FERVENTATI ON PROCESSES FOR CULTI VATI NG STREPTOCOCCI

AND PURI FI CATI ON PROCESSES FOR OBTAI NI NG CPS THEREFROM
wQaboos/0sp2pé i cation clains the benefit of US Pror¢EHIE26H/003729

Application Serial No. 61/008,941, filed on 20th

Decenber 2007; and UK Application No. 0818453.3, filed

on 8th Qctober 2008, both of which are incorporated by

reference herein in thei r entirety. Fl ELD OF THE
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purification nmethods to inprove the production of

This apﬁ%zﬁ]’} %E]H%g[g%%@}éaggﬁar&%% ya%ag)gh%r gié l? C pS 6%I9g'd§l filed on

20th Dengrobdr2007;i anthiifio d@pKcatiot iNd. 0811 84683 sfilell an Sti0Octbbet2608,a0th of
hi hi nvol ved %:H Vaﬁf: ous bacterial di,seases. This feature
which gre inporporared by dpkefsaPs betein i tsgrSOFEY - corponent in t he
desi gn of vaccines. They have proved useful in
FIELBIOX THEINVENDION esponses especi ally when |inked to
carrier proteins (Ref. 1). [0003] Typically, capsular
[OOOl]p’DlhlySmQéﬂmahl dem aliee flald dficiRdtedial RYIBAS,CAnd PréfbaBlyl Relates to the

medi um (G oup. B Streptococcus, Staphyl ococcus
OPtlmla%HOékgfx C%Wﬂlé@!@&%&& Pty %&ﬁ%ﬁ@%mﬁt%ﬁﬁgﬁgqowg the production of

bacterfalédpe@RZARYsacdi@flakat ch cul ture (H influenzae) or
continuous” culture (Group B Streptococcus and
Lact obaci | | us rhamosus) (Refs. 2-7). Mst studies
BACK@B@WW@HEW@@%@ s in which the growth rate,

trient |evels and metabolic concentrations change

lOOOZ]dG%RSH’@I inRbiserehatides (cps)siehingpsieaimimmynegspatipenl on baeurface of
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compo@erit in i d@lgmbft' vacemes| [Toey hine preS;@huscﬁd rin tehcmegmmmee responses

paraneters. that. are i nt erdependent during
eSpec‘ szﬁe% I ur ecaérﬂ%ﬂ%temg@gﬁ' g)s gromh rate, nutrient
and pr oduct concentrations and cell density. During
[0003]chypi¢atlyoeapsudan follysecchbriéssharerpaidusadiwingdadett dubu@ it ubihpleR medium
a fixed rate d cells and diumare renoved at _a )
(Groug gt “Epﬁ%ff"’ﬂ’ﬁi ﬁ{agﬁ)ﬂgcogcwoﬁtg?% IrepioeRfcls gBtuFapiac and Haemophilus

mﬂue;ﬁ@é)t feawated caklleUre z;%énﬂe?&leédrﬁﬁu(‘;&rcu@tﬁ%r@ﬁp B Streptococcus and
?/saccharl de production when it
Lactobaczl us rhamnosus) (Refs. 2-7). Most studies used batch culture systems in which the

growth rate, nutrient levels and metabolic concentrations change during incubation. In such
systems, alteration of one factor results in changes in other factors associated with growth that
can affect yields unpredictably. Continuous cultures allow the researcher to separate and define
parameters that are interdependent during batch culture growth, such as growth rate, nutrient and
product concentrations and cell density. During continuous culture, fresh medium is added to a
culture at a fixed rate and cells and medium are removed at a rate that maintains a constant
culture volume. Continuous culture was preferred for capsular polysaccharide production when it

proved to be dependent on conditions (Ref. 8).

[0004] For Group B Streptococcus (GBS, S. agalactiae), cell growth rate was reported to be the

principal factor regulating capsular polysaccharide production. Furthermore, the production of



proved to be dependent on conditions (Ref. 8). [0004]

For Goup B Streptococcus (GBS, S . agal actiae), cel
wa@e@swsi2rat e was reported to be the principal PELIR2008/003729

regul ati ng capsul ar pol ysacchari de producti on.

Furthernore, the production oftype Il capsul ar

pol ysaccharide was shown to occur independently of the

growh-limting nutrient. Higher specific yields (up
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dr awbacks of continuous culture is exenplified in WO
7 C lex fe atch fernentation. proce .
10005100 ef do PeEBTR B atffhpdR o ThPRE| Sl s h&RBed in WO
2007/088V68. orenthplax ded bgichVibinentdiion fray@saBhe b ER%loped to maintain a
cess conhi nes the advantages of

it P B oA 80eh foe ogeRls fo gpsoadicgnni Tk Rrepqss combines
the ade@itBddsi 65 bAUE 4n@ @dﬂtﬁﬁ&sﬁbcﬁﬁigﬁ&e rpg%(cﬁlg[&%;‘%ﬂlgglt %egf Qfsties due to

phase and to conditions that confrol -
extensigy ot therexgondntial gl mbass and tHoedidons thhie codrm|sebistfagd addition

: achnj S r i.t.h.a.conpl ex Al gori.thm
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algoritiposto- mbdage tthe denprenthtion. oFurfiean@ss ai obesd Mat | RBCETiVH production

poces RS AL ECHIAIG DLASLICES, beRessssary Lo generat e, )

support Sliri¢h] tfig&NThereRek, tiers isa rb¥nttRed tEdmPAC e fed batch fermentation
romentation process for |arge-scal e production.

f ]
pmcesig’@%%e'f’%]edﬂ 4efigh to a need for sinplified o
fermentation protocols, there is a need for sinplified

[0006] P ailditi6Rtd #Reddr O SEPIFiel @étheﬁﬁﬂoﬁﬁro%&%% {Hére{]f%% nged for simplified

.. large-scal e production of capsular polysacchari
purificgiipgtnreteeete e atobe USPHdn Hisplatgsestialepearlciién eflcapsultipolysaccharides

pos 30002185 VRSSE A, I8 EEH IS S0 AR o
disclosgrt et WD 26@6/082,52d which tindtdesrextra@ionp aic6hdlRt ®e@Bidtion, diafiltration,
catons B S0 R e SO et and
typicallgapislis ad ppeapsios CrREAHEEla BRlyshh PR Mk MRIBhYxRANRIy 80% pure.
Howevgrl;lrtﬁé step of cationic detergent treatment results in precipitation of the capsular
polysaccharide. The subsequent separation of the precipitate from the supernatant (e.g. by
centrifugation) and re-solubilization is laborious and may result in loss of capsular
polysaccharide, thereby reducing yield. The efficiency of the cationic detergent treatment may
also be dependent on the initial purity of the capsular polysaccharide. The lower the initial

purity of the capsular polysaccharide, the less efficient the cationic detergent treatment may be,

further limiting yield. Therefore, there is a need for a simplified purification procedure that will



However, the step of cationic detergent treatnent
results in precipitation of the capsul ar

w@odogsseehari de. The subsequent separation of PEEIB2008/003729
precipitate fromthe supernatant (e.g. by
centrifugation) and re-solubilization is |aborious and
may result in |loss of capsul ar pol ysaccharide, thereby
reduci ng yi el d. The efficiency of the cationic

e e rg ent on
produciChighrRels (FIIR BB S mPTE81 Y S5 v iedalve pieification sicps
There |1mm hh&ed niot Iaabulﬁ)flikfahbly RbcddiR GRPPUbAdes a good yield of capsular

I dg?éﬁ ﬁharlde tEf ess efficient the cationic
polysa pteyqrdbs initial Pty of the RolifsperBALqa i t i ng yi el d.
Therefore, there is a need for a sinplified

SUMMARY OFarHEDISCLOGSED EMBaDIMENPS0duce hi gher |evels
of purity with fewer conplicated and/or expensive

[0007]pTHel fnlvembtsolﬁhv%t 18 pSthe ThtRA Sot SindIFRd ARG fation plﬁtoccc)ils bfy providing

@b tlon procedure t hat provides a good Yyie
metho {% cpgl spestiaalysaecharideselras) frore Stiebtoicedcup onia yamifacturing

scale. ‘IIII‘ SerRP YRRSERBh drfe bR ?F_Ir i%fx E%%%F ear addition gf a carbon

MBODI MENTS [ 0007 e i nven € nee
SourceghaMeplf ﬁbmlffa@drrem at otber grnmcbmelhts, neqEseary dbmgom’tdﬁ@ﬂﬂhe media

v LB o QUCROERBY, BB SRESHELLATS, SFB bt hpetacre, o
1eferreértbcadllrmn<tﬂ33,ld & FGroap BOBirtfordcons BHGRS, aﬂqulaﬂ&urawétﬁﬁls 090, H36b,

addition of a carbon source had been
CBI“LVFﬁ?ﬁ%&ed and in other enbodi ments, unnecessary

conmponents of the nedia have been omtted. The

[0008] [Wref BpER GrRRs a8 Sn@hlust bEPEPHRGE Bﬁqbteco%t:ﬁsem& @Pe%&b% cps. In one
agal actiae, also referred to as Lancefield

embodﬁ%ﬁb@@a%f@ugewyré@@) qfthg irocklonl rprefstabi heweeoo 6 1.8, which is
the mlcﬂgﬁpmelgﬁfi Iphélse of'thé)fnoMZlﬁrh J\@?&%L t%']?e anef @;) {r) rllcl)eVS aqree Tneasured at

an i nocul um of a strain of t0COECUS
59OmﬂeQBﬂ@Bbesm©w§Bdbmméneﬂenb&dbmnmhmwehﬂgbpfagahneemﬁhﬁan
(OD) of the inoculumis preferably bet ween 0. 6- 1.

vl e TSI 0SB, SRSy, g
ferment@bor.a rin lbee cobudintead tMﬁHdoﬂ]ﬂ]e mhmvaﬂ@mb&nﬁﬁdmgedh@ gﬁft:ﬂ/a‘ung is

ive ri 0009] Anot her aspect provides
betwee%%@ % eﬁfﬂ%mfhotﬁgt & embpdipiest: Secmperi of thy cultivating
mediunf iffRthatil€atid 5”3 B&ﬁ/e&@mgq@ RleferhbI§ Bl QK& he

cul tivating mediumduring the cultivating i s between
preferably about 7.3. In another enbodi nent,

[0010] ?‘ﬁ‘@thf'e ﬁi?é?‘alfrm”é%ﬁ mqeodcfor o ieting theeXirapracdesus styainh avherein the
cultivatfiig! domffstdvd RsBRLNREE adtrich S5 yeRt RkEIALA Yo ]S H{? at0%r addition

of a carbon source. The preferred carbon source for the linear addition is glucose. Each addition

is initiated at a designated OD level, which has been selected to achieve a higher volumetric
production of cps by regulating the bacteria growth rate and to adapt the micro-organism to

produce a maximum serotype specific cps.

