WO 2011/ 018377PCT/ EP2010/ 061195 1 Fernentati on process The present
invention relates to a fernentation process that allows inproved cell

growt hs awno 20mpnesred pol ypepti de expression i n prokaryotice/gresio/oeabss. In 5
particular, the present invention relates to such a fernmentation process
for culturing prokaryotic host cells conprising an expression vector

encodi ng a pol ypeptide under the control of a mannose-induci bl e pronoter.
Fernmentation processes for culturémieritglidrspdces¥ery inportant in the
production of 10 active substances for biological and pharnmaceuti cal
applications. In particular, such fernmentation processes should be suitable
to achieve ! RfedRSlehPRvEMRELARES ik RHALAEHENBBANhbEIBRSAPrIEaEL| C

use, such as clinical or commercial use. 15Various strategies have been
devel oped f olrewths ednichdgmaeneved fRatirentide gxpesssiopnirorakagyotiar st giby fiept i de
by cul turkng y Ik '§g¢ﬁg S I lkei ¢ acid
sequence gncgﬁlng %?ﬁ%ﬁgﬂgﬁﬁggﬁ H§P§%g%§§g%. efexpfgéﬁégh (%%ggﬁgncy
strongly dep@ntﬂylwnptdkéth@rf@EtepemeQMDn%m ranl exEResiers yieotor encodieg rauc! ei ¢
aci d Seq“encg @g&lf?t eP‘E e%) tr%f’% é@é&ﬁ&’&d 5l€ rc%%th particul ar,
pronoters ar ave a ranscrlp Ion rate allomnng
production of a high copy nunber of the target polypeptide. Further, in a
fernmentati ongprrgc 8Sfor &1 IS K c|)rralﬂ e Cet atrheeex re asnl,[onn,[hof (t) ueC,ut arget

pol ypepti de ¢af beCal ‘8198?? 88 Gving b el "EXPPESEN Ch e e "8t RT eved,
for 25 e@anaktve bybstqresealfbry biolagicahgnd beamnﬁeetmla@ptibaﬁlequelnqmrtmmmdl ng for
the target pol ypeptid 0 an i nduci r.onot whi ch tart ex pres ion
onty in'the’ SHEEREBSTRIGh HiptdAPS TAHEAR MRSt A Le a e PBFEE aci d
sequence t hatsubstabdecin duffizignt gLgntiic8 tordbraidbiauyes sedrcaddlingaf @fcdnhﬁert:@r get

pol ypepti de &;tructural gene) to be transcribed. 30 In particular, the
present inventfon relates to a fernentation process maki ng use of new
vectors for the heterol ogous expression in a host conprising a pronoter

regi on of the mannose operon operably |linked to a transcriptional unit
conpri si A9 \ﬁUQP%FEmﬁ@Pﬁh§€ﬁﬁ@ﬁ&€e€ﬂﬂﬁﬁtwga?@?wﬁgEﬂﬁﬁﬁﬁﬁtpﬂ@esﬁﬁ%PEas t he

WO 2011/ 0183?!7&%49%?@64%&)%&9% 2cmﬂ?&ﬁﬁ§5§ﬂoﬂﬁry8f|c Sdstl sus! BbmpAGhd §rpquence
is controlled by said pronoter region of the nmannose operon.

Sui Labl 6 1 naGEbIesRbENBUGHIB AN SCABeTS PYedEts Rmdina Pk AReOHdnST ption
of the 5str U%B(leegjsloﬂeeﬁlmehg)?ugttc%’ gr CRpehfs U&qefhen%b%? \Qﬁlclﬁ)oébﬁtto\(se

control. In negative contr . essor 1s bound to the pronoter and
prevent s t he exprgasion opthegnictsic adid sequance gneddingfes the farget palypewtide. i nducer is

present, Hphe ?Qﬂiu‘é&l?ﬁ grdrﬁot@?‘s%%‘d‘é@ﬁ&djwﬁi%ﬂ hta(/ég%‘fgw tgértsgﬂpt‘io% r?té Qg 10 10

p05|t|ve I nduc ter 1s activated u an acﬁivator
wher ei n bi ndipngdusfion bia alghlcway oumber ¢fHike FBTWItmOdeedeeredl ated by a suitable
i nducer.

Further, in a fermentation process it is desirable that the expression of the target
polypeptide can be controlled. Control of the expression can be achieved, for
25 example, by operably linking the nucleic acid sequence encoding for the target
polypeptide to an inducible promoter which starts expression only in the
presence of a suitable inducer.
A promoter is a nucleic acid sequence that enables the nucleic acid sequence
encoding for the target polypeptide (structural gene) to be transcribed.
30
In particular, the present invention relates to a fermentation process making use
of new vectors for the heterologous expression in a host comprising a promoter
region of the mannose operon operably linked to a transcriptional unit

comprising a nucleic acid sequence encoding for a polypeptide, whereas the



Typi cal inducers can be substrates which the prokaryotic hosts require for
15met abolism for exanple, different types of sugars. The present invention
rel at es twoposidigarel y i nduci bl e systens, wherein in thepprarenossnabs a

sui tabl e substrate, i.e. inducer, an activator binds to the pronoter which
initiates transcription of the genes operably linked to said pronoter. Up
to now, nost heterol ogous gene expression systens in prokaryotic host

syst ens have ekplessioh @X ehidshurdiy a6id stquimdd Bopeblled by ssitl prombtep Fayidt er s.
Consequently, _al so the nunber of substrates, which can be used as inducers,
is limted a® {8 ManME$eiREFON-t he yiel d of a heterol ogous expression system
depends on the nunber of transforned prokaryotic hosts avail able. Thus,
prokaryotic host systens are required that are able to grow to a high cell
density, thatBVi %J,'taéﬁI'QﬂHCF%Eheﬁ?rﬁﬂnp%isa‘%qt%ﬁteﬁ/iapﬁ(ﬂl?W‘F Bwsirangcntionddieor on
cel | divi§i ORyyRUFATBENe. MdUdSn CAY BEUEr nedafitd busdsitleRbRIFGr Yot i ¢ host cells
transfornmed with new vectors conprising a pronoter region of the nannose
operon operably linked to a transcriptional unit conprising a nucleic acid
sequence whi j : 1 t e ?e?ﬁé of said
nucl ei ¢ aci dqrgedc? 8&&%@@?5\? ?%r{eﬁsecga%;b %@?d’%%&@&%ﬁ%‘?ﬁéo tﬁrfab man
nose operon. trapewintdpmgf the sirugturaliogsok af assijjele indugepis @sesent, ithey epressar

provi des a pt i C i.al host cell which process allow

t he bacteri allé)ﬁg(;ass,ctﬁvgctgﬁ Fﬁyl(t)rtagé(g@g?ﬁ%h%”g%géll density. 10 Also provided are
the use 60 said new vector for the regul ated expression of a nucleic acid
sequence in pr Yot | ; i t ri.f . ucl ei cid
sequence exprblsre Ronalt wrigler &t AsTEeET SrBH A MiEs: 8L P mnnose
operon; a prekersgiothicdihgstf the asgivatored the tgrosated iv aotdiatedr by a duitadhtd at ed
and 15 puritr%Ped nucl eic acid sequence; a nethod for producing a

pol ypepti de iMfU%host usi ng said vector or said isolated and purified

nucl ei ¢ aci d Typigdie mo@cerdscakloe asbstraesusmicaftha piokkgoy©hostshesjuiré rfansf or med
with saiﬁi vect or s?i diso atﬁd ang purified nucleic acid sequence in
fermentatPon ™ ﬁb‘g'é'int K GramPien Pt HOFP Ch&YEASy fermentati on. 20 Ot her

obj ects and advantages wi || becone apparent to those skilled in the art
fromreview of the following detailed description with reference to the
acconpanyi ng eI RI§EeHt iNVRNION giglades 1o RasitivRly diqusiiie gYRiFas myheratpin dfe

description QfedeRBe bf 84URSDIE Subsira?dQWNindlcdr, EHB8tivatdMSn W@ tRb Gréthotar
sequence fromB.subtilis used in the mapping the 30 transcription

0
initiation siwhichdpitigigatrapp@intieeef hietgenenoreieliydivkedhia id Biogiatesi te at an
adeni ne pygcl eoti de being highlighted, the deduced -35 and -10 boxes in
italics, the end of manR and start of |ys gene marked by arrows and the
restriction $in &s nBy/ IMost Xisigrologeuss ganeyxbrasaiger syistesp in prakagiotie host he

nucl ei ¢ acid n fook r ~Legi ap; i S R er with
The trancori Sirantorayy eiqlt SERERLGY ok °d AREPTRY ol BoPRApRERTBEE! el

t he deduced LCrosequentigsalsmibesunsianf substiatds, abjchtdas kst uged asfinduersiis R gene
bei ng i ndi Caﬁi%ﬂe@%s%l arrow and the Hndi!l restriction site and 5putative
cre sequence berng undérlined; Figure 3 the nucleic acid sequence obtai ned
fromB.s@btilis conprising the pronoter region of nmanR pronoter as

contained in N291.  pSUN384..1 and pSUN385. 2, respectively,. with the start
of | acz. bei ng A ks By SerareR b8 RPEREoR sy bR it blitey
under|ined; bORagsfoemdd pbrokaplotis Mostsnajailatle t Tieuse YpslkasgitiohogesystempSkdN 279. 2
according toréqhuelregr %%?ngrel ant\)llgn oI %Pdw to a high cell density, that is, allow fast
proliferation without loosing the vector on cell division.
30

Summery of the invention

According to the present invention these and other objects as will be apparent

from the following description have been achieved by a fermentation process for



Figure 5 the 13-gal actosi dase activities of B.subtilis 3NA containing the
pl asm ds pSUN 279.2, pSUN 284.1 and pSUN 291, respectively, according to

t he presewd 20nvasd77on; 15Figure 6 the nucl eic acid sequeactapetmasnes from
B.subtilis conprising the pronoter region of manP pronoter from B.subtilis
including the C-termnal end of manR, tIge intergenic regi on between manR
and manP, here replaced by reporter gene lacZ, with the transcription start
site, the -3umithg foQ)kbqpoes Hast n@ll$ rrapefcdimey peith trieey @Betorf cmpﬁéua@w st art
of lacZ bein |nd|cated _y an arrow and 20t he FFStFICtIOH Si.tes FEI
under | i ned; BFIYOPE" PANEOTEE JRANNOPS SPALELRERRIY, 180 Gr rafSEliBtaney 4nisna

contai ni ng t kem h§iﬁ§bd1d@@+%@c78e%e®%e\0mldh idhefrolbysddersapl RSt wiseret ai ni ng

fragnents of different |engths the nucleic acid sequence shown in figure
6; Fi gur et tePi%re§§Q@af?faﬁ?ﬂ%é‘i’a'ﬁ@ea%‘\’:tslew?r?c@s'So‘fonﬁog%tbyI §ad BRMUBhpri si ng
the vectoss ZopsdRHL manrdiB8febnand pSUN345.2 with the nucleic acid
sequences as shown in figure 3; Figure 9 the plasm d nmap of expression
vector pMN 168.1 according to the present invention; Figure 10 a di agram
with the resycto@ing €a HARMA & P@&' ﬂhbtﬁfeéeﬁﬁtm@ntlgw (?eisla'd?oc"&g faubtilis
3NA with the procegta portion o |'s contal ning asm d being

pl otted over cuﬁerlngmﬂ@éeﬂabhosje:ﬁﬂzm@tqhmfgces&%gwébe mactstbalmsmeﬂg@a;w §hovm ng

| ogarithm caly H% éeheae%lw bi omass concentration plotted over the duration of
fernentation runs 1 to°4 and diagrams 5 with the fluorescence signal (RFU)
plotted &0er the duration of fernentation of fernentation runs 1 to 4; and
Figure 15 an 6 i f ver the
duration of ?\ Is]o 'Ircl)p gj ?oaﬁg?) er;r%%{lgtnlelévﬁ%rcﬁoﬁgggﬁgn%bgg%g %@?éstsréﬂﬁ
description @nclermealmmntenomlrwa; pmﬂxed/ohehestnan tsb@téobdmobpwrrﬁgddmbiem ddidbns are
supplied in qgrder to faci b itate hg undetstanding resent invention.
10 A "vector SS%‘?”&&?’%’(%SSI e b AOPH CEPPISING, P I RTBIeT r%%'?%r‘* & ME"BRS nucl ei ¢
aci d const r ucheraperepakedgotie tosbirassidinedowits ywaid egdtoabl yaidwsblhted st i es of
specified_pol ynucleic acid elenents that permt transcription.of a

o t1 cul 39 naLniee idpl Sk SRaERcr e ook BlacuoRi Ry RPUEIT & ek o
includes a trgmgdaididdctstadr sar |‘é0l&@d@fdﬂﬂ6dﬂ$lbﬁl®ualel@8a"dld @édu@hc@tazﬂ weélcagci d
sequence to he transcribed operabl ed to a pronote vec

expressi bl e i 45hBE? p&%ﬁ”%“’é‘(’ét trérr‘lsf%”ﬂ%\’y%ﬁé'ldy"e(ﬁor%Isfa'dr'éﬁ'?fecda?ri%g

plasmd, a cogffiéh ndclBBa@Ry seuéhEdith RIrmantaBbh, M igaktfulal e highr 8 deney
"host ceII and 'reconblnant ost cell" are used 20 interchangeably hereln

to indicate PrEskiPPotic cell into which one or nore vectors or isolated
and puribped nucleic acid sequences of the invention have been introduced.
It is understood that such ternms refer not only to the particul ar subject
cel | but al s®ther ehiectprpgeasyanieopdidhbecampporria)t ©f theer vkiled il the Because

certain modi fiGAt Lo TRYHAC tMlowitl SHESRANIRGHRDRT Fih ORFelHE t @id her

accompanying illustrative figures, and the attached claims.
25 Brief description of the figures
It is shown in

Figure 1 the nucleic acid sequence from B.subtilis used in the mapping of the

30 transcription initiation site of manP promoter with the transcription start site at an
adenine nucleotide being highlighted, the deduced -35 and -10 boxes in italics,
the end of manR and start of lys gene marked by arrows and the restriction sites
Bglll, Xbal, Aflll and Ndel underlined;



25 nutation or environnmental influences, such progeny may not, in fact, be
identical to the parent cell, but are still included within the scope of

t he t er mwe s@dsirer ei n. The term "conprise" is gecemekéiyosses i n the
sense of include, that is to say 30permtting the presence of one or nore
further features or conponents. "Pronoter"” as used herein refers to a

nucl ei ¢ acid sequence that controls expression of a transcriptional unit. A
"pronoter regigure 2 shenl€8id| RIDEYqURGE W thapadhetepredibm domPrish\ maiRy/ mer ase
inacell and initiat] ng% transcription of a 6 downstream di rection)
codi ng sequemEANOR (Wi the ransemritonr siaslgistia i BN %‘éarFr&ﬁJer‘Ck}PB‘f‘%rti?"!ﬂ ndi ng

domai ns ( CON$RMiyfed CMEEAERRLATGEPANSLIY Boked béiRg nb'rt'éﬂésngh@fstéﬁ\'éf el yer ase
such as the puta ive -35 box and the Pribnow box (- box). Further, the

pronot er regiATAFNE RHIG Bicalrd by s airpytansh thet rftd”blrQSé”CE'QﬂoP”Bl #l ng
sites forgr e%ﬂheﬁr,grcye q%ﬁéené‘ﬁﬂ? VR§&RS&: operon” refers to the mannose

operon of Ba us su ee genes were identified in the mannose
operon (KunstFigureN3 te¢ raiclejc ‘adid esenpiepte tobtaimath frems Bquudlilise cohprgirgntiposi t i ve
bacterium Bacillus subtilis”" _Nature 10390 97 The
First gane mmiCeRERLY! Tepaitbtble s PR BN oSt Al por o)
t hat bel ongs pSOUN3ss.Z, rreweomeer;pemmetae stdraof byZ bding isdcnad bgeanerrowady
encodes a mannose-,6 ate is se whereas the function of the third
gene, vyjdF, irée'i?rﬂ{% S't % eéfﬂ? tn the sane orientation of these

15t hree @@neﬁglﬂrer@melpaésﬂr.ar N thd®PResdich | Qe FEUNDTS D ceslamdftethdBnR,
the activator of the man nose operon. The mannose operon, consisting of

t he three gerﬁ’é%seﬁhﬁperﬁt%ﬁA-yj dF (in the following jointly referred to
n Pll ,
man ‘#‘kﬂf‘r& 5 e Bcﬁéléﬂ%dé’ie é&ﬁutu@@%PB@u%HP& :ﬂ(lA 2OMBInGY thE S8 fash %ﬁse ¢ or

posrtlvely re ated. 'A ronoter, pronoter, 1S Tres

t he expressi @lSUcN 2fARIWa 284 9 %@lsmﬁiﬂhl @91f®SDMMﬂ|M5@GCd€bm1t¢ethe presgott i on of
t he nanP- pr or The manR pronoter region further conprises a catabolite

regul at or pro | n rbl nding site (catabolite responsive elenent (cre)) of the
manR gené5 2Figuteeé stleerumrcteei acidfmcmehce abtairnd de froma Bi sdibsksq uempesihg tiad ed

upstream (5 direction abol | ene cre ence bin
chtabol 1t cPER IePhmeeRRySRPEs drrt R bl BEGPBA BT Coremeal b i o
gene in carben maiRbekiihRrdetiy esgidrdBelwdeR) masl N manpt 0B8RS edpldedi Bns of
t he mannose operon” are neant the pronpter regi ons which regul ate

expr essi on ofeRALIgPIgae (a4 Wi the trapsarPlient platSTigi hRoS? 2Phe! L Pexesfifthce. 7

The "manP pr ¢{/Bfypedthd @Fu%f ﬁrénhoanfae;t&r Bf Ea@%@n@%dré‘éteb 89h dritfv artP
region, the Pri bnow box, and the ManR binding sit

20  the restriction sites being underlined;
Figure 7 the B-galactosidase activities of B.subtilis 3NA containing the plasmid
pSUN 279.2 as well as of further plasmids containing fragments of different
lengths of the nucleic acid sequence shown in figure 6;
Figure 8 the B-galactosidase activities of B.subtilis 3NA comprising the vectors
25 pSUN291, pSUN384.1 and pSUN345.2 with the nucleic acid sequences as
shown in figure 3;
Figure 9 the plasmid map of expression vector pMW 168.1 according to the
present invention;
Figure 10 a diagram with the result of the plasmid stability test of pMW 168.1 in
30  B.subtilis 3NA with the procental portion of cells containing the plasmid being
plotted over the number of generations;
Figures 11 to 14 diagrams showing logarithmically the dry biomass

concentration plotted over the duration of fermentation runs 1 to 4 and diagrams



The "manR pronoter” as referred to herein conprise at |east the putative
-35 region, the Pribnow box, the ManR binding site and, optionally, a cre
sequence.wb 2xmmssTose al so referred to "mannose” is a 2pepirPeo1006119$ ucose
and present in mannan and het er omannan pol ysacchari des, glycoproteins and
nuner ous ot her gl ycoconjugates. 10"CcpA’% nmeans "catabolite control protein
A" which is a global regulator protein and can activate or repress the
activation ofwithare floaiesbehdeCsigig(RAB) plottet R ec aved htisraones@enaesoof CcpA

pl ays a repr?ssi ng .role by binding to the cresequence. 15An "enhancer" is a
nucl ei ¢ aci d '€BHEICR ¥l 1%t&0% o potentiate the transcription of a
transcripti oFdurdM4 anadepens @iigraths tdiehe dridkdsc¥ndd sighel bloads Gvepthenal
unit, the position of the sequence in relation to the transcriptional unit,
or the orient#fation chfermgatadion gbiec@entphen (o6t &f the present invention
optionally can include enhancers. 20 "Transcriptional unit" as used herein
refers to a nucleic acid sequence that is normally transcribed into a

si ngl e RNA mbledailededesThiption afi the inventioral unit m ght contain one gene
(rmonoci stronic) or two (dicistronic) or nore genes (polycistronic) that
code for functionally related pol ypeptide nol ecules. 25 A nucleic acid
sequence i s 'Aspeseabhgreini ke tbllowimgndafinitions Eracedpliedt i ardéutectaciitzad the

rel ati onshi p wi,t h, anot her, nucl ei ¢ _aci.d sequence. For exanple, a pronotor is
operably i nI%'@ﬂertsf?”g'n@ocgitrhegp@éﬁrﬂférr‘l\éeé't'f’?' it affects the transcription of the
sequencejQor a transcription initiation region such as a ribosone bindi ng
site is 30 operably linked to a pucl|ei¢ acid, sequenge encoding e.g.. B a

pol ypept | de 1 YOI SAPBRSBIGME G BRPt ST { SRS Vtie” 15 hSPUPIGHEATY he

pol ypepti de. cbhﬂlﬂcng?&@?etb@ raSSHTRAN NG s PithdticBBL ivath alsefied \veRpedtied
restriction sites. |t such sites do not exist, the synthetic , ,

ol i gonucl eot P@YNYelgist 3 elsmanis kst Pexpit tigagerintian £ b pPadplar relpic acid
conventi onal sBH@&HECR- a st NER! ByGicaG! this VectoPWsdIRics 8athsSRABARBICENIt O
"isolated and purified nucleic acid or nucleic acid sequence" as referred
in the plesefPMpriviaa @i RATtIGHIFHIUCKRIC BRM, seppgncedp eanrarRRpEDed, aperably inkethse t he
nucl ei ¢ aci d;Qt chej | Ce it is
usual | y DNA. t%ﬁAérgﬁioﬁ' %A?e%éc?éérx?reﬁgi?%e ﬁefgibﬁt %%nbgg{aéé%& %Jgf)@%ﬁe‘%}ﬁggl otide
sequence, i néelfrtemigating pjasrdidudicesrsidr apbiage BNAUS I ageEovupanded DNA,

doubl e- stranded DNA wherein one or both strands are conposed of two or nore
fragnments, double stranded DNA wherein one or both strands have an

uni nt er r upt ed hehtepheodhest’er hbat kethen dDN& coomt iaiamit igo stneell 10 reu sesk e

i nal e- ' . | j ,
Goub o- ot andaereRRASLRE. Bere to, MR o BicfaNBHE By I WREN BL, AB(”
doubl e- st r andectoBNér isblatexl and paribddAnstiei@natsd aequancky abding iredehtjon have

conpl ementary, circul ar , coval ent | y-cl gsed . L.inear DNA, .covalently
crobs- 11 nkod PBRA G S Graar Lol el R o B2 ieh et 1
bi osynt heti c sDibjact celitowt alsbyte itisopaigedy DNote et yrmyetly @€ stieda OBlA,Beshess ed DNA,
| abel ed DNA, ch.h as r.adi ol abel ed DNA and f| ourochrorrg-l abdﬁ]l e? Dl\lﬁ DNA
contai ni ng of€™3F MOAECAINSH AN AFFY Bl CHPYSEHY'%s 9EBFEEONT MG f®i%M8ti d. DNA
Sﬁqueﬂceaﬁ carmLh@ticﬁwycsrtdmeﬁd)rgﬁ@htbwinmteahaéargdcngﬁﬂjeaalrrpaty_&@n,nh @ér,]tﬁ,;be iﬁ@nétioglégrrplzg,

t he phosphotriester net or via autopmated synthesis pethods an

met hods. The (P PPEA! &ﬁ@ b Arg st Irglpdedeyiifin die PE9PLE Py Bttt by
enzymati c tegBpigiues. RNA which is referred to herein can be e.g.

si ngl e-stranded RNA, cRNA, doubl e-stranded RNA, doubl e-stranded RNA wherein
one or both strands are 25 conposed of two or nore fragnents,

doubl e- strandggd BN “WhRpRIT i9Bn&aINPAEEY $ tRNESndRayeIngldENinat & dRhyed
phosphodi est er backbone, RNA cContaining one or nore single-strande
portion(8y amgraifingdhe pinsencRoitne ytmerdedhgideatiws (s roma@endte- st randed RNA
wherein the RNA strands are fully conpl enentary, double-stranded RNA
wherein the RNA strands are only partially 30 conplenentary, covalently
crosslinked RRamaterz\asevdeddsreid rRfss telrenuadicRNAI seRMnce that controls

chemcally-s j 1 - hgte, & RRAY rBi S i :
natural | y-i s%?g{éggfOﬁﬁﬁFﬁF@!}S&ﬁéﬁ&f@&tﬂhsﬁch&as r al;%%!ﬂ%a%%% Egém@;ﬁé@'on
f | our ochr onechpéidé ed HRINANg R pohmairasenan e ellcandninitiating transcription of a
non- nat ural | y-occurring speci es of nucleic acid.



