WO 2006/029985 PCT/EP2005/054450 Host-vector system for
antibiotic-free ColEIl plasmid propagation 5 The present invention relates
to the field of plasmid propagation, in particular for production of plasmid
viaNAsgehsecombinant proteins. The use of plasmid DNA aggemeiAransiass
vehicle has become widespread in gene 10 therapy. In gene therapy
applications, a plasmid carrying a therapeutic gene of interest is
introduced into patients; transient expression of the gene in the target
cells leads to the desired therapeutic effect. Recombinant plasmids
carrying the therapeutic gene of interest are obtained by 15 cultivation of
bacteria. For selecting bacterial transformants and in order to assure
maintenance of the plasmids in the bacterial host cell, traditionally, an
antibiotic resistance gene is included in the plasmid backbone. Selection
for plasmids is achieved by growing the cells in a medium containing the
respective antibiotic, in which only plasmid bearing cells are able to grow.

20 The use of antibiotic resjstanc for sele tion of plasmids for
applﬁ%ﬁfo"ﬁ‘iwrﬁﬁﬁ%“ﬂ% ?é’tﬁ’cgg%w(g‘gfrlea B \‘?Ié?%aﬁ?gwrbaclks: Since

in gene therapy entire plasmlds are being delivered, antibiotic resistance
enes are introduced into the treated subject. Although these genes are

driven by prokaryotic promoters and are should therefore not be active in

mammalian cells 25 and tissues, there is the chance that the delivered

genes, M b6 IearRar Bl io Y Q20081020985 BCTIER2005ARAR .

the cellular genome and’ may, If in proximity o n’promoter,
becmummwamm&mmb%ﬁwmmack of plasmids that
bear antibiotic resistance genes is a potential
The use of plasmid DNA as gene transfer vehicle bas become widespread in gene

10  therapy.

In gene therapy applications, a plasmid carrying a therapeutic gene of interest is
introduced into patients; transient expression of the gene in the target cells leads to
the desired therapeutic effect.

Recombinant plasmids carrying the therapeutic gene of interest are obtained by
15  cultivation of bacteria. For selecting bacterial transformants and in order to assure
maintenance of the plasmids in the bacterial host cell, traditionally, an antibiotic
resistance .gene is included in the plasmid backbone. Selection for plasmids is
achieved by growing the cells in a medium containing the respective antibiotic, in

which only plasmid bearing cells are able to grow.

20 'The use of antibiotic resistance genes for selection of plasmids for application in

gene therapy is accompanied by severe drawbacks:

Since in gene therapy entire plasmids are being delivered, antibiotic resistance
genes are introduced into the treated subject. Although these genes are driven by
prokaryotic promoters and are should therefore not be active in mammalian cells

25  and tissues, there is the chance that the delivered genes may be incorperated into



contamination of the final product with residual antibiotic. In view of
possible 5 immune sensitization, this is an issue, especially in the case of
beta-lactam antibiotics. In order to avoid these risks, efforts have been

MR 395 antibiotic resistance genes from the manufactyge@fpa00s/054450
therapeutic plasmids and to developzalternative selection methods. 10 In

an attempt to achieve antibiotic-free selection, plasmids have been used
that can compensate a host auxotrophy. However, the main disadvantage
of this and all related approaches is that additional genes on the plasmid

are 1ga IR, B0R G AL B0 AR ARRIRAIS Ao RRAEE Bleome

termed “repressor titration lliams et al.; 1998). 15 According to this
conceptscaibad difkerEesséda host strain contains the kan gene

(kanamycin resistance gene) under the control of the lac
operatestaraniniebath diplabsdnbettkaninithicés (¢HTiG:ar ghelaistopeittia
strain, cannel ouan KANAMNAIR: ERRARINA MECIR. Translaralion.
with a ﬁlg copy sumber plasmid containing the lac operator leads to kan
exprassioncisyrgiradtionabisfiom ao saetigihonpocrsenshefatiasAtain a
high plasmid.copy number are able to survive after addition of kanamycin.
The major drawback of this concept is the fact that, again, the use of
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provide a Aovel system for sefection o plasmids that goes without
antibistics {26 The sviwveatarprdheransntie niasgidsand e dgseiomdtemative
mechanisi,gf.Laplication that is used by plasmids with a ColEl origin of
replication has been exploited. (In the following, plasmids with a ColE1

gy, of replicaion, are efered (0 g6 'COLE.|RE RIRSTIERARa tat ca
compensate a host auxotrophy. However, the main disadvantage of this and all
related approaches is that additional genes on the plasmid are required (e.g. Higg
et al., 2004).
Another approach is a concept termed “repressor titration” (Wiliams et al., 1998).

15  According to this concept, a modified £. coli host strain contains the kan gene
(kanamycin resistance gene) under the control of the lac operator/premoter. In the
absence of an inducer (IPTG or allolactose), the strain cannot grow on kanamycin-
containing medium. Transformation with a high copy number plasmid containing
the lac operator leads 1o kan expression by titrating lacl from the operator. Only

20 cells that contain a high plasmid copy number are able to survive after addition of
kanamycin. The major drawback of this concept is the fact that, again, the use of

antibiotics is indispensable.

It has been an object of the invention to previde a novel system for selection of

plasmids that goes without antibiotics.

25  To solve the problem underlying the invention, the mechanism of replication that is
used by plasmids with a ColE1 origin of replication has been exploited. (In the
following, plasmids with a ColE1 origin of replication are referred to as

“ColE]-type plasmids™.)



A large number of naturally occurring plasmids as well as many of the

most commonly used cloning vehicles are COWL-type plasmids. These

plasmids replicate their DNA by using a common mechanism that
wavalves:syathesis of two RNA molecules, interaction of thesermelessessso

with each other on the one hand 5 ahd with the template plasmid DNA on

the other hand (Helinski, 1996; Kues and Stahl, 1989). Representatives

of CoWlI-type plasmids are the naturally occurring ColEIl plasmids pMB 1,

pl5A, pJHCMWI, as well as the commonly used and commercially

avaiphlgclaning-ishisleaispsbeasiRBRAgRi ANk \elatedvantorsnthadiC
plasmids, 10 the FcEIT lasmids and the pBluescript vectors (e.ﬁéBhagwat

and F9BFZSAD T YePs o858 ME RGP 1RSSRy BRgNEssing,
19823pirearcathdlrd3d Hlasmids aCotfrhinitindidaoireplicaioh-andregsilatidive
of replication have.heen, extensiye scribed.(e.9.;. Tomiza 19

on TR PG AL ATSHIOROR sy IR, S5
TCeserdiiigh tic la9pteje plasnddpiNregond steeranddHeinprbritfterk ver and
RNAg:#1af i involved in regulation of replication. Replication from a
ColE 1 -type plasmid starts with the transcription of the preprimer RNA I,

555 by upstream of ﬁle plication origin, by the host's RNA rase. .
AR e

polyphéB kapiciiop oM bonwck etithescdregierd tofotana deprickwidtly the

20 tqranle Db IHRREGUERH Ys NERBMNANREREMRLIS S BRSO Y asmids,
RNaseH to form t e%ctlve rimer with a free 3' OH terminus, which is
P %%‘g

1ccdhsimlid RIpTNR AR SR amEs, 21 S PrsoReritBAnd
Polisgiatb4993)., Avsberppesile Bideefitha Coiksitigessayin strand, RNA |,
an antisense RNA of 108 nucleotides, complementary to the 5' end of

RNA:Y, 19 HR0s L%Qﬁﬁ’ds?@c;'fﬁa}Qﬁﬁﬁﬁ?%rb?fé?ﬁlﬁdo?}%l&ééﬁaﬁBry@ﬁtéﬁﬁ‘&‘ﬁon

from the replication origin, to agproximate y where the transcription of

RNAVERHTE SRRIET SHASEIBRtEE fol APaTB N Al dthuS $éplRBRi IR TRy 1990;
bindigicethE, BRIy aEachRNAL) [19%l800sareni et al., 1991). The ColEl region

15  contains two prometers for two RNAs that are involved in regulation of replication.
Replication from a ColE1-type plasmid starts with the transcription of the .
preprimer RNA I1, 555 bp upstream of the replication origin, by the host’s RNA
polymerase. During elongation, RNA 1I folds into specific hairpin structures and,
after polymerization of about 550 nucleotides, begins to form a hybrid with the

20  template DNA. Subsequently, the RNA II preprimer is cleaved by RNaseH to form
the active primer with a free 3° OH terminus, which is accessible for DNA

polymerase I (Lin-Chao and Cohen, 1991; Merlin and Polisky, 1995).

At the opposite side of the ColE1-type origin strand, RNA I, an antisense RNA of
108 nucleotides, complementary to the 5° end of RNA 11, is transcribed.

25  Transcription of RNA I starts 445 bp upstream from the replication origin, to
approximately where the transcription of RNA I starts. RNA I inhibits primer
formation and thus replication by binding 1o the elongating RNA Il molecule
before the RNA/DNA hybrid is formed.



before the RNA/DNA hybrid is formed. WO 2006/029985
PCTIEP2005/054450 4 The interaction of the two RNAs is a stepwise
process, in which RNA | and RNA Il form several stem loops. They

wdg%@}mggg@ract by base-pairing between theircomplemenp&( RS 14450
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form a so-called "kissing complex”s Subsequently, RNA | hybridizes along
RNA II, and a stable duplex is formed. Formation of the 5 kissing complex
is crucial for inhibition of replication. As it is the rate limiting step, is has
been closely investigated (Gregorian and Crothers, 1995). Apart from
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on pUC 19. The discloSure relates, in a first aspect to a non-naturally
oKDY Agadinrarieas Rbidintng i brdusies e frumeh dsemasiansiofsn,
theiesipsessigierfindichuisdpibibiten btachiradonnes dilResciaiethe
thereto, 15 ii) a DNA sequence e ing a RN enc t mimics a
R B S R S R e e SR e o
sequence that is transcribable from a plasmid with a ColEl origin of

repRaSEBA™M RN HRBAE JristacHan, iEssprioR HROFFFPEE Sela contributes
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replicatio a st.cell in which sai smid can be
A s R T R
Cdiss tmrgidetdted plicatinndsiivabect ofi glBRBA 2, dthi exainidh @apdIplEEmid can
be replicated, containing, s). a DNA sequence encoding a protein, the
EXPHRIBOIsaf VRIS ISnt@first aspect to a non-naturally oceurring bacterial

cell containing,

i) .a DNA sequence encoding a protein, the expression of which is to
be regulated, and, operably associated thereto,

ii) a DNA sequence encoding a RNA sequence that mimics a RNA II
sequence, or parts thereof, and is complementary to a RNA I
sequence that is transcribable from a plasmid with a ColE1 origin of
replication.

In a further aspect, the present invention relates to a host-vector system comprising
a plasmid with a ColE1 origin of replication and a bacteriai host cell in which said

plasmid can be replicated, wherein said host-vector system comprises
a) a plasmid with a ColE1 origin of replication
b) a bacterial host cell in which said plasmid can be replicated, containing,

i) a DNA sequence encoding a protein, the expression of which is to
be regulated, and, operably associated thereto,



25 be regulated, and, operably associated thereto, WO 2006/029985
PCT/EP2005/054450 5 ii) a DNA sequence encoding an RNA sequence
that mimics an RNA H sequence, or parts thereof, and is complementary

wolshadhn A | sequence that is transcribable from the plasrpitradedaaiQifg
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said RNA sequence defined in ii),4n the absence of the plasmid a), allows
5 for expression of said protein and wherein, when said plasmid a) is
present inside said host cell b), the RNA I molecule transcribed from the
plasmid hybridizes with said RNA sequence defined in ii), whereby

expressign of ARG SHRRIERSSH: RIA REGIRIGLRMBRGpent the

DNA sequence i) is a foreign DNA sequence. 10 In preferred
embodiments, ﬁi%%%ﬁ@‘ﬁ‘?@ﬁﬁd&‘e&?’ﬁ‘\} L5a%h ARG S EATRIGTEIBRICD A ethal

to the host cellrivan Raeacinanis thamsisslags Rore ktesidaadgst-vector
system comprising a plasmid with a ColEl origin of replication and a
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that is lethal or toxig to said host cell, and.operabl iated theretq 20
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seigubneberbpearxisdivoe of santptomplepmetant.to an RNA | sequence
transcribable from the plasmid a), wherein said RNA sequence defined in

ii) i thie ehsg espadithaPias Mk Ak-aliens ifat exressioNAfsaidldethal or

toxic protein such that growth of said host cell is
In preferred embodiments, the protein encoded by said foreign DNA i) is toxic or
lethal to the host cell.

In an embodiment, the disclosure relates to a host-vector system comprising
a plasmid with a ColE1 origin of replication and a bacterial host cell in which said

plasmid can be replicated, wherein said host-vector system comprises
a) a plasmid with a ColE1 origin of replication,

b) a non-paturally occurring bacterial host cell containing, integrated in its

gencine,

i) a foreign DNA sequence encoding a protein that is lethal or toxic to

said host cell, and operably associated thereto

ii) & DNA sequence encoding an RNA sequence that mimics an
RNA II sequence, or parts thereof, and is complementary to an
RNA T sequence transcribable from the plasmid aj,

wherein said RNA sequence defined in ii), in the absence of the plasmid a), allows
for expression of said lethal or toxic protein such that growth of said host cell is
completely or partially inhibited and

wherein, when said plasmid &) is present inside said host cell, the RNA [ molecule

transcribed from the plasmid hybridizes with said RNA sequence defined i ii),



25 completely or partially inhibited and wherein, when said plasmid a) is
present inside said host cell, the RNA | molecule transcribed from the
plasmid hybridizes with said RNA sequence defined in ii), 6 whereby
expression of said lethal or toxic protein is suppressed such that said
complete or partial growth inhibition is abrogated in plasmid-bearing cells.
In yet a further aspect, the disclosure iRlates to a method for producing
plasmid DNA, comprising the steps of i) transforming a population of

whcml%?% I’J Qg%tf‘é%'itsléﬁdﬁj% IQS(Q; %P&%é/ iy ngnp?r gle%nglﬂ Q%Q%% @oggigé or partial growth

origin 0 replication and contains a gene of interest that IS not to
inhibigemiedgeerfdin Raieistheting itiSaid bacterial host cell, i) growing said
bacterial host cell population under conditions in which said lethal or toxic
n is express in the cell wh WA ss:o(p tein
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interest under the control of a ro ary otic promoter that enables
harvegding BRSHIA RERRCHOEIA i ssala“B&&f@r?arlﬁﬂ% ERa5rbiihg said

bacterlal host cell populatlon under condltlons in which said lethal or toxic
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ColEretein af iplerest: ant-bhalsolating @E@@ﬁgféﬂagﬂhg B yetah firtherasreet the control
the disclosure relff\te %la plasmld for exBressmn of %%roteln] gf mteres in

o PR FU T ROLY LBl Wiy San BIASIIS WA o7 BUSERb R Ser) B0 e i
bacteganieand lcomprises wyler @@mmoomgmfvd)fclr@plrtaﬂhm anthy arDpiAis expressible in the
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romoter. In yet a further aspect, the disclosure relates to a plasmid free
that 183 BlASERRGH R SFKE PYEIREY %Wdlﬂﬁrfé?ﬁﬁeg)‘* allf&j”i“éF%WéM‘%Pfr‘éﬁﬁc%ftﬂ}‘ﬁ"e“ and iv)

isolatirpchin) ranDNA gequence encoding a protein of interest under the control of

a
In yet a further aspect, the disclosure relates to a plasmid for expression of a protein of interest in a bacterial
host cell, wherein said plasmid is free of a selection marker gene and comprises a) a ColEl origin of
replication and b} a DNA sequence encoding a protein of inierest under the control of a prokaryotic

promoter.

In yet a further aspect, the disclosure relates to a plasmid free of a selection marker gene and comprising a)
a ColEl origin of replication and b) a DNA sequence encoding a protein of inferest under the control of a

promoter that does not allow expression of said protein in said bacterial host cell,
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promoter that does not allow expression of said protein in said bacterial
host cell. 6a The disclosure makes use of the RNA-based copy number
control mechanism of ColEl-type plasmids for regulating the expression of
one or more genes that are 5 present in the bacterial host cell, preferably
inserted in the bacterial genome, aad serve as selection markers. In the
following, the DNA sequence of i) (or the RNA transcribed from such DNA,
respectively) is referred to as "marker gene" (or "marker RNA",
respectively). As mentioned above, in an embodiment of the disclosure,
the marker gene encodes 10 a protein that is lethal or toxic per se. In this
embodiment, in the meaning of the present invention, the term "marker
gene" also encompasses genes the expression of which results in a toxic
effect that is not directly due to the expression product, butis based on
othEkarechamisnasseus: goheRifibrrotadaxiosubstancelupahaexpression
of theenapkepantasioF SIPARHGIEHO dis-dallawinigHhe: pisleinancaged 15

by the marker gene is termed the "marker protein”; in the case that the
MRS IPORSRIEI RS Geto RS foraRbT TP e e Pasterial gppme, and
preteva'aslseirghi@ieneikeambodiment, the marker protein is not lethal or
toxic per se or due to a toxic effect generated upon its expression, but by

reprassRg it ,%é%&@l&%@k%&@f\%ﬂ@&f'é RRECRUALIGL G RN QLSRR A,

bacterial cell. Such marker protein, or the 20 DNA encoding it,
reSPREEVEIIIE referreditrasmrekTRBeRT” (i TEBFkesBNgenesspectively).
respectively, and the gene that is essential for growth of the bacterial cells
is fefgrredde asovessentiahanngen Brine fRUIRWIRG rRMRNA sedusneesthat
MiRYESIAR RIA ILASAHERSE S1-R8rR die E%?Jp&ﬁxﬁ%ﬁ?ff&%’éox%%ﬁ'{yﬁg‘@f ffdike

sequence”. 25 In the meaning of the present invention "ope '
asBEERNCHY TR S Bt cPEIRKAT SRR MRS DMPIRCTBIRCS g rsprassign
arepeEitionediEsiative-ie eash aar Khsuek-ay Way thak expresia pokitle
marker rotgin e%oded said DNA sequence i% is .
ut 18 based on other mechanisis, e.g. generation of a toxic substance upon
expression of the marker gene. For simplicity, in the following, the protein encoded
by the marker gene is termed the “marker protein™; in the case that the marker

protein is a lethal or toxic protein, it is referred to as “toxic protein”.

in a preferred embodiment, the marker protein is not lethal or toxic per se or due to
a toxic effect generated upon its expression, but by repressing the transcription of a
gene that is essential for growth of said bacterial cell. Such marker protein, or the
DNA encoding it, respectively, is referred to as “repressor™ or “repressor gene”,
respectively, and the gene that is essential for growth of the bacterial cells is

referred to as “essential gene”.

In the following, an RINA sequence that mimics an RNA IT sequence, or parcs
thereof, is referred to as “RNA H-like sequence™.

