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SCALABLE FERMENTATI ON PROCESS FI ELD OF THE | NVENTI ON
This invention is related to the field of protein
expression and fernentation technol ogy. A process for
the efficient expression of reconbi nant bacteri ophage
WO »ap$lsd2iprotein in a bacterial host is descriHEUEPZINE062628

process |leads to high yieldof reconbi nant capsid
protein whichA f ' j :d 1 ke

art fcle. (VLR AR FRatury AT RANRROCHSS ' (T
process is scalable fromlaboratory scale to fernenter
vol unmes |l arger than 50 litres. BACKGROUND OF THE

| NRTENDIGINTIRE ¢SWENTHEN | nat i on strat egi es nmake use of
viruses or virus-like-particles (VLPs) to enhance the

| X
R RSB 1008 g QR i ooty &
proecs# farghe eidicigneerprassiom of ge@ﬁ@bmawb@@teltlm@t @pslﬁ pEothin g [aybacterial

hosPisUELcRbed. %@fn‘ot:ésg feadd foRgh ﬁéi& lBf ﬁe&hﬁﬁzﬁn @ags ﬂﬁﬁot@ﬁnwhlch is capable
cause a strohg I mmune response in particular antibody

of forgine s wisus-likg Atariislc (P)|tyriekicssembiyy durtherenors: dhceprepess is scalable
ﬁoﬁmmt&y efaldib @&hieﬂtgr \‘}J‘lﬁnésrlSPgE}Qhéyﬁ)tlﬁf& s inherent

tol erance towards self antigens. Such antigen arrays
are therefore useful |n the production of vaccines for

t hea ¢tk eI opfTHIINCENPidsy di seases and al | ergi es as
well as for the effi cient i nducti on of self-specific

ne respanses, for e treatne of ¢
TG e aIaLPE Faes Tk 1V B HEP U FeEiES (V) to nbance
the Ilrﬁfﬂluﬂéifeﬁﬂ)nbmmm/aﬁﬁmgﬁoﬁ apsnple, WOOZ056908 demonstrates the utility of

acteria s are particularly suited. as.antigen.
VLBER £ el BB e e firal, ot bRBETARGH rebSlive aray. Such
antiged frrays s@ndduee 4 stiodg \thiﬁane.lmpbn@e;mmm ahuiboay bapbdrsed, against the

linl%gé{ltééyg%i grle ei(é]naciea%abi%%f thGe 1%%&2% s2 %R’Z nt tolerance towards
self2dhfigdis2 Sddbantightp raﬁameare thmﬂbtedu$ﬁxbtue It]IESpmﬂuctlon of vaccines for the

e e am fr
trea?tgg% of 'Igg%F %1% d§§§ﬁS§F ang Slle%eSéif; gse%}g@ é%efﬁ crkfgl%tllon o‘}lg%lf-spemﬁc
immincatespoh$8,3 ¢.gGéorethd 3reath®@Bt HB EancEr, | themmata@tl aathriti® @0 various other
dis aEBS Letters 24171:1-4; Vasiljeva et al 1998, FEBS
P&fters 431:7-11) and M5-2 (WD92/13081; Mastico et al.
19%1,nd1¢amd maWQ8R/0089 05 capsid/protefimgnf bﬂdeﬁﬂpllagdsw padgalarlgtsuited as

ant% ‘f‘agr%;o'rhe% é Bn %]§0van5t% 8ﬁ§C§%l|t12 YE a&grﬁ ¢ Htd %ﬁ? ggdntnﬁ%( ression in

s using ers suc
a baqtqmabhwnﬁi@telm ctoalt }9;83 TGeIfed@:Zéﬁ 2@4%@%@*&3@@ aff 1936, Bokl. Akad.

t i i .
Naff NS 24701 35), RAGHIRIE capti] Bdis|s EoRRRerldBAUIE fuch as dived from fr
(Pughkonest dr 4993 lbetn@rf Engv_eﬁe,rmg O (BIR-801po OB (Hazlovekai et al. 1993, Gene
137‘?n1fe3{3?1§t75091fe 3;1 F R00 B DL 8PHI74. 104, %@fvﬁg ﬂdqbtlb%& FEBS Letters

O1IC en o séoteln expreSS|on

431m-ghiand éu&@e(w%z/gm Massico ehal. BB, deurndl ofKsnerekVisplogy 74:541-
548h Q$da1 2041 ;Kiob' RRLGheY 18: 95'?2%)%&% Yeel W&ﬁé&ﬁ% Bﬁ(%rﬁl'l "hosts using

However, the EXDFESSIOH systens used tar for
1nd@ft|aj¢ gggqqtms grchag Fj@,tﬂ) BeBeter orea @&p-T7 ﬁ1s10n (in the case of fr and Qb) or the

tac promoter using IPTG as inducer substance (in the case of MS-2). The use of inducible

promoters is beneficial, to avoid possible toxic effects of the recombinant capsid protein and the
metabolic burden of protein expression which both might reduce the growth of the bacterial
expression host and, ultimately, the yield of expressed protein.

However, the expression systems used so far for the expression of capsid proteins of

bacteriophages have been applied in small scale fermentations, i.e. in laboratory scale and small
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bact eri ophages have been applied in small scale
fermentations, i.e. in |aboratory scale and snall batch
cultures with volunes of typically clearly below 1
litre. An scale up of these systens conprising vol unes
WO 206/313821 tre and nore i s expected to di m ni SHPPGTER006/062628
great ext ent the respecti ve—@apsi d protein yi el d due
batch cf‘ulncerseaanexol ?% ﬂe&)iﬁ%@g la%?agélg\gl a 1e%v>§13r F(ﬁllop ulgjl %Flthese systems
connmnsmg rvoluadeh pf fieBire aull thorglis éxpeatd @ximmadshiina gantexteite respective
cop 14T Gclee 80 AR BlolG BRAR ot BlyBlebyaRiqrgietiop
prothgiher swb&m&esmed weh fcommetciadly defirasichiglaleiveldexpression and rapid

U hol Lsi - . i
e RO lp RS BoRBAERARS e B ety
folded peatsig especichrand thd farmbgzomnt @rﬂocqgﬂqg@cwsm bodias, ipr pOBIMaggregates,
whﬁ:ﬂ earte Oﬁa@%ﬁl@ I’]anlﬁf wifct ﬁia RS gﬁhﬁ& ag\??s(ﬁfearﬁr Fésglas. Thus, for
species which lost thelt a to self-assenble to _
bactgripghage WS-8 caont profeir tl@dfOM@wnt ePrptict dagregakes apd of @uotein species

whfl\'!ﬂ ggsrt tﬁéqle a&ﬁ&t {ooéehfcﬁgsemfe & V2PY hdve Qéeﬁt eéncﬁ{(ed ]%ﬁrthé: BiSin was

;-

uction usin ressi on sys

exppgssedj yngler Q’@Oﬁzpnthu@ﬂ @pcstrp@g 7 reeraetet At JPP O mé!lctlpg)usmg the pET
exptds&iBn @Eféﬁﬁ@éébgﬁ &az&leﬁltaﬁf20(§ NRUERCAE RARErck 3RE2L113).

protei’n may therefore have’a negative | npact on the

yilbigh ezsmre%imnrré@ﬁ 0§ theseceqrphinant wasid prpipin map dhgsefpsrhage a negative
1mp\ﬂetP0tplﬁ§ b1y @P@drﬁ@@y hs@erﬁbl@&’ RATPS. OTlﬁl pr§&iﬁ{1@n B@VEPJBQ&d Vaccmes ina

therefore, the establishnent of an _efficient, and
conyBereiplsepls requires, a@rt’é’omethﬁémbélﬁh@wt of e effigientpand lﬁepartwular scalable

ferrRHMRA HrBssThr the CRATFNsTORBF reBMBinshtREMIEprOtet of bacterlophages leading
bact eri opha%es | eading to a product of cons

nt
to waﬂqc@ yf SOy Btuqqa{lv ‘ﬁlg\ﬂuﬁﬁ' l@qyglgég% azmapl'hfyyofoqelf-assemblmg into VLPs,

whé& 68yl thé for@Aknl ThsbRbR fdkiSns oMKS A Pri@in{i@mihisedorfvoided.
|nsolublefract|onstgf the capsid protejn is mnpimsed

or L ngtebergrdtils apipbjest ofthe pregent snvalﬁloa&p ELVI%572 RIARPSFaE S¥pfpssion of a
recoriibifa |c@:i“sld ProRIO¥ £1BackeridpRipe S’ﬁmfhozivoﬁi?é R @Sifiinfrts Qe &sadvantage or

reconbi n ca Sld roteln of a bacter..
disadypptages B?r]?ﬁ ?qﬁ%as’d?”ga‘B\Péﬁ’cc qﬁfsssg@@% tt%\Gechmer‘“al
scaléfanﬂfbﬁllﬂéadﬂig @fzt pﬂﬂﬁaaﬁ'&@ﬁstarﬁnﬂalhtp &dfphh@uén’ﬂf the \6Bpabllity of self-

ass%{n g%g llﬁ‘gt F taglgl’a}%]f % %i&ﬁ?@g ?'ﬁ‘ ﬁasgﬁg etli'fcg?m Ofﬁd ICQ]%IJ protein is

mirdaiedbod avbideddf sel fassenbl ance to VLPs, and wherein the

formation of insoluble fraction of the capsid protein

is mnimsed or avoi ded. SUMVARY OF THE | NVENTI ON The

I IREMMARY OB TAHIEEBNVENEION ocess for expression of a

reconbi nant capsid protein of a bacteriophage, or a

nmut ant or fragnent thereof being capable of formng a

VU hehbiyvewibh adatesrtal y precassdfop bmmmnaﬂrmrdcsrhhgaﬁt lvepsid ppucin of a
bac erloPhak a?rt agglé{ant V&% £ nﬁe)l(ns %hieca% Solé'go%}tp cga gil)le qf nftorrm]: Ig a VLP by self-

assgublypr sagk proacss exppossg the sepssefi. aJ)cmtrod\ttpmgeamaqmssion plasmid into a

0

bac%ﬁgf ]?o%% é‘%grﬁc o%is(f JXB?GISSI(?P ﬂggl%lrﬁrg:gl‘rl]l ﬁ%es %n e%ﬂr%tsmﬂ %?st%%ét gfﬁereln said
eXpmsslam tonstrudt camprzses (i) b dirst ofiglecdidd s¢queyce a:nmdmgﬁaeirretmmhm@nt capsid
prot] ﬂld %gllﬁ&tgntg% dﬁf%egg ﬂjeré%f)an?ludaﬁ 'r?; o#n%%:a ?%gn% @gtgctlﬁé 'b?l lactose; b.)
cultyrating isaid daftarial host in a medlum comprising a major carbon source; wherein said

cultivating is performed in batch culture and under conditions under which said promoter is

repressed by lacl, wherein said lacl is overexpressed by said bacterial host; c.) feeding said batch
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cultivating is performed in batch culture and under
condi ti ons under which said pronoter is repressed by
| ad, wherein said |lad is overexpressed by said
bacterial host; c.) feeding said batchculture with
WO 2d6/t258% or carbon source; and d.) induci ng SRATIEP2006/062628
pronoter with an inducer, wharein pref er abl y sai d
culté%ﬁv?'fcthg %Iug In C%?%%Rgn:%)%‘c?g%dt 4 Ll%dl\{\cdtuggr;sﬁ p]?romo eg’wt]anl alran1 gb lucer, wherein
prekabtsesatddbwdmg qfrsaid dgtsh future With saihmejos caybonosoume gsapostimied.
e [ r 2 .
TBPSG IIIRIC& I%nagllaélﬁ 5 r%?%&m%?t‘g@%séﬁ)ﬁésgsﬂ :E]%b é’y‘#gmg %f a capsid
prommnfea ba<a¢n<whagw&lnlclms ®oming aaHHP\ldyeaeH}ansenfméf avheregs theqmocess is
f
scalrggllte 3%? eco%lglgrsc:i%g Bi&ﬂgct:tg)lgl%&ﬁh_ﬁnd @ﬁ&éinttﬁe éxgw SSQYE fi)tcy 6fetL9 czﬂ)fmd protein
leadscth |1ep@sre¢>yleldanrsolnét¢ qapgid esmlmnTlmf ISt imepaptmlmt aghicyiest byn gmproved
[ I r '
Pl f%“é‘ﬁ‘é%? R RARE V8 DR A S RPN LSRRI e
progass. e| otpression i§xwery Highep rayeids Moragtere ghtinssluble Proteint pgegegates by
hmﬁﬂg tﬂéﬁﬁdxﬁﬂiﬁﬁl%%ﬁéﬁﬁﬁ'r%‘ oéc%lrﬁa Qﬁﬁﬁg EHn%ﬁ)éﬂl:ﬁdn éehe

ducti1 on phase. In rred ment sal d

b detadrrpf@mfhgequgn@t RNA bb@tem@hagﬁpln ageNA [egteriqphages Mgse preferably,
said® RN, BNAerRBRIR b %91@&9@ floth ﬁ’l@lg?&f éi)nglﬁﬁf% e, )%a@féﬂo age QB; b.)

consi st bacteri Op bacteri Op age
baceripphnec e“%%a%? @aqt@fmpag@ fry d)obayt%@t&ﬂee’r O Haly bactsatoplagy SP; f)
bacR#6 I?a%é Msl?ag§ b&Qeanha VAL, &) ARBASKH @@1@{)(191 9bacter10phage NL95; j.)

bac erio bacterlo

bacgriephage d‘g 3ebaﬂ@ggphage )P 1 sandel) g%?pélg@hqgg Rk7 )Preferably, said RNA

bacRAGHIRILE RRHR WMorf’ Bl7efé% daid re*é@tﬁﬁlﬁﬁﬂt Qﬁﬁ%ﬁgﬁot@n c%mprlses or alternatively
Preferably, said RNA bacteriophage is

Q.
consists PEALHNPO acif gequeras selpsiehirom alﬁsgrauppqoaflem Oé §ﬁ&IPsT&9 3, SEQ ID
NOGT sebtlermletsl SEQUDAMDS| SEG IDNGM0,aHH ISEQGID NOS & astN&6re referably

i B S B L Mo i o
capﬁ&@dt&h&isﬂ;ﬂs of SEQIID NOsse pr ef er abl y sai d reconbi nant

c yyotein c rj ses NO.5, nost .preferably .
o dhc r HBbfL P BBET BT R oRBEet SabHd aEeporprises o
alteM&lﬁely bﬁhs&t@c ofrdnliinicid edquerte @Hbaéﬂ fremtthe giotlp cons1st1ng of SEQ ID

Nof B SR B G Rat T afy e ol Rrmce SR e R i Fid proten

conpride§ISED B INGY: 1 ) a3t prBfetablyDsaid et dnbifd@capsi dNottid, coasists of SEQ ID
NO: Q1D NO 14. Mre preferably said reconbi nant capsid

protein conprises SEQ ID NO 12, nost preferably said

r da andtherantbodiapest of tlmmésentnnmnem shid emﬁreﬁﬁ@ cbh3tiicy coiln@rlses a first

not embodi r ention

stof, SoP e FnETRCAC TR ok chi. B EAR ind VUGS il Gigyran s
locatxbdigsictly 3'anfdaifl ifirs hud¢aide salencei s TAA, and wher ein

pref e I TAA IS ly .3' O '

f IIrSS [’u%%xc ¢ ?Adgmeﬂa‘%a d eyégpegﬁﬁgf goﬁjs*:r[l %nﬁnrlg%sbao dllrs?n%h)g codon and a
seceral slolexqﬂoe,swh@ﬂncsaldéirsmp culopi§ k)eaechdfmctlsﬂ of opd dwstomcleotide

e 5

seqﬁ(glgf an, f\?ﬁ%&gls? Eei g?ﬁo‘ﬁg gt%B c?cMSEaIE r(g;tl& 3 %f' & feﬂ%t &8}9 %hon, and
whereig atleast ommef swldéirmonsayamdjstqewdmdlssﬁﬁdp codon | s | ocat ed

dilfl%cﬁlltxergemb%ﬁimcéﬂ{ galé E{ﬁéssﬁh Q:Qns‘ﬁ%gto&mp%rs]& a first nucleotide sequence

and a second nucleotide sequence, wherein said first nucleotide sequence is encoding a

recombinant capsid protein, preferably Qf CP, or a mutant or fragment thereof, and wherein said

second nucleotide sequence is encoding any other protein, preferably the QB Al protein or a
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wherein at | east one of said first or second stop
codon is TAA. In a further enbodi nent said expression
construct conprises a first nucleotide sequence and a
second nucl eoti de sequence, wherein said first
WO 106/125821 de sequence i s encodi ng a reconbi namCIER2SI@062628
protein, preferably Qo CP, e#-a mutant or fragnent
mugalgteérﬁ%%%nengl qhereo rel earl?l% tsé%ﬁﬁ)rs%?ng galrl ag{aclog ﬁlilcq%l %lcs%quence arc
seppatet ehynexalctlsaoné\rmqlame srretcﬂar egneisingt tteleabfo,ne aPAlA vitar eodon. In a
0 I .
profed il S i SEA0 Bt M BE BEANGRARD gg of the
nucmotldfeaguenoﬂefSBQ\IIéN@w codon. In a preferred enbodi nent

T T
the qudlentidp sequencb 0B PER@ AP NXild expression plasm d conpri ses
Oy off® Elﬁb(gifilﬁélﬁr f‘meXnV ﬁ@(ﬂf’éaﬁf ﬁoﬁgte%g%gl@&gd ﬁgﬁl'tﬁjee%roup consisting of

sequence I'n one e
the jap) Yasrproraeiers i) dre rvm;ms@ree ) tie promiotesst dokla¢ PromoteRes. g5 promoter; f.)

Syn? 6t§1t" ggp&pn%t m rahg F)qgc BB ZFIV 15 %roﬁl[)féru% Qﬁéceﬂ'romoter k.)

t1é ac pr onot
T5-lacamerneier; and ) Prrpmolsr birorgept;lcagt 30 qu@nm beraalegy: toSBQ ID NO:2.

In 4 PRFLARR é&d@&hﬁént shld)prJIKotlelaﬁaspz{tqmt 80:%) 60 %370 %C 80, 90, or 95%,
r onot er nd promot ér

f om)t er; e)
pre%&bbh%? tg10p & aél%ostsmre% b/q??eﬁ@@qqﬁm?dqos@iow@ SEQ PR, In a further

fofred cRb&diREAEHid ?Tgﬂ%gﬂ F%rgeleﬁt@!iq}r B dasistily Irer ter, tr
pre e c /Qe 1% 01 5 c o gé)% E%g?fgr N ; X tosﬂromo er, trc

Pf°%°t°ﬁ@§@ ti?r BIORYOKH| @Veygm%e’s@a%hlyes REATRYSF 16 dhesag prpmoter. Most
prefofabi; sald“gt@mt)téf thiBprises 6f AerRtlvaybasistEstthSaictboRisL&ice of SEQ

=y se ed fromthe group consisting of tic pronoter,
prormter and tac pronoter. Even nore preferably

S qh@n@érﬁlﬁﬁ&tﬁént k&id blapr EﬁBoMo@fE@l 'is'ﬂgluco%)&lt glytcf rerblaly Tglycerol
ﬁg qunggfi}nafé\t §nEr | et gtl% S & %atREu'e 1¥ Ip%rogt%ig tvg’lthoa flow rate,
wh@&h@dlurmﬁt raffincredldy With @A cRSURcRB CoFfidient Y, HEDGRerdlh preferably said
pg %]Her ol Pr ef er algfxy gl ycerol. In one enbodi nent said

CXPPH F‘lrfﬁeﬁfegta‘fﬁbﬁ dtrecul ture is perforned with a flow

r dh e, futharedibddis@ntsdid hducing 6f saﬁtpﬁaﬁ)&s is\pérforided by co- feedlng said

nent i oefficie and ret r ef er abl

batdh BN PR seli B en (S Erany; B S SHLSTRIOT Sa0F ST preferably
gly&mdilpdiamaﬁﬁtansﬁbwlratadum ng of said pronoter is perforned

by. co ed| sai d batch .cul fu with sa i nd r . .

A Pt e s olsifgiof i proimoh STLABIPELEY o-focding said

batq:h’ elﬂmreab'llty sgidymd'tlcxai',,prﬁbrahlycloctﬁstem daldomiajoatcerboh Bowce, preferably

lcer innepbsuq 50 ot Sald i nducing of said pronoter is
gy r1‘aOra cfe:'ﬁl £0° ‘F’eae%n ng said batch culture with said

i riducﬁarthermlﬁxbélmbt said mdtaes & lactdses wﬂnekemmreﬁerabbrr dawinlactose and said
majr?)g ?arél?o%’ sofc& gr% 8%&’ to%iuﬁ %gtjéﬁ) ultu?é 1n%r}aﬂ10ngfr a%glibnlgtof l £ &\/'/w)

In a further embodiment said inducer is IPTG wherein preferably the concentration of said
IPTG said medium is 0.001 to 5 mM, preferably 0.001 to 1 mM, more preferably 0.005 to 1 mM,
still more preferably 0.005 to 0.5 mM. In a very preferred embodiment said concentration of
IPTG is about 0.01 mM, most preferably 0.01 mM.

In one embodiment said lacl is overexpressed by said bacterial host, wherein said

overexpression is caused by lacI? or lacQ1, preferably by lacI%. In one embodiment said bacterial

host comprises said lacI? gene or said lacQ1 gene, preferably said lacI? gene on its chromosome.
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In a further enbodi nent said inducer is |actose,
wherein preferably said | actose and said naj or carbon
source are co-fed to said batch culture in a ratio of
about 2:1 to 1:4 (ww. In a further enbodi nent said
WO 2006125821 i s | PTG wherein preferably the concet@WER20061062628
of said I PTG said nmediumis-6-001 to 5 mM preferably
In 50 bl oGy Ay Bt GG Ay bR g id T
genenprefiirablyndaidslacld gerenarem plasthidpprefekablyPdiGa ihighadopy nu@b@ Iplasmid. In a
. | : i i-
furfilf prfBRl cRIGlEIcRL sld Baoekial e pEhnBilee SERANTRAL 0F Bl et gone
prefoeably seiddad% gane 98 said cxpgessian plasmisly | acl g or lacQ,
Pr&ToRe @B{)éfdiﬁ%ntl sglﬁ!b &Friilrho&qg s&é@&dﬁ&ﬁm %ﬁ'@ﬁ d o?ﬁgtﬁtg dfthe strains
host conpri ses Sai 0 acl g gene or sa_lé3 agpcf gene,
E. qoli &BI0831. wols BIHF0 land E. apligelf@s.diefetablyshid basseriahbost ks B coli RB791.
T U bReEmpdahé&t: & dﬁ{@?&ﬁiﬁﬂ%ﬂé isck Rafilcifsiddle 485
con‘pr‘?srgs saia% ?a_c g gene oornﬁjgiesl_l c}pgé%c ° ge‘?ne, by )
priaf encaginBodiaing spidcoudiigting apd saidpfeading @f sprdebasehy puliprggnd said

indlgc IKE Fsdid %Iﬁ&ﬂ&q el%l‘?r&magiﬁl tleﬂp&at{nlér \Mﬁ@ﬁ i@f)&{)jv@ lrtgcg Ioptimal growth

mBodi ment said E?ct erial host conprises sal
tempergiirqef sgidibgcterial bpst gRrpfsrablyrsefddemapargtuseds betyvean| 23 ° 3813C, more

prefefibfl BRE&GSS5 QR Bh R Mcden WrOPRAGIHAS BERREE 23@ind 32 °C, still more
bact’eri al host is selected fromthe group consistin

prefsrabbheteean8andB1 “Co Everrpygpreferablygeid tpppaatyfeds pboug gp i’C, most

prefé;agg&\aidagﬁf,&gtﬁgliywqﬁ_d bacterial host is E. coli
RB791. I n one enbodinment said bacterial_ host conprises

b-Tganaembadimens said cylfivating and sridfredingpbwidiah cyliprg is performed at a
tempbiafukd/ @hichGis HIBwS ﬁiedoéftiﬁﬁﬂ IgFuviR frorfstirshule a8 rCdaidC HAckdMaP haf dwherein

sai d i nduci ng of said pronoter is perforned at a .
prefegx‘l?bleqagk temperaiMredp bstweend o 8e3So E, MRE pr@fp@b}kyrpetween 25 and 33 °C,

cveh QHRE prefoidbly Bétwedl 27 HRCIETC, 8iill hosd %refgfa%fﬁlﬁe&bée)ﬂ 2%aind 31 °C, even
tenger ture is betv\eer]b‘923 0C and 3 O% m,é{e om0

morg RSy erabl)|SgidsemRezati e J5atontr 0L arest igfermbloiel tsmasraipsgs O °C, and

saidRdWESN o LshiBprdmdr B perirhdd atthy Eptidiad iofdvah kampeednne on thétacterial

b and 31 0C. Ev&ogore preferably said tenperature is

ost BEfgrabip aBoUt St preferably said tenperature is 30

0Gn dne @fidand»d daideqiltivitingl a6dl | shidvaReding ofindidsdtéh culture and said
. Jfeeding .of said batch culture is perfarned at a
indp e A B S LIS e B A PG bt h

t dAaspaific enbolintat shidbeptasibmpladinid compdives o1 ditcptadiely adilsigts of the

ai.d tenpera j et n .23 QC and 35 0C r . .

muclBlidk.togiRse B Ik MBSt arbon iror b b esrebea fpgene of sid
batdhedulereris geffomned ¥ith @ Gowshie] Wherein gaif fletvernta idcycabestwighean Bonential
ool k3 b B B B e isien® Edf pRP R e s TadyZing of sac
proGier bych-feadidg saidibatchngpltofe is pérforppedwish e consganpiow catayediein lactose

t i nal e re.o terial ,
and P b - oo TR i e 08 20K Bl (95 proferbiy
abopu] 1 ity altoun 4 gwiv)s miost prcferdblgbaft 1sk(wdwhand Whengintsaideubtivetting and

n i d. p e

feedfil G WL Gl S SiR0AERESe st AEROEF TSt lF o cemperaure
betweand®7eng 32 86, poefergblashow 30 8apmost pefaablndd ¥.nati vel y

CORSd %ﬁrﬁaepfspéélqﬁc embodiment said expression plasmid comprises or alternatively

consists of the nucleotide sequence of SEQ ID NO:30, said major carbon source is glycerol, said
feeding of said batch culture is performed with a flow rate, wherein said flow rate increases with

an exponential coefficient p, and wherein said exponential coefficient p is below pnax, said
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nucl eoti de sequence of SEQ ID NO 1, said major carbon
source is glycerol, said feeding of said batch culture
is perforned with a flowrate, wherein said flow rate
i ncreases with an exponential coefficient m and
WO e 28n sai d exponential coefficient mis bat@GAERAIBH(62628
sai d i nduci ng of sai d pronotér by co-feeding said
a3 bR Sy R AR b B GRDR ly AL F ftan fow

rateg mhbnemelactnseaandaaudana)ér aﬂmutsoﬁcd ateocoefbd)m thg ‘batch wiltgre in a ratio of

abog{ %ﬁ gé %g) g 1 @ VQR’{) ﬁre%ra%\%/ %%8 ét\r/\f; X\?]W/g&g?ra&t preferably about 1:3

(w/ehland wdﬁteirgsaahdﬂtﬁ@edg pad ﬁﬁdlsgpﬂsamhbatth aufuraand saiddndiming of said
] of d °
prob @i 5 B e b8 {BnegE e s S L AL TE e s 3 °C> mos

pre®EbISIC. preferably 30 OC. In a further specific
enbodi ment sai d expression plasm d conprises or
alternatively consists of the nucl eoti de sequence of
SE%SI D NO 30, said or carbon source is glycerol,
@%IEEI%OM%%FHS ¥h culture is per f or med with a
flow rate, wherein said flowrate increases wth an
exfigiient Faimea@abd bﬁ)@ﬁ&ﬂkritlipr@d’-lﬁSID\h}bhﬁﬁtr(SEQi nb NO:1) in RB791 in 21

expgonent coeffici ent i s belo I nduci ng. 0
culfiie? LEEHiedife, d5R5s pisgEph that waS S o, kit Siith Goptating 20 %
glygxedlfadd 0@ eh Maetbde. Shavangt giyterdl concah@hiton [‘gﬂﬁ(ﬁ:ﬁ.‘d:lés);l lagtbse@ncentration

s L RO A 6% 5 D ARl e s

the proeéssttiatel[y]. about 1: 1 to about 1:4 (ww), nost
preferably about 1:3 (ww), and wherein said
cultivating and feeding of said batch culture and said
i nduci ng of said pronoter is perforned at a
t dASBARED RESERIPGEON DF Billd ISYENTIONr ef er abl y about 30
0C, nost preferably 30 0OC. DESCRI PTI ON OF THE FlI GURES
F'[@ﬂlés@ dbfinddCSRBMRL @ RedBhiefll dnd ée’iehhﬁ@ms Rt kil Have the same
IDNOlélln RB791|n210uIture feeln%lil
mewrgs pltyndersiopd &¥ ong of pelinasy pall imiherpriiogyvhigh this invention
beléf28t @i ning 20 % gl ycerol and 20 % | act ose Shown are
glycerol concentration [g/1] (circles | act ose
c o AR thiththe mgpnipg et the Bregent §BP licgtiqnhe grresgiop gbout shall have the

mezinkﬂgrdf*m% I(o‘i@kh’iﬁ;ﬂ&ﬁbo@ﬂpbo@ﬁﬂﬁez&@(ﬁtﬁﬁmﬂs) plotted
| PTI ON OF

agal nst the roc DETAI LED
THETmAURENTT iR, 2 e edgf 1%&% Cofh & g%emaqe ey, i Arfirmgpter which
condptidesSe@atbiyl dl€mdn@y a&hwaed)paeﬁ esudh I@am)térb @reS@prBssed by lacl and can

bo 5461 B e SEIAE SPRANGHRIESIeEEd Cr U ARk PopR ghgeer that inducton

ofa Iﬁblﬁbl’er by Mbtbdei r&p%lbﬁﬁ-@ﬂaﬁbdi@ﬁeﬁctivhﬁ 1rDlh€Bz&iHr1aBmt i cati on
t t
e SIS 208, b BT iy 0t e

nuc'[hqatld)e_l‘rﬁ&l&dfnc\t\mlabferssml zncbmmlniue s&}ﬁeﬁc&dia&ﬁlg thcﬁSortﬂ@ﬁﬁtlon 5’-N1-N2-3’
{ {
S S R o L o AL B

r épequeseetstieych’”.ash ased hemtin the term “sequence stretch™ refers to a continuous

nucleotide sequence which consists of less than 50, preferably less than 20, more preferably less
than 10, even more preferably less than 5 nucleotides. In a further preferred embodiment the
sequence stretch comprises or alternatively consists of at least one, preferably one, TAA stop

codon. In another embodiment the sequence stretch comprises or alternatively consists of at least
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be induced by | actose or the synthetic inducer |PTG

The skilled person is aware that induction of a

pronoter by |actose requires b-gal actosi dase activity

in the bacterial host. "located directly 3" " : a
WO 06125821 de sequence N2 which is | ocated di r SATEPLI6/@WR628

anot her nucl eoti de sequence—NI— refers to a conti nuous

e hawi nfor

oner\rr er%ﬁ:w a?zekﬂganfi eag efls? one, prefer flﬁ one %}!2 op 8%dé)\1ln\hlt% e}g preferred
emiggighént dreatquseauerick cmhmsemlsﬂtethae%emssts bf BEQ MD N(u32.

