; <=>?e3evnnoqpr @6vvTvu WO 112/2901 7 PCT/EPII11/112~11 Expression vectors
with nodified ColEl origin of replication for control of plasmd copy
nunber 5 yWhazps®sent invention relates to inproved expresecerEPéOeh200 S
having a Col El origin of replication system for the production of

reconmbi nant proteins and plasmd 10 DNA. The use of fermentation processes
with genetically nodified mcroorganisns (GO for the production of

reconbi nant proteins of interest or for produci has becone
wi despread i ‘\“mmmmmm 15 When optimzing a fmmmmwugm rocess the
maj or goal !'“ s much product as possi bl e, good quality, in
a cost- effectlve*wﬁym To achieve this, the volunetrlc product|V|ty defi ned
‘as units of product fornmed per volune and tine, needs to be optimzed. 20

Factors with great inpact on the optim zation process are the biomass per

volune, i.e. the anmount of cells capable of producing the product, and the

quantity of protein each cell can odu Tp a certain Jimt, the

producti on capRIESSHAR RFIOrs "{ﬂ'@b Jofrﬁaﬁé)t%]t% PELHRPE d copy nunber
(PCN), the nurerioft pbrastsliscont tdie m@lplammrcylcftgaﬁ heurgssre codi ng for the
reconbi nant protein. Furthernore, the strength of the transcription system
for the r%ponblnant protein is inportant. \Wile sonme pronoters are weak and
do not takKe full advantage WO 112/29111 7 PCT/ EPO1/112-10 2 of the

nmet abol i c potential, many pronotors are too strong and lead to

over expressi on of the reconbi nant protein. Since the nmetabolic resources
have to be shﬁ#%@m%*enlmr@@@? gssliafrepfta Hénﬁmﬁ)le?meﬁlmmt ein and

t he host prot si on te é%plqa%ls t ong soon | ead
to a depleti o‘ﬁé%% ‘?% %o‘?l regoulgr9 ](F)le%a 11'1 Sny eel”?’ deat h.
for the productlon of recombinant proteins and plasmid

10 DNA.

The use of fermentation processes with genetically
modified microorganisms (GMO) for the production of
recombinant proteins of interest or for producing

plasmid DNA has become widespread in industry.

15 When optimizing a fermentation process the major goal
is to obtain as much product as possible, with good
quality, in a cost-effective way. To achieve this, the
volumetric productivity, defined as units of product
formed per volume and time, needs to be optimized.

20 Factors with great impact on the optimization process
are the biomass per volume, i.e. the amount of cells
capable of producing the product, and the quantity of
protein each cell can produce. To a certain limit, the
production capacity per cell is proportional to the

25 plasmid copy number (PCN), the number of plasmids in
the cell carrying the gene coding for the recombinant
protein. Furthermore, the strength of the transcription
system for the recombinant protein is important. While

some promotors are weak and do not take full advantage



Recently, the use of plasmd DNA in the field of gene therapy has becone
the focus of a whole new industry. 10 Therefore, sufficient anmounts of high

qual ity plasahsh¢PNA are required. In plasm d production ppe¢aPseer24010
reconmbi nant protein is produced, instead, the cell factory is exploited for

pl asmi d DNA production. Extrenely high pRasnmid replication rates are
necessary 15 in order to achieve this goal, whereby the host cell has to
acconplish tasks that differ fromreconbi nant protein production. For
bacterial ferngntatio raocesses | E1 plasm ds have been suggested mainly
because high A I rﬁﬁﬁ)eer?cgla?an Iﬁélyoﬁl%ﬂ’??gfd’%iarf@et#‘g system

Col E1 pl asm dsthave fraenm &ad ensi el vef9esdd ad i ediousd dortkhahiet al .,

-1985), and the replication mechani smof Col El origin of replication has
been wel | st upF@ee{Cestirgr e gletabmbily rewpiiess iave riomke 25 Col E1

plasm d start ] i ngd f epr] 555 by

‘upst r eam of t%%ﬂr%%lk]i; ca él%)lﬂn%% géi)}gr#%é;s%)lhoeﬁ hhoef(;s{){hseo crpr%%r#%se (Tom zawa,
1985). RNAI | podsin nirod syieciioct Shratodim esardunipre o8 iorgadyorerand after

pol ymeri zati on of about 550 nucl eotjdes 30 begins to forma hybrid with the
tenpl ate DNA. WAHEh 1SA0QAFDYE i WRIPEIHPEHAAL LR @ PG en of

transcription.erpnalses hetssageneousiy and-adirrs hibrdsh f oidmti on the

RNAIl preprimer is cleaved by RNase Hto formthe active priner with a free
3" OH termnus, which is accessible for DNA polynerase | 5 (Tom zawa, 1990;
Li n- Chao and Cohen,_ 1991; Merlin_and PoJisky, 1995). The Col E1 region
contai ns two PFORRtESs. tIEAISe L6 P eRTG RN dp ¥ AT dRne

ngcl eotides, whétdoy srllatg avscsmdethd Lmaﬁéweaﬁac?ilsbm Qe eindis the. OppOSLtS
10 strand .and_js_c ementary. to the 5'_en . RNAIl .. RNAI js transcribe
fDom aanlgl" rherEbdthe SR AL oo i ot BieR (B mapr e
transcri pti onDi &RNAItegiired. (Iverplasmdl Poddiskyiorl 3@ gcdmmezawey 1990) .

15 For regqgul atj | Y i ! S , kinetics is
nore | rrportaﬁé€%f?%@§%ﬁfﬁih%%%%¢%%_ or %(Cg’n{)q}g? %%irr% mut ant
strains wth FEERTHNSS | exRlel RQ for Hlamvigh N prddueiiemg the regions

conpl enent ar ypior SNy Kagl 3144k feCr SRk 20 N tid | 0 e M apyThi s s
probably due {o af ecl'fi ngﬁkjhéé hal f-]ife of iwr]ter di ate RNAestruaE:rt%res,

decr easi Ag t h™ t PHESY or° AR &R Pt 1793y, rRRTF 155t i n

i ncreased pl alsag doe oy ompibests. tddks fhandi digf Saigorsdns #deomisireadtance of
.25 structures and kinetics of RNAII folding pathway

i nternedi ate RN&I: SLEUC £
(Qul tyaev et %?, ?Lbré@. Y5 been observed that starvation of anino acids
results in |arge anounts of tRNAs, which are not charged with the specific

amno acid. (In the
For bacterial fermentation processes, ColEl plasmids

have been suggested mainly because high plasmid copy

20 numbers can be obtained using this system.

ColEl plasmids have been extensively described
previously (Chan et al., 1985), and the replication
mechanism of ColEl origin of replication has been well
studied (Cesareni et al., 1991). Replication from a

25 ColEl plasmid starts with the transcription of the
preprimer RNAII, 555 bp upstream of the replication
origin by the host’s RNA polymerase (Tomizawa, 1985).
RNAII folds into specific structures during elongation
and after polymerization of about 550 nucleotides

30 begins to form a hybrid with the template DNA. The



WO (12! 29(1C7 PCTI EP011112~11 4 follow ng, these tRNAs are terned
"uncharged tRNAs".) This phenonenon can be conpared with the situation at
the time wbt@hodaducti on of reconbi nant protein . expressipefiyEpMyesd he

nmet abol i c resources are depleted, 5 as di scussed above. Wobel and Wegrzyn
(1998) tested a strategy of selectively Bnducing starvation of five
different amno acids. It was found that there is a positive correlation
bet ween the honol ogy of the anticodon |oops 10 of the tRNAs correspondi ng

to the particul ar_deprived am nqg acids, and particul ar |oops .in RNAl and
RNAL L 1t wad SRRAHRRE ¢ HEANSIUSKE roR Sfeé%‘t‘?é}ad%os TR San SR, A y the
transl ation reehanisybr byt sdhadt tdie wehanged ¢ infeul ik 1 dIsdRaty have a

‘chance to interact wth 15 other nolecules, the RNAI and RNAII. Interaction
bet ween t RNA RndR¥age Brt®RNMIm it dRatoiste griobeest witd & fiaree W't R he

i nteraction RNA| RNA| | i [ i-aher [l - DNA

*hybri di zat i oﬁ%%%&énby Q%}gplosec#%%s;sﬁi%ﬁh% W}gtge%l%%rna%# h RNAI | does
not 20 change(Tdmei RN B3SUcthire-Chacamhdirastdre, Vin9l; Meerliat teatq woul d
inply a higher replication frequency and thus a higher PCN. Zavachev and

| vanov (1988)F edt$H) honol ogy between all 21 tRNAs and RNAI/RNAII. Of
these, 25 11 showed a honol ogy greater than 400 to either RNAI or RNAII
They divided these into three categories: a) tRNAs honol ogous to RNAI: Arg,

H's, Leu, Lysgpn&heomnd dddiohd)cdi¥indharml qosota RNANAT frdvatn, Try and
Gy and c) tRNAs honol ogous to both RNAI and RNAII: Met 30 and Val. All

t RNAs have amBebeemse rFlecui@ 1o/ I EEHEMEY 1 rhdich 557
nucl eoti des (H @ﬂgiyagg%(, Gase Wt | ogous to
RNAI, the hig e%%é%orm ogy mstkgeg;%ﬁgd:?An&t%% eqgl onﬂof%%?ﬁﬁﬁl e nost

showed | 88s hotmdmodyand idecdipleanbrafaiNAle theStHr watd wf RNA IRl | ul ar
stress |ead to_increased oojscgf unchanged t RNAs, which interact with the

origin of repfitht}ontEANTH BeD TR 0 BR UBFHESR GO ddur s

replication origin, to about where the transcription of
RNAII starts (Merlin and Polisky, 1995; Tomizawa,
1990).