In the meaning of the present invention "operably associated" means that the DNA
sequence i) and the DNA seguence ii) are positioned relative to each other in such
way that expression of the marker protein encoded by said DNA seguence 1) is
modulated by said RNA sequence ii} (the RNA II-like sequence).



modulated by said RNA sequence ii) (the RNA ll-like sequence). WO
2006/029985 PCT/EP2005/054450 7 The principle of the invention, i.e.
RNA I-mediated marker gene down-regulation or silencing, is shown in

FiPaobi AR6:RNA ll-like sequence is present on the host's transgriptdbsnsaase
combination with a Shine Dalgarno-sequence. The RNA | sequence

transcribed from the plasmid 5 functions as an antisense RNA to said
RNA II-like sequence and thus inhibits translation of the marker mRNA.
After induction of marker gene expression, in the case that the marker

gengeneadss. RIS RIGED. e ot cAnANlASUDYeII NG PrERSRRs ol
the pla%%af}%féga%%ez ﬂ_‘%eé p%élérf%' provI|C es t eééRl\flA I's quer?ce tﬁ%ﬁ % ©
compiehvaningyitchersntin REIA H-like sequence and therefore hybridizes
to the marker gene transcript, thus preventing the translation of the toxic

protdite RS Aeslikbedpkege tppesaitihetin)isiers imhasediopdtiYhdRdAwith a
interactio tween the R I lasmid and ementa .
hor SR bR L bt R B o RO L B
Bipstfesgiions siowristiecnse IR Aibo somBMNAiddihke skavonchend e ing s 15

sequereasbsdally. withinthaRest's mRNA. The length of the RNA ll-like
sequence and its distance and position relative to the ribosomal binding

site %rh%rt%gae stacr)%cod]c()n of the marker %f%% must etﬁych that the

plasmid-free oot i Bhle TortransIRle tha Which means that care

mustbedtalaniarotanRiiabivdicersety swod vdor $nordstarferbthyipasmid,
ribospmal DRI ARFLRQHANBIARA AlS RS MSEIIHRINMIRIKS to the

sequence must be designed and positioned such that it guarantees
1QuffidBidy Felee perunrtartbthere Grray bodinse i dh AR SRR CRRs Pty s
whegrifienuigsnidrimseisans fheriiivAdoteansesibadribedefegiatabinds tadhe
R e AR08 Jf RSO St i Bl AR o oL i
complementary thereto, an RNA Tl-like sequence of defined length that is
positioned upstream or downstream the ribosomal binding site of the marker gene

15  sequence, usually within the host’s mRNA.

The length of the RNA Il-like se{;uence and its distance and position relative to thé.

ribosomal binding site and to the start codon of the marker gene must be such that

the plasmid-free host is able to translate the mRNA; which means that care must be

taken that the RNA. Ti-like sequence does not interfere with ribosomal binding and
20  translation.

Also, the --insertc_ad RNA Ii-like sequence must be designed and positioned such that
it guarantees sufficient RNA-RINA interaction of the complementary sequences, so
that when the plasmid is present, the RNA I transcribed therefrom binds to the
- mRNA of the host in an extent sufficient to. inhibit translation of the marker gene.
25  Inhibition of the marker gene must be to an extent such that an advantage in growth

is provided, as compared to cells where no plasmid, hence no RNA 1, is présen‘t

Thus, the bacterial host is engineered such that in the absence of the ColE1-type
plasmid the marker mRNA is translated into @ marker protein, and in presence ofa

ColE1-type plasmid, translation of the protein is completely or partially



25 Inhibition of the marker gene must be to an extent such that an
advantage in growth is provided, as compared to cells where no plasmid,
hence no RNA |, is present. Thus, the bacterial host is engineered such

whahénshagabsence of the ColEl-type plasmid the marker npiRNAwS¢s/0354450
translated into a marker protein, and in presence of a ColEl-type plasmid,

translation of the protein is completely or partially WO 2006/029985
PCT/EP2005/054450 S suppressed. In the case that said mRNA encodes
a toxic protein that partially or completely inhibits cell growth, hosts that

conigin, ihe Alasmid will M\ém_m@é}féwgMgs%se%@mg@ﬁﬁﬁmé;&

For the purpose of the Present invention, a toxic protein is toxic in the

sensepltsty inpiRittaR) srasihdietsihatcantaig iBeaeri e tbrarvara digst
to apasienirteuNshpesisaithaidstne marker gene have an advantage

with regard to growth rate. If there are two populations of cells, on the one

hang @tﬂggw?{)i&no%@ TG BARRAENE B RRBE AL E}mq,sepse that it

population without or with an inhibited marker'gene, n an equimolar

SistapiEd crroeelrisspimhsn stamBLeighosallamtinspite amexterifeet ehe
will RgreRRRLIA AYatdhe-RORMBtANINIREEdRAM HohaeNEIBUeAE rat8. 2N
embodiment of the invention, expression _ogathe marker ene.iégggula ed
by gﬁrﬁd‘ﬁt%’r?d?%‘é%ﬂ%{ﬁigﬁﬁeﬁég OB BTIBRC SRoRE e bR L
margej_fegmﬂemeﬁeaﬂm hgtmkis mﬁﬁgﬁha’thmrﬂmwgﬁnmﬁwﬂﬂdd) bedtargece,
off ALY £&/h PLORASRHAR 3R 'QQE’%%SM&} ol Wﬂﬂ@&%ﬁ%ﬁ‘*d
for transcriptional 15 control, WehIC motes mMRNA transcription only

1 Qpomadeitsheor Brinmgacio B Yam pheseralateniy lsss iatel( geperations.
T7-polymerase producing host, given that T7-polymerase is under control

of the iR Efehalithatlat ths arirdticih lech@esiprooiabernakargene is regulated by

ara%%%@%%@%%%k DML f-b’g\'}ﬁéﬂé&‘{e' 1t RATkeE %?a@%ﬁ?gaerﬁgroée e
proteln that Is npt per :se fo c, but acts via an indirect meq anism, e.g.
an emgyfse avshictpreiy Sudnioken sensmbedraiebe tumed off during cell

propagation, an inducible promoter is advantageously used for transcriptional

15  control, which promotes mRNA transcription only upon addition of an inducer.
Examples are the T7 promoter in a T7-polymerase producing bost, given that
T7-polymerase is under control of the IPTG, or the lactose-inducible Lac-promoter,

or an arabinose-inducible promoter.

Alternatively, said marker gene codes for a protein that is not per se toxic, but acts
20 viaan indirect mechanism, e.g. an enzyme, which, after addition of a substrate,

modifies that substrate to a toxic substance, An example is SacB from Bacillus

subtilis. sacB encodes a protein called levan sucrase. This protein turns sucrose into

levan, a substance that is toxic to bacteria.

The RNA T sequence of the ColE1-type plasmid represents an essential feature that
25  contributes to the advantages of the system. It provides selection criteria for

plasmjd~bearing hosts without the use of additional selection markers on the

plasmid, e.g. antibiotic resistance genes. Thus, the invention provides an innovative

system for antibiotic-free selection of ColEl-type plasmids.



modifies that substrate to a toxic substance. An example is SacB from
Bacillus subtilis. sacB encodes a protein called levan sucrase. This
protein turns sucrose into levan, a substance that is toxic to bacteria. The

wNAdsasusence of the ColEl -type plasmid represents an gssgpbalos/esasso
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20

25

feature that 25 contributes to the advantages of the system. It provides
selection criteria for plasmid-bearing hosts without the use of additional
selection markers on the plasmid, e.g. antibiotic resistance genes. Thus,
the invention provides an innovative system for antibiotic-free selection of
ColE e RN P 2R 02980 R E ARG 09445053, In
embodlments of the invention, the following"components are useful:
Since their replication depends on the host machinery,

Co 1 t 8SpF§§ﬁ'lldS are plasmids with a narrow host range. Replication
is limited to E. coli and related 5 bacteria such as Salmonella and
KleBten shpruertispips dsnentio go)thy hast mestinmy rhaHtlatorg prspidsast
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plasmid minipreps) or ompT (absence of an outer membrane protease)
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Waesirable genetic traits are recd (absence of homologous recombination),

end4 (absence of endonuclease 1 activity, which improves the quality of plasmid
minipreps) or omp? (absence of an outer membrane protease), hsdr (abolished
restriction but not methylation of certain sequences), AsdS (abolished restriction

and methylation of certain sequences).

In the experiments of the invention, the host strain HMS174(DE3) (Novagen) was

used, which contains the DE3 phage with the IPTG inducible T7 polymerase in its

genome (Studier and Moffatt, 1986). Another example for a suitable host is

HMS174(DE)pLysS, which additionally contains the pACYC184 ;ﬂasmid (Cm®™)

that carries the gene for the T7-lysozyme to decrease the transcriptional activity of
~ the T7-Promoter in the un-induced stafe.

Particularly in the case of a lethal marker protein, it is desirable to avoid its

expression without induction.



used, which contains the DE3 phage with the IPTG inducible T7
polymerase in its genome (Studier and Moffatt, 1986). Another example
- for a suitable host is 20 EMS174(DE)pLysS, which additionally contains

v@g&é&%@;% plasmid (Cm’) that carries the gene for thepF-4-lysRzyheie

ecrease the transcriptional activitypf the T7-Promoter in the un-induced
state. Particularly in the case of a lethal marker protein, it is desirable to
avoid its expression without induction. 25 WO 2006/029985
PCT/EP2005/054450 10 2. Constructs for engineering the host cells The
prirfiple fi%tggqgguct suitable Eﬁé Eggigeqﬁring the host cells is shown in

Fig. 2: All'the cc‘fmp':())rne(lal {S - tWo homo ogous arms [H], promoter +

operator [P+Q], 5 RNA | marker sequence (RNA ll-like sequence), marker
genE AR PR Bhe CRRSIMRE el RIS REE N TR ArFESebermTBRYE) With

a traggsariptional terminator and the Kan cassette (kanamycin resistance
cas containing FRT, the +(- FLP rec inase recognition r
st e SoRpERRA o Simatlodont RS MRROAE L UILARD (PR
SuseBNard wiohetstqenbe( Rt pldistoviy i, ofakeDssorbisoel éadre e.g.
PBlygSeHtd<Sip w&e@eﬂﬁgﬁxﬁ%{g&gﬁaﬁm G HRSOEIRR Ao L QMR

restriction enzymes or amplified by PCR. The kanamycin resistance
cas8REe XrbersistaReeBy Wl U aRempRecoitPtRe @A e btol 1P
(Invitageihatecatopatiio neaikittecthedeag menhaivig cifferenivaiteeal

nam efore or after the marker gene., T oid ypintended premature
e RS RES o b At Rt ey FRo W B SRESE BRI T

10gensiigbprafetably.gnsBhuectiptiiStphositeltissstitnlof ghecnhedniodiomae
gengs ofrgtaratly g NatkeRRsipiss wypetated in the bacterial

genome. This can be
The kanamycin resistance cassette can be obtained, by way of example, from the
pUCAK vector (Invitrdgen). It can be cloned into the fragment at two different
sites, namely before or after the marker gene. To avoid unintended premature
15  transcription of the marker gene before it is turned on deliberately, the gene is

preferably inserted in the oppostite direction of the chromosomal genes.

Preferably, the marker construct is integrated in the bacterial genome. This can be
achieved by .conventi('mal methods, e.g. by using linear fragments that contain
flanking sequences homologous to a neutral site on the chromosome, for example

20  tothe attTN7-site (Rogers et al., 1986; Waddel and Craig, 1988, Craig, 1989) or to
the recA éi_te. Fragments are transformed into the host, e.g. K. coli strains MG16535
or HMS174 that contain the plasmid pKID46 (Datsenko and Wanner; 2000). This
plasmid carries the ) Red function (v, B exo) that promotes recombination in vivo.
Alternatively, DY 378 (Yu et al., 2000), an E. coli K12 strain which carries the

25  defective A prophage, can be used. In case of MG1655 or DY378 the chromosomal
locus including the expression fragment can be brought into the HMS174(DE3)
genome via transduction by P1 phage. Positive clones are sclected for antibiotic
resistance, e.g. in the case of using the Kan cassette for kanamycin, or
chloramphenicol. The resistance genes can be eliminated afterwards using the FLP

30  recombinase function based on the site-specific recombination system of the



achieved by conventional methods, e.g. by using linear fragments that
contain flanking sequences homologous to a neutral site on the
chromosome, for example 20 to the attTN7-site (Rogers et al., 1986;

wW/andahayae Craig, 1988; Craig, 1989) or to the recA site. FagmeNS@48s0
transformed into the host, e.g. E. celt strains MG1655 or HMS 174 that

contain the plasmid pKD46 (Datsenko and Wanner; 2000). This plasmid
carries the 2. Red function (y, R exo) that promotes recombination in vivo.
Alternatively, DY378 (Yu et al., 2000), an E. colt KI2 strain which carries

the ¢ HOTREING @a%‘?& hAOPL FIBDRMEES MCRASRAUMGISR AL Xigks

the’chromosomal locus including the expression fragment can be brought
intot tRés (Maserkesed W awisni@dh transduction by P1 phage. Positive

clones are selected for antibiotic resistance, e.g. in the case of using the
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Chang and Cohen, 1978), R1-miniplasmids (Diaz and Staudenbauer,

1982),FI-based plasmids or filamentous phages (Lin, 1984) or the plasmid
10 pMMBG67EH (Furste of al., 1986) that was used in the experiments of

the IpYRNIRBi My CRPERHCAIG NG SHRMB ALl S BB IERRSIUTS SR

be defined as follows: 2.1. Homologous arms

2.1.  Homologous arms

It was found in initial experiments of the invention that homologies of 30 bp on
15  either side of the construct are sufficient for recombination by A Red system

(Yu, 2000). However, since better results are obtained with longer homologies, the

arms are preferably in the range of 50 — 400 bp. In the Example homolegous arms

of 250 and 350 bp are used. |

2.2, Promoter

20 Ifthe foreign marker gene product is per se toxic or lethal to the cell or if it is a
Tepressor, its expres'si"(m has to be regulated. The promoter region has to contain
suitable operator sequences (e.g. the Lac operator) that allow control of gene

expression.

According to certain embodiments ¢f the invention, the T7 prombter, the tac or the
25 trc promoter, the lac or the lacUVS promoter, the ppap promoter {Guzman et al.,
1995), the trp promoter (inhibited by tryptophan), the P; promoter (with ¢;

repressor) or the gal promoter are used.



It was found in initial experiments of the invention that homologies of 30
bp on 15 either side of the construct are sufficient for recombination by 2,
Red system (Yu, 2000). However, since better results are obtained with

wengelhemelogies, the arms are preferably in the range of {0493 L1448,
the Example homologous arms of 260 and 350 bp are used. 2.2.

Promoter 20 If the foreign marker gene product is per se toxic or lethal to
the cell or if it is a repressor, its expression has to be regulated. The
promoter region has to contain suitable operator sequences (e.g. the Lac

opeigian {RaL Ao YAl O LR, SYRREPI AR DG ARIRI N,

embodiments of the invention, the T7 promoter, thetac orthe 25 trc
profibtéialHadsCR RS T I0E Proth BEPStrisomicd 1oy asHvtr the iaksnhespe.

al., Wagshnthatempy epeigidinaiDbesdis iR RLirhe: RifMaiRttion,
(with ci repressqr) or thg al promoter are used. WO 2006/029985
ﬁfo%g ey q

PCTIEPSTHERH C[ef:ﬁ‘ing the lac operator, addition of IPTG
(isopropyl thiogalactoside, an artificial inducer of the Lac operon) or
Jactdseddtis esdghtocqullisohionineras ganessiprafigiibinegelphie syaranter
is uRe dRastMifos aralisnle BB Sr¥HbCHEARGUEHOR aIDUBYH 14RREFerably
addition of the inducer, 5 To achieve tight regulation of toxic gene

expPEE Sh PR bt ATt SR SR IR AR AR SR R TG i e s

PBAD promoter (Guzman et al., 1995) is preferably used, in particular in

the éasthenatah & srutkelroprotesionsop Sredeardsicarnelie el ngaesshBYiNay

to CRIFRERESHINHAf YA RRKRR OB ISRY HSIRIERNSULYEME: sene) or
dpromoters In combination with a gene that is non-toxic eg.are orter
g

en8)BrYYOMITaERH P GERRS & -BolaifigrEls ﬂ‘bﬂ‘(é(f Bk ﬁ?&p%éaﬁﬁsis

sacBfiensicSadB dsliorliyriexiecte s pealtshen sucrose is present..

The promoter is chosen in coordination with the effect of the marker gene product
and the required efficiency of down-regulation or silencing effect of RNA L For
example, for a construct containing a non-toxic or Jess toxic marker gene, a

15  stronger promoter is desirable.
2.3.  RNA Ii-like sequence

As RNA I'has to act as a partial or complete inhibitor, RNA II-like sequences that
are complementary to RNA. I (10-555 nt) have to be presented upstream of the
marker gene, together with a ribosome binding site (Shine-Dalgarno sequence) that

20 is upstream, downstream or embedded within said RNA Ii-like sequence. Shine-
Dalgamo sequence (SD) refers toa short stretch of nucleotides on a prokaryotic
mRNA molecule upstream of the translational start site, that serves to bind to
ribosomal RNA and thereby brings the ribosome to the initiatien codon on the
mRNA. When located upstream of the RNA I-like sequence, the SI) sequence,

25  preferably consisting of 7 nucleotides (GAAGGAG) should be located
approximately 4 to 15 bp, e.g. 7 bp, upstream of the ATG start codon of the marker
gene. In the case that a ribosome binding site is embedded within the RNA |
sequence complementary to the marker gene, this sequence should be inserted such

that only the stem region is altered, loop structures and preferably the whole



The promoter is chosen in coordination with the effect of the marker gene
product and the required efficiency of down-regulation or silencing effect
of RNA |. For example, for a construct containing a non-toxic or less toxic

whatkes9enre, a 15 stronger promoter is desirable. 2.3. RNAHs8 005054450
sequence As RNA | has to act as apartial or complete inhibitor, RNA

lI-like sequences that are complementary to RNA | (10-555 nt) have to be
presented upstream of the marker gene, together with a ribosome binding
site (Shine-Dalgamo sequence) that 20 is upstream, downstream or

e RaAa IR GBI Ko BUEREE NG - RGRDNR HENGRon

(SD) reters'to a short stretch of nucleotides on a prokaryotic mRNA
momsith BNipdirad foaratented adiistingsosmiesite, that serves to bind to
ribosomal RNA and thereby brings the ribosome to the initiation codon on
the iz iAbAAihent dea tedwipstreaart obdbe iR Monl dflike REGERNGe, thpdSEe,

se ref I isti leotides GAA S
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Scod®N-afiHkesamkercgene. In the case that a ribosome binding site is
embedded within the RNA | sequence complementary to the marker

gena, dithsegbadiensiiptiel kN Ariddite deguehcdhaimahediesiem tlegion is

altered, loop, structures a referably the whole WO. 2006/029985 . .
s e S s S A L
to atfvpenstide teellm Adnslatnstion- Wit Rip Ghthéchvianisrbomedidbing
COMEAniBl BhemPadimeihinalPredidesasial cadaRdmiaeLRg

RNAII- like sequence, the construct results in a fusion product comprising
10the FRSHREFdequence and the 5 RNA II-like sequence. In another

embodiment, the RNA llI-like sequence is inserted between the ribosomal

binditigrsitevelydaiderettiyt vode tha RN AP pldectedqudimitentitthevearendom) the

RNA Hi-like sequence can be translationally coupled with the marker gene. To
achieve this, by way of example, a construct may be used that starts with a start
ATG, followed by the RNA [I-like sequence, a further ribosome binding site, a

15  sequence which represents an overlap between a stop and a start codon, e.g.
TGATG, and the marker sequence. In this case the marker gene is only translated
when the RNA Il-like sequence has been translated before and separately from the
marker gene. The advantage of this set up is that protein fusion to the marker gene
is not required. This approach provides the option of separate translation, which

20  may be beneficial for some marker proteins, e.g. in the case of some repressors like

the Tet repressor.

Since even singlé RNA I/RNA 11 stem loops form kissing complexes (Eguchi
1991b; Gregorian, 1995), it has to be ensured that at least a single Joop is formed.
In any case, both requirements; i.e. on the one hand translation of the marker

25  mRNA in spite of inserted loop structures and, on the other hand, efficient
RNA-RNA antisense reaction between the inserted loop structure of the RNA II-
fike sequencé and the complementary RNA 1 on the plasmid are fulfilled.