[0011] In one embodiment, the first instantaneous addition of yeast extract is initiated at an OD
level between 2.8-3.2, preferably about 3.0. In another embodiment, the second instantaneous

addition of yeast extract is initiated at an OD level between 4.3-4.7, preferably about 4.5. In



[ 0010] Anot her aspect provides a nethod for
cultivating the Streptococcus strain, wherein the
W@ 0viogeré ng conpri ses two i nstantaneous addi t POTEB2068/003729

yeast extract, followed by a linear addition of a

carbon source. The preferred carbon source for the

linear addition is glucose. Each addition is initiated

at a designated OD | evel , which has been selected to

umetric oducti on.af. by

anothdf Sl et o e AR b EsROR SR aese B OPevel between
QSJOdenﬁﬁdﬂgahmﬂﬁﬂto produce a maxi mum serotype specific

cps. [0011] In one enbodi nent, the first instantaneous
is initiated at an OD | evel

[0012]a8?eir51i1 qﬁfi ?lfge% eagalltlrgg )é%é?c%%qoy sQUESE tWithogt an alegFthin isran improvement

over tlm‘n}iﬁ'edbti@?éﬁmpléﬂ EdSIREN R rh 34t AL FDERY! Shaf bt 4,00 gc%fﬂaﬁ‘x 3@ tntrol the
act is.initjated at an OD'l evel between 4.7,
C“”“’%P%i”% meBftoring,® p of the cujtivating medivanbodi nent, the |inear

addition of the carbon source is initiated at an OD

[0013]| BvSherbRb¥RERoAIES locu@tivaﬂﬁgfn%d?m yth&b@ldfudg'so 2 (ie%g'c? Jnedium or a

Overall, the linear addition of a carbon Sour
compley pggiym. a.»’{hm%pfbd mﬂdugn @nmpnpﬂsoa/@hmphatevseurcbhe mineral source, a
b OYS;14 tch fernmentation process that
car on%e lea%%g rrﬁ’i%h?% rﬁat a(?lgan il acid ﬁgurgﬁttq gr&&P étﬁeé)tc[ﬂ()ccus The vitamin
source goEi LD snvgorafepfbk mfarrt1h€se¢&¢kddl fya@h tHﬁﬁoH@\ding Mist ¢Q8Ye3 vitamins: biotin,

t he Vi a cultivating nediumthat
niscini}, T EPEE0 ol E6Tu chlominsg i cklones mdone bycrochloride
and folétedcid) theraatividd fAREPHiAnSIAS ha <RH 88 Bhaufm o}%ﬂ%}?e%ate nBhie@hnide.
source, a carbon source, a vitamn source an
WOBﬂ?ﬁEE@@p@'d spurce tQ grow Streptococcus. The vitamn

dayng coypprses a §pmplewsiiraqt (Rrederabls pdasiotxedct), raqriosphate
source,! BeCaftdhl QWrRY d KEImB sQRVE LY %%Q@ A {%fno acid source to grow

ni aci nam de, caIC|un1pantot bof
Streptogefcytri nBhehytirBEhsoIEd@ongiss |odi‘ ofiner higden vithmirisdeland from the

I the, vita ave. to
B AR MRS, B e G R gEn ocrie s
Pylldommﬂujkbachﬂmcﬂeuwher@nmne&&&h@v@aﬂﬂﬂb aXs el R64in (iR!, eb& FhY five are
lndu&ﬁ extrac%\%l a%ng ate source, a carbon source, a
i H“ di aile & Etli”’ Bhaqdgd ket i s s naturab geropontent of the
compleg Famt\ac& 118 Rk T6R&T dtabodlRentViht IS QUF e Gas 91?@6{ (Fl‘tf%w&f two or fewer
four or fewer vitamns selected fromthe follow ng ’

or biotinply. of fjve vitanins: biotin, niacinam de,
ri boflavin, thiam ne hydrochloride and pyridoxine

[0015] my&liRehdioH ﬁﬁifher }%@/‘I F% ﬁﬂlﬁ)ogftloh nﬁclxéllhg é&l?ftlv%ng tnheéhum that is a

biotin (i.e., four o Ive are I n
defined meegiiuimg Which & comprised oiha plmsplhftte swlgied a aihetl donede, @BarBon source, a

vitamin"¥3bie ameF ARG ‘éc18 source to grow Streptococcus. Once again, the preferred
strain of Streptococcus is Streptococcus agalactiae, in particular, strain 090, H36b, CBJ111, or
M781. In one embodiment, the phosphate source consists of KoHPO,4, KH,PO4, NayHPO4.H,0,

NaH,P04.H,0, or NaCl. In one embodiment, the preferred carbon source is glucose.

[0016] In another embodiment, the vitamin source consists of six or fewer vitamins selected

from the following list of seven vitamins: biotin, niacinamide, calcium pantothenate, riboflavin,



conpl ex extract). In preferred enbodi ment, the vitamn

source has three or fewer, two or fewer, or biotin
weriog/0820015] The invention further provides aPCT/IB2008/003729

conmposition including a cultivating nediumthat is a

defined nedium which is conprised of a phosphate

source, a mneral source, a carbon source, a vitamn

source, and an ami no acid source to grow

f
wiaigh SR BRREEE Sy ab&Ee BSPodtipudt <8 fhi%éa{c? erin ) of the vitamins
have tp8& talciumasantosiichateand ARcink@éde. CBJI |, or M/81. In
one enbodi nent, the phosphate sour ce consi sts

HPO4, Na2HPQ H2O, NaH2PO H2O, or NadC

G RAE SWE%F%W% e Viastia spage capsbinosbre atepst o the following
list o8l 4656 evitanfifst 6biokia, %Q&lﬁ‘ﬁﬁd@'ﬂé%lﬁ? antc;tfl‘&l 'tﬁm&ﬂ%/m thiamine

source consists of six or fewer vitamns se ecte _
hydm‘tmfélqeolpb’ﬁd@’ﬂ@e Ihydtockipridevan folicaatids wheiei itwp have to be calcium

ci um pant ot henate, riboflavin,thiam ne

pantOtﬁér% dﬁ%:ﬁ%&gﬁr e, @e'pyrl doxi ne hydrochl ori de and folic

ac:ld wherein two of the vitam ns have to be cal ci um
[0018]p1@rﬂn@t11qemab@dimnnt, Hieadtamamsaece f@BKR ofl fouamofeher from the following
Rt R AR R TR TN X p—
hydrodhilcmden ,pyﬁdi(ﬁ@mm apildehlofad, CandmifRnhai hamstedh twb Dot ayi Be calcium

yd hl ori de, pyridoxi ne hydrochlorlde and

pantOt]?eES‘laTec?n (‘S‘iaﬁ ein two have to be cal ci um

pant ot henat e and ni aci nam de. [0018] I n anot her
[0019]elrb@dihBRShboditientyiht MM irS M &EoRTEE 108 tisteObr foRMF 8 the following

fewer fromthe fol | ow ng list of seven vitamns:
list okyjsg¥em vigmins; nbigtisie nizciagiiden s%lﬁwm trentethenatej bdfoflavinn, thiamine
hydrocthtHrﬁg‘ {Pﬁjd oﬁpélr%ﬁlgﬁde P Fo(?fél c?d h%ﬁgr%?nh L8 198 B calcium

folic I'n two have

pantotlmme@n&emamemahd ni aci nam de. [0019] I n anot her

enbodi ment, the vitam n source consists of three or

f o) [ lList of seve ta
00201755l SRR LAV ok) ShyB SRR XL LIR: pgpense an
niacinanfidam ne hydrochl ori de pyr i dOXI ne hydrochl oride, and

folic acid, wherein two have to be cal CI um
0021 G RERER SR, PSRBT sk SRl Lo B o e om
followimgnhﬁtt bﬁﬁﬁﬁe&eeﬁhndm%cﬁcdc[t@mdﬂﬁnne, arginine, glutamine, glycine, histidine,

isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan,
valine, aspartic acid, cysteine hydrochloride, glutamic acid, and tyrosine, wherein fifteen have to
be arginine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, serine,

threonine, tryptophan, valine, cysteine hydrochloride, glutamic acid, and tyrosine.

[0022] In another embodiment, the amino acid source consists of eighteen or fewer from the
following list of nineteen amino acids: alanine, arginine, glutamine, glycine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan,
valine, aspartic acid, cysteine hydrochloride, glutamic acid, and tyrosine, wherein fifteen have to
be arginine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, serine,

threonine, tryptophan, valine, cysteine hydrochloride, glutamic acid, and tyrosine.



