WO 2011/ 018376PCT/ EP2010/ 061193 1 Vector conprising nmannose pronoter and
mannose pronoter The present invention relates to vectors expressible in
pr okar yotwo 2bpstiszzel | s conpri sing a mannose-i nduci bl e prormresiofoeries he

het er ol ogous expression of 5nucleic acids encoding, for exanple, for

pol ypepti des such as reconbi nant proteins. In particular, the present
invention relates to new vectors for the heterol ogous expression in a host
conpri sing a pronestorcmpyisiog manaosg prevetes sadJnapprsedoatefked to a
transcriptional unit conprising a nucleic acid sequence 10 which is

het er ol ogous to said host, whereas the expression of said nucleic acid
sequence i s dbatpresérddnysntioni rélatasotrovestoisegxraessidle timereranradisehashsetm.
Further, the j L0 t t f e or the
et er ol ogous *BrBrang, HeRboERLELR, BBriofer QP 8 feRiobdR ek TELRIT L o1 | e
such as récompcleEnacigs cinebdisg, 1 dkemypls,y &ir epdy reptideb@enh degecorbeinahbr t he
het or ol ogous &E%gssion of nucleic acids encoding, for exanple, for
polypeptidesp?s rdctural genes) in prokaryotic systenms. To this, the host

i s transfor mid paitichlag thie giregent drvpniiai redatedhiéo newl \ebctoradordthe dgternlogoad t he
structural gene of. interiﬁt ogerablq i nked to alprgﬁnter 20 which is a
nucl ei ¢ aci d SBEHRALE" thAPLSETABPEINY e PEYTQURT (U™ §EAES (HPHESE  HFLY i bed.
By suitable iopd;g@lyﬁhmﬁkddh&) grt@amst:l gptionsl aﬁlctiiooa’_tpﬁidingnﬁl nglblem/\ﬁcitj hesquence
transcription of the structural gene. |nduction can be under negative or
posi &1 ve TRontiih SFeisioRees I EBit: sheiraces Pressionpt se arORE dsidhind 1 o
t he pronot er sghgerdeqy esvtfolibd By tsbRNSEMbRr irédlo® bf thBen&rinode lopen. gemiesr, I a
suitabl e inducer is present, the repressor is deactivated and transcription

is allowed. the PPsgBsINVERAONCIGIIPDIO theutta PhH eSRe/SsIATIRIShe iNetefeln94s ed upon

bi ndi ng of aRrxgRacidn et Alicle8ERIsNe A dIh§Po0ExdMBI2pbiypabatel @ulcheagr onot er
is mediated by a suitable inducer. Typical inducers can be substrates which

t he prokar yot®@NH¥RaNYS PFAeinsre for netabolism for exanple, different types
of sugargs WO 2011/018376PCT/ EP2010/061193 2 The present invention relates
to positively inducible systems, wherein in the presence of a suitable
substrate, i .Manyjsydigos havgrbeant desgtiped firibe hewrelbgoysr epsessionvdfi rigldiqi t i at es
transcriptio dgen I¢ by - j r I orokBrvbfs NOW,
nost heterol%§@E§%§§ﬁesbggfgggﬁgﬁ %@é?g§§%9%96§§kg¥§é§|c% 6E?é§§¥%é%s have
relied excl usystemg. da thisl thei hesd is dvngfbrivedt wih isavegierosamising BGenwetpient |y,
al so the nu e I a e i S, .l imted as
wel | . 10Fur{ﬂ%§{d, Q({quH%?éf g{eoétruéz éf ?ng gfgglﬁesrg%x%)re@Y ﬂﬁ*égfé)t%%lrcggéf}gﬁds on
t he nunb@0 which is a nucleic acid sequence that enables the structural gene to be
transcribed. By suitable induction the promoter is activated and allows the
transcription of the structural gene. Induction can be under negative or positive

control.

25 In negative control induction a repressor is bound to the promoter and prevents
the transcription of the structural gene. If a suitable inducer is present, the

repressor is deactivated and transcription is allowed.

In positive control induction the promoter is activated upon binding of an
30 activator, wherein binding of the activator to the promoter is mediated by a

suitable inducer.

Typical inducers can be substrates which the prokaryotic hosts require for

metabolism, for example, different types of sugars.



of transformed prokaryotic hosts avail able. Thus, prokaryotic host systens

are required that are able to growto a high cell density, that is, allow

fast prolwbenatdigsrewi t hout | oosing the vector on cell dipgirgpeoo/odaosSumrery

of the invention According to the present invention these and other objects

as will be apparent fromthe follow ng description have been achi eved by

provi di ng new vectors conprisin pronmpt er region of the mannose operon
Eﬁ%iﬁq

operably |inKég§ @BS%“ZOVQFP8H§ @ﬁ&PWﬂhN@m%%WﬁﬁVgPW§ WhﬁﬁwPé?éth|d
sequence Whi gledepcd Bt Qrsglté’(gé"éﬁbétﬁétémed|nfélg§ér1, aMBeHRAS Bif®s RXRE &gr of said
nucl ei ¢ acid sequence is controll ed by said pronmoter region of the man nose
operon. Al soVWQB\/'P'Eiéf@séﬁaéSQrI@éoﬂ@éth@fg%‘éﬁ@pﬁr wisked o g3 ptqwt‘?regul at ed

het er ol ogous 25 expression of a nucleic acid sequence in a prokaryotic
host; an isolated and purified nucleic acid sequence expressible in a host
conpri si ng alsr bnooer masyiheierolbgetregerm AYRESBIgErsYAtenzs irrkiaryotic di0Rbst
Lranst of ed WliBneahtvd SERAL ALY L3Ok Ao I bhhieaHiGrsact
sequence; produci ng a ypept i in a host usihg sard vector
or said i soI &ondequratpualsd thechumiadr of sulsstiates3 Whichexmndrecesedaas ingddersaass t he use
of a prokaryqﬁmgdgg ”transforned with said vector or said isolated and
purified nucl' &l ¢ aC|3 sequence in fernentation, in particular in high cel
density fermentation. WO 2011/018376PCT/EP2010/061193 3 CIher obj ects and
advantaggQAMEJ becone p arﬁqF o those skill L %ron1 evi ew of
the fol a0 ng UBFarbUededat PEIOH ﬁp‘}eéf'QPéP{ES”}%eWSSQE Fhg
illustrativeof |trgusfesme<apcbkfah©tlambatslmdnatblal Tigus, @Bﬁka@fotudmr syﬂtem@ aed the

L00TeS 11 ooSRRAD ShOHE &, LS THCL L8 B SRR, b R a1

pronoter wt rprdnlf@aﬁcsramh:dm ospiy thé asdtosdr @ell&ilwﬁﬂn.adenl ne nucl eoti de bei ng
hi ghl i ghted, the deduced -35 and -10 boxes in italics, the end of manR and

start of lys gene nmarked by arrows and the restriction sites Bg/ll, Xbal,

AR and Ndsl Gigehbiy6idhe h@intidn2 the nucl eic acid sequence of the pronnter
region conprising nmanR 15 pronoter with the transcription start site at an

guani ne nucl eotide being highlighted, the deduced -10 and -35 boxes being
|nitarics, Uieodidrb B ptrégganw%n@&%eesla% difigH SR A aBWifRBe Bpba aand the

Hndi!l restrictio S|te an utative cre sequence bel ng under |ne Fi gure
3 the nucl ei érom:itfda ﬁélqwmc@esmpmrnéave beam lcwbed Ihyspr@mdmgu BeWyertoss 20

promoter regigh, %inﬁ%r&%&@ﬁ%ﬁg‘?%ﬁﬂ?trﬂ?ﬁ‘ﬁ é’rﬁH ?P'g%yh%?by aa”d

pSUN385. 2, respecti star acZ e| ng n arrow
and the Qestﬂﬂaomr'tmtiomltlms dommglnuradmrdlemedd sengenace \Mhlcms heterolnigdusrtgp of t he

T oS On veelfosP S g AL OAIE LA DB AP SRl R PRe BT 9T e

t he 13-gal act 03| ase ac%| i arnin asm ds
pSUN 279. 2, pSidyra®ddtet regich olean%ﬁhbpse ep@eat i vely, according to the pr esent
invention; Figure 6 the nucleic acid sequence obtained fromB.subtilis
conprising the pronoter region of manP pronoter from B.subtilis including
the C-term na@llsepebvided are the use of said new vector for the regulated heterologous

25 expression of a nucleic acid sequence in a prokaryotic host; an isolated and
purified nucleic acid sequence expressible in a host comprising a promoter
region of the mannose operon; a prokaryotic host transformed with said vector
or said isolated and purified nucleic acid sequence; a method for producing a
polypeptide in a host using said vector or said isolated and purified nucleic acid

30 sequence; as well as the use of a prokaryotic host transformed with said vector
or said isolated and purified nucleic acid sequence in fermentation, in particular

in high cell density fermentation.



30 of manR, the intergenic region between manR and manP, here repl aced by
reporter gene lacZ, wth the transcription start site, the -35 and -10
boxes beiwgQ 20n/ed7d type, the end of manR and start of IlpacZrb@iongiibndi cat ed
by an arrow and the restriction sites be ng underlined, 4 Figure 7 the
13- gal act osi dase activities of B.subtilis 3NA containing the plasmd pSUN
279.2 as well_as of further plasm ds containing fragnents of different

| engths of t KENPLEsE 28€iafivarigdenvel BeAMe PRPTPRLICthese skillgd iy Beert he

p- gal act osi dagg aelieW tdf eheOffolRBuwiiPtddtaiRd3NBs&DABR | KithIrdidi@ne CloOtitfe
5pSUN291, pSUN384.1 and pSUN345.2 with the nucleic acid sequences as shown
in figure 3; aFPQUPRNYNG ihestiglive igwesrgnddbe altpehedgamsyect or pMV 168. 1
according to the present invention; Figure 10 a diagramwi th the result
of the plasmd stability test of pMVN168.1 in 10B.subtilis 3NA with the

pr ocent al 5poBriefdes¢riptian of thefigsires ng t he plasmi d being plotted over the
nunber of generations; Figures 11 to 14 diagranms showi ng |logarithmcally
the dry biomass concentration plotted over the duration of fermentation
runs 1 to 4 édrisiskbwagimans with the fl uorescence signal (RFU) plotted over
the duration of fernentation of fernentation 15runs 1 to 4; and Figure 15
and 16 the diagrans of the fluorescence signal plotted over the duration of
f er ment at i on Figurger thentwdieioacidwsesubn@ntlom, B.sigils eiséd ira treciappihg @dlthe
structure_of the prompter-initiation recent obt ai ned.in accordance to
exper i meA? adanseRLER (g SKf OpMaRRIBMALEAR 11e SRISCHRAD Yot NG Thar t of

t he constructigenin@ulleasds QeiHWgﬂtédﬁm@ dddabe®-F9amd SBSDHHRYEN ithekai | ed
description of the invention 25As used herein, the foll ow ng.defl nitions
1

are suppl i ed therd aemapis and start ey oeman@e Ly aaroNsRIddhe foRIiGHPB Skex

invention. AgaMeeiar AMRhE WePlfddrihey; host™ or "expression vector” is a
pol ynucl ei ¢ acid construct, generated reconbinantly or synthetically, with

a series of &iwuef2 d B0cipiol agrliseaiancacifdhelpsomates redien cpeprising mank
transcripgl Olﬁlsrc?r%ot%r RAH 158! Bl AMGoR! §rfCsHe SRIUGNGEdidh %u%%%hdeceééi%g
y, t Ssatr t al Yunit” conpri si ng

Typi cal | I's vector include anscription
particul ar nhighdiglttedcthd sedpcedcd0tandoe8s baxescbeibgdn djpéecsalihy starhkbédhd 0 a

Cel T api i cat TG BPARAY gl B & hatierca HinEPoSrarrag: 7uel. s
The terns "hoestative chosdquertd beiagdndémeaybi nant host cel | " are used

i nterchangeably herein to indicate a prokaryotic cell into which one or
mor e Figure 3 the nucleic acid sequence obtained from B.subfilis comprising the

20  promoter region of manR promoter as contained in pSUN291, pSUN384.1 and
pSUN385.2, respectively, with the start of /acZ being indicated by an arrow and
the restriction sites being underlined;

Figure 4 the plasmid map of the expression vector pSUN 279.2 according to the
present invention;

25 Figure 5 the B-galactosidase activities of B.subtilis 3NA containing the plasmids
pSUN 279.2, pSUN 284.1 and pSUN 291, respectively, according to the present
invention;

Figure 6 the nucleic acid sequence obtained from B.subfilis comprising the
promoter region of manP promoter from B.subtilis including the C-terminal end

30 of manR, the intergenic region between manR and manP, here replaced by
reporter gene lacZ, with the transcription start site, the -35 and -10 boxes being
in bold type, the end of manR and start of lacZ being indicated by an arrow and

the restriction sites being underlined;



vectors or isolated and purified nucleic acid sequences of the invention
have WD 2011/018376PCT/ EP2010/ 061193 5 been introduced. It is understood

t hat suchwOgptig18¥ber not only to the particul ar subj ecPCEHPROIOG61183 SO t O

t he progeny or potential progeny of such a cell. Because certain

nmodi fications may occur in succeeding generatlons due to either nutation or
envi ronnental influences, such progeny may not, in fact, be identical 5to
the parent cell, but are still included within the scope of the term as
used her ei rFigqieeT tthe B-galantepidase "actiytiepe ple Baubifis L3NAI containing thenglasmaifl i ncl ude,
that is to say pes, mawaestd?@ur%ﬁae%es QbntiRfRg HaghRh& Jr'ditehst idng@kur es or

conponents. 10 "Pronpter” as used herein refers to a nucleic acrd sequence
t hat contro‘Péee@é’ﬁf%%@%??“&?"%%hpﬂﬁé’bffqufﬂﬁonal unit. A "pronoter region" is
a regul at orpigiikd8 QRe @mt@.@fse ke caeliiddd ofRBAYPMI YIA 28Mphi€ing teee hbcterdd

initiati g t nSCfI n of a ownstr recti on codi n equence.
Wtni n the EORErSURERhouf NS ATO A U6 e rBhnsEn S AU s

(consensus ﬁgﬁw:ences) respon5| ble for the binding of RNA pol ynerase such as
the putati VG t he pronoter

regi on nmay cSHﬁ?% @8 ‘%H»?g‘ ? F‘QR?E?X%%%KXHQ’%?Q{ ?Mﬁi%oﬁgﬁoﬁ%{gﬁéé BiESRY f or

regul atory ipvestien;ns. 20" Mannose operon” refers to the mannose oper on of

Baci [ 1us SuAblld fo o B80S YELR dARDLIEL B0 LS TRIRRT G BACon (Kunst

F. N et al. €enone sequence of I've bacterium
Baci | | u¥ su@tsubt'llsBNANamdmeapliegmtalmaglee opedlis contaibdig (tHeDPia3nid being Hatledt gene,

manP, encodgs, @ mgn,@g§&g§ggrg{lgdsc enzyne conponent 25 (transporter) that
bel ongs to the feruct ose-pernease famly. The second gene, manA, encodes a

mannose- 6- pfigdisratietd tbaisgeass shomingalegariilemitallycthe gy biPmepe cenventiatigane, yj dF,

I's unknown. pibfpsit bx‘f“ér@h@”&rbt"bnt Beféﬁfsﬁta%d elmsaﬁ'enwén& fa%@earﬁéwﬁtﬁ ggnes, a
regul atory gene, manR, | ocat ed whi codes he acti vator of

the man nosB/ORSEFNSS. 3'%@' ﬁf@)rﬂ?ﬂ?és%’ebﬁ‘@r%ﬂ‘?“oﬁ@ﬁﬁqrg‘ﬁf‘tﬁ&”bf’f fefreentstiose genes
manP- matBA- yijudé1 ¢d /4 dne following jointly referred to " manP' , 1s under the

control of r _which elf is positiv ul ted An ot her
pr onot er, réﬁ\‘-'fep oﬁ%‘fﬁ%@agfv{bsféﬁ‘f/f@'?%%ﬁeﬂgeeé@i@ g? #98nonsi bl e
for the expsféamieotatial offfamtentdiiah rirs Seswant | aI for mannose- dependent

i nduction o e, e The . manR mt.er. iLon her corrprl ses
a cat abol i t;e r%gu{rgt oPngt' aLl tll:rlu MRS A B e(rc%Yaa'BBIrl e F§s°|5’ HSYE el ement
(cre)) of témsomand tgemeenrﬁemtéa§mqstm¢tt@1'ofrpea‘smldspfmw1§8nucl ei ¢ acid sequence

O g POHGERM (R ok Sl WBholon AL BRI CARNBE e of® Seauence b nds

a catabolite“control prote g expreSS| on of the catabolic
gene i n carbigurecttaaBBbirage.r epressi on (OCR). Wth "pronoter regions of the
mannose operon” are neant the pronoter regions which regul ate expression of

manP as m'be@ﬁe@ﬁeg@ﬂﬂﬁid{ﬂ bR inVardtiyput the cre sequence.

25 As used herein, the following definitions are supplied in order to facilitate the
understanding of the present invention.

A “vector expressible in a host” or “expression vector” is a polynucleic acid
construct, generated recombinantly or synthetically, with a series of specified
30 polynucleic acid elements that permit transcription of a particular nucleic acid
sequence in a host cell. Typically, this vector includes a transcriptional unit
comprising a particular nucleic acid sequence to be transcribed operably linked
to a promoter. A vector expressible in a host can be e.g. an autonomously or

self-replicating plasmid, a cosmid, a phage, a virus or a retrovirus.
35
The terms “host”, “host cell” and “recombinant host cell” are used

interchangeably herein to indicate a prokaryotic cell into which one or more

vectors or isolated and purified nucleic acid sequences of the invention have

SUBSTITUTE SHEET (RULE 26)



15The "manP pronoter” as referred to herein conprises at |east of the -35
region, the Pribnow box, and the ManR binding site. The "manR pronoter" as
ref erred wo 2hewmssteconpri ses at | east of the putative - BeTmEPgI0ns1bhe

Pri bnow box, the ManR binding site and, ptionally, a cre sequence. 20D nan
nose also referred to "man nose" is a 2-epinmer of glucose and present in
mannan and het er omannan pol ysacchar| des, %I ycopr gt ei ns and nunerous ot her
gl ycoconj ugato8sn intigdyaed. deigindersigoddhpi suchdemes mergiaoalvfo Ahe pattiewar s a

gl obal regul atpjectédtiRit Bisdo tRNProgaRy BEpoEALIR pREgen§ R 886 Ea LB Behiyat i on of
sone catabolic operons. In the case of the mannose operon CcpA plays a
repressi ng r &PEaiBy MOdHigRRNSt Mayheced eins SYEasdg Agnersfamckie 19 Lithehucl ei ¢
aci d sequencen fthfin G&ndirdn@RbaRidRCEs [digh bFRRAG Hag/tdo@,nn 3t 8 idéntical
transcriptional unit independent of the identity of the transcriptional
unit, thedpod? theopaent calh ke@iestlkinauged withiorthe scope of thentegmi gt weathl uni t,
or the orientatdon of the sequence. The vectors of the present invention
optionally can 1 nclude enhancers. WO 2011/018376PCT/ EP2010/ 061193 7
"Transcriptional unit"” as used herein refers to a nucleic acid sequence
that i S _nhor nBtJh%;yteFrﬁ a@érﬁ%r'i%?aeqs 'ﬁ%graﬁy %E&glinetr%\l'sobr@%l SrCMl:r%de,T Bt is {o say
transcriptional” uni't “mght” contain ‘one gene (hobnocistronic) or two

(di ci st roni c)peonittmgrike gesescd plodnecorshoreriurthertféattiresadeofmpondnisict i onal |y

rel ated P | ypepti de nol ecules. 5 A nucleic acid sequence is "operably

i nked" en it is placed into a functional relationship wth another

nucl ei ¢ aci d “‘Beguwseat eas besd dxeaipl refera tpramoicizic asidopsyuehty thatnkedrdlo a

codi ng sequence if. it faftf ects the tra%n/gqri ption of the se yence. or a
transcri pti offPHRSEICRT GniraEgBHOAl LR BlromodS%Q‘?ﬁé’”bi'%air?@J dfoperqeom o
operably |i _nlcaﬁ?jbl@ | bﬁmﬂhg:cRcN@Pb@mas@npglcemgadiim?ae?]@traalswtm_ecﬁtd de if
it is positioned so as._t acilitate trans ion of the polypeptide.

