*@00002* H GH CELL DENSI TY FED- BATCH FERMENTATI ON PROCESS FOR PRCODUCI NG

"RECOMBI NANT PROTEI N Rel ated Applications [0001] This application ctainms

pri ority to U S. Provisional Patent Application Serial Immm 479,
entitled H GH CELL DENSI TY FED- BATCH FERMENTATI ON P | NG

RECOVBI NANT PROTEIN, filed on July 27, 2006, the disclosurgyed which is

herein incorporated by reference in its entirety. Field of the-invention
[ 0002] This application relates generally to novel fed-batch fernmentation
met hods that provide inproved protein expression in bacterial-systens, as

wel | as high density protein conpositions and conpositi used in
the novel fed-batch fernentation nethods. Background odﬂlmmﬂmmmmmlﬁ
[ 0003] Vari ous fernentation strategi esl have been us protein

sufficient quantities for |aboratory, clinical or c0ﬂﬁerc+éP Ue.. _Fed- batch
fermentati on has been used to rovi de |ncreasedﬁgﬂpte|ns yi el ds over t hose

provi ded by sinpl e BSHGF-+2 ERD-RAT CHiE| TAT fermentation is a
process in which, after szRPHPP?%WGBE‘E%W'ﬁMT%ROTg'Nphase takes place in

whi ch one or nore nutrients are supplied to the culture by feeding.

[ 0004] General ly, during the batch phase, cells are initially grown to a
desired concentration. At thi sRﬁHFf@eAP'H!-ﬁaFmgFowt his anmplified and
generally no target protein will be produced unless one adds an inducer,
such as aoadijntiieappliicatiars elaons privoipr top$. ProvigioDalt Paterg dpatitation Serifll PTG) ,

dependi noOodiR HLOBRIEE HEH-EHY BENSHSOED atksesRire R TR OTD et Dur ng

the feed ase, carbon source and ot her ne are typ lly fed to a
f er ment or PRACESSAQAR| \?QQP%N%BEPPM%HANT%#@N g'&ﬁPHtJ 'é(%e#(%% n feed
rate. Owcmeanstcwsgmtofmiudh isl aerzirt incargoratelibyvrefdrenee fireigxlentsetg.onmenced with t he
I nducer or the inducer and other nutrients. In this phase, the enphasis is
on protein production by the gggwoftfikhsventidRstrate (that is, the nutrients
and the inducer) that is fed to the fermentor is at this stage used

general | y[Of()8£] cel | 'ghus ap;thcg{i]odn r%[a?e ugcetne%“mcpﬁcwe?fed:rﬂ?ch fgrmentatlon
methods that provide lmproVed protein expression in bacterial systems, as well as
high density protein compositions and cbmpositions that are used in the novel fed-
batch fermentation méthods. '

Background of the Invention

[0003] Various fermentation strategies have been used to produce proteins in
sufficient quantities for laboratory, clinical or commercial use. Fed-batch
fermentation has been used to provide increased proteins yields over those provided
by simple batch fermentation methods. Fed-batch fermentation is a process in
which, after an initial batch phase, a phase takes place in which one or more
nutrients are supplied to the culture by feeding.

[0004] Generally, during the batch phase, cells are initially grown to a desired
concentration. At this phase, cell growth is amplified and generally no target protein
will be produced unless one adds an inducer, such as arabinose, lactose or isopropyl
beta-D-thiogalactoside (IPTG), depending on the promoter, or there is some leakage
of the promoter. During the feed phase. carbon source and other requirements are
typically fed to a fermentor in a relatively concentrated liquid stream at a certain feed
rate. Once a target cell density is achieved, a feed is commenced with the inducer or
the inducer and other nutrients. In this phase, the emphasis is on protein production
by the grown cells. Substrate (that is, the nutrients and the inducer) that is fed to the
fermentor is at this stage used generally for cell growth and product synthesis. The



.cell growth is controlled by the feed rate to obtain an optinumcell growh
and production of protein. During the protein production stage, an inducer
must be added for reconbi nant organi sns. [0005] Protein expression on a

medi um conpri sing a conmon carbon source such as glucose or another sugar
based carbon source and an inducer is satisfactory until limting
conditions arise at the end of the feed phase. Exanples of limting
conditions include reduced oxygen concentration, reduced nutrients such as
vitam ns, carbon, nitrogen and accumul ati on of toxic conpounds in the
growt h medi um [0006] Fed-batch fernentati on strategies often involve
different forns of feedback control, including indirect and direct feedback
to control the supply of nutrients. One such fed-batch fernentati on nethod
i nvol ves application of a feedback cohtrol algorithmby feeding nutrients
in order to control a process paraneter at a defined set point. For

exanpl e, FRNALRVINIS FeNtiiled,by thedeedsale RoblpinapyoptmyB celi P endt nutri ent
concent r ghroductioh@e fintetk Donrig the pratein pendudianestadey an dddakcedmust beedddedct i vity

throughoq%rkg£g§ngﬁg%§gm5 ntrol paraneters which have been used for

f eedback control o rnmentations include pH value, on |line nmeasured cel
density or dissolved oxygen tension (D . [ 0007] However, the application
of T ecabealdROSN gor | «FiFiE SHERSHRIA oL SoTRIRDE GY VR SV PABES.  one
such di sashchrisafeoss ot iradthdrisagéramsed asrbor specelandan fducaris s@istresy
aranet er S, - di a . meter thus
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distorting the Tt and resu oroter n ' advant ages
are magni §9neiiogs inciyde pediced 9xyaenSeRe aE‘E"-ﬁS’”ﬁP@GHG‘@"ﬁ%‘F'@&%ed protein
quant i t i egtandint) @8ibAAOlifiedentindadvantiatsh fftoxi Edmpuimldy iretelgeovad f ed- bat ch
strategieg Ls that when using feed-back control, the specific growth rate
cannot be exact | y predefined or controlled, resulting in suboptimal yields
in processes, Wwhere_the product formation i s dependent on grow h.

. > h
[ 0009] FurOR8S!  whenFedsbaiehfermentationstraisgigsfien invaliie diiferentdemsoticent r at i on)
i nt o t he feeabacklconedlainalidiog paiirbavand elice@ detsibabletonmntrouthe segragot y of the 3

T car DOXKbiEndC e GTGHoBUE GerrRHALRTNA S TP ASIRN or o THE

accunul ation o roducts could rnhibit ce and protein
pr oduct i of¢edRackrgnireaigarthm by feedingytiienisdn PIdsh i eaptrot Herogass ous
defi ci encpmrameter bed dbmieaiset psinte Horkkaple, direct control of feed may be based

on measurement of nutrient concentration. Feedback control is then directly related
to cell activity throughout fermentation. Control parameters which have been used
for feedback control of fermentations include pH value, on line measured cell density

or dissolved oxygen tension (DOT).

[0007] However, the application of feedback algorithms is accompanied by a
number of disadvantages. One such disadvantage is that the feed rate depends on
current process parameters. Any disturbance to the process may affect the
parameter thus distorting the feed rate and resulting protein yield. Such
disadvantages are magnified as the process is scaled-up to produce increased
protein quantities.

[0008] Another disadvantage of previously employed fed-batch strategies is
that when using feed-back control, the specific growth rate cannot be exactly

. predefined or controlled, resulting in suboptimal yields in processes, where the
product formation is dependent on growth.

[0009] Further, when carbon flux (for example, high glucose concentration)
into the central metabolic pathway exceeds the maximum capacity of the



tethods often result in inefficient use of nutrient conponents. As such,
the methods may be econonical |y di sadvant ageous, particularly for |arge
scal e comrercial protein production. [0011] Previ ous approaches to

reconbi nant protein expression through fed- batch fernentation, as

descri bed above, have various deficiencies. Gven the inportance of
cost-effectively producing sufficient quantities of protein for various
pur poses, there is a need for an efficient fed-batch fernentation method
that results in higher cell growh, increased product formation (that is,
hi gher protein yield), and decreased by-product accumul ati on. Sunmary of
the I nvention [0012] The present invention relates to novel fed-batch
fermentation nmethods for produci ng unexpectedly high yields of reconbinant
protein. [0013] An enbodi ment of the p?esent i nvention provides a nethod for
producing_a reconbi nant protein conprising: culturing a reconblnant

bact eri al T@rtoxyls Asichf cxCle RY%PAGARGIR fmay AGE T ate THRi aSFYRUIRERR Puous| y
addi ng a paproaiicts oolile hibit cell grovith BRd paitgh pRidoctidntirihng tarmantatinh. bact eri al
cell and continuously adding an inducer to the culture after the culture

achi eves oifﬂr eshO'ﬁdd&ﬂ:fn@l’?h?ervan%ﬂ@'déﬁ‘i&rﬁfe‘s%fédﬂ?atérﬁféﬂﬂ@htm protein from
the cell culture 40014 A further enpbodi nent of gresent |nvent| on

provi des Reiheihetterseulpinderftsieny ”aePE%ﬁﬁ?‘ﬁaﬁ‘P%‘?’tSie" suchniiie BetRgds ( a)

i nt r oduci gy bélbeormnbeaxr&msaabadwgﬁouse;idrtmmrlgxmrlage|soale‘¢emhmrciﬂncodi ng a
reconbi Nagtoteif oHnder the control of an inducible promoter to forma

r econbi nant bacterl - cell: ; (b) introducing the reconbi nant bacterial cell
into a cui?haj e medllymto form %s cul ture car source to

the cell ure as’ ‘& CYHEPRIAD WWW“WH&%?’?P@SSP&‘ ’°§P%v& in the
cel | cul t vateh fepnemtetinre ae Wesrribed aa0\tehhemmruu@pemmmaﬁferﬁsvamﬁhe0D600) (e)

adding aninl BHARS or st ARcliy B nd S MR R qub ke &%lé.n RLaR as a

cont i nuous once opti cal densi %‘ 00) is achieved;
and (f) heyrpesss; here s nesd oRAnRifigien fef-kateh ferpartalien ey Pdé'tﬁ‘f‘iﬁ“és [ 0015] A
still fur hhﬁgheendslbgfbwemnccéasédﬂﬁrqdnetsfemﬁanbnmatnsdﬂgnyrpmteies'uem)nmdwod for

pr oduci ng éac 1%%?@9 Pt BLS Qmﬁoﬁorrprl sing: culturing a reconbi nant

bacteri al press a reconbi nant protein by continuously adding an
i nducer to a culture conpr|S|n the cterial cell after the culture

achi eves a threshold paranet@F E%FVW@"B%%terlal cell conprises a
nucl ei ¢ aci d sequence corresponding to a gene of N. neningitidis serogroup
B. [0016] R@¢dr di ng The prasentényeniion nelatesctainové! tedhbatch fasmpniatiemmethedent i on

for producing unexpectedly high yields of recombinant protein. -

[0013) An embodiment of the present invention provides a method for
producing a recombinant protein comprising: culturing a recombinant bacterial cell to
express a recombinant protein comprising continuously adding a carbon source to a
culture comprising the recombinant bacterial cell and continuously adding an inducer
to the culture after the culture achieves a threshold parameter; and isolating the
recombinant protein from the cell culture.

[0014] A further embodiment of the present invention provides a method for
producing a recombinant protein comprising: (a) introducing into a bacterial host cell
an expression vector encoding a recombinant protein under the control of an
inducible promoter to form a recombinant bacterial cell; (b) introducing the
recombinant bacterial cell into a culture medium to form a cell culture; (c) adding a
carbon source to the cell culture as a continuous feed; (d) monitoring cell growth in
the cell culture for achievement of a threshold optical density (ODsg9); (€) adding an
inducer of the inducible promoter to the cell cuiture as a continuous feed once the



_provides a nmethod for producing a reconbi nant 2086 protein (rP2086)
conprising: (a) introducing into a bacterial host cell an expression vector
encodi ng a reconbi nant neni ngococcal 2086 protein under the control of an

i nduci bl e pronoter to forma reconbi nant bacterial cell; (b) introducing

t he reconbi nant bacterial cell to a culture nmediumto forma culture; (c)
addi ng a carbon source to the culture; (d) nonitoring cell growth in the
culture for achievenent of a threshold optical density (QOD); (e)

conti nuously addi ng an i nducer of the inducible promoter to the culture
once the cell density of the culture achieves an optical density of about
70 to 110; and (f) harvesting the reconbi nant neni ngococcal 2086 protein
fromthe culture after about 3 hours to about 6 hours after comencenent of
continuously adding the inducer. [OOI?]According t o anot her enbodi nent, the
present invention provides a conposition conmprising: a bacterial culture
conpri si igregheld eptigs! Aarity 10Beo)iF aehigyed; ambdervesting "E}‘efﬁ§‘i>'f‘9'"éﬂt at | east
about 1. pr@ein flons e cn culbgret ot al vol une of the bacterial culture.

[0018] According to yet another enbodinent, the present invention provides a

CONPOSI t i sFONDI i A D fuRndramhtiidinddnt GHthk BF&eﬂﬁqbémbﬁ%Wdeé'ar}getﬂo& econbi nant
nenlngococca 2086 protein rPZOSQ% repared according to the nethods of

the presdfitPPENGRG ? FrFOMBINaat PiGIRID.¢ ris&ﬂﬁ? Byltuing alﬂF%RM‘?i@j@“ pagiedd efhure 1:
Fed- bat chofegpsrnfama addombirsdnt peoteio by coriingbusn addireglan mdeserws b feoltlirei nducti on. 5

[ 0020] Fi quy | s Ctgllng %%%H"g&%ﬁ@%@éﬁltﬂ% Rhiel8L EWEst?o?&‘Eérﬁﬂnfetefreed rates

W t hout uctron at vario ‘cal densities.
[ 0022] Fi gHliesein the ial el W’T‘M'*&Pl“@%‘czﬂcﬁkﬁeﬁ%@q W@PB"""['@OQS] Fi gure 5:
Ef f ect s aqfenaiofbi Areamgaddi dersioupes.hod on rLP2086 yi el d. [0024] Fi gure 6:

Ef fect of arabinose feed rate on rLP2086 producti on.

[0016] According to an even further embodiment, the present invention
provides a method for producing a recombinant 2086 protein (rP2086) comprising:
(a) introducing into a bacterial host cell an expression vector encoding a recombinant
meningococcal 2086 protein under the control of an inducible promoter to form a
recombinant bacterial cell; (b) introducing the recombinant bacterial cell to a culture
medium to form a culture; (c) adding a carbon source to the culture; (d) monitoring
cell growth in the culture for achievement of a threshold optical density (OD); (e)
continuously adding an inducer of the inducible promoter to the culture once the cell
density of the culture achieves an optif:al density of about 70 to 110; and (f)
harvesting the recombinant meningococcal 2086 protein from the culture after about
3 hours to about 6 hours after commencement of continuously adding the inducer.

[0017] According to another embodiment, the present invention provides a
composition comprising: a bacterial culture comprising a recombinant 2086 protein
(rP2086) at a density of at least about 1.5 g/L based on the total volume of the
bacterial culture.

[0018] According to yet another embodiment, the present invention provides
a composition comprising: a bacterial culture medium comprising a recombinant
meningococcal 2086 protein {rP2086) prepared according to the methods of the
present invention.

Brief Description of the Drawings

[0019] Figure 1: Fed-batch fermentation at various constant feed rates
without induction.



[0025] Figure 7: Effect of .induction tinme on expression. [0026] Figure 8:

Fed-batch fernentation for subfamily B rLP2086 producti on.

[ 0027] Fi gures 9a

and 9b: SDS- PAGE and Western Bl ot of rLP2086 subfamly B induction,
respectively. [0028] Figure 10: Fed-batch fernmentation for subfamly A

r LP2086 production. [0029] Figures 1l1a and 11b: SDS- PAGE and Western Bl ot of
r LP2086 subfam |y A induction, respectively. [0030] Figure 12a, 12b and 12c:
Dual feed of glucose and arabi nose during induction. [0031] Figure 13a:
rLP2086 subfamly B E. coil fed-batch fernmentation at 100L scal e.

[ 0032] Fi gure 13b:

rLP2086 subfamly A E. coil fed-batch fernmentation at

100L scale. [0033]Figure 14a: rl1P2086 subfamly B E. coil fed-batch
fermentation with dual glucose and aréabi nose feed at 100L scale.

[0020]

Figure 2: Fed-batch fermentation at various constant feed rates

without induction.

[0021].
[0022]
[0023]
[0024)
[0025]
[0026]

[0027)

Figure 3: Induction at various optical densities.

Figure 4: Induction with various arabinose levels.

Figure 5: Effects of arabinose addition method on rLP2086 yieid.
Figure 6: Effect of arabinose feed rate on rLP2086 production.

Figure 7: Effect of induction time on expression.

Figure 8: Fed-batch fermentation for subfamily B rLP2686 production.

Figures 9a and 9b: SDS-PAGE and Western Blot of rLP2086

subfamily B induction, respectively.

[0028]

production.

[0029]

Figure 10: Fed-batch fermentation for subfamily A rLP2086

Figures 11a and 11b: SDS-PAGE and Western Blot of rLP2086

subfamily A induction, respectively.

[0030]

induction.

[0031)
100L scale.

[0032]
1_00L scale.

[0033]

Figure 12a, 12b and 12c: Dual feed of glucose and arabinose during

Figure 13a: rLP2086 subfamily B E. coli fed-batch fermentation at

Figure 13b: rLP2086 sdbfamily A E. coli fed-batch fermentation at

Figure 14a: riP2086 subfamily B E. coli fed-batch fermentation with

dual glucose and arabinose feed at 100L scale.

{0034]

Figure 14b: IP2086 subfamily A E. coli fed-batch fermentation with dual

glucose and arabinose feed at 100L scale.



.6 Detailed Description of the Invention [0035] The nethods of the present

i nvention are based on the surprising discovery that unexpectedly high
protein yields are obtained by fed-batch fernmentation with continuous
feeding of an inducer during induction in a culture nedium Optionally, a
carbon source is continuously fed prior to and/or during the continuous

i mrducer feed. Wien induced by arabi nose, about 2-3 g/L of a reconbi nant
2086 | i poprotein (rLP2086) (which is expressed by a m croorgani smhaving a
sequence corresponding to the 2086 gene in N. neningitidis serogroup B) was
produced in accordance wi th an enbodi nent of the invention. This represents
approximately a 2-3-fold increase in rLP2086 yield by fed-batch
fermentation for both subfamlies A and B of the 2086 protein conpared to a
conpar ative batch fernentation proces8. Mreover, the methods of the

present invention are read|I adaptabl e to comerci al scal e production of
t hese and ot her proteins.P esriptine QS the BWestiBR pronoti ng an
under st andi ng of the errbodl rrents descri bed herein, reference will be nade

to vari oup0dsibodi nemibves matieds peibiefpresehtingrrdige ane bdasekie)mlbeelumdsu@scri be the

sane. Thed.gaxmgp.gyexuéégmpﬁrgﬁldpotb,% feids 4rBSbRiHRASBe@badgsCr i bi ng
particul ar enbodi nents on IS not intended to |imt the scope of the

present i GTBRAMAERN W%C%‘éﬂg'fsrﬁe%‘él@%ﬁﬁ" ipducer gpdng ipdustion if LU Gul ar for s
"a, " "an, medinch. "Optivhaily) @l cacbdnourcelis ta@itianaustefed priost® dnbifr doriigtne cI early
di ctates L S I | Qr such as "nmedi unt
i nclude re (Hgirﬁgér‘]wéséﬁ?U& ?%%W Wheq .n&&g%g%rﬂm% v?%%&%eérgltﬁq‘hus for exanple,
a ref er ent@sompinagt %Qﬁfit'mperomwﬁ?oqtimw:a@ eXPIFSERPY # (IGIPOrgARFMNedi a, as

vvlel I ?s ah@.rm_;gé gecﬁ@ﬂkﬂ%rr@d’yénﬁngﬁfﬁé@lﬂe@géﬁb mwlfbmggn]raedsaagmu@ab uges a
plurality of nedia term "1 nducer”
as used th%Pﬁ’duF%q 'Qrascc%’,@ Vi) w'gb% ? Aa gﬁtrﬁg%%'sn[’ q'o aﬁg'essrepresemﬁ onot es
expr essi oAPRIpximatadca @h}-felidincrgasn irkP2086aiait Dy Wt@'ﬂ?ﬂé%‘?m femfé'ﬂ t he

control oéusfaﬂ.nbgmltmdtd &tﬁéQOEB&btéﬁﬁéb rRsarsd foest:wpéramwwtaﬂ by the
concentragion "glﬁﬁ at a "feedi ng" or

)
"cont i nuof&T§" Aigeess, 3‘”‘?}53‘8” th?é'}e %&ﬁé’é@tﬁ rg)'e?]eé}l &Vﬁnﬂorneq’"éfeﬁdgy addi ng a
subst anceadamableltmn;mhryermaesceﬁe pedudignof theserend atheeprotdiasn al | at once. The
terms contenplate a single iniritiation and/or . termnation or nultiple

start andfoaBept Op PPbiths pliPosEHEH Jromieting 3h @HikrsigndiiPorindsinbodiMedtdr | Ng a
f o oot at bERaBLORER, GOl YISl 108 1o RO ABNmBR QRN BpeaiR® USed her &' 1.

refers to any ive iont (for exanpl e,
a porti onlammger\eltl@engemw@gnmtheéemevﬁm t@!f"l'ﬂm@)fllﬁeﬂ hgrein sifenthe hat i s not

a report gb?ﬂbsé@(ﬁbnﬂﬁ@&rﬁl&ﬂér EhisdlRhénts 8n r@mshbulafeaae&wl.nnftgé ei n) ud
pept | dos, P PaSEN THeBRal us&?‘*g;%{séa ot FREOBHE TR 8B Er ot el s A -
r econbi nafetrmpr“mf G@in gnddthet includy pluna Irefdeenae uhlesaifheicontext geariyrdidtates i c or
~di agnost i gihghALY! ClikedMBt RE SinGliat OEMEEASHRY such ‘W& telidm” include reference
to the plural “media”, and vice versa. Thus, for example, a reference to “a culture
medium” includes a plurality of such media, as well as a single medium; and a
reference to “culture medium” includes a plurality of media, as well as a single

medium.

