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WO 2006/061174 PCT/EP2005/013013 1 RHAMNOSE PROMOTER

EXPRESSION SYSTEM The present invention concerns vectors for the
wibeterplegous expression of nucleic acids encoding e. g. polypaptieess/ 613013

such as recombinant proteins in prokaryotic hosts. 5 More specifically,

the present invention relates to new vettors expressible in a host

com risinﬁhe rhaBAD promoter region of the L-rhanmose operon
R&‘ﬁ@éﬂ iTREY W&y @%ﬁ%ﬁﬁ? ?{ﬁl‘éomprising a) a nucleic acid

sequence which is heterologous to said host b) a prokaryotic signal
TREGSNCE ARSIAbly inked.0.5aid Buclels adld seguence.. 10 whereas said
pr ﬁaryotlc S|gna’?sequence i5 Selscted from S|g%1équ’pé5{|5elsno? pueie
agériphasdingic. Hnehhg protensifbres werarsharmin patids, uitankinyeichions
M WORIEAS e rﬁ?%%éﬁ% %&9&@8& ?é?a%%%%%%%&&% ‘%ﬁp&%s'&%%ﬁ%%%f
by said promoter region. Furthermore the invention relates to the use o

cap@ssivedhersob Ahtrivatetol suprs aprdssionmbaucisioacitsabhcbulid

toS Qaﬂg{yﬁ@&;g%@c@ﬁﬁ%ﬁl ROUND OF THE INVENTION Many
systems have been described for the heterologous expression of nucleic

L ATHS HR estisgEeacoBlpl e denud e seshiisitant proteins in
b PAQKARUBHR IS KSEaM S o lRWAVSH o0 MRSt MR QLMORUS JRRE LYBERSSION

ystems.ip prokaryotic_ host systems haye relied exclusively on a limited
WE‘SF&F B%EQE?P%%%H‘F&‘&@?E@?%%{% Ript SEprisratysitdptSoters

phrinlesinatideid dhe lactieie flacjupdanisaPerian eltahink988.ié2enad33,
03-109), and the tryptophan [try] (Goeddel et aL, 1980, Nature (London)

o e SR CHaE B Py B Frc o e BTy MR B

regvonftadoighehirol ¢ Brosinsnti 984 /Bente B 25¢ 16 14522 ¢oiaraion thad

h&.&f’aﬁ%’g%xés%ﬁgre%ﬁg& 183 290 QDS gcékﬁogk%glgge% systems

such as the araB promoter inducible by arabin 4356), the
rhanmose promoter rhaSB inducible by L-rhamnose (WO 03068956) or

e hRMRESEPIRm et RaBAD 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
MERpEoRRaisHiarthe-hetereloanis exmasrioLohniriasaiin br sl felds

indyction with L- rhanmose, nitrilase activity in resting-cell assays could be

TG 5. F1BNBUER DS CRaF RO B So  &F Bl yateme. Hovvever,
npolypeptides suehresantbddieyomantibpaiiragtitanis yiscadiantagieus
etg:éleéxl%%fif theRalvperide fom ng SYIoRIaRma e No0- SR A S roxaryotic
promoters have included the lactose [lac] (Yanisch-Perron et al., 1985, Gene 33, 103-109),
and the tryptophan [#7p] (Goeddel et al., 1980, Nature (London) 287, 411-416) promoters,
and the hybrid promoters derived from these two [iac and trc] (Brosius, 1984,Gene 27
:161-172 ; Amann and Brosius, 1983, Gene 40,183-190). Other inducible promoter
systems such as the araB promoter inducible by arabinose (WO 86 04356), the rhamnose
promoter rhaSB inducibie by L-rhamnose (WO 03068956) or the rhamnose promoter
rhaBAD inducible by L-thamnose (WO 2004/050877) have been described as well for the
heterologous expression of proteins. WO 2004/050877 describes the use of a 7haBAD
promoter for the heterologous expression of nitrilase in E. coli, After induction with L-
rhamnose, nitrilase éctivi’ty in resting-cell assays could be obtained. However, in particular

for the expression of complex polypeptides such as antibodies or antibddy fragments it is

advantageous to export the polypeptide from the cytoplasma to non-cytoplasmic locations
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‘2 (secretion) by using signal sequences, since the overproduction of
beterologous proteins in the cytoplasm is often accompanied by the
misfolding and segregation into insoluble aggregates (inclusion bodies).
However, since the signal sequence can influence secondary and ternary
structure formation in the mantre region of secretory polypeptides, the

choice 5 of the appropriate signal séquence in combination with an useful
promoter is important for high.

production off nctlona
:(secrqﬁg})a%gswgeﬁ SRR ARSTRST %e ?’ %ﬂ%%’gor m

s expressmn S
mgwwmmpmm&mmmmmww
THE I ENTI e and other.aims a WI| rﬁgﬁm%
WE)Vwé’ns:%\mﬁ|eved1 prov ncgg %%%v vectors, whlc?\ary-
mgs&fubfafdfgimeua mﬁmstmeaﬁgmegfmwmimglﬁ%é {choice

and which comprise the rhaB 4 ) for
of &Bm&lﬁﬁj{)ge%s hudleic & ac%&o%@ﬁ@%%%%&%%@ﬁ%ﬁmt o

sequence and ryotlc S|gnal

high$psitetion offfmtetivhBl fpo}yp@gdea (apuci8esot e RO BiRiAlgTaative
proteins, for sugar ﬁsaégb%g% fisl-aspastzdheaeee
P““‘ﬁ%‘%’ 5188 s W e ’ =

A vector expressi Ie ina host comprising the rhaBAD
promoter region of the L-thamnose operon operably linked to a

ﬁgpég Hﬂﬁﬁi)ﬁﬁﬁ's'ng a) P. nucleic acid sequence which is
€ erofl%ous

to said host 20 b) a prokaryotic signal sequence operably
linked to said nucleic acid sequence, whereas said prokaryotic signal

TreSSRHEREE Snsalecindfuppisig Ralnaptislesoalpesiphsstthicdtiening

proteins for sugars, amino acids, vitamins angd i nd Whereas th
schieyp oy ST S SR BN SO G EEIT QT ENaa ) B R a2

haeﬂ%wgswgﬁaﬁ%@eﬂ@ﬁaﬁﬁtc&e&wmmmm rﬂgme:ﬁﬁma{smasg
defined above for the, regul ted heter logous expre sion oflg chﬁgced
OPLEE B OREICEOTR SR ﬁﬁPg Z%?Yﬂjé

ereTs pro

mﬁﬁ%%WfWWGMWmmmmmm Viteamins
¢ompyrising the rhaBAD .promater region A.D
and igneAIE r%ﬁﬁé%c% gre i provia Be & VAt &é@&é‘zﬁ@mﬁéﬁ 0P king the rhaB

Chiptional unit comprising a) a nucleic, aci T
pmﬁmmgewmmwwﬂﬂé <RFERRY: 3? mpTiSIg

5) s SERHRNES PPEIabdIRkathi Wt@%ﬁ%&ﬁnce whereas said

prokaryotic S|gnal sequence [ cted.from SJ e t| e. whereas
b) yrapitesasisBMd ?ﬁﬁgﬁ%ﬁg a'?ﬁfﬁ‘ s V|tam|%s And jons
m@gg%@ﬁgﬁbe@gmssi@mmm st

by said pr
PIO

rofpoTioeemEBNSinding
t In.a faurth t
o i bits| Sk md T aﬁﬁ,e%ﬁ&%gégp?@%ﬂ%fsmd

nucleic acid sequence is controlied by said promoter region. in a second aspect, there is provided the use of

the vector as defined above for the regulated heterologous expression of a nucleic acid sequence ina
prokaryotic host. In & third aspect, there is provided an isolated and purified nucleic acid sequence

expressibie in. & host comprising the ThaBAD promoter region of the L-Thamnose operon operably
tinked 1o & transcriptional umit comprising

a) a macleic acid sequence which is heteroiogous to said host

b) 2 prokaryotic signal sequence operably linked to said nucleic acid ssguence,

whereas said prokaryotic signal ssquence is selected from signal peptides of

‘periplesmatic binding protsins for sugars, emino acids, vitamins and jons ang,

whereas the expression of said nucieic acid sequence is controlied by said promoter

region. Inz fourth aspect, thers is provided plasmid pPBW22-Fab-F.



In a fifth aspect, there is provided plasmidpAKL14. In a sixth aspect there
is provided a Prokaryotic host transfomned with the vector as defined
above. In a seventh aspect theﬁ is provided a prokaryotic host
tramsformed with the isolated and purified nucleic acid sequence as
defined above. In an eighth aspect, there is provided a prokaryotic host
transformed with the plasmids a flned above in a ninth aspect, there

In & S8R eRArte ez HATREd S Pigt Pifthezineatbete Bampidsiy the
prokateie @&MMW%@@I@&@S@ sémﬁ RN i) SHARRIQEBUNGiRre i provided «
sroks rokaryotic host with_said vector, c) allowing expression of said
pro &? %?%%ﬁdcﬁﬁm&eﬁﬁém HEé petitel| euckatkinhssqience as defined above.

InanE?g}ﬁ\/Qg mmggpg p'cg{%}%}] gell cult%r § g Disclosed are an

_ isolated and purified nucleic acid’sequence expra Jsupds as defined above.
In a nEyh ASPRG EY REsides amstherddenpngibiriog mﬁobﬁﬁhmﬂﬂﬁﬂeh@ﬁe&&ﬂpﬂmg the steps of:
8 mﬁﬁg Quwc@quvggegggmnce and a prolcaryotic signal sequence

from signal peptides of periplasmatic binding proteins for sugars,

D) mﬁﬁ-ﬁ’ﬁ%’%& BETAREERTSRE aRssadTeRaRy otio host transformed with the
c) alichetigsnservastarairiie sisplesadJsplated andhpupfied-nugleic.agidse; a

.method for producing a polypeptide in a host using the disclosed vector,

vector comprising a-promoter region, a heterologous nucleic acid

&) mmma@@@mﬁam thistioBugetR seASISting of the sequence

AGGAGATATACA Other aims.and advantages will. become 0t .
D R A A B B R o e COLBHAES the rraZAD
mmm&mmmagmﬁmng stitmstmotiend 2 prokaryotic
signalr W%@B&E@ AtensantiGhaiinssHoB B@i‘_}m—ﬁh@é\bﬁsﬂﬂ Bor sugers, amino acids,

FIGU S Fi hows plasti EiWZ%11 -H contalnlng the L-rhamnose
%mg ROTUEHIENYD Lo ST (R S8 R sleed

AH FrIwEGRCCH mﬁheéﬁ?pwr}@@@) REREPIRCR Ht PoshEsiRe the disclosed

Vec% H@%@W‘@ Ryreprising b frompoier e @en a ensciiption nteitkravidatonence and & transtation
initistigionR iR konidsmhsbows plasmisnBbEkrponiaining a melibiose

inducible promoter (PmelAB2), sequences coding for signal sequences

+operably linked to the light chain (ompA-VL3-CL) and the heavy chain

(phoA-VK--CH) of a Fab fragment, and a u scription termination 15 region

(rrnB). Fig. 3 shows dotblot results (with anti-human light chain for

detecting Fab, alkaline peroxidase conjugated) of lysozyme extracts of

the uninduced (-) and induced (+) W3110 strains with the different

expression plasmids. The time intervals are indicated
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20 Fig. 4 shows plasmid pAll14 containing the L-rhamnose inducible
promoter (PrhaBAD) and the Fab-H genes with altered signal sequences.
Fig. 5 shows dot blot of lysozyme extracts of uninduced (-) and
L-rhamnose induced strain 25 W3110 (vVAKL14). The time when samples
were taken is indicated (with anti-hurian light chain for detecting Fab,
alkaline peroxidase conjugated). Fig. 6 shows a Western blot of lysozyme

OthesriresctBdoRHERASATBLEPR QM AR R PO1A B A R B U5 FIREN Gy it er
of tHOGHGLRR MRSRENGESAMIES MBS [AkRR.IS iglicaiaddthaiti- idfldumgan
light chain for detecting Fab, alkaline peroxidase conjugated). Lane 1:
illesTATEATTIRES G4 ScBenent RBBIRK L 14), ind., 3 h; lane 3: W3110
(pA.KL14), ind., 5 h; lane 4: W3110 (pAKLI4), ind 71-4 lane 5: W3110
(pAKL14), ind., 12 h; lane 6: W3110 WO 2006/061174
BRISERYSEBETERN S5 TEEAIGARES ), ind., 23 h; lane 7: W3110 (pAKL14),

not ind., 23 h. Fig. 7 shows SDS-PAGE of lysozyme extracts of different

W31 10 strains,wij ntibod ncentrations. Th
Fig o SHOWH BT, %%ﬁg %5}5vy C%a%ﬁﬁ%éut?&}rﬁ%osequenc%e% %g%ml?éeerd
(Priﬁﬂﬂ@%tgumﬁemhng fdmsgﬂmll\deqkenpta ve2abl 0

(am(p‘%%% ';@ane V%l@[ 3% Iane bgﬁ_gﬁd&p gr%ﬁ%i é%dgt;ﬁng%pmon

tmlwmdrpgm[ﬁﬁzﬁbntammg the melibiose inducible promoter (P3nelAB2)
10 and the Fab-H genes with altered signal sequences. Fig. 9: shows

SDS-PAGE of lysozyme extracts of strain W3110 (pAKL15E) in the
Figphobencebrans ofte-bf maiaing melblovdafie FERRGERERINE 2,

seqRBEOEMEN AP 3Nl ges; l@r@zh Bagadwlﬁﬁa,cm
notlnduced lane 3: W3 110 15 L 5E) induced Flg 10 shows

PAK
andipeher B Rhas- G G&%aﬁg.ﬁgbtﬁ@-@m&ﬁ% RS
regRHO(RRIEY, @ sequence coding for a PelB signal peptide operably linked to
-~a sequence coding for a single chain antibody (scFv, S 1), and a
transcription termination region (rrnB). 20 Fig. | 1 shows SDS-PAGE for
Elgcmﬁ@%tmsoomw(@k&&e&xﬁ)mmmﬁmw fotr diereiifg Fab, alkatine

g~

a)
Chebu xSy b ML

elB mples were taken, after. d QE%[&?&
_ 10
peg; F’e n}ﬁ?t ub ng%%ﬁso U %proft%lr%c?o gﬁ%%lysozym?i}%

strateatribrihwéiearn yzemssion. plaswdsdiGatsthiserriprotdniioied

Markl2, molecular weight standard of Invitrogen.
Fig 4 shows plasmid pAKL14 containing the L-rhamnoss inducible promoter (PriwB4D)
and the Fab-H genes with altered signal sequences.

Fig. 5 shows dot blot of Iysoryme extracts of uninduced (-) and L-rhamnose induced strain
W3110 (pDAKL14), The time when samples were taken is indicated (with anfi-humean light
chein for detecting Fab, alkaline peroxidass conjugated).

Fig. 6 shows & Western blot of tysozyme exiracts of L-rhamnose induced strain W3110
(pAKL14). The fime after induction when the samples wers taken is indicated (with anfi-
humean light chain for deteciing Fab, alkaline peroxidase conjugated). Lane I: Standard
(1.28 pg); lane 2: W3110 (pAKL14), ind., 3 k; lans 3: W3110 (pAKL14}, ind., 5 ; lane 4:
W3110 (pAKL14), ind., 7h; lans 5: W3110 (pAKL14), ind., 12 b lane 6 W3110
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25 Fig. 12 shows the broad-host-range plasmid pJOE4782 comprising the
L-rhamnose inducible rhaBAD promoter in combination with the genes of

W %)r}%%glatory proteins RhaS and RhaR of the L-rhanmose gperon of

SCREPIERIA coli. Plasmid pJOE4782 further contains a sequer”{F %P(%?)%ﬁl%sms

for a MalE signal peptide operably linked to a sequence coding 30 for the
GFP reporter protein. Fig. 13 shows plasmid pAKLP2 comprising the
(pAriabdnasé. jdd igikle thaBAD G omsicr )anck angg@ience (nitA) coding for
a Nitrilase protein. WO 20061061174 PCT/EP2005/013013 5 Fig. 14
shows SDS-PAGE of cells of the induced Pseudomonas putida strain
FigT2 440w A0 PRI Hriystery we rex teikésro Bftdfediffe NS T fibrssrinme rvllshagh Fab-H
] ; | = '
R o ST e & piy 1L S e PO e

SEBIFTITSIMG HeedlasRasnsoye Tatensre(tsB A piem dter il ddquaiees
Heedingifes-ie RabsMireamy BRAVIENECRAINS Whighvwase apgrably inkedkte. a
seqlléence COdII’]% for the OmpA signal peptide and a sequence coding for

Whé HBASIHR st derdapbdivél: 10 Fig. 16 shows SDS-PAGE of

cells of the induced Pseudomonas putida strain KT2440 (pAKLPI).

Samples were taken after different time inteyyals as indicated. The arrow
g R bl R S e
asfahdaidbaf denvitregiralttbefigeial sbowsSDS-PAGE of fermentation

samples of the Escherichia colt strain W3 110 (pBW22-pelB-S 1).

Samples were taken after different time intervals (in hours) as indicated.
Fixn HrsborindleatBs thecddpspproteiek tvMets Matkiy Wi ldéUlpARBIGHD in the

pﬁ%@é}fé@r& %sgﬂ}{g Q980 R R DI%%?&!EJAQ HIQ 'fi éﬂf' gld heavy chain is

_INVENTION As used herein, the following definitions are supplied in order
ARSI RY o7 e pASIEl AR ohcass lane 3: W3110
(PAKL15E), induced).

Fig. 10 shows plasmid pPBW22-pelB-S1 comprising the L-rhamnose inducible riaBA4AD
promoter, a sequence coding for a PelB signal peptide operably linked to a sequence

coding for a single chain antibody (scFv, S1), and a transcription termination region {rrni).

Fig. 11 shows SDS-PAGE for crude extracts of not induced (-} and induced (+) strain
W3110 (pBW22-pelB-51). Samples were taken after different time intervals as indicated.
The soluble and insoluble protein fractions after lysozyme treatment were analyzed. An

arrow indicates the scFv protein. M = Markl12, molecular weight standard of Invitrogen.

Fig. 12 shows the broad-host-range plasmid pJOE4782 comprising the L-rhamnose
inducible rhaBAD promoter in combination with the genes of the regulatory proteins Rha$S
and RhaR of the L-thammose operon of Escherichia coli. Plasmid pJOE4782 further

contains a sequence coding for a MalE signal peptide operably linked to a sequence coding

for the GEP reporter protein.

Fig. 13 shows plasmid pAXTLP2 comprising the L-rhamnose inducible rhaBAD promoter

and a sequence (niz4) coding for a Nitrilase protein,
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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
“8&%&?8&6&1 licleic acid sequence in a host cell. Typically, thi§ GEERRPIS/013013
includes a transcriptional unit comprising a particular nucleic acid 30
sequence to be transcribed operably linked to a promoter. A vector
expressible in a host can be e. g. an autonomously or self-replicating

.pl id, a %ﬁ%pga , ayirus qr a retrovirus. WO 2006/061174
P A DS TAt S O U i HOCH! PO R TR iR+
{(p RBSLEB| Sangp lss ek mtekchatge albifeleet eimetintadichte angiokaty aticacetiv
wmfiouniehans ot more vagiorson solated and puifisd. RUlgie AR copen
sequences of the invention have béen introduced. Tt Is understood tha
such terms refer not only to the particular subject cell but also to the

Fi%rgg_ Y r@%ﬁrj‘&i3!&5{&@99&%@%ﬁa@fﬁ-ﬁaﬁﬁ‘&@é’ﬁ%ﬁﬁ@iﬁmmp romoter

Ifications may occur In suc g generations due to either mutation

ang seqrArSARTEGiaE ifslibnEal MUkt prewéighthaleist whitherewecrabltienlies toa
Segﬁ%rfg\,@r@éﬁi%}% b0 58, SHlLsiBE IR Wity the-3ceRe ehiRe IBFa® S8 dignal

herein. 10 The term "comprise" is generally used in the sense of include,
PERitSIS ESPSAY 6Fmitting the presence of one or more features or
components. "Promoter” as used herein refers to a nucleic acid sequence
that regulat xpression af a transcriptional unit. A "promater region’’ i
SHeE R e R B e e e
(piaiintny Fanstription akenddwndiféamt (3nditaction) eedidy seduERcerows
._Within the. promoter region.will be found g transcription.initiation site
e ey ST neics SR M S of
Inkindgmp.domains (consensus sequences) responsible for the binding of
RNA polymerase such as the putative -35 region and the Pribnow box. 20
"L-rhanmose operon" refers to the rhaSR-rhaBAD operon as described for
Fig. EbRtipvrBRPof e Egamaveorseadss vl thesbs(agy chirmpl sioinTié 1 10
(PEABARSRSION ﬁ@&@%@%&%ﬁ@@%@@ﬂﬁ&%@@%ﬂ%m} as
~ transcribes RhaB, RhaA and RhaD divergently from another rha operon,
infeaiee. WHHERBOiNATE o BRotanl sepkitdg ke o8 rasisataigdard of
IntrapsgHption start sites. The rhaSR operon encodes the two
L-rhamnose-specific activators RhaS and RhaR. RhaR regulates
transcription of rho SR, whereas RhaS bind
DETAILED DESCRIPTION OF THE INVENTION

As used herein, the following definitions are supplied in order to facilitate the

understanding of the present invention.

