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Expression vectors with modified ColEl origin of
replication for control of plasmid copy number

The present invention relates to improved expression
vectors having a ColEl origin of replication system,
for the production of recombinant proteins and plasmid
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.

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.
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
plasmid copy number (PCN), the number of plasmids in
the cell carrying the gene coding for the rgcombinant
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

havi ng a
ColEl

and/ or

hi gh plasm d copy nunbers can be
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- replication for control of plasmd copy nunber 5 The present invention
relates to i nproved expression vectors having a Col E1 origin of
replication system for the production of reconbinant proteins and plasmd

10 DNA. Thewip@nefs;f ernentation processes with genetical LyopRdidhed

m croorgani sns (GMO) for the production of reconbinant proterns of
interest or for producing plasmd DNA hds becone w despread in industry.
15 when optim zing a fernentati on process the nagjor goal' is to obtain as
much product as possible, with good quality, in a cost-effective way. To

achieve this, the +pwol.u ' yehLyit [ ' of product
formed per vol une and t?%%%iﬁ% éggioahg'éﬁ?Pﬂgggﬂsg%gé actg%€ Wi th great
i npact on the opt¥arizanitohedtd deesyergrpredridn ofatke peecodiimant i.e. the

amount of cells ab! 8108 POAAYEAGLE NS AAGUEL, ?%get%osg%ﬂamity of

protein each ce?f can produce. To a certain I'imt, ction capacity
per cell is properrddonarveen tie 2xppeashénl dophenvebenbi{REN), the nunber of
plasmds ingth | Iyl e .coding. for the r i nant

pr ot ei n. Furthegﬁ%%g? %ﬁé %%?gﬁﬁﬁthgegﬁg’g?b%?@??%%%%% %@éaen1for t he
reconbi nant proveigh iis topostmmg, WALLesosordeagr bood odspkrtdoncak and do not

take full advan{}?@‘?ﬂe%%b%:[&@&%%c@@, O%E&O%sﬁus in cell death.

Recently, the use of plasmid DNA in the field of gene
therapy has become the focus of a whole new industry.

10 Therefore, sufficient amounts of high quality plasmid
DNA are required. In plasmid production processes, no
recombinant protein is produced, instead, the cell
factory is exploited for plasmid DNA production.
Extremely high plasmid replication rates are necessary

15 in order to achieve this goal, whereby the host cell
has to accomplish tasks that differ From recombinant
protein production.

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 Colkl 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 elongaticn
and after polymerization of about 550 nucleotides

30 begins to form a hybrid with the template DNA. The
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~and | ead to overexpression of the reconbinant protein. Since the netabolic
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protein and the host protein, an expression system which is too strong,

W Il soon | gafhhehe depletion of the nmetabolic resour Ce%crff_@d'iﬁﬁd esults in
cell death. Recently, the use of plasmd DNA in the field of gene therapy
has becone the focus of a whole new indu8try. 10 Therefore, sufficient
anounts of high quality plasmd DNA are required. In plasm d production
processes, no reconbinant protein is produced, instead, the cell factory

I's exploited fos,oasm-de PNGAQIYEhT O8hmi BXLLCHE é(r@e%q%'sﬁgn; 4
replication rates are necessary 15 in order to achieve this goal, whereby
the host cell a&fHen dyhesdnfrunsitipaskise (MBI Idpreprifenms sdoabehant

protein productyphysEQr yghagt £ h@g@; j r s, Elypl asm ds
have been suggess'?ed_ E}lr;‘sni nly. becxlgﬁlste hi g p‘??g%ﬁgpc‘g%%?%érﬁun%e%%@can be
obt ai ned usi ng tSHiMinggst WhiclogisERcpeashi lds feav BNbeprlymererssi Vel y descri bed

previously a ; , ) 7 ;a0 h.cat i ) IS f Col E
.origin of r éﬁi {:Taﬁlg%lwﬁés%%%@n L\';'\'gl Ehégﬁuﬁélf?gh%%ésg?%lﬁ%ﬁéh fg?u?ggl) :
Replication frdinldsky,CoPEd) pl asnmid starts with the transcription of the
preprimer RNAII, 555 bp upstreamof the replication origin by the host's
RNA pol ynmerase (Tom zawa, 1985). RNAII folds into specific structures

during el ongatimnr C@u;ﬂlaf_»é@iorp@bﬁﬁsiﬁgaiv&d)%r%oa@@y.t @ nychgotides 30
begins to forma hybrid with the tenplate . The
antisense RNA molecule of 108 nucleotides, which is
transcribed from the second promoter on the opposite
10  strand and is complementary to the 5/ end of RNAII.
- RNAI is transcribed from 445 bp upstream from the
replication origin, to sbout where the transcription of
RNAIT starts (Merlin and Polisky, 1995; Tomizawa,

1990).

15 For regulation of plasmid copy number in ColBEl
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 RNAIT

25 structures and kinetics of RNAIT folding pathway
(Gultyaev et al, 19%5).

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
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term nates heterogeneously and after hybrid formation the RNAIl prepriner
is cleaved by RNase Hto formthe active priner with a free 3 OH

term nus, which is accessible for DNA polynerase | 5 (Tom zawa, 1990;

Li n- Chao an 1991; Merlin and Polisky, 1995). Th gi on
cont ai ns twgmﬁggﬁggers. RNAI is an antisense RNA nnlecu?g Ohﬁ?&%ﬁ

nucl eoti des, which is transcribed from the second pronoter on the opposite
10 strand and is conplenentary to the 5 end of RNAII. RNAl is transcribed
from 445 bp upstream fromthe replication origin, to about mhere t he

transcription ofo; RNALl StAELS iRy %geaggmf “EF*haﬁigéiﬁ&@- wa, 1990).

15 For regul ation of pl asnld copy nu t he kinetics
i s nmore inportaftis mencnenceqed M conphred wridd tﬁerseﬁ&ﬂqﬂoe asome nut ant

strains W th nuatdQRs Jispthe, ;1 %tﬂ&ﬂg& [ cing the regions
conpl enentary to RN&] Fesﬁ It In égPegsed |n%%%|§| q& RNAI. This is

probably due toﬁ%ﬁﬁﬂﬁﬁmong where e mekipbelbd naﬂﬂmrnedlaraad%n&eseductures,

decreasi ng the fd g JosBYWALLsHsceptibility, and hence resulting in
increased plasm d copy nunbers. This finding. suggests the inportance of

internmediate RNAIl 25 structures and kinetics of RNAII folding pathway

(Qul tyaev et al %?%5 It has been aobserved that starvation of am no acids
rd and Wegrzyn (1998) tested a strategy of

selectively inducing starvation of five different amino
acids. It was found that there is a positive
correlation between the homology of the anticodon loops

10 of the tRNAs corxesp0nding to the particular deprived
amino acids, 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 RNAIT-DNA hybridization fregquency
(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 RNAI and RNAII: Met
30 and Vval. All tRNAs have anticodon loops of



results i.n large amounts of tRNAs, which are not charged 24 Marchi2€08peci fi c
amno acid. (In the WD 02/29067 4 PCT/EP0111l240 follow ng, these tRNAs are
termed "uncharged tRNAs".) This phenonmenon can be conpared with the
situation at the tine after induction of reconbinant protein expression,
when the ne hicn resources are depleted, 5 as discuss W obel
and Wegr zyn 19}6%0)%7tested a strategy of selectively indggrﬁgﬁé 2é“r]vati on of
five different amno acids. It was found that there is a positive

correl ati on between the honol ogy of the anticodon | oops 10 of the tRNAs
corresponding to the particular deprived amno acids, and particul ar |oops

in RNAI and RNAY I, it MaSs @ -Lgﬁda}laaﬁa&g%' %g%we gharged tRNAs are

captured by the translation. ‘mechani sm t he uncharged tRNAs
coul d instead hayié &RFRankteneledomseitacRNAF + HhES hdghest npdrediglggswas he RNAI

and RNALI. Interagld 9n chetyuean, BNA 8agd RN 1q RGL ! sHiQil 1 mast pr obably

interfere with the interacti bet ween resulting in a
hi gher RNAI | - DNEeaplipgivdiz athe b 'f ragueficBNAT supposed that the t RNA
interacting with RNAIl does not 20 change the RNAIIl structure in any

drastic way)s Tée rdaathLer [ y | repl | ncy and
t hus a hi gher PCN.r Zaavach%%@;er%lllugg%os%%Q%S%ragoﬁga%g%ét%azgﬁgﬁggy
bet ween al |l 21 $RYAShangeRNANRNAWhICDY intremst #3th1thdonddiia hénol ogy

greater than 40910 8kt B’ o R K p1BMLds. THAY dhvboed idieseclato thr ee

categories:
due to the tRNAs’ sequence homology to three RNA-loop

structures, present in RNAI and RNATI of the origin of
10 replication, which leads to interference with the PCN
' control mechanism of the system. Thus, PCN inceases

rapidly and causes a breakdown of the fermentation

process.

