WO 2006/061173 PCTIEP2005/013012 1 MELIBIOSE OPERON EXPRESSION SYSTEM The
present invention concerns vectors for the heterologous expression of nucleic acids encoding e. g.
polypeptides such as recombinant proteins in prokaryotic hosts. 5 More specifically, the present
invention relatas2pan 1eectors expressible in a host comprising the prorroterragianmithe melibiose
operon operably linked to a transcriptional unit comprising a nucleic acid sequence which is
heterologous to said host, whereas the expression of said nucleic acid sequence is controlled by said

promoter regMniekibseroetbiosa:QpRIBEoRI8 present invention relates further to the 10 use of these
vectors for the heterologous expression of nucleic acids encoding e. g. polypeptides. BACKGROUND

OF TIIE INVENTION 15 Many systems have been described for the heterologous expression of
nucleic acids!erpoeinge g tipolypepticessuchiasire botmbingnipnoisissin ginokagigotic systems.

However, masieiesaiageus sgsmeg§§éﬁrassye%%ﬁﬁﬂﬁrml%ﬁgg@?ﬁpg@%&g{éé%@L&..have relied

exclusively on a limited set of bacterial promoters. The mos prokaryotic promoters have
includedthe Metoseefidicrly afieereiseliarrrian relgesiomene sdoneariemblednafthe tryptophan [trp]

(Goeddel et abmpAsg Matpren(brRaMPE Thd MEbiRiamaters:aRdithedtyid promoters derived
from these two tgc %nd Er% Brosius,.l984,Géene 27 :161-172 ; Amann and Brosius, 1985, Gene

40,183-190). "CHRARRRILBIL SPEMRATETe ayNpiFiR Sl Praients HEs B BRBeRSAULICEH by arabinose
(WO 86 043581, thbRhathnesprasssmoferithaSBineudisienbyck shamndke BWMGI03068956) or the

thamnose piggRlREASDRBARAREIIE Bl AISe AYO200Y0R08 kA e heen descrived as

well for the heterologous expression of proteins. However, many of the known prokaryotic promoters
used fof heteRAIBGBEE R EBFEbE BT IR B ST seReroicrnalsiareidnaaRg1aR e heterologous
product to thedhgsbeiads.low rates of expression of the product or the formation of non-functional
aggregates (inclusion bodies). 3o There are further inducible promoter systems which have been used
in the homologous expression of proteins such as the melibiose operon inducible by melibiose as
described byBReXfzRYENE? @F 2000V WANEIMNCrobiol. 36(1), 211-222. Most of these inducible promoter
systems used for homologous expression have the drawback that only low induction rates

15 Many systems have been described for the heterologous expression of nucleic acids
encoding e. g. polypeptides such as recombinant proteins in prokaryotic systems. However,
most heterologous gene expression systems in prokaryotic host systems have relied
exclusively on a limited set of bacterial promoters. The most widely used prokaryotic
promoters have included the lactose [lac] (Yanisch-Perron et al‘., 1985, Gene 33, 103-109),

20 and the tryptophan [#p] (Goeddel et al., 1980, Nature (London) 287, 411-416) promoters,
and the hybrid promoters derived from these two [tac and tre] (Brosius, 1984,Gene 27
:161-172 ; Amann and Brosius, 1985, Gene 40,183-190). Other inducible promoter
systems such as the araB promoter inducible by arabinose (WO 86 04356), the Rhamnose
promoter rhaSB inducible by L-thamnose (WO 03068956) or the rhamnose promoter

25 rhaBAD inducible by L-rhamnose (WQ 2004/050877) have been described as well for the
heterologous expression of proteins. However, many of the known prokaryotic promoters
used for heterolo gous gene expression have drawbacks such as the toxicity of the
heterologous product to the host cell, low rates of expression of the product or the
formation of non-functional aggregates (inclusion bodies).

30 There are further inducible promoter systems which have been used in the homologous
expression of proteins such as the melibiose operon inducible by melibiose as described by
Belyaeva et al., 2000, Mol. Microbiol. 36(1), 211-222. Most of these inducible promoter

systems used for homologous expression have the drawback that only low induction rates

CONFIRMATION COPY



CONFIRMATION COPY 2 and therefore low expression of the desired homologous product have
been achieved. Furthermore, these promoter systems are not very tightly regulated thus leading to
background activity in an uninduced state, which does not allow for strict expression control. For
example Belyaeva et al., used different fragments,of the melibiose operon 5 fused to a lacZ gene of E.
coif for the expression of (3-Galactosidase in E. coll. However, the fragments (KK43, JK19) which

produced el highastd Joralastasidass wetdatitaraducadaswsaibdne highestdpaakgroend activity.
Thus, there is a need tg provide improved prokaryotic expression systems for the heterologous
B el s et e,

expressiort BRI aXeFS SLBARLS SR ARVEh ST VR ek geditgdOantages.

SUMMAR $doitp otz INVENTIHON hiededeidetheraidhsiasswitk bt apparenidrespifwiteregoing
description have been 15 achigved by proyiding new vectars comprising a prokaryotic promoter region
which is UERHIoF RIGHIBUAT CRArESKIoH A d AL Retdr8 g5 Brom B USST SRR it has been
found that fhe:promaief regionfaf. the/nielitioserppaion aflpvikfasttighitlye tedllatéd expression of high
amounts of heterologo rodyct irst aspect, there is prqvided, a vector expressible in a host
comprisin H‘e"jgxﬁ%moeﬁgsra Eé%%% (()ﬁ%é?m?é%[)%s“é }(‘)Cp}e%oﬁﬁcl)%eeré%qy fin eesa%bééﬁ frir%ﬁglcgfallf)?ional unit
comprisingaeinitgl eiodaickdsequei ckevidigbhsishheltgrolmgious: tatgaid host, whereas the expression of

said nuclelfhalllm%%se uence i controgléed. Qg%rsald prowoter.re%i(on of.the n%glibi?greﬂ%)eron. 251Ina

second aspects,’ 18%1%%1}8%' edtRe'tse Vgc\{/glaoerugg%pe ined above for the regulated

heterologos@xjressienmbssnuckéiciatit seglismcennca prokatyoicioste dhevghird aspect, there is

proviqﬁd aIr%]is%gte%%glr%%%%%ggspucleic acid sequence 30 expressible in a host comprising the

promoter region of e operon operably linked to a transcriptional unit comprising a nucleic

acid sequence which is 2a heterologous to said host, whereas the expression of said nucleic acid

sequence §u&&@ﬂﬂ¥%ﬁiﬁ%§%&%ﬁr region of the melibiose operon.

These and other aims as will be apparent from the foregoing description have been

15 achieved by providing new vectors comprising a prokaryotic promoter region which 1s
useful for high-level expression of a desired heterologous product. Surprisingly, it has
been found that the promoter region of the melibiose operon allows for tightly

regulated expression of high amounts of heterologous product.

20 In a first aspect, there is provided a vector expressible in a host comprising the
promoter region of the melibiose operon operably linked to a transcriptional unit
comprising a nucleic acid sequence which is heterologous to said host, whereas the
expression of said nucleic acid sequence is controlled by said promoter region of the
melibiose operon.

25
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 in a prokaryotic host.

In a third aspect, there is provided an isolated and purified nucleic acid sequence
30 expressible in a host comprising the promoter region of the melibiose operon operably

linked to a transcriptional unit comprising a nucleic acid sequence which is



In a fourth aspect, there is provided a plasmid pBLL15. 5 In a fifth aspect, there is provided a pl.asmid
PAKL15E. In a sixth aspect, there provided a prokaryotic host transformed with the vector as defined
above. 10 In a seventh aspect, there is provided a prokaryotic host transformed with the isolated and
purified nucleic acid sequence as defined above. In an eighth aspect, there is provided a prokaryotic
host transformed with the pl.asmids 15 as defineghabove. Disclosed is a method for producing a
polypeptide in a host using said vector. In a ninth aspect, there is provided a method for producing a
polypeptide . a host. 20-comprising he sieps of, &) consticling g vector a5 defined above, b)
transforming a prgﬁaryotlc oSt With Said vector, g)s aﬁowmg expression of S po&iypeptlde in a cell
culture systentroflieie bssitdieccoriditiopsnd) i deovetibip saicbpaiypeptide from the cell culture system.
3 Other aims and advantages will become apparent to those skilled in the art from a review of the
ensuing detailed description, which proceeds with reference to the following illustrative drawings, and
the attendantdiaims a5pBR| B ESGRIPI @NGRITHBIEIGURES Fig. 1 shows plasmid pBLL7
containing the melibiose inducible melAB2 promoter (PmelAB2) and a transcription termination region
(rrnB). 10 Fig. 2 shows plasmid pBLL15 containing the melibiose inducible promoter (PmelAB2),
sequencedreodifig fopsigribexequencaisdpetabiyidimkddltdithe light chain (ompA-VL3-CL) and the
heavy chain (phoA-VH-CH) of a Fab-H fragment, and a transcription termination region (rrnB). 15 Fig.
3 shows dotblot results (with anti-human light chain for detecting Fab, alkaline peroxidase conjugated)
of lysozymb @xteaétesprthdnemnatited -y andkipeieebost pwrsfaimed with the vector as

defined above .
10
In a seventh aspect, there is provided a prokaryotic host transformed 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

15 as defined above.
Disclosed is a method for producing a polypeptide in a host using said vector.

In a ninth aspect, there 1s provided a method for producing a polypeptide in a host,
20 comprising the steps of: a) constructing a vector as defined above, b} transforming a

prokaryotic host with said vector, ¢) allowing expression of said polypeptide in a cell

culture system under suitable conditions, d) recovering said polypeptide from the cell

culture system.



strains with the different expression plasmids. The time intervals are indicated. 20 Fig. 4 shows
Western blot of lysozyme extracts of strains W3110 (pBLL15) using an anti- human light chain for
detecting Fab, alkaline peroxidase conjugated (lane 1: Reference Fab-H (2 g); lane 2: W3110
(pBLL15), induced, 9 h; lane 3: W3110 (pBLL15), inguced, 12 h; lane 4: W31 10 (pBLLI5), induced,
23 h). 25 Fig. 5 shows plasmid pAKL15E containing the melibiose inducible promoter (PmelAB2) and
the Fab-H genes with altered signal sequences. Fig. 6 shows SDS-PAGE of lysozyme extracts of
different W3110 strains with high Fab-H antibody concentrations. The strains producing the light and
heavy chaiff\RetHaOtsgA&rs Srikeespr 5 seaeA IRl ark ekibfsh &nthe @EHEO! RESKEY lane 2:

W3110 (PNixghd-HGio TRRitA) IR0 B3 AP BRE Al Yelanad Wak £iRRLL15), lane 5:
W3110 (pAKL14); lane 6: Standard (2 g)). Fig. 7 shows plasmid pJKL8 containing the melibiose

inducible proFBHRNEPHHTAES) &R d R WiErdeoetet73 PCT/EP2005/013012 4 sequence coding for
an amidase from strain KIE153 (Burkholderia sp. DSM9925), and a transcription termination region

(rrnB). Fig. 8 shows SDS-PAGE of lysozyme extracts of strain W3110 (pAKL15E) in the presence 5 or
T

absence oREMAEEEFHREIRIDRE. 181 of the light and heavy chain is indicated (lane 1:
Marker; lane 2: W3110 (pAKL15E), not induced; lane 3: W3110 (pAKL15E), induced). Fig. 9 shows

plasmid pBL L7-pelB-S 1 containing the melibiose inducible melAB2 promoter 10 and a sequence
coding for &' ?@%‘Hi\ aﬁﬁﬂéa@%ﬂi%s%ﬁﬁ%“ffglﬁs LhEnEe éﬂff’fre@lé%pﬁf)é%‘étﬁéd by a sequence
coding for arhelB Ay rat papiideribignl@:showsod BG: BAGHE Bf.crude extracts of not induced (-) and (+)
strain W3110 (pBLL7-pelB-S I). Samples were taken at different time intervals as indicated. The

solubl8 15 and insoluble protein fractions after lysozyme treatment were analyzed. An arrow indicates
the scFv piitein shbwd\biaiddd pdlecidaroneight sthadesdboddawidogene Atk EDREBORIPTION OF

THE INVENTION 20,As used hereln,the folowing defions 2ig.SuBpise i @ider p/aqifste the
understandifig © e present inventon.
and the heavy chain (phod-VH-CH) of a Fab-H fragment, and a transcription termination

region (rrnB).

Fig. 3 shows dotblot resuits (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.

20  Fig. 4 shows Western blot of lysozyme extracts of strains W3110 (pBLL15) using an anti-
human light chain for detecting Fab, alkaline peroxidase conjugated (lane 1: Reference
Fab-H (2 pg); lane 2: W3110 (pBLL1S), induced, 9 h; lane 3: W3110 (pBLL15), induced,
12 h; fane 4: W3110 (pBLL15), induced, 23 h).

25 Fig. 5 shows plasmid pAKL15E containing the melibiose inducible promoter (PmelAB2)

and the Fab-H genes with altered signal sequences.

Fig. 6 shows SDS-PAGE of lysozyme extracts of different W3110 strains with high Fab-H
antibody concentrations. The strains producing the light and heavy chain without signal
30  sequences are used as a negative reference (lane 1: Marker; lane 2: W3110 (pMx9-
- HuCAL-Fab-H); lane 3: W3110 (pBW22-Fab-H); lane 4: W3110 (pBLL13), lane 5:
W3110 (pAKL14); lane 6: Standard (2 pg)).

Fig. 7 shows plasmid pJKLS8 containing the melibiose inducible promoter (Pmel4B2) and a



A "vector expressible in a host" or "expression vector" is a polynucleic acid construct, 25 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
transcriptionatwentt@mrmarising a particular nucleic acid sequence to be trapsgriaest opgiably linked to
a promoter. A vector expressible in a host can be e. g. an autonomously or self-replicating plasmid, a
cosmid, a phage, a virus or a 30 retrovirus. The terr%s "host", "host cell" and "recombinant host cell”

are used inteschangeabiieteinh ihiRdicas 2 RLpkanyqls i@!bjﬂ}ggéﬁg?pﬁ@ﬁ@@ﬁ e yectors or

isolated andc?urifigad nucleic.acid sequences of the invention have bee oduced: 15 tinderstood
that such WO 2BUERIET1 T3 BERIR BEIS/618D12 5 terms refer not only to the particular subject cell

but also to the progeny or potential progeny of such a cell. Because certain modifications may occur

in succeeding:gegeratia I -either mutation or environ al influences, such progeny may not,
in fact, be identical to th?%%?é%@ge , ﬂ%%%esetﬁ%ﬁ(ﬁﬁdga%ﬁgme@é&éScﬁ)tﬁbﬂllﬁwgé"f?sed 5
herein. The tEFAPSEBRA ST St irsteren areliliosse dlin nbetensiitef lintiuche, ewy ishtonsayndérmitting the

presence of Qnﬁ;@[;m%gggm%Wg@@@@@@@ﬁtﬁ}ﬁ&ﬂﬁ&ﬂ%&f@@ gl:Sﬁ% n%rg@mrﬁf%% to a nucleic acid

sequence that regué;tes expression of a transcriptional unit. A "promoter regiton”is a t)égulatory region
capable of bif‘%%ﬁ’hlge NA polymerase in a cell and initiating transcription of a downstream (3' direction)
coding sequence. Within the promoter region will be found a transcription initiation site (conveniently

defined by mappi ' Il as protein binding domains 15 (consensus sequences)
responsible fﬁh%%%?%@%ﬁ%%& reﬁgfgsf!ec %%%:%"%% %ﬁeenbe&%#\slg H;%Bcﬂji%fﬁ AR Bt hnow box.
"Melibioke opféfbhsseierecteraies fosiiitide sharomib @y dotias Hostbesmrdanatani for 8L, 1984, 7
Biol. Chem, %ﬂ&@@,};&@%m@ﬂgg&mgi@% Bgﬁ'gg@ly regulated 20 catabolic operon which

contains two divergent promoters. One promoter (melR promoter) is responsible for the expression of
the melR gene, that is essential for melibiose-dependent stimulation of the second promoter (inelAB
promoter). MBifhibdshimaused-frafdtoiftiode tramcthist sechid poR)oter (jtiates wotrapscription of the

melA gene eﬂi@gf_,@gp@m?éf?p%mples were taken at different time intervals as indicated. The soluble
15 and insoluble protein fractions after lysozyme treatment were analyzed. An arrow indicates

the scFv protein. M = Mark12, molecular weight standard of Invitrogen.

DETAILED DESCRIPTION OF THE INVENTION
20
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,
25  generated recombinantly or synthetically, with a series of specified polynucleic acid
elements that permit transcription of a particular nucleic acid sequence in a host cell.
Typically, this vector includes a transcriptional unit comprising a particular nucleic acid
sequence to be transcribed operably linked to a promoter. A vector expressible in a host

can be e. g. an antonomously or self-replicating plasmid, a cosmid, a phage, avirusor a

10 refrovirus.

The terms “host”, “host cell” and “recombinant host cell” are used interchangeably herein
to indicate a prokaryotic cell info which one or more vectors or isolated and purified

nucleic acid sequences of the invention have been introduced. Tt is understood that such



galactosidase and the melB gene encoding a melibiose pennease. The melibiose operon 25 contains
two Catabolite Regulator Protein binding sites, CRP2 at position -81,5 and CRP1 at position -195,5
upstream of the transcription initiation site of the meiAB promoter and five MelR binding sites at
positions -42, 5@ eaik1162,5 (Site 2), -100,5 (Sitel), -120,5 (Site 1') and #38ip{oKeBENxpstream of
the transcription initiation site of the "meiAB promoter. With "promoter region of the melibiose operon”
is meant the promoter region 30 which regulates expression of the inelA gene and the melB gene,

including the gRgIAB:PRRMAIGT. IR pariiprametetlnsumedR0e8e8Rd NG fdrRBiRINding sites and

the McIR bindin siteg The " igB promoter" as referred herein consists essentially of the

transcription fitEG6T &S AR AT 81 S B P B SR SR PRSIy GEsgswo
2006/06117 3dREH/ BRROBEIMB0d 2 iandidie: MehRioindinglsitegchedymek\R faoybeter deficient in
the CRP | biqﬁ@g@ﬁq" A, &E%Ergg hﬁ é? 0 i sen ially of the transcription initjation site, the
putative -35 region, tr?e Pﬁrbnow b(l)’x, t e%ﬁ@ﬁélﬁrﬁ%?n\gis%% glr?(f tHe I(\}fe%%gﬁlnd?ﬁé}sgées except Site R.
"melAB prom@t&ieficient in the CRP | binding site" might as well contain a CRPI 5 binding site which
is suppressed or blocked. This can be done by known techniques such as transposon supported

mutagenesis,gr knock-out mutation. Preferably, the "melAB promoter deficient in the CRPI binding
site” does no?oé&tﬁgfh SRV EP b RTARY SR M SEB e b SISt G SIS B FEREAA BS-glucose) is
a disaccharidesstrich damber h6rolitaimes dronmpaifimose by fermentation with yeast. "CRP" means
"Catabolite Regulator Protein”. "CRP" is often referred in the art as "cyclic AMP receptor protein®,
which has the synonymous meaning. CRP is a regulator protein controlled by cyclic AMP (CAMP)
which mi€diated eBETDatRed bricHtapEhtioparsHicasthsapasieaiveibiteccrpersan Afe enhancer” is

a nucleic acidraegupnchaiaatsinpatentiatentne IrRRaGIRYaRHEAcdansintianat waikindependent of
the identity of tt]e transcriptioHal ﬁnit, the position of the sequence in relation tq the transcriptional unit,
clsad iang L

or the orientation B e ‘Seqlierics. PHESE JaMBIRIA BTV AtSR e st hclude
enhancers. "Feansoripliditzh drthrasoke debereirill bfefeitol a nucleip@oidisegiende that is normally

transcribed indo, 2, SRgIA RN, YL ERIG, T D& HANRFIRIQNR! A IBNE GBI LIS SENGs
(monaocistronic) or two (dicistronic) or moré fgenes (polycistronic) that code for
15 {consensus sequences) responsibie for the binding of RINA polymerase such as the putative

-35 region and the Pribnow box.

