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PROCESS FOR PLASM D DNA FERMENTATI ON 5 STATE
REGARDI NG FEDERALLY SPONSORED RESEARCH OR DWW””"}
Not Applicable 10 This application clains th en

of Provisional Patent Application Ser. # US60/ 60%&00
filed 19 August 2004. FIELD OF THE I NVENTION 15 The
present invention relates to the production of
covalently closed circular (acc) reconbi nant DNA

nol ecul es such as plasm ds, cosm ds, bacteri al

artificial chronosones (BACs), bacteriophages, vira
vectors and hybrids thereof, and nore particularly is

a nethod f or PROCESS FORPIXSMITEDNAIFERMENTATHONI| es at
high levels in fernentation culture. 20 BACKGROUND OF
THE | NVENTI ON The present invention relates to the

g s,

transgeni c organi snms, gene therapy,
2§m eutlc vacci nation, agriculture and DNA

VaCCI wa “Wth the invention in m nd, a search of the

p'h'u@efpplﬁ:ﬁ&on ‘é@nc'ns ﬁ"l@ Q&ilu‘ﬁ'bﬁqowsﬁmal ‘l“'Qcht A&lll@a%m ds have | on g
e nos |nportant source of reconbi nant

n
Dm#wgwp@ﬁeﬂé%ﬁ“%i} 2 %8searchers and by industry.
Today, plasmd DNA is becom ng increasingly inportant

as the next generation of 30 biotechnol ogy products

( FERID ORdHE MAENTIONDNA vacci nes) make their way into
clinical trials, and eventually into the

phar maceuti cal marketplace. Plasm d DNA vacci nes may

f Thegpresgppihvegtéon iredates oghe podeaiendficovelenbycosed eigcukoFccyiegogibinant DNA

baGE&Tel @bh as PlasnRR! RHids &ct%ﬁm%mdn{mm %3'1&65 RE&Rbges, viral
for the preparation of hy i mmune

ptEay é'fdsf" b’tdﬁ Bt roe Pﬁé‘t?&‘i"Wé%a Peghod; f‘ﬁ%‘é’% 9§ the said DNA
dinsleakes highlevelssn Tamaaionvdoei nes. Pl asnmids are al so
utilized in gene therapy or gene repl acenent
applications, wherein the desired gene 35 product is
eBACESGRQUND OF THIE INVENRIQN af t er administration to the
patient. Today, the FDA standards are not defined

except in prelimnary form(see: FDA Points to

CHhepresrat invegtipn Felajes i the ATdectiomef cpyalertlyfelgped prcalppipge) spgombinant DNA

| Ableitet. Wuéh GG ukdhdl inbidtdcRidRgy, &89R)ic orElRWRY, @éne theflpy, e

therapeutic vaccination, agriculture and DNA vaccines.

With the invention in mind, a search of the prior art was conducted. E. coli plasmids have long been
the single most important source of recombinant DNA molecules used by researchers and by

industry. Today, plasmid DNA is becoming increasingly important as the next generation of
biotechnology products (gene medicines and DNA vaccines) make their way into clinical trials, and
eventually into the pharmaceutical marketplace. Plasmid DNA vaccines may find application as
preventive vaccines for viral, bacterial, or parasitic diseases; immunizing agents for the preparation of
hyper immune globulin products; therapeutic vaccines for infectious diseases; or as cancer vaccines.
Plasmids are also utilized in gene therapy or gene replacement applications, wherein the desired gene

product is expressed from the plasmid after administration to the patient.

Today, the FDA standards are not defined except in preliminary form (see: FDA Points to Consider

on Plasmid DNA Vaccines for Preventive Infectious Disease Indications, 1996). However, in the
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*@00002* 2 future, international standards for

plasm d DNA purity are likely to be the sane or very
simlar to those that are used for reconbi nant

protein products simlarly produced fromE. col
fermentation, and such standards exceed the current
purity attainable from established nmethods. Most
glaringly, the accepted standard of <l OOpg host
genom ¢ DNA per dose (see: FDRA Points to consider in
the 5 characterization of cell Iines used to produce
bbolo&ics, %99%%.i§ flardg1 OM/ he s . currentl q
at"t'sr BB §Pdads el AR Y '“6 ‘P & Poee ¥ arto
ptapse hapredusidor recomigjupntpedtangprodugs smidarlp producquldromtEeepli fermentation,
MhrldlsdcR SMhndardd Vcb Pl QbR J?@da%alrxégfe f9R  RbB{nEDmdMNBS rﬂcgtsgla('lpé{y,

bacterial fernentation for their _purification
(e @CC"P‘“‘ §erdpg ot &%y P?Eh%ef“ﬁ‘?éc ‘P% Ps d?f%isf?o%&( Bginiye Fpyidarys the
DcHangctelizatib® 3¢l Michsed to prddiceligolbis,. 1993) is I b3evd bRI8Ye)s carredtly
i o b btpeaddr? PO R A it RG] onf e o
ofilésYi um hydr oxi de and sodlun1dodecylsulfate) after
whi ch the solution is neutralized by the addition of

a’l’;llleq)laS c r§e§lo£ls f{)r oﬁgm%léglgsm gtiy%gﬁﬁgl%rﬁgn?%{bn) VX% f%r theui punﬁcfamn (e.g.,

precipitates t
c el the alkglineilyis mrthed (BimbRime HCRphel LD Nugdc ﬁf'éf#ﬁ & IDNA! 523)) are
I @EBlnB®n. | RtiSIH) Mférﬁ&xted&hdi&ﬁ@l ol pakte ﬂs&s&;ﬁaaaea md’ls%d @gng a

bgoéltg{%%t;(og ﬁf S()(];\lll'lo\dl la' (ﬂxl)(/ieé %IIC & {au%fde ecﬁsulfa%%,l_a\g%)whmg%e soluulon b Ineutrahzed
£ Pitbe ddditonof acidroml appatastiviackigte); Whidheeciptates the Hacts it DoAtapdthe
t ﬁhajanty ¥ ck1BdelrisO frhd W Ikiof éuﬁ@-ﬁ:élﬁmplasﬁﬁcﬁml\ redhhsGRsoldn, along with

ncl ude: chr omaf cha
QPR TG KA it B B oF PP AT o s, o
hiBf) o Pleediutde fraptioa psaleh separated tyfiltratien aphaibjectedgiRi \@rietyedf purjfication

diegk i vinich By Bude: FN Y ?eé‘nore Kﬁr&ﬁ‘&&g}aﬂﬁ' (ioR BlcRhfe g\fﬁiltratxon
I NCr easl n

pr eci |tat| et ,

Fydf%g Lint f"ﬁﬂ“l‘r&{/"é?ﬂ%‘éhlc ‘&Ff&“ t FAVERFiPAY® B‘@?‘? -&Ie-): dpaﬁ‘“a“%

dogmitekeativnaledtivé gatpitgion, egr e essential goals for

manuf acturing clinical grade DNA on an industri al

scal e.. Fernentation nedia considerations 25 Design of
aClslyanTeting iR rphof e yipging aigiipl prd achicxing betterdpupsggam piirification

r ﬁqeslsernwgmssoraﬁmhfaehﬁmnmaﬂ grade MNASan tah Ddustrial Byapel cal |y,

the nutritional requirenments are satisfied by either

m ni mal media or sem -defined nedia. Sem -defined

nEermantetnaimenia cosi9gFREons conponent s such as yeast

extract, casam no acids, and 30 peptones The addition

oBes f npa be anc%&) rgpdloum dp Igascd Rng caell r? éeg %\guipﬁgrer%s el;%eng[%omposmon

hi[‘g)h:gl}y, @gpqmt@@qﬁg‘gqlqe@gns are satlsﬁcd by either minimal medla or semi-defined media.

Semi-defined media contain complex components such as yeast extract, casamino acids, and
peptones. The addition of complex components supplies growth factors, amino acids, purines and

pyrimidines and often supports higher cell densities.

Carbon accounts for half of the cellular composition. Accordingly, carbon is included in the highest
amounts. The carbon source provides energy and biomass, and is usually utilized as the limiting
nutrient. Glucose is the conventional carbon source. It is metabolized very efficiently and therefore

gives a higher cellular yield. However, high glucose concentrations cause undesirable acetate
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Car bon accounts for half of the cellular conposition.
Accordingly, carbon is included in the highest

anounts. The carbon source provides energy and

bi omass, and is usually utilized as the limting 35
nutrient. G ucose is the conventional carbon source.

It is netabolized very efficiently and therefore

gi ves a higher cellular yield. However, high glucose
concentrations cause undesirable acetate 3 production
due to nmetabolic overflow (known as the CIabtree
oraicion i R AFBR bl it t REF cRREs o S0 # g s
c efieh the areferr¢dechrtieon sbyregrin bitoh cdtuegh. Adtheugh cdllplgrtyleldy framrally¢eot are

t th%ﬁuy srngm @AnURSficosdllg gs&n Qdes Q&@fasera@mgm WS &s @ﬁceate%d&aon and
| ev uction and be use

cetate
hf4g %‘l‘se‘gaéH‘é h‘i°|“%ff“f"g?f§ wHhehste ‘“B‘BV%-‘@ 9‘¥fﬁﬁ°‘[ﬁ SPB‘W"“S reduced
Gmydreynodpecificgowgupport s reduced 5 maxi mum specific
growth rates. The requirenent for nitrogen may be
satisfied by inorganic or organic nitrogen sources.

ARpraFuisementior nitrogas fay, b satisfigdDy fnarggnic qURISRIC nitfogn4§usCsEyYymmonia
atird atiGeun alts k. QiNFRC], (VB SD,) afb@sad-in wigirianedia meehi-alefirsdigtidy
r
%8%2%““‘“%%%.@%“ Bl ] Simforh T BABER oy, pepones
HyY&AAIBe %dF-ds. M nerals are required for grow h,
netabollsn1 and enzynatlc reactions. Magnesi um

pplg)n eg ed Por é l'(liler{gbol%nd g’ cl:'lné'nlfla (¢ rca onts yl&?j%l%asllul hos 90[115

|st|n a conponent’s.
pmiy‘nma@ssulﬁv &% Fya'eallp e@da% |d@mcamla;§mmﬂt§r Bu yldarmopaqa%@m
f blf(b@ﬂhﬁt&rproaﬁe ﬂitﬁcsﬂcuﬁﬂ inBl ghoﬁ‘;ﬂ&le?s&nd ﬂhﬁ@lﬁ‘lﬁttoﬂ ia{jbuﬂfé‘mg agents ;cn certain
orti sul f.ate he rate is ofte
PEgRigts. MiRiestit LG hobhie S rp 5D BEyfort prinsegs R burr.
e Othenressendial mrerpdsripdlude ¢afpaim, ehppes abtalt.unep, maugayses; molyhgbrmimtand zinc.
i frKeEe ar&gdﬁﬁ&ﬂﬁ §1§1|11<|:r@91)1ﬁ’1@% hﬁ%‘t Brted 'sqd pﬁlhcm?y a?c%ldléh ‘%‘:fsaara@vsir thinerals solutlon,
red in smaller anmbunts and are ofte i
- e Pyl Peseias PHUPLT L Bg Pt BN idyes i
asdivpsiladdey present as inpurities in the mjor

ingredients. OCsnolarity is adjusted with sodium
chl oride. 20 The use of ani mal-derived products, and

i Ao o P ArBRIe S B dRReRcWar bpyine products 1y Phsd aputagiyr s

i snaccemabieciedt &b Irigk of préontoovituh@ntamiaitionf Alpmédarrodgonantsishimld be

c l € C € Tor componen
CORBFUA e S TOAIGRL 3 S s

s tipjeh have anignal ogigia (e, xaeptabin elycsre)r sonpeARP onponent s whi ch
have animal origin (e.g. vegetable glycerol, soy

DFBL:BQH ite n%a%of L'%%goc\%f{'ﬁ%agtg'gst ation process

consi I ons

Growth rate

The use of reduced growth rate is the unifying principle in high quality, high yield plasmid
fermentations. High growth rates have been associated with acetate production, plasmid instability,
and lower percentages of super-coiled plasmid. A reduced growth rate alleviates growth rate-
dependent plasmid instability by providing time for plasmid replication to synchronize with cell

division.

Growth conditions
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30 The use of reduced growth rate is the unifying
principle in high quality, high yield plasmd
fermentations. H gh growmh rates have been associ at ed
with acetate production, plasmd instability, and

| ower percentages of super-coiled plasmd. A reduced
gromh rate alleviates growh rate- dependent plasmd
instability by providing tine for plasmd replication
to synchronize with cell divsion. 35 Gowh
conditions 4 Fernmentation gives us the ability to
control and nonitor many of the paraneters that affect
plasmd quality and yield. Super-coiling is known to

b Eerm¢ntation gv¢s ppthegRilitydmroptradiand aepitor many otthy Mesmeter that pffect plasmid
akualidh @RkB/ickt. SERELAME @Ikno“zlﬂ&be aB& &b &I Eeh and(téaedBfe@DdmE CJ et

t) d L US : .
656 Bsgeroliry R R, aliEn B Ko N o g spipon
p FASHPX). Oxagen hisbeen stOwe toplay d yole(i-plpmidssbilly;, OndBeide (Hyakighp),
Nﬁcten@tﬂx‘éﬁ M@tﬂhurﬁﬂ pl 9&7 I#I;t&hrﬁ)ﬁﬁ&qg 23'8@9[}9@un@@&t agiﬁglgér%p in

8lund fhat a si n di ssol
C

FRORF PR (AP ‘%‘b)" 8?’ g‘}“ s gq rélﬂd ’|°%$d‘¥ liq‘iimi“a?BP‘B‘y Another
| erady (Namdpt BIS rfivdn Nt Elombsoh BG, GnoMRdp93 Bibrerdiyol BiengTha V66EK70)
I EHMNEH til\th ﬂJEthtEGH§Q ny@tgl‘ mp(rr:[ 184 td\@smﬂﬂ%éblﬁly ohﬁtﬁm&e ﬂﬁl f&ﬁl%ﬂ of

showed that fluctuationS in oxygen I nput
I é‘&"&fd? @“b‘l%%%‘"&““i‘effé"i"%la{fﬂes’/ by ARy PHERelfESY ‘éC'“dt’ﬁéf’mPefat“fe PH,
f dissolméd caygen hutdint coneheton) hﬂw_deataﬂmi_rmiu RH| Evktinsn ENMLN190E Adv
abtﬂ?géﬁ\gr pe¥ 36?3%;5()0%% feTperhtle H@' CQE?B&HR%'}% %\gever lower

I ssol ve nutrrent .concen ration
gfemrﬁ"r?sé%oe”(%w dRFPa‘CE&éW%HO“ma“SEQ%UCA‘HWWLFQWHC
Dexrowti @dte. Regher tafperaidids 68—)tS°C)Tchﬁalsble émﬂyed 18 (aRE adlddiive plagikid

E. cali However ur ESMVA

CP i L icatard BB Erpic, iy NIRRT ma
r@ﬁlﬁ‘@e%l 'r?ﬁik frm Nribfrad 54 U8A- 7Y ﬁ6w3ﬁ74r> Sie-ChaoSefFhep WT, WongTr 1992
t SERicRbib e B84- %sﬁmnﬁaﬁre@ic&m PSmRITHaeX R lI02000\@HdESin CW,

sel | as L cat

Bt B e Apel B VOO P g e
I\/lare@clr@ of\R\plasmfitfs |whergiy plasgid pI@SQlOlP&S oeinfined at Now dkvebehy ubdQfllow
7 gmp&ﬁl?rg't@aaz&}etarc(ahdn%f &Bﬁﬂ dwerto ﬁ%ﬁlﬂl DA symgig ofck-the h9P el

