pre-clarification prior to EBA is
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materials or bag filters are used for clarification of
the lysate. Since these materials are either not
certified or not scal able, they are not applicable for
the production of 25 pharmaceutical -grade plasm ds on
a manufacturing scale. Mre gecent technol ogies
utilize expanded bed adsorption (EBA), which allows
renoval of precipitated material while capturing the

Fosen B Pt CO GRRG  cprteRMTG B Barparop o

- BYarldyISL Ol HRBEIO AR RbiSs AMAS r@:@ hER9g) B1d%@;§ar£tibnb832@%k en

|nto account that due to the large dianeter of the 3
during neutralization built) aggregates of flocks
herehayeibepr saviceh aﬁmﬂs te deveibpy imprgveddseimaiqgigs for each of the

% g{sfééggsrcg?egd\l M—:}gj;c?‘ges tt‘%f'\x/lgts \%%r%zr%gst?lgh Q%é;dk(;nztgg Qmowmg
AMﬁmd@ﬁnaﬂs (1998) Bloseparatlon 8:209). There have

been several attenpts to devel op i nproved technologies

for each of _the ove- descrlbed s e These atte
RsusheBgen of thesstls g%? tp b crgladant Agyias P BI9ss! g@r(ﬁstpief)‘ﬁ
Ft’fr‘é HARENSE BEbnoffroieH%eﬁﬁ'J:)l %th@%v&ﬁlr@ehlgﬁﬁﬁéa{aﬁ)r%t SéRral
fast as possible (especiall e I's have been
fCszerIlaﬁff av:a)abla/ﬂgpd;ssa fa;umem ang atvilghlestheamxifig theesll paste with
ver al vallable es.of .stirrers. are
S eefmen P Prtgis g R Tupeg et B o Mo nSin s

28RS HE Misd PBstidhdr@dnly Gscd db&ld’éfbéirﬁg% Rseticdr ﬁnyﬁﬁa‘ﬁ eimer
unti | honngenelt is 10 achieved, the npst conmon

usedhesenethed ﬁéﬁeﬁfglb@d imE9et00d 09B443pAliTeredhy w@aste is diluted
'%P ‘ﬂ{ Q?%u%h%lﬁg b{lﬁ‘?rda%%ictfx% 9?19’? tﬁer%f?\%@ i‘ls &%ﬁﬁéﬁ%ﬁt@ug% a static
bm&%eirn amdn;t-hﬁ)uﬁ& mdde Ul fheg alﬁd) bt:cuf sigpsstal toalideafl g dilute the
throu h.a static m xer np-around node., It has
"g%s@ﬁ hepifgush be r?%lsmnswwfea i1} % tati¢ pxer prior to lysis
Q%ﬂﬂ@ﬁk@%b?%lerth with the resuspension buffer in a
static mxer prior to lysis 15 (WD 97/23601 Al). For
disintegration (lysis) of the cells in view of
dlor dismritegrapon (Ipsis) ofdbd oidls, insaew ofbbtatiifg pelpmiclensidng gsveral

R R T SR T

Wedafifer?. FdraMeé therAmalsid Qﬁﬁroé‘éé@ D§ing aflow-HPought@tdxchhiger
which the cells are continuously disintegrated after

i(A¢ o B8P (@ningwhich the cells are continuously disintegrated after incubation of
the resuspended cells in presence of a detergent and optionally lysozyme, is
described (WO 96/02658 Al). Another physical method, which works in a

temperature range of 70 — 90°C, is shown in WO 02/057446 A2:In a first step, the

- harvested cells are filtered utilizing filter aids and the resulting mixture is thermally

lysed in a second step. Alternatively, disintegration can be carried out by pumping
hot lysis buffer through the filter cake or by a flow through heat exchanger.
Chemical lysis methods are operated at an alkaline pH-value, they are therefore
referred to as "alkaline lysis". A commonly used composition of the intrinsic lysis
solution is described by Birnboim and Doly, but there are exist many variants of
this solution. As the detergent that is part of lysis solution usually SDS is used, but

other (e.g. non-ionic) detergénts like Tween® or Triton® are also suitable (e.g.
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filtration-

20 the resuspended cells in presence of a detergent
and optionally lysozyne, is described (WO 96/02658
Al'). Anot her physical nethod, which works in a
tenperature range of 70 - 90C, is shown in WO

02/ 057446 A2:1n a first step,gthe harvested cells are
filtered utilizing filter aids and the resulting
mxture is thermally lysed in a second step

EPARLND AchRe b R0 dyn SoRat el bk or
Riesaxfohemitd (FOUY iR ahe ﬁ%&hﬁ{bg@ ExtrackbE Me@Rd I §,637,687

met hods are operated at an ‘al kaline pHval ue, they are
tuses ahovd copppaipe forithe egdl-selhbaikzitins (bglmykalcolmlo‘omdunhy

ri nsigc.l.ysi 0 i Qn |
SR T GG B s
Imlfa/lméai]smﬁl’fefopefated iRiashatcdiviitd @Bde. fﬁg > ifle iﬂaéﬂne
is part of lysis solution usuall DS’is used, but

otm@?leletecaa be hamer ol élfectﬂ]é(tl%’r@éﬁtgsa NpQH/SEie sqlutien tor 3 bmﬁenal
0
0 B8 Aot PR LR RN LS
(pfemmemrl aftet i'asustﬂenﬁ'en phtieeetx aapxbpmbwf&t Mctbredly, biS
5 7 687 t th ;
Sl 3p PR PP ROt G AR BHORed e B drimits e eithan the
Qﬁm%ldb Bi Which %@ﬁmmaﬁl%le%ﬁ@é Afe SNy H A Q?Hd@a)iue that

Most net hods for al kal i ne I'ysis ‘are”operat ed
baﬁmmmogay ﬂp@enms? améyllffﬁ‘reléiamﬂcb singleepladniid (WA 97/29190 Al).

BT ERGF  n SR R iag E Sty Pl gpat s

e4psh1e B teddinih! ?Q%hlt(ohfhnﬂ Plefn&Ane it 1iOasPRENES Wil 4d6rbed
cells is performed) or after resuspension of the

capg goj qarréﬁrm et guewof coleraalyy, lysed in dlikedlima by means of
g_%zoli < ar H%%I@é!ﬁ?%?%c%géedﬁEﬁ {)8&'4@\/%?% éﬂx Sé elacéle%ﬁcei tﬁgt con3ists of

pOMAlomobabUlhes) amml ad:nmﬂneﬁafrgnoga@ﬁdéu% @fdc;lo@dﬁiﬂ%l’&bdl%s% BI,

t .S, ., enpiri term ned an ifferent for_ eac

i 457231 dpnd ?‘%%ﬁﬂgéﬁé\d Afisaline Ay i 67ricd OHbin the part of

Lﬂqé hibé@Bo e @e |ﬂ¥ﬁﬁ1&%@t‘iér§ MG o8l SRpEhEon AU Be @é@gcﬁ'lgt ns are
Iter that 1s capable of retaining a solution an

mm’e@tﬁdﬂgdnnanaWMmmusW@n adsorbed onto the
carrier, a certain amount of cells can be Iysed in

' of 15 me _and furt
SO R T el T A o
beasihs sk of Fo@ﬂﬂl@ toimbRdyn (aHueh E whd higinPW Adt-aufdbmated and

ayer is disclosed in EP 0616638 Bl,

therefore user-depéndent. The only way to handle larger pDNA-amounts, is
multiplication of the devices, e.g. running them in parallel. These methods and
devices are not suitable for production of pharmaceutical grade polynucleotides on
a manufacturing scale . To achieve contacting and mixing of the cells with the lysis
solution, it has also be suggested to use static mixers or-simple tubings. This
approach has been described for a cell lysis method , which is based on simply
connecting the streams containing the pumped cell suspension and the lysing agent
at a defined meeting point. The contact time is defined by the tubing volume

(diameter and length of the tube) behind the meeting point and by the pump-
velocityof the connected streams through the tubing. To facilitate rapid
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EP 0875271 A2, and WD 93/11218 Al. Alkaline lysis is
carried out in the part of the tube above the
filtration section. The cell suspension and the used
solutions are distributed and mxed in a
non-continuous way. 20 The appve-described nethods are
operated i n non-continuous open systens that bear the
ri sk of possible contam nation. Handling and mxing is

not automated and therefore user-dependent. The on
veynagsnigation, the ignggetiapeiripeihe trbirg hasdo baggduced (?c&ma%

T 0 RAHT AIFEF oA PR afhe mEERpotot,

OfY ptrampeicsuie p@pogidgddé0 MOf0p08E Addt Toathanee bna@zenous mixing
uf act ur.in cal e, To achieye contgcting and m xin

ot el apifrig Tyefs sofiiany gjpecially rle&%refﬂ,ﬂqh@ TS e agastod.

SRS 8 REkstale URRmSEAIyCavlINAL SorflnuShdRbB-th4RER Qﬁ'pﬁoirtg.i Bhe
approach has been desc¢ribed for a cell |ysis nethod,

wiontsiat fime bhthedebnwathitpd Lysissolwien is definedh by she mawes dimensions

Cai i : 4 the |vsi
230 Bl By PR R P PSR TP E aplimGe oo
d¥icee tarbilsd BeecdnibihfwitlaUiiBsederdt diinb® Ak rédttorl Bt stirred
of the tube) behind the neeting point and béqthe punp-

&l . ke 2091 A3)
AR prbdsit Foek A inl Com BOARAPRLE RulRbrsh Seo A “vpligei

A4 3 TmPelMr Y USRPO01.00BM3I ADY the two punped streans at
the nmeeting point, "Y'-connectors are proposed (WO

/09680 Al).. To enhance honogenous m xing of the
e BZ’OWFFFC%IH%C‘ F%‘i“é‘o‘é%‘lnﬁ'thi"gg?lt Begk Wit pirgelsicgpiegtions of

Shéhb& SeXf108, iRtk S408881iR stafic HIESE WV £R%s Fixures, (e.g.
commerci al |l y avai | abl e conti nuous fl owthrough

debpdstryctuiflse contact tinme of the cells with the
lysis solution is defined by the m xer dinensions and

%}ﬁp%ﬁfé aggga%égigsjﬁéggcp %eﬂods Vt\ﬁ)os%%sfl)l %Ssglgp gz)tirlr%ii;rlh zlé%v?ﬁt glhar%ntee

-con devi ces can al' so

dwhsggneitmiing; while tiiearla@bwith the teBudelitebigg disn@der (kalndim)
reactor the neutralization stgﬁﬁnay al so. take

prasciesieves B2 ppeYssalaapplicaionndirarctinds deing spisepigsdor
A NSV S A ST s

above-descri bed continuous nethods either work wth
di i reutre hzasionistaps narinally an acidic solution containing potassium acetate

1s used. For concurrent precipitation of RNA, composiﬁons that contain, in
addition, sodium chloride, potassium chloride or ammonium acetate (up. to 7 M)
have been suggested (US 2001/0034435 Al). It was also shown that a solution
containing divalent alkaline earth metal ions like CaCl, that is added to the mixture
after neuntralization results in the precipitation of RNA and chromosomal DNA
(US 6,410,274 B1).

Neutralization of the lysed cell solution is often carried out as one single step in a
batch mode. In EP 0814156 A2, WO 93/11218 Al, EP 0616638 B1, and
EP 0875271 A2 the lysed cell solution is contacted with the

neutralization/precipitation solution in the same device (column or tube with an
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the flow streamor, in the case of using static

m xers, with various fixtures, (e.g. helical
structures. 15 Anong the above-descri bed nethods,
those using a sinple tubing do not guarantee
honogenous m xing, while thejyvariant with the reduced
tubing dianmeter (< 1 cm was designed for snmall-scale
appl i cations. The net hods usi ng st ati c mxers (or

T et R e SR i RS sl TudilS Qenct B S v

NQEATRI th¥se@BehRAtjudb SrouRl b dubfce eameaéral 18joP BhAGEbM When
acetate 20 is used. For concurrent precipitation of

Rrgnsfassipo Slethandacteang selepipduction of paimaramicalsgrddeim

i hfEng B RO PP OTRAARERRS, itfon

Vasitiah@e opbe wisté adscp desindéndeanddackiag soalidilitiyval ent
al kaline earth netal ions like CaCl2 that is added to

t xtur after neutralization result
p$%&£%)??“§ﬁa SrIOBSteaNA S0 taK arAsias et Eﬁwsﬂfzz?ntw the lysed cell
ﬁsoﬁ.ﬂtgnzﬁﬁs tReh )sugéé!@ﬂéﬁrﬁ{d \?Vﬁfch% ﬁéﬁltfﬁf‘?dtlo}i%gﬁtlﬁﬁ id filled under

solution is often carried out as one single step in a
tramtlhucmsdmxmfgrwﬁptf&&nmsat épeed\sF B piROBOA2/24986). A similar

e ltmedi LS 200G &1 SaendiRe B el iah i

s@@hw%@sy brfixi B eh SR ARG Lar ﬁfﬁeﬁé‘ﬂncﬁrch‘il aM&etéa RMihg
in-line filter-material) |ike used before for the

| tgrif or bafers ip an iehing side mikgeliwalyovempleagatinyous weslacting

ft?%‘ﬂl?%v%g Gre (ﬂ@vﬁés%dki? Wé@ %tl a%%ﬁe\)(fél Odr)@jfé%b Al Both methods

i ons rans erre acturi
ssaltiee piedktip Bnlehdpdacibatitove frths BEB step connectmg the two
pol cl eotides, the problens al so being possible
&BW{ SHELPDHA AAIECHRE RHBE Fidh2 teduss inp §m8'i9éﬂf o sewhing

Yabing ‘?W 56/8R%£y t&'&%hﬁfe“%ogﬁ@ét&%h 'tﬁﬁin% f@tbhg(?ﬁ%soy For

neut ral i zati on stirred tank react
ddqtlemﬂwds,rstmcnmmtsenhyyb@dsedeh the meotrafization stegs been

t I t ol
arpea oLl Settoilant At TR sRaerd ndh e
SRaafr Slrcad9Ues Pl \BLR210f 8R0Qs spsi M | ar  nmethod is
clainmed in US 2001/ 0034435 , accordi.ng to which

neutralization is 10 achieved by m xing the solutions

whkereoatrct wpeIof the RIANA-with fhedisip seikderclisifonaiongnpact on its

quality and depends on the time point and effectiveness of the neutralization step.
Therefore, mixing of the lysed cell solution Wfth the neutralization solution has to
be fast and homogenous. This requirement can not be met by the techniques
utilizing stirred tank reactors. Fast mixing with an impeller may cause rupture of
the precipitated flocks and re-dissolution of impurities. The methods using a simple
tubing do not guarantee homogenous mixing, while the variant with the reduced
tubing diameter (< 1 cm) may also cause undesired destruction of the flocks and is
not suitable for larger scales. Although static mixers are expected to achieve
homogenous mixing, they may get blocked due to the large volume of the flocks.
Another disédvantage is that genomic DNA may be sheared by the internal

structure of the mixer to a size, which will cause problems i the subsequent
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tank or before in an in-line static m xer. Two very

si npl e conti nuous contacting techniques are disclosed

in WD 99/37750 Al and WD 00/ 09680 Al. Bot h met hods

use the sanme setup as already described above for-the

| ysis step connecting the twp punped streans at a

neeting point with a reduced i nner dianeter of the

resulting 15 tubing (WO 99/37750) or a sinple "

con ector and tu (MD 00/09680) For _ both nethod
CRAI9H Stenss ! %@ the pogeiblemegty riipesta .ﬂzeamP@wnwbﬁress to

qyghgmégﬁg ug%®h¥¥)00/05358 Al'). These m xers are

utilized in the sane nanner already described above

for the lysis step. The contact time of the pDNA-with

tTieOthigiasﬂ@mdjbﬂ'S@tn; the preaipitajed matenr das trbd separad from the
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internal 30 structure of the mxer to a size, mhlch
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|ca ress
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with an asymmetric pore size distribution). The flux through the filter is

accomplished by gravitation, vacuum, pressure or centrifiugation. As a continuous

- clarification method, centrifugation (e.g. disc stack centrifuge or decanting

centrifuge) are mentioned (WO 99/37750 A1, WO 96/02658 Al). Also
‘combinations of centrifugation followed by filtration are described for the

clarification purpose (WO 02/26966 A2, WO 96/02658 Al).