“Melibiose operon” refers to the melibiose operon of E. coli as described in Hanatani et al.,
1984, I Biol. Chem, 259(3), 1807-12. The melibiose operon is a positively regulated

20  catabolic operon which contains two divergent promoters. One promoter (melR promoter)
is responsible for the expression of the melR gene, that is essential for melibiose-dependent
stimulation of the second promoter (meldB promoter). Melibiose-induced transcription
from this second promoter initiates cotranscription of the meld gene encoding an alpha-
galactosidase and the melB gene encoding a melibiose permease. The melibiose operon

25  contains two Catabolite Regulator Protein binding sites, CRP2 at position -81,5 and CRP1
at position -195,5 upstream of the transcription initiation site of the meldB promoter and
five MelR binding sites at positions -42,5 (Site 2°), -62,5 (Site 2), -100,5 (Sitel), -120,5
(Site 1) and -238,5 (Site R) upstream of the transcription initiation site of the meldB
promoter. With “promoter region of the melibiose operon” is meant the promoter region

30  which regulates expression of the meld gene and the melB gene, including the meldB
promoter, the melR promoter, the melR gene and the CRP binding sites and the MelR
binding sites. The “meldB promoter” as referred herein consists essentially of the

transcription initiation site, the putative -35 region, the Pribnow box, the CRP binding sites



25 functionally related polypeptide 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 DNA for a protein if it is expressed as a preprotein that

participates inwwg thessecretion of the protein; a promoter is operably linkeg ¢q /asegingspquence if it
affects the transcription of the sequence; or a transl%tion initiation region such as a ribosome binding
site is operably linked to a nucleic acid sequence encoding e. g. a polypeptide if it is positioned so as

to facilitate trapglationefiiag, Rl PeRtide. Linking camde acerbRlished M 20081061173
PCT/EPZOOS/O%SO%%{? by ligation at convenient restriction sites. If such sites do not exist, the

synthetic oligBHTCRORIR LRSS BERHKErO LIRS rantsiptioe SHiaHeR sHrHioPNaRY®RAI practice.
"Nucleic acid"regiondieierarishsegyenceRop tisdiatesanddunfiednurleis.asie; ek cupelats &.acid
sequence" asteferred | present inventi ight be DNA,.RNA, or, DNAIRN rid. In case the
nucleic acid or%ﬁezAnLﬁ:ﬁéﬁémagé%%%%ﬁ%ﬁlctgﬁ%gb& orr g%’ec cl)g}% S %%E% @W& }gy!\}l)A which is

referred td heFaB&F B AR HotapsyLe bigkesedbisrmea, binkiudingevg ddubimastsasited DNA,
single-strandeghRiNa oA obflerstrand e RNAWHEERIBL AR DO, SHAR ,é{é“ﬁmﬁ&éﬁwc’ or

more fragments doub,le-str%%%ed 10.DNA wherein one or both strands have an uninterrupted
phosphodiest FHsERbB e BRIA uBfsT G BRI hoRE S ARCEPATRANSsHBN(S) and one or more

double-stranded portion(s), double-stranded DNA wherein the DNA strands are fully complementary,

double-strandgd DINA wheyein the DN ands are.only partially complementarcy, circular DNA,
covalently- closeg%ﬁ)lgl%,, Ii%rjarp Dlzﬁ %@ﬁé’?ﬁ y e ?sjsglﬁ&éﬁ%ﬁﬁ %ﬁ@&ﬂi% G 1e¥rfrl1ﬁ:a‘§l ye- synthesized
DNA, sendi-sypbtatiedSign raieagsethn ferpauiatiomwithieisolated DNA, enzyme-digested DNA, sheared
DNA, labeled DNA, such as radiolabeled DNA and fluorochrome-labeled DNA, DNA containing one or

more non-natur. LI%’OCCU”U‘? S eziie of nucleic acid. DNA sequences can be synthesized by standard
chemical technigties {6 e zﬁ#ﬁﬁ GRS BHOROHS R  er (rith GtOdF Y S ST P& ARt h S e methods
and PCR 20 méthiodsepiveppuieifibdraiich isol dte dybidfusegueacenmaR Bl soahegpradtpectty enzymatic
techniques. RNAWhIGH| jgcrr%gn{,ospgﬁ?; LRDE & g, single-strande A,.cRNA, double-
stranded RNA, double-gﬁgléﬂded RNA w esrlein one of %S'Ehlst?gtﬁ‘cfiaf are g%%\{ﬁglsl%apgdtwg%?lmore

15 as the melibiose operon.

An "enhancer" is a nucleic acid sequence that acts to potentiate the transcription of a
transcriptional unit independent of the identity of the transcriptional unit, the position of
the sequence in relation to the transcriptional unit, or the orientation of the sequence. The

20 vectors of the present invention optionally include enhancers.

“Transcriptional unit” as used herein refers to a nucleic acid sequence that is normally
transcribed into a single RINA molecule. The transcriptional unit might contain one gene
{(monocistronic) or two (dicistronic) or more genes (polycistronic) that code for

25  functionally related polypeptide molecules.

-A nucleic acid sequence is “operably linked” when it is placed into a functional
relationship with another mucleic acid sequence. For example, DNA for a signal sequence
is operably linked to DNA for a protein if it is expressed as a preprotein that participates in

30 the secretion of the protein; a promoter is operably linked to a coding sequence if it affects
the transcription of the sequence; or a translation initiation region such as a ribosome
binding site is operably linked to a nucleic acid sequence encoding e. g. a polypeptide if it

is positioned so as to facilitate translation of the polypeptide. Linking can be accomplished



fragments, double-stranded RNA wherein one or both strands have an uninterrupted 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 complementary,
double-strande RiRowiherein the RNA strands are only partially complementerysavaiently
crosslinked RNA, enzyme-digested RNA, sheared RNA, mRNA, chemically-synthesized RNA,
semi-synthetic RNA, biosynthetic RNA, naturally 30 isolated RNA, labeled RNA, such as radiolabeled

RNA and fluowgaiyaiee detiglechiBiN Aost RINAnGORIAITIAG R RO HMPRIR NN thalyrloccurring species of
nucleic acid. \é\{p%%)%é%%%%; CT/EIP 005/01301.2 8 With "varjants" or "variants of a sequence" is

meant a nucleiCACI SeqUence that varnes  from in Petese B8 SIS T U 8B ve nucleic acid

substitutions, whereby one or more nucleic acids are substituted by another with same characteristics.

varants_ encoase 25446l dRARALIRd RIS SE SRAUPIERR I GEIIRB NP sgItons. 2

long 5 as such modified sequences exhibit the same function (functionally equivalent) as t
reference’se FLhREIEC B s B HEFEH Iiee e Horspantieieht be Pk Ritetei A8 Aeptidic” and
"peptidic" arelysed. interchanoaabiyctedesigRaietReries of anin g asigisesiduessanngcted 10 to the
other by peptide eB%e n the alpha-aminq and carhoxy groups of adjacent residues. The term
"isolated and %Sﬁiraﬁ%?ﬁﬁ%lelc}aggéu gﬁéésu?é%%:rreag}eof%%etlg ﬁ?@q%? PR ??1 &858 Fsequence
will be, in accthdatioe, with deehiretendédiBidoninEveshacie A dbideguendel Wil e free or

substantially fgeofmalesaltuichdbey Ase.aaal ASSAcinled. sueh a5 ather ugleic acids with

which they are found in their natural environment, or the environment in'which they are prepared (e. g.
cell culth®) wWibA Sereipraisnabioh ’eads desamimin rEamis shospradirsts MairsePN4ivo. 20 The
terms "transfamnaiiang, chiesnstoinsidgiestintied yoRRa ) ualeiasidhinie Rinsisealldedenote any

Gntors a host O IAD au e et BT S S Ko RRIBER B s progeny nco
which the extfggikiiaiadeddiVAcivhimiteeR Natrtdode drantlyirasinbysoomsl ¢herdxty adethilar nucleic
acid. The nucisicaacid ugiy-Reodipiduaes! Bt ANe-caltse BBt dhguiaRigacishig replicable either
asa Chr?_’[n Osghrglg{cally— synthesized DNA, semi-synthetic DNA, biosynthetic DNA, naturafly-isolated
DNA, enzyme-digested DNA, sheared DNA, labeled DNA, such as radiolabeled DNA and
fluorochrome-labeled DNA, DNA containing one or more non-naturally occurting species
of nucleic acid. DNA sequences can be synthesized by standard chemical techniques, for
example, the phosphotriester method or via automated synthesis methods and PCR
20 methods. The purified and isolated DNA sequence may also be produced by enzymatic
fechniques.
RNA which is 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 or more
fragments, double-siranded RNA wherein one or both strands have an uninterrupted
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 complementary, double-stranded RNA wherein the RNA strands are only partially
complementary, covalently crosslinked RNA, enzyme-digested RNA, sheared RNA,
mRNA, chemically-synthesized RNA, semi-synthetic RNA, biosynthetic RNA, naturally-
30 isolated RNA, labeled RNA, such as radiolabeled RNA and fluorochrome-labeled RNA,

RNA containing one or more non-naturally- occurring species of nucleic acid.



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-metiateghranzsiormation, described e. g. in Maniatis et al. 1982¢3@xriodsputar2Cloning, A
laboratory Manual, Cold Spring Harbor Laboratory ogin Ausubel et al. 1994, Current protocols in
molecular biology, John Wiley and Sons. WO 2006/061173 PCT/EP2005/013012 9 "Heterologous
nucleic acid s&tieheeiios”putieitaacid Segyence’ heterlagnusakastqheansawatsteic acid
seduence Whigh FRAO0RR 5o A YRS DIAOUS RS0 202 PONRERE Tl 2igion Lo trie host
("heterologous expression” or "heterologous prodrucl% I. €. a nucleic amdg*sequen%e or?élnatlng from a
donor differeritfigritgidcissivira Sshieratblipuyhthesitredne cleiectoidizeqiemaeswhich encodes e. g.

an expressionRiaduel sUFBIASg-RaMeeRifehat isfusiondaihrinests Insase hahost s particular

prokaryotic species, the heterologous nucleic acid sequence is preferably originated from 2 different
genus or famity SHBraY SR rad s ﬁx&?ﬁ%FB?\t"‘%eﬁ“%?t&&ég‘}qwﬁ%ﬂ%L‘?F&F‘fﬁg?ﬂthasdffﬁerent phylum
(division) andrafiestastigitiatefrom a different domain (empire) of 10 organisms. The heterologous
nucleic acid sequence originating from a donor different from the host can be modified, before it is
introduced into a host cell, by mutations, insertions, deletions or substitutions of single nucleic acids or
a part of the Hetessibgstis.ribelsimachbheepisinte mtidad Syttt frodifeptiseduadces exhibit the

same functiomfnefionallv-easivaiani b S RISINGE;SEBRRE HIRISIAAAGHS BUgleic acid

sequence as ref rreg herein encompasses as well nucleic sequences originating from a different
domain Empifel&ri87g %?ﬂfé%g’&%?sb%’ﬁ?‘éﬁﬁef&éﬁé%%méﬂﬁyoﬁ@wg@@%ﬁé. g. human
antibodies whisthlzave been used in phage display libraries and of which single nucleic acids or a part
of the nucleic acid sequences have been modified according to the "codon usage" of a 20 prokaryotic
host. "Signal sequence"” or "signal peptide sequence” refers to a nucleic acid sequence which
encodes a shoPeafHhoettrdantareEsd necleipmif peptriey piefoerie shalhainisavidemimus of certain

proteins that ateiservidlieqracsading Galks JadeRaPias G IRCAUaNS(E T8s RRISREGHON) Or to be

membrane components,, Signal peptides direct the transpart of proteins
15~ sequence Wﬂl%eggee Br gltéstantgahy%ree of matereal w%h%flﬂch they are naturally

associated such as other nucleic acids with which they are found in their natural
environment, or the environment in which they are prepared (e. g. cell culture) when such

preparation is by recombinant technology practised in vitro or in vivo.

20 The terms “transformation”, “transformed” or “introducing a nuclsic acid info a host cell”
denote any process wherein an extracellular nucleic acid ke a vector, with or without
accompanying material, enters a host cell. The term “cell transformed” 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

25 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 et al. 1982,

30 Molecular Cloning, A laboratory Manual, Cold Spring Harbor Laboratory or in Ausubel et
al. 1994, Current protocols in molecular biology, John Wiley and Sons.



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
Dalgarno sequence. 30 "Transcription termination region” refers to a sequence which causes RNA
polymerase tovterménatertranscription. The transcription termination regionds;/estiaiy part of a
transcriptional unit and increases the stability of the mRNA. WO 2006/061173 PCT/EP2005/013012
10 "Antibody" refers to a class of plasma proteins prgduced by the B-cells of the immune system after

stimulation byaaasiigen: Mammaké s%gﬁiﬂﬂaa'a} ANNRQAISS AIS NP HARINRD

0.9/ g0 . M. A E
or D class. The term "antibody" as used for the 5 purposes of this invention i%c ud)es, ut is not limited

to, polyclonal&FSSdiREein 8RgagHaTca MR TR OdeRi Bty S EHtiEB died ush augluss Aantibodies present
in autoimmuna Yisptigeshasuichaipdiahbiensnitiipie ReleIosipRBdoTEMTRRIdIBsthits as well as
chimeric antipodies.~The Ic_anti tructural unit is.known to ¢ rise a tetramer. Each tetramer
is composeoB g%ﬁv% ﬁé%té):g%gg??sa%é)g%ﬁ5%%0&%%@%3??%,&8%% Bﬁ?ﬂ%@%ﬁ%ﬁ%mﬁﬁé%?o@%ﬁt to 25
kDa) andoneshpaapty shpibesasdsoiy acikDsThes miiroetendinal poniepofsgachrahain includes a

variable regiangf 3bgu1E00 el f ek, aMincaGids PINAHN JesRansiRia forAptigeRrecognition.

The carboxy-terminal portion of each chain defines a constant region primarily responsible for effector

function. LigHPERSinE 8 A8 SrRlemul S g ReIAcsaBaret ImmpaRbesig il fvare diffysitied as 15
gamma, mu, giphegideitalyonepsiesfreaitded aditiaantibodysdselype asiiaG: #M..10A, gD and IgE,
respectively. Within,li avy chains, the variable and stant regions are jojned by a "J"
region of abo%%%@%}%g agigls, %lv?ﬁt% ﬂ?ﬁlﬁ%%{ﬁ% aiﬁr(?lg.%g%lég %ﬁﬂzeglpﬁe) Pe%gion of about 10
more amtho &E88ISTe term antibody is used to mean whole antibodies and binding fragments thereof.

20 Binding fraggesésiaghidssinale.chainlRemenis.ivmamnena antiealfagmeapiz,T he tern Fab
fragment is som timeéi?bgﬁncgi the art to mean the binding fragment resulting from papain cleavage of

an intact antitBuy° R BHRPEABSS A adinrimib oY etptiAnhansritienfefeladPBinding
fragments of imtabs@ntivos s pearatiet: byipepsipaleaiagslaotbgapntexiohiiesareaeasnt invention,

Fab is used 10 rl%fx%rag %Gﬁ’i'ﬁ?c!&ﬁ@d%%?e’&c%@%&ﬂmu the sarne function (functionally equivalent) as
15 the reference sequence. A beterologous nucleic acid sequence as referred herein
encompasses as well nucleic sequences originating from a different domain (empire) of
organisms such as from eukaryotes (of eukaryotic origin) such as e. g. human antibodies
which have been used in phage display libraries and of which single nucleic acids or a part
of the nucleic acid sequences have been modified according to the “codon usage” of a

20 prokaryotic host.

“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 (¢. g.,

25  secretion) or to be membrane components. Signal peptides direct the transport of proteins

from the eytoplasm 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.

20
"Transcription termination region” refers to a sequénce which causes RNA polymerase to
terminate transcription. The transcription termination region is usually part of a

transcriptional unit and increases the stability of the mRNA.



25 binding fragments of intact antibodies having at least substantially complete light and heavy chain
variable 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. An example of such
Fab is describwes mvkeriaset al., 1988, Science 240 (4855), 103 8-41, fordnstarmeséyfoab fragment e.
g. of the 1gG idiotype might or might not contain 30 ?hleast one of the two cysteine residues that form
the two inter-chain disulfide bonds between the two heavy chains in the intact immunoglobulin.
Usually, Fab fragments are formed by complexing a full-length or substantially full-length light chain

with a heavy “chajg C%mp%%]ﬁ% the variable domain and at least the CHI domain of the constant
region. WO 2008/6811 7% B BESBLP 9IRS HAdnssA B srREIeSEHR 0N the light
chain may besyeiplacdidsiiinsktine lor aanotigen. dviinem aigick1¢1etiminateitbaidnteschain disulfide bond
between the W, light. shall GQrdi resent invention. Further enc assed are
chimeric anti@ggfes@%%?c% are an%p%?es’v%ﬁ?s%%ﬁt%?ﬁe%% C etlllnog nes eé?v%’ﬁgéﬁl constructed,
typically 5 by Ryeprsse ehidisderingonsielydan Gablgieeilimisdrie, sebrlems wuibgdisegrrerisesicoding the

variable regiom @ SHeIEBRLOMAY dheCRRSIABL FAHoRksRexAMPIR REIAREIRG AR different
species. For ex‘r%margl , the varlgbl? (\g se mg%pcts of the genes from a mouse monoclonal antibody can
4 Wegtent

be joined to HUj SEa®) Freungest arhgeses K4 grdiesihéntiditody is thus
a hybrid protéihedengi sttty ahtbrenMupalantige hhind ing:dQdematatfiarer Embusesastiizody and a C or
effector domaj e ' ; imeri tihodies have the same or,.similar.binding
specificity an%%%%gf gg a mo%%ggﬁﬁﬂ%%ﬁn%&a%n ’o%?ﬁﬁg%%%%v\}%é? Eihie”%%r;gjlatl)?’if‘)emﬁegions of

the antib8dy. ZPH&RrfRd RumAsaantissdy (dherd8< Aiksbdibs waimdcvaiiabterting eorstant regions (if

present) derivagiiraRidadnat.gesmingdnenLRag o seavanse sinslding sithesipatural 15 or
artifical, engineered.@ffigg%/amaturation. Hum E‘%a%r%'\jbodies of the invention can include amino acid

residues not SARSHRR By iR GETRSTHECTH SRS RS @& G iHR SRR oduced by
random or sitenspetifigimupagendsissipoviidaiobyfSomaticctiutation in vivo). However, the term

“human antibgdy; dogs, inguis ANAdRRIAYED, GRRSeAMENSES detiverdami e germine of
another mammalian species, such as a 20 mouse, have been grafted onto human framework

sequencds (iSERnTaRi 2P atisiade spsioantiibieinrthaamsibrditisomnniafksnipddleds, e. g.
truncated vergipDnsidRIEeEQectively. Within light and heavy chains, the variable and constant regions

are joined by a "I" region of about 12 or more amino acids, with the heavy chain also
mchuding a "D" region of about 10 more amino acids.
The term antibody is used to mean whole antibodies and binding fragments thereof.

