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manufacturing scale 10 Field of the invention 15 The
invention relates to the fernentation of Escherichia
co/i for the production of plasmd DNA (pDNA), in
particular for pDNA intended for the use in gene
therapy and DNA vaccination. 20 Introduction The
requi rement for industrial fernmentation of pDNA cane
up by the clinical success of gene therapy and DNA
vacci nation during the | ast decade. 25 Gene therapy is
the treatnment or prevention of disease by the

adm ni stration, delivery and expression of genes in
mamal i an cells. The ultimte goal of gene therapy is
to cure both inherited and acquired disorders by

addi ng, correcting, or replacing genes. Basically,

t iredebaich fermpentalies percegs @adiawiep nagdiwndes the pasz/ucél@e of
t BRsnAONA inl £.©olMoT @naretdcitigindaéqd on i nactivated
viruses and non-viral vectors 30 based on plasm d DNA
The present invention relates to the production of
non-viral plasmd DNA. Since it was denonstrated that

i ntranmuscul ar i njection of pDNA encoding an antigen
elicits both a hunmoral and a cellular imrune response,
naked plasm d 35 DNA has becone of particul ar

I mportance. The desired efficiency of a fernentation
o] acturing plasmd DNA is
cﬁﬁ?gzgééggggnggﬁa high yield of pDNA, either per

vol une fernmentation broth (volunetric yield) or per
biToedsentidn cpliates (sibe derfrieatayioe bflEschenchit eofifartha groaiuction of

t %ﬁas%iy\@Na\o I@’l\Pg7 |ﬁ§)%{tﬁ:9y feP %BWIQ@%@&%’O{ Hgfﬁ%h qgegmherapy

i nventt on e concentration o asm
p@PS{b&\‘hﬁ%C TER) | we ght. Beyond a high yield, the
plasm d has to be present in its intact covalently
chiwgsdudtigrcul ar (ccc) or supercoiled form In the
nmeani ng of the invention, the percentage of ccc form
Is ternmed "plasm d honogeneity”. The concentration of
5 Toehrquirgmesniiol ifdystrig! elieentationai @PNA eareg &P Qydhe clinical

| isnedess @hdedk therapy amid DNA vadtation dlidnigtbe |sstaigcddde
reduced to a minimumin the purified plasmd bul k, and

are
Gene therapy is the treatment or prevention of disease by the administration,

delivery and expression of genes in mammalian cells. The ultimate goal of gene
therapy is to cure both inherited and acquired disorders by adding, correcting, or
replacing genes. Basically, there are two types of gene therapy vectors to achieve
these goals, i.e. viral vectors based on inactivated viruses and non-viral vectors
based on plasmid DNA. The present invention relates to the production of
non-viral plasmid DNA.

Since it was demonstrated that intramuscular injection of pDNA encoding an
antigen elicits both a humoral and a cellular immune response, naked plasmid
DNA has become of particular importance.

The desired efficiency of a fermentation process for manufacturing plasmid DNA is
characterized by a high yield of pDNA, either per volume fermentation broth
(volumetric yield) or per biomass aliquot (specific yield). In the meaning of the
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consequently not desired during fernmentation.
Therapeutic plasm ds consist of three essential parts,

woO.2e05/0@ot her apeuti c gene (the 10 "gene of i RCEM®3G05)003599

under the control of an eukaryotic pronoter, nostly
the cytonegal ovirus (CW) pronoter, an origin of
replication (on) for the autononobus propagation in
the prokaryotic cell, and a selection marker, usually
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Ebra&qudstlmmtldegreﬂ dIoInEIelmengatnnderl ved from pBR322 may
reach copy nunbers of 100 plasm ds per cell,

asm ds derived frompUC can reach co nunber s
BheGa0as qa?ﬂ]'ﬁaF8'&S'S"ﬂ§@“%‘?ﬁ?%ﬁ”8?'|Ftar@e'l%z‘ﬁ BpeeQlere cne
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dustrial “manu
fwt@mwr@n@ewwl@%veethﬁ@pawew% is of ﬁ@w@h@m megichabrgleyance,
abihdhe og aad sheabdlectiopmuragatiayoa cafcial fude dertrigaplaskhit! peaduction,

BthfHH? duﬂﬁ? fer%gﬁta‘ﬁgﬁ' For cBﬁsth&ﬁ%rpéf:é fﬁ'éf euf‘@ﬁltasnﬂdr 2ikBy

G RGBT PSRN e Pt RSP I SrIB ey s imber of

iplsmirleopti¢rope QﬁiltMO$thleerahﬂ3UthWCtOB€0anD thyr GolEd dyree dri.gh
@?Asmla’sene?«hﬁg/a cbm1a&tg.rea@m)au %nppﬁmzimg?% t&sﬁ? h&mbéres of

D00 Rfasaard et ieraB QP pEPUE ghTead eapd WimBers of
gbvasalfindigse production of plasmi ds being
predom nantly supercoiled, and the conpatibility with

%F@ﬂﬁblgﬁ{rbéélécﬁ%h 'rr?aﬂk@rr a%%qgélpge? ofl%ﬂotlf% %feef{%g%%ry Eurmg
dergPrmatiop %&@@le&HO@e Resraigin amﬁ)rmaéeﬂméwew aRpiotic
galakiidrnypressurbehalbd ae meddpdiiidrigSotastrid] ehahuétctuaing, It is
Fetbre de@:’rébl%% |d¥vé|5‘§fe$mb§taﬂ@n RRESRS Ao g Gable
o PO L GBRIIGLS Copl s o 4 e
or pDNA manuf act ure.
Fr equently, the strain DH5-al pha was used before for
fT'ﬁé 'Eﬁ@’bétof ﬂh@ RictePiBMbst SrMPiLEHBMAIABHant factor to be conside red
r%fe%?% o(?? Rl%h D%g‘t:é(t% Rgﬁg)hgﬁotgggs ba\/&?mogg\nﬁh the ab ility
ﬁ%@ﬁ?@htpa?t high ool d%m to ?ﬁk«yevqj igp plasmichePRYoENRATS fig generaite
\&i rhifhinieg af plasmickines taeeto hafe @anihinodm poteatia dorugeortic he
GRbdafions of the plasmid, the production of plasmids being predominantly
supercoiled, and the compatibility with common purification procedures. Most
strains of E. coli can be used to propagate pDNA, although the strain may have an
effect on the quantity and quality of the obtained pDNA (Schoenfeld et al., 1995).
Currently there is no consensus on the genotypic or phenotypic characteristics that
would be ideal for bacterial strains used for pPDNA manufacture. Frequently, the
strain DH5-alpha was used before for fermentation of pDNA.
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5 and the nunerous factors that influence
fermentation. Low|evel control sinply allows

wolessmothobeari ng cells to grow, whereas hi gh-| e¢elEP2005/003599

tightly-controlled fernmentations reach high yields of
pDNA by specific nmeasures which enhance replication.
10 For pDNA production on a |aboratory scale,
cultivation of plasm d-bearing cells in shake flasks

'Eack&ﬁ)uﬁimtﬁétm@ki&‘hd whi ch however normally
achiéeves low yields . Plasmd yields obtained from

shake flask cultivations are in the range of 1.5 to 7
wonyseeriof approaehesgiaye thegDdregiihed jordermentatiop@H8PNA. The
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é’p#]&:éﬁ’&\t ions, a pDNA yield of up to 109 ng/L can be
ieved wt h certain medi um conpositions and

buffering conditions. 20 To obtain higher quantities
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Bl dbnditibhi cal plasmd yields reported are in the

range between 3.5 and 50 ng/L (O Kennedy et al.,

2003; WD 96/ 40905; US 5, 487,986; WD 02/ 064752;

Tatabiaim higher ayantitiaoof@lasnites didasibeen sHggasied inculiivate the cells
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Pov?oae'd' i ﬁt%%@é&}ur% SR ho ARG B%”?ﬂé‘é dUihg Q6ihtion,
our obtaine rom

b5 f@rragfi' chatchseuiivadien qr E@tch Fﬁf‘f”ﬁﬂ@“%r.‘ g Thg apRrlicatienefrsich

pmcepsaH inrenivolled dsmiemtdry Has ledtabe indiedsewsf @ DiNRdyield per
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dapibalrplasmid yie)dsyaboried aredie theghegrebrtween BtSaands) mghd a
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Lgﬁ”l/gnhgle%' qgg{?} ?ﬁ%%eacmtﬁgﬁc%s%&g %H.eH%u?w"fﬁém?@Q (Tgegl

ous €O
pﬁnt@mrg So-Gilgd (lcpplex gorrw;r@@t% A5 GIHOD and nitrogen sources

PESEERIDPEDO:348DbtaBuld frore biokjical saurtes; teydnaodmé.gxyeast
EAPRINEN s M SoricBSeif ho@elankage that t hese

Culture media consisting exclusively or predominantly of complex components are
termed “complex media”. Media that are composed of both a defined portion
(defined carbon source, salts, trace elements, vitamins) and a complex portion
(nitrogen source), are termed "semi-defined" media. According to US 5,487,986,

a very high amount of various complex components (50 g/L in total) was used.
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conmponents originate from biological materials;
therefore, the conposition of the mnmediumunderlies

woanosal7oat ur al devi ati ons that nake the cul ti variEen0s/003599

process | ess reproducible. The sanme applies when a
manuf act urer changes the production 5 process or when
there is a change of supplier. Further di sadvantages
of using conplex nedi um conponents are the
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gl ycerol, 20 salts, vitamns, and, in view of a
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dasersssoidbe draydxacksiefroayplennadit meontivaaiisamediadeie heen

edéidpdairat b aot eshvanbageorhplak cémporients) MR icli @B mdtlia,
W la{e t%%@@ "de-lfi!ﬂ%a&" &l"éﬂl\‘cﬁe&i%eﬁ\tegf'a ereocg)?@pﬁ)s g%?élé@\'/eﬁ of
fernen at1 on nonitorin an t he SDeCI | a8 I T1I0on 0¥
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feanlyeist ermenistion menittwingeed treshegificraodition oA padidulpr substmces
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e N
tiearo forfrextime duEng oulvalipn Zhaef iand Greashaor, d 9881 a t hat
were 35 specifically designed for pDNA production, a

oS i e P e bac L Bl et s
as M9 (Sambrook and Russel, 2001), may result in a low pDNA yield

(WO 02/064752). In batch fermentations with defined culture media that were
specifically designed for pDNA production, a higher yield of pDNA was obtained
(Wang et al., 2001; WO 02/064752). The latter demonstrated that pDNA
homogeneity was more than 90 % ccc form. The enhanced yields of pDNA
according to WO 02/064752 and Wang et al. (2001) were achieved by
supplementation of amino acids that are biosynthetic building blocks of
nucleosides, or by the direct addition of nucleosides.



