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21 March -2005 WO 02/ 29067 PCT/ EP01/ 11240 Expression vect or3! Merch 2008 f i ed
ColEl origin of replication for control of plasmd copy nunber 5 The

‘present invention relates to inproved expression vectors having a Col E1
origin of replication system for the production of reconbi nant proteins

and pl asm dwolgbfA. The use of fernmentation processes Wgdh@gngbdpcal |y
nodi fi ed m croorganisns (GMO) for the production of reconbinant proteins
of interest or for producing plasnm d DNA has becone w despread in
i-ndustry. 15 when optim zing a fernentation process the major goal' is to
obtain as nuch product as possible, with good quality, in a cost-effective
way. To achieve this, the volunetric productivity, defined as units of
product fornmed per volume and tinme, needs to be optim zed. 20 Factors with
great inpact on the optim zation process are the biomass per volune, i.e.
the amount of cells capable of producing the product, and the quantity of
protein each cell can produce. To a certain limt, the production capacity
per cell is proportional to the 25 plasm d copy nunber (PCN), the number of
pl asnmids in thesprdssioar vgtgrs hd themedtbikh@dlal bhegimcafrbi nant

protein. FurtherdpirigatiBg 8bF engldraf okhslggnﬁreﬁ%hgth%eéystemfor the

reconbi nant protein is inportant. Wile sone pronbtors are weak and do not
take full advantage 21 March 2005

The present invention relates to improved expression

vectors having a ColEl origin of replication system,

for the production 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 t&anscription
system for the recombinant protein is important. While

some promotors are weak and do not take full advantage



WO 02/ 29067 2 PCT/ EPOL/ 11240 of the netabolic potential, rdddyarphdd@fiers are
- too 'strong and | ead to overexpression of the reconbinant protein. Since
the netabolic resources have to be shared between the expression of the
reconbinant 5 protein and the host protein, an expression system which is

t 00 strong, wy dahespon | ead to a depletion of the metaboly ces,
which results In cell death. Recently, the use of plasnlgbﬁﬁ&ﬁﬁﬁﬁghe field

of gene therapy has becone the focus of 2a whole new i ndustry. 10
Therefore, sufficient anmounts of high quality plasmd DNA are required. In
pl asm d production processes, no reconbinant protein is produced, instead,

the cell  factopy irs gxpLghifd Seri38 AL ANGBLOUEL goExtrenel y high

plasm d replication rates are necessary I'n or o ac |eve this goal,
wher eby the hos8l¥¥ld anflatead T cowpkKphetsHsis Otfhahedréctcmbmaum r econbi nant

prot et product pasekor sPRcL ohl Al ebIpnL Ald ANLBL00ERRES. Gl EL pl asm ds

have been suggested main ecause h| Iasm copy 0 hunbers can be
obt ai ned usi ng -tﬂflﬁ@ds?gt@mm wGEE?qplrasm@s dfavrbebeenomximagi vel y descri bed

previously (£he r@gﬂfﬁl l%ge)nho grk'e&ﬁ e%&‘ %&sa%l hﬁs'{] Sm of Col El

origin of repli catl on studi reni , 1991).
Replication froerTtJaFIQEiSdeJEI stptasm didfaseon Wicakd theataianm:mopt bén of the

i RNAI | th | he h :
prepriner i( é%tggof&z %%JH %es, sni{ &P L'e%ﬁ'iltgnlnoéeleﬂ }éht e host’s

RNA pol ynerase (Tom zawa

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



RNAIl folds into specific structures during elongation ar Mdrcke2005

- pol ynerization of about 550 nucl eotides 30 begins to forma hybrid with the
tenpl ate DNA. The 21 March 2005 WO 02/ 29067 3 PCTI EP01/ 11240 prepriner
transcription term nates heterogeneously and after hybrid formation the

"RNAIl preprigdfnrbigyCl eaved by RNase Hto formthe acti V%C’P[Eﬂ’ﬁﬁ?‘iw th a
free 3 OH termnus, which is accessible for DNA pol ynerase | (Tom zawa,
1990; Lin-Chao and Cohen, 1991; Merlin ahd Polisky, 1995). The Col El
region contains two pronmoters. RNAI is an antisense RNA nol ecul e of 108
nucl eoti des, which is transcribed fromthe second pronoter on the opposite

10 strand and i SONRLRMBRLAL ¥l 1 bR SrmiGiid oQf h%age%e%%%énéfansm bed

from 445 bp upstreamfromthe replication origin, to about ere the
transcription cHteRNAvbridafematienl tie dithIBobreryinaods cloavedwa, 1990).
15 For regul atiyon gafs SRl asgl deQPY nRURDErvd B GOLE! 1 0l 35,48, 51 g, ki neti cs
is nmore inportant than the equilibriumfeatures. For exanple, sonme nutant
strains with Mifsingss vhichd sRrAressidiehdigghDRbtpohfarersei ig the regi ons

conpl enent arsy t(Tdﬂﬂ%Ewaﬁe§9@¢{'q%nd?ﬁ%§QQﬁpC%%ehnhig%#f(M%rg%ﬁamﬁk' This is
- probably due to affecting the hal f-Tife of intérnediate Structures,
decreasi ng t he Bdliskyer 1RAA - susceptibility, and hence resulting in
i ncreased plasm d copy nunbers. This

The ColEl region contains two promoters. RNAI is an

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



findi ng. .suggests the inportance of internedi ate RNAIl 25 ltMarch2088 and
kinetics of RNAIl folding pathway (CQultyaev et al, 1995). It has been
observed that starvation of amno acids results in |arge amounts of tRNAs,
whi ch are not charged with the specific amno acid. (In the WD 02/ 29067 4
PCT/EPOlllI%&gDEQkyomfng, these tRNAs are termed "uncharged, % 3e:)  This
phenonmenon can be conpared with the situation at the tinme after |nduct|on
of reconbi nant protein expression, when #he metabolic resources are
depleted, 5 as discussed above. Wobel and Wegrzyn (1998) tested a
strategy of selectively inducing starvation of five different am no

acids. |t was Taunclihgl tRELe Lifud eS| tixtq GRnRLALLEN MRLHepn L he

honol ogy of the anticoddn [oops 1 he tR corresponding fo the
particul ar deprTiRit phemionsnasi @ k?&ndomﬂftrfl‘-@ufﬂé;ﬂi fthbepsiturtRNAl and RNAI | .

|t vas assumedfdialinmsleal 1A EBR06 f%ﬁr feogeouad by the

transl ati on. nechanism bu at the uncha could i nstead have a
chance to int er&nRragstioni S5whehcrhanpletsbdbbc nasouRNAE anel d¥XAkted) nt er acti on

bet ween t RNA a I uId nost probably interfere with the
cu se
o .

i nteraction between resulting in a higher RNAII-DNA
hybri di zati on frequency (supposed that the tRNA interacting with RNAl
structure any drastic maxg The latter

does not 20 ch t.he RNAI I
would inply a h %ﬁ%ﬁl F@BIWE%ff¥ﬂ1(ﬂ9§abeh%§x & strategy