The above-described clarification methods are usually carried after the material has
been incubated with the neutralization buffer for a certain period of time. This does
not allow continuous connection with the foregoing steps and is only suitable for

the laboratory scale. Apart from this, filtration technigues are usually carried out in

open devices with the risk of possible contamination. Since any material that is
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macr opor ous di aphragns consisting of e.g. conpressed
gauze or an equivalent filter material (EP 0376080
Al). According to some protocols, filtration is
carried 10 out in presence of a filter aid (WO

95/ 21250 A2, WD 02/057446 A233 US 2002/0012990 Al ). WO
96/ 21729 Al discloses a nethod that contains a
filtration step using diatomaceous earth after a

centrifu on ste her.e achj.evi th Pti

Pt = SR e aish b BrUUg CERSA et e b et Hiprove
ahdeTIhOfili@iiBOERRtré ‘uédaﬂz avbidsd.a | oose matrix

(gl ass, silica-gel, anion 15 exchange resin or

di at omaceous earth), which concurrently act as carrier
tlgrzenmal, convangond dicrdive iaf e iqdrppag bsagarasgon blocked by the
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r | cose particles, layers or filter plates
(Eypes tamiuitiplnihem @rg. aayﬂmmtm |pera|ﬂ©¥)ewmches msufﬁment for
di stribution ux, t he f|¢fer

The.
b oyl its 1551 SR ioR cowlirEappBoaye
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centrifugation ( di sc stack centri

fu
dwaﬁ@mtﬁgay @@rneauw ag@ws&mé ofrpHsmeh PN A wsig g@mw BN Aend
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for the clarification purpose (W 02/ 26966 A2, WO
96/th2 1 s8quin) confiiteonaiypstep, diesciti doagositianiahd mathieamnductivity

P B e e PRet hGtiera it Gy Bt b be gRiegined

CRABALAL Tt @HsREs BihdBig td HeScdR G5 the R8bse@hdiR Wapture step. -
continuous connection With the foregoing steps and'is

ovfivprad gcimct\mreng oretizgds hivee begh desaribey, elsigah &y O/%:Yé%%l 90 rAdm
oD LAY oRE WO R PR AT g Biehsk B i o,

M 081 AFY AMKNEOIal)112h8tA L BP1316655H1 kid BPTRVE2 DI A2 €5
nmust . be valldated addi tional filter aids that m ght

i GPPHiiPaIng e s crmicd OUbRS 4 Washing et ¢lGneler axthe same device in
u@F@hh%gg¥abg§gﬁggQoggﬁgéaI conventional filters have
a

capacil are soon bl ocked by the

Furthermore, as a pretreatment before the final purification, addition of an
“Endotoxine Removal (ER) Buffer” (Quiagen® ) (WO 00/09680 A1) or
Triton X®-114 (WO 99/63076 A1) has been suggested.

Common to all of the described methods is their non-continuous and non-

automated mode of operation that does not connect the operational steps.

For capturing the polynucleotide of interest, several techniques are known in the
art, e.g. tangential flow filtration (WO 01/07599 A1), size exclusion
chromatography (WO 96/21729 A1, WO 98/11208), anion exchange
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| arge anount of volum nous flocks. In addition, a
constant flux over the precipitate 5 that is retained
by the material may result in destruction of the
flocks and re dissolution of inpurities, which would
agai n have a negative inpact 19n the follow ng steps.
For larger anounts of pDNA it has been suggested for
some devices to nultiply them (e.g. run themin

airaBeliprh M apAobRER U selb g ro P Blteddos”
aproptablcsinfPatRR chitidssph POV 0220402 7tAN9. sensi tivity

of pol ynucl eoti des to shear forces this treatnment nay
al so cause degradation of plasm d DNA and genomi ¢ DNA
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tdnd FHHOYAI2I &, mbotding ol velacie dell Yysat peutializatjons tledfitaioa,

al ue (to.be.determ ned 5 enpiricall t hat _.ensures
e, PO P BLPRRR apd 2SR e aRICLAN o e,
Spparaals. Tg%i@iﬂ‘l I @idsB thtRd 3 %@#@%st@ﬁ% A GSCoIRReH ina 9-
in WD 97/29190 A, WD 02/04027 and WO 98/11208 Al.
|t Hsompengas-capdaaub awde nndhirliog $eves8 haRkling/¢es3/Thd dadces

8 Bl . and.EP 0875271 A2.th ondjtionin

Ac{re ogﬁ s%ﬁgqug%r JE% bat%ogaéoréf S\(]“égﬁfl éargaﬁ)a{)%ﬁalﬁ% GCLIPélp ' ng

stép s carrie in
trhenuFastrifeatee The tecBRiquid £1ko 1aBR oPFepYd e ibiiyRRa shiMhlity for
pl ace. Furthernore, as a pretreatnent before the fina
FEHYIF lgeiseHe PEIMCE?®BN of an " Endot oxi ne Renoval (ER)
Buf fer" (Quiagen(r)) (WD 00/09680 Al) or Triton
O, R e PR QBT e hECh o SRR i
nwimck dretindyolisl stapk aredire@% awhected edthraacleothir. oper at i on

t hat does not connect the operational steps. For

turi-ng the pol ynucl.eoti de of interest ever al.
¢ 2 bk duis EP it on SERG REF indietehs Ty B GEeb i prvsp!
fpakdnt dbe1@RertNVOIIADIHEIY AY doscHb&ahS ¥6mbHb@th of thermal lysis
chromat ography (WD 96/21729 A, WD 98/11208), ani on

SR isEgieation bk RresnnebysampRiise WY BYEH0A hand WO 02/26966 A2
%ﬁéﬁé %%Pl?%%%&%ﬁ%%@ﬂieuﬁap%t%h ?Ré ﬁle't}ﬂ)tdg Elgscch'b(%] in

- US 2001/0034435 Al and WO 97/23601 Al combine the three steps resuspension

of the cells, alkaline lysis and neutralization; WO 00/05358 Al and
WO 99/37750 Al describe the combination of alkaline lysis, neutralization and

~ clanification by centrifugation.

None of these processes combines more than three steps of the isolation procedure,
the first step being the resuspension step and last one béiug the capture step. The
devices used in these methods for contacting the solutions during lysis and
neutralization do either not guarantee homogenous mixing or may apply

disadvantageous shear forces to the solutes.



It has already been suggested conbi ning sone of the
steps descri bed above , e.g. for the processes

descri bed in EP 0814156 A2, WD 93/11218 Al, EP 0616638
Bl 5 and EP 0875271, according to which cell |ysis,
neutralization, clarification, washing, optionally
condi tioning and capturing are carried out in the sane
apparatus. Typically, these nmesthods are open systens
that are operated in a non-autonated/ non-continuous
node i ncludi ng several holding steps. The devices are
only suitable for the | aboratory scale and cannot be

t ripany of thejingentioy manuf act uri ng scal e. The

techni ques al so |lack of reproducibility and
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None of these processes conbines nore than three steps
of°RIBIIOBFR i on procedure, the first step being the
resuspensi on step and | ast one being the capture step.

s e RS PRI e AR, BT Rle SPMBEIARY, |1,

not guarant ee honogenous m xing or nay apply

diSéned vlanficagerefdhed vaterwak ovnsidered v Hettiee 1pwiting stap. foridperating a

S YorQfotdilE a bidEI O intbrbst ] i
SRkl ENEREL ko SR 80 gy oo

i sepesef ﬁ@ergner@ﬁ, sverpladiffarent methogsayard iovestigated to address the issue of

PRIYiRkLE A & GurpREindMoShEREt AL R TR 1sGRed with! bibddbEadt RAL certain
over cones
level and has an outlet at the bottom, provides excellent clarification results and allows

automation of the entire process.

Furthermore, it was sought to provide an improved method for achieving disintegration of
the bacterial cells by alkaline lysis that may be combined with the improved clarification
step. To this end, several mixing techniques were tested in preliminary experiments using
differently colored test solutions. It was surprisingly found that a tube filled with glass beads
Ieads to sufficient mixing and contacting of two solutions when brought together by
pumping through this tube. This finding was confirmed when using, as the two solutions,

the resuspended cell suspension and the lysis solution.



the limtations of the known nmethods. Such nethod
shoul d be suitable for the production of

t herapeutically applicabl e polynucl eotides. Thus, such
process should neither require the use of enzynes

i ke RNase and | ysozyne nor the use of detergents
apart fromSDS. In particular, it is an aimof the
embodi ments of the invention %o provi de a automat abl e
and scal abl e process for isolating a polynucl eotide of
interest, in particular plasmd DNA on a

nmed Gfrtet ureipagedsesltovat hmmmmeuqb&sedu&s fa nﬁ:ehg the lysed cell

g%st%Luggr?g{t g%.\tr?]gzggo oﬁgﬂm%rg aﬁ%i%% eI? \TJaS Z?'c)unﬁ ﬁ} %ﬁ?er %chnnectmg the
privearsof giepuinged lyredl odlesolutiomeith ﬂlabtre@mtqf dn petheqd, negtralization
cl Qidkibh -~
B o7 L B ARG QRIS 0 60
urfgbsfciarngixngesf ihvenidne and foteatipop] comparty v@mexpsus\ﬂ@ples, which are
t aleeMiluenstd R ublodhdat k@l on of the lysate was
consi der ed to be the limting step for operating a
for bj onol. ecul interest in

e TEE Mot B G he Qs S bro sytem it can e
emame&am@nmmeusencaﬂe antl fukceiaidt net hods were
investigated to address the issue of «clarification.

| Uiy Wﬁ%t §SBEOQ rt}'xe?é i9 gllo%dgcpéjﬂgcés%l; pl@dl}cglglé blogﬁL cﬁig tl'Ia{ 1|s L‘lthecreted

| ass beads to a certaln as an out
athtﬂ*F‘ng‘c?F]tl samppinghesps elcel | ent clarification
results and allows autonmation of the entire process.
Fuh t betnmiigcelli do p&‘tﬂﬁce&%ﬁlﬁol&@nléﬂfﬁm&é’s@arﬂrbptléfﬁﬂjaV ed
met hpd f or a hi evi d% tegration of the bacterial
cel | £BYVHR FGSWBBI’;}%? Sa\t may be combined with the

lrmrauﬁfég@h@thééeﬁasymhn@tyﬁp To this end, several
techni ques were tested in reI|n1nar

e fﬁ é’rfi"l?é?ﬂ“g tfﬁ@fﬂh debrig gk igpwittes by %F’dr% fleeé§%3¥85 ol uti ons.

I td) V\Esparatitplkd 1§daﬂ:§ﬂ'o¥ﬂ thepRélpikdtadbane ihgepld),| | ed with
SsS ead@fP ds to.sufficient mxing and contacting

oF t B! eﬂﬂ%ﬂhﬂﬂﬁﬂght t oget her by punping
through this tube. This finding was confirned when

ustheggin i step Alcthe Wiztusotomprising the prehipititeanddipdydeds doived to gently
s l%ﬁal@ﬁd%%%}d%ﬁ%gfl%lahﬁéduﬁn Fe%rb&lcfh% epaﬁuﬁuy rﬂlefgli'ﬁ IS ver part with

unexpecte result was obtai ne n procedures t1or
miTKFHIGN rtsriply whegeby e preciinig s retaingd erHop pieand within the layer of

NGbtbdiRh ik RtihIARd #0 bidibORsEkS el &é Ee%gor tmtougi@a% otl@ée Romt Q&Iom

after connecting the sStreans of the punped |ysed ce
sOHheirSatohi t h the stream of the punped neutrallzatlon
solution by a conventional T-connector, an especially
- ebpestaid aspedr thern tsebvided i g croefutanying out step d) in the method as

+ defined above, comprising a) a retention layer in its lower part, b) an inlet at a position
above the retention layer, c) 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 reactor.



satisfactory m xing of the solutions and formation of
conpact vol um nous flocks, which are not influenced
by strong shear forces. These findings were devel oped
further by conbining the single steps to a systemthat
can be operated in a continuous node and aut onmat ed.
In a first aspect, there is provided a process for
produci ng a bi onol ecul e t hat 4s not secreted by the
host cell, conprising the stéﬁs of a) cultivating
cells to produce the bionol ecule of interest and
optionally harvesting and resuspending the cells, b)
di sintegrating the cells by alkaline lysis, c)

p ieCihipd hspédt,Ngerd 13 @rd?lﬁlhﬂ a H&b fda&oﬁ&dcai'rﬁﬂg bhtliheBRethM as defined
%}E%I|Z|n #% gb L rating the lysate
F Ot RBPSY e pRLRing 'iha“ léeéé*ﬁth@)paméalatsma%eﬂ@h ng

the bi onol ecul e of interest, wherein in step d) the
it f9pidh wspesh ihesq in grovided pmeutalisaticarreaciantbr caneyingyupthemethod as

ahkfﬁl‘é@%&/@ cOfptsing a b

R%é‘l ficati onﬂﬁ eact olﬁ&%’%g@m g?r%qﬁg?%‘ﬁ@p?ﬁ géheilﬁe??esu

ton §ag the prutglization selytipy andpinking Wm%@rwqovﬁemxmg and

pf@&ln@ltl{eajrsed teél soRtigd WRtheReub:@Ia@n s8Rfop t hin the layer -
of retention material and the cleared |ysate | eaves
the reactor through an outlet in the bottom of the
reactor. In a second aspect, there is provided a
reactor for carrying out step d) in the nethod as
defi ned above, conprising a) a retention layer in its
| ower part, b) an inlet at a position above the
retention layer, c) an outlet underneath the retention
| ayer, and d) one or nore distribution nmeans that
reach to the surface of the retention |ayer and evenly
and gently distribute a mxture of precipitate and
| ysat e as obtai ned upon al kaline |ysis and
neutralization into the reactor. 16a 1In a third
aspect, there is provided a lysis reactor for carrying
out the nethod as defined above, conprising a
fl owthrough container that is filled with a
particulate material. In a fourth aspect, there is
provi ded a neutralization reactor for carrying out the
met hod as defined above, conprising a connector neans
for conbining the flows of the |ysed cel
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solution and the neutralization solution, and a tubing
system for honpgenous m xing and reacting the |ysed
ceil solution with the neutralization solution. 17
Det ai | ed description of the invention: Steps a) to c)
and step e) may be perfornedjaccordi ng to known

nmet hods, preferably according to nethods that can be
run continuously and automated. 5 a)

Fernmenting/cultivating : In the nmethod of the
rﬁ@%ﬁﬁiﬂﬁ%fﬂF éﬁﬁE?VgEPEB?ﬁ is used as host, in
particul ar when the bionolecule of interest is pDNA
IStegi®) 168 BPRH FBNE) by bdSerkdMRACO8TdRR kASRH Hethods,
operated devices, e.g. tube centrifuges or

qupigrabl paecording tymedoflothabequadreaunsgniimwusly| and aspiooratedne
cultivation 10 nmedium |f the cells (the biomss) are
frozen prior to further processing, the cells can be
frozen directly after harvesting or after resuspension
of the cells in a suitable buffer, typically a buffer
cont dfemmegtngz/OQBtiktihgi:s, 0,01 M EDTA at pH 8. In this

-case nho _.res ensi on buffer h to be added prior, to
PG Mol BT T o fory Berialy Roeot”'s pSoCitoss BoatligtiSa ghen

BhoBReRIENA of Btk & fisdal n a fermentation, may be,
before being further processed (resuspended, |ysed,

etc.), frozen, in particular cryo-pelleted. Cryo

delong eabodings of e iavnsinn sguiisonslyvpdratas gevinsares. deid s
f i.nce_thi t hod_gu ntees f N
i aeih G Rep i OfCpledofy BRI EIE R B ) sirenien

whédiinm. Ifithe bélnEsshiowadn) be fraéaiptietto Haw froeeginBotht Bells

a conventiagnal freezer may | ead to i nhonogeneous 20 |
2R &sifingen Ay cetherlisy hpesigisor aflepraspspsnsps of thgicsHs e suitable
R PSP b AR RALEDS M 18l OPIRCEDT AR AR, hlfhi
raye beresodiasive bulfchmsttdbe bddmigaporits alikhbval yaig ar it.is taquared
pr?ferred enbodi nent, the biomass obtained in step a)

iV SA Y St i zed. Wth a cryo-pelletation system

the fermentation broth can be directly frozen or after

Iiohakymatl isIBEhiRRISHIMBMSnOMionNmAy B BFble el fufth&fprocessed
resuspensi on buffer. CIyo-peIfetatlon devi ces

Hersheiengedudysedyite-h frozgndngatioylar eryshpdletadn Eryspelictasign is an
%@%tiﬂ@éustrﬁetfl&f E)Zﬁ'eli)a%e cells for storage. Since this method guarantees fast
freezing of the cells undesired temperature gradients, within the biomass, can be
avoided. Slow freezing in a conventional freezer may lead to inhomogencous
freezing and the building of ice crystals, which may damage the cells and reduce
their shelf life and the quality of the polynucleotide of interest. The same may be

observed when the biomass is thawn again.

In a preferred embodiment, the biomass obtained in step a) is cryo-pelletized. With
a cryo-pelletation system the fermentation broth can be directly frozen or after
harvest and resuspension in a suitable ratio of resuspension buffer. Cryo-pelletation
devices normally work with fluid gases in which the (stirred) material fo freeze is
applied dropwise and the resulting pellets continuously brought out of the system

ot/and avolded to agglomerate by slowly stirring inside. These devices are
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appl i ed dropwi se and the resulting pellets

conti nuously brought out of the system or/and avoi ded
to agglonerate by slowy stirring inside. These
devices are 1s commercially avail abl e and have been
used so far in the food indugfry in the production of
ice creamor in the pharnmaceutical industry for the
storage of final products. The size of the pellets

depends. ?n the. pnozzl e used for dlstrlbutlon of the
r?&fré?‘?r%ﬂa Y Avdlapleanddave hepnised s fasen thy fged wdpstredthen.