USg cta'?a'i % > tzl}eusgcfh ein>thd lf&ﬂlceoa§ flﬁt&lgt” IEFere 0°a ;;Q t&lal organism

conti huous nucl e seq XS orqes
whigch g&srhoSiing quicaableaifhysting 28 exptassloz (plasnmhlf tlpn mﬁentlamlvgherm Shosting”
invgi187tng Qepl EHER IFTL B G50 DRiotid B phliBflntc 0 BBkl plasmid
durtngieplt flizsonor al ternati vely consists of at | east one,

p r‘%ﬁl‘ﬁ{r@b |1ry th@ @Sntex-[’%f‘ﬁétlﬁb?an? ﬁl@gﬁlonl Neg Q%Qéjﬁa%ﬁgl host in a

he sequence stret conpri ses or a ternatlve
me@@ms( bac@rlelf cudturel”p adtceniie typpralby 8aid mogivgnis, summw]ﬂne growth of said
bac{egglsﬂospne preferably one, TGA stop codon. In further
preferred enbodi nent the sequence stretch conprises or
a| “bateh syliupe] a5 ugedrhsrodn wlags tosEcylluw Neadpacterigd festdn # gedium, wherein

said\Qture cARStHREH cR8ERRteh) €. ltFiBaIl %@tp?é'félﬁlgl Iﬁ@%ﬁdltlf)ﬁt)lefeﬁloval of
to a bacterial organismwhich IS hosting or capabl

media®1takeg plage és&rptrge@e icBitvaioadime Therefore in Gomrest torf contmuous culture,

typ8) 8hd) prlf@SYLy NEE déﬂ%ﬁ?lo\fQﬁe biGer{a MosCAL hebalh dultfre contmuously
expression plasm d _and nai ntenance of the expressio

incrgpses With ProBTeping: eYliivagipy tiancy Patohcgnlipgs, deoes nof exglude the "addition of

conﬁ‘ﬁbﬁﬁd%)%qlﬁlfedtf&ethb R&dtN of 'tH%‘iﬁSHe‘sso Buch asCHbr kikdnfple, GRITREH, 88ken, and
bacterial host_in a nedium ("bacterial culture"),

alk%fgragﬁdﬁ%‘gpﬁq%fglppy said mediumis supporting the growh

f“f&ﬁwchh@mm a%lusapﬁérem lb@bﬁhué: WhicH ﬁ@suﬁﬁﬁedlﬁﬂﬂ adiifi®aNmedium
re] ates a cuI . a bacter| ost

cormcingf Sualce Py esaibeig A AT AR %tﬂéf‘s agteginlagifeed or co-focd

medidia). Elmthel cofitext Hfhe adplivatida dhiP pRicEss a@i‘e}?erféﬂ t@ B¢ kHel terithsOfFeeding said
batle of ..medi umta% Iac durln c%lélvat%gnh Hure”
atgh ﬁ‘@F‘BWBPSmP‘F%?S Mg 8 SguTe r?P nEfbiFEding paig, paich culture

(mddylm WhﬂriSesalhd nfjcefcarbab k()ur&efkelddbd’lﬁldﬁ(}er qfrefbﬂablybﬁﬁdse) ﬂ’&blcally and
in the ch,.cul ture_cont,i nu reases, Wt

I a usl n
pref3 bl B8 TG0 PSSP Farn AL ATROAeT HVE Hogacfipe culivation
tlmenﬁd fedeati:]hanadajl tion of conpounds requi red for the

tro th roc a duc

B SR A e e T T R L

for kaatulthrecoﬂ : lar@r V0h1ﬁ1eu sgd tHeeduttune 1n92vhich: thet ra¢oenbident bapisil protein is
ona m_conpr a .

pr° u“%@@rgg“c o F‘él ey a |pr°“t“L °n°€n §F pg‘g‘gg’gl%s“l“s T} Qemgr Y4pg wherein a
sectygic pecultire hmsiocuilﬁtedzdmdr a cforstf pedultum:l ietemito produtdhr@ sufficiently large
. f t ' hj i f .
o 5 o S o0 o PSRRER e 9 b
antibmtip ta mqsomhmsma}mbﬂuw bon source) and "co-feeding

; ; .

SoufteaRlt ds S R e R P8 ol R L s
to thedcarbaf endilshergy neupplynof/ ghe bzﬁetetiablihgm &b efotms ésubstrate” therefore
enc@l%ﬁés@fés' a?l?lcof?lﬂ&ﬂfa %ﬁwﬁ@&%t&lm%ﬂtﬁﬁuﬁg & lth\éactafb%ﬂ supply of the

bacterial host. Typical substrates for bacteria are sugar, starch, glycerol, acetate and any other

organic compound which can be metabolized by bacteria. Therefore, the term “substrate”

includes the major carbon source but also, for example, lactose.



10

15

20

25

30

35

time of a fed batch culture. "Preculture": a culture,
preferably a batch culture, which is used to produce
the inoculumfor a culture of a larger volune, e.g.
the culture in which the reconbinant capsid protein is

WO poedsésd (production culture). A preculture RGHER906/062628

performed in two or nore stefs, wherein a second
pr %Ea&éréc%ﬂag)n Iglglgclz BOS gllseehht%%m\/\ﬁeigarrs té) &Fén%)it ognd3 %g éjulrl't(lelreeélgdlum which
conplhucbs aidsoto the barbnneand'léhergff |supplly ofinttl¢ bactembb@t{ dwmg the growth phase.
| [ [ .
Théofng]%y cllcflﬂgrf %ﬂ?& %hﬁé) r§0 bs%l %u%malttp of {heGo&E relérlgﬁz)rs]to Y[%? engaéor carbon
soufcg is typarap urﬂugarrsuclh es sudresaroe ghnsdsen ot glycarhl, @od preifdsahily glucose or
t ¢
glycerol. '?ﬁou%@ lzﬁ%%g(??% tﬁﬂﬁﬁ&ﬁag %% )e{ 1 og oc%gg %g&ér@er foflla bgaéﬁal host, in
the cmﬁp@ ©fithe destanbinsention thet thrmn ‘ﬁedpwhvorswrpcb tmplﬁ@]lyta@d phederably does
not l{gignacgbgppl y of the bacterial host. Typical
strates for bacteria are sugar, starch, glycerol,
acl%ha%w eof dhedprageaps of Ferimemgjemii Ehedwﬁq@%ﬁﬁjthmm\@htl@aﬁ dharacterised by
dlfigﬁz gﬁgsész%ﬁlcﬂﬁe}%ia% gfffe@ent %fsr ﬁf)élf:iﬁ'cohﬁlﬁoﬁse{)mhe bacterial host with

ate” 1 ncludes th or tarbon source but al so,
resrfee? todtg gravitieand the t%@@lom/ﬁp@wtlewt%ﬁofser@@SSI% cQnstEgrt.

heiRbRh A&, STROeb R FHASPR lfﬁ]ﬂatbd] b% Bfd @iﬂ'tl%ifn@ s%%a&gﬂlal host in a
whi ch contr.i but es nost to the carbon and energy su

medjpm; hee grawthephagg istpeaferably chsrgcterived Gy sapditions aisder whih he promoter

drividy B kAR SOHE fRotbBitnt Apdidl Broidh A reprelil 284 ¢ ro@vﬁhephase is
bact erial hast..  The major carbon _source is typically a

teraifjafed with epid 4adusing saidpremmotgt with @e indyeer g e gsowth phasgican be further

dlvﬂé&frﬁé Bftlich (Hadt® ARE aOfced IpyisR? Baid TdigHAsd @Cﬂnﬁ&@d 59 Whifl cultivating
principal act_as a major carbon source for

said, acteste] Bgst b atmediym.t Hhe b ehase gemprived ridagaphase” during which the

bacteﬁmﬂist i9 Bottsléﬁgrbﬁriﬂy or FRgvihg with B@Bn—éﬁid)h@ﬁlal iatépty?@hlhsyarﬂr}ﬁeferably
does not incl ude, | actose. ses

a hﬁ%@éf‘s 6 TP P SHIEPLFPMPTES B GRBinent Bre PHSE Y igh direetly

follbws eieaaggh@é I §6 %eHMgdiffsﬁlﬂrcﬁHﬁre RAIRS PRacyVdinedy thefbeich fpBase, thus the
di ff.er ent si.ol o a(lligsc,:&gdl tions of.ihe_ bacter

a .
expﬂlaegpalvgr?\ﬁthrp éﬂe GRRHmRHP ¢fifhe @f)tfaé%@f %ﬁ lbfctenal host.
Thd gidvmi p]ﬁﬁb ﬁﬁ‘tﬁéruﬁ)n@f‘lsds huefeodpheseS ivthichCie ditdtly dbllowifey tidtbatch phase

has S.njitiated. ai d
andIRET ip G B PO Qorigrar spid mabh ik Syiifp Sinaion sarbon source. The
fee@p]mst iy q:hblasuermea bp raqr@mihbhty of tlﬂrbactb@rl ihﬁﬁdvlﬁk}h i§ dfrelitlyi depehdent on
the?i \NE%I ?ee rorm er. t53 aog d cressl on of the
8‘6’6% f 8&59“8‘?5’?“ BPIP 13108 %%Sé’ &nd the growth

p Haswuctiont pirase™n aﬂaecgwwﬂhhplﬁm it folldwed by thaiptbdoctiomoplease which is
1n1t\éy:te\<lilqagesald 1n&i %?n?gbsg{d Cl?]romﬁ{gs gmtn gn dl?dc'u%erf gfecgemhtg%lga.lfgl a%gipaeferably said
feeding afsajulimasb culure mﬂhlsad @chjdp garben sbucoelig ccmanuekig said

b ' b. phas

aa, oﬁ&ﬁ@#1 aglgd%} urclzhﬁthgevﬁr:o%ﬁ%e{ Ep? l?@s%egirl Eall 3 SlfoHRJers?%o% that the
repressionpf@prorgotoris g mlﬂgium’ qﬂforalanqmamb(bsm@attqnaif thegemressor-operator

corﬁr}ﬁ& zﬁl%l t{xz}f e@mstﬁfé%%ﬁ} ?egh%se% dré)tﬂ&ys i ts ?w-crlhc%{l{%h %%ﬁ]ljgssmn rate also

se fur S an " exponen
in thé plsenadi ofgbdit indiicsr] Bwseforkeas) wgd p/hfagleth Iapplfcefetm thg tesf “conditions
mdt%ﬁ{évglcﬁ %J fﬂ{)ﬁ‘m{eﬁ Ii%%pr@és@&eregltlzrs i 10 goﬁdﬂ@onp,a\lfﬁé?eiﬁ g@&l@ endl '81=' the growth
phase, i.e. directly before the addition of inducer to the culture, the recombinant capsid protein is
expressed to a level which does not exceed a concentration in the medium of 200 mg/l,

preferably 150 mg/l, more preferably 100 mg/l, as determined by the HLPC method of Example
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exponential growth phase is termnated by the
consunption of the substrate by the bacterial host.
The growt h phase further conprises a "feed phase”
which is directly follow ng the batch phase and which
WO 2096/128821 at ed by said feeding of said batch CROITER206/062628
with said major carbon sour€8- The feed phase is
17. olasg ﬁr%fega{bblls, r%agac %?(g/eanggt%ogn\gg Ethe[ r%ct:_)oﬁnh?%ag% Fﬁ%ga%alr% a?fé)lwglge ?%%c&ion level of
said mettlodredi um cont ai ni ng t he maj or carbon source.
" p t’-i " - S . | Jc' ”b
 BIRGE SRRA8 Tl SR nRIRSE ] LRURG Niacs 0 ny
substahgovich dirctly rindiscdy ingrads with amidducihle pratrotee amd thereby facilitates
exp@é@bﬂ; ﬁl)ﬁ%aiﬂ%go&&t%g & .%QAIMPIEQ' %(ﬂlcgrg %FJ‘ oﬁ’lf)tet3 ﬁlld%lﬂgi)g tl’hctose”, such
culture wth sald’ major ‘cdrbon source I s continued.
as thdan di ta¢ promotemcies IRANG, tHetoshandmllolasioser | s repressed”: it
b Seclo g8y P! ThORrh 8RER $70R” hd the RELRRAREably used
Is an @gﬁwi bf%m Ig(f) Pgr mat %on anégﬁjd(?tssoc][gatalleon of The }fuse
termp Egapaid paetein) anithinghis @pphislation, gefarstie atvirahprateiy, prefgelly p pubunit of a

na aﬁlg&ﬁz%ﬁegf RIARR! fcferdBRY of RONA B%&ﬁbﬂa_{;ﬁ% %]S:ﬁsfs O&gélﬁé ©f being

] 0 I n the absence of” their 1 nducer erefore,
incqrpergted,iinth janvirus €apsisth P & ¥iPoHor ¢rample; thespeniide gensrpsodugtef the coat

W seic bLPRNAI ARG hakSOB RLRISER as OB Swh&eas the “coat proteins”
procon%eihgi ons V\/nergﬁgagﬁt Hoferred 10 as ?ge grvgm ﬁaspheascg? proteins™ or

“capsigprofsinsg ef hagtcpaphsee Qb emarsith QP GF asrrlias thar 4l prhisin
C URlebdrRbindnld @apsREAARINTARL copSiR PréteiB WHiH [ dyBth8ARIIEHSE tecombinant
to a | evel which does not exceed a concentration’in
host ¢fll- nedi um of 200 ng/ 1, preferably 150 ng/1, nore
preebRpagldy”: 10O0uddl hbscirP the A8 FBINIRALRY bR thlaPfelyBérn@thposed of
of Exanplel7. Most preferably, the concentration of )
amipp cacidetesiduisn SFerahly gl #aing Acihrepifuesy dpksd fogrtherethequeh peptide
bondf. AleiodghTRpbRPeptidt MehyGRE neceMatilyl Bt lihed M aiteN the @érnt P&ypeptide is
in inpvention the term "inducer' rel at e% tQ _any )
oftcn Hect 18, 5% URGHOR FIGiPPRIEIe 10 2 8ire PhArRiden 10,0 PR ARROACift h
anPrdieltrei A¥ %ﬁe@ e gfe tadid prlofeard ﬁiféts tog bbliyfaéiitiﬂfé gcanerally of a size of
expressi on from sai ronot er; . for.  ex e, in rs
abogt 20.mgTe SAEUAY RkRRYS L AP did Guies. et generslly Hag a defined
thre@Idith@BiopalGeétete, altAdugh i do doatdcessarilgmdeddo] #ldaed Of@. referred to as
. Coat protein" /. 'capsi ratein': The term " coat
foldsto P PRos GO R deR AR BAPGRAE Yhict S A AR RO tydefined thrce-
dimpngiéral Strucuiré, fbiu rdtiitr $am pdupt 6 drg® Aumibed fof difdrant @onfbim@dtions, and are
rqtein ferably a subunit of a natural capsid of a
refe\%eﬁtt ?S‘Elf‘g‘iegir ably of a RNA bacteri ophage, which is
c dfRabdmbindnt best n¢)l”t As asqddreadig dhd taind "r@conbiineit bayp s8¢l refiersao a host

VLP. .E I t.h i fi . duct qf th
cell 5 i spE PR Burk o€ et PR b St dfpagec
t dRasonit@ilanCVLP” Vifberteras*redoebimoaVLPt, ot eicd dtremy refaaipsd WLP that is
, i ps of ter| ' " "
o 6, g RSP B RSP e
tern, “Ya fsicdomiriungy rprovvicedt, Iifls usodnhidnes,i Séuis by a ViiRetenis oizined by a
prope(gsc“ivh?c?ll J[om n,?é’s' éfﬁ&@l br?eesté 'é? elégl%ginglﬁrﬁlklﬂ tg&% fog%]ﬁ‘hus, the terms
pol'ypeptide™ refers to appofynrer conpose or no
“recovibthane ¥iL.8liesd “YeAarwnibmanty pragbceditianointétdngeablydised herein and
sholddMsGnt RRAGAEMeddMLUIN peptide

“RNA-bacteriophage™: As used herein, the term “RNA-bacteriophage” refers to RNA

viruses infecting bacteria, preferably to single-stranded positive-sense RNA viruses infecting

bacteria.
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bonds. Al though a pol ypepti de may not necessarily be
limted in size, the term polypeptide is often used in
conjunction with peptide of a size of about ten to
about 50 am no acids. "Protein": As used herein, the
WO 2086/m25821ot ein refers to a pol ypepti de gener alRGI/BIF2086/062628
si ze of above 20, nore partdilou arIy of above 50 am no
am\/d Idu 1c wel LS %ﬁl %rrallnl gve.,% % 11('1.3neagtlctlh'r e‘f?ers to a
di msnS| on c Jre “al ough ’t e 'do MO NEJESEST i
struaiediresambliag d vanepaurﬁctle or it effes teaalnctrerealscaﬁm orewp-infiactious, preferably

0] I.C 0] -0
o oFRRITLE o RSP A AFLKPEPY, 0 S Oor
1nchaoltsepre&g¢ﬂpl)a@i op-repli¢ative endqmﬂamfectycﬁus@trﬁﬂenegmembling a virus particle,
f . .
preﬁ%gz)p!ir@ %(ﬁ ?)? I'?ogltméc gF)?,,t:érﬁIAgﬁcfﬁ%%ﬁ(ﬁté?i’i %E‘ S djﬁ%(él}n,mrefers to being
incapable i ixiphicating essgenomp comprised by thaoVEP. hH@ttelmm tonipfieetious”, as used
C t . . .
] A1 A VL8 TSP i g
accordpnee withctberinyerdion isnopurepligativesand/on pereinfectipusfsince ittleckg all or part of
the\an%l %Qfﬁne' ot &Q&lﬂ% heiby ﬁﬁw’aﬁf %Svglru\@’hfkﬁ R)aﬁﬁfépl'ééléezﬁl @Ite ?art of the

| east one step of reconbinant” DNA tec ‘g]%/?
repliagtipe prccwifsHersrrompopanésdefclbel viralgenerse ot kelike, pariégle fnsaccordance

w1tf1 QneQn\)@nP ot R@y chriaif REALIB 86td RistifctRFRE 888 oWhtintd) ACGP S 238 Preferred
| east one step of reconbi nant DNA technol ogy. .Thus,

emquﬁiénftné of8 viruglkerBarkelatin peqordageriwity(the preseahiivpriion|iy a viral capsid
sucR 2@ tHeGadl c?ﬁﬁ Jf MEERRGIAERL |vifué»' %ﬁ&eﬂﬂﬁ)hﬁ‘gen 1%Fl=!iia‘t§‘f3t1 RNlAdphage The

have the identical neaning bacteri ophage
terms ggraheapeidn or ‘oaRsid e Fetsr twm@%m%w@b Assgably cemppssd 108 viral protein

suble. yhdABS thodd Bfet 607912028848, 30, 866288 nYork Ghan 360 viral protein
SI ngl e- st randed fp sjti ve-sense RNA viruses infectin
©F

subpitsy dypigalinand preferaply. theriptepacions\afshese sybunifs dead e the ‘%rmatlon of

virdl h@stdeémlraubapdﬂ- ﬁldel%ﬁuaalretwlm éh mha%ﬁrrépéuﬁva ofghkidgiod] ®herein said
resenb %%}SVHU parti refers. to

SRR we'pfmc SRSt oh o 195 e ot eapeida Bl N bacteriophages or
HBB&ngaQ@hblﬂﬁhbalﬁ)rﬁfUhdb@z[hedﬂaf@ﬁiméﬁlyS virus particle, or

S tg a eplicative, i nfectjous, .
or 35 k5 iR ghe RAA Prelsripunab o ks e b (518 Viruslike partile
of SRNR%H&t&ldpﬁS@Hbéﬂeﬁgtoaa Viriisiall‘ikeppefrﬁdléi |c&mp1ﬁliﬁ1ﬁ Qiqiﬂéfyra’ﬂy cons1st1ng

f
essIRLY (P P FRALBE ofeonl T HERSATIEnG, of JRemEss | hSeheT o RNA

bacgeioptuge.da rafdities dflﬂnsthké‘lﬁaris{d:l?of 4IRNA badwrriophage resembling the structure

here ref.e s to b
of 4 R, bt BiRe e o ROt Bl ToP i 3R efing at least the
genmor gsncks |ek®dpgrfbr thleeeplrcatamanadl’imeqeoﬂ/ﬂaé RNvhbactaniepinige,cand typically
alsq %‘élf(“%gn tlﬁ%leg%ne grz%%n%/se%ngg ég[h\c/alprr% in or II?ro 119surf’esps<’)nsnl§lﬁé’or viral attachment
to drienty imden theThppt Beelfdryed VIWAsrdegvddi ﬂmm RAVA ba:dtcmophagks exlibit wosahedral
f loj ' i.nf ' > .
syofifi o oRG S SRS £Bfrrel BRI LD ERIP I B barite ora
RNw hahtenmagmn“eplimtiwwpd/oonmaﬁnfecm lishycgeacticimatiitlativot
fr t YRhGAh " "

o U8 37l PRAIE el {hB (5" of A e Thel iyl SHORATH moan va
leasp peeé'eant'onerw e10td, ‘ounléss otherwiisedhdicadgsbi d such as the viral
c a@ ge{ 1d£tﬁﬁ&c Q'hé mg%gfd%gqﬁéhgéﬁﬁentw G ]?Jlﬂl}%BP@eg Qan be determined

pr e
conventlonally using known computer programs such as the Bestfit program. When using Bestfit

or any other sequence alignment program, preferably using Bestfit, to determine whether a

particular sequence is, for instance, 95 % identical to a reference amino acid sequence, the
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terms "viral capsid" or "capsid', refer to a

macr onol ecul ar assenbly conposed of viral protein

subunits. Typically, there are 60, 120, 180, 240, 300,

360 and nore than 360 viral protein subunits.
WO Xppiizs8rl y and preferably, the interactions GiCTER266/062628

subunits Iead to the formatdildn- of viral capsid or

viral - I struct ure L h
param%er afe geg S%CP tfé&lﬁ%]%a qreen ag\Mg')f V\Ac uy 95 cz(l:}curi? cd oy edrt]ée Ifh%l’ length of the
refargnoe camhdoyacuhwkmemcﬁ allld tlmat gapbin h@mongy ofaupatofl %, oftthe total number of

d g .
ann?lggd%id %Slﬁ&fso rlt\xﬁhg ?&%Iggéseaﬁegg ? a?J al éﬁ %‘hﬂ%&?rg%e?u%gd method in
detganmng: Ithee pércqltagmﬁofoabmaylmgepolypﬂpudesed dpplicable, tot hié proteins,
pol#;%%a{ﬂes\()f 5 H‘§g111ét}f ﬁaeﬂﬁ%f‘ él'sc%s%dﬂj lﬁiﬁéﬁh&lﬁ“ eri ophage”
ers to a’virus art| e conpri sing, or
pr“éﬁ@ueatﬂ j;lomglnsy”stThq:gh@g@em jofl| jugleotideo sequeness g@m rfor gkample be

f- ¢ i
SRR o IR P € SHTEOA LR, o i
prefRraklynesingdhd ttlp%@s@ﬁhﬁ Soﬁ@a{ehe structure of a RNA

ba‘l“?} eﬁp&azgﬁroteﬁ]?" ﬂg %IA}Q’&I {ngﬁtt dfvaere nqz{nt rotem or recombinant

non- i nfectious ng | east t ? enes
coa pretsifl, 188 usedrhercis i éqﬂnpd; at ¢ eﬁym@m rYéygh igfo athléasR Yo, preferably at

lead? B0Y4L Eﬂo?@ﬁé&?abl;agtdleﬁsy BOG%aLVeh Abre rdrarakil g léalé}e%g@ﬂﬁ leﬁgth of the
ene$ encodi ng the protein or proteins responsible

wil |remb&tanhﬁment, Pr FealePretein, irpppestivaly %éswhlclpp@feé?hbé aetams the
capybifly of %ﬂﬂlﬁngtP OPRLf2NBIyAE E8Eh@R RPRin@YY R idast one internal deletion,

|cosahedral nnetry and consi st of 180 subunits.
P

A
at lgpskpeg F@zfam Prodt lpast pasmerambination thezeqfi Rigthey prefesably ge fragment is

obtAANA At st ) BAg6st '902[1 hdRP8,1a€ AlobtV7E a6kt B! at most 5, at most 4 at most 3
non-infectious is enetlc nanlpulatlon one

or af post Ayaternahdel Qt@pﬁé)y ablﬁgst nl0pat mosto‘)r, abgpst Saq,ténqggé at 1inﬁst 6 at most 5,
at thét S, dt $okt0S Wk &t nlosEY tAimadtiond tor! tm@sﬁl@ pBferalili @it ost 2, most

oreBBeR e o S oot Mot are Sy s Bapment i absincd by
exaPB} ofRamkingiede]ction, eb@ctlgteﬁae trihdatieh Sy \acdhibRatdd herdsf. N g

knQwn coput er such ag the Bestf_ t
Ve 58 e g aRebs oSy DT of CpRBLLA SoBT e shallfuthe
encﬁihp@ﬁ Qﬁlypﬂitiﬂfa ewniah Vhasl Gl Iegst B304, fpréferablgi qabes, exveh Are preferably 95%

eduence L NSt ance 5..%
amllna é‘lﬁlja sggﬁen eoldgnt}t%f“’é'ﬂ“etﬁﬁ eH galrﬁfogjgm%mgtem or fragment of a
coat jietbaf aféepdeﬁﬁelﬁ ra defiticd abieve ahb &Ihl(ﬂihﬁpﬁ&hﬂﬂﬁ t#pgklc of assembling into

g? % IS cal cul ated over the full length of the
A& ami no aci d sequence and that gaps in
h Ortel tagy“mlﬁtampgdomb&ha% ebteinfer that tatm hmmlamrofcaf reémbiant protein” as
1ntef%%a1%geg$l8 PG 1?] {h:Jsg ir‘?té‘?}l%%{%ﬂ%g“ nr(r:r]ne c}'sé Te il t rghoé"t pro el{l h%r tLe %’é’len(lj “mutant of a
coapproted’l agetechangtahly uted ib dtisvaeentoo) rybﬁqlbladmiype]mde having an amino
b r bypeptides or f .
aci E%Pe&c dgﬁg% g§11é1 dthg W { t:ygg' re08 %ﬁglgt nérl)t(é]%é 8§ g%ag gr&t&g%%ectlvely,
whéranshogyiho atideciened Bgy least &ﬁ)&(c Ipefitrally at BgstBIte 90Bah5%, 97%, or
L& I

99} %egﬁ%(azfr?%:ﬂge Qﬁ? g&l osrﬁﬁ% pget ?{Biy g%%%x]a s I”@a aﬁﬁlwtomls&{ble into a

VLBreferany usi ng the default settlngs of the sof t war e.

