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1 RHAMNOSE PROMOTER EXPRESSION SYSTEM The present
invention concerns vectors for the heterologous expression of nucleic

acids encoding e. g. polypeptides such as recombinant proteins in
prokaryotic hosts. 5 More specifically, the present invention relates to _
new vectors expressible in a host comprjsing the rhaBAD promoter region
of the L-rhamnose operon operably linked to a transcriptional unit

CREOVINDSED R MHSIRIE BLikBeSURRSEMAICh is heterologous to said host
b) a prokaryotic signal sequence operably linked to said nucleic acid

sequence, 10 whereas said prokaryotic signal sequence is selected from
Sitiralrpepti desnioperplasmaticdinidingqiretaisis fot sugatssi amifmualkids,
vitamins and ions and, whereas the expression of said NUCIRIC 3 nosts.
sequence is §on§oﬂea¢b\}’ said promoter region. Firthermore the

inKerstigreodicaly, themecese wivintise eédtors forthiectraterplogibls in a host

SN HEAE DU 28 oy

deseHpRwor el isie FaBYBEiEexpression of nucleic acids encoding e. g.

PRIYRRRIME 8566038 RGORMHNARL RLALRINS: HY RBERKARYPtIC Systems.
However, 20 mast heterologous gene expression systems i prokarg/otic
PBS} BB VPR B3R GBI R S B SRR T BARLRence,

prametersaid beoosiwidehs Lisedeprekasyetic:dofiomaigralhayedaciided
th% Iatl:to%% Lc gnanisrcp-hlgg rcr)nuetral. 19%530%@&33&1033]30 2 and the
e e AR AL B v e e i DR
provexstsrthe arerthadnridiprovioters @ evivsgfromrctmirsdlehiy [taid aringedr
(Brosiys wL384:G6nei2 fdRnt Ol idi4ds 1A ManRANtREOSUS L 983nGene

40,183-190). Other inducible promater systems such as the araB
pRSHRNOER T FEBIRS By LR aBHibde (VErBY 6855 |2 (AR YPERHSse promoter
rhaSB inducible by L-rhamnose (WO 03068956) or the rhamnose

promoter rhaBAD indu’i}i?le %¥ L-rhamnose (WO 2004/050877) have
bEATHERMT F W FOr N %terologous expression of proteins. WO

2004/050877 describes the use of a rhaBAD 30 promoter for the

helerolg ‘%&%se;ﬁ‘apx!?ééé%%’sfcﬁ%@éaﬁ%% gft‘é%‘ib”%%re@i‘g%&%’ o‘f"HE%ﬁc acids
rhamﬁ/o e, nitrilase acjuwty n restlng-ce_ assays COU eo ta]ne .
Howedae in parichkatider thehaspreusionaot porivle X polypeptitaySees. ghowever,

antibedias or.antibody. ftagments ddsrAdYAIERNS IRWEDBave retied

polypeptide from the cytoplasms to non-cytoplasmic locations (secretion) .
by HEHTY 1 P8 SHERHERA CESOIShE TN BT d biEfidhosT WEKErokgiorigkaryotic

ProteiNsdfs have incinded the lactose [fac] (Yanisch-Perron et al., 1985, Gene 33, 103-109},
and the tryptophan [#p] (Goeddel et al., 1980, Nature (London) 287, 411-416) promoters,
and the hybrid promoters derived from these two [tac and tre] (Brostus, 1984,Gene 27
:161-172 ; Amann and Brosius, 1985, Gene 40,183-190). Other inducible promoter
systems such as the arab promoter mducible by arabinose (WO 86 04356), the rhamnose
promoter rhaSB inducible by L-rhamnose (WO 03068956) or the rhammnose promoter
rhaBAD inducible by Lrhamnose (WO 2004/050877) have been described as well for the
heterologous expression of proteins. WO 2004/050877 describes the use of a rhaBAD
promoter for the heterologous expression of nitrilase in £. coli. After induction with L-
rhamnose, nitrilase activity in resting-cell assays could be obtained. However, in particular
for the expression of complex polypeptides such as antibodies or antibody fragments it is

advantageous to export the polypeptide from the cytoplasma to non-cytoplasmic locations
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the cytoplasm is often accompanied by the misfolding and segregation

into insoluble aggregates (inclusion bodies). However, since the signal
sequence can influence secondary and tertiary structure formation in the
mature region of secretory polypeptides, the choice 5 of the appropriate

signal sequence in combination with an useful promoter is important for

high production of functional polypeptides, Thus, there is a need to
plexiceialiémnativg shrakaryptieexpiassitn systemiiiaothe heteodlogausoteins in
expression of nucleic acid sequences. SUMMARY OF THE.INVENTI
R e e L S e
deserigin (rvesbedrodiohidledchy providingsrew! veptorss winichfarsce secondary

usgildarighslevel RYRIESSIR At Hdesy %%B@R@&QW&&%&&%@S’J%@ choice

which comprise the rhaBAD promoter region of the L-rhamnose “operon, a
h&teRs| BB ORI HiR I G ersseisdn carabiaal ok drystic iy rmapssiansaportant for
seleeteehddnne signal Reptidssehaelinipematichindingnoteisifoliernative

gars, amino acids, vitamins_and ions. In a first aspect, the object of the

Su f
DRESEAT RIREGR AR BRoUTES Y HEWECIBrOBK SFRESHE i Zyebp acid sequences.

comprising the rhaBAD promoter region of the L-rhamnose operon

0%@1%’&9 eiaﬁ%?g%ﬁﬁgggonal unit comprising a) a nucleic acid

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

Prekaly alie Aignabseauancaisselsstet Ham:RignalRenigas Oftion nave been

perig]asmatic binding proteins for sugars, amino acids, vitamins and ions
arfdniFTEYBRETMESG FESSTT Srs MM ch drterecaBifPsBghdRre mpmheroneda desired

bynsrid premeteriiRdiand Msernievided are the Useehsaid-aewy veaton fkamnose
the re ulqglad heterolo%%us,exp{ﬂ?ssion of a nucleic acid sequence in a 25, s
pr?%%}bﬁ FHERH O£ 18 ORHEE et PUPIRBEr AR Ry Y Sey RlsREgpequence seiecte

eXipeessifel eptides b GoniprisingitiendiaBpbigre Motepregianiab theds, vitamins

'—‘5%%%%8%% operon, ah %E%r%ggc?“ éﬁ‘ucéees%}{%% SRR S T %?gv?de a new vector

prokaryotic signal s quénqe selected from signal peptides

pEFPREsHIAtI LS M GIroteine for sttt mminteacidionvitaimns maliostsyperon

a prakaryatifhestiransiormed:with: sajd,yaetor or said isolated and

purified nucleic acid sequence; a 30 metﬁod for producing a polypeptide in

a RORIVIEIAG WAFSTEIBFE ATcH FRlsrLesmprigiigid pomoter region, a

heterolpgossnucleit paigseerienseaNEhad an shatiancisit aiRNEgaiane:, whereas

consiﬁtin%of the sequence AGGA(%ATA ACAT. 3 Othe({ objects and | bindine

A G T SHEE e RPET ANt Y6 O TAIEEH| T TSR R PRyl Pindine

of phe @nsiing detaibed esordptionmivkiehdproseadswiittae feeenpectsithef said

fo q&\é’fgg acid sequence is controlled by said promoter region. 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 expressible in a host
comprising the rhaBAD promoter region of the L-rhamnose operon, a heterologous
nucleotide sequence and a prokaryofic signal sequence selected from signal peptides of
periplasmatic binding proteins for sugars, amino acids, vitamins and ions; a prokaryotic
host transformed with said vector or said isolated and purified nucleic acid sequence; a
method for producing a polypeptide in & host using said vector; and a vector comprising a
promoter reglon, a heterologous nucleic acid sequence and a translation initistion region

consisting of the sequence AGGAGATATACAT.
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illustrative drawings, and the attendant claims. 5 BRIEF DESCRIPTION
OF THE FIGURES Fig. 1 shows plasmid pBW22-Fab-H containing the
L-rhamnose inducible promoter (PrhaBAD), sequences coding for signal
sequences operably linked to the light chain (ompA-VL3-CL) and the
heavy chain (phoA-VH-CH) of a Fab fragment, and a transcription 10
termination region (rrnB). Fig. 2 shows plasmid pBLL15 containing a

melibiese:indlucitlepreipeien(RmeN8y sequenoes SaUHIGAOhSIHINERIm & review
seguences o rgagll linked to the Jight chain (on A-VL3-CL§ nﬁ 1tpe,

GRS SRR SHOAS ey P PABAGRER A gl o ine
tefiminationdtbviegoand hBjitkig-3 shaws dotblot results (with anti-human

light chain for detecting Fab, alkaline peroxidase conjugated) of lysozyme
extracts of the Lmnduced (-) and induced (-) W3 110 strains with the
difREENPBXERESEION PlaESMIdICTIRESime intervals are indicated. 20 Fig. 4

shows plasmid pAKLI4 containing the L-rhamnose inducible promoter
(PrhaBAD) and the Fab-H genes with altered signal sequences. Fig. 5

shitws TEEBIBtesFHABEY e exbrattepimns bt ed i AR Ifogamoter
ingugERl4gt5akag REn WS K &4 stheddine whebisamplesivese akenin

is indic ith antj-human light chain tecti b, alkaline .
TS S B0 18 B R G W oo 0 BRgna s g vten
ofidrenhammoseimd(eed)strain W31 10 (pAKL14). The time after induction

when the samples were taken is indicated (with anti- 30 human light chain

for detecting Fab, alkaline peroxidase conjugated). Lane 1: Standard (1.28

iR e Wy BlaBon{H ARLE 1) cingalens; 4 amm i Bioww 3xiuo s Arkepieiidma B L),

| e | eH ' La[r L3~
R e A o o HE3-CD)

23K, iher S STHSAPINGE! 09y S AMHE BR TR R HAFSFEROAPS TTBRation

stradfs (Vithhigh Fab-H antibody concentrations. The strains producing
the light and heavy chain without signal 5 sequences are used as a
negative reference (lane 1: Marker; lane 2: W3110 (pMx9- HUCAL-Fab-H);
lafiez 3 VBEs XD (P BWW22HE it pradem aWRhik0ip Bl d5)cdane Hab \WBLLG

gpﬁgg}&_ Qéé%%ﬁ'@ﬁé@{‘%ﬁ%o%&@ i8R shaws plasmud @%gd'r%%%gd (+) W3110

ontaining the melibiose inducible promoter (PnmelAB2) a
FalbanyeHadhyithikterberaigriasaligaited e time intervals are indicated.

Fig. 4 shows plasmid pAKL14 containing the I-rhamnose inducible promoter (PriaB4D)

and the Fab-H genes with altered signal sequences.

Fig. 5 shows dot blot of lysozyme extracts of uninduced (-) and L-rhammnose mnduced strain
W3110 (pAKL14}. The time when samples were taken is indicated (with anti-human Hight

chain for detecting Fab, alkaline peroxidase conjugated).

Fig. 6 shows a Western blot of lysozyme extracts of L-rhamnose induced strain W3110
(pAKL14). The time after induciion when the sampies were taken is indicated (with anti-
human light chain for detecting Fab, alkaline peroxidase conjugated). Lane 1; Standard
(1.28 ng); lane 2: W3110 (pAKL14), ind., 3 h; lans 3: W3110 (pAKL14}, ind,, 5 h; lane 4: -
W3110 (pAKL14}, ind., 7 h; lane 5: W3110 (pAKL14}, ind., 12 h; lane 6: W3110
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Fig. 9: shows SDS-PAGE of lysozyme extracts of strain W3110

(pPAKL15E) in the presence or absence of the inducer melibiose. The

position of the light and heavy chain is indicated (lane 1: Marker; lane 2:
W3110 (pAKL15E), not induced; lane 3: W3110 15 (pAKL15E), induced).

Fig. 10 shows plasmid pBW22-pelB-S1 gomprising the L-rhanmose

inducible rhaBAD promoter, a sequence coding for a PelB signal peptide
ofperahhulinked 10 & $eguUente 1 cogirginr g, singlelcliain. antibody (scFv,

SI), and a transcription termination region (rrrnB). 20 Fig. 11 shows
SDS-PAGE for crude extracts of not induced (-) and induced (+) strain

VWi T0:ip BWZIS g BEST JlySamptescnate chidfe afte Mhffedetrtimeith high Fab-H

nignals asHndlicateds The saluble andinseluple protein.fractians, aftet: sienal

[
lysozymie treatment were analyzed. An arrow indicates thé scFv protein.

IVBCEWIRFRI 2TV RICHH ArRESTR Btierensed(BRerivibrsglent; lome Righ 2 18HBMES-
thesbread=hostyrange; plasmid a4 482 comprisingxihes b—@g}m&gﬁqme 5:
e

inducible rhaBAD promoter in combination with the genes of t
regalafoly proteins BRASS Bid¥ g SP the L-rhaninose operon of

Escherichia coli. Plasmid pJOE4782 further contains a sequence coding

for.a MalE signal pepti rably linked to a sequence coding 30 for.the
SR e B b R I Lz
L atrafimnbee ThegerciblelihalBadd prasaictenant.a sequence (nitA) coding for

a Nitrilase protein. 5 Fig. 14 shows SDS-PAGE of cells of the induced
Pseudomonas putida strain KT2440 (pAKLP2). Samples were taken after

differénehmie SRS TIRCAIEE Ar ety SidicAtes e Aftited n the

p Eﬁtﬁgﬂ}cla/bfdvdﬁﬂsaommeﬁul@ewﬁ&lathoﬂm%a@%g&imy&tf@g@rﬂ%h’éakﬁ&gae&% chain is
shows mid. pAKLP | comprisin -rhamnose inducible rkaBAD
oABHICHEE WA SoqBHES BB G 1 (e ot el P ToreCraia 1
whdlkarne Bpesabiydinked to a sequence coding for the OmpA signal

peptide and a sequence coding for the PhoA signal peptide, respectively.

to Fig. 16 shows SDS-PAGE of cells of the induced Pseudomonas putida
stFagn KTRawe pipmKd PEHY Barmibles! wernntakant dterrbiffaresstitidgeible rhaB4AD
inferyalsas indicated. Jhhe arrowsindicate, the fahM-heavy.andJightonence
chains. M = Markl2, molecular weight standard of

coding for a single cham antibody (scFv, S1}, and a transcription termimation region {rrnf3}.

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

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

Fig. 12 shows the broad-host-range plasmid pJOE4782 comprising the L-rhamnose
inducible rhaBAD promoter in combination with the genes of the regulatory proteins RhaS
and RhaR of the L-thamnose operon of Escherichia coli. Plasmid plOE4782 further
contains a sequence coding for a MalE signal peptide operably linked to a seguence coding

for the GFP reporter protein.

Fig. 13 shows plasmid pAKIP2 comprising the L-rhamnose inducible rhaBAD promoter

and a sequence (nit4d) coding for & Nitrilase protein,



i0

15

20

30

Invitrogen. 15 Fig. 17 shows SDS-PAGE of fermentation samples of the
Escherichia coli strain W3110 (pBW22-pelB-S 1). Samples were taken
after different time intervals (in hours) as indicated. An arrow indicates the
scFv protein. M = Ivlarkl2, molecular weight standard of Invitrogen. 20
DETAILED DESCRIPTION OF THE INVENTION As used herein, the
following definitions are supplied in order to facilitate the understanding of
the present invention. 25 A "vector expressible in a host" or "expression

t t, t b tl

R ety S b b 51 SRt T e A B 24
m@mmmSmptmm@f@tqﬂmﬁlaﬁlarduffmh&mmadﬂequﬁrmnmwﬂaésﬁwﬂmw
LyRicalyihisecloLinelioss & Janscnplionall e ﬂgﬂgagm%m%g%

nucleicacid seqLFence to be transcri operab to a promoter
A vector expressible in a host can be e. g. an autonomously or

sel-replicaling Rlasmid @ 695tk A RPAGEs SRR, o ﬁd{ﬁé{ﬁ@/m&%@ Thgnoter

terms "host", "host céll" and "recombinant host cell" are used

S EIITRRAtTYCHE &R (s THUMRALRS A HASRAIGBHERERI HES-H Al ARGFRD Bylinked toa
RQre-NestArsRInalaleshRndspuligeh Had Gledc.acieh sRaURGESAf tePhoA signal

invention have been introduced. It is understood that such terms refer not
SR RSN ar subject cell but also to the progeny or potential 5
progeny of such a cell. Because certain modifications may occur in

S#]I‘]l%enc g‘(%/g%%%r%tfkogﬁ o%ucgl '9 o%l%gae 1r i %tlpse cgo%?o\/f"&% E&%yﬂrmn KT2440

es, such progeny may not, in act be ‘identical to'the parent cell
biptdeaR1il mma@ovmﬁﬁk@h@f%dbﬁemmmérmﬁgalﬁséﬂmﬁWH ToepE™s

termGomPHas IS aeDeralyisedndhe sansa. of includethaliisaard of

permitting the presence of one or more features or components.
"EYREREER as used. herein refers to a nucleic acid sequence that
regulates expression of a transcriptional unit. A "promoter region" is a

uIato b|nd|n RNA 15 palymerase in, a cell. and
tmfﬁ%%g%cg‘ﬁﬁﬁg ThEtEshS lE]illrecf’ g{?]e) %%%%%récéleczqcﬁéz e WLL0
VWWI@@MB@?%&Q]WI‘H bérdoafie & ffarsetiptominitEsion ]sqws} as

indicated. An arrow indicates the scFv proten. M = Mark12, molecular weight standard of

Invitrogen.
DETAILED DESCRIPTION OF THE INVENTION

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

understanding of the present invention.

A "vector expressibie in a host" or “expression vector” is a polynucleic acid construct,
generated recombinanily or synthetically, with a series of specified polynucleic acid
elements that permit transcription of a particular nucleic acid sequence in a host ceil.
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. ¢ an autonomously or self-replicating plasmid, a cosmid, a phage, a virus ora

retrovirus.
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(conveniently defined by mapping with nuclease S 1), as well as protein
binding domains (consensus sequences) responsible for the binding of

RNA polymerase such as the putative -35 region and the Pribnow box. 20
"L-rhamnose operon” refers to the rhaSR-rhaBAD operon as described for

E. coltin Holcroft and Egan, 2000, J. Bagteriol. 182 (23), 6774-6782. The
rhaBAD operon is a positively regulated catabolic operon which

tréhstribes Rise B, RbiacklinthRhadddbiergehtly: dstmenstientiehaperany herein
SR R AKIMALely 290.0n.0L DA separating. el 25 ipspective
transcription‘start sites. The rhaSR operon encodes the two

LIapHhoEe spaeifies attivatorenRiteiSrembcRhaRoRaR fegulsitesiood that such

transgriptionRfrhagRuwhereas Riasbing DNAURSTeam gén}fér%f%al

relative to the transcription start site ‘of rhaBAD. Furthermorée t

AR PhAEAE sl S b5eBRIagRISITS RIS BIRGRSEUS e suse proiiggFpperations
-5t CGRIE: hyetativer tethe fraasaripfioRsiartsie Jﬁf) thRBAR apd i BR: be
bir%%iin %i%e at positio 692’5 3Q ﬁCRP 2), -115.5 (CRP 3) and 11675

C B‘% I RS e TP Fip R LR ke Biph s ReoRe Vidliedgra as used
birtimg site for RhaR spanning -32 to -82 relative to the transcription start

site of rhaSR. With "rhaBAD promoter region of the L-rhamnose operon"

is meant the rhaBAD operon 7 consisting essentially of the rhaBAD

trAAS EHPH OPPIRRIERG0 hs Hetmethidy patdtiveh3Snegivhincthés Rliliieve boxptheitting the

CRR.4ipding site-GRR I the finding,silefpr RhaS relative to the

transcription start site of rhaBAD as well as CRP binding sites CRP 2-4,
and binding site for RhaR relative to the transcription start site of rhaSR.

Withoha&AL premeteln iskrneanithe premeatataftheshaB A 0B8R s on of o
c%[twsistiq%esaﬁentia%pf the rhaBAD., transcription initiation site, the
pu -351

Thve 2387 Fedfth, thEBRISKEWBEER, hé BIRtHGTSTEIOR ARk Qhaldas RNA
CRi¥vinbisdingesitl radiontigiativetetheitiansariptiontstant Sitéipt taBARing
a -bindi i .0r a.part thereof relative to the. . .
6 R R SRS Fonaire
préfaTrenetricinsfdy raaviag Wiliaeleas SeyclicvAMPPreteplonding domains

PrRiifenihich 3asH S-Sy RMIRK S ICARING (CREAS, @gﬁgﬁ@gﬁ&f gLein. putative
controlled by cyclic AMP (cAMP) which mediates the acftivation of

catabSRCBE8IoNE SHERC S Pe L-rhamnose operon. 15

“L-rhamnose operon” refers to the rhaSR-rhaBAD operon as described for E. coli in
Holeroft and Egan, 2000, J. Bacteriol. 182 (23), 6774-6782. The rhaBAD operonis a
positively regulated catabolic operon which transcribes RhaB, RhaA and RhaD divergently
from another 7ha operon, rhaSR, with approximately 240 bp of DNA separating their
respective franscription start sites. The #aSR operon encodes the two L-thamnose-specific
activators RhaS and RhaR. RhaR regulates transcription of rhaSR, whereas RhaS bind
DNA upstream at -32 to ~81 relative to the transcription start site of rhaBAD. Furthermore
the rhaSR-rhaBAD intergenic operon contains CRP binding sites at positions -92,5 (CRP
1) relative to the transcription start site of 7haBAD and CRP binding sites at positions -92,5
{CRF 2), -115,5 (CRP 3) and 116.5 (CRP 4) rejative to the franscription start site of 1#aSR
as well as a binding site for RhaR spanning -32 to -82 refative to the franscription start site

of rhaSR.

