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of produci ng bionolecules, in particular
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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 20th
century have led to new technol ogies for the
production of bionolecul es (biopolyners). 20 This
group of naturally occurring macronol ecul es includes
proteins, nucleic acids and pol ysacchari des. They are
increasingly used in human health care, in the areas
of diagnostics, prevention and treatnent of diseases.
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di agnostics, gene therapy and nucl eic acid vaccines.
25 Conmmon to these applications is the introduction of
NA into cells wwth the aimof a diagnostic,
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pol ynucl eoti des are RNA (nmessenger RNA, transfer RNA,
ri bosomal RNA), genomic DNA (gDNA) or chronosonmal DNA
(cDNA), and plasm d DNA 5 (pDNA). These macr onol ecul es
can be single- or double-stranded. Simlar to

prﬁaaiﬁﬁunaggg,%%ﬂ%p to build three-di mensional

structUres and aggregates under

The advances in molecular and cell biology in the last quarter of the 20" century
have led to néw 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

CONFIRMATION COPY



di stinct conditions. Polynucleotides are sensitive to
enzymati c degradati on (DNases and RNases) and shear

w0 e008e83643lependi ng on their size and shape. ESPEDER100y003058
chronosormal DNA, in its denatured and entangled form
is highly sensitive to 10 nmechanical stress, resulting
in fragnents with simlar properties to pDNA. This
becones nore and nore critical with the duration of
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therapeutic use the percentage of ccc form is the main-parameter for assessing the

quality of the pPDNA preparation.

25  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

30 should be economically feasible.



5 pol ynucl eoti des. Thus, there is a need for nethods
that are applicable to polynucleotides, in particular

w0 ooo4fposdiict i on of plasm d DNA on a manuf act ur PEYEP2004/003058
scale. In brief, a process for producing reconbi nant
bi onol ecul es, which are not se8reted by the host, in
particul ar DNA and | arge proteins, follows the steps
of 10 a) Fernmentation (cultivation of cells that
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Currently, E.coli is the most commonly used host for pPDNA production. Other

20  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

25  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).



freezing and thaw ng. Alternatively to harvesting and
resuspendi ng the cells before further processing, the

WO eoonesicat i on broth per se nay be subject to fRCT/AR004/003058
processi ng (WD 97/29190). Processing starts with
di sintegration of the cells and ends with the first
isolation 10 step of the pol ynucl eotide of interest,
V\:hiCh i's alsoterrred "capture step”. Disintegration
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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)
25  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

30  of microorganisms processed by short time exposure (30 seconds to some minutes)



performed by al kaline lysis (a chem cal nethod) as
descri bed by Birnboimand 5 Doly (BirnboimHC, Doly J
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di sintegration/rel ease process disclosed therein can
be divided into two steps, th& first one being the
intrinsic cell disintegration or lysis step and the
second one being the neutralization step. During
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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,



during the isolation process. The incubation tinme at

hi gh pH value is critical for the renaturation of the
W 200g0856pd| ynucl eoti de, the degree of cell PCT/EP2004/003058

di sintegration and the genomc DNA content in the

preparation. Therefore the mai@ paraneter for quality

5 and quantity of the polynucl eotide preparation is
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are co-precipitated with SDS by formation of a complex floccose precipitate

25  (Levy MS, Collins IJ, Yim SS, 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)

30 Chem Eng Sci 54:3171; Marquet M, Horn NA, Meek JA (1995) BioPharm
(September):26). This burdens the subsequent chromatographic separations (by e.g.
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In the next step that follows al kaline |lysis and
neutralization, the precipitate has to be separated
fromthe plasmd containing solution (this step is, in
the nmeani ng of 5 the present invention, terned
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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



technique, it has to be taken into account that due to

the large dianmeter of the 30 (during neutralization
wheiokoyseaygr egat es of flocks pre-clarificati onP@I/EP2004/@03058

EBA is WD 2004/ 085643 PCT/ EP2004/ 003058 8 essenti al

(Ferreira GNM Cabral JMsS, Prag&eres DVF (2000)

Bi oseparation 9:1; Varley DL, H tchkock AG Wi ss

AME, et al. (1998) Bioseparation 8:209). There have

been sev. t TN

foFSSSBEﬂe(E?H?Iﬁae ﬁﬁo@%’&%e@@ ?6% réé,s't ep s\(g%@ Lﬁ%ﬁ‘@l

weng RO BIL, Hikhkeck AT, Wass AME) et alg(lS%)rB&s«ejmraﬂdn(ﬁmw)

Resuspensi on of the cell's has to be carried out as

1 e P bPe S FUTERISHNF1G R I G BlogieS or Sach of the

SevEhal a ithé BSIRVAA
oo S5 B R BB LBy o R
5r esupfiddratian: buf fer in a batchwi se node in a vesse

until honogeneity is 10 achieved, the nmost comonly

devi ce bein netic or, | l,er Stj.r.r
oGt o Lo B 5 0 ok Bk 5 R pocity when
Helige ¢dIR Ha6d bedRdBdRn bsioié) Whitd avoliiing hach $sbiSfoedts] Several
buffer and the cell/buffer m xture Is circul ated

t h rcomgtereially availablertymasrofistirrars gimpadlplla er mivdies thetcel paste with

been su ed t t |
F oo RHO FRl et dacth e Dl homogencity i
103t akhieven, ﬂﬁim@sﬁtlc@fmﬁcﬁﬂy vsddsdetfee b&ﬁg&ﬁh@ﬁﬁd oAirblpeIEo stirrer.
di sintegration (lysi

