Title: A VESSEL FOR M XING A CELL LYSATE Abstract The invention relates to

a vessel for mixing a cell lysate. The invention also rel dtSestember0fi®t hod
of using the vessel to nmix a cell lysate in order to obtain high purity
product s wwgehsiags NUcl eic acids or proteins for use in a ‘ﬁ%ﬁ‘/&%&ﬁmﬂg&s ..
applications. The invention also relates to a method for monrtoring the
degree of cell lysis in a cell suspension by neasuring the viscosity of
the cell suspension. A VESSTEpFORIMIXIANIDA CEITY, CROXN 100888 A- VESSEL FOR

M XI NG A CELL LYSATE _

This invention relates to a vessel for mixing a cell lysate. The invention also

relates to a method of using the vessel to mix a cell lysate in order to obtain high-purity
5 products such as nucleic acids or proteins for use in a variety of applications.

The alkaline lysis of bacterial cells is a well-established laboratory -technique for
recovering plasmid DNA from host cells (Bimnboim er o/, Methods Enzymol. 100, 243-
255, 1983). The method involves the addition of a detergent, usually sodium dodecyl
sulphate (SDS) and sodium hydroxide to a bacterial cell suspension followed by the

10 addition. of a strong neutralising soluﬁon, usually potassium acetate or glacial acetic
acid, after a short period of incubation. This results in a solution containing large
aggregates, also referred to as flocs, comprising denatured chromosomal DNA, protein,
cell wall and/or membrane material. The flocs are removed from the solution by coarse
filtration or centrifugation, leaving a solution containing plasmid DNA that can be

15 farther purified by a variety of standard procedures. | _

The method is based firstly on the chemical breakage of cell walls and
membranes, followed by the solubilization and denaturation of cellular components in
an alkaline solution. The ability of plasmid DNA to renature upon neutralisation and
bhromosomél DNA'’s inab'ility to do likewise enables the isolatidn of plasmid DNA.

20 - The method of alkaline lysis and the properties of the solutions produced at
various stages of the alkaline lysis method have previously only been of academic
interest. However, with the advent of human gene therapy, utilizirig plasmid DNA
obtained from host cells such as E.coli, there is now a requirement for the production of
large-quantities of very high purity plasmid DNA. The requirement of such llarge-écaie

25 manufacture has increased the need for new tecﬁ_niques so that the scale and robustnéss
of operations can be increased to the level and standard required.

Chromos~omal DNA is found in both prokaryotes and eukaryotes and is known
1o possess viscoelastic properties, which have previously been utilised to determine the
size of the DNA molecules (Chase, er al, Biophys. J. 28, 93-105, 1979). The

30  viscoelastic properties have also been recognised when the process of alkaline lysis has
been used to isolate plasmid DNA from bacteria (Nienow, AIChE Annual Meeting, |
Novcmbef 1998, Florida USA). One feature of the process is the change in the

rheological properties of the solution at various stages of the procedure. Studies of
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th d Studies. of 2 Sept 2003 WO 00/ 53304 2 PCT/ GBOO/ 00888
nese. B ogHE XIS BF R PR UALUC S THEHOR B hoeh chracienpec Mt on

exhi DDt Stheometer operated under the oscillatory mede. The phase angle of the solution was
- found to be 58°, wherein 0° represents a solid and 90° represents. an inelastic fluid. This -

demonstrates the elastic properties of the solution. The relatively low apparent viscosity

in combination with viscoelasticity is very unusual as most’ viscoelastic fluids also

exhibit highr apparent viscosities. On neutralisation, the viscoeiasticity of the solution

25 breaks down so that it once again becomes of low viscosity, close to that of water, with

. no signs of viscoelasticity. |
Whilst actihg as a critical step in the recovery and purification of plasmid DNA,

the lysis and neutralisation step have the potential for generating additional

.q&

contaminanté such as small fragments of chromosomal DNA and irreversibly denatured
30  plasmid DNA. | | |

The problems. are, at least partially, pH and time-related, speciﬁcally with
~respect to the period for which the plasmid DNA can be incubated in the alkaline

detergent solution. Extended exposure to the concentrated alkaline solution may result
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plasm d DNA .can be incubated in the al kaline  detergent solution, Extended

exposur ¢FEng fhe wechasinal daraeecdoihy Fivemesemel BNAnaid idsally withougredtinger 2003

VO 084 533Q4hanical damage of the flocculated material. Similar problems occur when isolating
proteins form cell cultures. _

During the process, significant volume changes occur. The alkaline detergent

~added to the cell suépens_ion is usually equal to or double the volume of the initial

suspension and the neutralisation solution is usually the same volume- as that of the

25 initial cell suspension. Consequently, the initial cel.l_‘suspension may only represent
25% of the final volume to be mixed,

Any mixing must take account of these changes in volume so that‘refﬁciant
mixing can be carried out over a wide range of volumes. In addition to this, and
especially in systems where more than one impeller is in operétion, steps are preferably

30  taken in order to minimise air entrapment in the solution by impellers intersecting the
air/liquid interface. Such entrapment may cause mechanical damage and fragmentation
of the chromosomal DNA. | A
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The present invention provides a vessel for mixing a cell suspension and/or a
cell lysate containing chromosomal DNA and a desired product, wherein the vessel

20 comprises: ' | '

(a) one of more low power number ifnpellcrs positioned so that the impéller '
orimpellers give even dissipation of energy throughout the contents of the vessel;

(b)  one or more feedlines enabling the addition of fluids to a well-mixed
zone formed around the distal end of one dr more of the impellers; and )

25 - {0) one or more baffles spaced substantially equally around the inner surface
of the vessel, wherein the one or more baffles extend substéntially parallel to the axis of
rotation of the or eé_ch impellers. |

Even ‘dissipation of energy throughout the contents of the vessel achieves
homogeneous mixing of the vessel contents. |

30 - The desired product can be'a proi:ein. It is well known to those skilled in the art
that proteins can be isolated from cell cultures and suitable chemical extraction.
procedures are described in Falconer er al, (Biotechnology and Bio_engiheering, 33,

453-458, 1997); Falconer et_al., (Biotechnology and Bioengineering, 57, 381-386,

.
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30 The desited produc is-well known to those skilled
in the art Prefdably,Ho®leRér, G8deiRdipiethat B@labmRDRAL | cul tures- and suitable

chem cal extraction :

The term “vessel” as used herein means any receptacle capable of holding the
cell suspension. The vessel may be of any shape suitable for miXing and is preferably
cylindrical. Preferably, the vessel has a shallow rounded or dished botiom with a
concave shaped internal wall. Alternatively, it is prefefred that the vessel has a flat

20 bottom. The vessel preferably is hermetically sealed and hermetically sealed vessels are
well known to those skilled in the art. | |

The vessel of the present invention has at least one rotatable axle for rotating the
impel]ers- and may have more than one rotatable axle. The use of two or more axles in

| fermentation and other miXing vessels is well known and is applicable to the presently
25 claimed vessel. Preferably, however, the vessel has one axle. | |

The term “a cell suspension” as used herein means a medium comprising cells.
The term “Iysate” as used herein refers to a medium wherein cells have been lysed:

The cells may be any cells capable of growth or maintenance in a medium and
include prokaryotic and eukaryotic cells. Preferably, the cells are bacterial cells such as

| 30 Ecoli, mamrﬁalian cells such as HelLa cells, CHO cells and myeloma cell lines, and
insect cells. Most preferably, the cells are prokaryotic cells or lower eukaryotic cells
spich as yeasts. The cells may be present on microcarrier beads. Suitable microcarrier

beads for culturing cells are well known to those skilled in the art.



procedures are described in Fal coner et alL, (Biotechnol ogy and

Bi oengi neering, 53, 453-458, 1997); Fal coner et al.. (Bi o2&ehisobegP0and
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proi nsul in, . ysi .0, dr n eptors, insulin-like
growt h fact og%ykﬁﬁsgﬁsﬁ?@m\le‘gg%oéﬁ%ﬁme? ol grm‘?l?? eitﬁgél '?‘ﬁt- f‘%“[?é pﬁﬁo‘?ﬁt% fact or
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fact or's ‘%aci di chfi br obl ast (%r ow h factor, basic fibroblast growth Tactor
and ahgi‘G§eHi %PWW%V%‘E o Ake- (BR Pk Ipceraging ygeiars, ipdeingd yectws lsagen, 10

o " e adaeiit 3t afd RATHONNARES, RN IAAYRAKIRIsconcogenes (ras..

fos, nmyc, erb, src, sis, jun), E6 or m ng se
protein, "Rb Jdwdemn Suustler castwskd hesin, (refery. tol dir dlembis GvhidhlorB)ot&iont i

receptons, -viral capsid.protein, and proteins fromviral, bacterial and
par asi t ihcszquf)d:’/ Sélunsfg H’éﬁﬁﬁ iof #%@@Fl‘gepﬁfglﬁaglﬂ’oﬂiedalﬁgeralﬂ?ﬁ e aNergitdades dgronse,
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however, the.desired product is plasm erm "vesse Used

her éith @€ blegea Syitakle dmpelidrs farapalin thegiresent divegtivhare dathibaelisntaskan. The

| i taple f i Xi d j bl :
oyt e PEAERG e ARaE RAREREY Lo BuiE Syetiimtiatn (bahibe B Tiaed bot tom
with a MisdtecheilsGanel). PR, Mimhpelibh lseérnéhhmhyeélle}.t f\.insaﬁl?arlq;n?éﬂﬁd t hat

t he vessel fhaa a flat 20 bottom The vessel preferably is hernetically
seal ed &hfelmer metanciamelies baying) ay axisé compprentyig| the iftoowt inpartiosSaick kil | ed i n

the art gxil 7 e: i nvent ,onyhas at | east one rotatable
axl e for rgﬁgﬁgﬁ{ %’g&e%qrﬁﬁ)aél eeligiégﬁﬁp%rrrgg}é %’5 H gn?ﬁlﬁﬁag‘ﬁcgmp Rl e axl e.
The ldseinthetlugd axialipred epettoss it 5o tHheheEivabf e | HIVEE aldhX iGsi¥assrel s 1S
wel | kng,fvvn ang IS aglpl [ éab.l e.to the presently 5. claimed vessel. _

Pr ef er abl% *SIOWEULL areyastopially pappllel §htheadie of miatierephihedmpeli¢rss @wensi on”

Por o1 ropors D s AR SR SRR Btlefibed I e B hl BB o172, e
any cel raxigaieabnelogy -dmpetler Systaras (supradnd'e helica ribbdnUmpanét comprises a
strip spiral or blade attached to the rotatable axle of the vessel with one or more bars.
20 The helical ribbon impeller induces an axial flow by displacement and also creates a
‘tangential flow.
The impellers used in the present invention are low power number impellers.
_The term “a low power number impelier” refers to an i_rhpeller having a low power
number (Po), .which is a property of the impeller/vessel configuration calculéted
25 according to the following formula.
| Po=2mNM
pN37D5
“where W\
2nN@ is equal to the power (W)
30 - Po is power number and is dimensiorﬂ'e’s‘s
N is impeller speed (rps) |
M is torque (Nm)
p is density of the liquid to be mixed (kg m™)



I ncl ude prokaryotic and eukaryotic cells. Preferably, the cells are
bacterial cells such as 30 E.coli, nmammalian cells such ag Seplembesd008, CHO
cells and nyeloma cell lines, and insect cells. Mst preferably, the cells
are prok Lecells or | ower eukaryotic cells such as ts. The cells
may be pﬁgzgﬁ?ﬁgn m crocarrier bead§. Suitable nicrocarri.%%igggﬂ@mgof
culturing cells are well known to those skilled in the art. 2 Septenber
2003 WO 00/SQSQﬁnﬁmﬁgﬁ@@§9@590888 The term "chronbsomal DNA" is used herein
to indicate DNA that forns part of the chronmosone of a cell or a fragnent
thereof. The term"plasm d DNA" is used herein to indicate DNA that forns

part of a pl ) aisned in.the.cells a enconpassges ,any form. of
s e £y HaFRgh A Lt S asdeBlfutmob acraty fese fapy)

i nt egr atandgmue girefegablyaNds \thanal). 5 V@O asiéd) in aSNSFHRMOMN NHR, \LBELifEatyand
retroviral vectors, cosmds, YACs, BACs and PACs. The term"inpellér" as

used her® - refers to an el enent, which on rotation in a Ii qui d, causes
m xing of th b CHl 3 LY. at.neyd . Qne or re blades for
m xing the | |q)c§ uflregi.yhprﬁheér:éﬁ esfee?sgﬁ%%e%htgug\rrl éb@ntn% ?/lé)eersasofnal"ﬁga@ﬁ}r%‘% Wi t h

di f f er erikato/ peGefrfamyfl BinalNEERSJIG@bingpel ol hue isteffOrentts enlfisth e cRinSeNt

inventi&p are escéhbflgﬂs &e Ekato handbook of m xi ng technol ogy -

| npel | er* & EPRAET ERGLD! {Qbh ® 835t PRfeRintbIg Rlade g saghy Estahend @pbitie.