M. cr.qQbi o. nd runa .replicon R
pPoé’glﬁtI“’&éSq"%ﬂﬂp “Ct'%{'lls '“‘% Y EERTHR SERE: le el sen J,

I ngerslev E. 2000 Wrl d Pat ent Appl i cati on W00028048)

r 8RO Fernienifidpcess for the production of R plasm ds

wherein plasm d production is nmaintained at a | ow

| evel (by use of low 20 tenperature) to avoid

r Eitetf fekmbritmnn Ioh they mamdvmlageoftsmppénasm ohtriidhiA\ thanwill beasitigd for cell
én thr Og rout tﬂé (]:uglﬂe g&o&&%ﬁm? th%rﬂrng of mochlatwn

roductlon |% uce ture s ting
Férbﬁ@hff"al"‘?‘%ﬁ‘?“% B3 Phaps- 7*@?%\2"1[ BAWHrhasgepad %Hﬁl@nwhﬁe The use of a
ashuson ingelura {1-59% shleic@iuteyolumd)lwilhidduce Belkessth df @it 1agiphabe. DaAring the

ugyép!)r{egueapphasg all gu%'&ents are in excess; thus the specific growth rate will be essentially the

maximum specific growth rate, pmay, as predicted by Monod kinetics. As discussed previously,
reduced growth rates are desirable for plasmid production. In batch fermentation the growth rate can
only be reduced by reducing pm.. This has been achieved by growth at lower temperatures and by
growth on glycerol instead of glucose. Batch fermentation at 30°C using glycerol will typically result
in Peax < 0.3 h', which is sufficient to prevent deleterious acetate accumulation and growth rate
associated plasmid instability (Thatcher DR, Hitchcock A, Hanak JAJ, Varley DL. 2003 U.S Patent
No 6503738). Glycerol can also be used at much higher concentrations than glucose without being
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growm h and plasm d production throughout the culture
period are present at the tine of inoculation. A
batch fernentation has a | ag phase, exponential growth
phase, and stationary phase. The use of a suitable
i nocul um (1-5% of the culture volunme) will reduce the
l ength of the |ag phase. During the exponential phase
all nutrients are in excess; thus the specific growth
rate will be essentially the 80 maxi mum specific
growh rate, ,., as predicted by Monod kinetics. As
glenglgg Faduf rtc? t\llllgl%yblor% ds yleﬁdg dﬁ%l rgl Jgglgrr\/\gssh)bel(? t E pto Eoe 2/L DCW can be
fdﬁweﬁw&hh@hﬁmﬁemgwbmrh rate can only be reduced by
reducing p,, . This has been achieved by growth at
eratures and by growh on glycerol instead
?%ﬁ%ﬁ%g “¥&tch fermentation at 30C using gl ycerol
will typically result in p,naz < 0.3 W which is

S Pé‘dft}a&ﬂ éﬁkm&t%n Rle % &SiHy ollRh Bt ﬁ&h&%?od@&@ﬁ fﬂoﬁtro%&a!dmn%% Hiting
5 asSsoci ated pllasm d i nst abi

an rowt rate

TS CAIBYS Eeon o SR e ik AFALISS-Yih Fayenton sty
nglepﬁtldin The Kjpto Gid3idiBBimenttioy saupplying substale 2 rizesudis®4 itas
”Mﬂlemy%‘rﬁﬁmeﬁoﬂgﬁ@stuft QLsiszﬁ §ub§tﬁ§:@o&l:nl&9&§ & ai%r&m&tly PALINATY

Lnhi'bitory, |eadi ng hi gher bi omass yi
@‘ﬁ%‘F‘H‘I‘ Fogversien gfsubst atgis @‘I"*d’%f’d W‘EﬁSh‘t B Ej?"ﬁe"&‘:ﬁ/\?“&s&ﬁ‘e f@voided,
oktiaing end fonndtian dfathibhiorly edeaent at i on. Fed- Bat ch
Fermentation 5 Fed-batch fernmentation is especially
useful for plasm d production. Controlled addition of
aFqdbatch fepmgntatiop starsexith a Batghahiase. fGsHs asipqcplaed igP aginisiglivplupafe
anediad ©& contahs all noMllifling fulibnid &Td&h inftiRf BBt dn@Nthé Kﬁﬁﬁlllgtsﬁbslrate
: gonérgl;l)eg Fe)%‘lﬁirl’l\%(,f ﬁll glmitm%r%u%ent%g ns on eglge §¢%l§havg F]Jn%eiﬂner?tgt mmal amount of
compieet el y consuned. As a result, resi dual substrate
concentration is approximately zero and 10 maxi mum
canversi.on of substr at S _obt ai ned balic. .
OB ISP et sbk Pt St Sipaia deeing s gt sovs
t the CLﬂtme fregravon a predeferpiined irdtedesy tharciet: avithout theergedyd fegdback control. The

f eﬁrseamtb dg@rﬁ with 26 nrerretJamamp@J rehtmmaﬁ&yecon&e&ah&] RE®strate. The
cul ate foan injti medi um t hat

VO
f PR Pt ‘I‘“"HB?F“'FSFFIF £ rrr@usrfwr ‘?’*gﬁtpg"“é‘rfd‘“‘ﬁﬁ“‘ fefifin ggins-
concentratlon of the imting substrate. 15

Gmtﬂ@.ut 0o ph%e%mdefm i@ edsy mradleagm@rd&enﬁom&n&e%mgmm systems

once the cells have consuned the Initial amount
s l&dg%erd%ii%ved ‘t’%’n &t PHRoniqring, | Teends in digsolyprkaxygen (P prd,pHl can indicate
f elthenybssrite A heai)ibSo the cel [Bakumstioh eﬂsurfsmabang; decThB@ ofggémpake
a

L.rJd %O &&@nﬁ%nﬁ%ﬁm&dﬂxﬁ%wﬂ é)é?&(l) P (1 gloﬁ @itfetabohc

| ess than Nna out e ne
THeils. Iieedlrgér tFgasted hen PORs gH Asss abiovers sgt ﬂs%r{l% %eewm rate can be
Cajlisad by cRghgidlg (hODO b PH thredhold yalgoncent r at i on of
substrate. The <cells growat . until the substrate is

exhausted, at which point the nutrient feeding begins.
Exemplary plasmid fermentation processes

Examination of current yields reveal that typical laboratory shake flask culture produces from 1-5mg
of plasmid DNA/L of culture, whereas a computer controlled fermentor can produce, typically, from
10-250mg/L.
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The DO stat and pH stat nethods are fairly easy to

i npl emrent since nost standard fernentor systens

i ncl ude di ssol ved oxygen and pH nonitoring. Trends in
di ssol ved oxygen (DO) and pH can indicate 25 whether
substrate is available to the cells. Exhaustion of
substrate causes decreased oxygen uptake and the DO
concentration in the nediumrises. The pH also rises
due to consunption of netaboléc acids. Feeding is
triggered when DO or pH rises above a set threshol d.

T O] b ar g t h & % era
o8, S0 B A S0 B2
pr? o‘é’é‘s‘s?é@ hisg Sﬁﬂ?%tl%"tsﬁ PBR%G?rweqﬂlaswdeﬂﬂas tepRysY setwmtme smgle
t Wt@lﬁ{auén&ﬁm ﬁ{gﬁlﬁ i aSdamdntibn vﬁﬂilléxp'éhldnﬁzul feeduﬁgr aAdlA e BSeratur Rt from

. u reas a c
con{iFgo ro 2I4<55 f ery aChrl} v%"ﬁ?}“‘a ie 12)& h%:ze mgdinyg ki f?vem?r g&g)same
1 Ol DWIOR the3Biagon i bekeh femintatan (aBR327 desibrdiorgin) sR0°C kit edynly 3
Grng;@%[akrﬁﬁ‘ OFr@hs eHQ I (BridhléK, F&@Jhglﬁeﬁchi%f l\i—%&@md’l‘ﬁm GEFEnt No

have orted usin

)% T M %
PhAT AR BRSSP e S SR DOy feedback
S pcnlgbled fepdingn Therfermentatiomst{ripd J&ithommiirgtiahhatch molamef o 7. AE N Agitatianwas

WinkdBasE4P %&Bb IaﬁJve io@fae %Jagneamq wgs aaﬁpaa%{ @w bé re%meé i thlfeghglm

37Cto - achi eved | asm d

ROt 9f 421% B‘e E“l?’ﬁl‘??é'ﬁi’ 8?“0“"%@"% éﬁ’Fé 4‘5h°b‘ls’d§fﬁ“’(§ 69\%’[‘ II?GM{ and 230
t Img/LitiplastnidoGhen (ChixaWe N9994T.SrBménaNo 595512p)B8 2 Zedecbatch predss in semi-

Y ﬁéﬁgémcdﬁﬁl W?’tg Q‘)n%kngtlloq %S%‘LM gc stlagg%ﬂ!a'\hp&%?cﬁ' d_r{zi-lﬁg%gozc}

. re K, Flaschel
U§tH§(‘éi‘tSé‘ﬁ‘F V4] aﬂdééer&%m'ycbd é’gl?ff‘ PR@rogpef éﬂ@%%ﬁ”/ﬂ?camee&'awwbohc
]chSdnnlg' agitafjbrispet Ghs Mﬁﬁﬁﬂ b@(ﬁefcaﬁdge ﬁ&lda:c pebiobd shdad. )a $ L &drmentor, this
1N e fe tante
of FREES 2 RAL Ao FAic FE A Sha 510y BB B Pl oo Bl o
i FesPeaura.t1898|reper bateh f%@\&ﬂéor%%T Pe@dopﬁﬁw uediugh Sheimigsesd
| EypiedNg Bield 30 @gChrbthadyibia astigh agl2sbhgaet poi nt of 45% The
cul ture reached stationary phase after 41 hours,
yielding 60 g/L DCWand 230 ng/L of plasm d. Chen
( Ersa in, view/of the orépr pyt, Shere Pegpaing 2 nepbfo50RS SRGliveunsthgd far high purity plasmid
aﬂAkpa,a&hoxprmaﬁ&tdu&l HiRHand H&EsQQEcATREiHHY w&bﬁ)&}ate what s

ti H st.at f eedbac
R SIS Mo por R R 2 EDoh A s B i and i
r eqpp @mtbpmeﬂugnon Witengh D peroppBdsepacows 3864 biebai28-264 mg plasmid
h b8/ MR AR ikig 1mp@§s§ 4 doketala lﬁgiytb@tkéngﬂ céﬂ&?cgihm de Elgsrnﬁ?ﬁﬁg

b ercent a t he previ ous speed

© BpREb Giocest AThoDEh &Pty ot ERpesnssaeiaf P& sigpiGsspty inthe
r futuee, ofar Bord ondmiralciolpticn sarhisl prgblerh @ Beeddd i1BiRded B arkigve the desired cost.
DH£ kéﬁﬂteﬂ%nal E%Mr plaglrh‘a 'DRia p]n?t? §re EIWB Bc &@s&ﬁ@?{ very similar to

fermentation at Cin a proprietary

pig datare ‘PW?‘&%?PW"HW REqURPraduess sigiarly a‘ﬁﬂlc‘ﬁ%@mﬁ &’ld@@e%m
harg/lRuch staridar@s exgréd the duvtann purity dthigabe Glomlektablifhed xﬁd’thoasr tmcréahegtﬁe

r gﬁi %nliksbf PNR%&% o@' 8:{1 p?ste?ﬂ%ﬂng]tatl&%dum%otﬂﬁécn%g ggst ﬂd glcrease the

U ri
punty of the DNA (because it reduces the amount of material being processed).
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20 DNA production. The fernentation nedia and
processes described above incorporate what is
currently known in the art to inprove plasmd
productivity, such as reduced growh rate and plasmd
copy nunber induction with high tenperature. These
processes pl ateau at about 200-250 ng plasm d DNA/ L.
This I ow yield inposes a cost and purity burden on
conmer ci al i zati on of plasm d DNA production
processes. Although econom es of scale will reduce the

c in the 25 future, a far nore
e@gécﬁé%@ﬁ@ﬁ?tw** |s probl emis needed in order

to achieve the desired cost. As well, international

Strﬁer]%ﬁtg?( 1s a%‘[ethptl xisp%dgcu% [ﬁ’x Je&lbé%n’%‘ ?llzm upryvaé l%atcp and fedeoatch

éf@%?ﬁ%fi fﬁraalﬁsmﬁ na@fh@lﬂw Preeiticatiy, 8 mathed;of fg- Pg}chpf‘rr@en%erdls flipcdnsed in
Ewmeto;msmfd%ﬂamgaﬁ cAlitells a@rgd)ws WiGhedatcd ReBérslSre BREME fli-BRech

curre ttai nab om.est abl i shed pet hpds,
L e S R SR

[ Erofv@rawéﬂmt@twrmqramm Qidep tytaprunielate elasgved wheeeby the tempgrature shift an

i &%aaﬁgeomte 1r§90v9§%élcia}{d ffirytop ﬁMh(aQ%bb&m&n@%%&ed

the unt of ter.ial cessed 7 OSURE
P TR SR B BTGRP % B B L0 I vt

pplsﬁdm@tenbwlr@ht Bhkducaiptmerne:,is axgund 307¢. Aganpthyy pofeael dodhiodident, the

a[}glpécrﬁlge s to Qﬁp%ﬁé&@@@ﬁ?’b i laxﬁ)ﬁ\gﬂ ﬂkfﬂe@%h% ‘the plasmid

Speci ficall hod of fed-batch fernentation i's
P inD S0 St AT ORI B o BBy RO e glapid
ammtagxs @pMB Brkpligatior ohigtredntiieingabe AIOG © Adkbitdtiong Ih $1i#l another preferred
f ggbo&ﬂ’]érﬁh.h p&?lﬁ]l‘ﬁ HUSE g&ngkWZ &%ﬁ\gﬁehlnr I?et iy?)referrcd mbodiment,
d e

restricte a tenperature up-
c Bpferpagiaton "&%W?Ps%ft“ﬂén agtrirdetined glysel rmdu'r b et foplaesfered
aexﬁbd)ﬂiuiera,ta@BBBBSiﬂﬂndd plsheriehywi il e chiepearbatkhifeesthtioh Hurif which

?r'(:j&'l!hl 1?qu9&e%%\g glr@trfeglgkt%%\é gn?d m§y Iwﬁl 19@25}19%@9 géc%XulaQefplasmid
9 Preﬂ’/VFhS‘r"Hta@Z'i‘gs th%fé pregeRETTene eheall denety Aultivaton sragegies. gombined with
y h@kl@rdwl @Wn&mmncpxasaeﬁ@raymagmé 15 @B produttion amalnexz dbfved origin
p{:o% meruél% ?glé fep 190%% fed t (:h fgrmenmu%n }'sl S g'e)mt}% gs{na ce‘ﬁ lgﬁ)wth rate. In the
t Eﬁ?)’é’i“&toﬁ‘F@Pe{Ppﬂfslmuﬁlble P§Atf?Pll‘a’pW &PURet @wl M@mmnsplasnnds)
ametedBhitcHrt R RiibeH TR BHcted Sell %romhaﬁmnd red&cOdieAperBurdduring

1E1- i ved ‘ catign ori
e Bt Aot Hhoon e sl e mottatE b g
r dmphatically ingpnove plrasgule‘e‘/bf«rtmuamqngletdh\emlp Wwani@ningorAmpromirgtplasmid
| Begfitl, Irélatﬁmmaﬁ{oc@sreﬁée%sadnm@modl nment, the plasmd is
derived fromthe VRL012 backbone. In one highly
preferred enbodi nent, 15 the fernentation nedia is
substantially a sem -defined glycerol nedia. In yet a
final preferred enbodinment, a pBR322-derived plasnd
is grown in E coli in fed-batch fernmentation during
which growth rate is restricted during the fed batch
phase and growth is continued to accunulate plasmd
product. Sunmari zi ng, these processes feature high
cell density cultivation strategies, conbined with
novel growth and induction phase tenperature shifts.
In the production of pBR322-derived origin
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15