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

25  binding fragments of intact antibodies having at least substantially complete light and
heavy chain variable domains sufficient for antigen-specific bindings, and parts of the Hght
and heavy chain constant regions sufficient to maintain association of the light and heavy
chains. An example of such Fab is described in Skerra et al., 1988, Science 240 (4855),
1038-41, for instance. A Fab fragment e. g. of the IgG idiotype might or might not contain

30  af least one of the two cysteine residues that form the two inter-chain disulfide bonds
between the two heavy chains in the intact immunoglobulin. Usually, Fab fragments are
formed by complexing a full-length or substantially full-length light chain with a heavy

chain comprising the variable domain and at least the CH1 domain of the constant region.



engineered muteins where e. g, individual proline or cysteine residues have been engineered by the
means of genetic engineering well known in the art are encompassed by the term, in contrast.
Examples of such may be found e. g. in WO 98/02462. However, the 25 term only relates to the amino

acid sequenceayaf suehsatibody, irrespective of any glycosylation or otherpghamioad madification of the
peptide backbone. In one aspect, the present inventf'?n provides a vector expressible in a host
comprising the promoter region of the melibiose operon operably linked to a transcriptional unit 30

COVSDriSilng a mﬁ‘d@iﬁcﬂ@,@@@Qé@ﬁﬁ@l;ﬁ&ﬁ%ﬁ;@dﬂﬁt@@é@g%ﬂ%ﬂﬁﬁ Bc%h?{)ﬁﬁs%ﬁ% ofXpression of
said nucleic acid sequence is controlle said praomoter. region of the melibjose opergn. WO
20061061175 POIEPS0&HL o%ﬁmfﬁqerﬁl%?%%i%}ag’c‘g%}‘ W&P&’ﬂﬁé’?ﬂ”v%eﬁt%ﬁ‘?&ﬂb’?’e%?étﬁ%n
autonomous|ylonsseltreghicatirte p@smtdnwpﬁmﬁ:&y@gmmﬂm@m@imﬁmﬂm&oﬁiwid(_e variety of
hostivector combinaUaRsRNERINIRKEEXNRARNINS BUlsi feld Seguences. of s inventon

Useful expression vectors, for example, may consist of segments o ¢ romosomél,
chromosémaPXansHeFhesiE HudTare Herusegiobninges feablenibdrs Srinaits veevding With specific

host range sughi@sieegiorsaspesificfos ehcddfng erlicassual g vRriRiewith 10 eadibestwange such as
vectors useful f&érgnrtam-gle %tive bactFri%"Lowg%p ", "medium-copy" as well as "high copy"
plasmids canBeLebdPES CseriFbatirs ft arlg! @:)esseﬁgﬁqw B 518 (RSB OB E6O and pQE-9
(QIAGEN, Incimynpélimelerigiove ktoren ] ditade Soriph Vekttre i) Mg pNidiba N H1L8 AN HA6A
(Stratagene qg)%? g Q¥slems : 223-3 . - R RITS . (Pharmacia
Bio-tech, Inc.gi; p %6338, pACE\l(ﬁgii%é, %ﬁgﬁg@%@f@éﬁ%%%%% (%%,e %AF?ép tl%e,gfc}i} T‘??,
pACYC184, ﬁf@@ﬁi}é&%ﬁmﬁbﬁw'@&%ﬂ{ Jrytor domwndermaiBipamndiedngineering, 73 (2)

95-103] or detivatesdhat®olissahvasielasmic: pilild bialpiasRidipchd SEfyiberusaiubplasmids
are well knov%r&;[or trg)e erson k{;léeqhi thrg aé'é a d are described e tﬂé in "Cloning Vectors" (Eds.
Pouwels P. H. et al. Elsevier. Amaterdam-New Yorg-Bxfo %I%’IT@%%S. YRS vectors of the present

inventions ard kutembrhvushyeotibediéptivdtingnpladmids,ving vaomblpraferoestaneagetorGiwith specific

host range sygBsasMestoLs SBROIICRr Srfhiife fRULMOSLREE R e A RRRRZ A GESRACYC 177,
PACYC184, ;1%551)010 and pBW22 or AHEnEESS it il
15 or artifical, 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 vivo), However, the term "human antibody” does include antibodies in which
CDR sequences derived from the germline of another mammalian species, such as a

20 mouse, have been grafted onto human framework sequences (i. e. humanized antibodies),
Functional variants of such “human antibodies™’, e. g. truncated versions thereof or
engineered muteins where e. g. individual proline or cysteine residues have been
engineered by the means of genetic engineering well known in the art are encompassed by
the term, in contrast. Examples of such may be found e. g. in WO 98/02462. However, the

25 term only relates fo the amino acid sequence of such antibody, irrespective of any

glycosylation or other chemical modification of the peptide backbone.

In one aspect, the present invention provides a vector expressible in a host comprising the
promoter region of the melibiose operon operably linked to a transcriptional unit
30 comprising a nucleic acid sequence which is heterologous to said host, whereas the

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

melibiose operon.



derivates thereof such as plasmid pBLL15 or plasmid pAKLISE, particularly preferred is pBW22 or
derivates thereof such as plasmid pBLL15 or plasmid pAKL15E, more particularly preferred are
pBLL15 or pAKL15E, most particularly preferred is pAKL15E. 25 In a preferred embodiment, the
promoter regiovoofstii@dniglibiose operon used in the present invention is themediBpmmoter.
According to a more preferred embodiment of the invention, the melAB promoter is deficient in the
CRPI binding site. In a particular preferred embodiment, the melAB promoter deficient in the CRP1

binding site corigistsnt 30 6hE:ELAUBRGE, SEE H PNy 12 é@%&%ﬁ@fﬁ@ﬁ@iﬁ PYathgreof and
variants theregiayﬁﬁaélxéghledMelﬁ binding sites of the promoter region have not been modified. The
promoter region of the melbiose BEarh THe Tl Broinoter e isEi RBIISENEIT deficient in the
CRP1 bindingcsmebingions|iras teeemmayBipromuptesidg ficientinithei CREEMH AGRBA6473.

PCTIEP200S/0L8a1 2l lincNanSUCGPBSIRRG ALNG A60UR1EE SRO DING, o8 gegyence

complementar\é%r)]ereof and variants thereof, used 1n the preserit invention are usua’lfgl ffom the

melibiose opefBI B EmEARd R SRthctsEtidriared sraeireproniabls vegion intlotdvereprokaryotic

organisms, in vigripedaicober ganismsioidhefamipeaienterobagternesariReiaably, die promoter
region 5 of th@)@%iﬁ%@s 'i? gé)ero the meIABégﬁ Po&xgrr, the melAB promaoter deficient in the CRP |
a nti

I e %Bas SRSt RS RS Pt SRY€8RYisting of the

binding site, as wel promo
sequence SEQUBIND IR serelnsélighnieytiehtanidtercof and. variants thereof, are from the

melibiose operon of E. colt. A functional equivalent promoter region of other prokaryotic organisms
encompasses a promoter region which is inducible by melibiose i. e. 10 a promoter region having a

higher eXPresEiSHUEae/FifPTse hravareiomiadisak eradRée oREARNNOEEETh FARSNiBEonal unit
according to thepteserpiimainsien, PhdadhsisethericRmpInes A Nanslion iniiationjegion upstream of
the initiation p '%tg éggé{gn§la 'or%sof s%:]% 151tr s%%%zo?%gjs unit, said translation initiation region
consisting of the se u.enc_e]}&%% Ria )Cﬁﬁc%lf C .’f},@éféa%qﬁé%aﬂ%fgéon initiation
region is opefBbyitleBittteh. Mibipldid SedueiCes 4 nd BagLiehie! AGORIGARAEACAT (SEQ ID
NO. 2) is _usummimw@amwca@m%@b%&%wm%%?'&tﬂf, Hgfranslation of the
transcrlptlona%unlt ich can be ATG, GTG or TTG. ’
15 1otechnology and Bioengineering, 73 (2) 95-103] or derivates thereof such as plasmid
pBLIL1S or plasmid pAKL15E. Further useful plasmids are well known to the person:
skalled in the art and are described e. g. in “Cloning Vectors” (Eds. Pouwels P. H. et al.
Elsevier, Amsterdam-New York-Oxford, 1985).
Preferred vectors of the present inventions are autonomously or self-replicating plasmids,
20 more preferred are vectors with specific host range such as vectors specific for e. g. £. coli.
Most preferred are pBR322, pUC18, pACYC177, pACY(C184, pRSF1010 and pBW22 or
derivates thereof such as plasmid pBLL15 or plasmid pAKL15E, particularly preferred is
PBW22 or derivates thereof such as plasmid pBLIL15 or plasmid pAKL15E, more
particularly preferred are pBLL15 or pAKL15E, most particnlarly preferred is pAKLI15E.
25 '
In a preferred embodiment, the promoter region of the melibiose operon used in the present
invention is the mel4 B promoter. According to a more preferred embodiment of the
invention, the meld B promoter is deficient in the CRP1 binding site. In a particular
preferred embodiment, the meldB promoter deficient in the CRP1 binding site consists of
30 the sequence SEQ ID NO. 1, a sequence complementary thereof and variants thereof,
Usually, the MeIR binding sites of the promoter region have not been modified,
The promoter region of the melibiose operon, the mel 4B promoter, the mel4B promoter

deficient in the CRP1 binding site, as well as the mel4B promoter deficient in the CRP1



20 Usually, said transcriptional unit further comprises a signal sequence operably linked to the
heterologous nucleic acid sequence of the invention. In case a dicistronic or polycistronic
transcriptional unit is used, different or identical signal sequences operably linked to each of the
cistrons can bevappbedkiPreferably different signal sequences are used in pyghpeRER362 The signal
sequence used can be a prokaryotic or a eukaryoticliignal sequence. Usually, prokaryotic signal
sequences are applied. Eukaryotic signal sequences'which can be used and which are particular

useful for E. coit@he SecbIniiiain 6erHaplasminggiona sesue afgsqu&%@@&ﬁ}ﬁ%&%( ffleppin 1,2,3
ry

precursor signal sequence or the signal peptide of Chlamydonzonas reinhardtii arylsulfatase as
described in WY H308ERE RIS Bt srih dreaborreees by ashnar b sigrempditides of
periplasmatic finding ficoteirs:fatosrigaisy Aminemaits, riiRmiTe detperaryibAsasgs, RelB (Erwinia
chzysantezni ursern)..PelB (Erwinja carotovora, pectate Jyase precursor), PelB
(Xanthomonag%%%ﬁr%%g%%%,rgg%%a?f %%%gn p%r(eocfuer%%rr , ﬁ%%jﬁcfﬁ‘gg ge%a?¥oﬁ%rPﬁopr88ﬂF§%lﬁ, MalE (E.
colt, WO 2006/051 15ty prpooSiorsbitrometrittseeiddiny maote e fréavisdhy G (E. coli,

beta-lactamasmlaRpa, (5 wolt esnSE Rlasp i alisrp eptideRindiR RPIiRkiT seAErsliapariplasmic
trehalase precursor), MppA (E. i\g(l)t eriplasmic murein peptlde-blndln% pro elnﬁﬁrecursor), BglX (E.

0
colt, periplasMit BEERts<itA AFFGBPoR RPN it i B tHRePbiffing 5
periplasmic piiateithpreckivses) oiads ¢ELtakil arafimyleseapeqeivisan) phlisdidr &l diistidine-binding
periplasmic protein precursor), Xyl ..coli, D-xylose-binding .periplasmic protein precursor), FecB (E.
colt, dicitrate-B?é%ﬂ%ég{|}Jce(#|iJr as%ﬁlzé %%% 38[33?%% %ﬁ??&ﬁ%&n@ﬁ%% Icz)léré:r?b h%e%rﬁ g}%f%gemﬁ%tgin A
precursof and IPpBRECEOR havkagndighospheassenpraoiisor hd fréscacpribferie themibotivndnt, the
signal sequenggiisisglected from the E. colt signal peptides LamB (Maltoporin precursor), MalE
(Maltose-binding protein precursor), Bla (Beta- lactamase), OppA (Periplasmic oligopeptide-binding
protein), TreA (Periplasmic trehalase precursor), MppA (Periplasmic murein peptide-binding protein
precursor), Bgi¢ (Bsripieiomitinét acgludingitabe preeursonndvigisthysingdsginingremiihine binding 15

periplasmic PRIEIRPIPRHEAA, MatR (BRI 30 R RRURRTh ISR gig; periplasmic
protein precursor), XylF (D-Xylose-binding periplasmic protein precurso?fl,

15 transcriptional unit, said translation initiation region consisting of the sequence
AGGAGATATACAT (SEQ ID NO. 2), whereas the translation initiation region is
operably linked to the nucleic acid sequence. The sequence AGGAGATATACAT (SEQ ID
NO. 2) 1s usually located upsiream directly adjacent to the initiation point of the translation
of the transcriptional unit which can be ATG, GTG or TTG.

20

Usually, said transcriptional unit further comprises a signal sequence operably linked to the
heterologous nucleic acid sequence of the invention. In case a dicistronic or polycistronic
transcriptional unit is used, different or identical signal sequences operably linked to each
of the cistrons can be applied. Preferably different signal sequences are used in such a case.

25  The signal sequence used can be a prokaryotic or a eukaryotic signal sequence. Usually,
prokaryotic signal sequences are applied. Eukaryotic signal sequences which can be used
and which are particular useful for E. coli are e. g. human ceruloplasmin signal sequence,
human neutrophil defensin 1,2,3 precursor signal sequence or the signal peptide of
Chlamydomonas reinhardtii arylsulfatase as described in WO 03068956. Prokaryotic

30 signal sequences usually applied are signal peptides of periplasmatic binding proteins for
sugars, amino acids, vitamins and ions, such as e. g. PelB (Erwinia chrysantemi, pectate
lyase precursor), PelB (Erwinia carotovora, pectate lyase precursor), PelB (Xanthomonas

campestris, pectate lyase precursor), LamB (£, coli, maltoporin precursor), MalE (. coli,



FecB (Dicitrate-binding periplasmic protein precursor), OmpA (Outer membrane protein A precursor)
and PhoA (Alkaline phosphatase precursor). These are particularly useful for heterologous expression
in E. colt. More preferred are the E. colt signal peptides LamB 20 (Maltoporin precursor), MalE

(Maltose-bindimgspooéaisy precursor), Bla (Beta-lactamase), TreA (periplasgig kghakasgapsecursor),
ArgT (Lysine-arginine-orithine binding periplasmic p{gtein precursor), FecB (Dicitrate-binding
periplasmic protein precursor). Most particular preferred are the E. cols signal peptides LamB
(Maltoporin preeusseniasMalkitWaltoss-Nnaing RIatalnIReSRE), 8ppihgssignal sequences to be

employed in thg eﬁ)ressgn vecttotgs of H]e present invention can he obtained commercially or
synthesized chericaly: Forex r]nﬁfgf 1R &F L e htes EarfBeP SRlTaEr BEhaeRoPHAY 1 the solid
phase phosphéramititetiiesteiptsthothaescpityed e cigingp Bedu pagaréo ) ARgtNERS cbitrahedron Letts.
22:1859-186 ' hes| a ribed in.Van Devanter et. al., Nucleic
Acids Res. 1?% %@%%%%%%%%ﬁ%%@% g‘? gﬁg&%ﬁ;ﬁl géggﬁ%%oﬁlﬁ?)?%el dﬁe)n either native
acrylamid@ getcandnyp neveaiisnsdsisenidfeidhangecHRiybeydeswibe dlisl Reardon & Reanier, J.

Chrom. 255: 1A 4#%) M R0B ARG TRBEHERIACHIOLIN? I syl said transcriptional

unit further comprises a transcription termination I‘e?IOI:] _selected from rrnB, RNA [, T7Te, miB Tl, tip a
L126, trp a, RS EFBIPIABREEUSRY: BiRs R (1 58l phistarisNoding Reip RERScMBiEhal terminator
sequence is usedirSoTheheterEogsysnecleifbeit:seaLBNCeReeRiNadPHa presant invention

encodes an %ﬁ? roduct that is foreign to the host. In case the host is a prokaryotic species
such asE. c%ﬁ%‘ne nhqg%(ﬁélgﬁgf(f Egeﬁu&esﬁﬁé of interest is more preferably from another class like the

gammaptBtedBdcterfarsdcmiedigrent thy. simalisetpiernies spsclinetod dicwl Arefidrrd dliffelenpiidgshylum such
as archae bagiggig, @ng &m,fmm@ﬁ%@x%gfmmﬁéﬂmﬁ AIARIAS in particular
e. b

from humans. Howev e heterologous nucleic acid sequence might be modified according to the

r, t > [ :
"codon usagega(g?%%ogﬁpﬁlép FRPLSB Y Bliecearfitsbindingaspaimy torte (Brasistisehabsss usually a
gene of interestciteryevipmt ifteipbinpreferahly entkdesimpetetaiogruarpalypeptide such as a
snuctural, regiaig. i S SIARRUIE RIRIGIR.B) N SIS sions of Septural regulatory o

therapeutic _ _
15 perplasmic protein precursor), MalS (o-amylase precursor), HisJ (Histidine-binding

periplasmic protein precursor), XylF (D-Xylose-binding periplasmic protein precursor),
FecB (Dicitrate-binding periplasmic protein precursor), OmpA (Quter membrane protein A
precursor) and PhoA (Alkaline phosphatase precursor). These are particularly useful for
heterologous expression in E. coli. More preferred are the E. coli signal pepiides LamB

20 (Maltoporin precursor), Mall (Maltose-binding protein precursor), Bla (Beta-lactamase),
TreA (periplasmic trehalase precursor), ArgT (Lysine-arginine-ornithine binding
periplasmic protein precursor), FecB (Dicitrate-binding periplasmic protein precursor).
Most particular preferred are the E. coli signal peptides LamB (Maltoporin precursor) and
MalE (Maltose-binding protein precursor).

25  The signal sequences to be employed in the expression vectors of the present invention can
be obtained commercially or synthesized chemically. For example, signal sequences can be
synthesized according to the solid phase phosphoramidite triester method described, e. g.,
in Beaucage & Caruthers, Tetrahedron Letts. 22:1859-1862 (1981), using an automated
synthesizer, as described in Van Devanter et. al,, Nucleic Acids Res. 12:6159-6168 (1984).

30 Purification of oligonucleotides can be performed by either native acrylamide gel
electrophoresis or by anion-exchange HPLC as described in Pearson & Reanier, J. Chrom.
255:137-149 (1983).



protein with other proteins ("Tags") such as green fluorescent protein or other fusion proteins. The
heterologous nucleic acid sequence might encode as well a transcript which can be used in the form
of RNA, such as e. g. antisense-RNA. The protein may be produced as an insoluble aggregate or as a
soluble proteirmatials/is1 26 present in the cytoplasm or in the periplasmic spag@mhiheshast cell, and/or
in the extracellular medium. Preferably, the protein.is produced as a soluble protein which is present
in the periplasmic space of the host cell and/or in the extracellular medium. Examples of proteins
include hormones such as growth hormone, growth factors such as epidermal growth factor,
analgesic substances like enkephalin, enzymes like chymotrypsin, 25 antibodies, receptors to

hormones and HtRrREAEAEIBIIEINEL SRRy CRBRFSE & WILtAIIRY IHEHRREY (2 een fluorescent
protein. Otheseprateifisof imidy 83 Al iyibwthadthrnneeépisrsfes gRECFR, PRGH £8G, NGFR, and

VEGF) and t?{ﬁiﬁ'ﬁ%@%m eﬁggy{gﬂ%ﬁ% Wa%s@ﬂ?{&&?‘aﬂéﬁx%ﬁB{er S0 glude substance K receptor,

the angiotensin receptor, t al- and [beta]-adrenergic receptors, the 30 serotonin receptors, and
PAP recéptor (see, e. g. Gilman, Ann. Rev. Biochem. 56, 625-649 (1987). Other proteins include ion

channels (€. gheRiciyIB506ia1:P Atas Sy IR fRARBE L FOUBS BFRIGT 6RRINSemeRtlaholine receptors,
GABA receptors, glutamate rece Iogs, and %} mirgéfgce %@f{see Hg%%,ld, U.S. Pat. Nos.
5,401,629 antBSEM PEYIUSHAEY i ERsisE W 510611 TEPAIO51TEH 1S Hhterest are
adhesion proteifiscelicheasiiitagrintssplectng, iarcimmmure glefuliblysiye fawtiity chemiliers (see

Springer, Najte %%%ai‘)?éé‘é§§c{ér?a9#kh%ﬂ‘am e?é'b%dﬁm@?ﬁ% rfl%%éggeu%‘? 569 AdifdR32)). Other

proteins are cyto%qnes, such as interleukins IL-1 through IL-13, crosis factors [alpha] and
[beta], iriterferbriyaistal, Thadredt sy anthiagstorrsu YRR AEBk BEEC TERifBRiAf: #olony
stimulating fagtehfaBfm pilcaraRlaaER MO PRAYEREAlY I BHMIBINGRGII(EMEaE (see Human
Boston, Mast EEb05 TSHEF bISTANE bl it o A TR ECUITEp e AR AT ek Sers, such
as, adenyl cyslassingiathegyectascnemdiphissphalipasen€ o Drugssarélalsent 0fpnitedsts of interest. The
het_erologouspggggﬁig)pgﬁgg%gsat%}ﬁggwpmg%mg&%ﬁ%gé@%ﬂigin. O_ther proteins are
antigens, such as glycoproteins and carbohydrates from microbial pathogens, both viral and bacterial,
and fromfumigegapeutic protein, or N- or C- terminal fusions of structural, regulatory or therapeutic
protein with other proteins (“Tags”™) such as green fluorescent protein or other fusion
proteins. The heterologous nucleic acid sequence might encode as well a transcript which
can be used in the form of RNA, such as e. g. antisense-RNA.
The protein may be produced as an inscluble aggregate or as a soluble protein which is
20  present in the cytoplasm or in the periplasmic space of the host cell, and/or in the
extracellular medium. Preferably, the protein is produced as a soluble protein which is
present in the periplasmic space of the host cell and/or in the extracellular medium.
Examples of proteins include hormones such as growth hormone, growth factors such as
epidermal growth factor, analgesic substances like enkephalin, enzymes like chymotrypsin,
25 antibodies, receptors to hormones and includes as well proteins usually used as a
visualizing marker e. g. green fluorescent protein.
Other, proteins of interest are growth factor receptors (e. g., FGFR, PDGER, EFG, NGFR,
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
30 serotonin receptors, and PAF receptor (see, e. g. Gilman, Ann. Rev. Biochem. 56, 625-649
(1987). Other proteins include ion channels {e. g., calcium, sodium, potassium channels),

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

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



Other proteins are enzymes like chymosin, proteases, polymerases, dehydrogenases, nucleases,
glucanases, oxidases, a-amylase, oxidoreductases, lipases, amidases 15 nitril hydratases, esterases
or nitrilases. Preferably, the heterologous nucleic acid sequence, according to the present invention,
encodes a polweptidesmore preferably an antibody and most preferably adabrfi@gmaent: In particular
a human antibody or a humanised antibody, more pférticularly a human Fab 20 fragment is encoded by
the nucleic acid sequence. The human Fab fragment encoded by the nucleic acid sequence is

preferably eitbefntchismanzantihaoiriiegmanh ok aRpmaNseRiRed il Betmwas grafted with at
least one CDR from another mammalian s es. | ore red em dlment the human Fab
fragment is asfllﬁﬁ/%um%m lﬁ&r@’ﬁ% sgolbgaﬁ”a{ﬁ?'4€1§f%§ éﬂﬁé%@}r RE ‘ﬂgéﬁa?nework based
human antibdd§3shaldeniibreall 65 thdl 9923) attifieaityirandomizediinthe: BRRas-Hekaded by Knappik
etal., 2000, JnMghn Biols %%ﬁls&eéméfga&y%t@ﬁg %&%&Eﬁ%ﬂ&f’f&em%%woga&g”& the,

optlonally chimeric, CDR grafted, human Fab ment Is a non-HUCAL-F sed to the
HUCAL Fab d8Rm%iah HRRE gfﬁ?’é}@&ﬁ@r\%ﬁ‘i?:ﬁrﬁ%ééeé@ﬁ sofany st imab gt @éferably means

that it does ngfﬁmsbgmb@umb@mamwmm@@ﬁr@m\oe@élmﬁiaﬁsc@@mﬁ@R sequence
portions are at_leas % are ferably 85% ost refera 5% identjcal in amino acid sequence
to the respegf&vg%a?llé% eand égéz ant PE Stearﬁa h%‘i Eé‘éﬁmﬁ}ﬁg A €&quences,
additionally aRdstnoréipsefeyablyQter msocemsfamxdatemelymiawméd fnahintatalialye WO 2006/061173

PCT/EP2005/043 rs’LZagﬁ%rH@@@%‘éésﬁﬂHﬁQﬁﬁl\%(}%m%g&gh%%lﬁsyéb%%gs genguic affinity

maturation events. The Fab fragment is preférab ant d does not contain

cysteine fresifeEthaf Wmethd W?ﬁi@mﬁwm@%ﬁﬁﬁ%ﬁﬁ@éﬁ%@tm%ms in the 5
intact immunpgiﬁbtyl:’uficImga{tlouia;rpih%zh@az\alaaﬂgizﬁb%ﬁ@h&%@ﬁ&ﬁ&&ﬁs@ﬁﬁ%ﬁ:\é@dﬁf@iﬂab|y of the

Fab fragmen%rare 1%?&% Y, a dicistr |c: tr |on I u% whereas each chain is operably linked
to a signal sequence and IéoegnPca ransl%ltlon ini |a1? h’ téﬁ ?Féam of the initiation point of the
translation of(ﬂﬁ@trmﬁpﬁwws im%mbiynmwﬁamlai@ymmodtmgﬂmm&sts of the

sequence A%ﬁ@&?féﬁﬁ%&s}@)&iﬁ%@,' 951}1’9}3@,' oxidoreductases, lipases, amidases

15 mnifril hydratases, esterages or nitrilases.