Ao e aiet sy 20) OPa35uht FFeHR srbimaglads diluted
Eﬁ\éﬁ]thbg fe@u%y‘éﬁﬁ?ﬁ Eﬁﬂer the ef/t%\ﬁ‘geﬁ nlile‘bﬁ'e iésc‘?rchﬁf‘erdqﬁfou ﬁ a static
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a optionally lysozyne, is described (WO
1596/8\@2%%9?‘&1210t her physical nethod, which works in
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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
25  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

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



25 a manufacturing scale . To achieve contacting and

m xing of the cells with the lysis solution, it has
W@bkm@ae/ o143 uggest ed to use static mxers or si NPCEEP2004/003058

tubi ngs. This approach has been described for a cell

lysis nmethod, which is based oro sinply connecting the

streans containing the punped cell suspension and the

| ysing agent at a defined neeting point. The contact

e Sl ot A L g

t hewayap/37v50 AQ? B kohdRtisDMeerd @dn@bd stde@nd hﬁb&l@heﬁﬂgq)omt
tubing. To facilitate rapid WO 2004/ 085643

PCTYER2D047t06305Bropesed{ Y §80P6 30 Adh Ta sdangrhgmogenous mixing
di
0 B s L AAA b 5l DG & I i

55 8 ;’:rgigg%%év&@sm@e mmmﬁrciéuywmnnm corsinaoes ﬂmwﬂhmagh euf@orts The
.. To enhance eno

celcpBiag) ime PR EcIes i § Bh bR B RCHgR GIEHF Dy 64 gt dimensions

st %ﬁ‘fhé'rﬂl#:? (W(?éﬁ%?(gﬁ%ﬁ @6, OO%SBIBQ?F%G?P@S@ %ﬁhﬁé Eontacting

comercial Ty avai I'e Conti nuous hr oug
S upleoictscanldiso becmhbiaed withe sobsetjhent ctitred tanktrbactdrehl this stirred

s SRetpU TR B oS PEFo Bss e WO 26 R3S
100N lAﬁﬁﬁ&gﬁ’&&%é H8GribEaYE EGRAbIRAMTORSSLstIE: GOIR] Ickalled h1y§15 coil”

subsequent stirred tank reactor. In this stirred tank
r eantlan impellerdUSr 2001 00B 4445 At)ep may al so take
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si npl e connections of the flow streamor, in the case

of helirglgiryet@rase ni xers, with various fixtures, (e.g.
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normal Iy an acidic sol ution containing potassium
acetate 20 is used. For concurrent precipitation of
RNAp thonpoelizitomsstenh aormealytaai agidi¢ splutigreantaning Potessinm acetate

f 2 | 1$ %ﬁ%e FoP (%n%lsusren rBrgcrfm? r’t1|01q Bf ENA?‘, %H‘R)'oglrlnoﬁg ﬁlta%o%teﬁﬂﬁn
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 neutralization results in the precipitation of RNA and chromosomal DNA

25  (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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neuif Al &akiARg 8 8R-lysed cell solution with 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 disadvantage is that genomic DNA may be sheared by the internal

30  structure of the mixer to a size, which will cause problems in the subsequent
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for the |lysis and for the neutralization
accomplished by gravitation, vacuum, pressure or centrifugation. 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

25  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
30 the laboratory scale. Apart from this, filtration techniques are usually carried out in

open devices with the risk of possible contamination. Since any material that is
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“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-

25  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



Several conditioning nmethods have been described, e.g.
in WO 97/29190 Al, WD 02/04027 Al and WD 98/11208 Al.
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thermal |ysis
of the cells, alkaline lysis and neutralization, WO 00/05358 A1 and

20 WO 99/37750 Al describe the combination of alkaline lysis, neutralization and

clarification 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 being the capture step. The
devices used in these methods for contacting the solutions during lysis and

25  neutralization do either not guarantee homogenous mixing or may apply

disadvantageous shear forces to the solutes.



and clarification by neans of a centrifuge, WO
00/ 09680 Al and WD 02/26966 A2 suggest conbi ni ng
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described in US 2001/0034435 Al and WD 97/ 23601 Al
conbi ne the three steps resuspension of the cells,
al kaline lysis and neutralization; W 00/05358 Al and
20 WD 99/37750 Al describe the conbination of al kaline
lysis, neutrali.zation and clarification by
ceﬁ"r‘f“?’ﬁﬁ‘é{’f%ﬁlnm&g%f t hese processes conbi nes nore
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Su ry of the i.nvention; It obj ect., of the
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bi QuRl-SGH Sart omRPyd.i cul ar a pol ynucl eoti de, of
interest froma cell culture that overcones the
limtations of the known nethods. Such nmethod shoul d
be Is pettizblag it wes ahebjsctpf dlerioverdiondd pravedapautpingtableyand