15 For regulation of plasmid copy number in ColEl
plasmids, the kinetics is more important than the
equilibrium features. For example, some mutant strains
with mutations in the RNAII, although not influencing
the regions complementary to RNAI, result in decreased

20 inhibition by RNAI. This is probably due to affecting
the half-life of intermediate RNA structures,
decreasing the time for RNAI susceptibility, and hence
resulting in increased plasmid copy numbers. This
finding suggests the importance of intermediate RNAII

25 structures and kinetics of RNAII folding pathway
(Gultyaev et al, 1995).

It has been observed that starvation of amino acids
results in large amounts of tRNAs, which are not

charged with the specific amino acid. (In the



due to the tRNAs' sequence honol ogy to three RNA-Ioop structures, present
in RNAI and RNAII of the origin of 10 replication, which leads to

i nterfergpe@gsh the PCN control mechani smof the systempcTiesi/1REN

i nceases rapidly and causes a breakdown of the fernentation process. To
overcone these problens, WD 89/07141 suggests an 15 expression vector
having a Col El replication system conprising a nutation in the RNAIl gene
and/or the rop gene with the goal to increase expression. This was achi eved

wi t hout substanti ally ingcreasi | asm d copy, nunber_. 20, Since a bacteri al
f er ment ati on %’rr]d'toé?sr_}/q's 3P etfr}%% étt® \c/ih?etﬁrp%%e “s'&fg’tae‘?ﬁeéjarsf@@snﬁi)nt ai ned
over an extendgds RHdrSh&Xor | dBh Y e N Witd eased ijdasdidh @apy number
-is one of the nmain factors that cause collapse of the expression system it

was an obj ectths tgne e emdustian mroviaromin napr qiateipr ession system
wth a prol Oj’]aglc{frdeoé)sajfc%ner L Her a0 l#%tyab%irf@gcés%tﬂ%gsatdxo@'dé diadd,i cul ar,

‘it was an ob € invention provi de an expression system'in which
pl asm d c6py as MR DAL CRHAEE EP111/ 112-4(1 6 nunber, after induction of
t he expression system is limted with respect to uncontroll ed

anplification, in order to keep the netabolic burden bel ow | ethal doses. It
was a further_ohject o he i nvent] t.o i.ncrease 5 plasmd replication
rates and t hd¥9 ﬁ’b‘% &'Si)qrrﬂ'rés édgo%N&%ﬁ”Feﬁ{a%rﬁ ap‘f%c?' on processes To
sol ve the profdespimeery yimad 18y | SWaRtdtabn e feed adi 58 @fntCelnihd ype

replication was utilized. Specifically, a genetic approach was taken to
alter, 10 pref®rdil Vdatae ot Horpltdies dha irdeitifee degree of honol ogy

o ek & S Slof Slli o Spelarass: MES gt e ve |
altered nepl ichtilon tRNByi oo respandinght @l dsammh i cojyyr Medreirved
amino aclds, and particular loops in RNAI and RNAII. It
was assumed that most of the charged tRNAs are captured
by the translation mechanism, but that the uncharged
tRNAs could instead have a chance to interact with
15 other molecules, the RNAI and RNAII. Interaction
between tRNA and RNAI or RNAII would most probably
interfere with the interaction between RNAI and RNAII,
resulting in a higher RNAII-DNA hybridization frequency
(supposed that the tRNA interacting with RNAII does not
20 change the RNAII structure in any drastic way). The
latter would imply a higher replication frequency and

thus a higher PCN.

Zavachev and Ivanov (1988) compared the homology
between all 21 tRNAs and RNAI/RNAII. Of these,
25 11 showed a homology greater than 40% to either RNAI or
RNAII. They divided these into three categories:
a) tRNAs homologous to RNAI: Arg, His, Leu, Lys, Phe
and Thr, b) tRNAs homologous to RNAII: f-Met, Try and
Gly and c) tRNAs homologous to both RNAIL and RNAII: Met
30 and vVal. All tRNAs have anticodon loops of



The present invention relates to an expression vector having a Col El
replication system in which the honol ogy of the RNAI and RNAIIl of the

Col E1 oriygbh2@doctepl i cati on to uncharged tRNAs i s nodifiedchxpongzar 20
nore mutations in the coding region of the RNAI gene and one or nore
corresponding nutations in the RNAIl gen®, said nutations) resulting in one
or nore base exchanges in loop 1 and/or loop 2 and/or loop 3 of RNAI and
RNAI T. 25 The term "nutation"” enconpasses both nutations that increase and

mutations th decr ease, hompl ogy. of and ta._unchar ged t RNAs. wW
0 112/ 260C 7 ¥ rﬁ&ﬁi Y TR o Ao e m he Ko oA y
structure andyiveh ttmend elmesdgdies ofo BT arthdRMAldhars: fredmalsoppsidl e in
-order not to inpair replication, the nutations are preferably conpl enentary

base exchange&oumdjin the peorion QMG 1ewp mrt aiiidies mosdy Harowad akdh (s )
may al so be r OV A ' of replication is not inpaired.
“As opposed tf)%@ﬁ(gf%%}f Elrpvﬂekg?egér geg?:&;‘ra |ra1fggl\&AtSf(ﬁ)r'1 WO 89/07141, which contains a
mutation in the RNAII 10 gene and, due to its position, consequently in the
pronot or 6f t3iea RNALLgernmd tdel Medorstofeddhe dady erd i lorcmoagrd gesolas nut at i on

in the coding region, nore specifically, in the | oop regions, of bofth the
RNAI and RNAIPE GER 4TS HE AR ot T OUR SR T Har bt FARSILR 9 5.
present invent&oni Ao OFiESEE R POYShi &4 [ Aty 10 deldbesated s mni pul ate
t he degree of honology and ultimately tune the rate of plasmd replication.
In the nmeani nguefte Hergriddea’ | sr@renem, hanml a®st o | Buiee R erenp v
enconpasses t ?Pgi d r r f:ﬁﬁﬂ 1. however, this
termis not s%fpg y %?e’mélg%é)?%pt% IS‘rri\(ll;?trd:e‘I o(ng regi oé#,r %ﬁ%& (%r%l %fs%faconpri se

t he adj adent nesleedtdes, ofhidie Sdads regionefeafeaiedwitottorecN han two
nucl eotides. The mutations) may be a single base exchange in either 25 | oop

1, loop 2 or FoRpral drechalift & orthsySyihfer Wius, PCN TInceases

rapidly and causes a breakdown of the fermentation

process.

To overcome these problems, WO 89/07141 suggests an

15 expression vector having a ColEl replication system,
comprising a mutation in the RNAII gene and/or the rop
gene with the goal to increase expression. This was
achieved without substantially increasing plasmid copy

number.

20 Since a bacterial fermentation process is only
efficient when the system can be maintained over an
extended period of time and since an increased plasmid
copy number is one of the main factors that cause
collapse of the expression system, it was an object of

25 the invention to provide an improved expression system
with a prolongued bacterial viability during

fermentation.

In particular, it was an object of the invention to

provide an expression system in which plasmid copy



base exchanges, including all base exchanges, in loop 1 and/or |oop 2

and/ or | oop 3. WO 112/291)(r7 PCT/EP111/112~11 8 Preferably, the

mut at i onswoaeedisn | oop 2, which is the region with the hi goestpohomnm ogy to
uncharged tRNAs. The desired nutations in the |oops) of the RNAT and RNAII
gene may be obtai ned according to conven®ional 5 nutation and cloning
techni ques. In one enbodi nent, they can be obtained as follows: starting
fromeither the RNAI or the RNAII gene or a fragnent thereof as a tenplate,
a PCR reactiqn_js .carsd t is l.Qys rimers 0 .
ol i godesoxyr ?Blg{r]louec ’eoatflt%%s,q%gr?\g%&r rﬂbgﬁz tgl)aér re?/{;?)ng Stshqg’ndgiy;ggg "nitat | ons}.
Preferably, tlHeiRGER melat iraspesta tiovumnsiosyt idIRed Rmdhe fliidastiost,epn t Wo
"over | appi ng fragments are anplified, .one_of which _contains _the desired
mutation in St i e rkaSRy iR SST@Rder PUpsiatedediont ite il SosRg- i s
designed for connecting the fragnents, and the prinmer binding site. Next,
‘the anplified radments; @R di@RHed o thd ReVelta Nt o 8$idreGlscOn enzyne,
ligated and used as a tenplate i'n the next PCR anplification step. In this
step, theSsamdaEmnish ivairlsicadlion edefs @ad dthays, tliel otieddl odt Pdestrdicn t he
new y-introd d restricti site, .are used, which have been selected to

bi nd upstrea#ﬁghdjh ﬁﬁgﬁpégg¥5¥h§ﬁé%ﬁé|a§ﬁé%ﬂ%%nuarestriction sites in the
i ndi vi dual plasmd. 25 Due to the conplenentarity of the RNAI and RNAI
genes, ' in tihe gwleparidid @rofldrmheindectlgrindathk gernestdion,r agrent s t her eof
are equally suitable as a t late for the PCR anplification. Wth the

gi ven conpl em&ARATHSM Oafnfoﬁgléttiy@r‘?s)rqfﬂwlﬁn #i5%e Ytddpged-wo (12/ 2) 07
PCTI EPOl/ 112 oo i0fa @i N fihndled 49paaH hid2hierd R d e teor 1 espondi ng
mutation in the other, conplenentary gene; in the preferred nethod

descri bedOabpre fatablyr idaarepeat @imiaegplied aay abicdish nétheodlegreer ves for

el ongati on by e po i,se, t.qal s atenplate.f.or the DNA

pol yrmeri se, t%ffjgloﬁoejloté}yngg‘%{ ﬁ}ecé’br?p Eelngﬁiggflﬁl sotftr rr%l&&r?tt&ioﬁ ﬁcﬁ t he

mut ati on(s). Jependiad) tANAhetierant e tRWNa v eRNDr @IRE IS rageidnas a
tenplate, RNAIl or RNAI will automatically carry the conplenentary

nut ation. 10 PrfaErapids credteshiid sted fimgadsstedforr @ lRmidgnd” RNAI |

genes is useq,as, & hiemdate AldLensna) | 3 ﬁi;\DN% ] e ifng the
entire RNA oﬁ'RNAII gene n§§ C%&ﬁgggﬁgﬁﬁ? |’ angPR %% gﬁgggﬁgre
descri be@i5Sby chpy zawsbat. al , 1977.