Li nki ng can H@Wé?é%?fﬁl(?s‘ﬁ'@&“ﬁ@) qngaq%wea@-g&ﬁt}'eﬁh%mom% F‘%/Eﬁ?'?WH'd‘é‘?tes. | f
such sites deouHet pextest binthey éso/rﬁzaime_t(bgnﬁrisg@ryé@h@ﬁ&ésé&eagarmi@@sromhd i nkers
are used in accordance with conventional practice. 15 "Nucleic acid" or

"nucl ei ¢ aci @INSERLYTRIEA PelymMerass cB #s4he PHIRIYE rEPu%ing Fbrawdioxducl ei ¢
aci d sequence() @) Elriier eflel flombBRr REQSE May EORPHseORe Ma8BEriden i siNA,  or
DNA/ RNA hybrid. In case the nucleic acid or the nucleic acid sequence is

| ocat ed on a ape®insting sitesdoryegelriopy PIULINHNA which is referred to herein can
be any 20 pol ydeoxynucl oti de sequence, including, e.g. double-stranded
DNA, singl e-stranded DNA, doubl e-stranded DNA wherein one or both strands
are conpé8ed ‘Wannage aperoryrefefs tadghe mesnosioawrren of Bagitiesdsubkys. wher ei n one or
bot h strands ve uni. nt er.r ot 0 I.e ai ni ng
one or nore érltﬂrﬁegq g%get‘sr g’lﬁ%egieég%d:a@n‘?‘sg)'ﬁgﬂg&gn@eﬁn ﬁ@?@%gu 'Iegl\@f (r;gﬂ%ed
portion(s), 2bmptkelbémorse semande DNranheogiive bhadmerDNABstiffeansietits” eNatuld y

conpl enent ar doubl e- st.r wherein the DNA strands are only
partially CO%?’BPEWF%Ag,to?ngﬂ%WDNA, coval ent|y-cl osed DNA, |inear DNA,
coval ently crrossfitst ngead, DNAnPC [INBoden enintaindss y siduifel zagymiNAcomponent

sem - syn%heti Cc DNA, t;i osynt hetic natural |l y-i sfol ?t elngSDNA

enzyme- dfgestENSPRIAET) hfabedendsng heoTuqtogspAeBRR, laBlie nhessecar d1eRBel ed DNA
and fl our ochimgyr, leabsdedth P¥AnoddNE pRESEHRILISBEeRIYR WHerEBY BefORctidatotad | Y
occurring species or nucleic acid. DNA sequences can be synthesized by

st andard cherfithpereoHdfi.daaeknewr. @pedrgsme and He t%é@@ﬁo@rﬁngﬁpéro‘cﬁﬁ?%d or
via automate [ S d4 7 / 193 8
met hods. The%bﬁgi igg’ ir{g&?%%ﬂ:?%g@ﬁ%ﬁg’g}gdence eré?/%a S%gg?ﬁ@é{%g@% by
enzymati c t echtivagered thaManngdectpearan.ref erred to herein can be e.g.

si ngl e- s%banded RNA, cRNA, 5 doubl e-stranded RNA, doubl e-stranded RNA
wherein one or both strands are conposed of two or nore fragnents,

doubl e- st randéd rRAnoskespsron, ccomsistind of lthes three denbs vieardhmaniyjder (iuphesd

ort1 on(s) - aitlgHe B s & agan oeryaRaBasp i TBiELS PRolare PP died rua
wherein the RWicisitsa@naspasivélylreyuroeml Ametierriptomoter, manR promoter, is



10 doubl e-stranded RNA wherein the RNA strands are only partially
conpl enentary, covalently crosslinked RNA, enzyne-di gested RNA, sheared
RNA, nRNAyvochamisak| y- synt hesi zed RNA, sem -synt heti ¢ RRAT/HP2@spotibet i C
RNA, naturally-isolated RNA, |abeled RNg such as radiol abel ed RNA and
fl ourochrone-1| abel ed RNA, RNA contai ning one or nore
non- natural ly-occurring 15species of nucleic acid. Wth "variants" or
"variants of reSPORgEERINE &XPHRSSION A MARA *@?E'Séé?%ﬁt@e%é‘??@@%%%pwpbs from
the ref er ence, RRAMEHCHe PYarFORSRI¥AL | ve nucl ei ¢ acid substitutions, whereby
one or nore nucleic acids are substituted by another with same 20
char act eri st il&s. "gaRi plemotenEsniadsings cueinriseegereloaodd rsadlancristen
sequences W iQ fpdified sequences
exhi bit the tsb%dq?dfﬁttr?c %&%P‘é’i?g S@t%lﬁ%)l%l% %@ee‘gﬁm{’\)ngth‘?)%%?%e ref erence
sequence. 5As used here|n the terns polypeptide peptlde "protein",
" pol ypeptidic/ nterch esi te a
0L YPePLI o oo, R REREL B L Aol B SLRLPSR B HERLBRE:
bet ween t he alf phiaband genwdheadreewu@weumdsaé catéjbamerdontres;brdtees(cc'fhp term
"isol ated and ur|f|ed nucl ei c_aci d sequence" refers to the state in 30
whi ch the nucE’Ir‘Ee) enting; Y PEetHihekthg FatahRiic 9P nN&iB FibE 62\ APPIe: KR §TS kNt
invention. Thecrycleic acid sequence will be free or substantially free of
material with which they are naturally associated such as other nucleic
acids wif# which they are found in their natural environment, or the
envi ronment iiWrSRolP RiHsSf INOrRAALDIRISHPET ERRO MY B3 SoiBfepar ed
(e.g. cell culture) when such preparation is by reconbinant technol ogy
pr acti ced i nwWhiahy gslate exprpsaion shaanErarswell pans manmavitbar witheytdhe icer ned” or

"introducingg ? Nyeleic acid into a 5 host cell” denote any process wherein
an extracellu gr nucleic acid like a vector, with or wthout acconpanying
naterlal enters a host cell. The term'’ ‘cel | transformed” or "transforned

cell” S tT}hg fh%lgd}? {e§dg{ husr%d foq{e(?elml ﬁ@n&é‘{aﬁé&%@oﬁ%é L§56\Ie HCl eic

acid has een Intr arbours Pacalul ar much |c aci d.
The nucl ei c & Entmcghbobendrtﬂe MduRebuhdlrrg gitet he cell so 10 that the nucleic

acid is repli ahle i ther. as inte Xt r
chi orosonal . dMBNBRER PVERET T e B eabPuBP s tinst OB PRl i, . an
expressi on vegjion, te&Pribeovab6RHé MRRDbIMYINYSitd arkd) @ptioriEy 0% sBdabn@s

m croi njection, electroporation, particle bonbardenent or by chem cal

nmet hods such as Cal ci um phosphat e- nedi at ed transformati on, described e.g.
in Mani abps EpmaRhosd! aIséQ&@rreMﬂi haH s e Ol s0 Dghim ey éfajh%o@b%rnﬁ dvbsumalin  Col d
Spring Harbor Laborator¥ in Ausubel et al. 1994, Current protocols in
nmol ecul ar bi GMBGFn angHe W%?”%Ho'mha"'qﬁfét @'V%‘P%@@U@ andolusirou pier
sequence” or giRHERIGat&Ci d sequence heterol ogous to 20 a host” neans a
nucleic acid sequence whi ch encodes e.g. an expression product such as a
polypeptlde that is foreign to the host ("heterol ogous expression” or

"het er ol ogousg : i | m a
donor dlfferen@&?Sﬁﬁéq cbﬁﬁmh@g#Mghg gﬁ?@a ‘ﬁﬁgyﬁ? 5?%L3*%3%?3?8{5€.d
sequence2bhi ehderrocatiyate. g re@reseﬁﬁheesil\cﬁiwprocﬁca@me sajgbolgsore sl ypépt i de
that 25 is f; t I
prokaryotic s%%%?g@e'ﬁﬂgnﬁ8?%%%1 Qﬁgsﬁg %ngmgggb @%% gﬁ%gkfgtgégéerably
ori ginat ed frseguencdi fferent genus or famly, nore preferred froma
different order or class, in particular froma different phylum (division)
and nost particular froma different domain (enpire) of organisns. 30The
het er ol ogous Amuehmrmeaos d rmewm@smuwbe&tat agtsfto poleatiate nios trdmécfner@m from
t he host i,ntro nto a_.host

mut at i ong. | r‘? é‘r“ﬁ”&ﬁ"éo“oaé' LE‘Ht 'B‘FF‘SOGBPG%RP&?‘? P&f‘ﬁéﬁﬁ’g ”P?r”%risﬁaﬁ’té’”ﬂh%”'L iihe aC| ds
or a part of pobigfomet efeoscryerse HiRlRios tathdltrapupisiil ahit,| sIBe dfesdtdh

nodi fi ed sequences exhi bit the same_function (functionall yf;guwalent) as

the reference % geAMRNCeA They3esiors of 183 PESEN IS0t opirely Fah indude

enhancers.



het er ol ogous nucl ei c acid sequence as referred herein enconpasses as wel |
nucl ei ¢ sequences originating froma different domain (enpire) of organisns
such as fwormaukss7?got es (of eukaryotic origin) such as eCyEP2a0me193

anti bodi es whi ch have been used in phage display libraries and of which
single nucleic 5acids or a part of the nucleic acid sequences have been
nodi fied according to the "codon usage" of a prokaryotic host. Wthin the

meani ng of thEraB?%@é'ﬂ?aHWeﬁﬁ%ﬁdtﬁ?ée'f‘éﬁfﬁrs et 8ad sgEPRee that iy
sequence” or nofslyetrdnsdfbel HRAHaMfe RRIEHRIRIRUShE Aradstistibnal ABSES
al so 10 a nucleic acid sequence which is derived fromthe host and encodes
for a pol ypeSPn@® ong ugene morpeiskee) iqf tthat (HesonighareimPre hgener! ei c
aci d sequencendiscidtishR!) iR cbid Rordyt@ichaly rehtdd oI epigs molddyRAt i on and under
control of the pronoteér region of man nose operon of the present invention.
15" TranscPiption initiation region" is a signal region which pronotes
transcription h'llhéub %Vcld%b @Hcé’"&' %Per%% Hké&*swhgk?.ﬁg%%g&?qt& %rfuhl?t?onai bosome
bi ndi ng site suc hlne gar sequence yp! cal
transcri pti omelptgrshipt wﬁlm anetfiesmucteid acidt safiudonom staresampde, tdn@rtnmahosam ption
initiation Si r e re 20
"Transcripti Ohgra% m“hg dlogoﬁ a?le%gmh &h@gn&g ”th[ gﬁ%ﬁ?%h%&g&?@ ﬁ) cgﬁ?ges RNA
pol ymer ase t(sewaaermenat e tttalnampntlon mlilzmmn r@blentsualmsasra pbosromet bxndmgaiteqm regi on
IS usualb art @ ﬁ N NSCIL | Hlona A4 can avoi W@ 'Fg
transcri FPEFLY: HPd et B?x Yer&s et 8%?8??%?98&9 f o'?%Y%‘?% F 'bot%ent i al
pronoters anqbosuﬁme?ﬁlsncasaasefatmtetestramumdnyobfthet helypEpifle. ' Lﬁnﬂtlmgmdy be ef ers

to a class of Ias .ei.ns produced b B-ce f . the i ne system
b tor st ml BERUROYeR Y ettt SRiERRD e dn S SufsBo e S8l S

i munogl obul i mse enthbic bilgdaucibbtids alagtorsDocli@ss ahasddeimmacanddeedyith as used
30 for the purposes of this invention includes, but is not limted to,

pol ycl onal aﬁPF Boured pragdiseel onal  anti bodi es, anti-idiotypic ant i bodi es and
aut - anti hgdi es present in autoi nmune diseases such as di abetes, nultiple

sclerosis and rheumatoid arthritis as well as chineric antibodies. WO
2011/ 018376 PCHWEEISEEE/ 06 MUggicaciq ﬁe‘d}l?é‘cﬁs‘ifel,sp'at?qw@”%?‘é@@ﬁt”UiCVWe@ﬁ‘i’ 8h

provi des a V%%I‘érc é‘d@éé‘q’ix%h@éeas' r@f@re'athec&@%ht%Mnan i asNAEeRNAN of the

mannose operon rab l'i nked to a tl‘anSCI’I(i)tl onal uni COITpI’I Si ng a
nucl ei ¢ aci d % Brbrich I Sape ther BYegisasid or thmapudeis@cidgrauease ihe
expressi on Ofloc%?éodomé'%@cbﬁt RGsdaREENRNBRA whiGPRE Ez%'rr'e@cio H%reﬁ?@érﬂbepé @pot er
regl on of the man nose oper on. The vector accor e Inventicoh is

pr ef er abRQ amoldeonymnletide @eqw@lcerInucwlmg;mr@tﬁil%rstfﬁdde@%ral@glea phage,
a virus or aghefjoviByx. d%umedsqraYl%H ebﬁlAOwab(?élE/ BR&! 8|]E tfch‘?ﬂbét%td'so'a?e may be

enpl oyed in expressing the nucleic acrd 10sequences 0 is 1 nvention.
Usef ul expr essmpnsacktct taosyr niae fregaeptse dontlg stren@edsDNdfwiwgmmmte@r@bth

strands have an uninterrupted phosphodiester backbone, DNA containing one
or more single-stranded portion(s) and one or more double stranded portion(s),
25 double-stranded DNA wherein the DNA strands are fully complementary,
double-stranded DNA wherein the DNA strands are only partially
complementary, circular DNA, covalently-closed DNA, linear DNA, covalently
cross-linked DNA, cDNA, chemicals-synthesized DNA, semi-synthetic DNA,
biosynthetic DNA, naturally-isolated DNA, enzyme-digested DNA, sheared DNA,
30 labeled DNA, such as radiolabeled DNA and flourochrome-labeled DNA, DNA
containing one or more non-naturally occurring species or nucleic acid. DNA
sequences can be synthesized by standard chemical techniques, for example,

the phosphotriester method or via automated synthesis methods and PCR



chronosonmal , non-chronosomal and/or synthetic nucleic acid sequences.
Suitabl e vectors include vectors with specific host range such as vectors

speci fi c wonor/gs37B. subtilis and E.coli, respectively agCmspRoia®cmext ors
wi t h broad-host- 15range such as vect org useful for gram positive bacteria
and gram negati ve bacteri a Low copy", rredi um copy as well as

"hi gh- copy" plasm ds can exanple, in Bacillus subtilis a

| ow copy pl astRtaodss Tﬁ‘ﬁl\ﬁ%tﬂﬁ‘i a”ﬁ'e'ﬁP'@FﬁchHQ WPHW 2l PEEBPUGHS P at i ves
and a hi gh cepyymhwswBtkhiqfesPUBL10. According to the present invention the
pronoter region of the mannose operon conprises the manR pronoter region
and the manP pronoter region, respectively. 25 The nucleic acid sequence

from B. subt i i ammsaeﬂgdt@eh&etr%ahr@é e dsiRfleRARied VA NERKASNT C
regi on between manR and nanP, fol lowed by the |ysostaphin gene [ys as

reporter gendoubls-sgiapded iRNA, |Q}P&|’bl§* stranped RMAIV&QL‘G'QCQF@ Fepiestrends atche
present | ”Ve'&BanBf&dJHPMo o Mork 1 H’fe%@?%?hblé%tr‘éﬁ d’RNﬁbwﬁ@rgg eSS B! ¥
conprises the nuclelc aci d seque of firgure rom to the start
codon of |ys sir@E{3 haveNan Lnirderdipied @hpmfogte&tﬂr;baph@nwam corteinihgsenpience of
figure 1 fro

transcripti onrgr% %9] ?eg%rdsr}rat%é %%(ﬁpanfl?r@Eﬁemﬁ}%éﬁea%%ebrb%mon(s)

2011/ 018376P@76bEE‘%®’aﬁdélﬁJRIQB WRerEire theucRNAc staands$ sae&mel’r;ca:ofnpdﬂmaltsrubti lis

ereenbassbnd e OIRiEh &S Ao PR, RS TSRS AR bRttt
bet ween bp+1 camqblemfmﬁ%ryaswméritlyaeromhked)fRNmn&;zynm cgges&ad IRNA, gheaeed? and in
figure 3, wh in R is repl ace The. 5 nucleic.acid s ence of
the bresent FenET O cOgreay 35 O nates difheromesrifiar<fan BV arahShry
conpri ses the?NNChﬁhfalla-ﬁadbté@q%mC%b@fedf ROW; esudhf sOmadiplabeld@2RNA 4 start
codon of Iacﬁp( SEQ | , [\Emrlg Rreferabl , the nucl ei c aci d sequence of
figure 3 fro B@Chrf’?? 'éH%'eBﬁ{ NA £ontaing @78, & PR MNFRAHPEY-eFekdRflience,
(SEQ I D N®. 4)pe@bslof hutidi@ssitcul ar the nucleic acid sequence of figure 103
frombp -122 and bp-1, i.e. upstream of the transcription inition site G at
pb+1 (SEQ I D NO. 5). Both the pronoter regions of manP and manR conpri se
ol orent ar g D S O R By e

var i S
pr gprmt er r egK’@H@S Bpx‘tth@ rﬂfﬁfﬁf@§ée@b@rﬁ%by sQnsiervasive me cleipeigh pebiditidionsegi on,
the manR progLELY 896} rﬁ&‘#et Ru@Bkic éBQ‘étre%hﬁsﬁﬁ%@B?%)no@ﬁerV\ﬁith safnd he
promnot er regions |n accordance to t e sequences SE -5, a sequence
conpl enerf ar ghetastesisticsor \Aaaahtant@qqmp@% a@s\eall|deqemerptee¢éﬁguenvemi on are
20 psual 1y 10 es TRANASEUPREIDNGEByS Al lohl Sl chifilifd &
equi val ent pro regi on o rokaryoti1 T organi sns rt| cuI ar of
organi sms of etxhlbltﬂamanye bfnctn@rc(fwmtleaelly e!nm\aai&mt) ik refqencalseatenseonot er
regi on of other prokaryotic organi sns enconpass a pronoter region which is
i nduci bl e by Dmannose, i.e. a pronoter region having a higher expression
activity in Wsajsféﬂmee@anme teiman” potyp'ebadeib&mpnee of protein"n Gedy pebfidinharyd
pr okaryo i sms such as Firm.cute i ke B. subtl t he mannos
bperon” 1 €51 nebtl” Pl ord mETatBopay it Sesidnsfe o2t Sabine P8 BRUGEE many
di fferent sugansedsd manhbmmes—myrmndé%@m@sasetmeh tles alpfa-gimiwaed amtdoky mannose
are mainly taken up vja the phosphoenol pyruvate: carbonhydrate
phosphotransﬂé‘?%éﬁéggp‘é’ﬁﬁrﬁﬁ% In the PTS, the respective hexose is
si mul t aneously phosphoryl ated and transported into the cell during up-take.

Upt ake and utilization of a specific sugar substrate is subject to carbon
cat abol i te r dPEd8ED oigo(ateskpnd |pH”f'% nHFleRerdie %?HUSP%d§éerStt%hepP*@F"eF} ed

sugar 30 which the nucleic acid sequence will be in accordance with the present
invention. The nucleic acid sequence will be free or substantially free of material
with which they are naturally associated such as other nucleic acids with which

they are found in their natural environment, or the environment in which they are



WO 2011/ 018376PCT/ EP2010/ 061193 13 substrate of B.subtilis, transcription
of the genes for uptake and utilization of other substrates such as the man

nose operwo,20i190183pr essed. The mechani sm of the gl ucese/rbe@endant OCR in
B.subtilis has been wi dely studied and igs known in the art (Stulke J. et
al ., "Regulation of carbon catabolism5in Bacillus species”, in Annu. Rev.