appli.cabl e pol ynucl eoti des. Thu SAC rocess. shoul d.
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particular, it was an object of the invention to

pr dwptRved allaliadisisinethaghdn additipa by an Pkalaredysis siep, the process
is N [ £y : [ eyl ar
SRR 0 8, S5k B

i NnGohdiesningStep andldr adbscantagsmstemn step, an i nproved

al kaline lysis method. In addition to an al kal i ne

sk sahNe B peablert pScrhieg e PR GHe Bl seps vere taken:

optionally a conditioning step and/or a concentration

155t &ince QardRlaki6n bbgheRyRR] 9 dondRIEIMItH Be IElih B REdpIBr operating
the follow ng steps were taken: 15 Since clarification
of atfivecdsy fartisolateng cingiolrsnlsdltintetsst intpecontiniiqusagd sutomated

for operatin a process for .i,s0l at.i ng, a, bi omol ecul
of e B LSTISF 9 EReteTn Svreral JiTertht st &l ot e gdled to
S erdd@fes®the8sne OF BRAfiSaticRE K &¥Fas Isubrisirglyeundeidd @ denkwRitEs filled

I nvestigated to ) )
with glass beads to a certain level and has an outlet at the bottom, provides

20  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
25  found that a tube filled with glass beads leads 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.



address the issue of clarification. It was
surprisingly found that a tank that is filled wth
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the bottom provides 20 excellent clarification
results and all ows automation 6 the entire process.
Furthernore, it was sought to provide an inproved
nmet hod for achieving disintegration of the bacteri al
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PCF,&E2004/ 003058 16 A further unexpected result was

obt ai ned when procedures for mxing the lysed cell
solution with the neutralization solution were tested.
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and forgati on of conpact, vol um nous fl ocks, which are
nofeGIHFE DR thehpshoels compEsiaadisrsteps®fces. These fi ndi ngs

wer e devel oped further by conbining the single steps

t 0af GiSHBiML ctelligfi\ﬂo pciﬁ(!ihcl@ fh ORISR ! Jf.iﬁefé?tg%{g{hg);ﬁﬂfl%lﬁgd e

and autonated. 10 The present invention r
pr ocdwgvesting prdbrbseipeydiag theoreblsecul e that is not
secreted by the host cell, conprising the steps of a)

culti 1 ng..cells to. produce.the bionol ecul e of

i nk)ier&e@%ﬁeg%gngﬁlﬁ %eilglb%gﬂ(aﬁg? U8% i ng and resuspendi ng
the cells, b) disintegrating the cells by alkaline

| y8) spredipitatinghhecd!pddbaisiand iﬁlﬁﬁitﬁe@ by 8R4l Sn M lysate,
inmpurities by neutralizing the |ysate, d) separating
the lysate fromthe precipitate obtained in step c),
e) ce{)p L%P?fﬁ‘il the H;é?al%ﬁ fBoms te-pregipBpteohtagieddn step c),

e) purifying the biomolecule of interest,

wherein in step d) the mixture comprising the precipitate and the lysate is allowed
to gently flow downward through a clarification reactor that is partially filled in its
lower part with retention material, whereby the precipitate is retained on top of and
within the layer of retention material and the cleared lysate leaves the reactor

through an outlet in the bottom of the reactor.



wherein in step d) the mxture conprising the

precipitate and the lysate is allowed to gently flow
waloammsdod3 t hr ough a clarification reactor thatPCEHEP2004/003058

partially filled inits 20 lower part with retention

material, whereby the precipitate is retained on top

of and wthin the |ayer of retention material and the

cleared |l ysate | eaves the reactor through an outlet in

t he_hott of, t.he reactor. . 25 WO 2004/ 085643
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invention: Steps a) to c) and step e) may be perforned
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met hods 't hat can bé run continuously and automated. 5
a) preferabhit 3oegyding toimethedrthat qan belen pestiiseusdy ardeutomated.
invention, preferably E. coli is used as host, in
particul ar when the bionolecule of interest is pDNA
In one enbodi nent of the invention continuously
operated devices, e.g. tube centrifuges or

5separ atRermentargecuitbating or separating the cells fromthe

cultivation 10 medium If the cells.(the bionmass) ar

1 3B B O BerarroR WPISERLEE gl i€ Vo0 aShP thtatyder when
fr%@ﬁ‘ioﬁio‘lé%ﬁlédfiﬁ’tfefe%ﬁsmﬁﬁti ng or after resuspension

of the cells in a suitable buffer, typically a buffer

cont ai ni];g 0,05 MTris, 0,01 MEDTA at pH 8. In this
cade one embedisahef tha inghtien comiimuoeslp epaaldédepeesoe.gt bibe

alkaline lysis or it is reguired. .in |ower. anpunts. 15
a1 SRt sthegr.ms et TR abhlrine oo B ot Sylivation