The present invention relates to an expression vector
having a ColEl replication system, in which the
homology of the RNAI and RNAII of the ColEl origin of
replication to uncharged tRNAs is modified by one or

20 more mutations in the coding region of the RNAI gene
and one or more corresponding mutations in the RNAII
gene, said mutation(s) resulting in one or more base
exchanges in loop 1 and/or loop 2 and/or loop 3 of RNAI
and RNAII.

25 The term "mutation" encompasses both mutations that
increase and mutations that decrease homology of RNAI

and RNAII to uncharged tRNAs.



15 In the case that an RNAI or RNAII gene fragnent is used as a tenplate,
the fragnent nust have a size that is sufficient to contain all elenents
requi r ed,wop.0@29d¢he sequence to be nutated, the primer bingcrgrsi/irs@nd,
optionally, one or nore restriction sites. Preferably, 20 the fragnent
conprises one or nore | oops (each of thef consisting of approximtely 7
nucl eotides) and a prinmer binding site (approximately 18 nucl eotides), i.e.
the mninmal size of a suitable fragment is approximtely 25 to 30

nucl eot i des. ef e ' 0] e .Jnv e} he mut ati ons
are sel ect ed,ﬁ?né%]%e%nspg%ffés{?tg%ﬂg%gé % O&‘{as’ﬁﬁj,] Své’{lh&?#ee %nré of

subst anti al | ymehtaivgy ngeriger siogr e 6o O FRNFINGray \RNAT Insa sraffge wehar ged t RNA
-speci es as possible. | WD 02/290(r7 10 PCT/EPOL1/112.10 Thus, in an

embodi ment of PRFRLE IR bt | DFEeE HP el PR orF L 3 1 dhd WAL is carried
out by starti ifJ I I i I j t he

“hi ghest homlr@gg/%{%% %%i%%%%%r?%%éﬁ%%&%rﬂt}an‘? tk%]%eeexc ana\gqegtero]sf' as many
positionssas possiiba., Bys>uaycosc exaspl autasishewnotRetrhauexpebhment of
Exanple 1, loop 2 nmay be nodified by replacing six of its seven
nucl eot i des, T¥&AHY dfe BEREETHoRETEHBHI N BRBFRIFTCATE , Genbank GT
9507253) unc 20,105 tgﬁ& i as part of the newrestriction
site, prefera a hbof4g}%e. ﬁgﬂ%%gggﬁare repl aced by their respective
conpl ementary bases. By this approach, if desired, honology to all
uncharged t RNAs can be conpletely abolished. Therefore, this 15 approach
provi des a mek$ neppdsekito | thy GolEL Meeqiautibrdandiofg &£qreat vari ety of

r econbi nant t el i nt.erest independent ,of theiyr i n i-d sequence,
in particul a%@h@%ﬂ%ﬁ@o’nm%c fCJfo %aslrﬁsd G érb%acta]t?rbnlr}rgﬁ%? g%%cfr}(gj cel |

vi abi |'i t yodur g@ge expd eseh@nto | Nt § hbss 20 s esord eandk Bl firgation is
subject only to the control by the Col E1 specific é§$licatjon mechani sm and
i ndependent  oPTPRREDDIFE Fheckift | RS of thh et *f 1the R icdse,

plasmi d_copy aupbe s&£MRIMsesesantidldne conelant:ddyauohaule the

fermentation process. 25 Alternatively to conpletely abolishing the

honol ogy bet wepecRNMabhy RNAthe ahebpincdgirged aRNsth ttis Riwblasgy may be

nodi fied, i.e. . increased qr.decreased, only tq a certain desired degree.

For sone appi RUATT f@ie FR1FF 48 Mg (P e ot oo b

gg?tElpls:‘?@; orlwi"g@i%m& henpetendh athed glevieadl essidrel AR adedf2G7 11
deliberately manipulate the degree of homology and

ultimately tune the rate of plasmid replication.

In the meaning of the present invention, the term
"loop" preferably encompasses the unpaired loop

20 structure of RNAI or RNAII; however, this term is not
strictly limited to the mere loop region, but may also
comprise the adjacent nucleotides of the stem region,

preferably not more than two nucleotides.

The mutation(s) may be a single base exchange in either
25 loop 1, loop 2 or loop 3 or a single or any number of
base exchanges, including all base exchanges, in loop 1

and/or loop 2 and/or loop 3.



machinery is not fully exploited due to the decreased plasm d copy nunber
and t hus suboptimal anount of plasm ds ("gene dosage"), it may be desirable

to i ncreagg o8xfiessi on rates by slightly increasing 5 pl apgrgpenpgynunber.
This can be achi eved by sel ectively maintai ning sequence honol ogy to sone

uncharged tRNAs, in particular to rare t&®\NAs. The sequence honol ogi es for
specific uncharged tRNAs is known fromthe literature (Zavachev and |vanov,
1988). 10 This strategy nay al so be useful for influencing the rate of

protein synthesis such that th rooduct, i s either present .n the form of

i ncl usi on” bo 'lé%‘?%l?ati?%ry’s&a}l?olngﬁ%ﬁﬁn ey ot ggfpr?pﬁzz wﬁ”tcg} a4 Fifegr ee of
plasm d anpl i fégidn on trHeat die dthendmy iy b afnddaddead usigs bodi es,
-while a slight decrease may favor the formation of sol uble product. For

sonme applications it is advantageous to drastically increase plasm d copy

nunber by increasing, the sequence honol ogy of RNAI and RNAII_to uncharged
‘tRNAs, in 20 D% t9R3HE6< Mt i A TONADHRRRES ot THE RNAL i3KE required

to increase SQEUENCENOMRI O Ak A v kOWYdihd R, | ddfraiti shdZavachey

and |vanov, 1988) and can "be carried out according to the same principles
as descri bed rwratimn doct edlsmiofg seeglenicmdwnol ogy. 25 For an i ndi vi dual
application and/or product, the process can be optimzed by experinentally
testing a range of nutations. Suitable experinments may be conducted as

follows: a pl i.d 0 ef | ' cqﬂﬂi tes carg ying the

mut at i ons) toﬁ’ggar?ees %bgbd;lﬁréé@% ?Jrhaeﬁgﬁé(ﬂ Ceijcia into glpepdrsoaps?i%%/iel asct:'t erial host
cells, W O di24 2 ) (ErorPEYHRE tHd NATlbAZ gy RNALINAns Wi abl e
conditions in_a small scale, e.g. in shake flasks, and the fernmentation

process is nomk 3PP WiteF e s Rt ta t PR Whar Shetedt LA RS, in
par i cul ar  arout s o radiGly yiiel cheanly SUA [ im i Pli@RT d_copy number.
| cu

Anot her enbodi nent, which is part arly ‘useful to obtain a w de range of
sequencelfodi ¢1terdessxyiidoemaelanomdss mars endetdr ey positiens of | oop

1 and/or |oop,2 and/or laqop 3, th nerating.a |ihrar ich 10 may be

used for the %%%ﬁlf‘?%éwto%loqn% ‘e;j%lf*%g%lf X/eg(thoer ﬂs(’g{ erc%/ae 8t Hhy? desired
property of thgo-expsesEiron &y sitem r Bystvayt s, exabwriagpasgn d candi date
may be selected due to certain selection paraneters that, are nost rel evant

for reconbi naffadBEprHiIh PrLkickedn,one RF givitth gt int ddiketivity and
viability; thg, pf 0LeSRud St £ 118G 108 L) T s Ratdrental setup as
descri bed above.
15 restriction site that is designed for connecting the
fragments, and the primer binding site. Next, the
amplified fragments are digested with the relevant
restriction enzyme, ligated and used as a template in
the next PCR amplification step. In this step, the same
20 primers as in the first step, which do not contain the
newly-introduced restriction site, are used, which have
been selected to bind upstream and downstream of the

nearest unique restriction sites in the individual

plasmid.

