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RHAMNOSE PROMOTER EXPRESSI ON SYSTEM The present

i nvention concerns vectors for the heterol ogous
wez@omedron of nucleic acids encoding e. g. PCT/EP2005/013013

pol ypepti des such as reconbi nant proteins in ’ ’

prokaryotic hosts. Mre specilfically, the present

invention relates to new vectors expressible in a host
REAMNOSE PROMOKER EIBRMSSEONSKSITEM r egi on of t he

L-rhammose operon operably linked to a transcriptiona

unit conprising a) a nucleic acid sequence which is

ThB @kl iAGaHDN cOnSsthPlvdeRsd fob thethdrBloabNPédpeesSiva BRhucleic
sequence operably linked to said nucleic acid

acide goeading ©. \Bhpelypetislas shch @@R@&pmna@t Biogmad inpeeineyntie hosts.
Mér%' ﬁ&éiﬁgau%%@ﬁés%ﬂﬁhv&%h 'ré?lSt%s ‘80 ndl¥ @%c%r@%giﬁ‘éésgﬂé’ n{‘éE’h&Q

am no

coﬁlpﬁsmg:hl@’ ﬂaaBAIljwproﬁWresmm thé LSI&ﬂadestb}ﬁrdh cﬁ%taﬂﬂy hnked
sequence is control |l ed by said pronoter region.
to g {aniEPHERE YIHSOMRAERE on rel ates to the use of these

2) SR Scl QeahliRe %ﬁ&{fé'h&g&%%o%% e33hgy of nucleic

acli ds enco |ng e . pol ypepti des. BACKGROUND CF THE
b) b IGO0 st@aysmymwrweﬂablvémkeém shed oudloie dclﬂ sequehec,

heterolo xpres ion of . ﬁ aci ds galn e.
WheTeas S B ‘8& se&%ef}-c&so i OIBrgtﬁn& !

peﬂﬁﬁkﬁﬁﬁ’@&h@m@)ﬁiét@i’ﬁﬁ foraPRY QinindB&its, Refafify MO ks Hane
expressi on systens in prokaryotic host syst ens have

wheggas dbp @PEGSHONPE rsydélﬁclslclaphﬁﬁ segeense s emtngHed &y g promoter
re%%&?.n?ﬁl% E@“t‘ﬁe %?Jtéé tiﬁl?e]q.\s%\?aﬁl?%g ﬁédﬁ&s I%I‘%Hé’t ers

ave |nc ded t ose [ erron
he&kolpgdlﬁ%pre@anmoBﬁuclle)BeldsO@Dcpdmgda ghﬂ)ljzp’eppcﬂesphan [t rpl

(Goeddel et al., 1980, Nature (London) 287, 411-416)

pronoters, and the hybrid pronoters derived fromthese

Bidﬁbﬁéﬁﬁnmﬁﬂﬁvﬁbﬁﬁ@ﬁ' us, 1984, Gene 27 :161-172 ;
Amann and Brosius, 1985, CGene 40, 183- 190) O her

i nduci bl e pronDter systens such as the araB pronoter

M eteEs i e R ek U Rt b Pig o S G egeics

en&ddihfe. d. PaIyPOsitlep sODise EcottbABMNDpAIEHE Iprekdyotic systems. However,
L-r hamrmose (WD 2004/ 050877) have been escrlbed as

mQgh hpteralp2oup R dressiog sYserasdmr e kirgptichoshsstcasiave yetied
7
exgﬁg%ﬁlg/%glfaoqmﬂ%%t loPBFctlie fb%?oté}fs Pod 1?@@%9(189%%(}%16}(%@5&0

0gous expr essi n of nitriTase In
préshoters have iofluded the faktose Harh{¥ariscinPemron efsad., 8985, Gehy 33,n103-109),

ol G 5 S R AR B e e,

and Y Thd%idRbinbRM @fivel ikt th@mwof[mwmrﬁ (Bltosiug 1984,Gene 27
advant ageous to export the pol ypeptide fromth

1ly1 8p1 Agienn end Bevsies d 8§ ons 40,1 BEAPPb Rianheibloprpmsyer
sy#é{n@ | gngl aﬁa%g@%&%%& indibAEEbY AGnBYE! AIO%ETA388), Be rhamnose
ero r erns 1 n

ogous
promoter rhaSB mducible by L-rhamnose (WO 03068956) or the rhamnose promoter

rhaBAD inducible by L-rhamnose (WO 2004/050877) have been described as well for the
heterologous expression of proteins. WO 2004/050877 describes the use of a rhaBAD
promoter for the heterologous expression of nitrilase in E. coli. After induction with L-
rhamnose, nitrilase activity in resting-cell assays could be obtained. However, in particular
for the expression of complex polypeptides such as antibodies or antibody fragments it is

advantageous to export the polypeptide from the cytoplasma to non-cytoplasmic locations
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the cytoplasmis often acconpani ed by the m sfol ding
and segregation into insol uble aggregates (inclusion
whowb®ee)174 However, since the signal sequence CBECI/EP2005/013013

i nfluence secondary and tertiary structure formation

in the mature region of secre?ory pol ypeptides, the

choice of the_appropriate signal sequence in
(seermiinm) Ay veime\wignsl saduersss. since thstesproflestionpdhetgrplogoys proteins in

[

th@ g‘ggﬂlgrgq%gr’ltérg c%inpafrﬁgg i)g ghsgo?lrll a %H& Ee%?%‘%gtl:)rg Hfto insoluble
agxmat—:es ginclusioydodis). lejWetVble sine¢ theai gingb&tﬁumw e fiftwened secondary

nucl eic acid se uences SUMVARYOF THE | NVENT] ON These
ang fart C%f tign 1Whp magare AP 8 secretsHpplyaeptides, the choice

[ [

o R SR e IO ARRD LN B RN Rlifiortant for
high prcelgstmmﬁﬁmemmt polgpephidee Thhg ghms iyprechd ¢¢ proavitt alternative

rise ther ter re f the .

Pr‘éﬂﬁrﬁ%t 8 es&?é’rsé’ﬁtemélg‘ﬂg@%%%?%? G74S ﬁ’%?sé]ioe Ogc?flalelc acid sequences.

sequence and a prokaryotic signal sequence selected

from signal peptides of periplasnmatic binding proteins
SYMMARYSRF SHEINVEYTEN ds, vitamins and ions. In a first

aspect, the object of the present invention is to

provi de a new vector expressible in a host conprising
Thdse andhaiBéiolgecsas eill begip@fbnofrotrhhe Eoregrammnaseripi@r kdve been

erably lipked to a tra | unit conprisjng
%57 d EXI%T iding ey VSEqTRe g@%v@ﬁ? ?wliows%ﬁqypba&ﬁgsw of a desired
he‘i@r’oﬁ) 2B@SProBiictal VKRR ¥hpGsethd e 5.6 BHERE rePiSh 3PIE L-rhamnose

linkéd to said nucleic acid sequence, ereas sal
opsrark athgistologaisgeleicandisaquendesing elpecitastic sigmabsegnerice selected

eptld f. peripl asmat.i ¢. bi ndi telns for su

B8 RerRac 5t bt Rl findi b B R SRR e fipg SORR. Ftamins

arﬁixlbﬁﬁ $64 Ofst@bpergithe objedt@F theaéRnSiReERIdaes toSproGidk Qlelvactor
sald pronoter region. Al so provided are: the use of

e@aﬁ:sal bediy ahost @?rmprésmg the rh@%w RTQSROtRteEioB 0 s thamnose operon
Iﬁ&ﬁ{}fﬁﬁ&ﬁ% QAfirhs angllalcun"i’tcd gqgglgﬂl%ence in a prokaryotic

i solate Uit cl eic acid sequence
a)exprobessadid sequenee Whish 1s:lmnqmlogomsgcotshﬂ hokiaBAD pr onot er

bwgrP 3 &f glgﬁad ES&%@Z‘%&@F@% ﬁ%‘ﬁéﬁﬁga seaﬂiﬁx&%% o%%éa%ﬁc%hereas
sad®bR&ASkid SigRISkgidle ROPlcbEE ?roﬁ{ 3131%{1 Fgﬁtﬁ&%?b&iﬂlhﬁﬁtﬁ%mdlng

protei ns for sugars, am no acids, m ns and i ons
PiptediceloyBIgaTs, hmsno a0idsn gftwoning anduionk asdalweme ﬂmequresslan of said

c ac d se
11&0?19 J: %18 g ﬁcécp lé po#§1?)eéiz)hs' alecf pr(r)]mg e, 5eglo qhg’llsno gprgg dng are: 9‘16 use of
sa\idaﬁév@ Wect@l’liﬁr thevregiilated GioiRTY b Giub Exire i A0 lagTuclefgiddi seqlience in a
proﬁterologous nuclelc aci.d seq uence and a transl ati.on

aypg hash andgplaied @d §P%f{“?drf§1°%ﬁ1° ¢ seqperesrRgressible in a host
%@Iﬁt wR4 %&gﬁ@? %hl%rg ﬂ%ﬁé ﬁgay@{a i %ﬂmréelﬁﬁt%\?v aps
nydheptide smungcajmdea pleﬁalde’m:mgmﬂ sequeneehdetshted fiome sigaalwieptides of
penplasmaﬁc %111do ing protelns or suga% amino acids, vitamins and ions; a prokaryotic
host transformed with said vector or said isolated and purified nucleic acid sequence; a
method for producing a polypeptide in a host using said vector; and a vector comprising a
promoter region, a heterologous nucleic acid sequence and a translation initiation region

consisting of the sequence AGGAGATATACAT.
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illustrative drawi ngs, and the attendant cl ains. BRI EF
DESCRI PTION OF THE FIGURES Fig. 1 shows plasnmd
w@BWaA6Hab- H cont ai ni ng the L-rhamose i nduci bPE&I/EP2005/013013
pronot er (PrhaBAD), sequences coding for signa
sequences operably linked toXxhe light chain
onpA-VL3-CL) and the heavy chain (phoA-VH CH) of a
Oteatybfactsgpndradyartagks avitl Foam;n¢ antarenh tot those kalladon thegt Hom a review

shows L nta .
of i g 4ot Rt SHETON Se BRE AR5 B afhovine
illeaeiingdlatings gﬁaﬂhea@mﬁmangper ably linked to the

light chain (pnpA-VL3-CL) and the heavy chain
(phoA-VH CH) of a Fab fragnment, and a transcription

ﬁﬁﬂﬁ)s Fig. 3 shows dot bl ot
resgﬁ & HQ] ﬁh man |ight chain for detecting

Fab al kal i ne peroxi dase conjugated) of |ysozynme

acts. of .th [ ed and i duced 110
Fig 1 <P e Blastd bR e Gp it B L B gt bt e phgmoter
(P)th'a@ﬁDl n§eﬁﬁ<¥1ﬁ§e§ c@cﬁﬁ% fo? Qiéiﬁi S%Quelﬁlegopef‘ab?ﬁ H%%Qﬁéﬁlﬁmt chain
cont ai ni ng L= rharmose i nduci bl e pronot ér

(0'(@1{-%{5)9@) amithe h@aVE’&baIH (D& HrnCthotd Fely Bdgmengnaid a transcription

oS egyences. F’L B 5 shows dot bl ot of Iysozynme extracts
rglf' WPES%‘S%& ) and L-rhamose i nduced strain W81 10

(pAKL14). The tine when sarrpl es were taken is
indicated (W th_anti-human t. chain _for detectin
Fig-gshoys plasiie PBEE-bx P@H&l@%@rﬁl%g}a@%dlyducrb lg pragnetaofan

r f
st B Bielr e FSQEHE AR idedla e 1RATRRRR (ompa v CL)
and ﬂwdwavp phaih §yiddk EHSGipod fersF abefrggnieak end iadranpatipt@ndetmination
é i{ nti human |ight chain for detecting Fab,
TeePk |rl per oxi dase conjugated). Lane 1: Standard
(1.28 ng); lane 2 : WB110 (pAKL14) ind., 3 h; lane 3
© VWB1 10 (pAKL14), ind., 5 h; lane 4 : VB110 (PpAKL14
Fig. fcshows detblotaeeulis:(witk ent-humarilizhy chainfgr detecting Fabaalkale)

o8B o0 R0 A8 09511

strafins @iifhfthe @ifferi bxpRssidu plagiaides Tie thhgintdradis breaintlichiedy
concentrations. The strains producing the Iight and
heavy chain w thout signal sequences are used as a

Fi %1 Q:%blf)é%la{sﬁﬁé 'i':)mq4(cloﬁﬁﬁu ; (B Hﬁﬁmoéeﬁiﬁeuc%le\%&%&er (PriaBAD)
pMx9- HuCAL- ; lane 3:WB110 (pBW22- Fab-'H);

and the I\“M&Ifllcge(lpﬁwuhsbtﬂedl sigeal 5eqUABLESD (pAKL14) | ane 6
Standard (2 ng)). Fig. 8 shows pasm d pAKL15E
contai ning the nelibiose inducible pronoter (Prel ABI)

Figrikhoke dodblotlo§BReSmM dxlfradts be tifidldisded (9 /ans EAANEIOSe induced strain
W3110 (pAKL14). The time when samples were taken is indicated (with anti-human light

chain for detecting Fab, alkaline peroxidase conjugated).

Fig. 6 shows a Western blot of lysozyme extracts of L-rhamnose induced strain W3110
(pPAKL14). The time after induction when the samples were taken is indicated (with anti-
human light chain for detecting Fab, alkaline peroxidase conjugated). Lane 1: Standard
(1.28 pg); lane 2: W3110 (pAKL14), ind., 3 h; lane 3: W3110 (pAKL14), ind., 5 h; lane 4:
W3110 (pAKL14), ind., 7 h; lane 5: W3110 (pAKL14), ind., 12 h; lane 6: W3110
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Fig. 9: shows SDS-PACGE of |ysozynme extracts of strain
WB110 (r AKL15E) in the presence or absence of the

wo pabaoeri74rel i bi ose. The position of the |ight BCHEP®aV§13013
chain is indicated (lane 1: Marker; lane 2 : W1 10
(pAKLI 5E), not induced; |anet3: WB1 10 ( pAKLI 5E),
i nduced). Fig. 10 shows asm d pBW22- pel B- Sl

(PABHIM, dndg2d h,elame.? M%&&Alﬂdlﬂdmﬂt 8.d,H3BAD pronoter, a
sequence coding for a PelB signal peptide operably
linked to a sequence coding for a single chain

Figmt é}bwi)SIZQS»PRGE & ysozsmd extrhdtaoldiffeiht W 1l o strhinaivitdhigh Fab-H
region (irnB). Fig. 11 shows, SDS- PAGE for crude
an@kz?%%qngelafatlﬁa% Thﬁ ghieing p{myw% ¢he Lt gediheawy chpipgyithout signal

se%%n%@s 4rP ﬁyr%zaspder{ega@e)re l(ﬁﬁe YNy gg@ﬁ%ﬁé fW?u I Mx9-

erent tinme 1 Atervals as I ndicat and
HuGAbiHabiid); panet3e WB lﬂﬂe(pBWﬁQsFaﬂ)ﬁH)s larleyds G 1i® (pBEAL S hine 5:

ed. lcates the scFv protein. M
Wﬁ?@ﬁ%@i@oﬂ&%ﬁ é@é&lé%t‘g)gt andard of Invitrogen.
Fig. 12 shows the broad host - range plasm d pJOE4782
conprising the L-rhamose i nduci bl e rhaBAD pronoter in

Fig. oshilionastmlamidipAKLIRE cgatiening themppdibrasg inducthly pimetasi(RaeldB2)
;operon of Escherichia
anm%%gﬁagéﬂéﬁﬁﬁla&%%é@ e?lgcont ains a sequence
coding for a I\/lal E signal peptl de operably linked to a
seq nce_c r the GFP reporter rotein .13
Fig rPo oV §Q§T%E%E\RE PECBBRDETIECH T g %@&@15% in the
préé%gé’é:brbibgeﬂc@%gﬁg iRAQEPhRIbRR T"ﬁe gggﬂgﬁ‘ Sleth@rii&ﬁﬁndo&gw&am is

for a Nitrilase protein.Fig.
indiedted (lofic UMaﬂqu lared: %éhﬂb(nvﬁﬁﬁéﬁm inghinstueed; tank B2V 10

): |l es were taken after different tine
Q’%&Eﬁ 1§dl}f§ ‘'ndi cated. An arrow indicates the
Nitrilase protein. M= Markl 2, nol ecul ar wei ght

st andard of Invrtrogen Fig. 15 shows plasm d pAKLPI
Fig ohvhiowis dpsprd pB W%Pﬁl%s?el ¢qm@nﬁrtbe Easpmossriadusitde rhaBAD

PraRSPUARERS ARG AN BalolL D5t S0l oo
cofimg fohe s@b&hamgnabo@e@tﬁ?\d S1ypndd a traeauplion taodhation tegion (rrnB).

t he PhoA signal peptide, respectively. Fig. 16 shows
SDS- PAGE of cells of the induced Pseudononas puti da

Fl%t 1184w R AGRAISE Blukie eRRmts @Isno‘f\ﬁfdﬁcé@élﬁ_ﬁ%@ifnhﬁéed (+) strain

ferent tinme intervals as indicated e arrows =~
WBhit fréiw2211vell3=§b)|v§h@alp§ Venn@takcrgarfter Jiffarens ting mtavpalkaindicated.

no tstan r Fig. 17 sho
S R e R e T
ari®®} indidatesitiie 30B% pEbtéipBVE2 Mk B, Blolecuba it sivadad bakstrogen.

after different tinme intervals (in hours) as
Fig. 12 shows the broad-host-range plasmid pJOE4782 comprising the L-thamnose
inducible rhaBAD promoter in combination with the genes of the regulatory proteins RhaS
and RhaR of the L-rhamnose operon of Escherichia coli. Plasmid pJOE4782 further
contains a sequence coding for a MalE signal peptide operably linked to a sequence coding

for the GFP reporter protein.

Fig. 13 shows plasmid pAKTLP2 comprising the L-thamnose inducible rhaBAD promoter

and a sequence (nit4) coding for a Nitrilase protein.
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indicated. An arrow indicates the scFv protein. M=

Mar kl 2, nol ecul ar wei ght standard of I|nvitrogen.
WORDALED DESCRI PTI ON OF THE | NVENTI ON As usedPdIEER1005/013013

the following definitions are supplied in order to

facilitate the understandi ng5of the present invention.

A "vector expressible in a host" or "expression

vector" is a polynucleic acid construct, generated

rig, L oD o Kl SaniRuciingh ARty fim s

(p ARBPSC 5hiple®Wer taRerPaftdr IdfréHt tiIRUChRIFal A6d iHdR AV ERE Brrb R
a host cell. Typically, this vector includes a

indiqatasshe Niftileenpioteini M < Megel2smalpculapwieight siprdardofinitrogen.
aci d sequence to be transcribed operably linked to a
pronoter. A vector expressible in a host can be e. g.

Flga 5 ghidveslagmig IPA KOLP 5 edrhprisgi the atthagmpbeamﬁtudble ahmzmpebmoter

phage, a_virus or a retrovirus. The ter "
and g eiGes Foing i the BONDRGRR Nt cBans Whgtﬁlear%@eaably linked toa

s B CRARIBERLOuBFA Slehal SplBEMRER S olcURINERS o PROR signa
peppidie] fespattimelgl ei ¢ aci d sequences of the invention have
been introduced. It is understood that such terns
refer not only to the particular subject cell but also
Fig 96 5hewPSDIFNGRbf BEllseTith@indiicagRBYddMonds Hhrid fflid KT2440
Because certain nodifications may occur in succeeding
(rAJehBHaBronlss igee talseredfbayaliffarent émmtemalé pv/indispiegnt g arrows

1nd1<%1ft ntﬁ%?%ﬁl@lt he%?)z Qm?ﬁ@%%@x m Jlg'élikla,r mofex %ﬁ]]‘af Q/&ﬁh St%fl grd of
Inwdrdgenn t he scope of the termas used herein. The term
"conprise" is generally used in the sense of include,
that is to say permtting the presence of one or nore
Figf. ¢ ?EH&% SOK-TXABR R e ntatiblh SARIISY oftﬁé Ey%ﬁzcnﬁ [BliRtrain W3110
ers to a nucleic acid sequence that regul ates
@&W@qu&@m) Samplasrveare taknep aﬁ@rdatfemnt time ftéryals Gothonrs) as

IS a ey of .bi ndi n
mﬂfs%ﬁ%ﬂ%% s Bl loh o R R (2 ol R e ptigaard of
wgspt ream (3' direction) coding sequence. Wthin the

pronDter region will be found a transcription
initiation site (conveniently defined by mapping with
DilTLEEREs S olie BRERIRLEL 1 b1 0di g domal ne
consensus sequences) responsi ble for the binding of
RNA pol ynmerase such as the putative -35 region and the

Pribnow bgx.."L-rh eron”. refer
AsceREFins Bk Iepedn g el e R oS R ki Sider fepfap Ty the
und@seh@ht 0PN pEEBR ind@idn. J. Bacterid. 182 (23),
6774-6782. The rhaBAD operon is a

A "vector expressible in a host" or “expression vector” is a polynucleic acid construct,
generated recombinantly or synthetically, with a series of specified polynucleic acid
elements that permit transcription of a particular nucleic acid sequence in a host cell.
Typically, this vector includes a transcriptional unit comprising a particular nucleic acid
sequence to be transcribed operably linked to a promoter. A vector expressible in a host
can be e. g. an autonomously or self-replicating plasmid, a cosmid, a phage, a virus or a

retrovirus.
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positively regul ated catabolic operon which

transcri bes RhaB, RhaA and RhaD di vergently from
wa@pwbleri74 ha operon, rhaSR, w th approxi nmat el yPCHOP19P5/013013

of DNA separating the| r respective transcription start

sites. The rhaSR operon encodes the two

L- rhammose- speci fi ¢ activators RhaS and RhaR RhaR

Thedgimsathest”t Thogsesly p@mﬁowce'mbmﬁa@mst oHE ramssedzmagcbarrgstably herein

re ive to th
to FRERAES PERARSRE cal i ikt B Bt Feselobo B il
nucheaSRid kmlBédibes of tedarintion heveiteca it @iuosd. BREubddtsto 6@ that such
sites at $qq5|t| ons - faFS (CRP 123 relative to the

teRIY BiP begarticyiar gubject calh Barslamie teprossticitmytential

pr§%én€f%f @ﬁchpé)c%llt B@E‘a%se ¥&tat ﬁl@ﬁzﬁ’ic%ﬁons may ochr &%E’ce%zhngrét@neraﬁons
4) relative to the transcription start

dugfto pﬁmmﬁstmmbﬂ enagoummtaidnﬂger&cs sudloproRmyRamyparninrfget, be

82r e transc i on st rt site of

e g bt RleB 47 shobeh S ELE b bt Seg o ftiendm e
heeqgr on” is neant the rhaBAD operonconsi sti ng

essentially of the rhaJBAD transcription initiation

site the putative -35 region, the Pribnow box, the

ke Sid S| for
OBl 1 o w15 oL L0 LG T3t e

prmhbe afSon€ldP nivire thangesortdmpChREhi2- 4, and bi nd| ng site

for RhaR rel ative to the transcription start site o

rhaSR. Wth "rhaBAD pronoter"” is neant the pronoter of
"PrBotlehaBAR PREER e P Bl Sk RS £58 Eﬁfhﬂbﬁ’de tMat%gutlggs 5)&)‘?&'an ofa

transcription initiation site, putative
traneeyipsionaliunet. Ay ipperoviebregiont’ firea tﬁgntdutcrrg regidrecapable Rif B dargRNA

| ite region. r el.at

ﬁ‘}?lgnscerllnﬁtcfeo n@%ﬁﬁ?fm& g %?WWQIS&Bd atrqaﬂ‘b&&gc&po?%ng
seqidnee. GRRBinGhe Bropadtér refieh @il be Ehad! d/t@aris&iﬁtﬁﬁ initiation site

transcription start site of rhaSR. "CRP" neans
(convepiepBly flefaneddyunsrming Witk nwslpase SR wellas pratein binding domains

[

(C(\%ﬁfeﬁ{%l% %g%deﬁ 5]1965 ol%lt?rglfjosr?%g}g%&n WB&@G?& T ?agé &chltag,rthe putative
—%reglmamddbml’nbhdneboby cyclic AI\/P (cAMP) which nedi at es

the activation of cat abol iC oper ons such as the

L-rhammose operon. An "enhancer" is a nucleic acid

“L S@EhRBSEocbRE” rafetsStottRe ARERMEBH D dpdfont ds RS EibE® Fdra cgfz in
a transcriptional unit independent of the identity of

Halproftangd digen, 2100oh Bactenipl. 182 E@)p@y‘&-ﬂﬁﬁ Blie itthAQaqmts a

R T Y T I —

frqm esethér rhnvpaionorkaSRY with appryxiniidliide0 BPOEDBRN Separating their
“Tr anscrlgrtl onal unit" _as used herein refers to a

TOSRIEN e EAngiRi oneaTksites: Thedtas R opePRansapies thehwe di-agmose-specific
ac‘ﬁ?ﬁtﬁrsms Pl ?{hm%‘gki afes t%@cr ti%ﬂ%)(fwzcgtlé Adleat'RhhS bind

gnht contain one gene (nonoci stroni c
DN 4iwpisseannali -8 tor8 Inpelativgdn s ttanetygiontstavnsie)of t-haB 4D dfterthermore
thé PhaSR-rhaBAD intergenic operon contains CRP binding sites at positions -92,5 (CRP
1) relative to the transcription start site of #haBAD and CRP binding sites at positions -92,5
(CRP 2), -115,5 (CRP 3) and 116,5 (CRP 4) relative to the transcription start site of rhaSR
as well as a binding site for RhaR spanning -32 to -82 relative to the transcription start site
of rhaSR.