10 befmasdeurbelffige dells (1he bidh0epas Ebzed HEGUS Btk rodeysed the cells
etc.), frozen, in particular cryo-pelleted. Cryo )
pelcpibafiogen disecHly aftspharmesigs o8 ahenmaspensiqn ofih? ecllsdn psuitable
f on I ' S t .
f ¢ Cueh Sty U cBh B 083 N SO CRER DR o L5 i
W tchsend Reuspeimsbuyffardias ticbe added Peidr toSllieatink ey dmnigisi Bquired
a conventional freezer may | ead to i nhonbgeneous 20
f r S8R 29Y%he bui | ding of ice crystals, which may
damage the cells and reduce their shelf life and the

15 AUibhn¥ssQhatliD SblRled W& & RlchBifioR i mAybE bERke biRe iRAlEE processed
may be observed when the biomass is thawn again. In a
pr éfesnspeudeiptysdd, ebm}, frozés ibpatiasisr olyp-picHetdd.i Crystpeletajion is an

'S aﬁ{/%?éé%)%ls lmeettlllo%etg 'préga}‘ehcells 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 inhomogeneous

20  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

25  harvest and resuspension in a suitable ratio of resuspension buffer. Cryo-pelletation
devices normally work with fluid gases in which the (stirred) material to freeze is
applied dropwise and the resulting pellets continuously brought out of the system

or/and avoided to agglomerate by slowly stirring inside. These devices are



a cryo-pelletation systemthe fernmentation broth can
be directly frozen or after 25 harvest and
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stirrers. In an enbodi nent of the invention,
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of step a) are e| ther directly processed or thawn, if
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Alternatively 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

25  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.)



neutralization) in the fermentor or by introducing the
fermentation broth into the 25 lysis reactor. (In the
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b), the term"cell suspension” is used for both the
resuspended cells after harvestg9 and the fernentation
broth.) WD 2004/ 085643 PCT/ EP2004/ 003058 19 In
principle, step b) can be performed according to
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Alternatively, the cell suspension is introduced into the reactor simultaneously with

20 ° the lysis solution, preferably through inlets that are as close as possible to each

25

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 reaction 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 (see e.g. WO 97/29190).
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of the present invention, is perforned according to
met hods known in the art, usingpan alkaline lysis
solution that contains a detergent. A typical |ysing
solution consists of NaOH (0,2 M and SDS (M, but
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15 f&ieeglmt gridshatshifreavayies, qa%n‘s; &ipafticléd ofiifggulanshbpe. Wd8éhg of the
rods, fibrous material, like fiberglass, grids in

5 shisphugions | tyet §mited by, thedirgeiion of thedlosy thrwg@gtbﬁ devien dlyaay be
e@t%}‘rg%d %{b%ty 1%*:# %{gﬁ rv%%mﬂ%{ #vll%lé%/ I&g%&yn\’%ﬂ'ﬁs hogzontally or

penﬁ@nﬁamgan any direction, vertically upmards or
domnmards hori zontal ly or |n any angle. 20 The

raneters of te d the dinensions. of t devi ce

00 e cihemer e oF 5ob byvad s DG b A e aEh Der e
ho%gﬁﬁ%é%uﬂb)ﬁ'eﬁ%é@s&li%ﬁ RbRBZerdd nﬁﬁﬁ Zi‘é3 vardrdtB& dndl contact
kept Ina ceftain range from 5 seconds -m nutes or
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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).

30



1 to 3 mnutes, in order to avoid denaturation of the
desired pol ynucl eoti de. These paraneters can be
w@eojousswa by t he di mensi on of the device, the PCEHEP2004/003058
vol une 25 between the packed beads and the flow rate.
The contact tinme for adequate @Al kaline 1lysis of cells
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sotiéttising and diameter of the coil) depending on the scale of the process. The tube

can be made of any material acceptable for biopharmaceutical production,

20  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
25  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 mm, 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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25

cl ag bcﬁmﬁéﬂeti @ a peAichdke material.

In another embodiment, to accelerate the process, 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.



is conposed of a particulate material. In another

enbodi nent, to accelerate the process, increasing
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clarification reactor, e.g. by applying pressurized

gas, in particular air, from2he top of the reactor
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or . more identical or d fferent, of suc di stributing
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at least 10 %of its total length, the apertured

section
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,
25  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.



20 being | ocated above the retention |ayer.
Preferably, the distributor carries apertures over
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particles or retention material with smaller pores
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SI Aeit m‘ay 1O sttoatdddistant fomfthe aitlep iBdie-tha oingnthus 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

25  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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thus the tubing above the frit is filled with the
retention material. Instead of2jarticul ate retention
el ements, the bottomof the clarification reactor may
be filled with rigid retention naterial, e.g. sinter

gl ?ét% ﬂed%&%ﬁeefe% 'f%g? "fg ngJ %%&gtuﬁ{]?fn tﬂg\ﬂ'gglgsé a}eoc dr¥fication

enyesbtoresah be&qﬁlppédawlth |cﬁﬁ1&30blb1ﬁshfok sury oPeneRressad gbs e.g. air,
pl aced on top of one with smaller pores. In the

c o@a@ér balow e Wé@ﬁ?aﬁhawtaw%ra@é@%l ortdﬁfécthr Ahovs it Bdaaentlﬁ
r orapfifi the BGhERRe PRRVASIEMoife Hocblithak b6 Hdlied f16re