The interaction between RNA I and the marker mRNA that contains the RNA I1-
like sequence has the purpese to inhibit binding of the ribosome, thereby abolishing



gap possible to allow translation, e.g. 15 to 20 bp. (If the distance between
the ribosomal binding site and the start codon increases, translational
efficiency 10 decreases.) Alternatively to directly fusing the RNA ll-like

weLavenersand the marker gene, the RNA lI-like sequence gap805/054450
translationally coupled with the matker gene. To achieve this, by way of

example, a construct may be used that starts with a start ATG, followed
by the RNA lI-like sequence, a further ribosome binding site, a 15
sequence which represents an overlap between a stop and a start codon,

€91, hGADE IR KGESEAIEDFGE 4R B GBR G‘E[Jaﬁl&@r YRGS
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least a single loop is formed. In any case, both requirements, i.e. on the

onedpripRsercacll aromb fimplsraitdreesatinwheeapievar igaiaten prpyides
strugaswidiopdasiehaerhardugfficient RNA-RNA antisense reaction

between the inserted loop structure of the RNA II- like sequence and the
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control of an inducible romoter& gbt e lac, arabinose or T7 promoter)
and REFTRINERESSHPE 1P9% (4atlose, arabinose), expression of said

marker gene is down-regulated, whenever sufficient RNA | is
In the system of the present invention, RNA I, which is normally responsible for

down-regulation of plasmid replication, acts as “gene-silencer”, while inhibition of
15  replication is decreased. Thus, the use of the system of the present invention results
in an increase of plasmid replication, which is beneficial for survival of the

bacterial host cells.
2.4.  Marker Gene

RNA I-mediated down-regulation of the marker gene, which is a key feature of the
20  invention, can be applied to any gene the expression of which, for any given

purpose, is to be regulated.

According to a first aspect, RNA [-mediated down-regulation is useful for marker

genes that are conditionally lethal to the host (e.g. see Davison, 2002, for review).

Examples for marker genes that are toxic per se and suitable in the present
25  invention are genes encoding restriction nucleases (e.g. CviAll, a restriction
endonuclease originating from Chlorella virus PBCV-1; Zhang et al., 1992),
EcoRE (Torres et al., 2000), genes encoding toxins that interact with proteins,
e.g. streptavidin or Stv13 (a truncated, easy seluble streptavidin variant), as



produced from the plasmid's origin of replication. Preferably, the marker
gene 5 encodes a lethal protein or a toxic protein that inhibits cell growth
at least to a certain extent (as defined above); in this case, expression
weslisingagll death or decreased cell growth (in plasmid-fregGelsdss/s44se
whereas down-regulation provides isell-growth (in plasmid-bearing cells).
Alternatively to marker genes that encode lethal or toxic proteins, the
marker gene 10 may encode any protein the expression of which is to be
regulated during growth of bacterial cells, for whatever purpose. In
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2002, for review)._ Examples for markér genes that are toxic per se and
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genes eﬁco f?]ug oxﬁé”ﬁwa‘h RTACt (AT protel % e.g. sf’re?psf‘éw i1 of vlgl

(a tremicatgtheasy soluble streptavidin variant), as WO 2006/029985
PCT/EP2005/054450 15

Further examples of genes toxic in bacteria and useful in the present invention are

given by Rawlings, 1999,

15 In certain embodiments, the marker gene is selected from genes encoding
restriction nucleases, streptavidin or genes that have an indirect toxic effect,

¢.g. SacB, as described above.

In a preferred embodiment, the toxic marker protein is not lethal or toxic per se or
due to a toxic effect upon its expression, but a repressor protein which acts by
20 repressing the transcription of a gene that is essential for growth of said bacterial

cell.

In this embodiment of the invention, RNA [-mediated down-regulation in the
- presence of the plasmid affects the repressor. This means that the presence of
RNA I and its interaction with the repressor mRNA (the RNA H-like sequence)

25  leads to inhibition of the repressor and thus to activation or up-regulation of an
essential gene, with the effect that growth of the cells-only occurs in the presence of
the replicating plasmid. In this embodiment, the promoter of an essential gehe- is
modified by providing a binding DNA sequence (an “operator”™), preferably the

natural promoter is replaced by a complete, inducible promoter (containing an



described by Szafransky et al., 1997; Kaplan et al., 1999; Sano et al.,
1995, which act by deprivation of biotin, an essential protein in cell
growth);genes encoding proteins that damage membranes (the E gene
WO X174 (Ronchel et al., 1998; Haidinger et al., 2002)s 886 /054450
(Jensen et al., 1993; Klemm et al., 1895), 5 relF (Knudsen et al., 1995);
genes that encode other bacterial toxins, e.g. the ccdb gene (Bernard and
Couturier, 1992) that encodes a potent cell killing protein from the
F-plasmid trapping the DNA gyrase or sacB from Bacillus Subtilis (Gay et

al., § éar%g%g@a thal,enen %h%vm%irgggﬂ gﬂ&%@g@&%ﬁ?ég e

bacterial host (e.g."FUS; Crozat et al., Ve en using toxic genes, it
is edstrmart: tAebindte thrbarssHaathyebn thiiiay Hpaintien arde
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expression ypon induction, sufficient to inhibit cell growth. Further
exalfipiE¥%ryenes toxic in bacteria and useful in the present invention are
given by Rawlings, 1999. 15 In certain embodiments, the marker gene is
elcbie dpesHPTeadINMcOMIRBCT &b AthRteRsaspspensalRBEyiSnes
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the repressor and thus to activation or up-regulation of an essential gene,
withPRTE e e R SOBRROTT P ITEREHORRPO CXBTS TSP EdptioRn oY fet-
replivatingiplagrudotisthipenbndingn theprdnoleiofanassaiabg ntin
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the promoter region of the essential gene or the artificially inserted promoter and
15  thus inhibits expression of the respective essential gene. Whenever there is
replicating ColE1 plasmid present in the host, RNA 1 is produced which can bind to
the repressor mRNA, which had been modified accordingly. By this RNA-RNA
interaction, the translation of the repressor is inhibited (analogously to any other
toxic marker protein). Consequently, the essential gene product can be produced

20  and the cells maintain viable and grow.

In essence, in this embodiment the bacterial host comprises, besides the RNA 1I-
fike sequence, one of its essentials genes (as naturally embedded in the bacterial
genome) under the contrel of an inducible promoter (which has been engineered
into the genome to modify or, preferably completely replace the naturally occurring
25  promoter of the essential gene). The promoter region controlling the essential gene
also contains a DNA sequence (operator) that is recognized and specifically bound
by said repressor protein. The repressor gene, which is engineered into the bacterial
chromosome, is also under the control of an inducible promoter that is different

from the promoter controlling the essential gene in thus independently inducible.



modified by providing a binding DNA sequence (an "operator"), preferably
the natural promoter is replaced by a complete, inducible promoter
(containing an WO 2006/029985 PCT/EP2005/054450 16 operator
wWEIHENGSISIN such way that the expressed repressor proteip g,8e 48 0 fke
repressor, can bind to that operatoryithereby inhibiting transcription and
regulating expression of the essential gene, e.g. murA (by expression of
the Tet repressor.). 5 The operator is a DNA sequence to which its
specific repressor or enhancer is bound, whereby the transcription of the
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IPTG, the repr i I bipds to the artificially introduced

opelpé (%er%wt |h%§tcf1%%?%§r%i§te ?%%g%né%f the essential gene or the artificially
inserted promater and 15 thus inhibits expression of the respective
esséhtrATGEABISWIEIE drathindse raResing lesied pibinie Bresetst pf 2o
the bpsioR} Mérdug gretucaddibiciafanipiiag tf tHaqaip sstdhRMAn said
which had been modfied accordnaly, By s RNARNA nteragion, e,
trandfation of the repress%r ISTINAIDI edﬁ(lana?c%ous y?o any other toxic Y

1 (narkenrgnsotcie)) BolssefeiBnwhichaasvberimhepsriptioroo cfacaity vd
prodyced,dthandithe cela nairiRiniyiaple ¢ g&%‘%aé%é%ﬁ@%s&&his

embodiment the bacterial host comprises, besides the RNA II- like

seqidEe T ineRsFe s difiald aulted ths! AU A1F emioRbrwEnFFIFRS (tP),
bacterirh gRxe me)dmdendaefabatiplpban, indidikienpriompiariwhitinhas
beep.endineered o (Yanofsid et al,, 1987)

15  Examples for inducible promeoters are promoters, where transcription starts upon
addition of a substance, thus being regulable by the environment, e.g. the lac
promoter, which is inducible by IPTG (Jacob and Monod, 1961), the arabinose-
promoter (pBAD), inducible by arabinose (Guzman et al., 1995), and copper-

inducible promoters {Rouch and Brown, 1997).

20  In the experiments of the invention, the fet-repressor (tetR} was chosen to be the
repressor gene, which served as “toxic” marker gene by turning off an essential

bacterial gene upon addition of the inducer IPTG.

For implementation of the repressor gene approach, two types of cassettes are
designed and inserted in the bacterial chromosome in the experiments of the

25  invention (Example 4). The first set of constructs comprises cassettes that serve to
replace (or modify) promoters of specific essential genes on the genome. The
second type of cassettes serve as test constructs employing GFP as a surrogate for

an essential gene to provide proof of concept. The aim of the experiments using the



into the genome to modify or, preferably completely replace the naturally
occurring 25 promoter of the essential gene). The promoter region
controlling the essential gene also contains a DNA sequence (operator)
wtg%é&%gggnized and specifically bound by said repressorproigifyed G 5o
repressor gene, which is engineereg into the bacterial chromosome, is
also under the control of an inducible promoter that is different from the
promoter controlling the essential gene in thus independently inducible.
WO 2006/029985 PCT/EP2005/054450 17 Essential bacterial genes are
kno rom the literature, e.g. from Gerdes . 0]
o e P R 60 el eSSt e, IR AR A0 AR s
1(itedinstmenshiednnidtaeiinpronulinsaty gé essistpme. g. Isoleucyl-tRNA
synthetase (ileS), cell division proteins like ftsQ, ftsA, ftsZ, DNA
polyragsasanti:adp batusisumitid naiempund inaappsasr Ad30s. shasodisd
protein. Si), r 30s ribgsomal in S2). Iyt B (global regulator), etc.
e S ey B s o e S TR
Sprofisie (dbiammpherionl abessdisnsiswsciogliwifsraseanscription of the
gene(s) located within said operon. Examples for repressors suitable in
the pregpRkipéapiivneRs ieuaratyclifolisepranserdelyatoitin batRe

which regulates transcription.of a family of, tetracycline resistance _

et STTTAREL APCTAREHE Il & RS A e G et SR P TACRY e

al., 188BeHpstieiet. dluch mmnwp@mme@ybmpﬁmmmmds

to the APRIRIRE S H@%}Eﬁﬂt@féﬁr%hw %?9@@19§1%15¥B@%g9 number.

biosynthesis gene (Yanofski et al., 1987). 15 Examples for inducible

romoters are promoteys, where transcrigtionfst%rts upon addition &)f A a

Lub St %&%4&%&"1&‘&%8%@5%"%&Pon%‘é’ﬁ‘f Bg. thETae 2nc may thus

prommedummbdédwdmmmgs Itﬁat_@il(n]aqm‘aiqg Wofeodidedin) ofwnstructs
ara%g@gsgg,gfo%}z}?%ﬁ%%%g&;u il Pyigrehingse ts%maee%@imffect on

199 copper- inducible promoters (Rouch and Brown, 1997).
a toxic marker gene.

In order to evaluate the functionality of constructs designed for engineering a

15  bacterial host such that expression of a toxic marker gene can by regulated by a
ColE1-type plasmid, the reporter gene ,,green fluorescent protein™ (GFP) served as
a model in the initial experiments of the invention. Due to its auto-fluorescence
(Tsien, 1998) GFP was considered suitable to substitute the marker gene, or the

essential gene, respectively, in the initial experiments.

20 In certain embodiments of the invention, the marker gene may be an endogenous
host gene, which may be any gene of interest that is intended to be regulated. In
this case, the host cell is engineered such that the sequence encoding the RNA II-
like Sequence is operably associated with the relevant host gene, as described
in 2.3.

25 3. ColE1-type plasmid

In the present invention, all ColE1-type plasmids with their natural RNA VRNA I
pairs, as well as with modified RNA I and/or RNA H sequences, e.g. as described
in WQ 02/29067, may be used.



20 In the experiments of the invention, the tet-repressor (tetR) was chosen
to be the repressor gene, which served as "toxic" marker gene by turning
off an essential bacterial gene upon addition of the inducer IPTG. For

wibplsmesyation of the repressor gene approach, two types gf¢a§S6it&&45a
are designed and inserted in the bagterial chromosome in the

experiments of the 25 invention (Example 4). The first set of constructs
comprises cassettes that serve to replace (or modify) promoters of
specific essential genes on the genome. The second type of cassettes

Ser%s%éek%%&ga%ﬁ C SMRIoVING SR A% THITAGRS {0,AR S3sgptial

gene to provide proof of concept. The aim of the experiments using the

WOrBws)g 29985 REPIEPPEoDidsRNEY , P4 Br plidsMEBAstvedl #S e

evajuaieiagHiataaaseRaasiPRatab RIEesIHS BRI UscRsl peirmEnt Al
all interacting components of the syst Thus %a@oth%?mbodiment,

the TRAMRLYEAME L SHELARSFEEh &2l diRTRifR RS RETagigrpt vectars.

Fluorescent Protein), hSOD (human superoxide dismutase), 5 CAT
Ychidiamphistic sisitayhesnetacsddy be ipelrdekn therplogkisy sgarmmes. As
usefulinichtivalion RIRGASSER WhRRaYeipiesmatiomeTine Bresesce or
absence of a ColE1-type plasmid in a host cell or gn plasmid copy
nuniBRRGRA9B 08 P HTER RTINS STHISC B CTI Mg, MRt fiHafsrest
fermentation processes are to be optimized with regard to control of

plashiiasopyhinteisston aniepoidanddherprmptatsiyred endbetarrdgate
of atoxicMAKek $eRAHANT MAY:THWS Redpedinaxiesnantahseltings

that aim at proving the functionality of constructs to be employed for the

1qen@iagthsthG BrruaRrEngeand 1 s frmatARicHiaos o e £tB% ey be
markpergeiesiociide idaeiigiaithedunctioralithoCaovsiratsedesigned
for-engineering a 15 bacterial host such that expression of a toxic marker
gene can by regulated by a CoWEI-type plasmid, the reporter gene
"green fluorescent protein” (GFP) served as

Application of the invention:

The present invention can be widely used in state-of-the-art fermentations, both for

15  plasmid DNA production and for producing recombinant proteins.

Several approaches for fermentation of pDNA have been described that are useful
for applying the present invention. The methods for plasmid DNA production
differ with regard to the level of control imposed upon the cells and the numerous

factors that influence fermentation:

20 For pDNA production on a Iaboratory scale, cultivation of plasmid-bearing cells in
shake flasks is the simplest method (O 'Kennedy et al., 2003; Reinikainen et al,,
1988; O'Kennedy et al., 2000; US 6,255,099). |

To obtain higher quantities of plasmids, the cells can be cultivated in c_ont:ml}ed.

fermenters in so-called “batch fermentations”, in which all nutrients are provided at
25  the beginning and in which no nutrients are added during cultivation, Cultivations

of this type may be carried out with culture media containing so called “complex

components” as carbon and nitrogen sources, as described e.g. by O'Kennedy et



a model in the initial experiments of the invention. Due to its
auto-fluorescence (Tsien, 1998) GFP was considered suitable to
substitute the marker gene, or the essential gene, respectively, in the

W@i&[ﬁlﬁ@ggiment& 20 In certain embodiments of the inventjpn, the macker,

gene may be an endogenous hoskgene, which may be any gene of
interest that is intended to be regulated. In this case, the host cell is
engineered such that the sequence encoding the RNA I1I- like sequence is
operably associated with the relevant host gene, as described in 2.3. 25 3.

CoWEI- id In th ti j ~ I ' ith
ik e St R et S
RN 8266675 ketnatisahn sonthsticimedionay 25067 fanyéApemdugtion,
20064029983 Bfid ER N0 %I044 301 B4 MERHRRLRANONG: production

representatives of useful ColEl -type plasmids are the naturally occurring
Comﬁlﬁﬁi@%gpﬂ%{&%7 CMWI, as well as the commonly used
and commercially available cloning vehicles such as pBR322 and related

Svecidwspitrent ix@eplasymidy albe hsmved lasfeddwnhdamecpBlises of bt veltors.
5 NARRIRMG IS ARAESERE SUPPRELR R BEIHRE By RetifmB a3mmishy by

sequence. As essential elements, the plasmid basically only contains the
ColtefiBsigifesr brsirostrohagnithe Bederdingrausiepitiacudaeie sriitRbthe
gengsbinigiesicithe: gaatmeliiniesesit et Masimitanel sy BiRotBI related

d?pt%%‘é‘;li)é‘c%“?ﬁ%‘%ﬁn?& ﬁ‘&g‘%ffa“%}a&e.'&%%I}%%dr%ﬂ%’%e'{'é%ﬁﬁgh' may b tadd

with TE€8p&et 16 the gere o Interest; €.9. a therapedtic gene. For gene

10thefapfeabplicationsylthEicpramimp b dpdr ably dvsovidied reanred cell
SUKGINGHE P00 GxJe LMY @OTP R e LPRIISALO5 AR ERERR,
The present invention can be W|deliy used in state-of-the-art fermentations,
botfhfofissolved oxygen tension at a defined set point by the feeding rate was

described in WO 99/61633.

Another, more complex algorithm uses both the DOT and the pH value as control
15  parameters for a feed-back cultivation method (US 5,955,323; Chen et al., 1997).

Another feeding mode is based on the supply of feeding medium following an
exponential function. The feeding rate is controiled based on a desired specific
growth rate p. WO 96/40905 and G'Kennedy et al., 2003 describe methods that use
an exponential fed-batch process for plasmid DNA production. Lahijani et al.,

20 1996, describe combining exponential feeding with temperaﬂire—-coatmllable

enthancement of plasmid replication.

Alternatively, the invention may be applied in a process for producing plasmid
DNA, in which E. coli cells are first grown in a pre culture'and subsequently
fermented in a main culture, the main culture being a fed-batch process comprising
25  abatch phase and a feeding phase. The culture media of the batch phase and the
culture medium added during the feeding phase are chemically defined, and the
culture medium of the feeding phase contains a growth-limiting substrate and is
added at a feeding rate that follows a pre-defined exponential function, thereby
controlling the specific growth rate at a pre-defined value. '



15 plasmid DNA production and for producing recombinant proteins.
Several approaches for fermentation of pDNA have been described that
are useful for applying the present invention. The methods for plasmid
waNMosadyetion differ with regard to the level of control impgsgag1apansihe
cells and the numerous factors thatiinfluence fermentation: 20 For pDNA
production on a laboratory scale, cultivation of plasmid-bearing cells in
shake flasks is the simplest method (O'Kennedy et al., 2003; Reinikainen
et al.,, 1988; O'Kennedy et al., 2000; US 6,255,099). To obtain higher
quagfifies,nf plasmids. e relsrAnRt.sofivaiRsL I ONRlRd. fRImankers

in so-called "batch fermentations”, in which all nutrients are provided at
25 thasEgAfeadodhe htdathnbeabhianedie adged e PR cmmpsidmnd
Cultyatinpsaf dhishHiRs N DuRecal feeigmhyd! e wiiemesi acaiaipnge-
so called "complex components" as carbon and nitrogen sources, as
des¥ied &8RP Rennedy et WO 2006/029985 PCTIEP20051054450
20 al., 2003, and Lahijani et al., 1996, and in WO 96/40905, US 5,487,986
SandAlbeapibeiths Serprataiionmrcespritisctt histiarraiedanddbe s BINA
DN pratctirs (o o o 2001 WO OOI00ATE2). 5 The rosort
p roductio ang et al., ; : e present
145 BB e B | FRTTHER G S BF 2RI e which
onedesaribeé inliSen®S B8 Suipliedig tihe dudiueedpysfdaoingsypical builon
using a feed- [ It eedi Il in;order, I
A T S S R TR gty
1iretwysrerabeicpo alpyativlids URrBU§hads dwativeadabie srthad for
parameiessivinic himaYRsNSefil A fokfasduiaok /6ol ahisimentations

include pH value, on line measured cell density or dissolved oxygen
tendPIEPR O RS RE KRS HRRINESH KU AG NARG S &1B88FYed oxygen

tension at a defined set point by the feeding rate was :
In addition to applying the invention for plasmid production, e.g. for production of

plasmids for gene therapy applications, it is also useful for recombinant protein

15  production.