With “rhaBAD promoter region of the L-rhamnose operon” is meant the rhaBAD operon
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functionally rel ated pol ypetide nol ecul es. A nucleic
acid sequence is "operably linked" when it is placed
WO paoe/oei1faunct i onal rel ati onship with anot her nRCT/BP2005/013013
aci d sequence. For exanple, DNA for a signal sequence
is operably linked to DNA for7a proteinif it is
expressed as a preprotein that participates in the
copeistingt dsegmtiofly phthepheR 4D transcriptionmiBatidnssiteptbe ablagive -35 region,

tog PR b Tt CRP PBREURIG R L o pnfingii Byl gettive o he

tranBdrigtidh iseift i Bif PRaBAIT Bs W81l as ORPOSIANRg bitdd TR 2 54, hﬁd binding site
Eﬁrably linked to a nucleic acid sequence encod i ng e.
fogk qvg

R rféatwémthmtéansennttonu starpytel afiraEl Vish adaPd D promoter” is
I
B e 0 A0 LRI o
tra‘nsctrqﬂ].on h]ﬁltlstumhmm tleputhtivaels xict thetFrbnsy ﬂbbh,eﬂhb bmdlng site for

La%ﬁﬁ%éﬁ%@?q%@%ﬁ%&%&a‘ﬁéﬁtﬁv&i]téi‘%%%%?rl#@?l SeitsiggfahasaD,

anflthe ORP e din @Gt ICRPAVENS &1 tHFeof rAKiRUE %eatﬁﬁllsaﬁﬁticfrﬂ s?eg't site of
nucl eic acid or nucleic acid sequence” as referred

rhabd. present invention might be DNA, RNA or DNA/RNA
hybrid. 1h case the nucleic acid or the nucleic acid
sequence is located on a vector it is usually DNA. DNA

“ORE Thedns “Cefabbli@dedudatbteireiein’t 8ORP® is29Men referred in the art as “cyclic
g Iydeoxynuclotlde sequence i ncl udi ng,

UBPestasiPretakie dwhighRassthe gyronymoss MeanipC eR19 Is a regulator protein
SR oo QMBS a8 oy PO B pgos v

szheLehmmmmeopmohoth strands have an uni nterrupted

phosphodi est er backbone, DNA contai ning one or nore
si ngl e-stranded portion(s) and one or nore

AR 04hReft s ANABR PRYd éegﬁérﬁ‘)e ,tha{i%a@t@ p%ﬁt@a‘%j@l@ tfableription of a

wherein the DNA strands are fully conpl enentary,
trageerintional yraHadep epiimt ghdedilentith ef @Nﬂrae&cnahwl snié, thapgsition of

BBl 500 EFO R g Uy AR R puence. oo
veetawofth@pmseahﬂmenuslyapthﬂﬁllyecthEal%nhaﬁ;eis- synt heti c DNA,

bi osynt hetic DNA, naturally-isol ated DNA
enzyne-di gested DNA, sheared DNA, | abel ed DNA, such as

“m&kﬁ#@&ei &t DNAsRE Herfallntfgfe?scﬂaraoﬂ{ﬁ AI@M& geg}l% thdMhormally

contal ning one or nore non- natura ring species
tramfenthed liaoa saglel Rmkmomqlge"ﬁheuamnpwmalswt ezt zetainyone gene

d d ch h f | e, h
ChRe Rt e it SR endi GRliEERo S0 HEyde for
ful&idhaty radited PRy emichedsculdhe purified and isol ated DNA

sequence may al so be produced by enzymatic techniques.
RNA which is referred to herein can be e.g.

A ShoBle e R TR O RS AR Hfriong
relutiopdipewithfandther muclsioacd bequgnen sy exdaiphd, DA farsgnaRbiuence
is ‘3@%& lly rl]mﬂg(? toOIBN%O%orr] a %%ortguq qu it E]saelx%reas,geduar;Iar})treeprr(r)tueu} t%at participates in
the secretion of the protein; a promoter is operably linked to a coding sequence if it affects
the transcription of the sequence; or a translation initiation region such as a ribosome
binding site is operably linked to a nucleic acid sequence encoding e. g. a polypeptide if it

is positioned so as to facilitate translation of the polypeptide. Linking can be accomplished
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phosphodi est er backbone, RNA contai ning one or nore
si ngl e-stranded portion(s) and one or nore
waelowbloeri34 r anded portion(s), doubl e-stranded RMAI/EP2005/013013
wherein the RNA strands are fully conpl enentary,
doubl e-stranded RNA wherein the RNA strands are only
partially conpl enentary, covalently crosslinked RNA,
byéygg’ymatdjog@gﬁgrd reRitictioglstas. dfisurhlaitesrdoR\exist, the synthetic
. Wcall y=synt hesized RNA, . sem -synthetic R .
ol R e 0 DA BT S e B il foatiehliopataepctice
such as radi ol abel ed RNA and fl uorochrone-| abel ed RNA,
~RNA cont ai nj ng1 one or nore non-naturally- occurring )
Naplsis ased ofr “Ryeleisiaeidsenvengpt or “ispdptpdsndspuriied npgleicagidsor nucleic
; N b . C U
oo e e R e MR Rkl BB B O R, R S PR tAvRIvA
hybmit IIricaseathe dudeib atidtontheoms]eivvhed edayenoeds bcatedron a vector it is

| ej i d e bstjtuyted by another with sa
oA RS 25 S5 b D0 I 2B soquence

inGEARA 2B HHROAHKIATINASGE %%ﬁ%ﬁdé@ﬁl@A?@émﬁa‘lé—&%d@&‘ﬁgIA wherein
insertions, as long as such nodified sequences exhibit

ong pebethstrandsrare pampqstd o€ twaoormbse feaguients, dotble-stsantdaé DNA

f.eren .. As used herei he terns
e DR PSS By S MBS osrh St G papeceA
copabhing &y ordhére shigke-dig@ded pérEibalpAGERR oY Midde deshlgs@irkled
series of am no acid residues connected to the other

PopipngRpdqudde-gmdad BEY webereitide AMih stands ats Billy cemplsaeptary,
dofib184REn&d l?qurAZ\?Ige?%lé i”d?bfh%ﬁran&? eregﬁyrﬂaﬂizﬁgi %‘rrﬁﬁeﬁ;ﬁ%r?/, circular

purified nuc sequence s to'the'state in
DNMAj atvatentynelosed DN Aclinkas BN/ mogaleitlyl croes;lirked ANEAy dNA e

ith.the prese nvention. .T cl ei ci equence.
chifhienlty FSpRieSeg Db §etRine ey Ty Sionfhehe HR iR isolated
DNWJ @ifryhidetigate DA Ustbhied MSAORbatE DNAIGlcIRSs RH®Ibeled DNA and
nuclerc acids with which they are found in their

flugeachrame-taboied S P NAggontdiging pue pomersronatuiplly pocttiing species

nr . .

or B SERIERPERT Lycitos 8L be SHUIUE B AR Sfapiepiigpes. o
eXM‘hplrepth? iphbsphetriester ffi&ﬂloﬁgfrlﬁa adisramsd l@ﬁiﬂl’e&sisﬁﬁéc'jthods and PCR

"transformed” or "introducing a nucleic acid into a )
m -iléff purt dsolzigd PNSb scciengedpay lsobe RiReneeddly|cnrgpatic
tedMHigugé Cc acid like a vector, with or wi thout

acconpanying material, enters a host cell. The term
RN 4 siHich wsaefsfrod toebteinicati be aigsfinglestiarciet RN ApcRISAL doaible- stranded

| it i nt o which. th t || ul
rofdeule-iaP B B B R L R R GSmRaE P prgore
fra@ilehBC e IbIM -t arided RBIAC wiieth ond e bR RhEs BlenNingRérrdped

Introduced into the cell so that the nucleic acid is
rhpsphficslst Backperse RNAs centainingRns ora1ors singlgrsiardespostiongs) and one

or FbkE ﬂom&gﬁaﬁtﬁﬁ?t)rtﬁkﬁgﬁ&%bheTgtlaaﬂﬁémt\jvﬂéfeiﬁfthe RNA stliands are
appropri ate host ce W th e. g. ‘an expression vector
fultyacoriyd ementaryp kbwie dtrinded®N A kvhevdin iie RIA strandsharasnly partially
complementary, covalently crosslinked RNA, enzyme-digested RNA, sheared RNA,
mRNA, chemically-synthesized RNA, semi-synthetic RNA, biosynthetic RNA, naturally-
isolated RNA, labeled RNA, such as radiolabeled RNA and fluorochrome-labeled RNA,

RNA containing one or more non-naturally- occurring species of nucleic acid.
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m croi njection, electroporation, particle bonbardenent
or by chem cal nethods such as Cal ci um
w@bwspbiare- nedi at ed transformati on, descri bed BCT/gP20051013013
Mani atis et al. 1982, Ml ecul ar Clonlng, A | aboratory
Manual , Col d Spring Harbor Ld%oratory or in Ausubel et
al . 1994 Current protocol s in nol ecul ar bi ol ogy, John
an I“EW%M SOMRTIantceicr HBesa’S Ismuesnk i @udcm@C@éqm@neethabvary from
the felf%:reﬁce seg&%lg g s'éﬁ%ubg B crlé)lc g&g%ﬁbét?ut% O\%crcbqpoeh% ornore
nuclerc aci Gence wni ¢

nuekiy &85 @8 sybsomhtel b}Saifolth@Svml sﬁﬁiey:haﬁbﬂeﬂﬁlds h‘aindnﬁ; encompass as
foreign tq the host heterolo?ous expr essi on”

W@lh%qgéveﬁt?&éwemeédﬁapm}ceﬁ withedelehiopg ) &er%mdasslea& ahuch
&fifi AR/ Hi b
rmcﬁelrgnd1 ca bg&é%]‘? esi ze nlljlc qu]lgﬁgfgllgﬁﬂgre E@gﬁ@%& ﬂ-% refrence
sequepoeles e. g. an expression product such as a
pol ypeptide that is foreign to the host. In case the
host is a particular prokaryotic species, the
AN@le8 hetedE] AWSte RN R dy?pe?ﬁﬂéi SEPHBEC Eploteily”, e‘f)@l@/ﬁeﬁbhﬁm” and
originated froma erent genus or fani nor e
“pppledier aredrsed wisrchangdabbr erdesighee p smesoifagsno paid residues connected
i I
to %geﬁcgtlhc ﬁ}?éep&{l%?ngn?sg)l Mega:ngﬁ al arlr'lurﬂo(a I icgy %xroﬁ{)]sd otm) dS dacent
regd@gani sns. The het er ol ogous nucI e| c aC| d sequence
originating froma donor different fromthe host can
be nodified, before it is introduced into a host cel
THM el t‘@&la%%nd gﬁﬁﬁ&i h@Sic 261815640 r@feﬁsS%QEé bhid tn'l %ﬁ:h the
of single nucleic acids or a part of het er ol ogous .
nunlesd @i¢ sepicntesal benmeacasrdanregvidisthe wedsentodidritied. The nucleic acid

sed T AT R Fea e vhelan By BY e ot 0ty Rt VR o8 by

assteedted SuchGis dtheLAMREIE Acids witivetitiethel afcfotin ERCREPARERS
as well nucleic sequences orlglnatlng froma different

enyBRRINANL eTibE FRYirosmsst Hanhishiheygerprarared (meeemtlauitstee avhen such
pti bodi
prifirarfOA b oo Bl Ol Phn S bedigh it UTRIVAD, P20 5

whi ch S|ngle nucl eic acids or a part of the nucleic

R e R BB Quf i ot ot

de@bte By @B@Aesmmm%nse%&u@aﬁﬁar nh@tieagidtiked \FHéﬁJr 8}i¢h &Sk Hhout
sequence whi ch encodes a short amno acid s uence

ac¢ompanying gatgrialpeeisadiospeatis Ehe team “celbtrapsfomeripnifsangformed
cofi AR 61 REpLIaEy A1 EuRRNTR! L EAROL AR S A een

non -cytop I oNns ectet
mbedmsetrhna fes badbporahé 6xtra‘de1gmazl nuami)d adi@ sTHeimektc dehimight be
Ctr ort ofﬁfrotelns fromthe cytoplasmto
intg C@ £RIp IR 0 et g Bipdetc acy weplaq%b%ﬁﬁlthm 25 aatheﬁosomal
B 04 0 3R O P PORTRY o DR 8

w:sln t.eg. suchp@ssitrheciticar bE)atcgJarphlehesielwmcid: known methods such as
microinjection, electroporation, particle bombardement or by chemical methods such as
Calcium phosphate-mediated transformation, described e. g. in Maniatis et al. 1982,
Molecular Cloning, A laboratory Manual, Cold Spring Harbor Laboratory or in Ausubel et

al. 1994, Current protocols in molecular biology, John Wiley and Sons.
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"Transcription term nation region"” refers to a

sequence whi ch causes RNA polynerase to term nate
W@ e@emerirpti on. The transcription term nati on PEEP2V05/613013

usual ly part of a transcriptional unit and increases

the stability of the nRNA "Adfi body" refers to a class

of plasnma proteins produced by the B-cells of the
Hetmqﬂneowymc@m arfid sequsndernor dnvcdme heid aﬂqt@mq I@éqnolomrﬁmla host”
m%n n clém%n apt | bo%vhlcslrhe code, ?{? n o% ts ¢ ?

R TRCICE 3514 g59umee & PSR B ?@B%fyw SRS &I’FS

polypepiidy thatsie Sorefgnttb tife HodvEhéte@dlodons kustessiond bt “héterdRgous

limted to, polyclonal antibodies, nonocl onal

predict’ Do éguclgwtqmq BB CHSRAINS ggmeasd(gwa different from the host or a
ch@ﬁﬁcgllg gﬁtﬁ’é@% ﬁugfeipcls‘angkisse'qgerrlgg @1%1?%‘[&8% ngaﬁle%pre%%ﬁ%ﬁ product
suelr 8 poliysepaide viel ks hselgrhtonhas hest dintciafroitie ésst isThparb eaxcprokaryotic

ant i structural .uni.t is knawn to co
SDEe ST eRE BElciiaid pealenind Bidran Chgi e o a different
geﬁ@sl (513faf?ﬁlzfﬂﬁbﬂéﬁﬁ‘gfeh€§ fiohed H‘i?fer&@@ﬂiepéf élaﬁai‘x‘l'p‘aﬁlc%[h@ from a
about’ 25 kDa) and one "heavy hai n (about

dl@@emh&lmr) (division) ppdorostenantionddr freon & dtfﬁer@ft demein (cmairn) of
mﬁﬁﬁges a variable region of about 100 to 110 or nore
mno acids primarily responsible for antigen

Thiegeegologdmuckitcadidshpxiycetogigiatial fjoaf & dewdr afffeatfrom the host
chain defines a constant region prrnarrlgqresponsrble

can b megdafisds Beforg by inaduced gie adrst o5, By mulafigass irseigngcdeletions
or ggl?ﬁfrigﬁtlc}rfgg BPﬁl‘ng{] ﬂu@]&hﬂéﬁds‘ég ?%gg?%%ﬁt%gg%?lﬁ%grd ﬁégd §e°t1uence
as dortg dsouigh modé'wdwpeum%sl egc@blﬂ thdvsarhg AnctigiX famdiohglls; equivalent) as

g B inhoe b bPisrogRg rulEC aP B ety e egted erein

ent@ghResOds vddDmticlele s@fuefidek Brigifhing: ﬂSﬂanSmff@dehtfﬁdrﬁ@n &@apive) of
chain al so |nclud|ng a "D' region of about 10 nore

orgariiyias seh @s onrh@ﬂ@erorﬁsm fruﬂsémrytlr: grigigg guahcs freg MURP| agtibodies

?% h%eq%egﬁ H%’Qﬁ g)lhggél %‘igﬁﬂég; gi%’gﬁgg r&a{]}ﬁ’l’gﬁgﬁ mnﬁb ﬂﬁél@ﬁ a01dts or a part

of| a}m:imEﬂéJc ficidgemrehees hihebtéaarmodified glocerdihgiothaidodon Giyage” ofa
|ncludes such non-natural antibody formats which
PRIt 98hI y t he anti gen-bi ndi ng regions of antibodies
on a single stably-fol ded pol ypeptide chain. As such,
si ngl e-chai n anti bodi es are of considerably smaller
“S sequamret lon$3 g Ipeplideumasinodiefans tacamucleit adidh sequence which

eC| f bi ndi n ertie f_anti bgdi
e ACRaR BRI a SRR, SRR b ierd eaPl s 7 dprpinus of
cefthindirbefk it atpidrhady epsted lbp@bmﬁtd}g)nt@rop@smloea@@s (e.g.,
t herapeutics, diagnostics, research toqgls etc.

SeprgHAMFAR0 P BRSNS COMYORE'. r%@aé pertiden dirers ﬂ&rtraqseorﬁeﬁnrotems
r om papai n cl eavage of
ﬁ%ﬁﬂ?%%}gﬁl%{d’ god5 6pllae t eJrC%{S] and F(ab')2 are
sonmetines used in the art to refer to bi ndi ng

”’ljgzprés lé)glténslugi;oﬂ ggglao% 1sa erl] gllggaq gég?gn %ﬁﬂ:%rp%r%gte? %m%?aﬁ%nr}nitiation and

which functions as the ribosome binding site such as the Shine Dalgarno sequence.

Of

”Transcription termination region” refers to a sequence which causes RNA polymerase to
terminate transcription. The transcription termination region is usually part of a

transcriptional unit and increases the stability of the mRINA.
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the context of the present invention, Fab is used to
refer generically to double chain binding fragnents of

WO nicaos11ant | bodi es having at | east substanti al PQI/EP2005/013013
conplete |ight andheavy chaln vari abl e domai ns
sufficient for antigen- specitic bindings, and parts
of the |ight and heavy chain constant regions
sufficient to naintain association of the |ight and

AQGBSLRP A BIBL Rl HLG0 B B

systemtafiacgimflafrabby ma gitieh. Mamglal ¢fe. Hheahpdatibddiet yme

.mght or.m tain_at t one of the
élph%lmﬁ bl KRt Bor i flﬁ% “R0b P aRibody s Used for the
pufbo%bg JAtHR 19%@§n *?&,tlﬂ@ag Nt psencﬁ ‘M‘hl{%%&fé{ ypo%?dn‘ﬂ?aﬂtf%oﬁﬁ@ monoclonal

I'ntact i mmunogl obulin.” Usually, fragnments are
allflb(lidrﬁd aﬂmtyldlotypicemtlhgdlas dnll dutd @mtgidqhesrpr@mttsn anfoirauye diseases,

full - th Light chain th a heayy.chai n.conprisi
suthes G e g R A ulh® Aie VR b fiq Hgivodics
THeMasik aRlibddSSHRBturdfinfddiddvaito coRfrise b @tinRA| Eael StRIne is

on the light chain my be replaced with serine or

compesdiat teaiidentigel phits T evlvmmléﬁ ehaing epeh raichaying one "light" (about

25q41)c'a %«Jilgﬁe k}f’eﬁg bcﬁ{a‘ﬁ? l{t | nve ;}5 ?ﬂg?._dﬂn? tEérrrf‘\lné’f’l'p'?)lc‘tlon of each

acc ngtot epre 1Yon
cheindactpdes sechrabke reguormf atuab®0 twodlites mére aﬂmr&r #&ids primarily

ant i i es whose I| eavy chain genes. have be
e ROHSbIede SUIES o). T cgtey e TangRGER Figech gt detines a

cohé'fﬂi‘rtr}&%& Eﬂhiaﬁl}gﬁe@ﬁoréﬁgé%F bfedt6r fuletiorS€gMENt s encodi ng
the variable regi on and segnments encodi ng the const ant

Liglaiphainy arefcdassg’wdmsleéher&epw lagbdo Hiaty dragnstare plagdifed as

F t
st . ARG e oG B fons O TR’ e Al Tem. e,
Igh Wi Mgl @Bspleativel Y. OVitERAIPBNAEL heauig bhziiﬁs ﬂ@@arla'ﬁle lag&bonshant regions
typical chineric antibody is thus a hybrid protein

e g0y REIPE! sl 4T ARG TG ACTDGPRE o10
lném{iﬁgoaﬁﬁ'I %%91){ 0?990‘1@1 e ShieGLRfs. domai n froma human

I'meric anti od| es have the sane or sinmlar
THai taﬂm mgﬂmdgas figeditd yneam ehalefantibodiesandbinding Eragments theareof.

o AR ARS8 B R et SLLAPLE £ S

anti bodi es having vari abl e and constant regions (if

pr esent) derived from human gerniine i mmnogl obulin
Theeique fesleichein aiihgd)€iindedes saehmen-nagprabantibpily farmats which

copﬂglllenoen \éﬁ}de a%ft Ier?—'b%t)ﬁn@%% 1% J)ioe{?ltlb'c;'éﬁ@gn Qgﬁl f%osgelb?f foq&ed

acidre
cﬂ’ﬁfé@d@c}ﬁm mgmmhwmglt-bmn amnmmglaeéwﬂ doﬁs18aqb|1@ra;nmﬂe1( gze than
nut at i ons oduced by random, %E site- s

classicaamasagighyli {ps bigrogm b P PEci Pgﬁfwrpﬁewﬁl antibodies.
ggftéfogl%éplanhﬁgdﬂs@éﬂ@ 1H% BeddBt & DAty oggi?i%re'n@%ﬁﬂé@tlons 1nclud1ng for

es In sequences der| ved fromt
exgepid dsrtherapewives diegnontiusmbdazeh topsaites, such as a
nmouse, have been grafted onto human franework
sequences (i. e. humani zed anti bodi es).

