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NON- ANTI BI OTI C  RESI STANCE SELECTI ON MARKER Fi el d of the invention The
present invention relates to a novel selection system which is based on
the use of an araD gene, a nutated formof an araD gene, a com 5
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the combinant DNA technology is to include a selection marker in the cloning vec-
tor or plasmid. A selection marker can be a cloned gene or a DNA sequence,
which allows the separation of the host cells containing the selection marker
from those not containing it. The selection marker together with a suitable se-
20 lection medium maintains the cloning vector in the cells. Otherwise, since the
replication of plasmids is an energetic burden for the bacterial host, in a grow-
ing culture the bacteria, which have lost the plasmid, would have a growth ad-
vantage over the cells with the plasmid.

For most purposes, an anfibiotic resistance gene is a commonly
25 used selection marker. However, for the production of recombinant therapeu-
tics, where the goal is to generate a product, such as a DNA vaccine, in high
yield for administration in patients, the use of antibiotic resistance genes pre-
sents problems: the spread of antibiotic resistant pathogens is a serious
worldwide problem [Levy, S. B., J. Antimicrob. Chemother. 49 (2002} 25-30].
30 Therefore the antibiofic resistance genes cannct have extensive use in the
pharmaceutical industry, and for instance, according fo the regulations of the
U.S. Food and Drug Administration, no antibiotic resistance genes are allowed

in experimental DNA vaccines entering the third phase.
Alternatively, antibiotic-free selection systems have been sug-
35 gested. Such antibiotic-free selection systems include bacterial toxin-antitoxin



U.S. Food and Drug Adm nistration, no antibiotic resistance genes are
allowed in experinental DNA vaccines entering the third phase.
Alternatively, antibiotic-free selection systens have been sug- 35 gested.
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For commercial therapsutic purposes it would be of advantage to
20 use a gene, which is not essential for the growth of the host but whose ma-
nipulation still affects the growth in selected circumstances. Additicnally, in
view of the therapeutic use, it would be of advantage to use a gene, whose de-
letion leads to accumulation of compounds, which are toxic to the host cell but
not toxic to mammalians, including humans. Also it would be of advantage to
25 use smalier genes, which in turn would allow the construction of smaller plas-
mids for which the energy consumption for replication is smaller and thus the
growth rate of bacterial culture and plasmid yield are improved.

Short description of the invention

The object of the present invention is to provide a novel antibiotic-
30 free selection system, which avoids the problems of previously disclosed se-
lection systems for use in the production of recombinant therapeutic products.
Another object of the invention is to provide a novel antibictic-free
selection system, which can be safely used in the production of recombinant
therapeutic products in terms of the environment and the patient safety.



The object of the present invention is to provide a novel antibiotic- 30
free selection system which avoids the problens of previously disclosed
se- lection systens for use in the production of reconbi nant therapeutic
products. Another object of the invention is to provide a novel
antibiotic-free selection system which can be safely used in the
producti on oVOpgBdMidinant therapeutic products in ternsPOFFIRGHOBHMYI r onment
and the patient safety. WO 2005/ 026364 PCT/ F12004/ 000540 3 A further
object of the invention is to provide a noyel antibiotic-free selection
system which can be cost-effectively used in the production of re-

conbi nant therapeutic products using standard growth nediuns. A stil
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mar ker. One enﬁﬁ@ﬁtﬁﬁrﬁpeﬁwgpﬁoﬁﬁ “lSresent invention relates to a sel ection
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tion marker and the use of a specific bacterial host deficient of the araD gene.
Accordingly, the present invention provides a novel selection system
20 comprising a bacterial cell deficient of an araD gene into which a vector carry-
ing an araD gene, a complementary sequence thereof, or a catalytically active
fragment thereof has been added as a selection marker. One embodiment of
the present invention relates to a selection system wherein the araD gene is
the araD gene or the L-ribulose-5-phosphate 4-epimerase (EC 5.1.3.4.). An-
25 other embodiment of the present invention relates to a selection system
wherein the araD gene is mutated.

The present invention further provides novel vectors, which contain
an araD gene, a mutated form of an araD gene, a complementary sequence
thereof, or a catalytically active fragment thereof as a selection marker.

30 The present invention further provides novel bacterial strains, which
are deficient of the araD gene.

The present invention further provides a method of selecting the
cells transformed with a plasmid, which contains 1) the araD gene, a mutated
form of an aralD gene, a complementary sequence thereof, or a catalytically

35 active fragment thereof as a selection marker and 2) the gene of interest, the



The present invention further provides novel vectors, which contain an
araD gene, a nutated form of an araD gene, a conplenentary sequence
thereof, or a catalytically active fragnent thereof as a sel ection marker.
30 The present invention further provides novel bacterial strains, which
are deficient of the araD gene. The present invention further provides a
met hod of seV@et¥HE3¢he cells transformed with a pl asm RET/ERIOEMOESNt ai ns
1) the araD gene, a nutated formof an araD gene, a conplenentary sequence
thereof, or a catalytically 35 active fragment thereof as a selection

mar ker and 2) the gene of interest, the WO 2005/026364 PC' r/F12004/ 000540
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sarcona vi rias from the pUC18 plasmid.

Figure 3 shows the map of Séwtd1EGFRFkanal/araD1. The coding
sequences for the d1EGFP, E2, kanamycin resistance marker aminoglycoside-
3'-O-phosphotransferase (kana) and L-ribulose-5-phosphate 4-epimerase
(araD) are indicated by arrows. Additional features are indicated by solid

20 boxes: 10E2BS - ten BPV EZ2 binding sites with high affinity; CMV-tk - human
cytomegalovirus immediately early promoter and HSV Th gene leader se-
quence; intron ~ rabbit beta-globin gene intron with optimized SD and SA sites;
tkpa — HEV Tk gene polyadenylation signal; RSV L.TR — Rous sarcoma virus
long terminal repeat; bgh pA ~ bovine growth hormone gene polyadenylation

25 signal, pUCori — bacterial origin of replication derived from the pUC18 plasmid.

Figure 4 shows the map of Séwtd1EGFPkanal/araD2. The coding
sequences for the d1EGFP, E2, kanamycin resistance marker aminoglycoside-
3-O-phosphotransferase (kana) and L-ribulose-5-phosphate 4-epimerase
(araD) are indicated by arrows. Additional features are indicated by solid

30  boxes: 10E2BS - ten BPV E2 binding sites with high affinity; CMV-tk - human
cytomegalovirus immediately early promoter and HSV Th gene leader se-
guence; intron — rabbit beta-globin gene intron with optimized SD and SA sites;
tkpa — M8V Tk gene polyadenylation signal; RSV LTR — Rous sarcoma virus
long terminal repeat; bgh pA — bovine growth hormone gene polyadenylation

35 signal; pUCori — bacterial origin of replication derived from the pUC18 plasmid.



|l ong term nal repeat; bgh pA - bovine growh hornone gene pol yadenyl ati on
25 signal; pUCori - bacterial origin of replication derived fromthe pUC18
plasmi d. Figure 4 shows the nmap of S6wt dl EGFPkanal/ arabD2. The codi ng
sequences for the dl1 EGFP, E2, kanamnycin resistance marker am nogl ycosi de-
3' - O phosphot r ansf erase (kana) and L-ri bul ose-5-phosphate 4-epinerase
(araD) are iMAPUAEAy arrows. Additional features are TGIdfI2A¢ Y5 By solid
30 boxes: 1 OE2BS - ten BPV E2 binding sites with high affinity; CW-tk -
human cytonegal ovirus inmediately early pgronoter and HSV Th gene | eader
se- quence; intron - rabbit beta-globin gene intron with optim zed SD and
SA sites; tkpa - HSV Tk gene pol yadenyl ation signal; RSV LTR - Rous
sarcoma virus |ong tefigumab shepsatie bgh PASEwhidEGHP/graivit. HHeocoding sgene

pol yadenyl ati oR 3% @Pda g i t 8hl Ak e B LioH ep|h&atd enqperi ved
fromthe pUC18aEfasm'%. V?D g’gggﬂ)%S%ﬁlcch %%%dbﬁosgggi?oi %gnéfgg,urg g Zhows
the map of S6wet HISEHEH 1Y 2rphE: Asditivgas &atiygendies NekRieh &Y ®EFROXeS) and
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rabbi t bet a- gl BiISVhTgerae pdlyamenpdtion agdriah REY SCRanRobA sirtess vikipdorg HSV
Tk gene pol yad I g - TR r I I - het m nal
repeat; bgh pA%?%ﬁn%@r%agr%e“ hc@?@%ﬁ%@ﬁ%ﬁq&g@%ﬁgﬁ §r¥%dr‘%ﬁ¥§?gﬁgf'?h§'pumri
- bacterial orPHFR[orbadigl eaging rerlicati@udenives ftara thued8 18IPasm'd. 10 Figure
6 shows theiomap of S6wtigiiEGFRhenabRe Mhhp fodhwig 15SF Fiiwedee sTHeocoditg sét EGFP,
E2 and L-ri bul =5 h ephneras D) i.ndi oWs.
Addi ti onal feaﬁ%&e%?gggﬁ%nﬁggﬁgdgg;% (sng ﬁ%&l@%@?spho%g%ﬂfég'eﬁﬁﬁeg%sa%ﬁﬁ%
bi ndi ng sites @& WA I AHPYS: ASMOR fealiiipd Rreyindicatasly QY oxalid yoxes:
i medi atel y eatdiy2ps ontdre BPand2HSWInG spes evilhe Bidar afseigy eDie -tk Lohdmbn @y- - -
rabbit bet a- gl ahi i i | i X - . HSV
Tk gene pol yad@ﬂ‘y aagj ?’@ﬁs ﬁ%ﬁ[@t%@@nﬁ@@%@ﬁ%@@gﬁ@gh e\?uér‘%{?%r_é*%g {%t mi nal
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pUCori - bacterial origin of replication derivegd from the pUC18 plasmid.
Figure 7A and 7B shows the electrophoretic analysis of the plasmid
20 DNA of the S6witd1EGFP/araD1 (7A) and S6wtd1EGFP/araD2 (7B) extracted
from the E. coli strain AG1delta araD grown in different media.
Figure 8 shows the restriction pattern analysis of the plasmid DNA
of the SBwitd1EGFP/araD1 and Sewtd1EGFP/araD2 extracted from the E. coli
strain AG1deltaaraD
25 Figure 9 shows the electrophoretic analysis of the
Sowtd1EGFP/araDz2 in stability assay.
Figure 10A and 10B shows the restriction pattern analysis of the
S6wtd1EGFP/araD2 in stability assay.
Figure 11 shows the growth parameters of fed-batch fermentation of
30 AG1AaraD SEwtd1EGFP/araD2 measured and registered during fermentation.
The abbreviations are as follows: sPump = feeding speed; p0O2 = 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
35 Sewtd1EGFP/araD2.

Figure 13 shows the aral) locus sequence of clone #13,



fromthe E. coli strain AGdelta araD grown in different nedia. Figure 8
shows the restriction pattern analysis of the plasmd DNA of the

Séwt d1EG-P/ araD1 and Séwt d1EGFP/ araD2 extracted fromthe E. coli strain
AGL deltaaraD 25 Figure 9 shows the el ectrophoretic analysis of the

Séwt d1EG-P/ araD2 in stability assay. Figure 10A and 10B shows the
restriction Part@EM3ahal ysis of the S6wtdl EGFP/ araD2 iMCEKIAWIPIEY assay.
Figure 11 shows the growmh paraneters of fed-batch fernentation of 30
AGlAar aD S6wt d1EG-P/ araD2 measured and reggstered during fernentation. The
abbrevi ations are as follows: sPunp = feeding speed; p02 = the oxygen
concentration; Tenp = growh tenperature; nys = desired growh rate; OD =
optical density at GOOﬁ@urd:ilgEh@NQ.ﬂnasﬂnamfblmerrmtb@m@@:of | ysis and

purification of AGlaar shows the araD
| ocus sequence of cl ong ré?&;%&%k%@ﬁ%’é%g@g@ﬁ%% zﬁféoomo 6 Figure 14
shows the map of pl asrrF’SufffB owgtheurnar P5PeRtEPIHEP BB of pl asmi d

paraDMyB. Figure 16 shiguse thehomptief mpp abpladmiBpdaBD2hCG.  Figure 17 shows

the map of plasmid p3aﬁ.@%4¥sho§u{ ’[I’%Wegulé fsrﬁg‘é(ﬁ @Q% o'%‘F_Sé}E%l%o %S%ﬁ%’v’t&

anal ysis of L-arabingse”sens|ti Vi rains w
araD. Figure 19f&hénsstiaes W&B&illst”éptﬁf’ a(#{¢ anal ysis of the L-arabinose sensi -

tivity in M and yeastFiguter 8 shaveslingmesditdofdhé baslgsis oftcoseamnsseageatsi-nose
concentrations i P, gure
21 shows the rr%';\f&)g N?}Jag ggfg‘gﬁw&% g?ﬁ‘agjﬁla é'ﬁégnggﬂéﬁ%/gsaﬁdﬁégagmoggl
genom ¢ fragnerﬁ’@”%‘?m’taﬁpw ‘ng the sgbE gene. Figure 23 shows the E. coli
_genom'_c fragment cont afﬁgun'@gzmgmﬁygm@enap bbpiBehdl pEMGIesEr, _pti on of the

I nvention The present faventf on, | S RIREHPRa8MiceidabimEL kigs an

alternative, an-
Figure 22 shows the E. cofi genomic fragment containing the sgbk

gene.
Figure 23 shows the E. coli genomic fragment containing ufaF gene.

15 Detailed description of the invention

The present invention is based on an effort to find an alternative, an-
tibiotic-free selection system, which could be used in the production of recom-
binant therapeutic products to he administered in vivo, especiaily in the pro-
duction of DNA vaccines. Surprisingly it was found that the araD gene involved

20 in the pentose phosphate pathway of both prokaryotic and eukaryotic organ-
isms, such as mammalians including humans, can be successfully used as a
selection marker in an auxotrophic host cell for the plasmid. The use of the
auxotrophy has the advantége of not involving a use or generation of toxic
substances that could later contaminate the plasmid preparation.

25 An efficient selection system has been constructed on the basis of
araD/araC genes [Ariza, R. R., ef al., Carcinogenesis 14 (1993) 303-305].
However, this selection system has been used in the studies on the mecha-
nisms of mutagenesis but not used hefore as a selection marker for plasmid
maintenance. Ariza ef al. used a strain where the araC gene contains a termi-

30 nation codon and the araD gene is inactivated. A product of the supF gene,
which codes for a suppressor tRNA, was introduced on the plasmid. in the
presence of active suppressor tRNA, enzymatically active product from araC
was produced causing cell growth arrest (because araD was inactive). This
system allows to study the suppression of mutations by suplF t{RNA! in case