520e4ficai643 PCT/ EP2004/ 003058 25 retained by t he
retention | ayer. To inprove flotation of the flocks,

cl ard i atjo actor .can. be e
coneatTiames FuboSashh JoBe G e S0 phOTed g o.5. ai, are
e | U&&Eedﬁﬁ'tﬁé’\to@ fof'thed dlhrfidien r&lcnt lnocﬁls L Eﬂeaélarﬁ‘icatlon reactor
directly above it. By gently supplying fhe gas into
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é
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20  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 residual fluid between the flocks that
25  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 e). In this

case, at the end of step d), the flocks are washed with a suitable buffer that does not
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washed with a suitable buffer that does not
20GanhgRwa 9r pathwme.J /o dewsizom e wlqﬂu\@lyehl vsepr@ﬂcrgred the wash

fl %flkf%t m%}/ g?tﬁ %o &@gds fou u@&gif)(?&n %{ a{heq t’o ¢ g@et Then the

ure o ions he resu pens
I Yy SohutioiMis mwerﬁﬁ)th@mdldﬁ,appmhg thalshiBB nStiRidl aslegcribedtabove
aratio of 1:1:1, by punping the solution successively
or(%ﬂqﬁﬁpﬁﬁﬁé%msly in either of the two or in both
directions through the flocks, i.e. fromthe inlet
outlet of the reactor. If punping is done
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) € neani ng resent invention,
" ¢ tovd s4li bnbfergespteplly in case the chromatographic resin in the subsequent

capture step is achieved by anion exchange chromatography (WO 97/29190 Al).
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 Al).
In the case ammonium sulfate is used in high concentrations, this treatment reduces

the RNNA content (WO 98/11208 Al).

For capturing and purification several steps are applied to obain a highly purified
biomolecule which meets the requirements for pharmaceuticals. As for the previous

steps, enzymes, detergents and organic solvents should be avoided. Isolation and
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cleared lysate with water or |low salt buffer,
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sensitive to shear forces, preferably to polynucleotides, in particular plasmid DNA,

25  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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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

25  precipitate is 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

30  determined on a case-by-case basis. In the case the precipitate remains in the
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| nTltlehgpp‘fi%gbi{i%rorPtﬁg fojrogess 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 o approximately
25 100 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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to.
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¢ BEPe SR AP 1Bl ) ¥ R A g it PR P LRV the cel
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onto the chromatographic colum. In the process of the

pr Eswgntation broth enbaryest aageesespension, optiendibraficr &pezing). Itgs also
20  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.

25  Inthe 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.



performed batchw se or in a continuous node, each
subsequent step may be run in 15 a conti nuous and
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membranes depends on the size of the biomolecule processed. For pDNA, usually

membranes with a cut-off between 10 and 300 kDa are 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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25 In amost 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
conditioning 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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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
25  directly loaded onto a chromatographic column, 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
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20  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
25  TFigure3: 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



10 pDNA. The process can be adapted to any source of

pDNA, e.g. to any bacterial cell source. In particular
walew4ngseshe properties of the system the procEBGHEP{004/003058

the invention allows fast processing of |arge
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Due to its high productivity, the process can be used

f orFigie@ctIchpmsorihe spntiuens coppinatiqr of allealinghysis fhe

as well as an: 1 . . st ered product.
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Fl omchart including an additional capture step Figure
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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 including
the steps lysis, neutralization, clarification, conditioning, filtration and

20 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
25 obtained by the continuous method of the invention including the steps

lysis, neutralization and clarification in the up-scaled device



Fi gure 10: Analytical HPLC chromatogram of a |ysate
obt ai ned by the continuous nethod of the invention

WO pkigiomy) t he steps |lysis, neutralizati on andPCT/EP2004/003058

clarification in the pilot device 15 Figure 11:
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or 2 ntation scale according to the
foll owi ng procedure (this description 10 relates to
t he) Xyexultarenent ati on): a) Pre-cul ture The worki ng
cell bank of a production strain of the plasmd

N ISy ARGl o

& ﬂsfﬁgr@dgﬁanpmguw l98) ABYCb60%710%; la¥Rid/didd: 4862 kB 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
preculture medium (composition in gl-1: Vegetable Peptone/Oxoid 13.5; Bacto
Yeast Extract/Difco 7.0; glycerol 15.0; NaCl 1.25; MgSO,*7H,0 0.25; K,HPO,
2.3; KH,POy4 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)2S04 5.0
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rate rpm 37 +
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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, neutralization and

clarification



Cultivation was term nated 12 h after inocul ation of
the fernmenter. After cooling down the culture broth
W 2004/0884C, the cells were harvested by separ apCTigP1004/003058

an ice water-cooled tube centrifuge. The obtai ned
cell paste was packaged and stsged at -70C. 20 The
experinments were perfornmed with pDNA containing E.
coli biomass of different 20 1 batch and f ed- bat ch
f erent O L .batch fernen
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cell weight). In Figure 6,0 are three sim
purfrpsstmmdcas at T-agrasotion. (P ehaved the iym@aston@nl(elrmarmd’nﬁ 6 cm,

I d, t I tion
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Into dlstrlb e en
t oplanificativm wehetoi thie catentoom maﬁnilc(glassabeads, diameter 0.75 - 1 mm) is

20  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 clarification reactor.