M crobiol. 54, 2000, pages 849-880) The transcriptional unit according to
the present PHRRARY %g-lﬁbeﬂévltve? Wheh &pCh BispRTadien iy resREPRIENbISChARIPPat i on
regi on upstr eamtiedd thhatrd Bi ihivilol on poi nt (start codon) of the translation of
said transcriptional unit, whereas the translation 10 initiation region is
operably linked to the nucleic acid sequence. The translation initiation

region is usugbl¥rhOCRREbrHRESA Ak REH! ¥r afirdG Mg h AUk baLTARL On
poi nt of the translation of the transcriptional unit” which can be ATG GIG

or TTG 18Théostealisierdtemny wradeas wheraiegh eiiraeaiiulae nugleictacihiear Yastor, _
Initiation reai0g, mt?hgﬁ?&&%ﬁ&wiﬂ 8Rkial M dte Rl afﬁ%@chﬁ.”?n%%eﬂ(?)ﬁf”@%lgene In

t he nmannose oper on. ransliation itnitiation regl on O . manR gene
of the mannog@neivemed’ eraitrabefopaed icall'l yeans thetcellloy its pdgarednioywhinh theher

transl ation initiat i | 4 { r [ At i i nitiation
regi ons of tl??ktafglﬁIgﬁega'ﬁl?(gﬁp#]gg@gﬁa%&%%n@ﬂ?@geé %ggrt@ﬁsés%%rr% l(Ja'itsnﬁ]é\]urgen
et al., 1998 exividelluiBenuclSerssid. Thed)uck38abid5highbbd irftroooc®] subthd célsso can be

used. The_r ective nuclei id.sequences of tuf A and gsiB are shown
bel ow wi iRt REtSrar Lolsieadld i Fastipdbie SRS vRd SiePpratdne 48N 3t | | ned
and t he Shi nex2sbalagessomabetpunant.eTlanglolmatitnedf. apprb@iatd host cells with e.g.
ctt aTTTTAGAATGGCTAAAGAAAAATTCggat cc - 3' . 30Af |1 | St art cogonBanmHl gsi B: 5' -
ctt aaqMTTMﬁWW&%%&A%%&HH' ec EV @ﬁmoéﬁsﬁ?ﬂlo@&d%}ﬁéa 1 WO
2011/ 018376 PEiéichpstion 081d ditspotatioBy patticleaiuntoBedaeihti sirbyoéhdnfigaltri@hsdd | pti on
initiation region the stability of the nRNA can be enhanced, which. is an
i mpor t ant f oabeh 8s iCﬁ?%}éH@B@%Pi‘%‘ﬁleéﬁfedﬁﬁ%”%?ré{ﬁ“PPt%%f'b?‘ﬁé-gnﬁ apigtis —
charactenbze@thy. 1482, MWeechizt d18hing, I RboPAtBrRintUadNCHA $Hend HERBET | pti on
initiation region also the initiation point of the ,

Laboratory or in Ausubel et al. 1994, Current protocols in molecular biology,

John Wiley and Sons.

“Heterologous nucleic acid sequence” or “nucleic acid sequence heterologous to

20 a host” means a nucleic acid sequence which encodes e.g. an expression
product such as a polypeptide that is foreign to the host (“heterologous
expression” or “heterologous product”) i.e. a nucleic acid sequence originating
from a donor different from the host or a chemically synthesized nucleic acid
sequence which encodes e.g. an expression product such as a polypeptide that

25 is foreign to the host. In case the host is a particular prokaryotic species, the
heterologous nucleic acid sequence is preferably originated from a different
genus or family, more preferred from a different order or class, in particular from
a different phylum (division) and most particular from a different domain (empire)
of organisms.

30  The heterologous nucleic acid sequence originating from a donor different from
the host can be modified, before it is introduced into a host cell, by mutations,
insertions, deletions or substitutions or single nucleic acids or a part of the
heterologous nucleic acid sequence as long as such modified sequences exhibit

the same function (functionally equivalent) as the reference sequence. A



translation as well as, optionally, a nunber of the codons of the gene
followng the initiation point, for exanple about 5-6 codons, can be

repl aced,wbaniiemssrpl e as shown above in the nucl eic aci @#csapaenoesddf tuf A
and gsi B, respectively. 10The translatigg initiation region can further
conprise a sequence encodi ng signal sequence operably |linked to the

het er ol ogous nucl ei ¢ aci d sequence of the invention. The signhal sequence is

usual |y | ocatSIFoBoRtst PEERF AGEEIYLNSE;) 2 EHeTRD NEIRN PAFATRASSER o't of t he
translation, nyblehséRnbss BAGnatfAtCrem d d#r&tnt BEmbinaRefirePlof @Rgdnidhd t. 151N
case a dicistronic or polycisStronic transcriptional unit 1s used, different
or identical S§ffyRalfrasegubsyaissdpkpalAryotic ¢ligit sush aschdoPumae aRfiked@hs can
be applied. RirheraR bedh 66 tMtonahe WDl CANSRAELEnRLE ii®dsihle SHifRI@ case.
The signal sequence used can be a prokaryotic or an eukaryotic signal
sequence. 5Us @gidsyor grrachelibeinscleiqmeid sseurners davebeen ppdifiag. aczording tONA
sequences engodig,si, 3 o?ﬁﬁ&%ﬁ%?icth%tbe enpl oyed in the expression
vectors of the present 1 nvention ‘can be obtained cormercially or

synt hesi zed chemi cally. For exanple, signal sequences can be synthesized

oo 25 Cin LT B G RHG RFVEIRSERTIAR Y il Bl RS R00REREH 55 e

descri bed i n s¥querideV antnecle&t aciddbequeNoe heiecoldgoudso Remst’lehic6hpasb6Bsq 1984) .

Purificatjon _of oligonucleotides can_be perf.orned i ther natiye

roryl am dbgd MuTeEREbRer Bt & Bp R s R BR0 B e Befrtd Shodlic g i n
Pear son & Reaolypeptide, nGluraimnexphessdd i thdOhdst, 983 rein3Pe Waclaiclagidt seguence
transcriptional unit .fg)rt her iSO ises a franscri ptidon erm [["laltipnh regi on.
Preferably stt SR EH dAC:Ai BIAYnCt disPrsen HPVPBE%RE AW SEIPLPT Afoi di ng
"readi ng t hr gughotebiegidheofphianidbe bpoidh Bdthd hesédtamgationt i on unit into the
flanking WO 2011/018376PCT/ EP2010/ 061193 15 plasm d sequence as well as
fromother plasmd pronoters into the transcription unit. Further,

st abi | i zagsi onTRhsdrip@offifatisdsregpeis/edignal fdforPivERBNEBmdiesStigRscription
transcription termnation regian. A suitabl e exanple for a strong
transcri pti ofniiaioniangt Whiah cegroseshiiie searenfgcicethe BPoseme Rigine ite such

5' - CCAGAOOOOTGTKEE e Baighimb s&q0dnks. 3' -region of tufA fromB.subtilis 168
which is commercially avail able. The heterol ogous nucl eic acid sequence
accordi ng t o Typisalpr ég@nftranslw@tmri ontidippodegionnis elospieds dewnptresducio that i s
forei gn 10 1 ygnBaihion |ihickidd §i1é Ba Rerdty ik to MdHALab be exBRRLER Such as
B.subtilis or E.coll the nuc| el c acl d sequence 0 nterest can be nore
preferabRy from another class |ike the gammaproteobacteria such as from
2.0, ourkho! dfihGudflon fniRGHd Sl e @ O Lgrant il um.secRupe ar chae
bacteria, in nos articular Trom an eukaryofic organi smsuch as manmals in
particul ar f polynenasenty tédoueate riranstriptioat éhel toeagsasptionclesnioall® regiond isequence
m ght be m’d'ufsbﬁ& St 419 LHRG 4 GOIRE YRR 0id%ln %?eé]?rgﬁScrihm(F of

het er ol ogous "Sequence accor ar nog o The present” nvention IS US arfy a gene
of interest. offfee rpaney gEnestoertesiscrptieh eioabl gthenpbiestid @rometers Gndgoars

pol ypept ide such as, a ructyral . regulatory or therapeutic protein, or N
or Cter nal'nq‘f%ﬁegﬂgs%%”“gyt?fﬂ@‘?ﬂm@ regul atory or therapeutic protein with
other proteins ("Tags") such 20 as green fluorescent protein or other
fusion proteips., The heterol ogous_nucleic acid seqguence, m ght encode as

wel | o br anechTBONAERS R DR ObaAHe HE ROGHCRGY ia, BrieuS oL iF

ant i sense- RNAnmiling spsteineiffer BBvubBoPbPEH aatlgers M AR HUearpGalisgRés or as

a soluble protein which is 1present in the cytoplasmor .in the periplasmc
space of the dpERungiqbulinsof thadg G M. i\ e RetasacEng Wmar anikadynes peet er abl y,

the protgpn i MeOPUHBEeRDf ahis GhidHRNPInEILBES) M 1§ hndtSIinfifeRS R tpdiytidnae
periplasm c space of the host cell and/or in the extracellul ar medium The
het er ol ogous 2pHRAeS MENqcndt agtibqdigs. Fetiddiotpirentibatintrand At tentibediRGar yot i ¢

present in autoimmune diseases, such as diabetes, multiple sclerosis and

rheumatoid arthritis as well as chimeric antibodies.



30 origin. Gher proteins are antigens, such as gl ycoproteins and

car bohydrates from m crobi al pathogens, both viral and antibacterial, and
from t unowe.20hes76pr ot ei ns are enzynes |ike chynosin, PCOIEPaGIONE1193

pol yner ases, dehydrogenases, nucl eases, {9l ucanases, oxi dases,

al pha- anyl ases, oxi doreductases, |ipases, am dases, nitril hydratases,
esterases or nitrilases. W) 2011/018376PCT/EP2010/061193 16 I n the present
i nvention thé" GN8e?SPERt hhdrefeat neation Niwidas & neckr graressblfung d1%ghd t he
het er ol ogous cBa@liSihg RAprémSBAYEHNES OfAthe RBRRRGEEpdYoh Nbgbritle IIRKEd @84 on
vectors can be varied. In preferred enbodi nents the signal 5 sequence is

5' (upstrean) tOSEiREORR]AUNE|COMPEBIAY Setlifdaie acid eauetg Whig istderoloppeft i de of

i nterest. ThensiHgaalnBRHIGNE @xprRdsibABr BMa nBleicAfdds RIHEN RSoRRERN P - 9.
the pol ypeptide of interest can be separated by zero to about 1000 "am no
aci ds. | n5pr épigraredoteirraiomeitne manmese ppgran: sequence and nucl ei ¢ aci d
sequence encoding e.g. the polypeptide of interest are directly adjacent to
10each other, i.e. separated by zero nucleic acids. Preferably, the vector
of the preserheivactart acsardimgmpy ithee invantinre Isepreferabld anequionemously & seifdance of
any of the s - I 1-5 eque Nt ar and
variants the?%?gﬁﬁpliﬁg’gn%%&% g%ygt{/ﬁggg)Féggﬁ{)\ﬁ&gv{;‘m'?{%kg@é}?%e use
of a vector &ostrediangcdrobibdt®nisnment herenfimoyedhn regprelssing dthh etwilest capicuis

expr essi EQ of - n%cl ej ﬁ].al(r:]ig gSequence in a prokaryotic host. 20Expression
is start b? AYdICP SRS "8G abl e i nducer. The inducer of the nannose
operon i s natsefie exkprassiet i vadterst hior eekarmplpabinay t consiluceé sdgmerem Ropr onot er
regi on or nanFWpronDt r region of tlheg{mann(%lie[. 31pe[?on. .%’he exEressi on can be
regul ated by “CHEBIBII" BT HIREEN A0E°T 361 eHCd  IrE PHORBIFEEFE host. 25 1n
st : | anot hgrsuaatme%cfokbeinblny@pé{ttom Witho3PedHis hast rafgeé a%&d%@v&tcwrsbé&iﬁd

nucl ei ¢ aci d_sequence conprising a pronoter regjon of the pman npse operon.
Preferably, #He®¥s '%Hbé’gs 4R¢ %6&5 ERRPCHYRYY é‘?c""%LPﬂ V§%&3{%WE&%§§?%S t he
nmanP pr onyt efraffedsQén tREVABGIR RO Igreh-goRRivEBEhcRIRE aRP &JraM-ndYafiRe
preferably, the isolated 30 and purified nucleic acid sequence conprises
any of the SPectelBNCGs 1 to 5. The isolated and purified nucleic acid
sequence CONPdpkBg, & ARy TRUDMLChidhSpyBRaSHRs 2BR HAUsedN be operably
linked to a transcriptional unit conprising a nucleic acid seqguence

encodi ng for a pol ypeptide, wherein the expression of WO

2011/ 018376P / 06 " ' o engaih or the
pol ypepti de %Eﬁ%ﬁé@tﬁnﬁﬁskpbéﬁ? pmrd\gk t@%gi%ﬁﬁg@%ﬁé man ngg%}r oper on.
The i sol 0 ed plastigriarefdBsST 2rerivalives aod @ ey nemcwlasoidds dUBG1@.0 t he present
invention may conprise the conplete or a partial sequence of the regul atory
5 gene manR. At | east the isolated and purified nucleic acid sequence of

t he manR pr octedingatly the mpesedtinrectian thequemoter rddien ot theahedhasedpeusn f i ed
nucleic acid seguencet of this i nvetnti on.can bet' sol at Ed 10 gecor ding to
standard PCRCBPBIEE0IEe afif Re UL hef99 U e « HE8 5r POMPIE" J§R1f ed and
i sol at ed DNArsggdtvene can further conprise one or nore regul atory
sequenceé as known in the art, e.g. an enhancer, usually enployed for the
expr essi A of the product encoded by the nucleic acid sequence. 15l n order

to sel ect hogheGRiclesc 5616 &8§Sdrde! Yord Bls A b cdnPHR8 G tAB C-Wirhinal B&d ¥ECt Or

manR, the intergenic region between manR and manP, followed by the
lysostaphin gene lys as reporter gene, is given in figure 1.
The nucleic acid sequence of the present invention comprising the promoter

30 region of manP preferably comprises the nucleic acid sequence of figure 1 from
bp -80 to the start codon of lys (SEQ ID NO.1) and more preferably the nucleic
acid sequence of figure 1 from bp -80 and inclusive bp -1, i.e. upstream of the
transcription initiation site A at bp+1 (SEQ ID No.2).



or the isolated and purified nucleic acid sequence of the present

i nvention, a gene that encodes a selectable marker (e.g. resistance to

ant i bi ot iwe)omansize i ntroduced into the host cells al ongCwmiErRomloel1psIC| €i C
aci d sequence of interest. The gene thagpencodes a sel ectable marker m ght
be | ocated on the vector or on 20 the isolated and purified nucleic acid
sequence or nlght optignally be co-introduced in a separate form e,g. on a

separ at e vect/6F .NUGEHS %‘U‘éS%‘éﬁ‘é‘@?é’l?l"‘bBﬁélPW@eé"C@E‘ﬁaﬁ%”%Q@CPFPW@FQE(H?%@” Pﬁose
that confer nesirstREGAnsQipABA liktifidnCsite @Ueﬁkbpa—a 2RRAAIVBOSPY FefuerbegtidTy ci N,
ampicillin and tetracyclin. The amount of the antibiotic can be adapted as
desired in ortr@éscruo@on,wrétaactlen§@¢I@@bet¥@e@drmﬂtar@rman@amall aypamef menBct abl e
marker is us Ba tor t 1 conmon
to the sui taEﬁdg'V sﬁgﬁﬁm b%n(ssre}f r‘é 2 g‘?reg‘xg%r?e'%erﬁﬁggéé;gy?[ﬁg? Trﬁée vect or
is a shutbl enueletcacid emuembloéthmpdeeemt |Evenbiloh carrqbriBlngUbe ipkrarsoteheegi@si st ance
mar ker gene epcodi g rfhe I305 ecti nﬁ} CI n- @y transfe{ﬁie Q{ Ent.er ococcus
faecalis canhdLet<IHARN CORI'ErS %‘i‘%‘?%ﬁ& FHUEREL Pl I3 ¢t oM Rio

2011/ 018376PA2L EEP2E o GcbHOR ol BicZYSEAI ID NOB)) iefe reftdsbig,und naslefc doar escent
proteins can be |ntroduced into the host %e”i al on with the nucleic acid
sequence of SRAEEE:OT fighre, SqEem: RP gha%eid d-€efq L{ﬁ"’é’n@? Ryjtative cre-

transformati %@quencesﬁﬁ@lﬂj) RJ.HPARE Sk pgaraararaﬁ@nuaele a@xeddali8ncd &%@recodl ng
for enhanced green 5fluorescent protein (eGFP) and | acZ encodin

6- gal act 88i désf@m Bet-H22 apdeed i- Qel%reéi’f@fdb‘i‘rf@%q”ﬂ'@w”&mlﬂ'tﬁlﬁ’ é?aﬁhﬂ are

w del y used. §@9t|bq\§ogf_pect to the present invention is to provide a
prokaryotic host transforned with a vector of the present invention wherein
t he vector cd&or theaxormotes regiensmferanegnbmash conwripghinding sipefarMard.ef er abl y

the vector Cer'ﬁBa{in§$e%tﬂﬂ/\én{?§ 5§8ﬁ§§§“b9343955 o u%n?e g%ﬂ%‘%’fkﬁg ey iof”e”t ary

t hereof or vari S there arrety o pro s are
useful to be the SEEfIOrMRS 144 ardl \aridbtsrtheneob e- |ndu0| bl e pronoter region of the
mannose qser on according to the present invention. These hosts may incl ude
strains of G ampositive cells such as Bacillus and Streptonyces, or

Gram negat | véheeﬂnbmoimcdegmm Eofctbki mambslésemm‘ommm afrted enal® yrorhdter host

|1 G 1 1 Fi 1
o ably 1 RTEahe wi Siomisiti PR (B ooy SAfidrcEhnS Hel Bs dF o o

e.g. the str ardhotBr B¢inslin Secdidatgltothdisrfuart&SEQBDINGhams, fosdiusncd3. nat t o,
B. megaterium etc. Preferablg the host cell is B.subtilis, such as

B.subtilis 3RAMRIGMeDaNYHheTeRE of g@riantsghersof Ugpd dh they Rresent, ivgniion: ag g. the
strains 3l, umpy'of’rorPlTRe mdnkoB WperhdofOBi e ils. oﬁ’\f%rﬁfb @h@tl&%”@'&w%@h{ y

avai |l abl e. Sui tabl e host cells are commercial avail for exanpl e,
fromcul ture pe‘iQthébtqgm'i‘SOfsQ]bW Rigkaryeticysagnisme.p @@H@ueaﬁfwngﬁglsmmf the

M kroor gani SEERiMING BAERIdLEL. TAIM I cHBREY o BIAUNSR MBIt CREJIBRY offiEf

exanpl e, Baci I's obtainable fromt ac us netic ock nt er
prokaryotlc organisms encompass a promoter region which is |ndu0|ble by D-
mannose, i.e. a promoter region having a higher expression activity in the

25 presence than in the absence of mannose.

In many prokaryotic organisms such as Firmicutes like B.subtilis, the mannose

operon is involved in the metabolism of D-mannose.