With regard to recombinant protein producﬁon, in principle, any method may be
used that has proven useful for expressing a gene of interest in %, coli, in particular
from a ColE1 type plasmid (see, for review, e.g. Jonasson et al,, 2002; Balbas,
2001). The protein may be obtained intracellularly (completely or partially soluble
20  or as inclusion bodies) or by secreti.on {into the cell culture medium or the
periplasmic space) from batch fermentations or, preferably, fed-batch cultivations,

using complex, synthetic or semisynthetic media.

In plasmid DNA production, usually plasmid DNA. for gene therapy applications,
the gene of interest is not expressed in the bacterial host cell. In view of its

25  application in mammals, preferably in humans, where it is to be ultimately
expressed, the gene of interest is usually operably associated with a eukaryotic
promoter. In contrast, for recomf)inant production of proteins in E. coli, the gene of
inferest is to be expressed in the host cell therefore under the control of |

prokaryoti¢ promaoter.



described in WO 99/61633. Another, more complex algorithm uses both
the DOT and the pH value as control 15 parameters for a feed-back
cultivation method (US 5,955,323; Chen et al., 1997). Another feeding

waoHesis:Based on the supply of feeding medium following agy-g¥pagMiaks
function. The feeding rate is controlied based on a desired specific growth

rate . WO 96/40905 and O'Kennedy et al., 2003 describe methods that
use an exponential fed-batch process for plasmid DNA production.
Lahijani et al., 20 1996, describe combining exponential feeding with

tempgr RIS ARIARS FRARMERMENMRS RlasmidseRligaliABmoter

Alternatively, the invention may be applied in a process for producing
plasTArdroBRADLR HAtkeR ge0¢ StEnPhairscgrsRiing e penamuntcrsy may
subsequaatly: defmaeates 4 RIPANME iHidFRrERCarBaiR:-§ b RsREIRGBression
fed-bfatctgeg)rocess comprising 25 a batch phase and a feeding phase. The
cult e Meda%f the batch phase and the culture medium added during
the feeding phase are chemically defined, and the culture medium of the

Feedhygotnesavsbninee BgrorrRimnirdrmsisnted wah o gaeesaing time-
feeqiaﬁ:_trag;@hm @{;&_&M&ﬁﬁﬁrﬂﬁﬁ RESHRIRS éﬁﬂi@feﬁ@ﬁfl&i egglﬂca)%@ [P¥eforably,
controlling the specific. growth rate atapre- efined value. .
OB (O L b s DA oo NFETE i SHECP R STehlign
the portsl mikigmadeesitiedpromotenithefindtisey, whily the poddedete fitie: gene
batc Telall W\ th.in.a.b: i -~ h
cu|tiéz%ﬁgﬁf‘*éi‘%?a%”%ﬁﬂ%dé%’éﬁp%ﬁi%%%‘ffﬁ%%}&#%%%%%ﬂg%%%%é”g%%e?%‘%n-
18visdigpdusinlamserenters e s divg bthiberepmepk ey asddbe mpksapse,

are h@p/ﬁ%tfﬁﬁndcmﬁhealm hﬂaﬂg&g\ é&iﬁs}?@gﬂww&@ﬁﬁﬁﬁﬁ@f#mg to
processes known in the art, e.qg. methods | seég on anion exchange
ol BT RPN bR BRPSHERO B HOoE 8P T8 SesTe Er ey
usingptlzoacimrstitatognaphictetepsitevasaahitonapplies both for methods in
which the marker gene construct is integrated in the bacterial host genome and in
15  which the marker gene construct is contained in a plasmid or phage, as described

above.

With regard fo induction of the promoter in the various phases of fermentation, the

principle described above for plasmid DNA production applies.

The invention has the great advantage that all replicated plasmids are devoid of
20  antibiotic resistance genes and are therefore, in addition to gene therapy
applications, suitable for all applications for which the absence of antibiotic
resistance genes is required or desirable, e.g. for the generation of recombinant
yeast strains that are intended for human and animal food production er for the

generation of recombinant plants,

25



exchange chromatography as the first step and reversed phase
chromatography as 10 the second step, as described in US 6,197,553.
Another suitable method for manufacturing plasmid DNA is described in
WY QRH5483, which uses two different chromatographic st@Rsoss/054450
combined with a monolithic support3in addition to applying the invention
for plasmid production, e.g. for production of plasmids for gene therapy
applications, it is also useful for recombinant protein 15 production. With
regard to recombinant protein production, in principle, any method may be
used that has proven useful for expressing a gene of interest in E. coli, in
particular from a ColE1 type plasmid (see, for review, e.g. Jonasson et
al., 2002; Balbas 1)..The protein may be obtained intracellularly
(cor%rﬁ%ztdeﬁcﬁ p%%tﬁ%%%eggﬁ}gngzo or as inclusion bodies) or by secretion
(into the cell culture medium or the periplasmic space) from batch )
ferriéghthitiond BERIAE BNy ewdiniedmankey ae8n dovrsirsg éeapiessilencing
synthetic or semisynthetic media. In plasmid DNA production, usually
pladimd. DN A testgan éahargipseapp fcationls, the gene of interest is not
expressed in the bacterial host cell. In view of its 25 application in
smanwpals, prefaiiabhoin tnanaaw e Hisete had sl rxaressed,
the gene of interest is usually operably associated with a eukaryotic
promoter. InCERPAL, for recombinant production of proteins in E. coli, the
gene of interest is to be expressed in the host cell therefore under the
conlfigl 6f a proREPPERROplRIMRESRAD 2200820 RIGRE-like sequences
PC'P/EP2005/054450 22 For recombinant protein production, the two
proifigtets, | Gethdpramaisiatoonifoling thepnatker giyBR302 the promoter
controlling the gene of interest, may be different or the same, as long as

no ipferierengeneCios- thatlidish pr @urresRian pRERier one.
10 Fig.7:  Expression/suppression of marker gene during fermentation

Fig. 8:  Principle of a construct based on an essential gene including
replacement of essential gene promoter

Fig. 91  Test constructs for repressing GFP as a surrogate for an essential
gene

15  Fig. 10: Results from shake flask experiments with test constructs inserted
into the HMS174(DE3) genome



5 Advantageously, since their activity is independent of each other
concerning time- point and level of transcription, the promoters are

- differently regulated. Preferably, the promoter controlling the marker gene

wWo st akihe start of the fermentation process and produggs M9siRiaiesq
amounts of MRNA, while the promater of the gene of interest is rather
strong and activated at a chosen time-point during fermentation. 10 If
inducible promoters are used for both the gene of interest and the marker
gene, they are usually chosen such that they are turned on by different

indygers m@i&%ri‘éﬂé@'ymkh&g&ﬂé?&%&e& 05 WPEREANRGREIRle and
the gene interest Under a constitutive promoter, or vice versa. This
applies both for methods in which the marker gene construct is integrated
in theBicterial host genome and in 15 which the marker gene construct is
conisit@dirnaplashicher phdogmegs (escribed above.S4dtlsegard to
induction of the promoter injthe various phases of fermentation, the
principle describekV abustq rlé?amrdm@eﬁﬁ%ﬁ@cﬁﬂ&m@mM
invention has thelepe4t hdvantage th %ﬁ%ﬂ%ﬁ&%& SiAleSAHE GG TGGT
of PO antibiotic tesistance genes anclg%} Efore, %@ET%%PAACTG
therapy applications, suitahle for all ERPIE '. i %?1; < (JGA
antibiotic resistance genes s requwe A G | AA
of recombinant east strains that arg or human and animal food
production or fon the generation of Tgcombinant prants: 25 WO
2006/029985 P THEHR200S/0%44h& BWW@H@E@B&Q&&GGGCC
Fig. 1: Principle gb&i9A I-mediated - PO
silencing Fig. 2:} &edgtruct for engine
from hybridizatign experiments with |1T\Aﬁ§3¥ha’£{éEﬂE§GTFCCGATGGCTAAAGG
AGAAGAACTTTTCACTGGAGTTGTCCCA
ATTCTTGTTGAATTAGATGGT 3¢
3 T7Prom- |45mer |5‘GAAATTAATACGACTCACTATAGGGACA
sRNA GTATTTGGTATCTGCGC 3¢
I ColE1-
back
4 asRNA 20mer | 5° AACAAAAAAACCACCGCTAC 3
i ColEl- '
for
5 T7Prom- |45mer |5°GAAATTAATACGACTCACTATAGGGGCA
RNA AACAAAAAAACCACCGC 3
IIse_ColEI-
{ back
6 RNA 20mer |5 ACAGTATTTGGTATCTGCGC 3°
ise_ColEI-
for :
7 oligo- 23mer | 5*GAAATTAATACGACTCACTATAG 3¢
T7prom-
{plla-back




constructs Fig. 4. Constructs containing marker gene and RNA 11-like
sequences Fig. 5: Gene down-regulation effect in the presence of
pBR322 Fig. 6: Gene down-regulation effect of various plasmids 10 Fig. 7:
weRiersinrisuppression of marker gene during fermentatiop iy s/0s4450
Principle of a construct based on apsessential gene including replacement
of essential gene promoter Fig. 9: Test constructs for repressing GFP as a
surrogate for an essential gene 15 Fig. 10: Results from shake flask
experiments with test constructs inserted into the 11MS174(DE3)
genpine WE.2006/029985 PCT/EP2005/054450 24 In Examples i and 2,
the oligonucleotides as shown in Table 1 are used: Table 1: SEQ 1) NO:

Primer Length Jequence 1 [T7 rbs@#t- 159 mer
5 GHRATIF AL ACBACTFCACGEAFAGGGAA loop2+BEQUENCE
CAAAAAAACCACCGCTAQCAGCGGIGGT

TTGTTT CCTC ﬁ'{i’f TACC %%QA 7 )
AAGGACAGAATY % GGEFAAA &TCTAA’I’I‘CAACAAGAA’ITG 3
- GAAGAACTTTTCACTGGAGTTGTGCCAA

[TCTTGTTGAATTAGATGGIT3 2 T /7-atg- 161 mer
5'GAAATTAATACGACTCACTATAGGGCC loop2-
Tcﬂeﬂwhmwéﬁﬁmmw&cm@@g the RNA-1

AG iPRAIARGAR G T7 promoter and ribosomal
TACCAACTC TTCCGATGGCTAAAGG

%e&ﬂ@ﬁg@?ﬁ%ﬁé%@%%&f@ﬁ GFP GDNA, arc amplified using

oligonucleotide of SEQ ID NG: 7 and 8 and used for in vitro transcription by T7
polymerase (see Example 1). Oligonucleotide of SEQ IID' NO: 1 contains loop 1
and loop 2 of RNA I (equivalent to Il in Fig. 4}, the oligonucleotide of

SEQ ID NO: 2 contains loop 2 of RNA I (equivalent to II in Fig. 4).

10  Oligonucleotides of SEQ ID NO: 3 and 4 are used to amplify RNA I (110 bp) from
a ColE! plasmid and to incorporate the T7 promoter for in vitro transcription.
Oligonucleotides of SEQ ID NO: 5 and 6 are used to amplify RNA I;gon from a
ColE1 plasmid and to incorporate the T7 promoter for in vitro transcription.
Oligonucleotides of SEQ ID NO: 7 and 8 are also used to produce DNA for the

15  negative control (equivalent to [ in Fig. 4) from pet11aGFP as template. Negative
control is a fragment of the green fluorescent protein MRNA in context with the T7

promoter and a ribosomal binding site.

Example 1
20  Hybridization experiments with in vivo transcribed constructs

In order to chose the desired length and position of the sequence complementary to
RINA I (the RNA TI-like sequence), within the mRNA molecule the translation of

which is to-be inhibited by hybridization, in vitro antisense experiments are carried



ATTCTTGTFGAATTAGATGGT 3' 3 T7Prom- 45mer

5 GAAATTAATACGACTCACTATAGGGACA sRNA
GTATTTGGTATCTGCGC 3' IC01E1- back 4 asRNA 20mer 5°

WAAGAANSAAACCACCGCTAC 3' IColEl for 5 T7Prom- 45@@ek epa005/854456

S'GAAATTAATACGACTCACTATABGGGCA RNA
AACAAAAAAACCACCGC3 ColEl use back 6 RNA 20mer 5
ACAGTATTTGGTATCTGCGC 3' RseColEl- for 7 oligo- 23mer
5'GAAATTAATACGACTCACTATAG 3" T7prom pi la-back WO

200969%8%&%%9& EPRROSLONAERR o 9T IR Gk s R R ANPa R TImer

Length SE NCE 8 oligo-GFP- 23mer

5 ASRBKETeTIR A RTICAREBRGAATTG 3' for The oligonucleotides of SEQ
ID NO: 1 and 2 containing the RNA-I complementary sequence in the
contixthas endhetiircpibndeseamad d:HP esostratts that contain an RNA II-like

sequence are transcribed in vitro and incubated with in vitro transcribed RNA L

5  Hybridization is detected on native RNA-polyacrylamide gels.

Synthetic RNAs (RNA I and synthetic constructs with RNA I hairpin structures at

their 5° end) are obtained by in vitro transcription (Ampliscribe, T7-Flash

Transcription Kit; Epicentre) (Fig 2). 110 bp of RNA T and RNA 11 each from

pBR322 ori and oligonucieotides (oligonucleotides SEQ ID NO: 1 and 2) obtained
10 from Metabion are amplified by PCR and serve as linear DNA ternplates for in

vitro transcription.

To verify RNATI and RNATI-target interactions, gel shift experiments are carried

out. Loop-loop complexes are visualised as they appear retarded.

RNAs are heated separately, prior to hybridization. Gels are 75 mm thick, 5% (w/v)
15  polyacrylamide (60:1) and are run in a mini protein gel apparatus (Pharmacia)

cooled with ice cold water. The running buffer is 1x Tris-borate (89 mM Tris

(pH 8.3), 89 mM boric acid) containing 5 mM MgCl,. Bands are stained with

ethidium bromide and viewed using a UV transilluminator.

When 60 nt of GFP mRNA. including RBS and start codon with and without
20 RNAII sequences at the beginning of the transcripts are incubated with RNAJ the

results shown in Fig. 3 are obtained.

Gel 1 of Fig. 3 shows positive (RNAII108 nt, corresponding to the complete RNAI
sequence and negative control. If a reaction has occurred between the two RNAs,

the (marked) RNAI band appearss weakér, because it is retarded.



5 binding site, and the first 60 nucleotides of the GFP cDNA, are amplified
using oligonucleotde of SEQ ID NO: 7 and 8 and used for in vitro
transcription by T7 polymerase (see Example 1). Oligonucleotide of SEQ
w&MPobsgntains loop 1 and loop 2 of RNA | (equivalent teddiipfoiged)ase
the oligonucleotide of SEQ ID NO: £ contains loop 2 of RNA | (equivalent
to Il in Fig. 4). 10 Oligonucleotides of SEQ ID NO: 3 and 4 are used to
amplify RNA | (110 bp) from a ColEl plasmid and to incorporate the T7
promoter for in vitro transcription. Oligonucleotides of SEQ ID NO: 5 and
6 arg ysed to amplify RNA Hiaont from a ColEl plasmid and to
incarpggate fhe.Tgspromoter for in vitro transcription. Oligonucleotides of
SEQ | +hand&haseRIsQ used to produce DNA for the 15 negative
controkteguivalent to | in Fig. 4) from peti | aGFP as template. Negative
scontrokis arfrarnent.of (thexgig eridtuorascbaiqr GeiirmRNA in context
with the T7 promoter anst &di3psomal binding site. Example 1 20
Hybfidizafidr @kpeiimeants with in vivo transcribed constructs In order to
chose the desired length and position of the sequence complementary to
RNA Iagge RNA ll-like sequence), within.the mRNA molecule the
tran&I2DA bR R HRARAERB 4 U Ry bridization, in vitro antisense
L0exp riﬂﬁﬂés %&%5Mied WO 2006/029985 PCT/EP20051054450 26 out.
RNA hybrids of RNA Ito different synthetic RNAs and to RNA Il are
subjected to a gel shift assay. To this end, artificially designed GFP
constructs that contain an RNA I1-like sequence are transcribed in vitro

and incubated with in vitrQ transcriped. R bridization i ected

on r%?iggq%ﬂ%%%%o ya%?ﬁagmt%daen gcérf)g.ogl n%é%géﬁ%g (géﬁ)ﬁg&m%%t_hetic

congtrubtdod RNtk erit s singcrned SN E [ Hewp 52 seid) verek apasieadstipan,
19 itf%ﬁ@&%ﬁ@mm&%@wﬂﬁ%@%&-@@éﬁ strong reaction.

Gel 2:
8 RNAI
9 RNAI(+RNAI loop2)
20 10 RNAT(+RNAl! joopl and 2)

Loop2GFP (lane 9) shows a slightly weakened RNA I band compared to the
negative control, whereas Loop1+2GFP (lane 10) shows a dramatic decrease in the
RNA I band, indicating formation of a kissing complex. This data shows that RNA-

RNA interaction with the presence of only one loop is efficient.

25  Loop constructs that indicate formation of a kissing complex on the gel -even a
- weak one - are cloned into pMMB67EH and pBluescriptll KS+ and tested for GFP
expression, Since interaction of RNA I with a marker containing two hairpin loops
is stronger, this construct is considered the favorite candidate for the in vivoe

experiments.
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Transcription Kit; Epicentre) (Fig 2). 110 bp of RNA | and RNA Il each
from pBR322 on and oligonucleotides (oligonucleotides SEQ ID NO: 1
and 2) obtained 10 from Metabion are amplified by PCR and serve as

wWiHagddkabstemplates for in vitro transcription. To verify RNAdaiehoos/osa450
RNAII-target interactions, gel shift egperiments are carried out. Loop-loop

complexes are visualised as they appear retarded. RNAs are heated
separately, prior to hybridization. Gels are 75 mm thick, 5% (w/v) 15
polyacrylamide (60:1) and are run in a mini protein gel apparatus
(Ph@ﬂ&‘%&%)z cooled with ice cold water. The running buffer is Ix
Tris-borate (89 mM Tris (pH 8.3), 89 mM boric acid) containing 5 mM

MgC12, Bands a{{/&?tamed with ethidi er ide and viewed using a UV
tran 'ﬁlﬂrﬁﬂﬁ%ﬁ%’r LB HPE oeisg?f&nm RP,& ?ngﬁjcfl ﬁg RBS and start codon

with and without 20 RNAII sequences at the beginning of the transcripts

are RchipapsrmR RRNESES FESIRSSAONR R starlemaedomsd ipto
of Figh SSROWs RRSISY %é%@é&&iﬁbe§@ﬁ@§ﬁﬁﬁgmmi@g@ﬁm&%t arc
RNAI sf%%ﬁgnce and ne atlve contré%i\aa tlo curre etizv
e KRBTRRESY (HE SARAISER RREAT S e e e & folgin
retapdlectdWe) 26 IBia2.9883)PET (B W%ﬁb@?e@&kﬂvetiﬂeglﬁx a
cony L%&]ﬁ?oﬁ%‘iﬁ% 9 MM@R@ 'él;{%”lé%%\‘ dgr’\‘d*”'
og t?heatlng pri oqlfq (i rE(S min at ERNAIFRNAIROS
RNASCHEA6 SHHBICRS mﬁgmt(xgtﬁﬁqmns within the plasmid and to determine
whether GFP expression is hampered by the presence of additional sequences in
10  proximity of the ribosomal binding site. This is considered to be an important
point, because additional sequences and secondary structures on or near the
ribosomal track usually decrease or even completely inhibit gene expression
(Malmgren, 1996; Ringquist, 1993).