" ec ic n%%ﬁgont?f‘s rei;zi%ttp% %La%'g?ﬁcrleeng X ﬁ%@ﬂt&tko%ﬂr&ressf i{)?‘&ggﬂ)tduafon%f a VLP of

I nant “coat r ot
a bagtasidphege The, procssajleﬁmpreﬂedamtlarepmcypemld déthe WHiPc4ndicen bé scaled up

to &kotnfidRial %Q(/&uct% eh&aiathy p%cess encompasses the expression of recombinant

D
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| east 80% nore preferably at |east 90% even nore
preferably at |east 95%the |length of the wild-type
reconbi nant protein, or coat protein, respectively and
whi ch preferably retains the capability of form ng
WO 2067125821ef er abl y the fragment is obtai ned by RAT/ER26(/062628
one internal del etl on, at |€el@st one truncation or at
capFl?laS:Tt%ﬁ%tnoq‘ b%(c)trgb{)p I On tﬁac%erlaf h?s't: (tierrf&{)n%&{se\&ﬁgh %11(%\9 %%e capsid
pro®1n tatselﬁmsemﬁlp ireo VtﬁJBstspoﬁtanatusllyost 5, at nost 4, at nost

j I
emgI: e@&ﬁﬁr%%sg?i} g'fﬁg %Jchq‘/?}l %E Ip?{h?lﬁ% y gﬁ c,setSS &? thgq}lve{atlon are
VLPhD gf batterigphagess tpreferalrly RN Arbadteriophagendatdne npsqfermd dmbodiment of the
1nvéHi’1%L %he forﬁg fle n‘%Ln}ﬁcEt of ¥ ifven }\%nglg)ﬁgegr ?@As}/sgslb\ésse?]tlally of, or

xact | y one Cco |na_t|ont ere(_) . pre era
alternaam 1gonsists @%tr@pmémlaMycoekmtew, owtanisar dfragaients éhee@qfo‘mf a RNA-

phagﬁ qi%fleﬁébl n@r 3 Rﬁ‘atgla ?Erkefé(:teg ¥ro  th agi%'u% %ﬂsgﬁné Qlezp%gétenophage QB;

term reco roteirn

b) baqt@@nlm@ R¥7; aP) cesgieripphage ifty" dsbagtariophage Had; eh bmmhage SP; f)
I
bacg:gte) rgep‘m 1 Ipﬂéagg M 1; 115 PaleRPhag eol(/lﬁfle tﬁnﬁ?xé%e NL95; k)

5% am no aci d Se uen
baCWFIPPhaghéz lxmargmmwaanﬂ@wmmagem\&%

" f1h 3HOF el cAbSRALNtRE HeGhventiod, V3PS G/ Y&iuléed &ﬁlpﬁ@iﬁg B&A protein,
above and which is preferably capable of assenbl

mutapts or dragments thergef of RNA bagicriophagas cwhgreip thg gqat proteln %as an amino
acid RGRSHRE BAGedERh ﬂie'gro@hrcohﬁﬁm k) @E{g@ﬂtN@fj réferrln to QB CP;(b)a

reconbi nant._protein' as_interchangeably

mixtyg oh PEQAD NP:Siand SEQ TR NRLkSAOP Aot oce SEQ IQrN‘t)Hé ®17 capsid

profeﬁi)*m) SEOIDING 7 @ 6481 p%t@ih)a '(é) SEQaFD Not 1%«@%@&9&1&?{0‘&113) (H) SEQ
In this invention, refers Iy&ﬁgtlde

1D B o oR s roGigaht Bieios SHOTPANPER AP 1Dy e 0: () SEQ
NOFEQ®HE2 dageid pﬂ@tem)e@mE@ D GRAL2 M DL Qipsid pfR&Re 95 BE@I®.NO:23 (MXl

S 0550 108N, Sk Nos @ o

protedﬁ;n(th)ZSEQtI(D NOR26METT ¢apFia pRewey e @NSEQ Hb N@ID2 YAP205 capsid
retains the ability to assenble into a VLP. The
Profidention is related to an efficient fermentation

prlq&ms&pfdsgloﬁ e B roco,Uthici Hierfrfinal métiorihic af QB coat proteln 1s usually

ronpfet Gl it 48 Bl Lhirna Sl B DR Ul sHRBRER 108 con

profeim Giheid thélNStemlnﬂal ﬂdﬂﬁoﬁﬁ@h&&ﬁt bd&ﬁ e¢naedss WIS comprising a mixture

SSi on |na rotein of .
of G BB fherd 5 NGB RR ahtRipn e B et orresets e atso within
the wéuipe bf tht pregent hwewtiopsi d protein to seI f - assenbl e | nt 0

VLPs spont aneo S| of VLPs ..
vah o5 PRt BE e oGS TR REP o Sifsfig Vg? Homprising or
alteHiaBSelpfcohmstmg rofapblaghsn one efnmoah:dlg/ s&hléndza ptoferaldp Hterg enino acid

seq{llc{ﬁrccggs] &I‘ ?oé@r%%{n?,ﬁg%ﬁf% Slj ?%ﬁ}entg fthetr&{&? of a\llﬁ\ﬂ& Bacperlo})lth%e

Aventi’on conpri ses
cdnging tvsryepsfened gibydioknt, tre ¥LP eomatises eir)altcmnmest songists of two

diffp r%gt? g% %?(R in§ 8%&@8%%&:1@% rph?%é %El?istw%r %)fa{ ﬁ%&g&hﬁave an amino acid
soquezice of S0 1D b Sland §EQUP mmg,mpf&@wb NO: et SHQ @N@gw

Ny ﬁ%@&ﬂ&ﬁ%@ébc&%‘é&g &f Rhe }resgﬂt ﬁg%gﬁgpfﬂ@lf]?&ﬁwg& ;VLq’) comprises, or

bact'erio bacterio
alternatively consists essentially of, or alternatively consists of recombinant coat proteins,

mutants or fragments thereof, of the RN A-bacteriophage QB, fr, AP205 or GA.
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bact eri ophage M52; g) bacteri ophage M1 ; h)
bact eri ophage MXl; i) bacteriophage NL95; k)
bact eri ophage f2; 1) bacteri ophage PP7 and m
bact eri ophage AP205. In one preferred enbodi nent of
WO 200¢1258%ent i on, VLPs are produced conpri Si ng RGAEP2006/062628
protein, nutants or fragnertiS-hereof, of RNA
bagt gL e” QR %ﬁfbo%l\her e'éh” LNTE 5 Oétp p%%&xﬁx %ahé‘gﬁ?‘&‘hé"{:“ §1d or virus-
acl quence se fYomthé group CORST st ng” 61
like(lai)t1c$E()j‘ QP shityHarr wbsahedralphbge-lijke @Psid (Sto)ctiere witht ajdlemeifer of 25 nm

S8 N S 1 o .Gty s
covalapspahtameny end hexafmels IBEQsiDdeGridgsd (Gaknalmpuenadi, R. et al., Structure

455)3r9§5gf|(@9 )(f) SEQ ID NO 19 (SP capsid protein); (g) a
m xt ureo? SEQ ID NG 19 and SEQ ID NO 20; (h) SEQ ID
N@roferr¢dvsirue s pertiples tofi YA YacierigptagesD in@aptiufar of 1QB and fr in

acc&ﬁ@ncb'e Q)f ;H 501%19 dﬁé {ell d%)scl%%azlhl Q{WQ/%@ 6§(M)(£he Qlﬁ@l%blge os which s herewith

protein NL95 capsid protein
mcgg@aqeq)bmfg@nqeflg lte SpHeY- Bfrrbwéafrﬂxamp%wsé@l@ @240@69@@ gave detailed

des&gﬂ? g?gégﬁaﬁh%%@) a3 foR QPEQ | D NO 12 (AP205

tein n expreSS| onin E «coli, the

Nlpeanmhﬁlaprqﬁ%teﬁu coRlonEncsf, tp Aats prdiRioh RNA (hagtgripghage AP205.
Asgeﬁlﬁsl\/&%p@tgﬁtalnlutanﬁforﬁg olAP2ds AR inckRBP AR O p%%an with the

VLP conposed of (b coat proteins where the
Subﬁltﬂt&nn?fnﬁfphl?ﬁe%ttﬁ%ﬁ? aeidipate thenoniechay alipbedisedin the paactice of the

invGRHER' dndl REds tdToMcH MfReffredRmBOE R AeihdSinVERILE. W8 2004/007538
N-term nal nethionine is_either cleaved or Eresent are

desgribes, ippattrHaninExawplpd apd Exareplp 2-dwsnio obisine WY spmprisipgoh205 coat

profif MdMhesdb PF hReiciRP the @kprbdifoniahd BitpuRficatibh treMdid) WO 2@04/007538 is
nosai ¢ conprising or alternatively consisting of

incogerated H%Fﬁmd’ﬁfé"’aé(rﬂfﬁ"(ferﬁli‘,‘ied sequence, preferably two
af]hrd)ﬁe ﬁﬁfdﬂreﬂ @ﬂl’lé&!iﬁ)@ﬁt; th@fVIﬁPO@ﬁnIEi%é%tﬁlcﬁﬁmstMaalﬁﬁtﬁnt%at protein of a
Vm’ﬁr @Farb da gﬁ‘ﬁ%gwﬁﬂﬁ’? agen K Wg%ﬁ%ﬁ%{agg tq Brlot |11P hgsnbeeel\nl ?nodlﬁed by
renﬁbaledmtleasebﬂe I‘y@iﬁslrédi@ley v oflisiisfueitd afdat bp may Qifﬂféletlon In
naj& ﬁp@aq?ﬁPg%a d. t wo. coat grot ei ns, have
ano Hrg eérgfi& g(ﬁ € Qho? EVR@ongoglﬁ seg@bcqnélsm a]psutant coat
protin 6ff a &inky, pidfdkBly 2 RN Bachr{dphbycN@her@in thél nﬁlltzﬁhf @ddt Pebtein has been
t.s of the present in i on, pr oduce
mof§RH By GBaton, Bt af (88t Tt FeREHE b P0Y et Sl yagjpr By way of
insé@tiorThe delatidny ehbstitnoos orSddditioh of @Cleasp bnalykine eiidue allows varying the
r ot.ei n ants. or fragnents thereof, of the
deg%ﬁéﬁ%‘@?@ %ﬁ%@%‘gﬁﬁ fr, AP205 or GA.In one preferred
ernoiorl dresapsidst dif&%[ybd%t pfotein H%sﬁa@?x defikedohimgier GPlysihB@csidues on their
apsi.d or virus rticle.o shows an .
surfagip \%eadsi%ﬂne FP&’Q &y b t@!&ﬁésrsaﬂesfﬁ?@’ef BPELE togvagds the interior of the
cap$itl an@in€draclihg ¥fth B0 FANAL ahd 3o bafet lySHETeIduds cxpbied €S bxlerior of the
ntains 180 copi es of the coat protein, ich are

caI’F‘gnked in coval ent pentaners and hexaner s by disul fide
bf(D[ﬁ gﬁ&alftﬁobmwﬁﬂ’&(ﬁosedmysﬁlb 1&|s1dues351kuﬁ>blab&l ‘ﬁy Stginhddre also

e erred._vir.us- e particles of
enc 1382%8& B}S é’gesetftrfn‘f)eéllnf)? C a‘t@sf ﬂ@ﬁ Maqt rcolatn proteins comprise or
alternatively consist of an amino acid sequence selected from the group of a) Qp-240 (SEQ ID
NO:7, Lys13—Arg); b) QB-243 (SEQ ID NO:8, Asnl0—Lys); c) QB-250 (SEQ ID NO:9,

Lys2—Arg); d) QB-251 (SEQ ID NO:10, Lysl6—>Arg); and ¢) QB-259 (SEQ ID NO:11,

Lys2—Arg, Lys16—Arg). The construction, expression and purification of the above indicated
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accordance of this invention are disclosed in WO
02/ 056905, the disclosure of which is herewith
i ncorporated by reference in its entirety. Particul ar
Exanpl e 18 of WD 02/ 056905 gave detail ed description

WO »oo/p2s8par at i on of VLP particles from Qb. | n REIERE06/062628
preferred enbodi nent, the VMR +4s a VLP of RNA

bacteri oph AP Assenhl t.ent t f .
Qp (I)Ii}l rﬁlﬁag %{ﬂ?ﬁ%ﬁs’, nllu%a 88 cogte% %15 Coa%decg%stl re%é]ﬁcflﬁe Yorile described
in WOB2/056G906 i lopactitulprris hernbzy laferradtmaamﬂe:ﬂ &oftabovtemantinnadepplication.

ITBIX éla}ilftﬁer ﬁféﬁg&jeﬂlﬁ &lltl&é Qﬂeﬁ%tc{)fﬁﬁnzg{t c'é]%?d %Ye%:p Ié) Q @f& rotein of

erre e 1 nvent)
bacmomdﬁ(?@%%ﬂmg amipe icidi saqusacd depigkedrin SEQHaNO! 1é 01 a mutation

theRf WHIGIR! &Rﬁal%'g?&%&ﬁ’?tﬁﬁ‘ f}/J—F’ 'I%:{He L DQins %05 592ESEQ ID

proéteins, partficu xpression and
NOt15e opdP205i D GEQIREN@t4.). WO 2004/ 007538 i s

' NG AR gx%?egggﬁ %ﬁl%b&in}éﬂt regémﬁlﬁzfn‘? 'E:gﬂgfﬂeproﬂefﬁ 9'¢6m gosed o{ the 133

ref erre I ment conprl ses Oor consi
amlao acid apat peasein Gofdi eplh ROA b@cwnppl@ge RBepeprting oraprrfigably consisting

of @g%ﬁﬁﬁd 9(9@ @&glen Ridd 15@(5”1!1‘)% :5C QAkrchf QHBI &7d recombinant

en nodi noval east one 1ysin

capslé@rmélswypw%on@%%w?@Vﬁdﬁasamblm by way of

dgh &b QrboditheA) Bl \&prddiGl Bds@ebt %mﬁﬂéeﬁrﬁmt $8 colol? aﬁfl a second
the invention COITprI ses or consists of a nutant coat

stopeqstos Whesgin said ifirss stop spdamelp dasmied diregx 3 9F said fisy REgleotide sequence
andVARK&h Baid E&oMModSQ Atlodfideletly RO BAE ﬁrsf@cgf) Eéd?-)ﬁ 4™ wherein at

addition of at l'east one |ysine 'residue by wa

least B of sl ifB% QA rigrand AP cRdpn dF Thks et F&mpleﬂféasa’& eif?CoI?SDAP%S

(SERMITSNOL30h b&ifiprides e ﬂhﬁn‘aﬁ? o8durrittg TARSop@B&on 2SI MK sto codon and an
resi due al |l ows var%/{lb(gqg he dgﬁree of “coupling wt

addifipnpl G stop padog dirg pisthe firsegior epdonpr ot ei n di spl ay a

d erﬁlaqﬁ@reﬂmg&odﬁﬁedt Yl dXBreksRsi éiiﬁ@tﬁlc@ Borhﬂsrﬁ;bg a Fikbt hadlévtide sequence
W th defi ned topology with t S|nere5|due

andy g ﬁ’??‘?“rﬁ‘gn UFREAG SRS ST 52 elgggedsegmpce is encoding a
recoriifdnd 6ipsiligprvdeinpricheeabBNAR PN 6r 4 ﬁMfanOéﬂ'Iﬁi’gnieMtSdaﬁ@of most preferably

i dues expqs edtothe xterior of the, capsi.d. )
SEQTBLNIS, a5 Sihereah 504 080 SIErTe P seTorig afy athsyprotin
preféyabayr Bt YPNEE prvkcin &t smuancmm&&ﬁdthbmof, @stogreffbly SEQ ID NO:15,

ent i on r ef nt coat roteln
and, SR PS B s 400 il Ber P, POGIHEIdE, Sogyencs, obd, Feparaig; by cxactly one
seqﬁe&ﬂel Stficteh SephprisingCht fle’amﬂehmgrst‘mpp:odiﬁn. an ofd edB&tih&IE@aid[TAA stop

SEQ | D NQ. 8,
codfRi BpRYLYY refiecis v e P stop, POy A by te
seq@’mcéﬂilM SE@IhﬂIVW ﬂlﬂl moys |pﬁ3f€(r1'a})l§d’ said Iamdd SE))) &adoR 59 generated by

reope e b s PR P sfoonr AT T8 ol sroupive TavbTA B0
ID NOdi2g.at edQo nut ant coat proteins, nutant Qb coat
pr P res r d

8 B 08 ] RFEAL I o8 SCHPTSIRA . e
M9Mﬂnh@eolﬁesa46 508y .eGane €t catedins afipt ngddotidn seqllcnca encoding the 133-

[ e {
amlﬁa}iI 15%43 (Bét }IarlgtléfgggEg rﬂ%‘i\‘ft? gfmd 43 élgt%glr&?% %ueic%geglgcgdmg the 329-
amiha\amdgream ¢reughrgrotaini dl 98EQeil: NOdED Nn@cbtldns $BQP 1dD SHQ ID NO:6
(nué‘lgotﬂlres 3643 MBI GenBank Acc. No. M99039) correspond to said first nucleotide
sequence encoding the 133-amino acid QP CP, Nucleotides 400 to 402 of SEQ ID NO:6
correspond to the strong TAA stop codon and nucleotides 403 to 405 of SEQ ID NO:6 to the

leaky TGA stop codon, which is followed by said second nucleotide sequence (QB Al).
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t hereof, which is capable of formng a VLP, for

exanpl e the proteins AP205P5T (SEQ I D NO 13) or AP205

N14D (SEQ ID NO. 14.). In a very preferred enbodi nent

sai d reconbi nant capsid protein is conposed of the 133
WO 2005/m2582ici d coat protein C of E. coli RNA bacR@EIEREEE628

Qo conpri si ng or preferabl ¥ Idensi sting of the am no

acl.d sequenc g
SurBrlsu%%)( 3 IWas o q:]?aetg%e reh%nﬁ o(59(%1h¢.381lnu'\lgoif5 %et sequenlcg relatlngbtio Al in the

expodssibm ""’“Sm}Pt gesvitPinlyglee RNAastalahﬂyl apd, thus, mnmma@ddfne@ of QB CP and
W%H?co%e%ﬁ%%&sﬁﬂ&%hg&% th% c{p%ﬁc% i l#t&?t stop codon

a ‘'secon I'fst stop codon
i sTHeoxxptessdordoff aemcmylb@antqfrotsml qanfSIgndicamtlycteémel the growth rate of the

bacga?i F&ueat,gqo%’{p @ﬁ‘&! fstﬂé gccim%%ﬁg% g;o?e[?n gl?dj@l{b ﬂo%hé &8@5&% burden

rect sal | st and wherei n at
caupesiglt themeot@tl synthesist iln partiorlarsestldlyiels end) pwe pldemidi reteffiiph, may occur.

IndE(%le ?Wér? on@%&PL&T fb@ﬁﬁﬂlﬂﬁ@% %Qée Eh%%Q)vlrtp ngg o%(r?])}natge groductlon

I Ses t e natura occurri AA st op CO
phaﬁet p5a femeptagion @rrcassd mhl@dn’rpmgww arg @epressesh by @dgpressor molecule

durﬁ!l' rtﬁ&%xjoyvt]f‘ hald of A€ bgétérﬁﬁ hS& ARd §RARRced Eyp@xﬂ%lﬁ %{er lﬁlgtenal host to

ment t € expression construct conprises first
mdmyldp eonditienssdyringnthe prpductons @bessd Irrﬂyellb@oplioa@tes%&weq{@ré allow the

bactdRier ]ﬁisf]tosg':l'b&j fhk rp?&feﬁyﬁll eﬁ(ﬁ&ﬂeg@alﬁl%ﬁﬁ % Cgfh@@ 4Md t8 reach high

reconbi nant capsi d roteln (ﬁd’ era é or a
cell depgities. Bpusi indyrieln qumﬂs?ré grovideder high yre ﬁh«yewlplmproduct at the

end NP the praBebioh hk NTIRAdBreS 16 A84he W%&l@ﬁ)le‘:ﬁoﬁgﬁﬂ%ﬁ fhcleRpression of
encodl ng any other protein, preferably the Qb Al

recospRjpant Rrogein i PRafeTERS: or fragnent thereof, nost
prefriARbin SERpIPNGh indacibRIHoMber itk lﬁéibl‘il)nico'te& Ssthlcﬁrfgrms part of

sai d second nucl eoti de sequence are separ at ed

the é@@d&?@{oy 29 &vhich (3B he dndiiced by pAditinmAfilagiesg og fhey S@fagg syythstic inducer
1soﬁ%ltﬂ(ﬁ[pDC§w&beldl ([PTU)QO @iﬁt@%ﬂmﬁéduﬁﬂ loflthE DActEri4d Post O0GHAvan et al.

20005 T Werebiol 6.5 A PP 80 B JBHE PEgRes Tor (he cipreabion of
mordclddbn aﬁtib\é&% ﬁggmentmlmder meeé@trab by tieaiad pTAAotalt Furti@dedamples of
ener ate ac [ sto
indi iR OISR BF BB TSR CietislopetBerient. p. 512-

538O 32) . For exanple, the region of Qb gene C

((:(r)(%r e?éf&fg%g;cg E%g%(sjglnég&sﬁegr? %fﬁ?naﬁnﬁggtg}e pfolngiters is the “leakiness”
of thel plo@tdr dﬁe@&quﬁam gomotr Boprlyhinsdfdientiynicp@ssad sl édnses a certain

rot S and sec d,nucl.eot i de
°"p§°888%g %@"ﬁ%p‘é’%g d POEY- b‘ ﬁlls &Rjﬁmy leads to a
redyred toell rdeﬂdlty(ﬁﬁQﬂldEInIi‘Dn];&))ﬂltmeﬂ ealtal dﬁﬂbqﬁeﬂé@&oa‘bdlfémyiem of the
e Bank
reequgutas pie Mk P AifBliokiee! REIRCER: alF Sy Bn sgempte of o
promneoghitl it ltrenﬂtaansafﬁcmnt epressiaibis @, Vb ptopwiar chdich4f eptassed under
S .le strong TAA stop

higf} 38ve8h oongmohLarld e ELAFIRIN deflick "SEQ ID NO.6 to the

I d:ankyhefﬁposd aphciodantion phoneiters sre bmfdrwdﬂdlidigarsaﬁngeséjcmptbssed In

I

one, 81?\J 11.3(%191:311.; 13)%#)2% QSgrrqg %se@'b% tﬂ%%}?éslailj lgcg Eluxeart{l iples \ﬁgsuail%%%ters are
dlsqloﬁegkl i nMekrales 1996 (Microbiol. Rev. 60: 512-538) Goldstein & D01 1995
(Biotechnology Annual Review 1:105-128), Hannig & Makrides 1998 (TIBTECH 16:54-60) and

Stevens 2000 (Structures 8, R177-R185). In a preferred embodiment the promoter is inducible by

lactose, more preferably it is selected from the group consisting of lac, lacUVS, tac, trc, Pgy, Ipp®,
Ipp-lac, T7-lac, T3-lac, and T5-lac. Especially preferred for the purpose of the invention is the
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expression construct results in higher RNA stability
and, thus, in inproved yield of Qb CP and VLP as
conpared to a construct wherein the Al sequence is
del eted. The expression of a reconbi nant protein can

WO iogmisB2icant |y reduce the growth rate of the BMERER0V@62628

host due to toxic effects oflé-he accunul ati ng protein
tac arQ)d gerZS]tia I]:)n pa triaags lrlgl onbgrlr\i%frl]nt esrgog. T 1n tﬁe ?c%ée? ct)fgthg invention
are rrmttam potmunvatgd oc deleted vadants &f the parcq!mmmes h:mm;g/a degubaoe homology
with Eﬁgﬁﬂsﬁb@&%éﬁ’ls%ﬁfeﬁs‘?%@é‘eﬁ ok, o3 QY4 o‘i’B@%, of 92@[3{)%%0 100 %,
pro t’ati PRd

ction on pracess
mosprmcfaltablys%al’/e Whepeiaghe grdmpota stepgte csuChTmuwsﬂl teurgated rog deleted
Var%ths s o%ﬁr&l@!&%ﬁa% oﬂhe% &Q)tfgﬁ !D I@@ t Tﬂ&ll?eﬁg)efém%ﬁﬁge able to
I ng the bacteria host 0 i nductive conditions
detmmerfge Pramgterstroegth of 2 giives sequenebulel pdmapapatiyengkpression studies using
r . .
R
of the rqcembinaricgpsic profeireqmairiseseer, altpmatvely m!lalé'isb)lf§EQ ID NO:2. The tac
rofﬁ'b@:mtaeﬁﬁoﬁ) Pﬂ)\ﬂl&%f fir 16‘f%n)nydf %ﬂa@jV 4 m%%%? Eﬁtﬁtﬂa %1 reglon of the
product at the end product1 on phase. er ef
trp preanotps 45¢ cornbipesdthe mhérapmnmre¢f§crmy of e eillp the Jegudnion felements

of tﬁgﬁemnﬂ%}t(d@ﬁ%r%t AR l§83PPﬁK§r8f)Q@a25AAYfﬁM ctkdN 0983 @éﬁé@ﬂ :$67-178).
for an_ inducible pronoter is the |ac pronoter whi

It proyidas ﬁgarsvfﬁswnfﬂsh S1gh@XPEsEeD ﬁat%mm/m’e IPrteiA %@dumlﬁcwldmg the

forMticadidsb Rl ilBREQASFoREd $06mBihsR ?ﬁ)tﬁﬂ MR trhdy dc@%ﬂf stronger
i sop ropglthl 0- b- D- gal act osi d PTG to the growth

Promalrs, pHches theel Tgermeter- dihe e gpd RYAPPtrargmitated ygrsions of the tac
profbRP (BrbsiuMcE hIONDYY, HR: JorraP il BioldRal Ch&Wis@y 260@{)@5’3@‘3@541) In a

flmBrocess for the expreSS| on  of a mynocl onal anti
Proyriemed erRRRment SecRRAmPIST isoelcptRd foBchp e capsisting ¥f tic, tro and
tac.Furt her exanpl es of inducible promoters are provided
|n taple 1 of I\/a i des 1996 (M crohj ol ogi cal R%v'ev_vs, )
p.Fo5 1B cangyiction ¢ yi‘ﬂ EXRreHORFRIRRICH ffore th r RUERGSE 1 sﬁb%tl%vﬁﬁuon the
proRoRe & @’érdb[}»dhiﬂdeb & sfd (ﬁ?@tnﬁéléotidé stdiRncd @REdiNE &% re@imblitd@t capsid
pro}orom)ter that ronoter is o

CHs U4 E‘P?—?ﬂ{‘\e “? %%%&é%l“%\“"l?egbgit?’ipica“y comprising an
ATExfaesdenat as 8’ cehdt bﬁtabl%csmu DalghrnP I Bienfes dfof it plifpése of the

rowt h e. This typically | t duced cell .
invEhiRE s, P Ry i e Bt o (08, MR LBEHbsS Ringquist et a.
199memdﬁzﬁ06;1211‘d9012l29)dlIlf:eﬁbMylhhﬁdiinﬂTt off hlﬁ: ilhema' b_ it édpression construct

ote rides Cr,0 i 0. . : :
corfyBectun YGRS of Palbobd' kP 0b8 ANA T QISYuB Dbl js dopicted in
SEQ ABU ®14c Ireartotliee rprﬁemd; embeditnt thi-bxpession tcetistrbti @impirises a Shine-

ressed u

e I y 0 LN i
Dalgebrg% sg(;(uen ¢ 0 dglr:t)lg%l%l i(F%?E t(ﬁ@?gﬂﬁc’g 0851 %21?;&2hegﬁﬁ% NO:3, nSD).
Surprisnegly, i mrqurfomnt that SEQeIIbrI‘K) 8ris gdrtichliadyn saitel for the purpose of the

1nvé°'nttloh rﬂ)gcea%é A d£S§R£ ?hl%?p%vedrkxﬁ@?sq%"%Q&%xgﬁpﬁ?prs iéf%néﬁ ¥dcombinant
cappd(pmztelar SE@rIB Td0§cis @SlmdlaﬂYI shikddr to daabanl:@@ﬁ: t(xmtasmmb pHAP205 capsid

. - ] ei i . ( Bj .
o 1, e OS50 Pl AR LG8 s
Dalgarh @ F&ienckoseledted Gprnathg group consisting of SEQ ID NO:3 and SEQ ID NO:4,
preferably said Shine-Dalgarno sequence is SEQ ID NO:3.