B.subtilis can use many different sugars as carbon source. Hexoses such as
30 glucose and D-mannose are mainly taken up via the phosphoenolpyruvate:

carbonhydrate phosphotransferase system (PTS). In the PTS, the respective

hexose is simultaneously phosphorylated and transported into the cell during

up-take. Uptake and utilization of a specific sugar substrate is subject to carbon

catabolite repression (CCR). In the presence of glucose, the preferred sugar



WO 2011/ 018376PCT/ EP2010/ 061193 19 nodi fied to be deficient in one or nore
functions related to the uptake and/ or netabolism of nmannose. Deficiency in
one or nowe 2bumasizens rel ated to the uptake and/ or net alpalriEPRoiofemannose
can be achieved by e.g. suppressing or bsocking the expression of a gene
coding for a protein such as the manA gene 5codi ng for

mannose- 6- phosphat -i sonmerase. This can be done by known techni que such as
transposon s§HpRraie®’ RitdidERneEanscaprtiqnn sl KeogrNesUCALPEIe andudiiizgtion Rb

pr okar yot i ¢ i sGOUREPARASs! fle HindLABRkroAAGHARESBachOSen, for example in

case signal sequences of Bacillus are used, the host cell is usually a

10menber of tlhe rBaghanisawiof yheBlucpge Barendeat E&R o Besuptilist kasabegn miehhost
cell is a Bacgi|4: L3 : d i a
hosphoenol ot 5 3hBun W ARk ARy R, oot BDLaboP DRRBIRAT |
particul ab, trhBatitist spESiegt $sA8Bl.MevaMRTisly 84.62000spagas &%t 0gani sm of t he
order Bacillales, in particular of genus Bacillus and nore preferably of
species Bacillus subtilis or a mcroorgani smof the order
Ent er obact er iTakeganguripfi@rahbinit atcdriieggenuise Esedmnti ioherdtioandsualy efupthef er abl y
of species E.coli.. 20The primary el enent of OCR i? t he .catabol.ite control
protein A (OSBRPISGPCHRSE Rl JliPEo B, Bt et dhe mEReBrent B as the
putative cre coespedicthel tarSEElonDoMNESd Iramadrigtionbnubiewb@yasl tisd ataaslafiorCcpA
transcription of the respective gen ere manR,. is repre sed. | n.absence
of “gi ucost aritaten JPabR it Bo UL LR AR 859 SOREFTISS Ae TRBPRITE o no
repression bynifitiddli regiodf is GRAIIRMLatdte upsteame rdirgtiyoBdjaterthe Benasiaddn t he
e I g T T
the respecti ihad
operon. Surprirgd.ngly it was found by the present inventors, that ManR is
not only the regulatory protein for the manP pronoter region but an
autoregul ator for manR 30itsel f. Further provided with the present
i nventi oRsi S TReMBARRHiIoh AhiRERAHG 0 c8n R HReRAAHRiIOhNinRiaRBR reGiBh lof the
2011/ 018376PUTNEPEUROA 06 DOGIRE 9eB Cr R A INGHMBNOAE QRO host vi ¢ h

> host wi
sai d vector, ) i G r i f i | hde i cell culture
System under o6 eas o0 BRRERGERSH OfoRinead e Re G RE B M b e et e
cel | cul t ur e caydegartidy or totally replaced by an other translation initiation region.

For example, the translation initiation regions of tufA (elongation factor Tu) and
20  gsiB (stress protein; Jirgen et al., 1998, Mol. Gen. Genet. 258, 538-545) both

from B.subtiliis, can be used.

The respective nucleic acid sequences of fufA and gsiB are shown below with
the start codon in bold type, the restriction sites underlined and the Shine-

25 Dalgarno-Sequence highlighted.

tufA:

5'- cttaag TTTTAGAATGGCTAAAGAAAAATTCggatcc -3’
30 Afll  SD Startcodon BamHl|

gsiB:

5'- cttaagAATT} SAATTCAAAATGGCAGACAATAACAAAggatcc -3’
35 Afll SD Startcodon BamHI



The vector used, as well as its construction and the transformation of a
prokaryotic host are as defined above, whereas the heterol ogous nucleic
aci d sequwocelioasgrsi sed by the vector encodes a pol ypeprraar2ai0dsiioe! |

cul ture system continuous or discontinugugs culture such as batch culture or
fed batch culture can be applied in culture tubes, shake flasks or
bacterial fernentors. For culturing the host ceIIs conventional pedia as

known in the BYr guilahle B%'eﬁté(@doﬁﬁhesﬁré‘ﬁs%{@t'@br’rw glionneagiop fhecstebiitn Pf dit yeast

brot h nedi ummRKA @by B8r&HhaRes, ihiihng aﬁﬁﬁPunmseﬂaseclwg}éﬂe RprdsgiohzTIRd  al .
1995, J. Biotechnol. 39, 59-65, a mneral salt nedia as described by Kulla

et al., 1983 stakilghof tl\‘/P@?WdﬂChai%Be”Zfd by itsspesifieball [ffr f or E. col i

fermentation as described by WIns et al., 2001, Biotechnol. Bioeng. 73,
95-103 or LB-nedium as described by Bertramet al, 1051, J. 20Bacteriol.
62, 293-3080. Irnfaédwéehtgrfhedrﬂmﬁp@é@nané@rrlpabwoe@ﬂssbwesomnaa@n PPyt ogfepl e as

sugar such asQLUAASES Wi R SURSHIF! Lol Bbel HRND98EoREL nk QR lngy The

car bon source used as su erent romt e | naucer
medi um ni ght theeinftiedon peidt, dsr exapip rbatted-6 sodonshgambidirejadad; ferexxammig edi ent s

such as buff e 3noRRlabiye Hhar. 0ok AT 80,855 AN B Ssloyfl e

m cronutrients as are Known t'0 t ose
As wel |l different nedi a or corrbl nat i ons of rredl a can be used duri ng the

30cul turing the cells. Preferably asi c

Shoul o %, Toet fendfion; kg TR Loart RFEF CiokRUR S FRyRR SulRid' o o
t he mannose Brghﬁbéﬁl’uelhe@io(pémbly WMRed Gd kh& h8RfGIBGIUSEMZANLi0/20R1SRBierde Atldi ti on
of the inducer can ??% tI_Erted fter the. cultuiyg regeches a determ nj

nj, ng
par amet er & cHOal PR pishal G BB ATESY densi t y

(OD) indicat iaﬂ@cbh\tetoct@é InitREBE PBinE 8f the raflatidre whidht dintbe ATGCOMGERTTE | Oon Of
carbon source, which is different fromthe inducer. 5 For exarrpl e, in the

pr esent procé’gg“ettF%‘SPrr'ﬂlﬁ’é‘élrurﬁtan be added after the culture reaches in

appropri ase QD dependicigoni éhga@a@%ri.b@ra%@l:ﬁw&]awanms&&rd.ﬂ@a{eﬁhof:ul ture
in shaking flasks a typical m as determ ning paraneter is about 0.3 or

hi gher. 10 Uidpatipgl, sighd %ﬁ%@ﬁ?e%PpPW&’UcémkedsER:Wa% ofaiigositrons cehedredi um
of the cul turg Ry, ﬂfre*&@ét}f?td'uffér&qséugrﬂa‘i s%ﬂhé’&ée%dar%%éé% AoQUh é—Qagé | The

preferably about 5 g/l, nore preferably about However, the
amount of i nglepet S%Eﬁw@de(’s@ﬂdl@‘énat@a@tpé@(%yptlpm &ﬂeqluﬁafm’ﬁﬁrﬁ'@‘%ﬁeqw‘@pem fic

fernmentation R H @;ea% karVOc 8&ué?n%9éye°£bc&ﬁ[e 4l nducer (induction regine)
ccor t

can be sel ecte ng to the speci ure system By the node
of addit20n growth rate and expression rate of the host cells can be

20 urther eayLabRil EifoRia Bl IPINRRP SAlRECAT dhgaani pugksy o

conti nuously over SUit |scon I nUous i npact
i nducti on) adcdpressinn o&ntolosao()rlimepaetsehhmvemmhmcmrolbepmtamed)rcbmmemallw\pce or
[ nLerva The suitab ends, on t he

even sever al tiﬁeszi AUl &a@é g i lilabl e gqgesdq gnds
culture syst 8M'dnd Carf Rgpicd d? ’%H%?e?%ﬂeﬁe%f P% S8 YT he art .
For exanpl e, abaordmgttbnmnlsshdrphl@se Mphomlmmtnmmaﬁdmihbmdascmbedlalgt rate
or decre ingrhéincre sj.ng ., rate. go uous a o] a rther within
a sel ect Zg ti eaqﬁagp%t,argl‘{hetrﬁewg |f agm%ron Leq-?s t25 P8é§9 ﬂBé& scrlbed

in Van Devanter et. Al., Nucleic Acids Res. 12:6159-6168 (1984). Purification of

oligonucleotides can be performed by either native acrylamide gel

electrophoresis or by anion-exchange HPLC as described in Pearson & Reanier,

J. Chrom. 255:137-149 (1983).

30

Usually the transcriptional unit further comprises a transcription termination

region.

Preferably strong transcription termination regions are used for avoiding

“reading through” by the promoter out of the transcription unit into the flanking



for exanple selected time interval during exponential growth of the
culture. 30Further, a conbination of discontinuous and continuous induction
regi me i swpassi/iazms WO 2011/ 018376PCT/ EP2010/ 061193 22 therEPr2610861193
cultivation is switched to fed phase w §h addition of a m xture of prinmary
carbon source and mannose. In the fed phase the ratio of primary carbon
source to nmannose can be varied, suitable ratios are from3;1 to 1:3. B

y
variation of Pasaiq §equsnse iagays) IS8 9 thes plasaid pramRiets intp ke Hi'ﬁﬁcé'gg(?rbn rate

can 5be cont ialt] PekheNPREBIRF AR &KL MUK VAT SbsePred: in the %réyeﬂ&@ba@h% 7-7.5,
appropriate culture tenperatures are between 10 and 40 C, preferably

bet ween 30 af@nsyiption iggminatieeredioar e i ncubated usually as long as it takes

until the maxy émﬁbmérﬂﬁplg?oreg(ﬁhﬁﬁst%s%&ﬂiﬁct%rrﬁl'ﬂgfl&{ rdiHRSSthBaRicleic
accunul ated, preferably between hour and days, nore preferably between

5 hours ahd acuiawuencﬁ C%QA@@CEGEG&GW%@%frtOﬁetfmw%crﬁQIO@fofet%éﬁ essed
roduct depe n shake flask culture
P pends, g'}prog 1%§%nér’[’ﬁ%oﬁ¢ﬁ$ér8?w?%%o g_tgé

usual | y expresse € anoun g/l culture nedium can be
produced with a host transforned with a vector of the present invention.
Using a fernerntor culture in.a hatch and/ or_fed- ba téhrmde expr.es

ed
product in tHO®aNE WHO%PSJEL{?A‘??;?C%P%Q‘{‘*H% %C%rdaﬂ § dertesit aneBiat h,
20pr ef er abl y emoodest draexpreggion produet thaeik do@ignytortbe dosh amncdsedthg/Hostsra be
obtained, Further, .in the fer ss. .pf that present inveption
st gt hd0 hodoRRBIqNE SRPSERe 5P cBe s BHISGrE Fom NG LB SHaReRtPREs Bhn be
obt ai ned fromtafest e@ﬁmt B0 here3Gorofepdtly frdmpanbihek| dasatiikeedsds §imMBS00,
preferably about 250 ()Dam or_ nore, 25 nore preferably at |east 500 0D600

and nost pref& ?%t&ﬁcéfi”al Bihas1 50D VOEBIKIeIHeFRFR @u@%cu'?rﬁr‘%{“ PederE0Eh

process accorpﬂw{]& é&htd%eareﬁé‘éSé'ﬁter'ud“(r?ﬂwto'spﬁarﬂ@dlér ﬁ&ﬂ%‘ntélﬁ‘ér}}%ﬁé WF‘g%rrhsﬁp () Bam
up to nore than 1000 ()Dam can be obt ai ned | lustrati on, 0D600

corr esponds ﬁdcfa%manm@w partieyamfEs hp@,ansml@me\qeﬁ tB@Q@@f@g@OUS@#‘f%uent ly,

an 0D600xal o) r K 500
0D600 16159 r%'ij érreaqugﬂ%éé?&?rﬁts% %g'f'%%ll?%l 3@6% E(I%Oangéoa}dO6lﬁé%@g st

Fol | owi ng exphedwsieralopaus srnugose a@@lrdmgttméleao(pwémnmroau@vabm:gem a

I tid -'
Dol 15071 or b SR oERE of WAt b RE P londs Thb G B
cel I's are ussath gs 5 strheturatstgdatatry ottbempduias proted, (nuN or €- tamnindaly‘ssdns such as

| ysi ng by 'y%%%ﬂaukrll %”? r)é??%b %tultg%rcﬂem §1n8tllﬂ §3n§p?ﬁ§$|)]

pol ypepti des "are usud 5 e cells.
They can20herashgafeq;ruflucbreembribyprcﬂtzmm]‘anlnierp‘nsubelptrotpmsl Tlne:aeiemiognusa&ﬂumes known

in the art whi |%Ih JBy i ncljagﬁ] endl feren quvﬁnéha(t:elmogé used |nt o 5| eve
chr omat ogr apAYy'® JEHT 8 G &M EXtoRut's Paﬁﬂﬁg P
of RNA, such as e.g. antisense-RNA.
The protein may be produced as an insoluble aggregate or as a soluble protein
which is present in the cytoplasm or in the periplasmic space of the host cell,
25 and/or in the extracellular medium. Preferably, the protein is produced as a
soluble protein which is present in the periplasmic space of the host cell and/or

in the extracellular medium.

The heterologous protein of interest can be of human, mammalian or prokaryotic
30 origin. Other proteins are antigens, such as glycoproteins and carbohydrates
from microbial pathogens, both viral and antibacterial, and from tumors. Other
proteins are enzymes like chymosin, proteases, polymerases, dehydrogenases,
nucleases, glucanases, oxidases, alpha-amylases, oxidoreductases, lipases,

amidases, nitril hydratases, esterases or nitrilases.



10 isoelectric focusing, gel electrophoresis, affinity, and i munoaffinity
chromat ography. These wel |l known and routinely practiced nethods are

descri bedwonpiienigi7é Ausubel et al., supra., and Wi et al pciam®soip/ocAgaden c
Press Inc., N.Y.; |mmunochem cal Methodggln Cell And Mol ecul ar Biol ogy. For
exanple, for purification of reconbinantly produced i munogl obul i ns, they
can 15 be purified with imunoaffinity chronmatography by passage though a
colum containing a resin which has bound thereto target nol ecules to which
the expressegy tHEpaSEH Ahehtidrs theadtd e the Gdtancelh Mhichthe s%hﬁﬁ%hehé@’ent ion
also relates to nethods and neans for the intracellul ar het er ol ogous

expr essi on ofNAudte heterelageusnberieingaed g seqangpe paiedearianoad pBRiar Jit i c
host. In partdepalioh B8 RIS bé VARRET A pfSleRlcRBemB odfiRb AIsStaNg ghhe use of
such vectors for the intracellular expression of a heterol ogous poI ypepti de
in a prokarysepgenessts dsuprjraae) iethreoruaeictaned seademee angeding ong. the

i ntracel | ul ar S i opl asm
and 25 15 nooTpPPaRenolRR Diley R R e s RE Tk AP s et o one
The pol ypept iedecding le.dbethe xpolypsptide \mftlrnenest hen bt sgplasated iby Zaye o gfbouhcl usi on
bodies or in Pr r o atd i

pol ypepti des ?reglréq i 59@?.}In prgf%ﬁgyteﬁio d%e#t?o%gtsréw%ég€®e®§%rg§t uglzg)rlce al so
wel |  known. :a@'ﬂl"&eqlmanmmequnrtgmget’r@ plﬂyaelpede)DEmmTesnmeeilrrecttynacaac&nt to

advant ag§8us |an tp at ithg%( can ?) J | uI ated, induced by a common and
non-t oxi ¢ an§ F*Pm8J‘8f’o-ree '913(5?139 V&Ff‘? lﬁée‘fu? %orrpound Further, the mannose
pronoters of the present invention as well as vectors conprising that
mannose pro re,stable within the e | s.and are. not 1o
2011/018376%‘{@—_’ 109“66’_(3@? 24 E\? Rreafr H”‘?”HP %ﬂmﬁrﬂ?eﬁfad"d@q'%aﬁ“i'dons of

the cells. TRyguertegh acedrdaenst dny dfeherby@drices SHEA ID N8 1ot sevebhse
t ransf or ned accoLdlng to the resent |nven ion is possible. 5Those skilled

in the art wcPP Aegeefnd ianisitagredlescri bed herein is susceptible to
vari ationg and nodifications other than those specifically described. It is
to be understood that the invention includes all such variations and

nodi fi cat i ondNSA eHOTPAgERhPY ithiyPesent iDHeNtepiis the vie efsa ¥pgippfccording to

charact eri st iygs H SR for Fh@ r'e@MI‘éﬂatd' ABteRbISGhusNekprdssior! df 8f nddidc Sd@Ps.
features, conpositions and 10 onpounds referred to or indicated in this
speci fi cati oRCAUGERVR BPAPHAY Ui h@él | ectively, and any and all conbinations
or any two or nore of said steps or features. The present disclosure is
therefore to be considered as in all aspects illustrated and not

restrict Bde, Bxheessioopis sderteddyiatmien oh alseiitagld indiucar.etheinduiser apprended

cl aims, and sl 5

equi val ency ﬁdgnﬁ%?%ﬁ%%gv\? ?é;‘éegﬁoteﬂ{eér}gittﬁ&e a%lmoa{t}ge @gﬁgé%ﬁggﬁ%r% cited
t hr oughout t Ipremstpecegiooadbi mnanl%atrhmoferm!maigtim iof thacmlapm)sxat expetver eThe by

f in i [ . The f d full
nder ot cod wethepEPar @ik e SERBECH 7, TPy BLaRliolt S alEolE o ar e

however exenprékayycdit hoet hods of praciticising the present invention and are
not int egged tolimt the scope of the invention. ) Isolation and
identific€ation of pronoter regions of manR pronoter and 25manP pronoter of

man nose openwstil ddotitaspéaiieslin0bhnvdro@dédIgn fselatenntmpbpiriied mualef i
nmet hods has been used: WO 2011/018376PCT/ EP2010/ 061193

sequence comprising a promoter region of the mannose operon. Preferably, the

isolated and purified nucleic acid sequence comprises the manP promoter

and/or the manR promoter of the mannose operon. More preferably, the isolated

30 and purified nucleic acid sequence comprises any of the SEQ ID NOs 1 to 5.