25 Due to the complementarity of the RNAI and RNAII genes,
in the preparation of the vector, both genes or
fragments thereof are equally suitable as a template
for the PCR amplification. With the given

complementarity, any mutation(s) in one or more loops



Furthernore, this approach allows for efficient tuning of reconbinant
protein expression rate based on PCN 20 nmani pul ati on. Provi ded the gene of
i nterest we prawent in the vector containing the library, pchapselegs ed
plasmd will always be optinmal for expression of the gene of interest.
Wiile during normal fermentations an alnbst tenfold 25 increase in plasnid
copy nunber (PCN) after induction is being observed, according to the
present invention the honol ogy between tRNAs and RNAIIl bei ng decreased or

abol i shed. This h t he effect that a.J.arger ool aof non-inhibited RNA
nol ecul es is (?feeeﬁ-[ CE e WS VMO d%%&f%%ﬁ%%@@%%l l .
Thus, the neeiigddtsieRfid efhd i iconiateacdiach fy aferdd ghipagles of uncharged

"t RNAs caused by metabolic overload due to expression of reconbinant
protein. Det &RiRFEed mehehi dsawrihahdhare epiic tisted B drdmgbol i ¢

stress r el at etg,‘% g?%facg%gsa)tn}%p{)oénel@ &ssign é’leoz":ﬂnatgtsjtd-orpt jgher yield of

reconbi nant pro ase “exchanges accor e present
i nvent i on5ar epqirneserd sdotbut e RNAlasared teiwd lgtevich e rBul ts in a change
in honology to all tRNAs, the conpositi %n of uncharged t RNAs (dependi ng on

the recombi nditiPIVERET) HE hot VRS GOt L UPproac-maM addition to
the modi fied ColdElikepd |08 QN SUSHPM) | MR ERIBRSI AN AR, Gfnd he

invention conprises the 15 el enents required for protein expression, i.e.
expressi on cditadblox RNARE ezrpertysed g g kKeinnln tde RONA suyRiiice

encoding the protein of .interest, includin ronotar. translation
initiat igon reg]ilgln,a%%q%% }éoaﬁlﬁérci(aerr&(tg%e g&“ﬁjnlﬁnﬁr&#ré/ rEs %ttje%'e mar kers) ,
20 restriction sites for insertion of the DNA encoding the protein of
interest, etc.

10 Preferably, a plasmid containing the entire RNAI and

RNAII genes is used as a template. Alternatively, a DNA
molecule encoding the entire RNAI or RNAII gene may be
used. The RNAI and RNAII genes were described by

Tomizawa et al, 1977.

15 In the case that an RNAI or RNAII gene fragment is used
as a template, the fragment must have a size that is
sufficient to contain all elements required, i.e. the
sequence to be mutated, the primer binding site and,
optionally, one or more restriction sites. Preferably,

20 the fragment comprises one or more loops (each of them
consisting of approximately 7 nucleotides) and a primer
binding site (approximately 18 nucleotides), i.e. the
minimal size of a suitable fragment is approximately 25

to 30 nucleotides.

25 In a preferred embodiment of the invention, the
mutations are selected, in terms of site(s) and
number(s), with the aim of substantially changing the
degree of homology to as many uncharged tRNA species as

possible.



Preferably, the expression vector of the invention is derived fromone of
the followi ng vectors: pMBlL (Bolivar et al., 1977); 25 pBR322 (Covarrubi as
et al., 1W9k2no06ai |l abl e from MBT Fernentas cat al ogue nunbeCTAPNPRI0
GenBank/ EMBL sequence accession nunmbers J01749, KO00005, L08654, WO

112/ 290G7 PCT/ EPO1/112-411 14 ML0282, MiD283, ML0285, ML0O356, MLO784,
MLO785, MLO786, MB3694, VO01119); puUd 8 (Yanisch-Perron et al., 1985;
GenBank/ EMBL sequence accessi on nunber L09137; available from MBI 5

Fer ment as cat al ogue, nunber #SDO061) ; 9 (GenBank/ ENBL sequence accession
nunber L09136?h%%’ai3r%b?% ?IP%%%ED n‘):e? Lﬁﬂ%s“}f‘é%ab’s‘lﬁfw‘gﬁ% 9R ( GenBank/ EMBL
sequence accegsionicarbers YE4BRAI avai kbl e {4 oraiMBlefeswEnt@s, catal ogue

"nunber 10 #SD0141); pTZI 9U (available from MBI Fernentas, catal ogue nunber
#SDO 61 ; GenBah&Y SEehcBORLERSET BN NP ORY14835) €. the loop

pBl uescriptl | =) ti NG S 1 ; MBL sequence
accession nunﬁ%ﬁhXé ﬁg?gh%%Fu%Q%??%?Y1 %§§@0 %§?g%§?ﬁégs et al., 1989;
GenBank/ ENBL sepueseet ficg essé oaxobabge X6232 ManpBhaesciops lds

SK(-) (Al'ting-Mees, et al,., 1989; GenBank/ EMBL sequence accession nunber
X52330. 20 pB‘Pﬁ%%JcJ#?)tI?yék“(‘X)?gle‘?’F?f&Ei%’esa%tse@?w, 18NS RFREHKIENBL

sequence accessi pramynder , Xb33g82 - mdV the NBOM i d @ BPerHspieimy afid nterest,
there are no limtations in terns of sequence, as long as the expression of
the plasnid i afElteoseverndesseat 28es unkeavhg protleass (position

693 in plasmid ColEl, Genbank GI 9507253) unchanged and

10 thus available as part of the new restriction site,
preferably a Ncol site. The bases are replaced by their

respective complementary bases.

By this approach, if desired, homology to all uncharged
tRNAs can be completely abolished. Therefore, this

15 approach provides a maximum flexibility for the
production of a great variety of recombinant proteins
of interest independent of their amino acid sequence,
in particular through control of plasmid replication
maintaining cell viability during expression. In this

20 case, plasmid amplification is subject only to the
control by the ColEl specific replication mechanism and
independent of metabolic fluctuations of the host cell:;
in this case, plasmid copy number remains essentially

constant throughout the fermentation process.

25 Alternatively to completely abolishing the homology
between RNAI and RNAII and uncharged tRNAs, this
homology may be modified, i.e. increased or decreased,
only to a certain desired degree. For some
applications, e.g. if the yield of the product is

30 unsatisfactory because the potential of the expression



WO 112/2901 >7 15 PCT/ EP111/112-40 In the experinments of the present

i nvention, the cDNA encodi ng human Cu-Zn superoxi de di snutase was used.
From a vegb@es2a@trying this cDNA, a highly sol uble, 32 kDactinref/i4protein
can be produced which consists 5 of |53 amno acids and is released into

t he cytopl asm (Cserjan-Puschmann et al.,111999). Any bacterial host cell
that is conpatible with Col E1 type plasm ds nay be used, preferably E col
strains, in particular strain HVS 179 (DE3) (Studier and Mffat, 10 1986),
or Salnonella strains. In a further enbodinment, the present invention
relates to a TSRty 15 4K oﬁh"ﬂg&' vﬁ}irgglqlhteecg&‘}eeg%q %ﬁ“avégetcorreacsaeriyi ng the
nmodi fi ed Col Bl d&dd cadp@munkr¥r taransfrardradugdbiafmdhendasic sifain, any
-conventional 15 technique may be used, e.g. electroporation or calcium

chloride or calasmidpre@ie dowmae'ln &% drandre aridiaklft ,ta he present
i nvention rel . for I ] nrotein of
i nterest, \Ahe%ﬁegg%?eﬁ%p%o%? rcagﬁ%d;'@ [%Jlaiﬁ%dtﬁlﬁpner@%‘gvﬁlt an expression

vect or ha%i ngphasiol dElcomplnsie on Byist examilidl schmidvadd dsy i n one or nore
| oops of the RNAI and RNAII, gene,, grown under suitable conditions and the

protein of inf _%%’le%lY E L 0h S THIEHIS J??‘%F_b]&_aqyer%ﬁ e conbi nant
protei n produgh i PEQCERRLD HER PN a PYe Prins i diges [ ogle for
conpensating the interference resulting from expression of recombi nant
prot ei ns wi t hsedeemos there kdmi ¢ s i ormmepemt hioel wichdrgddhvdiNiong s

particul ar adyent ageous .i.n f.ed bat.c 112/ 29111 CT/ EPO 2-40 16

fermentati ondlﬁrl’%&(':@sgge)osr,ﬁ Fh%.ljgﬁ%rgaets"ts}e% \z//\%]%a‘f ?ne‘?haélcgﬁﬁrioovr{ (])jfé%t'ri ents is
coupl ed 10 t hehisicsensee®f miprElsse Ko dsdfyl expt oidf Iven@dhprdrages of fed
bat ch processes, which can be run over extended periods of 5 tinme and thus

result in hi gFeke PRSI PHORUETHIB EhS Wertdldt gt ¥P®Bnory than
cl assi cal - bal gh s papSSEdn: 32 Al eeate 6 L0 SHA 5, VRIRSSI AN SyStem i s

required. This need can ially met by the use of the expression

vector of thesolwlehei Howm. By way of example, a certain degree of

plasmid amplification may lead to the formation of
15 inclusion bodies, while a slight decrease may favor the

formation of soluble product.

For some applications it is advantageous to drastically
increase plasmid copy number by increasing the sequence
homology of RNAI and RNAII to uncharged tRNAs, in

20 particular for plasmid DNA production. The mutations
required to increase sequence homology are also known
in the literature (Zavachev and Ivanov, 1988) and can
be carried out according to the same principles as

described for the decrease of sequence homology.

