VELI Bl OSE OPERON EXPRESSI ON SYSTEM The present invention concerns vectors
for the heterol ogous expression of nucleic acids encoding e. g.

pol ypept iwleo@usinn7as reconbi nant proteins in prokaryoti echarbssoidane
specifically, the present invention relates to new vectors expressible in a
host conprising the prompter region of the nelibiose operon operably Iinked
to a transcriptional unit conprising a nucleic acid sequence which is

het er ol odJELIRIGSEQPERAYFHXPREFUPNSYSTEM expr essi on of said nucleic acid
sequence is controlled by said pronoter region of the nelibiose operon. The
present invention relates further to the use of these vectors for the

het er ol odderesepriassitmn wmhcsrucyeetors feitshaaotgongempresgionpdnygept | des.
BACKGRCUND%E THE . 1 NVENTI ON N%@g systens have been described, for the

het er ol odSfs BN S 8o ROLPERTIEr HICR 23 E5cPEbdirh BIohENSIn RIFKPMUFIOSE: des such

as regompRNbeREGNS, IR driseRt iﬁﬁéft%ﬁtrél‘éte'é y&ﬁaﬂ%a&@\éﬁgﬁgﬁblmg hhgt er ol ogous

gene expression systens in prokaryotic host systens have relied exclusively
on a |i maeprisig the ploamtentegibn pf ihrmadibsose Pheronwptrabiydalkyd tesed pr okar yoti c

pronoters_have .ingluded the.lactose [l.ac Yani sch: Perron et al .., 1985,
Cene 35, Yaarmsene i mptRind S iear d Fa e CH R g e o geSts S688, “Natur e
(London) ha8il whirkds theGkpRisgibRbedasd mailélc bhéig sbylthtdisRbanBRts, @ari ved from
these two [tac and trci (Brosius, 1984, Gene 27 :161-172 ; Amann and

Br osi us, Progster rgipn ofghe gmlibipey operp dheipresgel By @ition selice furtgstodhe such as

bromter ‘PR OEHER va R n ko Bt B s B B d R et i T 00
pr onot er polypBpidiasnduci bl e by L-rhamose (WO 2004/ 050877) have been

described as well for the heterol ogous expression of proteins. However,
many of the known prokaryotic pronoters used for heterol ogous gene

expressi gy NRYROGNB \ItEKS oIS the toxicity of the heterol ogous product
to the host cell, low rates of expression of the product or the formation

of non-functional aggregates (inclusion bodies). There are further

expr odsi QDY IREE AREb I N ORI b Bt en PR SR o s b ose

as descr idnestiby e.Belpyhpeptidis sath as réfddihindh protdihe fnofroRaryotdtdydems ZHave vt 2.
Most of thesiﬁigﬁgcible pronot er systeps used for honol ogous expression
have t he TBPARBEIROSINEBEBMEXPIESSIRA SYieras IToprokaytichnst systsmstisyve 1516t expr essi on

of the desiREH UM RARLE s@oP BAttdridl BV RERNTREAb&FRTely used prokaryotic

promoters have included the lactose [lac] (Yanisch-Perron et al., 1985, Gene 33, 103-109),

20  and the tryptophan [tp] (Goeddel et al., 1980, Nature (London) 287, 411-416) promoters,
and the hybrid promoters derived from these two [tac and trc] (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-rhamnose (WO 03068956) or the rhamnose promoter

25 rhaBAD inducible by L-thamnose (WO 2004/050877) have been described as well for the
heterologous expression of proteins. However, many of the known prokaryotic promoters
used for heterologous 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
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Furthernore, these pronoter systens are not very tightly regul ated thus

| eadi ng to background activity in an uninduced state, which does not allow
for striovoesgwessson control. For exanple Bel yaeva et acr/Ereesdizbiffer ent
fragnents of the nelibiose operon fused to a |acZ gene of E. coli for the
expression of b-Galactosidase in E. col?2. However, the fragnents (KK43, JKI
9) which produced the highest b-Gal actosi dase actl vity produced as well the
hi ghest b@éklgﬁrgf@mloat expression of thesdesirbéhemblogeusiprediict bayrr twen dehiéwedr oved

pr okar yot ression systens . for the, het .on of nucl ei ¢
aci d seqd%%%%ggo S%%Wélﬁ%ﬁw¥ﬂﬁsﬂﬁévévﬂ¥ﬁﬁﬁ®h éfgggW%%? SUMVARY OF
THE | I\I\/El\ﬁﬁlc@ﬂoiﬁﬁtﬁéﬁwaﬂydn ah DfideldeeS vaictides nBEalRRP R & fHct Eirﬁé@sfoﬂe

foregm ng description have been achi eved by providing new vectors

conpri si r@ngobfek@swlp Bepiesvast ek litsé@dlffﬁTVM|ﬁ@ETnﬁ§tS@§@iqmeliln®86mgﬂ®nl evel
expr essi Ofs o103 lgﬁng%fedo@tcgfz ?Arqggg)ﬁ)rggs ng’? Gaﬁgctgsrlldas'quﬁ?/ 2?3%%593(;? ly

found that the pro regron o 0Se operon a

r egul at edhe frpgmmsts OKKd8B, IKI}#) whmhmbdudeﬂ theliighest pgRilsctgyide @é‘uvlity peoducest
aspect, the ? %; of the present_invention is to provide a new vector
expreSS|HF@q & H@@gt@6ﬁﬁ #GVithe promoter region of the nelibiose

oper on Opgf@bihYrel ik AkEd Eooprévﬁlé ﬁﬁﬁ%ggﬁp%ﬂ ﬁ?@htly%g?sg%g{%?ﬂéfng Grqpdrucl eic acid

sequence which is heterologous to e expression of said
nucl ei ¢ d@tqﬂolge@fwe@weessmnaﬁ nucleic lacid sbguenaesivipcto hateanot tlegibome-ofentiomwed
nellbfoselog an Al so provided are: the use of said new vector for the
regulatediﬁlyg}%$%gous expression of a nucleic acid sequence in a
prokaryotic host; an isolated and purified nucleic acid sequence
expressible in a host conprising the pronoter region of the nelibiose

oper on oﬁg@@ﬂﬁﬁyﬂlﬁigﬂINBEETKWhnscr|ptlonal unit conprising a nucleic acid
sequence which is heterologous to said host, whereas the expression of said
nucl eic acid sequence is controlled by said pronoter region of the

mel i bi os eTImp@mutpthar gjekaaywill e dppstent framshoforepding ddscisgtioh haeebesn or sai d

i sol ated a i fied,.nucleic acid sequence; and a nethod for odu0|n a
pol ypept ﬁ‘iﬁl %Héy ROSIAINE PRy VePry CQQBPgin GPRAATYODIC PEPTROtG FPS thFes vmgl I

become apRafuefr High- Ié@@ﬁ&p?é’sblbh%daU@sﬁeﬁ%efé’f&lo%d’u@'ﬂ@dﬂc?‘@u% ¥, eha8BeH NY
detail ed descrlgtlon proceeds with reference to ﬁ | ow ng

i 11 ust ratfpyed @ebihie pgemotgneesionefshe malizinse Qﬂemnraélommbﬂﬁglwseﬂlmd ON OF THE
Fl QJRES expression of high amounts of heterologous product. In a first aspect, the object of the

present invention is to provide a new vector expressible in a host comprising the promoter

20  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. Also
provided are: the use of said new vector for the regulated heterologous expression of a
nucleic acid sequence in a prokaryotic host; 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; a prokaryotic host transformed with said vector
or said isolated and purified nucleic acid sequence; and a method for producing a

30  polypeptide in a host using said vector.



Fig. 1 shows plasm d pBLL7 containing the nelibiose inducible nel AB2
pronmoter (Prel ABl) and a transcription termnation region (rrnB). Fig. 2
shows pl asoi2dogaBLiz35 contai ni ng the nelibi ose i nduci bl e ppr@Pedsn1ioPel ABl ),
sequences codi ng for signal sequences 2ferably linked to the light chain
(onpA-VL3-CL) and the heavy chain (phoAVH CH) of a Fab-H fragnent, and a
transcription termnation region (rrnB). Fig. 3 shows dotblot results (with
ant i - hunédther Qifectcand adveipgegarid bereige FRitsrenh faipsamekilies ioythelars Bomanietisat ed)
of lysoz extract U ad (- [ ( - strains

wi tht he ShibLE d%&ﬁ%?%@%?%ﬁ@%rp M prbccahitn BGEE i it offidad 0021 0%
Fig. 4 slhibwstraihes ieswingdy, aid thé attyslaayeieingxt ract s of strains WB110 (pBLL15)
using an anti human light chain for detecting Fab, al kaline peroxidase
conjugated (lane 1: Reference Fab-H (2 ng); lane 2 : WB110 (pBLL15),

i”duc§d,IﬁuﬁFn&@Eﬁnﬁﬁoﬁ%%qkﬂ , induced, 12 h; lane 4 : W81 10
(pBLL15), 1nduced, 23 h). Fig. 5 shows plasm d pAKL15E containing the

mel i bi ose i nduci bl e pronoter (Pnel AB2) and the Fab-H genes with altered

signal seguences. Fig..6 ws SDS- PACGE of. | ysazyne extracts of different
VBI10. st EM T m i RLGY SRS TEONCa B A DBHEe AR SE RS ns

br oduci ngPhBB(A) dhd addsdipaui hdidioiddialtmional sequences are used as a
negative reference (lane 1. Marker; lane 2 :\WB110 (pM9- HuCAL- Fab-H); | ane

3:WB 110 (pBW22-Fab-H); |ane 4:W8110 (pBLLI 5), lane 5: WB110 (pAKL14);

| ane G: $t r [ : | 1, O LN

nmel i bllgos ?1 ? %g%lﬁa Sg?%h%%@?gfﬁ%n%‘ﬁwe %ﬁ@ﬁglseela] ﬁ‘é%{é% pgg@%’%}g@f’%egfié?ﬁam dase
from st r aequelitds coddhg Busikhed IsekpreneessperabNBR2d Jo thenighachaim@apid- PL3-G10)

term nation _region (rr . FI1.9...8 shows SDS- PACGE of |ysozyne extracts of
strain W4 i l?eamﬁ%?p%ﬁ-@eaﬁ} oS fde dromsgere ?H@%qﬁleﬁ?wae&aﬂon

mel i bi os%gia}g]grrg%l tion of the |ight and heavy chain is indicated (lane 1:

Mar ker; | ane 110 (pAKL15E), not induced; |ane 3:\WB110 (pAKL15E),
i nduced). Fig. 9 shows plasm d pBLL7-pel B-SI containing the nelibiose

i nducj_bl e. el AB2 pr ter .and.a _sequenc odi ng. fqr. a.sinhgl hai n anti body
(scF\/l,5 Sﬁ:)lmgwg @8&@%&8“&%@\”?{5&1 %?1 mﬁgﬁtpcgég%égetﬁél %ﬁqﬁgﬁgg codi ng for
a Pel B sipgroatiddse ponjdgatediof lysdQyrid oxtEacBldS 1AM @Iced (Ydfd axuEaiqt-s Wi1 100t
i nduced ?—g), and (+) strain W1 10 i . o

strains with the different expression plasmids. The time intervals are indicated.

Fig. 4 shows Western blot of lysozyme extracts of strains W3110 (pBLL15) using an anti-

20  human light chain for detecting Fab, alkaline peroxidase conjugated (lane 1: Reference
Fab-H (2 pg); lane 2: W3110 (pBLL15), induced, 9 h; lane 3: W3110 (pBLL15), induced,
12 h; lane 4: W3110 (pBLL15), induced, 23 h).

Fig. 5 shows plasmid pAKL15E.containing the melibiose inducible promoter (PmelAB2)
25 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
sequences are used as a negative reference (lane 1: Marker; lane 2: W3110 (pMx9-

30 HuCAL-Fab-H); lane 3: W3110 (pBW22-Fab-H); lane 4: W3110 (pBLL15), lane 5:
W3110 (pAKL14); lane 6: Standard (2 pg)).

Fig. 7 shows plasmid pJKL8 containing the melibiose inducible promoter (PmeldB2) and a



(pBLL7-pel B-SlI'). Sanmples were taken at different tine intervals as

i ndi cated. The sol uble and i nsol uble protein fractions after |ysozyne

t r eat mentwoeb@/@neyzed. An arrow indicates the scFv precempoososohr ki 2,
nol ecul ar wei ght standard of Invitrogen. DETAILED DESCRI PTI ON OF THE

| NVENTI ON As used herein, the foll ow ng4def| nitions are suppl ied in order
to facilitate the understandl ng, of the resent invention. A "vector

expr essi BFEUGHGE §0¢Bg for agamidasg Y5 (Burlioddepist spnDEMVSI925 hendi a
const ruct t or synthetically, with a series of
speci fi e&ranﬁfi?ﬁto?ltgﬁgﬁgg (rj@%]l'aﬁ }'Jn)é that permt transcription of a
particul ar nucleic acid sequence | n a host cell. Typically, this vector

i ncl udes ty anscr nit conprising a particular nucleic acid
sequence Pta}% é{n%‘ aﬁ%:" gg%ld @ﬁf%ef fracikeistiagn ¥ 318 kA kELSTA ipdlq presence
expr essi Rr@bidhce of'@x%tmdh%& B8liKosd Thé‘gos"i‘t‘lﬁrp@ﬂﬁpﬂ h/ar" ?}@J Jhafn%gll 9&&&{'9

plasmd, a cosmd, a age, a virus aretrov rus.

"host cel(laneanark@cbmz NWAL 10 GAKEBIE); natridussédanas eWGh%@@d@l;ﬁE),erel nto
i ndi cate Rl gfaryotlc cell into which one or nore vectors or isolated and
purified nuclerc acid sequences of the invention have been introduced. It

is understood that suchterns refer not only to the particul ar subject cell
but al so _to the progen otential progeny of such a cell. Because

certain o FRoNsinkEI grLBErHﬂB-SA canfgininedhn gedibinse snduelhb mdéBtZ@r@mpWer
MUt atj 0N ;QH A&BYhdnRE Q&ﬁﬁé‘for aréfiﬂég SMefP antiBy & SQFQ g.flg lgpﬁéleq{{' ck cg(ﬁ
u sco e of

identical to the parent t are sti

t he termlapreusdmHyearwqmnca'hedmgrfamd‘EJadBrpxrgnsq;eptl&e.generaI |y used in the sense
of include, that is to say permtting the presence of one or nore features
or conponents. "Pronoter"” as used herein refers to a nucleic acid sequence

that regWi@ti@shewRSEssP AGEAT Rudd ARAQE bPAd AR cell ) tand () s%f?m@ foregion” is
a regul atorﬁLr egi on capabl e of binding RNA polynerase i'n a cell and

i nitiati ABBLEADSE-SHY Semplss wereltakes @trdeﬁﬁm(l@imdlmwals enjndivattidnhe sajuliace.

Wt hig n nscrl n|t|at| n.site
(convenl gﬁg %S%gl% ?@ de?rghg&lo‘i‘fs |akﬁ[8p§6|s%zﬁ%ﬁ?fc ?t W§F€5 LY BIBtETn

bi ndi ng diknameVSpréiemnB/EﬁMakSE;MB@ﬂa)wdigﬁ@Qﬂdbﬂdkﬂ‘hﬁ\ﬁfm dne bl ndl ng of RNA
pol ymerase such as the putative -35 region and the Pribnow box. "Melibiose

operon” refers to the nelibiose operon of E. coli as described in Hanatani
et al.,

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 autonomously or self-replicating plasmid, a cosmid, a phage, a virus or a

30 retrovirus.