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 1 & host

can be e. g. an autonomously or self-replicating plasmid, a cosmid, a phage, a virus or a

refrovirus.
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DNA upstream at -32 to -81 relative to the transcription start site of
rhaBAD. Furthermore the rhaSR-rhaBAD intergenic operon contains CRP
binding sites at positions -92,5 (CRP 1) relative to the transcription start
WQif’é’%ﬂ‘fH@AD and CRP binding sites at positions -92,5 30 ( &%?05/013013
-115,5 (CRP 3) and 116,5 (CRP 4) relgiive to the transcription start site of
rhaSR as well as a binding site for RhaR spanning -32 to -82 relative to
Thee dransstriptiofhstarteitendlf ‘thagibildithhshaBADpy areotatseginnsabih@eren
L-rhamnose operon” is,meant the rhaBAD operon WO 2006/Q61174 .
D S5 LA S oAy O PN PANEEHSIE
niwigatieriGiane puththeingsitegibayethee R itinelndedx; therdRFPdaidding such
' indi ite. Ive to the transcription start sit
A el e B B IR I SR A e
PIRESR dlauriertecthSaeanseription stediSrwioheradReWithstitieBAMY generations

SREQNQIRE: IRRMGAN dheRremetanphihedhabBab 8GR 4 ﬁﬁ?iﬁgfsact, be

. essentially of the rhaBAD transcription initiation site, thé putative - _

106N, %é%‘%ﬁ@w%k frrecisil ingletedoitRm S srrnted ERPI Binded

h&itgnregion relative to the transcription start site of rhaBAD, and the CRP
binding site CRP4 or a part thereof relative to the transcription start site of
rhaSR. 10 "CRP" means "Catabolite regulator protein”. "CRP" is often

Trefesred toieisst asgiepehity AdUPinebe ptasPrIRiEl L0 NICh Bas dhepermitting the
synon us meaning. CRP is a regulator protein controlled by cyclic
p%ﬁﬁﬁ"&fﬁ?ﬁ %ﬁ?@ﬁer%élgﬁ?%grtﬁmgf%n of catabolic operons such as
the L-rhamnose operon. 15 An "enhancer" is a nucleic acid sequence that
"RERALoE LA e ARsEiPIoNalR dranscriptenal WL IndePendentl or .
the identity of the transcriptional unit, the pos@lon ot the quencepln
traeReni ey shentfads aripaohel gt L0 Atie enidritatiopetitkepselgudiidad MERNA
pYBEHRES R NERIESED VSN R RRHBN AN INE AR, QNDANERIS: 28 on) codin

"Transcriptional unit” as used herein refers to a nucleic acid sequence tha
SGEUREGHal thia HSCHSEPIRTd s emhid RNy e BansCTipéon drEeHpasiial
(dRib FRighi E OBt 0N BB PR (MENRERIERRIS) PhIWR (diciRNC) iQRIMPR mains

enes (polycistronjc) that ¢code for functionally related.polypetide
(c%%ﬁg% & %E;uences} espons%gle for the binding oty RNA poly@ne%/ap,)se such as the putative

-35 region and the Pribnow box.,

“L-rhamnose operon” refers to the rhaSR-rhaBAD operon as described for E. coli in
Holeroft and Egan, 2000, J. Bacteriol. 182 (23), 6774-6782. The rhaBAD operon is a .
positively regulated catabolic operon which transcribes RhaB, RhaA and RhaD divergently
from another rha operon, rhaSR, with approximately 240 bp of DNA separating their
respective transcription start sites. The rhaSR operon encodes the two L-thamnose-specific
activators RhaS and RhaR. RhaR regulates transcription of rhaSR, whereas RhaS bind
DNA upstream at -32 to -81 relative to the transcription start site of rhaBA4D. Furthermore
the rhaSR-rhaBAD intergenic operon contains CRP binding sites at positions -92,5 (CRP
1) relative to the transcription starf site of rhaBAD 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 & binding site for RhaR spanning ~32 to -82 relative to the transcription start site

of rhaSK.

With “rhaBAD promoter region of the Lrhamnose operon” is meant the rhaBALD operon
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25 A nucleic acid sequence is "operably linked" when it is placed into a
functional relationship with another nucleic acid sequence. For example,
DNA for a signal sequence is operably linked to DNA for a protein if it is
“8)36?8@&&7%3 a preprotein that participates in the secretion %?Tﬁ‘”e"b‘%%?&ﬂﬁm
a promoter is operably linked to a coding sequence if it affects 30 the
transcription of the sequence; or a translation initiation region such as a

cotROsPmessbHing Fitd ds, Imbﬁ(ﬂﬁdk@ﬂdﬁ azmaek&ics@@ithégqm@es’s regien,

L L R
nREHERPOHOIGAI3 A ligatiel at CRIVEhitng e ICRACsitemdftuiihg site
SieRioga st sniiets sloonucoideatapion o kel are

In ucleic

used'in‘accordance wi Aventional practice cleiC aC|
rgeid Sequemoderort! ﬁmiﬁ@ﬂ@n@@m@@mmﬁ@ csagitlablyruicle c:iﬁzadfd

ﬁﬁ&&@@gg %m&%rg%% '&égﬁt%@ée d&lQﬂa@m b'BM ﬁ%n site for

LNA hybrid. In case the nuc e|c or the nucleic aC| seque cels

Riersatod b4 Q%é@ﬂﬁl@ HEUAmPD wlaﬁmww {bRieAtRsTipterradrtd Werelied D,

aREROY RPYIRMY SHEIONDE SCOHSNGRerdEILEIRG, %%@@MQG@H&E‘ def site of
DNA, single-stranded DNA, double-stranded DNA wherein onhe or both

"é‘fr%\ds are composed of two or more fragments, double-stranded. DNA
10 wherein one or both strands have an uninterrupted phosphodiester
§ kbone, ntainin one or mgre single-stranded portion(s) a

D .
o‘FFﬁ*BFe g&i’f}BP ltsc’tfgﬁ BT BEMTSh(s) “doubfe S tAAHEH PN é% eychie
ANEP DAy istranetsiarevitilyh comhtespentany,ud oullessfrafded Didfuirhereiiein

stran Ieme tar cular D
o e e R S R Rt Rl G rgppms suen
ad e hermoaiiysesyratassized DNA, semi- synthetic DNA, blosynthetlc DNA,
naturally-isolated DNA, enzyme-digested DNA, sheared DNA, labeled
DNA, such as radiolabeled DNA and fluorochrome-labeled DNA, DNA
AsoREhESEr O P AT Be R BRI BceiFrin g RN therticRIe B @ L 2
AP REMANEESIKAD @ﬁd@ﬂﬁh%%@&lﬁ%ﬁﬁﬂ%&@&%ﬁtﬁﬂl tegh Ql%ﬁ%‘sﬁ@ﬁ of

example, the phosphotriester method or via automated syntheS|s methods
U RFPER D FEhOL PROBIABHCRAHILE e b DNALE R cE sy amss: The

vhegtasiuse droyeanaimatio: deebnigyesciRdNexvaithis referred to herein
can be e.g. single-stranded RNA, cRNA, double- stranded RNA,
double-stranded RNA wherein one or both strands are composed of two

“Granord foaghents acdosdil estranefed RNAnwharein dsepeorrbetih stiandsally
tl%g G804 ntg rsrlfigfg %NA molecule. The transcriptional unit might contain one gene

{monocistronic) or two (dicistronic) or more genes (polycistronic) that code for

funictionally related polypetide molecules.

A nucleic acid sequence is “operably linked” when it is placed into a functional
relationship with another nucleic acid sequence. For example, DNA for a signal sequence
is operably linked to DINA for & protein if it is expressed as a preprotein that participates in
the sacretion of the protein; a promoter is operably linked to a coding sequence if it affects
the transeription 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

1s positioned so as to facilitate translation of the polypeptide. Linking can be accomplished
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25 phosphodiester backbone, RNA containing one or more
single-stranded portion(s) and one or more double-stranded portion(s),
double-stranded RNA wherein the RNA strands are fully com Iement_aq/,
WEAIBE St hded RNA wherein the RNA strands are only parﬁ‘gﬁ@mmsf 013013
complementary, covalently crosslinkedsRNA, enzyme-digested RNA,
sheared RNA, mRNA, chemically-synthesized RNA, semi-synthetic RNA,
bjai%gy?ﬁgneltiﬁﬁ%aﬁﬁﬁzﬁl&y&&%&ﬁ@éalegéaf&gseéﬁ@?@gﬁfw@@hm&c
radiolgbels and fluprochrome-Jabele , F containing one or
o BT g g P ARG SR BRTRL B AL S S VS SEOBIOBETC®
PCT/EP2005/013013 9 With "variants" or "variants of a sequence” is
”ﬂﬁ%ﬁcﬁ‘é gc?&’lcé?mn %191(:3 & H%nc&gclgl‘ \é?WSfrﬁ% tagl% r%‘gﬁ%tacrgm %%uaep grtl%cleic
conservative nucleic aci suelgstltutlons, W ere%y orfe or tote nucfere
acidinis|arecslibstitditaddiy tregthsentithveaiive ohignbbteliditsRWarjanBNA/RNA

hFRGOTPASS AR %ﬁikﬂ%ﬁ]&@%@%@&dﬁ %@gg&aﬁsﬂ&eﬂﬁ %g&%%'&é&%sﬁ is

and insertions, as long as such 5 modified sequences exhibit the same
umﬁbt_iB}Nﬁu REdOnaliEe guivater)laderrenreterente Belydencaunstiferquence,
RGN 06 (@i RRMREPTIEA ' REAHAS n UPIHDA, RAMRERUAIE NG A wherein

"peptlalc" are used interchangeably to designate a Series of amino acid

OPESTORRIE EBRRSEICOIIPRS S STTINE PhYP PR AESE S BBt ReEANg e DNA

m@f@-a@ %@Iﬁiﬂﬁli Q@iﬁ@ﬂé@%%ﬁi@ﬁé@&@{ﬁ%ﬁ@ﬁ%ﬁtﬁ;&f&ﬁ;@%ﬁi}é;im@ed
an urifried nucleic acigd seguen e" rerers 1o the state In wnic e
O SooS BT B R R P e RES BRE Th rgsd

pdihenisicléicizeidirdaistiieheeharitib e feeior stipgentdlly frasmplmaiedis]

with which they,are natura ciated.such as other nucleic acids with .
R SR P SRR B o
DNHicbﬂN’_ffégnalbe prepdie e higeadinsaltereplwincsuchliprep artonidBy
cﬁ&ﬁ?éﬂﬁiﬂ%&%%%‘a'%mr&ﬁﬁﬁ%ﬂﬂeﬁ'&?}%‘%&ﬁ&ﬁ%

11 oo, (1] i Qilﬁftﬁ[%urﬁl 'iSOl&ted
transformation”, "transtormed" or "intro ucing a nucleic acid into a hdst

Doets caeribredasipisidebids disaredPaR e lthated| DRI R gesbieaeiddikbeled DNA and
ﬂ\{@ﬁéﬁrd@ﬁml%M@@QWA%@@MM@Q%Q@@%&@nﬁ&ﬁ»ﬁa‘?ﬁ%ﬁiﬁ&iﬁ?ﬁg species

term "cell transformed" or "transformed cell" means the cell or its progeny

OfRRer I A th & BYer SRR el RS HRiRe HAS DT A i e cah g gues. for
chanby s dhe pioseiiuamateeisragichulhamicioiaaed miadekPCr

Bt el el sy e e el e o2
tebhaigfermation of appropriate host cells with e. g. an expression vector

R \Qfﬁlaﬁ: 910 e@asehde tg) E&é’i’ne gaﬁ@%ﬁg%%@f%gs r%H&Qd%\TA, cRNA, double- stranded
RNA, double-stranded RNA wherein one or both strands are composed of two or more
fragments, double-stranded RINA wherein one or both strands have an uninterrupted
phosphodiester backbone, RNA containing one or more single-stranded portion(s) and one
or more double-stranded portion(s), double-stranded RNA wherein the RNA strands are
fully complementary, double-stranded RNA wherein the RNA strands are only partially
complementary, covalently crosslinked RNA, enzyme-digesied 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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microinjection, electroporation, particle bombardement or by chemical
methods such as Calcium phosphate-mediated transformation, described
We.Z?.fgnﬁl\]/ll%liatis et al. 1982, 30 Molecular Cloning, A Iaborat}q /Migzr(l)g_ (|)’13013
241 gprlng Harbor Laboratory or in Ausubel et al. 1994, Cur &l 200501301
protocols in molecular biology, John Wiley and Sons. WO 2006/061174
PCT/EP2005/013013 10 "Heterologous nucleic acid sequence” or
WitluCleicatil s€uenss héteredogous torachost nmeanscainagleicadidt vary from
e C ich e es . xpressian pr t SUC
e R S B R R B S B R one or more
nuelete ryidg oL sybbduiet bty eneilimctéte asid devadnystiopiginating frumenapass as
wafneLdifierentdramibe E@g&g&@s »Ehamical syathesizer nglsic acklcn

sequence which encode . an expression product such as a
megiise et B taareimsdion  ast et i carivaepRaiddareference
sdfRkREyotic species, the heterologous nucleic acid sequence is preferably
originated from a different genus or family, more preferred from a different
order or class, in particular from a different phylum (division) and most
Aﬁ@ﬁéa.uliafet@ lﬂﬁ@tﬁﬂﬁ@F@@Eﬂfbﬁt&l@”(e‘@@"cﬁ@&’Qf“%ﬁbﬂﬁga,mgﬂ@pe—ﬁgleic” and
..heterolpgous nucleic acid sequence.originating from a.donar. different from
R ot e OGRS BRfore ErEFCAE Pha R a pyes conneoted

tonht ationdyinsetiiensnde btionrenahshiphtitutions akisiagliexyetais adias arent

-&pait of the heterologous nucleic acid sequence as long as such

modrtied sequences exhibit the same function (functionally equivalent) as
15 the reference sequence. A heterologous nucleic acid sequence as

TIRIRHGAASIAI: SRERMPARSEER AT N IIUERIE SeAUENGE S WINAING G A

different domain (empire) of organisms such as from eukaryotes (of
ngtiRErgoEcRigRCStichbss 18 AgChignian witlibeRIBsswhieHamEoe beenyday acid
s¢GURRR0G TR dIbr aliss ANd18) ACR SINGIR NVAICKIAGIAR QRRAtrAfhe

nucleic acid sequences have been modified according to the "codon
3OS HEPdTE O SRR OIS “igidrsk fiere fBindignbrpoptig!
eSEgbenes, tefBesctvaonunaidpeitietideacepMpeidgacodes anfieyf when such
aming.acid sequence i'et'tSil%?gfl %Fi tid?%]apresent at the NH2-terminus of
prceé)r%léaiﬁoﬁr%)ste' SThat g}enno?(r}naﬁyo g%ar & %f/nc‘éll St rrll%rs{z‘é())/‘toplasmic
locations (e.g., 25 secretion) or to be membrane components. Signal

TRERidesitect he frapspar %&%ﬁé&?’“& fi’ﬁ%&ﬂ&%&%ﬁ%&% Rid into & host cell”
non-cytoplasmic locations. "lranslation initiation region™ Is a signal region
dopishapyarsess waersiationeitiaain amcisici ehiduitetio NecAw et ko woeut
ABLBEIDEL S SHAR-AS the-RIRLAGAMR R ransformed” or “transformed
cell” means the cell or its progeny into which the extracellular nucleic acid has been
introduced and thus harbours the extracellular nucleic acid. The nucleic acid might be
introduced into the cell so that the nucleic acid is replicable either as a chromosomal
integrant or as an extra chromosomal element. Transformation of appropriate host cells
with e. g. an expression vector can be accomplished by well known methods such as
microinjection, electroporation, particle bombardement or by chemical methods such as
.Calcium phosphate-mediated transformation, described e. g. in Maniatis ef 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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30 "Transcription termination region" refers to a sequence which causes
RNA polymerase to terminate transcription. The transcription termination

region |slu§ually part of a transcriptional unit and mcreasest e S%’%b(l)a}}{l%ﬁ
WHHEHHENA* WO 20061061174 PCT/EP200 510 1 30 13 11 *AntiBody

refers to a class of plasma proteins pragluced by the B-cells of the immune
system after stimulation by an antigen. Mammal (i.e. Human) antibodies
“Tanerdbomunagiddaliasiokthel g:CoVinvjdcarcld stagsnddieterivantiboadst”

as used ffi)er the é) Lpe%gg%& hIS mgentlon includes, but is Qot Ilmé\ ed to

ygch}H% Entibodies “iSnoclonal antibodies: ant 1|clsc¥’lof§/%lc anti

pmmtpm@@ﬂitubcfdre&pﬁesﬁénhmﬁdtmhamiumdi&aaswns@chmemm
pr&{i‘& 250'%%%5%@%&“5%%@%% ol E'I‘ﬂ %Po%%l'c?o%&*ﬁﬁﬁ%&%@ﬂ%%@ﬁost ora

SIC antibody structutal unit IS to comprise a tetramer. Each

chystrgebr Eiﬁl’fb@ﬁi@dééwléfqmqdéﬁﬁ@ﬁpp’éﬁ%ﬁp@l@?ﬁe@pﬁdWSl@EGﬁOduct
su9ﬁ'541§¥m dight';(abauit 10, 23 Kpa) and.enec Reavy s haRRPBH aryotic

50-70 kDa e amino-terminal portion of each chain includes a variable

SOrSERS BRI S ot O ORI AGS ReTelE B R SR ST frent
g@%ﬁ%ﬁa&ﬁﬁ?@cﬁﬂi@%ﬂﬂéi&&ﬂwﬁ at;elﬂé}iaaldg@&l @Bf@ﬁﬁaﬁpﬁl_ha:]mﬁﬁffﬂma
constant r gio Iy responsibie 1or ector nctio | chain e
B R EPIOR) AL PR RS B R LA AP AR Rt
mgamma mu, alpha, delta, or epsilon, and deflne the antibody's isotype as

%étgw&gé dg% and IO?E re%%g %P%in%hx\élt é}rllnl ggt ?or%ddg? \?/Xt%ﬂ)l ﬁé@ host

ThR&ETSH Shstant regions are jomed by region of abou
cambrenamifedabidsranitks memvg]r mhamm@eﬂhdwdm@aoiﬁ irsgibnref deletions

org%%gggj;% 59953 %Hrgée agids Lhe Ie J@ﬁ%?&%& %éasrnsa@lwmaeseqme

s an Ing fragments thereof. 20 Bln ragments include

assippfeislieth agihehesuporferrnbints tha aaﬁmﬁmﬁt@cmliémumlenﬂ as
thefeglRschainantiRodyhdacid §%ﬁ@1&9'&6‘§%€ﬂ1&1@&"&9§¥&%@§&§e¥ﬁh'0h

combine only the antigen-binding regions of antibodies on a sing

eRSABIRRSId S8 VTSoly et e GHER P ERAN S AT &hﬂéf?f"r&ﬁ%u%‘@@é tramgre) of
oﬁéﬁﬂﬁédﬁfabli/ﬁﬁ@liﬁre&l@}t&@@ (3bolagsingl inmunagiobubng butrelainitigies
en-specific p'ndlﬁ}%‘% er |e f antlbo% SlngH ﬁjham %\tlbo ies art
Hely U8 ¥6ra tﬁ}? Fé"HF%Efb i aadsorap
oﬂﬁ@rnptﬂeamﬂﬁ@ tapedties, km@cgnmimﬁrése ambrmﬂgstethe Theitermdzab) of a
?{glmept %soéstometlmes used in the art to mean the binding fragment

esuﬁﬁng from papain cleavage of an intact antibody. The terms Fab’
and F(ab")2 are sometimes used

“Signal sequence” or “signal peptide sequence” refers to a nucleic acid sequence which
encodes a short amino acid sequence (i.e., signal peptide) present at the NH2-terminus of
certain proteins that are normally exported by cells to non-cytoplasmic locations (e.g.,
secretion) or to be membrane components. Signal peptides direct the transport of proteins

from the cytoplasm to non-cytoplasmic locations.

»Translation initiation region™ is a signal region which promotes translation initiation and

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

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

transcriptional unit and increases the stability of the mRINA.
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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
WRAM 4 i®ast substantially complete light and WO 2006/06 ¢ FAP2005/013613
PCT/EP2005/013013 12 heavy chainjyariable domains sufficient for
antigen-specific bindings, and parts of the light and heavy chain constant
regions sufficient to maintain association of the light and heavy chains.

m uch,Fab escrlbed in Ske ra et.al., 198
e S A R P vehg o R T e
wu@htaﬁemtghuhmndxﬁamaﬁtgeteaéammm Ihéhmmcyst@bmir%aﬂ@es that

%%Wfi’;f@&%rﬁz%‘%ql;g 'Rdﬁ E’Orgdtba %e%%‘%”nﬁ?%‘%’% %3 3@%85(% e

t e |nt ct Immunoglo sua ragments are

Pmmm@ewmeﬂgﬂm@u@ﬁbb@mmimm@@mmlghko@hhhmﬁyhﬂdIQShe@wcional
AR EOTRY '?dﬂﬂ;l&% X&&@&H&QM%@B&B&E%H&%&H‘ Lomain. fkBReases,

constant region. 1n addition, the C-terminal cysteine on the light chain

syplapLlaketaca iRty seemsisrabrhrsTagid il erd Yoo BinnrRiRstieantibodics.
THYSRENAIR Hsufide.bend QﬁM@EﬁbWﬁtB%@Migﬁﬁg dehlGBAIRS-AGeRHNEIII0

the present inventign. Further encompassed, are chimeric antibodies

copRaiedrt ApidenEsal g aigibasa w@afwvamw YBMEEHALS Pisehisht” (about

25@4{115&;@@@@&1&?&@@@ bb{aﬁﬁ@@ﬂezen@nwu)gm@mmm@w&aoﬁf cach
ene S mentsé s en gm& e variable re |on??S "
s R Y D B g pymartty

rﬂ;ﬁemhtesfpee:tﬂgeﬁwmmm ”lfhewalﬁtasb‘ree@wnﬁiégmmtsaﬁézmle geiredefines a

Corﬁ)srtna11 moause moncicloer%al)an (? San. ttc)}e ed to human constant (C)
segmenl% SUch ¢ Eé gnnf typlc |mer|c antibody is thus a

lkglnr@q@mawmd@@ﬁﬁeﬁ Ag e@ﬁmécamm @dﬁ@éﬁzbuﬁdiwg demairdroassalied as
g RAHaSAN gﬁ Pe@&x%e%ﬂf&%&qﬂ@%{m QHW&@@E@OW IgA,

Chlmerlc antibodies have the same or similar binding specificity and

Iifivey 1B, doTrsaEEdy- ol mbgh mdReartisoaipmBe prpiabesaecoattap ecgions
afegiens of theyantibedy.r Thsutarmyr iunaantinedy, naludesantiadigsiso

having varlable and constant regions (if present) derived from human
AR S ISR OB BT L UBREIIGAIAG either natural 25 or
'Ial’éif&’l@az&ﬂg:lﬂ?&f&deaffmﬂzém&m&mlﬁﬁlﬂd&lﬂﬁaﬁlﬁfﬁ@ﬁﬂﬁﬁﬁ@fﬁbﬁﬂI’ﬂd&ﬁ:ﬂﬁn
£an. inc ude am ino d reS|1d S.nqt enco e ){%huma %K[rp IQ% i
RREE 111Cguen &M Hietatiohs intrGdLEEa By rahdonyor -
site- speC|f|c mutageneS|s in V|tro or by somatic mutation in vivo).

S T i
copetiesyicheasgen-binding regions of antibodies on a single stably-folded
polypeptide chain. As such, single-chain antibodies are of considerably smaller size than
classical immunoglobulins but retain the antigen-specific binding properties of antibodies.
Single-chain antibodies are widely used for a variety of different applications, including for

example as therapeutics, diagnostics, research tocls etc.