[0037] The term “inducer”, as used herein, refers to any agent that induces,
enhances, or promotes expression of a recombinant protein, whereby gene
expression under the control of the inducible promoter can be directly regulated by

the concentration of that agent.

[0038] The term “carbon source”, as used herein, refers to a source of carbon

and energy for cells.



[0041] The nethods of the present invention provide unexpectedly high yields
of protein through a novel fed-batch fernentation process invol ving
continuously addi ng an inducer, such as arabinose, to a culture nmedi um
after the culture achieves a threshold paraneter. A carbon source, such as
gl ucose, is generally added to a culture conprising a reconbinant bacteri al
cell prior to the induction phase. The carbon source may be fed together
with the inducer. The inducer nmay al so serve as a secondary carbon source.
[ 0042] A carbon source, such as glucose, is continuously added to the
culture nmedium before and/or during the continuous feed of the inducer to
the culture nmedium in accordance wth an enbodi nent of the present

i nvention. Thus, the continuous feed of the carbon source overlaps the
continuous feed of the inducer, accorbing to an enbodi nent. The conti nuous
feed of the carbon _source ntinue during fhe ntlre duration of the
cont i nuou893Rducer Tedames ?%‘ /equr 1e8ging Pt Eg')t'"ﬁ?u Ha¥dingir 3 ¥$59. 1 n anot her
enbodi rrenbnercmbegmrytiieieiouneféra@dddjthg 4 kaebstarce@ontrawuslg oderesperatd afver | ap t he

conti nuoyg, n{ e Ir%ﬁ té?leatioﬂgéi’c?ﬁeteﬁﬁ&%rﬁérﬂga&%éﬂg%ﬂ@t&%ﬁ%ﬂ&/oﬁf the present

i nvention, ucer and/or carbon source nmay e culture at a
const ant tPERiBation[qymLiipieslaft @995 S1oR PPEfSTRREARINERHSH RAMGSINE SYBINEE sever al
St eps r esdiring Adedmentdtionpresdgst i on of the desired protein in accordance with
an enbodi ment of the invention. In an initial step, an expression vector

that enc%ﬁ&ga I eCoffRl tgﬁﬁmre&;r%lﬁérﬂ pFUtQF’UQE ubdfisdrein RGO RS éﬁv prBfeiriN

i nduci bl e noter IS prepared and then'is i ntroduced I nto bacteri al host

cel | . The°"t5‘éﬁf?%‘|‘al"&la°m° tIhe'iegf {ferie~garnieca PPiien “?fté‘?}P'f‘ﬁPé"qgéf@f um An

i nducer odctivityeofittmelfud ipkdteinpthatis et a repoftedortriarkéregentl|(fouegarplad giesn t he

i nducer | |t ti e The
' ?%@S.ﬁl ear&gg)tgﬁﬁegﬁd fmre%%ung ?é‘é%leé{c PUEh a?er@:ﬁ&n'n&g ) .

i nducer dto ture at a t ant € reconbi nant
protein paqﬁmlc'uid@s!w&pm BEIYPORIAPS: W@‘E‘UF:tQJB‘éPthHE arneé,% fHsianRiptesot ei n
produced APedohibﬁwaﬁBﬁrB@‘ln prouétiedy iRQudBls ifera@uls pisihylaetc ndidghostised i n any
sui tabl e ng r, such as in a prophylactic, therapeutic or diagnostic

for mul at i oA 0044] Hi gh cell density and enhanced protein yield was
unexpectedl y achi eved by fed-batch fernentation with the constant rate

f eedi ng o'?“eéﬁdﬁ pldhe Efesehini®ntigfovi des a yiel d of reconbinant protein
product of approximately a 2-3-fold increase as conpared to batch

f er ment at[0641}] as i | Theshethbdsiofithe presertinvepliersprovide udexbestediwhiolThe net hods of

the prese,fn;lds BY51Blel PR rdiigh ME!@@QE@h?&Heﬁ{aggﬁ fRbss hesiRgt ation as well as
smal | -scal e fernentation. "Large-scale” ed herein,

a1 e
refers to %P%ﬁi" o)) ?W"%“qeérst‘fﬁ'hf‘ﬁfarapw&?e 'Q aéﬂ""‘l’%é‘%"t"“ﬁbﬁﬁ%’)&l‘ﬁat ely 1,000L
i n vol unetultuce achjeves byhresinid pammeterr Wi cagbonclource, sucbasiggroselggiuat e room f or

headspacegg rh%m'ahdé&@' £eyl {uf—‘é Eansr?smg%ee&%ehﬁmqse@haﬂ de o8 tt:%ém“t ation in a

ferment or 1 is generally no noré approxi mately 100L_in vol umetric
capaci t y, NdYRtiRn gBasy. The gproogFpurse "W(ﬂ? fe‘N‘@@WBhE’t"? Hleéﬂd%ﬁﬁ’{/ameage of the

present fiadudenivady diserseevd ad 4 secopiayeatonsotteat it may be utilized for the
production of a reconbinant protein product at the 5-10L fernmentor scale

and is scpbsgl e to _RBArbYA SR, dueh a8 YREPL s emmuou; %aeaﬁ%e 500L, 1000L
or nore, WIthOUt nbt ation. Induci?ﬁs 0045£qege icrl bed herein
c

rel ate t oCHHE ’HF@HW ?fBFF Hdlr g g Eenineys &xpr essi on of
r econbi naaiitupr medium, insacendience with &m embedimptt af rivze preeentnn)dentuin arhusnduci bl e

promot er, yuhehERMLYRRA T HY &HSdrPby rl&pnﬁhgeaﬁtfngbu@feea rf.‘:?th'enduc' bl e
pr onot er can be directly re Iat ed gﬁjt e concentration of the inducer

present i RIYGRE aoGPHAiNGdo RE G ertipuQus Tees, of the 68%0P) SPYESi ded to a
cul t ur e niady dontinap dudiginle\entite cﬂ;rﬁ(m&if&mtcohmtmusTrkmcerrfdemeronlysdmﬂ@ed to the
culture I n For

exarpl o,  EoBe i BEfiof, KRR ohoBRRRE WY cqp iR 0 lbE i on 08

pronot er $quEFe doesmot ever; rt%B‘}O"tt'ﬁa?Uscfa?F pidheindueer Weeigingde @a by t he
concentr aémséu.ménteﬁf@m ﬂesanumm.ms trdf@steRandloc@tsdridtiurdexhsy bofddhe cul ture
medi um Sﬁl‘l ta ur nduc sh_f Qr use in conjunction with the present invention
are well KROW f’@ 55? ﬁ'% Wiiled in the art. Exanpl es of inducers of the
present invention are provided below, without |imtation.



Pronoter Arabinose pronoter, such as, ParaB human Pl asm nogen Acti vat or

“Inhibitor type-1, Hpai-1 Cytochrome P-450 CYP1Al Met al - Responsive El enent,
MRE Tunor Virus Col |l agenase Stronolysin SV40 Proliferin a-2-Mcroglobulin
Murine MX Gene Vinmectin Thyroid Stinulating Hornmone a. Gene Antigen Tunor
Necrosis Factor Interferon Somatostatin Fi bronectin |ac pronoter/operator

8

[0043] The fed-batch fermentation process involves several steps resulting in
the production of the desired protein in accordance with an embodiment of the
invention. In an initial step, an expression vector that encodes a recombinant protein
product under the control of an inducible promoter is prepared and then is introduced
into a bacterial host cell. The bacterial host cell is introduced into a culture medium.
An inducer of the inducible promoter is fed to the culture (that is, the inducer is added
into the culture continuously over a period of time). The inducer may be fed to the
culture at a constant rate. Then, the recombinant protein product is harvested from
the culture. The recombinant protein produced in this manner may then be purified
as desired and/or used in any suitable manner, such as in a prophylactic, therapeutic
or diagnastic formulation.

[0044] High cell density and enhanced protein yield was unexpectedly
achieved by fed-batch fermentation with the constant rate feeding of an inducer,
which provides a yield of recombinant protein product of approximately a 2-3-fold
increase as compared to batch fermentation, as illustrated in the examples provided
below. The methods of the present invention are applicable to large-scale
fermentation as well as small-scale fermentation. “Large-scale” fermentation, as
used herein, refers to fermentation in a fermentor that is at least approximately
1,000L in volumetric capacity, that is, working volume, leaving adequate room for
headspace. “Small-scale” fermentation refers generally to fermentation in a
fermentor that is generally no more than approximately 100L in volumetric capacity,
such as 5L, 10L, 50L or 100L. A demonstrated advantage of the present fed-batch
fermentation process is that it may be utilized for the production of a recombinant
protein product at the 5-10L fermentor scale and is scalable to any volume, for
example, 100L, 150L, 250L, 500L, 1000L or more, without limitation.

Inducers:

'[0045] The methods described herein relate to the production of recombinant
protein wherein the expression of recombinant protein is under the transcriptional
control of an induéible promoter, whereby gene expression under the control of the
inducible promoter can be directly regulated by the concentration of the inducer '
present in the culture medium. The inducer is continuously provided to a culture

medium, optionally at a constant rate. The inducer is added to the culture medium



I nducer Arabinose Tunor Necrosis Factor, TNF Toxins Heavy Metals, Muse
Mammary G ucocorticoi ds Phorbol Ester Phorbol Ester Phorbol Ester Phorbol
Ester I1L-6 Interferon, Newcastle D sease Virus Serum Thyroid Hor nobne HSP70
Ela, SV40 Large T FMA Viral Infection, dsRNA Cyclic AVMP Cyclic AWP | PTG
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once a threshold parameter has been achieved. For example, a recombinant protein
may be under the control of the araB promoter (for example, ParaB) that can be
directly reguiated by the concentration of arabinose that is added at a constant rate
to the culture medium. Suitable inducers for use in conjunction with the present
invention are well known to persons skilled in the art. Examples of inducers of the

present invention are provided below, without limitation.

Promoter inducer
Arabinose promoter, such as, ParaB Arabinose
human Plasminogen Tumor Necrosis Factor,
Activator Inhibitor type-1, Hpai-1 TNF
Cytochrome P-450 Toxins
CYP1A1 Metal-Responsive Element MRE Heavy Metals, Mouse Mammary
Tumor Virus Glucocorticoids
Collagenase : Phorbol Ester .
Stromolysin Phorbol Ester
Sv40 Phorbol Ester
Proliferin - _ Phorbol Ester
a-2-Macroglobulin iL-6
Murine MX Gene Interferon, Newcastle

. Disease Virus
Vimectin Serum
Thyroid Stimulating _ Thyroid Hormone
Hormone a. Gene HSP70 Ela, SV40 Large T
Antigen Tumor Necrosis Factor FMA
Interferon _ Viral Infection, dsRNA
Somatostatin Cyclic AMP
Fibronectin Cyclic AMP

lac promoter/operator PTG

Carbon Source:

[00486) Any suitable carbon source, for example, glycerol, succinate, lactate,
or sugar-based carbon source, for example, glucose, lactose, sucrose, and fructose,
is contemplated for use in the present invention, as would be understood by a person
of ordinary skili in the art. For example, sugar-based carbon sources that may be
used in the present invention inciude, without limitation, branched or unbranched
polysaccharides which comprise the saccharide monomers D-mannose, D- and L-
galactose, fucose, fructose, D-xylose, L-arabinose, D-glucuronic acid, sialic acid, D-
galacturonic acid, D-manndronic acid (for example, polymannuronic acid. or alginic
acid), D-glucosamine, D-galaétosamine, D-glucose and neuraminic acid including

homopolysaccharides and heteropolysaccharides for example, lactose, amylopectin,



.Carbon Source: [0046] Any suitable carbon source, for exanple, glycerol,
succi nate, |actate, or sugar-based carbon source, for exanple, glucose,
| act ose, sucrose, and fructose, is contenplated for use in the present
i nvention, as would be understood by a person of ordinary skill in the art.
For exanpl e, sugar-based carbon sources that may be used in the present
invention include, without limtation, branched or unbranched
pol ysacchari des which conprise the saccharide nononers D mannose, D and
L- gal act ose, fucose, fructose, D xylose, L-arabinose, D-glucuronic acid,
sialic acid, Dgal acturonic acid, D-mannuronic acid (for exanple,
pol ymannuroni ¢ acid, or alginic acid), D glucosam ne, D gal actosam ne,
0- gl ucose and neuram ni ¢ acid including honopol ysacchari des and
heteropolysaccharides for exanpl e, | a% ose, anyl opectin, 10 starch,
hydroxyeth starch, a e, dextran sulfate, dextran, dextrins glycogen,
or the pot %@5(:’&?&‘?’?@3"'%8%1 gmypse, Spran RUIpt6H 9%’%5@8h9ﬁ’ﬁ"ﬂl§sgly‘f’9ﬂe”e9<anpl e,
hyal ur oni me@olydacqnahqermtmnofof acigmucahcﬁyﬂaothanslae.ﬁomapmlejbgaibnohml and
pol ymanni £ d.; rr]QfEE)ﬁélélQuchQafs oFb%ﬁ%Aag}d aﬂﬁa E&r ffarin ¥y t hout

ccor

limtation. &OCOSEIS rirmary carbon sourc ing to an enbodi ment
of the i nRRAFIHEr any %T“PIB%@“ iherenl, witbept fanitatinn. iGluers8 s ERiMANS o serve as a
selc?)ndar ycaﬁ%rbﬁfhré@hldicﬁ)@dm@{d &rosrgbodirhentay tHednidntiof Arbinpse avHemuseau ][ ce as
we Accor to an enbodi nen r e -
b gl ucose™ Pedtulsen My HROIUERL & sbnaBR! A UIcE Sirdloh HSRRnG
r hammmos epﬂrﬂﬁf)()??@e sogesie| ag| wrlle Acé?fd!i‘ﬂ)}O e ﬁmbﬁé'me@h “E%‘éﬁ" BRJT SOUTSRS or nor e

tEQan one ﬁélhb@@nﬁ@ﬂb%ﬁlcﬁﬁd Lbaay.ﬁegla sOcrbe I-ﬁfo@ﬁ@rlt) nhawmt wnf:u&@s“et eri al
pression

Thi s n al so oyi des
r econbi naﬁf‘s%ﬁ'ﬁ'f"é'f’f%ﬂrgjé’@??es cg rgr?\"dlcgﬁ‘bg?h Sh PageoM °ret UéR as a
pl asm d, ewmgarbe sepreemay pearssd mheorﬂspmln\@@qmance havi ng prom)ter
sequences and initiator sequences and a nucl eoti de sequence which codes for
a desi r edppaibiyf ERpredsion SysteMsdndFlaghiidsiequence being | ocated 3' to the
pronoter and initiator sequences. Any suitable expression control sequence

and host ghyy cloni ﬁﬁsYrﬂ"&hﬁ{) alé&pr‘&%&@@%%ﬁu@nt BteMBledis REmBRGNEIak O

person of "skill in the art based di scl osure provi ded herein.
[ 0048] Sui PXRIPSSIMNFCEEFUSH aé(ﬂﬂ'?%!"ds‘@dll’é'ﬁ@@@&’fareﬁﬂg? ceura! FeqUSAFHy vehicl e
conbi nat i basngapremosdrlseljientes iand initatarstquentds aneta desestidecsgqiignceay of

exanple @ﬁh’ | ecul ar

Cl oni ng knlfgggér?%s‘tofg}'r(a d}%@' dE?A:ypeg d(‘ft rin Iq%J%echmEb%%éla Igg:géla’rselgg Col d
Spring HaF‘Bd’r"OmN?f a'I“ih n@@ﬁ@ﬁsnuenceéoﬁw ﬁanplemr es8ieh ﬁP'&f[fé§e‘iW6? 8d obt ai ni ng
by synt heaogt c@lllclbﬁlﬁb abhioR ifcoMEmEIBRUESCRoIN BE KREWS RES pérEsn bRKOITAI Nant

protein o{he Jferest @ n\%négéés%deucgoglgea Reljepito an appropriate vector/ host
cel |l expression'sy SP (¢ PSVeRpressed, preferably under the control

of an arabl nose |ndUC| bl e pronoter. Any of the met hods descri bed for the
i nserti onl09f8IDNA | nPHtaRiE exRspLsian Gontrgsieausnces #ne BostCElCPRNG VERIFE & pronot er
and ot her corejbatitingraye wehknain il teeramntandiant desibed by wag bt @@nwild, i n t he

set ect ed EERRTRINANE /RSN o Bl MaRlafslRBD, AflekTaPEBrhleR (abBAR T To.

i nfected, trans uced or trans vectors asm ds

by
convent i oM@nualeCeldiSpriag Harboy l-éb%'?mﬁﬁsﬁcq%‘éiﬁﬁﬁnﬁ Harbgr A HB%”?’ﬁHum bl e
pronot er, récombERBDNAItechhidues itvelve @stairtt] by symrisisdresoldién ermmadli ng t he

reconbi nagle nel BlafaR AN e LohARENSRlah 2 ISEL! S HOLA.A EXRGES O

system an b1 hose 1 nduct P noter), and
ot her conPlPlUPPFeﬁteﬁﬁﬁP"éh%ﬁ gel| ?’@&Qsélﬂ’"lsﬁ?témﬁ'ﬂ'&? fiscexpressgd.grefarabt he vector so

that whenyade® tweeedr%: ofSarl é}ﬁ&hbﬁﬁmmﬁ&tﬂe grdmr oaeJonf (rhyn&thadusde%ﬁwd on,

t ransduct | or ans endi n -yector, system
Lot 1 et rarha R PAGRP s SRBRRST Yestrhelrbe a8 foase BERtrBhelY ) ¢
expr essedahyotheeregylstor gbtrol BOED]STHe speclivsitasaythisethe epleetedd from one of
the viral rae8ribiadt WctdtOSui¥dbicthost cells are then transformed, infected, transduced or

transfected with such vectors or plasmids by conventional techniques.

[0049] A variety of host cell-vector (plasmid) systems may be used to
express the recombinant protein of interest. The vector system, such as for example



vectors descri bed above but nust be conpatible with the host cell used. The
recoirbi nant DNA vector may be introduced into appropriate host cells
(bacteria, virus, yeast, manmalian cells or the like) by transformtion,
transduction or transfection, etc. (depending upon the vector/host cel
systen). Host-vector systens include but are not Iimted to bacteria
transfornmed with bacteri ophage DNA, plasm d DNA or cosm d DNA. [0051] The
expression in prokaryotes of the reconbinant protein product of interest
may be carried out in any suitable species or strain of bacteria, such as
E. coil, with vectors containing constitutive or inducible pronoters
directing the expression of either fusion or non-fusion proteins.