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

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



1984, J Biol. Chem 259(3), 1807-12. The nelibiose operon is a positively
regul at ed cat abolic operon which contains two divergent pronoters. One
pronot er woeb®/g@ioeoter) is responsible for the expressipom/Brbosshesonel R
gene, that is essential for melibiose-dependent stinulation of the second
pronoter (nmel AB pronoter). Melibiose-induced transcription fromthis second
pronoter initiates cotranscription of t mel A gene encodi ng an

al phagal &E0s &R OH}YGOFW%?‘Q%H]@C@?QEW Alge & %@Iplr?ﬁe%@r B‘%F se. The

mel i bi 0S4 Qﬂ@ﬁu@@@%@ﬂ.'ﬁe&%ﬁc%la ﬁ@ﬁﬁiﬁ%diﬁ@ati'gﬁgﬁia A T i ofd tes,

CRP2 at position -81,5 an at position -195,5 upstreamof the

t ranscri gué reithar mutatiowor entiwnofentahmfiwehoss, yuch potgeny may nbf, wefabk bR bi ndi ng
sites at.positiopns -42 5 (Site T).. .-62 Site 2), -100 Sitel), -120,5
(Site V )d%ﬁﬁﬁatl-t‘? ,p%reflgi’fflégﬁg arﬁﬁéltl }%ﬁ}%\egf’&ﬁﬁfé&}%ﬁ?&e&]’f?ﬁ ?565‘{1 P ertq) ation site
of the ngtAR. pronoter. Wth "pronoter region of the nelibi ose operon" is

meant the pronoter region which regul ates expression of the nel A gene and
the nel B gene, including the nmel AB pronoter, the nmel R pronmoter, the nelR

d-the CRP bi ndi. It -1 |.R-hi ndj i ek AB
o oot or THaErPeear PR N2 eRidhD, Al | 08 a8 iy LA " ie kP s B

initiatipresside®f ohder Mbicafehtvfes-o8Sompgeats, the Pribnow box, the CRP binding
sitesand the MelIR binding sites. The "nel AB pronoter deficient in the CRPI
binding site" as referred herein consists essentially of the transcription
i ni LAt T P di&r ab NRdRatRh kErs 19 2 nh QG ABid dobiferltE HRPRWLIARK expid&siébRa DI ndi ng
Si tehgndeﬁ?e I\gri I% Elﬁngiléng s%&tgrgs e>I<lcept Si tsell]&F\"a.rl "nel A\gupror% er 1defi cient in
t he CRPI tiensediptignad ubig"A fprpmoterstegion’ 1seongtoraregiRl capibielp flynding ENehi ch i s

d bl ock Thi s. be d b NJ. h
1 BnsposBHGIFRHE A b WRLTHEREA G RRGLRL BT WD G DS AR ¢ ne

"nel AB pe&iiehed. Wigtih eieqitbmioter r&8orGRITl bediondd Bgragidriptiol fesatiidlsiteont ai n any
CRPl binding site. Melibiose (6-0-] alci)ha] - D gal act opyranosyl - D- gl ucose) is
a di sacckeanverieni ¢aiined Ry BrappBEY iHEqas6S afs WEB dePigjein B dOMaBw wi t h

yeas " " . | Hin£h PRRIA Gy ' it a9FeSRdek erred
in the a%ﬁ%ﬂgﬁ%@w@%&%&f%ﬁ?Hﬂg?’%@%ﬁl{:&, mﬁn%oﬁyrﬁé;g% %dg § yno ym)lus

meani ng. -IRRgion aadrieglidilaioor bg.ot ei n control |l ed by cyclic AMP (cAMP) which
medi ates the activation of catabolic operons such as the nelibi ose operon.

An "enhancer” is a nucleic acid sequence that acts to potentiate the
transcri F’Me@i‘Bic{%E oflerbh 884§ 'tcpﬂl!e(?ﬂéﬂbiddg b}%erbﬂ depessientdesdrived 8n HdBRbhitey al0f t he

transcriptional unit, the position o he sequence in relation to the
transcri pPB4AaBioliihem, 3§9Bhd 867 18nThetmelibiofe apseorsie gpesitizely Tegulated
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 (mel4B 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 melAB 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 “mel4B promoter” as referred herein consists essentially of the

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



vectors of the present invention optionally include enhancers.
"Transcriptional unit" as used herein refers to a nucleic acid sequence
that is rwormddosit7sanscri bed into a single RNA nol ecul e pPCTHEP2005/013012
transcriptional unit mght contain one gene (nonocistronic) or two
(dicistronic) or nore genes (polycistréhic) that code for functionally

rel ated pol ypeptjde nolecules. A nucleic acid sequence is "operably |inked"
when it iagdﬁrea@@@lblﬁ 15g gites 0e | BRS premets dsttiey ihaCRRbPHEMETIET & ¢ aci d

sequence.refefed ﬁé@fﬁ@oﬁsist@@&eﬁﬁﬁl&%ﬁﬁ@ﬂ%scﬁ ﬂ&?ﬁﬁﬁ?&tiioﬁ gft%{ %??Lllﬁ{ﬁ\lfé Aked to DNA

for a protein if it Is expresséd as a preprotein t participates in the
secr et i omegibn,tthePpbeveboy, the CRBAbIndIng StecmditizMglR binking sites exceptitecR.

sequence J f it affects_.the tran ipti on of .t he, sequence; .or ransl ation
Cai s T e pi R aeRy i A CREL Bindik Sl B SS TS Raiph (ReT OS2 0
nucl esC aghding SIGUAHIEIR ispHrbs§d o8 bloBked TR dRMRIdoHEDY kndvin tethMigadstsuengd so

as to facilitate translation of the pol ypeptide. Linki ngi1 can be
acconpl i $Hasspon pypReTtehmaagenepictiikapek-pelsmpiation. dhelsiabbys the) ‘fmedd prosiates do

not exi sty fhe, . . 0l u ot i r. Linkers are used in
accordané@ﬁ%?ﬁwﬁﬁgaggﬁkﬁgﬁ%Eg%%a@%%%%#%Swﬁgﬁ%$gﬁ§§ﬁﬂn&8gSﬁ%ucleic acid
sequence" or "isolated and purified nucleic acid or nucleic acid sequence"
as refer&ﬁd.Ln tge Fregﬁnt i pventi on right be. DNA, RNA,. or DNA/RNA hybrid
hi case tYeiHere @Qlalphal- yeatenieryaresy-D-glupesobis quistedharide vhich @8 bsn a
vect §p i tophindiSiuh kRN by AR vith j&Ler red to herein can be any

pol ydeoxynucl oti de sequence, including,”e. g. double-stranded DNA,
si ngl e-stranded DNA, doubl e-stranded DNA wherein one or both strands are

conposed. MO_or . aore fr nts aubl.essi.r.anded wher ei n ape .or both
strands h éﬂ&ﬁﬁiﬁ%@ﬁ#ﬂﬁ%%g%ﬁWBEﬁﬁgﬂre r B3 ?U@ggédﬁﬁﬁ“ﬁ%ﬂ?%fﬁﬂﬁb one
or nore s&mlrecafgtdf@ﬂdeid”mlﬁibhﬂﬁt(tﬁé sy RI08s Mleanihs. R0 &gﬁlbfo@?ﬁ%in
portion(s), doubl e-stranded DNA wherein the DNA strands are fully

conpl enersBglleddyimyric AME (P Driaichmesdiates thp actios pf eaieheligopergas such
partial Iy ol circular DNA, covalently- closed DNA [|inear DNA,

tar
covalently cross-lin gémDNA, cDNA, chem cally- synthesized DNA,
sem -synthetic DNA, biosynthetic DNA, naturally-isol ated DNA,

enzyne-di gest ed DNA, shear ed. . | ahel ed DNA, such as radi ol abel ed DNA and
Lo oehr SR a R o BRASICGE aIRSE A1k G5 RLPFGS e FaReREEaR a1 7 y
OCCUT I'i NGrapR&@ptidRal YnitNhddpherR 6f fe iddNtPEOHE RERIiFEhaPEniE BE PESHiGRS DY

standard chemical techniques, for exanple, the phosphotriester nmethod or
vi a aut ortbg mumtlm@at@n@tth@@@SMIQng@tohwsznefrﬂaéomgf thieiseqheapri Thsol at ed

DNA S8 AUGRER rd Tt A2 Ser? SrvRhASH S SRy BRANMTR DS rcers.

“Transcriptional unit” as used herein refers to a nucleic acid sequence that is normally
transcribed into a single RNA 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 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 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



techniques. RNA which is referred to herein can be e. g. single-stranded
RNA, cRNA, doubl e- stranded RNA, doubl e-stranded RNA wherein one or both
strands awe 2e@mposed of two or nore fragnents, doubl e-strcampbeasBivdinher ein
one or both strands have an uninterrupted phosphodi ester backbone, RNA

cont ai ni ng one or nore single-stranded ’borti on(s) and one or nore

doubl e- st randed portion(s), double-stranded RNA wherein the RNA strands are

fully corylisien arepnvepenirestiugtionsifes LRaushwtes dd not exist, thessyathetinds are only
tiall ' i gest ed RNA,
Phear od RUROHRIGHTRR b Hplors S HAEE ki CA BERLIRES A bor SRR ity ©

bi osynthetic RNA, naturallyisolated RNA |abeled RNA, such as radiol abel ed

RNA and f,] yor ochr gre- | abel ed. RNA, RNA cgnt ai ni ng one or re.pon-naturally-
bocur i ng NIplst AAE T R ey B o AP e s A Lo IgEIS

SequeRCeacidSsefRAM0E” & fRRFIAIIR RPrsbeACRYVERIR hiddl heBRIASRNA UPINE/RIA er ence
sequence conservative nucleic acid substitutions, whereby one or nore

b
nucl ei ¢ éw%rié- Iacesesthp sugleigteeid ob yheamisidie acidisequeserie lachtedant aevackr itds .

Variants en S L I, .degeney at.ed .sequences, . sequences. Wi th del etions
and | nserCHONeD As RGN ihice § o G trd cen G by e lot R e lnes
functi on ifdludiag, 0 aaddublestinded BN, safsld-Reanded BNeY) GeusSIeGHandsl. DME used
herein, the terns "pol ypeptide", "peptide", "protein", "polypeptidic" and
"pept i di Whesgia 0&%%*)9%8@?%&%%%6 of esorgnere dragmenis daypbds-stegnileh aci d
resi dyes . m no
and abr pasyRIREka ohPol Bt SRR Y Be B B Do b IER, b DR oG
nucl ei ¢ aohdlimeyoenmatioreafretessttandédporsivbatse andonstur akore deutlactreidedaci d

sequence wi Ll he, i ccar e wth th resent invention, The nucleic
2o seqrerian Gl dounsrded BREybete e Tty SR abd MR comPlITRRR i ch
they are doabrlsthhdedASNACKREH tIRONBSrAE 8fe JAUCH L AlyaGnteblthy Wikt hey
are found in their natural environment, or the environment in which they

are prepdiid, ¢awalegtlycadpsedddNAykinepr Widh coyalantly epssrlinkied N4, YNAeconbi nant
t h | i i . i . i 1 ) t n f . n
! ot LA et DN S B U R PER, on,

process IbI€Ageéntyma-dxdsteddaNAyiRaredDNA| ibaled DNA, kackasmdiodibelediDMA Qihd
w t hout conpanyi nag mat erial, enters a host cell. The term"cell
transf or ?@Hﬂo omg-fahgled I DA qontajaing one pemets nongiatyrally pEIFEIBSIRRED whi ch

the extragghlilatidpNeg b&q@ﬁdeg i pﬁﬁ}[{bsized 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
techniques.
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-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-stranded RN A 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.



i ntroduced and thus harbours the extracellular nucleic acid. The nucleic
acid mght be introduced into the cell so that the nucleic acid is

repl i cablwoebddnsii7as a chronosomal integrant or as an erCrapredusonmdspnal

el enment. Transformation of appropriate host cells with e. g. an expression
vector can be acconplished by well knokh net hods such as m croi nj ection,

el ectropqQration, particle bonbardenent. or by chem cal nethods such as

7

Cal ci um PHER pFAtABLSmoRi WIS H AdeIIsPRR LS Sreantraidlspagd scqugneg halvgRrat i s et
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Laboratory or in Ausube 1994, Current protocols’in nofecu
bi ol ogy, md@hnutiticeyidant Bbststutetiby enathegwith same tlwractatids. Ségiastsce” or
"nucleic acid se%uenﬁg het er,. of ogous to a host". ns a nucl ei.c aci

sequence SRFTTERASE AT BEk degeneppted sy fS SHIUSACH MBI CtogR ARG ST UBRS 95188 de

that ks fa@kgiOmodified BubASs ckhibR IR s@hﬁﬂﬁﬁ@ti%&ﬁ@ﬁﬂlﬁeqﬁfvaiéﬁ?%@ fifel ogous

product”) i . e. a nucleic acid sequence originating froma donor different

fr om t he refggnceseqgenddeni cal |y synt hesi zed nucl ei ¢ aci d sequence which
encodes e. g. an expression product such as a polypeptide that is foreign
to the host. In case the host is a particular prokaryotic species, the
het er ol ogaused tedei, theateinth ‘GRUPERaR") ‘peptied g rablch prpdypeptied” badm a
different_genus or fanmily, nore preferred froma different order or class,

i n parti cBFRHY rBRTEPIINIFhaRERD RO AEfienals 9 PeIcs Ny 2BHe ariskiesidars Goapecisd f rom a
di f f gpent, RIEhE blyPEPiidedorak b%@?gﬁ%ﬁpha-[ﬁﬂinp Ghé& Eﬁh%%ﬁ%‘séuw RljdeeCi d

sequence originating froma donor erent fromt t" can be nodified,
bef or e i tresiduesnt roduced into a host cell, by nutations, insertions,

del etions or substitutions of single nucleic acids or a part of the

het er ol ogous nucl ei c acid sequence as |ong as such nodified sequences

exhi bit the ieanEsdluee bh@Pudfiehtiieandid YeR@HEc dbRRLY tHRSstdt0 & WhicBIRNCE
sequence. A heterol ogous nucleic acid sequence as referred herein

enconpas dwsleisacideiequense vall besiagpeaidanse grithytha araseny imveption Tdietmueleracidomai n

enpi.te ' EeS - : t I gin) such
(oTese) S oan) B SRR BB A5 BB AR 1) 0
and of whasskistdédrybk anoihbencl@c aads with avhiclr thepire titvendritichedr wat@al d sequences
have been nodified cording to the "codon usage!' of a _prokaryotic host.
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sequence pakHaedlioR IE BERR oRbARAT tbclRBlIRY pidided BOHEN 6Lin(Vivo.8- » Si gnal pepti de)

present at the NH2-term nus of certain proteins that are nornmally exported
by cells to non-cytoplasmc |ocations (e. g.,

20  The terms “transformation”, “transformed” or “introducing a nucleic acid into a host cell”
denote any process wherein an extracellular nucleic acid like 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.



secretion) or to be nmenbrane conponents. Signal peptides direct the
transport of proteins fromthe cytoplasmto non-cytoplasmc |ocations.
"Transl atworrosenmietizat i on region” is a signal region whi cleCpEPOWEDS3012
translation initiation and which functl ons as the ribosone binding si te
such as the Shine Dal garno sequence. "Tanscription termnation region"
refers to_a sequence which causes RNA polynerase to termnate

transcri ptictsrologtus nuclaieeqid sravenset or ‘r‘rlilwéqli? evid peyiente hegergba@usﬁy a;b@stt of a
transcri s th nti body"
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i munogl o ?fb .of the |g M A E or Dclass, The term "antibody" as
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kDa). The ami no-term nal portion of each chain includes a variable region
of about diffenrtehylm (ivisinanshingd patticadar pronnadiffeyent demainsielpise)fafr  ant i gen
recoggi tipn. SHL carboxy-term nal portion of each chain defines a constant
regi on pr| y responsible for effector function. Light chains are

cl assi f i Gtheasteedldpmrs rualeireacht seljacied arighiady frofhad dshoadHfeetra$ionhd thethosts ganma,
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bi ndi.ng fra nts thereof ment.s i ncl ude ngl.e chain
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and

20  prokaryotic host.

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

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

from the cytoplasm to non-cytoplasmic locations.

“Translation initiation region” is a signal region which promotes translation initiation and
which functions as the ribosome binding site such as the Shine Dalgarno sequence.

