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| MPROVED STRAINS OF E. COLI FOR PLASM D DNA PRCDUCTI ON
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR

WORMEINERMENT Thi s invention was made in part wWeTUS2005/028870

government support under Grant No. 1 R43 GW72141-01,
awarded by the National Institutes of Health. The
governnent has certain rights in this invention. This
application clains benefit of Provisional Patent
Application Ser. # US60/602074 filed 16 August 2004.
FI ELD OF THE | NVENTI ON The present invention rel ates
to the production of covalently closed circular (ccc)
recon?mpe %Iﬂik?@)‘#‘&e%oﬁ'%ﬁlz (a%ﬁ%fﬁ@émé%%i’m
bacterial artificial chronpbsones
bact eri ophages, viral vectors and hybrids thereof, and
STRTEMENTIREGHISING FEDERABNNOEO NSO R RESELREH@R Of the
said DNA nol ecul es away from contam nating nucleic
D@Uﬁ& OFMENul es associated with the fernentation.
BACKGROUND COF THE | NVENTI ON The present invention

%1? %,n(a\’/%ﬂ 1§n \Fva(()s t geinr%érg gﬁg}rolﬁzg nxﬁignfbf\l&g%glfngerﬁr%t ﬁo gj§ GMO072141-01,
awtiady khe N atannel lossiedfas lof Health iTot gybmoénd has certairanighgénihs invention.
or gani sns, gene therapy, therapeutic vaccination,
agriculture and DNA vaccines. Wth the invention in

This prplications@amebengfft of Previpipriabateay Applieation dmdiII68@020%4 filed! §
ARkAsibgls have | ong been the single nost inportant
source of reconbi nant DNA nol ecul es used by

researchers and by industry. Today, plasmd DNA is
becom ng increasingly inportant as the next generation

' roducts (gene nedi ci nes and DNA
F@%G%bﬁéﬁ@“ﬁ&%§q%wgir way into clinical trials, and
eventual |y into the pharmaceutical marketplace.

Tﬂ ;@g‘srrﬁt ﬂxv% Maﬂl?eg tMES E%Xtmfnlop%vﬁgﬂ% cl%?e!dl ?&la@fccca recomb1{1ant DNA

pr eventlve vaccl nes OI‘ VIiTr
Iegé@s@é as plpmiglsi cobraids, h@@nﬂ@ﬂfﬁe@ @mom«r@p@rf‘sﬁs) ogrtegpphages, viral

vEYREInd hyBEHEer&f QR bR pRQTHAG §sSy mdio@ R PEitchGon\REE kAAESNA
for infectious di seases; or as cancer vacci nes. The

mgleaylss 2yt IFRTRONPBInatEIBRES 6T 35 TRleculss arEocielsg Wik e &“F‘%ﬂ‘a“"“
fermentation), and for their purification by the

al kaline lysis nethod are well-known (Birnboim HC

Doly J . 1979 Nucleic Acids Res. 7: 1513- 1523).
BAGKIGROUND OF TH K INVENTION bacterial cell paste is
resuspended and | ysed (using a conbination of

The present invention relates to the production of covalently closed circular (ccc) recombinant DNA
molecules. Such molecules are useful in biotechnology, transgenic organisms, gene therapy,

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.
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sodi um hydr oxi de and sodi um dodecyl sul fate), after

whi ch the solution is neutralized by the addition of
wa@edodiozs1gal t (e.g., potassium acetate), which PCT/US2005/028870

preci pitates the bacterial DNA and the majority of

cell debris. The bul k of super-coiled plasm d DNA

remains in solution, along with contam nati ng

bacterial RNA, DNA and protepns, as well as E. coli

endot oxin (lipopolysaccharide, or LPS). Alternatively

ysis using heat/lysozyne treatnent in the presence of

Thﬁminmﬁtbode gqf ebtejaing plhsag seeigcierid Brogntasien) egd Br fhei gethication by
th@hlﬁﬁiﬁb BsiPNAhodaRd | &1-1680n édlﬁgouheﬂd: Y8, madmmt@h&&sqees 7: 1513-

aci ds rel eased, using high pressure exposure

| FdpdpEa e e bty el s s Eb e 0 tlﬁe‘b(r“ﬁ%rﬂ gombination of

scARMB b Side el sdﬁﬁﬁrﬁfo@@?&ﬁfate}jh&é‘r@vhlc}i ﬂ'ieSolmﬁinhQ(iStrdheéd&)aﬂe addition
uritie

otfagljdi.cé?.}br@ &> p%&sm% |acfetate§ HNé“C l%%gl?n geu Itl{e%gc?esnalo lfr)lkllﬁ arf;:l t en mz%(t)rﬁg 3t cell

deﬂbﬁﬁl thd balk bbslnpeﬁ:eblled bjsnié Dwetrkrwchros@ﬂ@gn elong it doytaminating
IZed f

e L Y

AI t er nat i ve cost effective |lysis nethods have not

AR&ﬁ;ﬂwgf K/@L %%%ea j@&yﬁﬁ@lr%&t ﬂzllrtlé%és&@e &ﬁloﬁlg}ﬁ@de‘ﬁa@é}ﬂtr 134 §6h used

ration an ect ed vari ety of

togg}pqsp ]n@attpilaérﬁldg% §ells\,%q Ay bﬁéﬁedi m_c’an(a@c a%@eéised using high
px@és&%%ﬁdogﬂe to GlpeRAB DAL @ RNYy tida@idnteX hidaAGE s@ehts, or detergents.

filtration, hydroxyapatite, gel filtration,

hydr ophobi ¢ i nteracti on, reverse phase, HPLC, etc.);
Thksafykib inétadds mth,aseaﬁlgarphmlee,m&@teh cquiregehBationsgeps to remove. As well,
th% raﬁclfng‘ll‘ytalt% ;E)rlo hgezlﬂ d?rgguglst’lgré %e?la se re“ao&’o?cﬂ?e% ;rgeg?% Lghigél gast%nid DNA
mamtfacrueechm:@stg'emfﬁwent BNAcrEass/letigs tOtﬂe wEst@direams. dpterpasige cosypfgective
1%@%818\4&%&1&%&&1%@& described in the art are not an

exhaustive |1 st, 5 i nclude the specified genom c DNA

reducti on steps: O. 01% genom ¢ with hydroxyapatite

TﬁWoluSle fFractdf Q tKeh kdp¥ia®l by fMtratda Qs sh’@ed?e’ﬂtt@ﬁ Pan@t}%@;?t&:ﬁ)ation steps,

05% wW.t h hob| nt er ac .
Bl B P T ABrr iy e e Byfpospopasice
gl tpatichn, Wydrd§hobimsteraiatipe Sevierse RG] HRISC, Ieat)stmtﬁltﬁqurh jotzati¢ extraction,

‘ %&pilepremp 35 Di Ogo NM QJer| 0z JA Mont ei Iro, GA,

73\ erreira, GNM and Prazeres DMF. 2000
Bi ot ech Bi oeng 68:576-583), 1% genonic wth amoni um

E§éﬁllfj a?}; @ou‘ﬁgt@% ?fagn"rﬁl blgﬁicz(tM? Pl%&éséey an\Slys@ @Q&ib%naﬁataﬁ%du&tkenomlc

genom c Wi si ze excl usi on
%le‘f?ﬁt%%ﬁ”abh?f lfSE ShfrEewing Progessetdesqbed\p i AFare net angyustive
19t A kRfadelthe spe@EEa genbnkd WIOARLQB6RUDY: 0B 17:840028d widOBHrox yapfite

‘%e 4 ogagglg&t%rhwj-?og% glgﬁ’lzitgtlt 6%0%% L(l)l tS‘%agferllcjnl:lcr v%}tl{ lgfgrogho%fj’:suﬁé{'action
chromatography (Nochumson S, Durland R, Yu-Speight A, Welp J, Wu K, and Hayes R. 2001 US
Patent Application 2001/0034435; Diogo MM, Querioz JA, Monteiro, GA, Martins SAM, Ferreira,
GNM, and Prazeres DMF. 2000 Biotech Bioeng 68:576-583), 1% genomic with ammonium sulfate
precipitation (McNeilly DS. 2001 US Patent No 6214586), 0.2% genomic with size exclusion
chromatography (Lemmens R, Olsson U, Nyhammar T, and Stadler J. 2003. J Chromatography B
784:291-300), <1% genomic with Tangential flow ultrafiltration (Bussey LB, Adamson R, and
Atchley A. 2000 US Patent No 6011148), <1% genomic with differential polyethylene glycol
precipitation (Marquet M, Horn N, Meek J, and Budahazi G. 1996 US Patent No 5591064), CTAB
precipitation and gryolite LRA absorption (Lander RJ, Winters MA, and Meacle FJ. 2002 US Patent
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Atchley A 2000 US Patent No 601 1148), <1% genom c
with differential polyethylene glycol precipitation

w@ bsmgeEaes M Horn N, Meek J, and Budahazi G 18OB6ULES05/028870

Pat ent No 5591064), CTAB precipitation and gryolite

LRA absorption (Lander RJ, Wnters MA, and Meacle FJ.
2002 US Pat ent Application 2002/0151048), 0.1% genom ¢
with triple helix chronatogrgphy (Crouzet J, Scherman

D, and Wls P. 2001 US Patent No 6287762). The

i ntroduction of plasmd DNA into humans presents sone
SpRGiia 2000MSi Gy, all .@afmandthahgt ha@iR @asmarddipghh (drauzer Ibeagman

add S y gui dance, including Points

B“dr‘gﬁss&%@ lnlégp ”égﬁyﬁ% vacci nes for preventive
| nfectious disease indications (Food and Drug

eé g]terg(ﬁr it}q({nailglgsgd (Hgﬁ A tr§o um%[ms r?ésslgr! S(e) r Im%% ec1|\({lac &%&%a%%&%gﬁchallenges,
whixd bivedsenfaddrespaday B regu,iatprmfgeldtme usludms Beiste to qaehideaen rhaysid
ngnel\@r g@%lgezkgfgctlogsr@sefs@ Q"nqlcﬁn)‘;‘ls %%ﬂ@‘@mgmdﬁﬁ&%ﬁ@lnCemer

nt er BI ol og{ées Eval uati on and Resear ch.
fen Rielapes Evalmtion sddistepigh- 1wl’e@ﬁé%mﬁlaﬁerﬁmﬁlaméBwétvrﬂ@me%ﬁw

pt&f RPN reifls AQAR itdNBEAPPOLKET Nes esNleuu B Esodlandb&at e
concerns about the vari ous conéam natin subs%ance

AdmiriLiRpesEter @é??ﬁ’t@ﬁ%’ﬁva@é‘i‘f’“tﬁ‘é‘j SSEACht b”ﬁ%?é‘%%ce op dustry: Guidance
fbre@M@hiSsofifiticRalC theraBind pine eibitapy ) T eesg dbctABTEindl @B HFBRES about the
Vfuéo\ygFongn?nahrgns%xt\gfﬁn%%tan% sugﬁﬁg% L (r:1a Qll?‘s)écli eaggre]sglq(%heqpve?bl"each
camammmt Thaowdance dowewss ston Shert ab\i/ezym@ﬂ segglestlmg taxfippm acceptable levels

n%tl N\@?UAdor?%tegrs Q}legge%‘}el rfot llnla@n 11(1) da@% ﬂ@ﬂ%@htﬁe Iimit for
ose sp ication currently require
ggwrrwfew/h evgulﬁ b 0.908R Gt the A PR pesrernnEs HNdédempe(CF%ﬂwn $gF3tly required

F’@bﬁtgﬁlasxgesq@n@éo%rnaﬂt BrotelHeunezh armRe t 8531 o Aks 9 EbnSlfler Grhd
i nes used roduce bi ol ogi es vveree%tglled to a
I

PGS tarZReR ey B@é“se‘ﬂ? pLodpce biolqpieslterg apgiediiohk e PS‘@eWa‘é?‘“ ose.
ThRadsesdka mgaroded lakg tas ﬁﬁid&d mr@smmbl@hdm unme P paddtions8.01-5%

%rﬁ)r ﬁchlé,i(i/agg ca.nn(rt g%% d u tng gfrfen C% avall?a%le cost ?tlf F de rrlila%ufn gurmg

ent aval &8¢ 08 nanu
nretotaclids O¥pwesetholiease mddd@d@‘foatferthﬁeedwortson @hfnouc @NA
further reductions in genom c DNA. Nucleic acids can
be elimnated early in the process (e.g., by nuclease
Niclgis geiflson be ehjminatsd exrly (rgthgyprocegsyfe.g. h‘r.‘/dwﬁ@aéaihaqémné or later (e.g., by

c&%&%gsahm}paraﬁoﬂ) elaaetway yonﬁﬂHfﬂiSEh@nd%r@ﬁt ﬂeé‘eﬁt,ly, Wad thd use of bovine
recently, was anc

of
PRICFRSHUIoR Y kase 6%% & ‘A)‘he ‘ﬁlstbhféeq tg%@?%ads ERher AlIthqugh { &gy Strenably
cBEbiive lrédnanihe dqubintivasd sieaSENAD itylsefnfredhbetd\,t& HoRiné-gaitte RNgse,
i ntrod

vgnc% 1squngfps¥rabﬁey fé %%%dla%orzﬁandﬁomt as 1t c Qd g’e coBf]amm?te wghgpnon agents,

oVi ne-sourc desrta
noebjy with te yomeammnntenceatshmst(%@ug@t Dedeed titeeerrs ngrveidg desire to

p\éf‘ﬁ;rnl f%iexggioﬁsgﬁﬁ] El?ﬁﬁcations of bacterial products (intended for human or animal use)

entirely under animal product free (APF) conditions.

Presently, we know of no highly effective commercial enzymes for specifically degrading E. coli
genomic DNA while leaving super-coiled plasmid intact (‘plasmid-safe’ nuclease). Occasionally,
however, nucleases, such as the ATP-dependent Rec BCD exonuclease enzymes (Qiagen Large
Construct Kit Handbook, June 2003; Wabhle, S, Schorr J, and Weber M. 2001 US Patent 6242220,
[sfort RJ 1992 BioTechniques 12: 798-804) are added to partially purified plasmid DNA preparations.
In a related approach, the crude plasmid preparation is heat treated to denature all non-circular DNA

to single stranded form, then single stranded exonucleases such as SI nuclease, mung bean nuclease,
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notably with the bovine spongi form encephalitis (BSE)
agent. Indeed, there is a growing desire to perform
w0 eqoaeedias i ons and purifications of bacterial PCDUSIINS028870
(intended for human or aninmal use) entirely under
ani mal product free (APF) conditions. Presently, we
know of no highly effective commercial enzynes for
specifically degrading E. codi genom c DNA while
| eavi ng super-coiled plasmd intact ('plasmd-safe’
nucl ease). Cccasionally, however, nucl eases, such as
Pt rivelcaddh 7 drepesicien Bal RewicRGE) Fegwplgest bEsenuelpmsy e Exquesgerel or
L%@EQ@(O%E@&RH%M@d 1@%?@ c[’gtent %ﬁlﬁ:at?(gl%/ 1139881k €dded These DNase
orr J, atent 6242220; |sfort
enRgmies GOROt Bf effed TR @e bzls <a? ggh %ﬁsf) Bfcause Higisgnpgics are generally
mfra fhdidkHa RRME] shit @Qul@i)eﬂﬁefﬂldite@hﬁnﬂﬂ@mr SAiS eﬁﬂﬁ)nmérﬁ] Such
rel ated ap roach t he crude asn1 arat i | S
RSB BT PR B P! HGRMEF RLICAR PENAS PghuTacnuring
S|ngle|stranded form then S|ngle stranded
exonucl ease
gt BaEope o eiege or LEeiifuaTUNOBRETo pesid g
prEpeerioG) atersdive appﬁadmubdvea@e dqvtlpped Ehabyiilied erdeasnoyp pucppses to
reLgve g?r%m@(&ﬁw %ﬁ?g@ I aggeralllg[gg dm lt gp @lcSiWiet radiation in

cation ded hese se enz
rewrrmmwnbh%éd@e@hr & H@éﬂw andRupp &V D). § 4794 Bagrerialj Ioh %@é)or
10&%9?“{%@121&0“ ERacL BOBEdRYE Ag%ﬁkﬁlﬁe’ihﬂey DADI98 8 UK ®ghedt ot 4735464) in
RNase, and woul d be inactivated in an aaFal

W@H\/I?l?s@fﬁsré‘ﬁt’“’e &5 697 9B PERRNES o frage e ST étaaéﬁfﬁﬁwg‘?sﬂﬁémm”

re@Aek th ﬁl{ércﬁﬁ)inbﬁﬂie ﬁégfadﬂlbm'ﬁiﬁdﬁte& by &déedesoup hadages (e.g. RecBCD),

prg%? Iﬁ%&; t}lejﬁjlﬁ]%% Bﬁeﬂcégeps&?sll th% 9 nﬁr\ég lrl\grgcgeg %pte%]xF ic sa?tgx% %1% Lﬁ%ﬁﬁh@%&ctlon

erdbreplassestto dess gabme Ny lnav éeea ppetrdontesintayrctipeendonuclease activity

is con\{ro{le%l%e %ﬁ&%éen‘é hl/é rhét?yla@@ gﬁ’igﬁlg Qe Q&H&t@@&%ﬁer&t@re ERERYEs the
hods i nduced general DNA

météylgie l‘tilldllﬂg toveleayage Ofrgaléﬂn‘éﬁ PRy, apﬁsulb@ﬁ%fin?enﬂ%g\eﬁ‘%‘i; @‘l‘?f‘“ci’?és:?g§esuon

(I—(agﬁtnf' %‘iexAJ AR Qard M. 26010y SRdPReMIA 13093(91 WOBWQ@ED) waever the
137777692-693), or ionizing |r}r1(§8

lepg) gf @p(amc ;qucn%rhla n%tmqgl}}he&fnet
AR T Bddvaiht Reswtlaii il i@ sa i ritshod déed nat@adigenetad utdity. ower
probability of damage (i.e. smaller target than the
genone) relative to the chronosone; degradati on,
speediiat £ctob yragn dogdemdsvetvpet, ehistespiees. repomplagrB@R)jeases in the
ppﬁx‘g%grgg g %CJ IF 81[&11113&0 egggk bf)ﬁéa h%geeexﬁxlegsﬁﬁ dhrﬂlgtcgﬁgr g\ﬁtﬁ qg@ne CASC

ecitic sy st lizes restriction
bevingernstehieaRNge is élrfzs“-teé g RFEPIBFHICSPEIRRY SRS BRSO it dIpon
1)>£\Q Qﬁeqnﬂ\sé‘ &%ﬂe‘s Qltude@ Riteie RNHQ&eE@&Sg 1@(110'01{/6 &1y, Grénenburgh RM, Hanak

contro | ed her nosensi ti ve %
3h Bungl. Ty SR W M 008 & Aiseetr et 82 2 a0t hy Pkt
ufile8dio RudeRNA RA¥ARAngHikal@N @i Mo i8bAfioein ger®izSBAI anfforded by this

ndogenous exon [
methoé) glmrglar systgmsoto lél\(/:elre?(gr%ses pgrll %r%ltclsgghylococcal nuclease (Cooke GD,

ngé Siopld g % e% to be engmeered

Cranenburgh RM, Hanak JAJ, Ward JM. 2003 J. Biotechnology 101: 229-239; Huisman GW, Luo
LZ, and Peoples OP. 2004 US Patent Application 2004/0014197; Boynton ZL, Koon JL, Brennan
EM, Clouart JD, Horowitz DM, Gerngross TU, and Huisman GW. 1999 Pseudomonas putida. Appl.
Environ. Microbiol. 65:1524-1529), or endogenous E. coli EndA periplasmic nuclease (Leung WS,
and Swartz JR. 2001 US6258560) have been developed, to reduce nucleic acid contamination of
protein or other biomaterial preparations. These systems are not plasmid-safe, and require gentle

protein purification processes and buffers for activity. The induction of plasmid-safe DNases in



