SELECTI ON SYSTEM CONTAI NI NG NON- ANTI Bl OTI C RESI STANCE
SELECTI ON MARKER Fi el d of the invention The present

WO nwsfordzen rel ates to a novel sel ection syst enPCWRI200%/000540
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is based on the use of an araD gene, a nmutated form of
an araD gene, a conpl ementary sequence t her eof or a
catalytically active | ecti

mar ker and to SE!eE%E'QNﬁ%TEM:?QNT&'N@{G NON-AMTIRIGHE
of the araD gene. ThREBISEANEESELEETION MARKER
relates to novel vectors containing an araD gene, a
mut ated form of an araD gene, a conplenentary sequence

t Fesldadf, theringentionl ytical |y active fragnent ther eof
and to novel bacterjial strains deficient of an

gene. The TPedyEReNt IRYRRHGM Felakes; 1o %NQW?&S@@P%Q%V%% which is
mBhbed ol theeh&s bf taﬁShﬁaDegeﬁé | $ niutarsf fredf #h tdrad gene, a com-

DBl e g TR, o cffEndically pekfE Fafinent thareof as a se-

f tctiehf matker eargletoethiecu s of aetmctegaloétra)acteélmena oditiide araD gene.

j&g Cprggeﬁﬁn%rﬂ%gﬁftﬁgr %é]ﬂ%%' t. rﬁy PE&Srd o ﬁtgﬁl%?n araD gene,

to sélect a sp eC|
akt mtednformh@f AdsArabogRbe, geq:cu”epiemergarfyaseg}yenqe Rereof, or a

Ce ;gt&:% qqﬂﬁv R%elsoftand fFhede @ac&éh@lcét‘rélﬂs deficient of
er 1n't cl oni n

vec tor sel ec
nani@AD RN I he eweeﬁgwngewéorbeggmeﬂ&fwia}ea de @ mﬁiwof select-

ald P ddile trRRBSAIdONItRfa Blasmith hicle tbatairmnthal geriedott interest.
sel’ection marker fromthose not containing it. The

i on r.to her with a suitable selection
ngﬂc&qr%pﬂaogﬁﬁg "E'K t&?%nl ng vector in the cells.
Q her wi SeAgséék,‘éﬂtl?hlﬁeqruﬁéme?ﬂtfbpéﬁ@étlv@ gerBtisengin@éring of bacte-
ener ur den for

capbothed calle penrgataih i reh Gl Tes f e gafaduripipelectne cells
leltlhcb bpeem@ genotyplt alteration afiee oncest cohemorelskbiectibn fstrakegy in re-

e T R
t ber qr pldantd.oh sefectien ondikeacantieagiened gese onizeDRA Bequence,
CH %llé\ﬁs qgé‘%re?ta?a&ﬁ)npépﬂ'}e;hostsbgﬁ @ént@m%tl‘(@%%ler&ﬁon marker

mnils tron iIn
fromn Qﬁeomcpfccqré@nmgaﬁcléh@eﬁ@tl@n énerzl_«ﬁf {0gnther with:a switable se-

Smoﬁ@ﬁ ABdRI Inbéuﬁttair% IRSEIShARY vRAGNROMIRSCEIRs. DtheRIigYSsince the
Creisetion o peois 5 Spnssetchuidsrs i Bogiriabhgst in @ grow-
ﬂﬁg sm&neethem&rdiaamﬂﬁm have |estttee plasmids evourfd hlage a growth ad-
phar maceut | u or instance, according

t gap %Vgel'j C%‘ﬂsswg% ﬂ%{%gij%%g& Food and Drug

Adm ni st r &br onostnpurposes] ani antitislic resistange rganaais a commonly

é’es‘ehééfloﬁ% Re'FEHBWeVPM am&g?&ﬁm‘?@ &3 r‘é@ofrﬂﬁnant therapeu-

ernatlve lotic-Tree se

svgse efeathe gealris é@@@@@f@te a grrduchniyah as acDNAeraccine, in high
gle*?&tfbroﬁdl%}fﬁét%’fﬁ)n' |ﬂcbé&%t§at¢1betﬁé@bf antlblotlc re3|stance genes pre-

Xi n-ant i toxi nsystens [E
CRaE Preplemian 10E FeRTeRrc PhIANIDISS (SiuaNt Patiiensyias serious
r @\fc@@ﬂﬁd@'pﬁ?olﬁlem [L%‘WSSarB:?JaQ\atmﬂiérobe%yerrMheﬂ 19 (521102) 25-301.

N @tﬁg BEf ﬂlﬁ%%g@@f FP§§§ andgeggg (%gyg@,psa\lel Mﬁg% use in the

t Ipeaphasemtd:aemmhmdary anddoe lrmiiamxteerambrmgg doHbstregulations of the

P FO 0t b ot g o B0l s i tove

A1n gupeiimenial BNL vacgeires eﬂteélrngt e third phase.
Alternatively, antibiotic-free selection systems have been sug-

35 gested. Such antibiotic-free selection systems include bacterial toxin-antitoxin



alia, the use of a non-antibiotic selection marker,
whi ch may be a gene whose product is necessary for the

woredoalozdss&m of the cell under certain cul turi NBCT/BI004/000540
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ditions, such as a catabolism gene, which nmakes it
possible for the cell to assinm_late a certain

subst ance present in the cult ufe medi um (specific
carbon or nltrogen source) etc. No specific exanples

of such iven. Thi a oa IS,
nouaein Tgodher REkRe HE ol B ApRBIAT Mobiol B3 (1999)
s8R0t bendelrespansible fos sesistbate @yapmmvysmefalasswh as tellu-

agkﬂ@@%ﬂeg;?@? TR Lo T i REETHERT g S0 1o dB) V54 0], and
Agyisteinm an which te plasidieacodes afgetnleeccgnplﬁmenmguajhoetrauxotro-
angﬁ\(/j\gn .1 8ogan, B%ﬁ%?lm 1@ @@BZLBB?@%@M%dI um

Tl HadontARSieaion, SOUUSs 144 Gh A ogsmeindy diaeses, inter
belis et ob ¥ rigtdamiiow séle&trdﬁ h%l?kér wWHiéh SRHYTBE & Géne whose

t her th ur es it anta e to, u
f@da it BRCPSSaty forbednb ERPI o ihe Col ST GertakkSlturing con-
h@lﬁtonlsueumhm% eatabiofisimagere) vich |ma1~fe‘semtps>s*s|bﬁe fordaine leell to as-

¢ RIS A e SHERA R B e Rt i dlt! (el gproon or
geﬁmgameewcdé efetNorspeeifid examples whdughi suitabfe genes are given.

Hpgﬁjac‘l’f‘i'scﬁbtaﬁé‘cés%é iy dé[?PIchBIehfb?t llnleraé\'lt %B&fugtion since

tOXIC i ans |nc umans SOI
b@w%fdeé%tmta@geswt@éecommn , §eelAs @R @MinGg acid @r a carbon

w@ahﬁ&ealrﬂo@mﬁélgr&m%éuw %du?;fesStHBM@H Whithnis $ot fdesirable. Ad-
he ener onsu lication is

on re
ol cite TP IT b lieCrote BEaliE e SN &f ariiiting an es-
asdnﬁdalausmndem elay avesidenbiy gtresdwitiie dest of phé groath medium,

Wk eR 5 SRARE b FuRLESS et BESEBLRRA'S inaivioua
whitrliieat®i ds t he probl ens of previously disclosed se

L:gghg?n:lﬁt%?%@@gcﬁﬁ@efdﬂveg% Mrﬁg\né?% |t°\ﬂ08[gi be of advantage to
t HECichgenei w@qusla eotpesmrtﬂlél forribeegromif m.tbe.f@sﬁ toeié whose ma-

Sl sBY SARiEts \Whe @?OW |rb%e‘§<ﬁté‘di )blr'é:ﬁﬁ%térﬁbésh%ddltlonally in
pr oduct j. on _of re onbi n Q}hg%ﬁfge roducts in

t ¥levgobihe therapgH Pd%ﬁ‘?e tW 94438 § ggne, whose de-
f tﬁtmeleadbjt@@bcmfnutdmnloT\oelfrtipcmhdswmtzcrpa@/tcﬁke; ® thevdst cell but

antjbiotic-free elect| ch.. ca
5ot Rl W8 prdBeT BbS kR R Bl Rt §fLig Be of advantage to
cua@srmitertgmweapwhml‘cmp’uuudmm aowghetcandiudtigr ofvsmaller plas-
MEALS TS which! tHel e #{r;g%bsﬁﬁﬂ f6h f8f récp{i%a’cﬂ?{ ?Q%h%“let\%nﬁ%us the

provi de a novel an
pgmwmr@teﬁf baetedakattuge anel rﬁ)lasanld Yaeld arﬁwm@wdyu el d.
Yet anot her object of the present invention is to
DB%‘Gr@'GchﬂBﬁGh ofthetiAVe@OAh Al Ning a sel ection marker,

ch is non-toxic to the environnent and to humans

and whi chThe aRigeindfethef praseninigvertion imfnpenade @ novel raatibiotic-
h%& sel&¢ lcf?'{‘Q\fff1 ﬁ} Q/ﬂil@l’?tavefdstﬂﬁ% oPREAS df W@ﬂbh@lgfdéclosed se-

provi st cell  contal

ni n
wlﬁcélﬁnlssysms FFﬁteﬁedadiBe pmwoerﬂf.rmmgmn? therapeutic products.

anot her Ohln@merl(ﬁbjéé’ceofpﬂheslﬂvénﬁdh/ ftd pl‘b\hdie faonmé)\/arﬂi%lotlc-free
se i on

a lIs ¢
i ﬁ?'&c 9,'? SrY8 '?h\é! %ly ysg ?1 { n%)[d%cpon of recombinant
t tregrapeutic prqniLmtiaJmtterms of the environment and the patient safety.



t was surprisingly found that the objects of the
present invention are net by the use of the araD gene,

wa2ommadzed form of an ara gene, a conpl e nment aP@T/FI12004/000540
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sequence thereof, or a catalytically active fragnent
t hereof as a selec tion marker _and the use of a

specific bacterial host defici ént of the araD gene.
Accordi ngly, the present invention provides a novel

of an araf GEweTOneRan bh TalR R o drpyiae nae Cagibioti-free
g%?&aicutaan ra el EaﬁﬂjweﬁfteeffdmIK/eI?f used irthe prcadudction of re-
catal vyt i act.ive fr een e
agoy%%tfﬁ?tttﬁveﬁht bEpd R R aR a0 Bt R aSen:
| nvent i on A gfilbfusther object alf dbe iimvrendipstie rio witevidera nbheel antibiotic-
Q&Id@s%ﬂggg[] cl‘gi)?(?\n&és teﬂ%cr(egésjeg growip rat)e and improved

ose- epl nerase
ArYtﬁ er enbodi nent of the present invention relates to

a sel ect | 92t aUSHHRINOMRS ®f thd PrRsehelAveaHien '|§td®r*0@¥o%da novel vec-

The sent i nv jon f the ovid vect or
WiPTPrBIRINg A s&f?cilpatsna \WhicRuis BoBgoHB e Shighaisnt and to
g@nenars anhwhipheEsioa mbleecﬁfuaa -teramegihieremca in the host

rar ELW'C?{J@%P@&&O% "é‘)ﬁ?‘?%hf%&ﬁ {Rbrfiin i BRI novel nost

baetl eohtdining ragerss defeict whicke idedt dzandows ta the enviidnment.

gene. Thegpy) %ﬁﬁ‘ﬂﬁerj Ft?!j%ﬂ{ 'behéf‘ gfetslegf 1ereﬁ¥bH‘%§ t8 rﬁtgtnﬁgda method

of selectlng rans
wiprcseleetinrapheelts camigngraapege 9é intaraqlfor m ptsmctj@n &h recombi-

amakt NS elﬂ,cp[g@ghg@ent ary sequence thereof, or a
cal ey A B BTl Bl S5ttt S Mhention are
C oNgtT s thegu s S tHd amBgedepéaﬁlﬂﬁaﬁed form dhan araD gene, a comple-
def i |ent host ﬁ i rot\Ml)ﬁg We ceq:é S in ﬁtﬁqOV\#h |
medf RSP 592?10 tPrdSaEAHEaly AGLVEHrgement thargilsas a selec-
t hienusarkef aad dihé nes ef a&spmcdm:rbmhenmj lnostdéfjcienteofEhe @séD gene.
cells (Li
Sowt d1EcrPeogidly (Pt Sort 1RAHoR 16,8 #hoyel sejegtion system
a.q:@mmﬁmamact@'gﬂ sel gleficient REan araD gene into which a vector carry-
a"ﬁ aflarsodeiry, 3 cdMp féﬁﬁglﬂéfyaé’&f@n%éethéﬂ%'ﬁaér é‘ﬁ:@talytlcally active
cat bly ?r ro Adgl tional feahur es
d| @@P%ed‘ hess; |hés%€éb qeEss$ seleg O’Bmﬁr Qrb H@ﬁ-‘rﬁ@bOd'me”t of
Sttlﬁ@%reﬂeltrit imvegttionf ffelaitebytoleCNMebﬂon s mwherelél the araD gene is
owrusmme te ar rqnot.er _an

e LS NPT ARE e hal AR AER Fdme.): An-
[ rmtthernemttduilmpm oif zthe SR2sentl iBlerstidre selatdgdo - al—&!e(ﬂilon system
OSHfrOR| Ha AR | RLEAR Al RSV LTR - Rous sar cona

g_ repea bgh pA - bovine growth
hor none gdhe m@sqetdlenynfmn ﬁﬂtmrgﬁewde@w@uel vectors, which contain

b%ﬁﬁt §Fagabeﬁé ! Q'rﬁutﬁted ?cﬂ*rr\ 6Ptah°éta@ﬁsgel¥§da fcbﬁfﬁléﬁ%n%]sequence

p asm Figure s P/cana/ ar aD1
@%&ﬂl%@at@'&ﬂ%‘h/c%@'vﬁdc Fagrﬁ%”tdhE@ﬁFf’aS@ZSG ReliRMArker.
f esi st anc¥hBgIrsSEntARVaRDry fu@thiefl provides novel bacterial strains, which

ansf rase (kana) and
Lalr‘;r‘ QEFQQQP%TI% eﬁeé1 A- epi merase (araD) are
I ndi cat edThg mmsemsjn\Mﬂiohlfmthbr freatideesa anethoddofcseledting the

b%eﬂ? Itﬂfaﬂsﬁ)?%%ﬁ \@%’ézta%r%d %.éﬁ’ Y:oﬁ?a |l?é qgltﬁ@ ard Gen¥ Bnutated

i rﬁcvmuoétaa 9raéhgepepao®mn@tenmmawquﬁrge@e|reefd@rr & gatalytically
active fragment thereof as a selection marker and 2) the gene of interest, the



quence; intron - rabbit beta-globin gene intron with
optim zed SD and SA sites; tkpa - HSV Tk gene

w@oelogatkesny/| ati on signal; RSV LTR - Rous sar conBCT/FROGH000540
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long term nal repeat; bgh pA - bovine growth hornone

gene pol yadenyl ation signal; pUCori - bacterial origin
of replication derived from t h pUCL8 plasm d. Figure
4 shows the nmap of Séwtdl EGFP/ ca a/araD2. The codi ng

euen es for.the d EGFP, kana i n_resigstanc
Bod SRmPStsing: BsPHRg sAid @RanBELRER fifmaral SelCpRbhast oell and
agrb\Mnglthg lcefieirba prosthhatdiuin ephtaining ardlzinasy. are
i ndicated by arrows. Additional features are indicated
boxes: 10E2BS - ten BPV E2 binding sites with
hpﬁﬁwé+€? nity; CwW-tk - human cytonegal ovirus
i mredi at eF}gu&?@ml Fhawo s e6e DTchrbBiodb sgeacartsaveouse by the E.
gue ceI rD,&%rZ rabbit beta-gl obin gene intron with
oﬁ? ¥ P "é d SA sites: tkpa - HSV Tk gene
poI yadenqu;urerZ &ogrmﬂh;e rﬁSp’deBwtdﬂ%GdFPsa'dmoctwwg saguences for

gene pﬁ yadény Sﬁ%@qﬂé Ea%oé{ﬁ&e rﬁé ePa@ﬁ{(ﬁﬂ{%&de -3-0-

oDhO%Fmetmaf@@SaékW@)oﬁlﬁrlbdiOﬁ byer®wsi. AsigitiorEl @Qﬁtur® are in-
S fRWEed B? s‘@ﬁa 53xe§6‘1‘0§2§§':£’/té‘ﬁ Ry EZTBiﬁdﬁ‘@ﬁélf& @fh high affinity;

quences and se-5 hat e

40% ‘ﬁ'&r‘ag\ém@ﬁr @ts?%géﬁmraﬁcmfaegﬁﬁﬁr% ateri ek HSY Th
%@h@ﬂé@déﬁ %qu%c@airﬂﬁbrbBL 1210bit hehaxfsisin JgHﬁ%Bﬁtront With optimized