[0021] In another enbodi nent, the am no acid source
consists of nineteen or fewer fromthe following |ist
wo@Rommiosereen am no aci ds: al ani ne, argini ne, gPCIL/EBRORA03729

gl ycine, histidine, isoleucine, |eucine, |ysine,

nmet hi oni ne, phenyl al ani ne, proline, serine, threonine,

tryptophan, valine, aspartic acid, cysteine

hydrochl ori de, glutam c acid, and tyrosi ne, wherein

| 1o ar gi. ni ne | yci ne, histidine,

10023] 1 f580k: WRES nnd T b8 534 s piseor Seventeen or fower from the
followhinge jst adfamineezen S@hinGe acitifir @RAINBE ardifiB! GARARIneY %l}ifcg}fe’, histidine,

isol Qéstgine h&drochl ride, glutamc acid, and tyrosin

Isoleusigpolpcipg Lisige.naet i lalagine, pieline seeinel gexonie, tryptophan,

valineCA¥PBEtS ta8idOby Bt HyReftnfridk i 04t hoW g, | -5t
o%@nineteeﬁlaning%acid§% a@gﬁF%%%H%fggﬁIﬁégadﬂﬁggﬁfﬁ%?1hMMt°

be arginipei glacing kistiding dsolpendies Ueicire, 1ysing imahiohins) pleenylalanine, serine,
thi.0nne, ni e, pr.gli serjne, . threonine,
oL BN R L L S bR

hydrochl ori de, glutamc acid, and tyrosine, wherein
[0024t Inf aneghrer ranbedingenhetharagiing neid @yl amsisRi &t ie&E or fewer from the

i soleucine, | eucine, |ysine, .methionine, ) ) . s
’followrﬁar%e rl}f;sjf éﬂf alﬁlihﬁtg?n Saéqlpg ee,“’)f(?sh ; gawpﬁ e ’arg[n.p?(bt gbl%pe,v glyicine, histidine,
isoleudiyes tleudige, NysdhqQahttbiondR, pBédilAMite, 35bGne, &Bfne, threonine,I ‘gyptophan,

1 g%rosine.[OOZS] I n anot her enbodinent, the am no ac
valine, 45parie agraiistls hyrlroshlpaide.calvtamic gciduand fyrosing, inherein fifteen have to

be arglihd, Mk, |HislaiRl iidRhRe N i ds...al.ani ne : .
g_ar gi %Mr’]e, gllu_t an ne. gfn%éirl]eﬁlgmeh?yss %dﬁ]eg}lgl?lg%l @t?&’:‘?ﬂﬁ%a}‘m serme,
threonjng, feypiephan.yusiing cysteink hpdroetdoriqe ghydnaik acidnand tpfodinene,
serine, threonine, tryptophan, valine, aspartic acid,
002519% SthSine ; | de:. gl utamc acid, apd tyrosine, . .
F ]\(\,her el nlef l?%?&elgl% g}\q/ée globéeclﬂ%r%lfrﬁ? SSIES Qg?ﬁ% line, glycine, histidine,
isoleudiyies tlpwtiinee, lysing | metbionine, Iphemylaleniné,y srine, thif&inﬁk'le@r‘t'b{b@ophan, valine,
. pylal ani n serine, threonine, tryptophan, valine,
Cyﬁem%%?@éyﬁgnﬁ?&ﬁ%%ﬂ?@?ﬁd@?héﬁﬁFﬁnic acid, and tyrosine.
[ 0024] In another enbodi nent, the am no acid source
[0026] ¢orosties mspeof prsiideee Bompositreinclba@Batdigivaghs Retfith bk a complex
di of giﬁeteen am no_aci ds: al ani ne, arginine, glutam ne,
me 1uné,I V 1.c el;S PPEIsei RE a qogml%gytfpéjc .(]pr@&\éq 2 Yapsii Wgt;ract),. a phosphate
source,"BtdattRAI SRircedRENNARInAl A&, _d%ﬁol)ﬂtg)%all)i Sh! N8imot i W& 1o grow
tryptoghan, val ine, aspartic acid, cysteine
Streplopgighn c N 2, thyl refarved stawin of Straptotoccusiseepishedcel Agalactiae, in
particul_faf,fsﬁgiﬁr@b,aﬁfﬁbt @Bg?l I?E)FWﬁ.e’ gl ycine, histidine,

i sol euci ne, Téucine,’ Tysine, nethionine,
ghenylalanine, serine, threonine, tryptophan, valine,
[0027] &y enee¢miodipantothia] vitaimite sougtautawists ddbl, oraBfet Vit@Sind Solected from

I not.her enbodi nent, the am ng acid, source 4
the oltpRfiEke OF (RO MRnsF BIRG) JEPintnidR; ab Pk Thrganckiprbloride and
pyridoxiiretgidrehloids] wigsreif®hb Ok RRam PREAYIcHMME, Seri ne,
t hreoni ne, tryptophan, vali ne,

[0028] In another embodiment, the vitamin source consists of three or fewer vitamins selected
from the following list of five vitamins: biotin, niacinamide, riboflavin, thiamine hydrochloride

and pyridoxine hydrochloride, wherein one of the vitamins has to be biotin.



cystei ne hydrochloride, glutam c acid, and tyrosine.

[ 0026] Anot her aspect provides a conposition including
w@2@ulogizvat i ng mediumthat is a conpl ex nedi unPCTAB2068/003729

is conprised of a conplex extract (preferably a yeast

extract), a phosphate source, a carbon source, a

vitam n source, and optionally an am no acid source to

grow Streptococcus. Once again, the preferred strain

t us.i.s Streptococcus agal actiae, in .
[00291%, SGEPBOT IR, (B bR R CkIe AR DE 15 Giviswer piguping selected
from the fudloevigntisidif faBtvitatni®: BickiahiBcifAHIde Sris@RFinS taRine fhg#ilrochloride
dpv f.e\/\ﬁr v!}ﬁan& ns selected fromthe fol|lowng Iist
and pyfidgring hydipehieride, perein ongjof dherdpimies hasitybg biatin.n,
t hi am ne hydrochl ori de and pyri doxi ne hydrochl ori de,

[0030]vin@nh6ther éntyd@herdth@e Vithal B8rcB&Shibidh, be biotin. [0028]
I n anot her enbodi nent, the vitam n source consists of

thiree or, fewer vitam ns selected fromthe foll ow ng
[0031]Iﬂ1§tf%%°’ﬁlﬁ\ﬁépfiﬁst ¢ syabodinesnts pre net Hvendaditalbe exclusive of one another
and miy BOLbAVINBd wilh &th end? | Qid do PyLidexine .. s

_ h};/plr ochl ori de. e ny“‘g?]%‘P‘gfo(ﬁtgéﬁgg%]&ga%!o%%b%dg‘?e‘% 3 disglose in this

specifigitionicicdpb bt extandimotuiably exaftrdeli. ment , the vitanin

source consists of two or fewer vitanm ns selected from
003218 b ' RY I tagins: .biotin, i
[ ]ni aci nam de, rﬂlet)j%f“gi@le{},a ?ﬁl o8 fr?é R HYBEhT oPRary palysaccharide,

typicallyyirord Sitieptochsrds ogilhatided eommisiiced Btep BE fitfatioh @1silotaRHdASrent filter.
e hioti n anoth embodi nent, the

. .[,Q030] |
The a‘i/hl%feéltrtnpfhl% olir &¥ {t tLl?IB‘?Si ]ﬁ.ontf‘@%‘ﬂs %r% MY 8§ ogEnhdpelde scapsular

polysa@hatidyb@dpivesiissandll? ndBleic! dtRNHATe At WPiRe %Céaki |1 O?Pf' accharide to
one %ot her and may be conbi hed with each other "a a
pass thig{igh Jhe, dilter, 1 8g invegtors hpvd faved tthat didserenis Bltérn camibs used to purify
168 PORlshGBEHRA 68X t e d ual | xcl usi,ve.. .
capst bog’%z’r T The | nven%%igagin éﬁr%ﬁerﬁgé@gi (ﬁ]gléé}gfn#re%ﬁ%awfnordesmbed n
WO 2087/Pp3 \A8randaWEnpeay/eR2590 | yidaccsh arfi atteadhieneni Cidted Yerfdveithe need to

t c agal.actiae, co Ising a step, of
R i T e A —
polysacthdrtder ati thisostegd batthdineefodC OThAMNNARY SerhbAls HBYeLE® to seprate the

.. ent. in the capsul ar, pol ysaccharide, e.g. proteins
pre"lp“g{?g?oé’? t‘}}?u%‘P%"i“&ta’afe PEPLitYipg the methedwrrhprerrntioa paylass of the capsular

polysacpPlfdriis gt Aak idé@uﬂcﬁlrﬁg%ﬁs Eéﬂa%%ﬂ. e u%é +Ea%radhg—1]3§t %l(teer Gan, therefore

) i nventors have found that adherent filters can
improvg thepyjgldfaf thepwiifiestiop orefllc c Rl effieenénsf tachdbéretith@iter is also less

depend&@bh O 6 t nt described in WO

P 2007/ 05121{%@%&8g%efaﬁsg;aggﬁéiapﬁaﬂ’dg' use of an adherent
filter renoves the need to

[0033] The skilled person is capable of identifying suitable adherent filters for use in this

method. Typically, the main contaminant in the capsular polysaccharide is protein, and the
adherent filter is therefore a protein adherent filter. The inventors have found that carbon filters
are particularly suitable. They typically comprise activated carbon (e.g. as a granular carbon bed

or as a pressed or extruded carbon block), which acts as the filter for purification of the sample.

[0034] The skilled person is capable of identifying suitable carbon filters. Typically, a carbon
filter for use in the present invention contains activated carbon immobilized in a matrix. The

matrix may be any porous filter medium permeable for the sample. The matrix may comprise a



apply a cationic detergent, which neans that there is
no precipitation of the capsul ar pol ysacchari de at

wao biog/os2agge of the method. This in turn renoveBCT/IB2008/003729
need to seprate the precipitate fromthe supernatant,
simplifying the nmethod and preventing any | oss of the
capsul ar pol ysaccharide that may occur during this
separati on. The use of an adherent filter can

' h f
suppol BFREP Ay b EHRAE el e iProtaonERRl ol et St gplymer or a

polymbﬁﬁ‘&aﬂﬁﬂ&m@ﬁm SuiiabIehﬁnthBﬂld (ﬂtl Flfégiééyy%}agg‘lh ﬂlﬁsﬁgﬂgﬁy 6)% eyacrylamlde

chari de 0033] The s
and Pgﬁyﬂﬁwﬁt?ﬂb@?@laé v HP ePAyRes e At IfamralepggmormaySenqlmde cellulose,
polysabdhaﬁdmmfcraﬂ)’déhﬁﬁé | Typlulﬁl %'ﬂ?}lﬁﬁ’é}t ﬁ@o@ﬁlﬂgt& [ﬁl i 1rh‘ihe form of a

capsul ar pol ysaccharide is protern, ere
fibre nﬂwqﬂé 0 P@Vﬂ‘fe‘fl@‘ﬂléméalarlgldlm eThe huotder materifli hhybe aThgn. The matrix

may h%‘g\rﬁtﬁ?c n? OF?}V@?}?@&E? slll ypltcglgy, ggl :a%}l%r ffﬁ’pﬁafbé?@ immobilized in the

matrixgogy batiedhe dorbonf @ecagndges A Qh el £ 8dIRehtABEH Qﬁtlt?%ontalmng
, Which acts as the

t b
powde?edf’a{c@?eﬁ%ﬂpgr ?}f ﬁ?lgag 1;@512%?0%'@@178 5 Peparpd @Bl fptve of a membrane
sheet. Sthé meghbRAE SAketi Bay 8O tﬁre@fm'adﬁﬂgﬁcf %fér ak?lg's{@%r? to form a disc.