ﬁ&dﬁcﬁ@n RAL&RL éﬁgoﬁﬁrﬁﬁ@@ﬁ Be tlﬁé{lei llkl)l]@tst(ﬁ%e%f final

t ween O. ound to e SU|ta
qurqcbmtsp dhe enzabf the peHets depdnds on ipyndrelestsed &t distribution of the

nt f - 20
TR P o LT P EBien: S e Takiey biomass an
Giv¥iagde Pell i sDe DeMRIEAI0.5 Ald DeAtwas MR eSurRNE NSfer ¢
advant age conpared to the conventional technique. or

teletgiion tegicHgs maﬁhwtqyr%@mgonmetlmaﬂ ffgeres 2 -bé00°C The

rfac
AN {RR el ot S pfers M Ehy RO FiTedthed Meray
falliqtld)’te rwhiak eednetiat edvanties cb@@u@ﬂe@ Hieapnbetitiontl @EhdiQ@For
nperature is added and this suspension is stirred

i PFO&?ﬁW’@rﬂ fitmipmass the afiguoty panghe ﬁ’ﬁ%&sﬁﬁé{ﬁuedﬂ ﬂaehharger
sﬁffﬁ&tdf%e é’&ﬁ:lﬁ#a?&l ﬂﬁ%g%ﬁﬁlﬂ?l&‘?"fﬂl: 'ﬂﬁw&%g rot rihg

on1tte S case ernent at |
kaec&le:m@dhﬂ;enfremlstmmanbmﬁks stadoimntetbperanitd id added asd dyis b)
Wi t hout separ n of cell and cul tivation

SHPEPHSP ST ) VIR SOOI ER3t SHEE ™Sy al kal i ne | ysis: The

harvested cells of step a) are either directly

14 @6 @6 dintint bh&winvdntioh, MRERRtinY SlPfeBusp HRITHP thel 2119 ﬁk& be
procedures is that the harvested cells are r esuspendéed

iopnittedhdn thig casg éhﬁsfeﬂﬁelﬁmcfﬂé?foﬁb@@rhebb@mﬂh fugiheppiogessed in the
et bl hSu BRI U AP AL LR FOn SR 1 o1 e

a) is dlrectly further processed MAthout harvest and
bé s udpeinigomingfbytaiealieelyss: | n this case, the cells may
be disintegrated by directly conducting al kaline

an naIIy su uen neutr atiq in
TS R Bl SR PO TR B PR RO A O TBESL
lefdi’e.t(ttﬁnmgﬁ td YSth réRAere®Is that the harvested cells are resuspended in
the resuspension buffer described in a) prior to the intrinsic cell disintegration

step b).

Altematively the fermentation broth obtained in step a) is directly further processed
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 the fermentor or by introducing the fermentation broth into the

lysis reactor.

(In the following, with respect to cell disintegration in step b), the term "cell

suspension” is used for both the resuspended cells after harvest and the

fermentation broth.)
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(In the followng, with respect to cell disintegration
in step b), the term"cell suspension” is used for
both the resuspended cells after harvest and the
fermentation broth.) 19 1In principle, step b) can be
performed according to nmethogg known per se,

preferably according to nethods that are gentle and

can be run in a continuous and autonmated node. In a
preferred e dinment, in step h) the cell suspension
aﬁwrtw?%ﬂ@gﬁﬁ a0 Py Brréorged geerritng tamethads spewnvsr £9, ow

t j ' Jhal ]y

D RE e BR ] SORLRE e o AR L s A ROl BB and
amdommated npdehe cel |l suspension with the al kaline

lysis solution. Preferably, the cell suspension and

the al kaline.lysis, sol uti are conbi.ned wi thqut .
i el Pt SgBisEy of sy B el SRS nad AP tysis

t folstionQi EhiGv el DI fRGY thrdl W 1ydiQ réddfr thad id SRERIIR Wmpletely
m xed when flow ng through the particulate material in

t fiided Yyih gartigylategpatgrial, Hiekbewrpigeiing andgermngtheysi suspeysion
ayfh He G Hins %@QﬁgﬁgLus shear forces, plasmd DNA

qua*lty I'sS mai ntained at a very high |evel.
Furthernore, the yield of supercoiled plasmd DNA is
hergfeeablpshe catharspehston andriheslkalinedlysiseslntoks are doirsines],

b 05 TR0 il 4 Ao B s v
dex i§ eforolghly ﬁ%@henﬁﬁﬁﬁﬁ? |tMou%Pﬁe&:9rtfcﬂPat@ﬂﬁ5%9ﬁ[‘ﬁHﬁe lysis

m xing, the cells are conpletely disintegrate
(neattenaridrghtenmgweny gentieNsiamyavo)ding dsadwdintagedbwoshiear forces,

ph- ext.r S i.ch . also result .in adatiop of
t‘ﬂ%&?&air ge%g‘ qu_%%{\@s} md %e%ﬁ et E‘?g%,&ﬂeéfrjlﬁ%{qeggfjﬁ?,’ eyacld of
cpbresilsPslasghdrDNG, ik Righefac@thpaiddolcbvdmidahihethods. This is
simul taneously with 20 the Ié§|s sol ution, preferably

tHHedagHe FepRRss Firpidy, dagradaiions e a8 opggSYnesing haagier
%ﬁ&ﬁ%ccﬁdﬁfo% 3}?{1 Eevi}:@s qu&c%ﬂb%‘%ﬁfﬁ?,te e, th % ﬁ&h%%eémus

SusSpensi on an e TysI's sol'ution a transpor

emixing) yhepaeiip srearongrieskudisinedragalreledsirge tﬁef\nimwp]bNtAi—anounf),
of Q{om%fgﬁﬁi, t here achieving a.constant ratio of
RIS TR HREP PYihsmenplge Fahit inflggrpdation of the target
plasmid DNA molecule.

Alternatively, the cell suspension is introduced into the reactor simuitaneously with
the lysis solution, preferably through inlets that are as close as possible to each

other.

Preferably, in both embodiments, the cell suspension and the lysis solution are
transported, e.g. by pumps or pressurized gas, at a defined ratio of flow rates,

thereby achieving a constant ratio of cell suspension and lysis solution volumes.

In terms of the lysis redaction per se, step b) in the preferred embodiment of the
present invention, is performed according to methods known in the art, using an
alkaline lysis solution that contains a detergent. A typical lysing solution consists
of NaOH (0,2 M) and SDS (1%), but also other alkaline solutions and other
detergents can be used (sece e.g. WO 97/29190).
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25 In terns of the lysis reaction per se, step b) in

the preferred enbodi nent of the present invention, is
performed according to nethods known in the art, using
an alkaline lysis solution that contains a detergent.
A typical lysing solution coppists of NaOH (0,2 M
and SDS (1%, but al so other al kaline solutions and

ot her detergents can be used (see e.g. WO 97/29190)

The | | bl
ThediiE et DantFERS 160 2 thiiot fhe Rt BSTaP A Aqmifirough
'hc%nfahﬂér Qieht 1 fiﬂ‘ed Weh Wﬁa‘rﬁ‘dﬂlﬁé ﬁla@a‘? réterabBf z?fl(ﬁfcﬁ@iaé(dya

| ow body formed as a cylinder or tube,
prthlfFCb@ﬁ earylmdgt erstgberin parsicwlaes glasy @eﬂtaml@besteerrﬁéaet Ghetube

| asti.c ny oth terial .
T 508 B B0 TR Bl & Y st Pleuft ™l ieB TP Flobgmaceutica
Qﬂbdudﬁloﬁsl“hd paréled, i€ phrliculbeiReds, WHILE BrediréfefihBf Rbdbbfglass,
made of gl ass, _but can also consist of stainless

ubepn algp gaisist obstaipase sterlaplertwa@rsoth%rrreatﬁra@re@ae Parked e the

r 0 Vi
RS st SO M ROl ST o,
reitld free spaze ofinahdsinatie dndisieerbetlecpae paticks. Dikie this,

[ Eunct o ality of the lysis reactor is

¥t g Y\Wﬁé? tar is Hdependgpl of v hetier apd my which avgy the
qiovrm th¥iy s WiidRNBVOBYE RRRGEPHIEELRS, BREAKE 1§srrer>éacmr

enter the lysis reactor. It 1s even possible that the
dbisuven pessairle thed tHisi sobdiiods arsebinpined dutmetlzdmmhc devithdhe beads
bea S .can equal or different dj.anet t.hei
SEOLR oL AMBR g S R iBim Gy Bl e EhPRmd FE" feseus 8“."@“‘*1
qﬁepﬂkeﬁ is gdi8ledl donefaBR Fhrdang FrOM a1 tolcd. 206 fum WAG pF¥ferre

In preferred enbodi nent the dianeter of the beads

|e§n® Hpent thesdigrgtes of thedwgads isoram. fristead pfbeamiscotherdiiling
flﬁe&r aui vﬁefafﬁrlgﬁangr@e&g b%%@e&’% goed% fifitofls ol B8R ke

ous nw |"ass,

| fityeeglsss, guﬂadlsSm shifteddayers; nes, @f palrﬂict’legbﬂ 1ﬁég1$lb18€ﬂﬁpe Wiﬂlmof the
of the soI 0 %W S not Ilnrted by the direction of
CRIEORS 5 O Ejﬂ ke dissation of the fayy thseughybe deyipe dt mAY be

¥ofthE LRt dlﬁfrﬂlre%tl& Ve %I‘ti%g]]lly Yo WD o whw HAWHBL Otally or

hori zont al | In any an 20 The paraneters o
snepybmﬁand the di mensi ons of the device used therein
are advantageously desi gned such that honbgenous

et s R TRl BERRRIRE o o ecsliotT By o
md@ﬁlﬁﬁ@@hylyaiemgned such that homogenous mixing is guaranteed and contact
time is kept in a certain range from 5 seconds to 5 minutes or more, preferably at

1 to 3 minutes, in order to avoid denaturation of the desired polynucleotide. These
parameters can be adjusted by the dimension of the device, the free volume
between the packed beads and the flow rate. The contact time for adequate alkaline

lysis of cells depends on the host strain and is independent of the biomolecule of

~ interest, in the case of pDNA it is independent of plasmid size or the plasmid copy

number (PCN).
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1 to 3 mnutes, in order to avoid denaturation of the
desired pol ynucl eoti de. These paraneters can be

adj usted by the dinension of the device, the free

vol une 25 between the packed beads and the flow rate.
The contact tinme for adequate; al kaline Ilysis of cells
depends on the host strain and is independent of the
bionDIecuIe of interest, in the case of pDNA it is

|nde e of n1d size or the plasnmd copy
E%Kb“ /R’S'%l atmg) Neut ral i zi ng/ preci pi tating:
Alsothls step may, in principle, be perforned

agRO il B@p nfayTRE fiafsH1K RWarBahed focord £loah@lbdk known per se,
according to nmethods that are gentle and can be runin

Prefsrbin avrgsding t maihpdnibaare gorite aml gap by ryt wf agqngiguous and
edq@(?;gétg?ﬂf in the neutralization step c) the |ysed
SO I'6h is mixed with the neutralizing solution
in a continuous, preferably automated manner. This is
dncacm‘pfemﬁ edxbbglimt;ﬁh thengutrbiézatips etkp e tHe 1g@kwell @olugiod is
BWrleutr I|2|n tion, at aconst%n atlo of 'the
r“éﬂhe Pgut 1ZW o8 1’6?’ CQNHNUOYS) P& @p Yiutopnated manner.
CF}HE‘ RCdcObhp BRI BB Rb RS Mk 1RG4 284 solutlon and the neutralizin ng

neutralizing/precCipitating during 10 transportation
tsebitiopagita emsiantaatie of hetfloreratesie.gl s mamﬂa&at’b poraedtor Ioe
ari.ficat.ion or t. ose,

S ORRHIEH pnd trBhmte g B AR g R Be BPR s of

tth@ispd MR tof @ik rekGionSeistturd BetSveb R BetDfis FABSY %&th@fsuﬁsequent
connector means and a tubing system which is

%@ang%m hat hormogenous mi xing of |ysed cell
solution and 15 neutralization solution is guaranteed

W tltl Q?t ﬁ% 351 I{?Qéﬂﬁe%rgﬂl cf%ﬁ rQJctoEl:hh\ghi?B ?scélpé I’.tﬁ)@&f‘ct 0?‘{11%

not orces
bavent@ndiscmsed ITéxm foha@or copsiefserf ahtb;méctorlnseamm amche tlfbmgrs}csfem,

th d t | engt h, of
OHESk R 10 GOl 5 SEhar HIOB A he
Steah8lifkioh RSILALA ?seg?ﬁrana—é%ﬁ ah§ AR n&AP rhABIRKOG s @B }Srempnate

mat eri al accept abl®e bi ophar maceuti cal product
20c p@t&%ﬁ@md;b}mha@tfome@ rThettabing exger mami bhe rlgtd or flexible,

preferably it is in the form of a coil, the dimension (diameter and overall length of
the tubing and diameter of the coil) depending on the scale of the process. The tube
can be made of any material acceptable for biopharmaceutical production,

preferably plastic or stainless steel.

According to a preferred embodiment, the flow paths of the lysed cell solution and
the neutralization solution are combined by a conventional connector, e.g. a

T connector or a Y connector. Once the lysed cell solution is contacted with the
neutralization solution, the formation of the flocks starts. The resulting mixture is
then transported, preferably by pumps or pressurized gas, through the tubing
system. Depending on the scale of the process, the inner diameter of the tubing is in
the range of ca. 3 to ca. 100 mun, preferably greater than 8 mm in order to avoid
shear of the flocks at the tubing wall. The orientation of the flow may be upwards,

downwards, horizontally or in any other direction, preferably in the form of a
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According to a preferred enbodi nent, the flow paths of
the |ysed cell solution and the neutralization

sol ution are conbi ned by a conventional connector,
e.g. a T connector or a Y connector. Once the |ysed
cell solution is contacted wpih the neutralization
solution, the formation of the flocks starts. The
resulting mxture is 25 then transported preferably

%ps ar ressu ed g throu lihe t ubi r;i%
itk W e Rty oA Wil et dhaley d femplete
| @R & BEBdI8fiomfant hﬁl&tﬁf@élﬁﬁaﬂn? th@celF&%\fea nﬂﬁuﬁ{lesc &he 3

to ca. 100 mm preferabl reater than 8 mmin order
troixdnligtanesh Brerindr chametﬁn Qfdk@ tube at helltag ﬁmgtewabn tlm'Ehe the

R iRy R Sl e T G B R AR Bt

the formof a 22 spiral. A mxing distance of 30 cm

t DypieigratiuffopddesotutRnl voitls agdio hitParaind gle saipd it entrationiifi@sed for
of the solutlgns and thus preci |tat|ngth
dufraligatiog e thes sadutioprgonsigisyof 4 M gpigsspmecetairdKAc) at

[ I retention
1 SRy

m xing and the formation of the precipitate. 5

pi o%pﬂlyltlag/blaflﬁengamé@mtmaﬂyi wastiihg:aci di ¢ pH and hi gh
salt concentration is used for neutralization.

R | { t . [
Jodled tnl g PO B BRTEOR B it RS B eye
q@lhich inal: bee usng@\r arﬂdﬂ;ﬁﬁﬁly th) thSepR ot bidigihs baxthihy i

nd oi:%tlonall In step d) the mixture

eapisede |°iﬁlf§%f§i§) ’@)auékYﬁé 9 g«mﬁ@ figve dpwewandi thupush asdprification

| r¥§@$1echat]cg¥1£amy ﬁﬂté BwhbPa r?%sfgteg{]orpggaoﬁf@?r %%cfpﬂate 1s

the case of proteins co tél ns
imtagred n)top ef @ld witkd thoregrmbibh yayet amd t(ﬂewmawddyﬁdner leagds the
clari fthgat' on nt ai ns, its

t hat
BT Orugit‘éﬁf’}l %?ﬁ e‘?otw?uq%ftgwapwé 15 Ff@aeﬁ}tkogtvgﬁeson the
t6% 8f ¢ 1:LHich@sh Rhct8hd, WhichiifudAgy iR &8 'c8ﬂ1 Il%éﬁgrclc%@‘i1 the

the cleared lysate | eaves the reactor th rou
dael velumein the cbuﬁwmmfeaqtmedacmwn thd cfowm)fahae prtoicens due to

f.the cl catlion.reactor .i
Rt sBiok 6 0t b RS nise il chreRipoy e itosian The
fregorindriiRes tonstdhely @var fihi CBHis RRUKEAG dhsERCHRASR IhANs
the course of the process due to the increasing |evel

optaingd Witkeax fyhenhandlingt ure.  Therefore, the pressure

in the reactor increases constantl y over time. This

"R %Lﬂréiﬁrré@elﬂb&ﬁﬂéﬁlam stB S @ PerbRtn la§‘er in the clarification reactor

1s composed of a particulate material.