30
“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.



heavy chain variabl e domains sufficient for antigen-specific bindings, and
parts of the |ight and heavy chain constant regions sufficient to maintain
associ at iwo 2066/d6her3! i ght and heavy chai ns. An exanpl e ofrCFmEPRoEAIN30I1S
described in Skerra et al., 1988, Science 240 (4855), 1038-41, for

i nstance. A Fab fragnent e. g. of the i%Gldl otype m ght or mght not
contain at |east one of the two cysteine residues that formthe two

i nter-chain disulfide bonds between the two heavy chains in the intact

i mmunogl a
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oo S rUEHLER BUL 08 BB, BETHR TRl SRECERNSDY DUTRASRILT | 00

speci fl c Inglhﬁ@BgESb@ettWeW Wlmlﬁmghyaxﬁiqmw ¢halifis} ikivariable and somltantiegivner , t he
term "human antibody" does include antibodies in which CDR sequences
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G RN T R T R
term Fab fragment is sometlmes 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 light
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 at 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.



the term in contrast. Exanples of such nmaybe found e. g. in WO 98/ 02462.
However, the termonly relates to the am no acid sequence of such anti body,
i rrespectwoeo@iosaurg gl ycosyl ati on or ot her chem cal nodipCiratésnimizt he
pepti de backbone. In one aspect, the pﬁ sent invention provides a vector
expressible in a host conprising the p nDter regi on of the nelibiose

operon operahl.y Ijnked t.o a transcr i.onal. unit. conprisi a. nucleic acid
cbquence thaon-¢hh ErEmReG et E sl HER 6ot MRt Ho L e on of “sa d
hucl ei ¢ agbeSAABBNICR th SLiFMIHE Blel iBiErdAYin IRl B YRRt R wdef IOReaQy ahdBcht

mel i bi ose operon. The vector according to the invention is prefer ab?y an

aut onono@b#iys mcos@ng torﬂap bresentiingenpibadiditicr encompassdd ars Cbhnag@ angibodliesis or a
retrovir ost./ vect.or conbi nat,i o np ed in
expr essi E"gu?hha el ¢ e%"ysﬁ%&g%}‘é‘rﬁ?&%y ‘g?m} RS h?i‘(?e%ete? 89{1”?%%%&1}'}@18 essi on
vect ot s, bfycgenamngirﬁen@ﬁoﬁomahogmblﬁm@@ﬁ@éesgmfnws(lar )NREMFBIs encoding the
nonchrom)somal and/ or, synthetic nucleic acid sequences. Suitable vectors
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Syst 98, dbAfain froRld BOR8 anfl 3 C BRER Sor3toniai B4Ry a RiflahointiBh@y. maci a
Bio-tech, Inc. ); pLG38, pACYCl84, pBR322, pUC18, pUC19, pKC30, pRep4,
pACYC177, m@mmodwﬂsweah@sam opsivglar pmﬂlnm-:sp@cuﬁenty and26uity 8 pmessmwl ogy
and Bi oe jjyates f f eof.. such as plasmd
pBLL15 0;6 %#ggﬁr%&gan aéﬁé@ thg??rt%gga]res ﬁls efd1 ﬁ?ble r%ons gq%eraém 3( known to the
person s R[ihle ltexeh T'Hunialn&nab(bd}a rifkclades ad&Bdﬂi&sbﬁdlrg vagiablend Edr3rnd ggM@B(Hr s
(Eds. Pouwel s H. et El seV| er, Anst erdam New Yor k- Oxford, 1985).

Pr ef er r e @TSPERY SF%V%lfﬁ% guﬁa B SemRleEInP Slos U ECORERGSh Biettgang citfer naturdl

sel f-geplot gatdAg eﬁglaée%cﬂ&ﬁnff? SR 6L Huﬁ%n%‘hﬁb?fcﬁ% of fe WhER PG hiiaabost
range such as vectors speciffc for e. pre#erred are
pBR322, @M@aCIQﬁ@mWﬁQt quQﬂ&dllﬁﬂhunm%éhﬁll@ amdupipldtlio seqiencesdees t her eof

such as plasmd l.asm d AKL artl cul ar.| r ef erred is pBW2
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i s pAKL15E.
P 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 to 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.



In a preferred enbodi nent, the pronoter region of the nelibi ose operon used
in the present invention is the nel AB pronoter. According to a nore

pr ef err edwertbaismzat of the invention, the nel AB pronot ecTiEr2@shimient in
the CRPI binding site. In a particular preferred enbodi nent, the nel AB
pronoter deficient in the CRPl binding IZite consists of the sequence SEQ I D
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mel i bi ose operon of E. coli. A functional equival ent pronoter region of
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t he heterol ogaug nucl ei c gcid, sequencg of. the inyention. In case a

di ci st rorﬁ%l,lﬁa HHBWIW@IQI% prerippd i It felrwing Vesins” (Bds. Fomwelsd-H-¢f aht or

i denti calgisdvgah m3RAUSNIRSy PBALORIY], l1oRked to each of the cistrons can be

applied. Preferably different si gnal’ seﬁences are used in such a case. The

si gnal sélelsned vepterd of the fyeseat voltiomy ote astaronmuslyloasslbrépdicstiimmeibssidguence.

Usual |y
207

more preferred are vectors with specific host range such as vectors specific for e. g. E. coli.
Most preferred are pBR322, pUC18, pACYC177, pACYC184, pRSF1010 and pBW22 or
derivates thereof such as plasmid pBLL15 or plasmid pAKL15E, 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 region of the melibiose operon used in the present
invention is the melAB promoter. According to a more preferred embodiment of the
invention, the mel4B promoter is deficient in the CRP1 binding site. In a particular
preferred embodiment, the meld B 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 MelR binding sites of the promoter region have not been modified.
The promoter region of the melibiose operon, the melAB promoter, the meldB promoter

deficient in the CRP1 binding site, as well as the mel4 B promoter deficient in the CRP1



prokaryotic signal sequences are applied. Eukaryotic signal sequences which
can be used and which are particular useful for E. coli are e. g. human

cer ul opl asoiznosmicgral sequence, human neutrophi|l def ensi rcTiER2@5p1manr sor

si gnal sequence or the signal peptide of Chlanydononas reinhardti
aryl sul fatase as described in WO 03068556. Prokaryotic signal sequences
usual |y applied are signal peptides ofngeriplasnatic bi ndi ng proteins for
sugars, &MANE seicansising efthascaaemeeidi D SlfeH ageduengs comlgnenteryjthgrept
chrysant g ; b Rerat e

| yase prgggygbg%%ﬁégPE%?éggkhgﬁgﬁggh%gﬂggi?Fﬁ%@ﬁ%g%?%?%hﬁ§g§§kg?gcgﬁgbr),
LanB (E. A obli or fiedntacfooctionapeqivaiaso pjomdied fegiok.of othier proithtyotie etgamidinsgnpr ot ei n
precursor),.Bla (E. coli, q%g -|l.acfranase), A (E. cali eriplasmc

b1 gopepPPilsst ntsTsgrs pE Bty hERobhssrbbis Pregrradn e prandraegon

Pr ecus solo¥ theMMIMidss-opeRinl theRASIIP Fﬁﬁﬁ‘%t@r, PR 21 BReRhbEEd &t Rdthe ICH el N
precursor), BglX (E "coli, periplasmc beta-glucosidase precursor), ArgT
(E. col i bindjng sife, ax yelhpntheonabi B promeoter dediciegt pethe PRES iiedipg sitee¢onsiplieg el sor ) ,
Mal S (E. ,coli. a- rrecursor), HisJ ..Gol i .o histidine-hbiAding

per  pl asiieprale MG RIRCP aof YoatGiseicobtetehagiiy TRyl SRS B ) asmi
prot ei n groacthe alibiost@Bronfof A 0bli. A flinclibnakguibiladipiempRr epicisstiothepr ot ei n
precursor), )A (E. .coli, outer nenbrane protein A precursor) and PhoA (E.
col i, al PEOKARIOEKEAPIMSOMPESEs BRoMoterFeglopwarcl s Buaitlsl melitioseing

(Nl opor R BGOSR GRS sty 1P AR Bl B of
( Bet al actaetibémg., COppA (Peri plasm c ol i gopepti de-binding protein), TreA

(Periplasm c trehal ase precursor), MpA (Periplasm c nurein peptide-binding
protein precursor), BglX (Periplasm c beta-glucosi dase precursor), ArgT

(Lysi ne- angimnhaepabhiltuhitRcingiie theRRbdeR RBtonRERIIBI MrtRERWpEREa Ml S
(a-anyl ase precursor), Hi sJ (Hstidine-binding periplasmc protein

pr ecur sortianslxjanAn{tptixg regien BpsighmL feer ingiationpeinpeiohe iangptean ofseid) | FecB
(Dicitrate- pbindi ri LG prot-ed. [ [ r menbrane

pr ot el%n Bgcg@ﬂ@gagr ﬁa%]agé gafgg,&ﬁ](oﬁ\llgg?{llér}lel%éﬁ)gl;% Bﬁ%@a{f§e"gﬁé§%"‘&?§%§) . These are
parti cul AGGAGHKTAT ACAT (SEQ D INGY QY Sviexdys essiraidlation mitistidn regivhrie preferred

are the E. coli. signal peptides, LanB (Ml toporin pr rsor I
(Mal t os e-OBFWE]iYH@iB‘g i %ﬁeﬁmﬁfemwssﬁﬂy?mm q(maveAer é&@&é@&ﬁ%ﬁ?gﬁ_ G D
(peri pl asgh %)td SRl HaRIIRRNESA direchly Adjabli¥ 2 BR 1RTGH A PSinPSfMhe hiuatRindi ng
D d
periplasmc protein precursor), FecB cltrate-binding periplasmc protein
pr ecur sorof theNbsscrgronacudibwhish efebe GGG beTEG. col i signal peptides LanB
(Nhl%gporin precursor) and
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 (E. coli, maltoporin precursor), MalE (E. coli,



Mal E (Mal t ose-bi nding protein precursor). The signal sequences to be

enpl oyed in the expression vectors of the present invention can be obtained
conmmrer ci avbyo@rossydt hesi zed chemical ly. For exanpl e, Si @UalEP3@FOEVTES can
be synt hesized according to the solid Ehase phosphoram dite triester nethod
described, e. g., inBeaucage & Car ut her 8 Tetrahedron Letts. 22:1859-1862

1981 utomated s SCI’I bed i n Van Devanter et.
e il S BBt o Syot S b b (Cobane s TREIR  QEPA Lo or,
ol i gonuclepplgder cﬁ%@paﬁld@%ﬁd}ﬁ%ﬁgt&ﬂ) eHdAer cBﬁtﬂeYl%lﬁﬁﬁé/ J[I‘@HHIQ@})%{HSOT)

el ectrophoresi s or by "ani on-ex HPLC as described I n Peafson
Reani er, MppA @Flrcgfn pezrﬁﬁas_nac III_M@H mmwm@naptoyem padcdrsoraBglt (Hrpbnal unit

further rans tlon t.e [ |on sel ect rrnB,
RNA |, T'CP‘QI“EE %’e% glufost de Tﬁ%rso‘i)’r%@n (aé Eg AEPE-0 tﬁ’%‘*ﬁ’ N8 tf a
Ll 535 P @ﬁﬁaﬁﬁicxpmttehﬁpre&ﬁ&r; NASQE B, @Dﬁﬁyms%p% H§quense 1s used.
The heterologous nucl ei ¢ aci d sequence accordi ng to the present invention

encodes d&istidinsrianding pepplosinictprethintpréqirson), éﬁy%(& colifle-®ybest-bindmgase t he host

is a prokaryotic species suc | i leic a seqguence of

i nter gst pelglyln%?lc p|5 tg’fne?rﬁ%‘frsor?%% Eﬁdﬁ“ﬁ Fllcl:t’fa sglnﬁ1nlgéjeflﬂ S?j‘éctﬁ{g%}not eobacteri a
such as fpf&mser) OmpBu (K twhd@rteran&abnane Pradas W gredusor) PR Al(A. fcelient phyl um
such as archae bacteria, and nost particular froman eukaryotic organism
such as ®H 1%H8m¥ﬁhﬁﬁ$ﬂﬂ€ﬂF§F)fronlhunans However, the heterol ogous

nucl gi,C e

nucl e Wi senueos oS RS MR SRR i P RRRe” O
usual |y iagﬁ(Mdtoponmmrmsor)Thfmllgéhof[«altm‘e-bmm&g ptteip pedcarsab), BlagBetades a

het I ch t r al | at r thera eutic
oo o . SRHREL G ARG Sheonidedfhe bl e FpRRs:

t her apeUtpkééui%bf)t Mfﬁb ANHRpRERRS mBfed] T}ﬁépﬁﬁe-ﬁ)ln-ﬁ aprotedt Fdc@SoHaR fl uorescent
pl’ otein or other usi on pl’ ot el ns. het er ol ogous nucl ei ¢ aci d sequence
m ght endéBuwlassigbria-glugosidascprepisahifog Tdbysinseargnens-pmithing binsking of RNA,

h t t as .an..i nsol ubl e
2gor dgat SodmasBprE BT g Ehg i, AR e e B e i {E ey B or 1 n
the peri pkasiaibicgReeth ﬁ%cﬁrﬁtﬁ') 1) (D@t}h@seﬂﬂﬂ& érﬁbl&sﬂﬁw%&téﬁ%&du&ﬂo@f medi um

uced F

Preferabgyi%the protein is as a sol ubl e protein which is present
(2%

D

inthe p (i ate-bpuins mﬂpﬂasénmrﬁel@etqcurawd@mpmqqﬁ@ resmbragseprotaimA
di f
g? o:/\/tJ rk? f or s s&@ﬁ@éo@ka r?gﬁép%ggav\? ﬁlref iﬂ%%%rl%z)esfgﬂsr@ %{r@gs i ke

enkephal IhBtercﬂdSlgquEipfdsi‘ien ahy.reolit Vipse preferred are the E. coli signal peptides LamB

20  (Maltoporin precursor), MalE (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).



anti bodi es, receptors to hornones and includes as well proteins usually
used as a visualizing marker e. g. green fluorescent protein. O her

pr ot ei ns wO 20081 Est are grow h factor receptors (e. g. pCEEPR0sBRBIR, EFG
NGFR, and VEGF) and their ligands. Qther proteins are Gprotein receptors
and include substance K receptor, the 1a?ngi otensin receptor, the [al pha]-
and [beta] -adrenergic receptors, the serotonin receptors, and PAF receptor
(see, e. g. Glman, Ann. Rev. Biochem 56, 625-649 (1987). Other proteins

Lol ude 4 har n- ‘ ( . . oiy,
I ncl ude Q) 4 %ﬁ&gﬁcﬁg%oﬁwl%lﬁg{rﬁfeymmﬁ%gé &'%n@%gﬁ§§ kiR RBR R

muscarinic r ors, ine receptors, BA receptors, glutamate
r ecept orsglecesddiraln paill, R A &@TteorrsB (Ble ép drlp6) oy a,WRS, THEe, P1idsnB %, ang1, 629

and 5,436, 1 Ot her _proteinsof interest are adhesi on proteins such as
i ntegri nié? aiﬁ%é-c%ﬂ@"}bl)éﬁlbe firﬁ‘ﬁz’i‘?ﬂ@qrﬁ’ﬁ?ﬁp‘iﬁﬁe ?%%WT‘V%FE&?@TS (see Springer,
Nat urg 346, 425-433 (1990). Gsborn, Cell 62, 3 (1990); Hynes, Cell 69, 11

(1992)). O her proteins are cytokines, such as interleukins IL-1 through
| L-1 3, Thmistenobgovsiuclfiaatidseqearpsprdnedo[thepigpent invcationensades®d phal ,

beta], and f TGE- al L. .
et ae PR RRTar e R e Tt SR RS AR A RSk e SRk o
( GVt CSF) o B @@ /itheancl & hok ise@sncdonidboek isimsre Bastab iy fedm nhcthtr dRess éiech.