With “rhaBAD promoter region of the L-thamnose operon” is meant the raBAD OpEron
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An "enhancer" is a nucleic acid sequence that acts to potentiate the
transcription of a transcriptional unit independent of the identity of the
transcriptional unit, the position of the sequence in relation to the
transcriptional unit, or the orientation of the sequence. The vectors of the
present invention optionally include enhancers. 20 "Transcriptional unit"

as used herein refers to a nucleic acid sequence that is normally
trenseribeddniaialsing e RNA AT leswer gihe: tidasesptien aldmitamght s region,

s g e
(BB PO By Rt T Fib b ity 0 B e ettt e
Atnneterctiacistsesjtenteis Adper sl inkBF whéngtisplEted-ihtmad binding site
A‘naoleipanicseqiono S perabl) ket 20 inmasincin
saelonsl JelFips il e puslec acd sequanes. or crample

DNA for a signal sequence 1S operably linked to imitis
exprasdbelrasepreproel el paetcipaesdnngiessesrdtiontef thejgtbtein;
apIIMRLERIS ARSI linkrd ie:awe0ding sRAUBNCE I AR EISBY ing site for

transcription of the sequence; or a translation initiation region such as a
riBeSAE Bintig! SHEGLS ST ABNPRARENIYS b ARiciRssoRy Getjiiéniie of rhaBAD,
eacodRCRP GiaipQ ypepniide: ibit: impasiiesntdisovasdaiaeilitatetiansiation of
of‘}h%}Qolypeptide. Linking can be accomplished 8 by ligation at

chii¥&tient restriction sites. If such sites do not exist, the synthetic
oligonucleotide adaptors or linkers are used in accordance with

copuenti tactice. " [ id". or."n iC.ac ! el
"isolated%ér%s?)g%gg lﬁtﬁgf%%%%%%%%%cle%%%aé%gsﬂé%g%%%%f%ﬁée erfagdcyduc
inAREPRSSBINE RFOETEIOTRIRINIA 41D RSO RN U6 FRMRARNAD Hybrrgulp@ageten
the,arelRie Rt g tRemyEleias it SaqHENER ISHOGaISH R oA MeMORdlSerons such
usually DNA. DNA which is referred to herein can be any

& HEdx TR B8RS uence, including, e.g. double-stranded DNA,
single-stranded DNA, double-stranded DNA wherein one or both strands

arg composed of iwo or more agments, double slranded PNALS.or of.
whéreii 6he or both Strands have an unlnf?érrupt% ”ﬁhosp“ odiester
backisongi@h Antondaicindsnd e ndordiising lbsstrandad: portion(sthandsition of
g RledpyblR:Sirandee-ROIRR(R aUDIe S Andd BNA WDSEtncs. The

the DNA strands are fully complementary, double-stranded DNA wherein
thEDIVA StianassiE BT ParPpBaRpRstEAIRASTSular DNA,

covalently- closed DNA, linear DNA, covalently cross-linked DNA, cDNA,

15 chemically- synthesized DNA, semi-synthetic DNA, biosynthetic DNA,
BTN EAHEEARERA] DR ShESiSBRER 1aB il
DtAnstithdsatradiiabaelad DONAcarid. The transcriptional tnit might contain one gene

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

functionally relaied polypetide molecules.

A nuclejc 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
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 reglon such as a ribosome
binding site is operably linked to a nucleic acid sequence encoding e. g. a polypeptide if it

1s pesitioned so as to facilitate translation of the polypeptide. Linking can be accomplished
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fluorochrome-labeled DNA, DNA containing one or more non-naturally
occurring species of nucleic acid. DNA sequences can be synthesized by
standard chemical techniques, for example, the phosphotriester method
or via automated synthesis methods and PCR 20 methods. The purified
and isolated DNA sequence may also bgproduced by enzymatic
techniques. RNA which is referred to herein can be e.g. single-stranded
RNAgaRNA( daukidestantednRNA, Houblessttanded RNAWhsLainRtene
‘F’{{ﬁ%%‘ gfLands SplGReb: £d.0f. o of QQ%&J%%Q“\%Rﬁ%fd%‘él?t'%?aﬁr&%‘éﬁge.
wherein one or both strands have an uninterrupted
phosphodiester backbone, RNA containing one or more single-stranded

POELS) ang BPen&ﬁeﬁ@%?d@%@ﬁééﬁl%?dﬁgl&%%ﬁ ziﬂQ&'HlEl%H%@ﬂdenuoleic

RNA wherein the RNA strandsare fully complementary, double-strande
FIA SORBPBAY 1156 RIVACSIPIREISTSPEO Y POy Ce 0 pleeRidfy, or DNA/RNA

cayRiantly Gresslinkedt RN aneyme-digesied BNAwshesrad FRNAvector it is
MRNA, chemically-synthesized RNA, semi-synthetic RNA, biosynthetic

RISRN i Aty 30  SoRel RIVACIABAIRFRRER, Rl B YArhoTaBE R RRabence,
anglifltorgehfodetahaledd N AR RORtAHIRTNONE, A6EBRFeiranded DNA wherein
non:naturally: gceurting species-of pucleic acid. 951%‘4“5‘011‘{)‘”1‘”-%{%5%@0{ NA
variants of a sequence meant a nucieic acl seqtjence at vary rrom
thebreferemcesbobaiwadbiiconsanativeunicigiboacid Sedtstitatigems)e, DNA

WheReRY- NG OLMALE: Meleic acids ﬁ&é%ﬁ@?%t%e%\‘ Anorheritsama

characteristics. Variants encompass as well degenerated sequences,
seqUEREDs it auietssd BNG msertsrsicadNony asisge s ingamagnentary,
S@fawmem@a@ﬂbm SnBare M;]th é%ﬂ@%@ﬂﬁl??%ﬁ@é&@rﬁﬁléﬁ%n&am circular
reference sequence. As used herein, the terms "polypeptide”, "peptide’,
NG B EOREs BN BB e GG (BT NGB Ao A
debigriaitivn senibssofcaliirg aaid-wesitieds DdDNeMedchtAQita NG otherdly-isolated

peptide bonds hetw h ha-ami d car. roups_of.adjace
re%éi:&I u’eesl.u?ﬁ]eetl(aal@rfﬁSffgﬁggd%%ﬁeﬁm%’%%aéﬁzg%| gle%lu%n%émrég%s oNA and
théustatdipmghiabetp@ Dide lols acikntarugiee willbes, inrastiorddneecwithg species

thﬁﬁﬁ%ﬁ@%@&%m 58 D&&é@&&%@%%&é&%@%?%&% %Iﬁ%l%chniques, for

substantially free of material with which they are naturally associated such
a$ BBl ISR ABRISIRATH WP ARy 2 fotARG M IHBRFiaRgFapds and PCR

eRyHERIENhQRiRB-eRYI RAIMeATINWhIch:they B5¢ teparedded tsellzymatic
culture) when such preparation is by recombinant technology practised in
vitf§"oFHSGivo. 20 The terms "transformation”, "transformed” or

"Iitho8 wdiiich asnuieiel acldrintocanhost.gelihgle-stranded RNA, cRNA, double- stranded

RNA, doubie-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
phosphodiester backbons, RNA containing one or more singie-stranded portion(s) and one
or more double-stranded portion(s), double-stranded RNA wherein the RNA sirands are
fully complementary, double-stranded RINA wherein the RINA strands are only partially
complementary, covalenily crosslinked RINA, enzyme-digested RNA, sheared RINA,
mRNA, chemically-synthesized RNA, semi-synthetic RNA, biosynthetic RNA, naturally-
isolated RNA, labeled RNA, such as radiolabeled RNA and fluorochrome-labeled RNA,

RINA containing one or more non-naturally- occurring species of nucleic acid,
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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
chvambsoimak integeanterods sayexita chrasasomalalenientouence that vary from
Tiansfrmation.of appropriate host cells with . 9. an expression vector

can be accomplished by well known me Hods sUc aslm?é?%lﬁﬁ% ion; OF tore
eleciopessiions persividdscmbastiemeiib onby dremicatimetiotssuchaspass as
Crisvm-phasRhalmediated LR QIMANIAN AR R foft. Mﬁg@s%oh

et at. 1982, 30 Molecular Cloning, A laboratory Manual, Cold Sprin

HEAGE b6 SEOPARsussIciunation 6amctinmallt proicesls p the reference
malgertey biology, John Wiley and Sons. 10 "Heterologous nucleic acid
sequence” or "nucleic acid sequence heterologous to a host" means a
nucleic acid sequence which encodes e. g. an expression product such as

aspalygpeiptidm fhiat isforéghpephe:nosietinbieralegeus, expressions and
"heterologous product’) |. e. a.nucleic. acid sequence originating from a

o RN e L AR R e T S oot
séythermsbanhicheendoblosiebewanndipripsiompnodudtcstichyasoaps of adjacent
polypeptide that is foreign to the host. In case the host is a particular

prokaryotic species, the heterologous nucleic acid sequence is preferably
originated from a different genus or family, more preferred from a different

orges efElassdfparticutan fiam:ai differeniRhylem: (division)andmesth the
partijular from a different domain empir?_of 10 organisms. The o
h&t&7 815 ol AULTRTE r&’%&&&éﬁ SR GIN AT POTrER: J5iSBHUfERS A RisHA acid
thedqestcaiillie fhadifiechdoeftnitiscinfroducao into eHesheelrdyaturaliy
mudalionss agrtio.Asletions r suRSIiutiens ol aingle nudele agids or

a part of the hetero 0gous nucieic acla sequence as long as SUCH
mtifiedsetuentesERnibitthe s ahistfirotion tunotdhally. equiviient)vdsn such

13486866066 RRAHENER: ANRIRIRICHOUS:REClRIGACIA:RegYENCe as

referred herein encompasses as well nucleic sequences originating from a
different domain (empire) of organisms such as from eulcaryotes (of

eUkaryatic otginfeuekias ewgnfuman anthedisscbichhayebrenwsadst cell”
' nucleig. acids or a

i”a%ﬁ%%eagi%?r'c?é’eQ?%%@%%@%%g&%@lfﬂ#}?@éﬁéc 2 e & vaeion @aét OLi0S
nucleic acid sequiences have been modified &g & fo HE cEHB
usegehpia2Q prokanyctitehoshosBigiial ke (uentell oratsignab@eptitteensiormed
Secgﬂe@lg%ge&%r%tﬁ) & Ryﬁlgg%zﬁplﬁté GHENER %&@eﬂulm nucleic acid has been
‘introduced and thus harbours the extracellular nucleic acid. The nucleic acid might be
miroduced 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
lCalcium phosphate-mediated transformation, described e. g. in Maniatis e ¢l 1982,
Molecular Cloning, A laboratory Manual, Cold Spring Harbor Laboratory or in Ausubel et

al. 1994, Current protocols in molecular biology, John Wiley and Sons.
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encodes a short amino acid sequence (i.e., signal peptide) present at the
NH2-terminus of certain proteins that are normally exported by cells to
non-cytoplasmic locations (e.g., 25 secretion) or to be membrane
components. Signal peptides direct the transport of proteins from the
cytoplasm to non-cytoplasmic locations.;gTranslation initiation region” is a
signal region which promotes translation initiation and which functions as
tHE siboserre bindingasitessyotnas’ the'sShise Balganeseduansesd3s to a host”
“Janscriplion tenpination region, LeISESL0 a se “xerr‘cs%i‘é"h‘%!;‘dﬁ‘é‘tt’ssu%% RNA
polymerase to terminate transcription. e'?r‘anscrllap?lon tdrmination
reglopeididstialiyspartighdo thasetiplicrab logtwdincreases (fietstabitiopof
thegmRMNA. 11 nAnRadY iRk Lo &i61ass ol PIas A RICIRIASRATIANG L BYst or 2

the B-cells of the immune system after stimulation by an antigen.
MERTRRLY BTEGHRS) 0 ardS AR ey PP ok th P ssnaroduct
EsesRiclassyJdadermsd antibedy 1assnes fol dhe BpumRoseSefthis: srokarvotic

invention includes, but is not limited to, polyclonal antibodies, monoclonal
AL SR RSB RS SHEN S tS BB Y srads im @ diflerent
agtoimnfaeitiseasesrefuntd &sdiakgtesnmipleretiesosisanclar from a

MyeHRaL ﬁ%ﬁﬂ%ﬁ%&%&‘:@f&hﬁ%n%%{'ge fg@i%‘&?%‘%%af e?eet g antbody, of
structural’unit'is known to comprise a tetramer. Each tetramer Is
coraposed. of two identical pairs of polypeptide chains, each pair having

onge light-(aheut 10120 kDa)and.ens heavy: ehain (houspR:20 %Bﬁaf) the host

The amino-terminal portion of each_chain includes a variable region o _

abHuPL B 14 P HPHOTE AP SRR D ARRERF b spBHSIESoR gk deletions

regagpiipaichbe Ccankaxyrianninaipertion ot cachshaib aefinesdic acid sequence

constant regior%ﬁ{)ré%ar'l responsible for effector functior). Light chains. are
SR %

RERGTE B TR BPE GRS g sepsvalen e
gédmméronos sdphencdeichoerepgitan narididefidedhe-antibodids ¢ddtype as
.-G, lgA, I [ Withip light heavy chains, .
e D B BB A iy o

MR GUakieRs it erketeiag ol aharansts aneindingasD #dginotatibodies
aRautd QareRMino;AGH %Jdl%@ﬁlﬁb%@e%x i3 436, ©MeanMoI8ids or a part

antibodies and bhinding fragments thereof._ 20 Binding fra%rqgents include
sifglB R A eI PAg R R e e R aginertsheritadensage” of 2
"singlarebaimantibody” includes such non-natural antibody formats which
combine only the antigen-binding regions of antibodies on a single
stably-folded polypeptide chain. As such, single-chain antibodies are of
cotsierabiy el ler sizodhpeptide sequence” refers to a nucleic acid sequence which

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

from the cytoplasm to non-cytoplasmic locations.

" Translation initiation region” is a signal region which promotes translation nitiation and

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

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

transcriptional unit and increases the stability of the mRINA.
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25 classical immunoglobulins but retain the antigen-specific binding
properties of antibodies. Single-chain antibodies are widely used for a
variety of different applications, including for example as therapeutics,
diagnostics, research tools etc. The tern Fab fragment is sometimes used
in the art to mean the binding fragment {esulting 30 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
e R b e e B R
having afite ssnsidistaitiathyoogwpldtadighl and HRrhepwtithdiesvagiable

d&ﬁﬁﬁiﬂ%&%ﬁiﬁ&@%ﬂ%?@@%;ﬁe%ﬁmm&n%%%ﬁwwwm Iﬁn@h%e

heavy chain constant régions sufficient to maintain association of the light

aPieRsayyT BiamCTARTEMNARS. SRS HiBlisdesenbelyl srappslist.-anonocional
1988 036ien6e ; 2R84k et instanee A EabfRameRBuh @feases,

the 1gG idiotype might or might not contain 5 at least one of the two | o
cy SR iRt SRS R FOITPAPRESRY THESFHAM HHEUIRAS BEHAS “BERRIGerribodies.
thydvasheavy shaiasdrthentackitmmunegiobin a teually, Eath fragmerits
are_formed by complexing .a full-length ar substantially full-length light , ..,
CHRRPATER & P oA i PR LY S oo S B s coou
CHl Idomhain afdlibeepnStaninrégiont. S 0n7 ddit i hen@atereninak oyt deich

thc%{smha@;g 103y, Berenlaced withsexne o1:10- anetheranipaasidi ey

eliminate the interchain disulfide bond between the heavy and light chains
AEEORIHE e P RSB ERE ISR oA LE RS S HEBABHRYEE PE ChihTBHE defines a
geHQ&%e&gv&ﬂq%ﬁ%ﬁﬁ%@g&%wh@sﬁﬁ&ﬁ&a&b@?vy chain genles h«l'a_lve

een constructed, typically by genetic engingering, from immunaoglo i
S Gb SR REAE N Gl RS CouTE e A Tobor R =
segmentyendptingdhe coastant, regidajintoihexanipléy batonging kg, M, 1gA,
differen cies. For example, the varjiable (V) segments of the .
i B RSt SNy B el e 1 By oo
segmieins, sucassg Gl afelyG4l Lotypicakehimeridamtibody isanushgn also
hyhrid protein,-capsisting afithe aer-antigeazhinding domain from a

mouse antibody and a C or effector 20 domain from a human antibody. .

ChirsdrmAntiboES Hedd IHRCaRHROL S it 48 SREmPHA foreos

affinity assaspeuss QleiberReniman antinody thatrawdes He fastabies.

regions of the antibody. The term "human antibody" includes antibodies

having variable and constant regions (if present) derived from human

germdinenirfvingiedgiodinibedqitncisiénslublingneitirerhattbal2mrats which

artficialsenainee'ad allini mArwatan. Human A thadiesielihs myprion
polypeptide chain. As such, single-chain antibodies are of considerably smaller size than
classical immunoglobulins but retain the antigen-specific binding properties of antibodies.
Single-chain antibodies are widely used for a variety of different applications, including for

example as therapeutics, diagnostics, research tools etc.

The term Fab fragment 1s sometimes used in the art to mean the binding fragment resulting
from papain cleavage of an intact antibody. The terms Fab' and F(ab‘)2 are sometimes used
in the art to refer to binding fragments of intact antibodies generated by pepsin cleavage. In
the contexi of the present invention, Fab is used to refer generically to double chain

binding fragments of intact antibodies having at least substantially complete light and
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amino acid residues not encoded by human germline immunoglobulin
sequences (e. g., mutations introduced by random or site- specific
mutagenesis in vitro or by somatic mutation in vivo). However, the term
"human antibody" does include antibodies in which CDR sequences

derived from the germline of another miwmalian species, such as a 30
mouse, have been grafted onto human framework sequences (i. e,

humanized Abibedies)ikungstioral ¥aranie-alsuehc hrmansantibpaies? the light
e.g. truncated versions thereof or en%ineered muteins where e.q..

iRAAGRS TSRO BT S Sreines SEanies AR Ve ieen huiREarey 1By tiva! and heavy
means ahgerelit-eTginecring weltaawn Sk the anlane ehcurpasset{4sgs),

the.term, in 13 contrgs mples of su found e.q..iIn WO, , | .
o ST RS, Bt AR ol b [ S B B0 o ontain
saﬂthﬁmspa@ﬁmeoﬁaﬁg@g ijeoSytatitn wro othercthendicalfide bonds
%%%%89&9&%?&9&9&9&%ﬁi&%&%ﬁ BB 206 RERECt NG IR eBANEacments are

invention provides a vector expressible in a hast comprising fhe‘ rhaBAD
prermeidrregrmesinae fulhsnshveesupbrohdperdsnaikbabichpin with a heavy

transcrptionah 4t campiisingahaupleicacid SegURRACEIHER nstant region.
heterologous to said host b) a prokaryotic signal sequence operably linked

tdsaidivRR Bt QdaasnenimR RS U S BATH PIEIREAFBIRC SRR serme or
sqasiencerm selectrdfrom:sighalpeptidesiohperipiasmaticdindivteavy and light
proteins for§Llj_%j1rsf amino atcidsh¥itamins and ions and, whereas the
expression i 1}%%8{8?8%&? Bsei((:fll}ence is controlled by said promoter
region. The vector according to the invention is preferably an
ag@nemavsiyarsabreplicatingntb plaswigca gosmitsdiphagacaiviusdieayy
a rgtrovirus. A v_gigle varieté of host/vector combinations may he employed, . ..
in BEBrESSh e AU e e%fﬁlecr%c S oftihis Tnvention. wseftl’ s
expressiprevediors, fopexampleodnaytivonsistbof segmentsegments encoding the

Chromasomal, %@1- &%@&%ﬁﬂﬁéﬁ@%%ﬁ%?éﬂ?&%&é&?'?é}? 86l ote, the variabie (V)

sequences. Suitable vectors include’vectors with specific host range such
aSUBIBEOS PECHIR B AE01g . 2RISR B W0elPagl veERSHY GAthbpgoined to human constant

b[@?)%@ﬁéﬁf@,%Q%M@ﬁa%%@S%ﬁ%&%@%@@i@d&h@iﬁ@&i{%&;Qﬁ@%ﬂgfbﬁd protein
"Low-copy”, "medium-copy"” as well as "high copy” plasmids can. be .
uSEHSESERT (sctord P&F%%?‘é‘%%%&%ﬁlﬁ#’@%wa‘r‘é? PIBYS) BrIB60°ARd=C""
PQERIGIAGEN:Ine: thBliestiipeNekiaten R hageseriptidektareiigr binding

e T

); ple888; hAGYBA&A, pBR322, pUCI8, pUC19, pICC30, pRep4,

PAGY Ghd 711&1%969&%%‘&3@ ﬁ&ﬁé&%ﬂ%l@?ﬂ%g(%gﬁeeﬁﬁ o3Pkt regions (if
present) derived from human germline immunoglobulin sequences including either natural
or artificial, engineered affinity maturation. Human antibodies of the invention can include
amino acid residues not encoded by human germline immunoglobulin sequences (& g.,
mutations introduced by random or site- specific mutagenesis in vitro or by somatic
mutation in vivo). However, the term "human antibody” does include antibodies in which
CDR sequences derived from the germline of another manymalian species, such as a
mouse, have been grafted onto human framework sequences (i. e, humanized antibodies).
Functional variants of such “’human antibodies’’, e.g. fruncated versions thereef or
engineered muteins where e.g. individual proline or cysteine residues have been engineered

by the means of genetic engineering well known in the art are encompassed by the term, in
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Biotechnology and Bioengineering, 73 (2) 95-103) or derivates thereof

such as plasmid pBW22-Fab-H or plasmid pAKL14. Further useful

plasmids are well Imown to the person 3o skilled in the art and are
described e.g. in "Cloning Vectors" (Eds. Pouwels P. H. et al. Elsevier,
Amsterdam-New York-Oxford, 1985). Breferred vectors of the present
inventions are autonomously or self-replicating plasmids, more preferred
aseivectarswilbssecifichost ¢ dogel suchn® (eRldrz4épedificviore thg. tEm only

call. 14 Most preferred are pB 7 4.
HCH s e S S
Pkl i ganicifar pBW2R<Raytidorapirie 4, most particular pAKLI4,

5 In a preferred embodiment, the rhaBAD promoter region of the
L-rhamnose operon is the rhaBAD promoter. In a particular preferred

drBsdiFReTit TR @TITER ALY M BTEY U6 SiEES 6T THE SEGifchceheE e the

lrarseouensesamplementarytheieaiandrvariaptstheneet (brafetablytional
the rhaBAD, promoter region of the L-rhamnose operon, the rhaBAD

PPYHEERPTERE the rhaBAD promoter consisting of the sequence SEQ ID

N, dy cteRegiepema cotipiarientario theseofaddweriants thereof are

oM £IIAMNGSE ORRION Bl b0l iR ANANELRRIEUEY SHRAIMAN 2o

ot the ThVention the vector expressibié in a pro aryotic host comprises

apErbirsaThiEcH aBA Bpranoesalegishishiienatpapiides elgsarbpsmatic binding
6rablyelinked 10,3, ranseriptional Lnih AUBhermoie SRAUances eacadittaid

the L-rhamnose-specific 15 activators RhaS and RhaR including their

8P ERA VBB FORTIF kY e PIIBIE 8RBk sion the RhaS and

RhaR proteins control the activity of the rhaBAD promoter. As prokaryotic
signal sequence, selected.from signal tides of periplasmatic binding ..