35 supF is inactivated by mutation, the cells can grow on arabinose. Therefore,
this selection system is based on araC gene and not on aral gene. araD was



tibiotic-free selection system which could be used in the production of
recom binant therapeutic products to be admnistered in vivo, especially
in the pro- duction of DNA vaccines. Surprisingly it was found that the
araD gene involved 20 in the pentose phosphate pat hway of both prokaryotic
and eukaryotic organ- isnms, such as mammalians includi ng humans, can be
successf ul | yYWOs#da=64 sel ecti on marker in an auxot r ophPEI/HaEwI@e f or
the plasm d. The use of the auxotrophy has the advantage of not involving
a use or generation of toxic substances that could |ater contam nate the
plasm d preparation. 25 An efficient selection system has been constructed
on the basis of araD/araC genes [Ariza, R R, et al., Carcinogenesis 14
(1993) 303- 305hot intodeser intd hi aseideabr ans dhstsgatehadedigestl us elasanterined

studi es on the = Nj ; nesi s but not used before as a
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sel ecti on narker plas I'ntenance. Ariza et al. used, train where
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PCT/ 1120041000851 tact Gewy qf foe gerie 8ane.ri udated 4Qm @f theorrakagensé <3/eplem
desi gned oriochaeatiesegeshceftherepf, as ai chtgyitillg tictive Pagiposebercbhes asafedgene
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an intact d¢bpydrevth Redi sppinented withesakidogon dirielh meadéa WedD agésells aravonpl e-
10 nent Sr y tseqtu@tngﬁ? tﬂh@_rpemsfmiﬂ qzielz?i sw?]@i. Mﬁéﬁp&in'sWe&?b?%ﬁdféc&?ﬁmffnté Eflﬂfa):‘ r]i s
corls in mo e Ebaray b, ane R ARE b e G 8T B AR B U2
effects. FirstSoufgre The traces of ribulose-S-phosphate that theoretically could contami-
nate the plasmid preparation are not a problem, when the preparation is ad-
20 ministered in vivo, as ribulose-5-phosphate can be efficiently metabolized by
human cells and is not toxic.
The use of mutated form of the araD gene offers particular advan-
tages. Selection systems of the invention comprising a bacterial celi deficient
of an arald gene into which a vector carrying a mutated form of the araD gene
25 as a selection marker produce an optimal concentration of the araD gene
product L-ribulose-5-phosphate 4-epimerase to afford rapid uninhibited growth
of the bacteria. Similar advantaged are obtained by the use selection systems
containing a vector carrying an intact araD gene but comprising deletions or
mutations elsewhere in the araD gene locus.
30 The seiection system of the invention comprises 1) a vector carrying
an araD gene, a mutated form of the araD gene, a complementary sequence
thereof, or a catalytically active fragment thereof as a selection marker and 2)
a specific bacterial strain deficient of the araD gene into which the vector has
been added. When the specific host deficient of the araD gene is cultured in
35 the presence of arabinose, the only surviving cells are those containing the



pl asm d-containing cells can use arabinose as a carbon source, and second,
the toxic ribul ose-5-phosphate does not accunulate. This allows the use of
rich 15 growth nedi a suppl enmented with arabinose. In rich nmedia the E coli
cells grow fast and the plasmd yield is high. |Inexpensive standard
conponents of the bacterial growth nedia, such as yeast extract, can be
used as an MPAYSHeBEH source. The traces of ribul ose-5-HHoEPHAPWSOhat
theoretically could contam - nate the plasm d preparation are not a
problem when the preparation is ad 20 mrgstered in vivo, as

ri bul ose-5-phosphate can be efficiently nmetabolized by human cells and is
not toxic. The use of nmutated formof the araD gene offers particul ar
advan- tages. Settegtwhich sygbiesmnadraDhi@nieny emitéied foompf ihei amgDaydoact epmal
cell deficient I ggp?' 0, Whj r ' tated form
of the araD geﬁé&éﬁﬂgrgasgaggl ec ,Fgérzl}f‘rr%\r,%:&e%@]a? %%@%tgﬂ\éenﬁ%%@éwe%gﬁgent ration
of the araD gene prodadhe selechon sxeem-qiibe prvantomagyeipiessien veckr ey

A api ﬁ uni nhi b: heshigrueet hin ofe theddotioh esfl therGhdiiticaproddumntagest aneplofdi ngd
y the use st ont Y r r ra
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locus, 30 The §eficedherepstasm etalvieally Ridive iMeameahiaredds insegted detpdpe

carrying aﬂ aratiogesiag rﬁeﬂnsua@tg;@deffa?uy rnn@@vntihetharaatl:)!gem,pr@sem?rmht@m’enhary
sequence ther i.cal | r t a
sel ection mar kg:?afDaﬁgizfrqulaggg%qrﬁ@is &@%é? ¥§?g0§3 ?gﬁﬁ&‘&e f%lggnlpaﬁp' t1 hgy arabD

gene into whi cBEChE M6st18: ohassecyerpe Auldridtizalim dipretoe Hopey et ianyipplicable
deficient ofp t BelRpek:OsBeIsS cOMbIPIRsH.i|R (RS pidienpi@esenceedbrmrabnosie, the

only surviving . ar e t alRi t he . :
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t he araD gene, P&p rpl it eangse glepigerzaiereof L-reviosecabadsaneeala -

tisener plpeoie bie gl igreof L-ribtlogecaphesahaéat

active fragmn%yi&ih@é«%qfhosblﬁat%h@nS@!s@@b?ﬁ@%rﬁ&@diﬁi@hﬂoftt}b@tiin%’rﬁmini ore @ﬂaod t
expressi on vector com nly.use uctijo . r roduct s
can be enpl Oye%?ﬁe,flmren:ﬁgewgq'tﬂg ge?&a%négﬁgg'regﬁnﬂt %t%&ag}l%;raﬁr]r?oa?ﬁ?%tﬁagp%ﬂ?gene,
a conpl enerftbar fheswaiuignigeerttdtbiredhe \wictar esnadly of callong-eemi vwiteagirenand

thereof is insgeif daBhSeNBroviRf] EtabR HrdsIoRel hogasealdnigdiieyn in the
art. In the present contex

sequence identified by'SE hief)tsrfil%dﬁ%re% ﬁ%%aﬁpqgfgkfe{l&?\?eliéfjﬁonﬁyt%gat@ﬁﬁéﬁ
hybri di zabl e taeraesd. gadewey epmp@merdpl saspishee thereof, or a catalytically active
fragment thereof is inserted in the vector capable of a long-term maintenance
20 and thereby capable of providing a stable expression of the desired antigen(s).
In a specifically preferred embodiment of the invention the vector used
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 doemain which binds to a specific DNA sequence, and
(i} 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) an araD gene, a mutated form of an araD gene, a complemen-
tary sequence thereof, or a catalytically active fragment thereof,
Such vectors have been described in detail in the international pat-
ent application WO02/090558, which is incorporated herein by reference.
35 Most preferably the vector used in the selection method of the present
invention is an expression vector comprising:



10 araD genes are also contenplated. In the present context, the term"a
catalyti- cally active fragnent of the araD gene" is any gene fragnent
coding a poly- peptide or a protein capable of epinerization of

L-ri bul ose-5-phosphate to D xyl ul ose-5-phosphate. In a specific enbodi nent
of the invention the araD gene, a conpl enentary sequence thereof, or a

cat al yti cal YOS r agment 15 thereof is inserted in REEFRWEPGFcapabl e
of a long-term mai ntenance and thereby capable of providing a stable
expression of the desired antigen(s). In %pother speci fic enbodi ment of the
invention a nutated formof an araD gene, a conpl enentary sequence
thereof, or a catalytically active fragnent thereof is inserted in the

vect 98 _ capablte g}‘ a Iq@gtmm@éinmaamm_@ F?é%)il@ﬁf[ia_ Vined gby 1lc@miql mpff_ ¥
provi ding a stable exp i.0n e. ire a
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vector conpri sveger eap cusAWbefubectesmesdiengs hearlita-wdsirapkines Phep kot ei n

opera- tively |dchked h thes@60bPIPHsed RRIMbANg, SRt URiEabc@ntls Ay
|nd|n%Hdona|n whi ch binds to a specific

protein com_ 25 isin i) .a b

DNA sequencé, Bﬁ@['?’f‘?)vgaéf’ﬁ%ﬂ%&f‘am that binds to a nucl ear .
conponent, or a funct i{ohte areld@enal @ somplrsmesary seadeed thererfl of arepiaddid DNA
sequence form pglyaadel8dipmhept iRrdgr the nu- clear anchoring protein,

wherein said vector |ac a illoma virus.origin of. 39 repljcation, and
(c) an araD gene, a ﬂ?ﬁﬁ%éeggﬁ?% IR Oa(rtri lrargHg?n q Bm%qq%@gﬁ_kr&%gbyho.st
sequence t her edéficiant ohtheagraDygdreaandysuiiablevier fisagnthet prodeetnr of 1Batpeyidet or s

C@\ég/ 888 253@8 \?\Rﬂo?ﬁ@tsi da),uﬂ;fe@@binp@eg hey th@?p%e‘b@ﬁ ic@;?h@écti@ﬁtthe ﬁsgﬁn '@E@ﬂbibﬁﬁfdieonbl
: i I s incorporated herein. by reference. . preferably
the vector useﬂOtﬁﬁatrﬁ%Sts'QI@?ﬁ‘g}?ﬂ@bn%ﬂ’%fs ‘%/'W«?rﬁ&@@yeﬁ?qete%n?fgﬁ%tb”%g?ig n
expressi on vecamy keowpriediadg: WO 2005/ 026364 PCT/ F12004/ 000540 9 (a) the
E2 protein of Bovine Kapi lJ-o@Bed sMBodinket lof(BBVinvestith 6h) Fabitdddpl£ cbij ndi ng

Where the oi t cSiarPBE2SY AT GETK A BLIE G GPLeTBl S oBR e e AR | nt o
t he vector by $pacedirposivhicbrihaggraldheerd mas diabnvdeletnd wibkgererally papin | oma
virus origin ofefiiki 6@ ANihcdBHescribed below in the Examples, is used. In another
preferred embodiment of the invention an £. coli strain, preferably E. coli strain
DHbalpha-T1, AG1 or JM109, into which combined deletions have been made
for depletion of other genes encoding proteins with L-ribulose-5-phosphate 4-
20 epimerase activity. Alternatively, commerciaily available E. coli strains, pref-
erably E. cofi strains DH5alpha-T1, AG1 or JM109, in which the arab gene
and/or other genes encoding proteins with L-ribulose-5-phosphate  4-
epimerase activity have been inactivated by any known method can be em-
ployed. In the method for selection of cells carrying a gene of interest for the
26 production of recombinant therapeutic products, the gene of interest is inserted
into host cells deficient of an araD and/or other genes encoding proteins with
[ -ribulose-5-phosphate 4-epimerase activity 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 cuituring E. coli cells can be used.
For commercial production the growth medium wili naturally be optimized in
terms of the vield. 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 ihe total culturing period. As low amount as 0.1% has been



(c) the araD gene, a conpl enentary sequence thereof, or a catalyti- cally
active fragnent thereof. In the selection systemof the invention in
princi pl e any known host deficient of the araD gene and suitable for use
in the production of therapeutic lo products coul d be enpl oyed. In t he

present connection the term"deficient” de notes a host, in which the araD
gene is eith&P 2604y del eted or inactivated by any kn'%ﬁr%”ﬁ‘té‘t”ﬁ‘t?a”’ In a
preferred enbodi nent of the invention an Escherichia coli strain,

preferably commercially available E. coli qgtrai ns DH5al pha-T1, AGL or 15
JMLO9, from which the araD gene has been deleted wth generally known

nmet hods, such as those descri bed below in the Exanples, is used. |In another
preferred enmbodburehsuftidientfer inevesadtion. Bypi®lly emliinete iaiaddeg tefrermptiymen co/ i
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deficient of an araD and/ or 9 nes
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An rowt h medi um sui urin
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manuf acturers, . such as Fer ment as, ani a
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period. As lov‘h’%ﬂ?ﬁ'éﬂan@%n&ucﬁt(r){%lﬂﬁ%alﬂ@en WO 2005/ 026364 PCT/ P12004/ 000540 10

found sufficient tron. Typically arabinose is added to the
medi um i n Additionally, the arald’ gene is smaller in size than the commonly

used antibiotic resistance genes against, for instance, ampicillin and tetracyclin

20 and of similar size to kanamycin and chloramphenicol resistance genes. This
affords an additional advantage, since it allows the construction of small pias-
mids for which the energy consumption for replication is smaller than for large
ptasmids. Thereby both the growth rate of bacterial culture and plasmid yield
are increased.

25 The present invention may be better understood by reference to the
following non-limiting Examples, which are provided as exemplary of the inven-
tion. The following examples are presented in order fo more fully illustrate the
preferred embodiments of the invention. They should in no way be construed,
however, as limiting the broad scope of the invention.

30 Example 1

Cloning of araD selection plasmids

For cioning 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



an amount of about 0.1%to about 2.0% preferably in an anmount of about
0.2% to about 1,0% nost preferably 0.2%to about 0.5% However the effect
of L-arabinose is observed at concentrations as |low as 0.01 % and
L- ar abi nose 5 can be added up to 5% in the growh nmedi um In a speci al
enbodi nment , L- arabi nose is used both as a selectln ent and as a
limted car b‘éﬂz%ﬁ?(h’é” 0.2% of L-arabinose is a suitabl B ‘a{ HHEMEY be
added into the growh medium The selection systemof the invention is
suitable for use in any ex- pression syst®Bm It is especially suitable for
use in the expression of reconbi- 1o nant therapeuti c products, such as DNA
vacci nes, intended for use in vivo, since the p associ at ed wth the
Gervedcdane
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t he broad scope of thgdramemti on. 30 Exanple 1 C oning of araD sel ection
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CGCCATGGAAAAAAAAGCCCGCTCATTAGGCGGGCTGTCAT-
TACTGCCCGTAATATGC (SEQ ID NO. 5);

20 The primers were designed so that P2 promoter from plasmid
pBR322 (used for driving the tetracycline resistance gene in pBR322) and ter-
mination sequence from frp operon of E. coli were added during PCR to the
upstream and downstream of araD coding sequence, respectively.

PCR products of 814 and 815 bp were cloned into pUC18 vector

25 linearized with Hincll (Fermentas, Lithuania) and correct sequences were veri-
fied by sequencing using universal sequencing primers

M13F22: GCCAGGGTTTTCCCAGTCACGA (SEQ ID NO. 6) and
M13R24: GAGCGGATAACAATTTCACACAGG (SEQ ID NO. 7) and
aral specific primers

30 araD F311: CCAACTCACCGGCTGCTCTATC (SEQ ID NO. 8),

araD F614: AATGCCGAAGATGCGGTGCATAAC (SEQ ID NO. 9),
araD R700: TAACTGCGGCGCTAACTGAC (SEQ ID NO. 10), and
araD R421: GGTTGCTGGAATCGACTGAC (SEQ ID NO. 11).

The mutations in amplified sequences were repaired by recombination of dif-

35 ferent clones.



11 in this plasmd is conferred by gene that is derived fromE. coli

transposon Tn

903. The araD gene was anplified using polynerase chain

reaction (PCR) fromE. coli DH5a chronmpbsone according to standard

procedure. The
different orje
s6arabDLl + s

respectively:

5 PCR product was cloned into selected plasmds in two
ntations with the prinmer pairs s6arabLl + s6araDRl or
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The cloning resulted in plasmids S6wtd1EGFPkana/araD1,
Sewtd1EGFPkana/araD2, which are shown in Figures 3 and 4.

To remove the kanamycin resistance marker gene from the plas-
mids, Sewtd1EGFPkanalaraD1 and Sewtd1EGFPkanalaraD2 were digested
with restriction endonuclease Beul (Fermentas, Lithuania) and a 6473 bp vec-

tor fragment was self-ligated.
The ligation mixtures were transformed into an E. coli AG1 AaraD

strain (see Example 3) and plated onto dishes containing M9 media supple-
mented with 2% L-arabinose and incubated at 37°C for 36 hours. Colonies
were first analyzed with colony PCR, after which the DNA was isolated and di-
gested with different restriction enzymes. The cloning resulted in plasmids
Sewtd1EGFP/araD1, Sewtd1EGFP/araD2, respectively, are shown in Figures

5 and 6.
The bacterial colonies containing S6wtd1EGFP/araD1  and

Sewtd1EGFP/araD2 were grown in two different media: LB supplemented with
2.5% l.-arabinose and M9 supplemented with 0.2% L-arabinose at 37°C with
vigorous shaking. The cells were harvested and the plasmid DNA was ex-
tracted from the cell using QlAprep Spin Miniprep Kit (QIAGEN) and analysed
by agarose gel electrophoresis (Figures 7A and 7B, respectively).