Preferably, the heterologous nucleic acid sequence, according to the present invention,
enceodes a polypeptide, more preferably an antibody and most preferably a Fab fragment. In
particular a human antibody or a humanised antibody, more particularly a human Fab
20 fragment is encoded by the nucleic acid sequence. The human Fab fragment encoded by the
nucleic acid sequence is preferably either 2 human antibody fragment or a human antibody
fragment that was grafted with at least one CDR from another mammalian species.
In one more preferred embodiment, the human Fab fragment is a fully human HuCAL-Fab
as obtainable from an artificial, consensus-framework-based human antibody phage library
"25  that wasartifically randomized in the CDR as described by Knappik et al., 2000, J, Mol.
Biol, 296 (1), 57-86.
In another more preferred optional embodiment, the, optionally chimeric, CDR prafied,
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 it does not
30 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 heavy chains germline- encoded sequences,

additionally and more preferably that its CDRs are directly obtained from naturally



In the present invention, the order and the distance in which the signal sequence and the
heterologous nucleic acid sequence are arranged within the expression vectors can be varied. In
preferred embodiments, the signal sequence is 5' (upstream) to the nucleic acid 15 sequence

encoding e. gwheaslypeptide of interest. The signal peptide sequence anet-thepsagsiaigacid sequence
encoding e. g. the polypeptide of interest can be sep?rated by zero to about 1000 amino acids. In
preferred embodiments, the signal peptide sequencé'and nucleic acid sequence encoding e. g. the

polypeptide obiigrestarsal scikAdiace Bhig sRCED.IRIET G, SERARASH DY 26 IRgigIC acids. 20

Preferably, the promoter region and the operably linked transcriptional unit of the vector of the present
invention con§iSE6F the sequence SEQ ID NO. 3, a sequence complementary thereof and variants
thereof. 25 Mdlie: fréférahiyntiveppsfombled e giofranchiiTe®perably linkeddy ansesiptiangktnié of the
vector of the ResROl VSRR EORSISIRONTIC AedusnEs SEQD.NO. 4, 2 seduence complementary
thereof and variants thereof. Also encompasseé“by the present invention is fhe UEE" 6 Vector

according'to tHéavertisreBhybe thenatciite thhbterolonbils dehtebsionf dhweentibtelic acid sequence in
a prokaryotic hast-gipemxpressing.can be setaied uihamouatefimelinioss ayailahle to the

prokaryotic hosf‘&[aUsuall , the amouynt_of melibiose in the medium of the cultu_red_’prokaryotic host is
between 0.01 R4 H8E §PRSTAREF ABRFBEAGSERD SPHITEE AUl AMbraTsrE Ry Rt wo
2006/061173 e€idiEp206i/01 86 1Ritih8cand: ofthe refesakibhn tiehbeteraiggtusinueleic acid sequence
encodes for a tide, . ; r.an antibody.and most pr Fah.fragment,
whereas the ﬁgg%a gﬁdﬁ% ﬁéﬁ%ﬁ%%%?r?{s]% tb(élggﬁﬁ? 339%%%%%5831‘%65 rcr?e%{?é?gg&?fgégégﬁ@#l equal
amountst%hu$SESHRING- Righ concentrations of functional antibody or Fab fragment. In particular a
human antibody or a humanised antibody, more particular a human Fab fragment, most particular a
human Fab fr%gﬁpent as described above is er&oded by the heterglogous nucleic acid sequence. 10
[

In order to obtHiRhRIF EEARERYSHONE SFH Rl Shafsis0 i e Seisance a8 Ml to have an
equal amounthefdicdpamnndac ligidtsehesnscheing ypereeshth iecaseoeia oédoican be

varied. In preferred embodiments, the signal sequence is 5' (upstream) to the nucleic acid
15 sequence encoding e. g. the polypeptide of interest. The signal peptide sequence and the
nucleic acid sequence encoding e. g. the polypeptide of interest can be separated by zero to
about 1000 amino acids. In preferred embodiments, the signal peptide sequence and
nucleic acid sequence encoding e. g. the polypeptide of interest are directly adjacent to each
other, i.e. separated by zero nucleic acids.
20
Preferably, the promoter region and the operably linked transcriptional unit of the vector of
the present invention consist of the sequence SEQ ID NO. 3, a sequence complementary

thereof and variants thereof,

25 More preferably, the promoter region and the operably linked iranscriptional unit of the
vector of the present invention consists of the sequence SEQ ID NO. 4, a sequence

complementary thereof and variants thereof.

Also encompassed by the present invention is the use of a vector according to the invention
30 for the regulated heterologous expression of a nucleic acid sequence in a prokaryotic host.

The expreséion can be regulated by the amount of melibiose available to the prokaryotic

host. Usually, the amount of melibiose in the medium of the cultured prokaryotic host is

between 0.01 and 100 g/l, preferably between 0.1 and 10 g/l, more preferably between 1



chains is overproduced compared to the other chain, non-reducible high molecular weight
inununoreactive aggregates can be built, which is undesirably. It has been surprisingly found that with
the vectors of the present invention high titers of functional antibodies can 15 be obtained whereas
only very low &ficasssaf Bverproduced light or heavy chain or high molecutararsigintizsenunoreactive
aggregates are built. Usually, less than 20 %, prefergbly less than 10 % of the expressed amount of
antibody or Fab fragment are expressed as overproduced light or heavy chain or high molecular
weight immunmikefgtive aggregates. The amount of the heavy and light chains overproduced and of
high molecular weight 20 immunoreactive aggregates can be measured by analysing extracts of the
host expressing the antibody or the Fab fragment such as lysozyme extracts of the cultured host cell
using SDS-PAEE M Wbslsinrblogols sutiansthbsegupect stiveden/Bntigeippepitiesrasrdsolated and

purified nucleiﬁ@a'gog%y@ﬂgﬁa@&%ﬁ&%&éPﬁéﬁﬁﬂig%&@%@@%ﬁ%ﬁ&%@k@% the

melibiose operon operably linked to a transcriptional unit comprising a nucleic acid sequence which is
heterologbus W%%M%%@QQXW@%&B@S@?@W@?%WWF@?@ Hergd gienes-i&edntrolled by said
promoter regiradiigheliptlkiosewatron ThetRadBipmmeotanisthenpiefeiredmromater region. More
preferred is the melAB.promoter deficient in.the, CRP 1 binding_site. Mo referred, the isolated
and purified r?b“é?eal% %%‘.‘gpséa’aérf?@é“ %lﬁé%s g%P%%BﬂB WS%C r},géaéélaluagr%eg %g%?étm%%s[%ry thereof and
variants thereestctionpapibatzant FebiSulansdt an desurifiebimyel & craoitt S by thengscooingistsnot 8EQ 1D NO.
3, a sequenceGeRpleAentary thereof and variants thereof, most particular the isolated and purified
nucleic acid sequence consists of WO 2006/061173 PCT/EP2005/013012 19 SEQ ID NO. 4, a

sequenct comEIREigaNAR Sigh paprsaiant o fursteorratibodien Bbdrpsmmantd mesrertiatid
sequence of thidinyentamcandeatstiatddagcardiithitolsiandaid PpRsprthosls andoneshipds well

known in the grt. Said purified and. isolated DNA seguence can_further rise qQne or more
regulatory se%%ﬂéclego, ae%p %@ﬁ%ﬁiﬁgﬁgaﬁﬁg %éﬁ%nﬁéﬂﬁ%gﬁ _ rﬁ@‘ﬁé}?ﬁ eﬁ%%?%&@g?ﬁég@xpression of
the product eHEBHESrPAFHNE IR cien S8 hudhcehigh igrasicssdbbtebitths Seee iursusteelysfully and

stably transforsed mithiReNe GLRERE Hﬂ%é?ﬁ&@éﬁﬂiﬂk@tﬂiﬁﬁi%ﬁ fealeicracidsramanca:ef the present
invention, a gene, that n%lodes a selecha e marker (e. g., resistance to antibiotics) can be introduced

b (
into the Post CSIRYRBAG THSHAT tHD TSBIdRY 2o gus HE R P e L b Pl SR R B e a

selectable mankécniaghteight immunoreactive aggregates are built. Usually, less than 20 %, preferably
less than 10 % of the expressed amount of antibody or Fab fragment are expressed as
overproduced light or heavy chain or high molecular weight immunoreactive aggregates.
The amount of the heavy and light chains overproduced and of high molecular weight
20 immunoreactive aggregates can be measured by analysing extracts of the host expressing
the antibody or the Fab fragment such as lysozyme extracts of the cultured host cell using
SDS-PAGE or Western blot.

In still another aspect, the invention provides an isolated and purified nucleic acid sequence

25 expressible in a host comprising the promoter region of the melibiose operon operably
linked to a transcriptional unit comprising a nucleic acid sequence which is heterologous to
said host, whereas the expression of said nucleic acid sequence is controlled by said
promoter region of the melibiose operon. The mel4B promoter is the preferred promoter
region. More preferred is the meldB promoter deficient in the CRP1 binding site. Most

30 preferred, the isolated and purified nucleic acid sequence censists of SEQIDNO. 1, a
sequence complementary thereof and variants thereof, in particular the isolated and puriﬁed.
nucleic acid sequence consists of SEQ ID NO. 3, a sequence complementary thereof and

variants thereof, most particular the isolated and purified nucleic acid sequence consists of



be located on the vector or on the isolated and purified nucleic acid sequence or might optionally be
co-introduced in separate form e. g. on a separate vector. Various selectable markers can be used
including those that confer resistance to antibiotics, such as hygromycin, ampicillin and tetracycfin.
The amount oftBe@mibidtic can be adapted as 15 desired in order to create'gefectivessanditions.
Usually, one selectable markers is used. As well repgrter genes such as fluorescent proteins can be
introduced into the host cells along with the nucleic acid sequence of interest, in order to determine

the efficiency SEQransiormatienu2@ ARSBRIASRE LR HE s Rintd VRAtSN Ts4espravida.@ prokaryotic

host transform%dﬁ/gi fhglf\}/i%ctogiof the reP%rlJt invengfion. Inba t'&cgjlar ergbodimtegfgro;é? %nvention
the prokaryotig host 18 frandfermed Wi Oplassrﬁ%l % PE 1'(l)r&fo A %%%Li@l‘:t? erae eF: 3‘7% ith plasmid
PAKL15E conppeieiads tmd wiffbedn et dimeyre gidheiaritS ditistrdinit adprebs it Hs setterior cexpressing a

secreted, hetaipimesig RIQISI i} Sieb:BOSLER] SUERASE. S EAt: A8 Riefe/aRnsbRly,

heterodimeric protein is a Fab. In another embodiment of the invention the prokaryotic host is
transforméd wWitHeHH 5B Serdisurmedvrdits sradist gaiodedntie Hrelsis i vemmINeA wide

variety of prokaryotic host cells are useful in expressing the heterologous nucleic 30 acid sequences

of this inventiQn. These hosts may include strains of Gram-negativ ceg]s such as E, coli and
Pseudomona@l,1 3t r%’rﬁgpeggz'ﬁ\sl%éélglgugﬁ% Sﬁé@@&%ﬁﬁ?&ﬁé‘@%@ﬁ%ﬂf e BREE AR the host cell is
a Gram-negatisiatsallard orai edfovalsly @ndBequticealf the wolionthichwam begesetharmendysthe strains

TGl, W3110, %&%%&%M%ﬁ@%\{%%&%@?@%%ﬁﬁoﬁ%}éﬁz‘f’@e%ﬁ@d’a%%%t@%&[@@é@hs%mﬁg are

commercially available or can be obtained via the DSMZ (Deutsche Sammlung von Mikroorganismen

and ZellKditur&iEhsomcisictid srmenge efdnst) Tmsttshsienmsieswsd et rsadkermaghbst cell
might or mighteiptsnetahalisedelibiesahdisbbsé Calawbioh-Srotkinaiii capaale & Mptake and
metabolise mgligg%gﬁ "EeCE;iﬁg'(i) u(i:ght SSgea%% 'flinendeto be deficieqt iIn gne or more une i?ns related to
the uptake andlor metahonsm o meflllf)llo . De |C|encf'iﬁno%1see%arr%1eo¥8° URctiBns TRt ts the uptake
and/or metabsHsrrofanblibitesaedindive hokfcthaticoyfer wysisuppréssirithiotibtosiingsthe expression of a
gene coding fayaJRraieinreiatad e e Riake and/armeialalismeligiel biRse suph.asdhe mne/A

gene coding for alpha-galactosidase. Thjs can he done by known techniques such
15~ desired in order to create selective conditions. Usually, one selectable markers 1s nsed. As
well reporter genes such as fluorescent proteins can be introduced into the host cells along

with the nucleic acid sequence of interest, in order to determine the efficiency of

transformation.

20 Another aspect of the present invention is to provide a prokaryotic host transformed with a
vector of the present invention. In a particular embodiment of the invention the prokaryotic
host is transformed with plasmid pBLL135 or plasmid pAKI15E, preferably with plasmid
PAKLI15E comprising two different coding region in its dicistronic expression cassette for
expressing a secreted, heterodimeric protein in such host cell such as e. g. a Fab.

25  Preferably, such heterodimeric protein is a Fab. In another embodiment of the invention the
prokaryotic host'is transformed with an isolated and purified nucleic acid sequence of the

present invention.

A wide variety of prokaryotic host cells are useful in expressing the heterologous nucleic
30 acid sequences of this invention. These hosts may include strains of Gram-negative cells

such as £, 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

cell. E. coli which can be used are e. g. the strains TG1, W3110, DH1, XL1-Blie and



10 as transposon supported mutagenesis or knock-out mutation. Usually, the prokaryotic host
corresponds to the signal sequences chosen, e. g. in case signal sequences of E. coli are used, the
host cell is usually a member of the same family of the enterobacteriaceae, more preferably the host
cell is an E. colitmisnel 575-urther provided with the present invention is a matheshienpaducing a
polypeptide in a host cell, comprising the steps of a%:onstructing a vector, b) transforming a
prokaryotic host with said vector, c) allowing expression of said polypetide in a cell culture system

under suitable)spaditionsn 28 dbERE¥EIIRGSaIdHRORER IR KM NEG8L BYliureIsysiem. The vector
used, as well I§als its, construction and the transforrpation of é%’%ﬁk ryotic host are as defined above,
t

whereas the RETTHIBGo(RE NSTORE SOISaeR Bash &8 LB Y e SHREY holypeptide.
Preferably, thielqolypéptibly, picd ¢ edusdriTantibecheldndghnast2ipreferahiipdifeati fiidigpnent, whereas

the heavy andJight 6aing, of dhe. ARNRORVAL 16 Fab. iagment ate SxprRsseddn the gl gpiture
ﬁseadlg RI C % dy or

system in equal amounts, thu ncentrations of fimctional antibody ab fragment.

: adin g .
As cell cultur@sysidificd dplisusidwot Hisesmiiaos dnaieeuail sy ée aptpererdiiture or 30 fed batch
culture can be,applgshincHibimtbessshake flaskcoprBactarialdermeantans hiaghatellsate usually

cultured in conventional media as known in the art such as complex media like "nutrient yeast broth
medium" or a%ﬁ%i’é’é’fbﬁn&8r£f8ﬁ%%‘fﬁsﬁféaﬂiﬁﬁ?‘&§%’é’ e & BYRRERS 8RR 1GYS, 15 BIBIERTHILN 20, 50-65
or a mineral sagemedidigsfoeserivad wjatdia tialy tWiOR2006/0610018:R GRS BIB3312 21 1983,

o ol i bl IR ISR (06 CIMIN VRGP R3Sl SR PRI ePIce o 2

glycerol containing médium, more pr y the medium descri ortz et al.

Biotechri8l. 395 B3emsTh supTedisthHRGERERES oEifek 4l mpptipridieuelly hapatamgtfakper
ingredients sughapoRdoUliels sEalScvitaniRT 8RN atidsAg el diffarent media afecombinations

of media can be used during.the culturing of the_cells. Preferably, the medium ysed as basic medium
should not in&ﬁf&étﬁﬁ}glﬂ?focs%?%ug} ?&gﬁ.ﬁs{@f&’ﬁjﬁ%%mgﬁ% f BT TRAMATE_E° 35 Sibter region.
Melibiose is usutdiybidthedaftecitheaauiure/immireached an appropriate OD60o depending on the
culture system. Usually, the amount of melibiose in the medium of

15 Further provided with the present invention is a method for producing a polypeptide in a
host cell, comprising the steps of
a) constructing a vector,
b) transforming a prokaryotic host with said vecior,
¢ allowing expression of said polypetide in a cell culture system under suitable conditions,

20 d) recovering said polypeptide from the cell culture system.