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



t hus a hi.gher PCN. Zavachev and |vanov (1988) conpared theihdawh@§pd
between all 21 tRNAs and RNAI/RNAII. O these, 25 11 showed a honvol ogy
greater than 40%to either RNAl or RNAII. They divided these into three
categories: a) tRNAs honol ogous to RNAI: Arg, His, Leu, Lys, Phe and Thr,
b) tRNAs h to RNALT: f-Met, Try and dy and c) p} | ogous
to both RNXWaOE QHR?\IAI l: Met 30 and Val. All tRNAs have antﬁ?ﬁ@on Fgops of
21 March 2005 WO 02/29067 PCT/ EPO1/ 1124055 7 nucl eotides (H alt and Wagner,
1992). In the case wth tRNAs honol ogous to RNAI, the highest honol ogy was
found in the region of loop 2, while nost showed | ess honology in the 5

end of RNAI. 5 'ﬁtrﬂfc‘i%roltf?aegnﬁicjt%qltl'é ﬂrﬂéﬁﬂé‘ésﬂg%% t9n' d gaged pools - of

uncharged tRNAs, which intera e"origin’o Ication of Col El

pl asmi ds. Thi s ¥Hite t&FRE ohorgiagoss dQeRNbI,t H:élet RNghES’sdqmmﬂmthaal ogy to
three RNA-100p £§IJMGLULES. e |g|n of 10
replication, which etgd{s"ﬁéor%]?%r ertelﬁg tﬁeRHA%\I &E:%V}n rrechanl sm of

the system ThdS?IﬂCFl@IQYl hoeklves’ cadi dIEyR@Mj- causes a breakdovvn of the
fermentation process. To overcone these problens, WO 89/07141 suggests an

15 expressi gn Vgﬁgfvétﬁéﬁ'£ﬁhf%é%§hg%rr§9£é§§uﬂé§a %XSEEE%F Bth a

mutation in the RNAIl gene and/or the rop gene wt to increase
expressi on. Thi%t washagged evidthani vhdab s%uwae:ﬁt Walthythlmccr@mngfpl asm d

copy replication of ColEl plasmids. This interaction occurs
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



nunber. 20 Since a bacterial fernmentation process is only 2idfléichi2886% when
the system can be mai ntained over an extended period of tine and since an
i ncreased plasm d copy nunber is one 8f the main factors that cause
col | apse of the expression system it was an object of 25 the invention to
provi de an inprg&ﬁglgxg%gssion system _ wit ProLongued bacteri al

n

h a
viability during termentat i ST APatt i€6 SFPr S IRAsS K- Bhj &6t of the

nvention 1o prayide 80 EXpLessE oD SystemLn whigh ol s d copy 21 barch

2005 6 nunber, e nduction o e expression ted with

respect to unco l.ed | J.f LON, . in rder .to ke t he netabolic
bur den belom/Ie?%%%l5§s§§gyf%mhg§Egg$ﬁ¥iﬁggg% ﬁggfwoke@%g‘ﬁﬁ§8ﬁtion to
increase plasmd replication rates and thus the yield of plasmd DNA in

pl asm d producti on processes To solve the problemunderlying the invention,

the ~mechanism pf (ol Bl raloth eRLLEA %@F\ggg%ﬁéighzsg'-im%%%%iefi cally, a

geneti c approach was taken to a pre ecrease or conpletely

abolish, the degreg;of .ohommlgy Qgt,:é;'eangmtﬁl.\s Ogﬂegkge & J% hihthon to
, ara mli

uncharged tRNAs. In an alternative approac 0 ary was created

i n order to selogt £0p1pLasiidealt lbRldietedsed epl i cation behaviour, e. g.
hi gh plasm d copy nunber. Summary of The Invention In one aspect of the

present invention there is provided an expression vector having a Col E
replication system
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.



wherei n the honol ogy of the RNAI and RNAIl of the Col El  &lildanch@005
replication to uncharged tRNAs is nodified by one or nore nutations in the
codi ng region of the RNAI gene and omfe or nore corresponding nmutations in
the RNAII gene, said nutation(s) resulting in one or nore base exchanges
inloop 1 and/or loop 2 and/or loop 3 of RNAI  and RNAII. 21 March 2005 6a
I n anot her aspelét appthdre gareséne ! | Heenrpomt Haventson giheviede® a bacteria
host cell transfornmed with a vector according to the first aspect of the
invention and R®yédeAehtRatkEiebfhodgtn cahbti@nsigsperd voitht Aeveriedent
invention there is provided the use of a particular enbodi ment of the
expressi on vecticogeiihee db6vELFPr FFP8acihghe 1rERDMTNaRe protein of

interest in E.coli. In yet another aspect of the present invention there is
provi ded the us@berfimeplat tihegraf- enbodi ment 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 nmethod for producing a
protein of interest, _ wherein a vector as defined above, which contains the
DNA encodi ng t¥e 2BPEReT PB5EFaPT VEIS PEERRED T eBRHPRSER 18 ont r ol
sequences, is transforned in a bacterial host cell conpatjble wth the

Col El replicatiFoRVe§eeeh® e hod3tPTELFUYE T8 lﬂ??b"erOfsﬁ}l?abl e conditions

and the - protein of LoLerest S LERRPLEL et Pt L etk Totaifed

recombinant proteln of 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



The present invention relates to an expression vector haviidarshODEI
replication system in which the honology of the RNAI and RNAIIl of the

Col El origin of replication 21 March @905 6b to uncharged tNRAs is nodified
by one or nore nutations in the coding region of the RNAI gene and one or
nore corresponding nutations in the RNAIl gene, said nutation(s)
resulting in ome vnchmorosdbaNRRexchandesiddbyl oop dr aedeorutiaddpn and/ or

|l oop 3 of RNAI and RNAIlI. The term "nutation” enconpasses both mutations
that increaseianthengatingnsegirat odethe 8@ lhennt GReRNAIMCERd RNAIL to
uncharged tRNAs. 21 March 2005 WO 02129067 7 PC /EP01/11240 In order to

mei ntain the seeshearsPENIUBE L CARdLN NElY PHGIT e¥eraat@ of RNAI and RNAI |
as far as possible in order not to inpair replication, the nutations are
preferably conplégbhemaisy ﬁagél@e@haﬁg@%e G froge %S‘erexvh&n%?s Eh+G G >C
mut ati ons. Qther nutati on(szL al so be presen provi ded the mechani sm
of replicati oR°PB hotPd/PpalPel.? A8I6PPpoSER ?oofh%NpéofEﬁf M¥ttlor according
to WO 89/07141, which contains a nmutation in the RNAIl 10 gene and, due to
its position, consequently in the pronotor of the RNAI gene,. the vector

of the invention conprises a nutation in the codl?%dregl on,. nore
specifically i APEhESFBOFUTEHTE BHs BFOBBRTF T &ORRAM that

increase and mutations that decrease homology of RNAI and

RNATTI to uncharged tRHNAs.