The term Fab fragment is sometimes vsed 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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30 mouse, have been grafted onto human framework sequences (i. C
humanized antibodies). Functional variants of such "human antibodies",

3 truncated versions thereof or engineered muteins where e
WikdtRfdl Broline or cysteine residues have been eng|neerecfct}réfgrt]ﬁ@“’"{‘13013

means of genetic engineering well laigwn in the art are encompassed by
the term, in WO 20061061174 PCT/EP2005/013013 13 contrast.

%f@ﬂ@iﬁ%ﬁé’dl@ BRSNS ARG A2 62, HOWENR! piie BTRL light

y relates to the amino acid sequence of such antibody, irrespective of

BHFHIY CHEEH R BePCHERRER! ROBMERTOASH tREYLptits Bakidbhey

‘ clﬁih’s QneA3ReIL dieRIESANk inVRIe B SKidesa iR R RiessHIleNn5),

host comprising the D promoter f the L-rhamnose operon
AR P TR cHiCHRUBTI Bt SO B N EBLTTe Aeh ot contain
aldes en@eﬁ/vﬂmaimsdyeﬁﬁmlogmstmafﬁrho&tdxm pmka:ntmn cisigfidt bonds
bgt\e %Ee Ce o abI nalggsd 1rt1 1%a1|ni1 Lf'%xlz%lr?rua O%e%ueﬂ,%ut(}v %ra%afsr to‘zgl%s are

pro aryotlc |gna se uence IS selecte SI nal pe

fqperplasnoatic bindi mg?uﬁrmmﬁteoﬁomagsatalbmﬁmﬁida@ﬂdlghWhms will ddwesvy
a%j e heﬂ%z%%% SA0 ﬁ%%?iiﬁlﬂa% %ﬁ%f’aﬂ%%‘?{%ea@iﬁhs&qﬂ&%c& 5, CONERIRdesion.

y Sal rom ter region e vector accord Ing to the invention is

IprédisiemlyharCaigtorioshorsnersdlia dghe ativig m& rasvnlaced sosners or
aRNIRYE A VIS PIAISHAYIEUR, MMide MR RfNRSUVRE IR CORRRINALONS 1ight

may be employed in expressing the nucleic acid sequences of this
chaisriserdng e RsredYiBI EiebBrs, for example, may consist of

segments of chromosomal, non- chromosomal and/or synthetic nucleic

Fﬁ&i%?&%ﬁ%%%?eé&i’é%ﬂ %Xﬁ&ﬁ%%%&%ﬁ?%%%?&@%&@ﬂéh{%@ﬁeavy

such as vectors specific for e. g. E. coli as well as vectors with 20

chivasite Serarrss cerraucie (oricalafy smdiamaeative Bagdpgunoglobulin
gehOWEARN s (en%edéygﬁl&gwn@agﬂgH&ﬁafamgneq@g%nma@%g&&@@ HRISedhe

Useful vector expression in E, coli are: pQE70, pQE60 and
RSO RS éwwp Iorsans i %&%}iﬁ%&fpﬁfﬁﬁggg&ﬁ&%}&&}@ yariable (V)
sENESATE @a@&\lﬁuﬁﬁ& m%@%@i@m&agm Cdamnia gvﬁz)éﬁt&miﬁnim o)mstam

e e

cpﬁs@ﬁ@ﬁ'ﬁhﬁ%‘{@ﬁ%nﬁﬁﬁﬁi@ ]i@zammi pBYY Zﬁi(ﬂmwmstéio&ily e@{d&l@ or effector

Blote nolo nd B| s ther :
suc af; [r)rfasml §3géa§ or pésml iﬁ%ﬁﬁ Furt %{rﬁuée %ﬁ%ﬁnd@g
spmﬁrmﬁ@adeaﬁfmm@wmwaﬁ ergéhgonos@@nme@ztrbm Hratanig ades the variable
rgﬁgﬁgigpglg&ﬁigb&]oning Vectors" (Eds. Pouwels P. H. et al.

The term "human antibody" includes antibodies having variable and constant regions (if
present) derived from human germline immunoglobulin sequences including either natural
or artificial, engineered affinity maturation. Human antibodies of the invention can include
amino acid residues not encoded by human germline immunoglobulin sequences (e. g.,
mutations introduced by random or site- specific mutagenesis in vitro or by somatic
mutation in vive). 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 profine 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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Elsevier, Amsterdam-New York-Oxford, 1985). Preferred vectors of the
present inventions are autonomously or self-replicating plasmids, more
referred are vectors with specific host range such as vectors specific for
526"%" 5461 WO 2006/061174 PCT/EP200S/013013 14 MoBEpErétfadisots
are pBR322, pUC18, pACYC177, pAGYC184, pRSFI010 and pBW22 or
derivates thereof such as pBW22-Fab-H or pAKL14, in particular
coREBASE2 Bxbalpick of pAkal 4 beRsiaaricular 0AKIGAES. IHapeeteriRderm onty
embodiment, the rhaBAD promote n, of the L-rhamnose opero
S R R A R
otiprochetei:ebnsiditScafi dinefskhe uemié: BERHEANO. 1, a sequence
complementary thereof and variants thereof. Preferably the rhaBAD
promoter region of the L-rhamnose operon, the rhaBAD promoter and the
In reBAREEr dmgresaunsTstiigop e dsquents SHGBINONT] oseguantang the
r
R L L R A L A e
unjeeBHERptBssible in a prokaryotic host comprises apart from the rhaBAD

2) ATRIRRIRT A8 IR Qs ARG SR RRSIOHARRIABYY linked to a

transcriptional unit furthermore sequences encoding the

D) prgkRedis: sisBale s e RS RS LA aRhaye ific Atithseovence. whereas

2@ SREIEAYEINAYA-DEOMEIRE SEAIENEET: dHNOm A HRRNOBHE RRASA0Yinding
RhaR roteins control the activit ofth rhaBA omoter. As rokaryotic
SR e Pl i AR R RO

nipieiemsdoepugasss anmmdiadlﬁ§,su1thpﬂm&mde@nﬁ signal peptides such
as PelB (Erwinia 20 chrysanterni, Pectate lyase precursor), PelB
(Erwinia carotovora, Pectate lyase precursor), PelB (Xanthomonas
Teaneptstig;dPdoate lyare precursorgftabiBaFndotonMativporiali-replicating

p 2:51‘?1%‘ r%QQsMﬁ'% ﬁﬁag%oﬁ Maliase-RInding PIote| S SUS AP RIA (o Fol

Beta-'lactamase), OppA (E. coli, Periplasmic oligopeptide- blnlemg rotein),

COWEW%‘PWEW@%W@%ﬁéﬁ§@%@ﬁﬁ%@?§elﬁ/&}"ﬂ SEEueRES Feﬂéi’fﬁétmn-
UEBHIER ReRide Rindia q&@%&ﬁ@ ﬁf@%ﬁﬁé) B8 Kl Bt O BRARIGSINC non-

beta-glucosidase precursor), ArgT (E. cols, Lysine-arginine-omithine
C%%Hﬂ%@%@rﬁ%@‘%ﬁ@‘&&?&H‘ﬁl@&&%@rﬁeﬂ}f‘é&@e&ﬁ%ﬁb%|b??é°féh‘f§i3§%Vectm
wRERHSOE) hblsthiks e&dh &élsachm@@e@imf@eﬂ@asnu&m@keuﬂ PEGGUISRMNVith
ng#l;ﬂﬁéF coli, D-Xylose- tblndln &gsmlc recurs FecB ,(E

981t RRERFARE B aé “Geribiasimi % f%“be&& G?HSA uter
“Mhtm@@ﬁr@im%pﬁé«ghm@yﬁ@hs’ﬁﬁd@h%&(@@h Alkallne

phosphatase precursor) can be used. In a preferred embodiment, the

signal sequence is selected from the E. coli signal peptides
Useful vectors for e. g. expression in E. coli are: pQE70, pQE60 und pQE-9 (QIAGEN, Inc.

}; pBluescript Vektoren, Phagescript Vektoren, pNHSA,pNH16a,pNH18A, pNH46A
(Stratagene Cloning Systems, Inc.); ptrc99a, pKK223-3, pKK233-3, pDR540, pRITS
(Pharmacia Bio-tech, Inc, ); pLG338, pACYC184, pBR322, pUC18, pUCI9, pKC30,
pRep4, pACYC177, pACYC184, pRSF1010 and pBW22 (Wilms et al., 2001,
Biotechnology and Bioengineering, 73 (2) 95-103) or derivates thereof such as plasmid
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).

i""!"

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. £. coll.



16

15

20

25

30

LamB (Maltoporin precursor), MalE (Maltose-binding protein precursor),

Bla (Beta- lactamase), OppA (Periplasmic oligopeptide-binding protein),

TreA %riplasmic trehalase WO 2006/061174 PCT/EP2005/013013 15
WERGHEEE ‘MppA (Periplasmic murein peptide-binding protelit Brefif§sy013

BglX (Periplasmic beta-glucosidase B&ecursor), ArgT :

(Lysine-arginine-omithine binding periplasmic protein precursor), MalS

MG IpRaaTylas ﬁ@%ﬂf?@m@ﬁ%@ﬁ'ﬁm%m@@*@ SREFRIASTIO REABINW 22 or
precursor), Xy1F (D-Xylose-binding peruo1asm|c protein precursar), 5 FecB
deyiierReRIIG: Fe RRRAAIE BrolandrE Ll oP) P R BRI ATE R ERRTe
pANOtRIN A PIRCHESRE)ROGIIIROA (Alkaline phosphatase precursor). These
are particularly useful for heterologous expression in E. coli. More
preferred are the E. coli signal peptides LamB (Maltoporin precursor),
In MpdErdivialtasbobindingtheoteiB prestisor); Bla(BefaHatiamase)e dpedn is the

eriplasmic trehalase .precursaqr), ArgT. sine-arginine-omithine bindin
PHRTRHITER: DS BIGRuR GO SLet (A DUFAreL B DA o s of
thepsoteimpr ERQIONNMost partieuiarprefersedtare ttiecEs oulisigaas thereof.
mé’f%?&bci‘?%L%‘Fa%%%'égga%%@ %@8&@&5{3@%&%@ =d Maltosesinging p SSES{Hoter
pl‘eCUPSOI’?. n case a ICIS'[I’OFﬁC or po yC|stron|c traﬁscnpﬂonafunlt |
andgbel retiffetBmrondemtivst sigaaif sbesraceseofeXabh Nk bk e@EEse of
colIFIGSLRAS aanle ARRNE ORI GigR JiIeRt $973haRAEPESS I, coli.

used in such a case. 15 The signal sequences to be employed in the
expression vectors of the present invention can be obtained commercially

In QR SWHNGSIEEL CHERYER YN R BX BB SiBRA) RESUSREaSBRITIDE prokaryotic

synthesized according to the salid phase phospharamidite triester method
o SRR B LA B CARNEr SRRl A1 G oS Oporon operabiy

in2d 859+AB6HELRB 1) nuRingha-asteaiedcsy atheding thas. descrbeddpecific
Van Deyanter et._al.. Nuclejc Acids Res. 12:6159-6168 (1984). 20
S B o S CIAIEA L (0 BEVr R by e iugoes Upon
exacrytamithe §ékeladtRipRopesis or dopianlite-exihiangbiPhebdd desuritbed
in Pearson & Reamer, J. Chrom. 255:137-149 (1983). The transcriptional
unit according to the present invention usually further comprises a 25
Asrpredfatotidsigagbirqeenon wstehivorsigeahigatides poiptaf pe ttsrzriiss
prof SRl anseHREona! it saiddranslation | @é%ﬁ&%&ﬁ%ﬁ%ﬁ&ﬂ%%?ﬁ Bfrwinia
the sequence AGGAGATATACAT (SEQ ID NO. 2), whereas said '
chaHEEIE N T RTRIAAYPe ISR B BB IERMREE tarelHoRt dartaticlypse precursor),

P SEIUERER b5 CUBRREARGAGATA TACATHREQND MQuo?) gl
SSReS Rl gl et e dalen ot o e 0
lactamase), OppA (£, coli, Petiplasmic oligopeptide-binding protein), TreA (E. coli,
periplasmic trehalase precursor), MppA. (E. coli, Periplasmic murein peptide-binding
protein precursor), BglX (£. coli, Periplasmic beta-glucosidase precursor), ArgT (E. coli,
Lysine-arginine-omithine 'binding periplasmic protein precursor), MalS (E. coli, Alpha-
amylase precursor), HisJ (E. coli, Histidine-binding periplasmic protein precursor), XylH
(E. coli, D-Xylose-binding periplasmic protein precursor), FecB (E. coli, dicitrate-binding
periplasmic protein precursor), OmpA (E. coli, outer membrane protein A precursor) 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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Usually, said transcriptional unit further comprises a transcription
termination region WO 2006/061174 PCT/EP2005/013013 16 selected
from rmB, RNA |, T7Te, rmB Ti, trp a L126, trp a, tR2, T3Te, P14, tonB t,
WAAH KA 1153 . Preferably, the rrnB transcriptional terminafdr SEGRigrHaL 13
is used. The heterologous nucleic acigksequence according to the present
invention encodes an 5 expression product that is foreign to the host. In

preeas@inennst [paiprekalyaticsnecierisuehdas Frotal frecnuelgigard
sequence of i%ﬁrest is more preferably from another, clasrﬁ#g<e té]e )
(@ BRSO 20, BT RRORAE S oA R e

pefiganaidifienent pphtylisor)s Mek RS Afthasbasie nescangd ) ¢t batlicidarcftomling
an_eukaryotic. organism mals in particular from humans.
Settmortil e Sligel R e )
FeelBddidiing ¢cothdirg pdainl asagesrafiherhosizcrhéhatdrGlogoussdgueneetein A
according tg.th nt invention is usuall ne of i . .
P B R e LG P geRP o
hebtrolcterad, ayisioniok. twérdgectivgrotelaronin-ore) ﬁégmimpﬁé@@ﬁ@@B
(Nﬂf%&%ﬁ&f&%’é@&@ﬁgﬁ ARG, ARSI W LIRS AFOBINEehadSAmase),

such as green fluorescent protein or other fusion 15 proteins. The
TrpdtErenods huehelessarsagoontin(ghitascageias-waikitehinems
peﬂ%%&&ﬁ‘ﬁ?&&%&?ﬁ‘ ferm QERNA. sHeh2% 6riglaaalisaRsarTPNAuLES.

protein maybe produced as an insoluble agzgre ate or as a soluble protein q
Mg i 1S PR RTTRARE (fopiagHe bR BEE ﬁ@ﬁ%ﬁ’?&%i@@?ﬂ?@é’%‘?m CHEE) 2
Megt (rnook b e exireae itanmetivmaRy eferablotbe protgiisisnic

roduced as a soluble pratein which is 20 present in the periplasmi

RSP o VAN th AR e RS e © each
ofpheteisteoinobad bchagrphicdcRrsfrckbhsigifertit fignmicreygrowtiefastdris such a case.

Thaessxgﬁé?%%%h%g %tgef % )%%‘?’I,Igglgl x%&'?s%ﬁ%ﬂ%%t%%o%%%%@ Rinvention can

0 :
enzymes like chymotrypsin, "a ies, receptors to hormones and

beinblatiss aenwetr prdte psyrRihativadssdaisd Visialigtamphakersd spayreess can be

syﬂﬂge;rﬁé&@&&d%&‘akﬁ@o%ﬁe%ﬁ@g@é@' 5S%LB}%@{@{&&{%%@@@&S@@ed, e.g., in
receptom&, GFER, PDGFR, EFG, NGFR, and VEGF) and their

Biryuads. thretelsahielemkeisit +e TR0 dMRbIURPE IFtHiRERRe

s RRERIRK, e AvgiRiensnicoepiat:tbe {alphalr-and dagtal-adrenergie1 68 (1984).

receptors, the, serotonin receptors, and PAP receptor (see, e.g. Gilman,
PO RE, BTG SH B B8 RSB el PrORIAG AAAE Bhee

clebaiiRlteB. or, sadaiome seiditya HINIGSsi des elipanal )30 mfu Soariiic, J. Chrom,
Geptar, Icholine receptors, GABA receptors, glutamate receptors,
2%%%3%362@%% eceptors (see Harpold, U.S. Pat. Nos. 5,401,629 and
5,436,128). Other proteins

The transcriptional unit according to the present invention usually further comprises a
translation initiation region upstream of the initiation point of the translation of said
transcriptional unit, said fransiation initiation region consisting of the sequence .'
AGGAGATATACAT (SEQ ID NO. 2), whereas said translation initiation region is
operably linked to said nucleic acid sequence. The sequence AGGAGATATACAT (SEQ
ID NO. 2) is usunally located upstream directly adjacent {o 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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of interest are adhesion proteins such as integrins, selecting, and
immunoglobulin superfamily members (see Springer, Nature 346,
425-433 (1990). Osborn, Cell 62, 3 WO 2006/061174

WP EHIeYGH5/013013 17 (1990); Hynes, Cell 69, 11 (1992))F©f&r005/013613
proteins are cytolcines, such as interlf kins IL- 1 through IL-13, tumor
necrosis factors [alpha] and [beta], interferons [alpha], [beta], and

scllfammal, tmorgrawt-factorBeta (G lbetaly, colpny sHmulatingfastoind

(CSF) and granulocyte monocyte colony stimulating factor (GM-CSF)
trp(add Huhsierehivkine s HAREEBER 1o BRI RR CIRTHSICR ESESFEh.
Aggrawal et at. eds., Blackwell Scientific, Boston, Mass. 1991). Other
proteins of interest are intracellular an%interc llular messenﬁ?ers, sugh
Thy dieLeyplgeris QREEI SRR PR RS RAA ‘iﬁw‘&&ég’r‘?&fﬁ%\%‘é BB AR k!
expredeinspeddateast iThediatesolegeys broteintbt iniarast maidogoot Byeaas such
ammalian or. prokaryotic origin. Other proteins are.antigens, sych as_ ..
s G S A T T SEnaT A i g e
thapshhagieriedbacidrtamoisaCibwerqroteiris: aléeenzpmespditewhy fiwsin different
oteases, polyrnerases, dehydrogen n :
P R e B 0 S o sk o
mmﬁm@@:@a&em@mmmmemémbmmgmm@%g@aélén@@ﬁéﬂ?oe
mRF SMERCE . AGHAIIING BIRG REGSEREINVENHER 4O 8RINIES B gous sequence
a

polypeptide, more preferably an antibody and most preferably a

aCRQIGnE . e DFBFFREURY AR e Bbb 85P6r PlrrehiSes ShaS dYeRidhe
proRtistlany.adlumanGaldisgmerbiriencadad byithewucielaeidy or

sequence. The human Fab fragment encoded by the nucleic aci%a .
theg B R e HefErnhy &fﬁ@?ﬁ%%ﬁﬁ‘ﬁrﬂf%ﬂﬁf@rﬁ BP RtHPeute
pr&fﬁibﬁﬁlﬂll_ 6@@@@&&&12%\|N@’grﬁfbﬁdw\gtbe;at ﬂ‘hazsésngﬁt QBﬂaiﬁrmr':mfa;]ﬁofhaon

mammali ecies. one more preferred embodiment,.t uman . ..
D TS A AT R R S DR A e G picn
candrsardus-frafenokRidsedtiumangntibeocypRags library that was

crodrosndis rashenoid . . N
T BT 00 (LB e s BTt S e e

prtsenioptibpatipelirmericl CIsR GHEREE 2P HmeA i EApSHeghan 95 & the
ep&&@éﬂﬂ%ﬁé&ﬁ&@?;@@?&’ﬁ?ﬁtﬁ@ éﬂﬁéﬂ%'ﬁ*ﬁ@@@%@ Wonnie $agtein which is
(0]

foregoing, which in case of a fully human Fab fragment preferably means

PIH#ERI(Y %PI%%%Wéﬁ%%ﬁggﬁ%%é’dwﬁ%%ﬂ?%ﬂts
ERRrEDR sRAEHGEcRAIEIgNSBIRAludBast fO%IMREeprieferabih #a%ormash as
preferably 95% identical in amino acid sequence to, .the respective .
R AL ARE BAC I RO A PR i SRR BAOGio e chymotrpsin,
aftipdencesephadditionaly@nidnenle jueferablytatiits CR wraldiactly
obtained fro naturalé\é . ,
visualiziig marker €.g. green fluorescent protein.
Other proteins of interest are growth factor receptors (e.g., FGFR, PDGFR, EFG, NGER,
and VEGF) and their ligands. Other proteins are G-protein receptors and include substance
K receptor, the angiotensin receptor, the [alpha]- and [beta]-adrenergic receptors, the
serotonin receptors, and PAF receptor (see, e.g. Gilmen, Ann. Rev, Biochem. 56, 6235-649
(1987). Other proteins include ion channels (e.g., calcium, 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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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 WO 2006/061174
W@é"f*ﬁé’év%é)slmsms 18 residues that form the two interchdif dfgfge 13013
bonds between the two heavy chains ji the intact immunoglobulin. In
particular, the heavy and the light chain of the antibody or preferably of

(wgﬁ)j:ﬂl?ﬂéag@%ﬁrt:]mrﬂqmm?g@yeaﬁ@%@a@ HAsSeENtioaR e Mifierlenkins TL-1
whereas_each chain is operably ro C Si
iRl o PTG AP PEHESS Eﬂ‘\&’% sl 5%%%@65?3%&%%5%6 and
[ saHgads ramungracitds fadiaBisis @]f@ﬁc[bst@)dcamgdanmwtmrfstaaD(CSF) and
initiation region upstr, cam. oft emltl n t translatio the
BT ggﬁﬁﬁ%n%qcﬁ%% negtrans %% n@%‘lﬁi)nar{e%on Cr:%#SIlS{lSB of
mmdensesmm@mmm (SEQYDINQL. 2)s1Blacthwecpréseni fic,

t d th dth
Nsthe ot Lﬂ%tﬁ% E%1%585%@1%9&%?&0@&1@1%%1%nﬁﬂl@s@gm e

eter‘o ogous nucleic a dd’ sequence are arrange e expression
myssmgecatidesyadied] predesrsg dribduimerdohprokidinass bolngens also

prottHRSIFEARLLO 1A H%l%l%g’&%@ pRAGHENGRBRECING Lo S thBPD HRERICS or

of interest. The signal peptide sequence and the nucleic acid sequence

POEBHCE! - tRENSE RS EPRR A LRSS Fiah 15 SepRiRlfbes B S 61t isetes
8R0MicLANA 3R ad dseti vt faraach@mhodinsenise Qﬁ!@ﬂ gliepide: enzymes

sequence and nucleic acid sequence encoding the p tide 0
G ShemOshe BRRLCHRP SRR BIT e WSfﬁ%‘?“f‘%‘”s%‘i?&?%?% %&E&?ﬁu%’fé‘? Ses,
cagids.Rrefeiabiyuthe chalB AR pisnvates, g mana ihe aperably inkediases.
transcriptional unit of the 20 vector of the present invention consists of the

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

Pyatiants, theneotrMareuprefaeabiyi dneqinaiBé Ropoaditgies fE@jﬁBs_amdrﬂfmtion

er? Oe%asblé lﬁ%ed téang’l%g tiona ?g[”t of t?go\éecégé g’IOtSq rara%? eDnHa ent. In
donisist 8f I%equence , & sequence comp efmentar
pﬁn‘m&kaf ahdmamamm@ddgmon‘hmend@mmmw tratisrdsdntihveatidiab

Sseegz]:oadé/(? 9&1%"‘1198 899& éQ&u'é}a\é% ngoR h{{?ﬁzm 459l encoded by the

tero ogous expression O a nuc eic’acid sequence in a pro aryotlc host.

nTleierpitesrsiveneais ecfaghiatithenethvmnan suibobLinEnsnbseadvanabetibody
Ao.Ihe PEokaryotic. 3 hesh MRl ynihersmaunt Qlknthampesa:in %%m es.

medium of the cultured prokaryotic host is between 0.01 and 100 g

Iy rere STy RS BSS P BI04 0 A B Re B?é‘f@w%?%é%ﬁé&%ylh%ﬁ@%ﬁm'm

as obtainable from an artificial, consensus-framework-based human antibody phage library
that was artifically randomized in the CDR as described by Knappik et al., 2000, 1. Mol.
Biol. 296 (1), 57-86.