PIGEETTE for StEras 5%%&%6“385‘81@5%.‘?&’&%%@6 ﬁo%@?%@“n"éﬁ@ epti L iloprine
apiRelB {Eoainid 20ehry samnteni; Pettatedyasovpievarsty yPeBEiwinia
carotovora, Pectate | - (. CAMPESHS invention.
petiate %g’%%%%ﬁ’ﬁ%ﬁ%@#ﬁ?@ g?@%%ﬁ%%%é%%%%ggﬁﬁsoo, MalE ’(ﬂé\ Fmen
colicfibtroseshipmivgipiotont R sBRY BIESE E6RIBEH. MherRasay.el, non-
OppA&osRl -Retplasmis oligaprniidesbinding pratein Jd@br{ Exctalh vectors

periplasmic trehalase precursor), MppA (E. coli, Periplasmic murein .
pé‘ﬁ‘@o@%ﬁ&iﬁ@%@ﬁ%ﬁé‘ﬁ? BRSSP B Y SoBIiC Pdiptadfres vertors Witk
betaaglusesidasespre el kst ArghlEocoliznl-ysinea-arginingzothithinepy”,
bipding periplasmic protein.precurson), MalS (E. coli, Alpha- amylase
pré%\:ﬂ%‘g?j?(gﬁ ?a(ﬁ'%r%) i If'l‘lsgté |ﬁgii%?éfr%ldﬁe{}%a%esr%gi%dprotein precursor),
XylF (E. coil, D-Xylose-binding periplasmic protein precursor), FecB (E.

cqli Jisitrate:binding, perilasmic ProlRinRISRYSAL QUBPAFH @Ol @UICGEN Inc.
membrane protein A precursor) and
}; pRluescript Vektoren, Phagescript Vektoren, pINHSA,pNH162,pNH18A, pNE46A
(Stratagene Cloning Systems, Inc.); ptre99a, pKEK223-3, pKK233-3, pDR540, pRITS
(Pharmacia Bio-tech, Inc. ); pLG338, pACYC184, pBR322, pUCLE, pUCIS, piC30,
pRep4, pACYC177, pACYC184, pRSF1010 and pBW22 (Wilms et al., 2001,
Biotechnology and Bicengineering, 73 (2) 95-103) or derivates thereof such as plasmid
pBW22-Fab-H or plasmid pAKL14. Further useful plasmids are well known to the person
skilled in the art and are described e.g. in “Cloning Vectors”™ (Bds. Pouwels P. H. et al.
Elsevier, Amsterdam-New York-Oxford, 1985).

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

more preferred are vectors with specific host range such as vectors specific for e. g. E. coll.
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30 PhoA (E. eoli, Alkaline phosphatase precursor) can be used. In a
preferred embodiment, the signal sequence is selected from the E. coli

signal peptides LamB (Maltoporin precursor), MalE (Maltose-binding

protein precursor), Bla (Beta- lactamase), OppA (Periplasmic
oligopeptide-binding protein), TreA (periplasmic trehalase 1.5 precursor),
MppA (Periplasmic murein peptide-binding protein precursor), BglX
tResinlasmicbetaspiveosidase Presurson; ApCySne HYNInEy GRAIENE22 or
binding periplasmic protein precursor), MalS (Alpha-amylase ﬁrelgugslgr),
ArEly pisstrRel BHsbirP PRAprASHIIC Bréteit-preltingais ey e Waa-Fab-tl ot
gxXyloserbingingqerplagmic protein precursor), 5 FecB (dicitrate-binding
periplasmic protein precursor), OmpA (outer membrane protein A

precursor) and PhoA (Alkaline phosphatase precursor). These are
pariotaied sefuldorakieteeologdts pxpressiogim Bf tolilMorenpsefarred 15 the

?ﬁa%%]ﬁjl':pé%)% ?@%I%%P&S{ﬁ% QALY %%Hgﬂéhe rt%%%%%q'fjr\éggﬁwter consists of

Maltose-binding protein precursor ,eBIa Beta-lactamase), /

(iberiptasniic WD Alady pteeurssrcarymolSBhear il rAivRTHE B REIRRS

K ferinlosmic/RIniein BHeoKrSoR o LB diciliatRcbinging DeRIASANO promoter
protein precursor). Most particular preferred are the E. coli signal
pagtesiea4B ngi%%&ﬁﬁ%?ég?f SRS RGOS bif iRy Ptein
RIQeRISORnHHCRSR & didiskonic:anpelycistraniciirandesiniienabuit i £. coli.
used, different or identical signal sequences operably linked to each of

the cistrons can be applied. Preferably different signal sequences are
Usethithsupteiresend&ifhensigiiat sequencds: tocberermployddein therokaryotic

PRESFIORYECIOS %}EH‘@@ (RSN MERAteR ﬁ%ﬁbrpgf%@ﬁﬁ&zﬁﬁgé@ﬁéﬂﬁﬂ%eramy

or synthesized chemically. For example, signal sequences can be .
Shinaddize transenpdiTrpini SisBRaTpITA SEIpPRSSE RBFa G e SR pRstRper i

desarRgd re e 4 Beaucraeith SRR eirahediotkedssequences. Upon
22:1859-1862 &981), usi%%can automated synthesizer, as i [

escribed in
AR B BN R BRSSP0 G108 oty 5 Promoier

Purification of oligonucleotides can be performed by either native

acrylamide gel electrophoresis or l%g anion-exchange HPLC as desc 'Rﬁﬁ}\

. 7 T g

R POLSER B R aer T hrbrse S50 157 A 1688), TS Hanseiotonal

upivtetcofdingdutherpreseldsinvientionand iedly flmhbratisirives e B258 (Erwinia

tr@ﬁ%}&%ﬁ%ﬂﬂ iHation {ﬁﬂ%}é&g@ﬁ'pe@ EEWH%!Q&M&E @E&%@Ff%@ﬁ%@ﬂrsor},

of said_transcriptional unit, said translation initiation region COI’]S]S'[II’]% of |

e R ENBE AT ERERC R AR S2E PEFNECD), Wit d5sgidvialioporin

transkation, intiation regionds.epskabhy irkek {osaida)ceic s, Beta-

S?gcl’égnqgseé):r&e)p%e% ecgt%,e E{g\gp?aér%é Eﬁ&%%@gegag&g protein), TreA (Z. coll,
periplasmic trehalase precursor), MppA (E. coli, Periplasmic murein peptide-binding
protein precursor), Bgl¥ (E. coli, Periplasmic beta-glucosidase precursor), ArgT (E. coli,
Lysine-arginine-omithine binding periplasmic protein precursor), MalS (E. coli, Alpha-
amylase precursor), HisJ (E. coli, Histidine-binding periplasmic protein precursor), XyiF '
(E. coli, D-Xylose-binding periplasmic protein precursor), FecB (E. coli, dicitrate-binding
periplasmic protein precursor), OmpA (E. coli, outer membrane protein A precursor) and
PhoA (E. coli, Alkaline phosphatase precursor) can be used.
In a preferred embodiment, the signal sequence is selected from the E. coli signal peptides
Lam®B (Maltoporin precursor), Matll (Maltose-binding protein precursor), Bla (Beta-

lactamase), OppA (Periplasmic oligopeptide-binding protein), TreA {periplasmic trehalase
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ID NO. 2) is usually located upstream directly adjacent to the initiation
point of the 30 translation of the transcriptional unit which can be ATG,
GTG or TTG. Usually, said transcriptional unit further comprises a
transcription termination region 16 selected from miB, RNA I, T7Te, mnB
Ti, trp a L126, tip a, tR2, T3Te, P14, tonB t, and tip a L153 . Preferably,
the rrnB transcriptional terminator sequence is used. The heterologous

nueteieakiVspHRRECE AsHRIEINGI O HIE R BSENE B HIOBeRsQIe SRS

ression product that is foreign tqQ the host. In case the hostisa . .
S‘?gﬁﬁﬁ%‘ﬁéﬁbﬁe&e&f%%Ef&ﬁs%@‘%3&%&1@%%&@%%&%%&% firdrae:
ipampipreferabtypiramanp thetClaspiikerihiesg ammapratedaetetaisueihding

; . ia i rticular from a different .phylum such
b RS e s S e R
SR afmives iplrd aear honchustkan srédoway ePrthd. heterotogdusne protein A

BHelsicRei seayenee LA Mighihemaedified agsording &pa?t{&ﬁgr(?yaseful for

usage" of the host. The heterologous sequence accorél%g to the present
iRTErRIGRIS RuEl gerie srintdreserafpagerie be ibtersstcprbisris LamB

encgee®a S RINEgONRIDNRARIHES SR as.aSitcturalreanlalon @ tamase),
tl%ergpéutic %rotein or} N- or C- terminal fusions of structural, regulatory or

thEF AR R STt T AR RSP TBteiHE 59 S M GraeR TGI8 ent
pratgiasoriothercfusienud& PréteBs dthadbeirdioge s neeleipragith precursor).

i well a transcript which ¢ sed in the .
B O R 2 el g
IR iRdalestebagipe g brmascursuiubletrotiniatiol is prigsefointhe

Gy QK Btﬁtﬂ?s RELIP |§§f§ﬂ&1§8@ﬁﬁrﬁf&:@%ﬁ§9§ts gUe@%g&re}thfﬁﬂim{ed to each
extracellular medium. Preferably, the protein is produced as a soluble

OB EITRADS feor gRedisht Tictve e dpissmic gpate aremerrasreed arudra case.
[ ﬁ‘ﬂ&@i@xﬁl&@@ﬂﬂﬂﬁémﬂﬁﬁﬁm IExampies ﬁ?{fp@é%m Sejﬁ@{;s' de tﬁ@ﬁi‘&@&ﬁﬁrﬁ%ﬁom can
S wth hormone, growth factors as idermal growth factor,
R B T A R i cdtences cn'e
antiltodies] recediogsitdikoniid pessapibispbiuces dis weltprotetngl uesatlyed. e.g., in

used,as.a ¥isualizing %ﬁ%d?og-L%@eﬁt'wé.%§§5%ngg*gg@:@ %g%med

proteins of interest are growth factor receptors (e,g., ,
EFEhrieeres dpirbedn) \wndinar iyenas. Diveicprotdinsare G 1fofdind (1984).

recepiomnsAnd gkkide suhelanse vKeRapIQl Hhe RBYIRIRRSIn-FecaRIoLthe
gﬁ%@ gnd ,betaé—adr,energic receﬁ%]gors, the serotonin. receptors, and

PHETSEEY BYTETEATER AN -REY ISTEEREMD 56276955 AF2pigah) Chiom.
Cibrenl preteind #8clude ion channels (e.g., calcium, sodium, potassium
channels), 30 muscarinic receptors, acetylcholine receptors, GA-BA
receptors, glutamate receptors, and
"The transcriptional unit according to the present invention usually further comprises a

translation initiation region upstream of the initiation point of the translation of said
transcriptional unit, said translation inifiation region consisting of the sequence \
AGGAGATATACAT (SEQ ID NQ. 2), whereas said translation initiation region is
operably linked to said nucleic acid sequence. The sequence AGGAGATATACAT (SEQ
ID NO. 2) 15 usually located apstream dirvectly adjacent to the initiation point of the
translation of the transcriptional unit which can be ATG, GTG or TTG.

Usually, said transcriptional unit fosther comprises a transcription termination region
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dopamine receptors (see Harpold, U.S. Pat. Nos. 5,401,629 and
5,436,128). Other proteins of interest are adhesion proteins such as
integrins, selecting, and immunoglobulin superfamily members (see
Springer, Nature 346, 425-433 (1990). Osborn, Cell 62, 3 17 (1990);
Hynes, Cell 69, 11 (1992)). Other prote'ir%s are cytokines, such as
interleukins IL-| through IL- 13, tumor necrosis factors [alpha] and [beta],

interferons Jalphalz lbetalrppd nmmm@(% {UMoE AreWthhiactor Betay ton ¢, and

(TGF-[beta]), colony stimulating factor (CSF) and "granulocyte monocyte
dBIGY ISEmETatae Fachsr TR s Hema ey IIIARS 'S Risfhdbook

for Basic & Clinical Research. Aggrawal et al. eds., Blackwell Scientific,

Boston, Mass. 1991). Other proteins of interest are intracellular and
0 CEIRLTEAHE UG GBHASS BRSPS QAR Serhy R el o
phesghalipaseC: uLigsartealsdhplateiris ofinteeéstt Thephdtergiogepsies such

PRIy ff%h%tﬁﬁgfeﬁé‘g‘é}t %ﬁ&%‘é&“ﬁﬁ‘m@%@@%@@ %f&%% vaf%é‘?}{]%&réﬁé{_‘ class like
Stheriroteins are antigens, such as glycoproteins and carbohydrates 1

ftberenmicnofrialkpatbioge ﬁ@@fbmrﬁrm.&rfwddm@ﬁdn sind b EsiaDep a different
gﬁﬁ%&ﬂ% QLG BNZYMES, ke chymasin, PEGIGASLS RO MBLRSER organism such as

ehydrogenases, nucleases, glucanases, oxidases, a-amylase, .
oMiBretEE RSB IpaS e, Hints B TRHGT Haraseiesusapalale 35d sequence
nHﬁ%%%ﬁ@-nz@dﬁf@&%@%r&ﬂ@gQ@Eﬁémggﬁﬁilﬁﬁig@eﬁf%@@@@%ﬂﬁfﬁaraml@@@gquence
to the present invention, 15 encodes a polypeptide, more preferably an
SO SO BSE BRbR BBy b A WA Aot SRR STRE s
apiﬂiﬁadylg? e&&ﬂﬂmahésadlag@mwypﬂgmmmcaﬂarmtmmhaﬁgﬁ}amw or
fragment. i %9&%’%?%1%)’&?%-”t“%%gg'sqo%%%‘%%’t‘r%&ulﬁ,%%gﬁ% Falherapeutic

fragment ericode he nucleic acid sequence Is preferably eithera ~
horagimaritiboidyrfragiaent Greshumrdrrastisodydregperrotiat Washgr AR@en
with g east.ane-GRR fromanethes mammaliansRecies 20U QRe-RE: which

preferred embodiment, the human Fab fragment is a_fully human

HEFERE 1556 TGS BaTh AT Fo i s fifc A 8T e fis-framework-based
humagr-aetibady Rhagedibiady aihadonascaigifiealy mndaruzediprtheGRRh is
as described by Knappik et al., 2000, J..Mol. Bial.296 (1).57-86. In
R IRore SRR DR A e PR TR doar s Tdrech e
CBRgrilfted r25inumarsEabfrdborentcis & pordiaCala-Fatbisropposeditd is

T Fféég%ﬁh@a%ggﬁﬁgﬂﬂe @%Qo@b% dereaoing which.incase.of & fuly-human

ragment preferably means that it does not share the HUCAL

congErRgs Saypisimse TrlitRWBRIOBER fisheh el doauenic & 9Biolss aresich as
at@%ﬂn%@%%mr&&@%@ysﬁ%sf&%9{1@&%&@@%@1&%&@%@%&@ chymotrypsin,

amino acid sequence to the respective variable and constant light and
SR EHENS GRHRR R D SRR APSHEREAERES BT RGO Ay AR FRO A 2
preferably thairits:G R Rsarefiirecthhopiaisiad from naturally

Other proteins of interest are growth factor receptors (e.g., FGFR, PDGFR, EFG, NGFR,
and VEGF) and their Higands. Other proteins are G-protein receptors and mclude substance
I receptor, the angiotensin receptor, the {alpha]- and [beta]-adrenergic receptors, the
serotonin receptors, and PAT recepior (see, e.g. Gilman, Ann. Rev, Biochem. 56, 625-649
{1987). Other proteins include jon channsls (e.g., calcium, sodium, potassium chanzels),
muscarinic receptors, acetylcholine receptors, GABA receptors, glutamate receptors, and
dopamine receptors (see Harpold, U.S. Pat. Nos. 5,401,629 and 5,436,128). Other proteins
of interest are adhesion proteins such as integrins, selecting, and mmmunoglobulin

superfamily members (see Springer, Nature 346, 425-433 (1990). Osborn, Cell 62, 3
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occuring genomic sequences of lymphoid cells including genomic affinity
maturation events. The Fab fragment is preferably derived from an IgG
antibody and does not contain cysteine 18 residues that form the two
interchain disulfide bonds between the two heavy chains in the intact
immunoglobulin. In particular, the heavy and the light chain of the antibody
or preferably of the Fab fragment are encoded by a dicistronic

transcriptienal Cklito whergas2 packhehpibtisrepes ablyikinkeshtd as interieukins IL-1

k ic. si | . | df i ti 5
e B e ey M e R e Blunan el anc
aldmmajdentisahtrerisation BeitidicT @gioh upstroanofl theg itiatid A 0iad
: 4l Dupstioat i on
%&%ﬁ@ﬁﬂ%ﬂg&% &?&{9@@%&%@%&3&1 (§ﬁ-@%§£§%%@ éz{l;lbes.

tiation Tegion consists of the sequénce AGGA )L
NiGwnghoalofp Hrs:presentingl Batisicithd erdarbeid i distanke sl Whsahlic,
the, signak sgauencednd the:HRlerelgausPUGIRIc 2GId, SRAURRRS AlB:

arranged within the expression vectors can be varied. In preferred

e PBOtHATEN RICThE ST RAY . SaEn SE4RYE HiHstr in P RO T MRicfeic lgs are also
S@ﬂﬂ@ﬁ@@f@iﬁtﬁﬁﬁmg& %téhﬁo@fﬁ%@ﬁ@@@ﬁﬁiﬂb@é@%&nﬂ&ﬁéﬂﬁﬁhﬁ&@i@%&ﬁm or
sequence and the_nucleic acid sequence encoding e. g. the polypepti

o REGTESI 4P QURA Ty Pt Rt SHOLE FOBGTARNHE Ryt
pieferreiireni odiinents, thé:sigiaipeptiteistquéncecandfiucigicteividre enzymes
SEAUENGELACOAIRNG & JEﬁa&8%9?&%%@%:8%é%%%éﬁ?ﬂ&ﬁ@ﬁé&?%%&fﬂ&%?&&dases,

to each’ other,’1.e. separatéd by zero nucleic acids. Preferably, the r&a.B.
Doprotrieter veigiondantitife loperalsipiiakesd tismisordptiersal eititaopsive nit0iases.
vector of the present invention consists of the sequence SEQ ID NO. 3, a
sequence complementary thereof and variants thereof. More preferably,

thr A AT s SEtOTEP SEHTOHATIE AHE SRFBEISE; Refeaditedndbe prrsRal UHBR:
thewaetor efithepiesentinyentionconsistiefdhe.seaiencag-ohQ I NQadnent. In

a sequence_ 25 cczg%%ementary thereof and variants thereof. Also
1

e REBR B ASS BUTRT (i pPAS S A T ARG S THROTEUF QRSB CoPHIRT (o
thedpuentioanfod ¢héyegetatedheidralggaus eXpression-ab & mateiceaided by the

seguence in a prokaryotic . Hhe expression ca ’bﬁ requlated by the .
B B RS R Rl B A oy

arfregmtisfilativemaededrriieshiedimedtiie coturedhorokaryotithestdiss.
bewveen0:01.2n¢: 190Gl apigfeably.hetvesn:0.d,and; 10 Gl MOtE: FuCAL-Fab

preferably between 1 and 5 g/l. Preferably, the heterologous nucleic acid
S&f@%@éﬁﬁ%ﬁﬁfﬁ&&ﬁ@ﬁﬁé@%ewom‘b ased human antibody phage library
that was artifically randormized in the CDR as described by Knappik et al., 2000, . Mol.