Transcriptional terminators are functional elements of expression constructs. The skilled
person will be able to choose a suitable terminator sequence form a wide range of sources. In a

preferred embodiment of the invention said expression construct comprises a terminator
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Stevens 2000 (Structures 8, R177-R185). In a preferred
enbodi nent the pronoter is inducible by |actose, nore
preferably it is selected fromthe group consisting of
| ac, lacUvs, tac, trc, Psyn |Ippa, |pp-lac, T7-Iac,

WO XB6/12821 and T5-lac. Especially preferred forP@iEpr2006/062628

pur pose of the invent | on i s thetac pronoter (SEQ ID
seqll}gce whefen% Hrréyerz%ﬁ S %d Rfming <r)rI sﬁgl%entc%] ?srog)grfaPllyWni(e(i Q dsalja%rst nucleotide

cope O on are unca
sequmiceztvelntrwraﬁxr!am efofablyhseidt termimatarsoquencdia et NB seUjngncequence,

t IDNOZV\hlchlsatIeast 50 % 60

m°@§F%9@/yS§@ IB&?? or 95% preferably 98 to 100 %Q nost
priek dhabirpoeoioplaswiié seleation tbe pritherbpasonswilktygichllo fisesarc hntibiotic

t I .
res1g%ﬂc% 1t ?k(%r gﬁ% ;ﬁ% lg{ otga?) 1%&%91(%1@1%@;&3 éls;\xé]ﬁ% 'B’? %'l}e udefl in the art
andpwhich rerey spitabile ferbthe puspasetadr the riavankien |@reo mesistances igewes cghinst the
a

antl‘Bfou@s %I:/ Jl; ?%H%ﬁﬁ g& k&%ﬁ]}@ﬁa ﬁ‘hé’ | i ez%%?gﬁpas% ééfgfcﬁ% agent in

using S N a speci I nent

the frgmei of penriedegmfor e preditiereef alVILViin generdly axgiereadisteeanse pf the lower
alle? ﬁlc lp%ﬁaﬁfm'o@ﬁﬁla élﬁsct's gorﬁéa%@t'o Qlt&ﬁme'aﬁ%%&'s and because of the lower
0 I'D NGO 2. The tac

atively consists
saquy 9%99@5 r¢sgltlag fthesgof forghe bsecal the VIRes a1@cqingyiFgrhegsmorch kanamycin
rohﬁ%é%tepﬁlgﬂﬁ @&teRId o REmpated felichifd aﬂtﬂﬁ)tﬂﬁ Buch ra@ %bﬁ:ﬂhn The
conbl nes the high transcrlptlon efficie

nc
kanmnyﬁn Birehesphairapsierpse gane (RFRQ IDIFO2RLwhish 1%3¢¢(§Wﬁ‘¥ &)m(ta@ bransposon
Tn@@ &J thErleford a paFa@darlyUNé¥el Rchble 2RirkePBBRN et al . 1983
CGene 25;167-178). "It provides for suff|C|entI%
exPceaddition 9faﬁ1§§31°5ﬁa 9 tBh AR i scEall Wiries 5\/51. a.qeglmercwl
profilt@ioh PretREs R Rt Ad¥S P rBasOils. TAARY tHASA YorftBE GB&ntion antibiotics,
reconbi nant protein which may occur with stronger

prefSrabhptanpaycin, ge{ypisaliyand prefesalypicd for e gelqction ofi e expsession strain.

Mellib Gisddl i Wﬁbd@ﬁ&a gmg&& @rﬁ eys?ﬁﬁalgrrlﬁeeqif aﬁBth:&l)tIc@ Gn @aﬁmhﬁfanamycm
e Journa 0]

Br osi us . et
&Fri %ﬁl%fmze%ee)anﬁ iebic 48 sprgeulipges EPSF‘L e rPé?é)"g éﬁ% Apqeylum for the
pro&rdﬁ@ﬂl bR cahhmpm@ﬁlama réténtioa Itlﬁsﬁ@dutfth@ﬁobdae(ﬂxmp& 10).

of t trc and t For the. construction
o PIHR! il BerSs il Crcsteicip gon e ogtiy Sig6 g sion comstructs which
are Idﬁeﬁhfdraﬁb prdugion Fﬁﬂ\GEPsI Sf erriaptaged by K&dbththtHé @enetlc clements

descérébﬁ taB&%?a'@S]%Hgds\teﬁn ar. ﬂt?ﬁ% 8ﬂgolgf'ﬁ%. ‘twg arly useful expression
pladnBlié e el papare et elﬁ@cﬁmoﬁa)e pt['y@hStI?Qb-th qBBQI B ND:aj for the

profitigR EQh VB and pEkcstsarios 50 mENd 31 dibiafuctaa BABELs vre.

Thek costrudition tofi éheat tpecifial dagressidn plasmidl® 83deséted in detail in the Examples
Sec? 6) : 399-405; Ringquist et al. 1992, MI. Mcr.
219-1229). In one enbodiment of the invention the
exmeeapresmomplasmjdm ate cowformed o & hectSial seprassinmehast by any method

355 5, B ARt TR B BT s o

expeastioa plemid d4rbeclectqd fs naxmal @npltessmn ofctbﬁ'ptvqombmalat @psid @rotein by

SD%%?%% Qlﬁei é:gﬁ‘ @%%F%Wgﬂggsgg ﬁae Igérs?o&ll?]ogﬁ cérﬁﬁ}isin\%a'\ﬁsag rclaxpression
plagnujd aah berwtoredSE@rdzEn slgedolicsltyres.t i cuI arly suited for the
ptgap@ﬁz?cé&{al ho% éaﬂ\f)%rk{hb&ﬁ R&6 aa%? %a&t&rlzﬁ %g'wn CZAP%P] fof replicating and

| rrpr oved expression evel s an nprove
maintagoneh i saidn expression dplpsroid e deringSEcll | d:i)/lN@n 3 Préeree;dp badterial yhosts are

Escﬁéﬁcjhﬁdcoh gtrﬁﬁgmﬁa% tﬁé“@a@iﬁ@ ?e%ﬁﬁés(a@scﬁgedaiﬁgﬂ)esfoﬁ@\pﬁg gectlons..
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protein. In a preferred enbodi nent of the invention
t he expression construct conprises a Shine- Dal garno
sequence selected formthe group consisting of SEQ ID
NO 3 and SEQ ID NO 4, preferably said Shine-Dal garno
WO Ha6uzsazie i s SEQ I D NO 3. Transcriptional terRGTER200062628
are functional elenents of -eb8pressi on constructs. The
Sk'f‘heI edre 5> h WI Ir<|)m qgr 1aslb1I erotvod %hoo%%r%xar &Hhnt afb by th
t er i rat or seque or h'arw de ange RF>SOuT ces FHRSY Py e
bacferieff krst. dul oecrbmﬂodment said ctultefatmglﬁsald)bacmaljhwk preesfoimme in batch
cult%p ?& fder SOHHRE 'n? WRad &']?Eﬂnszﬂ@ PlrdtdHs r}g%ess«%] E{I %(ﬁ Inka greferred
y ‘sal erm nator sequence 1 s operabfy Tinke
emqulrstant (ﬂnef gens caysing| ayetexpresssmmiesniddaclvih gaid ibactérial thhgris located on a

P8 FEERLY Gl N S UGS Sl et g e
plastﬂhé conipipeskia said batteriatihdstswharein isaid sepigeatesdpdniid grofesetdy is a hlgh copy

| .
w8 A A A s o
saichlpastevipldeobty used in the art and which are suitable for

t r@neoéé{aﬂﬁﬁaeopg gteﬂfe cauf ngV'efEQp@{sﬁ)nr &51aS1t NG gﬁ@ﬁz%lla et al. 2003,

agal nst he ant bi ot [1n tetraggc in and

Bioleghrolgayi and Wgws@mgf&@ 19) thigh iy a saEle GG VeTAghenge at -35 of

the I foth&er fdefiiBofOfacPwRIcR G88Rs fa0l0 tf(h@ 1&&9&@&‘% QA Sfpr&si¥hPA further
i's general(léﬁ preferred because of | ower IIergenl c
a

exapledn Bl (SHaskishrNerckon oot osns ()2t B Jpipied repression of
the FSrhSbO&krig BOGrdIRE PuaR RbukhE i Wéd @ﬁgrﬁfdﬁeﬁ:ﬁf"&ﬁ AP higher cell

resulting thereof for the use. of as.a vacci ne.

dengify; andeRiBIately. fnimmroied proseiBvickh & Ob@taf@ie Backaripl gfrains comprising the

lacIF €JcBé) to'v&@x;ﬁ@ss CREMAT &epreRoA oBdciRt Andethaiedrd iphdvefiStottsifon of the
as anpicil]i The kananycin 3' -phosphotransferase

recqabipant EBEQ?‘PDI‘Nng@y %W@hphage s ERFigngly than, gtrains comprising the

wildthFSRe IR pFIseed dnﬂ)otlﬁhﬁ:'hﬁﬂa@ rg@aeaaa@s'a\ﬁg d)\ﬁékdxﬁfekéloﬂkﬂfhﬁidhacl is lacIQ1
rker n of |b| i‘ICStO

ect abl e [
or Lagis DrFSCIRIN I Bé‘r?@g%‘in qayy s%f)&qeﬁt S8 b bps pompriscs the
laclﬂgaﬁuﬁtltsQﬁroﬁfo&ﬁﬁ@S for cost and safety reasons. In the
c%t ext f .the i, |on anal bi otics, pref
k

&Ry 6RO dimppnt spi ﬂ? }n|g)p & PH%“é‘F%r‘%\B‘Ff RV Wltg &\P/ indyger, wherein
saids @ldacdriio lpreﬂérablbﬁSeEKﬂéd e QPTG tahadi lﬁbtodME‘ Eho& peafephablyn sdidd @nducer is

r uctl on ro S are ssenti al
lactgﬁoﬁ(jj nocixipg tﬁ%&};x éa&%g?t tR and Fr theqswg*&: is inactivated and the

promdttt bbcomep hctas. Addiiid eftthe stfdhg ﬁmidﬁ@d:ﬂ IPEG&S thes@ttuieanedium rosults in
on RS bRl 40 BEHY PO i BUGROD ER @ BAeE L2 level bocause
IPT(Edissely ent]:ﬁ)the Gl tykdiffugoh mﬁi’Blﬁds and ihactivetad ehe active repressor lacl.
Inac\:c;\chvp {eﬁslzi?lo reﬁeg;asm d mplecules, rrghs 001a Pg{‘] 2? Iofe)ﬁrjia_.;gro 21?13 %%VS high level
tradisergition i foqmin algpe proimpter. o TIGh iin gott metab}ﬂlzed ibg th¢ ectbahd the transcription
cori8 S HharRRY Sy By MR LGRS R oo 20U &

t hes pwnywsé tefore,hbkigh rexgressiam rzacsenqasr dcadnﬁDQb*f ftmmat(®E® insoluble

R U T
proﬁme)@res{&iéh withehigho mccmmibmqofdﬂ’Tﬁhlgspgrtg:pbdy fprane to the formation of

1ns<gxffﬁén_gﬁ)§én? pI‘hQJePo%n 19<ﬁlcﬁo°h (ijetﬁ& ﬁﬂoﬁl%%r '15npr91%;a91yj ac]af@védr}gl the addition of

es sect
IPTG in concentrations whlch are below the concentration which causes the expression to occur

at its maximum rate (Kopetzki et al. 1989, Mol Gen Genet 216:149-155).
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The expression plasmds are transforned to a bacteri al
expressi on host by any nethod known in the art,
preferably by el ectroporation.. Individual clones of
the host conprising the expression plasmd are
WO 2b/6288d f or maxi mal expression of the recomGTERA06/062628
capsid protein by SDS- PAGE—alf9ter cel | IyS| s Sel ect ed
Cllgnesre grrc.atdhe BodRhéat $hid ind Sﬁg &P n?lﬁ' Sﬂ)t?l er 1s erformed with IPTG,
expregsn on ashd e an be St ot 8d 4§ HPoZ&h Pcer
whemhmmacenmmh dfaait PTG n salshediam iszboutHuiod no 5 mm maefgrably 0.001
to PAGRCTARL of éf&%ialg Gomehl ¢ 8&1 H' e t%y@%ra%gﬂo 95 to 0.5 mM. Tn a
mal nt ai i o EXPr essi on ¥ asm ur
Speciﬁvallsfl pmferrEtil @mbpdlemntbﬁnct@nccmtraﬁmsoﬁ saad dP'HS dh@boutH).Gl mM, most
s having the specific features described in
prel%ﬂjam?’gl I %an sections.. The repression of the pronoter
i Altammtigelgdndnetion eff té@(ptroe@sﬂr orachitvadthy thegldgpoof lagipse. frduction of
ihst pRiteit) stoll v &5RG: Y@t f taki
B8 i e B8 ABBRO R B QA AL 090 o i
up laefgserfrang theimadime, cwgn e F-agprirepase andithpt ip pasansisey -galactosidase activity.
Thd ER @a@e R¥pcn@dht u ubtik@ofla Eh& ﬁaﬁ)dthg %B%%H@»Oé %gia@egﬁlﬂ ic than the

caus 8Goverex pressi on O said lad 1n sald bacteri a
uptakef IPEG by diffustonoburthepnere pciose gpest rat dispaply dpteragt with the lac operon

but X PERER4OBY PleRBftbidaséd RdItdsY f1-8-0- ﬁ%’aﬂctgﬁﬁgndsﬁ D-glucose) which
| ocated on a seperate plasmd contalned in sa

is heerwpl mdugrpf theypeqraqter. dudugtiene pb r%p@bm@rsmowm expression by the

addRfoBf sFNaRdsY id §dv§ntgg&ﬁs QBYseNUENRESs thE AslitdHate increase of the expression
Alternatlvely nd npst preferably sajid gene is

ratq {9c MEAYingHn (sl &mvoﬁ%%%ﬂﬂeslawelbal& dhysg it fedues thogngsk of the

forBNRRIRIF hsOlbId pElftdls. causi ng overexpression of lad is
l acl g gl\/bnzelpl a et al. 2003, Biotechnol ogy and

Billalesiote oif | Mgebdised o the: bactepial st duripgs ity Peodegtiong phase and

confrfbu€dld 3a186n @d metibolit chdrgy PIRNBHcRFiall BaibdNishAf THidkayHir®br contribute
cause?i a 10 fold increase in Lad ex@rfp |on A furthg
¢, induction by

to EREMSH PTPEn HEES famRaEdokngiaiar ok
1act3§e3eﬂlbw3 o 32rtads Extend HRIcONES of @R EPEekidh ﬁlie sheae BdcORiBingit protein

durj rowt h. p e results in. rov
durrg e P aPT JREhe Bepte RBHRPPTAR e ‘D REIP BN py lactose i
furthéfpprofeardd i @t Shafmateeddl plodiictidx agtpdess b&aﬁgeemm} isSéxpahsive and is

ool RSk, b Bt " f R GAs B D pbi et process

t He arpeeforidd ¢nabudinnotaid mddeing Gﬂsaid'lproglbtémsfpeﬂbﬁﬁdﬁl byothe addition of

la"tf%%?f t?CI e‘E%’%%? égl n?f‘g‘% %Iﬂgfﬂre t'h ygsgiﬁlngae% %St % ¥ aking up
lactosee ﬁempﬂaesmedmmoéndswhefelhaﬂrﬂa& bmfeh(ﬂly (saldll&cicqal host comprises PB-
gal c?ﬁ%ll‘ s(e?chn 1tyS gﬁ%lnqlbag terig stral e(‘%lo,fs for %Xgﬁl%) eD é e 1H%dj il:r%m strain collections
suchyenATHA ( m:’/whwmmm)eln d preferred anﬂmldnam,rsmdslmctﬂnal host is an E. coli
T80 B oA BEPIILEL i BEL BT Mgy v, viow,
W3l t®end Wm@ﬁdMostcprefsm,blyrm&ﬂ hactelfldrtmlsﬂ is E;enorli Rﬂﬁucém aj gill more

f | i
e 54 50 HER SEERRHGE Bk 1 RO Lol 8yl st
bacteiglohast iscant Evenli stedthi whioh fgthet hempriseo agenanciusiog ob@3xpression of a

I t t

repIteE% r Of ' thd/ e }E)Fﬁgbféfn V(fﬁ%éﬂl Hid co:h)éfggﬁlg RUScTH. '?EJ ?ﬁsgf 8F culture

expr essi ratte of ther pr ot el
mediiugyof It@\/l@pteb@d)agtg:gn be controlled during the fermentatlon process and regulated by
the addition of acidic or alkaline solutions using methods which are well known in the art. In one

embodiment, said cultivating of said bacterial host and said feeding of said batch culture is
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PTG directly enters the cells by diffusion and bi nds
and inactivates the active repressor |ad. Inactivated
| ad repressor nol ecul es di ssociates fromthe operator
and allow high level transcription fromthe pronoter.
WO 1pF@®3l not netabolized by the cell and the PCT/EP2006/062628
transcription continues w tH20hi gh rates until other
perfSEREF Bhich, RORTE: B POl Py s RAOARE D  profemed
embpogliment isaid pbIf is ibayakn 515eand 8oy mixire areferghly betimeernhiS cind 755, even more
;9%9,9 ] | Ly, . :
preféﬁa&l AL 0% n%’P%%JO ?g I'J]ﬁ&‘ gl)?gtrp\e%fgrla'g% S%%tI{]H ﬁff%ﬁ(ﬁ%egmm is 6.8. Said pH of
saidc mpdismt mayt heokept odnstapiiduring thrapriocass bait [mayfolbeve atcertaim grofile during
f i f 4 RS0 j T f i L
the BITHRAY Blkscl of BROPHOLE IR " prt GRS Sclired JBUE, 1Rh prefomed
emifdith¢aT Gaiid rpIt énksaph corstant At a walue [of £ th @0oprefanably said pH it is kept
NGERKrati on which causes the expression to occur at
con|§ttgs maxi mum rate (Kopetzki et al. 1989, Mdl Gen Cenet
2 1Be1mocess B  the, inyeptianf eemprises ahegydivihe phase awherpindigid grpwth phase
is&?d Hatb M Rled pRasREWAREAREdYWrdwih PRI andiGhiaRedull§ said batch
co“@%ﬁcent?at% ofe ?a?d I PTé in \gglsd r@dslguar?w 'S a%o%t  said bate
phage @o initige@bmd g}l@\fagpglgﬂic;,b@_tqy@h_hqsba@ \ﬁlmreimié feed phase is initiated
by %ﬁ@%@%@?ﬁé\ﬂ%aﬁb@gﬁ chifurd witlYkaig tlajor c4fBSEsoRfcef erably 0. 005
o 0.

In a specifically preferred enbodi ment the

coreexidetiyq eanaciyy of dpeteriarcpdts isslimitg pnd dighicopggntratings of the substrate
maPBER' thd Dlodndliod loMPlault Sodats URd Yectdth dWhich MayflicaiN@ undesired

_(sJ_rormter is achieved by the addition of |actose.
aciqi

fientien pothe predivacandin redpred grayith phthe Restarias Thirefiiet the bacterial host is

groWAGh 8 $&1-Ba8Bliulte® ohhdhinidian BRAMEAT Wilth a iRSkd GSanGBPeHRLEsu@ e. In one
taking up | actose fromthe nedium e.g.

by Lac
embodipent said cHIIVRNg of Lid-basisriplsiaest f5. lgeaﬁoge?do%ny% gedium comprising said
maj;%f?:c'hﬂﬁ%)l?] )éour&lﬂlewh?éiin fs@fdnﬁ@&'a?ldﬁdemk_ Est unhat Kﬂah IQ?%di@ﬁ,t P%ferably a
in ells fol |l ows sl o inetigc n e.. .
cheamaﬁx éefgtfeﬁ inpignal edipmy N@Pfdﬁ?%@[ﬂryt%@fm%? 18 R/t rpeciury g described
in Bx@pRig ectly interact with the lac operon but is
copverted hy b-gal act osi dase to, al | ol act ose o
CREE R oh i b3 PhsS ey hidels) CRATEA In dhe fedium is almost
exhatistada Imeldveh Gexitaifiing tthe njajop raatten . solueel fkd Giedim) is fed to said batch
reconbi nant protein.expressi on t he .addi ti on, of
cutfi g e rab e oS Bromabiaticas e BadGHRIos, e the Srowth rate of the
bactefiBEltbsaisdinitedrbyaie foel ritb of thspuishateon if ahdersicddebynAx skilléd person
| evel .upon addit.ign of the inducer a t hu it .
that 5 Secite otiearss B Bl iy [P e, RSt Pifirably the major carbon
soupepdndi ather Alitriohtaicdqoise th Snaiftiia lgadwtl.eXindeyin plaetideacioastara komposition
ost ,duri ng the prod i pn _phase a contri but e .
of (0 e Fidiinfiesh BE aBp i Sh. iy PRERFerE Biing filbint b & th medium. The
samrebadideratemapplies $o theyo-fagd hivdunc(eertbelds)t e t o | nproved
prat.ei.n._ vyi el a ' ' i . .
PR ot R SRRRALEE repdink BEWRE b, Ml Ll Shig major carbon
sougetie petfarmed evithtar fidw oifte, twhereax gid 8ew gate ialimitiog thchgrowth rate of said

i nant protein during the production phase via
bacgeﬁéﬂ{ggﬂét ose concentration in the nedium |nduction by
| deurngehé fed phashehe growthantcedn be freclp lselecteiout Widalrange nearly up to
i rQcess A.PTG | S..€ ' d i ..
o G, 0 AR5 PR ST I AN o i il
depdadenien thebasteriat strafe theredprgssion qohsiruol and et growthmonditigns. The skilled

person will understand that the determination of pm.y is performed under conditions under which

the promoter is repressed.
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In a preferred enbodi nent said inducing of said

pronoter is perfornmed by the addition of |actose to

said batch culture, wherein preferably said bacterial

host is capable of taking up |actose fromthe medi um
WO 20061282 ei n further preferably said bacteri aCTBR:006/062628

conpri ses b- gal actosi dase &it+vity. Such bacteria

st alns can, for oht ai n froms aln

Co}f 8 glvet experimen Fse‘?ﬁg abl%giiitpmjmejde go the agror th.curve oé‘ the culture
by plnttiogl bioenass, cogernttateno(x pas deterinmsd by ©Dag oEcelwaéuwaght ECWW) against

o ST 38 iy LA L 1 LB LB counin

x =Mas¢™. pTlefa@tlab Valye ofindaxbadetemiingd dsothe grgwtﬁ rateolh iof RBZ8nonentially
i of ey I

ol gl g i S R B 4, ARG iy o

i.c. yathpetr supply lef edditignak meEIum':b»r feeding.alhe gabwibirateu canehe determined by

congliﬁﬁﬂ%{h%?élo%fﬁﬁ'@ff&éﬁ&%eg%’ﬁi@gﬂggﬁﬁﬁrﬁ Br @k %cﬂalrb ?ﬁa§§i9fneasured

e tac pronoter gene prefera
at tlnafctt @pdTmlrfiﬂp@rlthtmgf thefotal bromasiX umeasfired jgbtia b ite theatlme difference
LEX L8971k 0fJ.ed during the fernmentation process
9)3‘11 ulat edl(a (e Le addi tion of acidic or alkaline
s&edtha@h@h@rﬁ WQOWEtﬂPFo@QmWHﬁI@h ofragcopgtpnt grawthnraten(hb a preferred

embdimenk Thd E\ﬁ)sﬁﬁpoﬁb%ﬁﬂt the &h, orcéarﬁdnvﬂﬂo%,g 1s°f€ed§ﬁhg the feed phase
bacteri al host 'and sald feedi ng of said batch %ture

accprgingrie HierpEpengAtin ﬂnceeaﬁfd?ftth%mmaw{& 5 dyripg the ﬁwddﬁnaqeﬁbe substrate is

supPB& 3 Md Snfe Rtk 0k |c§1§§uml3<‘i‘ the BIREEK Y B didiRte, %ﬁhlggous to the
pH is between 5.5 and 8.0, npre preferale bet ween 5

culyatior i in5a certiowRRES, Breausmbigmptstigeation and gyfgtrate @omalptwn are
corfoRiRdd Ve frly §\ﬂ)|sl‘1‘at§-?éféireﬂ"&1@[ﬁ SRffiicHE %y BibHash- [%] / %sﬁa@ I'[!g]) the

of sai d nmedi um may kept constant durjng pr.oce

subgjrate quagiity ()grer Bweamkt,é? togbesupplipd;is g2 ﬂ&!ﬁt?%wtnﬂglg 10 the formula ds/dt
= mdirj &@t]lt’,te'*‘ltw]i&@ﬁﬁ(ﬁot fthd ol &Pﬁﬁﬁ%‘éfééﬂ n%tﬁftn thf pH (r]I an'qles
st o e ot e oF Wi By S8 Yth S oo

cartsol sdurdktisi perfoifndd &dth LYW £abd) vhareintaid. floh@teRfi€REsSwill arl dkBonential

vention c ri s wth phase, erein i d
cooGiRiE H. BHaSBE Fprreay ek sapetaan qostirgEaH nadey pmax. Thus, te
growﬂﬁh@dﬂ s§ia bﬁbt@faDthh dlﬁhl@&ﬁe Redipigkanslsttan @ dultt Whitiigbelow pme. In a
atin [

at ch searelnltlated said cul ti sai d
preBied mPaftropigouB os st is ol P 90 V8. fost preferably
about$0 Yad 0.0 Sapd:lﬁcﬁﬁﬁbddgn@f oﬁﬂiedn\kbatl@h p. Guibel to #n ﬂisblilte value of

[ or car 8 oxi dative ca ty_o
0158 4T o PR D5 iEa 3RS Mot RiremE TR Bl afidod that the

set tqhef thmhstesatseucmyhac&useevatuhsaaré belowtyn of reduce d
aCI g ecilta iag?t i‘ltlgg térjl C ]fat aeWuiNh ran eaélgglfégregtd%lu %tragend% 61f'pose of the
invé¢dtion b @mfmedamaﬂih maﬂﬁ)orspurcth eardo eglncesel ahd rgbmsroil splgfeoahly glycerol.

A1t+<lﬂlﬁ]§ ttﬁeece{gaygrgﬁlﬁ IgPecﬂ‘li f g%‘g%lo Eke g% )%IF’% %ress r%nrﬂé)\é\é Whlfh can. bg achieved

may bk thighet |w1§111 glﬁmsalthhnbwah edlycatol,hglgderal scapses fless naeckate nfoafnatlon and

progig?gd lﬁ%gto @Jﬂla% rggela g]{)eg Hl%&tpz{te r/sm%hds qﬂﬁl%&ely ghgfr }kl)?k)i/ of the

prefera 'S a mn
rec‘anbihmtrpm@dlm W udhefnmead thmhamdmg ofithdiligmd sivbstrate rgl)@f:@l wizhsjer than that

of s%ﬁcll garﬁ@ldéombg lﬁewo%m&a t&jﬁescﬁgsioplgﬁi irl &eMLo%eSi'step.