Based on the results obtained with the native RNA gels (see Example 1), two
15  fusions of GFP with RNA [I-like sequences are constructed (Fig. 4). Two different
RNA II-like sequences are inserted upstream of the GFP coding sequences, under

control of the T7 promoter and lac operator.

The gip gene 1s amplified from pGFPmut3.1 by primers Nhel-GFP-back and
BamHI-GFP-for (for primer sequences see Table 2). The T7/lacO promoter - with

20 and without RNAII loops/RBS combinations - is fully synthesized on primers
(HindIII-T7GFP-back} and together with BamHI-GFP-for used to amplify gfp or
synthesized on oligos (T7al3-oligo and T7L12ras —oligo) and fused to the
amplified gfp by Nhel restriction site. The whole fragment is cloned into
pMMBG7EH by BamHI and HindIl restriction (for primers and oligos see

25  Table2).



10 at 90C)) 7 RNAI On gel 2 of Fig. 3, lanes 8, 9 and 10, only the RNAI

band is shown. When incubated with a transcript carrying one RNAII loop,

a very weak reaction is seen, 15 whereas a transcript with two loops gave
wbsliangdgaction. Gel 2: 8 RNAI 9 RNAI (+RNAII loop2) 20p1Q RNk 054450
(+RNAII loopl and 2) Loop2GFP (lame 9) shows a slightly weakened RNA |

band compared to the negative control, whereas Loop | +2GFP (lane 10)
shows a dramatic decrease in the RNA | band, indicating formation of a
kissing complex This data shows that RNA- RNA interaction with the
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e Oﬁf“ TCAa CTA

1G8RE GG
AkehARORF BT TC TAG
AAA TAA TTT TGT TTA ACT
TTA AGA AGG AGA TAC ATA
TGG GTA ACT GGC TTC AGC

AGA GCG CAG ATA CCATG 3¢

12

Nhe-ATG-loop3-for

5¢ ATC ATC GCT AGC CAT
GGT ATC TGC GCT CTG CTG 3¢

i3

T7L12ras -oligo

5° TAA TAC GAC TCA CTA
TAG GGG AAT TGT GAG CGG
ATA ACA ATT CCC CAA CAA
AAA AAC CAC CGC TAC CAG
CGG TGG TTT GTT TGC CTC

| TAG TTC AGC TAC CAA CTG

AAG GAG AGA ATA CAT ATG
3‘

Table 2 ctd.:

SEQ ID NO: |

Primer/Oligo

SEQUENCE

14

Nhe-rasi? for

5° ATC ATC GCT AGC CAT
ATGTATTCT CTCCTT C 3¢

15

HindHI-T7GFP-back

|3°

GAT GAT AAG CTT TAA
TAC GAC TCA CTA TAG GGG
AAT TGT GAG CGG ATA ACA

FATT CCC €TC TAG AAA TAA

TTT TGT TTA ACT TTA AGA
AGG AGA TAT ACA TAT GGC
TAG CAA AGG AGA AG 3

16

HindlI-T7-back

5‘GAT GAT AAG CTT TAA TAC
GACTCACTATAGGG 3

17

Xbhol-THerm-for

5" GAT GAT CTC GAG CAA
AAA ACCCCTCAAGACCY

I8

EcoRI-THerm-~for

15" AGT AGT GAA TTC CAA

AAA ACC CCT CAA GACC 3’




non-ColEl origin, for example pMMBG67EH (Fiirste et al., 1986) is
considered useful to circumvent RNA [-target interactions within the
plasmid and to determine whether GFP expression is hampered by the

w%r%%f&‘i%&f additional sequences in 1.0 proximity of the nbp@g&@@g@ﬂgﬂ

5-

10

15

20

25
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site. This is considered to be an imgortant point, because additional
sequences and secondary structures on or near the ribosomal track
usually decrease or even completely inhibit gene expression (Malmgren,
1996; Ringquist, 1993). Based on the results obtained with the native RNA

gelsg{see | %afl g% lgl\é\/ ;413 {(Fﬁgrent N A b t{(])rF%(')\I L dlaliks TS

are constructe e seqguences are Inserte

upstréniis of idima ssmingesey u?e%ést}mdbp dyseehbb b Aisrddatier

andiACRRA ISk I IH P enS IS oPIf g shilam B o R U d A RIARLLS
Nhel-GFP- bz;éﬁi gnd Ba%oIR&(?FP for (for%ﬁmer sgq%ences see Table 2).

ThéPFHAEC HROH R RRPS I B VY ARBTTUEIRAT [Oeprd e Sthitfhations
|s ﬁBWeﬁMﬁﬁhe&hZ:ﬁdlﬁglmﬂﬂhﬁ'rhdﬁbhfﬂiésTﬂﬁ fR- mah)mndra@iga&hﬁrgmﬁ)

am FP- fo S he5|ze on oI T70 -0l
‘F#S lf‘éess -olig ectu rﬁrj@] %gﬁ? %e av |f| agaclg rest{lrlc‘?non
sutequétwméhﬁragm@nmmmEmm@wmsm&mwmﬁémtqﬂnid|H

restlictifBdRlRimarsisnd,ofiges see 25 Table 2). WO 2006/029985
PCT/EP2005/054450 29 Table 2: Selected constructs SEQ ID NO:

Primer/Oligo Sequence 9 Nhel-GFP-back 5' GAT GAT GCT AGC AAA

G ORig A ARG Insttic-Banat HrEiibada firfto GMB VE R @ diSeGndrfed dnlthe
CTRRER SHES174(DE3). Cassettes for ) HMS174(DE3)T7GEP =ISS, Ti)

HMS174(DE3)T7al3GFP = [811 and III) HMS174(DE3)T7112rasGFP =813

As T7al.3GFP and T7112rasGFP show GFP expression when cloned into
pMMBG67EH, these expression cassettes - and T7GFP as a negative control — are
mnserted on the bacterial chromosome for testing their ability to serve as a target for
antisense RNAL The constructs are cloned into vector pBluescript KSII+ by
BamHI and HindlJI restriction sites. The Tn7 homologies are amplified from

E. coli HMS174(DE3}) colonies with primers Notl-Tn7/1-back and EcoRI-Tn7-for
for homology 1 and primers Xhol-Tn7/2-back and Kpni-Tn7-for for homology 2
(for primer sequences see Table 3). For the kanamycin resistance cassette, which
serves for selection of hosts that have the entire cassette integrated into the
chroinosome, the EcoRI fragment from plJC4K is taken. The T7 Terminator is
amplified from expression vector pET11a by primers Xhol-T7tem-for and EcoRI-
T7 term-for (Table 2), The entire plasmids are digested by Notl and Kpnl for the
cassette and by Alw441 for the digestion of the plasmid backbone. The gel purified
linear cassette is inserted on the bacterial chromosome 6f MG1655 carrying the
Red Helper plasmid pKD46. The chromosomal section carrying the inserted
fragment is transferred to HMS174(DE3) by P1 transduction.

Correct insertion of the expression cassettes is confirmed by PCR (external primers

(Table 3) and internal primers).



11 5' TAA TAC GAC TCA CTA TAG GGG AAT TGT GAG CGG ATA
ACA ATT CCC CTC TAG T7al3-oligo AAA TAA TTT TGT TTAACT TTA
AGA AGG AGA TAC ATA TGG GTA ACT GGC TTC AGC AGA GCG

WOARAEAGCA TG 3' 12 Nhe-ATG-loop3-for 5" ATC ATC GRT/AGHseaTs0
GGT -ATC TGC GCT CTG CTG 3'31.3 5' TAA TAC GAC TCA CTA TAG
GGG AAT TGT GAG CGG ATA ACA ATT CCC CAA CAA T7L12ras
-oligo AAA AAC CAC CGC TAC CAG CGG TGG TTT GTT TGC CTC
TAG TTC AGC TAC CAA CTG AAG GAG AGA ATA CAT ATG 3’ Table

"‘E‘ab%'%%%%&?ﬁ? PHMPURLS SEQYENCE 14 Mhagqsl2 for STATC ATC
GCTAGC CAT ATG TAT TCT CTC CTT'C 3155 GAT GAT AAG CTT
TAA TAC GAC TCA CTA TAG GGG AAT TGT GAG CGG ATA ACA

HildEEG/BReghack ATT Bk 1C TAG AAA TAA Sckjickieel 1TA ACT
TTIA-AGA-AGCGAGATAT-ACA-TAT-GG
" Notl-Tn7/1-back 9SGAT GAT GOG GCC GC G T1G
CGA CGG TGG TAC G 3¢
20  BeoRLTn7/l-for |5 GAT GAT GAA TTC TAT GTT
TTT AAT CAA ACA TCC TG 3¢
21 Yhol-Tn7/2-back 13° GAT GAT CTC GAG GCA TCC
ATT TAT TAC TCA ACC 3
22 Kpnl-Tn7/2-for 53¢ GAT GAT GGT ACC TGA AGA\
: AGT TCG CGC GCG 3¢
23 TN/l extern  5¢ ACC GGC GCA GGG AAG G 3¢
24 TN72extern | 5¢ TGG CGC TAA TTG ATG CCG 3¢

5  As chromosomal insertion site attTn7 is chosen (deBoy and Craig, 2000), which is
situated in the non-coding region between penes gimS and phoS within the
transcriptional terminator of glmS. By the specified Tn7 primers only this
transcriptional terminator is replaced by the cassette. (Yu and coworkers
demonstrated that homologies of 40 bp are sufficient for integration of linear

10  fragments into the chromosome (Yu et al., 2000)}. As better results are obtained
with longer homologies, they are extended to 300 bp on one side and 240 bp on the
other side. As HMS174(DE3) does not seem to be suitable for direct integration of
linear DNA by Red Helper plasmid, MG1655 is used for initial integration and by
P1 transduction the recombinant chromosomal section is transferred into

15  HMS174(DE3). Resulting strains HMS174(DE3)T7al3GFP =185,
HMS174(DE3TTGFP =151 1 and HMS174(DE3)T711 2rasGFP = IS13 contain
GFP under control of the T7 promoter with or without an RNA I loop structure,
respectively. Correct insertion of the expression cassettes is confirmed by PCR.
‘The obtained strains ave designated I) IS5, I} IS11 and M) I813 and tested for GFP

20  expression and RNALumediated gene silencing effect in shake flask experiments.
For shake ﬂasks expeériments, overnight cultures are diluted 1:160 and grown until
OB ~0.5. Then IPTG is added for induction. Fluorescence is measured by the
microplate reader SPECTRAmax (GeminiX8 and software, SOFTmax Pro



TAG CAA AGG AGA AG 3' 16 HindIH-T7-back 5'GAT GAT AAG CTT

TAA TAC GAC TCA CTA TAG GG 3' 17 Xhol-T7term-for | 5' GAT GAT
CTC GAG CAA AAA ACC CCT CAA GAC C 3" 18 EcoRI-T7term-for 5'
WEhAFIBAA TTC CAA AAA ACC CCT CAA GAC C 3' 5pMRipr00s/654450
2006/029985 PCTIEP2005/054450380 The constructs are cloned into the
pMMBG67EH vector to confirm GFP expression in spite of additional
sequences in proximity to the ribosomal binding site. Both constructs
produce GFP, but expression is significantly lower as compared to a

ConSiHFLAIth ALY AT RINACARS, NS SRDSIEYGE, A HIR0GH BPYEGRE -

5 pBluescript containing the Tn7 homologies and the kanamycin
resistah @‘éﬁgﬁmich serves for selection of hosts that have the
capacity to integrate the entire cassette into the chromosome. The GFP
cassSettegiarefiisErtediomtheitianctendlcobromithliha siwrde aaritregdefore.

10 Fig. 4 Shaws Gonsttioks 153l s{&%g@g__ iéé@;ﬁﬁ%@%ﬁb%ﬁso

inserted on'the genome of HMS 174

MM sTreiesiheAS Hrad Sshibiiqn v SIFR @yprsyyiva sdite, sireasig i phows

HM 3. kA BEB ks sed Psphth e M dntAdi Rty aneed JblddgGhilionce
shov%GFP expression when cloned into 15 pMMBG67EH, these expression

cassBHR GREFEFP 8% negative control - are inserted on the
bacterial chromosome for testing their ability to serve as a target for
antis®¥AgeRRNA Thikesrguaeesiapscetshd8 Thiwsiaamod Ble 63ETipereShe-gene

by Bagtharddledligggtigtion sites. The TO homologies are amplified
from E. colt HMS174(DE3) colonies with primers Notl-Tn7/1-back and

1B CORST D I rmed with different plasmids, including pET11a, pET3d,
pMMB67EH and pBR322, to check for undesired interaction between plasmid and
genomic gene expression (Fig. 6). It is found that only when the GFP mRNA
contains the RNA [I-like sequence and a Coli21 plasmid is used thét does not
contain homologous sequences to the casselte on the genome, e.g. the T7 promoter

15  or the lac operator, a defined gene silencing effect can be observed. No interference
between host and plasmid disturbs the antisense reaction when using pBR322
related plasmids that are typically used in gene therapy.

Fig. 5 shows the comparison of strains IS11 and IS13 with and without pBR322.
Rfu/OD are fluorescence units related to optical density. The increase of GFP

20  flucrescence is observed afier induction in intervals of 1.5 hrs.

Fig. 6 shows the results of the shake flask experiments with IS5 containing various
plasmids. pBR322 and related plasmids (as used in gene therapy applications)

show no interference between host and plasmid.



20 for homology 1 and primers Xhol-W/2-back and Kpnr-Tn7-for for
homology 2 (for primer sequences see Table 3). For the kanamycin
resistance cassette, which serves for selection of hosts that have the
wiR gassette integrated into the chromosome, the EcoRbfragma s
pUCA4K is taken. The T7 Terminataiis amplified from expression vector
PETI la by primers Xho!-T7term-for and EcoRI 2 5 T7 term-for (Table 2).
The entire plasmids are digested by Nod and Kpnl for the cassette and by
Alw441 for the digestion of the plasmid backbone. The gel purified linear
casggggg& ipserted on the bacterial chromosome of MG1655 carrying the
Red Helper plasmid pKD46. The chromosomal section carrying the
|ns rted fragment is transferred to HMS .174(DE3) hy P 1 transduction. 30
o HETRGTRORPLR DI Sl PR EA UG SRR R ed by PCR
(external primers (Table 3) and internal primers). WO 2006/029985
Pcﬂsﬁzge%mmgﬁi BamidBfeane prpivard fbrmpadied-Ratdriamsnsin s

?%& TAPEQ e tﬁ’é' RRUINEEOPNRY DN TAbbAGKBniaAYEs
GCG GCC GC G TT% A CGG.TGG TAC G 3' 20

SE oo RIS RAR T PR RIAG . Fach s s grow st
TTTARE GRARAC AT ARG PARSABI-TN7/2-back 5' GAT GAT CTC GAG
GCA TCC ATT TAT TAC TCA ACC 3' 22 Kpnl-W/2-for 5' GAT GAT GGT

ACG HEAAOAABRIERGARE OCG 3 23 TNTI extern SACC GGC

CA GGG AAG G 3 24 TN7I2 extern 5 TGG CGC TAATTG ATG CCG

3' S GRimesomal insaiipasikg attTn/ i chaagp{deBoy and Craig,
2000), which is '

AS1 IS1t -

As2 | S 11 ¥

AS3 IS5 i -

AS4 IS5 +

All four cultivations show very similar trends for online signals such as CO,, Oy,

10  base consumption or capacity and the course of total BDM varies also in a very
small range of less than & 10% from the calculated mean as shown in Figs. Ta
and 7b. Fig. 7a shows bacterial dry mass (BDM) and GFP expression of IS11 with
or without maintenance of pBR322. While the total BDM is identical for both
fermentations, the GFP concentration is drastically decreased when pBR322 is

15  present (50%). The curve progression of GFP measurements strongly indicates
inhibition of GFP Hanslétio_n by the plasmid’s presence, hence, its replication, and
confirms the expectation that RNA I and the modified mRNA of GFP interact,
thereby hampering translation (Fig. 7a). In order to rule out that pBR322 has an
effect on recombinant protein expression per se, further fed-batch 'experiments are

20  carried out using IS5, again with or without plasmid propagation. As is shown in.
Fig. b, there is no difference in GFP expression or cellular growth: whether
pBR322 is present in the host or not, no influence en transcription nor {ranslation

of GFP can be detected. In these experiments the overall GFP expression is much



situated in the non-coding region between genes gimS and phoS within
the transcriptional terminator of gimS. By the specified TO primers only
this transcriptional terminator is replaced by the cassette. (Yu and

w®WeEkesssdemonstrated that homologies of 40 bp are suffigiertsi@hs/s4450
integration of linear 10 fragments irko the chromosome (Yu et at., 2000)).

As better results are obtained with longer homologies, they are extended
to 300 bp on one side and 240 bp on the other side. As HMS174(DE3)
does not seem to be suitable for direct integration of linear DNA by Red

HelpgielanmionMGlar3d% used R g bivia gk QR ARG B native

transduction the recombinant chromosomal section is transferred into 15

HM RN B stIaki SraTrsonisdeenrised by theussmeg gBa pighls RNA
74( B FHGRR wdShd ahskdiMSD D& h 151 2ragekRon |ShRisraiaimhen

GFP control of the T7 promoter with or, withaut NA H loo
R B AR QA A LSRG Al A S for o
EconfimieddiePBR e ngp bixtbinadgsinting sartedesi@ivdtdd:an 1851583 18] 1
a”ds{lﬁp@%?fn%&%@ﬁ%{ -GER 20 expression and RNAI-mediated gene

silencing effect in Shake tlask experiments. For shake flasks experiments,
overnight cultures are diluted 1:100 and grown until OD600 --0.5.
ThenlIPTG is added for induction. Fluorescence is measured by the
microplate reader SPECTRAmax GeminiXS and software, SOFTmax Pro
WOERE®I029985 PCTIEP200S/054450 32 (Molecular devices) at
excitation wavelength 488 nm and emission 530 urn with a 515 nm cutoff
filtelUfaetectipreafotfoProgitiatimgl tha thguit dsicuictian svidhhiiRlTg¢snshows a clear
gene silencing effect when pBR322 is present (Fig. 5). IS 13 shows lower

loGFI%)S eXRIRSSIRR mg&&g‘:@q@rimgg@g@@w expression is little,

whereas IS1 | shows higher GFP expression and a significant gene

Silening STeSL RN Mg HAERGEi AL O GURCSBbAS, WR'KIND ror the
methionine aminopeptidase, which is located at min 4 of the E. coli chromosome,
357 base pairs from the rpsB-tsf operon and 201 bp from the T44-RNA gene. The
two genes are transcribed divergently and promoters do not overlap. This is an

15  essential point, because the promoter of the essential gene is to be removed entirely
and replaced by an inducible promoter that is specific for a chosen repressor.
Chang et al, 1989 described a conditionally lethal mutant strain which has the map
gene controlled by the Jac promoter. By the map cassette, a 67 bp chromosomal
section is replaced containing the map promoters (Chang et al, 1989). To
20 circamvent possible transcripts fromo the genoine, two strong transcriptional

terminators T1 and T2 from the »rmB operon (Brosius et al, 1981) are added to the

integration cassette.