RNAI'I gene, which are honol ogous to uncharged t RNAs. 15 THH Marek@Q05

i nvention thus provides a novel strategy to deliberately nmanipulate the
‘degree of honology and ultimately tune the rate of plasmd replication. In
t he neani ng of the present invention, the term "loop" preferably
enconpasses aired loop 20 structure of RNAI or RNALIl: however, this
termis not“hgﬁpgg?ly limted to the nere | oop region, bSFTﬁggﬁg?@o
conprise the adjacent nucl eotides of thevstemregion, preferably not nore
than two nucl eoti des. The nutation(s) may be a single base exchange in
either 25 loop 1,.1lo00p 2 or loop 3 or a single or any nunber of base

~exchanges, includi | L _base .exch es, in,loop,1 nd/ or ] oop 2 and/or

| oop 3. 21 Marc éQ%%QV&Fo§$E@%é%1%@%/E§6T¥¥T%h6tﬁuﬁf%ﬁ%ﬁﬁﬁ*y, t he
nut ation(s) aremé¢Itingope@penniwte i RNBI arediFdAIE th fae 4 ghest honol ogy
to uncharged t s'bE@?igeékéggxgHﬁ%%'ons in %@ﬁ8hgg95%? f the RNAI and

RNAI'| gene may be obt ai ned actor I'ng t 5OV e “ation and
cl oni ng t echni goesatilomsonee epbaih by, comElencan akg bhiai aiathaagelpl | ows:
starting fromejther the RNAl or the RNAIl gene or a fragnent thereof as a

tenpl ate, a PCRreadvbn 132 carGrefufukAréanen s agtpkionts two 10

oIigodeSoxyriqugphﬂ@biggsprgﬂgﬁgrpggghdgﬁnﬂﬁgchhgﬁimge§gred mut ati on(s).
Preferably, the PCRreactionis a two-step PCR In the first step, two
overl apping fr¥ 9Pl e MY 881 T8%e of which contains the

As opposed to the ColEl vector according to
WO 89/07141, which contains a mutation in the RNAII

10 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.

15 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

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.




desired nutation in the priner sequence between a 15 rest rdtdfiaron 2805 e t hat
is designed for connecting the fragnents, and the prinmer binding site.

Next, the anplified fragments are digested with the relevant restriction
enzyme, ligated and used as a tenplate in the next PCR anplification step.

In‘this ste anme 20 priners as in the first step, which do not
contain the%KH%&ﬁv§lntroduced restriction site, are usedP“WiFPH H4ve been

sel ected to bind upstream and downstreamgof the nearest unique restriction
sites in the individual plasmd. 25 Due to the conplenentarity of the RNAI
~and RNAIl genes, in the preparation of the vector bot h genes or

fragnents there |tabI s a te ate r,
anplification. Fﬁg %%% tlF@ﬁ%ﬂt%F?ﬁV %Uﬂ@??gheg)%ﬁ% one or
nore | oops 21 Nheghxﬂ@ﬁﬁhV[h@thﬂﬁﬁf Bﬁﬁbﬁﬂﬂﬂiblaﬁehafheﬂ wmNaker of the

genes will result in the corresponding nutation in the other,
conplenentary gene; in the preferred nethod descri bed above, the priner

cont ai ni ng themmytd%rsllee&sr)m@aom%l anEﬁ%eﬁod.fﬁzrs ebfﬂ&%'mm khe 5

pol ymerase, but also as a tenplate for t yIer ase, hus yi el di ng
t he conpl enent aR§A Sk ggnd m@!wh%thtﬁgn?ﬂea¢ﬁﬂnﬂiﬁgnt9)CO@Xﬁnﬁmmnﬁé on whet her

the RNAl org Rl\mgaﬂeﬁeahéy?&g &S rachgiplaie, RNAIL or RNAL - will
npl ene

automatically carry the co ntary mutation. 10 Preferably, a plasmd

containing the entire RNAl and RNAIl genes is used as a tenplate.

Alternatively, fh[%%g embodiment, they can be obtained 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



nmol ecul e .encodi ng the entire RNAI or RNAIl gene may be usHddiar¢gh@0B8Al and
RNAI| genes were described by Tom zawa et al, 1977. 15 In the case that an
RNAI or RNAIl gene fragnent is used as a tenplate, the fragnment nust have
a size that is sufficient to contain all elements required, i.e. the
sequence to ted, the primer binding site and, opti one or
.nD?e restrigﬁﬁgﬁai?tes. Preferably, 20 the fragnent conp%#@@ghéﬁgoor nor e

| oops (each of them consisting of approfimately 7 nucleotides) and a
primer binding site (approxinmately 18 nucleotides), i.e. the mniml size
of a suitable fragnment is approximately 25 to 30 nucleotides. 25 In a

Perms of site(s) and eunpertSy ihaet hithaomihlorhs BB SrtedBri&iingi ng the
.degree of honolwgpttienasnnany elielrar genbidRMAtapgcyese asin passi bl e. 21 March

2005 WD 02/ 290 POXYEEOL/ 11240 Thus,_.in an_enbodj nment of the invention
the nodificati rne]tg 4 fneglﬁll%&ﬁ%ﬁlcfll %gcaabrorvieéd tgﬁt PEy eSS (2Pt FhE Y om a
nmodi fi cati on i nthoomtatibnés) tiw lbadp sevtds thee blghesiidomyl oy, said

nodi fication 5 representin he exchange of. as ny, positions as possible.
By way of e%anp?cgl,yméagas?ﬁémgu% nﬁtsr?eagx%gtr?% € garE'i}g%pq 1, loop 2 may be
nodi fied by repbalgmegasiex tbis itislseneninuccapletdestateairagdone base
(position containing the mutation(s). Depending on whether the
RNAI or RNAII gene is used as 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.



693 in plasm d Col E1l, Genbank G 9507253) unchanged and 1@itMach&065!| abl e
as part of the newrestriction site, preferably a Ncol site. The bases are
repl aced by their respective conplenentary bases. By this approach, if
desired, honology to all uncharged tRNAs can be conpletely abolished.

Ther ef or e, i approach provides a maxi num fl exi bili
product i on{g Oglzéngéat vari ety of reconbi nant proteins o%&@%‘??@?

i ndependent of - their am no acid sequenceio in particular through control of
plasmd replication maintaining cell viability during expression. In this
20 case, plasmd anplification is subject only to the control by the Col El

speci fi ¢ epl i cation aechagismand. LRdependsnt.ob metabol ic fluctuations
of the host cell; 1I'n"thi's case, plasm d copy NUDer’ r éfai ns essent | ally
const ant t hr ougheditf iichéiber o RNAT endpR¥EELSLs 2B rAiedroat ibyel y to

conpl etely abol j.shi t ho ogV- . en | gnd, RNAIl, and unchar ged
tRNAs, this hoém) ggggn%%o%e%o I ilggfe‘ilgfel.n i%%?egéeﬁ'%'r t&l&ﬁggged, only
to a certain desittedhgefiegkrestdromedogy, appild cetiidhsatiory. if the yield of

t he product SO%Op I fa%%)r c%ec use_the potenti aé. of the expression 21
Mar ch 2005 \io f%%%gq:ﬁgP I':E?& fln%LZQLB el KePy T Hbt %Ful 1y expl oit ed
due to the decrrsssgdlepl Bgnvay cdpexaupber @mndhbhnsisubioptdsmpabinsmtint of
plasm ds ("gene g ), 40t esirabl.e.t i NCr ease _expression rates
by slightly iné%egggﬁ'l 1,jhﬂ%y2b%a9 B modf%le% by reé%%c1ng le