To overcome these problems, WO 8%/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, 1t 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
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honol ogous to RNAII: f-Met, Try and Gy and c) tRNAs honol ogous to both
RNAI and RNAII: Met 30 and Val. All tRRAs have anticodon | oops of 21 March
2005 WD 02/29067 PCT/ EP01/ 11240 5 7 nucl eotides (H alt and Wagner, 1992).
In the case w Q tgyuﬁfponnjo ous to |, the thhest honol,ogy was found
in the regi on of T8 25 Whi ISP Howdd PERECSSHBRoF By 'n ifhe 5' end of
RNAI. 5 Starvation. cel lular stress |ead | ncreased pool s, of

unchar ged tRth%B&H%%ﬁw%n eﬁ%ﬁﬁ?cajgﬁ %Wﬁ?n%FPgﬁ% 5?®??gbﬁ?¢i%ﬁ'oﬁ of Col El
plasm ds. This | ti cur . 1o _the t '.S ence honol ogy to
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replication, which leads to interference with the PCN control mechani sm of
the system Thus, PCN inceases rapidly and causes a breakdown of the

fermentation piocess. 7o Guer 6TBCE NES&AQr OBl &S o, V0, 8901141 Suggest's an

15 expression vector having a replication system conprising a

mutation in i e, RNAkL 9EpE; ARTLAr LG, TAR AENG D ihe, 09aLe,1 | nCr ease

expression. This was achieved w thout substantialFy increasing plasmd

copy nunber. 2fysSiinCce]askactebhabe (& Rakation process is only efficient
when the system can be naintai ned over ‘an extended period of tinme and

since an increased plasmd copy nunber is one of the main factors that
cause collapse of the expression system it was an object of

To solve the problem underlying the invention, the
mechanism of ColEl-type replication was utilized.
Specifically, a genetic approach was taken to alter,
preferably decrease or completely abolish, the degree of
homology of the ColEl origin of replication to uncharged
tRNAs. In an alternative approach, a random library was
created in order to select for plasmids with altered

replication behaviour, e.g. high plasmid copy number.

Summary of The Invention
In one aspect of the present invention there is provided
an expression vector having a ColEl replication system,
wherein the homology ©f the RNAI and RNAII 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

- exchanges in loop 1 and/or loop 2 and/or loop 3 of RNAI

and RNAIT.
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prol ongued bacterial viability during fernmentation. In particular, it was
an object of the invention to provi déaan expression systemin which

pl asm d copy 21 March 2005 6 nunber, after induction of the expression
system is |limted with respect to uncontrolled anplification, in order
to keep the netlabébpthduraimecheddbvilicerhatefosagentiomddegef 4#t her obj ect of
the invention to increase plasnd replication rates and thus the yield of
~ plasmi d DNA i Prsivaded b grasdest pbmhqsitocebsdgrang fepnesd Wik prodtten
underlying the invention, the nmechanismof Col El--type replication was
utilized. Speddrediny, tax tgenétret A5prohch whs Lak¥H 0% ahfer, preferably
decrease or conpletely abolish, the degree of honology of the Col El origin
of replication ¥bogaetRryede#RNAs. In an alternative approach, a random
|ibrary was created in order to select for plasmds wth altered
replication behaviour, e.g. high plasmd copy nunber. Summary of The

I nvention In one aspect of the present invention there is provided an

expr essi on vectdr 2RaVeR aFPESIFEPT 1 E1R PESES YN ‘YSEER™ SFEFel® the honol ogy
of the RNAI and RNAIl of the ColEl origin of replicatian Lo unchar ged
tRNAS is nDdifiQﬁ?VBQEddﬂga6Fen8F€aﬁﬁF§ﬂgB%%Fi%#hPﬁEm@ﬁﬂfﬁbt 8gi on of the

RNA ene and one or.nore correspondj ng nmutations . in the RNAII ene, said
mutati on(s) reSHPERRTET ko5 SRDIEh ARV ehethBRGSATHIS Poop 1 and/or | oop
d

2 and/or |oop 3re%t) lnalmt aprJ]:otQiNre\léf interest in E.coli.

In yet another aspect of the present invention there is
provided the use of a particular embodiment of the
expression vector defined above for producing plasmid DNA

in E.coli.

In still another aspect of the present invention there is
provided a method for producing a protein of interest,
wherein a vector as defined above, 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 the

protein of interest is recovered and purified.

Detailed Description of The Invention
The present invention relates to an expression vector
having a2 CeolEl replication system, in which the homolegy

of the RNAI and RNAII of the ColEl origin of replication



21 March .2005 6a I n another aspect of the present inventi ct Maeh@0D§
provi ded a bacterial host cell transformed with a vector according to the
first aspect of the invention and en@iodi nents thereof. In another aspect
of the present invention there is provided the use of a particular

enbodi nent of the expression vector defined above for producing a

reconbi nant pr ¢beinchyfrdedt eNR&: lisnmEdebldd bynoyetorametrherutadpess of the
present invention there is provided the use of a particular enbodi nent of
the expressi oanvekt ogroddadi negiabofetioRNBodaes MPPPASNPEH N& in E coli.
In still another aspect of the present invention there is provided a

met hod for prodaeragperdingt Bitatgfonsnieridst RVAReIBINn §2¥@ctor as defined
above, which contains the DNA encoding the protein operatively linked to
expression coftiEarieefleneaslting dpapRY GYMEETE P DHEECRIRS Abst  cel |
conpatible with the Col El replication system the host cell is grown under
sui t abl e condi #P8Rs! AP/ CReloR ot éPA/oF 19rPerest T a28VBIEd -and purifi ed.
Det ai | ed Description of The Invention The present invention relates to an
expression vector having a Col El replication system in which the honol ogy
of the RNAI and RNAII of the ColEl origin of replication %#1Nhrch 2005 6b
to uncharged t NRASEFE nOWitAE &P by GABP DT SFoPE  uTdtd9ne® 9% he codi ng

regi on of the RNAI gene and one. or re .correspondi.ng mu i.ons i.n the
RN%II gene Sapgcregge and mutations ggat decreasephomolé%y o%aﬁﬁﬁ¥1and

RNATTI to uncharged tRHNAs.



mutation(s) resulting in one or nore base exchanges in | ddgMarchR00%r | oop

2 and/or loop 3 of RNAI and RNAII. The term "nutation" enconpasses
i ncrease and nutations that decrease honol ogy of RNAI and

rged tRNAs. 21 March 2005 WO 02129067 7 PC /EPO1/ 11240 In

‘mut ati ons that

RNAI | to unicha

bot h

order to ma | he secondary structure and nelting t at ure of RNAI
and RNAI | a?ﬂyﬁ &%2 possible in order not to inpair repI%EQ%WGHuothe
nmut ati ons are preferably conpl enentary base exchanges, i.e. A*T, T-),A

C-+G G>C nmutations. O her nutation(s) nay also be present, provi ded t he

mechani sm of

~according to

and, due to it

replication is not inpaired. As opposed to the ColEl vector
9/.0,/14 0 ins_ a tation jn the [l 10 gene
S %6@ %b%b %%%%%xﬁbn% seco? &Y BFg t%ﬁe(ﬁn he RNAI gene,.

t he vector of tmﬁﬂhmmmememparaUmﬁpmﬁsEﬁAB mmda@mdm BB meEﬂnding regi on,

nore specific
whi ch are honol

the | f b th RNAI
aéé%ﬁgﬁfolﬁncqggbeégigﬁiéﬁbﬁﬁff%%’6F8£m$%’l ention thus

gene,

provi des a novehuistirnanegyré opreltd riaddyat eyl emmitpulabesd hecdegyee, of

honol ogy and

ultimately tune the rate of plasmd replication. In
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of RIS GO hés AYmIFEgLsRd -

As opposed to the ColEl vector according to

WO 89/07141, which contains a mutation in the RNAII
gene and, due to its position, consequently in the
promotor of the RNAI gene, the vector of the invention
comprises a mutation in the coding region, more
specifically in the loop regions of both the RNAI and
RNAII gene, which are homologous to uncharged tRNAs.
The present invention thus provides a novel strategy to
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
structure of RNAT 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
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.