The plasmid DNA samples from cultures in LB and M9 media were
analysed by agarose gel electrophoresis before and after digestion with restric-
tion endonuclease Pagl (Fermentas, Lithuania), (Figure 8). The predicted sizes
of the fragments obtained in the Pagl digestion were 3954 and 2519 bp for
Sewtd1EGFP/araD1 and 4315 and 2157 bp for Séwtd1EGFP/araD2. Lambda
DNA digested with Eco91! (M15 in Figure 8C) and lambda DNA digested with



The nutations in anplified sequences were repaired by reconbination of dif-
35 ferent clones. WO 2005/026364 PCT/ F12004/ 000540 12 For cloning araD
into Séwt dl EG-P, the vector was linearized by partial digestion with
restriction enzyne Pagl (position 4761) (Fermentas, Lithuania) and the DNA
5' -termni were dephosphorylated with Calf Intestine Al kaline Phosphatase
(Cl AP; Fer nefiP393/0p436-huani a). araDl and araD2 frag 5 nmenRGI/HRHE@HD out
frompUCL8 with Ncol (Fermentas, Lithuania) and ligated to Séwd 1

EGFP/ Pagl . Both ligation mxtures were tragsfornmed into E. coli DH5a conpe-
tent cells and plated onto dishes containing LB nedi um containing 50 g/ m
kananycin and i ncubated at 37C over night. Colonies were first anal ysed
with 1o col ony He6R)/ Hihdidr(Fethedtas Nethibidia\ad3 iis Blgate dCanere uges he choduh

di ff | i .
5'6 t g[EQ;tFPrkgna é;véé%;ﬁt%@% W@’@a}a@s ‘pa%' g%%ﬁ@&%&ﬁ&nb nl?é @éﬂ?éé@fasmld

and 4. To renoVet @SH%QWW%@I%\(%@%%@Wyi@ﬁbwﬁﬁd@ﬂfﬁwwﬁ ’f%
m ds, S6wt d1EGHRkanéd aeeDyroaandinSEntEiRGFRIk0aRY allly el igadbge slads fidnt h

estricti %sﬁggq%%@f@%%gg{@sﬁmggn ol WAMANERL206) R pATACPBORS - Lor
E. co/i AG Aafﬁﬁ@)WWr%TPW“(‘%é@ R W@D@)ﬂ"%{ﬁﬁd w‘tatoe%r’/ociﬁﬁfﬂbd?%sﬁégl%‘fﬁﬁ —él n| ng
M nedi a suppl end 8§ vireth ebuwed Ih RYbhér-Bashidnese pandultursubat ed at 37C for 36

hours. Colonies were f#Jrﬁer%ﬂgll %égaqft%%seqm%%c? ] 5‘&%@%&8& mﬁhﬁs};ﬁem

was isol ated and di - r? rent ri ct| on enz cl oni ng

resul ted in pl bsiieds Theswiier Blermici sl theseinel sEaRPIapa b ofes pestidery, are
shown in FigurRsged b@!ﬂ@s@;ct:@@ aﬁb 8|ba¢h§blla’:§m|§§mlﬁé esirestBl diomh @ge bacteria

Séwt d1EG-P/ ar a ey r e i a:

LB suppl enent eé)l %%ergﬁm@;%ke ar ab| n%sggeﬁﬁﬁgﬁ% g% b&n%nt eg Hef %1%8} !Q{S‘ﬁg

L- ar abi nose at S@RENEE U clapegbroths-@ haki@ gl 8 THeQd IN@ et wdingisevedrahd t he
pl asm d DNA wage@codm@@é@,cbrfc@mﬁm seblp d;tﬁ:ldﬁgnﬁeé‘@bﬁﬁ cSabmfV@lupheiRe Ki t

(QACEN and aparysfish a8 LYiniRRL9 5P hat GLHRBARESTHis (e sl @nd

7B, respective y?
15 from the replacement of Cytidine in codon 8 of L-ribulose-5-phosphate 4-

epimerase (araD coding sequence) (&'-CAG-3") with the Thymidine, resulting in
a STOP codon (5'-TAG-3"). The plasmid carrying such a mutation in araD gene
effectively provided the ability fo grow in the seiective medium in the presence
of L-arabinose although the coding sequence contains the STOP codon. It has

20 been demonstrated that the STOP codon UAG is effectively read through by
the ribosomes of Escherichia coli, 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

25 bacteria, requires an optimal conceniration 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

30 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.



The plasm d DNA sanples fromcultures in LB and M nedia were anal ysed by
agarose gel electrophoresis before and after digestion with restric- tion
endonucl ease Pagl (Fernentas, Lithuania), (Figure 8). The predicted sizes
of the fragnments obtained in the Pagl digestion were 3954 and 2519 bp for
35 Séwt d1EGFP/ araDl and 4315 and 2157 bp for Séwt d1EGFP/ araD2. Lanbda DNA
di gest ed wi t\WWOBHOGOP6{ ML5 in Figure 8C) and | anbda DNA diGede@dtoiusoh WO
2005/ 026364 PCT/ F12004/ 000540 13 EcoRI/ Hindl Il (Fernentas, Lithuania) (M
in Figure 8C) were used as nol ecu- |ar weight markers. All anal yzed
bacterial clones contained the correct plasmd in the restriction enzyne
anal ysis, but the DNA yield was very | ow when the plasm ds were grown in
LB nedia. Two @gkahijge @nal yzed bacterial clones from5 four S6w d1EG-P/ ar aD2
cl ones (#13 and #14 in Figure 88) had hi gher growh rate when grown in M

medi a suppl ene t,ed. wth O ? % u es 7 and 8), which resulted
i n higher plas aIyS|s of these two cl ones
Ridhipbeataniafed giatl SeleChaR

with inproved growh Waﬁlcﬂ@ﬂimg fc@rm@{dtedTb%!aE sblRtieh @aﬁstda:tm@swﬂ@ "
structure as t I asm | e
pl asm ds were @g ?@rgrclﬁ@&p fTY Q%‘ﬁ%ﬁgﬁgg@trﬁ'&% gﬁgtr%lppﬁgrﬁ rrhﬁtgre g.g?cgl’l z rﬁycgn
sequenci ng theresisi@neremerkes (ukn) gpRel wraDldayed svithsbg uesdetiat e@d@@@'@@ﬁ@S(SEQ
D NO. 18; SEQsER &% HERI!, tﬁdl&@b%rbhmbdaﬁQ@mgg}elaao@qdhggaeaem@mmarrl es

a STOP codon instead ,of [ ta 0]

3 SToP codon 1o eath ngus SO LB ADNG a2 RIS HOeS P heygel

repl acement of aiGytadsirese g4 ai@zﬂ@ﬁhere@fs [Thei BB b oecis-gierlshtior and tepiamdy ase
(araD coding s &8 )cafr mg@?&c&oﬁ mutéiuoﬁqh@hﬂhw@btﬂtsnﬁ,a $EOP! dddadl ih posia STOP

d 5' TAG F
g?f g(r:]tl(vel y pr §e8p%ﬂué3 32%[?1{%{? %3/1 ﬂ%n?%ewgé Iosgge %@d%ﬂ%%ﬁ%’%e
presence of LPaieBbigibdeauet!Bouth tlﬁehéeaiwmonger@@qu@ﬂ@@s&ﬁui ardadhe), gToP
codon. It has Ztydeers @hﬁé@%hémge@ehb@tm ﬁqeﬁT@Per%iﬁ@s Lﬂ(ﬁu'aﬁaaﬂf‘f heguhyel y

o begi nning BN Reterad Hares dauararryoresy oy bRt I CSles Ebal (kgor o,
E. J., Annu. Rzhatagefeil\P, Pﬁgﬂerltesﬂ)l’cw&()] Thanfraboent bﬂlthdhﬂglﬂeyoft He2t reor Y,
g/fe %p%heﬁlbﬁeﬁaﬁ QFIf[éd‘#och'tS@ B’éfﬁir‘ég@?o | RYRSh Hore$hi A1 l'ig%té’d‘mﬁtﬁ@!ﬁ&at Ion
conceP\t r a? i on Abqbd ﬁ% ﬂ%lg é%do%i%‘%e %%Cg?rb%'%g‘é’qg%h@@%ﬂgﬁp@%ﬁgﬁ%r ase.
was transformed Wt‘ih this ligation mixiure and plated onto agar plates contain-
ing selective M9 medium with 0.5% yeast extract, 2% L-arabinose and 25
pa/ml of kanamycin. The colonies were inspected 24 hours after the plating
20 and showed that the size of the colonies was uniform. The plasmids were ex-
tracted from the bacteria and further characterized by sequencing of the aralD
gene locus.
The cloning resulted in plasmids p3araD1hCG and p3araD2hCG,
which are shown in Figures 16 and 17, respectively. According o the se-
25 quence analysis, the bacteria contained un-rearranged plasmids with the muta-
tion C to T in codon 8 (p3araD1hCG; Figure 16; p3araD2hCG, Figure 17).
When this experiment was repeated with the wild type sequence
and transformed plates were inspected 24 hours after the transformation, the
result was different. Two types of colonies were observed: first, large size
30 colonies, and small colonies, which had a retarded growth. The sequence
analysis of these plasmids indicated that araD gene coding sequence carries a
STOP codon instead of a codon for glutamine (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
35 (araD1) had the correct sequence in all araD gene locus regions, however, the



The anal ysis of clone #14 araD | ocus sequence indicated that the araD
codi ng sequence is perfect as predicted. However, the sequence rear-
rangenments near the araD pronoter covering the E2 protein binding sites
were 30 observed (see Figure 13, SEQ ID NO 18). These data suggested
additionally that such rearrangenments near the pronoter mght result in
the down- reyBPYEPYd0f the pronpter activity, therefor ePGHE2OEIEF0f t he
a/ aD product. WD 2005/ 026364 PCT/ F12004/ 000540 14 Exanple 2 C oni ng of
mut at ed araD sel ection plasm ds For clonifg of nutated araD sel ection
constructs plasmd p3hCG (Figure 14) carrying kanamycin resistance
[transposon Tn5 derived kananycin 5 resistance nmarker (neo) gene] was
cleaved with t bectefhsgrévawémsteml@mmﬂeealmm&:ﬂlD tiame ibivadplakmid hieldewidsn wer e
filled in usin h; Fernmentas, Lithuania) and the fragnent
with the size % @ﬁgmhﬁhaaggﬁ%ﬁéfled fron1the gel after agarose gel
electrophoresEE. ﬁthBl origin of replication and the araD sequence
carrying the tation, which results in a STOP codon in posi 10 tion
8 of the araD gene codi ng sequence, was excised fromthe plasmd paraDwB
(Figure 15) w Cbn*stract‘eﬁtdfiamiinnnselsdnﬁmbms BsoHerihda EohS&ainst he ends

were filled in using eno nt.as th and th

5 -termini Were dephol§I ?M”?h[gggfﬂ[gﬁ?rﬁesﬁ#t@na\%&@ﬂgn&%%eg%at ase
(Cl AP; Fer nent emstiuct hawﬂ mpianTmeTﬁer agiegenennt £ edfegesiors whs ﬁEﬁB@tbg) ug5 was
purified from {, %h@%et%&edes@géécg%g Eﬂa%%er?‘vheé‘ﬁd Q\FH?%??WAQ“@'? 4%%4@4 th

the 4647 bp f¢r I ne richia col fi.cient
strain was tr& JEW%G”‘%ﬁ?% SXRiPLs Ialfﬁﬁﬁleo{n W%?W'%@%?W% %)H?
pl at es cont ai nstrategy setrectiystenVB toedpiane w tlhroﬁwcﬁ%rya@aet;u@)aer\adm a Q%Ct—

L- ar abi “Os%anﬁb@%nnblbﬁé %s&ﬁén%ﬁa‘aﬁh Bréieh ) SR WM RiddoARES M4

hours after the ] e Co S was
uni form The pl%{EWPa%S Fé’%ﬁ *ﬂ’?éﬁ:‘t‘%ﬁﬂ’@@é?ﬁ& Eé%‘?&&”%ﬁ"ﬁ da'}‘?ﬁo‘i"@i‘?ﬁ%? il
characteri zed thgses éepniémg hogotafjidshe araD gene | ocus. The cloning resulted

in plasmds p3araD hcﬁcﬁ@%n@@ﬁw@ﬁ%‘%th%‘@d b &sérﬁﬁ@"’%nh rW'e:lFEé‘rr &% and

17, respectively. According to t e bacte |a

e anal ysi s
cont ai ned un- réaFh ﬁﬁ@%QPSptPSQJi‘?Ig ’{VKP?‘PWP'H@“%%?W'T‘O% @;/h[ dherpsllscuigan
(p3araD h@& dHegnicalyompedantalsyCs 1 Bhg W sbltions:

RF1 100ml
RbCI 1 1.2g
MnCl, -4H,0 0.99g
1TMKAcpH 7.5 3 mi
CaCl, -2H,0 0.15¢g

Glycerol 159

pH 5.8 (add CHaCOOH)
RF2 100m!

0.5 M MOPS | 2 m|

RbCl 0.12¢g

CaCl,2H.0O [ 1.1g

Glycerol 15 g

oH 6.8 (add NaOH)

20
The 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 mi of RF1. The
mixture was kept on ice for 10 min and centrifuged. The pellet was suspended



When this experinment was repeated with the wild type sequence and
transforned plates were inspected 24 hours after the transformation, the
result was different. Two types of col onies were observed: first, |arge
size 30 colonies, and small colonies, which had a retarded growth. The
sequence analysis of these plasmds indicated that araD gene codi ng
sequence carYP@¥542638Top codon i nstead of a codon for gl REERRMHEOH0asH d
#3A, araD2) or the mu- tation had occurred in the Shine-Dal garno seqguence
in the ribosomal binding site (AGGAG wasigepl aced with AGTAG (plasmd
#2A, araD2). Plasm d #7 35 (araDl) had the correct sequence in all araD
gene | ocus regions, however, the WO 2005/026364 PCT/F12004/000540 15
bacteria grew Vef§0 gl 6hWRy2amd thesuispeasiom was 1@t preee favill-4pnasnfebrokiel d
when tvvere gr 0%’:4}19 5b| fhHTRE fas BYIASPERd ﬂwe(‘éé%tvﬁéﬁétkbﬁﬂo@kea‘bﬁ@dd?ﬁ&%l
sensitive isar r|c

DHSal pha TI, Q gbya‘\}\%zﬁghggéa%mn@gﬁg% d%ferA%?L&ﬁt'Prﬁ& Jkdgmmﬁﬂe araD
gene in E. col lcemﬂ@f\ﬁéﬁi diesimpies afkieditnghea hansietrhaticelssord thednikiure
Dﬁtsen;ORag% V\@ﬂﬂﬁnﬁﬁcu&ﬂ\éﬁ%t% F%@pghe ﬁ@@Ce@@@e %@om@%d%ﬁpb&it&tﬁ a
phage ed reconbi nati o ste emis
to replace a CWIQO%QSM HQ@ 1% I%r¥§%|w§e6? pi%‘eabfe %ﬁﬁ?ﬁiﬂ”&f‘%ﬂéﬂg?

resi stance genplatdsaand @"og/eneﬂamédf thy seCR tpdiusi 1090 Psdo oé @e pwixirhatelychand gy
extensi ons. Thigcdd| ageRMers heshdy: Reduedl ates! nhiego @rbl?znméﬁstobkgese

f I anki ng honol ogl es Fort éé sformati on of the pKD46 senko and Wanner,
supra), whi ch"ElfcSa&d 3th gﬂage A reconbination system E. coli, the cells
wer e made 11)5 chem caIFioy dcsorqimeﬁﬁttheusfaigg@léla aimekriRECZR odditdt eigch RAIHOM

RoCl 1 %né W%eh@ra%@’ﬁ’!asrﬁﬁuc%%m%%@erﬁé ad

cerol 159 pH 5\/\%n$139q3&§ vo?l_bT no 1% 9une 2000) was used as the PCR template.

Primers used were ara(pr1) and ara(pr4):

ara(pr1)

15 5-CTCAAACGCCCAGGTATTAGAAGCCAACCTGGCGCTGCC-
AAAACACGTGTAG GCTGGAGCTGCTTC 3'(SEQ ID NO. 12)

ara(prd)

5-GGTTTGATCACAAAGACGCCGCGCTCGCGATCAACGGCGC-
ATTCCGGGGAT CCGTCGACC 3' (SEQ ID NO. 13)

20 These primers have the complement sequences with pKD13 for an-
nealing in PCR and with the araD gene for homologous recombination.

The PCR reaction mixture was as follows: PFU native buffer {5 ul),
10 mM ANTP (5 ul), primer ara(pr1) 10 4M (1 1), primer ara(prd) 10 4M (1 ul),
pKD13 100 ng (2 ), DMSO (4 ul), PFU 2.5 U (1 1), and mQ water up to 50

25 .

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-

30 fied from 2% agarose gel using Ultrapure purification Kit (MoBio Labotratories
Inc.) and eluted with 80 | of water. The DNA was concentrated with ethanol
precipitation and dissolved in 5 ul of water. The final concentration was 0.6
pglul. An aliquot of 1.5 4f was used in one electroporation.