20

20 containing DNA replicons, fed-batch fernmentation is
perfornmed at restricted cell gromh rate. In the
production of tenperature inducible DNA replicons
(e.g. pUC or pM 1 origin containing plasmds) the
fed-batch fernentation is perforned at restricted cell
gromh rate and reduced tenperature during the growh
phase; plasm d production is then induced by
tenperature up shift. These p@ocesses dramatically

i nprove plasmd DNA fernentation yield, while

' LN ' ' md 25 integrity,
TBRIERSOMAE R SRR BN RIART 25 [ the ar. s
BRI EF SUMVARY OF THE INVENTION It is a pur pose and/ or
?E{;sﬁé‘éﬁt{[)e/ean%/or oblje(gté\ge Sog tggpr%ser{t pn}é% gn tg ?roxa(% f? ner}{atlorf prociesses rr?r éhe
Dhgaductignof ﬁermddlijﬁe Anqthepobigqive apd/qp gme@ thgfinveritien iis rwremvemhsmid
| SNKQroBﬁ'EBJSr@(&d 19 keﬂﬁéﬂlaﬁ’on cattukdNet Qﬁo@'@ %btﬂ/@ arﬁﬂ]o?ﬂ)tﬁpokcn)f the invention
ferment at i on i) et anot jecti e and/

p Hl’°p‘8‘§‘8v°d1’as‘f"ﬂ ﬂ\‘% T H“‘i“?“‘l"é“ %G‘é"“ﬁﬁ é"?ﬂ"‘a ppurpose of
q the Inventjion ixito Fedpagdmpuatias orputfied blamed DN&tAngthertdiydosure fxjimproved e

aeﬁﬁe%udat,sropeeems{f combiae td Mceggssld%em ttle Qrt b BHRed by: increased
urities in asm . Anot her di sc¢l osure

| SR e o s B o S b e PR AP e e
pineeds giatstoxiefriunsgatiieiphstidsahragh maintenaha@of low eldsnldd/levels during biomass

' Pr%&u@@tﬁeigcreal@dﬁllag%ygf plﬁmmgu&yﬁ%ﬂg)pm&gg&%lcﬁ&lag or linearized

| eve bl ofass production; | nprove
y .Vféﬂl%rs of il Plepmif; n'eceg%eﬁ f1uplitg Pk RipsPIg Ry tocrgpse i H‘§P%{f5’P'é“‘15Pf&’§ Af Rlpgmid;
t kimplifigdproduktivh @sigrre@st Glitomard ohtes phrathele Wil fS&edd Bifnplifigd scaling due to

b i L | asm
B ci%?"?%%%ﬁ ik fm“ Pl
v@FpsﬁltGﬁsftebﬁlasth@“%ﬁc ef;to ¢nrighed lgecdspf plesaiid ip e f5pd Syeassinte d
bHOWnEtE‘eE:ﬁ P& ssing; dniEnpRREdGEDkatolROARACe BY elipinasoniofkill animal product
enpedc onensroduct| on using robust, automated contr ol
et e and feeds; sinplified scaling due to
grovvth control and reduced oxygen suppl enentati on
r ﬁﬂﬂbrroﬁjdctsmdﬁ h@&t@is%%bmv&xﬁiﬁlWﬁﬂc&nﬁ\éﬁﬂaﬁn@foml50n51derat10n of the
ppurities after |asm d purification due to enriched
I eve ’f‘%sa"‘f "S"I"'ﬁg?ﬁcrbdgl h the feed streaminto downstream
processi ng; and inproved regul atory conpliance by
elimnation of all animal product derived conponents.
Furt her objects and advantages of the invention wll
beconme apparent from a consideration of the 20
drawi ngs and ensuing description. 9 BRI EF DESCRI PTI ON
OF THE DRAW NG FI GURES Fig. 1 shows a pBR322-derived
plasm d fed-batch fernmentation in E. coli with NTC3019
media. Fig. 2 shows a pUC plasm d batch fernentation
in E. coli with NTC3018 nedia. 5 Fig. 3 shows a gWz
GFP plasnid fed-batch fernmentation in E. coli with
NTC3019 nedi um
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Fig. 4 shows a gWz GFP inducible fed-batch
fermentation in E. coli with NTC3019 nmedi um (37C or
42C induction). Fig. 5 illustrates an inducible
fed-batch fernentation process. 10 10 DETAILED
DESCRI PTI ON OF THE | NVENTI ON Turning now to the

drawi ngs, Figure 1. shows a pBR322-derived plasmd
fed-batch fermentation in E coli with NTC3019 nedi a,
revealing: (a) typical growtt and plasm d productivity
profile of 5 pBR322-derived plasmds in E. coli during

BRI hESCREFTDN O 48 PRAWINC b DRERCG 5 80 bat o

fermentation process is highly super-coiled and free

F‘ gni s%(()jws a ngm%g I r Cl e t;ai%l?{epnqe%tl r]E E(I)lgy {11?\1'1%("{919 mec? ia.
D Fmszﬁhqws(ap»wg p@;nu@;mtc@ rﬁerm@tarnmlnﬁ wplamﬂmﬁmﬁls@edne ol with
WM&NSG%W1?GFP%M§H9% batdi ¥ermRRiol ink. éb‘izmnﬁ N*I‘@30ki’@$1&ﬁhm

fermentation reached a cel | denS|t% 57 OD600 and
y 181 823V g F P US e taf-patchy e i Bl W&h Pl 1 Aapeguum G7°C
pbﬂ&ﬁhdhﬁﬁd)batch fermentation in E. coli with NTC3019
TR sk of Wb (ke RfeRithfiABRcEENT T O paranet er
profife (dissolved oxygen, tenperature, agitation) of
a fed- 15 batch fernentation profile of gWz GFP; (b)
fluorescence m croscopy of cells stained with SYBR
Green | shows filanentation at the plateau (left),
whereas growt h resuned and filanentati on was reduced
after the tenperature was reduced to 33C (right). In
Figure 4., a gWz GFP inducible fed-batch fernmentation
in E. coli with NTC3019 nmedium (37C 20 or 42C
i nduction) is showm: (a) growmh and plasmd
productivity profile of a gWz-G-P/E. coli DHba
fermentation with a 30- 37C tenperature shift at 35
hours is revealed, plasmd yield reached 670 ng/L;
and (b) growth and plasm d productivity profile of a
gWz-G-P/ E. coli DH5a fernentation wth a 30-*42C
tenperature shift at 35 hours is denonstrated. Plasmd
yield reached 1100 ng/L. 25 In Figure 5., the
i nduci bl e fed-batch fernmentati on process is
illustrated. Definitions 30 ccc: Covalently C osed
Circular ColEl derived origin: Oigin of replicated
derived from Col EIl type plasmd (e.g. pMBl, Col El) by
deletion (e.g. pBR322 derived origin) and/or base
change (e.g. pUC frompMBl, pMM, pMwb from Col E 1
etc)
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40

35 DNA replicon: plasmds, cosmds, bacteri al
artificial chronosones (BACs) bacteriophages, viral
vectors and hybrids thereof NTC3018 fernentation

medi a: dycerol sem defined batch fernentation nedi a
40 NTC3019 fernmentation nedia: dycerol sem defined
fed-batch fernmentation nedia pDNA: Plasmd DNA 11
pBR322-derived origin: pMBl origin frompBR322, in
which the rop (repressor of pdiner) gene has been
del eted plasm d: plasm ds, cosm ds, bacteri al

artificl eri ophages, viral
DErarEbB peSCRTRDERAGE NGB o o
pBR322-derived origin, with Gto Atransition that

| Tahiag 368 toabpdrawidgshEigurall. sedwe i BRI 2-déreyedsmid WedebatdiOfermentation
siarfl eadiedith NEC3049 yredit, odveatingl (antypifad groveth tusitplasmid predlicdvity pafile of
CPBR342-desivadiplaprhidedn i cok %mrfe@mmhé@n ngation with§ 019 aveliazeod (b)

s pJgsmidP ypreduced by they N e ) Hmediafedhgish W@@nvr?eesr inbigiy jupss-coiled
Qdé‘F%%f"tcEFdﬁ%’tqﬂ?j’cfgdf’é?f°'ﬁ‘Foduct| on of coval ent ly cl osed

c C)iaLeCP nmbj
[n] r)nd dJ O%UGIIV y profi %% las n_g
P cfucu tion’ mg, 1w1§%};3 edla% ovf/i’nltl q?? %lasrm gli%‘ér%wr&aﬂon
( a’celp &%d)’ly]
t her eof her ein collectivel re erred to as pl asm ds)

| h Figubead:, ta@wmad;FPrp,raaﬁtu ekiibgéh faﬂeﬁtatlon A% Y with NECIDM hedidm is

f ehowi 1) gloivAndBMBEparankRr i (@ikdoled QY gef, eapersud agiGkiod) ofh fed-
i batdhfi@mentatioreprefilevd EWOSTEP1Té) fluowkdele sitoo@py ofatlls sthiagivittl SYBR
y Besprok, shay &lamenyatioq a8 thg platejudleftin ghemes drowikegsuimediand filamerftation was

p}‘eé‘sCPﬁ T mﬂp@mera%a\raarsﬂqcrdtty33(’g *gho-due to ex c es sive

j’é‘& ﬁpenenl%lg IE: Jeq ur rerrents F’ 1um(37°C

induction r ro 1 (TTHE

§§(me ntatl 31s FS ched
uaunrg Q,\rrerwa 1t BHE] fosnentarion

otmh oeamci uritamh Brgss &frﬁ?éi&n@ﬁsl‘rﬂai winharpled reAeh6PRD0 mg/L.
effective approach to high yield fernentati on has

b dtigueles/,elietiedblé fadbatdh tférinénEatién padtess Ballstrdele fed bat ch
fernmentation process to inprove plasmd yield and
purity. 25 Plasm d production process and nedi a
poéainftfohed enbodi nents I n one preferred enbodi nent for
production of pBR322-derived plasm ds, fed-batch

fermentation is
ccc: Covalently Closed Circular

ColE1 derived origin: Origin of replicated derived from ColE1 type plasmid (e.g. pMB1, ColE1) by
deletion (e.g. pBR322 derived origin) and/or base change (e.g. pUC from pMB1, pMMI, pMM5
from ColEletc)

DNA replicon: plasmids, cosmids, bacterial artificial chromosomes (BACs) bacteriophages, viral

vectors and hybrids thereof

NTC3018 fermentation media: Glycerol semi defined batch fermentation media

NTC3019 fermentation media: Glycerol semi defined fed-batch fermentation media

PDNA: Plasmid DNA
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performed at a restricted cell gromh rate. This
process dramatically inproves plasm d DNA 30
fermentation yield, while maintaining or inproving
plasmd integrity, relative to the processes
described in the art. Using this process with noderate
copy plasmds (e.g. pBR322 replication origin, with
ROP gene deleted, herein referred to as
pBR322-derived plasm ds), plasmd yields of 250-450
ngl L and ceII 35 densities of 120 OD6w have been
S‘C%%%é g"'};\"t\% M??: o?%n CPm rPBRg%hba & f reo% Erzrgpressor ?fg)nmerégene has
spreedddted growt h rate of 0. 12 hr-". ThIS is a 100 fold
12 inprovenent over reported yields (Lahijani et a
cul.ar basis for this no

S
R ﬁ%foaw@héﬁfeﬂ?‘gmﬁﬂﬂ ASRRCsoRS St b gra vecors
madhgnidstgrecippl | cati on of the invention to production

of other plasmds will increase fernentation
rOdUCtIVItF%?@ W thout loss of plasmd quality. I n
oREC prigin: @BRYG-deriypberisitetith G 8 tHpsiien thet ingrrasss coexew@ffrat elpvated

| rahpednit e DNA replicons (e.g. puUC or pMM origin

contai ning plasmds) the fed-batch fermentation is
performed at restricted cell growth rate and reduced

t eembrdefined glecersl mpding farpratationanedia thatraains cppplgymitgpgen source (e.g. yeast
PExREkiGby ifact) Snd dR&olicBdaGaseby tenperature up shift,

This process dramatically inproves plasm d DNA
fermentation yield, while maintaining or inproving
peegmrertion retategioimethodsifas jpretictien of epval¢ndly PpsetdrsgardcedaerombitpatDNA
| Rolbdafs ﬁ:f:ﬂaspﬂagma_ mo§mﬁkoya@tlena$Brﬁﬁ,tlaqfQﬁ‘onfo@fmemths)}’Baalard)phages viral

pl asm ction of origin_cqnt

D&t s ot e sp ey b s Qe herialfipqsgoon ot
[ mlumexgemtaé@mntgkvnmsa!sm d productivity and plasnd
quality. In addition, gromh rate is reduced during
the fed-batch phase. The rocess is. shown in Fi
THsr@enta e AEpeessss A5Fiad in i 2 fre B9t aptimh ¥ithsyRoptima! Pl %Y’e‘d quality
afrpl niekihg bdlingdneation gfgplasrbii)oppokal BoityHe ¢. died to weehsior dxgdgem 15
pL@asﬂleqéumg,um taﬁ&reaﬁct&qyﬁcm?(r%%ba% ys@eacﬂgs

resul nprove roducti vit a new
u%‘ié“a(“f“ﬁﬂ‘?sﬁ%ﬂf tﬁ%saqr&ft%?ﬂwvemn ‘Staﬁ'é?me%ﬁ?b’l“ﬁ’&t"f‘%ﬂd%?“d purity of
I plaknddoiDIN A duding farnfearhtion valtula. A)ostreefehﬂcﬁﬂprodcsmmgh RieMd feemdn@fion has
Iphe) i

bR RS L AR Rt b E AR pusmigyictd an
TREYHi scovery that the conbination of an initial

reduced tenperature growth phase with a later high

t at roduct i, on ul.ts in inproved

ogié%é'fl PmH“C%\‘/’\f B o‘rlria“§d""3p"’ﬁatlir el il as?%m "t)sll eld is novel

and unexpected, and is not taught in the art. Hamann

etn ofld preferfed @xﬂ@dmzﬁ@& M&Qﬂon&)f PEROR L deRAlddpRshilgHeE bddh@ermentation is

r atlons to reduc t.abo r
B - SRRk ot iSRS BT
sfemew yisdswhite mhintzigalg framprpvirggplashiil owegasy, réRitiyé @heiprbsesses

apg.18asn et t aught for Col E1 origin containing

Using this process with moderate copy plasmids (e.g. pBR322 replication origin, with ROP gene
deleted, herein referred to as pBR322-derived plasmids), plasmid yields of 250-450 mg/L and cell
densities of 120 ODgy have been achieved with an automated fed-batch fermentation process at 37°C
with feeding controlled to maintain a specific growth rate of 0.12 hr'. This is a 100 fold
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25 plasmds. As well, Hamann et al,. Supra, 2000 does
not contenplate inproving overall productivity wth
this strategy. Thus, this conbination of elenments has
not been suggested in the art to inprove yield. There
IS a synergi sm between the conbination which is
greater than the sumof the parts as revealed by the
i nproved productivity. As well, the high yield
fermentations fill a long fellz but wunsolved need
since the nunerous previous processes described in the

ﬁrnépﬁoqgn?ern (}dgrfere 09 Sd {efldof ﬁ_]aa:r;lset al? a 89&) all‘he m?lecu&hbasm &)r thlS novel

C Buatoitiq ArirQypmesf is éikeqmmegarﬁleqs of t@oheEllamem agpliqatiomefithsii lwprwgn to