The isolated and purified nucleic acid sequence comprising a promoter region of

the mannose operon can be operably linked to a transcriptional unit comprising

a nucleic acid sequence encoding for a polypeptide, wherein the expression of



25 Bacterial strains and growth conditions E. coli JMLO9 (Yanisch-Perron C.
et al., Gene 33, 1985, 103-119) and Bacillus subtilis 3NA (Mchel J. F. et
al ., J. Applw1iBasizeri ol . 33, 1970, 220-227) were used agcmampeoloostiss f or
cloning and expression. E. coli was groywn in LB liquid medium5 (Luria S.
E. et al., Virology 12, 1960, 348-390) and LB agar plates supplenented with
100 pg M- anpicillin or spectinonycin at 37 C. B, subtilis was grown in LB
li quid nedi uti&RECIEiCACaSeRUSNRRENRRAUNQ FRTdhe PRIvecplids isi Undsr §9rﬂt59ét°g the et

al., J. Ml. Br@hotePgionldIe miadose/dperoti qui d medi a and agar plates were
suppl emented wth 100 pg nil-1 spectinonycin, 10 pg nml-1 kananycin 10 or 5
pg mi-1 erytHhenipelafed @adpriifiedenycleicglid fgqeenen ae¢ording ieaffoEESE bt er |
sterile filteredioh ndit Qrh@uedne BRNaEcoMaDardiedqiahca & el regQBEANt rati on
of 0.2 %év\/v). Material s 15AI1 chem cal s were obtained from Signma-"Al drich
( Tauf kri chenge®@meamy), Fluka (Buchs, Germany) or Merck (Darnstadt,
Germany). Sy j i 20t | I f Lhs MAG
Qper on (Ebersm{t)ggr\{bstt@h rngﬁéy gﬁﬁggilfeﬂcéﬁﬁcﬁg%ﬁ.ggégﬁ%éﬁﬁx ﬁ%’?ﬁeﬁwrﬁgbgnzyms
wer e pur chasewhyf coomriRe @hee Apguaned. Sci ence (Mannhei m  Ger many) or New

Engl and Bi ol abs. 20 (Frankfurt am Main, Germany). PCRs were run with High
Fi delity-DNA pol ynerase from Fernentas (ST. Leon-Rot, Gernany) on a

M ni Cycl er f rmomisdilatzy Bind Puefsd addleio aoll sBideraadofithiamsicatioratarobe isolated

25DNA-i sgl.ation from E. col i B.subtilig or, from agarose gel e carried
oot i t b Tnia agPeinorsseaae Xk Pest i aphimatants el RBRYS T el
(Mannhei m  Gpurkely )ands istisied | DRA BYqddieemBanfaehsr eompBt@nsty brmlogcul ar

t echni ques were used throughout the,emangl es. 30E.coli was }Nransfor d with
pl asmi d DNA 894RISTr $9IUENESP: eRlAGVE A iheeet. -9 arppRancRpUsUalNceiaPlovgq . usA

86, 1989, 217a-tRd éRpreBsiombt ihbip'i’od’lﬁﬂieﬁé@éﬂftgrtﬁ@ﬂu&léfb%c@@ﬁﬁ%ﬁc@NA accordi ng
to the nodified "Paris nethod” (Harwood C. R Mbl ecul ar Bi ol ogi cal Met hods

for Bacillus, 1990, John Wley & Sons Ltd., England). WO

2011/ 01838 6PGT Ff22 0 04186 A8 calfs frcladAGORIIRTRY AGhEMbkhYd WBRSHE 088pE 0. 1
m of the cells to be examned in 0.9 mM Z-buffér were treated wth 10 pl

tol uene for 30 the isotateg and purified DHClngI%RH 68AYRISE cédhe\gr%er\vvé@/eaté@reraﬁ ned
with o- ”'”g@ﬁ@ﬁb@tl&i&ﬂéé% Qé?é(ét%!e%%erake.&?re%s%%ertQ'dﬁ%b&)ﬁcéfda'ne(fé5 :
r J. SH, 1972 I I Col d Spring

met hod (M 1| , , experinments I n nolecular genetics,
Har bor, NY). irtraddeed  #lte dhe Hest eele @lonpawithe thie, nucleic acid sequence of interest.

The gene that encodes a selectable marker might be located on the vector or on
20 the isolated and purified nucleic acid sequence or might optionally be co-
introduced in a separate form, e.g. on a separate vector. Various selectable
markers can be used including those that confer resistance to antibiotics, such
as spectinomycin, hygromycin, ampicillin and tetracyclin. The amount of the
antibiotic can be adapted as desired in order to create selective conditions.

25 Usually one selectable marker is used.

In case that the vector is a shuttle vector a marker common to the suitable hosts
may be selected. 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
30  spectinomycin-adenyltransferase of Enterococcus faecalis can be used which

confers resistance to spectinomycin.



A igonucleotid e Sequence Purpose s4693 5' - AAA AAA ACG CGT GIT TAA ACT GAA
TTT CTG CTG AAT ATA CA-3 ' PCR anplification of manR from B. subtilis s4694
5' - AAA AARO QT /048356 AAG TGT GAA TAA TAA GAT CTT G 3 ' PCRcampRotiocabs on of
manR from B. subtilis s4802 5'-AAA AAA AT AGT GIT TAA ACA GGG AAA AAT GCC
TTT ATT AC-3 Forward priner for anplification of P manP43 s4833 5' - AAA AAA
GIT TAA ACC CCT GGC GAA TGG CGA T-3' Anplification of spc fromplasmd
pDG1730 s4833\SoVEINGRORANICNGR SHFE IRTHHOARSSCATRIOMATS 83T 0§ Giriradiaehynlg the

Anplificati Oﬂho@ﬂ‘cé@%ld‘ggqmrpdhemﬁéudomz 820 intere&Ah drgkr foldetéafimeACC CCT
GIG GGI' CTC GIT TTT T ATC CGG CGC CCA GGC TAG CC-3 ' Insertion of

tuf A terni natflf 6¥igigsqy of aPPRIABKDTETA GOC ACG TGG GCG CCG GAT CCA AAA AAC
GAG ACC CAC AdeafiTrebditerhéndLar, 'fol BREMbEOTMARE Eddity &7 EAMALEE FFod06

5 fluorescent protein (eGFP) and lacZ encoding for ($-galactosidase. Both reporter

genes are commercially available and are widely used.

Another aspect to the present invention is to provide a prokaryotic host
transformed with a vector of the present invention wherein the vector comprises
10  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.

A wide variety of prokaryotic host cells are useful to be transformed with a
15  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, or Gram-negative cells such as E.coli and
Pseudomonas. Preferably, the host cell is a Gram-positive cell, in particular of
phylum Firmicutes, more preferably the host cell is Bacillus.
20
Bacillus which can be used are e.g. the strains B.subtilis, 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 commercial 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



5'-Cy5-TAG CCT TTT TTA TAG TTG TTC AGC CAC TGI- 3 ' Labeled priner for
primer extension s5007 5'-Cy5-ATC CAC GCC ATA ATG CAT GCC GCC ATT AAT-3'
Label ed pworeeri/fies7epri mer extensi on s5097 5' - Cy5- CACTGIRCTEPANGHATGHNAA- 3
Label ed primer for primer extension s509§ 5' - Cy5- ATTGAGATAATCCTCGATCACTT- 3
Label ed priner for prinmer extension s5203 5' - GATATCCTGCACCATCGTC- 3'
Backward priner for anplification of PmanP for pronoter study s520

8
5' - GGTACCATTW@T@WAB@@GU&%M%Q!d??f@nfuaf?“qﬁsffﬁléff@de@ b yridfR piRR79. 2

$5209 5" - CTTAGEKNSHCOCHARRISC DSty iATBHd bF ¢drk Gln&tionE RRAKY €gitien from
PSUN279. 2 $5262 5' - AAMMAAAGCTAGCGT T TAAACAAAAAGCGATT TTAATGAGCTG 3’ For war d

primer for ar‘#ﬁtqkﬁiQf‘é?fqrd'ﬂetépdisnhﬁfn'Péﬂ”OW%QQPWB@F%PCWQEPQM%@M993 27
blocking the 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.

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,



Experiment 1: | sol ation of DNA fragnment carrying the pronoter regions of
t he mannose operon and determ nation of transcription initiation sites of
manR pr omwoeniianss7aanP Spronot er. Chronosonal DNA of Baeciriaroisobiipdi s 168
was isol ated by using DNeasy Blood & Tiggue Kit of Q agen (H!den,
Germany). 10A DNA fragnment of about 2.3 kb with the conplete manR with the
putative manR%Prom)ter and the intergenic re(%l on between manR and manP was

anplified frOMERIOEHPARREKANGAICHPS PR 30 N§CIBRi mer s46931s4694. The

obt ai ned DNAC? B bx$tes@O0Bt sAd BolgPeRie it 9&LeI TcOkura sPEteRlndRX t@RDION
15experiment tfor determining the transcription initiation sites of manR

pronot er and CRBHIOM: oot er. For i sol ation of mRNA for priner extension a

shuttle fact GRS r pl C2OHE (Al t enbuchner
et al., 1992(allj I\%M?ﬁ%ds En(sz%Sgptﬁd%q%%% d%_%@lltdée\égﬁtg&t he B.subtilis vector

pU B110 (ﬁ/acKenm e et al., 1986, Plasmd 15, 93 103). The vector contai ned
the lys genegg {’/gﬁ&r h@%d 980&yeMBL Cil CBASR, Bk é%etﬁgitttlérngffgrgém fof a
om St aphy

| ysostaphin fr ococcus si nul ans ecsal et al roc. Natl.
Acad. Sci. Usrlaayoti¢ Iwet ae3a3 defined abeves Wihsrdtisgthe dmtgrologBds Oudeiciacit i ve t he

2.3 kb DNA fr ostaphi n gene. The
resul ting pl as%@%%rlgé@gggﬁ@gﬁkkgﬁ;@ ?&gﬁdhﬁ into Bacillus subtilis
3NA. Bacillus subtl lis 3NA with pI asm' d pSUN178 4 was grovvn in LB medium

W th kanq @re eXR onenqt% % ng ase t e cul S |tnguced
with 0.2 A)sé*r?é?r%&% HeAPEM O H?“ W% ?“%‘f% seetchascel gl

non-i nduced ©e|fd;ds bahecuitarey est bd.ap'bﬁé(alln BNAravasbdss Ghakteeflaskstdr Bdaeerial

Q agen- RNeas§ ;%KI t. WO 2011/018376PCT/ EP2010/ 061193 28 Pri nmer s5006
and s5007 hyb? 2% respectively from+21 to +50 and from +76 to +105 with
respect to the start codon of |ysostaphin gene. Priner s5097 and s5098

hybri di zed r s ectlvel rom+81 to +10 an from+131 to +153 with respect
to the start EIBH”B‘Q ﬁ%}i agitR SORGAUOPRj g\%p%w[h\%@ef%}cqrhtée esflienci ng

reacti onqgf Bh@ﬁﬁ%@o@%x%e%%?&tr‘%nt%@&%r&ﬁ%&ﬁhrﬁsaSgI r&tcaméamb The

AW- Reverse Tranpscri ptase and rase from Roc wer e used,

respect i vel y MM agedgssiieqds gy ﬁoétﬁseé A p%qéén aﬁ@tmﬁp'séaué?f@?n@ mingyg!

products of g @hatfa bERIEHHLAL by Rufd et §IEQ+§8?30'A?&1 Vm&:%bﬁf‘ai%zqd aldhtéh
denat urating pol yacryl am de sequenci ng gel 10(GE healthcare). Al ot her

reagent s used&ire forr BypdEImeptatian Bs sk b Wilseeiale 200 A Bighashpo!.
Sequenci ng Kighoen[herst I@NREY 'ogé_g%ew LatdRrisdd gg%erﬂfg,lﬁPetpgp%%qr Jnas

determ ned by u5| ng priner sequence reactions of the plasmd
pSUN 1782@ V\nB.aIGtetrlhbGZ 293-300.

The medium comprises a suitable carbon source, for example as sugar such as
glucose, as a substrate for the host cell to be grown. The carbon source used as
substrate is different from the inducer.
25
The medium might be modified as appropriate, e.g. by adding further ingredients
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
30  culturing of the cells.
Preferably, the medium used as basic medium should not include the inducer, in

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



15 sanme priner were prepared and run on the sane denaturing gel for
conparison. Figure 1 shows the DNA sequence around the manP pronoter with

t he transwoi2pti/ass7eni tiati on site at A (adi ni ne nucl eot ipd®)EPb@I0NG1193

hi ghli ghted. The deduced -10 and -35 boxges are in italics, the end of the
manR gene and start of the |lys gene are marked by arrows, restriction sites

for Bg/-11, Xbal, A/ 111 and 20Ndel are under|ined. The transcription
initiation sidditigp HehR UsROERY bReitartfst & the Fullirereprbes 3 SRS GNd  DNA

sequenci ng bejpgnéay, rE)@%pﬂwfo@%u@!ﬁ%‘férhﬁﬂd@'@@hé%é@ér%"bréﬁtﬁ@%hcélCde"rﬁﬁﬁ\f’
pr onot er exceigt that prinmer s5098 was used which binds in the 25 manR gene.

In figures 2 R&i'@'qaﬁég Mcﬁbﬁﬂj‘@ﬁf}@at@m ¢fHBe iwhliyee p POAYITCEN raligs @frcarkorshown
wth the traggg,rcbm,h,gﬁl |§ (g]ffé,leﬁ”r&ﬂ 1Sd in@uddr. G (guani ne nucl eoti de) being

hi ghl i ghted, the deduced -10 and -35 boxes in italics, and the start of the
| ys gene énd manR gene, respectively, being indicated by an arrow. The
restriction o g, A HORKAN BRAEECIBAMIGAL Cat e dRLETA Bk ofiife
transcription fromthe rran pro ter and i n particular rom e

pronot er was reachendt pppropriztageld dahendingen died bpedaiir allfurelsiséembiyorriitetose as

was seen by t i n n r{y ment.
Vo 20337 0363 LB 3 Bhhg DRSS t%&l@m A S BrERG ARGRE MRS e
above. Experiombighe2 5 The pri ner exten5| on experiment according to

Experi rreqé 1 located the transcription initiation site of the manP pronoter
near the 3'-end of the intergenic region between manR and the begi nning of

manP. For detl,euailmithmgambentrmfnﬁmpfearmntcbrasrreghrmsemnrmemnezmrseﬂfyhetd:wtu%3 kb

obt ai nedl SoqSLRERIDELG AR & S0 LPRRPON R Bl eI S5AuR “Balkc e PRE cane

basi c expr espraiBrapBcdtut 29l. expressi on was studi ed. a) Construction of

basi ¢ expressjon vector 15An ex I’eSSI n,vector wt not erl ess Ia Z as
reporter geni"%@é’%d?&f"meme?f In QB?%%” 6\9'@8&95 £"\/\7§§ rReUTeRRaY

shuttl e ysct @rspedipaidrhentatioRPrécedti ng both in B.subtilis and in E coI| and
nanmed pSUN272.1. The reporter gene lacZ was cut with Ndel and Xmal from
pLAZ (Hal di mann A. et 20 al, 2001, J. Bacteriol. 183, 6384-6393) and
l'igated int o 7pdQFRR3ds ajd’dlt%nQﬁrﬁO\ﬁ%éle(lrQ;UCﬁ rdfAETR Mé@bé‘ccﬁ-’dﬁ%%s' on
vector pWA21 (Wegerer et al BMC. Bi otechnol . 8, whi ch Cont ai ned
the B.subtilitke Wﬁcli'ctquﬁﬁ@cﬁyﬁﬁ?m on term nator at the Xnal 5| te. Into this
plasm d a paigy (gl fldeafBHBRTIARR St SAAARESIATANT &S RSkt REAVESTd NE
Kill/Mini restriction sites | er to add 25 e same tufA transcription
term nat 89 upwthessegubdted.acZ. So the "readi ng through" fromplasnmd
pronoters in S d f e

fl anki ng pl ast%r d&gé ﬁ%n@g@o\ﬁgsc%{/gﬁgdé%& Ia'[sﬁg&muogg‘%a@ c&rﬁﬂéo%%%%t %ﬂorrym n
resi stance geneatﬂ@(bmbqwerbds hin Elispohtinuoud rﬁ)dﬂubmpmtsndw;gora)mﬁdltfqne@nfbe)m

pl asm d pDGl? out - e e h 30

ol i gonucl eot 0 ges aﬁgééﬁé ﬁat[;c}{dntl (t'r)lrélgr ?r 3'3“ nt 0 ¢ %ﬂ %'%garhtgzesbﬁals%a Gbove.

I n addi tion, inteeals. Thé isuitadd modpaiebem@esostﬂmtLdtmeejsszerdejrﬂtoamg)eareadlly

BspHI | H nd111 fra t.. Sub I an EcoRI | Sphl fragnment with the
repli cat ?gn P&Lﬂrﬁﬁ‘%@%yéh%%?ﬁiq% m‘%‘irfasn (Lagodi ch et al., 2005, Mol .

Bi ol . (Mosk) F38 exaiple 3t8jontiasols Madednantiosetdas bel sdsieddn a déBstant rate or

2011/ 018376PCT/ EP2019/ 061193

ecreasing / 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.
30  Further, a combination of discontinuous and continuous induction regime is

possible.

According to an embodiment of fed batch culture of the present invention in the

batch phase the cells are grown to a cell density of between 20 to 30 ODsg and,



30 The 2.3 kb DNA fragnment obtained in Experinent 1 was inserted into
PSUN272.1 in front of lacZ by digesting with A/111 and Nhel and |igation,

t her eby oWwbDabni/ngs7expr essi on vector pSUN279.2 with the pcasredonapas shown
in 5figure 4. The priners used are showspin table 1 above. b) Determ nation
of expression efficiency of vector pSUN279.2 The plasm ds pSUN279. 2 and
pSUN272.1 obtained in a) above were brought 10 into B, subtilis 3NA _ The
latter served®s Bacriivalion it SMiFHd torded @hagetwilh 8ddhRD Of iU Pl vi ng
one or the olifanPlcamdhdsoMRES adl OWEni dtel h MRS irMpHaES t8DeSHd BPHYiRIaR and in
t he exponential growth phase either 0.2 % mannose, 0.2 % mannose plus 0.2 %
gl ucose or n&APRYSOU(EHPHBRNOGE BRI Iedesiiiabigdatios etfrm sill ok 3sBY¥ or

| nducti on. AlbRIiGANG HEuEd BEY Qbdgoficlahatias! #RNGEAGSIN ki dapl the
cells was determned through MTler's assay. The results are shown in
figures 59anderontrplednon-i nduced culture of B.subtilis containing pSUN279. 2
showed already a quite high basal |evel of 6-gal actosidase activity. The
presence of mannose 20 resulted in a further 4-fold increase of

6- gal act osi déwerepcitevipty ratgasears. t &9., a68i viefgrablyt h-/nrampsepriatd agltucsose was
reduced but | [ 0 bas I r | 4s.cl early

i ndi cate tha}t{\gﬁ%%ta%}rr%sn%;éet}re?\gc I W?@@g%eﬁ '?rlﬁfepr)%b‘%%gﬁggﬁ% gb??ic'cgi nate from
t he regi on between nanR and nmanP, fromthe regi on upstream of manR or from
bot h. 25, Therefor t he t reamr.eqgion of .mank a | | _.as nost ri of
manR ver 80bot HeaElb e Fy BT by g2 25, &% L Ftng I s R P aRbo P Bl et o
PSUN279. 2 as espi@ssed probuctuarel/ct dierhaesarasSicolimarate d\ipufetablyghetweet asioud
pSUN284. 1. 30The.resulting nucleic acid_sequenc f pSUN284.1 is shown in
Proure o B SUBE0 e sprheelera b BBrE s TR S0 aom d pSUNDEA. 3 and
the expression efficiency determ ned as set out above. The result is shown
in figure 5. As can pe en fromfigure 5 this nR del et ed vect or

pSUN284. 1 inASV@GZWT%/ Bﬁgé’?@ﬁéﬂhﬁ ‘iwtoﬁli’%‘e%%BP@ Heti AeRENGROS fved onl y
about hah§ ofcukite shasal udegvel of 6-gal act osi dase activity conpared to
PSUN279.2 in B.subtilis 3NA an even stronger increase by mannose induction
and again a <1 pealgeiask &ylivei usHalnerriesssd dsedict inntheanruss 8f O-prk@ilives ul t s
prove that thediBRRaRRBo8lcdSwhi® aatiRd taRsVRREY MAR Ao BTRRE prdtdnshow

t hat the chronosonmal copy of manR is sufficient for regulating all nmanP
pronot er copienien.t Keindow é@fmen}g}ragﬁlitag_m a batch and/or fed-batch mode

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

20  preferably more than 1 g/l, more preferably more than 1.3 g/l can be obtained.

Further, in the fermentation process of that present invention using the host
cells of the present invention high cell densities can be obtained from at least 10
to 30 ODsggo, in particular at least 50 ODggo, preferably about 250 ODgy or more,
25  more preferably at least 500 ODgoo and most preferred at least 1000 ODeggo. In
particular, in a fed batch process according to the present invention cell

densities between 50 ODgy up to more than 1000 ODegg can be obtained.

For illustration, 1 ODge corresponds to about 0.322 g dry mass per liter in
30 average. Consequently, an ODggo value of 100 corresponds to 32.2 g dry mass

per liter and 500 ODgo 161 g dry mass per liter.