Pon filters. Typically, a carbon
Alternzttwg Ypithss BRmbragetherlomat dist mura,ﬁy areundat &d inaeimenfilter surface area,

several dﬁ@%e{y gedadildq %Ip[mte%%}f(ot{g 2 lcf’é‘i.:%’ln@g d?sﬁ% aﬁq,é{eﬁotipgﬁ%ch other

| ter “medi um per ne
have a@gmtm{ icoe® pipel ﬁ@'mdlleMgeandaiemmm/gahe darbbitestedBABF1E #om the filter.

h |
The coiRHRPOE hadiBh Blsk S bral e isHp e a&yist R toryis honiarbon fltr
may be‘rdt}rmeﬂ dttasl @li fiebytshyr @ARialpOs gaf%é(tl @i@hi@ee vadid ROLokBRk b Any

l%%ﬂ acry|late, while polyners of natural origlin nmay
process knowngia % Pt Uk @s S"ﬁ?ﬂ“y’@ shenisel Weatmpnt, tex be amed to activate carbon.

In the pﬁ\&%ﬁﬂﬁ@entﬂ;ﬁp&c@i%ﬂe&' carBGI? i3 %ﬁ?éd 1%%@9%{:& Wen? eeha'l%cgfl i a Ihousmg to

f or m of fibre networ rovi
form aT]r EHQ@Rﬁlﬁgﬂt ﬁT‘IﬁiéUlbt ddeh fittet wniti ]fmls lllsmrymhﬂ-la anésumnlet fddehe sample to be

t Y orn1of ane sheet.
pur1ﬁec[m ]ﬂa ?@’ oihﬁ}e{glaé{ﬁl val}aé dre %’(’)% il qusprge@v?rﬁloph%re the carbon
CartrldgmfranCmyInbe{Memdém @Smydﬂnafl Gorfchtidn @& HifA GAY.ri dge
is a self-contained entity containing powder ed

100351 B LG s v o st uh sfwartonPh e aneble for

use in ﬂiaelat/ennmy bEhesa Rhtbof O lkdds @oﬁbﬁﬁ h%e@xﬁﬁﬁeﬁg{rﬁi ﬁnp Q&%Jh activated
t he nmenbrane s

b orm a disc. Alternatlvegy
carbon B‘é’v 1S APPSR desinrhonded ireplgee. i | ter surface area,
several discs nmay be stacked upon each other. In

[0036] PI&H §thﬁ1ﬂh&ﬁa‘cet‘ieﬂq?oﬂt}l%clﬁetﬁ&?%kﬂgs Y giaﬁig u%eg?lgn It?r?a\é//ebe one of the

tral core pipe for collectin renovi ng
starting éréﬁt%@ll\s_ qgsetihedgn dhapriction pmﬂedﬁé’tcfrtzhg etaterial” below The method may

additionally comprise one or more of the steps described in the sections entitled “Alcoholic
precipitation and cation exchange”, “Diafiliration”, “Re-N-acetylation”, “Further diafiltration”,
“Conjugate preparation” and/or “Other steps” below. A typical sequence of steps would
therefore be i) a step or steps described in the section entitled “dlcokolic precipitation and cation
exchange”; ii) a step or steps described in the section “Diafiltration”; iii) a step of filtration using

an adherent filter, as described above; iv) a step or steps described in the section entitled “Re-N-



The configuration of stacked discs may be lenticular.

The activated carbon in the carbon filter may be
waleswwer76 rom di fferent raw materials, e.g. peRCT/1B2008/003729

lignite, wood or coconut shell. Any process known in

the art, such as steamor chem cal treatnent, may be

used to activate carbon. In the present invention,

activated carbon inmobilized in a matrix may be pl aced

L) i t rman i ndependent filter unit. Each )
acetylif T M o S T Ror NS Seeith sudea e divarion. Thi
process awep! et be Hellqwed by @dtepExagiEdsedes@ibelli thtRE setbioh Sntifiad “Conjugate

ar.e .usable in the present invention are the carbon
prepargyon’, ?ﬁ@@@ - 11§ R{%G%dn%hé(? fqllomter dhra stersmy steps deatribed in the section
entitle@0OPRF Atpson (East H 11, USA). [0035] In particular,

the inventors have found that CUNO zetacarbon(tm

0037 fcjé{ﬂterﬁ re sujtable for use in the invention. These
[0037] Lhegpriheq maw pdditionallyicempaiscend arlneve ofititerstepsidetopibedhircthe sections

entitle®EChR%E et PIOI? 8l S 8! ed and resin- bonded
in place. %%36. e#’ﬂé%stag&rlt 5%83%’?’2‘%7% %F@rw’taﬁgo ypigally these
steps agsf omitfied beespee ¢ativhict detergeny erbtinent mﬁgte&ipitﬂ@ ﬁlleapidlkﬁ'l poéysaccharide
i teri.al s.described in the section entitle o
and s} REho BaliBh P (P unccimitns e ot Fetine e iation i
carriedominpsing @n adkeredt it én @fe Hb@oSLERR HESHIHD ?gccbgiilgjf.the invention
s .f%@Ctl ons entitled "Al coholic precipitation an at’i on
PeCI G ¥ R8s apimgthqd: for ipyrying Re chpsitast polpsacdrtide, typically from
Streptoc&déil DSEIaBHRP cbihpAih O step . RLeparation: .
and/ org" _g): her st fe)ps1 "Qgeﬁt%)wgpglt{éggé ?glﬁgsaglqa[?z‘ﬁ%?gpg}ter’ wherein the
methodg g%eﬁsn%mp@d@ tfe slep orfecdbionic) detergtptreatmsiitens petepihieP@®E capsular

' ' it ed, " Al cohol | reci pitation and
plss AR L S D SRR RS aBb et n
section "Diab Itration"; iii) a step of filtration
[0038] F5¢ n@ze@tﬁpnatdﬁbﬂgmviﬂ@dbmghpdmf] paifoinigeskund @_\zsg/sadgMAri&s (cps) from
steps desgrihed in t section entitle
Steeptoftiily drary Bt PERVECURGE g o(1Bp B LeGFSpedes o Bewtoarceus i

Streptotdreuss egdladiae £ilko réfeded RS ﬂﬁﬁcgﬁ'bl@fé. GHL@t]i_%%%egtocgwﬁ or GBS, in
st eps

. rocess then be foll owed by a step or
pamcmgre§t6?11’%%%?¥ﬁ6€i@§ééstQrd\‘W@nt itied "Conjugate
preparation". Finally, this process may be foll owed by

[0039] B i qRefoiredt @RSoIBSET kRednd SEohQBneRE § ! 8d
“orher steps | 0037] Aot o B et ey Pified capsutar
polysac ¢ i lngudaseons ofgrae gff thhefooeing siescr@becbviding Recrude isolate
168Gl i aCaty oni ¢. det ergent treatment” and .
o B sk Pl S uErhgHel ik Bty contcing

the crudgt isplateawith omi slveteh] rehrios e («) afiliedink Cto et Rk LT RlIBRAL weight
| ar pol ysacchari de and

cipi.t.ate the caps )
comp Oué(g g’égeuﬁ nipg ! eo‘falli’_B'iﬁFﬁpl%‘iif%aSﬂla&F‘e;t%‘é_(Bbreysoa@t&mmeﬁemlﬁaminants
with a gewar adlleyend Gilter Apiodask ’eﬂé%rfﬂehtc%ﬁstu'laqr})o'lﬁaccharide. In a preferred

embodiment, the method includes all of the foregoing steps. In a more preferred embodiment,

the method omits detergent precipitation.

[0040] In certain embodiments, one or more additional steps may be performed including (e) re-
N-acetylating the purified capsular polysaccharide, (f) precipitating the purified capsular
polysaccharide; and/or (g) formulating a vaccine with the capsular polysaccharide as a

component.



carried out using an adherent filter in the nmethod of
the invention. Accordingly, the invention specifically
werwpssges a nmethod for purifying a capsul ar PCT/IB2008/003729
pol ysaccharide, typically from Streptococcus
agal actiae, conprising a step of filtration using an
adherent filter, wherein the nethod does not include a
step of cationic detergent treatnent to precipitate
00411 he lé%ﬁa(; c e.f 0 a ste
[ ]tre sol ug g?‘?éonynsso P %Eéﬁogasoélmon E&%fiy at cct?g?ﬁongé" lon sufficient to
preClp[t&mSla]cléfh eacich\centamdmantsu btih et ph@\tiapl@ﬁarnpélbshdshefri@é In preferred
[ su “ch ri cps
embods e 1cB 8 T i arotBRK et drgbebamien oFhetween about 10 %
and abptlei(l% letAnSlp Bk Epreraby EEP LR SHDNI 0F bgﬁwfe%ﬁtag&ﬁ%%s ethanol The

I g %éactlae also referred to as Lancefie
alcohogsolufien, Mgy capsiopallydndlude @ qetien,i prefierably stmfzt\alrt@tlotgotlore preferably a

divaleit®@hon, bt prbfera %@g [0039] In a preferred
enbodi’ ment the t ¥ or production of a purified
capsul ar pol ysaccharide includes one or nore of the
[0042]¢ 15| ceggin sEbediepentsthy proteiv adhenent flter is de actiatedtoarbon filter.
cont ai ni ng a capsul ar pol ysaccharide; (b) renoving an

BRIEFBEFS‘@IPWI@}N’@M ]]f%%‘gggd by contacting the crude

Isolate wth olution; (c) filtering to
0043]" !

[0043] ﬁgg’lgglsﬁg%% lhhg cglggglsaﬁ E)Hilyéé }Q"ﬁ‘ﬁcggg 9&%%%&195’1 dd%]%)vaccme targets.
enovi ng protein contantnants with a protein adherent
[0044]fﬁlg‘irér2 i ghepychernatic lteh@s‘plﬁflltwfnl o wapssedl arodel for the linkage of capsular

odi ment, the nethod
polysa R AT b Brou s By Bl B BE e T rore
preferred enbodlnent the met hod omts detergent
[0045] @g@’ﬁ BiAt shoiwsrihe {T@ﬁbﬂ:ﬁﬂar bimuaere todliserogupb agédife1tiss ofoGBBSAFom Type Ia
andTyp9ﬁ$ addi tional steps may be perforned including (e)
N-acetylating the purified capsul ar
pol ysaccharide, (f) precipitating the purified
[0046] FagseBBrshpet yizaaockeuladeucane bdseréigpe fpicifd @siofGES from Type 111
and T ine with the capsul ar pol ysaccharide as a
y@o&gonent [0041] In certain enbodi nents the al coho
solution added to a concentration sufficient to
[0047] Figeé pishavethapaidatonatbebss oNiaEDcRNESe byécld%%gaﬁ]%Bs
capsul ar polysaccharlde In preferred enbodi ments, the
added to a concentration

coho t hapol er abl
100481 B} Yt oL DA 5B L SObATEEHENBF i 090 S, (B)
H36b spaif eCabizg ts@alflcoh?)@rttmtmOf’rh@fsp&%ﬁc\!@%@vt?l‘?&ykwa%{? ulated using

et hanol . The a solution may optionally incl td
OD valyggin gangsas0er-abl y a metal cation, nore preferably a

[0049] Figure 6 shows (A) the growth curve for the 090 strain, (B) the cps concentration by the
090 strain, and (C) the cps production by gram cell dry weight, wherein the growth rate was
determined for biotin and four vitamins in sodium hydroxide and methanol; biotin and three

vitamins in water without riboflavin; only biotin; and without vitamins.