Biol. 296 (1}, 57-86.

In another more preferred optional embodiment, the, optionaily 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
share the HuCAL consensus sequence framnework 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 germiine- encoded sequences,
additionally and more preferably that its CDRs are directly obtained from naturally
ocouring genomic sequences of iymphoid cells including genomic affinity maturation
events.

The Fab fragment is preferably derived from an IgG antibody and does not contain cysteine
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19 preferably for an antibody and most preferably for a Fab fragment,
whereas the heavy and light chains of the antibody or the Fab fragment
are expressed in equal amounts, thus leading to high concentrations of
functional antibody or Fab fragment. In particular a human antibody or a
humanised antibody more particular a h!léman Fab fragment, most 5
particular a human Fab fragment as described above is encoded by the

h@@ﬁ[@@ﬂﬁﬂﬁ)ﬁ:ﬂ%@j@W@_Qﬂﬂeiﬁﬁﬁﬁﬁ&gﬁlﬂﬂeg%%ﬁ%kmﬁ@%o heavy lchains in the
concentrations unctional antibo Yy Or Fab Tragm nt it Is essential t

FEE Bt SR P SFHE Nalhy SR GHE R HOIAG X prettbachor
gaskahl of bethachamsais arnesrotkiCedctinipandd tadbheipthanchétinyhereas
non-reducible hi olecular weight to.immunoreactive regates.ca )
e IR A poptes
v@ht@ms lefrtiagppesing mvmmwg@xmmbeimmmm can abe
oftained ﬁ%ﬁﬁﬁ%@?f AR.YETYI9n-amounts 9&%\4%9{&%503&&%9% @ﬁﬁ@%on of

chain or high molecular weight immunoreactive aggregates are built.
UBtiafysqessandnnd dsciprafordbi/iriesiaanmoigofaterespiagsagthe sequence

agreuRtefeatiaedyosEabfragment are expressed as 15 overproduced
light or heavy chain or high molecular weight immunoreactive aggregates.

The amount of the heavy and light chains overproduced and of high
nioteeptatsneighinttomihsereactivé g giegaie snoain dictimeasiatedbynce and the

aﬂ&%ﬂé‘%&&”&&%ﬁ of the 1 %éé&xﬁée§éi”ge&%§%%?°%¥ Qrhe Fab, s can be
fragmen Sucn as Fysozy extracts 0 e CU]| urecﬁmgt ce1 using
Shg:P AGEGrr e steredbioni20ta Stz notherasps dunkiecimeitibnnucieic acid

Provides apdsalated ﬁg{é brifiediaucleic.acld seguERGe, SXRIESSIRIEANAd the

host comprising the FhaBAD" promoter region of the L-rhanmose operon _
oP TSI A RSN SF (FRTSERD Bioh AP B AR EOTRF IR E 8 e & SaRfped by zero to
sequenoevmeiisdeigrolegeysdensaidibest hbigRIgkanRliklanaland
e T S SRS AR Bl o
petiptaseatizbinding zarotenis dacsiggars, amino acids, vitamins and ions

and, whereas the expression of said nucleic acid sequence is controlled
by said promoter region. The rhaBAD promoter is the preferred promoter

regidrraMprépréféidddpndisy s dramd urifiehiydieiccd diarsedpisnel g of the
CQUSISLS OhS RO NPnkod SeAUSNGEROmPleMERBYTING0s ANl uence

variants thereof, in particular the isolated and purified nucleic acid
sEEURHERBHRSIGT B S PNB8re3t sequence complementary thereof
and variants thereof, most particular the isolated and

More preferably, the rhaBAD promoter region and the operably linked transcriptional unit
of the vector of the present invention consist of the sequence SEQ ID NO. 4, a sequence

complementary thereof and variants thereof.

Alse encompassed by the present invention is the use of a vector according to the invention
for the regulated heterologous expression of a nucleic acid sequence in a prokaryotic host.
The‘expression can be regulated by the amount of L-thamnose available to the prokaryotic
host. Usually, the amount of L-thamnose in1 the medium of the cultured prokaryotic host is
between 0.0i and 100 g/, preferably between 0.1 and 10 g/1, more preferably between 1
and 5 g/l

Preferably, the heterologous nucleic acid sequence encodes for a polypeptide, more
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purified nucleic acid sequence consists of SEQ ID NO.4, a sequence
complementary 20 thereof and variants thereof. The isolated and purified
nucleic acid sequence of this invention can be isolated according to
standard PCR protocols and methods well known in the art. Said purified
and isolated DNA sequence can furthgr,comprise one or more regulatory
sequences, as known in the art 5 e.g. an enhancer, usually employed for

thesexpressian afiheipredustancedet Bydhe ravelgienasicvieauetigehdavy and
rder to.select host cells successfully and stably transformed with the

DRt a TS (SRR B TR B ST T R

iRuéniEan hivh ens thatencodeSu:ttonsehettalle anBrkdra@ment. rgistandte to

ntibiotics) can be.introduced into host cel ' IC os
S L e R R A T TSR, mos

ncodes a selectable marker
migituloedboatenfeh frievettor dpwrltbdasvlatsdnedqgunifibe npRRzakigucisic
sg G6,9L might optionally be co-introduced in separate form e.g. on a
separate vector. Various selectable markers can be used including those

theidsnie PPt Ee e Ry Bt IONT 8! SN AR B RS ARy h AR EH i el
t%t(;iwécalm' edﬁﬁ@a@[&gﬁl r&f@ﬁém@a&@tb@ﬂ@tigk@%am %@ﬁ%teibf&l;séﬂe&klr(&ﬁeimne of both
order to create selective conditions. Usually, one select arkeris, ”
e A A N &P DN 400 SLRLOPEe Rt FOMEIRE BAp i e e e
intreciuceddtite thertmastsoatstalonit, witicthie umickeiedrid Seguencerpfisingly
interesh\narder to determing é@&%ﬁ'ﬁl%ﬁ%ﬁﬁﬁ &W&E@@%ﬂﬂuoﬁ% ARPIBEEs can

aspect o the present invention is to provide a prokaryotic host o _
tangftinrddrivitea ORBCISROTHH P rasER i AVEREGHICRS 4 Prridimfy chain or high

%9@[&9@&@%%&&%{%&%&@%%@@&%@bb@@ﬂ&ﬁﬁﬂ%@&%ﬂ Mth, preferably
plasmid pBW?Z-Fab-H or plasmi pAKL14éf%referablg with plasmid

PRI A ST HRE R ASHIED AR RS RS BREISHORTE Xpressed s
expsessn-A9icassatiafocexpressifignctent efed: feteradinerict protedpates.
such host cell.such as e. ab. Preferably such heteradimeric protein,
B
tramsiormedtivithgiregsoided wd pavifidd nucleisaci seguetibe okt pressing
pEﬁéEﬁk&%@M? npen =9 AWfe,Vately Al rakangiic oSt £R!IS FARPRMUSES using
for the heterologous expression of the' nucleic acid sequences of this
invantionCFHESE HsEsPARY 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, mare .
Wpuried
p?&f@?gﬁlﬁogﬁr&%ﬁ%ﬁfﬁ the mvention provides an isolated and purified nucieic acid sequence

‘expressible in a host comprising the rhaBAD promoter region of the L-rhamnose operon
operably inked to a transcriptional unit comprising
a) a nucleic acid sequence which 1s heterologous to said host
b) a prokaryotic signal sequence operably linked to said nucleic acid sequence, whereas
said prokaryotic signal sequence is selected from signal peptides of periplasmatic binding
proteins for sugars, amino acids, vitamins and ions and, whereas the expression of said
nucleic acid sequence is controlled by said promoter region. The rikaBAD promoter is the
preferred promoter region. More preferred, the isolated and purified nucleic acid sequence
consists of SEQ ID NO. 1, a sequence complementary thereof and variants thereof, in
particular the isolated and purified nucleic acid sequence consists of SEQ IDNO. 3, a
sequence complementary thereof and variants thereof, most particular the isolated and

purified nucieic acid sequence consists of SEQ 1D NO. 4, a sequence complementary
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21 cell. E. colt which can be used are e. g. the strains TGI, W3i10, DHI,
XLI-Blue and Origami, which are commercially available or can be
obtained via the DSMZ (Deutsche Sammlung von Mikroorganismen and
Zelllculturen GmbH, Braunschweig, Germany). Most preferably, W3110 is
used. The host cell might or might not mgtabolise L-rhamnose. 5 A host
cell which is ordinarily capable to uptake and metabolise L-rhamnose like
Eh@@grmtgm@ﬁmgﬂg@p to be deficient in one or more functions related

pta nd/o met bollsm of L-rhamnase. Deficienc
TR IHG PUTASED T GRS AR Gr AR BT G T gbaccordng
damtbedatm}e}ledrbtoeeg; estuﬂpxpaémiagxeit hiacking theae qaie $siofi «f mganated
?ﬂi‘ﬂ%eﬁgen&mﬁ lelated oI o&{Q arkr%oaggégwﬁgt@gta n H’eosf 'a:s'ﬁulgwn in the art
amnose suc e gener or Lthamnulose kinase. This

can be donechy ulzmit/yr@tedmﬁétfeste@ehpamre@msmm@gp@ne@ed by the

MYLagenssis-grdgaack-out mutation. Usually, the prokaryotic host
corresponds to the signal sequences chosen, e. g. in case signal

sequences of E. colt are used, the host cell is usually a member of the
spraeitanaileit: therepirrahastefiaceae stiokerpisferalydhe hestoalt '@ a
oli tra % rth rov ded with HF present mventlon isam tt d
fésr‘% 5“& yp& eﬁdéc SRR RI PR FIIAY TR G B %ﬁ enoodes &
consttaidtingperadetar., Bstsanstomint e rokaiy ot cbhodtwitimsaitsdestorslls along
loyying expsessionef saidpoly gt%}édo%ﬁ% el 8%&95%&%%%? WDGEL: might

ZVQ] |
T
suita %acon itions, d) recovering sai olflpeptl e from the cell culture

sygﬁeﬁ@teﬁt@\ﬂ&teﬁtaéeaOaﬁwavlaéeﬁelebweﬂﬁ@tmwwmsequeme or might
tr@ﬁ%ﬁéﬂ%@&%@o‘a&%@rﬁﬁ%i}@@f@ﬁ as definedahove.whersasiielectable

heterologous nucleic acid sequence com rlsed by the vector 25 encodes
' PURIESHRES BIAPEHI e (R5IHE B ORARSS 18 AR ARHBD Y Hid
mg@i @E@tﬁﬁaab@&iﬁzﬁbafmagma@tcwh geasihehesiy azttcbtm@htoeh@a sdapibeas

t| ody. or t e Fa tare ex rese\ed the cell.c re s s tem in
631 €411 O CI'@ ﬁo CL‘l OIS 01’1@ ec a Xi% u&ed As
equal amoun g, "Shiies |ng to igh concen ra ons™o unc |ona "aRtibo

orPHberagenente 3 sacélhodtoret systens continuvusiordistoftmloess ce 'HS along
culturesychias batcl qultiure ot fed.bafeh, culture. canbe apnligd. in qulture

tubes, shake flasks or bacterial fermentors. Host cells are usually clltured
m%@ﬁf%ﬁﬁ@ﬁ%tl media as known in the art such as complex media like
"nutrient yeast broth medium” or a glycerol containing medium as

described by ICortg et 22
Another aspect of the present invention is to provide a prokaryotic host transformed with a

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

present imvention.

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

Streptomyces. Preferably, the host cell is a Gram-negative cell, more preferably an £. cofi
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al., 1995, J. Biotechnol. 39, 59-65 or a mineral salt media as described by
Kulla et al., 1983, Arch. Microbiol, 135, 1. The preferred medium for
carrying out the expression of said polypeptide is a glycerol containing
medium, more preferably the medium described by Kortz et al., 1995, J.
Biotechnol, 39, 59-65. 5 The medium mjght be modified as appropriate
e.g. by adding further ingredients such as buffers, salts, vitamins or
@@ziggd %fﬂﬁrbﬁeﬁ‘&?‘J|b@iﬁ&f@£ltﬁ@.ebﬂli|@@§tﬁ@ﬁ§bi§ﬁtjQﬁ&l@@,gﬂﬂﬂ AXCArEdE: and
used during the culturing of the ¢ Preferably, the medium _
i e e R l’[ﬁ%&@ﬁﬁ?&ﬁ%@e
regutation ofthdikrdoamnasen prdrieibulegoninyHaBimosarvssigs daiyany).
ded after.the re.has reached an appropri ate ta O dj
R T O e R R LR S o e T Mo

of esicusliumirfriokedjiotithostiscise ysers 0B diie bthpreterablip £. ol
%@fﬁ%@ Qo 10,04 4pRre Rrefe @qyofeaﬂﬂlézgﬁg %@Eéaac%é?ﬁﬂﬁ[é the/or

usual OD600 is usually 0.4 or higher. Appropriate pH ranges are e. g. 6 -
gistebslimhp 7 L 7ismassro PRARER iy e te MpBrat MBS ioRs TRIrEISEr0 aRde
%dl %9@5@9%@&%’6@@“ 2Band &ﬁ@emﬂ&%khsb@f r@gn%%&@@agw@h%m@&e
ong as it takes until the maximum amqunt of expressed product ha .
RIS ?E?a?eﬁ%gaﬁ% B BIFE %Waiﬁ}%uagégﬁﬁé%%?tte%?%%ﬁ/afi“"
heébmeenssidiuns adSddys Jdia afndimhohexressedpriducudbpémashy
n the culture system used. In shake flask,culture usuall I -
B A R o

hostathin§fo prdwitis thestascterpondh éophss BR heRIEeRTS WRgHERas- & 10 case
fermentorculture in:a.20 hatehand/an fed:-hatchmede sxpressedRradiichmily of

in the amount of usually more than 0.5 g/l fermentation broth, preferably

b REAPP AT PrETEFABIFPROY R 953 §/tancBE SBBined.

Following expression in the host cell, the expressed product such as the
polypeptide of 25 interest can then be recovered from the culture of host .
R T Rt TG 1 TR G BbuhA TR e g e i
heasy:-chaimantsihethghteohain are normally each expressed in the host
ceagl and.se regt%dvggtg?’e periplasm of the cell. The signal peptides

CcO s&%c%% . )
encode yt € Ssignhal sequences In the expression vector are then

piodesssdelfriom ameclimpatinefobiiseNairEoThe mature heavy and light
chains.aredhep-assembleshtoioretal 30 tach ankibee ARadEARIitable conditions,

f a%;ment. n order to obtain a maximum yield of the expressed product

!
the ERTRY SRS UMY WRFDHARIP S THeteh dOM e &iflire and lysed, such as

lysing by lysozyme treatt lent, sonication or French Press. Thus, the
balypepices e ysually fist, oftained, as LR RIS Al NS OS8R ic host are
They an then e purified by standard protein &l
as defined above, whereas the heterologous nucleic acid ssquence comprised by the vector
encodes a polypeptide. Preferably, the polypeptide produced is an antibody and most
preferably a Fab fragment, whereas the heavy and light chains of the antibody or the Fab
fragment are expressed in the cell culture system in equal amounts, thus isading to high

concentrations of functional antibody or Fab fragment.

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

“nutrient yeast broth medium” or a glycerol containing medium as described by Kortz et
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purification procedures known in the art which may include differential
precipitation, molecular sieve chromatography, ion-exchange
chromatography, isoelectric focusing, gel electrophoresis, affinity, and
immunoaffinity chromatography. These well known and routinely
practiced methods are described in, e.g.,,Ausubel et al., supra., and Wu et
al. 5 (eds.), Academic Press Inc., N.Y.; Immunochemical Methods In Cell

And Mplecutar: BiglagwoFar. examplen, fef RUNCREOR AL eSO RINAREY o »1.,

produced immunoglobulins or Fab fragments, they can be purified with
imAcr oSNty EPR B atog rap Ry 1y PR A tiFoGg Ra Y B i ormirfign of
agesiivomhishdws beurethesstodargetmiolecules fewhisly the mxpiessest ibed

n?[ggl%gé?gylirf%%ariﬁoetceiggﬁllysgjg . (;ISO A further aspect of the present

iNVention 1s & vector expressible in’a host comprising a promoter region
operaldyitinkeddu ddranscrptio appronit dom prisingdraimicteicgeitents such as

s e . o) sitoteip gt ok o
e e B A BTt g a0 o oo s of medis

tregiseriperihing g ans Ko n Ipikalior vebivrtconsiumg esdae basic medium
SeRUENES: AGGRBATATALAT {REQI BN -2) i whereas Rald HaPs|aifhnose

initiation region is operably linked to said nucleic acid sequence andthe

e RPTRSKOIT G Salid TATIBRE HEitF sehiaticd RiehRt SHEE by SaprshipErTopriate
reging, ddhediignaterragion might desaginduetieor pon-thauadyein the medium
pramoter fedipn. Yisually.an 2 é@%“%%%?%’n%‘g’&%%?? 108,06 GARONG 1 and 10
operon’is’use .Rsalﬂé)ucig?e promo?er reégion of a” €at bofic oB’eron '
nedativedyprefuiated prdrhgteFeybtithssitioh de thesldoidseiflacivanischhigher.