(Hanak, J, Alexis J, and Ward JM 2001 World Patent

Application WO 01/29209). However, the |evel of
wW@eooneda2s eduction i s nodest with these net hodegT/asmos/028870

pl asm ds woul d need to be engineered to | ack the

rel evant restriction sites so this nethod does not

have general utility. Specialized E. coli strains have

been devel oped, which express. reconbi nant nucl eases in

t he periplasmc space in order not to di srupt E. coli

gene expression during cell gromh. In one case bovine

fﬁﬁ}@ﬁﬁt%ﬁ%lﬁlﬁlrem%ssb@m %efn@@&%n&@ b%ﬂ@llmm ey W CZO@?@!@t%chnol
a _secretion S| si.s, the

Aﬁé%%égn Eed %88&2%%1% e ging H@&?Sédﬁ 'W{:;SPF?‘ﬁ?dCooke GD
Cranenburgh RM Hanak JAJ, Dunnill P, Thatcher DR,

S50 2300 i B SRR R PR o T O s
2&0]]&311 ihiseell il l§sozPdoe ik egptesded Dythé @llgﬁh@fW®lththﬁ gleased to the
ele(}%e )??g(é gs)ésélredhlme b, expges%(%n orpﬁ L(ﬁm éril%ni’bar €3 anrm%%egtlc{eeo Brotem) that
c(@es @{mkﬂﬂg‘{vgg leﬁ{wge MHdrsodymgd Agd otMpﬂog}eMmcm@nsJ from the cytoplasm
' 1if oghibi
e D R
SBoyy HYewHMmAolin Reygtinagens aBrdeSﬁ%%fﬁ ’EM""U B a¥qung B, ! 9%Mmbzoz Molec.
@Mtzwsdcﬁ' mgmasﬁanmcluaemdxekh&n/{@ P@Jaenai/\lrh%;gﬁge :nggtzfd qlgg ms have been
uti da . vi ron cr.obi o
d‘b@'é%ﬁgﬁlé}neigf e PRURI e Pisteds Hieengad Peytzed “(”f_“e ?R%)
WS, and Swartz JR 2001 US6258560) have been
Au?o\é{sm cgn%qlonsg%qorggcgsu& to aﬁll’lglllg Igrla l]%at )?s{sddo no se%%%v@@.?ﬁnaglre genomic DNA.
Téty podurofdysie 1ty Vgﬂcasmedmgatmssmm gIrObleqsu Fq:reprcg@mprb@cnon non
spercﬂitc %hcnea&:ls' Qxle a&ﬁé‘t k%re?sreg ﬁe@lﬁﬁ?ﬁcﬁp gl tpé'lsfttfaﬁr eQJA nuclease Leung
activit uction asm d-saf e
g frat%OBh S@HW‘IE?@“% @01945% &aslsetali %lptah%%?? é%wlsevan et al, Supra,
2000) B@}ﬁfon Bya, PS@}yrla)/l 988 Q3refulte libdsidh g QOB 1y8is O3uBIE fBBths e%ﬁﬁlnot be
tﬁeg errlm 37 d19 223) but a nethodol ogy or nuclease is
uH g“ﬁ@&?"?‘?’ Uit yt ic cell lines have been devel oped
to facilitate protein production (Leung and Swartz,
’Iﬁ% B{rﬁibat%r(l) ?rozessep ¥tﬁgedsln glgaépnlfld ]S)NmA méaﬁléch?u Xre cosdy 1ne§f Hznt an% Create
IpgppliasssicatreamyRegidgil geeglmitc DY Lepels w@xﬁpmé sirgntlyokcceqtable
saf?(lahﬁ fc(r mrﬁﬁ%r W@ﬁe@gluﬂﬁggﬂsgﬁc@g coQ 9& [ﬁfﬂﬂ) buwgﬁq)n
creates a channel allow ng | eakage of |ysoZynme, and
coTRErialEytoof layniEDY stogien Predeses t he cytopl asm to the
peppl asm Exanpl e | ysozyme/ hol i n combi nations that can
e utjilized are known i.n the art Sone .| ysozyne/ hohn
‘ﬁ%f’% gﬁ%”"éf“é thered ERUREdeTdfoNsaH fo‘?fgé%“f(‘wlf?fg%e‘?“i@@é‘*
rMuﬁfm.MSMellmlrﬁﬂlﬁREstmly pobficd BohpA@dss watth rddieeh thel @@ of costly or
ge%ge%r ence The phage | anbda |ysis proteins

herein by.
Bl
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used in autolytic cell lines for the production of
proteins (Leung and Swartz, Supra 2001) Autolysis

waeonditdiens, as opposed to al kaline or heat |yBCEUSIH05/028870

not selectively denature genom ¢ DNA The product of
lysis is very viscous, creating processing problens
For protein production non specific nucleases are
added, or expressed pepplasnkgally in the strain (e ¢
endA nucl ease Leung and Swartz, Supra, 200 1,
St aphyl ococcus nucl ease, Cooke et al, Supra, 2003,
Hui sman et al, Supra, 2005, Boynton et al, Supra,

{0 _reduce visco§ity after cell lysis Such

1999
'§§§PéﬁQRﬁgﬁW¥§ﬂﬁV9ﬁgl ilized for plasm d production

The purification processes utilized in plasmd DNA

(g gnlld{::n 1\((,;\r}a118§| ! Z fof oséu&é{dn o(tj’ @gllfAf fng)vlr?gzprhofé and relcgrér?egfenecodmg ;gasmnd safe

ngelemad(d)ys lescr,r@iedo dlgrbnceqnial acmamﬁce}dtwénbh erestaeetdreigrofepsecreted into the
T e nd

A L e o

rpmt@ulu@ti ingmihpevplass.emmgiing np%%l%%iﬁﬂ@ﬁr ﬂﬂaﬁéhepiﬁ%ﬁed E?P'ﬂcon facilitating

tﬁé}ﬁﬁﬁcaﬁm 'tkﬁsep@ccﬂxe &fbnk %f&e&&ﬁ%dﬁx@fﬁtqg x‘lu\fﬁasm?starlﬁﬁjﬂeﬁ@ﬁuclease In
genom C reduction a Sli

ed,
B IPS?feBEﬁ FpodieRt e GhiTREE SEClH DN AtULS! ks Rigingf an RNase
afglelaya Rfiod PiKthe. Y eRdrpadicrell Smivarcdes bi2EL Rkt e%mTEHEmg phage

%&%‘?g%%&h\% thlolﬂ\la 23? or%g\lra%e% g8 A gre%eér%g fo for of tgerprfoleq}lflo t;lggo rgugglése(s) are
diigddeate pgiplassic saseytn@dnsiofit &gﬂah&pb@ﬁt equlvalent@emmpd @ cells are
aYi'i'cli o) sécrh%ha%pt;a%éﬁﬁg\@mm% | RRALRIE wgna A of the
W lasmc s asmd 'tcon is
lgtrqﬁvmd fepliqop i ne@mested tmefaﬁuwl@ah@urlﬁcaﬂ@i thfheomwé@dd feplicen. In yet

e et QREBSIFher !hmd?@%sﬁsngacﬂfé@d Qitier AfuBSthOEsB8f phbfafkis proteins
the desired replicon acilitating the purification_of

e prEsseddp e el o bpugh e pref wyipigtes e hdpepriamincludgsestrains of bacteria
HAviRg ﬁ&‘&ﬂ oheSpla%metkhiﬂ’ﬁﬁdl&silwmh &aGout b FusdA pirine; m;araqsfaﬁmaade
enpodi nent, the.c e a DNAse with at
W%Eé¥m§§§%gPFgﬁ”$Fi ﬂﬁﬂa %efaVﬁgaas a fusion
partner. Yet other preferred enbodinents utilize a
chinmeric enzyne fusing phage T5 D5 exonucl ease with
RNaseA or RNaseS. In a preferred formof the nethod,
the nucl ease(s) are directed to the periplasm c space
by nmeans of a signal peptide or equival ent process,
and the cells are autol ysed such that the bacteria
genom ¢ DNA and/or RNA are digested and the DNA of the
i ntroduced replicon is not digested, thus facilitating
the purification of the introduced replicon. In yet
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ot her preferred enbodi nents, the autolysis is achieved
ei ther through the use of phage |lysis proteins

wexpoesdaesl in the cells, or through the use of PCT/US2005/028870

antibiotics. The invention includes strains of
bacteria having at |east one plasm d-safe nucl ease,
wth or without a fusion partner, and a plasm d, the
purification of which is facilitated by the

pl asm d-safe nucl ease. BRI EF SUMVARY OF THE | NVENTI ON
It is a purpose and/or objective of the present

i nvention to provide conpositions of matter and a
plasm d purification process. Another object of the
invention is to provide a nethod to reduce nucleic
lﬁgkgSUNE?&k%b%%ﬁﬁhﬂ¥ﬁNﬁﬂﬁw pl asm d DNA. Yet anot her
object of the invention is to reduce production costs
for plasm d DNA purification. Yet another objective

Iﬁgg%@ﬁospm{a&ﬁecgiﬁe drhe pifeg%ﬁlm'én%h th protide é‘oﬁ'{gb&t%ni &Pfha@er and a
waste steans in i flcation

péﬁsnglé|p51§f§ﬁ@ﬂ|p§00133ﬁrﬁn6@§rcpbﬁpté>§ ]lﬁe waﬂnB?jﬁ & ‘?rﬁvﬁdeﬁ‘rﬂbegé’g toggduce nucleic
abid @hpuri6@RPprEEd ﬁlﬁsnﬂf L Siseshothef dbﬁaetcbf tha itvirgioffstto @f@e production

d
CP%%T @asmtﬂ%ﬁf% ngg'r 'imé)B ﬁet & oﬁxgrlﬂtb e ve a (I‘;jlrsfamg 0S¢ oythe mgen?gn is to

vt stbaansasefstebein plagsidiDNA siifigakior. Ae@thqn ﬂ@d@ﬁ@telmmpwsq:d@asmld

pnfau gx%Ee?s%y&l%' &ﬂ]p%eoeﬁegmc%gaggéﬂnfea SR AR REAR bl hﬁ&&géa

Ion O oductl on steps; reduce cost
uitoefghseidbiiedesed el n di(pRsh Brplp@nbeRERd Kruqss of the plasmid;

s'irﬁb@xﬁ'&?p?&ﬁct% @Llhé ¥Rl pr&iu@tﬁfﬂsgpsbéimf)lﬁﬁu tholilﬂ:ﬂorﬂlixroﬁglﬂahﬁlhrﬁtlon of

acid inmpurities after plasmd t ion g 4

Te{liR BRAUFUR StEPS; wséve%@ﬁ&t%rﬁwam@atw oo Wnl sgps increase

dﬂﬁl%@?ﬂp[a@xﬂﬂ‘bp FeQﬁ‘(ﬁSﬁbﬂhgclelt m&rlemedleg ﬁg:ublamd gunﬁomph thance
el.im_pation .o

eg%g)ﬁtéqné){ é/ﬁgntaf?l%l}s% 0 do eng\a rrto ogvrn)s/tregtg I;qucessg% ng%'oved regulatory

@nplitinetebly ieimingtfon angenahic PNadivet firg s waidrepareems; aﬂnsrozmmulatory

cg%p e RUEREARE ofini s robu TP SN sth B N QAL D Bimproved

I m natl on of toxic waste streans. Further objects

.rag\!djitcaﬂwamb@g%@ ehminggaa of Ipyie HefteReHNY | become appar ent

froma consideration of the drawi ngs and ensui ng

descrij ption. BRI EF DESCRI PTI ON OF THE DRAW NG FIﬁ?RES
Hoptier objecty 4nf pdvpagee el T ERION Sl WEOBRARBIEN 80™ BFUSHFE R Rbe
FawisRlhd gan@uieerifNA by T5 exonucl ease. Fig 2. shows

the pVEX& ?lstuffer vector. Fig. 3. reveals a nethod

for directional anplification and cloning of cDNA
sequences into pVEX vectors. Fig. 4. illustrates the
pPpVEXS pl OnpASt uf f er vector.



10

15

20

25

Fig. 5. shows the pVEXB& ?I OnpASt uffer vector. Fig. 6.
reveal s the pVEXBOnpARNase vector. Fig. 7. illustrates
WO b@o02EXBOTPATSRNase vector. Fig. 8. shows TS5RNEES2005/028870

exonucl ease renoval of genonmic DNA. A gel photo of

pl asm d DNA. preparations is shown, with and w thout
the use of the preferred T5 exonucl ease and RNase
gene(s). Fig. 9. illustratesgthe use of S-peptide and
S-protein association to nake the RNaseS-T5 chi nera.
Fig. 10. denonstrates nucleic acid hydrolysis by a
chinmeric nuclease. Fig. 11. shows RNA reduction with

Bﬁgﬁpﬁm@uﬁm 5Wﬁi1ﬁ)ﬁAWEﬁGﬁBﬂRﬁ§ constructs. Fig.

. reveal s RNA and genomi ¢ DNA reduction with an
Figple Htuptepes figestiongyfdgnapired pleginid pRdse ol gepgmic PYA 4y TS geqnpgtaess
Figel ﬁ%ﬁhgpﬁx@gthff&)&&ﬁﬁ| asm c contents through Phi X174
gene E pore ows the pACYCB native stuffer

Fifioh foyfal Fpegiod fcs%rwwmpaﬁ@mwm&é@v&eﬂf@q@wwmx

veEtog; 16. shows gene E lysis protein nediated plasmd

se. at es nucl ease elimnation of
Jndﬁ’lsgatﬁl\f)fgpvfl%(eg?plgﬁ?){l%\’% ¥ V€% nduced autolysis. Fig.
Fig85 shddfsu&tmeBG&)ﬂOﬁlhfeStuf%veDfor periplasmc
nucl eases ex | roduction hosts in plasmd
F'ﬁa rvea the %@ém asei‘fe‘?tgstrat es the use of
F;ge?nkhbﬂ@cﬂthﬁmmmeiéme@smng production hosts in an

[ S.DET asmi
F%E% %?I I%)?%R&@\%s%%&tﬂle%?&%ﬁ%ho%n&ﬁ?%ﬁ% A%Wﬁ!olo%l? lasmid DNA.

prgpazaierRdssho . giith andiwithey dhesiseinf heprafesied &p e@ewéﬁamaé@jRNase gene(s).

il RANLEh R B ufe o 9lpkptE AL oo bt s RY¥ati diPto SROME RRASE TS Ehirfera.
|'arge scale plasm d preparation 1) DNA nol ecul ar

Figel Ogfamopsipikeucier ped Pﬂl“ﬁé‘§tby55}ﬂﬂ‘eri‘°s““i‘?sf<l | obases], 2)
FigN1 1D$hORERSA RIdasioh 6t Syepide- TfSFI-(SfﬂdteﬁH £ TSRR4se ccﬂlstﬁﬁlm d
reparat i ntro 5 nucl ease
R B0RT ol KPR o DA e 08 SRR Sy R
F@anp ilmstraths gedepsead Evdoli iey@plasmiconente thangic Ple s 578 gﬁh’@ foat t om
d.is il.ed he mddle band is a m x of
F'§"Lj}ﬂ'eSrhovcgsotlg E‘%ﬁn@apve&\gﬁu “ni¢ked mononer, the t op band is
Fg. lﬁ Hustatenthe jAdY CB goe EaW@brgenom ¢ DNA Genomic DNA and

F% %k%gwpél géﬁ'lﬂls %m%ﬁteh El@gnlllxgelle){ser enoved fromthe
e a top and Simlar
Fig. 17. illustrates nuclease elimination of genomic DNA after antibiotic induced autolysis.

Fig. 18. illustrations the use of periplasmic nuclease-expressing production hosts in plasmid
manufacture.
Fig. 19. Illustrates the use of periplasmic nuclease-expressing production hosts in an autolytic

plasmid production process.
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results are seen with 1% w w T5 exonucl ease In Figure
2. , the pVEXS pl Stuffer vector is illustrated In

wor@ans12s , a nmethod for directional anplifi cedT/os20a5628870

cl oni ng of cDNA sequences into pVEX vectors is
illustrated A) Plasm d containing two uni que address
tags, created by digestion with class IS enzynes

| ocat ed between cuts, and B) ,Typi cal pnmer, containing

a class I1S enzyne recognition signal (SapT), at |east
one intervening nucl eotide, and an overl appi ng region
DHTABLED DESQRETIONRMAgIOVERTERYUence (GGG the

address tag in this exanple) In Figure 4., the

PVEX%®| OrpASt uf fer vector is illustrated In Figure 5.
Turntnlg @0 \VEXB&aW R PAGITe Tt f s&(ﬁws\d@eitibﬁ of denalred\ylashiil dntl Fudoé genomic

.. Lhe pVEXBOMARNas vect o i.S..01 ated.ln
D%A, byt'l% eex%\?gééa?ﬁ Aaf'gﬁﬁﬁe asm1 C;@ire araltl%n i)ﬁgl&vé] % rwelF ht%garker [the
largest bAGRNASIelobssesn It Ingpasess pl@m)d/ simplsfirogd mreqscale @Wsmd preparation; 3)
S§1HQ%2{91BYA‘ (gﬁtl'ol ﬁ;? §oguc%§9éa%@ﬂthm5 Qfoﬁ@c‘fl’erageta!d&noc‘h W SIane @JPHJI&)

erred T5 exonucl ease and RNase gene(s)
djgestqd| ‘Y‘i!ls?rf'/'r‘élt"éé ekeelepse Thebotteyp fang igper- ?@Rﬁlat%femlﬁﬁéih@é& amix of

s&;ﬁn&ﬁled?’dlera an@fitked gﬂoﬁfnﬁ‘er T}é W@ﬁ@d YA hlﬂ(diﬁﬁ@féed dbeRn 881 ggmorrﬁo DNA.

and 10 are RNase induced, and | anes 4, and 12 ar

Greneraie DU Ajandmricked plasarigire quagtitgively éeﬂe’%féw *b? Bl e tﬁ%’éﬁ“d Similar
r@likcatd se@ Wit Pswmuslegbnaciasé. ds Sanpl es 9-12 are

rapi d-extracted total DNA Sanples 5-12 are from 4C

stored cells, while sanples 1-4 are from-20C stored
IicBige 2Thie fVEXSari kisffdr hetddNAluvodteicul ar wei ght mar ker The

| argest band is 12 kil obases Fromthe top, the highest

nol ecul ar wei ght band is genom c DNA (gDNA), while
InEigereFardndthod éy dieqetienai dmpficlioneand plogingefgDINAcquences into pVEX
VL&W l%%‘t)aled A)hﬁasﬂ)ﬁ%tngﬁﬂlq%iv@ uiiREdae QI8 drARM BB Eestion with class

lasm d DNA ( fastest mi.grating band is
Nwmﬁate#ﬁ@wgﬁnww% B) Qrpecaliimshicrniitiae 3 ettt prsnmoiecognition
sQEN PG, aDA: brid 1rEér@5dfn§ n19:1e40t1c&['1ank1 lh k&t Eppink @dgion fwith 8 @nigfe, non-

tide an I n associ at i to make RNaseS-T5
ngﬁBWEVCa%‘F?n?ﬁ%iﬁ 4; g’eséuaigén Bexa"{pﬁ nucl ei ¢ acid
hydrol ysis by a chimepc nuclease is shown In Figure
11, Rl tl . e-T5 + Sprotein and
hl’é'ﬁms“é%g agﬂfg‘é Alsgur%fse S\E/\tlﬁr %ﬁ Egﬁege | ysates were

pr epar ed from i nduced cultures of DH5a cells

I&ﬁi@ﬁl@iSD,i tﬁ%\me&ﬁgﬁlﬁ@étﬁ@r vector is shown.
In Figure 6., the pV EXBOmpARNase vector is illustrated.
[n Figure 7., the pVEXBOmpATS5RNase vector is shown.