he




preferably not nore than two nucl eotides. The nutation(s) 2tdyarble 2805i ngl e

base exchange in either 25 loop 1,.1lo00p 2 or loop 3 or a single or any
nunber of - base exchanges, including all base exchanges, in loop 1 and/or

| oop 2 and/or |loop 3. 21 March 2005 WO 02/29067 PCT/ EP01111240 8
Preferably, ation(s) are in loop 2, which is the region with the

hi ghest hong%ggga#% uncharged t RNAs. The desired nutatioﬁgT'Hmpﬁﬁoloop(s)
of the RNAI and RNAII gene may be obtaimged according to conventional 5
mut ati on and cl oning techniques. In one enbodi nent, they can be obtained as

follows: starting fromeither the RNAI or the RNAIl gene or a fragnent

thereof as a tepgplate,.a P reacti.on i carried ou ich enp S as
primers two 10 © ?%%f%%Kky§§%$%ﬁ€Fé8Pﬁags?“%ﬁﬁ EPOBo%hW@%Fﬂyﬁﬁng%e
desired nut ati oné¢sdon Richetladlhighichse RGRI@®ACtoonntBafged WRiisep PCR | n

the first step, two overlapping fragnents are anplified, one of which
contains the desired nutation in the priner sequence between a 15

restriction sitepd hflsii-sqdest anedsf Qn €8, j r%ﬁﬂﬁa , and the
prinmer binding site. ﬁbxt, t he aﬁplifie% fr é%gn%geEF% |ge§%§d with the

rel evant restrRERiogeaazyae be idpirddednacamsdngsta campinitionad  t he next
PCR anplificati g SteR- 2h8 é{gﬁiﬁﬁt%gchﬁbﬁué@nﬁ 20 prinmers as in the first
e

step, which do not contain t new y-introduced restriction site, are
used, which have been selected to bind upstream and downstream of the
nearest uni que £r?5<§1{ei %t | 8Qirrsteirgte,s tihgyt ggniggio\gtglilgalad as follows:
starting from either the RNAT or the RNAII gene or a
fragment thereof as a template, a PCR reaction is
carried out which employs as primers two
10 oligodesoxyribonucleotides, one or both carrying the
desired mutation(s). Preferably, the PCR reaction is a
two-step PCR. In the first step, two overlapping
fragments are amplified, one of which contains the
desired mutation in the primer sequence between a
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 unigue 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 loocps



plasm d. .25 Due to the conplenentarity of the RNAI and RNA1IMgen&805 in the
preparation of the vector, both genes or fragnents thereof are equally
suitable as a tenplate for the PCR anplification. Wth the given
conplenentarity, any nutation(s) in one or nore |oops 21 March 2005 WO

02/ 29067 P 11240 9 of either of the genes will
CW(EF%‘% géwﬁh{lhgm& preferred

.corresponding "nmutation in the other, conplenentary gene,

nmet hod descri bed above, the priner cont abni ng the mutation(s) not only
serves for elongation by the 5 polynerase, but also as a tenplate for the
DNA pol yner ase t hus vyi eI ding the conplenentary strand containing the

mut ati on(s). h ene is u ed as a
tenpl ate, RNAII o% V\ﬁ% gfetn(?%a H:al ysugarry Jf}ﬁe coorr‘ﬁielsg :f%gfy
‘nutation. 10 Preftdliny inathé asiiied, cont@lieniengatrgegenti rim RNAI and  RNAI |
genes .i s used Iat er e ecul e encpdi ng the
entire RNAI %@?ﬁelr% ene ﬁ%?/d béeescuse aFKdveRNgyAaﬂﬁl%ﬁmagﬁ%% "Ser e
descri bed by T zrmmatebnab) rﬂcﬁ:??mlitSséwdméo@aseoﬁctmﬁloanbBNté]he or RNAI |

gene fragment is used_.as Iate thefr st_have a size that is
suf fi ci ent to RHCAGTA5Fr 8 1Lér’raénsto P Ut %I% tﬂ}g uence to be
nmut at ed, the prpotemexamsei, nghm tye edddng ti-mldm\@ﬂbmen’oﬂey Osrtrlaiﬁae restriction

sites. Preferab 20 the ne or (each of
them consisti n%c}/ﬁ P R3D OXI ma rﬁea&l?nﬁ%g oeﬁe é?gaﬂ%@“%h ®binding site
(approxi mat el y MhIhuwe] GUATLUegdne iiseusédiess a template, RNAII or RNAT

will automatically carry the complementary mutation.

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

Tomizawa et al, 1977.

15 1In the case that an RNAI or RNAII gene fragment 1s 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.



m nimal size of a suitable fragnent is approximately 25 t24 Kérch@20b&ot i des.
25 In a preferred enbodi nent of the invention, the nutations are sel ected,
internms of site(s) and nunber(s), with the aimof substantially changing
t he degree of honol ogy to as many uncharged t RNA species as possible. 21

March 2005 067 10 PCxYEEO1l/ 11240 Thus, in an enbqg] t he

i nventi on, hé]%ér?t%)’gi fication of RNAI and RNAIIl is carri eg%/gfﬂqéy% starting
froma nodification in loop 2, i.e. the imop wth the highest honol ogy,
said nodification 5 representing the exchange of as many positions as

possi bl e. By way of exanple, as shown in the experinent of Exanple 1, |oop

2 may be nodifi y stepl agj SJ j seven.nucl goti des, |eaving one
base (position ﬂg@sg ilrrrll g a%ljrnﬂ?%j%)e{gélg%etelﬁl alﬁ?’%tlﬁgm ) unchanged and 10
t hus avai | abl e mdigadicatobnt b RN eedt RIELT as sikteiedpoef éryably a Ncol
site. The bases .repl-aced heir,. .respective_coppl enentary bases. By
t hi s approach, sl‘fairg'elé?r !gggﬁh%ﬁybq%gycf’%l% Il%uﬁgﬁgraédl'? 38 ppe

conpl et el y abol#wktiledheThégkéstr ehontcliiogy 1 Ssajphmoadiipabibes a maxi mum

flexibility for.4 eplq:gg#c@ihé)n of aﬁ%r%e)l%it vari et ﬁeoftrecorrbi nant proteins

of interest | ndependent 0 2 FARP W TEQHeRRET 19 Farti cul ar

t hrough controlpwfsipllasnBy wepldic akaople e ntshiorhngncehd aspabiheédty duri ng
expression. In thigy.28:6a88 1 Blasmd 2P 1 Id:6aLL08, | S sublegt joply to the
of its seven nucleotides, leaving one base (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;
ig 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




control by the Col El specific replication nmechanismand iXiddpehd®®06 of
met abolic fluctuations of the host cell; in this case, plasm d copy nunber
remai ns essentially constant throughout the fernmentation process. 25

Alternatively to conpletely abolishing the honol ogy between RNAI and RNAI I

and unchar ga@é i22Mes, this honol ogy may be nodified, i.epchhesBasgd oOr
decreased, only to a certain desired degree. For sonme applications, e.g.

if the yield of the product is 30 unsatis¥factory because the potential of
t he expression 21 March 2005 WD 02/ 29067 11 PCTIEl' 01/11240 machinery is
not fully exploited due to the decreased plasm d copy nunber and thus

subopti mal andumdciinerR 8SMELS f1AeNExPOSALE Jauel toMBYe REcde3IsLAbI e to
increase expressjon rates by slightly increasing 5 plasm d copy nunber.
This can be achP &R Dyorydtw@gtyery Fapht Wanigdnad qaeers énol ogy to sone

unchar ged t RNAsp] ddhiRRl (gahaldds@qktl ¢ 1RMWAS, pEh@esseLeNGE, homol ogies for

speci fic uncharged tRNAs is known fromthe literature (Zavachev and
| vanov, 1988). HIFTAFISE SEPERTHPINERLEE Y bel igdflyl ineredsifiduenci ng t he

rate of protgi rpﬁé@ﬁi@eébﬁymetﬂ?atrh&@ecm%El%tch&éveﬁiwef present in the

formof inclusion bodies or in soluble form By way of” exanple, a certain
degree of pl asTRYXPAHIELY i Ralitodnday Pedidenas temofegyeltd cremef 15 i ncl usi on

bodi es, while awdiahtadeniansempyrtavelat e HLOLMpaGon ofesol uble
product. For some applications it is advantageous to drastically
sequence homologies for specific uncharged tRNAs is

known from the literature (Zavachev and Ivanov, 1988).
10 This strategy may also be useful for influencing the
rate of protein synthesis such that the product is
either present in the form of inclusion bodies or in
soluble form. 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 RNAT 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) tec be tested are

30 transfected into appropriate bacterial host cells,



i ncrease .plasm d copy nunber by increasing the sequence [#driddroly200F RNAI
and RNAIl to uncharged tRNAs, in 20 particular for plasm d DNA production.
The nutations required to increase sequence honol ogy are al so known in
the literature (Zavachev and |Ivanov, 1988) and can be carried out
according tQ the same principles as described for the decrease of sequence
honol ogy. 2WORHF8h i ndivi dual application and/or producPSVERBIIMY ocess can
be optim zed by experinentally testing a2 range of nutations. Suitable
experinments may be conducted as follows: a plasmd or a series of plasmd
candi dates carrying the nutation(s) to be tested are 30 transfected into
appropriate bacteri al gost cel | 3 21 I\/Btr.ch 2005 WO 02/ 29067 PCT/ EP01111240
12 grown under HO'PaBRESE ot 1EPofs SPRIR- 1 FPsBaf? e SF21 neshake fl asks,
and the fernentiaf ishakpr 6TL£SI6s | SIndmene t E@@dnviat ok espssdsd Qst he paraneters
of interest, in pgrti ul ar. grow h Eroq’ugect yield and quality, 5 plasmd
copy nunber. ATSHEPTEHLEHT peGhi £ the paremetipss |9F JSerEFSto obtain a
wi de range- of siepePeecuDsl fdeathonsrodict! ielanged yudMitgt e one or nore
positions of qullp? 1,8nd/or | gop 2 and/or loop 3, thus generating a library
whi ch 10 may b& 3884%f 6PPY HE" & st ructi on of an expression vector sel ected
for any desired property of the expression system By way of exanple, a
plasm d candidate may be selected due to certain selection paraneters
that are nost rP@logpant eflordimsndabivhacht ik6 pardtieitbaplwdustfiudntoe. g. growt h

rate, prOdUCti%k&giﬁng wide range of sequence modifications, is to

randomly mutate one or more positions of loop 1 and/or
loop 2 and/or loop 3, thus generating a library which

10 may be used for the construction of an expression
vector selected for any desired property of the
expression system. By way of example, a plasmid
candidate may be selected due to certain selection
parameters that are most relevant for recombinant

15 . protein production, e.g. growth rate, productivity and
viability; the process is carried out in an standard

experimental setup as described above.