P%@&%fgh%pﬂ%g%%?@éé el-oé*'a}%}a@fdz the ypiaphan &ﬂ&hﬁ@t@&%@&hm are

et al., 1980, Naturé (London) 287, 411-416 Pr'omo ers, and the hybri

proiRerS el REH RS TR B 1) (Brosnls, ToBeRs wpally os

161EI2 AGASH L BOSS: 885Ge1e 28,40 18240 an el s
positjvely regulated promoter. systems such as the araB promoter
R DA R B S B0 GaRs e e S O R A . The
indcikieobyx pherruiose (WIQAH3QBIFGHEY: onlthve: raB AR qdr GrbtaterBgibaulture
of the,L-rhamnose operon” of the press invention can.be used. .
i SIBARE ARALTTh &L JASRICATE INEINGR £R% B8 UA%Hs produced with.a
preferadsethedizaBAD promsiteregionionvelionHasmicseropeiontigiurs in a

the.39 presentinuention.Aswealkiunctional aopivalents ot thase RIRMALErS: 5 ¢/

which might be from various prokaryotic organisms mi%?t be used. ¥
FuREHBIH S0 fle RS e inttne dasel o |pBsiinaRf Febiaetr dtatolig” can b

opsanensequivalents which in the presence of inducer show increased
expression activity compared to their activity in the absence of inducer.
The

Following expression in the host cell, the expressed product such as the polypeptide of
interest can then be recovered from the culture of host cells. When the polypeptide of
interest are immuno globulin chains, the heavy chain and the light chain are normally each
expressed in the host cell and secreted to the periplasm of the cell. The signal peptides
encoded by the signal sequences in the expression vector are then processed from the
immunoeglobulin chains. The mature heavy and light chains are then assembied to form an
intact antibody or a Fab fragment, In order to obtain a maximum yield of the expressed
product the cells are usually harvested at the end of the culture and lysed, such as lysing by
lysozyme treatment, sonication or French Press. Thus, the polypeptides are usually first

obtained as crude lysate of the host cells. They can then be purified by standard protein
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24 expression activity in the presence of inducer is usually at least two
times, preferably at least five times, more preferably at least ten times
higher than in the absence of the inducer. Usually, the vector further
comprises a signal sequence operably linked to said nucleic acid 5
sequence. The signal sequence can be,prokaryotic or eukaryotic.
Preferably prokaryotic signal sequences are used. A prokaryotic signal
%@ﬁmﬁr@@i§rﬁa@a@&ablmerbequefmmgn@hmmﬂ%&m@@ﬁmwﬁmn
‘Eﬁ/ roteln for su ars amino a mins and ions as described
S B SRR o SRSl A PRI ot e 2
thiecarphiviess, prﬁffmtakﬂydhmmmafﬁnﬁy Wtsgwﬁyc@h&s@dﬂeﬂﬁm amd
JoRaRepldss. o0 ReBlasmalichineing pIolGing I sugars. N, o1t

mins an IOI‘]SW are escri é above Py the nuc elc

defls- }se%ﬂ?éﬂ%écéﬁéﬁﬂéé é‘b&yé@&iﬁ@%?@#é&hﬁlﬁh@ﬁ@m%m%%mm
Fﬁﬁ}}%r bly,2 &Hab fiaomentax descrbed AReVe: i a RRIGURAR uoglobutins or Fab

embodiment, in case the nucleic acid sg%uence encodes an antibody,
p&é@%ﬁ; G R PHEE e R S B PRI D R A Bt B R Ga roneh 2

ﬂfﬁfﬁf@bﬁn‘tﬁlﬁ’l@v 1peFakframeiare encaded by meliciatboRiGyhich the expressed
transcrlcé unit, whereas h chain is operably linked to a signal
i i

EYUEH ﬁ%aﬁgﬁ%ﬁgi ﬂ ion region consisting of the sequence
AGGAGATATACAT (SEQ ID NO. 2). In a further aspect the present
IVERton ﬁro" g‘?&@%qr{%n‘?{ Qdycing.a,pol t}éPejc,B‘o?e i3 2PNk sing o

comprlsmg e S eps o constructlng a vecto trans ormlng a

ppokapistieshosenathbénlmbetton BjartoRingexpresyianiobsaid

%'XQ@E@@a&@s@&HeﬁH&t%‘ﬁ@@tﬁ%@ Lsyitablenggnditions, 25 d)
recovering said polypeptide from the cell culture system. Useful vectors

- AP EERRT 5 SR S ABRYE AT SsBHIERB P oRRE TEdigrsiion of said

i5
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30

trepsteipietianuafiasprokaiyniiohost: aineh the eeloeulike cambeLandacted

agé;g%&%%qxﬁggzé?c{%?@nCo%ltgeﬁeterologous nucleic acid sequence

comprise polypeptide. in case the polypeptide
pvd@nmd:asiarﬁahﬁagmmm ecbeavy ardlighintradins 301 ehitheckals sequence

fragment.are Sxressad insald sl s%%&'i@a IR E %S!'as'aﬁiﬁ%{ﬂé%ﬂgﬁon

present invention also relates to methods and means for the intracellular
hetsrBIeBOirs resofessibh bsf Huddic Blsi s neRcadnsi & gryenipapaasisully, an
PiokaisBeRk R EHIRE AabENE Rrese ! Ve ntionelates FRMBEIOK S ion of a
focragglsoll?c} r*c%%?cuxl{ l}%ﬁ%égé?ysrségi?lggf prrlgrtx%}rt%!qwgtlégs such as the lactose [lac] (Yanisch-
Perron et al., 1985, Gene 33, 103-109}, and the irypiophan [frp] (Goeddel et al., 1980,
Nature (London) 287, 411-416) promoters, and the hybrid promoters derived from these
two.[tac and trc] (Brosius, 1984.Gene 2.7 1161-172 ; Amamn and Brosius, 1985, Gene
40,183-190) as well as positively regulated promoter systems such as the arald promoter
inducible by Arabmose (WO 86 04356), the rhamnose promoter rhaSB mducible by
thammnose (WO 03068256) or the “rhaBAD promoter region of the L-rhamnose operon” of
the present invention can be used. Preferably, positively reguiated catabolic operons are
used, more preferred is the “rhaBAD promoter region of the L-rhamnose operon” of the
present invention. As well functional equivalents of these promoters which might be from
various prokaryotic organisms might be used. Functional equivalents are in the case of

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

increased expression activity compared to their activity in the absence of inducer. The
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polypeptide in a prokaryotic host, whereby the vector is expressible in a
prokaryotic host comprising the r-haBAD promoter region of the
L-rhamnose operon operably linked to a transcriptional unit comprising a
nucleic acid sequence which is heterologous to said host. 5 Since in this
embodiment of the vector of the presenﬂnvention the nucleic acid
sequence is not linked to a prokaryotic signal sequence upon

teapafanaHRe:RBF akary pHE Rt aeawil 1{heastan and @XPIBSSIon i ie, at
eptide encoded by the heterologous nucleic acid the polypeptide will

ﬁgiyf*fé‘ffatﬁgﬁso FRAEFBTEFTAR EFEOPISST 5178 RigytopiaR mdtoRiaRg of the inducer.

Instead the polypeptide will be expressed within the cytoplasm in form of

inclusion bodies r in soluble form. Thus upon expressionthe .. . .
e T BT RO e gl oic
tIa@malzhdnleawig&dhwﬁ[@mo@eimm@mkﬂﬁg@pmémm&a@@m@kmm

LQ{%{E? Wseafsaid \ﬁ?&&%ﬁ%ﬂﬂ%&@é&%@@é@&%%y %f%%a%rﬁ/%gigae%f&m signal

eterologous nucleic acid sequence ina prokaryotic host celr;
preikatyoticnosteghoRaIBE P HISNE &I fgmstolidy Mitfcsuidvimendaons as
rﬁ@ébﬁﬁ’e@i%\% BHIRRE |Mié§_§§>9&%€@%ﬂfs@q*ﬂ@ﬂ%%ﬁ8@ﬂ%&9&’9&9&&9&1 We art.
a prokaryotic host using said vector; and a vector for the intracellular
POYGERBHEY Y HERIIBTOHS JERpEpHTRcEsMpalg BoproRBtEPREgIc a
heigrMegatistindleigpacinsdotiences encading @, heterolagadsopelypeptide

and a..translation initiation region consisting of the sequence ..
A B RO e iR R R SRR Kl enrc preferably an
irtrtibediul arexpreissivly thesthaBaBniprotstebabaisists of the sequence

depiciediinSEQURNG.L 12 SeguancricamalemaniaLy Herweotanddoay,

variant sequence thereof. It is preferred that saic rhaBAD promoter region
alg sEaBlo p SRR SRR hanserp shilr st coraist dharmatersiyepredrably of the
depicted::e BQ o N. 13 AriREQ IR NandridRRAUERCSSRMPIOMENIaNY is
thereqf or a variant sequence thereqf, 25 According to the invention jt is

S e T S e
transeripiionHl 4Gk TA BACthEr(ffeibadetibodiment of the invention the
transcriptional unit of the vector further comprises a translation initiation

region upstream of the initiation point of the translation of said

tréna EvipiRyrrabemitic witerabiptivatiransiatin initikitioh kegionledngists bpeptide in
the, seguaRseAGEAGATATACAT 30 (SEQ ID No. 2). In further preferred
embodiments the vector for intracellular expression comprises a

trah SRS HAB frifiiEtion region such as the rrnB transcriptional terminator
Se|ueneRrAGLal gibR:todhe libyenttanathedagigrologous nucleic acid

seguence may encode. lypeptide such as an antibody, an antibogi[ly
PR T o et e R s
desuriltiedsherein is susceptible to

" d) recovering said polypeptide from the cell culture system.
Useful vectors and hosts are as described sbove. The construction of the vector, the
transformation of a prokaryotic host and the cell culture can be conducted as described
above, whereas the heterologous nucleic acid sequence comprised by the vector encodes a
polypeptide. In case the polypeptide produced is a Fab fragment, the heavy and light chains

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

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

expression of nucleic acids encoding e.g. polypeptides in a prokaryotic host. In particular
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variations and modifications other than those specifically described. It is to
be understood that the invention includes all such variations and
modifications without departing from the 5 spirit or essential
characteristics thereof The invention also includes all of the steps,
features, compositions and compound§5eferred to or indicated in this
specification, individually or collectively, and any and all combinations or

Ry we-erimersf saltstepscrrfeatiiesmiihe RIesent-eis6l0sid iSerologous
therefore to be considered as in all aspects illustrated abgfanot restrictive,

R RS O th R TSP B R ANSH B Ihe SETDEHRT B RS eRRgc 1ost
el thangesiwhich pamewithindhefmedningantsangeofegeivaleteyl to 2

re intended tomge embraced therein..\arious refe&a&c}g%&

! re cite .
TSR A RN e b Ry o e
rétevenciindseditvety of e forégoifihdesciption wibbérmureddisleid sequence is
upderstod, with referance forthe fallawing, 43 5xamales noueh & amRles: witk

are, however, exeniplary of methods of practising the present invention

dhe v qianihteprgetcfo diiie thh BeBpeesRARS HHRTIHB RE B RIARABE Risieic acid the
ple ds v Gonstuction:plexpressionaiasmidsnaitpasitively iocations.
regulated promoters The Escherichia coil W31 10 genome was caqned bodi
AR ERY HEGETAY O SHEBALSUOR The YR BRI G Ryaon bodes
aveitehirign ihe KEGG patahasaesky dte oheyalopedia iof iGenekzangurified by
Ge es, http:// aenome.ad.ip/k 2.himl iti
S S SIS A R e U

exlopassicrep fsiidsseTie a8 yromoiershstieaidabe iieyhdguraeasang of
induced byna,cheap andnanstexic éB%%ﬁﬁ'@ﬂ‘férﬁoéﬂﬁﬂ%iﬁl&ﬁ%{w host or

compound. The following promoters of different positively regulated
cafa @w%ﬁglwéﬁaéﬁ%%ﬁéﬁw}siﬁlﬂf&?ﬁ%ﬁ@%@éﬁ%&ﬂﬁfaﬁfm@s@
optAdpeanaier: (gusinldnducible) 3 inaetABZ prometersiielitiosetor; and a

induciole) The precies DNA agments which contain ihe POTOIet: ing o promote
elSTHER IS B SATECTEH BRSEG 0N the Bvanabie informaton on the & &P
cosppsparndirg leguatorbindiig siesa@hromisgmattBNAcot Betiyerithiaand 2
coll WA auk 2L PIUERSL 6L Al 1950 akstters incApplied
2%‘%%6%6%8%@?‘%%?5% Thle %:)?omotgrgéraé; Fnents were amplified from

the chromosomal DNA of strain W3110 by PCR using the following

PrimesseEhergstictionsitesofcdal apd.Altthampundepinethnhe rmaBAD
S%?&%Z%ﬁ?&?@ {];E"a 1&22&%&?&2&5@?% SS:EQ ID No. 1, a sequence complementary
thereof and a variant sequence thereof. It is preferred that said rhaBAD promoter region
and said operably linked transcriptional unit consist of the sequence depicted i SEQ ID

No. 3 or SEQ ID No. 4, a sequence complementary thereof or a variant sequence thereof.
According to the invention it is possible that the vector for intracellular expression
comprises a dicistronic transcriptional unit. In another preferred embodiment of the
invention the trenscriptional unit of the vector further comprises a translation initiation
region upstream of the initiation point of the translation of said transcriptional unit,
whereby the transiation initiation region consists of the sequence AGGAGATATACAT
(SEQ ID No. 2). In further preferred embodiments the vector for intracellular expression
comprises a transcription termination region such as the rraB transcriptional terminator
sequence. According to the invention the heterologous nucieic acid sequence may encode a

polypeptide such as an antibody, an antibody fragment etc.
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5 Pprp Pprp-5 5' aaa atc gat aaa tga aac gca tat ttg 3' Pprp-3 5' aaa ctt
aaa ttg tta tca act tat tat 3'
AAAATCGATAACTGAAACGCATATTTGCGGATTAGTTCATGACTTTAT
CTCTAACAAA
TTGAAATTAAACATTTAATTTTATTAA%GCAATTG.TGGCACACCCCTTG
CTTTGTCTTT 10
ATCAACGCAAATAACAAGTTGATAACAACTTAAGTTT PgutA PgutA-5 5'

aa atc gat&g_ca tca cgc ccc gca caa 3' PgutA-3 5' aaa ott aag tca gga ttt

Wﬁ&l&@ in the art will appFectate that thenvention described herein 18 suseeptible to

AAAKDOGAT B EIATEAGEHECRID GAL AL GANG G TAGTIE AEGEIE stood

ATACGGAC 15 . I . :
AR SR AP e EPE PR Pt stipg o e
ASRAIT TRoaAlTBA characteristics thereof. The invention also includes all of the steps,
TELOEC &dn‘/@%{i TR GAICAMALTALCAGTLLTAMT Gl TICARIGIC
ATTAGATTAG

CTMBECE PT TR AT ARNRT ANTA AATE A CACT FNAG T rore of said steps

PenelAB2,me ABSlaAaa-als tatdak I90,920108-8a0.CRCE #BPects illustrated
PmelAB-3 5' aaa ctt aag ggc ftg.ett gaa taa ctt 3' McIR CR

. P _
PR AR ABACCPRE & VF e NS Bfoued Gyihoappepfied Claims, and

TRTGBERAsABhich come within the meaning and range of equivalency are intended 1o be
GATTCGCCTGCCATGATGAAGTTATTCAAGCA CQCTT AGTTT +1 . ..
R I B LS R B B B el ctor i
Me iRcarecrhigghligltadirrdiaoke 30 ifwfragments were separated by
agarose gelelectrophoresis and isolated by the gelextraction bit Qiaexl|
from Qiagen (Hilden, Germany). The isolated fragments were cut with )
clardntraeis drarinfiteario CRAFHE Lo o WitiisTeears boig following
Bioteshnelagyh aneBioengin @enRger! 3x@lpPold3hebasrespiiiting the presen:
plasmids containing the romoter ( BLL5£ the gutA promoter
(PBLTBPAAEAAE HELETAR BrGrBtar (hBoE ) A B ERAES] 38 except for
the promoter region ligated. The sequence of the inserted promoter
frmﬁ%%ﬁmere confirmed by sequencing (Microsynth GmbH, Balgach,
Switzerland). Example 2 40 Construction of Fab fragment expression
plEsmmmeds an alternative to an IPTG-inducible lac promoter (plasmid
pMzsﬁsﬁu%k-Epa?fkesmawmmlmlﬁ%%sﬁew PbulBalAmditiarent

e

positively regulated expression systems .
The Escherichia coli W3110 genome was scanned for positively regulated operons. Based

on the genomic data which are available on the KBGG database (Kyote Encyclopedia of
Genes and Genomes, http://www.cenome.ad jn/kege/keog? html) positively regulated
catabolic promoters were identified and analysed for their use in expression plasmids. The
promoters should be tightly regulaied and indnced by a cheap and non-toxic and therefore
industrially useful compound. The following promoters of different positively regulated
catabolic operons were chosen

- prp promoter (propionate inducible)

- gutd promoter {glucitol inducible)

- mel4B2 promoter {melibiose inducible)
The precise DNA fragments which contain the promoter elements were selected based on
the available information on the corrssponding regulator binding sites. Chromosomal DNA

of Escherichia coli was isolated by the method of Pitcher et al., 1989, Letters in Applied
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were analysed for their capacity to produce Fab-H antibody fragments.
The Fab-H fragment 28 was amplified out of plasmid pMx9-HuCAL-Fab-H
by PCR using the primers Fab-5 (5'- aaa cat atg aaa aag aca get atc-3')
and Fab-3 (5'-aaa aag ctt tta tca get ttt egg ttc-3'). The PCR-fragment
was out with Ndel and Hindlll'and inse O(Ziglnto NdellHindJI-cut pBW22
(Volﬁ et al., 1996, Mot. Microbiol. 21, 1 1047) to create plasmid ‘
PRRREiBEH, ﬁé*f'@@éer%)e 1359&%@3%@54&9%}@%%}%@@srmﬁ@c%l%msom
promoter (§E%{ID NO. 1). The same PCR-fragment was inserted into the
difFfent Exiite s%h%é?%%%&%ﬁhﬁMW@“WB%@%@W@%@%%S of Clal
Fale-Hrontainingiipedative) expresstianipl asmids arenB sbidweontaining
the prp promoter, pBLL14 containing the guM promoter and pBLLI 5
containing the melAB2 promoter (Figure 2). The sequence of the Fab-H
insgg of plasmid 48 pBW22-Fab-H Wa%cggglgg%gibéégg(gg%% tat tg 3"
Example 3 Expreslsnpm of Fab fragment15:9itamaig; 10 HOSiG %
1P eaQ BORIOBTJaAd SBed andZaliCatGreDT GRDET CTAACAAA

é’r’%‘%@ gg Waﬁﬁﬁé@%ﬂtﬁﬁﬁ@@w&ﬁ%&ﬁ@éﬁaﬁ GTCTTT

pl%g%ﬁgef‘lg i ara/idbatet s bR&EhES which resulted from

ferent tran ations and checked I3 restrl
7%9#1%6 pBLLl4§§%&§mlds had the eéﬁgﬁe@{‘g 5%9%9%%9@% 9%;29%
rexisoigie d mias o @M@G@hm&mﬂn@@e\m@&ﬁﬁagmwcz&moeem
patféAwhiohOlass0g E@G@@ﬁ@ﬁ@ﬁé‘ﬁ@@dﬁbTMﬁM@ﬁﬁTCAAATTAAAATA

THEFEDFT SHamWa z@@e THACAGTTES T (HETONONTIY B4SAFEATTAG
Tl FebrinG! Sfah é? A6f ThEF abibLen&chéte actively

foglﬂ%fﬂ Eab-H antlp ¥ g%gments This grgggggvg&ltgasc %géfgféfg%e%g§

descrlb in. exapyier4.arhe following gq uc taa ott 3’
concentration o@z% 25 pBW22 Fab H L(+) | mnose monohyd;rate

D Rafflnos onoh drate 30 D + Galactose Theresults He dot
SR 1o T CACTTT ATESOAAT ST A ACETOOARDCC S ACCIRRTaEcio
m@%@@%@@@%ﬁ%&&%ﬁ AP BWE SNy bW 10T

(Binding site for CRP 2 1s mghhahted in light grey and binding sites for MelR are
highlighted in black)

The fragments were separated by agarose gelelectrophoresis and isolated by the
gelexiraction kit QiaexIl from Qiagen (Hilden, Germany). The isolated fragments were cut
with Clal and Af7I1 and ligated to Clal/4/l-cut pBW22 (Wilms et al., 2001, Bilotechmology
and Bioengineering, 73 (2}, 95-103). The resulting plasmids containing the prp promoter
(PBLLS), the gutd promoter (pBLL6) and the meld B2 promoter (pBLL7) are identical
except for the promoter region ligated. The sequence of the inserted promoier fragments

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

Example 2

Construction of Fab fragment expression plasmids

As an alternative to an IPTG-inducible Jac promoter (plasmid pMxS-HuCAL-Fab-H,
Enappik et al., 1985, Gene 33, 103-119), different positively regulated expression systems

were analysed for their capacity to produce Fab-H antibody fragments. The Fab-H fragment



(pBLLI 5) showed promising dot blot results: increasing signals over time

and almost no background activity. The portion of actively folded antibody
fragments was quantified via ELISA. The results are summarized in the
following Table 1. 5 Plasmid Inducer 8 h 1 11.5/12 h 22/25 h 22125 h
induced uninduced in TG I F pr9-Hl|J_? L-Fab-H IPTG nd 1 Nd 68.64
84.56 | in W3110 pMx9-HUCAL-Fab-H IPTG nd Nd 140.56 j 8.14
B\MZ2nbabH RKbamneaed/a-88129906.828:62 652, R 3RreRienste (5
no [0.84 0.90 1 3.94 oBLL15 Melibiose 2,89 1 145.10 504.28 4.28 Table
PAEPTSAE BT SPHRERST LOPHEAVETR &5 Wit i8& Giffelenicekpresdion ) The
asnfdsmbhevtimenadteh iNdeiciiohis-didicatessdrhe unindugedeuliuees,Bw22

2 | I d th
Rk e A e e R o P 1
(PlitxoeH L CaLsEaly-H} drewsed habiréferondes) TherRab-SRofeddtratiofihe
is,given-in ma/100 QRE0O/. (5,10t Haterm i&s&?&&@@g{;&&%&%%&%%e

without any growth inhibition in the presence or absenc :
dBFresEBRdifg TPRILER (7Y 18 ODBODBRIESH Y aruSSThe eprsssopBll 13
RiasmidaPRYZ2 Trabiotd: (GonBini RenSE RN, 3)and RBLLd pied 19

the highest antibody fragment titers after overnight induction. The i
RS RUREd St RS 1 eRtp Bk By sHowat L ey &b Hriererof pesmid
thB YormatbrHoh actirdiantibodysiiagrients compared to the rhamnose
(pPBW22- 20 Fab-H) induced system. The rhatnnose inducible strain W3

110 (pBW22-Fab-H) was tested in the Respiration Activity Monitoring

System (RAMOS, ACBiotec, 3nlich, Germany), a novel measuring
skgmmplefthe on-line determination of respiration activities in shake

fiagks.dnaPOIARNSORAIR the normal shake flask experiment the
anti _od‘xc{titer which was measured via ELISA) doubled (703.64 mg/L/100

880 After PP RN Pt BT e BTN S 9 P OIERCLSTRE TR URAdAt g turen
equipmeniimeonrsith & productioasafactiveantibodydagments: R pplg Amids.