The PCR product was electroporated into DHbalpha Tt pKD46,

35 AGT 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-



0.5 MMOPS 2 m  RbCl 0.12 CaCl22H20 1.1 dycerol 15g pH 6.8 add NaCH)
20 The cells were grown in 2 mM of LB nediumto OD600 0.2-0.5. The culture
was centrifuged and the pellet was resuspended in 1 m of RF1. The mxture
was kept on ice for 10 min and centrifuged. The pellet was suspended WO
2005/ 026364 PCT/ F12004/ 000540 16 in 100,u] of RF2 and the suspension was
kept on ice V8PU3024S nin. Approxi- mately 50 ng of pKDABRCTAHEABHEH and t he
cells were kept on ice for additional 30 min followed by heat shock of 5
mn at 37C. After incubation for 10 mn oRy ice 900 pl of SOB nedi um was
added to the transfornmed cells and the m xture 5 was incubated at 37C for
one hour. Cells were plated on LB nedium contain- ing anpicillin (100

pg/ rzﬂzr1 T]tle ﬁoltionioeshef\mc@rrnjim“éti@d dystem hlﬁl@100a@&ﬁpér:ﬂiptoillﬂnwaglirﬁiceﬁat@;hditgrOWE
in of the PRL t ocks
were made (2 nf ﬁgﬂ}%{rﬂ?@l %F%ofﬁi@g%ﬂél@c%@%%r@@ﬁﬁg@%@%@d ”\%he?@eé}ggﬁgd at
-80C. 10 For disEaheplis Tore euidras wgegiren £t [30nede Chm BBJEBaIRG thand
contains kanagyaon) bes Dl (NG E). TR Gavda geRetaitedd byl asiridgdgtishla 40Xt genko

and Wanner,. P vol . .94 : : s..t PCR..t at e.
Prinmers usecl‘3 vve%r%\)g1 Oa.r?\g}(%tr%)c’g’%a&%df Ezlyggr ﬁ}tgggrorélé%%%gﬂg%%@ andh&ce%hf '

5' - CTCAAACGCCCAGEIPARTNE A GO0 cerl. EIROEFETAG PeOTeEAGEYEET TC 3
(SEQ I D NO.  12atdraloptaning 90%EH derGATCACAAEMNEBRGIEESH AR EEANCEI(EC-
ATTCOGGGGAT CCET, 3" (SEQ ID NO 13) 20 These primers have the

conpl enent sequences with pKDL3 for an- nealing in PCR and with the araD
gene for honol ogous r ednBEAERRGATOTHES PEFOIMet it BioRad Gr sokldeisasugiog | ows:

PFU nati ve fuf forcrhurklies ah@ 28VKdNTRe ©Brifkd PAR biRiuca{BEpN) Wad Gand ¢d pl ),
primer ara(pr 4%8%@%’[&141 cpeli%,’ kept on ice for 1 min, and immediately after the electropo-
ration, 2 mi of warm SOB medium was added to the cells and the mixture was
incubated at 37°C for 1 hour. The cells were plated on LB medium containg
kanamycin (25 pg/mi). 100 pg of large kanamycin resistant plasmid (GTU-
15 MultiHlV C-clade) was used as a posifive control, no plasmid was added to the
negative control. The transformation efficiency was 10° for AG1 and 107 for
JM109 for positive control. There were no colonies on the negative control
plate, 215 colonies were obtained on JM109+PCR product plate, 70 colonies
on AG1+PCR product plate and 50 colonies on DH5alpha T1+PCR product
20 plate.

Example 4

Testing of the E. coli DH5alpha T1 Aaral, AG1AaraD and JM109AaraD
strains
The colonies obtained from the electroporation as described in Ex-
25 ample 2 were tested for the presence of kanamycin resistance gene by colony
PCR using primers araVlisF (5' CGGCACGAAGGAGTCAACAT 3, SEQ ID
NO. 14) and araVlisR (8' 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. cofi DH5alpha T1, AG1 and
30 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 AG1Aarald 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.



pKD13 100 ng (2 pl), DVSO (4 pl), PFU 2.5 U (1 pl), and mQ water up to 50
25 pl. The PCR procedure was as follows: denaturation 45 s, 96C, an-
nealing 45 s, 50C, synthesis 2 min 30 s, 72C, 25 cycles. The PCR product
obtained was 1.4 kb. Five reactions were perfornmed sinultaneously; the DNA
was puri- 30 fied from 2% agarose gel using Utrapure purification Kit
(MoBi 0 LabotWagesiveése4 | nc.) and eluted with 60 pl of watR¢T/FITHeOONE was
concentrated with ethanol precipitation and dissolved in 5 pl of water.
The final concentration was 0.6 pg/pl. Aggaliquot of 1.5 pl was used in
one el ectroporation. The PCR product was el ectroporated i nto DHSal pha Ti
pKD46, 35 AGL pKD46 (Datsenko and Wanner, supra), and JMLO9 pKD46 E. coli
cells. First, 200 m f c¥ENG Mediinserionbikanagydf geMeokndthar ablbnps¥R or
t he i nduc WO 2005/ 4 [ F1 17k j i.on
system and 100,%%% %'@g“?r“p?{%lr}gn%&gﬁg‘"ﬁ%%ggt Z%T%h?%ﬁ&f%%?nl tAQ&%t'ure
of Dibal pha T1 S5KDHS NOAE) sREBaV Rl IS GROGECESCEAGEER] BEQ FhEO.
?X'th;” e'sl'hwelroe grpWhale @%@Tst pro@D@@b(h 238 YDt ! bphar THe aaﬁlanagl@m&@&is@mdeg. 6

: e bacteri s collecte C r g mn
at 4C, was he53 IQW%Z'a%%teﬁni erj{feddﬁtos%gra?&é Q{ﬁg{é érguacgdgo@%\%ﬁo&ln /tgﬁqégrgrﬁ) ran%f
sterile water duiPaPamaRYystraios gingdclbraa colghies | PRSqeha TduApahdsiiping Wse ul

wat er contai ni RgtdDIpAhY §8VOthe APrebt pRbucOMPet ent cell's were used in one
Pul ser Using. 10 0.2 G GOUHTed Anangat 3P SHIZORRRr Ly B B ® L 6
,ul) was addedDitSalntzeT t dwpal? avere Plted onkdpmedivm eanipling 2fiug/mbgigkana-
o The col | e 3 g e e The |
wgr e plated oani% %@8?9?&?*86%?8?%"9 I?i)ﬁg%{?%\ Hﬁéia‘S%ﬁﬁ/C l? _%we?ggésgaa_g&‘ ﬁglrm ge
kanamyci n resi sichliit spisibity dy(replisal plating onHiB/red@radey Masneden estaning
D anst or mat 1 0N e e D o “oa 11 ve
control. Ther eCW?%%%ﬁ%P%&?@ 88‘?‘13 ?‘P\tecoﬁéad%ﬁev%ﬁéég [aém‘w%ﬁzﬁé’?é‘z&
col oni es wetse obt ai nedlenagbigSeRERsEividwEs isistade on 7the doPdriass AGdAasts +PCR
product plate gpd 7916 HabesHaAs Didh! RBRNT1PERs PAAEDCand one colony of
JM109AaraD were each inoculated into 2 mi LB. The cultures were grown for 8
hours, diluted 1:100 into M9 medium containing 0.2% glycerol, 25 ug/mi
kanamycin, 0.01% thiamine (0.05% proline for JM109AaraD) and different
20 concentrations of L-arabinose were added in the growth medium. The cultures
were grown overnight at 37°C in shaker incubator and ODggo was measured
(Table 1). '

Table 1. Testing of arabinose sensitivity.

L-arabhinose % AG1AaraD ODgg JM109Aaral) ODgpyg
0 3.2 1.9
0.1 0.03 0.03
0.2 0.030 0.026
0.5 0.030 0.02¢
1 0.024 (0.025
2 0.017 0.021

25
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,
DHB5alphaT1 AaraD and JM108AaraD as above but using lower concentrations



20 plate. Exanple 4 Testing of the E. coli DH5al pha T1 AaraD, AGlAaraD and
JMLO9AaraD strains The col oni es obtained fromthe el ectroporation as
described in Ex- 25 anple 2 were tested for the presence of kanamycin

resi stance gene by colony PCR using priners araVlisF (5
CGCGCACGAAGGAGTCAACAT 3'; SEQ ID NO 14) and araVlisR (5
TGATAGAGCAGFEETEABPSR' : SEQ | D NO. 15) which contai n afGRERI0AE00SHt es on
the araD gene near the insertion site. A PCR product of 272 bp was
expected fromthe E. co/i DH5al pha T1, A® and 30 JMLO9 strains w thout
insertion in araD and a 1545 bp product, if the PCR product had been
inserted in the araD gene. Three col onies of DH5al pha Ti AaraD, nine

col oni es of AGLAzTaDINasRI The tastbniess QU?”JWMKQr@D’S@u@anPeF@e”w@r’:&%ﬁecked

and each gave 18heslbdSabpnpswodust 0.0005%sf Lhatphose n@@h@bgﬂ\e/\% zglglggtgg 2222
strai ns cont ai t ene insertion

PCP/ P12004/ Ooggﬁ%h %@%&Q@W&}%J?ﬁbéﬁ.ﬁ%@ﬁ I?on of kanamyci n gene anot her
col ony PCR was perfo‘?@%@ﬂ@ﬁyﬁ@ebrﬁrﬁ@ﬁ%%éﬁ&%ﬁm%’wﬁ@mﬁﬁtﬁ@l?m@S
SEQ I D NG %Gbxtaeﬁtﬂ nes AR Wit di ﬁ’p@;ﬁﬂ'm%e conEEhtr-&ioNG.( O 2% Y- 'rll'hese
primers produ , i St an e as
been i nsertedg8 &ﬁeé?g?@é)ged%ar%ql %%1 tﬁ?g@ﬁf »{eﬁ ) L%g%% dﬁ En
JMLO9Aar aD st ﬁeﬁhﬁge@ﬁauttawre@var@gbh|Tér@ndhe OMBad pa Maasaged iy gyaniitais ther e
tested and al be;g@g@;tyhaqézﬁgsmgb@g,oguq{p; Stexixol oni es of AQ AaraD and

dt um cont af‘ﬂf'nt "5 B A Rlons o1 af%@f@?ﬁe R Rl el BB I

over ni ght %o @'[CI rﬂitﬂée éafblﬂimmspﬁa@m igveniione hioeyen thergsewt af slrgemsiti ve

replication omw,mact'@p@ag@hé%a@q{&ﬂ%{e@d for am picillin sensitivity by
aln

or ew on Che. mogi um cASCIRERY rpPEed roaha) Pl e Mo A2 P CHEAT et e

grew on the nediumc
bact eri a doestestad. Rleanil Bowiel BSKIR®2plagievdresniyy rxareplelb it transibimede

sensitivity wag AEINRPBENY bmw@g@w@n&ﬁbﬂem oteR de MV B RABIRE L Wil NsS.
ﬂfocgl %nyTng Réﬁéﬁu@ﬁﬂ@t‘%sﬁ %eﬁ?;a%e(?g@gamp rabD were each i nocul at ed
The colonies from the transformation pfa’res were inoculated into 2
ml of M9 medium containing 0.5% yeast extract and 25 ug/m! kanamycin +
0.01% thiamine + L-arabinose (2% and 0.2%).
The cultures were incubated at 37°C for 17 hours. Then the ODgg
20 was measured to quantitate the cell density and the plasmid DNA was ex-
tracted with Qiagen Miniprep Kit. Coefficient 2.8 {ODgoo/ml) was used for mini-
prep isolation {0 get comparable results. The results are shown in Tabie 2.
DNA concentration was measured with spectrophotometer as OD at
260 nm. For microscopic analysis a drop of bacterial culture was applied on
25 glass slide and covered with cover slip. The culture was visually inspected at a
100xmagnification with an objective in ofl immersion.



hours, diluted 1:100 into MD medi um contai ning 0.2% gl ycerol, 25 erg/m
kananycin, 0.01%thiam ne (0.05% proline for JMLO9AaraD) and different 20
concentrations of L-arabinose were added in the growh medium The cul tures
were grown overnight at 37' C in shaker incubator and OD6oo was neasured
(Table 1). Table 1. Testing of arabinose sensitivity. L-arabinose %

AG Aar aD 0D6Y8 29NHBg#ar aD OD6oo 0 3.2 1.9 0.1 0.03 0. OBCT/BI2P4000880 0. 026
0.5 0.030 0.020 1 0.024 0,025 2 0.017 0.021 25 As can be seen from Tabl e
1, as |l ow amobunt as 0.1% of L- arabinose20s enough to inhibit the growh of
the AaraD strains of the invention. The arabinose sensitivity was further
tested on AGLAaraD, DHSal phaTl AaraD and JMLO9AaraD as above but using

| ower concentrations WO 2005/ 026364 PCT/ F12004/ 000540 19 of L-arabi nose.
The results ari@bf geilapmigiDNA yield of Aarg $tiRinseen in Figure 18, as |ow an
amount as 0. 0005% of L-arabinose is enough to inhibit the growth of the
AaraD strains of_the invention. Additjonall he_L-arahjinose sensitivity
was tested in MPEHY vy '§fab'50§?<9$’é@t‘£lﬁ§m*%¥ﬁ'\tﬁt aﬁf"f’&Mt 3\j’l"’(‘fé‘lﬁ%rt"eand

ar abi nose concentrations (322% gl u- cosws. (0g24) ayiebd Gasper 2% ar &bi nose) .
The cultures were incubated at 37C in a shaker ,{,pgpp@ﬁ@,re%oyﬁg%gmpe Then

t he OD600 was sured to quantitate the, .cell density. The results are
given in Figu @\f‘.”a@ot h concent r &€ ons %¥%r abi noset’%o, 205 A5 '9PEnts
i nhi bited theAQ@agalowt h 00.2t he AaBaD sth@hhs of theé.®nvent inofilaremisver,

the growt h of J%hg{lg,% with intact araD gene was not inhibiteg., fow
he p egt ed. Plasm d

Addi tionally asmd yi eI$ of the AaraD strains was
Séwt d1EGFPar aB2 prepared i if Exanptd 1 04% ansforne® i nto ABHEEHED and
JMLO9Aar aD st dEi1A8AaGonpet ent cells were prepared with very few
D 0.2 4.3 0.038 2.9 filaments
DH5aT1 no filaments
AaraD 2 6.6 0.017 3.5
DH5aT1 no filaments
AaraD 0.2 6.4 0.016 3.4

According to these results 0.2% L-arabinose is sufficient for obtain-
5 ing the plasmid copy number at the same level as with 2% arabinose.
For this plasmid AG1AaraD seems to be better, because the plas-
mid yield is somewhat higher and cell densities also.

Example 5.
Generafion of an Escherichia coli strain with additional muta-
10 tions within the genes potentially encoding L-ribulose-5-phosphate 4-
epimerase.

E. coli chromosome contains two additional coding sequences for L-
ributose-b-phosphate 4-epimerases in different operons. The ulaF and sghE
genes from L-ascorbate degradation pathway encode the genes with epime-

15 rase aclivity (Wen Shan Yew, Jhon A, Gerit, J. Bacteriol. 184 (2002} 302-3086.
In order to increase the stringency of the selection and to avoid or knock out
the possible adaptation mechanisms of £, cofj strains due to other genes with
epimerase activity, the coding sequences of the UfaF and SgbE genes in E.
coli genome were interrupted. Such adaptation mechanisms could occur in

20 long-term plasmid production under suitable conditions.



15 RFI and RF2 solutions as described in Exanple 3. The colonies fromthe
transformation plates were inoculated into 2 m of M medi um contai ni ng
0. 5% yeast extract and 25 pg/m kananycin + 0.01%thi am ne + L-arabinose
(2% and 0.2% . The cultures were incubated at 37C for 17 hours. Then the
OD60o0 20 was neasured to quantitate the cell density and the plasm d DNA
was ex- tracV8d'®°eHQ agen Mniprep Kit. Coefficient 2. BCUBR'SBYFM ) was
used for mni- prep isolation to get conparable results. The results are
shown in Table 2. DNA concentration was nmegsured with spectrophotoneter as
OD at 260 nm For mcroscopic analysis a drop of bacterial culture was
applied on 25 glass slide and covered wth cover slip. The culture was
visually i nspect ed at &dhe L& and HgbEaganiesnn . tch/i atraiobjlEdiaipeatiid apald and

| mer sion. VO A é)%@%@érepﬁg Uple 04 0:9 agel) Fapl r%c@mbfr’la%ﬁ‘ sty el d
I nose g

of AaraD stralns traln L-ar smd DNA Plasm d
Appear ance  ( vfeggiRed ip RGBS 3yi el d (pg per inm of culture) nicroscope
AQ AaraD 2 7.6 0. 039 5F|%tndhé| kareemicin-roAGEtAdr gbnd. B & 8cdi 0871 /MmrADnand

I/Ielr 3”}?2;‘/\/5[) 5 2@%@'@1 A‘éﬂ%@lﬁ sft%yl\‘*s Fag eﬂm%aqw Tc,Bcdcn;JtB ﬁﬁ@%§pr@§51% i)@ﬁ%@%ga
0.017 3.5 DH5aPKOR9 Patsamkpiand WQF‘%\% guprag i ampEi e @Szﬁ’@@c%}ddﬁeﬁwﬂwqﬁese
resul ts 0.2% Lsansithierdsanansychufdsistarenhutonts abtatmnsfermad withep@P28 tkehacopy

number at the sk, |euel: eﬁ’&hﬁsth{ @én%@%ﬁoérﬁ gﬁfbﬁcﬂmréﬁgﬁﬁﬁbﬂ féﬁafr%a'j

seens to be better, becaus cel |
densities al soWerapgrEdst @eﬁéﬂgmwo@ﬁew@%ﬁ@%s%ﬂ?&o@@iqs %@ffeathﬂ th

addi ti onal Tt aen-selectively at 42°C (24 hours twice). Then they were tested for loss of
kanamycin and ampiciliin resistances.