Furthermore, this approach allows for efficlent 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 dIncrease 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



viability; the process is carried out in an standard expeHriManhabD0setup as
descri bed above. Furthernore, this approach allows for efficient tuning of
reconbi nant protein expression rate based on PCN 20 mani pul ati on. Provi ded
the gene of interest is present in the vector containing the library, the
selected plasmd will always be optimal for expression of the gene of
interest. WHA®2¥7i ng nornal fernentations an al nost t eRFSERVIIHO| her ease
in plasm d copy nunmber (PCN) after induc{ion is being observed, according
to the present invention the honol ogy between t RNAs and RNAI I being
decreased or abolished. This has the effect that a | arger pool of
non-i nhi bited RNAI_nolecules is free to interact with 21 March 2005 WO

02/ 29067 13 PCTREPH v F880 BRRAITCChARdst PhergRidipaniom oF deiichedtion is

detached from high HiQ® $06is UMEhaIBad tRNARIGAYSAdhY b BlaheLi ¢ overl oad
due to expression of reconbinant protein. Detaching the nechani sm of
pl asmi d repl i caPToR B AHe 5t Aet a1 OBt pEskeqaabdnantt Breeidnbi nant protein

expressi on resubéSadiiny Gher nybiedit Bf oF o5 DI RAMep1 REQE Ebi - £:SiNCe the base
exchanges according tq the present invention are present both in RNAI and

RNAI |,  whi ci® 107¢0lde FRYasT ige eintaorrARR restaProt® s, t he -
conposi tion of gpcharded EMNMSL Q‘@P%’igh@_ﬁ Pe1Ner ecombiNgRt product) is

not relevant for this approach. In addition to the nodified Col E
replication sysPethein-

Since the base exchanges according to the present

invention are present both in RNAI and RNAII, which
10 zresults 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:

PMBL (Bolivar et al., 1877);

25 pBR322 (Covarrubias et al., 1981; available from MBI
Fermentas catalogue number #3D0041; GenBank/EMBL
sequence accession numbers J01749, KO0QQ05, 108654,



t he expression vector of the invention conprises the 15 &iéach200&quired
for protein expression, i.e. expression control sequences operatively

| inked to the cDNA sequence encoding the protein of interest, including
pronmotor, translation initiation region, selection markers (e.g.

antibiotic resistence markers), 20 restriction sites for insertion of the
DNA encodi n§'@$E8°%phrotein of interest, etc. Preferably, PREERBUAIMES| on
vector of the invention is derived fromgone of the follow ng vectors: pMB
(Bolivar et al., -1977); 25 pBR322 (Covarrubias et al., 1981; available from
MBI  Fernmentas catal ogue nunber #SDQ041; GenBank/EMBL sequence accession
nunbers J01749, KO00005, LOB654, 21 March_ 2005 WD 02/29067 14 PCTI EPOL/ 11240

ML0282, ML0283.MMt786 M1 B35 A1 ORE 67 gL 0 Rt 798 07 RE 0 26K 78 5vBNE8456001119) ;

pUC18 (Yani sch-iPe3¢®n) &biale); 1985; GenBank/ EMBL sequence accessi on numnber
L09137; available from MBI 5 Fernentas catal ogue nunber #SDO061); pUC19

(GenBank/ EMBL se ce._accessi on nunper. LO9 . availapl e from MBI
Fer ment as #500@@%#ﬁ?(§?Ei§ﬁbié§ﬁ¥§§nE?Eiéifé%%%@ngﬁn% s8B8n nunber Y14835;
avai |l abl e from MjudrelemaBtassiahahbguer.gumsrer a¥Qi #8QAl 4om MBZ190
(avail abl e EgonkNBl Fernen%gg catalogue nunber #SD0161; GenBank/ EMBL
esst on" '

sequence ac Hhsera mb&r #SD0061) ;

NS
pUCLlY (GenBank/EMBL sequence accession number L0O9136.
available from MBI Fermentas #SD0051);

pTZ18R (GenBank/EMBL sequence accession number Y14835;
available from MBI Fermentas, catalogue number
10 #sD0141);

PTZ219U0 (available from MBI Fermentas, catalogue number
#SD0161; GenBank/EMBL sequence accession number
Y14835});

pBluescriptIIKS(-) (Alting-Mees et al., 1989;
15 GenBank/EMBL sequence accession number X52329);

pBluescriptIl KS(+} (Alting-Mees et al., 1989;
GenBank/EMBL seguence accession number X52327);

pBluescriptII SK(-) (Alting-Mees et al.,
1989;GenBank/EMBL sequence accession number %52330.

20 pBluescriptII 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 seqguence, as long as the
expression of the plasmid in E. coli renders a

25 functional protein.



pBl uescriptl | KS(-) (A ting-Mes et al., 1989; 15 CGenBank/ ENBlMarelyd@dfce
accessi on nunber X52329); pBluescriptll KS(+) (Alting--Mes et al., 1989;
‘CGenBank/ EMBL sequence accessi on nunber X52327); pBluescriptl]
SK(-)(Al'ting-Mees et al., 1989; GenBank/ EMBL sequence accessi on numnber
X52330. 20 pBluescriptll SK(+)(Alting-Mes et al., 1989; GenBank/ EVMBL
sequence ac®EY2¥ nunber X52328). Wth regard to the pr8CEERBI nterest,
there are no limtations in terns of semgence, as |long as the expression
of the plasmid in E. coif renders a 25 functional protein. 21 March 2005 WD
02/ 29067 15 PCTI EPOL/ 11240 In the experinents of the present invention, the
cDNA encodi ng human Cu- Zn, super oxi de di snut ase was used.  From a vector
carrying this cDNA"®aSKEPERITSRG G &he BRI88E dPHERT+ODr fthei APRAN be
produced whi ch eofsiislgShbned AdPIrARLPEr&eidds daRflutSs& alpasRdai nto the
cytopl asm (CSer%an--Puschnann et, al 1999).. Angébacterial host cell that

is conpatible wf ?{“éoWEFtofy%er%wFE%s MeayBéghlprestia®aBly E. coli

strains, in pasdi@a Aimstidi prdtdinlédn (BEProaSudi @RiaNEMeilas, 10 1986),
or .Sal nonella strains. ILn a further enbodi ment, the present invention
relates to & host!CePMIPPaietdt med Wt Fetafecoxprbestiym ardepsérsticarryi ng

the nodified Coldderjepl-bGati®ihn ROr 2t ansdgymati on of the host strain, any
conventional 15 technique nay be used, e.g. electroporation or calcium

Any bacterial host cell that is compatible with ColEl
type plasmids may be used, preferably E. coli strains,
in particular strain HMS 174 (DE3} {Studier and Moffat,

10 1986), or Salmonella strains.