[ 0052] Fusi on vectors add a nunber of am no acids to a protein encoded
therein, to the anmino or carboxy ternihus of the reconbi nant protein. Such
fusion vectors typically serve three purposes: to increase expression of
r econbi naﬁtsyﬁtﬁﬁ‘t'B?'PF'”Q)het%atP'%ﬁeéa@@'Q'?tB’omqib'ﬁlcpﬁ‘?a@ﬁ'e vitl thediashesnant
protein; assh Shempaetcboumgttﬁerd@uﬁbfdaﬁeﬁrb@m ;Qﬁddidllef |hté(v‘é§ﬁ§ iRgetedpritet ei n by
acting as_a 5%“3n expression

| Ur i f
vectors, 5"6?‘%’%3%?" ‘fséerglaé'gvté% oYY (Pretferﬂ%] Bh? acr%%ihoste 'P?Ha Ptinction of the
f usi on m)|peq®ote!m@rtdmhqr@9mm|elvamﬂnt5par@theat¢dtmo epedificsitee pithinttheyeatdr t he

reconbi nagh %eh thef\reefar tshﬁsértéal.% arﬂ?is%éﬂ By Rardsaittioh Qrapliidibr 8t | on of
t he fusion Frote

eir co ogni tj on sequences,
ol ude. FAEPHPOUR: SoRRTONG O T4 B A6 BYesksh RS (30 8p A Saodadron
expr essi omecogdirant protedn prdduRRepé intgredtas expresseBibgttechost pell. Smt h and Johnson,
1988), Pmal (New Engl and Bi ol abs, Beverly; Mass.) and Prit5 (Pharnmaci a,

lF)’i sgat awaygoshy) J. ) Whth@beét&&ﬁa;gwtaéété@ﬂ&n%broamfﬁaa&etdr@mon-w@ mal t ose E
I N |ng pI‘OtEI n

spect 2 t he target reconb nant
protein. Sﬁgmd@fgﬁ?ﬁ@&‘t‘ﬁ g'étdt’"fség ; R'a{/Pi? %/lﬂé hﬁorf?sfﬁél “3%8 coi l ;xpr essi on
vectors i m@qmquDUA(VAmnmaetbeaﬂltfod@?c%e)o anpgonriate mc@gmlat(wmrm pr onot er
\éecth ors Esvﬁt.ylyféarmamaﬁa'«pé&@%mlma BAN aHsRSHmatsh, fnaﬁedic%ro&relt nsI I n( 1990)
scherichia coli ler et a
Use of T7tﬁﬂﬁeﬁt?f‘y%r(g§%ertd5‘9dfﬂ°é'3% é%?f&ogﬁzﬁt séﬁ"eﬁ‘s csﬁm"ég VRRHSYS M5t hods i n
Enzynol ogynciutgDut a@-r@dkmitechtogatctegie ransfrpneskwitiopaderophadecDNAT masraidt or rel i es

on host RWNAG! weRiASAAL ranscription froma hybrid trp-lac fusion promoter.
Target gene expression fromthe Pet lid vector relies on transcription from

T7 1 t d
Dol yror asd%H gni - THF BUPTAT BoT oIt as S Ren B9 RILrot Phi ns BL21
(DE3) or NTest mdy BEGITiEd ouhin apesiitibletspgriep hagleriheal instearingsush B8 [yni  gene

_under t he dpj afihGetidtd %@Anmﬁ@&éﬁs@luh@é of if8udi %Hén%t&é%ﬂ?étﬁg thd 0055] The
regul atory se! uenﬁﬁ%@’e@he vect o construct I's an induci bl e pronoter

accor di ng B8 APT OTARM é’"cﬁrogtwsl nduci bl e pronoter will permit

| ow basal |evels of activated protein to be produced by the cell during
routine cl@32ti ng ahusienpemes@dd adwmbsypsamine Geidy to @ peteirpreededy t hen be
i nduced t ehe¥ip| t838e &MING®r 38MUYRY ferMinué BEthE e&donttiihapt plodinl Sudh fagor oduct i on

O e e e e Ul R RLOTRLE" U5 SO AL Qe ar or viral

genones. are regu exo enously
suppl i ed protem 2) to increase the SOIUbIlIty of the recombinant protein; and 3) to aid in the

purification of the recombinant protein by acting as a ligand in affinity purification.
Often, in fusion expression vectors, a proteolytic cleavage site is introduced at the
junction of the fusion moiety and the recombinant protein to enable separation of the
recombinant protein from the fusion moiety subsequent to purification of the fusion
protein. Such enzymes, and their cognate recognition sequences, include Factor Xa,
thrombin and enterokinase.

[0053] Typical fusion expression vectors include Pgex (Pharmacia Biotech
Inc; Smith and Johnson, 1988), Pmal (New England Biolabs, Beverly; Mass.) and
Prit5 (Pharmacia, Piscataway, N.J.) which fuse glutathione S-transferase (GST),



.conmpounds, include, without limtation, the arabinose pronoter, the

zi nc-i nduci bl e sheep netal |l ot hi oni ne (M) pronoter, the dexanmet hasone

(Dex) -induci bl e nouse mammary tunor virus (MMIV) pronoter, the T7

pol ynerase pronoter system (WD 98/10088); the ecdysone insect pronoter (No
etal ., 1996 Proc: Natl. Acad. Sci. USA, 93:3346-3351), the
tetracycline-repressible system (Gossen etal., 1992 Proc. Natl. Acad. Sci.
USA, 89:5547-5551), the tetracycline-inducible system (Gossen etal., 1995
Sci ence, 268:1766-1769, see also Harvey etal., 1998 Curr. Opin. Chem Biol,
2:512-518), the RW486-i nduci bl e system (Wang etal ., 1997 Nat. Biotech.,

15: 239- 243 and Wang etal ., 1997 Gene Ther., 4:432-441) -and the
rapanyci n-i nduci bl e system (Magari etal., 1997 J. din. Invest., 100:
2865-2872). According to an enbodi nent2 of the invention, the pronoter is an
ar abi nose inducible pronoter. 13 [0057] Any suitable bacterial host cell is
cont enpl afM@§osefr bingding; pioteine oRratei . resRESHYE ! RO e gt EceBbiiAtler st ood by a
person skptdt@dl i n the art based upon the disclosure provided herein. For
exanpl e, suitable bacteria for this purpose include Escherichia,

Ent er obacjghise) AZOt OBaihfils oFLbk B ddiiBsioPE UENIRARSIOn ke €l | 2

Proteus, Salnonella, Serratia , ge a, Rhizo , r eosci ,

Par acoccu¥'clugp PArCAMANRAL BbT988% 7 8BYY regiipies iac promotelvesiArs ugelH! &ii ¢ abl e
strai n of treskpadseion il ubfabécatbioser prateirs ia EScherighibaial| Gérad 683001k 5pr esent
i nvention he. i e

recogni zegng;g etz[angisftgéigﬁgﬁ'gll?%qﬁ#%to? ﬁj{aﬁgﬁl E&#@grg%gg& ??Ber?? é"r@ﬁ? %’Eog] by the
present i FiPeed peries. Methods dhErgymelagy| 185, 60-88). afaraekaena exegasiey 8@ able to
sel ect hanmpﬂr_ ; r@Pédter relidyasr : dhcfhsehNAt;sumsS%sumS scﬁ;lﬁl%iffo}nﬁa ﬁwrmgrastaanges_ g?seg
upon the guidance pravi erein. . l.es 0 ul tabl e i nducible
o1 expr MEPRSTBT S SePE Brtssidn iy e o RuReR ¥ &% aann otal .
1988 Genelragsrriglion fsars p T7 ¢nd Grleg fiisiapsrromrier eesiaten ez cepxpressed vimtanpl e,
Pbad18, Wthérase JAGRDTHis viRa gbieRlse is Uppiidd By ndsk 3Rdins 801 pbdd)l d

(St udi er Wﬁi&g@e tghods's.(%\;?]r)1 En%(rmlséaéz. l{péSFiél 89é.mjar eﬁgne
expressi offf f %QE%"eé%T tprophage Rbang @ RN\ A5NS MRS ¢ r anscri pti on
from a hybrapstriptignal eentfolief the Ias¥forremoteriar get gene expression fromthe
PETI |1 d vector relies on transcription froma T7 gnl0-|ac fusion pronoter
nedi at ed os8] CoexprRs fRfliadry 8bquaNee Bthy WBEWBSEonkudlis dn inditidibleVi T al

pol ynerase is supplied by host strains BL2 3)..0r H | 74(DE3) froma
Pos) dent. - BrE BRI RIP o d W Foq B 78 o2k o b et nd gL M GBI ' cont ol
of the | atwBasstigves of activaled proteiBrbe produerd by the sethduringgoutnguci bl e

ar abi nose cRkERNG Rl ekparsidnSadde BubaégR@nthy tid\ees hady 1886 indhédrbomt er i s
i nduced in_the gresence of i t he

bi. .. ] 0059] O . enbod f
raaont | ebs By 2br AL AR Poteih 3RS pledubucR B SteRR A TS o o

vect or s wingueiblerpromeler ey ibgrsaidted fiem celbhdarntsirviakgeppmeei n of interest is
under the control of an arabinose pronoter, for exanple, the pronoter for
the E. col0os8] abi noariuciprrmomoleRAhataire RAJdfsted\by Bxugenbusty suppiien. [ 0060] A
nucl ei ¢ a%brg,péé‘n‘é%' f%QnLhQ,%tn%SﬂHﬁ{Aﬁgn,%Pecé)r$hm8sé‘§%m%‘i’esr' 58 LRt Rl | S
contenpl at’ed” by the "présent "I nventi'on. € nucleotide Sequence may be a
ful'l or p&hesranetaliotionineMdte@motaidha dexarrtharonsdgeavieduciie aopss | or
partial alniairBshy uHAbdiub AMTY pRMter, B TIHOIARSIHENSBrobydiydrivd zes
thereto uggﬁg gé_rﬁhn%e ts andlettl ons. e @40 F;efleq 83 .qﬁrt[sl n %% 0 eic acid
sequences “PHALCHOTE §g’6|?8 {54 RORRRer &r%Y 4o %n% QG £eadi=e- Hbience
expr essi bl98:3346-8B%1 Jdbeiteteatypingtreprassible system (Gossen et al., 1992 Proc. Natl.

Acad. Sci. USA, 89:5547-5551), the tetracycline-inducible system (Gossen et al.,

1995 Science, 268:1766-1769, see also Harvey et al., 1998 Curr. Opin. Chem Biol,

2:512-518), the RU486-inducible system (Wang et al., 1997 Nat. Biotech., 15:239-

243 and Wang et al., 1997 Gene Ther., 4:432-441) and the rapamycin-inducible

system (Magari et al., 1997 J. Clin. Invest., 100: 2865-2872). According to an

embodiment of the invention, the promoter is an arabinose inducible promoter.



.[0061] For exanpl e, such altered nucleic acid sequences include one

nucl eoti de del etion, substitution, including transition and transversion,
or- insertion, and wherein said alterations may occur at the 5 or 3

t erm nal positions of the reference nucl eoti de sequence or anywhere between
those term nal positions, interspersed either individually anong the

nucl eotides in the reference sequence or in one or nbre contiguous groups
wi thin the reference sequence. The nunber of nucleotide alterations is
determ ned by nultiplying the total nunber of nucleotides in any sequence
by the nunerical percent of the respective percent identity (divided by
100) and subtracting that product fromsaid total nunber of nucleotides in
sai d sequence. [0062] For instance, the present invention contenplates use
of a nucl eoti de sequence that has at 1# east 70@6identity to a certain
nucl ei ¢ acj d.sequence; ener e varjant there afra nent t her eof
wher ei n t[%d’seqﬂen@é‘yﬁﬂﬂ?qﬁiﬁg?ﬁﬁ EBStPB"ﬁ°°Hﬁm Eﬁtﬁﬂfé uaeéﬂ'PsP $eBhs over t he
entire paiventiol oivbale beegdenstoot blylepensonl skilled &rcihd astesgised cpon thieer e| n n" is

the MRX| TEGRURyiBLd ALER! Mok BRSnAD bubdil BhaWSf hibupis folgy! a: n" =

- (xnY) er 0 elc any
sequence Eéﬁﬂeffhf?ag”ff"\’/’écffé "éﬁ"‘@a?@’ Wé’l‘%lsﬁ"'é{‘l‘ﬁ/ A ﬁﬁ?ﬂqmﬁ’@ef"eﬁ?‘ﬁ’&ct of X"
and y is Prons|eshimionelial Serrdtia, ShigeRs RhizdbRJwRre psdillal Phkbc&b&usl’ﬁ(ﬁl ng such

product from x" val or 80% 0.85
for 85% BBEF3N %6"0? oyt fmistsy )‘ﬁ’gs‘ﬁ@é@ 5%5'5‘%""%6%58’ Yo 6% 0.97 for
97% 0. 9atigria bpajso ecrnteneleteﬂdw ‘%Eﬁesmténvem'qfer%l-tfi"'ﬁhéh%f’s‘ao“s%‘éj@éhce may
crgatﬁ noig&etalaeeuﬂsmmmcé rﬁi&ﬂ&f}lé%erzﬂﬂcﬁkkm%ttierhri kﬁﬁs&Odld ngf sleﬂuence
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or sem-s nt hetic soqurc rther rmrel, 8 nucl eot | se‘g.F?nce may be a
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nmol ecul e may RNA, DNA gl e stranded or ubIe randed, |inear or
coval ent I%}”cﬂeﬂgé’ﬂd%’tP%HF‘%ﬁc”PB?'}ﬂ UG @(Qﬁﬂyég‘ﬁ?mgf rTHRgRme SYRSRdi ti ons
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condi i ongobr IRl Eeribe bPASENGR, ST ngent as,’ for exanle

condi tions stringent conditrons are at |east as stringent as, for
exanpl e, itions G L; and redu stri nditions are at |east as
stri ngent'[sgéb for e(?(taﬁ'b?'gm 'Bﬁ'&f?f’?g‘ﬁfrﬁeﬁpﬂve" ibn Uflize arabinose:

regulated expression vectors, or vectors where the expression of the recombinant

protein of interest is under the contro! of an arabinose promoter, for example, the

promoter for the E. coli arabinose operon, Peap Or Pagra, without limitation.

[0060] A nucleic acid (nucleotide) sequence encoding any desired protein is
contemplated by the present invention. The nucleotide sequence may be a full or
partial naturally-occurring nucleotide sequence or a full or partial altered nucleotide
sequence, or any sequence that hybridizes thereto under stringent conditions.



.STRINGENCY CONDI TIONS Stringency Condition Pol ynucleotide Hybrid Hybrid
Length (bp)' Hybridization Tenperature and Buffer" Wash Tenperature and
Buf fer” A DNA: DNA >50 65EC;, 1xSSC -or- 42EC, 1xSSC, 50% formam de 65EC;
0. 3xSSC B DNA: DNA <50 TB; 1 XSSC TB; 1 XSSC
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References herein to nucleic acid sequences that correspond to a gene refer to any
nucleic acid sequence expressible as the desired protein.

[0061] For example, such altered nucleic acid sequences include one
nucleotide deletion, substitution, including transition and transversion, or insertion,
and wherein said alterations may occur at the 5’ or 3' terminal positibns of the
reference nucleotide sequence or anywhere between those terminal positions,
interspersed either individually among the nucleotides in the reference sequence or
in one or more contiguous groups within the reference sequence. The number of
nucieotide alterations is determined by multiplying the total number of nucleotides in
any sequence by the numerical percent of the respective percent identity (divided by
100) and subtracting that product from said total number of nucleotides in said

sequence.

[0062] . For instance, the present invention contemplates use of a nucleotide
sequence that has at least 70% identity to a certain nucleic acid sequence; a
degenerate variant thereof or a frégment thereof, wherein the séquence may include
up to n, nucleic acid alterations over the entire polynucleotide region of the nucleic
acid sequence, wherein n, is the maximum number of alterations and is calculated by
the formula: '

Nn = X—(Xn*Y),

in which x, is the total number of nucleic acids of any sequence and y has a value of
0.70, wherein any non-integer product of x, and y is rounded down to the nearest
integer prior to subtracting such product from x,. Of course, y may also have a value
of 0.80 for 80%, 0.85 for 85%, 0.90 for 90%, 0.94 for 94%, 0.95 for 95%, 0.96 for
96%, 0.97 for 97%, 0.98 for 98%, or 0.99 for 99%, etc. Alterations of a sequence
may create nonsense, missense or frameshift mutations in this coding sequence and
thereby alter the polypeptide encoded by the polynucleotide following such
alterations.

{0063} The present invention contemplates the use of degenerate variants, or
a fragment thereof. As defined herein, a “degenerate variant’ is a polynucleotide'that
differs from the nucleotide sequence (and fragments thereof) due to degeneracy of
the genetic code, but still encodes the same protein



.C DNA: RNA > 50 67EC, 1xSSC -or -

L 45EC; 1xSSC, 50% formam de 67EC, 0.3xSSC D
DNA: RNA <50 TD; 1 XSSC TD; 1 XSSC E RNA: RNA > 50 70EC;, 1xSSC -or- 50EC;

1xSSC, 50% f or mam de 70EC; 0. 3xSSC F

[0064]
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The nucleic acid may comprise DNA, chromosomal DNA, cDNA and

RNA and may further comprise heterologous nucleotides. In accordance with

various embodiments, the nucleic acid hybridizes to a certain nucleic acid, a

complement thereof, a degenerate variant thereof, or a fragment thereof, under high

stringency hybridization conditions. In yet other embodiments, the polynucleotide

_hybridizes under intermediate stringency hybridization conditions.

{0065]

It will be appreciated that the nucleic acids may be obtained from

natural, synthetic or semi-synthetic sources; furthermore, the nucleotide sequence

may be a naturally occurring sequence, or it may be related by mutation, inciuding

single or multiple base substitutions, deletions, insertions and inversions, to such a

naturally occurring sequence. The nucleic acid molecule may be RNA, DNA, single

stranded or double stranded, linear or covalently closed circular form.

[0066]

Examples of stringency conditions are shown in the Stringency

‘Conditions Table below: highly stringent conditions are those that are at least as

stringent as, for example, conditions A-F; stringent conditions are at least as stringent

as, for example, conditions G-L; and reduced stringency conditions are at least as

stringent as, for example, conditions M-R.

STRINGENCY CONDITIONS

Stringency Polynucleotide | Hybrid Length | Hybridization Wash

Condition Hybrid (bp)' Temperature and Temperature
Buffer'! and Buffer"

A DNA:DNA > 50 65EC; 1xSSC -or- 65EC,;
42EC; 1xSSC, 50% | 0.3xSSC
formamide

B DNA:DNA <50 Te: 1xSSC Ta; 1XSSC

C DNA:RNA > 50 67EC; 1xSSC -or- 67EC;
45EC; 1xSSC, 50% | 0.3xSSC
formamide

D DNA:RNA <50 To: 1XSSC Tp; 1XSSC

E RNA:RNA > 50 70EC; 1xSSC -or- "70EC;
S50EC; 1xSSC, 50% | 0.3xSSC

: formamide

F RNA:RNA <50 Tg; 1xSSC Ti 1xSSC

G DNA:DNA > 50 65EC; 4xSSC -or- 65EC; 1xSSC
42EC; 4xSSC, 50%

: formamide '
H DNA:DNA 1 <50 Tw; 4xSSC Tu; 4xSSC
| DNA:RNA > 50 B67EC; 4xSSC -or- 67EC; 1xSSC




JRNA: RNA <50 TF; 1xSSC Tf;

1xSSC G DNA: DNA > 50 65EC; 4xSSC - or -

42EC,

4xSSC, 50% f or mam de 65EC; 1xSSC H DNA: DNA <50 TH; 4xSSC TH; 4xSSC |

DNA: RNA
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Stringency Polynucleotide | Hybrid Length | Hybridization Wash

Condition Hybrid (bp)' Temperature and Temperature
Buffer" and Buffer”
45EC; 4xSSC, 50%
formamide

J DNA:RNA <50 T,, 4xSSC T,; 4xSSC

K RNA:RNA > 50 70EC; 4xSSC -or- 67EC; 1xSSC
S0EC; 4xSSC, 50%
formamide

L RNA:RNA <50 Ty; 2xSSC T, 2xSSC

M DNA:DNA > 50 50EC; 4xSSC -or- 50EC; 2xSSC
40EC; 6xSSC, 50%
formamide

N DNA:DNA <50 Tn; 6xSSC Tn; 6xSSC

0 DNA:RNA >50 55EC; 4xSSC -or- 55EC; 2xSSC
42EC; 6xSSC, 50%
formamide

P DNA:RNA <50 Tp; 6xSSC Tp, 6xSSC

Q RNA:RNA > 50 60EC; 4xSSC -or- 60EC; 2xSSC
45EC; 6xSSC, 50%
formamide

R RNA:RNA < 50 Tr; 4xSSC Tw; 4xSSC

[0067] bp": The hybrid length is that anticipated for the hybridized region(s) of

the hybridizing polynucleotides. When hybridizing a polynucleotide to a target

polynucleotide of unknown sequence, the hybrid length is assumed to be that of the
hybridizing polynucleotide. When polynucleotides of known sequence are
hybridized, the hybrid length can be determined by aligning the sequences of the
polynucleotides and identifying the region or regions of optimal sequence
complementarities.

(0068] buffer’’: SSPE (1xSSPE is 0.15M NaCl, 10mM NaH,PO,, and 1.25mM
EDTA, pH 7.4) can be substituted for SSC (1xSSC is 0.15M NaCl and 15mM sodium
citrate) in the hybridization and wash buffers; washes are performed for 15 minutes
after hybridization is complete.

[0069]
be less than 50 base pairs in length should be 5-10EC less than the melting

Tg through Tgr: The hybridization temperature for hybrids anticipated to

temperature (T,,) of the hybrid, where T is determined according to the following
equations. For hybrids less than 1B base pairs in length, T(EC) = 2(#of A+ T -
bases) + 4(# of G + C bases). For hybrids between 18 and 49 base pairs in length,



.>50 67EC; 4xSSC -or- 67EC, 1xSSC 16 Stringency Condition Pol ynucl eotide
Hybrid Hybrid Length (bp)' Hybridization Tenperature and BufferH Wash
Tenperature and Buffer"” 45EC; 4xSSC, 50% formam de J
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T(EC) = 81.5 + 16.6(logg[Na’]) + 0.41(%G+C) - (600/N), where N is the number of
bases in the hybrid, and [Na®] is the concentration of sodium ions in the hybridization
buffer ([Na'] for 1xSSC = 0.165 M).