The plasmids were i1solated from clones which resulted from the different transformations
and checked via restriction analysis. Except plasmid pBLL14 all plasmids had the expected
restriction patiern. The re-isolated plasmid pBLL14 showed an altered size and resiriction
pattern which was suggested to be due to recombination events. Therefore strain W3110
(pBLL14) was not tested in the following assays. The remaining strains were tested for
their ability to secrste 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 %

pBW22-Fab-H L{+p-Rhamnose monohydrate
pBLL13 Sodium propionate
pBLL15 D(+)-Melibiose monohydrate

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

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



30 Melibiose induction in shake flasks 30 E. coil W3110 carrying plasmid
pBLL15 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 uglml of
Ampicillin, 37 C] were diluted (1:50) in 29 ml of fresh glycerol medium (as
described by Kortz et al., 5 1995, J. Biotechnol. 39, 59-65, whereas the

vitagtinaselioaiyasusedamdesaribesh by Kulh @gtwtz 983 AMIW3110

e i & Mo ) was added

at 30
s%%’&ﬁ&% %ﬁéﬁ&} 6t M0GT0'8. S@E 188 (R
takehgatudifterentytifie iptetvals] mwﬂ‘nﬁ@%émﬂﬁh&ipéﬂg&m reastorech fied via

aﬁﬁ@% TReliagen.e nﬁ%ﬁﬂ%éyi‘%ﬁe%%ﬁ%@ {i%tféel above described

lysozyme freatment a e supernatants Wer analysed in dot bIot

almﬂst 1o
ere

5 ELISA assays.-504,28 mg/L/100.0D600 of f.mpnnn
faAvEes were-obtained—ExAMbEs-Oetdlence of M ”4'*%&88@5“ G20
“ P& T 1 1 ‘i’m nduced
a 2 Uatril Illgl ITTUTCTCUIAl VVCI A UIVUCUUD dl

TORGEe. T SERTHIot Of eXiEgts of Strajyr WTTO(pBLLS) Whigh, 54 5¢

showed the highest antibody titer (Table 1), Was conducted using the;

ant-hsnan Fab-H + AP conjugate. Thelculture was performed as |
desdribéthithexampie 4. SamptdSwere taken after [MNd 2 and 12BthdErs  8.14
\helirewbriiwith melibioseRM@WEseqrcdhtittions e figh nialeédlar  ©.52
'qHa%nrpnnpr rnrrannnﬁWWQr 54 titers o furQra‘f’hn a iﬁgd_/ 3.94
L;L tS-. Tha r\hnlr\a nf t”b \JAP”/\J::CI o\/2+§a'\ nm;‘éfig\ '5%.%§ t e 4 28
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The signg 5&9%&@0%3 feamperinlasmic A Q'QQM%%%&! @ﬂa@ (nd. not
amino acids,yifamins and ions were chosen. These periplasmic proteins
represent a relatlvely homogeneous group that have been more
extensively studied than other periplasmic proteins. Since they are
15 geheryrasun st Fathan Mg warsBdobiideshaiiaarersm e b EmRgehthe
rasResbavek msuwea{prﬂﬁmg@%mtb enher 'Q‘@é@ﬂpﬁé&%ﬁﬁ@lﬁ@%@hf 22-Fab-

pe tide Fab comblnatlons were checked for their sequence peptide and
(’rg&é&gﬂggp?% |Wu é%@l@ﬁ@éﬁﬁ&ﬁg etﬁ%@imbody fragment titers after

ovemight induction. The melibiose induced strain W3110 (pBLL1S) showed a delayed

increase in the formation of active antibody fragments compared to the rhamnose (pBW22Z-

20  Fab-H} induced system.
The rhamnose inducible stram W3110 (pBW22-Fab-H) was tested in the Respiration
Activity Monitoring System (RAMOS, ACBiotec, Jlich, Germany), a novel measuring
system for the on-line determination of respiration activities in shake flasks. In comparison
25 1o the normal shake flask experiment the antibody titer {which was measured via ELISA)

doubled (703.64 mg/L/100 ODgg after 23 h of induction}. The optimised growth vsing the

RAMOS equipment favours the production of active antibody fragments.

Example 4

Melibiose induction in shake fiasks
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(http://www.cbs.dtu.dk/services/SignalP-2.0/#submission) as shown in the
following Table 2. Signal peptide Signal Max peptide Cleavage prob-
Site ability Prob ability OmpA (E. coil) - Outer membrane protein a
precursor MKKTA IAIAV ALAGF ATVAQ A APKDN (OmpA) 1.000 0.993
.D=TA IAIAV ALAGF ATVAQ A DIELT (QmpA.-VL3-CL, Fab-H) 1.000
0.971 PhoA (E. co(() - Alkaline phosphatase precursor VKQST IALAL

i : s/ ’ uce achively
e S

A5 R S BrELGFRT VRS T PIT R GLEEA S OB I/ Byptone, 5
ATDEG:(ReiB):1 000 8:908: MIKSIET RifAkElA &SQRL LARIRE Tumpicillin, 37

QUL I R PPy Bob o058 PBle (RN Bl o .
PiSiat6lyBieepheolrsar MKOAL RTAAMG kiikin AAQRAIMAANEG G described by

(ReR; QP00 HO00 b BEAARS HL%dAACQ%%%LREﬁ}SB%ﬁ £0:2%) was

(PelB-VL3-CL, Fab-H) 1.000 1.000” MKYLL PTA
QKRB tEY U HEF o 200025000 Pl Odarfthiopionéls ml) were taken at

camegsiiths REGHAIE Ivase RIRaUSOUMKBIE SERARBSMEYJaSIRY sozen cells
IGVAS A DPALE (Pell) 1.000 0.993 MKPKF STAAA ASLFV GSLLV

IGORDEDIRIOTUPR BR8N dp5HhaY Va0 oasiReRpRE B ARamatants were
ARG Bl LMt |GVAIA BIVQL ladfed BsM Clrh dAalobl ) AQQ03. $8&:tional Fab-H
Lama (E. coli) - Maltoporin precursor (Lambda receptor protein) MMITL
Rﬁ%ﬁ@éﬁ‘}}f %;‘W%W A VDFHG (Lama) 1.000 0.975 MMITL
RKLPL AVAVA AGVMS AQAMA DIELT (Lama-VL3-CL, Fab-H) 1.000
g.ﬁgf&gMMTL RKLPL AVAVA AGVMS AQAMA QVQLK (Lama-Vi-CH,

H)*1.000 0.988 MalE (E. Coll) - Maltose-binding protein precursor
Meerar aaRuf higismpiromianregASIae RIAUBEG (MalE) 1.000 0.956

Mig i delH BHa b3 A hTVIME B ABAE: Q%%gﬁ@é?éfr&lﬂ%é@,lﬂwEMcﬁ of
1.000 0.97E_MKIKT GARIL ALSAL TTMMF SASAL A. QV

(I\ﬁ’é‘i’i%%lﬁ@ﬁ?lﬁ‘a\g ﬂ)lq_.(@gé,@%(ﬁvhmh showed the highest ant%lc:de titer (Table 1), was

conducted using the anti-human Fab-H + AP conjugate. The culiure was performed as
described in example 4. Samples were talken after 9, 12 and 23 hours after induction with
melibiose. Lower concentrations of high molecular weight aggregates correspond to higher
titers of functional antibody fragments. The choice of the expression system seems to

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

Exampie 6

Influence of signal peptides

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

peptide and cleavage site probability using the SignalP web server
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Ela (pBR322) (E. coii) - Beta-lactamase MSIQH FRIi/AL IPFFA AFCLP

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

QVQLK (Bla-vH-CE, Fab-H) 1.000 0.999 D 32 OppA (E. coail) -

Periplasmic oligopeptide-binding protein MTNIT KRSLV AAGVL AA.LMA

GNVAL A ADVPA (OppA) 1.000 0.996 %\}ITNIT KRSLV AAGVL AALMA

G( %&ME&MQQ@@&W&%&&J}QE'Ms]m%?o 0@% 56-; TYN%I}I%]O %(?]gl fing Table
TfeA (E. coil) - Periplasmic trehalase precursor (Alpha-trehalase

glucohydrolase MKSPA PSRPQ KMALI PACIF LCFAA LSVQA EETPV

(Hrigndi DOEBI6.996 MKSPA PSRPQ KMA.LI PACIF LCFAA LS¥AgR::  Max
DIELT (TTeA-VL3-CL, Fab-H) 1.000 0.961 bll(SPA PSRPQ IQF&Efide Cleavage
PACIF LCFAA LSVQA QVQLK (TreA-VH-CH, Fab-H) 1.000 0.98%MppASsite

(E. coil) - Periplasmic murein peptide-binding protein precursor BMKHSY rcb-
SVTCC ALLVS SISLS YA AEVPS (MppA) 1.000 0.943 MKHSV SVTCC =ability
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

BohAE= coil) - Resptasmisbeta:glucosidase precursor MKWLC SVGIA

Vigkdd QRALARBL EG/{B01X) 1.000:0,992NKWLC SVGIA VSLAL 500 . 003
QRALADIEL T, (BaXV-3CL, Fab-H),0,999,0.999 MKWLC SVGIA YSIAL ;40
QPALA ?V'Q% %JBH%X-VH-C%H, Fab-H) 1.0000.996 ArgT (E, coil) -
LiShearghme st RS HIRER G Bafifasmic protein precursor =I LALSL

LVGSES FANSSTFAEATPET £,000 0.97F"MKKRSYLALSL LVGLS TAASS?®  ©-7¢5
YHEOTE EFfAr FFORESTETSH-ab-H) ' D000 . 94T AMIKRKES) LASSE! LVGLIS?9®
TAASSEYiR-QMBEK (AT g TFMHECHsdFabstlyct.000 0.960 MalS (E. coil) -
Alpharamylaseprecursoriic LAA GibTd LRGEA VA ASWTS (MalS) oco  ¢. 999
1,000-0 94, MKLAA ; G H: TL LPGFA VA DIELT (MelS-VL3:CL, Fab-H)s ¢, 505
g%gsgzg‘%égAM&gH L LPCFANAQMRLK (MalSMILGH, Fab-if), o gss

SelB (Erwinia carotovora) — Pectale lyase precursor

<o
-1
(o8]

B

MEYLT, PTAAA GLLILIL AAQPA M2 ANTGES (PelB; 1.000 1.000
MEYLL PTAALE GLLLL AAQ?A MA DIELT {PelB3~VL3-{L, Fab-H) 1.000 1.000
MEYLL PTAAZ CLLLL AAQPA M OVQLK {PelB-VHE-CH, Fab-H) 1.500 1.000

PelB (Xanthomonas campestris) — Pectate iyase precursor

MEPEF STARR ASLFV GSLLV IGVAES 4 DPALE (PelRd) 1,000 §.993
MEPKF STAAR ASLEV GSLLV IGVAS A DIELT (PelB-VL3-CL, Fab-H) 1.000 0.985
MEPKF STAAR ASLFV GSLLV IGVAS & QVQLKE (PelB-VH-CH, Fab-H) 1

000 0.988
LamB (E. coll) - Maltoporin precursor (Lambdes receptor protein)
MMITL RELPL AVAVA AGVMS AQAWA VDFHG {LamB} 1.000 0.875
MMITL RELFPL AVAVA AGVMS AQAMA DIELT {LamB-VL3-CL, Fab-H) 1.000 G.979
MMITL RELPL AVAVA AGVMS AQAMA QVQLE (LamB-VH-CH, Fab-H) 1.000 0.988
MalE {(E. zoli) - Maltose-binding protein precursor

MEIRT GARIL. ALSAL TIMMF SASAL A KIEBG (MzlE) L.000 0.85¢
MEIET GARIL ALSAL TTMMF SASAL A DIELT {MalBE-VL3-CL, Fab-H) 1.000 0.378
MEIXT GARIL ALSAL TIMMF SABAL 2 QVQLE (Mal®BE-VHE-CH, Fab-H) L

Bla {pBR322) (E. coli) - Beta-lactamase

MSIQH FRVAL IPFFA AFCLP VA HPETL {Bla)

.000

[an ]

. 980

1,000 1.0600
MSIQH FRVAL IPF¥FAL AFCLP VFA DIBLT (Bla-VL3-CL, Fab-H) L.000 1.000
MEIQH FREVAL IPFFRZ AFCLP VP2 QVQLE (Bla-VH-CH, Fab-H} 1.000 0.299



HisJ (E. coll) - 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 MKKLV
LSLSL VLAFS SATAA FA QVQLK (HisJ-VH-CH, Fab-H) 1.000 0.988
XylIF (E. colil) - D-Xylose-binding periplasmic protein precursor MKIKN

ILLTL CTSLL LTNVA AHA KEVKI (Xylé% 1.000 0.996 MKIKN ILLTL

GLok k=L I VA ARA DIEL LA EnYkRClodiab-H) 1.000 0.992 MKIKN
Iyl GLSLL LINYA AHA QYQLK (XyiE:VEECH, Fab-H) 1.000 0.996,,,

FecB (E. coll) - Iron(lll) dicitrate-binding per Bfasrp\}c rotein precursor,
VPR FR G PG AR /w%;( 8EE) 110060 0.97% WLAFI
REFEABERL VASHAR RDBLT(FecB VL3 CE; FabH) 1.000 0l989* °°°

MEgA. . RFLFPeGlab i 1ShifsFeArSVEE Ka(ReoB ot trat-ds4 .000
0286 38=2Ehexialawirg six emmbinations were chosen: - LamB-VL3-CL

(Malgaporin precursor) - MalE-VH-CE:@valtese=binding protein precucsar)

5:Bla-VL3:Clo(Betaslactamase) - TreA-VH-CH (Periplasmic trehalase

p£%%g£sor) - ArgT-VL3-CL (Lysine-arg)ifg@@-qmggi_@%-ﬁi@gfingageﬁipla§%i§0
protéin precursor) - FecB-VH-CH (Iron (Ell) dicitrate-binding periplasmic

pYBteim 5?&%r%f0%ﬁgg%%sion% to generate signal peptide
VAEY@L and VH-CH fusions were caffied out with overlapping PCR
phippargEand) aresspinsmanizedimdbigiéaliowing oamplification Table 3 Primer

Sy

Téfplafe Frageht FaiBA3-CL 1485 Getiomic DNA of E. coil*-©¢°
|2ABSS PV Tam BI3WA/ SIEEDS |4/ B-V L3 5 pNVIXQFIC AL Fab-H28-8) v 3-C1°

Vig3:87lamiBxS jamB-SPet Y [33-CL lamBAZE34@paVig=3, Fab-£)
BglX (E. cofi) - Periplasmic beta-giucosidase precursor
MEWLC SVGLA VELAL QPALA DDLFS (BglX)
MEWLC SVGIA VELAL QDALA BIELT (BglX-VL3-CL, Fab-~H)
MEWLC SVGIA VEBLAL OPALA QVOLE (Bgl¥X~VH-CH, Fab-H)

ArgT (E. coli} — Lysine-arginine-ornithine-binding peripiasmic protein precursor

MKKST LALSL LVGLS TAASS YA ALPET

MEKSI LALSL LVGLE TAASS YA DIBLYT (ArgT-VL3-CL, Fab-H)
MKKST LALSL LVGLS TAASS YA QVQLK (ArgT-VE-CH, Fab-R)
MalS (E. coli) - Alpha-amylase precursar

MKLAZA CFLTL LEGFA VA ASWTS (MalS)

MELAR CFLTL LPGKFA VA DIELT (Mal$-VL3-CL, Fab-H)
WMKLAR CFLTL LPGEA VA QVQLE {MalS-VE-CH, Fab-H)

HisJ (E. colil — Histidine-binding periplasmic protein precursor
MRELY LELSL VLAFS SATAR FA . AI?QN (HisJ)
MEERLV LSLSL VLAYS SATAL Fi BIELT {HisJ-VL3-CL, Fab-H:
MEKELYV LSLSL VLAFS SATARZ FA QVQLE (HisJ-VH-CH, Fab-H}

XWF (E. coli} — D-Xyiose-binding periplesmic protein precursor

MEKIEN ILLTL CTSLL LTNVA AHA KEVEL (Ryl¥)

MEIEN ILLTL CTSLL LTHVA AHA DIELY (EylP-VL3-CL, Fab-H)
MEKIKN ILLTL CTSLL LTNVA AHR QVOLE (XylF-VH~CH, Fab-H)
FecB (E. coif) ~ iron(lll) dicitrate-binding periplasmic protein precursor

MLAFT REFLFA GLLLV ISHAF A ATVQD {FecB)

MLAFT REFLFA CLLLV ISHAF A DIELT (FecB-VL3-CL, Fab-H)

MLAFI RFLFA GLLLV ISHAF A QVOQLK (Fech-VH-CH, Fab-H)

.

ely,

000
. 989

1.000

L0000
.0B00
.00G

.000
. 988
L0060

.000
L00G
.000

L000
.000
000

000
.000
.000

[T i S ]

o O [ow) jo] fond

o

L8889
L8911
. 984

. 9586

L9581

L8988

. 943
.906
.838

L2989
L2990
. 936

.975
L9889
L 230
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MalE-VH-CH malE-5 Genomic DNA of E. coil fmalE-SP malE-3 W3110
malE-VH-CH pMx9-HUCAL-Fab-H VH-CH VH-3 malE-5 malE-SP /
VH-CH malE-VH-CH VL3-3 Bla-VL3-CL bla-5 Genomic DNA of E. coill
bla-SP bla-3 W3110 bla-VL3-5 pMx9-HUCAL-Fab-H-S-S VL3-CL VL3-3
bla-5 bla-SP / VL3-CL bla-VL3-CL VL3-3§ TreA-VH-CH treA-5 Genomic
DNA of E. coil treA-SP treA-3 f W3110 treA-VH-CH

PGt ek dhalofiberidtd Ktk Mikah treA-5 treA-SP | VH-CH
treA-VH-CH VH-3 Ar T-VL3-CL ar T-5 Genomic DNA of E. coil argT-SP
34 argT-3W3110 argT-VL3-5 pMx9-HuCAL-Fab-H VL3-CL VL3-3
argT-5 argT-S&2nBWIB Q1L aig TV hredlrS3 FecB-VH-CH fecB-5

Genornic DN of 0l cSBrP. 668:3 WALLO, eBYH-CH
pMx9-HUCAL-Fab-H-S- =gl EP P
- Bla-VL3-CL (Beta-lactamase)
- TreA-VH-CH (Periplasmic trehalase precursor)
~ ArgT-VL3-CL (Lysine-arginine-ornithine-binding periplasmic protein
Precursor)

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

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

Primer | Template | Fragment

L amB-VL3-CL

famB-5 Genomic DNA of £, coli lamB-sP
lamB-3 W3110

famB-VvL3-5 pMxS-HUCAL-Fab-H-5-3 V0L3-CL
V13-3

famB-5 lamB-8P / VL3-CL famB-VL3-CL
V0L3-3

MalB-VH-CH :

malE-5 Genomic DNA of E. coff malE-3P
malz-3 W3110 .

malE-VH-CH pMyS-HuCAL-Fab-H VH-CH
VH-3

maik-5 malE-SP / VH-CH malE-vH-CH
VE3-3

Bla-VL3-CL

bia-5 Genomic DNA of £, coff bia-8k
bla-3 W3t10

bla-V0L3-5 phix8-HUCAL-Fab-H-3-3 VLS-CL
V13-3

bla-8 bia-SP / VL3-CL bla-VL3-CL
VI3-3

Tref-VH-CH

tref-H Genomic DNA of £, colf freA-SP
frah-3 W3110

freA-\VH-CH pMx8-HUCAL-Fab-H-5-3 VH-CH
VH-3

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

ArgT-VI.3-CL

arg1-5 | Genomic DNA of £. coli LargT-SP
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VL3-3 fecB-5 fecB-SP / VH-CH fecB-VH-CH VL3-3 The fusions of the
signal peptide sequences with the VL3-CL and VH-CH sequences were
performed as described elsewhere (Horton, R.M., Hunt, H.D., Ho, S.N.,
Pullen, J.K. and 5 Pease, L.R. (1989) Engineering hybrid genes without
the use of restriction enzymes: gene sp grng by overlap extension. Gene
77, 61-68). The SP-3-CL genes were cut with restriction enzymes Ndel
and R a‘? Inglu gated-into I\IUUI/r’blIIngi ﬁ)@)vvzz andnto pBLLE7The

resu [0S were cut with P s ind #-gng igated 1o Pstigdindnm
cut $P£M#H-CH genes. Since the jntegration of the bla-VL3-CL|and

fecB-MiTSH genes was not to possitiesshiywthie Gab-H expressmpT-vL3-CL
plasmidcontaining the larB-VI 3-Cl. and naalE-VT]- CH genesicould be
testadf esBAMRERY| 3-Cl /malFE-VVH-CH expression plasmid containing the

rham Fﬁf%ﬁnducrble promoter (pA@‘?ﬂ%@%ﬁtﬁiﬁeﬂO”i’ he |fecB-SP

|am PI Y2 | A W el N | roicalat

IIULII_ VT \JllgCII \ o7 V, IC IUIIIIJ i"‘l:ll
pAK j'g%xample 7) as AfIJI/Hrndf? Mi?a@%%n% were?_[rga ed mtcw “H

AfTWEEgH-CUrpBLLC7 1o obtain pAREISE,; Tigig 4 and 8 IS EREAlEInE
lamBxIz3CL/7i2alE-VH-CH expression plasmids pAKLI4 and pAKL15E.