In Figure 8., the T5RNase exonuclease removal of genomic DNA is shown. A gel photo of plasmid
DNA preparations with and without the preferred T5 exonuclease and RNase gene(s) 1s illustrated:
Lanes 1, 5, and 9 are T5RNase induced; Lanes 3, 7, and 11 are T5SRNase uninduced; Lanes 2, 6, and
10 are RNase induced; and lanes 4, 8 and 12 are RNase uninduced. Samples -8 are Qiagen-prepared
post alkaline lysis nucleic acids. Samples 9-12 are rapid-extracted total DNA. Samples 5-12 are from
4°C stored cells, while samples 1-4 are from -20°C stored cells. The M) marks the DNA molecular
weight marker. The largest band is 12 kilobases. From the top, the highest molecular weight band is
genomic DNA (gDNA), while next band is super-coiled dimer plasmid DNA [pDNA(2x)], the next
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pl asm ds, nucleic acids were precipitated with ethanol
and resol ved on 1% agarose gel RNA (nmain band) was
wa@ledoen2@es by post-staining with SYBR G een || PCT/US2005/028870
(Mol ecul ar Probes) Lane | = pVEXBOTPAS- pepti deT5 +
pPpACYCBOWASPr ot ei n, Lane 2 = pVEXBOMATS5- Spepti de +
PACYCBOpASPr ot ei n, Lane 3 = pVEXBPhoARNase, Lane 4 =
pVEXBOnpATS5RNase, Lane 5 = pYEXBOMpATS, and Lane 6 =
pPpVEXBPhoA( franmeshi ft) RNase (negative control) In
Figure 12., RNA and genonm c DNA reduction with
bamg systitectenibmanomer RiasEid P RPNA) ard thesfagestmigrapahand 1§ NA (RNA).
The/as3l GSlaa e hREHRARIRGLN Jf @ibinkdikzed (1 anes 1-4 and 6)
and uni nduced %I ane 5) cultures of DHo5a cells
contai ning the indicated plasmds, nucleic acids
Innflgaﬁie pi dnaf86atioh biusebitageplideamdis- preml awedlaton ke ganesa's
}%'V% ngf and DNA were detected by post-staining with
RGN 11 Lane 1 = pVEXBONpAS- pepti deT5, Lane 2 =
PpVEXBOTPAS- pepti deT5 + pACYCBOWASProtein, Lane 3 =

ASPr.ot e n tide-T5,
AR R RAERA S QehP0s, MY aRept | 0o 1o
(uni nduced), and Lane 6 pVEXBPhoASperti de-T5 +
In?lﬁﬁlu m&@@& Q:El&:ltlgn \(nltmg&%g-)l‘ 5 ArSEx%Yéﬁl aml gh{magéuonstmcts 1s shown.

ction in RNA on genom c DNA b

Allglins)yshtes ‘wespmseppre! fforvlnrgiu?eé waes of IH%SUrCéH'SeCa@@mag thE"E‘t'iPth
pﬁ%ﬁl&%%ﬁf@é&d%& &Eﬂuﬁtakﬁ' HOMGRanBNin Xk dAved BN E% fE%dB&E el RNA (main

own Ln Figure [ tu ect or
b RO PPl Bt YRGS R YA e ek B
pVEXBISHhf e-g@ftidems FlnglYeB&lﬁpASPtrd'lﬁn gmmez %pVW@nWGtSeegmde +
R BB L o Sy S S S e
pUBXBOug €L, arid Lamee6 F WWMOM@aWWWSG@%IIWQ@mA =

Total nucleic acids (pellet), B = Total nucleic acids
(pellet) remaining after Pl buffer extraction, C = Pl

I( E@rmw TR anlgenomt EPAredpstiony itheSaeptifield  SRIpPEOBSeLjigREown.
ARaITneL}ﬁatQMé Fpaka r8inGndasdd @Snes [l:—ﬁ aﬁ’d—jﬁ aftdlnfirdGdee dad’él$§3 b of
aci ds FzmnMT”Sﬁ%{TES ctedn‘gﬁlc%lcac i ved
Do s ppfeistg irnditatsd g Rystes Ngs P it bl d fgsotved on
1 Pagdrese Gel ARON Al Srid E&ﬂdwdﬂbdel&teﬂw P Cltani g icieRMBRAGHaendl: aig 1 =

L4ds. The rks, t nol ecu
p?ﬁ%ﬁél&? e-%etp ane 2= h\%i% eptl ?% n}‘;‘ﬁgﬁ&‘%om#ﬁ&em Lane 3
—hou\gwesmmmwhmanw GIEX Bl fept dgeiormine STIVE XHFDNAgpepide TS

N el d ls

s R el e b
pA§Y§§@@pA§pmt¢1@@nduced) Arrows highlight reductlon in RNA band (bottom) and genomic

DNA band (top) in lane 2.

In Figure 13., the release of E. coli cytoplasmic contents th?ough PhiX174 gene E pore is shown.
In Figure 14., the pACYCB native stuffer vector is shown.

In Figure 15., the pACYCB gene E vector is illustrated.

In Figure 16., the gene E lysis protein mediated plasmid release is shown. Cells cultured with
pACYCB gene E + pDNAVACCUItra-EGFP from 1 are uninduced, 2 are induced 40 min with

arabinose: A = Total nucleic acids (pellet); B = Total nucleic acids (pellet) remaining after PI bufter

extraction; C = PI (50 mM Tris, 10 mM EDTA, pH 8) extracted nucleic acids; D = LB (media)
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nmononer plasm d DNA (pDNA; arrow) and the fastest

m grating bands are RNA (RNA). In Figure 17., nucl ease
weboonionats on of genomic DNA after antibiotic ipPCdDUsS®05/028870

autolysis is shown: Lane 1=DNA nol ecul ar wei ght

mar ker; Lane 2=Total DNA after autolysis

(pACYCBT5RNase + gW zGFP strain); Lane 3 = Total DNA

after autolysis (pACYCBNativF staffer + gWzG-P

strain); and Lane 4= Sanple fromlane 2, after

i ncubation 30 mn 37C. The arrow highlights the

neélélmcmﬁt 0P ReRRAR A nEINA Rapd =i 10 riMersTBRNR&@agtd @tiBic adids; G= 50

ure 18. erl Iasmc ucl egs e
e et o2 R BB D et S TR ST S0
nEﬂélmaiidslThu M)|ma2k@ the DNN @blecaat wagH: mpnkeroThetlng«seHahd sy 3 kibases.
FIrom ?w op,ﬁ%&gﬁ V\?ﬂ .mlofémf ar “’ﬁﬁ?t béncﬂ? ﬁ%&%lés aa{ﬁgg?? twrmele %ext ba{ld is super-
c(ndni dvenplesnieDNA{pR¥A @O0 nakaderoneredriplapnyid) the taxt paarriywseper-coiled
I gu ﬁsngh\lﬁNAﬁgﬁﬁgdan% aLnd%%sttenﬁégﬁn%’barﬁg glje (R'NAI%NQ‘A) I'n

use o peri plasm ¢ nucl ease- expressing
production hosts is illustrated in an autolytic
pI asm d production process. Definitions autolysis:

sis nmethods that cause the cell to undergo self
Ip é'gf'@ 17 sppcleasq glupingtion phgengmg B @ g @pfbiqiyy &yduced gyiplysisrig shown:
[RRAIGEDN A SbiSculk tightMnatkef ULeRA=00a TNAGer eﬂié)lyars (;b/xmmH5 RNase +

B0 Rl b B RS L AT P3G A
agdiame |4+ BaneiezyomelaneR, gico imcibationse mlraﬁ"’(é g hymwanghliahtsre@cjmdnated

Rl Eh0A pdr@hn RERENEe @afhusi On of phage T5 D15
exonucl ease and ragments or entirety of bovine RNase

ADNA replicon: plasmds, cosmds, bacterial artificial

I h{ggﬂtﬁ OB Bse ()Bégﬁl)asmlp%‘e%ele%aﬁg?ﬁ'odu\{ﬂlcfn%bsty 8 6laShid ndfacture is
hybri ds t hereo host band: Denatured ccc

spves Frgat Al g5k a@réﬂqam%pnﬁf 68l e 0 st EfiEme RBeniydor inca
p¢aexlnid dn@/ oL Vg0 Soathdt 2liSdesa S6t-tgR@BAt (B oscufént &Stment) after cell

hosti ng i nduc I X174 phage IS protein, or
R e A AT PR SRR
| ysozyme- hol i n coexpression

In Figure 19., the use of periplasmic nuclease-expressing production hosts is illustrated in an

autolytic plasmid production process.

Definitions

autolysis: Lysis methods that cause the cell to undergo self lysis, such as B lactam induced cell
lysis, phiX 174 phage lysis protein induced ghosting, T4 or lambda phage induced cell lysis by phage
lysozyme/phage holin coexpression etc.

cce: Covalently Closed Circular -

chimeric enzyme: Fusion between an enzyme and a second protein, for example a fusion of phage

TS D15 exonuclease and fragments or entirety of bovine RNase A



10

15

20

25

30

35

pl asm d: plasm ds, cosm ds, bacterial artificial
chronobsones (BACs), bacteriophages, viral vectors and
whysiozia23 her eof pl asm d- saf e nucl ease: ExonucP@HBES2005/028870
t hat degrades various fornms of DNA but not covalently
closed circular (ccc) DNA including plasm d DNA RNase:
Ri bonucl ease RNaseA: Bovi ne pancreatic ribonucl ease A
T5 exonucl ease: Bacteriophage T5 DI 5 exonucl ease The
invention relates to nmethods for reduci ng genonm c DNA
during the purification of plasmd DNA épDNA) using .
DNAaepjicermplasngds, Fesmidsestesial mgcel chrgipesomes (BARY dreierapbages. viral
vddRRtand Mdhfdh@edfEChani cal fernentation vessel. A ngjor
probl em of purification technol ogy has been the
separation of pDNA fromE. coli genom c DNA. The
ghoMRARE ¥atlnd e&cMRtahod for reduci ng genom c DNA during
i solation of covalently closed circular (ccc) DNA A
cost effective approach has been devel oped t hat
pDNAJ P1zsesd Dugl eases in plasmid nanufacture. A
"plasm d-safe' nuclease is secreted to the periplasmc
space, thus protecting the cell during cell grow h,
plaigel ysio ptondis: Proteine eauset theecelh troindagresed hdis geghosting suthndy ghesting
. con L - [ I ' i
R} BEEs B RhoBh, RS i o e shageXbime holin
csrréseiok ed enbodi nent of the invention (Fig. 10), one
or nore specialized 'plasm d-safe’" hydrolytic enzynes
(such as the T5 D15 exonucl ease, RecBCD exonucl ease,
platmid Plasmpls e Masieridrpidigal Cé%i’gté?%‘ime%ﬁib PiigggPhpgep, viral vectors
aftgpuckhigase VI, or chineric, hybrid enzynes), are
secreted into the periplasm c space by neans of a
signal peptide or its equival ent, whereupon the
pRAdERie 3 pcléasnEikcnuslegudstidegratis vanibisl foroe bf DIgA dvitnht cavedently closed
. LR t.i QN pr. cth@n is conplete. Upon controlled
c’gcéllaf Eaclccl)n%%”ré ugrﬁgﬁ%ﬁ??ﬁl\% with the cytoplasnic contents
(through nenbrane rupture or controlled re entry into
RNIG: R¥%bAREASM ., the enzynme digests or hydrolyzes
unwant ed bacterial materials, such as nucleic acids
(DNA, RNA), proteins, carbohydrates,
RNaRAP 8bY e kdalid GRfucl@le®s ), resulting in a
substantially purified plasm d DNA.

TS exonuclease: Bacteriophage TS5 D15 exonuclease

The invention relates to methods for reducing genomic DNA during the purification of plasmid DNA
(pDNA) using the gram negative bacterium E. coli as a production host, using a mechanical

fermentation vessel.

A major problem of purification technology has been the separation of pDNA from E. coli genomic
DNA. The invention is a method for reducing genomic DNA during isolation of covalently closed
circular (ccc) DNA. A cost effective approach has been developed that utilizes nucleases in plasmid
manufacture. A ‘plasmid-safe’ nuclease is secreted to the periplasmic space, thus protecting the cell
during cell growth, and contact between the nuclease and genomic DNA is controlled to occur at

harvest, or during cell lysis.

Nuclease production preferred embodiments
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Nati ve nucl eases may be utilized. Any plasm d-safe
nucl ease can be utilized such as RecBC (Exonucl ease

w02 006@nd2RecBCD exonucl eases, rel ated gram posPeT/U82005/028870

RexAB or AddAB exonucl eases, Archeon exonucl eases

(e.g. Ceobacillus kaustophilus AddAB) ot her

ATP- dependent exonucl eases, Exonucl ease 111,

Exonucl ease VI1. This is not,an exhaustive list and

nucl eases fromE. coli, or fromother bacterial,

archeon, or eukaryotic source are contenpl ated.

Nucl eases such as bacteri ophage T5 D 5 exonucl ease

Irté ?naeé)lrezflegrrﬁ] \éxzelbog?rgegttsig thre verhxopfﬁlé r?neeg)grégrg s?e%:lglﬁzagl pla(%rfnsdbsate

hyéolgss@arymes Guehes rhetlfé Dil he«onwtﬂma&%%@ ekdnecl¢sy, ptpéra?éﬂﬂdep@dent
18 I & ofitbedid, ibRRE dHG h

Bty ohdacle IR RRKTE L, & oy, Pl S o e

padilasticonask byyeerontic siged pertidoer itypquinsleol wlepreugon the %@me(S) remain

sy&ueétérzaeﬂlm =l gllawﬁx%n@ﬁmA tna&%meauc&&ﬁs Safplered %bmmroned re-

fernment ati on. he i nvention conte | at es use of
Jo’ﬁ‘F‘&%frf"i’f‘tf“%Fé""h e SHOR PSRRI HERrOYgn GERPraRFaHRIHF 6r copfeplied re-
cRirehe Rl Wpieka) aﬁwn%eargdstmrmmay@k S ih@d BIRral WateAQY lsuch as

di gest coil ed eferably

e 4R A i R MR Pe e oy Sye g
sabsaatutly patfed Phas€DNa. use in plasm d processing. T5

exonucl ease does not digest super-coiled plasmd, but

is able to digest not only linear single- and

N vslugleasesmaay de ahiliRpAA 1Sl grardssafbRuclepseicaE bk wtiligédsudh as RO
(&oﬂhcleag‘ﬂnﬂnd %@éﬂCD’]&&ilucllaseg- &%gea)gran%gm@é l&QAQ%HAcWAtBrExonucleases

denar ur at’i on sSucC as ' ost or hadow band
AoRbson SIRRERET érffqoéacauuwsaumpaﬂﬁgadem ol A P ispeney aranucleases,

HxBlucR&E i1, BxdnQcl&LSYILI Tiid i0Rot elmz;asmamd:l 19EHE hQRadeSANE EScod Rr from
I%g ans D, d Thonson . JB. 199 em 24%: .
offigpPasige ot °“h°é\‘/’ HEHREET 4t %"&‘ef“ﬁ 4fed. E{WHC?SF%B%% acteriophage T5
[H% erunodl@ssiBat caovdghast hahdsz &el preorrepeci fical Iy el i m nate

all non super-coiled DNA species present in sanples
froma large scale ( 1 gn) plasm d preparation (Fig.

I yhe cashifipiasinid-spfig Slemmpkibc rmucksasad, § mar oot benqsbssaretd. secTatg the nuclease to

tﬁeodéhﬁiasg\oif%{éta&tﬁrﬁdz ¥ tﬁheen%{%‘?s s*ili?ﬁc?éﬁt%%&ué&d e I'Jc’iﬁire’& YhBtSfperature.

enzyne fusi on t ner Is itself resistant
Thés W%léethvv%émnewl BRIOIS ﬁﬁs‘v%on alaﬁh?q?&glaf 1OXF PiHieeq, jush as heat treatment

(@r-oORkinGoBhRMMoat ed | arge scale plasm d preparation
met hodol ogi es. The fusion partner may be any protein
or peptide that confers the desired stabilization or
The mérinma&ointamplpuenpe pit ‘plasniidisade’ proah@¢ases thaedigpsidenndtid gnd @areferably

d%nalturedran(? m(%? glgs%is c? DFA wMQu dl;ge%;lsné SLa)gr-c%)igc{] ;?‘é%mx%e}ﬁ\?/& P%ferably

d-sa nucl ease, usi on part
ha@erwphalgq: Fel!s eliermcleaéa(fﬁleéonut!wq:)nﬁea qahdated A ds¢to RNas elasmm s

&&gsﬁg.%%x&lgcléag%g n%@&i.ééglnsu&'}—coiled plasmid, but is able to digest not only linear
single- and double-stranded DNA (Sayers JR, and Eckstein F. 1990 J. Biol. Chem. 265: 18311-
18317), but also DNA with denaturation loops, such as ‘ghost or shadow band” DNA, which often
retains biological activity and is retractile to restriction enzyme digestion (Sayers JR, Evans D, and
Thomson JB. 1996 Anal. Biochem. 241: 186-189). We have demonstrated that purified TS
exonuclease can be utilized to specifically eliminate all non super-coiled DNA species present in

samples from a large scale (1 gm) plasmid preparation (Fig. 1).