25
Example 3
Utilization of the pilot scale system for continuous alkaline lysis, neutralization and
clarification

30

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,



connection for pressurized gas and a pressure gauge is
| ocated. In the bottomof the <clarification reactor
W b@4ngteent i on material (gl ass beads; di anet erPOI/EB2004/003058
mm is 20 filled in up to a height of 4 - 5 cm Next
to the retention |ayer O of th® systemis the outlet
of the clarification reactor. (r) is the collector
tank, which collects the cleared |ysate that | eaves

ank, whi ch col | that | eaves
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precipitated impurities (flocks) were then transported into the clarification reactor

20 by gently flowing down the special designed device. In this way, the 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

25  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
11 of the respective solutions (without cells) in order to recover the residual cells in

30  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 possible extent, while the flocks stayed in the reactor. To also recover the
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25 Example 4

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

alkaline lysis, neutralization and clarification

30  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



pil ot-scale process and to conpare honogeneity
(criterion for snoothness and quality). In addition
w0 ba4psiois y of the pDNA-sol ution coul d be apprPXi/RR1064003058
(HPLC). 15 The conparison of the reference |ysate and
"the lysate obtained fromthe c4inti nuous system (Table
1) shows that the results of the |ab-scale |lysis, that
is knowmn to be very gentle, and of the novel
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reactor is constructed as a glass cylinder 5 cm
mrpéacehivmner and 50 cm height. The lysis reactor of

Ctlonsste S struct ed as I
o1 Gufth S5t P AR YR B RGeS T R Rl Al fRfor o
h eirgifbve thdendjetityr o fioeRé bOhe edictor befor@dR reftords cleaned In
poI ypropyl ene-tubi ng of 25.4 nm i nner_ dianeter and 900
madditignHor safety meagons the systems are equipped with burst disks. The
production system is especially designed for hygienic use and cleaning. All parts
are CIPable and SIPable (SIP = steaming in place).

20  As retention material glass beads of 0.75 — 1 mm or 0.42 — 0.84 mm were used.
Example 5

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

25  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, filtration and capturing was

tested. Since hydrophobic interaction chromatography (HIC) was the first step of
30 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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step with an appropriate buffer). The result is displayed as HPLC-chromatogram of
25  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

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

clarification
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retention material (0.42 - 0.84 mm). At the end of the
pr doasgple 7
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Utilization of the lab scale system for continuous alkaline lysis, neutralization and

25  clarification followed by concentration, conditioning and capturing

The concentration of lysate leads to a reductionl 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

30  concentrated with a hollow fiber membrane (UFP-100-E4X2MA, Quix Stand) of
Amersham Biosciences (100 kDa cut off).



the retained flocks in the clarification reactor were

washed from both sides with a buffer containing 0.017
wORoDr08s6HICl , 0. 003 M EDTA, 0.067 M NaOH and 1MCT/EP2004/003058

pot assium acetate at a flowrate of 1 1/mn. Finally

the flocks were drained by applying 2.3 bar over

pressure (pressurized air). The result is shown as

anal ytical 15 HPLC chromatogramin Figure 13. The

obtained clarified |ysate was_further st epwi se

pr doe e Bxpypich?) & binmnash anphigined by the method ﬂ@ﬁ@nbe in Example 1
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rresul ti S
o et Fhamsr B faeS Hhaad hofiifl ot tma
peristaltic punp to feed the 5 ultrafiltration
menbrane. After 100 ml of |lysate were collected in the
gl ass vessel ultrafiltration was started and
conti nuously continued. Therefore the punp speed and
the trans nmenbrane pressure (- 0.3 - 0.4 bar) were
adjusted in a way that perneate and retentate fl ow
were simlar (20 ml/mn respectively) resulting in a
pDNA- concentration factor of 2-fold in the retentate.
The obtained retentate is 10 shown in Figure 15 as
anal ytical HPLC-chromatogram While the |ysis took




50 m nutes (w thout washing of the flocks) the
paral l el concentration took about 60 mnutes (to be

W@ 008/08583 t 0 run out of |ysate). The retentat ePGEEP2004/003058

collected in an internediate vessel, which was used
as feed tank for the foll ow ngdconti nuous steps
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 M/ mn). The colum used for capturing had an

i nner dianeter of 5 cmand a bed height of 25 cm. WO
2004/ 085643 PCT/ EP2004/ 003058 %48 Claims 5 1. A

met hod for producing a bionolecule of interest that is
not secreted by the host cell, conprising the steps
of a) cultivating host cells to produce the

5bi anohegethed &r prodiRiRSd bispdlblel TM@bleyt thitdk Y6SdccRebdtthe

resuspendi ng the cells, b) disintegrating the cells by

al kal hosé celssiomprismgdhe gierscafpi t ati ng the cel |l debris

and inpurities by neutralizing the |lysate, d)

separ at i ng: r eci pj At e ' I
Stop D) bl R0 AR BB ok bkl B bpkBrlly
wher ei n harvestigpand) retirpemding theeellgnpri si ng t he

precipitate and the |ysate is allowed to gently flow

downwar d.. t.hr ough clarjficajion reactor that is
parti M}Smtfsm%flgﬁ& ,eﬁﬁ hyF‘ {11‘ > part, with
retention material, whereby the precipitate is