10

15

20

25

30

35

40

honbgeneity was nore than 90 % ccc form The enhanced
yi el ds of pDNA according to WO 02/ 064752 and WAng et

wal2005(083004) were achi eved by suppl enentation 8CTARRVE/003599

acids that are biosynthetic building bl ocks of 40

nucl eosi des, or by the direct addition of nucl eosides.
4 WD 2005/ 097990 PCT/ EP2005/ 003599 Al though batch
fermentations are usually sinple and short, they have
fundanmental disadvantages that result in limted

| i d iel h

ARSIk ok ofitons Mol i S Bl Aafpeye pcamenal
cisadeantages batresult inHenitgd tdasmid P YieHs. iﬂﬂv% lrelugde aubstigée
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AR égetétgﬁnﬁlﬁlt b?omﬂgfﬂ;r@%ﬁ‘squem Iy, in order to

increase bionass and plasmd yield in pDNA production,
fed-batch fernentations have been devel oped. A
Conseruartly f Ieroméefttgtncmaseblwassmd@é@mmym ig DAY predugtion,
tpesd- 5£tcﬁ heraRantaaiohs AV IgeapltRsBlobak &5 fefal teh feRmuditatidh ie Be

?)Foc wqféEéffe?tasoa?c{hepffa A #e%glnb%)hgggg‘%gg Hércg |rPWIaJCI? one or

pursue
meb\a rt?lﬁ"‘ﬁ‘@!?r?éﬁ?'lﬁdlteﬁheo‘fu'@e Roleeding:  pr oduce pl asmi d
DNA: One nethod is the application of a feed-back

‘I"If?f%ré stlaalté’gﬁéé hAVE 1én gﬁe@ga%ﬁéa-ﬁéﬁptfé IRatRhRE. £ to

ss par r at a ined set polnt.
CS&@?’@G% is 20 hence directly related to

eI | activities throughout fernentation. Control

I@iﬂeﬂﬁ@%ﬂ% M éﬁ&ll&b’f!%ﬁ oPg %édu&%ﬂ cf)ﬁtrrolfaﬁﬁﬁltmﬁgb fé“ééimgrlﬂjtnents

ns_incl ude

TLp1oBh BRI ProsR bt Gt ) §shpen & pilr P B bbu Bt i
ﬁéﬂ%d%ec'ﬂb{d@'étqdﬁ@ cplbpetivities tthfawghﬂugfermﬁﬁfﬁﬂ@@ Control parameters
Qe ViedidePNBed ot f6ed-pdskadoned oftférmentatieds teflide pHoaIGS,

%Mfeﬁﬁé’és%ge{& 08 dip i L\)%dtotlg?érfatgn%]ﬁﬁ (D8, Théss FBthoas
Bake 15 baley thﬁéh'ahgsom%%é&%s@wéhon% RGP Ened Wil pirAbipol

siek opowarrfeekingtthecnﬁlamelwng thedfed nulientised (WO 99/ 61633) .
When appl yi ng anot her, nore conplex al gorithm both

e nd t.h ed._as control, p ters
7B B bor R ok BT A% pECRAS e ENEA S Sen
Grsipreat adeflinedseipoiniby the faedingtaedyvas UredTRAIO RRE1633).
controlled by the agitation rate and feeding of a

e I
mﬁeqﬂ %S)ﬁlﬂ ﬁgn&ﬂ m@% gﬁﬂglg%ggk Tﬁg/r?%%th t%ﬁgﬁT &4 Eh%cﬂl-} were
NSR9 AP G’ﬁf‘ dqagggp@tgrs for a feed-back culiivation method (US 5,955,323;
Chen et al., 1997). In that method, the DOT was controlled by the agitation rate
and feeding of a concentrated complex medium (glucose, yeast extract), whereby
the pH was concomitantly maintained with ammonium hydroxide.

The application of feed-back algorithms is accompanied by a number of
disadvantages. One is, that the feeding rate depends on current process
parameters such as the DOT. Irritation of the process due to whatever reason may
influence the control parameter and has therefore an impact on the feeding rate
and consequently on growth and pDNA vyield. For instance, when an antifoam
agent has to be added, the DOT changes (normally decreases), which results in a
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paraneters such as the DOT. Irritation of the process
due to whatever reason may influence the control

paraneter and has therefore an inpact on the feeding
rate and consequently on growth and pDNA yield. For

I méwanfeedm@hafé ¢H|saﬁéke%qmegrg?§g§6i aésstlessbepﬁj&@ei@;e Further
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oS BBl PGP AETocFL PE S SRR Rioelrethy Sifle

Since the oxygen transfer rate is coupled to the DOT,

t héndtbeddibamblantzgetaf Gddddshck eenlraids that the spécifiegmatt @ts can not
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C Ot fspEtiael graval whtb iwa@ shBwh AYaPda/aBd05Y OeKélned) et al., 2003).
processes, where the product formation is dependent

on_growt h. However, for pDNA 10 fernmentation, a strong
deﬁé‘é’ﬁtfé 06 thegtoeciie sianth ﬁiiﬁ cA baRghisyra Y arotherfyndamental
yi feedingmmodeneasep eni thé suglpuitfbed aictiunatliohiagan @ddbnential

96{!u49?5?15 Th&* é@{]ﬁbel%l’e Rlcoftrolled4383d on %@ﬁéﬁepeﬁ:‘ﬂctd?&mh rate .
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AN e R M el
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f eqihistrete @iteS povRAL(LIMdr REnIIAS8ELrOH the HRAIZS e&P&fe‘fffdné?nt
growth rate p. Wen a defined nmediumis applied

grdﬁ&)h can be exactly predicted and pre-defi ned by
the cal culation of a biomass aliquot X to be forned
basedinogntionedesstifst in AV © 960005 upsOA Easbnebitig €4d-batch process

t
QU TRESIT AR 8- pg{%dﬁ §2?b@§§‘%sy%@5€%%%e%§éﬂ%%§é5%
x‘?ﬁsﬁehweéa padk- bawfdﬁa &dow PG} Vigld{d Aime/lendase mo/g dry cell
pr\migbit) i loranathgr eb@mplaéoraemolgdfntlﬁl fekdingfa pliasmiasgeld 503@mg/L
QUW Wek Hhieh&d (d—kem}?é&y é’t%ﬂcﬂﬁ%%% hi M‘é% yield of

\ /&
y'n%%rﬁ BB Y T 3 S S ohihe phthneptial feecing
yi withiteptpesaiurayeantrofiable suhancegiegt ciplasied rerisateth these

( @xseipielyt edpopéntial RRARY, orfly DI keedp BNA. Yi0eBghle d&24flis on
ngﬁr%’?' A nn%ggﬁélﬁg%h@ﬁ V\BE%IHd AN /o & f@Jm dbﬂrr%%@ akﬂ)exponentlal

nti al
DRI PIBCESSRE £ 45l RN ESHERPEBRIE Deih the hateh gedium and the
r efpéd cadion. I n these exanples of exponenti al
feeding, only O Kennedy et al. (2003) gave details on
In summary, the current state of the art in fermentation for manufacturing
therapeutic plasmid DNA can be characterized as follows:
Batch fermentations that are widely applied for pDNA production are associated
with technological and economical drawbacks. For batch fermentations, complex
or semi-defined media are mostly used, resulting in a pDNA yield that ranges
between 3.5 and 68 mg per L culture broth. Fed-batch processes that apply feed-
back control either use semi-defined media or a complex pre-culture medium
followed by a defined medium in the main culture. With feed-back algorithms,
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pDNA honogeneity, which was 50-70 % ccc form
Currently, all exponential 30 fed-batch processes, use

woansiereeconponents in both the batch medi um ardTERe005/003599

feed medium In summary, the current state of the art
in fermentation for manufacturing therapeutic plasmd
DNA can be characterized as follows: 35 Batch
fermentations that are widely applied for pDNA

pguggHraty.& S Bér‘é‘ve@ﬁ S861AH 2490 rHQ/E Raf 6€ BHRIRAI E?Aon@ﬂﬁ’any fed

PSRl Yo cp T e Ll e, TACRESPIGTR Ph S He el
pgENnentativns is frag braadgesge b@twaeeﬂS 3ng 230 sl Imgenaral, many
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B8R CHItIReWReP R RAIFENIAGE Of\goeormeaer BB Ck can Bo Phiaies,
6 WD 2005/ 097990 PCT/ EP2005/ 003599 plasm d yields

bet ween 100 and 230 ng/L can be obtai ned.

onentially f ferngntati ons use sem -defi ned
C%F?EP%S?MF‘%/{‘ fer‘ﬂ‘@ IBYediAny yiel d of exponenti al
fermentations is in a broad range between 18 and 220
ng/L. In general, many pDNA fernentation processes

f 5
SnbeePr@SF'["‘gg‘]"%\%8Eﬁ?n§ng R Blistet i PP BTSN a2
thapufgsleiring Q@alen@faﬁrﬁ@eﬁ gali cells thatdbagnp plasmid oare/ingwh geee of
anfeesstend AGe gRIwnGa @ grecatteréeind $Ubdéduantyberméiied mesimain

Bc!dltﬁF %%lh Fﬂ’i% &Blnocfulthltéqs laq’&? %#cﬂ :Brc;lc%sg— Q@mﬁrr ﬁgBatca phase

|nven ‘i on
e&ln%waEfe%?tﬂ'Wge %QW ofhe P@fiCh plzasec%ﬂ thespijtyre

tihadiubreaddesl quriag hedfeeding yhase aregeneeicly defrtesl; esd therailture

fMEélhngéﬁHQ fd iy dﬂ'l'a%e Gubd deaﬁegst%ilbsﬁéﬁﬁgﬁto{‘ ¥he feeding phase,

R P R S A A T

phaiiaining theasfesdidiongvibhaieat aite-delinadvedueredi um of t he

bat ch phase and the culture nedi um added during the

Iﬁgﬁ% ﬁ}%ggn}%hoef tlfg érggg%%\ﬁ as!é')( tﬁlg éadnﬁagéﬂngg%éch&p’cgferg iSa
fihaditnhabie etxﬁlé'S*F’@é&Pﬁ‘@%ﬁ%@féhemﬂﬁa”édﬁfé@@lSH{Q'? 6erBPIeats.
follows a pre-defined exponential function, thereby 20

”ﬁ'é‘ﬁr@fé}}éa%{ﬁwdn%@ﬂ"{ﬁe f?acgﬁﬁ)w fle rfé?eto“r‘r1gfﬁ&ha%‘.ce %ﬁﬁnéj%lﬁﬁ Sdition

resen n

|
e Yere R TR IR e epRRN B U IR T AR PP ghan 20 % o
ethe ltotsl drglopll eweighd feke oftainke i thalfégdintephaseds gémaghted during

CSHIP AB8IESof the feckiivg hgg@ferred enmbodi ment, the
fraction of the feeding phase during whi ch addi ti on of

the feed nediumfol |l ows the exponential function is
slncehrrefestedreimkodimant. abmedigs including the medium used in the

pre-culture, are chemically defined.

In the process of the invention, any strain of E. coli may be used. Host strains
useful in the invention may have any genotype; preferred host strains have
mutations in the genes relA, endA, and recA. A the most preferred embodiment of
the invention, the E. coli strain K12 JM108 or a derivative thereof is used.

In the process of the invention, any plasmid that can replicate autonomously in
E. coli can be used. Preferred plasmids have a ColE1-type origin of replication,
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medi a, including the nediumused in the pre-culture,

are chemcally defined. In the process of the

invention, any strain of E. coli nay be used. Host

strains wuseful in the invention may have any
genostypeterdbleh e plieon h@ﬁ\ﬁedsﬁdrﬁbw@gﬁﬁn@ﬁo{@hﬁy}d@%ri%ﬁ by

t ; K S referre
erot A0 MeSpfio, R sBRth-PRRGy el MRS (P 51 R T

JMLO8 or a derivative thereof is used. In the process

of Intthe prazesn bl tha invantiom lties mediutheftthe Baich ephsecaickethe medium of

auhe ey Hﬂ\q:bﬁlaé'erbre EhemRbily &&megepﬁém%‘?%ly BN @LRUARS medi
l.asm,.ds ,have a | E1-type.origin of repligat]|on, %’

O RSIES o a0 Cacin s RS i 06 CHATUCETR g ek i ehmeans

r pey demotiegritain @ny complexpuidiyrh zempdnérds.i Thierraltline media used in

dehe prdards by the Vh@intian adstaiMemsdrisnic E888n s @tk SHBrePiy Qlcose,

et . ? .he_ invention h

e oneoot e ipGhbilE oRIBER SR Rbs ICARMOADE s, filfrer

f SOTRRGCPIvAR INgreanih adfscaantajnioe Magependgnisfaeelamients. ki gase the
C Ulttaiirviateiuaotropedc for a specificiditignt, bey. anRarvinede itfamite or an amino
Prfid S dhi Lorofie t&@%@u%?ﬂahé‘e EiofeGre s mpgﬂ?ﬁumﬁ hey

do not contain any conplex medi um conponents. e

culture nedia used in the process of the invention
cdrietsirablgrihe cgliune enesia bidhe sventien aprieterf ablibotylssso®enally
an@e@ner iRfpoEMG @ dMUtiBA Préssiicl drRE8MIaMELARS cdiiske

amoni um salts. Further 10 conponents are inorganic

salts containing macro and mcro elenents. In case the

st/P gipetesred xaraobpent of theringendipe.che icelturgmeidim cortaigs, a
Viitdepiendent at fusaitie@miab a@il Axtai@ph@Gddleuite TAE means that

pr r.e : ; i

. e pAE B8 iRt BR6 Sho BT ol 85ERbphl b oleucine. n

i 102 AEsHiRaL? sirpip&ioes Nays en lsolucks agxotiphireipplouaine isgueferably
f @regemp sd ngn@nreti@cthabexqeeds teramamt ptasshg-foecsmpignenting
cabhldauxofrophpr ef erred enbodi nent of the invention, the

cul ture nmedium contains, independent of a possible

am no acid auxtotrophy, isoleucine. This neans that

i dhlecdiewieratmyanskthps dweireding sae bk evich the gedwih irate ot

aualhtafeli-ondyohavesdHyaafictBat dridurdd drb@thGASR ¢dn8tand plasmid
_Stréﬂchp&‘PeS have an i sol euci ne auxotrophy, isoleucine

is preferably present in a concentration that exceeds
t he anobunt necessary for conplenenting said
autdtesr sopbrisingihbegr fowhd thizt tree method of thednvdheoh aRdita®m a pDNA

r 3l BYm¥R 8n 608 ns/eWhé o ESfi% é\?ﬁﬁ 3/?3?(%) Ef @C@F%Smgﬁ?fy cell

ave ,any, val ue ensure
E%d\%h % ccc can be reached.