In a further embodiment, the present invention relates
to a host cell transformed with the expression vector

carrying the modified ColEl replication,

For transformation of the host 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 of more loops of the RNAI
and RNAIT 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




chloride .or calciumprecipitation. In a further enbodi nent21 Marehgoesent
invention relates to a nethod for producing a reconbinant protein of
interest, wherein a E. coli host cell is transforned 20 with an expression
vector having a ColEl replication systemwth a nutation in one or nore

| oops of th I%MI and RNAIl gene, grown under suitable conditions and 'the
protein of I%r?t 3Pe8l is recovered. The invention accel erall’ggmrg@b’r%i nant

protein production process 25 devel opnerg by providing a tool for
conpensating the interference resulting from expression of reconbinant
proteins with the host netabolism The nethod of the invention is

particul ar adve ér%%%%ug.i n fed batch 21 March 2005 02/ 29067 16

PCT/ EPOL/ 11240 terentat P o processes, - F: & FFEEEE BT &% the addition

of nutrients i saddupbadof ontiel arer daseowfleditonasas. iderdadd yrexpl oit the
advant ages of f.ed batch, p esses, ich c be run ove xt ended peri ods
of 5 time and thUEFEsul? Jlfr‘%c]ﬁf geﬁ%’llogtﬁom%saa%raagﬁgﬁoﬂga{ﬁ?e bé‘gﬁpall process
econony than cl@ssiesakspabieiciprecedsesun eveat abkkenasd pesidst abl e

be beneficially net by the

expr essi on stemis_reguired. hi,s need can

usg of the %)éxpi-rl i g@é? orresd’fl-‘[‘t H& Fﬁ%l?e‘?ﬁ i%&r?.mafﬁ PHe e 829si nce
alterations of dheadequescesHiedd@nyothfi®r€dsedpslobatdie LAILLEsBNA-1 and
RNA | can serve ts& grasti cal | igﬁtease | asmi d replication r,atgs, t he
vectors are very USEFdl a‘f‘%rr%q‘éﬁ} SnStHE P OGuE¥ P o™ 0t [WLAFYs, e. g.
for use in genertitenapy.cdi@e 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 1 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 pET1lla
(derivative of pUCl9 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 pET11a-S0D plasmid contains a cDNA gene




15 advant.ages of the present invention lie in the possibi2fiMgrch@008crease
the stability of the so-called RNA I/RNA Il "kissing conplex” and thus to
~enhance plasmd replication rates. 20 Exanple 1 The plasm d used in the
experinments was pETlla (derivative of pt3Cl9 from Stratagene). This
plasmd co I he beta-| actanmase gene for anmpicillin | ce. The
reconbi nant%&@%ﬁz expression in this 25 plasmd is contPFJ(’g@?%lZ‘tl%@ th
efficient T7 RNA polynerase. The |ac ogerator is situated between the T7
pronoter and translation initiation sequences. This results in repression
in the absence of the inducer |1PTG The pET1ll a-SOD plasm d contains a cDNA

gene 21 March égoqgﬁ\éofgg/ggg@e éPEgJI"ESPP%‘%égguﬁgg' or t he reconbi nant

prot ei n human super oxi snut ase highl'y sol ubl e, 32 kDa
di meri c prot ei rruferdz3ddanihendcises (hidbich d higbiyt exlabld,0R2t kbacel | and

rel eased 110 thie, SYLOBL AN 5 LC38HI AN USRI 61 8l o 1998), The

bacterial strain use pl'asmi d propagation and ~éxpressi on 61 “SOD was
Escheri chi a colfiorHuBe74eDE3nd (rSlledbed aricb NMifef aypopD86). This strain has
the T7 pol ynmer ri.gglgg{lg&%i 1,1|mtn tchglphr omal DNA. The T7 10 pol ynerase

is essential fol expression o € “retonbiMdnt protein. Transformants were
selected on anp plates (Antibiotic nmediumLB, containing 100 pg/m
anpicillin) (Maniatis, et al., 1982)

The bacterial strain used for plasmid propagation and

expression of SOD was Escherichia coli HMS174 (DE3)

{Studier and Moffat, 1986). This strain has the T7

polymerase integrated in the chromosomal DNA. The T7

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/ul. PCR was carried out
20 using a Thermoblock (T-gradient, Biometra, Gerxmany)
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 pET1la-1l4back (SEQ ID NO:1),

25 pEZllaé56for (SEQ ID NO:2), RNAI-Ncoback (SEQ ID NO:3)
and RNAT-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,



The transformation techni que used in these experinments 121wWaarch 2005

el ectroporation using a Bio-Rad Gene Pul ser. The priners were obtained from
Met abi on (Martinsried, Germany) in the formof a vacuumdried powder,
which was dissolved in water to obtain stock solutions with the
concentrati O pnol/pl. PCR was carried out 20 usi bl ock
(T-gradi ent%B[?};)zsr'r%?ra, Germany) w th heatable cover Dyngg?/[rﬁr%&qﬂ%gn
polymerase 1 u/pl (Finnzynmes), | OX My-fireee buffer and 10mM MyC

(supplied) 1 mM dNTP, DVBO and distilled water. Priners used were

pETI | a- 114back (SEQ ID NO 1), 25 pEZl | a656for (SEQ I D NO 2), RNAI-Ncoback
(SEQ I D NO 3) d RNAL- r [ NQ:.4). . icti onucl eases,
Lanbda markers, T4-Li ggﬁjé\@c‘%’l%td g?%’?%s% ﬁt%)ﬁoggﬁ’ﬁ%’%% fv(')':ve%?neﬁo tained from
MBI - Fer nent as Eimdeasédrak® ofiditmg koo, tveltrzemdeodiendadthi emsMBR1 Mar ch 2005

WD 02/ 29067 18 a /11240 .The f of ,use s a 20-liter fermentor
from MBR Bi oref;“ggor%ﬁé %% “”2‘1%8%, S écr?d)lfd"m% TXBR 1 MCS- 2000
control |l er. connedtee bd the fEr@enwdokiwegs amlugned2olitdws.f er ment or was about
12 liters. 5 Feed nedia used: The anount of feed nedia punped into the
system duri g fed-y bateh siat.ewas lgg‘gxﬁ:.yr ' liy: el ghi ng the
vessel . The fee%%p()iurrp was éérac%agg ated to g%ef@aédcg%g%% t %8V\f¥1\géate of p
0.1. Antifoamtdistissamt digiger éddbybatdormtadei vhs yneenged 0 No cont act
with exterior, dgplviBgsNP Jdighifl LRCTRURL . SROT AT TGN yadhe batch
medi um used was a
regulated to give a constant growth rate of p = 0.1.

Antifoam addition triggered by a conductivity sensor.

10 No contact with exterior, implying no risk of fermentorx
contamination. The batch medium used was a
semi-synthetic medium, containing small amounts of
tryptone and yeast extract to facllitate growth at the
start of the batch. The components were mixed together

15 in a total volume of about 4 liters (4000g). But to
avoid precipitations, chemicals with the same number
(see # Table 1 below) were first dissolved in distilled
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.



sem -synthetic nmedium containing snmall anounts of trypt @leévanch 29@ast

~extract to facilitate growth at the start of the batch. The conponents

were m xed together 15 in a total volunme of about 4 liters (4000g). But to
avoid precipitations, chemcals with the sane nunber (see # Table | bel ow)
were first di dindstilled water separately. The ol ution
was filled gﬁﬁﬁﬁ&ﬁfh distilled water to 300g and autocla&ggﬁggégﬁgtely. 20
Subsequently all but the glucose solutiam®were mxed together in the given
order, and filled out with distilled water to 3700g. 21 March 2005 WD

02/ 29067 19 Table 1: PCT/EPOL/ 11240 Conposition of the batch nmedi um
(40009g) . Val uespgiveRn. in grams, if not otherw se stated. #Wight Chem cal
(9) 112Potassiun1dﬁhydrogen phosphat e 124D - Pot assi um hydr ogen phosphat e
Tri hydrate 22Tr : Ox 0l . | Y I
35Tri-Sodiun1ci%ﬁ%ﬁﬁgﬁ&é%ggéghéﬁi%ﬁ@g%%gg%ﬁfdigéﬁgg?é}hg%?%ﬁ§§>§?%£40.2C3Iciun1
chl ori de dehydrate 51000Trace el ement solution [pl] 680Copper(l1) chloride
dehydrat e [ ng]

# | Weight Chemical
(g)
1 12 Potassium dihydrogen phosphate
1 24 Di-Potassium hydrogen phosphate
Trihydrate
2 2 Tryptone (Oxcid Ltd. Hampshire, UK)
2 1 Yeast extract
3 5 Tri-Sodium citrate dihydrate
3 2 Magnesium sulfate heptahydrate
4 0.2 Calcium chlorlde dihydrate

5 1000 Trace element solution [pl]

6 80 Copper (I1) chloride dihydrate [mg]
6 64 Zinc sulfate heptahydrate [mg]

7 9 Ammonium sulfate

7 7.4 Ammonium chloride

g8 66 Glucose Monohydrate




664Zi nc sul fate heptahydrate [ng] 79Ammoni um sul fate 77. 4AtWachi@00Zhl ori de
866d ucose Monohydrate 5 21 March 2005 WO 02/ 29067 20 PCT/ EPOL/ 11240 Tabl e
2: Conposition of the. feeding nedium (6000g) for fed-batch state. Val ues
given in grans, if not otherw se stated. #Wight (g)Chem cal

118. 00Pot asgj, u | hydr ogen phosphate 136. 00D - Pot assi um hydr oge hosphat e
Tri hydrate S‘g)l&]ggdf%]l -Sodiumcitrate di hydrate 220. 63agne§¥ [gﬂfzf‘g

hept ahydrat e 32. 06Cal ci um chl ori de dehydrate 410313. 71race el enent soI ution
[pi] 5825.10Copper(11) chloride dehydrate [ng] 5660.08Zinc sulfate

hept ahydrate [ng] 60. 6naf oam 792. 82Ammoni um sul fate 776. 32Ammoni um chl ori de
8680. 703 ucose eh iIrate 5 The Koch test was. perforned to determ ne the
fraction of b ceII ontai ni.n I sm nd

whet her. the pﬁgérfé &ltl qu c_%% %If?sg %n“) I %Pg g) o%‘fralf% Eamfrhe i nducer

| PTG, the |atter rams, 1f herw1se sta

# | Weight (g) Chemical

1 18.00 |Potassium dihydrogen phosphaté

1 36.00 [Di-Potassium hydrogen phosphate
Trihydrate

2 51.57 [Tri-Sodium citrate dihydrate

2 20.63 Magnesium sulfate heptahydrate

3 2.06 Calcium chloride dihydrate

4 10313.71 |[Trace element solution [nl]

5 825.10 Copper{II) chloride dihydrate [mg]
5 660,08 Zinc sulfate heptahydrate [mg]

6 0.6 [Antifoam

7 92.82 Pmmpnium sulfate

7 76,32 jAmmonium dhloride

8 680.70 Glucose Monchydrate

The Koch test was performed to determine the fraction
of bacterial cells containing plasmids, and to
determine whethei the plasmid-carrying cells grow on
plates contalnlng the inducer IPTG, the latter
10 indicating whether the plasmid-carrying cells produce
| SOD in "normal" amounts after induction.