9 Wth "variants" or "variants of a sequence" is neant a nucleic acid
sequence that varies fromthe reference sequence by conservative nucleic
aci d subswotwiwmssy whereby one or nore nucl eic aci ds areT@pbemiotubed by
another with sanme 5 characteristics. Variants enconpass as well
degener at ed sequences, sequences with deé etions and insertions, as |long as
such nodi fied sequences exhibit the sanme function (functionally equival ent)
as t h_edr ef er @b%sﬁ@w%fccﬂrecﬁ@n)uﬁﬂdwghﬁ@ieﬁci BW&hlh&hﬂg)rorﬁabym%}ﬁri grﬁl"be
"peptide” rotein", " and pept i " are_us
et changealhie ereitie: BRaPE HoBaRS edBionsht msRuBIerS derbRBL S g &R ed 1o

the ot her by piRitg SRR REEMeRIsEERRN HRENE bDREVA BT WO BB FIRRYWIRYPS Of
adj acent resi dues The term "isolated and purified nucleic acid seguence"

refers to t hd0sRoR-Fyrher.1the MPRAter hadipm AMay EomRiise tQ%d'ii’é‘ﬁ%ré’tWIsltarbé'tq n
accordancg Wwghh bqﬁb%dog,@gq&tre MY p@fkinsthe nucl eic acid sequence will be
free or substantially free of material with which they are naturally
associ ated such as other nucleic acids with which they are found in their
natural envi FQBRRRe orfork RETeRINSI RO RMRAbsd SpdtBh 6RbbRY QY epared (e.g.
cell culture) when such preparation is ?)y reconmbi nant technol ogy
20pr acti ced iThreg geresoweienidentified Mhidetmamyoset openert ofunst iFolN. et aly ahsf or med"
or "introduci C 0 wherein
an extracell up%tp ?eﬁ%g&e%&g%@c?%b oL 8ra?n E%Eve géét?rhmBg&ﬁ[fﬁ%ﬁb{'ﬁ%c@g@nﬁ)any| ng
mat erial 10ent3905pa;elsc2§9 ta@bb (1997&) ter m"cell 25 transf or rred or
transformed.r% t rreansthe cel % |ts%u]g g%r}
extracel | ul ar "RulfS8i ¢S5 FofGs 6888 P9 it (OYUoRE A tchagzm‘? b%%”?%o"teﬁ%
extracel | ul ar(tramsrpbae@ thagt Isklorigsetonthel figtoepatmsagd tramiy. i THer Qéimect;en@t o the
cell so that the nuc%fl c acid is rﬁEBI icable either as a ct}rormso

i ntegrant or MR RNENLESA FRPBARSSRAPSRIASAMerase G BaHiE THRCSN opri ate
host cells withifi ek, yjc#© I@UNRNENESOPRFENEERENIn G sBReasAlibhSdtatedy wel |
known met hods such as mcroinjection, electroporation, particle

borbar deftent thyee genepenireatlaiont Bes Bl indoied whiah Hat MapBdiha ed
transfornmati I niatis et al. 1982, Mol ecul ar C oning,
A | abor at ory%Ia Vnaﬂgr% trb:%ﬁg @%% rpgé??—‘g/abor WO 2011/ 018377PCT/ EP2010/ 061195 10
Laboratory or in Ausubel et al. 1994, Current protocols in nolecul ar

bi ol ogy, Joh d j QL

"nucl ei ¢ aci \é\ra%%inncg ?P%'(t?@?o OSEEU'EQE g)o%%oﬂﬁeﬁté%b& zne%?sggﬁﬁ%&%nﬁﬁt%c d
sequence whi cfcbiIo&\mn:g);dmﬁlyefe@rrealrtoémpnééslsomdpr trducdntiol ohthesmanP prorpatpt | de
that is %8r ei %‘3& e hotst (" heI % r,ol ogous expression” or "heterol ogous
pr oduct " IpPSIyEYedWg§9nce ori gi nating from a donor different

fromthe hOSTAnoﬂfer@r@h@tm cabhy pﬁ&rﬁbﬂéﬁsﬂs Zr@§bdmlsrb|eﬁfcﬁ tRE€ ieflprReSIUR IE enaR Ch
encodes e.g. an expression product such as a %,/\;geptl de that 10 is
foreign to t/RAtpeIseniisl for menmasecderendentdnlue H%O P &PRNFSP@BI&ed from t he

host and encagiesbar ﬁroﬁ@téfp%ﬁdndﬁjrth%atdéh%n%é(s eXRh@BeRd rlé)gjul%ﬁirg)raféﬂ
wherein the nucleic acid sequence is inserted into a vector and under

control of t hndngsiet(eatabeliie sasponsivgplemsest(aplepbihedranfhaens.esent i nventi on.
In case the host is a particular prokaryotic species, the heterol ogous
nucleic acid 15 sequence can originate froma different genus or famly,
from a diff erémtsequdace’gefecd tassnudigiontid seinfi¢rmedotatehybsiraatd(Svdiseédion) or from

DM L T E e R S o
mut ations, i m@rdntmgé‘expiﬁ@s@dn ohiheratShdlRt gdnd ina2Bb @t csiabgli® repression
(CCR).
30
With “promoter regions of the mannose operon” are meant the promoter regions
which regulate expression of manP as well as of manR with or without the cre

sequence.



20 nucleic acids or a part of the heterol ogous nucleic acid sequence as

| ong as such nodified sequences exhibit the sanme function (functionally
equi val enwd 2as1/t1BE7r ef er ence sequence. A het erol ogous neclrgipeoi@ostosequence
as referred herein enconpasses as well nucleic sequences originating froma
different domain (enpire) of organisns such as from eukaryotes (of
eukaryotic origin) 25 such as e.g. human anti bodi es whi ch have been used

i n phage di sghaymahProasmeter aarmem‘rrem&J 0Brein agherigedclt Rjact tei-85 ragfiorg tgar t - of
the nucleic acid sequences have been npdified according to the "codon
usage" of a PriGRAWPEY; #ndifg ManR bindifg sitecription initiation region" is a

si gnal regi omhehiehROp RIS atsrr@fb‘iﬁérd' tBtHeP8in 2 dmHrisieadt il €4bt M pWWaLigd -3 i ses
t he sequence for the ribosone binding site such as the Shine Dal garno
sequence. Typedian|the Prenqw havsdhe Maf‘ng'n(iﬂ\ng pita ansh optieNadh. 3 6relSGEHeRGE-
downstreagito the transcription initiation site and is operably linked to
the genes to be expressed. 11 "Transcription termnation region"” refers to
a sequence whl-mlangesmsalso RaTpolty imarset & a érapiment &f ducpss andprésamt inThe
transcripti on,d %EH"a'ﬂath'e? %ggﬁﬂppélfsa%al@ride\é ﬁgéépr&fei & drlyHIRed bid btﬂ@ral uni t
whi ch can avoid dnwant & ?ranscrlp 1on of other neagby genes’ or
transcri pti oglffcoomjadgates. potential pronobters and can 5increase the
stability of the mRNA. "Anti body" refers to a class of plasma proteins
produced by the B-cells of the i mune systemafter stinulation by an

ant i gen. 10&nm@tpA’i meand-lwm)ollmmdnhodb&nﬁ;eiarﬁé whithh &gd globlal regyutdtort preteirg G M

A, E or Dclas The te "anti body" as used. 10 for .the purposes of this
Cvent on | ndndEb SHYEN b fgvesd foee advelo B sgee bl iR d e

nmonocl onal arbsdodinemnosdiobeiodi OtpARpRayart dpestiser) @nd ballindiy td @i @8- pr esent
i n aut oi mmune di seases, such as diabetes, nultiple sclerosis and rheunmatoi d
arthritis asSRBY§"C&s chineric antibodies. 15In one aspect, the present

i nvention makes use of a vector expressible in a host conprising a pronoter
region of the nmannose operon operably Iinked to a transcriptional unit

conpri si A8 aAMueneanceads @ nwelpifetridseiesre it aps t%@P@PB@t@d%Ha'ﬁW@m host,
wher eas the ‘%%Bﬁ?a%%brﬂﬂlo%l G iR HARbEN Cof A @eﬁﬁt%e%etrér%cﬁ&mn%%rh.?%@y sai d

pronoter region of the man nose operon. 20 The vector according to the
i nvention |sppslé¢>@péﬁ1wsweam Bhealigs|tg the trargoriptiensll uaiktarige priertaiien a

cosmd, a phageye %eéfuéd&% %e%ec%tré %Y'tﬁélires%np’\rﬂ/@nﬁ’ btiohafly, ARSAAVEE! o

conbi nat i ons nmay be enployed in expressing t nuclei ¢ acid sequences of
this inventi enha®dsef ul expression vectors, for exanple, nmay consist of
segnentszgf chronmosomal , non-chronosonal and/or synthetic nucleic acid
sequences. Suitable vectors include vectors with specific host range such
as vectors spérn$érptiboal wnity asBisedbtaréin setensl ticacwldeic meidpreciuened thaass wel | as
vectors with bro p hostra

1o such ct S for.grampositive
bact or - and QAR08 S gt BN Byl ne @R a e | as
"hi gh- copy" pbaain okfmecagertme (ws@dcistrdrdc)Aawrontao n(gdltlstrdnhﬁ preseore iganent i on
the pronoter ,regi.qn of .the nma e.o | Ses the manR pronot er
regi on and t I‘%&%‘ﬁﬁ@nﬂﬁ')gﬁf@e Oég‘ﬂ Réﬁ& I@Eqdi% %eﬂ%eCH[%’él eic acid
sequence2brom B. subtilis enconpaSS|ng the C—ternlnal end of manR, the
i ntergenic reglo bet ween manR and ) | owed by the | ysostaphi n gene
lys as reporlpé ﬁ@c\gegoglpo%lsl qup{%['y Ig]kfg when It is %Iaceg th\)/ a f?mc ona

relationship with another nucleic acid sequence. For example, a promotor is
operably linked to a coding sequence if it affects the transcription of the
sequence; or a transcription initiation region such as a ribosome binding site is
30 operably linked to a nucleic acid sequence encoding e.g. a polypeptide if it is
positioned so as to facilitate translation of the polypeptide. Linking can be
accomplished by ligation at convenient restriction sites. If such sites do not exist,
the synthetic oligonucleotide adaptors or linkers are used in accordance with

conventional practice.



The nucleic acid sequence of the present invention conprising the pronoter
10 region of manP preferably conprises the nucleic acid sequence of figure
1 from bpwo&01ttmsi7he start codon of lys (SEQ ID NO 1) ardtrmre@opsaber ably
the nucleic acid sequence of figure 1 frombp -80 and inclusive bp -1, i.e.
upstream of the transcription initiatioB site A at bp+l (SEQ ID No. 2).
15The nucl eic acid sequence from B.subtilis enconpassing the pronoter
region of manR, the transcription initiation site Gat bp +1 a putative
cre sequence,, e tr nscrlp ion initiation regqi bet p+l and nmanR, as
wel | as part HFW ioé YiCFaGith sequRIre & &H% ‘ﬂa ‘fﬁ‘mf@g C(ﬁffe?% A" manR is

repl aced by Inagiéic é%eséuuéh@é CasA@fcircdan NS st ifVttion ﬂﬁgmtbel DNANRNAN
conpri sing theéfrom)ter 20 regi on of manR preferably conprises the nucl eic

aci d sequencé’ GNA/RH ByRid: H%ﬁ?%‘?)thel'?@c'?'é %F%O%Thﬁrriu%ﬁcﬂﬁ"dﬁequ&('i‘ze(SSEQ | D

NO. 3), ”056 Water é\%)&ectbhi@usrl}é%ﬁv QNQCDWAWW@Cr@fe%dfthHFe% §arf tBé’Hh;bp -122
and bp +7, i.e. inclusive the putative cresequence, (SEQ I 4), and, in
particul ar, PRy dpRINEFlelide: | sgayerfise npeludings iegflur douple-stsandss DNZ’Q siRdlebp - 1,

| . upstreamyghideNA AR ARl o NONABLRAoifT BﬁeGolatbcgﬁp% ohd6SER | D

NO 5). Both the pronoter regions o man rise |ng sites
for ManR  Th&oppesechof anr@rfr@lrrmt%ﬁ@ubApéé@eéechDéléqM@fe@ erﬁ.f)lb@tfent ary
to any of the,gfQ hRJNGR- ujnrﬁer?urtﬂ%a’%b%g%%ue%%?rb%%i?bon%o B Bﬁr‘&m?ﬁn 5§91 Ons
of the mannose operon, such er region, R pronot er
regi on (Wt hoormcwetshngtet-stcareieslmct&MS))ardsonmrlmw otdulblqm’rcammrport@g(sjns in
accordance t S eque I

t her eof or vgppggtszr% %d:gl(ﬁ; Au@e?ﬁ l}% Dllj'ro‘eg[er OSS‘| %\Eeeﬁﬁﬁ/on(:%a Ieeerﬂgﬁé{sil y from
t he mannose dpeblerstahd@] sUINA | wﬂwewmf rtbm DNANcitiaodsl aeguiondy epartialyd
pronoter region her pr tic [,SNB, arti ar_of o ani sms
b *Ehe- 1 an 15o0p Ay el R, ey AR S PRt B s %editn o

ot her pr okar yeissdinkéd) DA NMsDBIAC dhzadcaSsPtiosgitesr DNanI semidyinttetic SDNAduci bl e

(b opr edancbiciafieli BNRG Ranili esrd FhE et PRes P R onapyi bk Y 1"

or gani sms  sugdbeksl BNATsOEH @§ rhdisRibBled UDRIA|dng, fGuRGCHIGBRFRI LB NAN DINA
i nvol ved in the metabolism of D mannose. B.subtilis can use many djfferent

sugars as carBBRYBLPER.OTHBRESRY™ Befufplg ocoyifing| sResse Art dsisrardoSNAY e

mai nl'y taken sdgueticestdan Wﬂﬁiﬁm Ry §tdM@dre: chemidP Rhh{uBs, for example,
phosphotransferase system (PTS). In the PTS, the respective hexose 1Is

si mul t aneous|e PRESHISISAte Eethodd Of vigh sptamated isypihesiemethiods g RERup- t ake.

Upt ake apg utihdihg@d.iteR &frlf%dsé?%clbgl'a?eosgglwse?ﬂlléﬁﬁé %eﬁy 4180 %H%r@@ﬂicetdooy:ar bon
catabolite repression (OCR). In the presence of glucose, the preferred

sugar 155ubs@ﬂé¥@aﬂﬁte®@qm& lis, transcription of the genes for uptake and
utilization of other substrates such as the nan nose operon, is repressed.
The nechani sm of the glucose dependent OCR in B.subtilis has been w dely
st udi ed and iRNAngvgh iin refesredrio (Sein kean Jbe etg.asingle'sRegdechtRN oRNAar bon

cat Aol 1 51 | BB e RAGL R AN R G O &) o raR00, PagES

849-880) 20 e tran Gni & accor present ‘1 nven
usual Iy R&rt tmemposrfqaofl w\@soranmreafrwhmltsardouue{strahdmRNéguramempmemmmf t he

|n|t|at|onp n criptional

unit, Wnerea % épal{ngnq r)rli' g?phﬁ) % br?%ﬁl%ongperzfgf’\énts %o the

nucl ei ¢ aci d oseqnnersm@le ﬁkmdbdarmstlcm(s)cumd ate ommbteacﬂomme -stegyided poﬁucmﬁs)al |y

| ocat ed upstrea directly adjacent to t initiatio nt of th

transtation SPUDRSTERdTS SRA: RoREn dfie Al Skt R T oaretatG The

translation idbublbaitr@ﬂﬂdéegRNﬂ\ Qae Meen tthe Rmangtaén@@ drai bhay ipantitegi on of

the 30trapscri onal wunit manP en nnose, oper on.

The 1 andhat CORPIETTENaRT BV oiToRt Heth B St Begtaesst A He SHeRiose

operon can b&NpariRNA, ycHeimiayhtesigsd aes Bymirgyneidier RNA2B-sghthetic

tiat

Initiation r??%lA naturally-isolated RNA, labeled RNA, such as radiolabeled RNA and

flourochrome-labeled RNA, RNA containing one or more non-naturally-occurring

species of nucleic acid.



14 For exanple, the translation initiation regions of tufA (el ongation
factor Tu) and gsiB (stress protein; Jurgen et al., 1998, Ml . Gen. Genet.
258, 538-wé3p1ibmsiv7from B. subtilis, can be used. 5The r esparorv@snuel eic
aci d sequences of tufA and gsiB with the transcription initiation region
and start of the respective genes are sigpown below with the start codon in
bold type, the restriction sites underlined and the Shi ne-Dal gar noSequence
hi ghl i ghted. 10tufA: 5'- cttaactTTTTAGAATGGCTAAAGAAAAATTquat cc -3 Aflll
SDSt ar t codon 1 15¢gsj B:, 5 aa AATTAATTCAAAAT OAA@ gat cc
-3' Afll 1SD gﬁr‘ tvéﬂﬂgﬁlé%{n#ﬂ”afés Yeaps ds S13pLe NUre facgg@qu?% gf ption
initiation rQQh@@frbll‘hethﬁTré‘fbféricb)ée@ﬁerﬁ@Weﬁﬂﬂw@%u@l@hﬁé&@gubé’bﬁht@hsl s an
i nportant feature in gene expression he stabi |l i t(%/pof the nRNA is

char act eri zed'"§jePY §NEREANPIECNHEPIC GiflR aroSPRSHiWEe] PY RO §hEIth SaMECr i pti on

initiatiog r%%r%@te%ﬁ&, t RRyrib st 'eﬂidoﬂit'ﬁ)aBQ' s Ofell h@egﬁén%rr‘étleét i@Quéscede! | as,
optional Iy, a nunber of the codons of the gene following the initiation

poi nt, for esgAynEeandi deet®nsrNshigserdans s lpaplagceeh mesfifiaderapieacess shown
above in the DHpl elLse ﬂm%ﬁ&’rp@ﬁ‘r?&l né’lfy éq‘&f\/%le?a‘fﬁdasgtﬁbl?bfeFe‘?\%Q%‘é&ué%by 30The

translation initiation region urther conprise a sequence encoding a
si gnal sequence operably linked to the nucleic acid sequence to be

expressed. The si.gNaleisefdedGss 'p%a}}l)épﬁ‘yé yrd ﬁﬁ%edp R stpr %%ga'éu o st ronic

adj acent to the i nitiation point tion.
or pol ycil8t r opeptidtct ar&smdpniemmmly ta desigred adefléseofeammoramda'ssmdmt i cal

si gnal Seq“e:&fjﬁﬁec‘?@f{oaéﬂ' yotrLér de i BBHI B&m}egﬁitrﬁé glh@%%ﬁmir?oagn@‘é ed.

Preferably difTferen nal NnCés are Use a case. € ’si gnal
sequence use@rags dﬁedmcpmtcrbadyeﬂ.l c or an eukaryotic signal sequence.
Usual |y prokaryotic signal sequences are applied. 15 The DNA sequences
encodi ng the signal sequence to be enployed in the expression vectors of
t he present iTheetrh Osotaéad bed qintrlﬁédle@d@md Geglibycedrefeydtdéiss gtk in

chem cal | y. arrpl e, . Si uenc can be synt hesi 5 accordi ng

S oCThe s aF; o WS SR i ARl e R EeeR RIC b hacsd et ay ity PRl
Beaucage & Ca‘f\ﬂéhh@f srhelr%rle,uc d&d 68 RMce Wil bdifee %2sutis$&9ran>8ﬁae asmaesel | bed in
Van Devanter et. Nucl ei¢c Acids Res. 12:6159-6168 984%?‘?{' Purification

of ol i gonucl é‘fb“f‘l"&*@%h ey a8 Bty aasacBipdesUchers ol W'%%??‘Fj theviyel

el ect r ophor e$hegh&é O RIRItREr B2 RARABEArJARIRt, &% s SiloRRRnt A vﬁﬁéﬁﬁ@? afe
Reani er, 10J rom 255:137-149 (1983).
prepared (e.g. cell culture) when such preparation is by recombinant technology

20  practiced in vitro or in vivo.

The terms “transformation”, “transformed” or “introducing a nucleic acid into a
host cell” denote any process wherein an extracellular nucleic acid like a vector,
with or without accompanying material, enters a host cell. The term “cell
25 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 introduced into the cell so
that the nucleic acid is replicable either as a chromosomal integrant or as an
extra chromosomal element. Transformation of appropriate host cells with e.g.
30 an expression vector can be accomplished by well known methods such as
microinjection, electroporation, particle bombardement or by chemical methods
such as Calcium phosphate-mediated transformation, described e.g. in Maniatis

et al. 1982, Molecular Cloning, A laboratory Manual, Cold Spring Harbor



Usual ly the transcriptional unit further conprises a transcription
termnation region. Preferably strong transcription term nation regions are
used for woandings7715 "readi ng through” by the pronoter powtEPRb10l0bEIS
transcription unit into the flanking plasm d sequence as well as from ot her
plasmd pronoters into the transcriptiomounit. Further stabilization of the
MRNA was observed in the presence of such transcription term nation region.
A suitabl e exabplatory @r ia Alsubsiget 8121904, Quiremt pretosbRahi Moletegr dividygs t he
nucleic 20 acid uence 5' - CGAGAOOOOTGTGEGICTCG 3" fromthe 3'-region of
tuf A from B. §BB?§¢ ¥af5§“mﬁ|ch is coomercially available. According to the
present invention a heterologous nucleic acid sequence can be used which

encodes an expression product that is forei qn, to the host. In case 25 the
host is a proRaE{RILIVISIHEISICRCIE BRI eRSE B's IBEIPICiasidseaperes heteRlogoUe i ¢ aci d

sequence §f igNhgEEHheddNa bﬁlcfer@@b@né’édi%hcgvﬁﬁ@n lehk&ddshe.g. an expression
ganma- pr ot eobacteri a such rome. hol deri a sp., particular from

a different ;ﬁ’ﬁ?‘#%ﬁﬁ%ﬁ%‘ha%§ %'Eh%@'%gl%r'ﬁéor%gn tordRe h}@é?h“@&ﬁ’@r‘ogql&n an
eukaryotic of 8L PRE td S| higme@f/er t he
het er ol ogous ngﬁsgll% gm 3%0%6[{%1&)20#88 ?n%g d QE gl fl qgiﬁggéc‘g?%u ng to the
"codon usage'frost atdeaohgéterentteonn Qah@ﬂtoqomghere@a&mwtae@mdjhw@etp@CtOhe
present inve r t

Pt ot orably onghaqsE Wi Bl oA AR Bpresalchi8duct S BEADoBpe M rhRF

regul at ofQ ois toneigapetie fmsprcmtaemuclemacmsequer@et\emlm isaderived ifromsthefhost
structural, r t t 0, K "Tags")
such 16 as grﬂglegn%%)ﬁ%%];oce}scég%%a&% e:n;ra\ltugérlg Pes‘é‘ %ts.blyoénengrh 8€e| n%wﬁ'ﬁ(ee

het er ol ogous noulelcedaid mﬁu@ns«ewuem’ednntgfﬂvm@ahd unslenedritroboftthamsamotpt  whi ch
can be used in.the for RNA 8 ch as {eg @antisense- RNA. The protein may
be produced é%g%q.'of 'HEBT?F&%O%%?(%@EP&GSSP 'NLELO/ol ubl e protein 5 which is
present in thlec@getmplh@smerpaimibuldnercp@ryqnbesmles sinabeteafiogdue nooletc auid | |

and/or in_the extracellul ar d| u Pref erab rotein i roduced as
" Sob ubl 85 pr SEaRGRCITOR el EOB A oreR AT U dErest ofREOhos:
cel | and/or icrasthgo@Xd Gaferdrt halurmeiNision) di0idie cheitfercat agedm nfpire) bf of

i nterest can be of human, manmalian or prokaryotic origin. Qher proteins
are anti gens "N "Ss gl ycoprotei ns and car bohydrates from i crobi al

pat hogens, baghg hetdralogaidn@ddit Baiatsefidhoe @Mtbd meaKibY NRRESre it fodREST ei ns
are enzynes |like chynosin, proteases, polynerases, deh drogenases

nucl eases, gI'ﬁ]@aﬁ1§§§tsce|b>de5§&‘t'°”%tl ﬁﬁ%"—t'arrﬁﬁl deletions i Wé%@'ﬂ%@éss'”@q pases,

15am das?@ wut;rel.d aé]MQ'b%ap%‘?tsof tﬁ@th%ﬁ&%%ogé n'alcFefd éaa%%quéﬁ'cé Be | gesent
invention the order and t di stance i n"which the Slq% | sequence and the
pRa

het er ol ogous sndtmdﬁledcse@lugeweemt tafeesamerfamg@m in tyreaudsaindlsas on
vectors can b, yaklde {dhuBhed CAT ileRBRHL Thitich. LOR SldiRfbe ROdamIPNCE | S
5 (upstream to the nﬁc%éequc aci se%ue‘%ce enc%}?f . qgj% ke po ypepti de of
i nterest. Théemiyrencompgsaascas avel nh@elnmﬂqeieocescpdgleetqlgeﬁoel enditielieny e. g.
the pol ypepti | pterest m no
aci o, 1n pr SPEeL S RETT o GRsRE STERBETA BB (A aAihuC S
sequence2éncedimgs e.gy hutriae qntibygiepvhibs rwfvelheeerueed |raplmg¢| diggay ybradqasacent to
25each ot her zero n gl CI era I h vect or
of the preseﬁtdloﬁ\wgn |Sdrr'1&% gjﬁfrélycs%%dsaorp togrtﬁal g‘fﬁ%' a&g g%s %\ger on in
accor dance ofbeanynadiifiedraecseligen ties“cSHGh Uﬁhgwofépﬁokaaycme(mueme conpl enent ary
t hereof and variants thereof. 30 Al so enconpassed by the present invention
is the use of a vector according to the invention in the fernentation
process of teraps@peion initutidnt riegm)nfﬁtf atdigndl egylb@ tvrichh pitoBrictd D gankscripi@T essi on
of a nUC|38| ¢ wﬁt(l;elqt%nsa% ”\ﬁrru‘ughe cerr%pﬁsepsrt%easre%genc% or %he rlbo]éZ)me binding site such

as the Shine Dalgarno sequence.