The term Fab fragment is sometimes used in the art to mean the binding fragment resulting
from papain cleavage of an intact antibody. The terms Fab' and F(ab")2 are sometimes used
in the art to refer to binding fragments of intact antibodies generated by pepsin cleavage. In
the context of the present invention, Fab is used to refer generically to double chain

binding fragments of intact antibodies having at least substantially complete light and
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Functional variants of such "human anti bodi es", e.g.

truncated versions thereof or engineered nuteins where
we@2@s/06madi vi dual proline or cysteine residues PEEPHOEON3013

engi neered by the neans of genetic engi neering well

known in the art are enconpakt3ed by the term

i ncontrast. Exanples of such may be found e.g. in WO
he®g/ch2iA62riableweweins suffesidnt fonaotigsn-spetidicdsndiogs, hed parsrg the light

i d sequence of such i hod irres ive.qf a
an o S EPao BP0 ArcE P e Hiand heavy
chRBP WIS aRALKEPRRL FhB isQiREerRR 8E Bkertd\& aP! BRRNE cileANEIMO(4335),
rovides a vector expressible in a host conprising the

1035H4ABADr instonet.ep Eﬂég’taeme@ﬁe ghef the Ig{aifiwisre Bight @nmight not contain
o QBR300 RTREL P 08, 40 LGB

betwkesl tHeasio Hehv A clinkialtyointaet Hinged gl(ﬂﬁ@ineﬁmll@pEﬂﬂbhgments are
linked to_said nucleic¢c acid seguence, wherea

forgred foacpBnlexiag @ Hil-leagh v ﬁ%lef»tqnélagié ﬁékk@&hﬂ}g&ﬁ%ﬁl@ Wé?h a heavy

chilf @&hgﬁﬁngfthé)@:{r{a[} SRR %Kpdt s @Pﬁt infisin bP F]hescléﬂﬁﬁxﬁ region.
am no* acl am ns and 1ons and, Wher eas t

In ed(dmm@s sheo@-tefmisal aysteine loaitle Bglit atha;lamagﬂmeep]ac&damﬂn sﬂrine ar

anp @;%%1%1?18 H,E:]io et ﬁgy%a?%%lggntg%ﬁe s L})%%é%r d! erég tltxe heavy and light

ch&ifd fcchbRith &Atht PeesBhtasvlndlon.@ cosnid, a phage, a virus
or a retrovirus. A wde variety of host/vector

conbi nati ons maybe enpl oyed i n expressing the nucleic
FudfértbnSSHPLR6E §reQﬂ'h11héHc~°anhBMﬁB§ Wwhith akés@ftibbdiex Wh@§é$]h @0 and heavy

vectors, for exangP may consi st of segnents of
chaipeemdwvabeeth B Soneally B georticepamReing finm inspanoglobulin

geﬁ‘gé %ﬂ‘%ﬁ&*ﬁ né fsc‘e'ggﬁﬂjts eﬁpcl ﬁ‘l%tvglr@olé Reidiaed s%glfn?ﬁﬁ eﬁ‘éotdthg the

suc s vectors-speci fi
coEstanI o¢diod)s fomdthphe veaigingtovdiffarebt spacied dor examyge, thej amable W)

,as ve%%%§%eg§ ﬂP@&&%ﬁ%%ﬁggge&g%bg Y%%ﬁ hhgaﬁyuymnnmumnmwﬂ

(CPL @S s&(ﬂf‘astIEGy §1§I§G4%Q§15&'cal\é%ﬁh&{§anfn@6dﬁls tHus a hybrld protein
expression in are:” pQe70, pQE6O und pQE-9

co@{@tn@’ﬂ the¥, or)antip@l- bug@;@g ﬂpmam@:cprgmenpusp:m@ rangta C or effector

\e kt en NHBA, . 1, N1 NHl

do&agh aslg}g‘?agh%ﬂtlbf) dy. p odw%ztées %zrtrﬁé %%ggjgla%bmdmg

s @cﬁﬁﬁ%ndrﬁﬁﬁﬁ aPh ﬁfo[mﬁdra)tl&r Qohlﬁﬁhlan dnfibody thappiG3RBs the variable
pACYC184 pBR322, pUC18, pUC19, pKC30, pRep4,

re@ﬂ@\félt e/antﬁmé\ymm pRSFI O O andpBV22 (W1 ms et al.
Q8 SRR RR BOSNE! BRS ABRILSng Shn o s Gt

es the suc asmd pBW22- Fab-H
prpﬂems diedtv qaiafcbin IAunaﬁLgenh]a:e 1u3minm|g1qdnluh1$ seqiisneas encwedhhg elther natural

orgBeT e areg TR ™ AT v ogird BT N o ogp inlude
anfiho adid r&iGRNINRE enoddEd B BlaRaNeMNYaE kniXheebulbRqhences (e. g.,

mutations introduced by random or site- specific mutagenesis in vitro or by somatic

mutation in vivo). However, the term "human antibody" does include antibodies in which
CDR sequences derived from the germline of another mammalian species, such as a
mouse, have been grafted onto human framework sequences (i. e. humanized antibodies).
Functional variants of such ’human antibodies”’, e.g. truncated versions thereof or
engineered muteins where e.g. individual proline or cysteine residues have been engineered

by the means of genetic engineering well known in the art are encompassed by the term, in
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Preferred vectors of the present inventions are

aut ononously or self-replicating plasm ds, nore
wpe@besried are vectors with specific host rangeCHERI0HE13013

vectors specific for e. g. E. coli.Mst preferred are

pBR322, pUC18, pACYCl77, pACK184, pRSFI A O and pBwWe2

or derivates thereof such as pBW22-Fab-H or pAKL14, in
contrast: Exanples oBun&A-ragbbafound p.AKinl WO, 984E462p dFawayet, dre term only

AKL1A. 1n a ef erred .enhodi.nent ., the . rhaBAD pronoier
reifitiodfe athorhs™ SafiieRos SRR ERE, risheb (i DEARY BERFlafon or
othBf €HBRtied] mddificatidalof kit eptid®bedkbsdeed enbodi ment, the

rhaBAD pronoter consists of the sequence SEQ ID NO 1,

a sequence conplenentary thereof and variants thereof.
r- : r e -
I e ot s A DL TR o G Lot ot e e
rhaBAdptoaoteramgiontof tig Iofhdaniiess eppremoger EQlihkedNO. a ttansaiptional
sequence conplenmentary thereof and variants thereof
UL CIMPHYAL t he L-r hanmose operon of E. coli. In another

2) PREIIGE LEH sefRadt Wl i9fietbifodony @Nhidabst he vector
expressible in a prokaryotic host conprises apart from

b) 2 proketyaBaBigpalowwguance opgrallly livked tesaid-nuekoimenid sesencsnwhereas

.operably. linked to a.transcriptiongl unit furthermre. ..
soi B aRole sIiErahgPit }TER b S8 el Pics o HEb PRl binding
protiasSfor Bdgdrh ahihd edids] ivitgmindeint 618 P& 0V hereasnBE exession of said

pronot er sequences. Upon expression the RhaS and RhaR
nugleig agideapense iptonfraedpy sajdt prpmpferep@on-haBAD pronot er .

As prokaryotic signal sequence sel ected from signal

pepti des of periplasmatic binding proteins for sugars,
Thawmector acodkng i thamvestiand pradersbly sh gn@homepsly de selfrephcating

.Pel B i ni h it Pect |

plaSish Giconiid, MaBed. £ EIE Bt ATyt dop e BuE T boester
cobRaHEEANdy bEehBlofebint APFERAAS tHeanBRR dci Sseqiesded bethis invention.
Uslpé/lase precursor), LanmB (E. coli, Mltoporin

bexpression vagtors; fprrexagple, mavipopsy of Begmernigoehserapspmal, non-

AL SR AL BB A8l R g s
withEspecifit hostpetigesuals a3 cectdre bpdciffoefope. @C Br 8alf is whib pdvdckars with
bro%?ilé{p[g?%rg!y glll > rsnxcé%tgr%rqe’slsﬂli] ?oﬁﬁéx:agl%egéq%ewa%tee{fI‘I?c;varr]-copy",

“mbﬁhﬁi-%%if% WARISR “RIBCYP P Opthemits Bah UeFuse8O! 1

Lysi ne gl ni ne-ornithine binding periplasmc protein

precursor), MalS (E. coli, Al phaanylase precursor),
UothEdo 5P g Pt PR RS LRy RSEb T cmN e
); (EleRHPE Wkt oRMO PR glsdpt Vekdén, pNESARBNIEI 658N 8A, pNH46A

di citrate-binding periplasnc protein precur so%, %ﬁA
(Stratageng |Glonigg SyytetFBe-AmirchP b i 2%:%185%&13%0% PDRRA0.H A

Ol kal i

b B o Bl L R R P s R p PR B PRI HiBCa0,
pRepd, @A @ICH T pACYEC B4, pBISF1681(yaal pByéR2 (WeélmslaaB, 2001,

B NELLOROLL B cur sar) /el B (L 9e LIRS RIQ S hhomia
pBW22-Fab-H or plasmid pAKL14. Further useful plasmids are well known to the person
skilled in the art and are described e.g. in “Cloning Vectors” (Eds. Pouwels P. H. et al.
Elsevier, Amsterdam-New York-Oxford, 1985).

Preferred vectors of the present inventions are autonomously or self-replicating plasmids,

more preferred are vectors with specific host range such as vectors specific for e. g. E. coli.
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QopA (Periplasm c oligopeptide-binding protein), TreA
(periplasm c trehal aseprecursor), MpA (Periplasmc
worenveioel1pept i de- bi ndi ng protein precursor), BgPOI/EP2005/013013
(Periplasm c beta-gl ucosi dase precursor), ArgT
(Lysi ne-argi ni ne-ornithine bidndi ng periplasmc protein
precursor), MalS (Al pha-anyl ase precursor), Hi sJ
Mo trsfeneil nes fBRAA2N gURAR] pAEY I E7, At ECh8 4 ipRSI 8 4 ynd pBW22 or

cor s G AT b PARE Db B B PR B0
pART 84 UhsQ pharticiPpAkauyer membrane protein A precursor)

and PhoA (Al kal I ne phosphat ase precursor). These are
particul arly useful for heterol ogous expression in E

col I.. [ referyed [ a ent i .
in { st osBfe BF BBl b B o e I8 1E s R on s he
rhaBAD BlonECELY Se@tidulaiirafeiBe babddiaicat)dse)ha BADAomoter consists of
(peri plasm c trehal ase precursor),

p ), ArgT .
the(segusnae SERIPHN Rel .ot seapeiicssomplecREpBErgof aadyaiggisdherat
[ s i 8
eS80 2B T 01 Mo RGN 280 P promoe
and&he e¢bdBABipgrmbtepapiisties of theBequbbdd QDN Qr Easegurnye

and Mal E (Mal tose- bi ndi otgin precursor). In c .
o mEnery BFfeet G i CRe it FoRaRe Bt arlmf 2 on
used, different or identical signal sequences operably

linked to each of the cistrons can be appli ed.

In gmoglics patfpyediémiiasimant ofithminvenion lemeasiorarpressbly in A psakgpyotic

hodt cS&%ﬁSes&%ﬁﬂ Ho le rﬁ?ﬁ){?gﬁ&ﬁot&ore?f%n%meoﬂ-?ﬂaﬂuﬁsé Egeron operably
expression véctors o present i nventron can

linkodat tai antechsafptivasiaingl fuythermay sdgnasiez entodirenthe & hymnéserspecific

exanpl e, signal_sequences, can be synthesized accordi
actiyglarhha® ARGk R, ks s ehective a4t Vs BiopsterseqirBges. Ubon

oS3 BB B 8 RIS SR AL T it

synt hesi zer, as described in Van Devanter et. al,

Nucl ei ¢. Acids Res. 12-6159-6168 (1984). Purificat. .
AR5 e Lt dise SEaRCAoRLr Y gt gy oLPrini SR tine
praéihy Fasuges galinehaed, vaphdisesit SorQ) sifal peptates ee&ﬂimrmm (Erwinia

HPLC as described in Pearson & Reanier, J . rom
chrysmitagy Peafate(yasg gyecursp), PelBr{Eeving: Gapniayorant ectaieyasedirpgirsor),

Pe@ag %nglwﬂ&fag E&mﬁ%rfs?bie&gteq?&@blleg%%%} E%PC@Eg5ﬁ,§\ﬁ§1tcﬁaorin

atli on I ni on region u am o
pracuisbi)aMalii (abofif MaftodeHenting padtet iposeursbr)s Blad E. coli, Beta-

transcriptigpal ynit, said.trans] atiaon init.iatjo .
lactageasgh %ﬁs@gf?lhg’gaplaméc B%R%@_sf% e ?A%Mﬁf? egot
peipladic t%alaﬁ@ﬁ%&ﬁ%r?,%ﬁpAZE%'liaPé_:rﬁﬂasin!ﬁb habin@Rpti®gbiading

is operably Iinked o said nucieic acid sequénce. The _
profeinpeertiesolCBACATA EAG Reridmmic beta@lucpyidpse pregyasary ArgT (E. coli,

l.ocat ed. upst.r.eam.dj,.r . ' ; Rkl at i en }
L N R
anitise PrecarsoD)eHAT GF. doliGHiNt dinkDindisg périplasnsiaipgbtein precursor), XylF

transcriptional unit further conprises a_transcripti og. )
(Et @lmgyﬁéﬁbmégﬁgdw@@iaéwwmwwwrma FRR (fF; cofy gigitrate-binding

pelgglgﬁni@ profeliPpBeurdc?§-Othp R (&: cdifButermifibrant brotkRNBplecursor) and
PhoA (E. coli, Alkaline phosphatase precursor) can be used.

In a preferred embodiment, the signal sequence is selected from the E. coli signal peptides
LamB (Maltoporin precursor), MalE (Maltose-binding protein precursor), Bla (Beta-
lactamase), OppA (Periplasmic oligopeptide-binding protein), TreA (periplasmic trehalase
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tf a LI 53 . Preferably, the rrnB transcriptional

term nator sequence is used. The heterol ogous nucleic
wa@eiodoeagquence according to the present inventPOREP2005/013013

encodes an expression product that is foreign to the

host. In case the host is a Idrokaryotic species such

as E. coli the nucleic acid sequence of interest is
prepunser) pvlpp A (Bériplasmio murniotpptidechiadmglpirdeintirecursor), BglX

B T e N
perdf1 &hae pRAeih Pidcarsof)) MAI® (A IfhAL dnh i tedredultsom), Bs] (Histidine-binding

eukaryotic organi smsuch as mamals in particular from
Periilasans Profpndvestrsor KyHetXolasgbindingpergilasue pigtein precursor),
n
Fec%? Sﬂ‘gt% fﬂ'ﬂ%cﬁll;'é RQ@E@E’% Tghﬁg{x g?e%ﬁgsgk @njispgkq {Jotﬁ‘t;“er rr?e?x%gne protein A
prea?@m') did Gho A (AE@lme pB@phatasre\mmurm) iThesesarapdrjicaage neeful for
of interest. The gen i nterest preferabl ncodes_a
hetgrolegoys %ﬁl%p{% éﬁ{? M@resgg%fﬁrrg arg téq Eudit a‘fpeptldes LamB
OBESER! DL 20 MESRENLAL IR B cn i) B (o acamas,
TretA Greaipbamicirghabise precuispt), Mdiypnmlmse{ohﬁﬁngﬁ bindingh
een f.luoresc t her .fusi.on
T b i U AR e
Md&ﬁleitrtl@ulbf R8feded Bie thBIET BolCdpnd) Pepiscid LiathB (Malfopbith @fecursor) and
such as e. qg‘:;@aant i sense-RNA. The protein may be

Mabk §bialiase-binding ProieiBIpLesUEs Ny By @ea e dickironic of pebicifpaic
] . i t
BBV s HERLy 0 SO Syt cc
of éetcisioal tarl terapphed. lefeFlthf d&ffetohysigndecqrotemiare ussd in such a case.
Thg rod ngglﬂﬁ%gesa}ﬁi)m up) e é%-](p%ll\eg%lgl!lq gﬁcgyrg :o?fhﬁ plr(la?:gﬁt 1nvent1on can

be 65&[@@%&%@&@[98&* stymheﬁémeﬁﬁcacpﬁy Pé1Qix8in ?& slgﬁmg@ences can be

hor nones such as growth hornone, "growm h factors such

sylﬁheswd@ewémg de thetsalid abass mhomharageéit@t@at@smath@éslemnbéd e.g. In
BeSi! ?cabéﬂﬂ heBNFURR Al kG &t‘& %srgg %%ggwﬁﬁtﬁs? dz{ Caltomated

rec ors ornones an el ns

syrﬂﬁésaidr,)as tds&ﬁba@ iraVyn Deadritetien gl nNukleic Aci@s Rey. €216159-6168 (1984).
f.l.uorescent pr?tel n. O her fprotel ns of I nterest %re
1

Pugjfieaiion of ebgenucleotidet GindepsrfgrmedipratheppiR acH)
ele@ﬁlgemg E&eéfchﬁ%msq ascﬁéégﬁ eRf ﬁtl?%hl@@n & }Qeamer J. Chrom.
I NC

otein réceptors an ude su stance K receptor,
255:h87-4A9I(A88hsi n receptor, the [al pha]l- and [bet a]
-adrenergic receptors, the serotonin receptors, and
PAF receptor (see, e.g. Gl man, Ann. Rev. Bi ochem 56,

Thé Zran%%ueﬂaﬁ Bnfit acédrliak & tRipRdsast ihhitied aishly Al Ohprises a

.,. calcium sodium potassium channels),

(e
traﬂﬁl@w mﬁiaéwﬁ ERggn Wsiream b thy leiietipmpoinbelibe Graslatigrm said

e e R e

ACGEA@'AM’EA@AHS(SEQ IINNEY. 8% twheraas agll ermnslatiqr inftmiins rmnmms
opgrabingnigcrl Itonsseud guecllee1g gclug%équ%gge ll“gmsjequ lngele}d}\GATATACAT (SEQ
ID NO. 2) is usually located upstream directly adjacent to the initiation point of the

translation of the transcriptional unit which can be ATG, GTG or TTG.

Usually, said transcriptional unit further comprises a transcription termination region
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superfam |y nmenbers (see Springer, Nature 346, 425-433
(1990). Gsborn, Cell 62, 3(1990); Hynes, Cell 69, 11
W@ 1®9A§1)174 Ot her proteins are cytoki nes, such aBCT/EP2005/013013
interleukins IL-1 through IL-13, tunor necrosis
factors [al pha] and [beta], ltnterferons [al pha],
[beta], and [ganma], tunor growth factor Beta
sele(cTéBFﬁ@rbemB], RNA & T5fe, shB Ml ap iadd 2bap ertRECEF)e, Rid, tonB t, and

e e R S B S

Cinical Research. Aggrawal et al. eds., Blackwell
Scientific, Boston, Mass. 1991). O her pr ot ei ns of
Th¢ httteuomusam@ckrlﬂ aeidcequensesrccarding intthe prsen inyention encodes an

expg%sgfc’oglfpg%%B qa g 8retgn t&?kb gliosgrﬂ %l ;tge %%g é}roﬁé’r&!}@é&ecws such
as ENdodrtBéhucldibacib et QueatOgmtterdt it ;@éfeﬂably&f@ﬁ tm@’thdér digss like
of human, manmmalian or prokaryotic orig

theygegeapricehagtcan sRefettsTon G@thgfth% ﬁpetnenaﬁ@%afrom a different
ph;g%%m gslr a%l?&% bR B%thémgﬁtapﬂgﬁ% e iV r%@xlusﬁrchh as

acteri tunors. proterns are enzy
matiyaioRi pamqmﬂmfams asmapo Hpwevers ds, hethedly gous ganlzpersid sequence

.nhucl easg ucanases, . 0xi dases, anyl ase
gt el SSBE e SOaoR eae LIS PEs TR BejePlReguasauence
acc%?dlﬁé 588 pRieftiihvdntios BSusukilyed & Nintetebe ThE bale fototest

nucl @ ¢ aci d sequence, according to the present

prquldmmnmdes eheterdegaus polypemsisieistieh anmstaichiradf wenlsiopy an

ant i and s F
theﬁaé) {; Eﬁm ar man agr{n?%aﬁlgﬁs\{ oﬁ?s z{% ﬁu%pﬁﬂ?s tlato{yr}g t%lerapeutlc
profEin evifhuthdrgubtainks Y Pagdt) wach fsageéxr fAgerestent ;ﬁotennﬁdnehbr kfyswn
the nucleic acid se]guence The hurqan Fab fra

prageizn e BEPrQIAG AU GO He v g FUARTPaSa A G LEfgpeript which

carfhd B&H 11‘?’(143‘{@15‘0?1%\1&996{1 Jsreag'@ﬁfseﬁe—lﬁ\mumn ant i body
ragnent that was grafted wth at |east one CDR from

The puitéie mayderpaddued 9p amne@ubllemgmamr @s wczéulelf: peadein which is

P S o TR GO B R R
ex@RREERBHS diuba PRyl tyD S @%tbﬂﬂ@pro@lﬂbémchysoﬂfbmotdnbmwh is
that was artifically randomzed in th

pregeridr thsasriplaskitaingck oidhe hpst ceb gndor in thwtra0§|llaﬁr modjgm.
Exgng%lea %ﬁgr%@em% gﬁlﬁgt&gﬁﬁo &h% %&(E\Mh%n@%ﬁ% gﬂﬂ#th factors such as

epidermaal ghaithffaaornandlgesic smbstamebit]n@é\len]k'@bahm empmdﬂ(etchymotrypsm,

t he HuCAL- Fab definitio the fo ich.n
s FeoRPtPRIIp JorHes RLe st o TEll By Ssrly Fidfg a
v1stquH1ng Inaﬂ&?% gNPlees RbRsdeRprofail. consensus sequence

framewor k but” I'ts non- CDR sequence portions are at
Otherggotelns uf nmrestm@g@wﬂbfaytos BoeeD o (e Sor TR A GFRHBEC, NGIR,

o S5 R -SSR RS GFARERL s g

K RREMOE thesaguratasecaslst tHeqaiphhly aga ggamqraarqnegﬁcefeaéptms the
that its CDRs are directly obtained from natur

SCROEUR Faseptgeneif RAE aefsRiRE 6605t 8- GiHpHbL g BFY- $ip Fhéﬁn@ﬁ -649
(1989 988 Ablditd ih¥iuAR i AR (e.g., caloium, sodium, potassium channels),

muscarinic receptors, acetylcholine receptors, GABA receptors, glutamate receptors, and

dopamine receptors (see Harpold, U.S. Pat. Nos. 5,401,629 and 5,436,128). Other proteins

of interest are adhesion proteins such as integrins, selecting, and immunoglobulin

superfamily members (see Springer, Nature 346, 425-433 (1990). Osborn, Cell 62, 3
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events. The Fab fragnent is preferably derived from an
| gG anti body and does not contain cysteineresidues
wa b@b/oéarsn t he two i nterchain disul fide bonds Per/mrmns/013013
the two heavy chains in the intact inmunoglobulin. In
particular, the heavy and thé7light chain of the
anti body or preferably of the Fab fragment are encoded
(15lt%ﬁ)),aHx:hes,| Gelt 6hild (@990 Orthestprotenls acméytokingsesushes ederteukins IL-1

thrggéh@ﬁtf QBFLARhis (DRl RaP o BLE R R gFroR! BAfa, et ana

d}JhaﬁcﬂBgrbﬁﬂbfaﬁt@t BetaRTOFebes] Y, 66losygmidatifiadr (CSF) and
ac [

vitam ns and ions and an identical translation

grarwﬂqcmm@rwcv@giomyaw}aé@mfwoq (ViR (see itbanansLviekiges:

aé Jkrfﬁgﬁlaﬁg 8%@11850211%%%5&&‘ ng 5\951' & Qlaleds“ r]Eklﬁckwell 801ent1ﬁc
$era Y, tra atlon |t|at|on ’égl on consi st
Bosfont Mass @ §9EN Ochoh GEAGAT ATACATSt @ﬁaﬁmdaum arm) mtdrcel]utae
resent ipventjo the orde and t @g ce

whi ch
mSHRPEEP gD G A EY S| PSP l#isicC e also
pro€is 8 Mnferddt el“l"i’é lﬁ@é}gﬁgmﬂ PrBidh SiRtBPESS SThukR! ﬁ‘l’é #imalian or
can be varied. In preferred enbodinments, the sig

prejeuodin osigins (Eher(mptsms emﬁntnggnst mechrag @lb@onrommlg@q@hwates

encodi tide . of intere
g Rt eoe B SBTRA Rt bl ERTeiug g enoyemes
like REAEHIIA, d}ﬁotegsesl pyrheahispeguhlyd® gofasts) harlesbs, gafchabzﬁses ox1dases,
separated by zero to about 1000 ami no acids, hi
o-pnikes; psifordye@reselinases, emidasesy Al satisgs osisesenernitiiieses.
nucl ei ¢ aci d sequence encoding e. g. the pol ypeptide
of interest are directly adjacent to each other, i.e.