In another embodiment, to acceleraté the procéss, increasing pressure is applied to
the mixture in the clarification reactor, e.g. by applying pressurized gas, in
particular air, from the top of the reactor. Normally, application of pressure is not
required at the beginning of the process but when the process further proceeds.
Usually, the pressure is increased stepwise, e.g. in the range of 0.2 bar, the intervals
being defined by the points of time when predetermined aliquots of the
precipitate/lysate-mixture have entered the reactor. Alternatively, the pressure may

be increased continuously.



10

15

20

obt ai ned wi thout further handling. 20 In a preferred
enbodi nent, in step d) the retention layer in the
clarification reactor is conposed of a particul ate
material. In another enbodinment, to accelerate the
process, increasing pressurexis applied to the

m xture in the clarification reactor, e.g. by applying
pressurized gas in particular air, fromthe top of

5, 5B e B e SRR ik
tihe cﬁewgsm Lhrédaarec@rt%%@gsm lﬁaainlsyoeutd%snp mﬁsps?ls
is increased st epw se, . g. he range of .

tﬁﬂéhrrrﬁrewsﬁdsandb@hnﬁ@ 1Sd&é$q wéﬂ%t:bqf thiynveniiont, sa@be made of glass,

P FET oMol ol Pl wblReescatrtts or phagppgpusca
Abrb@idtiahi X lreferrtdshapt &SSHaribAYbut ReplinGpRasey other hollow
continuously. 23 The clarification reactor, in which

{908y s R?Sérbée o Qi tnithrgmethed of Bedaventipn sshinderendery of gligeshape

Be REBPNA, a co-precipitate of gDNA,- proteins, cell
(Ci(ﬁgr?s (and SDS) is further processed and which is

al so subj ect of the invention, can be made of gl ass,
sFhei mhatershas tagehict 3l the topor at atanyrhmﬂmeitiolmbevé ﬂnle réthationi layer

t abl d
AT PLaTUTiab U RUEDY Fiien theBRigntn Brrnkiiedheiraryr
q:tr@l%fabﬂpin' A¥ce@d¥hekSis &Qﬁﬁh@utﬁm mbeR (5 réRnte tﬂ@wﬁ%@e of

of the invention is independent of the shape of
rtbaestentionfaner padevanly mabg@ﬂyr witkout destrdyeng ibp flockadistnhyutes

b Py BTl 88 BRI P S T RV PR R e

|sapplifendane thae aahgorts tHOmpigd ﬂ[r@bglythb Mnlther Ge&iredents an
there. is ?hdl stri‘buti on means that reaches to the

<erFqnaion obfhe syepbanesnsi bhe disbrton ey beam e farm ofaiihoor coil
Wi uije%QHJe% th‘ ﬁl&‘?l};na% 8c iﬁ?an)}j&lf'écpblq W ;Sviegt{cjaﬁy or

mxture into t arr ation-reac
dksuombUy@npﬁﬁbannﬁem@ﬁmmmehmmn@rusﬂmﬁbynmﬁanhmhhaﬁmybe

t th th h th
AgPBEanE & ARBERR Polvtft s daighyorbaent ofech

digibhtHbt QR idEBMhRré ﬁrctfé}ﬁblg' erﬁh%d v%ﬂ:idéﬁ? oPLli AR incliRed. The
with apertures |ike slots, be” i n any

dlistebutpphas apegurey ever Etﬁ Ygasy1 (bo¥e oflits rtmtablﬁngthl t}le apertured section
E%Lr{ggggelftécp%z)yg Et)léeolte?enlﬁog ’faeyre}'. lﬂrgfféfabpy, the dlStI‘l%utO? canljngg apertures

over its entire length.

In a preferred embodiment, the distributor is a perforated tube that reaches to the
surface of the retention layer and has a rod in its center. In case the retention layer
consists of particulate filling material, this may be of regular (e.g spherical,
cylindric, in form of plates) or irregular (sandy, gritty...) shape, preferably, in the

form of beads.

The beads may be of identical or different diameter, ranging from 0.1 to 10 mm. In

a preferred embodiment the diameter of the beads is 1 mm.
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a sinple rod or a conmbination of two or nore identica
or different of such distributing devices, that are
preferably arranged vertically or slighly inclined.
The distributor has apertures over at |east 10 % of
its total length, the apertu2éd section 20 being

| ocated above the retention |ayer. Preferably, the

di stributor carries apertures over its entire | engt h.

|1 tie RERIIBH RN SIPAEbBRRAT thel ﬁb%}arb'l Y r er of %sfas, l%lht ethey may

perforated tube that reaches t
rdsebr inede phstemleanstetlaslastio adthar nuzttmaisamaemre ataeptubiefor

t retention |ayer of particulate filli
ﬁ?%*%“éﬁa"e%fﬁf“spf Uigionothe %agﬁ'?ls  ate@akedipiart fl%%ﬂactow a
CivihddYe ot up 10 of RFEInHeight 338 eiiingr sufﬁcﬁ@rﬁ 'élaﬁrﬁcét%ﬁfp dy,
grltty .) shape, preferably in the formof beads.

beads may be of identical or different dianeter,

Y(H@mp tptlee retengon Glai”ﬁﬂa PEEUDEES iy Rteritied] ae fayadis egrsures
ttﬂ@t tfl ?&ﬂlﬁF rédbiof Uglugl%qg §1ef|it[lﬂmrgezt% cohect%tge, %%‘TV%%’BS to

retention el enents are are pre
dfe Ig'bassscd l’ﬁlytwameﬁ/emmple aidepelbienmﬂdﬁe edactot Bhda| B height of the

e stic, or Brnaterlals that, are accept abl e
ffsfe ign Eﬁﬁ 0y thp rangg ef il onl 5 crpdn particplar ds- e, for a
Rtk RRAcion heighDer i(ﬁ—a‘]?@@&n' ﬁh@?f%l %ﬁl el %\@}{f’, H?itérpa fh the geactor

certain height, providing s |ca Ion
Teeends amthe ﬁmﬁq $iee arst shapé oftherditleng mhtenalatsplfesd uts cagHcity

[ € t.hat resid
b bipffthe Bdese e BBnbmciiEH ﬁ%lgbfa‘iﬂ@éo e Sesprrned Spigicatly
fibothe selbiddReteMioNDaRiAE BRE e6ltheBY aMBYrebdntiBX @Mcﬁ a thinner
|ndependent of the reactor base, the height of %

(BYE RS RERSSTHAY Exriparticdkss s refension; matetial Wlﬂngealtﬂi' pbres ag Bompared

ﬁg}lzbr H 1%%&_)]1] r?%tggal wa:rﬁgéq,r]% aPrei tﬁ tF“:f f ﬁ dnatenal

rreltesrappltoximatehyeat l@aci%no 1@13&&&&1@@ 30%% éfhBe &RAGEckdT volume.
si ze and shape of the fiIIing material itself and its

apaci t toret the f The optinumfilling
8RR o tract QuA Bt i togtrriah BR BRrioRa ARy o Bl device in
k¢ eedet e .ol ﬁ‘ﬁtN&ﬁraml?t 1%[5' ik mu%‘fav% oﬁéggirfalllﬂatﬁgl?fhe particles
retention capacit hinner [ay I'S necessary Pﬂ
ﬂ’ﬁ?d incthe geagfory 'B‘(ﬁegﬁ ingRY bmtl%iﬂ QsﬂpowPlrdip)d;mldr @ny pthcesniable

por es. Q‘%r e%rg eg%g% potr S%% ?I)ﬂ(?%&%r(?'d{nng’trﬂ? fai%ym%@kgéﬂau%er

approximately at least 5% to a maxi num of 30% of the
tihealutleealthe tlavificatio reactor may be extended by a tubing. In this case, the

frit may be situated distant from the outlet inside the tubing; thus the tubing above
the frit is filled with the retention material.

Instead of particulate retention elements, the bottom of the clarification reactor may
be filled with rigid retention material, e.g. sinter plates, preferably made of glass
and having a pore size from apx. 100 pm to apx. 500 pm. In a specific

embodiment, a sinter plate with larger pores can be placed on top of one with

smaller pores.

In the course of the separation process, the flocks float in the reactor whereas the

clear lysate runs through the retention layer. Flocks that are not floating are
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In case of particulate retention material, the
particles are held back by a device in the outlet,
e.g. a frit. Naturally, this frit nust have pores
smal l er than the particles wused in the reactor. The
frit may be made of pol ypropyktene or any other
suitable material with an average pore size of 10 to
200 m preferably 30 - 100 m 20 The outlet of the
clarlflcahlon reactor may be extended by a tubing. . In .
fencdkhyehe pefentiof iyersihg rperoxs loibemo b flanks, fhegtig ftion
t .
OHELBE 15 i e o Wil WP RN B Dl
pather belbwtog withimtheireten@dremeteris| ot diesctip hibcvm ioByt deatly

clarjfication.reactor be fille rigj
rePelnEfie et il e i Jodh moie fieneks gy e dolgp more
n@figienfly. 9l ass 25 and having a pore size fromapx. 100
gmto apx 500 pm In a specific enbodinent, a sinter
plate with | arger pores can be placed on top of one
wintdpretomgd |embog g, coppeatinas & geRy 6f campresse spne HEir, are

plllé)gﬁgé ﬁ-t thk ttfkg) éfl thE E ﬁlze&ﬂﬁl ﬂe%bt(tnh ﬂ'{ {h?fc%gt? rﬂilé"él%ﬁ @a%lo%lggag:tor

ear runs rou ayer
thuatio be prelsmre-frd:st[mint I(lgnc&r the Phessuretrmihs eehchyr Iﬁdiaases even if no

retention | ayer ve flotation of the fl ocks,
(R EpsPY erk TaNicd whEn OF semop gals Lsg 0 Bisdap wi ¢lsed, the

SERBEALIDe QLR o] PR BURA cofpfodi, c
dilaralzcatipn phavess dan. beaycajeateﬂywhsh ppt yerpgentemgthodiofit o
B fheicafa oy =4 # Ge e bP a0 iR Bl migh

Qﬁmﬁ@@&hpmgnﬁnku@upply of conpressed gas, e.g. air,
are Jlocated in the top of the clarification reactor.

In this case, the clarification reactor has to be

p%s&rewérer%tgbﬁm a {@gﬁ such that the Becksrase nof nrersed Bueughythe
| BRLABR ARt s J\?l d%%%ﬁedpr%?édgge; ﬁ#ﬁ@ufgfhe AR

the aeration’v e n tOp 1S C
rpresstuoer is shthelreh dees fifx leisas’ijbaif posgirefeped ap & Dasr) ThByesulting

| yj. | ti
i B 3%%%%@%2%%@%@@%@3%@?&
| 166 RIS, Bglaﬁlg}%y%}drﬁéto%xjaﬁf% { he same tine

avoi di ng shear "forces that n1ght danage t he

bi onol ecul e. ) o
At the end of separation/clarifying step d), the residual fluid between the flocks,

which are then present on top of and possibly also within the retention layer, in
particular when using larger particulate material or rigid retetention material with

larger pores, may be recovered by applying pressure. This leads to drainage of the

flocks.

This provides an advantage in that the résidual fluid between the flocks that

contains the biomolecule of interest, e.g. plasmid DNA, and that can normally not,

or only insufficiently be recovered, is obtained at maximum yield. Thus, practically

the entire lysate is obtained as a clear solution.

In addition, one or more wash steps may be inserted between steps d) and €). In this

case, at the end of step d), the flocks are washed with a suitable buffer that does not
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The pressure has to be in a range such that the fl ocks
are not pressed through the 15 retention material,
especially at the end of the procedure. Preferably,
the applied pressure is in the range of 0.1 to 3 bar,
nost preferred up to 2 bar. 3he resulting neutralized
| ysate is visually clear and can directly be further
captured and processed usual ly by chronatographic

techni gues. At of separation/ rifying ste

TP e it 08 5 MipStes Rt ac s orpid S or ¥ s
aofutione Rsddr 1ﬁ31@é‘fes@éfaeﬁ§9n Qf/s@{‘;@tl{b‘ﬁ? §D\A21¥ncﬁ|1e?1@rawz§tﬁh@te eg.
the retention |ayer, i cul ar en using [arge

perrEuPhlé: lehy eumalngdhe B‘Plgil@h sustessialyl wsimeltancoaly in cither

L. RO a
il ot PO BT Y iets RE DT 5 Mton e D hotap e
poutet olithe mcaﬁvmmﬁ@mg i8 dbh@frofnhtBe @& MY ash kb dan be
bet ween the f| ocks that 25 contains the bi onol ecul e of

i GonERes or balghwisealf i 1g dongfromrihe puidat, whish kpratered. thetvash
f
BurRP by a&;aggé %ﬁ{&a Yo '%g p gggr ﬁ{u?ﬁﬁ, thisk IP{O% glg%tglrhen the

pra e entire

chtuionasireasvaed hiethe ostdiysnpdying tha: saohd inidtioon] asafRcritredrabbee
sh ste 9ay be inserted between steps d) and e). In
‘?lgpreé @éﬂr at the end of step d), the flocks are

vvashed with a suitable buffer that does not 26

rey- diragi@ing: the flocks, e.g. 3 M potassium acetate at

pH 5.5, or a mxture of the solutions used in the

resuspen3| on, lysis EWI t hout SDS) and neutralization

A BppCeE fﬁ owmg steps &) fod)oif the mvgnthgyfaghtqﬁsngﬂ@m (capturing)
I th
SR RO O A PR R T

fsl:&pmthe inlet and/or the 5 outlet of -the reactor.
punping is done fromthe inl et t he wash step can be
s done fromthe

g‘fﬁ?ﬁ’f&%g%ﬁfléfwﬁcmoa'@wsws o feeTmatman e pgqesiARy to aligst the
FAREISE oﬁﬁféq,oh{@lont{ﬁk@b’dmlio@ftiént Jb%dﬁ@tﬂ}ft ﬁHtVoahI ?0 ensure

inlet. Then the solution is recovered at "the out
é’ﬂ)‘ﬁl% akjthe desitediBomelchuald tathedbsunitbgdplzibowmport, usually a resin

CBATBEER Bl dgnd A el 1P B S SHRED
(Ihepirtplest@pnditioning procedure is dilution of the cleared lysate with water or
low salt buffer, especially in case the chromatographic resin in the subsequent
capture step is achieved by anion exchange chromatography (WO 97/29190 A1).
Furthermore, in particular when hydrophobic interaction chromatography is used as
first purification step, a high concentration salt solution may be added and the
possibly resulting precipitate (which is present if a certain salt concentration in the
solution is exceeded) separated by filtration or centrifugation (WO 02/04027 A1).
In the case ammonium sulfate is used in high concentrations, this treatment reduces

the RNA content (WO 98/11208 A1).