Aggrawal et al. eds., Blackwell_ Scientifjc, Boston, I\/B.ss.hé%l O her
pr ot ei nsthefgammapretsebagictia swth 3 61 &BuaH@ dertacsPe dh PRtigHL %@e%fBEfF’?Pt such

as, ?@e“y@&ﬁé%ha% & argl'r%%l:tﬁﬁx,ca{nﬁﬁﬁost g%cﬁﬁ'loﬁ‘m%i RRSSofte ohMGB s@élfadl SO

prot eins i nterest. et’erol ogous protein of inferest can be of hunman,
mammal i amammals kgaryatiardron hginans. Coveverpthethetenslogous nawleiqpsibsequensy as

gl ycoprot ei.ns and..car bohydr at f.ram m crobj al t s, . both viral and
bact er i am}glaiza ni“?'défﬁr‘?‘{ %ﬁ?ﬁ%é‘?gat&%ﬁ%rc BPﬁgﬁSO%atﬁg hg??[z ﬁ’ggé}?ff)}?@o%snsye u%‘l%r? ,

pr ot eas e%coﬁﬁhgf f@%@%ﬁa%ent%ﬁb@%ﬁb@&ﬂﬁa géﬂé(b'f e@eRst. TYE g udsmsrestoXi dases,

a- anyl ase, oxi doreductases, |ipases, amdases nitril hydratases, esterases

or ni triprefesebly preddss abeiprolegnas pebperfidsgueisasugiusiualatignlatay tence,
| Dot Dehh ! ' ' fer abl
O DRSS S P (2R FRGRAPS. AeeRio) YBERLLHFor dBRRRE of er bl y

an an pr I"cular "a human
ant i bodyp@ieia withhahérgeotems (1 Tuees), suoh negrpar fliaredcant pro®irhemmier Fadior r agnent i s

e o et CSEH S e s BB BARE o
human ant i booysoliiA i bIRN ARSI kesivbdsh ratAl east one CDR from anot her
manmal i an species. In one nore preferred enbodi ment, the human Fab fragnent
i s a ful The protein nkyGalpredised as an insoluble 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, PDGFR, 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, €. g. Gilman, Ann. Rev. Biochem. 56, 625-649
(1987). Other proteins include ion channels (e. g., calcium, sodium, potassium channels),

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

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



as obtainable froman artificial, consensus-franework-based human anti body
phage library that was artifically random zed in the CDR as descri bed by
Knappi k ewoaboe/o62080, J. Ml . Biol. 296 (1), 57-86. |In aoutEresosnnsoe2
preferred optional enbodinment, the, i)éonal ly chimeric, CDR grafted, human
Fab fragnment is a non- HUCAL- Fab as opposed to the HUCAL Fab definition in

the foreggin whi ch i.n case of fuII n Fab fragment preferably neans
that it gg%’éegfﬁ%tar% éoR H@WBW stngag 1 %&’&B&J@B‘k Whyt its

non- CDR SEsH 0% st
preferably 9%‘% ?dlg%??éégpé? %ﬁglrlngérfolhgl?%%g eguserﬁ%:i(lp g@{ ng%}slgglgrg ? vjemvar i abl e

and cons(]a%@) IHgtr:s Geloh d a0 RiQtkergeoteins ars-cytakimad eviich es)indertaakins IL-1

ddi ti refer t dir I tai ned from
nat ur ai | JeU Tk uRe g ae et S EraT dearPe: el dPra. gBhon o
affingt yE gRiHER ikt edehtfactod BetaKaGFI[bag]yedtlomysstRidheigalatyr AEST)\wad from an
I gG antibody and does not contain cysteine residues that formthe two

i nt er chaBrpudlogiermenocys salon stimukating fastarkoMré ey (sendiumen; Gyteliaes: nt act

i rmunogl| 8 he li t he

anti body?fc%#h%c?be ﬂ@?%ﬁ% Hrkgéel agﬁflﬁ]g‘g%%rﬁﬁ gtgel gdnsd }%Q%(“%hagcrﬂeél?fglc’st ronic
transcri BrostronaMasm|1991)mareepmt@as:hfmrwésnaﬂesintmenalbi and mrek@diutaﬁ a signal
sequence and an idepti cg g sI ation i njﬁéi ation ;pﬁ i ﬁSt ream o t he

i nitiati BIFSHORAE TEhfhHaden: ﬁ}éra%epsrrnaslrc.‘/@ e.12nd RResAhptipash Dm%areaso

Pr ef e ablybreihli6s ﬁl'iéi‘éb’%'ﬁ{e'ﬂéfbrblﬁg&ﬁﬁ{rbﬁﬂl Si%8IeRR SO i, hlirpGlBRCE
AGGAGAT ATACAT (SE he present 1nvention, the order and the
di st anc epquavmxtlc hmghne Otlieg mmteme qmeamcgemmjlch he gheolmowlntsgmdsalrbohy@atss acid
sequence_are arrﬁgﬂfeaghmﬂh b thelex(g g g é cto can be varied. In

or ef er r ef CBHBEP OEPpS, PRTR VT 4g %ﬁf 3 4% 'ream) to the nucleic
acid sequengereRindid@zemedlikd EBminy pRwdas€he poifymiertsey, @sydrddiaases,gnal

pepti de sequence _and the nucleic acid sequence encoding e. g. the

pol ypept PHEeEs; Hicapesst oxidisese 2vapdasataxilasgdustases, lipasshEidasgoo ani no aci ds.
In pyef ehftﬁ?hﬁ?%@?és”@s@rése%wﬁu?lb%al pepti de sequence and nucleic acid

sequence enco e polypeptide of interest are directly adjacent
to each ot her, i. ) separated by zero nucl ei ¢ aci ds. Preferably, t he

pr onot er erab ked transcr.i t| 0 unit of .t he vector
bt e pPEaabh: ARt SneRB il sl Shtenctatnu s d tyreRl inyBhidt o ence
conpl emesheydés b iperyBaitiddNAoMASreRIMbTy hi8®BHAy 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 a 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 was artifically 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 grafted,

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



More preferably, the pronoter region and the operably |inked
transcriptional unit of the vector of the present invention consists of the
sequence WBQuIdd6sND3 4, a sequence conpl enentary thereof pamgpPr@sioasvs
thereof. Al so enconpassed by the present invention is the use of a vector
according to the invention for the reglfated heterol ogous expression of a
nucl ei ¢ aci d,sequence in a prokaryotic _host. The expression can_ be

regul at e@°py RegengmsseaugTcehef ypipbeid csliainchuing gegompaalfpidk mepsetien host .
Usual Iy, (t,bgsanmount of nelibiose in the mediumof the cultured prokaryotic
host is between 0.01 and 100 g/1, preferably between 0.1 and 10 g/1, nore
pr ef er ablTheFabeemedtin grdemghly. deBvaf fombnygGtantbddbt ad doegoatsontadl giseireci d
sequence encod f.or ol ypepti.de, referably for_an antjbody and
ot pr oF et g e Rgo FREb e s filerhaBSS by e SV e BRI chiene.of

the apti bady iBfimiddglobatn. fTh paARMar, MELEND ES %ﬂligth!ﬂc@a%@theaﬁm&@,ort hus
|l eading to hlagh concentrations of functional antibody or Fab fragnent hi

parti cul &refgrahbiinhelat Begyensd ereenhededriiysedicighonib trdyscripteral paitt Wherkasr a

human Fa rent .particul ar, a human Fab. fra nt,as _described above
s "encoa iU bR one BB BER 1L € M PultiER B {0 e R T SR n TR o

hi gh coneegibii apsteas odfthd mittiioamaint anthic koY aBén &ode tri@@ABAdnal tnits essenti al
to have an equal anmount of  the heavy and_|ight chains being expressed hi
case one F6¢ferebh therfngletion indlialion regive eensinplthe &W@W@@TéﬁéﬁéT

non- rgdueshbapigh | ecul ar wei ght i mrunoreactive aggregates can be built,
whi cﬁgi S(Els.lggesi rgb%)y@ It has been surprisingly found that with the vectors
of the present invention high titers of functional antibodies can be

obt ai ned ereas only very | ow ampynts of averproduced |ight or avy chain
or i on A REaFT TRt et RS e DRansgh SuBobe Settsedincl tad B ), ase
than 20 YetepsiBEAsRLIId REBsdghiaite b HMbed WRANAXERE BFTEHi AR &fn RNt | body or
Fab fragnment are expressed as overproduced |ight or heavy chain or high

mol ecul avayied-dnpraferad-rontasienente thygged seqsncayd’ apsiirem)de thenmickdasgd and

| i ght . chaj C hiah. o - [ [ pLve

agor dgat S Rngy BRUALACE e ROy s 3P B, ThE g pallac FEMPREEAERE P 0 1 e
ant i body noclefdweidsquéncagnenting el@hthepolppepideeS iaktdsbahdeatpdrhied bylzerorted host

cell using SDS-PACE or . tern blot. hj still another aspect, the invention
provi des 24AY Wb s side- Ewli sresd eﬁ@eﬁgﬁ@twe@ﬁl DRvde seRfsPes¥ibl e in a

host conpptRideid fGutHRERESTng 8%, AR RiypePRad B ihRiAESe AREER M HRLAABIMHch

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 transcriptional 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



linked to a transcriptional unit conprising a nucleic acid sequence which
is heterol ogous to said host, whereas the expression of said nucleic acid
sequence we 20@nisi o8l ed by said pronoter region of the mecirhipems/ooger on. The
rnel AB pronoter is the preferred prorm%er region. More preferred is the

mel AB pronoter deficient in the CRPl b i ng site. Most preferred, the

i solated and purified nucleic acid sequence consists of SEQID NO 1, a
sequencea%ﬁrﬂlenent ary thereof and variants thereof, in particular the

i sol ated and purified nucleic acid sequence consists of SEQID NO 3, a
sequence conpl enentary thereof and variants thereof, nost particul ar the

i sol at ed Paeferaplys thieiteterolagd i nuclawi adidsequencencaies e tapobfpSRRld, BidiO. 4, a

tary. t f and jants t f. The isolated and
ur 11 od FRUERESIonE] tRag HCEoRPrairiEe Ty SHEF SAe e BESPEoPaledYd®or di ng
to standajfl HRsRFROLRILSARBChIRANAESMYR! dre kRR¥Red 1 dghifl AMduntsSRlud puri fied

and isol ated DNA sequence can further conprise one or nore regul atory
sequencedsading trhighncangentrpsions of fanctipnabantibefy ackad, fragmeal. Iy paiishléyed for t he
expression _of the prodyct en t he nucl ei i | n. order to
sel ect hglgfnaggfﬂilSO@uoégegléqa&fsﬁél)g@%ggﬁ’t%Bﬁef rlcélﬁasf c%lrﬁﬁb@gF\?mgt Eﬁ%@f’ Vector or

the i sol gheitukiAd hpthah Fak draphiehtel desgibdd aBsiean efcodéd bntheieRssiogousmueRid on, a
gene that encodes a sel ectable marker (e. g., resistance to antibiotics)
can be i R€158UEBECi nto the host cells along with the nucleic acid sequence

of inter e ~]ﬂ[a(;n r ggngg;, : ed on
t he \r}gct gﬁkf)dre?g)noﬁﬁg%f%o atC g[g&gn %ﬁfplﬁﬁi@%} %g%lgg??%%% Seq{tjg?%%sjs%}?cﬁa% ght
opt i onal Ity hives ancequal anociunt efithe heaypaddight Eloim teingpxpossel. begpae aneoftmth or .
Vari ous sel.ectable rkers can,be,used includi ng,thqgse. t hat, conf er.

Voui ot ancBaing e Bt e R bERTEr hhi o Eaera? Fieh eSO Rb g, o1
The anmouRinnfinofdaeriv Heghigates Cat bR, WhigR iLehdRsir MBS I1'1Rd bedh Qipiedindlp create
sel ective conditions. Usuall one selectable markers is used, As well

report er fganbatsvich thesy eﬁ‘lotﬁ)@%%‘t@ﬁ%enb Hyeatioshigh titgeod netinnat adibodics cithe host

cell g al . J I ' I [ :

det e?lrsri n g)g%ﬁ gllﬁaepfv%@e?%%c% §‘ hgj?'e?{’ %?n%?gﬁgnggfgﬁeﬂﬂﬁ%{%h elrgﬁtz(];sfphee (I%?y %a%?ﬁreﬁlg? esent

i nvent i onndlscular weightiiskenmopgackaraggtdgatel ast built. Afssihidy, fesd thuint 20 %, preferably of t he
present invention. In a particular enbodi nent_aqof _the invention the

pr okar yotl?% g0 Yeolthegoressetnaunt AT prdoty gr PRl IASnaY BP SRIFTCHAKL15E,
pr ef er abloyerédhcld A5 & hRALchalk o ATE dicb0lat Weight ihiBiRRtactiod %gggegae&! on in

its dicistronic expression cassette for expressing a secreted,

het er odi rdeiamqunbeicthe heavysmd fighiodninseiverpsediced andeof hygh moleshlar Peigher abl y,

tS Egh Zlaet e:‘irrn?r(xjt{ng?era!:t?vé) E{g%treeéapes ICEII (5] r'rzlgalt)surédnbyagn%iyrs]ﬁlrg ng‘gc gbpﬁlgtho&fexf)r%gsiflgvem I on
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 melAB 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 consists of SEQ ID NO. 1, a
sequence complementary thereof and variants thereof, in particular the isolated and puriﬁedA
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



prokaryotic host is transformed with an isolated and purified nucleic acid
sequence of the present invention. A wde variety of prokaryotic host cells
are usef uvoinoepriessi ng t he het erol ogous nucl eic acid peqErras®1miz2this

i nvention. These hosts may include strains of G amnegative cells such as
E. coli and Pseudononas, or G am posti #Pve cells such as Bacillus and
Streptonyces. Preferably, the host cell] is a Gamnegative cell, nore

pr ef er abISEQE HO. dot pequignge complementanyiherroiand vadanis thgrepf elhs isodated ped st r ai ns
Td, W1 : = i 1, i APIN i |
can’ be. bt RS B P otk e AR SRR, B GE G

Zel | kul t pretocdGrindd mBthadssehkrowgn irGhrenein$id phbfed prdekelatld HNA ¥&iuehle ¢ used.

The host cell m ght or m ght not netabolise i biose. A host cell which is
or i nor i 105TeeE GBPEG GG MRS "t S ST SS S EaHl GaBe P eds 80 SBAIoet gt b

modi fised ys@ Rendab il BPtheieRpefSorPbf I hodubiGeb RSy 1B AhQichoid sBgianps. ake
and/ or nmetabolismof nelibiose. Deficiency in one’or nore functions rel ated

to the uptake and/or netabolismof nelibiose can be achieved by e. g.

"ol at oo BoNRb itk B0t EBE D8 R b PR ALK Clhe NP oPBSTEI A gene

codi ng f giolatdhat Ga fesel 9giethawal sehibsceChdfedanRvENidaN 8 Wend et RS such
as transposon supported mnutagenesis or knock-out nutation, Usually, the

pr okar yotsplecthile mnasker(esp oliseistancs torpatiiogaglicas bejibipdaecddptostBphoss celly alppg case
o ' . . | . f
st gnaj, s %ﬁ%ﬁ%ﬂ% ;Ijlﬁ%lgfctah%led %ﬂ{‘%ﬁpggg 1#&@& Tﬂ@% n@%tt eﬁceddle? 5§elg§!§@{: {gl%lrlﬁ(r) il r o

t he sanme cteriacea nore preftera st-cell is
an E. colbe Isdated on thewettheor qurtbe isdiadedrtdpurified puesientid seyenice onmighta et hod

for produci.n ol ypeptide.in a host cell, conprising the.steps of a)
const 1 ucOPHETAT e SR EORICoS I TroRIoHY e LASRIORS bt SRSy bt or
c) all owipgk&XRLEESLRA iRludiA thoROtRAPES BierebiftafccdB lahtigiBlits)sRha¥ St em under
sui tabl e conditions, d) recovering said polypeptide fromthe cell culture

system hyeroumsisine prpsatin 2ad teikscycls The smewris thecantibiotigredn bhedapteshast or mat i on
of a jpro ‘ét%éﬁée%tih Srd 235 Rhf s@l%ctgxgef dg’ﬁﬁﬁiﬁ%?%%?ll%% ?Ql%ct&lﬂ@ nna?l%e?sr B'ug&i’ Uss
y e Vecto pol'ypeptide.

nucl ei"'c aci seqguence conprise encodes a

Pr ef er ablwell epérted @eyigreguich deflipsrosbeagstoiesnsaian dv iithadyedinth thohostpeldf doaply a
Fab fragnent vvher_easg{ he heavy.and |jght chains of the_antibody or the Fab
fragment véftethe ppeleicacil sequense of inferestyntqifer e letermping therifigenyiunt s, t hus

I eadi ng t,loBhation.

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 pBLL15 or plasmid pAKI15E, preferably with plasmid
pAKL15E 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 E. coli and Pseudomonas, or Gram postitive cells such as Bacillus and
Streptomyces. Preferably, the host cell is a Gram-negative cell, more preferably an E. coli
cell. E. coli which can be used are e. g. the strains TG1, W3110, DH1, XL1-Blue and



concentrations of functional antibody or Fab fragnment. As cell culture
system conti nuous or discontinous culture culture such as batch culture or
fed bat chwoubdsase176an be applied in culture tubes, shakechiEesds/ 03012
bacterial fermentors. Host cells are usually cultured in conventional nedia
as known in the art such as conpl ex med?a |ike "nutrient yeast broth

medi unt' or gl ycerol contai ning nedium as described by Kortz et al., 1995,

J . Biot émaml whigh asoroganegeially gy#ikeple orsan pe plfgingd yia tha PéM%@BF%%PhRm la et
, 19834 I I ing out

t he expr e55| on %% sal °;8)‘I§F“§%§§?i ég Z}Q&éﬁx‘%ﬁf %@;bgdBE%%tS%}% e éﬁ m nore

pr ef er abMost bfbfemldhyuwme@s tsrtisbédrltm;bdébcrdilzmght @i mtghttﬁ&&netdbohsel\/mhbmaod& 39,

mr odi et Cel YR ey Pk § gk A0 AP s e i 0K £ el et

di f T e5ente fRMifed o YeIEALRALih QRS ophlo@@ﬁtneu&érfetaedqéﬁté {ideRddbPe cul turing
of the cells. Preferably, the nmedi umused as basic nmedi um shoul d not

i ncl ude metiboliomef mﬁlbm‘sddbeﬁcuemhn eneomoneqmctxoeg wilated trihofiptekeanddi bi ose

pr onot er n . 0se | added after t re_has.reached
b appr optoraol Rt RRE Ret s KRy &Pt etls enodtiatt SPERISERE o
of neli b'a%%ﬁ‘e totihH eormBabidin refatddne twﬁﬁtw&idmmmhﬂn%fmmds@ smmeen 0.01
and 100 %W%Zﬁreferably between 0.1 and 10 g/1, nore E@eferably 1 and 5

g/ 1. For gene codiag tfcrtéﬂﬁlece@llacwetw |T§11&F§aé>|e|d59nebn PWihfeghpgues such
Apprgpri

cul T 07e s aiok i AioRtFliagthed o5 Bl hiliich, Dt e BRBEORYARY 5o

The cel | somespond<ciothe exgnalsu@ielnyesaﬁloh@ng @A cdse biakalssegudnicts dflfe cofixararum

amount of ssed product has Iate ref.erably between 1 hour and

20 days . UEh Skt eribis S Al AR EHDS Ao S A GATE Ch Al Re ROt

expr esseg g3t ae8Hahe H6RLBUS &rgtgggsﬁmnture system used hi shake flask culture

usual | y expressed product in the amount of 0.5 g/1 culture nmedium can be

produced with a host transformed with the vector of the pr esent |nvent| on.