Typically the transcription initiation region is located downstream to the

transcription initiation site and is operably linked to the genes to be expressed.



In still another aspect the invention provides an isolated and purified
nucl ei ¢ acid sequence conprising a pronoter region of the man nose operon.
Pr ef er ablwo 20h18%0el at ed and purified nucleic acid sequectErPe@opsiises t he
manP pronoter 5and/or the manR pronoter of the mannose operon. More
preferably, the isolated and purified natleic acid sequence conprises any
of the SEQID NOs 1 to 5. The isolated and purified nucleic acid sequence
conpri sing a_“pfagﬁ@tpfibn rte@hinationf _régji@w”ﬁwmsl? _epﬁerqm_regcanmb@n @pas@doledNAi n]Ic<ed
to a transcriptional unit conprising.a nucleic acid sequence encoding for a
pol ypept | do, PRMBIERE 1eCTEIHE JERSTREN 10 hdranseTRLios SENBALIRAIRE oncodi ng
for the pol ypepdliydsart 8f HREREcHiRBhAIOINIOIhich&aR 90Rt @fwdreéd @Bn&riptihie offen nose
operon. The isolated and purified nucleic acid sequence of this invention

can be i sol atCEr AEHMMiIRGECT O JEARERNEN Pegt (B0 e BRI NRIOMOaID FNIWEdN  known
in the art. Theedddrthé sebiignst thepirdiLd DNA sequence can further conprise one
or nore 15regul atory sequéences, as known in the art, e.g. an enhancer,
usual |y enpl oyed for the expression of the product encoded by the nucleic
aci d sequenceandd0r Afkrs! B EheS bt PREMaCHblehSHOAESSS b e OGS LRI

transf ornmed mﬁ?h tze vect or or theBisoﬁgﬁgéﬁéng pu?%%i%d(%ugg%ﬁc aé?d
sequence of tmaupe exsiem dfiey elimblekion by ap@ntigate Mammaldie dtissam agdbediesbl e
mar ker (e.g. i : I Dot i cegd it o ost
cells al ong ﬁ#?ﬁﬁ%ﬁ%ﬂ%ﬁgﬁﬁPﬁm%égSgi%g§£%@g§8 %?ﬁpggggﬁ.ggﬂgﬂ%e%%n%ﬁgt
encodes d0selferctr@bperpraekef thisghvertion| ioclatdes] i isheotvieiteor toorpatyeldniaé

| sol ated and gRHﬂ;dJiéseqn&%%io%'a aﬁﬁt&o%iesse%ﬁ!i‘&&ygi% Jﬂtigp&ieg’%'tdoélﬂ-' Yo ffes
co-introduced I1h aseparate rorm e. g. on a’Separateée vector. Various

sel ect abl e 2beseat kerautcdamune disedsdasncductli oy didbeses, trhaltipleosdlesisesndst ance
to antibiotics, sych as .spectiponmycin,. hygropycin, anpicillin and
tetracyclin. FW%W:@&@F@?% ngg%ﬁlme&;iaﬁg@%ﬂ&oe adapted as desired in
order to create selective conditions. Usually one selectable marker is

used. 30l p case that vector. is .a shuttle vector, a marker co n,to the
oo tabl o' Ros 1L SebAStRet Ge Bieses) nusufpiTesiae et e Bhit ckRESTRE DA T8t o
shuttl e vect @pmpagihy caprembtar begibn bfcki mantbdd. spdrbh | dserathe lihkRed 36 ance

mar ker gene encodj n_g t he spectinaonyci n-adenyl transferase of Enterococcus

faecalis canUBESHOEENZINIUEH EOMPETRI r BsNUEaIcECldo SEFEENGENOMYER nCan 1% As wel |

reporter genggtertlefodstolthaHdRs Gt dd At @kpPresSiB oPSaill RLEIERWeROsdqikRcd he host
cells along with the nucleic acid sequence of interest, in order to

det er ni ne t hés ety §aigPrermeigs ragiavedfitemmansesa afren-r eport er genes are,
for exanphe, those coding for enhanced green fluorescent protein (eGP) and
| acZ encodi ng_ for 6-gal actosi dase. Both reporter genes are comercially
avai | abl e andhar\edigraracgrdirgedp then dtvastionisppieferally tateapioagmausly oy eetfi on i s

to provide ar@ﬁlﬁgﬂ{%ﬂggrﬁidbg%sﬂo@ 2 prRt arvirgd o tBréviNECA rid@t/arﬁérfgopresent
i nvention wherein tthe vector conprises a pronoter region of the n nose
operon. Pref édpaiiNegtarheombkisatipnscoaprhe esnpieyedofn elpreSHa | the Nacleic tagid, a

sequence co rywk or variants thereof. 15A wi de variety of
pr okaryoti C”ﬁ%@@@@%ﬁoﬁthﬁ@@%@@{mm to be transfornmed with a

mannose- Padudisefd proestien veegdon fof exaan pnnosyg apeishocsegniemig ¢ t he
present invention.

Such as Bact Mg el G PugtBiedie sPpL Pl kB R SEIPER of iyl um
Firm cutes, rguiteblpivetiersihtiydé hectbastithcgddcifichoBaanyé esch as vectors specific
for e.g. B.subtilis and E.coli, respectively as well as vectors with broad-host-
range such as vectors useful for gram-positive bacteria and gram-negative
30 bacteria.

“‘Low-copy”, “medium-copy” as well as “high-copy” plasmids can be used.

For example, in Bacillus subtilis a low copy plasmid is pAMbeta1, medium copy

plasmid are pBS72 derivates and high copy plasmid is pUB110.



20 Bacillus which can be used are e.g. the strains B.subtilis,
B. anyl ol i quefaciens, B.licheniforms, B.natto, B.negaterium etc.
Pr ef er ablwotbha/hest cell is B.subtilis, such as B.subti PC3/EPbiA0@aGO9S
B.subtilis 168. 25E.coli which can be used are e.g. the strains TGlL, Ws110,
DH1, XL1-Blue and Origam, which are compercially avail able. Sui tabl e
host cells are cormercially available, for exanple, fromculture
col l ections such as the DSMZ (Deutsche Samm ung von M kroor gani smen und
30Zel | kul turen GrbH, Braunschwei g,  Gernmany)., K For exapple, Bacillus is
obt ai nabl e f%&ﬁ?ﬁdH@ tBaIE? Iplr‘i?s’?”wg?ti'%‘ ’@Pd&%g‘@@ﬁf%‘?'?” Oh §eHATIISE LR be
deficient incomprisds NRE € nfahRC tgromster Efedic®d dr@d tthe BRhEK@ratRster reghabol i sm
of mannose. Deficiency in one or nore functions related to the uptake
and/ or met abé®SPEAINGY-nannose can be achi eved by e.g. suppressing or
bl ocki ng Ehe expression of a gene coding for a protein such as the manA
gene 5coding _for mannose-6-phosphat -i sonerase. This can be done by known
t echni que sudhedyclaiaagpseavenvedun ttettbiflis aeamersssingrth@ kotekmivat endioht i on.
Usual Iy, the ap ot | St S Si,ona osen,
for exanple inﬁg’%s{eh\és?HéﬁrgPﬁlgeae@gélrﬁg%R’g a’t’?:él)]Ff tr}@dare uée@ﬁ&yﬁﬂaﬁgéﬁcell i's
usual |y a 10mgswbiaphiofgenhdyssaamepbiern depeois divem ibéigudel lacea, nore preferably
the host cell is a Bacillus strai E Prefergblv\éﬁ host i.s u§ed whi ch
possesses a pREsPHEERSCISyPHVENES AL P HSRErAIYSPRYL SREPPERE 1% RLANLG5t em
(PTS). 1m0 parrégi?mbﬁmanpgﬁehfmﬂy ccliltﬁpl)lﬁwSSB@Ehdgicacla;réqsyfﬁéeemﬂgijr@1 frolmI 4
m croorgani smof the order Bacilla in particular o nus Bacillus an
more pref er abPy 880 YfeRpd Lo %io} {yaégng'h'N s”@t”de{“?lrieoqr%f@?%&hﬁ‘?rﬁ €% he
order Ent er obagt KIguah&s of ﬁ’g?lﬁéqr@&hmp(ﬁ&oté}@ idE80&%e Eﬁﬂh,feir.é. Red bf IRy €

oli.,

preferably of species E.c 20The [I:)rl marlg el enment o i

cles t. ¢ : is the
cat abol i t e céRPPGiPtipn Kitiatian Aite B3RP 1 (WPEQHDiNG-Dapabl e to bind to the

cre-sequence, such as the putative cre sequence in SEQID NOs 3 and 4. In
the bound state of CcpA transcription of the respective gene, here manR, is
repressedd | Mhapseleieadid sgluanes érogng. suhtilisransempassing &e pramotasregior if as

D mannose, t i Ji iL,ndin f

transcripti orqﬁ%r&?’t%ﬁééﬁsgﬁce@ﬁgé i EélBﬁaéﬁﬁoés)g?gBeﬁé% %%%n?’?%ae{qggmgy trﬂﬁ ndi ng
of the regul &osgriptiooirgiatiot Megi&) betveehepr-d sgrelcnani, ds well agpait bEsiaoR, t he
pronotor regions of the n. nose operon. . SurpLi.singly it found by the
bresent i nveri 9re" nyfelte fARRI TUB: WP MaMRASFPREA PV % ei n for ¢ he
manP pronot ermrheegioiic Ridid seyuRUEO R ghé dredent diveRBdRcaMbisBY fthe Brawdtded wi th
the present invention is a fernentation groce_ss for cultur] Fggjr%?’grro?nkaryotic

host cel FOcoRp¥?s PhgraaRREeEGPLIWFI BRI ISES Y NYEsiCRCHeifiYERS Adl
bp -122 to the start codon of lacZ (SEQ ID NO.3), more preferably, the nucleic

acid sequence of figure 3 from bp -122 and bp +7, i.e. inclusive the putative cre-

sequence, (SEQ ID NO.4), and, in particular, the nucleic acid sequence of figure

3 from bp -122 and bp -1, i.e. upstream of the transcription initiation site G at
25 pb+1 (SEQ ID NO.5).

Both the promoter regions of manP and manR comprise binding sites for ManR.

The present invention also encompasses a sequence complementary to any of

the SEQ ID NOs.1-5 and variants thereof.

30 The promoter regions of the mannose operon, such as the manP promoter
region, the manR promoter region (with or without cre sequence) as well as the
promoter regions in accordance to the sequences SEQ ID NOs. 1-5, a sequence
complementary thereof or variants thereof used in the present invention are

usually from the mannose operon of B.subfilis or from a functional equivalent



pronoter of the mannose operon of Bacillus subtilis operably linked to a
20 transcriptional unit conprising a nucleic acid sequence encodi ng a

pol ypept iwe,201dmagzrn in a first step the prokaryotic hogtrmekétoios1iesl t ured
in the presence of a first carbon source which is different fromthe

i nducer of the inducible pronoter, and & a second step in the presence of
the inducer. 5 The carbon source which is different fromthe inducer is
typically a rprérﬁ@teyregwm@rmtﬁwrc@rtxarc drgenisastin atticulshef e@enrehne dfmskicer is

typically a rbon ce . for the host cell. , r car bon
sources are 3 g yer‘gb%ﬁc'@ E}&V Clignal h%‘f"’{]%”tl SrRRfer ¢ wgon Pﬁa? sef ul
as substrat e%rdl@rﬁdﬁbn@r@bﬁ@m@nerﬂfo@rﬁ?&%% pr&WbtefBraYioR! wkidh yiet ihgudigstbgel | s
glucose is a prinmary carbon source and can be suitably used as a substrate

i n fernent at NFANEPHC LS sBsPIBMOGT0EEI0r BRARY & Nighee exrressign mgtivie in Hﬁeow ded

with the gregediontdWRMlih @k disscAcdBE MAANdR. producing a polypeptide in a
host cell, conprising the steps of a) constructing a vector, b)

transfor ni ng a prokaryotic host with said vector, 20c) allow ng expression

of said pol ym?maingeprbe tﬁgérpaﬁlk'ﬂn%lé uEh %¥51ilr‘?rﬂ‘fd‘l8§iﬁl(e BU AR, @h&%ﬂh&éé’”s d)

recovering said polypeptic romt he cel ture system he vect or
used, as wel Iopatonusswotyﬁéurrinetm@abdtsm eftemanansd.or mat i on of a 25prokaryoti c

host are as qefimpd ?@%\é@ mX@ﬁH%?enttQEBQr% 8£r‘889%%xs%‘éc'k{%}<8 % h>ggluence

conprised by the vector enco ure system
conti nuode OlglLdIDS(E:CHmtdI Deroaisnasd dnerrmamlictakas dma\tlehhe:phbsmr&)emolﬁyedvdiat ch

| t b t t ub f K t
Sof er nont or s CopLTR R Ph B e BN B aseier JPoSks 0B PRE JFELER YR ent i on
is a fed bat tlexdsr resimatthmgouskx pﬁr&ﬁpbatytalteqoraﬁ@em@m@mt@cﬁeebelzednmgw t he

time-limted feedi f supstrate to the culture broth w t hdr awnel
of "ol ut | on. UARH NP SBLINEIITR 2 FRAIE 0% RUTRGL PUbIeCra B y ¢ he

fed batch preaessiiteoeprdssion (@R MtHehpeeefdy bNglusbss: he heeferkl Ssugae
initially grown to desired concentration. In this ghase cel l ‘?ﬂjBWth is

high andBanskBstaje @6 sk, ERISFHBReT aethesogsissdaE Ea KRiIsd et shiaber | <
added. Af ter ol paidieds el ds tﬁ@'ﬂ%'ﬂbé@ébé’r@n § rémasad the 5feed phase is

started with feeding the substrate. pi cal C’y the inducer is added during
the feed phad&e mechanism of the glucose dependent CR in B.subtilis has been widely
studied and is known in the art (Stiilke J. et al., “Regulation of carbon catabolism
in Bacillus species”, in Annu. Rev. Microbiol. 54, 2000, pages 849-880)
20
The transcriptional unit according to the present invention usually further
comprises a translation initiation region upstream of the initiation point (start
codon) of the translation of said transcriptional unit, whereas the translation
initiation region is operably linked to the nucleic acid sequence. The translation
25 initiation region is usually located upstream directly adjacent to the initiation
point of the translation of the transcriptional unit which can be ATG, GTG or

TTG.

The translation initiation region can be the translation initiation region of the
30  transcriptional unit of manP gene or manR gene in the mannose operon.
The translation initiation region of manP or manR gene of the mannose operon

can be partially or totally replaced by an other translation initiation region.



For culturing the host cells conventional nedia as known in the art can be
used such as conplex nedia like "nutrient yeast broth nmediunf, a glycerol
cont ai ni /go 20D/0merum as descri bed by Kortz et al. 1995pciErBiowenbsol . 39,
59-65, a mneral salt nmedia as described by Kulla et al., 1983, Arch.
M crobiol, 135, 1, a batch nediumfor Bigubtilis fernmentation as descri bed
by Wilns et al., 2001, Biotechnol. Bioeng. 73, 95-103 or LB-nedium as
descri bed by FBeekarapleethearanskflidd initlatioBaegiens of tufl2eloR§aiodGBctod ulaed nedi um
conprises a suitable carbon source, for exanple a sugar_such as gl ucose as
a substrate 981 {SHESHAEtCPeHIren ahel- -gt S%h Mothger aP g -%%er@@'@@g’ogé
substrate i sf,@hf[;%[@ms EdPpa L&y i nducer. 20The medi um m ght be nodified as
appropriate, e.g. by adding further ingredients such as buffers, salts,
vitam ns, am no acids, antibiotics or other mcronutrients as are generally
known to gho h I i nations
of nedia %ansrg'gqjﬁg égjtllé%rnluglek %@éﬁ %él?rﬁzleﬁgdfot?ﬁ\ %ﬁ&g @twnﬁgtea‘ %gﬁg{}}“ t he
medi um used astldd@mreglne@ndrsta'hofUhd regpieciivecgards arérehowd belew, Wltfntherstthﬂ to
?Ch' eve a ti %h&or( ?rg%l ?o% It){f% cl’fﬁe rgsqmg%ﬂng%% Lﬁ)ﬁo%mte%rarqoe%eo%%lne aléz%]rﬁa-
ernentati on process 0O nvent T on expression1s’s ed by
addi ti on of éSequethlghllglhthdcer The i nducer of the mannose operon is
mannose. 30 Also a derivate of mannose can be used capable to induce the
manR pronoter region or manP pronoter regi on of the man nose operon. The
expressi o0 camAbe regul ated by the anount of inducer available to the
pr okaryotic host 22MAAdd| tion of the inducer can be started after the
cul ture reacRestas =S . Peaatacot’ such determ ning
paraneters are Afe §Bt|cal detagéadgn (OD) i ndi cat BagHk he cel | concentration
of the culture _or concentration of substrate such as carbon source, which
is diffefent 9% m the inducer. 5 For exanple, in the present process the
| nducer can e addggrs AAHANATERRAAE RIARBRAARELBLE D dependi ng
on the speci aAal tur m For patch culture in sh flasks a
typi cal ()Dam as determ ning paraneter 7S About 0.3 or h|6her 10 According
to an e diment of fed batch culture of the present invention in the batch
phase, en only the primary carbon source is available in the nedium the
cell's are gr Gynstimbie selettiatentithey trahsdriptiordmtiznt wgBd (HeDai@bdihd of theen, t he
cultivation i S. i rimar
carbon 15 Soﬁﬁwé:%@%?ge&hggée%d \A}mt%hlga ed IIBoﬁas féétﬁﬂe 'ﬂ eﬂergxﬁpegél:sﬂg{r-@eocar boy
sour ce: inducsmbllmauftbemRNAecbhasauteriazlekj@yntstspe&ﬂahelfhﬁe from3:1 to 1:3. By
variation of the ratio primary carbon source: inducer, the expression rate
can be controll ed. The anmount of inducer added can be sel ected
dependi ng5on It bedisipads fthe traBsaiglioni initiatiofh régionmandoathiednitiafitre poindef tfe

addi ti on of ind c |nd ction nme cte ccor di to the
Soe e oul tanSEn ba REMES, Bl hrBd et ing RodTinet if cRas A r ossi on
rate of the hgshitebh poiagTobexdmiié BBSUtrREEbaded calroe repatad, gor dxasiprer can
be 25 added dis ontlguousl or contjnuously over suitable tine periods.

di scont i nuou@SiFH8EN EPAKARINE RHSIEICiASIS) SEIHBNTGSHH 1WA PN SHhdESRACIYGIE | nductl on
point only, or twice or even several tinmes in suitable intervals. The

sui t abl e node depends on the culture system and can be readily determ ned
by those38ki [Thedranslatine igifigtion region can further comprise a sequence encoding a

[ |V

signal sequence operably linked to the nucleic acid sequence to be expressed.

The signal sequence is usually located downstream directly adjacent to the

initiation point of the translation.

In case a dicistronic or polycistronic transcriptional unit is used, different or
35 identical signal sequences operably linked to each of the cistrons can be

applied. Preferably different signal sequences are used in such a case. The

signal sequence used can be a prokaryotic or an eukaryotic signal sequence.

Usually prokaryotic signal sequences are applied.



30For exanpl e, in continuous node, inducer can be added in a constant rate
or decreasing / increasing rate. Continuous addition can be further within
a sel ect edtotzonmo183wer val of the culture, for exanpl e selpertrrdomionEs nt er va
during exponential growh of the culture. WD 2011/018377PCT/ EP2010/ 061195
23 Further, a conbination of discontinuofis and conti nuous induction regine
is possible. If inducer is added in two or nore portions, addition of
further inducer can be 5 started after the culture reaches a second

determ ni ng rapeter. The seco determnin arangter ca for

exanpl e, t b 95 PRA SHREFEy SOB0IRGIEeNEH FERCIIC el PEsSaaoRS] JbaiR i de.
concentr at i orRxplessibrlu@eford Bf 38 Bids@At MvesticiNadn Bk &NsihBd GominRcigmpPbESSI 0N
of a reporter gene. 10Usually, the anount of inducer in the nmedium of the

culture of peYRAFYEtd ChaBEalY. sFRdpXATRIE: SlgnBlesamisires 5ag/ e spntBeerehl v

about 5 g4l , a@'@érﬁlr@rtéftﬁé §&|d’pt?é%‘é%hogpl%rbmldlte tr%smﬁo@ﬁeéd?ﬁﬁeeé added
during feeding can be varied over the feeding period. As set out above,

variation of it ReawGagpd Hriuthars i bﬁﬁr%f@GFQﬂel—eH%aac@Wl%ZI Fgescabr ati on
of the expressign Ue%ﬁter bt &, NU@Ie%@i&lds‘jﬁ@'ﬁZyGw@%rG@Rﬁ 684 )eplitidAB9eE are,

e.g., 6-8 preterably 7.5, pBroprlate culture terrperatures are between 10
and 40 C, pr@ﬂlegroawwe@bﬂe\@ eamrfgmmed OThd ecaldtsvarsrylamildgt el usual |y

as |ong as 'teléc?rﬁﬁl%rgg\ ok b$/ Qﬁuoﬁ%ﬁ};ﬁ%ﬁ&gﬁﬁ‘&@%iﬂﬁs&%%“Fr?ﬁg%sgg 3‘;‘?@%&5‘%’32"’ or

bi omass has accunul ate our and

pr ef er abl§ bet Goem. 525561317514@r(d|983)days As the yield of biomass the
anount of expressed product depends also on the 25culture systemused. In
shake flask culture usually expressed product in an amount of 0.5 g/l

cul ture nedi Wsualhyn thee tranectiptiedalwunih farthersconprases f ortraedcniptivh terieatier of t he
present invention. Using a fermentor culture in a batch and/or fed-batch
node expressé%g?)'?oduct in an anount of usually nore than 0.5 g/l

fer me/nt ation Pbétetbrbblyiiélgcﬁrﬁj &eaﬁd:ryptl‘m’r Eerhha?mdn gédions arpasti dot af/(f)lﬂ'D'Ir’]gi‘ t han
1.3 g/l t a] ne urther, in the fernentati.on process t he

or osent [ BverePORodarngn: A Hrogomaeh whin gie FamcHalit 1Rh 335 15 fomiaiby ai ned
from at Ieastplal:md @e@&n@@@@%emat fRGH Tt IpRisnad plop@sidrs Mo B BEnsdagtioveen 50
0D600 and nore, nore preferably at |east 500 0D600Q 24 and nost preferred

at |east 1004NEoBwEer Sekiiafion of e MRNA wasLbsatver iplak eisenee of @iy to the

present i nvembihsdtiptieh terfifiitibh k&foet ween 50 () Dam and nore than 1000 () Dam

can be obt ai ned.
A suitable example for a strong transcription termination region has the nucleic

20 acid sequence 5-CGAGACCCCTGTGGGTCTCG-3’ from the 3’-region of tufA

from B.subtilis 168 which is commercially available.