Prefepahyatiecthdiytologbas midziceioid sajudtce, Ricefddigol thie piebent invention,
r haBAD fr onmpter region _and the operably |i

engqden 8 PPIPEPtitFamanpPreiesbly %W@@%mwmeﬁs&@g@ﬁ ffab fragment. In

pahf%?a?%'h%aﬁ%ﬁﬁbé r%fhu}rﬁﬁuséﬁ gff‘h%‘tﬁi? mbte gabididr hlﬁnan Fab
sequence conplenmentary thereo varlants t her eof

fragnreat sreatatedbiyythe timdeic htaBAqupanﬂﬂie thumey Fain fragtdemthaacoded by the

L

enf"bhaﬁwﬁ@&léﬁe@ Qith @méhﬁmﬁe [€:8)1 ﬁbhﬁir@ﬂfer ﬁﬁﬂnﬂzﬁfah%pécﬁes
t ereof . Al so enconpassed by the gresent invention is
1y

Inphe mesepisfereediasehogdiment.dbe humgn Fab fragmenyjeemn fullyhumsan HKeAL-Fab
(e 0

as O%Qa%laﬁc eg?rﬁeaglea'ﬁ%%g S P%Ha %ﬁi %ﬁlg Eaesgd Elgrgxéll‘f glﬁtltg)glkggaege library

thditeumlaaiﬁﬁhﬂb)taﬂdW1wmu thie ODRLasrdeadrited &y Mpﬂ)lh et &l.,t2006,HeMol.
Pprokar ot | % host. Usually, the anmount of L-rhamose in

Biph&9% &l 8fm8f t he cul tured prokaryotic host is between

Ingn&%eﬁﬂgreé[ggfeﬁ/eao 8 @rﬁ@@dlﬁleﬁﬁtﬂ@ Sﬁh&mﬂ afchelie, QDR grafted
nore pref gtmeen 1 and 5 g Pre¥erab th

hunendiab | fragment mmoarﬁu%hf abelq uemﬁed tnido &ihélﬁﬂoﬁab deﬁmtlon in the

o BRbHRER % SRR AL SR IR 30, TRl oo o

share the HUCAL consensus sequence framework but its non-CDR sequence portlons are at

least 70% more preferably 85%, most preferably 95% identical in amino acid sequence to
the respective variable and constant light and heavy chains germline- encoded sequences,
additionally and more preferably that its CDRs are directly obtained from naturally
occuring genomic sequences of lymphoid cells including genomic affinity maturation

events.

The Fab fragment is preferably derived from an IgG antibody and does not contain cysteine
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light chains of the antibody or the Fab fragnent are

expressed in equal anounts, thus |eading to high
we@omvemetirat i ons of functional antibody or Fab PCEHBP®NG/013013

In particular a human anti body or a humani sed anti body

nore particular a human Fab fisagnment, nost particul ar

a human Fab fragnent as descri bed above is encoded by
residues that ool thg ows interchan disatfidt meduisteecn tha two Heavytcbains in the

B BT AT
préféraﬁlls}f%f eAIL Rddehent SRlensSRIdy LBERBBX REBLEBFonal Bni€ IRfreas

one of both chains is overproduced conpared to the .
caghtdhein is leatuablyrimled oupiokhmyoiit gignatseproteagelsatddgium signal peptides

i nor eacti ve regates can be bujlt. which,is
of pEHPEITRindig SRIGNDRL STeal dps 133ls; Vit 40 s and o
idéntieal tR@EIONGN Biitiibe réies epirdamveNid i@ftiakiof Botnkt bEths t@hslation of
functional antibodi es can be obtai ned whereas only

the fensenipsignahnih Peelferablyy e frapsladarintiagan regiomerpsipisch digsequence
Agllgélgg Meh@hby i munoreacti ve aggregates are
A(g%‘{lxl@t ugﬁq;d,SEPess thg?i 20 % preferably less than
10 % of the expressed anmount of antibody or Fab

i S o B 5 4 B A bt B a8 0 e
heREH6 £33 1HASleicTRA REBMRE afRf arthGed@RNN tBOEkJréB¥n vebRltn be
over produced and of hi gh nol ecul ar we

i ght
variothrlimpredertsd sebodipatris A gesl sediensrsasLestrao)dn eparisis acid

t t [ ' t | r

sedilSELSRE B PRLrBEEE R, TRl BacYeq il ang e
nutieistacitideljueine RocoBREE LAGheqo e plidr of il bt canrbesepdrated by zero to

anqt her aspect,_the_inventiqon provi des an isol ated and
aboys rlpf)ﬁ éam}m%qléﬁ- in BiEfegrod cqpee s Hféé%iagl’%’t‘idﬁ SgvfBest and
nuEleRk]SdcqGerlcR@nddaaBAD ﬁflﬁ%ﬁﬁe&ﬁ%f%e&fst drBQirectly adjacent to each

L-r hamcmose operon operably |7 nked to a transcriptiona
othgniite. sapamtédsbngerapudeinacidei c aci d sequence which is

het erol ogous to said host b) a prokaryotic signal

sequence operably linked to said nucleic acid

Préfe@uBN &R, rhvBaDGRemS®R} EhgRirOARItHObpezably Hldd tBRHEIGRvAAl it of the
sel ect ed fron13|gnal pepti des of periplasmatic binding

vegipieidhagresent iBrgHeR congithef the pefrienagis Qi aisestagnce
co@@%me‘ﬁtb‘?{} %%otflgﬁc} g%gpggg@@lﬂ%gfpf sai d nucleic acid

uence’ i's con y said pronoter region. The
rhaBAD pronoter is the preferred pronoter region. Mre

M e, e 4B oS i i theepoliy e Watoriptional unit
of HRIALRATBRLRIpfedcREH BRSNS Y I £qidiRE 8ED T RO 4, 2 sequence

particul ar the isolated and purified nucleic acid
complementasy Seneifsnd valangrtheredNO. 3, a sequence

conpl ementary thereof and variants thereof, nost

particul ar the isolated and
Also encompassed by the present invention is the use of a vector according to the invention

for the regulated heterologous expression of a nucleic acid sequence in a prokaryotic host.
The‘expression can be regulated by the amount of L-rhamnose available to the prokaryotic
host. Usually, the amount of L-rhamnose in the medium of the cultured prokaryotic host is
between 0.01 and 100 g/l, preferably between 0.1 and 10 g/1, more preferably between 1
and 5 g/l.

Preferably, the heterologous nucleic acid sequence encodes for a polypeptide, more
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purified nucleic acid sequence consists of SEQ I D NO

4, a sequence conpl enentarythereof and variants
wo b@seerfi74 The i sol ated and purified nucl ei c acPCI/EP2005/013013

sequence of this invention can be isolated according

to standard PCR protocols and net hods well known in

the art. Said purified and isol ated DNA sequence can
prefenatili €or ancapibédyeandmeosd praferalelyfepuF at hrgmesquiznee she lzgavy and
. .known ip_ the.art e.g. _an.enhancer, usual.ly enpl oyed
light shaip aF (e SRRy s 1 P4 AR L B Fgus, thus
leafiHg k@ hiphaehnESERYE Fundidnll AEbodyorFab delenf?as In getitlar a

successfully and stably transforned with the vector or

huméreantihedsoe e hamenipest arfibedy mees parécue adhueaahdeagatent, peost

resent inventio . q .
pufREP b B 82808 bR FRRPAES 2 AP ERLER onsmuctci
acifl Béquedlerced into the host cells along with the nucleic

aci d sequence of interest, The qene %?at ncodes a. . .
In eselpreloroliia highcRReniRGPRS HdupiontlcHtBoi ¢d AP drBBrniGH isgsential
. : g0 _ . . . Fboth

o F  SOL B QUSLI B 9l SRRl neor o
chaingis ovarprodiephemrakottbe othvneliapy sosetdicitdbhigh molécatas weight

. _can be used incl udi t hose .t.hat conf Si stance to

i ot e Rt oyt B D iR B sty

foun@ttRAGYE] 1B vecthi® o tttsedt invB@icarHipbtietd ¢f fAdiobsl antibodies can
adapted as desired in order to create selective

be gbigtied vdirseas pBINAITY lovorBoWE] eleqvapiredussd Keht ardeigdaingr high
. . @

g IR B SES RUed LOLSE PRI PR R 2098 el
lestizhdi0adilt exprpussdeencoit bHdmibedy or Fab foagheant tace expressed as

determ pe the efficiency.of traqsfon t.i on. Anot her
overppsdueecb e RERG BN o (HARTRP B et BRpgIFagive degrogates.
ThOLRISBRYSH thEnd9$ tind [i?l'i\ﬁﬁlﬁfnm%d_el’ﬂ‘ddhc&i MRS Wigtholehdar weight

present invention. I'n a particular enbodiment of the _
iminnwereaitive agaggeokan Jeompasurpddty anslysing e antheldhehesh expressing

| asm,. d 2- Fab- H 0o ' f i .
e S oA A RO S s PSRN Kbt wine
SDSPAGE 6l Wegthbldtc expressi on cassette for expressing
a secreted, heterodinmeric protein in such host cel
such as e.g. a Fab. Preferably such heterodineric
in AR S0 TPy LR ATRL R GRAI TSR ol i soanc
expresdible éul a g cpmprifing thembaBdDoprambtér segiperitibe birthatheose operon

r nt invention. .A wide vari.ety of prokaryotic host
Opg@gﬁ’gma(ﬁﬂ_t‘b% H_?&HPVWWW’EC?@P’%? t ogous expr essi on of
a) %Bﬁcl@iécdcﬁi Seqidncs whegis AeRfol®dout i suid Rygnti on. These

osts may include strains of Gamnegative cells such
b) aprakaryasictsignakserpaansd onoiahly, linked torsaid misdeis peig sequienges whereas

B 0 T O S BEASg ui vi
prdtein€ dbr stghis, anfino aciks, witahdis adriolzendseterassthe expressidmeof said

strains Td , 110 | , .XLI -Bl ue and .
nucle{c acicf sequence\ll\sgcontro’lle(?tly said promoter region. The rhaBAD promoter is the

preferred promoter region. More preferred, the isolated and purified nucleic acid sequence
consists of SEQ ID NO. 1, a sequence complementary thereof and variants thereof, in
particular the isolated and purified nucleic acid sequence consists of SEQ ID NO. 3, a
sequence complementary thereof and variants thereof, most particular the isolated and

purified nucleic acid sequence consists of SEQ ID NO. 4, a sequence complementary
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Oigam, which are commercially avail able or can be

obt ai ned via the DSMZ (Deutsche Sanm ung von
wokdosoerigani smen und Zel | kul turen GrbH, Br aunsedmePmNs/013013

Germany). Most preferably, WB110 is used. The host

cell mght or might not nmetaB®lise L-rhamose. A host

cell which is ordinarily capable to uptake and
themextfaind vasantd theteafinose i ke E. coli night be nodified

efj Ci in one.or nore f nctlons rel ated.to .
Th fro et S5 I St TosBToGrof LD gt Beoals Ehagpording
to stBnd@RE POR pFBIoRoLsAnE tnc@ivils Rl1akh8 dntif tiidgt. \S@iﬁ%ﬁﬁ%ﬂ dh@%solated

met abol i sm of L-rhammose can be achi eved by "e. g.
DNy QW@Q@‘? ¢9g forther copiprisg onher ragysrregigditory sshucicefe agknown in the art

R T

nuﬁekzhﬂfﬁ@mﬁmbose ki nase. This can be done by known
techni ques such as transposon supported mnutagenesis or
knock-out nutation. Usually, the prokaryotic host

Tn 6RFef &SRSk Lol eSO ?&/ aﬁ@&h’@?‘%ﬁﬁsiﬁﬂﬁéﬁpﬂh e \g:cto'r Br the
case signal sequences of "E. colf are used e host

isobaed andspuiiedinuyle avidrirguemk of Hee weseat naeitiop, oerdtbat encodes a
ent.er ob ri aceae, nore pr.ef.e abl t he ho

seig}gle T T rfmStoniy praaRbSHEY Sfelie itoteern(f o bief cells along

withMe Rtié1610 atisl saqidich odik&bst. pl‘}fédgéﬁb Right én&ﬁleé/@ﬁl’édtéiﬂe imArier might
host cell, conprising the steps of a) constructing a

be Jasatesron thy vegiemarasthe iglatedng parified nuclpis seidwpquensapymight

)
op%é&f 418 e e, t8 dxg@&@%@ ﬂgseg)é%'ieﬁ%gd& %{%8{1 a%%%agag %%grgva Sud Se1&table
matlese vat bawgped dnadudiog fpepthatenferamisthmceae bhtitdotidsyseh as

system The, ect r use wel | its onstru tion
hySEOFYCHie 2HPlE Srﬁﬁt’faﬁﬁc B %E ﬂPB‘kf&rO? LIS %m o4 cap Ee é‘gapted as
dedledd lﬁ%side@ap&%ate%@a%%ohhﬁoﬁﬂﬁwﬂw%%em&&@hﬁﬂé@ iused. As
sequence conprised by the vector encodes a

weblakyprégyigeans. suph ef Buerbiopnt nrbteing shy pe piticdecadrivigutbetost sells along
. t.i.bod d t f bl Fab fr
i oP B R RS e e e BB R ey o

trahéfordratonf r agnent are expressed in the cell culture

systemin equal anmounts, thus |eading to high
concentrations of functional antibody or Fab fragnent.

. t .
AR S SRR RGN RS, Sy DB Rt it
vedter afihk pedentinantivorla atpabies]ar shﬁ;bémﬁdnaskthe rvehien theipmbkaryotic
fernmentors st, cel cul tur in .
hoft G R DBt R BleS i PR35 HApEE pr aiid AR 4, Breferabivaith
pld¥BAE pAKITHE coﬂ%h’sin@%o)dﬁ?e?&nt%&'hg Shhlitits @[c1s@ro@ﬁd’&§ﬁ'6§s1on

contalnln i um as descri bed ortz et al
casxsett%fczsteﬁmﬁmmg a smetgc@hs@r@hmanmmla in sygh hostedil quchsas e.g. a Fab.

Pr%@?a%w st&%lq hét¥ro gllg‘la@c ote% s'a F;la%8 anAl'Eher gmt%/lof Fr%l%lblé ofl the %‘n:’:/%ntlon the

e preferr R Lk rying
prekapyatodiostis abnsformed with the isolated and purified nucleic acid sequence of the

present invention.

A wide variety of prokaryotic host cells can be used for the heterologous expression of the
nucleic acid sequences of this invention. These hosts may include strains of Gram-negative
cells such as E. coli and Pseudomonas, or Gram postitive cells such as Bacillus and

Streptomyces. Preferably, the host cell is a Gram-negative cell, more preferably an E. coli
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said polypeptide is a glycerol containing nmedium nore

preferably the nedi um descri bed byKortz et al., 1995,
wdad2006Bs1are£chnol . 39, 59-65. The nedi um mi ght bRCT/EP2005/013013

nodi fied as appropriate e.g. by adding further

i ngredi ents such as buffers,2lsalts, vitam ns or am no

acids. As well different nedia or conbinations of
celhélcdi whithlvan bs ededare ng thdwraos TG, W1 6 Difble XddF-Bkie and

orh S A5G R R B O

Sath8AHeAonMi1@borlehfishes IRIPQRQIRFAGHBH, BRGh&hweig, Germany).
L-rhamose is usually added after the culture has

MostprefeeablyiVapp? tspxsedatTéle tos el m;gbtmn mpightawt meéahe@pq Lyrhamnose.

A }f’fégﬁg%@%ﬁ llijﬁ%l%r yucr‘,aga o‘ﬁpat%ﬁowd matnpﬁ‘%g L' ax%pxgse like E. coli

might®d nyeidOR &J&eﬁcféﬁﬁﬂh&h@ bt shobe fuse BonsGelhtedne tHeOupgdke, and/or
nore preferably 1 and 5 g/ 1. For batch culture the

metpbglism obbobamaoses efirigney 18 ope ohmgReRICQss relatef 42 Eegmtake
o BREIRIE Bt o BRI 5T BERE pRCL B

expredsivacf a2f¥naddidg @ a ﬁh’(em:telaltesi tarthe italcetrand dot m&tdalllllsm of L-

rhagygp LB 48 L ERTCE THB LOdih frds TRl kParead his Sn bgdape by

knéwﬂ %ﬁmaﬁ‘é’s steh ‘A§ﬁ§nspUan%uﬁ§&{eﬂrrﬁ@ﬂa%elﬁﬁts VWERRbck-d1@ Witdation.
days. The anount of expressed product depends, on

Usuaié/ dmlptquaery@tysh@thrseénondsmo Hlepkgnal sequecenFhqse ©. g in case

ual | Ss
sieff} el R AP R PhRO b o T, FATRN Y it O @ Gyme fily of
thewdrtdtobaderieedepmosd prefegaby ths @bt detiviemt Eaw/i stiaimg a

fermentor culture in a batch and/or fed-batch node
expressed product in the anount of usually nore than

Fu%}u?r Fbhal EHiR rﬂﬁ@% eCuht tﬂ’v@ﬁttbn iP ﬁ%éfﬁ&pfo)‘ pr&ﬁ@ing R3R1ybeptide in a

nore preferably nore than 1. can
hostlueh; cverprisiy thewiepgoexpr essi on |n the host ceII t he
essed duct such as the pol ypepti de of |nterest
a)E‘HE? g ?‘Ecovered fromthe culture of host cells.

b) %ﬁﬂoﬁrﬁﬁ% ROkRSRHcdRsObith fi@Y&sér, are i nmunogl obul i n

chai ns he heavy chain and the Ilght chain are
c) aldowing eypression ekgpidralpeptids in heclhgdture @Stenawai% sigifablegpnditions,

pepti des
S L T R
vector are then processed from the imunogl obulin
chai ns. The ure hea and [i.ght c ains are then .
ThgdSuRoREt: Fo bR PIGARR 2o gmadorgis ProRAyotic host are

as HEAEEBRbve, WhRE4qhe hQer@ r@@lhd’hlﬁléi@éélﬂ‘déﬂuﬁh@ dnristd By the vector
expressed product the cells are usualky har vest ed at

entdriss e pdlyptptidee Peafbrblyethe polypepsise, preduskd i apsiberdy angl most
L oe t ,
pret%léagéryqr%ap et%e g n\%l’rleergausgf&ea a%? ]am? ﬁgl,l:tr (‘El?lgp o gl%%ﬁnbocgﬁﬁ the Fab

fragyfeat fe @f{pﬁebs%dhﬁ $lie c!kﬁhhliure'ﬁ?@@mﬁﬂ Bqudhemotats [thud feadidg byhigh
standard protei npurl ficati oné% ocedur es known in the
copgentrghens PLfayctional appdody erkabdrgment. pr eci pi t at i on,

As cell culture system continuous or discontinous culture such as batch culture or fed batch
culture can be applied in culture tubes, shake flasks or bacterial fermentors. Host cells are
usually cultured in conventional media as known in the art such as complex media like

“nutrient yeast broth medium” or a glycerol containing medium as described by Kortz et
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nol ecul ar si eve chromat ography, ion-exchange

chr omat ogr aphy, isoelectric focusing, ge
web®@evsaphoresis, affinity, and inmunoaffi nityPCT/EP2005/013013

chr omat ogr aphy. These well known and routinely

practiced nmethods are descril2ed in, e.g., Ausubel et

al ., supra., andWi et al. (eds.), Academc Press Inc.,
alN1995, J1 Bivtsehable 9,.c3-6 Matdvaiterdl BalCalkdia An deddbibed by Kiulla et al.,

oo MR LR S S PUCLLR LOD S o e cxpresiono

safd ﬁ@ﬁ%?hae ist J@Dﬁc&éﬁboﬁﬁuﬁﬂg ireliith \Pﬁ&r@pﬂem9@ﬁé #hBlith described
hr omat ogr ap

by passage through a col um’ contai ni ng
b}aKWéBs@tralvxﬂﬁ% Jhﬁwtd@bmﬂd39,|5@f(ét o target nolecules to

T RO O AP G RAE BBl e

bfRE, SdltsSXRARES 0B bRinohcaisNAS well AiFEbR inidliRoPEBI h&lons of media
region operably linked to a transcriptional unit

ca@@ﬁﬁﬁﬁdsqhﬁglg;ﬁle sulfgef ghegsills. Rretorabhic éhanpdinm used as basic medium

shgﬁl'd% PLRARIT, ik nﬁ@'s? nlp&%ter {5) ac e(/E Qﬂgﬂtarteglﬂgtuﬁ:bit ﬂl@i‘—rﬂgmnose
regi on upstreamo nt=o €

promates tepfioro m-ﬂfanﬁmsdls MBlmil]s'(add@i afoa’n alie cuitute, has aeathed an appropriate

ransl ation i |on re n.copsi stin
obis denreinganda e e 7@%&5 BYNEs gt Sribagingse g the medium
oftthéiHuddd Iﬂﬁkhﬂ%ﬁé Rbdt Rk @A SnPRBIAD byeféﬂamly%@tvvéen 0.1 and 10
sai d nucleic acid sequence and the expression of sa

ghurepisfeably lsagbesit &or bateloenlae hedsin) @éﬂo@lsplswﬁbt(b‘ﬂ or higher.
Abt r?ﬁe ﬁ!} s a%)é Yol %%rgfgramyg'/h { G arrc])pI %ucﬁ ure% eratures are
0 habci bl mgt er region. Us al P% (5 %IP%

be}DWéﬁmltOeéfndr 49 pmfer@lﬁlyae@\&éﬁ ROlahd 30T THB cklds ai‘éeﬁbubé@d usually as
|nduc%$€ pronDter regi on of a cat abolic ogero
lopgasif falkes Ytildhe maxigm ApeBR! cxpreserpraduchhasaceygulated,
prkﬁfabgswvleggl h%)\%flgﬁitd??gaoés?lgdgé’ ﬁ% ]alﬂ% mé%ﬁ% hoﬁﬁsf@d%ays The
am@B00f Meﬂsed pmdncmh:pelﬁﬁ on th dnlthi6ystemomsst] einsshalemidiask leelture

h d t
s e Bt B A uph S R e et S BE pligited witn o
hokPBmstdeaiRg vith t11%3redt8106ftﬁ§ pMBédt iREenfQS Usinged Fermestet fv\n@@e ina

pronot er stens such as the araB pronoter inducib
bafigh aneis @fbgétcbmdSGXM%éPmdﬂlh@nrtmﬁ oppebly epore than 0.5 g/l
cHBAT AL LT IR, LU SERSISAN il MR
otitdigedor esent inventlon can be used. Preferably,

positively regul ated catabolic operons are used, nore

preferred is the "rhaBAD pronoter region of the

FdioWhs 0§ 6ssRRER 3R hédf cdlf) teRixPR{Ed froURPEis tl‘ecspd(}ﬁg?tlde of
functional equivalents of théese pronoters which

ingeest eagrthombe teeovered kamyibe celtuse gﬁhcpsi; q@]stﬁ}\gm tb@p@lqupude of
| h )
el s R SR U Elde Rlche Dy G 0 R Rt 4 Bty cach

expreasudria ehohodt Belli gd sedRed to the periplasm of the cell. The signal peptides

encoded by the signal sequences in the expression vector are then processed from the
immunoglobulin chains. The mature heavy and light chains are then assembled to form an
intact antibody or a Fab fragment. In order to obtain a maximum yield of the expressed
product the cells are usually harvested at the end of the culture and lysed, such as lysing by
lysozyme treatment, sonication or French Press. Thus, the polypeptides are usually first

obtained as crude lysate of the host cells. They can then be purified by standard protein
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i ncreased expression activity conpared to their

activity in the absence of inducer. Theexpression
W@ewbw6t1y4 i n t he presence of inducer is usual | pCHEP2005/013013

| east two tines, preferably at |east five tines, nore

preferably at least ten tine83higher than in the

absence of the inducer. Usually, the vector further

putiiaion peecedurss newn seihe @ﬁo@ldp@ahmcyldleldhﬁ@fﬁn@ﬂ pg@;p@{tatlon

ei c_acjd sequenc The, s uence. ca
mogﬁcgiéam? oS o o e PR BRI R e focusing el
elestr§itRdkestss AN edAhBnURRNINIA dAFKAS HOPIC mbgméu known and
sequence. is preferably selected from signal peptides

ro%mebéqrmcsé mrgthads BreeserabadriB g ndusubel & @ asupra-gapdnfu et al.
(ed@? | ASadeMlid PO fc2REY! L@x%cﬁe?rﬁ&ﬁ ]\E HOM\@EI Anci MdBcular

her prokaryoti @ S|g sequence known e person
Bialogy. frer axatmpl&/,tﬁoepmﬁcfaﬁoa bf yecbmbmpntxbkpnoylmadarrsmgwglobulins or Fab