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




5 plasm d copy nunber. This can be achieved by selectivel¥ Marcht2008i ng
sequence honol ogy to sone wuncharged tRNAs, in particular to rare tRNAs.
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 influengiogwnrbdde rate of protein synthesis such that pphgp@i@gyct is
either present in the formof inclusion bodies or in soluble form By way
of exanple, a certain degree of plasnidtanplification may lead to the
formati on of 15 inclusion bodies, while a slight decrease may favor the
formati on of sol uble product. For sonme applications it is advantageous to

drastically ingi@asep asmdet Gopy yURPEes: vy iRer eastig dde-seduence ,
hormol ogy of RNAI_and RNAII to uncharged tRNAs, in 20 particular for plasnd
DNA product i on. PHHEIMLEIPY ogHEDqTegafr BEUE cSuitdasd amejuen@E honol ogy are

al so_known i n phesdiidsenagene dAayaohevianth ) yanaus: 1988) yand can  be

carried out according to the sanme principles as described for the decrease
of sequence honSYFRES2SEXRERSHPT KALEF doal sHightilyat nereasidydor product, the

process can me_mamdzegpgynﬁm@.i FROLabhY Besidhigvdy s@nge of nutations.
Sui t abl e experinments nax e conducted as follows: a plasmd or a series of

pl asni d candi RRIEStdgeLy| myntsd ndtgaseairnde thompéogestedance 30

transfected intg,apRELARr LRSS DaGt Bhi-ek chDS! 1Gflhse RdnABI GR2005 VO
02/ 29067 PCT/ EP011117240 12 grown under suitable conditions in a snal
scale, e.g. 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 n shake .fl asks; and the fernmentation process is nonitoreéd Marth20@spect to
the paraneters of interest, in particular growh, product yield and
quality, 5 plasm d copy nunber. Another enbodi nent, which is particularly
useful to obtain a w de range-of sequence nodifications, is to randomy
nmut at e one gyr ToLe positions of loop 1 and/or 1oop 2 and/or Iogg , thus
generating YA%BP8 y which 10 may be used for the constr BEVEBHA n
expression vector selected for any desigped property of the expression
system By way of exanple, a plasm d candidate may be selected due to
certain selection paraneters that are nost relevant for reconbi nant 15
protein production, e.q. growth_rate roductivity and viability; the
process is car rqré)a'hoHPg?Jﬁ %Wv%tb&ﬁdﬁ?%dﬁe’fﬁ’ér ilﬁeﬁtéT‘aJSJeﬁF&l&s Be3cri bed
above. Furt her nor ehakbi s1a9ps,0ae8 8hé oferrfedr a€f bh Chesteddinisng  of

reconbi nant protei,n expression rate based on PCN 20 mani pul ati on. Provi ded
the gene of intSPeSPIrY B msPerh the- Ao PREATEbRTRIH: NG teRESEi brary, the
sel ected pl asnird paictk cal @y hopptsdlct 9 c@¥PELS SN ek, t he gene of

i nterest. ile _during normal fernmentations an alnost tenfold 25 increase
in plasmd CopP AGHHEr SPRONI"% er i nduction i s bei ng observed, according
to the present invention the honol ogy between t RNAs and RNAI I bei ng
decreased or abolished. This has the effect that a |arger pool of

non-i nhi bit ed RNAtheol ecloddignand , f which ol peetactlailh RkMarch 2005 WO

02/ 29067

3
%a

obtain a 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



13 PCT/EPQO /11240 RNAII. Thus, the nmechani sm of replicati & Marcdetéshed
from hi gh pools of uncharged t RNAs caused by netabolic overload due to
expressi on of reconbi nant protein. Detaching the nmechani sm of plasmd
replication from 5 netabolic stress related to reconbi nant protein
expression results in higher yield of reconmbinant protein. Since the base
exchanges a®@®PEM§ to the present invention are presentfCHEPHMIHORNAI and
RNAI'l, which 10 results in a change in hpsyology to all tRNAs, the

conposi tion of uncharged t RNAs (depending on the reconbinant product) is
not relevant for this approach. In addition to the nodified Col E

replication systeqtb t he expression vector of the invention conprises the
15 el enents reqirret FOMSpr b TFERpressPbrreRlicatdrpr &8 sFaH7CE6At r ol

sequences oper atielniohl BkUs t&F thiRhaeFBW M REA8ACHYI MbReiBr ot ei n of
interest, including pronmotor, translation initiation region, selection

markers (e.g. aftFBHiBd EupekP stvnas shanket syecompipast r PEQ¥ UM -sites for

insertion of thefd¥highCeHE NGkt Bf BEebTadiid Mepieshiifl Coxolr €f erably,
t he expression vector of the invention is derived fromone of the

fol | owi ng vett ofetalmBr eBEs% arelétted) to negompinagtpBRePEIY Covar r ubi as et

al ., 1981; avaibabteasdioambBhitFemaLas, caialogye -BUBRe! 4300041,
GenBank/ EMBL sggg&gce accessi on nunmbérs J01749, KO0005, LOB654, 21 March
2005 LI

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,



WD 02/ 29067 14 PCTI EPOL/ 11240 ML0282, ML0283, ML0286, MLOZA6larbhQ0as!,
MLO785, MLO786, M33694, V01119); pUC18 (Yanisch-Perron et al., 1985;
GenBank/ EMBL sequence accession nunber L09137; available fromMI 5

Fer ment as cat al ogue nunber #SDQ061); pUCLl9 (GenBank/ EMBL sequence accessi on
nunber L09136. ~available from MBI Fernmentas #500051) ; pTZ19R

( GenBank/ EM3Q €80%énce accession nunber Y14835; avai | abPETEPYMNBI

Fer ment as, catal ogue nunber 10 #SDO141);1pTZ190 (avail able from MBI

Fer ment as, catal ogue nunber #SD0161; GenBank/EMBL sequence accession
nunber Y14835); pBluescriptl! KS(-)(Alting-Mes et al., 1989; 15

GenBank/ EMBL sg}guence accessi on nunber X5232§{ﬁ;8 EBI uescriptl| )
(Al ting--Mes 1482, 138483, MBS AK/ BIBE® YedlilEd, LS 0N 97
X52327); pBluesessgdd,l vBK{13 (Al ting-Mees et al., 1989; GenBank/ EI\/BL

seqguence accessi on nunber X52330. 20 p8Bl uescri ptll SK( +) (Al ting- Mees et

al ., 1989; sequence_acgces nber 3 Wth regard to
the protein of ﬁ%ﬁﬁ E(gl%nlfﬁlé% &8 ﬁg f i oRELF %iér“i% of sequence, as
| ong as the exm@m@naaéeénﬁmphaﬁﬁbﬂ LogE37 cakrélmmerﬁoal @Bzf unctional

protein. 21 Margch 2005 cata%{ogue fumber #SD0061) ;

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.