The vector used, as well as 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

25  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 culture such as batch culture or
30 fed batch culture can be applied in culture tubes, shake flasks or bacterial fermentors. Host
cells are usually cultured in conventional media as known in the art such as complex media
like “nutrient yeast broth medium” or a glycerol containing medium as described by Kortz
etal., 1995, J. Biotechnol. 39, 59-65 or a mineral salt media as described by Kulla et al.,



10 the cultured prokaryotic host is between 0.01 and 100 g/l, preferably between 0.1 and 10 g11,
more preferably 1 and 5 g/I. For batch culture the usual OD600 is usually 0.4 or higher. Appropriate
pH ranges are e. g. 6 - 8 preferably 7 -7.5, appropriate culture temperatures are between 10 and 40,
preferably betweemvg@sarmd 37C. The cells are incubated usually as long asviekesamniiithe maximum
amount of expressed product has accumulated, 15 preferably between 1 hour and 20 days, more
preferably between 5 hours and 3 days. The amount of expressed product depends on the culture
system used.1983hakeh flslsdratty s suguaiy m@m&keﬂdﬁmﬂﬁﬁtdmﬁegamahabqh@ssi@ﬂcﬁulture medium

can be produggd itha-Rsh ansiaemet Wi NENREIOL B IS ALESELD t{%‘d%’?%'ﬂ%@ fermentor

culture in a batch and c mode expresse pro uct unto usually more than 0.5

g/1 20 fermertaliortbebh, b?@?eﬂaﬁlﬁ?‘ﬁf@?é’]ﬂtﬁ&nfsféﬁ more preferably more than 1.3 g/l can be

obtained. Follfwa@@ﬁmgﬁgmd@xmmsas%@hﬁﬁprg%@mmgaﬁnﬁpﬁtg@a;@a@seemn@:.ptlde of
interest can the b overed from the cultyre of host cells. Whe olypeptide of glnterest are
immunoglobuf t%%ﬁ%ﬁrc%ﬁﬂofﬁ@fhéﬁ|‘§ﬁlfgff§?ﬁeﬁtrglﬁ AR # in the host

cell and secr%rbtmthé penyy dsnedtutes cethd hﬂls@nﬁéqahmlﬂesmdimdmd(bgsﬂhezmgméjmquences in
the expression,yaalnt e REnpRREERSHAIRMINEMILNAgopHiniahalns, Thpumature heavy and

light chains are then assembled to form an intact antlbo ragment. In order to obtain a

maximum yiePIHE @ﬁ%%@@%%@ﬁ%ﬂﬁ%‘@I%Fé@%ﬂﬁﬁféé‘tb@ﬂd’ﬂt#@@w@ﬁhe culture

and lysed, sucibas dpiaaiby ohlﬁmmﬁréf%%t@@ﬂﬁ’s@&@lC@B%@&E@lﬁ&ﬁ@%ﬂf%g&"ﬁrp@wpeptldeS

I fi d I te of th Th C be pu rified by standard
orotein. SR BB G R P CH LY R e ERSTATb oAb, WO

2006/061173@4()35@%@@%&30@@ wmwmwm dmmdtﬁmapisy;ﬂmﬁ:e&@rmﬂggher
chromatograp{jy| GG Ipgsing. 92k e?ﬁ‘é?e?%%s@ @gﬁ?}'}é! A0 SR RORHIA res are

chromatography. These well known and routlneé/ practiced methods are described in, e. g., Ausubel

et al., supra., 2A0eppu 8 ead 4Pebrsieralby defreptlsadid (K Rre s R desRbRiREIMENGES In Cell And
Molecular 5 Binlgay ithaltexamphe, ﬁﬁ&@mﬁaﬁmﬁyg&gg@mgﬁ&mmﬂ%aﬁﬂmﬁu@ogIobullns or Fab

Contaimig & FEE IO A ST erE e Bl T T sy Thr comme
amount of expressed product depends on the culture sysiem used. In shake flask culture
usually expressed product 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 culture in a
batch and/or fed-batch mode expressed product in the amount of usually more than 0.5 g/i
20 fermentation bfo‘ch, preferably more than 1 g/, more preferably 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

25 interest are immunoglobulin 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 thé
immunoglobulin chains. The mature heavy and light chains are then assembled to form an
intact antibody or a Fab fragment. In order to obtain a maximum vield of the expressed

30  product the cells are usually harvested at the end of the culture and lysed, such as lysing by
lysozyme treatment, sonication or French Press. Thus, the polypeptides are usually first
obtained as crude lysate of the host cells. They can then be purified by standard protein

purification procedures known in the art which may include differential precipitation,



inununoglobulins can specifically bind. 10 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 the present invention relates to vectors for the intracellular expression of
a heterologouw (poiggeptitie in a prokaryotic host, whereby the vector is exgressioteinsaprokaryotic
host comprising the promoter region of the melibiosg operon operably linked to a transcriptional 15
unit comprising a nucleic acid sequence which is heterologous to said host. Since in this embodiment
of the vector efdheyiesen inventionhsnisleiccasigsaaueneisnol liokes o acpsakaretic signal
sequence upaon transformin rokaryotic host.cell wjth the vector and expression of the polypeptide
encoded by tﬁzeﬁtre 8?8%391%1%%5 I’e%%%%ﬂ the %5 3}%@6’{?(&@&%{\/}%}?&’ be ﬁafn‘%’f){(l)e}?é%oar%&the cytoplasm
to non-cytoplaswiieckycaticiasd imstbad te Recpbiyipeptide, Wilisbesbatpre sspchyvitinirithetaftoplasm in form
of inclusion bg&&@.}: UchleSAlRieSrm. FRUSHAOA RXBEASHARHNELAMPAPIIR Ralldfpolated and

purified by well- known procedures from the cell, in particular from cell extract. The present invention

also providei8ime [ & sraple (uanrdirationeregombienmbyaseined Bwrnegiohwrs ¢ididtologous
nucleic acid sgagaaes, e aokanyaiitaosticelinaRrakanoticheshBfpky BIQkasalithash eell
transformed WH};S%@O‘{; a%;%' a ;Qeﬁtlh\% ]ifgrhgh%intr(?ﬁjellutlag [pr duEtiorf of a et?}rl%lo ous pojypeptide in
a prokaryotic HoSt USING Saidrvector; and a Vector for The intescBIRTar gidadctioh 8f REEFSiogous
polypeptide conpiisiglgtatipre motereqidigioly, linketerologous nucleic acid sequence encoding a
heterologous polypeptide and a translation initiation region consisting of the sequence

AGGAGATATACAT. 30.In a preferred embodiment of the vector which can be used for the

intracelldfr eXBFEBEsH inapishibersativt srthedsarbpansieibnirtare e hucmiosdter which
preferably is egfieieidhist e GRR-UbindIAGSite:. Pasieptarty prefesiedihn melABpemoter deficient in
wO 2006/06]%73 PCVEPZ 05/0?‘%012 23 the C%Pl glndmg site consists of the spquence depicted
. preseént IMVennon rela FS 10 VECtors %)rt g ]m a&e ar.expression of a h,[«ﬁero 0%0}15
in SEQ ID No. 1,"a'sequence complementary thereof and a variant Sequerice thereof. I another
preferred empebipseidon trekveitichebe wendoribti onelonisteapitreibiscion furkreydorhpsises a
translation 'n'E&Bﬁﬁsﬁ%@%k@ﬁ%@f@g@éﬁ%@ﬁ@&&?él%@@ﬂﬁe%ﬂ%e‘i%?lﬁﬁ@a méﬁlglé@@rﬁ%ﬁtlona' unit,
5 wherebg/ the translation initiation region consists of the sequence AGGAGATATACAT.

1 umt comprising a nucleic acid sequence which is heterologous to said host. Since in this

embodiment of the vector of the present invention the nucleic acid sequence is not linked
to a prokaryotic signal sequence upon transforming a prokaryotic host cell with the vector
and expression of the polypeptide encoded by the heterologous nucleic acid the polypeptide
will not be transported from the cytoplasm to non-cytoplasmic locations. Instead the

20 polypeptide will be expressed within the cytoplasm in form of inclusion bodies or in '
soluble form. Thus upon expression the polypeptide can be isolated and purified by well-
known procedures from the cell, in particular from cell extract. The present invention also
provides for the use of said vectors for the regulated intraceliular expression of a
heterologous nucleic acid sequence in a prokaryotic host cell; a prokaryotic host or

25 prokaryotic host cell transformed with said vector; a method for the intraceltular
productién of a heterclogous polypeptide in a prokaryotic host using said vector; and a
vector for the intracellular production of a heterologous polypeptide comprising a promoter
region, a heterologous nucleic acid sequence encoding a heterologous polypeptide and a
{ranslation initiation region consisting of the sequence AGGAGATATACAT.

30
In a preferred embodiment of the vector which can be used for the intracellular expression
the promoter region of the melibiose operon is the melAB promoter which preferably is

deficient in the CRP1 binding site. Particularly preferred the meldB promoter deficient in



(SEQ ID No. 2). In further preferred embodiments the vector to be used for the intracellular expression
comprises a transcription termination region such as the rrnB transcriptional terminator sequence.
According to the invention the heterologous nucleic acid sequence may encode a polypeptide such as
an antibody, amantiboeii feagment etc. 10 Those skilled in the art will appreciatefhatihe invention
described herein is susceptible to variations and medlifications other than those specifically described.
It is to be understood that the invention includes all such variations and modifications without
departing fronh#ERBphihdineshenitabchartibtesistiescthérpnfedhe Myantivn. alsnssackudes all of the
steps, 15 feat iti Q referred to or indicated in this spegification,
individually or%ﬁéﬁ%%%ﬁ%r@%%ﬁ%%ﬁ%ﬁ%ﬁ§r{155%§r0(§r% Wo c% T%I%rg# said (g‘félﬁ%* Or features.
The present disciosuiontisdratsrant de! soisitibrecesnfuaiiasparmssius tratsltiomitietipastrictive, the

scope of the inygntigRbsiRtindicatrd i (Reapperdadstiaims: andrall.ehsnges which come within
the meaning g{}%{g@g%}%of equivalency are intended o be 20 embraced therein, Various references are

cited throtigh SEARNAHOR LIRS R AR TORSHIR B ATaUeREF T By ebdren 68 fMits entirety.
The foregoing $i&3eniptiareyvith iertharprfiityed sadrstiaadwitie refesercestostdedotlavitngedExamples.
Such Exampl re, however, exemplary.of methods of practising t resent 25.invention and are
ot intended Col RS e g R Rl 0 Wat 1o
genome was SEBIHIY feapositvaRrraligdeebcopeaien Badetrdosonsheciienanticadgasacwhich are

available on theGlGie 4 4Kyl ERcyalonadia,pirfrnssandaemomes,

http://lwww.genome.ad.ip/kegglkegg2.html) positively regulated catabolic promoters were identified
and analﬂ?sed for their use in expression plasmids. The promoters should be tightly regulated and
induced by a Theapkiliddrionkioxit ehichppereitr h(Be2006/0G1deserBETIERPRGOSUOEB002 124

industrally usglth QR RRINGASIOVNG BRI 'S of IR ARAHYE Y 169 Alad GREbONC
operons were, chosen Construction of expression plasmids with positively regulated promoters - prp
promoter (profws Mtanratiemfayludes all such variations and modifications without departing from the

spirit or essential characteristics thereof. The invention also includes all of the steps,

15 features, compositions and compounds referred to or indicated in this specification,
individually or collectively, and any and all combinations or any two or more of said steps
or features. The present disclosure is therefore to be considered as in all aspects illustrated
and not restrictive, the scope of the invention being indicated by the appended Claims, and
all changes which come within the meaning and range of equivalency are intended to be

.20 embraced therein. Vanous references are cited throughout this Specification, each of which

is incorporated herein by reference in its entirety.

The foregoing description will be more fully understood with reference to the following
Examples. Such Examples, are, however, exemplary of methods of practising the present

25 invention and are not intended to limit the scope of the invention.

EXAMPLES

Example 1

The Escherichia coli W3110 genome was scanned for positively regulated operons. Based
30  onthe genomic data which are available on the KEGG database (Kyoto Encyclopedia of

Genes and Genomes, http://www.genome.ad.jp/kepg/kere? 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



5 - gutA promoter (glucitol inducible) - nzelAB2 promoter (melibiose inducible) The precise DNA
fragments which contain the promoter elements were selected based on the available information on
the corresponding regulator binding sites. Chromosomal DNA of Escherichia coli was isolated by the
method of Pitsheresak] 11989, Letters in Applied 10 Microbiology 8, 151-186r/EPmgranvater fragments
were amplified from the chromosomal DNA of strain, W3110 by PCR using the following primers. The
restriction sites of Cial and AflH are underlined. The sequences of the fragments are as follows: 15
Pprp Pprp-5 B Aa%ale 4RhA R AAC BEALALIMhS o3 Braat.rll Aaslidiflea A tot tat 3
AAAATCGATAACTGAAACGCATATTTGCGGATTAGTTCATGACTTTATCTCTAACAAA
TTGAAATTARKBEOAT TRARF T ISR AGGCAATTGTGGCACACCCCTTGCTTTGTCTTT
ATCAACGCABATARGEAAGI A AT AAEd MA@ bdiivelp RgulAddgitidbteraaa atc gat gca tca cge
ccc gca caa 3' PgutA-3 5' aaa c tt aap,tea gga ttt aft gtt tta 3'
AAAATCGATGCATCA'CG”é%P:’&I&%eAp@K}E%%fEA@B‘C%% AGTCACTGCCCGATACGGAC
TTTACATAACTCAACTCATFOCOORCERIRTOOTIRFATTCAAACTTTCAAATTAAAATA 25
[TTATCTTTCATTTTGCCGALCAAMIALCAGHLIiMabe)l TTCAATCTGATTAGATTAG
GTTGCCGTTTGGTAATAAAACAATAAATCCTGACTTAAGTTT PmelAB2 PmelAB-5-1 5' aaa atc gat
gac tgc gag OB GEF AL b insRes which cqualn e BRI Re S S sg Hhbreetetp
AAAATCGATThE avTiGlé BrfafGGRAG e dading rEgll4lod tndind sites. Chromosomal DNA
GATTCGCCT ATGATGAAGTTATTCAAGC CCETTAAGTT, +1 (Binding.site for CRP2 is
ighiighted TP s o bt Cre o B P Ay g R BRI e
separatéfl byMigtrostoge folbetrdphorbs iz el s dlegpiyy whe 40mpfelied festdhe kizoiwesin#om Qiagen

(Hilden, Germany),Eherisaaiad frpsmeniswarermsut- Wil @atantAtiandligated e ciallAfLl-cut

pBW22 (Wilms et al., 2001, Bjotechnology
and Af71] are underlined. The seguences of the fragments are as follows:

15 Pprp Pprp-5 5 aaa atc gat aaa tga aac gea tat tig 3
Pprp-3 5" aaa cit aag tig ita tca act gt tat 3’

AAAATCGATAACTGAAACGCATATTTGCGGATTAGTTCATGACTTTATCTCTAACAAA
TTGAAATTAAACATTTAATTTTATTAAGGCAATTGTGGCACACCCCTTGCTTTIGTCTTT
ATCAACGCAAATAACAAGTTGATAACAACTTAAGTTT

20
PgutA PoutA-5 5 aaa atc gat gea tea cge cec gea caa 3
PgutA-3 5 aaa clt aag tca gga it att git tta 3’

AAAATCGATGCATCACGCCCCGCACAAGGAAGCGGTAGTCACTGCCCGATACGGAC

- TTTACATAACTCAACTCATTCCCCTCGCTATCCTTTTATTCAAACTTTCAAATTAAAATA

25  TTTATCTITCATTTTGCGATCAAAATAACACTTTTAAATCTTTCAATCTGATTAGATTAG
GTTGCCGTTTGGTAATAAAACAATAAATCCTGACTTAAGTTT

PmelAB2 PmelAB-5-1 5' aaaz atc gat gac tgc gag tgg gag cac 3
PmealAB-3 5 aaacitaagggctigctigaataactt 3
30 MelR CRP

BT

T ElEATCTGAGTTTATGCCAATEO TCAACCTCCAAGCCGCAG E1RRRI eI
GATTCGCCTGCCATGATGAAGTTATTCAAGCAAGCCCTTAAGTTT

35 +1
(Binding site for CRP2 is highlighted in light grey and binding sites for MelR are

highlighted in black)

ATTCCCATAAACTCAGATIRITEATEISSIES

The fragments were separated by agarose gelelectrophoresis and isolated by the

40  gelextraction kit QiaexII from Qiagen (Hilden, Germany). The isolated fragments were cut
with Clal and Af71 and ligated to Clal/Aflll-cut pBW22 (Wikms et al., 2001, Biotechnology
and Bioengineering, 73 (2), 95-103). The resulting plasmid containing the meldB2



and Bioengineering, 73 (2), 95-103). The resulting plasmid containing the nselAB2 WO 2006/061173
PCT/EP2005/013012 25 promoter consisting of the sequence SEQ ID NO. 1 (pBLL7) is shown in
Figure 1. The resulting plasmids containing the prp promoter (pBLL5) and the gutA promoter (pBLL6)
are identical exeepbéastivs promoter region ligated. The sequence of the ipgartedopsemeigr fragments
were confirmed by sequencing (Microsynth GmbH, Balgach, Switzerland). 5 Example 2 Construction
of Fab fragment expression plasmids As an alternafiVe to an IPTG-inducible lac promoter (plasmid

PMx9-HUCAL;:EAR:E.  K0RRRIK, Phdlse éée@m%%&%&%ﬁiﬁi&f@ﬁ%%@gﬂ;ﬁg@r%%'ated

expression systems 10 were analysed for their capacity t0 proddce Fa y fragments. The

Fab-H fragmEstias Riasprifieerstsung s aia promote (RBALP apdibsye e Reemier (B pkhers Fab-5

(5'- aaa cat aig: agaRAYAcHIRr e pFAsEralivy (RzrRda@AGEIL R o7 et AkrsgHsndlel he
PCR-fragment was (f:ut with N%%Ihgl d Hindlll andé"%?erted int N?ﬁell indlll-cut pPBW22 to create plasmid

pBW22-Fab-Kf €ortaining the OEETHGUE otarErEaiHEr Al 1996, Mol.

Microbio#. 21, 1037-1047). The same PCR-fragment was inserted into the different expression
plasmids Wlt@;ﬁmpf promoters. The resulting (putative) expression plasmid pBLL15 containing
Fab-H and the melAB2 promoter (SEQ ID NO. 3) is shown in Figure 2. Equivalent plasmids containing
the prp prombfrstpatiornfdish frreperhesristsies phBmidy) were obtained. The sequence of the

Fag-H insert &f plagraiehd0-NBW 22TERRM1MAS &Q@%ﬁf&gr?MIW%@H@W&%@LEXEWSWO”' of
Fab fragment, Strai 1 591 eutsche_ Sammlung von Mikroorganismen and Zelllculturen
BNt G i ot oke e R R SER R B e
plasmid® weresisctatbdettdon blonemp witicte ieeditecFiiohi shetdiffefegnteans nfatidi sraand:checked via
restriction angiksisRKeaRLPIISRIh R A LRETIISNANIOR axReGRd aalliplion patiern. The

re-isolated plasmid pBLL14 showed an altered size and restriction patter Ich was suggested to be
due to reconBEHGREORAE 2PhETEHTS Bl €520 ass it tie)cpasiibigstisdin te following
assays. The PeIRaiaggestrai3sWerBHsladdarHindll and inserted into Ndel/Hind-cut pBW22 to

create plasmid pBW22-Fab-H containing the L-thamnose inducible rhaBAD promoter

15 {Volifet al., 1996, Mol. Microbiol. 21, 1037-1047). The same PCR-fragment was inserted
into the different expression plasmids with inducible promoters. The resulting (putative)
expression plasmid pBLL1S containing Fab-H and the mel4B2 promoter (SEQ ID NO. 3)
is shown in Figure 2. Equivalent plasmids containing the prp promoter (pBLL13) and the
gutA promoter (pBLL14) were obtained. The sequence of the Fab-H insert of plasmid

20 pBW22-Fab-H was confirmed by sequencing.

Example 3
Expression of Fab fragment
Strain W3110 (DSM 5511, Deutsche Sammlung von Mikroorganismen und Zellkulturen
25  (GmbH, Braunschweig, Germany) was transformed with the different expression plasimids.
The plasmids were isolated from clones which resulted from the different transformations
and checked via restriction analysis. Except plasmid pBLL14 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
30 (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 of 0.2 %



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 of 0.2 % WO
2006/061173 PCT/EP2005/013012 26 pBW22-Fab-H L(+)-Rhamnose monohydrate pBLL13 Sodium
propionate pBhad 2ob¥(amrivelibiose monohydrate 5 D(+)-Raffinose monohyghaig:sa&ixfeplactose The
results from the dot blot experiments are shown in Figure 3. to The L-rhamnose- and
melibiose-induced strains W31 10 (pBW22-Fab-H) &ﬁd W31 10 (pBLLI5) showed promising dot blot
results: increasing signals over time and almost no background activity. The portion of actively folded
antibody fragments was quantified via_  ELISA. The results are summarized in the following Table 1.
Plasmid Inducer 8 h 11.5/PPW 228 H22/25 h inddded ipmATeseripPI¢E F* Mx9-HUCAL-Fab-H
IPTG nd Nd 68.64 84.56 igBM3 10 Mx9-HuCAL-FasihddRtépindadd 140.56 8.14 pBW22-Fab-H
Rhamnose 176.88 259.56 %ﬁﬁ 6.52 pBLL13 Prf;} %ﬁf d 0.84 O.§0d3 94 BLL15 Melibiose 2.89
145.10 504.28 4.28 15 Tdbhla 1 ELISA results of t é FAervatives %tl?h the different expression
plasmidss The time after induction is indicated. ThéXhifthifedscuienals/dfter 22 or 25 It were
measured as uninduced controls and the results fr%ﬁ@gctgggllo (pPMx9-HUCAL-Fab-H) and TGIF'-
(PMx9-HuCAL-Fab-H) are used 20 as references. The Fab-H concentration is given in mg/100 OD/L
(n.d. not determined) All strains grew well without any growth inhibition in the presence or absence of

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

10 The L-rhamnose- and melibiose-induced strains W3110 (pBW22-Fab-H) and W3110
(pBLL15) showed promising dot blot results: increasing signals over time and almost no
background activity. The portion of actively folded antibody fragments was quantified via

ELISA. The results are summarized in the following Table 1.