{0070] Additional examples of stringency conditions for polynucieotide
hybridization are provided in Sambrook, J., E.F. Fritsch, and T. Maniatis, 1989,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, chapters 9 and 11, and Current Protocols in Molecular Biology,
1995, F.M. Ausubel et al., eds., John Wiley & Sons, Inc., sections 2.10 and 6.3-6.4,

incorporated herein by reference.

[0071] The invention contemplates using polynucleotides that are fully
compiementary to these polynucieotides as well as antisense sequences. The
antisense sequences, also referred to as antisense oligonucleotides, include both

- internally generated and externally administered sequences that block expression of
polynuclectides encoding the polypeptides of the invention. The antisense
sequences of the invention comprise, for example, about 15-20 base pairs, without
limitation. The antisense sequences can be designed, for example, to inhibit
transcription by preventing promoter binding to an upstream nontranslated sequence
or by preventing translation of a transcript encoding a polypeptide of the invention by

- preventing the ribosome from binding. '

[0072] The polynucleotides may be prepared or obtained in any suitable
manner (for example, by chemical synthesis, from DNA libraries, from the organism
_itself) and can take various forms (such as, single-stranded, double-stranded,
vectors, probes, primers) as would be understood by persons of skill in the art. The
term “polynucleotide” includes DNA and RNA, and also their analogs, such as those
containing modified backbones. According to further implementations of the present
invention, the polynucleotides comprise a DNA library, such as a cDNA library.

2086 Protein Expression Systems:

[0073] A recombinant microorganism capable of expressing a Neisseria
meningitidis serogroup B 2086 polypeptide is provided in accordance with an
embodiment of the present invention. The recombinant microorganism compfises an
expression control sequence having promoter sequences and initiator sequences,



,DNA: RNA <50 Tj; 4xSSC Tj; 4xSSC K RNA:RNA >50 70EC; 4xSSC -or- 50EC, 4xSSC,
50% f ormam de 67EC, 1xSSC L RNA: RNA <50 TL; 2xSSC TL; 2xSSC M DNA: DNA

v
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and a nucleotide sequence which codes for a 2086 polypeptide, the nucleotide
sequence being located 3’ to the promoter and initiator sequences. In a further
aspect, there is provided a host cell comprising a recombinant 2086 polynucieotide
as described herein and in WO 03/063766 and WO 04/094596, which are
incorporated herein by reference in their entirety. As such the present invention
provides a method for producing a recombinant 2086 protein, as described in WO
03/063766 and WO 04/094596, for example, without limitation.

[0074]) Once host cells expressing a desired protein or polypeptide of the
invention have been constructed by transforming, transfecting or infecting host cells
with plasmids containing the corresponding 2086 polynucleotide, the host cells are
cultured under conditions such that the polypeptides are expressed in accordance
with the methods of the present invention. The polypeptide may then be isolated
substantially free of contaminating host cell components by techniques well known to
those skilled in the art.

Threshold Parameters:

[0075] Several parameters may be used to monitor and control the progress
of the culture in terms of cell growth and recombinant protein expression. Such
parameters include, but are not limited to, optical density (OD), dissolved oxygen
(DO), pH, nutrient/energy consumption (such as carbon source), accumulation of
metabolic by-products (for example, acetic acid), harvest time, and temperature. Any
suitable parameter or combination of parameters is contemplated for use in the
present invention, as would be understood by a person of ordinary skill in the art,
based upon the guidance provided herein.

[0076] A threshold parameter is established to determine the point at which

. the inducer is to be continuously added to the cuiture (that is, fed to the culture over
time). The threshoid parameter is a predetermined parameter. An appropriate
threshold parameter, such as a predetermined optical density, is readily determined
by a person of skill in the art based upon the guidance provided herein in accordance
with various embodiments of the present invention. One threshold parameter or a
combination of threshold parameters may be used.



> 50 50EC; 4xSSC - or - 4OEC;‘ 6XSSC, 50% f or mam de 50EC;, 2xSSC N DNA: DNA <50
TN, 6XSSC TN; 6xSSC 0 DNA: RNA >50 55EC; 4xSSC -or- 42EC, 6xSSC, 50%
f orrnam de 55EC, 2xSSC P DNA: RNA <50
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[0077] The parameter or combination of parameters may be monitored at any
suitable time intervals in the culture. For example, ODeop and glucose concentrations
may be monitored at one-hour, half-hour, or quarter-hour intervals, without limitation.

[0078] The optical density is used as the threshold parameter for initiation of
the continuous inducer feed in accordance with an embodiment of the present
invention. When the cell density of the culture achieves a predetermined threshold
parameter, such as an optical density of about 70 to about 110, the inducer is then
fed to the culture as described herein. A narrower range may be established for the
threshold parameter. For instance, the present invention contemplates that one may
initiate the continuous addition of the inducer to the culture when cell density of the
culture achieves an optical density about 70 to about 105, about 75 to about 100,
about 75 to about 95, about 75 to about 85, about 76 to about 84, about 78 to about
82, or about 80, in accordance with embodiments of the present invention.

[0079) The present invention also contemplates the use of threshold
parameters to signal the initiation and/or termination of the feeding of the carbon

source.

[0080]) Any suitable device or combination of devices is contemplated for use
in monitoring the threshold parameter(s), as would be known to persons of skill in the
art. For instance, a probe or combination of probes for measuring a threshold
parameter, may be mounted on the fermentation device (the “fermentor”) in any
suitable manner, without limitation. '

Constant Feed Rates:

[0081] The constant feed rates refer to the rate at which the inducer(s) and/or
carbon source(s) is added to the culture. The inducer is added to the culture after a
threshold parameter has been achieved. The carbon source may also be added to
the culture after a threshold parameter is achieved (and likewise, addition of the
carbon source may be terminated upon achieving a threshold parameter). These
threshold parameters include, without limitation, optical density (OD), dissolved
oxygen (DO), pH, concentration of nutrient in the culture medium, total concentration
of the first carbon source added to the culture medium, or any combination thereof.



.Tp; 6xSSC Tp; 6xSSC Q RNA: RNA >50 60EC; 4xSSC -or- 45EC, 6xSSC, 50%

f or mam de 60EC, 2xSSC R RNA: RNA <50 TR; 4xSSC TR, 4xSSC [0067]bp': The
hybrid length is that anticipated for the hybridized region(s) of the
hybri di zi ng pol ynucl eoti des. When hybridi zing a pol ynucl eotide to a target
pol ynucl eoti de of unknown sequence, the hybrid length is assuned to be that
of the hybridizing pol ynucl eoti de. Wen pol ynucl eoti des of known sequence
are hybridized, the hybrid I ength can be determ ned by aligning the
sequences of the polynucl eotides and identifying the region or regions of
opti mal sequence conplenentarities. [0068] buffer”: SSPE (1xSSPE is 0. 15M
NaCl, 10mM NaH2PO4, and 1.25nM
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[0082] Any suitable constant rate is used to continuously add the inducer
and/or'carbon source to the culture as would be understood by a person skilled in the
art based upon the guidance provided herein. In accordance with various
embodiments of the present invention, a suitable constant rate is determined by DO-
stat, as described in the examples below. For example, a feed rate equivalent to the
DO-stat controller may be selected by adding enough glucose to bring the
concentration up to 15 and 24 g/L every hour, without limitation.

[0083] For example, the indu-cer and/or carbon source may be added to the
culture at a constant rate until a certain amount of inducer and/or carbon source,
such as from about 4 g/L to about 40 g/L, such as,4g/L,59g/L.6¢g/L, 7g/L,8¢g/L,9
g/L,9.5¢g/L,9.75¢g/L, 10 g/L, 10.25g/L,105g/L, 11 g/L, 12 g/, 13 g/L, 14 g/L, 15
g/L,16g/L, 17 g/L, 18 g/L, 19g/L,20g/L, 21 g/L, 22 g/L, 23 g/L, 24 g/L, 25 g/L, 26
g/L,27 g/L, 28 g/L, 29 g/L, 30g/L,31g/L,32g/L,33g/L, 349/, 35g/L,36¢g/L, 37
g/L, 38 g/L, 39 g/L, 40 g/L, based on the total volume of the culture, has been added
to the culture, without limitation. According to various embodiments, the total amount
of inducer and/or carbon source fed to the culture is about 5 g/l to about 20 g/L., 7
g/L to about 15 g/L, 8 g/L to about 14 g/L, 9 g/L to about 11 g/L, or about 10 g/L.

[0084) The total amount of .inducer to be added to the culture may be offset
by the total amount of carbon source added to the culture. For instance, when the
carbon source is glucose and the inducer is arabinose, the amount of inducer added
may be reduced by addition of glucose. For example, in an embodiment, a total of
10 g/L of an inducer (that is, such as arabinose is added to a culture and 11 g/L ofa’
carbon source, such as glucose is added. The protein yield obtained in this manner
approximates the yield when a total amount of 20 g/L of arabinose (that is, 20,000 g
or 20 kg total in a 1,000L culture of arabinose) and no glucose is used. Thus, this
offset provided by the present methods is advantageous given the high cost of
arabinose relative to glucose.

[0085) According to various embodiments of the invention, the constant rate
at which the inducer and/or carbon source is added to the culture may be set in the
range from about 1.5 g/L to about 24 g/L every hour. For exampie, where the carbon
source is glucose, the constant rate for the addition of glucose may include, without
limitation, 1.8 g glucose/L/h, 3.3 g glucose/L/h, 6.7 g glucose/L/h,15 g glucose/L/h,



,EDTA, pH 7.4) can be substituted for SSC (1xSSC is 0.15M NaCl and 15nmM
sodiumcitrate) in the hybridization and wash buffers; washes are perforned
for 15 mnutes after hybridization is conplete. [0069] TB through TR The
hybridi zati on tenperature for hybrids anticipated to be |ess than 50 base
pairs in length should be 5-10EC | ess than the nelting tenperature (TO of
the hybrid, where T, is determ ned according to the follow ng equations.
For hybrids less than 18 base pairs in length, Trn(EC) = 2(# of A+ T
bases) + 4(# of G + C bases). For hybrids between 18 and 49 base pairs in

| ength, 17 T,"(EC) = 81.5 + 16.6(1oglo[Nal) + 0.41(%+C) - (600/N), where
N is the nunber of bases in the hybrid, and [Nal is the concentration of
sodiumions in the hybridization buffer ([Nal for 1xSSC = 0.165 M.

[ 0070] Addi ti onal exanpl es of stringeRy conditions for pol ynucl eotide
hybridi zation are provided in Sanbrook, J., E.F. Fritsch, and T. Maniatis,
1989, Mol KfBaiucose/hinngs o Alucasrivit 24t 9 9lvePRpAN. 161 Acassdinglp Y38PE®r Labor at ory
Press, Coértbdgireiity, dainbader séh ascdralihedesis Adaettlaticbnstantttated fof etmdut RrSot ocol s i n

Mol ecul ar__,Bj F.M Ausubel at al., eds., John Wley & Sons,
I nc., sec?/pgﬁé%g¥T6%§2§h'6. 3-6.4, incorporated herein by reference.
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obtained in any suitable manner (for exanple, by chem cal synthesis, from
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reconbi naRf e 8o s E'S%F’\’ SETMEAR Eérg} SLOPBA RSP U havi ng
pronot er teqienselsveaitdatheszem, and ewdineing dw constant rate glucose feed until

OD achieves 80 at which time about 40 g/L of glucose will have been fed in addition

to the initial 10 g/L of glucose. According to an embodiment, the total amounts of

carbon source are provided in concentrated form for ease of scalability. These

amounts are readily converted into the total mass of the carbon source to be used in

a particular circumstance. For example, when 10 g/L of carbon source is to be

added to a 1,000L culture, the total amount of carbon source to be added is readily

determined as 10 g/L X 1,000L = 10,000 grams (or 10 kg) of total carbon source.

The total amount of carbon source added may serve as a threshold parameter in

accordance with various embodiments as described herein.

{0088] The appropriate total amount of inducer to add to any specific culture
may be readily determined by a person of skill in the art based upon the guidance
provided herein. The total amount of inducer added to the culture may range from
about 4 g/L. to about 40 g/L (based on the total volume in liters of the culture) in
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known t o rhase ofédrbbresburee ddurdas the chtureds abalit Bayiia teedbmus 20 fROT gjLIever al

par ane! er dipys pﬁggg&dﬁta%o §iLle 3% 688 17!/, BP BERGDEA bR cul ture

in terns and re ‘nant proteln expression. Such paraneters
i ncl ude, Hatotalvelums of theculbiye.t ACCopding toAn emappdiment ibptotalgraaustsd oxygen
(]PO), pg, iln&!ﬁei'_ bb@}srbgiaed wcoﬁeémmtfbmmfoésug@gmaﬁ_aniiyorrﬁ&wamemm;aea:urmldati on
of metabolic by-products r._exanple, acetic aci arvest tine, an

t enper at JP@&"YA}\%V%%C{ 1% tge(' }5’3?'&??5? g? Jh&’"‘@"&%‘i"%&ﬁ‘f%ﬂ i@ pﬁ%’?@ﬁ%t ers is

cont enpl atiedmétanceisEor exatripie, pihes A 0/Li ofirstuceon to be adgrd td ak0Qder st ood by a
Eerson OECme], X@Mtégﬂﬁb}:rg'd?iﬁdhé‘eri% Beaa@e%atd r%ﬁmwﬁaiga?gugdtanc@mom ded t
erein. f reshol d parangeter is established to determ ne the poin
at which ?8&,06'1 ﬁa{i@Qggrag“‘i@'3@?‘1@&{?‘?‘7\'&%&9 added to the culture (that is,
fed to the culture over tine). The threshold parameter is a predeterm ned
par aret er [008%] appr oprd fsesh quiwregnrslivin Wik typiealycontaincs indiakapewtiet @r mi ned

gpt i gal dﬁrﬂﬁéﬁr%n é:ognrd’eeéidﬁé ¥mé gt igafﬂjmaﬁ wWith ehdeeean thuefcredting b cuturkhe art

ased upop .t he gui dance. provide rejn accordapce with varijous

enbodi nen sHt'a?ﬁ@cﬁpgitgﬁtm?ynt?ﬁe'ﬁ??'g’ﬁgd @#etﬂf ﬁP'é%er?grlagorb%f\r,t\% ErtSte‘gr:glartiB) "a

conbi nat i souresf usedrasshtbreshpldmaremteders may be used. 19 [0077] The paraneter or
conbi nati on of paraneters may be nonitored at any suitable tinme intervals
in the cglobwle. FﬁrAWWF?,susﬂaaenwadu@bucme@mﬁ_ siurdeBayayo be
nmoni t ored,_at_.one-hour - arter- r ut
limtati o?ﬁ %fd@?él? %m(r)%?‘iaggp)%ﬁétﬁm °§’ﬂfé's Tttfgeo gg L%rir?g&?rhsr@éﬁglfﬁg r¥]pgk?amet er
for initibemonitesed end thresioldsisetiaparentigtaly. $YRRIETNENH BBy IFAHERIERIA h an

emﬁ_odi MeNjnoRfanic/PhoBBIRRE Bburbsy/A8 thitBmpldiiitot i if @hd prdsdifidvién@dn. thu-cul ture
acnl eves

predet erm ned t hreshol d par anet uch .as, an tic density of
about 70 (’i'B' '3%S’ﬁﬂm‘ﬁﬁ?Fﬁ%c’f’ﬂ%ﬁfBg‘rarg§°'fekﬁ@ﬁ%$éedd'%[ Bsﬁ'ﬂzhecﬂ' F‘l%(rjséogbedescri bed
her ei n. Apreaentdwentiorainglederkii-R@., K4tFshl sadivrd citrate, diiwdrate. €NHA}IOpar anet er .

For i nst agg8o. [((Rg),BOS T, FBEO] chBRnthehRBIdrdng TombRhticH @erty, THY tiate the
conti nuous additi

Oﬂ. of tg%lnducer to the %ItU{e :c:/{]eé] cell density of the
cul ture at¥f YAILAGHioR} RN SRUICE S HOURT P 270 PBeIREIEY 105, about 75 to
about 100, about 75 to about 95, about 75 to about 85, about 76 to about
84, about Opfical Bepsity anddpg GPwWHYIASE80, in accordance with enbodi ments of
the present invention. [0079] The present invention also contenplates the
use of thpoeshiold The introduction of a bacterial host cell to fresh culture media creates

a culture that typically goes through four more-or-less distinct phases of growth: (i}
lag phase, (i) log (logarithmic or exponential) phase, (iii} stationary phase, and (iv)
decline (death) phase. The log phase itself may be further divided into various
phases, such as early log growth phase, mid log growth phase, and late log growth
phase. Optical density is related to the phase of log growth. Log growth phase and
optical density may also be used as threshold parameters to signal the start and/or
stop of the constant feed of the carbon source and/or inducer.



.paraneters to signal the initiation and/or termnation of the feeding of

t he ‘carbon source. [0080] Any suitabl e device or conbination of devices is
contenplated for use in nonitoring the threshold paraneter(s), as would be
known to persons of skill in the art. For instance, a probe or conbination
of probes for neasuring a threshold paranmeter, may be nounted on the
fermentation device (the "fernentorn) in any suitable manner, w thout
limtation. Constant Feed Rates: [0081] The constant feed rates refer to the
rate at which the inducer(s) and/or carbon source(s) is added to the
culture. The inducer is added to the culture after a threshold paraneter
has been achi eved. The carbon source may al so be added to the culture after
a threshold paraneter is achieved (and |ikew se, addition of the carbon
source may be term nated upon achievi2d3g a threshold paraneter). These
threshol d paranmeters include, without limtation, optical density (OD),

di ssol vedi0688igen ( DO exphpleciodedtinn ertdootinugius pdditioreeftthe imduber reaM t ur e nmedi um
total congephbdld Kafly- b@%vfnh fﬁss&%&@d}\; STOWIhEhadd ded 15te- Iéé‘?roﬁhﬂ ture medium

or any conbination theréof S abI consta rate is used to
conti nuou%'??eakﬂief%egr‘i"ﬁ'&?&‘@?e ATl 8‘?”'&1:1 é’i’ é}cﬂ[.?f’ﬂte 419 abRyt @L?r P8 as woul d
be under sérabebilgntsof trer inemtiok,ithé echsitant rdte femdtof itaesieduasp o4l s;tdmelngma dance

pr ovi ded Q?er Igg @r?vhﬁ Pﬁ% W&ﬁlum ﬁ\gdlﬁﬁirdrgpﬁn @@&%‘bgﬁ‘lnitoﬁo%o pr esent

i nvention, nstant rate Is term ne as descrl bed
in the exabatée ‘Q)%tr%'&vmﬁ;@Pmé)?éﬁﬁIaBWt&Sf B’e%P"I“h@%'“eﬁfﬁPR?&P%‘ﬁ"”i ¥roHE DO st at
control | eempsdimeatssel ect ed by addi ng enough gl ucose to bring the
concentrati on up to 15 and 24 g/L every hour, without limtation. [0083]For

exanpl e, {dags ndUC%D%ngﬁuwat%H?@wweﬁﬁsan%e EQmFrBﬁI culture at a

constant rate until taln anpunt of 1 nducer and/ or carbon source, such
as from ap/@nloyed By fhose,ofgkiip themrly, TyPicelie [P Dse is ysed gs a megpyre ofcely | 7 g/ L, 8
g/L, 9 g/ rowdh BndiddnsitPofialiginlthe tQtugé LUn28s @benyids indiBatsd gOD" asLisgd L, 12 g/ L,
13 g/L, 1 16 g/L, 17 g/L, 18 g/L,.19 g/L, 20 g/L, 21 g/L, 22
g/L, 23 gﬁi’g(“éﬁfe;ﬁstf% "g/L, 26 g/L, 27 g/L, 28 g/L, 29 g/L, 30 g/L, 31
g/L, 32 g/L, 33 g/L, 34 g/L, 35 g/L, 36 g/L, 37 g/L, 38 g/L, 39 g/L, 40

g/ L, baseB'sﬁﬁ"’?q1§"¥Q‘ff‘al vol ume of the culture, has been added to the
culture, without limtation. According to various enbodi nents, the total
amount of [008ducer afvhthsr Perarerter thatunalwsereeias 3 tigger forthestert pad/abyoR 5 g/L to

about 20 gilthe f&d@ohtr&l@r%%%lv@éo%den (Q(ﬂ/(thattlé) I@@-@,tﬂt febfoién-, 9 g/ L to about
11 g/ L, a ucer to be added to

bout
e cul  uleEPRRg g BEL SRy Segenhlsq bt SHCKER S en IV <GURL added to ¢ he
cul ture. Gupplemattaanderessoenn threvesaeldogostenrtoe cilurgyinedies dhamrestimdd | nducer i s

ar abi noseor b /EELk inthe il aRin A4S SoviRY0 Nuch 8SURRA e, 2rigibs. on of

gl ucose. For exa an enb 0 of . an i nducer
(that is, O86%A t'ﬁ?’&"&'ﬁ?%@ e, @86‘&5’ ‘i°6‘"g"et5(€ﬂrtatﬁaéb ?T YMIYGF" a car bon
sour ce, smaly basurgbd oo sstil itree thakdbold hak beem oetihat sigrsisithelstep cn‘eme contohi s manner

appr oxi mafLy Lr'ﬂE swlp%@ M@&agbagha!neaﬂ@qnses%ld %Pa,%ercbfarﬁﬁam gege (that is,