Moreover, the host cells according to the present invention allow a high

duplicating rate without loss of the vector.



c) Localization of manP pronoter region For |ocalizing the pronoter region
of manP in addition to the shortened DNA 10 fragnment of pSUN284.1 further
short enedveequenssaef ragnents were prepared fromthe 2. 3pki/EPdAosBEgIENt by
cutting at different positions upstreanpgo the transcription initiation
site of manP pronoter at restriction sites and by restriction enzynes as
shown in figure 6. 15Deletion down to bp -81 and bp -80 upstreamto the
transcription initiation site of manP resulted in a second del etion

sequence corrwrrou&mg ShfddidNGh the AodtutdiNethedBkrbb ol WasIUeBrIdUicRda®W down
to bp -41 and 0 wpstreamto t he tl’anSCI’IFtIOI’l initiation site of manP
| I

(third del et |p§k{p§@tdﬂ§?e gieresi GRN 4877 B8 reeavsFacsTTay thaculwe{hastrels n
sequence, pSUNERGy o%&,% tahﬁa%n'%hdy Qelcﬁtth&e s&%@é&‘ﬁ%du&SW%&Ys BreVRILSIly

constructed in a simlar way as plasmd 1 in 2b) above, by
i nsertingdt hdaPCRipd adiha §n@1m6rthe Celdungi arml b/rsedemcfsasw@mmymme

55262/ 55203, 1/o6AAGAL bfilalion| N GeRFLBRES. HuWd And BRhbbEIJAMENRYIRSHEFORY and

Nhel . 25 The plasmds were inserted Into ed as set
out above i nobjainfd @ crudétysatei ofdoe hogireethd heygamatﬁndmmaﬁied@atstandayd of the

cel I s was deﬁ&tgﬁﬁgﬁmﬁiﬁﬁﬁtioﬁﬁro%& bL kRAWARP Y althi 5@%%&% ﬁﬂﬁ‘&%ﬂﬁ%&é}%a\ n

figure 7. 30 Aone of the StTarns and
pSUN284. 1 shoveibitatien, grrrlbfebalantsledefo‘nemreatograobyl,cenmxnlgangedchrbunetog(ﬁphlyacZ by
297.5 with

bt i 3
dol ot 1 on'Bequireect e RatThh b ElnibomRd CafrhVerpoolh dnelfubl {he
basal ngg_ress:hmtmdte%mbhywa%mrww (kgci\f?ginédgheggalpsmgtmzeﬁgmm% sthed t he
ManR bi ndi ng sSi ) nman nose
promoter g BRTEd Bea e RS by PrB0a AL BESC e Agakete e

transcriptiomd.hiN.vat Inﬂﬁun?ddh@mﬁlfal mestRod&EXpe CellreAhd 3violeetiier miaagy.on'oef manR
pronot er 5a) I dentificatjon of cre sea tB’ gl nce, nost %ﬂi s nedi at ed

t hrough cat al§8PTPE: &SR rationRiderombipen ugeshimmunagionuties. tRnedt i ve

bi ndi ng gkt e%e(arrmeaQﬂwﬁﬁﬁﬁ)nmﬁm@admbmatdyﬂépﬂww p&ssudeltRo A RSRInGPEr ON
using the DNA alignment function in the Cl one Minager program For t he

al i gnment  t hECRIAETD s E3F8L YNy fidh RoUg - e (PIWTERAIRII AW I thas used.

Only in the I%&Bﬂé@&&f|n{rﬁ19rld§'ibtfﬁfln§7@é}ﬁs®&ﬁlc9W@ﬁa ve cre sequence was found as
shown in figures 2 and 3 which is |ocated downstreamto the -10 box. 15SEQ

ID NO. 3 of the present invention enconpasses the region starting from bp

122, doun.t0 148 inRAoR ol loRide 1 SFRMBANAG hoBREPREIFadeifar °01 O

starting frombp - bp+7 (inclusive e present
i nventi oHOen@@w@mwt ﬁ@reeguoaarpfsmtmielicwldss @m:b@mglezg polymeplideiing usi ve)

of the Seq“eg?cﬂr% AWMhdsh 1h! c%la:? th% %’QenFYrﬂ)er’i‘ér{ 1otk tg)%ﬁtﬁfébt%‘ the

efficiency o pronDter or eva I'ng the expression etticiency of the
manR pr onot eusanokxprcbssecnrs for the intracellular expression of a heterologous

polypeptide in a prokaryotic host using the vector of the present invention.

In intracellular expression the polypeptide is expressed within the cytoplasm and
25 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,

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

30 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.

Further, the mannose promoters of the present invention as well as vectors

comprising that mannose promoters are stable within the cells and are not lost



vector |ike pSUN284.1 was constructed as set out above and naned pSUN291.
To this, a DNA fragnent including the putative nanR-pronoter and about 600
25 bp upswoeamvmg37manR was anplified with primer s52081262092@n0e6iibneari zed
plasm d DNA pSUN279. 2 as tenplate and igpgerted in front of lacZ in plasmd
pSUN272. 1, by di gesti ng with Kpnl and Alinland ligation. The DNA-sequence
IS shownlnflg m d pSUN291 was | ntroduced into B.subtilis

3NA and the ffge@a‘?f%t%sf?lﬂégté‘ szQHP'i"Rﬂt'f’@/S \ﬁésthﬁe‘é@ﬁr ddugs higky cgltdensie in
experi ments Zerdhentat¥® vAhliheHed8 COIRGRAHAMER/ 2834} B3th8dHbddrehvahtied ucose
led to repression of 13-gal actosidase activity to nearly the basal

expressi on | év/R9ssibfe result indicated that the manR prompter is not just a
weak constitutive pronoter but subject to mannose and OCR regul ation. 5 c)
Local i zati on_of manR pronoter region As in experiment 2c) for further

| ocal i zat Pon Tbpse rekiligd oo e aftegvllbramemtﬁ?twvgeweﬁ@écrmw hergiimint s of
different le r a@%lﬁss a n

pSUN291 by Cl%ig%&:%élw%t q:%l %?éﬁ{j gpri)ogl%%’(gﬁ% up@??ggﬁ?? oﬁltoﬁg %@a‘ﬁ%g'r'* ption
initiation sidescripednitriRtpbernmderstead thetthei iovérdiongntledesaaltisioh yasitionst i on
enzymes as s el-0Limequ - I by
cutting tne SDEUaRdEcdHE irtouopd o, Mg Che iR S SRR RN AR BNEE Y e
of the t ranscthrerpoﬁ dheiimientiert alsn isdldaes@ll o thesepd, Betuetd, (n:nmpesitjmmmd/vas
obt ai ned, Ry cutti n do p. am o

Cransori 30; onorhoisn Rt ¥ piaindble®ts dBperpRaiian) MeiodHaPhed
first and se(comebmlrelyebnmanyeqd@rumnbmmmlsnirra@giuwe@rmme of Skidste@psloand t he
resul ting pI

SUN3 4.1 and pSUN385. 2 tivel 20 Each
oot aan TedluER DA RlesRE RRPs e & TR oo botihed b it ol pes
experiment 2hiuskbtedrandneothestrictivad it spetdiend Ineali@dCbaiay dasaatécby e y of
the cells was det(ge m ned as set out i I%(géarl man@&ﬁb The results a e shown

in figure 8. 2PRENEY daifs. apQyAl Fheangss "BheENRIRE S8R AWIEESS 8

|l acZ by ﬁsnn@aaw%naﬁ PSB! t€ e Rd tHera®WN@8dus HIveYEess atd cﬁ’edsubtl lis
3NA conprising pSUN385.2 with the second del eti on sequence, induction by

neannose was éréfﬁﬁgréiuélt@)s Spetificaien eard ¢fheni %%chﬁﬁﬁa@%??{ﬁml RW/Efer@RGe near | y
0. Fromthis iy gsghtdstyf ol  ows that the ManR binding site of the nmanR
pronoter region is Iocat ed between bp-99 and bp-35 with respect to the
transcription initiation site 30 of manR

The foregoing description will be more fully understood with reference to the
20 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.

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

25 manP _promoter of mannose operon

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



WO 2011/ 018376PCT/ EP2010/ 061193 34 11) Use of the pronoter regions of
mannose operon in high cell density fernentation Experinent 4.

Tr ansf or reDI20n1/018%6 model host carrying the pronoter regipam/BrPRomIoEe11p3 esent
invention was tested for its growh andpgxpression capability. Using the
nucl ei ¢ aci d sequence according to the manP pronoter region as introduced

in plasmd pSUN284.1 as shown in figure 6 and as used in experinent 2c,
pl asm d pma &reteripd strapgand grovdh genditionsut  bel ow and i ntroduced into

B.subtilis 3NA880R8Y (PYnibdrRPSEA BREL 8N cdfh 83, (SRS HDY9PANPBBaRlaS M d
PMAM68.1 A shuttle vector replicabie in both E.coli and B.subtilis was

desi gned as sebliligidNA (Mighgddr Fnelral.. 2aArrli Bactetad. I dEp0i 249-2awesesFsedvas used
as reporter J - - t rinti | 0l b g AL regi on
of manp vas FannaR BTk Auhdit eRSubiE o IR R 8 Mud Rkl CE0 O
al ., supré). (Fuf Ier E.t be at aVirologglof?,0f196GFR48r3906 smdtiorl égdrl ldtesy t he
start codon were

repl aced. The schematical,. structur he t ai ned
or oot or - andUPRERERITEFt 100 moy PR Em BB RSP RENERLAT, -1 el 5
Sﬂown :s t he warsr goganens IRfuid hﬁduﬁgﬂ@ﬁd(CadjrrSmhin@dnédi@rnraftg}lgo’i@(l\ﬂm}ﬁﬁs) W fjh
the relevant restriction si ) r , .p . s obt ai ne
as shown in tMFESYRYGR cRbRlt: iﬁ%c@&)ﬁggcgé%% ‘?ﬁgg‘?& g@.“%@@? BASHEET
(RULE 26) PR 2R QbBRARE] Wit 93618 8d188estBomycin, 10 pg mI™" kanamycin
10 or5ug 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

15  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.

20  (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

25 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.

30  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).



In the flow chart the nanes of the vector- DNAs,
conpl enentary ol igonucl eoti des used were as indicated in the boxes,

the insert-DNAs and t he

W th

respect twotha/mszrducts of PCR the priners and the tenplrarearRiNdosaDbE as

5within the brackets,
respective sites.
pl asm ds used wer e pUC 18 a p05|t|ve sel ection and cl oning vector for

aciasidagse ac : : supra);

expr essi OU 1""!%‘14i oF 'tr%“bé‘lﬂ; féel% %&a%ﬂ%d Q)Oé ImIVZ B&f&@eﬁeﬁ%a’ié@ﬂﬁtﬁ {oVggerer et

derivate wth manP

products

al ., 2008

BMC Bi ot echnol

the restrictiogy enzynes used were

The cloning steps were carried out wth E.coliJML09. The
PCR

-Perron et al .,

8. 2);

i ndi cated at the

pWA21 an 10

pSU
pr onot er tqélger@rfoaa@ Mam Bt 3hC Kehe @'G§||a§‘toéid§§e a@t&ltmgvaé detaimines witceor for

E. col
betcaelen tﬂrtrlégﬁé%};I Eceaiacé

spc and anp resi st ance

aRRLE0 2L Ao Bl Rq 48 i sSnithbd (U

guence of the

primers uisledl&K/asemrlfr@htSdmolmﬂﬁweqa@scéow SpringdtarborpNivon s5019
t t aagCTCTTAAGGAGCGATTTTAGAATGGCTAAAGAAAAATTCg tuf A Tl - Regi on s5020

tt aagGAAT T
s5139 aaa

Table 1.

ddi

AAAATCCTCCTTAAGAGg tuf A Tl - Regi on
PmanPeG-P s5156

ACAGCTCGIC f - Pri mer

(corn pl.)

Oligo-
nucleotid

e

Sequence

Purpose

54693

5-AAA AAA ACG CGT GTT TAAACT GAATTT CTG CTG
AAT ATA CA-3'

PCR amplification of
manR from B. subtilis

s4694

5-AAA AAA TCT AGA AAG TGT GAA TAA TAA GAT CTT
G-3

PCR amplification of
manR from B. subtilis

s4802

5-AAA AAA ACT AGT GTT TAA ACA GGG AAA AAT GCC
TTT ATT AC-3'

Forward primer for
amplification of P,.npa3

54833

5-AAA AAA GTT TAA ACC CCT GGC GAA TGG CGA T-3'

Amplification of spc from
plasmid pDG1730

54835

5-AAA AAA GAA TTC ATT AGA ATG AAT ATT TCC CAA
AT-3'

Amplification of spc from
plasmid pDG1730

54956

5-AAT TGC GTC GAG ACC CCT GTG GGT CTC GTT TTT
TGG ATC CGG CGC CCA CGT GGC TAG CC-3'

Insertion of tufA
terminator

s4957

5-TTA AGG CTA GCC ACG TGG GCG CCG GAT CCA
AAA AAC GAG ACC CAC AGG GGT CTC GAC GC-3'

Insertion of tufA
terminator

55006

5-Cy5-TAG CCT TTT TTA TAG TTG TTC AGC CAC TGT-
3l

Labeled primer for primer
extension

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

55098

5-Cy5-ATTGAGATAATCCTCGATCACTT-3'

Labeled primer for primer
extension

55203

5'-GATATCCTGCACCATCGTC-3'

Backward primer for
amplification of P,,,,» for
promoter study

55208

5-GGTACCATTTCTTGCTGAATA-3'

Amplification of Ppanr-
region from pSUN279.2

55209

5-CTTAAGCCTGTCAGTATCTACTTGAG-3'

Amplification of Ppanr-
region from pSUN279.2

55262

5-AAAAAAGCTAGCGTTTAAACAAAAAGCGATT
TTAATGAGCTG-3'

Forward primer for
amplification of P,.ppa4

Mngfegrat ion site




aaaaaat gat caccggt CGATTGCCACATTAAAGG r- Primer PmanPeGFP S5234
aaaaaaccgCTCGICTTCCTAAGCATCCT f-Prinmer rep (pUB110) s5235
aaaaaagaawOCEAMATCAGCCGAATGAGITT r-Primer rep (pUB110) PeD2P6010/061193

t t aag AATTAAAGGAGGAAT TCAAAATGGCAGACAATAAGAAAg gsi B Tl - Regi on S5237

gat cCTTTGTTATTGTCTGCCATTTTGAATTCCTCCTTTAATTC gsi B Tl - Regi on (conpl .)
Repl acenment of the transcription initiation region inclusive the start
codon and 20t he codons followi ng the start codon were carried out using

conpl enment ar ¥experiment 1:
Isolation of DNA fragment carrying the promoter regions of the mannose operon
and determination of transcription initiation sites of manR promoter and manP

5 promoter.

Chromosomal DNA of Bacillus subtilis 168 was isolated by using DNeasy Blood

& Tissue Kit of Qiagen (Hilden, Germany).

10 A DNA fragment of about 2.3 kb with the complete manR with the putative
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
15  experiment for determining the transcription initiation sites of manR promoter

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,
20 457-466) and the B.subtilis vector pUB110 (MacKenzie et al., 1986, Plasmid 15,

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
25 upstream to the lysostaphin gene. The resulting plasmid was named pSUN178.4

and introduced into Bacillus subtfilis 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 %
30 mannose. After 1 hour growth at 37 °C the induced and non-induced cells were

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.



WO 2011/ 018376PCT/ EP2010/ 061193 37 ol i gonucl eotides and via the single
restriction sites Bglll, AR and BanH . The construction of the vector
started wohotinasizepl acenent of the transcription initi@crareegsans of the
T7 gene 10 of vector pWA21 (Wegerer et ag., supra) by the translation
initiation region of tufA fromB.subtilis via conplenentary 5
ollgonucleotldes s5019 and_s5020, respectively. In further cloning steps
this transcrirpMesoPee andspey Pﬂb’ld&?dv(}%p‘?céb‘?'éé@ﬂ’ by 1h&20 8rd 8§F‘B‘g761'he

final plasm g nm@&hlregﬁw% RRdstaR&otBR o@%@stbgmhLg%néepﬁmbfrséomwBllO
The plasm d MAL68. 1 is shown in ure Det er mi nati on of

structural stsé&?ff inybridizeyd sasgeelystyi Bem @%H’of’"m §”QNW’%\/§§3I? rars'orWEY wi t h

vector pMM68edhedn@d thEStattdodeh ¥f AHanRt @bi ity as well as stable propagation
of the vector on cell division (segregation) was determ ned. 15B.subtilis

3NA transbor mbe saimeppmRiscBete werd {or éhe aequansing reacBomed plasmih ®NAeh

transferred i l@kl;'?gqr r@ﬁ%rﬁ%%& ha%“éu%ﬁ%'ta%‘a%h"”rh%r& &er%}é“%h‘a?w E#uéétg%%qﬂs

carried out &t e end of e exponenti a
cul ture was iandcin-aNédpalymherase ésim mhemz\ahrejmsed' hnesp@nweladtméhevasverrmaeat ed

until 100 gengp S‘érﬁ@ﬁ AN SNRPLRY ”ﬁ&ngﬁaﬁ? R tsbgr.s%%%% t?i‘n%cﬁ@uo’?ﬁeé‘ red

OD- val ues obtainé uring transter i um’i'n accordance o t he
nodi fi ed net rsedu@fcmgawecmdnelyzeii on éL%ﬁatul\dmhgqndlwcr}&mlkjegsecqabncmg lyetls f or
Baci | | us Wl e The resul t gure 10. 25After
Sbout 15 18ondCE: MERUETe Ahatiheb §Rgel UiRe Bt oSiNidel, bk CAr B,

gener ati ons m@uﬁa@@B%t@dh AlteReed Bsqsdrididg kitarri ed the vector. Only from
about the 25111 generationnore and nore cells |lost the vector. For

determ ning structural stability of the plasm d, from 20 col onies the

plasm d 30 wasel ﬁm@t@@br\afmmoa%.@e6ﬁrnaénmmmof*é}owbs Qje5eraﬁhem‘ bgea@dhg sol at ed
pl asm d was conpared with pMAL68. 1 isolated fromE. coli as_control

agar ose gel @F'é’@f rsé%%r@%‘f‘sseq\i@”ﬁ feagtient o the, pﬁ?@“‘ﬂ PN 78 HeWifh é@n ds and

the contqgl ﬁ??ﬁ%r\/\)‘eﬁé’ B tePdAd@ntdhahe @QmétofeH‘a‘quhébelVf%F bé}hbé’r&ohad
occurred. V\D 2011/018376 / EP2010/ 061193 38 These results show t hat

pl asmi d pMALE&IUTE nbishemwsy thea SN HegHeraer @&Qﬁ‘ldthest”éﬁmFi irrgmefgr véths dhest abl e
segregation %ng&ﬁ)'tlf)ﬁqnhlgtl sﬂgnétaw ﬁébénn%(prﬁfc Nﬁelngeﬁlgﬁlgih?éd Of'néS' X

fermentation runs were conducted wt subtl med with
pl asm d pMM @8duceshoriprandi-Ag bokes arepoitalias, @er&pde@’élﬁe wianR ghinefandestart ohduct i on

2o, Tes B0 OU, A0 KRG PHRSIY. b, ShUELFRRIESed, 9 ol S
of E. col R0as Ntlesateogei@driinedW | ns et al ., 2001, B| ot echnol . Bioeng. 73,
95-103, and as
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.



10shown in the follow ng was used. Materials and nethods |In general, also
for the fernentation experinments standard nol ecul ar techni ques were used if
not st at esloavhianss7’se. 15 Optical density For determ ni rgTiEPR010pb1102A!
density (OD) the spectrophotoneter Utrggpec 1100pro of Amersham Bi oscience
Conmpany was used at 600 nmin accordance to the protocol of the

manuf acturer. 20 Determ nation of the dry bionass concentration For the
determ nation of the dry biomass concentration cx noisture nmeter MB 835

Hal ogen of OMadrirRMPaseH NBShBwAGh tabRSPEssRPhot onet ri cal neasurenent of
flurescence Expression and flurescence, respectively, of eGP was anal yzed

by the Multifunction reader GEN os of TECAN Conpany using the reader

sof tware X Flgyar ithethygrsion v4.11) with the foll owi ng measuring paraneters:
Measuring paraneter value Excitation filter 485 nm Em ssion filter 535 nm
Gain (man@al) 60 Integration tinme 20 ps Nunber of flashes 3 Read node Top

The primer extension experiment according to Experiment 1 located the
transcription initiation site of the manP promoter near the 3'-end of the intergenic
region between manR and the beginning of manP. For determining the manP
promoter region more precisely the 2.3 kb DNA fragment was shortened step-

10  by-step by PCR-amplification, the obtained sequence fragments of different
lengths cloned back to the same basic expression vector and expression was
studied.