Chimeric nucleases are also contemplated. This could potentially be done by associating the nuclease

enzyme with a fusion partner that is itself resistant to inactivation or removal during alkaline lysis or
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renmoval during the harsh alkaline lysis plasmd
preparation procedure. As well, RNase A expressed in

wd200602d125 S recovered in active formin cl earepCT/US2005/028870
“supernatants fromal kaline lysis. Aternatively,

fusion to thioredoxin (Lu Z DiBlaio-Smth EA G ant

KL, Warne NW LaVallie ER Collins-Racie LA Follettie
MI, WIliamson MJ, and McCoy,JM 1996 J Biol Chem
271:5059-5065), the C-term nalsol ubilizing domain of

al pha-synuclein (KimJS. 2003, US Patent Application
cﬁ’l&@&fn&fi@ﬁﬁ@ Rige Elal’eK)laSMd pAp#ratkd methddi@ogdY, ThPaks#6n ﬂdrtnexaﬁh@ be any

251-60)
ol Rrse GBRE b P TRty rr ke kit PP hitferse
efybodDagmtatchimeric iSakae,as whi8) T3 Brdxafucléase, A0Pésdid-safe’ nuclease, is fused

tg 5 %1%9 EMLr is grtgyze% 2l;%r g(%x)n%l? rbf)&lge &ngaqlc Rf\lgste% ?%ﬁgtgﬁ?fg inactivation or

I ncrease the st usi on partners
rapeuriedpripg thfawhv&glme #ys'@plasz@@ BrepasitiPg preprdurAps| el alf NaspA expressed

i& ro%i QYR RA8X in §®Oé3|ﬁ£§ in Waredo-glgc?mateldé f}%ﬂ{ a@l&tm 'A@t@t‘hétngly, fusion
2002/ 0142384§&ar e al so cont errﬁl ated. Most preferab
i %I\ﬁ

tp thiqigsiariel (el B3 Ie-SBIMLEA. Srnt i WarmeNWs ba Vs Qllins- Rame LA,
FRNENSMIT W iliavsbrl S ahd MECIHFARNGY6 1 gt cxveuibd :3089-s0sBPAL Chdrinal-

Wit SE0R T B SRS, B9 S0Pt teelienobfb 25522 Pk
I, yhin 6T 8 nﬂgyrﬂES)ardemaKhlh hQo®@tPrreaghg. RiNase. Hmdl-mslase
t gn%osYa‘bFe'F?r%x’om%e?ha%ogp?%B yczfn%ferez (?de arcoo/{ 316 ratta Savare51 S, Gefrlof A. 2004 J.

h'to cessar
&etmhetl & 07:hesra3) erite ptiadr Ipsntqumﬂ@t mheasqaep stgﬁllas nﬁ fotin q@mmrse@hou P,

Al%y EQJnh \hfaéxﬁmﬁ‘ %@i €9 b%éﬁt ﬁ%phcﬁ{(‘)g 26(@/0@§3§§ (“Sgndtn}g %@b&fzeus Patent

enzyne fromlosing its activity during I'ysi.s.
ArehoHeT 108 R4S P A emiraPlasE: genomi ¢ DNA and RNA
during plasmd production i n sever al cell lines

X i plasmn caII liz T5 exonuc| ease
Vgibuge \Rﬁ"tfﬂ LB AR @% ° Rpges %53’ NEFBAEE AEEES PR gRmmer
thdn@s@d bekinpaibR YRS\ fravesing pmlcedeat i @it Wap tor deniiy @buldbe to develop

S%’? I}S (T% cl?e%n gn Vﬂ'l C‘-fll helL d a%!m ? conyau{m { Peas{_ilﬁmase aﬁc{]ﬁ&aesg gcltlolg ST%C CO-

eARenesc Ihe@téﬁe fqr rhlse@p;mo@d Lmhelsmqeshfa;lstt Wtoeld ibacesvazy (9lsepsate them initially
iFDhe BEAHE (b Esatekﬁhmﬁ HSHISES T)e% 4 td 5?9&&@{4 Msetéafyme from losing

rior art. e conbi nation o Nase and
iffaevendsse b0 a chineric nucl ease is al so not
suggest ed in the prior art. Additionally, the use of
nmeric uc.Iease in plasm.d ction are
GRirTea e b R of pdd DA SRRk S e Pl e o several cen
la_l(mpleslsmgS@lpanﬁicdﬁbﬁmﬂizl’:@mbmﬂleibe lﬁeécrmﬂi RN\ or RNaseS. We have
d%rlg%lrgté%ﬂga?#l%ser sgolﬂ%g g&es h%ve zip\é\Pcatxon In re %va? ofc cor‘rﬁammant nucleic acids

am nants
during plasmid processing by alkallne 1ys1s autolysis or extraction.

The use of TS5 exonuclease in a production host to improve plasmid DNA production is not suggested
or implied in the prior art. The combination of RNase and DNase nucleases into a chimeric nuclease
is also not suggested in the prior art. Additionally, the use of chimeric nucleases in plasmid
production are not suggested in the prior art. The novel fusions of TS exonuclease and RNase
reported herein allows simultaneous reduction of two key nucleic acid contaminants. In addition to
combining two important elements, the RNase element unexpectedly improved the activity of the
DNase moiety (Fig. 12). This synergistic result improves the performance of the chimeric nuclease

versus the unfused parental constructs. As well, a single protein entity is easier to engineer into
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conmbi ning two i nportant el enents, the RNase el enent
unexpectedly inproved the activity of the DNase nviety

W@ B00g/026i2y . This synergistic result inproves tPer/Uus2005/028870

performance of the chinmeric nucl ease versus the
unfused parental constructs. As well, a single protein
entity is easier to engineer intoproduction cel
lines, and control during exgge55|on t han two
conmponents (e.g. RNase and T5 exonucl ease) that do not
associ ate. Plasm d production process preferred
;emnad:in e inss, Giel dosire@ A ping Spraagorathpl @SRbrApcRaiie(c BN LEHE TS
exonu l@as%qﬁlaggo n tzri]ssctcaear ment at I on CU| ture. Af ter

ogquction, Pl agm@is purified fromthe cells.
Plasn1d purlflcatlon can preferably utilize alkaline

[c I | ysi s net hods
%é@%@rggﬁﬂ%ﬁkx§&§g&ﬁmﬂ%&ﬂ%ﬁ*@ 5 reducti on may occur
bef ore and/or during and/or after lysis. Genomc

GG LY alFBY¥midlsSe n&%@éérareq}rﬁdh&g lmﬁ&%&n%zswr@g%%duaﬁm
under osnptic shock (Baker, M and

Y0 Ve aste s aswm@v%ff%mtnﬁén &s%fr—'raw udlife elk%we s heat s
& arErahied lysik beas desofibetl ahd 4vent i on el i m nates genomi c

DNA during DNA extraction fromthe cell. Plasm d safe
nucl ease containing strains are utilized in two
@rmerhie DNdrequk@mmagl ogur befareatifoodurihgandit shtet fysis. @hemid redivtion may

%maeg%ug%%n&@{xﬁ%nﬂ& aé ﬁh\égr odiftstic %Mcgg%l@ T I\gn'l“ay[or el %rﬂpgal S.

! Imeric nuc eas
qog&swg %@ﬁ@ﬂ?@l@yﬁgpip t}gtpermlasmiph)esemg@{j pupdpasejof the mventlon eliminates

defUnliOBNR Ul DNK QirhdbSn foth @RLasm post production (i,
I nner menbrane perneabilization). W have dennnstrated

RNA and genomic DNA reduction in alkaline lysis wth
Hlid’sﬁtdf ﬁ&:trﬂHEHse éoh@imiRstralds abbSutiNgd ATRAPTIIERY A8 purification formats

A§Pr | onstructs (Fig.11-12) and OrpAT5RNase
(Fﬁp Yucts. Inducibie nembrane disrupting

factors such as bacteri ophage holins or nenbrane

t.i al .
P%l-n?at Vﬂmkblpegng\n?ﬁq& %lr %erl&m% Iggéﬁgr%?ﬁnl{Afvg octhlerrll’]a{llﬁ guchegs&g)%ﬁgﬁlg gell lysis
(erntze,m@st stpl @ba fugledsp tsontmﬁ@tlerym@plheasmlm pobieraingiopfi.ct ger

rﬁe%{brsﬁaw&ea&mza@ml we hQ@ﬁaﬁo%stmee RRESHA genbﬁgim redddhich in alkaline
pr etreat nent woul | ow sone contro over the extent

Ipfs vethgeseatment W"f‘ﬁi h u%lﬁs’eOIelé‘}ﬂ pepided? EOPPATEYYD pRystEusis (Fig.11-12)
H80p NBsFNQse (Flpl § chivpicavenent woul d el i mi nate the need

for protecting the enzynmes fromlysis reagents (as

they woul d be active before lysis). As well, in this
Hhducibg tnembd @gBEIm@LiSg factors such as bacteriophage holins or membrane disrupting

chemicals or detergents potentially can be used in tandem to selectively introduce the hydrolytic
enzymes directly into the cytoplasm at the end of the fermentation cycle, before processing begins.
This pretreatment would allow some control over the extent of digestion within the cell before
processing the cell paste. This improvement would eliminate the need for protecting the enzymes
from lysis reagents (as they would be active before lysis). As well, in this format endogenous

nucleases such as RecBCD can participate in targeted genomic DNA degradation.

Format 2 involves elimination of genomic DNA (and RNA with chimeric nucleases) without

addition of a defined pretreatment step. Genomic DNA reduction can occur during cell preparation
or during or after lysis. If reduction occurs after lysis, stabilization of the enzyme through cell lysis
conditions, and subsequent post treatment to activate the enzyme might be necessary. In the case of

heat tysis and alkaline lysis, this could require increased thermostability or alkaline SDS stability
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nucl eases such as RecBCD can participate in targeted
genom ¢ DNA degradation. Format 2 involves elimnation

wobkoogenars ¢ DNA (and RNA with chineric nucl eases)/US2005/028870

wi t hout addition of a defined pretreatnent step.

Genom ¢ DNA reduction can occur during cel

preparation or during or after lysis. If reduction

occurs after lysis, stab|I|Zﬂ§|on of the enzyne

t hrough cell lysis conditions, and subsequent post
treatnment to activate the enzyme m ght be necessary.
résPectiitly, BRISEbsOfuekt ®ater bAtRinge @RENcE Kigh tdneenlriytioh S ED I &d SDS. We

coul d reg creas her nost abl or a

e SorEr 9 wdsEErT oY ol b Rt P s aen Cormar
X haogeAT IRNedigel hc@hneoncent rati on of EDTA and SDS.
We have denonstrated RNA and genom ¢ DNA reduction in
autolysis without pretreatnment (format 2) using the
FomaAT §RNas profise fpr alEfhiptive dyys trrethods, sughars mathagica lysio intpasence of
c%;?aﬁ?aa %{Ms @& Rl XRirdnY 3¢ S06REDE0R: RYFR.BS 20020197637),or

SI's I n presence of conpactation a
rr(evvaw@iﬂwsmltamcmﬂw%yonlwmrz@eﬁet bymnqagrigehtor pqsp il %a(ﬂe@hKJ 2002
RORRADRT 6:35187) @bt dDBE RQADHCtldrmbabiiSy, Wk diBhline SDS stability.

m crof | ui di zati on (i npinging-jet honogeni zer) or bead
mlling (Jem KJ 2002 US patent No. 6455287) that do
IﬂQﬁrefeﬁﬂiﬂn{bedlﬁlm reBBSiteaiied itliying anobailslmhei Iﬁahoﬁlasautolysis is to disrupt
&li %y dmoé ogﬁzﬂ V\ia“ g{srglgneng%genﬁ,esm aa qugctagiu ta(rzm)tl‘:"‘blotss toirtléee f%%\%tﬁgion.
Adtesntivply Isedyins, doyhaaddmdied)ptpode aggidticovabr be@r@uqsrpby thghost strain to

t

PR ce et Hylo AR MR, G it fom s,
rijeasedi tol the aeviplaph eftthadgsired gme b@omﬂ@é& abyhrt(hlémwmspannmg peptide
o§fn{>@ln§]th§tgregde§a{ éﬁ@ﬁneﬁa"]@w&%iel}kagé%& @}@%Q anRd otht @ﬁgﬁfﬂﬁlccb?(ﬂems from

expresse the ce in cytoplasmc form
‘l?eéﬂy@élésé‘lj“’f}t? pF‘Féasﬁelf"iafﬁ‘P%%Yﬁ?zéi‘Pe e corphupatians that ﬁ"é beynhzed are known
i€ BeXPIRIEIAR Rfeintbyhétite.( Mebr ane spanni ng pepti de or
protein) that creates a channel allow ng | eakage of
| ysozyme, and ot her cytoplasmc proteins, fromthe
Aoydiei lcasiiions) astdpaospﬁp hipdlms pn hegtaivpdognol sRatpylyeétamhd ganomic DNA.

T‘BQ hd&?‘%ﬁ&ggg gﬁksc&@r&re*& %dcks'slﬂggmé\érﬁs known in the art

I nc I'n by r &fer ence. AUt ol ysi s
condltl ons, as opposed to al kaline or heat |lysis, do

WOdemdRBE hirVif th¥ nlRNGHEN 8081 Q¥bIGsi ONR asTBLIDE QR gsatge Rtdiated
I ySI S is very Vi SCQuUSs, Cr eati n% pr ocessi ng pro

YRS i dirarstratia PREPIErHE 1HlsasH 6TUE intslealivy rosH of grapmic DNA and
rédubidnyisivBcosBAEkE. 88. anti bi otic or phage nedi ated |ysis,
in the presence of a plasm d-safe nuclease results in
sel ective renoval of genomi c DNA and reductions in
Thisgcosndtign ¢ffabiglysid Wikh a plasmid-safe nuclease is not suggested or implied in the art.

Indeed, autolysis methods have not been contemplated for use in plasmid production perhaps due to
the high levels of genomic DNA contamination present without the plasmid-safe nucleases of the
invention. Autolysis methods to date have been contemplated for use only in production of non-DNA
bio-molecules and often incorporate non specific nuclease to eliminate plasmid and genomic DNA.
The p]asmid-safe nucleases of the invention facilitate the new use for a variety of autolysis methods

for large scale manufacture of plasmid DNA.

Autolytic plasmid purification also solves a problem previously thought insolvable, namely,
elimination of multiple cell lysis and clarification steps in plasmid processing. A typical plasmid

purification process can be dramatically shortened and made cost effective by incorporation of the
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This conbi nation of autolysis with a plasm d-safe
nucl ease is not suggested or inplied in the art.

wo nabeszhi2aut ol ysi s nmet hods have not been cont epqi/asmads/ 028870

for use in plasm d producti on perhaps due to the high
| evel s of genomic DNA contam nation present w thout
the plasm d-safe nucl eases of the invention. Autolysis
net hods to date have been coP}eanated for use only in
producti on of non-DNA bi o-nol‘ecul es and often
incorporate non specific nuclease to elimnate plasmd

al?t[)]] Hﬁ{ﬁ ?ﬂ vaH%n @sim iS afnfindidd @dxﬁ&@a@&t@fmd tlRiple elements
|nvent|on acilitate the new use for a variety of

(%mwbﬁy@$@dWﬁfﬁW8%Wﬁ%WtP%K@§m§@§¥e manuf act ur e of

plasn1d DNA. Autolytic plasm d purification also

sol ves probl em previ ously thought insol vabl e,
1‘h‘ﬁt‘l‘?‘k“F9“"1%‘ft’l°l"nnatlon of nultiple cell Iysis and
clarification steps in plasm d processing. A typica

| a urification prpcess r -
B A R e S
prdn@sut mhqptule(prqnnmari uhmatel poafierafl inchde, btnw@mm 1t9fnte€ P lgmbdadR and PL,

o%EneE p%a% pr olae?s]t sich ats g§ '"IG] {yﬁ@gﬁ:q}o?‘no@&@uémls fak Qﬁﬁrceén@@ﬂ(;é promoters

uri'fication without |oss of
sn,capabp ICPlti yhocli\mm‘éas @S%)o%ﬂ{ﬁ:”tq étﬁth%pj PRASEPT SHgrvatontppanoters, growth

el &Jnﬁ%ﬁ?ca@@ﬂﬁ aﬁ@(}é rt%?orgfvb waf) p*@%o@@ﬂﬁdﬂcﬁdﬁtchr\/ Bt fincrdieie
preferably, inducib ronoters

epsren BL SR FERTERE FHETEME <6%f°18f‘é>d‘h%?m?tff g
rémlagﬁdﬁeﬁes% ladxkpressorp hﬂg@rsnmmﬁbrexcsmsm haca&raﬂ'ﬁqse for

s(a&&ﬁ)dh) KeVlaW@lBA[MaKBGQSCoWSﬁ M wpdﬁfaﬁ;*, éle@ I60 ét%ﬁﬂ@ht\ltwhvely, the gene may
n%uced§r§1‘e V%xpseﬁs@rRﬁA( rnf) pH (cadA) or anoxia

espons ve pronoters. |nduction can be by
|ncreased tenperature (PL, tac), decreasing

doGITR SE PN ok &%%lul&@zlr&uﬁ%"gﬁél ﬁtQHDir@hDoerIthb art and are included
t her nost abl e repressor repr.e

e rUSTEFS Cisnait DLen 1S 107 3{% MERRRL Ry het o4 2569

ARl Q8 p@lideAra BAR)ingdhe Btibiasm sreansA (RoJOmghimd\PeiBnt o
stationary phase, pH or oxygen shift, glucose or am no
acid starvation; reviewed in: Mikrides SC. 1996

™e mﬁanetai;eohay aRebe mGdrdnd McbB8) utiliAhg eonapicheing fagt syeh g5é prehored

pen 1as K exﬁ?s%%ﬁ’dus 16dddr & es?Hl a@ttl{%%l@{] Ieﬁcﬁ?zﬂﬁ %rs%mé?%ﬁfs @ll-larvey BR,

c or eXtracel lular targetln% Pg i des
@qo@qurﬁbmyhuﬁwﬁeonaw Lgnepn Bi-eanfl Regerrd 8 2Ar é‘i’anﬁ fad §3%0r

§164. 3f9§ﬁ Qﬁerﬁz@ivgy, tfeQéleaddnay2id deckeRQ O theZQ thtoShARPth media, and
M crobiol. Biotechnol. 64: 625-635). Exenplary | eader

waptieeesiciRYA (uirgting t he peripl asm are OTpA,
PhoAOmpT and Pel B.

Alternatively, nucleases may be engineered to enhance activity or stability, or partitioning during
purification (Collen A, Ward M, Tjerneld F, and Stalbrand H. 2001 J. Chromatogr. A. 910:275-84),
using éite directed mutagenesis, addition of small peptide targeting tags, or directed evolution (Zhao
H, Chockalingam K, and Chen Z. 2002 Curr. Opin. Biotechnol. 13:104-10) using molecular breeding
approaches (Ness JE, Kim S, Gottman A, Pak R, Krebber A, Borchert TV, Govindarajan S, Mundorff
EC, and Minshull J. 2002 Nat. Biotechnol. 20:1251-5; Kurtzman AL, Govindarajan S, Vahle K, Jones
JT, Heinrichs V, Patten PA. 2001 Curr. Opin. Biotechnol. 12:361-70).

Porin systems for cell autolysis
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The nucl ease may al so be menbrane anchored utilizing
known anchoring tags such as "anchored periplasmc

wexpsesdedHn” using | eaders such as the N pA | eBdBEUSZNH028870

first six amno acids (Harvey BR, Georgiou G Hayhurst

A, Jeong KJ, lverson BL, and Rogers GK. 2004 Proc.