The second gene that is tested is murd (Brown et al, 1995), which has been
described as an essential E. coli gene. The gene murd encoding the enzyme

25  UDP-N-acetylglucosamine enolpyruvyl transferase for the first committed step of
bacterial cell wall biosynthesis, is situated on the E. coli chromosome at 69.3 min
Herring and Blattoer compared death curves of several conditional lethal amber

mutants in their publication (Herring and Blattner, 2004), amongst others also those



When no RNA ll-like sequence is present (IS5) upstream of the
GFP-gene, no gene silencing is detected (Fig. 6). 10 IS5 is transformed
with different plasmids, including pET1 la, pET3d, pMMB67EH and

viiBR#4sheigscheck for undesired interaction between plasmig ai@soes/054450
genomic gene expression (Fig. 6). isis found that only when the GFP

MRNA contains the RNA 11-like sequence and a ColE1 plasmid is used
that does not contain homologous sequences to the cassette on the
genome, e.g. the T7 promoter 15 or the lac operator, a defined gene

Si'eB%%%%ﬁ%&éﬁﬁﬁa%‘&?%%&éﬁ%@%ﬁﬁi&%ﬁ%%@ﬁ%@%@&‘ie gnd

plasmid disturbs the antisense reaction when using pBR ated

pladrentpsieiiat shevimdhnpess aad fegeridthidmic Mgos-seiowasitramedium.
comparison of strains ISI 1 and I1S13 with and without pBR322. Rfu/OD
are Figofedoenahdmiiscigiiatéd tomapticabaedsityan frdntiease, of hidhg?0
gli&]%tégé}on in intervals of 1.5 hrs. Fig. 6

S

quoresIcence is obs r\{ﬁg aft
shows ﬁ%gr}gnsu(itsesosg the egg ask experiments with IS5 containing

various plasmids. pBR322 and related plasmids (as used in gene therapy

appitRtignstushay R ENE RIS OGRS, B ERE-RIASRIL WA KsTT+
2006/029985 PCT/EP2005/054450 33 Exarélfgle 3

Exp?%@iﬂgﬁﬁsﬁ%ﬁﬁ?%ﬁﬁ&}lﬁﬁcée%lﬂﬁ b P SHtREBRE frrmeaMEd 55
Straipbolfed diainghiG6r préraBalyaeth LHsiNgNa (thiptehdesmExalianap?-back /
Progess, wit d-without t resence of plasmid pBR322. Table 4
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and operator (plac) is amplified from pBluescriptKSII+ by primers BamHI-placO-
back and Notl-placO-for. The gene for the chloramphenicol acetyl transferase {cat)
is amplified from pLys (pACYC184) with primers Hind!II-Sali-Cat-back and

15  Xhol-Cat-for. The rmBT12 Terminators are amplified from pBAD by primers
BamHI-T12-for and HindIlI-T12-back. The assembled vectors pBSKmap<plac-
T12-Cat> and pBSKmurA<plac-T12-Cat> are digested by Sacl and Kpnl and the
linearized cassettes are inserted on the genome of MG1655 as described previously.
Correct integration of the cassettes is verified by PCR combining external primers

20 {map! extern, map2 extern, murAl extern, murA?2 extern; Table 5) and internal

primers.

The primers for essential and test gene constructs are shown in Table 5.



AS2 IS 11 +- AS3 IS S AS4 IS 5 + All four cultivations show very similar
trends for online signals such as C02, 02, 10 base consumption or
capacity and the course of total BDM varies also in a very small range of
wessdhands:0% from the calculated mean as shown in Figsp @b {hsa450
Fig. 7a shows bacterial dry mass (BPM) and GFP expression of IS11 with
or without maintenance of pBR322. While the total BDM is identical for
both fermentations, the GFP concentration is drastically decreased when
pBR322 is 15 present (50%). The curve progression of GFP
measyherients strongly indicates inhibition of GFP translation by the

plasmid’s presence, hence, its replication, and_confirms the expectation
thatSE@P AN the mBaifd mRNA of GFP interdt@ugfgeeby hampering
trapslatiogy (Fig. ray. In order 1o rite AyHatRRGIZ0RSen &HREOR
regombinant protein expPessmn pakse cfiriherdadA@aich experingntsare
20{carriegout u<>|n%}: y g{% Wit gCwitROvgias T RICRApEH AT AR TS
shown in Fig. 7b, there is no diffesgreesind @ e xpression or cellular
grqwth: vihiether} RRIZ3,22I,RER $ENANCIETRDSITY GAG UGDHencson -
transcription noritranslation of GBER:CaiAse Dété'cted. In these
experimelits the ongrall P @xrE'sSiI0R BURUERTWOQUDOA0GTEBSAC
PCTIEP2005/054450 34 higher tidiOnden €Ak B1 | is used. due to
efficient #anslation wipEexative INnRNA. Although, protein expression is
de¢reased by the presence of a $BHIERRAGIEI StAfetlifereatithied
ribpsomal binding site in 1S 11 _expression is inhibited_when pBR322 is
prasent. Thus, it ca%%ﬁ%nsﬁr&ﬁﬂ"ﬁﬁﬁsir@(ﬁﬁﬁmmwmmr a
5 toxic myyker thad the replicalion segalaigyysyient ot Calkl cgn beused
to |suppress marker gene expre§siam CCA GCG 3¢
32 Notl-murtAl- | 50 o1 ATG ATG GOG GCC GCT TAA
back CTG AGAACAAACTAAATGG Y
3 Xhol- murA2- 5. A1G ATG CTC GAG GCT CAA AAG
back CCGTITC AGTTTG 3¢
34 Kpnl- murA2- | 50 601 GOT GGT ACC TGC CAG CGEC
for AACTTET GCT C 3¢
35 - murAl extern |5 GTA CAA CCG CCA GGT AGT G 3°
36 mirAZ extern
5 GTCTGA TTT ATC AGC GAG GC 3¢
37 | HindlE-Sall-Cat- | 50 ok GoT AAG CTT GTC GAC AGC
back CAC TGG AGC ACCTC 3°
38 Xhol-Cat-for |3 ATG ATG CTC GAG ACG GGG AGA
GCC TGA GC 3¢
39 5¢ ATG ATG GGA TCC AAA AGG CCA
Bamlii-T12-for .
TCC GTC AGG 3
40 HindIETI2- ) 5 (410 GTC AAG CTT ATA AAA CGA
back AAGGCT CAGTC 3¢
4 BamHlplacO- 1 5« Gor 6ot G6A TCC G0G CCC AAT
back ACG CAA ACC 3¢
42 Notl-placO-for |5 ATG ATG ATG GCG GCC GCT GTG
' AAATTGTTATCCGCTC 3¢




Example 4 Use of a repressor for regulating the expression of an essential
gene 10 a) Generation of constructs for essential genes The first

essential gene to be tested is map (Li et al., 2004), the gene for the
weethiopissaminopeptidase, which is located at min 4 of the:grgeHsesosaaso
chromosome, 357 base pairs fromihe rpsB-tsf operon and 201 bp from
the T44-RNA gene. The two genes are transcribed divergently and
promoters do not overlap. This is an 15 essential point, because the
promoter of the essential gene is to be removed entirely and replaced by
an inducible promoter that is specific for a chosen repressor. Chang et al,
1989 described a conditiona E%ﬁ.ethal mutant strain which has the map

gendf é’é‘i‘rﬁﬂﬁﬁ@]ﬂmﬁé’& %ﬁ%ﬁ”@ﬁ% ﬁ?é‘ﬁ‘%?é@é%ﬁ@?“ﬁt@i'ﬂ’@ﬁr genomic
chrqm@g@mﬂloﬁgcﬁmdgmplﬂs@amm}ammmmmeﬁe@@)a@g
etal, 1989). To.20 ercu Slb| csjrmrscnptsf{ro ‘gﬂ enom et 0
stroﬁ@OYr’gﬁ gﬂﬁlﬁ%ﬂ%’fn? PHom e 8%&0‘%%’ Fosfus

Bt ah4B8 B%b}&dﬂ@dsmﬁh&) kmatmxp@sm@aﬁm seoomehhsythigle.
Is teglegld S Mty @ﬁ%@ Sl Prohiney i Rgh &%ﬁ@&?&tﬂ?é&ﬁ@&ﬂ 38D the

essential E. coll gene. The'gene murA encoding the enzyme 2
UDPep&dERd dhisdsamine enolpyruvyl transferase for the first commltted

SLe prafithagte rﬁa@&éﬁgﬁgﬂ&@ Lhipsyhnthas d%rBd'fv&lW EE@M@B%&%E’&@E@S format;on
chromosome at I'r er c are eath curves o
o B L e e BT G B T
1 BlatiifdiG20 tt)icatimg tigs it loboica lsbibh @sEndiOV20 06/R20885plac and the

PCAXHRR &Q&é’&é"@ t1%§§ r§ AR %%;%m&&tﬁﬂ&? HLR&%H&Q?% mutants

mutations murA is t"bactericidal showing the best and fastest

killintheatalighharaylransdates arediowd rredignsruthpsthE LSS rerdf mutants
constiygbRAserep BawRsseNiial-genasindwling HRIAFLPGIRLAEESSeBLA as

ene prom
g gasm fo Le selection system.
15
b}  Generation of test construcis for repressing GFP as a surrogate for an

essential gene

The principal of the constructs, exemplified by pBluescriptKSII+, is shown

20 in Fig. 9.
The plasmid pBSK Tn7<pLtetOgfp-T7aL3tetR-Cat> is constructed in several
successive cloning steps from pBSKTn7<T7al3GFP> as starting vector and
intermediate plasmids containing the individual fragments (for primer sequences
see Table 5 and 6}. The Tn7 homology 1 is amplified from a bacterial template

25  using primers Sacl-Tn7/1-back and EcoRI-Tn7/1-for, Tn7 homology 2 is amplified
using primers Xhol-Tn7/2-back and Kpnl~'i"n7/2'~for, mnBT12 terminators are
amplified using primers EcoRI-T12-back and I—Iin_dIII-SaII-TIIZ for and the cat gene
is amplified by primers HindIII-Sall-Cat-back and }ﬂmLCa’c—for. (Table 5). The
tetracyclin repressor gene (tefR) is amplified from the tetracycline resistant strain

30 IS1 (HMS174(DE3) ilv500::Tn10) containing Tnl0 by primers Nhel-tetR-back and
BamHI-tetR-for. The tet-inducible pltetO promoter is fully synthesized on a
primer {HindITI-PLtetO-NotI-RBS-GFP back) and together with primer EcoRI-



5 The constructs for genomic integration are cloned into vector pBluescript
KSIl+ again. The essential gene homologies, each -300 bp are amplified
from MG1655 colonies with primer pairs Sacl-map I-for / Notl-map 1-back

waleshedogap2-back / Kpnl-map2-for for the map homologies apsheinacs
pairs Sacl-murAl-for | Notl 10 murAisback and Xhol-murA2-back /
Kpnl-murA2-for for the murA homologies (for primer sequences see Table
5). The fragment containing the lactose promoter and operator (plac) is
amplified from pBIuescriptKSII+ by primers BamHI-placO- back

and&&ﬁi'ﬂl%@aw é@ﬁoﬁh&&ﬁ hepicekaseivbiransiggase
(cat) is amplified from &ys (pA YC184 w primers lindlll-Sall-Cat-back

andPBS 152 whictosty #ﬁ@q‘IQ&F%mﬁ%fbﬁégﬁ?@damﬁhﬁéﬂ frshipB D

by @él&ﬁé&h&@éﬁ?@dTe&grﬁgﬁlamdabi&ﬁﬂf -Tl 2-back. The assembled vectors
pBSKmap<plac- T12-Cat> and pBSKmurA<plac-T12-Cat> are digested
by Sacl and Kpnl and the linearized cassettes are inserted on the
5genbehie 6f MiBi1©58! &sidesddibbdtpresioegly. Correct integration of the
cassettes is verified by PCR combining external primers 20 (mapl extem,

mdp2 EXtern, mrAl extern, murAZ extern; Table 5)and internal primers.
TheSRQEDS¥O: essandiakand fest gene constructSegeeséown in Table 5.

W(’\ 2NOAIO20090 DAT/IEFR2AAE/INRAALAD A6 - T abla- R QEO-EFR-MO--DPe
Y cUUUVUIUZIIUI T UTTILT ZUUGJIVISFTFIU "oV " TAUIC V. L\ LD TNU. I_IIIIICI

Sepuencg 25 Not-maplkaask 3 ATG ATG ATG GCG GCC GCA CCG

AQG CTG ATG [GAC AGA ATIP ARGTSE B Gogr SAEG-MBPISFOsCEETEET
GAG CTC CCAITCT hefls ATTOAEEAFARAES" 27 Xhol- map2-back 5

ATG ATG CTC GAG CGC CAA ACG

44 Hindll-Sall- | o oot GOT AAG CTT GTC GAC AAA AGG
TI2for  |CCATCC GTC AGG 3¢

45 EcoRI-Tn7/1- | 5 AT GAT GAA TTC TAT GTT TTT AAT
for CAA ACA TCC TG 3¢
46 Sacl-Tn7/1-

5 GAT GAT GAG CTC GTT GCG ACG GTG
back: GTACG3*

47 Xhol-Tu7/2- | 5 GAT GAT CTC GAG GCA TCC ATT TAT
back  |TAC TCA ACC 3*

48 Kpol-Tn7/2- | s« GAT GAT GGT ACC TGA AGA AGT TCG
for  |CGCGCG 3
49 WNhel-tetR-

|5° GCT GCT GCT AGC ATG ATG TCT AGA
back TTA GAT AAA AG 3

50 BamHIHeR- | s« 50T GOT GGA TCC TTA AGA CCC ACT
for {TTC ACATET AAG 3¢
51 EcoRIGFP |5° GTC GTC GAA TTC TTA TTT GTA TAG

for {TTCATCCATGC 3’




TOC CAC TG 3' 28 Kpnl- map2-for 5' GCT GCT GGT ACC GAA GTG
AAC ACCAGCCTT G329 map2 extern 5' TTC GGG TTC CAG TAA
CGG G 3" 30 maplextern 5" TTT CGA GGT ATC GCC GTG G 3' 31
wodslidwak for 5° GCT GCT GAG CTC CAA AGC GCG GIAsfahinstse
3' 32 Noti-murAl- 5° ATG ATG ATGsGCG GCC GCT TAA back CTG AGA
ACA AAC TAA ATG G 3' 33 Xhol- murA2- 5 ATG ATG CTC GAG GCT
CAA AAG back CCG TTC AGT TTG 3' 34 Kpnl- murA2- 5" GCT GCT
GGT ACC TGC CAG CGC for AACTTT GCT C 3" 35 murAl extem 5°

GT%&MCG CCA GGT AGT G 3" 36 murA2 extern5' GTC TGATTT
ATC.AGC.GAG.GC 3" 37 ffindlii-Sall-Cat- 5 GCT.GCT.AAG CTT.GIC

GA

gﬁﬁ\%ﬁ ck C/% ;!;]’%rG AGC ACCTC 3 S%égqj&ipr 5 ATG ATG

CT
AA

GT
BamI31-placO- p*EE ‘9%‘* SANGLIGET GEE ART ATC GCG GCC GCT

OO AT OO0 ACA \ C O o9 ATOATO OGOA

A AGS, CCA| BamlI1-T12- @@@ @'ﬁMlm—f& @I@TC
C AAG CTT pTAIRAAICG ’PAQKMWA@&@‘J €3 ArC AGT GAT

back TTA AGA AGGAGATAT ACATAT GCG TAA

AGG AGA AGAAC T
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¢)  Shake flask experiments with test constructs inserted into the HMS174(DE3)
(=K12) genome

HMS174(DE3)Ta7::pLtetOgfpT7al.3tetRCat (HMS-GTC) overnight cultures with
and without pBR322 are diluted 1:100 in semi-synthetic medium and split up in
twe parallel shake flask cultures with and without the inducer IPTG. The cultures
are grown by shaking at 37°C. When shake flasks reached an ODgoonm of more
than 0.7, sampling for the gfp-ELISA is started.

The shake flask experiment with HMS-GTC is performed to test if the synthetic
promoter pLtet() is working and tetR with the small fusion peptide (Loop3) on its

N-terminus is still efficient in operator-binding.

The induced media contain 0.1 mmol IPTG, and is increased to 0.5 mmo! IPTG at
OD 0.5. This high amount of TPTG is the reason of the growth inhibition of the
induced flask (Fig. 10). IPTG additi_oﬁ shuts down transcription of the gfp gene,
indicating that the reaction cascade functions properly. The low ~ and constant -
basal GFP level in the induced flask is apparently caused by remaining GFP from
the overnight culture without IPTG.

The HMS-GTC shake flask results are compared with shake flask experiments of
the same host and MG1655-GTC containing plasmid pBR322. MG1655 lacks the
DE3 prophage and thus the T7-polymerase and so serves as negative control.




back ACG CAA ACC 3' 42 Noti-placO-for 5' ATG ATG ATG GCG GCC
GCT GTG AAATTG TTATCC GCT C 3' WO 2006/029985
PCTIEP2005/054450 37 If the homology primers are chosen correctly,
WP lRMRSEEe expected after genornic integration only in thegeresennefise
IPTG_ No ribosomal binding site (RBS) is provided on the primers
Notl-map/murA-for, as it is intended not to replace the 5 native RBS by the
cassette to keep gene expression pattern as normal as possible. So the
aim is to replace any promoter in front of the essential gene but to keep

the pative RBIRBEt NEIDSEIRE AR e BANUAAR!SBIEY P mean
LB-CM plates after transformation, but the#mgrew properly on LB-CM

platBda Rt BRI SARESAE/ O T HIsbrsa BaXsas rftltrraadhot
the rhgicembifiapiioreshiwamenispglotnt platanchifeclBsmiidaig aiduction
functioning properly. quwever, in further cultivation map mutants show
sligﬁ%trg&%%agncﬁ &5 Snd liquid medium without IPTG. As murA mutants
did not show any growth on non-permissive media the murA construct is
Thodélad: a basis for the selection system. 15 b) Generation of test
congtructs for représsing GFP as ajsurrogate for an essential gehe The
principal of the constructs, exemplifietifbynpBitieseriptkK Sll+, is shown 20

in Fig. 9. Tiagplasmid pR&ketiod <pL{tBOGHPTOR] BtefR-Cat= is
constructed in several successive ¢ldriglgssuigs ffom
pBSKIn7<f7a13GKEP> as starting \ ctBlsmHdIntarmediate plasmids

con ainé‘n%the individual fragments {for primer sejuences see Table 5

and KomoBYy P 8Mplified fieé a bacterial template
| ind. at start of
HMS-GTC .. 1.44 no effect
cultivation
ind, at OD= 3.5 2.69 plasmid effect
no induction 2.29 plasmid effect

When HMS-GTC containing the plasmid is induced at the start of cultivation, a
slight increase (factor 1.44) in GFP expression is measured compared to the flask
without plasmid. However, this slight increase {factor 1.43) is also measured in

10 MG1655-GTC indicating that this GFP cumulation is probably caused by the
plasmid but not by RNAI-antisense reaction.

Completely different resulis are obtained when IPTG is added when an ODggonm of
0.5 is reached. Although basal GFP level is higher, there is a definite raise in GFP
expression, when pBR322 is present in the cell. Here RNAT and its antisense

15  reaction with the loop3 of RNAII is the antagonist of the inducer IPTG. However,
IPTG is a strong inducer and RNAT-loop3 antisense reaction is comparatively
weak.