The inactivation of the chromosomal w/aF gene (SEQ ID NO. 20) by
the phage A Red recombination system was performed using the primers
ulaFylem and ulaFalum;

15 ulaFylem

CAGCAGGTATTTGAAGCCAACATGGAGCTGCCGCGCTACG-
GGCTGGTGTAGGCTGGAGCTGCTTC (SEQ ID NO. 21)

ulaFalum

AAACGGCTGCGGAATTAGACCAGTTATCTCCCGAGGAAGGAAA

20 TTAATTCCGGGGATCCGTCGACC (SEQ ID NO. 22)

A lot of colonies were observed on both transformation plates. Fif-
teen colonies obtained from the electroporation were tested for the presence of
the kanamycin resistance gene by colony PCR using primers ulaFvalisR and
uiaFvalisF:

25 ulaFvalisR

AAACGGCTGCGGAATTAGACC (SEQ 1D NO. 23)

ulaFvalisF

GCCGTACCTGATTGAGATGTGGAG (SEQ ID NO. 24)

These primers contain annealing sites on the UflaF gene near the

30 insertion site. A PCR product of 864 bp was expected from the E. colf
DHb5alphaT1AaralD 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 1D NO 16).

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



10 tions within the genes potentially encoding L-ribul ose-5-phosphate 4-
epi nerase. E. coli chronobsone contains two additional coding sequences for
L- ribul ose-5-phosphate 4-epinerases in different operons. The ul aF and
sgbE genes from L-ascorbate degradati on pathway encode the genes with
epi me 15 ras§,:£5gy}t¥ (Wen Shan Yew, Jhon A Cerlt, J. Bacteriol. 184
(2002) 302- 388 2%5(%63%8t der to increase the stringency of PHEFREME¥F#on and
to avoid or knock out the possible adaptation nechanisnms of E. coli

strains due to other genes with epinerase2activity, the codi ng sequences
of the U aF and SgbE genes in E. coil genone were interrupted. Such

adapt ation mechani sms coul d occur in 20 long-termplasmd production under

sui t abl e condi th@hsaraddui0sN026864nPeTl AFrREdz O ComIT vate Theted/ ar! aalld
SgbE gteﬂes Ih n %BX@%”% c§ﬂré@w§d@ﬁ5@ht @B@Eﬂ%ﬁb@%@g%traﬁ@&é@hé&mrd' srupted
usi ng the phage e i_nat.ion esCr i
First, the kananyci n- r {TEH}'“%}@He? Ee é@??mxafz(ﬁ?'é%”énae”% ﬁlsg’r%&ar abD
strains was el |A@?@@FQBAUFH_FPaﬁ@cE&ﬁﬁﬂ!mTéA@X@?@@QF@#@MS&W&Ecpeﬁi@mﬁ) agDég-senko
and \Wanner, §Ul%rcﬁbedi @b@wmé ﬂn'aBWa@i@h%ﬁ‘%ﬁE c%ﬁqu%fmrs ﬁ eS(%'E%l D Y&,

2uPEd 4

KanarryC| n-resi st nt S t ransf
myci n-resi st an?% Avi%éﬁf?ézﬂjnb' lang,}fﬁﬁeg} Wlagrﬁ’e gfdescribed in
transf ormants Emrm)!@él Em edmats 300 W8 dgbbink)n aad sgbEylbinch t he same

col onies were purifiedgddk dn-sel ectively at 42C (24 hours twi ce). Then

| nastlvation of the chﬁm&ﬁﬁﬁéwf?g@%ﬁ*ﬁbkﬁﬁ%@ﬁfﬁﬁé%ﬁe A
Red reconbi mat iAYGAHET@REAESGHE CIUST TRAAGS (S¢-Q HENGri28rs ul aFyl em and
ul aFal um 15 ul aFyl emg ATTTGAAGCCAACAT GGAGCTGCCGCGCTACG

AACOCT COSRAT T AGACAC RSB AR A G0 PGS ERAMREEReoacc
(SEQ I D NO. 22AGBTOGTOTACHEONGCESA BT ECINC SRS [DINGD@ transf or mati on
plates. Fif- A lot of colonies were observed on both transformation plates. Fif-

15 teen colonies obtained from the electroporation were tested for the presence of
kanamycin resistance gene by the colony PCR using primers sgbEvalisR and
sghtvalisF:

sgbEvalisR
CGGCGTTACAGCAAGGAACATATC (SEQ ID NO. 28)
20 sghEvalisk
ATTGAAGCGCGTATGCAGGAGG (SEQ ID NO. 29)
A PCR product of 792 bp was expected from the E. coli DH5alpha
T1AaraDAulaFAsgbE and AG1AaraDAulaFAsgbE strains without insertion in
SgbE and a 1413 bp product, if the PCR product had been inserted in the

25 SgbE gene. To confirm the insertion of kanamycin gene another colony PCR
was performed using primers sgbEvalisR (SEQ ID NO. 28) and kanaSF (SEQ
ID NO. 18):

Fifteen colonies from both strains were tested and four gave the
correct product.

30 The arabinose sensitivity was tested on the E. cofi DH5alphaTH
AaraDAulaFAsgbE and AG1AaraDAulaFAsghbE strains produced and com-
pared fo those of £. coli DHbalphaT1Aaral and AG1Aarab strains. One col-
ony of each strain was inoculated into 2 ml of M9 medium containing 0.5%
yeast extract, 25 pg/mi of kanamycin, 0.2% glucose only or 0.2% or 2% L-

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



teen col onies obtained fromthe el ectroporation were tested for the
presence of the kanamycin resistance gene by colony PCR using priners

ul aFval i sR and ul aFvalisF: 25 ul aFvalisR AAACGGCTGCGGAATTAGACC (SEQ I D
NO. 23) ul aFvalisF GCCGTACCTGATTGAGATGIGGAG (SEQ I D NO. 24) These priners
contain annealing sites on the U aF gene near the 30 insertion site. A PCR
product of 8822HP%de* expected fromthe E. coli DH5al ph#MBaIv4pyand

AG AaraD strains without insertion in UaF and a 1527 bp product, if the
PCR product had been inserted in the UaFygene. To confirm the insertion
of the kanamycin gene anot her colony PCR was perfornmed using priners

ul aFval i sR (SEQ I D NO 23) and kanaSF (SEQ I D NO 16). 35 These priners
produce a 428 babiprlodesting iof araldnkas sapsitivityesi s- tance gene has been
inserted into the U aF gene. Four col onies from W 2005/ 026364

PCT/ T12004/ 00540—22—-ActAar-abAu-aF—and—PbHSatphatHAarabAuaF—strains were
tested and al|Strgive the ¢&Rec®lPproduct | OBme HetbAYe { OPweBla2% rai n was
used further.{ The elimnatlion of the kanamieibinéesi st antargdigen E.col i

AQ Aar aDAu/ aR—and-BHSat-phaTiAarabAutaF—strains—waspettorned-asde=; 5

scri bed abovel AFhdd@acti ydtd on of the ci-8dosonal sgbhB-4fene (SEQ IID NO

25) by the phage A Red reconbination systemwas perfotnmed as descrijbed in
Exanpl e 3. TheppshpREB useg mere sgbEal Urmmgand sgbEyl emassgbEal um
CGTTACAGCAAGGAACATATCAATTCGTAGTGCCGEGECGATG 10 AAGAATTCCGGGGATCCGIICGACC
(SEQ I D NO, 26}*8YbEy| em | GCAGGAGGCTGGATITTATATGT TAGAGCAACT GAAAGCCG:
ACGTIGGTGTAGTAEMNEEESCTTC gSEQ | D NO. 27)g év | ot of col gyses were ohbserved
on both transfora&xi (}&epl ates. Fif- 15 tieen col oni es pbtai ned fromithe
el ectroporati MY est &d for the presence of kanapycin resistarnce gene

by the col ony Sé%‘a;Hﬁé 1g P irr]o:ers SgbEvarli %f‘;g?”“ Sgbl:va.b.lz%l—:

AaraDAuvlaF
AsgbE

As can be seen from Table 3, there were no essential differences in the arabi-

5 nose sensitivity of the strains of the invention. Similarly, when the plasmid DNA
yield of the AaraD and AaraDAufaFAsgbE strains was tested as described in
Example 3 (the resuits are not shown), no differences were found between
E.coli AG1lAaraD and AG1AaraDAulaFAsgbE or DHbalphaT1AaraD and
DHS5alphaT1AaraDAulaFAsghE strains.

10 Example 6

Stability of Sewtd1EGFP/araD?2

An important feature of the vaccination vector is the stability during
propagation in bacterial cells. To test the stability of S6wtd1EGFP/araD2 in
bacteria the plasmid was transformed into the E. coli AG1Aaral and

15 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 £. coli
AG1AaraD and JM1098AaraD cells and incubated on ice for 30 minutes. Sub-
sequently, the cell suspension was subjected to a heat-shock for 3 minutes at

20 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% vyeast extract, 2% L-arabinose and 25 ug/ml of kana-



sgbEval i SR CGGCGITACAGCAAGGAACATATC (SEQ I D NO. 28) 20 sgbEvalisF
ATTGAAGCGCGTATGCAGGAGG (SEQ I D NO. 29) A PCR product of 792 bp was expected
fromthe E. coli DH5al pha T1AaraDAul aFAsgbE and AGlAar aDAul aFAsgbE strai ns
Wi thout insertion in SgbE and a 1413 bp product, if the PCR product had
been inserted in the 25 SgbE gene. To confirmthe insertion of kananycin
gene anot herWearsH3s3CR  was perforned using priners sgbBEAAMERIOSEQ | D NO.
28) and kanaSF (SEQ ID NO, 16): Fifteen colonies fromboth strains were
tested and four gave the correct productyy 30 The arabinose sensitivity was
tested on the E. coli DH5al phaTl AaraDAul aFAsgbE and AGlLAar aDAulaFAsgbE
strains produced and com pared to those of E <coli DHSal phaTlAaraD and

AG Aar aD str ai mgcinOoe el nexoriay ofheeestls fairh aine ooy werutrahsfdrredtontthd  of

M medi um Contr‘?‘évg'c!%g c%n ai%)nﬁ?ﬁ%garﬁétnﬁ@&ﬁm %ﬁs@%é@du‘f’é m)é@r?@ﬁ%acté@unﬂ f@tﬁo

gl ucose only or abi nose
shown in Tabl ePa&Bsages P@@&P@?‘éﬁ@ﬂ pean 91%647‘(9@05%8’“952@’0%5?@" B’assﬁgﬁ@ng of

ar abi nose senstdth batieriaSetr@h$ wokb age3CcintbnaR: ¢ i o? ieOedinChentdiing

Dar 2D AGH Aad i B B8535 27 € Pkichess Byaen P sHatyepL fplfgta ©- 55
tiarabDtul aF Agwmgmsat:aﬁ Cbé‘\“t@e\éﬁomﬁérﬁhﬁélﬁlge T8e eellerwermehavasiog stightieal
di fferences i madnidanRAiwadeneeecRiGithe wa&tbn@fustdge@sst réh Bpiroftidigrep Kit

venton. S ARl W B B LA S R Ao
with restriction endonuclease Hindlil (Figure 10) (Fermentas, Lithuania) were
10 analyzed by agarose gel electrophoresis in comparison with the original
Soewtd1EGFP/araD2 DNA used for transformation {as control in Figures 9 and
10). Lambda DNA digested with EcoRI/HindIll (Fermentas, Lithuania) was
used as a molecular weight marker (M3 in Figure 10},

Samples were digested with Hindlll as shown in Figure 10A for £.
15 coli AG1AaraD and in Figure 10B for JM109AaraD strain, patterns identical to
the original S6wtd1EGFP/araD2 plasmid DNA were observed. The predicted
sizes of the fragments resulted by Hindlll digestion are 3274, 1688 and 1510
bp. It can be concluded that the vaccination vecior S6wtd1EGFP/araD2 is sta-

ble when propagated in £, cofi AG1AaraD and JM109AaraD strains.

20 Example 7

Comparison of an antibiotic selection system with the L-arabinose selec-
tion system of the invention
in the comparison of an antibiotic selection system with the L-
arabinose selection system of the invention the following growth media were
25 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
30 (non-selective medium);
Medium 3:
M9 medium plus 0.5% yeast exiract, 0.2% L-arabinose and 25
ug/ml of kanamycin; (selective medium); and
Medium 4: M9 medium plus 0.5% vyeast extract and 0.2% L-
35 arabinose (non-selective medium).



Example 3 (the results are not shown), no differences were found between

E. coli Ad AaraD and AGlLAar aDAu/ aFAsgbE or DHSal phaTl AaraD and

DH5al phaTl Aar aDAu/ aFAsgbE strains. 1o Exanple 6 Stability of Séw dl

EG-P/ araD2 An inportant feature of the vaccination vector is the stability
during propagation in bacterial cells. To test the stability of S6wt dl
EGFP/ ar aD2 M0 2aét%t4 a the plasmi d was transformed i nt oPETHR2ELOWHO]

AQ AaraD and 15 JMLO9Aar aD strains prepared in Exanple 3 and the intactness
of the vector was followed by the plasm dsDNA anal ysis during four
generations. The plasm d Séwtdl EGFP/araD2 was mi xed with conpetent E. coli
Ad AaraD and JMLO9AaraD cells and incubated on ice for 30 m nutes. Sub-
sequently, the cell suspénsotmGlisrsDichegitggaraD &ih€Eakttathook for 3 ninutes
at 20 37C foll owed by d?@ﬁlsj cooling onice. One mililiter of LB nedium
was added to the Sanﬁé?i the mxture was incubated for 45 m nutes at
37C with vig- orous sRAKiIMEIUR RAIS §.57 ¥s8rt ruhed Gitie barpkingess apflatd
onto MP nedi um di sheg/gohtfdiamiangch. (S8eydastedtmaatd 2% L- ar abi nose and 25
palm 01 ama VO 2000hato RETHRLEADHLA00540 ot SRHEEE 0 S0 Silediexty day.

the cells fromone col tran W di sh® contai ni ng
the sanme medium Thi 52§ %‘ﬁﬁa@ﬂﬁé@’w}a w&@efeﬁmelme@law passages of
bacteri a had been grovithe pTammdeIp@rf‘V!@scﬁ#nd)r(fﬁgmwémﬁia{maanGb@#Mba}Qgeri al
strains were u i f: f C yeast
oxtract, 2%.L- ifeé’%. B SRBe n  o AGT e RS TA R o Y o
37'C with vi gof8uBuiahekCrig.T ff‘rﬁé’d@é‘la J hﬁéﬂaésmmﬁéé)@éwﬂah@olmﬂa@s WrgiEvED DNA
was extractied dtr IMTCt dverbight ier aa inesibagr. QAR eeHRf mel\édﬂcbrlﬁéﬁﬂfd@ inoc(iACGEN) .