S e is sele d .from si tides
g B 51 S B B g oA D RR AL T o i b i pigsage through a
colﬁﬁin%%nta\fmh% HiréSn FRELIHAB BowiH tﬁ&et%ﬁ@rg@?ﬁ%fe’cﬁﬁg tARRVE the expressed
e nucl ei ¢ aci d sequence encodes a

impghgglebulingecan spesifiqallyibindan anti body, nore preferably a
Fab fragment as descri bed above. In a particul ar
enbodi nent, in case the nucleic acid sequence encodes
A ffthandspbstdyf thepsredet Alvkmtich ifavedtoBgkpestbibld e sayommizthg a
the light chain of the antibody, preferabhly of the Fab
promRoigiEsEiongperabhclytke 1oy tansrriphanal Bt eONPHHBE i pt i onal
a) dfthdieic ORI RasrRB GRiE IR hBrclolofREI ARl Y dd nked o a
S|gna sequence and the translation initiation region
b)e masslmomgltmttlon h@l@equ@nm ACCABNTATABAT! (BEQtraBsINON of said

th t t i d
waderipfifled vl S harERig b g S Pisent rontiti e ek S
AGGATATANACATE(SHEES NG, 2),2) constructing a vector, b)
transformng_ a prokaryotlc host wi th said vector

wherdap ghifl draaslpieswitiationfegien 5 qpelablydinkied éo said au@@p |a01d)sequence
and Hle! e‘i@?es%ﬁto?ga &Hﬁfl&c% dtsggﬁ@cé‘&% t‘rbl? c} promoter region.
recov C u ure

rmn rom t
Ths psdreoier t@&fmhlghebé ar mdanﬁlelmslbmmiuemaspmﬁmeﬂ rbgidn. Usually, an

. abgve. The constr ction of the vector
induethig prompiEnTSRoB P! & o PR SRSTATGS PRt A it mgproter region of a

cat%%lﬁd%ﬁer&?ﬂeéﬁﬁvél? RO &P th ot SFtdredcBRO VIR 1aVB&Y %ﬁtﬁ (Yanisch-

he het er ol ogous™ nucl ei ¢ aci d sequence conpri sed y
Petrhe evact19BS cnasdds 1 @3- b@?)ygmbﬂhp treptoplmandapd (Gp@ddel eta 1980

NPT Ae P RS pel i R HIPEY B iV B prese

tw6 €de a8l kicl (BroSivis,! 1©8Y% IGene QUal 611U M Bannl ARl BfosRe1985, Gene
i nventjon also relates to nmethods and neans for the

40i188r1908 ps Rk Bs ResiteYely ErgBlateddpnelsseysiena sush @ Biecracprggoter
B0 et RE S S AP EAIOL, S8l
rha'rimose W&Oéﬂ)d&%é} orethp ('emdiddhpromoter hefi@r of thg Gabhamnose operon” of
the present invention can be used. Preferably, positively regulated catabolic operons are
used, more preferred is the “rhaBAD promoter region of the L-rhamnose operon” of the
present invention. As well functional equivalents of these promoters which might be from
various prokaryotic organisms might be used. Functional equivalents are in the case of

positively regulated catabolic operons equivalents which in the presence of inducer show

increased expression activity compared to their activity in the absence of inducer. The



10

15

20

25

30

pol ypeptide in a prokaryotic host, whereby the vector
is expressible in a prokaryotic host conprising the
WO baBA&I1p+ onot er regi on of the L-rhamose operPCI/EP2005/013013
operably linked to a transcriptional unit conprising a
nucl ei ¢ aci d sequence whi ch 124 heterol ogous to said
host. Since in this enbodi nent of the vector of the
expressendctivity enthe prestive ofundueérds asiatly selpasinee tinesnaeferably at

linked to a prokaryotic signal sequence .upon .
Leagt ¥ BT geﬁ@fﬂﬁaﬁ%ﬁté@ Rt TEd LR e seassogfhe inducer.
and expression of the pol ypepti de encoded by the
het er ol ogous nucl eic acid the pol ypeptide will not be
Ustalln $porecteod fifrthencomprissptasignabienuenca operaylydiplked fo sid nucleic acid

| ions. | d th | ide will b d .
scai AF NEnE CRITAE T e IOFITOIC ek THORED Iyt
sighfll defhercbParBuselN ASproR@No X RERS SdqRBndel1s pRSENFI9 REIEEled &8 signal

be isolated and purified by well-known procedures from
peptifles @Eperiplasmagig binding proteipsiay gugars, aninogeids, yiganips ardiens as

oo BYETLASR 30 BB U8, s e 08, B o REIA e

Mdre pesfedablyahisprokalyetic signaldeqenein selectad &opr oial pejtides of

hast cel l.; .a prokaryotic host or .prokaryotic.host .gel
periplasyas i hiiing Profeian o Syt grincacid, Kisgminsand jas whict are
dedcRibE@EEIVeUURalIR! B BatleRMcRf sequdhet BAcIeOP HSlyP&PtviB Sftbictdly an
in a prokaryotic host using said vector; and a vector
antityndyt terd prefezebdy # Hrlafragmonte dessribed abovhet er ol ogous
In Eg%ﬁﬁ%&ﬁf El%gocﬁ%'érg \ Lpedid afh RERIPLEE seﬁﬁ%c%&hc@des an antibody,
erol-ogous nucrel ¢ aci d sequenceencodi ng a
prdi&tblyel Rpatigneat, Yinepdavd andihd light clans&he antibodyyl praferabiy of the
regi on consisting of the sequence AGGAGATATACAT. Iﬂ_a,
Fab fiagwenice gioded P dicronkdrapsainiionplgrty, fydereas each chain is
' &4 &g&ﬁh@ HShNRRAR iRFATON RlgidnQdRkishiSs of th
OP%?B§ﬂ§&§%5te%%§ﬁ§e |cte%“%n éEQ I'D ﬁo} 1, agéequeHCéago °
sequend A GAVATRE ADBISEQIDNQ.8)i ant sequence t her eof .
It is preferred that said rhaBAD pronoter region and
sai d operably linked transcriptional unit consist of
In h H@1152 A4ROCEBe FRIBEMR L BEbntIdN ?ﬁ@ide@a'ﬂ@ethé’d for pRfdcink aolypéptide in a
a sequence conplenentary thereof or a variant sequence
hostheqraprisingbestens A to the invention it is possible
he v r for intracellular expression conprises
a)én§%8§@§%%ﬁﬁ%gtranscriptional unit. In another
b) paedfemiiag a@ndkackotie hiostokith kedd vevé@nt i on t he
transcriptional .unjt of the vector further conpri.s a
o) PG POt Rl PIRPSAULF B S e el suiciEfe
cohditibh@t i on point of the translation of said
" transcriptional unit, whereby the translation

- d) reviovering wid padygieptide &0 e selbfulupesystetiuence

AT e e DB o

tra@SfFphhtsdsofa prolaigstid Hist aml thetdll AaturOfmn egiondusess d&scribed
the rrnB transcrjptional .term nator sequence.
aby Shereeg thedictarlogorpdRIcl iacidh ¥ aHEICe cOMpESEsbIE [Vester encodes a

poBpefi R BIERE trePOYyRPEGIEroBuced is a Fab fragment, the heavy and light chains

of the Fab fragment are expressed in said cell culture system in equal amounts.

The present invention also relates to methods and means for the intracellular heterologous

expression of nucleic acids encoding e.g. polypeptides in a prokaryotic host. In particular
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pol ypepti de such as an anti body, an antibody fragnent
etc. Those skilled in the art will appreciate that the
WO pwensilen descri bed herein is suscepti bl e to PCI/EP2005/013013
vari ations and nodifications other than those
specifically described. It i35 to be understood that
the invention includes all such variations and
themelicht inatitionselaick houtctde farthé mgratelbnartelrpresypon of a Iterologous
essenti.al characteristics thereof.. The invention also.
PolyREA L 2 Bfakabp i s Wbifgl_?y 5@5@&% &, SXpHTHRIS R P BHERMRYLC host
corﬁﬁﬁﬁﬁ%‘ RS 18 BH B 68 ofeP ré@lon! STIh S BRSNS bBESn operably linked to a
specification, ‘individually or collectively, and any
trapgediptibnal voirbomprising ¢ nueleigragidt sgguance mivich i hetsrplepoys épsaid host.
.or .features. The esent di,sclosure is.therefore tg be .
sinff i R R o el o RSB Bt Y B RGE ot oBfcnce i
not' 1&fetl it€ & biokaryotie sipaaRRqidnct Bfor MM % DpioREryotic host cell with
i ndi cated by the appended C ains, and all changes

theyifeictor apd ppraision; of throlieatilngnaadad by Hgdetrolegpiisvarlsifcasid the

poBpEBNATAE S BaBoREr AR ite RAbEHT 1o WAL bR asmyic tocations.

Insezd hhopolygepttie wsll ba exprpssed tvittlinhthe eytophym e fermesfaeclusion bodies
its tiret The foregai ng description w.ll b re.

or P e SEuoRPO TGP IS oD FEBO A TSP gL Pirificd by

welNaitRnSstocedtfed fiona iRl B8, in PaRiculh® WeULEell XNBEPTRE Mre®ént invention
nmet hods of practising the present invention and are

alspprovidrsdpoibe useof Jaid veotdiefos dlepregulptediatracalidat ¢xpression of a
e . - i 14 i .

e AR AL ey COAGH PSRN B SHR 301 Mt oo
prdksefeic ihobticall crahsfodBdd 40h gad easonasn&bahfoe thefiotracellular

posi.tively regul ated operons. Based on the genomc
progaetionp & fietsrloBa PBFRIdSn RS REGHCARE b EBSaFS1s: and a

C ¥t oPRedhef SR GRAQER lypeptid isi t

e e BB R TR B polyeptide comprising a promote
regienul letezologatsatvolcicaqit saquereesnomiies 2 Hetntoldgousipelypeptide and a

‘anal.ysed. f.or their use in.expressio 1.AS., T,
oA GiicliSh st SRRk OF 5 Feires AT T AR by
cheap and non-toxic and therefore industrially useful

compound. The foll owi ng pronoters of different

In pprsfemredegmybadimentof dlap vegtos Ho the indiseelbiar axpressiem disdfaBAD

. : . ' N
PR EE AR L ALRIE RIS g, By ety
thdredflaaid blvajiantkequenee iteecoDN sfprafgmedthat siid laBd@nprainotériregion

| ect ed. based on the. avai

raonoter el ements were s ab

and! g1 PReED SR FrRseE el B PE_ ISEEPCH IR RG™ SEQD
Nos BIESEED RE0S0RLude cthpafehRty §RIR1 6P var@Bsequence thereof.

i sol ated by the nethod of Pitcher et al., 1989, )
Accerdieg ¥ thninappfianeid i poasebliedhas ge B:ctorsor ingacellylae expression
co&rp%ggst ae&icig{r&ggﬁ‘naﬁ&ri\ﬁﬁgﬁal ﬁErRI itI én%qhefr rp?éﬁllrgheen%brd%{grﬁ%e
invention the transcriptional unit of the vector further comprises a translation initiation
region upstream of the initiation point of the translation of said transcriptional unit,
whereby the translation initiation region consists of the sequence AGGAGATATACAT
(SEQ ID No. 2). In further preferred embodiments the vector for intracellular expression
comprises a transcription termination region such as the r7#B transcriptional terminator
sequence. According to the invention the heterologous nucleic acid sequence may encode a

polypeptide such as an antibody, an antibody fragment etc.
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DNA of strain WB110 by PCR using the follow ng

prinmers. The restriction sites of Clal andAflK are
wanwenbitmed. The sequences of the fragments arBCEHEP2005/013013

follows: Pprp Pprp-5 5 aaa ate gat aaa tga aac gca

tat ttg 3' Pprp-3 5 aaa ctt2@aq ttg tta tea act tgt

tat 3' AAAATCGATA

ACTGAAACGCATATTTGCGGATTAGT TCATGACTTTATCTCTAACAAA

T A AR AR AR AR A FRRAGT FEopg f ALseepie 0

vartgtinfard ﬁlodﬁ%tléﬁseot%tthﬁptﬂo§ees§f)e€igféal@}9@es&%dcﬁ"i"s t% be understood
Pgut A-3 5' aaa ctt aag tea gga ttt att gtt tta

that AP includes all such variations and modifications without departmg from the

P AR T O T LT CLTATCPT PR TG PFCAieP

feaviv®é) tAmpositions and compounds referred to or indicated in this specification,
[TTATCTTTCATTTTGCGATCAAAATAACACTTTTAAATCTTTCAATCTGATTA

indeyitiyally rrdertiy T ey prd AlcaRbARATPEETEAT Y AAGTETe of said steps
- B t

or AR AT, YRR el AR O30 RS 00

and hoﬂ\tb*tﬂc@@t}tw&éﬁ'ﬁmﬁé ingentidilosing indidatefl bly tixe appSnded Claims, and

all% gtc;:-g%g& C%@%eamng anc{ ra%!gee (-)rfe equlva ney Elre-li-nt%nggd to be

1
NN BT Mot i

is maerrpbfatad hrgein by gefefepee inEisRugra@y-hi ghl i ght ed i n bl ack)

The fragnents were separated by agarose

gel el ectrophoresis and i solated by the gel extraction
Thiifbregbiag dedcribtionmwil Bgaiord filllydederstced m&m)tkferéﬁbe to the following

i solated fra nts re cut wwth Cal and Ab Hand
)qa}n@ e§1 2 eVﬁB\ﬂﬁ?um ofgmegthods) of prag@@:pg the present
I - [ 95-103). The
m”?él@h??l?“ﬁ%‘%pg%;ﬂ*%m s%ﬁ?%fﬂ?%éb?gé%ﬁéﬂ*gﬁ%%t or (pBLLS),

the gut A pronoter (pBLL6) and the nel AB2 pronoter
EWM are identical except for the pronoter region

d. The sequence of the inserted pronoter

Exanggeent s were confirnmed by sequencing (Mcrosynth

anH Bal ?ach Switzerl and).
Construction of expression plasmids with positively regulated promoters

The Escherichia coli W3110 genome was scanned for positively regulated operons. Based
on the genomic data which are available on the KEGG database (Kyoto Encyclopedia of
Genes and Genomes, http://www.genome.ad.jp/kegg/kegg? html) positively regulated

catabolic promoters were identified and analysed for their use in expression plasmids. The
promoters should be tightly regulated and induced by a cheap and non-toxic and therefore
industrially useful compound. The following promoters of different positively regulated
catabolic operons were chosen

- prp promoter (propionate inducible)

- gutA promoter (glucitol inducible)

- melAB2 promoter (melibiose inducible)
The precise DNA fragments which contain the promoter elements were selected based on
the available information on the corresponding regulator binding sites. Chromosomal DNA

of Escherichia coli was isolated by the method of Pitcher et al., 1989, Letters in Applied
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Exanpl e 2 Construction of Fab fragment expression
plasm ds As an alternative to an I PTG inducible |ac
w@e@aotars (pl asm d pMk9- HUCAL- Fab- H, Knappi k ePCHEP2005/013013

1985, Gene 33,

103- 119),

different positively

regul at ed expression systens2®ere anal ysed for their

capacity to produce Fab-H anti body fragnents.

The

Mieaibidlogy &ghﬂnt&&a@h@pmrridtéretﬁagmﬁnm\fverp laapiitidd from the chromosomal

oA steara T b

PCR us

t he
usjog ﬂ@Fe ol PP

IP rké{ggf}%gggcg&(l@l srtgégf Clal

an@AFTCArE uhd@ih&R Tﬁ@ Sequbhicc8 99 tHd Baghehis ald)fs RBHGwWET agnment

was cut with Ndel

NdeVH ndJE- cnt

rBW22 (Vol ff et al,

M cr obi ol .
PRsBW22- Fab-
i nduci bl e

21, 1037-1047) to create

RS 1 t & Argalcidal
ﬂ%m%”{)eon% o éEgerﬁt_w

ATRAGH;
TT\,(}TTMQ@QQAET@T p&ﬁﬁ@gCCﬁ@CTTTGTCTTT

£y

gﬁrl asm ds are

and H nS and inhserted into

1996, Mol.

pl asm d

baahtgmeagsgca tat ttg 3’

ttg fta teprct 4gf gt 3°
TEASCARTTTATCTCTAACAAA

expr essi on

ronot er, ,
0% c¢ gca caa 3

BhL14 cont';eﬂ

okt gt tta 3
A TACGGAC
TTAAAATA
TAGATTAG

X e
acV\fg f gag cac 3
tt %q@ ctt 3

Prﬁérﬁr‘&sc“m'rﬂn E@s”P”y) nas QQ t%f
erent %ﬁélgﬁ%l on pl asmi ?
u

i sol at ed f &ﬁrc ones vvhr ch res

‘éT :
mg hrg“rréﬁrea r#r%esi‘?n%ﬁﬁ a

higiMehtdaghblaR) | ity to secrete actively fol ded Fab-H

ef?@?l%%

<Brr@rr?£%rr%rnt‘§

ant1 body fragnents. This productivity test was
perfornmed as described in exanple 4. The foll ow ng

Tﬁsg&%%%égsb\)_oﬁ% @?&%ﬂ% a?os% fe‘f Eﬂg?ﬁrirgﬁs %[dl_iggl%@‘f(gy the
getux&pétmiﬂtle%kﬂfﬁ)@ia)geh/ﬂ{ﬂbem SRrmmiy. hﬂﬁrleﬁleted fragments were cut

Raf f i n
wit C)aI andA OS% hrggteg tgl g’?a%}AGﬂ]I cut pPBW22 (Wilms et al., 2001, Biotechnology
and Bioengineering, 73 (2), 95-103). The resulting plasmids containing the prp promoter
(pBLLS), the gutA promoter (pBLL6) and the melAB2 promoter (pBLL7) are identical

except for the promoter region ligated. The sequence of the inserted promoter fragments

were confirmed by sequencing (Microsynth GmbH, Balgach, Switzerland).

Example 2

Construction of Fab fragment expression plasmids

As an alternative to an IPTG-inducible lac promoter (plasmid pMx9-HuCAL-Fab-H,
Knappik et al., 1985, Gene 33, 103-119), different positively regulated expression systems
were analysed for their capacity to produce Fab-H antibody fragments. The Fab-H fragment
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D(+) - Gal actose The results fromthe dot bl ot
experinments are shown in Figure 3. The rhamose- and
wWOoredoblo6103e- i nduced strains WB110 ( pBW22- Fab- H) PEr@P2005/013013
WB110 (pBLL15) showed prom sing dot blot results:
i ncreasi ng signals over tinme2&nd al nost no background
activity. The portion of actively fol ded anti body
waﬁ amgtrﬁadl sutvxﬁ$>lasnﬁah pM}d9eIdu(§ZAB }.EblEBAy PUReusiesthb pﬁn‘ﬂrﬂ“ab -5(5°-
mmrized in t efQIIo 1. Table 1 :

aas, L BB AaA GHE FEChlE 1) HEL AP (4085 At ot ise i GRBHES . The

PCRXRESEAS Qfhs Rhew Th Whre] eI IR {h8&rteaNH eGP Rk cﬁH cut pBW22
i ndi cated. The uni nduced cultures after 22 or

(Voléf & atre b33 Ml aiauelhinly @é e3d dr%ﬁbloscrea’a@plabreldr@w 122§ ab-H

(Fiblsinda Sl e o e G2 P el (SR P pig 1y The

sarﬁ@BcRnﬁragahex@ Wak $ns@H¥Ehtd mermffér&& SPRREbE plabmilis wiat 1ndu01ble
determined) Al strains grew well w thout any growt

pramgiptsi Thoresiling Hab-pl ewséaiviag trutaibss pemesston Iﬂ@ml s are pBLL13

he

B A
coti@inii}P) tha mlAﬂ@rbﬁldtc&c(Figurd NeThe gleaiceathditathy insag i ptasmid
Bm{éé%ﬂst er o ht 1 nduction. The neli bi ose
p Y400 IV@?L tPBPEYES showed a del ayed

increase in the formation of active antibody fragnents

conpared to the rhamose (pBW22- Fab-H) induced

system The rharmose i nduci bl e strain W110
Exapipl@2- Fab- vvas tested in the Respiration Activity
E Moni t o |%§% (RAI\/DS ACBi otec, Julich, Germany),
xgreﬁgw& ?glﬂ fystem for the on-1ine deternination

Strain W83 po (B$MBY1achbvtkdHeSSuninlluff e Mik@dskgmishin und Zellkulturen
conparison to the normal shake flask experinent the

Gl Brguysohiveigs Gerpayh Wea sransfesnpdenitly the deifereptiexpissyipie glasmids.
Thg é?a%m%ls We "rgo}zggd %0&01?6{1 Wteﬁfﬁdﬂ %C(fl é}Qﬁt tra-ﬁgf?) ations

m sed gro usi n equi pient avours
ang cloblsed vrresfictamt arm]grsmnExdepdylaémﬁgrﬁmﬂsl allfplasnpdishadl the expected

Mel j bi t h | i
restiptiopRg o LasecrsBie i ihad PRLLTE Scpisd e sieapg stction
pa@érﬁ%lﬁ& #ad éd\g?lzéfecf ® B@Qﬂle"fé‘ pécb&n%ﬁfah@ﬁ’ @Verftsf FYBRMS strain é?V3 110

Over ni ght cultures medi Um trypt one,
(plglhl@ewnoeteskéem the5fog¢wms@d$au$anahlr@mame)g stiai Weneissted for

theCrl hé]dsng ﬁr%ﬁe rarft?%eilyAfc;?% %hl*La lﬁglétgquy é{?a\’\e lr?e s( Zﬂglsa oglél?u%’éy dtest was
pelyrmifal 4szdegérib@ll in edB@Se 4)The Bﬂl@Wﬁfghﬁ@nhoerﬁ@ereS@ddﬂﬁn a
whereas the vitam n solution was used as descri bed by

copgemfratin ok§-2 % 1983 Arch. Mcrobiol, 135, 1 and
i ncubated at 30C. Melibose (0.2% was

pBW22-Fab-H | L(+)-Rhamnose monohydrate
pBLL13 Sodium propionate
pBLL1S D(+)-Melibiose monohydrate

D(+)-Raffinose monohydrate
D(+)-Galactose

The results from the dot blot experiments are shown in Figure 3.
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added when the cultures reached an OD600 of about 0. 4.
Sanples ( 1 m) were taken at different tine

WO nicenyars,

-20C. The frozen cells were |lysed according to the

above described | ysozyne tredfnent and the

supernatants were anal ysed in dot blot and ELI SA
Treshaypsosebau] 28libighd-intioCedGDEDO VB3 1 FUpBW 2 Bdb-Habad{W3110

OB LarGons Bam e bRt ®

baBkidrolihd iU’ugh%r

western blo

obt

b

5 Occure(ﬁ

ned. Exanpl

BE s S P AFT g £
E5oHian oIRHGEY fHlaed RStoRS fakReRE (Y ¢ashtified via

of extracts of strain WB1 10 (

pBLL15),

Elific Ahs msvlétiare semmagtied in thafallewdye Tabled. (Tabl e 1),

conducted using the anti-human Fab-H + AP conj ugat e.

centrifuged and the pellets were SPOI/EP208$/013013

almost no

was

Plgéﬁ’ll‘f_u' ture was per :|
f

dT@&- as

gRSTT T DEY 1 I574 285X PBPE 1P

2225 h

er 9,

2—amnd Aél

alrter

dEe,

uninduced

i

la{IF’lI o Wt et

hiosE:

o

el COTIC

STt T at Tonsof —h

gn

D %}Mﬂ aYB:‘HQHL ag

EEELeS

FR§TESPO

lwdl ot Jl16864

rters of tunctiomat

ant T bod

I'Taylre

1ts—The

Crmorcej] o

84.56
|

1'136[.” ESSTOMN byblt

T SECITb

. W |
O TTITT

eTce—theTway

o HLCATSEZaH oy

IIFa-RNBIIl S

Age for

'ﬂé fuu_.qjm{g i

~'8.14

pBIWZHESEgates:

E)\all})l%a

nb%d

YFEEE O

288 ye'a‘ BsPEb

F> 6.52

IE @CIIUIIB Ud.l d.Ud.bC

Propionate”

hd VVd.b Uy

DCUO B&) JUP\O QHI

3.94

PPt IRRIbEa

UULQ 89 UC

qa5 T " 504.98,

S 4.28

_Eg-ggds,ll DI glld.l l” l”
g S

chadel SrrT él%%%ﬁtf‘ml% @}ng digptRd

r el Ut 24 & Yoo MEgaHES 148 e waatrwgv@db@é rfestgisefrom strain

ext WAl @Nx S Al Ftah BdhEC1Be (P gshiCAprigbdihate used

Si reserefehengesariegiéabeHalonyenablion angivemén mgii0§n@Desoo/L (n.d. not

seqletdsrm@edhave to ensure an efficient transport over

the inner nmenbrane into the periplasm Al possible

signal peptide Fab conbi nations were checked for their
Al ggeion gl Wdtéoafrﬂ!ly@r@&ﬁha@lub@pn eén theabyedside) anyebsgricagf the

coitEpp TR e FEDY RaoBbitn gl PR ermprpiongtasmgropRy22-Fab-

H {(¢utdiging SBQID Fah |39 aﬁd pBLDTEaﬂed e el Hilgh oS @ﬁ&bdM%gment titers after

pepti de Cl.eavage prob- Site ab|I|t¥ Prob_ability
overnight induction. The melibiose induced strain W3110 (pBLL15) showed a delayed

Clgllclllb VLO O Mg VI'r

fﬁaciﬁ%aé‘am ok, d'd%g?rggtogxg'm@aon

ninduggd cpltures after 22

increase in the formation of active antibody fragments compared to the thamnose (pBW22-

Fab-H) induced system.