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.



WO 2011/ 018376PCT/ EP2010/ 061193 39 Online fluorescence neasurenent in

f er ment or During the fernentation the expression of eGP was nonitored
onl i ne uswogotinasizkuor escence probe (M cropack HPX- 2000 pcCiHBEpR01PO®ED3 Xenon
Li ght source of 5Ccean Qptics, Inc.; S209 fiber optic spectronmeter). The
measuring paraneters were as follows: excitation filter 485 nm em ssion
filter 535 nm filter 0.6). For recording and storage Ccean Optics
SpectraSuite Software was used. Fluorescence is indicated as relative

flurescence uRet 2(RFY) D@%édrﬂer@%%ﬁme&lo|rptE>®leﬂuln@9t 4. OR3 TRdrbAeinto

integration tine of 50 ns was ¢ and then to 10 ns. In these

h
s e e REUNATS. Wial (85 OhBE I gasiing with disinds e gnagioaien. Bréreby
respect | vel y ouGilitd \ADIREGRT /RIS SSLREIES WADME RRhg SRAONY URRPhaced

onto a LB agar cul tured overni ght Spi zi'zens m ni nmal
medi um ( SM\M) flghl@l 6d| ng 0 02 % (wv) Casamino acids (CA) and antibiotic. Ini

of the over ng‘ forifil ygegj %‘g%hﬁ\ngﬁ% 2958l SMMwith 0.02 % (wv) CA and

antibiotic a Cina 250 m Erlenneyer flask
(pre-culture 1). 2010 m of pre-culture 1 were added to 200 ml batch nedi um

including 5 gl and incubated. up to h, at in a 11 Erl enneyer
Task (pre. b PeRrisRodffexatsnan st ervepsdnsigTd 2, & Gl cre 2w th
() Dam bet weerThé. ;ﬂasamds %s@mas 564 pS2HRFR MEBIbtainked N al)@bgedﬂWe@é brought

r| nci t

ferrrentatlon was. ¢ in accordance to th e
al ., 20019 Bu'%?@cﬁﬂ’é’ 1S gﬁf‘ogh@ lattpg serygd f‘é%a"%&fog A 'HE,O' gT*{)‘?cgﬁébt”‘ﬂ?’é“Atar bon
source, was %ﬂa’ﬂkeéﬁ}yﬁmgc%ﬂé%mﬂwet Bﬂ]eba&%}nlﬂ‘)ﬂ@ré/\@ﬁ)vwﬁlﬁ Q_*Eﬁ(#nédﬂuﬁ hgith

fed-batch node. 30 By adding the feed sol uti ons exponenti aIIy in the
f ed- bat ch ph&Bectingmysinsanghtin dghevaxronedttial grovgehege heitheg 42 e BBtNASRed and

at the same 1%, Gahalel bl&@OrzeWgﬁ?c%‘sQ%r Ry sgbé’rf(gﬁlﬁdbéedaé&‘tr@ff)‘%er@%@ébse of

the i nmmedi ate consunpti on gl ucose by the
2011/ 018376P¢§Tm§|12{ﬂ!1!@/8()‘6'1lm§@0’fl4>0 ﬁft@t@ierh%mmdygil@ thwﬁegaia@@%dzpﬂecﬁcélmﬁv

extractsgf totﬂqh@%Yse%que?&H dﬂﬁﬁ&ﬁ“%%??%?y Sl%p%'syﬁsc'égg sta\ﬂﬁl fg gel

el ectrophoresis w t yacr gel” consi stl ng o
and 12 % sepdigatesdnargel. with the foll om ng conposi tion: Conponent St acki ng
gel (3 % Separating gel (12 % deionized H203.00 mM6.70 M TRIS 0.5 M pH
6.81.25 mM- TRIS 1.5 MpH 8.8-5.00 m

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



SDS 10 % (W v)0.05 mM 0.20 m acryl amde 30 %0.67 mM 800 M (wv) APS 10 %
(Wv)0.05 mM0.120 mM TEMEDO.005 mM0.01 mM 5 A Twin Mni gel chanber of

Bi onet r a worgpanmysavas used. For denaturation 12 pl crudePpextara@i/ oef19pr ot ei n
m xture was mxed wth 3 pl 5x SDS-appl gg¢ation buffer and incubated in

Ther nom xer 5438 of Eppendorf 1OCorrpany for 5 mnutes at 95 C. After
cooling to roomterrperature t he es were separated by centrifugation

and conpl et elBSyRitis éNe“oS?%e%@r”y %ﬁeﬁqtﬁga'%%fp*é‘reafffr% levpl 1oh 3-eolaeiRPidESyel t he
current was 3@yt Rntharerbid pruigearslid 8. saBiRN, taWeva%trBﬁ@é}tlh&éé‘s&tﬁ

Bronphenol reachéd the stacking gel. 1xSDS- runni n& fer and the Iengt hs
st andard ROTImMgnnpse&srdicion Rod ﬁgemrﬁaahr@ngﬁérr@dlmouye efmesgwa@faeﬂmqme The

el eCtr0ph0re$h%s¥‘@t§%%{sgﬂéri%b@g%r éoﬂgnﬁ n gteﬁr.Q'HéJ%SMbeMe%t hahR

conpletely out o et ecti tinct proteln %ands t he
gel was i bcubvargtand stovCtatiisesclgostoaomahepryalf ubargnisf sufficdht fermag@stirg r oom

tenperature a subsequent |y tr ated wi th .de-staining solution for
further 30 ni ﬂma\é’\?% 6(5 OP'gﬁﬁﬁrt%ﬁ Opl?fc?aspgﬁ%w ng the renaining

20bl uei sh background out of the gel the gel was incubated for several hours
in 7.5 % acetic aC|d The co sition of the buffer solutions and of the

staini ng as I [Logal izptiogiofimg gPEUNRter E7fi%0ere as fol l ows: WD

2011/ 018376PEH 2040 Qf%l %’md’tér Ritfidrebf arinpt inosfammapoRentSkHoReREd IDNA On
Coomassi eCoonmassi e R2 stai ning sol uti onCoonassi e G2500.5 g Et 0H425
n 10  fragment of pSUN28 .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



MeOH50 ml gl aci al acetic acidl100 ml deionized H20ad 1.0 | de-staining

sol uti onEt OH450 m gl acial acetic aci d100 m deioni zed H20450 m 5x

appl i cat iwo 2ouid18376RI S/ HCl (2 M pH 6.8)6.25 m EDTAO. 1#6T®P38/061403 %
(Wv))6.25 nl B-nercaptoet hanol (pure)2350 nl glycerine (86 % (v/v))29.00
m  Bronphenol bl ue0.05 g deioni zed H20ad 50 m 10x runni ng bufferTRI S30 g
glycineld44 g SDS (20 % (W v))50 ml deionized H20ad 1.0 | wth T

Tri s(hydr oxy AP RIAMIREIERNES K158t dRRiVERR HBd%Q:?'P% lﬁﬁ‘?ﬁ'l”ére\?pﬂ@éo tr)ﬁ'rm)nl um

persul fat e TEMEE:iphbNilNiatibh sit€bf aaBphyl et hyl enedi ami ne, EDTA:
Et hyl enedi am netetraacetic acid. Induction of gene expression 10For

i nduction of the gene expression different nodes of addition of the inducer

solution (in Eh nt $9b mY\ﬁ'Jt ?%g% erAddi tion in a single portion

at a given po t| e rrpac | mpact induction conbi ned
with a fubt hel) Idemliﬂcaiumnobmersemubnae i nterval wherein 15- the further

addi tion was Slnce mosp%tcﬁ'\p is rmae;[deat d tﬂrougﬁpca\{\gbo?tel ggrqt?o?sp;rgt%in 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.



anounts or - the further addition was in an exponentially increasing rate,
42 3. Start of addition of inducer solution upon reaching a given cell
density. wekba/@s37é¥edi a used nedi um conponent concent r aPCir@P2010/06803 Medi um
(pH 7.2) Trypton 10.0 g yeast extract 530 g NaCl 5.0 g H20, de-ionized
ad 1.01 Spizizens M nima! nedium (SMM (NH4) 2SO4

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.



2.0 g KH2POM 6.0 g K2HPO4 14.0 g Na3Citrate 1.0 g MSOH4 0.2 g
D-d ucose* 5.0 g H20, de-ionized ad 1.01 Batch-Medium furB. subtilis
f er ment atwonsiifdsyy2H- Citrat 1.00 g/1  Na2SO4 2.68 g/ | PCT/EP2010/061193
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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 2c, plasmid pMW168.1 was constructed as
set out below and introduced into B.subtilis 3NA as host by transformation.

10
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 instead

of lacZ. Also the transcription initiation region of manP was replaced by that of
15  the gene gsiB (Stress protein; Jurgen et al., supra).

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

replaced.

The schematical structure of the obtained promoter- and transcription initiation

20 region is shown in figure 17.

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

relevant restriction sites.

25 Generally, plasmid pMW168.1 was obtained as shown in the flow chart in
accordance to figure 18.

SUBSTITUTE SHEET (RULE 26)



(NH4)2SO4 0.50 g/  NH4C 0.50 g/1I K2HPO4 14.60 g/1 NaH2PO4xH20 4.00 g/
D-d ucose* 25.00 g/I MySHA(1 m* 2.00 ni/I TES* (as below) 3.00 nil/I *to
be aut oclwoediigagawat ely 43 Traceel ement sol ution PCT/EP2010/061193
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(TES) CaCl 2x2 H20 0.50 g/ |
ZnSO4x7 H20 0.18 g/ |

FeCl 3x6 H20 16.70 g/
MSO4xH20 0. 10 g/ CuSO4x5 H20 0.16 g/ |

Na2- EDTA 20. 10 g/

Cod 2x6 H20

0.18 g/ wohe1iptsvas adjusted with 2 M NaOH and 1 M HCl psw/RrRo10/061193

respectively. For agar plates 15 g/l
addi tional |y added. 5All
Fernmentation run 1:
in a 301 reactor (D598 and D596 of Bi oengi neering).

Euggagar of BD conpany, wer
nedi a were autoclaved at 121 C for

| npact i nduction Fernmentation run 1 was

81. Depemdlithg tw @R&®0GHhE Fmdf0 oflthd ctor-DNAs, the insert-DNAs and the

10

15

20

complementary oligonucleotides used were as indicated in the boxes, with
respect to the products of PCR the primers and the template-DNA were as
within the brackets, the restriction enzymes used were indicated at the
respective sites.

The cloning steps were carried out with E.coli JM109.

The plasmids used were pUC 18 a positive selection and cloning vector for PCR
products with amp-resistance (Yanosch-Perron et al., supra); pWA21 an
expression and cloning vector for E.coli with amp-resistance (Wegerer et al.,
2008, BMC Biotechnol. 8,2); pSUN202.4 a pUB 110 derivate with manP
promoter region and amp and kan resistance, being a shuttle vector for E.coli
and B.subtilis; and pSUN266.1 a pUC18 derivate with integration site between

ter-sequences and spc and amp resistance.

The sequence of the primers used was as follows:

e

about 30 mn.

carried out

The batch vol une was

Name sequence 5’ > 3’ description

s5019 ttaagCTCTTAAGGAGGATTTTAGAATGGCTARAGAAAAATTCY tufA TI-Region

s5020 ttaagGAATTTTTCTTTAGCCATTCTAAAATCCTCCTTAAGAGY tufA Tl-Region
(compl.)

s5139 aaaaaatgatcaTTACTTGTACAGCTCGTC Zg;ger Pmanp-

r-Primer PmanP-

s5156 aaaaaatgatcaccggtCGATTGCCACATTAAAGG cGFP

s5234 aaaaaaccgCTCGTCTTCCTAAGCATCCT f-Primer rep
(pUB110)

s5235 aaaaaagaatTCGAGATCAGGGAATGAGTTT r-Primer rep
(pUB110)

s5236 ttaagAATTAAAGGAGGAATTCAAAATGGCAGACAATAACAAAgG

$5237 gatccTTTGTTATTGTCTGCCATTTTGAATTCCTCCTTTAATTC

(compl.)

Replacement of the transcription initiation region inclusive the start codon and

the codons following the start codon were carried out using complementary

gsiB TI-Region

gsiB TI-Region



10cul ture 2 were inoculated for adjusting the start 0D600 to 0.1. During
the batch phase the tenperature was 30 C overnight and after 12 h increased
to 37 C B92addiigi7zen of 24 % (v/v) NHAOH t he pH was adj estrad24¢10/0ai1031t 7. 0
during the whole fernentation. The aeragyon rate could be adjusted up to 30
| /mn. At the beginning of the batch phase the aeration rate was 10 |/ mn.
15 The conposition of the feed nedia |and 11 were shown as below in table

3. Table 3: Clggusiectides grd visethengiegle r?%{ﬂﬁ'oﬂls'tﬁééﬂ”he‘éﬂ”u?ﬁq Paeid!l-nEf um 1 |
Conponent CO”%@HétFu%Eub@WOMBOVl&%rC%%@tW@I QN rGhIHER RSNt ofHﬁ@GﬁénJcﬁ tion

g/ I (NH4) 2HPO4396. 00 g SO4* 7 H2025.50 g/1 Adjusted to pH 7.0 TESlZ0.00
ml/ | Overal | \riliajiop @9'9& gfidioe dé-ganei KeefaectorpVY ARD (Weeeres st abdsipra) iy

*trace el ene p 014/.04.8 / . 0 dia l
and 11 ver o Sifaad HRaRCRuBich, ERoRDRE POTERT A ST e et
(correspoddi w@gow@@otwe%s‘\c@dmmdlsf@ﬂd lesp2cthyetedndmthér dbninpestepsethid | f eed
F). For th egl npi e C %(w/v)
D- mannose 553’@5?& H)'g)qn'{aét(?d gegpon Wﬁg r%@a?éd wqtll%t gf ggib I?hfgrgg%? %ﬁ%ent ration
and t he noni tpMWdGShuontemdnn@resp @mlunauﬁveshmwrbm pUBngm es Ila and 11b,

respectively ncentrati on of the dry biomass c" is
plotted | ogar hﬁmlﬁsaaé F}?%W étﬂi IR 'BAGYEE $he culture. Batch and
fed-batch phase are separated by the perpendicular line. The nonitored

fl uorescence si gnal at 535 nm em ssi on_vvavel ength is plotted over the
culture péri &P \atior of Jura) stabilityandssegfgaationon. 15From figure Ila
resul ts that Basm#é rﬁNA OlK/é/s Qﬂaﬂ%ﬁﬁe& QMh %B&?QSMW%@'N %fwd%d%tr@ot@%ﬁ 1 was
obt ai ned correspondi ng to about 970 DM based on the reaction vol une of
11. 71. | n t otstebilipiaswgll @b stalnbmg@npagatmmfdb@ve@gr oopeludigsioni(sagragatigni n t he
first addltlg\pdsd%(pém@ne%pemflc gromh rate p was 0.10 h-1 during the whole
f ed- bat ch phase

15 B.subtilis 3NA transformed with pMW168.1 was pre-cultured in LBsp-medium
and then transferred into LBo-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

20  measured OD-values obtained during transfer into fresh medium in accordance
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.

25  After about 15 generations more than 99,9 % of the cells and even after 20
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
30 was isolated after 15 generations. About 0.5 pg of each isolated plasmid was
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.



As shown in figure |l b the fluorescence signal strongly increased after the
first addition of D nmannose up to a maxi num of about 2,200 RFU within the
first fiwsohourmssrt t he fed-batch phase. Then, the signacTmredionsnos! y
decreased. It is 25 assuned that this dggrease in expression rate is due to
t he consunption of the inducer and/or to a shielding effect by the
increasing cell mass. An addition of further 0.5 % (w vVv) mannose sol ution

after 37 hourl§epedasylisgshoy éhﬁew_?'ﬁ@r 8%%1%1t”r?é_qnl%af‘%sacé‘li&f‘esg'i‘@#rél up to
a val ue of 2skRflinRbi alstdishiERBYRYbMGh Hfedicd GPTRIMBRGIbAUCt i on with
constant rate The sane procedure as in a run 1 was repeated except that
the node of addition of inducer was changed. As in run 1 0.2 % (w V)

D- mannose solBxpeomend§: bermentatiom singl e portion at the starting point of

t he fed- bat cly; i§Lan 0 t4 f o nas
Started a0 soun QuenieAPRARE, MRCeSludh, $RG 28 YRR B8 0sI BREESH S

t urni ng poi niplasimid PYVE1B8E comptisieg ftheireectengens eGirdl witf different indastioreached,
whi ch was 1, 500, Dﬁri n% tﬁe iec nd, addi tirﬁ)nlst% 20 %&V\( V) nose

sol uti on was 'add8a 2 MPEREI{ LAY OY RPN ANSIUGIR €Dt RioPadieR Tamount s

widéI hdan ﬁver ageflerrﬂérﬁamj‘n tﬁe&ﬁnﬂhé}kﬂoWﬂmddiLﬁh Iforcn;grt J:ugl deﬁn@@ﬁfbrmehﬁaiigrﬁlohgd been
added. The results are shown in fiqgur a_an S i n e i omass
concentrati o?’%ﬁ"dast‘ﬂ%p?ﬁ?p\)'\é%hﬁ ﬁ%aqf’ I2§§1rééﬁ@ﬁ%@'é%@ﬂ%'%{nﬁgﬁbgh@({j%ﬁ onation
10 bei ng1phe shaRk irtheifdliowitiwasuddd.a and 11 b. 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 fromfigure 12a the nmaxi mal
concent r at i oMaieriale gnbmethods was 1567.6 gDM | corresponding to about 804 g
DM based on ¢, geaGhi, R0 YS! HBReenlatioR dxpelifledtstlndbfd Milec@BFteRRAIQHES
addition) 70 g D-mannose were added. The yield of biomass was decreased by
17% conpar ed viese psgfl if notHipted obrareisgt es with a | ower specific growth rate
p=0.09 h44 during the fed-batch-phase, whereas the specific growth rate
during the bagh: was 0.43 h-1. 20 As results fromfigure 12b the

maxi mum of t?@w@%ence signal was reached at about 4,900 RFU after 25
hours and corfror mesersiigingeibeeagtil tdenatyo (ODI5106 Kpddirophotome@unidliospedt o run 1
inrun 2 the Sgi ofo] % 25w t | ght
decrease in Bﬁgﬁé@s&@‘ﬁ%én rﬁgﬁqsgl?ﬂcgg:roﬁﬁ)%ﬁ gt%\l% gnl}%%a#ﬁgg({é%d'wf:cg%@ﬁﬁééned

i nduction w tdthexpotoeoltafdhe matefactiréd. 7 | snmal |l | aboratory fernentor

(Kl ei nl a28rfermenter of Bi oengi neering Conpany) was used in runs 3 and 4.
The batch”vol upe .b.thfd' ur610pl us 30 Qo?ul um was 1.5 1 in total.