P brdgudilich oPStRe piesiidd Rill iGQEXRY fhrimbriios prodlictBieR Withbuf1693 Bi fiB6lid quality.
Wth tenperature induction that denonstrated the
unexpected and surprising new use of inproved plasmd

p incdeiprtfierved embod @nt Agyptodetion of pmpdratirhmducipidipdNAEmicons (e.g. pUC or

f ﬁlql\/ﬁ %ﬁ@lhcotlﬁlﬂﬂgﬂssﬁﬁdsﬂﬁb f@(f Btk %%F%Qﬁonﬁsr pQgMﬁxEd é?ﬁstﬂétedh:l:lggowm

asnl resulted in lasm d
ORI e TR T iow Pkt PRy p s St
1 8mpaatae upshidtl dhis prldessidraedticallytilnprbes presmiddN Ofernphtatime SSHSNhlle
d i l;
p?%%%@gggnT% 0 g&ﬁ?gﬁgaua f?g&th?ﬁE&ggggﬁ%*n%?y 100%
super-coil ed. We contenpl ate use of the batch and
f @hls fnaélctratdgeformBgi yedd pAmjdpRAREGESE higlespy dripedtotifiif phastids (e.s.
i : t . .
gl@é gﬁlgtﬁxc %Is@(ﬁm hgrqu' &i{g 81 dn%}ég&cfye m?h EV Q; (%Hc%knﬁjeagd 1ﬂasrmd quality. In

process escrl nta|
p RAEIRT, growgnfite i§ reduepd dygpgithadesbhtch phase. Vmczs g ehopvy indig. - This
v RE/EIRbEYinatibt o ugrh@umastnb@eém aPpIBSH tHepRAN G dpoolah&seedeﬁgm
p rrrgc!:se CfF El'?tﬁ tast %:,I]l%,vl/ ! %tueegj( dresrslrﬁ 8%& roveg ﬁr lg:%wty Thus, we

rrg‘#qu@mmm @mprvm mcmtvh fvehf com'e@atl@r@ yedygpd mwtbta@rmté 4) reduced
P temigd ik RRgrowih BHA bRRAE bloletiohl Ml ABindda®d ¥Bipfatkle ok Rl of
S|pcqi|(@ngased plasmd vyield per gramof bacteria
| BEEL HITECt 1y to higher final product purities. W
contenplate utilizing the 10 tenperature shift of the
| iCiEdve taQndSRbndabAS I ﬁlmm%a&eg te ?ef.\aniﬁgmm {)}H%w all 42 high
VR1012 derived  vectors) throug row h, ind u0|n%

pleABHRYe HP%‘&‘&?B Pragireels in F‘ﬁ’ﬁ“’?dé\‘/?é? 53“(“9'3 biggrst - $eqRlasig yield is novel
VRiﬂ@ﬂ.eZpecdd‘. fandigubt taggbt io rhe jirt. g edoil. Oipres 200 uadllacdmipemture inducible
TheRSab @\l Ficd) & ram&uﬁe%&uc eﬁdangso&a&eqw k'pfagbn&gfd . The

derived vectors. O her plasmd be tol erated at
h I8t Was pilfzes forproductian of Rtﬂ‘f’é'ﬁ‘d? mﬁ‘g‘/ﬂ%_mhbfarrqqlfd origip gontaining
gplasatids. Apivai Hamiaer d1BSup APA00PdcasSTSt chntkdplad imPisving\@etai froductivity

g (V%Q S@dﬁ?fa %hJS gﬁst g@iﬂp Og IO{L%C é:l%..p 0?966[? S % &.& @n? gJ( l!O (i"rr)}prove

bur den ance
V‘F‘ér“fréﬁﬁélﬁlafﬁlaffl betygen the C‘E‘&H‘atb’é Wh’d'éa'ls giesigr thagthe sum ot the parts as

expaled BRR @bdoyedfp@aucea@h«smw th mmeﬂ f&;mem&]s @fl a BMelAGR
ski l.l |n t.he ar tern

%ol\apd tsmceét& ng%erous Prekus rocesse descn eél over%xe lastelO years have

produ
f Bfleddmteach h@hylﬁé&mn@mnrm thma(ynse teamm'reml(lmvrm{ Jlements for

I\EE&BD&%n(csﬁﬂmngkws@lhLroawonb&myﬁdldglsm ow. c%ﬁ&ﬁ Wwith Reipdrdife
g}n &?«%{ll tl?art]dem-lc;rbseuﬁc’tSd LEE u%lex%ec?elélgndosgrprl'nsmgzneew useo 1mpro egt E\sentucli ¢

productivity.

Application of the inducible fed-batch fermentation process for production of high copy plasmids
resulted in yields of 1100 mg/L plasmid DNA, and ODgy of 100. This is a five fold improvement
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nmedi a, containing glycerol carbon source, yeast
extract nitrogen source, and trace netals, salts and
buffers. It is anticipated that substitution of this
medi a for those described in the art will also result
in inproved plasm d productivity using the
fernmentation processes as descri bed herein. 25

Al ternative non-ani mal sourced nitrogen sources for
use in NTC3018 and NTC3019 nedlia are contenplated. As
a conpl ex nedia conponent yeast extract provides

n IO\t'e; glggs 0 “I;}g ferangaﬁbn rr@é(%fesses ?1 trr]led in %Q art, ci‘ﬁle!‘ IS)IQX Burlﬁgas fS rom all%‘nese

east
emmeaﬁet is 9f albezy q'eabtydzging esserrally HI% ssmr erulpd e qshtasmqt@lse of the batch
P bdsiadc R R rheiGtiod G cdsde el driB&l her8ih RAmprevePRsmid blo@ i vikS.,
trace mnerals and 30 alternative carbon sources. By
way of exanple, we contenplate use of alternative
y @besitdueiiil fed-bitch ppreesp das@ibeddesin npptaingd lew alnstid lovels (€2 nge/L/ODeo for

S Qh@(ﬁ& d&RNd VB&ses) tfPdu MV&%&%&B& hbs2 02 tﬁ%rocess and facilitated
Bi osci ences) or, ot ﬁ

veg et abl e ‘{quarat|0ns .
p B xRertEtqad “‘}?EﬁidSFFéé‘I“P P’é’i‘r?‘?ﬁ}?&ﬂ pd‘)d“‘i“ﬁ“ EgbPeafty NI"%%@H‘?F"
nedioss) afteMadnass pradingion. High eciflefitldsac vedy GﬂﬁibleSmC)ef indrdagd plasmid

gldg?] %f ralt oﬁ)a%tgnaclgiﬁg (ﬁllmiy% l@ﬁer fF a prcﬁﬁ%?ﬂ%h& ﬂ) {eﬁﬂactgglll%ﬁg the

or gnesiumis cont

i fFe’P@%fgfé ghiff of tftel*réfefb‘a& e keepglgymid %thffb‘f{éﬁflgfu&‘)wa@f ‘1&1012 derived
aeléttots) Mrvsghb@ giolth, ih@erdg pldmidaebdbdibicd hfgerevmniahyuonm for VR1012
FH(!nthie\,éct rBtahembi%l%gsl rn dugtgont'@lgse Wg a@d a }Iel%x ﬁﬁﬁ 131012

onen eval uat| n can
i ﬁquFﬂé’e%i?ff Ogfr Hasmidemype Foéﬂ‘ﬁ‘edAﬂ‘Eﬂh?‘“lov@S’eft“Uelf then %MHQDmdemg
C @0 bR Wbl phds€ drnvhgiimdl blbdnhilmgduﬁ@grm@grdwaﬂmmaaﬂiiﬂt&ns G&kptable
l( Irnﬂt%?’o%lc l'):urc{ell;], p I‘Irl'llp l tjq)’il{% ar{d eghanc‘ted Procﬁlf:thvlty after t&xgoe dieﬁre S ft can be

f oge con ro I'on may
néegmiagd q’sppnalerit@ly fog efgiyhesrptasmid by eng of vdfraa pkithinttheariat i ve
nitrogen source rich in proline, to achi eve nmaxi nal
%ovvth |ons can be determ ned by one

°‘§\7&‘?5‘§‘é’“§1& m?tﬁef'ﬁlé mehSot fernmentation. W al so

contenpl ate use of the batch and fed-batch

f @kéﬁﬁﬁg%hhﬁlrbrdaﬁ& ﬁgcsféﬁl&tﬂ€§ﬁédﬁab&gmlbl§ﬁ§ NRCY14 (bard, NTC3019 (fed-
| as ferpmentation nedi a describ in the art.

| H‘E‘f"&fﬁ‘%‘/sbc Y HB Brahiets %o %‘KFE?‘P" Rl é‘”ﬁl PRYEYZ6L KRy SyEﬁ’"“ growth
Soedis, carainfrig@lybardl earbok sout(dast d8rdeatitengén saypqel dnd ardce mexals, salts and

2 Q%ésollé %‘ﬂél%ated tEa'E ﬁlﬁ)&[u’ﬁ&pof ﬁﬁqﬁeﬁla ¥ mUéQCSMbE&]m'ﬂE% will also result in

-batch fernentation processes of the invention are
g F%‘é’F‘lﬂlas%‘d’fﬁ“*BWh‘ﬂP%}P? fermentifiop Processf as dRstribpfgreinf eeds,
such as NTC3019 and those disclosed in Lahijani et

al
Sl S B2 Sie T e iy Renane S O
A§‘E‘F?§‘Pla@ A\ eaPler mpgia cpmprgenygeastexipgt %Wtde%b‘mg?‘b #RipQAgids,
20&5161{3 QBErbéy. . Possibls compohéisi oD Ebmple 0 B FS e. §.|y5£tr(ﬂﬁfyle)\tﬁcts) key to cell
tgbo!ll t S I rrFud 6) l(ljctlgneld Iul%afu%l}tlln andnot%gasc\blt O gcséses and
n are 8se ture
2@“@1@@ ﬁgmnuswrcef eBsawaytof expeid. &'s 90nt9@n*btr= hseaf me‘mmmact

0 prepidtod NGy prépdidGdni (2F) sdRBS Rorle ITPIBKAL pepBneSHoImfBIEBiosciences) or other

vegetable preparations (e.g. pea flower peptones from Oxoid) in NTC3018 and NTC3019 media.

Variations in the defined elements of the media are also contemplated. For example, increased

phosphate or magnesium is contemplated, either as increases in the batch media component, or as
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In practicing the fed-batch processes of the

i nvention, we contenplate various feeding strategies

to reduce growh rate, including feedback,
feed-forward, and predeternm ned control of nutrient
feeding. For exanple, nutrient feed may be added
according to a carbon imting exponential feeding
strategy. 25 W anticipate variation of this feeding
strategy to control growh rase within accept abl e
ranges Preferred grovvth rate ranges are g = 0. 05 to
agd,mons t%h&egc{mgﬁrbat&q'et ar erh:gr\;g tlrl]nélréaati\(l)\ﬁl ?f thekr)needubl% ste tic
s p@@pﬁen@vawdort}:ambemérf@md@w mmeuedelxybem qféamneatatign. by

those skilled in the art. 30 In practici ng the

fed-batch processes of t nventian, contenpl ate

v Qg‘?‘%vﬁ%w B’ﬁf“&‘%i‘ il ‘@C°§F?*%{f‘iedg%%“‘t“6‘“g ‘iﬁ%‘b@é""ﬁi’%‘iﬁl‘, {"?"'6 o example,
t ralidinesFird asbi? dulsfrogareCormLihat Faanain therpoiABdieletion may frved dn@dochid

P %ﬁl@m&léﬁonb& aﬁglelﬂ%v@ gltrogeﬁ) sou@L L&N\ﬁ ];rglﬁ"le b@gcﬁpve Fﬂﬁﬁﬁlﬁ g{anh Such

proceed g er. or biomass concentrations.
c 5’%5‘8?0“5 g ﬁ% etepipstay ane of yFrae Tkl iy thegyt of %VEP%‘IOP
fermentation tinme is reduced since growh is faster in

t % ﬂ@éoﬁ@mﬁﬁ@ﬁ‘s@ oﬁf?ermeﬂ %q feltg%athﬂg ﬁgfop %&erﬁﬁﬁgd hy\gm with

anticipate variration o strate

c Blatmidiermepfatio medig descgibed  the a1 THigiaclyay ﬁneﬁhlagaesuéfas t“ﬁ-‘é disclosed

p bYPSAGEr (sarbaéreﬁr 7084 USSP M dpplRaes 200ai014252). frederkRainedia tp hsa&/ah the
ed‘%%ta\ wunt:l’i non rgcesses of the m‘i/ %tlono e f‘%&%p e%bl’o ula%ons w1 seml—deﬁned

star W T Beo i) T C

anges nmay Specl
béee@eisl‘é’raﬁi‘ﬁﬁ@%ﬂ)w ad ﬂe#eldﬁew?@n ILshlJbry e'taﬁo%emslﬂ?q IFe@ls F’W’ t%a»
anéos, dnén .ﬂf»%?@btﬁ Q& ef 4 du@mah,eaoﬁrﬁ,drq,bala&emwmaa{ Q(’ﬁ)g Us
p ses .0 ention, we contenplate vari ous
t%?]%’gg%f’?‘ﬁﬁngnzsoh?&)tz lﬁé strategies fromthe growth to the

i nducti on phase. The growt h phase can be performed at

t @ERRh@AdA PPotess hitithative enbfodiniensf €r abl y at 30-37C. For

hi gh copy plasm ds, the growmh phase is nost

preferably 30-32C. The inducti on phase can be
pémpiayediedibagh atddardteprocessesde plasmidrprBiction SE€ discloved Hpredf Bresliéayure
3 &pﬂl%ﬁial £& slrQegﬁbE ek Qn A8 g}oQEﬂLAﬁd RbLridd E)%@t@rﬁ;%ﬁdtu\‘w shilfs.
tenperature shi fting strategies, we contenplate using
nutrient concentration, biomass concentration, or

O Pt precdingaleniglitiatgh precees of thel {ngentian weodontedydate tadous W'edmghtrategxes to
f Fegﬁpe EJBSmQJté’ Mlndug f&%@ac]l, ?cc& &)ﬁva}(p %ld %Fehe?eq]nugg%&ﬁrol glg.HtanCedmg

P ermentation culture can provi
Tr&“ﬁma nuggieRs fred mpy b5 pddadaceordipe t@bfarbe&pnna%p@vnal feeding strategy.
NR& Shticiphre Rdristion o Ckhik ReditgePEy &t cdktd] Govth tateithin b&eptable ranges.

p?lrefeggd? QVﬂ'ﬁIate %.n%eggréﬁl B Oplo%%g's \P(Pege d or%?‘ gro% rat Efg. —rbe12 hr'.

sensors can used to nuous

moefeptals Ry tiopte FingayRdide e'ememmf&tanw berfigtemntired £xperipesntaly by
Cnbselgneadithd . aut omatically performthe tenperature
shift at a specified biomss concentration. In
practicing the inducible fed-batch process wth

t Brppeticine thededdhtcl prpqaggesof thaineagli@swagonterhpiate aaeus bayghing steategies to
pealfcepmue&nme Tm@amﬁ&eahéarn%a@ inf1hde@ G bAtch Shede 4 b8 adjusted, to

anpunt of feed nutrient been added
gﬂ%w the batch phase to proceed to hlgher or glomass concentragons In the case of higher biomass

concentration, overall fermentation time is reduced since growth is faster in the batch phase
compared to the fed-batch phase. We anticipate variation of this batching strategy to control the start
of the fed-batch phase of the process. Preferred ODgy ranges for the fed-batch phase to start are from
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20 In practicing the inducible processes with

tenperature shifting strategies, we contenpl ate using

hi gher tenperatures during the growmh phase to

m nim ze production tinmes. The inducible fed-batch

process described herein maintained | ow (<2 ng/ UOD6w)

plasm d | evels throughout the growth phase of the

process. The nmaxi mal tenperature that can be utilized

during the growt h phase that 15mai ntai ns acceptabl e

nmet abol i ¢ burden, plasmd stability, and enhanced

Bll g)s mcgcflcgé)s&e’%f ?Fa%tc% a.?haamwbﬁnprgnr QstnlfI ! zl;]s}nfd sa;-.vc\d*t' ]g %nrd é:axi be determined
p Expenmiedtalychy ittoerrskided if-the art. exanpl e, soma pl asnm ds may be

tolerated at much hi gher | evel s than 2 ng/ UODwo. As

wel | m d Vi t at .| ow :

t B Sherarovsib e b st orpieten P el g cop g s

asmpérgire khafmwl sgategies fryh the prowith td the induetive pltses Eles, gromeh phase can be
Qé}foﬁﬁm Lﬁén?peﬁﬁ}epﬂor#iﬁ?@ F&ﬁﬂﬂ? 5:3b.9Ho @%o%éh' CG;Q/ pﬁa@rﬁds the growth

growm h phase. tional I ncreased maxi na
t é'ﬁ‘fféi" 'B?Sblf‘%féra%v 33é: s ”é’l“%’(’f’%&"afflf'fl‘] b5 gerforeed aHF‘{‘He’é‘f““’B forp f3-
p h$S endipteferttdy 373@°Qunr estri ct ed growt h and correspondi ng
| ower plasm d copy nunbers (Fig. 5). The maxi mal
tenmperature that can be utilized during the growh
p Frepsastiqingdhedmlucibleiprocsiestyath campereirp SYfing syytegies ygtcontemplate using
naﬁﬁﬁnﬁdoﬁ&nﬁﬁﬁﬁﬂ&ﬁﬁéd @nd&ﬁia&bno&rloﬁuchldérd@’h,s aPih@&Fer 6F when to switch