For capturing and purification several steps are applied to obain a highly purified

biomolecule which meets the requirements for pharmaceuticals. As for the previous

k steps, enzymes, detergents and organic solvents should be avoided. Isolation and
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and purifying of the bionolecule of interest in the
subsequent chromatographic steps. Before
capturing/purification by means of a resin, it may be
necessary to adjust the 15 paraneters of the solution
(like salt conposition, condgetivity, pHvalue) to
ensure binding of the desired bionplecule to the
chronatographic support, usually a resin (this step
in the neaning of the present invention, terned

%«ﬁ&a@%ﬁﬁ rﬁ’@ff%é?ﬂ 9ccordm&t0§n¢tbq>@slmowauthq hiimarticular by a
RloBRHGHIR it tahp&naggfapﬁf écﬁﬂfﬁ% s (VR KoillR vt er

Oow Sa espec
chronzb ggphap ATECT kwiroptiobid 1h&‘3r&:lﬂlbﬁ eﬁﬂﬁ{ﬁto g’%ﬁ)ph},dﬂl@l lsize

e Bt RpT o Ry Sk b 3D AR 7 R kg Frebipitation and
r&%&ﬁﬁp Al einidll %ﬁ?ﬁdﬁ&&ﬁﬁ%‘éﬁﬂ?% WL ik gaﬂtig'lﬁ ? obtaining
i g tion salt

first purification step, concent r
FaMNA i fonthempenis: gudiestieandanigisepassnbingtioresifiwol stgps that are
ich,is esent if.a certa sal t :
ERRELT Dt Pt B o Bt SBho sraoer i
la¥letiet tfrodh hpdrophobie titéraétu@ath@Ratb yﬂ)ﬁ?ﬁ(@@ %oléil ihtera%ion

In the case amonium sulfate is used 1n

chrreertegraphnYC) end anipn exehange cm@m@@@phv hglE(wand in which
818 !Efa?l{léa YBr 81%/%239% Qr)eferab? Iana e%% QI%e élgglgatﬁ graphic

on-Severaf
hughryispusdrbuetondithitted, cprb&rwny [ hgﬂﬂﬁbﬁiaéﬂj}ﬁte based monolith
requi rements for pharnaceutlcals for the previous

di Spsform 0] meenolidue splyap: suisthie @pgtalﬁh@ cobimpesre cempgraelly
k&%afl’éb@é el tﬂest% 20 CR0® ﬁ) g%@e&mﬁﬁ&ﬁ it ?urlﬁ(iaﬁwn

pertormed accor ng to net he a
mameiss;pmoacssbyasaadmu’gemm twpeoforded fvithenthromatographic support

a h| t echn ani.on exchange
TS G B TeninR e st S e tEh s e system, the
Q)'ilféi’lﬁiﬁ& affeRRIbY c‘ﬁ!l-r?m o BSren©hétibthl £10icHRE ABEAN &R one of
(SEC), ultra(dia)filtration, filtration or

ﬁhﬁé@pp@lﬂtbtq t@hesaﬁnreserémheaupp@hfor Aersréroatogiaghicpeipciple of

s used artlc l.ar, for ob ain
AR BT ROt dot Bkeson bl g Mol robliprincipte
Mﬂm StRd swp Otefbiablys tlﬁﬂﬁpﬁxﬁﬁg/paﬁﬁcathfh%@éﬂ) &R bichERIRITh a
ggr mat ogr aphic principles, in which either of the two

gflﬁegnodﬁewrée@éwawr@mmw@p ROBIEIONH MeflacEmeying

OO 08 PR i R i AR o mey o5y
EdnHOed ansingbedprobess.

i

‘The process of the invention is suited for, but not limited to, biomolecules that are

sensitive to shear forces, preferably to polynucleotides, in particular plasmid DNA,

and large proteins, e.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 and of the source of the protein (e.g. bacteria, yeast).
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10 at least in one of the two steps, preferably in
both steps, the chromatographic support is a porous
nonolithic bed, preferably a rigid nethacryl ate-based
monolith in the formof a nmonolithic colum. Suitable
nonolithic colums are comrepgially avail abl e under
the trademark CIMr) fromBI A Separations). This
purification process process may advantageously be

Pt P Emagiag PRl BeaelL SpReeatrg ape e Bowing
{p+B&cshkiny dtebY E%esn%ﬁgtyqﬁﬂuédaed b eSfroRNfs kARSA tﬁeué%ﬁs after

carrying different function noi eties. In such

spenemptegne of the nonolithic tubes represents the
support for the chronatographic principle of one step
afﬁ?ibet n%?tgg% %p efeli %sgnegi s r%%:ﬁt %ﬁﬁg ?orﬁnt Jt% ctaﬁgd mnclusion
Rrcgifesl” llal this chtme theatpiatinén gs/mw g fstioag alkalisi e@nblamtldaewuh a

rated in a 20 _batchw se node or in
Jding gy ﬁ%%ﬁ%’fﬁ}&Etslmlyma‘tﬁgltwc?em%mwm@f the protein,
tv‘?l‘ﬁbﬁ‘?é Qgﬂh?ssst%écﬁt laneﬁmd%gg g %BH&{)@:% e plsetrpyﬁ%ve

chr omat ogr aphy si nmul at nMovi ng process
plucRiss r@ﬁoidlhgcarrhﬁeamneand b3 newtrdlzdtidrofe, . bytadditibn of

liymted. to les that are. sensitive to shear
P ieish Sh B Re Sl ho) ROtIR 6 IR Stond oot SRS the
fl:ﬁg feadtolal\msolu&é coRPohdttdfte rae;patreta@ $ronfthd pr&ahléaa&trﬁﬁg
e process of the invention can be used for any

sobionde theeclyifigatiparesstor. For the production of
proteins, it may be designed such that the specific

gﬁ‘ﬁgxﬁca@g tﬁ%ﬁroteﬂ{ Qltlﬁte?esﬁs sJo enﬁ‘l ? {lﬁ t@#clls H%e 1??%6%‘%’&(:!6(1 in

e rnvention 1s 1 ndepen ernen
phobesseanor iofa sithdarsaannee aodesthbedatatei n (e. g.
bacteri a, yeast) 28 The choi ce of specific nmethods

ration and the .fol

I ShEBER st orc s PR TpR AT GE1 P GEHEGH Ay EHEE Rl solution

RAAE B Ehosed irAd Fal thak BR préklnSstafstselubld & MRALAlVeBN ihel |
the protein is overexpressed, it naybe present “in the

GFAmQSeTs SR &5a 19 enscificaldy deriabne agd prgipaste, the protdin gndlas Brst
e S Ml Brcons Bl BB Bl iR LV e
ioff cansteetbulik binzigi tothe ¢fsid REctpr 6t Bk ReutraM2hidh deGetoised for
thls S |n i ts denatured form_To_reconstitute the

{eogg ¢532nd, the clarification reactor, as described for solubilized inclusion
bodles. If the protein is in its denatured state, precipitation can either already take
place in the lysis reactor or afterwards in the neutralization reactor (by addition of a
neutralizing and/or precipitating agent). In both cases, the conditions for the
precipitation are preferably chosen to specifically precipitate the protein of interest
(while undesired impurities like e.g. RNA, endotoxins, and DNA stay soluble). The
precipitate 1s subsequently separated from the solution in the clarification reactor.
Afterwards, the precipitate is either removed from the clarification reactor (e.g. by
sucking off or flushing out with an appropriate buffer) or directly further processed
in this device. After it has been removed from the reactor, the precipitate is

resolubilized in a separate container using a suitable buffer, which is empirically

determined on a case-by-case basis. In the case the precipitate remains in the
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structure, refolding can be achi eved by neutralization
(e.g. by addition of phosphoric acid) in the
neutralization reactor or in a second reactor simlar
to the 10 lysis reactor. I|nsoluble conponents are
separated fromthe protein-cggtaining solution in the
clarification reactor. In the case the protein of
interest is soluble in the cell, the cells are

dis.: eagtor .in _a sim.]lar,
LB Mol Bt S oRE RSN Gedbnars shihig butter
canidiptionmidy fixngaak sbbies thewtd%@(ebﬁala% th@ﬁroltéiﬁ bf
solution) 15 may be chosen in a miﬁ% he protein
slﬁléf‘;i%stklé |r%l®ﬂéﬁ€d i ctpasdyibgapyovedizom ﬁmdmﬁ@t@n agastor

I nature and precipitate the
prot tﬁ@?ﬁ h§§?ﬁ¥g I%'case, the solution is further
processed in the neutralization reactor (which, in
t €ommondb ali Waléatianstoifd’fe, method ffilednvdntioh hetlrﬂe)p‘id)(ﬁmhon of
rea t or o 37 gﬁrallzatlon reactor used f

gys

Plrinrarabic JUHEE PEposFing dharreSMinecRIe oY solyfion. Beside
Ckﬁﬁl@t[drﬁﬁféf(fl@fng%ﬁpg bht k#R6 sﬂeﬁ§£é&§és&%e%q”o di.&3imgldr the
protein is inits denatured state, preci Ctaten can
aralyiclegfide selytionsideontiivaue of mort fm:ltlltly&;ssconeeamtamn or

at{o'hﬁﬁ%fn%t fi thoH glﬁltd';gg%ﬁ Z%%['&e'o P({ Ztalctngr aégxt )add|| tnI o

bot h cases, the condltlons for the precipitation are

Prief poedst i thedsemtivn nsqeecdlf iegalhloyy Rig@RtREAR S thdBroduction
I nt er est whil e_undesired inpurities |like

protei n of

fgﬁefwﬁc Ha’affle% s, PNl & pafyrpsiagbifes, themhethod of the
ARG&ItRNALIE: | o%ﬂgé Ma&cﬁpﬁé?{xﬁ%egﬁ %ﬁr‘h&%d o provide
solution in the cl arlflcatlon re E
ttgh ﬂllfétfy pivt miateniak - bigh lpeopartoemuigladmidNAdn the cee form and a

lLarifi Kij ff
b B ot Bdo R e o Gmont DN FsrhySeses arihse reapires
fthe Lest emﬁﬁ@ssmgb 4l 195 AGMeGRr (A dsEf Héte}geﬁts REEDt in

removed fromthe reactor, the precipitate |
rl¥dsFtepb)i zed in a separate contai ner using a suitable
buffer, which is enpirically 30 determ ned on a
q§§ the. precipitate
8PSl fon [\ IEICSFP RS ABEL B8 o
msﬁiuubotldezamtalmng&eﬂsq HEmby Bé epdrbd @ﬁdl“frﬂa‘ﬂﬁfd@furﬁlg scale”, to
U|t Fle buffer 3@0 ptionally m xing). As soon as
o) Puiogrs cue (188,J0 it wehell sansldise amowt e .1 g
|t§ séwrpAl1ebigl A8y dftthecﬁél !
clarificati or}ftrgeact or r ou% M{eﬁgn{gﬁgﬁ\éﬁﬁin&&?% Jé%ands
dor ¢lomgal trials as well as for market supply.

The applicability of the process is not limited or restricted with regard to size,

sequence or the function of the biomolecule of interest. A polynucleotide of interest

‘may be a DNA or RNA molecule with a size ranging from 0.1 to approximately

100 kb or higher. Preferably, the polynucleotide of interest is circular DNA, i.e.
plasmid DNA with a size of preferably 1 to 20 kbp.

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.
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5 Cormon to all variations of the nethod of the
invention in the production of proteins are the

‘options for further processing the resulting protein

solution. Beside additional refolding steps, the same
steps as described for procegging of polynucleotide
sol utions (continuous or non conti nuous concentration,
conditioning, filtration, capturing) may take pl ace.

10 The process of the invention neets all ul atory
Tef&mr%qqéﬁfps § epsily aplspsatedtand is flefble h‘éﬂ’a‘ﬁé glt‘é

o&ﬁgﬁbrt?%%d X&%@%%{)&?dn &l {(.e:ﬁ?(?? Sif%%r oV %&qgireaéﬂﬁ times

foan ive atlatvalhbwstepmbasillyesnildt pump add presprreyystians thagdnsure
ality raw terlal - portion of plasm d DNA

%ﬁmﬁﬁ O@@@nﬁ Ay drgragt of P&%ﬂﬂfﬁgéFﬁﬁon of proteins and

chronmosomal DNA. The process neither requires 15 the

USietRdr 280aMARSof thi Brdedia ey AN IMBAZHEBANS & SmitsRa0E,
detergents except in lysis step b). The process of

tdspyiogoeyseblemnil sllewilesping if ptacp (G sail sigamingjo phres (HIFY.

of polynucleotlde containing cells, it may be

ORRIALARM AN %rg]gl'i)?éd &gre‘f’r? S\Jo%" dl’es Elgont%[}llpa'bf arléxdyconsxstent

process nore an 1

greofontsnceio mclsid gys?@ntaﬂosem@dhaéct Ilﬁﬂleg ptq@eﬁsmg«ﬁ thé the
poI nucleotlg 8 i nt erest té@} neet .t he demands, for
ity dyesd usalfahtained s cieaon §fplgpdingrpto. a

%ﬂlﬁ by Molﬁﬁmt&%ll%%ﬁmb \%oﬁlﬁﬁoﬂmggf fd 19{8.}16 epnor to

restricted Wwth regard to size, sequence or
fcahxmri wadio. Alier droficdtioouthereahay e &y médrmediate concentration

cl eot i.de of t er est .or RNA
e SRS o Bl TR ke oS B S RBR rm e y
25 100 kb or higher. Preferably, the polynucl eotide of

TR tIey @etess Sf er pwéeﬁf inBikion, irfsspediitve SinthelBstédhd 1) i
size of é;eferabl 1 to 20 kbp. The process and the

detippaed batclimise phifeheansinueliseneds, caghriubesguantstery Bgabeirun in
a%ohﬁﬁucﬁﬁlabd aﬁ%ﬁa@%}%ﬁ&@f’g@ %glf‘?.ﬁlegﬁtﬁlc%&% r?dtl%fl 06 téwo steps

interest is to be al ne rocess can
salecley fiompstepeb) tod) &ndn ICSHﬁﬂuemslblcenNWctlhg tegaddidual steps.
automati zation and desired scal e; adjustnent of the

flaows and the reactiop times .can be achi eve

I B S s 8 Pt B G eAa 0y Bos BreP Y ER ahbope ool
®0spéhsion has been obtained (batchwise or continous operation, direct use of
fermentation broth or harvest and resuspension, optionally after freezing). It is also

independent of the host from which the lysate has been obtained.

In the case the neutralization step c) is the automated step, the application is
independent of how the processed alkaline lysed cell solution has been prepared
(e.g. batchwise or continuous). In a preferred embodiment the collector tank is

designed in the same way as described for the clarification step.

In the case the clarification step d) is the automated step, the application is
independent of how the processed neutralized lysed cell solution containing flocks

has been prepared (e.g. batchwise or continous). It is also independent of how the

resulting clarified lysate is further processed.
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steady flows and a | ow i npact of nmechanical stress. 5
Anot her advantage of the present invention is that the
devi ces are sanitizeable, depyrogenysable and all ow
cleaning in place (CIP) and steaming in place (SIP).
The nmethod and apparatus enphpyed therein provides a
control | abl e and consi stent performance in a closed
system allow ng direct further processing of the

nt i nyousl! roduced | ysate obtajned after ) i
c “&?*Fe&?i%f??’d@@h tﬂ% ﬁﬂﬁ%ﬁ?&’ ¢frthe plarifcaltpnaRacserds sefrhipRg
CRitH e Q6w Ak HRWoNGioR Rk hi hon i i
prior to WcoI um | gadi nég%@ar%?%}é{?& E?’Q.PF??@%{% Etﬁp k(%éﬁglltrt@nmg
nipyutine) by niesne o fre deraeetor ergs @rfi-roatY-omnestoe pr diedotiyén a mixing
C It Eonin r..1 oadi ont o t.he chromat ogr aphic
R EERURE R TR S N e R
irrespective of whether steps a) is perforned
biatanbttics embodinientode iid Mo ke BPHR seCRARISoRIRA MG Mted to the
step may be run in 15 a conti nuous and automateéd )
nfﬁa‘b‘gtfatpr‘)éf@rlé{&t?%ea&mg teedlerificagionteasiar bhe mixinmderdecefos this

: 8.k 0 :

e b PuSRE A o s R o FRIALNEG] e ayrgmatea
sliysip stgp orr s tething systamtike thesine desdribetl $ori thel apengdiemionaftep. Such

bl BN R e PR RECAGEAE o e
kg abdesSiry ey \e@ehpRNS scflﬁﬁé’ff‘melgunpﬁﬁlia%} !s%nﬁ %vfei{eg) can
ent of the S rom

freezing). It is also 20 indepen
Wieiagded Hethissa.e has been obtained. In the case the

neutralization step c) is the automated step, the

j j ks ' n of .how th rocessed .
PR 85 en, SRR S 25 aron
Isétpe hsvscom Bra sufidientuiolitie of the Bsple@éRiiEthe MR AR eactor is
the collector tank is designed in the same way as

FEEEPT HRetlYFHF is IpBcentiabads eaky et efplirpffipiion, piiot tes e
i i f] L on i he
COmFRATEOTEGD SR, O o AR IR, LR
eulonalin gesiod mercassigts. Siothetlats cas) thal donogntfatios kep abasch

TS R seRtunE Boibumenuder Hanly phepiras e alace, the
Irytedfate (o, bovithin@lg tRE PD@@EQ‘E’&}[ %sedad%nﬁy B ﬁfrg&ff&mdittioned or

enbodi nent, the outflow of tthe clarification-reactor
ilgaded ke p gBwmaipgraptyee lyruvin die tdse of sdvetdl passagsetis actyntate is

erchIet&%n@ff fife REQGE ﬁr‘ﬂl r\]rglu?rﬁe%pon(:grﬁrr]aq{otrliig rne:ia&ged, and subsequently
further processed. For this concentration step, conventional devices can be used,
e.g. membranes in form of cassettes or hollow fibres. The cut-off of suitable
membranes depends on the size of the biomolecule processed. For pDNA, usually

membranes with a cut-off between 10 and 300 kDa aré used.