As mentioned before, plasmid retention, i.e. the maintenance of the expression plasmid in

the bacterial host during the fermentation process, is essential for optimal yield of the

recombinant protein. Plasmid retention can be assessed by spreading bacteria cells on a solid
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At the end of the batch phase, when the substrate
contained in the nmediumis al nost exhausted, nedium
cont ai ning the maj or carbon source (feed nedium is
fed to said batch culture at the sane rate as the
WO 28612582 growm h rate of the bacterial host, iP@E/ERA0€6/062628
growth rate of the bacteria22west is |imted by the
meéiﬁt%q %oat esinoLa cto q[enli,'ess %19(? egt?nt&elhdi{ffduzlllséol%ﬂgse fo? E%%dan%ﬂgich%siswnce. For
SKi'l'Ted person at e deci sive paraneter i's e
examptey alplasmsbrefehpon off 1006 nyabsthaatd), oup el @l mkibd colbrmies comprise the
L QL. b s n Lent ]
spefib e DuRRE cn AR B UbFLREH Rafe B St dilfpose of the
invensiop ekismidontention 4 ¢hef and of thedenmentetion precess ssumerd than 8@ %, preferably
mmfeI B 6AVE of % glreﬁarz{b?y In%Fe t‘ﬂ‘% AR ,fe%H ‘ing{e eﬁrgl%rag%dt'n. &@th&% % and
sane consi deration applies to the co-teed nedi um (see
mografeipbly TH&Yef ore, in one enbodi nent said feeding of
saj { bielbrad Isfhin § bifich it reach
o R A A S S AL YA L o
its hiplrst nprymahgrowhowicH esak &ndér otherdise neftlsniting candifions for most E. coli
stratld(thig getﬁéﬂ?atlir@@gal%h@ﬁ°é.rﬁov% A tbv&tﬁ%?th%%ct@ﬁal_fs{rgiﬁlc\6mprising the
selected In a wde range nearly up to the maxi num ]
CXPERSEoR [eonsiuet ginthaxgptinfal @rowthi temperatmrcogndy is thephsenget efap selective
antib kit $naQ fa TR the 118ss 3F Bl XpdSRENsISRtia, At A8 pR&RidGEAdon is generally
~ strain, the expression construct and the growth )
impreyiedi whegrie camiessigRsfpigds SEELA MIVPT tePEaREe. AMehoughythe maximum

grolviterafledrahd e padssiOn stfin [¥MB¥Wer wheRahd Qf4ER dAWALAL temperatures below its
condi ti ons under which the pronoter is repressed. For a

optigial, gro vl [FEPRIIRIE 23 compared fo Staviinat theorfipab SFAVR tPpeEsfHre, the yield

of febSnHFAMpotdh 1§ befeqlidl®r W BUBr BYth® Ide: itdtSpeRIit@BRIBS to improved
concentration (xX) as determ ned by OD Ooor cell wet

Pla%fié?ﬁ?‘f“@.@v\w agai nst the cultivation time and
d eth @B dibdginiche o £ R ARRMALbR | saldl QdvALiE® Of §4i@ ba&tkriANHRRSA™/or said

n the.equation x = Xo.ent. The actual _val ue.of .nmax
feeﬁ?lgg agi"é‘f gﬁtﬂﬂeaﬁlage Vit sai BiRIoR C?rg?fé Sqpresrand/qr é%eg giucipg sgigl promoter
with) bR itd i Bahéofletfdiried d a tddgheRAgt BElbwIhcdptiblaBgroatiComperature of

.phase. when no substrate limtatipn occurs, i.e. o
sai Rl Mtlpll § B OLHaETPOiEEN e GBS dtbifeenr 7 and 37 °C,
pref3rabiyt betweih@3rang 35 *0emoRtpeditiable betieed 0Sputt 3318, tekién matel pieferably

of the difference between. natural 0 [ of the )
et Bt S RSB potp P2t SREH ) Ref el proferably said
tempegaikd i Aboud B0 P andsopraferdblyosaibempdratiras B0 &Cl at tine t
to.t he ti difference (t2 - 1), :. mgz (I - 1.aX1), /.
( ?’E“?Pr‘f“ﬁ?sr%é%"- YEOURD GQIPRIIFPR2 BWJFB‘KX%’“ PH%SQ%%?‘% e B%é)dB?twn phase
is initistod by asidl iglucing lsaid Pprandter)with m mdpeeef Brertank poilxofdi thernitiation of
.1 he.substrate refer.ab t he i.or. carbon,,sourc i S
soid SFORHRT RSt fon LBl AL oot R RlioT BhP ARV SRS pppprers.
I ritheegrewthodf theebadoteoalabast (duding ke fbrmentayioh hrodese darpbaassessed by
2 .supst |S. ied sanme. rate. jtgA
el 3 obeF adrlie D0 G\ e 8 Vet e (o1 amd the cen
dry aveaght CDW [2d ]t Wkese phtaimewts n bemsed toalefingthe wptimall tinoe point for the
: ¢ . . _ _
Bl S5 B I L COBMIRL L ot 11
appewsat for the ekitledvipgrso8, thhi annms baddfiighier SWHWiat dhedbegighing of the production

ha3¥! B3 b8 '4EniBHATYY b chhdchYoed hilRc WAl 'mdy! lepd 9 ield of th
phade 3] DE QiR b el e BifRe 4Pl o opd o ffigroyey jeld of the
recombinant protein but that on the other hand over-aged cultures may show insufficient protein

expression. The optimal time point for the beginning of the production phase, which is initiated

by said inducing of said promoter with an inducer, therefore needs to be determined for the
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= nmYc/s Xo tot ent wherein xotot is the total bionmass
at feed start. Therefore, in a preferred enbodi nent
said feeding of said batch culture with said ngjor
carbon source is perforned with a flow rate, wherein

WO ya6/a2B2iow rate increases with an exponenti alPCT/EP2006/062628
coefficient m and wherein —rmef erably said exponenti al

ff
spem%g grqlgcclzt%gntrco% 1%1?,| blfeor gxamgl[a )%‘911'1expfesS1<an &9 11% Esce ?‘ I?Bﬂl in a total

Volwra¢ € 2vhiimtuction isedtayted maftex ca.| 14 I, whef @Dﬁ(ﬁdiaerdadxbdr@nut 40 to 60.

Surﬁlgéslgglg)rgg‘&%? %ﬂﬁl%ete%%e{ré g)%[@ﬁ)rr %I{Q sat?le %R)l%gsts 1133 g 5 (e/ %gc le7\gh & induction

stargisiatsdiaftentia. bfhwh@lﬁ)lamehﬁtswcmhmabsuté@t to an absol ute

o RSy, M ghe ch ol 45 o 1nPLRRPGR RYaH ol fipay it said
indydeeispetfomedd ht thd 6 frafiseths begnsing bf saidgrowthinbese, praferably after 12 h
to 13" e &ef F%EWaﬁeﬁ@@ hec‘% h&n Ahést %Mfé?aﬁl?ﬁ 'aloblﬁfhéh \g’PQ‘glﬁl é)referably

range o erent” substrates € purpose
said wndreqing Qfisaidpramaterveith seid inducenis perormsd mher ther@Dayl hag eraghed about

40 R0, SHAEBT boy gef erably glycerol. Although the
maxi num s eC| Ic growth rate (nmax) of the expression

hdata fptherrenghedingsat, saidi indusingraf\saldeprpmgise withiseid ipdugerois goerformed
afte'fi haneinkit géeﬂcﬁfé@ WIQ{eYIF ﬁfe@éra‘tﬁglé&ﬁsmh&%% @P?&l@tp?omoter with said

ormati on and pr ovid I omass

indugehistpeefprancd vé /1139 28R afteruhft b%ﬂ?mg;pf sl gﬁ%vatlyg eF gpidhbacterjal host in a

medhﬁlﬁoﬁgfemm afRF 95 it 18 humbRefr&Rfably 4ree1RAANT Rk ptdi&ably after
aboeb?%d substrate gl ycerol is easier than that of soI id

B Whaipie @ecferplily sy indycias wh saith roswter ithaiddpducet s ggrformed

whénth@OPER A AhBd 9&)@5@0 t‘ét9© refofablRibbin@3ed before,
plasmd retention, i e. mai nt enance, of the

exXlpross Smbad lgqelatsqﬁ the fD(Yel'tltrpé\ 3id ipdycing ofis9id prgmeter g]ltpﬁéld inducer is
erfoﬁhmewhai th® OTRE FEREE a VHuLHIBNH i60) prfai@fabEIDZSI 138l5, MbRl pieferably 30

f nbl nan rot ein, Plas etention c
to 55{)3 léfafefﬂj’a %St &)a a ayRpeqitrally P&gf]ﬂf%f gRboginaet Sﬂﬁéa@ﬁaws of said
protnatef Q'[tmsﬁd ﬁﬁlh&arr] Q@e@fﬁhﬁé&ibvﬂibd 01}6§0tm Bg i ndivi g ual
r . their antl IOtIC SISt or e
B PR PR 4 RV oPHED B g SIAR RS et » g Bidducer s
perfoﬁﬁé&ﬁ:tee oh eiermsd &ﬁﬂ'plfiass &VﬁghgheS(DB&b fch¢headatvalot of dli(I?to 120, preferably
t ance on re n as .
70 T € aits arigady 0 0 0] Fivetbreleibnr K 30, B Rpqifally proforred
embddémenn thetihdickien isanmdtaabn aid qoreadal feed pidse whba OB i9about 85,
pre ga%l},egsabl y nore than 90 % nore preferably nore than

even nore preferably nore than 97 % and nost
prieduetiei wyth TPDG Yn obib embpmnmaﬂ ofg:hcmmt/éntioﬁ mald rlﬁduumg ofiaid promoter

il 35 iR, IR o ok DNETRE PEf o B Ghin Bl s e of e

cultotehevithv the nmgdr ¢a|rlmnt sonl@ems nebntinued.s Sihoe IPr’fﬁns ot oekabolized by the
raing this.te r.at bo 7

bac%trrlg\fi\lﬁhﬂécb fu;](iu%téénbggjf eb% g{h?%vjter afn gfo % ag&lon'_k%ﬁ'eﬂs%b to the desired

coneoniatiyrs | Adtermatimey,r indyctian cathbe @plnewdlbyga: owtlhumsrﬁmv af AT to the
d.] | bl Of. y . .

cultgge\./ (I)]!llj r% ]ﬁrhigrr?%%ﬁlg&ﬁm?% f’f)ld&c?log Gy L Xr?orﬁ'{ég Sb%l agi?ﬂt{(/\é,ﬁggr%elgg(} in a single

SS 0 e express
addgloaswriactontiuens flow, whergje seid dbdding prhfobaédn ovitgre witkethe major carbon

sou%éga ﬂlﬂﬁg%%&l{haé raoﬁs%ang LR nitreés ovst Ee oF @518 rtﬁajor carbon source

e maxi mum gr owh rate expressron
engnqnaaliV msreasm&ﬂovwmmftﬂmernmrrcarhwnusgurgfr own at

U GHRELSE WiksS 155 @ WA tdscribed above, the induction of protein expression can

alternatively be achieved by the addition of lactose to the culture medium. In one embodiment of
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optimal growth tenperature as conpared to growth at
the optinmal growth tenperature, the yield of
reconmbi nant protein nay be equal or even better at the
| ower tenperature due to inproved plasm d retention.
WO 2006/025821enbodi nent of the invention, said cul RGVER200E62628
of said bacterial host and/—d?r4—sai d feeding of said

the lci’l?\;egtrl]o c géu h Ilé :?ggl\llamm}n D o? %e t10n %Ee c Ie)s( S lﬁ(rc:ﬂgt}eal ?eeglo(%rthe substrate is

intertupted hod the peluttfr@ lsma;iplwd vatht zecmnstm&tﬂmofbadwmn mediomtdontaining 100
T yr, .
to 3%? g)ﬁ',t eﬂ&crailg%gglﬁlge H laect%%ra assﬁé g({l? Qﬁfé‘r%z;\ og}rcg Ialgczcgs[?et%c\%e Igendll%). Preferably,
the ao@taﬁvﬂmratpo%lhqo@tﬂqyalb atmwematﬁla o Bat@Q thergubetrate at the end of
the Egeg&ﬁgsgbl y between 25 and 33 0C, even nore preferably
etween 27 and 32 0C, still nore preferably between 28

arld apreferod, enghodinientf the piverftion s ynduging of eabprortoter ithgn inducer

is ag&]&}&l bg hfdaitfsR Sk agtroﬁé; %@1131 éf@ilaglgtsgﬂﬁg&?s% W fed 'tésaﬁpbatch culture

process O | nve tion rses

in gppoptivusts Sawphiane anduvberein preferiably ;ﬁmdcfeﬂsimgmf Splld:bg@h jcglture with said

majop& B&ts%{ircﬁ}én%ﬁédﬁuhﬁlﬁuc' ng said pronoter with an
ucer e time point for the initiation of said

o rdncickision 9 daséose in scculfitoe fhei reslocenisless aivity increases, lactose is

con%ﬂetd' ] %Ilblg&oste'mc@iﬁQﬁ&E i tg%;bn% ARBUR preddieh & tﬁt‘M’é@ombmant
of the bacterial host duri n&ﬁéhe f er ment a{)l on process

capgigis Putiaieds da pargllely allpdactaserisniuler: metabpbisedand @@ml:\ute? teythe energy

sup?%@oﬂ:ﬁé ﬁmpﬁost tTB@e idriupedf NSl fafe\MHedhddcdioPedium and the
e cell ﬁ)é( CD\N[ gl1]). These paraneters can

lactgge %Pélélanﬁt@n fth‘h ee qr%ﬂes therRXPYs8Siof rafco I he azyanatie geactions

invélled BE XN 0skUsdel ARWPRASSHIY tRdhotdsd I'in %ﬁcﬂ B 8ydyN@eC fe, formation of
preferably |lactose, to the nmedi um IS apparent for

inclugjgn hodies g misinaised. Theaprogresy o lﬁgmomgwéﬁs st mEpigered by
detbfgHing 'tﬁaga -fladidiRalY REVEY i he RS, £3MbyPS Bﬁ@zillAﬁs\é@de)(InVltrogen
n extended feed phase and may lead to i nproved yield
Kl‘gsf*s ‘e 1 ecombi nant protein but that on the other hand
OWﬁra-Iﬁ&e@r&bﬁddtﬁ’rﬂﬁ)dﬁMt SN imveEtidr $atd fhﬂﬁcnﬁ 6t &idpromoter with an

indGeP g YD Ry dod T AL Etoth PO GS HPPh P dPe APy said bath

cultufediacCd Eghtiffious oty Purlhging rwhetdin pRferabiyl sai@ feedingeofahidratch culture
t@ % Io b det er m ned f8r t hespeci fic production
WIR B ’fnﬂoﬁﬁzg ONESPTCR BLPIB Yt or  expressi on of Q CPin E
C dbisconBrifblis | additionOtodil indadetneSatef idduter icaalubé | aided Sto the culture
. Sstarte fter.ca. J14. h, en OD.Qo reached about
discpripighity Yyl e Readilioh o« b Brepming ob s BPESHE APRury o fow
subbaguerit heldimne doriog elss pi"daluetldﬁOp]:kse: aDBcontihese additioat ofothe inducer,

esp%%%%tbygags1ggl+% gdft;otnelr% parti cul%rf1 smt\é\gg\ggenﬁﬁ t%é?er 1%ﬁﬁ‘a1s1nce IPTG is not
metabolzed ibynthe sleacttrinln HOEtI berefores appicallyoamt erefarilily maraplacement of

meﬂa?&lé&?gyf(}s W?({?gs hg@gm% é(?lg yﬁh ?2{ e&ftftl]lﬁ)o?%%ﬂ;&%?ﬁducing of
saichpromofsr evﬁthraabh@ucaf is pcrﬁt&eﬂ) by ¢heldsidition wb said prdeéaey Iabﬂ'egably IPTG or
L Ny | .
lactggei, g‘{osﬁ%%{alélyll&&'%}h w;sgllfﬁlln?%%gég&gig s)ﬁdsit?d ?%g Q&‘ Idﬁ(g fﬂﬁgeut its final
conmomh aisorce dyeesinglb @dditid at the 61©g1nplngf0é tizbprpdetion ph&e, wherein
pre%%hg%gaw H&&i{l %ngﬁg 'bg@: tculﬂff@'v&ﬁth' sgﬁjlurﬁhjgg dzﬂf)onséfﬂupce is continued. In a

ter wt ucer i's perfo
preferred embodiment said 1nducmg of said promoter w1th an inducer is performed by the

addition of IPTG to said medium, wherein said IPTG is added to about its final concentration at

once by a single addition, wherein preferably said feeding of said batch culture with said major
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after an extended feed phase, wherein preferably said
i nduci ng of said pronoter with said inducer is
performed 14 h to 20 h after the beginning of said
cultivating of said bacterial host in a medium

WO poefizsszlbl y after 15 h to 18 h, nore prefer abtGI/EI2066/062628
16 h to 17 h, nost preferabuﬁ—after about 16 5 h,

V\/nerelng)refe (plﬁ\( saldlndu ter, wt.h
carbon Sé)ur continu It atlvel ?11 omo er_ W1 8 inducer is
ucer S perror TTE as eache

perﬁolmo;d; byBibe hddi®d, of pa1d firgluedy) Breﬁtablyt IPBG.or laatostn enoptyeiirablyriactose, to

sai&; gllegin}%h gﬁ%@?‘t .,agd’] %%f?[iti fngng%\/#ba ste\%%%te%g 0%9 %nggt pto 5, more
prefeedblyeindX to25 most 1@6craplyah Srsédpls uiitg the p&Euctionrphase, wherein preferably
e e T

I ment sal U cln g of
S éi:ﬂllt_lwﬁddlhom\f feading) pffindwa¢r Paefetiablypeaid mdmd isyeidded to the medium

ina gﬁhloh§ ﬂg’é faﬁlg%xjgﬁ%hoﬁmg’ Efroﬁﬁm&ﬂ)ﬁ ‘ﬁﬁasE hﬁne cﬁﬂ%%h@ﬁdltlon of the

sal ndu0| r onot sal d ucer 1S

indyssr fsaralmﬂaalb'tsgﬁedaf@r dactosq ange flastage gﬂw@gfebolmbhy thecbaciea diost and
thefef A& Qe&gnf?nu\()ﬁ% lzl&dlﬁ‘(gn @P la%fasél- agmn fh%f ﬁ@h% éﬂ)asé %113'\3‘9 to maintain a

nor e preferabl , pre era
lactpge epnegniration wethe yleﬁlnu@f whicly all@ffﬂo@d cfisient tnﬁléctionwﬁéhq Iammoter In a

prefeﬁe@ tabddtem! {afd 1nafﬂzqn%35]f i S0R6Er (a8dn %Iﬁé@rl é\’?&ﬂ)rﬁm B¢ feeding

i s about 85, preferab Inductlon w th

saich paiche pHI®ER Wﬁhﬁaléﬂnquﬁ@’ Wh%réﬁtnr@fﬁrablau @14 induser PEE ardpgiose, most

preﬁfa@%&Bse%ﬁ@wﬁé}elh REH §8LidgSs pERIrRYE th PYoriiEoRIdnt WhBrein further
wherein preferably said feeding of the

pref%ﬂbmﬁa@ fagding is perforpied threughpiy thegpseduction Rhagont i nued.
Si e Redifd 6 ﬂn&uo@f)indrlﬁzh QoA 86urbY Thb Expr@Giof bt ke r&@fbinant protein
i nducti.on can be achieve by a _single addjtion of |PITG
is ap gn¢rgy deraadinmgPrecsst d Amrarenioricld Agss Sthirk might Be capsed bytthegreessive
conS@fiptlda XEKY BNREr BY thd b@&eﬂial rhuataﬁd fldekpaéssbﬁ’mest @sdlttf) thereof, the
cul ture. ;&Jn a refe[?ﬁied 8 msnt i nduc IS
cultyes; ¢y bfe alfs syoplsfnegied v 11 bptrae Arefge Y il s fagpon source,
durihg GEY hroBuGiLs pﬁds@VWhe‘!“d’i@ tRiflowsAtctbflifRdémadot tHeh&J&&faﬂJ%n source is
culture with th na&or carb&g sa}lﬁrlcelsc ntin \l% I
congtant QfSPerRas PHlerphix cansiant (When, fring the grodugiiop S% ¢ culture is
supplembitad &ith EwWbStraty prndfidréazinlg flowrateLthe Flog ritt Gvpréfadably Glcreasing with
maj.or. _carbon source. Induction with [ actose: As

t he
an?i‘@%‘%ﬁ”f‘%}éﬁte‘above, the induction of protein expression
C alo-Rekdigg wth Mﬁisngnﬂ)ﬂo@(l’ﬁiieeﬁﬁd ;byfetrédé emblodiineatnsaid 1nducmg of said

profiFL Rt gty ndits R etfed Ty g opaivd, ol Pl Bl i 584 Mificer and

said hnjoexqﬂbmf sdurae] whereth safd ﬂnhmms u;kméﬂeabbr PTG crrtlaadwsapmes:t preferably
and th ecutur IS Su

e s R A6 o B ot eS8 fre; Bty pivocrol

wh&r€i@ sgid linderer, pmeﬁeraiﬂy tldverse ehde saidintagm cgrbon cse11r¢d @oaferslﬂy glycerol are

co-fed sa%ﬁlétm ltuﬁ; a‘l? %PIJaéé w Jllgl 94 %qgte 1 r%\f‘e 2B ab%Ilt constant. In
14 sl PR

RS appr oxi mat e
a ﬁs"ﬂnbspneﬁaned ambochmemrﬂdldcﬂow me fsecédsephasﬁow Ifwdmgmfsﬁldrmaeot carbon

sou?cr(mg g 1H%Qttch %{!ilt&rg Gt A Xﬂ% Isgtﬂe Qs Atqgeu%ﬂd’]%htﬁé g%@r}ttﬁ)%ars]e In a still

er Wt ucer IS ac
furtbér_ prafctred; embvchmpml aalqomdﬁcer, abefyrablan ldctbm: s epid sajazctatbon source,
preﬁﬁibﬂl @%eﬁh, &t lcz)lﬂgiﬁed in the same medium (co-feed medium). In a further preferred

embodiment said co-feed medium is fed to said batch culture with a flow rate, wherein said flow

rate is preferably about constant, and wherein further preferably said flow rate is chosen to allow

feeding of said major carbon source to said batch culture at about the same rate as at the end of
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in a continuous flow during and wherein preferably

said feeding of said batch culture with said mjor

carbon source is not continued. Upon addition of

| actose to the culture, the b-gal actosidase activity
WO 2006/1258%les, | actose is converted to all ol act CY&E/BIR0041062628

i nduces the tac prormter andZGt—he expreSS| on of the

rec SI d IL0jt ara .
the gmv&%ﬁgcz%sosg a Vg %re{ehrg? cmbodit dl %sald ceris loaﬁ o?e ljitsaeud rpajor carbon
soutdegs elyeergly wderpl said bucto‘sdqmdjaui glycacbl dn@sd; fedTthesaid batch culture in a
ratlggﬁéﬂohﬁim:%gww.e feeding rate of the induction

I 'um’an ctose consunption by the cells thus
d dh er firithes preferecdecophodgaand of tha tiwventidrelaetnseyamdisaid major carbon source,

preft:eﬁagf}lpélg&%ll Y Q:L) \f&fj &1& ﬂ{taa ﬁﬁﬁ&aﬁe& Ighbrf’lé‘f 6:9 1§ q Q)t (vs%v) preferably

cess S uc or mat 1 on
aboph [l trsdbont b dw/@é there mqﬁfprnbls elbput Thdo pBdgres glosifpreferably the ratio is

abo'u{] fq (‘(W/\Qﬁ TP é gﬁ&@éef&ﬁbokaﬁnéﬁ’ Rl Q6 gf NS Inﬁf {Ha '}%d“& dafifon source,

%maCtOSI se activit In the culture,
prefirabl elpesselyisidt (EMIntanBenprokas Smbqqmemtrfh%ﬂaﬁlem@ lactose and the

t: | n -
majgi; I@zfrﬁd'ﬂ; sgangt@ ;B?&%Hﬁ%yc%fol 1€§ g ! Qf@ gﬂc 1?581% r&eﬁépﬁ%oagnéﬁﬁ said co
feed, mrlwnbwrmmsp%@q 39 g/l\ipetoseiand spe?3Qr gb Bl,YC@Qh p #till gagee preferred
emlbo?luﬁ@n@' tHeQoFdIndMRInt Ebtﬁﬁﬁsteé"éae 1 (b()”‘g/ﬁla&@iétahﬁ Y %0 gh Qchrol
during and wherein preferably said feeding sai'd
b &ea-feeding with incpgasing daw gatgpAlisratizely saiddpdpcng qf§a1d promoter with an

ind&R@P1s Mﬁned@ys&pfé%dhﬁ 04i& baveld bl with shil GMRREr and@hid major carbon
i nducer, can_be added to the culture discontinuously b

sougcesWhigeia said didurgs preferably B arlaciese.gpost Resfasatdy lagtop gnd wherein

said® RRAfR dﬁfboﬁ)’soﬁrcg QW ghildbseesiugipterad fdrdrle ghiteioNOwhdisin said inducer,
roducti on phase. D scontl nuous addjtion of the

preﬁafﬂylycgptoseegﬁle@p%ma%pr Wr gn SPHER> > drefergbly j elyperol are co-fed to said batch

cultRay 4tiaClbwiFatey w%HﬂeIneﬁld/\ﬂP&’ﬂ rdtchﬁ ihd?eHdMB! wheieih BIi® fowW @R may increase
| PTG i s not, netabol i Zﬁiﬁlaaf t he bacterial_ host

With gelfngfropreWith g icXRAmERH EisHf-a8RgeiR d’“’rf%fﬁ‘i)lg&@qrgnﬁtgal Slow rate is
chob@®t 8110 lail6we decdfAE (o issid MRGErSArbor sButté OsaldTbatdh @Utufetdt @Bout the same

hase. | i ment said inducing of said
rat‘%ﬁ&h@?é‘?‘{]\’/&ot{‘] %R%ﬂi?cer is perfornmed by the addition

of Fusthbrchaliciticaly saif irefueing lof Yaid Piomotdr widCirom@uceisperformed by co-

f bl | PTG, d medj wh d d
reclRRE i Bete s S g P SR mAOF S b SRieCoAg i inducer
is pﬁéfélgbl? TPMQ iok labt’d)s@tnfldshprgbﬁ@ly’llagtﬁfga, aiid Wht&emrsﬁid_ljﬁﬁjd)rwarbﬁn source is
I r t .
etnfiiF B et Rl afpEt hapfumoa bR toreaRb B ¥ g to said

batéh q:mltetfeet 4 @ckt Aot odle, madl t;vhemmd;mdnmgm dathonkowged, ﬂreﬁarahiy)glga:erol is fed

o il AE o PEY R it ol B B S P icreaive

prefetablyf pcmatant; @and evitercirt sod satondrﬂmv lage & eomtyhteoramdreasmg; preferably

inc%@ﬁ%? Iv&ﬁne%ﬁ n%r%f"e%g?y %%ngalf \?a%%l &gsal%f S€ ?%ddﬂ%étréﬁp éﬂotséf”% to allow
W sal on source 1s con

feeding ef saat ngjet sarb@eaourcc taisaid bajchodultser af apous thet semewate hs atrthe end of

the lg{b@#iﬁ ?é&? SIn%S{FéP%r?Eﬁ' goééh?maﬁ%‘%lh indle @is o éﬂ?ids‘d%%ajor carbon

Fera
soutcg is glyder:ﬂe avbarein ek lagiose arud siuhgldcelrolcme p@-fqdepfseldrt@tthl qulture in a
: $t.e eferably in 1 to 5 nore preferably
rau?ﬁy%;otﬁloz'?&o ﬁ%gvtv%r eferably in 3 steps during the
pr%mvvﬂg 9of thgbg@gria,lhgst @b detgpélﬁ@r‘tgkﬁlyw, CWW or ODgg continues during

the production phase at a growth rate which is lower than that during the growth phase and

which is decreasing with the process time. In a further embodiment of the invention, said
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said feeding of said batch culture wth said major
carbon source is continued. Continuous addition
(feeding) of inducer: Preferably, said inducer is
added to the nediumin a continuous flow, preferably
WO 2de6/62§Hout t he production phase. The conti nURUEEP2006/062628
addition of the inducer is—rticularly suited for
1nd%c11%%t Mg gr Slogc?r: %]? galtn gg élg%rtsls nﬁgugqrcl)egih DX {;o-ge\rédghe a{%&l?c%% aplreferably
lactdser amﬂg s4ifh emmoodalbbm csnurphalstefeedbl}o\gib/ceml nei saidabatcla culture with an

incﬂéa?sﬁrlﬁggf? v (o0 BichC {lﬁ‘;@ yih lﬂt%xﬁr L vaBx% it Méie‘ﬁfén% infrdise of (o@the flow rate

Ion o rorm
is agippod itevthret actigdigovith detei ofgth@fculflae dInpa dwrtiice rpreﬂ:rrdd @mbodlment said

indf.\}mcf&?, ﬁ)?%érlaia@ SJSE Of{nq%g dqxa I)Iec%%o[ﬁgsoﬁl%g dprggltaﬁg é)zégl-‘olil M dre contamed in

| cer |n prefera sal
the |s@FGmediuma(co-desd, qu:m) Wh@ﬁ@rmdblsablyatbw ttie betavedn \lﬁfmsea alni glycerol

in sa ilgeélﬁﬁq&dqﬁ d $hell frbltﬁ a%o&tqm BPPGL{%/J: g%f erabl n% gbout 2:1to

ereln furt er pre sal d ng 1s E
aboph} 6&@Mum0tmeﬁ9rabmﬁbpmoh th&d e(w/@onmétedefﬁ@ lyfthe mgesaabout 1:3

(w/@) U refrerr&flétg%ﬂnﬁ% lxfratid he la%fi)gé {:hngn r daftfon source, referably

reconni nant proteln IS an energ enmandi g process. O
glygsrelyisdtl (/). dn pngther prefagted mnghdmmt thaigte gf lagtoscrpnd the major carbon

souﬁ?é,gltﬁ%ﬁfa‘ﬁﬁl SRRMPY 3QR /9. I DeotdHEeREd B¥bdditRed? 354 ﬁ{eﬂﬁhl (co-feed

) and | ow ex&aes& on rates resulting thereof, the
medipm) GPePEEh Be2eftiglltipdpm gl @90 st abeIoliln 1 still more preferred

emBudRAdt BleSnduRfiGi BERERh ¥othPrEseSTBd. 200 £R1aBR5 MALh.R0 ofl WycBYl.
the production phase, erein the flow rate of |n ucer

o crbedimgpior! barpYFRUAR 8¢ dduging o spidRrompter with an inducer is

perfoﬁﬁéd:v‘%? 8ffce@hg f Bida BlaMcc OpRticdibly Y& shdr k48 Ihi]Sr carbon source,
roducti on phase the culture is s%é) plemented with
UEC

preirAbbt ghygernl 4¢ saidbatetpsuliyes wherin sajd iaguser, prgferabilactpse andisaid major
carlSUnesfonc@ Opri¥fetaBET @3cekd) rd\bdnbhidd if%EaRe inkdih wiadheare separately fed to
-feeding with constant flowrate: In a preferre‘g)
Salde ment said inducing of said promoter with an
| NAUBE fend Sf ﬂﬁrﬂrﬁdhﬁiﬁéh Bﬂasé @hd %@la@hﬁ%s%dbﬁi cehtrifudation. ETypically,

sai n ai.d or, car our .
collyain P Yes e RO et e o AT ey B PO R 0P g 30 is reached.
Furtfies éxt¢sivh f &iﬂ produtidroptasc Radb tafhighed ODgd OWW KalG&rd9a fherefore

urce is gl.yco or glycerol preferably gl ycerol,
to Ty mprovedViels Ak SXPrESSPRFURI | act ose and sai d
Mejl@vesdrdaia n&a@ WeCsispapd@l r £ bloyagg Ibyffer ald asred @o-§0e far further
sai.d batch culture at a flowrate, wherein said flow

Profes{'8ei s preferably about constant. In a further
pr'ﬂfe&ombpfoterﬂ)@dtenem the a¢ld i§ Hewyniisddeafies cethlysie by SDSaA GRvor LDS

PA Eed ngmgz{nsgrg\év &em g%egaor %;crggtg?ttqq'ﬁslalgl% é)?(%it;i% ri]%<(1)¢.3t¢.3rrnined by

HPIgCoKEheh idehtigeof the eaptsssed lcarfsidr protpin B édt@mired ymiyosderneidtting. The
) |

cong%l frtiol LIJ)I{]SIfua%gé’mbléH’ %ﬁg éaal%g%é angislée(asos ﬁlz%%qclﬁéibﬁj gJograP]ﬁl (Example

18)t VIEP sarmepa;ghﬁglmbé pmiﬁ@éd)nmbmdnvjls by charl;;lﬁtgglgﬂgc rTlithods.