25 For an individual application and/or product, the
process can be optimized by experimentally testing a
range of mutations. Suitable experiments may be
conducted as follows: a plasmid or a series of plasmid
candidates carrying the mutation(s) to be tested are

30 transfected into appropriate bacterial host cells,



10 Furthernore, since alterations of the sequence of one or nore |oops of
the ColEL RNA | and RNA | can serve to drastically increase plasmd

replicatiwgp3bRRs, the vectors are very useful for produckpic@krhiitize
production of plasmds, e. g. for use in gene therapy. The 15 advant ages of

the present invention lie in the possibilldty to decrease the stability of
the so-called RNA I/RNA |1 "kissing conplex" and thus to enhance plasmd
replication rates. 20 Exanple 1 The plasm d used in the experinents was

ETl Il a (derivative of pud 9 fram Strat.agene).. Thi l.asm d .cont ai ns t he
Dot o | act ancs in o HfT ot A1 P ARLEIR T s R it el

expression i nid imids Plaskd d dfd Gy riddnch it tdie Widdedents T7 RNA
‘pol ymerase. The | ac operator is situated between the T7 pronoter and
transl ati on imeniteient wehuerrrectTHics thasmaranet eeprakssirgretastihe absence

of the inducer_ |PIG. T EJl | a-,SOD 1 4d,.C |ns a gene WO
+112/ 29111 7 PCT} é%l%lc/‘qgazfﬂrlo@’cfd&ng o(rjyjteic'uierH ?Aenchr%‘}af\lén y’prot ei n human
Cu-Zn super oxpesmi s mbppenditd) , a highly soluble, 32 kDa dinmeric protein

of 153 am no acids, which is non-toxic for the cell and released into the
cytoplasm5 (Cserjan-Puschmann et al., 1999). The bacterial strain used for

pl asm d propagat.i.on and expression of SOD was Escherichia i, HVS174( DE3)
(St udi er andazgﬁﬂtflhqlf Mﬁ“%ﬁ’s "@HCJ] r?"%é)_sarttﬂecucftfr_&d ﬁ?&é@e Gt egrated in
the chronpsongbt IV 2 Tedd 7rdfyd A B ARSI deS rRSBifitdAl 1 dry, exdression of

the reconbi nant protein. Transtormants were sel ected on anp plates
(Anti biotic nmezn 1B mgpmEai ene1 P 0P 4Ry/AAs s [0 oqmvehiad/r et al .,

1982) The tra r i e | que Hﬁg)d i tQﬁﬁ r.i]['g-::n_t S

el ectropor atigigéas%ﬁgp%%of dq%ene uldsée}lre. %%;(alo%elrs weyrse“&gb%gi ned from
Met abi on 10Marmansse edsedef ommyt)e | dondterdarivrofofs aracinpralsieth powder, whi ch
was dissolved in water_to obtain stog{q solutions with the concentration of

100 pnol /ul . YRR MsSeHPried bif 3 (§Hg & MRy ad (SR adi ent

Bi onetr a, Gerg%pyg Moh besatab! escaver Iy nazne £XT Rolydmrpse 1 u/ ul
(Fi nnzynmes), 10X ng-free uffer a}?ld %‘OHVI MyCl (suppal1 i&gld) 1 nmM dNTP, DMSO
and di stil | edcamdedat @rigerise usetevigd QETIH@-daimiok (eERGUIPMNO: 1), 25

pEZ11a656 for_(SEQ |ID NO: 2 RNAI - Nc.oback (SEQ 1D NO: 3) .and RNAI-Nco for
(SEQ I D NO: 4)953?%%%1??16%%rhg%n%%ur%‘?setasreegl,e{ae{% Cher RSO Y gase, Cal f
i nt esti nasphosphied asepry@iet Db Al degl. fowdvBl rdies M adu @y usedaratcor di ng
to their recommendati ons. ,

viability; the process is carried out in an standard

experimental setup as described above.

Furthermore, this approach allows for efficient tuning
of recombinant protein expression rate based on PCN

20 manipulation. Provided the gene of interest is present
in the vector containing the library, the selected
plasmid will always be optimal for expression of the

gene of interest.

While during normal fermentations an almost tenfold

25 increase in plasmid copy number (PCN) after induction
is being observed, according to the present invention
the homology between tRNAs and RNAII being decreased or
abolished. This has the effect that a larger pool of

non-inhibited RNAI molecules is free to interact with



WO 112/29(11 7 PCT/EP(l1/112~11 18 The fermentor used was a 20-liter
fermentor from MBR Bi oreactor AG (Wt zi kon, Switzerland), wth an MBR

| MCS- 2000w0@Bbsnal | er connected to it. The working vol une etriere1/ir4srent or
was about 12 liters. 5 Feed nedi a used: The amount of feed nedia punped
into the systemduring fed- batch state Mas neasured by continuously

wei ghing the vessel. The feed punp was regulated to give a constant growth
rate of p = 0.1. Antifoamaddition triggered by a conductivity sensor. 10
No cont act vlet{

terior, ,.nplyi no risk of f.ermentor, contan.nation. The
bat ch nmedi um u[\ibé]gf(\/vglgh%s ’setrﬁn%)s%%?qﬁae T irLﬁﬁllccoanq‘teJa(?rhijhsg i‘?‘?:eﬁcihea unts of
tryptone and geasthigd esdld of agidhd Bfed HRWAND Huddie 15 andtoltie bat ch.
"The conponents were m xed together 15 1n a total volunme of about 4 liters

(4000g) . But ®WERRAY PrecidiTMTONSE O Hehi tegPinant Her@edd nunber (see #
Table 1 bel £ i in-di-stild t . Th
Mcose sol ut ey [ e TPt o SR RIS PR L oo

gl ucose solutio wat'er to g and aut ocl aved
separat el p. 20 Sbskuenttesal telated heo gtemoss reoltutpost et e m xed
together in the given order, and fil]ed out.%ﬁig§€istilled water to 3700g.

WO 02/ 21 11( 7 PPHSBT O THET B/ AP 1Y tiHPRRLIRARE bat ch medi um
(40009g) . Val ussowamen in grans, if not otherw se stated.

Since the base exchanges according to the present

invention are present both in RNAI and RNAII, which
10 results in a change in homology to all tRNAs, the

composition of uncharged tRNAs (depending on the

recombinant product) is not relevant for this approach.

In addition to the modified ColEl replication system,
the expression vector of the invention comprises the

15 elements required for protein expression, i.e.
expression control sequences operatively linked to the
cDNA sequence encoding the protein of interest,
including promotor, translation initiation region,
selection markers (e.g. antibiotic resistence markers),

20 restriction sites for insertion of the DNA encoding the

protein of interest, etc.

Preferably, the expression vector of the invention is
derived from one of the following vectors:

pMB1 (Bolivar et al., 1977);

25 pBR322 (Covarrubias et al., 1981; available from MBI
Fermentas catalogue number #SD0041; GenBank/EMBL
sequence accession numbers J01749, K00005, L08654,



#Wei ght (g) Chem cal 112Pot assi um di hydr ogen phosphat e124Di - Pot assi um

hydr ogen phosphate Tri hydrate22Tryptone (Oxoid Ltd. Hanpshire, UK)2lYeast
extract 35Wbig2B0skum ci trate dehydrat e32Magnesi um sul fate pcr/EPO1/11240

hept ahydr at e40. 2Cal ci um chl ori de dehydrat e51000Trace el enent sol ution

[ul ] 680Copper (I T) chloride dehydrate [ng]%664Zi nc sul fate heptahydrate

[ mg] 790ni um sul fate77. 4oni um chl ori de866d ucose Monohydrate 5 WO
(12/290C7 20 PCT/EPOL/I 12.4(1 Table 2: Conposition of the feedi ng nedi um

(6000g) for f %@% M N B i o] | se
stated. #Wei ﬁo ’Chqglrs'r(é ’1&%tg&ssﬁ}ré’dlbﬁlydr o%erﬂldﬁ%ts’ m%ﬁss’
phosphate136BGBEEQEbtW$Eﬁhmﬂhydrogen phosphate Tri hydrate251. 57Tri - Sodi um
‘citrate dehydrate220. 63Magnesi um sul f at e hept ahydr at e32. 06Cal ci um chl ori de
dehydr at e410313. 71Tr ace, el ement sol yti on [ 5825. 10Copper(11) chloride
dehydrate [ ngl%66D. DB IRCRITHRA taalh'y'dr]a‘%?es'[ TER e N&&arﬂgz 820pi um
sul fate776. 3%&%&@'@5&&&%@%@ 7&%&%1’@7’1‘3%% (512 WGl test was.
performed to determ ne the fraction of bacteria ceﬁ% contgrnlng pl asm ds
and to deber nFeeneiet heratdioplasminbaar#SiHpdel | s grow on pl at es

contai ning, the inducer 2PTG the latter 10 indicating whether the

I d- d SCD I t ft tion.
00 (121 260( 1 PR el asE Lﬁee&tﬂ%r&%‘%iﬁqe%%‘?ﬁ&f SO s < he
total amount of 1@t LS, WPX BGHeSEAP! £3pFo Y pSS beaker was dri ed

overni ght at 105C, cool ed 1 n exsiccator an t hen WEI ghed on an 5 anal yti cal
scale. PCN can be calculated fromcorrelating the sizes (nunber of
basepai rs) oprhb9@etﬁ$ﬂ%arDMEbﬁid sm@%rﬁ@@%orqunmasrﬁldam

preparation, the, pel | et par at i on was resuspended in
150 ul sol utu%YwaJrf"te%% rﬂ%f J@%i%m 5350%61 Y30 pH 8.0) 200 ul
SDS was addedi €190 B SPS solutlon (ICN Blochenlcals) 50 pl lysozyne (Sigma)
was added, the preparation was m xed and i ncubated for 10 mn at 37C, the
sol ution
pTZ19U0 (available from MBI Fermentas, catalogue number
#3SD0161; GenBank/EMBL sequence accession number

Y14835);

pBluescriptIIKS(-) (Alting-Mees et al., 1989;

15 GenBank/EMBL sequence accession number X52329);

pBluescriptII KS(+) (Alting-Mees et al., 1989;
GenBank/EMBL sequence accession number X52327);

pBluescriptII SK(-) (Alting-Mees et al.,
1989;GenBank/EMBL sequence accession number X52330.

20 pBluescriptIl SK(+) (Alting-Mees et al., 1989;

GenBank/EMBL sequence accession number X52328).

With regard to the protein of interest, there are no
limitations in terms of sequence, as long as the
expression of the plasmid in E. coli renders a

25 functional protein.