The rhamnose inducible strain W3110 (pbBW22-Fab-H) was tested in the Respiration
Activity Monitoring System (RAMOS, ACBiotec, Jiilich, Germany), a novel measuring
system for the on-line determination of respiration activities in shake flasks. In comparison
to the normal shake flask experiment the antibody titer (which was measured via ELISA)
doubled (703.64 mg/1./100 ODgqo after 23 h of induction). The optimised growth using the
RAMOS equipment favours the production of active antibody fragments.

Example 4

Melibiose induction in shake flasks
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OmpA (E. coli) - Quter nenbrane protein a precursor
MKKTA | Al AV ALAGF ATVAQ A APKDN (OmpA) 1 . 000 0 . 993
wWOEMEAcTIA AV Al AGF ATVAQ A DI ELT (OnpA- VL3- CL, PEHBPHdP5/013013
. 000 0 . 971 PhoA (E. coli) - Alkaline phosphatase
precursor VKQST | ALAL LPLLF J®PVTK A RTPEM (PhoA) O .
996 0 . 765 MKQST | ALAL LPLLF TPVTK A QVQLK
E. cPho#3 M- Citryik@iplddnid pBLEsDS) vihs. tedt8dl fheikBedpaeny (i araclute actively

folﬁ@%%bnh&nmggb at & %% a(§ gcl;'llafc’u%sg&g o ;@r ;,% tryptone, 5

o/1GehdiAxkald 5 As&hﬁxhaTcmd%ﬁi siWplerabnted @@ﬂl"DOOJ-%n@QQ Apicillin, 37
98 MKSLI TA GLLLA LSQPL LA QVQLK (Pel B

°CFa&t¢1q—9hh!lted (Ué@) 01 20 gd@f e gib@ﬁmlrm@dwar(m desoribgd by Kortz et al,,

19%%1}@% %ﬁ?’%@eiﬁr g%%s\%fler'e\%g L Pt;@ﬁﬁ‘ &a[_s%eWScnbed by
KuMA dDlaEL TogFH A Bh VMBeiGbiol, Aial; H)ana incu®afd bt 30900MMKNbde (0.2%) was
PTAAA GLLLL AAQPA NA (lK(p B- VH- CH,

Fa 1 . 000
added Wb@Dt}lﬁ‘eF‘Bt‘{f%Fﬁaﬁ]é?%ﬁ’aQ%anﬁ%§l?Wt§))4 Sapﬁ%%s;elemll/a@@ taken at

5SS SO N LY VOB I (R

weldt Blsdd 4deetdtagy/todthe @bovdfﬁserﬂ)ed]lysozgrn@ t@atthent ABGthvKRPEFENatants were

snlyggdgngg DG gga BHEA Bssays) 28 ek 3T el cypuisal Fab-H

anfi AEBPERLbRdei N) MM TL RKLPL AVAVA AGVMS
AQAMA VDFHG (LanB) 1 . 0 0 0 O . 975 WM TL RKLPL AVAVA
AGYMS AQAMVA DI ELT (LamB-VL3-CL, Fab-H 1 . 0 0 0 O .

EAL I TL RKLPL AVAVA AGUNS AQAMA QVQLK (LanB - VH CH,
PR 1. 000 0. 988 MalE (E. coli) - Maltose

Ocdairéitte 09 hpftoineltu PirecdiglQiggMgakes GARI L ALSAL TTMVF

SASAL A KI EE (MalE) 1. 000 0 . 956 MKI KT, GARI L
In gydgpjo lazg}:\ﬂng{ @ﬁffzwgb&&sgewss @Eprh@ﬁﬁe%weitem plopof

ex%a&s of s%%gh Wl%@ (@‘BLLS)AJ’V%B sﬁm th@'% léslt'gnﬁy 1tes (T(able 1), was

copdudted us1@&1aanﬂldn@mn§ngva@-commt_e Iflwmtwmppmfwned as

AegEREEe N 4 Yupler were Ry, ) gyt i i

méo‘_li%\/d%b Ed;g&&oﬁ@tﬁtlyﬁs“oﬂﬂl/@—ﬂgo(e%llar Wetghthegtapateslcodespofd @ higher
titeys jof Bimetienad gn@,lpqﬁy fﬁ?@ni;pg; Ehgcr;ﬂo'i)ceagfr?he expression system seems to

influence the way in which the antibody fragments are formed: functional or in aggregates.

Example 6

Influence of signal peptides

The genome database of E. coli was used to look for useful signal peptides that could be
used in combination with the Fab-H fragments VL3-CL and VH-CH. The signal sequences
from periplasmic binding proteins for sugars, amino acids, vitamins and ions were chosen.
These periplasmic proteins represent a relatively homogeneous group that have been more
extensively studied than other periplasmic proteins. Since they are generally abundant their
signal sequences have to ensure an efficient transport over the inner membrane into the
periplasm. All possible signal peptide Fab combinations were checked for their sequence

peptide and cleavage site probability using the SignalP web server



MINI T KRSLV AAGVL AALMA. GNVAL A ADVPA (OppA) 1 . 00
00. 996 MINNT KRSLV AAGVL AALMA. GNVAL A DI ELT
W@ Q@pleNZB-CL, Fab-H) 1 . 0 0 0 0. 9 1 1 MIN ACKRS005/013013
AAGVL AALMA GNVAL A QVQLK (QppA-VH-CH, Fab-H 1 . 0 0
O00. 984 TreA (E coli) -3Periplasmc trehal ase
precursor (Al pha-trehal ose gl ucohydrol ase MKSPA PSRPQ
(htsderAn PSS dtu JdEFsAAri de S (M BBET BV s (1 Tih BADn YlasQBOwA 19 8 MSHg Table
PSRPQ KMALI PACIF LCFAA LSVQ A DIELT (TreA-VL3-CL,
2.Fab-H) 1.000 0.961 MKSPA PSRPQ KMALI PACI F LCFAA LSV
QA QVQLK (TreA-VH CH, Fab-H) 1.000 0.989 MpA (E.
Si§Mlipeptidger i pl asmi ¢ murei n peptide-bindi ng protSgnal  Max
precursor MKHSV SVTCC ALLVS SI SLS YA AEVPS (I\/p@A)atﬂda Cleavage
000 0 . 943 MKHSV SVTCC ALLVS SI SLS YA DI ELT Site
(MppA-VL3-CL, Fab-H) 1 . 000 O . 906 MKHSV SVT @LtLVSProb_
SISLS YA QVQLK ( MopA-VH CH, Fab-H) 1 . 000 O .
Bgl X (E. coli) - Periplasmc beta-glucosidase ability
precursor MKW.C SVA A VSLAL QPALA DDLFG (BglX) 1 . 000
999 MKWLC SVA A VSLAL QPALA DIELT (Bgl X-VL3-CL,

m:{E b(’E"BoI/H_ &%P%e@br Q%Stel}(*%\é%&éﬁ\ég A VSLAL QPALA QVQLK

Bg X 996 ArgT (E. coli)
| THEEY ﬁ?rﬁvé?rﬁ t hi ne?BPHdiF ber i pl asmi ¢ protlePRo 0-993
MKBTZ CAIA0 I‘ALW&TVEQLASL LV LTARBRAYN.SAEPETFab-1) 000-000 0.971

th SN Mueﬁyhgaﬁg@ BASS, YA DI ELT (ArgT-VL3-CL,
g E'%‘;i}‘r!ﬁ 900P 947a-|\/KK | LA S% LVG.S TAASS YAO 996 0.765
VK%??EJ_ FLRFEEE Fab- H)® 0 . 960 Mal S (E. :
MK@@T iTRLAL AIPHRE-TEVFKase pr U0 f PHVRE WA CEF | FRb- HPGEA OyA99  0.784
%/i}iﬂ'gj@m%l —Fﬁ&gteqigase pReuLAA CFLTL LPGFA VA

V . 995 MKLAA
‘“@ﬁg’:’i k“%(a%l% VH D%E 69%? . 000 O . gFlo&!’ -999
MKERE FPETA GEHLP)LSOPRiLRY | di n‘éIEé’lTnéﬁ’eﬁé ‘HéerJ R R pr ot-8P% 0.998
MKRL.E @i $20 eI MKKINSobSLiAL. VL AFRSLSATAABFA-AHPQNDbEH) sJ) 11000 0.998

Pe%o%ﬂ%n/ﬁgrgév%ﬁ%j)w%?lra?HgaﬁB\;%eéﬁr SATAA FADELT (H s

o

57 MKKLV LSLSL VLAFS
MIEBET REAII GOVER IOA0PR 9P VH- GHITCEakRHYf) 1 . 000 0 . 988000 1.000

MKYLL PTAAA GLLLL AAQPA MA DIELT (PelB~VL3-CL, Fab-H) 1.000 1.000
MKYLL PTAAA GLLLI. AAQPA MA QVQLK (PelB-VH-CH, Fab-H) 1.000 1.000
PelB (Xanthomonas campestris) — Pectate lyase precursor

MKPKF STAAA ASLFV GSLLV IGVAS A DPALE (PelB) 1.000 0.993
MKPKF STAAA ASLFV GSLLV IGVAS A DIELT (PelB-VL3-CL, Fab-H) 1.000 0.985
MKPKF STAAA ASLFV GSLLV IGVAS A QVQLK (PelB-VH-CH, Fab-H) 1.000 0.988
LamB (E. coli) - Maltoporin precursor (Lambda receptor protein)

MMITL RKLPL AVAVA AGVMS AQAMA VDFHG (LamB) 1.000 0.975
MMITL RKLPL AVAVA AGVMS AQAMA DIELT (LamB-VL3-CL, Fab-H) 1.000 0.979
MMITL RKLPL AVAVA AGVMS AQAMA QVQLK (LamB-VH-CH, Fab-H) 1.000 0.988

MalE (E. coli) - Maltose-binding protein precursor
MKIKT GARIL ALSAL TTMMF SASAL A KIEEG (MalE) 1.000 0.956

MKIKT GARIL ALSAL TTMMF SASAL A DIELT (MalE-VL3-CL, Fab-H) 1.000 0.978
MKIKT GARIL ALSAL TTMMF SASAL A QVQLK (MalE-VH-CH, Fab-H) 1.000 0.990
Bla (pBR322) (E. coli) - Beta-lactamase

MSIQH FRVAL IPFFA AFCLP VFA HPETL (Bla) 1.000 1.000
MSIQH FRVAL IPFFA AFCLP VFA DIELT (Bla-VL3-CL, Fab-H) 1.000 1.000

MSIQH FRVAL IPFFA AFCLP VFA QVQLK (Bla-VH-CH, Fab-H) 1.000 0.999



XylF (E. coli) - D Xyl ose-binding periplasmc protein
precursor MKIKN I LLTL CTSLL LTNVA AHA KEVKI (XylF) 1 .

WO®6/06117996 MKI KN | LLTL CTSLL LTNVA AHA DI ELTPCT/EP2005/013013

(Xyl F-VL3-CL, Fab-H) 1 . 000 O . 992 MKIKN I LLTL CTSLL
LTNVA AHA QVQLK ( Xyl F-VH CH, 3ab-H) 1 . 000 O . 996
FecB (E. coli) - lron(lIl) dicitrate-binding

OppR(£. pbid stReCiplpsroit eligopgntiesbindioy privkiAFl  RFLFA GLLLV | SHAF

MT&TAB{% (EeB)antyn GQQQLQ. VbR MF@EJ RELFA GLLLV | SR

A DI ELT (FecB- VL3- Fab- 989 AFl
RE KROCE POV SRR SRR I BlRh B R T 0B
MTRIT KQSOTRAGYDL|AroWA Vel o cOMBENn&PPBNE Wer eFaé’hH))sen :1.000
TréAa(@Bco\fl}-s Pgrplésw HeRRQLd ReddFLBF HiphSirkhalos hﬁb%"o@g‘e

MK% tgse- i ndi n EQrotel n precursor) -
BeFERFA AR ¥ VH CH (Peri pl asm c trehal ase
Lsyfecursor) - ArgT- VL3 CL EETPV (Tred) 1.000

Mxbbay PR ad@thimerPiEiki ne- bi ndi ng periplasmc protein

Ls{;%ecursor) - FecB- VH CH (I,5ﬁrlT(LTIj)eAngl_gﬂatE%bbhndllngoo
tiplasmc protein precursor The gene fusions to

m@%ﬁé’ﬁﬁ?@ RPHRHACCERFCFHR (SP) to VL3-CL and VH CH
Lshgrsi ons were carried out WYdKolkrhafipiclg PORpri ref$0

mg?gg? co Sﬁem'%gm%%%reu? p%p:f']ge §iQdil 0%;%959”9' Lfication

€ sequences oo

with t eVL3CLand VH-CH ence p of Ime
ML VPDS GV S G €2 Hor t o Ieﬁ% s S S R
MKESWN.SVTEUI|ATEHS SESKS ¥and Pea@¥LKL ( DRPA(YLW@) IEHPgiHheerlu ATP
BglXYET bl gﬁgﬁﬁas\%c,ttfé%luéo&@aéé%?ecﬂfsorr est 83 cti gg egiy gE)s

ene ver | ap e ne

%9%/\%1%% %éﬁlgs wer e Cﬁ% ﬁ‘? )sst riction enzsllmss

MKmFéISVQ%I EREL1989Eked i nto W@Pﬁgllxt‘{W"ﬁB\/\@baWd it ®°
VKRB IsherA Resshesatiati ng pl asnmMAdsKwaER X eUt-OWj t TebP8t | dndoo

P SR AR R B B
MKEEh DL VeHE 1E§8iW e onl §-%He Fab-H expression 1-00
MKRE B LEL ol miag dahe | anBeh3¢ClyTavics-oh) Ba¥HCH genes

m&?f"ﬂl.gﬁ o3k Sthasé A;‘WB VLgvdeh! (Bl Mg exPressinboo
asm

contai ni ng the rhamose i ndu0| bl e pronoter
Madﬁb/SRLCPW) Alpe-ag1ytass Preéersorhe | anB- VL3- CL/ mal E- VHCH genes
Mxi cirneereearaofzat ed from phsisnsi MapAKLI 5 (exanpl e 17Zpoo

@Afﬁw Higaghl R ragnent wepgrild gahgdyifle®, rab-r) 0.998
| R/ H ndRI -cxit pBLL7 to %ﬁ 6&[% hL:lbqﬂ e 4 apd

MEBAR | FELLE (RAER tHe | anB- VL3- expre si on

Higl (Bsenlitts His#idftelindinypepphdndi& protein precursor

MKKLV LSLSL VLAFS SATAA FA AIPON (HisJ) 1.000

MKKLV ILSLSL VLAFS SATAA FA DIELT (HisJ-VL3-CL, Fab-H) 1.000

MKKLV LSLSL VLAFS SATAA FA QVQLK (HisJ-VH-CH, Fab-H) 1.000

XyiF (E. coli) — D-Xylose-binding periplasmic protein precursor

MKIKN ILLTIL CTSLI LTNVA AHA KEVKI (XylF) 1.000
MKIKN ILLTL CTSLL LTNVA AHA DIELT (XylF-VL3-CL, Fab-H) 1.000
MKIKN ILLTL CTSLL LTNVA AHA QVQLK (XylF-VH-CH, Fab-H) 1.000

FecB (E. coli) — Iron(lil) dicitrate-binding periplasmic protein precursor

MLAFI RFLFA GLLLV ISHAF A ATVQD (FecB) 1.000
MLAFI RFLFA GLLLV ISHAF A DIELT (FecB-VL3-CL, Fab-H) 1.000
.000

=

MLAFI RFLFA GLLLV ISHAF A QVQLK (FecB-VH-CH, Fab-H)

o O O

o

.996
.911
.984

.996

.961

.989

.943

0.906

.938

0.999
0.999
0.996

0.929
0.947
0.960

.794

0.995
0.990

0.994
0.957
0.988

0.996
0.992
0.996

0.975
0.989

.990



Exanple 7 Influence of translation initiation regions
on Fab expression The Fab-H genes of plasm d pAKL14
w@ ewnveilni ng SEQ I D NO. 4) and plasm d r AKL15BPCDRPRDFI013013
the sane DNA sequence 5 of the start codon
(translation initiation regi®h) whereas in the
original plasm d pM9-HuCAL- Fab-H the transl ation
The elidvang emx qoedpimniensvetrothosdaab- H genes are different.
A conparison of the translation initiation regions
sequences of plasm d pM9- HUCAL- Fab-H and pAKLI
4/ PAKLL 1 5fB-91SuWMhloddim pf@hlsew ng Tabl e 4:
pMk9- HUCAL- Fab- H onpA- VL3- CL gagggcaaaaa atg
phoA- VHMBIE AGd&da Sdatieseabiading MQLad pEsARISOBE | anB- VL3- CL
aggagat at acat, 1= aggagat atacat atg The
pr oduct %?@%oﬁggggilﬁtﬁkf% (pAKL14) was tested in
shake fTaAYHRSCHI@Reipldeadl trehaRxapRbarsdr) The strain
grew well in the presence. or absence of L-rhamagse.
That rreéﬁ%T“t\ﬂe”'é%&ﬁfé’f“’r'%l%‘?e‘@'&ﬂhﬂe@%‘hﬁ%Perﬂmﬁf‘l}é REGein
the vi a?}éc{ntsg jof the cells. As shown in Figure S5 the
dot blo resu]its | ooked prom sing. To anal yse the
pr esene &edB-Vikb & douno(lh) dcibiigihindihg peadiplasnaeipgdtein precursor
aggregates a Western bl ot was perforned (Figure 6).
Al t hough hi gh nol ecul ar wei ght aggregates appear after
Thalgehd Fidiohk @Ngdneie SEnd pepitleISPN@I VLA V4Hd WHLOH fusions were
sl'ightly increases after 23 h. The non-induced culture
cargigd Wyt Withleverbipeing RER meimght and arcisiophraredin dia fobewinge
peci fc background production. The

amijgﬁr@%%%gﬁa&%ng ELI SA val ues are given in the follow ng

Table 5 (Fab-H concentration (nmg/L/100 OD600) in
| \imesme extracts of unilfduplet and r harmose i nfcagseent
e BB BIOL ( pAKL14)). Plasnmid Inducer 5 h 7 h 12 h 23
12885 | nduced uni nducedGenoriBTINA Bhanewise 29.{GdnB-SP
BaMBY 308. 40 596. 14 2. §¥3THe new si gnal peptijde
O0arsBrUE-S (i n conbi nat ijplxHUB AL HeabrideB-8i ed |VL3-CL
NdisB ation initiation gignals) again increasdd the
anémBely fragnent titer [fan@¥8B28&L8ng/ L/ 100 QRGAB-VL3-CL
(pPllasdn d pBW22- Fab- H whijch contains the MOR ggne
ciansliErvidiCH r om pl asm d pM9- HUCAL- Fab- H) to 596. 14
ngh&lEI®0 OD600 (pl asm d |GaKbrkk)DNM Of EOcdli/ 8. 86 |rgHIE-SPOO
apeda-3 pl asmi d r AKL15E) .|WiH@0sequenci ng of t heg
| enBEMUS-CEL and nal E- VH| OMx@einEaLiFab-AKL 14 VH-CH
VH-3

T OoONTSO]

malE-5 malE-SP / VH-CH malE-VH-CH
VL3-3

Bla-VL3-CL

bla-5 Genomic DNA of E. coli bla-SP
bia-3 W3110

bla-VL3-5 pMx9-HuCAL-Fab-H-S-S VL3-CL
VL3-3

bla-5 bla-SP / VL3-CL bla-VL3-CL
VL3-3

TreA-VH-CH

treA-5 Genomic DNA of E. coli treA-SP
treA-3 W3110

treA-VH-CH pMx9-HuCAL-Fab-H-S-S VH-CH
VH-3

treA-5 treA-SP / VH-CH treA-VH-CH
VH-3

ArgT-VL3-CL

argT-5 | Genomic DNA of E. coli |argT-SP
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reveal ed three base exchanges which are supposed to be

due to the construction of the fusion genes by two
weosecuri ve PCR reactions. The base exchangesP¢EEP1005/013013

the followi ng am no acid changes (the wong am no

aci ds are enphasi zed): VL3-Ck4 (pAKL14) - pi = 4.85

MM TLREXPLAVAVAAGVMSAQANVAD

Erd OBPSVSVAPGOT ARl SCSGINABEDIK

NEEATYYCARYPVTORSYNDYIERGSE I MSSAS TKGPSVL P
(o134t GCLVKDYFPEPVTVSWNSGAL TSGVHTFPAVL QSSGLYSE SSWTVPS

SS LGTQIN YT CNVNHKPSNTKVDKKVEPKS The T1ght chal n of
Fab-H carries two m stakes (D50N, K63N) and the heavy
Thefasionsosfghasiigha peptide eequbraeg &ithRhEMI3-Clland &3-0fEsdgnences were
origi pal . Fab- equence two fr nts 0 lasm d
pepapla %%‘ign‘wgl %é%%ﬁﬁ?—ﬂto“aaﬁﬁgi Ry Fehe RS mFllen, JK. and
Peﬁge","ﬂl@.r(q%%r%ir@éﬁh%m@@ﬁd k RathobNBheNREBE 888USIon enzymes: gene
fragnments of plasm BW22- Fab-H (which carries the _
spliging dygedrigp exkengmmne UEn$d)68) THoe s UL #-(hgepieasterd cut with
AKL 15 ri 0 : - e : .
B OPhH St O, £ Mg AP RLOR g By o oy