In another more preferred optional embodiment, the, optionally chimeric, CDR grafied,
human Fab fragment is a non-HuCAL-Fab as opposed to the HuCAL-Fab definition in the
foregoing, which in case of a fully human Fab fragment preferably means that 1t does not
share the HuCAL consensus sequence framework but its non-CDR sequence portions are at
least 70% more preferably 85%, most preferably 95% identical in amino acid sequence to
the respective variable and constant light and heévy chains germline- encoded sequences,
additionally and more preferably that its CDRs are directly obtained from naturally
ocouring genomic sequences of lymphoid cells including genomic affinity maturation

events,

The Fab fragment is preferably derived from an IgG anfibody and does not contain cysteine
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Preferably, the heterologous nucleic acid sequence encodes for a

polypeptide, more WO 2006/061174 PCT/EP2005/013013 19 preferably

for an antibody and most preferably for a Fab fragment, whereas the
WRELH/ Ut 4ight chains of the antibody or the Fab fragment &fe!@Xlsddé s

in equal amounts, thus leading to higq§oncentrations of functional

antibody or Fab fragment. In particular a human antibody or a humanised

reSialROgYMAkR PRMAVIRlARMManiaRSrRaMmaniwaaste BRFIGURAF @ains in the

. human Fab fragment as described above is encoded by the heterologous
G IS URIE i AR BATRH e 1S BE P HighedeHE shf S OTiRREO AR
profilsIghy OmE FRTRgMent #és-05688tiBl 1A RAYe d0 eauRLRMAANLAE thdereas

heavy.and light chains being expressed. In case one of both_chains is )
R o BN LA o e GO TR SRS SR KT A peotices

ofeifpibsOaiorpndore peitve agaregaties eands:ldy]tiwhich isdngdesidly. It
. has been surprisingly. found that with the vectors of the present invention
O G oA AP A AT BRSBTS Gl YT A5 o VRt of
thamowsctsgpobnaiemiobuded bighther treaiarich aiitien dighginoteulsis wigightequence
Am g@'ﬂ;ﬂ@ %glgo@%%%??uilt. Usually, less than 20 %, preferably

éft ee d a

less than 10 % pressed amount of antibody or Fab fragment are
expressed as 15 overproduced light or heavy chain or high molecular

HWRIGRLIMYDIEEETYE Sogredatas dIhe.ameunial Mehsayvanhliohhd he

chains overproduced and of high molecular weight immunoreactive
helgroregans SR Hacih SRR BIF ATANGTA ' ERirdbG FPIRESBSISIg5PEasiRg

viledaniibrdyrRitbethahftagmankateh g lysezyme @dhaats)ab e nucleic acid
cultured host cell usi SDS-P%GE or Western blot. 20 In still another

SSBRRATE HHE e fitib RN RSP Ui QO LS Sncl B SHGHRTIET S gigree and the
nsgguentsexpressitleding ) @stivoppyisingithe thabAlR promaieriedidon zero to
2 Foba RANQRe;0 er‘%@fg?}%%r%%%/o' iked to g transeriplional Unit -« an
comprising a) a nucléeic'acid sequence Which T8 Retar ogous?o 88id Hos
n2del) axivrotqusoticesighalsequéhepdpepbly inlee ¢ sadlmeigiedzasicnt to each
o&%ﬂq%ﬂgggéﬂ@ §3Seh i &@g%é&éi‘c signal sequence is selected from '

&l
sighal peptides of‘periplasmatic binding proteins for sugars, an7ino acids,
vitamins and ions and, whereas the expression of said nucleic acid

PREGUSICEHS FRRUGNEERY SR AIAMAIaNLeYI0Dy] hﬁﬂE@@ﬁé&Bo?gﬁ{HﬁE?ﬁﬂﬁt of the

the preferred promoter region. More preferred, the isolated and purified
VERIRIAE HEBrSSahENERIS0 EoRERECE e NG ER BPsiiflienageduence
csamplementansiharee! ardvariagisthereof, in

More preferably, the rliaBAD promoter region and the operably linked transcriptional umt
of the vector of the present invention consist of the sequence SEQ ID NO. 4, & sequence

complementary thereof and variants thereof.

Also encompassed by the present invention is the uss of a vector according to the imvention
for the regulated heterologous expression of a nucleic acid sequence in a prokaryotic host.
The .expression can be regulated by the amount of I-thamnpose available to the prokaryotic
host. Usually, the amount of L-rhamnose in the medium of the cultured prokaryotic host is
between (.01 and 100 g/i, 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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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
Wszﬂ?éf}%}%\“sequence complementary WO 2006/061174 PCT/EP2005/6013013

PCT/EP2005/013013 20 thereof andlé(ariants thereof. The isolated and
purified nucleic acid sequence of this invention can be isolated according

prifeSigRdRrd PRI Cols And etiod oV e IFKkROWRABH) & Bdtesaal’ heavy and

. purified and isolated DNA sequence can further comprise one or mor
11%?5@%}%&%&6@%@& AR TRETREP A & B S TG Pt s
leghnplayaiborcherepimssidriat the proditcdeneatedinyiie. dugleitakida

sequence. In order to select host cells successfully.and stably. transforme
I ST bR SR B Be it A S e e e e
paptiesntihventidha) & genenttatdEnodoatho 10 iselectdidd & yriheketoelagous nucleic
acrﬁssgstggcc% to antibiotics) can be introduced into the host cells along with

thé Tucl&ic acid sequence of interest. The gene that encodes a selectable
In maidken whight liehl ocatedtatiche vistotiondratiibidslondaafispisrifidds essential
to RUCIEIS RcichsaauERee AL TGN pRUANALY B ce-radheednSeRBIR of both

orm e.g. on a separate vector. Various selectable "markers can be used
chipaR igiayenmeiitrd cenRmrddeitha nlstemivieras dupible fighgnolecular weight

i YSFereYGiR-aRiRicln and tetranycknichhe amauab Bl theAnubicicsanae;
adapted as desired in order to create selectjve conditions. Usually, one,,

fogafb i ThAErIST SEAT AR S PRYSOHER G Saa) HETHRFLAdpdies can

hdsbiginalcancbadatigduee tbintantbehost caltpalongdwith:thehauofeitaaid high
sequence of interest, in order to determine, the efficiency of o

o R SO A LY S POF TSt T i L e ety

legrdkaryotiv; bd st rapsfordedawitlt af vatdtod o btiaipfegertinwentionedsed as

articular i of.the | [ ryQti IS, 11

o T D

Thppaciauntehibristayytons digleirerrizodivgpredions mdeidigbreaeular weight

infRIRSSIRN e gassRle Jof BXRIERSIRG BSRESIRt balsradimerieaialendiing

such host cell such as e.g. a Fab. Preferably such heterodimeric protein

the antpin AraiRe i ERBGE HHSH Sritfermve siBRRET pre kuMyBiEIsEeR using

stignsiarmed withdheyiselated and purified nucleic acid sequence of the
present invention. 30 A wide variety of prokaryotic host cells can be used
for the heterologous expression of the '

In still another aspect, the invention provides an isolated and purified nucleic acid sequence
expressible in a host comprising the rhaBAD promoter fegion of the L-rhamnose operon
operably linked to a transcriptional unit comprising

a) a nucleic acid sequence which is heterologous to said host

b) a prokaryotic signal sequence operably linked to said nucleic acid sequence, whereas
said prokaryotic signal sequence is selected from signal peptides of periplasmatic binding
proteins for sugars, amino acids, vitamins and ions and, whereas the expression of said
nucleic acid sequence is controlled by 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 nucieic acid sequence consists of SEQ ID NO. 3,2
sequence complementary thereof and variants thereof, most particular the isolated and

purified nucleic acid s.equence consists of SEQ ID NO. 4, & sequence complementary
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nucleic acid sequences of this invention. These hosts may include strains
of Gram-negative cells such as E. coli and Pseudomonas, or Gram
ostitive cells such as Bacillus and - Streptomyces. Preferabl gffe hos
ezl?(fglgaégzém-negative cell, more preferably an E. coli WO g&}; 8%&0]’.%3013
PCT/EP2005/013013 21 cell. E. colt which can be used are e. g. the
strains TGI, W3110, DH1, XLI-Blue and Origami, which are commercially
thévaifahlearnean herebfained via the DSMZ (Deutsche Sammlung von

Mikrqorganismen_and Zeilkulturen GmbH, Braunschweig, Germ i
S BRI AT (8 0 G S ot LR IR A e according
toRtetabol SER whatmwbsamGricthodt eell et snatdinarifzidapalfiedandptaketed

d metabolise L-rhamnose.like E. colt might be maodified to be deficient
D e TS e o e e L S A T M dhe
e.£-rhamnhoser, Defidizroyhneddarimerefenttions thelateduw theodpddkethe
n&@&@gﬂ%@ﬂg@ of_L-rhamnose can _be achieved b_y e.g. suppressing or

blocking the” expression of a gene coding for a protein related to the

uptake and/or metabolism of L eo rhamnose such as the gene rhaB

InGadingdQekhamndesedinasen T hig Q@Bl?@rél%@@r@&éd Kﬂ%ﬁé?@&@%ﬁe
such as transposon supported mutagenesis or knock-out mutation.

1)t RRdmaTHeR ARFHC AR SeanwspOh e Irmersigrstiah amre i Gaprles a
se@sc@aﬂﬂbﬁﬁ&%feﬁé@ﬂgl s@q?&mﬁa@f@ﬁrt?}i@@&%m%mmﬁb@b@sﬁ@@ itis kst aliyls along
a.member of the same family of the enterobacteriacepae, more preferably .
R S oA e S TSt €715 DA O AR e g
bdrivemndristiz vetvodifon gre theting! andalypéptideitica duabtapitnee or might
ompyising the steps of a) constructing a vector, b) transforming.a
o L D S A S DB R B selectai
mpdiymjjdebmug@éw@uﬁm thystdhatinedér seffablecedmditiomsicgsuch as
h}'?gﬁﬂ}{ &El%ﬁ?;!%ﬁﬂwﬁpﬁéﬁﬁﬁeﬁﬁt@ﬁe@ﬂﬂ&m{%ﬁéﬁmo{@@aﬁ%@%&éiﬁgge’as

as well as its'construction and the transformation of a prokaryotic ho

desirert finetiee vEcHiETERE heoReéPBlofE s hueric Aeiirdsqukes s used. As
weQmiyised Anibenaciondr-ensRdesanR ehPsplides fureierabhhdhest cells along

polypeptide produced is an antibody and most preferably a Fah fragment,
Wi ERE SRS RELL PN At EREIFS 3t BRECA MBI B R EABCRRGh Nt
trakefexpegsged in the cell culture system in equal amounts, thus leading to

high concentrations of functional antibody or Fab fragment. 30 As cell

culture system continuous or discontinous culture such as batch culture or
Afediatetpect of the present invention is to provide a prokaryotic host transformed with a

W

vector of the present invention. In a particular embodiment of the invention the prokaryotic
host is transformed with plasmid pBW22-Fab-H or plasmid pAKL14, preferably with
piaismid pAKIL14 comprising two different coding regions in its dicistronic expression
cassette for expressing a secreted, heterodimeric protein in such host cell such as e.g. a Fab.
Preferably such heterodimeric protein is a Fab. In another embodiment of the invention the

prokaryotic host is transformed 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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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

WEheUtiHG B¢ a glycerol containing medium as described by Kbty BERAEI13013
2006/061174 PCT/EP2005/013013 22 al., 1995, J. Biotechnol. 39, 59-65
or a mineral salt media as described by Kulla et al., 1983, Arch. Microbiol,
ceft 3B, brThmigNeiermd,eedivm foneamying vatithe expressionat| gk and
polypeptide is a glycerol containing medium, more prefer?é)w dium

Ordfeatphi Bl R GrEBp el a8 30 8 RSB 1610861158 B8 iggRehe
Sa%iﬁhdi@&@%ﬂﬁﬁﬁ@@o@@aﬁ@ﬁf@pﬁi@igamuhg@aG!Eﬂgvflll;lrmaﬁﬂ@:gfeéigm&ﬁumhy).
as pujlers, s tamins, or.amino acids. As we ifferent ia
Meaﬁﬁbﬁf%%ﬁgm&ﬁ%“%eén%'ﬁgﬁ?& Algth f&*&}ﬁ%{f- %f %F%nﬁ]‘g%:%ﬁiﬁ*hams@
A Rogfersbhyithe soediarilyseshbls tasitaredidmssiiolikt hethmchmse like . coli
L-rhamnose, in order, to achieve a tight regulation of the .L-r
o RS0 P O A i B M 3L e T ATIORE cnaor
metdcien af laphropiate 16:0B6p I dependingoitettitlredysttn uptaie
an "ﬁ!llé{‘fa%?%Qﬁ&ﬂ%ﬁr&@%%aﬁmwy@s@%@%%%ﬁ%okmg the

prokaryotic host is between 0.01 and 100 g/, preferably between 0.1 and
expOesgiRAb Pezpreferdisly Prmersein reaiep decheuniske thd/ asateyolbon 46 L
rhHSHRNY Qréh0ls Righehe ARRFeBERErBH [ANgSS AFS.%ithsb. TRIPtalerRINE by

-7.5, appropriate culture temperatures are between 10 and referably

40,
kngathesHDEUSHEShES FRERRL avan%%&&@maw&%%%p mfplion.
Utakas, wiibibearan e @mnepohef expressed pradeeicbasaesumylatatise

.preferably between 1 hour a 0.days, more preferably petween 5 hows .,
S| SIS R EaFRULRE B T SR R AU AT G bt Loty of
theystemhsead deshakerfl askasifyrdcdsualyl Bxpre §sedimoduct in the

amount of 0.5 g/l culture medium can be produced with a host

transformed with the vector of the present invention. Using a fermentor
Fudherernyid@0wsicheaprdfontfotdaimhinrone brpres seelproducpilprotide in a
h@?@&f%@&%ﬁ%ﬂ@’tﬂ%@@g@f‘ 0.5 g/l fermentation broth, preferably more

Il, I

than 1 gll, more preferably more than 1.3 g/1 can be obtained. Following
A)ePrEBETBRZ A H§EHBSt cell, the expressed product such as the polypeptide

bp&%@%@&@@&g}?&@%gmg%mf@%me culture of host cells. When
the polypeptide of interest are irnmunoglgbulin chains, the

( : L eavy chain . .
c)aﬂ%pﬂzfgg@mr@ﬁgmlé\%sﬂgﬁﬁm%}g %%}&g%q SYERE eééltlné#ae conditions,
dpearetechioshe pekiplasm: aldineleeltilhensignatieaptides encoded by the

signal sequences in the expression vector are then processed from the
immunoglobulin chains. The mature heavy and light chains are then
Tassenibleddd fermetires its construction and the transformation of a prokaryotic host are

as defined above, whereas the heterologous nucleic acid sequence comprised by the vector
encodes a polypeptide. Preferably, the polypeptide produced is an antibody and most
preferably a Fab fragment, whereas the heavy and light chains of the antibody or the Fab
fragment are expressed in the cell culture system in equal amounts, thus leading to high

concentrations of functional antibody or Fab fragment.

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 glyoerol containing medium as described by Kortz et



10

13

20

30

30 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, sonicatiozn Q3013
W kb s, Thus, the polypeptides are usually first obtaifed 58044

lysate of the host cells. They can thenzlge purified by standard protein WO
2006/061174 PCT/EP2005/013013 23 purification procedures known in

athevast whichsoRYINakIde differantial-presinitation . faelesuial Siavetia et al.,

romatography, ion-exchange chromatography, isoelectric focusing, gel
1@?&%&%@@%%&% LSRRI AR ChrohTAtog REoHy. HhesEsvann of

sKoQuippepddeagtinghcpraciarthmethedsyedespritediny tgmAdismbrkeatbed

al, supra.. a .al. , emic Press Inc., N.Y.;
b?’r%?’#n%[cﬁ%ém%gf/ #ﬂgﬁ’éﬁiﬁgg’gﬁ %Cﬁ% Molecular Biology. For example,
Trerpedificatnght bracodibadan thyprgdice d grip addglpbuting orgralients such as
oliRgments, \Bﬂ%ﬁl%“o? yritied it iy .&é‘i&%@%&%&%%%%&é%ﬁ%% media

passage througha column containing a resin which has bound thereto

caargetsnibfeciiesho whictnte éxpreésdticimpindylobuling candspauificatlydium
sRIRR A9 diHADe T ARRSH QN ING AP RERHIYEN 't?éhﬁ%ﬁ’ﬁﬁ'cﬁ{ SXRESSIDS e

a host comprising a promoter region operably linked to a transcriptional
PO TRsTIRIn g AN arAgstaicusedl s e WP R tefolebad  appeppriate
dmst DR dmns@tien inittationsegionwraleam.afdhe mitationpeiatettbeedium

translation of said 15 transcriptional unit, said translation initiation region

o B BHREF SPHRE CRRARE SRSEYRR AT PRE AP BIERSHS R, B hrePeh@nd 10
ghgitbieepeiRiarjnitiationgegionisaparably linkeg0omis naeiiadid or higher.

uen?e d the exg(fss' n_of s?id uc;e?i% cid se%rﬁnce {sa%%;trolle

se , C "
SR BRSTGEragion. e ISHIGER Foior rMBRUEa it MG BIErgF res o

beoredand(cibie4srqrteatisgiow cbisRkyd &7 20 Fidusiblepromoterragioilphs

bt e B e S i S g

Pryiarsigotheapeprant droar 21986 dosne a3, 1oy heirdané hywiopiahdes) The
aﬁ&ﬁﬁ%ﬁ%@%sehgﬁgﬂu%{%&@s%ﬁ%@):%@lre%}&éﬂ%@e@qmﬂa@ RRd e

hybrid promoters derived from these two [tac and trc] (Brosius, )
ugendly eseRes R A Eiey it e REARA A B sElud trEsediaRec ot be produced with a

hé&,af&&ﬂe@ﬁbals asmglhﬁ}%@%ait%ﬁ%;r@g&%tqu%ﬁﬁﬁmG Ogggxgqhem%@m@b @HtRein a
ar prom ter Inducible y Arab|nos A , tne rnamnose
bﬁ@%@@%ﬁ%ﬁﬁ%Hﬁié?eewe?ﬁ%érﬁﬁ%%é“m 6@68%@’5@5‘8}‘% marRig 0-5 &/l
fptosnoiestégieh, pithedbithamnase opelrandefpreferably more than 1.3 g/l can be

obtained.