DL B Antbl: 307 i Hehadh 86 poliid Lﬂ‘ﬁ?;”ﬁoﬁlgpamsv LTR ~

HRYuShsayeomal eadsetor@etamnm repeat,digh pAabtbdvine growth hormone

053 LA ARy S s e TR Sy ceme
LﬂrRmt“QOm@%&rpd;aﬁmldw rus Iong termnal repeat; bgh pA

- bovi ne |
pUCor i Eﬂf‘%ﬁ E%ﬂ?f‘ﬁe%aﬁ @“’“?’ﬁfﬁ%ﬁpﬁéﬁ?’?@”r‘g&e coding

t ﬁ@ql&m for thaw EGFPy gngwﬁg\ refistangs Harker aminoglycoside-

SQ\AOCB&Q{)WO%Q%MJ@G(@@D n@nae LC}HBHI@Qé F-phodpratd 4- eplmerase
and ri,bul ose-5 i Mer as.e

(RraD) ea rsicapd by b wnantanal ek ee SrahatdPby solid
| bdkeat FOE2BS solenBPY3ES binthiep Bites withrhigirffityd OMV Al - human

Sg#g efvéﬂgtlcf\/r ﬂdssgpnm@rxg Qlﬁ%gyea@%r&%demgﬁgn §30 dTplSQ/e'ﬁ leader se-
gquend:eeadhs@n sggbbit beta-g rrbgene rramn withh eptimigashBR ayech8A sites;
aon HS\VhH@ %hémpéﬁ% %@ﬂgn%}%lt R§V L¥Re_ RAtRVsdicoma virus

tp aden atl o Rous sar cona
ONGs'arBH trgpﬁ%gghr%gapowagrgrgwth hesviPRe g swpalyadenylation
hQFgﬁéﬁ%w%\@ ﬂﬂciléﬂ#?@lvibmtcbfcr@ eatioal derpiéd@atdm-the pUC18 plasmid.

prasm d. E & show 3%@%%&*288@@@%%&“#@@3?? ¢ Mie coding
apead ly@’nc&sdbrtﬁeedtﬂiﬁﬁm &2DkAnann there%mmbﬁﬁﬂiar%ﬁ)ﬂ:oglycosnde-

7D BTRISETR 0D AN S o

FlaraPe @resinglisatetieby easrtQWS:tAddltlpaat éq;afummay@ugd@fatqdqé)y solid

Dhers P GheymO A ETFL SR i G- -

i D2 extracted
AcYigBIagRe iy SEirgmediately hoaiy tiemelicardpreVet Ncgene leader se-

apabnee; sm%n mﬁb@@%%l@@ﬁi?{ gémdmtioh witiebbtimizedBSBahd SA sites;
F ure nd é)\%fhows t he rest fl &g\PETR
25 HS YT BeNSBANEEERHNGD 191 T s sgreoma virus
Iong termlnal repeat; bgh pA — bovine growth hormone gene polyadenylation
signal; pUCori — bacterial origin of replication derived from the pUC18 plasmid.



Fi gure shows the growth paraneters of fed-batch
fermentation of AG DaraD Séw d1EG-P/ araD2 neasur ed

wan@snegbst ered during fernentation. The abbr eRCEHFI20048000540
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are as follows: sPunp = feeding speed; pQ2 = the
oxygen concentration; Tenp = growth tenperature; nys =
desired growth rate; D = opticdl density at 600nm
Figure 12 shows the schene of lysis and purification

of AG DaraD S6 1EGFP/ araD2.  F
| ocus seqUiITEE drSTOMSH e, TRR=0 ééﬁﬁfi%@ﬂﬁ %ﬁ ¢ading se-
plqaenwb foihee. d fE@HPe E2hand Ltrﬁmjlomﬁqdhq@paam d-epimerase (araD)

é%l Q’é@ 5 ﬁ%n\fds %S/ h g”ﬁ@%‘“@%&fﬂ% tgugg% a%g]h %d?éégig 5(%32 SBiid boxes:

sHGEgBﬂwe he@sBPNsEafbmdmgaamle bighLainipi edEétk - human cy-
S?&ﬁbgé%gfré(% %n%dlé?tg {yﬁﬁ’oﬁﬁ)té‘ﬂ A ¢ §‘éi}eafe%@er sequence;

esu he ana yS|
L rcabrrfab@t@@iﬁa—glqhwgﬁpellwrmwghooﬁgi@a@ﬁ eXP ragek SA sites; tkpa —

g‘PﬁSC\gm ; atéﬁ%épglflﬁzéeg{lﬂaéﬂi%ggﬂ%?@va_m'-D@cﬁ:?s sarcor;:% virus long
reinal repegt; Pgh sTRAVNG Gl oFmopE AahePHurden igsion signal;

#pUECorF- @ub’garm ofifipve rébkbcdﬁonmlﬁé:vegé%ﬂme btﬁmﬁsplesqmd

cont ai ni n e i .

qenon ¢ FIGHE, ¢ SROWACHE: pEIAIBE BRI ReER/aRMS TRE' doding se-

desences farrthefd tEG@FPn&EEnandh- mbtéow-émphatmﬁtemmerase (araD)

b%g@anEa@ &1 erbw"so Addbrian f@bf\kﬁéé‘aérbvﬁ]dlcadged by gojld boxes:

ectl on syste

t A8 BB&UCWOBPM E?e@'ﬁfﬂ%’l pitRR “@tﬁeP'ﬁbe@ﬁf'PEyyppw&éli s hynan cy-
bﬁ:rgl\galavmyﬁrﬁmédmtény\@arlyqﬁr@mt@ aryd HB\ q%gzme KBugbl 88quence;

i ek bereralpith oeRe THEn bl SRSRBHAP B AyPse: toa -
beisvV ﬁmbamgqjdllyzammmn%lgnah ROV JarRi-sRyusssalftoasm virus long
A C S .
R ERepE HotA & SR Gronfid RePRE BB dadertfdiion signai
t p&)Gires viadteriah erigineofaeplidationdesived ftom tlas ptitel 8 plasmid.
advant agecQf,r86ia bﬁé( Q'B"éﬁkﬁ/vd@ H@@Ie@froﬁﬁ&%‘ti@td@% of the plasmid

t oxi ¢ substances

pPAYNOA the Seartdl FeiPlagallk (170 and SSutdtE G685k % MBaaxtracted

F gr@m Eh%nEt &Mﬁétﬁ@lnmw@tdo@@mg r@ﬂmﬁhacméfea@nw@s
| Za,

e
303- 305] . F%\K%\ﬁeﬁho%ﬁge §%$t88*ﬂ<?'b ?@1 @H@'&é@ ‘Pi)ef@ﬁ Rlaggid DNA
i of e SeividH RSFPYarkid amd Bawid HHGFPfaralRagarmsés flout the E. coli

ngQ s a selection marker for plasmd
f"ﬂ#‘éﬁg‘ﬂ?%t %ap;‘a et al. used a strain where the araC

gene cont Rigwwea t9er nshoats ontheodalectraphdretiar aBnglysis | ©f the

'%%h&i’l’@é%@/a:%d%ﬂ%&h%as%ﬁﬁtS“p': gene, whi ch codes

for a supgr ess roduced on the plasmd.
n the prebighee WA godi %Bsﬁmw&emﬂe&tmwn pattern analysis of the

e%maﬂ'geﬁlld/ara@z ﬂnVsﬂalﬁ‘ill fromaraC was produced
causi ng C géq arr est ecause ar a

nact i ve) F N qTB PaTAITRE)S Ohleckbalsh deuneptation of
OﬁAGﬂﬂa’eDO$6wth mIBP/drélDIZ\ méasures @nd registered during fermentation.

The abbreviations are as follows: sPump = feeding speed; pO2 = the oxygen
concentration; Temp = growth temperature; mys = desired growth rate; OD =
optical density at 600nm.

Figure 12 shows the scheme of lysis and purification of AG1AaraD
S6wtd1EGFP/araD2.

Figure 13 shows the araD locus sequence of clone #13.




supF is inactivated by nutation, the cells can grow on
ar abi nose. Therefore, this selection systemis based

womoaa36gene and not on araD gene. araD wasnoPCT/FI2004/000540
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introduced into a plasm d, nor was the system desi gned
or characterized for plasmd production purposes. The
araD gene codes for an enzyme $hich is responsi bl e for
epi nmer i zatl on of ri bul ose- phosphat eto

xyl ul ose- te and ther e aI | ows the
use ar ab| E}P%N%E}ﬂg@? ?Jr%% ﬁlo

[ Engel sbenggurE 15 gtoved the tapBRaqiasridl par8DMg(BL962)

137-146 t hat
2ccunl o ESFE 18 iU E R niplFiadrid finananoBhoneal ©
arrest. f Fugwedﬂrshms)tnﬂ megsf nbasralﬂa@argDZH i vat ed

in the hogig Gel1s sHiflvethe fisBfts of BRY aRAlysiE & f ALABLARIER sensitivity

a mnut at ed orm of the araD gene, a conplenentary

s &% fre 04 StTRKISAMN d@FU@ega‘l@ ytically active fragnment
t hereof i fFl jure et sitbwithe tdhealtpontid gnalysie o tiesvt harabinose sensi-

S0 VP B R PR L, RO e

t woneémteations. Fi rst, the plasmni d-containing cell s can

use ar abi |
toxic ri bﬁ ea%) é’h"g@%ﬁ@mﬁg%@? rﬁﬂjﬂs P’d# Th| S

al | ows th&igie Qdfshqwtr@rmpmfmraldmpmw&]@éﬂl% th

ar abi noseg [

and t he pl adaurnéﬁyi Q\?‘gé ?gé%g(%” @gxng)lgﬁg@ggél?%ﬁtg?ﬁo{] g the sgbE
c&PP&nents of the bacterial growh nedia, such as

yeast ext Fafilre 233¢hdies tHREE. 86l géndicTaagraénst G‘cmﬂaiﬁm% ulaF gene.
The traces of ri bul ose 5 phosp ate that theoretical

caul.d. cqont am nate preparation are not a

piger}ﬁgﬁa “fmé?ﬁ'ﬁ“l%' a ﬁ)%l s adm ni stered in vivo,

as ribul Oﬂ'ﬁe%régé’lﬁﬂh@érﬂlfﬁlt@ &@e@fcfn &t @ﬁbh)to ﬁ‘iﬂﬂ&i@palte?rﬁdtlve an-
i,S no OXi C

D dpitiered Selspie SusErbawirs ofid Pened 'aﬁk}%ﬂw@gﬁ@n of recom-
Selireriti therapesitiemodbictshte bhaneeintinisterednprvige, ngspecially in the pro-

v eEf0n B PR batdhes SbuingBl) BpRRERa s the albiader® invoived
sdh dlae ipentoser Rhosphadel pathwiay o thotinlprekargetinc padi @urkagyotic organ-
t %@rﬁﬂﬁg%%ﬁféﬁ%hs Lrnélhgi‘l‘lgorﬁﬁﬂé% h&g‘PBétS%CCGS?fU”% used as a

@f)l nerase to a rapl gro
astipa. mafker |iaranauxeirerfee hast ceBtfar el ptasmide Tiseuse of the

S%'u&@frbﬁlﬁ‘y st HEsad@itagd i dfha Yl@élt\/ﬁ’fg galidey bRGeMration of toxic
el etigns or nmytations ,

i nt ct aral gene risin

o PuBSIaePes Mtk Ples US40 RRsTUa PEtaraHoRy 5 o

of the i nmnéﬂﬂ@iénCQQWC}t@ﬁI?y)steﬂm\Er)%@ttﬁéercabns’crme@rbrﬁﬂ@l?oa&s of
genen,,.a put at ed form e..ar a co

Sl a S A B Ay B0k G Saaeh b Mas BRBH Yo3-305),
t iovesferathia semodaonls;astemrh&sr beenl uz)adanstbecs.tﬂdles on the mecha-

bagd fE 'o?lmﬁt%géhgs@gdt E{C?Ef gﬁseahbéfgfeft1 %Eaa)sgf‘e?ﬁoh %er%é(? 60 plasmid

t he vector
denaipienances Atise ehsADSgEn strgmcwhemtm #eG geng p@@tamaa termi-

Ofnaﬁbﬁbidd%ﬁeand e Rl eVIsVin%tl\%ﬂéJj SA%r%dUBPéf-‘the supF gene,

[ t hevect or, ont ai n n arab
C Sthich GoRgs HPE R SHbTasse B@Hé Wascogtegs a e plasmid. In the
dheactef sumsresseatRNAL enzyrhiticdilyi aetivier pgaot from araC

ther eof ., n the sel ect swust em of invention
s BtiRet o B bl AR EBsT e s Mt ok, RBGtive). This
t Isgsmnelallows doostudy stheasnmpbeeasrw ofy enlytativres byysun’fetl%NADm case
F ié |H%‘%t ?éjt? B?rrﬁhpjtlo%h%é%@ﬁ% %ﬁﬁeggo?/ '%?asm%%aﬁ’ﬁerefore

ence or a catalytical
t hl@ﬁ@@ieqtlgnﬁwm@jbaﬁ@@ onrQraC gene and not on araD gene. araD was



vector using nethods generally known in the art. n the
present context, the araD gene preferably conprises

wo b@sseggeence identified by SEQ D NO 1, by SETDFI¥M4/000540
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19, or a sequence hybridizabl e thereto. However, any
appl i cabl e araD genes are also7contenplated n the
present context, the tern1 a catalyti cally active
fragnent of the araD gene" is any gene fragnment coding

| d at ei I '
cpSC B PR e il Bof sERRRR Rt B R B lraterized
afos péasnhidopredbdiimeumtposést he i nventi on the araD gene,
a conpl emgpt %rré!DiﬁéWéeéB"o%sth?%ﬁ(gn e @/hfﬁ\t Bl )éE Sﬁélblﬁé for epim-
active fragnment e

ereof 1s Insert vec

ceipzaion ef %Buloéﬁgﬁ -pRpsRhAlR e ewaﬂeéeérm&ma&ﬁ@aam@ there-
Olfor@ra%W@'tH@ @eSé@blrﬁJsennrtﬁwe@tb@f pfﬁé@)ﬁ#@él @ﬂﬂNay [Engelsberg,

aﬁt Ie%tqzl ,ST} aBgiqggglt gﬁ; (gf%f %’f@ﬁﬁ%ﬁl g:ﬁtg is énactlvated ribulose-5-

Cotge izt becyma kjesincihet bt el ceﬂﬂe@dm@t@bmwthadrlr@st
active f rﬁq}ggr&bﬁ&dﬂ&&ﬂgl 133%\% B?gféﬁ% |rgaclt Ugte\ée‘ﬁttﬂ h%ﬁt cell and

capabl e o I m mai'mt enanc
odin fmtaci copyyohths amsie gerer éS’EMT@r’fﬁdeorﬂh@f ti‘@araé'.b gene a comple-

f@%h%ﬁg %%hueﬂc@ {51861, fdr%aéétx &aiféet% ﬁg@@@hﬂﬁ@m@ms inserted

enth on t he vector USG I'S_an expr I on vector

ciop e plagmigdal heagnrthsegid@@Fﬁgg ehtsgplagmyd-containing cells in me-
wtggfg?%@gﬁﬁ@ué}@b{ﬁo@b% @cgl@ﬁééltelsV@'résdlth fiseotwicdeflects. First, the
er, sai ucl ear - anchqring pro

BRI CRGIARINg SR G Fekt AEPRIGRsES R vh AR Hoidoso ol second,
Sﬁﬁ%&bkio&a@%@ﬁ%phate&ﬂmbd not)accuuists. This al!ﬂmsailh@ use of rich
t hat nds._t nucl.ear .co ent., 1,0 ctl 0 .