Nat|. Acad. Sci. 101: 9193-9198). Alternatively, the
nucl ease may be secreted fromthe cell into the growth
medi a, and contact genom c DNA during lysis.

Al ternatively, nucl eases may be engi neered to enhance
These 4re/iwoylagses afpbask perinyproteyps thyh progdyce BRMPiaRedQTes- fgese are known in the

liRMFkd Maatnb@lﬂm& is Botﬁxtlal\%ﬁﬁjs b4 pre;Eh&:r of @k ¢hvEntio@ Rancluded herem by

St al brand H, romat o 8
B etes o Sy Ahew BL Seh BT ke Broaddir ek aatPse
7692928 Dhd\@ast BGSm dOUblkirkRIed BNAQVdﬂéridbha@&?. s¢cBha04 4ild lambda phage of E.

cg] 8‘5’5%'?{#?8 ag'e l};HfSﬁacfgh cz)l}glzwese r’?D’iln %ro ms ar%r)aélgd hol1as and they
aﬁ@ﬂﬂdﬁl&ﬂheﬁop(lﬂemneirﬁranéﬂtmr&e reas foregil VAll dRakinRprokine pibe released

Bo roher V, e tha
oy RSSO RS el e o
n/hdz_xks f@m/thm@axpapraw periplasmh fogbigenouph thas> 190 kd prateinp sushhas Bgalactosidase
czP gt ﬁh%?lgl?(‘ﬂimbgg g ]mrQJEJre iR of >3|0th %hsnrgxllar inlsée af%lepngQnycm

Porin systens for cell autolysi sThere are two. cl asses
fstepﬂz@g\@ BERLPRINSh Nfﬁcevtﬁgplftﬁasegw BafieEORIBT Yitging s porns and
1yI$’z§§@m%6ﬁbdﬂ’th@mm|i ﬁlasﬁrﬁlﬁsafel n}‘:ﬁﬁéa@és WF e m&ﬂﬁoxﬁfoﬂﬁlﬁﬂn@dmiriufagture
potenti a aQri.ns for ILnvent i
Mg iy S Sl AT R PR e Bt e oo Rk Sare
S\ Q0a 1N butSititizakiorDh phsiald MotuwwgorRas 24) 0&n Aesatibed Retle art.
M crobiol. 54: 799-825). One class is from double
stranded DNA bact eri ophages such as T4 and | anbda
Apha;ggelm,fsfngle stodnfled IBYA pags such @ﬁrﬂhg@§4 Lprodyceyf single lysis protein (gene E)

réqal%qﬁ%ﬁagla LdiSise. iﬁnsﬁf&e@ Okl @5195@&:% BSm 86 shdle! s@ﬂd@qimﬁhage

assenble 1n the cytoplasmc nenbra
may kb C%‘dYaé@rf“é‘F"“é‘é‘I' mangy) sfi Br ‘@@%ft“f“ﬂf@ <rﬁY16*feéllfh ?effltsar% 4G, Wang
I %ltﬁ@(s{ﬁdadd%ﬁngtlh Q0(RHeL. mzasml {Bhese-sh) Bs gémdmypeodhEt Gétins an uM

snal T eint u st _see
d}ag;lgtsrzrg}gpé\el bet {1 quéeé 1rfnre nabﬁaéxe %e&s\fe V& Sﬁa]th{%rl]le periplasm and non-
l)@leaﬂly[ﬂlllﬁﬁﬁ@ théd Q'tdplagme paegl itchiding plaGid RYAWitee g Lebizv.d§89
bB 9%1 P%% %E))é:) aurn]tgftﬂetme'élpl glpgnqlli r(:w%% Y§mntgl l{,] %[1;; ROhE Roof

er 0 ar 1n size
V@D émﬂl ey ificro. & 1204 28 rTha Xl 1 eonedty1yeie i uacslto mylge bacterial ghosts,

f&qmg%m @Jﬁvauamh&ty RRIKChD PO, BLAALNS aﬁ&tLthzZWnﬂm Expert Rev.

hese pori ns and ysozyne in conbi nation W t

Vp«rczmﬁ ¢S B Bor Y vagrdns Selypryt heshory & backiief gpth EPS&%PHA Methods

tél::{ﬂﬂﬂfag&xte Yhd: haMegA Y518pe8 bsad diﬁhd.tlblsdr‘&aﬁbxﬂﬁattgfbﬂ/ﬂﬁn Rk mﬁ@esmm
ave een create otein ucti on Leu

A TVNEG G ans et Manfliint Do 00 Bk ésfoh et i B Bresence of
Rf Dbuffériectharya sf thodelld) eelr) des engrogan ioforrhmbaraels and dump cytoplasmic

content (reviewed in Jalava et al., Supra, 2003).

Bacterial ghosts have not been evaluated for applications in plasmid DNA manufacture and the

integrity of released plasmid has not previously been assessed (Witte and Lubitz, Supra, 1989).

Host strains for nuclease and or autolytic gene expression
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Al ternatively, single stranded DNA phage, such as
Phi X174, produce a single lysis protein (gene E)

wo egpaioz@els f or phage rel ease. This protein, andPCBEER05/028870

proteins fromother single stranded DNA phage, may

inhibit cell wall formation in a manner simlar to

penicillin (reviewed in: Bernhardt TG Wang IN, Struck

DK and Young R 2002 Res. Mi®robiol. 153: 493-501),

The gene E product forms an uM di aneter channel

bet ween the outer and inner nmenbranes, effectjvely

TheWF Fa3g S90R 201 15 a51lag i) tah  CPRTFIDIE et e rrast Rty Ortfmét preferably

in€gtaQB krASE Len&RBRAOA EnglnB&Gink Clinibg p@ttoasndt idladyhaif Wihdt@iaAhat is

and Lubitz W 1989 Eur. J Biochem 180: 393-398), into

sytplle RERFP{ EPYCUPS; reviewed in: Young R Wang I N and

Roof WD. 2000 Trends Mcro 8: 120-128). The phi X174

S aﬁr?sleoé gaﬁ?éxsﬁ gm In%te u;?tg pxa (frpraln/cgei‘a?e’% ér%{ loﬁgla%m slsa{(esmzi__d&u!mgavanety

oRechdiqeen forttexanyde lamhﬂatrﬁzi givh r@@t@@naﬁxpé\ﬂm@éﬂﬁ 1998 Bapre$02063-
o v Ro

Z@Clé%ﬁ)eﬁ I%A(WV% \é@%b@ﬁmg%w R st & sAHOSE G5a@b@:s). This

asmd hods to nanufacture
tegltnise has dean ubikigss S‘@@&ﬁvlbp’eﬁc%é%ﬂls Weh s IblSpsampat plesid

ploBRtiorlHo@VB AL fily Nhd gﬁssfmgﬂﬁ‘&h BMn€i8difk a fhnikibg i\ﬂﬁﬁglc thsistance gene is
n

revents lysis. Manufacture | nvoI Ves: ‘Lg ressi g
LR ABPIIEeS iieRe o SRS SHIeTS: TPIUF Pt BIEERANGE 3pe firee
DH3& Stﬁlﬁll it @ansfamidd 3jjth the @nplmagmestaumrﬁmia Red rr@baniel fencas

du ontent r?]r ev F] a, .et
rg aga@y%f)q%%rt . eecrl Irec?mbl ase Sqroc? V\leon 1nduce wnﬁ arablrel(ilsg lallhé %ells are

pfemaredaquélccuamqrmquthnhqﬂC&SfmgmerDMﬂdemhm Hgtmlv@usarn@ntbments are
I

ARLEI ko [0 ERGRE LB ROM e R B RH SN SR

teﬁrmrramémlﬁ%ﬂéélawenwanameww csigeferlixonkd iosrefapicillin

rdddGh B 3GRic@ene can be in a plasmd that is conpatible

with the target plasm d, or nost preferably integrated
into the genone. Strain engineering can be perforned
in any strain of bacteria that is suitable for plasmd

Pgr %uct on Strains of bacteria bearing integrated
SBIIPLOBFIMcl ease expression plasnids are made using

a variety of techniques, for exanple |anmbda red gam

SEaﬁ:so I ﬁkﬁ&r}mgé}é{gmyleé@éeng%% bJe' utlﬁ?eq 'to n]1§19factg1g gﬁsmla Q)KIJ%' in

Wanner Proc.
feynﬁn)tatwn ot FAOmB &Y WCWP'SPTP@%W?J‘G@WH asthfb%(ﬁr—e lﬁaT“Fﬁ 2-,9 ?jfor a

rSHGCERSE WE! Y005 BioPREAS InfhHaBbiaB 02464 2663, iipRss). l\ﬂlnﬁ;@m{&logy
Cpl asm d production host. Brlefl , the exgztﬁl 8{})1 d fed
eng%nt%es(ogtyh 1 QAR Brogs laﬁvef“ﬁ'gor%?ﬁft fi5F Bigh(NTC5018) and fe

bﬁt&ﬁ(ﬁ\ﬂtwe)efe@en@udns;nemaptaﬂmd|f<fr|pedmu$roragcupm | ThedeSnedia were

dgvep)ge It%ng g?edngcr:oe\ffh ra%s and lflam [glzgsmmp s?abllllg} a% in etgrxtc))/n Plasmid

yields of 1100 mg/L and 0OD600 of 120 have been achieved with an automated fed-batch

fermentation process with feeding controlled to maintain a specitic growth rate of 0.12/h.

We contemplate utilizing host strains elaborating plasmid-safe nucleases to produce plasmid enriched
feed streams from fermentation culture in exemplary plasmid purification processes. The combination
of nuclease strains with high yield fermentation and exemplary purification process may provide cost
effective methodologies to further reduce genomic DNA levels to acceptable levels for gene therapy

and DNA vaccination applications.
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DH5a strain is transformed with the anpicillin

resistant | anbda Red reconbi nation function containing
w@bkm@snrd2pKD46 and Red reconbi nase producti on PeMusm®ds/028870

wi th arabi nose. The cells are prepared and

el ectroporated wth the PCR fragnent as descri bed.

Honol ogous reconbi nants are sel ected with kananycin

and cured of the pKD46 hel pep plasm d by shifting to

the non-perm ssive tenperature (pKD46 has a

tenperature sensitive origin of replication) and | oss

of anpicillin resistance verified. Plasm d production
E)EI\W'L% of E. coli with integrated nucl ease genes can

e utilized to manufacture plasmd DNA in fermantatlﬁ) by

Theanethed gf thigpganpiondy firthes f‘Wé‘ﬁ‘feﬁt“l BhioPPeeEemElenr BkHBHHA"

why i1REtatibS 8- aleAbiR8nd20R anyf Wy t@lihi@hie €bpe ffalidipgnd. 2005
i oProcess International, October 2005, in press).
Nat ure Technol ogy Cor por ati on uses batch and fed-batch
EfRinfplet PEE X iekprasibmatbiopr oduct free batch (NTC3018) and
fed batch (NTC3019) fernentation nedia optimzed for
pl asm d production. These nedia were devel oped to
TIRUPEXStpIstg it predingrmessibn yeatoris stewd imig 2 Gherplasinkideg apBR322 origin

oS B B R R kT "an aut omat e

fed-batch fernentation process with feeding controlled
ThiOvdIR} Ima:'s al RaRivkPiGe brfofngtelgfrf?% prrréﬂx&l SYfiheQerk2f hicrdddin £. coli.

contenplate utilizing host strains el abo
Epresssn Hreerres ks eluibee RSt HRated °p P AE LA g by adicion
off ieed to3hd @aws. from fermentation culture in exenplary

plasm d purification processes. The conbi nati on of

nucl ease strains with high yield fernmentati on and
Geseeofihiereyt ajplonddiiga [soufer) hoceswstyrd yush fyov |18l elomrmstites that generate

AI% {%Axgwmn'a%% AMaSS kS, Bt REtofad Qﬁplgﬁﬂgmfﬁ%%s or

sto acceta l'evél's for genetzera
ganaoisiDNY dsig parpm Wéfazqn@md@éﬁ\m@ upTjgie- wevqﬂe?oﬁp@fﬁ%ﬁ’éences

I d¥AE l :Qt@s 1'n$heftéiléett EB%E ark bén@ﬁﬂf tﬂ)tt @éi'rn‘néhtaﬁ Bﬁceft&kej @(\Ml)nzgl/ 16 chance

exanpl e These are provid %Q/ illustration
thatrrey nﬁ?r%al St steprouldapatsh poe o4 iy aWé%i/ SP& 1imt the scope of

the invention. Exanple 1: pVEX expressi on vect or s The

tuffer Eg&ﬁp onhvect 1S S AN
t 1

Aﬁet@vatlfp of Isl‘rh eol 1115151%1 &glNg p g.lées e gene 0 e'rersevlg) ca e r1]na |
HNRERvide 1efoilmve)i ba ardengrgingselclepvage séts. |Té1tsamdv®dﬁamkérh.zed metal affinity
chromatography (IMAC) resin similarly to the histag, affording affinity purification. Genes are PCR
amplified with primers incorporating Sapl sites into termini to generate 5° AAG (last lysine residue
of enterokinase cleavage site) and 3’ TAA 3 bp sticky ends upon digestion with Sapl (New England
Biolabs, Beverley NJ).

Example 2: Construction of pVEXSaplOmpA secretion vector

The OmpA secretion signal peptide was engineered into the pVEXstuffer vector as follows.
Oligonucleotides encoding the OmpA secretion signal peptide were annealed and cloned into the
Neol site of pVEXSapl stuffer to make pVEXSaplOmpA stuffer. The resultant clone expresses the
OmpA leader that targets the protein of interest to the periplasm. The OmpA leader is cleaved off,
leaving the protein of interest with a 2 amino acid leader (Ala-Thr) prior to the Met codon of the gene

of interest. A map of this vector is shown in Fig. 4. Cytoplasmic constructs can be converted to



10

15

20

25

30

35

This vector has an induci ble Tac pronoter driving

expression of the gene of interest in E. coli.
wEpsesdaeHN is repressed by the | acl g gene proRPUDUS2005/028870

(encoded on the plasnm d) and i nduced by addition of

PTG to the culture. CGenes of interest are cloned into

a 'stuffer' that consists of Sapl type IIS cloning

sites that generate ATG and2TAA sticky ends as

outlined in Fig. 3. CGenes are copied by anplification

fromclones or genomc DNA using prinmers with generic
seerelidd ecosirupta i tranafpich e iNgel & s Eipg e 6onsyyuey the gensddriEr 8L this

vekdt. qg%p/ﬁmggsﬁkf&e&cbcfhgtahﬁ tErﬂﬁrﬁﬁFIN @@medsamm@eaa@mh} 3%
not detrinental since there is only /16 chance. t hat

deggiibpdrbayerpsing Meghizested ePVWWdHHﬁ%S&erbWéa“afa"-‘(drﬁ’eg%aﬁmé’g s
tags. A derivative of this plasmd, pVEX5

pl H\t agstuffer fuses t e of interest with an N
Exagmpff 3n%P“*W“f’%\@f‘\MWWW?&M&“‘BV%W ent er oki nase

cl eavage site. Th| s tag binds immobilized metal

af fi.nit chr h r to the
Theiboyiagpa Car‘faln f“fJEJls b(c}% amppl)l%;r? (%zg(?fn% gﬂoégcn%%,A are PCR
ABRPR iwhs mronmeﬂ hsnrxrli’fm’éNé pblomerrys doatdichygldBa pitradpsceants the ends of

AR ROnetidiShodidsast I'ysine residue of
blgﬁt%mil?m% sng%%avage estl te)élz;nd 3" TAA 3 bp sticky

ends upon digestion with Sapl (New England Bi ol abs,
TIRENE b YR Ndduct Fa$ AERA with SEANHE G006 58 300 bpRdEXS I rmRASap]

secretion vector ti signal peptide .
Bt PISPLENE RS A7 EREE Al F S SRy S R e DR dard Soning
mEhbBRBLUE Redbilass @WERCinpgHNRE2sORA s@etieverdiedsi gnal

pepti de were anneal ed and cloned into the Ncol site of

pVEXSapl stuffer to nake pVEXS pl OmwpA stuffer. The
ExanM 4: didning|To eeonecdigaseesses t he O1pA | eader that targets
the protein of interest to the periplasm The OTpA

| eader is cleaved off, leaving the protein of inte

Thyi T3P czoraptFasoeeae Ve ﬂ%@hﬁe(dﬁloatmﬁe)ﬁ AT 18 Bhecif. ‘e

séﬁgglg&o%mlte@ thﬁj@@p RfenefttvRl ﬁfﬁﬁed a4 a9f tefnPla® 1o/ETH MArHNsSuffer
shown in FIg_g@ tolasm ongtruc%ﬁ @ ‘g te of

cQUEHtRG Fasmerto sty @@%ﬁ“%‘b"ﬁ%&“f‘ Yntepdreied jriogpe frped site o

pNC OV 2 fUR Y BRIVAL V& BIth aimdiifieH foheinige P& 2AFTSi and pWe StHN Tistctones

.S, vect or AHNt agstuffer, encoding an N
wfrér‘sr?}aﬁgfmdﬁfiﬂuf?fﬁve”\?}agg constructed exactly as descri bed

above usi ng I\Ico\ di gested pVEX-S pl H\t agstuffer for

Vﬁi’d%rp Ok astd Smﬁéaeg?Lsgio§i/ec99nst ruction of

se expressi on vector The bovine
pancreati ¢ RNase gene was PCR anplified from bovine

A%@&Qm&)re% system, with lower leaky expression and lower overall inducible expression,
was constructed. This vector, pVEXBSaplOmpAstuffer contains the AraBAD promoter and is
inducible by arabinose addition, as opposed to IPTG induction for the tac promoter containing parent

pVEXSaplOmpAstuffer vector.