10 indicating whether- the plasm d-carrying cells produce 219@&archr20080r mal "
camounts after induction. 21 March 2005 WO 02/29067 21 PCT/ EPOL/ 11240 The
bacterial dry mass (BDM gives the total anount of dry matter. For each
sanpl e, a glass beaker was dried overnight at 105C, cooled in

exsi ccatora wei ghed on an 5 analytical scale.. PCN can be cal cul ated
fromcorrel g&%g&#%e sizes (nunber of basepairs) of thePGQHBW%ME)NA and

the plasmd DNA. For plasm d DNA preparztion, the cell pellet from 10
sanpl e preparation was resuspended in 150 pl solution 1 (50 nM glucose,
10_mM EDTA, 25 mM. Tris--HCl pH 8.0) 200 pl SDS was added (0.5% SDS
solution (ICN Bi ochem cal s 50 pl | ysoz;/me_ (Si gnma) was added, the

prepar ati on wastReibBesdezaali aeummsed (BBY) 19 the 87l tameussl afi on 15
honogeni zed by &oy tvexdtRg.. The sanples were stored on ice until
fluorescence neasurenent with a spectrofluoroneter (Hi tachi F-2000). For

det er m ni ng t hep@nuuny s , PNA J L he | | L et was
purified with %Qe ,,G:X}k%tfam?%/%'l rg %&Qgérﬁ%%?eas) ééccrag%%?no‘p gllgﬁg éﬁppl ier's

i nstructi ons, 1 1Ft FEOREH b ST IrGaEpred itdine: vaioked (Me alysis step a
known anountd (-@glg)tipiCst8lsas added as internal standard. Elution of
the DNA in 50 pl water was followed by a linearization of the plasmd with

H nd 25 111 forpdy hew pat c37&uiake $38R! €oMdihitiRg the sizes

{(number of basepairs) of the genomic DNA and the
plasmid DNA.

For plasmid DNA preparation, the cell pellet from

10 sample preparation was resuspended in 150 pl solution I
{50 mM glucose, 10 mM EDTA, 25 mM Tris-HCl pH 8.0) 200
pl SDS was added (0.5% SDS solufion (ICN Biochemicals)
50 ul 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
spect;ofluorometer {(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 pg) 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~digestéd 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.



restriction-digested DNA was transferred to a sanple vial2tfMarceapds | ary

el ectrophoresis, avoiding air bubbles. The sanples were | oaded into an

aut osanpler. The capillary was calibrated by flushing with buffer 30 for
15-20 m n. Absorbance detection occurred at 260 nm and 280 nm by a di ode
array. After the analysis the capillary was flushed with buffer and stored
at 4C. 21 MACOH?2MD5 WO 02/ 29067 PCT/ EPQ /11240 22 The aRbBEPI1gH240
chronmosomal DNA was cal cul ated by subtrsgting the amount of plasm d DNA/ ngy
BDM fromthe total DNA content/ng BDM As the anopunt of internal standard
added was known, the PCN could, according to 5 Breuer et al. (1998), be
calculated by the following fornulas: Plasmd DNA in sanple = Internal

st andard added ¥Measunedopl dsmmbsPNAl Meastredalohéabad st andard 7

Chr onpsomal - bas@pii fagtXnfMRD tarRfurR! 831 Ha SN /DNEULEDMY 18, RChiFeZ Pl asmi d
BDM For déterm nation of the

basepairs x Ampunt_of chronpsonpl DNA / |

amount of SOD, Eé}ﬁlupllq%’gco Wri"f?d[lﬂ @?M('S% A GOPYREI °SntR AR el one 30F1I
avai | ably from Noaroeaslt rdd¢dboratioowes thel. ECNUKpubdf ead&oxhingt €d 1: 100 in
coating buf feer 2004 ag/ gt) . (k)p! 1af cafibdutied B9t Lhody, SOl HLi;on were
transferred to gach. well on mcrotiter plate, InCubated at 4C overni ght,
or at room tenp¥ridfé for at |east 2 hours. The pl ate was washed tree
times with washing buffer and the buffer 20 renoved by knocking the plate
gently. Sanple and standard were diluted in 1:2 steps by pipette robot on

Plasmid DNA in sample = — 2 omaistandardadded o ired plasmid DNA

Measured internal standard

Z Chromosormal basepairs x Amount of plasmid DNA / mg BDM
Z Plasmid basepairs x Amount of chromosomal DNA /mg BDM

10 PCN=

For determination of the amount of SOD, capturing
antibodies (SOD monoclonal antibody clone 30F11
availably from Novocastra lLaboratories 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 overnighit, 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).



dilution plate. 50 pl of each different dilution were traddftachedog by
robot) to the anti body coated plate and incubated for 1 hour at room
tenperature. 25 The plate was washed wi th washi ng buffer. Conjugated
antibody was diluted 1:500 in dilution buffer (Porstnann et al., 1988). 21
March 2005 Wa"g/%(% 067 23 PCT/EPO1/ 11240 Mutations within t}g: z‘ gl n of
replication-ar dicated in Table 3 (the table lists t RETERY,

positions , the nunbers referring to thexonplete Col EI sequence according
to A ="9507253" CGenbank): 5 Table 3: 692G > C 694T-> A 695A-), T 696C-3 G
697C -a G 698A-3 T 699A-> T 700C-> G The fernentation process using the
plasmd in E coli HMS 174 (DE3) pETIlachSOD is shown in the figure. The
10 total and sp&tiatiengr vkt dheopbrifien ralc oebilhaation cizd n (SOD), al ong

\(/jvlth the pr odUCiﬂcﬁJ’d;altaﬂﬁanFablleS3 SlﬂﬁéﬂtalﬁeSQ1§EQWﬂh@r&atﬂb%dt ot al bacterial
ry matter e asm
st andard proce E{%xﬁg a@j%}sénrgﬁe% ¥%Pe é?cg% F%%mcl:ﬁ‘r# }ngQ) it

was observed th?ﬁqqep@ep@pordlnq to GI—"9507253" Genbank

5 Table 3:
692 G— C
694 T A
695 A T
696 C—> G
697 C—> G
698 A3 T
699 A—> T
700 C= G

The fermentation process using the plasmid in E. coli
HMS 174 (DE3) pET1llachSOD is shown in the figure. The
10 total and specific production of the recombinant
protein (SOD), along with the production rate, qp, is
.shown. Alsc shown are the total bacterial dry matter
(BDM) and the plasmid copy number (PCN). As opposed to
standard processes {(e.g. as described by
15 Cserjan-Puschmann, 1999), it was observed that the PCN
is kept rather constant even after induction at the

45™ hour.