g e Pl & b F SRR, 1rE e ek R o cols grow
sfegti@ndetheoplaismyd idddl ridi righ s Inexpeosive hetandardl eamponents of the
aﬁ‘&&?flél ngro%ﬂtrﬁécﬁ‘la whes %?We%@f dyifset %n't?&l;iec? as an amino acid

caftr on

Do That tiate pbIPLBIOsPRDSE Bt AnoaiyaheAoME Sontami-
fﬁéetggﬂgf@eplgggf@gfé%géggt@n ‘é""éé &Iogtgnﬁﬁieﬂslilrp;’i‘?ﬁhe\hetﬁer Qﬂﬂﬁi’étlon is ad-

TS A a® BoSes IRelR coh Rpssitsaetabalized by
whiirBnicells aedrip abatoxit. her ei n by ref erence. Most

Phe. pr esctet iRpcfingled i Br € el HyiscingrS Hofiar acvan-

ctagpsi Setegtion)systemEdf pheimientioh @owprikingapbadctenal cell deficient

\f(?]fr é‘rgs@/[g§e}ue(lﬁp QMvhicR™ ve&br F%lg{/i'nﬁ' & nﬂhﬁﬁ@d%n‘ﬁi c‘jfecﬁe %fraD gene

oteln | ncor por ate
cAu S éﬁ'eoﬂfﬁ@rfé\aﬂf% @rodégec%m apdima %@@ntr@tl@@@f fhe araD gene

Sﬁﬁo@ﬁbﬂ[ﬁ‘ﬂ)%sé%h’é@phé‘l@' Aldpinérisa tb@fdf@%gﬂ Uhinhibited growth

p&gq% ‘H}:ﬁé’;{ﬁ} |§1| a&vgﬁ%@% ég:cgg%/l%%hqbya{l;@ Y39 sglﬁgtlon systems

ad&cﬂﬁalﬂﬁ’fg?a ‘@ecﬁ@lffbbﬁryliﬁ ta mtaﬁqa&ﬁbgepbdnﬂaf]ompm?lng deletions or

cat tic act.i n reof. n the selection
?%ﬁ% ?(F\ h?rﬁv@:ﬁﬁ‘?gﬁaa[? B%I SpI e any known host

def| ci entTImé stleetian aistgemef thedngenticcbt@mposesi$paivectadnearrying

pér?%vgb ggéheofa Wu?ét@ﬂ%% fofreﬁ@%vgbsgeg{a;'adcaﬁpré@é&gggsequence

ctron th
athieeraf, or A wtakyﬂcalryea@wadrm@nﬁ theeeafirg atsslegtiop marker and 2)

dg 's%b@ﬁ'icodadté‘r%tdtr\é% gdfi¥neaytHeNaMD BBhEGSto which the vector has
been added. When the specific host deficient of the araD gene is cultured in
the presence of arabinose, the only surviving cells are those containing the



n a preferred enbodi nent of the invention an
Escherichia coli strain, preferably commercially

war@sioadsb€ E. coli strains DHbal pha-T1l , AGL oPCTUFR0®/000540

10

15

20

25

30

35

fromwhich the araD gene has been deleted with

general |y known net hods, such gs t hose descri bed bel ow

in the Exanples, is used. n anBther preferred

enbodi ment of the invention an E. coli strain,

pref erabl strapn DH5a

PEeCharin conhg ah AP bre<Ties U Bt iomb i g Gene, a com-
defgreentary séquerverthgestd soea catiilytigally actvenfragirteimt thereof.

L-ri bul os S;

A ternat: Toiy SOSHE! Sy B SEGRTuERIHARY sxpragsjon ygotor com-

pnmnlyermq/ irE. theoprOd;mtIathf bhseapentic Tarodupisl cen be employed
WiPeby Va4 %ﬁ@t&@é%ﬁﬂ%%e%ﬁ@r%&%‘% complementary

encodl g r ot el ul ose
e SPAeeREther "vaP!" A %@M’B@%ae W&cﬁf?@g? heyeails iRpeyigd into the
ngbbed usiy RestRodP gevierhllynkridvn iretihwart on thelgesémncaitext, the

Sl e Bi S abiod A e e gl 6744 B vo. 1 b

I ISFD ¢BtNOs 18 nee ats=djuentce Hybsitlizabld thedetol ¢Hovavenf aay applicable

?@%’éggg aégta#]osp ?%Aﬁgg?ﬁgrﬁasﬁ%géﬁ &?qt&ﬂ(tt tt'he term "a catalyti-

rreahoactm& fragmsmni dfriherwa@r gengidist iy @@nes"v @r@ent coding a poly-
b'ekafi'&@%r'd;ggzt&ho&%% uﬁ@ﬁiﬁldﬂ GQL@fﬁ}I?]ésréﬁéf‘pch%Bﬁéte to D-

cond I ons sujtab

qw@{q -PRAPRAtS WA weﬁlﬂ%@mwl@eﬂb@fcm m"eﬁ'HIO'E the araD

C@b\t)\?C@ J:émpl@ﬁnehﬂa@sgg ué?Qfe ﬂf-ﬁ”fﬁ@ﬁ Wrad déitélsitl@llyoactwéefragment
[0 e

t Héer9pg|l§1 Insé(%ﬁpp%stﬂgf cﬂp{ ggp@b%f gt\ﬁ%%%k%{nbggalntenance and
C tivareby t:a;béble af pidvidihg e staldevekpresdioa,of the Hesired\@ntige(s).

|
For went s EnpHEmPe E o BRRHR U e iRye RiteEa dhuteted form of
i ant &y igeneh aredinpiementact sequenexlthéreof,nar ar edtalytically active
r%ph{é‘?ﬁ?héjf%&‘”isdﬁg%{t% Qﬁ Efﬁ‘é vito"f“baﬁgBl‘é“(t)f éh&’ig-'té’m maintenance

t
aﬁlﬁd ﬁlgerggy 0208h!a £ PrAGIng @rﬁia@ete%pteSém Cffdhe elﬁélred antigen(s).

Sel ection|pd sé@eéiﬁééw @é@bﬂeaceeﬁb¢cﬁn@e\e@ethbqw&muoﬁeﬁe WBttor used
an amount of Cg bout 0.1% to about 2.0% preferably

| |‘§ M CXPRSSRIONHE K FAMB 999 o about , 0% nost
pr ef er abl ga)0a DNAOS@:pwuiceOer‘&kﬁdld@aeleeaman@fdrm paftein opera-

) .
0NG4Sl oG5 L L ARRe P M Broton com-
gpuamlg (el DINA bimdings geriain whithdelnde ko a spesifie DNA sequence, and
| I(@lr qgﬂetgc?rbéﬁdd;(ﬁjﬁﬁcg%kb gt?/s Ef?sflrﬁl“d gc&ﬁﬁé?ﬁerﬂn%raé f@nctional

arabl nose' s
s@ﬂﬂb(@let@téﬁrﬁj’@ﬁf ang be added into the growth medl um

The sel ecpd) Od‘rrﬁM%@ﬁté’cﬁ DNI® sbauéﬁ’éé Rimiirg e%uhambesnfeoror the nu-

n a re 0 espec
Fea%ere%a o, Fhe™x REk pelh” OKBaR b loara virus origin of
th@pl@gﬁgmlancpr oducts, such as DNA vacci nes, intended

the use ol P ERES, adfuRing ST £ %2t SEndL b bomplemen-

L itdrywiesiaenbe therbef; or arcaiglytieatlyaictivh dragmenttthereof.s
sui tabl e g%h U3Rdr8 Have l%éhd&f&édr dOiB quﬂ’rfgiﬁ@mtematlonal pat-

pr ot ei ns.

&9(2 I bl'e cont am na ar a
t et appligatipn JYDOR/GIANHE; Whipht lequrﬁ@reée@ pareinityreference.

process i Mdsﬂﬁ?é?ér%%ﬁﬁt'hb' vilctorisBE §n BHA4BI8&RM Method of the present
edi t ahl e, sugar confain g in foods naturally and as an

adiyenfigr iIS21Y SXPES SIo: VaCHsi M $¥e¥mal i ans i ncl udi ng
humans. Additionally, the araD gene is smaller in size
than the commonly



used antibiotic resistance genes against, for
instance, anpicillin and tetracyclin and of simlar

wa kws/oras6kananmyci n and chl oranpheni col resi st aPCEFI2004/000540
genes. This affords an additional advantage, since it
allows the construction of small plasmds for which
the energy consunption for rep9ication is smaller than
for large plasmds. Thereby both the growth rate of

bacterial culture and p ield are increas The
present i (RIEREIEGPRE nl?é%l?é‘trlee%aﬂhﬂ'@@ \?Bb%ltyﬂﬁ 1 &PV) and
refer ence(ti)@nmlﬂple‘ mhhmw si@sngnhé BAV E2gprBtamiiasporated into the

01020 B G I By DB ) el can e

f imcluded Inietthet\eadtdslebprapfaeedepbﬁh@mdgnwinesemfsaldevector lacks a

b trued,
5 hgéﬁ@é{)ﬂ%r\mu%h&yﬁlﬁ%P%Fﬁlﬁbﬁ%r ‘'0a )s/cogecgpst Lgel nventi on.
Exanpl el cr):ltbeuuan@)@enar amposeplerentary sieayanes tryeof, or a catalyti-

B ﬁﬁ%@@hﬁ{ﬁ%}-é&f constructs pl asm d Séwt d1EGFP

ur e S use t has 1 origin of repl,jcati

and kan ﬁmth@ $@§Ptéqr‘aﬁ36'°ée'ﬁa? IQYeRtp: N BrRgiPle %W%E'f'gwn host
ofjeftiastbfthbagkbaime dME sHitataayer nsd #stret pmiemﬂom oif $herapeutic

ne that.is deriv g™ "
10 csrqdnﬁ%ﬁewéi&qew&ﬁgy*fﬁﬁ“ Eplesthi ottt deficient” de-
uﬁom; » blogtyen agecke Hed aral2 geneds eftRERjotalhodeEted o induitiBated by
I rding to standard procedure. The PCR
?8@%?%%%&% into selected plasmds in two
i £ f er ent Io enefarrednembiodimente oprthaeinvpation %Baﬁ%@ﬂchla coli
+ SRR r&Bly %@ﬁﬁrﬁ@le?al é\ﬁﬁlbﬁ% cB8@afts DPBalpha-T1, AG1 or

5 PIO ucﬁs nanel ?%rﬁ%g(lﬁ(an araD% es%A&H% Iﬁ/lth gene%dy Known
A6 L CUERASINGSAAIS B SO SERaMPles))is used. In another

sGar awm IPW%%W coli strain

IBEATT AGGNCIICAVETT, TIGACABIEIT ediahiredAdaisiibns have been made

%}TWA%EP%%Q%WM%E%ﬁ@EQl%IBQ 54r3hosphate 4-

P%@E) § %EQ:(PI | 5{%@5 ﬁﬁglp%LTFPrRGWeéte JW@@QW@@VI‘%&\ ttﬁé‘taraD gene

promoter from plasm d pBR322 (used rivi
t 8pdeEy athere g@gersstgm@l@@n@r@tﬁlrﬁsnem) fawl@%@% phosphate 4-
”b mﬁér@@ewwﬂymv@@é@ﬁ irmdap@re@nbpfarﬁ KrscWrh rM@tih@d can be em-
SaH 09 it Bt Do B £ B URH LE BT erst or the

25 8 ﬂodlmﬂioﬁkﬁ régombinant themapkeutitt propUEE3 theege e of interest is lnserted

ST BRI I g 3B s v
uhinledcse- SWQhatmg qpimerasse actlwty using method well known in the
art and the cells are cultured in a growth medium containing arabinose under
culturing medium and conditions suitable the host in question.

30 Any growth medium suitable for culturing E. coli cells can be used.
For commercial production the growth medium will naturally be optimized in
terms of the yield. Examples of suitable growth media are commercially avail-
able growth media, such as M9 and LB (available from several manufacturers,
such as Fermentas, Lithuania). The amount of arabinose added in the growth

35 medium is not critical but naturally arabinose should be present in an amount
that is sufficient for the total culturing period. As low amount as 0.1% has been



ML3F22: GCCAGGGTTTTCCCAGTCACGA (SEQ D NO. 6) and
ML3R24: GAGCGGATAACAATTTCACACAGG (SEQ D NO 7) and

wae@Bozgeci fic priners araD F31 : PCT/F12004/000540
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CCAACTCACCGCCTCGCTCTATC (SEQ D NO. 8), araD F614:
AATGCCGAAGATGCGGTGCATAAC (SEQ R NO. 9), araD R700:
TAACTGCGGCGCTAACTGAC (SEQ D NOY 1 0), and araD R421 :
GGTTGCCTGGAATCGACTGAC (SEQ D NO. . The nutations in

aifh sfficRREHTIRe elen: FEALH BErBbins e atRt g the edium in
vemt amowas of iabeart i ¢% Ly apaut 2e%dipgefetaliy imidrh amount of about
t%tét§)c5han dé%{ﬁn%ﬁ%rgfe@?ﬁlwd D), ?0796%1( (’): %B/T‘%%\%aver the effect

L| ani a

d@pﬁho@ghmq%eas etsaned ateqmcemra&@nawes N\MQIS|Q@1% and L-arabinose

;"r&g%gf@é@@eﬁj (IF’[&%% FrPfH@@’b@ﬁh n"rédl@MaIH Q)spe@fa?Q%BB&‘ﬂnent where

( #e?ﬁ?@ is quﬁﬁ’\fgﬁﬁé)s %ﬁ@flqc '@3@@&% a@évﬁsd‘i “E’t!iﬂd/ ‘F%BP” source,

5%2%' dfq_aélfabﬂgdﬁ&"fslld Sitalte errrolugnﬁ:f ?e @gdeﬁ nivte the 9¢@\lvth medium.
conpe-t en s a ed_onto dishe

B edt amTEBreear sBemEs B niEn T |5 SRR D e AT any ex-

alprassich systemilys espadiallyi sistaméy forfusesin theadxpsesision taf recombi-

C%'aﬂWhéD Q@eyﬁé g:‘?{;gﬁ!@k ¢ Fu&b %S%ﬁﬁm@écélﬁé’é aﬁ'@&&’#ﬂ for use in vivo,

eren
clsmenf@er Rroblerasl aspogipteshiviik t@'@msmofayirhﬂ@tm] egséstame genes are

S@%%ﬁ@ﬁ%vﬁ@é‘%é”s@%ﬂomﬁfbrﬁr& HBOWDehtibi ﬁ&%ﬂi%@olé for use in

Tore ana n resistance narker gene
fmﬁrpfq{jé‘ Paglr%@m@@ﬂﬂﬁﬂ%@/rana/ araDl and

Sewt d1EGFﬁ’h@%t@dsﬁil@%nMﬁﬁadb@Qﬁ@ébWoé@ nﬁ ¢ﬁé lflhét gmduct result-
endo ucI ase Bcul Fer nent .as uan

Péﬂﬁ’@ﬂ'ﬁa PIeEFTS 'F.'@%qr@&qu?ﬂﬁ b Pkﬁ‘&?.%ﬂb'”ose Weditale
nrisxlgar esntsinad tin dosdo nadalinbodaas En additivé\@GinddéusDnot toxic to

S ' nd pl ated onto dishes
c%@%&ﬁ'g%gﬁﬁcgﬁ%%pp emented with 2% L- ar abi nose

and i ncub édloanallmtr@ 260 Ieneoisr smaltel imisizs thanethe commonly
fi R

w2 SEHBIONE Lt R TR RGN iRty bRty totracyolin
eﬁfug,@‘§lm1+ﬁ53@eo§q, Iﬁ@qr@gqypta@gl ¢h{or|@r@g nicol resistance genes. This
S@%ﬂﬂs‘fﬁ%/d@itﬁiahl ad@@ﬂbgé §igte/ittaldvds tHeea@estiuctidhyof small plas-

caniS T ol Behp BherayBp o iimstion ibrBnl e sl Sinal fap dor large
gpbaﬂnnldsl Theretyf bathehe grewtharateBfshangiédaieculiede winidhplasmid yield

nose and M supplenented with 0.2%
L- g{étqr%%sgegi at 37 Cwith vigorous shaking. The cells

vver e har veébequesent inventignavay dedpeiterdmdsrstooddeieieiense to the
%nHﬁ'lmtlﬁ%ggbﬁQ@P'\ﬁth Ekeﬁgﬁd%d%d §g<éﬁ§1‘3r¥%?%e inven-

ana el ectro rest s FI gur

afan 7Ehe ifel eguev@mr) es ffR Pﬁ%@éﬁ@ iRiderdrpnete fullydiustrate the
cwréf@rr@a dribbdinfeids Wtﬁ@ﬁiv@nﬂ@rﬁ erwéwlsw@md iRMhoAday Cb"eeconstrued

el ectrqphy bef re an estion t
I Bonrer s IR Eha e Bl osR heafaioge” " L T huant a)
(Figure 8). The predict ed SI zes