The Ara BAD promoter and flanking araC repressor was PCR amplified from DH5a genomic DNA .
This amplified product (1.3 kb) was digested with 4arl and cloned into EcoRI/Xhol digested pVEX
vector. The resultant clone contained the AraBAD operon downstream of the stuffer. The AraBAD
region was excised with Xhol and EcoRI, and the sticky ends blunted by filling with dNTPs and
klenow. The 1.3 kb fragment was cloned into the 2.8 kb backbone fragment of
pVEXSaplOmpAstuffer (bp 247-3108) and pVEXSaplOmpAHNtagstuffer vectors. The backbone

fragments were obtained by gel purification of vector digested with Mlul and Xbal, blunted with
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Al'l PCR was performed using Pfu DNA pol ynerase (to
avoi d addi ng extra bases onto the ends of bl unt

wo ea@gnmnts) using standard PCR net hodol ogi es. A¢EU405/028870
bp PCR product was digested with Sapl, and the 100 and
300 bp fragnents (internal Sapl site) gel purified and
cloned into Sapl digested pVEXOnpAHNst uffer vector
usi ng standard cl oni ng net hogdol ogi es. Reconbi nants
( pVEXOmpAHNRNase) were sequefite verified. Exanple 4 :
G oning T5 exonucl ease The T5 D15 exonucl ease gene was

kPg):%v ?ﬂﬁhﬁ ' aﬁ&j CfPrnQ:ErtEcp IR@élﬁanTaor(eAW@@sclejea&abr%&mtat@n @n@eAraBAD
he

and sequence confirnmed. Th frag
1954t Py FEH ighdesadndEayntes Vﬁrbqiegtﬁ\ ? %#@@Fpmmﬁer

(rzrfg.rsp atd MEXBiSLAGRBALNa SRS rebhag e nabsl gWela8d @t piofbethviaintk Ara C
blunt end cloned into the Snmal site of pW2.0 vector, a
RS WS R PR t h a nodified polylinker. pW2.0- TS5
and pW2. 0- HNT5 cl ones were isol ated and sequence
erifie Ll on of pVEXBOpAst uf f er
P%§§ﬂm “V%%(gpvgzsec @ip%e33|on system with
Iomer | eaky expression and | oner overall inducible

%I%e%%}%eer g’xcﬁ@dﬁ&r{ ;WCE!: Kr aBK%)‘Ia%%td%stlon‘PM@(ﬁ&[/Md and

contalns the ronoter and is
tlramﬂftm:fi ntaeNdg{/XTept dilsgsisd g‘éE%%&fﬂqr@ﬁHN%S%f&ﬁ €88 to | PTG
i nduction for the tac pronoter containing parent pVEXS
én Astuffer vector. The Ara BAD. pronoter and
PR |7nﬁo”é‘f‘ﬁt’f’"r%ﬁ?’@%@g’i“pwswe?ﬂ?ﬁlvﬁf“?ed fr om DH5a
genomc DNA . This anplified product ( 1.3 kb) was
di gested with Aarl and cl oned into EcoRl/ Xhol digested
pPVEX vector. The resultant clone contained the AraBAD
Thp ENaig waotuhsddrieamVEXBOnpASNENAse by PG emplifaBiaDof thgéntire plasmid
1In%lA?r¥g n%%ﬂfg\%fngrs M nﬁcaﬁﬁxqggulted%gvéct&?leﬁi}ﬁ p(t(Iy fr%qgﬁt Cleavage

I ng MAt dNTPs and kI enow
of parifive AER méucewn/écdl Grefted corppatile Slcl@benésa@k‘t?%m’édq"'r‘”é@ Henpiers) that
@&g@éﬁ&é%&&k%ﬁ@déﬁﬁ&%f (e PINZQQ C%né‘sQ)g}V@@EbmpARNase (Fig. 6) were

agstuffer vectors. The backbone
W¢%@H%$?§5W§FEY@8?%Pﬁ8@“ﬁ9“@@F“%ﬁ??¥|catlon of vector
di gested with Mul and Xba\, blunted w th27 kl enow and
dNTP, and CI P treated. Resul tant clones were screened
for orientation of the AraBAD | ocus by restriction
Ehagpkist Omsandosd@iENBOmMyAT iRNagcExprddsen fé¢cival constructs,
PVEXBS pl OrpAst uf f er

The HNtag was deleted from pVEXBOmpAHNRNase by PCR amplification of the entire plasmid
using Aarl containing primers. The T5 exonuclease was then cloned into the gapped plasmid. PCR
amplification pf pVEXBOmpAHNRNase resulted in a vector length PCR fragment. PCR
amplification of pW2.0T5 with T5-specific primers resulted in a 900 bp TS gene. Cleavage of
purified PCR products with Aar created compatible sticky ends which upon ligation created a precise
deletion of the HN tag and insertion of the T5 gene. Clones of pVEXBOmpATS5RNase (Fig. 7) were

isolated and confirmed by restriction digestion and sequencing,.

Example 9: TSRNase digestion of genomic DNA during plasmid preparation
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(Fig. 5) and pVEXBSapl OnpAHNt agst uffer, replaces the
| acl g gene and tac pronoter with the Ara C repressor

waneara2BAD pronoter. Exanple 6: Constructi onpf/US2005/028870

pVEXBOTpAHNRNase The HNRNase gene was excised from
pVEXOmpAHNRNase by di gestion wth NcoUxhol and
transferred i nt o NcoVXhol digested pVEXB&

| OnpAHNt agst uf fer vector. Ex le 7. Construction of
pVEXBOTpARNase expression vettor The HNtag was del et ed
from pVEXBOpAHNRNase by PCR anplification of the

TSR cEIBidRY &ﬁmn%gtasmgoé@&m&@mw bmmsdmm%wg&w RNase)
anmplification resulted in a vector M%h PCR

Pﬁals@gﬁ‘é?f? grow g §gé’ L& IIqﬁgrnilefjiaée{ltm fbrln %Stol, Wdtqﬁot%ﬁpressnon

1ﬁfu€e§tne§hdﬁ)@ Eﬁ@é aPr&xiBddIc Ky O@ﬂdBm(,)d@'lAbdl@oanm ﬁiﬁlﬁhdsﬂ@d’ 200 Cultures
prinmer S at

AL T AR S O N e R

iientdabdoadlti@e dCelOndre pameed sfo&@hf—ﬂ@ﬂloom Caivgaigliti on an d
sequenci ng. Exanple 8: Construction of

pVEXBOnT AT5RNase expression vector The HNtag was

@hitt fére 2010y somgp VEXB@rpldHNRNaD s d by mPER3 Beyslel§ fremt Coreregfrocessed
E\gutgggxtliorn Pétrgﬁmng L?ﬁé \Dg o&%wed &Qﬁg@ha@é &L def';eﬁé notTrh@le

exonuc fase was en cloned into the gapped
PRYesviinducepORuErYFIdFEat i on pf pVEXBOTpAHNRNase
resulted in a vector length PCR fragnent. PCR
anplification of V\20T5vmthT5$eC|fc [ TEr s ~
N isepiG Begr T GOReEpred 5 TyB A OF REVRGEBroBURT M e fom
¢ 64l Gﬁl&mmrtelaapmxleerﬁrrg@aﬁ@dl dVTpiain &l 2 (Milliaksy ] 8ntsgeland, J.A.,
ﬂ%’legrg%fu%%ﬁh J :?g gtfx(i (?arroﬁ rOSfeE?t(E)g%Tg%rdl?c%Ior? e?n& unfectat]lo%%f S(Ilyc“g?l
anNEABONIAT pRNGG expidsieg in B olivePeA C@oinaﬂ?etdreawd SES(!ﬂIIfSJ IRE®epss).
%&@?ﬂs%{% résgg)crwe(g ﬁséeh (aﬁrum bﬁﬁ‘gldm s pfgg(@m AMN aCl, 10 mM

genom ¢ DNA during plasmd

By aaxtacted wmslaen@lew as irmeé 2ot RN rerehef gV XEeRpssrREASier addition
((f BM&: @ th%é@ﬁ@%@%%&&: a@fﬁ@xﬁ&@ﬁ@%&@&m @8 avBlsRg Qiagen
AP Pee: (&S PO HcEbie i NN ' el o BRI Bt
QrRe @Abmatnellpgép @Iarﬁlb@iaﬁm&icmmozbyg&dfhptm@ra clafifi@inghe hps e
ur es
cgfltrx%gzﬁlon & i[sratg [vaj el Gd at %5 &er % mlré{Jl m‘f-lc(?elc a%ldg cv§re p@gg?a'iéd%g)

ucéd cul Tu
addidier ofi3drelatmesOars ed@mﬂ,l cpileoted by @e'lrllﬁgat‘mar \teaslpfé I“iltét7 @él ethpng! and

r% OJeg&d ﬁ‘l 1a& g% f Eﬁ’(l@n@f ?BQ 'pg@tS) C(g%tnll[% lf) §§(9CThe sample was

rage and i ncubated mn at
@gqb{itgd iﬁ)p@pﬁ}’ﬁ@ tm@lfeéd)ig pddedaggppcleic acids resolved on a 1% agarose gel.

The results (Fig. 8) demonstrated ‘plasmid-safe’ specific degradation of genomic DNA by the
T5RNase fusion during alkaline lysis plasmid production. The induced cells were viable (continued
growth after induction) and did not undergo lysis during freezethaw. Note the complete elimination
of chromosomal DNA band (large band >12 kb) in alkaline lysates from induced T5RNase in lanes 1
and 5 compared to uninduced and RNase controls. No degradation of plasmid DNA is observed with
-20°C stored samples (compare lanes 1 and 3; the remaining large band in lane 1 is super-coiled
dimer) while complete elimination of genomic DNA, and partial digestion of plasmid DNA is
observed with 4°C prepared samples. This indicates that the different pretreatments (overnight
incubation at 4°C versus freeze thaw and 10 min at 37°C with -20°C samples) differentially introduce
the nuclease into the cytoplasm. Partial elimination of genomic DNA in total nucleic acid extracts
from T5RNase is also observed in lane 9 but is not as complete as the pretreated samples purified by

alkaline lysis. The gel was scanned, and the bands from lanes 1-4 integrated and quantified. The



wi thout additional pretreatnent. Lysis was observed in
the RNase induced cells, but not in the T5RNase

w0 nabgosd2s or uni nduced cell's. Nucl eic aci d degr@rias100$028870
was assessed in two assays. In the first assay, total
DNA was extracted fromd4C cells utilizing the rapid
screening protocol of Wllianms et. al. (WIIians,
J. A, Langeland, J .A, Thallgy, B., Skeath, J.B., and
Carroll, S.B. (1994). Production and purification of
pol ycl onal anti bodi es agai nst proteins expressed in E.
r&Qttslare SO ZL@RITABNe 1 ERRIGERHIAINADKS &Twer inthe INAS Bijluced lane due
Briefly, cells were resusp nde in. ceL}fS;sru ti.on
¢ ?té?rvf(dfdml%ﬁegmﬁwlgf\os re ﬁﬁ" > fﬁ?AﬂmP‘e relative
€ KSRNAEd @thdiMed !Ehm@i&e\mlﬂ{out aRy\hsﬁtmme atgald leadl ATHBNAmb B8 Bbsv@tlty of

a 1% agar ose dition.of tracker dye. In

tTﬁ%m§8%%ﬁ%M§§”5@’e¥ ?mf%ﬁébunm%ﬂ%gfpr rcrudi ng RNase)
was isol ated using Q agen mniprep buffers (P, P2,
N3) and protocol except that the RNase was not added
to the Pl buffer (Q agen Q Aprep m nprep Handbook
March 2002). After preparing a clarified |ysate by
centrifugation, the Iysate was i ncubated at 37C for 10
mn, nucleic acids were precipitated by addition of 3
vol umes 95% et hanol, collected by centrifugation,
washed with 70% et hanol and resuspended in Q agen
buffer EB (10 nM Tris, pH 8.5) containing 10 nM MgSO4.
The sanpl e was incubated 10 mn 37C, tracker dye
added, and nucleic acids resolved on a 1% agar ose gel .
The results (Fig. 8) denonstrated 'plasm d-safe'
speci fic degradati on of genom c DNA by the TSRNase
fusion during alkaline lysis plasm d production. The
i nduced cells were viable (continued growth after
i nduction) and did not undergo |ysis during
freezethaw. Note the conplete elimnation of
chronosomal DNA band (Il arge band >12 kb) in al kaline
| ysates frominduced TS5RNase in |lanes 1 and 5 conpared
to uni nduced and RNase controls. No degradation of
plasm d DNA is observed with -200C stored sanpl es
(conmpare lanes 1 and 3; the remaining |large band in
lane 1 is super-coiled diner) while conplete
el imnation of genom c DNA, and partial digestion of
plasm d DNA is observed with 4C prepared sanples. This
indicates that the different pretreatnments (overni ght
i ncubation at 40C versus freeze thaw and 10 m n at
370C with -200C sanples) differentially introduce the
nucl ease into the cytoplasm Partial elimnation of
genom c DNA in total nucleic acid extracts



10

15

20

25

30

from T5RNase is al so observed in lane 9 but is not as
conplete as the pretreated sanples purified by

w@bdoahraies | ysis. The gel was scanned, and the bents2005/028870

fromlanes 1-4 integrated and quantified. Theresults
are summarized in Table 1. The genom c DNA | evel is

| ower in the RNase induced | ane due to the observed
cell lysis. Genomic DNA is r é}luced 50 fold in the
T5RNase i nduced sanple, relative to TS5SRNase uni nduced
sanpl e, wi thout any reduction in plasmd |level. This
denonstrates utility of the chineric nuclease to

reduce genoni c DNA durin | asm d processing. Tabl e 1:
M&ﬂ@&aﬁmw anch P BARE0 B, ¢ Com hie 8 Band

T \"AREENEE O O DaTt

égaﬁ_e 1 ahn Laﬁeﬂnnn P tA—ﬁBe& Cnnﬂr r\lréned'a 2710 @@40

A = T U\J_FI\‘ (4N = v v O~
32’27'2%"92718027ﬂ8ﬁoner oll2dm8 Super bol128d 2160 |PA0% 3615
[rrer pI asm d Genqrri c DNA 824| 5967 42406 |23671

aseS—T5Hgsi-ons—Ghe %I astio=s
“t2 1 361 &g
dﬁ.j as[nfd nucleases w t/h exonuc| ease were dreated

SHEE DN ﬂeptl te—SprggE®T Sybl hlr‘tgiog‘unuke gHzgR T C

et easestsefut—for genom ¢ DNA—and RNATEenovat . Here
we describe construction and eval uati on of such
fusions, and denonstrate utility in plasmd

manuf acture. These fusions retain both RNase and
enhanced DNase activity, as shown below. It has been
denonstr at ed that fusi on of heterol ogous proteins to

Brapi 1PNl [$1998pt i de of RNase A acquire RNase
activity after association vvlth the S-protein of

B e I A e D
bt $yktiers itamakk elamagtelucltda® ueful écrrmrwalllc Pl A g A (eoval Hpye we
de?cn%fbvh nsndilo gr%' eUaluaT oéu&rf&%o% @nmq?fﬁlggt@ Rk R ptusm manufacture.

I nit X RNase
@esemtoehremé)o@uwat%ﬂd ehorepreDINSE RofiViEyy 2 Séowalte O\‘f’e RNase7.
The S-tag system (l\/bCorm ck Mand Merendorf R 1994
| nNovat i ons 1: is.a protein ur|f| ati.on

ste
b 4E BB e 1l g bPguEPREPE Pt Blung et s A
deuirk Rﬂﬁielaﬂﬁﬂil affeNas@iatidiveithShd Sigoteﬁl of RBashl The Spepak is e 20 amino

;\c@‘l g\];t l gagﬁlgt?te f tg%tsﬁe oancre!iltc % }:s req?aSed%g ?ubUan aeawng% Nbe €

0g8US “prot éin,
terminal fragment (21-124) is the S-protein. The S-protem and S-peptide bind with high affinity (3.1

x 10-11 M at pH 8.3) as RNase S, which has similar enzyme activity to native RNase7. The S-tag
system (McCormick M and Mierendorf R. 1994 InNovations 1: 4-7) is a protein purification system
that has been utilized to fuse heterologous proteins to functional RNase. The S-tag is the N terminal
15 amino acid residues of the S-peptide, and, even when fused to a heterclogous protein, interacts
with S-protein to generate active RNase. The S-tag (and S-peptide) is highly soluble, expressed to
high level in E. coli, and can mediate high affinity interaction with S-protein when fused at either
terminus. Reagents, based on association with S-protein (S-tag Western Blot) or reconstitution of
functional RNase S (S-tag Rapid assay), are commercially available from Novagen to rapidly detect
and quantify S tag, or S-peptide, fusions. Utilization of this system to make a chimeric nuclease 1s

illustrated in Fig. 9.

pVEXB OmpA-S-protein fuses the OmpA secretion leader sequence (signal sequence) to the S-
protein fragment of RNase. Two versions were created, encoding either a fusion of
OmpASprotein(16-124) or OmpASProtein(20-124). Both shown similar function in vivo. These

constructs are designed to release the precise S-protein fragment after cleavage of the OmpA leader
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with S-protein to generate active RNase. The S-tag
(and S-peptide) is highly soluble, expressed to high

wo eaelo2dies E. col i, and can nedi ate hi gh affi ni PgT/US2005/028870

interaction with S-protein when fused at either

term nus. Reagents, based on association with
S-protein (S-tag Western Blot) or reconstitution of
functional RNase S (S-tag id assay), are
commercially available from‘Novagen to rapidly detect
and quantify S tag, or S-peptide, fusions. Utilization
d&fnlg'i)gip%srﬁﬁés.)&cﬁr{%& Qh RssonGhs AR o tCdoRA%Es s transferred to

AT ol e P G ey

iHah BV ISR 018l S]prf)t%ﬁ\gm IStpe;Qifie $RDIAS Be maAAOT Hwea § 15y dREISN, $iaEceS peptide may
created, enco%gq% ger a fusion of
beyrsy dredkitete 118 10{408 of SPUR ASPr ot ei n( 20- 124) . Bot h
shown sim |l ar functlon in vivo. These constructs are
e d to re eas h |
16 R Gl b o B R o Bl SR L N BRI T
eS@adl@b (Gfpcptﬂih@ 5)8@( prlegstosteddapspiedet 18 f\islmme‘tt?f és\éEXBOmPA S-peptide-

T&f&%erd\“}%&?n Smel:kE leélfegﬁ 6 ngdeeRA%%VﬁXIﬁ@r%ﬂ&;?g F;%bﬁ‘de) The

or coexpression studies |.ower
Qeaphyer e Bhxes seeriign 1?§‘un%3 Vg yiligedy f"d’t“i?fsi“’lly {9k tag native N terminus
PRPtlEfmdashoul d be made. This is by design, since S
peptide may be required to facilitate the fol ding of
S-protein. The S-peptide (for association with the
ViBreR b &bk REs8dd, I Spebti:add $ydotah frigatents Are didigned wriassugatefas RiaseS,

] 5
SRR O IRl BB AR Sl 1

or the Ctermnus to make a secreted T5- Sreptlde
vector (pVEXBO1pA T5-Speptide). The OrpA or the PhoA
secretion | eader sequence were utilized, to precisely
Fxemplgd ks Ft‘ﬁh@ldrpatﬂi'“\?éon%&‘iaéﬁrsrﬁﬁw%o%f the S-peptide. \hen
coexpressed, the Speptide and Sproteln fragnents are
desi gned to associ ated as RNase

The pectall girategy 40 (AP g%?gmﬁr'&a@euwr%‘? Feérc?%faf 6‘%’?"?‘%&‘6 ‘iﬁi‘%‘&“ ipgig. 10.
ByeaIba hmays&m pEfemddls ddtrited fiBtarpple  for €RN6 Reductions in
RNaS %@5}% grg ﬁ%sl%f%age ! l?l\:}rlles gygpge%glrg% ese ﬁ.\swx%cw%elhl 1\/\)] The
QﬂiPABI p@ptld&(rs céneiprce Ssthopresarre Oanntmry)snp@Sm@mGenW Sk 24 ar 20-124),
A%ce% r%en %%\BIGA W@%n%aie@ o] eTMg‘tﬁmt zﬁ%@ uﬁlte 'dﬂﬁ)%’[“lj-@peptxde

are observed wth cell 1ines
oem@ s8i mofeal Fisally seusiive tdesridatioy bands detgejed bTﬁQSWEsnaIYSIS) and as
RERLh AR IR RRAGLL HE DNade AcidyRECRIPHECIER: @hipBptdii@s-T5 construct. All
ASprotein construct (16-124 or 20- g %
the other T5 or Speptide-T5 constructs were proteolytically stable (a bard of the expected size was
observed by SDS-PAGE analysis). This demonstrates enhancement of activity of T5 exonuclease by

association with RNase S, which also retains RNase activity.