Example 7 Influence of translation initiation regions on Fab expression

The Fab-H genes of plasmid pAKL14 (contal NQ. 4
Pl BAIGEFES: BEPCBPRANT TG GAFTS BROA R P B ences were

C@dﬂnrfﬁmmmwmimﬁ&ﬁmwregaq@ommr@a& irthIne dﬁ@né[qal@simd?ulien JK. and

the translati on |n|t|at|o re ians. of th F S
are c? ?‘ferentbigggmp 1rlrlg%n Stii’ie trgen ation |n|t|§?%nlsree(g|cr)%ss %ﬁ%uencg}& 5 gone
oﬁﬁ@mr&pmuﬁumsma ﬁean&bA@@Liaerki@‘EH@%ﬁéiwmstn@em cut with

f E‘, o O

yrdtce A4FAgAREE A éiﬁi éﬁ?éﬁbé@%&bﬁ%&%ﬁ%@@i{ﬁ@m out SP-
prﬂm@nv E&h@i strain Ws 10kl ddhwasdegted in siake Alasksas genes was not

Seoshlin, sampe, o suan g vello e e b v

viahilipemdstheutebs. dssshdwiamBPHigare Sthds- "H-CH expression plasmid containing
the rhamnose inducible promoter (pAKL14) was obtained. The lamB-VL3-CL/malE-VE-
CH genes which were isolated from plasmid pARL1S (example 7) as Af7IVHmdIL
fragment were ligated into AfIVHindlll-cut pBLL7 to obiain pAKLISE. Figare 4 and 3
illustrate the lamB-VL3-CL/malE-VH-CH expression plasmids pAKL14 and pAKLISE.

Example 7

Influence of transiation initiation regions on ¥Fab expression

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

pMxS-HuCAL-Fab-H  omp4-VL3-CL  gagggcaraza atg
phoA-VH-CH  aggagaaaataaa  aig
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dot blot results looked promising. 10 To analyse the presence of
non-reducible high molecular weight aggregates a Western blot was
performed (Figure 6). Although high molecular weight aggregates appear
after an induction time. of 5 hours their amount only slightly increases
after 23 h. The non-induced culture sh%ws high molecular weight bands
which might be due to a. weak unspeci ¢ background production. The
corresponding ELISA values are given in the following Table 15 5 (Fab-H
concentration (mg/L/100 OD600) in lysozyme extracts of uninduced and

rhaPfdeset Meteétbstrain VWi 16-fok LIsYepiasiaialinddter 5h 7 h 12 h
23 h 23 h induced unindugegrinWV3i10 Rhampnese.129.04 267.48

308.40 1596.14 2.84 The new signal peptide constructs (in combination
with the modified translation initiation 20 signals) again increased the
antbeayfeagimeritstiten fvom 1328020y k200 6OEh{ptaiariid s described in
pBW2 -Fai—H \{vhjch co-ntai@s t,ne MOR gene %onstru§ tromn%Iasn%i ; i
PRISHTUCAL EABE )5 566 2 TgiTl0 SO0 (hrsmit PARE 14) Ry e
tp:878&;86nmHfall- B0 G Deiariastichc pAKLES EY. iThe Be duahoimg iofigare 5 the
I - -VH-CH genes in pAKLI4 revealed three base
&%h%é]g%ﬁvségﬂ(gé?g%%%éd to be due to the construction of the 25

fusion genes by two consecutive PCR reactions. The base exchanges led

tothe. following:Amino.acishGRangas (he WeoNaI3NHERIAGIES &ifes 2 Western blot

emphasized): VL.3-CL (pAKL14) - pl = 4.85 ,
MKAFRCERISE AUBRVANGY IS RO AR ARSIET S Pis\§\ aggregates appear after an
SYARGR TARISC BaiNAL&DRIoBE only slightly increases after 23 h. The non-induced

YASWYOQON APVLVIYDDSDRPSGIPERFSGSNSGNTATLTISGT
B AR PR R SR e T sl
VIckePgs BREGANKATE VOESDRYPELIBA valuss are given in the following Table
AY ROV KARRSEMEAEVETL RS ﬁ%@&%@%ﬁé&?&ﬂ&ﬁ@}%a and rhamnose
KSHRSYSCQVT KEGS VEKTVAPTEAVH-CH (pAKL14)-pl=9.52 5

MRIRES ARIL A SAY PrVINIESASALAQVQLKESGPALVKPTQTLTLTCTF
SGFSLST SGVGV

G \RIRGPPGKAL Bt IDWDDDKYYBTSLKTRLIISKDTSKINOQVVETMT

N induced uninduced

MDPVBITATY Y CRR¥PFORSIY D VIWEEG TLVIYSSASTRGPSVFIAP
SSKSTS . . e . e
GEHFARY GE1RVRDVEPER AW RSB A VTEPARALES Sessipdpgination
VVEVES &8inlikechHad G M IV T KR SNIH W IKKMEPK 8210 o/1 /100 ODgqy (plasmid
pBW22-Fab-H which contains the MOR gene construct from plasmid pMx8-HuCAL-Fab-
H) to 596.14 mg/L/100 ODggo (plasmid pAKL14) and to 878.86 mg/L/100 ODsggo (plasmid

pAKL1I5E). The sequencing of the lamB-VL3-CL and malE-VH-CH genes in pAKLI4

revealed three base exchanges which are supposed to be due to the construction of the
fusion genes by two consecutive PCR reactions. The base exchanges led to the following

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

VL3-CL (pAKL14) — pI = 4.85
MMITLREKLPLAVAVAAGVMSAQAMADIELTOPPSVSVAPGQTARISCSGNALGDK
YASWYQONPGQAPVLVIYDDSDRPSGIPERFSGSNSGNTATLTISGTQAEDEADYY
CQSYDSPQVVEGGGTKLTVLGQPKAAPSVTLEPPSSEELQANKATLYCLISDFYPG
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The light chain of Fab-H carries two mistakes (D50N, K63N) and the
heavy chain one amino acid exchange (F156L), To restore the original
Fab-H sequence two fragments from plasmid pAKL14 (138 bp
SexATIBamHI and 310 bp Bss | IHindff fragment) were exchanged
against the homologous fragments of pl gmid pBW22-Fab-H (which
carries the 15 unchanged Fab-H gene sequence). The resulting plasmid
PAKER R GALIESSHIR SONGeLTalpthaaguRtee TR exeRangs arilieditee cov
amino acids had no apparent effect on the overall Fab-H properties since
tﬁ’@ﬁﬁﬁ?@%ﬁéﬁ%ﬁ%ﬁ Therefore the capacity of strain W3110 (pAKL15)
to produce functional Fab-H antibody fragments was supposed to be
w&m é%iu%wc#b;% AKLI4) and was not analysed. 20 The Fab-H
an t proddctivity could be increased by using different

retSaieS TINGHONSWInG DRIJE 6 I GRABYESS (e TLTCTFSGFSLST
i : ] v ; ity f :
e S R AR vy
(DB BUGAY-Fab A RMOBRRSIAVIC8AVE 6 W TT O PEAE HKGRAE VEARADS SKSTS

r

%@WA%&@@U%W%WS%&&@%@%%@A% ARIee T e A Fesss

328.62 3.9 (Rhamnose) W3110 (pBLL15) Expression system
(METBISIEF N 3HB I pNREY DY To8 ptide 596.14 7 Translation
(Rhamnose) W3110 (pAKL15EZ Signal peptide 878.86 10.4 Translation
(Melibiose) 37 Strains which &{oduced high Fab-H antibod%éiters were

ahify S8t SRASBIS AGETIERUTR M7-He HighbsERinblitaine depy chain one
cembenitadienshuwere(Reasy rd-isstains wich] froddceacbalanodthements from
amoun o@%g% av. k@ es4 d%5 Tﬁ@ﬁla se inducible
R R e T AR R %,
(|ax;é1®ggﬂrgg@@st the homologous fragments of plasmid pBW22-Fab-H (which carries the
unchanged Fab-H gene sequence). The resulting plasmid pARL15 carties 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
{(pPAKL15) o produce functional Fab-H antibody fragments was supposed to be stmilar 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 6 summarizes the improvements:

Strain Improvement Concentration of Activity
functional Fab-H increase
Antibody (mg/L/100
Daoo)
TEAF'- (pMx8-HuCAL-Fab-H) | MOR strain 84.56
W3110 {(pMx8-HuCAL-Fab-H) | Strain background | 140.45 1.7
W3110 (pBW22-Fab-H) Expression sysiem | 328.62 3.8
(Rhamnose)
W3110 (pBLL15) Expression sysiem | 504.28 6
' (Melibicse)
W3110 (pAKL14) Signal peptide 596.14 7
Translation
{(Rhamnose)
W3110 {(pAKL15E) Signal peptide 8§78.88 10.4
Transiaticn
{Melibiose)
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overproduce the light chain. Example 8 Melibiose induction in shake flasks

10 E. coli W3110 carrying plasmid pAKL15E (Figure 8) 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 gll sodium
chloride) supplemented with 100 g/m1 qf  Ampicillin, 37 C} were diluted
(2:50) 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

1$ndeseribier By dulaietak il 88sh At Microkiel al3bi-radincebated (Figure

30C. M I|b 0.29 added when the cultures reached an .
oS BERER L5 1 A oe T L ARG e e TSk B
Cenitrifedechand tHéi ge lhatshaere cétmre(laabsz%d Thétkrozencetisndendle strains
I r reat
o R T R T S R ey
neEfmssesa duclisbt 228train which carry the Fab-H genes with the altered
signal peptides (lanmB-VL 3-CL/nzalE- VH-CH) showed the highest
FEJmfrl;aaﬂJody titers (Table 6). The light and heavy chain of Fab-H were

3 ced |n I amo#ra‘nks ﬂ:%ure 9). Example 9 25 Intracellular
pro

105¢€ b
UCtIOn O Yy rragments Orlgaml host strains pI’OVIde mutations

irEboth Wéztmmapmdtaé&(ﬂaﬁéﬁzgugm&mmmetepémccasep@m to produce
ggngsieRancing disylfida pend.formation.a Bﬁ%ﬂ}gs [oteiAs fQIOiNG, Iy o1

the bacterial cytoplasm. To construct the VL3-CL and VH-CH genes

WHEHBRRS SRR AP SR eiBarb gl SHSSIBUIRSI ARG ARl s Mg%l Bogioyof
5'sa9a7Rkaty gat areJarety(ace rag8 iNdetdasticlion :s8eha (eddescribed by

5-aaa e {. Igstl re rlctlon sﬂei 5'-VH 5'-a

RCEEE AR R e

Sd@bhﬁémaﬁ Raljactt $la 1@&3gattit. dgg:ttfmﬁl (H?iﬁl,dll [4:11é strichiand site) " Thelelibose
CLr %'Q@dé’ﬁ 1k Q%iéﬁ% g amplificdand cheg

5 e%ﬁ?c%on analysis. n'llﬁ i fl?ofragn%lnt Wa%s int egri ndlx were

infreN a*eqlﬁﬁfgfmm@m@mm%m.w a@é dmlmﬁsﬁ@d e et it PEle

apdAHndills were lysed according to the above described fysozyme 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 signat peptides (lamB-VL3-CL/malE-
VH-CH) showed the highest Fab-H antibody titers (Table €). The Light and heavy chain of

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

Example 9

Intracellular production of antibody fragments

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

-signal peptide regions the following primers were used:

5°-VI. 5’-aga cat atg gat atc gaa ctg ace cag-3’ (Ndel restriction
site)
3’-CL 5’-aaa ctg cag ta tea gge cte agt cgg-3° {Pstlrestriction site)

5°-VH 5’-aaa ctg cag gag ata tac ata tge agg tge aat tga a-3’ (Psit restriction site)



and ligated to the PstllHindll.I cut VH-CH fragment to get plasmid pJKL6.
The plasmid was transformed into the Origami strain and strain W3110 as
a reference.. The productivity of the strains W3.110 (pJKL6) and Origami
(pJKL6) was tested in to shake flasks as described in example 4. To
analyse the presence of functional antibody fragments and non-reducible
high molecular weight aggregates a Wedtern blot was performed. Both
Stainsstardl, ioekise amlvaetapglanubody raghents, SuAMEH Hhuicion
accumulates hig ecu ar weight aggregates with increasing induction
tiftes (W3110) whereas the 15 Origami strain does not produce any
antibody fragments. The corresponding ELISA values are given in the
following Table 7 % ab-H concentration (mg/L/100 OD500) in lysozyme
eXaERTBIRITBR ed drdFHhMndse FTatCEa s FanAlien gahih a6 and
Wasti&ipickb)yis plasmvidgkimducear ¥ hnldrh24hntddhingueagniagduced

RV RFOR D P R0 7 B5 20 e 16 KRSIHISE WEEAA e

singlé ghainatibody/{scil, 8 MA I ke ftaskstT het seBmgeriEwiag he
?@s‘iﬁ?d%ﬁ%ﬁ%ﬂdﬁ&ﬁl%%%%‘ %a?ﬁsﬁ%?@&%@a%%%ﬂ%@%caetaf%t%ln%gt

acg gc-3") and 3-S1 (5'-aaa aag ctt act acg agg aga cgg-

ca"he%aﬁwrhgfspfpfmtéwﬁ%méﬂﬁé’ £PEIB) sih Srssgtidnbelwhiets tgsted in

respensinie: far deanspartofthemratein to the periplasm of E. coil. The
PCR-fragment was cut with Ndel and HindIR and inserted into

NGB FRARGRIRE PHENRAT S 1 Eaam PRI HEwsY paiaredmbkifsthe
rhamlmse mmlhggrega&mw@mowmt(ﬂg gedhedhRose ﬁtthe,ﬁw:eaﬁﬁm e

s t tp d 2 B d

i e e et R e
am@umlmt@m&f&auﬁSWWm@g@@QOyﬁms(f?éﬁsifbrmwewme
Plesmit PRWR 2ReBrShokhe algﬁgu%w \A%%% ﬂ?%ﬁé%@a@éﬁ%ﬁﬂgﬁmi

and_Verified by restricfion analysis. E. coli was

tEABE TGS Repadity BYe BieH é@%&@%@t@@ﬁéﬁiﬁa@ﬁﬂ é@ﬂ(f/é@%@ g i
MigeiR-ELO BH JRIONe.d8:0 ¥eaStamnose induced strains Origami (pIKLE) and

W3110 (pTKLE)):

Plasmid Inducer 7h | 1ih [24h [24h
induced uninduced
Origami l :
pJKLE Rhamnose 5.24 6.86 10.54 1 2.60
W3110
pIKLo Rhammnose 2.73 5.34 5.2 2.83
Example 10

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

The scHv gene was isolated via PCR using the primers 5-8 (57-aaa cat atg aaa tac cta ttg cct
acg ge-3") and 3-S1 (57-aaz aag cit act acg agg aga cge-37). The corresponding S1 protein
contains a PelB signal sequence which is responsible for transport of the protein to the
periplasm of E. coli. The PCR-fragment was cut with Ndel and Hind{l and inserted into
Ndel/HindllI-cut pBW22 to create plasmid pBW22-pelB-S1 containing the rhamnose
inducible rhaBAD promoter (Figure 10). The sequence of the S1 insert of plasmid pBW22-



i0

15

25

30

extract, 5 g/l sodium chloride) supplemented with 100 sg/ml of Ampicillin,
37 'Cl were 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 30C. Rhamnose (O 5%) was added io when the
cultures reached an OD500 of about O.i. Samples (1 ml) were taken at

fgrent \yﬁ%dﬂﬁfﬂﬂs"i)?%@%féfﬁ .%{H%Bﬁ'k@%mﬁﬁ?%akgé%csmnmg

he frozen cells were lysed "according to the above described lysozyme

tréR e Sra e g et et E Rt Ry G TUBIE  BIstair g elfstaiarepeyes transformed
aﬂﬁh’%ﬂ(@sm}@ /%%?Oﬁé&ﬁé§gigUfﬁelébaﬁﬂgi&@@ﬁahéléﬁfie&ﬂﬂﬁhpfd‘i?@rﬁt clones and
protejn (mg/L/1 D500) was pro in t oluple protein fragtion, 15
E%mﬁ?eg% 1@%%%%%?@% Z ﬁﬁéa’gﬁﬁﬁl%ﬁ@?%ﬁ?ﬁ%ﬁe“’&5?@15&iﬂa 1ts capacity
plagmiduier Bl Sobesmand celated Pacieria hbéifalloWing cloming:, 5 g/l veast
experiments waigperformed [ Eaehelichia eolldMAo: Th2.0ieaki297 oc were
host-rahge cloning vector p BRIMEE ( Bl acd&SSion Aumber
URBTSE! \ Wds sulvithl #lgigisilycehe mediagdne drasitiedldtediand et al., 1995, 1.

replacad, fy dheseligonyeleatides 3802 (0t 183:619.6A0 9A1CEA @884 by Kulla et
tta—fﬁﬁand 3803 (5'-ceg gta age ttg gat cot gca gtt aac atg ca-3') to %et

pPAsrhid hIOEY PP PRIThe HhaR P rigHRsHWAS BroviiedBy 1 43mi was added
PG &Mﬂ@@@ﬁ@i@@hwﬂidmg@grb@%ﬁﬂ@«gmﬁ@w haRS fraemen(2: different

kb) of Escherichia coli 25 JM109. Plasmid pJKS408 was qut with

SBHRTOTbRT SHTGREAH PRSI e AL HoRaR gy ese eed
kb}atplasmidhp BESTE0d=fStitmp psdzyiddimaiBenAlteh bucigern dar(2004) insoluble
Ein nerv - -induzi ressionssystem fa
O T B P B Mot o e 51
fragpisentg/ koW isol ares nizdusest [7ribe it fiebintinsere SakiFg-plasmid
pJOE4030.2 and integrated into NsillHindlll cut 30 pJOE4776.1. Plasmid
pJOE4776.1 (Figure 12) contains the rhaBAD promoter region in

comPmRlsan with the genes of the regulatory proteins RhaS and RhaR of

thedhaninase oope ek efibscheniehia aafds 2 Hrradhoplakang g 2spid monas
b%c one. Etégirgple 12 Rhamnose induction of a nitrilase in shake
ERS ﬁwe fitffase gene was cut with Ndel and BarnHI from Piasmid

pDBL R (Kizic bzl 2005)mantd inseptethintodNu ElYBanitilacuti JM109. The broad-

IOE e o R R e e v
Agel/Nsil. The lacZ o gene was deleted and replaced by the oligonucleotides 3802 (57-tgt
taa ctg cag gat cca age ita-37) and 3803 (5’-ceg gta age ttg gat oot gea git aac atg ca-37) to
get plasmid pJOE4776.1. The rhaRSP fragment was provided by plasmid pJKS408
{unpublished) which contains the genomic thaRS fragment {2 kb) of Escherichia coli
JIM109. Plasmid pJKS408 was cut with BamHUVHindIl and ligated to the BamHI/ HindIIL
cut eGEP fragment (0.7 kb) of plasmid pTST101 [Stumpp, T., Wilms, B., Altenbuchuer, J.
(2000): Emn neves, L-Rhamnose-induzierbares Expressionssystem fiir Escherichia coli,
Biospectrum 6, 33-36]. The thaRSPmalE-eGFP fragment (4 kb) was isolated via
Nsil/Hindlll from the resulting plasmid pJOE4030.2 and integrated into Nsil/HindIl cut
pYOE4776.1. Plasmid pJOE4776.1 (Figure 12} contains the rhaBAD promoter region in
combination with the genes of the regulatory proteins RhaS and RhaR of the rhamnose

operon of Escherichia coli in a broad-host-range plasmid backbone.
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with plasmid pAKLP2 as an intermediate step. The plasmids were isolated

from different clones and verified by restriction analysis. Pseudoinonas

putida KT-2440 (DSM 6125, Deutsche Sarmmlung von Miltroorganismen

and Zelllculturen GmbH, Braunschweig, Germany) was transformed with

the isolated plasmid pAKLP2 from E. cojf; 10 XLIblue(pAKLP2).

Pseudomonas putida KT-2440 (pAKLP2) was tested for its capacity to

pm@gﬁﬁerligrilase Overnight cultures [in NYB medium (10 g/l tryptone, 5 g/I

yeast extract /I sodium chloride) supplemented with 50 g/ml of
%‘Hﬂ?@ﬁ‘ ‘gf’ﬁlgfé‘ RECREE i1 5BakE SPfEsh glycerol medium [as

dé‘ﬁembﬁﬁs&%&m tzagtcal. w1 9%/l mﬂlﬁwﬁﬁm@c&Ql@ﬁﬁﬁthﬂhﬁmd{ et al., 2005)

exc t|o S ti nbed b Ku la et 15 83

Arc W;C%Fg hﬁ &% % to an Ob‘ég) fﬁ%:% 1%%2 %mmg the

LLmammsei(d_uol%) m§éactsdmm@n(ﬂlg:eﬂlﬁ@be§ realé Edi s @DBB0mhsiormed
Qagrﬁidsp?ﬁ@i% & mheredake @t%g dﬁ%r&g&ﬁ{@@v{@% NASted from different

centrl uged and the pellets were stored at -20C." The pellets were

réSs e TP STM CSELH RS EBOLYAI, D148y aide m@fé@ﬂ@b@ﬁéﬁéﬁaﬁ%ﬂ 6125,

V".@E%t%%'}@ﬁﬂlﬂlﬁ§%f ABE & E@n%:‘h) ZHExampiet3 Lahemnesmschweig,
induction of a fragment antibody (FabM).in shake flasks The Fab- Mgne

WHETRHERit e é%%f%%‘ﬁ?m‘%}n PashirtpswessEibvPaldhsertegq £ ool
Inm@m&pmﬁd%%&? ﬂuiﬂ@lﬁme@amm% C@Mﬁalﬂjﬂg:s capacity

the L-rhannose.. 25 inducibl igure

Xflf uceevbnaté1 %%anr#)rme chf% plas |d Lé‘f as aré:.L mter to e 5 gt yeast
steprihé gVéawﬂdsrwéﬂ@nszam@fﬂmmmﬂemﬂm ﬁlaré@iaﬁﬂKsaaﬁﬁmfdlmy% °C} were
regiiciion, anglysis, PsaufornRnas Pulida K T-244Q taMiB 128, Deutsghe;gos 1.