Pr ef er abipyiblethi&id ¥R ' L4l LRe i npelder_ .is

defi ned gs gn 1 mpel | ea%lgﬁdablfﬁgfhgﬁéjggip gFlﬁggrlrJﬁg{\%%fﬁmFgﬂt(ﬁ]lg C#I%w]h% fJl”‘:rlréf)larts.

Suchltn effagii efl the SNPBERBMIG® irspelles it wateasdieby tipedthgyering rafshé batef blidds.i n an

axi al difegtd r.aw ng,,15 in the fluid axjall nd, ejecting it_so that the

fow of AREVTRMIGRAIRUs Sy e igiacs kst dus bretepricmmeis s

subst antai kdlic] BB lbelfeP af MRAAH & Ble ERLSH08b8HK Bhﬁﬁm@e{egﬁ{oﬁ?gyme
o

i mpel | er ma){ be a helical ribbon type inpeller as. describe the Ekato
handbooRmgeliernyystanes fselnwholﬁg:yhehca%'pbb(mrm&lbrm bs pradtinvauhdielicdl ri bbon

i mpel | er. . rl L iral, or blade attached.to the rot bl e axl e
of the \}Igggélg? O\%\n B;j])enrggécl)lrﬁ e@ﬁ? gh 3 JpRsequst ?Qhﬁ‘,e @%f“&’a‘i’f? ﬁﬁB’-gnn?‘i’Fp‘gﬁ%@r

| ndules impeléetiimbrsédto wichyr/tusd iraatren Thandapbs aciéRatiRsdididitangartital 1 ow.
The i npejbk)ers used in the present invention are | ow power nunber inpellers.

The ter MG IBRFIGWEHO AeAort andpeparating fher spctions canthenpdl| withigapsrig a | ow
ot PR kel 0 PRt B SELNGRR:. Fog
PN3D'  section of the helical ribbon impeller can be seen as a separate impeller. A suitably
- modified sectioned helical ribbon impeller is shown in Figure 4. The presént invention
. 20 also.provides a sectioned helical ribbon impeller comprising two or more sections of a- -
 helical impeller which when present on an axle have a gap in between the sections
which does not contain a blade or part of a blade of an impeller. N
_ Preferably, the ratio of the impeller length to the internal diameter of the vessel
is greater than 0.5, more preferably greater than 0.6. | |
25 The positiqn of the one or more impellers in the vessel may also be important for
achieving efficient mixing. The impellers are preferably positioned so that subsequent
~ .to any addition of a liquid to the vessel, none of the impellers intersect the air/liquid
interface, thereby ensuring that turbulence of the air/liquid interface is reduced and the
risk of introducing air bubbles into the cell suspension is also reduced. -
30 Depending on the size of the vessel used, the number of impellers varies. For
example, vessels having a volurne of 1 to 5 1, preferably at least two impelleré and more
preferably at least 3 impellers are used. For vessels having a volume of 5 to 60 1, at

- least 3 to 5 impellers are preferably used. For vessels having a volume between 60 and



where VK 24 is equal to the power (V\) 30 Po is power nunber and is
dimensionless N is inpeller speed (rps) Mis torque (Nm) pSeeteaberg0e3, of
the liquid to be m xed (kg m 3) 2 Septenber 2003 WO 00/ 53304 7

PCT/ GBOO is inpeller length (mM A low power nunber _is herein

def i ned g‘gpﬁg%g&t han 2, nore prefera®ly less than | and ndstCPANEEap) y
| ess than 0.5 when neasured in a Newtonian fluid, specifically 5 water.
Pr ef er ablopotiher ieaged i(ﬁBSn%EH»‘erE be ﬁﬂ&iﬂ%ﬂﬁk’&%é& Hm&évlexerf AouehaRdlaed by
Ekato in_Germany. An | NTE npeller is an intéerference nultistage
count er ﬂbhoavmn%@q saped. Tand as N‘FEIWW@( n)vbmgnmﬂeom@ﬁ rmwlgl tlardugham tat each

di st al sta Sit nlna
per i pher a4t Drsiste RS BBt suRh iR co it R BART o oy opsentior 1<

i ncr eas ddovwyver hihe boagaesisrigiiodl lhipenaumay JpliaRlaB: be ﬁékd' INEERMHCE&M wlﬂ‘pel | er
IS shown in FlgureS Alternatlvely, t he preferredlr:rﬁ:%eller s a helical

ri bboh iGN BPTEARONBENGRE Aibben exial Eﬁmuﬂﬁé%b%kﬂ INTRRMISER e pransilegy - - -
Il
| mpe erm@éﬁ&e 23 d@ﬁﬁkﬂf ﬁl) %t&ﬁ’%ﬂ bik o&"?ﬁ%l}lg %@@Jl%ﬂ?ﬂ%ggﬁ.‘%ygg ;| nuous

helical Tnpeller or e nodi tion of
a | i qui dikaho feipod). thnpdl&rs melhsleérmlthé areset tof thdn@mem/ Inventiosh inndrdedf @&ce. Thi s

may be achi eved b the hel i i npeller into sect i ons and
separ at .aﬁg’%@‘é éttﬁ%? %@%t%eﬁﬁ%ﬁe@"&g@ Tp avoud GrreparEpgaliselian on of

the i mpeklagy pgoRreflinf e a cal Mo ction of
t he heli cgl yrﬁlobbon [ Prptﬁ mg%glcaggﬁ%taggie%g%ggﬁldns%ggég?]gédloﬁpeﬁl@ A gaw tably

modi 1§ edﬂa§@tﬂl© ne@eltmm@m whichbonot et kéxed with lioawesi of the gessel ebnteTime

present . entlo 20 a ovi des a_s ctlon cal ribbon inpeller
conpri si' ng t %‘qm%tr fgg’&‘%{‘é‘r@“@f’tsao Elveﬁséprﬁ%e‘heélmm%wl tthsregl esent
on an axfehdeotRerts 98 khd Vesha! BE RohitPb&testh iR RigsheMboibmAdAesal)Ofes&citAal N a
bl ade or part of a blade of an inpeller. Preferably, the ratio of the

i mpel | erPe|BnYeh where wempmt@mrahsa@pamms oPrefireblyess ainpelies igpesitiencdt han

0.5, f | th The ti h
O T AR i 10 e PORPSRBt eF™
m xi hg. O'Ehlﬁ IItr]:ﬁulrtBEISpmfdi’rdd[ ﬁp@dﬁﬁﬂj{ whef sl dontiRgsussieliciidimpsiiiSs asemed, t o any

addition of a liqujd to the vessel, none of the inpellers intersect the
air/lig 4 a separat xmpeller 1s used in each addition zone. The term “addition zone” refers.

to thc section of the vessel filled when one of the three solutions, the cell suspension,
lysis buffer and neutralisation buffer, is added to the vessel. The impeller set up of a
 vessel can be tested to determine if the impellers entrap air into the liquid and whether
20 compartmentalisation occurs with the set power input limits. The vessel can be tested
using standard visualisation techniques such as ebservation of the motion of tracer
particles in transparent ﬂuids, decolourisation and the use of X-ray photographic
| techniques in opaque fluids (Elson ef al., Chem. Eng. Sci., 41, 2555-2562, 1986; Cronin
et al., Food Bioprod. Proc. Trans. 1. Chem. E, Part C, 72, 35-40; Smiﬂ1 et al., Chem.

25  Eng, Sci., 39, 1093,1975; and Kuboi et al., Chem. Eng. Comm., 22,29, 1983). -

The term “well-mixed zone™ refers to the area around each impeller in which
liquid is caused to mix. The well-mixed zone can be determined by standard flow
visualisation techniques, including observation of motion tracer particles in transparent
fluids, decolourisation and the use of X-ray photographic techniques in opaque fluids

30 (Elson et al., Chem. Eng. Sci., 41, 2555-2562, 1986; Cronin ef al., Food Bioprod. Proc.
o Trans. I. Chem. E., Part C, 222,35-40; Smith er al., Chem. Eng, Sci,, 39, 1093,1975; and
- Kuboi ef al., Chem. Eng. Comm., 22, 29, 1983). The well-mixed zone is preferably the )




interface, thereby ensuring that turbulence of the air/liquid interface is
reduced and the risk of introducing air bubbles into the é&epleshedddi on
is also reduced. 30 Depending on the size of the vessel used, the nunber of
i npel | er¥OW8F3384. For exanple, vessels having a vol une ofrcii/dsvscdosts -
preferably at |least two inpellers and nore preferably at least 3 inpellers
are used.. For vessels having a volune of 5to 60 1, at least 3 to 5
i npel | e PEaATRUNE eacar ciien, vdgre ther ergaissiefllewhensiirsg 4 heovelhmibest @eenis60 and 2
Sept enb / R 1000 .1, it least 4 to 6.
i mpel | e?gef§?2§€§g‘cgﬁéﬁﬁ%%3§%ﬁg&omverl,g)cqlé%%ﬂrgpc?%tefsnuous helical ribbon
inpel ler is Ubedsrmahidedmet e used hemin, rieflboro hiveRInh@ @hIAS oigxiiNging
t hr oughqut. t he essel, it ] ossjble to use only one continuous, helical
ri bbon ?‘Hﬁjélt? 8rW‘-¥16’i“Dieﬂé°%siE? . eSSFfoWéw EPTPHIRES QI RS sedEler epablingpel | er
may @GPt tenalditorP6f WRRH tola GRIBINRI AthoiA Ruell- AR Lol L ORTaMF GG 1T bbon
axial inmpellers such as an | NI G c) or propeller |rrp§ er,” as defined
in the East aihdisitd eod ofiore ngmicec hfitheagpellersmittlel feedifies tneaysbe a Eivat o
(supra) |1 are, used in the vessel .of the present invention in order
Lo P achont 8 o e bt dfE ot dr Do e matl e ReSeEaEtAloamtbe sy d
conpar t sEfluil bSaibsRRtal® (8%arROi1BVe] int theNvdsha Megsehn eﬁ@r{maﬁh%”f?ﬁkﬁ\ﬁg' sation.
co

is. the sjtuation when there is a 10 part of the vesse ntents ichis

not bei figjvsrcdevia the tibe log takesito substartialkysibe lsame it e twithin the vesselompthet ment i s
forAagd {.0.1CO: f essel which does ngt..mix wiith the rest  of the
con'?g nt léa'i}%lf %g %é%lgeé Iam%]\éherr %@ edc%gf%ﬁﬂogor b‘aﬁglﬁ\é‘?{e‘ﬁéfllaﬁﬁ‘?t&f’ thﬁﬁiﬁtq}essel s

can beemhofamear wive of theMPENEEahAlE Al WaRnLe Eche. FRefsiiAP] e ARM i NPE! | er
is posi%ﬁhﬁ’ge .adjacent to the bottomof. such vessels to ensure that

conpart i the dpbes dubssadiacsnigedhe distal ends ¢fiimwoher mpredimpeiend, Itdspeci al |y
when a gk Hid [ ;] [ . that a rate inpeller
is used in egcﬁé@gglﬁ%titg%l: é%%@gb#ﬁt{életfg?%&tﬁaﬁgl hoPEs ﬁ%m%‘}p%rlgas 8% he
sect i onfeeflinetfer vadsalditionl 4omd. ihehe anellafvesiits, till Res SRInULG DRge pobig ofe! |

vosdal adiflion i feur! Geef off tn Mt aRsABr wihbo s ieisnbaTiopcue i rase |t he
i mpel | ems&m.ea@eﬁiaﬁhwflol_hhﬁpllehl%edihét%i 6 Hﬁ&d%&&&'@%ﬁfé%?{éﬁegﬂtﬁ ation

occurs with the set power input limts. The vessel can be tes usi ng
st andar lgveliof thsl impgHéran numetons goids souhd e inhseralhof e vesel. hOnerotaiyofi of

t j . 0.0t t.. fluids, | our.i sati ol d.the- f

W ray AR MeChRS s oY, LlRARRARE I fui, BacminE SRRt dires rodbaniind Qi Eng.

Sci ., 4imuRaRbudH e a LORGIunBR W Ports oﬁlkiomedéﬁﬁéteﬁi PR Grc Birffed blFRES- |-
-y em

Chenb E,, Part C 72, 35-40; Smth et a :
20 distal end of the impeller on rotation of the impelier. Another way is by using multiple

ports at the levgl -of each impeller. The tube or tubes forming the feedlines may be
moveable within the vessel so that the level at which fluids are added can be altered
. during mixing, | ,
- It is further preferred that the feedline is so forméd as to direct fluid being added
257 towards the impeller. _ |
In an alternative embodiment, the feedline is a conduit within the axle carrying
the impellers which passés through one or more impellers to deliver the liﬁ]uid adjacent
to the distal end of the one or more impeller.
Preferably, the feedlines all deliver fluid to the zone of greatest mixing generally
30 formed around the distal end of one or more impellers. |

Preferably, the feedlines allow -addition of each of the solutions to the vessel in

less than 2 minutes.