S'frgntl)hll gxiour ?‘@bn%uc%g her 0? é%l Iegél}{%& the%{rmentatlo ﬁultur%can

t enper can. be Xperi ment a

oRReviget maépylelrtmjv@usq&qmaﬁs oF ?Ptlﬁqh éenaiyﬂneasslsmwsasqﬁlﬁsm@r@aﬂqu@tcan be
S bérfdina atJaQerta}PﬂndﬁﬁQt:@ﬂakrﬁtoﬁ Qhfife safsorﬁ &8 allsdBé@Ek_H td:ﬁ?ovlde cdnbiious
péﬁggg}%o?gﬁmasi (%)3(%Cntlréra1%l(gnsaél¥n %h em?' t\(/)l'a L bee S¥t tOo Z.:lfll ogna\r}\}li ¢ I(]}’B)%rf(gﬂﬁl (53
mesgheereitre shifbay g specifind bipmass eqntcehléimou élrmecrlma}heénduinﬂel fed-bas¢heprocess
O kyith@fnperaaR B ity Sk Rdgle £Fle MoicHtdAlaiperfoifihd d@dkhRPuurd it once a

pl asm ds | g&gg{)orah‘ r‘[%e%p‘? are outlined 1n Table 1.
MVETRP AR ¢ UgepiEs 81 ins are known in the art,

and are al so contenplated for use. 5 Table 1:

R%rdcﬁc%g' ﬂ%ﬁndqglﬂ)lgﬁl_&%ssgg%rnﬂ 'ﬂz‘inpgﬁ‘t% 'sl@ﬁlh Ga%eg t?JveQQ:ﬁ’éfnplate usmg
Deri vation herapeuti ¢ plasm

pmhqtes&?ﬂrat%ﬂg@gm° P to l?rgi“fP"c Pzaﬁ H@P@wh&fc‘i -batch
apeicesae@ribkd h@eimmaiddiasd 1dviid<e mp/[.@D(sopcpM leveRitiibughouRb@growth
a@ﬁa@eso? %%ro&'sst ?he El' &g)e&éﬂ@ttha?éaﬂ &rlﬁllmr{n% !he ngéth gl‘iase%g

protein stabilizes interaction at
3%%8 afzeptaﬂawet% buder, glagrbability: #oel erhanced RO B gi n
WiciiperR@€ ehiftlwislibé faseitt spdeirie and Nl v AN Aeekdnt fBasmid bakBAGERbr
C%ﬂ n%grpe éﬁaar}‘hﬁ%%g'é’ g)?c;a?cdm Iﬂ%ghlﬁgple\%glﬂ% b 912/[% AS?G\Za ; plasmid

product1v1ty may vary at low temperature, such that some plasmids may not produce as high levels of
plasmid. In these cases, we contemplate using higher temperatures during the growth phase.
Additionally, increased maximal temperatures may be tolerated during the initial batch phase due to
unrestricted growth and corresponding lower plasmid copy numbers (Fig. 5). The maximal
temperature that can be utilized during the growth phase (batch and fed-batch components), that
maintains acceptable metabolic burden, plasmid stability, and enhanced productivity after

temperature shift can be determined experimentally by one of average skill in the art.

Plasmids and host strains
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(log phase) Gto T nutation (extends RNAI,

Not described att

not Plasmid is 65%total

pMBI pMM ,

enuat i ng repressor,

1000 (phase

not conditional)

DNA i ndi cat ed) Col El
pMW (Rop del etion and 2000 i n pVC0396t

Sane as

second site nutation that alters stationary RNAI/RNAII

interaction at 37
>50% total DNA in

and 42, phase

(pMW) onary phase

not 300 .

R6K it

pMWI is

rep

protein binds Host strain pinell6é nutant (n rep 200

pCpG Boost
%COH

activ

(ori

ron

gomner|

a, iteron

OITHI

copy nunber
x{)mprnfé us of gle mventlon thgJ C%Qctlon o asmlrc]is wﬁ'P

renove

protei n

\fane(t))fﬁ)f o ygms of

( Fepligntiqny that e Flélsréiiabmorpl la\s mpml andmpdquatenppyd ed ajergitiier @mperaturom
( mdﬁlibl&Jﬂ h& rﬁ%ﬁ@ﬂ@f)ﬁmﬁ@ ohglﬁ%p{épﬂcﬁﬂoh I afd ;Qz[smfag RESokhting them are outlined

duc

D PR Kot e hes Sisig o o

et

e

Not descri

glﬁ)( coxetiﬂlpé

%? use.

[ Q‘aﬁlsBloR(ep’agttambr)gnts ar get . Anti sense CopA total DNA)
PRGE IR Iadad TTUS  RETHiEh bopyBiRvatioh COP 1)~ € i¢6py U UTTY rhtkabetrtid pihbdhids
toenpernature 1000 gCWH24-6 Auxiliary Copibeprotein
i i s Ul P 0| u
I mc' SEkop accesso F snte‘ﬁr)nut hﬁ alé ters mﬂt FmR ré??fa?% !%{Y \f&%ﬂ etc)
| eNPEN] Bbbld @oisENST t|iiNebacribih @42rn€@6§550r &zQRLy O
¢Xpr egdieadon cont r gleb@digin ilbeasirceningr 5Q%:t Ot all pERINA)CCulra
PKLI Rep A initi atW@ﬂﬁiﬁéW’ A—inildeaingd proteln
Qver expressi on >2§ " descri bed replaesses rep
separate plasm d qr_on chronpsone trangempkperion as
h t T uo P i
examgr t pvC039§ T pmm‘r it nona.l veqt Bt Civac Rt et
or insertion of g %af 9 (bral BAPI €S S on mg,g@@ettes
CalEsr raime veMB10St  JtoMul, ﬂwmoedeem)mtnerrpl qt®oin E.[ p00io6t
i i
train DHSa is a Wiefye meeanger for |giieshi d
rodugtion. Its Keyo8ksn b Be,&,%llogpaﬂmq,e &y €CA
tatilon, whi ch ] {AtaRag eigse NON - snem fiq recontination
1R6 str. 1 n 0 A il pep{s.pBgosh ~
.Lg)n]b'f q:lreqqop er v %ﬁyinméup:g@%1 fﬁ,lt at | ysd, T ”COIRU“ LA RAY
M 8T8 ) @Gdndeh: Gotnahlof) € tolighbridton qamahsdingl f
¥) (low) or repression plasm1d and provided in trans from
(high) chromosome)
R1 RepA initiator protein Temperature inducible copy number 2000 Not described
binds non repeated using dual origin mutant (plasmid is 75% | (mutant)
target. Antisense CopA | total DNA)
repressor binds RepA
leader (CopT). RepA controlled by temperature 1000 pCWH24-6
Auxiliary CopB protein | inducible lambda Pg promoter and (Pr
represses RepA temperature sensitive lambda repressor controlled)
expression. controlled. (Plasmid is 50% total DNA)
pKLI Rep A initiator protein Rep A initiator protein overexpression >2500 Not described
represses repA on separate plasmid or on chromosome
transcription as
hexamer

1 pVCO0396 is an optimized vector backbone, for insertion of eukaryotic expression cassettes

Alternative host strains are contemplated. E. coli strain DHS5a is a widely used host for plasmid

production. Its key qualities include the recA mutation, which minimizes non-specific recombination

of cloned DNA, and the endA1 mutation, eliminating non-specific digestion of plasmid by

Endonuclease 1. In addition to DH5a, a variety of other strains are suited for plasmid production; a

non limiting list of exemplary E. coli host strains is shown in Table 2.
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Endonucl ease |. In addition to DH5a, a variety of

other strains are suited for plasmd production; a

non limting Iist of exenplary E. coli host strains is
shown in Table 2. 17 Table 2: Host strains Strain
Genotype Source DH recA endAl hsdR17 rk-, nk+) phoA
SupE44 A- thi-1 gyrA96 rel Al Invitrogen DH5a F

D80dl acZAMLS A(l acZYA -argF) UL69 recAl endAl

nvi trogen hsdR17 rk-, nk+) phoA su E44 7A- thi-
gyrA96 rel Al DH10B F ntr A A(nrr-shdRVMS- nTr cBC),

D§Ot9¢,2 AI\/I15 Al acZ74, deoR, Invitrogen recAl, endAl,

7= | ayY 7607 Aol 11 aal K

| ol
al A Cu Tr'OJT1 (¢4} U [¢ 4] [\ r\ QL ||u
notype _ ./ R A - ! ’ Pgource

et s PO O o PP L e A v

|

busa - Y J7gh ! FtTrab36,;
)ro%B | a¢ mm;ﬁﬁ Sk M ?%@%E%dyrlAQG t hi In1Vltrogen

TV Te | | %opl, Adk1LEDAA @R leuf165 RMEs, B BGps1 8@ 6agZAML

NDHAYB/ S UPE4fierA Alrfin- stﬂMSMMWOMcMﬂQSB&M WSR2 ANEtrdgen

ANmamX74 | egAl, rdcAY A% QRIMMsdRV@IA L3S ) AT sapB48 U (1d69 /| Sgrahdehe

al K r psl PsuBRFenb? proAkialidabihi] Ar ecA1398 endAl |t onA
S0ABlae M) tecN eadM&ArARG BR{ sHR 1T kupE+44 neddi tar GlpeadB GT 11| tritagene

rA_A( fac BB nlfkTeR)T) (D801acZAMIS Al acX74 rdcAl

| BoAQogenF '@ﬁﬁ@(ﬂ”ﬂ(ﬂéﬁﬂsﬁﬁ%‘%@%@@@ ack@4 refA ] Dg(Q Injitepgen

5)-AC mSL(S ) endA ngpGe Nl vdast em

P4

Gl r | 17 A @ 13 AlgcX 24 hsgR(r,

h (=21

Nl LA LR gl fhdme- NN
)? ﬂ& acy lgf -hs gﬂsgﬂg% (Dgg Z(;A‘gfr;l‘ AacX74rr]ea: 2['51" n

v e

PECROATENE mcdl AmrnsARMSHicrBS) D80 i’Z AMIS)Alae R4 recA U Q- Epicertte

Kan') uyYeddAl raP139@i, lemedoZ sMbealRi0 3t nups St b12 |[F ntr A

A\Gire r BC- e RWier A7) A Y mdr ER-ANASMR\GA)17] eddA Diyip X9 0ri-t hi Stratagene
NVi t r 09 ¢ RyrABUupA Bédret BoAed sboC. wmud: Tnd (Kan') @RAS[FSrbAB} |mecr A
\( ncr BC- h&dFIRM INTnri0 (FENAl endAl _gyr A96 gal -t hi -[1

AbRt r ogeF m%ﬁé@uﬁcﬁbsw M) TexAlgodA L lesygmy P hip AB+ | Invitrogen
Jac-proAB
tbl4 mcrA A(mch -hstMS-mrr) recAl endAl gyrA96 gal thi-1 Invitrogen

supEA4 X~ relAl A(lac-proAB)/F proAB* lacl'ZAM15 Tnl0 Tet®

DH5a, XI.1-Blue, DH10B, JM109 and Top 10 have been well established as plasmid production
strains. Machl, and ECOS101 havé been developed recently and may be desirable plasmid
production hosts. Stbl2, GT'116 and Sure cells have been utilized for the production of unstable DNA
containing plasmids. Unstable DNA contains structures like direct (e.g. retroviral long terminal
repeats) or inverted repeats (e.g. shRNA palindromes), Z DNA, etc. The deletion of the dcm gene in
GT116 eliminates dam methylation which is immuno-stimulatory. Therefore, production in GT116
reduces the immunogenicity of plasmid DNA. Similar reductions in immunogenicity are observed

utilizing strains expressing CpG methylase.
Production of unstable plasmids

We also contemplate use of the invention in the production of plasmids containing unstable
sequences. Palindrome sequences, direct or inverted repeats, and Z DNA forming sequences are
unstable and are deleted or rearranged by E. coli hosts. In some instances, plasmids for therapeutic
use must contain unstable sequences (inverted or direct repeats for viral vectors such as AAV and

HIV, Z DNA forming segments or triplet repeats for certain therapeutic genes). Current strategies to
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DH5a, XLI-Blue, DH OB, JMLO9 and Top 10 have been wel |
established as plasm d production strains. Mach 1,
and ECOS 101 have been devel oped recently and may be
desirable plasm d 5 production hosts. Stbl2, GIl1l6 and
Sure cells have been utilized for the production of
unst abl e DNA containing plasm ds. Unstabl e DNA
contains structures like direct (e.g. retroviral |ong
term nal repeats) or invertdd repeats (e.g. shRNA
palindrones) Z DNA, etc. The deletion of the dcm gene

! rr}mmtam pll rmgs cpn rﬂﬁa tu?ls ﬂ:aser:n rﬁ%es aX: to use l?rs]t c\/\ﬁ]fmes wnh sglrllhzl utations.
i MUNOPSET miPat's oré, ‘prodicti on 6"

r §@91@Jé®stt %‘ecommnlbgfemam toyprqxfagapbrag thesd pBNAds @r grivhplg, Sure cells

I eidadchd rtsnmmvnngémggma QﬁdtSYblcf’(‘irﬁmQQﬁﬁ’fﬂé%%lzlagd smu LdiZinB\Qitilize
Stral{sﬁ £ I ess | ase. Pr od uctlon of

ufsted WALiRg ‘8% gr\?@cﬁ&ﬁ S?B"‘%XBE‘E“@?P&P%?{ EPn{i0Re Yetopsyjeh as retroviral
| mec@rst thip pffdcris ¢nhacqirabreiducdditanperatire (ragmbly Sucto rethgedriopygumber.
u @E&iﬂp L&lb%;loﬁ@(ﬂ %%ﬁlclﬁlﬁatlof Q:Ln{ &Gﬁl%slﬁlﬁ 9}6942 gtﬁ)ﬁ ’espg(l:u(ll? gttlovp r

i nverted gfreats and orm ng sequences areée
uffSPHHIE TH‘h eAnd S e 'é‘l‘]s gies ‘?“é &ep &Wf@%‘b‘mw"E horgglqepus
h @sdénbinatidn dsﬁmiﬁcyl(ﬂésﬁ &40 @Sconjcam Wit srvfrqmr tulney mﬂSOS reair (umuC)

u §§ic%§ Qto &%‘iﬂz@ sy Qr?ﬂt &ndsrgcq)l“lg Q&fRe bﬁXef %Q‘ ell es
Li8Sen tnp VA

direct ﬁfats OI‘ viral vectors suc
ZSrqand %he orfggbiliEgatmAtoicsraueneqs pihese straing @aft@n Pdiablb@rp{a@nuﬁf only
t btedivaﬂaﬂp&duﬁe (ge BEE), presublblEdit toSéductt ﬁlgéne&cob)onu&&r THRstrdiegly N

e vilouTlij ﬁcrgag ? Fl]uc{l%ngzgslfl rEJSse c%kale mduciebq? er?tatlon g‘%cegso 1%%%8 Sticgesu‘i-

aweuléﬁmweagmop 9t 3ot Prmgbleplﬁsmds prs@bhgmcplbhpebpnqr kprceeasing

PLéd§ Ainkhss onfy@ér a B6R Mra®on pibt ithafiBd. iis sHosill in@liRigkeyidid and Celbhidp(.e.
'ti’}“ v(ggep%l or Sc, b12 and Stbl4 (Invitrogen). The Stbl2

ai} ¢ PosERIg PRsi9Shos ytilize an undi scl osed nutation

that increases stability of direct repeat containing
VORI plabifid pRRudtBhr OViral 5 vectors; this effect is
enhanced at reduced tenperature, presumably due to
reduced copy nunber. Specific conbinations of repair
nifheandagpigg nahansinddyiticiobserved imsaaied yipld of degmid DDA, (>6 mg/L/ODe) in the

e%&%]e@t& BﬁtcﬁBroJ:e%Vié unkRWVRE! @ﬁdéern@al]y Ilh:ﬁ:‘o 1§&h(:l§’On%p]gN§%ﬁlgactIon
cell |ines uses one such conbination, wth honol ogous

r BB SiE N LY e HEePaTingT éﬁ‘érfh’("f‘aé‘e B‘nd‘f‘%lif‘lfﬁms s e ﬂli’fcgf‘]e@f?d“"‘)
Widdring biviaseaductioq enslo@)grosvichn&@Bicedagapetatufeu mu C)

deficiency (to stabilize LTRs), and SbcC (and reclJ) to
stabilize Z DNA. The GTI 16 cell line uses 10 SbcC and
Shng BNA copdensationdugag the iagustifn ehasemaydiseeass plaspidyigd bitipcasasing

f tolegdbie Plasriidle Gelsdbidpy @bl Eis degeks ofddinpactichtof 4 DMA is set by two opposing