15 PCTI EPOL/ 11240 I n the experinments of the present i nventdidfgrchh B0 DNA
encodi ng human Cu-Zn superoxi de di snutase was used. Froma vector carrying
this cDNA, a highly soluble, 32 kDa dineric protein can be produced which
consists 5 of 153 amino acids and is released into the cytoplasm
(Cserjan--Puschmann et al., 1999). Any bacterial host cell that is

conpati bl e WAH2IEl type plasnids may be used, prefer BEFFPRIEY) |
strains, in particular strain HVS 174 (E3) (Studier and Moffat, 10 1986),
or Salnonella strains. In a further enbodi ment, the present invention
relates to a host cell transforned with the expression vector carrying
the nodified ColEl _.replication. For transformation of the host strain, any

conventional 15 {EhRFREETRERE DO TUERE, PR e FBEER b at i En BB cal ci um

chloride or caleidynipgesinphh atu-¥h shpefofilld RekmeabOdi yRNtucelihe present
invention relates to a nethod for producing a reconbi nant protein of
i nterest, wher el TP PEVEEEPT FStYidEl FRIg ¢nsfobhedl o riPhean expressi on

vector having a3fodfal digpliéabicieinS¥sh ep8 WriddudeAURtdPodngigpe Or nore
| oops of. the RNA %nd RNAI'l gene, grown under suitable conditions and 'the
protein of ithtetest>d eMiBRRetEY anthas| FRAGASSEn 18Be et £1¥E9PLa8BnDhi nant

protein product {@dePaacessSchamdenekoppendodyy, providing a tool for
conpensating the interference resulting from expression of reconbi nant

proteins with the host netabolism The nethod of the invention is

particul ar adv%ﬂhﬁ%%%%%rkglfﬁ%%é“@@i& 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




21 March 2005 WO 02/29067 16 PCT/ EPOL/ 11240 fernentati on @iddassessi . e.
processes wherein the addition of nutrients is coupled to the increase of
bi omass. To fully exploit the advantages of fed batch processes, which can
be run over extended periods of 5 tine and thus result in higher bionmass

producti on rall process econony than cl assical batch processes, a
stabl e and ?@&ﬁllz%\égbl e expression systemis required. Tﬁ%gmﬁtﬁgaz“%an be

beneficially met by the use of the exprassion vector of the invention. 10
Furthernore, since alterations of the sequence of one or nore | oops of the
Col E1 RNA-1 and RNA | can serve to drastically increase plasmd
replication rates the, .vectors are ver¥ usef ul for‘élgroducti on the

h

production of prasmgsicR PIPCss5eouss - Fn REEESERar W5 S hd ™5 advant ages
of the present adudgnbhoof|etitiertre isposgpldd itbythe teerense oifhe stability

of the so-called RNA I [l "Kkissing, co ex" and thu nhance
plasmd repli c:kf:’ioénr?srsat éé%éb”tﬁéﬁ?ﬁrf’égltﬁ%? PRLAPGS u%“gda?#]%ﬁﬁﬁ experi ment s
was pET1lla (depioatsises, ofhpdiBGER beomiStswimgenehded hbsriddrswird cont ai ns
t he beta-lacgtanase gene _for anpicillin, resistance. The reconbi nant protein
expr essi on %% tHTE %ggnggﬁiEéQﬁgﬁc&ﬁtEb?W%ﬁiq&ﬁmFﬁﬁ BT eri #2dRNA
pol ynerase. Theovtaaalapprateds isedsicinyatish hetaseeral headdh greeREES, and
translation Inlglgﬁgbgg gg %&%ﬁl%ﬁéﬁ?gsexpression system is 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 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




results i.n repression in the absence of the inducer |PTG21archB00ba- SOD
pl asm d contains a cDNA gene 21 March 2005 WD 02/29067 17 PCTI EPOL/ 11240
~coding for the reconbinant protein human Cu-Zn superoxide di snutase
(hSOD), a highly soluble, 32 kDa dineric protein of 153 am no acids, which

IS non-toxi he cell and released into the cytopla
(CSerjan-PuggH%g%ﬁ;et al., 1999). The bacterial strain u?ggéggplgpasnid
propagation and expression of SOD was Bstherichia coli HVS174( DE3)
(Studier and Moffat, 1986). This strain has the T7 polynerase integrated
in the chronosomal DNA. The T7 10 pol ynerase is essential for expression of

the reconbina Ioud%rl%ta%w. erd %I%];?S‘L%%ﬁ%ﬁ%tee%%g%gﬁdc@% anp plates

(Antibiotic ne contain rcrllin)y " (Maniatis, et al.,
1982) The transfuperekida dewhiiiagee (D8@R) i m tHebéyespbublmnt3@ kD& was

el ect ropor ati ong.usi | Or e I Lhe DrjiJrers r ained from
Met abi on ( Mart {Hnlslﬁ%ﬂel%, 83:&ér?llnnﬁra]oy ?Igg ?lﬁieﬂcfgarcnﬁdg’f' gﬁg/%%uhsmn ri gag%%wder,
whi ch was di ssiolwddei pebat®rd trelebtad nistodhesoubpbmsuwi th the

concentrati@n o n P c i£d out 20 using a Thernobl ock
(T-gradi entf% Bi {)Cnséesrsggngléé%anﬁlayrﬁn%mm?ﬁ‘heas{éagﬁl'e cover Dynazyne EXT
polynerase 1 u/pl (Finnzynmes), |OX My-free buffer and 10mv Myd
(supplied) 1 mM dNTP, DVSO and distilled water. Priners used were

pET||a_114backngE@apEpgﬁgg)gtrain 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,



25 pEZI | a656for (SEQ I D NG 2), RNAI-Ncoback (SEQ I D NG 3) 21dviarcRI2805 Nco f or
(SEQ ID NO:4). Restriction endonucl eases, Lanbda markers, T4-Ligase, Calf
i nt esti ne phosphatase, were obtained from MBI -Fernentas and used accordi ng
to their recommendations. 21 March 2005 WO 02/ 29067 18 PCT/ EPO1/ 11240 The

f er ment or u§qﬂ,mﬁ a 20-liter fernmentor from MBR ' Bi orea t zi kon,
Switzerl and), \/2\,1 t 7an MBR | MCS-2000 control |l er connect egk?@l)llﬁ.lﬂﬁe

wor ki ng volune of the fernentor was abdi 12 liters. 5 Feed nedi a used:
The amount of feed nedia punped into the systemduring fed- batch state
was neasured by continuously weighing the vessel. The feed punp was

regul ated to giyme e(é&g@% tusgardo%g %?Cﬁ?olqte% ?e?mémn%%ﬁ%iokoﬁﬁﬁaddi tion

triggered by a conduc y Sensor. cont ac exterior, inplying
no risk of fer Rvneactoont@niWedtzibon, THhel tratrdandidi witlusad MRRS a

sem -synt hetic j_ cont.ai ni.n nts,of . tr one and yeast
extract to faciTl a?gb&‘g‘?/é rogtle?hégﬁg%ca%@%fo tlﬁé Izlff c%.rtkfﬁg conponent s
were m xed togetdiemel 5fi hha fcotvehtvol wane adfoudbadt 14cdrd.ers (4000g). But to

avoid precipitations, chemcals with the sane nunber (see # Table | bel ow)

were first dis e disti.l | r.at - !;PE Lue sol ution
was filled g’ut %ﬁ\éﬁﬁeg?gﬁ%déd@\gt 31\#1\@1%%3 ng%ggdﬁ%%%% a\?gg gg%gr ately. 20
Subsequent | y althehgtysthe diuicusdedol ridn avete whsketkastuagdt h#r in the given

order, and filléﬁ%tﬁ%hgﬂ@i? welghing the vessel. The feed pump was

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.