25 Eng, Sci.,.39, 1093, 1975; and Kuboi et al., Chem Eng. Conm, 22, 29,

1983). The term "wel | -mi xed zone" refers to the area around Seplembsr?ped | er

in which liquid is caused to m x. The well-m xed zone can be determ ned by
st andar dwa ev33e4 sual i sation techni ques, including observa)i tion
tracer particles in transparent flu Qs, decol ourisation ?Fﬁ%"@j”&%g of
X-ray phot ographic techniques in opaque fluids 30 (Elson et al., Chem Eng.

Sci., 41, 2555106EP “ap®6 rat@y ond nsedtheadin, reFoodo i mpivast, thPrheizht ol t@NS. | .
Chem E.; : - 4Q: the.et..al., em En Sci._, 39, 1093, 1975;
and Kugg%U?cgg\gtg .f“%&eé%?“’eﬁ%.‘%@&*hﬂf&‘edﬂ“’dz@, t.%]gg%s)e.- %ﬂ@f%hel vesek d6€szone | s

pr ef er abloy hahe ainSRpinelidiet ORUNALOHE33 RiRETh . Q@%B s usf €@ around
each i n%giflug{ﬁ where the greatest flow occurs. ]The @%}1& X dbezg?leg] [Fjs :
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S general,!/e/F foug@ adj acent to the distal end of one or nore o
i mpel | et VeERd 5 &0l i nes may be a tube or a series of tubes that are

present oh th@xeit&@ﬁl“bé{fﬁ{g’* ad sédh%r%ﬁséf'eks %Qﬂ eq&{lglw #E%Pfjd@eiﬂ@ﬁ%ﬂpﬁfﬂf;' :.Ilsd at

substantially the sanme level 1n the vessel as an i
del i ver dguidi i theevasstle Bafflesibelp toopsubtthntbtatiby of NiguihiRidecke!veddet Ni n t he

vessal he 10 | eyel of the inpeller and is therefore considered to be
del ﬁ@er g’?icogléﬁ‘e gfitgﬁtto ¥)8tt?rﬁéeﬁqrﬁa§lnﬁ°‘€ﬁan%PreHﬁ@ t5¢ forprasiopfof mivgniralpesiriesr s and
into a wed bubkkq@sht 2BNQraRheherBR! develbps i | isXer via the tube or
tubes adjacent to the dilgt al ends of ngﬁdoéﬁtg%?(gb?%lsf\{?rnggwlf?OWssar'efurther

pr ef er r BBPYAN fornBYieing shrgtigheushe oemelf sseatidithmal quarearb df TRed bes added/ or  at
he smal |l er .vessels, i.e

| east ine.f h, addi ti. . Int .
Toos ¢ nangs TR R B imBPanEEO L GROSiont s Whv Fopniin domesel mor

i mpel | eeKicwntly. Wae subst icoh@idn tipeWIVRTe ia s#P6F ma¥Ess Shdine |« Gidl,pat er
than_10 1 it.is gregerred t hatﬁf@I ui ds_be Eilrslt'rpgg)du{:méldé%|&r1§31(%§ltnﬁea §"ed§§g ‘at the
| eval ofPRIFEIMAY 0% of theniniasnd ieseb idinmecters vl oHendsmdeng thel lengh of he

vessel . (HNRsNRYn QfdireRCHH SM LS, § | ntr.oducing the.fluid via annul ar
spar ge tI nes S0 t9 ﬁéﬁeé?@uwsenpéllriigmjglﬁ%ﬁtﬂé%%ﬁg&o%?% %fe'ihﬁroé‘E “hifBer of
ports pisspaliconctheatigaoéite haffledapbe s s@ehsbihetih@rd wilitifdthe ®hRskIQF t he
I npel | er | er. Another way is by using nultiple

on rotation of the inp ]
“ports at® Rjg ﬁpé?f'é‘: gy 'bﬁ%&ﬁerﬂf@f LE A, gapr apppeinatelyuBdsiofoem Hywener,

;Ieﬁldljls rﬁ?gfggg egf %%{'ﬁ\é%g&;]ﬁ?%% g%lotygg sM&ISa%etho&odctnglSedt @yeNlang\ﬁg l(M%Emém ' ch
: Prlnplples and Applications. John Wiley, New York, USA, 1975). The vessel has one
or more baffles spaced substantially equally around the innér surface of the vessel,
wherein the one or more baffles extend substantially peirallei to the axis of rotation of
- the impellers. Preferably at least two baffles and more preferably at least four baffles are
used in the vessel. Preferably, the baffles extend along the enﬁre length of the vessel.
25  The baffles are preferably 3 to 15%, more preferably 6 to 12% and mbst preferably 10%
of the internal diameter of the vessel in width. The edge of each baffle may be flush
with the inner wall of the vessel or may be spaced away from the inner wall of the
vessel. The position of the baffles is preferably so Ithét there is a close clearance
between the bafﬂgs and the arc formed by the distal end of an impeller on its rotation.
30 ' Preferably, the close clearance is between 0.1 and 10cm, more preferably befwéen Ito
Scem. In a particularly preferred embodiment, when the vessel has an internal diameter
of about 0.45 metres and a volume of 60 L, it is preferred that there are 4 Bafﬂes, each

having a width of 10% of the internal vessel diameter.



during mxing. It is further preferred that the feedline is so fornmed as to
direct fluid being added 25 towards the inpeller. |In an aPRtSepigambpriad03
enbodi ment, the feedline is a conduit within the axle carrying the

I mpel | er vayBBodpasses t hrough one gr nore inpellers to debrxsoebdsss! i quid
adjacent to the distal end of the de or nore i mpel ler. Preferably, the
feedlines all_deliver fluid to.the zone of greatest m xi enerally 30
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of the invention, the vessel has an aspect tioin the ran 5to
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the rotation of liquid inside the vessel, 10 encourage top to bottom
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fluid arfatenddgplicaRauend i9a/1% Sanwheadl: daisted Qﬁommgf}irﬁl@ﬂl inbrigeghygut the
whol e coPltents oI the vesse| effici entlg The nmost common type of baffle

i's a st FPRASOMAt A4 copiUnmgtian F desesered 14lea e axpivn diny beencratifiefe
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between 50 1 and 500 } and most preferably between 50 | and 100 I. Suitable lysis
vessels are manufactured by Yateson Engineering Ltd. Bolton, United Kingdom.
The present invention also proﬁides a method for using of the vessel of the
20  present invention in the lysis of cells of a cell suspension, which contains chromosomal
DN;X, and a desired product, wherein the one or more impellers are rotated at a speed
selected such that efficient mixing is obtained without generating mechanical stresses
sufficient to lead 1o substantial fragmentation of chromosomal DNA or flocs of
aggregated material. Preferably, the desired product is plasmid DNA. |
25 The method of the present invention preferably comprises 'adding,ihe' cell
suspension to the vessel, mij(ing the cell suspension, adding a lysis soiution to the cell
suspepsion, mixiﬁg the cell suspension until the cells have lysed, adding a neutralising
solution and mixing until neutralisation is achieved and flocs of aggregated mateﬁal are
generated.  On neutralisation, the plasmid DNA is renatured. The plasmid DNA can
30 then be further purified using standard processes such ‘as bag ﬁltration. and
- chromatography, which are well known to those skilled in the art.
In the method of the present invention, it is preferred that the solutions added to

the vessel are added using feedlines that are immersed within liquid contained in the



or nore baffles. spabed substantially equally around the inner surface of
the vessel, wherein the. one or nore baffles extend subst &Fepiarbgr 3983 al | el
to the axis of rotation of the inpellers. Preferably at |east two baffles
and norewwmedssabl y at | east four baffles are wused in th .
Preferably, the baffles extend al ond?the entire |ength of %tch\igé;ﬁ/@léusﬂg 8 o5
The baffles are preferably 3 to 15% nore preferably 6 to 12% and nost

pr ef er abYspselood referablye dagh eplhition d amixedrinothet essvle&is déssi thawi 4t hinutése edge
of each h with the inner wall of the vessel or may be

S P ettt or the

spaced I'nner vessel . The position of the baffles

i's preferabl yThocdlhaispehiinecah heang R GuShRRIANG Siny BELABED ﬁxlaf’er&ﬂ&ft%ces and
the are fﬁrmad by the distal end of an inpeller oh its rotation. 3

' Pr ef er ai§FySUSREREOR h3s a cell depsitne®7G t W¥ewessrwaght IAnd | cm nore preferably
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has an inter ngggegngp gjreﬂaé#' gsbé)ﬁéije%\'b §f5 rrrrlg)'ferdegoalganeéat\?olaﬂﬁre“ﬁmtﬁﬁl ? it is
pr ef er r dbmdgatedusephitian.e Prefdrably, (s celatbensiavisngixad Wisistnely JO0%1aford he

i nternal. vgascfl di lalrret er.. 2 Septenper 2003 WO 00/ 53304 || _F},CT/ GBO0/ 00888
The use DRAIBEF 1 s Nsh sAluaRgis\meierably psmirdurer pheedinm IydrexidtamdbBBR. ' of

m Xxi ng F%Pdm&' b QR 1ysis! r gﬁ:‘- WEK@ -and. . ta (Mxing
Pri nci pl ers an Ap;%flS liS(:S(Ellﬂ!ti)1 ig(lgllrllgs,ad%(fée(%, 1 orgééﬁ@#(z%s?m%ﬁje%qggaﬂg%bo&ﬂ tanti al
f r agmentPetang dipplisatinge W h 87/20200. r Bhe cambimatite of Haghiph tpM b thedd@breent

chr opps 9% to l.evel where the. |l evel of fragmented DNA in.the

puri.fi eg%pl)trs o @ngs. %é‘i‘?éléﬁgé ﬂ%awatl%owﬁ’%‘m)s%ﬁa&%gﬁs‘wlé@IS pthetigeliulan n
par ti culcamponbifts FrbRerablle $hd §6ks BEIRHYE ts tapeeBl BRI cg%u%&%sfoﬁrtg] "eﬁ%g?et anti al
fragmentation” as used herein, refers to the fragmentation 8 Chf'6rmsonal
DNA to & Ivaafe|ingaesherttanperiodvas| passiblef foagprentisd tHN posure te Mgl iH éelepr oduct

ds 4%.pf : t |ONA content by 10 wei ght when the plasmid DNA i
ur 11 o4 SERor s e Rk MBS reihe dhn doriRion SlPRURR RpPHSon WD
97/ 2919@lastifié DN A dutiadisfiichflp bl oichusd rREaficdl ddSageqY the Gron0gALS Ol

I e :

DNA fsgn I nation is neasured after the protein has been puri
accordi o the nethod of Falconer et al., (Biotechnology and

Bi oengi neeri jg, is 1493 , 99 ef er abl.y. en_the desired product
is a protein, tcﬁgl?flg\}selggrgﬁé% t%h?%%%%%kglprmn%%ﬂ% ﬁeéllﬁ%e‘?’?t?e t han
0. 5% of hayre dpumaticalkyl ipresal andihisveingbt useThe & 8RE&Ire RTEE taRbletidase@ Vol une
between 5.1 ng.l,ooo.l, .hore preferably between 50 1 and 500 1 and nost

“prefer aly V- potndcasy 1 Visherlastip properisgs; ingpbe Yiguglised directly by observing
the Weissepburg effect of the fluid climbing up the shaft of the impeller. This may also

20 be measured indirectly, but more objectively, by monitoring the torque on the stirrer
motor of the lysis vessel. By torque is meant the turning moment exerted by the motor
of the impeller axle. |

Whilst mixing the unfysed cell suspension, which behaves as a low viscosity
Newtonian fluid, a stable low level of torque is observed. Upon lysis, the torqué rises

25 rapidly until lysis is complete, when it stabilises at a maximum .value.