Lo 02 SR 41 e Do ol PSR eBiASR

preferablhystrﬂe[l;ecddmaﬁmﬂ.g@éktepmfe preferably nore than 1.3 g/1 can be
obt ai ned. A Fol | owi.ng expression in the host cell, the expressed product such
as the p& WWF@@%WQ"% erest can then be recovered fromthe culture of

host cell & ROLRARHIEWRA sdidle&gSt are immunoglobulin chains, the
heavy chb?n and t g pQ ght chalon aresr%orma 'y each expressed in the host

cell andc} eldm\emgcbxpmsslhleomm polzpatidefin & hell cdture systesn yndpn alitapleprondgipns,
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

et al., 1995, J. Biotechnol. 39, 59-65 or a mineral salt media as described by Kulla et al.,



encoded by the signal sequences in the expression vector are then processed
fromthe i munogl obulin chains. The mature heavy and |ight chains are then
assenbl edwbeoedearsm7an i ntact anti body or a Fab fragnent, poir/Ereasniionz obt ai n
a maxi mumyield of the expressed produ the cells are usually harvested at
the end of the culture and |ysed, such™as |lysing by |ysozyne treatnent,

soni cat i r.F ch .Pr Thus, the polypeptides.are usually first

bt & ned IS ARt E 135, B Redrfetrd BERRE R S g Borgiobbifea by

st andar d spid @oBipapidsis b igbrteid RoRbRERAIEESMK MY pre ferdetha hiediih @Bsofyd | ncl ude
differential precipitation, nolecul ar sieve chromatography, ion-exchange

chr onat o§¥ ctiabolda ct Bieteelgoksingd-6gel el ectrophoresis, affinity, and

i mmunoaf it v t T . {0 | ced
ot hods. o R ik R RAER Rk ARk s AERGHNR o o BEMALAL Rl B RBIOAGNER L
(eds.j, MoffdsnsattsPrilasnd orcaminblavids. Aswelhditfeemt aaddidirtchmbaationCef iedind

Mol ecul ar Bj ol ogy, .[For, exanpl e, for purifjcafiqn of reconpinantl roduced
! rmunog! SBRPY eGSR e s dgraR L teonly PectiaBly ﬁvf_rqu% uﬁﬁr&’#ﬁaﬁmﬁ%ﬁwi nity
chr omat 0gh&RRYoPHcRAS HRABIJBIIABEEr b SRl tHRALBLRBYoAhE BdliBjoMBI Ch has

bound thereto target nolecules to which the expressed i munogl obulins can
speci fi c@rdmpotier reglonTMelipioss erusuply added ofterdhs oultwt hrsrsadhed apapprdpristad means

for the intracel |l w ar heterpol ogous ressi on of nuclei.c acids encadi ng
e5. " pot et fepsudnf oo B GG SRl TBRSE Mt dlng B e Rifisc BobEmBRRRRED | on
rel atigs tike Megik@ srok@votidigost fietwadnl (U 12dndePOOr s predetalily batweh Orodegiaus

pol ypeptide in a prokaryotic host, whereby the vector is expressible in a

pr okar yot& lemeEspre 1 andhg§ &l Eonpaghoruiipre thg ngkl ODsporie usaily 9 badightar on

operably A4 LPE L Lt [-Sh oy Toll
cequence VTSR S SRR b | BBy 07 2 Bpirdhtle R BerBlelare
t he vect detvafentlBenpg 4 senaferatly bettvicam2@ el 3117€). he celts ae mevhreitesunBy Aot | | nked

to a prokaryot.ic.signal, sequence upo ransf orm rokaryotic host cell
wth ¢ e gt iR peoB GRS PR obR Rt Piadte B agiot e

het er9l ogpdferaBlyledléenaChdhrlah@ 20 Ay 8RLd slefably b&tdleeP S hbirdRANIIdags Theom t he
cytoplasmto non-cytoplasmc |locations. Instead the pol ypeptide wll be

expr essedmguphefexprrsseghro@ic dapinds po i cottuteriostan usad Bo dhiaks flosk prltuel ubl e
form Thus, HROMEXRLGISANR ! S BRLYPARES OF cGRAR: BeechBOLAL S ARALAYH
Wellknovvnprcg the'“de ,|nprf: i { 3k

fied by
edures ‘from icular tTromcell extract. The
present ihovtetfinisfutmad sdthphevedasoffts preseat insentddn. $Ring afedihians dufturd ine

regul ated intracel |l ul ar expressi on of a heterol ogous nucleic acid sequence
ina pr o%at%e ©r ﬁ@;lfat%mp,ge SBPERAPIAISLEN HisAmaint Breskaly Ber Ry
transhor reehidddn R il, preftMiy nRrdBhA 9 /1 Abrd (18rekdbity AR} thitl 88 /1 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 yield 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,



production of a heterol ogous pol ypeptide in a prokaryotic host using said
vector; and a vector for the intracellular production of a heterol ogous
pol ypept iwle 20@npii7si ng a pronoter region, a heterol ogougCmmrb@so1ze d
sequence encodi ng a heterol ogous pol ypeptide and a translation initiation
regi on consisting of the sequence AGGAGATATACAT. In a preferred enbodi nent
of the vector which can be used. for %he intracel | yl ar expression the

pr oot er YT SHVe CREOMAPFBPRYE EPTo7E P i ST HEPIABISBFISHBIE dp cURifice Bl
pr ef er ab dtedpfdiBiiny) Ind hifmbAbAn Rl AGa®lbhy. TR GUl Rhbwn PEET or red

the mel AB pronoter "deficient 1nthe Inding site consists of the

sequence rdeipiety prdctioed 3RGhddd axpdestribel inee) g twsubarphle sepitagapd Wieetedf and a

vari ant segquence, t hereof . | her eferr e i, nent the invention
the tr a_nZS‘%Il'l)p :064‘?3110 E&Fﬁs§ h&r}gﬁfg’ _w%wﬁh@gwg%%ﬁéng%l%@%; i on
initiati Q?ﬂorogg.lf_fb?eié@ﬁﬁlre,eﬂ)'inpﬁfiﬁ&dlﬁ)nlo&‘kécbﬁibﬁrfhﬂtl??kd&hcéﬁfinhﬂﬁqégﬂ&ﬂﬁh%ﬂF’élb of
said transcriptional unit, whereby the translation initiation region

consi st s feAgments, ey oanbepaGaaainDaarIoafBELy ¢imomeatogphy by passegearoughef er r ed
enbodi ne I .ysed.for.the intracell ul ar e sian
conpri se 2: toﬁm{n? gorlll ga%?litﬂg £ r%)sﬁn ?@l r %Sthagtbf)g%d él%efoo%r GER Ileﬁgfetg ﬁ%wﬁg’h‘éﬁe e)%ressed

t ranscri pinnidklobaling cagtspécifiedlydie. According to the invention the
het er ol ogous nucl eic acid sequence nay encode a pol ypeptide such as an
anti body, an antibody fragnment etc. Those skilled in the art wll

appr ggi at"ﬁle??;@srenttiﬁgerﬁﬁﬁ%@oi Bl S fletHBAL altFBhAL foSihe %&g@%ﬁﬁ{ EetiBlo ﬁéb ations
and nodi fications other than those specifically described. It 1s to be
under st o@aptelsion ofhmiciay esitls ercodmglegl pslypéptides oha pakargbiiohestahdparticular

nodi ficatjons without departing fro he spifit or essent.i al

char act erPOPICaE {an et aprlol piafaiis e Bl Her SRaeSSRR O gheierlogyisps,

f eat ur es pobREPaE ihiaQsk APt CIRER QitiRekby tRf VIcERds Efpréskibldigi CRbREybHE Kddt S
specification, individually or collectively, and any and all combinations
or any twenwrisigthe prpmeigraegion pkthemalibiase pberon pherally digked tog Bensedpfiamal s

t her gf.or : i i I L4 . nd: :

ot oot (i Coppr BRI oldflofie wiR SRR Rrblo iR B ReB Sl bie e

Cl ai ns, antbodirhent hthgesctoh b€ theqgoesentvihtdnition tirenuvkacacid) sapuendean get ldked

equi val ency are intended to be enbraced therein. Varijous references are
cited t hidHBRRHONASENSLeGRPRC APPR HATLRINIG » DIREERUF SO fe byt GF 6 Plor o n

by refer eaaa%x%faséi&ﬁoﬁﬁe b6Eh¥ptidERBcddRE B9 M8 RED AR ¥hil khddSo1RpRad Ul |y
understood with reference’to the follow ng Exanples. Such Exanples, are,
however , velampbatrgnsppriedirhodie oytoplas té s8omgytoplesmicdeaations. dnsteaditben and ar e

not iZBt erf)% y%e%)tci)del v'vﬁrl1 ‘t;e etxrf)?eségcf) Pvﬁhl%fthé gﬁoﬂlgsvrr? %} f-‘o%%'of %I\é%‘nlibsodies orin

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 intracellular 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 intracellular
production of a heterologous 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
translation 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 mel4B promoter deficient in



Exanple 1 The Escherichia coli WB110 genonme was scanned for positively
regul at ed operons. Based on the genom c data which are available on the
KEGG dat aveeoqdsyrrso Encycl opedi a of Genes and Genones, PCT/EP2005/013012
http://ww. genone. ad. i p/ kegR/ kegg2. ht n&% positively regul ated catabolic
pronoters were identified and anal ysed“for their use in expression

pl asm ds ters shaul d_.he tightl i.nduced a chea
and non- t%‘?(&gp ghﬂ{é? Fr RS et rSF%‘?eﬂ’f? é tg‘? ”ﬁa‘ﬁg@éﬁ\g" lTﬁéeq‘uS?CI%vm ng P
pr ondt er gofipledichiRy GitkedTaad Ta'v‘éﬁ;!lrbf sEQBHEABROE 3 ARAhdrHroRAEOBHbLYEment Ghosen
Construction of exgr ession plasmds with positively regul ated pronoters -

pr }o pr ondh@nveions ?ﬁam@rmhmﬁi Uit éf the vgetonlypthenesmentiseg b tienslaion indighpm| e)
AB2 whi ch
ggnt ai I’lp'[ ﬁ S}%)str(en%lr(; e*lé)ﬁﬁtl%tﬁg&ér e S e-[gsﬂ%ﬁ%gs eg d(:)%llg\lﬁ{ Elré&avaﬂlt] aBI el :

i nf or gat lvcmarebry thé\ﬁalﬁmutfoﬁaamladbm@gmmhabt@bfmemdqmcsAmAGmmmmﬂﬂal DNA
of Escherichia coli was jsolated. by hod of Pitcher et al. 1211989

Letters i(RE Q&B|N@@)Mncfp€bmre@§re@emb@@nlf5§ thwt%ﬂ%hﬁvﬁd for g Het e
anplified

foll ow ng {e?gr@eégﬁn egggéﬁ%%gﬁ%@h%tghg%ﬁ% ﬂza@%\ffﬁtﬂaéﬁée %tlgml i ned.
The sequeansesataf sthmcFerAga:mMg tcathe im\&nﬁoﬂl tmvisterApgqusPpcipidacid segaencat e gat

%Er%&%g\gy%catat tt%%? grg aga ct%ﬁb@gtt tt tea act tgt tat 3

TTGAARTTAAACATTTAATTTTATTAAGGCAATTGI GGCACACCCCTTGCT TTGT CTTT
ATCAACGCAAATAACAAGTTGATAACAA CTTAAGITT Pgut A Pgut A-5 5' aaa ate gbat gca tea
cgc ccc @msez:@kall@i mng@u@mgll@ppr&qatedmt theigvertipnglgecribed hgrein itspsqepiablgto

: , AGRE

AT e ot

TTTATCTT R tHehh@%TﬁAAAA&'M&%ﬁT VarTABAT ald AN ETCRA THIAOAT défarting from the
GTTGCCGTTTGGTAATAAAACAATAAATCCTGACTTAAGTTT Pnel AB2 15" aaa ate
gat gac tHHILGAESSERHERGhgraglspstps thfr@fA”@@%mgen%%&lseﬂ{wlag% @S@S@? FR%t gaa taa

Ctt 35 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. Various 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  on the genomic data which are available on the KEGG database (Kyoto Encyclopedia of

Genes and Genomes, http://www.genome.ad.ip/kegg/kegg? html) positively regulated

catabolic promoters were identified and analysed for their use in expression plasmids. The

promoters should be tightly regulated and induced by a cheap and non-toxic and therefore



Mel R CRP AAAATCGAT/ ; TCTGCTTTTCAGGTAATI BATTCCCATAAACTCAGA ACTGCTCO FT
CACCCACC rcf 1 i ccc TIG ¢ c Tc ¢ ¢ |IGITTTCTGCA
GATTCCCCMEOCHIBBTIRAAGT TATTCAAGCAAGCC CTTAAGT TT + 1 ( Bi rdrmp2aistoesoinr CRP2
is highlighted in light grey and binding sites for MeIR are highlighted in
bl ack) The fragments were separated by24agarose gel el ectrophoresis and

I sol ated by the gelextraction kit Qaexl|l from g agen (Hilden, Germany)
The i sol aﬂeﬁrlﬁHﬁQMHﬂI@HW@ﬂed clibe foilewingipadmeiprd of qure@trmSntqulatrwlaet@ﬂ

Cl aVAf | R@L{H% g et al ., 2001, Biotechnol ogy and Bi oengi neering,
73 (2), )P “feées %t'hg pl asmi d containing the nel AB2pr onot er

consi sti E@nStruétiéh SPEPREGRNFIRhidsMath podifvdly- rogulsted promoters Fi gure 1. The
resulting plasm ds contai ni nq% t hsprp. prom)ter (pBLL5) and the giitA
promoter (pBLL) ar @7P@EBeten(Prepiengst indyeiblehe promoter region Iigated. The

sequepce of the ins were confirmed by sequencing
(M crgsynt h GrbH, g{%gghn%t%@{et?{l %g IajE><arrp| e 2 Construction of Fab
fragnment expressi onmgUARS prasotés(naslibadst endvatbieje t o an | PTG i nduci bl e | ac

r onot er | asmi 9- HUCAL - Fab- H, k et al 1985 33, 103-1
I29) di ffég BWPISBg)ﬁ un‘iséfﬂﬁalh?%@@b“f@%@?@h“%%@@ﬁ%“ﬁé?lgn SSL8Y f or
their Ca%‘%‘vﬁﬂaﬂl@nﬁ’éﬁ%ﬁﬁ ondkes &brAR d)rﬁf?x@é’re@ﬁlﬁﬁ%ﬁfdﬁlg stee. FigbmbkdniADTEAt Was

anplified out of plasmd pM9-HuCAL- Fab-H PCR usi n% the prinmers Fab-5
(5' - aaaotBschatighigaaliaeeg lmﬁecgbx thgtraetiod ommhﬁaﬁﬁak 1989, helteramgdpnliedt t a t ea

ig(ra1tset {)edg/ﬂ%t htm 13?& eprfg{r}@ n?ro cr%%t@yep?%ﬁp%d\gmggﬂﬁgﬂbgcom ai ni ng

the L-rhanosestdia wed th&)er(aBﬁ@nQ tenfotlewing Yoilidrs. %eaéstnctﬂtﬁlgﬁﬁs dbClal

M crobiol. 21, 1037-1047). The sane PCR-fragnent i nserted into the

di f f er enl @%?@?ﬂﬂ}eés"ﬁ]i‘%%eqﬂﬁrtcﬁs Pﬁ%&aﬁm@tﬁﬁ’ﬁﬁﬁt @P%WS ‘The resul ting

(putative) expression plasm d pBLL15 contai ning Fab-H and t he nel AB2

pronoter (SEQ ID NO 3) is shown in Figure 2. Equival ent plasm ds

cont gkni he prp p ser (pBLL13) gruhatdieqai=A toh@aBGes ttrBlat14) were

obt ai nedmﬁ\e sequenzglrcgibJ t he Fab-H i ps@fdc @‘f R{g’:\ﬁagﬂod at%i@@?atlégb H was

confir TTE?\AW\TWT@AAACGCATATTTGCGGATTAGTTCATGACTTTATCTCTAACAAA
TTGAAATTAAACATTTAATTTTATTAAGGCAATTGTGGCACACCCCTTGCTTTGTCTTT
ATCAACGCAAATAACAAGTTGATAACAACTTAAGTTT