Example 1

Cloning of araD selection plasmids

For cloning araD selection constructs plasmid S6wtd1EGFP (Figure
2) was used. It has pMB1 origin of replication and kanamycin resistance
marker as functional elements of plasmid backbone. The kanamycin resistance



of the fragnments obtained in the Pagl digestion were
3954 and 2519 bp for S6wt d1EG-P/araDl and 4315 and

wWQ1WE/0b36d or Séwt d1EG-P/ araD2. Lanbda DNA di geBCEEHI20041000540
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Eco91 (ML5 in Figure 8C) and | anbda DNA di gested

wi thEcoRI/ Hi ndl Il (FermentasqqLithuania) (M3 in
Figure 8C) were used as nolecu |lar weight markers. All
anal yzed bacterial clones contained the correct

ﬁ)ﬂp\&ﬁlﬁ gllagﬂu(ﬁ he c'bﬂ?érféd: ixhdgblf‘é‘méfe sad@ﬁ\%ﬁi fronP ddietransposon

was ver n the plasm were grown I n
g ia. Two of the anal yzed bacterial clones from

four SGWwbhgﬁﬁ/ ﬁf&/}/ﬁ%e mﬁhf(eﬂ%nsﬂrgi pbhmérasE 8HsiR reaction
BT e ol DIV Soicmcsalns ecai g ko standid foggdure. The

VFPEthroeaui wad dlonsd dhier sgibeteai plagimidsd irp éwo alifférene orientations

I RS sl sbdParTs P B Sednl 1 ZREEHDR  onerat

smg poeduats asmedearalteanchaaild, despactiveljged by

restrictisan 55@1 yS| s The plasm ds were extracted from

t he bacterl a_and her characterized @)él' uenc
diehiel

Lhe ar aDGRAEA A TCTRATRLBT RAGACED @%%%@CTTTA
#EG CEET AGNPTABCABBAAGHAG TOAADKIT G SSEQ) RO, 37)
gene COdI% ence carries a STOP codon inst ead of a
codon forf %ﬁiﬁg?ﬂ ne in position 8 of
L-ri bul O%GCWTQS@AQITGAGTAAAMMEGCU@GCWM TT/g@G%GGGCT
{ n

TG TSEE AT EC TR QIR LY (ar 2D codi ng
sequencepb@BEDICAG 3') with the Thymidine, resulting in

a STOP cesechic é/-%@*r?\ TERE AP AACABYTIATEICNCBATAAG

rrut ation 1n ara ene Cﬂ-ec I ve prrow t he ty
@T@TWQ@@@@A@%@%@%Q@@A%X Eouea oo NO.4)
L- ar abi neggarapRpough the codi ng sequence contai ns the

codon. UnEGSLATSBRRI ARG CRRE A BTARE SRRk ERICAT-

AACFGOTCCTAATAAIGC (BRENIB N 5; STOP is in the

vt ow TGoPlesS §oRS ERIIEIESo! Wl P8 PERERr ASH piasmic

@BFB}HZ (uﬂeldhfoutdnbmgdhagetlrycydiueetrbetstqncev@ertw popBBSPZ2gend ter-
tlBH%eE;hgﬁcé( el oﬁ%%g%izgmcgh V\Ylﬂb“%ﬁdeﬂd 80ring PCR to the

Id ani gr owt
b@@tréanhanci gguns @ar@rp farePrRadingd fe@uyRNCE: resPastivelye

arabD gen‘PCﬂQQﬁt&GuctbrcbfbM@%ﬁd Stphpswapd @lcﬂTe@pim@rmm vector

S one #14 araD l.ocus se uenc
T RGR Bl ARCH RESHRaTSFS o BRpiEL A 86 TFe! Sehances yuere veri
ﬁreddiyci@meddbwsﬂhg uhherssigegnencingrinigrggenent s near

Sites worbl S RcEARRe T FRAGT bR Y dfo. 6) and
These daﬂ\dﬂ(ﬁ%@;@@A@@&@&Tﬁﬁ@MﬂﬁCHﬁA%Gﬁ (SEQ ID NO. 7) and
daé;gbrs?ggﬁwhﬁ ofaear the pronmoter mght result in the

ation of the pronoter act|V| t herefore t
Tovel —of crfld FADCe AN ECABCREET GCECTATIS (RO MO §).

araD sel eesh e aﬁmd@o@AAel/w@@gmfG@mrm (SE@PID NO. 9),

car o o ORSRAR it RAETEREC e BAHEAE B0 D ), an

kananyci @r&Bﬂéﬂﬁf@@TmGOﬂHBGAM@GQeWGA&V@SEQ l@iN@i 11).

\A‘lth th restrlct| n, endonuc| eases Bcul aﬁg Hi ndlJ ti £ dif
I BIRGRIQRS I8 9plfigs PRIVRTGRS WPEHEDaHes R fecomoination of dif-
(fémmrehums Li t huania) and the fragnment W|th the size

of 4647 bp was purified fromthe gel after agarose gel

el ectrophoresis. The pMBl origin of replication and

t he araD



sequence carrying the Cto T nutation, which results
in a STOP codon in position 8 of the araD gene codi ng

waeegaenses was exci sed fromthe plasm d par aDMYBI/FI2004/000540

10

15

20 A

25

30

(Figure ) with the restriction endonucl eases Bcul and
Eco52l, the ends were filled in usi ng Kl enow Fr agnent
(Fernentas, Lithuania), and tﬂg -termni were
dephosphorylated with Calf Intestine AI kal i ne Phos

\F,)\,,h? La{c’ ﬁe(gpéglqﬁ:ﬁé%%a dn%?@&&?ﬁb@%" tﬁgﬁ(éqg%rg&/@ls linearized by
apagial ag?em gath ebstettiaphozysies Rayl (p@ﬁt&dmﬂm (Fbementas

P FETRULOER AR IRl AR ioin

| AtialinenPhosphatasea (@A ;aFetmentas. é@bualﬁiﬁht a@aRlorndi araD2 frag-
' Pr%rﬁ VRGL (R o 5@?&' ngy{gm ?\MEQ\IM(F%%%% Lﬂﬁhanléz/%nd ligated

ara i 'nose _an ananycin. The col oni e
Wit BdPad- hours after the plating and showed

that the BoAL 1i§htid isiled vese Wamhstsriad ito Tecoli DH5a compe-

plasm tracte fromtheb teria and furth
é‘&?'ér%‘rEL@ag @éﬁ%@e%% Cttaiig LEamesiil Gastaloing 50 ugim
Thénﬁﬂnsfﬁﬂnﬁmd mubé’@dl atrg 79 Casverdsght3 QokdPlieOGeaa first analysed with

r 8@8@& G g%rA@@ﬁHﬁWSBﬂg@wﬁg gblgt%oﬁég&gj n@t%qe&@wtht g]lfferent re-

batricﬂon&raynteal ned un-rearranged plasnds with the

tat t 3
gga?aDlzgn fre Oclbrni'nﬁ ;?%9 V\ﬁé (iR aﬁl%m JoveH 8 GHikana/araD1,

hi's experi ment
r Spudd HaGy n@é@éa% ‘thr?é'esS@éfWéHB igW@std ﬁﬂ‘}iﬁor med
pl ates werg ﬂeﬂ%ir@ kgﬁaﬂhwmsre%fsttﬁﬁcé garker gene from the plas-

it SOV ECERUgrgRERD | o] Sond hECEP Kanalirantogere digested

apgthsestrictionl emiopscleabe CBcdhzﬁlelanma‘aar Hitliayriawahd aTé? 3 bp vec-

ence anal hese pl asni ds indicated that
afoj%r r?t %%‘gﬁé@%ﬁ? hce carries a STOP codon i nstead
of a codofﬁh&drgagbmramfes(vmrasmfa@sfﬂened drtenay BrealhdG1 AaraD
"Htr%ﬁé & Eﬁgwgfé:g agnﬁ blHtéOhSnl?"H?%ﬁe%o@ﬁélﬂmgsﬁ@U%‘aﬁa supple-

rb G was_ replaced

ATEREpd (W2 ¢-ﬁ@bln%ﬁeam Ingyibatad et/ (Carf%rD@G)h%a Colonies
t QRré FirstofHal pRAURIE @olohy aictRaéﬂa ARRS theCDRANRES Qmated and di-
however hg terl a rew ver s| oxﬁ]é‘jnd resul t 8 | id
a0%8/66) il nipfestiatay Pepin Flanipgolieuitad in plasmids
| Sauta1 Fedirdarabg gB8vid 3EGHEraD2, i respedtivelgarecd®wn in Figures
sgnsncg ve DaraD Escherichia coli strains. Three E.

Tai ns, DHbal pha T1, AGL and JML0O9, were used to
const r uct Thar abactatiant sololies acattajng | 96wid1&SEFP/araD1  and

SSPART L 'S SRR AT wi
rrﬁtfb%d--@@ﬂlﬁwfs agd Wi @élnplaa@qnteécwﬁm%%. raralyigpsenat 37°C with
I rbus shBRm@t MHeL BYIIL e8| far§ysteanang the ﬂléﬂnﬂﬁ@w—\ was ex-

enqe h el e able
Cbapebion et hio LuAGE BRI Bmprasc iR RGN Bnd analysed
PbiyERfaBoYe bl @émWeQSI FiggirenZA afd BB especiivaly)i shed

ool ogt ed atpoﬁ?s'arﬂfdéﬁﬁf?b?%éb%&nfr@wt@ﬁ@? 58 Y Vg jugata were
aadakp&adeby agarpsapel elbctrhpfmree@etsefomeam atjer dlgestlon with restric-
r ﬁSRrg?fd'aﬁhbfé%sé%‘F@e%erﬁgiﬂlt%ﬁlﬁpg @ur‘@eé)e T'Fi%ct?redlcted sizes

cal ol utlio
of the fragments obtalned in the Pagl digestion were 3954 and 2519 bp for

35 S6wtd1EGFP/araD1 and 4315 and 2157 bp for Séwtd1EGFP/araD2. Lambda

DNA digested with Eco911 (M15 in Figure 8C) and lambda DNA digested with



RF1 100m RoCM 1.2 ci MhCl 4H O 0.99 g 1 MKAc pH 7.5
m CaCl 2H O 0.15 g dycerol 15 g p 5.8 (add CH COCH)

WOERSNOBM 0.5 MMOPS 2 ml RbCl 0.12 g CaCl 2HpAT/E12004/000540
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G ycerol 15 g p 6.8 (add NaOH) The cells were grown in
2 mM of LB nmediumto D oo 0.2-Q.5. The culture was

centrifuged and the pellet was! esuspended in 1 nm of

RF1. The mixture was kept on ice for nmn and

R MGRH o R RS AT 8b0 Fomolecs

Almnmeti@h#m’eekgrsSAy raglat;izeplﬁ%&rfmmcmdﬂecbmmdeﬂ tike celrest plasmid

PG e PRyl 8l e AL S bR LKt Do when e

oplasgrd9oErengrovn isdeEs rmeﬂia;ﬁl’ wafdhgahalyzadhbacterial clones from

t"fc?n gmﬂiﬁaﬁa didries (B ? Ve | F@%@esgn%aath. {or growth
or one ate

our S wer e cont l_]_:l
i RieampEorawhin ¥somedia §upphﬁ@eetﬂdowﬁ@§ ﬁrleraﬁbm%e (Figures 7
Iﬁgmsagthch&%ul@éd'fﬁi hlgﬁepblabﬁ-‘ﬁd qiefH g?no&mwr@ 2 nm of
nat e.
ol yoerof SHaRREanaNEs T dBerSRH ClinERurLY iMaer argysy was per
glfomm“domheséha/osplaskmdw\bae ts¢ sap structBfe &s themwther plasmids as
dl R lé)? E%ﬁ d?ﬁyéh ﬁﬁ%@@lsg q@% Cﬂaghﬂfsawep C@xﬂ&%‘dcﬁ'omh%rbactena
Plaaei ﬁudh@K@wacteatzsémyoswm@e aram@m@ﬂoa@? ThearaD locus
1%e deite 8P&8heva@§3 g&ﬁ@d @SN@q sp@%du ?rmkn@t 09) fkdiBBled that araD

usSed were ara(pri ar Eg 4):

5920F CAANOFIIUABCT m@a@m@cﬁtﬁwtamme

g| _ %@%WE—Q&M@ até2)-epirAéRisé) This mutation resulted
%deﬁcégr_fcs%@%@@eﬁ %&935% R Dripaldss rpnosphate 4-

cepithaasol(asdd Uedlmg$eql.ltahc;@)KIBLG)N®48 Jamitméad ThygmidindCBsulting in

SOESLEN AR 8. 3RcA50 {0 BB LoRDig ARSCERIANY O e ceno

bafféemveayﬁ pravided thevabilityrio(@ow in)the pelgntiveanadipm in) thegpresence

%’f&lgﬁ/%gfbﬁ %%Eééﬂgﬁ%e@h%ﬁcé\Sbhtalrﬁ’é(megsfl:@b B&8don. It has

{ Best damonshricrarainecSTOFLCaUan AAG it [&istvely read through by
dﬂf@ﬁb’éﬁrﬁ@@oﬂ@s@hem cai when such a STOP is in the beginning of the

coding sequence [for reference, see review Murgola, E. J., Annu. Rev. Genet.
19 (1985) 57-80]. Without binding by the theory, we hypothesized that the high
yield of the plasmid, which is an indication of rapid uninhibited growth of the
bacteria, requires an optimal concentration of the araD gene product L-
ribulose-5-phosphate 4-epimerase.

The analysis of clone #14 araD locus sequence indicated that the
araD coding sequence is perfect as predicted. However, the sequence rear-
rangements near the araD promoter covering the E2 protein binding sites were
observed (see Figure 13, SEQ ID NO. 18). These data suggested additionally
that such rearrangements near the promoter might result in the down-
regulation of the promoter activity, therefore the level of the araD product.



nealing 45 s, 5CC, synthesis 2 mn 30 s, 72 C, 25
cycles. The PCR product obtained was .4 kb. Five

wo e@steens were perfornmed sinultaneously; the BINAFREGH000540
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purified from 2% agarose gel using Utrapure

purification Kit (MBio Labot\r/@tsori es Inc.) and el uted

with 60 mM of water. The DNA concentrated wth

et hanol preC| pitation and dissolved in 5 m of water.