Following expression in the host cell, the expressed product such as the polypeptide of
interest can then be recovered from the culture of host cells, When the polypeptide of
interest are immuno globulin chains, the heavy chain and the light chain are normally each
expressed in the host cell and secreted 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 chaing are then assembled to form an
intact antibody or a Fab fragment. In order to obtain a maximum vield of the expressed
product the cells are usvally 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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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 30 present invention. As well
WA dquivalents of these promoters which might be frdrh TF6LR013013

prokaryotic organisms might be used.,kFunctional equivalents are in the

case of positively regulated catabolic operons equivalents which in the

puBiesenss,fdadieeehowi inrEaasediexX pISsEOR Activily-eampaa fatbeir
(gctivity in the absence of inducer. The WQ 2006/061174, ) : 0
N S S 5SRO S SE R RS R T i Y RS IR Mg &
elmm@lihyn&tsiggsfm_,Wﬁei@lﬁﬁthbﬁ&té'@aﬁhyeﬁhmemhna{mw
X0 Erlxe?St Itg n[iatsle errsle%%ﬁse grtg ggslc% gg %?g.e n%ug&ggﬁ kn‘?qy%%r.mlgagaa Wﬁt S
Vettor RuFh&r comprises a signa sequeﬁce operably iKed 16’ Said nucleic
(edic)d AcséeuentesT he.signal Segquenckerarnbb piivkda yolicbledkdrjatidar

Preferahly iC..Si . ‘ - ic si .
B S A A R AR or
fragimairie, Proteins Yo psu§adsy Bhniroaoiis!ivita iirsraieEionbyds eesesibbgough a

cofRANE S HEQM RSN PIOKREYRICIGNALSRAY BNEE: KROWE (0 RISREIS A Bpressed

~ the art. More preferably the prokaryotic signal sequence is selected from
HTHTERSHEPHES S Ut TSP ﬁﬁl@s%ﬁ@ﬁc binding proteins for sugars, amino
acids, vitamins and ions which are described above. Usually, the nucleic
acid sequence encodes a polypeptide, preferably an  antibody, more. .
A ety S 40 AGTHEH RS B bR SCESb FEPTHS Parcfigt comprisiog a
prembedimsot, pease thkaliclecrasickipeqmencatenagdasmgn antibody,
preferably a Fab fragm nt,lth Qt%a&% aorgitsj ttoheall(i%? :5 Scthain of the antibody,
3)&3?&5 Cchcl) e THE irébsmen are’encoded by a dicistronic
bteanscrigiionalitiaitywkereasmachncldihd snopaialb iyofinkeltto Wasigpiain of sad
-the. | lation jnitiati i ISt ence
s LU R e i
AfaGerion protidad &SmetHedforProducing a polypeptide in a 20 host,

whARY iR IHR SIRRPS A MorqRSITHGUR AW CHR M) (H ABRIQBING Rid sequence

prokaryotic host with said vector, c) allowing expression of said .
apbippepmreith et dutisiei s pste rrUires S rraprR!l bRk eToBogy region.
THEGRYRING Saithholyaaniide famdbe celleuliuie-Bisterndeetubu@ctossally, an

. and.hosts are as descrihed ahove. The construction. of the vector, the .

o AEIG AT oF R ary PGSO BB RebcEn AP B B Gon e e o
casbd@swleech negatively regulated promoter systems such as the lactose {lac] (Yanisch-
Perron et al., 1985, Gene 33, 103-109), and the tryptophan [¢rp] (Goeddel et al., 1980,
Nature (London) 287, 411-416) promoters, and the hybrid promoters derived from these
two-[tac and irel (Brosius, 1984,Gene 2-7 :1161-172 ; Amann and Brosius, 1985, Gene
40,183-190) as well as positively regulated promoter systems such as the araB promoter
inducible by Arabinose (WO 86 04356), the rhamnose promoter rhaSB inducible by
rhamnose (WO 03068956) or the “rhaBAD promoter region of the L-rhamnose 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
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above, whereas the heterologous nucleic acid sequence comprised by the
vector encodes a polypeptide. In case the polypeptide produced is a Fab
fragment, the heavy and light chains 30 of the Fab fragment are
WOHKLEH 1 said cell culture system in equal amounts. The ffréddpf05/013013
invention also relates to methods andzryeans for the intracellular
heterologous expression of nucleic acids encoding e.g. polypeptides in a

ex%%@%%&i@%ﬁx W Ppricular WQe006QRT e P %Zé?@%%ﬁé?}ﬁ%ﬂéaﬁf?;t

present invention relates to vectors for the’intracellular expression of

lepdtBrsIbESHSpEIpBRIsHIdY Atd9sro arjBe Rehenihmrsbihivdsacplghe inducer.

expressible in a prokaryotic host comprising the rhaBAD promoter region

of the L-rhamnose operon operably linked to a transcriptional unit, o
UiBr B e e BB St ioh S e R F B RS L er daidpidostotsio acid
s@'ﬁ@edﬂrﬁm%@ﬁw%ﬂﬁ&i@% ehihe ymk efidhe mgg?@tim\z&emm RroLSieHEc
.acid sequence is not linked to a prakaryotic signal sequence upon . . .
S TR By AR AR 0GR RPN SCOR o i iene!
rpolygepticeiphended iy dhe; beteialogossaticlaidacidite vhalyipe ptid éonslbs

not.pe transported from the cytoplasm to,non-cytoplasmic, logations. .
R T e T e o R e R R R e
MapwlpsiderSogids polorinéoiple! foumaThis uhotcépressionltheptides of
paARSPEAS R bsisaler,a0d Rl b el o aesslures.fram

the cell, in partictlar from cell extract. The present invention also provides

degrihed b st shracten 16l aTEGaRRg rimee st dypiaiidsopreferbly an
aRISH|QEOU S RUGIRIG ACIE S BABRRGE Y iR BHRIANYRIi:host cell; a
prokaryotic host or prokaryotic host cell transformed with said vector; a
HEEHEF BIePRtFRcBiaFEs BORSLHBADE SHEREFEI GRS HBNESREE in
pRPIOKIYGHs haghusinghsakhvestarmanda arariortheitiaceiisiaibly of the
roduction of a heterplogous polypeptide comprising,a promoter .region, a
RGO 05 TR i SLENeE BHEGOIG e hEtEr VUGS S5t Rabids
opdrdody thainslatieninitibtian cegiondcirsistisgoftbe safpergen consisting of the
AGGA T T embodiment of the vector for the
S?ﬁ?%éé%ﬁ@é@%@‘ﬁd%\%tm@%g%oaoter consists of the sequence
depicted in SEQ ID No. 1, a sequence complementary thereof and a

M@%@ﬁ&%@ﬂ@&‘iﬁe‘ﬁ%&%iHJénB@fﬁ%&%ﬁé@%Hﬁ‘é‘ﬂﬂoﬁ‘ﬁﬁﬁ%&f&ﬂéﬂi%rofﬁ%ﬁﬂde ina

and said operably linked transcriptional unit consist of sequence
hegpresgisiagtte BenR6eL£3 or SEQ ID No. 4, a sequence complementary

atherrelona varian-sequence thereof. 25 According to the invention it is
ossible that the vector for intracellular expression comprises a dicistronic

D AR BRREA R A BrERAEPEffbodiment of the invention the
ciransstiplionatisah of hagivedigefsidher comprisesssikanalatios iufiation

conditions,

" d) recovering said polypeptide from the cell cuiture system.

Useful vectors and hosts are as described above. The construction of the vector, the
transformation of a prokaryetic host and the cell culture can be conducted as described
above, whereas the heterologous nucleic acid sequence comprised by the vector encodes a
polypeptide. In case the polypeptide produced 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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region upstream of the initiation point of the translation of said

transcriptional unit, whereby the translation initiation region consists of

the sequence AGGAGATATACAT 30 (SEQ ID No. 2). In further preferred
WRAHE0MHERts the vector for intracellular expression comprisPecsTéEmmb’ 013013

transcription termination region such % the rrnB transcriptional terminator
sequence. According to the inventionthe heterologous nucleic acid

thSBALEACEIMLERORER & PRIPERIARSUEN A51aR-2R1RQdY T AREROGY gous
fragment etc. WO 2006/061174 PCT/EP2005/013013 26 Those skilled in

PofpERMHARIT APPPKETARS ERASHn & HARON B oS o METE e U BERBAEIgdios!

covarationsanepodifications alien trandhose:spesiflicrliyndeserbedidlia te a
be und.elrt%ood that the invention inc_Ig%:'s all such. variations_and AT
R SR ATB B a8 & IR Frof the G SPGB e Lehigiologous to said host.

Sicbaiackeyiatissdinasaiol (The weventidhalsedacugemadnhtheislepscid sequence is

ol LSS, COmposit a@%'a”%%8mﬁgfc;‘e”ud%ﬂﬁigr%?gfél?noragﬁgdﬁatecﬂih 105 it with
specification,  ndivi uaﬁlorc ectively, and any an combinations or
thanydwozod mipreseibsait tstepsyprfediures dh & preseditdisgosunsdkeic acid the

t to.h ' i al ill tricti
P e B R T B e Sy o el i S

IngigalitehapkyperiithichiBomexmiestad iathe difnytandvarin Sonadunaisiaybodies
oﬂfﬁm%@ﬁﬂﬁoms%%%g%ﬂﬂe }(ﬁ?ﬁéﬁi@@éﬁ%‘%&?&@& g %uriﬁed by
¢ y

throughout this Specification, each of which ’is incorporated herein by .
W Bk RENEEI S eisE S Prrecrdbdf B e CHpRLr AR R mbRS Rifgent invention
alsgersiaadovit ieferener! tethefelloning gl hiExampletuBtiehhkxaimptess

SRl T g e e nente

prakample Hos20-Canstfoetiod oftkxpiéssun plasnilds Withhpasitveljular
regulated pramoters The Escherichia colt W3110 genome was .scanne
P T e L R BB B
veaval bl G0 mthe K E@Gdtabiase { K poto EngyetapertiantiicGenysising a promoter
SROMER R wLgRNeme.adinlkedaleao? il posit el segukted:
i atabolic Erp?‘n%oters‘were id_er_lt%%d and analysed for theigr us\g%i?l% g ¢
e reBi BANIIHEHREOT HISB Yo e dhe e ek A BNty ré g iiated -and
induced by a cheap and non-toxic and therefore industrially useful
compound. The foIIowingFFromoters of different positively regulated

I IS O SRIHET RN E eSS OpiR ShSrRotar Uht b SaeesiAb esiey 540
promoter consists of the sequence depicted in SEQ ID No. 1, a sequence complementary
thereof and a variant sequence thereof, It is preferred that said rhaBAD promoter region
and said operably linked transcriptional unif consist of the sequence depicted in SEQ ID
No. 3 or SEQ ID No. 4, a sequence complementary thereof or a variant sequence thereof.
According to the invention it is possible that the vector for intracellular expression
comprises a dicistronic transcriptional unit. In another preferred embodiment of the
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 transiation 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 1B transeriptional terminator
sequence. According to the invention the heterologous nucleic acid sequence may encode a

polypeptide such as an antibody, an antibody fragment stc.
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- gutA promoter (glucitol inducible) 30 - meZAB2 promoter (melibiose

inducible) The precise DNA fragments which contain the promoter

elements were selected based on the available information on the
WEbHPAPEding regulator binding sites. Chromosomal DNA ofEdSHERFHPA3013

coif was isolated by the method of Pitcher et al., 1989, Letters in Applied

WO 2006/061174 PCT/EP2005/013013 27 Microbiology 8, 151-156. The

promoter fragments were amplified from the chromosomal DNA of strain

W31 10 byPCR using the following primers. The restriction sites of Clal
Thetg Affleddretiire b aprreraase Hid Hees vinHerfiagrrbpdd areals fatespgble to

vaERRs BRERR B TRad-AlS AR 80R 198886 QEAA G 3 RN Rr3:30aRkkrstood
taag)ltg tta tca act tgt tat 3'

ATEBROPANCHFEIAL REE CR PRI C BesABer B T TERFER e ffom the

spulio AR AD AL At ics thereof. The invention also includes all of the steps,
f-|"|"|_AAACATTTAATT-|"|_A-|"|_A GG TTGTG gACCCCTT CITTG
PR IERRTENR CRICARIHR Stfﬁﬁ TEATARCRASTTRASTTTBhA

ifdgutifel bhasdl attgay,ged tag ogt Ltcogoa:caind: P guiAwd braaactifaag steps

R R s i bR e R AT Ral esResfr ilarated

a@GAT mma@cope of the invention being indicated by the appended Claims, and

all Iﬂaﬁrge‘s\%{ég SRS Gl SRR Gl HAL] GRARGEIT G be
AAATTAAAATA

eMPRATICHTIC APTTRG G AT canratrd Aooneior h ArTaicriion Are vvbich

15?61-[ ﬁrﬁ"h@rem reference in its entirety.
CCGTTTGG AATAAAACAATAA TCCTGACTTAAGTTT

Pme&ABZ PmelAB-5-1 5' aaa ate oat gac tgc gag tgg gag cac 3' 20

TReteléBi3:0 Kaf tibaagiDgctigre tgsadaaretbad WMl Féf@rBrRe to the following
AATCGAT T' ACTGCTG CA GCAG GC GTITTCTGC
iy n}%@r’%‘@&%ﬁsﬂ RAEFTRITEARGSERAEEE PT%RWS RApsent
nfBindingsiterforcCRRR1S hightightedsioighf greinenddinding sites for
MelR are highlighted in black) 30 The fragments were separated by
agarose gelelectrophoresis and isolated by the gelextraction kit Qiaexl
Hraain)iggen (Hilden, Germany). The isolated fragments were cut

Example 1:

Construction of expression plasmids with poesitively 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, hitp://www.genome.ad.ip/kege/kepe? 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 promioters of different positively regulated
catabolic operons were chosen

- prp promoter (propionate inducible)

- gutd promoter (ghicitol 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. Chiromosomal DNA

of Escherichia coli was isolated by the method of Pilcher et al., 1989, Letters in Applied
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with Clal and Af111 and ligated to CZal/Af[11-cut pBW22 (Wilms et al.,
2001, Biotechnology and Bioengineering, 73 (2), 95-103). The resulting
plasmids containing the prp promoter (pBLL5), the gutA promoter
WihBY085AfH the melAB2 promoter (pBLL7) are identical 35 EkCeptiicipgo13
promoter region ligated. The sequence of the inserted promoter fragments
were confirmed by sequencing (Micro?&%th GmbH, Balgach, Switzerland).

MEBOIRIS S é‘O@P@%HUﬁHﬁ&&EE@ fragment &é@rﬁﬁ'@%ﬁ'ﬂ%@% B8 Mosomal

alternative to an IPTG-inducible lac promoter (
DN pitsesalYB10- b, PRRapbme Steafoligsg eéﬁerséf hEggstrigiorferaritClal
aRPS/vel: ipadiaed W@&:ﬁl@ﬂc@ﬁiﬁfﬂé fueIR ADaly 36 d fesfheir capacity
to produce Fab-H antibody fragments. The Fab-H fragment WO -
2006/061174 PCT/EP2005/013013 28 was ampllfled out of plasmid

PRAX9-HUCAL-EghsH by PCR using the ‘ﬁ{f hahada a%@%&aal 3&%1%3‘

aag aca get atengg.gnd Fab-3 (5' aaa5a Gy el

ARGR-fragmentwas.cat e Nder pod &l W@WWATCTCTAACAAA
TNAAAHTAOHEE OBV VKT ms&e%Tmeemmmcimzmmﬁ
Ald-dreateChadmit BN DL EATAAS fRGUARYT0Mtaining the rhamnose
wg C|bIe rhaBAD oter (SEQ ID NO. 1) The same PCR- fra ment
Sinserted i | &% ifferent expresg B | F%rf ﬁ@ﬁ “a caa s

2
ARIQRlRIST DR EHEQ:E%%H ACRIRIHIG ﬁ aamidscac
Ta@mmmmmﬁr@mwm@m@@tth@wcm@me
Tpremoer e PRTICEE S00RMMAT AR METABZ AXamorem EAGIMe THATNRGATTAG
GSddefeicd of thie FabrideAsT plesniid TeABWWRRLRAB-H was confirmed
by sequencing. Example 3 Expression of Fab fragment 15 Strain W3110
PiEsE\F4011, D%ﬁ‘t‘? ?Emmlung vog e rﬂ@ kA Iﬂﬂ?l@f‘eﬁ
GmbH, Braur}\sgﬁ&v ig,”"Germany) wa t?gﬁ GittPRE SALra

Gesmwmpartﬂrm' AR BCABECCE SNANED ‘Hﬂ atered size
and restriction 20 pattern whidh was suggested to be due to
(Pesbnibiration(ek@rits Hikidighted striaght\w3y 10d (pBlihg 4)tmwdemdtiR sted
h@h@l[gngmg&ssays The remaining strains were tested for their ability
to sécrete actively folded Fab-H antibody fragments. This productivity test
was performed as described in example 4. The following inducers were

Tﬁ@@%’ﬁbﬁts were separated by agarose gelelectrophoresis and isolated by the
gelextraction kit QiaexII from Qiagen (Hilden, Germany). The isolated fragments were cut
with Clal and Af/IT and ligated to Clal/AfI-cut pBW22 (Wilms et al., 2001, Biotechnology
and Bioengmeering, 73 (2), 95-103). The resulting plasmids containing the prp promoter
(pBLLS), the gutd promoter (pBLL6) and the mel4 B2 promoter (pBLL7) are identical
except for the promoter region ligated. The sequence of the inserted promotier fragments

were confirmed by sequencing (Microsynth Gmbl, 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 antibedy fragments. The Fab-H fragment
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concentration of 0.2 % 25 pBW22-Fab-H L(+)-Rhamnose monohydrate
pBLL13 Sodium propionate pBLL15 D(+)-Melibiose monohydrate
D(+)-Raffinose monohydrate 30 D(+)-Galactose The results from the dot
WHIgt s Hhents are shown in Figure 3. WO 2006/061174 FPCT/EP2005/013013
PCT/EP2005/013013 29 The rhamnase- and melibiose-induced strains
W3110 (pBW22-Fab-H) and W3110 (pBLL1 5) showed promising dot blot

wiSshIEHARE'6aY %W@%\?@ﬁﬁﬁ%ﬁ%@@ﬁ?%@ @ﬁ%?ﬂ%@%‘#% 5(5-

The portion of a veI f d antibody fragments was quantitied via

33EE¢S%(8?P\%%@s%ﬂ@s%a?étélﬁﬁr%ﬁé@?rﬁhé%%&ﬁﬁgﬁﬁﬁéqﬁsqg&fstfhﬁi} The

Pd'RdEﬁ%fn%rﬁ Whs AR RZA a2 Indusssen 'ﬂ:@@%@l/}ﬂ;{ﬁ@ﬂ-&ﬁ pBW22
X9-HUCAL-Fab-H IPTG.nd Nd 68.64 84.56 in W31 1

(VpﬁM&@t BluG ALSPABIH T8IRY N Ko B8 %ﬁﬁﬁ%ﬁﬁ%ﬁ&s‘é
(Fig6BB) 260 56i326.66:52 B3 Propiona® nd0Rd: @s@ﬁg :ﬂ;smcmamﬁe

2.89 145.10 50 4.28 Tahle 1: ELISA. the W3
Sof N BT B AT R LRSI B ThE EL ARG mbucible
prindoetionliseindidateds sbhE umrtu:lut@(muktmvegs cﬂé@@d&sﬁ@n@i@ﬁdﬁl&\t&ﬁ@afﬂm 3
easur as unlndtﬁ)e § s and ther sultsj%ng strain 1
a

SR I R, B

are U

con@fenmé:@ mﬂémwmdéman@h iEhgisestimenglibo @Eﬁoomr(mﬂplﬁ@mié
pEetesmined) 12.Allsirainsgrew wellwithout any growth inhibition in the

presence or absence of the corresponding inducer up to OD600 between
4 and 6. The expression plasmids pBW22-Fab- H (containing SEQ ID NO.
3) and pBLL15 led to the highest antibody fragment titers after

Example 3

Expression of Fab fragment

Strain W3110 (DSM 5911, Deutsche Sammlung von Mikroorganismen und Zellkulturen
Gmbl, Braunschweig, Germany) was transformed with the different expression plasmids.
The plasmids were isolated from clones which resulted from the different fransformations
and checked via restriction analysis. Except plasmid pBLIL14 all plasmids had the expected
restriction pattern. The re-isolated plasmid pBLL14 showed an altered size and restriction
pattern which was suggested to be due to recombination events. Therefore strain W3110

{(pBLL14) was not tested in the following assays. The remaining strains were tested for

-their ability to secrete actively folded Fab-H antibody fragments. This productivity test was

performed as described in example 4. The following inducers were added in a

concentration 0f£0.2 %

pBW22-Fab-H L{+)-Rhamnose monohydrate
pBLLI13 Sodium propionate
pBLL15 D(+)~Me§ibiosé monohydraie

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

The results from the dot blot experiments are shown in Figure 3.



overnight induction. The melibiose induced strain W3110 (pBLL15)

showed a delayed increase in the formation of active antibody fragments

compared to the rhamnose (pBW22- 20 Fab-H) induced system. The
Wihai¥ddihducible strain W3110 (pBW22-Fab-H) was testdd-iH{Ra05/013013

Respiration Activity Monitoring System (RAMOS, ACBiotec, Julich,

Germany), a novel measuring system for the on-line determination of

THRSRUANRR ALY HRS RS0 Hasksailn €oMRaNsav22 e nrmahshake

flask experiment the antibody titer (which was measured via ELISA
WRidbled Tros bRy 0BsRite AR IrendERtlo Ay THE H Pt gBgst no
baewthAsRE!e BAMESLGRMRN RuRdrsithicaiogkshionokactiyentified via

antibody fragments. Example 4. 30 Melibiose induction in shake flasks WO

Eb b/ 0de 1 S BT IEBoMEIF I8 14 5018V d8i \RPIE 1o carrying plasmid

pBLL15 was tested for its_capacity to produce actively folded Fab-H

Ripsimisly fragments. Overrifjisueaiures®ih NYB mddibite (10 g2{26yptosé25 h
5_gll.yeast extract,-5.g/l-sodium chldride) quppIpWM' uced

. ¥
MHRLER, 37 10l were diltited-(1:50)-ih-20-mi-of Fesh-glycetolmedium-(as
AR C were dilipg 50 n 2P mi ot hoph glycerolmedium (%3
Y 1ISOHtZ et 9 1990, o piGte ety oJ=-oo, Wnefreas-ine
1 1.0\

mi(ﬂ,lyil,msuiutiun was used-gs described-by Kuttaretal;- 1983, Arch:
i ' i ncubggdat 30T pielibose {276 Was moged ™ & 14
pAiryeiHiures reached @hisidobly) (07 A0Q8 L U.A5msaples k24162 Weres 62
gakendt different time intervaipjcendrifuged and the pellets|wereastored a4
s2OCt T he frozen cells wetdlsigstsacqordingeto the #btve desetiBéd 4,28
lysozyme treatment and the supernatants were 10 analysed in dot blot
and EabBA aBEays. 66428 Mg MU0 OBbssstorAmclichalFéeht enpibedyn
fragmiepmsdacraobmardtsr Exeipie 15 Odcareh cEhofhigfuasdleelitaeswéight 2
aggreigdfed 159K crdeputrdin outifrrgh ﬁﬂﬂ@@tﬂa@ﬂe&ﬁ%htf gi@sfé!r@'n
prodtioad Ouialis it ok EstrHotaer Ealh Wish e (HELAbejakoHitare used
shoviedaiserigheshafibddy aerraime ©) ghvss BomaUdR Plisid-thed not
anti-REMEESh-H + AP conjugate. The culture was performed as
described in example 4. Samples were taken after 9, 12 and 23 hours

AfterRducionMiRy IS IRPIASE LA HERNESD EE?@{%'P?&EHQ BRI the

weight aggregates correspond to higher 20 titers of functional anti_bodé
chAETRRMEETRATCRB IR B isoe REMEE Grrag Se P SRS T iRiREHES RS 22-Fab-
PMyitawbighs e anitndy Hagyrenissacd formenduReHenalBr fiRgment titers after

aggregates. . o . .
ovggug%t Engucﬁon. The melibiose induced strain W3110 (pBLL1S5) showed a delayed

mcrease mn the formation of active antibody fragments compared to the rhamnose (pBW22-

Fab-H) induced system.