QBEI g&déﬁs% (:l’lrl]'(')ll? tin ?rgtgaﬁlanﬁ’ de% nlég%ltaéé(angcpxguoﬁl gonquFth%cﬁasnud

as n
i Ffél?i’éfélglé@ayﬁ’? eférated hyohe levelof tran@fsletha rowm@squﬁeralmtm &ess transcription

f @hyBRAksadidtdavith higlke Sohpatas( fid perehtle meshét carkyiid kapacidy] ow
propagati on at 30C of unstable plasmds in stabilizing
cell lines, prior to increasing copy nunber only for
alnsfh ori a rymbes of chrpmegtin pgteinsdav pep edontifiedthat are givejvdddn DNA compaction.
ngxeepraah&J @ndgﬁ%ﬁm%&lohﬁc}bbﬂ Inhe cast of gihtRlid BIVA, 1Y compact the

n
DI%A into the rPuclcmgQrewewed in (Robinow C, Kellenberger E. 1994 Microbiol Review 58: 211-
232)). The major components of the nucleoid are the histone like proteins HU, IHF, and HN-S, StpA

u

(related to HN-S, expressed at about 1/10 level) and Dps, which are distributed uniformly in the
nucleoid, while other proteins, such as SeqA, CbpA, CbpB, Fis and IciA are in lower amount, show

non-uniform distribution in the nucleoid, and may have regulatory functions. An isolated R plasmid
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DNA and plasm d production The underlying nechani sm
for the observed increased yield of plasm d DNA (>6
ng/ 1JOD6w) in the 20 inducible fed-batch process is
unknown. It is potentially due to induction of DNA
coonpaction agents (e.g. histone-like protein or

ot her chromatin binding proteins, such as the dps gene
product) during bionmass production at slow growth and
reduced tenperature. Alteri ng9DNA condensati on duri ng
t he induction phase may increase plasm d yield by

| RELGSHAS SRl el AR Rl Al €15 SRlpa AR MR
0 iﬁbogom@resﬁmly@h@ge dsmm‘tjmlgwgthcphmm Fhongtimaseqciatsd geneiproducts
dere aifrelemiany tekulaled hifteteRl he@fd, mfm! c%ps&easmeﬁ’lmasmrg growth and

action nmay be affected the level o
thﬁgﬂ E’hﬁief Sﬁ W&ﬁﬂﬁf“ﬁ lB&%)Wgtl)éqxgresseLdéglgg phase, while IHF and

t Dasescat highier lovels imsayionpey pass ®ps @hdeoseyIDINA inkvi lighi@ biocrystalline complexes
¢ 91"5&3&1% Qﬁhse t@ %&9 En%&trésﬁ‘iaxlxc){ &k&Q&EssB@&f&N §&n§£{9@§6&tﬁ/ phase

30 In E! hromati n proteins have
bl&adi %“é%‘fq"?ﬁ"%ao"taﬁ%ab%%sfﬁ?k&% P dave fighgeplagichisracity wygn DNA is
Thgmgecogrp&ed pﬁ GeINTC Bidizibiederpbrgitn locads Chrapetnghade cellDMAe lobver overall

t L9

¢ RE= P i ARDOLolion pha LUy PP ARve iy afblicl T e
19‘9‘11?1"!%)1“{5‘? 4 BP‘%‘F““R@"\?I"@W’%“‘ ‘“2‘!["119‘1“2‘3’2)")‘1‘5c vitped “}"ﬂaj’lbl” igher levels of
C @B @IatnSd Bin 15 he growil Iplessd. Altaka@ors Bahdhtib 6tRromatii Yroteins during the
pt HIN- rel.ated to HN\N-S,
e§<“|§$r°§%“ Tope “q%‘y a %“ﬂ%"""i%?%"i"’é‘i?‘e?’) a‘g‘é’“t%(ﬁsp“‘ ich are
distributed uniformy in the 35 nucleoid, while other

P ARLrRIBHS to thetilds SSchroRSHD protditid ﬁurmﬁ:b@ ﬁducg&fphﬁg ﬂlna)] aﬁ:sjoﬁcﬁﬁs@ lasmld
' wer  a show .n

nt - rmdi butiop int
:,] [fg':‘cét(’ﬂn 6ates ;E-g)gexm ﬁyg{fésmtngraﬂ lLdgtpL ! Ié)ﬁ)u otle%Hut not the pMBl
| @BRIA2RNAL promaseri ilregirgssedyhy &ﬂbbﬁA@d}mﬂIu@o@cr@@m igineresgedtimiiFe
”B]Iuﬁxhs Dps%@m&e nzxssl{echcldm%md%web@pdnx @wmﬁmaéad»ﬁx/gm

Th S chan endi
oftaeilde Bred i DA T ARt G B B GUIE s TP nc
dselah ere eqqhdned spagific SGN1S eepredesitnanschipkibrefiopre numibxal bfpronebiefsftigr @nthin
c @Llr'l'ed @ﬁﬁs’f He 'Rﬁ%l]@ﬂ)%ogwf bﬁgl @U@%J}B@@ﬁ) contafl fyo%aaqu poly T tracks;

phases. Fis, HF-1 generally are nore |gi %u
efl‘ﬁ*é“é‘%“é“é?s fom F‘B&d Bﬁ’ﬁ‘s@e degrrated lera‘spf Segd BNfygioding chrogyatin proteins
h thgrepiresd teiuetigion (2.gSHISS) i0 Batioyarpphas enay bpSsodaanidamhsesaEiNALio of

K ItoI l&H’h ﬂm@&ﬁ%ﬁ&ny §1E ﬁll li(l,vcurgenﬁsg EEBJO@%}E&S? 1rﬂre§ste ﬂ'ntﬂlaglgﬁ o y nlfmber

p ase to I nprove stress resistance er - expressi o
HAltazatiqusrte thecompesitig eftherthigmatingroteing feeps fuptiypr gigepaase in HN-S) present
C QUHESRE produdion @ik of NI ifdrindnyatibnGBcess fag)l 1b4d tdBfealta yRsnd GPET

pl j j is highly conpacted. In the
Nl% Wn%ﬁ%?@?g edrsrsr'gﬁt dtion process, growth phase cells

have | ower overall capacity for pI asm d DNA t han

| n&asnt)goemm SoniPactdd, FoBexarhplé, &eﬁaa/soblele 6o proeirfd iof BRMRNGR R,

. whetn e)épresse(a m%]?ohnrg%ﬁlgs ffu](i%rA compac n orr Qr%reeasﬁng Plgﬁr {l]& For
o¢xamplg lexprestidneof pB.aamdigsnzal agid solyble breterg rlrdiwﬂt Optks@sRNA (Setlow B,

AlkfaraRdnld QAR WIPOs BdoeridiAlrs: 84206535 hr omat i n prot ei ns
during the induction phase may increase plasmd

conpaction, and carrying capacity.
Process alterations may also improve yields through effects on DNA condensation. Dps is regulated

by Magnesium (Mg™) concentration; the presence of Dps does not result in DNA condensation;
tightly packed crystalline DNA:Dps complexes form when Mg concentration falls below a
threshold [reviewed in (Frenkiel-Krispin D, Levin-Zaidman S, Shimoni E, Wolf SG, Wachtel EJ,
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Alternations to the ratios of chromatin proteins
during the induction phase may al so i ncrease plasmd
15 replication rates. For exanple, expression fromthe
p15A origin RNAH pronoter, but not the pMBI (pBR322)
RNAIl pronoter, is repressed by HIF, pl5A RNAII
transcription is increased in IHF mutants. Dps and HU
are non-specific DNA binders, HN-S, CbpA and CbpB bind
curved DNA. StpA is related20o0 HN-S, binds DNA with
hi gher affi nity, and al so binds curved DNA. Fis,
I.Ci e [ f

Estle 5it%r a(ht§cr| p%}?‘yo‘éril Orlgﬁﬁnﬁab);%onblé?ﬂéf ) O&Tgko gpally. the
t tmtples osandlenth@ Ondeagd tnediloPiphenicdl eddRMﬂ\ﬂdnnpmhase fAddiNg of 0.2
1 m(\ps%gnﬂnlg to%%%%ﬁltu?e@ EHcélérBe% i ébﬁde@s%n mhé/abggnéeroﬁﬁlkssl?hosphate

t hese sequences_form curved DNA. The decreased | evel s

o FARAPR/ R ORI B PP P‘@Hﬁ'{hﬁfﬁe"pﬂfﬁt‘d@f“ﬁ@ thieppate apdgspinedo
t sremsdire (Beak@RK(ipingt alkiprE)2001h Chinatsitaiaameytatiph eggosirwy ofyenditions
aﬁlﬁ‘ﬁ’l {hé‘bﬁﬂp r%)ﬁxge tJ‘ﬁtE&ﬁesiggls B%\Jalgntgznonsawlﬂ . ﬁroﬁ%ﬁkogenous

transcrl ptio docunent ed statl onary pha

[ Ff@l“é%\%‘é‘eﬁl?ﬁm'ﬁl ‘5§'FFF @e EYﬁBS’/f PR Fhargedypolyamingsi (¢ spefrydipe, tarough

c S)WQ@SdsTadldﬁﬁm of cofithoBof ivtetitIB§ritHasi{) hidf @érerSe flBmid yieldutid der
09‘[[69191% dzkl?‘l oo R S6nt 25 during the production
ase 0 ernentation process may lead to

| ncreased plasm d copy nunber with pMB 1 plasm ds

s %horﬁ’eﬁnpﬂlé@rth&ﬁtcﬁﬁﬁ&dﬁ@@ﬂ& bebaifa B}Dﬂﬁﬁe@&ﬁnpacilﬁﬂ' of PHAIPDRA. This

e ac‘iiueve% bé Cfldl%o (&gN% cﬁ&gatcueon agenﬁg (o L? afged ( ?o u){egl%ﬁ}&en%ne

press
C W&@!eomne)rm ﬁtrver@&s’lmgnsmaa@maep pwde?tldn othes\t straip(PNA
€ ¥eMpRdtitn agBntduéhes bp@dﬂmﬁfproaucgon op BB@tpfokeinSprocd[mbrl dl&ﬁg fhe fermentation

S %ocl:'legs:ﬁ%\ [k gxwglﬁcauSns gglgt*obg rellitc621t10ns ih?gaBNA glg ??ei%lg%e products tog

Pindeseddripg theferznentgion pieess- al so | mprove yi el ds t hrough
ef fects on DNA condensati on. Dps is regulated by

nesi.um (My') concentration; resence of S . .
d §a°ﬁ°6‘tg “Fé‘g‘(g‘f“%‘e ?‘WCWAW"C‘:SP]‘&‘%%%‘FP% ﬂgméqsve PTRASEES G 385%'& glgsmid
C kgpsg huahbed angloDidAel Dring e givenpbase. Fareramplecin addgion to growth at a low
c Q&S&Rﬁd& %ﬁ'llerQﬂclIaﬁLrLs%x@ﬁJ) %c@ccp} Hﬁxﬁ&*ﬁ{%l Qul[i W&oﬁ%ﬁgd inﬂ) thc

(Frenki el -Krispin D, Levin-Zaldman S, Shi non VWl f
SOWM%T g?r egyplez@juceﬂddgfflv?d OXpgen ng{n g gglentﬁeﬂnlh@,beem shown to reduce
Mplasikd/cofy nuBé 1CAVBAE, 2005 BiPrdkds8 fhetetribBdn)] 3:9, in press).
Mor phol ogi cal ly, the conplex resenbles that induced
i‘ﬂli’ chl oranpheni col addition during stationary phase.
rpyegngnt e figpl prodyef puier ni di ne to growi ng cul tures
accel erates DNA condensation in the absence of Dps.
t ﬂ?’. Sgnt E‘ﬁﬁgl‘iZ%ré\é asd'rég enngw,? Ife%cﬂ s%g Sa r I Sfﬁgﬁnebbdafg HﬁBﬁ culture in
t exes'plsrps ehawkuriécaemm%iw Sumnr@ﬁﬁsqﬁ arenvelhmowmﬂleaft e)@mbl.natwn
Cbtamgﬁmtfam&mhma a;teinpls}y gmmx&i. srbdaﬁ ny pxﬁﬂ&d’b& EfEOEve

dur dglﬁ {urr%lgelflr L;(cg Een %Eﬁ}\ to atc?%:?tal}le ve rPor €ne \tj'lerapy ang DNA

mccf
diva I ons exogenou

ammatlmpdmat@epl eti on) or alter the | evel of
positively charged pol yam nes (e.g. spermdine,

t hrough exogenous addition or control of bacteri al
synthesis) may increase plasmd yield and are
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contenplated as alterations to the nedia. 10 W
contenplate further yield increases may be obtai ned by
further conpaction of plasmd DNA. This could be
achi eved by addition of DNA conpaction agents to the
feed (e.g. polyethyleneimne, spermdine, spermne)
or strain nodifications that increase production of
host strain DNA conpaction agents such as sperm ne
production or dps protein praduction, during the
fermentation 15 process. Such strain nodifications
could be alterations that allow the rel evant gene

pF %o be induced during the fernentation
process I'n practicing the inducible processes me

e .usin ative st
o T e Br ooy FLORME e e i St o
p Iwa)s@ .lllumnonelxﬁaxplhoel,ntendqd mdobi \tlaymmuhfgsrwfnheatweawh ow 20
tenperature ot her mechani sns exist to reduce copy
mber that could be incorporated.into the growh
pﬁé%‘ép'e LTS and NTCPB Fsprapeatirreeflia, o g oxygen duri ng

fermentati on has been shown to reduce plasmnmd copy

n "fﬁg}gﬁovﬁn tg%sﬂweé%stalglg'ggfoﬁévglegngg &35 o;ltl%z@c{ Q@rtehtgmﬂ k)ré)%ss%or

in press I npr ovenent final product purity

¢ Srugasringplasid PNA7 i ng plasn1d enriched feed streams

f mom t}hgq P ficld@tpifstldTREblasmiINAptk § tllénatspy  exenpl ary
phasmd ouri fi i on processes. Such processes are
5? lom%sf%ﬁg art. The conbination of high yield

f &y men‘t ‘&'ﬂllr%qﬂf‘ Weﬁ%é?FﬁPP&FSPIIW"I‘SWC ation process nmay

p BpVi dewi esltse dshif@iGkdbléms dufied ol agpresssing f urt her

Educelt qbﬁﬂQNA“ﬁmm"w %$able | evel s for gene

erapy ant ron applications. 21
Eﬂ)AI\/PLIE‘B“ﬁ\?en Masmidatuctyfe (¢-b ao dalpiiensiof her fearrahgemeiir
iIIustrated in the follomﬁng exanpl es. These are

ﬁ?ulglﬁe megl lei f8rnTu}£1te8 {o Stllﬁ)gl’lfl l%%}{ sg'gecll 1cfrg)la?r{1j]19 ylaﬁ\(:f;uéﬁ 1omzllsp )tnécrf qu?aql gh
Enlampfll @lallty TF BB TEmentatioNTCEBONYGs fasigrrd n:tratumhe sm@d‘ C groythaate.
f fﬂlé lQW)frzlgedﬁJeh ButoMay b%e@asgoamd vAl@dnd Qfasnﬁd/@)%%ﬂltﬂb&rdnﬁetter
er %QF%I on ess jor “g‘g 8 i
'é%‘ﬁf} “'.‘L‘E? ba H""’g‘ﬁ °8f F &Y BB ISEHY ¢ Y
p m@m o thE)mtlpmutrgntc &hd hostats®) DH5d2has Hie gridAbiraramd rejA mhtations, all
important for plasmid production. Additionally, all components used in the media were well

characterized and certified animal product free.