Thefrbatting®pladrhiels aveae all withPsH 40 dpRdll exd Bgaektd Rel/HindIl cut SP-
s_unchanged. Therefore the capaci t4V~I of strain WB1 10

Vl%%ékgpnes) Sge S HiteEafuhek 'ihérf%(fl'pV_liébC 28 ffafoliff-CH genes was not
po%sggi%_ %)ﬁwan -ﬁLH%BPGQSQi@nfggﬁsy i $bith nﬂ{gngg_zéﬁzBﬁm-@lanaomalE-VH-

was not a The H ant i1 body

CH rgagesectiuld bo destd \A {amB-dUlBClmal FréHe@Beckpoassiosiplggmid containing

A s e g b L

CHi gdhebabnith andrk bigetddl H6MS pei&l PARIYIEL fexbhipleSDP- BAGAT Hind Il
(Frgure 7{,. The highest functional Fab-H .

fragereab MeFatigaed e yiid-sdt PRLEY taiohtinppKR-15 o Higige 4 and 8

. 7 hal 4
A0t U 0l it QRSN Dutd 208 e
Fab-H fragment such as WB110 (pBW22-Fab-H) (lane 3)

strongly overproduce the light chain. Exanple 8
Exampleg y P g P

I

YASYWBIBCQAPVL VI YDDSDRPSHPHRESGCINGGNTATLTI SGVQAKEIDEAD
YY/L3-3

AR PBP QW CaGTRL TVL COPKABR A L VPG SEEL QANKAT | Mg A=T.L
AGANBTYAVKADSSPVKAGVET TTRSKQSNNKYAASSYL SL TPEQAKSHRSYSCQ
VESIBAANGEKTVAPTEA VIF CH (pAKL14) - pi = 9.52

MEEEEEARI LAL SAL TTMVIFSASANEBnomic DNA of E. coli fecB-SP
OMEEKBSGPALVKPTOTLTLTCTHFREH SO ST

G ETPPCRAL EWCALT TV - NEETM |
NvVL3-3

M

G

Influence of translation initiation regions on Fab expression

The Fab-H genes of plasmid pAKL14 (containing SEQ ID NO. 4) and plasmid pAKL15E
contain the same DNA sequence 5’ of the start codon (translation initiation region)
whereas in the original plasmid pMx9-HuCAL-Fab-H the translation initiation regions of
both Fab-H genes are different. A comparison of the translation initiation regions
sequences of plasmid pMx9-HuCAL-Fab-H and pAKL14/pAXL15E is shown in the
following Table 4:

pMx9-HuCAL-Fab-H ompA-VL3-CL gagggcaaaaa atg
phoA-VH-CH  aggagaaaataaa  atg



10

15

20

25

30

Mel i bi ose i nduction in shake flasks E. coli WB1 10
carrying plasm d pAKL15E (Figure 8) was tested for its
W@ 2paoétiy4 t o produce actively fol ded Fab-H ant P@DEP2005/013013
fragments. Overnight cultures [in NYB nedium (10 g/1
tryptone, 5 g/1 yeast extracss 5 g/1 sodiumchloride)
suppl enmented with 100 ng/m of Anpicillin, 37 C] were
diluted (1:50) in 20 M of fresh gI ycerol medium (as
described by Kortz et al., 1995, . Biotechnol. 39,

89K 4/pfer t he Wﬁ%w@%ol%&gﬁ%a’f@@é ustd as

descri bed by Kull a g 727198 M biol, 135,

| _and i ncubated at mg%?cﬁhl\g % a?ﬂg&g%t %sé)added when

the cultures reached an (D6OO of about 0.4. Sanples (

1 m) were ke jfferent tine jntervals o
Th pihbr iy B WAL Hiartl s edihshois liaSbts depgiibed n

exdhME ANTES a3 YRUCwLIY 8Rfle BREKWI RAbicAcd HE AR se. That means the
descri bed | ysozyne treatnment and the supernatants were

prcairuatllgns@ﬁ abrH S AdiucaseithE|vigbilityd dhescellT e shebingh dsgire 5 the
do{rl ei@%sg Ote ain whi ch carry the Fab-H genes with the

Pt ERllsdr P Jaiiios (1 ane Via: Ll mal BVEE O

showed t he hi ghest Fab-H antibody titers (Table 6).

The |ight and heavy chai n of Fab-H were produced in
Toggalype BerpraserceOfingiredugible Bgam@@arlwghééégqeaatﬁ a Western blot

N o r o

inductiouB)imaofl 5 @butsathchr emeunt @dbc&l'@hﬁy {rpoapesgpdeedl h. The non-induced

cuf e ity et PO et DR e R Bl ek Sttt

badlgPoudd paddhciibh. @ﬁe%ﬁ@@omtn@qmw wnak aﬂ?wemﬁ theR1Reng Table
the followng prinmers were used: 5'-VL aaa cat at

5 (§ah-Haqoacegirtien gma/clél%)a@D@b) inNprezyme sxirgctt afomingueed and rhamnose
111(%5 (ﬁtrénWﬁqe AR1G2 ttal tea ggc etc agt cgg-3 '

restrlct on site) 5 -VH 5'-aaa ctg cag gag ata
tac ata tgc agg tgc aat tga a-3' (Pstl restriction

Plaimi) 3' - CH IBlu@aa agdictt Th tea|géthttt| 2%y ttd23'h

(H ndU regstriction|site) Tmdue@dr respondi ng VL3- Cunatidced

I3 T 9 NESR MRnkosa 1291046 0] 267048 NE O8G0V P59 Rd T 1]CE 3N

anal YSTS. Ihe Nde/ FStl cut VLs-CH Traghent was

The HeR A b ESbptiab oMM $in! cotttindHoASHMthS ﬁ}éaﬁield-ﬁ%sléltlon initiation

resulting plasmd was cut with Pstl and Hdl H
signplghagsén moreased the entiiod plemeniHiteHTom 3g A ms/b/ 1§810Dsoo (plasmid

Bgf Al WHSER cor-ll:[ggx ﬂ{eﬁﬁ@ﬂ%‘@%ﬁ&%@?ﬁ% holif %R/b!d ‘GuCAL-Fab-
‘gam “strain an rarn as a eren

H) to 596.14 mg/L/100 ODggp (plasmid pAKL14) and to 878.86 mg/L/100 ODgqo (plasmid
pAKLI15E). The sequencing of the lamB-VL3-CL and malE-VH-CH genes in pAKL14
revealed three base exchanges which are supposed to be due to the construction of the
fusion genes by two consecutive PCR reactions. The base exchanges led to the following

amino acid changes (the wrong amino acids are emphasized):

VL3-CL (pAKL14) —pl = 4.85
MMITLRKLPLAVAVAAGVMSAQAMADIELTQPPSVSVAPGQTARISCSGNALGDK
YASWYQQNPGQAPVLVIYDDSDRPSGIPERFSGSNSGNTATLTISGTQAEDEADYY
CQSYDSPQVVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPG
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The productivity of the strains WB1 10 (pJKL6) and
Origam (pJKL6) was tested in shake fl asks as

waemwenotied i n exanple 4. To anal yse t he presene€r/BP2005/013013
functional antibody fragnents and non-reduci bl e high
nol ecul ar wei ght aggregates asWestern bl ot was
perfornmed. Both strains hardly produce any functi onal

ANGTY ARG DSSayKeG $ETSTP 8K SNBIK YO ARSYIRI TABIWIKSHRSYSCQVT
nol ecul ar wei ght aggregates with increasing induction
HEQ%%E%WNl whereas the Origam strain does not

produce any antibody fragments. The corresponding
ELI SA values are given in the following Table 7 (Fab-H
V}b@ﬁi:@rzkl‘ilaﬂ)emI(m%ﬁl/ 100 OD6 o) in lysozyne extracts of

SLRESERA KL LA SpsgrsLst

scwamcwm@mmmmmmmmmmmmmmm

scFv gene was isolated via PCR using t primers 5-

M@BVD&MWCA&S@)\&E@RSXM@VWQ@TMTW@H{@P;W@P@APSSKSTs

o PP Y 3B AR AP sy v vesss

GRYEITNV WHKISNEK VEXKOVEPKKe for transport of the
prote| n to the periplasmof E. coli. The PCR-fragnent
was cut with Ndel and Hzwdip and inserted into

t i - - gl.
N A A 0EHRE ) P I L
amfd grud exch@hge (F66)efoerstae tlie oigndIFab-hksquemfe tp'b&fsagimtnts from

P pabradi1 s Bebedlarelinn g WAoo e

exéHadgdPadakist theRmofdEdth fBEmLINS ohpRbMid S@NMD, H\’@ﬁhlch carries the
tra%sf oglr med with E)alggsm gglgBV\Bz i’%I B- The pl asm ds

unglanged Ed-Higene seqyancg)-ffherrasitlting blﬁegld@ﬁd@b% aiiesthp gorrect Fab-

 SGRSCTAEP IR e 0 8P AR POk over

Fa®¥epropgitics sinké the@s whs mdﬁ%ﬁgeﬁa diheneldrd theghfadityyitstrae, W51 10

east xtract ium _chl oride) suppl
(p&fit >1t9@r mfuwwseaﬁrﬁ%]ﬁ PRtEpOdy fragpniytds SEpGE Lt be s sSilar to
strélﬁ\ﬁg)ild @)Aﬁ&l‘ﬁ) aﬁéwﬁiﬁ&%giy)ﬁ&?r ol medium [as described
Kortz et al Bi ot echnol . 39, 59-65, wth

the exception of the V|tam n solution (as described by

Th BB iy et bl B et abt il B
opGtidatibR Strategiesd) Sthe &1 0RO Table HaitharQedthe DapRivemetid: M )

were taken at different tine intervals, centrifuged
and the peIIets vvere stored at -2Q0C. The frozen cells

T I yDCU abbUl UI Ilg UVC u | R UL_y
_Fg*e]at nment and the sup@bﬁg\{ ant's and OLhC)er LIOny(le;ot ei q’?ﬂféiﬁe
pell ets were anal ysed vi a SDS- PAGE ( Ht@%?(n]t /%d
Bi oanal yzer. Mst of| the Sl ODego)
TG1F'- (pMx9-HuCAL-Fab-H) | MOR strain 84.56
W3110 (pMx9-HuCAL-Fab-H) | Strain background | 140.45 1.7
W3110 (pBW22-Fab-H) Expression system | 328.62 3.9
(Rhamnose)
W3110 (pBLL15) Expression system | 504.28 6
’ (Melibiose)
W3110 (pAKL14) Signal peptide 596.14 7
Translation
(Rhamnose)
W3110 (pAKL15E) Signal peptide 878.86 10.4
Translation
(Melibiose)
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protein (ng/L/100 OD600) was produced in the soluble
protein fraction. Exanple 11 Construction of a

whe@ateiost - r ange rhanmose expression pl asm d POY/EP2005/013013
Pseudononas and rel ated bacteria The foll ow ng cl oning
experinments were perforned i @87Escherichia coli JM 09.
The broadhost- range cl oning vector pBBR MCS-2 (NCBI
accessi on nunber U2375 1) was cut with Age/Nsil. The

Strians Zehiclep® dwesl hilg BibeH anhtiodyeiilemoeate byalyded via SDS-PAGE (Figure

ot t taa ctg cag.gat .cc
7). g TR, BB fn Ceobieitelont 8 S et st oy Broduce a
baRASeddoiR v8lighttad E@évy@hﬁﬁmla(ﬂleﬁ’d @E&L?j Ghe HhandiiRe [HABEBR strains
f ragnent vvasﬁgﬁow d by plasmd S408 Sunpubl i shed)
whighi esryctbe Fab-isagneeny swabrascVe hER® %H@TH (lank b)) stiopgly
JMLO9. Pl asm d pJKS408 was cut with
OVQth%dﬁmgh?%aénl igated to the BanHUH ndW cut eG-P
fragnent (0.7 kb) of plasmd pTSTIAQ [ Stunpp, T.
Exdfipte8 B., Al tenbuchner, J. (2000): Ei nneues,

Rhann se i nduzi res Expressi onssystemfur
Mgliipse indpftion i § ale‘Bit‘)'6§‘f§ectrum 6, 33-38]. The

E. thaRem 5 P1dshAG PRI 165 (K ds% d ity to prod
Nsi \?ﬁjﬁndY rom tshe resul ti n(g@plréé\\gs?ﬁn)V ] Qété&% : be%)amty o produce

actived v §rldedelibi-Hiaotibesiy\ i enetnts. Qymwmalmgs [IQNW msfiugh (10 g/1
try?t]o%A'; gﬁ I‘Xecjfst %gﬂra%gt%l ﬂ'@dﬂ%ﬁ %b@nﬂ Eﬁleﬁjgg&%@gflﬁl;@gﬁl Ijéllr g)/f

ArppmﬂEm By Rjateraditut&n Fs (a)mebenIrd’fafﬁﬁlO g@cﬁﬁﬂmemumf(as described by
Escherichia_cali in_a broad- hﬁst -range

Kostz 8t Bbnk/ Bx &rfpiptechpol B9antide e Wheiatidhs zﬂﬁarem 531%509 Mjaf yagd as
deécﬁb%ﬁ' @5 ?(Jliaab% ks 1§§§ A‘llchr Mléréﬁio%Q(i? VR lﬁéﬁba‘(@dtalf' 3@“‘@? IMehbose

and Bal H from’Plasm d i zt'ak et al 20
(0.2%19 evaseddechiwberNdie Icttlameaclmd @IQEM 8Patbut @%Smles (1 ml) were

| asm AKLP2 cont ai ni,n ose | o
i dE ARt o E A G oged Sl g TR re g, he
frozé@ B&lfsok &re d}irééﬂ bétoRdiAg (o the RO Ees@sbed lydon{aE Mestindhand the
step. The plasm ds were isolated fromdifferent clones

Su@ﬁmat@étﬁ wereanabyped B PP HAGH anth BLISA assayssdhey awbhlage inducible
ivklg‘gl? g‘?‘gﬁf g%t%ﬁs l%rsl%él%el I 1&1 tF@ %%g@m%%r au VL3 CL/malE-

VH=6IHeshyivedvits HiglesisKabr Hadtibodyttitbis €Tatdo b tTad lughamd]hdavy chain of
LP2 fr ...coli XLIDb P2) . Pseudononas
Faﬁ &?W?HEQFEO“EME‘@QY“%ZE%B@&M for its capacity to
pr oduce nitrilase. Overnight cultures [in NYB nedi um

(10 g/1 tryptone, 5 g/1 yeast extract, 5 g/1 sodium
Example ®de) suppl enented with 50 ng/m of Kananycin, 30

Ing'élls"%lrﬁgr Br%&uc:%? t agfg%(g, £ %fgg{gggSh gl ycerol nmedium|as

Origami host strains provide mutations in both the thioredoxin reductase (t7xB) and

glutathione reductase (gor) genes, enhancing disulfide bond formation and permit protein
folding in the bacterial cytoplasm. To construct the VL3-CL and VH-CH genes without

signal peptide regions the following primers were used:

5’-VL 5’-aaa cat atg gat atc gaa ctg acc cag-3’ (Ndel restriction
site)
3’-CL 5’-aaa ctg cag tta tca ggc ctc agt cgg-3’ (PstI restriction site)

5’-VH 5’-aaa ctg cag gag ata tac ata tgc agg tgc aat tga a-3’ (Pstl restriction site)
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Bi otechnol . 39, 59-65, with the exception of the

vitam n solution (as described by Kulla et al., 1983,
waee@h/06Wr£r obi ol , 135, )] to an OD600 of abouPCODER20851013013

i ncubated at 30C. Lrhammose (1.0 % was added when the

cultures reached an OD6QO of 38bout 0.25. Sanples (1

m) were taken at different tine intervals,

3C€TH 157 fang ea ainith tchgcp®l degtiis-Iver e stored at - 20@\indileestriction
.pellets were resuspended in Tris/HO -buffer (50 MM pH
SI%.O) and the cell suspensions were anal ysed via

SDS- PAGE (Figure 14). Exanple 13 L-rhammose induction

of a fragnment antibody (FabM in shake flasks The
TheaorisyedmgWas3-Clit anvi - 04 gbnea mebrBampli fiéd amh checdedivih

refl GO PEARD b a5 GO ok VLo P e e Proehioe

Nde®s ic Slasnkia BAWDY. UJ!‘H?:tréiulﬁrF%jlﬂan%d]v@s .cubwith PhAl and HindIIl
XL| -Blue was transforned wt  asm d pAKLPI as an

anl higateg el thetfs14disgll qHe/ TGS ﬁfamerwée et Iﬁ@ﬂn@lﬂ oIKE6.GFhe

i SRS SN A htad SEIAAE 9y g

ThSaroductigity ofthyskeains VRO pHEALA) rad;l Oni gagﬁ |(p]]<|tq}_6|)1 hv@’ﬂédted in
ra was transforme th the

Shf%%eoﬁaéf(%as ?Sg"él?ﬁ%ﬂ(;‘ %{@ €%romE. coli XL}MbI ue( rAKLPI).

TPRRUAE AR 13SseRt andﬁn&%n%ﬂﬁﬁlb()%&ghém vasy b&sta 1f)1%rh I\%}{ s

capacity to produce Fab- Overnrght cultures
mcviml@mw@w agiregetey pNirSﬁ:séern Blag vas paﬁ«smnedepémtramS hgl/dly

D S

m@b@lﬂﬁf \Oél gﬂmggte@at[eaﬁmﬁeﬁ@réasb%dn@btl%ﬁ hindesq W AI10) wﬂé}% thd
Bi otechnol. 39, 59-65, with theexception of the

Origany frainsdnes potgioduss Ay aptihad drapiperts The erregpondinpgBLISA

Valﬁ{?gg e %Y{r%\{ %?hg%y lo% Ik 731% %%aﬁf)n gg%ﬂé 08 stog}qn
lysolpme ek trantest umeatived alamrlﬁﬂﬁom influcd strbind (H@amS@rTKII@ afd

re taken at different tine intervals,
W%Emeﬂ]ﬁ‘ggd and the pellets were stored at -200C. The
pel | ets were resuspended in Tris/HJO -buffer (50 nmv pH

BPikmand t he| aRlukersuspehghons Werg anallyaed M3
SDS- PAGE (Fi gure 16) . Exanpre Igqgdadl € chal A Egady

"éﬁ@gﬁﬁfi on U>| rmgan I:b(, TeT T Chia Cot 1 SECT etTom bybl. Em
gn cett ¢ rbn t-y—fe praty Esch b Ha-—£0
%ws - ARS S r.'%d M—E‘Z—H—aﬁ & pBAR ;1 éb! ?@'
ted fromdiffferent ¢l onesland
(AM0ed by restrictionlanalysis and ome clone was
BHELG or f ur { Rbamassser i n@ABs. -84 cul t i5&s i n2.8hake

flask were inoculated from single

Example 10

Rhamnose induction of a single chain antibody (scFv, S1) in shake flasks

The scFv gene was isolated via PCR using the primers 5-S (5’-aaa cat atg aaa tac cta ttg cct
acg gc-3’) and 3-S1 (5’-aaa aag ctt act acg agg aga cgg-3"). The corresponding S1 protein
contains a PelB signal sequence which is responsible for transport of the protein to the
periplasm of E. coli. The PCR-fragment was cut with Ndel and HindIII and inserted into
Ndel/HindIII-cut pBW22 to create plasmid pBW22-pelB-S1 containing the rhamnose
inducible rhaBAD promoter (Figure 10). The sequence of the S1 insert of plasmid pPBW22-
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colonies in Lonza's batch phase nedium The

pre-culture was used to inoculate a 20 L fernenter .
w@eziob®6mes e grown according to Lonza's high cePCT/EP2005/013013

density fernmentation regine. Sanples (10 m) of the

culture were taken at differgnt tine points before and

after rhammose i nduction. Cells were separated from
pefB}Sﬂremtsatomﬁl’mH@ %wwmb@ncm;gn Sfralfnﬁ‘g’atl t (lﬂ) :ﬂDfSM 391 10 ®BugschSBSmmlung

romithe ce ree

anal ysi s of S
vof i\(lﬂﬂé fﬁl%%ewaf i %ﬁ%wnﬁrﬁbﬂt ErawmseliyieaCepgany) Ry transformed
i i
ol AAESERRARRSE, b IRUPSR IS (U, AL clons
vefified by testricéipmrenslysis.on o WV 3irh0 @BWpel&Si&Ma@ mesd)a‘d foh#s capacity

o RSS! Gt A AP A0 SRR g v

extict! 9 gl @lind QAICHREPNupPlent¥hidehviih Ilootdgﬁnlf & mﬁanmo B7 °C] were

broth after rhammose induction. After 1ysozy

dilptedafl i@ in @0 mhef dessh gb@bmbmedmme [asn@mmmdebspK@rteuqﬁ al,, 1995, J.
the. g t
eifthl, SEOVUTSR L b RS B LI5Sk aRI Gh BolBEFT e

al.s1988)\rSh. Miqbkioh 138nd)] a0 ﬁﬂicﬁﬂﬁ@l@ﬂchlt B3g°C. CRlﬁlﬁﬁid)tse IO 2%) was added
g/ L/ 100, OD600 ﬁsee Figure 17 M5 1. A vect
W@ﬁh@gwgtﬁ%rqaﬁ o py Geoo?lﬁqupgﬁ % * bHeplch 4D WFW@? at different
tlrﬁeeﬂl'té?va@fceﬁﬁ?u%eﬁ%mﬂéﬁelﬁg%&g sQP?feﬁbbﬁbd TR %Zérpcé?ls were lysed
transcriptional unit conprising a) a nucleic acid
acm;dungrte ghevabave d@SChbfe@ry@d)zygmutseattmemm thostupdratants and insoluble

rokaryotic signal rabl [
Ei TR e B0 SRS GRIFLER Y b ol g g of he st
praemt(efrgzlel 06 O8R) @ &te Prdduesd iBitBO e p‘r'dtéiﬁ $rafion.
periplasmatic binding proteins for sugars, amno
acids, vitamns and ions and, whereas the expression
nucl ei c acid sequence is controlled by said
El&fmo‘?rlgltlieir region. 2. The vector of claiml, wherein
C(Bntldlcpom oba broaddiostirange thmnb&&%ﬁr@smqﬂxsmd&ar Po@idomonas
&21 f cl.aim2, wherein said rhaBAD pronoter
anécfﬁ ted a“&?"?he sequence SEQ ID NO 1, a sequence

THeTONSRINE @Io%‘iﬁ/g é)ﬁ)%ﬁﬁﬁﬁts@d?&le YyatdraRl $n E@@feﬁ@ﬁza B Y Ml@9 The broad-
vector of clainms 1- wherei n said signal peptid

hogtelange doning cymtpépBBRéM%& -2 (NGBhadosesion nitraben 32336 1) was cut with

d
AgelIfRa,T lﬁzﬁ‘f Gedttits %&%P@‘a%éﬁy(tﬁgpfwgﬁeﬂn&s 3802 (5'-tgt
BB e B I a3 VR BO0P iR AGODRAISA! Bt BEARNARRY ca3) o

Bl a et a-| act anase

geblplﬁgéﬂdﬁ DiEdE7 6l nﬂhﬁ{:]l&BSOgtﬁgm)int W%Semomﬁeti byplasmidpIKS408

A I
(ulé{u%mdegf‘ %hPcr C%%EE&I?J g g%{%%%lcé %:Iba?(r 3&1‘?’% ?&E@ﬂiﬁq 6}|te£§chza coli
M@aPthﬂ;ﬁM@ vxmrsemuwﬁb Bl A AJILtR1 lipard ¢b tHeBamHI/ HindIIL

| cof st Benpniudel & o plasRid S o 8huimpp, B SRS B Atembuchner, 1.