BIV\?&H FERY A& t fomogeneity %¥ more than 9

In a preferred embodiment, high-copy-number plasmids (e.g. derived from pUC)
are used in fermentations that are operated at low specific growth rates.

In fermentations operated at low growth rates, due to amino acid starvation,
uncharged tRNAs arise which increase the plasmid copy number. When
relA-negative E. coli strains are used, the cells cannot respond to amino acid
starvation in terms of metabolic down-regulation, consequently plasmid replication
is enhanced. The additional supply with isoleucine supports the disturbance of the
amino acid metabolism and increases the pDNA vyield even further.



It has surprisingly been found that the nethod of the
invention results in a pDNA vyield of nore than 600
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cell 30 weight, whereby a pDNA honobgeneity of nore
than 90 % ccc can be reached. In a preferred

enbodi nent, hi gh-copy-nunber plasmds (e.g. derived
frompUC) are used in fernentations that are operated
at low specific growth rates. 35 In fernentations

operated at | ow ue t

e esrhure el RO i orape S T Eh OB restus n
ploaﬁwrddn@giwghmeﬁc awh yplumetricAiele ghelpsaidNA siqcompanied by
Std 18 R HoMogensi§bf i eDRRlthduglRdi e feAR@RBLLN tn@ N No
acid starvation in terns of nmetabolic
down-regul ati on, consequently plasmd replication is
enhanced. The additional supply with isol eucine
s Wgtailéd Deberiplicn of terogentiot he 40 ami no aci d
met abol i sm and i ncreases the pDNA yield even further.
8 05/ 097990 PCT/ EP2005/ 003599 It has been
sﬁ%@gﬁ%l y found that the process of the invention
results in an outstandingly high specific and
vV oh tHERinktho d\of Hedin@éntidhasmy) shrdNGf £. a6 ORBRBE @Seddthat éan be

h'cﬂﬁwla“{%gﬁ&gn%% Bé(d %feghﬁ tﬁ%&)ﬁ)}%@ slt’l%rho trlveg?r m, Iﬁ 12 is used. The

scriptiron o
| $etestienAf ameenroeﬂa’tauhﬁstmra!mmeh ge rl?éﬁ%@ﬂ e hqsbs genotype, i.e.
I iveespedliic matayiosd claractefizify theddtiainyayd/beon systerhitat cobdpgarison

by sEWMrbi AfiRAniRp@iflShta e indmes Preferably, a

straln éerlv fromlﬁ 12 1's use The selection of an
appropriate host strain may be based on the host's
gémetpygferred embodintent op thei ifvantionitthe stais hab amadaion initimy

t h@lAséf{n@ ?hls@@ﬂé@re@ﬁoﬁé{@é %‘ﬂlﬁe §yrﬁ|@é§iea<5f' Roshse feftraphosphate
veral, strai
of

e
0753 Sl e s E A FE0R R s 5 BRI R G spdbofise n the
a callivaen aminmagithmitation. JereéA+ strairs, gatieo acid fiaiginndeassdo a
f dowhhregaptibhedssential guannsic pathinlys avones iDRA replication and

( Q&%@‘?ptlgﬂ (Wrc%leafl nH%&gkﬁggh 89 rStF% r#qgﬁé‘@ 5 F){ﬁ atlon m the

ent

affiiceae taerf»fomﬂ pgretfrwﬁ to gFpw é'antp "@PV‘%ﬁt‘hE'aS@Wﬁ MBOB@WO acid
| ilimitatdn, ovhidchelsaksbdem smommmweeeglumbrtm podrequisienfor glowing cells

e 8RALINCaMRHEMRYS AR Wigthibh pRPNRId @glld%ﬁ@ﬁ Q8s Aft¥mann

tr nsc (Wobel and Wergrzyn, Stralns
? E{dggﬁrutatlon in the rel A gene therefore continue

to grow and to replicate plasm ds upon am no acid
| il tf@thed prefehéd Brinaginke® Bf B wWentiéh, %s@lrdlmﬂr@nh addition

8@?5?@%’ r‘?ﬁh%]ﬁoé %utg{éﬁg IHQhecﬁerle% of%? (en% f.[]&é%s;é ; %nd of recA

ned I'on
( scamRiination system) are used smce these muta’uons increase the structural

integrity of the plasmid.

Examples for suitable host strains are DH1, DH5, DH5-alpha, DH10B, JM108,
JM109 and HB101.

In the method of the invention, the most preferred E. coli K-12 strain is JM108
(ATCC No. 47107; DSMZ No. 5585; genotype: F, recA1, endA1, gyrA96, thi-1,

hsdR-17, supE44, relA1, A" and A(lac-proAB); Yanisch-Perron et al., 1985) or a
JM108 derivative that has been obtained by genetic manipulation of JM108.
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the invention, host strains having, in addition to a
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(endonucl ease A) and of recA 30 (reconbination
systenm) are used, since these nutations increase the
structural integrity of the plasm d. Exanples for
suitabl e host strains are DHl, DH5, DH5-al pha, DH10B,

JMLi¥thg hodMi&8eming iH’B&ﬁ]{neﬁﬁal FenfcheutioRs 86k infprdiM@nary tests
[ r 1 in i
s EGES Plner s lyety. 24158 spowEBkansidi e HuReeiona
r €A (both yplumegin agbspaciiic). 1,  hsdR-1 7, supE44, rel Al,
X and (| ac-proAB); Yanisch-Perron et al., 1985) or a
JMLO8 derivative that has been obtained by genetic

i pul ation of JMLO8. 9 WD 2005/ 097990
p%@@

05/ 003599 During host screening in
experinmental fernentations done in prelimnary tests

| eadi rﬁtgthbte of ﬂ'{%ﬁﬁ\?&ﬁ‘ﬁi@ﬂtcaitw 'B)\é%ﬁ%& %T;thcl-;] gﬁbﬁgfaﬁtﬁ?é"@fauny ptlars_rr(l:id that
con n e | e . ) |,e . . A
AR P yREnddeRToBriE U kBsber s plfeiGalielignorion.
c aRdiisespastve of the frdendad see e 8s 8fgean Jhasarisyaaiprtds atvector to

| beaajealisea DNAAKICONONBUIgbIeEPIhsraRkiapd) forexBmpididrived from

| pERSREC U&@s,‘%‘f;ué ,prcsmsgma)n efy.lgin, 10 and
Irrespective O the | nt ende use, e.g. as a gene

t herapy vector or a vector to be used as a DNA
v ficaipneferred ietrdivdengyit @f thedsveantien, & plasmidamgying al€oiEv egpe origin

ngifo@epli?ﬁ%?ﬂl e.g usB4GHR ntragé@@f : hbelﬂﬁ@vewt %s(thé’t\ﬂgbﬁ l%grgrﬂ% cii imfation,

Pghsls” S @Raabes i 8 B Rl H5e pge

THecharope tRNAs ideraawithine GaJET renlicatjsororigin ina way that leads to

| bividriahedt replicaidafirate SRS pIaEMNAThis\¥esths §frﬁ1§%‘?§/vgen a

changed. . W ?an@ e. ese uncharge

t%sgﬁ?f égf g% @Hgf%%@%réggl cation originin a

way that |leads to an enhanced replication rate of the

plreampadiculeniy prefefred eribedstent bt indetiod, o @OIBA -detived plasmid of

| Bk Z . _ a .

00 M el B BB e g e

BV 1B Ics B RHBIELoR 1 e RPY, CembSFRELaAsaIG R OlgfuRom and

MVaeRlienre thergfere a Wighies plasmist capy remmbek than 9@ 6yrmia Qeitldtype

Thigisnid&> IStk dsplizayéh-antiBHcMg! el &F rbMe pla8Ms was especially

n%’ﬁ@\ﬁﬁ 'ag R gp%séﬁfﬁ%rgv(/{%trg{e% (Kﬁmga&dal., 1999), the combination of pUC
plasmids with a low growth rate cultivation is preferred in the method of the
invention.

Defined Culture Medium

A chemically defined culture medium is used during the batch phase and the
feeding phase of the main culture, preferably also in the pre-culture. Thus, in a
preferred embodiment, no complex components are applied throughout the entire
fermentation process.

Furthermore, in a preferred embodiment, no antibiotics for selection of plasmid-

bearing cells are used throughout the main culture. Preferably, also the medium
used in the pre-culture is free of antibiotics.

10
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especially shown at |ow specific growh rates (Atlung
et al., 1999), the conbination of pUC plasmds with a
| ow growth rate cultivation is preferred in the nethod
of the invention. 30 Defined Culture Medium A

chem cally defined culture nediumis used during the

o6 QuBliETAedlfn 128 in pEESETRIAR A g FEIRILle ey have
aidpnticl of diffesantppsiieRt , no conpl ex conponents are

appl i ed throughout the entire fernentation process.

F%%?gfﬁ?@&érbdn%%rcfy i§TL8LH Fﬁth@'ﬂ’é’-gblfﬁﬁ i 1RO A0 H%H%H,%%d in
f rfs g%{d_on ?f sm d- bea |lgqg %el fare use fruct

t HrelGgH Ive The FAORN ISPYIcE. Madt %‘?%‘Ei?@,roﬁ‘lgi%cqsﬁerucose’
miagitase, sumposs.atabinosdh glysem! oubnywetber sarboeeowte that can be
aidtdb ks By A QoY QQIQﬁ/aQ%ﬁﬁfés%{ﬁﬁ%@r@ngﬁéﬁ%égﬁ:es.-rl*}_@ferably,

culture nmediumused in the pre-culture and in the main
Cme(%arrgonn%gurﬁg\}seglu%sgmi cal or different conposition.

5 An organic carbon source is used in the pre-culture,

i Mhe learboatsetureeddadnin tkandifferent phgsdsest thadted® anthie the feed

C AR ﬁ%grlﬁ?eeid@m{cgf Br gﬁ’leﬁe%.@sqawmegc%a%&?s%uréé iﬁ%é) medium of
| gct ose, sucrose, arabinose, cerol  or any other
 aseie-cisiicand fiabatetnmegun it Blairy B4t Ste idegionl, preferaby,
wiid saage canboorsesraefis disbfeentiriedda timmized onadies..

Preferably, the carbon source is glucose. 10 The

oL REReTSH R fhe pehteiafitn b roBE SpdareyaHengs betweon
dicafbarthea. 1%Ll prefaiebly gabthtosenuBE ¢/li. M helseneasdiation of the

t berbph @odreket magbaimik tdife rathe breediuenal it e b medium of the
CMaﬁNEﬁtu?é.e identical, preferably, the same carbon

source I's also contained in the feed nedium 15 In the
batch nmedium the concentration of the carbon source
mhythedegtind ehasse it is thee catbamsbwree oflB8 feggd megiuef taagireferably

C8ervéf ab thef fmitiRg sUbbtratd RS cGRARYE BIY SRLHQYrMith FA8, InGRE RRRY
b (Eiaide s

source na i

bSTe MAERNGF re frﬂégs%qr}etgg ﬁ}egiﬁlgn (c:x;@taing onﬁ/r]che carbon source.