Accordingly, this aspect of the invention provides a method for monitoring the
~degree of lysis of a cell suspension in a vessel whose contents are mixed by rotating one
or more impellers, comprising measuring the torque applied to the axle of the irhpelIér,
wherein the torque increases in proportion to the degree of écll lysis until lysis is

30 complete, when it stabilises at a maximum value. Once lysis is complete, the
viscoelastic properties of the resultant lysate will have dramatically increased and this |
can be used as a measure of the completion of lysis. On lysis, the torque generally

increases bgtwecn five and fifieen-fold {i.e. 500-1 500%) before stabilising at a constant



vessel s are manufactured by Yateson Engi neering Ltd. Bolton, United

Ki ngdom The present invention also provides a method for a§ﬁwgmb¢f2ﬂ%
vessel of the 20 present invention in the lysis of cells of a cell
suspensi omQ owbs3eh cont ai ns chr ormsomal ‘DNA and a desired peodisgdeosyherein
the one or nore inpellers are rotated at a speed .selected such that

efficient, m S obtai.ned w.t ho e ati. n nmechani cal - stresses

suf fi ci &S %e’f]%a}t’ 6’3&?6&%?”&? ?@%&f&ﬁ%‘%ﬂ‘ t@RquE oY BT?@%%WEIO sor floes
of  agORRHAHRErABY Sfehidt thal500%I, eMnymotd\Sre eIy gﬂza{é‘i adicio008, Rlcasigd d DNA. 25
The met hod of the present i nventi on preferably onprises adding - the- cell

suspensi on t &hehdysiedsempleisi oF afer hehes) presdssparisedoperiadiof mg:uaaﬂlqzsl s

el l's et a5 min RS AR pP¥tereBlyh B4 B an AR s At po

neut sal ingmitéspthel AldAAI0E Wedudithaiibe baffer thﬂﬁ@h&ﬂ@&ﬁﬁoﬁﬁ"&t@ deBlergfeediiggner at ed.
On neutralisation, the plasmd DNA is renatured. The plasm d DNA can 30

t hen beISfluﬁtaFfér Bhsr peuiralisationjbngies cam dsrany piions sseanic aeiHicbuffergsueh 25 r at i on

and @&g@f g&age&x PIYGRIA e p@&&azég@maﬁe h%i}? Sk' Lk P%whgngol e I

t he net e present I'dven | S pre erre i ons
added t$51 hPreftesise) tharx&u&dh@douSbufﬁ:rfleeﬁlkiemeﬂulehﬂl% l@ﬁeﬁe ik "BERS fixad. t hi n
liquid ]S ained in é&g 2 Seﬂt enpber 2003 WD 00Q/53304 12 PCT/ GBOC)’ 00888
vessel . %]Céefnér B¥ipe hISHREFIUHIR <8N nibked1§UR lﬁeﬁ‘e djesdyy this |88 bhan 4

M NyheSqisy J%Eﬁ%ﬁé@@fl e 'Weit@RbulpGfecf dik @(FraQ3?.|s 1}; ialstxé %?(ﬁ?e@ﬁés tﬁgn be any

cel I susp on 1n any medi um”~ Preferab Sus sIon has a cell
densi t ylysdte.70 to 300g wet weight 1"1. 5 The ceII suspen5| on is preferably

m xed to generate an mai ntain a ho eneous, sol utlon Pr ef er abl t he
cel | suspensﬁgg‘ﬁ n; disg %&H”WP{ slpc?%‘ﬂéeﬁg&ﬂnéfepa@ it change 4g Jewue pRd K? ysi s

sol ut i ogires, Whigh & RBh Yo ﬁnrfhdfs“my &n Abursadhten Ayvae ﬂgofﬁ@gé ;br I§§§Hes grglerably,

the lysis solution is ad according to the ne
| nt er nalysasaadtumpathnse ofp pvw-viscPsity MOVETi@0Re0. In'IThemednhi ofthisoaspedt of he hi gh

he_de ergent 1 rest Si | s and.denat uration of
Chr Shos U ERAPScoeIE BERIar 1 5P Sl i BRI ERBREHED Y ¢ ne
lysis sdickdak® i kdiqi, yRefemblyntd s aRdd SEUSPERR MAxinind WBRR & 1R Lysate in
as short a period as possible to minimse the -exposure to high pH levels

pr esentduringithe 1>rsgsss@etﬂﬁth@ reaghant Memstyetcrablic e dimp t6 drssethaw 0% of the
irr e"er;%bﬁhﬁ.gﬂg&ﬁé géﬁi?\ﬁdpkﬁﬁ%somp%tleﬁ%aé YEdl & tEQtn'a N viige Gause

nmechani ca
indicative of neutralisation.

20 : Complete neutrahsatlon 18 important, since failure to return the fluid to one with
a v1sc031ty of less than 3mPas and negligible viscoelastic propernes results in poor
filtration characteristics in subsequent purlﬁcatzon steps and a decrease in overall yield.

Accordingly, a further aspect of the present invention provides a method for
preparing a desired product from a cell suspension in a vessel, comprising the steps of

25 lysing said cells by alkaline lysis to give a cell lysate, neutralising said cell lysate and
preparing the desired product from the cell lysate, wherein the contents of said vessel
are mixed by rotﬁting one or more impeilc_rs, and wherein progress of the lysis and
neutralisation reactions is monitored by rrieasuring the torque applied to the axle of the
impeller.

30 As the skilled reader will appreciate, torque may be measured using ari_v measure
of energy input as related either directly or indirectly to mechanical' resistance in the
contents of the vessel. For example, the increase in viscoelastic properties may be

visualised directly. by observing the Weissenburg effect of the fluid climbing up the



| ysate.

15 DNA. Once lysis is conplete, the viscoelastic properties of the
resultant lysate will have dramatically increased and thi3Seppmbs20@ed as
a nmeasure of the conpletion of |ysis. The increase in viscoelastic
properti g%¢ visualised directly by observing the j effect
of the fﬁ?%@ﬁbi ng up the shaft d# the inpeller. Thi svﬁaﬁﬁh@}gﬁga be
nmeasured indirectly, but nore objectively, by nonitoring tthe torque on the
stirrer shaftadnhofmpdirr! Vit Snaessebe nRasuic@indieectls, PRAMbred fifjedtiel Bg noMENt
exerted by the nptor of the jnpeller axle. Wilst mxing the unlysed cell
suspensiBRIaREE dhe Fanus es thesstarer sipton efcihsilysjs vesselt bnthereade of an elgcigicabl e | ow
| evel of g i r I t e ri ges rapihdly until
[ysis | PeSralen SRR Ghe RAY, chEbTend"be AHEY B meBRbETNE ). Thi <
aspect dhcredmed iconvrenmtdronn py oaintds aaonmimiegeddoss impailéoottiont hea pdfgicae of

| ysi s_ of gel I sEs}gensi on | rha vessel ose cgntents are m.xed by rotating
one br eﬁrg)ro TP QF (UYF $SPECh P FIESP TR e TIORIIGTHE usesh QuBeaips PPEde2®dt he axl e

of the inRehb&for thi'\piRERIsNof i€ L RfiGe i ncreases in proportion to the degree
" 1ysis | 0 pl

of cell lysis unti ysis 1s 30 conplete, when it stabilises at a maxi num

val ue. Once |H&ipgaimidommpdintdein thheellyirpydel ast plaspidopevtdi@sasoindiched

resul tant | t.e wi.ll. have dramatically incr.easgd a this,  can be used as.
L reas POy SEHE PRI DI S1 SFaor EPMPUSTE DN |6 lAIS B8 410y

i ncr eas gmehesrweiial cyiarstidd dddagsy bOhdhptdd Br eg@&ﬁ&} AR el Qfi&ence
stabilising at a constant 2 Septerber 2003 WO 00153304 13 PCTI GB0O0O/ 00888

val U P dfechagbis)! amsat iferth of thgrestensive bhdin oBiGvstorte krivevni toi thosl skildgoe i s
i ndi cati a f lysis, nore preferably greater than 500% even nore '
preferabl'y greater than 1000% i ncrease. Wen lysis is conplete, or after a

short, pre- deftherpidsaginPert dchiff relafeubatpl@thid oBfagfearadth ¥ cd11 caI&e 1ygeaut es,
nore preferably 2 tg 20 mnutes and nost preferably 5 to 10 ‘5 mnutes, the

addi t i oNSHE the Yrssk! od thesressmn R t hr ough t he appropriate delivery

feedline is it t i i r. can ; E.ONng Oorganic
acidic buff er—mse @Eﬁggﬁkm’%‘?g"&% Irggdcltaétsistgtaa?gfp‘[gﬁ]ugr)@faecreglbﬁu?t,%retaﬂéeflﬁesﬁqgr tglf:i sation
buf fi&r ivessMidhe pres@utlihteifidnpH 5.5. Preferably, the neutralisation buffer

i s added whi l(ﬁ‘ the Iésat e.is bei nﬁ m xed.  Efficient mxing and ‘
neutral i sati onCEETEREIYFRIRR 5 8oy Hwatad 3 the aprendpdiexamgple With igsHear ance of
the Wi %%%ngwﬁfgff%}e@ue to aloss in viscoelastic properties of the

Figure 1 is a schematic diagram showing a 5 | vessel according to the present
invention. | ' '
20 °  Figure 2 is a schematic diagram showing a 60 1 vessel according to the present
invention. | .
Figqre 3 shows the InterMIG impeller for use in the vessel of the present
invention. _ | o
Figure 4 shows the sectioned helical ribbon impeller for use in the vcss‘él of the
25 present invention. |
Figure 5 shows a graph of torque measurements during mixing of a cell lysis -

reaction, using either INTERMIG or split helical ribbon type impellers.

MATERIALS AND METHODS
30

Construction of therapeutic expression plasmid vector pTX0161
pTX0161 is a high copy number (ColE1 origin of replication) plasmid vector

carrying the Escherichia coli B nitroreductase gene (nir) driven by the cytomegalovirus



Again, this effect nay be nmeasured by monitoring the change in torque .on
the stirrer, which is seen to fall rapi dly on neutral i sat PGRPERLEFE03 -
rheol ogi cal pr0perties of the lysate return to those of a | owviscosity
Newt oni awofdpisshs | n the nethod of this aspect of 15 the i pygiighfbhsss 0Pl ete

- neutralisation of the cell. lysate il§ generally indicated by a decrease in

torque, preferably to |l ess than 50% of the maxi numtorque on the axle

during uhmellistd arSt oot Dﬁevdrﬁaﬂﬂit%ctorlwhﬁnﬂﬁﬁfaﬂﬁﬁrﬂbt&’nceﬁs dneps to | ess
than 30% of .t he maxi mum val ue achi eved, nost preferably to | ess than 25%

of the mREcifiAsAlEling by e prodipe &8 lf%%DrmﬁlrtqfaF i Gena Beraprod.Snifilet e
neutral i i i r I 0 one with
2 Vi soonr 1y S PRt TR A aned Eol i Rxibel FL U iftfrct ibfing Poe

resul tSprordrq;g)merapryrdrtGlaEP"o‘n char acteristics in subsequent purr fication

step crease in Accordingly, a_f her . aspect of the
pres ?%@é‘gr W&ﬁcfﬂ%‘i}’i‘:@g “I{‘b"(‘]‘h bihe ”Hr%’ﬁ%ﬁ“?ﬁé’nhpﬁgél Wisetict from a
cel | sugpcgns.r&nArcm FaLe r a f g said cells
by al kal'ine |ysis tSo égér \?ge%ncogm h%ﬁgﬁsfaﬂ%gﬁ Gﬁﬁtsefan)éb&sigféﬁ%%;e({}‘l | ysate and
prepar i A, laeﬁt:d &dgxpclttdﬂm:h masthenhgectedi lintb pSH0603 g€l hderhedcont ent s of
sai d vesesce rerdl & M b]én rotati ng one or nore inpellers, and. wherein
progres§ of etnﬁg ‘r“ﬁé?%acé{ﬁ CWeiPPEYi sati on reactions is nonitored by
nmeasuring the torque applied to the - axle of the inpeller. 30 As the

skill ed reader vvr | I aprecr ate torque may be neasured using any neasure of
enerl§y (aps 5 OF e drjaang p T30 i ndi rectly to mechani cal

resi stance i yessel exa t he ease in

vi scoel ast | C?Oﬁ%ﬁfepfﬁﬁ'féeln@%r@d IB]\t}:}?&su Edlp gt“tsé%ffft @%W&B’?@F{?Pﬁé t he

Vi ssenkir DI—Hfdeﬁei(HﬁrﬁaHaheMbl Bigl. Cl|66nb$71§8@1l319831}9 A sRgRUEMBRIMAR s 14

PCT/ GBCI)/00888 shaft of the inpellTer. This may al so be neasured indirectly,
but nor ElREEgepaTaE 2 WSteﬁﬁjﬁiltWr(MQWeﬂfttWBﬁe‘uéfﬁpft%l%tmfﬂﬁrfer notor of the
lysis y&ﬁﬁiﬁko st ddi lﬁgﬁg‘ ﬁttrn%l’ﬂcﬁr% rderl hQRte&Edgxrohlv e)g gB&lt aﬁ% torque may
conveni ent I.y e nonitor asuring th I'NCY eased current drawn to

mai rifai growin@msltwn,tw&peqd)pméserwpeh Révo glpctm]l . stdred at -ROES @rdoestithteenbodi ment
of this ai@&ﬁt of the invention, a rheoneter is used to neasure torque and
t hus m)WI the progress of the reaction. The plasm d contained in the
cells may be any plasm d or vector as indicated above but is preferably a
nucl ei c acr d vector conprising DNA. The plasmd may be of I|inear or

circul hpéK@i¢lay be adapted for episomal or integrated

exi st enﬁt%culum preparation

20 " A lml vial of DH1 pTX0161 was taken from the MCB and thawed rapidly at

37°C. The contents of this vial was aseptically inoculated into Sml of LB medium

(Peptone 10g/l, Yeast Extract 5g/1, NaCl 5 g/1) supplemented with tetracycline (12

pgml™) in a 30ml universal botile. This was incubated at 370C in an orbital shaker |
(200rpm). During mid-exponential growth phase, 4m! of this culture was used to

| 25 inoculate 46 ml of Terrific br_oth‘ (Tartof and Hobbs, Focus, 9, 2-12, 1987)
supplemented with tetracycline (12 pgml™) in a 500 mi Erlenmeyer flask. This was
grown, as above, Before being subcultured in two stages (200ml and 2000ml cultures in
Terrific broth witkt tetracyclilte) and used to inoculate the feﬁnenter once grown to a cell
density of 2 ODg0OOnm. |