(2000): Ein neues, L-Rhamnose-induzierbares Expressionssystem fiir Escherichia coli.
Biospectrum 6, 33-36]. The rhaRSPmalE-eGFP fragment (4 kb) was isolated via
Nsil/HindIII from the resulting plasmid pJOE4030.2 and integrated into Nsil/HindIlI cut
pJOEA4776.1. Plasmid pJOE4776.1 (Figure 12) contains the rhaBAD promoter region in
combination with the genes of the regulatory proteins RhaS and RhaR of the rhamnose

operon of Escherichia coli in a broad-host-range plasmid backbone.
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precursor), Hi sJ (Histidine-binding periplasmc

protein precursor), XylF (D Xyl osebinding periplasmc
wWEe@be6m7pr ecur sor), FecB (dicitrate-binding PCI/EP2005/013013

periplasmc protein precursor), OmA (outer nenbrane

protein A precursor) and PhoAQ(Al kal i ne phosphat ase

precursor). 5. The vector of clains 1-4, wherein said
Exangnetzi ptional unit further conprises, a translation

initiation region upstreamof the initiation point of

Rhayanasg giductionof aonitiglaseiin shake flasks i onal unit, said

B A0 AR RIS PR 1. 2009

antligsegbdintonVdabiBarailianh pF@B4 2.1 sopeatalplasndid pled RO containing the

Lo G S L] R P AL b AL Ine WA ransformed

wﬁpﬁlﬁﬁhﬁl ARLPD 3 %ﬁﬁh@ﬁh%aﬂe Qfcpl T bRBMIRG/ Q8 1Mét6@ fﬂoﬁl different
the rrnB transcriptional term nator sequence.

clanse tapd wf@ﬂd?msesmlcgonméb'emn%@ddmnw mraiaamdmm (DSM 6125,

eng codes tide. ecto
DTS B S MR RERYRPE: i, L B, Bpupscveis
G&aay)t l\bﬁl&dytrar%forﬂﬁéﬁ W OtheOfisqthtall Mpladmfil PARLLDRN Bh dE.  coli
nucl ei c_acid sequence encodes a Fab fra nent 10.

Th
X ABLPR). dPsetidamaios pelife T2 WS tepigittor s capacity
to gﬂ?@dtﬂe Hitrfided &%l&ﬁ@&iﬁfgs ﬁﬁwgcmﬂ%r eagloag/é rypfone, 5 g/l yeast

cistronic transcrhiptional unit
exirsctpp eylagrdyurhi abk@dle) ouppdérdenped kathydt jig'md iod kdnasygqine 36 €C] were

.and an . i.dent i nsl t|o initiatio i gn
aiffi, FO2RBR v drerhi ol gheuimids, fespRbed B RPa: gntlor 1995, 7
Bidetbitholl.r ) SOLE N iiMNAk exde Rﬁon dfthe MIRmWeSd1@ior0fas Qi'e@drﬂﬁ%d by Kulla et
1- 10, wherein said rhaBAD pronoter region and sai

alo BB hATgh) Mirielialy ks dili ot droRBlsooefi 2boBlohd | asldsméwbamﬁieat 30°C. L-
RREIFO L RSty & AENSISRERIPL R 5 Sgmpes
ml)-wisBs; talvbre pedififesant tintehaBARlp canmfiped nedtherpclod veae sltored at -20°C.

Tlge&%habl ré%ﬁ%?enh%? ”lcnséﬁéfggﬁgﬁcémt CQ@%E(ﬂ fl)}{le cell suspensions

w&’@%ﬁﬁ%edWSESEP&GES{thE&H@ST 13. The vector of clains
2,  wherein said vector is an autononously or

self-repllcatlng plasm d, a cosmd, a phage, a virus
qfa trovirus. 14. Use of the vector of clainms 1-13
regul at ed het erol ogous expression of a nucleic

L&ﬁhﬂn&@qnan@ﬁon of & fiigateat ¥MMibsdyh@abM)In shhike flagksof the
vector of claim 14, wherein said nucleic acid sequence
Thetaddd<sseme rwas %I"‘S}Mﬁl @gd BamHI from plasmid pBW22-FabM and inserted

into Ndel/BamHI-cut pJOE4782.1 to create plasmid pAKLP1 containing the L-rhamnose
inducible rhaBAD promoter (Figure 15). E. coli XL1-Blue was transformed with plasmid
pAKIP1 as an intermediate step. The plasmids were isolated from different clones and
verified by restriction analysis. Pseudomonas putida KT-2440 (DSM 6125, Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany) was
transformed with the isolated plasmid pAKLP1 from E. coli XL1blue(pAKLP1).
Pseudomonas putida KT-2440 (pAKLP1) was tested for its capacity to produce Fab-M.
Overnight cultures [in NYB medium (10 g/l tryptone, 5 g/l yeast extract, 5 g/l sodium
chloride) supplemented with 50 pg/ml of Kanamycin, 30°C] were diluted in 20 ml of fresh
glycerol medium [as described by Kortz et al., 1995, J. Biotechnol. 39, 59-65, with the
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16. The use of the vector of claim 15, wherein said
pol ypeptide is a Fab fragnent, whereas the heavy and
wo p@eveahai ns of the Fab fragment are expresseRPCT/BP2005/013013
equal amounts. 17. An isolated and purified nucleic
aci d sequence expressible i 4l host conprising the
rhaBAD pronoter region of the L-rhamose operon
exaopidoabl fhelvitaen sqlutian (as desscibepby Enba elai, t1 98 drwchsMiggobiol, 135,

ui3ef i S A B RE PRI Eolifufhe ERbThynaded when

thel dultiR regchediagd ODg) 6f BbAL LS SAHPRE €1 N Fep@ fakBRlafldifferent time
prokaryotic signal sequence is selected from signal

intguyls, atrifygedand e aslais Weraiterer ah-201 ot Eimreliets werg gespgpended in
. It i i . .
TrgCI B, 50 e, BT S0 Rt S8 PP MRS AR 3niil%a vip SDS-PAGE
(Fipyteqd).d pronoter region. 18. The isolated and purified
nucl eic acid sequence of claim 17, wherein said
pronoter region is the rhaBAD pronoter. 19. The
Exhﬁnﬂh%ﬁ?d and purified nucleic acid sequence of claim
18, erein said rhaBAD pronoter consists of the
Singe ckrivecargitodyleNyCession wsing queBodeidipl coffesecegtipn system in high
er eof. and vgri ants thereof. 20. The isolated and

h
celLﬁ?qs]atiyefarrH%ﬁa 8 acid sequence of clains 17-19,

EsdeficRiancSaWI3 110aRADrah ot @Y witBghlmia 3 wap getpsi althy plasmids
l'inked transcriptional unit consists of the_ sequence

wesgeplafydNepmliffgresbelaricdotsiticn ¥ AestisionmEtabisis adpne clone was
uséﬁafciraﬁﬁﬁlef Qgﬁ&‘ﬁﬁentg 1Pre:rcjé]1?cu1le§ °i|na§h?ge ?1391( rb fih&ilated from single
nuc clains -19, d

el C acl sequence o ereln sal
colohigBAD [pnea’sttetchr pigs® mednon.sEha pepattats was usddeth inoculate a 20 L

R SO e B AT e ion e
Sal%gﬁe% i@f)- £2) oPltAs WufueBY8r- faibn Ht Z@ereill 8818 PointdKbdfre and after

_proKaryotic host transforned with the vector of |
rhagingiserénductign. Qells werp sekaripd tiom frowentetiemsicdiume 8y weatpfugation at
t i te . 1L [ C.&C] .
00,4 S50 oROPY Wbt D) e, 18008 Sy show o
prdtéiﬁ(;tﬂh_a&‘aﬂﬁesl 1@1|5 vﬁt}ﬁihl_ﬁigaaéin@ ﬂeli’s'lfty Piis pfoteintib alek ﬁiﬁ%le chain antibody
produci hg a pol ypeptide in ost, conprising the _ .
S1gelggred drom e %fewg%gr%&twmgtoazﬁv gt wedivps Ayquaptification of the

S1 protein content with an Agilent 2100 Bioanalyser (Agilent, Palo Alto, USA) indicated
an accumulation of up to 2 g/L/100 ODgge S1 protein in the fermentation broth after
rhamnose induction. After lysozyme treatment of the cell pellet, the insoluble protein pellet
contained only traces of the S1 protein whereas the soluble protein fraction (supernatant)

showed a strong S1 protein band, corresponding to about 1 g/L/100 ODsggo (see Figure 17).



10

15

20

25

30

b) transform ng a prokaryotic host with said vector,

c) allow ng expression of said polypeptide in a cell
w@iobe76yst em under suitable conditions, d) PCI/EP2005/013013

recovering said pol ypeptide fromthe cell culture

system 28. The nethod of clam 27, whereas the

pol ypepti de produced is a Fab fragnent, whereas the
cilasgy and |ight chains of the Fab fragnent are

expressed in said cell culture systemin equa

amounts. 29. The nmethod of claim27 or 28, whereas

LB o PR POLRI U A GB FORE Lln re
I N rRatiose operop bpaiably lmkpd codtrarscrigipmhuapesmapismg | nked

to a transcrjptional ynit. conprising .. a nucleic
acia?ja§8§.ﬁ’§r?€. TRATEe Pl é?fg?)&gw% %idhod hos b) a
tr %?i%?%l&a%tic@ig{nhﬁstehﬁéhc'ét%?bﬁﬂlylﬁ%_ﬁ&d ﬁ)aé@icpfxu%ag acid sequence,

i ni tion point of the transfation of saic .
t r arteogas peid preliaryotictsjgns bequenca isdedaciadrfromistgnalk jeptides of

r e%i on1 consi sti.ng of it h? seguence AGGAGATATACAT iSEg d

) PRIGPlaSyIAtS, BHBRPrUc I SR, AFTEH A HE AR A A G-

| S vatResas thd/edpkddkiofl of 82i8 auélciRWbiligkquect ¢ EREVBOTE ARtpromoter
the expression of said nucleic acid sequence is

coiegion| ed by sai dpronoter region. 31. The vector of
cl ai m 30, wherein said pronoter region is the rhaBAD
pronoter region of the L-rhamose operon. 32. The

2. vedtherveofor of elhim BOwlreidkaidwhenetenregainds theamts S Dpromnt.
unit further conprises a signal sequence operably
| inked to said nucleic acid sequence. 33. The vector

3. Of THedielRor 3Pciditn 2 OB BN aRIFHEB D r&h6teR bdithisLSBNGRuence SEQ
encodes a pol ypeptide. 34. The vector of clains 30-32,

whdPaVQ. & wanenet epop esicitasedigent endyrsisatsshergof.
anti body. 35. The vector of clainms 30-32, wherein said
nucl ei c acid sequence encodes a Fab fragnent. 36. The

4. vediterveofor of elaims36 3, wheeri sidisigahpaptideasdedtdiefrdrh ghitiplasmatic
chai.n_of said Fab fragnment are encoded by a . )
di diiadipgprodeins on segarh PRIy famins apd xs dxch qoff gignal peptides

o7 ASRFLATn LR @poi ren S MK P Bein
pr quienirsuy), Blp Beyptaotanthse), OppA lBeiplasoinpligepaptjde-himding protein),
St eIK%gAO(I)ériplasmic trehalase precursor), MppA (Periplasmic murein peptide-binding

protein precursor), BglX (Periplasmic beta-glucosidase precursor), ArgT (Lysine-
arginine-ornithine binding periplasmic protein precursor), MalS (Alpha-amylase
precursor), HisJ (Histidine-binding periplasmic protein precursor), XylF (D-Xylose-
binding periplasmic protein precursor), FecB (dicitrate-binding periplasmic protein

prebursor), OmpA (outer membrane protein A precursor) and PhoA (Alkaline

phosphatase precursor).

5. The vector of claims 1-4, wherein said transcriptional unit further comprises, a
translation initiation region upstream of the initiation point of the translation of said
transcriptional unit, said translation initiation region consisting of the sequence

AGGAGATATACAT (SEQ ID NO. 2), whereas said translation initiation region is
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a) constructing a vector of clains 30-36, b)
transform ng a prokaryotic host with said vector, c)

wa@bkdoembngs expr essi on of said pol ypeptide in a B€I/EP2005/013013

7.

8.

10.

11.

12.

13.

14.

cul ture systemunder suitable conditions, d)
recovering said pol ypeptide 4Yomthe cell culture
system 38. The nethod of claim 37, whereas the
pobyaellyilidkeedpioadidcadldic add Fafaeficeagment , whereas the
heavy and |ight chains of the Fab fragment are
expressed in said cell culture systemin equal

a
e L

pr trndceiptiex pressiion regist ehick i3be »BIANBAGLER ondb@rmator
<170> Patentin version 3.3 <210> 1 <211> 129 <212> DNA
<2¥%WCEScherichia coii <220> <221> m sc_feature <223>
r haBAD pronoter <400> 1 caccacaatt cagcaaattg
tgaacatcat cacgttcatc tttccctggt tgccaatggc 60

cc dhe veaer ofplaimgtlaa cheagin aad neeleicqait cauryge capodes ¢ palyaeptide.
ctggtcgtaa 120 tgaacaatt 129 <210> 2 <211> 13 <212>
DNA <213> Escheri chia col i '

The vector of claims 1-6, wherein said nucleic acid sequence encodes an antibody.

The vector of claims 1-6, wherein said nucleic acid sequence encodes a Fab

fragment.

The vector of claim 9, wherein the heavy and the light chain of said Fab fragment are
encoded by a dicistronic transcriptional unit, whereas each chain is operably linked to
said prokaryotic signal sequence and an identical translation initiation region

upstream of the initiation point of the translation of said transcriptional unit.

The vector of claims 1-10, wherein said rhaBAD promoter region and said operably
linked transcriptional unit consists of the sequence SEQ ID NO. 3, a sequence

complementary thereof and variants thereof.

The vector of claims 1-10, wherein said rhaBAD promoter region and said operably
linked transcriptional unit consists of the sequence SEQ ID NO. 4, a sequence

complementary thereof and variants thereof.

The vector of claims 1-12, wherein said vector is an autonomously or self-replicating

plasmid, a cosmid, a phage, a virus or a retrovirus.

Use of the vector of claims 1-13 for the regulated heterologous expression of a

nucleic acid sequence in a prokaryotic host.
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<220> <221> m sc_feature <223> Translation i ntiation
regi on <400> 2 aggagatata cat 13 <210> 3 <211> 1616
WG 286 MNA <213> Escherichia coli <220> <221> PCT/EP2005/013013
.msc_feature <223> Sequence contai ni ng r haBAD
pronoter and onpA-VL3-CL and44¢hoA- VH CH <400> 3
at cgat cacc acaattcagc aaattgtgaa catcatcacg ttcatctttc
15¢c ctlhgutgefthé Oedat gipdamaltd, tvherin gitid audtiaacidag@eence encodes for a
gat cg%?a t tcaggcgctt tttagactgg 120 tcgtaat gaa
ca®PbetRt ‘ gaaggagat a tacat at gaa aaagacagct atcgcgattg
180 cagtggcact ggctggtttc gctaccgtag cgcaggccga
tat cgaact g acccagccgc 240 cttcagtgag cgttgcacca

16ggtThagscaithe yegoneidlamgtsy gy sridackypeptidgds 3B fragment,
t :
ot garets e Rty SR hEN hAARRRER LR Sl gl
. t xinoahigat gatt ¢ t gaccgtccc tcaggcatcc cggaacgctt

t agcggat cc aacagcggca 420 acaccgcgac cctgaccatt
agcggcact ¢ aggcggaaga cgaagcggat tattattgcc 480

ag {58‘15&8 a‘éﬂ ghﬁﬁ@:& Agidt 5&8%(2\&&09&?}9&9@%‘& agfﬁn@%&r@ﬁ%‘ﬁlg the

gttcttggcc agccgaaagc cgcaccgagt gtgacgct gt

t t cbgRAD apruatgcegagad thd lgckagyoga of@0n apaaldydighed to a

cctggtgtgc gtgattagcg. acttttatcc gggagccgtg acagtggect

666%&‘%’88@’&%@%@858’5‘3@500 gt caaggcgg gagt ggagac

CaG§aaaase akicRaa&rRehick(s d6RAAGHR % SHidRAEIJCC

agcagctatc tgagcctgac gcctgagcag tggaagtccc 780

ac &y apyderyotia gemgbegyenge onely b{tlgmagggsglabwém@ geid gequease,

accgttgcgc 48 t t. t :

e B AR AR O SRR prides of
periplasmatic binding proteins for sugars, amino acids, vitamins and ions and,

1

~J

whereas the expression of said nucleic acid sequence is controlled by said promoter

region.

18. The isolated and purified nucleic acid sequence of claim 17, wherein said promoter

region is the rhaBAD promoter.

19. The isolated and purified nucleic acid sequence of claim 18, wherein said vhaBAD
promoter consists of the sequence SEQ ID NO. 1, a sequence complementary thereof

and variants thereof.

20. The isolated and purified nucleic acid sequence of claims 17-19, wherein said
rhaBAD promoter region and said operably linked transcriptional unit consists of the

sequence SEQ ID NO. 3, a sequence complementary thereof and variants thereof.

21. The isolated and purified nucleic acid sequence of claims 17-19, wherein said
rhaBAD promoter region and said operably linked transcriptional unit consists of the

sequence SEQ ID NO. 4, a sequence complementary thereof and variants thereof.
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tggcactctt accgttgctc ttcacccctg ttaccaaagc ccaggtgcaa

tt gaaagaaa 960 gcggcccggce cctggtgaaa ccgacccaaa
w@e@bgeuacLt gacctgtacc ttttccggat 1020 ttagcctRCTEP2005/013013

cacgtctggc gttggcgtgg gctggattcg ccagccgcct gggaaagccc

1080 tcgagtggct ggctctgatt gastgggatg at gataagta

ttatagcacc agcctgaaaa 1140 cgcgtctgac cattagcaaa
220aPashlid gBVWRARALCHYYt ggt gct gact at gaccaaca 1200

t ggacccggt ggat acggcc acctattatt gcgcgcgtta tcctgttact

cagcgttctt 1260 atatggatgt ttggggccaa ggcaccctgg
23;g§@£gﬁ&@gKﬁhgagcgtcg accaaaggtc 1320 caagcgtagtt

tccgctggtt ccgagcagca aaagcaccag cggcggcacg gctgccctgg

1380 gctgcctggt taaagattat ttcccggaac cagtcaccgt

gagct ggaac, _.agc c 144 accagcgg .cgtgcatacc
T S R R R AR R

gcagcgttgt gaccgtgccg agcagcagct taggcactca gacctatatt

t gcaacgtga 1560 accataaacc gagcaacacc aaagtggata
25aadaprgkayatiabey fandomadgeitiathensilaied au@wrﬁ?edzmﬁeiqmsequence

<2% 2 DNAbié}3> Escherichia coli <220> <221>

nis_jﬂgﬁ ? <223> Sequence contai ning rhaBAD

pronoter and | amB-VI _3-CL and mal E-VH CH <400> 4

at cgat cacc acaattcagc aaaftgtgaa catcatcacg ttcatctttc
260 PprOKEti6 oA By PR itk TS EaS of HHBGRE

ggt cgcgaat tcaggcgctt tttagactgg 120 tcgtaatgaa

caattcttaa gaaggagata tacatatgat gattactctg cgcaaacttc
2718 nethod degmrbducjug gpalypeptgie gy g hgstaconmgisutgfbe sps of:

ggcaat ggct .. gat at cgaac, 240_t.gacccagcc gccttcagtg

ag &g??rggﬁ‘&t“%aag&?‘%gé’z&la&lj% 6‘&& atc tcgtgtagcg 300
0C 3y trakd6imiag 4 pockaadtic hasioelngad vedéaccagca gaat cccggg
caggcgccag 360 seite 2LP2G38PCOO _sequence |isting, txt
tt @qug exprEpyen ofaaid palppaptige i ¢eslcandfyeetysieatsiensyiable
tttageagat 420 ccaacagcgg caacaccgcg accctgacca
ttagcggcacé tcaggcggaa gacgaagcgg 480

d) recovering said polypeptide from the cell culture system.

28. The method of claim 27, whereas the polypeptide produced is a Fab fragment,
whereas the heavy and light chains of the Fab fragment are expressed in said cell

culture system in equal amounts.

29. The method of claim 27 or 28, whereas expression of said polypeptide is carried out

in glycerol containing medium.

30. A vector expressible in a host comprising a promoter region operably linked to a
transcriptional unit comprising
. a) anucleic acid sequence which is heterologous to said host
b) a translation initiation region upstream of the initiation point of the translation of
said transcriptional unit, said translation initiation region consisting of the sequence
AGGAGATATACAT (SEQ ID NO. 2),
whereas said translation initiation region is operably linked to said nucleic acid

sequence and the expression of said nucleic acid sequence is controlled by said
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attattattg ccagagctat gactctcctc aggttgtgtt tggcggcggc
acgaagttaa 540 ccgttcttgg ccagccgaaa gccgcaccga
wQr@bgeaget gtttccgccg agcagcgaag 600 aatt gcageCI/EP2005/013013
gaacaaagcg accctggtgt gcctgattag cgacttttat ccgggagccg
660 tgacagtggc ctggaaggca gatagcagcc ccgtcaaggc
gggagt ggag accaccacac 720 cctccaaaca aagcaacaac
aagrasgeg@givaagcagect a tct gagecct g acgcect gage 780
agt ggaagt c ccacagaagc tacagctgcc aggtcacgca tgaggggagc
accgt ggaaa 840 aaaccgttgc gccgactgag gcctgat aac
31! 99899R48t oﬁélﬁﬁﬁ(ﬁmr&ﬁ%ﬁ??ﬁﬁ&eﬁg o 998 GACRIED promoter region
atcctcgcat tatccgcatt aacgacgatg atgttttccg cctcggctct
96 0f tdgdcdamgytoge a@adt.gaaag aaagcggccc ggccctggtg
aaaccgaccc aaaccctgac 1020 cctgacctgt accttttccg
gatttagcct gtccacgtct ggcgttggcg tgggctggat 1080

321 Cahe 3966 HoLALGOHPA , Gafel iR Sl GatetiPEsHal Lt Alrt@AEdrBftEses a
atgat gataa 1140 gtattatagc accagcctga aaacgcgt ct

gaéigaek segueneq aperely linked) braspainucdeid 200 sefyeaest get g
act at gacca acat ggaccc ggtggatacg gccacctatt attgcgcgcg
1260 ttatcetgtt actcagcgtt cttatatgga tgtttggggc
33cadpgeactor of gatp308Y, wharin t4idatceagagidisegancaangdes a
gt ccaagcgt gcttccgctg gctccgagca gcaaaagcac 1380
ca@@@@@@&k-acggctgccc t gggct gcct ggttaaagat tatttcccgg
aaccagtcac 1440 cgtgagctgg aacagcgggg cgctgaccag
cggcgtgcat acctttccgg cggtgctgca 1500 aagcagcggc

34ct Jhatvagior of daigs3feiR, whygtaymsadnycleic gaigcagusace etdodesgmaantibody.
1560 tcagacctat atttgcaacg tgaaccataa accgagcaac
accaaagt gg at aaaaaagt 1620 ggaaccgaaa agctgataa 1639

35SeiTth@ vdctor of claims 30-32, wherein said nucleic acid sequence encodes a Fab

fragment.

36. The vector of claim 35, wherein the heavy and the light chain of said Fab fragment
are encoded by a dicistronic transcriptional unit, whereas each chain is operably

linked to said signal sequence and said translation initiation region.

37. A method for producing a polypeptide in a host, comprising the steps of:
a) constructing a vector of claims 30-36,
b) transforming a prokaryotic host with said vector,
c) allowing expression of said polypeptide in a cell culture system under suitable
conditions,

d) recoverihg said polypeptide from the cell culture system.

38. The method of claim 37, whereas the polypeptide produced is a Fab fragment,
whereas the heavy and light chains of the Fab fragment are expressed in said cell

culture system in equal amounts.