distilled .water to 3700g. 21 March 2005 WO 02/29067 19 Tal#1evdrch 2005
- PCT/ EPOL/ 11240 Conposition of the batch nmedium (4000g). Values given in

grans, if not otherw se stated. #Wight Chem cal (g) 112Potassium

di hydr ogen phosphate 124D - Pot assi um hydrogen phosphate Tri hydrate

22Trypt one | td. Hanpshire, UK) 21Yeast extract 35]ri- ' citrate
di hydrate 3 g}r%g)gjlrum sul fate heptahydrate 40.2Cal ci um cg{:*m}iﬁguéghydrat e
51000Trace el enent solution [pl] 680Coppexr (I1) chloride dehydrate [ng] -
664Zi nc sul fate heptahydrate [ng] 79Ammoni um sul fate 77. 4Amoni um chl ori de
866d ucose Monohydrate 5 21 March 2005 WO 02/ 29067 20 PCT/ EPOL/ 11240

Table 1:

Composition of the batch medium (4000g). Values given
in grams, if not otherwise stated.

# | 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




Tabl e 2: .Conposition of the. feeding nmedi um (6000g) for fed-MatkB005t at e.
Val ues given in granms, if not otherw se stated. #Wight (g)Chem cal

118. 00Pot assi um di hydr ogen phosphate 136. 00D - Pot assi um hydr ogen phosphat e
Trihydrate 251.57Tri-Sodiumcitrate di hydrate 220. 63agnesi um sul fate

hept ahydr at ¢ 3 6Cal ci um chl ori de dehydrate 410313. 71race_el enent sol ution
[pi] 5825. 13”&‘%88?6%) chl ori de dehydrate [ng] 5660. 08Zi RETERIIHLA

hept ahydrate [ng] 60. 6naf oam 792. 82Amomam sul fate 776. 32Ammoni um chl ori de
8680. 703 ucose Monohydrate 5 The Koch test was. perforned to determ ne the
fraction of bacterial cells containing plasmds, and to determ ne

whet her. the pl 1 d-carrying cells grow on plates containing, the inducer

| PTG the latt i.ndi_cat | t - th | 1.d- [ | d
1o e e ol gl s eid i g e
PCT/ EPOL/ 11240 THe bactertal drs: mis ST UBIM: 905 Eher TstastahBtnt of  dry

matter.

.

# | 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 containing the inducer IPTG, the latter
10 indicating whether the plasmid-carrying cells produce
| SOD in "normal" amounts after induction.



For each .sanple, a gl ass beaker was dried overnight at 10B5(Jachd08d in
exsiccatorand then wei ghed on an 5 analytical scale.. PCN can be cal cul ated
fromcorrelating the sizes (nunber of basepairs) of the genom ¢ DNA and
the plasmd DNA. For plasm d DNA preparation, the cell pellet from 10

sanpl e prep i was resuspended in 150 pl solution 1 50 _nmM gl ucose,
10 M EDTA, ngﬁzﬁ%{&%ris--Hﬂ pH 8.0) 200 pl SDS was addeagf’@?@%%ﬂ)s

solution (ICN Biochemcals) 50 pl |lysoz3are (Sigma) was added, the
preparation was m xed and incubated for 10 mn at 37C, the solution 15
honogeni zed by vortexing. The sanples were stored on ice until
fluorescence neasurenent with a spectrofluoroneter (H tachi F-2000). For
det er mi ni ng t he'PrRntestiap| dsninesBNABDY hediDgs ithe theakamoupsl PEt was
purified with tdey @GaxXdert, (MBI, 20 Fernentas) according to the supplier's
instructions, wth the followng nodifications: after the lysis step a

known anount (- t d i.nt ; tggg?n tion of
the DNA in 50 pgbﬁéﬁ%g% égﬁgg?gﬁféagggb?ééF%#nﬁgg??géFﬁon 0 1?H£E% asmd with
Hind 25 111 fort% fourcgrted7En epsdcsahprandittir Heloked 9 @Ri on- di gest ed

DNA was trarsf eanaEld/tticad saapte vial for capillary el ectrophoresis,
avoiding air bubbles. The sanples were | oaded into an autosanpler. The

ngi ! Lary wgstqai{ri byaat ed egleglhktweidggrwut&b:!@zagafzagc%néotifﬁgrsilz%sZg m n. Aft
sor bance detegtjon occurred a nm _ an am i ode array. er
the anal ysis thénmggﬁi &a%@sﬁﬁﬁﬁﬁﬁ ugﬁegﬁ%wquqm&FfBPAE%H?§g8red at 4C.

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.



21 March 2005 WO 02/29067 PCT/EPQA /11240 22 The anount of ZiMab200&I DNA
was cal cul ated by subtracting the anount of plasm d DNA/ng BDM fromthe
total DNA content/ng BDM As the anount of internal standard added was
known, the PCN could, according to 5 Breuer et al. (1998), be cal cul ated by
the follow n formulas: Plasmid DNA in sanple = Internal standard added x
Measur ed pl @°%NA  Measured internal standard 7 Chr omBSHHEN W48 epairs x
Anmount of plasmid DNA / ng BDM 10 PCN= #& Pl asm d basepairs x Anount of
chronosomal DNA /ng BDM For determ nation of the anpbunt of SOD, capturing
anti bodi es (SOCD nonocl onal anti body clone 30F1ll availably from Novocastra
Laboratories Ltd., UK) were 15 diluted 1:100 in coating buffer (200
lag/m). 100 pl T amgivhbt efl cmtorsedrad bR ives wedleulabedflerred to each wel |

on nicrotiter pé@steﬁacltmﬁgbaa@da@urﬁc 2UBLAbEN oNAynd! npif AR eRer ature f or
tree tinmes W th washing buffer and

at | east 2 hour h ate

the buffer 20 ré‘?@ E)Ng’yc%’%%rk 5' pﬁ%t?egéli‘towt /-t H?d st andard
were dil uted i nstarRlagtepdddy vmqoémownr,obm BN cdulld | aocq@idig. t60 pl  of
each different ghddadd @R YWer e(lggaa)nsfbgr EQﬁc&PaYcerdOBQt ):héof(g{fb Plgl body coated

pl ate and mcuﬁat ecl for 1 hour at roomtenperatuie te was
washed wi th was Biffer. Conjugated antibody was dil ut ed 1:500 in
di lution buffer (Porst mann et al., 1988).

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).