The rhamnose inducible strain W3110 (pBW22-Fab-H) was tested in the Respiration
Activity Monitoring System (RAMOS, ACBiotec, Jilich, Germany), a novel measuring
system for the on-line determination of respiration activities in shake flasks. In comparison
to the norma!l shake flask experiment the antibody titer {(which was measured via ELISA)
doubled (703.64 mg/1/100 ODgyp 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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Example 6 Influence of signal peptides 25 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
WQHUEEdY from periplasmic binding proteins for sugars, anfih®5RF&/013013
vitamins and ions were chosen. Thesg,periplasmic proteins represent a
relatively homogeneous group that have been more extensively studied

£.1081 Qiel PeHRARDINRIRISIPSLBInCR Ahay-are arnerllyRRYNIGNLIRRY actively
0 signal sequences have to ensure an efficient transport over the inner
%Cﬁflﬁ’% H&él

Heaigahe Tremsaent RIbauSBle s ha Pedtiqesdiyps (10 &/ tryptone, 5
g/Combinatiaps were checkechiondbpinppnienced paplideng/sleayagamsiiin, 37
°Cg%?§g§%g§}gg§gi§gﬁaéﬁ ﬁefge?f%'i%yr\é rﬁg 1%(1) ?‘gfslggscribed by Kortz et al,,
19§¢1s|i|tp;rl/.www@mwm9q HSeliﬂljceﬁé&k;n&JP?at@{#ﬁu bcm_ig‘siro maasiskiown dasthibed by
owing e Z.9l | Igna aXx | V, (0] 0 - NN
Ky o Ay ORI (2 o) D Ry A pIAIR (0276 vas
addrelcuisar Tk KTIAUA AMAARER BT AITMAG ADARKDN $amm) (1.000 0:993aken at

oSTARYMACEATAL AP BRI P9 Wi

W LV EATRGOTRIRE ROThE RP¢Ph ey ihod dver 7 BB eIk SR Adaig Pipematants were

anh VA QY QLK RROAMA GHa T2 £ 999 8,184 FI8IR G iiRl&onal Fab-H
chrysantemi) - Pectate lyase precursor MKSLI TPITA GLLLA LSQPL LA

AP E I PBRTISIYE0D P EIFIMKSLI TPITA GLLLA LSQPL LA DIELT
(PelB-VL3-CL, Fab-H) 1.000 0.998 MKSLI TPITA GLLLA LSQPL LA
QVQLK (PelB-VH-CH, Fab-H) 1.000 0.998 PelB (Erwinia carotovora) -

EpupRitcdlyase precursor MKYLL PTAAA GLLLL AAQPA MA ANTGG

ORutB)ct .O0R;i L0 1dr Mhi IR AcGitelbte AAQPA MA DIELT

FEIB WIS ) LO0OLA00 ML ETAAACLELLAGRA WA o
extracts of strain W3110 (pBLL13), which showed the highest antibody titer (Table 1), was
conducted using the anti-human Fab-H + AP conjugate. The culture was performed as
described in example 4. Samples were taken after 9, 12 and 23 hours after induction with
melibiose. Lower concentrations of high molecular weight aggregates correspond to higher
titers of functional antibody fragments. The choice of the expression system seems 1o

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

Example 6

Influence of signal peptides

The genome database of £. cofi was used to look for useful signal peptides that could be
used in combination with the Fab-H fragments VI.3-CL and VH-CH. The signal sequences
from periplasmic binding proteins for sugars, amino acids, vitamins and ions wete 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



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
WEO.9E5/ WPKF STAAA ASLFV GSLLV IGVAS A QVQLK (PeXS-T/FRu#F013013
Fab-H) 1.000 0.988 LamB (E. coli) - Maltoporin precursor (Lambda
receptor protein) MMITL RKLPL AVAVA AGVMS AQAMA VDFHG (Lama)
9/0 & 97% ] S50 LS VMS A%@%@%&a‘c&q ﬁ%l\@wmg Table
2AQAMA QVQLK (Lama VS CH Fab-H) 1.000 0.988 MalE (E. soli) -
Maltose-binding protein precursor MKIKT GARIL ALSAL TTMMF SASAL
s@ﬂ@ﬁﬁ@t@éalE) 1.000 0.956 MKIKT GARIL ALSAL TTMMF SAS#HAL A Max
DIELT (MalE-VL3-CL, Fab-H) 1.000 0.978 MKIKT GARIL AL$Ak:ide Cleavage
TTMMF SASAL A QVQLK (MalE-VH-CH, Fab-H) 1.000 0.990 ¢las- Site
(pBR322) (E. coil) - Beta-lactamase MSIQH FRVAL IPFFA AFELR MEA prob-
HPETL (Bla) 1.000 1.000 MSIQ1' FRVAL IPFFA AFCLP VFA DIELT = apility
(Bla VL3 CL Fab- H) 1. OOO 1. OOO MSIQH FRVAL IPFFA AFCLP VFA

O%:A EPg@O%gg%%g&%%#E prce%h)ré Periplasmic ollgopeptlde binding

pro ein MINIT K ‘NVAL A ADVPA (OppA) 1.000

M0 906 MTNIT K2 SIVRAG VL AALMA GNVAY. A DIELT (OppA-VL3-EE, °-%°°
MEZR: 1 P50 0 G PTNAPNAT KRSIVAAGVIFARENA'G I\F\?RLHA QVQERO 0.273
PlOPFAVH-CHaFapidyhaes 0r684sdTreA (E. coli) - Periplasmic trehalose
vRgecursosfAlphartrebatese glucohydmitaseMiKSPA PSRPQ KMATh. 996 0.765

[

MRAC LG AL ESVQAERTPV (Treh)d.000-0-996:MKSBAPSRPR 999

L1 PACIE LCE ADIELT (TreA-VL3-CL, Fab-H) 1,000 0.961
PW@M’"’E §%|5V 5 %‘9# IT%{A c°|§eAC "SVQA QVQLK (TreA-VH-CH

N%salg ﬁ)PiTﬁoﬁlﬁ‘ @SR/FL ,&;‘ E. colji\) - Fﬁerfﬁlea% ic murein peptide- ~biri f%g ¢.999

.784

MB?B’EeT?5?&EWWMVTCCDR{ILT\/SPSF§L‘§JW%EWSH@M ppA)Uee  ©.998
MESDHO OO TA3CIMEM SYBY TEC ALV SSISES ¥ AP TEMpPA-VLI-CIL?  0.998
PEIaEh)id=QReb0:208 — Pectate lyase precursor

MEYLT. PTAAZ GLLLL. AAQPA MA ANTGGE {P=l1B) 1.000 1.000
MEYLL PTAASL GLLLI. AAQPA MA DIELT {PelB-VL3-~-CL, Fab-H) 1.000 1.000
MEYLL PTARZ GLILI, AAQDPA MA OVOLE (PelB-VH~CH, Fab-H) 1.900 1.000
PelB (Xanthomonas campestris) - Pectate lyase precursor

MEPKF BTARZ ASLFV GSLLV IGVAZS A DPALE (PelB) 1.000 £.983
MKPKF STAAA ASLFV GSLLV IGVAS A DIELT (PelB-VL3-CL, Fab-H) 1.000 0.885
MEFXF STAAA ASLFV GBLLV IGVAS8 A QVQLK (PéleVHwCH, Fab-H) 1.000 G.988
LamB (B. coli) - Maltoporin precursor {Lambda receptor protein)

MMITL RELPL AVAVA AGUVMS AQAMZ, VDFHG (LamB) 1.0090 0.875
MMITL REKLPL AVAVA AGVMS AQAMA DIELT (LamB-VL3-CL, Fab-H) 1.000 0.597%
MMITL RKLPL AVAVA AGVMS AQiMA  QVQLK (LamB-VH-CH, Fab-H} 1.000 ©.988
MalE (E. coli) - Maltese-binding protein precursor

MEKIXT GARIL ALSAL TTMMF 4ASAL 2 KIEEG (Malk) 1.000 0.85¢
MKIKT GARIT. ALSAL TTMMF SASAL A& DIELT (MalE-VL3 -CL, Fab-H) 1.000 0.978
MEIKT GARIL, ALSAL TTMMF SASAL A QVQLK (MzalE-VHE-CH, Fab-H) 1.000 0.%930
Bla (pBR322) (E. coli) - Beta-lactamase

MSIQH FEVAL IPFFA AFCLP VFA HPETL (Bla} 1.000 1.000
MEIQE FRVAL IPFFA AFCLP VFA DIELT (Bla-vVL3-CL, Fab-E} 1.000 1.000

MSIQE FREVAL IPFFA AFCLP VFA QVQLK (Bla-VH-CH, Fah-H) 1.000 0.9%8



MKHSV SVTCC ALLVS SISLS YA QVQLK (MppA-VH-CH, Fab-H) 1.000
0.938 BgIX (E. coli) - Periplasmic beta-glucosidase precursor MKWLC
SVGIA VSLAL QPALA DDLFG (Bg1X) 1.000 0.999 MKWLC SVGIA

WQSHRLGHPALA DIELT (BglX-VL3-CL, Fab-H) 0.999 0.999 RAKWEE05/015013

SVGIA VSLAL QPALA QVQLK (BgIX -VH-CH, Fab-H) 1.000 0.996 ArgT
(E. coil) - Lysine-arginine-ornithine- binth ng periplasmic protein precursor

QM@:«SSL&{N% HX&JTCSO; é@ Y@@L@,ﬁ; 1,000 0.929 MK CSI LALSL

AASS L, Fab- !—I) 1.000 0.947 MKK?&

S %W, Fab-H) 1.000 0.96
MW%TS@E”&&?%&?&%%@@ pre quﬂ b?ﬁ.&l\vér:ﬁt PESEA VA °°°
MINSWES TN A2SY11 HE0W. PIvVT L RAANCEETRE VPGEA VA DIELT 1+ 90¢
T @ SoWL-3rGiinldsatic Y HA QTR Q95or Nlkh AR s T lgiLBBEANA QVQLK
vdal S=¥EL Gl Falibr £.000:@.990 HisJ (E. colt) - Histidine-binding

gﬁﬂ_plasmic protein precursor MKKLY;LSLSLYLAFS SATAA FA AJPQN
% 1sJ) 1.000 0.994 MKKLV LSLSL VLAFS SATAA FA DIELT

RIVESCE PAbERY T 006707957 MKKLV LSLSL VLAFS SATAA FA
LYYOLK (Hisd-VH-CH, Fab-H) 1.000°0°d88" 3§/ (€ 6o Z=>~% +-009
M3ERY RFedi g pedprRSwiéPprotein precursor MKIKN ILLTL CTSLL
L4EAIVA AHA KEVKI (Xy1F) 1.000 0096< NIKEENVHEICH: CFSH LTNVIR®
VAADIERT B CloiF it 1000.0:992 JKISY ILLTL CTSLL

N\ T 5 AV (S oy TE-VHI-C Hh b KR b000 0.996 FecB (E.1colip -
+REQR(IHy-ghgitkate birding periplasmieproteingyecursoriMLARLIRFLEAC00
m%klr%(z&éé'é&%ﬁﬁ@@? {EecB) 1.000:0. 945, MLARIRREEAGLLLY goo

éﬂ F ADIE é ec Lﬁi“c L Fab- I—%l 000 0.989 MLAFI RFLFA

’éHA?f YE%-H) 1,000 0.990 WO
BB HELL74PET %05/0130139%%H&%ﬁ6wmg six combinatiors®

Mifiace EYioe Y SLERRBAYAL3-CL (Malfoiiorin (BrecurSor) SiM R H-CH > *°
rvialteveindingrpassin precursor) 8L B|&2VLB-CLE {Betdelactamasey ¢
AhieA- Ve Clo dreripiasmis-irehalapginy eisanc Asehr Wedatebr
vkk¥SiNGPInng-enjthige-pinding pegplasmic protein

1.000
MEKSI LALST LVGLS TAASS YA DIELT (ArgT-VL3-CL, Fab—-H} 1.000
MEKSI LALSL LVGLS TAASS ¥Ya QVQOLK (ArgT-VH~CH, Fab-H) 1.000
MalS (E. coli}) - Alpha-amylase precursor
MKLAA CFLTL LEGFA VA ASWTS (MalS) 1.000
MRLAA CFLTL LBGFA VA DIELT (Mal$-VL3-CL, Fab-fH) 0.%98
MELAR CFLTL LPGFA VA QVQLK {MalS-VH-CH, Fab-H) 1.000
HisJ (E. coli} - Histidine-binding petiplasmic protein precursor
MEKLY LSLST. VLAFS SATAA FA RIPON (HisJ) - 1.000
MRELYV LSLSL VILAFS SATAA FA DIELT (HisJ~VL3-CL, Fab-H) 1.000
MERLV LSLSL VLAFS SATAA FA QVQLK (HisJ-VH-CH, Fab-H) 1.000
X¥iF (E. coll) — D-Xylose-binding periplasmic protein precursor
MEIKN ILLTL CTSLL LTNVA AHA KEVEI (¥ylF) 1.000
MKIRN ILLTI CTSLL LTNVA AHA DIELT (¥ylF-VL3-CL, Fab-H) 1.000
MKIKN ILLTL CTSLL LITNVA AHA QVQLK (XylP-VH-CIH, Fab-H) 1.000
FecB (E. coli} — Iron(lli} diciirate-binding periplasmic protein precursor
MLAFT RYFLFA GLLLV ISHAF A ATVQD {FecB) 1.000
MLAFI RFLFA GLLLV ISHAF A DIELT {FecB-VL3-CL, Fab-H} 1.000
MLAFT RFLEFA CLLLV ISHAF A OVOLK {FecB-VH-CH, Fab-H) 1.000
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0.794
0.895
0.930

0.894
0.957
0.588

0.599¢6
G.992
0.99%¢6

0.975
0.989
0.9290



precursor) - FecB-VH-CH (Iron () dicitrate-binding periplasmic protein

precursor 10 The gene fusions to generate signal peptide (SP) to VL3-CL

and VH-CH fusions were carried out with overlapping PCR primers and
W&ttt Arized in the following amplification Table 3 PrimetGeRipiag 13013

Fragment LamB-VL3-CL lamB-5 Ge gmic DNA of E. coil lamB-SP

lamB-3 W3110 lamB-VL3-5 pMx9-HUCAL-Fab-H-S-S VL3-CL VL3-3

THETRRIRIB: SR YikadiGels 1aBaMls3:CL VL3-3 MalE-VH-CH malE-5
Genomic DNA of E. coil malE-SP malE-3 W3110 malE-VH-CH

pMx9-HUCAL-Fab-H VH-CH VH-3 malE-5 malE-SP / VH-CH
malE-VH-Cln V53-8 BlaWidtebo ki &gppmic DNA of E. coil bla-SP

bla-3 W3%lglea{%§?§%(§-HuCAi\L-F%b-H-S-S VL3-CL VL3-3 bla-5
bla-SP | VSUEL Biat SURIOR7r B8 e R Gi BC RS Genomic DNA of
5 E. coil tre/BER/TEAE3(MEE 14 tireAsyYH-CH pMx9-HUCAL-Fab-H-S-S
VH-CH Y"_llfes -VH-CH (Periplasmic trehalase precursor)
- ArgT-VL3-CL (Lysine-arginine-ornithine-binding periplasmic protein
Precursor)
- FecB-VH-CH (Iron (1) diciirate-binding periplasmic protein precursor
10
The gene fusions to generate signal peptide (SP) to VL3-CL and VH-CH fusions were

carried out with overlapping PCR primers and are summarized in the following

araplification Table 3
Primer | Template | Fragment
LamB-VL3-CL
lamB-5 Genomic DNA of £, coli lamB-3P
lamB-3 W3110
lamB-VL3-5 pMx9-HuCAL -Fab-H-5-3 Vi3-CL
V13.3
lamB-5 lamB-Sk / VL.3-CL lamB-VL3-CL
V033
MalE-VH-CH
maiE-5 Genomic DNA of E. colf maik-SP
maik-3 W3110
malE-VH-CH pMx8-HuCAL-Fab-H VH-CH
VH-3
malE-5 malE-SP [ VH-CH malE-VH-CH
VL3-3
Bia-VL3-.CL
bla-t Genomic DNA of E. colf bia-SP
bla-3 W30
bla-VL3-5 phb@-HUCAL-Fab-H-5-5 VE3-CL
V0L3-3
bla-5 bla-SF / VL3-CL bla~VL3-CL
V0L3-3
TreA-VH-CH
freA-5 Genotic DNA of £, colf freA-SP
freh-3 W3110
treA-VH-CH pMxg-HuCAL-Fab-H-5-8 VH-CH
VH-3 _
treA-5 freA-8P / VH-CH treA-VH-CH
VH-3
ArgT-VL3-CL _
argT-5 | Genomic DNA of E. colf largT-SP
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treA-5 treA-SP / VH-CH treA-VH-CH VH-3 ArgT-VL3-CL argT-5 Genomic

DNA of E. Coll argT-SP WO 2006/061174 PCT/EP2005/013013 34

argT-3 W3110 argT-VL3-5 pMx9-HUuCAL-Fab-H VL3-CL VL3-3 argT-5
WEPHBIINA3-CL argT-VL3-CL VL3-3 FecB-VH-CH fecB- ?@Hﬁg?ﬂ?ef@mm

DNA of E. coti fecB-SP fecB-3 W3110, fecB-VH-CH

pMx9-HuCAL-Fab-H-S-S VH-CH VL % fecB-5 fecB-SP | VH-CH

fe ﬁg:i-rg-u‘l‘l VES=3-The-fustons Wv‘gl.flﬁ)algllal pcpuuc acqucn eswiththe

Vl_gféﬁt:\ﬂ_ggglvn CHSequerces W;@ HE’@RUW%‘&B @5 describe J\H_ig_egy_here
(Hertem R.M., Hunt, H.D., He, $.N., Pullen, J.K. and 5 Peaseg, L.R. (1989)

Engiggering hybrid genes witho Lﬁrﬁ‘lESBe\ﬂ_$e$ﬂIICtI0n enzymes;oene-clL
splidudepby overlap extension. Gene 77, 61-68). The SP-VL3-CL genes
wereeBit\MitBHrestriction enzymes Ndel and Pstl and ligated into
N4/&EPRP8t cut pBW22 and into p@@ﬂ‘?mlq?@éﬂr‘é@ﬂﬁ{@{blasmd SfoREre Cut

Witk B3¢ an ,_H_m,dﬂ_an_d_h_g_atnrl WBtiiHindll cut SP- \VH-CH genes

5’gratlon of the bla- \RW%@%EQ%JC@VF?@H | gene LSS ot to

I 1 Lall III IU UIC 1Al
a q,[%aé VH CH genes could he tested‘ \mlamB VL3- CLhnaI1%5){“\%ffﬁ(»‘:\I;c|fH
exXpression prasmid containing the rhanmose inducibie promoter
(PAKL14) was obtained. The lamB-VL3-CL1jnalE-TVH- CH genes which
Threfesisofaré thfremnplasiiid prriasaerainple 7iasAfend-iaeifesghsapgs were
paeledigaieddaiaAfHiinalllcut RREL 7 torobigin RAKLIBE. Eigurs#and K. and

8 15 illustrate the lamB-VL3-CL/malE-VH-CH expression plasmlds
Peagge 1R AdPARPESECTRg AN Fehmtukiibeb thtarndaidrsirbigioanzymes: gene

sPREIRND PN XRAesSION Gene 77, 61-68). The SP-VL3-CL genes were cut with
restriction enzymes Ndel and Psil and ligated into Ndel/Pstl cut pPBW22 and to pBLL7.
The resulting plasmids were cut with Psil and HindIll and ligated to Pstl/HindIII cut SP-
VH-CH genes. Since the mtegration of the bla-¥L3-CL and fecB-VH-CH genes was not

possible only the Fab-H expression plasmid containing the lamB-VL3-CL and malB-VH-
CH genes could be tested. A lamB-VL3-CL/malE-VH-CH expression plasmid coniaining
the rhamnose inducible promoter (pAKIL14) was obtained. The lamB-VL3-CL/malE-VH-
CH genes which were isolated from plasmid pAKLIS (example 7) as Af7I/HindII
fragment were ligated into A/TIVAIndID-cut pBLL7 to obtain pAKLI15E. Figure 4 and 8
illustrate the lamB-VL3-CL/mal E-VH-CH expression plasmids pAKL14 and pAKLI5E.

Exampie 7

Influence of translation initiation regions on Fab expression

The Fab-H genes of plasmid pAXL14 (containing SEQ ID NO. 4) and plasmid pAKLI5E
contain the same DNA sequence 5° of the start codon (translation initiation region)
whereas in the original plasmid pMxS-HuCAL-Fab-H the translation initiation regions of
both Fab-H genes are different. A comparison of the franslation initiation regions

sequences of plasmid pMx9-HuCAL-Fab-H and pAKL14/pAKL15E is shown in the
following Table 4:

pMx9-HuCAL-Fab-H ompA-VL3-CL  gagggcaaaaa atg
phod-VH-CH  aggageaaatasa  atg
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The Fab-H genes of plasmid pAKL14 (containing SEQ ID NO. 4) and
plasmid pAKL15E 20 contain the same DNA sequence 5' of the start
codon (translation initiation region) whereas in the original plasmid
WENBSEEAL-Fab-H the translation initiation regions of botF FEHAGPEe!s
are different. A comparison of the translation initiation regions sequences
of plasmid pMx9-HuUCAL-Fab-H and pg,O?KL14/pAK.L15E is shown in the
following Table 4: 25 pMx9-HUCAL-Fab-H ompA-VL3-CL gagggcaaaaa
atg phoA-VH-CH aggagaaaataaa atg WO 2006/061174
PENEPZOSBI01ED13 3%pmAKIARPAK LaSE talniBaY L 3-ak aggagatatacat
atg inalE-VH-CH aggagptainealaig s T Qégg%t‘;yity g{gtrain W3110
(PAKL14) was tested in shake flasks as described in example 4. The
strain grew well in the presence or absence of L-rhamnose. That means
ThBS puQdHstasy of-FabsH digl patinflugres thasdabilitnelithe collgefsived in
shown in Figure 5 the dot blot results looked promising. 10 To analyse

SHHBITES dRES B RGP B Bl BHERTBRE I AP WRIGNE Adigrigaes Ahat means the
privastRinipibwagiperdormeehdeigu ei6di idlthoughcbighAvelesulanweaight 5 the

d agqre at%se?p%eélr after an induction time of 5 hours their amount only
°§|?§Hﬁ§gfﬁ‘% PeSEEE AHET23Y: The non-induced culture shows high

molecular weight bands which might be due to a weal: unspecific

background production. The .corresponding ELISA values are giveni
Tt e S B By T i o
wexprerfesnotd iioced] mmmmm@w@m@mmx@mmﬁa an
inBIRERIdIRAGES o B Lot 8t %&g aigﬁﬁqus&éé@e@qﬂeﬁgs AR induced

Rhamnose 29.04 267.48 308.40 596.14 2.84 The new signal peptide
cylBrsthets fiebambsriaoi st bradnodredtiaiadon inistak wepecific

bAIERIS) EaAMIRIeasRtheaatibadyHragmentdiiesfrom.328 62 MO0 able
0OD60o (plasmid, pBW22-Fab-H which contains the MOR gene construct
R A mese

5 (i phaensra i 1RGP 18 BERAY R RTFEI06OBE
iAol 30 B78.88 gih/100 OD60o (plasmid pAKL15E). The
sequencing of the lainB-VL3-CL and ntalE-VH-CH genes in pAKL14

pfﬁ\gﬁﬂ" d _iine ﬂfﬁ?i‘&'e Xcha g§s whicﬂgre Supm%?d to lbgq'ye otHE T

e induced urinduced

in W3110 Rhamnose |29.04 {26748 130840 |596.14 |2.84

The new signal peptide constructs (in combination with the modified translation initiation
signals) again increased the antibody fragment titer from 328.62 mg/L/100 ODggo (plasmid
pBW22-Fab-H which contains the MOR gene construct from plasmid pMx8-HuCAL-Fab-
H) o 596.14 mg/L/100 ODgoo (plasmid pAKL14) and to 878.86 mg/L/100 ODgqy (plasmid
pAKIL15E). 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 (pAKTL14) - pl = 4.85
MMITLRELPLAVAVAAGVMSAQAMADIELTQPPSVSVAPGQTARISCSGNALGDE.