In a preferred embodiment, the lysis reactor and the neutralization reactor are

_ combined to form a two-step automated system. In this case, the outflow of the

lysis reactor is connected and mixed with the flow of the neutralization solution in

the manner described for the automated neutralization step. By this, the flow rate of

- the pumped neutralization solution is adjusted to the flowrate of the outflow of the

lysis reactor.
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sol ution) by neans of a connector, e.g. a T- or
Y-connector or directly in a mxing device. The two
sol utions nmay be punped by conventional punps. 5 In
anot her enbodi nent only the flow rate of the second
solution is adjusted to the ;tlowrate of the Iysate
| eaving the clarification reactor. The m xi ng device
for this purpose may be a device filled with beads
i ke the one described for the automated |ysis step

o anofhep prdered smgndimepk thereualization teeptos and e clarification
NRULH A ZB bR fd% Erﬂ-rq %‘ste atfo ?ec#]%)éte{ﬂ? Iﬁjt?h?sdcasg, the
or S

conditioning o
chttiowtad glnea:pﬂmmhmtmp réz@:t(hrSs peaesdmyith the huterardl idarification

| ut .sulfate (or s ly water)_ can
Z%a 8"f ‘?ﬂth{f H}V§nﬁr§1§mﬂfr s g?‘?@t Pg%wsb?pﬁﬁyﬁompmégcb%é@%@ be

- AG@EPNICAIRS tl%bdtﬂ&@m &E&opﬁ%ﬁﬁr}fyg} P‘T’hls%ﬁpb %&ueved

soon as a sufficient volune of the ate [ eavi
chariepsugiagtomflvid desebby H@anpoﬁaﬂnte,graté:tbﬂd)qt&mrmmﬂaﬂy by

f ultra tion rior
FAPEMLETE T s ST B DAL el B
cdpptioEtle 93 ambynsastlad Té[bctr@ﬂi&%@ﬁﬁéc@%h@@tlf@ﬁ‘essﬁ% gQQQ@tHe'fnressure
one or pore passages. In the latter case,

Srdsrrdrusied steplesaly ageordiperio thrujuid deviehorthe ontlﬁtrﬂmws or

bat chwi se node. |If only one passage takes place, the

b el P O EOR T SRSy

be directly con rona ograp

cbtegtiy Colhnectltn@thcawe redctae wathalit pomsagediatctdiginceh@ntaib&ion
the desired final

cl.ed unt.i
it e EENEURE Pl s Shedenutes e eisbeifisaien spactor. In
fthistdiftodRh &R ShS 8dtlet @ ind ﬂ%h&OPE '&%@@l E@igﬂspéhdﬁt_gg Brsed cell

conventional devices can be used ranes in
fsgRHiopfis Busalevities cotainypluow dfi Iiwafshzail‘ha sco:lutlembff moging slowly

n,t
SV 8 SRR PR LRy e n
letlina Botont ebﬂhfe r@etoreRNtht @nadBE ndlkh Lk ﬁ@toﬁﬁ%@ clé’rﬁﬁdaﬂon
g referred enbodi nent, the |ysis reactor and

PXace i thegme aagngr asgescribaghabioned to form a
tmo step automated system In this case, the outfl ow

QE ahRen M¥ed Srefe@CiRBodidiei ﬂ{ée\ﬁlﬁcﬁg sdn 'f% @9 amo%téch?y

| ow of the heutralization'solution In manner
G?@Eniwlb@dt leant allstepab) onditaad optionaisy, ialdiion séeg.anBior e) in a
t he

th the flo at e .of pu d n rM|zat|on

S inqusEYstem, i 5 EPadimenetibioutior af Ge lyFareasior 1Sclireety
tchenec®d Wiks te HeBB8lAion device and the outflow of the ncutralization
device is directly connected with the clarification reactor. The design for the

individual connections and devices is the same as described above for the two-step

automated systems.

In a most prefered embodiment, the fully automated system is connected to an
optional automated conditioning step (and device). This embodiment allows
continous mixing of the clarified lysate that leaves the clarification reactor with a
cqnditioning solution (e.g. an ammonium sulphate solution). As described above,

such conditioning step may be necessary to prepare the polynucleotide containing
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32 In another prefered enbodi nent the neutralization
reactor and the clarification reactor are conbined to

"forma two-step autonmated system In this case, the

outfl ow of the neutralization reactor is connected

with the automated clarificagfon reactor of the
invention. In this case, the pressure of the

conpressed air has to be 5 adjusted such that the
outflow of the reactor is kept constant. This nﬁ%p
derate{adhe ppseaigat (chrpynatpgraphic) pirificpen ﬁypm@aan by@rpphgpic
ot = r simlarly by neasuring the flow
zﬁ % éegg (ﬁﬂﬁﬁgﬁaggﬁother systens |like light barriers
are applicable. By neans of an el ectronic connection
tlbddlhg sphessmdgiogangeep trsulpriesswxensionnf the atjmsedthree-step
ste essl ccording to the flui.d | or the out] et
PSR B bnRGiSi R uhR staredr T enbyGimeRt sl ige
Cdoﬂ[tioﬁll c@lﬁbb QBN HRRsERix6@ MBS akNed Bs48 GbinY a device, which
connecting the two feactors without an intermedi ate

db graferablyred the s ape anthedysipreaplon (Tihid deviaeiwas foayd forbe most

i FASao AN o 3blocl bl Bl Pl R

epsitite Rishbar Btccalidettdld JiiGeRvieed fe.g. aOHeHCHBE] Ty thd xed
with a certain volunme of neutralization solution by
ReRITALZAEPBRIcY) 9an ke wiHizgd dor thisennase. 8. coavRitiagalatatic mixers.
t
I”!;Het e Bag? tSt(‘) %b?ﬁlﬁl{;pﬂélﬁtﬁ%ué%{sqm E%{Gc‘hti ?Rn%%oéﬁtgcgmaﬂ%e a3 L{%{ed to
nh@ﬂDWHMwaﬁMunmnﬁumnﬂHM£danﬁanmﬁmeakk@@inﬂahﬁgaﬁkﬁce

in the sa ner as descri bed abov I n an even
SPePEFLERLIb dMSIHD SR RBREIR R s waif g1 (hus Tegulated
dﬂﬁgttlﬁfdfaﬁb{ of BIEPHAY k-85 &¥tht %&1%' soﬁfti%ﬁ§ ngl;sta,tn@ d)
optionally, in addtion, step a) /for e) 1na 20
contlnous system In this enbodlnent the out f | ow of

thrwpessonditioninend eapiiire slep) ap apolineeitreomptep mayee inserted.
neutralization device and the outfl ow of the

[ i rectl it
(O ot ol o BBicoP ity ol Sl o SRRAREA S0 M 0G4 Sy
csudnmn:extemmommﬂhd evioaesed thrdekseepsgmnﬂﬂnect&swsb bspdesahie\ve
for..the two- au&gﬁgted systens. 25 | n _a nost

(SPBERHONS fFe fa% s pribpdiment haaesaling lysateof the
&@s@éﬂasﬁ@c&féen@ﬁfe& gy ﬁltra@ilﬁﬁf@} %1&91'1‘9%&5&%{&9 dRt&8ed,

and device). This enbodi nmen t1 nous m xi ng
dhe retentate srditheedireglyfhshermmocesedibgsthe henditiaming stepund)/nr by

& l%agmgwlep rtw%mh means an extension of the continous system by one or two

additional steps) or recycled until a desired final concentration/volume is reached.
In the latter case, the resulting concentrate is further processed (conditioning and/or

loading) after concentration is finished.

In another embodiment, the lysate flowing out of the clarification reactor may be
directly loaded onto a chromatographic colummn, or it may be loaded onto the

column after conditioning (with or without subsequent on-line filtration).

In all described embodiments utilizing the automated clarification step the obtained
cleared lysate may either be collected in a suitable tank or directly further

processed (e.g. by connecting the outflow of the clarification reactor with a



10

15

20

25

condi tioning solution (e.g. an ammoni um sul phate
solution). As described above, such conditioning step
may be necessary to prepare the pol ynucl eoti de
containing 33 lysate for the subsequent
(chromat ographic) purificatigp steps (e.g. hydrophobic
i nteracti on chromat ography). Addi ng such a
conditioning step results in an extension of the

t omat ed hre ste@a*systenlto a continuaqys four-st

?@ﬁiognl? {oHFoluBRY, A GROAHIOTIPE SRS BN 18 thé%iﬂiif’iﬂa’i‘?d

Cﬁﬂcé?s@ HERbANHONR! 1¥sa’i@ B Ckither igie &n%cféh% hfsin%ﬁ)lé ﬁéﬁﬁtoﬁ directly
usi ng a devi ce, whi is preferably of the same type

d@ﬂhhembysﬁgireactor. Thi s device was found to be nost
gentle for continous m Xxing of solutions containing

| s th are sensitiye t
(Bie B B8O nEiofen i b Bl Rp e e plaPpE e ror
r]ﬁuﬁlmﬁg itfzadoletions t 1R R) speéinl diebdditbhiz @@ ffodf of tht ScRmilpose,
conventional static nxers. 10 The flow rate of

tsri‘ép‘iiﬁi?éls #Ra solgtiprsdis aerompdished PXo#r REpSEBE Ut Prserugiaer wessels
qgmggdggp the flowrate of the outflow of the
clarificati%n reactor by installing a flow

measurenent unit. The punp can be connected with this
ulire toatheiset ddyantageyy tbatpe@bess keiecp:ivh:gs phitherimtdntion firet dudtable for

PSR oo L fieht Pafide Spkdied) biioaRt pRitiasgutical grade

fADRIAATHE Provksitai®y abspttd&riy@durce b? pDNA &L ¢ 30 kP BActerial
enbodi nent of the invention, an uItrafiltra ion step

i aellpquece. Ingyartienlarugrio ehetapiartes affthe isﬁstmttbq:mtoe@iss of the

t
o Fnl ool BRloot I MBS BN SRERS o maie ippeytance or
r;&ewssmg@ellmtee Slﬁcd: the lysafe@ \cbomidbh i eRS pDBA-degrading
oo oentrated ultrafiltration. Wiile the perneate is

aness guch pyRNAses Brogess tige & 3 eyt tody gheprofyctiqyplityand yield.
processed by the conditioning step and/or by 20 the

| 'DRGirBEess aR® dbVibé Gﬂhmﬁu&par@éhﬁ&ﬁﬁ‘? ?r&i‘ucﬁ&?of NA for use

conti nous system by one or two additi onal step or
ria dytolang anthanimals, dgs for ededinatiah and geenthesby apphaitione D to

it
B Progp iy o it P RS se S B s i) e
| diaeiah thatedfal 88 wel A Rtk dtQUpplS o&‘hrﬂegfshedd prédipot her
enbodi nent, the |ysate flow ng out

clarification reactor may be 25 directly |oaded onto
a chromatographic columm, or it may be | oaded onto the

Brief description of the drawings

Figure 1:  Flowchart of a combined continuous three step process comprising

alkaline lysis, neutralization and clarification

Figure 2: Flowchart of the combined continuous three-step process of Figure 1,

extended by a continuous conditioning step
Figure 3: Flowchart including an additional capture step

Figure 4: Flowchart of the combined continuous system including an on-line

filtration step between conditioning and capture step
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colum after conditioning (wth or w thout subsequent
on-line filtration). In all described enbodi nents
utilizing the automated clarification step the
obtained cleared |ysate nay either be collected in a
suitable tank or directly fugfher processed (e.g. by
connecting the outflow of thé clarification reactor
with a 34 chromatographic colum). If a conditioning
step is enployed in this automated process, the
doguiet3: ondawrharhekthe gpmbined epntiraions piosessdHigure 4) extended by a
sui tabl e n - direct fur.ther processed. The

nmet hod aﬁ%%ﬁégﬁ%ggS%?%FE%CFW$%ﬁ?T8% are i ndependent of
the punps used for 5 punping the solutions. In a
shiguiead: eSdhedierfenthe coitgndousvombinkatien 6£MRAlAke lysis, the
suspensi ons and sol utions iis acconplished by air
pressure Wﬁmﬁﬁﬁg@ﬁﬁpggﬁ”ﬁ@ygém§nf@ﬁgFead of punps. Due
to these advantages, the process and devices of the

| MgaR7: OND&ViE: SthfratitEa EQhbina & of 195{? r&Rfor GRAGalization reactor

Manuf acturing Practice) production”of pharnaceutica

grade 10andpieaificiiien pragioe §xilat appdsatua sdpbldiotr vp i kg wet

sour ce Oﬂmﬂ , €.9. to any bacterial cell source. In
particul ar due to the properties of the system the
process of the invention allows fast processing of

| Eigge 80| Uprssaledvrdrsibn o$ thef deiie @f Figip@7 (S @pp@4tus suitable for
processing cell lysates. Since the |ysates contain
various pBNB-SeHVERCHS substances such as DNAses,
process tine is a key to high product quality and

yitighd-9: 15GNe RURE %%pﬁ%lﬁ% q(?:\ﬁhlf@%}aﬁfm L Fysisr}%fc%xj ﬁéhtﬁagi‘iation

surted for production o DNA use "in humahs a

ani mal s, reagjor fndrclardpatinmtdaotor ndlablerfer dher2ddy wet cells)
applications. Due to its high productivity, the

: .C r_production, of preclinical and
SRR T ARy aRAPEG rReG2Hp b PRnRueRbEsRy By cGflimous
regi st er afetho® dfithe intiBh iliudies tikistipk ORisOhedtR@ization and
drawi ngs Figure 1. Flowhart of a conbined conti nuous
three st Hobar & thepypt devige  al kal i ne | ysis, |
neutralization and clarification Figure 2: Flowchart

Gighriaa 16 ORI BPRT G Sto &t 21ef8 R ﬁ?&‘?@ olﬁfainetil le)r\; a

Figure 1, extended by a continuous con Ioning s
conventional method on the laboratory scale

Figure 12: Analytical HPLC chromatogram of a pool from the capture step
obtained by the extended continuous method of the invention mcluding
the steps lysis, neutralization, clarification, conditioning, filtration and

capturing

Figure 13: Analytical HPLC chromatogram of a lysate obtained by the continuous
method of the invention including the steps lysis, neutralization and

clarification in the up-scaled device

Figure 14: Analytical HPLC chromatogram of a pool of the capture step. Lysate
obtained by the continuous method of the invention including the steps

lysis, neutralization and clarification in the up-scaled device
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25 Figure 3: Flowchart including an additional capture
step Figure 4. Flowhart of the conbi ned conti nuous
systemincluding an on-line filtration step between
conditioning and capture step 35 Figure 5. Flowchart
of the conbined continuous pggcess (Figure 4) extended
by a concentration step before conditioning Figure 6:
Schene for the continuous conbi nati on of al kaline
H%sis, the neutralization and the clarification

r

geede: simlyginebHPL(redyomatogewm el sivage abesedibydhe eeptismous
lysis re - {-zat.d . d ot
ol ar 11 oafted oLE AR EEAAMALAS hs 1A hoyalizytion and
to 1 kg widrificaibh,s¥hiBh guas eoientdped baukrhfteatzinon of t he
device of Figure 7 (pilot apparatus suitable for up
to 6 kg wet cells) 10 Figure 9: cQGW device conprising
a conmbination of lysis reactor, neutralization
reactor and clarification reactor (suitable for up to

20 kg wet cells) Figure 10: Analytical HPLC

i Qapeqgr am of a |ysate obtained by the continuous

nmet hod of the invention including the steps |ysis,
neutralization and clarification in the pilot device
1Boguchignef pDNpwantpivingE. ¢ddl@llshr omat ogr am of a
reference | ysate obtained by a conventional nethod on

t r | e & gur , lytical HPLC
NP BB oS rot e AR ol Plnara o

hy 200 ¢ faxicanded sean hédduditg tamik Holtbvahg bRrefiiré€thid @Rcription
i ncluding . the steps |ysis, neutralization,

aFlates e thed0dfermaidia®)oni ng, filtration and 20
capturing Figure 13: Analytical HPLC chromatogram of a
lay safecipfai ned by the continuous nethod of the

i nvention including the steps |ysis, neutralization
and clarification in the up-scal ed device Figure 14:

g warking) celibatk ehp orastusterastrass ofitho ptismid pRESMEPL ur e
EERreritMiB AR K12 IM108; ATTC no. 47107; plasmid size: 4892 kbp) was

maintained in cryo vials (glycerol stocks) at -70°C. A cryo vial of the working cell
bank was thawn at room temperature for 15 min and a 200 pl aliquot thereof was
inoculated in a 1000 ml Erlenmeyer shake flask containing 200 ml autoclaved
precultﬁre medium (composition in gl.-1: Vegetable Peptone/Oxoid 13.5; Bacto
Yeast Extract/Difco 7.0; glycerol 15.0; NaCl 1.25; MgSO0,*7H,0 0.25; K,HPO,
2.3; KH3POj4 1.5). The preculture was incubated at 37° + 0.5°C and 150 rpm up to
an optical density (OD 550) of 1-1.5.

b) Fermenter Preparation

A fermenter of a total volume of 30 1 (continuous stirred tank reactor) was used for
fermentation. Three of the medium components (in gl-1 final culture medium:
Vegetable Peptone/Oxoid 13.5; Bacto Yeast Extract/Difco 7; glycerol 15) was heat
sterilized inside the fermenter at 121 °C for 20 min. After cooling down the
fermenter content to < 40°C, a macro element solution (in gL-1 final culture

medium: tri-Sodium citrate dihydrate 0.5; KH,PO, 1.2; (NH4),SO; 5.0;
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‘according to the follow g procedu

25 obtai ned by the continuous nethod of the invention
including the steps |ysis, neutralization and
clarification in the up-scaled device 36 Figure 15:
Anal yti cal HPLC chromatogram of a |ysate obtai ned by
the continuous method of thesjnvention including the
steps lysis, neutralization and clarification, which
was concentrated by ultrafiltration 5 Exanmple 1

MRt reD £ B P GPTHR 2 oo Bte BuslT Aeves

Vi1 PR GHicAhe ?&m]entei;’ Byt fflﬁﬁt@\?ﬁ hgﬂ?rélzés?:gk fnl of a

ription
0%l vathegnihe selhtorR@ndl 1.6 mlnﬁ Ritaite elejnentgoliier wad transéerred

Th Ki b duct | f. t.h
TN et s SR SeRlenE sl g et
MCeCYFEED.C 0.0} @580k 531,2e1. 24 8RO, 08s 1 7; rmsomﬁleﬁl B

cryo vials cer ol stocks) at -70C. Acryo via
SN

R MesPR 4; Msobm%éltm*aﬂﬁ édﬁn Thafsemantarien
f t d
S8 R0 A R B 0L MR DRSS

aftzedl.aved preculture nedlun1(conposit|on in gL-1:

Veget abl e Pept one/ Oxoid 13.5; Bacto Yeast
t act/leco?O gl yce 15.0; Nad 1. 25;
E‘?E @éhaﬁfﬁp&eﬁ?aﬁe KH2PO4 1.5). The

precul ture was incubated at 37 + 0.5C and 150 rpm up

The 181 BR-Qituk & AbuRRT DY nll Fds Haldfe@bd tnd th@ feﬁ’ﬂenter under

Fer nent er Pre%aratmn A fernmenter of a total vol ume of
:%ﬁrtle covshitionsudbe Clsitlvat#@tpomdﬁwm% wats sst 3s fedlowasegatfoprrate 20 1

nt ree.o 0 nent n -
16\{‘{ Uragztap 10 Fate IlO ?2 éé?‘;@ pg%g 7& %%Q? "IJhe
@m:mué(eas taut’ﬁlﬁanaﬁly @nh@ﬂec?thﬁ'WﬁﬂﬂbH kbl 29385 nire 2,50y
sterilized inside the fernenter at 121 C for 20 m n.