20

PgutA PgutA-5 5’ aaa atc gat gca tca cgc ccc gca caa 3
PgutA-3 5’ aaa cft aaqg tca gga tit att gtt tta 3’

AAAATCGATGCATCACGCCCCGCACAAGGAAGCGGTAGTCACTGCCCGATACGGAC

- TTTACATAACTCAACTCATTCCCCTCGCTATCCTTTTATTCAAACTTTCAAATTAAAATA

25 TTTATCTTTCATTTTGCGATCAAAATAACACTTTTAAATCTTTCAATCTGATTAGATTAG
‘GTTGCCGTTTGGTAATAAAACAATAAATCCTGACTTAAGTTT

PmelAB2 PmelAB-5-1 5’ aaa atc gat gac tgc gag tgg gag cac 3’
PmelAB-3 5" aaa ctt aag ggc ttg ctt gaa taa cit 3’
30 MelR CRP

INYYN(SINY\CTCTGCTTTTCAGGTAATIIATTCCCATAAACTCAGAT RIS EEINTElE
m .
CACGCAGGIN IS YNIGC CHY o3 [cleT Vel lelele)XEGTTTTCTGCA

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

highlighted in black)

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 AfIII and ligated to Clal/AfllI-cut pPBW22 (Wilms et al., 2001, Biotechnology
and Bioengineering, 73 (2), 95-103). The resulting plasmid containing the meldB2



Exanpl e 3 Expression of Fab fragnment Strain WB110 (DSM 591 1, Deutsche
Samm ung von M kroorgani snen und Zel | kul turen GrbH, Braunschwei g, Gernany)
was transwormbeni7sh t he different expression plasm ds. pCrEPpéasm@ds wer e
isolated fromclones which resulted fromthe different transformati ons and
checked via restriction analysis. Except plasnmd pBLL14 all plasnids had
the expected restriction pattern. The re-isolated plasm d pBLL14 showed an
al t er ed piozwterdnsietig ¢fdhé saqupatet Q IMMNQEGH @BELILggbewedn Figutsel.dbe t o

nbi nat i ts. Ther.ef trai L14 t di
the.fol | B G RLSEYE comhitRe finnp RGO PR RS er b PESUUPPRP kP EERET 11 £y
t o secr e i@&iticyIed: eftab@e pfthottl RBIdnDReNd f TIROFE e of tHeSndRFt0dyfdnoted ¥ t est

was performed as described in exanple 4. The foll ow ng inducers were added
in a conbagmenis wsre esinfioned by Bypendap (MicrqsyythfhabH oBalgadn Shyldedand) pBLL13
Sodi um propi onate pBLL15 D(+)-Melibi ose nonohydrate D(+)- Raffnose
nonohydrate D(+)-Gal actose The results fromthe dot bl ot experinents are
shown i nEkhgle2 3. The L-rhammose- and neli bi ose-induced strains WB110
(pBW22- Fab- and WB110 (pBLL15) showed prom sing dot blot results:

i ncr easi kgneiryeiies oblah frapmentexprassigysplaymidsackgr ound activity. The portion
of activ f t] ; L4 [ I The results
are sumé%%égggg@ﬁg}t’f@ dfn(q)? ?%;wﬁlﬁga%g{ziplﬁ%xreg gﬁld:ﬁ%f?g%%sﬁﬁ EI of the
WB110 deKneppikweesl., liosh Gdne 33i 103kl et diEkepnepasitovelpregsiatadsexpithaon systenad t er

] R DR L RS g
(PMK9- HuGAL alnphfibld oyt pldeiniid pW@M%Nu%E%Pﬁk u’r:]gﬁ% U8 pelmass FdfB(EnCes.

The Fab-H concentration is given in rr}g/ 100 . not determ ned) All
strains ¥RacAt dk8ldeaapg et ARy hnsitaR- Briapa aagait tantce et tHces Eade)- dheabsence

of the c e i i g 1 i on
ol asm da” OBl e B Rark b A LR o R0 nr o6 FERBRS
titers aticete phasaridipBiV231-Fah4El doatainihp ¢he L-rhamnose inducible rhaBAD promoter

15 (Volff et 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 pBLL15 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
gut4 promoter (pBLL14) were obtained. The sequence of the Fab-H insert of plasmid

20 pBW22-Fab-H was confirmed by sequencing.

FExample 3
Expression of Fab fragment
Strain W3110 (DSM 5911, Deutsche Sammlung von Mikroorganismen und Zellkulturen
25  GmbH, Braunschweig, Germany) was transformed with the different expression plasmids.
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 %



mel i bi ose i nduced strain WB110 (pBLL15) showed a del ayed increase in the
formation of active antibody fragnments conpared to the L-rhamose

(pBV22- FaboMpos/mareed system The L-rhammose i nduci bl e gtrarrood®ihd:
(pBW22- Fab-H) was tested in the Respiration Activity Mnitoring System
(RAMOS, ACBiotec, Jlich, Germany), a mfvel neasur i ngsystem for the on-1line
determ nation of respiration activities in shake flasks. In conparison to

t he normal shake flask experinment the antibody titer (which was neasured
via ELI SA) doubl ed .04 #y/ L/ 100 Gy 18 i nduction). The
optim sed grow h ugli(yg\%%t}ﬁﬂ{e35 MOS equi p %@'@%%%gnpﬁg a;%(!“r' oduction of active
ant i body fragnment spBEKEpl e 4 Mel i bi oSelitmguepiboatei n shake flasks E. coli
WB110 carrying pl asnj BLL15 was tes for its capacity to produce
actively fol ded Faﬁgw‘aﬁ?ti body fragneﬁerg?Mé{}]é‘PFﬁ‘@H{“ﬁé’aTaﬁ%r es [in NYB medi um
(10 ¢ 1 tryptone, 5 g/1 yeast extract%ﬁ_géfﬁng%bﬁghg,@[lagi de) suppl enented
with 100 ng/m of Anpicillin, 37 0( e diluted (1750) in 20 Ml of fresh
gl ycerol nedium (as described by KortR(etGahkctpse1995, J . Biotechnol. 39,
59- 65, whereas the vitam n solution was used as described by Kulla et al.,
1983, Arch. Mcrobiol, 135, 1 and incubated at 30C. Melibose (0.2% was
added whgRe tralts BbinUth€8otRRCHRPeriARNIORRARo 0t idboute §. 4. Sanples ( 1 m) were

taken at different tine intervals, centrifuged and the pellets were stored
at -200C. The frozen cells were |ysed according to the above descri bed

| ysozyme 3 z Sup g A and ELI SA
naaag LB B e B B A P R B e W B er e
obt ai ned(pHxiary) Iskowedjronni emg dotdflothiegits nnbeetih@signds gidr tiagoandgdmest don or der
to find put if high nolecul ar i ght _aggr egat.es, are produced, stern bl ot
of ext r aBtekeppuEar I MBS PoBopSRELRSY A CROASERHE Hrstesl B Eieboay
titer (TaPISA 1T he WEHIsGENiMeh G ddSh R hiewaRtiTabuman Fab-H + AP conj ugat e.
The culture was performed as described in exanple 4. Sanples were taken
after 9, ) fter induction with nelihiose 2 of

| ysozyne | &8t s of strai ndndweef g (p h 15) 4d1ad 2, | + AP
Conj ugat @_1s shown LnFi gute 4. lower concen E'&Heg@d 2ra r
wei ght ag dFas correspond to higher titers of functignal lantibody

f ragnent .2 eHuGi-Fab-Hr  pdP nGpr essi B® syst SNfsecens t PY-0F | ludifed t hd way

in whichlthe antihody
in W3110

pMx9-HuCAL-Fab-H IPTG nd Nd 140.56 8.14
pBW22-Fab-H Rhamnose | 176.88 259.56 328.62 6.52
pBLL13 Propionate | nd 0.84 0.90 3.94
pBLL15 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 uninduced cultures after 22
or 25 h were measured as uninduced controls and the results from strain
W3110 (pMx9-HuCAL-Fab-H) and TG1F’- (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 ODggo 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-H) was tested in the Respiration
30 Activity Monitoring System (RAMOS, ACBiotec, Jiilich, Germany), a novel measuring



fragnents are forned: functional or in aggregates. Exanple 6 Influence of
si gnal peptidesThe genone database of E. coli was used to | ook for useful
si gnal pepbi2deeiivat coul d be used in conbination wth the/spamsithfonagnent s
VL3-CL and VH CH. The signal sequences from periplasm c binding proteins
for sugars, amno acids, vitam ns and #6ns were chosen. These periplasnic
proteins represent a rel atively honpgeneous group that have_been nore

ext ensi v&ysjems ferdheen-ling Actetpiaptignedfirpiparatipe agiiaties in shaksiflagls. Ihegmpgrison
general |y, ARYBAANL, LASH L1 Sk ADAL S AAUGREGT, NRY FufiPh FASHES-A Gh 196 o1t
transport OVEr e | nner menbrane 1nto the periplasm possi bl'e signal
pepti de Haibled (703 6dtm@hsl 00EDB,6 bfte REth dfindiidieny. The qpimncsed gaptthdsing nitk

cl eavage_site propability usjng the Signal P web server (http://ww.cbs
_dtu. dk/ wﬁéégﬂmafmwéhwﬁw@gi ﬁ?tl‘éf‘sané‘gea)hﬁ?&’in? fol | owi ngTabl e 2.
Signal peptide Signal Max peptide Cl eavage prob- Site ability Prob ability
OmA (E. coli) - Quter nenbrane protein a precursor MKTA | Al AV ALAG- ATVAQ
A APKDN E®@apwe4 . 000 O . 993 MKKTA | Al AV ALAGF ATVAQ A DI ELT

(OmpA-VL3-CL.. Fab-H) .1 . 00 ...971 PhoA (E. coli) - Alkaline phosphatase
precur so&%@&ﬁ‘?%@&}f’“ﬂﬁﬁgﬁ%gw A RTP EM (PhoA) O . 996 0 . 765 NKQST
| ALAL L PELEOTRVIKAMBKpLBRAANH Biwaabeibl 18 its 99818 10 FBAuEEhdEhr W ni a
chrysantem ) - Pectate |yase precursor MKSLI TPI TA GLLLA LSQPL LA ATDTG

(Pel B) 1 foldgbBalpi angbody kegmentrl Gyeruhi evlivegyiin NATomedmy 601 @l yyow.
e Lyt 08 S OS5y LT Ll SHEL o, GH B i
PTAAA GLEC] waAQBPANEd ANTOGn( BehB)of Tresh @B efol . md&idin NSYddscitiedAfy oktk let ABQPA VA

DIELT ( P?EES_,V}T ?iéioutééhnli)?.béé_,') 59%65, vgl?e(i)reals the qugmin solution was used 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 ODgg of about 0.4. Samples (1 ml) were taken at

15  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 dot blot and ELISA assays. 504.28 mg/L/100 ODgy of functional Fab-H

antibody fragments were obtained.

20

Example 5
Occurence of high molecularlweight 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 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 to higher titers of functional 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  Influence of signal peptides



MKYLL PTAAA GLLLL AAQPA MA QVQLK (PelB-VHCH, Fab-H) 1 . 000 1 . 000 PelB
(Xant hononas canpestris) - Pectate |yase precursor MKPKF STAAA ASLFV GSLLV
| GVAS A Bvélods/ePeB) 1 . 000 0 . 993 MKPKF STAAA ASLFVpGBIHPY0SGWAE A DI ELT
(Pel B-VL3-CL, Fab-H) 1 . 000 0 . 985 MKPKF STAAA ASLFV GSLLV | GVAS A QVQLK
(Pel B-VHCH, Fab-H) 1 . 000 O . 988 LaA® (E. coli) - Maltoporin precursor
(Lanbda receptor protein) MM TL RKLPL AVAVA AGVMS AQAMA VDFHG (LanB) 1 .
000 0 . 918 g dRrbaRE oATAN weved Agank fol EBEf ¢ignatReidssChat c@aldblel) 1.

0. osamird Pompifiien il B St Rt O e YT B Tl teat asaL
TOWF SASRm @?_ 14shRtee GivRidD) prteiHd JoOsuRarsSatvidokabideARlakniM-iliodsTWhfe chésefl A

DI ELT (lval E- CL, Fab-H) 1.000 0.978 MKI KT GARIL ALSAL TTMVF SASAL A
QVQLK ( VeI W@H I BEOFRINS] repiGEend 2 gglati Bily hoipBEEneoys greup thet have been more

VBl G FR N eP ol Sy Afhgfuy iyt

MBI QH FR¥#nal defirehcadikive tykAsuid/Aa dficBhatrafidpbitiovérhe tinpr thembf6 iflo thed9 9 OppA
(E. coli) Per| asm c_ol i gope bi ndi ng protein MIN| T KRSLV AAGVL
AALNA c;\m}p ASTADVA ROFSER) sAygn pep@cﬁ%g%om@gat@nﬁ/mwheéad\forqﬁ\gwemm GNVAL
A DIELT (@ a\{kl%hgva%/é: ﬁ%gfﬁﬁabl]hty uQQg @16051 nﬁﬂ' \&Jebl\s@-INlBT KRSLV AAGVL AALNA
G\VAL A ,. 6000 . 98 4 TreA (E. coli) -
Peri pl asthi :/ 7 dkiseryices f fsulahis -u easghoen ity the dbeyang MEPA
PSRPSOK LI PACI F LCFAA LSVQA EETPV (Tr eA) 1.000 0.996 MKSPA PSRPQ KMALI
PACI AA LSVQA DI ELT (TreA-VL3-CL, Fab-H) 1.000 0.961 MKSPA PSRPQ KMALI
PACI F LCFAA LSVQA QVQLK (TreA-VH CH, Fab-H) 1.000 0.989 MpA (E. coli) -
Periplasmi,c nurein peptide-binding protein precursor M SMTCCLALLVS

SI SLS YAGNBPEPHEBA) 1 . 00 0 0 . 943 MKHSV SVTCC ALLVg§ S?SLS YA DI ELT

(MppA-VL3-CL, Fab-H) 1 . 000 0. 90 6 de Cleavage
prob— Site
ability Prob-

ability

OmpA (E. coli) — Outer membrane protein a precursor

MKKTA IATIAV ALAGF ATVAQ A APKDN (OmpA) 1.000 0.993
MKKTA IAIAV ALAGEF ATVAQ A DIELT (OmpA-VL3-CL, Fab-H) 1.000 0.971
PhoA (E. coli) — Alkaline phosphatase precursor

VKQST IALAI, LPLLF TPVTK A RTPEM (PhoR) 0.996 0.765
MKQST IALAL, LPLLF TPVTK A QVQLK (PhoA-VH-CH, Fab-H) 0.999 0.784

PelB (Erwinia chrysantemi) — Pectate lyase precursor

MKSLI TPITA GLLLA LSQPL LA ATDTG (PelB) 1.000 0.999
MKSLI TPITA GLLLA LSQPL LA DIELT (PelB-VL3-CL, Fab-H) 1.000 0.9¢98
MKSLI TPITA GLLLA LSQPL LA QVQLK (PelB~VH-CH, Fab-H) 1.000 0.598

PelB (Erwinia carotovora) — Pectate lyase precursor

MKYLIL, PTAAA GLLLL AAQPA MA ANTGG (PelB) 1.000 1.000
MKYLI, PTAAA GLLLL AAQPA MA DIELT (PelB-VL3-CL, Fab-H) 1.000 1.000
MKYLL PTAAA GLLLL AAQPA MA QVQLK (PelB-VH-CH, Fab-H) 1.000 1.000

PelB (Xanthomonas campestris) — Pectate lyase precursor

MKPKF STAAA ASLFV GSLLV IGVAS A DPALE (PelB) 1.000 0.993
MKPKF STAAA ASLFV GSLLV IGVAS A DIELT (PelB-VL3-CL, Fab-H) 1.000 0.985
MKPKF STAAA ASLEFV GSLLV IGVAS A QVQLK (PelB-VH-CH, Fab-H) 1.000 0.988

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

MMITI, RKLPL AVAVA AGVMS AQAMA VDFHG (LamB) 1.000 0.975
MMITI. RKLPL AVAVA AGVMS AQAMA DIELT (LamB-VL3-CL, Fab-H) 1.000 0.979
MMITI, RKLPL AVAVA AGVMS AQAMA QVOLK (LamB-VH-CH, Fab-H) .000 0.988