Sanunlung von Mikroorganismen and Zelllculturen GmbH, Braunschweig,

GBS IaRSOICas FRCRISTsoT RS raiia pRee (B LfsADE by Kulla ot

calt. ﬁ@%@lu@(@ﬁlﬁi@%};@ ?u@wbmpwﬁ %}15184?49 £PAKIhLW@S: 30°C. -
te ted for i acit ro e Fab-M. Overnight cultures [in NYB_ .

T AT e S S T BRI GHaR 02s. Semles (1
suppleme mmﬁzmtbhﬁergimimé Kasrany cin 80 Ivere o gttt 28aatatd at -20°C.

9 (%g%)llrg? eg%%cg%sﬂ %%%Pgu rt S%t fléﬁgé%}(il%crl Cugi%luspmsions

the 4 exception e vitamin so
Kuﬂ%l?f’eitﬂabf,S&@S@, FrehE Migr@bigiel 85; 1)] to an OD60C of about 0.1 and
incubated at 30C. L-rhamnose (1.0 %) was added when the cultures
reached an OD600 of about 0.25. Samples (1 ml) were taken at different
tinke<aeVals, centrifuged and the pellets were stored at -20C. The

pelletrwaiR d estspendetdfiragment antibedy (FabM) in shale flasks
The Fab-M gene was cut with Ndel and BamHI from plasmid pBW22-FabM and inseried
into Ndel/BamHI-cut pJOE4782.1 to create plasmid pAXLPI containing the L-rhamnose
inducible rhaBAD promoter (Figure 15). E. coli XL1-Blue was transformed with plasmid
pAKLPL as an intermediate step. The plasmids were isolated from different clones and
verified by resiriction analysis. Pseudomonas putida KT-2440 (DSM 6125, Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany) was
transformed with the isolated plasmid pAKIP! from E coli XLIblue(pAKLPI).
Pseudomonas putida KT-2440 (pAKLP1) was tested for its capacity to produce Fab-M.
Ovemight cultures {in NYB medium (10 ¢/l tryptone, 5 @/l veast extract, 5 o/l sodivm
chioride) supplemented with 50 pg/ml of Kanamycin, 30°C] were dituted in 20 m! of fresh
giycerol medium {as described by Kortz et al., 1995, . Biotechnol. 39, 59-635, with the
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5 Tris/HC1-buffer (50 mM, pH 8.0) and the cell suspensions were

analysed via SDS-PAGE (Figure 16). Example 14 Single chain antibody

expression using an Escherichia tali secretion system in high io cell

density fermentation Escherichia, calf W3110 was transformed with

plasmid pBW22-pelB-S 1. The plasmids;;were isolated from different

clones and verified by restriction analysis and one clone was used for

fetber @xpetimenisi P wictitures dasshake HlaBkiwere:inasaiateetirdiicrobiol, 135,
ingle c ies in Lonza's batch phas jum. The pre-culture was .

R ol P90 L8 TAFRANEGR. Cells ard e A ded when

Ltbnzalgitig heeeied emsitipferniertation YegimeplSdnmplbsyd® mipofutheiferent ime

ﬁ%@%ﬁly%5%“{%‘%@@&%@@?%&%6@9 g%%elaegto—rz%%‘.df%g%llg;?%@?gsuspended n

nduction. Cells Were separated from fermentation medium

cBRtATGgaNsiats A oDbmE SHIHEmedsisotuaenpesTh ot iiecelt ffbs-PAGE
f tagipn medium show a protein band at 28.4 1cD with increasing

density This protein is the single chain antibody 20 Sl released from the

growing culture into the fermentation medium. A quantification of the Sl
pRtgipRontent with an Agilent 2100 Bioanalyser (Agilent, Palo Alto, USA)
indicated an accumulation of.up to 2 g/L/100 ODG00 S1 protein in th S,
OB BT T R P RSt ee FaSh ey in e
theliodtinpelidtrthenitigoluble protein pellet contained only traces of the Si

PEQISIN whereas e Seluble pratain fractan, (SubsiRalarth29, showedrd: piasmids
strong S | protein band, corresponding to about 1 g/L/100 OD600 (see

Fitfare SRy ied ran AINRSNL AopseBideypiassiBleriachiost Eehipfisiy ac clone was
prRERotsF regian eretaklydinkesbio,auttanscrplionaldnikeRMAKSINg.a) Pom single
nucleic acid sequence which is heterolor% us to said host b %Lranslati nt 20 1
FHEISERAS PEgioP iy B A PP ot B SRIHE HABIAT SN o At = 20 T
trasnseriptior@lunitesaiddransiatidminitation sadion cehsistisigy déthentation regime.
seqguence AGGAGATATACAT (SE NO..2), whereas said translation fi
in%Itla}?ger]Sr 1gloﬁlﬁs ?;%r;etﬁngy inked Iogs]%lgléﬁ%uaéle%g\%lgat gglqeugﬁéne% agﬁgthe and‘ e
exipressisrimlissichn (el cratic seyaien deols domroiiddbysaidmorp srptafugation at
region2e THeyvecionafelaint L. whereidsaid-niometer tegioRis e edium show a

rhaBAD promotéer reglon ofthe L-rhamnose operon. _ . .
- protein vand at 28.4 kD with increasing density .This protein is the single chain antibody

St released from the growing culture infe the fermentation medium. A quantification of the
S1 protein content with an Agilent 2100 Biocanalyser (Agilent, Palo Alto, USA) mdicated
an accumulation of up to 2 g/L/100 ODgy S1 protein in the fermentation broth after
thamnose nduction. Afier lysozyme treatment of the cell pellet, the insoluble protein pellet
contained only traces of the S1 protein whereas the soluble protein fraction (supernatant)

showed a strong S1 protein band, corresponding to about 1 g/L/100 ODggo (see Figure 17).
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3. The vector of claim 1 or 2, wherein said transcriptional unit further
comprises a signal sequence operably linked to said nucleic acid
sequence. 4. The vector of claims 1-3, wherein said nucleic acid
sequence encodes a polypeptide. 5. ;{fe vector of claims 1-3, wherein
said nucleic acid sequence encodes an antibody. 6. The vector of claims
1-3, wherein said nucleic acid sequence encodes a Fab fragment. 7. The
r of claim 6, wherein the heavy and the light chain of said. Fab
fragment are encoded by a dicistronic transcriptional mnit, whereas each
chain is operably linked to said signal sequence and said translation
initiagi [ -8 A me r pr in ide in sty
comra e L e R AR SR MR hined 10 o
transtoweing enprokeryatptsort with said vector, ¢) allowing expression of

said;polypenfide 10 2,68l SIS SYSiq I URASE SHIADLE; gogitions, d)

recovering said polypeptide from the cell culture system. 9. The method of
clairh}8, wr?evr@a@%h@lpwﬁémia@@rbm@m% o FebifiagmenoinRebaganslation
the heavy %F‘%‘AJ@m&@aﬁﬁﬁ&ﬁi%Eﬁ?af@g%h%héﬁ%%%%ﬁ%%h%%'Hsﬁﬁﬂg of the

culture system in equal amounts. 1/3 LP2038PCOQO _sequerice listing.txt

SEQUENGELRTNG @A PORZA REERIRBAJSYS AG <120>

Rhamnose prgmoterexpreasianisysien it B8 ERI80%H nucleic acid
<170> Patentln version 3.3 <210>1 <211> 129 <212> DNA <213>
Escherichidseggnce and the expression of said nucleic acid sequence is controfled by said

promoter region.

The vector of claim 1, wherein said promoter region is the rhaBAD promoter region

of the L-rhamnose operon.

The vector of claim 1 or 2, wherein said transcriptional unit further comprises a

signal sequence operably linked to said nucleic acid sequence.

The wvector of claims 1-3, wherein said nucleic acid sequence encodes a

polypeptide.
The vector of claims 1-3, wherein said nucleic acid sequence encodes an antibody.

The vector of claims 1-3, wherein said nucleic acid sequence encodes & Fab

fragment.

The vector of claim 6, wherein the heavy and the light chain of said Fab fragment
are encoded by a dicistronic transcriptional unit, whereas each chain is operably

linked to said signal sequence and said translation initiation region.



<220> <221> misc_feature <223> rhaBAD promoter <400> 1 caccacaatt
cagcaaattg tgaacatcat cacgttcatc tttccctggt tgccaatgge 60 ccattttcct
gtcagtaacg agaaggtcgc gaattcaggc gctttttaga ctggtcgtaa 120 tgaacaatt
129 <210> 2 <211> 13 <212> DNA <213> Escherichia coli <220>
<221> misc_feature <223> Translatiof intiation region <400> 2
aggagatata cat 13 <210> 3 <211> 1616 <212> DNA <213> Escherichia

coli <220> <221> misc_feature <223> Seguence containing rhaB
 profdI R A A 00 Jalg e
acaajtcagcasatigtyac catcatcdciettoatctitc cctggttgcec 60 aatggcccat

ttecigiea giaacagan qoieaenaalisagaodet iadactgo 120 togtaatgaa
caattcttaa gaaggagal%t caaatgaa aaagacagct atcgcgattg 180 cagtggcact
ggctggtttc gitacogtaymgeagyceqatatcpaapty @b oagecgeli240ltuttcagigay under
cgttgcacca ggicagaceg cgegtatcte gtgtagegge gatgegetgg 300 gegataaata
cgcgagctgg taccagcaga aacccgggca ggcgcecagtt ctggtgattt 360 2/3
LP26B8POB0osetese fistimgnite from the cell culiure system,

The method of claim 8, 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.



atgatgattc tgaccgtccc tcaggcatcc cggaacgctt tagcggatcc aacagcggca 420
acaccgcgac cctgaccatt agcggcactc aggcggaaga cgaagcggat tattattgcc 480
agagctatga ctctcctcag gttgtgtttg gcggcggcac gaagttaacc gttcttggec 540
agccgaaagc cgcaccgagt gtgacgetgt fiecgccgag cagcgaagaa ttgcaggega
600 acaaagcgac cctggtgtgc ctgattagcg acttttatcc gggagcecgtg acagtggcct
660 ggaaggcaga tagcagcccc gtcaaggcgg gagtggagac caccacaccce
tccaaacaaa 720 gcaac%%Fgg@&gce%gggc%gqggg%tc. {gagcctgac
gcctgagcag tggaagtccce a3k cacagaageia cagctgccaa gtcacgcatg
<11999gagcac cgtggaaaaa accgttgege 840 cgactgaggc ctgataagca
tgcatageag waagtaaaat gaaacaaagc actattgcac 900 tggcactctt accgttgctc
tcacccctg ttaccaaagc ccaggtgcaa ttgaaagaaa 960 gcggcccggce
<12(%ctg§f8§§%%c ?ggcggaeécgég'[gggg’é@& Seciftacc tittccggat 1020 ttagectgte
<13Gacgittgge/gttagegtgg getggattcg ccagecgect gggaaagecc 1080
<1g8cgagtggct ggctctgatt gattgggatg atgataagta ttatagcacc agcctgaaaa 1140
cgcgtctgac cattagcaaa gatacttcga aaaatcaggt ggtgctgact atgaccaaca 1200
<L78ygatEettggatatgyee atctattatt gcgegegtta tectgttact cagegttctt 1260
<21@tatggatgt ttggggccaa ggcaccctgg tgacggttag ctcagcgtcg accaaaggtc 1320
j’%%?a%ﬂfﬁtgtt tccgcetggcet ccgageagea aaagceaccag cggeggeacg getgeccggg
<213:38@ sgrtgeetggt taaagattat ttcccggaac cagtcaccgt gagctggaac
agcggggcgce 1440 tgaccagcgg cgtgcatacc tttccggegg tgctgcaaag
<276agcggcectg tatagcctca 1500 gcagcegttgt gaccgtgecg agcagcagct
<22faggoastcasgacctatatt tgcaacgtga 1560 accataaacc gagcaacacc
<22 3madiyga RERAGgga accgaaaage tgataa 1616 <210> 4 <211> 1639
<408212> DNA <213> Escherichia coli <220> <221> misc_feature <223>
caceRtience EoAtaiiAg HTABAD Prorhoter And IARSAATIIE L aFfeRatoac
ccamalzdMHyEddoe400p doategatepceacaatifeg watatiglgns calpatgacy
tgagtggggcttc cctggttgcec 60 aatggcccat tttcctgtca gtaacgagaa ggtggcgaat
tcaggcgctt tttagactgg 120 tcgtaatgaa caattcttaa gaaggagata tacatatgat
<21g§1ttabctctg cgcaaacttc 1S0

<211> 13
«<Z12> DNA
<213> Escherichia coli

&0
120
129

<220> )
<221> misc_feature _
<223> Translation intiation region

<400> 2

aggagatata cat i3

210> 3

<211> 1616

<Z212> DNA

<213> Escherichia coli

<220
<221
<223>

.misc_feature

seguence containing rhaBAD promoter and ompaA-VL3-CL and
phoa-VH-CH ‘

<400> 3

atcgatcace
aarggcccat
tcgtaatgaa
cagtggcact
cttcagtgag

gcgatraaata

acaattcagc
tttcctgtca
caattcttaa
ggctggtttc
cgttgecacea

cgcgagctag

aaattgtgaa
gtaacgagaa
gaaggagata
gctaccgtay
ggtcagaccy

taccageaga

catcatcacg
ggtcgcgaat
tacatatgaa
cgcaggocga
cgcgtatote

aacccaegoca

ttcatcttic
tcaggcgcott
aaagacagct
tatcgaacty
grgtagegge
ggcgccagty

cetggttgec
Tttagactyy
atcgegattg
acccageege
gatgrgetyg
ctggtgattt

60
120
180
240
300
3580



ctctggeggt tgcecgtcgea gecgggcegtaa tgtctgetca ggcaatggct gatatcgaac 240
tgacccagcc gecttcagtg agcegttgcac caggtcagac cgcgcgtatc tcgtgtaacg 300
gcaatgcgct gggcgataaa tacgcgagct ogtaccagca gaatcccggg caggcgecag
360 3/3 LP2038P000_sequence listigng.txt ttctggtgat ttatgatgat tctgaccgtc
cctcaggcat cccggaacgc tttagcggat 420 ccaacagcgg caacaccgceg
accctgacca ttagcggcacl_tgﬁg%ggggg&&(g‘a&gggggt@ | aftattattg ccagagctat
gactctcctc aggttgtgtt tggcggcggce acgaagttaa 540 ccgttcttgg ccagccgaaa
ategeeGeacsgaiEigaceer YiivEEccg HwicagEh iy BO0 TaatiFraggeIce 420
aca@RRGAAGCERECEI0AIGE arcloaliagegaciiialcragaraecyd e 1gacagions

R R R T

agcZ8Gapytyrasgie Traragaagtdacagelycoaggoatgeatyaggggagosa 600
acaﬁ%@g@@@%gﬁaegggg%gg%%@%Q%%tgﬂ {%ng%tgﬁgtcct 660
atacatatga aaataaaaac 900 aggtgcacgc atccfcgcat %a ccgcatt’aacgacgatg

992 3aBtRiEcPECRY Gt D0 28gEee gy et Saatr aafiged§Eeaaggedctggig®
gca RRACEHARCE RARCCCIYRE 020 Cetgqeetghacetiticsg gatttagecl@tccacatelo

S AP RIS ABSHOATIe-P LA G e SHERoE LN e

Coa gaeatayC aERgataclt CyErantea:k 200 g LRpyCigRa clatyacT@cac
tggARAggaceLQ9lggatacy gecacetatt attgcgeg CQc%%%%cﬁ@%‘%%&%&ﬁégcg@ 60

cttatatgga tgtttggggc caaggcaccc tggtgacggt 13

9C0 6 GRS Ct SHTHRC eI R CHAR Cof araagcaR T 380 Cal EHLTE .
tragoggeigececdgggrigcst ygitaaagaidatticonny aaceagteac dudd@asgtgagcioen
g SAAREIRY Gaglgaceag. codaatacat acetiiccgg cogtgetoca 1500, .,

900

agctcagcg tcgaccaaa

102

1140
aagcagcggc ctgtatagcc tgagcagcgt tgtgaccgtg ccgagcagca gcttaggcac
CocqBETRfcAFHEIAE A GRAREY (JARIEG! aetgefeang atcanRrRftgrica 1200
tggaagnaagi 20 cg0aacaaadaagetdataalbd9crgrract cagegttett 1260
atatggatyt ttggggocaa ggcaccotgg tgacggttag ctcagcgtcg accaaaggte 1320
caagcgtgtt teccgcetggot ccgagcagca aaagcaccag cggoggcacg gotgecctgg 1380
getygectyggt taaagattat troccggaac cagtcaccgt gagctggaac agcggggege 1440
tgaccagegy cgtgcatace ttioccggegg tgctgeaaag cageggectg tatageciga 1500
gcagegttgt gaccgtgecy agoagoaget taggcactca gacctataltt tgcaacgtga 1560
accataaace gagcaacace aaagtggata aadaaagtgga accgaaaagc tgataa 1516

<210> 4

<213i> 1639

<212> DNA )

<213> Escherichia coli

<220>

<221> misc_feature

<2Z3> Seguence containing rhaBAD promoter and JamR-vi3-cL and
malE-VH-CH

<400> 4

atcgatcace acaattcage asattgtgaa catcatcacg ttcatctthc cctggttocc 60

aatggecoeat trtoctgtca gtaacgagaa ggtcgcgaat tcaggegett titagactdg 120

tcgtaatgaa caattcttaa gaaggagata tacatatgat gattactctg cgcaaacttc 180

ctctggegot tgccgicgea godggogtaa tgtctgetcea ggoaatgget gatatcgaac 240

tgacccagee gootcagtyg agogttgoac caggtcagac cgogrgiatc tcogtgrageg 300

gCaatycyget ggocgataaa Tacgegagct ggtaccagea gaatcccggy Caggogrcag 360



ttetggtoat
ccaacagegg
attatiatty
cocgttettog
aattgcaggce
tgacagtoge
cctccagaca
agtagaagte
aaaccgtigce
aggtgcacge
cgcccaggty
cctgacctot
tcgecagecy
gtattatage
ggtggtgerg
tratcergtt
tagcrcageyg
cagcggcgac
cgtgagcetay
aagcageggce
tcagacctat

gyaaccgaaa

tiatgatgat
caacaccycy
ccagagetat
¢cagccgaaa
gaacazageg
Ctggaaggca
aagcaacaac
ccacagaagc
gccgactgag
atcctegeat
caattgaaag
accttitccg
cctgggasay
accagcctga
acrtatgaccs
acteagegrtt
tcgaccasag
acggctgecc
aacageaayy
ctgtatageco
atttgcaacg

agctgataa

3/3

LP2038PCO0_sequence Tisting.txt

tctgaccgtc
accctgacca
gactctocte
gcogoaceyga
acccrggtygt
gatagcagec
aagtacgcgg
tacagctgee
gcctgataac
tatccgeatt
aaageggecc
gatttagect
cectegagtyg
aaacgcgtct
acatggaccc
cttatatgga
gtccaagegt
tgggctgect
cgctgaccag
tgagcagegt

tgaaccataa

cetcaggeat
trtagoggrac
aggrtgtott
gtgtgacgcet
gectgattag
ccgtcaagge
ccagcagceta
aggtcacgca
tgcaggagat
aatcgacgatg
ggecctegty
gtccacgtet
gcrggetetg
gaccattage
ggrdgatacy
tgtitggggc
gettcegety
ggttaaagatl
cgdcgtgeat
tgtgaccgty

accgagcaac

cecguaacge
tcaggcggaa
Tggrggcggc
grriccgeeg
cgacttttat
gggagtggag
tctgagectyg
tgaggggage
atacatatga
atgtittecy
aaaccgaccc
ggegttggcy
attgattggg
aaagatactt
gccacctatt
caaggeacec
gctccgagea
tatrteccgg
acctttcocgg
cegagoagea

accaaagtyg

tttagcyggat
gacgaagcgg
acgaagttaa
agcagcgaag
ccgggageeg
accaccacac
acgcctgage
accgtggaaa
aaataaaaac
coteggetct
aaacccrtgac
tgggctggat
atgatgataa
cgaaaaatca
attgcygcgcy
tggtgacggt
graaaagcac
aaccagtcac
cggtyctgea
gcrtaggeac

ataaaaaagt

420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1639