According to the present invention a heterologous nucleic acid sequence can be
used which encodes an expression product that is foreign to the host. In case
25 the host is a prokaryotic species such as B.subtilis or E.coli the nucleic acid
sequence of interest can be from another class like the gamma-proteobacteria
such as from e.g. Burkholderia sp., in particular from a different phylum such as
archae bacteria, or, most particular from an eukaryotic organism such as
mammals in particular from humans. However, the heterologous nucleic acid
30 sequence might be modified according to the “codon usage” of the host. The
heterologous sequence according to the present invention is usually a gene of
interest. The gene of interest preferably encloses a heterologous polypeptide
such as a structural, regulatory or therapeutic protein, or N- or C-terminal fusions

of structural, regulatory or therapeutic protein with other proteins (“Tags”) such



S5For illustration, 1 0D600 corresponds to about 0.322 g dry mass per liter
in average. Consequently, an 0D600 val ue of 100 corresponds to 32.2 g dry
mass per wotzer/mssy7500 0D600 161 g dry mass per liter. BygTidreo1spennsi c

i nduction regine according to the present invention the focus of 10t he
fermentation can be varied in maxim zinggout put in view of bionass,
expressi on product and inducer consunption, respectively, according to
need. For exasnjréen ﬂu@r@ﬁ(ﬁirﬂﬂ@%tbrﬁcbl(ﬁtlhérrfuéreliriﬂ@tetr‘vislhhéihéiefdibgdum&lelc

i nducti on and additi onal edi ng of tEe i nducer

an ex rate
results in hi?§ %%%P%%%F‘tﬂt‘ 612 4P éttraé‘éPVﬁé’Ht'&H%arr%‘F ﬁt(ﬁ Sf?rﬁ"e

bi omass concenRNaL sQéh ag\grgcgntﬂs%ﬁgg_empf urther processing such as
purification_steps etc. nore efficient, and, thus, tinme and cost saving. In

addition, fer Hﬁr&r‘étﬁlno’ﬁabpet%%d“r?@gtascaél 'P§°'%‘€(ﬂ9§fer9@tet B #he SBWQLeeFPfPtEE'%ventr on
al 1 ows a Bi ghyHiisi gradérign i &yt¥haBRWr ih @S pSiiplheiRicVgRlcarof thdndgcendi ng to
an enbodi rent of the fernentation process of the present invention a host
cel | such as2adadn |the exfraceliylariredien, Rﬂﬁﬁfﬁb%dh%mﬁ@t@'r‘a's\/@@%@e%éﬁrayr ng a
promoter of LARpEARBRALWARRTIO BrosBAFATho hefiiBfc WAk Br i ARELBRLYabf nked to
a nucl ei c aci d sequence encoding a target polypeptide. For 25 Bacillus a
preferred sulisthegxé&racglutgrmasien. Further, the inducer of the pronoters of

t he mannose operon i s mannose. Preferably the fernmentation is carried out
in the fed batch node. Mre preferably, as set out above, the host cells

ar e gr ow0 durlihedetdielopatschrofstirasientenest icam be of humenshapmatiarf pDanvkafyotibout 20
to 30 by addi gl t sups : h ure of
gl ucose and é’gg'ﬂdﬁjc{@‘? ﬁrgﬁ%%gre?éﬁﬁ eS’aggcehdggé%gﬁg%elﬁgggﬁrc’gagt?(th?d%%s:/e in
the m xture ftioen rTMrolmalorbatgbgmrssbothovrmhrandsaertrbmtemﬁ,r gnd from exenpl@thef from
3:1to 1:3. Intaddrt on | arltps osstbeto eed ma({tg]sg onth%. WO
2011/ 018377PE) %B%é‘i%?%yﬂ‘ife'%c P‘é’F t RESASeE nPHTFESEh B YEoEeMiftose

pr onot er the nuelebsys, O@t]bame@erl 6>ed@esp digre-aoypdeat eoxidoredystdses alipsseguence of
t he regu orh ene rrE Ee P?g fernmentati on and expression in the host
cell, theex BEF Wi W?ta§e§l?@ SPGBt i de of interest can than be
recovered fromthe culture of host cells. In order to obtain a maxi num
yield of the expressedérg/ roduct the cells are usually harvested at the end

of the cul t urdtgrRiesgiddyenton egudenandiige sistanteds ywhieh the sionahieaussesi cat i on
or French Pregag. thdUsetelolRyold! Hp@aE! 468 Bbgudhedd! by fdrfambe@bhvthiReghars crude
|l ysate of the host cells. They can then be purified 10 by standard protein
purificati on e¥PEREIRRD é’§CFG1"év9r?”| e vvaeiedr {n \R/ﬁ‘i’f@ﬁr%9mrbﬁ€“ﬂ@@tsd'ih1ef pBati al
preci pi t abi OReqHECH @ru&ltegﬁq)%r HEEhQaERPd ééa@eﬁéec%egﬁnghé gmR{ogr aphy,
i soel ectric focusr&ge g\m el ectrophoresis, affinity, and inmunoaffinity

chr omat ogr apiRplyPFH teregtnove agelalrmtrieneq @nérta@tﬂl@@dp Aeif Ragisieae

descri bed in, ( cadem c
Press Inc., Iﬁn\g(mgn? %#ﬁ% oﬁ’# g}ld Ofﬁg%%st ﬁé‘ﬁ‘o(gle?@b t%ltj)lbe/cf%?é tb Brb(;l)jlﬁﬁ\gy For
exanpl e, for 1p0Piahiicaacids. Iofpreeredetmdtmyntprwjdml Beqnencg laod uluickess they
can be purifi

ol urm cont ar T epb S PHERRG  B, nt ETRRRle B ARty o BRRARTRucRY

t he expr ’e‘ése@acmmtheegleobeﬂaratsd(barzespmmléweablt;y bi nd. 20 The present
invention also relates to nethods and neans for the intracellul ar
het er ol ogous expressi on of nucleic acids encoding e.g. polypeptide in a
pr okaryotic hRDsl’erabIIyJ tlpewed:toub’athet ﬂsres@rrtesmmloh rmerptrisema mebradies régiovett or s

and the use of such vec ry |ntracfet | ul ar ex '?—ﬁ fn @f 8

het er ol ogous ”%}5‘8[5%’88{%'«5‘ 'r‘%oé G\SP‘BlPérWt? RoSHYBsY Ve > @ the
present i nverkf@shcelddmpdni@nalylthibradl amdovaizaistnelebe poI ypeptide i s expressed
Wi t hin th& cytoplasmand is not transported fromthe cytoplasmto

non- cyt oa asm c |locations. The pol ypeptide will be expressed within the

cytopl asm i n Aigy saddingaRsédIs) @ PRABASINMntioR is Helbieof VB toPECRRASING &5 f or

i solating and purifying pol yPeptr des fromthe cell,
the invention in' the” fermentation process of the present invention for the

ovvhrch

regulated heterologous expression of a nucleic acid sequence in a prokaryotic

host.



30in particular fromthe cell extract, are also well known. The mannose
pronmoters of the present invention are advantageous in that they can be
tightly rwgubavmei77i nduced by a common and non-toxi c ane#crirre@bosa9S
industrially useful conmpound. 26 Further, the nmannose pronoters of the
present invention as well as vectors comprising that nmannose pronoters are
stable within the cells and are not |ost even after a plurality of
duplications of the cells. Thus, the host cells transforned according to

the present invention can he advant ageousl [o o very high 5cel

Homsy 11 aa THOSH RatTar e e e VAR Ao YOt SO e TR d SR Aaescr | bed
herein i's suseqmridel dripishard SromdRsr ragidn WP ed inaaidsenspers Erefhably, tos e
specifically described. It is to be understood that the invention includes
al | such var islatehandguidficd RBEIPIE 2 i RYCNEa I@@G‘P”E%Spérﬁ i”F‘ﬁj”? PERMeRE spirit

or essentsal ;pARK ¥ REhRGROEPBI 8 manhBSe bPMBRATL MeR: SRPabIGhedBmited | of
the steps, features, conpositions and conpounds referred to or indicated in

t hi s speci f i @adiryrified pigileic ddidiseguencecompsises eey 9f thaSdFQiyNRsd tald.

conbi nati ons : ¥ . Sal NS nt

di scl osure i ﬁ%ﬁ%?%\régd%ng%{ @%éril)és'? %@ngags I nC%a ;{r@@g%@@?o@fge@@ﬁggt rated
and not rest thetmanagse bgersc ope befopenably hnvkedttb entrévescrigtianat Ui terdpiising he

appended cl ai,ng o, Andc gl GRN0GS SR SO MLIAL Nlden ThaRLlg.and of ange of

equi val ency are 1ntende race ious reféerences are cited
t hr oughoto t hhesnsg@eicidcidcsdquance eacdding fadthe Ipolypeplidmispodat edntha roéithe by

reference in its ten;ti r et 1 20 The foreaﬁ(])i ng description will be nore fully
under st ood WP "7 EPENC Q%n}aﬁao:?eo?qeé i'ng exanpl es. Such exanples are
however exenpharigolatbd gt padtediugiaacitiseyseéng dfhkis pivestot camibe olated and ar e

not intended to l.imt the, s of the inyentjon. |) Isolation

Gent 11 ot 1 GHCRPING G aiars Sk Rlotgs ARk TRt wet KRG FLHS Ao o of
man nose opempnfied fandotiscidted eONAL Begudree the fuahéoWoR@ris@t &d &rSmarng

met hods has been used: Bacterial strains and growh conditions E. coli

JMLO9 ( YaNi sEPUYRIPYOIPAEENERS. 3 Knowg inthezart, fogsin auiginggigpsualy e8arRiPYedis

subtilis 3NAffdtheBRbredsiorof ke Rbduct dncd¥eRlby tRaAlLSEICRlcid s23ued&/0, 220-227)
were used as main hosts for cloning and expression. E. coli was grown in LB

liquid nmedium 27 (Luria S. E. et al., Virology 12, 1960, 348-390) and LB

agar pl ates $yBRI?IEaLRE: Mst ReALQREsSH iy SHEPEEbY tidhsRImERGhith tROTY¥&LR at 37
C. B. subtilis was grown in LB liquid mediumand C or S m ninmal nedi um at

37 C (Martinvertke isgéated pnd guurifigd nugleic\aslid geawenceg 1of the pgesenswestan..a Li qui d
medi a angpagar I r PNY ipmycin,

10 pg M2l geaey iR MeBagHEIRIcH G SERbE i sk RO e e B T Fon
of the mannogdrqivoedinde theshesti ¢eds faldngewidd ther nealrio lkekidvesguBremphivirestas added

to a final c ' 0 9 v i A I ] re
obtained fr o%éﬁ%ﬁ%%%&?g e_s(afgﬁlfé %trg%hr?é_anr,k éo([ggr}g%%cg}?@u%éﬁ%ggl&tﬁg{msﬁrrany)
or Merck (Datimestisndted Gerdrpoyfied Sydeicesdid daNaentd gorightoplictedly wer eo-
pur chased fr%m&o%mf' ns MAG %rrorﬁlv\érlgfbersber (C?;evr Restriction

AU

, nyy,.
enzymes and #638fjf'r§/iansgep§rrﬁ 'eo?)l?rsc Eaet e%%”f&’SH?‘f—?oé%‘S“RBB‘% i ed
Sci ence edanminerkéens d@arbsause)d iocludNey thorg! taatdcddifel rabistancEtankiinioticsasudviai n,
Germany). PCRs were run.with Hi gh Fidelity-DNA pol ymerase from Fernentas
(ST, Leon- Rof> SEEHRADNO Mooy eBeilvy 379 dpayfin The amodt of the
antibiotic can be adapted as desired in order to create selective conditions.

Usually one selectable marker is used.

30 In case that the vector is a shuttle vector a marker common to the suitable hosts
can be used. For example, in case that the vector is a shuttle vector replicable in
both E.coli and B.subtilis the resistance marker gene encoding the
spectinomycin-adenyltransferase of Enterococcus faecalis can be used which

confers resistance to spectinomycin.



20 Preparation of DNA and transformati on DNA-isolation fromE. coli and
B.subtilis or fromagarose gel were carried out with DNA preparation kits
of Q agerwOHMbiwdas377Genr any) or Roche (Mannheim Ger manypcagpd@sosilbed by

t he manufacturer. Standard nol ecul ar techni ques were used throughout the
exanples. 25 E.coli was transforned witih8pl asm d DNA as descri bed by Chung
C.T. et al., Proc. Natl. Acad. Sci. USA 86, 1989, 2172-2175. B.subtilis was
transfornmed with plasm d DNA accordi ng to the nodified "Paris nethod"

(Harwood C. R, Mol ecul Bi ol o t hods for Bacil|us, 1990, n Wley &
Sons Ltd., EASWH ep"%@r 9%“%%& t35sf %%%GBEPFO\V?"B%C%glgu?t%ﬁ?d' hhem of

the cells to hiast &Xamdngditith@.ricilic Zci®Yéd RIncuRr ttdresireshdut ﬁohjel&nMe t ol uene
for 30 mn at 37 C. The 13- %?I actosi dase activity was determned with o-

WO 2011/ 0183 FTPeffifiEpR0ad/as 9828 ni t r opheny1- 8- gal act opyr anosi de at 22 C
accordi ngsto éWltbﬂ)l@rre%oﬁ@rt gé’rqas( Md, l18F eQamble; tﬂ&%oo@ﬁ@ﬁﬂ' eﬂ%'&h%ed @ré’@ﬂ ecul ar

genetics, Cold Spring donucl eot i des used

Qi gonucl eot |ﬂé|0@3%ﬁ@é@ié@ (Pﬁﬁ?é)%d m%wsdmm roalapiosidesst BGT'TFG'PMG'ACT GAA
5L ARA ARA TEP R AR T AR AR TR Tl 6% T POR ampl 11 cation of
manR from B. subtilis s4802 5' - AAA AAA ACT AGT GIT TAA ACA GGG AAA AAT GCC
TTT ATT AC_3Another aspect to the present invention is to provide a prokaryotic host
10  transformed with a vector of the present invention wherein the vector comprises
a promoter region of the mannose operon. Preferably the vector comprises any

of the SEQ ID NOs 1 to 5, a sequence complementary thereof or variants

thereof.

15 A wide variety of prokaryotic host cells are useful to be transformed with a
mannose-inducible promoter region of the mannose operon according to the
present invention. These hosts may include strains of Gram-positive cells, such
as Bacillus and Streptomyces. Preferably, the host cell is of phylum Firmicutes,
more preferably the host cell is Bacillus.

20
Bacillus which can be used are e.g. the strains B.subfilis, B.amyloliquefaciens,
B.licheniformis, B.natto, B.megaterium, etc. Preferably the host cell is B.subtilis,
such as B.subtilis 3NA and B.subtilis 168.

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

Origami, which are commercially available.

Suitable host cells are commercially available, for example, from culture
collections such as the DSMZ (Deutsche Sammlung von Mikroorganismen und
30  Zellkulturen GmbH, Braunschweig, Germany).

For example, Bacillus is obtainable from the Bacillus Genetic Stock Center.

The host cell might or might not metabolize mannose. A host cell which is

ordinarily capable to uptake and metabolize mannose like B.subtilis might be



Forward prinmer for anplification of P manP43 s4833 5' - AAA AAA GIT TAA ACC

CCT GGC GAA TGG CGA T-3' Anplification of spc fromplasmd pDGL730 s4835

5' - AAA AAROGHH/OESZ7ATT AGA ATG AAT ATT TCC CAA AT-3 ' AwrplriEre@atsans of spc
fromplasm d pDGL730 s4956 5' - AAT TGC GIC GAG ACC CCT GIG GGI CTC GIT TTT

TGG ATC CGG CEC CCA CGTI GC TAG CC-3 ' haisertion of tufA term nator s4957

5'-TTA AGG CTA GCC ACG TGG GCG CCG GAT CCA AAA AAC GAG ACC CAC AGG @aGr cTC

GAC GC-3 ' | mswiifiddot 98 defididnttieromienat moreSfaAOons' rel@ydet ToAeWiptakel and/dA TAG
TTG TTC AGC CAC TGI- 3 ' Labele rimer, for prinmer extensi o[; %Jg?O?
5' - Cy5- ATC CARE smTal raneser iggey. IRTANEART.MPre | THRE|0RY B e fo £ pri mer
ext ensi on s5Q3iake’ arldyor-rkEH SHEACHICHAT AdCEY e 3chibadiebyd. gosupmresdifg opr i Mer
ext ensi on s5098 5' - Cy5- ATTGAGATAATCCTCGATCACTT- 3' _ Label ed prinmer tor prinmer
ext ensi on s5Ppsking thé expression of a gene coding for a protein such as the manA gene

5 coding for mannose-6-phosphat-isomerase. This can be done by known

technique such as transposon supported mutagenesis or knock-out mutation.

Usually, the prokaryotic host corresponds to the signal sequences chosen, for
example in case signal sequences of Bacillus are used, the host cell is usually a
10  member of the same family of the bacillacea, more preferably the host cell is a

Bacillus strain.

Preferably a host is used which possesses a phosphoenolpyruvate:
carbohydrate phosphotransferase system (PTS). In particular, the host
15 possessing a PTS system is a microorganism of the order Bacillales, in
particular of genus Bacillus and more preferably of species Bacillus subtilis or a
microorganism of the order Enterobacteriales, preferably of the genus

Escherichia and more preferably of species E.coli.

20  The primary element of CCR is the catabolite control protein A (CcpA), which is
capable to bind to the cre-sequence, such as the putative cre sequence in SEQ
ID NOs 3 and 4. In the bound state of CcpA transcription of the respective gene,
here manR, is repressed.
In absence of glucose and in presence of an inducer such as D-mannose, there

25 is no repression by binding of CcpA and the transcription of the genes of the
mannose operon are initiated by binding of the regulatory protein (ManR) to the
respective binding sites of the promotor regions of the mannose operon.
Surprisingly it was found by the present inventors, that ManR is not only the
regulatory protein for the manP promoter region but an autoregulator for manR

30 itself.

Provided with the present invention is a fermentation process for culturing a
prokaryotic host cell comprising a vector which comprises a mannose inducible

promoter of the mannose operon of Bacillus subftilis operably linked to a



5' - GATATCCTGCACCATCGTIC- 3' Backward prinmer for anplification of PmanP for
pronmoter study s5208 5' - GGTACCATTTCTITGCTGAATA-3" Anplification of P

manRr egi owof20omi1pBEN279. 2 s5209 5' - CTTAAGCCTGT CAGTATCTACTT@RH18/061195
Anplification of P manRregi on from pSUN279. 2 s5262

5' - AAAAAAGCTAGCGT TTAAACAAAAAGCCGATT TTAATGAGCTG 3' Forward priner for
anplification of P manP44 29 Experinent 1: |solation of DNA fragnent
carrying thetr}@h@cmpitl@malrlﬁ‘ngid@ﬁﬁarléhgtdﬁmd@.ﬂ@Olﬁesegpérﬁwlet@dﬁglr@eﬁ poppésideon of
transcription initiaton site onot er. an nP _pronot er

Chr omosonal BT 1BadTE 1S ThebproRpaoteBOReeTis B et Mo RSPRG By Bl oo
& Tissue Kit figdt calpaedoutdd wistem is GRERNOm the iMuBBVof th@ HRBibiOproptdtdr 2. 3 kb
with the conplete manR with the putative 10 manR pronoter and the

i ntergeni c r & dha BEEARETCRHNRE RRFERER P REINFSIi fied from the obtained DNA
by PCR usgng pri rrer $46931s4694. The obtained DNA fragnent of about 2.3
kb was used for rimer extension experinment for determ ning the
transcripti oﬁ'hpn‘ﬁr isSenrcsi wiish d$ diffgredtplreotherindures gl tyriealyp? GRBREr . For

i sol ation of -gigA écﬁfrcé)rfér”t‘% i‘?d%tt %@ﬁ'vﬂ%r@assmét ﬁmh@cx{rqgtt icaif¥Sa %@E&g{sﬂpt ed

fromthe E. CO|I vector pl C2OHE (Al tenbuchner et a 992 Met Enzynol .
216, 457- 466)cakhed SLOH@GBOI‘sf{bbthOISi@”vector pUB110 (MacKenzie et al., 1986,

Plasm d 16, #niiy 10bn koAb UeLAMALBRAIdLD] ¥ JHEAS SaPRCr dene.

whi ch codes mat ur e sost a rom St aph ococcus &i mul ans
(Recsai &0 alare useggigs ﬂbettatea\latﬂermmtabbn @@peSSLeSA 84, 1127-1131). I nto
this high copy pUB110 derivative the 2.3 kb DNA fragnent was cl oned
upstreamto the | ysostaphin gene. The resulting plasm d was naned pSUN178. 4
25and intr odtlfoemainytpmolmmtilclhmst sellstallicgose 3NA. priBaamj' canben sobtceldansl @&NAeni t h

G ot phase bt R85 Hor o B oD RSSO nosd hRRaBREme !

cells.

15
Further provided with the present invention is a method for producing a
polypeptide in a host cell, comprising the steps of
a) constructing a vector,
b) transforming a prokaryotic host with said vector,

20  ¢) allowing expression of said polypeptide in a cell culture system under suitable
conditions,

d) recovering said polypeptide from the cell culture system.

The vector used, as well as its construction and the transformation of a
25  prokaryotic host are as defined above, whereas the heterologous nucleic acid

sequence comprised by the vector encodes a polypeptide.

As cell culture system continuous or discontinuous culture such as batch culture
or fed batch culture can be applied in culture tubes, shake flasks or bacterial

30 fermentors.