15 honogeni zed by vortexing. The sanples were stored on ice until
fluorescence neasurenent with a spectrofluoroneter (H tachi F-2000). For
det er m niwg okhseamount of plasnmid DNA, the DNA in the cel pcpaipbeiizwas
purified with the G-X kit (MBI, 20 Fernentas) according to the supplier's
instructions, with the follow ng nodi fi d&ions: after the lysis step a
known amount (~2 fig) pUC 19 was added as internal standard. Elution of the
DNA in 50 ul water was followed by a linearization of the plasmd with H nd
S o oL ! BBl G S| Ml d "SRG O cHOeshad DA was
transferred to e viral for capl IYary e ect rophoresis, avol di ng a=r

bubbl es. The eammhesg vieurean aadezh i nipe rakiald elamiterse Wes aaed. ary was
calibrated by flushing with buffer 30 for 15-20 m n. Absorbance detection
occurred at 2O0PThiA AFRFET0D FARDXADG dildde GHPay 2 Ay melibdiesi s t he

capillary wa%z‘lweﬁrmﬁtb R died 1 AN S LY @ Ru e whiMR W23l The
anount of chronobsonmal DNA was cal cul ated by subtracting the anount of

pl asni d DNA/ my BOM faroima hecida andONGs cxﬂite@rﬂe’d”rg.rBDMtAxa tchyet et of
internal standard add kno uld according to 5 Breuer et
al . (1998), be Tt e&g%% “”*r oﬁkﬁr gg%f%dr mul as: PCT/ EPO1 /1120 22
Plasm d DNA in sanple = Internal standard added x Measured plasm d DNA
Measured internal standard 10 PCN = Chronosonal basepairs x Amount of

pl asm d DNA /Aryg B & bslni b basepldl rtchat And wimpeft idireo nischredc 1BNA / ng BDM
For determ nation of the anpunt of SAD, capturing antibodjes (SCD

monocl onal antYRodjt &TTHHES Sﬁﬁiilbea\}a?qdablﬁfeffretﬁﬁ%(/opcas‘tqjal L%B-’@rlatsorr es
Ltd., UK) werg 15 diddtedr 15400 4 npgpats Ng dus)f ers&@cﬁ%lpgs{rrﬂ Mo £ ul - of

drluted anti body sol ution were transferred to each well on mcrotiter

pl ate, iASubat¥iblat aC xkmoneghta skraitng.oom tenper ature for at |east 2
hours. The plate was washed tree tinmes with washing buffer and the buffer
20 renoved by knocking the plate gently. Sanple and standard were diluted

in 1:2 steps £0 ut er ent
di lution wer eﬂ%/ra erred %by ro % tﬂoho%qﬁ)g‘legstnetq}tbslg) coa ed%{!L ddeefsfand

i ncubat ed fortd ahdmsstatcebbnt:tmm@maxtaﬂ evit2b thee q:}tpatessrmt waﬁ:hmi with
washi ng buffer. te :b%;y ) d|| ted 1:500 in dilution buffer

( Por st mann etcaalfryl g@')e mo% 4Y9r2. 10 23 Mutati ons
within the origin of replication are i nd| cated in Table 3 (the table lists
t he changed positions , the nunbers referring to the conplete Col E1

sequence accorsh ngrd s PO 53t KPaNhadHe) 'strain, any conventional

15 technique may be used, e.g. electroporation or calcium

chloride or calcium precipitation.

In a further embodiment, the present invention relates
to a method for producing a recombinant protein of
interest, wherein a E. coli host cell is transformed

20 with an expression vector having a ColEl replication
system with a mutation in one or more loops of the RNAI
and RNAII gene, grown under suitable conditions and the
protein of interest is recovered. The invention
accelerates recombinant protein production process

25 development by providing a tool for compensating the
interference resulting from expression of recombinant
proteins with the host metabolism. The method of the

invention is particular adventageous in fed batch



5 Table 3: 692G ~ C694T-~ AB95A-~ T696C ~ HBI7C ~ GBI98A~ T699A~ T700C ~ G
The fernmentation process using the plasmd in E, coli HVMS 174 (DE3)

PETI I achS§@opsooghown in the figure. The 10 total and specp&rmpproduction of
t he reconbi nant protein (SOD), along with the production rate, gp, is
shown. Al so shown are the total bacteri &6 dry matter (BDM) and the plasnid
copy nunber (PCN). As opposed to standard processes (e.g. as described by
15 Cserjan-Puschmann, 1999), it was observed that the PCN is kept r at her

constant even.after |nd ction. at_the .45¢"

PCT/ EPUL/ 112 %‘i‘l Héezptlah spuﬁotceaso eE{]he I?ocﬁn{%g:;étssseasnx}g[eh sm d copy
nunbers are sguydtioch td’ﬁ-l‘ riud o 08 g ﬂéabicmpcn.ed:etrdm:rma armmeatsem;f[ h] CFU
‘[mM-1]CFU on anpicillin pIatePIasn1d carrier [9% TPTG i nsens, plasmd

carri er PON31553eg0s, 3 f0B9Y 3P 1ot 61y PYBRERNGE $6x IethbdR ted6, 67x10650
4148454246382&'}130@@‘31&10%ﬂ%%%@%@%%@%@%@%%&193( 10401, 43x1010

75, 701, 38x1063
5 time and thus result in higher biomass production and

overall process economy than classical batch processes,
a stable and regulatable expression system i1s required.
This need can be beneficially met by the use of the

expression vector of the invention.

10 Furthermore, since alterations of the sequence of one
or more loops of the ColEl RNA I and RNA I can serve to
drastically increase plasmid replication rates, the
vectors are very useful for production the production
of plasmids, e. g. for use in gene therapy. The

15 advantages of the present invention lie in the
possibility to decrease the stability of the so-called
RNA I/RNA II "kissing complex" and thus to enhance

plasmid replication rates.

20 Example 1

The plasmid used in the experiments was pETlla
(derivative of pUC19 from Stratagene). This plasmid
contains the beta-lactamase gene for ampicillin
resistance. The recombinant protein expression in this
25 plasmid is controlled by the efficient T7 RNA

polymerase. The lac operator is situated between the T7
promoter and translation initiation sequences. This
results in repression in the absence of the inducer

IPTG. The pET1la-SOD plasmid contains a cDNA gene



5 WO 02/29(11 7 25 Exanple 2 PCT/EP111/112.t0 The plasm d used in the
experinments was pETI| a-SOD as described in Exanple 1. The bacterial strain

used for wbaspvgd7propagati on and 5 expression of SOD was beghaoi/eRu@ col i
HVS174(DE3), as described in Exanple 1. All manipul ations of bacteria and

pl asmi d DNA were carried out as describdd in Exanple 1. Qigonucl eotides
and enzynes were obtained fromthe sanme sources as described in Exanple 1.
10 Primers used were petlla-Sca-1-for (SEQ ID NO:5), petlla-AlwN-1 (SEQ ID

NO: 6), petlla-Xba-Z-back .(SEQ TD NO: 7)_ and RNA-I-randonXha-I-back (SEQ ID
NO: 8). To scrci%qti”f%r’??lhé”t?esrt TR te?ﬁoﬁ‘etlﬁb Wn gﬁ%ar’f ferent clones,
two appr oachesupyer &k Lse i b thseSelr8an)on Dfhicplllys seiidbla hizgh yasni d copy
‘nunber Cells with a high PCN shoul d have a hi gher resistance agai nst

ampici | |in. Thidgioldt RFokRidt f d waSmbing afishs L Blbgdy igethan-dicstic

cont ai ni ng ei r r APiGidd | %Q!ﬁs of the I0Ong/m
LB—Anp-pIate:§%?@g%%%ﬁ%% éﬂhggghg%é sedﬁg%%éﬁg%§89§§gi e result reveal ed
7 cl ones bsee(Jsdt pard) Pusadhmeatre ei fofler,erit998)t.h regard to the sequence of

loop 2 of RNA I and RNA I1. WO 02/ 291117 26 Table 5 PCT/ EPO1/112~0
RNAI | RNAI Col E1 Mut 1ATCTACATGTAGATCol E1 Mut 9ATCTACATGTAGATCol E1

Mut 2 TGGATACGTATCCACol E1. Mut 3TTCA | EL Mt 4CTGTATCGATA IE 1
Mut 5AACATCCGé@*ﬁ(3;1CA‘%%‘b"rﬁl t%@fg@%ﬁﬁﬁm Col E1
Mut 6 GCCTAGCCCRHAX LA &l Mt IOAGEHANIEHGACH 15 L is eaed S@EHNi ng criteria

was the stability of the plasm ds. Bacteria containing the plasm d pool

were cul tivat €Y ehaard NeEiat atl P untThiosiraidt dgs Wmtheti ¢ medi um
wi thout anpi Gil{yfl 444 efnd Y LR ARSSAAGT (G IRINGNA ik O BRPHexi mately 20

10 polymerase is essential for expression of the
recombinant protein. Transformants were selected on amp
plates (Antibiotic medium LB, containing 100 pg/ml
ampicillin) (Maniatis, et al., 1982)

The transformation technique used in these experiments
15 was electroporation using a Bio—~Rad Gene Pulser. The
primers were obtained from Metabion (Martinsried,
Germany) in the form of a vacuum-dried powder, which
was dissolved in water to obtain stock solutions with
the concentration of 100 pmol/pl. PCR was carried out
20 using a Thermoblock (T-gradient, Biometra, Germany)
with heatable cover Dynazyme EXT polymerase 1 u/pl
(Finnzymes), 10X Mg-free buffer and 10mM MgCl
(supplied) 1 mM dNTP, DMSO and distilled water.