The concentration range of the carbon source in the feed medium is between

ca. 100 and ca. 750 g/L. In case glycerol is used, the concentration of glycerol
may range from 100 to 1000 g/L in the feed medium. Preferably, the carbon
source is glucose, which is present in the feed medium in a concentration between
ca. 300 to ca. 500 g/L.

In a preferred embodiment of the invention, the feed medium contains the growth
limiting carbon source and, in addition, some or all medium components that are
additionally present in the batch medium.

According to the invention, ammonium salts or ammonium hydroxide are
preferably used to serve as initial nitrogen source in the pre-culture and in the
batch medium. Usually, ammonium chloride is used, but also ammonium sulfate,
ammonium carbonate, ammonium phosphate or ammonium hydroxide or any
other ammonium salt are suitable. The concentration of the nitrogen source may
be chosen such that the ammonium concentration is in the range of ca. 0.1 to

11
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feed nmediumthat preferably serves as the limting
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nost sinple variant of the process, the feed nmedi um
contains only the carbon source. 25 The concentration
range of the carbon source in the feed nediumis

between ca. 100 and ca. 750 g/L. In case glycerol is

uggds giNrg p“e@ncwfér@blyomeca‘mrgbmgﬁf&dnceﬂwuoha@l@ d.5 enta. 2g/L,
ggogtt ﬁre}qugly é‘c OH@_]‘ eed nedium Preferably, the
ce

ose, which is present in the
feed nediumin a concentration between ca. 300 to ca.
5®r0a ofdferr@Dembodinperef 2 ssleitbrestzmeinoriom ydrdxide is supplied

I@ﬁ?&%’r% ru@ﬁou{sﬁ\% JHRAd H\g| rCQMLA tgbcth b oft-OMf the pH IVFIue and

tin rce an In a
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t InbagmtTbls h%dhel mdvaitage trat dohgl the antmeonivmén picvited in the initial
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arAdFinithrenpleut de feymestation uente! obtheratbyaluervith lamaeenium
aml@kldml§ﬂlﬁb@rﬁ'&fo®e béfaTieRil HEcompaRAab ehedliscddMBdrivdiydroxide

¥)§j E%Egﬁmq{lydr%&}/de %?egﬁseqpﬁ%'t H&&@téd \%ftﬁth%uéé p@%‘uon of

The” concent en sour

c ABYEM APt iens 'aﬁ%meewmz W?é??‘dﬁ? ‘P%”‘Pt'ﬁ srges and
r émgantabit the. cuburie. tSincelthe WOP @Y OBhGATAORIuM hydroxide is independent

S%E%pr lggéﬁrr%wtl‘f fate Iﬁmﬂmb‘%dﬁﬁﬁ Lt op{h%ff%cﬂ% Yigofitheh. The
o PERGIBNG Py sngnomgmsoyfion ey e I en 2 bana 5 8850 o i

eAbwaNiEM: , a sol uti on of ammoni um hydroxide is
supplied 5 separately throughout the entire main

CWr@%&{q Iﬁ% ﬁgéégsérgr mCt?lg 8& of!ri% ggﬁoo%éoq %u%ﬁroﬁﬂg {%‘% I‘gg{ sthaln
fhed gh am?dtqﬁréC% Sntﬁ‘ aqﬂﬁ@@eonqﬁr gofmefl they éelgvﬁréﬁmgveamds
t ndaen nedcomtig toee peestenped embodirrmht)\ih@lﬁdbtlstraMH@JMﬂDB isalised,

bakedh rBgd Féérfbr d@ Fd@vtl?r% |Y18 In‘Fe %J@% fjﬂol‘r’%em the

cul

nen
coHbER Fiestd 5 sopantet ﬁéﬁ'ﬂﬁhﬁﬁéﬁ@i%a&i@eﬁwmwc o acids
cerssalanpreshnicn e feedt meditier retheaasethat Socit aminogicidstaze

pHréééhHﬁ tNé feBd %@S‘Tmfcbhume rﬁéﬁiﬁ&)@eﬂ% éssraféll‘irhllﬂﬁé fe{%rg to control the

oBih S ndi ey B JXP%Qdeﬁé L T S e e

\MCPYFFGPH@“%'@O% (o theopustrophis @mine agids pey Pesiharen befween

t be. Oresltcuea. 2WiL endiyretatsle casoRtg/ic stress and thus
inhibit the culture. Since the supply w th anmoni um

hdrOX|de S|$F§1Fs)end nt 15 of the feed, it is not
g bRAPIFT ‘?ré? emp thg mGntign,the GHltyre Bnacdium cagfains,
alrgepéendamt ofTdn eossnble amino acid auxotrophy of the host, the amino acid

isoleucine, which is present in the medium of the batch culture and preferably also
in the feed medium. Optionally, isoleucine is also present in the pre-culture
medium. E. coli K-12 strains have a mutation of a gene involved in the
biosynthesis of isoleucine. This results in the repression of isoleucine biosynthesis
when isoleucine is absent and when, at the same time, valine is present (Lawther
et al., 1981). Consequently, valine is toxic for isoleucine-starved cells. Interaction
with the isoleucine metabolism by valine was found even upon intracellular
generation of valine, but this effect was abolished by supply of isoleucine
(Andersen et al., 2001). In the course of the experiments that have led to the
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concentration of the ammoni um sol uti on may be between
ca. 5 and ca. 40 % mim ammonium It nay be necessary,

wonodsihe7oase of an ami no aci d auxotrophy of thecnE®005/003599

strain, 20 that the nmedium contains, in addition, one
or nore of the relevant am no acids. when, according
to a preferred enbodi nent, the host strain is JMLO8 is
used, which requires for its growh the am no acid
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t i siediot AR bodifeslbafed theUhietdtplian &f preededls pb b Yciteseid. In

| ébsterlﬁ aEQ&ch;ﬁ?e%' itth tﬁﬂ op %’1 hy gcnhéoé @%ﬂaﬂﬁné %@éﬁ&ant

resent
s?Lfbé’["ﬁEFeﬁ Q(Readéj'tfﬁ.ln?m qnngd%ql '%tWUTWWW% In theyqqabagtiment of
bihe Syventtiers whichfuses tlechuost sieain Tl B8, #sarhing has tb be present in the
r&ﬁfu?éﬁie@f&gﬁf hia?r%c—?}é%r&%ra%@%}’égehﬁ%'ascoﬁﬁgﬁi?aﬁé‘n%&wéél{‘@a 0.1
Shritp @%éﬁa?sef BBl 10 ool § ke ne

|s tOXIC for isol eucine- starved cel | s. Interactlon

Wbbnéé‘lﬂm@@é@“ﬁ*a%hg@iram@ ﬂoﬁWole %Jﬂ%d@%w%@é’rnather
el%u%g %Q?L?rﬂ saﬁl%gr%c %45{8@1 %Jltagleen eIrh%t 8Qenq a]tléﬂ ok ﬂ']% géﬁes \J?ﬁ %alt(s)

(AngErlbehptweensa. 0. te@iya | a Ltarréi ig @cﬁfg@bb‘fcq Re25 glL.
experinments that have led to the 12 V\D 2005/ 097990
t
Va Iﬁaﬁ%&%ﬁé g%@%&@gb&f&% thé‘¥c§?ﬁ1 cg a@[ﬁ&' LMo 2H,0,
eTRNCEBNITLS S2USoIoR S5 KabiH e N?é'z L B NGO,
V\andﬂolu(ﬂ\lH&bﬂP@mmaﬂw tdeel. Themohyentiatinn iof thegqpihoispleorus salt(s) may
| e heRrRH ctaf@% wc@ d5@fL, #@r%mmiy @%@Itsebﬁsfgamtrhast pr&iBrably

LT AR B B e L

errbodl ment of the invention. The concentration range
Off lebrptLlikel datsiumironb Eoteitpaeihgb A 8% €BpSdr.and. e 4re WBaally?2

gérjg gr?tg%'thcé (Rﬁtﬁie%gg’lg%sqa‘ovs)s &?(Cﬁ’% El@zo ?ht’ﬁe%rlr%e bém/é{an ca. 1
Roheelaraty .Cﬁo?am/'e BSOS 7 imthedp0ge hefween ca. 1 and

SCH pHOy prefdrably th. Srdongil.el @Rty Oan dhananige belvwsmndss 0.5 and
(¢d.a0epRf&aBpLa) 2. 53R, MRS OB ik 198 B between ca. 0.1 and
ca. 5, preferably ca. 2.0 mg/L, CuSQO,*5H,0 in the range between ca. 0.05 and
ca. 2, preferably ca. 0.25 mg/L, and ZnSO4*7H,0 in the range between ca. 0.05
and ca. 2, preferably ca. 0.3 mg/L. Any other salt containing the respective
element can be used in the respective concentration ranges.

The above-defined medium components and their concentrations refer to the

medium used in the batch culture. Usually, the concentration of the nutrients in the
feed medium, except for the nitrogen source (which is added separately during the
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substances that positively effect the netabolism of
the cells, e.g. citric acid. In case of auxotrophies

wobRbeyrootdean for am no acids, e.g. vitam ns, theCT/EP2005/003599
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rel evant substances are additionally included in the
culture nmedium In the enbodi nent of the invention
whi ch uses the host strain JMLO8, thiamne has to be
present in the 15 culture nmedium Thiamne is
prieddaigiiHage pis @aEDold B éa. a00TBIRILHIGHdr @R ddRipaR&NtoGhe bBtch

?ge(%ﬁn 100 ng/L, nost preferably in a concentration

ut 1 ng/L. Magnesiumis usually supplied in the

formof MgSO4*7H20, however, other magnesiumsalts
arfe seginrhiing regliteadang.thd fead me@lamicfcﬁfténwtmfsubb’eate usually the

”%be%ﬁ'sHmcéai@t%SQmot% tHa® sL{{jr‘d %mggvﬁzgﬁigﬂ 5‘2 Ec) ol?ﬂigng

IS era
SappPprae) e SopmPulim ey Rentelsy Aot SielbpesUghenmgponents
NaEHR@preseis () thethatchainsdiumt loeraliptitthisHo tass psafbtred sthe lfieed
agndtR Py DB ER v BhiGh onéﬂﬂé"@?%ﬁer@ﬂfjééﬂs of the same
(Igw 04 may be used. The concentration of the
phosphorus salt(s) may 25 be between ca 0.5 to ca. 25
g/L, preferably ca. 2.0 to ca.15 g/L, nost preferably
c&y V\&yQ)f gxkamBle2 fRekontpositord 4f thegiebd MWasdidiirs* d2idl®wing: glucose

r %§@§ d’*?lﬁbeffﬁﬁd. Lk drglﬁﬁ&élgﬁ_ %"}.?lb{}aﬂe 6 b%lgmlrﬁ]

Z| nc

e aRUS s SORRL it e D S PRl it RAcH PO 2re
bémmm; Gall"2H-Ga2an/lc & e ST, 7@ 1 €0 aig/ly, @eCl,*BH50 Mg/ rhg/L,

54 mnghe;Js@wm bed wgn ah@ zndoal,ero 9L.

prefera y ca. *6H20 i n thé ran
between ca. 0.5 and ca 10, preferably ca. 2.5 ng/L
MTsBirihg0asnect. ﬁfee preAgRt inentiesfclates to aXuiwe mediumdor producing

Eb%\%ﬁﬁcﬁleﬂ i6 &, cali éh iﬁfﬁialnufaaztﬁ%*s'@fbﬁnglé‘ mddfurh 6%1% ghemllcally
preferably ca. ngy

ggﬁ%ﬁg&%%é} ﬂ{éﬂ% range between ca. 0.05 35 and

ca. 2, preferably ca. 0.3 ng/L. Any other salt

contai an pgyanitecariespenirce/sele eted frent gloesseh glyusei] fiudtdsbe

respecijciRe CARFSRL 5 ?a%in%ﬁercﬁ‘gﬁﬁctury{ﬁer‘agpve defi ned

medi um conponent s’ an ir concentrations refer to
the mediumused in the batch culture. Usually, the
condBnan {organiofitrogen snured selested fronhammbbiune ealtsnadi um

except am@foniun® hidrbxigd, Q/ﬂwe‘ié]Hrtﬁg 88 'eﬁ %obl%e@éjgfééent as a
separ a

S Epéﬁjaéﬂ?%%%e‘é% iyt a2 E507L608 mechp during .,
100- f ofedMBNigH@Y: as corrpared to the batch nedium As a
m ni mum requi rement, the feed medi um contains the

subshr ﬁ%?ganﬂ:siﬁﬁ% hét Eé}@e a?f%ﬁfg@%nﬁ%ﬁ%&% a{riqgﬂﬁbm@tg&%g{s

that "i s grow Imting I on

carbon source, the feed nediumnmay contain sonme or all
rredid)erl@ﬁﬂmpH»n@“m er mpteatubstaacps tet nbmplentémé abaugdtrophy of the
medi UNE, @l straihbgid this is less preferred, the feed

e) isoleucine.