20, 000 g or In a1, ture of arabinose) and no glucose is
used. Thu@s "ﬁﬁ@‘tﬁ'f pidhe cFPEY F%&e BS/'"P‘PF@r pF 823 MPiR MI8ORVE éhea‘aQé'ﬁ?%geous
gi ven t heaboweBoehH6t 40% incd abiuromedius), tlei feed tontiglieransestaft Q0@ Whshaoneli Nng t o

var i ous e%}’%ﬂ%‘? Is ?J 26"};' r'aQXr%Q{l\éngpgnblhﬁ? ﬁfp. tl]fg{)lao{éi&ﬁbgﬁ séM?!:{Qr the

i nducer and/or carbon source IS in the

range froifduersiias peen g?"t'y?6"%?0‘6@PCCZQa'weLW'g\/@"?”ﬁ%POd'PSP‘Sé&éh?pI e, where the
car bon sopresentipveptio.ose, the constant rate for the addition of glucose may
include, without limtation, 1.8 g glucose/L/h, 3.3 g glucose/L/h, 6.7 g

gl ucose/ UBH1.5 g gl ucose/ Un,

[0095] Another parameter that may serve as a trigger for the start and/or stop
of the feed controller is pH (that is, pH-stat fed-batch fermentation). pH may be
controlled by addition of base or acid to culture media. The threshold of pH may be
set in the rénge from 6.8 tb 7.2, such as 7.0. Once a threshold has been met, the

feed controller for a carbon source or inducer may be turned on uhtil the threshold



.21 16.4 g glucose/L/h, 18 g glucose/L/h, 24 g glucose/Unh, etc. According to
various enbodi ments, an inducer such as arabinose is added at constant
rates of about 1.5 g/ Uh to about 16 g/ L/h. [0086] According to various
enbodi ments, once a threshold paraneter has been achieved, the feed on the
carbon source may be continued, stopped or tenporarily interrupted. The
feéed of the carbon source nay be interrupted in which case the feed will
re-start at the constant rate once a threshold for starting the feed has
been achi eved. Thus, according to an enbodinment, a start threshold and a
stop threshold may be used to regulate the feed of the carbon source into
the culture. According to another enbodi nent, both glucose and arabi nose
are fed at a constant rate based on the threshold paraneter, w thout
stopping or restarting the feed. [00&4] The appropriate total amount of
carbon source to add to any specific culture can be readily determ ned by a
per son of ha;sktbéeln rhet thdtesignats thasied ofifrercontiel fged. dﬁhﬂ:ﬁoptfmasmwnhsebei n. The
total ano about 1
giL to abard %“?as*;f?ié SRR IR 08 of Hid By L Bl B ur )
accor di ngotipdugere cﬂi@FﬁPFﬁ WGP"?“I‘Fé‘W?rFé‘é@?ﬂStPWn'f‘lacﬁV““’PdPe%‘%Hn‘BFe accor di ng
to an enbtbdurasemtouesﬂxagbtanojnngdvmenomemsata@l.ﬂdfailum B85t drealigrravitdly, phase by

starting V\«tpﬁg}x?ofgé barblh L0 Rcd G hdlilor GBERT GRASEHMncE iy 9! ucose
feed when't ucose reaches zero, an co I nui ng e constant rate
gl ucose fw@uanmbpdmsnéﬁcw@er@s%lwnm ch time about 40 g/ L of glucose
wi Il have been fed in addition to the initial 10 g/L of glucose. According

t o an enbbdivestili;met he total anmounts of carbon source are provided in
concentrated formfor ease of scalability. These anounts are readily

converted dO@é]O t he f-lQltv@Lt t%@p@seﬁtg%§%m of OME Gfat (pAsHB e Phelidltial
partlcular CI urce is to be

added to ¥ E‘L"tt?@(ﬂ_ aEEI'F?'beea" 'f'ﬂlécef gg'é@f Sl&&ggﬁﬁta“bﬁsgﬁm%ﬁ°'@%uﬁg‘8§35 "fe added is
readi | y dptesemtiimentiars Hérvgstitimé riaybhe frotyt@002 Hransgo @bout 10 hikegls, of t ot al

carbon soys&g o nbiiRs :B%abt@.wmabeat z:ar\metégwm »ﬂﬂiﬂseqba@a RRFY® as a
threshol d paraneter in_accordance wth various enb gl nments as descri bed

her ei n. [Bm]sﬂﬁ’érsaﬁi?r dppecordance with vangusRmRRdIMents okirePseseal t o any
speci fi c pubitibhe Using the comasht fseddetec haivestdinizy aad petalsomouaf ofskducker,i n t he art

pased upofh Ebsf&ulngg);aﬁn Rif G afapre§|acx7 t&bsaerg%%gn%@% tifadjdflicer added

to the culture m rom-.-a base on the

total vol Emiﬂweﬂelthﬁt é@%"eéfescuﬁé- Benseog et eidr\n tfzezarhwewpd'aﬁ%rét #heg iR i ous
enbodi n'enhéweé\«(iﬁeédibﬂmeté)n&ﬁhlt blarsbincdmRY IBREdSse thé\ecduld Rladinaedrnief car bon

sour ce addge [ / 0 /L to about
15 g/ L, 8%9/;1_ unw (ﬁ ﬁ_éeﬁpaqé% %th% tth ?er%% é& E%é)mg("laaboﬁr}aglo g/ L based
on the topqrcemam Oéfhetll"@lC@UPftfuﬂ@ 20038 0and 4Ryl dedin THRMSHIMAERE, t he t ot al
anount s OhchiBHdC R eR&fpIB! Wittiod€khitdtiosoncent rated form for ease of _
scalability. These armunts are readily converted into the total mass of the
i nducer t cul ar circumstance. For exanple, when 10 g/L
of |nducere;on‘%ntlﬁ%'ﬁ%n 'E:%'la 1,000L culture, the tot al armount of i nducer

to be add readlly determned /L. X 1 000 granms (or 10
kg) of tof(&g ]Snducef'\”' 46897 PRE Sy ?ag’%n °é‘ﬁ$'ft[ﬂ"8"h%‘6‘i W‘FB ?’?fﬁﬁ cally contain
an i niti apresaotintentibn.aCobngentraticnsiond thes oduoee usefultth éducerbostfcellsymayl ati on with
a host cellngelfditPatiduf BlobBsh R 1& Mbdut 2% (A, SithBLtlinflatig@Icent rati on may be
noni t or ed and the concentration of the first carbon source used as a

t hreshol d E rar ter [ 0090] Any suitable supplenment or nutrient besides a
carbon sodF@BS: aI so be fed into the culture in appropriate anounts. The
ot her .nutrient or supplenment nmay be nonitored and threshol ds set

appr opr i alQ99¢] SuppITB‘PrE‘HMe el ibp Prasent apkRgie s MmaydtegarHbEtesd &Bhat e sour ces
are conter@h@dradrémét pEsMIits Growieoftheselisl \anses tantperathi®s-dt whichitelg exanpl es of
conmpounds. th e on d.fa h pr esent

i nventi on'nchc I Scﬁs@k?{ﬁgdﬂth 2y fﬁ%rtng(%\'{t li[%te &q'% ré’%’}é&%{‘ NI - 14) 2SO4.
MySO4, (I\lé?%@?@a’t?i@ Oflzé\$®nmbt§'m'@‘r‘aﬁiﬂ9ém col or any corrbl nation thereof.
The use of an additional carbon source or sources is also contenpl ated.



.Optical Density and Log G owth Phase: [0091] The introduction of a bacteri al
host  cell to fresh culture media creates a culture that typically goes
t hrough four nore-or-less distinct phases of growth: (i) |lag phase, (ii)
log (logarithm c or exponential) phase, (iii) stationary phase, and (iv)
decline (death) phase. The | og phase itself may be further divided into
vari ous phases, such as early log growh phase, md |og growth phase, and
| ate 1og grom h phase. Optical density is related to the phase of |og
grow h. Log growt h phase and optical density nay al so be used as threshold
paranmeters to signal the start and/or stop of the constant feed of the
carbon source and/or inducer. 23 [0092] For exanple, induction, or
continuous addition of the inducer %Wformence at early-1og growth phase,
m d-1 og growt h phase, and | ate-1|og gr h phase. Late |og grow h phase nmay
occur at an OD of about 70 to about 110. In an enbodi nent of the invention,
t he constfiaiepiatien Pe¥Ee:of the inducer will start in the late-1og growth
phase of the culture nmediumor at an OD of about 70 to about 110, about 70
t o about [0099] aboutArgSsuitablelfeutengdipn devied (tbat i Ofermento s damemplatedh vari ous
enbodi meng,s, e[lgq)r?%r%rﬂ%ehﬁ %*Uuﬁ)%@ﬁnomrtb‘B@ﬁsoﬂ@)ﬂﬁék‘ﬁngql@saﬂ had, are

ose 'ski

commonly enp . In the art. Typi OD600 is used as
a neasuree’@fnpéfelme f@f’BQWW RAY containiany nymbereflimpeiiers (such as. ﬁHSEm”UnI ess

?B 8821 }MAS BmpBiireRintskes' aEEor AfeaboretheRBprobes. rafaeesrdanceOiOsh erbaiaemed (?;(ygen:

no, anet e art and/ or
stop of t'hg?ﬁ:‘rega Ot 5t gtto Fg%dégr%‘{gRggm& Hedqu%@nh%irﬁ@t% e DO stat fed
batch f ermme&ﬁqrmyodummyallbetodb?lffaﬂbe'lﬂed 'B}ﬁ Héf%!ﬂvﬁg"qnﬁ@"mpc‘%ﬁ on,

ai rflow, @xygessmEm aREE co@me:pns&%atwaema hb_@uares»seedenﬁaumt ain the

cul ture nedj a. t sh in the ran L m5%to 80%
DO, such ¥§e "26’%'4?”8%% gﬁ)ﬁ/"m?ﬁo'?ezn’? sﬁ’ﬁt%ns mgniforing eeﬁg?qr{e Pt he feed
cont r ol | eflerrientations atrbibis rsameu:ethelsy?otmjuwbenfaw brepaﬂmlmedtom?tﬁtmm | the

t hr eshol d, h3R1REL Rt BMbbHiRlentd ke Srebbift ifleRfor2f the control feed. The stop
threshol d may be another DO threshold or another paraneter, such as the

anount of .t he carb rce cer. For exanple, Wnenever the DO ri ses
above 30&%’? AR r??g' rFf'%nrtgnvr?@ggum the feed controller nay start unti |
which tinme that the DOfalls to 20% or alternatively, until 0.5 g/L or 1
g/L of a @é?‘ﬂo@"%‘lﬁ“t?é‘s(?@qpﬁﬁfﬂ%é"r°°ﬁﬁ’§‘aﬁé%'ﬁ SiRsFY° gss WeB%'EBFbIance with
vari ous esadeotlianesivith Ofe réihops esthaprasenEintention agbro)i0€Obdrdinpinher par anet er

that may serv
1 8 SRty kP Bkt ot onl b ot
controll e@VW'OaGGF‘Pr'%'eGPmB%E‘ RyptedLip drighlepgity NracuiEig: suchasdne hr es hoI d of

pH may bere%%binﬂnttﬂi&errﬁfw&dcréd)m&c&d’bﬁce?w&h thB WRdthGSs of th presere a t hreshol d
has been rret t he feed controlble(? tquha carbon source or inducer may be

turned on™YFlto YHNEUE fNeNYNG 1] ereto.

[0101] The composition comprises a culture having recombinant protein at a density
of at least about 1.5 g/L based on the total volume of the culture. The density of the
recombinant protein is at least about 1.7 g/L based on the total volume of the culture
according to a further embodiment of the present invention. The density of the
recombinant protein is at least about 2.0 g/L based on the total volume of the culture
according to another embodiment of the present invention. The density of the
recombinant protein is at least about 3.0 g/L based on the total volume of the culture
according to another embodiment of the present invention.

[0102] A composition comprising recombinant 2086 protein is provided in an
embodiment of the present invention. The 2086 protein, as referred to herein, is a
protein expressed by a polynucleotide that corresponds to the 2086 gene in N.
meningitidis serogroup B, including any fragment, derivatives or mutations thereof.



.24 has been net that signals the stop of the control feed. The stop

t hreshol d may be another pH threshol d or another paraneter, such as the
anount of the carbon source or inducer. For exanple, whenever the pH rises
to 6.97 in a culture nedium the feed controller may start until which tine
that the pHfalls to 6.95, or alternatively, until 1 g/L of a carbon source
or inducer has been newy added in accordance with various enbodi nents of
the present invention. Harvest Tinme: [0096] Harvest tinme represents the
anount of tine that passes after the initial induction or addition of an

i nducer. Any suitable harvest tinme is contenplated by the present

i nvention. Harvest time may range from about 2 hours to about 10 hours,
about 2 hours to about 8 hours, about 2.5 hours to about 7 hours, about 3
hours to about 6 hours, etc., in acca@edance with various enbodi nents of the
present invention. Using the constant feed rate, harvest tine, and total
anount of Nomtiontiag exempaey 2086@roteinaand philyhiicleéatide$ areatescritedl in Wpr eci at e how

each par aggh 76%9%&)904?«1@3 kg6l to achieve the desired results. Persons
skilled in t art woul d under'stand when to harvest based on the anount of

ar abi nose_f ecause t he readi determ ne the. ano fed based on
the feed W&?g grh%lre(cﬂg’bf’iaﬁézoﬁgrpir %8'” cf’ﬁ'pf’%f'%n 1502 31 < r?wﬁ'gf"aeg%& &ntrations of
t he i nducenoteird infa cu@re ®Qere®dhe eacdmbragy 208B6cotein igatmdensityalatieastichi eved,

for exa”péu@outWéé?Q‘BEséd S e kbt volfrRNGaRs E@Ur@nTﬁg ddridfly bﬂqé'cer [0097] An
i nducer in any sujtabl e concentration jis LA ﬁ?n'g? at ed [ esent

i nvent i on™®® lf’éﬁt(?qfte%ﬂ@'"d? atIipastiapavlidet oz B‘Eﬁtﬂtﬂh‘é‘ﬁu'ﬂﬁg heells may
range fr ocoliesatcotditd @CH fidther entitmdim@0 % the/préseminvérdgion. Theideasityohs.

Tenper at ugg: red HASIEINE %a& Blotdis & aQieatshgooQﬁ 99 b5L bsgga%t' B s VBRI | ncubat ed

at any tenperature that permts gro |'s. \Various tenperatures
at whi ch 1§ quileGRgeerdingd Eﬂ‘i’tf‘ﬂr"é;i@é’ﬁ%’?té’f e RKﬁerﬁ“ IOMeMPAN TG ABIRWY o ncl ude,
wi t hout | theireedrhitsinant 2065 pdBdih isHl (Gasbaboan . 0aplrbaseaitdnthe tdtavelame of 25

Fer nent at {h)%Q:uRSPé' a%g()rd[q?;qgghépgr SHbddRE R of ﬁfe{)ﬂ?@ée% nQQnt%ﬁV' ce (that is,

"fernentor) 1S cont use I n the present I nvention, as mould be
known to persons of Skl|| in the art. For exa t he fernentor
R Bps

cont ai n atOfl AR FoBPOStiaRE of e preseptinvention may) SR Prafedy; s”?'h?%kes
and/ or rreasmtenmrépqwd)ubmcorummmrajmatmawf the mesentinoehtivantThet he f er ment or

Is confi g%c@#tb‘n%n{ telth %Tyf‘ﬁeeﬁphﬂ@;&%nh &LbrﬁFoﬁenﬁ‘é‘dln%nrérﬁ%dﬁﬁethPe Sparger

-for introduction o rment or resent 1 nvention
cont enpl athednyengiondhe Eﬁ°°WBWGa‘I PratRlyis Fecoptpnanb 280 RiginsibeRipidatedors ch, t he
f er ment at hemigigatee.NTh&yecombRbhiaB6 \pirdtBinanayobga 2es6 subthrsilysA em f or nonit ori ng

and contr Qubf?rﬁr%ﬁrggagﬁ\a&ao&?nbdﬂlﬂoh méeﬁﬁ&ﬁg cgmhg&uo?%%?%@ enpe fully or
partially au I h"accordance W t o] present
i nvent i oninvention may include one protein or more than one protein. The protenns may be

related or unrelated proteins. For example, a composition of the present invention
may include 2086 protein corresponding to one or more strains of subfamily A and/or

one or more strains of subfamily B.

[0105] Compositions comprising material for use in conducting the methods of the
present invention are also provided herein. Such compositions include the
necessary components for the culture, including recombinant cells and nutrients, in
accordance with embodiments of the present invention. The various compositions
may be provided together in a kit, in accordance with an embodiment of the present
invention. For example, the components to form the culture may be conveniently
pre-packaged in the required amounts to facilitate use in laboratory or industrial
settings, without limitation. Such a kit may also include labels, indicia and directions
to facilitate the use of each component and the manner of combining the components
in accordance with various embodiments of the present invention.



.Conposi tions of the Present Invention: [0100] Conpositions conprising
reconbi nant proteins, such as those prepared in accordance with the methods
of. the present invention are provided herein, in accordance with

enbodi ments of the present invention. Conpositions of the present invention
conprise reconbinant protein in high density in a culture, such as the

r éconbi nant proteins prepared in accordance wth the nethods of the present
invention, without intending to be Iimted thereto. [0101] The conposition
conprises a culture having reconmbinant protein at a density of at |east
about 1.5 g/L based on the total volune of the culture. The density of the
reconbi nant protein is at |east about 1.7 g/L based on the total volune of
the culture according to a further enbodi nent of the present invention. The
density of the reconbinant protein is27t |east about 2.0 g/L based on the
total volune of the culture according to another enbodi nent of the present

i nvent i on[0176leThieioldwing ekarmples pecioribiletdnidemoosiaite varpustenibodisnerdbolut 3.0 g/ L
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the present invention. osition conpri onbi nant 2086
protein i 9SHPIRA QP ‘T"ﬁ‘ %f"ﬁ@‘ﬂ eRssenhigchpigy 's‘i % E’P’ &€ The 2086

protein, msentefsao rtminarowélelnehelpracﬂceaofpme)iheemloexmcasssacbrbge eonsileysnlic| eot i de
that cor geaBlSie b iimsbiiioP R abfbel AR ok B SqPRHOSERYRodE, | Nc! uding

any fragnent, derivatives or t1ons F1mt ng exerrpl ary
2086 pr ot I8y viRw gfthe pessoptAiscRsLre) @ePeridtedBaldPayeanges gens madeBdhand
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reconblna It he reconbi nant 2086 protein
is at a dg'ns&'gggp?q(%ﬂ'ﬁéﬁs Spa"tafj %&%X\’Qﬁé gélnet don the total volume of the
culture. The den5|ty of the reconbi nant 2086 protein is at |east about 1.7
g/ L based EXAMALES ot al vol une of the cul ture accor di ng to a further

enbodi ment of the present |nvent| on. The den5|ty of the reconbi nant 2086
prot ei n i ExamplecH sFedrbateh fo i ate feed  vol une of the culture
according to anot her enbodl ment of the pr esent i nvention. The density of-

t he reconffl'Rd@ht 2086 9/ ERRVA2) subfamilydhwes usrsias 3modey/straipdeedifedn t he t ot al
vol ume of batbﬂfeimbhtur@w proEeystiBiged On Bitdiebats, Bietppedas® Wil 1 agpied py@sent

i nvention tions of the present invention may conprise
any pr ot el'hfrg (%99@1%2“ prepared in accordance with a nethod of the
present invention. The reconbl nant B@gt eins may be lipidated or

nonl i pi dat®88br ot ei H&nedjum and ke saiu EO’STef?‘Pr@atCH\P%thePE?HW WR® r econbi nant

protein i prepacaiBingand catifidnepistdslisteddh tHegtblidwing theleed or non- i pi dated. The
reconbi nant 2086 protein may be a 2086 subfamly A or subfamly B protein,
or a conmbhaiuhPihd B84 SQlitionThe conpositions of the present invention may

i ncl ude one protein or nore than one protein. The proteins may be rel ated
or unrel ated proteins. For exanple, a conposition of the present invention
may i ncl ude 2086 prote| n corrgSpR nore strains of subfamly
A and/ or ] _ )

mat eri al 9P ond i = hotHangty P2l ogent | nvention are

al so prov égmosl’?ef\'éhyﬁm‘@uch corrp05| t| ons 1Pl ude t he necessary conponents
for the c %, including reconbinant ¢&1s and nutrients, in accordance
w th enbo of the present inventiq The vari ous corrposi tions may be
provi ded gﬂgi:n {,atlenoﬁ &hie in accordangg with an enbodi nent of the present
i nvent i ongsey,«A%anP! e the conponents tigyformthe culture may be

conveni enyliy),soe- packaged in the requirewssgounts to facilitate use in

| abor at or gaCLe2H}duUSt ri al settings, wthauwzslg mtation. Such a kit may al so
i ncl ude | #bgbse7H,Mdi ci @ and directions t0ddF@cilitate the use of each
conponent 1800k Traee Metah8tockBomtiom{Tableg t Hemiconponents in accordance with
various efibodi nents of the pr esent |nvent| on. 27 [0106] The fol | owi ng
exanpl es _horamphaniesh A nvent i on.
It shoul d be appreci at ed by those Skl I I ed in the art that the t echni ques

di scl osed in the exanpl es which foll ow represent techni ques di scovered by

t he i nvent ors to funct iTabler2] 1000r Trine Metat Stock Saflutidre | nventi on, and thus

can be cogg n‘é'i'ittu constitute vari ougy I fitdrt S practice—tHownever,

t hose of

appreci ate that rrany changes can be made 1n the specific enbodi rrents whi ch
are disclosed and still obtain a like or simlar result w thout departing

fromthe spirit and scope of the inventi-on. EXAMPLES Exanple 1: Fed-batch
fernmentation with constant rate feed