C e B MRS oF Rt B R 1 bl gty it
adaptatiensi thameremoakﬂnyotmm culanrstvalnmes imthc wrge @if 00 wrtupep 6000 1
Pre%b%é gl[ﬁgl.ma Woﬁlﬂieg aHbWtJ 1 ltﬁos? Bf&&aﬂ% b t|5?VY[ fIte{E da'pﬁ&ent for the

) maj or caroon sour Ge t o sai _atc ture
skiligdpetson jthat @am cpliure valymgs int pastiufad resfuirh darggrointume [0 g, preculture

whl'cH %g(‘é(f 8)‘ ﬁlg&gfrn’ﬁ{l:n;}r? e‘iEﬂ]ﬁ’lg ABu1ER hhy BAPEimddSn bAFEE $fore steps
w1th 1ncreasmg precJulture Volume To ensure plasmid retention in large culture volumes, the
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source is glycerol, wherein said |actose and said
gl ycerol are co-fed to said batch culture in a ratio
of about 2:1 to 1:4 (wWw. In a further preferred
enbodi nent of the invention |actose and said maj or
WO »a6/b2ia2isour ce, preferably glycerol, are co- fREU/ERR08@HI6A628
bat ch culture in a ration 91‘289—1 to 1:0 (vv/vv)
prepulefeg :wa abo %IS %o%ul{ug n%kgl%ldlte /n Ve)n agt\%lo ¢ to @?‘36?16“{%1 Qpressure.
Ther sitillagl pe;smbls Lalwaﬂe Ba( plasapid retentionpeanf ﬁrthedaeenﬂqmdveddryt reducing the

B ) B3E-A08 KR A MRy T,
advpntegeons wdinesrtiaseltheegreculthess mad ithe tefch] ailtus evithridgh bl densitics. In a

. . .
e SRR RGO D) S ALY BTt fiphad w03
mddionprembndimeént psio to. saRgWltiyation siep; spidpraeess Butherx@Opgiscs the step of

intrgddépagr %id bdéférlgl ﬁ’ds{ kdto HOh&idH e‘i’]%&'él&?al& qﬁ’cﬁfd‘u&ﬁ s gd}ﬁ)rmed with an
e Ium conpri ses ca. 10 | act ose an

inogdgn gyherein seidrispculumn if prodiaed injat mewlﬁmeemgmg compyyping the step of

gronﬂ:Igesald"t!a(ct%ﬁmIoktV ﬁlaymmﬁl?h gﬁ' 6d Ma&fmo‘h@' Sheff8 a‘ﬁ&m cin. More
an i nducer 1s pertor co-f eedl n sal

pre@cﬁbtm sed \prachltue PEPCRSs FQBPFiseg P sf,@nswf BEYVEIng @ﬁd bmtenal host in a first

med@i@M! ESnpridie! §h NinfiBibfc, | f}‘dfém%[ 'kﬁnﬂy%fne raR! &hin'ﬁg(%aﬁf first medium
| act ose, nost prefer ab act ose, d wherein said

COmPIISie ﬂeeabas@ﬁalslzﬂﬁ? vith P§ecgnd asdiamgo agl%# 10-1 oy Q. cnrefirahly about

0.3 9k Ne&h Qid sdRY RieiufAk dsseMAUS Fee oPhE Brﬁfbﬂ}@ﬂc}’add%&ﬁé? Quiti¥aling said
sai d maj or carbon source, preferably glycerol are

bacegiakhogt- t 0 said batch culture at a flow rate, wherein

Sqflﬂlth&lmb% rlﬁtseaﬂtpﬁrehﬂ"ﬁﬁ%‘slﬂged PRSIC At I RrthéfMohdrbeess of the
i.ncrease w | inear or with an exponent| al

lnverwap dt 1 AFIQPIF Procgssey Rich reguiresepdegyaie pRegen spRRly, Pf fhedijeteria in the

cultud, Thé Sx¥dea Biandof Be Dattokl hoads,NBtePhlid Mddeabi) %th mcreasmg cell
carbon, source to _sai d_batch culthur e .at _ about

dengsity and lacregsing erowthyrates De Pleéldﬁ’lg&ﬂt B)ﬁa‘iéf@ umgLﬁnflﬁé oxygen demand of
the ®hdterial &bdtV&dygeﬂSé’anfdr l&ﬁéiﬁplélgae%ﬁ izt Gy RN a8d/oiby Ber@tibn with air.
i nducer is ﬁerfor lﬁ’ (8Leed| n‘%c aibd batch cul ture ¢
Altgnatiyely, pxygeh &t 2150 5f SURPHPY bYapaYoT Wit BHC Q5YgReor @ mixiure of pure
oxygb@w&h Bn}f&&thd' gaf) q)mfaably Slrpsliflﬁrdﬁﬁ plie\oxy d2h cefors td Ehétt@ﬁﬁwally pure gas
re ct an ar bon

os Ggiecly pestghe eetelgrppion RahasSBliy JRyRABE o w the
bacwhigl ieistis $itrchsing cheasxky genpactiab prebduye inabd msdiumdyfindedsing the pressure
mt@eafed b tch culture at a first flow rate, and wherein

or carbon source, preferably glycerol is fed
t dnaq:refelbal anlibodinhentl biéthainvantmpmdjcﬂﬂiﬂvmg %d&baotdr'ﬁl kdsnand/or said

fee& f pf sl é{)l?attchccgﬂgr{a gné/gr said d1n8 c?d a@ré)rdarqo Sean ith,a r?fIngucer i tpgrformed
undes cmﬂﬂmnamhmn isamd rhaelsnaigqoslpls eshpplablvylth ov(ygelasprefgr;ably by acration

| .
w1ﬂ¥\'f|a11‘i=‘ rtﬁds@{)gi‘ I?ng C%L&at {d%wthndl ?locv%}{%]«mkl! glo%wggrlelg é)?%gr%gl? garud oxygen
is suppliedrntheoghaie theoesae grdvessc mosupltem@bathratghqmt thhdagsapmwth- and

pro{i)lr?&éigré ?ﬁas aél?imr%gﬂ(%?elﬂg ﬁ:?daelgd}gfel%) UC e %ess{u'gs e 0%%}{ 1S mgmtored m
the waljtturc nmeduboandswharge thesbaglesia dhostl is awmartmelw @ aiditibrady sspplied with

oxyg %lex‘lu@i Wgtﬁ lﬁ%ezé:%&e& Opf&gl% %Ov&?&' fle DA pleubd b odyBen in the

I 0O
medium (pOz) is below a certain threshold. In a spe01ﬁca11y preferred embodiment said threshold

of pO, is in the range of 0 % to 60 %, preferably 10 % to 50 %, more preferably 20 % to 45 %
most preferably said threshold is about 40 %.
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The growmt h of the bacterial host as determ ned by CDW
CWV or OD Qoconti nues during the production phase at a
growh rate which is lower than that during the growth
phase and which is decreasing with the process tine.
WO 2006/82582r t her enbodi nent of the invention, sat@i/BRRGG/ 69628
said pronoter with an i nduce®®+ s perforned by
oS bbb 5 B B ek PE R o 3 i e
prefm‘ed: pOg¢ ad deseribedviabdveais routioelg applied if thowprocassenf thr laf/'@ltlamlmeferably
t I
for %lhp? ?%l{llvﬁlc? \gff; Zall aglda g@ ?%gat]ioﬁ %Vlﬁrl)g(ggt{mﬁtﬂ?e degc!\%ﬁwﬁc? ﬁl%?ne? 1sf especially
preferred tuthe seaked-up ﬂvrweafswmbherefmldi etr40gd _1Q0ﬁﬁmllahem sai d
' nﬁié&%re die %Ll%{)%'ip‘le}{t +ﬂﬁé Ty tloﬂqgaza?dcgss%ll %{pre%ﬁ{) gpa recomblnant
source, preferably glycero are containe
cappid iratein (of @- agtetophegl omd mujgng pe fragmynt thercal bying h;eparbbt <pfoformmg a
P 1 1PS sY&otpPisink th ] &R
VLFTE as%%‘rf]ﬁ gs§d]}da gﬂ)cggb &) p Ismg I’{ é @fe é {ﬁ\l‘ér e]l gr éig e))(/pressmn
plasmjd umtoz alchwrlab bast, Fh&tre(n/wsmi exnmsemp ma [SOPEERS UAN  expression
con t ity said'eXpress n firsnucteotide e encoding
!tn?ctvﬁa 1?’2{1&\’/ {R<h af d fhe{@ﬁdﬁ:té R4

preferre t the ratio o
sald a@p@s@@a@n@pelﬁ@rﬁ%}no for mwr et thereef, eandfily a promoter being

ind&LidIe %{l ®ctosk;. )]-eu:l-tl\fa%é’v}ald b&t&ﬁpﬁ&? 'fn :P[n%fiﬁfnr &rhprising 2 major carbon
enbodi nent. the rati o of |actose and Aor carbon

SOHECGUWE@GID srid crltixping igperéasmed in lraéchloubure\npdv}m of ponglitipgp wnder which
saldz’f')r%ﬁl%fef aesrefzed bmt wiheth SEElabims Q)Q&‘e{ﬁ@sged]ﬁdéa'lﬂ"ﬁacterlal host; ¢.)

rlses ca. 200 g/1 lactose and ca.
fee@ngaaé# batch quipuze vglfh pid RYPECHHBIERFBANE %M“ﬁ’éﬁ gaid geomoter with an

1ndi1<!%§i Wtk sdi® el ©P 538 bSEBIS cflfire Wi s&ld ha%di‘“cﬁ&%ﬁ sGREE ﬁ @ontinued,
g/1 glycerol. In gne_ enbodi nent of the inventio

Wh%ralpahrw&me s &) 1@ 4i) @F s REoLess oRracR inFupplipd fe spid bgcteﬂal host by a
pOPBIshidEhind ¥f £QcakOAPLND %ab 0 4 PusFarnbly Rb&t a0 i%"a)zid wherein further
ose. and said r carbon s referab
Pre%r«? YePd OX¥EeE aulg)if'ff@ 1Y HSTAIER V1t g v ogery ?fn% e of both,
prefeEadiyetadmiknire6f A5ndPEL cxgbsh. MBj or carbon source,
preferably glycerol are contained in separate nedi a
whi ch are separately fed to said culture. At the end
of EXAMPRESduct i on phase the cells are harvested by
centrifugation. Typically, cells are harvested about 5

h after induction start, when a final OD OG0 of 90 to
13xamplerleached. Further extension of the production

phase. | eads taq hj r oD nd. \ an .

F FaP B FiFadeg o R ERPrerp Y Byt &1 101 TR PR R 30D

C OFtet doniiCirotelagn¢edihg dereqIC) of WayolbRNAUsqeendptthge QPBais ampliﬁed from
o5 B0 QOS5 5, By B S e g o
the d88-ea I@Mexit afotan (CB) dndl the 329-by ra@3DIhrieh¢iEpoteil DS)PAGprevent read-

. Dr ot
oGO SRIRAN3A 40 B 160 S aners. TLSB0RD A REA i
ID N@é 1aemprr@§®edi by aqase@emedfﬁe‘kTGAs(SEQﬂENﬁ B®d by western
It t 0 f
'ﬁ1 éd&g péﬂ:}g egé;d?ig%”%ng Snﬂg %195%?518 ;E%ﬁﬁo Mt:gis %%Eh}?eed by PCR.

Ohg@)lclec\li_d@ QiaFom/é 0SIEQ D WED-§4)veithpar inferrabl E¢aRd it y@sfdsynthetlc Shine-
Dal%glu) %S]iﬁmlﬁ?&rqﬁ‘&gé Gnr3Bik Mé 5’ end of the QB CP gene. Oligonucleotide
Qblang-REV2/2 (SEQ ID NO:35) contains an internal Hindlll site and primes to the 3’ end of
the noncoding region of gene C. The 1054 bp amplified PCR fragment includes nucleotides 46-
1062 of NCBI GenBank Acc. No. M99039 (except the nucleotide changes described above) and




10

15

20

25

30

35

Scal e-up of the process of the invention to |arge
volumes is possible with only m nor adaptations. The
i nventi on enconpasses culture volunes in the range of
100 m up to 6000 1. Preferred culture volunmes are 40
WO 2006/1238211, nost preferably about 50 1. It is RPISER20A062628
for the skilled person that—30a¥ger culture volunes in
the \F/S)\%{tﬁ tlcngljagegr e%ugfr:he ]Jrg’g{c %f?grat? Yon otrege 1%3“3? Rasgl <|)nt éjnrz§mes HindIll/
Ecqiiendithe mseltlngyO?tﬁebgd‘ewgimntm thsentedtinio tlmlémdﬁl/ EceRIspsmwmlsltes ofa

mthﬁg 4 ﬁt I on 25 géﬁ?&lﬂ)]‘réalﬂ%lg 1¥ are Vol nlégntélgﬂ§% hepr eﬁzﬂ%’ur e%ID NO:27).In

thlsmmﬁ?thpmgeﬁj Vacston tho @mipiciH inagsistanpe géne ia meplawd Wwiithtthe kanamycin
: r r

res%tan/ac!rggée{ﬂ gitf% ﬁlﬁgh BRI ggrl]i?@;ern%é 9 RS %&1854645 SEQ ID

NOBy/)reduci ng the nunber of generations V\,hl ch | s

n e@&g)? TYc- B@Qﬁm gglﬂg 9 RE:5 dd1ffér§ :ﬁIOl'ﬂCféC{OI' g?ﬁ&ibt-ﬁﬁut in the Shine-

Ther It’rs a tageou to 1 nocul ate
Dalgprae wpwn@s Third Shine-Dotepene seanange ¢eSIN SEQNIYNQs) js introduced by

am| ﬁif‘iﬁéttﬁ@SQP l &)al:el rﬁ?&téileeﬁéﬁia g@&%‘d@m PCRE il t lz% m@?)Tach mut.

of "t eculture is preferably about

Oligomueleqtidc DR muicARHer (SHQ 8P NO:38k with canl imforael (EgaRT site and the

corebRding %&ch&fc‘)@]ﬁﬁeiDE #5&1@ ?ﬁsﬁ)oﬁﬁénég Sntdf t§ttﬁePSOEnd of the QB CP
i nt roduci ng sai d erial host into a medium wherein

geng a@hnglﬁ‘emiﬁ&%ngr@\é%@ f(SERLE WPt3R) sentpiny ey inierpal HindIll site and

pritd¥ah §hd 13 'Sl b kROSIAL SR ® iaﬁ Qd %E&dc | Thedl 084 %ﬁ WhipHfi€d PCR fragment
process corrprl Si ng the s ep 0 MV\A ng_sai d bacteri al

mclﬁé%?t nycleotideretfi- 102 i) BroM@03% (excenthe yucleotide

chahg’é@ JNEibBd abdIEarI RS Wnﬂié'tﬁ{ nSE%b&heﬁéee qHb PUREHAPMRAES Higested with
nprises the ste wi ng said_bacterial host in

S
the aesmqlg{l HAEICS .ﬁl%ﬁbﬁf@ﬁlr@débﬁ esling H3obp tpeseat aupgﬁrted into the
Hmlszﬁnambm rﬂestrﬂﬁdn Qlitésuéﬂ Hehodicd PRKBB-3nRdiod rqpmmla SNOBI GenBank

o Np: 5%, S BFRPhyn s oo pRRAEH G e ismmeieiresisance

genfe’aﬁllremdea \lelﬂﬁ et kanhmycih regstafce ag@niara)ﬁlvrauei EUC4ﬁn(Pharma01a, NCBI
r ultiv cterial host. Furthernore,
Ge‘?#mkg ﬁ}g‘h )ééﬁ acﬁg}ﬁgﬁgﬁ%l ed person, that the

f er ment at ion process of the invention is an aerobic

p;[%aesF whi ch requires adequate oxygen supply of the

Zin the culture. The oxygen denmand of the

baCloainig Skralbegy trori the Expmﬁommaamld PTacBD-AP206 (SEQ ID NO:30)

[ easi ng, cel | en3|ty n ner e S|ng

e PRl e o¢ A Pl B A Pkl Ripplficd fom
pladniie pIARmeeﬁii ﬂﬂalshﬂmhud cnn}tgsrthe: ﬁ:querfce of €hE aogD |pmte1ii) gene (corresponding

S a
to sRHBRIdCE Focfaop WE OB CRMRA NG OB il BLie 171-gpino acid
capvﬁﬂptot@moﬁbaobeylgmge)APaOin xture of pure oxygen wi th any

ot € in_p 2 refer )

© o e JrpBnecaFriR Yol I MTRGL ByPHER. DIUBRIIORAE pSDAP23S
EcaRdfon rﬁSEQIIDﬁﬂ@ﬁSSWh aA ifitgmahBroR}oits iald bisyythaic Shippalgargo (nSD)

. A

scqflSp¥Bihh® d B s B G hPLont et NSEATIDR4L APy MRy (s
ID pi0e393 wortaing an frderhalr Migdlllesite and painps &F ther3édné nf)thdlcnarnrotein gene.

ngt)l(ﬁédérﬁclgéal?ﬁﬁﬂl%ééﬁges a s%&(?xdgstaﬂlp d:' gat Cﬁgﬂng’tﬁ% ﬁanﬂgf? %{ n§ QQ)B codon of
the jcpat pedteiy. "Bic 438itp mﬂsd BCRviragmenininélndpg qweleptglep é?QSoﬁQé @f NCBI
GenBank Acc. No. AF334111 and the synthetic nSD sequence. The PCR fragment is digested

with the restriction enzymes Hindlll/ EcoRI and the resulting 420 bp fragment is inserted into
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under conditions, wherein said bacterial host is
supplied with oxygen, preferably by aeration with air,
nost preferably by aeration with air in a constant
flow, wherein preferably said oxygen is supplied
WO 0e6/025ghlout the entire process, nost preferaltGI/EP2006/062628
t hr oughout t he Iag- grovvt h-31and producti on phase, and
the \Mlmflﬁ} Ecolef resprlc{log Si ICs 0f oF ablo\élfI ela tl@% 3V S%{a% aOI(ICBI GenBank
i'S e cuPture erern
Acct NB M’t7t7é9,| $HQ HydHO:24. Ialtltusemodﬂied pKii2®3-3 arddonth@mapllclyhn resistance
. X g .
sen ERGH A WAL o VS O P AVl V] BOREK S, NI
Genﬁadk@w(hbq:@“ﬂ!&ﬁﬁé)%@ﬁértal n threshold. In a
specifically preferred enbodi nent said threshold of pqg
2is in the range of 0 %to 60 % preferably 10 %to
S5CExmplecy e preferably 20 %to 45 % nost preferably
Saft bR IndPWhefr B PGP Rl nTP! of er ably

eration alr a or pure oxygen to mal nt ai n

t HJ‘ehepE edodir steagh BE791 aas drassfpimipd gwidhh plpsmids PTaendPr{dh-jout (SEQ ID
NOalgpfﬂeec‘fJoﬂe Ryak 'gﬁmﬁ{ if %&&g ﬂgékstﬁbgh 'ﬂQékerhtaﬁféd 156 &1 sm&d thedium (main

r culture vol unes nore. Aeration wt

culgsey wediump Hypep dE55e glyseral, pam Hasmplg 53 syjthckapamycip r(éﬂa/macﬁnd was

1noé1ﬂat&{]@1t]§ 6fdr 'hf'HﬂﬂF& GESD start TR n% o 081 PhAdthie sk RedeGnchBied for 4
land above. erefore, one enmbodi nent of the invention

b (PReopbgWerRneAands Prat 8 e aad pmpgigtionof 2299 Rhminduciien wes carried out

witR10% i Bf ®fctode SICA @I 'Pﬁﬁctiﬁ‘%od%u&l Wad Q&Emﬁﬁed PRSMBMAGE. The gel
t hereof bei ng capable of form ng a VLP by

shoyedl p stgangarpry barchvhich Parideifed apRP&Png the steps of :
a) introducing an expression plasmd into a bacteri al
host, wherein said expression plasmd conprises an
eé_ﬁé%% i on construct, wherein said expression
c & conpri ses (| ) a first nucl eoti de sequence
erExpiessiypn HHAP205CPbdasdintrohpithd ta promioter ad SDUMsaSD or
fragnent thereof, and (ii) a pronoter being inducible
by9 klao¢sosfepTde-nSIAR205 (SEQNLD H): m)bmit@rcloabs hbpTad-8DAP205 were
screen?(i 1nclgclf %asi(s g‘%cr- De ne(gsr S%‘Hoﬁl?ﬂlﬁ)s Rﬂﬂ% @F%tlcglﬁ{? pﬂa n§b§iP205 but
congpoisch the Shae-malgamowhquehcesﬁlsdmoﬂbﬁﬁtébmstezsi of glmt o6 SEQ IB;N 0:3. Each
r sgi S y
ﬂask teaﬁégl glsl toq' 1g4(i %% llg‘l gﬁﬂ? a‘?’g‘%“‘gu I:pd 7455 Hglycerol see
Exzmaqlqj Srajth kampanylomn(2§ gugimale ; an@mas dao):ul'atndl uduhmelsalbgblt cultures at a start
oDl og%ff% r"ihtal? n BAE%’%Q)? 0.4 fffﬁ‘é‘é 8b §6‘§)dT1§ee§ﬂké‘ﬂas‘i%E weitl fcubated

ture w t or carpon - “sour
for ¢ drat BPCand aniagitasion of ARG dbe induesisn Vi parriod dutywigt 0.8%iof lactose.

Proféﬁ S&lﬁueﬁ(%g@&hté n%HBP 'SD%CM@E SR gu Qz@t‘é& fohdd exf}x‘égsﬁon%anons CP

In sai Ium o | east about 1 %to

Wamm@aam straaper fronpT a%nSéMd’m theeiften¥Rleac$OANBPBf er abl y
said oxygen is supplied by aeration with air, pure
oxygen, or a mxture of both, preferably by a m xture
of air and pure oxygen. EXAMPLES Exanple 1 C oning
Strategy for the Expression Plasm d pTac- nSD Qb- nut
(SEQ ID NO 1) The coat protein-encoding gene (C) of E.
coli RNA bacteriophage Qb is anplified from
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pl asm d pSDQb-nmut (SEQ I D NGO 33). The plasm d contains

t he sequence of gene C coding for the 133-aa Qb coat

protein (CP) and the 329-aa read through protein (Al).

To prevent readthrough, nucl eotides 445-450 according
WO 2006/NGB21 GenBank Ace. No. M9030 TGAACA ( SEQ RIX/MR20G6/(6R628

are replaced by the sequenc82ZFAATGA (SEQ | D NO 32).

T co% pr ot ei n-encodi ng gene C from plasnid

p%@‘l’ is anplified by PCR Qi gonucl eotide

%W@n(&ﬁ@lﬁ&b@ﬁ@ vvith an inter nal EcRI site

and a synthetic Shine- ar.no SEQ I D No: 4)

éaﬁ@rﬁc@edawerawgm%%@ Pfedescﬂ A én T lftfne Q CP gene.