Example 12: Construction of PhiX174 gene E expression vector

The phiX 174 gene E protein was cloned under AraBAD control on a plasmid that is compatible with
existing high copy pUC origih plasmids (e.g. gWiz-GFP, pDNAVACCUltra-EGFP) and pBR322

origin plasmids (e.g. pVEXBT5RNase).

pVEXB-native stufter
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reduced genonmi c DNA and RNA conpared to either

construct alone. The OnpATS- Spepti de construct was
w@embendiys i cal ly sensitive (degradati on bands pet/es10e:028870

by SDS- PAGE anal ysis) and as expected had reduced

RNase and DNase activity conpared to the

OnpASpept i de- TS5 construct. the other T5 or

Spepti de-T5 constructs were got eolytically stable (a

band of the expected size observed by SDS- PAGE

anal ysi s). This denonstrates enhancenent of activity

of T5 exonucl ease by association with RNase S, which

al so retains RNase activity. ample 12: Constructi
paﬁxwwmvegrewsExges&e&we@g%lﬁn%@eow & iﬂgfo ? YA ‘f-‘g‘éﬂﬁq‘éﬁ“"w
aRd &8 41 d WABLIBddOTHR EndiNERIdefNoRBARIa0 Rith ellf intstiaal ph@ﬁrmasb The 2.8

ST RN I TN S
MPBRBRA XY leis m/eﬁlfmsmwdsKlélem@nd WEXBTRSRP\NS@G)gmem containing the araB

- hat S r t
L R T i et e T
tfahdfdraed anil bdrcekJion dwpaie chiNTPVEXE- N‘Péaft stqffer)wefa the?h@ecémgfatlon
£e@ecg99m§9m xlgghaﬂmwnhm%w sdqidngiag i nal

osp atase kb fragnment was gel purified from
the 1.5 kb fragment pVEXB vector was digested with

@Q’@B rﬁm&%golh an-ﬁhﬁlp%tshl@féb/ve&&gs were filled with

KI enow an The 1.3 kb fragnent containing the
araB pronoter was gel purlfledfromthe43 kb. The
The 886%Ra6m [he PUERBERFAslufnad Zative steffdriegadssioh vettoang$ gansfieded into

SIS ST S BB LGt Lk
DREt AUl ionveddigle STPi teateda pel perdisfl Xmniedigebiyd @"é%i’(fé% piggmid (fragment
A%!é%@?age%g ﬂr%':?n(éCEA *stuigf @anﬂ\%)@ﬂ@tﬁresﬂlffg fvs%?e d(&@(&p»(n% 1%‘213@1 (filled

ass VEXB Astuffer and native stu
»eshgider@ma@dde/Té’ek 29¢ §1e vadlet ﬁ%ﬁ@m%ﬁpVé&BPWPésﬂéf% B3, Gkt TGrement

10 atkmlmw s?%'a iy QRalief, FﬁgﬂéACB@%rﬂﬁRBQdZFﬁgs@& AQBiLgi n
& tra v %(?aq %, reat ed, ﬁ%lt The ligations
%ﬁ?‘(@?@ap H‘ﬁfFf) a5 e BedrpAtYE 3T S eé?s“fffedm(‘?dra&& Nt A B
M&traﬁ\st&ﬁaﬂ B\d} D}WE&B@thlysfnﬂ e¢lecsed dn phikrXBriaticol egr pibtte Clones,

. t er onWrmJAb resm t10g1]cl | l d wi th Kl enow and
k¢) ja‘ 8 FREVSHAIY s ( pVEXBOnpAst uffer is

2703, 1466, Fragnent BI pVEXBnat|ve stuffer slightly
smal  er, Fragnent B2) were purified. Fragnents A, Bl

( pPACYCBOMpAstuffer) or A and B2 (pACYCBNative stuffer)
MY Bdenelel (Fadd)l | gat ed. The |igations

The phiX174 gene E protein was PCR amplified using 10 ng phiX174 genomic DNA as template.
Used 5x 45C anneal, 25x 55C anneal, with | minute extension time at 72C and 30 second
denaturation at 95C. pACYC-Bnative stuffer was digested with Sapl and the two fragments (4375,
282, 34) purified. The PCR fragment was also digested with Sapl. The 3 fragments were mixed and
ligated. The ligations were transformed into DH50 and transformed onto LB+Chloramphenicol +
glucose (0.2%) (Glucose is added to reduce leaky expression). The pACYCB phiX174 gene E vector

was confirmed by restriction digestion, and sequencing.

Example 13: Release of high copy pUC origin plasmid by gene E induced cell ghosting
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were transforned into DH5a conpetent cells and
sel ected on chl oranpheni col agar plates. C ones, and

woeaooent@rs on, were confirmed by restriction di BEeFUSDNS/028870

pPpACYCB gene E (Fig. 15) The phi X174 gene E protein was
PCR anplified using 10 ng phi X174 genom c DNA as

tenpl ate. Used 5x 45C anneal, 25x 55C anneal, with 1
m nute extension tine at 72C_and 30 second
denaturation at 95C. pACYC BA%ti ve stuffer was
digested with Scipl and the two fragnents (4375, 282,

%ﬂg ! &H%{E b@ﬂed bmﬁns?%tfo% %gmpeeémzﬂ@ogg %l&%ﬁi Ve,q) ;wnm

fr ag ments were m xed
pnasvgvhs w@rgsovm@r\ egamsavistﬁmon@xﬂmg ARBiof-Eg Oélrfﬁglw%@frwﬁ@éaaky gene B

GQ&EQIOJT Baifrhe Q8000 610h6R}). The QbINGRSPeré Qo@r%n [pGhddGQ$ €7°C Sontaining
dded to reduce | eaky expression PACYCB phi X174

%@W@Lehk?@mﬁmc%égra%ﬁcfww%@dheo%?“er %‘tpfefsé%p&'ﬁm’& ij’@’é’f ? g/ mL
I@dﬂﬁin)&ﬁiquﬁﬁlﬁ tdnguinidptR N VA CLRed ;eas]em of 10hiughLaapyilipldrains

B A N I L
ipdhytdonsvas by addigbr of@@bihese Wiotnha 1p@xkrstdck @c!b A arphtodeenandn. g aliarextracts
fo rl %Paglalém xgerepgrgaé%ﬁ b& ? mefall) Gglpggceﬁiﬁgd Imd% dr 9) ;ﬁi‘grgofl thgn{?oEm extraction,

uce’ [ eaky expressi on
eahaafb mgsleﬂtlm psepynsion hleTFc 0k cqnperlié@OWe Fell rptlehvnracls fgrgel analysis

\{fg?éjﬂra)aéﬁ b)?’l%&sfegﬁ&ladf mer&gl ;éﬁet%glédﬁer @&b@{ @ﬁ@ﬁ%erOihcubatlon at

(strains ‘containing %ene expressi on pl asm d)
dﬁﬁ@ﬁ&mpﬁ@mﬁ@ﬁwr%aﬁéwwﬁ by(RbpIRAFIEC TR FE T [ SupFfaatants were

a@@tu@i/ @i@@l—jﬂr Byl g@l dlﬂcﬁ(ﬁiﬁbrés)ls (DBtall:I:ﬂ@elbl @id¥lin t&lé‘fwll(i)bllétsl were extracted using
ralns. c &Eﬁ( asm Jds

c%,ﬁ 8@8@“08 8&8@:{ LF%' E gxgsdﬁézboﬁﬁ{ 1%9%91 gfolg coricentration
(contpaet toake m@&alb;)edae#dnume)mﬁ cafifdisarpadyi bmﬁ‘srearﬂ mo Ri\lase]z@z@ The extracts
stock 1 29

werei analﬁze for nuc@lc achQLy aggnlgg:e eg%i {)e%mép(ﬁpresdvgr%lé\f /@2&1%&% \ﬁsufal(l)zred by

ysSis were usi ng

nplstammﬁg eth HELI08 dtblrtedzaYl%ﬂ*@rn@I I Stgmar of orm extr act i on,

et hanol precipitation and resuspension in TE. (2O«
concentration). Cell pellet extracts for gel analysis
Nusteis asidaplegse by gnpe EJEvispiatsts e3preyiort he cel | pellet in
buffer ( 10-2Ox concentration), incubation at defined

{ t
A S e Gl et R e
N dQUleyGEfednd 8) [N A \OpbDtest . pm‘m\cmm iep biglhcipgd anamycin
t [
bl o VB S e et an.
Supra, 1994, using 10-20 fold concentration (conpared

ée‘ﬁs /B8 eifted: Q‘) DahdufR Al 3) WALKE I Sbitsd b 0bes Bﬂ@tuluﬂaed with arabmose
uffer, and no RNase added. The extracts were ana

tf> BP%ﬁm thp piegence of Pr Nbvg%%*é&%@éb ghpstipg) el BRHiwed for 3%%“85 and
YDA e dRIATHE s S hiadie Berb Ynalyzed for nucleic acids by agarose gel electrophoresis,

and RNA and DNA visualized by poststaining with 1/10,000 diluted SYBR Green II (Sigma). The
pellets from 1.5 mL cells was resuspended in 100 uL of TE buffer (10 mM Tris, | mM EDTA,
pH8.0), incubated at RT for | hr, and celis pelleted. The TE cell extracts were analyzed by gel

electrophoresis as above.

PhiX174 gene E release of plasmid (pDNAVACCultra-GFP) into LB and extraction supernatant was
observed after induction. RNA and genomic DNA were also released. Most of the plasmid within the
cells was released from the induced sample (without MgSQO,) into the media and the TE extract. If

gene E was induced in the presence of 0.2 M MgSO,, plasmid was not released into LB, but was
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poststaining with 1/10,000 diluted SYBR G een ||
(Sigm). Nucleic acid release by gene E lysis protein

wexpsesaeon Three cells lines were nmade and evRdT/ES®AS/028870

1) pACYC-B-gene E 2) pACYC-B-gene E +

pDNAVACCUl tra- GFP and 3) pDNAVACCul tra- GFP.
PDNAVACCul tra is a high copy kananmycin resistant pMBl
origin plasm d, conpatible gh PACYC pl asmids. Cells
were either: A) uninduced; or B) induced with

arabi nose to 0.2% or C induced with arabinose to
r8leadfdovihen M1 eor@&ﬂ‘étﬁfﬂﬁﬁs Rivedd & thd "lMJeS&o(txbebdfféh TI‘H&SE experlments

host duced f
SRSt D shosl e T ST A0 £ Dbt BECRRT Py o
phstail edl@sedcdegéndny ongae B s lugioh. I\éipeasmrdopthmtee&d somaired RNA

AR B BEP  AB HAR R v
gerel H modnetsAy edlug pendieldase mtalthOmedia o beFevsuied o inds@nefp.2 M
l\IgerS n tl;le'méd\ETDFA allQ\b@ﬁlQéeﬂlls fo@)g HQ@JS@&’ afid b Jxa{ang"ed IfUreméU%d

leted. The T extracts were anal yzed by
“@éﬁesﬁme@tﬁ@&pﬁ@?%rﬁleﬁg above Phi X174 gene E rel ease
of plasm d (pDNAVACCultra-GFP) into LB and extracti on

supernat ant_was observed after

e DR el SO ere B SEP USRI 3 By perormed
It Plistid WS r@eksddSronBeily Mee@sOhit mawribhe | nduced sanpl e

(wi thout MgSO4) into the nedia and the TE extract. If

gene E was induced in the presence of 0.2 M MgSHA,
Pplsasiifioth phigkd 7hgene E ¢ [pBN4Y A CCnltra-GEBunilydycedgad méhcedistiels whremtracted

“{Yﬁ fpf?@ %%@tﬁa%b Qi1 WS il 93565@ ol i PBE 3dFmePCAGH | ume MgCl,.

hese experinent’s denonstrated that culture
P@;ﬁh@étandnlg% endiperoniqDNA sgenactesfundss plb these sopditigniFign16-ofih P1 or

E@ s Blidot tmsmav\tas mt@aga itk ﬁdtl@?lﬁ&mdi End@he BQ@JHeII polleOBRE
i nducti on. eased from't

No
eptmw/&@mraferlﬁwéﬁfla%B 4 E /& 10) Rsisssc QRS Pat) dﬁ@OltSﬁ%&fS that EDTA s
npl Bgiredifof RAs@iaiseledss. TUR REAAtkRAEe0Dd) sibdrat ol iadovd précegsigavidout EDTA
g asmd release into the nedia can

I%Q%igééeﬁ?%dmﬁﬁl}gqr% TU& on of 0.2 MMSH in the nedia.

This allows the cells to be harvested, and buf fer

S%?ﬁ? Q@f@r\gl%gs 1¥1 Qeleftlgg&\(rgctlw gtgb?éllnﬁr%(l geﬂgrn@ HNQ.E §£?t§jof RNA were

ease. tinme course gene UCG

obehedh der %ﬁmrb@mmhi qxﬁaC@dP“‘b IBEs H IGM\M\@HSWfP@ﬁ iylge less

kAU ACHN R bR Hs i dWAS et 8RSt 0T Me ! Treseahit £ cRn ¢eclinfdy be
I nduction. Plasm d from phi X174 gene E +

opRIASIATEYIPcR EeleagepPlatmidieided and | nduced pel | ets was
extract ed

PhiX174 gene E release of pPDNAVACCultra-GEP in the presence of spermine was determined, by
comparing plasmid release in uninduced, induced, and induced + 10 or 30 mM spermine. Release of
plasmid and genomic into LB was inhibited by 30 mM spermine, and partially inhibited by 10 mM.
No RNA was detected in total pellet or any elutions with 30 mM spermine. Spermine treated cells
were resistant to plasmid extraction with PL, TE or EB, but some plasmid was extracted from 30 mM
spermine treated cells with PBS, BB (50 mM PO,, 300 mM NaCl) or 10 mM MgCl,. When induced
cells were incubated overnight at RT, release of plasmid into media with all three induction
conditions was observed. More RNA was released (or compacted) with spermine, and very little
nicking of plasmid after overnight incubation in LB was observed. This demonstrated that the

released plasmid is stable when stored in media.
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with PI TE, PBS, EB (10 nM Tris, pH 8.5), BB (50 mV

PO4, 300 MM NaCl) or 10 nM Mgd 2. Plasm d and RNA and
w@emwoena2PONA was extracted under all these conPUT/US2985/028870

(Fig. 16). Wth PI or EB, the bulk of the plasm d was

extracted, with little plasmd remaining in the cell

pell et after extraction (Conpare |ane B2 and Bl, Fig.

16). Release of plasmd in BB denonstrates that EDTA

is not required for plasmd release. This is

advant ageous, since it will allow processing wthout
PHEDTA 26 Bursdiatet! pisarealf lasad WikresHg Yk 68 B PGoRRHEe! Fpelles

R '36@5@@ %%5%% B@tifeabl 380 BXt TRCL0 AV MECLPHIAS.D]. Blagtii@release and

genomi and integrity of RNA were Obé%oé\‘i‘h/? tg{ d
m@%ﬁhﬁwnaffeé%at&m%%gf VRt FAPEBY o DI At NP
niédg allBcréhitd Rndn@s SogeRATdEgrddbidnanty @ taspiaied tokSwith P, not

extract e)d vvlth 10 MM MgA . These salt and cation
T e ¥E°ONEbe optimi zed to enhance rel eased pl asnid

pur| ty. Phi X174 gene E rel ease of pDNAVACCul tra-GFP in

Col ectval gge%g Cseults Een?ogﬁlrawtﬁ? 1&@ Eng){em 1H&ged ;ﬁ%mﬁiqgf%é is ffdsible

ease N uni nd uced I nduced +
foﬂ_@gloywl@@:lensl‘dlogpgptmqur@ld i) celg«fs%la@fld Tgleasg Weg%ro@@ﬁ)@'mt@ng ionic
stfe 19%}11'5% e‘Q@a%n&M?f@ &/@gorWth&Q sﬂEMung@ Pbthe corﬁ’gﬁ&or@ ﬂf hddal the

ited NA was detected in t
plpﬁevq e statde lefﬁyeleﬁqhﬂrt%wg m\‘?\ﬁ“i‘ P S8R WHEY frindso de‘ﬁ%ﬂsmt?féha‘ cell
cdh b€ ﬁlffe‘{dex@ﬁh&eﬁ i VBiety @BbuSted d rele@e Bia@ﬁ&hr(ﬂeﬁ)bhdlﬁtﬁlk fod Biptimal
wth Pl, TE. or extr e
engniRAeBEH A §TROTHiE ng}e{{}% %&ﬁw&@ﬁ‘eﬁ%@ g%%@sf; ddpi{‘if‘
reBdad ziNg Bis)metitod 10 MM Mgl 2. When i nduced cells were
i ncubat ed overnight at RT, release of plasmd into

media wwth all three induction conditions was
observed. More RNA was rel eased (or conpacted) with

E?ﬂgﬁﬁ4m El’lmlﬂﬁgn ¥ e}fonlué: bﬁb\%n@kﬁx 'rcnﬁgse@fby Eén@%[l[%s@ pﬂftén@i'hduced cell

rnight 1ncubation in LB was observed
givetienstrated that the rel eased plasmid is stable when
stored i n medi a. Phi X174 gene E nedi ated rel ease of
asmd was tested with m n incubations of cell

Nﬂ@?ﬂs‘e{egucé'P“PﬁRN%?'UCge“%'& M 65C in buffer Pl or 50
mMiris, 10 MM Mgd 2, pH 8.0). Plasm d rel ease and

Ftv%ﬁcglg{mef %/?r\é\@n%deuarr]lg e\iaﬁl(a:tte(? q) @&%@B ggrzeg_l Qj’;{;\lﬂéla(% -B- gene E +d
pPNAKAGGUEREFP i p@ﬁé@dcgéﬁeﬁfb 1) SHFEC-Rrandfety P‘é@é@T Bhagt and 5)
ﬁ?ﬁ(}’{w&r )E[ﬁ“S@aszs ahn(Bkrate @&;y a&ﬁcﬁlﬂ?ﬁmstdﬂ@ﬁ\d@b&%{n\@ﬂmm

eCtIVGASé/ these results denonstrate that
Ri%

gen
ccpwﬂge PASASYE TR B B a8l RS Bligaetiy gain
RNA, genomic DNA, but not super-coiled plasmid.