The plasm d f i.aur.e. 9 g 0 th
restriction en onu%lpéeegécetgﬁl Q{éfpéll‘: gfécf?ve P l@? Q%afgﬁj ?@édgnﬁg %\Nere 10
anal yzed by agffied gelturgs vere S{ﬂ‘ﬂﬂ @sﬁ %hqkﬁrifgﬁéﬁ ﬁ'@ﬁe\ﬁp@ﬂwﬂﬁ@ec&lﬁmwﬂﬁhl

Séwt dl EGFP/ arta@p rdadhetshe stationtryapisdser and iten déasitycsimhe dutishigumeasd and

10). Lanbda D%ﬁlag%ﬁ%gh‘l‘t’}ﬁé }aEFn? /H'é‘iﬂja‘;ed(iﬁ%gﬁg cﬁggrg:)sl ibu%rg @%m;ted

used as a nol ecu ure

with Hindi b SNARGHR Wab feigtminetony fsr meastresert/ar thespieara BING 4tr2d8 gur e
10B for JMLO9Aan dhesplaaim yiprt was bslcildRiatdrctk Bais that 50 ug vields fo 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-
20 ftionary phase (8-12 hours). The density of the cultures was measured at
ODgno, the plasmid was extracted and the yield was determined, and again an
aliquot was inoculated into 2 ut 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.
25



the original Séwtdl1EGFP/ araD2 plasm d DNA were observed. The predicted
sizes of the fragnents resulted by Hindl Il digestion are 3274, 1688 and
1510 bp. It can be concluded that the vaccination vector S6éw d1EG-P/ araD2
is sta- ble when propagated in E. co/i Ad LaraD and JMLO9Aar aD strains. 20
Exanpl e 7 Conpari son of an antibiotic selection systemw th the L-arabinose
sel ec- tion ¥YHEMHIYH t he i nvention In the conparison of PGHFIZNEPHEBL i ¢

sel ection systemwith the L- arabi nose selection system of the invention
the following growth nmedia were 25 used.ofor E. coli AGL carrying plasmd
p2 M5 C #11: Medium 1: M nedi um plus 0.5% yeast extract, 0.2% glucose and
25 Ng/ Ml of kananycin (selective nmedium; Medium2: M nedium plus 0.5%
yeast extract and 0.2% glucose 30 (non-selective nedium; Medium3: M
medi um pl us 0. FableedstCompatison of 2m |anditiotic csrieetion 2Systegy witlofthe L-
kananyci n; (seheMihose SBIdLHON syseh VEthdivantidd nmedi um plus 0. 5% yeast
extract and 0.2% L- 35 arabi nose (non-selective nediun). WO 2005/ 026364
PCr/ F12004/ 000540 25. For coli AdQ AaraD carrying paraD MG C #145:

Medi um 5: M nedtium plimse. ygast exphaeiht of. 2% |- ar abi nose and 25

,ug/ M of kan L(sel ect] ve medium; _an dium 6: M@ nmedi um plus 0.5%
yeast extract ?%ﬁé%)uéﬁui%ge and 25 pgpﬁsmgq 5(21 anycin (non-sel ective

nedi un). The pPeisnmids p2 M3 C #11 (Fi ghee! pdpuiliig paraD MG C #145 (Fig- ure
21) were f[rans’f/q)r med into BEgohi AGLi@Bshdnto E. coli ~AGlAar abD carrying
the nutation G to T in codor% e tTrapsformed bacterial col onies were
grown 10 at 3#C-evernght—n 22'8 reubgt:BFY Next—molr ni ng the col oni es were

i nocul ated ind/6 the sel ectli®&852nd noiB.$8lective |jiquid media as indicated
above. The in-z/@cul ated cultgires were LV ek in a shaker in 2 m of the

respective medrumuontii

3/1 7.317 10.9ug
3/7 3.046 1.6y

4/1 6.874 BUy

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

5 It can be concluded from these data that a plasmid carrying the

kanamycin resistance gene and conferring E. colf 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 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 £. 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-
15 lection system of the invention is used in the plasmid, the plasmid DNA vield 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-



they reached the stationary phase, and the density of the cultures was
nmeas- ured at OD600. The plasm d was extracted fromthe cultures and the
plasmi d 15 DNA yield was determ ned by the neasurenent of the plasm d DNA
at 260 nm The plasm d yield was cal cul ated on the basis that 50,ug yields
to an opti- cal density of 1 at 260 nm Then an aliquot of 20 /I fromthe
stationary cWPLE&363as i nocul ated into fresh medi um (dPETUFRGR0OABEO ti nes),
and the cultures were grown until sta- 20 tionary phase (8-12 hours). The
density of the cultures was neasured at Opp00, the plasm d was extracted
and the yield was determ ned, and again an aliquot was inoculated into 2
ul of the liquid nmedium This procedure was re- peated 7 tines
(preparations fiod eystem dhtheriasentos @b i ewpe sigmnbndgeow fefficiestigechdien

Tabl o 5 bel ow 25, 40:20 0 1D 26,26, FETLRIRGRA! 000500 26 Tabl e .

Compari son of an an TiCE Ton systemw th the L- arabinose

sel ection system of the invention Medi um nunber/ OD 600 Anount of
prepar ati on nuf@PIRFi d DNA ber per 1 ml culture 1/1 6.215 6.35pg 1/7
3.278 2.3pg 2/1 6.652 6.15 _  2/7 5.133 0.65pg 3/1 7.317 10.9 3/7 3.046

1.6 4/ 1 6.874Féd-batch forfdshtitiodof WAEraﬁBﬁﬁvtﬂ5EGFPlat‘éD'2 7.014 5.15 6/1

6.131 5.3 6/7 6.031 4 5 |t can be concl.uded fromthese data t
pl asni d carfying the KEnARPEGSIERASPES] Eo‘béﬁ%e‘é‘n‘ﬂa%éﬁPé?ﬁ’t?ﬂ@ ‘[glaa%&? t he

resi stance in feheepiadon for the purpose of production of plasmid containing bacteria. A
single colony was picked from AG1AaraD Séwtd1EGFP/araD2 plate and in-
oculated into 250 mi M9 medium containing 0.5% yeast extract, 0.2% L-
arabinose and 25 ug/ml of kanamycin and incubated overnight at 37°C with

10 vigorous shaking. After 18 hours the ODggg of inoculum was 6.4, 160 mi of in-
oculum was added to fermentor containing 5 | Fermenter Starting Medium (8
g/l KH:PO4; 10 g/l NaCl; 5 g/t NH4CI; 5 g/l yeast extract; 2 g/l L-arabinose; 2 g/l
MgS0Qs4, 25 mg/l kanamycin and 0.1 g/t thiamine; pH 6.7 with NHsOH). After 5.5
hours of growth automatic feeding was started with given growth speed of 0.15
15 h™ (allows carbon-source limited growth) with fermenter feeding medium (300
g/l L-arabinase; 150 g/l yeast extract; 50 mg/l kanamycin;, 0.2 g/l thiamine).
Feeding speed was confrolled by computer according to formulae
F(t)=myS*S;/S¢ where myS is desired growth rate, Sy, is the amount of carbon
source added to the time point and Syis carbon source concentration in feeding
20 medium. The growth was foliowed by measuring ODgge 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 ODggp was 45. The bacterial mass was collected by centrifugation
and washed once with 2 | STE buffer. Yield of bacterial biomass was 410 g wet
25 weight. The data for ptasmid DNA content is shown in Table 6.



ence of kananycin is lost in the consecutive dilution/grow ng steps of the
cul - ture under the non-selective as well as under selective conditions.
The yield of the plasmd from1 m culture drops 3 tines under the

sel ective conditions and 10 10 tines under the non-selective conditions at
t he seventh round of dilution (preparations 1/1 vs. 1/7 and 2/1 vs. 2/7,
respecti vel yYYOH™* 3L 5). The same basic result is obt BYHE@UWHHMEH t he
carbon source for E. coli carrying a plasmd wth kanamycin resistance is
L- arabi nose instead of glucose (preparatigps 3/1 vs. 3/7 and 4/1 vs. 4/7,
respectively, in Table 5). However, when the araD se 15 |l ection system of
the invention is used in the plasmd, the plasmd DNA yield is high under
both sel ective_(preparation 5/1 vs. 5/7 in Table 5) and non-sel ective
(preparation 6Fables6. Elgsmid PNA oigy deviaytAGASarabiIEWIddEEFS4aEeD fas- and
non- sel ecti venfngiién ons the plasm d DNA yield dropped over 7 generations
ap- proximately 20% This indicates clearly that the plasniids carrying
araD sel ec WD 2005/ 026364 PCT/ P12004/ 000540 27 tion system of the
invention are nuchTimee stabDPsand iaswmef DNN &tid.y Preetid DNA mH@?l ve as

wel | as non-sel ective conditions. Exanpl ed- bat ch
Ad AaraD Séwt d1EGFP/ araD2 6 The araD gen@"%’gged sel ectg’%lrrl'%z% thﬁpe s al so

tested in fed-BREEHM ferment &fon for t heOPdr pose of producl41§)n of pl asm d
contai ning bacgé@ria. A singl®icol ony wasgoppcked from AGQ AaraD

Séwt dl EGFP/ araf®?, pl ate and inygocul ated inf E 250 M MP nedi cont ai ni ng
0. 5% yeast extract, 0.2% L- arabinose and 25 Ag/m of kananﬁ&l n and

i ncubat ed over®f §ht at 37° C wfh 10 vi gor@d8 shaking. After 88 hours the
ODsoo of inocut@mwas 6.4. 165 nm of in- gyl um was added to4ifernentor
containing 5 | Fernenter Starting Medium (8 g/l KH2PO4; 10 g/|I Nad; 5 g/l
NH4Cl; 5 g/l yeast extract; /1 L-arabinose; 2 g/1 MSHM, 25 ny/l
kanamycin afd 0.1 g/| T@ﬁl%@ﬁb apl @ indiggte rﬁimmheﬁ)arahmpée sslastion sypterof

growt h aut omatwerkteed) \mgn welsgs tan U@@bﬂ@é e ig vmbg/rmtahs§md pMsnfid EBplS h"1

(all ows carbo r r.ment 300
g/l L-arabi nogggwég&e ‘J‘IﬂrEe %f& g %n\,\é@% W]%FICOIQ ﬁ'Qﬂf)@?g %b'ggg? rm’tg

thi anine). Feisihge é@lt%@a%@mm@ Hé@s‘bg@!’db@muﬂéﬂdiyaccor ding to formul ae
F(t)=nyStS;,,/Sf where nyS is desired growmh rate, Sin is the amount of

carbon sourceExatdpid 90 the tinme point and Sr is carbon source
concentration in feeding

10 Purification of AG1AaralD S6wtd1EGFP/araD2

The purification of AG1AaraD S6wtd1EGFP/araD2 was performed
as follows (Figure 12):
a) Feeding preparation
Clear lysate was prepared according o Qiagen’s Plasmid Purifica-
15  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-
20 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.
25



20 nmedium The growth was foll owed by neasuring OD600 and sanples for plas-
m d DNA were taken. The data registered during fernentation is represented
in Figure 11. Fernentation was term nated when 1 | of feedi ng nmedi um was
con- sunmed. Final OD600 was 45. The bacterial nmass was col |l ected by
centrifugation and washed once with 2 | STE buffer. Yield of bacterial

bi onass was A923"G'%%f! 25 weight. The data for plasnid DNA/ESHEEHE% s shown
in Table 6. WD 2005/ 026364 PCr/F12004/ 000540 28 Table 6. Plasmd DNA yield
during AGLCaraD Séwt d1EG-P/ araD2 fer- nenpation Tinme ODooo Plasm d DNA
conc. Plasmd DNA yield (fig (pglpl) per mM of culture) Inoculum®6.4 0.04
4.6 4 h 3.10.021.121 h 28 0.150 24 h 37 0.13 87 29 h 45 0.14 113 5
The data in Table 6 irgiRiadreidttah ptitiicatioar abi nose sel ection system works

very well at high cel 'PIQ%@ DN%S ufiftcatidn M@?@Hbﬁm@&ﬁ@&!&ﬁdﬂ@ﬁ% RhR$dHAh cop-
ies in bacteri L cel |, gx navantﬂgg § {ﬁfl}ons of L-arabi nose
linmta- tion bé BEHIF A MR SHR UEFT@ cP[Ft‘%EI sRigHicatie} @recessayser le 9
1o Purifi cati omodificaiBhiawa® Soptatll EG-P/ ar aD2 The purification of AG Aar aD
Séwt dI EGFP/ gr aD2 was RgEf of, ’Tﬂrgm @étefx@éé s§ V&Pfr{e‘!é@dml ?E @ﬁ%

preparation C te S
Purifica- 15 thB[Y‘ ﬁﬁgbo?ﬁﬁ% 39 d ﬁ\%%'dam%@a’%f? a”&& ‘P” cel |
paste was resuSgenatese ﬁrFFZOOﬁmIBhazm Ress osgea); pevionsBudduéibratad witht Bufferqual
vol umes of P2 ang) Rd1Haio) Y@Orﬁmaﬂ% Aeybk Eéﬁg\f gp, §ere used. The ceII

I8

debris was renoved by centr|fugation at n e
Cear |ysate was pour ieR Kr 8@ h'q4jae 'ref%%ﬁa‘)thf/ S'desfg% %n X-1

14 (Si gm) 10asPlaidedignmlisoh mqwmrms wigf Butier At end afted wiashing a(nﬂr elutian X-
;rlgt nas been seBuie: B2 A eI, ERAHAS, 14, 11BYRM This 1AM BDTAY pH
’ 7.5), supercoiled plasmid DNA was captured.
Step 3. Eluted plasmid was diluted with five volumes of distilled, de-
jonized water and loaded to SOURCE 30Q (Amersham Pharmacia) equili-
16  brated with buffer C1 (0,4M NaCi, 100mM Tris Cl, 10mM EDTA, pH 7.5) . After V
washing, purified plasmid was eluted with Buffer C2 (1M NaCl, 100mM Tris Cl,
10mM EDTA, pH 7.5} and elution peak was collected. Fraction size was 150ml
and it contained 100mg of endotoxins-free (<10 EU/mg) Sewtd1EGFP/araD2
plasmid.
20



et al., dinical Biochem stry, 1997) After one hour nucleic acids were
precipi- tated with 0,6 volunes of cold isopropanol. Supernatant was
decanted and precipitate was stored overnight at -200C. 25 WD 2005/ 026364
PC 17F12004/ 000540 29 b) Plasm d DNA purification Plasm d DNA purification
was performed according to Anersham Pharmacia's three step supercoiled
plasm d purification process, where few nodifications were adopted. 5 Step
1. Precipitate was redissolved in 1500mM TE (10mM Tris-Cl, 1mM EDTA; pH
8.0) and | oaded for RNA renoval and buffer exchange on Sepharose 6 FF
(Amer sham Pharmaci a), previously equilibrated with Buffer A - 2M

(NH4) 25O41100nmM Tris d, 10mM EDTA, pH 7.5. Step 2. Void vol une was
directed to the Plasm dSel ect (Anmersham 10 Pharrmacia) columm (equilibrated
with Buffer A) and after washing and elution wth Buffer B2 (1,6M NaCl, 2M
(NH4) 2S041100nM Tri s @RIMI onM EDTA, pH 7.5), supercoiled plasnid DNA was
captured. Step 3. Eluted plasmd was diluted with five vol unes of

distilled, de- ionized i =38R diIANEEShas Lhatamaci a)
equili- 15 brated. wi ?h,ﬁ%ﬁt@@%yzﬁ%ﬁgﬁn@%ﬁ(ﬁ Tr | %98 10 ‘E%Tcﬁ; pH
7.5). After wegH HER WHiFNi 3 VedlopFaBiny aREald [96Ps dak TR F@ras&ny%r d,
100nM Tri s5 A markdhnM EDTA, pH 7.5) and el ution peak was collected. Fraction
size was 150m and it contained 100ng of endotoxins-free (<10 EU ng)

Séwt d1EGFP/ arab2  pl asmiadsei2QicaOsys@raiaBBorlingMoS@hiect | @Rereits frenaabngsnesi ng a
bacterial cel| deficiept of an graD ene inte vgljll %;h)a vector carrying an
araD_gene has'SteBniggriadhasPiate Arpine@se B ket ' 22 A sel ection system
according to claim1, wherein the araD gene is L-ribulose-5-phgsphate
4- epi mer ase gene (EC3%. A slaction sysiem astetingot Skt én?ra%'c‘ﬁ?‘%ﬁeﬁ'gﬂieoa@ aim |
or 2, wher ei ngdheopfi@Dector is mutated said vector generating the araD gene product |-

10 ribulose-5-phosphate 4-epimerase.

4. A selection system according io claim 3, wherein the mutation
introduces a stop codon into position 8 of the araD gene.

5. A selection system according to any one of claims 1 10 4, wherein
the vector comprises a mutation in the Shine-Dalgarmo sequence of the araD

15 gene.

6. A selection system according 1o any one of claims 140 5, wherein
the bacterial cell is an Escherichia coli cell.

7. A selection system according to claim 8, wherein the £. colils £
coli strain JM109.

20 8. A selection system according to claim 6, wherein the £ coli is £.
coli strain DHS5 alpha-T1.

9. A selection system according to claim 6, wherein the E. coii is £.
coli strain AG1.

10. A selection system according to any one of claims 7 o 8, wherein
25 said E. coli strain is deficient of the araD gene and ulaF gene.

11. A selaction system according to any one of claims 7 to 8, wherein
said E. cofi strain is deficient of the araD gene and sgbE gene.