101 et ai e ripitRRg e SMUBE BhDIhRRit e B9 heallZBiLME Iy8te,
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mat eri'al and the cleared |ysate |eaves the reactor
t hrough the bottom of the reactor. 2. The nethod of
cl ai m%l Sepiiating thedyratel oya the precipitatp obtpined i sieps):t he
bi onol ecul e of interest. 20 3. The nethod of claim1,

wher el ek EHRIbADILAYRE ifeline reactor of step d)

a particulate material. 4. The nethod
of claim3, wherein the retention | ayer consists of
gl asswheraitsin skep djtke mittineconfprisingithe firecipitete@nd thdlgsate is
(r)fe t rer;tbl’ogxr/]qdletgéeq{rﬁﬂ% ﬂo{b{gﬁ@{tﬁg@lﬁi ’81201?{; asélglg’ﬁg io}l %eac%o?‘r:rﬁ}ljaot ?se gartially
filled, in its lower part, with retention material, whereby the precipitate is
retained on top of and within the layer of retention material and the cleared

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.



25 6. The nethod of claim5, wherein the retention

material conprises sinter plates. WO 2004/ 085643
werRonAsasxseH4/ 003058 46 7. The net hod of cl ai m BCT/EP2004/003058

wherein in step d) increasing pressure is applied to

the mxture fromthe top of t4e clarification reactor

t hereby accel erating the process and ensuring a

constant outflow of the |lysate. 8. The nethod of claim

7, -whey el n,.pr.e e is,inecreased, by _appliyin . )

or dos g BSHOAST Rl Ty Whcitin LN Hertiitag Hedshrg sgpplis to the
one OfiXMFcefiria it B A herd]&ifidafieh Fedtod BiereBccsleRifig te process
and e). 10. The nethod of claiml, wherein in step b)

a cel indenspeng p epnsa apilowy ofthajysaisd an al kal i ne
| ysis solution are allowed to flow through a lysis

¢ , by S r g _
oy ctge EREPd ekt R bR IhGHSH By ABb R progeurized
5cel |l siuspension with the flow of the alkaline lysis

solution. 11. The nethod of claim 10, wherein the fl ow

of the cel uspension.and the flow o he al kal j

"yt o Ta iotiog b B oM g Pt L s Detween

bef or geped)iaatieng the lysis reactor, thus fornming a

single ?Iom;that is thoroughly and 15 gently m xed

when flow ng through the particulate material in the

| yd0sThemethod of clapm ITHéereint ingterds) actelli suspedsiontebtagtiad in a) and

the cel | spensi.on..and the |ysis sol uti.on,are .

e r o ULEHRAFET R ] e Pus 1 fof bt i spctpn gt s
101 ndepanetwith phaivalatclBatefible tHeedbyadnottifg adgehily niReig the flow

said two flows are introduced through inlets that are

si t uatldlic eslbswspersiamyith dienfdgw obthe pikalinp &ysiresoheipnof

claim1l or 12, wherein said two flows are transported

at 13 ThehAgd o?@%aﬁxﬁ 18! whére thehies ofttﬂ(ﬁé §ﬁs§éh§o |0 B flow

constant ratio of cell suspension and Tysi ut’ion
vol unefsthe alkaliidbysissblwidn efe @hdiimed] withhet faitherd mixstg pefoye

the lysed cell solution obtai.ned in tep, b). Is m xed
wi t h SRGTHE N FAFTgE 5&}8 PIGHE @ﬁmglfjcﬁw il OFRigRLY end
1525 16genfiyeni¥el hadn ﬂgw@ﬁﬁ?{:hfﬂu%ﬁ th\RBLi& Be thRerial $€ n%e‘l?%é reactor.

solution”and the neutralizing solution are conbiné
at a constant ratio of flow rates, thereby ensuring WO
2003/ Dsseathopof PR d04wbesmsRe cell suspension and the lysis solution are

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

13. The method of claim 12, wherin said two flows are introduced through inlets

that are situated close to each other.

20 14. The method of claim 11 or 12, wherein said two flows are transported at a
defined ratio of flow rates, thereby ensuring a constant ratio of cell suspension

and lysis solution volumes.

15. The method of claim 1, wherein in step c) the lysed cell solution obtained in

step b) is mixed with the neutralizing solution in a continuous mode.