Cultures were either uninduced or grown 70 min post induction (0.2% arabinose, to induce both gene
E and TSRNase), and nucleic acids in culture supernatants, and osmotic shock of cell pellets,
evaluated by gel electrophoresis. Induced cells lines containing the PhiX174 gene E lysis protein and
pVEXBT5RNase had much reduced genomic DNA released into media when T5RNase was induced.
The same effect was observed with osmotic shocked cell pellets (5 mM MgSO,, data not shown). The
release of genomic from uninduced cells is due to leaky expression of the lysis protein, that causes
ghosting at high OD600 values utilized for the uninduced control in this experiment. This
demonstrates co-expression of TSRNase destroys gene E released genomic DNA, and can be utilized,

to improve released plasmid purity and reduce viscosity of the lysate.
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for high yield release of intact plasmd fromcells.
Plasm d rel ease can be controlled by altering ionic

waeeoengtiks pH of extraction buffer, with or w thoODNUS2005/028870

sperm di ne, or other conpactors in nedia. The plasmd
Is stable when released into the nedia or extraction
buffer. This al so denonstrates that cell can be buffer
exchanged into variety of bugLers to rel ease plasnd
under conditions for optiml - "enzymatic renoval of
genom ¢ DNA/ RNA. However, high levels of genom c DNA
and RNA are released utilizing this nethod. Exarrpl e
14: Elimnation of genom c DNA and RNA rel eased

Fyemele 15 NaspGctye of basmid PRy eues ROBY 74 g6 SPre Nﬁf’éﬂt%‘ai‘g‘@‘ys‘s
reduction of RNA and genomic DNA Five cells lines were
made and eval uated: 1) pACYC- B-gene E;, 2) pACYC- B-gene
E + pDNAVACCU tra- GFP; 3) pDNAVACCul tra- GFP; 4)

ARG Bngeneudk, ekpxﬁsVEXBﬂ_tﬁﬂNaiﬁ geneanchibecd WMBXBildgRNE S the genome.

i LSR5 TRORL AL GO, LU i
fréfated Gronitigbunsreant laitet tonkast@dall‘rﬂdmé Phblothermhe ¢ecpaareotant suph as T5, T7,

sgr%ﬁetlc p}o%o%g gllzcﬂ ‘?1; ta%’trc g:ﬁ?b%&]oﬁs %ter?%h &qgc cold shock promoters

er - col [ a tures were either uni nduced
(GﬂpAg mﬁthtlmarV phessior §t4TvRteR PromotET, soutiarateinHbRib(caq/y or anoxia

&Jﬂgﬁ%ﬁ@ ([Q%angﬁﬁem@cé&d:ﬂ W&@E)ased @Jﬁ(ﬂ)eﬁiﬂd@ (BL Qacﬁ@bdﬁl&sxhg’l

cul ture supernatants, and osnotic shock

R A et e AR (S S T s
Iﬁﬁ‘lasls&), indRs (H?(D(}tﬁﬁltd'dl tﬁganﬂ he AEth)éleZl hr Q?BADEod oftef 1Beans (e.g. entry into
protein an much .redyce .
PPt & S S R SRR e AGNA Gl sc.
ebé)esiteriaas:yo hs ey edy Wi inducaideirégolagh atikade Reh| Vol ndugible

éhSX 1%" e'\@ %gpres%% %Ft E}Qst haé%WAevela—J%@ aB@Lr@ ﬁ%ﬁat@& bﬂ@ﬁ‘?ﬂht&ed lambda

Fom ani n 's 1s ression of the
PR/ patqelrby tCa$ XT; Jeglfinger ¥g §zastgk Wogfmepfg ar&itL WgW e 6EMS Mzcro Lett.
M3l 446 S5yt doldi (l%ﬁgdafPereévJﬂ%d YR U c&ebieaRlich Gk of gﬂlaﬁeh'b@lators

experi nment. enmpnstrates coO-expressi o :
Ry SR A Yo S AR o SRR S
1aepd iz 3MBR wit R RASWPressel-ERSed pl asm d purity and

reduce viscosity of the |ysate. Exanple |I'S: Manufacture

of plasm d DNA using Phi XI 74 gene E protein nedi ated
Bibkivod pleiss infeothe moédiesniutll bedmiuded by e E eexprpies fiddiforodf buffes directly
1% relrrpedg%nen% uygaltlcl &h:ﬂl? le%lsg ops%le!:tm&%@&@l%dsm&lc;m&l be removed by

preSS|on 0 porin gene may be driven b
ﬁlnetmomeemmg@wml@wglg the ﬁ@ﬂ@ﬂ Y the M%PréwsG%nﬁ*atc DiYAgand RNA in the

clarified broth can be reduced by use of a nuclease (either incorporated into the genome of the strain,

and expressed in the cell line or exogenously added).

Alternatively, contaminant RNA and genomic DNA can be reduced utilizing existing known
methods, such as selective denaturation or degradation by heat or alkali treatment of the clarified
broth. In this case, removal of genomic DNA and RNA from the clarified culture would occur atter
ghosting rather than complete cell lysis, and release of cellular components such as LPS may be
reduced. Plasmid release from cells can also be performed without a metal chelator, such as EDTA,
to further reduce LPS shedding from ghosted cells. Compactation agents such as PEG or CTAB or
divalent cations such as CaCl,, can be utilized to selectively purify plasmid DNA from genomic and

RNA contaminants. Such genomic DNA or RNA reduction methods are known in the art.
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preferred include, but are not limted to, |anbda PR
and PL, other phage pronoters such as T5, T7,
we stz pronoters such as tac and trc, endopenus®o05/028870
pronoters such as lac, cold shock pronoters (cspA),
araBAD, stationary phase or starvation pronoters,
gromh rate (rnf) pH (cadA) or anoxia responsive (nar)
pronoters. |nduction can be b¥ i ncreased tenperature
(PL, tac), decreasing tenper ure (cspA; cold shock
pronmoter) with thernostable repressors (| anbda
Alég&@\%@oﬂ’lasm Alleds€ pcruﬁisbgggllyed b%ﬁuﬂﬁ@&ﬁﬁ Qéeﬁl—gﬂaf Br h@rant Bgldlty
; Arabi nose or ot means (e.qg.
(eatl2AMMEBE) St AtFHn HN? b‘h@été“"“é%' é?e“&@?)g’é‘ﬁf tg Ry #fier gene E induction.

19t HeD éﬁﬁul@m R6ul@6d nBH@ MRAbLGR exdh@ibbENB bluffer MRKMEABSS
SC. . 19 Al ternatively, the gene rm%!' be i nduced by a

a‘aé@mr%ﬁae‘o(egﬁ? Fe%ﬁf%gwyr%?? ECPRRELIBl e phi X174

gene E expression systens have been developed and are

reidiy 6 S g 2t P 30 b RBS Py P RN NS Lot 12
W 1999 FEMS M cro. Lett. 173: 347-352), coI d (I anbda

[relglétgrﬁgiillle Qi}toqgsjse Cehqg& §t§lzzes %}f"& ﬁ‘f%fx*xb%ﬁbé %\Bl)lgﬁca QJE?J %{{atﬁ&g@w he TSRNase

ators nger
c3NGB iChneY @i@mpﬂﬁw@w ceriveyet watltgnsfdregd todkeerASTY BRPEs gt Gultures

Jr BREEBE AN Qor pABELC I il g&}f%es(ctsﬁm)eeapcrorrﬁ&hﬁed vPh%rE\)\quFP

rel ease into the nedia woul d be i nduced
niaspidetss gAve Bddit iod’a/nafkwyeé e as/wéetﬂpswntﬂ&ntcﬂe* %‘6?’58%

pmfixll B@remdndu@edmaﬁ&eosé &) 0SB BnaDEonSlr@loh ifot il thy at 3040RIuring mid log
ce

trati
Aot e it ob By bR AP 250 e el e ety
aptitadties) tdr0encnDMAnsat dOORNA 10 wp/thih eespdcarvelyf. Caltirdsmatershakam
be red .
olv%r{ngl% taﬁ‘g)e(gté)%gfﬁcg R/g ]g Q{d nﬁcl&&lé:él e@t?o% é Ell exp rweag Fslagxgl}é%% t@%gl\g'gfugatlon
apéhyclefcjagig cqntener)@ @g@mgmgtlaly eaq}{@@d))y aga‘rqs@geh@tYB\BEgIrgen II post-stain) after

RIS} BB ISR ex FRNALAD o CORBRLiGs. BMdEAINR G af @rglygegly reduced inthe
utilizing existi gg@knom nmet hods, such as sel ect

THBNawe ot MoRet S cordg Beribrlgnasye R¥Aabremaye By jncubation (37°C 30
thihe b pedtid Ructifiews lobseivid &ebite Iéﬂh{ded llnfhbﬁth)h$f ®aBe:d culture at elevated

renmoval of genomic DNA and RNA fr
TS S0P a D ARr AP Per CGRbAFTHOPHEREF VLA TRNase cell e
conpapddad te cabrbl celyBies, and rel ease of ceI [ ul ar

conmponents such as LPS may be reduced. Plasm d rel ease

fromcells can al so be perfornmed w thout a netal
ThkssIrestlsrdemengicdie the sEpiatility of thepanthinatinend plewnid-pEe miglserad Wigh

BEQLahesd fshoast! (oimActat i on agents such as PEG or
CTAB orspsgsltvaloentO %aasﬁ ons such as Cad 2, can be

utilized to selectively purify plasm d DNA from
08 4k ddRElI see that the plasmid-safe nucleases and associated production processes of the

invention provide compositions and methods for improved plasmid production.

While the above description contains many specificities, these should not be construed as limitations
on the invention, but rather as an exemplification of one preferred embodiment thereof. Many other
variations are possible. For example genomic DNA reduction, utilizing endogenous exonucleases
(recBCD), has been observed when chromosome breaks are induced using restriction endonucleases
(Hanak and Ward, 2001 ) or gamma irradiation (MacPhee et. al., 1988); These ends are then the
substrate for endogenous nucleases. In this format, the cells continue to grow after chromosome

breaks are induced (overnight for irradiation). This works poorly when utilizing endogenous



RNA contam nants. Such genom c DNA or RNA reduction
nmet hods are known in the art.Alternatively, plasmd
wo edoeazd2toul d be del ayed by inclusion of ageneGT/URRD5/028870
alter nmenbrane rigidity (e.g. 0.2 MMSO) or increase
DNA conpactation (e.g. spermne) prior to or after
gene E induction. The final cell population would be
harvest ed, and buffer exchargged into a buffer that
facilitates plasm d rel ease (e. g in case O MSHA, by
reduci ng My concentration). Exanple 16: Manufacture of
eonisITEACIDNA I E8] LT AR Bdctig: b‘fr@&ﬁ“éit“é‘d""ﬁﬁt’%'r%i%ﬁi Rlaspil-safe
erblRlchadd diviR iddhiRhysi s method utilizes cell wall
i nhibiting antibiotics was eval uated. The T5RNase
cassette in the pVEXBOnpATS5RNase construct was
Abd’oaﬂfgf}eﬁlé ﬁﬂpd @ theleepRACYORdbo Agérmined not Guiht aniegin@hts illustrated, but
zg CYCBd e ar r@Cﬁ%§§§(mé§ stuffer (control), each
B¢ PRRRF ornea Wi A P plasnid, were grown in
LB 50 ug/nL kananycin + 34 ug/nL chl oranpheni col + 4nM
MySO , protein expression induced with arabinose to
0.2%final concentration for 1 hr at 300C during md
log growth and cell autolysis induced by addition of
anpicillin and cefotaxi m(Fluka) (B |actam
antibiotics) to final concentrations of 100 and 10
ug/ m., respectively. Cultures were shaken overni ght at
300C to effect lysis and nucl ease digestion. Cel
debris was renoved by centrifugation and nucleic acid
content in the supernatant eval uated by agarose ge
(SYBR green |1 post-stain) after phenol chloroform
extraction to renove proteins. Genom c DNA was
dramatically reduced in the TS5RNase strain but not the
control. Residual genom c DNA was renoved by
i ncubation (37C 30 min). No plasm d reduction was
observed despite extended incubation of the Iysed
culture at elevated tenperatures. As expected, the
| ysate viscosity was dramatically reduced with the
T5RNase cell line conpared to the control cell Iine.
These results denonstrate the general utility of the
conmbi nation of plasm d-safe nucl eases with various
autol ysis nethods for plasm d production. Thus, the
reader will see that the plasm d-safe nucl eases and
associ at ed production processes of the invention
provi de conpositions and nethods for inproved plasmd
production. 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 ot her
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vari ations are possible. For exanple genom c DNA
reduction, utilizing endogenous exonucl eases (recBCD)

wha®ehsars obser ved when chronosone breaks are POHUS®AS/028870
using restriction endonucl eases (Hanak and Ward, 200 1
) or gamma irradiation (MacPhee et. al. , 1988); These
ends are then the substrate for endogenous nucl eases.
In this format, the cells cmatinue to grow after
chronosone breaks are induced (overnight for
irradiation). This works poorly when utilizing

Wermgenousexonucl ease activity to get rid of DNA, and
m ght be greatly inproved using the plasnid safe

endonucl eases of the invention. Acc sC og
L methasl fprrpyaskietion Af coKRbF A cIpEY SRR HSR Zaa &%‘%SPH‘(PH%“% the steps of:
A?ﬁfﬂ&ﬁblﬂ?@éeﬁe édcbditonab@sbre @&ktmcbs)&fetdﬁﬂeaﬁ@ﬁx&ﬂ thed. ol geddhe; and B)
nts.

and their ui val
ST B L Uy o Bt A B S el st A e
arliifeca Ipr ﬂhspdﬁlglairﬁieSpﬁctee)pﬁleﬁrfs of #igriaintepioig lgccpqngalalt genas; and C)
enco nor e S
grﬁwméq-‘ Ilgco(?z cglls in the P]rase%% og FHE g\tri?pﬁig% E&ﬂcaL gg‘gﬁl@d IC%E]IQ% %)p@actenal
asifi¢ial cmumbseas @shofon,oami Dhetrvdutlnmfdjam@lﬁasg@h'e the@pfigil preYesscogtgeth such
iR £ tcEI? &B&%WA Rledd" ﬁ‘&&@ﬁltrbd&téa rEdNEon IR A RI8&Hbekted; and E)

space neans of a si e tide or equivalent
ptﬁrfm@tégmtr%ﬁwepd@phgqn&h%gomHlé Eteﬂeldpvte%| I's in the
presence of a DNA replicon such as a plasmd, cosmd

or bacterial artificial chronosone replicon; and D)
wheiehy Seit ety PHESTREFRYER) to the cytopl asnic
contents, such that the E. coli genonlc DNA i s

2'3lilhg r‘t:hg(gota Enm Egerem Ehr olgsun(l:l gf%neuefeasg oc (§16 g?&xore chi

puri y ng ein replicon
edzyoen t he bacterlal contents; whereby sald nmet hod
increases plasmd purity. 2. The nethod of claim1l

wher ei n the_plasnjd-safe;nuclease%gﬁzconprlses one or
3rihe encthpd ofstajne | wherginibs plagnid-yafenuglstsstFopprict aPNfse with at least a

p%&{&hﬂR}J&@e&Wfﬂa%%fp@ﬂﬁHCl ease(s) conprises a DNAse
with at |east a portion of an RNase enzyne as a fusion

partner. 4. The nethod of claim1 wherein the
4Pt Si¥ined Sf&faen nukdréame pagmid-eafpivcB&s(sEcomhiisees ¢himapia 2yayme fusing

@fhygl cleasew%mﬁ exonUd ease with RNaseA. 5. The

erein the plasm d-safe nucl ease(s)
conprises a chinmeric enzyne fusing phage T5 D 5

sErR %&lo@ Qfst?alﬁ{ml tvnergnll\lﬁé $§smid-safe nuclease(s) comprises a chimeric enzyme fusing

phage T5 D15 exonuclease with RNaseS.

6. A method for production of covalently closed super-coiled plasmid DNA comprising the steps of:
A) introducing a gene encoding one or more plasmid-safe nucleases into the E. coli genome; and B)
directing the production of said nucleases from the introduced gene sequences such that the enzymes
are directed into the periplasmic space by means of a signal peptide or equivalent process; and C)
growing the E. coli cells in the presence of a DNA replicon such as a plasmid, cosmid, or bacterial
artificial chromosome replicon; and D) autolysing the cells, such that the £. coli genomic DNA is
digested and the introduced replicon DNA is not digested; and E) purifying the introduced replicon

DNA from the bacterial contents;

whereby said method increases plasmid purity.



6. A nethod for production of covalently closed
super-coi l ed plasm d DNA conprising the steps of: A
WO ndosozhies ng a gene encodi ng one or nore pl asnmPdresf065/028870
nucl eases into the E. coli genonme; and B) directing
t he production of said nucl eases fromthe introduced
gene sequences such that the enzynmes are directed into
the periplasm c space by neagg of a signal peptide or
equi val ent process; and C) growing the E. coli cells
in the presence of a DNA replicon such as a plasmd,
T ﬁﬁfﬂ‘hdhod@)f cliactvaeical thegtldsinfdisafic aliclaaka(Q MOSORE oh&@lmotOdhimeric
D) autolysing the cells, such that the E. coli
nom c DNA is digested and the introduced replicon
DNA is not digested; and E) purifying the introduced
g ?Pf! 1{1&}9)@ ogfg %nféru%@efn Fdesﬁi*e ﬂLcléﬁQe&I) gﬁ&ﬁSes%ﬁ&gﬁcy en§}§rleq'using
nmet hod i ncreases plasmd purit
> Repusi Y wiverdere Witk Nsbeds m d- safe nucl ease(s) conpri ses
one or nore chinmeric enzynes. 8. The rret hod of claim®6
wherei n the plasm d-safe nucl| ease(s % nprises a
% hierrstiod OEﬂazWéthrag‘.tfr?gﬂaamg%fe Puclqape( C‘é%ﬁfiiélc'é‘%féc SR fusing
pRiRIB A1 5 Scomidnasamthrodsesf cl ai m 6 wherein the
pl asm d- saf e nucl ease(s) conprises a chineric enzyne
fusing phage T5 DI 5 exonucl ease with RNaseS. 10. The
10 IfethHsodthod ofclagn mwBervih éie plasmiti-kade plckswisteospfies mDNhse as hidast a
east a portion of an RNase
pgﬁ%%aﬁg{a% usi gsny\%%ﬁ%hnér 11. The nmethod of claim®6
wherein autolysis is perforned using phage |ysis
IRr e &leSd ofbBim § REertB LG IQS pe?éo@ﬁemuﬁnmgéeqysﬁ p@dﬂét&l ysis
is perforned using antibiotics. 13. A conposition of
matter conprising one or nore strains of bacteria
15  1QOTHe @ethbd\§f.claf) 6 ahertif ABdlysdnEpPloasdutnSaligomtc| ease,
such as T5 D 5 exonucl ease, with or w thout one or
nore fusion partners; and B) at |east one plasnd,
WMh/e reippsitidnef phiges oangprisiag @e nuobre stsdns ioSbadsedcoh@iningpr ove
Af qgle%ﬁ([enle %Man{]) g%f{]rlﬁlgﬁgsgfssmgﬁg ??n b?%& v\ﬂ:cfegs% rOvF'ﬁ)rr IwEtho%?&nle %p thore
fpﬁlO&@ﬁﬁ“GﬁSs@dlfl &) rileabtoaslasmid, Wheren e plagpidedfepustease is used to improve the

20 purity of the plasmid obtained from purification.

14. The composition of claim 13 wherein the plasmid-safe nuclease is T5 D15 exonuclease.