Dependi ng on B-OT AP RIO1355, CONGRANSPR 2" were i nocul ated for

adj usti ng t heostiay HeteBPaRALIO® oabeudrybidmadheodozhpatian By moisturbahdétet IMB bat ch
and the fed-%gag?_l%ﬂ hase was 37 C. Durig% fermentation the pH was adj usted
to 7.0 by 24 ‘%enl\‘ﬂ-l&ﬁqus Ray dasdirefat e was constantly 2 |/nin during
the fernmentation. The oxygen input was adjusted by the rotation

25 Spectophotometrical measurement of flurescence

v &
JLUUV J

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:

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




WO 2011/ 018376PCT/ EP2010/ 061193 46 speed of the stirrer. The fernentation
pressure was 1.3 bar at the beginning and was then increased to 1.5 bar to
enhance twe 20xygesT6i nput on demand. After conpl et e consweaptEPeM0O611DhHE
carbon source glucose the batch operatigg was switched to the fed-batch
operation. Unlike run 2 in runs 3 and 4 the inducer solution was fed in an
exponentially increasing rate. Further, glucose containing nediuml| was
co-feeded with the inducer containing nediumIll. The conposition of the
feed nedi a 1 gHide hidord8EshcBSmSdovwdmdlimiirinBntopbl € 4: Tabl e 4: conposition of
feed nedia | and 1T Feed nmedium T Feed nmedium || Conponent Concentration
Conponent Cokt&iAg the fesmenagen wsexrpersiay of aSftawas swntosdgniinepgnadhen/ |1 TES

40 mi/ 1 MySOfydreBBerite! prlggtg%i&oﬁﬁ:kglqu(%) H}lﬂﬂoﬁo@gr X@n&h ILightsource of

5  Ocean Optics, Inc.; S2000 fiber optic spectrometer).

The measuring parameters were as follows: excitation filter 485 nm, emission

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



(NH) 4HPO4 g/ 1 63.36 H20 de-ionized ad 1.01 H20, de-inonized ad 0.25 | (run
3) ad 11 (run 4) Al conponents of nedia |land 11 were autocl aved

separ at elwo 2011/01gd46val ue was adjusted to 3.3 with 85 % PerEP2048PE4A93 N bot h
medi a because of 15the solubility of thgyconponents. The total feed F at
time t was calculated by the follow ng formul a: w t hm = mai nt ai nance
coefficient. (0.04 g g-1H1) Yx/s = specific yield coefficient
of bi omass r &lYeBAaySishstrate (0.5 for 25gl ucose) Cxo = bi omass
Concentrat'OﬁhétcﬁﬁéfémﬁgnE&ﬁa&@hﬁhﬂﬁhﬁéﬁeMﬁd-mﬂ@a@&@raHQ&ﬂﬁpb?tS§Sart of

f ed- batch phase (=batch vol une) Co gl ucose concentration in feed solution
WO 2011/ 0183 P8lvesyiaride oplogeatpharesisopith geotyacot paideogeliconsigiincaeistired t hat

D-mannose mgt&ﬂﬂ@@%&m B, SRirhtldnSyeMaith ti RAGRIRG 2BBo¥itiéh.d coeffi ci ent
Yks gl ucose ed and the

proporti onal Gomhpcmecrmm d be v&hackmhg ge)l Eb%)ent aepamtmgrgeB(12 %Y he bi omass
concentrati or ] [ T A 176 N in 10figures
Fhe figures belng he same as in run 1.

hé denot ati on3(')

13a and 13b, "W

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 % 067 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
SDS-application buffer and incubated in Thermomixer 5438 of Eppendorf
10  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-
running puffer and the lengths standard ROTI| ®-Mark of Roth company were
15 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
solution for further 30 minutes at room temperature. For removing the remaining
20  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
solutions were as follows:
25



At the beginning of the fed-batch phase a portion of 0.2 % (w v) nmannose
solution (16 g mannose in total) was added and exponential feeding of nedia
| 15 and Wb 2ei1zangzmd with a ratio of 50 : 50 (interval lpcT@rdessasse of
the slope the portion of mannose contaipjng nmedium 11 was enhanced to 60 %
and the total feed F (nmedia | and Il1) to 125 % for naintaining growh based
on gl ucose (i nterval 1) After about 2 h agal n decrease of the slope was
noni t or ec : H-t-ahReous
i ncrease §I‘Jff9H§°|LU(tJ‘PBI 20 feed ﬁomomsotS%(u nt er vaI PPI‘Fe"W‘{"@? consunpti on
of whole 11 fermentat&gg, |nued with fegg medial in a
total fee ﬂ_ﬁ? uté’n( not shown g@%&] Pr o%r5e s and data of
run3are su rlzedlnthet eow 25Tab|e5 &Senal [h] medi um
1

11 [Gbo] F [/0] 1 - b| omass [gDM 1] O- 52 - 112-17
50 : 50 100 0.09 7000 1117 19 S

gIaC|aI acetlc acid 100 mI
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,



125 0.08 9000 IIl 19-22 50 : 100 150 0.09 11000 22 1In total 50 g man nose
were added. WO 2011/018376PCT/ EP2010/ 061193 48 The resulting SDS page is
shown in wogorei4®s It is shown fromthe left: (M | engPoTarandasdI3
(ROTI(r)-Mark), (1) after 12 h, not 5ingpced; (2) after 20 h, 8
h-induction; (3) after 24 hours, 12 h induction. After 20 h and 24 h a
clear | ane appears at about 27 kDa indicating expression of eGP (arrow) b)
Fer ment ati on Rur- 2@ref apdiios ohindyeeicsotiiior RN ireadhing B9ieR Celbirnsitéd except
that the feed volunme of mediumlI| (mannose) was enhanced to 1.0 1 in total.
Dry bi omass q@peentViciid @segnd the fluorescence signal are shown in figures

éfggfggslgﬁél r?\(‘j\% tilgm;pg gﬁnm(?n[a?i[ Iz agmﬁéb .qﬁrét[ P:blsgng bZ?doHv?:\Leh'lﬂggfoen éb iI Rt?e rval
[h] medium

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 109
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



1:11 [9%9 F [Vo] p[1l1l-1] RFU dry bionmass [gDM 1]

0-15 0. 40 115-22

50 100 3500 Il 22-38 50 : 75 120 10000- 7800 111 38-39 50: 100
WO 2011/018376 PCT/EP2010/061193
43
Trace element solution | CaClx2 H,O 0.50 g/
(TES)
FeCls;x6 H,O 16.70 g/l
Na,-EDTA 20.10 g/l
ZnS0O,x7 H,O 0.18 g/l
MnSO4xH,0 0.10 g/l
CuS0O4x5 H,O 0.16 g/l
CoClx6 H,O 0.18 g/l

10

15

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.

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-

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.

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 Il

20

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

50:



150 8900 40.4 20 WO 2011/018376PCT/ EP2010/ 061193 49 In tota
200 g man nose were added. For conpensati ng an observed | ack of nitrogen
after abowo 20b/hssres duration of fernmentation (N H4) 2HP@¢TERS0h@eTE
additionally at a constant rate. 5In inggrval |l a maxi mum RFU of 10000 was
reached which within the course of interval Il decreased to 7800 RFU. a)

Fernmentation Runs 5 and 6: Wthout inpact induction ,
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



Both fernmentations were carried out in a 30 | fernentor. 10ln both runs the
cells were grown until high cell density with exponentially increasing feed
rate of gWwocosisswi ch, upon reaching high cell densitypcuaEp200pbaeed by a

constant feed of mannose. The feedggedia |, Il and Il used are shown
in the table 7 below 15Table 7: Feed medi um | Feed rredi um | | Feed medium |||
Conmponent Concen- tration Conponent Concen- tration onponent

Concentrat i oﬁ“@”@l%s"éﬂ@@“%gé’fﬂ@ @JFPSC%WWWUQ%W%“‘@PP“ Hethnose
400.00 g/| MyS4 50020 23.50 g/ |

During the second addition step 20 % (w/v) mannose solution was added in a
5 constant rate with 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 2500
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



MySO4* 7H20 23.50 g/ 1 TES 120. 00 SEL 120.00 mi/I /| H20
de-ionized ad 4.21 H20 de-ionized pHad 1.0 1 7.0 H20de-
WO 2011/018376 PCT/EP2010/061193
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speed of the stirrer. The fermentation pressure was 1.3 bar at the beginning and
was then increased to 1.5 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.

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:

Table 4: composition of feed media | and Il

Feed medium | Feed medium i
Component Concentration Component Concentration
D-glucose 200 g/l D-mannose 200 g/l
TES 40 ml/I TES 40 ml/I
MgSO, 3.85 g/l MgSO, 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

the solubility of the components.

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

Mset Cw * Vo e¥ !

+m . .
Yxis Ceo

F(t) =

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



ionized ad 1.0 | Fernmentation run 5 20Media | and Il were added in

proportion to their overall volunmes 4.2:1.0 in exponentially increasing
rate. On weaeohiimgs7hi gh cell density feed conposed of neeca/dP2@de11b3 was
repl aced by feed conposed of nedia Il aggl 11l in a proportional ratio of
20: 80 at constant volume corresponding to the volune of the |ast
exponential feed rate of nedia | and Il. 25 The fluorescence signal is

shown in figure 15 with the denotation being the sanme as in run 1. It is
assuned t hat TOREesasuigtion hwaeasaingd W?h@r@méé"@i@ﬁé‘{lm??\ by i%iﬂbé’”%S af ter

about 17 h fgrimentRhhLe0dYIRt LHiNeT YIUGIU8s@ short term | eakage of medium
[11. 50 The progress and data of run are sumarized in the table 8

bel ow. Table 8: Fed-batch phase [h] Media [ 1:11:111 RFU nax Specific

gt owth rage [fylk PyialiaAd8P S0l AN dobrABRNRIEOLAN thdbroprfonPat 19- 2

could be varied.

a) Fermentation run 3

The biomass concentration and the monitored fluorescence signal are shown in
10 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 |
15 and Il started with a ratio of 50 : 50 (interval |). 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
20 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:

25 Table 5:
interval [n] | medium F [%] uh™ |RFU dry biomass
I:11 [%] [gDMI/I]
0-12 0.52 -
| 12-17 50 : 50 100 0.09 7000
1117-19 50:75 125 0.08 9000
1119-22 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

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



- 0.1 35-39 -: 20 : 80 2,800 80 150 5b) Fernentation run 6 The same
procedure as in run 5 was repeated except that in total 600 g mannose were
added w twoamiergaet induction of 0.2 (wy) mannose sol rCr@p2{id6n9srannose
in total) prior to the constant addition of feed composed of nedia Il and

I I'l upon reaching high cell density. 10The fluorescence signal is shown in
figure 16, with the denotation being the sane as in run 1. Progress and
data of run 6 are summarized in table 9 below Table 9: Fed-batch phase [h]
NNgdla [99 1:11:111 RFU max Specific growh rate [h-1] Dry biomass [g DM I]
nnose 1 C)tTile rLngtinngS[l)lg page is shown in figure 19:

It is shown from the left: (M) length standard (ROTI®-Mark), (1) after 12 h, not
5 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

10 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.

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

Table 6:
interval [h] | medium F [%] ulh™ RFU dry biomass
1:11 [%)] [gDM/1]
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

20

SUBSTITUTE SHEET (RULE 26)



80.8:19.2:- - - 40 0.2 % (wWy) Mannose solution - 16 42-53 - 80 : 20
14000 82 600 15 51 Evalutation of runs 1 to 6 For evalutation at the
ti me of rewi2nEl01837a0r escence the dry bi omass concentr at iPOI/EP2(10/06H83 OF

vol umes VR, consunmed mannose and duratigg from 5i nduction start were
determ ned and summari zed in table 10 bel ow. Table 10: Fernentatio n

In total 200 g mannose were added.

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

5 Ininterval Il a 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

Both fermentations were carried out in a 30 | fermentor.
10 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.

The feed media |, Il and lll used are shown in the table 7 below:

15 Table7:
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 [ad1.0l
pH 7.0 ionized

Fermentation run 5

20 Media |l 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
the last exponential feed rate of media | and II.

25
The fluorescence signal is shown in figure 15 with the denotation being the
same asinrun 1.

It is assumed that the minimal increase of fluorescence signal in figure 15 after

about 17 h fermentation duration was due to a short term leakage of medium lIl.



run Fluorescencema x RFU cx gDM -1 VR | Inducer gMan Duration of expression
1 2200 16 8.2 16 5 2
WO 2011/018376 PCT/EP2010/061193

h

10

15

50

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

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
(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.

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 14000 82 600
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Evalutation of runs 1 to 6

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

5 induction start were determined and summarized in table 10 below:

Table 10:
Fermentatio | Fluorescence,,, Cy VR Inducer Duration
n x gDMI'1 | gMan of expression
run RFU 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

Based on the process data shown in table 10 for each run the productivity in

10  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
concentration of inductor (gman/L).

The results are shown in table 11 below:

15  Table 11:
Fermentation Productivity Rel. Fluorescence | Rel. fluorescence
run RFUI" h” RFU(gDM) RFU (man/l)”
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 11.6 343.0




14.7 600 12 Based on the process data shown in table 10 for each run the
productivity in 10 terns of the maximal fluorescence RFU per liter and hour
was cal cuwetzed/o18ar6t her, expression efficiency was expr essap2@as/o6Hbat i ve

fl uorescence cal culated fromthe maxi makyfl uorescence based on absol ute

bi omass (gDM and the concentration of Inductor (gman/L). The results are
shown in table 11 below 15Table 11: Fernentation run Productivity RFU I-1

h-1 Rel. Fluorescence RFU(gDIVI)1 Rel. fluorescence RFU fman/ 1)-1 1
53.7 16.8 11dhese gesuls glearly show that the present invention using plasmids carrying

the mannose promoter can be successfully used in high cell density
fermentation processes and positively controlled expression by addition of the

5 inducer D-mannose.

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.
10
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
15  processing such as purification steps etc. more efficient and, thus, time- and

cost-saving.



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
11.6 343.0 WD 2011/018376PCT/ EP2010/ 061193 52 These results clearly show
t hat t he woesamuisi7aventi on using plasm ds carrying the wammEps@opsaa®t er can
be successfully used in high cell density fernmentati on processes and
positively controlled expression by addition of the 5inducer D nmannose.
Further, by selecting the induction reginme the focus of the fernentation
can be varied in maxi m zing output in view of bionass, expression product
and i nducer consunption, respectively, according to need.

Claims

1. Vector expressible in a prokaryotic host cell comprising a mannose-inducible
promoter of the mannose operon of Bacillus subtilis operably linked to a
transcriptional unit comprising a heterologous nucleic acid sequence encoding a

polypeptide.

2. Vector according to claim 1 wherein the vector comprises the complete or a partial
sequence of the regulatory gene manR.

3. Vector according to claim 1 or 2 wherein said promoter is the manP promoter.

4. Vector according to any of claims 1 to 3, wherein the manP promoter comprises a
sequence selected from SEQ ID NO. 1 and SEQ ID NO. 2, a sequence

complementary thereto or variants thereof.

5. Vector according to claim 1 wherein said promoter is the manR promoter.

6. Vector according to claim 5, wherein the manR promoter comprises a sequence
selected from of SEQ ID NO. 3, SEQ ID NO. 4, and SEQ ID NO. 5, a sequence

complementary thereto or variants thereof.

7. Vector according to any one of the preceding claims, wherein the vector
comprises upstream of the heterologous nucleic acid sequence a catabolite-

responsive element.

8. Vector according to any one of preceding claims wherein the vector comprises a
transcription termination sequence located downstream from the heterologous

nucleic acid sequence.

9. Vector according to claim 8 wherein the transcription termination sequence is
derived from the 3’ region of the tufA gene of Bacillus subtilis.



10 In view of facilitated downstream processing inducer reginme with

conbi ned i npact induction and exponential feeding according to run 3 is
parti cul avbyondissTsageous. Here, the high expressi onpprarech/oganer at ed
relative to bi omass nakes further 15pHocessing such as purification steps
etc. nore efficient and, thus, tinme- and cost-saving. WO
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to any one of the preceding clains wherein the vector is a shuttle vector
repl i calal gedtor &Soobdig tthblalnﬁOBj whadinBavei trdngsrigishtinitiation kgion\onatP accor di ng

to any of the Prec d|n n the. vector. co he replication
o1 1 of SHTERHTAT B GE08 SRS PHans BT PLY PUGHOR ok oF B BEne ¢ oget her
with the dsregpd:ﬂ?geme on origin of plasmd pUB110. 12. Vector according to any
one of the preceding clains wherein the heterol ogous nucleic acid sequence
encodes an anti body or a fragnment thereof. 13. Vector according to any of
the preceahRglatédambpurifie@nativictate $dqasscy ofithé aanhosd-indlicibie pregsten of manP

gene or nmanR ge S re | aced b e trans tioninitio i on of
another g sh e G BBSSERBRAR Al 26T B s, SoHett coIHEEReRLc i pt i on
i nitiati omersdgopvarhtsmaiRogene or nmanR gene is replaced by the
transcription initiation regi on of tufA gene or gsiB gene. 15. An isol ated

and purlf ed 0y cid.sequence of, the nmanno i ndyci bl e prgnoter region
of 1 b haRibdtoiast: G GUTBSETIERE 2l SR C ot AL o IRE T y t her ot 0
or vari angequiehes esrhprises any of SEQ ID NOs 1 to 5, sequence complementary thereto

or variants thereof.

17. Prokaryotic host cell transformed with the vector of any one of claims 1 to 14 or

with a nucleic acid sequence according to any of the claims 15 or 16.

18. Prokaryotic host cell according to claim 17, wherein the prokaryotic host cell is
subject to carbon catabolite repression and comprises a phosphoenole pyruvate:

carbohydrate phosphortransferase system.

19. Prokaryotic host cell according to claims 17 or 18, wherein the prokaryotic host

cell is Gram-positive.



16. The isolated and purified nucleic acid sequence of claim 15, wherein

t he sequence conprises any of SEQID NOCs 1 to 5, sequence conpl enentary

t heret o owowvariiasd’s t hereof. 17. Prokaryotic host cell tcamrbawmedosnith the
vector of any one of clainms 1 to 14 o3 with a nucleic acid sequence
according to any of the clains 15 or 16. 18. Prokaryotic host cell
according to claim 17, wherein the prokaryotic host cell is subject to

car bon 20aparahoti©hb8RER 86¢3PHin g islaPoiEhé SRIMA 1P O sP WarAGh Ehdddst vall e:

car bohydr at e phosphortransferase system 19. Prokaryotic host cell

accor di ngbqlﬁnfgsltﬁiﬂﬁ%prlyfurﬁr':'rm“t%er ein the prokaryotic host cell is

Gram positive. WD 2011/018376PCT/ EP2010/ 061193 55 20. Prokaryotic host

cel | aaomdindg fbrpradycif a bb§psptiie® a blokadyolif hovthwilebmptibiag iesétesel | bel ongs
to the phg\;rj um Firmcutes. 21. Method for produci Hg aég?lﬁ feptide in a

pr okar yot PlcCHSEHCHG| § VRGRAHAFOHEY (has C8pLf Sy sEr Lt tia Soamwa or

accor di ngpiora@Biic RO cefl withajaibvektdroalidving ErpreESIbAoNgaia pRlyPkptidoby ¢ host

cell with said vector,_ allow ng expressign of said, pol tid gr ow ng
The t 1 anoymry Urodensiarned asP Bl inca: bl el DRPLRLROG. Ut

condi ti ongor@itidns @A Y&JovEithd the ppRbypRIptitd#e ther e bhore &hd Sellultfileom t he cel |

culture. 22. Method according to claim21 wherein the host cells are grown

first in the presence of a carbon source different fromthe inducer, and

then, 22 Rle§@@0acLORIRP to | dlainn21 P RSRNE thdhodtheslisngheceiownZBrst Wpeheof the
vect or of anénone of ﬁ)balns 1t r of an isolated and purified nucleic

0 14
aci d sequeREENSEc¥o? §P ”t%’“é‘??yd'%?ref‘h oFy RenRAYIET 3 16N fof $eHENT egul at ed
expr essi ogtepfin thdsreesritea@eisindudrei ¢ aci d sequence encodi ng a pol ypepti de

in a prokaryotic host cell.
23. Use of the vector of any one of claims 1 to 14 or of an isolated and purified nucleic
acid sequence according to any of the claims 15 and 16, for the regulated
expression of a heterologous nucleic acid sequence encoding a polypeptide in a

prokaryotic host cell.