Preferably the fermentation process of the present invention is a fed batch
fermentation. A fed batch process is characterized in the time-limited feeding of

substrate to the culture broth without withdrawel of solution. Feeding can be



mannose. After 1 hour growmh at 37 C the induced and non-induced cells were
30harvested. Total RNA was isolated with the Q agen-RNeasy Mni Kit. 30
Primer s590@oands®x3007 hybridi zed respectively from +21pco/Ep2€@0m6095r om +76
to +105 with respect to the start codon of |ysostaphin gene. Prinmer s5097
and s5098 hybri di zed respectively from281 to +101 and from +131 to +153
wWth respect to the start codon of manR. 5The sane priners were used for
the sequenci rgntire@0ticdn aftevbias Gedelaf) thé f@(SUbfbﬁ&)réceSMﬂo@’fprS% wehtes sSi ze

standard. The AWM-Reverse Transcri an se from Roche
mer e O T OEANR eI Ghich B1S CaE Dy St o OSSP A OB BRGS - Lo Ana g,
The products pBhsd, eyl ?ﬁb\/\ltﬂi ag IhgH I@huogbn%MIySﬁ&u%@t RElypeptRiedRaApyEacePN a
denaturati ng pol yacry 10 heal t hcare). All other

am de sequencin
reagent s used™MBEF @npPevGeddtagdedatities ﬁ%ﬁ?ﬁi'&t‘jn@é‘&(‘é’”@rﬁfa@@ﬂ isnfRashed dhe

Sequenci ng Kifged Jitfetis ¢ §-fé$t%6'vmh' @lewé Alds@ates T picaily, '?F?enlpd%é?rf?b@éed/"as
determ ned by using priner sequence freactions of the plasmd

pSUN 178. 4 Wdﬁﬁngﬂ@feigpﬁﬁﬁa primer were prepared and run on the same
denaturing gel for conparison. Figure 1 shows the DNA sequence around the
manP pronoter with the transcription initiation site at A (adinine

nucl eoti de) IFer agituringrihe fhsteaglls Theveandidozavedia @s &newn 3bthemibeanipe used

italics, th ; db
arrows, 1ot Pt PR DPR: G, AT LA brdth ich P SRR R0 0
The trand@ri méoblmniasidesatlbmbsl&oetzm‘t aheliPRSpY obioteshnela 8908966 meideral t h RNA
I sol ation a”%ag%rd?ae% %%%bfb%db@! Rﬁu"%{ L %8%“ A NAERBIch, %bgvbabemth

respect to nan exce ri’mer was us’e whi ch™Dbi'nds in
t he 25 manR gfmmjmlforfBg;ubmls :Eeramitaﬂlohhes Dw‘scsbememceNcbrhsthtealrrarﬂBOprormt er

el oot dey BURRY I ghibeht o v 1B BEBuBo St leSirhde B SRt A R A o

and the startioef, J. f%cle)’&l 62nE93RBEH. ManR gene, respectively, bei ng | ndi cat ed
by an arrow. The restriction sites and a 30put ative cre sequence are
underlinéd. The transcri ption fromthe manR promoter and in particular from

the manP prompk&he G c%‘iﬂpf?@gé % éu"’:%l@%%%nv‘étﬁ!ﬂcé hé: @)@n'mpﬁe WeJiRat BEHCES Dy

mnnose as was Sseen by nmuch stronger Si gna s inth prinmer ext ensi on
experi ment . ghlpoweslarsuﬁéﬁr%teu@retaeé)pét egdbeigiowrpihe @r%bwmﬂ%#amnt 2 5

The primer exleasiOR cﬁ#@r‘éﬁif’ﬂ@ﬂﬁh@ﬁ@@éé}" ng to Experinment 1 |ocated the

transcription initiation site of the manP pronoter near the 3'-end of the
i ntergeni c regi on between manR and t he begi nning of manP. For determ ning

the manpggr Omg%e&@rﬂ'nﬂghtrﬂ?errﬁo&ﬁg&b§ Sbyroblhﬁe 2e 8 ﬂ)%pa% furrlﬂgmﬁBFedY@ﬁs

shortened step-
such as buffers, salts, vitamins, amino acids, antibiotics or other micronutrients

as are generally known to those of skill in the art.
As well different media or combinations of media can be used during the
culturing of the cells.

25  Preferably, the medium used as basic medium should not include the inducer, in

order to achieve a tight regulation of the mannose promoter regions.

In the fermentation process of the present invention expression is started by
addition of a suitable inducer. The inducer of the mannose operon is mannose.
30  Also a derivate of mannose can be used capable to induce the manR promoter
region or manP promoter region of the mannose operon. The expression can be

regulated by the amount of inducer available to the prokaryotic host.



10 by-step by PCR-anplification, the obtained sequence fragnments of
different lengths cloned back to the sane basic expression vector and

expr essi onowas/@sirdi ed. a) Construction of basic expreseCo/EPI@ODEIIIL5AN
expression vector with pronoterless |acZ as reporter gene was constructed.
The expression vector was designed as a2s8huttle vector capable of
replicating both in B.subtilis and in E.coli and naned pSUN272.1. The
reporter gen@ddfiod ofdBe titducet tin Ndaltarasadatierathe founiirepledhdsHalodtemmiiingh. et 20
al, 2001, J. Bacteriaql. 1?3, 6384- 63 Be%rgnd ligated into pJ ‘%5 1.1, a
derivate of PREMHEmMISGENIGR{EiHFR d&i% 'S SR ?rarars\xhwg d%ﬂ“é'r‘y et al.,
2008, BMC. Biobg¢manating the el coRtsration btHeeslith RtoBonu@ittdtios of Blidstrate
transcription termnator at the Xmal site. Into this plasmd a pair of

ol i gonucl eot iSHE': 2% 4958A 94r7eviRiICh [Stiiferent TP WeeiRVeRE: kil |/ Muni restriction
sites in grder to add 25 the sane tufA transcription term nator upstream of
|l acZ. So the "reading through” fromplasmd pronoters into lacZ as well as
"readi ng t hr 6QHRXaBRIE. Bf the REFSENhPcesRthel IBfkGeR §apbesaAdgd féign decesiuis

avoi ded by t ' ; p@&% I RalBSEi S bot h
E.coli and Bh%auél:r)]t%l5 %mﬁgt&ﬁ@f. e h?@%&ﬁggr%égﬁ%%%ﬁ%gﬁ(?@u?%rut%aqelgzq eury et
al ., 1996, Gsnkurggo shaking fipske 2 tydeal §Dsgorrudétemninig PasarBaEs F8ABUARNSB
inserted int %r}]ﬁﬂ plasm d obtained above. In addition, the E.coli vector
part was shorte ea'by del eting a BspH /H ndl11l fragnment. Subsequently, an
EcoRI | Sph0 fragnment with the replication region of B.subtilis pMILBS72
(Lagodi ch et jal., .. 5 B 345:; i.gat. jnto the
plasm d. 32 ﬁ%rd?.%%gkat? %ﬁhoqlrﬁggtlngr}cé %%@icﬁjﬁgrel cﬁﬁgége}rsleﬁgﬁ%/ 4Ht[gﬁka{ﬁ(ﬁ?énser ted
i nt o pSUN272 batdhrpHasenwherfi ohiycthe lpyindirg estbon gowrdehis AbvailableaimdthBlihreédiamd

|'i gation, thereby obtaining expression ct or UN2 with the plasmd
s Shown T SYIsqtTp iR da REEHITRSRE of BENRER PORGIR Oh e &% Bibve by
Det er m nat i oruliVatenpis @sstciost ©f fed phase withfaddiioh @f apbikdiizd 9f Brichbey ¢risem ds

pSUN279. 2_and pSUN272. 1 obtained in a) aboye were brought 10 info

B ubt i1 18 srarorRaiucer 18 b d heShHBRer S aher Bomararon savEce WgeT 11 s ana
strains carryaR®heoRsicd! stilfdbl®@trds deasirém Vi1 @o Jrpvey varidtignnaFctheratd t h
spectinonycin and in the expgonential growth phase either 0. 2 % mannose, 0.2

) g p
% nannose pl PEMGL PN foee BFUGRE WEFAPresRN fal§cea bedientaled- wer e added to
the cultures for induction. After one hour induction the 6-gal actosi dase
activity of 15the cells was determ ned through MIler's assay. The results
are shown i n Tegamedntsohinduper pHdedh i Relreirsiediideperdieg 98, HighdPesilc

cont ai ni g PSLNRFShZorSEPNSEHatRIr eady a quite high basal |evel of
6- gal act osi dase activity. The presence of mannose 20 resulted in a further

4-fold increase of 6-gal actosi dase activity whereas the activity with

mannose and ghuGR g %dﬁ%ﬂm UQHF%@EH& I im A& PRI G d BEPAR eve

b
The results clearly cate that t ronoter ‘activity seen in p%lj)N279. 2
coul d ori gi ndhespaatin quterer sygicom BethaevedareindRiditin grawih, rafe amd exmressigri on

upst r eam of ok f u - i manR as
wel | as nost rll%graff %‘F %mﬁgﬁs}er@aen %%t%ﬁﬁéﬂe gﬁt?é'%rp%@%%ggy rgép?llgeng t he
2.3 kb DRA f rageeindisobnpi8UbREY. @r asnEhoonsliyno ¥ érgswicaldl ebiémeeseriGfiel Irand Nr ul

o fve bl asndonEeEndse BRT0G HGRHIH aRbR! Shoodhtk SEHENTHRRS:
point only, or twice or even several times in suitable intervals. The suitable mode
depends on the culture system and can be readily determined by those skilled in
the art.

30  For example, in continuous mode, inducer can be added in a constant rate or
decreasing / increasing rate.
Continuous addition can be further within a selected time interval of the culture,

for example selected time interval during exponential growth of the culture.



B.subtilis 3NA was transformed with this plasm d pSUN284. 1 and the
expression efficiency determ ned as set out above. The result is shown in
figure 5.wéorniznsize seen fromfigure 5 this manR del et edcrampran/opSuiN284. 1
in 33 B.subtilis 3NA showed only about half of the basal |evel of

6- gal act osi dase activity conpared to pSRBN279.2 in B.subtilis 3NA an even
stronger increase by mannose induction and again a stronger reduction in
t he presence Fofth@l, UL @8/binbles &f r d@issdntifudlsoded tdaatinidue iraudtiopr @ghiielis | S

| ocat ed bet ween nR and 5manP and show that the chronosormal copy of manR
is suff|0|enPOF%garegulat|ng all manP pronoter copies on the | ow copy

pl asm ds. c¢) Localization of manP pronoter region For |ocalizing the

pronoter region of manP in addition to the shortened DNA 10 fragnent of
pSUN284. 1 fur’ft'ﬁéyceéh%lafjg%d" by Qe AvEe PPEGABMIAINGE: & HFBRRINGHCE M Rhe 2. 3

kb DNA fragnmaprtcdyarteitiid DOt RE r@écfhfe§raesfgcoﬁ@%bférﬁﬂﬁnglﬁétah%?é? trAe tsB€ond
transcription initiation site of r oot er restriction sites and by

restriction ERBIMEENRSPHRBRIE! | 3R | @Gre el@[@'leet then apesl densipy -@B. and bp
- 80 upst r eamcbRcdiGiibs, %f‘%ﬁﬁr’e@ééooﬂolwﬂéﬁlhét b&i&eﬁ!rét%noéf i 'Iﬁ n’?%b‘lhﬁ&gof n a

second del eti on sequence conpri si ng er deletion was
carried out éﬁmmlﬂﬁm@ﬁ1dﬁmeéhmebﬁonQbaﬁﬂgﬂpéaﬁﬂio the transcription
initiation site of manP (third del eti on sequence). 20Pl asm ds conpri si ng
t he second del eti on sequence, pSUN290, and the third del eti on sequence,
PSUN297. 30 welldsusiyn sher amomi of mdaiceri imtheamediayn efdhe calture of pOkhBBUC hostiis 2b)

above ¥ LSBT B QERMERRABIAL b3 Mol plREd IR 50848031 55203 and

$5262/ 55203 spec i on’ enzyres 'EcoRV and
Nhel . 25 The pl asm ds mere inserted into B. subtllls 3NA and cultured as set

out above in Aft er i nducti an the, 6- ctosn ase i,V of the
Col 1 2 one wordb At o 8er PUBE dytfa it San 2R GRIeHS G 3E ietdiq
figure 7. SOIﬁerlSanMWSeﬂ"Iodtlsgmve, Vartatioe odfthd hetiosiringdrp $ardonhsquidN2ficand

SUN284. ho d a n ant difference conce n' nduction of lacZ b
P omnoae. ToondllSs fbchl4t0n b oo g s Jha LT aIIET 5 it the thicd

del etion sequence, induction by mannose was conpletely abolished and the
basal expression |level was nearly 0. Framthese results foll ows that the

ManR bi ndi ng ABPI®Tgte Pk TARERS 20D 2611981 8%1eBY EFZ010PRIBRAYS FUUFRan nose

promot er regit@ipératur&s aleasbrREsREanP R0 > 8 Dprafiabipbetiliceh 30aemaesrt°d.o the
transcription initiation site of manP. Experinent 3: Determ nation of manR

pronoter 5a) ldentification of cre seguence
20  The cells are incubated usually as long as it takes until the maximum amount of

expressed product and/or biomass has accumulated, preferably between 1 hour

and 20 days, more preferably between 5 hours and 3 days.

As the yield of biomass the amount of expressed product depends also on the
25  culture system used.

In shake flask culture usually expressed product in an amount of 0.5 g/l culture

medium can be produced with a host transformed with a vector of the present

invention. Using a fermentor culture in a batch and/or fed-batch mode

expressed product in an amount of usually more than 0.5 g/l fermentation broth,

30  preferably more than 1 g/l, in particular more than 1.3 g/l can be obtained.

Further, in the fermentation process of the present invention using the host cells
high cell densities can be obtained from at least 10 to 30 ODsgqo, in particular at

least 50 ODggo, between 50 ODgye and more, more preferably at least 500 ODgg



Since nost OCR is nediated through catabolite control protein A (CcpA) a
search for the respective binding sites (cre sequence) was carried out in
t he whol ewomnneEes7eper on usi ng the DNA al i gnment functi eaTiEr24io@c@bone
Manager program For the alignment the cre consensus sequence 5 - 10

VWAT GNAARCCNWAANCAWAM 3" was used. Only in24he pronoter region of manR one
putative cre sequence was found as shown in figures 2 and 3 which is

| ocat ed dom&hﬂeamttmetdmdéier@MOODBSEQOI 1] Muc@aqutah@dpfae@emocbwenti on
enconpasses the reggeon startin to t sztart codon of

'acz, SEQ | DT WJBﬁﬁa%%e@é%Vﬁat'?%ag'bﬂe%'%st w3l g7

(inclusive) anth 8Q dD,Ncin Be Bbtairz@. present | nvent| on enconpasses the
region starting frombp -122 to bp-1 (inclusive) of the sequence shown in

figure 3. 20 b) Eval uation of expression efficiency of manR pronoter For

eval uating t e @XRLR%SHON CihdJ 6bRBEYorRSs oo dRIB RS i Fhadp&XRELESI ON
vector |ike pSUN284.1 was constructed as set out above and nanmed pSUN291.

To this, a Dmewa@agﬁ@meqmmmdinr@quhéalaatoéﬂD%omﬁp@nsﬁé@ra?@rg dfdmasfout 600

25 bp upstre%@%rg@dﬁ%d\@@m@q@ of drehadt bRy B Mer $52081s5209 and |ineari zed
pl asm d DNA pSUN279. 2 as tenpl at'e anc?lnserted in front of lacZ in plasmd

PSUN272. 1, by di gesting with Kpnl and Alinland ligation. The DNA-sequence
Lpohonn 10 eyaHE Qodaiic inducii! ABMEaBNRS To WASHBALIAANGRHY 1l BB BDLI T S

3NA and the - IS y was asured as set out above in
experi membs zhe))fermaﬁatmtndpam dre ofrigd ucoveximednpgoutppl @syewrofdfiomass,

931 20t 051 dase ALYl LaEREl e Do IRAR, RABLERBIORARNEL 1o fhaey 1 osul ¢

i ndi cated tha rom) i S noO a wea onsti | Ve pronoter
but subj ect tror rexampke aandmﬁﬁ@d rle«yudtlahlreglmeS\mm zicﬂ&allmpattl ioductfonnamiR

P oot or 1 eoraigRan et Rt TR, ket 1 emEhet ¥ ol Fhan, dlE  ne

wer e prepar e@xpregsivh betrial\iérg@equlgpmldaSelewumthedldmasprhBé?ﬁrahyn crficH ng at

different _posit,i or}sEtrll%ug streamto the tr I’lSCI‘I%’[I on.initi at Qn Si tﬁ of manR
n

pr onot er 13 ré’P?%%”%ﬁHC'bﬁsrpé‘é' P3N ﬁp%ﬁ%r%%reaf‘é ISRBWA"Fn figure
3. Afirst deheg! tige sa@psensRingas obtai ned by cutting the sequence shown in
figure 3 down to bp -100 and bp -99 upstream of the transcription
initiation site G a
In addition, fermentation of the host cells according to the present invention
allows a high duplicating rate without loss of the vector.
20
According to an embodiment of the fermentation process of the present
invention a host cell such as a Bacillus is cultivated, which harbours a vector
carrying a promoter of the mannose operon, PmanR or PmanP, which is
operably linked to a nucleic acid sequence encoding a target polypeptide. For
25 Bacillus a preferred substrate is glucose. Further, the inducer of the promoters
of the mannose operon is mannose. Preferably the fermentation is carried out in
the fed batch mode. More preferably, as set out above, the host cells are grown
during the batch phase until a cell density of ODgq of about 20 to 30 by adding
glucose only. During the subsequent fed phase a mixture of glucose and
30 inducer mannose can be added.
As also referred to above in the mixture the ratio of glucose to mannose can
vary, for example of from 3:1 to 1:3. In addition, it is also possible to feed

mannose only.



second del eti on sequence was obtained by cutting down to bp -83 and bp -82
15upstream of the transcription inition site G Anal ogous to experinment 2c)
t he obt aiwedofimsi7zzand second del eti on sequences were i PCTEPRCIOW6i105 O
pSUN272.1 and the resulting plasm ds nanmed pSUN384. 1 and pSUN385. 2,
respectively. 20 Each plasm d was insergg&d into B.subtilis 3NA and cul tured
as set out in experinent 2b. After one hour induction the -gal actosi dase
activity of tFhefeesly, Sn \sagitidettenie rethnase pRIMEIBL theNveXdredann@®miprids. aldde

results are shown in figure 8. There is no sjgnificant djfference

Concer ni ng. | B EeTORed & Batsalsg ool R OSETREOREB I R ormar od 1 o
pSUN291. However, in B.subtilis 3NA conprising pSUN385.2 with the second
del eti on sequence, induction by mannose was conpl etely abolished and the
basal expr esﬁOW'P@\f@'lmQﬁé%t'%e%nq GXRIEeSTRH I fhﬁ’i @Stt &8l thg exprassad Predyct t he
ManR bi ndb G saiA S GfochROIRG RIAERICSR tKABbORechTelATREHREINRAS RRr 90 and

bp-35 with reSﬁ)ect tothe transcription initiation site 30 of manR
2011/ 018377PCFIEr? 0N 06 bl d3eaximunusieldpf theeexprenset erodushinerselld@rarannose

operon in higl,gel har@ﬁ&%ﬁtéﬁ tﬁe%ﬂﬁ”éf?‘me()@?ltﬁ%'r g}s%%’ SuchlRNEEAEMBY 1 on  SA

nmodel host carryrng the pronoter region o ent 1nventron-was tested
for its growlysoayme dsgatressti sanicalibior iFrgnchiBiasg. TThes.nthel ralypeptiies seguence

according to P..pr: r i i ed | I i LNP84. 1 as
ahonn i ot gup Lty TR pHAAETLEEnIdBH AN, BRnkHobOEUEPthy boh (RTHE AEE
constructied &y statdaodiprabeih puriticedionmirocaiucesdknavtroinBhg adtwhicts m@Andsdehost by

10t ransf or mat i.fﬁe?- t%}z ConstLHet 1 on |°fu|$r' S gq'\ﬂ"f%%% Hy, ST ﬁar\{eeCtor

replicable i rﬁj Ot h'eE. Bo19P"aRd" " B."CUB T "'Was dES) Sneqda%g’ set Ut

Experi nment 2aphromdtbgrapley,exsegpddtdn fdrasing G-felwadlectsmptioasis; epéfiniter gehe

15i nstead of .l acZ. ﬁé\l.?yo he ttranslgri Ei on i i%i ation region of m?nP was

repl aced by tREH"GMY ecéé%a GLPBY- St Petss ot eoW? ek GRHNE Bractceqipr a) .

Further, the nsdtasds ardassdibee @GrPeanduuibsidans., fsuptwang Whestsdlatddsgpdon
OThe_schemat i structure. o ter- and

ranscr| o1 oRPAPHIGRIoT Peghon: e HoohgTichaleiiagy 1w AeBAARCSS- 10
+1SD start c@i®egeGFor example, for purificaton of recombinantly produced
immunoglobulins, they can be purified with immunoaffinity chromatography by
passage though a column containing a resin which has bound thereto target
molecules to which the expressed immunoglobulins can specifically bind.
20
The present invention also relates to methods and means for the intracellular
heterologous expression of nucleic acids encoding e.g. polypeptide in a
prokaryotic host. In particular the present invention relates to vectors and the
use of such vectors for the intracellular expression of a heterologous
25  polypeptide in a prokaryotic host using the vector of the present invention.
In intracellular expression the polypeptide is expressed within the cytoplasm and
is not transported from the cytoplasm to non-cytoplasmic locations. The
polypeptide will be expressed within the cytoplasm in form of inclusion bodies or
in soluble form. Procedures for isolating and purifying polypeptides from the cell,

30 in particular from the cell extract, are also well known.

The mannose promoters of the present invention are advantageous in that they
can be tightly regulated, induced by a common and non-toxic and therefore

industrially useful compound.



Shown is the arrangenent of the genes (arrows) and the regions (boxes) with
25the relevant restriction sites. Generally, plasmd pMAL68. 1 was obtai ned
as shown wo 2otwo18ot7l owi ng fl ow chart: 37 WO 2011/ 0183 P¢iPEPLEPAOMOs 061195
38 In the flow chart the nanes of the vector-DNAs, the insert-DNAs and the
conpl enentary ol i gonucl eoti des used werggas indicated in the boxes, with
respect to the products of PCR the priners and the tenpl ate-DNA were as
wi thin the braeket She trhgnnogstgrogibters oenae'rﬁa&ensad/emreabndélcase/écmsthe
Srespective sites. The clonin steBs were c g] %ﬁ %YIth E. col i JMLO9.
t"Y' ' BRCCP

The pl asmi ds “AZRESIG MRAtSIRAPSE RYBPIESS, @reselp 8 GRARIE VRELS  or

PCR product s eV Bfte®pluffitysdfaln L}f)ﬁca(t%ﬂ@@ﬁmb d88s. IMois Sthe dlost celiy BaAfornMAA21 an
expression and cl oni ngbvector E.coli with anp-resistance (Wegerer et

al . 10 200&ccERIEP dbe PRRSNt ingenton eauNeE02d @niagsors!y BOWREQ Ve gt t h nmanP
prormter segicgndamdkicanp and kan resistance, being a shuttle vector for
E.coli and B.subtilis; and pSUN266.1 a pUCl8 derivate with integration site
bet ween ter-sequences and spc and anp resistance. 15The sequence of the
priners used @se agiikq! 0¥k %WV?I?%AAA 5thé mqgr?’tﬁfn' Bbb&%eﬁSQér%ln is

t t aagCTCTTAAGGAGCGAT TTTAGAATGCCT. - Regi on s5

t t aagGAATTTT FEICEPATECAT TG ANARAST @TDCGTIFQW@(@N@S t QHWAF 'IThaIReg"

described. It is to be understood that the invention includes all such variations

O8@ speC|f|caIIy

10  and modifications without departing from the spirit or essential characteristics
thereof. The invention also includes all of the steps, features, compositions and
compounds referred to or indicated in this specification, individually or
collectively, and any and all combinations or any two or more of said steps or
features. The present disclosure is therefore to be considered as in all aspects

15 illustrated and not restrictive, the scope of the invention being indicated by the
appended claims, and all changes which come within the meaning and range of
equivalency are intended to embraced therein. Various references are cited
throughout this specification, each of which is incorporated herein by reference

in its entirety.

20
The foregoing description will be more fully understood with reference to the
following examples. Such examples are however exemplary of methods of
praciticising the present invention and are not intended to limit the scope of the
invention.

25
I) Isolation and identification of promoter regions of manR promoter and

manP promoter of mannose operon

If not stated otherwise the following materials and methods has been used:

30

Bacterial strains and growth conditions
E. coli JM109 (Yanisch-Perron C. et al., Gene 33, 1985, 103-119) and Bacillus
subtilis 3NA (Michel J. F. et al., J. Appl. Bacteriol. 33, 1970, 220-227) were used

as main hosts for cloning and expression. E. coli was grown in LB liquid medium



(corn pl.) s5139 aaaaaat gat caTTACTTGTACAGCTCGIC f-Pri mer

aaaaaat gat caccggt CGATTGCCACATTAAAGG r - Pri mer PmanPeGFP S5234
aaaaaaccgROCHENIDITBCTAAGCATCCT f-Primer rep (pUB110) sP23&P2010/061195
aaaaaagaat TCGAGATCAGGGAATGAGITT r-Prinmer rep (pUB110) s5236

t t aagAATTAAAGGAGGAATTCAAAATGGCAGACAATAAZAAAG gsi B Tl - Regi on S5237
gat cCTTTGTTATTGTCTGCCATTTTGAATTCCTCCTTTAATTC gsi B Tl - Regi on

10

15

20

25

30

(Luria S. E. et al., Virology 12, 1960, 348-390) and LB agar plates
supplemented with 100 ug ml" ampicillin or spectinomycin at 37 °C. B. subtilis
was grown in LB liquid medium and C or S minimal medium at 37 °C (Martin-
Verstraete |. et al., J. Mol.Biol. 214, 1990, 657-671). Liquid media and agar
plates were supplemented with 100 pg ml” spectinomycin, 10 ug ml” kanamycin
or 5 ug ml” erythromycin, respectively. For induction of the mannose promoter,
sterile filtered or autoklaved D-mannose was added to a final concentration of
0.2 % (w/v).