I s kept rather constant even after induction at the 45th 2iddarch2005/r ch
2005 WO 02/ 29067 24 PCTI EPOL/ 11240 The results of the Koch tests and the
pl asmi d copy nunbers are shown in the follow ng Table 4: Fermen CFU on
Plasmd IPTGinsens. tation CFU anmpicillin carrier plasmd PCN tine

[m-1]plat e§'§§9@%}§+ er [h] 315, 5x1095, 13x10993, 331, 12x1 0p§¥/]1:p01/11240

98x10101, 96 996, 67x10650 4148 45.42 4638
473, 03x10102, 66x101087, 691, 63x10645 484445051

The results of the Koch tests and the plasmid copy
numbers are shown in the following

Table 4:
Fermen CFU CFU on Plasmid |IPTG insens.| PCN
tation| [ml-1] ampicillin | carrier plasmid
time plate [%] carrier
[h]
9 9 7
31 | 5,5%10 5,13%10 93,33 1,12%10
37 |1,98x10%0 1, 9621010 | 9s,99 6,67x10° | 50
41 | 48
45 42
16 38
a7 |3, 03x101°| 2,66x10%° | 87,69 1,63x10° | a5
48 44
50 : 51
52 |1,89x101° 1,43x10%% | 75,70 1,38x10° | 34




521, 89x10' 01, 43x10' 075, 701, 38x10634 5 21 March 2005 WO 02/22%84i¢h 2005

PCT/ EPO / 11240 25 Exanple 2 The plasm d used in the experinents was

pPETI I @' -SOD as described in Exanple 1. The bacterial strain used for
pl asm d propagation and 5 expression of SOD was Escherichia coi

HVS174( DE3) cribed in Exanple 1. Al manipul ation ria and
pl asm d DNAFﬁgégqﬁzrried out as described in Exanple 1.§gﬁ£5gﬁ§%?eotides

and enzynes were obtained fromthe sanmg@5sources as described in Exanple 1.
10 Primers used were petlla-Sca-1-for (SEQ ID NGO 5), petlla-AlWMN-I (SEQ ID
NO: 6), petll a-Xba-I-back (SEQ ID NO 7) and RNA--1--randomXba--1I-back (SEQ
-I'D NO:8) . To screen for the best candidates in the pool of different

cl ones, two apd?ﬁﬁ@ &s2were used: 15 1. Selection of cells with a hi gh

pl asm d copy nunber Cells with a high PCN shoul d have a hi gher resistance
agai nst anpi ci |THenplaEnigondedfinbibe esimeniaenpkaves wAT11lbBsagass petri di sh

containing eithfsRibed 94 E&Qﬁ?&gil_anpicillin. 10 col onies of the 10nmg/ m
LB- Anp-pl ate 20 were picked and the sequence anal ysed. The result reveal ed

7 clones (see bl %k%hat re.different wi.th ,regard to.the ggquence of
| oop 2 of RNA ﬁggh BN T aﬁﬁr%ﬁe%d%grﬁﬁﬁﬁﬁfg %ﬁ§%?88I%n
p A
5> expression of S0OD 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 contalning 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.




PCT/ EPOL/ 11240 RNAI | RNAI Col EI Mut | ATCTACATGTAGAT Col E1 Mg19Adrch A0S GTAGAT
Col E1 Mutt TGGATACGTATCCA Col E1 Mut 3aTTCACCCGGGTGAA Col E1 Mut 4CTGTATCGATACAG
COTE 1 Mut 5AACATCCGGATGIT Col E1 Mut 7TAACATCCGGATGIT Col EI' Mut BAACATCCGGATGIT
Col E1 Mut 6GCTAGCGCGCTAGC CDI E1 Mutt QACTGAAGCTTCAGT 5 The second screening
criteria wasg,{ ability of the plasm ds. Bacteria containi t he
plasm d pooﬁ’ovx[,gﬁ%(]%;cul tivated in shake flasks at 370 unt Fﬁgﬂw‘l&%gi ng a
synthetic mediumw thout anpicillin. After three passages (corresponding
to approximately 20 10 generations) bacteria fromthe | ast passage were
spread onto a LB-anp plate to select for the bacteria that still
contained a plasm d, single colonies were. picked for sequence analysis.
21 March 2005 \@Bk3d2/ 29067 PCT/ EPOL/ 11240 27 The result of this screen is
shown in Table 6; Table 6: RNAI RNAI | RNAI RNAI
Col El Mut | | TTATGAGCTCATAACoI El Mut 41 CACCCAATTGGGTG

Col El Mut | 2TTGOCACGTGGCAACOT Bl Mif|4 2 GOGGARATTTOCGEE

Col El Mit | 3CTTACGATCGTAAGCo! El Mit] 4REFGTCAATTGACAC |pnar
ColE1Mutt ATCTACA TGTAGAT
ColETMut9 ATCTACA TGTAGAT
ColETMut2 TGGATAC GTATCCA
ColE1Mut3 TTCACGC GGGTGAA
ColE1Mut4 CTGTATC GATACAG
ColE1Mut5 AACATCC GGATGTT
ColETMut7 AACATCC GGATGTT
ColE1Mut8 AAGATCC GGATGTT |
ColE1Mut6 GCTAGCG CGCTAGC
ColE1Mut10 ACTGAAG CTTCAGT

5 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

10 gemerations) 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.



Col E1Mut 14CATGCAATTGCATGC ol El Mut 44TCGCCNGCNGGCGA
Col El Mut | 5GTGACAATTGI CACCol El Mut 45TCGCCNGCNGGCGA
Col El Mut 16 CCGACAATTGTCGCCol El Mut 46 TTTCCCGCGGGAAA
Col El Mut 17GCGGAAATTTCCCCCol El Mut 47 TACCCCGCGGGGTA

GCol El Mut 4BTCGCTAGCTAGCGA
GGGCCTCol El Mut 49TCTTGCCGGCAAGA

Col El MUt 1 8
Col El Mut 19A
Col El

_Mut 20TTGGTAGCTACCAACo! El Mut 50TTGGTACGTAACAA

Col El Mut 21 ATAGCAGCTGCTATCol El Mut 51 TCACCACGTGGTGA
Col El Mut 22TTGAGATATCTCAACoI El Mut 52CCGCGAATTGECCG
Col El Mut 23TTGGTAGCTACCAACoI_El Mut 53ACCCAAATT TGCGT,

Col El Mut 24TTAGC@‘1€A

CEEPARCEE EF T SAERGRAET ARfioEpG R Table 6:

Col El Mut 25TTCTGCTAGCAGAACoI El Mut 55CCCCCATATGCEECEG
Col El Mut 26 TTGCCATATGGCAACoI El Mut 56 CCCCCATATGEGEGEG 21 March 2005 WO 02/ 29067
28 PCT/ EP01/ 11240 Col E1Mut 27GATGGTTCTACCAACo! El Mut 57TTTGCCGCGGCGAA
Col El Mut 28TTTTCEHEICGSAAACO! El Mut 58 TTCGCCGCGECGAA

Col El Mut 29TACCCCCGGGEGGTACo! E

. Mut 59TTCGCCGCGGECGAA

Col El Mut 30CATTCGATCGAATGC ol El Mut 60GAGGTAGCTACCTC

oW R V. P V_W\

LD N N

21 March 2005

PCT/EP01/11240

Col El Jut 3l GTTCC TCCEAACToTEHvit 61t TGTCEACGTGEGACA

Col El Mut 32GTAGPCATGGCTA TAGAGG

COl El M.jt 33AC-I- _II\VI\\TTIA\GA\CT'(N St TTLI G RNAI RNAII

Col El Mut 34CTGGHAATTCCAAGE TACCCA

Col El Mut 35CCCC(RAERHEaGa TCABRMIt4l |CACCCAA MTGGGTG

Col El Mut 36 TTGG[GTACACCAAGo! El Mut 616 TTAGCACGTGCTAA d

Col ETMut 37 TTCCAATAT MaEAAGordd el BlGTEEEIRACIEACEA: €0} Bl A8 T ComAtkak C

Col El Mut 39TGCCTAGCTGACCA| Col H MITFOATGTCAAT TGARAAT
ColE1Mutll [CTTACGA |TCETAAG ColEiMutd3 |@TETCAA |TTGACAC
ColEiMutl4 |CATGCAA [TTCCATE ColEI1Mut44d ITCGCCNG |CNGGECGA
ColEIMutlS |GTGACAA |TTGETCAC ColEIMutds [TCGCCNG |[CNGECGA
ColEIMutl6 [CCGACAA |TTGTCGG ColBElMutdé |[TTTCCCGE |[CGGRAAA
ColElMutl7 [GEGGAAR [TTTCCCC ColE1Mutd7 |TACCCCG [CGGGET2
ColE1Mutl8 [CTCGCCT [AGGCGAG ColEl1Mutd8 [TCGCTAG |CTAGCGA
ColEIMutl9 |AGGCCCT |AGGGCCT ColEIMutdS |TCTTECC |GGCAAGA
ColBElMut20 [TPGGTAG |CTACCAA ColElMut5Q [ITGGTAC |GTACCAA
ColE1MutZ2l ATAGCAG |CTGCTAT ColEIMut51l |TCACCAC |GTGETGA
ColE1Mut22 |TTGAGAT |ATCTCAA ColElMutb2 [CCGCGEAA |TTCGCRG
ColEiMut23 |[TTGETAG |CTACCAR ColElMutb3 [ACGCAARA |TTTGCGET
ColBlMut24 TTAGCGT [ACGCTAA ColEIMut54 [CTGAACT |AGTTCAG
ColE1Mutl5 |TYCTGCT [AGCAGAA ColEIMutbs (|CCCCCAT |ATGGGEGE
ColEIMut26 |TTGCCAT [ATGGCAA ColEIMut56 |CCCCCAT |ATGGGGG



The fernmentor

and accessories used in this screen were

t i Manch 2865

described in Exanple 1. Feed nedia and 5 growh rate were the sane as
described in Exanple 1. The PCN was determ ned and cal cul ated as descri bed

in

PCN was cha ed in fed batch
%C[&%d K/ar ch 2005 WD 02/ 29067 PCT/ EPOL1/ 11240

is shown 28or the uni nduced and t he i nduced
Tabl e 7: 5 uni nducedi nduced 3hi nduced 5h CO E1W54129298

candi dates are
7,
St at e.

the PCN of different clones

Exanpl e 1. The behavi our of the clone candidates with
cul tivations.