Plasmid Inducer 8h 1 11.5/12h 1 22/25h [ 22/25 h
induced uninduced
in TG1F-
pMx8-HuCAL-Fab-H IPTG ng Nd 658.64 84.56
in W31190
pMx9-HUCAL-Fab-H PTG nd Nd 140.56 8.14
pBW22-Fab-H Rhamnose | 176,88 | 250,58 328.62 6.52
pBLL13 Propionate [ nd 0.84 0.90 3.94
pBLL15S Melibiose 2.89 145.10 504.28 4.28
15
Table 1: ELISA results of the W3110 derivatives with the different expression
plasmids. The time after induction is indicated. The wninduced cultures after 22
or 25 h were measured as uninduced controls and the results from strain
W3110 (pMxS-HuCAL-Fab-H) and TGIF’- (pMx9-HuCAL-Fab-H) are used
20 as references. The Fab-H concentration is given in mg/100 OD/L (n.d. not

determined)

All strains grew well without any growth inhibition in the presence or absence of the
corresponding inducer up to ODgop between 4 and 6. The expression plasmids pBW22-Fab-
25  Hand pBLL15 led to the highest antibody fragment titers after overnight induction. The
melibiose induced strain W3110 (pBLL15) showed a delayed increase in the formation of
active antibody fragments compared to the L-rhamnose (pBW22-Fab-H) induced system.

The L-rhamnose inducible strain W3110 (pBW22-Fab-I) was tested in the Respiration
30 Activity Monitoring System (RAMOS, ACBiotec, Jiilich, Germany), a novel measuring



corresponding inducer up to OD600 between 4 and 6. The expression plasmids pBW22-Fab- 25 H and
pBLL15 led to the highest antibody fragment titers after overnight induction. The melibiose induced
strain W3110 (pBLL15) showed a delayed increase in the formation of active antibody fragments
compared to the kedaammose (pBW22-Fab-H) induced system. The L-rhapmnoseéadoeible strain W3l
10 (pBW22-Fab-H) was tested in the Respiration 3%£«ctlwty Monitoring System (RAMOS, ACBiotec,
Julich, Germany), a novel measuring WO 2006/061173 PCT/EP2005/013012 27 system for the

on-line deterrygationohLesPifalionAcivites i1 Shpkefiasks- R ComRgHsaR:o Eﬁ‘%dﬁ?ém%éhake flask
experiment the antibody titer (which was measured via ELISA) doubled (703.64 /100 OD600

after 23 h of IHAUEESH A MG HR G st TRy ﬁ‘ﬁMWBéiﬁﬁa‘i‘i‘f’@ﬁ‘ﬂ% %It%‘*broductlon of
active antlbo@ﬁm@mmmmmmple)mhdeﬂb:@emﬁﬁuﬁﬁmmﬂ)smﬂé(epﬂﬁskai%rﬁoih\ﬂé&ﬂghﬁdzarrying

plasmid pBLIF%M(? ed qu its C%ngl% &&EQQU ctlve% fgldfgad Fabt H antibody fragments.
tures

Overnight cu |um ryptone egiﬂl east extract, ° g/l sodium chloride)
suppleménted with 100 g/ml of Ampicillin, 37 C] were diluted (1:50) in 20 mI of fresh glycerol medium
(as describedRygprtz et al., 1995, J. Biotechnol. 39, 59-65, whereas the vitamin solution was used
as described b KuIIa et al., 1983, Arch. Microbiol, 135, 1 and incubated at 30C. Melibose (0.2%) was
added when h{% IR &dneiondn shakstbelsof about 0.4. Samples (1 ml) were taken at 15 different
time intervalst.centrifigyell anchting p&lﬁatﬁivpﬁmmneﬁk ats20CorTire ot @eliﬁomwabtﬁe@according

to the above %%égélﬁ (%26%) %tg?e%(a}l en%pt@%%g% ernata ere, ana g%}?ﬁ?t blot and ELISA

assays. 504.28 mg ctlonal tr Body ragmen%s W Example

5 Occurkhce %t bifght WP@T@@UI&@W@@WQQ@*@@%%@WWW@M@&%@H nfo‘hewl@lﬁw,eﬁht

aggregates W@Wé’ﬁﬁﬁie&’?ﬁtﬁmzﬁ"% 9h12ot SRS Sraknis t0iteBlded B) mbyeh-showed the

highest antlb?egg nf §TabI§n1 assgccé)ndugted usglng the anti-human Fab-H_+ AP conj 0gate The
culture was p e 13 ol. ereas the vitamin solution was used as describe

Kulla et al., 1983, Arch. Microbiol, 135, 1 and incubated at 30°C. Melibose (0.2%) was
added when the cultures reached an ODggo of about 0.4. Samples (1 ml) were taken at

15 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 dot blot and ELISA assays. 504.28 mg/1/160 ODggo of functional Fab-H
antibody fragments were obtained.

20

Example 5
Occurence of high molecular’weight aggregates
In order to find out if high molecular weight aggregates are produced, western blot of

25 extracts of strain W3110 (pBLL15), 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 howurs after induction with
melibiose. Western blot of lysozyme extracts of straing W3110 (pBLL15) using the anti-
human Fab-I + AP conjugate is shown in Figure 4. Lower concentrations of high

3¢ molecular weight aggregates correspond to higher titers of finctional antibody fragments.
‘The choice of the expression system seems to influence the way in which the antibody

fragments are formed: functional or in aggregates.

Example 6

35  Imfluence of signal peptides



described in example 4. Samples were taken after 9, 12 and 23 hours after induction with melibiose.
Western blot of lysozyme extracts of strains W3110 (pBLL15) using the anti- human Fab-H + AP
conjugate is shown in Figure 4. Lower concentrations of high 30 molecular weight aggregates
correspond towiggegs/tieerssof functional antibody fragments. The choice obthrerexpsassion system
seems to influence the way in which the antibody fragments are formed: functional or in aggregates.
Example 6 35 Influence of signal peptides WO 2006/061173 PCT/EP2005/013012 28 The genome

database of Exreqlenvas uaeh o190k oy usaiut siaabpertidasihabaouid . aad iy compbination with
the Fab-H fragments VL3-CL and VH-CH. The signal seq%uences ror&r%eriplasmic binding proteins for

sugars, amin8 5SS SRRmAHE LIRS A te (erpRars Yhild-pafipiBshiic Dho e Rsprsaess a
relatively honfage pedpissgiietiritiat haveiaensmnore, araiie asive histuaieshihansatbarcpesiplasmic
proteins. Sincg they ar nerally abundant their, signal sequences have to ensure an efficient
transport ovecrﬁtlésée iﬁ?’]ﬂ ﬁﬁ%ﬁg Igrrgglgénﬁg){ﬁsgmp%lr% g%%r%?kﬂﬂb%%sﬁﬁ%s% il gl‘%&%ﬁ& & qu%%grr%binations
were chetked¥tshshiahy stefliehtensshrideriinsvleavatyinsiBipobapilitycesing thé Siggmalibeiveb server
(httn:/Awww.c s dtugidservicas/ BicRaiR -2 Qsubmission)ias shawn.ia tnelolawingTabie 10 2.
Signal peptide Signal Max peptide Cleavage prob- Site ability Prob ability OmpA (E. coli) - Outer
membrane pRTEAPEhreburstT WhekerA RENAL? KD pRiaRs KermRISKF{EMBAY 1208095.093 MKKTA
IAIAV ALAG h# T QdABitgt {DnppAviliBr Gling dte-Bipda (0@ dD. ofterPhoA (E. coli) -Alkaline
phosphatase prg ; KA %PQOA 1%81% Oqlg‘%% J}(I QST IALAL
B (Enviniac rysan

el - Pectate
lyase prétursér

Signal peptide Signal — Max
peptide Cleavage
prob- Site
ability Prob-

abilivy

OmpA (E. colff} — Outer membrane protein a precursor

MEKTA IATAV ALAGE ATVAQ A APKDN (Omph) 1.000 0.993

MEKTA IAIAV ALAGE ATVAQ A DIELT (OmpA~VL3-CL, Fab-H} 1.000 0.9%71

PhoA (E. colj} —~ Alkaline phosphatase precursor

VRKQST IALAT, LPLLEF TPVIK A RTPEM (Phod) ©.996 0.765

MRQST IALAL LPLLE TEVTK A QVQLK (PhoA-~VE-CH, Fab-H) 0.999 0.784

PelB (Erwinia chrysantemi) — Pectate lyase precursor

MKSLI TPITA GLLLA LSQPL LA ATDTG {PelB) 1.900 0.999

MRSLI TPITA GLLLA LSQPL LA DIELT (PelB-VL3-CL, Fab-#) 1.000 0.998

MKSLI TPITA GLLLA LSQOPL LA CVOLK (PelB~VH-CH, Fab-H) 1.00¢ 0.888

PelB (Erwinia carotovora) -~ Peclate lyase precursor

MEYLY, PTAAA GLLLYL AAQPA MA ANTGG ({PelB) 1.000  1.000

MKYLL, PTAAA GLLLEL AAQFA MA DIELT (PelB-VL3-CL, Fab-~H) 1.00¢ 1.000

MEYTY, 2TAAA GLLLI. AAQPA MA OVQLE (PelB~-VH~CH, Fab-H)} 1.000 1.000C

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 0O.985

MEKPKE STAAA ASLFV GSLIV IGVAS A OVQLK (PelB-VH-CH, Fab-H) 1.000 0.988

LamB (E. colj} — Maltoporin precursor {Lambda receptor protein)

MMITL RKLPL AVAVA AGVMS AQAMA VDFHG (LamB) 1.000 0.875
MMITL RXLPL AVAVA AGVMS AQAMA DIELT (LamB-VL3-CL, Fab-H) 1.000 0.97¢2
.00G  0.988

o

MMITL, RXLPL AVAVA AGVMS AQAMA QVOLK (LamB-VH-CH, Fab-H)



MKSLI TPITA GLLLA LSQPL LA ATDTG (PelB) 1.000 0.999 MKSLI 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) - Pectate lyase precursor MKYLL PTAAA GLLLL AAQPA MA
ANTGG (PelBja0e@mai060 MKYLL PTAAA GLLLL AAQPA MA DIELT (PetBevio8s@ispizab-H) 1.000
1.000 MKYLL PTAAA GLLLL AAQPA MA QVQLK (feIB -VH-CH, Fab-H) 1.000 1.000 PelB
(Xanthomonas campestris) - Pectate lyase precursor MKPKF STAAA ASLFV GSLLV IGVAS A DPALE
(Pel1B) 1.000 0.993 MKPKF STAAA ASLFV GSLLV IGVAS A DIELT (PelB-VL3-CL, Fab-H) 1.000
0.985 MKPKM&ETEARIASYEGEShding psAS-&@dQLK (Bela-VH-CH, Fab-H) 1.000 0.988 LamB (E.
coli) - Maltopoernxrr esrsonflsambdaseeepiar protein) MMEE: RKLPL AVAVA AGYMS AQAMA
VDFHG (Lam:000:0:9 %5 sMMIThaRKLRE AVAYAAGHMSAQAMADIELT (LamB-ViL3-GL, Fab-H)

1.000 0.979 MM LRICEPL SMAMAAGYMD AQAMA QYREKALamB-\HCH, Fabit) 1.090 0.988
WO 2006/061173 PCT/EP2005/013012 29 MalE (E. col/i) - Maltose-binding protein precursor MKIKT

GARIL ALSATFMMESASAL AdHEEGKMalE) 1.000 0.956 MKIKT GARIL ALSAL TTLAIF SASAL A
DIELT (Mal. 5@{5@ -GlonEabsH),1,000.0,978 MKIKT GARIL ALSAL TANF SASA AQVQLK

(MalE-VH-C 000.0,99 BR322) ctamase |v| H FRVAL IPFFA
AFCLP VFAFIE?P TL }%Xla %g fg ogﬁ IQH FFégALC@F‘F%E i VEN DI BlaviZ.cL,
Fab-H) 1.000°F FRVAEPEEA AFCEBVEAS VESDE“(H 2VHICH, ﬁ—'a% ) £:066 0.999
OppA (E. collﬁ)pﬁﬁéﬁp‘fﬁ’gm|%96H§‘6'ﬁ§ﬁfﬂi@q8fﬁ61iﬁ'@dW§WMTNIT KRSLV AAGVL AALMA GNVAL A
ADVPA (OppAFIDE8B0IGNVH RTK REAE AAGVIENARNA GNVAL A DIELT {OppA-VLSB<CL, Fab-H)
1.000 0.911 MTRI TRKRSLAAAAGHLAANKIA GNVALIA QUWOK (OppAasH:CH ) Fal-Hp 19000 0.984
TreA (E. coli)miReripasmiaiehalaseprecuisor (Aiphea-trehalose glucedydmnolase)MKSPARSRPQ
KMALI PACI Ffz'eﬁ:EEA@oﬁ}S‘f’@@iéﬁgRéﬁ&gggﬁ)aéuggp(gp%gﬁrehalose glucohydrolase)

MESPA PSRPQO KMATIY PACIF LCFARX

LEVOA EETPV ({Treh) 1.000 0.996
MKSPA PSRPQ KMALT PACIF LCFAA

LSVOA DIELT (TreA-VL3-CL, Fab-H} 1.000 ©.961
MKSPA PSRPQ KMALI PACIF LCFAA

LSVOA QVQLK (TreA-VH~CH, Fab-H)  1.000 ©.989
MppA (E. cofi} — Periplasmic murein peptide-binding protein precursor

MRHSV SVICC ALLVS SISLS YA REVPS {Mpph) 1.000 0.543
MKHSV SVTCC ALLVS SISLS YA DIELT (MppA~VL3~CL, Fab-H) 1.000 0.906
MEHSYV SVTCC ALLVS SISLS YA QVOLK (MppA~VH-CH, Fab-H} 1.000 0.938
BglX (E. coli} — Periplasmic beta-glucosidase precursar

MRWLC SVGIA VSLAL QPALA DDLFG (BglX) 1.060 0.999
MEWLC SVGIA VSLAL QPALA DIELT (Bgl¥-VL3-CL, Fab~H) 0.989 0.8%%
MEWLC SVGIA VSLAL QPATA QVQLK (BglX-VH-CH, Fab-H) 1.000 0.9%6
ArgT (E. coli} — Lysine-arginine-ornithine-binding periplasmic protein precursor

MEKSI LALSL LVGLS TAASS YA ALPET 1.000 0.929
MEKSI LALSL IVGLS TAASS YA DIELT {Argl-VL3~CL, Fab-H) 1.000 0.947
MEKSY LALSL LVGLS TAASS YA QVOLK {ArgT-VH-CH, Fab-H) 1.000 ©.9860
MalS (E. cofi} - Alpha-amylase precursor

MELAA CFLTIL LPGFA VA ASWTS (Mals) 1.000 0.794
MELAA CFLTL LPGFA VA DIELT (MalS~VL3-CL, Fab-H)} 0.385%8 0.995
MELAA CFLTL LPGFA VA QVQLK (MalS-VH-CH, Fab-H) 1.000  0.990
Hisd (E. colfi) ~ Histidine-binding periplasmic protein precursor

MEKLV LSLSL VLAFS SATAA FA AIPON (HisJ) 1.000 0.994
MRKLY LSLSL VLAFS SATAA ©a DIELT (HisJ-VL3-CL, Fab~H) 1.000 0.957

MEKLV LSLSL VILAFS SATAA FA QVQOLK {HisJ-VH-CH, Fab-H) 1.000 0.988



MKSPA PSRPQ KMALI PACIF LCFAA LSVQA DIELT (TreA-VL3-CL, Fab-H) 1.000 0.961 MKSPA
PSRPQ KKALI PACIF LCFAA LSVQA QVQLK (TreA-VH-CH, Fab-H) 1.000 0.989 MppA (E. coli) -
Periplasmic murein peptide-binding protein precursor MKHSV SVTCC ALLVS SISLS YA AEVPS
(MppA) 1.000 ¥®48s0HHSV SVTCC ALLVS SISLS YA DIELT (MppA-VLBeGlepkmbattio12000 0.906
MKHSV SVTCC ALLVS SISLS YA QVQLK (MppA \\7@ -CH, Fab-H) 1.000 0.938 BglX (E. cofi) -
Periplasmic beta-glucosidase precursor MKWLC SVGIA VSLAL QPALA DDLFG (BglX) 1.000 0.999

MKWLC SVGiFVS o -QPALRADIkIL (BaeMi3réidia Frafinsdr0.999 0.999 MKWLC SVGIA VSLAL
QPALA QVQi4BaL XY HsEH, Fabob) 1,000 0.996, Argl {E; cofi) - Lysine-arginingrorpithige-binding
VLS TANS e B - 000 1047, MKRSTLAL BL LS TARGS VA
QVQLK (Arg‘ng —0|TCﬁ£l Fab uﬁ?’i 000, @%}b Malé2 Q(r% co% %AI ng !;mkl Jase preL%:ugrsgI%r MAK%?\A CFLTL
LPGFA VA ASWTS (MalS) 1.000 0.794 MKLAA CFLTL LPGFA VA DIELT (MalS-VL3-CL, Fab-H)
0.998 0.995 MKLAA CFLTL LPGFA VA QVQLK (MalS-VH-CH, Fab-H) 1.000 0.990 HisJ (E. coli) -
Histidine-bindipePgErisid sriien{ftotisirrisrbbdinsoreNpleK v/ pLSirstregira™S SATAA FA AIPQN (HisJ) 1.000
0.994 MKKLWLRSL SEIVEAESISATAA BA DIELTAHEI-We8+CL, Fab-H) 1.000 0.95% MKKLY/ LSLSL
VLAFS SATAAATA %@ KtiieJeMidsCll, Fab-Hpie000 £:088/" WO 2066061178 PO T/EP2205/013012
30 XylIF (E. catiyrmDr¥yiasehnding:periplasmic pratein peeusotMKIKNG LT GESLL sk VA AHA
KEVKI (Xy1F) 1.000 0.996 MKIRN ILLTL CTSLL LTNVA ARA DIELT (Xy1F-VL3-CL, Fab-H) 1.000
0.992 MKIKN ILLTL CTSLL LTNVA AHA QVQLK (Xy1F-VH-CH, Fab-H) 1.000 0.996 FecB (E. coli) -
Iron(111) dicitrateesmdiwg:p eiiptasimic:peoateirepreesesor MLAFI RFLFA GLLLV ISHAF A ATVQD (FecB)
1.000 0.975

- LamB-VL3-CL (Maltoporin precursor)
- MalE-VH-CH (Maltose-binding protein precursor)
10 - Bla-VL3-CL (Beta-lactamase)
- TreA-VH-CH (Periplasmic trehalase precursor)
- ArgT-VL3-CL (Lysine-arginine-ornithine-binding periplasmic protein
precursor)
- FecB-VH-CH (Iron (I} dicitrate-binding periplasmic protein precursor
15
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

amplification Table 3



MLAFI RFLFA GLLLV ISHAF A DIELT (FecB-VL3-CL, Fab-H) 1.000 0.989 MLAFI RFLFA GLLLV
ISHAF A QVQLK (FecB-VH-CH, Fab-H) 1.000 0.990 5 The following six combinations were chosen: -
LamB-VL3-CL (Maltoporin precursor) - MalE-VH-CH (Maltose-binding protein precursor) 10 -
Bla-VL3-CL (Betazimetsmase) - TreA-VH-CH (Periplasmic trehalase precursorerAnghidli3-CL
(Lysine-arginine-ornithine-binding periplasmie prote'rg precursor) - FecB-VH-CH (Iron (M))

dicitrate-binding periplasmic protein precursor 15

e 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 amitfrcation Table 3 WO 2006/Dbip@d> CT/EP2005/01301PFiagRsimer Template Fra

ment LamB-VL3I!&mBMB-SGenomic DNA of E. co/i lamB-SP_Lamb-3 W3110 lamB-VIL3-5

pMx9-HUCAL-F3

mBsﬁs VL3-CL VL3-3lam

annmun BNA n'F E. f‘t'\l

MalE-VH-CH mal.a

pMx9-HUCAL-F3

T

TG T

VH-3 malE-5 m

EWBWPVEsc@!L lamB W@@E VL3

3

lamB-5 lamB-SP / VIL.3-CL tamB-VL3-CL
VL3-3
MalE-VH-CH
malE-5 Genomic DNA of E. coli malE-SP
male-3 W3110
malE-VH-CH pMx8-HuCAl-Fab-H VH-CH
VH-3
malE-5 malE-SP f VH-CH malE-VH-CH
VL 3-3
Bla-V13-CL
bla-5  Genomic DNA of E. cofi bla-SP
bla-3 W3110
bla-VL3-5 pMx8-HuCAL-Fab-H-8-8 V0L3-CL
V0L3-3
bla-5 bla-SP / VL3-CL bla-VL3-CL
V1.3-3 ’
TreA-VH-CH
treA-5 Genomic DNA of E. coli freA-SP
treA-3 W3110
treA-VH-CH pMxS-HuCAL-Fab-H-S-8 VH-CH
VH-3
refA-5 treA-SP f VH-CH treA-VH-CH
VH-3
ArgT-VL3-CL
argT-5 Genomic DNA of E. colf argT-SP
argt-3 W3110
argT-VL3-5 pMxS-HUCAL-Fab-H VL3-CL
V0L3-3
argT-5 argT-SP / VL3-CL argT-VL3-CL
VI.3-3
FecB-VH-CH

[fecB-5 Genomic DNA of E. coli fecB-SP
fecB-3 W3110°

| fecB-VH-CH oMx8-HuCAL-Fab-H-S-S VH-CH
V0L3-3 '
fecB-5 fecB-SP / VH-CH fecB-VH-CH
Vi.3-3

The fusions of the signal peptide sequences with the VL3-CL and VH-CH sequences were
5  performed as described elsewhere (Horton, R.M., Hunt, H.D., Ho, S.N., Pullen, J.K. and
Pease, L.R. (1989) Engineering hybrid genes without the use of restriction enzymes: gene

splicing by overlap extension. Gene 77, 61-68). The SP-VL3-CL genes were cut with
restriction enzymes Nedel and PstI and ligated into Ndel/PstI cut pPBW22 and into pBLL7.