30 Fermentation

A rich complex batch medium consisting of final concentrations of KH2PO4

(3g/1), NagHPO4 (6g/1), NaCl (0.5g/1), Peptone (2g/1), (NH4)2804 (10g/1),



10 in the host cell as set forth in the extensive body of literature known
to those skilled in the art. The present invention al so rélSgplember2083
pl asm d obtained froma cell culture lysed" using the vessel of the

present wmayedtssg). The present invention also relates to (Qéog)ogh?%roma
cell culture lysed using the 15 vedéel of the present |nven 1on

present invention is nowillustrated in the appended exanple with reference
to the fmllymopyignd glgbﬁlexslole&lglu\ﬁr@gﬂt 1258 (S.200"REacE cRhRAF FMFNOW.03Y, 2 5 1
vessel agccording to the pre . _invention. 20 Figure 2 is a schematic

di agr am SARkiRG @WQW@QS@W%@@@D@QH@Pt(b9g/|11b PblB&Be(ritﬁg/h\MnSD@ﬁizO Figure 3
shows the InterMGinpeller for use in the vessel of the present

i nvent i dh.028).glrodMaO4 000 Rp®, Ze@Qr"&i{Eﬁﬂ(M); Be(SOisrdin @ i)l er for use in
t he ve of 5 esent i nvent.l on. e 5 sho a graph of torque
rreas\tjr an(garﬁlg 2&{25 Gk ! 93“6?‘3‘%(({95{“?]')4 GGl 2%?2&@( @%4)%@487%’59 her | NTCI%RM G
or s rih eIIers RI ALS AN S 30
Cons!togru hﬁf’“?ﬁé?ﬁ@@ﬂ%g’@ 3ég§7ftfﬁ9t f%ﬁ?&’%@?@ﬁ?ﬂgﬁ @%W@) 161 is a

hi gh COFibOllﬂﬂéTbﬂé (@h@feﬁn@ﬁthﬂéd"ve@:fei I £k £a1iAAdn mﬁﬁﬁ‘a&pﬁgﬁaﬂ’iﬁm&cﬁf rying
t he Escherl Chl a coli B nitroreductase gene (nit) driven by t

cyt omeg@Frel3-820)sMESerHe5eAbad wWemieBelioo §88l/1 fermudingtod baam y pronoter.

Del | 1 |1 fi |
R BT S5 S TSt S0
1997) , & 491 Miaefn €NHAN GRdHe ﬁﬁe@aﬁ@;m\%&@% gdescribed as gene directed

enzyne- prodrug therapy or 0161 was constructed by the renoval

of the mMhe veasbahi theh EMQTMQQO\(CV\FEM@ﬁﬁmrﬁWa@éameM at AP0ESIRES. . 26,
2120- 2124, 1998) as _an Apal-blunted, Xbal restriction enzyne di gested

f r agmentVifthibe Hissalyed Rereen seippnGs0% of 8irgaMOBBB. (a pUCLY derived vector .

S0 T ShARPYEL LARIEFRLAD G e UDESIR RdoPfatb ah0F Hl0fEHLP" Stral

the specific growth rate. Plasmid DNA was isolated from samples during culture for
qualitative analysis and from fermentation end-points. for quantitative comparision
15 (Qiagen Maxi plasmid purification kits, Qiagen Ltd.). Dry weight determination was

used to estifnate biomass.

Plasmid Copy Number Estimation

The molecular weight of pTX0161, a 7796 baée'plasmid, is 5.06 x 106 Daltons.

20  The specific recovered _plasmid,yie]d can be converted to a recovered p]asmidlcopy

number, knowing that 1 OD600nm unit is equivalent to 2 x ]08 cells ml™? for this

fermentation culture (Kech and Brent, Current Protocols in Molecular Biology, Ausubel

et al., Eds, John Wiley Sons Inc., New York, 1.2.2, 1995).

25 Fermentation Cell Harvestingl | _ _
Cells were harvested when in late exponential g‘rowtﬁ phase By centrifugation at
5000 for 25 minutes at 4°C in sterile 1000ml centrifuge bottles, The clarified
- Supernatant was discarded and thé cell pellets were either frozen at -80°C or removed

from the pots‘and transfer into bags prior to freezing.
30




| Ong of pTXOL61l plasm d DNA was used to transform cal ci um conpetent E

coli DH cells (Hanahan, Ml . Biol., 166, 557-580, 1983). A S¢piggier 2003
transformant was selected to generate a Master Cell Bank (MCB) of the
Product iwo o8tssmin under conditions_of Good Manuf act uri ngrérasiobossss Cel | s
harvested from an exponentially 15 b? owi ng culture, were cryopreserved in
20% gl ycerol and stored at -80C to constitute the MCB. Fernentation of DHl
TX0161 Manueldl wsisProceshe ati on 20 Aln] vial of DH | pTX0161 was taken from

t he MCB d d i.dl 37C. Th t ent f thi i al
asgpt i ca?lny &Eg\éﬁfla{‘@g’!'lf H‘t%ﬁg%‘r‘?ﬁu%e% P8 %%&fﬂ%ﬁ&?ﬁib?‘b%‘&sffg'ﬁﬁef p’ﬂ?\ggi'{re Ext r act
59/ 1, NaGhe Bgdgkh Mdp RAEHRRE §E100L (D dgetdmééﬁildimﬁc&gon Pafddook lig7p 30ml

e

uni versal bottle. This was incuba at 37C in an orbital shaker (200rpm.
During m d-exponential growth.phase, 4m of this culture was used to 25

i nocul a A ot Jart § bs, Focus, 9, 2-12, 1987)
supp?e i ﬁa I ﬁ- AR&O% b &;ﬁ%dﬁﬂL l%gg—CEE—PQWM Erl enneyer fl ask.

This was grown, as above, before being subcultured in tw stages (200nl
and 200Qnl cultures in Terrific broth with tetracycline) and used to
i nocul at EPAHEIF Y erg e usBesiongoo v cel Lasisel | density of 2 OD6OONmM 30

of KroPoa _( AaPiE S \ERTREH AN TREWERD ERSeE bR gl Bl RE T L2 L 30
00 ) i et s g, T B o o
?cm i ’s{@ﬁ@e@&%&s\fﬁ %Pﬂzwaf( %ﬁi%i% é‘@g)@’fzt. Hhgabqtie gefigient jqzmiubilise e/ 1)
MSOA_Ha) pelikt. Gkddpen M0 Gre fH2 012G ﬂlixeé@ﬂhs? %rf%&%ggﬁheﬁ%& 4) 3. xH20

(18/1), Cad 2.2H20°(1g/1), and CGtric acid (60 0.03g/1),
FeSO4. Tta2@nsrafeds hargddeoncowsisuspansimai The Golofg/mids thendadjedst (bexweight) wi@0g/ | ) was

prepar ed.and made .up.t .. vol 46 1 int fernentatjon vessel. After
DL or | TR it &L A afl pfreTmston g raraips DhbYE s

(0. 59/ Iyerneight It'amikugRhyibh BOESM/ 1 [consisting of biotin 0.6g/1, folic
acid 0.04g/1, pyridoxine-HCl 1.4g/1, riboflavin 0.42g/1, pantothenoic acid
5.44%1, niacin 6.1 g/1]) and tetracycline (12ng/1) were nade.

Preparation of a Cell Suspension for 60 | cell Lysis _

, A total of 1.800g (wet weight)} of cells were removed from storage ét -80°Cand -

thawed at 18°C for approximately 20 minutes. The cell paste was removed from the

bags and added 10 9 1 of cell suspension buffei‘ (50mM Tris 10mM EDTA at pH--S.O.) .
20 Thef_cells.were then suspended into the buffer using a Silverson High shear mixer to.

generate a homogeneous suspension. The volume of the cell susperision was then

adjusted (by weight) with cell suspension buffer to 15 litres, a final cell concentration of

appfoximately 120g cell wet weight 1 cell suspension buffer.

25 BagFiltration
- The contents of the holding vessels was pumped through a 100 pm woven nylon
bag filter (Plastok Holdings Ltd) prior to Sum filtration via a Polyguard depth filter -
(Mi'uipore UK Ltd. Watford, England). ' )

30 Expanded Bed Adsorption Cluomatograpﬁy

A Streamline 50 chromatography column (Pharmacia) was packed with 480 ml
of DEAE Streamline (Pharmacia). The chromatography bed was expandéd wsing 0.1M
 NaOH by upward linear flow at a rate of 105cmhr™, stopped to allow ovemight



10 The vessel was then inocul ated as above. Fernentation was carried out at
370C, pH 6.8 with the dissolved oxygen setpoint 50% of ai P SgalewPeltZ08h. The
vessel was sanpled regularly and the OD600nm recorded to all ow cal cul ation
of the woeesiseg. growth rate. Plasmid DNA was isolated fg 55'35 during
culture for qualitative analysis ah8l from fernentation en p0| nts for
quantitative conparision 15 (Q agen Maxi plasmd purification kits, Q agen
Ltd.). Bmjtisstibghtd sed:gnfilebinieqnilive@ionUseltr (P8 aI AR VORBSA pi%.85m d Copy
Nunber Estinmation - h? nmol ecul ar wei ght of pTXOL 61, a 7796 base pl asm d,

i s 5. 060PEREe B qobHen fordgadmg Tsadasnid cplainies BHratt ngamnp«;d @itelthean be
convert t OD600Nm uni t
i's equi stgi:@ﬁta@‘{l{g:%ﬁﬁl\éan%Qr ﬂé‘gﬁﬂs%rﬁ? &?X?%Erdn&% co}'%ﬂgl?%g?u }ll%nw%}bl ture (Kech
and Br ecthl@anmrehmffeﬁnmhbdml a-line dabantadetditor @Pyical AesdiBedt 25eimat ., Eds,

John W or 1.2.2, 1995). 25 Fernentation OeII

Har vtg.stb‘ﬁ)y@54 I"YasS rﬁé‘fcgdﬁa%/ @&Wﬂ%’ﬁ“?‘%"?@?@r &sporheRolunn yasihen. phase by
cent ri f wagich atted lowr S LY ntrifuge
bottles. The clarified sfiegérzﬁglm?%\%\gg ?f‘tcgt%géréﬂlé] ?ﬂ‘fgﬂ{ ?Fﬁ I ets were
ei t her ﬂwdszw éltﬂ?m@t)@/asrrev%mdv@uls allowmpatieng of themhebihatagapley gelﬁnimebags
prior t 30t 2 ﬁﬁ.@ er 2003 00/ 53304 17 PCT/ GBOQO 00888

Manual yS| s rocéla?fr be PRECTYOIEREs fspuiTed fir SpRRgrent siers. Washing Wabar i son wit h
the | ysidninaeselilstoeeaidifaxintm OB, AGRR: Wdltcatd B\%Je i @faPRRIA (Q agen

Pl asm d_ Purification Handbook 1997 5 Primary Plasm d DNA Recovery b
Modil® i efagments veee abated fropsihe cphepausaug BAMbsalbwas lbufan@snm Potadsim 51 cel |

Lysi s I cel.l rer storage at -
TEoc ans G0y EP R 0By MRS SRRy TN, i BEF St vERERGRL o

buf f er WhEREKe. TS M NbQ!, DIMWERFA I@th-EETQ,) PSS aRdethréPoRaRInCAN RS T Uge
bottle sufficient to solubilise the cell pellet. Resuspended cells were
pool ed & nixed with a Silverson hi gh' shear m xer to generate a
honbgeneous suspension. The vol ume was then adjusted (by weight) with cell
suspensi on buffer to | litre, a final cell concentration of approxi mately
180@;5 c eConcengmationsifdin Sttéalnlu:x&lﬂilustnspenm on buffer. 15

An Pellicon XL ultrafiltration device { Millipore UK Ltd, Watford England)
was sanitised with 0.1M NaOH and flushed with elution buffer. The plasmid enriched

Streamiine column eluate was concentrated approximately 25 fold by ultrafiltration

using a 30 Kilodalton molecular weight cut off membrane. The concentrate was |
20 decanted and the system flushed with buffer to remove residual plasmid DNA which

‘was pooled with the concentrate. The pool volume of ~50ml was stored at 4-10°C

overnight.

Size Exclusion Chromatography

25 | To remove residual contaminants such as digested RNA fragments, and in order
to exchange _the plasmid into a suitable formulation buf_'fef, the concentrated Streamline
eluate was loaded onto an Pharmacia XX 16 column packed with a%)pr()ximatélj 112 ml
of Pharmacia S500HR media (bed height 56cm). The column pipework had been
previously sanitised with 0.1M NaOH, and equilibrated with 0.3M NaCl. The entire

30  concentrate was loaded onto the column at 1.2 ml/minute. The ODg;s4pm of the column

~ eluate was monitored throughout the run and 2ml fractions collected. Material in the
first OD 260 i peak were regarded as being pure pl’asmid DNA and were pooled. The

| volume of the pool was approximately 20-25 ml. Samples for quality control analysis.