Materials

All chemicals were obtained from Sigma-Aldrich (Taufkrichen, Germany), Fluka
(Buchs, Germany) or Merck (Darmstadt, Germany). Synthetic DNA
oligonucleotides were purchased from Eurofins MWG Operon (Ebersberg,
Germany). Restriction enzymes and DNA modifying enzymes were purchased
from Roche Applied Science (Mannheim, Germany) or New England Biolabs.
(Frankfurt am Main, Germany). PCRs were run with High Fidelity-DNA
polymerase from Fermentas (ST. Leon-Rot, Germany) on a MiniCycler from

Biozym.

Preparation of DNA and transformation

DNA-isolation from E.coli and B.subtilis or from agarose gel were carried out
with DNA preparation kits of Qiagen (Hilden, Gemrany) or Roche (Mannheim,
Germany) as described by the manufacturer. Standard molecular techniques

were used throughout the examples.

E.coli was transformed with plasmid DNA as described by Chung C.T. et al.,
Proc. Natl. Acad. Sci. USA 86, 1989, 2172-2175. B.subtilis was transformed with
plasmid DNA according to the modified “Paris method” (Harwood C.R. Molecular
Biological Methods for Bacillus, 1990, John Wiley & Sons Ltd., England).

B-galactosidase activity measurement

0.1 ml of the cells to be examined in 0.9 ml Z-buffer were treated with 10 pl

toluene for 30 min at 37 °C. The (3-galactosidase activity was determined with o-

PmanPeG-P s5156



(conpl .)

Repl acenent of the transcription initiation region inclusive

the start codon and the codons following the start codon were carried out
usi ng compbenramtigg7ry 200l i gonucl eoti des and vi a the si nglpeTmPsiwioctibon sites

Bg/ I I,

AR and BanH .

The 39 construction of the vector

started with the

repl acenent of the transcription initiagon region of the T7 gene 10 of

vect or
of tufA f
respectlv

regi on was-r

pWA21 (Wegerer et al.

nRFSpRe
ely.

ﬁ}!-? ddia&opyran&Ha® LEPEPE alyoral
urther cloning steps this
3RS BB RCLGR, A oo CPICOR I R RPH NYAL68. 1 sont ai ned

®

transcripti

supra) by the translation initiation region

eMitéreohbgiea (Wikty. and s5020,

on initiation

the rep gene inclusive ori+ frompUB110. The plasm d map of pMA68.1 is

shown in flgure 9.

b) Determ nation of structural

10B. subt i Qligonnpleptides usedf or ned with vector pMAL68. 1 and the structural

stabil gty

(segregation) was determ ned.

as wel |

as stabl e propagation of the vector on cell
B.subtilis 3NA transfornmed with

di vi si on

stability and segregation

to

ey

11

pMALGS. 1 ﬁ?\?&‘{) e-cultured in LB-nmedium 15and then transferred into
LBO- nedi u out sel ection pressure. |ncubation was carried out at 37 C.
At the erd)hgb t hg exponential growth phase each culturefwas inoculated ir
fresh LBC eo IJn This procedure was repeated until 100|generations were
obt ai ned |Caf'cul atled based on the measured OD-val ues obt ai ned duri ng
transfer |ento fresh medi um i n accgrfdrpge 20to the nodifiBdrpeee hod of _
Har wood t3461})&3 TS990 NRARER GBT B P KH'A‘C’F'GAWTT'IUG"PGX*I‘ BEER i icatioh Bf 7V |
& Sons Lt The [result is shown in figure . ft en ,ahekbm ¥ subtilis
generati dns nore |PRAR T893 of the cells and even afte 20 25generati ons
about 90 [%aewl T hdsceAA AARTTTIAGRAAAG BAT G VRCTAN GATOTY T PORagMitatidne 251
gener ati gnnor e ar%_é’mre cells lost the vector. For deternnmankfigns sultiur al
stability _of the asm d, from 20 colonies the plasm d was isolated after
15 gener ds4808s. ABARA BAS ARJ ASIT @AT NAASGIAEEE Al eshi ACEaBorwald rriowplar ed wi
pMAL68. 1 |i sol at edthfamrlaccpl i as control by agarose gel |eheldicatopledesks.
differendes_in tHe runs of the plasmds and the control lwere observed
i ndi cat i r§48t3ﬁat ré %’M%’t\ﬁﬁ £|T%aﬁq0d@?6ﬁ%%5@9r9%T 3Thé§'@"f&0é%qﬂ|°f §PC§FP@W
that plags 4} o mpllflc t|on 0 Spc from
stable SE@ aat ! C AT-3' plasmid pDG1730
54956 5-AAT TGC GTC GAG ACC CCT GTG GGT CTC GTT TTT | Insertion of tufA
TGG ATC CGG CGC CCA CGT GGC TAG CC-3' terminator
s4957 5-TTA AGG CTA GCC ACG TGG GCG CCG GAT CCA | Insertion of tufA
AAA AAC GAG ACC CAC AGG GGT CTC GAC GC-3' terminator
s5006 5'-Cy5-TAG CCT TTT TTA TAG TTG TTC AGC CAC TGT- | Labeled primer for primer
, extension
3
s5007 5'-Cy5-ATC CAC GCC ATA ATG CAT GCC GCC ATT AAT-3' | Labeled primer for primer
extension
s5097 5'-Cy5-CACTGTACCCTATCTGCGAAA-3' Labeled primer for primer
extension
s5098 5'-Cy5-ATTGAGATAATCCTCGATCACTT-3' Labeled primer for primer
extension
5203 5-GATATCCTGCACCATCGTC-3' Backward primer for
amplification of P,,,,» for
promoter study
$5208 5-GGTACCATTTCTTGCTGAATA-3' Amplification of Pans-
region from pSUN279.2
$5209 5-CTTAAGCCTGTCAGTATCTACTTGAG-3' Amplification of Pans-
region from pSUN279.2
s$5262 5-AAAAAAGCTAGCGTTTAAACAAAAAGCGATT Forward primer for

TTAATGAGCTG-3'

amplification of P,.ppa4




40 Experinment 5: Fernmentation Six fernmentation runs were conducted with
B.subtilis 3NA transfornmed with plasm d pMAL68. 1 conprising the reporter
gene eGFRvoi2ohi/mdsi7irer ent i nduction 5regi nes and nonit or edT@pRe0e611Ys
observing the fluorescence signal of eG-P. As fernentation nmedi umthe known
medi um for high cell density fernmentati®2s, of E.coli as disclosed in Wl ns
et al., 2001, Biotechnol. Bioeng. 73, 95-103, and as shown in the follow ng
was used. 10xperintns1and nmethods |In general, also for the fernentation
experinments standard nol ecul ar techni ques were used if not stated

ot herwi se. Oftalatign &t {r§gmgt5t|i@,rry@gtt@$ RIOIET EQoNs f INeAMaprRAsEi WFPTD) t he

spect r ophot onRl &fetdhdif DR tﬁa%@é\ﬂfti‘énQﬁltlé’k@ﬁrsﬁ@@%ﬁh@ﬁf?'pﬁ&ﬁ@te@@ﬂ@@ﬁé’nm’as used
at 600 nmin accordance to the protocol of the manufacturer. Determ nation

of the dry biP6?ra@'er.concentrati on 20For the determination of the dry

bi onass cgncentration cx noisture neter MB 835 Hal ogen of GChaus Conpany was
used. Spectophotonetrical neasurenent of flurescence Expressi on and

f1 urescence, GhegpesamaldINA obBaeiliRrPsuwkdids 40 mps deplaigd biaisPgNRNedsy Bieed on

reader GEN O%'h?g?u EGAN &%ggﬁlg}(”d.éil 8@%%& reader software X Fluor 4 (version

V4.11) with t I"'ow ng~neasurt hg par ters: Measuring paraneter val ue
Excitation filter 485 nm Em ssion filter 535 nm Gain (nanual)

A DNA fragment of about 2.3 kb with the complete manR with the putative
10 manR promoter and the intergenic region between manR and manP was
amplified from the obtained DNA by PCR using primer s4693/s4694.

The obtained DNA fragment of about 2.3 kb was used for a primer extension
experiment for determining the transcription initiation sites of manR promoter

15  and manP promoter.

For isolation of mMRNA for primer extension a shuttle factor was constructed from
the E.coli vector pIC20HE (Altenbuchner et al., 1992, Methods Enzymol. 216,
457-466) and the B.subtilis vector pUB110 (MacKenzie et al., 1986, Plasmid 15,
20  93-103). The vector contained the lys gene as reporter gene, which codes for
the mature form of lysostaphin from Staphylococcus simulans (Recsai et al.,
1987, Proc. Natl. Acad. Sci. USA 84, 1127-1131).
Into this high copy pUB110 derivative the 2.3 kb DNA fragment was cloned
upstream to the lysostaphin gene. The resulting plasmid was named pSUN178.4
25 and introduced into Bacillus subtilis 3NA.

Bacillus subtilis 3NA with plasmid pSUN178.4 was grown in LB medium with

kanamycin. In the exponential growth phase the culture was induced with 0.2 %

mannose. After 1 hour growth at 37 °C the induced and non-induced cells were
30 harvested. Total RNA was isolated with the Qiagen-RNeasy Mini Kit.

With Cy5 at the 5-end labeled primers s5006, s5007, s5097 and s5098 were

used.



60 Integration tinme 20 ps Nunber of flashes 3 Read node Top 41 Online

fl uorescence neasurenent in fernentor During the fernmentation the

expr essi onoab1@F7was noni tored online using the fluor estmpre@opsabe

(M cropack HPX-2000, Hi gh Power Xenon Lightsource of 5Ccean Optics, Inc.;
S2000 fiber optic spectroneter). The meadguring paraneters were as foll ows:
excitation filter 485 nm emssion filter 535 nm filter 0.6). For

recordi ng andrigieps8066 ene3B0EPhyIsRiBaaetaciuély erobof2 Wy e50Vasd Beat+76

Fl uorescence is jindi.cated as relative flurescence unit (RFU). ort|y
before 10 of? é’ﬂh? H‘@tﬁz{%%t%htﬁ‘ec plartigedan oh WSBﬁtaP'i"Prgsg%P- &Bm#%ssf?@g %’HJanged to
25 s and t h@Bod® hibridiBed tddpbbiRery famesst e+ NBASHA ifign vaByeas #8Bewith

mul tiplicated by factor 2 and 5, respectively. Cultivation of pre-cultures

15A singl e c6PBeyt Rdae ﬁiagd‘_é’éoﬁﬁf 8'98RLB agar plate and cul tured overnight in
S m  Spi ZSZeﬁfﬁerEarr‘hé"Eflfim@?éjWHFH (sMor ithe LusidMEity RAchpA W ¥laskA§ BN ASr ac

i ds
(CA) and antibiotic. Im of the overnight culture was added to 20 ml SMM
with 0.02 % ERUNT78A. avidchareived aasi sizaustendac bideedMy-lReversa Tensgintases 250 i
Erl enneyer flagk - cul f e- i dto
200 M1 bat ch hadl on el Ay Ree £ Fogfte dsrg vald TR Ne T R L 37
in a 11 Erl etapy@iptibh 2ok PNAesasuencing Phe pratuctsnofcigvatseoranstriptioe dred nent or s

pre-cul ture it . ) - 125 tion In
general , fer %ﬁ@%@r@lw\%&sg@%&?‘%’éaﬂ[oazutdaﬁl%uﬁaélﬁgmynagéﬁ%g'dé hge:e%grgﬁﬂﬁg‘gegs of
W I ns et 1@l . (GEObéaltBtarteecAHalthe BreagentsiBe Dyei®Provisesdon Aaserghaocose, the

car bon sourc was .c | et el consuned the .batch node was switched to the
%’ha %EH?%@I& Xﬁﬁ%dé

fed- batch node2 30°'B nlf;t ged 5ol Iti' ons exponentially in the

f ed-batch phase, a constant growh rate of p=0.10 h-1 can be obtained and
e S e e ARl SR SR RS b RIS oo o
primer s5006. DNA sequence reactions of the plasmid pSUN 178.4 with the
15 same primer were prepared and run on the same denaturing gel for comparison.
Figure 1 shows the DNA sequence around the manP promoter with the
transcription initiation site at A (adinine nucleotide) being highlighted. The
deduced -10 and -35 boxes are in italics, the end of the manR gene and start of
the lys gene are marked by arrows, restriction sites for Bglll, Xbal, Aflll and Ndel

20 are underlined.

The transcription initiation site of manR promoter was determined with RNA
isolation and DNA sequencing being carried out as described above with
respect to manP promoter except that primer s5098 was used which binds in the
25 manR gene.
In figures 2 and 3 the DNA sequence of the manR promoter region is shown
with the transcription initiation site at G (guanine nucleotide) being highlighted,
the deduced -10 and -35 boxes in italics, and the start of the lys gene and manR
gene, respectively, being indicated by an arrow. The restriction sites and a

30 putative cre sequence are underlined.

The transcription from the manR promoter and in particular from the manP
promoter was strongly increased when the cells were induced by mannose as

was seen by the much stronger signals in the primer extension experiment.



42 Protein analysis The crude protein extracts of the harvested cells
wer e anal yzed by SDSpol yacryl am de gel el ectrophoresis with a polyacryl

am de gelwoansivmsimg of 3 % 5stacking gel and 12 % separatrierpoigebiwst h t he
foll owi ng conposition: Conponent Stacking gel (3 9% Separating gel (12 %

dei oni zed H203.00 mM6.70 M TRIS 0.5 MpH 6.81.25 nM- TRIS 1.5 M pH
8.8-5.00 M SDS 10 % (W v)0.05 mMO0.20 m acryl am de 30 %0.67 m 8.00 m
(wv) APS 10 % (W v)0.05 m 0.10 m TEMEDO.005 mM0.01 mM A Twin Mni gel
chanber of Bionetra co n S use% FOE% denaturation 12 pl crude extract
of protein miRERIESRYSGE FAEFQAMD I 1§ lﬂ 8% SDS- application buffer and

i ncubated in Thernmom xer 5438 of Eppendorf conpany for 5 mnutes at 95 C
After cooling to roomtenperature the sanples were separated by

centri fugati &¥PaAmeddbApl etely put onto the gel. During separation in the
stacking gel the current was 10 mA and was increased to 20 mA after the
frontiere of Bronphenol reached the stacking gel. 1xSDS- 15 running puffer
and the | engtlhe stimadaxterRON ekpgrimentk acdor@og htoc dixparipenterie lagsted e

Cion. . AR , ' ol
frontiere ruNohsHeReh ARG SR Br WR3naembRafie el R ARg ok edhGREGRDC,
pr ot ei n bandsegibe bgsteenamanR cnldahe deginnindCoomasBi Eorsdeteminipgsbé ubargh f or 30

m nutes at roomtenperature and.was, s ntly treated with de-staining

20" Sor ut fon PETPE TS e PIRASEDY e 4 8 S WA aeEienr WES bpPashoRRe t ho

remai ni ngo bl weistép bacrkgraumslifiedtio®fthedtgaed sBgugRle M@gmemeuiatifestehor

sever al hour? in 7.5 % gceti c acid. W) 2011/018377PCT/ EP2010/ 061195 43
Tesiothsnilanesh

Buf f er/ sol ut a8 I Hift $3108 BRSIESIREESSIPB 56IPA SO EXREFGIONOVES
st ai ni ng sol gtiggycoomassi e &500.5 g

a) Construction of basic expression vector

15  An expression vector with promoterless /lacZ as reporter gene was constructed.
The expression vector was designed as a shuttle vector capable of replicating
both in B.subtilis and in E.coli and named pSUN272.1.

The reporter gene lacZ was cut with Ndel and Xmal from pLA2 (Haldimann A. et
20 al, 2001, J. Bacteriol. 183, 6384-6393) and ligated into pJOE5531.1, a derivate
of the rhamnose inducible expression vector pWA21 (Wegerer et al., 2008,
BMC. Biotechnol. 8, 2) which contained the B.subtilis tufA transcription
terminator at the Xmal site. Into this plasmid a pair of oligonucleotides
s4956/4957 was inserted between the Aflll/Munl restriction sites in order to add
25 the same (ufA transcription terminator upstream of /lacZ. So the “reading
through” from plasmid promoters into lacZ as well as “reading through” out of
lacZ into the flanking plasmid sequences was avoided by the terminators. A
spectinomycin resistance gene spc for both E.coli and B.subtilis was amplified
from plasmid pDG1730 (Geurout-Fleury et al., 1996, Gene 180, 57-61) with
30 oligonucleotides s4833/4835 and inserted into the plasmid obtained above. In
addition, the E.coli vector part was shortened by deleting a BspHI/Hindlll
fragment. Subsequently, an EcoRI/Sphl fragment with the replication region of
B.subtilis pMTLBS72 (Lagodich et al., 2005, Mol. Biol. (Mosk) 39, 345-348) was

ligated into the plasmid.



Et OH425 m MeOH50 ml gl acial acetic acidl00 ml deionized H20ad 1.0 |

de-stai ning solutionEtOH450 m gl acial acetic acidl100 m deioni zed H20450
m 5x appWocati/mss7buf fer TRIS/HCl (2 M pH 6.8)6.25 nml EPCA®EPI¢16/06118DS (40 %
(Wwv))6.25 m B-nercapt oet hanol (pure)2.50 m glycerine (86 % (v/v))29.00
m Bronphenol bl ue0.05 g deionized H20a8250 m 10x running bufferTRI S30 g
glycinel44 g SDS (20 % (W v))50 ml deionized H0ad 1.0 I with TR S:

Tri s(hydroxynet hyl ) am nonet hane SDS: Sodi um dodecyl sul fate 5 APS: Ammoni um
persul fate TEMED, N, N, N . N - Tetranet hyl et hyl enedi anm ne, EDTA: ,

Byl enodt anTHE 263 A2 VA RSP ARIGLERoRT GIXPERRENE oSS 1Terted ol

i nduction of puN2geneinaddt 86 ic2bydiddsBhg With memdoliha dddtigeorthdrélsy | nducer
solution (induction regine) were evaluated: 1. Addition in a single portion

at a given p&PRINBY exprRESien WerdetPSUNR/2 Wil the plpsipiddnan AvsRaWHR Y9I ned
wth a fugthgr induction over a tine interval wherein

The primers used are shown in table 1 above.

b) Determination of expression efficiency of vector pSUN279.2
The plasmids pSUN279.2 and pSUN272.1 obtained in a) above were brought
10  into B.subtilis 3NA. The latter served as background control. The B.subtilis 3NA
strains carrying one or the other plasmid were grown in LB medium with
spectinomycin and in the exponential growth phase either 0.2 % mannose, 0.2
% mannose plus 0.2 % glucose or no sugar (uninduced control) were added to
the cultures for induction. After one hour induction the $-galactosidase activity of
15 the cells was determined through Miller's assay. The results are shown in figures
5and 7.

The non-induced culture of B.subtilis containing pSUN279.2 showed already a
guite high basal level of B-galactosidase activity. The presence of mannose
20 resulted in a further 4-fold increase of B-galactosidase activity whereas the
activity with mannose and glucose was reduced but was still quite above the
basal level. The results clearly indicate that the promoter activity seen in
pSUNZ279.2 could originate from the region between manR and manP, from the
region upstream of manR or from both.
25
Therefore, the upstream region of manR as well as most part of manR were
both deleted from pSUN279.2 by cutting the 2.3 kb DNA fragment of
pSUN279.2 as shown in figure 4 between Sfol and Nrul to give plasmid
pSUN284.1.

30  The resulting nucleic acid sequence of pSUN284.1 is shown in figure 6.

B.subtilis 3NA was transformed with this plasmid pSUN284.1 and the
expression efficiency determined as set out above. The result is shown in figure

5. As can be seen from figure 5 this manR deleted vector pSUN284.1 in



15- the further addition was at a constant rate with step-w se increasing
anmpunts or - the further addition was in an exponentially increasing rate,
44 3. St awD 20fr/asxii7ti on of i nducer sol ution upon reachi rgTaEPgIvE10R] |
density. Table 2: Media used nmedi um conponent concentratrion LBO- Medi um
(pH 7.2) Trypton 10.0 g yeast extract 330 g NaCl 5.0 g H20, de-ionized
ad 1.01 Spizizens M ni ma! nedi um ( SMV)

B.subtilis 3NA showed only about half of the basal level of B-galactosidase
activity compared to pSUN279.2 in B.subtilis 3NA, an even stronger increase by
mannose induction and again a stronger reduction in the presence of glucose.
These results prove that the manP promoter is located between manR and
5 manP and show that the chromosomal copy of manR is sufficient for regulating

all manP promoter copies on the low copy plasmids.

c) Localization of manP promoter region

For localizing the promoter region of manP in addition to the shortened DNA
10  fragment of pSUN284.1 further shortened sequence fragments were prepared

from the 2.3 kb DNA fragment by cutting at different positions upstream to the

transcription initiation site of manP promoter at restriction sites and by restriction

enzymes as shown in figure 6.

15 Deletion down to bp -81 and bp -80 upstream to the transcription initiation site of
manP resulted in a second deletion sequence comprising SEQ ID NO. 1.
A further deletion was carried out down to bp -41 and bp -40 upstream to the

transcription initiation site of manP (third deletion sequence).

20  Plasmids comprising the second deletion sequence, pSUN290, and the third
deletion sequence, pSUN297.5 were constructed in a similar way as plasmid
pSUN284.1 in 2b) above, by inserting the PCR products amplified with primers
s$4802/s5203 and $5262/s5203, respectively, into pSUN272.1 via restriction
enzymes EcoRV and Nhel.

25
The plasmids were inserted into B.subtilis 3NA and cultured as set out above in
b) After 1 hour induction the B-galactosidase activity of the cells was determined

as set out in b) above. The results are shown in figure 7.

30  As shown in figure 7 none of the strains with pSUN290 and pSUN284.1 showed
a significant difference concerning induction of lacZ by mannose. However, in
B.subtilis 3NA comprising pSUN297.5 with the third deletion sequence,
induction by mannose was completely abolished and the basal expression level

was nearly 0. From these results follows that the ManR binding site of the manP
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mannose promoter region is located between bp -80 and -35 with respect to the

transcription initiation site of manP.

Experiment 3: Determination of manR promoter
5 a)ldentification of cre sequence
Since most CCR is mediated through catabolite control protein A (CcpA) a
search for the respective binding sites (cre sequence) was carried out in the
whole mannose operon using the DNA alignment function in the Clone Manager
program. For the alignment the c¢re <consensus sequence 5-
10 WWTGNAARCGNWWWCAWW-3’ was used.

Only in the promoter region of manR one putative cre sequence was found as

shown in figures 2 and 3 which is located downstream to the -10 box.

15 SEQ ID NO. 3 of the present invention encompasses the region starting from
bp -122 down to the start codon of /acZ, SEQ ID NO. 4 encompasses the region
starting from bp -122 to bp+7 (inclusive) and SEQ ID NO. 5 of the present
invention encompasses the region starting from bp -122 to bp-1 (inclusive) of
the sequence shown in figure 3.

20
b) Evaluation of expression efficiency of manR promoter
For evaluating the expression efficiency of the manR promoter an expression
vector like pSUN284.1 was constructed as set out above and named pSUN291.
To this, a DNA fragment including the putative manR-promoter and about 600

25  bp upstream of manR was amplified with primer §5208/s5209 and linearized
plasmid DNA pSUN279.2 as template and inserted in front of lacZ in plasmid
pSUNZ272.1, by digesting with Kpnl and Afllll and ligation.