TEe final, concentration was 0.6 g m. An aliquot of .5
P‘a‘\'/b'él%r,i ©f%ed in one el ectroporation. The PCR product

was el ectroporated into DH al pha T1 pKD46, AGL pKD46

(@%ﬁﬁi@l; ﬂﬁﬁaf%ﬂéﬁb sEléRtidh pRBhiddL09 pKD46 E coI|
cells Irst, 200 of YENB nedi um cont ai ni ng

of L-ar abFabsioriing ocfh*eutatemeﬂraans@ecmwe Cﬂ@é’&ﬁ%@ﬁn@ﬁﬁ@ﬁd p3hCG
I
Smpefegﬁ?ﬁ%%ﬂﬁ k@h?ﬁ‘igﬁlrFl‘ésLéthé’@ rarf%gegbﬁtm@ d&ﬂ\)éd%é‘uamycm

ove

J MasislapreMearker (Ra) gedel wasTelea Mhébev(é%'ca%mdgnucleases
3Beuf an® 19iad0l, 8hé (el \Dél@ fﬂledﬂnﬂuéM@QQ)an@WdFl%gﬁlénﬁ@F)ermentas

o R85 o e e el S5 Sl e oo
vvafter agadseryst efedtiopPOredis.ofhes phiB1 eng\mtm‘rrepbmtwmam@the araD
gg%%g%%ceﬁéé’ﬂ%@g lﬁl‘?% c&:ljro 'F rﬂlﬁéﬁoﬁ’ LWI?SH dedy snlngapgT‘qP \“BHSﬁ in posi-
utied § rofothe erale tgassorcadingn sequenas, ewas o@@%ﬁd éﬁw/atbe plasmld
pﬁééﬂlﬂgg (‘F"iodJZPe 3‘595@1% tﬁe régﬂrrilctlgH %&Héﬁag%&g%gpﬁhd Eco52l the
wasdagwre filled HbU§k5\9pl§{Q£m\N Eepgryenk p@rr@ﬁﬂt?%el- Rania), and the
”D‘NA Mermmdw&/@tﬁdfap%bphoweal @ﬁhrglalﬁ rrﬂé%tme Akdline Phos-
i u S ce

nPFTE G Feranias. kingsnie)  Bie Tagfiart villetiectivs of 1532 bp

weias irifieedram the gn&belftemagamsalgeg elemll@pjnorerslc{ ahd ligated with the

(A n AR B0 BRkOR2ELENN AT cBh Aty B aPdlient strain

nwaqsl teanafarmed with dbis ltgatlohermxag'atanﬁbplatﬁﬁ polo, agateplates contain-
t
frﬁ‘%&@cﬂ?% M8 AEbIu %ﬂ'}l/_ﬁ‘é‘@% &é&reﬁ@ctaﬁ% {- ét‘%{blrﬂcaé% and 25

ive control re no co1on|es on
nggémh ofs kaaamyein. Jihgt eolonies wereinsesctask 84 druws rdterdhe plating

J %Q%Tﬁ%doih%@% sﬁb&ifethek%l&ﬁé@Wa%sumfbrﬁﬁﬁ%asmlds were ex-

pirggé@t frgmatﬁé g%?%rﬂﬁ)pgg jgl%gli pp@aggrgﬁa%y g%q{qencmg of the araD
abpdausll DaraD, AQ DaraD and JMLO9Da/ aD strai ns

% col oni ' t

descri bedlrﬁ% %&@%F@gﬂﬁ\é@% ‘{lg Péé’,% @{dp(?(gas@cﬁg 36?D2hCG’
kwhmky@lre] sheyirs imrfdgurgentd kgncde?omgsmmvalM myeqerdingrto the se-
S500he< s TR AR 105700 ash s it ro ot
wHPRIE &Fﬂ@pﬂd%ﬁéaﬁa@m%sﬁsﬁr& h8; R3aIBDREMS Hagrre 17).

the i nser (Vi #is anpénmmﬁ/@éjlﬂé% e&ed A0#h tRe WaRd type sequence

Ct o fr{nhengpc\?@%g/,egg léllp]sq%?t %Msaé%@;igeg@ns%ormatlon the
pf@éiwtCWasl ﬁlﬁ’ef’@tPCFR/dOlthf leatbritese wdrgsetvderded:nfitstelarge size
AR BB ol Ao BBarecb R . P soauence
oanalykisldf these ptasamdemchmteddbﬁ grallgeneecadibglsequence carries a
PEABIS bodbn Wte A BF &1cBHEN $ONGILEHRRe (plasmid #3A, araD2) or the mu-

tation had occurred in the Shine-Dalgarno sequence in the ribosomal binding
site (AGGAG was replaced with AGTAG) (plasmid #2A, araD2). Plasmid #7
(araD1) had the correct sequence in all araD gene locus regions, however, the



that these strains contained the kanamycin resistance
gene insertion. To confirmthe insertion of kananycin

w@eos/02q361 her col ony PCR was perforned usi ng pPCTYER804/000540
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20

/ canaSF SEQ D NO. 16) and araVR (5TGTAATCGACG CCGGAAG
Gr3l; SEQ D NO 17). These prugers produce a 435 bp
product, if the kanamycin resi'stance gene has been
inserted into the araD gene. Six colonies fromAG

raD.and JMLO9 D st n nd t e | oni e
hedRrR b tay sy i Bl T o[ BReidoBRr Plasuiopfigd when
caeregtovat odiiguid ni‘edqacol onies of AG DaraD and JMLO9
DaraD and three colonies of DH al pha T1 DaraD were

ggﬁﬂ) 3 LB nedi um contai ning 25 g/m of kananycin

cubated at 37C overnight to elimnate the pKD46

pI asm d, which has a tenperature sensitive replication
OCiog'su:ucThm othlabinose seeasitie AaraBfsatidrichia coli strains.

sensitivity by re |ca pl on_LB i u n B
medi um co-ﬁ%%ﬁen{:_nﬁ SEALS) ﬁwa%%f‘gfgfj @Hgl“ﬂéggédﬁ"%ﬁ used to
C@d&\ﬁﬁfddt mramlngtddtfs Mhengrad gene s @ aliuggbrd atast dierupted us-

o BeLfaaet E8huse] b Dkl ERWRRTIENAR gl clgfoo) eedo-

A&45}arrar3 mecﬂhdcwmplbﬁs @lplsagenil (Red @uonihetion sfstad. Briefly, the

P:?}t{r)%tg g&éﬂmé @Beb[\l[%c gﬂ?@ﬁggﬁ&ﬁ%%g}ince fW|th a select-

habhe@ntmicbtu;t wlsiarlazmgem thalds geaciaed BtRERI Mgusinggrimers with
ghéfﬁl%fdﬂ e)?céné"%g1 TI|$|§W§§M§¢rﬂpI|§hé211% Reidameamitéd ré&bination in

prol i1 ne JML aD) and different concentrations
o?heﬁeéla%i%@%m Sadded in the growth medium The

CU| tures Fer gragsfdsmadivar of ’Qiet B(D4E7(I§hﬂsenmaimf Wanner, supra),

g{q% Qﬂﬂ%gqgglp%gg\éa/éréaﬁg et&/( -E%?%rﬁa? WBR ’gglf were made

Dahaﬁm@]ﬁ@@mh\dlmmmf@R&mm BF3.s2lutiohsd. 1 0. 03 0. 03
0.2 0.030 0.026 0.5 0.030 0.020 1 0.024 0.025 2 0.017
0.021 As can be seen from Table 1, as |ow anpunt as
0.1% of |BFALIAME is enough to inhibit the growth of
raD strai of the inyention. The arabi nose
Jc?ﬁg??l Vit 1Jt}%8riher tested on AG Dar aDb,
|:Dt‘f’d‘|’2£3,D\gn %8d JMI09Dar aD as above but using
@\mk@@qe;ngr@t,inpnsof L-ar abi nose. The results are
verr 111 "Frgune 18 As can be seen in Figure 18, as
nt | 8s1990005% of | L- ar abi nose is enough to
ojdairél the grawtd of the DaraD strains of the
TIVEenrion. AdUi Ti L- arabi nose sensitivit
H38sted in ‘gm"ﬁbxég extract nmediumwi th d
di fferent glucose and ar abi nose concentrati ons (0. 2%
gl u cose, o0 ar abi nose 2% ar abi nose). The cul tures
y=Yars in""R% 21606\ la in a shaker incubator overnight.
T0 Vit MO R 2rralasured to quantitate the cell density.
T ed esults e 8i ven lin Figure 19.

C8C|2'2H20 1.1 g
Glycerol 15 ¢
pH 6.8 (add NaOH)

Thé cells were grown in 2 ml of LB medium to ODgg 0.2-0.5. The
culture was centrifuged and the pellet was resuspended in 1 ml of RF1. The
mixture was kept on ice for 10 min and centrifuged. The pellet was suspended



Bot h concentrations of arabinose (0,2% and 2%
inhibited the gromh of the DaraD strains of the

WO nvsfrdzen. However, the growth of strains w t ACT/RR28@H000540
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araD gene was not inhibited. Additionally the plasmd
DNA yield of the DaraD strai ns, snas tested. Plasmd

Séwt d1EGFPar aD2 prepared in grrpl e 1 was transforned
| nto AGLDaraD and JMLO9 DaraD strains. Conpetent cells

RF1 . j i d .

Y SRR M BB SR S SRT AR 5755 R Appro
ph&attely 50eng of pkbdiBawasl added apdithe okll® weseikept on ice for addltlonal
CS 5 B NGRS S A S HaaIke 110 min o
ciget 04l ofcPOB; m@dwﬂ spsaadded o mrtralrwfwcsmﬁds CeHren and g mixture
D\ﬁ/é@ li‘n‘@\ﬁod’@é‘%@ BFeCtfer 8HAMouF. 3(Eé*\|§ \Wléré Blated @HSLB Ynetiign contain-

t {
% Beadh 5" el B U AT Bhgjormaton
Rited bod ghﬁwgfiﬂi ZOmm)mh@béane esaditis. to ThBsdyesfWppsoxinately 1 and

SE@E?% q%rr@?é ”}%I\é%%g?&z@.g{lﬁ%n opoé/\%ﬁn mz@ggﬁo‘fy the stocks

amrareystmedtam&ibCof bacterial culture was applied on

gl ass sli Fﬁy@t@ﬂl %Yledfgﬂe‘%‘réb g%‘é%fllr%%rQDCﬁrfﬁoaHéﬂWHIEh contains

was Vi sua ecte magni 11 cati on
olspramysis lra$la§amce geBesVan . geisrateg. Riasmid eKOHNS Pafsgnko and

SIUEMAPERSIRE B30 o arauamac B aachl s (R tmpcto
yi [

nPrigrere ysed rerﬁﬁ%&’éil:%‘b‘i RPN aD 2 7 6 0. 039 5 3 no

filamentsagA@ByrabD 0.2 5.8 0.057 5.9 no filaments

IML09Dar & v?é?@*f@%eﬁﬁ%‘%%%ﬁé@W%‘??%mw

TAAMGAC%TAGB%@EB@AG%’ GCOIC B (SEQHD NO.r12)
filaments, 0264001634Accord|ngtothese
results O arablnose is sufficient for obtaini

the pl asnbPdCEIPY GRMGACAHACAE GRREGECECGHEGH GCGC-
SATOISEOERT SR RATD S (880 BN o 0 b e
and cel | GBRSS prigers hays tf@gﬂépie@enwresﬁvlﬂ? B3 for an-
Epghlatd iP@Rcand with ttieé arald tgbned@h mmmolaigouutremmbmatlon
vt U8ngss BaleDl i §ASOM Rgws; B natwe buter (5 ),
cmf)cmMsdhﬁP@mI)alpmlsnen/waéMGD 1DgM&I(1 et)diprignes exragard 0 uM (1 ul),
grépggsmdrﬁge( ?WS%E' PPRR) 58 B5@Sul) Nafld hhE&"e&¥er up to 50
Ml
The PCR procedure was as follows: denaturation 45 s, 96°C, an-
nealing 45 s, 50°C, synthesis 2 min 30 s, 72°C, 25 cycles. The PCR product
obtained was 1.4 kb. '
Five reactions were performed simultaneously; the DNA was puri-
fied from 2% agarose gel using Ultrapure purification Kit (MoBio Labotratories
Inc.) and eluted with 60 ul of water. The DNA was concentrated with ethanol
precipitation and dissolved in 5 ul of water. The final concentration was 0.6
ug/ul. An aliquot of 1.5 ul was used in one electroporation.
The PCR product was electroporated into DH5alpha T1 pKDA46,
AG1 pKD46 (Datsenko and Wanner, supra), and JM109 pKD46 E. coli cells.
First, 200 ml of YENB medium containing 10 mM of L-arabinose for the induc-



genes from L-ascorbate degradation pathway encode the
genes wth epinerase activity (Wn Shan Yew, Jhon A

W@R00s026384 Bacteriol. 184 (2002) 302-306. n orBET/F12004/000540
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increase the stringency of the selection and to avoid

or knock out the possible adapfati on nmechani sns of E.

coli strains due to other gene1s7 W th epi nerase

activity, the coding sequences of the U aF and SgbE

genes .in enone, were i err ted
aaaaﬁtth%ﬁemh@ﬁﬁewyé@m andc mamﬁg} W inagHigted with
péﬂcb!l@rh@ht goitere @fLIDHablpéuac'bhquNDm%G'h K46, aartlJIAdB& pKD46

58 E TS Hpiieh R JERRLACATE FPOER, 0% MAsaioha T1 and
r SVAI0S)) matl GO (AE:H) eﬁina@ad@mrwaeconm@t@.ymemtra‘ugatncprsat 4,000 g
ol IS D FRUREMcd Rl 20 For SRl 0o BigBhasdn 20 m
erpstariie avater sanainipKiRt chmeseln Iwea%“SVWﬂfﬁeﬁUS%Qr&%}) n 300 ul

| abedciithininy 169 §iédtol. aﬂmdplt&m@étéhﬁ(é@&sw&rev@sed in one elec-
K%pgg}/m n-r esi st an mut ants were transforned with

°8na nmycin-resistant gene is FRT-flanked), and
anpi Ci I | | Mheesécttapuratisranat periredweitie BielRad e dolitPudéer using

ot Proatieies Bnd s 80 e AR BERBRRLEE (IBLM) was,qaded to
t theycovapetant celis, Kapt ondees faf 1 kinaayd immediatalypftarithe glectropo-
r F‘e?tlo%t gnErg?Bf W-é% %?B%EU@H W&sogdcfé&etocmbcﬁgi’l%% th\é' rﬁ&ture was

Red reconbin

smubﬁiewbgt géré d@ﬁé&%t A§et w%pwefﬁep@t@m @p:yLenmaﬁ@m containg
uk afamyeh_ Wby !!: 00_pg of Iar e_kanamycin reS|stant Iasmld (GTU-
m g&g@@uwij&é\fyoﬁ l\ég:gp[mp% no pasml wasa ed to the

AASGERNST CORPOINTTIRCAGRECTI ATIEHT CHIEHGEANGSAPES for AG1 and 107 for

SHghP @Grmis?s%*'voeogsﬁﬁc‘%%‘?’%%@ P, (iR b iftpinsative control

Fpfate 215 colanies weod tobitaired fonodMil 68+RCE: prasjuct pldten70 colonies
WShEA {3@543% fg‘rﬁ L%(%/le%lo eﬁ%@@%%loﬂb% 5ﬁr]9l%ﬁfpﬁ|aa";1 +PCR product

resi stance rinmers ulakval

ah@tel aFval i sF: ul aFval i sR AAACGGCTGCGGAATTAGACC ( SEQ

D NO. 23) ul aFval i sF GCCGTACCTGATTGAGATGTGGAG ( SEQ D
Nexarfpledese priners contain annealing sites on the

Ul aF gene near the insertion site. A PCR product of

864 bp was expected fromthe E. coli DH5al phaTl araD
amesticg @fath@@tmfw HRlphauT 1 iAaal), i AG 1haraPasndntMi09AaraD
18&4ikyp product, if the PCR product had been inserted

in the UaF gene. To confirmthe insertion of the

kananyci nThermolenies bbtaiced doyn Herelagdroperationnasl descrifged in Ex-

DETR 2 WP L B )RRk BbRy cotony

k BRdmpusing msigieys araVlisk (3" CGGCAC AAGGAGTCAACAT 3"y SEQ ID
NO. 14) and araVlisR (5' TGATAGAGCAGCCGGTGAGT 3'; SEQ ID NO. 15)
which contain annealing sites on the araD gene near the insertion site. A PCR
product of 272 bp was expected from the E. coli DHb5alpha T1, AG1 and
JM109 strains without insertion in araD and a 1545 bp product, if the PCR
product had been inserted in the araD gene. Three colonies of DH5alpha T1
AaraD, nine colonies of AG1AaraD and 14 colonies of JM109AaraD out of 15
were checked and each gave the 1545 bp product. It was therefore concluded
that these strains contained the kanamycin resistance gene insertion.



tance gene has been inserted into the U aF gene. Four
colonies fromAGL DaraD D / and DH5al phaTl DaraD D

WO Ldoam2ast4 ai ns were tested and all gave the coOPCEE2004/000540
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product. One colony from each strain was used further.
The elimnation of the kananygin-resistant gene in
E.coli AGL DaraD D//aF and DH53 phaTl DaraD Du/ aF
strains was performed as descrl bed above. The

|22;jl Ctblyvfl ::’] Og?éggﬁ]hﬁﬁghr O @%ﬁ/@i@%@%ﬁ%@t&ek\@olony PCR

pevakopeEdrmsd desiagi pamhers l'c‘aqmaﬂ 45T CABGATHCTEGSGEGEAAGAS',

VD BUNA, 5], 304 AIVRY SBT ARPERACRCCGGAAGGTS, SEQ ID NO.