25  16. The method of claim 15, wherein the lysed cell solution and the neutralizing

solution are combined at a constant ratio of flow rates, thereby ensuring



47 m xing, neutralizing and precipitating during

transportati on between step b) and step d). 17. The
woredohossead cl ai m 1, wherein a concentrati on aned DEPH04/003058

conditioning step is inserted between step d) and

step e). 5 18. The nethod of c4mim 17, wherein said

concentration step takes place before said

condi tioning step. 19. The nethod of claim1, wherein

e BRETR GREaR LA Sha e A RR e fen B v nc
pl asniwdy PNA. 10 21. The nethod of claim1, wherein at

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

incl uding the optional conditioning step, is operated
i n 15. Tbamicthedied claig 1, slhersime eencepigeionognd/orpeconditiondgstep is

cl ai conbi nation of two steps
sel egin%é‘t dfl&g‘&ngésl{]s%g ditﬂqﬁtsiiepg? i ncl udi ng the optional

conditioning step, is operated in a 15 continuous and
5 auti@n@hemhetmdofblaimdTnehticingsai hepricentratronrstapetakes place before
i ndi vi dua steps., 23. The nethod of claim21 or 22

V\heref’aﬁgc‘?rﬁhté% 85%6P, step a) is operated in a
conti nuous node by being connected to step b). 24. The

Met100¢h&metiod e limWh) @/ teih §AEbioRlolediRSST ifkdt Aad in
step a) is 20 cryo- pelleted 25. A reactor for

car r ypolgmeleotiseep d) in the method of claimi,
conprisi ng a) a retention Iayer inits |ower part, b)

a he, r et aye C)
an 28 Ultrﬁ Ul he e(’? %Feaél%h twggrr e E glgﬁwflg?r/% i 8#’?&% NA.
2004/ 085643 PCT/ EP2004/ 003058 48 d) one or nore
10di «1r Twmieﬂmdnﬁammtlb avherefingtliedsoofidepeicad ffm blaps b) to e),

retention yer .and evenly and gently distribute a
mi xt utngl us‘fngpfﬁe epf;s‘?l%ageeida%@m@%tse ds greratgd inp fnygRnand

al kal élﬁ&nhﬁéﬁin%d%nd neutralization into the reactor.

22. The method of claim 21, wherein at least a combination of two steps selected
from steps b) to ), including the optional conditioning step, is operated in a
15 continuous and automated mode by connecting the two or more individual

steps.

23. The method of claim 21 or 22 wherein, in addition, step a) is operated in a

continuous mode by being connected to step b).

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

20 cryo-pelleted.
25. A reactor for carrying out step d) in the method of claim 1, comprising
a) aretention layer in its lower part,
b) an inlet at a position above the retention layer,

c) an outlet underneath the retention layer, and



26. The reactor of claim25, wherein a single
distribution neans is |ocated 5 vertically in the

w@emwtesseaf the reactor. 27. The reactor of cl aP@r/BB2004/003058

wherein said distribution neans is connected with a
supply nmeans that introduces s d m xture through the

. inlet. 28. The reactor of claim 26, wherein said

5
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di stribution nmeans is an extension of a supply means

that delivers sai.d m xture through.t,he inlet, 29, .

e (L5 ong Bt RS Bhioh et e B gt Girfes of thetepion
di stri budyep BndBRMASy drftl @entll dR@AY b RxRRESTpre€ipitatd@nd lysate as
The reactor of claim?29, wherein said tube carries a

rod i n iobteinedripen alkgline Iyisis and asvioalizetiommjo theaeastor.
claine 25 to 28, wherein the distribution neans is a
COis| V] / ) .32, . . . ;

o7 % TR PREOIAY 263 TR iR tocte,
per f oveaticSn tRScenfdr@f Klaehiaor. of cl ai ms 25, wherein
said distribution neans is a chute. 34. The reactor

o 2 Thfeadee Jhet b3k A R R R i
carr y&@gl LarshBat TR RM e Odai EindliBeInrongAPd iflehg @

flowt ugh container that is filled”wth a

particulate material. 36. The reactor of claim35,
wh@BeTle reheforoftlaiims, Wieréin said distabutionfmeans yd dmetdension of a
o TOpplr RSl o i Pt Pl "0

2004/ 085643 PCT/ EP2004/ 003058 49 38. A neutralization

r eaot Dlie feattoLdf driyi 0hg odelairhi 25 re2d)avhendin Chendistribdtion means is a
conprising .a connector mnmeans for conbining the flows

of t h&be Pawne ariures| uti on and the neutralization

sol ution, and a tubing system for honbgenous m xi ng

andg aa_elgomsfd y@%e@gh geéia% dafriesd 1o i P?gfnter.

neutralization solution. The reactor o alm
38, wherein the tubing is in the formof a coil
31. The reactor of any one of claims 25 to 28, wherein the distribution means is a

coil having apertures.

32. The reactor of any one of claims 29 to 31, wherein the apertures are slots or

perforations.
33. The reactor of claims 25, wherein said distribution means is a chute.

34. The reactor of claim 25, comprising in addition means for supply of

compressed gas.

35. A lysis reactor for cé.rrying out the method of claim 9, comprising a

flow-through container that is filled with a particulate material.
36. The reactor of claim 35, wherein the container is in the form of a cylinder.

37. The reactor of claim 35 or 36, wherein the particulate material comprises glass
beads.
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38. A neutralization reactor for carrying out the method of claim 14, comprising a
connector means for combining the flows of the lysed cell solution and the
neutralization solution, and a tubing system for homogenous mixing and

reacting the lysed cell solution with the neutralization solution.

5  39. The reactor of claim 38, wherein the tubing is in the form of a coil.