[0050] Figure 7 shows (A) the growth curve for the H36b strain, (B) the cps concentration by the

H36b strain, and (C) the cps production by gram cell dry weight, wherein the growth rate was

10



di val ent cation, nmost preferably calcium [0042] In
certain enbodi enents, the protein adherent filter is
w@eooaosi2vat ed carbon filter. BRI EF DESCRI PTI ONPdHEB2008/003729

FI GURES [0043] Figure 1 shows the capsular

pol ysaccharides that are potential GBS vaccine
targets. [0044] Figure 2 is the schematic .
representation of a proposed nodel for the |inkage of

deternﬁlgér%ﬁﬂk qg?taoliyé ?%@é{a{r?%é&lgio%ﬁ?nb ?}ygr%ﬂe ﬁgvggetpﬂé)l biotin and three

Vltamlrmina&aibrawnl&tut vibbflavin; @hd 8EKyMigtRe specific cps of GBS
from Type la and Type I b. [0046] Figure 3B shows the

S
[0051]rﬁ|g‘%%;g %}rg“ﬂ@lﬁ ur i C‘?}f%g Ff%%ﬁl?]M e];:lg};algs 4C %&?\;&sﬁgcentration by

o Mm°“m%ba‘2§f“’”p?§f?§sﬁéﬁ?”%“§ B R e e B PR ot e

was de&?mm farbictin apg éour Xjtam g s sodiim hyd@xide36t methaabh b1c(tﬁ) and three
vitamihd'i 1§]Wa5térrv€?‘i'tl{but ﬂ@gﬂévg) afd 551'115/ a%n The specific growth

rate was cal cul at edusi ng Values in a range of
1-2.4. [0049] Figure 6 shows (A) the growth curve
[0052]degurﬁr9e51@9’@ erapwih @Bye farethe §3Bdbhowaity diei @3 doyicéi@tion by the

tr 1 S duction b ram.cel |
Ca113 Staf okl e Bhrbllecbl o B SmNe Rt vl Ho g gy rate was
determriedtfombiamdalboeir vit ani ns i n sodi um hydr oxi de a_nd
met hanol ; biotin and three vitamns in water w t hout

Ons SRR B i SR L S o

090 stigin; and (CI B)e ¢PREroftieR by edthrh alell Aty k%’elg%}ﬁ ewhBeh ﬁlte r@&v@th rate was
production by gramcell dry we

determwffg lf‘éf t?ﬂ %el‘?g b@{%gmqhn&qa@ éhqisigateaeavs additipo pf Yﬁaeft exml aginghen the OD

level isf#08lan¥ laf SbNSwdbyP» Hhéé%&w&%{ ﬂ&co@@%ng?lﬁép 1dn oglﬁtlge Llire yeast

and three vitamns in water out avi m,
extract g pgiclhmedium, f4lpeed]by Eilpearadditohadglucdse. t he growt h
curve for the M/81 strain, (B) the cps concentration

[0054] lpy, %utr@?l MZ&J’S gﬁprtﬁé %ﬂov@cﬂ %m(vg)foxt ﬁ]l% I—ﬁ%% 55 ! Od ng% rz:p? %mgcentratlon by

erein the g
the H3 @g&t@nman@ CC)fthe i woductiamdy fgﬁm’( cali drg Mdi@nt | Whez@idl ithd B rowth rate was

nd ree vitamns in
determljflz%éj %oq)ﬁle f ﬁ% ?’[Cﬂ?@ﬁ:ﬁ%ﬁﬁ% It%blln%%gglﬁ%u? %’1 1{ien of yeast extract when the OD
level is at 3 and at 5, followed by a linear addition of glucose; and the addition of the entire yeast

extract in batch medium, followed by a linear addition of glucose.

[0055] Figure 12 shows (A) the growth curve for the M781 strain, (B) the cps concentration by
the M781 strain, and (C) the cps production by gram cell dry weight, wherein the growth rate
was determined for the feed batch technique; the instantaneous addition of yeast extract when the
OD level is at 3 and at 5, followed by a linear addition of glucose; and the addition of the entire

yeast extract in batch medium followed by a linear addition of glucose.

[0056] Figure 13 shows the growth curve for the CJB111 strain, the cps concentration by the
CJB111 strain, and the cps production by gram cell dry weight, wherein the growth rate was
determined for the instantaneous addition of yeast extract when the OD level is at 3 and at 5,

followed by a linear addition of glucose.
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[0052] Figure 9 shows the growth curve for the CIBIII

strain, the cps concentration by the CIJB 111 strain,
w@p@Inkr7€ps production by gramcell dry wei gheCT/1B2008/003729

wherein the growh rate was determ ned for biotin

al one. [0053] Figure 10 shows (A) the growth curve for

the 090 strain, (B) the cps concentration by the 090

strai n and (C) the cps production by gramcell dry

' the ternmhned for the
o057 B L e G20 S8 MR AT st e o
H36b yaaiat ate]>6l% a:BZ(I%,V\blﬁh 60%%e (BPtHeeHR! cdnSertatidn EBSl'dHQSb §tra1n (C) the cps

foll owed b |i near addition of glucose;
produci b9 657m GF1 R k) Pl GRS mesaze Sedur i tidhe HBGh shain.

followed by a linear addition of glucose. [0054]

[OOSSFFlgulfeel 51ﬁr0$1H@é/\§16 (r&hltﬁ Bea EnHdkdturs Yrie, Whkch %H&V@Qhe I%row‘ch curve

ps concent ration by the t'ral

for thf‘aﬁa61( @Iaﬂi* ﬁze34:°;§s 3prlocudt3836, () thy eirn coabéntutign \lwu}@aﬁb strain, (C) the
cps prdfiRtish %XC%%%M ﬁ] @t\ﬁEréa’I%’{ dgtie %(d?v?rg e Igrh ug}b\/é §t°f the H36b

batch t ni que, e ins ‘aneo
strain.ext ract when the OD level is at 3 and at 5, followed
by a linear addition of glucose; and the additi on of

0o PR A B0 03 B T AL 508 B o

H36b m)n 2tte0,gt el 7cy (Bethb @ps édneedaBidn BY HEB6B ,stréﬁ) (®hBe 6RSproduction
b entrat the M/81 strain, and iﬂﬁ) the cps
y gra’ﬁ‘rcg lfi]&}f VEi% bﬁmg Hhe aysragsRrodustiyiiy of th ER6p ﬁtr{“ﬁe growt h

rate was determ ned for the feed batch techni que t he

[0060]I Figlﬁrarlﬂé}fﬂ@\mlé‘s thel edshit®bf @?reys@?esituﬁxt\ﬂﬁcﬁllt shahena ghg %qgwth curve for
a [ near a |

vel is at 3 and at
the H%ﬁ% Fraie 36 -2 and Ot%éarad&) P RPOFONSRrati by Haghsstrain, (C) the cps
1'0dU (¢ t
prod c%h rb?%l(::a(% gemgo%?ﬁgé' mm Sa%%g mg%dﬁctwng%% Cgérbvén%%

the CIBI | strain, the cps concentration by the
[00611cElallre|18| shopisathe gr@mi quinee ﬁpé\dwlo@muumrmwogrmhﬂirwnmeyer flasks

h h
t
eon al@ﬁ%laﬁg%a%% (gl\réi@gguagl Iya H?d ong}o 0eas Vtyl‘S gic"{n tfﬁgnentor' The
specifiOprovely edte ivas edlciBatad dsiag Ob) vaﬂutdsluowmilgb)bf a.1ko.mear

addi tion of gI ucose. [ 0057] Figure 14 provides the

O I T N -
consunigt®ncpa beogmapmfmahé siindayd bREPmsdina; M0 tiafel ti aﬁﬁ’@ of vitamins; 10
cell dry weight, and (D)

roductio
times tﬁ% aray ?88’&1&% Pl 9%?“%1@8 H3d bl Ostimgs fhe C[L@OB‘S'] OfFYl'@mi@S, amino
acids ag@p&agwlges the results of a tenperature study, which
shows (A) the growth curve

[0063] Figure 20 shows the effect of the omission of alanine, aspartic acid, glutamine and

proline on the growth of strain M781 of GBS in a defined medium.

[0064] Figure 21 shows the effect of omission of biotin, folic acid, pyridoxine, riboflavin and

thiamine on the growth of strain M781 of GBS in a defined medium.

[0065] Figure 22 shows the ODsogun, profile of the first pre-test fermentation runs of the 3 strains,
M781, H36b and 090, at a laboratory-scale.
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for the H36b strain at 34C, 36C, and 380C, (B) the cps

concentration by H36b strain, (C the cps production
whyoogiosnzrCELL DRY VEI GHT, and (D) the average PCT/IB2008/003729

productivity of the H36b strain. [0059] Figure 16

provides the results of a pH study, which shows (A)

the gromh curve for the H36b strain at 7.0, 7.3, and

7.5, (B) the cps concentration by H36b strain, (C the

' |1 i ght, D th
06RO RS 5 S ek Speor e

strains] M7#10 #3685 090)eandeSIB 113, 0éing@ aPSiRPEREE pfdcy , THEFER simplification
curve for the H3bb strain at 0.2

(A) .t W
removgcggq\{\%pée’) g)ro?l%tq%; 8¥ . xgHehaed peemamide iﬁj@m!tlgﬁbitegminabmﬁon. The
second SinpllifiRatédds whs Q8! lddtalyn Sram %tg%?e%% Q\chb? gflgc}] p%arl]s%s during the

D) the average productivity of
ferme"f‘@@@i] Figure 18 shows the growth curve for M/81
strain in (A) 500 nL Erlenneyer flasks containing 100
00671 L€ Al ef i ' 1 of ws.),, and
100671t 2938 e O, pR e TP ety bpep gy fortgd e 4 M, w71,
H36b, B3, &JBdibd using OD values in a range of 0.1-0.7.