NTC3018 (batch) and NTC3019 (fed-batch) media are optimized for many components of both batch
and fed-batch process media. For example glycerol is utilized as the carbon source rather than

glucose to reduce the growth rate. Yeast extract is used as the nitrogen source. The trace metals and
MgSO, concentrations have been optimized, based on determined requirements of E. coli production

strains.

Example 2: NTC3019 media fed-batch culture with pBR322-derived plasmids

Fed-batch fermentations were carried out in a New Brunswick BioFlo 110 fermentor at 37°C. pH
was controlled by automatic addition of 30% ammonium hydroxide or 10% phosphoric acid. The
dissolved oxygen probe was calibrated to 0% by nitrogen gas sparging and 100% with air saturation.

The vessel was aerated at IVVM and dissolved oxygen was maintained at 30% by proportional-
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3) It will retain high degrees of super-coiled
plasmd; 4) It will cause m nimal problens during
downst ream processing; 5) It will meet regul atory
requirenents; and 15 6) It will retain plasmd
structure (e.g. no deletions or other rearrangenents).
Culture nedia was formul ated to support high specific
plasm d yield, high biomss yield, and high plasmd
quality. The batch fernentat2dn nedi um was designed to
reduce the specific gromth rate The use of a reduced

1nte§ral COI] O 0% a%ta[(lfrl iCte Csllgge% atfoaes am l}é\AZ(S ?a(ﬂ)i ﬁhStejé)lCE]fjljgwn was also
fedmbypehmﬁeﬂﬁ@ﬁWavmmns the growm h rate was controIIed
at 0.12 hr by feeding of the Iiniting nutrient The

tra has .t he
PO ToRSRE A o) Gt P S gt Sy kanamyei
Adidigtoivo plT 10y At midlexpoapd pisid (8.5U S @d«h)thetséved cuiteds werswseddo provide

Wed, bocutfil2 kR 6L kbl and certified ani mal product free.
25 NTC3018 (batch) and NTC3019 (fed-batch) nedia are

opti m zed for nmany conponents of both batch and
f Pahing &t dhclpuinga s SeniEétinad feddantriex aaalided glcytdieg © b cdrison limiting

xgl)riegn%fjf Etﬂ% )ﬁ Eﬁngﬁ))n %Ha(] Qrﬁougltaotf I@a?t;on EJ%?Jlte i rlljsﬁrggﬂ%ﬁltm% the

uce t rate. Yeast extract 1Is used
npaltclh @lgaéehat 3 W@@g_rowphréte £ ke cUppa £ pustiop ofj the Wélgwbstrate the fed-batch
8 phaseBdinsahd fedd authav s aﬂ@&dﬁto};ﬂﬁﬁcﬁllﬁ aZtiﬂdr;ate h&gﬁdle(ﬂtf}' the following

I nj equi.ements of E. coli production
s%ﬁngggggc&ﬁghﬁéﬁe 2: NTC3019 nedi a fed-batch culture
wi th pBR322-derived plasm ds Fed-batch fernentations
wer e Cﬂgrved out in a New Brunswi ck BioFlo 110

féKﬁEnggf—a@ 37C. pH was controlled by automatic
addi ti xwf 30% amoni um hydr oxi de or 10% phosphoric
acid. The 35 dissolved oxygen probe was calibrated to
0% by ni trogen _gas spar g and 100%w th air
SHhGY drt e PR AR (o8 BPAPGtaI 1 U VM and
di SSOlXé&d)lM@@lBenmn Mereﬁcajfneda:@tphﬁa%’m/nr oporti onal
22 egral o] agjtation. At cell densities

o Vi e et

above Suppl enentati on was al so
r equi SellimifingraistrteiopcenRdgngmpueat fred medigaed- cul t ur es
wer e star bied cdefroidhe ot BighaSs foxRlii-Re g0l Oni es i nocul at ed

into LB, .pl us C|n 5 and grown at 37C. At
m d- ekpo%‘e% g‘igmg’ﬁ%\(’ffedq’@w 5 OD600) the seed

cul tures were used to prOVide 1% i nocul uns for the

F 50T 08 Ui 0RSS01 it b @il R AR csistan
S a cC on
TSPt e peat gy O uPfetbey SR s i el P o8 e

affimuht Pledmitaeldsaveragel BOmeAtagd hage wenvs bigea 44Umg/h.gByt domparison,
published fermentation yields with pBR322-derived plasmids are on the order of 3-4 mg/L (Lahijani

et al., Supra, 1996).

Importantly, the specific plasmid yields are very high, typically between 2.5 and 3.8 mg/L/ODg,
well exceeding levels observed with other fermentation media/processes using much higher copy
pUC origin plasmids (Table 3). Expressing plasmid yields in terms of specific yields mg/l/ODgy
indicates the amount of plasmid relative to the total cell mass. High specific yields are very desirable

since increased plasmid yield per gram of bacteria leads directly to higher final product purities.
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10 batch phase at a specific gromh rate of p,.. Upon
exhaustion of the carbon substrate, the fed-batch
phase begins and feed nutrient is added autonmatically
at the rate determned by the follow ng equation
(Carnes, Supra, 2005): F(t) =1IXBVWBela SfYXIS 15
Were t = desired specific growh rate during

f ed- bat ch phase, XB = bi omass concentration at the end
of the batch phase, g DCWL, 23VB = initial liquid
volune of culture, L, Sf =1limting substrate

L um 20. Yxis =
fang %f’cefed batch pha

g n CeéSCS
) G yield
{ime since beglnn fl’e’

pllrvhé.)&hlbIgu[)rybétgl(lfledibaltc“jlb T NTCUOULY III.:‘JI ad i lI %&f@gTﬂ_

nnpnﬂ kanamvcin resjistant an 2-derj \/p

)Pﬁ'ﬁl%ﬁ‘ gl ﬁé"é@ﬂ”& (&batchjensity of 100- 120 ODf w2-8or
b NT63919pBR3Y2-d:AVeld okl fgmbatqnemxalnplt Br 25 (Fig. 13338

m fuu ||g/ t—and—hpve—tbeen - Fri o1

comparison, published|fernentaliion

_N@¢@é9wqmeh@mw pl asmi ds afe on th&7order
JNT63049 p’(gi dngﬁlh;ﬂliulmam bat&t(Exalhple 5)Su pra, | 1990) . 6511

nnnnn A do ar o _\saorag
IIPUI L aIIL I y, L IIC Sl S I I Ll |J| aDIII U )’I C US OrT C© V\al y

hi gh, typically between 2.5 and 3.8 ng/L/0D6M 30

wili$ depristaditrgNT@SO B fermerttation meith dpimaticalist toests thedfernmentetian yiekds of
nﬁ@deﬁl‘eﬂ’:ﬁ@%ﬁﬁ&?ﬁlaﬁﬂs MBZ \blkrgbﬁeleﬁ&lﬁ’ﬁélaualt&n&fd aBd Focesses
pl.asm ds Ta %%c resln%_p asmd yields in terns
f‘ %"B%dc‘f‘F‘ e “Frﬁ?‘ I°ndi cat es the anount of
plasmd relative to the total cell nmass. H gh specific

y*l”ﬁ:'[%& [ﬁlﬁﬁed\ﬁ%rrMhege%AcEs@Q s%f a ﬁéﬂl{‘n&q‘ %Jg%@l@lﬁglyplbﬁi mﬁg-coﬂed with

per gram of bacteria |eads directly to
fP%F&fectthle&a 40 OpRfher feprEaggemon. Asughly N purifigptipns a I‘E‘b‘rﬁ‘%ﬂ scale have
Sprecpdfomeptdiging de sellefkaisthinprbdesspTHi desésithtes ferrhenttiab performed in
f F Specific
pﬁ’g&g%‘il} @@ Fa?evﬂ n{%&l%@éﬁeﬁ&m t@fa@%&l@g%&a ckth 9@%%?15.’ 5003
(fed- bat ch) 1 3- 2.1 Lahljanl et al., Supra, 1996
( Eeshphat N1¢3028 Bedibid batthltmpRERahdvithaligh\eopl gotid thiérpy plasmid
fed-batch (Exanple 2) 2.5-3.8 NTC3018 pUC origin

batch (Exanple 3) 2.9-5.3
NTC3018 medlum batch culture with pUC origin plasmids was performed. The following pUC origin

containing plasmids were utilized:

1) pW2.0, a derivative of pUC19 that has an altered polylinker sequence.
2) pMaxGFP

3) pEGFP-C1

Batch fermentations were carried out in a New Brunswick BioFlo 110 fermentor at 37°C. pH was
controlled by automatic addition of 30% ammonium hydroxide or 10% phosphoric acid. The
dissolved oxygen probe was calibrated to 0% by nitrogen gas sparging and 100% with air saturation.
The vessel was aerated at 1VVM and dissolved oxygen was maintained at 30% by proportional-
integral control of agitation. At cell densities above about 20 ODgjo, O, supplementation was also

required to maintain 30% saturation.

Seed cultures were started from single isolated colonies inoculated into LB plus 50 pg/ml kanamycin
or 100 pg/ml ampicillin and grown at 37°C. At mid-exponential phase (0.5-1.5 ODgg) the seed

cultures were used to provide 1% inoculums for the fermentor.
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NTC3019 pUC origin fed-batch (Exanple 4) 2.7 NTIC3019
pUC origin inducible fed-batch (Exanple 5) 6.5-11 This
denonstrates that NTC3019 fernentati on nedia
dramatically boosts the fernentation yields of
noder at e- copy nunber plasmds (e.g. pBR322 wth rop
deletion) relative to nedia and processes 5 descri bed
inthe art. This effect is not plasm d specific. The
DNA purified fromthese procegses is of a high

quality, being essentially 100% super-coiled with no
detectabl e del etion or other rearrangenent. As well,
DNA purifications at the 1 gram scal e have been

péH fegnamatibng wérg pezfomgd at3ECCsF p¥2.9, plasmid énpy nymbgroas wducdy growth
dgnpasdd ia e ?enﬁe%fa%nﬁ@ctmfé?ﬂéltaﬁg{smﬁ PBEIpthsthids e@chPIEHB b Sties of
fed-batch nedia are anenable to | arge scal e downstream

PP Ogo - Boxutist sBechie PRIFESGAS TR A" 5PF yEEiE Final yields for pEGEP-
f €F weat atlidowitywr 50 ginkyietdoy 163 @gelatrhid/L a%:f;ymgﬁlu OB/, @MaxGFP a cell

NIS30 %51 Bl Mygﬂkﬂl n‘FgILHIaEAﬁﬁE M U(P%/r%?ﬂgo) Qkd (G éﬂvzﬂ)' 2Ry of

erforned. ~The f oW N cont al ni ng
pP7a‘§‘$PP°d’éd Xigded 239tme|plasrpigyL (419“‘ Dgo: Fig- Ber i vati ve of
pUC19 that has an altered polylinker sequence. 2)
p f -at |
C AR o tesghoc S KAk €l RRE B R A perctg i
3meteﬁ+1r1w9&’§twn@b?w¢ Gwaesfﬂw AtvdneliA purifiepdipasiatthe b erpspgle have
amﬁﬂrfdﬂ?ﬁem Mdﬁlﬁ%ﬁd&llmonﬂiﬁy@m%ﬁm&&sws €brmehtaGons performed in

ﬁ%\l?éﬁllélbag:h c}{lgx? ar}e Pmengy?e to arséi% 8 | otevrn L.&d r%c%sspng) u?g tion.

Fogen gas Sparging an
The vessel was aerated at 1 V VM and dlssolved oxygen

VB Raniphl 4 NECHRSmatia REAKAEN feiheRBB6T Wit 1adh:copy YeROthéhpy plasmids
control of agitation. At cell densities above about 20

OD600, 02 supplenentation was also 25 required to
nilierplastinid gWEIGFE &Beane BicrapnSystSew dhicluik & GFRgenewontainigg derivatve of the
f5 gsemmmg W&o 98 satRd fdr ‘%Jg%ﬁﬂ:rﬂ%nﬂeﬂaﬁh‘ L@ilulﬁfén i msgs dRady W&
ananycin icillin an
i\ “’ﬁ‘i“&“cgﬁ‘ﬁlﬁ% BHE? prigin cﬁ %‘WE“T“"S"%W“‘ f ’%@ g%éﬁbp-
Cmﬂletplﬁsrels gWerGFP l(delteappﬁimmfd @ashbasfanogiihte EBol DHS o IpMaxGFP was
f { LR Arica 2 atn aﬁues mml@w@ Diiail8 £6F e fsiaqed at

pW2. 0, plasm d copy nunber was | nduced by
gromﬁh at 4ZC late in the fernentation. Batch
f Bwaotlaats iwera ncodntefed ks uih@STICIN D rhedia Edt @Atk thesd plasmidsi ke

Orirst d)?cme)ﬁ \\;L?dngve%Yl\én gl'_(!gv Wiz é&?‘%“lg kuqtfugi a@%&éﬁig&

res are encour agi-ng. |na
wiEesssEplly with thejpRR373-derivefl PlagnidsDIYith He PYF elpshitey '69 G§Yj growth stopped
phraail 51«1)11)600( ﬁu&edﬁ@é&ﬂ%%)showﬁ&&kﬁr_@ fitam@@tion, ifdRREig inYtibdibn of

(.Ged g@%n a‘@@s %letgelﬂ ds1en? L§e dt‘ l%{g e%ﬁ?&]llg yse 5e'n% S?E/V\Lé'i]s%y\%m J
Bacteriol 186 880-884). For example, Fig. 3(A) shows fed-batch fermentation with the plasmid
gWiz GFP. Cell growth had slowed and appeared to be entering stationary phase prematurely at 15
ODggo. Plasmid yield analysis indicated an elevated specific plasmid yield of 2.7 mg/l/ODgqq as the
cell growth began to stop. pUC plasmids contain a temperature sensitive point mutation that can
exhibit a 30-40 fold increase in copy number at 42°C when compared to 30°C (Lin-Chao et al, 1992).
The temperature was then reduced to 33°C in an attempt to reduce the plasmid copy number and thus
alleviate the metabolic burden on the cells, after which the plasmid dropped to 1.6 mg/L/ODgy and
cell growth resumed. Interestingly, the specific plasmid yield gradually rose again and growth
entered stationary phase at about 60 ODgy instead of growing to >100 ODggp as expected, even
though feed nutrient was still being added.
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57 OD6w and yi el ded 230 ng plasmd/L (4.0 ng/L/ OD6w,

Fig. 2). The DNA purified fromthese processes is of a
hi gh quality, being essentially 100% super-coiled with
10 no detectable deletion or other rearrangenent. As
well, DNA purifications at the 0.5 gram scal e have

been performed utilizing the cells fromthis process.
This denonstrates fernentations perfornmed in NTC3018
bat ch medi um are anenabl e to2barge scal e downstream
processi ng. Exanple 4: NTC3019 nedi a fed-batch
fermentation with high-copy gene therapy plasmds 15
The plasmd gWz G-P (CGene Therapy Systens) which is a
GFi. 3§®rykovs osit fddnentatgpn dhethad et yripd atgy °CGt Adter thyj taapbratyiRb@d Rduced to.
VeLE Ol salfSof BN RAE LeRblnbRda Juaﬁesfaﬁtasathmrn&r ment ati on
evaluation. 'This is a widely used kanamycin

resi stance (kanR) pUC origin containing DNA vacci ne
pAgssibie ewiahzhlomwsitlmahm‘ell papblatidnpever fiﬂl}eecp{lmmﬂod g \ilame(EftiPh and

Bﬁ%rb?w‘" a !V S b‘%a&hg (‘é\%s? {hﬁes;tt@g gfb&ﬁ-%ﬁ% Cri tgtcf? feEnen&ﬁ)(JnL with the
ctime Blﬁ%‘%d W ‘iﬁqe%\?“t Ffé‘éellj'l 3 $°Grelp BotyfsEmentatiogs. the pultyig pepked at cell

pleasitds d6n O0WO pr obl ens were encount ered when usi ng
NTC3019 nedi a for producing these plasmds. The first
probl em was di scovered when 9r owing gWwz G-P plasmd

c Blomgss and phasmid PRA yigld doip Sorg ese fermantatiens lictq aredpftion ingsppsific

P B3R Zncchdl & 3h@g rifd i §Baifkplasiil i81d bétere &H@tl&l A4 ggowth. The sudden
cul t’ uprelaesmid con?enl to gucﬁ)wglrh levep\ga[s) gl’(ljeé 25 )e(c? Elces a met%:)ﬁc\:l\‘)urden on the cell

FHGoTeSEe e " m &
f pdpalption: vdich gy bej ﬂmm@mf‘ tregednge erowthiratm beveve'c @ hgs also been shown that

deMicBon® h-groWi réte bifen 1684 334 mcr&ise!’lﬁ Sla.&rh@cof))‘ dufBB Iﬂ‘ia@agal VN, Agrawal P.