The culture medium of the invention is useful in the batch phase and/or the
feeding phase of the method of the invention or as a medium in any other method
for cultivating E.coli for producing plasmid DNA on a manufacturing scale, i.e. for
fermentation of E.coli in any batch or fed-batch culture.
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medi um may contai n equi val ent conponents, e.qg.
different salts of the sane elenents. 10 By way of

woxesoeot he conposition of the feed medi um i 8BCREP2005/003599
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follow ng: glucose 300 g/L; MSO4*7H20 7.2 g/L;
L-proline 6 g/L; L-isoleucine 6 g/L; thiam ne
hydrochloride 30 ng/L, citric acid 2 g/L; KH2PO4 5.4
g/ L; Na2HPO4*12H20 14.4 g/ L; CaCl 2*2H20 220 ny/L;

Fenfirthe Embddnaat, khe ﬁ%b%*&'ﬂ?&m?&t@{ is.a baksh Mé@% fﬂ%@us

51 [ L nd Z

7 by 82 S o 28 R O £ BERE AEE By e B e
ciﬂerﬁ*@“ Wé@?rﬂiﬁf"?rb@n%@%ﬂ%lﬁfﬁ ng plasmid DNAin E. coli

on a manufacturing scale. The nediumis a chemcally
e 1B HBohBahe-RBNALDS040A)soagy OF gani ¢ carbon
source”selecte rom gl ucose ycer fructose,

| act ose, sucrose, arabinose, or a mxture t hereof; b)
an ibtoraganingoniir Ba@enamwn'mm byelrexidee th & concemtnation swch that
sal ts gRthmAsniaecEmisA oM. 88 toWerghn the nitrogen
source is present as a conponent of the nedi um and/ or
or added to the nediumduring fernentation; c)

i norgaiioEganisions inat senue ve azsipaly iip precraiand Migts eleandts;
mcro elenents; 30 d) optionally one or nore

sub a &

Scf) Bgtfo%al (%e SPH'B& él@gfagg% fﬁé%&%@l@%en?gntapﬁotrophy of the
msdl uwﬁcﬂo’tsﬁé'”l ?P\antl on is useful in the batch phase
and/or the feeding phase of the nmethod of the
| nVent iiodleingAR oPeompehtktoh bf 8410, Phes. d@bnod for
culti'vating E.coli for producing plasm d DNA on a
manufacturing scale, i.e. for fernentation of E. coli
in any batch or fed-batch culture. 40 14 WO

205 FAr LD BT ERRE ARIAPS 8BMe ihvenforh i & R medium that is
egydg? (ﬂﬁﬁé thé lté%dmﬁg)hég%8 %¥etlaeoat£ﬁ/§%e§%tlér§ szﬁg ?ﬁﬁt%n\s
fermentation or at the start of the batch phase of a
f ed-dagubodesinnenteitiation aheh. G00tdENSO0 g/L;

b) inorganic ions that serve to supply with macro and micro elements;

¢) optionally one or more substances that complement an auxotrophy of the
E.coli strain; and

d) isoleucine in a concentration of ca. 6 g/L.

Exponential Feeding Procedure

According to the invention, addition of culture medium (“feed medium”) during at
least a fraction of the feeding phase is done by following an exponential function in
order to allow the culture to grow at any desired, pre-defined specific growth

rate 4.

In its most general definition, the exponential function may be defined by the

equation Vi = const.e™ or F, = const.e", respectively. This equation also
encompasses a function V, = const.e” + A or F, = const.e” + A, wherein A is a
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5 a) glucose in concentration of ca. 10 to ca. 30 g/L;
b) an ammoni um salt or anmmoni um hydroxide in a

woansaetmat i on such that the anmbni um concent PATIERPROEH03599
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ca. 0.5 to ca. 2g/L; 10 c) inorganic ions that serve
as a supply with macro and micro el enents; d)
optionally one or nore substances that conplenent an
auxotrophy of the E.coli strain; and 15 e) isoleucine

i Wal@eqm%@ﬁtvé@t\mm Qled“eﬁkanQe ﬂna? Qeé‘e?lds @n3nd/skaleld? fermentation.

F ERe/OFR" thr P - Da8a B erteRa 3 b ahiigd pridiRn > 0

a of dowisardh (4 erGress eampanechiods tioaticn wisergid AF @l ucose in
concentration of ca. 300 to ca 500 g/L; b) inorgani c

o el e EnbSail By vl I lRiaNEr BefiliRa she rage for
c@ﬁﬁ'ﬂ@ﬁ%ﬁeeﬁﬁn%}%ﬁﬁﬁdﬁﬂovﬁ the E.coli strain; and d)

i sol eucine in a concentration of ca. 6 g/L. 30
Exponentin%0 Feedi ng Procedure According to the

ntio addiiton of culture medium ("feed medi unt')
duri ng %‘(/S*Zl ®8ast a fraction of the feedi ng phase is
done by follow ng an exponent| al function in 35 order
to allow the culture to grow at any desired,

piethissfinetion. ¥psdhe Ydurge Beohthedeed medium totoe adsiad at the time
g G‘n\@nvall t [ldledalouidtedfromtthestax potherféed X, fidinettotin ammyinbér biomass
%%&%tf@%t é@i{dﬁé I:)&Ht qf}qstart 88 5{4,3% tr%r bfo angs yield

eﬁe%‘hﬁﬁ%ag%c@ HRIBHGHeY GrUBStRURANadir s inexSgcepiration of the
c grevith-doniting stpstwite (gsuallydan srganic Tarbdd sd0GE) 09 #FeFeed
PrkofR7 @9/ 003599 val ue that can vary within a wde
range that depends on the scale of fernentation.
Preferably, A = 0. Values A # 0 result in an function
t Hae funstiehor detning ikerfaedingamede an giso dewhasaderized by to} flow
agate onpariest tnedianf:uncti on wherein A =0. 5 1In a
preferred enbodi nent of the invention the function for
defining the node for adding the feed nediumis as
foIIovvsIuA/Ko XD, eut x/s* s 10 In this function, W

i it e 1 {3 ] of the feed nediumto be added at
t he ti *

In this function, F; is the flow rate [L/h] of the feed medium to be added at the time
point t [h] calculated from the start of the feed.

The specific growth rate u [h™"] can be chosen at any desired pre-determined value
and/or as determined to be optimal in previous fermentations or based the results
of experimental fermentations. The biomass yield coefficient can be taken from the
literature or determined in preliminary cultivation experiments. The amount of
biomass at the start of feeding X, can be determined by measuring the optical
density or by taking a value of previous experiments or by calculation of the
theoretical value via the initial substrate concentration in the batch medium and
the biomass yield coefficient.

The characteristic feature of such a feeding mode is that the feeding profile, which
follows an equation as given above, exclusively depends on the period of time
between the start of feeding and a given point of time. With such a feeding profile,
the specific growth rate can be pre-defined at any desired value.
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interval t [h] calculated fromthe start of the feed.
X0 is the total anobunt of biomass dry cell weight [(g]

wabkodshe7ddme poi nt of start feed. YwWS is the bPomaEP2005/003599

yield coefficient (g dry cell weight per g substrate)
and Cs is the concentration of the growth-limting
substrate (usually an organi c carbon source) in the
feed 15 nedium|[g/L]. The function for defining the
feedi ng node can al so be characterized by the fl ow

:Tﬁ:équg upénlﬂeforf %&r\ﬁeﬂbﬁ%d ﬁnoﬂ')e dgtgrnE tﬂi(;' w] \%I‘IP(J%C' w%y:% 8an be

FREFAIHPS Ypen sdrrisfion of tth cabRR S°‘|H8? ’Bﬁ@'h‘mb @fed
detamminee bytaarlin®br difding sedsur2menhef the eanbbn sogroewbhcentratlon

rcﬁ‘B? aR iddPeask Wt\f’/\g Fﬁ‘ss%h/@@ SRydn t%ﬂé’ ol Wléf?ﬂdlcates depletlon of the

SUESREF- 117 Bre ROBUILoTaF AEFR L olsEe Gan BALBH0P ARSRRIR Farelate
afithexgasiaimiinmalssiveluee(as aeteomined Byeonblinera oF-lipeghepsurement of

GRphddst besdcofdARghe atprieBfifddiié ervalifiohi tHelltart 6f the
qeer%ee Egt'gﬁd in prelimnary cultivation experinents. The
anoun bi omass at the start of feeding X0 can be
determ ned by neasuring the optical 30 density or by

trakiengethod af thex invemiosy sapgy empercmmatvmhdeed)medlum according to
%ﬁ'e&?bﬁédt@ﬁuﬁ%’g%ﬁ‘r@%n IbQ%EB@béﬁﬁ’x' vaYn@u:ﬁ\% n%é h E'B)?eféﬁéd ' a'

] oG IEHEF I e e A s D B YSDY FC s g
@fnn’rsculkeld by thepadergsmodtrolisystehaof thé éerfestdr, r@dgheﬁeddmg rate is

%hﬁﬂou@l? ﬁ&éé%foﬂawﬁglﬁé b%br@ﬁheﬂ'ﬂk’@ﬁoﬁbmé?e?y, the control of
et'we

XCl usi e rio

SIS Yo 8L GERERERRD BGuRRR e e bias R HREE (S
ﬂowwatrﬁl@rmromal@umm fhat s p@@wﬁ ithe @eaimrageatdingtorthuveight of
ficefed @ icon@athepimedsuree by aedlanabue. 16 WO 2005/ 097990
PCT/ EP2005/ 003599 The time point for starting the
feed can be deternmined in varjous ways., It can
dhBRdher fmpRdimsEh obsiREngaN.ghe fer?é'rlga[?i?dﬁ S§’6‘UP%'“P9 usly
firveedsat dly imeekh gimg itdep-déteaaarordity foythe axpaneeatialfunction. For

Qfs&%ﬂg’e?ﬁgﬁ%@ﬁr% %F?rﬁatss%ff féeﬁ%@@ﬁ@%ﬁ@kc@alculated at glven time

- F Bt M PR aebEedRa P inddi et & s feaired
§t4\|§1®9hmﬁe lmqrmsepqﬁtm fefegingtrate is steptwisg, the cequllisg profile of

mﬁgﬁgtshleéxd@eq&mgsen to correlate with a certain
bi omass val ue (as determned by on-line or off-1line

measur enent of biomass) or according to a, pre-defined
fn el anﬁif@rémbqwraﬁ%qféh%mmﬂ%\f therfaeding f?é@.tSadlmmmuously

increased. This can be achieved by calculation of the required amount of feed
medium at a defined time point and the following pulse-wise addition of increasing
amounts of the feed medium (either pre-defined or calculated, at selected time
intervals, based on the current biomass). Although the cells are not continuously
fed, this method still results in an exponential feeding profile leading to a constant
specific growth rate ..