YASWYQQNPGQAPVLVIYDDSDRPSGIPERFSGSNSGNTATLTISGTQAEDEADYY
CQSYDSPQVVEGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDEYPG
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25 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 (pAKL,14) - pl = 4.85

WP LRICE PLAVAVAAGVMSAOAMADIELTQPPS V S VABEGT AR 413013
CSGNALGDK 30

YASWYQQNPGQAPVLVIYDDSDRPSGIPERFSGSNSGNTATLTISGTQA

A R A R T SRR AT S PR K SHRS YSCQUT
HEGSTVEICISBEYES WO 2 00 610 61 1 7 4 PCTIEP20051013013 36

AVTVAWKADSSP VKAGVETTTPSKQSNNKYAAS SYLSLTPEQ

WKSHRSYS CQVT HEGSTVEKTVAPTEA VH-CH (pAKL14) - pl = 9.52 5
VR AR A A EPIVIMF SASALAQVQLKESGPALVKPTQTLTLTCTF
MRGEREST ALSATLTTMMESASALAQVQLKESGP ALVKPTQTLTLTCTFSGFSLST

SGVGVGWI R PPGKALEWLALIDWDDDKYYSTSLKTRLTISKDTSKNOQV
SGYIMFNY RQPPGEALEWLALIDWDDDKY YSTSLKTRLTISKDTSKN QVV TMTIN

MMEWDE’P\W CERRNMPIMIQGRIMMBVINGRRGTIVEYESASTKGR PYLPEARSTS

OB R AR BV VAR A E R T SV B AT S LY UMY PSS

LEMTYPESEY NEETEFNICKVRERKESNTKVDKKVEPKS 10 The light chain
of Fab-H carries two mistakes (D50N, K63N) and the heavy chain one

amino acid exchange (EIS6L). To restore the original Fab-H sequence two
Tiraiggheiteifrof T sidS pdipiKh Mi¢k38 0P SEX AN B haH thadB1P tpin one
%ﬁ%“éﬂi‘d@?@l{ﬂr&@%ﬁl%@i Wﬁ?e&éfé“ﬁ@% &Qﬁﬁ%tlif‘?eﬁ%i’éﬂ@%%gmms from

fragments of plasmid p -Fab-H (which carries the 15 unchanged

Plﬁw%iéﬁé%%e¥mﬂ§%§ﬁltm@ él&hﬂeﬁﬁﬁﬂ@ﬂi@‘é@@@@ﬂ@%ﬁ&t |
exclndd SRAMRRGR: AhBRXEhRANGR Plile SRR AMIPRROIESIAM MR nich carries the

apparent effect on the overall_Fab-H properties since the pl was

w%ﬁ#@ﬁ&%@@%%%?&F@%ﬁ@@a&e.fwﬁ%mamifé%Ah%f%&fﬁr%m Fab-
Hfsagtipoal ﬂﬁkﬁm@aﬁmlﬁa@mmﬁmwmamch@@msmt ta tBtrainrall

pPAKL14) a s not 0 The Fab-H antibady fra
P AT B D A By T AT TG R ICR S dora
(pMéﬁIﬁMlp@im:bl&ﬁc&umﬁﬁtﬁﬁmﬁamfm@mﬂaﬂsmsgmmbmhemental to
81%9%5%“&@1%&A35'\5M “fgnctlto&%lhlé%g H increase Antibody (mg/L1100

a

it

The Fab-H antibody fragment productivity could be increased by using different

optimisation strategies. The following Table ¢ summarizes the improvements:

Strain improvement Concentration of Activity
functionai Fab-H increase
Antibody (mg/L/100
ODsgo)
TG1F'- (pMx8-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 (pBLL1ES) Expression system | 504.28 6
' (Melibiose)
W3110 (pAKL14) Signal peptide 586.14 7
Translation
{Rhamnose)
W3110 (pAKL15E) Signal peptide §78.86 10.4
Translation
{Melibicse)
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TG1F'- Mx9-Hu CAL-Fab-H MOR strain 84.56 W3110
(PMx9-HUCAL-Fab-H) Strain background 140.45 1.7 W31 10
(pBW22-Fab-H) Expression system 328.62 3.9 (Rhamnose) W3110
WibBP$/16) Bxpression system 504.28 6 (Melibiose W3110 (BAKEFZYS/013613
Signal peptide 596.14 7 Translation (Rhamnose) W3110 (pAKL15E1
Signal peptide 878.86 10.4 Translati0|317(MeIibiose WO 2006/061174
PCT/EP2005/013013 37 Strains which produced high Fab-H antibody

siierswere sRrlysedvia SRSRAGRFiaurey f): Thaighasidunctiona! (rigure

Fab-H concentrations were measured in strains which produce a

TphRsnigdcshiBoriurli e AhacnesRARERaR faR B 25 WRd ) Straes iHlitHergsiuce a
bdnRdueibie: sthains 1onvhiahearncihenRabdd fragmentisughasdd34d@ible strains

pBW22-Fab-H e 3) strongly overproduce the light chain. Example 8
Gl i SRR G W R
oeAKednl {(Fdgime 8)aivas tested for its capacity to produce actively folded

Fab-H antibody fragments. Overnight cultures [in NYB medium (10 g/I

Ei%iiﬁ@% 5 g/1 yeast extract, 5 g/1 sodium chloride) supplemented with
100 g/ml of Ampicillin., 37 'Cl were diluted (1:50) in 20 ml of fresh glycerol
Melrirsnipdvaderripshaby sk et al., 1995, J. Biotechnol. 39, 59-65,

E.vv,laﬁre\aﬁt@%@%&t@gmm%%@%ﬂ@mm@ Byr Kb las88i8)-io produce
1983, Arch, Microbiol, 135, | _and incubated at 30C. Melibose (0.2%) was

g R A PR SEIERR i B0 ot BBt 02 Sh BT
triyesae lakenakeifferant Srae iotkivalshieanthifugettana:thevpral s vyard of
stored .at -20C.. The Etin en eél were lysed accordin the above .
BB Sy (LR N L RN B S Rkgspioed by
KerSPAGCE @nd Hit8Ahass s SPHE nvdibmsehindiisibe R0usiraimawhied as
d%%gﬁ’ewgf ﬁB[%' &%T%‘é’é{h&!}% c!?o%%hg QEISPFQHQ%’?‘ ubated at 30°C. Melibose
anzB-VL 3-CL/naalE- VH-CH) showed the highest Fab-H antibody fiters
((T%0le®) atiral ightraihe Ceavss chaghogfan ODgg of about 0.4. Samples (1 ml) were
talen at different time infervals, centrifuged and the pellets were stored at -20°C. The
frozen cells were lysed according to the above described lysozyme treatment and the
supernatants were analysed in SDS-PAGE and ELISA assays. The melibiose inducible
strain which carry the Fab-H genes with the altered signal peptides (lamB-VL3-CL/malE-
VH-CH) showed the highest Fab-H antibody titers (Table 6). The light and heavy chain of

Fab-H were produced in equal amounts (Figure 9).

Example 9

Intracelialar production of antibody fragments

Origami host strains provide mutations in both the thioredoxin reductase (frx) and
glitathione reductase (gor) genes, enhancing disulfide bond formation and permit protein
folding in the bacterial cytoplasm. To construct the VL3-CL and VA-CH genes without

signal peptide regions the following primers were used:

3’-VL 5’-aaa cat atg pat atc gaa ctg ace cag-3’ (Ndel restriction
site) _
3°-CL 57-aaa ctg cag ta tca gge cte agt cgg-3° (FPst] restriction site)

5°-VH 5’-aaa ctg cag gag afa tac ata tge agg ige aat tga a-3’ {Psil restriction site)
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Fab-H were produced in equal amounts (Figure 9). Example 9 25
Intracellular production of antibody fragments Origami host strains provide
mutations in both the thioredoxin reductase (trxB) and glutathione
WRHIEE4 or) genes, enhancing disulfide bond formation affoFJerpif/ 013013
protein folding in the bacterial cytoplai . To construct the VL3-CL and
VH-CH genes without signal peptide regions the following primers were
sed; 30 5-VIL 5! t ' gaa ctg ace cag-3' (Ndel restrigtion, . .
gitg’%ﬁc%%?g%%%%gg%%q%ggé gcg egtc agt egg-3' (Pstl restrit&%% fsﬁtg%&g ction
Si8)H 5'-aaa ctg cag gag ata tac ata tgc agg tgc aat tga a-3' (Pstl restriction
site) WO 2006/061174 PCT/EP20 05101 3 0 13 38 3'-CH 5'-aaa aag ctt
tta tea get ttt egg ttc-3' (Hindlll restriction site) The corresponding VL3-CL
TR GVIFeH GBS FApIHed A ReRehEeRe AR e ERS A E sis
rekhrMeelRsitie Ut Sk frmeamentinas megrated R NgeliRsthcut

I élfl BW22. Tﬂ?ﬁ sulting plasmid was cut with Pst| and Hindlll and
N%@%e? E R %@c&ﬁ"‘?ﬁ%ﬁ%‘?&ﬁ&lﬂ SRSk 1 g
aypld graielivwa shir Andiaimrdd ntoviReCOr gamicsly airpansl siiai M3 E1Q1as a

eference. The productjvity of the strains W3110 ).and Origami
B R BT 16 Sl E TR TEE FELREN T S AR
ThnatysadhelpreSeretaifuidigbantibpdyiftaggaente ARtch ens edixibie
sﬂ@ﬂ%Q@&“@gc‘Hﬁmﬁa@&ﬁ?ﬁ@f?s a Western blot was performed. Both

strains hardly produce any tunctional antibody fragments. Strain W3110

Taceahitn dbsHigc ol deatiievnéigtittady feapansstvithdinereadiipindighion
nfiResiVELL0) whersas: tb%é&ﬁ%%@%%ﬁ&%ﬁ@&ﬁmﬂ%m

antibody fragments. The correspondinﬁg ELISA values are given in the
PYOfit ALY TABRY A &b Pres Hsmeation iy VA bY oess00)ass Bisbzyrae
nfccis ebuninduradepd Hhampese inducedostiaing Qrigam) (e and
W3110 (pJK 6%): Plasny'd Inducer% h 11 h241t24 It induced uninduced
Origami strain do€s not produce any antibody fragments. The corresponding ELISA
values are given in the following Table 7 (Fab-H concentration (mg/L/100 ODsg) in
lysozyme extracts of uninduced and rhamnose induced strains Origami (pJRL6) and

W3110 (pTKL6)):

Plasmid Inducer 7h 11 h 124h [24h
induced uninduced
Origari
pIKL6 Rhamnose 5.24 6.86 10.54 1 2.60
W3110
pJKL6 Rhammnose 2.73 5.34 52 2.83
Exampie 10

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

The scFv gene was isolated via PCR using the prirmers 5-8 (5°-aaa cat atg aaa tac cta ttg cct
acg ge-3’) and 3-51 (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 HindIll and inserted into
Neel/Hind[lI-cut pBW22 to create plasmid pBW22-pelB-S1 containing the rhammose
inducible rhaBAD promoter (Figure 10). The sequence of the S1 insert of plasmid pBW22-
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Origami pJKL6 Rhamnose 5.24 6.86 E5.21 2.60 W3110 pJKL6
Rhammnose 2.73 5.34 2.83 20 Example 10 Rhamnose induction of a
single chain antibody (scFv, Sl) in shake flasks The scFv gene was
W%é?ﬁ?@’(ﬂhﬁ PCR using the primers 5-S (5'-aaa cat atg aaa t&¢ EEPHY Y3013
25 acg gc-3') and 3-Sl (5'-aaa aag ctt act acg agg aga cgg-3'). The
corresponding Si protein contains a P€IB signal sequence which is

pg@se@r\%@'%@ﬁmegrg&# Nd;agomﬁm 1 R Of £ 1500t HSs ammiung

PCR-fragment was cu eland Hlndll$and inserted into

VNGRS ARER BWS Z el isriuen SradiidE B W el s BCSIestilaiin gagdormed

wilamngse isueiblefaBADogater {Eigure 1Q).fhemgquente.af enes and
Sl insert of plasmid pBW22 WO 2006/061174 PCT/EP20051013013 39

vesiing. @EL%E%BH@H#@&M%@%%%@ (@ADL gwItsgad for its capacity

mqﬁumb%@mmugnmm@ﬂ%mmrpﬁw@rﬁ%éﬁiﬂwlﬁwgm GpbEs, 5 o/l yeast
BraunlgClg ég Ger Was ansfor ed with plasmld pBW22-pelB-Sl.

ARG R & e Ao HUS e wirigpisplin. 37 °C] were
diﬂe&taiic(ticﬂm)amg@mE;fc@bswggzaé}c(pﬁwazrp%B&&lﬁwas;geﬁeﬁzf@t IS, 1995, I,

it ble Si..O It
B e U o S o [ B e
allo%:&nm@ﬁmmmouhmsm:l Wered diluted«d ;503 6AQ2Riznaidseh. ngamﬂ added
wingdiym.las,described by Keytz %&%{5 3992 &5 Eégﬁlk% \ 3rod akfg kaerem

the exception of the vitamin 56 utlon as describ aet a
timpchiaieo ratr B eed ydribeinelltiateer w800 aRHAIH O (@ozesmlésswere lysed

aRQdadolf whenbthe cllirgsdeachod ARGRA0P of abe énéaﬁﬁoﬁﬁ(&mmble

ml) were taken at different _time intervals, centrifuged and the pellets were

PIYSHB P NETer AR Ao SIS wéveyddavrscEbr iyt thal wsevidost of the S1

priesierbed ys0zpne fyeaimentard the supamatsoisianddgsaluble protein
pellets were analysed via SDS-PAGE (Figure 11) and Bioanalyzer. Most

of the S| protein (mg/L/100 OD600) was produced in the soluble protein
E&am'ﬂallS Example 11 Construction of a broad-host-range rhamnose

C%%(lg{ 1011 g%a Sm‘lo Elggtgxua%%@r naazﬁ'ngsrgadegiepl%ggoga&taesrrn%d for Pseudomonas
and related bacteria

The following cloning experiments were performed in Escherichia coli IM109. The broad-
host-range cloning vector pBBRIMCS-2 (NCBI accession number U23751) was cut with
Agel/Nsil. The lacZer gene was deleted and replaced by the oligonucleotides 3802 (5°-tgt
taa ctg cag gat cca age tta-37) and 3803 (5’-ceg gta age ttg gat cet gea git aac atg ca-3") o
get plasmid pJOE4776.1, The rhaRSP fragment was provided by plasmid pJKS408
(unpublished) which contains the genomic thaRS fragment (2 kb) of Escherichia coli
JTM109. Plasmid pJKS408 was cut with BamHUHindlil and ligated to the BamHUHindlll
cut eGP fragment (0.7 kb) of plasmid pTST101 [Stumpp, T., Wilms, B., Altenbuchner, J.
(2000): Ein neues, L~-Rhamnose-induzierbares Expressionssystem fiir Escherichia coli.
Biospectrum 6, 33-36]. The rhaRSPmalB-eGFP fragment (4 kb) was isolated via
Nsil/HindlII from the resulting plasmid pJOE4030.2 and integrated into Nsil/HindIII cut
pJOE4776.1. Plasmid pJOE4776.1 (Figure 12) contains the rhaBAD promoter region in
combination with the genes of the regulatory proteins RhaS and RhaR of the rhammnose

operon of Escherichia coli in a broad-host-range plasmid backbone.
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The following cloning experiments were performed in Escherichia colt
JM109. The broad- 20 host-range cloning vector pBBRIMCS-2 (NCBI
accession number U23751) was cut with AgellNsil. The lacZa gene was
WEARE AN replaced by the oligonucleotides 3802 (5'-tgt tagfc%éEBé(ﬁ)ﬁ%Pﬂm
cca age tta-3') and 3803 (5'-ccg gta age ttg gat cct gca gtt aac atg ca-3') to
get plasmid pJOE4776.1. The rhaRSP fragment was provided by plasmid
EQQK@@% (unpublished) which contains the genomic rhaRS fragment (2
kb) of Escherichia coli 25 JM109. Plasmid pJKS408 was cut with
Rianmesn idantianefigaidalmeie saktiviagll cut eGFP fragment (0.7

TkBhafiplasmid RRS THOLIB PR 5 WIMEGB: pAkeRbUeRNer (Ri-(A000) , 2005)
Fin neues, L-Rhanmose-induzierbares Expressionssystem far Escherichia
e s gige pR RS ga ik RERARS P it e RIS Mekt ( kBywieng the
Lisniateskyitdsible i/ﬂiﬂ%ﬁf@rﬂiﬁd@ﬁ'@i@ﬁ@'%mifj @d%ﬁéﬂ3ﬁﬁeﬁﬂds transformed
infegrated in il/Hindlll out 30, pJOEA4776.1. Plasmid pJOE4776. .
RS AT At HAEAES BT Rer g A B R SE B o erent
cpeneamaf theifedulstonytproieinanRhas dineiiZbaR.af thethamfiase logeson 6125,
of Escherichia, colt in a d-host-range plasmi kbon ,
T e o T e, B Pt Brasccie
Cofmmitilasesin SMMSWM_ r‘_tﬁtﬁla@eﬂgefnb whsrougt V\pﬂn}Ndé’l afidm FE. coli
ﬁ%mb&gﬁm@ 5@9591,1%9:%%( %}E}&C{@f‘.%%4%%%@[{%@%&'%&”{%9@@?@ its capacity

NdellBamHI-cut pJOE4782.1 to create plasmid pAKLP2 containing the 5
e prsasosEriraciBrerraRAm B dterNEifurecd i E 1 8ol K VBRI wag/! yeast

ey@mf,%r?ma/&mrp@ﬁmiée%u 2580 SN HiAe e R RS RIASINAEC] were
were isolated from different clones and verified by restriction analysis.

dBuisd dGinth a8 pofidEeRrr -2t b R g 2D derErd Sy Yol 1995, 1.
BibilcoatgasnssrenandE el kulisphick aith: Braunsehweig: (eresamidviaKila et

ra rmed wjth the isolated plasmid pAKLPZ2 from E. coli ta o
o e hAokL A5 BB nas o bt er SRAEPHbARL P Westelededt AFFC- 1
ritsncapacity 16) pradutidaitrilastcQuinng nt otiltdres QiR MY abhediGras(Mmples (1
ryptone, 5 g/l xtr I sodi hlgride) su mented with o
R e B R e 2o
Thediins[asgeseviirstdsy Kohizséigl-buden( J) m\Bibtebhtiol. 39 $9-63! wigpensions

.1al-} gﬁﬁﬁp&@{;@g%_yg@@@ﬁ%i@ (as described by Kulla et 15 al., 1983,
Arch. Microbiol, 135, 1)] to an OD600 of about 0.1 and incubated at 30C.

L- rhamnose (1.0 %) was added when the cultures reached an OD600 of

10-2b. Samples (1 ml) were taken at different time intervals,

centrifuged and the pellets were stored at -20C.
L-rhamnose induction of a fragment antibedy (FabM) in shake flasks

The Fab-M gene was cut with Ndel and BamHI from plasmid pBW22-FabM and inserted
into Ndel/BamHl-cut pJOE4782.1 to create plasmid pAKLP! containing the L-rhamnose
inducible rhaBAD promoter (Figufe 15}. E. coli XL1-Blue was transformed with plasmid
pAKIP! as an intermediate step. The plasmids were isolated from different clones and
verified by restriction analysis. Pseudomonas putida KT-2440 (DSM 6125, Deutsche
Sammbung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany) was
transformed with the isolated plasmid pAKIPI from E. coli XL1blue(pAKLP1).
Pseudomonas putida KXT-2440 (pAKLP1) was tested for its capacity to produce Fab-M.
Overnight cultures [in NYB medium (10 ¢/l trypione, 5 g/l veast extract, 5 ¢/l sodium
chloride) supplemented with 50 pg/m! of Kanamycin, 30°C] were diluted in 20 m! of fresh
glycerel medium [as described by Kortz et al., 1995, J. Biotechnol, 39, 59-65, with the
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The pellets were resuspended in. TrisiHCI-buffer (50 mM, pH 8.0) and the
cell suspensions were analysed via SDS-PAGE (Figure 14). 20 Example
13 L-rhamnose induction of a fragment antibody (FabM) in shake flasks

WORR%ELH N gene was cut with Ndel and BamHI from plasmid ¢ T/EP2005/613013
pBW22-FabM and inserted into Ndel/wnHI-cut pPSOE4782.1 to create
plasmid pAK.LP1 containing the L-rhamnose 25 inducible rhaBAD

ex@é@! TRAGE {Eégufﬁﬂﬁ)so%tﬁfh'@%kﬂeﬁﬁh&w Mﬂﬁ@é@ﬁpepblﬂdthgm&ﬁ Midrobiol, 135,
AKLP as an.intermedia ste The p ere isolate
B U e 5 A %i‘w@nﬁgﬁj%% A adteg e
thKH'uRéﬁ@ f&&%@iﬁ@@md&mﬁa&mlaﬁgp@m Mikiyorganiskearadidierent time
e DU pARLPT A & TR EIbADAKLES 40 PEalbrioad
TriritdA- WERARD (mAK [pPILY Wmtéﬂtecbéﬁrsﬂswamanﬁwmqomdl}sedﬁab&ms -PAGE
(?(g)%i{erri ht cultures [in NYB medium (10 g/l tiyptone, 5 g/l yeast extract, 5
m chloride) supplemented with 50 g/ml of Kanamycin, 30C] were
diluted in 20 ml of fresh glycerol medium [as described by Kortz et al.,
E Biotechnol. 39, 59-65, with the WO 2006/061174
PCT/EP20051013013 41 exception of the vitamin solution (as described
Sigglx giais 2rtihody CAPEPSSIAR WIS, AR schyristie csfieorstiapsytion in high
cNEbiRsORIeEAt3p. L-rhamnose (1.0 %) was added when the cultures
reached as QD600 of about 0.25. Sampl \Rﬁéﬁml) were taken at dlff% ent lasmids
Exheishitiroats Caht g ARIRE et KoPed %P6 The' ¢ Plasmu
wpelletd adré-sasdsfiendeddnd TitsAdEiauferfhoriuv ,aﬁh'l}&@)aﬁﬂld)ﬁheione was
Il suspensions were analysed yia SDS-PA ure 16
GG B B b oG GStigh bt e L o1 e B o sngle
cdysteminntige’ sobeath densityrfetmentatiopfe;stlierichias wh:&/\ﬁ@lm@oma® a0 L
fe%g%ﬁf m‘t%h!é"%%' g E’J%é{}‘ 51%’&3' %&Sza yk?g’ﬁ'%@fpﬁ%%s}gf 'f@rlﬁgzlﬁﬁgn regime.