The re

3Rl d oo

Col El Mut 97502560600 Col El Mut 22136243380 Col El MUt 54346393 The cl one

Col E: Mut 9 (and rCof &t —whithyas- 1 tre—s: ::Uqucuuc; ttr-red—ott—to—h
very prom sing @iﬁx@%}gﬁ for ﬂpl rodF;ct i on. pl asm d coEéGnunber
750 10 r epr esel PP!%GG rpn[ GT‘AQG H;EMQB[S'? QTTGG%BL ﬁ‘:w h
wild type Col El plasmd. |PCN of CEI one Col B Mut 22 was [al so higher (fact
2.5). The | owelCeENMyft 28 [BIRTCCE| FEMEABARA codbdeimu behdftifctate flocaecaa
reconbi nant protein prodiliction de to a | omer 15 nmetdbolic lodd. 21 Mar
12005 WD 02/ 2906dolrIMut2s [Taccoee [eeeaeTA  |colmimutss |rrecece  |cecceaa
ColE1Mut30 |CATTCGA |TCGAATG [ColE1Mut60 |GAGGTAG = [|CTACCTC
ColElMut3l GTTCCGA |TCGGAAC IColElMut6l |TGTCCAG |CTGGACA
ColBEIMut32 |[GTAGCCA [TGGCTAC |[ColBIMut62 [CCTCTAA |TTAGAGS
ColE1Mut33 [ACTCTAA |TTAGAGT [ColEiMuté3 |ACGCAAA |[TTTGCET
ColE1Mut34 |CTPGGAA |TTCCAAG |ColE1Mut6d |TGGETAG |C'TACCCA
ColEIMut35 |CCCCCAA |TTGGEGE  [ColE1Muté5 JTCTTCAC |GTGAAGA
ColE1Mut36 |[TTGGTGT JACACCAA [ColElMuté6 |TTAGCAC |eTGCTAA
ColEIMut37 |TTGCAAT |ATTGCAA |ColEIMut67 |[TTGGTAG |cTaccaa
ColEIMut3g [TTGCGAG [CTCGCAA
ColE1Mut39|TGETCAG [CTGACCA
ColE1Mut40 |JATGTCAA |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 bebhaviour

regard to their PCN was characterized in fed batch

cultivations.

of the clone candidates with

The results of promising candidates are

regard to their

i ng
| e

of

-

ch
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10 exchanges in loop 1 and/or loop 2 and/or |loop 3 of RNA1MadhRDBES|. 2.
The expression vector claiml1l, which is derived froma vector selected
frompMIl, pBR322, pUC 18/19, pTZ19R, pTZ19U, pBluescriptl I KS(+/-) 15 and
pBl uescriptl | SK(+/-). 3. The expression vector of claim1l, wherein said

mutation re ih a decrease or abolishment of RNAI/ ogy to
uncharged t 'h&m%? The expression vector of claim3, wh % 'ﬂﬂgggé 20
mutation is in loop 2 of RNAI and RNAII.35. The expression vector of claim
4, wherein loop 2 of RNAI and RNAIl is nodified by a nutation of
essentially its conplete sequence. 6. The expression vector of claimb5,
wherein six of 25 seven bases of |loop 2 are replaced by their respective
conpl enentary bases. 7. The expression &exisy of claim6, wherein |oop 2

of RNAI contains the sequence TGTAGAT in place of the w ldtype sequence
and wherein loop 2 of RNAIl 21 March 2005 WD 02/ 29067 PCTI EPOL/ 11240 33
contains the sequence ATCTACA in place of the wild type sequence. 8. The
expression vector of claim®6, wherein loop 2 of RNAI contains the sequence
CTGAACT i n pl ack of B eHFeressigury yecseyuencindJEGEOAE! arepMivattéon | oop 2 of

RNAI I contains the sSatensewNTEEGAGhENhOhat®yPlor the midd dnypanagauence
CUACCAA. 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

RNAT 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 RNAII.
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 RNATII




9. A bacterial host cell transformed with a vector of any1idwarcpf003 ai ns 1
to 8. 10 10. The host cell of claim9, which is an E.coli cell. 11. The
host cell of claim 10, which is a cell of E.col.i strain HVS 174. 12. The
use of the expression vector of claim7 for producing a reconbi nant
protein of | in 15 E. coli. 13. The use of the ex I ector of
claim8 for“ﬂ%§% uiing plasmid DNA in E.coli. 14. A nethgéﬁigbﬁg?gducing a
protein of interest, wherein a vector df3 any one of clains 1 to 7, 20

whi ch contains the DNA encoding the protein operatively linked to
expression control sequences, is transformed in a bacterial host cel
.conpatible with the Col E1 replication system the host cell is grown
under suitabl e condPPPbAsNANG e F5WRBCHAREATRoLD| Rlagewtf jther wédder ed and

purified. 21 March 2006 ¥MEnedaQ067 SEQUENCE LI STI NG <110> Boehri nger
I ngel hei m I nternational GrbH PCTI EPO1/ 11240 <120> Expression vectors with

nodi fied Col El 01 i QirReObupt i fabiodof e CONLE0L AfndlasTdogopy nunber
<130> Case 12-218-PC£ <14%> <141> <160> 8 <170> Patent]n Ver: 2.1 <210> 1
Oof RNAI contailns the sequence CTGAACT in place of
5 the wildtype sequence UUGGUAG and wherein loop 2

of RNAII contains the sequence AGTTCAG in place of
the wild type sequence CUACCAA.

8. A bacterial host cell transformed with a vector of
any one of claims 1 to 8.

10 10. The host cell of claim 9, which is an E.coli cell.

1i. The host cell of claim 10, which is a celi of
E.colli strain BMS 174.

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

producing a recombinant protein of interest in
i5 B.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 PNA 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.



<211> 19. <212> DNA <213> Artificial Sequence <220> <223=21Ddarchi2pd5 on of
Artificial Sequence: Priner <400> 1 gacttatcgc cactggcag 19 <210> 2 <211>
19 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Prinmer <400> 2 gagcgtgaca ccacgatgc 19 <210> 3 <211>
32 <212> Artificial Sequence <220> <223> DesGLi.pt. f
ArtificiaIDgggﬁéﬁgz: Pri mer <400> 3 gat gatccat ggtcttgatg%ggggggggaa ac 32
21 March 2005 WD 02/ 29067 2 <210> 4 <211> 36 <212> DNA <213> Artificia

Sequence <220>

SEQUENCE LISTING

<110> Boehringer Ingelheim International GmbE

<120> Expression vectors with modified ColEl origin of
replication for control of plasmid copy number

<130> Case 12_218_PCT

<140>
<141>

<160> 8

<170> PatentIn Ver. 2.1

<210> 1

<21l1> 19

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 1
gacttatego cactggecag 15

<210> 2

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 2
gagegtgaca ccacgatge 18

<210> 3

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 3
gatgatccat ggtcttgate cggcaaacaa ac 32



<223> Description of Artificial Sequence: Primer PCT/EPQO /211M4ch2008> 4
gatgatccat ggttgtcttt ttccgaaggt aactgg 36 <210> 5 <211> 26 <212> DNA

' <213> Artificial Sequence <220> <223> Description of Artificial Sequence:

Primer <400> 5 gacactgacc actcatgagt tggttc 26 <210> 6 <211> 23 <212> DNA
<213> Artifiwed al guence <220> <223> Description of Artifjcial_Sequence:
Pri mer <400l§€%@zg§§?t atc gccactgg cag 23 <210> 7 <211> S?Cfr}gg{l@ugNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
<400> 7 ggtagctcta gatccggcaa acaaaccacc g 31 21 March 2005 WO 02/ 29067 3

<z210> 4

<211> 36

<212> DNA

<213> Artificlal Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 4
gatgatccat ggttgtcttt tteecgaaggt aactgg 36

<210> 5

<211> 26

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 5
gacactgacc actcatgagt tggtte 26

<210> ¢

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Desgcription of Artificial Sequence: Primer

<400> €
gacttatc gccactgg cag 23

<210> 7

<211> 31

<212> DNA

<213> Artificial Sedquence

<220>
<223> Description of Artificial Sequence: Primer

<400> 7 .
ggtagctcta gatceggeaa acaaaccace g 31



<210> 8 .<211> 42 <212> DNA <213> Artificial Sequence <2Z1March2005
Description of Artificial Sequence: Prinmer PCTIEPOLI 11240 <400> 8
gccggat cta gagnnnnnnn ctctttttcc gaaggtaact gg 42

WO 02/29067 PCT/EP01/11240

<210> 8

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 8
gocggateta gagnnnnnnn ctetttttec gaaggtaact gg 42