.[0107]E. coil (pPW2) subfamly B was used as a nodel strain for a fed-
batch fernmentation process. Based on the results, the process will be
applied to the subfamly A E coil (pPWO02). [0108] A nmedi um and feed
solution for the fed-batch fernentati on was prepared using the conponents
as listed in the follow ng tables. Medium and feed solution: Table 1: Basal
Medi um ConponentQuantity per Liter Dextrose, Anhydrousl0 g KH2PO43g

K21- 1PO47g (NI -14)2SO41 g Sodium Citrate, Di hydratel g MySO07H20l ¢

(Na) 2S040. 58 g Cad 22H200. 075 g
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Table 2: 1000x Trace Metal Stock Solution

Component Quantity per Liter
CuSO4e5H,0 9g

MnSO,eH,0 42¢g

COCIz.GHzo 06g

Molybdic Acid, Ammonium Sait, 15¢

Tetrahydrate

Table 3: Glucose Concentrate Feed Solution

Component Quantity per Liter
Glucose : 500/700 g

KHzPO, - 3g

KoHPO, 5 g9

(NH4),SOq4 2g

Table 4: Arabinose Concentrate Feed Solution

Component Quantity per Liter

Arabinose 250/500 g and varied based on
experiment

KH.PO, 3g

KzHPO4 5 g

{NH4).S0, 29

Methods:

[0109] Fed-batch fermentation with constant rate feed was used to achieve

high cell density in E. coli fermentation. The initial glucose concentration was 10g/L
in the medium. The (NH,4).SO, concentration was increased to 3 g/L in the
fermentation medium, but held at 1 g/L in the seed culture medium. To determine
the feed rate, DO-stat fed-batch was performed first. The DO level was controlled at
20% by a cascade controller that increased the agitation speed to maximum and then
used oxygen supplementation. When giucose was depleted, the DO rose sharply
(above 40%) and glucose concentrate was added to final concentration of 1 g/L in
the fermentor. After each addition of glucose, the pump remained off for a set time



,FeSO47H200. 09 g 1000x Trace Metal Stock Solution (Tablel nL 6)

Chl or anpheni col 15 ng Table 2: 1000x Trace Metal Stock Solution Conponent
ZnSA7H20 Quantity per Liter 30 g 28 Table 2: 1000x Trace Metal Stock
Sol uti on Conponent
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before being allowed to make the next addition. The maximum OD of about 160 was
achieved when DO-stat fed-batch fermentation was performed. The constant rate
was then chosen to be equivalent to the DO-stat controller adding enough glucose to
bring the concentration up to 18 g/L or 24 g/L every hour. During the fed-batch
fermentation with constant rate feed, the glucose feed was tured on at the desired
constant rate when there was a sharp rise to 40% in DO.

[0110] The seed cultures were started using one vial of E. coli (pPW62) per
liter of basal medium + 15 ug/mL chloramphenicol in a 2800 mL Fembach flask. The
flasks were incubated.at 32°C, 150 rpm overnight (~16 hrs). The final ODgpo Was
normalily ~ 3. 10% inoculum size was used to inoculate each fermentor. Each
fermentor used 3 Rushton impellers and a ring sparger. Initial setpoints: temp:
36°C, pH: 7.00 £ 0.05 (controlled with 7.4 N NH,OH), airflow: ~1 vwm, DO: 20%. The
DO was controlled by a cascade of agitation (min: 150 rpm, max: 1000 rpm) and O,
addition via a gas mix unit. Foam was controlled; if needed, by manual addition of
PPG-2000. 0.35 mb/L AF waS added to the medium before sterilization. During the
fermentation, samples were taken hourly to monitor glucose, pH, and ODjggo Off-line.
Supematants were prepared from.1 mL samples and stored for later analysis of
organic acids by HPLC.

Results:
Fed-batch fermentation with constant rate feed:

[0111) Figure 1 shows the time courses of oD, glucose consumption, and
acetic acid accumulation with constant feed rates. Maximum ODs of 158 and 150
were obtained with constant feed rates of 24 g glucose/L/h and 18 g glucose/L/h,
respectively. High glucose 28 g/L was accumulated during the run when a feed rate
of 24 g/L/h was used. Glucose accumulates to 12 g/L when a 18 g/L/h feed rate was
used. Little acetic acid (that is, less.than 1.5 g/L) was produced in both cases. The
exponential growth phase ended close to OD 100. The specific growth rate was
approximately 0.60 (hr) in both cases.

[0112] To reduce the glucose accumulation, low constant feed rates of 16.4
g/L/h and 15 g/L/h were examined. Figure 2 shows the time courses of OD, glucose
consumption, and acetic acid accumulation with constant feed rates mentioned



Quantity per Liter 9g 4.2 g 0.6 g 1.5 g CUSO405H20 MSOAH20 CoCl 26H20
Mol ybdi ¢ Acid, Amonium Salt, Tetrahydrate Tabl e 3: d ucose Concentrate
Feed Sol uti on Conponent Quantity per Liter G ucose5001700g KH2PO43g
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above. Maximum ODs were 142 and 147, respectively. As in previous runs, the
culture with the faster feed rate accumulated more glucose, although the amount of
glucose accumulated was much less than in previous experiments. About 8 g/L of
glucose was accumulated during the 16.4 g/L/h, and 5.4 g/L of glucose during the 15
g/L/h fermentation. Little acetic acid (such as less than 1.5 g/L.) was produced in
both caseé (see Figure 2). The specific growth rate was approximately 0.60 (hr) in
both cases. Thus, the specific growth rate was not affected by the feed rate between
15 g/L/h and 24 g/L/h.

induction at various growth ODs:

[0113] A 15 g glucose/L/h constant feed rate was used for the arabinose
induction study because it resulted in high cell density and low glucose and acetic
acid accumulation. In this experiment, inductions at mid-log growth phase OD ~85
and Iate-lbg growth phase OD ~80 were compared. The culture was induced by
simply substituting the arabinose feed for the glucose feed and feeding arabinose at
a constant rate of 13.4 g/L/h. A total of 40 g/L arbinose was added to each culture
over the course of 3 hours. After induction, samples were taken every hour for
rLP2086 assay by SDS-PAGE, organic acid and arabinose assays by HPLC.

[0114] Figure 3 shows the time courses of OD and rLP2086 production when
induced at ODs ~55 and ~80. Both maximum OD and rLLP2086 yield were higher
when cells were induced at OD ~80 (maximum OD: 101 vs. 84; maximum yield: 1.8
g/Lvs. 1.2g/L).

Induction with various arabinose levels:

[0115]) The purpose of the following experiments was to assess the total
amount of arabinose fed to the culture and examine whether reduction of the total
amount of arabinose fed to the culture would still result in high rl.LP2086 expression.
Arabinose concentrate was fed to 4 different cultures each at different feed rates over
the course of 3 hours, resulting in final arabinose concentrations of 10, 20, 30, and
40 g/L. All cultures were induced at ODeoo ~ 80. Figure 4 shows the time courses of

OD and rLP2086 production. Table 5 summarizes the OD and rLP2086 yields for
each of the four conditions. It shows the maximum rLP2086 yields of: 1.2 g/L for the
10 g/L total arabinose added; 1.6 g/L for the 20 g/L total arabinose added; 1.7 g/L for



K2ZHPO45g (NH4) 2S 042 g Table 4: Arabinose Concentrate Feed Sol ution
Corrponent Quantity per Liter Arabinose250/500 g and varied based on
experiment KH2PO43q K2HPO45g (NH4)2SO42 Met hods: [0109] Fed- bat ch
fermentation with constant rate feed was used to achieve high cell density
in E. coli fernmentation. The initial glucose concentration was 10g/L in the
medi um The (NH4) 2SO4concentration was increased to 3 g/L in the
fermentation nmedium but held at 1 g/L in the seed culture nedium To
determ ne the feed rate, DO stat fed-batch was performed first. The DO

| evel was controlled at 20% by a cascade controller that increased the
agitation speed to nmaxi num and then used oxygen suppl enentati on. \Wen

gl ucose was depleted, the DO rose sharply (above 40% and gl ucose
concentrate was added to final concemlration of 1 g/L in the fernentor.
After each addition of glucose, the punp renmained off for a set tinme 29
bef ore bethe@0g/L tntelchratnosskasidetie?. @ gittforttid i40igdntotal heabinwze addedoAof about 160
was achi ey&dmwg@fée%f%weeh% -Jahddud § /ersémtaa I..pgimmﬁ@da‘ |éIEd The

constant rate was en chosento be equi controller
addi ng enB‘E]’&erQI%&é’?%%?lpﬁ%?%ﬁ%”‘b’ﬁ?l?éﬁtﬁr%mﬁrﬁ'?'ﬁﬁs b? l%L)g/ I"e8F 24 g/ L

every houresuliisugggst thet the tethizingdunf efrarabitcxel aaid edfdr induotist Gamtber at e f eed, the

gl ucose fF‘e%GOé@fg%ﬁM'b té)fb %d’f tﬁlﬁut@@é&é d-%c\hgﬂ!?ﬁ}o%ﬁtpréo%ﬁngh%ué e was a

sharp rise t tures were ted using one
vi al of pBEedgglign I(\ gpq}ymsewpge would be more cost effective, especially considering

the high cost of arabinose (approximately $500/kg US).

Table 5: Induction with various arabinose levels

Lot : Total arabinose fed (g/L) Maximum riLP2086 (g/L)
X-BRN05-027 10 1.2
X-BRN05-024 20 1.6
X-BRN05-025 30 1.7
X-BRN10-114 40 2.0

Arabinose addition method comparison:

[0116] The following experiment was conducted to examine whether a
continuous feeding strategy is superior to a simple batch addition strategy when
applied to arabinose for induction. In run X-BRN05-039, 20g/L of arabinose was
added to the fermentor all at once, rather than feeding over the course of time, when
the OD was about 80. Figure 5 shows the time courses of OD, glucose and
arabinose consumption, and rLP2086 production. A maximum of 1.3 g/L of 1_P2086
was obtained. Batch addition of the arabinose, although operationally simpler,
produced less rLP2086 than continuous feeding. Thus, a continuous arabinose feed
strategy is superior to simple batch addition.

[0117] To examine whether the arabinose can be mare efficiently used by
reducing the arabinose feed rate, feed rates of 3.3 g arabinose/L/h and 6.7 g
arabinose/L/h were compared. Figure 6 shows the time courses of OD and rl.P2086
production. Arabinose concentrate was fed to one culture at a feed rate of 6.7 g/L/h
over the course of 3 hours, and a second culture was fed at a rate of 3.3 g/L/h over
the course of 6 hours. For both cultures, the total amount of arabinose added was 20
g/L. As shown in Figure 6, both conditions produced the same amount of maximum
rL.P2086 (that is, 2.2 g/L), but there were differences in the kinetics of the production.



Jiter of basal medium+ 15 ng/nL chl oranphenicol in a 2800 nL Fenbach

fl ask. The flasks were incubated at 32C, 150 rpm overni ght (-16 hrs). The
fi-nal 0D600 was normally - 3. 10% i nocul um size was used to inocul ate each
fernmentor. Each fernmentor used 3 Rushton inpellers and a ring sparger.
Initial setpoints: tenp: 36C, pH: 7.00 0.05 (controlled with 7.4 N NH4COH),
airflow -1 vvm DO 20% The DO was controlled by a cascade of agitation
(mn: 150 rpm max: 1000 rpn) and 02 addition via a gas m x unit. Foam was
controlled, if needed, by manual addition of PPG 2000. 0.35 nmJL AF was
added to the nedium before sterilization. During the fernmentation, sanples
were taken hourly to nonitor glucose, pH and OD600 off-Iline. Supenatants
were prepared from1l nL sanples and stored for later analysis of organic
acids by HPLC. Results: Fed-batch fer3@ntation with constant rate feed:
[0111] Figure 1 shows the tinme courses of OD, glucose consunption, and
aceti ¢ acilTte highanfekd rate respitedhingohigherprodustion radg. eMaxitkmi rkR0&8Dyanf 158 and

o Ucoser LTE B Shdurs SRIBRAD ahFifulcbE i ool tatds Bt & e o S g Che
run when QY%dEs é'(f"ée%f-r%-z?dd?%?ﬂgwa‘és' %Bi.ghg:'i #éﬁ‘b?ée E‘E??Mrf@’gg') % 12 g/L
when a 18 thgt pfduuttinccostlf@ exasples etility ¢ast)tvik be éster evhan using alinégher feed| ess t han

1.5 g/L) %ﬁ'ﬂ%‘%@%ﬁ&?g’%p%a%g The exponential growth phase ended

close to c growmh rate was approximately 0.60 (h(1) in
both cases. [0112] To reduce | ucose accynul ati on, | ow constant feed
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not af f ectstightiyyhigheeinftbe dultuse thabeasuagncetbatdidheh Oan drhgnaxirvin rLP286Ct | on at
various groud & ifdRiion ObLHsAvE2.6 ol (CERR03-088 )G ialds 2 £6AL diat e was used

for the arabinose induction study because it resulted in high cell density
and | ow glinfustien QRF8Q PLBRA0ZOZE)- Jltts esriLsyasssts thatdhg "se"éy?B%‘fjﬁ?H%nt ,

i nduct i on$hasdlestedd- hougs gftedwidacidnase OD -55 and | ate-1og grow h phase QD -80
were conpared. The culture was induced by sinply substituting the arabinose

feed for tdgngihidePsEetessuttRithefdivithoa! sftknose at a constant rate of 13.4
g/L/h. Atotal of 40 g/L arbinose was added to each culture over the course
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hours. The growth and r.P2086 production profiles were very similar. The maximum

rLP2086 yield was 1.8 g/L. when salts were added to the feeds, and 2.0 g/L when

glucose and arabinose feeds were prepared without salts. These results suggest

that there is no need to add salts to the glucose and arabinose feed solutions.
Fed-batch fermentation with constant rate feed for subfamily B strain:

[0120] Seed cultures were started by inoculating 1L of basal medium
containing 15 pg/mL chloramphenicol with 1 mi of thawed working seed. The culture
was grown in a 2.8 L Fernbach flask and was incubated for about 16 hours at 32°C
and 150rpm. The final ODgge was ~3.0. 350 mL seed cultures were aseptically



.[0115] The purpose of the follow ng experinents was to assess the total
anount of arabinose fed to the culture and exam ne whet her reduction of the
total amount of arabinose fed to the culture would still result in high

r LP2086 expression. Arabinose concentrate was fed to 4 different cultures
each at different feed rates over the course of 3 hours, resulting in final
ar abi nose concentrations of 10, 20, 30, and 40 g/L. Al cultures were

i nduced at 0D600 - 80. Figure 4 shows the tine courses of OD and rLP2086
production. Table 5 summari zes the OD and rLP2086 yields for each of the
four conditions. It shows the maxi numrLP2086 yields of: 1.2 g/L for the 10
g/L total arabinose added; 1.6 g/L for the 20 g/L total arabinose added;
1.7 g/L for 31 the 30 g/L total arabinose added; 2.0 g/L for the 40 g/L
total arabinose added. An arabi nose fged of between 20 g/L and 40 g/L
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Application of fed-batch fermentation process for MnB rLP2086 subfamily A strain:

[0121] To test whether the fed-batch fermentation process used for rLP2086
subfamily B was applicable to rLP2086 subfamily A, the process was conducted
using the procedure established for the subfamily B strain. Figure 10 shows the time
courses of OD, glucose and arabinose consumption, and rLP2086 production. The
growth and rLP2086 production profiles for subfamily A were similar to those
obtained for subfamily B (compare to Figure 8). SDS-PAGE and Western Blot
showed that expressed protein was indeed subfamily A rLP2086 (see Figure 11).
Table 6 lists the maximum ODs and rLP2086 expression yields for six different
subfamily A runs. The range of maximum rLP2086 expressibn yield was 1.5-2.1 g/L
(average maximum yield: 1.810.2 g/L), similar to the resuits from the fed-batch
fermentations used to produce rLP2086 subfamily B. Thus, the fed-batch
fermentation devéloped for subfamily B strain is also suitable for subfamily A strain.



.32 The higher feed rate resulted in a higher production rate. Maxinmum

r LP2086 was achi eved at 3 hours and 6 hours after induction with feed rates
of- 6.7 g/Uh and 3.3 g/ Uh, respectively. The advantage of using a higher
feed rate (that is, 6.7 g/Uh) is that production cost (for exanple, utility
cost) will be | ower when using a higher feed rate than when using a | ower
féed rate. Effect of induction tinme on rLP2086 expression yield: [0118] To
determ ne the optimum harvest tine, the nornal feeding profile (20 g/L

ar abi nose fed over 3 hours) was extended to 40 g/L fed over 6 hours. In
runs XBRNO5- 028 and X- BRNO5-029, the cells were induced at OD -55 and OD
-80, respectively. Figure 7 shows the tinme courses of OD and rLP2086
production. Al though the arabinose feed extended from3 hours to 6 hours,
interestingly, the peak titer was stiB# obtained around 3 hours after

i nduction. The product titer was slightly higher in the culture that was

| nduced at hi gghg{buﬁl P}Qﬁnmmnlﬁw?rﬁsﬁow Slplesioh %@Eh&@)@ -55 was 2.0

g/ L (X-BRNO5-Q WAS tion 80 ( X- BRNQ5-029) .
This res S i (94- xigug r
i nducti on. feed sol ut| ofrowi t h and w t hout ts: [0119] To

exani ne whet he{ alts are essenf{gal in the gl ucose 4 d arabi nose feed
sol utions, play! e and arabi nosg:feeds were conpargggw th the
standard gI UCOoR@RNOBA4aS (that is, _§O4/ KH2Pa4 + ( NH4) 2 ) and ar abi nose
+ salts feeds. XJé@{Nﬂ@Of.zh cultures, 20 gAL of arabinose wasgf ed over the
course of 73 hours. The growm n and r LPZ2086 production profiles were very
simlar. The maxi mumrLP2086 yield was 1.8 g/L when salts were added to the
feeds, and 2.0 g/L when glucose and arabi nose feeds were prepared w thout

salts. These results suggest that there is no need to add salts to the
gl ucose arRrahpBPSPRNE FraliposedPed HYing theatrPese iNdUEYIMent ati on wi t h constant

el o B e haeiht i S SEHRE deBlid Wiy NEL G B LA ARE. ©

i nocul ati ainin eni'co vvlth 1
m of thaweddugtiokidug! gecnse aﬂﬂ@rahnqsarf%ewm@ngﬁmdlﬂwoa PE"@ vaser nbach fl ask

agdowag 5:) NAvERBLAE. fﬂlﬁe aRfedy wés tb%'écﬁ% @én_%z gra%ﬂ‘@sé%@ér@ﬂrs-(ﬁﬁi‘f the {ﬂ@uaé 0 ?SEO was
- cu | ransrerr

basal e AR EDMNEAP R Ta P TegglisBaditg trituclii B et B3 She

f er ment at | @/h)&9%0(@ 1t 9/bk), eahd HO0HH(13 900N theystandardigivedieHeed a’t@eh&phr e at

36C, DO aty,2fus, b ahl QWibHosd Wéte pldiarddnitiit S@dive! | ed by a cascade of
agitation (m n: 1 pm max: 1000 rpm) and oxygen addition. Antifoam