ifferent clone verifie ) restriction anal YSIS and one clone

Symeeudéd f@d)rmtfhéweewéﬁmm@ e tuFeBtish Akecfipgiatydpefore and after
rngeulatediftom single &949@%%&4&3%&%&%@&&%&58&%8} ddh&ifugation at

(gre -culture was used to inoculate a 20 L 15 fermenter . Cells were rown

EEBr8ingHS E@hﬁéﬁé}ﬁ}@w%éwr%:élﬁ%@p@rm%ﬁﬁhéﬁ%awém@%ﬂéél@b show a

- proRiefdhel aultiwe wereaken-adshifedeniiimenpoptspeiorg anmh@l@hain antibody

S1 released from the growing culture into the fermentation medium. A quantification of the
S1 protein content with an Agilent 2100 Bioanalyser (Agilent, Palo Alto, USA) indicated
an accumulation of up to 2 g/L/100 ODggo 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 51 protemn whereas the soluble protein fraction (supernatant)

showed a strong S1 protein band, corresponding to about 1 g/L/100 ODggg (see Figure 17).
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rhamnose induction. Cells were separated from fermentation medium by
centrifugation at 10'000 g. SDS gel analysis of samples from the cell free
fermentation medium show a protein band at 28.4 10D with increasin
WEAEMIHHIE protein is the single chain antibody 20 Si releasgﬁwﬂﬂgémmg’
growing culture into the fermentation medium. A quantification of the Si
protein content with an Agilent 2100 Baf(fanalyser (Agilent, Palo Alto, USA)
krn ed an accumulation of up to 2 g/L/100 OD600 Si protein in the
ermentation broth after rhamnose induction. After lysozyme treatment of
the cell pellet, the insoluble protein pellet contained only traces of the Si
protein I I j i @M% )
1'stroﬁxg‘ %@ %r%%ﬁ%%g?cgogﬁgﬁgﬁo%oqt 1 /L/ﬁéggogg?[?a %%?ggl ok
FigUFe Iy )OS 0061 06 D L7 e iR 20657 90 BUHd COmpifgs 1. A
vectpraxpiresile Badestwrmpisiee-the.hiaBiRigrasoter region of the
L- rhamnose operon operably linked to a transcriptional unjt comprising 5

a) a RGP ARIS StsReh R WRIh RS IGIGE0 48 1o Sanf sty spauence,
prokaryedic sighatSQeueRe HaLEahlyiked-locsaldHckeis fAgiehtides of
sequence, whergas.said prokaryotic signal sequence is selected from
g AL ST R IHAR b PG FFLE IS Hor SUGYES ARRAG A IS,
vitamiins e dhioaspandomdieredsthiexpré ssiprrob saicbnucleic lgcidid promoter
sequence is controlled by said promoter 10 region. 2. The vector of claim
1, whérein said promoter region is the rhaBAD promoter. 3. The vector of
claim 2, wherein said rhaBAD promoter consists of the sequence SEQ 15
21D Nf L, RiSEGHERGS COMmPISMEm@pHsrsaland vaianinmersabdothe
vector of claims 1-3, wherein said signal peptides selected from
periplasmatic binding proteins for sugars, amino acids, vitamins and ions

3are Eneelisignal paptideshseircied HomidmamBa.{MaltoReiin Rraes A bknce SEQ
MalE, _(Maltose-binding protein 20 precursor%,‘?gla (Beta-lactamase), OppA

(Perthladihid: GRSt BT ST iy TrRA B LTS rehalase

precursor), MppA (Periplasmic murein peptide-binding protein precursor),

4 Bg %%h(gsergcl%‘ﬁ)n (i:?%x%?tﬁ:%l U 1%%%13%83%%%? g;%ﬁgggtéregge(l%&%ﬁ; %m periplasmatic

arginine-ornithine binaing periplasmic pr ecursor),
(Alphindimy larseipr doursgn)s, Hish (Histidingabindingdenplashicpiciginl peptides

precursofl %yl @f&%" @ig Rinding, RelIpIRBIMIC PIAEIN BEEGUES A e

FecB %(lac%[ratg%in ing er}pﬁgsm%?protg?ngprecur@r ) OmpA&}%%f%r( o )

mentisrarspiotEn(RepréeumseranamPhdRe(aiasine oligopeptide-binding protein),
TreA (periplasmic 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
pre'cursor), OmpA (outer mernbrane protein A precursor) and PhoA (Alkaline

phosphatase precursor).

5. The vector of claims 1-4, wherein said franscriptional unit further comprises, &
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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phosphatase precursor). 5. The vector of claims 1-4, wherein said

transcriptional unit further comprises, a 30 translation initiation region

upstream of the initiation point of the translation of said transcriptional
Wl translation initiation region consisting of the sequef&d/EP2005/013013

AGGAGATATACAT (SEQ ID NO. 2), whereas said translation initiation
- region is WO 2006/061174 PCT/EP2005/013013 43 operably linked to
said AEIRICIACIi SEALANGR1 G 206 ¥EEI.Qf claims 1-5, wherein said
transcriptional unit further comprises a transcription termination region
which is the rrnB transcriptional terminator 5 sequence. 7. The vector of

6.Claimg 1840 %?E:?&'ih?@idﬁ %@ﬂ&i@@iﬂﬁ%ﬂ@ﬂﬁﬁ&ﬁ?ﬁ%%@tﬁ&'%&%@@s a8-
The vector of claims 1-6, wherein said nucleic acid sequence encodes an

antiBEeRFTiREPD IR e st ki ety HErEiH Rl darnator
seqsepeacgncodes a Fab fragment. 10. The vector of claim 9, wherein
the heavy and the light chain of said Fab fragment are 15 encoded by a
dicistronic transcriptional unit, whereas each chain is operably linked to
7.saidIpeokanyotc Siimal seguaaemand andadenticdl dcansiatienidtiatioolypeptide.
region upstream of the initiation point of the translation of said
transcriptional unit. 11. The vector of claims 1-10, wherein said rhaBAD
8 prorbtererégiof drichsdidh opleeatshysaRDnlinked sadseqiptionahomiteonsigibody.
of the sequence SEQ ID NO. 3, a sequence complementary thereof and
variants thereof. 12. The vector of claims 1-10, wherein said rhaBAD
9.pronkbeeyerseyi oh AriEnsdid operehsaiih RealeranstiFioaat URIc edrisistatof
the segngpece SEQ ID NO. 4, a sequence 25 complementary thereof and
variants thereof. 13. The vector of claims 1-12, wherein said vector is an
autonomously or self-replicating plasmid, a cosmid, a phage, a virus or a
10etroviesectd dfcldise Rithervecienehelains olidfor g wauldtesh fragment are
heterologoys expression of a nucleic acid sequence in a prokayotic .
WO SBOBY A DT SOORI S YAcer R LD AP heeJREIRP B ke to
clainuitpraeretiv siidahueleimacia dequtmtedncodes fonatiation region

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

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

complementary thereof and varianis thereof.

12, 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.

13.  The vector of ciaims 1-12, wherein said vector is an autonomously or self-replicating

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

14,  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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polypeptide. 16. The use of the vector of claim 15, wherein said
polypeptide is a Fab fragment, 5 whereas the heavy and light chains of
the Fab fragment are expressed in equal amounts. 17. An isolated and
WBHIf hticleic acid sequence expressible in a host comprishitd tHer005/013013
rhaBAD promoter region of the L-rhamnose operon operably linked to a
10 transcriptional unit comprising a) a nucleic acid sequence which is
1 f1eterplogoys 4o, sRIRFR) A PIOKARYRIICSIgNal-Fe0uS AR pREFR R HRket: »
to said nucleic acid sequence, whereas said prokaryotic signal sequence
is sERAEREAREm signal peptides of periplasmatic binding proteins for
sugars, amino acids, vitamins and ions and, 15 whereas the expression of
said nucleic acid sequence is controlled by said promoter region. 18. The
1t?so|Eﬁfdl%af&h?iﬁs%mmgi@%a@féla%faw*&m&mpf*f{em B gt
proryatesad &gioR4s taed iaaB ARy ondteFaBGri Snditeuselgirgsad thuritied
nucleic acid sequence of claim 18, wherein said rhaBAD promoter
conéiefe8f the sequence SEQ ID NO. 1, a sequence complementary
thereof and variants thereof. 25 20. The isolated and purified nucleic acid
equence of claims, 1.7 erei id. r r el e
T S e R B e e

€ seguence

NO r3¢B4Hegunesicenipleshdsthryiicnost andvaneamedhinkef 12 The
isolated g ‘@Hﬂﬁﬁ%'&lﬁﬁiﬁ&iﬁgid sequence of claims 17-19, wherein said

30 rhaBAD promoter region and said operably linked transcriptional unit
congisigIot e 2 SeqaNEE SErIDNG cip agsEg teie ksnplementary

thergpl aRatM3EaRERAreRkAse sgekinsmit BV hahidit 2k Rlgsaiid,
pAKLI4. 24. A prokaryotic host fransformed with the vector o{ clair%s 1-£C13.
25. RISToRaMIE ALEY R AR SIS e RGP AP SRR RS

acidpeeigliemesi cofi el srdi®iad fitGulep oitalyotciiigstiransiarnm éehwvitin,

.the !ﬁg{&{g ﬁlgfa%)ai‘légstl%}% 8% sza‘?)d %{Zélécmaec{ %gqft%n%éqg ‘é&%%&&%'}f Qe%@.tig‘gmoter
INn a NOSL, comprising the steps ofr.

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 rhaB4D
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. Theisolated 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.



a) constructing a vector of claims 7-13, b) transforming a prokaryotic host
with said vector, c) allowing expression of said polypeptide in a cell culture
system under suitable conditions, 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.
2229. Alheniieibod2af Elaim, 27 or 28, whereas expression of said polypeptide
is carried out in glycerol containing medium. WO 2006/061174
PCT/EP2005/013013 LP2038P000_sequence listing.txt SEQUENCE
2LISTIMNGBIKIABE IONZA AG MORPHOSYS AG <120> Rhamnose
promoter expression system <130> B14870/EP <160> 4 <170> Patentin
version 3.3 <210> 1 <211> 129 <212> DNA <213> Escherichia coli
24220 pref v tiniBestfangreraczDB sy aBykDi gy ofinditiens 4400> 1 caccacaatt
cagcaaattg tgaacatcat cacgttcatc tttccctggt tgccaatgge 60 ccattttcct

tcagtaacg agaaggtcgc gaattcaggce gctttttaga ctggtcgtaa 120 tgaacaatt
2 .291?413@@}@@4@ ransfgymed pNiathe isolated and purified nucleic acid sequence

of claims 17-21.

26. A prokaryotic host transformed with the plasmids of claim 22 or 23,

27. A method for producing a polypeptide in a host, comprising the steps of;
a) constructing a vector of claims 7-13,
b} transforming a prokaryotic host with said vector,

c) allowing expression of said polypeptide in a cell culture system under suitable

conditions,

d) recovering said polypepiide 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,  Themethod of claim 27 or 28, whereas expression of said polypeptide is carried out

in glycercl containing medium.



<213> Escherichia coli <220> <221> misc_feature <223> Translation
intiation region <400> 2 aggagatata cat 13 <210> 3 <211> 1616 <212>
DNA <213> Escherichia coli <220> <221> misc_feature <223> Sequence

Weatttaihy thaBAD promoter and ompA-VL3-CL and phoA-VHLEEREE(03013

<110

<120
<130
<160
<170>
<210>
<211>

<212>
<Z213>

<220
<221>
<223>

<400>

3 atcgatcacc acaattcagc aaattgtgaa catcatcacg ttcatctttc cctggttgcc 60
aatggcccat titcctgtca, gianggraaadgicdcgant tcaggeggtt titagactgg 120
tcgtaatgaa caattcttaasgaaggagatestacatatgaa aaagacagct atcgcgattg 180
cAglgacact ggctggtttc getaccgtag cgcaggecga tatcgaactg acccageege 240
ctitmagtgag: cgttgcacca ggtcagaccg cgcgtatctc gtgtagcgge gatgcgetgg 300
gcgataaata cgcgagcetqg taccagcaga aacccgggca ggcgcecagtt ctggtgattt 360
s%??é“'lgﬁ\?d’5%@?/%%%%5?5%%%%66%}07.3013 LP2038P000_sequence
lisfing/&iFtgatgattc tgaccgtccc tcaggcatce cggaacgctt tagcggatce
agcagcggca 420 acaccgcgac cctgaccatt agcggeactc aggcggaaga
cgaagcggat tattattgcc 480 agagctatga ctctcctcag gttgtgtttg gcggeggeac
gaBgtiddec §fieidyct -840 agecgaaage cgcaccgagt gtgacgctgt ttccgecgag
cagcgaagaa ttgcaggcga 600 acaaagcgac cctggtgtge ctgattageg acttttatcc
g@@gccgtg acagtggcct 660 ggaaggcaga tagcagcccc gtcaaggcegg
gegiggagas cageacacce tccaaacaaa 720 gcaacaacaa gtacgcggcc
agcagctatc tgagcctgac gcctgagcag tggaagtccc 780 acagaagcta
cagctgccag gtcacgcatg aggggagcac cgtggaaaaa accgttgcgce 840
cgéstgdggaictgataagca tgcgtaggag aaaataaaat gaaacaaagc actattgcac
oppRBAP promoter

1

caccacaatt cagcaaattg tgaacatcat cacgitcatc tttcoctggt tgccaatgoe 60

ccatittcct gtcagtaacg agaaggicgce gaatitcagge gotttttaga ctggtcgtaa 120

tgaacaatt : 129

<210> 2

<211l> 13

<212> DNA

<213> Escherichia cold

<220>

<221> misc_feature

<223> Translation intiation region

<400> 2

aggagatata cat 13

<Z210> 3

<211> 1616

<212% DNA

<213> Escherichia coli

<220>

<221>  misc_Teature

<223> Sequence containing rhaBAD promoter and ompA-VLI-CL and
phoA=-VH-CH

<400> 3

atcgatcacc acaattcage aaattgtgaa catcatcacyg ttcatctttc cctggttgec 60

aatggccceat tttectgtca gtaacgagaa ggtcgegaat tcaggegett tttagactgy 120

tcgtaatgaa caaticttaa gaaggagata tacatatgaz aaagacagcei atcgeogattg 180

cagiggcact ggetggitic gotacogtag cgeaggocga tatcgaactg acccageoge 240

Cttcagtgag cgtitgcacca ggtcagaccg cgegtatctc gtgtagegge gatgogoigg 300

gcgataaata cgcgagcigg taccagcaga aacccgggca ggcogocagtt ctggtgattt 360

Seite 1



tggcactctt accgttgctc ttcacccctg ttaccaaagc ccaggtgcaa ttgaaagaaa 960
gcggcccggce cctggtgaaa ccgacccaaa ccctgaccct gacctgtacc ttttccggat 1020
ttagcctgtc cacgtctggc gttggcgtgg getggattcg ccagccgcect gggaaagecc 1080
Wi gatstleidf §gctetgatt gattgggatg atgataagta ttatagcacc agecRfabBB2944Y 3013
cgcgtctgac cattagcaagpg%%%ttﬁga aaaatcaggt g%t ctgact atgaccaaca 1200
tggacccggt ggatacggcc AcCtat attsgec Ugaﬁatt tectyita 1:cagcgttctt 1260
atyatgataiggartaggggctaasggeactotgepyacyyitegucitagegics easaaaggic 14820
acaccdt3A0CtBhIcCactogst feaagcatea aaACACEAY 0geaaracg gelgecctag

1380 gctgcctggt taaagattat ttcccggaac cagtcaccgt gagctggaac
agagCtadeR dggdGe IA%0 YigacCag el P EBEGEatatc HaeEg tgtgaaaag.
agccgaeAYEogneligdalagceiga dRA9  Jeagedtigl Paccaignts 206a86agEYa

taggcacica gacctatatt tgcaacgiga 1560 accataaacc gagcaacacc
acaaaqCot COLTUIaE (T 0aS tagra Sut i Ak OARgeCarS) GO LOFEES 163660

ggaaggcadR = Ny i3y Eselugrghiaxplycs 820> 222 anisc deathte =22 3>7 20
§ggé1 nge inj r n%l B-VL3-CL an

acaac e A D0 PR o Talllcee | 780

acagaageaicid EEHTGE c8 B0 Caah(§ ceasatte gy tlaaryagaa gtegkyyaat 840

cgact@@@@QQQ@H‘cﬁ@_ﬁi&@g@céi%%g§§9t§§$9%§a§§@t%t§@c9?@gQgé‘&%’éég%atgata()(}
attactctg cgcaaacttc ctctggeggt tgccgtcgeca gecgggcegtaa tgtctgctca

togcactoss seck: 2

{tatcJAGR SA0 tg A bRCHTRY O R AY ChtRfEas BRygteatiic

540
6500

gcggcwyegcgtaty tegtgtagegadtta geaatgeget gggegatapa tacgegagaigat

ttage
P

{aceag
TIEP2

R e

300 Selle 20

sequenc

ing.t

20061961174
St tictggigat

1020
1080

teoagigsfa i cigatbgle teleaat atoetandiacgd ttageratrdyzot gearicagdddl
cgcgt GRACAELHEH BLLL gacsaHrgsUNGAG (690 AR HRCI23689-480,

1200

attattattg cca a%ctat (gcaCtCtCCtC aggtt tgttt tggc gcggc acgaagttaa 540
tggaccoggt ggatacdgot accrattaty gogdgegtta toctgutact cagogttett 1260
atatggatgt ttggggccaa ggcaccctgg tgacggttag ctcagegtcg accazaggte 1320
caagcgtygit tccgotggct ccgageagea aaagoaccag cggcggeacy getgccctgg 1380
gergectggt taaagattat ttoocggaac tagtcaccgt gagctggaac ageggggege 1440
tgaccagegg cgtgcatacce tttocggegg tgctgcaaag cageggoctg tatagectga 1500
geagegtigt gaccgtgocg agcageaget taggeactca gacctatatt tgcaacgtga 1560
accataaacc gagcaacace aazgitggata aaaaagtgga accgazaagc tgataa 1616
<21{> 4
<21i> 1639
<212> DNA
<213> Escherichia coli
<220
<221> wmwisc. feature
<223> Seguence containing rhaBAD gromoter and TamB-vL3~CL and

malE~VH-CH

<400> 4

atcgatcace acaattcagc aaattgtgaa catcatcacg ticatcttte cetggttgee €0
aatggccecat tttoctgtca gtaacgagaa ggicgcgaat tgaggegett tttagactgg 120
tcgtaatgaa caattcttaa gaaggagata tacatatgat gattactctg cgcaaacttc 180
ctctggeogt tgccgtcgea gcgggegtaa tgtctgetca ggcaatgygct gatatcgaac 240
tgacccagee gecttcagty agogttgeac caggtcagac cgegogtatc tegtgtageg 300
gcaatgogoet ggygcgataaa tacgogagct ggtaccagea gaatcooggy caggogocag 360
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ccgttcttgg ccagecgaaa geegeaccga gtgtgacgct gtttecgecg agecagegaag 600

aattgcaggc gaacaaagcg accctggtgt gectgattag cgacttttat ccgggageeg 660

tgacagtggc ctggaaggca gatagcagcee ccgtcaagge gggagtggag accaccacac
WO Haaca aagcaacaac aagtacgegg ccageagcta tetgagtietghr 2005013013

acgcctgage 780 agtggaagtc ccacagaagc tacagctgcc aggtcacgca
tgagggcagc accgtggaaa G4 aaaceqiiae gcoaasigagd-gectgataac
trctgaberig gagavatasatatyasaattn aaac Q00 aggtguacyw atcticypatsEt ccg chtd

ccaz ca@%ﬁga@QQ&Q&%QB“&E&E&&%QQC@a%@%%GQ&C&%E%t&Q@ 9,2389C9964C

eat ggEccctggtg aaaccgaccc aaaccctgac 1020 cctgacctgt accttttccg gatttagect
atta

CAdtet Bt B G tdgattogastbet tedQugecqcegsgRatigaa 540
cegttaneiggagig@etogcrigRtigaitoqe algatgatagt 40 atgttaleasReeagcctgao

aatt Caaaacgcgg%ta gccattaa ¢c2aa %tactttc aaaaatca 1200 ggt %{}gctg
Y Cthtgatea acatggacee 88¥gga 6 Attt Sttgdd 988 88 thtcct§’

tgacageEagrgy TiEtetg gat ity € CRrAgg0ac Crstggtyargy it 820 dagctcagery
cerccdRSAFCAARY HICCAANCAL IEHecqalg QGlecgages geanaageac 1380 . 4qg

cagcggcggce acggctgcecc tgggctgect ggttaaagat tatttcccgg aaccagtcac 1440
A9t ad iy aaR ey CguagCeciyadeAGGR gtgeareRtItcegEIiggRgetgca 840

aaaccghdQl gegragcRgcrioiaiagee oaanRReat (AIGRGETIECIRDGARGR: 900
— &%té%gg%?&%got tgagacctat atttgcaac tgaaaccataa accgagcgaac . 560
ACC8aa0tG) Aahaddagtaes § A GYCgatEE 1636986l 3
cgcccaggty caattgaaag aaagcggcoce ggocctggty aaaccgaccc aaaccotgac 1020
cctgacctgt accttttecy gatttagoct gtccacgtct ggogttggcyg tgggctggat 1080
tcgecagecy cctgggaaag ccctcgagtg gorggetctg attgattggg atgatgataa 1140
gtattatagc accagcctyga aaacgegtct gaccattage aaagatactt cgaaaaatca 1200
ggtggtgctg actatgacca acatggaccc ggtggatacg gecacctatt attgegegeg 1260
TratccLgtt actcagegtt crtatatgoa tgtttggyge caaggeacce tggtuacggt 1320
tagctcagey tcgaccaaag ghoczagegt gettecgotg gotocgagea goaaaageac 1380
cagcgygegge acggotgoce tgggotgect ggttaaagat tatticccgg aaccagtcac 1440
cgtgagetgyg aacagegggg cgotgaccag cggegtgeat acciticcgy cggtgctgea 1500
aagcagcgge ctgtatagec tgagcagegt tgtgaccgtg ccgagcagea gottaggeac 1560
tcagacctat attigcaacg tgaaccataa accgageaac accaaagtgyg ataaaazagt 1620
ggaaccgaaa agctgataa 1639
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