Y bRt s a5 i Johs T 258 ar ot Bpeng 7o

f &d4b #tiincléae whnthat the inerpeapd tirigreashdspprdifacpimpmold yighWszaugiagthe reduced
Cebwvth SHieOWbebe MR viHe@WR S RNELsRAPRE & h alcBmREndedhfhd NI
stationary phase prematurely at 15 Plasm d yield
anal ysis indicated an el evated specifi c plasmd yield
oExample Sngzﬂddlﬂ&ed-aaclt prece8Fordughlyiehr ppodubtidp@fsigh dopy plasads with
PNECIh#mEdifls contain a tenperature sensitive point
mutation that can exhibit a 30-40 fold increase in
copy nunber at 42C when conpared to 30C (Lin-Chao et
aBasecﬂdﬂ%)'esultsTtbﬁ tHe SBPO@KERTYT fermamBiohs (Bxample d), £ @elte fyOvas Adsighed to

e@&&e% %&te?rgg}% 1n£rpa§%&Le%anedcbgtﬁ% mC < l'(f,%lﬁ pU@?r%m rp'ﬂa%‘l%lds

eV| ate t urden on t
lreanhlsrtuﬁ &Wj31GER i RHESS meppitizpd fngan inderitia frd-patoheiaeess I TCI08 fed-batch
Ofefwhiition mm&med RbATIRS InlBAghple 5, &t &paﬂxh& wés gedwadoeC until 60

{)g!fx{,j at g/i"u'alg [l’ly tenrlpges glreg\gdsafhl[}gg [(]') 'H‘le su I‘lSlI‘l l‘eSl}FtS are (s:Lown in Fig,

onary phase W T ns rOW ng
t #A- S1Qth @@K@ﬂwg@@pﬁm eligninaged g growh@ugwrﬂéﬂedarﬁmercul@m

V\@lﬁmzﬁéi dxbeedR@ |ldﬁg)m dasla to&ﬁplasﬁidg'leld%f &b OYYR DA ﬂunﬁed from
rre After

f | d
PRSP POte A DELAl P aesenign O et s s

cérletion @ htheveddrraganent ess fi | anent ati on.

Plasmid yields prior to the temperature shift remained low throughout the growth phase, remaining
below 2 mg/L/ODyy. This is in contrast to the results from 33°C or 37°C fermentations. Remarkably,
the specific plasmid yields after temperature shift are very high, up to 6.5 mg/L/ODsg, well
exceeding levels observed with other fermentation media/processes (Table 3). Fermentation at 30°C
through the growth phase, and shifting to 42°C resulted in productivity yields of 1.1 gm/L (11
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5 A possi bl e explanation was that the cell popul ation
never fully recovered fromthe filanmentation and |oss
of viability when begun at 37C. To test this, two
subsequent fed-batch fernmentations with the sane
plasm d were carried out entirely at 33C. In both
fernmentations, the culture peaked at cell densities
<60 ODD. 10 Bi omass and plasm d DNA yield data from
these fernmentations indicate2e reduction in specific
growth rate and a sharp rise in specific plasmd yield

bef i nhij e sudden . rise

o PRl M eWin R g aBf s G e o R Ly By S
aﬁampha@m@maymhmabmhmmmbwm@en on the cell population,
whi ch may be the cause of the reduced growth rate.
However, it has al so been shown that reductions in
gMadifiriongf e NEEINS pedigdfoprdold foresse nglyssolj yepsiaxtsastyingd magissjum in
nthﬁ’ﬁredhe((r%iayta geelhce \bldurAgh afusd fedbatcl phadeQB:xBhddig@ieivaet phase to

fls.o péz:!lgcgdn &Jﬁf&g% hi glgg%gud‘]y?éd? %)ﬂk Jn tl(#lsgt ﬁﬁ ?gnonstrating that
V\/ﬁ‘%fcﬁ é‘l“‘:htph*ée iﬁﬂé@(ﬁﬁ*’é‘é‘i % fighen PPearddert ot P‘F%“Ed lp4ua'sqﬂ1 d
yield is causing the reduced growh rate, vice versa,
ach s, calsi the other .in,a unded

n%dﬁl\lf]\l’qgglﬂ%nt ﬁ‘pimldSévnh anaus CP anets ul\,ﬁ:nxglp%%g%gn??ng%onc
hiegj#tangs geneg mplmerwmseﬁpre}fawmcghme@mavmearsmmgedw Yidids g@ger than
Wﬁ&@ign rtmﬁso@ nﬁaﬁ QcinPife 3d@to??€hﬂdﬁc§blé Prétess trhﬁ{ﬁ:g?csa !?egults d

r.ent at. | e a st s designe
Zemor(‘)S\?/r aetr?Tg%tr%hee '?dﬁ e é]“écfsﬁec °E c}fic arﬁaa"°“ @%’3‘!@ obser ved
in fed-batch node with pUCorlgln_pIas_mds The
phl@%‘WlﬂGM%mﬁ:\\Es 419 Qhﬁ:@d M@ﬁld déréate* &&ckob ﬂ%lﬁﬁh NFEhRl r&hl@ using

tch r OCess. bat ch 25 er rrent atio
e N G
cprbdessienonperifgnoaprtigtlarFDQ@lIigrdin. | 60 OD6w, at which tine
the tenmperature was shifted to 37C. The surprising
results are _shown in Fig 4A. G owt h at 30C t hroug
60° s RN Py gt athe h%aﬂgfce}e\}efﬁe bepn Redprmpd Wilipipgthe cawcfrom@s
C prbdesst Bhis delindnistiagds Blhgplbﬁ‘)fﬂ'&led&ldnsib&ﬂmmwwmm fed-ta@h akdia are
PLASHo Wlg8llhe uniselin Pllelsing ThE DA pur i1 ed Trom
sanpl es omthis process I's of a high quality, being
essentially 100% super-coiled with no detectable 30

detpesbsdingplasniid gitleah tefnB@F $pedipeivhi (mg/Im)Béﬁ)mndicay@js @k avSoupt dof Plsmid
t l%laE\QQO &ﬁﬂBFeeﬁ%&E eI‘h% pn'duc‘ible[)fg{@kcn gr elssod\f[[\é ug.urﬁéilrtltmgela?ow (<2

gr owt ase, remnalnin IS 1S 1IN

c@&ﬂ%> plagnig Hl@lSr"@'Sllzh‘t“éﬂ‘? grojh BRE ohthe progessf and fraibitatgd | ons.

FGiﬁREéﬂ&kHd)ﬂtra m’gﬁlﬁasﬁ]ﬂﬁﬁddﬁduﬁn @hasmpLbDL,)akE Biomhis Broduction. High
ten{{)te e:%r% ée: desnrab@ él\r}ccl1r§:r(%56<g~I l%\gﬂed ue’l)d ;{eﬁgrgr% %garlc /n& Ilgsjgi\péctly to
f@glnefiﬂalamdmﬁpmeh al processes (Table 3). Fernentation

at 30C through the growth phase and shifti ng to 42C

I‘I:gl?eul ted I n n%)r Oghl'k;:trlle\é}:'féx G)élfg peig)tch aﬂfitglﬂ’g ‘&w. processes of the

pilnmlmmo impropeglasmyl DN pddediving anthquebity.ensi ve cel |

Thus, the reader will see that the production processes of the invention provide methods for improved

plasmid production.



death, as the majority of the cells remain viable.

Modi fication of the NTC3019 nedia (four fold increase

in glycerol, yeast extract, and magnesiumin 5 the

bat ched nmedia) to reduce the duration of the fed-batch
phase (by extending the batch phase to higher OD6w)

al so produced simlarly high plasmd yields after

i nduction at 42C, denonstrating that the fed-batch
phase can be started at hi gher OD6w w t hout | oss of
plasnid i nduction. Multiple different plasmds with
\é%%l vaLJgTﬁnprtxgnscrggtbgsﬁnéaél)g s gcfl]fé%tle%i%l se 8# I en{qt bf E:oenrtrueJ %s limitations
pprvk@ngﬂmqn@ue’ammsxenmhﬂnetldne@me ppf@mgl@eluodnmvnyheedoﬂ Many other
gV RiaddBes ard &ble. Bor SxathPk Line uﬂium Q@@ ilyaQCh és@can U«.slht@QatWth%antch

to 42C i i bl e roces

O e A T R
t whezeupaartitei fgkHagh mpliziom NIC3THendWuztiobke siphizgrmudy ingiged Istbis
pErﬁlﬁHﬁE@xg “'nl'ﬂ séﬁlle%hagrﬁxdg{hg %{)% pﬂaléwan gEQ)QrfJ}EédLat tllpr}o W%Q&%lasnﬂd

medi a, _usi.n C to 42C i nduci bl e "process
¢ FBY BSmpertl e rpdifed wil e Wighe iy s HiS fRRLemEeTA e el
i didisicn dukigg thqpr@aieshase] #d fe@in pRipreia inflicibiliyOdusingxhe fed-atth pikase-can be

CQJtérmlﬁ«%] rb? IorQ: sklﬁél 11‘(\@13 %‘10 A%ix%w thi Ac&%tof tgﬂﬁcive%qntslnﬁ#dlbe SheAhed

scal e have been per Izing t
t PALBY thegmbediments iHgsirated hukytueraprepded claipgind thsir fegal equivalents.
fernentatlons performed in NTC3019 fed-batch nedia are
20 anenable to | arge scal e downstream processi ng.
Expressing plasmd yields in terns of specific yields
(rmg/ UODWo) i ndicates the amobunt of plasmd relative
to the total cell mass. The inducible fed-batch
process described herein maintained | ow (<2 ng/ UOD6W)
plasm d | evel s throughout the growth phase of the
process, and facilitated 25 unprecedented ultra high
pl asm d production (6-11 ng/UOD6wW) after bionass
production. High specific yields are very desirable
since increased plasmd yield per gram of bacteria
| eads directly to higher final product purities.
These results denonstrate the general utility of the
fed-batch and batch fernmentati on processes of the 30
invention to inprove plasm d DNA productivity and
quality. Thus, the reader will see that the production
processes of the invention provide nethods for
i mproved plasmd production. 35 27 Wile the above
description contains many specificities, these should
not be construed as limtations on the invention, but
rather as an exenplification of one preferred
enbodi nent thereof. Many other wvariations are
possi bl e. For exanple, the inducible fed-batch process
can be integrated with the batch
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process, such that fernentation is done in the NTC3018
batch nedia until nutrient depletion, 5 whereupon the
fed-batch nedia from NTC3019 and i nduction are
simultaneously initiated. In this enbodinent, with
some plasm ds, the growmh phase can be perforned at up
to 37C since plasmd copy nunber wll be reduced with
the higher gromh rate. The optinmal tenperature to
allow cell division during t&e grow h phase, and
retain plasmd inducibility during the fed-batch
uﬁSF can be determned by one skilled in the art.
Accoralngly, the scope of the invention should be
determi ned 10 not by the enbodinments illustrated, but
by. A moaﬁmeasﬂﬁsh f@xjm@dtﬂiﬁn @&ﬁctton 6t &vahe%@,aélos&qwexam@mém PRA

W cl.aim for fed-batch fernentation

pFORLS “Efrf‘eBSr°f c‘\%\wg‘ﬁ the facterig S8y cutaning 2 Rab sBIda acterial
Didtificiat cmquos@iengpli¢on et :3tdeqd teoberandy duginghe fed-bathephdsaatds)i al
c %Ltl-l&mg Q‘Q\Ltﬁ l’aﬂ:’ dﬂlgng%em:d%& ﬁmse%? ﬁlmle% lmgtratléﬂaaﬁ\‘l& @f 1h<ﬁ1|cmg5plasnud

artificial chronmosonme replicoh at a red

t BpEicady iBPeRIrT vhghiftaad Paeertrging groyh é%eé"?’a“‘ai‘rﬁ"d“PB)““re to accumulate
r pladmid gédoctg growt h rate during the fed-batch phase by
nutrient limtation; and C) inducing plasmd

producti o tenperature up shift; and D) continuing
gwbﬁmbhsaa&m@%wgfaéﬁﬂagwﬁwlgt ure to accumul ate plasmd
product; 10 whereby said net hod i ncreases plasmd

yh eIlhgfnetlgod o;r g %Bereu? ﬁ}}xe re?uceéla mﬂ -aﬁlre ﬁxgn?mrf]: fedn)f'ei h ﬁgslél?s%lgat

t eénperature durin
déatespingdieaaintgn ﬂmplpﬁpm Yield W@wgpm&mw@lm red/ldOBed ow
approxi mately 2 ng/IJ(DV\D 15 3. The net hod of claim1

ohae ot SEa L i bFFRSHE i e e R

mmroelmtelvﬁ‘é’cterrperature shift is in the range of
36-45C. 20 5. The nethod of claim 1l wherein the

plasm d coptains a . Col El -deriyed replication origin.
6%‘%?1’8‘3‘??@1"%%36‘“ oF h%‘f"gﬁg?‘rﬁe'fp"\?ﬂﬁ‘}é"r %ﬁ‘r\s i & 498208 Fﬁo“bs (go nt ai ns
a pMBl replication origin containing the puC Gto A
Myityad ﬂan’ib_d ofchairh 1 whddin lﬂ@ﬁl&gﬂi Biftaisfsla @B LeWOEE 'czﬂloﬂ !ﬂ—%
plasmd is derived fromthe VRL012 backbone

met hod of claim1 wherein the fernentation medl ais
S6138¢ maiod af dlaym & whedin thelgdsmitiedntghsya BB keplidataliodigin 3Mtafing the pUC
metdRdudfn. fermentation production of covalently

cl osed super-coiled plasm d DNA conprising the steps
of: A) growing the bacterial cells containing a
pBRB2detithd of okl 1 phadGmthélplastmiiSsidetlved @bm the ¥R @R batkbone.
artificial chronosonme replicon in fed-batch

fermentation nmedia; and B) restricting growh
8. The method of claim 1 wherein the fermentation media is substantially a semi-defined glycerol

media.

9. A method for fermentation production of covalently closed super-coiled plasmid DNA comprising
the steps of: A) growing the bacterial cells containing a pBR322-derived plasmid, cosmid, or
bacterial artificial chromosome replicon in fed-batch fermentation media; and B) restricting growth
rate during the fed-batch phase by nutrient limitation; and C) continuing growth to accumulate

plasmid product;

whereby said method increases plasmid yield.



rate during the fed-batch phase by nutrient

limtation; and C) continuing growh to accunul ate

pl asm d product; 35 whereby said nethod increases
plasmd yield. 29 10. The nethod of claim9 in which
the fernmentation nedia is substantially a sem -defi ned
gl ycerol nedia.

29

10. The method of claim 9 in which the fermentation media is substantially a semi-defined glycerol

media.