Bla-VL3-CL bla-5 Genomic DNA of E. co/i bla-SP bla-3 W3110 bla-VL3-5 pMx9-HuCAL-Fab-H-S-S
VL3-CL VL3-3 bla-5 bla-SP / VL3-CL bla-VL3-CL VL3-3 TreA-VH-CH treA-5 Genomic DNA of E.
cols treA-SP treA-3 W3110 treA-VH-CH pMx9-HUCAL-Fab-H-S-S VH-CH VH-3 treA-5 treA-SP /
VH-CH treA-\VAHECBIeNE1BArgT-VL3-CL argT-5 Genomic DNA of E. coli axgiliesiboseghi3 W3110
argT-VL3-5 pMx9-HuCAL-Fab-H VL3-CL VL3-3 ar% -5 argT-SP / VL3-CL argT-VL3-CL VL3-3
FecB-VH-CH fecB-5 Genomic DNA of E. coil fecB E’ fecB-3 W3110 fecB-VH-CH

PMO-HUCAL il YARGHL Wled AR PCRBRAMHGHIRSRV G Y Fhe fusions of

the signal peptide sequences with the VL3-CL and VH-CH sequences were 5 performed as described
elsewhere (HOHGAARBTICS Hhiffe Hrpntpszatempt by Vékcéﬁ&dﬁéﬁs@@f RTS8 T ERYineering
hybrid genes pdithihi thy userabrHSHkigtQs RNAYLS coabRSPHE NGBy e damnexieasion.Gene 77,

61-68). The ng}/ ge%egco%%estg\s/te r&? gulta gbVL3—CL/malE— VH-CH expression plasmid containing
5  the L-rhamnose inducible promoter (pAKL14) was obtained. The lamB-VL3-CL/malE-VH-

CH genes which were isolated from plasmid pAKL1S (example 7) as AAI/HindI
fragment were ligated into AT/ HindHI-cut pBLL7 to obtain pAKL15E. Figure 5 illustrates
the expression plasmid pAKL15E containing the melibiose inducible promoter and JamB-
VL3-CL/malE-VH-CH {(SEQ ID. NO. 4).

10
Example 7
Influence of translation initiation regions on Fab expression
The Fab-H genes of plasmid pAKL14 and plasmid pAKLI15E contain the same DNA
sequence 5° of the start codon (translation initiation region} whereas in the original plasmid

15 pMx9-HuCAL-Fab-H the translation initiation regions of both Fab-H genes are different. A
comparison of the translation initiation regions sequences of plasmid pMx9-HuCAL-Fab-H
and pAKL14/pAKLI15E is shown in the following Table 4:

pMx9-HuCAL-Fab-H  ompA-VL3-CL gaggpcaaaaa atg
20 phod-VH-CH  aggagaaaatasa  atg

pAKL14/pAKI15E lamB-VL3-CI,  aggapatatacat  atg
malE-VH-CH  aggagatatacat  atg

25  The productivity of strain W3110 (pAKL14) was tested in shake flasks as described in
example 4. The sirain grew well in the presence or absence of L-thamnose. That means the
production of Fab-H did not influence the viability of the cells.

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

30  pBW22-Fab-H which contains the MOR gene construct from plasmid pMx9-HuCAL-Fab-
H) to 596.14 mg/L/100 ODego (plasmid pAKL14) and to 878.86 mg/L/100 ODgyo (plasmid
pAKLISE). 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



restriction enzymes Mel and Pstl and ligated into Ndel/Pstl cut pBW22 and into pBLL7. WO
2006/061173 PCT/EP2005/013012 32 The resulting plasmids were cut with Pstl and Hindlll and
ligated to PstlIHindIH cut SP- VH-CH genes. Since the integration of the bla-VL3-CL and fecB-VH-CH
genes was notvpassshie oaly the Fab-H expression plasmid containing thetamB2Mis3+Giliand
malE-VH- CH genes could be tested. A lamB-VL3-Cly/malE-VH-CH expression plasmid containing 5
the L-rhamnose inducible promoter (pAKL14) was obtained. The lamB-VL3-CL/malE-VH- CH genes
which were istilsiedfremhylasmidédi-lorExamnpiens) aEARMH iR fapnehwasligated into
AflIPHIindHI- -cut b %%7 t%obtal éA‘\aKrL15E Fi ur%5 |IIustr tes the expression plasmid pAKL15E
containing the mel BIOSE 1h e pronﬁ)?mr an SRt HalE-vi--f-CcH (SEQ ID. NO. 4). 10
Example 7 Influence of translatlon initiation reglons on Fab expression The Fab-H genes of plasmid
PAKL14 and plagniif pAlkt k2l contair she same DNA sequence 5' of the start codon (translation
initiation region) whereas in the orlglnal plasmid 15 pMx9-HuCAL-Fab-H the translation initiation
regions of bot:H4 LRILPLAVAY A G _S QAMAD fg

of plasmid pMxX@$HITAQR

S U S N gngcasan sl e U el

productivity o' sYrBfrtWEPIOSEARLAG) WAE TBSEQS NSRS ARSKE HSIRESPWHRHRS ERAMNIE 4. The
strain grew welldndhenrasenseek absence of L-rhamnose. That means the production of Fab-H did
not influence the viability of the cells. The new signal peptide constructs (in combination with the
modifiedftanslation initiation signals) again increased the antibody fragment titer from 328.62
mg/L/100 OD&IDCH gsaKd. 13p-pBW2Z4ab-H which contains the MOR gene construct from plasmid

oS A TSR 1 00 SASC s DI AR IRV IS RS I 190 00500
(plasmid pAKLCI5 and ma
SGVGVGWIRQPPGKALEWLALIDWDDDKYYS I’SLKTRLTISKDTSKN QVVLTMTN
MDPVDTATYYCARYPVTQRSYMDVWGQGTLVTVSSASTKGPSVLPLAPSSKSTS
15 GGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDKKVEPKS

The light chain of Fab-H carries two mistakes (D50N, X63N) and the heavy chain one
amino acid exchange (F156L). To restore the original Fab-H sequence two fragments from

20 plasmid pAKL14 (138 bp SexA/BamHI and 310 bp BssHI/Hindlll fragment) were
exchanged against the homologous fragments of plasmid pBW22-Fab-H (which carries the
unchanged Fab-H gene sequence). The resulting plasmid pAKL15 carries the correct Fab-
H sequence. The exchange of the three amino acids had no apparent effect on the overall
Fab-H properties since the pI was unchanged. Therefore the capacity of strain W3110

25 {pAKL15) to produce functional Fab-H antibody fragments was supposed to be similar to
strain W3110 (pAKL14) and was not analysed.

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

optimisation strategies. The following Table 5 summarizes the improvements:
30



revealed three base exchanges which are supposed to be due to the construction of the WO
2006/061173 PCT/EP2005/01.3012 33 fusion genes by two consecutive PCR reactions. The base
exchanges led to the following amino acid changes (the wrong amino acids are emphasized): VL3-CL
(PAKL14) - pl W@ BB6:B61173
MMITLRKLPLAVAVAAGVMSAQAMADIELTQPPSVSVAPGQTARISCSGNALGDK
YASWYQQ_NPGQAPVLVIYDDSDRPSGIPERFSG@NSGNTATLTISGTQAEDEADYY
CQSYDSPQVVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPG

PCT/EP2005/013012

AVTVAWKAGSSRVKAGVETTTPSKQSNNKYAASS YL SL TPEQWHSHRGYSCOMIctvity
HEGSTVEKTVAPTEA 10 VH-CH (pAKL14) - pl =9.52 functional Fab-H increase
MKIKTGARILALSALTTMMFSASALAQVQLKESGPALVKPTQ T e e E it ST
SGVGVGIIRGRBEKALENI AL IDIBPDKINRTRETRE IR SOV TN

MDPVDTAT IV YHCQSHLY S ¥ReEmi NPlag U5F LAPSSKSTS 15

GGTAALGCLWED UK FBW I NapWMINSGAL 1 Sa e iR ARSE2E ¥ PLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDKKVEPKS TleHahnadwain of Fab-H carries two mistakes (D5 ON,
K63N) and thé'RéayrtHadihddne amino acidrarssaingeyFieso| fo#estore the ofigial Fab-H
sequence tw smid-pAAsibIgee38 bp SekAl/BarHl and 310 bp BsAULEN ndlll
fragment) Wer@t %x@ﬁgﬁaa ggainst the horﬁa&g IS rﬂ‘fgment&%?pﬁsmid pBWZ:Z-FZab-H (which
carries the ynchanged Fab-H gene sequengg), gs[;gsulting plasmid pAKL15 carries the cqrrect Fab-
H sequence | Wl ex¢pARDese] the three angmgraciiyitad No appaedt effecton thegayerall fFab-H
properties sihce the pl was unchanged. Thefediosiiihe capaci{y of strain W3110 25 (pAKL15) to
produce functional Eah-H antibody fragment¥igiliosginnosed to be similar to. strdin W3110 (bAKL14)

and was not

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

optimisation sifateoipscl he follewing Tebla S HURBAIZes dRAIMRIONSmEnS: PRV R:2006/061173
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6). The highest functional Fab-H concentrations were measured in strains which produce a
balanced amount of light and heavy chain (lanes 4 and 5). The L-rhammnose inducible
strains which carry the Fab-H fragment such as W3110 (pBW22-Fab-H) (lane 3) strongly
overproduce the light chain,

Example 8

Melibiose induction in shake flasks

E. coli W31'1 0 carrying plasmid pAKI15E was tested for its capacity to produce actively
folded Fab-H antibody fragments. Overnight cultures [in NYB medium (10 g/l tryptone, 5
g/l yeast extract, 5 g/l sodivm chloride) supplemented with 100 wg/ml of Ampicillin, 37
°C] were diluted (1:50) in 20 ml of fresh glycerol medium (as described by Kortz et al.,
1995, J Biotechnol. 39, 59-65, whereas the vitamin solution was used as described by
Kulla et al., 1983, Arch. Microbiol, 135, I and incubated at 30°C. Melibiose (0.2%) was
added when the cultures reached an ODggo of about 0.4. Samples (1 ml) were taken at
different time intervals, 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 (JamB-VL3-CL/malE-VH-CH) showed the
highest Fab-H antibody titers (Table 5). The light and heavy chain of Fab-H were produced

in equal amounts (Figure 8).



Strain Improvement Concentration of Activity functional Fab-H increase Antibody (mg/L/100 OD
TGIF'- (pMx9-HuUCAL-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 (pBLL15)
Expression systemd@ddia®6 Melibiose W3110 (pAKL14) Signal peptide 326G /442do3masstation
(Rhamnose) W3110 (pAKL15E) Signal peptide 87%@6 10.4 Translation (Melibiose) Strains which
produced high Fab-H antibody titers were analysed via SDS-PAGE (Figure 5 6). The highest functional
Fab-H conceﬁqgﬂﬁn§yvere measured in strains which produce a balanced amount of light and heavy

chain (lane L-rha mose L e strajn rry h Fab-H fr t such as
WaL10 (BB R PLAB AN B drsr e hom CRA K G P MR biose
induction in siwateKleasksiEs. coil W3110 carrying plasmid pAKL15E was tested for its capacity to

produce actively.oifes et harphosifiaaments QUi auleal D YR mediim, 10 o

tryptone, 5 g/1 yeast extract sodium chloride) supplemented with 100 g/ml of Ampicillin, 37 15

C] were é||uté@%@@@lﬁfé@#ﬁﬂo@ﬁ@%}%éﬁ?dﬁm’aﬁaﬁﬁl{iﬁs%@g‘e%% w«@fﬁr@@hﬁ culforgs J,
Biotechnol. 3&59{%\6@@&9@5)@ H) selutiantwas.HS8hAsHBSE DGy JthPRMtakd 1983, Arch.

0,
D o e R o eocrec
were stored ane@0@. (Thdehoied bﬁﬂ’éoﬂ@ weke1988d &bo@rchnglié Ghidaidowhateschbetlysozyme
treatment and e S{RGERRLANS MRIBed by Kulla et al., 1983, Arch. Microbiol, 135, 1 and incubated
10 at 30°C. Melibiose (0.2%) was added when the culture reached an OD600 of about 0.8.
After an induction time of 19 h the cells were harvested and stored at -20°C. Amidase
activity was tested as described in Eichhorn et al. 1997, Tetrahedron Asymmetry, 8(15),
2533-36. The resting cells enantioselectively converted (R)-Piperazine-2-carboxamide to
(R)-piperazine-2-carboxylic acid with a conversion rate of about 1 g/ h/ ODego.
15
Example 10
Melibiose induction of a single chain antibody (scFv, S1) in shake flasks
The sclFv gene was isolated via PCR using the primers 5-S (5’-aaa cat atg aaa tac cta ttg cct
acg gc-3”) and 3-51 (5’-aaa aag ctt act acg agg aga cgp-3”). The corresponding S1 protein
20 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 Hindlll and inserted into
Ndel/Hindll-cut pBLL7 to create plasmid pBLL7-pelB1-S1 containing the melibiose
inducible mel4B2 promoter (Figure 9). The sequence of the S1 insert of plasmid pBLL7-S1
was confirmed by sequencing. Strain W3110 (DSM 5911, Deutsche Sammlung von
25 Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany) was trinsformed
with plasmid pBLL7-pelB1-S1. The plasmids were isolated from different clones and
verified by restriction analysis. E. coli W3110 (pBLL7-pelB-S1) was tested for its capacity -
to produce soluble S1. Overnight cultures {in NYB medium (10 g/l tryptone, 5 g/l yeast
extract, 5 g/l sodium chloride) supplemented with 100 pg/ml of Ampicillin, 37 °C)] were
30 diluted (1:50) in 20 ml of fresh glycerol medium [as described by Kortz et al., 1995, T,
Biotechnol. 39, 59-65, with the exception of the vitamin solution (as described by Kulla et
al.,, 1983, Arch. Microbiol, 135, 1)} and incubated at 30°C. Melibose (0.2%) was added

when the cultures reached an ODgpo of about 0.4. Samples {1 ml) were taken at different



analysed in SDS-PAGE and ELLSA 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 5). The light and heavy chain of Fab-H were produced in equal amounts (Figure
8). 25 WO 2086/8842#37BCT/EP2005/013012 35 Example 9 Melibiose rcliueticnnsafiasy amidase from
strain ICE153 (Burkholderia sp. DSM9925) in shal_g’% flasks E. coli W3 110 carrying plasmid pJKL8
(Figure 7) was tested for its capacity to convert 5 racemic piperazine-2-carboxamide to

(R)-piperazingrd-tashaxylicasilsLvamighbawisies. lNY B mediunh (10, gl tyntong. el yeast
extract, 5 g/l sodiHm chloride) sug%lemented with 100 g/ml of Ampicillin, 30 C] were diluted (1:50) in

20 ml of fresAC N EED I HSHRGRY (S HEREA TSI BPR Shes Bl 2188 SNSTBREHRANBE15885%5, whereas
the vitymin solttionpslias vsed:asigescribtDBP K G Eiaky 1983 RbaMigrabiabst 35 1% and incubated
10 at 30C. [o]] 9 when th Iltyr. ched an OD600 of about 0.8. After an
induction tir'\riig %%{?L%ﬁhe?ﬁé%ﬁ%@v?}%ﬁ%@o s%gfjpar%d g%g!r%dE %%SQB%S rr‘% Ialsgea cﬁgﬂ'\/ity was tested as
described in Eichhom et al. 1997, Tetrahedron Asymmetry, 8(15), 2533-36. The resting cells
enantioselectively converted (R)-Piperazine-2-carboxamide to (R)-piperazine-2-carboxylic acid with a
conversion rate of about 1 gl h/ OD600. 15 Example 10 Melibiose induction of a single chain antibody
(scFv, Sl) in shake flasks The scFv gene was isolated via PCR using the primers 5-S (5'-aaa cat atg
aaa tac cta ttg cot acg ge-3') and 3-Sl (5'-aaa aag oft act acg agg aga egg-3'). The corresponding Si
protein 20 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
Ndel/Hindffl-cut pBLL7 to create plasmid pBLL7-pelB1-S1 containing the melibiose inducible inelAB2
promoter (Figure 9). The sequence of the Si insert of plasmid pBLL7-S 1 was confirmed by
sequencing. Strain W3110 (DSM 5911, Deutsche Sammlung von 25 Mikroorganismen and
Zelikulturen GmbH, Braunschweig, Germany) was transformed



with plasmid pBLL7-pelBI-Si. The plasmids were isolated from different clones and verified by
restriction analysis. E. coli W3110 (pBLL7-pelB-S 1) was tested for its capacity to produce soluble Sl.
Overnight culturesﬁ[in NYB medium (10 gil tryptone, 5 g/l yeast extract, 5 g/l sodium chloride)
supplemented QAHPYHI <d/mI of Ampicillin, 37 C] were 30 diluted (1:50) irPS3/BR2685RaaH Ylycerol
medium [as described by Kortz et al., 1995, J. Biotgehnol. 39, 59-65, with the exception of the vitamin
solution (as described by Kulla et al., 1983, Arch. Microbiol, 135, 1)] and incubated at 30C. Melibose
(0.2%) was aB4&#Svhen the cultures reached an OD600 of about 0.4. Samples (1 ml) were taken at
different WO 2006/061173 PCTIEP2005/013012 36 time intervals, centrifuged and the pellets were
stored at -ZOg. The frozen cells were lysed according to the above described lysozyme treatment and
the supernatdnt 513%%?&8@%‘?&%&8#&%%%%&/@%@%@@%I(Tréi@lj@eelO) and
Bioanalyzer. Mostapktiedperphyteiik 4. ghnsagfidRN QRG-S adisrbiuthe,soluble protein
fraction. 2 WO 20@%%9_%1&&£&J/E@%005/(1113 12 37 CLAIMS 1, A vectar expressible in a host
comprising the promoter region of the me (HHS8h AT oD ETRISRRRICE §36 B igitstibtional unit
comprising a nucl&fgessrs seeprirdieddnhidipisthetercigigous toesadtitiast ppdrencas the expression of
said nucleic acid sequence is controlled by said promoter region of the melibiose operon. 2. The vector
of claim 1, wherein said promoter region is_ the melAB promoter. to 3. The vector of claim 2, wherein
said meZAB prombiEr FSAERE A 1T eriibspis ReRRp et sipmin by eeldBatromite3, wherein said
melAB promoter deficient in the CRP 1 binding site consists of the sequence SEQ ID NO. 1, a

eof. 5. The vector of claims 1-4, wherein said

sequengg comple enjary thereof and .15 variants t tor ¢ L, W
transcriptional uni#ﬁrther ES%E%??@&"’ L P T SRR PG S et m Tt P iadiBR point of
the translation of §##d transcriptional unit, said translation initiation region consisting of the sequence
20 AGGAGATATACAT (SEQ ID NO. 2), whereas said translation initiation region is
4,  The vector of claim 3, wherein said meldB promoter deficient in the CRP1 binding
site consists of the sequence SEQ ID NO. 1, a sequence complementary thereof and

15 variants thereof

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

- 20 AGGAGATATACAT (SEQ ID NO. 2), whereas said translation initiation region is

operably linked to said nucleic acid sequence.