12. A selection system according to any one of claims 7 to 9, wherein
said E. coli strain is deficient of araD gene, ulaF gene, and sgbk gene.



gene of the vector is nutated said vector generating the araD gene product
L- 10 ri bul ose-5-phosphate 4-epinerase. 4. A selection systemaccording to
claim3, wherein the nutation introduces a stop codon into position 8 of
the araD gene. 5. A selection systemaccording to any one of clains | to 4,
wherein the vector conprises a nmutation in the Shine-Dal garno sequence of
the araD 15 gene. 6. A selection systemaccording to any one of clains 1
to 5, wherein the bacterial cell is an Escherichia coil cell. 7. A

sel ection systemaccording to claim®6, wherein the E. coil is E. coi
strain JML0O9. 20 8. A selection systemagg¢ording to claim®6, wherein the E.
coil is E. coil strain D -15 al pha-T1l. 9. A selection systemaccording to
claim6, wherein the E. coil is E. coil strain AGL. 10. A selection system
according to any one of cl n S nis
deficient of the araﬂg %ﬁﬁﬁnﬁyﬁﬁﬁb@ﬁﬁ"ﬁﬁqtoﬂP%B?%é%ﬂE%pgﬁs# aé@%rdlng
to any one ofwbdammlé’vecciougl,s antepetgsiorsagatbr Burtlegiconsyismigh i s defl cient of

t he araD gene and sg %:? gens Alzseqﬁeﬁé‘é eghb&ﬂr@y%t em@@@;ogrqjh@gngopaﬁgmone of
clainms 7 to 9, wherei sal

strain is nt 0 ul aF
gene, and sgbEPgjaiely finked ip aEh%tETOéC&Qquénp?meémsa’ch‘f THG chodﬁgpgﬁgﬂof t he
precedi ng | ad:dl‘ﬁprISM@(IEE idAibthdirec tomainswhinh dxpiscosi epeaier POV $efUERE?,
conprising. q(@&i o"h%ﬂ %b?ﬁ?ﬁﬂ%ﬂ%'ld%@, t@aﬂ%ﬂe%%br%ﬁﬁh@rﬁt‘ B prot ei n
n to ero

operatively I| ous. pronoter, id nucl.ear-a

protein 5 conprisi n@b(ﬁ)m&'thgij ndNfAgSEHIRRCH %HT”@H Bi W mf;o‘c"ge gcf)re@%fl c
DNA sequence, nuckiut drichdriy broteih] wha:lerrdemamactdnémddmandspfﬂl@ma viyyg |agigin of
conmponent, anrg %ﬁ g multinmerized DNA sequence formng a binding site for
the nuclear GRCHOI ng protein, wherein said vector |acks a papilloma virus

origin of replicati 10 ,14. A selectio st.em g to claim 13,
wherein: 1) the nucﬁgaﬁ‘ S8R P aﬁ‘r?ﬁcgfcﬁnq A" ngeq{algl n of Bovi ne
Papi | | oma Virus type(d) {rBPWuclean@nchoring protein is the 2 protein of Bovine

‘Papiiioma Virus type 1 (BFV), and
(b) the multimerized DNA sequence are multiple binding sites for the

BPV E2 protein incorporated into the vecior as a cluster, where the sites can be
15 as head-o-tail strucfures or can be included intc the vector by spaced
pasitioning.

15. A selection systemn according to ciaim 14, wherein the vecior
additicnally comprises a deletion in the mufimarized DNA sequence.

16. A selection system according fo claim 14, wherein the vecior
50  additionally comprises a mutation in the Shine-Dalgarne seguence of the aral)
gene.

17. A vector comprising an araD gene as a selection marker which
aral gene is mutated generating a stop codon at position 8, wherein said vector
generates the araD gene product L-ribuiose-5-phosphate 4-epimerase.

25 18. A vector according to claim 17, wherein the vector is an
exprassion vector further comprising:

(8 a DNA seqguence encoding a nhuciear-anchoring protein
operatively linked fo a heterologous promoter, said nuclear-anchoring profein
comprising (i) a DNA binding domain which binds to a specific DNA sequence,

30 and (i) a functional domain that binds fo a nuclear component; and

(b} a mulfimerized DNA seguence forming a binding site for the
nuclear anchoring protein, wherein said vector lacks a papilloma virus origin of
replication.,



(b) the multimerized DNA sequence are nultiple binding sites for the BPV
E2 protein incorporated into the vector as a cluster, where the sites can
be 15 as head-to-tail structures or can be included into the vector by
spaced positioning. 15. A selection systemaccording to claim 14, wherein
the vector additionally conprises a deletion in the rnultirnerized DNA
sequence. 16. A selection systemaccording to claim 14, wherein the vector
20 additionally conprises a nutation in the Shine-Dal garno sequence of the
araD gene. 17. A vector conprising an araD gene as a sel ection marker

whi ch araD gene is nutated generating as%top codon at position 8, wherein
said vector generates the araD gene product L-ribul ose-5-phosphate

4-epi merase. 25 18. A vector according to claim 17, wherein the vector is

an expression vect ofg fAILLASF a&MPhG & AGim (8) waeBNA sequence encoding a

nucl ear -anchoring protei,n operatively, |inked.to t er ol ogaus pr.Qnot er,

sai d nucl ear - anchori ﬁ‘é} %\Eot"%‘lc ar‘éBW%@i r%&?l”) 2 @%AI% %&&ﬁ@ %n&?glﬂﬁi ch
bi nds to a spegilibima UG typegidBed). a80 and (ii) a functional domain

]Ehatj bi ndsb_to a nucl B3 find ATRRASEC {lwﬂ s(e@heﬁcé’rarletﬁnaﬁib'{ezgeld%ﬁ@gws_ed
orm ng a_binding.site for e . nucl ear anchoring protein, ei [

vect or | aéks B%\bgaigr ‘P%i?a’“%ﬁ”ﬂgat%#]iré? ﬁ'?o‘fecu?reeﬁ ?ggztsf)e(gnwﬁ%rf th?@&éicg%gg or
accordi ng toasl akat-iBiaiwkeneiires (a) carhdenundieded antohdrd oy obei #P8cedt he E2

protein of B‘B;‘é&ﬂ@nin api |l loma Virus type 1 (BPV), and (b) the nmultinerized
DNA sequence are multiple binding sites for the 5 BPV E2 protein

i ncorporated into t vectar as a.cluyster. . Sl . € ;
head-to-tail struct Lhrrg%sA gre 8530%05%”93? &?Fe[r& W?é%giﬁﬂﬁye%%ﬁ'was%%&t%ﬁ
posi ti oni ng. i2e Mulieetioed Bbosatiuggct.o cl ai m 19 additionally conprising a

deletion in the nmultimerized DNA sequence. 10 21. A vector according to
cl ai m 191addi ti onal | ¥ conpttbs bxgréingud atdiran 9 aduitidreltBhibme+iEal garntateequence

of the araD gweﬁ%’sr%ge—tﬁgiga?r% Eecﬁ}ern%%f%ga@%ngl deficient of the araD gene

and ul aF

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

23. E. coli strain DH5alpha-T1 deficient of the araD gene and sgbt

15 geEne.

24. E. cofi strain DHSalpha-T1 deficient of the araD gene, ulaF

gene, and sghi: gene,
25. E. coli strain AG1 deficient of the araD gene and ulal- gene.
28. E. cofi strain AG1 deficient of the araD gene and sgbk: gane.

20 27. E. coli strain AG1 deficient of the araD gene, ufaF gene, and
sgblk gene.

28. E. cofi strain IM109 deficient of the araD gene and ulak gene.

29. E. coli strain JM 108 deficient of the aralD gene and the sgbE
gene.

25 30. £, cofi strain JM 108 deficient of the araD gene, viaF gene, and
sgbt gene.,

31. A method of selecting the cells transformed with a plasmid
containing an araD gene, and the gene of inferest, the  method comprising



gene. 23. E. cols strain DH5al pha-T1l deficient of the araD gene and sgbE
15 gene. 24. E. coil strain DH5al pha-T1 deficient of the aral:) gene, ulaF
gene, and sgbE gene. 25. E. coil strain AGL deficient of the araD gene and
ul aF gene. 26. E. call strain AGL deficient of the araD gene and sgbE
gene. 20 27. E. colt strain AGL deficient of the araD gene, ul aF gene, and
sgbE gene. 28. E. coil strain JMLO9 deficient of the araD gene and ul aF
gene. 29. E. colt strain JM 109 deficient of the araD gene and the sgbE
gene. 25 30. E. colt strain JM 109 defic'gnt of the araD gene, ul aF gene,
and sgbE gene. 31. A nethod of selectiné the cells transformed with a
plasmd containing an araD gene, and the gene of interest, the nethod
conprising 33 inserting the plasmd into the araD deficient host cell and
growi ng the cabdrsing ﬂ‘ueﬁpiagzﬁ'mi/\’{nkb Rk Ssieai Rbagesr @il groseng 82, celsrezhod
according to cl gg)gene is L- ribul ose-5-phosphate

h
4- epi ner ase g%ﬂ@h’(@&%%mic%t%n%gt%g@% A nmet hod according to claim31 or 32,

wherein the araD gene of the vector is rrutate%:I |d v ctor eneratlng t he
araD gene product L- PRbi H&k0Y- aGrEtinthde &'aATepi n¥F @945” A fod -

accordi ng to rukisn 33hoyrerelapiheasibabé EC BN, B.@duces a stop codon into
position 8 of the araD gene. 10 35, A selection systemas clained in claim

1 and subgtantially ag Ahﬁé{%bﬁ' a@@&ﬁfdgbc%cbiémﬁé‘i eﬁégr@ng@ﬁ gt HapagaenpRNYi ng

Exanpl es. 36. A vector accor an ubstantially her ei n
descri bed wi tthe Yefier Brivdiasg ‘fafi%%%t%%%'ﬁ? *%fh%ﬂ§|9§§‘e PRAUGHLE) I'Pd'zg *ctor di ng
to claim3l gndhsphdistiamimardse. as herein 15 described with reference to the
acconpanyi ng Exanpl es. WD 2005/ 026364 PCP/ F12004/ 000540 2031002. ST25.t xt

34. A method according to claim 33, wherein the mutation intraduces
a stop codon into pesition 8 of the araD gene.

10 35. A selection systern as claimed in claim 1 and substantially as
harein described with reference to the accompanying Examples.

36. A vector according fo claim 17 and substanfially as herein
describad with reference to the accompanying Examples.

37. Method according to claim 31 and substantially as herein
15 described with reference to the accompanying Exampies.



sel ection system

SEQUENCE LI STING <110> FIT Biotech Oyj Plc. <120> Novel
<212>

<130> 2031002 <160> 29 <170> Patentln version 3.1 <210> 1 <211> 780
DNA <213> Escherichia coli <400> 1 gtttcgtttg attggctgtg gttttataca
gtcattactg cccgtaatat gccttcgcgc 60 catgcttacg cagatagtgt ttatccagca
gcgtttgetg catatccggt aactgcggcg 120 ctaactgacg gcagaatatc cccat at aag
ccacatcttc cgaéggéggﬁ4gcgttatgca 180 ccgcatcttc ggcatttPEGrededeycaa
acgggccgt g ggaat ggacc agaacgccgg 240 gatttgegc tgcatcgata ccctgttttt
caaaggtttc tacgatgacg ttaccggﬁ&%mggghsggéaéﬁ‘é a ttcgeegttg atttctgegt

cggtcatttt gcgggtgcag ggaat ggt gc cgt agaaat a gtcggcgtgg gt ggt gccgg
ttgct ggaat cgactgaccc gcctgecgece 420 agat ggt ggc gt ggcgecgag tgegt at gca
caat gccgeg, pat at gcct gat 480 agagcagccg gtgagttgge gtgtcggagg
agggcttttglggtggggg%%cgé%gc%FCac 540 cggtttcgat gctaaccacg accatatcgt
cagcggt cat gacgctgtaa tcgacgccgg 600 aaggtttgat cacaaagacg ccgcgctcge

660
720
780
txt <211> 76

acgtgaccag gttgtgtttt ggcagcgcca
cttctaacat gttgactcct tcgtgccgga
<210> 2 Page 1 WD 2005/ 026364
<212> DNA <213> Artificial

gat caacggc_gctgacgttg ccccat gt ga
ggt t ggct t¢*taatde tﬁ%eéﬁ¥ﬁt©§§§1
tgcgctttge ttatccggec tacaaaatcg
PCT/ F12004/ 000540 2031002. ST25.

Page 1

Sequence <1&220303&2%3> Priner <400> 2
<160> 29
<170> Patentin version 3.1
<210= 1
<211> 780
<212> DNA
«213> Rscherichia coli
<400> 1
gtttegttig attggetgtg gttttataca gtecattactg cocgtaatat gocttegege 60
catgetbtacy cagatagtgt ttatccagea geogtttgebyg catatccggt aactgeggeg 120
ctaactgacg gecagaatato cccatataag cgacctcotte cageacgatg gegttatgea i8¢0
cegeatette ggecatttttg ceccatgeaa acgggeoogtyg ggaatggace agaacgeegy 240
geatttgege tgcategata ccocctgttttt caamaggtittec tacgatgacg ttaccggttt 300
cccactcata ttegeoegttg atttotgegt cggteatttt gegggtgcag ggaabggotge 360
cgtagaaata gteggegtgyg gtggtgcegy ttgetggaal c¢gactgacce gcoctgcgecc 4290
agatggtggc gtggegegayg tgcgtatgea caatgeegec aatggagggy aatgectgat 480
agageagoeocg gtgaghttgge gtgtcoggagy agggettttt cgtaccttca accacttcoac 540
cggtttegat getaaccacy accatategt cagoggtcat gacgctgtaa tegacgoegg 600
aaggtttgat cacaaagacg ccgcgetege gatcaacgge getgacghbtg coccatgtga 660
gegtgaccag gbtgtgtttt ggcagegeca ggttggette taatacctgyg cgtttgagat 720
cttctaacat gttgactect tegtgecgga bgegetbttge ttatccggeoce tacaaaatcg 780
<210> 2



cgccatggtt ctcatgtttg acagcttatc atcgataagc tttaatgcgg tagtttagca 60
cgaaggagtc aacatg 76 <210> 3 <211> 64 <212> DNA <213> Artificial Sequence
<220> <223> Primer <400> 3 cgccatggac tagtaaaaaa aagcccgctc attaggcggg
ctgtcattac tgcccgtaat 60 atgc 64 <210> 4 <211> 81 <212> DNA <213>
Artificial Sequence <220> <223> Priner <400> 4 cgccatggac tagttctcat
gtttgacagc tYEPEE{(%¢Y4% taagctttaa tgcggtagtt 60 tagcacgalg/Hayrenwatat g 81
<210> 5 <211> 58 <212> DNA Page 2 WD 2005/ 026364 PCT/ 12004/000540 203
1002. ST25,,txt <213> Artificial SeyUéicd™x220> <223> Primer <400> 5
cgccat ggaa aaaaaagccc gctcattagg cgggctgtca ttactgcccg taatatgec 58 <210> 6
<211> 22 <2x21 2psDNA

<213> Artificial Sequence

<220
<223  Primer

<400> 2
cgeocatggtt ctcatgtityg acagettate atcgataage tttaatgegy tagtttagca 60

cgaaggagtce aacatg 76

<210> 3
<211> 64
<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

«<400> 3
cgoccatggac bagtaaaaaa aagoccgcte attaggeggg ctgheatitac tgeccgtaat 60

atgc 64

<210> 4
<211> 81
<212> DNA

<213> Artificial Sequence

220>
<223> Primer

<400> 4
cgcecatbtggac tagbtteteat gtttgacage ttatcatcega taagetttaa tgcocggtagtt 60

tageacgaayg gagtcaacat g g8l

<210¢> 5
<211l> 58
<212> DNA

Page 2



<213> Artificial Sequence <220> <223> Primer <400> 6 gccagggttt
tcccagtcac ga 22 <210> 7 <211> 24 <212> DATA <213> Artificial Sequence
<220> <223> Primer <400> 7 gagcggataa caatttcaca cagg 24 <210> 8 <211> 22
<212> DNA <213> Artificial. Sequence <220> <223> Priner <400> 8

ccaact cacc ggctgqtcta tc 22 Page 3 WO 2005/ U26364 PCT/ F12004/ 000540
2031002. ST25WPRIE3490> 9 <211. > 24 <212> DNA <21. 3> Ar¥GHFR{04P8Equence

<220> <223> Primer <400> 9 aatgcc aag at qggtgca taac 24 <210> 10 <211>
031002 ,8T25.Ex¢C

20 <213> Artificial Seguence

<220>

<223> Primer

<400 5

cgccatggaa aaaaaagece gectecattagg cgggctgtcea ttactgeecg taatatge 58
«2310> 6

<211l> 22

<212> DNA

«213> Artificial Seguence

<220
<223> Primer

<400> &

gecagggttt tcccagteace ga 22
<210> 7
<2131 24
<212> DNA
<213> Artificial Sequence
<220>
<223> Primer
<400> 7
gagcggataa caatttcaca cagg 24
«<210> 8
<211> 22
<212> DNA
<213> Artificlal Sequence
<220>
<223> Primer
<400> 8
22

ccaactcace ggekbgectcta £c¢
Page 3



<212> DNA <213> Artificial Sequence <220> <223> Prinmer <400> 10

taact gcggc gctaactgac 20 <210> 11 <211> 20 <212> DNA <213> Artificial
Sequence <220> <223> Priner <400> 11 ggttgctgga atcgactgac 20 <210> 12
<211> 66 <212> DNA <213> Artificial Sequence Page 4 WD 2005/ 026364