21 March 2005 WO 02/ 29067 23 PCT/ EP01/ 11240 Mutations wi t lairMéardek 200% gi n of
replication are indicated in Table 3 (the table lists the changed
positions , the nunbers referring to the conplete Col EI sequence accordi ng
to A ="9507253" CGenbank): 5 Table 3: 692G > C 694T-> A 695A-), T 696C-3 G
697C - a G-GE%-éoL 699A-> T 700C-> G The fernentation pr ogeﬁs sing the
plasmd in E. E6t%" VB 174 (DE3) pETIlIachSOD i s shown i REUED 1i"dﬁre. The
10 total and specific production of the z2conbinant protein (SOD), al ong
with the production rate, q,, is shown. Al so shown are the total bacterial
dry matter (BDM and the plasm d copy nunber (PCN). As opposed to
standard processes (e.g. as described by 15 Cserjan-Puschmann, 1999), it
was observed tH#ttathenpoxithin kst oragherofc oepilaneteoeraRg t er i nduction at

the 45th hour.igfidfaeahi? 0 1\M03024R8064h124 11sts the changed

positions , the numbers referring to the complete ColEl
sequence according 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;é 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.



PCTI EPOL/.11240 The results of the Koch tests and the pl asrégicMaropR200Hhiunber s

are shown in the follow ng Table 4: Fernmen CFU on Plasm d | PTG i nsens.
tation CFU anpicillin carrier plasmd PCNtime [mM-1]plate[%W carrier [h]
315, 5x1095, 13x10993, 331, 12x1 0 371, 98x10101, 96X10 098, 996, 67x10650 4148

45. 42 4638 0102, 66x101087, 691, 63x10645 4844 5051
521,89x10'd%?i%gﬁ%%075,701,38x10634 5 21 March 2005 WO 03F5EBRA1240
PCT/ EPQI / 11240 24

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




25 Exanple 2 The plasm d used in the experinents was pETI 124'M&€2685

described in Exanple 1. The bacterial strain used for plasm d propagation
and 5 expression of SOD was Escherichia coil HVS174(DE3), as described in
Exanple 1. Al mani pul ations of bacteria and plasm d DNA were carried out

as descri beg,d anple 1. Aigonucl eotides and enzynes i ned
fromthe saﬂ(gdg'gﬂorlb:—zes as described in Exanple 1. 10 Pri n%&@ﬁﬁﬂég?"gvere

petlla-Sca-1-for (SEQ ID NO5), petlla28wWN-1 (SEQ ID NO:6),

petl | a-Xba-1-back .(SEQ ID NO 7) and RNA--1--randonXba--1-back (SEQ I D 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 plasm d copy

nunber Cel | s wWitHFRIi éh PCN shoul d have a hi gher resistance against

anpicillin. The pool of bacteria was plated on LB-agar petri dish

contai ni ng eitHdre @lashidrud@hghnthe aempagiieins 48s quRTirLiaesodf as he 10ng/ m

LB- Amp- pl at e Zmé&&gbghcgﬁ%%lghg_sequence anal ysed. The result revealed
7 clones (see Table 5)that were different with regard to the sequence of

| oop 2 of RNA I%Zg EH% 1y 1 _Mar Chﬁ%?tOS V\g?OZI. 9067 26tTabI e
PCT/ EPOL/ 11240 PRRA - Tl T it FATETARCAPSTABAT Propagation an
5 expression 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 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.




Col E1 Mut 9ATCTACATGTAGAT Col E1 Mt t TGGATACGTATCCA Col E1 M#st13VErcACOmEECGT GAA
Col E1 Mut ACTGTATCGATACAG COTE 1 Mut 5AACATCCGGATGIT Col E1 Mut 7AACATCCGGATGIT
Col EI' Mut BAACATCCGGATGIT Col E1 Mut 6GCTAGCGCGCTAGC CDI E1 Mut t
OACTGAAGCTTCAGT 5 The second screening criteria was the stability of the
pl asm ds. Bgecterja. containing the plasmd pool were cultivated in shake
flasks at 3 "‘é}r’%{'ﬂl%f OD=2 using a synthetic nmediumw t hofi T’ﬁ%ﬁ&"‘fl in.
After three

passages (correspondi ng to 2gpproxi mately 20 10 generati ons)
bacteria fromthe | ast passage were spread

onto a LB-anp plate to sel ect
for the bacteria that still contained a plasmd, single colonies were.
pi cked for sequence analysis. 21 March 2005 WO 02/ 29067 PCT/ EPOL/ 11240 27
The result of thideséreen is shown in Table 6; Table 6: RNAI RNAI | RNAI RNAI |
Col El Mut | | TTATGAGCTCATAACoI El Mut 41 CACCCAATTGGGTG

Col El Mut | 2TTGCCACGT GGCAACoI El Mut 42 GCGGAAATTTCCGC

Col El Mut | 3CTTACGATCGTAAGCol El Mif[43GTGTCAATTGACAC

Col E1Mit 14CATGCAATTGCATGCol El Mut] fdy GCNGGCGA | gyal

Col El Mut | 5GTGACAATTGTCACCoH BVt A5 FCECENGENGECEA
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 El Mut 16 CCGACAATTGTCGGC ol El Mut 46 TTTCCCGCGGGAAA 21 March 2005

Col El Mut 17 GCGGAAATTTCCCCCol El Mut 47 TACCCCGOGGGGTA
Col El Mut | 8CTCGCCTAGGCGAGCo! El Mut 4BTCGCTAGCTAGCGA
Col El Mut 19AGGCCCTAGGGCCTCol El Mut 49 TCTTGCCGGCAAGA
Col EI Mt 20%@ ACCAACo! El Mut 50 TTGGTACGTAACAA
Col El Mut 2I A GCTATCol El Mut 5| TCACCACGTGGTGA
Col El Mut 22 TTGAGATATCTCAACo! El Mut 52 COGCGAZTT TGGCGG
Col El Mut 23 TTGGTAGCTACCAACo! El Mut 53ACGCAAATTTGCGT
Col El Mut 24 TTAGCGTACGCTAACo! El Mut 54CTGAACTAGTTCAG
Col El Mut 25TT%GCAGAACOI El Mut 55CCCCCATATGGGGEG

Col El Mut 26TT THESEAACSE EF LT SEESECAY Atlerysad 2 TabRech: 2005 WO 02/ 29067
28 PCT/ EPO1/ 11240 Col E1Mut 27 GATGGTTCTACCAACo! El Mut 57 TTTGCCGOGGCGAA