[0062] Figure 19 shows the growh curve for the Mr8l

00681 i 58 reph, .and gl u sunption as a
(00681 6% B2 S Bl P DR s R o B AZHRE Ao refiedeiie reconded
at 25°(gu@ertdin krydrbgeni araidensfiedldh the fRstrtuie quantity of amino

acids and vitam ns; and 10 tines the quantity of

100691 S A28 o BhE PR @l Stifed Bl el pobidisapari recorded

at 25°CacCettairghydragenage @BEHRAYN thesRBrie growth of strain
M7/81 of GBS in a defined nmedium [0064] Figure 2 1

hows the effect, of omi ssion of biotin, folic acid,
10070) TUE 371 Sheer o AWHR abreties ahipHEleh GIBS Typowih rolysaccharide

recordegitat 25 IC. Nl hirdhyde&ieniae & ﬁ}tﬁfédrb?ﬁhé'ﬁ%'o' [0065] Figure
22 shows the gonm prgfi l e of the ﬁﬁlrﬂ'st pre-test ..

ermentation runs_of the 3 strains, M/81, H36b and
[0071] %%‘,re g% shows dat, it NOE seectvm, gfpus6pd BRGUFpe8 plysassharkie recorded

at 25°CORRIRAMARIFREL bR 8fndhe o8 -test fernentation
runs of y{t@lhcfeg%feﬁstlr al} ns, ow‘?%e%})gf_r@&-@.’ 090, and QGBI I,
sing a sinplified process. The first sinplification
[0072] F’@Hﬁ%%sftomsaﬁi%r}aw ofisduticavrafilepyf & dolysavehdrie, sa@plh and sialic acid
standard [ B&V Y106 5T /9 t he vitam n solution. The second
rsgg?rp i?éiygat F&ﬁﬂa?as the nodification of the paraneters

of the fed phases during the
[0073] Figure 30 shows an overlay of elution profiles of a polysaccharide sample and a

polysaccharide sample with thamnose added (gray line).

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0074] The inventors have discovered that high yields of cps on a manufacturing scale can be
obtained for any Streptococcus strain using fed batch culture, that is a culture which is initiated
by the inoculation of cells into a finite volume of fresh medium and terminated by a single
harvest after the cells have grown, with extra nutrients being added to the culture once the initial
source of nutrients has been exhausted. Such high yields are comparable to or better than those

obtained using continuous culture. Furthermore, the methods disclosed herein are not prone to
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fermentation. [0067] Figure 24 shows the ODsgonm
profile of the test fernmentation runs of the 4

W@ eoogiosie76 M781, H36b, 090, CIBIII|. [0068] Fi guP€r/BER008/003729
shows the 1H NWR spectrum of purified GBS Type la
pol ysacchari de recorded at 25C. Certain hydrogen are
identified on the spectrum [0069] Figure 26 shows the
1H NWR spectrum of purified GBS Type |b pol ysaccharide

i hyd dentified on
the S P E NPy DI Tgf o IS o Ao NREnors have further

I 1
develo;f)g‘g girl oHﬁ?n?zfed ?&%EE@&@%%W%% !*élgmgir@!éﬁﬁgﬁﬁ{?ﬁe:sgge 1mnpur1t1es while
keepingtbe Br@é@plr ssmple[anquxpmsgmt)e/r pgnufhagweng $velelH NVR

spectrum of purified GBS Type V pol ysacchari de
[0075{ E@Q g%g%?% #\Z&%S %&%IE{;%)? é‘qg’g&g @t%ﬁgﬁ&gst&/l{&@g gl%nStreptococcuS
is growh it fedrba];o;hmhlthles Qwﬁam qllrainy&ﬁﬁtrh}atocqbeussaa‘ﬂxhewamjbs i‘teddi producers”

of cpsg%li @ﬁts ﬁ}glgg)gygpré) ucee ﬂ)@\? lFtVFIS of5 plaegulhl?07ﬂxa§1ip9el§”o% such bad
produc&@d yﬁﬁﬁl@hﬁé IGBS sa#ih ®landa Q@Nsw&éﬂ &Sing ARP IngetMbdsMdisclosed
1amo agded (gray. |ine). DETAILED DESCRI PTI ON OF

hereinphig HrFaED mm}m\wa{r@@rxyn e sushetiinissthpfaire known to produce

lower Q:'Véﬁ RYEHE dTHe'?&BrenhQHw&?t%nqﬁoﬂﬁescanﬁrog&s For TROMI G ME cPDyield from

scal e can t al ned any Streptococcus stra
a straiy of Agerfteedcha wmpriging wburlmg@wept@macw uh tfed @twﬂwtdtmre wherein, under

batch J)ﬂ%o%{u%o%g Pl)f ﬁgndl goon%u 291{1] ngf qﬁ%}l%arqggctzeo @%?pé;g(j])w or <10mg

cps/gchativéhstcasf dfébad predweld.’s have grown, with extra
nutrients being added to the culture once the initial
urce.of , nutrients has been exhapust ch high .
10076 FRefeGLS i b S Breb s b B B st HOSROGEs eded batch
culturd) SVHRERIE @rm% yiRUBofCestil hEodubed. t PREFENIS thd ga@ldrr@ﬂ ép@dé} 10mg/gcpw or
di scl osed herein are not prone tothe stabilit

more ip it Ge ABRadgOFHests @ipkerdy dant. Aots Ocimay ?)eandﬂQélg/gCDw or more
in the E43¥ %@bﬁ{eﬁ sRANE P ELBIS 4006y Q00 BE KRB0 ORfol T #8920, 130, 140, 150, 160,

purification protocol which &ignificantly 1’nprove
170, 180y @0i 24Ceer mbric). er@@lm@iet)hddmf@ps)ﬁoﬂn thé oplhwre aredium is 10mg/L or

i nexpensi ye-fo YA
more (4RESROREfE 5 36 TEMY 950,18 350 iy, 4GRZ0D, 7 40 260250, 30
or mo18}.r &ire patausly, We@&@dl of thefr&hrePtwane elédium is S0mg/L or more (e g,
150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650 or more). Thus, this invention allows the

production of cps at a far higher yield per unit volume compared with continuous culture. In

some cases, the yield per unit volume may be at least twice the quantity produced using
continuous culture, more preferably two and one half times or three times the quantity produced

using continuous culture.

[0077] This invention also provides a method for cultivating the Streptococcus strain by
fermentation, comprising two instantaneous additions of yeast extract, followed by a linear
addition of a carbon source, preferably without use of an algorithm to monitor pH. The preferred
carbon source for the linear addition is glucose. Each addition is initiated at a designated OD

level, which is selected to achieve a higher volumetric production of cps by regulating the
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is grown in fed batch culture. Certain strains of
Streptococcus are known to be "bad producers" of cps
WO poovlost27¢ hey typically produce |ow | evel s of PEBIB2008#003729

cul ture. Exanples of such bad producers include the

@GBS strains DK21 and 2603. However, using the nethods

di scl osed herein, high levels of cps can be obtai ned

even from such strains that are known to produce | ower

] chs. Therefor.e the invention provides a
baCtenS g@sr%;eoarrﬁ?t Adant R grictqeorganisny o, prpdpscsprmexipymaisarogfpe specific
cps. Streptococcus conprising culturing Streptococcus in

fed batch culture wherein, under batch or continuous

ulture.conditions, the strain would only produce
[0078] J5 08 eeﬁg&g&%@ﬂﬁ% fisy Biitgntapequg @siition of reast exteach s iniiated at an OD
level bRfvaHCeS-3.2) ptBd8l} bbRf €62l ¥ndthe én%’o?ﬁe}éérg,g’ihc Lsgc\:/c;n SRsthtaneous

... method of culturing Streptococcus In
addltloglﬂft)@pg’ex@m@rléilmtlated,iag hn Yl llavebbetwpen #S-H7 optefedbly about 4.5. In

theFk -ahl.y ' . Of S is | /gcDWor nore in
o EESIBRY B 1 S0 By RS BUASE T vt e
9.8-10.90preferabdy ahouai@ 30ng/ gcDw or nore in the case of other

strains (preferably 40, 50, 60, 70, 80, 90, 100, 110,
140, 0, 0, 170, 180,,L 190, 200 or nore
10079] EAells 3 ARl L0 cmsbln 508t in gt acani e hesprevious

era

complekOfer/Hatabr fermestatich Brocesd Qhat3Bed 48, al8QRithB00 & ivati
1099 51240 160" 186, "206° 350" B0 dohirgBohe vating by
monitoypg ?rBl%‘) thegildvasingmedidml.y, the yield of cps fromthe
culture nediumis 50ng/L or nore (e.g., 150, 200, 250,
[0080] FODowidgGhe 4@@8vattha] the HdBreria Athy @ggrgo%g?é}r Cpgggé{;sﬁ)l% s%Eéﬁ Tt order to

i ﬁyhi s invention al f_ows the production o
purtly fxeqfpsrandi ta| epnprgateyinite avesrtiereprotsinparle invention chérbfonousy further

Ut 4T & oubifvi .yield per unif vol ure may .
S R S TR
carrier prg#Rin,rfaiee & otdtein-sacchmide @n@featealoéey Fignes ant). ong faltfed cps may

' hree tinmes the quantity produced usin
et S sk 0 S L et n rered

embodimients] des parifietibedvillobe Ghrricl Vit i ighet HR ﬁﬂr@%@?%&éﬁon protocol
trai.n by fermentation, conprising two I nstantaneous

disaoseglcl’ﬁfet“?'ons of yeast extract, followed by a |inear
addition of a carbon source, preferably w thout use of

Strepoddk@idr i thm to nonitor pH The preferred carbon
source for the linear addition is glucose. Each