The DNA-sequence is shown in figure 3.
Plasmid pSUN291 was introduced into B.subtilis 3NA and the (3-galactosidase

30  activity was measured as set out above in experiments 2 b).

The result is shown in figure 5. Here, the basal expression was already relatively

high and was further increased about 3-fold by addition of 0.2 % mannose.
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Addition of glucose led to repression of B-galactosidase activity to nearly the
basal expression level.
The result indicated that the manR promoter is not just a weak constitutive

promoter but subject to mannose and CCR regulation.

c) Localization of manR promoter region

As in experiment 2c) for further localization of the promoter region of manR

DNA-sequence DNA-fragments of different lengths were prepared from the

DNA-sequence as contained in pSUN291 by cutting at different positions
10  upstream to the transcription initiation site of manR promoter at restriction sites

and by restriction enzymes as shown in figure 3.

A first deletion sequence was obtained by cutting the sequence shown in figure

3 down to bp -100 and bp -99 upstream of the transcription initiation site G, a

second deletion sequence was obtained by cutting down to bp -83 and bp -82

15  upstream of the transcription inition site G.

Analogous to experiment 2¢) the obtained first and second deletion sequences
were introduced into pSUN272.1 and the resulting plasmids named pSUN384.1
and pSUN385.2, respectively.

20
Each plasmid was inserted into B.subtilis 3NA and cultured as set out in
experiment 2b. After one hour induction the (B-galactosidase activity of the cells
was determined as set out in experiment 2b. The results are shown in figure 8.
There is no significant difference concerning induction of /lacZ by mannose of

25 pSUN384.1 compared to pSUN291. However, in B.subtilis 3NA comprising
pSUN385.2 with the second deletion sequence, induction by mannose was
completely abolished and the basal expression level was nearly 0. From this
results follows that the ManR binding site of the manR promoter region is
located between bp-99 and bp-35 with respect to the transcription initiation site

30 of manR.



Traceel enentsol ution (TES) Cad 2x2 H20 0.50 g/1 FeCl3x6 H20 16.70 g/l
Na2- EDTA 20.10 g/1 ZnSO4x7 H20 0.18 g/1 MhSO4xH20 0. 10 g/1 CuSO4x5 H20
0.16 g/ wOeGl1au&37720 0.18 g/ The pH was adj usted wi t lrc2/FrbiNoOsi18nd 1 M
HCl solution, respectively. For agar plates 15 g/l Euroagar of BD conpany,
were additionally added. 5AIl nedia wergsautoclaved at 121 C for about 30
mn. Fernmentation run 1. |npact induction

Il) Use of the promoter regions of mannose operon in_high cell density

fermentation

Experiment 4: Transformation

5 A model host carrying the promoter region of the present invention was tested
for its growth and expression capability. Using the nucleic acid sequence
according to the manP promoter region as introduced in plasmid pSUN284.1 as
shown in figure 6 and as used in experiment 2¢, plasmid pMW168.1 was
constructed as set out below and introduced into B.subtilis 3NA as host by

10 transformation.

a) Construction of plasmid pMW168.1

A shuttle vector replicable in both E.coli and B.subtilis was designed as set out

in Experiment 2a) with the exception that eGFP was used as reporter gene
15 instead of /acZ. Also the transcription initiation region of manP was replaced by

that of the gene gsiB (Stress protein; Jirgen et al., supra).

Further, the start codon of eGFP and 6 codons following the start codon were

replaced.

20  The schematical structure of the obtained promoter- and transcription initiation

region was as follows:

Bglll Afill BamHlI

‘manRi -35 -10 +1 SD  start codon eGFP

Shown is the arrangement of the genes (arrows) and the regions (boxes) with

25 the relevant restriction sites.

Generally, plasmid pMW168.1 was obtained as shown in the following flow
chart:



Fermentation run 1 was carried out in a 301 reactor (D598 and D596 of

Bi oengi neering). The batch volune was 81. Dependi ng on 0D600 200-400 mi

pre- 1lO0cwouonsa/dsswre i nocul ated for adjusting the starPcoBPO@oo110s 1.
During the batch phase the tenperature was 30 C overni ght and after 12 h
increased to 37 C. By addition of 24 %gw/v) NHAOH the pH was adjusted to
about 7.0 during the whole fernentation. The aeration rate could be
adjusted up to 30 I/mn. At the beginning of the batch phase the aeration
rate was 10 |/mn. 15 The conposition of the feed nedia |land 11 were shown
as belowin table 3. Table 3: conposition of feed nedia |and 11 Feed nmedi um
| Feed nmedi um || Conponent Concenkeati @nCdnpo reemb?iat i on gl ucose *
H20654. 76 g/I(NH4)2HPCn396 Oowghh—ﬁgﬁtnf 7 H2B25+50g/ | Adjusted to pH 7.0
*TES120. 00 ml/ | Over ) i oni zeghas Eﬁﬁﬁﬁlzo de-i oni zedad
1.01 *trace el enen 0. D 2011/01"1““&"“, 7PCT/ EP2010/ 061195 46
Media | and 11 were "ddec P ons:t 1€ al | vol unes, i.e.
4.2:1.0 (correspondi ngz=8D. 8 ¢ urd2a /g BHedi um || of the
overall feed F). the beglnnlng of the fed-batch phase
0.2 % (wv) D mannos dded in one portion. The dry biomass
concentration and the n varsescence signal are shown in figures

| la and 11b, respe YRVA the figure the concentration of the dry

bi omass c" is pIotE@%E? 4!!@?Hucally 10over the duration of the culture.
Bat ch and f ed- bat ch "pfia f'e”separated by the perpendicular line. The
moni t ored fl uorescence™8f'gnal at 535 nm emi ssion wavel ength is plotted over
the cul ture period. Arrows indicate the poi nt of induction. 15Fromfigure
Ila results that a maximal dry bi omass (DM concentration of 82.75 g DM 1
was obt ai ned correspondi ng to about 970 g DM based on the reaction vol une
of 11.71. In total 71.5 g of inducer D mannose was consuned with 16 g in

the first addition.

pMWES.




20The specific growh rate p was 0.10 h-1 during the whol e fed-batch phase.
As shown in figure Il b the fluorescence signal strongly increased after the
first addwbizon/m837D- mannose up to a nmaxi num of about 2, Po@/ERR4d0N611Rs N t he
first five hours of the fed-batch phase. Then, the signal continuously
decreased. It is 25 assuned that this degrease in expression rate is due to
the consunption of the inducer and/or to a shielding effect by the

[ ?creaggnﬁlr\cmd fIﬁWS?harAm@d]dhfeEOOf afe i/edstbuhPA@h&ue:/?r(swh\DNN@rmasmeso: ution
after ours resulted in new i ncrease of the uor escence Ssi na up to
a val ue of COTRIGEHERIEY @@%P?%WP%%.%!% d jygrepas dﬁ%?tﬁ@d”'ﬁ‘ﬁue(?)ieén %

const ant r adspectTdetheapRAREECHAUCR R prindrs ! IHY ﬂne\/\@‘ﬁnmﬁﬁw,@%e@é%pt t hat

t he node of addition of inducer was changed. As in run 1 0.2 % (w V)

D- mannose W80t fion DigekelfddBg rapliction ngnzynssr upeth weret Helicaied tatnepoi nt  of
the feds batRepR@sfes. The addition of the second portion of inducer was
started as_soon as the RFU at the WO 2011/018377PCT/ EP2010/ 061195 47

t ur ni ng poirh@ clepingrséensuyare cafriedpait mth Feepfiedf®9si gnal of run 1 was reached,
whi ch was ég% m&js%e'd b ?JCSI%Cé)Egsﬁ\%dééI%&iBnSatn‘aQ:Ic%Qn Yod b hr PBRNOSE

sol ution was ded i ha beonstant. Fate wii {&pwi se Thcreas| ng anounts
with an averodgelsr site afmp@eggtageari (YanesdhtPerrdn ot alheSBI@"ebndeAﬁ”lt iaon had been
added. The (e e h ry bionass
concentrati )éong%gn%?taﬁée C(I:ur\%lo #tB‘r Ldr Fﬁ@}'\éﬁgaenﬁ%gesis@m% M\Aéktqﬁlt Fﬁgpdet onation
10 bei iy t he0&aB®CaBiotacHropuBes; pSUdN2aad hlpbB anfdeguvam W2th tta@Ppoi nts of
addition of the first portion n start and end of (Fdltlon of _the second

portion ar BOHET C&EEYS arp %reﬁe CEsPPPEA PPl ¥e949RY feClaxi mal
concent r at hed Bodubeisy ahUQfBiNZGmﬁ al51631 & deridtd mmﬁrmtegmaﬁhsme befvedipout 804 g
DM based on a reaction volunme of 11.9 1. In total irst and second

addi tion) POSEILRNCRRABY SPGARE 2ARdESISETER i el d of b| onass was decreased by
17% conpared to run 1. This correlates with a | ower specific growh rate
p=0.09 h-1 during the fed-batch-phase, whereas the specific growmh rate
dur i ng'a heThaisedigpeaoéthearsinterg gsed was ag fallowsesul ts from figure 12b the
maxi mum of the fluorescence signal was reached at about 4,900 RFU after 25
hours and continuously decreased to about 2,500 RFU. Conpared to run
1in run 2 N ee@mnens&lsm B’ate coul d be enhanced by 120 %Zﬂudriptuansl i ght

decrease i T
i nducti on PPt e&%ﬁ%?ﬁTTéPGQA&F%TTTEAWGFC%FWBB?%t ory fébff'f\érh?%ﬂ*on

(Kl ei nl abor nenter of Bi oen eerl s used in,r 3. and 4,
The batch \ft(‘ﬁ me" CBATEH e %ﬁTng%% st och%%n%V\?%g 1.5 | th‘#ﬁ?
Dependi ng on 0D600 100 -200 m of pre culture 2 were inocul éﬁe or

adjusting the start 0D600 to about 1. The tenperature in hpkhethgadpat ch
and the fed®h# C%aﬁﬁﬁ%tﬁﬁ?%ﬁ@mfﬁﬂ%ﬁcfernent ation the p@GYIVﬁg adj ust ed
to 7.0 by 24 % (v/v) NHAOH The aeration rate was constantly 2 |/ mn during

the fernmentgidon, Ihe oxygen inpuhcias adiusted by the rotatamer PmanP-

eGFP
s5234 aaaaaaccgCTCGTCTTCCTAAGCATCCT f-Primer rep
(pUB110)
s5235 aaaaaagaatTCGAGATCAGGGAATGAGTTT r-Primer rep
(pUB110)
s5236 ttaagAATTAAAGGAGGAATTCAAAATGGCAGACAATAACAAAG gsiB TI-Region
85237 gatccTTTGTTATTGTCTGCCATTTTGAATTCCTCCTTTAATTC gsiB TI-Region
(compl.)

Replacement of the transcription initiation region inclusive the start codon and
the codons following the start codon were carried out using complementary

20 oligonucleotides and via the single restriction sites Bglll, Affll and BamHI. The



48 speed of the stirrer. The fernentation pressure was 1.3 bar at the
begi nning and was then increased to 1.5 bar to enhance the oxygen input on
demand. AWDeniwmsgliet e consunption of the carbon sourcepgirmposie/oties bat ch
operation was switched to the fed-batch operation. Unlike run 2 in runs 3
and 4 the inducer solution was fed in ag9exponentially increasing rate.
Further, glucose containing nmedium| was co-feeded with the inducer
Cﬁnt ai Ei Ing nedhstmglhbn oThmecwém@sistb'rte@ with tHee ré;ﬂ@(]gbnﬁ@diad&]eandn%chpWe az
shown be om1|n table 4 . €O i tion nedi an 1 Fee
rod um | RoedMRNIRIET Qb aAdre I ee A2 R SGRERE: ebnRBEr Y | o
D- gl ucose Zo%eglﬂan@ralﬂ'@ﬁniﬂﬁl@tl&QQegfoh SESuBOmLE TEsuss id | cdvbsibtheRtadp O/ |

MySO4 3.85 g/ (NH4)
ollgonucleotldes s5019 and s5020, respectively. In further cloning steps this

5 transcription initiation region was replaced by that of gsiB. The final plasmid
pMW168.1 contained the rep gene inclusive ori* from pUB110.
The plasmid map of pMW168.1 is shown in figure 9.

b) Determination of structural stability and segregation

10  B.subtilis 3NA was transformed with vector pMW168.1 and the structural
stability as well as stable propagation of the vector on cell division (segregation)

was determined.

B.subtilis 3NA transformed with pMW168.1 was pre-cultured in LBsp-medium
15 and then transferred into LB,-medium without selection pressure.

Incubation was carried out at 37 °C. At the end of the exponential growth phase

each culture was inoculated into fresh LBy-medium. This procedure was

repeated until 100 generations were obtained calculated based on the

measured OD-values obtained during transfer into fresh medium in accordance
20  to the modified method of Harwood et al., 1990, Molecular Biolegical Methods

for Bacillus, John Wiley & Sons Ltd..

The result is shown in figure 10.

After about 15 generations more than 99,9 % of the cells and even after 20
25 generations about 90 % of the cells still carried the vector. Only from about the

25" generation more and more cells lost the vector.

For determining structural stability of the plasmid, from 20 colonies the plasmid
was isolated after 15 generations. About 0.5 ug of each isolated plasmid was
30 compared with pMW168.1 isolated from E.coli as control by agarose gel
electrophoresis. No differences in the runs of the plasmids and the control were
observed indicating that no structural variation had occurred.
These results show that plasmid pMW168.1 not only has a high structural
stability but also stable segregation as desired in fermentation.
35
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As fermentation medium the known medium for high cell density fermentation of
E.coli as disclosed in Wilms et al., 2001, Biotechnol. Bioeng. 73, 95-103, and as

shown in the following was used.

Materials and methods

In general, also for the fermentation experiments standard molecular techniques

were used if not stated otherwise.

Optical density

For determining the optical density (OD) the spectrophotometer Ultrospec
1100pro of Amersham Bioscience Company was used at 600 nm in accordance

to the protocol of the manufacturer.

Determination of the dry biomass concentration

For the determination of the dry biomass concentration ¢, moisture meter MB

835 Halogen of Ohaus Company was used.

Spectophotometrical measurement of flurescence

Expression and flurescence, respectively, of eGFP was analyzed by the
Multifunction reader GENios of TECAN Company using the reader software X

Fluor 4 (version V4.11) with the following measuring parameters:

63. 36 H20 de-ionized ad 1.01 H20, de-inonized ad

pH-val ue was adjusted to 3. BCWEPR018H6 L v/ V)
h nedi a because of 15the solubility of the components. The
total feed F at time t was calcul ated by0the foll owi ng fornula:
coefficient. (0.04 g g-1H1) Yx/s = specific
yield coefficient of biomass related to substrate (0.5 for 25gl ucose) Cxo
ntration_at start of fed-batch phase Vo = reactor volune at
%&mmeﬁ'ﬁés ermaytation yol une) WO 2011/ 018377PCT/ EP2010/ 061195

49 GCso = gl U@B@@erﬁ%@eﬁi&hr@Tnb%er‘encérﬂﬁl@te‘éjowﬁ'9@ub:ﬁ?f§ 3N tERlsfoinBH 1 With | T was
D- mannose was consunmed by B.subtilis with a conparable yield

coefficient Viesmid gMy¥E68.5 cpmpKsipg iegireportepaane eGESUVIEh BiEfesanb indactory
supplied and .L0&.RLARMIBRA ol b 0B Hlg R% HHrb&EncALRAMIYEEP. On run 3

withm =

Measuring parameter value
Excitation filter 485 nm
Emission filter 535 nm
Gain (manual) 60
Integration time 20 ys
Number of flashes 3

Read mode Top




10The bi omass concentration and the nonitored fluorescence signal are shown
in figures 13a and 13b, with the denotation of the figures being the sane
as in rumwb.2o0fo183te begi nning of the fed-batch phase a portEPea0t1105 2 %
(w/'v) mannose 15 solution (16 g mannose in total) was added and exponenti al
feeding of media | and 11 started with atratio of 50 : 50 (interval 1). On
decrease of the slope the portion of nmannose containing nedium 11 was
enhanced to 60 % and the total feed F (media | and Il) to 125 % for

mai nt ai ni ng based on gl ucose (i terval I1). After about 2 h again
decrease of HEsGRiice measUEement iermerioby portion of nedia 11

i ncreased tOEﬁ@mgt% Vérhbn@hwm@é}@@éﬁldnﬂﬁr@%w@é nidhfofe@ichling @Siflgkhd 0 150 %
(interval 111 fter consunption of whole of nedia 11 fernent atlon was

conti nued wi tfHoﬁeé%‘%ﬂ%gprﬁQﬁl qroﬁ’?PkaHFﬁtQé)loof E'éﬂ‘ Bf’W%ée%?'( i tEqWs%Eh Of n

figure 10y. gﬁggﬁgm§@§|ﬁ@dsg@ﬁ@mgy}obﬁg secb rlzed in the table 5
bel ow. Table 5: interval [h] mediuml:11 Gbo 13 5@ RFU dry
bi onass [ gDMTAE rpeasring akFMeters] wore) s 5@'0W35©X<§L@00'ﬂ) figer 4 Om em'SS'O”

filter 535 nm, filter 0.6). For recording and storage Ocean Optics SpectraSuite

Software was used.

Fluorescence is indicated as relative flurescence unit (RFU). Shortly before
10  obtaining 4.000 RFU the integration time of 50 ms was changed to 25 ms and

then to 10 ms. In these cases the measuring values were multiplicated by factor

2 and 5, respectively.

Cultivation of pre-cultures

15 A single colony was placed onto a LB agar plate and cultured overnight in 5 ml
Spizizens minimal medium (SMM) including 0.02 % (w/v) Casamino acids (CA)
and antibiotic. 1ml of the overnight culture was added to 20 ml SMM with 0.02 %
(w/v) CA and antibiotic and incubated 5-6 h at 37 °C in a 250 ml Erlenmeyer
flask (pre-culture 1).

20 10 ml of pre-culture 1 were added to 200 ml batch medium including 5 g/l
glucose and incubated up to 8 h at 37 °C in a 11 Erlenmeyer flask (pre-culture 2).
For inoculation of the fermentors pre-culture 2 with ODgy between 1.2 and 2.2

was used.

25  Fermentation
In general, fermentation was carried out in accordance to the principles of Wilms
et al., 2001, Biotechnol. Bioeng. 73, 95-103.
As soon as glucose, the carbon source, was completely consumed the batch
mode was switched to the fed-batch mode.

30
By adding the feed solutions exponentially in the fed-batch phase, a constant
growth rate of py=0.10 h™ can be obtained and at the same time catabolite
repression by glucose is avoided, because of the immediate consumption of
glucose by the cells.

35



1117-19 50 : 75 125 0.08 9000 [II1 19-22 50 : 100 150 0.09 11000 22 In
total 50 g nan nose were added. WO 2011/018377PCT/ EP2010/ 061195 50 The
resul ti ngvéDB11pAgE7i S shown bel ow. kDa 5123 It i s sheem/Hreawiothies | eft:
(M length standard (ROTC-Mark), (1) after 12 h, not induced; (2) after 20
h, 8 h-induction; (3) after 24 hours, 122h induction. After 20 h and 24 h a
cl ear | ane appears at about 27 kDa indicating expression 10of eGFP (arrow)

Protein analysis

The crude protein extracts of the harvested cells were analyzed by SDS-
polyacrylamide gel electrophoresis with a polyacryl amide gel consisting of 3 %

5 stacking gel and 12 % separation gel with the following composition:

Component Stacking gel (3 %) Separating gel (12 %)
deionized H,O 3.00 ml 6.70 ml

TRIS 0.5 M pH 6.8 1.25 ml -

TRIS 1.5 M pH 8.8 - 5.00 ml

SDS 10 % (w/v) 0.05 ml 0.20 ml

acryl amide 30 % 0.67 ml 8.00 ml

(wiv)

APS 10 % (w/v) 0.05 ml 0.10 ml
TEMED 0.005 ml 0.01 ml

A Twin Mini gel chamber of Biometra company was used.

For denaturation 12 pl crude extract of protein mixture was mixed with 3 pl 5x
10  SDS-application buffer and incubated in Thermomixer 5438 of Eppendorf
company for 5 minutes at 95 °C. After cooling to room temperature the samples
were separated by centrifugation and completely put onto the gel.
During separation in the stacking gel the current was 10 mA and was increased
to 20 mA after the frontiere of Bromphenol reached the stacking gel. 1xSDS-
15  running puffer and the lengths standard ROTI ®-Mark of Roth company were
used for separation. The electrophoresis was finished as soon as the
Bromphenol frontiere run completely out of the gel. For detection of the distinct
protein bands the gel was incubated with Coomassie staining solution for 30
minutes at room temperature and was subsequently treated with de-staining
20  solution for further 30 minutes at room temperature. For removing the remaining
blueish background out of the gel the gel was incubated for several hours in 7.5

% acetic acid.

The composition of the buffer solutions and of the staining as well as de-staining

25 solutions were as follows:



b) Fernmentation Run 4 The sane procedure as in run 3 was repeated except
that the feed volune of nmediumlIIl (nmannose) was enhanced to 1.0 | in total.
15 Dry biwomss/mssveentrati on and the fluorescence si gnalpCame2ei0061195 n
figures 14a and 12b, with the denotation being the same as in run 1. The
progress and data are summarized in the4gable 6 below Table 6: interval
[h] medium1:11 [Gobo] F [/o] p[hl] RFU dry biomass [gDM 1] 0-15 0.40
115-22 50 : 50 100 3500 1122-38 50 : 75

Buffer/solution Components Concentration
Coomassie Coomassie R250 20 g
staining solution Coomassie G250 05 g
EtOH 425 mi
MeOH 50 ml
glacial acetic acid 100 ml
deionized H,O ad 1.0 |
de-staining solution EtOH 450 ml
glacial acetic acid 100 ml
deionized H,O 450 ml
5x application buffer TRIS/HCI (2 M, pH 6.8) 6.25 ml
EDTA 0.146 g
SDS (40 % (w/v)) 6.25 ml
B-mercaptoethanol (pure) 2.50 ml
glycerine (86 % (v/v)) 29.00 ml
Bromphenol blue 0.05 ¢
deionized H,O ad 50 ml
10x running buffer TRIS 30 g
glycine 144 g
SDS (20 % (w/v)) 50 ml
deionized H,O ad 1.0 |

with TRIS: Tris(hydroxymethyl)aminomethane
SDS: Sodium dodecylsulfate

5 APS: Ammonium persulfate
TEMED: N,N,N’,N’-Tetramethylethylenediamine,

EDTA: Ethylenediaminetetraacetic acid.

Induction of gene expression

10  Forinduction of the gene expression different modes of addition of the inducer
solution (induction regime) were evaluated:
1. Addition in a single portion at a given point of time (impact induction)
2. Impact induction combined with a further induction over a time interval
wherein
15 - the further addition was at a constant rate with step-wise increasing
amounts or

- the further addition was in an exponentially increasing rate,
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200 g man nose were added.
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38-39 50: 100 150 8900 40.4

51 In total
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3. Start of addition of inducer solution upon reaching a given cell density.