Primers used were pETlla-1ll4back (SEQ ID NO:1),

25 pEZlla656for (SEQ ID NO:2), RNAI-Ncoback (SEQ ID NO:3)
and RNAI-Nco for (SEQ ID NO:4). Restriction
endonucleases, Lambda markers, T4-Ligase, Calf
intestine phosphatase, were obtained from MBI-Fermentas

and used according to their recommendations.



10 generations) bacteria fromthe | ast passage were spread onto a LB-anp
plate to select for the bacteria that still contained a plasmd, single

col oni es weremiceked for sequence anal ysis. WO 02/ 29017 pPEPePUbLdL12~U 27
The result of this screen is shown in Table 6: Table 6:

RNAI RNAI | RNAI RNAI | Col El Mut | | TTATGAGCTCATAACo! El Mut 41 CACCCAATTGGGTGCol El Mut |
2TTGCCACGTGGCAACoI El Mut 42GCGGAAATTTCCGCCol El Mut | 3CTTACGATCGTAAGCol El Mut 43GT
GTCAATTGACACCol El Mut | 4CATGCAATTGCATGCol El Mut 44 TCGCCNGCNGGCGACo! El Mut | 5GTGAC
AATTGTCACCol E|,Mut 45T GCN Col _El.Mut.l. IT | El Myt 46 TTTCCCGC
MGl Bl M GO XTI BT REo &R CGCCTAGGC

GAGCol El Mut 4§l FIAKTAREAGN ] MU , 9 AGEECETAGASGCTGaltl My 4BRCT TGCCGECAAGA
-Col El Mut 20TTGGTAGCTACCAACo! El Mut 50 TTGGTACGTACCAACo! El Mut 21 ATAGCAGCTGCTATCol

El Mut 51 TCACCAMSIEEIENCH & viR DLET GRONEAECFCAACItE! e MOT&IGEATTCGCGCECol El M
ut 23TTGGTA Col El T | ,Mut-24 TTAGCGTACGCTAACo! El Mut 5
'4CTGAACTAGTTE§J%?%EI %t%%%&%%t% ATGGGEECol El Mut 26TT
GCCATATGGCAACo! El Mut 56 CCCCCATATGGGGG WD 02/ 29017 28 PCT/ EP111/112. 4U

Col El Mut 2 3GATFREKT GRATIGAAGR E  Niites AMPLBECEACHAAAGE Bl aViph @@ ERT TABGGCGAAAACO|

El Mut 58TTW€OI | Mut 29T, mmol El Mut 59TT Col El M
ut 30CATTCGAT T @G&C%Aﬁk EERY G CCol El Mut 6
1 TGTCCAGCT GGALAGO! il M C&I@' @@%@MWW@WI El Mut 33AC
TCTAATTAGAGTCol El Mut 63AlééCAAA TT%I El Mut 34CTTGGAATT GCol El Mut 64TGGGT
AGCTACCCACo| Etedit sHavit GEREThCAGGEGAAGACH Bl .Nut 36 TTGGTGTA
CACCAACo! El %W . 37 T%’@%ﬂ« | El Mut 67 TTGGTAGCTAC
CAACol El Mut 3 %ﬂ%&éﬁ 1Bl ts%‘&?éTCAATTGACAT
The fer neot orN@Ansbracees Soit e Sextsad o) ikl Eigigeerd Weirsk tdfe SafemSr

described in Exanple 1., Feed nedia and 5 growmh rate were the sanme as
described in %Wjélaﬂl.%'e %%rﬂ&e&%ﬂ%éﬁ%d’%!%ul ated as descri bed
in Exanpl e 1.sJhe hehaviows wfq il Jpne Gy dias Wnldudegayd to their
PCN was characteriZed in fed batch cultivations. The .results of prom sing
candi dat es arerypiam¢ 12Q MG RENERIY T/dl xd) 2g showrawtiTal] ehg the PCN
Tabl e 7 uni rtiiten Pt SR COMPEIs ed RAAERSIE S ©

Shcol El w54 129 98 God = Mk Sinmile 560 o] B Muittsdle3 6243380 ColBd tMi54346393 The
clone Col El Mut9 (and Col| El Mut|, which has the sanme sequence) turned out to
be a very pr ANSIhPEmRHaaeidnt fhefhch sy otiddt itde sams &Mk opy nunber
of 750 10 v eprasent staf aPPogidift Glerd Aidldt IYRANR ah AL O the
wild type Col E1 plasmd.

water separately. The glucose solution was filled out

with distilled water to 300g and autoclaved separately.

20 Subsequently all but the glucose solution were mixed
together in the given order, and filled out with
distilled water to 3700g.



PCN of C one Col El Mut 22 was al so higher (factor 2.5).
cl one Col El Mut 54 coul d be benefi ci al

to a | owewoliR/w®mtrabol i ¢ | oad.
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2 1 Yeast extract

3 5 Tri-Sodium citrate dihydrate

3 2 Magnesium sulfate heptahydrate

4 0.2 Calcium chloride dihydrate

5 1000 Trace element solution [ul]

6 80 Copper (II) chloride dihydrate [mg]

6 64 Zinc sulfate heptahydrate [mg]

7 9 Ammonium sulfate

7 7.4 Ammonium chloride

8 66 Glucose Monohydrate
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The Koch test was performed to determine the fraction
of bacterial cells containing plasmids, and to
determine whether the plasmid-carrying cells grow on
plates containing the inducer IPTG, the latter
10 indicating whether the plasmid-carrying cells produce

SOD in "normal" amounts after induction.



Clains PCT/EP(11/112~(1 1. An expression vector having a Col El replication
system wherein the honol ogy of the RNAI and RNAII 5 of the Col E1 origin of
replicat iypg oboggficharged tRNAs is nodified by one or norepgwErti/anf i n the
codi ng region of the RNAI gene and one qr nore correspondi ng nutations in
the RNAII gene, said nutations) resulti @é in one or nore base 10 exchanges
in loop 1 and/or loop 2 and/or loop 3 of RNAI and RNAII. 2. The expression
vector claiml1l, which is derived froma vector selected frompMl, pBR322,
pUC 18/ 19, pTZI9R, pTzI 9U, pBl uescriptl]l KS( +/-) 15 and

pBl uescri pt | ITHg ha-C)teISLalTHEf}emﬁés SiBOH) v Sdtves dhec lt@itall ampvdteiod sai d

mut ation reswyts fdt @ decrease or abolishment of RNAI/RNAII homol ogy to
uncharged tRNAS. 4. The expression vector of claln13 wherein said 20
mutation is in | oo 2 of and RNAI | . The e sion vector of claim
4, wherein | J6F 23 FGAP dqqgiqs%:?%ﬁﬁﬁq|%§f %f WﬂqQﬁéﬁﬁ at
‘essentially 105 °¢nwmceﬂeecsaquefmu&tommmreess«emgmmmf aof claimb5,
wherein six aof 25 .seven es of loop 2 are replaced by their ' respective
conpl enen ary rbazl tlc sﬁ%@ expression vector of claim®6, wherein |oop 2 of
RNAI contains the sequence TGTAGAT in place of the wldtype sequence and
wher ei n | oop ELNfecaRNAe calymlgpyezh from pOREREIN the 33 zamt ai ns t he

sequence ATCTAlfnldY M@%ﬁpél Widsd HED @ eTRAMRNGMA &ndlhLXPr essi on
vector of claim6, wherein ["'oop 2 of RNAI cont ains the sequence CTGAACT in

place of 5 tHa@Mif ¥ sequence UUGBUAG and wherein | oop 2 of RNAII
contains the sequence AGITCAG in place of the wild type sequence CUACCAA
9. A bacteri @ohagstaseid tbmarmf@armi:Mrt h theveeildr pefllany fowen of clainms 1

(0.5 000 H P Shelet SRl A B fobliy i e

(50 mM glucose, 10 mM EDTA, 25 mM Tris-HCl pH 8.0) 200
nl SDS was added (0.5% SDS solution (ICN Biochemicals)
50 pl lysozyme (Sigma) was added, the preparation was
mixed and incubated for 10 min at 37°C, the solution

15 homogenized by vortexing. The samples were stored on
ice until fluorescence measurement with a
spectrofluorometer (Hitachi F-2000).

For determining the amount of plasmid DNA, the DNA in
the cell pellet was purified with the GFX kit (MBI,

20 Fermentas) according to the supplier’s instructions,
with the following modifications: after the lysis step
a known amount (~2 npg) pUC 19 was added as internal
standard. Elution of the DNA in 50 pl water was
followed by a linearization of the plasmid with Hind

25 III for 1 hour at 37°C. The sample with the
restriction-digested DNA was transferred to a sample
vial for capillary electrophoresis, avoiding air
bubbles. The samples were loaded into an autosampler.
The capillary was calibrated by flushing with buffer

30 for 15-20 min. Absorbance detection occurred at 260 nm
and 280 nm by a diode array. After the analysis the
capillary was flushed with buffer and stored at 4°C.



12. The use of the expression vector of claim7 for producing a reconbi nant
protein of interest in 15 E.coli. 13. The use of the expression vector of
claim 8 fwoopp@duci ng plasmd DNA in E coli. 14. A net hodrCoEPPIOAUCI Ng a
protein of interest, wherein a vector of any one of clains 1 to 7, 20 which
contains the DNA encoding the protein o;?e?fr atively linked to expression
control sequences, is transfornmed in a bacterial host cell conpatible with
the Col E1 replication system the host cell is grown under suitable

conditions and 25 the protein of interest is recovered and purified.
.A3LL. A" . AFL. WGLLaHm‘LntA%fr FropT SWpy RNAL MR (CIA DR LRIEENAY . A9. A, As” . AsL.