In the method of the invention, any specific growth rate p that ensures growth and
plasmid replication can be pre-defined for exponential feeding. The maximum and
the optimum specific growth rate may depend on the particular host/plasmid
combination and can be determined on a case-by-case basis for each host-
plasmid system in experimental fed-batch or continuous (chemostat)
fermentations. The specific growth rates suitable for fermentation of E. coli range
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10 In the nethod of the invention, supply of the
culture with feed nedi um according to an exponenti al

wouoastoomocan be achi eved in various ways. | n &CT/EP2005/003599

preferred enbodiment of the invention, the feeding
rate is continuously calculated and controlled by the
process control systemof the fernenter, and the
feeding rate is 15 continuously increased foll ow ng

bBRveRRRANEIBIaAE cBun chﬂolh a B?‘é?éﬁ@d’ erribB@m@eQﬁbf e n‘?\fentn&t'i"ea low

ggé(ﬁﬁ% ér%th}r{eatte &t ﬁ%’% ga U(ﬂ)é ncg SRt {)ghhe'd US?d \}T'%S}{ gr%ﬁrﬁsly the
oFavth safgps Fd. 't he Theddvantage &¥f dowry ap@crtlﬁ grangh gigfes isfthat the
bhenfdéadallem‘rédi & replicat@salhigHed¥ogy RahB&C @hichQedlts in a higher

Q&i}%laﬁm%{iﬂéld‘@&t l%a§§1 %nbm@‘g&d[\)lgﬁltaﬂg t‘Eethal.ef%giﬁ H?ge(tf%%uc
Q

nu I NCr ease

HEEBP Fﬁ E)évq g the rogRss REME; “&Ye"‘lt'eﬂcf’thoéi‘hele‘l‘%‘?d

reﬂrbaimreat levnepadificigrewthrrateagAt lohg feeeld 1899). Mostinipdreantly,
FoviRla€ kb'\/\ﬁép%@lflé‘b rcith Bfted pBRokcbBHRY fbﬁh§blorﬁoﬂRN§\\é%Nch are not

:

Pdfger 3R e S FRB YO Het AR Wi dhe reatiagr
paglé of éesplegmidiinse way tieatieasialtoi enplapeest raptication a@gvity.
feeding is still exponential. In yet another

gf@ﬁ ?E&Fneﬂ ?fgngm'vgxt%t h%q‘e?hjnw? rfa?eei% e acﬁ L€ I%n%ntlal

E&CE‘EP KF?L&J?OBW ¢ ratiedeed P'&?eam)unt of f eed msdl um at
a defined tinme point and the foll ow ng pul se-w se

ﬂggérﬁin@rio %oth@rcérﬁ&?dlrﬂgnﬁ@\eaf trbth%sQEortn Bsd£8 Qgﬁﬁnﬂéwﬂ of an

ﬁ or cal c ec e

PR DL Phon% et Bt WP B SO 15 RRGSF PO TRbUgh. ¢ he
Exampleafer neotexpomeritialieading madel areHinsanet faedbaskidontrolied
feR8igt riodds, 81y RUROIRINY 1Ak pHeasiLe gogpérﬂflhé fehs@dl 'EGII HQnsf?ty or

?gggg&%d E»%%%ﬁ Itgrjls?ong([p') h rate In the nethod of

eC|f|c gromh rate p that ensures
growh and plasmd replication can be pre-defined for
Breferablyl nod-efmedntieg fectiirg isaubebmicnith etjimenfidl iféatmg.
SpeCIfI c growth rate nay depend on the particul ar
lL.asm d conbi nation and can be determ ned on
E‘a@ efipodiqaent Bg@ﬁénweal“%@éhcqﬁm'se%b%rﬁnoe@yg@r@ml apd a non-
expeeniia feed pHasd- thabgerab feeclong imudeus sicthibabsibed thad@a. 20 %

beheeshRdry @Qlﬁwelgﬁteto%‘%%télhé‘d 1] Wf@ec’] | gﬁa@Fs%hEr%téooéunng

BB AP Redhe nafit Byt W exat i T B Siwih fate in

ihe expprerTiial phasedsiohi iree fhe @pQrestialfuretionds steap) thesproportion
sitae iuftintatgy @ukifedradraastetoraian il wbidh), ang 5@6%, iQ aéﬁnebed at

%ﬁ’ f'a‘ﬁi%ﬁpoﬂig\ﬁ/‘ttmﬁrtﬁ;r?%ﬁgﬁ e f&gﬁmgg&%% Ry rru%t 2 lgwcsggcno i growth

anta I ower VR P At
Bt the plasn1d is allowed to repllcate to a higher
copy nunber, which results in a higher

In the case of a linear feeding mode, this rmode can be linear constant, i.e. the flow
rate of the feed is constant over time, or it can be linear increasing, i.e. the flow
rate increases over time by a constant slope.

With this combined feeding mode, growth and plasmid formation are decoupled.
During exponential feeding, a high amount of biomass is obtained (approximately
30 g dry cell weight per liter) within a short period of time. During linear feeding,
accumulation of plasmid is due to a low sp ecific growth rate. With this feed
method, plasmid titers of 500 — 800 mg /L. can be obtained.
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5 specific plasm d yield per biomss. Another
advantage is that romnegative pUC plasm ds, which

weanespwederred in the process of the inventi onpCsmE®005/003599

elevated replication at |ow specific growh rates (At
lung et al., 1999). Most inportantly, growth at |ow

specific growmh rates provokes the fornmati on of tRNAs
whi ch are not charged with am no acids. Such uncharged
tRNAs interact with the replication 10 origin of the

lasmd in a vva¥ that | eads to enhanced replication
&Eﬂ&lmwﬁ—'@&bodl ment of the invention, the
feeding rate foll ows such exponenti al functi on

tl'hé QHQ%W‘[ férh@mﬁﬁ%ﬂoh%f ftr%ef@rrﬁé]ﬁ%ﬂ 2ahbe Heliythokén, depending

B0 i SiiecB Aoge G ihe alabuiachters ot ReuEtaRytoh bisRigproduction
mh@rmwfa@wmgrﬁ&alesiamew takp ehevitlicato 2Ehaipses feplication during

ROAeAEREN RMHidHY djbr%mb NeadiMglRsa &Fé&ng intesdseqt the speCIflc pDNA

BRI O S0b o R QSR oot SARLEL i otic

en&
wiegﬂslmh@@dw@ﬁp éf&]pweﬁgq eirthe fsompntstipnps &g abialsy tg;omass with the
highesbpoesibletdoaterttetidh ofplasmiiUINA ] trenfermentati@ocanbe al

(SR at'tlﬁ\s ttlﬁ‘% &Jmoﬁ‘ngﬁgé stﬂfqn%lé(?\/'amég@g 'dﬁﬂn%h‘%tsubs?quent

' SES ntia en | a
SBEEnRSE and pHGIER AN s PR A SaRe alga b IR BOTRS S
teésaits ndow@0ysate 26luoies ehd shoterpracgsihes veirgetmare, the

e ceniresbrisibf bDRA iBesH Precasfk liie§Res RigRer. during the

exponential feeding phase. By way of exanple, if the
specific growmh rate in the exponential phase is

Beyend the goint plemaxipyAesiechic PPINfcepaeentatign.gdyNA replication still
PEAUPS Néddiny toofﬁcréétenngmNmfogbent@ﬁsjnrwl Lbbongsgsedsiref @ntents
gé%’? Iﬁgb‘las Hwﬁ@r‘i ¥he q%agof tﬁQ Rr{‘? \,\,ﬁés’s'saﬁ%tﬁg'ﬁghghghéﬂ 6{)OSSIbIe total
AUk of é’ Péefarmenigionmey bseExignesd 'i‘rﬂif"f%'%%tﬁ?s
Althouyharot é’emelxlnglmmlutespacﬁncsllatd)dletmsimtdzrqaﬁase ebhfermentation is

§fﬂf‘l%l?é?'tthad m%nytoh%eflantWodé l%ﬂd%vnoiﬁ fneyrf eed i S constant
over tine, or it can be linear increasing, i.e. the

flow rate increases over tine by a constant slope. 35
Whishieplishiorcattsivioe gravisied iarhio mertre eqaf prwdesafldxipilitys whigh allows
fosHoREE BBWRER 0BG R or aEPth Vi ueefd @Bl alkndye@ébelﬁaent on
6#\'9 %ué\{f%g] NS Eu@%ﬁ%@?éeérg%s% tf‘?i’\n as &Yﬂg R ﬁm)g gﬁ%g/ L
ePSQW%XUFDGr’fh%@"@Wﬁ’é&? Oﬂéétﬂ%fﬂ”@“ta%burml ation of

plasmd is due to a Iow speC|f|c gromh rate. Wth

plisthid BRA H’gg‘x cgr B 1 invtftion SRR oBredi and
B@%Eﬁ%g%@ égggwn me%n asmi purl ication typically starts with the
disintegration of the harvested cell mass, usually by alkaline lysis. Thereby, cells
are subjected to high alkaline pH values together with detergents, so that the cells
are lysed and the plasmids are released. Upon the following precipitation step with
acetate buffer, proteins and genomic DNA get precipitated, whereas the plasmid
DNA remains in the clarified supernatant. The subsequent purification steps
comprise mainly filtration (ultrafiltration, diafiltration) and chromatographic
techniques. The chromatographic methods may be selected from, for example,
hydrophobic interaction, ion exchange or gel filtration chromatography.
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End point of Fernmentation The tinme point for
termnation of the fernentation can be freely chosen,

wdepesndiaag 5 on the specific needs of the PCT/EP2005/003599

manuf acturer. Fermentations for plasmd production on

a manufacturing scale usually take about 15 to 20 h.

Plasm d replication during fernentation is highly

dynamic, leading to a strong increase of the specific
ield in the mddle of fermentation tinmne.

Al t hough not at maxi mum the volunetric yieldis

hi gh. When the purpose of the fernentation is to

Gletldiatchyeoneniation af iE. chiéJM108 pargfingsthe ptasglid peRZ-hMCP1

concentration of plasmd DNA the fernmentation can be

A%r nlgén(?gl %ﬁ ba@éhsfehhgﬁa 091 \%s c%péds?lﬂ"i\’?aabrl.l lécglg fermdanter

adva

eRfiriedite re@ﬁtor)m% the dhepli Bﬂ%@tr@mm&wwmsa .thq plasmid
IPRZAEESP 1.I'BrdsIplasmid(4l Dhigis & vieetative of peDIAZINd(Iavitoden)

Q@%ﬁﬁ? 4 Blﬂ@sbn ei:rlé‘ré l@ﬁ{ re%g nc&ﬁﬁﬁﬁe’? T] é@ﬂé oPhte l;zsﬁ
1 B fm’ff?*ﬂ RA CEHREAY Ph e oA
rtlm)ﬂrarmtlptmm Qqntrbl of the euka;yoticeﬁwv frytanoegatcyises) mgrrptBNA

concentration per L, but decreasing contents per g
When t.he of. .t h |stoota|nthe

|
pebRBET ctREM o0 8o M S, POB TR s Bl b3
Petiied P8P mbrshekg flaek eoniainine $00mLi of a dgiinpe me<HHMs Thisavas
EOItx#dlt"e@OU@Fbtmtsfhakerrm&owmm ahbe7spethd pre- wltejrd naddidiri ivgas
I | n

03*”35%&?%%"% L, W#%?Hﬁ(? 2h gfl, SREOSEAGLE

anedt-2 glotrigRisudngp ¢i¢ ldé@'?@@edﬁ/dmcal?é g1 mg/ L, citric acid
12| i PfhiglPl(l;)E 441@1Lcwagr|ncmm2H2mAasﬁag/mnuetaneememeht spbiution
YBECGhIACTRE tricd1bigmekPs SHXRIN dofitaieBl eI (85 B M. B&AE f@aﬁtﬂt*szo

BR SFA Aombhenar i Buedpla %ﬁﬁ%@eﬁ@a‘? g
accor;?ﬁgq ‘{%@ﬁgﬁ\fﬁ%ﬁ?&?ﬂég}@%ewﬁbf :u p:gover ed

o PUBHA G2 RREEHE L R o) RESice FLASHl b = 1
(‘BMa§ ltﬁ@ﬁé GFradinia hﬁfefrﬁ@tﬁ%ﬁﬂﬂe@? dermestationwas stade| The mgin
alilkat ibatehlnyedism chheairelythe eahk so@apenchiptehé echntecdrigghtrations
%E Iﬁﬁ"‘ih'erb‘?e-emu}fél e Jﬂ&ﬁép ntéﬂ‘h%d"? dek B50F Ricdi Fﬁ‘loatttlh‘@t)nset of

ls. are e plasm ds are released
U%fﬁ ‘ﬁ'?—.“f‘%]lovm ng precipitation step with acetate
buffer, proteins and genom c DNA get precipitated,

whe l’céﬂﬂﬁerbhu?e wbgam]tdoue@%vwmaf&n{eh%n@h Whd bsé’rated with a

[ nt ca te 35.
@g&?g%g e of eqal 1 1T :f?tu ent rp\AiY/J aaelrr?t'eﬁ Iwitﬁ az;?{ cess air mass
ﬂpwahewzf atwmw(yolaﬁ@ %ww&{w mPHLIE anddBRMiedT dsL/mihe When
mmmmrca@bemtemetohmﬂ«spmyo 136 9%, ¢l veat dintaiead at this defined

?)ZSFPBy tﬁ"tcreagbﬁﬁrtf?@ Q?I}P&lt%n rﬂgeorf dtiABr (5081 0BY FHN9M sedfid
mcrears% olf e agltatlon ratg wag not sufficient to maintain the DO, the oxygen

concentration of the air was enriched with pure oxygen. The pH was controlled at
the set point of 7.0 + 0.2 with a solution of ammonium hydroxide (25 %), which
concomitantly served as source of nitrogen throughout the fermentation. If
necessary, the pH was further controlled with 25 % H,SO,.