PCT/ F12004/ 000540 2031002. ST25.txt <220> <223> Priner <400> 12

ct caaacgcc cHgtet®4G' aagccaacct ggcget gcca aaacacgt gt abgetaya§wseo0
tgcttc 66 <210> 13 <211> 60 <212> DNA <213> Artificial Sequence <220>
<223> Priner <400> 13 ggtttgatca txdagacyet FYeget cgega t caacggege

attccgggga tccgtcgacc 60
«210> §

«<211i> 24
«212> DNA

<213> Artificial Sequence

<220
<223> Primer

<400> &

aatgcecgaag atgceggtgea taac 24

<210> 10
<211l> 20
<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 10

taactgecgge gctaactgac 20

<210> 11
<211 20
<212» DHNA

<213> Artificial Sequence

<220
<223> Primer

<400> 12

ggttgeotgga atcgactgac 20

<210> 12
<211l> 66
<212> DNA

<213» Artificial Sequence

Page 4



<210> 14 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> Pri mer.
<400> 14 cggcacgaag gagtcaacat 20 <210> 15 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> Priner <400> 15 tgatagagca gccggtgagt 20
Page 5 WD 2005/ 026364 PCT/ F12004/ 000540 2031002. ST25.txt <210> 16 <211>
20 <212> DNA <21.3> Artificial Sequence <220> <223> Prinmer. <400> 16
tcagatcctt gYOUYEAAYS' 20 <210> 17 <211> 20 <212> DNA <DABERRHIR0C g

Sequence <220> <223> Primer <4003 17 . oroc ot

<220>

<223> Primer

zigggacéic caggtattag aagccaacct ggogetgeoca aaacacgtgt aggetggage 60
tgette £6
<210= 13
<21l> &0
«212> DNA
<213> Aartificial Sequence
<220>
<223> Primer
<400> 13
ggtttgatca caaagacgce gegetogega tcaacggege attocgggga teegtegace €0
<210> 14
«211> 20
<212> DNA
<213> Artificial Sequence
<220
<223> Primer
<400> 14
cggcacgaay gagbcaacat 20
«210> 15
<21l> 20
<212> DNA
<213> Artificial Sequence
«220>
<223> Primer
<400> 15
20

tgatagagca gecocggtgagt
Page 5



t gt aat cgac
Artificial
ccggcaacgg
gaccggcaac
t ccgaccggc
tagttctcat
gagt caacat
aacacaacct
tctttgtgat

gccggaaggt 20

60
120 ggtacagatc

180 aacggtacag
2ﬂ92m§WF%ghcagc
300 gttagaagat
360 ggtcacgctc
420 caaaccttcc

ct caaacgcc a
acatgggg

<210> 18 <21.1> 1.030
<400> 18 ggat ccgacc ggcaacggta cagatccgac cggcaacggt acagatccga
t cagat ccga ccggcaacgg tacagatccg accggcaacg gtacagatcc
cgaccggcaa cggtacagat ccgaccggca acggtacaga

at ccgaccgg caacggtaca gatcccccta gcgaattgac
ttatcatcga taagctttaa tgcggt abtt/rigdgedétaag

a agccaacctg gcgctgccaa

c cgttgatcgc gagcgcggceg
ggcgtcgatt acagcgtcat gaccgctgac gatatggtcg

g4

gtatta
ieaded

<212>

DNA <213>

t ggtt agcat214801sPage 6 WO 2005/ 026364 PCT/ E12004/ 000540 2031002.

cgaaaccggt,.gaagt ggtt g aaggtacgaa
gct get ct at cag@%attcc cctccattgg
caccat ct ggigcgeaggcgg gt cagt cgat
tttctacggc accattccct gcacccgcaa
t gagt ggga® ‘at cHtidaey it taertcaga
gcaaat gccc ggcgttctgg tccattccca
agat gcggt g cat aacgcca tcgtgctgga
t cagtt agcg2ectgcagttac cggat at gca

taagcatgggzgpggggggat attacgggca
ttttttccat 103

<210> 19 <211> 696

aaagccctcc
cggcattgtg
t ccagcaacc
aat gaccgac
aacctttgaa
cggcccegttt
agaggt cgct
gcaaacgctg
gt aat gacag

t ccgacacgc
cat acgcact
ggcaccaccc
gcagaaat ca
aaacagggt a

gcat ggggca

t at at gggga
ct ggat aaac

cccgcct aat

caact caccg
cgcgccacgce
acgccgact a
acgccgaat a
t cgat gcagc
aaaat gccga
tattctgccg
act at ct gcg

gagcgggctt

ST25. t xt
540

600

660

720

780

840

900

960
1020

<212> DNA <213> Escherichi a col

<400> 19 at@tt agaag atctcaaacg ccaggtatta gaagccaacc tggcgctgcc aaaacacaac

60

<210= 17

<231l> 20
«212> DNA
<213> Artificial Sequence
<220
<223> Primer

<400> 17
tgtaatcegac geccggaaggt:

20

<210> 18

<211l> 103¢

«212> DNA

«213> Artificial

<400> 18

ggatccgacce ggcaacggta cagatccogac cggeaacggt acagabcoga coggeaacgg 60
tcagatecga ccoggcaacgy tacagabtcocg accggcaacg gtacagatec gaccggcaac 120
ggtacagatc cgaccggeaa cggtacagal cogaccggea acggtacaga tocgacogge 180
aacggtacag atccegaccgy caacggtaca gatcceoccta gegaatigac tagtteteat 240
gtttgacage ttatcatega tasgcetitaa tgeggtagtt tagcacgaag gagtcaacat 300
gttagaagat ctcaaacgece aggtatitaga agccaacctyg gegetgccaa aacacaacct 380
ggtcacgete acatggggca acgtcagege cgttgatcege gagogeggeg tetttgtgat 420
caaaccttce ggecgtegatt acagegitcat gaccgetgac gatatggteg ;ggttagcat 480

Page ¢

ct ggt CaEGE T c 4eWIGRAG caacgt cagc gccgttgatc gcgagecgegg cgtcteeégtg 120



cgtggttagc 1.80
gccaact cac 240
ctcgcgccac 300
ccacgccgac 360
caacggcgaa 420
t B CHatged>H80

at gaccgctg
aaaaagccct
ggcggceattg
attccagcaa
aaaat gaccg acgcagaaat

acgat at ggt
cct ccgacac
t gcat acgca
ccggcaccac

at caaacctt ccggcgtcga ttacagcgtc
at cgaaaccg gtgaagtggt tgaaggtacg
cggctgctct atcaggcatt cccctccatt
gccaccat ct gggcgcaggc gggtcagtcg
tatttctacg gcaccattcc ctgcacccgc
t at gagt ggg aHAEHGHEES* cgt cat cgt a gaaacctttg aaaaacaggg
gcgcaaat gc ccggcegttct ggtccattcc cacggcccgt ttgcatgggg caaaaatgcc 540
gaagat gcgg t gcataacgc catcgtgctg gﬁ%ﬁg&§§g§&5fgatatggg gatattctgc 600
cgt cagt t aga£geegCagld RGGUY AL Gk a0EAREHE oLl -goM g acactat Clgo 660
cgt aagcat g gcgcgaaggc atattacggg cagtaa 696 <210> 20 <211> 687 <212>
Page 7 WOC2OU5FT263642PCF SCE20044£0 00547 L9200 F10ERoBT2 59q9sEac9e21 3500
Esche- 11 chideald (sf02.20-Alocaaage.lagancagsa. ol alddgaa gccageal og
agctgccgcg ctacgggctg gtgaccttta cctggggCaa cgtcagcgCt atcgaccgcg
aacgcggoéttygren gatat tdR0 s@agereageglagcgid geatarogaaasgcadtaaaageggccyg
at at ggt ggt ttgatatg 180 agcggcaa t ggt ggaa agt atcgc ccatcttccg
Acact gegat GO Gt 6aa"TH0 BT AdhgTC yL o ALUTESGE! LEItEgE at { Glbcat a
cccact ccacadzeat gCoRGEL IO t@eai-3gyegecagyeygegetsfacgalesagagcgsiaggca
ccacgcacgc cgactacttc 360 tttggcgaca ttccgtgtac gcgecgggtta agcgaagaag
aggt gcag%&atéﬁ%ﬁigafagté‘éc%’fﬁ tEtYaaeaceFTHcadaft farItat Eaasyct ggbitaacy
ccgagccgeta@eadtRCeees; 480 goaalltotgg.dgtal cagea.£8996cat {Lq9cctgoggga
aagat gctca cgatgcggtg 540 cataacgcgg tggtgatgga agaagtggcg aaaat ggcgt
ggat t gccEYPLHTAt WarIBOD 2tEaTgaT 196 ar 'aP e At Ty at wdgeidceeIcgt at At aaac

Page 7

< >

115 6 IR ONA <2135 At i cial 00008 99A0tag BT Ehm =

<210> 19

<211> &96

<212> DNA

«213> Escherichia coli

<4Q0> 12

atgttagaag atctcaaacy ccaggtatta gaagocaacce tggegeotgec aaaacacaac 60

ctggteacyge tcacatgggg caacgtcage geogttgate gegagegegy cgtetttgtg 120

atcaaaceltt ¢oggegtcga ttacagegtce atgacogetyg acgatatggh cgtggttage 180

atcgaaaccy gtgasgtggh tgaaggtacg aaaaagccct cctocgacac gocaacteag 240

cggetgetet atcaggcatt cceoctecatt ggeggeattyg tgcatacgea ctegegecac 300

gecaccatclt gyggegeagge gggtcagtog attccagoaa coggecaccac ccacgoogac 360

tatttctacg graccatter ctgeacoecge aaaatbgaccg acgcagaaat caacggogaa 420

tatgagtggg aaaccggltaa cgteatcoghba gaaacctity aaaaacaggg tatcgabgea 480

gegeaaatge ceggegtict ggtcocatteoce cacggecegt ttgeatgggy caaaaatgcc 540

gaagatgegyg Lgcataacge catcegtgcetg gaagaggteg cttatatggg gatattotge 600

cgtcagttag cgeegeagtt accggatabg cagcoaaacge tgetggataa acactatety 660

cgtaagcatyg gcgegaaggce atattacggy cagtaa £96

<210> 20

<211> 687

<212» DNA



<400> 21 cagcaggtat ttgaagccaa catggagctg ccgcgctacg ggctggtgta ggctggagct
60 gcttc 65 <210> 22 <211.> 66 <212> DNA <213> Artificial <400> 22
aaacggctgc ggaattagac cagttatctc ccgaggaagg aaattaattc cggggatccg 60
tcgacc 66 <210> 23 Page 8 WD 2005/ 026364 PCT/ F12004/ 000540

2031002. ST25. txt c211> 21 c212> DNA <213> Artificial <400> 23 aaacggctgc
ggaat t agac cW9RUOSLHPeL 24 <211> 24 <212> DNA <213> Art PETER@HO®AH0> 24
gccgtacctg attgagatgt ggag 24 <219>3 1% t696 <212> DNA <213>

Escheri chb & CObdeyn <4002 25: at gttagagc 2ac gaaagc cgacgtgctg gcggcgaatc
tggcgcttcc cgctcaccat 60 ctggtgacgt tcacctgggg caat gt cagc gcggtagacg
aaacgcggca atggatggta 120 atcaaacctt ccggcgtcga gtacgacgtg atgaccgccg
acgat at ggt,Qotggttgag 180 atagccagcg gtaaggtggt ggaaggcagc aaaaaaccct

cttccgat acyAeEARCYLALcRAR ggtattigaa gecaacatgy agotgecgeg ctacgggoty g0
gtgaccttta cctgggocaa cgtcageget atcgacegeg aacgoggget ggtggtgate 120
aagcccagcey gogttgecta cgaaaccatg aaageggcoeg atatggtggt ggttgatatg 180
agcggeaagg tggtygaagg ggagtatcege ccatcetteeg acactgegac geatctegaa 240
ctctacegte gttaccogte gettggtgge attgtecalta cccactccac tcatgocacce 300
gcatgggcge aggegggget ggcegateccyg gogttaggea ccacgoacge cgactactte 360
tttggegaca ttccgtgtac gecgegggtta agegaagasyg agghbgcaggg cgagtatgaa 420
ctgaacaccyg dgoaaagtgat tatdgasacyg ctgggoaacg cegagecgel goatacgoeg 480
ggaattgigg tgtatcagea cgggccogtbc gectyggggga aagatgctea cgatgoggty 540
cataacgcgg tggtgatgga agaagtggeg aaaatggcgt ggattgeccg cggcattaac 600
ccacaactca atcacatega cagettoctg atgaataaac acttcatgeg taaacacggt 660
cctaacgett attacgggeca gaagtag 687
<210> 21
«21il> &5
«212> DNA
<213> Artificial
<400> 21
cagcaggtat ttgaagocaa catggagetyg ccgegetacyg ggetggtgta ggctggaget 60
gette 65
<2i0> 22
<211= 66
212> DNA
<213> Artificial
400> 22
aaacggetyge ggaattagac cagttatcte ccogaggaagyg aaattaatte cggggatocg 60
tegace 13
210> 23

Page 8



ct cgcgccac 300
ccacgccgat 360
t aacggcgaa 420
gaaaccttcg aagaacgtgg caggagtccg 480
cacggcccgt tcgcatgggg taaaaacgcc 540
gaagaat gcg cct at at ggg t%&%ﬂ@@%@@wwoo

%%ggﬁgg%%% Eggtggataa gcactacctg 660

cgt aagcat g,-qggGcaat gc ctattacggg cagtaa ' 10> 26 Page 9 WO 2005/ 026364
PO/ 1, 12004/ 000540 2031002. ST25.txt <211> 67 <212> DNA <213> Artificial
<400> 26<¢¥gtt &¥agca aggaacatat caattcgtag tgccggggcg at gaagaatt ccggggatcc
60 gtcgacgc 67 .<210> 27 <211> 65 <212> DNA <213> Artificial <400> 27
gcaggaggct ggatt%ata? gtt agagcaa ctgaaagccg acgtggtgta ggctggagct 60 gcttc

t gcat accca
ggggcaccac
cagaggagat

ggcggtattg
ctccccgcect

caggt gt ccg

ctggcgetct accgtcgcta tgccgaaatt
gccaccatct ggtcacaggc cgggct ggat
tatttttacg gtgccatccc ctgcacgcga
t at gaat at ¢ agaccggcga agtgatcatt
gcacaaat cc cggcggt gct ggtgcattct
gccgat gecg ﬂggéﬁaﬂ%ﬁ%‘cgtagtactc
cgccagettg cgeccgeaget ccctgegatg

65 <210> 28 <211> 24 <212> DNA <213> Artificial <400> 28 cggcgttaca
gcaaggaag%oga%% 24 <210> 29 <211> 22 <212> DNA
aaacggctge ggaattagac ¢ 21
<210> 24
<211l> 24
<212> DNA
«213»> Artificial
<400> 24
gcecgtaccty attgagatgt ggag 24
<210> 25
<211i> 6326
«212> DNA
213> Escherichia coli
<400> 25
atgttagage aactgaaagc cgacgigelbg gegdegaate tggegettece cgctceaccat 60
ctggtgacgt tcacctggyg caatgtcage geggtagacg aaacgcggcea atggatggta 120
atcazacctt ceoggegtega gtacgacgtyg atgaccgecoyg acgatatggt ggtggtigag 180
atagecageyg gtaaggtggt ggaaggeage aaaaaacaect cttocegatac accaacgeat 240
ctggegetet accgtcecgecta tgececgaaatt ggeggtattg tgcatacccea ctegegecac 300
geccaccatct ggtcacagge cgggclbagat cleccogect ggogeaccac ccacgecgat 360
tatttttacg gtygccatcce ctgcacgcga cagatgaccyg cagaggagal taacggcgaa 420
tatgaatate agaceggcga agtgatcatt gaaacctteg aagaacgtgygg caggaghtccg 480
gecacaaatce cggeggtgel ggtgeatbel cacggecegt btegeatygggg taaaaadcgoc 540
gececgatgecyg tgeataacgc cgtagtactce gaagaatgeg cctatatggg teotattcteg 800
cgecagettg cgocgeagoet ccoetygegatyg caaaacgaac tgetggataa gceactaccotg 6E0
cgtaageaty gggccaatge ctattacggyg cagtaa 686

<210> 26
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<400> 29 attgaagcgc gtatgcagga gg 22 Page 10

<213> Artificial
WO 2005/026364 PCT/FI2004/000540
2031002.8T25 . txt
<211l 67
<212> DNA
«213> Artificial
<400> 26
cgttacageca aggaacatat caabtcgtag tgccggggeyg atgaagaatt ccegyggatcc 60
gtegacce &7
«210> 27
<21i» 65
<212> DNA
<213> Artificial
<400> 27
gcaggaggclt ggabtlbatat gttagagcaa ctgaaagecg acgbtgotgta ggctggagct 60
gette 65
<210> 28
<211l 24
<212> DNA
<213> Artificial
400> 28
cgyegttaca gcaaggaaca tatc 24
<210> 28
<211l> 22
<212> DNA
«213> Artificial
<400> 29
22

attgaagcge gtatgcagga gg
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