Ahegonesdiating of digpelyeboxyizen fiRR: Y2k mpintairedat X0, Yot
MRk Rich 1 ROm SR Wt of dditallbn fatd (4Bl 70tMbEYT €

Cultivation was terminated 12 h after inoculation of the fermenter. After cooling
down the culture broth to < 10 °C, the cells were harvested by separating in an ice
water-cooled tube centrifuge. The obtained cell paste was packaged and stored

at -70°C.

- The experiments were performed with pDNA containing E. coli biomass of

different 20 1 batch and fed-batch fermentations as well as of 200 L batch

fermentations (two different hosts, four different plasmids).

Example 2

Setting up a pilot scale system for continuous alkaline lysis, neufralization and

clarification
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medium tri-Sodiumcitrate di hydrate 0.5; KH2PO4 1. 2;
(NH4) 2SO4 5.0; 37 MSHM*7H20 8. 8; Na2HPO4* 12H20 2. 2;
CaCl2*2H20 0. 26; NI -14Cl1 4.0) was sterile-filtered

into the fermenter. By sterile filtration with a

syringe, 5 mM of a1 %nv thigam ne solution and 1.5

m of a trace elenment solutiodon was transferred into

the fermenter. The trace el enent solution consists of

(in gL-1 solution): 5 CoCl2*6H20 0.9; CuSO4*5H20 1.23;
Ewoetu-pighg gilatacalpisggmHoohe ceptinuayg e binadep of dkaigre lysis,

F

' * . * l,Q .
NSRRI TR el BR3P,
t dhewhi indiguwe 7kFiggrev®ihomns a whe@tid imapk of eigmmipineae and the
(I}?ryest of cell paste: 10 The total pre-culture vol une

asERINATUGHLE of i eonBipneus thipe stepirombinabient Bis figwes also
L > ot ondi ti
S A T AL L0 g o
ageliainaon experignch®), toghe uiBgcale Garfan€(capatde barhanglthg/utodd kg

..2). Th H val u S tomatically controlled wth
i ReROt e ot ) TP o Susion 4 bl et et
divsipRf)ved oxygen (DO, pQ2) was naintained at > 20 % of

15 saturation by automatic control of agitation rate
(Indogwe®. fHage. thiea sinniles puowswebich érnsnest thel calPsusperfsiar (), the

B P R L S I R o

sepataitedgs 4 T-cdhAndction. @adhetvs ¢iolyeid rédehr (gﬁlﬂelt dibfd@e-6 cm,
The _obt ai ned. cel | wa stored at
S

past e s packaged an [
hegght 45 s iHledavirinssdivad 06t By diemstere® inficatep thagecond
o _ AR Cftar AN
SR PEDDG, i QhuR GTRSE Sinocfly 6Bl 1 ation
freadtenfcatledbpayfioppleds fubergenft 1 2hHatns innkodinmdick ked 85tm length).

dkasm ds,) . ,25.Exanpl e 2 Setting up ilot, scale .
2@@8}# Pl 1A T St caa e 353 oS salingex of 19 g inmer
afishetet ahd 4 héight 500 mm. In the center, a slotted stainless steel tube is built

in to distribute the entering solution, On the top of the clarification reactor, a

connection for pressurized gas and a pressure gauge is located. In the bottom of the
clarification reactor the retention material (glass beads; diameter 0.75 - 1 mm) is
filled in up to a height of 4 — 5 cm. Next to the retention layer @ of the system is
the outlet of the clarification reactor. ® is the collector tank, which collects the
‘cleared lysate that leaves the clarification reactor. ® are conventional three-way
valves to change the flow-paths to carry out degassing of the system and washing

of the flocks in the clanification reactor.
Example 3

Utilization of the pilot scale system for continuous alkaline lysis, neutralization and

clarification

990 g wet biomass, prepared according to the above mentioned procedure

(Example 1), was resuspended in 10 1 of a buffer containing 0.05 M Tris-HCI,
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38 The setup of the pilot scale systemfor the
conti nuous conbi nation of al kaline lysis,
neutralization and clarification on which the
experinment of Exanple 3 is based, is shown in Figure
7. Figure 6 shows a schematig,inage of the conponents
and the basic construction of the continuous three
step conbination. This Figure also 5 relates in
princiEle to the lab scale nodel (up to 100 g wet cell
vik0 h M EDddedf pEb$, byppsiingritrapy tesperehueimpyllertséiriehdn a glass
= SC varli (capable for handling up to 6 kg
gggﬁéggﬁb%@ﬁ?ﬁ@&systen1and to the cGW production

Ffbrenthé sybstQuedOptogessatasatirted, iRilgd feactbnarfd By heutbalization
(r%ﬁare t hree iigilar punps, which transpaqort the cel
g6 %rn‘é’?rﬁﬁie%‘isf? hBUMpEE| e fuspensiansiags splifignsayith theed pumps.

NRHE KxAkdsZ 3 hifRBe @gﬁgét {_p‘gxg}%}:{e 1 dﬂoir the r(:§1gsgér§ieh %ﬁmfle.lsgﬁ%ms%g \{gr the

neeting poi nt as a I-connection,
tipgs botuiign arebotrop 1 ifenrtbe neliteatizaton sobutoom) wehestgied 45

ill ith,.gl ad f 5 ' ter. (r).
hplcineadsly Ahd &utRi® MEatmn Jondr U haNnRY arbiding faey
afesifeQUNRRE tihRDT the SNRWESItH the IieddoldidnZatioTthe KERLIDN

(coi |l ed polypropyl ene tubing of 12,5 mm i nner "di anet er

saltiongvifnthp ageirdlization sqletioninghe rashectiyk agdctare Hysie reactor,
r : ted as a glass cylinder of 180 mm
f%ﬁg?%&gﬁgﬁ%%g#fand a height of 500 nm In the center,

d'tekayttheratgcnl@bs1Bicerle iiits Reniast With tHe 1ydiHsdlBtion
distribute the enteri ntg solution. On the top of the
II'&

P2 bis Senct e figt megfiearainto hhe Bpuiing syesm »eg
4a8scichif; ALEA BN BRI S BRALEE (1,57 o) B R Peactor

_ fication~react the retention nma
(byl rssing tmddass dieadwe Dérecy Zfer-ledvimgibeinsutdlizhtibh emcion thpnow

el e b B PR B ep b vt ©
r(sMb@fassiﬁm)acétatetdﬁ?}mbj ﬁcatée&oﬁmbeudgﬂo%_(?%hﬁ@étér).tﬁ‘&h

cleared |ysate that | eaves the clarification reactor.
eirgaras werpmined doulogeigoaslyayhe fplibwing nevtrelizatige redveor and

e T R
Phedipiautl inpiritles (flookb) WereQhert gspbit& inf L@k 1S5RS Fe@Etor

cj)frgeilﬂ)lzj %g\?vh?gl cil(o% tnh% slpgcsi‘ialsdesingggctl (rigxli(i:ez. ?ltl ith(i)sn wg)rf],dthe mixture
reaches the retention material in the bottom part of the reactor. Later the mixture is
distributed on the surface of the lysate/flock-mixture that is already present in the
reactor, with the majority of flocks floating. When the clarification reactor is filled
up to 10 cm (above the retention material), the outlet of the reactor (which was
closed so far) was opened to recover the cleared lysate at the outlet. Thereby the
flocks are retained by the retention material. To accelerate the process, the pressure
was increased stepwise (0.25 bar/ 2 1 lysate) by introducing pressurized air to
ensure constant outflow from the reactor. At the end, the system was washed with
1 1 of the respective solutions (without cells) in order to recover the residual cells in
the system in the form of lysed cells. The residual mixture in the clarification

reactor was exposed to a maximum of 2 bar pressure and the lysate recovered to the

largest po_ssible extent, while the flocks stayed in the reactor. To also recover the
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clarification 30 990 g wet biomass, prepared according
to the above nentioned procedure (Exanple 1), was
resuspended in 10 1 of a buffer containing 0.05 M
Tris-HCI, 39 0.01 MEDTA at pH 8, by mxing at room
tenperature (inpeller stirreﬁ% in a glass container
for one hour. Before the subsequent process was
started, the lysis reactor and the neutralization

reactor were degassed by punping the suspensions and
JUPNA contrimng lysetedetvesurthe flocks, Agemtenwsastiong priobedul was

P ( .l _faor e _resuspended bj,omass I.l. f.or

t%gﬂgﬁlﬁﬁ%gﬁls% thotnI SSL‘R%’H dva&jw%lqeﬁ Oflb*het(“l et oﬂﬁgglanhcatlon

neadtsdintozit idenics ahdithirowph e prcijifd, adies tHidl lthaNeadSéte
usted to the sanme flowrate (150 m/mn)

and, ad] .

ﬁfWPgJPﬁ §Xpesang the nixee ebedks and wigsh-selutipr ta@ PesREsyre of
e . _ | .

R TR TR DB Lkl B ARk b by
rseacbaubs¢duest shromaopophic Séps(HIE r AIEC atihgan ReadtCIM® tube

Ther, the resuspended cel canme into contact with
g %e‘%i éﬂ_&'@ﬁ‘ﬁt‘ffﬁ&ﬁa{f&%ﬂﬁn%lr,@ Tovielene Sl it slauot of
B FdshsheRQEDEells BARalE I W WhtNBoRhdsQRLY 1?%?1311% lf%ﬁﬁﬁ%ﬁthil % gmall

m xed honogeneously and contacted (1
|ty accowhing tor the ggnyrational dakt-sralqprassiube abigificBliorbtihg carried

f I ' t t i zat | t .
i B4 b b P2l Phis R Y e Bl gt the
elot-sedlé BRlckRmnaab dbinpire GﬁnMg&@ait?s(sﬁtéﬁbﬂq&t hcdiRdesPlhd
second neeting point (T-connector). Both

5.5) at_ a
éi“ﬂ{éfé’ﬁﬂsln\ﬁéﬁ’éloﬁith%‘%@é Arsplutipnraeld g dnprprigrated
E@ﬁkgjization reactor and contacted (1 - 1.5 mn).
e mxture of the pDNA containing |ysate and the
precipitated inpurities (flocks) were then transported

i.nto the clarjfication reactor 20 by gently flow ng .

rorirarisreet e telesntn banaany £ lvie SHAneldpm {rgontinuous
LN (FableBld §h6%s IRCHEGLEI bP e TRS-8LAI@ysisD

Egrt é?atﬁeéreacior. Eater ?heeggigﬁﬂih?g’ﬁlF%ﬁ??%ﬁ?gge

oiery petleyafdaefehe hovdl pilbirscateedyfsteot Wern cotnpraeatihiat i s

already present in the reactor, with the mgjority of

flocks floating. Wen the clarification reactor is

fllalbleeld
mg pDNA/ | Purity Homogeneity
_ g WCP oc cce | unid.
Reference lysate 1,667 mg | 4,0% { 2,1% |89,9% | 8.0%
Lysate of continuous 1,694 mg 5,0% | 2,3% [90,0% | 7,7%
system
Example 4

Setting up an up-scaled system and a cGMP production system for continuous

alkaline lysis, neutralization and clarification

The principle construction of the up-scaled system and of the system for cGMP

- production is similar to the pilot scale system described in Example 2. Figure 8
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up to 10 cm (above the retention material), the outlet

of the reactor (which was 25 closed so far) was opened
to recover the cleared Iysate at the outlet. Thereby

the flocks are retained by the retention material. To
accel erate the process, the pressure was increased
stepwi se (0.25 bar/ 2 1 lysate) by introducing
pressurized air to ensure constant outflow fromthe
reactor. At the end, the systemwas washed with 1 1 of
t3he Wi dasyan-sealed systent wéwls Figure ﬂdlmplaselthevaMP -prodegtionsystem.

;@ﬁﬁé %19&3 (éietﬁle ?*@émsﬁ_ elleraéiasl nﬁg& %e& é}afa%nn%t%gﬁzﬂe linear
Cleduditfy] rxaitacm imd @dqirotesydsic %w@é.‘;ﬂ(ﬂn b @arige RO AR thE pilot

bar gb e and the | ysate recovered to the Iargest
posiemyyReTLlar gen amolipts |08 rftSH@epﬁ%f%R%l sdead Eybg proggseed.

reRckQhtess': Qeé‘llliégs #elﬁ&gigf thk 'ﬂg Q]ed Qﬁgﬁﬁ %ngﬂnﬂ!ap%a&%ter of

sate between t foce
wdkscm apg b height OET cral lealau&ahsalidntremmms ppmpsﬁthjda‘nbmﬂbmg

t tl.et f cto t th
o T ifher il Sooiand et serile U i lighiDa re is
fdofstksctodPisen gldésiyNaderiy 46 )éﬁpﬁﬁl@ﬂdltaﬂl%te?hﬁ& 96 'émq{méﬂt ocks

and wash-solution to an overpressure of 5 u
T lisie sastor lof thepaoduséipn dystem tvies omsitucterdamal sm:nmteei

f [gpY o7 sev | _sub
bAoA e AUEE L URGEHE om o pac
tafh@oiﬁmdpﬁae)tubﬁqgaiﬂzsimmmeanam@tér Akt oty orhitdeeth A8 t1as
reference sanple, an aliquot of the resuspended cells

SEHRIL %Iﬂﬁﬁaatw&re’&ﬁtfefr@eglsmm af sednlasscrtasd b prlindeeef Ghom
b- scal.e_ .

3030l PE AL GRPIE LR (33 368l

qemﬁiwﬁugmtlon (12. OOO g). This sanple was used to

I te the t ot -scal e process and to
I SrEEro S ationed Wb A RSRinG fer b 16 BscHbHAceGoR Fepetor i
Gerdbid dhe-mdjBrifdsti fldcREloft tﬁ@ réé‘éfdrtl%fd?g tﬁer}%a&%cﬁ%&f FI‘P L
coul d be approxi nat ed he conparison o
tagditiopffer iy r¢ageng the ayﬂﬂemmaeleggmmed ithdiune disks. d]’het h e

SR Y L ST R SRR G 0 B
amcmabtmcirwelblemstpo:e ERalig BYSIh&) wer e conpar abl e.

20 Table 1
As retention material glass beads of 0.75 — 1 mm or 0.42 — 0.84 mum were used.

Example 5

Utilization of the pilot system for continuous alkaline lysis, neutralization and

clarification and further continuous conditioning, filtration and capturing

As an option to extend the system of Example 2 and 3, the direct continuous
connection of the subsequent steps conditioning, filiration and capturing was
tested. Since hydrophobic interaction chromatography (HIC) was the first step of
the chromatographic purification sequence, the lysate had to be conditioned by

addition of ammonium sulfate to obtain binding of pDNA to the resin.
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ng pDNA/ Purity Honogeneity g WCP oc ccc unid.