—



MKHSV SVTCC ALLVS SI SLS YA QVQLK (MopA-VH-CH, Fab-H) 1 . 0 00 O . 938 Bgl X

(E. coli) - Periplasmc beta-glucosidase precursor MKW.C SVA A VSLAL QPALA

DDLFG ( Bgw# 2po6lo611760 O O . 99 9 MKW.C SVG A VSLAL QPALAPDIrHEPI006B030X2 VL3- CL

, Fab-H) 0. 99 9 0. 99 9 MKW.C SVG A VSLAL QPALA QVQLK (Bgl X-VH CH ,

Fab-H) 1. 0000 . 99 6 ArgT (E. col ¥ -

Lysi ne-ar gi ni ne-ornithine-binding periplasmc protein precursor MKSI LALSL

LVAS TAASS YA ALPET 1 . 0 00 0 . 92 9 MKKSI LALSL LVGS TAASS YA DI ELT -

( Ar gT- VLMt (E. eodih= Maitosp-bindipg grogein Pro@t7squkKSI LALSL LVGLS TAASS YA QVQLK

(Ar gT- VHBEKT Eakzid ALsAL . TT@F GABAL A06KIH¥R| §1a01E) coli) - Al pha-.em:yl asess

precur ok Ml A GFLTL AL RGGA: gﬁsmvrsm@w helyua-0,00a0 ) 7 290 MK CFLTL

LPGFA VA DIELT (Mal S-VL3-CL, \82LK E H995b 1 &)TL LEC%:A VA
QUQLK ( MEEES ALEAY- WEASN@AOOQ H{%E (E? 8 i)

Hi sti di ne-bi nding periplasmc protein precursor MKKLV LSLSL VLAFS SATAA FA

Al PN (ﬁ'as(Q?Riiﬂ) (£ cOl)) —(Beta-lgptrmageKLV LSLSL VLAFS SATAA FA DIELT

(Hi sJ- VL3stdu rRobs HeFrd arcfe 8820 . O%phriKiE1Y) LSLSL VLAFS SA'[Aé\)d:Alqy@_K

Hi sJ- VH 9
E)erl pl asrlfg(f;12 ergtg%l' #P)S?%CASF%O%MI KN ﬁ@y{%sﬁ —qégiN\})ﬁil ﬁlg' Kévﬁ(?de ?1 P%}
1. 000 0. YSEHVKRIAE: 1TPETR 266 VFRTNVA RAKDI BTV Frarcsl oL, 1R H

0. 992 NKldgbla\kﬁr.lcm)—%Smbsmzrwépéwe EN@hIOroMyl F- VH- CH, Fab-H) 1. ooo 0. 996
FecB (E. te di eri p| asm c prot r rsor
MLAF RFE@A G_)KEL\?} | HAF A A v A‘f% ‘égﬁ 3)60%’%]*8 MLAF| E G@LE%‘ | SHAF
A Dl ELT (ERTBXGERY éﬁ?"?a{‘ﬁL% 3 MPRIETVIQFEPA fepriv st A-SiL

(FecB- H-I'EHET Eabr\HpAEVD CALER @QﬁAﬂ'he PBILKoWirRg-§i-XHe didbr-Aat i anOQNerOe%hosen

- Land VifaGe Sl b&msmt@hagwagau}sm(eph&g%ebﬁs fcbRhilRRg bi ndi ng protein

precurso(rgﬁ( |('°‘ A-VH CH (Per’i pl asmi ¢
trehal as B%EEFE%WALIA? 65‘?\% (LyS| ne- ar gi ni ne-or ni t hi ne- bi ndi ng
9

peri pl asms¥pr ot ei n EETPV (TreA) 1.000 0.9%¢
MKSPA PSRPQ KMALI PACIF LCFAA
LSVOA DIELT (TreA-VL3-CL, Fab-H) 1.000 0.961

MKSPA PSRPQ KMALI PACIF LCFAA
LSVOA 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 0.943
MKHSV SVTCC ALLVS SISLS YA DIELT (MppA-VL3-CL, Fab-H) 1.000 0.906
MKHSV SVTCC ALLVS SISLS YA QVQLK (MppA-VH-CH, Fab-H) 1.000 0.938

BglX (E. coli) — Periplasmic beta-glucosidase precursor

MKWLC SVGIA VSLAL QPALA DDLFG (BglX) 1.000 0.999
MKWLC SVGIA VSLAL QPALA DIELT (BglX-VL3-CL, Fab-H) 0.999 0.999
MKWLC SVGIA VSLAL QPALA QVQLK (BglX-VH-CH, Fab-H) 1.000 0.99%6

ArgT (E. coli) — Lysine-arginine-ornithine-binding periplasmic protein precursor

MKKSI LALSL LVGLS TAASS YA ALPET 1.000 0.929
MKKSI LATLSL LVGLS TAASS YA DIELT (ArgT-VL3-CL, Fab-H) 1.000 0.947
MKKSI LATLSI, LVGLS TAASS YA QVQLK (ArgT-VH-CH, Fab-H) 1.000 0.960

MalS (E. coli) - Alpha-amylase precursor

MKLAA CFLTL LPGFA VA ASWTS (Mals) 1.000 0.79
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-binding periplasmic protein precursor

MKKLV LSLSL VLAFS SATAA FA AIPQN (HisJ) 1.000 0.994
MKKLV LSLSL VLAFS SATAA FA DIELT (HisJ-VL3-CL, Fab-H) 1.000 0.957
.000 0.988

s

MKKLV T.SLSL VLAFS SATAA FA QVQLK (HisJ-VH-CH, Fab-H)



precursor) - FecB-VH-CH (Iron (JS) dicitrate-binding periplasmc protein
precursor The gene fusions to generate signal peptide (SP) to VL3-CL and
VH CH f uswonsoemsigscarried out with overl appi ng PCR pri rerEpracnd/ o302

sumari zed in the followng anplification Table 3The fusions of the signal
pepti de sequences with the VL3-CL and ¥H CH sequences were perforned as
descri bed el sewhere (Horton, RM, Hunt, HD., Ho, SN, Pullen, J.K and
Pease, LXHE (F £989)D-KefervéndingmgriMgantis RIolgBMEsURPt hout the use of restriction
enzynes: MgExie 1sphl crsg. bysaveanhap extmersi GplLFGene 77, 61-68).000heoSPeVL3- CL

enes we it Stricli en _Bst Iz, | i doi
gldeVPst %ﬁﬁg{?&\% gﬁ%ﬁi %#%péﬁ%? hosTReT Nq?h%g 5! l-280d | h gadeedol 680

. The_resul ting plas S, .wer t w Pst |
and H ndMEFEh AL g &AFe FEBs AR n . 2'CT %ﬁ%ﬁ%cﬁﬁgeﬁgéf?’ Si hedY h}ém-é-JPG
integration of the bla-VL3-CL andfecB- VH CH genes was not possible only
t he Fab-H expression plasm d containing the | anB-VL3-CL and mal E- VHCH genes
could be_tested. A | -VL3-CL/mal E- VH CH expressi on plasm d containing the
7 hammoEEh drathlh BT N e PP O AR P R BRP ST, The | A VL3 L/ m
al E- VHCHMBARTe BF A GRLIEABHAR A at ed fATYRPplFaski d pAKLI 5 (exanfl% ?)°&s Ab
VH ndW {g.aamestravetend tg@ied | nt o AU (e Sk-waBXcpBlEk7-H)0 obt@ nop#dd 15E.
Figure 5 i]lu t ression ' LiRE ai nipngpd he.
mel i bi oseMLzlLElnIdg{%llE%T gﬁ%’tr‘g?r% er “and |ag3%§m%ﬁ%§| %?Vﬁ% %ﬂﬁ)( SEE) iﬂog %0?904)
Exanple 7 Influence of translation initiation regions on Fab expression The
Fab-l—lsgengs of plasmd %AKL14 and (&Iﬁasm d pAKL15E contain the sanme DNA
sequence 15¢ fJ{owiRg s combInabiah Wets A&t i on initiati on region) whereas in
the original plasm d pM9-HuUCAL-Fab-H the translation initiation regions of
both Fab-H genes are different. A conparison of the translation initiation
regi ons sequences LemBaVh3Gld(akaporin@agcurah- H and pAKL14/ pAKL15E is shown

in the foll ow ng > 7 HUGAL .Fab- H.onpA- VL.3- CL gagggcaaaaa atg
phoA- VH CH aggagéﬁag#g]ali C&? W&%ﬁ%?%ﬁ%ﬂfé%n .gpﬁcgrﬁéaVLS- CL aggagatatacat atg
mal EqyH CH aggagaBas-atatChatBetdactqngdyicti vity of strain WB110 (pAKL14) was
tested in shake flasks _as _described in exanple 4. The strain grew well in

the presence or aB$eMcdl-6H (Perplasmiskchaiasaprerdans t he
- ArgT-VL3-CL (Lysine-arginine-ornithine-binding periplasmic protein
precursor)
- FecB-VH-CH (Iron (II) 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
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bp SexAUBan

4 (138

Bla-M3-A10 bp BssEUUH ndm fragnment) were exchanged agai pst the

honol ogous [bizagnment s of plasm d pBBazerkalDNA Ofbi adh car r if Bia-3fhe unchanged
Fab- H gene |®&&gBence). The resul ting3pli@sm d pAKL1S carries the coriject Fab-
H sequence.|bER¥L&8change of the t hpMded-HoCADL-FabidS-Bad novVapEdr ent ¢f fect on
the overal I[|VESBB H properties sincg the pi was unchanged| Therefore|the
capacity of|btt-5ain WB110 ( pAKL15) [ble-SBr/0diss€LTf uncti onal |Bab/l3-@nti hody
fragnents 3sdipposed to be simllar to strain WB1 10 (pAKLlI 4) and was not
anal ysed. TheeAadl-EHanti body fragment productivity could be increaged by
usi ng diff grents Genomic DNA of E. coli treA-SP

treA-3 W3110

treA-VH-CH pMx9-HUCAL-Fab-H-S-S VH-CH

VH-3

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

VH-3

ArgT-VL3-CL

argT-5 Genomic DNA of E. coli argT-SP

argT-3 W3110

argT-VL3-5 pMx9-HuCAL-Fab-H VL3-CL

VL3-3

argT-5 argT-SP / VL3-CL argT-VL3-CL

VL3-3

FecB-VH-CH

'|fecB-5 Genomic DNA of E. coli fecB-SP

fecB-3 W3110

fecB-VH-CH pMx9-HuCAL-Fab-H-S-S VH-CH

| VL3-3
fecB-5 fecB-SP / VH-CH fecB-VH-CH
VL3-3

The fusions of the signal peptide sequences with the VL.3-CL and VH-CH sequences were

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 Ndel and PstI and ligated into Ndel/PstI cut pBW?22 and into pBLL7.



optim sation strategies. The following Table 5 sunmari zes the

i nprovenents: Strains which produced high Fab-H antibody titers were

anal ysed woao@®81P4CGE (Fi gure 6). The hi ghest functi onalpcFairatd5/013012
concentrations were nmeasured in strains which produce a bal anced anount of
| i ght and heavy chain (lanes 4 and 5). 3%he L-rhamose inducible strains
which carry the Fab-H fragnent such as WB110 (pBW22-Fab-H) (| ane 3)
strongly WGBWM®miHeWerfg¢w vdthalfsel. anExfanpllearsl ligsted bo &s8/Hindllloduit 8A- i n

shake fl WB110 .car S tested for its
capaci tyaﬁg%ﬁ %‘Hﬁ% ineq thg érftegria%%ﬂ‘gﬂhgégl ﬁ‘jd Ff@ h %Flr/ r‘?tege BrdChi ght

cul tures p[osﬁbMBlyrtﬁaFumnH éﬁ)r@sibntpnaéﬁﬁ@a@naﬁu@/tﬁe MVLME A mafE-AH1 sodi um
chl oride) supplenmented with 1OOWA |C|II|n 37 C] were diluted (

1:50) in ZrégﬁllleSGmedrb@s!?ﬁSt@i ye - KHfaH expsesioThylagmick congining |

1995, sJ . I d
descri becE %quﬁﬁ%ge%d‘%?vle E?oéxg@er rc ‘32 t\‘{fn%@%f’%é&%?u@ngg%ncu g?gd :ts
30C. Mel |(Eﬂ{<gsmes®ﬂu<2%vem301aﬁédéﬂmmﬂsies;m$lpﬁlclu1ti %e&aﬁplbgt?ahﬁﬂ}[&ﬂnﬂmm ?f agout
0.4. S i1 fferen I i ntervals, ri fuge
and the. pEEnseErbeLiorie AT R idL e nid ads Bl Selatedt ng
to the ahpyecfdesohl il P ARV &h&ﬁhﬂ?ﬁxﬁ rﬁélﬂn&s@?mﬁk!i%‘?é @%ﬁqﬁﬁ%&nﬂ%;ﬁ&

anal ysed i n SDS- PA nd ELI SA assays mel 1 bi ose i nduci bl e strain which
carry t hd/IBabliadlertds-CHl (SEQ . Ot 4x ed si gnal pepti des
(1 anﬁ VLS- CL/ mal E- VH- CH) showed the highest Fab-H antibody titers (Table

Re | i ght and heavy chain of Fab-H were produced in equal anounts
(Fl gure Hxamptepl e 9 Meli biose induction of an ami dase fromstrain KIE153
{Burkhol deria sp. DSMD925) in shake flasks E. coli W1 10 carrying plasmd
pJKL8 (Fulgﬂpén%o \Ra@m!?ésqne'altmwn. xegiops 9B dabyexpressihvert racenic

P er el i U BONEDI R b LSLTRA BRI BRLAR AR AP it YRS
chl ori de)segusmpé é’rﬁﬁhe skawti cbﬂoﬂ(lfhlnsdgﬁairi 1nﬁiatiArrmZgibﬂ)lererea3®n Tle onmirenl ﬂlablflf(bd (

K .
1201, Rl bS5l ShSeito R (s SRR P e gt

descri be@oﬁi{naﬁbﬁn' (ﬁf tﬁ‘é tré*ﬂlslatlolagﬁﬁlan&{ fé@}on%éd'u‘éﬁé& log pﬂi%ld AVROGTIEUbab.ed at

30C. Meli biose (0. was added when the culture reached an OD600 of about
0.8. Aftandailldd h5EiSrﬁé10Wlllllglerf0H¢i\élngéﬂabb4Nere harvested and stored at
-20C. Am dase

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

pPAKL14/pAKL15E lamB-VL3-CL  aggagatatacat  atg
malE-VH-CH  aggagatatacat  atg

25  The productivity of strain W3110 (pAKL14) was tested in shake flasks as described in
example 4. The strain grew well in the presence or absence of L-rhamnose. That means 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 ODgqo (plasmid

30  pBW22-Fab-H which contains the MOR gene construct from plasmid pMx9-HuCAL-Fab-
H) to 596.14 mg/L/100 ODgqo (plasmid pAKL14) and to 878.86 mg/L/100 ODgqq (plasmid
PAKL15E). 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



activity was tested as described in Eichhorn et al. 1997, Tetrahedron
Asymretry, 8(15), 2533-36. The resting cells enantiosel ectively converted
(R) - Pi perwpi2n@/@@17ar boxam de to (R)-pi perazi ne-2-car boxypCrEpraaisdi3nit h a
conversion rate of about 1 g/ h/ OD6Q0,, Exanpl e 10 Meli bi ose induction of a
singl e chain antibody (scFv, SI) in shake flasks The scFv gene was i sol ated

via PCR ysi.ng the priners 5-S (5. -aaa.cat,_atg aaa.tac eta t t .acg

goo ) arirregey bF budBockeie P RS nfe sl SRuaiEs e b cifiadbondi ng
Sl pr ot eiamifPiHi@ERges (B Bréiigdidho 888YSREepiRdiLdd)i s responsi ble for
transport of the protein to the periplasmof E. coli. The PCR- fragment was
cut with Ndel and H ndTH and inserted into NdeVH nd pi-cvLt pBLL7 to create

pl asm d - nt.aning the nelibiose inducible nel AB2 pronoter
SRR B

(Figure 9)- seque 0 he Sl insert of plasmd pBLL7-SI was confirned

by seguenMIDLRISLPAAN AN ANG VIRSKMROUADIBR T PPRY STARGQTARISUSGNALGDK
M kroorgani smen und Zel | kul turen GrbH,__Br aunschvveé\hg, Ger man

was
t r ansf or WiQLNPEQARY bBLY D SBRBSGEPERFRESHEG: %ELWF%T% BABY ¥ rom
differen g Ealps&iT I AS\ i