A i gonucl eotide Qoblang-REV2/2 (SEQ ID NO 35) contains

an internal Hndill site and prines to the 3 end of

tr{@blvdnéismmgthnegﬁ(‘@ﬁu@fm@@qe C. The 1054 bp amplified
GenBank Ace. No. NR9P39 (Mg;glcept ﬁe@ae nuc ggngmde chaygges
descri bed above) MadinheMsdint-heMetiunSD sMdiieces ThedReR
fragnment is di gestlsuepwi tHyrarhe r e¥ter i ct@lpmaroeBy meBacto YE+
Hondl |1/ EcoR and the r@strlti 1086 bp-*fiPagment Spgm!
inserted into the ®i7ndl | IR40ECORI R41eSt ri CtR42N Si t eSReF

a nodidompdaepKK223- 3 vector (Pharmacia, NCBI GenBank
Ace. Na@PO, WEG 749, SEQ I D NO 27).25n this obdified 25
pKK223K3,Rect or thes anpici3llin resistance3gene is 3
repl ac&diROi:t h t he kananyc$h resi §2ance gehz of vectsér
pUCAK (Phae maci a, NGBl GaPBank Ax®. No.: 3806404, SE®

| D NO@%P2SOvect or pfTac- nSBCh- nut 4 SEQ | D MO 33) 4

di ffersViiBlom vect odtOlpTacAPnut i W2t he Shi%B- Dal gaP-fbo
sequeriée: 2Hf; s ShPPl]é Dal @%ﬂf‘ﬁo s@' Ménce (?1@&7 SEQ I°[9147

NO 3) 4] oduce by a the @ ¢
1\;%)?7??@ 0054

prot ei iz & di ng mpla
Klgaggiﬂpi %O [ go eot | tgc?gq%g (SE(%OJ)(?
Cu EF{ an |n 5 Sb 3 an 0.0003
correspQadi ng syn ne D%é%a\r no (g sequejig
anne %Ja%obozﬁ be 05 9 0.000 0,0005
O gt e Q@b@@@ F{EM%Z (S50 NGHE cont giope

an i nt eRa H ndl I'I'ls site and prines to the 3' end af
the norgegdiing regian of ggne C. 3Jjpe 1054 Jop anplified
PCR tfattag Bjkous NCl udes nucl-eoti des. 46- 106200f NCBI
GenBamgpepaess No. MO039 (except t-he nucl eoeti de changes
des@adtbedst Bhave) and the syntheti€ nSD seguence. The
PCR fragnment 1s digested wth the restriction enzynes
H ndl 1/ EcoRl and the resulting 1036 bp fragnent is

| 5@k i Nto the Hindl 11/ EcoR restriction sites of
a nodified pKK223-3 vector (Pharmacia, NCBI GenBank
Adéxpression of Q70BN key-baschBrareys (2 LrSeale) s nodi fi ed

Y *%%Zf%rmenva%ﬁ %Eoc%i&ewé&%rfbhhéd i 4 sRkaLBN @&p;ﬂi‘fc&? 5115 dished bottom)

rep | aced kanamycin resi stance gene of vector

equgﬂnesh w@%s%&m&(@ R, tEfesEr 1ac8), NE, PORoead empgpatyre control,

and! fRRni¥stcB doftwaFBRIRDEt WefsloaPi g Strategy for the
Expression Pl asm d pTac- nSD- AP205 (SEQ | D NGO 30)

5 pL cryo culture of RB791 transformed with plasmids pTac-nSD-Qb-mut were inoculated

in 100 mL Erlenmeyer flasks containing 50 mL medium R40 (25pg/mL kanamycin) and
cultivated for 14 h at 30°C and 220 RPM over night. After 14 h an ODgg value of 6.0 was
reached. For batch fermentation, 2 L of medium (R40) were pumped into the bioreactor. In Table

2 the cultivation parameters are listed.
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The coat protein-encodi ng gene of Aci netobacter
bact eri ophage AP205 is anplified fromplasmd
pAP205-58. This plasnmid contains the sequence of the
coat protein gene (corresponding to nucleotides

WO 20008258803 of NCBI GenBank Ace. No. AF3341 1IHCHERP0AGH62628
for the 13 1-am no acid capsi3d protein of

b riy gphage AP2Q5. The coat protein-encoding gene is
ﬁﬁ’ﬁﬂ By ﬁ\?t%téhpmeﬁs-fg@mﬁwﬁ% de nSDAP238- EcoR for
(SEQ | D NO: 38parahiktar an 1 nt er p@bofeoKl sitenand a

synt het i M@%WW@@HW o the
5 end of theSUFEPHFotein g9, Qi gonuc i de

AP238H "dI I | rgitsﬁﬁﬁp | D NO 39F contains afi/iinl er nal
Hndl I si stoteS endOf[ICLngj oat
protein g egup K’l a"brfl?gonucl otid introdu second
stop codon befémystritive nat uraddy occurri ng[°€i op codon

of the coat protein,. The 438 anplified/,PCR fragnent
i ncl udes nuclégts?tarélgoﬁQOS 235?801‘ NCBI GehiBank Ace.
No. AF334111 piid the synthet68 nSD sequen[@]e The PCR

f ragnent
H ndlIl/ EcoR and the resulting 420 bp fragnent is
I NEerbiccactontwvas mecidhtsdivith 1 0ESDRhocukSd. ISapleo of Bmlaserotakén, ODgy

detcf{ﬂo g f Iﬂﬁ@ﬁ%&%@é@% ll%ﬁ%h}[; Enﬁaﬁ g*@acfﬁlugérﬁﬁl\%%%ﬂegaﬁs% B?a{?é% gncgﬁ'ozen for

fmthﬁ‘&hﬂiysﬂ; Hihe hivpriasd dontantraiie [gld mae caansied wsingehé ﬁx]:leﬁhngll etjimtion:

kan I Ny A tance. vect or pUCAK
a?"?m@ggf i‘agsé?? 510% Plgﬁé X06404, SEQ I D
NCI'H&?())betdE)caIrpﬂt an Pebxprtesfstho rotalf pl@:elﬁé’omm ewascaitiutagdd of follows,

ass@%ﬁsﬁorerp%gﬁ c%z%&?%s;l;g)?otgn coli strain RB791 was

med w C-nSD- Qb-mut (SEQ I D
NCBIQl)lassTgmLcﬂ/aFretoba}a;gotgmd\ng lshake flasks. Each fl ask

SO 510 TPV (B 0 U

(25mg/ M) and was inocul at ed W|th over night cultures
at a start OD Ooof 0.3. The shake flasks were
i o dheafed-dattly mode, whidDolhowest the batcll made] aSpedinng BOsO@asadded. In the

fee%ﬂ% ﬁﬁﬂaé gﬁﬂ%{){? %fsgéﬁl%drt@ Fﬁg C-ghselﬁll tﬂ%fé%tblo&c qg‘%ﬁilaﬁgev\;)%ﬁle The

ose tein pro uctlon
feed et@lmﬂmudmn toschpict. grdmb rafe |1, dhoweld eoeHicianh giomass to glycerol

Lhtsd | &
LB 8 S 5 e, ARSLLAGE G ISR € st
conp«mimre The fegd ®@s qaé.culaﬁmsglgéh%ﬂqagwmg egipdien:n SDAP205 ( SEQ
![%elé%)(ﬁg)l?rpnd 6 clones of pTac-SDAP205 were screened

i n shake fl asks. pIac_SDAEZQS_LSEQ_LD_hDAO) i's
identical to pTac but S, tlte

Shi ne- Dal gar no seﬁen ;%/sstjﬂ D jﬁxr%t gad of that
of SEQ I D NG 3. E‘b 6'—%%/%?&% naed 50 mM of R40

medi um (mai n cul tare—medi-u rpep—7455,—glycerol, see
Exanpl e 53 wihé floangrmjci n (25 ng/n1) and vvas
i npcul at ed wigehifieyRiwtRt@d1/Hjul tures at a start

Yuciycerot =  Yield biomass to glycerol [g/ {g]

m =  maintenance energy [g+g +h™]

Vf = Volume at feed start

Xf = Biomass at feed start

cf =  Concentration of substrate in feed [g/mL]
atb =  offset/ slope of pump calibration equation

For the determination of the calibration parameters a and b, a pump calibration was carried

out. In addition, the feed tube with feed bottle was clamped into the feed pump and the pump
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OD600 of 0.3 (for pTac-nSDAP205) or 0.4

(pTac- SDAP205). The shake flasks were incubated for 4
h at 300C and an agitation of 220 rpm The i nduction
was carried out wth 0.5%of |actose. Protein

WO Moees8el on was determ ned by SDS- PAGE. For at(T/ER290@M52628

cl ones expression of AP205 @ was significantly

stro AL DAP205 an fro .
e SRR 8 Rt T Pl g s noted.Tn
a raSulkihg dtaglmﬂofathweaimoomfmump oheefernshmsc [% p@cbumped dd¢eidesollition [mL/h],

t ' .
the A28 T BE RS ISl by bl O, RISyt BApetrs
Tablge3i ivare set fveldi-batch 2@tyddodi um + + Hypep Hypep + 50%

G ycerol +20% Bacto YE + dycerol dycerol Lactose
A ycerol R27 RA0 R41 R42 RA3 Conponent Na2HPO4 2H20

2. bl %Parame@rSB’OQfeﬁ-bmmVan@ IIBbIQre@tm HPO4 5. 2 5 2
5 2 5.2 5 i T —86.3; St
4 4 4 4 4 Vit B ) C122H20
0. 0147 O. 0147Sﬁn@];14e13d0 0147 000DL47 I\/gSO4 2D 0.5 0.5
9 9 0.5 Fed 3,6iH20 0. 054 0. Ogé 0. 054 0.05 ?54 Cod 2
6H20 0. 0005 0-508%%. 0005 0. 0305 0. 0005 hﬁﬁ“ﬁ‘ 4H20
0. 003 0. 0@B-sOpIP3nRirfG4)3 0. 002 Cud 2 2H20 p/AGY3 0. 0003
0. 0003 0. 0003 H3BO3 0,003 0. 003 0. 0. 003
0. 003 MZNDMT%%Q% 0005 0. @05 0. 0005 09%05 0. 0005
Zn( CH3CQOO) 2 28z&at@rad@®26 0. 002800. 0026 0. 002k 0. 0026
G ucose 5 - “pH " dycerol -,3 500 200 5 ]

After reaching a process time of approximately 7 h (end of batch) the feed pump was
turned on automatically. After further 7 h cultivation, when the ODggo reached 55-60, the feed
medium (for biomass propagation) was exchanged with the induction medium R42 (for biomass
propagation and induction). After 5 h feeding of R42 was stopped and the culture was harvested
by centrifugation.

Analysis of Process Parameters:

The following process parameters were routinely analysed. The pO,, pH, temperature and
stirrer speed were measured online throughout the process time. The optical density was
measured offline at 600 nm. The determination of the B-galactosidase activity was performed
using a B-Gal Assay Kit (Invitrogen, cat. no. K1455-01). The activity was specified as units per
mL ODgo = 1.0. It is defined as the quantity of Ortho-Nitrophenyl-p-D-Galactopyranosid
(ONPG) in nmol, which is hydrolysed per minute and mL bacteria suspension (ODggo = 1.0). The
accumulated product was analysed by SDS-PAGE, the total protein content (soluble and
insoluble protein) was determined and using HPLC analysis, the soluble fraction was measured.
Cell disruption of E.coli was performed in lysis buffer (50 mM glucose, 25 mM tris/HCI (pH 8),
15 mM EDTA (pH 8.0)) with and ultrasonic homogeniser (Bandlin Sonoplus, HD2070). 250 pL
bacteria suspension with an ODggo of 50 were centrifuged with 14000 RPM for 10 min. The
pellet was resuspended in 250 pL lysis buffer (vortex) and placed at room temperature for 5 min.

Afterwards, the cells were disrupted for 20 s with ultrasonic at 10 % device performance (cells
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Lact ose anhydrous - - - 200 - HyPep 7455 5 5 - - -
Bacto Yeast Extract - - - - 5 Exanple 6 Expression of
Q CP in a Fed-batch Process (2 L Scale) The
fermentation process was perforned in a bioreactor

WO Z00pp28kion 5 L di shed botton) equi pped w th 2PEi/BR2006/062628
stirrer (0 6 cm, baffles (<3416 cm, pH, pQ2-, and

on ve Snl%rot% [b% g%ﬁ%)%llmongvnvgsuf eur ug deart &%@(E}lﬁﬁﬂgég ! 01)1< p'Fhr tsupernatant
(solmble Iprqm¢1a)§msdbenpa"ﬁalrysad$DSDS—MGEmd HPL@ocul ated i n 100

nmL Erl ennmeyer flasks containing 50 niL nmedi um R40
(25ng/ mL kanamycin) and cul tivated for 14 h at 300C

j I
RSBy 160 SRR e o
biogepetor) fowé'srsmfﬁmdfonmtmntah@y@d@w&&MGE|swnd%a@z@ tp QI S.0. At the
endcéiJ éu'lt}@{lérprl @Fbﬁfﬁ%tﬁtﬁre%ﬁ Hab2bi84! Al'ﬁgl c%nt%fuga? &, Qﬁ@fo@l'bwmg cell

poi nt$ for phase. Paraneter pol nt
pellstwqr@pbtalpébul th@eonqepwntmact@lrmﬂ 9/)@119 q%bm@frﬁ4 194 g CWW; 2.)
En&BDa,HQPés/ 200TBEWR 3 E’-Eﬁd—bﬁ'ﬁogbfﬁ'@%'?%_@wwe 30 [0C]

2-saturation > b he bi oreact or was
i ngeulasmidirepgntipn foomrhaqdr?owaﬁ 703 iijsiugtiongitarpane) 10feko @t harvest.
Baste@ Bﬁ RompdRsbP wilR b P P §EndRd o SDSIPAIGIQ%@ yadld %@qg]ﬁ? Mtimated to

et ‘and_supernatant were separated and frozen f
be "FbGPtt %&4 QB &} J8}-G anafysis IBY‘?S‘FFQS‘ISCOE%’HE@WP&P‘P%6 g@ﬂﬁ]%s

cal cul ated using the foll ow ng equati on: OD600 x 0.45
[g x U 1XOD 600 1] = biomass [g/L]. The Qbeta content
irE,ﬁglirpleo;ent of the total protein content was

cal culated as follows, assuning, that 50 % of the E.

c ctelectipmpkensbonssoyrestandbacrighstErin [ g x L ]/2 = tot al
Pr@hLEdst dnd %I%ek)l Jas] cafoRt Rufcls Xvekd béﬂlgﬂr&i Iﬁr&&%' # festIth¥ growth

eta/total protein In the

behﬁ\@eu%aﬁ ewhnﬁfdéle shrsins nDHE) %W%%e%éﬁeéﬁ capgR sogrees, shake flask

expfaﬁ‘ﬁgdty RN SonAuMES with Aficliurh Q:oﬁtﬂﬁlﬂcgeﬁgdoﬁg (msa%d medium containing
substrate is supplied to the cells in the reactor

glycgrl {R4P dBoﬁ:]b medig S¥§Te éEPP&“EFPqueWIthT & hg/ml kanamycm Each culture was
started with an initial ODgo of 0.3. Induction was performed by adding 0.5% lactose. The

maximum specific growth rates (Umax) and the yield coefficients (Yy/) were determined and are
listed in Table 4. RB791 grew faster on both, glucose and glycerol. In addition, the resulting
yield coefficients were higher. Although glucose allowed higher maximum specific growth rates

(prmax) the yield coefficients (Yys) was higher for glycerol.

Table 4: Maximum specific growth rates and the yield coefficients of the cultivation
experiments with RB791 and DH20 on glucose and glycerol.

. Value after 4,5 h Culture Time Max. spec. Yield coefficient
Strain . - Acotato growth rate (Y.;) biomass from
o [el'] (Hme) [0'] substrate [g/g]
RB791 glucose 6.24 0.44 0.71 0.72
glycerol 4.04 0.21 0.62 0.86
DH20 glucose 2.52 0.42 0.51 0.71

glycerol 2.82 0.25 0.50 0.81
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feed profile depends on the selected growmh rate m
the yield coefficient biomss to glycerol
(Yc/giyceroi), the volume (Vf), and the concentration
of substrate in the feed (cf). substrate

WO 206/¢2882r at i on. The feed was cal cul at ed usi ngP@TEP2006/062628

follow ng equation: Feed egu®t-+on nf mass flow [g/h] m
speci flﬁc8 growh rate [1/h] x/dycerol Yield bionmass to
gﬁ%‘@ [9/g] m nmaintenance energy [g*g *h ] Vf
quaémnlaiu&ead);&hﬁdlt’re)ﬁpe&tefmss at feed start cf
eln \ge%:g%%g t%]&?e?agl?rgiqﬁngéfg%%g gérfergﬁoézgv{astl Vgstlgateg fl'wo shake flask
cultdﬁ:fs everd matulaed afd ibbubardlat Bo°at andr220 apmrmfteraﬁ (H)@d’kﬁf Sowas reached,

Li ti. d. out he .
the BB R maPre BB, S aREng Pl i W op e i incubated
at 3[7 Empndithd otheecytturgan23°C. lRtsM/tstdﬁ t]ia SDS!-PAG@ réviep Wi expression levels

at 4 n’&nggdl}cége?rt%%%%p 1nft§ Piceﬁ raé P?;’d@%&m on %f I,}Be cultures
for m@hfshnwmmt{e?@ﬁﬂayehnmuﬁmenhdmﬂlat 2356. [ L/ h], the
slope (a) and the Y-axis section (b) was det er m ned.
On the bioreactor the paraneters in Table 3 were set
ePZﬁEatCh cultivation. Table 3: Paraneters for
cultivation in bioreactor. Paraneter Set

pqmat-ctidﬁg;@ Fédd&ffl:ﬁﬁ%@dml ex{orprﬂ Air supply 2.5

% Oé]r}‘ée&g g? oh g@g_r@ f"%}a %’q‘%g]""% en&s a:{gg%)rﬁnﬂg’lpphed to

ferrBeriPitiof &S Sledchib®l Bf ExapplcoX htadwiiyn étaf. Fl@ﬁl@ 1015roﬁaést'h) ovichigew over
on_automati cal er furt

f eed ]
rela S B e tor T o8 PSS /iatt: BErisgion hs indged at 13.5 b
at an®Dgpprof @bt 5 RilEpoa Sedupticnp thg diddd Pnp \wats wax s angastams Glycerol did not

t he j ndycti an dj um R42 r. bi ojmas 13| i,on. and
scoh RBlE o AP P <8 R BRtHRgo o SRS WL OB pea R The b
galdchsidasd dctivey wass thdi0\Vid/atl estld kigcreasnd ithekeadiet iGompardd abils the previous

fern(%énta%rogq‘gﬁc’ssa )Fi%cr:tgsr{ae applrled as a single lactose pulse at induction start, no feeding; b.)

continuous lactose feed without glycerol, the activity was with 7 U/ml higher and the maximum

activity was already reached after 2 h as compared to 4 h in runs a.) and b.).

Example 10

Plasmid retention

The effect of the following operating conditions on the plasmid retention was tested in the
process described in Example 6: 1.) Preculture starting volume, 2.) Kanamycin in the preculture,
3.) Growth and/or induction at 37°C vs. 30°C. The results are summarised in Table 5.
Precultures were started with volumes of 5 pl out of the cell bank vial. Inoculation of a small
volume allowed growth of a preculture over-night. The preculture for QT0103 F8 contained 25
mg/l kanamycin, whereas the preculture for QT0103_F7 did not contain any kanamycin. Both
fermentations were operated at 30°C and induced for 5 h. Judging from the plasmid retentions
before and after 5 h induction, supplementing the preculture with kanamycin has a positive effect
on plasmid retention. Plasmid retention remained at 98% before and after 5 h induction. In
contrast, plasmid retentions reached only values of 80% when kanamycin was omitted from the

preculture. For a subsequent run, QT0203 F7, the preculture was also started with 5 pl and
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The follow ng process paraneters were routinely

anal ysed. The pg 2, pH, tenperature and stirrer speed
wer e measured online throughout the process tine. The
optical density was neasured offline at 600 nm The

WO 2iee/ezatinat i on of the b-gal act osi dase acti vi tBCMER2006/062628

performed using a b-Gal Assay7—K|t (Inwtrogen cat.

no.. K1455-01) . The act | V|t e uni t
grovnz‘r_l a&mzcui cBntalln%ng me | %f]ene resu F &%1 tm{l 1n nc};x %u%aactor was
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10l 0 |
staﬂgfll}ag \gr%i@‘(t)ﬁr’]*}zl{x%g@(&énQ f)%%g ai)rﬁéa'ﬂegg%’qdﬁ{l%a”h dP@%Ef{o % after 5 h
indegtiahyis dich jo SIDYHPMGE shorter prequithrepnd thais.ress cgnmeeattons would improve
r
v SRR LG 248 e S TR A0 v
fromrem thawed] celCdhnk diak ﬁmbem‘)m of kaBawptin figgsmegaurh.of we dermenters were
( g o
opehz%f/léfE% %@:‘5 f’o‘lz3 the \é%lé% Aﬁ‘g&%@onlalft?vé)%e%{eﬁ% m)geé“ ?eet?)irst. 430 C f‘or
cell(gmewidang) thg@ ﬁwmh&é to }380fpothe prodoctien phaset Bl rgsudtingniasgiidstabilitics
we ah'%lt ﬂf(b/%&@ aﬁésﬁgﬂ&ﬁﬁ&cﬁ&{“ rifuged with 14000 RPM
mn. The pellet was resuspended in 250 nL lysis
buf f er (vortex) and placed at roomtenperature for 5

M FhplcA: t SEWRRASof H10Enid ShtkStioScfordiafd YPE Sfer ﬁﬁuc%gn Dbtained under
with ultrasoni'c at 10 % device perfornance (cellson

i ce) anddiffsesht enceating cpndifions dhisranof geacratigns in thg pesgulgre, with and

14000 RPWithdif} kBdhycibNE iR pR&UREtaRl ofowth BRl/& ikt f37°C.
was then anal ysed hv SDS- PAGE and HPLC Sanples hefore

i nduct i oRresMirat ng, of RewddctRlesmidalter 5h

BloRdket | onjEBe taken,f FEMioRe ToiFBioBact or for_anal ysis
Ofyn for ®n a LyzedbefpresDIOAGE st andar dRerBarks o
QD 5.0. AYolBme engi@f, culd¢ati éMluc1. 9 1 of the

culture \AﬂH»l har \/pqt ed r‘pn[/ﬁ] fugation the

QFWPI EM ng cel | pePimels vver9§ obt ai%ed in t Mheeprocessat30°C
QrmeEpendent sreact ompruns: gd. ) EngoOD Qo 0fyhééprodSidat go°C

Q'@gw Eél) En 036%9 %FLagl’Sn 3300 9 QWN 3.) Elorei%ru&aég%c

The retention in run
QTREe3_¥00 % 300 i nductpon st 8%t andlO00 % at Whelg preesss at 30°C

QRaerdgon cappari soRewW th gooQd CPi@t andanfhu@idn RBF A the
the yield was roughly estimted to be about pﬂ)c@daﬂﬁ@

Qﬁpﬂ3§LC ag&]&& S reveal e el con?(?)nt rati on, 8f Pr%&(s’satw(@C

Tg VLP anpl e°7 Sel ect| on of carbon sou
QTEYBLE0 al 30¢ai n Gracose 4Wd gl yé¥r ol adndeetiopa7°C, rest of the
sources were conpared. In order to test thePgfFsudtR0°C

behavi our of each of the sirarns DH2Z0 and RB791 on
t hese carbon sources, shake flask experinents were
candppicad with nmedium containing gl ucose (R27) and
medi um contai ning glycerol (R40). Both nedia were
s uypriatienrin dime Peint oindgetign kananycin. Each cul ture was

Stgrd %ﬂ)c@ﬂst é&séﬁﬁaﬂ}n hd 'd@écrl%QpEﬁgmﬁe% tHeNEipohdn@R RRS proﬁle was
per f or med gﬁe 5% | act ose,. The maxi mum speci fi

progqa@meﬁ t 5%37 1( ﬁﬂ“d maeplatios ofithy bioreager |[@ﬂ@rﬂt@d?1\*d¥)5§1t1°ns the

sch¥®Ri1 HES BF HINQnaNHA 2R 1£h lpko%tes% Ginke) In &8bE0 4est thBRASk o8 rVﬁ‘YHtlons in
faster on both, glucose and g{ ycerol. In addition, t

the tige pping ﬂ@mductlon on the final cell densities, one culture was induced at 13.5 h (resultlng

in 6.5 h of exponential feed) and another culture at 14.5 h (resulting in 7.5 h of exponential feed).

One culture induced at the regular 14 h time point served as a control (7 h of exponential feed).

Results are summarised in Table 6. Cell density increased with increasing length of feeding.



yield coefficients were higher. Al though glucose

al | owed hi gher maxi num specific growth rates (nmax)

the yield coefficients (Yc/S) was higher for glycerol.

Table 4 : Maxi mum specific growh rates and the yield
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rel evant process paraneters throughout the entire
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ind@Bh BEdal& (RO tilc QAR Rk WhHil iAd¥Ld retention was
tested in the process described in Exanple 6: 1.)
Preculture starting volune, 2.) Kanamycin in the
PrE®id 4 Ur Qariadioh i M4 Boidhdf Bhrvbdedct @R fial &?lpd&%lty in terms of
300C. The results are summarised in Table 5.
Precul t ur @P0RMAGWI¥t ed with vol unes of 5 m out of

Réattor CProcedéPitine’! A LengtP6f! Al IAb1 ODsH STHihal CWW

Point of Harvest  Induction [h] [g/L]
F5 18h50min 4.8 91.4 122.4
F4 19h00min 5.0 92.2 127.5
F6 19h30min 55 96.0 132.4
20
Example 13
Effect of Temperature

The effect of fermentation temperature in a process essentially as described in Example 6

was investigated by running 6 fermentations at 5 different temperature setpoints. Results are
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vol une allowed growmh of a preculture over-night. The
preculture for Qrol103 F8 contai ned 25 ng/1 kananyci n,
whereas the preculture for Qr0l103 F7 did not contain
any kananycin. Both fernentations were operated at

WO 300Csand i nduced for 5 h. Judging fromthe prGEER2906/062628

retenti ons before and after~®-h induction,
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| Ve €T &ct 0N ZSm o T et ent asm d
anamtrmmat@nemmumem(ﬁ‘c 98% before and after 5 h
i nduction. In contrast, plasmd retentions reached
only val ues of 80% when kanamycin was omtted fromthe
preble & ur 8ummatized rwbs eﬁ di€fetent tempe@ROQ SBpdits oh Himal cell density in
precul tur g wasr Ghaf with 5 m andgrown in
kananycin contai ni nq ms Lum The resulting
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detF$ mrental ef bgot on the pr&asm d stabikity. Wiile the
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genkBf ati ons, wlebd i nprove8ibe plasm dirletenti on after
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in kananycin free nedium Two fernmenters were operated
atExa@ffe 4or the whol e run. An additional two
fernenters were operated first at 300C for cell growth
antfaledzlip Ecrmeatation(3 B7C for the production phase. The

r eEHé';Ird)dé@h s @FEH Gn EkaHPLE 61w RSB &p & 4 velimd 0P30 befdef ® evaluate
af t er .ﬂ%dﬁu' on, Table Surrmar llasm d

Scalf%é’tpe‘iﬂ’? Y fE warkingayalupe PIOEREiRT o eabfoag rRgger volume. Key
protudslparatlétbrs EsraRd scolo@ip piddess afdtlinkiatingd ih Tableos of

generations in the preculture, wth and w thout

kananycin in the preculture, and growth and/or

| NMEBRLY: Procads parafmetetdldF1030 E bidbeabor.80 80 whol e process

at me‘ liln’)n’l E7 = ’)L_\ rm/l OO n D oreact or Hun at
AT 4 3 » LAG U UT T

Cfﬂﬁl&CSt@TmOB F7 BOG)esuhlpﬂxﬁlO 100 vvhol Vriﬁ;ﬁ‘%c B%0alt 300C
QFo763—+85306 0 “"g nrat—376€—rjest of
o ob e ST AR A THTERETIE 100 tap ol <
process agoogl@ﬁgﬁlgmmg&qm@@glm LOO 1090 | nduction at
370C, 1 e6hlculte th&iRqUHcQCaGRe B tranbfblin Exanplle 1 1
Var i at i pbrdério startRitiRaitisitoDRd, of 0MTHATEd DN | n |a process
Pegdtert2i alnlyTragerdasdstedoethmerie.gofampl ¢ 6*t he 4@xponent i al
f eed pr pfntd BOywd grepptogmedipgontanedtimit 7 h after the
inocul ation of 3098mbiskakefigskor  Under st dandard

LeRmslichi ongoole dffglc’élé Hﬁql@degllrf'é)f‘%r i ndudti on was at 14

)

offBipEOBES §raf“if mf‘hﬂll?lajo _f‘o’ieﬁct‘frelg‘l“a he &fflect of
I‘ll’l(?lﬁllcltl(?l’; P Re exponent1a1 feeding profile is switched
S to constant and feed is switched to induction 14 46
tart feed
End of . . .
Culture Culture is completed after 5 h of induction 19 128

* Relative to the time of bioreactor inoculation.

It was necessary to have two preculture expansion steps. In the first step, the cells were
expanded as established for the 2 L process (Example 6). After this step, cells were split into two
5000 ml shake flask cultures, containing 750 ml medium each. Further expansion was performed



10

15

20

25

30

the tinme point of induction on the final cell
densities, one culture was induced at 13.5 h
(resulting in 6.5 h of exponential feed) and anot her
culture at 14.5 h (resulting in 7.5 h of exponenti al
WO 100€d)3821I0ne cul ture induced at the regul ar 14PCGI/ER2086/062628
poi nt served as a control (-A40h of exponential feed).
sults.are.s i.sed in. Table 6. |.l, densit .
for 5 12 e U SR ekl PR pe it 58 5 e profic s in the
2 If systema(Bxampler6)r OPs@ st iimluctamaltys wes 8b, thhdinaly@Dk@byas 128. Plasmid

B, Ll Y053 4 BERf LPLAL TR\ o 1

CP tpratein pothe tmagliuny adthe endof cultufeewss ronghly psiimatad| 8§ g/tiesisg SIPS-PAGE.