Table 2: Media used

medium component concentratrion
LBo-Medium (pH 7.2) Trypton 10.0g
yeast extract 50¢
NaCl 509
H,O, de-ionized ad 1.01
Spizizens (NH4)2S0O, 20¢g
Minimalmedium (SMM)
KH,PO, 6.09
KoHPO, 14.0g
NasCitrate 1.0g
MgSO, 0.2g
D-Glucose* 50¢
H,O, de-ionized ad 1.01
Batch-Medium fir  B. | (NH4),H-Citrat 1.00 g/l
subtilis fermentations
Na,SO4 2.68 g/l
(NH4)2S04 0.50 g/l
NH,CI 0.50 g/l
KoHPO, 14.60 g/l
NaH,PO4xH,0 4.00 g/l
D-Glucose* 25.00 g/l
MgSO4(1 m)* 2.00 ml/l
TES* (as below) 3.00 ml/I

*to be autoclaved separately



For conpensating an observed | ack of nitrogen after about 15 hours duration
of S5fernmentation (N H4)2HPO4 was feeded additionally at a constant rate. In
i nterval woa1wmas37mum RFU of 10000 was reached whi ch w thirrepede/oenus se of
interval Il decreased to 7800 RFU. a) Fermentation Runs 5 and 6: Wt hout

I npact induction 10Both fermentations were carried out in a 30 |

fermentor. In both runs the cells were grown until high cell density with
exponentially increasing feed rate of glucose, which, upon reaching high

cell densit\ ’T Was rnn! aced h\l constant feed of mannose 15The feed nedi a
I, Il and IIfI r3fSe Flepents AANHON hCafkxd BiPe 7 bel ow 0-¥88le 70 Feed medi um
| Feed medi umntg&eed medi um 11 1| Conponent Concen- ftration Conponent [Concen-
tration cor paonent Concentrat Lon D gl ucose*H20 654 _76 g/ | (NI—IA) 2HPM
396.00 g/| |D-mannose 400.00 gf Fe®g®dr H20 16.70 g/l

Na,-EDTA 20.10 g/l

ZnS0O.x7 H,0O 0.18 g/l

MnSO4xH,O 0.10 g/l

CUSO4X5 H20 0.16 g/l

CoClyx6 H,O 0.18 g/l

The pH was adjusted with 2 M NaOH and 1 M HCI solution, respectively. For
agar plates 15 g/l Euroagar of BD company, were additionally added.

5 All media were autoclaved at 121 °C for about 30 min.

Fermentation run 1: Impact induction

Fermentation run 1 was carried out in a 30! reactor (D598 and D596 of

Bioengineering). The batch volume was 8I. Depending on ODgy 200-400 ml pre-
10  culture 2 were inoculated for adjusting the start ODggo to 0.1.

During the batch phase the temperature was 30 °C overnight and after 12 h

increased to 37 °C. By addition of 24 % (v/v) NH,OH the pH was adjusted to

about 7.0 during the whole fermentation. The aeration rate could be adjusted up

to 30 I/min. At the beginning of the batch phase the aeration rate was 10 I/min.
15

The composition of the feed media | and Il were shown as below in table 3.

Table 3: composition of feed media | and Il

Feed medium | Feed medium i
Component Concentration Component Concentration
glucose * H,O 654.76 g/l (NH4),HPO, 396.00 g/l
MgSO, * 7 H,0O 25.50 g/l Adjusted to pH 7.0
*TES 120.00 ml/l Overall volume 1.0 1
H,O de-ionized ad 4.2 H,0O, de-ionized ad 1.01
*trace element solution pH 7.0

20



23.50 g/l MySO4* 7H20 23.50 g/ TES 120. 00 SEL 120.00 nmi/1 i/
H20 de-ionized ad 4.21
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Media | and Il were added in proportion to their overall volumes, i.e. 4.2:1.0

(corresponding to 80.8 % medium | and 19.2 % medium Il of the overall feed F).

For induction at the beginning of the fed-batch phase 0.2 % (w/v) D-mannose

5 solution was added in one portion.

The dry biomass concentration and the monitored fluorescence signal are

shown in figures 11a and 11b, respectively.

In the figure the concentration of the dry biomass ¢ is plotted logarithmically
10  over the duration of the culture. Batch and fed-batch phase are separated by

the perpendicular line.

The monitored fluorescence signal at 535 nm emission wavelength is plotted

over the culture period. Arrows indicate the point of induction.

15  From figure 11a results that a maximal dry biomass (DM) concentration of 82.75
g DM/l was obtained corresponding to about 970 g DM based on the reaction
volume of 11.7 I.

In total 71.5 g of inducer D-mannose was consumed with 16 g in the first
addition.

20  The specific growth rate y was 0.10 h' during the whole fed-batch phase.

As shown in figure 11b the fluorescence signal strongly increased after the first
addition of D-mannose up to a maximum of about 2,200 RFU within the first five
hours of the fed-batch phase. Then, the signal continuously decreased. It is
25 assumed that this decrease in expression rate is due to the consumption of the
inducer and/or to a shielding effect by the increasing cell mass. An addition of
further 0.5 % (w/v) mannose solution after 37 hours resulted in a new increase

of the fluorescence signal up to a value of 2,100 RFU.

30 Fermentation Run 2: combined induction with constant rate

The same procedure as in a run 1 was repeated except that the mode of
addition of inducer was changed. As in run 1 0.2 % (w/v) D-mannose solution
was added in a single portion at the starting point of the fed-batch phase. The

addition of the second portion of inducer was started as soon as the RFU at the



H20 de-ionized pHad 1.0 1 7.0 H20de- ionized adl.0 | 20Fernentation run
5 Mdial and Il were added in proportion to their overall volunes 4.2:1.0
i n exponewoi2alllyas3mcr easi ng rate. On reachi ng high cel | pdemrrity/ 0608
conposed of nedia | and Il was replaced by feed conposed of nedia Il and
1l in a proportional ratio of 20:80 at4tonstant vol unme corresponding to
the volune of 25the | ast exponential feed rate of nedia | and Il. The

f1 uor escence tl&hmﬁgadonitsofsﬂfé)wwé f tHeglurescencwisighat dferud envésitdaeRedaitiich t he
same as in run 52 It is assuned that the mnimal increase of
quorescence“?ﬁgﬁgﬂ)ln figure 15 after about 17 h fernmentation duration was
due to a short term|eakage of mediumlll. The progress and data of
run 5 are summarized in the table 8 bel ow. 5Table 8: Fed-batch phase [h]

vedi a [94 1: HUNg the ReepinaddiRics ep 20oHoH EINoSE oKD WA AGHARSE F g DM 1]

mannose t gt algohgihnlRrtéNith stepwise increasing amounts with an average rate of 0.39

g/min until all of the second portion had been added.

The results are shown in figures 12a and 12b showing the dry biomass
concentration and the curve of the fluorescence signal, with the detonation
10  being the same as in figures 11a and 11b. In figure 12b the points of addition of
the first portion and start and end of addition of the second portion are indicated

by arrows.

As results from figure 12a the maximal concentration of dry biomass was
15 67.6 gDM/I corresponding to about 804 g DM based on a reaction volume of
11.9 I. In total (first and second addition) 70 g D-mannose were added.
The yield of biomass was decreased by 17 % compared to run 1. This correlates
with a lower specific growth rate y=0.09 h' during the fed-batch-phase, whereas
the specific growth rate during the batch-phase was 0.43 h.
20
As results from figure 12b the maximum of the fluorescence signal was reached
at about 4,900 RFU after 25 hours and continuously decreased to about 2,500
RFU.
Compared to run 1 in run 2 the expression rate could be enhanced by 120 %

25 with a slight decrease in biomass concentration.

Fermentation runs 3 and 4: combined induction with exponential rate

A 3.7 | small laboratory fermentor (Kleinlaborfermenter of Bioengineering
Company) was used in runs 3 and 4. The batch volume (batch medium plus
30 inoculum) was 1.5 | in total. Depending on ODgoo 100 - 200 ml of pre-culture 2
were inoculated for adjusting the start ODggo to about 0.1. The temperature in
both the batch and the fed-batch phase was 37 °C. During fermentation the pH
was adjusted to 7.0 by 24 % (v/v) NH,OH. The aeration rate was constantly 2

I/min during the fermentation. The oxygen input was adjusted by the rotation



80.8: 19.2 :- - 0.1 35-39 -: 20 : 80 2,800 80 150 b) Fernentation run
6 The sanme procedure as in run 5 was repeated except that in total 600 g
mannose woeoaddesi7wi th an i npact induction of 0.2 (w ypCcrEPM@SAcHOS Ut i ONn
10(16 g mannose in total) prior to the constant addition of feed conposed
of media Il and 11l upon reaching high 4¢&l|l density. The fluorescence
signal is shown in figure 16, with the denotation being the sane as in run

1. 15Progr esspasdiotidbatiobr. mis f@rnafneatiss)urmr@ésjuzee%é n.3t v lae tHe hefirmvig debl e 9:
Fed- bat ch phaigtLhAlmxeaa [.%A

11
sed'to 1 bar to enhance the oxygen input on demand. After
complete consumption of the carbon source glucose the batch operation was

switched to the fed-batch operation.

5
Unlike run 2 in runs 3 and 4 the inducer solution was fed in an exponentially
increasing rate. Further, glucose containing medium | was co-feeded with the
inducer containing medium Il. The composition of the feed media | and Il were
as shown below in table 4:
10
Table 4: composition of feed media | and Il
Feed medium | Feed medium Il
Component Concentration Component Concentration
D-glucose 200 g/l D-mannose 200 g/l
TES 40m/I TES 40 ml/I
MgSOy4 3.85 g/l MgSOg4 3.85 g/l
(NH4) HPO, 63.36 g/l (NH)};HPO4 63.36
g/l
H,O de-ionized ad1.01 H,O, de-inonized ad 0.251 (run 3)
ad 11 (run 4)

All components of media | and Il were autoclaved separately
pH-value was adjusted to 3.3 with 85 % (v/v) H3PO, in both media because of

15  the solubility of the components.

The total feed F at time t was calculated by the following formula:

Uset CxO . Vo euset-t

+m . .
Yxis Ceo

20 F(t)=

with m = maintainance coefficients (0.04 g g'1H'1)
Yws = specific yield coefficient of biomass related to substrate (0.5 for
25 glucose)
Cy = biomass concentration at start of fed-batch phase
Vo = reactor volume at start of fed-batch phase (=batch volume)
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Cso = glucose concentration in feed solution

For the calculation it was assumed that D-mannose was consumed by B.subtilis

with a comparable vyield coefficient Yy glucose.

In KLF media | and Il could be separately supplied and the proportional ratio

could be varied.

a) Fermentation run 3

The biomass concentration and the monitored fluorescence signal are shown in
figures 13a and 13b, with the denotation of the figures being the same as in run
1.

At the beginning of the fed-batch phase a portion of 0.2 % (w/v) mannose
solution (16 g mannose in total) was added and exponential feeding of media |
and |l started with a ratio of 50 : 50 (interval 1). On decrease of the slope the
portion of mannose containing medium Il was enhanced to 60 % and the total
feed F (media | and Il) to 125 % for maintaining growth based on glucose
(interval ). After about 2 h again decrease of the slope was monitored and the
portion of media Il increased to 66.6 % with simultaneous increase of the total
feed F to 150 % (interval Ill). After consumption of whole of media Il
fermentation was continued with feeding media | in a total feed of 100 % (not

shown in figure 10).

Progress and data of run 3 are summarized in the table 5 below:
Table 5:

16 42-53 -

interval [n] | medium F [%] uh™ |RFU dry biomass
I:11 [%] [gDMI/I]

0-12 0.52 -

| 12-17 50 : 50 100 0.09 7000

11 17-19 50:75 125 0.08 9000

Il 19-22 50 : 100 150 0.09 11000 |22

In total 50 g mannose were added.

Each at 12 h, 20 h and 24 h a sample was taken for analysis of the expression

on SDS-gel based on the soluble protein fractions of 10 ODgyo cells in total.

[a]
80



For evalutation at the tinme of maxinmal fluorescence the dry bionmass
5concentration cx, reactor volumes VR consuned mannose and duration from

i nduct i orwetarttois®re det ermi ned and sumrari zed i n tabl e pt@/drediomws119:bl e 10:
Fermentatio n run Fluorescencema x RFU cx gDM -1 VR | Inducer gMan Duration
of expression h 1 50

10

15

The resulting SDS page is shown below:

kDa

200

119

66

43

29

20

It is shown from the left: (M) length standard (ROTI®-Mark), (1) after 12 h, not
induced; (2) after 20 h, 8 h-induction; (3) after 24 hours, 12 h induction.

After 20 h and 24 h a clear lane appears at about 27 kDa indicating expression
of eGFP (arrow)

b) Fermentation Run 4

The same procedure as in run 3 was repeated except that the feed volume of

medium Il (mannose) was enhanced to 1.0 | in total.

Dry biomass concentration and the fluorescence signal are shown in figures 14a
and 12b, with the denotation being the same as in run 1.

The progress and data are summarized in the table 6 below:

Table 6:
interval [h] | medium F [%] u[h™1 |RFU dry biomass
I:1l [%] [gDMI/I]
0-15 0.40
| 15-22 50 : 50 100 3500
Il 22-38 50 : 75 120 10000-
7800
Il 38-39 50: 100 150 8900 |40.4
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In total 200 g mannose were added.

For compensating an observed lack of nitrogen after about 15 hours duration of
5 fermentation (NH,), HPO, was feeded additionally at a constant rate.

In interval Il @ maximum RFU of 10000 was reached which within the course of

interval Il decreased to 7800 RFU.

a) Fermentation Runs 5 and 6: Without impact induction

10  Both fermentations were carried out in a 30 | fermentor.
In both runs the cells were grown until high cell density with exponentially
increasing feed rate of glucose, which, upon reaching high cell density, was

replaced by a constant feed of mannose.

15  The feed media I, Il and Ill used are shown in the table 7 below:

Table 7:

Feed medium | Feed medium Il Feed medium Il

Component Concen- Component Concen- component Concen-
tration tration tration

D-glucose*H,O | 654.76 g/l (NH4)2,HPO4 396.00 g/l D-mannose 400.00 g/l

MgS0O,*7 H20 23.50 g/l MgS0O4*7H,O | 23.50 g/l

TES 120.00 SEL 120.00 ml/l
ml/l

H>O de-ionized | ad 4.21 H>O de-ionized | ad 1.0 H.O d e [ad 1.01

pH 7.0 ionized

20 Fermentation run 5

Media | and Il were added in proportion to their overall volumes 4.2:1.0 in
exponentially increasing rate. On reaching high cell density feed composed of
media | and Il was replaced by feed composed of media Il and Ill in a
proportional ratio of 20:80 at constant volume corresponding to the volume of

25 the last exponential feed rate of media | and Il.

The fluorescence signal is shown in figure 15 with the denotation being the

same as in run 1.



12.0 150 5 6 14000 82 14.7 600 12 10 Based on the process data shown in
table 10 for each run the productivity in terns of the maxi mal fluorescence
RFU per Iwoeniianss7hour was cal cul ated. Further, expressipom/EPRitoosADEY Was
expressed as relative fluorescence calculated fromthe maxi mal fluorescence
based on absol ute bi omass (gDM and thes5d5concentrati on of inductor
(gman/L). The results are shown in table 11 below. 54 Table 11

Fer ment at i on Itrig as§iraedi ¢idt e ikl iherbabe bf Medresdenye semarincRyuRFLS glbvl ) 1

Rel . fluorescence, RF man/ 1) -1
a%out 1ﬁ1 Pergnentatio% duration was due to a short term leakage of medium .

The progress and data of run 5 are summarized in the table 8 below:

5 Table 8:
Fed-batch Media [%] RFU max Specific Dry mannose
phase [ | growth rate | biomass total
[h] [h"] [a]
[g DM/]
15-35 80.8:19.2:- |- 0.1
35-39 -:20:80 2,800 80 150

b) Fermentation run 6

The same procedure as in run 5 was repeated except that in total 600 g

mannose were added with an impact induction of 0.2 (w/v) mannose solution
10 (16 g mannose in total) prior to the constant addition of feed composed of media

[l and Il upon reaching high cell density.

The fluorescence signal is shown in figure 16, with the denotation being the

same as in run 1.

15  Progress and data of run 6 are summarized in table 9 below:

Table 9:
Fed-batch Media [%] RFU max Specific Dry Mannose
phase [h] [ | growth rate | biomass [g total [g]
[h] DM/1]
20-40 80.8:19.2:- |- -
40 0.2 % (w/v) - 16
Mannose
solution

42-53 - 80:20 14,000 82 600




1 53.7 16.8 1127.5 2 73.8 26.8 581.0 3 687.5 312.5 352.0 4 452.5 346.0
283.3 5 28.3 1.8 136.0 6 79.4 11.6
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Evalutation of runs 1 to 6

For evalutation at the time of maximal fluorescence the dry biomass
5 concentration c,, reactor volumes Vg, consumed mannose and duration from

induction start were determined and summarized in table 10 below:

Table 10:
Fermentatio | Fluorescence,,, Cy VR Inducer Duration
n x gbmI”’ | gMan of
run RFU expression
h
1 2200 16 8.2 16 5
2 4900 22 8.3 70 8
3 11000 22 1.6 50 10
4 10000 17 1.7 60 13
5 1700 80 12.0 150 5
6 14000 82 14.7 600 12

10
Based on the process data shown in table 10 for each run the productivity in
terms of the maximal fluorescence RFU per liter and hour was calculated.
Further, expression efficiency was expressed as relative fluorescence calculated
from the maximal fluorescence based on absolute biomass (gDM) and the

15  concentration of inductor (gman/L).

The results are shown in table 11 below:
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Further, by selecting the induction regime the focus of the fermentation can be

varied in maximizing output in view of biomass, expression product and inducer

consumption, respectively, according to need.

In view of facilitated downstream processing inducer regime with combined

impact induction and exponential feeding according to run 3 is particularly

advantageous.

Here, the high expression product generated relative to biomass makes further

processing such as purification steps etc. more efficient and, thus, time- and

cost-saving.



7. Process according to any of the clains 1 to 6, wherein at |east part of
the inducer is added in one portion. WD 2011/018377PCT/EP2010/ 061195 56 8.
Process awoandimgs7o any of the preceding clains, whereipoTatr2é10@st19part of
the inducer is added in an exponentiaifally increasing rate over a tine
period. 9. Process according to any of the preceding clains, wherein after
first addition of the inducer further inducer is added at |east once after
the culture reaches a second determ ning paraneter. 10. Process according
to claim9, wherein the second determ ning paraneter is selected fromthe
optical density OD, concentration of inducer in solution, concentration of
pol ypepti de produced or signal stElimshs of a reporter gene conprised in
the host cell. 11. Process according to any of the clainms 1 to 10, wherein
the pronoter is selected frommanP pronoter and the nmanR pronoter 12

Pr ocess - adtoeasis gy eutueng a pirokaiyoticIhasheelll wherein thevhekaiyetiahastyaellie of fir st
carbon so i .Sci the fernmentation nedium wherein the
rati o of g@ﬁgpﬂﬂ%%%@ﬁaggﬁggg&éﬁg?%ﬂhcer is 3:1to 1:3. 13. Process

accor di ng compEsipg ¢in tnddcipieepremiotyy ff tienmanngrsr eperon e Baeiitusr subditipri ses t he
conpl ete qr g al g wr at ar : rocess
according% Ségﬁen@#ﬂtEﬁgpgﬁggﬁ?ﬁ%mgpggﬁggﬂtﬁgge?HQ§E§)gggﬁ%?*@%ﬁgrises a
sequence $ekeding@d pblyoent®EQ ID NO. 1, SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID NO
4 or SEQ | ; fgﬂﬂ ; r i her eof .
15. Pr oce@%@o@gilﬁgﬁgg%ﬁgq% tI %Emgﬁ%n@ coglé%é% ﬁgéigiatﬂ&t%ﬁ%e car bon
sour ce di fcepakiato ihdaea thagrometacer is gl ucose. 16. Process according to any
of the pr Li i el i i cadi ng a

pol ypopt | daareiidniz, fel'Siop HepRIGHINE HBLCCd' i€ Bt 1 BHeCipeRaRiacad

2011/ 0183 TirpeCcIvbEP200@£08Yichos diferant fropy the drsiticeio anginozl sedong steppoltyeept i de in
a prokary?ﬁ&ﬁmggﬁﬁmg%{ucgpnprising the steps of constructing a vector
expressibl'e 1 n the prokaryotic host cell conprising an inducible pronoter
of the mannose operon of Bacillus subtilis, operably linked to a

transcri ptd.onak ¢ }Bmﬁggp@hﬁqng a nucl ei c aci d sequence encodi ng the

pol ypeptide, transforiing the prokaryotic host cell with said vector,

al | owi ng avhsreinsidgitionfof & indyesir jpeipeted afterythe gultuie ireaghep @ determyting med host
cel | under,eul Liuring conditions according to any of the clainms 1 to 16. 18.
Process according to claim15, further conprising the step of recovering
the polypeptide fromthe cells or fromthe cell culture.

3. Process according to claims 1 or 2,
wherein the determining parameter is at least one selected from the optical

density (OD) and concentration of carbon source.

4. Process according to claim 3,
wherein the determining parameter is the optical density at 600 nm.

5. Process according to any of the preceding claims,

wherein the process is a fed-batch process.

6. Process according to any of the preceding claims,
wherein all or part of the inducer is added continuously over a time period.

7. Process according to any of the claims 1 to 6,

wherein at least part of the inducer is added in one portion.



19. Reconbi nant prokaryotic host cell conprising an expression vector which
conpri ses a mannose induci bl e pronoter of the nannose operon of Bacill us
subtilis wo2oheigamified and i sol ated nucl ei c aci d sequeataEredioba S

i nduci bl e pronoter of the mannose opewon, wherein the vector or the
purified and isol ated nucl eic acid sequence of the inducible pronoter of

t he mannose operon are operably linked to a transcriptional unit conprising
a nucl ei c acid sequence encodi ng a pol ypeptide. 20. Reconbi nant prokaryotic
host cél| Paeesssdicegrding tepay af the pragrdingicirim$ie i nduci bl e pronoter of the

TANNOSE ORGHAGIN & 188 ddk BCHAIHANGE id A4ADY irOhn LRG0 dorks
%ﬁ ? accord ce tO

wherein the 1solated and purif nucleic acid one in

cl ai m 14. rate.ovRee tmbipesod. prokaryot ic host cells, wherein the host cell is
selected fromphylum Firm cutes. 22. Use of a reconbinant prokaryotic host
cell according to any of the clains 19 to 21 in a process in accordance to
any of % hé’redesis@scarding ta gny of the preceding claims,

wherein after first addition of the inducer further inducer is added at least once

after the culture reaches a second determining parameter.

10. Process according to claim 9,
wherein the second determining parameter is selected from the optical density
OD, concentration of inducer in solution, concentration of polypeptide produced

or signal strengths of a reporter gene comprised in the host cell.

11. Process according to any of the claims 1 to 10,

wherein the promoter is selected from manP promoter and the manR promoter

12. Process according to any of the claims 1 to 11,
wherein a mixture of first carbon source and inducer is fed to the fermentation

medium, wherein the ratio of first carbon source to inducer is 3:1 to 1:3.

13. Process according to any of the preceding claims,
wherein the vector comprises the complete or a partial sequence of the

regulatory gene manR.

14. Process according to any of the preceding claims,
wherein the vector comprises a sequence selected from SEQ ID NO. 1, SEQ ID
NO. 2, SEQ ID NO. 3, SEQ ID NO. 4 or SEQ ID NO. 5, a sequence

complementary thereto or variants thereof.

15. Process according to any of the preceding claims,

wherein the carbon source different from the inducer is glucose.

16. Process according to any of the preceding claims,
wherein the nucleic acid sequence encoding a polypeptide is a heterologous

nucleic acid sequence.



17.

18.

19.

20.

21.

22.
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Process for producing a polypeptide in a prokaryotic host cell comprising the
steps of constructing a vector expressible in the prokaryotic host cell comprising
an inducible promoter of the mannose operon of Bacillus subtilis, operably linked
to a transcriptional unit comprising a nucleic acid sequence encoding the
polypeptide, transforming the prokaryotic host cell with said vector, allowing
expression of said polypeptide by culturing the transformed host cell under

culturing conditions according to any of the claims 1 to 16.

Process according to claim 15,
further comprising the step of recovering the polypeptide from the cells or from

the cell culture.

Recombinant prokaryotic host cell comprising an expression vector which
comprises a mannose inducible promoter of the mannose operon of Bacillus
subtilis or the purified and isolated nucleic acid sequence of the inducible
promoter of the mannose operon,

wherein the vector or the purified and isolated nucleic acid sequence of the
inducible promoter of the mannose operon are operably linked to a transcriptional

unit comprising a nucleic acid sequence encoding a polypeptide.

Recombinant prokaryotic host cell according to claim 19,

wherein the inducible promoter of the mannose operon is one in accordance to
any of the claims 11 to 13, or

wherein the isolated and purified nucleic acid is one in accordance to claim 14.

Recombinant prokaryotic host cells,
wherein the host cell is selected from phylum Firmicutes.

Use of a recombinant prokaryotic host cell according to any of the claims 19 to 21

in a process in accordance to any of the claims 1 to 18.

PCT/EP2010/061195