25 using primers Sacl-Tn7/l-back and EcoRI-Tn7/1-for, TO homology 2 is
amplified using primers Xhot-Tn712-back and Kpnl-Tn7/2-for, rmBT12
terminators are amplified using primers EcoRI-T12-back and
whiingdbloagk- T12 for and the cat gene is amplified by primegg&rmp2005/054450
Hindlll-Sall-Cat-back and Xhol-Cat4br. (Table 5). The tetracyclin
repressor gene (tetR) is amplified from the tetracycline resistant strain 30
ISI (IHMS174(DE3) ilv500::Tn10) containing Tn10 by primers
Nhel-tetR-back and BamHI-MR-for. The tet-inducible pLtetO promoter is
fuIIyﬁay@w@ﬁ}éqﬁaﬂ@&mim@ééééi(ﬂm&ugigfwa B&xeRR Qemkbsamc
tog;&?gjwnh rimer EcogR‘;gzl\j 232; 2998 CT/EP 05/054450 38

asdd .&afh dee ke of T
vec@st&ﬁ%ﬁr&ﬁp&ﬁﬂﬁgﬁpﬂ%}l&ﬁt@&wn&ﬂgﬁmpilgﬁsiﬁtﬂemﬂns‘BmI

and to e t cassette. 5 Ta le ditional
Prlmre'}Ys{] cI)Qr }tﬁe%t t(%jﬁgtggsc%el %%ﬁ(ﬁl%ﬁ)gg rlﬁaéc’? §eqt1§ence %PT aﬁZ 5'
‘Gereear ioia cpitAnd snsp RetfGre Anme Bad ik Bamuameso grdegeule, this

HindzB alhoan(EshiGGeh N6\ Gfplels GFE A A IAGR10F b2 595 Gfden
TCC GTC.AGG 3’ 45 ECORI-Tn//1- 5 GAT GAT GAA TTC TAT GTT TTT

AATHGHERR RERTCEPIETT 4°8Ra i de dhor e AsiepideTC
GTHGEGIAGE GTBlchaakisGTA CG 3' 47 Xhol-Tn712- 5° GAT GAT CTC
GAG GCA TCC ATT TAT back TAC TCA ACC 3' 48 Kpnl-Tn7/2- 5° GAT
GAT GGT ACC TGA AGA AGT TCG for CGC GCG 3'



49 Nhel-tetR- 5" GCT GCT GCT AGC ATG ATG TCT AGA back TTA
GAT AAA AG 3 50 Batuf-tetR- 5" GCT GCT GGA TCC TTA AGA CCC
- ACT for TTC ACA TIT AAG 3'51 &0RI GFP 5' GTC GTC GAATTC TTA

whzhoededsAG for TTC ATC CAT GC 3' WO 2006/029985 pepmpr00s/054456
PCT/EP2005/054450 39 Table 6 ctd.: SE IID NO: Primer SEQUENCE 52
HindIH- 5" GCT GCT AAG CTT TCC CTATCA GTG PLtetO-Notl- ATA
GAG ATT GAC ATC CCT ATC AGT GAT RBS-GFP AGA GAT ACT GAG
CAC ATC GCG GCC GCT back TTA AGA AGG AGA TAT ACA TAT GCG
TAA AGG AGA AGA AC 3' ¢) Shake flask experiments with test
constructs inserted into the HMS174(DE3) 5 (=K12) genome
HMS174(DE3)Tn7::pLtetOgipT 7aL BEEREESHS (HMS-GTC) overnight
cultures with and without pBR322 are diluted 1:100 in semi-synthetic
medium and split up in two parallel shake flask cultures with and without
the inducer IPTG. The cultures are grown by shaking at 37C. When
shakaibashs wached 2N BIBRE0: ehdRmIAS:thaRr 0.7 sampingfentom 2,

5gfp-ELIS i% S arﬁe%gljﬁii flask experiment with HMS-GTC is
performe 618 synthetic promoter pLtetO is working and tetR with
the small fusion peptide (Loop3) on its N-terminus is still efficient in

opePaiBrb Al iHdnferiBedingdbreb ptdirrdusingREntrrand Afngpgotein
increasegicRuieSi Bk e cbf V300 thbimbl tornIoupLel IF/TG is

the reason of the growth inhibition of the
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induced flask (Fig. 10). IPTG addition shuts down transcription of the g fp
gene, indicating that the reaction cascade functions properly. The low -
and constant - basal GFP level in the induced flask is apparently caused

why:iednaigag GFP from the overnight culture without IPTGp29dd3605/654450
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HMS-GTC shake flask results are @mpared with shake flask experiments
of the same host and MG1655-GTC containing plasmid pBR322.
MG16S5 lacks the DE3 prophage and thus the T7-polymerase and so
serves as negative control. WO 2006/029955 PCTIEP2005/054450 40
Pregeice 8finBR3%L givavaishews 'KS[%@%Q% s@iRnzingable 7
the mean ratloég% Smid/no Iasmld) of ng G in the shake flasks is
calculated e HaFamKe ﬁ%ﬁﬁ@%ﬁ?&%%&éﬁ?%@%&%
as well as gitarpntimivptiomstrale giRsnale CRMRAA0R Vahler7, Wean,
Ratio Ho ‘%)%g%yon [ng GFPIOD] Conclusion (+plasmid/- Iasmld
MG1655 no‘induction 1.43 ind. at start of HMS-GTC cultivation 1.44
no effect ind, at OD= 0.5 2.69 plasmid effect no induction 2.29 plasmid
effdet W dr W@)@@%ﬁﬁﬁﬁ?@ het pransidhaci ey Biche Hafi/ofd-
cultivation, a slight increase (factor 1.44) in GFP expression is measured
co nﬁbamiﬁoﬁhéiﬁhw Gitlecol Jihs Madiagtoliclef] 20i9. lighitohaféadBl
(factor 1.4 OSSR MIACTRefal Gnel A7 B3 s GFP

cumulatl n IS pro ably caused by the
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plasmid but not by RNAI-antisense reaction. Completely different results
are obtained when IPTG is added when an OD600,,,, of 0.5 is reached.
Although basal GFP level is higher, there is a definite raise in GFP

wRXPESSSigRsWhen pI3R322 is present in the cell. Here RNAL a8 45/654450
antisense 15 reaction with the loop3;of RNAII is the antagonist of the

inducer IPTG. However, IPTG is a strong inducer and RNAI-loop3
antisense reaction is comparatively weak. WO 2006/029985
PCTIEEP2005/054450 41 Also a more than double increase (factor 2.29)

of GEP.is 0 in HMS-GTC withowt induction (Table 7)
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1986) anbkiesisdiantemiFdetbeboRet the-&htisense reaction. Due to the
basal level of T7-polymerase, small amounts of TetR are 5 present in the

cell DAnd T anbethiis i STHNg o feargifi cienktepiesso Malbleeie, thiscription
small amount is sufficient.tg suppr EP expressipn to,a factor of 2.29.
When RIH IS BB S ARE S0 TR e ow et
MRNA molecules and GFP _level raises. WO.2006/029985 .
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10 2. The bacterial cell of claim 1 containing said DNA sequences i) and ii}

integrated in its genome.

3. The bacterial cell of claim 1 or 2, wherein said DNA sequence i} is a DNA

sequence that is foreign to said cell.

4. The bacterial cell of claim 3, wherein said foreign DNA sequence i) encodes a

15 protein that is lethal or toxic to said cell.

5. The bacterial cell of claim 4, wherein said foreign DNA sequence i) is under

the control of an inducible promoter.

6. The bacterial cell of claim 4, wherein said foreign DNA sequence i).encodes a
protein that is lethal or toxic to said cell per se or by generating a toxic

20 substance.

7. The bacterial céll of claim 4, wherein said foreign DNA sequence i} encodes a
repressor protein that is lethal or toxic to said bacterial cell by repressing the

transcription of a gene that is essential for growth of said cell.

8. The bacterial cell of claim 7, which is engineeréd such that said essential gene
25 is operably linked to a promoter which contains a DNA sequence that is

recognized and specifically bound by said repressor protein,
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sequence ii} are translationally coupled.

14. The bacterial cell of any one of claims 1 to 13 that has ability to replicate a
plasmid with a ColEl origin of replication.

15. The bacterial cell of claim 14, which is an Escherichia coli cell.
15  16. A host-vector system comprising
a)  aplasmid with a ColE1 origin of replication;

b)  abacterial host cell in which said plasmid a) can be replicated,

containing
i) a DNA sequence encoding a protein the expression of which is
20 to be regulated, and, operably associated thereto,

i) a DNA sequence encoding an RNA sequence that mimics an
RNA II sequence, or parts thereof, and that is complementary to
an RNA I sequence transcribable from the plasmid a),

wherein said RNA sequence defined in ii}, in the absence of the plasmid a),

25 allows for expression of said protein and
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thieacgotrol af said ndueible rogtoiBrotyafiné padisiial aelwofelaimidn said

Whersln a%aé%lfr% Gl Q&QMC?E&P ALY ﬁﬁﬁqqﬁ&e%uﬁr%ﬁém AR ACHAN R mia
toxic to said cell per se or by generating a toxic 20 substance.
hybridizes with said RNA sequence defined in 31), whereby expression of said lethal or toxic

protein is suppressed such that said complete or partial growth inhibition is abrogated in

plasmid-bearing cells,

The host-vector system of claim 16, wherein said plasmid a) additionally contains a gene of

interest.
The host-vector system of claim 19, wherein said gene of interest is a therapeutic gene.

The host-vector system of any one of claims 16 to 20, wherein said plasmid is a pUC

plasmid.
A method for producing plasmid DNA, comprising the steps of

transforming a population of bacterial host cells of claim 4 with a plasmid that has a

ColE1 origin of replication and contains a gene of interest that is not to be e‘xpresséd from said

plasmid in said bacterial host cell,

ii)

growing said bacterial host cell population under conditions in which said lethal or toxic

protein is expressible in the cells, whereby expression of said protein completely or partiaily

inhibits growth of plasmid-free cells such that the plasmid-bearing cells outgrow the plasmid-free

cells,

i) harvesting plasmid-bearing cells, and

iv) isolating and purifying the plasmid DNA.



7. The bacterial cell of claim 4, wherein said foreign DNA sequence i)
encodes a repressor protein that is lethal or toxic to said bacterial cell by
repressing the transcription of a gene that is essential for growth of said
cell. 8. The bacterial cell of claim 733uhich is engineered such that said
essential gene 25 is operably linked to a promoter which contains a DNA
sequence that is recognized and specifically. bound by said repressor )

23- pro &%W@%G@éyﬁﬁgg%é‘iﬁ@?‘ft%é%‘}éé’ 48575510 2 HhiE B EE R e b

operaldiynaSsorhes@ivisaighprarasierdipkes desdidiegsantiakgenmis indusibiemal.
10. The bacterial cell of claim 9, wherein said inducible promoter is
inducible independent of the inducible promoter of claim 5. 5 11. The
bacterial cell of claim 1, wherein said DNA sequence ii) is inserted
between the ribosomal binding site and the start codon of said DNA
sequence i). 12. The bacterial cell of claim 1, wherein said DNA sequence
i) and said DNA sequence ii) are linked such that they encode a fusion
protein. 10 13. The bacterial cell of claim 1, wherein said DNA sequence i)
and said DNA sequence ii) are translationally coupled. 14. The bacterial
cell of any one of claims | to 13 that has ability to replicate a plasmid with
a ColEl origin of replication. 15. The bacterial cell of claim 14, which is an
Escherichia coli cell. 15 16. A host-vector system comprising a) a plasmid
with a ColEl origin of replication; b) a bacterial host cell in which said
plasmid a) can be replicated, containing i) a DNA sequence encoding a
protein the expression of which is



24.

20 to be regulated, and, operably associated thereto, ii) a DNA sequence
encoding an RNA sequence that mimics an RNA |l sequence, or parts
thereof, and that is complementary to an RNA | sequence transcribable
from the plasmid a), wherein said RA sequence defined in ii), in the
absence of the plasmid a), 25 allows for expression of said protein and 53
wherein, when said plasmid a) is present inside said host cell, the RNA |

mofe & RS BERAE RS A mﬁm@%&a%&e%&%ﬁm&
sequeReaApfined indhuivheiely exdiessiomedisaldiprotgindsim 4 with a
suppressed. 17. The host-vector system of claim 16, wherein said
badtéidifholidels) ifa balieriar el a8t dEMIEAURTaRPONE BELKImE DA
13 sngéke 18entheihgstaegianagystesn ofmlaim 16iaddd 7, whereinsalid of a
foreign DNA sequence i) encodes rotein that is lethal qr toxic to said .
QIR L ar O Bl RS e SBAra ), MRl . sad
absentceiof the ptdlsmid a), allows for expression of said lethal or toxic
protein such that growih of said host cell is letely or.partially ;... .
inh%i(t)gv I%nd Sve%ere}jna,c\{/s IeL sg?cft plgs‘?rﬁ;\id g@?gmgquegéenﬁ%%elge ggl}é?ﬁlé}srfts m
celtvihehRNsudl mdtduille trandeorilved frofmithe plasenitesyilkidizes with saiells,
RN@ymegyenes el in ). whereiyerpressinnealsaiddetal pf X univirs
protein is suppressed such that said complete or partial growth inhibition

is aroltedoin mlsmid-bearingliellssud. THEhodhGecrbrssydbrI gL aiealls
16, whersinmaitkpiganmidakadditionally contains a gene of interest. 20.

The host-vector system of claim 19, wherein said gene of interest is a

1) the PAPETHEG BT B PhEHEE v dor system of any one of claims 16 to
iv) 20, vmipinsaigupiasadckis a pUC plasmid. 22. A method for producing

25.

26.

plasmid DNA, comprising the steps of i) transforming a population of
bacterial host cells of claim 4 with a plasmid that has a
The method of claim 22 or 24, wherein said plasmid is a pUC plasmid.

A plasmid for expression of a protein of interest in a bacterial host cell, wherein

said plasmid is free of a selection marker gene and comprises

a)  aColEl origin of replication and

b)  a DDNA sequence encoding a protein of interest under the control of a

prokaryotic promoter.



27.

28.

ColEl origin of replication and contains a gene of interest that is not to be
expressed from said plasmid in said bacterial host cell, ii) growing said
bacterial host cell population under conditions in which said lethal or toxic
protein is expressible in the cells, v@ﬁé‘reby expression of said protein
completely or partially inhibits growth of plasmid-free cells such that the
PlastBerringGle g pihs Blaspidiag, ol ) harvesting
plasmid-bearing cells, and iv) isolating and purifying the plasmid DNA. 53a
23. The method of claim 22, wherein said gene of interest is a therapeutic

gene ﬁ%aﬁi@&%%%ﬁ?ﬁ%ﬁ@éi’ﬁf‘@&%ﬁﬂ?an eukaryotic promoter that allows
expression in a mammal. 54 24. A method for producing a protein of
intereb}, edohptisiey thesstepsiogi} remisfotiingeeegopukatibn ehbactrial
host cells of glgum aY"&E‘,%é"nQJ%ﬁ%de%%él?osn%?%f%ggl%@gﬂ‘iﬁfsé?&ﬂ%& 29
and contains a D sequence encoding a protein of interest under the
control oft@stordkaryotic promoter that enables expression of said protein

in said bacterial host cells, ii) growing said bacterial host cell population
undiRs eoRGitiens nawhich saidkisthalierjRuicRiotein isLXRIRES NGB iethat
cells, whereby expression of said protein completely or partially inhibits

allovs T SIMAR A SR ells such that the plasmid-bearing cells outgrow

the plasmid-free cells, iii) harvesting the protein of interest, and iv)
isolating and purifying it. 25. The method of claim 22 or 24, wherein said
plasmid is a pUC plasmid. 26. A plasmid for expression of a protein of
interest in a bacterial host cell, wherein



said plasmid is free of a selection marker gene and comprises a) a ColEl
origin of replication and b) a DNA sequence encoding a protein of interest
under the control of a prokaryotic promoter. 54 a 27. A plasmid free of a
selection marker gene and comprising a) a ColE 1 ori gin of replication
and b) a DNA sequence encoding a protein of interest under the control of
a promoter that does not allow expression of said protein in said bacterial
host cell. 28. The plasmid of claim 27, wherein said promoter is a
eukaryotic promoter that alk%\% jon jn.a mammal. SEQUENCE
LISTING <110> Boehringer né%ﬁfﬁ%#g GmbH <120> Host-vector
system for antibiotic-free ColE1 plasmid propagation <130> 12-0233-PCT
<160> 53 <170> Patentln version 3.1 <210> 1 <211> 159 <212> DNA
<110> <Zrghinificial 'samiende 220>1«228bHPrimer <400> 1 gaaattaata
cgactcacta tagggaacaa aaaaaccacc gctaccagcg gtggtttgtt 60 tgcctctagt

<120> CRQEIACEA ACl0Aad0ag agaatacala ggctagagg agaagaactt 120 - cation

<130> 12-0233-PCT

<160> 53

<170> PatentlIn wversion 3.1

<210> 1
<211> 159
<212> DNA

<Z213> Artificial sequence

<220>

<223> Primer

<400> 1

gaaattaata cgactcacta tagggaacaa aaasaccaca gctaccageg gtogttigtt 60
tgectctagt teagctacca actgaaggag agaatacata tggetaaagg agaagaactt 120
tteactggag ttgtoccaat tettgttgaa ttagatggt 159
<210> 2

<211> 161

<212> DNA

<213> Artificial sequence



ttcactggag ttgtcccaat tcttgttgaa ttagatggt 159 <210> 2 <211> 161 <212>
DNA <213> Atrtificial sequence 2 <220> <223> Primer <400> 2
gaaattaata cgactcacta tagggcctct agaaataatt ttgtttaact ttaagaagga 60
gatatacata tgcggatcaa gagctaccaa ctcttgttcc gatggctaaa ggagaagaac 120
ttttcactgg agttgtccca attcttgttg aattagatgg t 161 <210> 3 <211> 45 <212>
DNA <213> Artificial sequence <220> <223> Primer <400> 3 gaaattaata
cgactcacta tagggacagt atttggtatc tgcgc 45 <210> 4 <211> 20 <212>
DNA <213> Artificial sequence <220> <223> Primer <400> 4

220>

<223> Primer

<400> 2

gaaattaata cgactcacta tagggectcot agaaataatt ttgtttaact ttaagaagga 50
gatatacata tgcggatcaa gagctaccaa ctettgttce gatggctaaa ggagaagaac 1z20
ttticactgg agttgteoca attettgtty aattagatgg t© 161
<210> 3

<211> 4%

<212> DNA

<213> Artificial sequence

<220>

<223> Primer

<400> 3

gaaattaata cgactcacta tagggacagt atttgghbatce tgege a5
<Z210> 4

<2L1> 20

<212> DNA

<213» Artificial sequence

<220
<223> Primer

<400> 4
aacaaaaaaa ccaccgctac 20

<210> 5



aacaaaaaaa ccaccgctac 20 <210>5 3 <211> 45 <212> DNA <213>
Artificial sequence <220> <223> Primer <400> 5 gaaattaata cgactcacta
taggggcaaa caaaaaaacc accgc 45 <210> 6 <211> 20 <212> DNA <213>
Artificial sequence <220> <223> Primer <400> 6 acagtatttg gtatctgcgc
20 <210> 7 <211> 23 <212> DNA <213> Atrtificial sequence <220>
<223> Primer <400> 7 gaaattaata céactcacta tag 23 4