Preparation of a Cell Suspension for 601 cell Lysis A total of 1800g (wet
wei ght) of cells were renoved fromstorage at -80C and t hawepterber2803 f or
approxi mately 20 mnutes. The cell paste was renoved fromthe bags and
added t o¥QoW53p4cel | suspensi on bu”lﬁ (50MM Tris | OrM EDFér/aBoqidssk 0). 20
The ,cells were then suspended into'the buffer using a Silverson High
shear. m xer to rate a g s .suspension. The volunme of the

cel | . su?ﬁ@r@mﬁe thFHEWaI ‘Ugg%g @W%F}@’ﬁf’s altﬁ“@??d@éﬁlfr%ﬁbﬁenm on buffer
to 15 | ggxes, a final cell concentratl on of approximately 120g cell wet
wei ght 1-1 cell suspension buffer. 25 Bag.Filtration The contents of the
hol di ng vessel s was punped through a 100 m woven nylon bag filter (Pl astok
Hol di ngglg 8; E” el io 5m§| It[atl on via a Polyguard depth filter

(M1 | and). 30 Expanded Bed Adso Lion -

Chr ogat ogr aphy A Streaniine 50 chromatography colum (Pharmaci a) was packed
with 480 mMl of DEAE Stream ine (Pharmacia). The chromat ography bed was -
expandeﬁ"%ﬁwnge@f%ﬂfd\lad-l by upvvard linear flow at a rate of 105cmhf
stopped to a ht 2 Se 00/ 53304, PCT/ GBO0/ 00888 18
sanitisati onJril wuﬁ }5 %"&%&"n"ﬁ %%ttﬁnl éﬁ?‘g&qﬁé}ﬁ%}ﬂﬁ*? VBl IRIed 10 v EDTA

pH 5. 5)spet@omfoaﬁﬁétaca1t5ebpeﬁcumang e dpfisdli R@sity RS PIas FhdlchiRbiiabming filtrate
was punped onto the colum at the sane |linear flow rate. Once | oaded, the

col unm Ve (pqugsd W%W“éd’ﬂﬂ“@%‘?’ﬁtﬁcbﬂﬂ pestfisieniofia 0.090:%6 selutiome! absor bance
det ?6 t gﬁslaglﬁﬂtlbﬁgl ln%eln?rh éj\éﬂﬁ}f"ﬁéﬁ 19 6.02 ?m%)%%ﬁhfy c’oh%I rﬁra?ed \dn’lLPFe gv\ﬁ} 0 20% of

nmum val ue or urm was a sal t
buf fer c(xaﬁmm@m Bl mmhat@prcﬂaammlmmnmsw&s) wathih the Einedr kdspéhsk| ow

di rectl on rever seg This all ows packing of the chromatography gel in
t he. 'Qﬁ&h &-the buffer volunmes required for subsequent steps.
Washi ng vvas continued until 5% of the maxi nrum OD254,,,,, value was reached

before residual RNA 10 fragnments were eluted fromthe colum using 0.5M
sal t waKbstlstfdmersof2b 4ot assi um acet ate, | OrM EDTA, 0.5M NaCl pH 5.5).

P T D1 R GRS B S e LSRG 20, T K 10
\% { fegtﬂddmggﬁg}ng %‘lx oficl&fideippiitrebompleh@itaky fPd LBIRuRIS F&ndnt M fkimpore UK Ltd,
coli genome. Standards of pTX0161 purified by double density gradient
ultracentrifugation (Sambrook ez al., Molecular Cloning; a laboratory manual, Nolan e/
al., (Eds), Cold Spring Harbor Laboratory Press, New York, 1989) were spiked in
20 duplicate with varying peréentages {w/w) of DH1 host chromosomal DNA. An identical
| quantity of the pTX0161 was also subjected to the reaction and analysed alongside the
other samples by 1% agarose gél electrophoresis. Maximum contamination levels were
derived based on a comparison of the intensity of the host chromosomal DNA spiked
standards against the sample being tested.
25
Endotoxin contamination 7
Endotoxin contamination was assessed using the KQCL kinetic chromogenic
assay (Biowhittaker UK Ltd). Product was diluted to a range known to overcome

1interference. Positive product controls were included to confirm that no inhibition or

30 enhancement of the reaction cascade by sample or buffer components had occurred.



was sanitised with 0.1 M NaOH and flushed with elution buffer. The pl asm d

enriched Streamine columm eluate was concentrated appr ox# fegtemier260¥ of d
by ultrafiltration wusing a 30 Kilodalton nolecul ar wei ght cut off

menbr anewoTdes3s@ncent rat e was 20 dmnt ed and the system frcuatmd/oesssh--
buffer to renove residual plasmd whi ch was pool ed w-th the
concentrate. The pool volune of -50m was stored at 4-10C overnight. Size
Excl usi BXAaNHdalatlogr aphy” 25 To renove resi dual cont am nants such as

di gested RNA a?gg rd t pI I nts0
sui tabl e forr?fu |o% @Elfh%er, @H’% c@ilée]ht%fla egﬁzgt rea Of € Lat%d\/\/as | oaded

ont 0 anophataiaeith i Feedlinbs (@) 3pac kedvesie i1 R pPhoxeszel (GD ‘haétﬂt&emntemlg

Phar naci a SSOOHR nmedi a, (bed hei ght 56cm . The col umm pewor k had been
previ oudPpellesn (4,55 Y Poitgped. 1BmpNASEm awa Tagium fromdbe ﬂwrﬂ wigheasxassela . The
enti e 0 The
o253 TRAPEelEE e Mkt SPEARUCIR SriTeEALTR) Rpotiitnd (flltiiga, 0¢
fracti oissdedhzlefed(}it&hh salvit levdlak theriotrdesa: 1mfpahat(4§[DTRﬁﬁrsn fieqatiak (2)ds asadetgar ded as

bei d DNA a | | f |
appr ox 8 SPILDsDE S apseaePay oy lais By cnciovesh e 69 seifenber
2003 V\Df&ﬁixéé%ﬁ’ﬂ lslgom{eqsgaqmm @@a@&@m&vm 8 10161 LETR Ggaof the

bul k plasm d pool aliquoted and frozen at - DNA Anal ysi's forQuality
Cont r ol lrﬁpﬂiemdﬁl)ctTlmmac@mitﬁcadhmr(S)mels@d)ttoaﬂddramﬁue'al@saaon duffencent rati on

(str ngt h of oI ut i er.m ectro tornetricall recor di ng
t he @pt i cal ddfisi® Fs)‘f?glb %thﬁﬁl{’gn]&a 8%1(7%15 ﬁ‘?@ Y gord theg! ryffgsum ng
that th@aEXéf et v&aelcq??f m@ﬂ QR silfstamtialfy 99&51% &0k bR d?“froﬂa@iomﬁsﬁbd DNA i n
a l cmpath length ce 0.02 units, ghly concentrated sanples were

di | ut ed*pyeliges ghtS §hcﬁaq}hizafﬂ@ 08 has aowvidgulo bim@aandd!ér@@pwlmﬁgl lt5mm t he

i near e the ch nos.o Host
chr oms@n%ﬁw ﬁ]fz; ) a\%\e/adéggglgggéne :E %11 og Vessqg s, errpl oy| ng
ol i gonugdzIEOThdeleralntbﬁvx%@mﬂicﬁiﬁfﬂ\ésadrM thOak fd)bmad: bl eustieh effﬂi&txrx@fellélhe

15 isS5mm.

The feedhnes (2, 3) are constructed from 5 or 10 .ml pipettes with the bbttdm'
tapered section removed .and the plugs removed from the top section connected to
lengths of peristaltic pump tubing. - The feedlines (2, 3) have. an internal diameter of
approximately 4mm. '

20. The vessel (1) has an aspect ratio of 1.1 it 83/ 165)

Lysis protocol :

A 180 g/l (wet weight) solution of E.- coli DH1 cells containing plasmid
pTX0161‘ was generated by resuspending 180g of frozen cells into -cell-‘ suspension
buffer (50mM Tris base, lOmM EDTA pH$.0) using a Silverson high shear lab mixer

25 (Silverson Machines Ltd.) as indicated above. The solution was mixed uatil a
- homogeneous solution was obtained. The volume was then adjusted to 11 with cell
suspension buffer. The solution was then transferred to the lysis vessel (1) and mixed at
75 rpm. 100 mg of RNaseA was then added to the solution and incubated for 5 minutes =
~ with stirring. | |
30 21 of lysis buffer (0.155M NaOH/1% SDS), at a flow rate of 1 /min were added
~.and the timing of the lysis started at this point. When all the lysis buffer had been .added

(2 mihutcs), the stirrer speed was increased to 125 rpm and maintained until all the cells



E

coli genone. Standards of pTXO 161 purified by double density gradient

ul tracentrifugation (Sanbrook et al.; Mlecular O oning: aZPsBsmberarys
manual , Nolan e/ al., (Eds), Cold Spring Harbor Laboratory Press, New
York, 1989) were spiked in 20 duplicate with varying percentages (w w) of
DH 1 hosWeiVSatsomal DNA. An ident'ﬁal quantity of the PTX@HBMOssAS-al SO
subjected to the reaction and anal yg d al ongside the other sanples by 1%

agar ose | el egtr.aphoresis. Xi mum cont am nation | evels were derived
based ofid bE%‘iP‘P‘@g‘ﬁi Yt mt%%%%ffé hisis Sfarsgd)t Heeripwelles rsrodberaswinhadspi ked

- standar ¢gr, agai nst the sanple being tested. 25 Endot oxin contam nation

Endot oxi n cont am nation was assessed using the KQCL kinetic chronogenic
assay (Bi owhi/tit9akentdgR0lstchnds Pfiodysit staasd did dadhegitst of the KadtgRwkizrel O

over cong, inted;ftgzgnce.ofomt i.vew}ér duct, controls were_ included to confirm
that no®l ARPHIG Pon FM30™e er o sif yasrséagted; ol el aeatralsatignpl e or

buf f &r eeffaopankadad : i
PCT/ GBOO/ 00888 EXAVPLE T E%Teﬁg}e{g g %ls'eﬁ'l(gtf)8 aﬁgést %ﬂ% |r%€é’9§?ég‘%%“§mhﬁ? er nal

di anet ethedPp 1EBaber{ALWas corapletelt envewmid; bhet inpefleesfictd ems (Zised)o 100 e vessel

(1). Th . three Lnter i mpel lLers (4, 5, _6). positioned
18nm 1 m%qa Zrﬁgl n&éé‘%&fﬁ}%ﬁ{eﬁﬁ?hﬂﬁ F%ﬁ&owa%t \({E’; %1(‘“@3)( 1}-ySistveas el | er s
are | | fogarded ok eagplete abdehd infisdllefseQdich8®off2) IS positioned so that fluid
is delivered_at the sanme |level as the |owest inpeller (4). The first

feedline (2) 1P vasehcanentawgreacasdad fos ddpmmmitesrbyaciccidathgechiBedt watea at ysi s

buf f . Th d dl.i 3) i it] d t hat
Puig’ | 3 Rt 88 et e o0 BEGORPerabiE B8 WS edritinet Fopbrwel FES) Thane -
second t@edl idirertS)wdré thgedileRdatd 2 100Uk Bhi SR ;{?l#ﬁg Riolail@s 1:dn€ Vvessel

(1) al sg, E‘%lsl\?f our baffles g) spaced equal | y arou i nner~vertT cal
wal | of PH] adsEnclend) ond Snmadenth ufilderafvlilliborg Yoy, aWagford, 0Enjjlendixas of

rot ati ofes®fibdd & poldPelthar 5, .. Each_baffle ({) has a wdth of 15mm
and is appr offl]mla)tol‘efﬂp/ ?:llf'gm%()ﬁéﬁec}l eﬁr%%%Tﬁ g?ﬁeﬂ}?gf anégg 7Y‘3are§p§."\€f§8ege romthe
i nt er nathrembiogofphy he devesibal atoly. by a 5nm gap. The cl earance between the
baffles and the arc forned by rotation of .the inpellers 15 is 5mm . The
fee&% ines (2% Sg?‘?lgf‘@ '&%ﬁﬁ—gﬂ}a&%heeaerﬁf%wsofolwnmemuqoﬁibsusewsnw)_m priphéo bot t om
lysis can be achieved using the vessel of the present invention. '

Yield and contamination measurements were made as described above.