Ref erence lysate 1,667 ng 4,0% 2,1% 89,90/.1 8, 0%
Lysate of continuous 1,694 ng 5,0% 2, 3% 90,0% 7, 7%
system 25 Exanple 4 Setting up an up-scal ed system and
a cGW production system for ggontinuous al kaline

lysis, neutralization and clarification 30 The

princi ple construction of the up-scaled system and of

the systemfor c roduction is simlar to the
pﬂ%?f%gecaa yaate (of; iR kel Brstex BiogPecdaccendiig te Bxample
< _ ) : . L anl T
S e D ST B T BB R R Sibed in
shyssangnte 2 wers @cHeldgt imch aliehtidrhedssdd efxs paoncaset saffcibitkh@lume of

B R L LN o
| ApaRingPeean® (Récor@al SPBReds )R] Sarft@ed to be
processed. 5 The stainless steel lysis reactor of the

ubve edditeina petampuinaes wereinsedm tisextanded sgtup. (Pnecpistan gump

VLA RSB A A 5t ot

aimie| pngping awhivl eenrhbgiug] sulfaftd aitcanvasedpised tb $he double
constructed as %% ass cylinder of 45 cm i nner

cieinraiydrO BeniBh RoM HEqagt W errif@nRspidsdy etV aRtizrl ¥ eonnector.
PR S5 TR s el R ol
Hhiowneg isuffiticattonorgensoid mixingrattbcontdctiag. As mixing device, a tube

l.ypr opyl ene-t ubi n f 25 4 pm_jnper_ diangte nd 900
%%%Yéﬁﬂa%ef W'%ﬂﬁ?rsﬂng_s@{)&al Iepgthe [iliFd W?tééﬁﬁsgﬁeq%ggéd?m inmer
CRAEERE FathRA. Phe SIrRARbBRS(hefee Bhout A SO¥InuRdPla®leBRIYP the
i nner di aneter and 65 cm hei ght was constructed as a

dlorgrite thropgh thiscdonditioning neactpl amsid)y the fse valunieSingde the

SHETDRE PR bR S5 B

filnpaiitenfe.d. brddtediaits) todkeplases T bRlef RAGLOL sblGti6h GO 6Hparticles
In_ addition for safety reasons the systens are

&9 theisemajograpBy celumy, 8 dter (e pm pore size) was connected with the

outlet of the conditioning reactor, thus providing an on-line filtration. The clear

solution (containing the pDNA) leaving the filter was directly and continuously
loaded onto the chromatography column (inner diameter 7 cm, bed height 25 cm)
filled with Toyopearl Butyl 650 M. Under these conditions, pDNA was binding
onto the resin and was separated from the majority of impurities during elution
(performed after the entire conditioned lysate was loaded and a subsequent “wash”-
step with an appropriate buffer). The result is displayed as HPLC-chromatogram of
the resulting HIC-pool in Figure 12. Impurities could be decreased to about 45 %
and that the oc pDNA (before in the range of 10 %) was separated mostly.

Example 6

Utilization of the up-scaled system for continuous alkaline lysis, neutralization and

clarification
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production systemis especially designed for hygienic
use and cleaning. Al parts are C Pable and Si Pabl e
(SIP = steaming in place). 20 As retention materi al

gl ass beads of 0.75 - 1 mmor 0.42 - 0.84 mmwere
used. Exanmple 5 UWilizationypf the pilot system for
continuous al kaline lysis, neutralization and 25
clarification and further continuous conditioning,
filtration and capturing As an option to extend the

shesshor srlapilgnpl thexophprions thigersigprsysteme hetdpniseled system

' S ht.1.Qni ng,
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to the resin. 42° Therefore a |'ysate (of abott 258 g
vaard cdeslficapers were quroetlogdnababeadiyrng describedmpEzgample 3. The

bt ai ned by. t-h d d i bed i le 3 db
TRsatte g B i Bad Wn e on e ReBe Pl
clol |.schihetes HEHS &Ysis A8 1RQAliASioa rédetdrl TheRbulvak WIFBk Ofsate

clarified lysate was present in this container, the
AnEgIra vag sesnded itothe sl ficption wegton veheeaibe dlockgwere floating

e g.q‘gtgﬁ%& lbgr %&%@eﬁh@% r[rﬁpager\ll:ej\é ?&eﬁ% : g§4ﬁﬁﬁ?%{ﬁflé &84 ofl]:gfg process
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z‘hlu%gredl.ysate at aflowrate o /mn while the

F Eonghibina bt NG B GRM B 2uPoay S SR rvh M
WRBasGdhisle et 40 Ade rQEd’ HEII Emid SHRALS de (ﬂﬁlgk%f@ dHinePBY D
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A ettt i it I3 SR otreiged 8RRy Pigatan b,
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G

U5Ed). Frgye ¢ shews theiapaly(iped HEEL G blaromatogBamyiof thegwo! e the
' te thr. this. conditioni
S5k AT o MBS Wl B pEBL 8 n e

Rppioxgnited pukgneddghbNstighabddISEHILE) afir 0P waiile@Re BIC-pool
RNA and. other _inpurities (e endot oxi nes)

g t ook
shawed 2 hamggensityiod apeit P40 apd gtl amorme%pur&apg 3@@@@2 %.

Example 7

Utilization of the lab scale system for continuous alkaline lIysis, neutralization and

clarification followed by concentration, conditioning and capturing

The concentration of lysate leads to a reduction of the volume of 4 M ammonium
sulfate solution (if HIC is the following chromatography step) needed for
conditioning and the duration of column loading. The clarified lysate was
concenirated with a hollow fiber membrane (UFP-100-E4X2MA, Quix Stand) of
Amersham Biosciences (100 kDa cut off). ' |
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to the chromatography colum, a filter (4.5 m pore

size) was connected with the outlet of the

condi tioning reactor, thus providing an on-line
filtration. The clear solution (containing the pDNA)

| eaving the filter was direcyhy and continuously 20

| oaded onto the chromatography colum (inner dianeter

7 cm bed height 25 cm) filled with Toyopearl| Butyl

650 M Under these conditions, pDNA was binding onto

t e thie :foan@ml 7@@513161@@@@@05&11{@@@ thé mdtmjdqtds&rybsaﬁn Example 1
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10 and retained by the retention material (0.42 - 0.84
nmm. At the end of the process the retained flocks in
the clarification reactor were washed from bot h sides
with a buffer containing 0.017 M Tris-HCl, 0.003 M
EDTA, 0.067 M NaCH and 1M potassiun1acetate at a flow
rate of 1 1/mn. Finally the fl ocks were drai ned by
appl ying 2.3 bar over pressure (pressurized air). The
result is shown as anal ytica
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15 HPLC-chromatogramin Figure 13. The obtai ned
clarified |ysate was further (stepw se) processed by
the conditioning step (including filtration) and
capturing (HIC). Figure 14 shows the anal ytical HPLC
chromat ogram of the pool fromthe first

chromat ogr aphy step. The hontgeneity of the |ysate was
about 93.5 % and the approxinmated purity (roughly
esti mated by HPLC) about 10 % while the H C pool 20
showed a honogeneity of about 94 % and an approxi mat ed
purity of about 92 % Exanple 7 Uilization of the

| ab scal e system for continuous al kaline lysis,
neutralization and 25 cl arGliingati on fol | owed by
concentration, conditioning and capturing The
concentration of |lysate leads to a reduction of the
vol une of 4 M anmmonium sulfate solution (if HCis
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r esth) tdisigtegyasingeheredlsbylalledinedlysisn a gl ass vessel. The
gl ass vessel was connected with a peristaltic punp to

feed the 5.yl trafil i on . menbrane.  After . f
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ultrafiltration was started and conti nuously
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way that. perneate and retentate flow were simlar (20
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pDNA- concentration factor of 2-fold in the retentate.
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for the follow ng continuous steps
lysate leaves the reactor through the bottom of the reactor.

2. The method of claim 1, wherein the lysate of step d) contains the biomolecule

of interest.

3. The method of claim 1, wherein the retention layer in the reactor of step d) is

composed of a particulate material.
4. The method of claim 3, wherein the retention layer consists of glass beads.

5. The method of claim 1, wherein the retention layer in the reactor of step d) is

composed of rigid retention material.

6. The method of claim 5, wherein the retention material comprises sinter plates.



conditioning, filtration and capturing, which are
described in Exanple 5. The flow 15 rate of the punped
concentrated | ysate (retentate) was therefore adjusted
to 15 mM/mn and for the ammonium sulfate solution to
30 mM/mn). The colum used for capturing had an

i nner dianeter of 5 cmand a bed height of 25 cm. 45
Claims 5 1. A nethod for prog%cing a bi onol ecul e of
interest that is not secreted by the host cell
conprising the steps of a) cultivating host cells to
produce the bionol ecule of interest and optionally
haf-v &8¢ meigodef¢lapma & rhsesindin sigp fhiacreasing presye is applied to the

di si pfiage abinigk hhsr tH@JlArﬁicMon@!:alﬁ@L {nBRby %ts,éléatm%q)he‘i)rocess
pre0|§*tat|n the cell debris and inpurities™b

neut P TP5411Rg 2 constapiraiflow of thplysa€par at i ng the | ysat e
fromthe precipitate obtained in step c), e) purifying
t e Bhometheboeflchindf, vhsieat f@skyre WAl &bdd by ApRiRPpEdsuiAe gas.
m xture conprising the precipitate and the lysate is
al é 0 éjmgtﬁmﬂﬁlgfa '8 f\\lzh%}@,{ qﬁ avs\@sraQr through a .
clarification reactor I's partially 15 filled, in
its lower part, with retentlon materi al, whereby t he
priQe Thi methes of slainpt, athersitn anp ox wpre ofslestaps we insérted bHwobmy er
of rekphie)material and the cleared |ysate |eaves
the reactor through the botton1of the reactor. 2 The
h of . claiml erein t sate of step
ot as =it dteta Ssp Dl ielsBersionoPiahbting) and
met heuwlalkdline lyails soldtionwheatlews th lﬂewm&b@htallﬁﬂz rlaa%bbﬁthaﬂ iB filkBwith
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r et esspamioh itk the dlowsf the slkalinedysssslubends. 5. The net hod
of claim1, wherein the retention | ayer in the reactor

of15S | [ entian terial.
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mat eff the alkebinplysis endution ate@pmpined, @sthoud Girther mixing, before

entering the lysis reactor, thus forming a single flow that is thoroughly and gently

mixed when flowing through the particulate material in the lysis reactor.

13. The method of claim 11, wherein the cell suspension and the lysis solution are

introduced into the lysis reactor in the form of two independent flows.

14. The method of claim 13, wherein said two flows are introduced through inlets

that are situated close to each other.

15. The method of claim 12 or 13, wherein said two flows are transported at a

* defined ratio of flow rates, thereby ensuring a constant ratio of cell suspension and lysis

solution volurnes.

16. The method of claim 1, wherein in step <) the lysed cell solution obtained in step b)

is mixed with the neutralizing solution in a continuous mode.,

17. The method of claim 16, wherein the lysed cell solution and the neutralizing solution

are combined at a constant ratio of flow rates, thercby ensuring



7. The method of claim1l1l, wherein in step d)

i ncreasing pressure is applied to the m xture fromthe

top of the clarification reactor thereby accel erating

the process and ensuring a constant outflow of the

| ysate. 8. The nethod of claim 7, wherein pressure is

i ncreased by applying pressurized gas. 9. The nethod

of claim8, wherein the gas i air. 10. The net hod of

claim1, wherein one or nore wash steps are inserted

between steps d) and e). 11. The nethod of claim1,

wher @iifing, AewiabfnddndpreeRithting USRI EhOrtAidh BEtRBEh didd bhnd step

and 3 al kaline lysis solution are allowed to flow

thro Sh a lysis reactor that is filled wth

particul ate material, thereby contacting and gently

m 8. (ige tnkpthofl | dbwlagh 1§, héhesd b cosagsipding iandiom tchnditioming| st is

of t j [ |ytion. 12. The nethod of

clai%??%k% 8§§¥%M§h%iiﬁﬁﬁyof the cell suspension and

the flow of the alkaline |ysis solution are conbined,

wi thdiie meted efetainl & whgreinseidspreenteationytenakes placy Refjresaid

r eact:eMditichiRdstep.Or M ng a single flow that is thoroughly

and gently mxed when flow ng through the particul ate
erjal jn the lysis reactor. 13. The nethod of claim
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are introduced into the lysis reactor in the form of

t [ . . hod of .claim 13,
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that are situated close to each other. 15. The nethod

of 2% [Ta¢ method oficlairg 1, wiivesiredt heastanelstepaselédted\imneteps b) to e),
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ensuring a constant rati o of cell suspension and lysis

sol uf%8% vol umes. 16. The nethod of claim 1, wherein

in step c) the lysed cell solution obtained in step b)
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‘conti nuqys nude. e od of claim16, wherein
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t hereby ensuring 47 mxing, neutralizing and
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continuous mode by being connected to step b).
25. The method of claim 1, wherein the cell mass obtained in step a) is cryo-pelleted.

26. A reactor for carrying out step d) in the method of ¢claim 1, comprising
a) aretention layer in its lower part,
'b) aninlet at a position above the retention layer,

c) an outlet underncath the retention layer, and



d). 18. The nmethod of claim 1, wherein a concentration
and/or a conditioning step is inserted between step
d) and step e). 19. The nmethod of claim 18, wherein
said concentration step takes place before said
conditioning step. 20. The nethod of claim1, wherein
sai d bionolecule of interest is a polynucleotide. 21.
The nmet hod of cl aim 20, whereign the pol ynucl eotide is
plasmi d DNA. 22. The nmethod of claim 1, wherein at

| east one steps selected fromsteps b) to e),

i ncl udi fig

n 8 conti magots caPRl b o e e BB LAl v
clai m 22, Wdereipnggentyaisiribyteaarittinepf prosipitste angdysstt eps
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conditioning step, is operated in a continuous and
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wher eem¢a11wmmdcbntaroﬁhe&hm a) is operated in a
conti nuous node by being connected to step b) 25. The

neish @ RfctdrlofbiFinla7 WH&&E kdild %gﬁbﬁ%ﬁ tnegqisfssco ) Rh0GE . N

step a) |s cr%p peflete or carrying
out - §‘EP@ 1epeng thatrigfeodugss sramifurethepugh the inkdnpri sing a) a
retention layer inits lower part, b) an inlet at a

POXBI. Thexdactdd OF €aitd DT, W @R kdiddstisiSh mearfé)s AlxREidnedf a
underneath the retentign.la er, and 48 d) one or nore

di st PIPBOTTER B SRDersRaf mig Gﬂ“?'%#hlﬂf‘i’énlgbrf ace of the

retention |ayer and evenly and gently distribute a

mi 3¢ Fhereaforpf i ok dbd@madiitol2) selteeziathe distibation ettanyiontube
alkahﬁQ% g Sk, and neutralization into the reactor.

27. The reactor of claim26, wherein a single
distribution neans is |ocated vertically in the

C 31t e rédctdr BLCI4i RBO! Whereil $hid Jﬁﬁcaﬁﬁ%: tfAlin RS cefile@l M 27,
wherein said distribution means is connected with a

S means .t hat rroduces said m xture through the
: ;Hiptl‘ Me reactor of any one 01“n ctlalms 26 to 29, wherein the distribution mear% is a coil

having apertures.

33. The reactor of any one of claims 30 to 32, wherein the apertures are slots or

perforations.

34. The reactor of claims 26, wherein said distribution means is a chute.

35. The reactor of c1a1m 26, comprising in addition means for supply of

compressed gas.

36. A lysis reactor for carrying out the method of claim 10, comprising a flow-

~ through container that is filled with a particulate material.

37. The reactor of ¢laim 36, wherein the container is in the form of a cylinder.

38. The reactor of claim 36.or 37, wherein the particulate material comprises glass beads.



29. The reactor of claim 27, wherein said distribution
nmeans i s an extension of a supply neans that delivers
said m xture through the inlet. 30. The reactor of any
one of clainms 26 to 29, wherein the distribution neans
is a tube having apertures. 31. The reactor of claim
30, wherein said tube carries arod inits center. 32.
The reactor of any one of clains 26 to 29, wherein the
di stribution neans is a coil 4¢having apertures. 33.
The reactor of any one of clains 30 to 32, wherein the
apertures are slots or perforations 34. The reactor
r t neans
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36, wherein the container is in the formof a

cyl j-n tar of claim36 or whereln
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39. A neutralization reactor for carrying out the

met hod of claim 15, conprising a connector neans for
conbining the flows of the |lysed cell solution and the
neutralization solution, and a tubing systemfor
honbgenous m xing and reacting the |ysed cel

solution with the neutralization solution. 40. The
reactor of claim39, wherein the tubing is in the form
of a coil.