[0081] gt ketrinOtBticptdcBbdubatsato Buctesi | b Contacti
GB i.,s sel ect eeg) to aghi evleS a hicgher %Fﬁgeﬁg??éé&geﬁogag‘?oﬁgalacnae
(GBS), 01 PX98¢"95\( GASuf atrieriesorine ersumor eccgs)cudhS. matrensanThed Sireptococcus

may altiirgggfe%}il fg@ Sn}.h‘éhﬁéﬂﬁlgﬁgf: Sk pﬁr%gel'rlgbefy ?henggr(épqycrg)]cguesrigt(yéjse. If the
Streptococcus used is GBS, then preferably the serotype selected is la, Ib, 3, 4 or 5. Preferably

the strains of GBS used are 090 (la), 7357 (1b), H36b (1b), DK21 (2), M781 (3), 2603 (5), or
CIBI111 (5). See Figures 3A-B. If the Streptococcus used is S. prneumoniae, then preferably the
serotypes selected are one or more, or all of 4, 6B, 9V, 14, 18C, 19F, and 23F. Serotype 1 may
also preferably be selected. Preferably the serotypes selected are one or more, or all of 1, 3, 4, 5,
6B, 7F, 9V, 14, 18C, 19F, and 23F.
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cps. [0078] In one enbodi nent, the first instantaneous
addition of yeast extract is initiated at an OD | evel
wheinosen7@. 8- 3. 2, preferably about 3.0. |In anopP¢EIB2008/003729
enbodi nent, the second instantaneous addition of yeast
extract is initiated at an OD | evel between 4.3-4.7,
preferably about 4.5. In another enbodi nent, the

| i near addition of the carbon source is initiated at
about 10.

eyel ween 9.8-.10..0, ef erabl,

o082tk 8 cuftfle e Hiine iz Phod R e viiph v dishomogencous
(i.e. comsistnof Hmilmlenipé‘diesomeEtréiﬂ%f@tﬁ%ﬁt&@@c&ﬂ@' sy fb%dhé?éﬁ)gé}]eous (i.e.

fermentati on process that used an algorithmto contfo
comprisgs, el % T neH§S mEnstians A Hreptecescushe PBrefarabimt thageulture is
homogéBsbusm [ 0080] Followi ng the cultivating, the bacteria

may undergo further processing steps in order to

rify the cps and to conjugate it to a carrier

[0083] &H@tséfeﬁtocws URRFEREY BA atwidd Bbersaaimeyr thay bégeneticatiyr insdified. For

instancs! RR%ayChe RNt frar bact.eri and .
! conj u%}gt? ng t éél %%ﬁgﬁﬁgrﬂog ?@éﬂ%rgaggul?ropcay%ggﬁngf:s or heterologous
polysagphatidsisior ta incighseeyieldpr ot ei n- sacchari de conjugate (see
Figures 1-2). The purified cps may undergo further

PrdRA6S D@6 x%iejwn order to prepare pharnmaceuti cal
—p‘r'@p'a'rathr—st.—g'n—pTef erred enbodi nents, the

i.ficati b arri.e ut usi he i ppr.oved i
o0 A TACR 5 bl G514 Rl i ML) R B pamestin
of each[ftig:14ps Thé titebrmrinidsy rept@eOEY Uk pukiEtaich dﬂh@ﬁﬁr@ﬂghﬁtion permeate;

t-hat sel.ected.from S. agal actiae (GBS), S. .
® the SHBATRY REESCENTrd! cror e Peckmpeteienion sie slycosonjugate
biomoleailedns. The streptococcus nay alternatively be S.

thernmophilus or S. lactis. Preferably the
If the Streptococcus used is

[0085 %r %ot ococcus is GBS |1 € us L .

1 S Tyt iy pRgmberopiimyzadnia & allefrspple fowhenatiod liadl, bad coisists of the
ducton & BibmBss I} i, t s 3F 5,959

i Sighy ) A S eGP PR e o

collectipmp thgpetigtjor gallula)pastep ehdingetivatioB Af Bie thfcrdddganism and the release

rent S IS S..pne ni ae, then preferably
fh L ABURGRS 4 By O SHTRRL 6, AP LG e, o
ferment@yn @vsistAhf (LBiGocul S, prevachtidd ) SRS i@ Ratlon TR Rh$Bugation of the

r.ef erabl y be sel e?t ed. Preferably the serotypes

biomas§ g}eec @bcaﬁ’[,rgatglﬁléts § tlwmegszt a9l thy micsefiliratign ofghe gellet as presented in

Figure 4.

[0086] The invention provides a method for producing cps on a manufacturing scale, which
includes a method for providing an inoculum of a strain of Streptococcus expressing the cps, and
a method for cultivating the strain by fermentation. The cultivating consists of monitoring the
optical density (OD) of the cultivating medium such that when the OD reaches designated
addition levels which prompts the two instantaneous additions of yeast extract, followed by a
linear addition of a carbon source to a cultivating medium as opposed to an algorithm to control

the cultivating by monitoring a pH of the cultivating medium.
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6B, 7F, 9V, 14, 18C, 19F, and 23F.[0082] Moreover, the

cul ture produced using the nethod of the invention may
wheoohosngeneous (i.e. consists of a single speRCEEB2008/003729

strain of Streptococcus), or may be heterogeneous

(i.e. conprises two or nore species or strains of

Streptococcus). Preferably the culture is honpgeneous.

[0083] The Streptococcus used may be a wild type

re e genetically nodified. For instance,
Cfit ol tHEn ied to produce non- natural capsul ar

o SO SRS SO T =

I NCrease
autoclqyleoaiuhilffin (The @BSubmn costabhis Vdosig e ﬂie@nfn@ YEorRfihS ‘of (ﬂe}lst extract,

t f h of the cps an
Nt GERO0 PO HRt o bl fronpimyitrt 2bisons wishta bravesk pEhappoximatcly
7.3), a @bl@fl@lﬁ bf ﬁfa%hh@@oﬁ’ﬁﬂﬂi%%tf %l’ilal(‘ll?hzeh eﬁﬁ'ﬁvﬁ%?}’h@éﬁ%@ ah@ Slamnamlde

ried purified cps; d (4) eri zati on
dllutedt 1|q(_-_N ﬂ?ﬁb KL 8] tu@gt @)hyiqpprdmeugﬂeggd e{nb@@ﬁjenfﬁhthefstohﬁrbn off @pamins is

omittedBYd & %tﬂlé?ﬂr@%dhﬂ 1§u£ ag% am1 SUBP mentts a}'o;/on hal 1,

and conhsi sts o e pro oM
fernmentation, the continuous flom1centr|fugat|on of

[0088] {Ipnen bﬁe&mﬁsemmﬁenfml ¢aebtflask ipindechintedewitle 2. 150 (I:Bdtnl]tl éf working

seeds. PR b iy P BARCHL Shnialy 5°C mitrretePm & cparersreigy 200rpm

in the m’mabﬁiet et @prcpal&‘ately\/\ﬂ tHdutshe A¢ieh kias ek, IR BRALSs cdf&ntration was
mentation c E?IStS of (1) |noculun1preparat|on 2)

evaluatf’ﬁ @YF%GPWH edhs a&ﬁ%’@ﬂ@éﬁfl rPF’f RINg errem staie B herselge of ODsoonm
is betwehieagheharly 06915@ rﬁ'ﬁﬂtlﬁthg rﬁliﬁesteﬁﬁ %to%hcé%% E‘f‘an'u_. Iposmve cocci, the

mcrofiltration of resente
content,gr of thyofesks W@qotﬁ@léﬂﬁ @heapﬁiﬁmllmb(aﬂmﬂmdetﬂ oo the 1ncubat10n line of

cing cps on a manufacturing scal e, which includes
thekng&ﬁgfhod for providing an inoculumof a strain of
Streptococcus expressing the cps, and a nethod for
[0089] Dwicing ke 1nngulumangparalom, e drefemed tatditions aTéws follows the initial pH

t t forin 0 density
o e FYABhYE% 08 EETRL S8Rl pr OBk LB D BBk, e ot o
incubatiomas Bé& €S hghtht aglt:ﬁdﬂl spb@nis Lev e! B hi. CAy ME QH@Bﬁth% rZEﬁlture in the
a us addjtions of yeas extract f ol
fasics, [ oAb G winols VG AStoh Seuhe@riored Gram sian produces
only Gat f)d)SYt@Jiel AciTei HENpBS1ed Bgﬁl%e%etﬁet%ﬂe@bgﬁ{y S Ltture is such that

contr ol
there is no contaminant. Finally, the preferred time of incubation is between 3-5 hours.

Fed batch fermentation process

[0090] The invention provides an improved method of culturing the Streptococcus using a fed
batch process on a manufacturing scale (see Figures 6-18). Fed batch culture may be either fixed
volume fed batch or variable volume fed batch. In fixed volume fed batch culture, the limiting
substrate is fed without diluting the culture (e.g., using a concentrated liquid or gas or by using
dialysis). In variable volume fed batch culture, the volume changes over fermentation time due

to the substrate feed.
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the cultivating by nonitoring a pH of the cultivating
medi um Cul ture of the inoculum[0087] The culture of

wo b@djosizeal um may be performed in shake fl asksPCT/IB2008/003729
sterilized using an autoclave at 121 0C. The i nocul um
cont ai ns conpl ex nmedi um (consi sting of yeast extract,
NaZ2HPO4. 2H20, NaH2PO4 H2O, and nonohydrated gl ucose
with a neutral pH approximately 7.3), a solution of

f.t e, riboflavin ..
10091 DAY B8 B0 iharLin Rl e dhs eksreieondiiens ace o
followa. the thp&reﬁﬁﬂe ldifltHUbulthlfé ipsfaess €doenie @Vé'[ﬁféts re E@ﬁle the fermentor is
| ut.i on oéZV|tan1ns is omtted and only t

set at %Rﬂr%?laﬁ’ % S2hwetheqd] i st otafd i &1 ppd edivsied 11510988/} Niaﬁ)Ha the initial
stir is E’Jt%ft 80 rrﬁlﬁ ﬁf@ﬁ%‘aﬂﬁmow ROLHD of b@ihﬁfﬁétﬂqu\?&f o?tﬁi)agn n Ehe fermentor is

wor KI ng seeds
Vlsuallmmlm%wéedjaﬁgﬂ wngrantdfoymm \&150@1 1&@&0%@%@0 Mheéllissolved oxygen

tensmrf"gf’(?gj:is% %?’O"/Qzﬁ%{ Pelggiape ]El?lgﬁéctaﬁ? B ’fuipéxg (Lﬁgeﬁq 6%§g rpm) the air

airflovc(baiveseh 28t llOOD/n\ﬁﬁ,Sand\tl@é ohigesl oy (BEaSH DNOOL GNP at
590nm and perfornming a Gamstain. If the value of

f th
0051 02 ABe BROHE D R o bt S bt e 0

levels, Q“ﬂlﬁv&lﬁlﬂ@ ®linddpadditians kBa 84BoP 9RUr&Tto! AL QuiRvatin ng me medlum Samples are
-sterlllzed bottl e connected to the inc on

taken u,nﬁg ther bateheplags piethe éqrmep@ggtg]mmbpmgifnehmowimn aml the ODsgonm is
measur@ﬁ e@@fnﬂés ocl?e taﬁc@n’? ?Wriflgrﬁ gﬁtﬁrgn?llﬂgl Tﬁ/: gfﬁ%c%,; ?eatacﬁ%s € 8{ wﬁ%h point the

he initial
first lmarxmewmgbaé@wddmoﬁ & 3Aniiated hmg at h60g/Enpedsat ent@icOf solution.