(pBLL7- pg%égpﬁ%%ﬁ%gggggﬁ@@ C apggjilg@t}) §§%F§§1A§%K§g %L&S@gﬂ@i

Over ni ghtA ¢TIV AWIADSSE VEYBGNVEATTERS KB NNE YIAASRYTAR, TEEQWK SHRSYSEQMTact , 5
/1 sodi QL | emented with 100 ng/m of Anpicillin, 37 0C] were
gi | ut ed @é%#géiﬁqg)@ﬁﬁ)‘gf fresh glycerol msngi um [ as glne)scri bed by Kor%z et
al ., 14995, J . Biotechnol. 39, 59-65, with the exception of the vitamn

solution (as described by Kulla et al., 1983, Arch. Mcrobiol, 135, I)] and
i ncubat eV BCEBEAKIMA)i1iwlse9-68. 2% was added when the cul tures reached an

OoD6Q0 of QL : r t. i j ' val s,
centri fudRisFGARIATSAR piRbeS oS ARTBLIRER R TS SETCa B eSS T

| ysed ac@SGWHVIGWIR QPRGHBOBEWUASIYWIDBIDK YSGZISTEK TIRIEEISK® TSI VIIEM TN
supernat ant s. and insol ubl e ,?rot ein f/el | ets were anal ysed via SDS- PAGE

(Fi gure MPPYREAH vEkaARRY TQRRESMBY WHGIHL NG s mI K eP 3 VLA TRSRS 1 F00
aD6oq) \ ?Mﬂ%%mﬂvwﬁﬁﬁﬂﬁ@vﬁﬁﬁwgs@fﬁ %%LéSV\‘/‘TV?S'SQr
expressible in a host conprising the pronpbter region of the nelibiose

oper on opdyEBIYICN VNeIKR SN BKVDEKISEEPRSiI onal unit conprising a nucleic acid
sequence which is heterol ogous to said host, whereas the expression of said
nucl eic acid sequence is controlled by said promoter region of the _

mel i bi oserRPghOhairdof Fabll cH@fek 8o RfistSltedi(IF5 AN, NERN B B8 hehvid cBRREE I egi on
is the mel AB pronoter. 3. The vector of claim2, wherein said nmel AB

pronot er ayngedid exahange F15Rk). ARestere i eriginal Fab-H sequence two fragments from

20  plasmid pAKL14 (138 bp SexAl/BamHI and 310 bp BssHII/HindIIl 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 pl 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
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ﬁ_g@mr%)‘rnnf 13. _The vector lof ¢claim|l2,
wher ei n gﬁ’ﬁ?'rp, 4% 5i d |PH8-8r agment  ar|d %hcoded by a
dicistronic transcriptional unit rﬁ\i?ﬁ@?“%s each chain is operably linked to
a si gnal Lsequence and an i denti EEMCIOI0SEX| ot i od initiation redion upstdeam
of the initiation point of the translation of said transcriptional unit.
14. The tor .of clai 1-1 L] i [ ter [ egl i
oper abl y\éﬁ‘gun SAugh rr??‘é&?p 1gh01§ag1-ﬁhuaﬁl¥1§o@rotzt§risg¥e§e %I?ﬂﬁ:ég Véae%g%é ?‘%@@“ﬁ? NO 3,
a seqsenck ThemigieRefiinatiohal Rsb-Bdonaditratiand wert sndab@ee &f straliss whiblepadlatos of
clainms 1-13, wherein said pronoter region and said_o bly |inked

) erably, ]
transcri pelpaess)ampynt of Behtjaad begyty ohp (bwgsid ArdbS)sitbe iﬁﬂ%&@mﬁ indnedblguence
strains which carry the Fab-H fragment such as W3110 (pBW22-Fab-H) (lane 3) strongly

e.
€S

B

a

overproduce the light chain.
10 Example 8
Melibiose induction in shake flasks
E. coli W3 1A10 carrying plasmid pAKL15E 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 sodium chloride) supplemented with 100 pg/ml of Ampicillin, 37
15  °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 ODgqo 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
20 were lysed according to the above described lysozyme treatment and the supernatants were
analysed in SDS-PAGE and ELISA assays. The melibiose inducible strain which carry the
Fab-H genes with the altered signal peptides (lamB-VL3-CL/malE-VH-CH) showed the
highest Fab-H antibody titers (Table 5). The light and heavy chain of Fab-H were produced

in equal amounts (Figure 8).

25



conpl enmentary thereof and variants thereof. 16. The vector of clains 1-15
wherein said vector is an autononously or self-replicating plasmd, a
cosm d, awvphagmeie3virus or a retrovirus. 17. Use of thecrarbasocdorz! ai ms
1-16 for the regul ated heterol ogous expression of a nucleic acid sequence
in a prokaryotic host. 18. The use of he vector of claim17, wherein said
nucl ei ¢ acid sequence encodes for a polypeptide. 19. The use of the vector
of cl ai rEX8mMPih2rei n said pol ypeptide is a Fab fragment, whereas the heavy
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et or of ofotd i 14 etrrige plesauaded et 1P B Erdt R SEa it riertac o
SequeNCerdcsmiOpibéabingd -dayvboxaid %q%?%ra&ﬁﬁiﬁﬂar%xyfli‘d%cmﬁbiv&in@@ c@lpgeopn. 21.
The isolated and purified nucleic acid sequence of claim 20, wherein said

pr onot er [ip&GY B angdiurn (O gfbiramope. onast wgast expractTh &/l isedinar ehdprided synplomensed
. . 1 Ch saic mal AB L defici ent
"t he” BB IGPIRAADSEARIALR 010 wBRIRLE S g AR Blgt 5T

E quenCen’QﬁiL@ﬂl @ismeé’cZibevasaKﬁh-uz e al.,0l 998 JABiqechiol. 60, 565 citendasitite ¢ibyeni@RPI
inding site consists of the sequence SEQ ID NO_. 1, a seguence,

conpl enefRIBHgn WAR s degripad Pfkdacrds 49t ngﬁ) M&é@%ﬂﬁfé&n&ﬁaﬁ%ﬁif i ed
nucl ¢f C CPCS RAUBREE (@2 Wik T8dR0n kR thd\RfEE ReaSREdhnRODBEY &1 abbfgd. 8N and

sai d operably linked transcriptional unit consists of the sequence SEQ ID
NO. 3, aAdeyeenclcianiinenth? hite ¢dils veof haavehtedeanidstired ath@d¥bfAmMRBse The

i solated_and purified nucleic.acld.seque f.clai 0-23, in said
or omot o “H B3 iR TS e B P R A PR e Bt R AT R eEh ot < o
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t r ansf or FRHPIRFIANERCafeeplE agid Viflng peversos, ra of Abpitdie ) Ose: host
trangformed with the isolated and purified nucleic acid sequence
Example 10
Melibiose induction of a single chain antibody (scFv, S1) in shake flasks
The scFv gene was isolated via PCR using the primers 5-S (5’-aaa cat atg aaa tac cta ttg cct
acg gc-3°) and 3-S1 (5’-aaa aag ctt act acg agg aga cgg-3’). The corresponding S1 protein
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/HindlII-cut pBLL7 to create plasmid pBLL7-pelB1-S1 containing the melibiose
inducible melAB2 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 transformed
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, J.
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 ODggg of about 0.4. Samples (1 ml) were taken at different



of clainms 20-25. 30. A prokaryotic host transfornmed with the plasm ds of
clains 26 or 27. 31. A nethod for producing a polypeptide in a host,

conpri si ngot2bes/wsiEps of : a) constructing a vector of cl acrEri@s0L6301h)
transform ng a prokaryotic host with said vector, c) allow ng expression of
sai d pol ypeptide in a cell culture sysB@m under suitable conditions, d)
recovering said polypeptide fromthe cell culture S)fstem 32. The net hod of

cl ai m 31 HRafeEyas.crarifiged gad thorellsts ouue slgrqdsat 225b The fgremeells wreee kyses t he

heavy an | i f a e ?%9 I !

culture g%c{rg%%itgh@%g%&a%%% Q@%&@ﬁﬁ&@%&oﬁﬁﬁﬁ ég al mtégs %f;ﬁ'l %??ﬁl\lkker eas
expr essi roteih Eied weot ypepdeid dea BBSPAGE €Bigatt 10)rand|Bicanbize MbsaiofitHad 1

medi um SEQUENCE LI STI NG < > LONZA A PHOSYS AG <120> Mel i bi ose operon
expr essi é’%@ﬁ?&?grﬁ/ %&/éé&lg’%ﬂmﬁiﬂa%ﬁ yc 12;%@ Rle pretein fipelidt on 3.3 <210>
1 <214> 143 <212> DNA <213> Escherichia coli <220> <221> m sc_feature <223>
nmel AB2 pronoter <400> 1 actctgcttt tcaggtaatt tattcccata aactcagatt

tactgctgct tcacgcagga 60 tctgagttta tgggaatgct caacctggaa gccggaggtt
ttctgcagat tcgcctgcca 120 tgatgaagtt attcaagcaa gcc 143



<210> 2 <211> 13 <212> DNA <213> Escherichia coli <220> <221> m sc_feature
<223> Translation initiation region <400> 2 aggagatata cat 13 <210> 3 <211>
1630 <212woDbiks/s2’3> Escherichia coli <220> <221> m sc_peatpre@s/0203>
Sequence contai ni ng nel AB2 pronoter and onpA-VL3-CL and phoA-VH CH <400> 3
atcgatactc tgcttttcag gtaatttatt cccat&@dact cagatttact gctgcttcac 60
gcaggatctg agtttatggg aatgctcaac ctggaagccg gaggttttct gcagattcgc 120
ctgccat ga¢LYN&gyt t att ¢ aagcaagccc ttaagaagga gat atacata t gaaaaagac
180agct at cgcg attgcagtgg cactggctgg tttcgctacc gtagcgcagg ccgat atcga 240
act gacccag ccgccttcag tgagcgttgc accaggtcag accgcgcgta tctcgtgtag 300
cggcgat gcg ctAggagad:prasibaCinedng @hggisageiag peagRansgics oggﬁ&ﬁ@ﬁﬁ@dé 360
agttctggtg atttatgat fct acc t ccct.caggc . at cccggaac glcttta 420

at ccaacagc gdtPaeERPe %‘gbggﬁgﬂ@é aE%¥W8@@§g@Hé@F@§ag&@gm StRE %ﬁ%ﬂQBO

ggattgttat t %ﬁ%%%er@%%&@ﬁ%ﬁﬁ htogta%tefegg el bRGAPGEACARIARALH 240

aaccgttctt ggccagccga aagccgcacc gagtgtgacg ctgtttccgc cgagcagcga 600

agaatt gcag gogawneasgongaldatbygid gogmtdrgagivn afthgaedibidse apeogggagc 660
cgtgacagt g gcctggaagg cagatagcag ccccgt caag gcgggagt gg agaccaccac 720
accctccaaa caaagcaaca acaagtacgc ggccagcagc tatctgagcc tgacgcctga 780

2. The vector of claim 1, wherein said promoter region is the mel4B promoter.

10 3.  The vector of claim 2, wherein said mel4B promoter is deficient in the CRP1 binding

site.

4.  The vector of claim 3, wherein said mel4B 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 77nB transcriptional terminator



gcagt ggaag tcccacagaa gctacagctg ccaggtcacg catgagggga gcaccgtgga 840
aaaaaccgtt gcgccgactg aggcctgata agcatgcgta ggagaaaat a aaat gaaaca 900
aagcact atwogo@ntsggeac tcttaccgtt gctcttcacc cctgttacca eegEre@d®i3o960
gcaatt gaaa gaaagcggcc cggccctggt gaaaccgacc caaaccctga ccctgacctg 1020
taccttttcc ggatttagcc tgtccacgtc tggcgtt¥ggc gtgggctgga ttcgccagecc 1080
gcct gggaaa gccctcgagt ggectggectct gattgattgg gatgatgata agtattatag 1140
caccagcct g aa¥dedeEt ¢ t gaccattag caaagat act tcgaaaaatc aggtggtgct 1200
gact at gacc aacat ggacc cggtggatac ggccacctat tattgcgcgc gttatcctgt 1260
tactcagcgt tcttatatgg atgtttgggg ccaaggcacc ctggtgacgg ttagctcagc 1320
gt cgaccaal). ggtlecaate of thirhs t-Ogehergypcastyadec agd samagmancodsagdpepids0
cacggctgcc ctgggctgec tggttaaaga ttatttcccg gaaccagtca ccgtgagctg 1440
gaacagcggg gcgctgacca gcggcgtgca tacctttccg gcggtgctgec aaagcagcgg 1500
cct gt at agrl. ClORGARESE B tlagthd AOCEherSRCARDGRIG a&&fséq%eﬂ&aen%&@%%ﬁﬁ@od%ﬁﬁo
tatttgcaac gtgaaccata aaccgagcaa caccaaagtg gat aaaaaag tggaaccgaa 1620
aagctgataa 1630 <210> 4 <211> 1659 <212> DNA <213> Escherichia coli <220>

s Lo G o VeGS0 OF e R B

cccat aaact cafgginidn@dCt gctgcttcac 60 gcaggatctg agtttatggg aatgctcaac
ct ggaagccg gaggttttct gcagattcgc 120 ctgccatgat gaagttattc aagcaagccc
tt aagaagga gatatacata tgatgattac 180 tctgcgcaaa cttcctctgg cggttgccgt

Cocagwpu99s, It ARl Qi 9r elafiA99 C@?etrelﬁglge ?%[ &gﬁ& ﬁ{e% ﬂ?@f?&ﬁrggf:{a‘fd %&etntt ¢

agt gagcgtt ‘'gcaccaggt ¢ agaccgcgcg tcgt gt “agcggcgat g cgct guggcga

t aaat acgcg agut garoded bpgdagsmacdradstrimpggradyesdecaagichehgg it ggdritiiat ga
tgattctgac Cglgrﬁ((égt[ aglggclastegl(fe% gnd4an 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
transcriptional 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 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 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



acgctttagc
ggaagacgaa

ggat ccaaca
gcggattatt

cggcacgaayotbeascgBt C

gccgagcagce
ttat ccggga
ggagaccacc
cct gacgcect
gagcaccgtg
at gaaaat aa

t ccgect ciy-

acccaaaccc
ggcgt gggcet
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agcagct t
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25.

25

26.

27.

30

28.

gaagaat t gc
gccgt gacag
acaccc1E CCa
gdgtagtyga
gaaaaaaccg
aaacaggt gc

gcggcaacac
att gccagag
tt ggccagcc
aggcgaacaa
t ggcct ggaa
aacaaagcaa
agt cccacag
ttgcgccgac
acgcatcctc

cgcgaccctg
ct at gact ct
gaaagccgca
agcgaccctg
ggcagatragc
caacaagt ac
aagct acagc
t gaggcct ga
gcattatccg

accattagcg
cctcaggttg
ccgagt gt ga
gt gt gcct ga
agccccgt ca
gcggccagca
t gccaggt ca
t aact gcagg
catt aacgac

gcact caggc
tgtttggcegg

480
540
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ttagcgactt
aggcgggagt
gct at ct gag
cgcat gaggg
agat at acat
gatgatgttt

660
720
780
840
900
960

23.

ctn sgkitwlkanggugfedintgeiaacigasaquoge garesident a gt gaaatsios T&Z3 8
t gaccct gac.ct cctlf. tccggattta gcectgtccac gtctggeqtt .

o Rt e gt SaRE Py lbons ettt tege g et Gadr feforgania 10
atcaagtisind HRUSCHRIBEGueh@IARE ShetrslbPaEas ki dgganadals the00
at caggt ggt gctgactatg accaacatgg acccggtgga tacggccacc 12 60
c GEprosdpRe of said nurdeie agjd sequenee mtcantroldedthyt satdprgmgtee seziyroli®e0
coAget G eAgCIt cgacc aaaggtccaa gecgtgtttcc gectggetccg 1380
gtaccagcgg cggcacggct gccctgggcet gecctggttaa agattatttc 1440

t caccgt gag ctggaacagc ggggcgctga ccagcggcgt gcataccttt 1500
at  agcctgagca gcgttgtgac cgtgccgagc 1560

: ;%3@3@%& aﬁ‘? g‘?ﬁ@%@@%@g@ Seaiiercea slaia 2y ayhegcadayamols 20

a383i08 RARE HRAFPEQRIRG, t aaaagett 165 9

The 1solated and purified nucleic acid sequence of claim 21, wherein said mel4B

promoter is deficient in the CRP1 binding site.

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

a sequence complementary thereof and variants thereof.

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

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
SEQ ID NO. 4, a sequence complementary thereof and variants thereof.

Plasmid pBLL15.

Plasmid pAKT15E.

A prokaryotic host transformed with the vector of claims 1-16.
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29.
30.

5
31.

10
32.

15
33.

40

A prokaryotic host transformed with the isolated and purified nucleic acid sequence

of claims 20-25.

A prokaryotic host transformed with the plasmids of claims 26 or 27.

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
conditions,

d) recovering said polypeptide from the cell culture system.

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

culture system in equal amounts.

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

in glycerol containing medium.