PPG- 2000 utomat cally,added to roI n ntation,
sanpl es \M\Q@izﬁaken fé?H’? ¥%adq%§'nﬂd 1r2%g? uogvotggt'aﬁacoegéoc#f Q?f%ﬁ@yﬁ F‘é

i nocul at i ogrpwmhmemmsem@dmpaeometm@@%qoocgnwm anth e P2086 prRdustienl ned at
(20% ?/Y'IGHGAIR@.F& rmg%i{w@resgéul;dédrait@?tgﬁ) D@Tsfrfowm.rzﬁP r{;&y? &@ﬁdh@m(o@@(fmh t
usual | 'y our apsed. Fermentat]on [Tioe Jbe, g L&ﬁ%ﬁs wi.t hou
salts) feeY Prz 4n coRYUEd &g\ isg a f"ﬂ"&"%‘f 17 p T U gure 8,
gl ucose waseakedrpl HEdFigude2typed the25% hmjnelcEErTJund a8Q(Rigurg 12p) aftesharp rise in
the DO Thessa8R! ¢S ’ﬂ%%@ gtlﬁgfenfegﬂ %E%arhl%l Jccmuﬁtevggﬁdbsgana aftiRde @ The

gl ucose feed was turned Xﬁ e% %1 m\iﬁ fﬁf urned on
at a rate HuUrsROSkINduEHEn. e /SQ'HB‘EﬁBsmBP”'é(IS BiEvE &9 WBU‘W 8§ f eedi ng
(that is, |atmeolbstlsaﬂ®@p!4:eanumw A@d @/lgddihereomds na glecaseascuroglatifreipdhenvas t ur ned

of f and thgl ruesgmhl wan%isth?éé QH@QcédeﬁélQ& b.gwsramas@nﬂwedo#aour As shown

in Figure 8, was obtal ned and g r LP2086 was
expr essed ‘5&‘&11@1\aBﬂ)éoﬁAé@”(%é@)ﬂ‘ﬁB?%feg)m"sﬂPfQ wred e @3 hours after
i nducti on f{rbogs, Ir&peetlvb&- walle thef2bYe (FRfdte P2ruaprbduéesst een2Bl git. Thewed t hat

the expressif Ring a;fib&hc‘ﬁ@ﬁ bl HeAliLbitad fahicaP 46 gﬁéengh&@m%aef

f ed- batch I on process t1or 3 strain
expressuon may have been suppressed by the accumulation of glucose and acetic
acid. The 50% runs' production peaked about the time the arabinose ran out and the
25% runs’ production peaked after the arabinose ran out suggesting that 2086
expression might not be suppressed as long as glucose concentration was controlled
at minimal level (no glucose accumulated in Figures 12b and 12¢). Although only 10
g/L of arabinose was fed to these cultures, their rlLP2086 production was similar to



.[0121] To test whether the fed-batch fernmentation process used for rLP2086
subfam |y B was applicable to rLP2086 subfanmily A the process was
conducted using the procedure established for the subfamly B strain.
Figure 10 shows the tine courses of OD, glucose and arabi nose consunpti on,
and rLP2086 production. The growth and rLP2086 production profiles for
subfamly A were simlar to those obtained for subfamly B (conpare to
Figure 8). SDS-PAGE and Western Bl ot showed that expressed protein was

i ndeed subfamly A rLP2086 (see Figure 11). Table 6 lists the nmaxi num ODs
and rLP2086 expression yields for six different subfamly A runs. The range
of maxi mum r LP2086 expression yield was 1.5-2.1 g/L (average maxi num yi el d:
1.80.2 g/L), simlar to the results fromthe fed-batch fernentations used
to produce rLP2086 subfam |y B. Thus, 3she fed-batch fernentati on devel oped
for subfamly B strain is also suitable for subfamly A strain. 34 Table
6: Maxi munhatwibfzdmad wheh 20.d?2 0&6 fadk pSgsgtanroys fekds afifgludoBe bod kabinvaen r LP2086

) . . ) ! "
S Brhos. 0437 s v A pdsd oriBud B ehdin datidhe tn o 0P b e
ar abi nose Yieldwherglugrserqpacetatir iseontatasatiadaw levsh awingshe \QHH‘E'@”t he ampunt

of ar abi nagRsnAedes onthdimitils catlbe reduced BighiliGantlyr oduct i on, dual gl ucose and
ar abi nose feed during the induction period was investigated. The strategy

was to feg 214? g/ L %e%ﬁxﬁle&ﬁtr’?e%é}vo% c3n eQPéUuEefa%-%H%ns% gh) Wwhile

continuin feed gl ucose he 1n t1ion phase at 25% (3. 75 g/ Un),
50% (7.5 @"E/ Ryreasg, Pfééﬁ/(y'ewsvgfmﬁ)g'ww F?@dg?‘&ﬁdaﬁaha'af"dmﬁefeafﬁ BeFS ate. All
of the fedéds, anglindiateh QDE waraipivestizated\dlablelT istadiffereni ddnaiisiatiadsloft | ves.

[0123] Fi 94pés bnition Ot apBidrsl PGt giSORY 1E41Frald BEWEOHE 28 oRE 73 HLAMNY B cell

arabinose feed rate between 1.7 and 6.7 g/L/h would not affect rLP2086 yield
significantly. Induction ODs between 80 and 105 result in similar rLP2086 yield.

Table 7: Maximum OD and rLP2086 under different glucose feed rate, different
amount of arabinose addition, and induction at various OD

Lot Glucose Arabinose Amountof Induction Maximum Maximum

number feedrate feedrate arabinose oD oD rLP2086
(@)  (gh/h) fed - _(g/)

X- 3.75 17 5g/L in3 74 86 1.6
BRN10- hours

127 _ _

X- 3.75 33 20g/Lin3 79 122 2.8
BRNO5- hours

056

X- 3.75 1.7 10.g/L in 94 122 3.0
BRNO5S- 6 hours

058

X- 3.7 6.7 . 20.g/L in 110 124 2.7
BRN10- 3 hours

129

X- 3.75 33 20.g/L in 105 126 2.9
BRNOS- 6 hours

059

X- 5.25 33 20.g/L in 102 112 2.6
BRNOS- 6 hours

061

X- 2.25 33 20.g/L in 93 108 24
BRN10- 6 hours

130




.growm h, the glucose, arabinose, acetic acid concentrations, and rLP2086
production. Al three runs were induced at OD -80. As shown in Figure 12a,
the OD of the 100% gl ucose feed run continued to rise after induction.,
peaking at 117, while the 50%run peaked at 106 (Figure 12b) and the 25%
run held around 100 (Figure 12c) after induction. The 100% gl ucose feed
bégan to accunul ate gl ucose and arabi nose by 3 hours post-induction. The
50% gl ucose run only showed a slight anmount of glucose in the |ast sanple
(reading = 0.21 g/L). There was no glucose accunulation in the 25% gl ucose
run. None of three runs accunul ated any arabi nose. The 100% (Fi gure 12a)
and 50% (Fi gure 12b) gl ucose fed runs produced -1.5 and 1.7 g/L rLP2086,
respectively, while the 25% (Fi gure 12c) run produced over 2.1 g/L. The
100% runs' production peaked before tBe arabi nose ran out, suggesting that
r LP2086 expressi on may have been suppressed by the accumul ati on of gl ucose
and acetic acid. The 50% runs' production peaked about the tine the

ar abi nose ) g%ug %g@%@%&m%mﬁr&ﬂw noté‘%‘w after the arabi nose

ran out suggesting t expression m g suppressed as | ong as
gl ucose ceumsnt r at i ahe\wasd eaNliré Wiab ethrtadl biyirvicomating Z2XelL Hasal rgédicrase

accunmul ated in.Fi res . 1 and 12c t 1 /L, of abi nose was
FoaiTe! o Sontitina T agm e mPheswihy il SR s Vit BB Fopdte 35 "Pp e,
obt ai ned ket PRe gulturevns2.8 &Ferthiach Miaa mentstefl @ dibouatl 16gaucoatad28@ @ndr abi nose

can reduc r nsunption by 50% and still achieve the sanme
r LP2086 yﬁgpgﬁmﬁe%%ﬁggg%gconcent ration is controlled at a | ow | evel

during the induction, Thus, the costﬂcg{ H n&cal s can be redu e%
si gni fi cad®13P) [ 0124748 1L Lipmight Gerapacl sesA SUlIRS yare FRgPusaly flansiereti nose
consunpt i amtoamd0i Lnferreerster ¢dnRRAIBG 79 I dadal mextivro withgit cblosanpreaitor afres, t ot al

amunt s ofysg[ ?Qh%g%gipﬁ fifbasdiflel u[]ﬁa%‘éé Rt HBHEr. bﬂ)’&%} ﬁatr@dH Jﬁm e 7

lists different I nat1ons of these conditio R ears that gl ucose

feed rat e 'eEPHBLIE 36755 DO 0%, Bn‘b?' "‘éﬂH“’é(F’ab-'i'W?d%% “Péé’a olled b%é‘t ween 1.7 and
6.7 g/ L/ h cascddd ofayitafoheid axdsOdfditione hdtidagrPHG-2a00 ys altodhattalion CDs

bet ween 80, @Q&i (flgc?'mro?% . Ddbing's 4e eﬁlgtfo%oﬁx% E?('T) %I‘ogﬁea_ ﬂ'mneﬂz)O"/o'\@)ﬂO‘};um D and

r LP2086 un eren agl uco t  anount ar abi nose
addl tion, aaﬁdvqsnaereﬁ"m ?O%arwmthw wan TFhATD See wr%%f'ﬁss%)wﬁ)unt of
| nduct i on gratenan Moy @bGalp weer ~40g.eagrafigthberegietion 6f ghicdse,the &ECDr LP2086

(o L/h ) (g] m&ag 5 S84l o Yoo b f oSl b ke &, FPE HRHER o 27

X-3.753.3
15 g glucose/L broth/h. During the fermentation, samples were taken hourly to

monitor glucose and OD off-line. The samples were taken every half hour when OD
reached ~40. Once OD reached ~ 80, the glucose feed was stopped and the
arabinose feed was started (for example, 500g/L of arabinose concentrate) at a rate
of 6.7 g arabinose/L broth/h for 3 hours.

[0127] Figure 13a shows the time courses of subfamily B cell growth, the
glucose consumption, acetic acid accumulation, and rLP2086 production at 100L
scale. The fermentation profile at the 100L scale was similar to that seen at the
small-scale. A maximum OD of 99 and a maximum yield of 1.9 g/L rLP2086 were
obtained. Thése results demonstrate that the fed-batch fermentation is scalable.

[0128] Figure 13b showé the time courses of subfamily A ceil growth, the
glucose consumption, acetic acid accumulation, and rLP2086 production at the 100L
scale. The fermentation profile at 100L scale was similar to that seen at the small-
scale. A maximum OD of 96 and a maximum yield of 2.0 g/L rLP2086 were
obtained. These results demonstrate that the fed-batch fermentation is scalable and
robust. '



.BRNO5- hours 056 X-3.751.710.9/L in941223.0 BRNO5-6 hours 058
X-3.756.720.g/L inl1101242. 7 BRN10-3 hours 129 X-3.753.320.g/L i n1051262.9
BRNO5- 6 hours 059 X-5.253.320.9g/L inl1021122. 6 BRNO5-6 hours 061
X-2.253.320.9g/L in931082. 4 BRN10O-6 hours
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[0129] Figure 14a shows the time courses of subfamily B cell density,
glucose, arabinose, acetic acid concentrations, and rLP2086 yield with dual glucose
and arabinose feed at 100L scale. During the induction, feed rates were controlled at
'3.75 and 1.67 g/L/h for glucose and arabinose feeding, respectively. Dual arabinose
and glucose was fed in 5 hours. A maximum OD of 90 and a maximum yield of 1.8
g/L rLP2086 were obtained. The maximum rLP2086 yield appeared at 4-hour
induction. Average maximum OD and average maximum rLP2086 yield for subfamily
B were 84.8 £ 6.8 and 1.6 £ 0.3 ¢g/L, respectively. These results demonstrate that the
fed-batch fermentation with dual giucose and arabinose feed during the induction
phase is scalable.

[0130] Figure 14b shows the time courses of subfamily A cell growth, the
glucose consumption, acetic acid accumulation, and rLP2086 production at the 100L
scale. The fermentation ran at the same conditions as in paragraph [0129] and cells
were induced for 6 hours. A maximum OD of 89 and a maximum yield of 1.8 g/L
rLP2086 were obtained. The maximum rLP2086 yield appeared at 4-hour induction.
Average maximum OD is 87.9 £ 10.5 and average maximum rLP2086 yield is 1.8
0.2 g/L for subfamily A. These results demonstrate that the fed-batch fermentation is
scalable and robust.

[0131] While the invention has been described with reference to various
embodiments and examples, those skilled in the art recognize that various
modifications may be made to the invention without departing from the spirit and
scope thereof.



,130 36 Exanple 3: Scal ed-up fed-batch fernmentation to 100L scal e [0125] The
seed culture was started by inoculating 2 X 1L basal medi um contai ning 15
1.1g/ m. chl oranphenicol with 1 m (that is, 1 vial) of thawed working seed.
The culture in 2.8 L Fenbach was incubated for about 16 hours at 32C and
150rpmin a rotary shaker. [0126) Two 1L overni ght Fenbach seed cul tures
were aseptically transferred into a 150 L fernentor containing 70 L basal
medi um wi t hout chl oranpheni col. The 150L fernentation in basal nedi um was
controlled at pH 7.00.05 by 7.4 N NH4CH, tenperature 36C, DO 20% and air
flow at 1lvvm The DO was controlled by a cascade of agitation and oxygen
addition. Antifoam PPG 2000 was automatically added to control foam During
the fernmentation, the DO dropped from-100%to 20% and was nai nt ai ned at
20% When there was a sharp rise in DO from20%to greater than 40%
(usually at OD -20), signaling the deg)é etion of glucose, the feed punp was
activated to deliver the glucose concéentrate (that is, 500 g/L) at a rate
of 15 g QWﬁgpé%(a‘er{iQ:t h/h. During the fermentation, sanples were taken
hourly to nonitor glucose and OD off-line. The sanples were taken every
hal f hour wHen?QiSthadderRiedusing a reFRePiegH!t PEIRIMEY R SHYY: t he gl ucose feed was
st opped and the arabi nose feed was started (for exanple, 500g/L of

ar abi nose conceutturing @jecambinantiagteds! cell o exprasaBireceshinanppretein h f or 3 hours.
[|0127] Fi gur %oﬂrétagaﬁ@emn&c{a@yudaﬁ %%Fb%ﬂ%r@&:gw&@ﬁﬁ;é abn%rrggglmegr owt {1, thet

gl ucose consuy .on,. acetic aci ccu atjon, .and r raduction a
T00L scal e, FHE AL RRTaTE ol 2r spTEOdy SiyfiieeleargSdull SY B 00 Tl
seen at the oltrelachipgsa thigshels parametsd and ispipting therepmbinantpiatein Hosf 1.9 g/ L
r LP2086 wer qho@limidned. These results denpnstrate that the fed-batch
fermentation is scalable. [0128] Figure 13b shows the tinme courses of

subfam |y Agelhe QE@BE Br cidif®r, WhbfeRSBe HREHMarSHetedS Bbtical dsnisily @apunul at i on,
and rLP2086 pr&d rofile at 100L

uction at 100L scal e. The, ferpmentation
scal e was si ni PEFO'Yed ¥ag" <§§$rf°a?e"6'ﬁté°ﬂsﬁ§r’t"9§‘daF%‘Hﬁ%"‘ﬁas‘e 'oD of 96 and a
maxi mum yi el d cdncgnteatigy bf cartiePGd6roamxddedlotcaltyre dnediting ©e amyeenmtinatidenonst r at e
that the fed-bglfrarfernmentation is scal able and robust. 37 [0129] Figure
14a shows the tinme courses of subfamly B cell density, glucose, arabinose,

acetic acid o [ j | | - nd
ar abi nose f eagd*?g{ﬂ%gé oggipeéu%{%ﬁgsﬁﬁgﬁoﬁd%éﬁ%% 'QP E‘%&%"zﬁ‘? g’i&)v@r e
control |l ed at Sftrsciye-1. 67 g/ L/ h for glucose and arabi nose feeding,
respectively. Dual arabinose and glucose was fed in 5 hours. A maxi mum OD

of 90 and a 4mXhermethei of claior3, toBpaging ¢onPRAEEly Adding Histirdusedto thehevityeexi num

rLP2086 yi el d gReeMeRdl ddnsfly BAHE chiidfl/sdnicdBs a0k 9EatBRX oo BLel Aind aver age
maxi mum r LP2086 yield for subfamly B were 84.8 t 6.8 and 1.6 t 0.3 g/L,

respectivel yg W@asmge%v& ifh a%gmpfgg%o%ﬁ_ﬁm;?fﬁg&n& erl-iRiiceto e RDfat i on

wi th dual glucose and arabl nose ur i ng I nducti on phase, i s
scal abl e when the cell density of the culture achieves an ODggp of about 70 to about 105.

6. The method of claim 5, comprising continuously adding the inducer to the culture
when the celi density of the culture achieves an ODgqo of about 75 to about 85.

7. The method of claim 6, comprising continuously adding the inducer to the culture
when cell density of the culture achieves an ODeggo of about 80.

8. The method of claim 1, comprising adding the inducer to the culture at a constant
rate, adding the inducer to the culture by DO-stat feed or adding the inducer to
the culture by pH-stat feed.

9. The method of claim 1, comprising adding the inducer to the culture at a constant
rate of about 3.35 g/L/h to about 16 g/L/h, adding the inducer to the culture by
DO-stat feed or by pH-stat feed.



,[0130] Fi gure 14b shows the time courses of subfamly A cell growh, the

gl ucose consunption, acetic acid accurul ation, and rLP2086 production at
the 100L scale. The fermentation ran at the same conditions as in paragraph
[0129] and cells were induced for 6 hours. A maximum OD of 89 and a nmaxi num
yield of 1.8 g/L rLP2086 were obtained. The maxi mum rLP2086 yi el d appeared
at 4-hour induction. Average maximnumOD is 87.9 t 10.5 and average naxi num
rLP2086 yield is 1.8t 0.2 g/L for subfamly A These results denonstrate
that the fed-batch fernentation is scalable and robust. [0131] Wile the

i nvention has been described wth reference to various enbodi mrents and
exanpl es, those skilled in the art recogni ze that various nodifications my
be made to the invention without departing fromthe spirit and scope
thereof. 38 What is claimed is: 1. A nmethod for producing a reconbi nant
protein conprising: culturing a reconbi nant' bacterial cell to express a
reconbi nant protein conprising continggpusly adding a carbon source to a
culture conprising the reconbi nant bacterial cell and continuously addi ng

an inducer g fﬂ%&u&éw&.ﬁfﬂ @ﬁerahqh&falaﬁ BB R tHRMASucar sd¥e8Sikd par anet er,
and isolating the reconbi nant groteln fromthe culture. 2. The net hod of

claim1, wherefiuerReRay ¢ 8fdPa ﬁﬁrgﬁéter is optical density (OD), dissolved
oxygen (DO, concentration of nutrient in culture nedium total
concent rat i dit. Be roetheshef dlaimr@ewhateia the tatabameunt of thedrdyrer sedRthe onbi nat i on

thereof. 3. Thanirtdunry RlucdrfdediiroBbstisry/L focatolr gl d paraneter is
optical density (OD) of the culture. 4. The nethod of claim3, conprising

cont i nuous! yoafid RGnbAEr didhiUE Elndréin tBoEHARYGR omﬁranotuber bl ipgsi ty of the
culture achi eves an 0D600 of about The net hod of claim

4, conprising %H’Fl%ﬂB%@PS"eéG‘?ﬁdhbfr?'ﬁéb?“ﬁa@?leP ?b(?”'t 1f?egliﬂul ture when the cell
density of the culture achi eves an 0D600 of about 70 to about 105. 6. The
net hod of cl'3i Thegnethespfglaim g, wosiein hedatel 9madpiiohiertuceiAfded o g t he
cul ture when t&mueeaddringmaeddr Yeedfis atsoat caupiur e achi eves an 00600 of about 75
to about 85. 7. The method of claim®6, conprising continuously adding the

i nducer to tHaerHdthbMb®otUiER 1CBdhpridiaSohthuBlisiy BEdifd!ihe Widicaab ittv&muan 0D600

of about 80. for about 2 to about 8 hours after initiation of the method.

15. The method of claim 14, comprising continuously adding the inducer to the

culture for about 3 to about 6 hours after initiation.

16. The method of claim 1, comprising isolating the recombinant protein about 2 to
about 8 hours after starting to add the inducer to the culture.

17. The method of claim 16, comprising isolating the recombinant protein about 3 to
about 6 hours after starting to add the inducer to the culture.

18. The method of claim 1, wherein the inducer is arabinose.

19. The method of claim 1, comprising continuously adding the carbon source to the
culture before induction.

20. The method of claim 1, comprising continuously adding the carbon source to the

culture before and during induction.

21. The method of claim 1, comprising continuously adding the carbon source to the
culture while the inducer is continuously added to the culture.