<Z11l> 45

<212> DNA

<213> Artificial sequencs

<220>
<223> Primer

<400> 5
gaaattaata cgactcacta taggggcaaa caaaazaacce accge

<210> o
<211> 20
<212> DNA

<213> Artificial seguence

<220>
<223> Primer

<400> 6
acagtatttg gtatctgcge

<210> 7
<21i> 23
<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 7
gaaattaata cgactcacta tag

45

20

23



<210>

<211>

<212>

<213>

<210> 8 <211> 23 <212> DNA <213> Atrtificial sequence <220> <223>
Primer <400> 8 accatctaat tcaacaagaa ttg 23 <210> 9 <211> 25 <212>
DNA <213> Atrtificial sequence <220> <223> Primer <400> 9
GATGATGCTA GCAAAGGAGA AGAAC 25 <210> 10 <211> 27 <212>
DNA <213> Artificial sequence <220> <223> Primer <400> 10
GATGATGGAT CCTTATTTGT ATAGTTC 27 5 <210> 11 <211> 122

8
23
DRA

Artificial sequence

<220>

<Z223> Primer

<400> 8

accatctaat tcaacaagaa ttg 23
<Z1C6> 9

<Z211» 25

<212> DNA

<213> Artificial sequence

<220>

<Z223> Primer

<400> 9

GATGATGCTA GCAAAGGAGAR AGRAC 25
<210> 10

<211> 27

<212> BNA

<213> Artificial seguence

<220>

<223> Primer

<400> 10

GATGATGGAT CCTTATTTGT ATAGTTC 27



<210>

<211>

<Zlz2>

<213>

<220

<223>

<400>

<212> DNA <213> Artificial sequence <220> <223> Primer <400> 11
TAATACGACT CACTATAGGG GAATTGTGAG CGGATAACAA
TTCCCCTCTA GAAATAATTT 60 TGTTTAACTT TAAGAAGGAG
ATACATATGG GTAACTGGCT TCAGCAGAGC GCAGATACCA 120 TG
122 <210> 12 <211> 33 <212> DNA <213> Artificial sequence <220>
<223> Primer <400> 12 ATCATCGCTA GCCATGGTAT CTGCGCTCTG
CTG 33 <210> 13 <211> 123 <212> DNA <213> Artificial sequence
<220> <223> Primer 6 <400> 13 TAATACGACT CACTATAGGG
GAATTGTGAG CGGATAACAA TTCCCCAACA AAAAAACCAC 60
CGETACCAGC GGTGGTTTGT TTGCCTCTAG TTCAGCTACC
AACTGAAGGA GAGAATACAT 120 ATG 123

DNA

Artificial seguence

Primer

11

TAATACGACT CACTATAGGG GAATTGTGAG CGGATAACAA TTCCCCTCTA GAAATAATTT
TGTTTAACTT TAAGAAGGAG ATACATATGG GTAACTGGCT TCAGCAGAGC GCAGATACCA

TG

<210>

<211>

<Z2l2>

<213>

<220>

<223>

<400>

12
33
DNA

Artificial sequence

Primer

1z

ATCATCGCTA GCCATGGTAT CTGCGCTCTE CTG

<210>

<211>

<212>

<213>

<220>

<223>

13
123
DNA

Artificial sequence

Primer

60
120
122

33



<210> 14 <211> 31 <212> DNA <213> Atrtificial sequence <220> <223>
Primer <400> 14 ATCATCGCTA GCCATATGTA TTCTCTCCTT C 31
<210> 15 <211> 119 <212> DNA <213> Atrtificial sequence <220>
<223> Primer <400> 15 GATGATAAGC TTTAATACGA CTCACTATAG
GGGAATTGTG AGCGGATAAC AATTCCCCTC 60 TAGAAATAAT
TTTGTTTAAC TTTAAGAAGG AGATATACAT ATGGCTAGCA
AAGGAGAAG 119 <210> 16 <211> 32 <212> DNA <213> Attificial
<a00> S€auence 7 <220> <223> Primer <400> 16 GATGATAAGC

raaracEREAARRCAACE CAGTATAR: GE 3452 Q> docccanca anananccac 60

CGCTACCAGC GGTGETTTGT TTGCCTCTAG TTCAGCTACC AACTGAAGGA GAGAATACAT 120

ATG 123
<210> 14

<211> 31

<212> DNA

<213> Artificial sequence

<220>

<223> Primer

<400> 14

ATCATCGCTA GCCATATGTA TTCTCTCCTT C 31
<Z10> 15

<211> 119

<212> DNA

<213> Artificial sequence

<Z220>
<223> Primer
<400> 15

GATGATAAGC TTTAATACGA CTCACTATAG GGGAATTGETG AGCGGATAAC AATTCCLCTC 60
TAGARATAAT TTTGETTTAAC TTTAAGAAGG AGATATACAT ATGGCTAGCA AAGGAGAAG 119

<210> 16
<211> 32
<212»> DNA

<213>» Artificial seguence



<220>

<223>

<400>

<211> 31 <212> DNA <213> Avrtificial sequence <220> <223> Primer
<400> 17 GATGATCTCG AGCAAAAAAC CCCTCAAGAC C 31 <210>
18 <211> 31 <212> DNA <213> Artificial sequence <220> <223> Primer
<400> 18 AGTAGTGAAT TCCAAAAAAC CCCTCAAGAC C 31 <210>19
<211> 31 <212> DNA 8 <213> Artificial sequence <220> <223> Primer
<400> 19 GATGATGCGG CCC-CGTTGCG ACGGTGGTAC G 31 <210>
20 <211> 35 <212> DNA

Primer

16

GATGATAAGC TTTAATACGA CTCACTATAG GG

<Z210>

<Z2Li>

<212>

<Z213>

<220>

<223>

<400>

17
31
DNA

Artificial sequence

Primer

17

GATGATCTCG AGCAAAAAAC CCCTCAAGAC C

<210>

<211>

<212>

<213>

<220>

<223>

<400>

18
31
DNA

Artificial sequence

Primer

18

AGTAGTGAAT TCCARAAAAC CCCTCAAGAC C

<210>

<211>

212>

w

31

DNA



<213> Artificial sequence <220> <223> Primer <400> 20 GATGATGAAT
TCTATGTTTT TAATCAAACA TCCTG 35 <210> 21 <211> 33 <212>
DNA <213> Artificial sequence <220> <223> Primer <400> 21
GATGATCTCG AGGCATCCAT TTATTACTCA ACC 33 <210> 22 <211>
309 <212> DNA <213> Artificial sequence <220> <223> Primer <400>
22 GATGATGGTA CCTGAAGAAG TTCGCGCGCG 30 <210> 23 <211>
16 <212> DNA <213> Artificial sequence <220>

<Z213>» Artificial sequencs

<220>
<Z223> Primer

<400> 19
GATGATGCGG CCGCGTTGECE ACGGTGETAC &

<210> 20
<211> 35
<212> DNR

<213> Artificial seguence

<220
<223> Primer

<400> 20
GATGATGAAT TCTATGTTTT TAATCAAACA TCCTG

<210> 2%
<211> 33
<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 21
GATGATCTCG AGGCATCCAT TTATTACTCA ACC

<210> 22

<211> 30

31

33



<223> Primer <400> 23 ACCGGCGCAG GGAAGG 16 <210> 24 <211>
18 <212> DNA <213> Artificial sequence <220> <223> Primer <400> 24
TGGCGCTAAT TGATGCCG 18 10 <210> 25 <211> 44 <212> DNA
<213> Artificial sequence <220> <223> Primer <400> 25
ATGATGATGG CGGCCGCACC GAQCGCTGATG GACAGAATTA ATGG
44 <210> 26 <211> 32 <212> DNA <213> Artificial sequence <220>
<223> Primer <400> 26

<212> DNA

<213> Artificial seguence

<220>
<223> Primer

<400> 22
GATGATGGTA CCTGRAGAAG TTCGCGCGCG 30

<210> 23
<21il> 1%
<212> DNA

<213» Artificial seguence

<220>
<223> Primer

<400> 23
ACCGGCGECAG GGAAGG 16

<210> 24
<Z1li> 18
<212> ©DNA

<213> BArtificial sequence

<220>
<223> Primer

<400> 24
TGGCGCTAAT TGATGCCG 18



<Z10>

<211>

<212>

<213>

<220>

<223>

<400>

GCTGCTGAGC TCCCATCTTT GATTACGGTG AC 32 <210> 27 <211>
29 <212> DNA <213> Artificial sequence <220> <223> Primer <400> 27
ATGATGCTCG AGCGCCAAAC GTGCCACTG 291l <210> 28 <211> 31
<212> DNA <213> Artificial sequence <220> <223> Primer <400> 28
GCTGCTGGTA CCGAAGTGAA CACCAGCCTT G 31 <210> 29 <211>
19 <212> DNA <213> Atrtificial seqL}tgnce <220> <223> Primer <400> 29
TTCGGGTTCC AGTAACGGG 19 <210> 30

25
44
DNA

Artificial seguence

FPrimer

25

ATGATGATGG CGGCCGCACC GACGCTGATGE GACAGAATTA ATGER 44

<210>

<211l>

<212>

<213>

<220

<223>

<400>

26
32
DNA

Artificial seqguence

Primer

26

GCTGCTGAGC TCCCATCTTT GATTACGGETGE AC 32

<210>

<211>

<212>

<213>

<220>

<Z2Z3>

<400>

27
29
DNA

Artificial sequence

Primer

27

ATGATGCTCG AGCGCCAAAC GTGCCACTS 29



<210>

<211>

<212>

<213>

<220>

<Z2Z23>

<400>

<211> 19 <212> DNA <213> Artificial sequence <220> <223> Primer
<400> 30 TTTCGAGGTA TCGCCGTGG 19 12 <210> 31 <211> 30
<212> DNA <213> Artificial sequence <220> <223> Primer <400> 31
GCTGCTGAGC TCCAAAGCGC GCTACCAGCG 30 <210> 32 <211>40
<212> DNA <213> Artificial sequence <220> <223> Primer <400> 32
ATGATGATGG CGGCCGCTTA ACTGAGAACA AACTAAATGG 40
<210> 33 <211> 33 <212> DNA

28

31

DNA

Artificial sequence

Primer

28

GCTGCTGGTA CCGAAGTGAA CACCAGCCTT G

<210>

<211>

<212>

<213>

<Z220>

<223>

<400>

29
19
DNA

Artificial seguence

Primer

29

TTCEGGETTCC AGTAACGGG

<210>

<211>»

<212>

<21L3>

<220>

<Z2Z3>

<400>

30
19
DNA

Artificial sequence

Primer

30

TTTCGAGGTA TCGCCGETGG



<213> Artificial sequence <220> <223> Primer <400> 33
ATGATGCTCG AGGCTCAAAA GCCGTTCAGT TTG 3313 <210> 34
<211> 31 <212> DNA <213> Artificial sequence <220> <223> Primer
<400> 34 GCTGCTGGTA CCTGCCAGCG CAACTTTGCT C 31 <210>
35<211> 19 <212> DNA <213> Argiéicial sequence <220> <223> Primer
<400> 35 GTACAACCGC CAGGTAGTG 19 <210> 36 <211> 20 <212>
DNA <213> Atrtificial sequence <220>

<210> 31

<Z11> 30

<212> DNA

<213> Artificial seguence
<220>

<223% Primer

<4£00> 31

GCTGCTGAGC TCCARAGCGC GCTACCAGCG 30
<210> 32

<Z21il> 40

<212> DN&

<213> Artificial sequence
<220>

<223> Primer

<400> 32

ATGATGATGGE CGGCCGCTTA ACTGAGAACA AACTAAATGG 40
<210> 33

<Z211> 33

<212> DNA

<Z213> Artificial sequence
<220>

<223> Primer

<400> 33

ATGATGCTCG AGGCTCAAAR GCCGTTCAGT TIG 33



<223> Primer 14 <400> 36 GTCTGATTTA TCAGCGAGGC 20 <210> 37
<211> 35 <212> DNA <213> Artificial sequence <220> <223> Primer
<400> 37 GCTGCTAAGC TTGTCGACAG CCACTGGAGC ACCTC 35
<210> 38 <211> 29 <212> DNA <213> Artificial sequence <220> <223>
Primer <400> 38 ATGATGCTCG AGACGGGGAG AGCCTGAGC 29
<210> 39 <211> 30 <212> DNA <213> Artificial sequence <220> <223>
Primer 15

<210> 34
<211> 31
<Z12> DNA

<213> Artificial seguence

<220>
<223> Primer
<400> 34

GCTGCTGGTA CCTGCCAGCGE CAACTTTGCT C 31

<210> 35
<211> 19
<212> DNA

<213>» Artificial seguence

220>
<223> Primer

<400> 35
GTACAACCGC CAGGTAGTS 19

<210> 3¢
<Z211> 20
<212> DNA

<Z2132> Artificial seguence

<220>

<223> Primer



<400> 39 ATGATGGGAT CCAAAAGGCC ATCCGTCAGG 30 <210> 40
<211> 32 <212> DNA <213> Artificial sequence <220> <223> Primer
<400> 40 GTCGTCAAGC TTATAAAACG AAAGGCTCAG TC 32 <210>
41 <211> 30 <212> DNA <213> Atrtificial sequence <220> <223> Primer
<400> 41 GCTGCTGGAT CCGCGC‘igCAA TACGCAAACC 30 <210> 42
<211> 37 <212> DNA <213> Atrtificial sequence <220> 16 <223> Primer
<400> 42 ATGATGATGG CGGCCGCTGT GAAATTGTTA TCCGCTC 37

<400> 36
GTCTGATTTA TCAGCGAGGC 20

<210> 37
<211> 35
<212> DNA

<212> Artificial sequence

<220>
<223> Primer

<400> 37
GCTGCTAAGC TTGTCGACAG CCACTGGAGC ACCTC 35

<210> 38
<211> 29
<212> DN&

<213> Artificial sequence

<220>
<223> Primer

<400> 38
ATGATGCTCGE AGACGGGGAG AGCCTGAGC 29

<2i0> 39
<211> 30
<212> DNA

<213> Artificial seguence

<220>

<223> Primer



<400>

ATGATGGGAT CCARAAGGCC ATCCGTCAGS

<210>

<211

<212>

<213>

<Z220>

<223>

<400>

GTCGTCAAGC TTATAAAACG AAAGGCTCACG TC

<210>

<211>

<212>

<213>

<Z220>

<223>

<400>

<210> 43 <211> 32 <212> DNA <213> Atrtificial sequence <220> <223>
Primer <400> 43 GCTGCTGAAT TCATAAAACG AAAGGCTCAG TC 32
<210> 44 <211> 36 <212> DNA <213> Artificial sequence <220> <223>
Primer <400> 44 GCTGCTAAGC TTGTCGACAA AAGGCCATCC
GTCAGG 36 <210>45<211> 35 <212> DNA <213> Artificial sequence
17 <220> <223> Primer <400> 45 EATGATGAAT TCTATGTTTT
TAATCAAACA TCCTG 35 <210> 46 <211> 29

39
30

40
32
DNA

Artificial sequence

Frimer

40
32

41
30
DA

Artificial sequence

Primer

41

GCTGCTGGAT CCECGCCCAA TACGCARACC

<210>

<21l>

<212>

<Z13>

<220>

42
37
DNA

Artificial sequence



<Z223>

<400>

<212> DNA <213> Artificial sequence <220> <223> Primer <400> 46
GATGATGAGC TCGTTGCGAC GGTGGTACG 29 <210>47 <211> 33
<212> DNA <213> Artificial sequence <220> <223> Primer. <400> 47
GATGATCTCG AGGCATCCAT TTATTACTCA ACC 33 <210> 48 <211>
30 <212> DNA <213> Artificial sequence 18 <220> <223> Primer <400>
48 GATGATGGTA CCTGAAGAAG FTCGCGCGCG 30 <210> 49 <211>
35 <212> DNA <213> Artificial sequence

Primer

42

ATGATGATGE CGECCGCTGT GARATTGTTA TCCGCTC 37

<210>

<211>

<21Z>

<213>

220>

<223>

<400>

DNA

Artificial sequence

Primer

43

GCTGCTGARAT TCATAAAACG ARAGGCTCAG TC 32

<210>

<211l>

<21Z>

<213>

<220>

<Z223>

<400>

DNA

Artificial sequence

Primer

44

GCTGCTAAGC TTGTCGACAR ARGGCCATCC GTCAGG 36

<Z210>

<Z211l>

<212>

<213>

DNA

Artificial seguence



<220>

<223>

<400>

<220> <223> Primer <400> 49 GCTGCTGCTA GCATGATGTC
TAGATTAGAT AAAAG 35 <210> 50 <211> 36 <212> DNA <213>
Artificial sequence <220> <223> Primer <400> 50 GCTGCTGGAT
CCTTAAGACC CACTTTCACA TTTAAG 36 <210> 51 <211> 35 <212>
DNA 19 <213> Artificial sequence <220> <223> Primer <400> 51
GTCGTCGAAT TCTTATTTGT ATAETTCATC CATGC 35 <210> 52
<211> 116 <212> DNA <213> Artificial sequence <220> <223> Primer

FPrimer

45

GATGATGAAT TCTATGTTIT TAATCAAACA TCCTS

<210>

<Z211>»

<212>

213>

<Z220>

<223>

<400>

GATGA

<210>

<211>

<212>

<213>

<220>

<223>

<400>

46
29
DNA

Artificial sequence

Primer

46
TGAGC TCGETTGCGAC GGTGGTACG

47
33
DNA

Artificial seguence

Primer

47

GATGATCTCG AGGCATCCAT TTATTACTCA ACC

<210>

<211>

<212>

<213>

48
30
DNA

Artificial sequence

35

29

33



<400> 52 GCTGCTAAGC TTTCCCTATC AGTGATAGAG ATTGACATCC
CTATCAGTGA TAGAGATACT 60 GAGCACATCG CGGCCGCTTT
AAGAAGGAGA TATACATATG CGTAAAGGAG AAGAAC 116 <210>53
<211> 24 <212> DNA <213> Escherichia coli <220> <223> Primer.
<400> 53 TGGAATTGTG AGCGGA‘II'éAAC AATT 24

<220>
<223> Primer

<400> 48
GATGATGGTA CCTGAAGAAG TTCGCGLCECE 30

<210> 49
<Z211> 35
<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 49
GCTGCTGCTA GCATGATGTC TAGATTAGAT AAAAC 35

<210> 50
<211> 36
<212> DN&

<213> Artificial sequence

<220>
<223> Primer

<400> 50
GCTGCTGGAT CCTTAAGACC CACTTTCACA TTTAAG 36

<210> 51
<Z11l> 35

<Z12> DNA



19

<213> Artificial sequence

<220>

<223> Primer

<400> 51

GTCGTCGAAT TCTTATTTGT ATAGTTCATC CATEC 35
<210> 52

<211> 116

<212> DNA

<213> Artificial sequencse

<220>

<223> Primer

<400> 52

GCTGCTAAGC TTTCCCTATC AGTGATAGAS ATTGACATCC CTATCAGTGA TLAGAGATACT 60
GAGCACATCG CGGCCGCTTT AAGAAGGAGA TATACATATE COTAAAGCAS AAGAAC 116
<210> 53

<211> 24

<212> DNA

<Z213> FEscherichias coli

<220
<223> Primer

<400> 53
TGGAATTGETG AGCGGATAAC AATT 24