Results of plasmid yield using different plasmid host strain combinations

20
Plasmid Cell - - Yield (ug/g wet weight)
Concentration
~ Manual Lysis Vessel
Lysis '
PTX.0161 S 1208 351 349
240g/1 38 345 -
PTX0340 © 180g/1 . 280 - 277
180g/1 165 | 200




tapered section removed and t he plugs renmoved fromthe top _section
connected to lengths of peristaltic punp tubing. The feedIZﬁ?B'@mP%er:}
have. an internal dianeter of approximately 4mm 20 The vessel (1) has an
aspect awl o of 1.1 (183/165). Lysis protocol A 1SO0 g/1 (wet weight)
sol ution BPW33304; | DHL cells cont ai?%ng plasmd pTX0161 ves/GsoRbaged by
resuspendi ng 180g of frozen cells in cell suspension buffer (50mMM Tris

base, 10mM EDTA pH&. 0) USI-gr a Silverson h| gh shear |l ab m xer 25 (Silverson
Machi nes Ltd.) as indi cat e QBGSEmattINAG RALAES i xed until a
honbgeneous sol uti on was obtai ned. The vol ume was t hen adjusted to | | with

cell suspension buffer. The solution was then transferred to the lysis
vessel (1) and nmixed at 75 rpm_ 100 ng of RNaseA was then added to the
soluti.on and incubated{for 5 mnutes [wth stirring. 30 2 I oftysisybuffer
(0. 155M NaOHiasddSDS) , | at a f¢edw rate jof | 1/mn weggygdded and theftimng
of the |lysis started al t Uofcd@afibn en all the IyS|s uf fer had been
added | (2 mnutes), the stirrer speed—was ased—-o—125—+t-pm-and
mai ntaijned until all the cells 2 Septénber “‘{éﬂ‘éﬁv\o 00| 535533 MetEROq 00888
- 21 hgdbeensotubi-tsed—~4—mnutes 7815 st ar} ed) obrpfisogefpel | ers
were then s of f. At i nut es| 30 seconds aftey lysis startedjthe
cont ent|s of%qugssel wer e @pg}rlred at a speedd of 75/ rpnz- & 10 nihutes
after Ilysis was startegd, 1 | of the neutralisation 5 puffer (3M KAc,| 10nM
EDTA pH 5 5) was added at a ¥0sl ratel of 50024 /min. Mhen tde top ijpmpeller
(6) wasg Ietely coviered, the inpeller speed was rajised to 100 rpm and
mai nt ai ned FXP34G he \ei sserlB0gly ef fert was #@st (12 jminutes), Lysis| was
then 1negarded as conglete and the inpellers switched off. The vessel
contents were cool ed fior 40 1gpgutes by CII’CUA?tI ng chilled vv<a2ter at | 10 5C
around{t he vessel to rijeduce the terrperature of the cgntents to about] 10C
The 3vessél contents were then-fiteret—wia—a-100mbag-filter (Pl astiok

Hol di ngs Ltd. Bi rkenhead, England) and 5mdepth filter (MIIi pore Ltd.

Wat ford, Engl and) as descrl Eg abov The collected filtrate was then
purified via expanded bed c Wﬂescri bed above. =

Plasmid Endotoxin (Eufmg)‘
| PTX0161 ‘ 7.4
PTX0161 _ ’ 21.2
[ PTX0340 - | 616
10. : |
- EXAMPLE 2
| Description of tﬂe lysis véssel' |
| -15 _ The vessel (8) has a volume of 60 1, an internal ‘diameter of 455mm and is

operated with three feedlines (9 10, 11). The vessel has a lid (17) which forms a
| hermetic seal with the main body of the vessel. The vessel has five impellers (12, 13,
14, 15, 16) The first impeller (12) is a propeller type impeller having the same pltch
| angle as an IntertMIG impeller (see Figure 3) with the distal forked heads (16) removed.
.20 The first impeller (12) is 190mm in length. ' The remaining four impellers are InterMIG
impellers as shown in Figure 3 and are 280mm in length. The impellers are positioned
45mm, 100mm, 185mm, 270mm and 370mm from the bottom of the vessel, -

respectively. The first two impellers (12, 13) are therefore within the bottom 15 | level |



15 It should be noted that the generation of honmpbgenous cell suspension _
prior to lysis can be achieved using the vessel of the pr &se@itenbaa88i on.
Yield and contami nation nmeasurenents were nade as described above. Results
of plasmd yield using different plasmd host strain conbinations 20 _

Pl asm dCAYQ 0043804 (g/ g wet wei ght) ncentrati on Manual Ly ¥ica/demmedssLysi s
PTX. 0161. 1209/ 1351349 240g/ | 328345 PTX0340180g/ 1280277 180g/ 1165200 2

Sept enber, 2003 22 PCT/ GB00/ 00888 Chr onosomal DNA Cont ami nation Pl asm_d PTX
0161 PTXH3r0vesesl|(8hpmhate osed onitir she eshl svsnension. yEiesthivd apé Fburthli8gegllehy si s

Cobr a Pr(?@,eﬁﬁ ae %ﬁlaQ:gél Jig'tg'e :}gquo ]4%_ 15]%\2161]38%%%655522( negn t\r?/l)%li'l r%he:c?ur']stt %vn;)nat on
impellers .( 12, 13} will be used to mix cells with the lysis solution. The fifth impeller
(16) is placed in the 45 to 60 I level of the vessel (8) and with the first four impellers
5 (12,13, 14, 15) will be used to mix the neutralised solution.

The first feedline (9) is movable between the levei of the first and second
impellers (12, 13). In this example, the feedline is positioned to deliver fluid at the
same level as the first impeller (12). The second feedline (10) is movable between the
level of the first and second impeller (12, 13). In this example, the feedline is initially

10 positidﬁéci to deliver fluid at the same level as the second impeller (13). The third
feedline (11) is movable between the level of the second, third, fourth and fifth
impellers (13, 14, 15, 16). In this example, the feedline is initially positioned at the
level of the third impeller (14). The feedlines (9, 10) are fed by peristaltic pumps
(Watson Marlow 600 series fitted 1.75cm ID silicone tubing (Watson Marlow Ltd.,

15 Falmouth, England) under manual control. ‘

The vessel (8) also has four baffles (18) spaced equally around the inner vérti_cal_
wall of the vessel (8) which are substantially parallel to the axis of rotation of the
impellers (12, 13, 14, 15, 16). FEach baffle (18) has a width of 45mm and is
approximately 330mm in length. The baffles (18) are spaced from the internal wall of

20 the vessel (8) by a 10mm gap. '

-The vessel (8) has an aspect ratio of 0.97 (440/455).

Lysis Protocol

25 A. 15 1 solution of cell suspenSiqn of E.coli DH1 cells containing plasmid

- pTX0161 at a concentration of 120'g/1‘\;v§s' generated by resuspending 1200g of frozen

~cells into cell suspension buffer (S0mM Tris base, 10mM EDTA pHB) at 4°C
Resuspension was achieved using a Silverson high shear mixer (Silverson Machines .

~ Ltd) as described above. The solution ‘was mixed until a'homogeneous solution was

" 30 achieved, the volume was then adjusted By weight to 15 1 using cell suspension buffer.

The cells were generated by the fermentation protocol outlined above and harvested by

centrifugation and stored at -80°C prior to use.



EXAMPLE 2 Description of the 1ysis vVessel 15 The vessel (8) 'has a vol une of
60 1, an internal diameter of 455mm and. is operated w th2tepleabercd®8di nes
(9, 10, 11). The vessel has a lid (17) which forms a hernetic seal with
the main body of the vessel. The vessel has five inpellers (12, 13, 14,
15, 16). Waeossaodt inpeller (12) is a propeller type inpelpefclfiicass the
sane pitch angle as an InterMG i np%4|er (see Figure 3) with the distal
forked heads (16) renoved. 20 The first inpeller (12) is 190mmin |ength.
The remai ni ngThooell pyrpensiar wasiransfanedrtvii@ lysinpedstiaiSs ambagitmtinatianpEigur e 3

and are [ e The i | | ers .are posjtioned 45 100mm 185mm
270nmm an%gg%manigoﬁﬁlﬁqgwb&%ggmeq‘ﬁ 3)\/@?{52’}3’3 edrigshapt ohveall suspemsian rst two
i npel | ersuffet2vasl@deane tid@liehopesivntaad b ied ROt |
Pl asni dEndot oxi n ( Eu/ ig) PIXO T 4 TR el oy, 29@%%%‘150%%&%%.“ 2%eptenber

2003 WO 6OWPEHEEE: 23 PCT/ GBOO' 00888 of the vessel (8) and are used to stir

the cell sus i i1 upth i |l.ers 14, 15) are_placed in
t he 1% 1to gfg&sti lgb\}leeﬂ_%% SPW Sgnc\%g%géefo %%?ma%@ i1t oW sy ?@ffgrtﬁdﬁ ellers
(12, 13)NeH| 1586 6DE) vtao atiled 0ahé Soiwlish IrveallyythisSwa0lddbi @ftoudinh: ft;fgtt h
i npel | er (56) S gfla(ﬁed in the 45 to 60 1 |level of the vessel (68 and with
the fir<AndrBEsesamgdderdines (% 10 at aflpw gate of Byt Mynin. -Bhenshkied iropehiex (14)e

neut r al iwg [ LSt i o bl.e .be e he | evel |
of 'the 1 escHbelDBovel Wit 1nhid, 368 b s di%o PRGNS o R RRU R e £ ne
i s posi tilbheih flowdeks ob7.4f Vmind addithe ofshentysieythtiswhd orhplefld inneal | er

(12),, The, sscond. feedline (10) is novable between the Ievel of the first
and Isoecoqﬁ ?’r%lgf’feér e‘ﬂ‘ff;"?%w. ‘2’%31?%59“5& furthep @ misatgisi afier ivdhi¢hthei al 1y 10

posi ti onggcli@s d&kré MBppdd ddndlysiB alISREF 1 ifUSlay2S the second inpeller (13).
The third feedline %I?Ll IS rrg\slabl e betwelenlﬁ:’tacf'ja1 | evel of the second, third,

fourth and fi¥fherheightmditheetherd(feiling4] 1)lFevitesly at thetiéied o€ ¥R, imbblgerf eedl i ne
is initiaky Ny a e. level of t third inpeller (14). The
feedl i ne(gi)(‘g?gor%gg)eagér){e}]%s%‘éfﬁ 8§ph§£?‘f ’é‘ilﬁtf}%&f GE s (Watson Marlow 600 series
fitted 1.75crenRniiukdsCORE tHeldpirN O g t 3

¢ s t 8f {NAdaRRdNFThOWsls fgg ﬂ?eilu r]?éélg%wgrg (18)

Engl and) unge manual control. The vessel (8) also
spaced &¥US ?‘{loar%h?hép%eﬁ]eof Afi@m wad tiSchiof neufralisation buffer (3M Potassium

Acetate, 10mM EDTA pHS.5 at 4°C) was added via all the"'féedlines o, 10, 11)
simultaneously at a flow rate of 3.75 I/min. This addition was completed in less than 2
minutes after which the impeller speed was reduced to 26fpm and these conditions were
maintained for an additional 3 minutes after which impeller spéed was reduced to
20 - l6rpm for a further 6 minutes. _

The vessel contents were then filtered via a 100pm bag ﬁltef (Plastok Holdings
Ltd., Bitkenhead, England) and 5um depth filter (Millipore Ltd., Watford, England) as
described above. The collected filtrate was then purified _\?ia expanded bed

chmmatography as described above.

25 ~ Yield and contamination measurements were made as described above,
Resulis
Plasmid Yield 344ug/g wet weight

30 Endotoxin content 13 Ew/mg |

Chromosomal DNA 4%,



wal | of the vessel (8) which are substantially parallel to the axis of
rotation of the inpellers (12, 13, 14, 15, 16). Each baff? &egtargherRed a
wi dth of 45nmmand is approximately 330mmin |l ength. The baffles (18) are
spaced fromthe internal wall of 20 the vessel (8) by a 10mm gap. The
vessel (¥ 4943304n aspect ratio of 0,97 (440/ 455). Lysis PPOT/GBONOBE A 15 1
solution of cell suspension of E. coi2 cells containing plasmd pTXO
161 at %&ﬁ)‘i}%ﬁgati on of 120g/| was generat ed by resuspendi ng 1200g of
frozen o cell suspension buffer (50mM Tris base, 10mM EDTA pH. 8)
at 4C. Resuspension was achieved using a Silverson high shear m xer
(Silverson Machines Ltd) as described above. The solution was m xed unti |
a honogdhedyss sewut ivers avades8tibed i feadiple Hewvthlnhaefoﬁamnghamdﬁtpmtsed by

wei ght 1 us an buf.f er The cel ls were erated by
the fer h@ryﬁ‘t" %‘ng {E'Iree m ABRTHERNROSgOeA S mpy 1ntery ﬁ M ygat i on
and st ofechasé of &QGre@.édl Obr by tWis SplitZhcBRRl SBRRK, %ﬂQ%hé/\QnQQA %ﬁ%r 2%cm

PCT/ GB0Q/ 00888 The cel | suspensi on was transferred ysi s vessel (8)

and agi framde hesepfdenssel and ghqio immgensts. Smapar( Si gma Cheni cal s)
resuspended in 15ml of cell suspension buffer was added to the cell
suspension and allowed to incubate for 5 mnutes at room tenperature. 5
The i npEkdiepros@eed was i ncreased to 44rpmand 30 1 of cell lysis buffer
(0.155M NaOH, 1.0% SDS) was added to the solution. Initially this was
added through the first and the second feedlines (9, 10) at a flow rate of

7. 418/ mymooWegr L !1\%% l.y.. cov wth |iquid,

| ysis buffer was J;II gsugp %rgg)%dA @?151(131'}]%)31% I révc"g gp é |e§e&{31 ElggtSh%arfqnéW rate of
7. 4 1/ manl théd ttassferedoh théw@sismisselanﬂmﬁ:&edratmsnﬁ@rrpLey@dbmﬁbrlv@s&dd@ than 2
m nut es. e sol u%éﬁn was {hen St'”fd for a further 2 mnutes after which

T
the i eV 226,9F LLapigipdbis spbutionand ¢ sixineapeesei! %ﬁomrrhwam@@talm hei ght
of ,the thhidlofread! i, (lﬂéﬁbaﬂﬁﬁvdn(auﬁ&}fra@rsat&;ﬁesﬂe yel @x? : Q&;éfﬁ el |er

(14) was raised to l evel of the tourt mnutes after
t he st aeulstionhd aﬂmhtltnabsatmh tuffier msaédddm‘thé]wtn‘aec offiginirers were 15

swi tghed on at a speed of 74rpmand 15 1 of neutralisation buffer (3M

Pot assi um Acetate, 10nM EDTA pH5.5 at 4C) was added via all the feedlines

(9, 10, Ddkymination of motor torque

Motor torque was determined using a Visco-Mix rheometer supplied by Coesfield,
Mess Technich GMBH. Germany. This was connected to the stirrer shaft to which

20  various types of impellers were attached and the lysis performed as described.