' J1 Dypation of
The gl &ho %%@5?%%@8 il SHOE R i {eliothdh &) O 0

I nduction Phase [hi [g/L] F2 13h32min 6.5 83.4 116.5

FI' 14hQ2mn 7.0 82.4 122.5 F3 14h29nin 7.5 100.4 141.1

Extxapipke 152 Vari ation in Tinme point of harvest Harvest

of &t h [tu in a process essentially as descri bed

[ rp%fgﬂﬁ’ge%‘{e?§xg‘éq’epg?ﬁéﬁfnanual l'y. Under standard

C Oritickpanestial fdeding phasd dordfdrnicntatiofisqrerfoamodestordiag taExahlds 6 or 14

ce tine. The operation "Harvest" inuvolves .the .

wad 0 R T e, 1%, RS b8l e ASRSERY dpdutSe. "o, Migsed during
indgatioh ésthe tangetalf rhaximurn fONeraf atouod $00 to 180 es finakeelpdxnkity. fnal ODsoo,

h e final cell densiti u r .
fina) GV o] ST s AR, S R i), 3 {Rgration a
the amtiofambiera ere determined fartreat®r Bink pérfamed oy drgcribed 51 Bxampdds 6 and 14,

i i : I 9 .

e A B0 AL B AR g bSO 3 Braion
to 1Réds piicfesably 0 19Uwmari zed in Table 7. Cell density

increased with increasing |length of induction because

the cells are still growing while induced. Table 7:

Va]gf,{'aﬁ%’ieol%_ in time point of harvest: effect on final

ce

ensity in terns of OD600 and CWN React or
PrEffeet of ihtreaseddexgling dyfrinfg pratluc@o800 Fi nal CWV Poi nt of

ORERle,) BORhAL: (Blone thologl o HEE At S g don phase

indieaténgpthat pr@duction might be limited by the feeding rate of induction medium. Effect of
extended feeding rate of induction medium on final ODggg, final CWW, final CDW, plasmid

retention at induction start and harvest and Q concentration at the end of culture is determined
in reactor runs as described in Example 6 and 14, preferably as in Example 14, wherein the
feeding rate during production is increased. Alternatively or additionally, the ratio between
lactose and glycerol in the feed medium shifted towards a higher glycerol and a lower lactose

concentration.

Example 17

HPLC Analysis of Qp CP

QP CP was measured with an HPLC system as follows: A sample containing QB CP was
diluted appropriately in 1x reaction buffer (50 mM tris(hydroxymethyl)aminomethane buffer pH
8.0) containing 10 mM 1,4-Dithio-DL-threitol and incubated for 15 min at 50°C in a
thermomixer. After incubation the sample was centrifuged and the supernatant was stored at 2°C

to 10°C until HPLC analysis. 10 to 100 pl of the sample were injected.
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Ef fect of Tenperature The effect of fernmentation
tenperature in a process essentially as described in
Exanple 6 was investigated by running 6 fernmentations

at 5 different tenperature setpoints. Results

WO 20e8288ntar i zed in Table 8. Final cell densitiRSI/BRAE6/062628
sensitive to the ferrrentati—o41—terrperature W th an
mJSm q19a1pt1 ded%?' s at Whisn cc)lferSOp l%ow dar SHOHTE resseqZ {%dthe HPLC

re er en enperature se it e 6n

peak etda ddEc:tsd a2 1i5mnt gftarslutibn ﬁﬂﬁmCmderWamhnm 300 A, 5um, 4.6 x

15090 e ofisbta. FOR (L . APy PR ooyt fioec. he

flovg 2at&thadigh thiclsysted va6 . 10miZgingongstingof mpbde flhsSAAD 43 pifluoroacetic
-Fer i . I S |
i SRR il bl phack by A1 RS o RISt S i Rilowing
gradicnt|of physe & B b 2 Inin wofstanbratt 4086, 2 th S\mmmmg igespagerto 50%, 8 to 10 min
conBtafN'af 869 010 153161 ih fifea? dl:egéag@{o 4098, 4% 10. K&Y1 HhACERstant at 40%.
paraneters tor the scal up process are summarized In
Table 9. Table 9: Process paraneters of in 50 L
bi@{aﬁ.‘?fétlcgr. * Relative to the tine of bioreactor
inoculation. It was necessary to have two preculture

e Deieramination ef QP VLR bypaalyfiealisize exqlusiomehrewptograghye
gxfﬁﬁ%l?g)rf @ faadclhby %ﬁ&ﬁﬁlcfapglzet é?(@lugloﬁ- c]ﬁ}[)fﬁ% P]ﬂﬁ?{)ﬂéh@rmed using

. his step, I's were spl into
a Tskgite5900a EW xc¢blummne €10 m)nﬂ &i ni HY m@ hosohte Biasen; eath-No. 08023)

equﬁ%?{t%ﬁfng%?é@ﬁ%é%%@fef@?%alﬂa% E@W‘N oré aleﬁ-ll_’?)%, ﬁ?leﬁﬂglra lﬁéﬂ pH 7.2).

I oreactors r e per
Elutipmwappasforied by an fso¢rhiéc gradicnfyfor ZmirEstdhhé/md) in ghosgbete buffered

[ [

slfif. 748 4 Bt ioh W8 Rgtinipi o 36rei G B R kg 0f standars
reg@ﬁsed kethe HIFLEfpealusreaidatectefipe 2ebmment rat i on of Qo CP

protein in the nmediumat the end of culture was

roughly estimated 8 g/ 1 using SDS-PAGE. The total

ar@géq%l Ofg Q@ was estimated about 300 g for this

reac run. Exanple 15 Effect of Extended exponenti al

fmcil'thxtxmempwmhtlﬁldeeﬂ ng phase for fernentations

t n e%&?@l@n@di ?&g@?%gas%g%ﬁﬁ@rzc T ?ﬂ{aﬁgne ﬁ)g%l;ﬂ%%oa\ré@?% égclfg E)éfn{p%s 6 or 14
wasafii ke A fitar thig atine] theuedlls geached a density for induction, which 1ncreased during

induction to the targeted maximum ODygg of around 100 to 130 as final cell density. Final ODggo,

final CWW, plasmid retention before induction and at harvest and Qp concentration at the end of
culture were determined for reactor runs performed as described in Examples 6 and 14,
preferably as in Example 14, wherein the exponential feeding phase was extended to a duration
up to 12 h. In addition, the concentration of glycerol and lactose in the induction feed were

changed to 300 g/L. and 100 g/L respectively. The results are summarized in Table 10.
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15

i nduction to the targeted maxi rum OD6oo of around 100

to 130 as final cell density. Final OD6oo, final CA

final COW plasnmid retention at induction start and

harvest and Qb concentration at the end of culture are
WO 2006/¢2582ined for reactor runs performed as desRET/BR2H06/6$2628

Exanples 6 and 14, |, prefer—a@l—y as in Exanple 14,

\é\'ﬁlrea% |1:)an£)€°° Wat gl%ee e?)glb}rlllgv 1r<])anS g’lzﬁml@t a[Elondbfgore mduction
andEtftbe end bf mﬂtlvaamse ds fvel dis ribe deﬂki oxyger odsscllownTliexeulfivagions were
corduiiSTRAR b RAGCaRh o Roflnt Gk QlingdO®s Nt accumil ate

on phase, indic

duri ng pro%uc I atifig that production

Mugditonbe | i m OBdby tlhe fE®W ng 1 atPéasoid Retchtoni on Peak Oxygen
Expohicotal Ef f ect [-0f extlendeld/Eleedi ng rat e[%f i nducft i dvhass Flow
Feedihgithlon| fi nal OD6oq, final CWN befoml |CDWd gl ajsni d[vvm]

retention/at inductiagn start and| hsinctest| catitvatign

contentration &6 the |end df22cult Jrelo(ls cete99n' ned in 02

rlime Ao

ryr ot A Aoncparl: hAa
I'T U Ul I 'S UCTSUIT|I UCU I E}\a Ipl IIU
pr et er abl asallblr% Exanpl e fﬁh ﬁgt he g%ll ng rat e0‘4

dur9 ng pr oductI&ﬁn is|incr eaged M tla(l()nat [ ve|98' or 0.8

addr +1 A~ | s L H hotwionaon | ant Ao polar Al
aYu T UTTA I_y, < ICllI U J vCo Tl acv ST [ATTU C[CT Ul
|n\1phe feed ne 4um shifte 2 owar gds thl cherggl cler ol 1.5
andla Iovvor | azoose doncerze2ati on. Boanpl e 97 HPLC >4.5

nﬁ| Vol o m CPh m f"D WaS gt |n an  LIDI

(D)

macilirnd
g?ém as foI I 89\75 A [sanpl § cont ai npﬂg Qo Oas >4.5

dlluted appropriately in Ix reaction buffer (50 mm

& e & YHSTHCE 3yt Biecinn, Qo et g 4l tivations

excépﬂrforlﬁle rultivationSOMC12 h e&p(ﬁd&ﬁﬂiztm'mdmrwas/-’tﬁé gdmd. AmUpRimuenregarding

s .centrifu n thes r ngt.ant was
absigps, DRFR, o g et HAeRPY vl aryf 9 5R cxPisptish foeding
Thenéfotelthe proeyss és pefemblymjue etk 8.5@expersentjal feddidgiphdsewi t h a
regression curve of known Qo standards regressed to
the HPLC peak area detected at 215 nmafter elution
froma ;g) reversed phase colum, 300 A, 5nrm 4.6 x 150
m‘??"a 20 Inc., Hesperia, USA (Cat. No. 214TP5415)
t IseardlUp/Fadientation @80 at 500C. The fI ow rate thr ough

( oGt er e el R g S8 pliop Rl fofi e S S 300 g

glycﬂn@lsmd BOQ @/L’L]act%et zrsﬁekambed)mc]é;tanmleam ﬁ}as staled @p oma tvoliulme of 50 L in
e f phase o) m
ord%r tﬂ gyaalﬁzﬁe S 416)0/%ap%) l?tg%g)m nﬁlﬁ 2CL rk1n% Vﬁ)cl}néegté 8re?c%or58(¥§|}§méo a larger
voltmoe. Ky pravessqpasingters fat thE@%led:Ilﬁb pr«):ceﬂs(hrd.smnmarizbm edFable 11.
decrease to 40% and 10.1 to 12 m n constant at 40%
Exanpl e 18 Determ nation of Qo VLP by anal ytical size
ex’EaIbheshloPurocctsspaamagrsaphl;e Stmai;opbl s of Qo particles by

atrat-ytieal—stze—exctuston—chromato Jlﬂﬂél‘ was perfornmed
Cujg,lre(fgep Description [h]
200 pl from cell bank vial were transferred
Preculture into 800 ml preculture medium contained in _18*
3000 mL shake flask and cultured for 18 h
(2 flasks)
Inoculation Pooled total volume (approx. 1.6 L) was
of Bioreactor transferred into the 50 L Bioreactor. Initial 0
volume: = 35L
. The exponential feeding profile was
Incélgzon switched to constant and feed was switched | 16.5
to induction feed
End of Culture was completed after 5 h of 215
Culture induction )

* Relative to the time of bioreactor inoculation.
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a Tskgel G000 PWL-colum (10 mm 7.8 x 300 mm TosoH
Bi osep; Cat-No. 08023) equilibrated in phosphate
buffered saline (20 nM Na2HPO4ZNaH2PO4, 150 nM NaCd pH
7.2). Elution was perfornmed by an isocratic gradient

WO 2006/1282Imin at 0.8 m/mn in phosphate bufferi/BRADGGH®2628

The Qbeta concentration was-48eterm ned from a

regressi on CUl e of ,known st andar ds ressed..t

t hewmeéessaergko g]%alenge gle tprec%ﬂn%) g oce(o in orde]r:_)?(gmo? eaeti gaeqarger reactor
witlEhpmcximafelyElhe eakeckliedepsitye The allturesad tH'ehﬁ) b)bgm:mmrsi wtre performed

w1tl&>ﬁ<3%qir€eg%18§fgs ?tlﬁ:z%ed E‘o% rtgée % ias%lg Qs d%gl.r ﬁearlﬂ%garﬁ]ﬁlg 9 (5: .gﬁi'l{égﬁntap cell wet

Welgﬁafbhsd caltiretionis twas {188 giln dL&:ﬂ’iammld wetention wae PB3%etl 1.4 at the end of

cul, G RGHBLO RGP BT ol s
by € neu¢rsad\pigsciil hikampled ) fodf. 84k 6r0e3. iThd tagal iaountred] QBtCP was 540
g fa‘a(gn%ej?tL oAt '1@3 C&Bh& A ?Broﬂﬁna‘iéjf t\f@ ngé c&i&eﬁﬂ'ﬁ'&% biomass was

wer e tern1ne or reactofr runs perforned

analysectfor RBE-R andiQfaMpP éExagpimtB) 1Phe qopeshiratigyl of QﬁsCl? was 19.1 g/L £ 0.4

[

(C4e|§§fég%g§;h : ona lgju ?%e{‘?dgg&g%ﬁap GPQB \aiP fw%?% I@?gl/% n'lai?' §. Ykrefore, the

VLRuirkdef the farsentesfongirgeees iy PSUaIP?éPdI tg @pmgfémawlx fré1 g &mméﬁlpn broth

at th&EH: ¥Blaecshanged to 300 g/L and 100 g/ L respectively.
The results are sunmmari zed in Table 10. Table 10: OD Qo
and CAWW at the end of cultivations, Plasm d Retention
before induction and at the end of cultivations as
wel | as the peak oxygen nmass flow. The cultivations
were conducted with different duration of exponentia
feedi ng. According to LDS-PACE anal ysis, the specific
Qeta concentration of all cultivations except for the
cultivation wth 12 h exponential feeding was the
same. An optinmum regardi ng absolute Qoeta yield and
oxygen consunption was found for 9.5 h exponentia
feeding. Therefore, the process is preferably run with
9.5 h exponential feeding phase. Exanple 20 Scal ed Up
Fermentation (50 1) The process described in Exanple 6
and with 9.5 h exponential feeding phase with 300 g/L
gl ycerol and 100 g/L | actose as described in Exanple
19 was scaled up to a volune of 50 L in order to
eval uate scal e-up capability fromthe 2 L working
vol une bioreactor systemto a |arger volune. Key
process paraneters for the scaled up process are
sunmari zed in Table 11. Table 11: Process paraneters
on the 50 L scale *Relative to the tine of bioreactor
i nocul ation.lt was necessary to change the preculture
procedure in order to inoculate the |arger reactor
Wi th approximately the sanme cell density. The cul tures
in the 50 L bioreactors were perforned with the tine
profile optimsed for the 2 L scale as described in
Exanpl e 19. The final cell wet

“o_
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wei ght for six cultivations was 188 g/L 9. Plasmd
retention was 97.3% 1.4 at the end of culture. The
concentration of Qb CP protein in the nediumat the
end of culture was determ ned by C4 reversed phase

WO MPb/C¢Bxanpl e 17) to 10.8 g/L 0.3. The t ot atCTARRANNG/062628

of Q@ CP was 540 g for one-5#3-1L run. The crude extract
of approximtely two tines concentrated bi omass was
ar@aimed for Qo CP and Qo VLP (Exanple 18). The
concentration of Qb CP was 19.1 g/L 0.4 (4 reversed
phase HPLC), the concentration of Qo VLP was 18.8 g/L

. 1.A protse Ifﬁfeﬁplesmdnhff a\vedempirahtcapsid progcid ef aneetedibplmge or a mutant or

cess, |s e r oxi mat -11..9/ 1 .

P PR e o, iheb R B RO AP, Bu ity soig process

prmnmssngﬁwstepmfes& on of a reconbinant capsid protein
cotdgrl op haege or e futant. or bf ragment ! t her eof d

ot g ERRPE YR o, bR TRk, WIBGR g grprssion
pr oces)klsmuirpompmsag anh exps¢seios @ﬁnstnact ) whmmoeh;xthxgremq construct
eXPr €35 glrl]seg) k Z?x IHr% nlugl'é&ld% sg(gﬁe & én%l)dlﬁg 3did ré@'&%%l I?]l}[ c%?ﬂi&i protein,
expr essi NPrises an expression construct,
wher eion nmandorésagmeasthmofmmds(tl)r Wbmomn’mlmgleéuoéblg bwlactose;
fi t n L )
(5 SIS WPLSAIUPIER 75900 ShftRE TR o s
(i1) avhgreomsidulpedting i p@t@umbd & bgtclit aultuos end oder conditions under
cul ti ' ' . [
Xy AP Ao il B8l LA M OTR A by s
per f obaserial hostat ch cul ture and under conditi ons under
V"ﬁé ch f&a"aing skl BARA %lgfriwftﬁpéﬁ@ %ﬁ?‘czﬁ%d fRhce %ﬁr ein said

IS OVerexpresse sal d bacterial host )
febblu igluging dalda)r@hoteruwm pe ingueds, whgren rsﬂfideedmr paid batch culture

SOUr C&ith3Rd rihjor chibdl CoRG iS Bdrfiinfiq@ Ot €r Wi th an
i nducer, wheréein said feeding of said batch culture

with said major carbon source is continued. 2. The

. prme g&%es@fof Bl Mwherd§liEbdicPiBpADRGIIATA BRIGIPhASR. &

act eri ophage. 3. The process of claim1 or
V\,her ein said bacteriophage is selected fromthe group

. COpRl ée@g oPfclaid- ) oP3C tuicteid BAG Dabdriophage i%aﬁ‘e‘lé%fddoﬂ&}ﬁg‘ﬁe group

AP20 bacteri ophage fr; d.) bacteriophage GA; e.)
ba‘@f‘%?qngﬁ age SP; f.) bact er i ophage Ms2;

a.) bacteriophage Qp;

b.) Dbacteriophage AP205;
c.) bacteriophage fr;

d.) bacteriophage GA;

e.) bacteriophage SP;

f.)  bacteriophage MS2;
g.) bacteriophage M11;
h.) bacteriophage MX1;
i.)  bacteriophage NL95;
j-)  bacteriophage f2;

k.) bacteriophage PP7 and
1)  bacteriophage R17.

The process of claim 2, wherein said RNA bacteriophage is Qp.
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g.) bacteriophage MI; h.) bacteriophage MXl; i.)
bact eri ophage NL95; j.) bacteriophage f2; k.)
bact eri ophage PP7 and 1.) bacteriophage R 7. 4. The
process of claim2, wherein said RNA bacteriophage is

WO 2Y06/5258%lhe process of claim4, wherein said rECRRAMHAGR628

10.

11.

capsid protein has the am notSaci d sequence of SEQ ED

NO 5. 6. The process of any one of clains 1 to 5,

wherei n sai d expression construct conprises a first

stlhp powten ofinkdina 45 edoreth sdid peotorant vipsidepmotegahah fhiersmino acid
st ' ted directly 3" of said first

nﬁg Sd%ﬁggEggghgﬁge and wherein said second stop codon

is located directly 3 ' of said first stop codon, and

SRR R 53, LS R s o

exppesdinandaonemdutap coderpmhstsin wid fissttomenspe st loehted directly 37 of
S %ﬁg??ﬁ%ua%id@ sé@%ﬁ%dana Wef‘e‘ﬂ} éa%se%mﬁf&)do qg%fté?l directly 3 of
sald first nuclebtide sequence IS encodl ng , or a

mseigd dirst gtop Codegnandtwhergin atd¢ast eane@f o fiest er sseand stopcodan is TAA.
nucl eoti de sequence is encoding the Qo Al protein or

a nutant or fragment thereof, and wherein said first )
aride papagssselcelnian huwhereini Wil ewgseae corsrctseomprisesed fisyy nucleotide
EXafilchdt MiCa SEINE HubleStidcClcqlontd Whdrsh NGidOfirst RR30ti8E Sequence is
TAA st op codon. 8. The process of claim1, wherein

s &hepdingnRB <1 oR acuwant erciragmsapiceet apd vehercin said jsgeong nucleotide
C QBgileRdeSis BficolifA tHUGH RQtprélSin D8 H WRRME oPfragaickdt hbebDafd wherein said

The process of claim 1, wherein said expression
plfEg g saidpeeqnd auiclgptide, seausnghpig separatpd by eggctly me sequence stretch

NiemBRIAEIAR 16SBH A &bp sfgh! D NO 1. 10. The process of
claim4, wherein said first nucl eotide sequence is

encoding a mutant coat protein of a bacteriophage. 11.
Thihe Hr66es of @faird Ny voHeei®fsaidl AipfBBsidn Onsfruct\EdipRisés 6@ hKernatively

prompter_js selected fro he group consisting of the
a.opnsistzof, ‘?3‘1‘1’6‘38?3& SST}“F‘?@%’TQ)@N@?"? c.) tic promoter;

d.) lac pronoter; e.) |lacUWW5 pronoter;

The process of claim 1, wherein said expression plasmid comprises or preferably consists
of the nucleotide sequence of SEQ ID NO:1.

The process of claim 4, wherein said first nucleotide sequence is encoding a mutant coat

protein of a bacteriophage.

The process of any one of claims 1 to 7, wherein said promoter is selected from the group

consisting of the

a.) tac promoter;

b.) trc promoter;

c.) tic promoter;

d.) lac promoter;

e) lacUVS promoter;
f) Pgyn promoter;

g.) lpp® promoter;
h.) Ipp-lac promoter;
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f ) Psyn pronnter g.) Ilpp a pronoter; h.) Ipp-Ilac
pronoter;i.) T7-lac pronoter; j.) T3-lac pronoter; Kk.)
T5-1 ac pronnter and 1.) a pronoter having at |east 50
% sequence honology to SEQ ID NGO 2. 12. The process of
WO 200912588 of clainms 1 to 10, wherein said prom@&EP2006/062628
conprises the nucl eotide seqttence of SEQ ED NO 2. 13.
Th proqeﬁm:rommgy one of clainms 1 to 12, wherein said
maj or carbor source is gl ycerol. 14. The process of
any one Tflacpramn®r;1 to 13, wherein said feeding of
d baﬁ%ﬁm@ﬁ%&ﬂ&?ah performed with a flow rate,
re|n sal ow’rate increases with an exponentia
C déf fi ca@romater havidg siHeaseshYopr@fcasedivimolapyitel SEQ O al
coefficient mis bel ow nmax. 15. The process of any
one of clains 1 to 14, wherein said inducing of said
12. pribaprasessiof apepieoofrataimpy te b0, fvehettiim spid piothotsa comprisgs thgmacleotide
Wi [ @%ﬁﬁ@b »and sai d major carbon source at a
cg% fgﬁ*gFF rate. 16. The process of any one of
clains 1 to 14, wherein said inducing of said pronoter
13.1 9 h@%ch%rs W%ﬂﬁg%@clﬁlﬁﬁdﬂ tGstﬁﬂlé;J 19@21:1&:1:& P EdrbidEsonbck i glycerol.
said ucer “and said mmj or carbon source at an
increasing flow rate. 17. The process of claim 15 or
14.C I8 Prdess W‘a%&%n@ 0 Rlaflnd E]QGQ§rwhc§elh%§ﬁiq§&h]?g‘9f WREbSE culture is
prefeéerably said | actose and sald naj or carbon source
arperfersned atithiadloywsate, where saidiflowrrateiinereassayithoangpensstigl coefficient
23, aﬁ@wﬁer&n préEMIbly d68d cxpoRerBihReBRIcRE 1 RIS, 0f cl ai s
1 to 16, wherein sald inducer is | PTG and wher ei n
preferably the concentration of said IPTGin said

15. et WidbdeSs OF ML onLobclafbs 1% 1Ih%h&éi‘ﬁcs%§§m@f1mﬂé ar r§&1&§)romoter is
wherein the concentration of said | PTG in said nmedi um

i PeEprEet by cofeaime spid barhsuigie Btk said indyrsr apf gaid major gihen source

1 at ®conBantiRy kgD Ssaid | ad i s overexpressed by said
bacterial host, wherein said overexpression is caused

by laclq or lacQ, preferably by laclqg.21. The process
16.0fThaPtodeBeoDinyCbidd 61 cldinisOl 28,14 \MiBéreinMsafiRindudife b l%zilél|promoter is

host conprises the ) ene on its chro
BTG B oo deciphpaig et B il s sty 30 B Sigben souree
bacareihtrehsidpofidw eexpri ses the | acl g gene on a pl asm d.
23. The process of any one of claiml1l to 17, wherein
sai d inducer is |lactose and wherein said
17. The process of claim 15 or claim 16, wherein said inducer is lactose and wherein preferably

said lactose and said major carbon source are co-fed to said batch culture in a ratio of about
2:1to 1:4 (w/w).

18. The process of any one of claims 1 to 16, wherein said inducer is IPTG and wherein

preferably the concentration of said IPTG in said medium is 0.001 to 5 mM.

19. The process of claim 18, wherein the concentration of said IPTG in said medium is about
0.01 mM.

20. The process of any onc of claims 1 to 19, wherein said lacl is overexpressed by said

bacterial host, wherein said overexpression is caused by lacI? or lacQ1, preferably by lacI’.
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bacterial host conprises b-gal actosi dase activity. 24.
The process of any one of clains 1 to 23, wherein said
cultivating and said feeding of said batch culture and
said inducing of said pronoter is perfornmed at a
WO 2006282t ur e which is bel ow the optinmal gr owtICT/EP2006/062628
t enper ature of sai d bacteri-a47-host. 25. The process of
Cl'[%'(: mrg V\'h rafexil one %lzé%n |1gt§r%yf Sa%%rské%[nb Sf%rlal l§Itrcé)r1|1p§1s¢.as the lacl?
p@elﬁmrrmd:hmrmdsomefl ow rate, wherein said fI ow rate
i ncreases with an exponential coefficient m and
wherein preferably said exponential coefficient mis
22. bdlhewraeassof aoy pne af claimsdutog)], wbercmosasishactedal) hostnebnypaiseh the lacl?
I e .sai d maj or carbon source are co-fed to
s}%%é)‘%la%@%&gg'lture inaratioof 2:1to 1:4 (WwWw,
preferably 1:1 to 1:3 (ww), nost preferably 1:3
( ) i . .
23 e B o P oy dea e oAy SRR i heoin sad
arvacterigl ost pernprisesyPgplagedidpsppdtiyity.er i s performed at a
tenperature of about 30 OC. 26. The process of claim1l
wherein: a.) said expression plasm d conprises or

24. pride grogpisyf eenenesaf slagms | He2dh i saifculivgtiegend seiddprding of said

| Beh 3Qiturb ahd §zﬁ& %dﬁ%lng fof %ﬁ& l%ﬁﬁno?&*iﬁ GBrfbrenedaY Q%rﬂﬁerat&m)whlch is
sai d feeding sai d batch culture is performed with a

f |bslawrthe @tlm% smﬂhtegwratum offardbegicrigl bptases with an

exponential coefficient m and wherein preferably said
exponent i aI coefficient mis bel ow mmax; d.) said
25, Prrcessof plaimp Qwherei®: ) sajd | act ose and sai d naj or

caar)borgalggﬁj(ﬁ@al%@sdﬁ%flgag dcolt he batch culture in a
rati o of lto preferably 1:1 to

(i) | a‘ﬁtf%qdlnﬁr‘gfs@fiahﬁF“'P cplture (g pegforpcq Wétauadﬂ%&t% pyhgrein said flow

hOSt irfte Emcr@d%lad wWHB/ 8d.; expétinghal ) coeficibng ténﬂa%%lna?l‘éferably said
atch culture and said inducing o

feedin 21?
sai d [SrRAMEY 1gient . ds DALY Hwaca t enperature of about
SQ)OCsaIaYnduzrdireslaa@@gass of any one of claims 1 to 26,

rein th hout . st s.b.%{tod of s dpr
oot i (e e fasf Biog et siirdh 7h 6oy SIS cufre in o
t he mesliowmaftoatd (wey; prefidesily 1:4Qo U8 (w/w), most preferably 1:3 (w/w);
e.) said bacterial host is E. coli RB791; and
f.))  said cultivating and feeding of said batch culture and said inducing of said promoter

is performed at a temperature of about 30 °C.

26. The process of claim 1 wherein:

a.) said expression plasmid comprises or preferably consists of the nucleotide sequence
of SEQ ID NO:30;

b.) said major carbon source is glycerol;

c.) said feeding of said batch culture is performed with a flow rate, wherein said flow
rate increases with an exponential coefficient p, and wherein preferably said
exponential coefficient p is below pmax;

d.) said inducer is lactose;

e.) said lactose and said major carbon source are co-fed to the batch culture in a ratio of

2:1 to 1:4 (w/w), preferably 1:1 to 1:3 (w/w), most preferably 1:3 (w/w);
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f.))  said bacterial host is E. coli RB791; and
g.) said cultivating and feeding of said batch culture and said inducing of said promoter
is performed at a temperature of about 30 °C.

5 27. The process of any one of claims 1 to 26, wherein throughout steps b.) to d.) of said
process oxygen is supplied to said bacterial host by a pO, in the medium of at least about
40 %.