AL. A9. AS9. AQ. ASS: Al AR thd ADuO o AR ATE.ADNA A M from the

T Ay -

BCD0K} xsni d_2jaajaoa] oaam] ce s dimaial el aaicdmaldalajoaia] oaj ca) cal cal
cal cal ca] gal cglgalealeal£al A6 CAlE AL culatedby the following

formulas:

Internal standard added

Plasmid DNA in sample = :
Measured internal standard

x Measured plasmid DNA

Z Chromosomal basepairs x Amount of plasmid DNA /mg BDM

10 PCN= , .
Z Plasmid basepairs x Amount of chromosomal DNA /mg BDM

For determination of the amount of SOD, capturing
antibodies (SOD monoclonal antibody clone 30F1l1
availably from Novocastra Laboratories Ltd., UK) were

15 diluted 1:100 in coating buffer (200 pg/ml). 100 pl of
diluted antibody solution were transferred to each well
on microtiter plate, incubated at 4°C overnight, or at
room temperature for at least 2 hours. The plate was
washed tree times with washing buffer and the buffer

20 removed by knocking the plate gently. Sample and
standard were diluted in 1:2 steps by pipette robot on
dilution plate. 50 pl of each different dilution were
transferred (by robot) to the antibody coated plate and
incubated for 1 hour at room temperature.

25 The plate was washed with washing buffer. Conjugated
antibody was diluted 1:500 in dilution buffer
(Porstmann et al., 1988).
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Fermen CFU CFU on Plasmid |IPTG insens.| PCN
tation [ml-1] ampicillin | carrier plasmid
time plate [%] carrier
[h]
9 9 7
31 | 5,5x10 5,13x10 93,33 1,12x10
37 |1,98x107%] 1,96x10%0 | 98,99 6,67x10°% | 50
a1 48
45 42
46 38
a7 |3,03x10%°%] 2,66x10%° | 87,60 1,63x10° | 45
48 a4
50 51
52 |1,89x10%%] 1,43x101° | 75,70 1,38x10° | 34
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10! ~I 4M 10%&'The 4% ) -dt5% i L% (or! 39 a SmliP/& {opad@%s @rdL$10%& ()
- 66666, 6§7depres31on of SOD was Escherichia coli HMS174(DE3), as
described in Example 1. All manipulations of bacteria
and plasmid DNA were carried out as described in
Example 1. Oligonucleotides and enzymes were obtained
from the same sources as described in Example 1.

10 Primers used were petlla-Sca-I-for (SEQ ID NO:5),
petlla-AlwN-I (SEQ ID NO:6), petlla-Xba-I-back
(SEQ ID NO:7) and RNA-I-randomXba-I-back (SEQ ID NO:8).

To screen for the best candidates in the pool of

different clones, two approaches were used:
15 1. Selection of cells with a high plasmid copy number

Cells with a high PCN should have a higher resistance
against ampicillin. The pool of bacteria was plated on
LB-agar petri dish containing either 0,1 1 or 10mg/ml
ampicillin. 10 colonies of the 10mg/ml LB~Amp-plate

20 were picked and the sequence analysed. The result
revealed 7 clones (see Table 5)that were different with
regard to the sequence of loop 2 of RNA I and RNA II.
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ColE1Mut1 ATCTACA TGTAGAT
ColE1Mut9 ATCTACA TGTAGAT
ColE1Mut2 TGGATAC GTATCCA
ColE1Mut3 TTCACCC GGGTGAA
ColE1Mut4 CTGTATC GATACAG
ColE1Mutb AACATCC GGATGTT
ColE1Mut7 AACATCC GGATGTT
ColE1Mut8 AACATCC GGATGTT
ColE1Mut6 GCTAGCG CGCTAGC
ColE1Mut10 ACTGAAG CTTCAGT

The second screening criteria was the stability of the

plasmids. Bacteria containing the plasmid pool were
cultivated in shake flasks at 37° until OD=2 using a

synthetic medium without ampicillin. After three

passages (corresponding to approximately 20

generations) bacteria from the last passage were spread

onto a LB-amp plate to select for the bacteria that

still contained a plasmid, single colonies were picked

for sequence analysis.
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RNAT RNATT RNAT RNAII

ColE1Mutll (TTATGAG |CTCATAA ColElMut4l |CACCCAA TTGGGTG
ColE1Mutl2 [TTGCCAC |GTGGCAR ColE1Mut42 |GCGGAARA TTTCCGC
ColE1Mutl3 |CTTACGA |TCGTAAG |ColEIMut43 |GTGTCAA |TTGACAC
ColE1Mutld |[CATGCAA |TTGCATG ColElMut44d |[TCGCCNG CNGGCGA
ColE1Mutl5 |GTGACAA |TTGTCAC ColE1lMutd5 [TCGCCNG CNGGCGA
ColE1IMutl6 [CCGACAA |TTGTCGG ColE1lMut46 [TTTCCCG CGGGAAA
ColE1Mutl7|GGGGAAA |TTTCCCC  |COlE1Mut47 |TACCCCG  |CGGGGTA
ColE1Mutl8 |CTCGCCT |AGGCGAG |ColEIMut48 |TCGCTAG |CTAGCGA
ColE1MutlS |[AGGCCCT |AGGGCCT ColE1lMut49 [TCTTGCC GGCAAGA
ColE1Mut20 |TTGGTAG |CTACCAA ColE1Muth0 [TTGGTAC GTACCAA
ColEIMutZ2l [ATAGCAG |CTGCTAT ColE1Mut51 |TCACCAC GTGGTGA
ColE1Mut22 [TTGAGAT |ATCTCAA |ColEiMut52 |CCGCGAA  |TTCGCGG
ColE1Mut23 | TTGGTAG |CTACCAA ColE1lMut53 |ACGCAAA TTTGCGT
ColElMut24 [TTAGCGT |[ACGCTAA ColE1lMut54 |CTGAACT AGTTCAG
ColE1Mut25 [TTCTGCT |AGCAGAA |COLE1Mut55 |CCCCCAT |ATGGGGG
ColE1Mut26 |[TTGCCAT [ATGGCAA ColE1Mut56 ([CCCCCAT ATGGGGG
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ColE1Mut34 |CTTGGAA |TTCCAAG ColElMut64 |[TGGGTAG (CTACCCA
ColE1Mut35 |CCCCCAA [TTGGGGG ColEIMut65 |TCTTCAC GTGAAGA
ColE1Mut36 |TTGGTGT |ACACCAA ColE1Mut66 |TTAGCAC GTGCTAA
ColE1Mut37 |TTGCAAT |ATTGCAA |[ColEl1Mut67 |TTGGTAG |CTACCAA
ColE1Mut38 [TTGCGAG |CTCGCAA
ColE1Mut39 [TGGTCAG |CTGACCA
ColE1IMut40 [ATGTCAA [TTGACAT
The fermentor and accessories used in this screen were
the same as described in Example 1. Feed media and
5 growth rate were the same as described in Example 1.

The PCN was determined and calculated as described in

Example 1. The behaviour of the clone candidates with

regard to their PCN was characterized in fed batch

cultivations. The results of promising candidates are
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shown in Table 7; the PCN of different clones is shown
for the uninduced and the induced state.

Table 7:

uninduced| induced 3h { induced 5h
ColElWT 54 129 298
ColE1Mut?9 750 2560 600
ColE1Mut22 136 243 380
ColEl1Mut54 34 63 93

The clone ColEIMut9 (and ColElMutl, which has the same
sequence) turned out to be a very promising candidate
for plasmid production. A plasmid copy number of 750
represents an approximately 1l4fold increase, as
compared to the wild type ColEl plasmid.

PCN of Clone ColElMut22 was also higher (factor 2.5).

The lower PCN of clone ColEIMut54 could be beneficial
for recombinant protein production due to a lower
metabolic load.
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1. An expression vector having a ColEl replication
system, wherein the homology of the RNAI and RNAII
5 of the ColEl origin of replication to uncharged
tRNAs is modified by one or more mutations in the
coding region of the RNAI gene and one or more
corresponding mutations in the RNAII gene, said
mutation(s) resulting in one or more base
10 exchanges in loop 1 and/or loop 2 and/or loop 3 of
RNAI and RNAII.

2. The expression vector claim 1, which is derived
from a vector selected from pMBl, pBR322,
pUC 18/19, pTZ19R, pTZ19U, pBluescriptIIKS(+/-)
15 and pBluescriptIISK(+/-).

3. The expression vector of claim 1, wherein said
mutation results in a decrease or abolishment of
RNAI/RNAII homology to uncharged tRNAs.

4. The expression vector of claim 3, wherein said
20 mutation is in loop 2 of RNAI and RNAIT.
5. The expression vector of claim 4, wherein loop 2

of RNAI and RNAII is modified by a mutation of
essentially its complete sequence.

6. The expression vector of claim 5, wherein six of
25 seven bases of loop 2 are replaced by their
respective complementary bases.

7. The expression vector of claim 6, wherein loop 2
of RNAI contains the sequence TGTAGAT in place of
the wildtype sequence and wherein loop 2 of RNATI
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10 10. The host cell of claim 9, which is an E.coli cell.

11. The host cell of claim 10, which is a cell of
E.coli strain HMS 174.

12. The use of the expression vector of claim 7 for

producing a recombinant protein of interest in
15 E.coli.

13. The use of the expression vector of claim 8 for
producing plasmid DNA in E.coli.

14. A method for producing a protein of interest,
wherein a vector of any one of claims 1 to 7,

20 which contains the DNA encoding the protein
operatively linked to expression control
sequences, is transformed in a bacterial host cell
compatible with the ColEl replication system, the
host cell is grown under suitable conditions and

25 the protein of interest is recovered and purified.