M@AWWTWQM @86 Megducts )if Q'@Egmgmycm resistance

AR ‘qg\g T‘t‘h@%ﬁ“%a eeiehiied HoheSA&draD and
G%‘&I CT1C %él\gg 27 ol
o094 2 am;gfs BnEore halonis Bl ba{f@l&?é ftlebgraD strains were
C R84 gﬁd@ntg’;g\,@qﬂefddpmct BRodkicect roporation were tested

28{ ony. PORPISPRGI PAEd AL A0, B RS T ey YorpS Bolonies of

OHBephs R 1088EE WaCAGRAAGERAMB TAGdU(BEQNRIMIGY 288)g/ml of kana-

%zy?a' i abARY DL YR P Yl e PG daciid, which

alhphaa Temoaraamememnmgerﬂlcahanmgmam@ oplis /vegrepiegiqd for am-
ﬁ@hﬁ‘%e%@lbﬁ’%by F;%gﬁéé g%ﬁmp’%rﬁﬂﬁﬁn@ﬂﬁjrﬁ aHil@Btrﬁedlum containing

been .1 nserte
Smmigiine Nors SB#i 9T hEneHIE CPBRITING KAMAIAIER FrgoRovas con-

apRideartheeineyadtéit Wass pet f:@rﬁtﬁﬁﬂthleépl(mﬁr@ piamema any more.

bEval
' teen cOnBrm@RagSERTIG: WA HESad BN is, Bpdykad AG1AaraD
f and gNM@QTAImanstrams rIDoeIumlonWm‘ ANGbhavase and one colony of

SD?F@I[QE Sv\é\%% 53%031t ,ﬁg&ﬁﬂ%a Btc% [ﬁa_%s%@ulpﬂég Yvere grown for 8

pmodrﬂ;edlltﬁad tdR0pinte dVibo methwe o@ntamlra@lca 2%45;*3/%{@#125 ug/mi
0 i
ﬁéﬁ?ﬁg@ﬁ\ Qfé?% ﬁlﬁgﬁgﬁ%‘ (@ZOf5 %ﬁro‘l’iﬁé ORYJNf O@Bﬁ)‘bm éﬁd:l ndlfferen’t

| ) I um cont ai ni

y saseerikationst of Lograkinege wer addeay & fe or 8@% e cultures
OWéferronZ%érhl@%dtaGﬁ@ MOSIEaket SROESAtON elnyl. Olﬂa&) was measured
resul ts are shown in Table 3. Table 3. Testing of

al&BPiRobe sensitivity Strain OD OG ¢ OD Od c+0, 2%

ODeoo d c+2% L- ar abi nose L-arabi nose AGL DaraD 7.3

0.13b1& 12Febtihg| affmabinbse Sedditi0ity5 Dar aD AGLD araD 8.3

0.82 0.35

L-arabinose % AG1AaraD ODgyg JM109AaraD ODgyg
0 3.2 1.9
0.1 0.03 0.03
0.2 0.030 0.026
0.5 0.030 0.020
1 0.024 0.025
2 0.017 0.021

As can be seen from Table 1, as low amount as 0.1% of L-
arabinose is enough to inhibit the growth of the AaraD strains of the invention.

The arabinose sensitivity was further tested on AG1AaraD,
DH5alphaT1 AaraD and JM109AaraD as above but using lower concentrations



10

15

20

25

Dul aF DsgbE DH5al phaTl 7.5 0.75 0.28 DaraD Dw aF Ds E
As can be seen from Table 3, there were no essenti al

walkdosee@nces in the arabi nose sensitivity of tPET/FI2004/000540

strains of the invention. Simlarly, when the plasmd
DNA yi el d of the DaraD and DgigaD Du/ aF Dsgi bE strains
was tested as described in Exanple 3 (the results are
not shown), no differences were found between E. coli

S TIPS 1070 gint SR
4B P 201 25O SRR NS Ao Srupl; 0 Bibi the
bhﬁ/vthftﬁ:ih@@@rém emm’@@fﬂ"ue m\rmﬁmabut | t%/ ?uru ng .

ropagat i ce es € .Sk aDl

o Sow oA dfieBally Tt Lo Beersensiiviy Jag R dt MO Bh veast
exinactimediech witha@ifférenEglucoke ahGl arBbinaBeauthcéMrafoma o glu-

Bhia! 20 L AR 1, BXANRLEc 0 TR HIRed (RS SRS ot 37°C in

aushakgr frmwbagmmteamgbhsTherh&nepD ool wasmmre@@/mmte the

t G Dar aD d JMLO9
%hégpl-ﬂyea% [ ncﬁébg Q%Q_lréé 1féor Sgr?n na?e0 lf]bb
sequent | Both Wé’néémraﬁ@&ﬁaéﬁsﬁ inese 0% caBd £¢)alnhibited the

bﬁtﬁbthSJS‘tOMé Aéfalﬁ Sty e tieg nﬁ%nﬁoiﬁ OHoeedr,btheagifoath cof strains
One ni,l. lll}k’ r of LB nedium was added

LI
d)tﬂ ”ﬂté‘%gﬁ(ﬂl;} aeaﬁa"%%ow was i ncubated for 45
m nut es Atdidion&liy the iasnaido DNA hygikidn gof menaft\dsz astrains was

Ried PhhtlcoSBof R TP s, B E5areh A, P3R4 Wih 58 Rormed

irdo MG bAatebhany Jivil 00ar aRestraing. Ceippetemns C@BSB meere gapared with
RIS S0 RRY é%tfbﬁsré"éﬂééé‘drfb%@ |HrE>één§Jh§ anew di sh

cont ai ni ng same nedium This procedure wa
repeat ed! ﬁtqqlorflew‘r %é@%&’@é‘s@fmﬂeﬂ é}latgsh\ggreog@qulated into 2

el C%’P‘t Mr errf@d{t?h %@n%\ﬂgi{ngomw%aﬁﬁéﬁtzﬂfta?@d 22%5 gg/r%nl Ié?nagmycm +
i s S u
ﬁggl/gm'@m%l ﬁ@b(b”%% &?ng)x#(?g 2% L- ar abi nose
andh25 gTht coftukeneeye incubatachat 8d” (b\fetr hY ditursit TB&Cthe ODgqo
ells.. v
ek mbaditeat B AOAL LR, e Sl eRilCoR HEMABLAL Bith was ex-

(atedewitis@liagen Mipipegp Kitt CoeffiiN)2.8 TO@snd/anves Drad Sor mini-

p?éﬁJisSPatuBﬁftB g%t(: ?@alg)r%é\ng ?21'%%3&!&%#@? th HTHHIED.
rrctron do ease ure Fer nent as,

Li t huani BNAwepRCEN @Lpﬂé/uaabmeg@gf WIt géipec rophotometer as OD at
Qb@q{mOFbphﬂéﬂo%cbpucc@ﬁmwus %Qﬂrcyp bh babrriaf caitine wﬁﬁvépfbhed on
EGFPrsg DNAus(e for trapsf rratlonv\%?scoh tdt
plass Qe@“grf@vf@? with-Rysr %8%%8 ¥ Hisua Y inspected at a
Fooxhabhifidation (tararesbjestive intdilismhagsioms used as a

nol ecul ar wei ght marker (MB in Figure 10). Sanples

were digested with Hindlll as shown in Figure 10A for

E. coli AD DaraD and in Figure 10B for JMLO9 DaraD
strain, patterns identical to the original

S6wt d1EGFP/ araD2 plasm d DNA were observed. The

predi cted sizes of the fragnents resulted by Hi ndll|

di gestion are 3274, 1688 and 1 510 bp. t can be

concl uded that the vaccination vector S6wt dl

EGFP/ araD2 is sta
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bl e when propagated in E. coli AGd DaraD and JMLO9
DaraD strains. Exanple 7 Conparison of an antibiotic

waedsordzen systemwith the L-arabi nose sel ec tPONFI2004/000540

system of the invention n the conparison of an
antibiotic selection system Vﬂtd h the Lar abi nose
sel ection system of the invention the follow ng growth
rredi a were used. For E. coli AGL carrying plasmd p2

: Medium 1. M@ nedium plus O. 5% yeast extract,

| sel ective
Q'agﬁlég Pfﬁﬁl&‘ﬂﬂlﬁ? y%m()fgalﬁngp 5f(%> yeast extract
and O. 2% gl ucose (non-selective rredl um; Medium 3: M

T AR SR AR OGRS e
4: M medi um Pa)s 0. 5% yeagnCe&thHBt vield roper in

Lar abi nose (non-selective nmedium. Formfof eQhthr Gmlcroscope
DaraD carryi ng paraD M5 C #145; Medium 5

AG@EAaab, yeas? extrabd, 0.2908%r abi nos®-dnd 25 @?ﬁ{aments
Ackenamyci n (gl ectigg medi oy and Medigign 6: M no filaments

gﬁ/ﬂj‘olézgapl us 0.5% yeast extract, 0.2% glucose and 2 f
®ananycin (non-sel ective medium. The pl asFRseW

MG C # 11 (Rigure 28) and0pd4B8aD MG C #185 (Fi g fileeents

transforned into E. coli AGL and into E
i@1 raz car;il ng the nutation Cto T in codon 8. %I'h}few

0 ansf ormed bdb2eri al 480l oni @93&ere grow.8t 37C filaments

tght in an incubator. Next norning the col onjfaments
were 1 noculated into the selective and ngn-sel ective
AafaPd nedi a a? i ndi c@fed ab®Pd/ The in ot at ed
OHssres were grown in a shaker in 2 m of the pofilaments
res ctive ne munt Ll they reached the ationary

and thgj gensi t§'4of th%'ojaltur es V\££meas ured

at DGm The plasm d was extracted fromthe cultures
and the ter.m . .
measur enbREOBIY b oSS RS A %E%ﬂﬁgsé’%#@@wem fof obtain-
yigethe plasmichteny aurweoat theesaras ievel RaWI02 Yimargbilase. t o
an opti egf ﬂ9|§rb?éérﬁlo°ﬁ\G]1A%a@6éée%% td Bebéterabkdtite He plas-

20 M fromthe stationary cultures s inoculated i nto
midyielddssemenaat Diahsh amé@e!l idepsiies ah¥P-t he cul tures
were grown until stationary phase (8-12 hours). The
Eammple Nf the cultures was measured at D Oo, the
plasm d was extracted and the yield was determ ned,

and agai Peneratipq e andsehasichiatceli shiain with agditigal muta-
lﬂo‘ih‘é' WitiA! tHe ngeg bRSRTHINE e‘ﬁ%d‘ilﬁ? RetiRfodeis-pRésphate 4-

preparations The results t he experi nent
PEMEF}P%i ded in Table 5 bel ow. Table 5. Conparison of

an anti bEotbl carInessdme copidindtiwe btlditibaal.edibg seqeences for L-
n%u%cste'é) phSXEﬁa%“ Ai)-fep}rﬂgraisegﬁﬂtéiﬁgrent operons. The ulaF and sgbE
genes from L-ascorbate degradation pathway encode the genes with epime-
rase activity (Wen Shan Yew, Jhon A. Gerlt, J. Bacteriol. 184 (2002) 302-306.
In order to increase the stringency of the selection and to avoid or knock out
the possible adaptation mechanisms of E. coli strains due to other genes with
epimerase activity, the coding sequences of the UlaF and SgbE genes in E.
coli genome were interrupted. Such adaptation mechanisms could occur in
long-term plasmid production under suitable conditions.



Medi um nunmber/ O 600 Amount of preparation num plasmd
DNA ber per 1 m culture 1/1 6.215 6.35 ng 1/7 3.278

wWQ2®50e6384 1 6. 652 6.15ng 2/ 7 5.133 0.65 ng 3/ 1PAT/B2604/000540

10

10.9ng 3/7 3.046 1.6ng 4/1 6.874 6ng 4/7 4.634 0.75 ny
5/1 7.271 6.45 ng 5/7 7.014 5.15nmy 6/1 6.131 5.3ng 6/7
6.031 4.4 ng t can be conclud ! from these data that a
pl asm d carrying the kananycin resi stance gene and

ananyci n 178 YErand, SERE ToksdBi oAl sru8IBTogPERT FereD and
siepRA @D here disruptesl usidgrthehphags AsBed cecombiasationl system as
oESROE] FERRAMBE Ul ur e drops 3¢ mes. under the
sel ect i veFoehdita danamysin-resistanhdgena He Fonce/el A6l AasaD and
CW—%JT rabt sﬁ%‘lﬁsﬁﬁé{se%} @.ﬁﬁgad}:ﬂ: @doH}Bn‘?é’se expression plasmid
%Eﬁfq %833 ke AngaNpBney, suprR) i ArapisHEY resistant and femperature-
O%ﬁsm&é K‘éﬁéﬁ]ybihere@ﬁy’tmnmﬁﬁéﬁ@ avdrer trémsfefhéd GAtH YORRO (kana-
Ui SHg! Ge58e( bRapiA Teingnd) AmpleTir§S AT Jrapstormants
VWeré/séleot@c’k pe COP @ €4§ ,houns)Tafieewhjch tHevearee coldrees weee purified
08B AR ol A EE N P ek s of
s&aeamyém At apgicitin sesiSiaNces. 5/ 7 in Tabl o 5) and
non- sel eCtl'hégnétﬁf H@ﬁ%‘f‘th’{g@{%&é&%@/ laE e bdsEEé)lD NO. 20) by

condi ti ons under non_ se ect lve
cHirlinhages At Red plesoMination pyeled dvasppediopned ysing the primers

- gamdheiR @aFaiexi mately 20% This indicates clearly
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t hat 't he B’ag:sw ds carrying araD sel ection system of
the inven ¥'%Pe nuch nore stable and grow
ef fi ci ent CAGBASGTAET F8AAGCCAABATBEAGSTGCCGCGCTACG-

P g’ﬁr@ﬁkﬁcﬁ %xﬁg:é) Qﬁb@rﬁ‘?%m kﬁé@gﬁ%%he arabD

gene basedldelwoti on systemwas al so tested in

f ed- bat ch sy %{d@@tﬁf@e@d@ATTﬂeA%Rew\qfcw@@@Aé@AAGGAAA
cO

lasm d ai_ni ng_bacteri a [ e ony was
R TG RORBATA BT OO G HBES 1 M. Tt e and o
chl atted Ankzag oE%@IdﬂleslVR/eﬁ@@b@@’r\Fe@n&ﬁ“U@tWgra@nsﬁﬁ%@ﬁtplates Fif-
extrac %, Lar ahi no a
RabeobarsvATGH Tl 1% SECPPAR G TiodCaRadR Y Te BrEsence of
Athieekad8miyoinr esidtand2 fenadyutelonyd*CR.ukindl Géinrdrs aflafvalisR and

ocul \Was added to fernentor containing 5 Fernenter
s%f%{g@wem um (8 g/I KH PO ; 10 g/l NaC; 5 g/l NH
Cl; 5 g/l ulggwstisRxtract; 2 g/l L-arabinose; 2 g/l

AAACGGCTGCGGAATTAGACC (SEQ ID NO. 23)

ulaFvalisF

GCCGTACCTGATTGAGATGTGGAG (SEQID NO. 24)

These primers contain annealing sites on the UlaF gene near the
insertion site. A PCR product of 864 bp was expected from the E. coli
DH5alphaT1AaraD and AG1AaraD strains without insertion in UlaF and a 1527
bp product, if the PCR product had been inserted in the UlaF gene. To confirm
the insertion of the kanamycin gene another colony PCR was performed using
primers ulaFvalisR (SEQ ID NO 23) and kanaSF (SEQ ID NO 16).