In Figure 1, the volumetric and specific plasmid yield and the growth curve are
shown. At the end of the fermentation, an exceptionally high volumetric pDNA
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19 WO 2005/ 097990 PCT/ EP2005/ 003599 Exanple 1
Fed- batch fernmentation of E. coli JMLO8 carrying the

woplhessmothopRZ- nMCP1 5 An exponenti al fed-batch PCT/EP2005/003599

fermentation was carried out in a 20 L scale fernenter
(stirred tank reactor) with the E. coli K-12 strain
JMLO8 harboring the plasmd pRZ-hMCP1. This plasmd
(4.9 kb) is a derivative of pcDNA3TM (I nvitrogen)

glglﬁto%@b Prgq(@we%%ﬂwe%” E\ a%jd@ﬂag&%' Hof" f@ﬁh&ﬁ&@ﬁ HFRY HRY -
nt erest o ‘JLEA/[CP bglﬁrmnoc(}/ h
SRS ANA el Teaceg amaxiatinkon Af g PR bar 9 drygeslweight,
whideis difo aimexcapdinsalyi high \vaiue Jotvatsls thé endhef ferrhzm;ailouncthe
|fi(:‘§/3’éld368<9é’aébd\‘tbr1'5§% OOWL Ghis spEéYéI @upereeofcgbédmanca

cer 0l tra a

FBeER Viskt Rt Pt ﬂigsﬁaﬁ%wggﬁ s A g BBl Sfime
fdslfe fermpatatioa ¢ambgiahaseioi ke tapminated) dapgadent ond he reguizgrypents
sthta& etanataclfidg rpfcbbe@ﬁ df Bidmss Whie theregitast twt@ntneﬂp%mé\fa@st
&?E "ﬁ%i@g f@ifﬁ ByioR %0 oD Eindegeder MitosLitd e 2

"i’m@ ie y'eﬂqw?fa?fﬁo g/lLryl’L”E?c P%?%S(ﬂé’ah'sﬁt@ﬁ rﬂ'gh%ﬁtf’ﬂ Wmglric yield, the

pHbentiHIPEh B grdlapbky bhiasHaRIDA, Wi Oreddits3B abbiit 800 mg/L, but
3 TR speafentigsol ution 16.7 nl/L. The trace el ement
sol ution contained HCl (25 % 14.6 g/L, Cad 2*2H20
0.44 g/L, FeSO4*7H20 0.33 g/L, Cod 2*6H20 0. 14 g/ L,

Niteg O+ HiDadchl culiyation, Ziu@ssmiths HREEh 1Bedivniwastdepleted
@’g‘é@? Y HAG vids a@tetmin¥¥h@ih bhapie bE-ife ndikerehrd trhaebadyellow
I
?&anggf%ﬁri?tg gdﬁ'{%%}ztef Y‘gl fz%BB %gié p'a-fhee dgﬁq%aop o?’%lej ‘:([ostevg%\sved as
hasignehior g starhef Wﬁl%POf&ﬂt'ﬁUﬁ%d'%PW%H? faedc Bredidinm u@s

tdrepcsenasdalpangntsseal0d dik; MaB®,*THE® &t ¢/8] li-prslirho g4_;
E’M WRink's /E%Fa% iR rﬁiLc {Hcaalcfbeé’ ALilpo,

t set _ of er
4 eetlP P ALy
Ga@lz*iﬁ;bbﬁeﬁeﬂgm MmS@4 Hy&ck! pols Sub®.,®H.0.8Bgharand The
Zm@gnﬁ@ owagLaerated with a process air mass 30 flow
rat e of vvm (vol unme air per vol une medi um and m nute
=7 L/m n) Wien the dissolved oxygen tension dropped
@@nt@@m% exRongatial fegdincaivar eonitolledhyia taepriogess cogati ¢l sygtgm of
the dereasitargoddae oﬁg:udsr_aas;m th@tlm%a of %mb@esdeple!tueh (E=0Baidd0da
s6ase the increase of the agitation rate was

%’t&r%‘%‘r‘?n@i ent to maintain the DO, the oxygen

concentration of the air was enriched wth pure
the/peding Tate wiid amsert tmobtaih laqute-alefirgsl speeifis gtowsth rate pfof

o @10 P cotEd oﬂthé%éamga&t@\fvas;mmdnghéww ¥adss At nideer.

[ S SO

OB IE L RUmiliall 8ol va8 ioiBacunth WERE Brorgaugsie
fon exart graydh rate icpeliolwhediate swhicheald . be a signal for glucose
overflow, was not generated in significant amounts throughout mo st of the feeding

phase (below 0.5 g/L until 40 h). As shown in Figure 1, the biomass followed
exactly the pre-defined exponential function. Beyond 40 h fermentation time, the
predicted and actual biomass course deviated (not shown), and so the
fermentation was terminated. Figure 2 shows the current specific growth rate L,
which was calculated from the obtained dry cell weight, and which follows the
pre-defined specific growth rate over most of the fermentation time.

Figure 3 shows the percentage of the various plasmid forms over the fermentation
time, analyzed with an anion exchange high performance liquid ch romatography
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In Figure 1, the volunetric and specific plasmd yield
and the growth curve are 40 shown. At the end of the

20 WD 2005/ 097990 PCT/ EP2005/ 003599 vyield of 590 ng/L
was obtained. In addition, at 20 h of fernentation
time, the specific pDNA yield reached a maxi num of 44
ng pDNA per g dry cell weight, which is also an

EXERMPL@) hdtod ITlFoughbutahe Fdpas: df e fernterbtion, the
BELSAG MRt el o\ RBE EhAdk oA HalBEERAREE, fy s MO/

wsinipeed at:mwrewa' &5k fodingl %@%9&%%@%%%%% paglytical
cpitonertegram df thenplasrhidpt ithe eraf oftthertermehtatidre (42em)tisshawn in
¢RrPg chosen to be term nated, dependent on the
requi renents of the nanufacturlng process. |f biomass
with the highest content of pDNA nust be obtained,
fThis Bxamminshavisdhe exeellent reeults ofdeiverstiosrin fomis,of volumetric
BAS Ubédiftdyiéln, AcceRipdARt Witk YHigh Fom hepgbgerbity, |f the
process goal is the highest vol unetric yield, the 10
fermentation can be prol onged beyond 40 h, which
results in about 600 ng/L, but a |ower specific
¥ixeingle Af t er 10 h of batch cultivation, glucose in the
bat ch nedi um was depleted (Figure 2). This was
r$ ern1ned with a &9p|d of f - khne neasurenent net hod
WPNCRAPT isaieughis ofyhieqiaRayd Kl B Axponappl fsdhgtch
femeotafion Fhe. epMstOBon of gl ucose served as the
S|gnal for the start of the exponentlal feedlng phase
T AT R ph b S5 A
Erngéﬂl@uwasw%floeerM_apnxhnm?herféoma :d@@wb@dnrdaxaoplﬁ@/ L;
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sRAHIcBRvhgpte qﬁcyer 8{08 \mﬂea t%%np@ne@tleéfeﬁdg\ganenp The
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/L. unti
sitp ﬁ'ogxpmw 1 BotE PERp R A bR s omogenely was
apniod 9617 c8eyibadnadnumispedtia pBNAgfeld wite jsoldusine was more
than twice as high as compared without isoleucine.
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predi cted and actual biomass course deviated (not
shown), and so the 35 fernentation was term nated.

woi2eusre7920 shows the current specific grow h rabeTEP2005/003599

whi ch was cal cul ated fromthe obtained dry cell

wei ght, and which follows the pre-defined specific
gromh rate over nost of the fernentation tine. Figure
3 shows the percentage of the various plasmd forns
g\¥gle 1:he fernentation 40 tine, analyzed with an anion
éxchange hi gh performance |iquid chromatography 21 WO
2005/ 097990 PCT/ EP2005/ 003599 ( AEX-HPLC) net hod.
Tompagison of theehatgcterisiicsral eportehtialffed-beleh derimentatiohe with and
REthe6Ntha presehcs eviabiendime, cl osed circul ar pDNA was
above 90 % and was maintained at m ninmum 89 % unti |

42 hours of cultivation tine. An anal ytical

chromat ogram of the plasm d at the end of the

Perammetent i on (42 h) Tgnishown in Suddighmethd. Nddsum without
Exanpl e shows the excellent resul tisoi@fcidehe i nv&MuchHR

'fﬁlani ed with a high pDNA hom)g?énei ty. 10 @Zarrpl e 2
ID¥ careneghefindl sol eucigne on the plagmid yield iog@n
exponential fed-batch fernentation of E. co/iJM08 15
Sre¢ific gewih gatg ¢ir eeni MYy f er ment er s 0-@%he ef f ect 019
(REraafdwigdaedpomt h and plasnid production was shown
Ry IRy pDBIAd Pr ocegg/Ldescri bed gzg Exanpl e BggTwo
f@miamentations were carried out in the sane way as
escr.i bsgl in Exanple 1, wth the only difference that
ECifie AP0 ¥t ai ned TYBIK i ne wiereas the offler 20
8X0M™i d not. The remaining conposition of the
Spktine eDNRdoHRAtMAS | dRghiDEW *Bs described in Bxanple 1
asteWedXd (ggs the cultivation conditions and the node of

onentlal_ f i ng th rowmh rate of p = 0.1 W
?I:E’ q9ERENY HDj\Pg vvas%}"&ﬁ‘fg%’gti cal Y controll eé’qvi a a

balance and peristaltic punps. The tinme course of tne
optical density and the volunetric pDNA yield of both
25 fernmentations is shown in Figure 5 (with

"85 eItk yempestrEtes that the pigsenerief iselewning ini the pultuee drada to
bighbovdiumetricaintiabecisyivlas tiepaibiyinedeanicomlresiitoan
ORIRAR. HBREG bferdliMilisbRlanO thboNA R & forrfbtiditds is
the exponenti al eedlng perlo%. e VOTUNBL T C p
LSS WRgPet9dS h t he nedi um cont ai ni ng

i sol euci ne, whereas w thout isoleucine 398 ng/L were
obt ai ned. Table 1 gives a sunmary on

Example 3

Fed-batch fermentation of E. coli JM108 carrying the plasmid pRZ-hMCP1
(20 L fermenter), using an exponential feeding algorithm, succeeded by a linear
feeding mode

In this Example, E. coli JM108 cells carrying the plasmid pRZ-hMCP1 are
prepared and cultivated as described in Example 1. Other than in Example 1, the
feeding phase is divided into two different parts:

(1) an exponential feeding phase, where the feeding rate follows an
exponential feeding function in order to maintain a specific growth rate

of u=0.25h™, and
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30 the fernentation paraneters. In both process

variants the pDNA honbgeneity was around 90 % ccc.
woheosmaxgooum speci fic pDNA yield w th isol euci rRETHER2005/003599

nore than twi ce as high as conpared w t hout

I sol euci ne. 22 WD 2005/ 097990 PCT/ EP2005/ 003599 Tabl e

1: Conparison of the characteristics of exponentia

fed batch fernentations with and w thout the presence

o holFAShER soR ERBISH A bl B e
ceII me|@%ﬁ°?WQEﬂ Vire 0540mbA. 0 Specific growth rate
p h-* 0.09 0.09 (average during feeding) Volunetric

%(? (ﬁ)ﬁ%ﬁt Wﬁé#sﬁ%lrﬁgﬁom@&b&?&nﬁal%@ﬁﬁé&'f@ed?%k& Blkte, is
1

or nat,J on

i s s5porplIFA ifle. TR oardedlinil by SGre mnﬁ/'?ﬁ
dedopies: ﬁy%clgfLerrmnt@tlExmn@etmmmacé»p@@smd\wetdﬁ@re
pbefRCAai0EingS Ab_LBDONE 800 MdWDINAILLAH2E tb 88.dsy BONATQ DCW.
hi gher volunetric and specific yields than obtained
fromcultures wthout isoleucine. However, even
wi t hout i sol eucine the pDNA yield of fermentations is
still superior to known nethods. 15 Exanple 3
Fed-batch fernmentation of E. coli JMLO8 carrying the
plasm d pRZ-hMCP1 (20 L fernenter), using an
exponential feeding algorithm succeeded by a linear
feeding node 20 In this Exanple, E. coli JMLO8 cells
carrying the plasm d pRZ-hMCP1 are prepared and
cultivated as described in Exanple 1. OQther than in
Exanple 1, the feeding phase is divided into two
different parts:
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25 (1) an exponential feeding phase, where the feeding
rate follows an exponential feeding function in order

woQoosmordvai N a specific growmh rate of p=0.25kC1t/EP20VE/003599

23 WD 2005/ 097990 PCT/ EP2005/003599 (2) a linear
constant feedi ng phase, where the feeding rate is

mai nt ai ned at a constant value of 200 nlL/h. The tine
poi nt, when swi tching from exponenti al to linear
feedi ng takes place, is JdeLs 10 hours of
exponential feeding. The I|near ?eedi ng phase is
chosen to be 10 hours. By such fernentation,
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Chemi cal | y defi nedpaediP2005/003599
for commercial 35 fernentations. Appl. Mcrobiol.