Results

The results shown in Figure 5 show a rapid increase in motor torque during the addition
25  ofthe lysis buffer. This is-indicative of changes in the rheological propertiés of the lysis
solution. The graph shows —that for both types of impeller that a stable state is achieved
less than 3 mins after the completion of the addition of the lysis buffer, indicating that
no further changes in rheological properties are occurring and from which complete
lysis is inferred.
30
Upon the additiqn of the neutralisation buffer, a dramatic decrease in motor torque is -
seen; followed by a stable state, again. indicating that no further changes in rheological

properties are occurring and that complete neutralisation has occurred.




simul taneously at a flowrate of 3.75 1/mn. This addition was conpleted in
|l ess than 2 mnutes after which the inpeller speed was redgeptembay 206 pm
and these conditions were naintained for an-additional 3 mnutes after

whi ch inpeller speed was reduced to 16rpmfor a further 6 mnutes. The
vessel contents-were then filtered vi-a a 100 imbag filter (Pl astok
Hol di ngs -Ltd., Birkenhead, England) and S5mdepth filter.(MIlipore Ltd.,
Wat f or d, England) as described above. The col lected filtrate was then
purified via expifistodfdiettes RilEreaPio hataD B lasehd .g&ﬁﬂ @93}4&@ Yield and
contam nati on nmeasurenents were nmade as descrlbed bove esults Plasmd
Yield 344p.g/.g wet weight 30 Endotoxin content 13 Eu/ng Chronosonal DNA 4%
2 Sept enber 2003 WO 00/ 53304 25 FCTI GB0O/ 00888 EXAMPLE 3 The |ysis vesse
was as described in Exanple | with the followi ng nodifications. M xing was
either by three INTERM G i npellers, positioned at 50mmintervals from5 the.
base of the vessel, or by two split helical ribbons, with the bottom '
inmpeller 3.8cm fromthe base of the vessel and the two inpellers 5. 8cm
apart Lysis protocol 10 A 1208/L of cell suspension-of DH |1 host strain
was. prepared using a high shear m xer and then transferred to the lysis
vessel and m xed at 125 rpm 2L lysis buffer was added  at a flow rate of 1
L/mn to this solution and a m xing speed of 125 rpm was nai nt ai ned

t hroughout the lysis, incubation and neutralisation steps. On conpletion of
the incubation, I L of neutralisation buffer was added at a flowrate of 1
L/m n. 15 Determ nation of notor torque Mdtor torque was determ ned using a
Vi sco-M x rheoneter supplied by Coesfield, Mess Technich GvBH. GCernany.
This was connected to the stirrer shaft to which 20 various types of
inpellers were attached and the lysis perforned as described. Results The
results shown in Figure 5 show a.rapid increase in notor torque during the
addition 25 of the lysis buffer- This is indicative of changes in the
rheol ogi cal properties of the lysis
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solution. The graph shows that for both types of inpeller that a stable
state is achieved less than 3 nins after the conpl etion of Sehemadd008 on of
the lysis buffer, indicating that no further changes in rheol ogical
properties are occurring and fromwhich conplete lysis is inferred. 30
Upon the addition of the neutralisati & buffer, a dramatic decrease in
notor torque-is seen; followed by a stable state, again indicating that no
further chepgag in rheological properties are occurring and that conplete
neutralisation has occurred. 2 Septenber 2003 26 All the references
referred to herein are hereby incorporated by reference, AMENDED SHEET 2
Sept enmber mo&%ﬂmmmaAﬂ/SWW‘b?“#P‘S(XH@“W@I@“%%Ws& or a

cell lysate ainin MR lacd&fjﬂ'séﬁd product, wherein the
vessel corrpric@g§ B(%}’ﬁ‘gahgggra&#‘éirwerelnpe?f%?s of" power nunber |ess than 2
positioged so tigt tlbae or inopekdpellers of powpehimber lesthaned, posititingdsodhutohe of
ener gy throughout the ntents qf the vessel.; . 0] or re ldnes
enabling the additi OWI‘FB‘(F:X?QFI% Wﬁﬂ?%@%tﬁ’?ﬁ Wé?s a@ﬁ{j%ué%ggo@mre
of the inpellers intgamei@loft¥ivégerzone ; and 10 (c) one or nore baffles
spaced substantially equally around the inner surface_,of,thge vesse

I
wherein the one(r none dsaneeckedisgs susklingthe pddjtion, of fyds| adjzpaphdo fhe s of
rotation of the inpel; ARG § el iRinkd Wghdne
desired product is pﬂggh%ﬁdw#gﬁgﬁbg vesé’g}l&géﬁclgradl ng to gp?ﬁé?ﬁ%ll aiml,
wher ei not he desigyed prOEEgiord bafesspaded substastially equalipsronnt: thediner sufaany one
of clanms | to 3, wherein the one or, rr&&e I mpel | ers ﬁﬂr@; i ?Ftner G i |l ers.
20 A vessel accor di ngf tthe Megeebubsgein g pue of (gore b SEHPP Y nore
"inmpellers are heli nki ' _ ' § el according to claimsb5,
wherein the one or rréfg'én%lelpite%ﬁrl b %§5§%§e| elpéﬁg'?e

2. A vessel according to claim I, wherein thf: desired product is plasmid DNA.

15 ) .
3. A vessel according to either cleim 1, wherein the desired product is a protein.
4, A vessel according fo any one of claims 1 to 3, wherein the one ar more impellers
are interMIG impellers.
20 ' '

5. A vessel according to any one of claims 1 t 3, wherein the one or more impelicrs
are helioal ribbon impellers. '

6. A vessel according to claim 5, wherein the one or more helical tibbon impellers are
25 sectioned helical ribbon impellers.

2. A vessel according to any one of the preceding claims, wherein the feedlines are 2
tube o & series of tubes present on the inner surface of the vessel which deliver fluid
at substantially the same level in the vessel as an impeller.

0

8. A vessel according 1o claim 7, wherein one or more of the feedlines are movable

 within the vessel so that the leve! at which fluids ave added can be altered during

mixing.

AMENDED SHEET



25 sectioned helical ribbon inpellers. 7. A vessel according to. any one of
the preceding clains. wherein the five dunes are a tube or Sepeabecd0df
tubes present on the inner surface of the vessel which deliver fluid at
substantially the sane level in the vessel as an inpeller. 30 8. A vessel
according to claim?7, wherein one or @8re of the feedlines are novabl e
within the vessel so that the level at which fluids are added can be
altered ding mxing. AVENDED SHEET 2 Sept enber 2003 9. A vessel.

according to any one of clains |. [-ei,N

wi thin t hegaxd eessal agcording HEWW 1’%%15“”\’7&1&‘?\ 3p ﬁéntﬁﬁ %A&gﬁnéone rm; e of

the inpell ers_ and, del &}%}J d;,,@@uagqmc& Qakdes thicaihlonenst mﬁm bﬁﬂme or
Ssel facco

nor e |rrpeller ng to an f the precedi el ai ns,
wherein the Wwdastﬂmﬁmm@ﬁmeg |oTg OF Hﬁ"'g%“any one
of the preceding clains, wherek the ratio of the 10 inpeller length to the
i nternab di anet er of the vessel is-greater then U 12, A vessel according- .
to any oneypf E&e LRORI &ﬁ{@ﬂgﬁhﬁﬂlp@e&ﬁb&ﬂﬁlﬂsmmmmlmﬁe%rdl ng
to any one oTAt precedi ng clains, wherein to babes have a 15 wi dth which
is 6 to 15 %Mftahb. i nteroat diameter of the vesseL 14. A nethod for using
a vessel according to any one of the preceding clains i'n the 1lysis of

cells of a cell suspension, which cells contaln cbrompsona a

desired pregygtvesseh at@irding e ampensrofihe preqeding %ﬁ‘?}?aﬂ‘%‘? Q’g 'g%eed
sel ected such -that. off M Xi %%e tﬁr sating
mechanit@al stlmﬂﬁdmghfq&é Wﬂftgmpgggg{% wa ial fragnentation of
chronosomal . DNA or flocs of aggregated material. 15. A met hod for
nmonitoring g the degree of lysis of a cell, su engi Qn vessel whose 25
contents ang givsadl figordidgtniany 0060 fibe p r?f?E'I“F i ng rreasurl ng

the torque applled to the W of the inpeller, mherein the torque 'increases
in proportion to the degree of cell-lysis until lysis is copplete, when

it' stabilij5eg valseh abbXdingm ampbueo! 88 rrecedingneems s,
wher ei n cel I Si s rruses an of, 1.0 V%Exveen 500% and 1500%
over tHeé ini twéth HV#‘SS“’SWB&M%O% Fnpeller to mx the

unl ysed cel |l suspension.

: 14. A method for using a vessel according to any one of the preceding claims in the
lysis of ceils of & cell suspension, which cells contain chromosomal DNA and 2

desired product, wherein the enc or more impellers are rotated at & speed selected
such . that afﬁggm mixipg is obtained without gencranng mechanical stresses
- sufficient to lead to substaﬂnal fragmentation of chromosmnal DNA. or flocs of

: agg:egated material.

15. A method for momtanng the degree of lysis of a cell suspension in a vessel whose

25 contents are mixed by rotafing one or more 1mpell=rs, comprising measuring the
torque epplied to the axle of the impeller, wherein the torque increases in proportion

to the degree of cell lysis until lysis is complete when it stabilises at & maximum

value,

30  16. A method according to claim 15, wherein cell lysis causes an increase of torque of
between 500% and 1500% over the initial torque applied to the axle of the impeller
10 mix the unlysed cell suspension.
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AVENDED SHEET 2 Septenber 2003 29 17. A nethod according to either claim15
or claim 16, additionally conprising the step of neutrali i $Rptanber 89at ent s

of said vessel after cell lysis is conplete. 18. A nmethod according to
claim17, wherein the degree of neutralisation of the dell 5 lysate nay be
nonitored by neasuring the torque apphged to the axle of the inpeller. 10
15 .19, A nethod according to claim|38, wherein conplete neutralisation of

the cell kLys |8, 400k CAL ed. by a decrease | uo to |l ess than 50x/0
of t he naxiibr‘r'u% or q‘%‘e&g%%%ﬁm?%d%%% g‘“ﬂj}?’%ﬁ’d@ﬂl}@%‘&@é“% he
reacti on.- 20of néummiishipahé oonteite phsdid desselddt Ealllyk Mlthpibfeom a cel |

suspension in a vessel, conprising the steps of lysing said cells by
al kaline lysis to give a cell lysae, .neulicing said cell |ysate and

br epar | ng14.11 bihid EoREALNSE Uirdif Hﬂﬁgﬁ'-ﬂn the contents
of said vessel. are m xed by rl&hg?m\g one cl‘#q hé(r%%fagf L gﬁgh" rein
progreds of lrﬂﬁtﬂmyjsb$manmmébymm:gﬂmtmpﬁadtdﬂ:ermﬁbﬁheﬁnyeﬁieﬂg .a
met hod according to any one of clains 15-19. AMENDED SHEET TOTAL P. 07

19. A method according to claim 18, wherem complete neutralisation of the cell lysate
is indicated by 8 docrease in torque to less than 50% of the maximum torque applied

10 the axle during the lysis stage of the reaction, ‘
1 JERS | | -
20. A method for preparing a desired product from a cell suspension in a vessel,
con:(prising the steps of lysing said cells by alkaline lysis to give a cell lysat,
‘neutralising said cell lysate and preparing the desired product from the cell lysate,
wherein the contents of said vesse! are mnced by rotating one or'more impellers, and
15 wherein progress of the lysis and neuwslisation reactions is mibiittored using a

method according to any one of claims 15-19.
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