These primers produce a 428 bp product, if the kanamycin resis-
tance gene has been inserted into the UlaF dgene. Four colonies from



MySO , 25 ng/l kananycin and 0.1 g/l thiamne; pH 6.7
wth NH OH). After 5.5 hours of growh automatic

wo e@dionggenas started with given growth speed oPCOFRB04D00540
(all ows carbon-source limted growh) with fernenter
feedi ng nedi um (300 g/l L- aratﬁz,!wose; 150 g/l yeast
extract; 50 ng/l kananyci n; g/l thiamne). Feeding
speed was controlled by conputer accordlng to fornul ae

{0 AahA e o RsgRel AGTRAFRFT RS WS ebed and al

an@veithé somacbprodsictr@ree colnnyg fromagacm stralrf was |uagd further.

medi um  The, gfgmlﬁagf@%m@ 'tﬂ)é’eq({%rﬁﬁﬁ'ﬂé%ﬁ%np QRndN%n  E.coli

sanpl es for pI
r &5 thaie@ulwal iang! PéiSaiphaltifaraDaufaip strebs wasiperformed as de-

5 F'ngbéd abB%m‘FHé%égﬂla%ﬁ df%@dh?érﬁelsw%n T%bEfgérﬁéeGBEQ ID NO.

Ium was con sune Fi nal 00 Was teri al

md3 betBe qhagect E@dbﬂﬁcéﬁlﬂ'?ﬁtm“g%)ﬁt?fﬁ V&ﬁ%l PREOHBAA Giscdescribed in

Wi EThef YiRJddw e flmadndsgo@gemras 410
vveEt)JéV\ngr?lgB tﬁaﬁeﬁg%rtsau%or pleaisg?nﬁd DNAncontent IS shown

in Table §9 WNe. Plasmid DNA yield during AG DaraD
Séwt d1EGF IEIC&TWNGEAA@GMCAWATHO%UZGG@AFEBE@@%G&GCGATG

: i ' \
10 g%’ﬁ%ﬁ%@@%ﬁ?@@ﬁ‘g‘%%@ DR ', 1
28 0.1 SOsghElﬂlerY 0.13 87 29 h 45 0.14 113 The data in
IS?L? se' g@a@@@TcE@ﬂTwmna@cm&gm@m%@éﬁp?@G-
b&%ggﬁ?%@EA@%@W QTQ&;T&?@ &?NQ ?Jél gi ves
an advant agpitiof doishie®Mlirk igzen@id bnasaabitrassformatidnaplates. Fif-
15 | Ig%?ra %Ioﬁ%a?%gg‘egt}em% ?ﬁ Lﬁg% ?Rto%}t%ia/g%égéga{or the presence of
StkahdiiyCirPesistBiacd genp unyi thiecedlomn PAR AIngDarimbrsS6gbEtalisR and
EgFE g ﬁ%z was performed as follows (Figure 12): a)
g

arat| on Clear |ysate was prepared
accor di ngsg E@'mﬁen s Plasmi d Purification Handbook,

exept RNaggs ?WACA@@AA@@@\@ATETCC@EQ‘H9|NIOPQ§)‘e

was resuspen I n 2000mM of Resuspension Buffer and
20 | ater equég MﬁLﬁFes of P2 and P3 for lysis and

Beut r alt i ZWT@AA@%@WTG’?AG@%%G@@EQSDW@@ peyoved

centrif or mn,u

G ear | ysd BCRRBMSS 40 1SS0 YR PG Onb e E: gl PHSalpha
lofT1%I]5_AmaﬁA§ng éndSk@ﬁA)aratMulaEdengmirant wltrmmtwasertlon in
or3d0Ey Bokre 14, Be HRupt I ieOPCK plodiit P heBOReftEd in the

25 LiSghit gehe, To:qum‘flaalthal lommsxfrl@namm gAﬂeeanqih@r colony PCR
2]9\5%5 oph&d aefngsqﬁrﬁg HRE/ALR! @mlwmb 086 aMq!KaRBSF (SEQ

|sopropa nat ant s decant ed’ an
pied\Qi 1@k e was stored overnl ght at -20C.b) Plasmd

DNA puri f irgRddrPRolonies from both strains were tested and four gave the
correct product.

30 The arabinose sensitivity was tested on the E. coli DH5alphaT1
AaraDAulaFAsgbE and AG1AaraDAulaFAsgbE strains produced and com-
pared to those of E. coli DH5alphaT1AaraD and AG1AaraD strains. One col-
ony of each strain was inoculated into 2 ml of M9 medium containing 0.5%
yeast extract, 25 uyg/ml of kanamycin, 0.2% glucose only or 0.2% or 2% L-

35 arabinose, respectively. The results are shown in Table 3.



Plasmid DNA purification was perforned according to
Amer sham Pharmacia's three step supercoiled plasmd
w@osfeaed i on process, where few nodi ficati onSP@EFR004/000540
adopted. Step 1. Precipitate was redi ssolved in 500n
TE (10nM Tris-Cl, 1nmM EDTA; p § 0) and | oaded for RNA
renoval and buffer exchange 0121 Sepharose 6 FF
(Aner sham Pharmaci a), previously equilibrated with
ffer - . Jdris d, 10rM EDTA, pH
Ef%ble&éﬁsﬁi%’&\é%éﬁ%n%s\%g%“ ected to the
Pl asm dSel ect (Amersham Pharmaci a) col unm

it Bk Gl (1t Rl Gl Ay Woos Gl

egﬂgirbln with (1. 6M

Tris d, 10mVv

was captured:]
fAG4 Aatelimes
t 0 SOURCE 303

EDTA, pH 7.5),

begrabowsesd pl

—Step 3. Eluted]
bf -3di stilled, d
( Aner sham Phar

! Bi asm d wWas di
2DS4 zed wat er | 2P

racia) equilibr

futed Wth
| oaded
ated with

WIS
BWfed 2 (1M

shing, purified pl

44I-NaCl ,  100mM
cl, 100 Tr

Tbjgsjd, OrM El
Psm’d was el ut ¢
s d, 10rM ED]

DhAg5 pH 7. 5)
ed W th
[A, pH 7.5)

T R
EAV/faB N sG6t d1

system conpri

Na

eg was col lect
C ai ned 100ny
EGFP/ araD2 pl a

Si ng _a hacteria
g

sg. Fraction si
f82endot OXi NS

smd.Clains . 1
cell deficiet

@%’%ﬁ?qo

\ sel ection
1t of an

anABagdRg1i Nt

po7whi ch a vecto

(QF& ryi ng an ¢

0B gene, a
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15

20

c | ementary| sequence therepf, or a catalytically
a&g;ipa\%n’??%gneht t hereof has peen added as & selec tion
NR$JsE .

2. A pelection systemaccording tolclaim,

wherein the araD gene is L-ribul ose-5-phosphate
4-epimerase gene (EC 5.1 .3.4.). 3. A selection system _
abs oadibegsean frosi Tallle 3ytikersi wetehro @saeniiadrifferences in the arabi-
MG Shsithity At 364 SELIBLIINS RBARER SR ! GrehahBpfasmid DNA
lerein the'mutation 1n troduces_a stop codon i nt _ ,
pasint eictheghamall AR drapD4uiar AsgbEasiainscvad ieEfd amflescribed in
@)&‘éﬁﬁﬁl!eng, (e ‘FJ/;S?QI&‘ ﬂé/\/ﬁ@f %thhP‘l,enit@f’iﬁﬁ@rfeh@és Rdre fondnbetween
cherichia c ce : e i Sys c in
{5 el o raRernn AR R F Rsolh BY DRG0 and
1095alphaA1AelraltAufaR AsgbEestraieor di ng to clai m 5,
wherein the E. coli is an E. coli strain DH5 al pha.

conprising an araD gene, a conplenentary
Q%%%@hgéeq hereof, or a catalytically active fragnment
t hereof as a selection marker. 9. A vector according
t StadlikityroBS6wtdtBGRPIdraD2ect or i s an expression vector
conpri Si %_(a) a DNA sequence encoding a, . ,
nucl ear - 3t iBPPRgNtIeatEEPTdhe MAcrnation Veglasds the gtability during
heoPEELREP U HRACEITRA &ells S Todtelt!ehe Btalsiity e SEWPTEGEPIaraD2 in

g@%@%ﬁ Lwléﬁa@%bl ngl dogri %'ecrk.bicgﬁsAtCﬂAaaraD and

8.

tgl%sr%grmed into
JM109AaraD strains prepared in Example 3 and the intactness of the vector
was followed by the plasmid DNA analysis during four generations.

The plasmid Sewtd1EGFP/araD2 was mixed with competent E. coli
AG1AaraD and JM109AaraD cells and incubated on ice for 30 minutes. Sub-
sequently, the cell suspension was subjected to a heat-shock for 3 minutes at
37°C followed by a rapid cooling on ice. One milliliter of LB medium was added
to the sample and the mixture was incubated for 45 minutes at 37°C with vig-
orous shaking. Finally, a portion of the cells was plated onto M9 medium

dishes containing 0.5% yeast extract, 2% L-arabinose and 25 ug/mi of kana-



(ii) a functional domain that binds to a nucl ear
conponent, or a functional equivalent thereof; and (b)

wa@20mlorddneri zed DNA sequence form ng a bi ndi ngPGT/FR0G400100540
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the nu clear anchoring protein, wherein said vector

| acks a papilloma virus origip,of replication, and (c)
the araD gene, a conplenentar§4sequence thereof, or a
catalyti cally active fragment thereof as a selection

K. A t dj { I
VBwee, onk e, neYf Aol tRCRelreleo, S8 ot Wgrd BnBlghredBnto the
s elistecemtaiing theasamel readivam dinds propgoiuoe was repeated until four

opﬁa?s%@%%%ﬁ’ béét@ﬁgquéoo b@enegg’sml W%OEIE‘? > rore n%ﬁ ﬁéggage of

ear-ancnorin I ot

Boathrisakeral | steaies were;gsecg},‘s@ |rrpo@mv)of 2amd oq‘ 49 sedium containing
5% 'é%? ekirabf SHALEHSEINDSS 0 28 ,ﬁ%ﬁ?ﬁ\' 80 k8ha® &/EIW incubated

| ' ear anc or| ng protel S 0
scp\teéalghheatafﬁ/CEw r ERIOYS; Té@é‘delﬁnwerq é""(ﬁ‘é&?q%ra”d the

atadmid M@Wasvhb@ﬂ‘e@;té&ﬁoﬁ‘l lﬂ@SbaC@@rlé)asﬁt@ @B&ﬂebcsmﬁll\}‘hmprep Kit
@é&ﬁl&%"@g%ﬁ@d g%mﬁpegg?eh‘gfeg@tl%qre' @C%c{ a}tfgr the digestion

paith Iresinetion remsloauclgase dlindbip(Rigarei v0), (Ferthendas, drithaeali@) were

g%gaq nce%aatrg%q?éé)ggl Oeleb{?&eﬁér%gg?%{‘eco %@@r %ﬁmtﬁé Yoriginal

tsew@tifE%EPéereBlz&NAmsaﬁ!afpkérransforma\l}l@at(as C@mr@I m ﬁ«gyoes 9 and
D‘@' I SABYA YDNR”Hrge%téw mﬂthdecemwﬂndm g rr'iBHtéé EfthdAsla) was

t ddi. t
iSRS #S PITGOIRCHEN ATH TAReH (MaIn Bilja)sequence. 13,
E. coli sgami resﬂxﬁéreiafgeetwwutnmhhﬁl aeaéihog\ﬂnm Fighre HOA for E.
C o AR AP LS BB o 138878 9808 B Eentca to
EtheC@rhglnalt B6ivmtd TEGEP{erab2 Ipldemic DNA vedret dlsserved) ﬁh«amredlcted
|
Al b & $Emehts rrgwge% by gﬁrﬁj&h’hbgéﬁ%rio% 1374, 168§ and 1510
shp.di raDiEacqiuded thet e ungcioatiamue DESGMEEGEPAWGD2 is sta-
Ie1BSh E o%%ggt&fﬁ% Aém@%m apH A T Fratedtishent

ne and u aF gene. 20. E. coli strain AGL
defi ci ent of the araD gene and sgbE gene. 21. E. coli
sEXamMPIa&1 deficient of the araD gene, ul aF gene, and
sgbE gene. 22. A nethod of selecting the cells

tééﬁﬁ&ﬁ%%ﬁ* owahhammbﬁ%méie o§ﬁ Jlyatdid \RHthahaR -apainose selec-

ntary sequence there Or a catalytically ac
W@SMS th@H@N@BF'OHs a sel ection marker and the

gene of '?\tﬂ{ maé %ogeéf‘%ﬂ 9 Bhé'ég ﬁ:t degl’s’fe% Leh the L-

plasmdlnto |C|en gr owi ng
tﬁ@bﬁmaesselﬁcﬁpfgﬁwﬁitﬁm ﬁﬁmQJmV@@HPﬁlthﬁrf@”@Mélﬁl gigydh media were

used.

For E. coli AG1 carrying plasmid p2 MG C #11:

Medium 1: M9 medium plus 0.5% yeast extract, 0.2% glucose and
25 ug/ml of kanamycin (selective medium);

Medium 2: M9 medium plus 0.5% yeast extract and 0.2% glucose
(non-selective medium);

Medium 3:

M9 medium plus 0.5% yeast extract, 0.2% L-arabinose and 25
ug/ml of kanamycin; (selective medium); and

Medium 4: M9 medium plus 0.5% yeast extract and 0.2% L-
arabinose (non-selective medium).



23. A nethod of claim 22 wherein the araD gene is
L-ri bul ose-5- phosphate 4-epi nerase gene (EC

wWGe 2005826869 . 24. A nmethod of claim 22 wherein tPeT/arRaid/000540
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gene is nutated. 2031002. ST25 t xt SEQUENCE LI STI NG
<110> FIT Biotech Oy Plc. %(3)> Novel sel ection
system <130> 2031002 <160> 29“X170> Patentln version
3.1 <210> 1 <211> 780 <212> DNA <213> Escherichia coli

Sccgt aat arObEcrol ACTAHb it bl S e A
tt at ccagcMlegiantat gct g cat at ccggt aact gcggeg 120
ct aact gacQORAIARALR.CHUR NG ERRRAL PSS, £205BH6RE0and 25

gcgttatgea tg ccccat'gcaa
acgggccgt@ggﬁdﬁﬂﬁgéﬁb’%‘g@@&féldggﬂ edigmgcand t gcgc
t gcat cgat ﬁle@lﬁ,ﬁh% Md Fné?ﬁi?fﬁ ts oe592 Qa@&l%cit@Q%%Mdose and

kil e e

gt ggt gccg];h@ bﬂﬁn@d@@ﬂ M@G:#gﬂc @@C%(Dmca/?@MG C #145 (Fig-
dft 28k §8fe HaBedgttol2h 5Ph A5 53T bR B B %amying

a’g'@gurmtattm C do dciot dorkonal. CEw tramfoﬁﬂéd bagtdriat galonies were grown

g‘é{ﬁ?“é %?/8{5’@ y EHALE bR NSRRI @@oﬁfé%a\ﬁgr%c PBculated

cacaaagacg ccgc gctcgc “gatcaacg

gtﬂt@él@@tss@ i¥e ;g nga-ssbrtiye tqglai:amﬂl@taSgtr@tq ed above. The in-
086 QaICaAISS WSS bFGwh #h 3RakEGINCHE bY EtespeBtive medium until

{ el zashec %%%%z‘@%%?&éﬁga%@%%%@ﬁ@ <o %; oiized s meas-
DDVéd<§t16)Ee(}g’ tTHe piasimidemus ereactdd Gror 2R8 >cuUfiuire® mnd4Be>plasmid
RS VR s, o Eradie By 80503y PoRri e (8%8asmia DNA at 260
<ﬁm15F h@mlammby@wagrammm fancthal beSisythent &@ @ 2asids to an opti-
cal density of 1 at 260 nm.

Then an aliquot of 20 ul from the stationary cultures was inoculated
into fresh medium (dilution 100 times), and the cultures were grown until sta-
tionary phase (8-12 hours). The density of the cultures was measured at
ODeoo, the plasmid was extracted and the yield was determined, and again an
aliquot was inoculated into 2 ul of the liquid medium. This procedure was re-
peated 7 times (preparations 1 to 7). The results of the experiment are pro-
vided in Table 5 below.