.8. The nethod of claim 1, conprising adding the inducer to the culture at a
constant rate, adding the inducer to the culture by DO stat feed or adding
the inducer to the culture by pHstat feed. 9. The nmethod of claiml,
conprising adding the inducer to the culture at a constant rate of about
3.35 g/Un to about 16 g/L/h, adding the inducer to the culture by DO stat
feed or by pHstat feed. 39 10. The nethod of claim1l, wherein the total
anount of the inducer added to the culture is about 4 g/L to about 40 g/L.
11. The method of claim 10, wherein the total anount of the inducer added
to the culture during inducer feed is fromabout 5 g/L to about 20 g/L. 12.
The nethod of claim 11, wherein the total anount of the inducer added to
the culture during inducer feed is fromabout 7 g/L to about 15 g/L. 13.
The met hod of claim 12, wherein the total anount of the inducer added to
the culture during inducer feed is about 10 g/L. 14. The nethod of claim1,
conprising continuously adding the inggcer to the culture for about 2 to
about 8 hours after initiation of the nmethod. 15. The nethod of claim 14,

conpri si ng @ontitHAMSH ¥r Al N Gorhbrisind HrGRUout) abififg Hel datod sbirce @PMBt 3 tO

about 6 hours after initiation, The nmethod of ¢l aim1 rising

i sol ating the ?“étﬁr(?rfmt'ﬁhﬁfg]t)‘i’e&e‘@f %qg%ﬁlﬂ?’rﬁa‘{hgvg%gﬁp B&” ﬁg%ﬁdé‘t gﬂé%bog& arting
to add the indii®er to the culture. 17. The nethod of claim 16, conprising

i sol ating the reconbi nant protein about 3 to about 6 hours after starting
to add t he i2sduteanethod bihwaitiul, imiein th8 carbhe somtdisch subacthasedcdrbomher ei n t he

i nducer is arq%hﬂg§e. 19. The nmethod of claim 1, conprising continuously
addi ng the carbon source to the culture before induction. 20. The method of

claim1, conprising,c n{inu sly addjng th qg;b n source to the culture
befor e and_ ddr TRGAPREDAL PO 245 wheRfdhd dydeladed AtbrsiS T dieas0 ©
conti nuously addi ng the carbon source to the culture while the inducer is
cont i nuousl fSaHafevaethd PHaimy 44 wperein the inducer is arabinose.
26. The method of claim 25, comprising continuously adding the glucose to the
culture medium while the arabinose is continuously added to the culture medium.

27. The method of claim 25, comprising continuously adding the glucose until the cell
density of the culture achieves an ODgo of about 80.

28. A method for producing a recombinant protein comprising:

a) introducing into a bacterial host cell an expression vector encoding a
recombinant protein under the control of an inducible promoter to form a_
recombinant bacterial cell;

b) iniroducing the recombinant bacterial cell into a culture medium to form a cell
culture; _

¢) adding a carbon source to the cell culture as a continuous feed;

d) monitoring cell growth in the cell culture for achievement of a threshold
optical density (ODgoo);

e) adding an inducer of the inducible promoter to the cell culture as a continuous
feed once the threshold optical density (ODsgqo) is achieved; and

f) isolating the recombinant protein from the cell culture.

29. The method of claim 28, comprising continuously adding the inducer to the
culture when the cell density of the culture achieves an ODggyo of about 70 to
about 110.



,40 22. The nethod of claim 1, conprising continuously adding the carbon
source to the culture until the cell density of the culture achieves an OD
600 of about 70 to about 110. 23. The method of claim 1, wherein the carbon
source i s a sugar-based carbon source. 24. The nethod of claim 23, wherein
t he sugar-based carbon source is glucose. 25. The nethod of claim 24,
wherein the inducer is arabinose. 26. The nethod of claim25, conprising
continuously adding the glucose to the culture nediumwhile the arabinose
is continuously added to the culture nmedium 27. The nethod of claim 25,
conprising continuously adding the glucose until the cell density of the
cul ture achi eves an 00600 of about 80. 28. A nethod for producing a

reconbi nant protein conprising: a) introducing into a bacterial host cel

an expression vector encoding a reconbinant protein under the control of an
i nduci bl e pronmoter to forma reconbi nant bacterial cell; b) introducing the
reconbi nant bacterial cell into a culfyre mediumto forma cell culture; C
addi ng a carbon source to the cell culture as a continuous feed; d)

rmtn! tolri gg %9{ hﬁ%&&i ahih%agl&kaﬁsmlcbug@otgp a?’&%ﬁt‘_@ﬂiﬁﬂé(t@fhe& thr etshol f'
optical densi e ng.an inducer o i Ci pronoter to
the cell cul tﬁ@“’zfsw'é?"ég?lf%"rﬂaﬂ?ﬁ'b ‘fqé'éedcugﬂ@eacﬁﬁéest?ﬂ gﬁb{’}ga%%ﬁogtgl density
(00600) is achatmubtiS.and f) isolating the reconbinant protein fromthe cell

culture. 29. The nethod of claim 28, conprising continuously adding the
i nducer to BheThuhétibe ofdihn I0heommrisingbentnuoysip bddiligethe inducerdo thehi eves an

00600 of about cu?tgret\ﬂte%qpéjgellldjegsity of the culture achieves an ODggo of about 75 to
about 85.

- 32. The method of claim 31, comprising continuously adding the inducer to the
culture when the cell density of the culture achieves an ODggy of about 80.

33. The method of claim 28, wherein the inducer is added to the culture at a constant
rate, the inducer is added to the culture by DO-stat feed or the inducer is added
to the culture by pH-stat feed. '

34. The method of claim 33, wherein the inducer is added to the culture at a constant
rate of from about 3.35 g/L/h to about 16 g/L/h, the inducer is added to the
culture by DO-stat feed or the inducer is added to the culture by pH-stat feed.

35. The method of claim 28, wherein the total'amount of inducer added to the culture
is from about 4 g/L to about 40 g/L.

36. The method of claim 35, wherein the total amount of inducer added to the culture
is from about 5 g/L to about 20 g/L.

37. The method of claim 36, wherein the total amount of inducer added to the culture
is from about 7 g/L to about 15 g/L.

38. The method of claim 37, wherein the total amount of inducer added to the culture
is about 10 g/L.

39. The method of claim 28, compﬁsing isolating the recombinant protein from the
culture about 2 hours to about 8 hours after initiation of inducer feed.



.41 30. The nethod of claim29, conprising continuously adding the inducer
to the culture when the cell density of the culture achi eves an 0D600 of
about 70 to about 105. 31. The method of claim 30, conprising continuously
addi ng the inducer to the culture when the cell density of the culture

achi eves an 00600 of about 75 to about 85. 32. The nmethod of ¢laim 31,
conprising continuously adding the inducer to the culture when the cel
density of the culture achieves an 0D600 of about 80. 33. The method of
claim 28, wherein the inducer is added to the culture at a constant rate,
the inducer is added to the culture by DO stat feed or the inducer is added
to the culture by pHstat feed. 34. The nethod of claim 33, wherein the

i nducer is added to the culture at a constant rate of from about 3.35 g/ Uh
to about 16 g/L/h, the inducer is added to the culture by DO stat feed or
the inducer is added to the culture by pHstat feed. 35. The net hod of
claim 28, wherein the total anount of4j nducer added to the culture is from
about 4 g/L to about 40 g/L. 36. The nethod of claim 35, wherein the total

amount of iQduﬂﬂrmé’ld&ﬁ&dlé?mtﬂg?c&hﬂrtshb%oiﬂmé thefeediihar® p@tdin frém feout 20 g/ L.
37. The net h_od ﬁg%bgltrgﬁo y\/n egfphthe?ﬁeﬂ_ﬁ'a}E{qgggéuc%ﬁfeegducer added to

the culture i out et hod of cl aim
37, wherein the total anpunt of i nducer added to the culture is about 10

g/ L. 39. Thé& nkherprihed ofqiaimg8pwhere ths cathasouess)is addeg to Hie eRedives nant
protein from tduing abristane rad éaetd of bétb thiescartnasioowt aldd treuinducaf, dering DO+ | ati on of

I nducer feed. stékzeékpof bl;mhgﬁs.laemsafm&mm #Qucer QFBEAry prOstheLASrideh t he
reconbi nant protein fromthe culture about 3 hours to about 6 hours after

initiation of PAHEYLRP SPWERANYHe INAUES pt hod of clai m 28, wherein the carbon
source is added to the cell culture during constant rate feed of both the
car bon sour @8- Hhednethed pirriRi®ed8, whereinibe ipduqests Fa@Ps§f bot h t he carbon source

and the inducer or during pHstat feed of both the carbon source and the
i nducer. 43, The methad of claim 28, wherein the carbon source is a sugar-based carbon

source.
44. The method of claim 43, wherein the sugar-based carbon source is glucose.

45, The method of claim 28, wherein the carbon source is glucose and the inducer is
arabinose.

46. The method of claim 45, comprising continuously adding glucose to the cell
culture while the arabinose is continuously added to the cell culture.

47. The method of claim 45, comprising continuously adding glucose to the cell
culture until the cell density of the celi culture achieves an ODggy of about 80.

48. A method for producing a recombinant protein comprising:

culturing a recombinant bacterial cell to express a recombinant protein by
continuously adding an inducer to a cullure comprising the bacterial cell after the
culture achieves a threshold parameter, wherein the bacterial cell comprises a

nucleic acid sequence corresponding to a gene of N. meningitidis serogroup B.

49. The method of claim 48, wherein the threshold parameter is optical density (OD),
dissolved oxygen (DO), pH, concentration of nutrient in culture medium, total
concentration of carbon source added to culture medium, or any combination
thereof. ' '



42. The nethod of claim 28, wherein the inducer is arabinose. 43. The

met hod of claim 28, wherein the carbon source is a sugar-based carbon
source. 44. The met hod of claim 43, wherein the sugar-based carbon source
is glucose. 45. The nethod of claim 28, wherein the carbon source is

gl ucose and the inducer is arabinose. 46. The nethod of claim 45,
conprising continuously adding glucose to the cell culture while the

arabi nose is continuously added to the cell culture. 47. The nethod of

clai m45, conprising continuously adding glucose to the cell culture until
the cell density of the cell culture achieves an 0D600 of about 80. 48. A
nmet hod for producing a reconbi nant protein conprising: culturing a
reconbi nant bacterial cell to express a reconbinant protein by continuously
addi ng an inducer to a culture conprising the bacterial cell after the
culture achieves a threshold paranmeter, wherein the bacterial cel

conpri ses a nucleic acid sequence corafsponding to a gene of N.
meningitidis serogroup B. 49. The nethod of claim 48, wherein the threshold

paranet er i sq0pd rlﬁaho&imi&mg( §hAreindhsSRisned PRyl id &¥dkal dabbiyG@BYENt rati on -

of nutrient in culture nedium- total concentration of carbon source added
to culture ned?ﬂﬂ?c%V"hny conbi nation thereof. 43 50. The nethod of claim
49, wherein the threshold paraneter is optical density (OD) of the culture.
51. The net HFddThs methad af daim SAhwherpin thereondipyrusindyaer feefdia dnifatgcbuien s

initiated whenmbhen §&slty SRS bditareddchidyes Gl DDy, ©f st Byviesabam 10600 of about
70 to about 110. 52. The nethod of claimb51, wherein the continuous inducer

feed is initd I ' s Y n Dm of
about 70,10 Zogt ™G0 ot wnlERA i, Bl M AR B uous

i nducer fee gl tesel densityeidbe G 2dhieves P Ofan of #BPUBTY iUl %®ur e achi eves

an 0D600 of about 75 to about 85. 54. The nethod of clai m53, wherein the
cont i nuous iFidilieemetheegf ¢laim; 52, whereiadhepeninueys indscer faeehisiinitated whefe cul ture
achi eves an 0DGRQeHermtpuf théBulture achieves an ODgy of about 75 to about 85.

54. The method of claim 53, wharein the continuous inducer feed is initiated when
the cell density of the culture achieves an ODggo of about 80.

55. The method of claim 48, wherein the inducer is added to the culture at a constant.
rate of about 3.35 g/L/h to about 16 g/L/h, the inducer is added by DO-stat feed
or the inducer is added by pH-stat feed.

56. The method of claim 48, wherein the total amount of inducer added to the culture
during induction is from about 4 g/L to about 40 g/L.

57. The method of claim 56, whefein the total amount of inducer added to the culture
during induction is from about 5 g/L to about 20 g/L.

58. The method of claim 57, wherein the total amount of inducer added to the culture
medium during induction is about 7 g/L to about 15 g/L.

59. The method of claim 58, wherein the total amount of inducer added to the culture
during induction is about 10 g/L.

60. The method of claim 48, wherein the inducer feed continues for about 2 hours to
about 8 hours after initiation of the method.

61. The method of claim 60, wherein the inducer feed continues for about 3 hours to

about 8 hours after initiation of the method.



,55. The nmethod of claim48, wherein the inducer is added to the culture at
a constant rate of about 3.35 g/L/h to about 16 g/L/h, the inducer is added
by DO-stat feed or the inducer is added by pH stat feed. 56. The nethod of
claim 48, wherein the total anount of inducer added to the culture during

i nduction is fromabout 4 g/L to about 40 g/L. 57. The nethod of claim 56,
wherein the total anmount of inducer added to the culture during induction
is fromabout 5 g/L to about 20 g/L. 58. The nethod of claim57, wherein
the total amount of inducer added to the culture nmediumduring induction is
about 7 g/L to about 15 g/L. 59. The nethod of claim58, wherein the total
anount of inducer added to the culture during i.nduction is about 10 9/L.

60. The nethod of claim48, wherein the inducer feed continues for about 2
hours to about 8 hours after initiation of the nethod. 61. The nethod of

cl aim 60, wherein the inducer feed continues for about 3 hours to about 6
hours after initiation of the method. ,,44 62. The nethod of claim 48,
wherein the reconbinant protein is harvested fromabout 2 hours to about 8

hours aft e_r dz”*rr‘ié I%E{hg_e opélaim%érefnﬂﬁg recﬁ%binlht%r%ﬁ\h@ﬂar@ést&& I%rm 62, wherein
t he reconblnant(frotelnagr I's iLsola rom about 3 hours to about 6

oduct | ated f
hours after i nPRQULEINGHSAP abayfbayrsalernitigipn %H@“?r’é??ﬁﬁ’d of claim48, wherein
t he carbon source feed to the culture nedium conti nues during i nducer feed
to the cul t fiBeThemethpl of elpir il woerein the raca@binapidiretein prorct igd d from
ar abi nose. 66. agdig 3 melideaslasdut 6lhauafts: inéingf dlbw féa bon source is a
sugar - based carbon source. 67. The nethod of claim&66, wherein the

sugar - based garRORefiRHbfQaihad) WHERRAhe BSbor BSurEEBOh RE cGhAé MeBilm Wherein

t he i nducer is _arabinopse.
continues é)uring inducer feed to the culture.

65. The method of claim 48, wherein the inducer is arabinose.

66. The method of claim 48, wherein the carbon source is a sugar-based carbon

source.
67. The method of claim 66, wherein the sugar-based carbon source is glucose.
68. The method of claim 67, wherein the inducer is arabinose.

69. The method of claim 68, wherein glucose is fed to the culture at a constant feed
rate during the constant rate feed of arabinose to the culture, during DO-stat of
both the glucose and the inducer or by pH-stat feed of both the glucose and the

inducer.

70. The method of claim 68, whersin glucose is fed to the culture at a constant feed
rate during the constant rate feed of arabinose to the culture, by DO-stat feed of
both the glucose and the inducer until the cell density in the culture achieves an
ODsgo of about 80 or by pH-stat feed of both the glucose and the inducer until the
cell density in the culture achieves an ODggp Of about 80.

71. The method of claim 68, wherein the recombinant meningococcal 2086 protein
comprises a lipoprotein (rLP2086).

72. The method of claim 68, wherein the protein comprises a non-lipidated protein.

73. The method of claim 68, wherein the protein comprises meningococcal 2086

subfamily A protein.



.69. The nethod of claim68, wherein glucose is fed to the culture at a
constant feed rate during the constant rate feed of arabinose to the
culture, during DO stat of both the glucose and the inducer or by pH stat
feed of both the glucose and the inducer. 70. The nethod of claim 68,
wherein glucose is fed to the culture at a constant feed rate during the
constant rate feed of arabinose to the culture, by DO stat feed of both the
gl ucose and the inducer until the cell density in the culture achi eves an
013600 of about 80 or by pH-stat feed of both the glucose and the inducer
until the cell density in the culture achieves an 00600 of about 80. 71.
The nmet hod of claim68, wherein the reconbi nant nmeni ngococcal 2086 protein
conprises a |ipoprotein (rLP2086). 72. The nethod of claim 68, wherein the
protein conprises a non-lipidated protein. 73. The nethod of claim 68,
wherein the protein conprises nmeningococcal 2086 subfamly A protein. 45
74. The nmethod of claim®68, wherein tﬂ; protein conprises neni ngococcal
2086 subfamly B protein. 75. A nethod for producing a reconbi nant

Meni ngococcal, A{A8RetRbPbidim EB2NRGLinGREPrblei EinprisbSinehihddett btk | Nt o a
bacteri al hOStLﬁEJLIE€ expressi on vect or encodi ng a reconbi nant 2086
protei n under YREEMRAFBLof an i nducible pronmoter to forma reconbi nant
bacterial cell; gb) i ntroduci ng the reconbi nant bacterial cell to a

cul ture medi’8r Mthog fonPEoduging @recombipant meqingacogcal A0B6 Rrolein (F288%)y ¢ he
culture; (d) c¢omprisiagi ng cell gromh in the culture for achievenment of a
threshol d optical density (OD); (e) continuously adding an inducer of the

i nduci bl e pr ong@y §ftrokiBcibdBitc-dbidiral RELE Eaif dHexprdskiod SB&tbE shcBding Be cul ture

achi eves an optical d of about 70 t 10: .an f) isolating the
r econbi nant m’ﬁfﬂ%ﬂ'&%‘ggiéé %85?6” ol werd éﬁer?"?\mg&}?rh@dﬁﬂﬁ% B§°g}°§ﬁrt§ %}ronaﬁout 3 hours
t o about 6 houresorbinant bagtetimselenent of conti nuously adding the inducer. 76.

A conposition conpri sing: _
(b) introducing the recombinant bacterial cell to a culture medium to form a

culture;

(c) adding a carbon source to.the culture;

(d) monitoring cell growth in the culture for achievement of a threshold optical
density (OD);

(e) continuously adding an inducer of the inducible promoter to the cuiture once
the cell density of the culture achieves an optical density of about 70 to 110; and

(f) isolating the recombinant meningococcal 2086 protein from the culture after
about 3 hours to about 6 hours after commencement of continuously adding the
inducer.

76. A composition comprising:

a bacterial culture comprising a recombinant meningococcal 2086 protein at a
density of at least about 1.5 g/L based on the total volume of the bacterial culture.

77. The composition of claim 76, wherein the recombinant meningococcal 2086

protein is lipidated protein.

78. The composition of claim 76, wherein the recombinant meningococcal 2086
protein is non-lipidated protein.



.a bacterial culture conprising a reconbi nant nmeni ngococcal 2086 protein at
a density of at |east about 1.5 g/L based on the total volune of the
bacterial culture. 77. The conposition of claim 76, wherein the reconbi nant
meni ngococcal 2086 protein is |lipidated protein. 78. The conposition of
claim 76, wherein the reconbi nant neni ngococcal 2086 protein is
non-1ipidated protein. 46 79. The conposition of claim 76, wherein the
reconbi nant meni ngococcal 2086 protein is a 2086 subfamly A protein. 80.
The conposition of claim 76, wherein the reconbinant protein is a 2086
subfam |y B protein. 81. The conposition of claim80, wherein the culture
conpri ses a second reconbi nant neni ngococcal 2086 protein. 82. The
conposition of claim81l, wherein the second 2086 reconbi nant neni ngococcal
protein is a 2086 subfamly A protein. 83. The conposition of claim76,
wherein the density of the reconbi nant neni ngococcal 2086 protein is at

| east about 1.7 g/L based on the totaljgvol une of the bacterial culture. 84.
The conposition of claim 76, wherein the density of the reconbi nant

NMeni ngococcajg, i@@&rﬁgs&h@mf é|§inais Whakin tBb eebombir@nOénifgteeétapzosshe t ot al
vol unme of the ba terlq%wﬁ or e ? el;\I’he conposition of claim76, wherein
the density of'P & P& %ﬁ?‘%ﬁﬁ gococcal 2086 protein is at Ieast about

3.0 g/L based on the total volune of the bacterial culture. 86.

conposi t i on & FampRsition of claimy, wheseiq) the rrEMbinapiRipteinds AGO8E r ecorrbl nant
meni ngococcal g6smiprBpmitgin.pr epared according to the process of any of
clainms 1-75.

B1. The composition of claim 80, wherein the culture comprises a second
recombinant meningococcal 2086 protein.

82. The composition of claim 81, wherein the second 2086 recombinant
meningococcal protein is a 2086 subfamily A protein.

83. The composition of claim 76, wherein the density of the recombinant
~ meningococcal 2086 protein is at least about 1.7 g/L based on the total volume of
the bacterial cuiture. '

84. The composition of claim 76, wherein the density of the recombinant
meningococcal 2086 protein is at least about 2.0 g/L based on the total volume of
the bacterial culture.

85. The composition of claim 76, wherein the density of the recombinant
meningococcal 2086 protein is at least about 3.0 g/L based on the total volume of
the bacterial culture.

86. A composition comph'sing:

a bacterial culture comprising a recombinant meningococcal 2086 protein
prepared according to the process of any of claims 1-75.