Col El Mut 28 TTTTCGCGCGAAAACo! El Mut 58 TTCGCCGOGGCGAA

Col El Mut 29 TACCCCCGGGGGTACo! El . Mut 59 TTCGOCGCGGOGAA

Col El Mut 30CATTCEATIGGAATGC ol El Mut 60GAGGTAGCTACCTC

Col El Jut 31 GTTCCGATCGGAACCo! El Mut 61 TGTCCAGCTGGACA

Col El Mut 32GTAGCCATGGCTACCo! El Mut 62CCTCTAATTAGAGG

PCT/EP01/11240

Col El Mut 33ACTCTAATTAGAGT ot TTGECGT

Col El Mut 34CTGGRAATTCCAAK TACCCA

Col El Mut 35CCCCGAATTFGEEEH TGAAGA RNAT RNATT

Col El Mut 36 TTGGTGTACACCAA( TGCTAA

Col ETMut 37TTGC@§@EMIW TATENA: CBl HCROICGRT TAMTARATCGTAA

Col El Mut 39 TGGOEAGCTGACCA | Col El Mut UOATGTCAATTGAAAT The| fermentdr and

accessori es userbirlMuile [BerEer €GCAA  [ColEiMutd2 |GCGCAAA |TTTCCGC
ColE1Mutll |[CTTACGA |TCCTAAG ColEiMut43 |GTGETCAA TTGACAC
ColEiMutlad |CATGCAA [TTCCATGE ColElMutdd ITCGCCNG CNGGCGA
ColEI1MutlS [GTGACAA |TTGTCAC ColBiMutds [TCGCCNG CNGGCGA
ColElMutls [CCGACAA |TTETCGEE ColBElMutdé |TTTCCCE COGGAAA
ColElNMutl7 [GEGGAAR |TTTCCCC ColEIMut47 JTACCCCG CEEEETA
ColEIMutls |CTCGCCT [AGGCRAG ColBlMutd8 ([TCGCTAG CTAGCGA
ColEIMutl9 [AGGCCCT |AGGECCT ColEIMutdS |TCTTECC GQCAAGA
ColEI1Mut20 |TTCETAG |CTACCARA ColslMuth0 [ITGGETAC GTACCAA
ColE1Mut2l (ATAGCAG [CTGCTAT ColE1Mut51 |[TCACCAC GTGETGA
ColE1Mut22 |TTGAGAT |[ATCOTCAA ColBEl1Muts2 |CCCCEAA TTCEC3a
CeolEiMut23 |[TTGGTAG |CTACCAA ColElMutbh3 |ACGCAAA TTTGCGT
ColBlMut24 (TTAGCGET |ACGCTAA ColElMutb54 [|[CTGAACT AGTTCAG
ColE1IMutL25b |TPCTECT [AGCAGAA ColEIMuthS (CCCCCAT ATGGGEGGE
CelriMut26 |[PTECCAT |[ATCGCLA ColElMuts6 |CCCCCAT ATGCGGEGG



the sane .as described in Exanple 1. Feed nedia and 5 growtZi March 2665e t he
sane as described in Exanple 1. The PCN was determ ned and cal cul ated as

descri bed in
to their

7 Tabl o 7; WCHEPBT

i nduced st ate.

Col E: Mut 9 (and Col El Mut1, which has the sane

PCN was characterized in fed batch
are 21 March 2005 WO 02/ 29067 PCT/ E
of different clones

IS

shown for

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

regard
The results of

29 shown

t hggyr’#"i}?i‘g%%d and

Tabl e 7: 5 uni nducedi nduc28l 3hi nduced 5h CO E1W54129298
Col El Mut 97502560600 Col El Mut 22136243380 Col El MUt 54346393 The cl one

very prom sing
750 10 represe
wild type Col El
2.5). The | ower
reconbi nant prd
2005 WO 02 290¢

canmdrdatey for—ptgsnd—producti-on—A—prastid—ecapy—furber
T o G R R
PCN of clone Col Bl Mut 54 cojul d be beneficial flor

g@&im@almmmcw@aﬂm | owelElBuinst JBLECCE oaddealdarivar
D

ColE1Mut29 |TACCCCC [GGGGGTA  |ColEIMut59 |[TTCGCCE  |CGGCGAA
ColE1Mut30 |[CATTCGA |TCGAATG |ColE1Mut60 |GAGGTAG |CTACCTC
ColElMut3l |GTTCCGA |TCGGAAC (ColElMut6l [TGTCCAG |cTGeAca
ColE1Mut32 [GTAGCCA [TGGCTAC [ColElMut62 [CCTCTAA  |TTAGAGG
ColEIMut33 [ACTCTAA |TTAGAGT |ColEiMut63 |acGcaan [rrrecer
ColEI1Mut34 |CTTGGAA [TTCCAAG |[ColEIMut64 |TGGGETAG loraccea
001ﬁlmut35 CCCCCAA |TTGGEGE  |ColE1Muté5 |TCTTCAC |GTGAAGA
ColE1Mut36 |TTGGTGT |ACACCAA [ColE1Muté6 |TTAGCAC |GTGCTAA
|ColEIMUE37 ITTGCAAT |ATTGCAA |COlEIMut67 |TTGGTAG |CTACCAA
ColEIMut38 [TTGCGAG (CTCGCAA

ColE1Mut39 (TGGTCAG [CTGACCA

ColEIMut40 [ATGTCAA |TTGACAT

The fermentor and accessories used in this screen were

the same as described in Example 1. Feed media and

growth rate were the same as described in Example 1.

The PCN was determined and calculated as described in

BExample 1. The behaviour
regard to their PCN was characterized in fed batch

of the clone candidates with

cultivations. The results of promising candidates are

t he

sequence) turned out to be a

of

ch
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codi ng region of the RNAI gene and one or nore correspondifdanch280% ons in
the RNAIl gene, said mutation(s) resulting 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 claim1, which is derived froma vector selected from

pMBl, pBR32 8/19, pTZ19R, pTZ19U, pBluescriptl|KS 5 and
pBIuescrlptﬁﬁgﬁHgy} . 3. The expression vector of cIa|n1&C£%ﬁ%Pé¥ﬁ sai d

mutation results in a decrease or abolisjment of RNAI/RNAIT honol ogy to
uncharged tRNAs. 4. The expression vector of claim3, 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 nodified by a nutation of
essentially its conplete sequence. 6. Theri®eressi on vector of claimb5,
wherein six of 25 seven bases of loop 2 are replaced by their respective
conpl enentary bases. 7. The expression vector of claim®6, wherein | oop 2
of RNAI contains the sequence TGTAGAT in place of the wldtype sequence
and wherein loop 2 of RNAIl 21 March 2005 WD 02/ 29067 PCTI EPOL/ 11240 33
contains the séﬁuend@lAWET%&E%QH1W@B§QE pAvine anChdEl t yquel isegdence. 8. The
expression vector ofsydtainm fhedhier @hB h&APIchy of the RNAI and RNAIT

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 RNATI.

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




of RNAI contains the sequence CTGAACT in place of 5 the w2iduympk 2088 uence
UUGGUAG and wherein loop 2 of RNAII contains the sequence AGITCAG in pl ace
of the wild type sequence CUACCAA. 9. A bacterial host cell transforned
with a vector of any one of clains 1 to 8. 10 10. The host cell of claim

9, which ismgﬂ, li cell. 11. The host cell of claim1l i is a cell
of E. col.i st?é?ﬁPHNB 174. 12. The use of the expressiogcvgg@g?ugf claim?7

for producing a reconbinant protein of 3nterest in 15 E.coli. 13. The use
of the expression vector of claim8 for producing plasmd DNA in E.coli.
14. A nmethod for producing a protein of interest, wherein a vector of any
one of clainms 1 to 7, 20 which contains the DNA encoding the protein
operatively |inked CORERPR2SHIDFCEURLEDIATERGReABeBlaGe aff 4hef Witdd in a
bacterial host cell typenpadmidie.with the Col E1 replication system the

host cell is grown under suitable conditions and 25 the protein of

nterest is regover edcang A4 fdredectds ¥ 12005 V02120967, SFQUENCE

LI STI NG <110> Boehrh&ger gggéheln1l t ernati onal 1240 <120>

Expression vectors Rt FADATPHEGEFER SRTHITOFTCrRPT | tallssef 6 contr ol
of plasm d &opy nuniee wiBidtviGaseqinld SIIRGUAG 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.
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