<223> Primer <400> 3 cgccatggac tagtaaaaaa aagcccgctc
attaggcggg ctgtcattac tgcccgtaat 60 atgc 64 <210> 4

W 2Wim28384 <212> DNA <213> Artificial Sequence RCPBR004/000540
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<223> Primer <400> 4 cgccatggac tagttctcat gtttgacagc
ttatcatcga taagctttaa tgcggt agét 60 tagcacgaag
gagtcaacat g 81 <210> 5 <211>“38 <212>

DNA2031002. ST25. t xt <213> Artificial Sequence <220>
<223> Primer <400> 5 cgccatggaa aaaaaagccc gctcattagg

B BCMBISET g off ulione. seE3ich Sent wifh, the Lo
<aGbingsgselapitnn systeor efthainvention <210> 7 <211> 24
<212> DNA <213> Artificial Sequence <220> <223> Pri mer

<400> 7 gagcggataa—caatttecacacagg—24-—<210> 8 <211> 22
JAeARiNPNANMEEEB> O Edof | Ci all Avecuudrufe
preparation num- plasmid DNA
ber per 1 ml culture
1/1 6.215 6.35ug

1/7 3.278 2.34g

21 6.652 6.15ug

207 5.133 0.65ug

3/ 7.317 10.9ug

3/7 3.046 1.6149

4/1 6.874 6lg

4/7 4.634 0.75ug

5/1 7.271 6.45ug

5/7 7.014 5.15ug

6/1 6.131 5.3ug

6/7 6.031 4.4ug

It can be concluded from these data that a plasmid carrying the
kanamycin resistance gene and conferring E. coli the resistance in the pres-
ence of kanamycin is lost in the consecutive dilution/growing steps of the cul-
ture under the non-selective as well as under selective conditions. The yield of
the plasmid from 1 ml culture drops 3 times under the selective conditions and
10 times under the non-selective conditions at the seventh round of dilution
(preparations 1/1 vs. 1/7 and 2/1 vs. 2/7, respectively, in Table 5). The same
basic result is obtained, when the carbon source for E. coli carrying a plasmid
with kanamycin resistance is L-arabinose instead of glucose (preparations 3/1
vs. 3/7 and 4/1 vs. 4/7, respectively, in Table 5). However, when the araD se-
lection system of the invention is used in the plasmid, the plasmid DNA yield is
high under both selective (preparation 5/1 vs. 5/7 in Table 5) and non-selective
(preparation 6/1 vs. 6/7 in Table 5) conditions. Both under selective and non-
selective conditions the plasmid DNA yield dropped over 7 generations ap-
proximately 20%. This indicates clearly that the plasmids carrying araD selec-



<220> <223> Primer <400> 8 ccaactcacc ggctgctcta tc
222031002. ST25. t xt <210> 9 <211> 24 <212> DNA <213>

waedosheessal Sequence <220> <223> Priner <400> BCT/FI2004/000540

10

15

20

25

aat gccgaag atgcggtgca taac 24 <210> 10 <211> 20 <212>
DNA <213> Artificial Sequence,s220> <223> Priner <400>
10 taactgcggc gctaactgac 20 <§?O> 11 <211> 20 <212>

DNA <213> Artificial Sequence <220> <223> Priner <400>

11 ttgct at cqact gac 20 10>1 1>,66 <212>

ot Syatdan & e iniafodZin RS i Jaoand owsigently under
<theFeldutiveras wadas nl:ﬁl-sélecata@ctgmdltmgagt attag aagccaacct
ggcgctgcca aaacacgtgt aggctggagc 60 tgcttc 66 <210> 13

<é};r?1p§&8<212> DNA <213> Artificial Sequence

Fed-batch fermentation of AG1AaraD S6wtd1EGFP/araD2

The araD gene based selection system was also tested in fed-batch
fermentation for the purpose of production of plasmid containing bacteria. A
single colony was picked from AG1AaraD S6wtd1EGFP/araD2 plate and in-
oculated into 250 ml M9 medium containing 0.5% yeast extract, 0.2% L-
arabinose and 25 ug/ml of kanamycin and incubated overnight at 37°C with
vigorous shaking. After 18 hours the ODggp of inoculum was 6.4. 160 ml of in-
oculum was added to fermentor containing 5 | Fermenter Starting Medium (8
g/l KH2POy; 10 g/l NaCl; 5 g/l NH4CI; 5 g/l yeast extract; 2 g/l L-arabinose; 2 g/l
MgSQy4, 25 mg/l kanamycin and 0.1 g/l thiamine; pH 6.7 with NH,OH). After 5.5
hours of growth automatic feeding was started with given growth speed of 0.15
h™ (allows carbon-source limited growth) with fermenter feeding medium (300
g/l L-arabinose; 150 g/l yeast extract; 50 mg/l kanamycin; 0.2 g/l thiamine).
Feeding speed was controlled by computer according to formulae
F(t)=myS*Si/St where myS is desired growth rate, Sy, is the amount of carbon
source added to the time point and Sris carbon source concentration in feeding
medium. The growth was followed by measuring ODgog and samples for plas-
mid DNA were taken. The data registered during fermentation is represented in
Figure 11. Fermentation was terminated when 1 | of feeding medium was con-
sumed. Final ODggo was 45. The bacterial mass was collected by centrifugation
and washed once with 2 | STE buffer. Yield of bacterial biomass was 410 g wet
weight. The data for plasmid DNA content is shown in Table 6.



<220> <223> Prinmer <400> 13 ggtttgatca caaagacgcc
gcgctcgcga tcaacggcgc attccgggga tccgtcgacc 60 <210>

WA 4005216854 20 <212> DNA <213> Artificial Sequeneer/ERAGZ000540
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<223> Prinmer <400> 14 cggcacgaag gagtcaacat 20 <210>
15 <211> 20 <212> DNA <213> Ag%ificial Sequence <220>
<223> Prinmer <400> 15 tgatagagfa gccggt gagt
202031002. ST25. t xt <210> 16 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> Prinmer <400> 16

S8R & P PG AR sl 090G, AGTER, SRAIEGRPIGraD2 fer-

tgtemdbdtigac gccggaaggt 20 <210> 18 <211> 1030 <212> DNA
<213> Artificial <400> 18

Time ODggo Plasmid DNA conc. Plasmid DNA yield (ug
(rglul) per ml of culture)
Inoculum 6.4 0.04 4.6
4h 3.1 0.02 1.1
21h 28 0.1 50
24 h 37 0.13 87
29 h 45 0.14 113

The data in Table 6 indicate that the L-arabinose selection system
works very well at high cell densities. It is probably because more plasmid cop-
ies in bacterial cell gives an advantage in the conditions of L-arabinose limita-
tion by enabling the bacterium to use sugar more rapidly.

Example 9

Purification of AG1AaraD Séwtd1EGFP/araD2

The purification of AG1AaraD S6wtd1EGFP/araD2 was performed
as follows (Figure 12):

a) Feeding preparation

Clear lysate was prepared according to Qiagen’s Plasmid Purifica-
tion Handbook, exept RNase was not used.

200g of E. coli cell paste was resuspended in 2000ml of Resuspen-
sion Buffer and later equal volumes of P2 and P3 for lysis and neutralization
were used. The cell debris was removed by centrifugation at 6000g for 30 min-
utes at 4'C. Clear lysate was poured through the paper towel, 1/10 of 10% Tri-
ton X-114 (Sigma) was added and solution was left on ice for 1 hour. (Triton X-
114 has been shown to effectively reduce the level of endotoxins in protein, Liu
et al., Clinical Biochemistry, 1997) After one hour nucleic acids were precipi-
tated with 0,6 volumes of cold isopropanol. Supernatant was decanted and
precipitate was stored overnight at —20°C.



ggat ccgacc ggcaacggta cagatccgac cggcaacggt acagatccga
ccggcaacgg 60 tcagatccga ccggcaacgg tacagat ccg

wa@eegpe@ecg gtacagatcc gaccggcaac 120 ggt acagaPCr/FI2004/000540
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cgaccggcaa cggtacagat ccgaccggca acggtacaga tccgaccggc
180 aacggtacag atccgaccgg caa% gtaca gatcccccta
gcgaattgac tagttctcat 240 gtt éacagc ttatcatcga
taagctttaa tgcggtagtt tagcacgaag gagtcaacat 300

gt t agaag caa ftaga agccaacctg gcgctgccaa
aacacaacﬁ)é @% Hﬁ@caj@é‘t ggggca acgt cagcgc
cgt t gat cgelagatd goyscputifatiogt was pfém)mmiaacd:dndmg to Amersham

86954005 &12d op “uplRahel PRGAT RIS 0GR iere fow

am@gdmatlons weasgadaptﬁd caact caccg 540 gctgctctat
caggcattc tlC%élgﬂaég\%@trbaisgo%ﬁaﬁ%%@mFW?RﬁﬁHFTrls -Cl,

600 cacca c cgc cg cagtcgat tccagcaac
OB G T REQBLY oath I (0 JUblAg (RMAKelaeng dulfer exchange on

gSéﬁﬁér%éaé FFt @@RS8RSMUPRAMIAGIS R PREUBAggasquilil#8ted with Buffer A

ool éﬁé&s%ﬂ&aﬁ%@t@m?@f@g@% aa_aaacagogt

c ggcccgt t Stegrat Yoidowsumeaasag dirgate84io thgaflgsmidIelect (Amersham

9353?@355? gé@grgrg E%C@Q@}r?‘%?g\%gg %ﬁjf{éraﬁ\a)""élg@ ey leésthﬂgg &R elution

cwily BuffarcB2adl A NaQl, 260 ( NhlabSél4g@;@0r@b@3ﬂgg@bt10mM EDTA, pH

a C agc ctt 1020
?@t%@%&@@gg@%g’%ﬁ’gﬁ%ﬁ}ﬁg 22153 DA <21

Escher i chBtercd! Fluterbphasimnid sag: ik yitht fivecwelamgs o distilled, de-
ClondiaWaAeaRE CloAAES tbQSQHURQE%g@a @ﬁsﬂt@n@@harmama) equili-

chled P purs S HEER SRREADRET el vRUY I RRISACRS) . Afer

awganmgcbgruﬂ@cgptash«ggtvvasgelgmd wijie Mrﬁzguam 100mM Tris Cl,

Zi@r%@gggﬁ&tpj{t‘é}% %gp%lgﬁﬁﬁggggﬁacsa c@l%%@eaoc %a?@&?&%%és 150ml
{ gudibcoainedc §o0p0ad STDIbs s (110)550H0AGMI 1EGFP/araD2
gg%%ﬁﬁ?tcg attccagcaa ccggcaccac ccacgccgac 360
ct'acg gcaccattcc ctgcacccgc aaaat gaccg acgcagaaat
caacggcgaa 420 tatgagtggg aaaccggtaa cgtcatcgta
gaaacctttg aaaaacaggg tatcgatgca 480 gcgcaaat gc
ccggcgttct ggtccattcc cacggcccgt ttgcatgggg caaaaat gcc
540 gaagatgcgg tgcataacgc catcgtgctg gaagaggtcg
cttatatggg gatattctgc 600 cgtcagttag cgccgcagtt
accggat at g cagcaaacgc tgctggataa acactatctg 660
cgt aagcat g gcgcgaaggc atattacggg cagtaa 696 <210> 20
<211> 687 <212> DNA2031002. ST25 .txt <213> Escherichia
coli <400> 20 atgcaaaagc taaaacagca ggtatttgaa
gccaacat gg agctgccgcg ctacgggctg 60



gtgaccttta cctggggcaa cgtcagcgct atcgaccgcg aacgcgggct
ggtggtgatc 120 aagcccagcg gcgttgccta cgaaaccatg
w@a@goyge£g at at ggt ggt ggttgatatg 180 agcggcaapgr/FI2004/000540
t ggt ggaagg ggagt atcgc ccatcttccg acact gcgac gcatctcgaa
240 ctctaccgtc gttacccgtc gct% gtggc attgtccata
cccactccac tcatgccacc 300 gca gggcgc aggcggggct
ggcgat cccg gcgttaggca ccacgcacgc cgactacttc 360
tttggcga attccgtgtac gcgcgggt t a agcgaagaag aggt gcaggg
cgagt at ga LLA] ct gaacaccg gcaaagtgat tatcgaaacg
ct gggcaacg ccgagccgct gcatacgccg 480 ggaattgtgg

ggtoat cagep £daaeagh Eg?tgﬁ%&ﬂgﬂ&ﬂ 20G2LERLCEICORAGHY Bn araD
cat aacgcgg tggtgat gga agaagt ggcg aaaat ggcgt

gRia e viely e ueclansaBPiod i akde eaeaecaeaplagaentary sequence

5 GREFAJFCEF 8 GHtaRatARAScHE! frigheREtH88CRE8 Bechtlded as a selec-
cctaacgctt attacggdca gaagtag 687 <210> 21 <211> 65

HOMRIaRGE. <213> Artificial <400> 21 cagcaggt at

t t gaagccan A aefationtgystargcgcoatioy dociaiot ¢t wheasin doageaD gene

AT TaP S s R 4R E R S Rk gt at ot ¢

ccgaggaady Asatachiantsystagggaorting 60 ctaimatcwberet2 tiie- araD gene

10 %g%@}é .ST25. txt <211> 21 <212> DNA <213> Artificial
< >

‘aaacggct gc ggaattagac c 21 <210> 24 <211> 24

<212> DNA. < sglectipn sysienapcearding tosclgier g whergin the mutation in-

g?écﬁﬁﬁétagétoﬁwﬁnﬁééﬁtiﬁsﬁm@a%géﬁé.2> DNA <213>
scher ct‘gaA gglelction system according to claim 1, wherein the bacterial cell
is an Escherichia coli cell.

15 6. A selection system according to claim 5, wherein the E. coli is an

E. coli strain JM109.

7. A selection system according to claim 5, wherein the E. coli is an

E. coli strain DH5 alpha.

8. A vector comprising an araD gene, a complementary sequence

20 thereof, or a catalytically active fragment thereof as a selection marker.

9. A vector according to claim 8, wherein the vector is an expression

vector comprising:

(a) a DNA sequence encoding a nuclear-anchoring protein opera-

tively linked to a heterologous promoter, said nuclear-anchoring protein com-

25 prising (i) a DNA binding domain which binds to a specific DNA sequence, and
(ii) a functional domain that binds to a nuclear component, or a functional

equivalent thereof; and

(b) a multimerized DNA sequence forming a binding site for the nu-
clear anchoring protein, wherein said vector lacks a papilloma virus origin of

30 replication, and

(c) the araD gene, a complementary sequence thereof, or a catalyti-

cally active fragment thereof as a selection marker.

10. A vector according to claim 9, wherein the vector is an expres-

sion vector comprising:



<400> 25 atgttagagc aactgaaagc cgacgtgctg gcggcgaatc
tggcgcttcc cgctcaccat 60 ctggtgacgt tcacctgggg

W@ aasQaagc gcggt agacqg aaacgcggca at ggat ggta 1POT/FI2004/000540
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at caaacctt ccggcgtcga gtacgacgtg atgaccgccg acgat at ggt

ggtggttgag 180 at agccagcg gt aaggtggt ggaaggcagc
aaaaaaccct cttccgatac accaacg@ t 240 ctggcgctct
accgtcgcta tgccgaaatt ggcggt attg tgcat accca ctcgcgccac

Sggggggigﬁ%?bﬁ\l& gggégggggecchgg %argt%ﬂég%otem operatively
cnrg@@omc?aemagga@ p@)md’@ﬁg\gh@ﬁln th@aanérﬁﬂmg prtoteln is the
Copigeinof Ge0ng Faribee s gt B Vgoedtat ot

g6“3%91%009(%) tecmodinggried Bmwmgéawgg site for the nu-
L9681 BASRERAbARASL o1 ARARAE HHIANG ShBE MOBPY Eprbifihoorpo-

gcag ccct caaaac

t igtedy gﬁo abe geatqrasca §lustw, a@la%ﬁge@ SELE dQ?a@@ head-to-tail struc-

Clypdd 3F 139 E@%@@d&?%tﬁtﬁ@%@&&oﬁ%%c& sitionirg MPBerein said
67 <212> DNA < Artificjal <400> 26 cgttaca gca

aARpaciacks adap ¥gus gEanfJencatioRagidt t ccggggat cc
60 gt CgaCﬁ@ ) @R arab0gerd, = Aiultatetbionld-thBNAaB2d&re, a complemen-
a

A et 100 br S SA90EEh, JAT5 A0k Eki993058 S seectr
<btker24 <212> DNA <213> Artificial <400> 28

SRR, | A, SRR 1 SR A% ke i
2multimerized DNA sequence.

12. A vector of claim 10 additionally comprising a mutation in Shine-
Dalgarno sequence.

13. E. coli strain AG1 deficient of the araD gene.

14. E. coli strain JM109 deficient of the araD gene.

15. E. coli strain DHb5alpha-T1 deficient of the araD gene.

16. E. coli strain DH5alpha-T1 deficient of the araD gene and ulaF
gene. ‘

17. E. coli strain DH5alpha-T1 deficient of the araD gene and sgbE
gene.

18. E. coli strain DH5alpha-T1 deficient of the araD gene, ulaF
gene, and sgbE gene.

19. E. coli strain AG1 deficient of the araD gene and ulaF gene.

20. E. coli strain AG1 deficient of the araD gene and sgbE gene.

21. E. coli strain AG1 deficient of the araD gene, ulaF gene, and
sgbE gene.

22. A method of selecting the cells transformed with a plasmid con-
taining an araD gene, a complementary sequence thereof, or a catalytically ac-
tive fragment thereof as a selection marker and the gene of interest, the
method comprising inserting the plasmid into the araD deficient host cell and
growing the cells in a growth medium containing arabinose.

23. A method of claim 22 wherein the araD gene is L-ribulose-5-
phosphate 4-epimerase gene (EC 5.1.3.4.).

24. A method of claim 22 wherein the araD gene is mutated.