6. The vector of claims 1-5, wherein said transcriptional unit further comprises a signal

sequence operably linked to said nucleic acid sequence.

25
7. The vector of claim 6, wherein said signal sequence is a prokaryotic signal sequence.
8.  The vector of claim 7, wherein said prokaryotic signal sequence is selected from
signal peptides of periplasmatic binding proteins for sugars, amino acids, vitamins
30 and ions.

9. The vector of claims 1-8, wherein said transcriptional unit further comprises a

transcription termination region which is the rmB transcriptional terminator



- operably linked to said nucleic acid sequence. 6. The vector of claims 1-5, wherein said transcriptional
unit further comprises a signal sequence operably linked to said nucleic acid sequence. 25 7. The
vector of clai{g&m\ﬁlg)ﬁﬁq' said signal sequence is a prokaryotic signal se?Hel%ce. 8. The vector of

: oo ) : LER05/023013 .
claim 7, wherein said prokaryotic signal sequence is selected from signal peptides of periplasmatic

binding proteins for sugars, amino acids, vitamins 38 and ions. 9. The vector of claims 1-8, wherein
said transcriptional unit further comprises a transcription termination region which is the rrnB
transcriptional terfiRaTOr WO 2006/061173 PCT/EP2005/013012 38 sequence. 10. The vector of
claims 1-9, wherein said nucleic acid sequence encodes a polypeptide. 5 11. The vector of claims 1-9,

wherein said pucleig.agid sequence encodes an a tib%fj . .12, The vector of claims 1-9, wherein said
nucleic acid sequence encogéés a Fai T%gerrneg}'\f.mﬁon 1 % e VEELor OF Clainy Ti?l%@%dﬁ‘le heavy and
the light chain of said Fab fragment are encoded by a dicisironic transcriptional unit, whereas each

chain is eperaply ‘ikesis: arigngksesuancaAasARIdERtCH gﬁ%i%&a@%&sw upstream of

the initiation point of the translation of said transcriptional unit. 15 14. The vector of claims 1-13,
wherein said promoter region and said operably linked transcriptional unit consists of the sequence

SEQ 11) NO13, aBequetcefchripicnientanyitherdafahd\wafinptaitheseatods ha vector of claims
1-13, wherein said.p ter region and said operably linked 20 transcriptional unit consists of the
sequence SEQ ID . 4, a sequence complementary thereof and variants thereof. 16. The vector of
claims 1-15, wherein said vector is an autonomously or self-replicating plasmid, a cosmid, a phage, a

virus or@ retrgyirushededér bisgaahtive vasian RIS Ad lalhenagwated paterglagaus expression

of a nucleic acid sequence.in a prokaryotic host,
areqencoged gy a%01sh*0¥110 transcriptional unit, whereas each chain is operably

linked to a signal sequence and an identical translation initiation region upstream of

the initiation point of the translation of said transcriptional unit.

15 14. The vector of claims 1-13, wherein said promoter region and said operably linked
trapseriptional unit consists of the sequence SEQ ID NO. 3, a sequence

complementary thereof and variants thereof.

15, The vector of claims 1-13, wherein said promoter region and said operably linked
20 transcriptional unit consists of the sequence SEQ ID NO. 4, a sequencs

complementary thereof and variants thereof,

16.  The vector of claims 1-15, wherein said vector is an antonomously or self-replicating

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

25
17. Use of the vector of claims 1-16 for the regulated heterologous expression of a
nucleic acid sequence in a prokaryotic host.
18.  The use of the vector of claim 17, wherein said nucleic acid sequence encodes for a
30 polypeptide.

19.  The use of the vector of claim 18, wherein said polypeptide is a Fab fragment,
whereas the heavy and light chains of the Fab fragment are expressed in equal



18. The use of the vector of claim 17, wherein said nucleic acid sequence encodes for a 30
polypeptide. 19. The use of the vector of claim 18, wherein said polypeptide is a Fab fragment,
whereas the fﬁ@\ﬁ@a,&gd%ht chains of the Fab fragment are expressed in qul}gl WO 2006/061173 PC
/EP2005/013 8 HhGunts. 20. An isolated and purified nucleic acid SE‘E] ﬁ%@sé%%zssible ina
host comprising the promoter region of the melibios¥ operon operably linked to a transcriptional unit 5
comprising a nucleic acid sequence which is heterologous to said host, whereas the expression of
said nucleic acid s%raﬂ‘é‘?:fé'e is controlled by said promoter region of the melibiose operon. 21. The
isolated and purified nucleic acid sequence of claim 20, wherein said promoter 10 region is the melAB

promoter. 22.,fhe j nd purified nucleic acid sequence of ¢laim 21, wherein said melAB
promoter is da i'cie}#?tl #ﬁ%ﬁ%ﬂgpﬁ%%ausﬁ? ) ?qu%cfas%}?gfg%?lﬁ?djbﬁ A FHREIRSEY sequence
of claim 22, whereresatirnieginsofihe metiicse ipininpirebGRiBkEdindingnsitiptandiststof the
sequence SEQ IDcbihrhoir aemieRGRiEcERIMAIAY DaRol Ad.valiantsprept, 24 Ihe isolated

and purified nucleic acid sequengce of claims 20-23, wherein said 20 promoter region and said
operably linked traREFSIRBHY SRSl ae bismeass ssnrEotsddy srid orogofeseginneithe
complementary therditfiesecbparsants thereof 25. The isolated and purified nucleic acid sequence of
claims 20-23, wherein said promoter region and said operably linked transcriptional unit consists of
the sequence 25 SEQ ID NO.4, a sequence complementary thereof and variants thereof. 26. Plasmid
pBLL15. 27.Blasthdpmictoismd puids! mejeikagifbsiubost wankionddwithitheid eatarcodclaims 1-16.
WO 200%/061173:26J45RROORAEIIRAP 29. A prokaryotic host transformed with the isolated and
purified nucleic acid sequence

22. The isolated and purified nucleic acid sequence of claim 21, wherein said melABR

promoter is deficient in the CRP1 binding site.

15 23. Theisolated and purified nucleic acid sequencs of claim 22, wherein said meldB
promoter deficient in the CRP1 binding site consists of the sequence SEQ ID NO. 1,

a sequence complementary thersof and variants thereof,

24,  The isolated and purified nucleic acid sequence of claims 20-23, wherein said
20 promoter region and said operably linked transcriptional unit consists of the sequence

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

25. The isolated and purified nucleic acid sequence of claims 20-23, wherein said
promoter region and sajd operably linked transcriptional unit consists of the sequence

25 SEQ ID NO. 4, a sequence complementary thereof and variants thereof.
26. Plasmid pBLL15.

27. Plasmid pAKLI15E.
30

28. A prokaryotic host transformed with the vector of claims 1-16.



of claims 20-25. 30. A prokaryotic host transformed with the plasmids of claims 26 or 27. 531. A
method for producing a polypeptide in a host, comprising the steps of: a) constructing a vector of
claims 10-16,‘% transforming a prokaryotic host with said vector, c) allowing expression of said
polypeptide in 2 et AT system under suitable 10 conditions, d) recoVrHBReHPNHeptide from
the cell culture system. 32. The method of claim 314®vhereas the polypeptide produced is a Fab
fragment, whereas the heavy and light chains of the Fab fragment are expressed in said cell 15

culture systetf-in Squrakeamsishest sansfhenebwisithr splmedandrysiigheidsls 8l ee8B1of said
polypeptide is cargeg sk d-glycerol containing medium. WO 2006/061173 PCT/FP20051013012 1/3
SEQUENCE LISTING <110> LONEA AG MORPHOSYS AG <120> Melibiose operon expression
system <130> B14868/EP <160> 4 <170> Patentln version 3.3 <210> 1 <211> 143 <212> DNA
<213> Eschéfichia gotikacg@i-hed Zbnsinistefbwith ¢heqd 280 dnolcBinm 86matet. <400> 1 actctgcttt
tcaggtaaft tattcccata aactcagatt tactgctgct tcacgcagga 60
31. A method for producing a polypeptide in a host, comprising the steps of:

a) constructing a vector of claims 10-16,

b) transforming a prokaryotic host with said vector,

¢} allowing expression of said polypeptide in a cell culture system under suitable

10 conditions,

d) recovering said polypeptide from the cell culture system.

32. The method of claim 31, whereas the polypeptide produced is a Fab fragment,
whereas the heavy and light chains of the Fab fragment are expressed in said cell
15 culhure system in equal amounts.

33, The method of claim 31 or 32, whereas expression of said polypeptide is carried out

in glycerol contaimng medivnm.



tctgagttta tgggaatgct caacctggaa gccggaggtt ttctgcagat tcgectgeca 120 tgatgaagtt attcaagcaa gec 143
<210> 2 <211> 13 <212> DNA <213> Escherichia coli <220> <221> misc feature <223> Translation
initiation region <400> 2 aggagatata cat 13 <210> 3 <211> 1630 <212> DNA <213> Escherichia coli
<220> <221> wismukeaturs <223> Sequence containing melAB2 promotergnekemafids:3-CL and
phoA-VH-CH <400> 3 atcgatactc tgcttttcag gtaatttéft cccataaact cagatttact gctgcttcac 60 gcaggatctg
agtttatggg aatgctcaac ctggaagccg gaggtitietoeagatiggc 120 ctgccatgat gaagttattc aagcaagccc
ttaagaagga gatatacata tgaaaaagac 180 WO 2006/061173 PCT/EP2005/013012 2/3 agctatcgcg
attgcagtgéléaétgggm Ot??c&%'facc gtagcgcagg ccgatatcga 240 actgacccag ccgcecttcag tgagegttge
accaggtcag accgcgcgta ctchf'gtag 300 cggcgatgcg ctgggcgata aatacgcgag ctggtaccag cagaaacccg
ggcaggcgee 360 agitctggigaatitatgalgaticigacag teeatcaggc atcccggaac gctttagegg 420 atccaacagc
ggcaacacg ggacaclgltgaac Eg:attagcggc actcaggcgg aagacgaagc 480 ggattattat tgccagagct atgactctcc
tcaggttgtg titggcggcy &éaggaagtt 540 aaccgttctt ggccagcecga aagccgceacc gagtgtgacg ctgtttccge
cgagcagcega 00 4

<170> Patentin version 3.3

<210> 1

<211> 143

<212> DNA

<213> Escherichia coli

<Z220>
<221> nmnisc_feature
<223> melAB2 promoter

<400> 1
actctgettt tecaggtaatt tattcccata aactecagatt tactgetget tcacgeagga 60

tetgagttta tgggaatget caacctggaa geeggaggtt ttcotgeagat tegootgoca 120

tgatgaagtt attcaagecaa geo 143

<23i0> 2

<211> 13

<212> DNA

<213> Escherichia coli

<220>
<221> misc feature
<223> Translation initiation region

<400> 2
aggagatata cat 13

<210> 3

<211> 1630

<212> DNA

<213> Escherichia coli

<220>

<221> misc feature

<223> Sequence containing melAB2 promoter and ompA-VL3-CL and
phoA~-VE-CH

<400> 3
atcgatactc tgettttcag gtaatttatt cecataaact cagatttact geotgettcac 60

geaggatetg agtttatggg aatgetcaac ctggaagecg gaggtibbet gcagattege 120

ctgoecatyat gaagttattc sageaageec ttaagaagga gatatacata tgaaaaagac 180



agaattgcag gcgaacaaag cgaccctggt gtgcctgatt agcgactttt atccgggage 660 cgtgacagtg gectggaagg
cagatagcag ccccgtcaag gcgggagtgg agaccaccac 720 accctccaaa caaagcaaca acaagtacgc
ggccagcagc tatctgagcec tgacgectga 780 gcagtggaag tcccacagaa gctacagctg ccaggtcacg catgagggga
gcaccgtgga 849oaamaseegit gcgccgactg aggcectgata agcatgegta ggagaaaateaaaigasanaz900
aagcactatt gcactggcac tcttaccgtt gctcttcacc cctgttat&a aagcccaggt 960 gcaattgaaa gaaagcggcc
cggccctgg gaansegace cRaaessiyaLseetgasca 1020 tacetittcs ggatttagee fgtccacgte tggegttgge
gtgggctgga ttcgeccagee 1080 gectgggaaa gecctcgagt ggetggctct gattgattgg gatgatgata agtattatag 1140
caccagecty ARHAEG R gte TGattHtaf CaSHda A AaAA R Ay EIg Gt cE 1200 stattatg3®e aacatggace
cggtggatacggaoacsiaidatigeaeacgtateetat 1260  lactcagegt fettalatgg atgtttaggg ccgaggeacc
ctggtgacgg ttagctcage 1320 gtcgaccaaa ggtccaagcg tgtttccget ggetccgage agcaaaagcea ccageggegg
1380 cacgctyctiggocigeetytahaiya teattiessy gaaccatfesrcegtyagety=badd gaaeagcggy
gegelgacca osagsgloGRARINee O 06g00RIyc 48806A0090.1500 cotalalage lgagcaggg tigtgaccy!
gccgagcagc agcttaggea ctcagaccta 1560 tatttgcaac gtgaaccata aaccgagcaa taccaaagtg gataaaaaag
tggaaccgadd 620 Aa e fyarmad 163092 t0sc 4-aRddis d16H 0t Rt 25cDNA=<24:3» £ scherichia coli <220>
<221> mi <2232 ence containing, melAB2 promoter and lamB-VL3-CL and ma
|E-VN-CH§3§1%%%HE': \/\/%?%Sg%%ggﬁa?q%cﬁ&aﬁ%53%%&?@0‘1 315 HEgatatie tittcal Ytaatttatt
cccataaactecagattrctyyotgetieae 602guaggatetg agittatggganigaicaan:clggaagecy gagattttct

<400> 4

geagatteqg 120, laceatoal gaagtiatc, aageaagece taagaagga gatatacata tgatgattac 180
accctecaaa caaageaaca acaagtacge ggcecageage tatctgagee tgacgectga 780
geagtggaay tcccacagaa gotacagetg ccaggteacy catgagggga gcoaccgtgga B840
aaaaaccgtt gcegcegactg aggectgata agcatgegta gyagaaaata aaatgaaaca 800
aageactatt gractggcac teottzcegtt getettoace cotgttacea aagececaggt 2960
gcaattgaaa gaaagcggee cggeocctggt gaaaccgace caaaccctga coctgaccig 1020
taccttttee ggatttagee tgtecacgte tggogttgge gtgggctgga ttegecagec 1080
gectgggaaa gcocctcgagt ggetggetet gattgattyyg gatgatgata agtattatag 1140
caccagocty aaaacgegtce tgaccattag casagatact tcgaaaaatc aggtggtget 12C0
gactatgacc aacatggace cggtggatac ggecacctat tattgogeyge gttatcctgt 1260
tactecagegt tettatatgg atgtttygggg ceaaggeace ctggtgacgyg ttageteage 1320
gtegaccasa ggtecaageg tgtttocget ggetecgage agcaaaagca ccagoyggegg 1380
cacgyctgee ctgggetgee tggttaaaga ttattteccy gaaccagtea ceogtgagotg 1440
gaacagegygy gegetgacea geggegtgea taccttteeg geggtgetge aaagcagoegy 1500
cetgtatage ctgageageg ttgtgacegt goegageage agettaggea ctcagacéta 1560
tatttgeaac gtgaaccata aaccgageaa caccaaagtyg gataaaaaag tggaaccgaa 16290
aagctgataa_ 1630
<210> 4
<211l>» 1659
<21i2> DNA
<213> BEBscherichia coli
<220>
<Z221> misc feature
<223> Sequence containing melAB2 promoter and lamB-VL3-CL and

malB-VH-CH



tctgcgcaaa cttectetgg cggttgeegt cgcagegggc gtaatgtctg ctcaggcaat 240 ggctgatatc gaactgaccce
agccgccttc agtgagcegtt gcaccaggtc agaccgegceg 300 tatctcgtgt agcggcgatg cgctgggcega taaatacgcg
agctggtacc agcagaaacc 360 cgggcaggcg ccagttctgg tgatttatga tgattctgac cgtccctcag gcatcccgga 420
acgctttagc ggatécmagasgrggcaacac cgcgaccctg accattagcg gcactcagge 488cypeagaegas gcggattatt
attgccagag ctatgactct cctcaggttg tgtttggcgg 540 c¥écacgaag ttaaccgttc ttggccagee gaaagecgea
ccgagtgtga cgctgtttcc 600 gccgagcagc gaagaattgc aggcgaacaa agcgaccctg gtgtgcctga ttagcgactt 660
natecogua,aesaidacac(9aeeladsa, a0cagalnos ageseedica aage0odagt 12 dgegaccgge acaccetoca

aacaaagcaa caacaagtac gcggccagea getatctgag 780 Cotgacgcct gageagtgga agtcccacag aagetacage
tgccaggtcacycatyagygB402 yagcascgtygaaaaaasegetigcgongac tgaggeciga taactgcagy agatatacat

900 atgaa ataa aaacaggtgc a catcgtc é:cacttatcc cattaacgac gatgatgttt 960 tccgcctcgg ctctcgecca
ggtgcaattgcaé%%gggagc%g c%g%&gcéf ag?agaacggt if)ggﬁ‘cggﬁﬁgg%acgtagaggééfigaﬁ&acctgtac%?ﬁ tccggattta

gcctgtccac: gtetggegt 1080-iggegtgggct ggaticogcea greglatigna aragcectegrgiggctggedctgattgat 1140
tgggatgatg at%agtatta ta%%acgagc ctgaaaacgc gtctgaccat tagcaaagat 1200 acttcgaaaa atcaggtggt

getgactatg’decARCAtg T AcCeTT0a TacHgecacE T I8t TattAttgE5 cgtqatrethiaticag Whtcttata
tggatgtttg gggecarggc-1326-Acectggigasaaitagaic.agegicgacsraaguisean gegigtitcgsgetggeteeg
1380 agcagcaaaa gcaccagcgg cggcacggct geeetgggcet gectggttaa agattatttc 1440 ccggaaccag
tcaccgtgad SHTHHHg E TG HEutt g BE AT c P Yy TEECt 0T 'R gttt igeaaadédy cggectgtat
agcctgagca-gegtiglgaceatgecgag e dnll. agcageliag acacicagac clatattige agcgtgaagg,ataaaccgag
caacaccaaa 1620 gtggataaaa aagtggaacc gaaaagctga taaaagctt 1659

ggaagacgaa gcggattatt attgecagag ctatgactet ccocteaggttyg tgtttggegg 540
cggeacgaag ttaaccgtic ttggccagoo gaaagoegoa cogagtghbga cgetgtttec 600
gecegageage gaagaattge aggegaacaa agogaccctyg gtgtgectga ttagegactt 660
ttatceggga gecgtgacag tggectggaa ggcagatage agccceogtca aggegggagt 720
ggagaccacc acaccctcca aacazageaa caacaagtac goggccagea gotatctgag 780
cetgacgeet gageagtgga agteccacag aagetacago tgocaggtca cgeatgaggg 840
gagcaccgtg gaaaaaacceg ttgegecgac tgaggectga taactgeagg agatatacat 960
atgaaaataa aaacaggtgc acgcatccte geattatcog cattaacgac gatgatottt 960
tecegectegy ctotegecca ggbtgeaattyg aaagaaageg gecocggeoct ggtgaaaccg 1020
acccaaacce tgaccetgac ctgtaccettt teeggattta gectgtcocac gtochggegtt 1080
ggcgtggget ggattcgeca goecegectgyy aaagocctog agtggotgge totgattgat 1140
tgggatgatg ataagtatta tagcaccago ctgaaaacgc gtotgaccat tageazagat 1200
acttegaaaa atcaggtggt getgactatg accaacatgg acceggtgga tacggecace 1260
tattattgeg cgcgttatcc tgttacteag cgticttata tggatgitty gggceaagge 1320
accctggtga cggttagetc agegtcogacce aaaggtecaa gogtgtittoc gotggoteeg 1380
agcagcazaa gcaccagegy cggeacgget goectggget goctggtitaa agattatite 1440
ceggaaccay teaccgtgag ctggaacage ggggegotga coageggeogt geataccottt 1500
cecggeggige tgcaaageay cggoectgtat agectgagea gegthgtgac cgtgeegage 1560
agcagettag geactcagac ctatatttge aacgtgaace atazaccgag caacaccaaa 1620
gtggataaaa aagtggagcc gaaaagctga taaaagceti 1659