Bi ot echnol . 51, 407-421. 26 WO 2005/ 097990

PCT/ EP2005/ 003599 dains 5 1. A process for producing
pl asmi d DNA on a manufacturing scale, wherein E. col
cells that bear a plasm d carrying a gene of interest
are first growmn in a pre-c @gﬁe and subsequently
fermented in a main culture and the obt ai ned plasm d
DNA is recovered and purified, wherein said main
culture is a fed-batch process conprising a batch

ﬁzgls A n?l%? %}Fo?é%o‘&gmgnga}zmg \rl:f’diﬁt( ﬁllé g [mar fturin Ecgfél fWHERIN E.

e ol GEYS ot PRAreLRIgTR CoRAEY SgwedlEes] f1e HRaonyin a
and prbeubim abf supseduenty feroesteddd aumaio tultute ahd ddi oljained

phas Iés)mle @N@Isﬁ%cé\/&é@%@pbﬂlff@dt Wﬂgreﬁﬂgbﬁd fr@frﬁ‘c@tﬂ% isia)
2"t raeerah e 5F PRBrPEad a0 mide i pedha Pha erein

exponential function, thereby nai nt ai ni ng the
speci fi e)gr otmaI@urt@ben@duum of fiechaiert pineed andlthe culiviée Fridium

8 T b A A

25 Ft is the oW ra eed ne
the specificWge'&ith rate [h"'], and t is the tine
interval [h] fromstart of the feeding phase. 30 2.

The met hyd wae%hﬁu@rﬂedu%@ff@dé“feééih& phagction of said
feedi ng phase during which said feeding rate foll ows

sai d exponential function is such that nore than ca.
20 % of t he i} ot al cahtging eldrowibilighiting subistsatetsindi ned i n
the feeding phase is generated during said fraction.

35 3. The prgcess %[dd%%ligfe]edhﬁg[}ﬁe B &%, 5%t TRt 8B action

used in the pre-cul
process of clai m ®f thgfeeding\phasera pg%pefl@g,egpﬁn%tqahf@ctlon
mutation in the r EHePeby maintaining the specific growth rate at a

pre-defined value, wherein said exponential function is
F. = const.e", wherein

Fiis the flow rate [L/h] of the feed medium;

u is the specific growth rate [h™], and

tis the time interval [h] from start of the feeding phase.

2. The method of claim 1, wherein said fraction of said feeding phase during
which said feeding rate follows said exponential function is such that more

than ca. 20 % of the total dry cell weight to be obtained in the feeding phase is

generated during said fraction.

3. The process of claim 1, wherein also the medium used in the pre-culture is
chemically defined.

4, The process of claim 1, wherein an E. colj strain with a mutation in the relA
gene is used.
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gene is used. 40 27 WD 2005/ 097990 PCT/ EP2005/ 003599
5. The process of claim4, wherein the E. coli strain

WO0R00§/022906. The process of claimb5, wherein tReTEP2005/003599

coli K-12 strain is JMLO8 or a derivative thereof. 5
7. The process of claim1, wherein the plasmd has a
Col E1-type origin of replication. 8. The process of
claim7, wherein the plasnmd is a pUC plasmd. 10 9.

The m%seéssoéfcemm Vﬁ'gﬁﬁ{eeE”co?/%'ter%W”“a' .
function is erein P 41 X0 G 15 Ft is

the flowrate [L/h] of the feed nediunt X0 is the

t ©t diheqmooess offcldiindnudereain jheckel ¢oliiell g biraif ¢f JM1 08 oraa derivative
of theebeedi ng phase; Yxls is the bionmass yield
coefficient (g dry cell weight per g substrate); Cs

IS the concentration of said substrate in said feed

nedi ThmArgress, ofpiadm 2 whereis thenlagpiddiasiacCelEdwyre erigineof

[ h" 'rgplicdfionThe process of claim 1, wherein the feeding
rate is increased continuously by continuously adding

t he di um fol | ow ai d xponentl al function. 25 11.
T$r fr?&éegesso? "a.nﬁ] ereip diecpiAsidds p okl Plgsist e i s

increased in a sem- continuous node by adding the

g diThRp3h 88s bl I\AiP\Mé?Q sSidipSrdMRaBthiwRIn js f uncti on.
12. The process of claim1, wherein the feeding rate

is increased in a 30 discontinuous node by addi ng the
medi um pul;geXwi se fol | owing said exponenti al

f uncht Enﬁ pr oahseimf claim1l, wherein the
exponenti Nction of the feedi ng rate is based on

nmeasur enents of the anmount of bionass at given points

of t|:|t E‘Eihe?f@w%\te [;[ﬂﬁgpfh%ﬁgéﬁ?ngd'“ .aim1l, wherein the .
o oCta st ot hab St titbres v el Hetol Iy RSBt e Teeding

gl uebsss;
Yxs is the biomass yield coefficient (g dry cell weight per g substrate);
Cs is the concentration of said substrate in said feed medium [g/L], and
u is the specific growth rate [h™].

10. The process of claim 1, wherein the feeding rate is increased continuously by
continuously adding the medium following said exponential function.

11. The process of claim 1, wherein the feeding rate is increased in a semi-
continuous mode by adding the medium step-wise following said exponential
function.

12. The process of claim 1, wherein the feeding rate is increased in a
discontinuous mode by adding the medium pulse-wise following said

exponential function.

13. The process of claim 1, wherein the exponential function of the feeding rate is
based on measurements of the amount of biomass at given points of time.

14. The process of claim 1, wherein the growth limiting substrate is a carbon
source.

15. The process of claim 14, wherein said carbon source is glucose.
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medi um of the batch culture contains 5 isoleucine.
18. The process of claim17, wherein the nmedi umof the
feedi ng phase also contains isoleucine. 10 19. The
process of clain11 mherein t he nedi um of the batch
cul ture contains, start of fernentation, one or

rmre amoni um I as the nitrogen sourc
BCTEPTaress o bt wﬁmrﬁmi@eg LU B 20 105
salt is anmmbnium chloride. 15 21. The nethod of claim

14 7V\7ﬁ%r .@beeststh QinV & Weereih thd) frelRIn otk bdfch dufture contains
contyr ed by addition amoni um hydroxi de, which at

t he '§§ﬁ\§ S e serves, without |imting growth, as the

nitrogen source durlng t he feedi ng phase. 20 22. The

]pﬁecﬁ%Spr@f:es@ ai maiiln mlﬂ‘vﬁfz 3e@deil‘i I}}ﬁ@hﬁdmui bﬂlhf féﬁaml 'ngv);ﬁ.zse also
ree The process of claim 22,

wher %O%E[]a'ﬁ%%@t e cuI ture mediumused in the pre-

culture is free of antibiotics. 25 24. A culture

nedi The Procegsr otelainn®, vdieasinitioe BiddiurmoBhe batdh aptiur@ contains, at

manudia% bifehR8ntatibR! She Yh&lR drimBniahesaisakive H@bh&RSburce.
medi um t hat contai ns a) an organi ¢ carbon source

sel ected from gl ucose, ycerol, fructose, |actose,

s gOr Byeprogessbbindaia ofmianaﬂ 1& xtherain theearempmusosait)ls ammonium
anor @agtige. ni trogen source selected from ammoni um salts
and ammoni um hydroxi de, wherein the nitrogen sour ce

is present as a .conmponent of the nedium or adde

t Kd- Fredingihed Bfidaim e mherriatheor! VB'Heé’f therfaa'@awltweg%m@@ro"ed
t hat byssdditeontaamsgmplny hydrokideaehioh ahithersaaretired eereas, syithdjt

opti lﬂﬂ%ié!rog/?ﬁ,t ﬁ% th%%t?oq%‘h%h?&éccﬁfrmbhﬁé fe%%l?s!i; gHAESL an

auxotro strain; and

i sol euci ne. 29 WD 2005/ 097990 PCT/ EP2005/ 003599 25.
TRE. thd processnelddiaim dfwhereinsaRicultwre whdinsira freao€ antibiotics.
medi um pr esent at the start of a batch fernentation

Sa{‘he pr c:e?stsacgn1 & f ﬁf‘ %vhe?eﬁ (S%qﬁg %ul?Jre ?néd?udrﬁ kdgéc? P\ the pre-

culture is free of antibiotics.

24. A culture medium for producing plasmid DNA in E. coli on a manufacturing
scale, which is a chemically defined medium that contains

a) an organic carbon source selected from glucose, glycerol, fructose,
lactose, sucrose, arabinose, or a mixture thereof;

b) an anorganic nitrogen source selected from ammonium salts and
ammonium hydroxide, wherein the nitrogen source is present as a
component of the medium or added to the medium during fermentation;

c) inorganic salts that serve to supply with macro and micro elements;

d) optionally one or more substances that complement an auxotrophy of the
E.coli strain; and

e) isoleucine.
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that the ammoni um concentration is ca. 0.5 to ca.

2g/L; 10 c) inorganic ions that serve as a supply wth
macro and mcro elenents; d) optionally one or nore
substances that conpl ement an auxotrophy of the

E.coli strain; and 15 e) isoleucine in a concentration

of, .ca. 0.1 toca. 0.3 ¢g/l. 26. The culture nmedi um aof

o Phesityh e S Sl g2 b 3 REEN TS aRBtPSAD e star
t he d¢fechiaieh fpivandatioh i at & dait ofthedratehmbhase oha dedibatch

cont RirAsniBodknglcur@e® i N concentration of ca. 300 to
ca. 500 g/L; a) inorganic ions that serve to supply

wth macro and mcro elenments; 25 b) optionally one or
nor e duBLEGATEdR conrantratinfhieirelft oL 88884 r ophy of the
E.coli strain; and c) isoleucine in a concentration of

ca. )9/ amifdnith salt or ammonium hydroxide in a concentration such that
the ammonium concentration is ca. 0.5 to ca. 2¢g/L.;

¢) inorganic ions that serve as a supply with macro and micro elements;

d) optionally one or more substances that complement an auxotrophy of the
E.coli strain; and

e) isoleucine in a concentration of ca. 0.1 to ca. 0.3 g/L.

26. The culture medium of claim 24, which is a feed medium that is added during
the feeding phase of a fed-batch fermentation and contains

a) glucose in concentration of ca. 300 to ca. 500 g/L;
a) inorganic ions that serve to supply with macro and micro elements;

b) optionally one or more substances that complement an auxotrophy of the
E.coli strain; and

c) isoleucine in a concentration of ca. 6 g/L.
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