Tty e T L
taken epergflSrmimdtes iundl thOOBRGRANTSCRStIMEEWNh RN @Dﬁlt §1sec’%ﬂq ihdMhtaneous batch

'y ositive
cdaiioR Ty AL pLOScES o1l Y Cam posili Ve eghes 101, o

linear AdBRio8US tn#ifed. SDEME iR eat NEiGor], S B OQE% WAY hour to measure
Bt 'S “bet weeh

Fi nal | the preferred tinme of I'ncu
the OD3a0pn- h Jiheslinege @ddition Hastmpmnxmatabm 3phmlresa$ »{/lﬁﬂﬁ(ﬁ}neﬂme automatic

controlé Hf" ﬁf@tﬂapzﬂnaé g\ékedﬁﬁ%p%ﬁ :c 4 g 1\gffsgﬁe%§fagegea§g %lfllggrlflc[ the elgqgeerature at

ptococcus usi a
30°C. nanufacturlng scal e (see Figures 6-18). Fed batch
culture may be either fixed volune fed batch or

Gro‘é@tﬁ '1\%’&% volune fed batch. In fixed volunme fed batch

he limting substrate is fed w thout
[0093] 1q=ﬂg l&;ﬂgqyg rhqgg CU| By echélpﬁgay beuusslegi] h(’i-lchclg rS]l(fltear]})'ierf%‘l:‘ ren%mtammg growth
of Streptococcus species. Pleferred media include complex media such as Columbia broth, LB,
Todd-Hewitt, OC medium, blood broth or brain-heart infusion; semi-defined media such as
MCDM,; chemically defined media for Streptococcus such as Ml, MC, FMC (Ref. 11), or C-48
(Ref. 12); and media composed for growth of eukaryotic cell lines containing necessary
auxotrophic components such as RPMI, spent medium, McCoy’s and Eagle’s. A typical growth
medium contains yeast extract, as well as other factors essential for growth including lipids (long
chain fatty acids such as linoleic or oleic acid), steroids (such as cholesterol), purines and

pyrimidines, minerals, vitamins and growth factors, amino acids (L~ and/or D-form) and/or

chemical elements or inorganic ions (such as Fe, K, Mg, Mn, Ca, Co, Cu, P and/or Zn). By
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dialysis). In variable volune fed batch culture, the

vol ume changes over fernentation tine due to the
waaiyssare feed.[0091] During the fernentati onPQT/B2068003729

in the 300 L fernentor, the preferred conditions are

as follows: the tenperature of the culture is set at

36 | OC, the overpressure inside the fernentor is set

at approximtely 0.2bar, the pHis set at 7.3 0.1 and

. i i ng. 4M. NaCH, i nitial stir j t 50
s L ST DS £ it

volumettic fppaduction tolf @pé. e rABRBIIAI g1y, She icSMplek ht i

adj ysted usin pant [ foamgF?PG 25%%% fxﬂiagg}ggggis%b{gnhgompmes yeast
extract, iaséjjé?lsﬁ@ﬁe Mgeeﬁ Gaghog; WHIEDEMitamin Seyrctand0ftianally an amino acid
source't€ gHdva SBeptbEL i idafrfid N 529 ;

10940 bac e SIS RSB Byl Bflanany one
or more| iigminseelaserh from wdtinamidy, rifEROR, tHikminel ipdesvhid@ide and pyridoxine
hydroono?ft‘lE.deS two i nstantaneous additions of yeast extract

at specified OD levels, followed by a linear addition

of a carbon source to the cultivating nmedium Sanples

[0094] &ihe ¢hekuenliguddfimgd trhelilatebfepibhs eomprids e gﬁdsﬁﬁzﬁé abiiR8, a mineral
source. X\%artﬂxo)}{r %uaf ter.inocul ati onéi and the QD59onm s
e aaUr e dCESnh VI 30urssy AR @) Aging Bcidi sAvEstougTow Strapgococcus,

whereifdfhd @itamie sARES cehsits M@baﬁﬁuﬁpﬁi}ﬁothélfaté,irﬁazﬁnamide and one or more
neoys batch addition is initiated using a

.. _.1nstant t ddi tio
Vltamm_l?5%’§)s@ g%‘gslimt@%trfbé’@@v@othéﬁml@ﬁ hydyophlosideratyeidgxins hydrochloride and
folicadia nutes after the first addition, the OD590onmi s

nmeasured again. Sanples are taken every 15 m nutes
until the OD59onm reaches 5, at which point a second
[0095] {Tjhe 1 pv hn B i avag radditigineliyo nomprisenoid et edreisk ng mtibiotic and an

tifoah59Lk Y e sol.ution. Wen the OQD59onny eaches
oo el e TR R Y Py aga L iravcline.  The
antibioti¢sniway beddied itorexen = ashpltioni medsaketd sk Yo BhkfiichBr bacteria which

. sur.e. the 90nm The |inear addition |asts
contain 1 FUB IR < PRI 40° athdgn &, Selese o ta onsitive bacteria (e.g,

Streptoca@of)r OlThisOtant ARkrd¥alcaPBtu8ES tABaisthRP %&tioghﬁggsg%r fdrSthe bacteria

reg%lﬁaﬁf ed at 1OOrpmand the tenperature at

CXPIESSEEOWE HIRER 6P [ o0 STamply, thy petibiotit iaguriadargriswiffectivedagainst Gram

negativEEdut Rt E38d MRit&R o i t i Ltal pi ng growt h

, s of  Strept oco%ggt[@gsﬂggtgﬁgs jﬂ-@rﬁg elgéeaggﬁ%ﬂeapﬁl%‘%? ﬁblgw art and may

include gpimgrabseileetdicat wdh highlyOfdrombital bolgsitxahdglytol Sogdehdrs,. silicone
[ .bl ood .brooth or brajn-heart jnfusion;

comporfis TR oo a8 B8 1SRN CHE LAYt b pps eycoliester

blends, ptedi a for Streptococcus such as M, MC, FMC (Ref. 11),

or CG48

[0096] The culture may also include the addition of various other factors that enhance growth,
such as, lipids (such as long chain fatty acids such as linoleic or oleic acid), steroids (such as
cholesterol), purines and pyrimidines, vitamins and growth factors, amino acids (L- and/or D-
form) and/or chemical elements or inorganic ions (such as Fe, K, Mg, Mn, Ca, Co, Cu, P and/or

Zn).

[0097] If the growth medium contains additives obtained from animals, such as bovine serum
albumin, these should be obtained from sources free of transmissible spongiform

encephalopathies to avoid contamination of the medium and eventually the cps.
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(Ref. 12); and nedi a conposed for growth of
ei i karyotic cell |ines containing necessary

wa@eooonsephi ¢ conponents such as RPM, spent neRPCT/IB2008/003729
McCoy's and Eagle's. A typical growh nedi um contains
yeast extract, as well as other factors essential for
growmh including lipids (long chain fatty acids such
as linoleic or oleic acid), steroids (such as

C chI Sst erol), purines and pyrinidines, minerals,
€and growth factors, amino acids (L- and/or
D-f r chem caI elenments, or_inorganic ions
[0098]( Sﬁ}q% qr_}g:ar n SReyce Hﬁe 1@30‘( @éentleh Profey; élprlz)(ql;y carbon source is
selecte@}’ﬂr&ﬁ rtﬁ?@ TP cbﬂﬁstﬁ%"k%%’lﬁéo@& | Pui Gk, fa@f%sé"%%ﬂdgg n@il@ﬁ@)ftrms starch,

e achi eve resul tlng |n a Ig er vol umet
inulin rﬂlm@{ yegpiable odlg §uch@(§gyl@nan g»llyhydrtbr@ﬂ@;msml@)holmdc}um methanol and

ethanoi’{)ﬁ{g%l@@cﬁﬁs nggig Esage?ta%eaﬁ/ltoree?{ef&%ly t e g aslgl)arce is selected from

ce, a carbon source am n
glucosepglyoeral, | Igctase, drvictvse,asiicebss cnndc&ybéangbﬂ)w ﬁﬁer eRin0CLGEYE, includes
e vitam n.source con3|@ts of . biotin, and

etucosf S5 1§ St GFPARRE 5P PRRT RS ELRORe N EPRgm The Srbon source may

be addeil 8¢ thrasliltde, as'd duil @ ViqRid. tI"FebeﬂHPﬁtH&Ydlf%%moﬁfcb q?cﬁi%lled to avoid
pyri doxi ne hydrochl ori de [0094] The chem ca

osmotigestreseen HiSarellin prell ermEsylt do pypifessinga Bhissp nanally achieved by ot
addingStH¥ bhifre c@rbgh ekl ré}%ﬂ@&: Sor the 8@1’21981? of %%rfgr?nen?atl\éh &M initial batch

sour ce, an amno acid source
culturest Thp carbot sawee vihelkse| contréléedviot avvich dS}ﬂBﬂ[(ﬂEWﬁ&hSdaﬁtl‘SSLﬂlf in growth

I a toth nat CI nam de, and one or nore
11m1tat‘fo?1 a%flri%mng)enﬂ%mgﬁ é&é{)q ri bofl avin, thiam ne

hydrochlorlde pyrldOX|ne hydrochloride and folic

Nitxggah Squ@CS5] The growt h nedi um may additionally
conprise one or nore of an antibiotic and an antifoam

[0099]dlgentype Tf mitoegen sotuichiwstd ds nbnedserdial K aMedeyadly) the mtrogen source is

icillin and tet cline. The antibiotics may
setectef RO, et RO LIS BrukdRns TS oioUcts fgmonum sulphate
ammorfiadtphesphate, Baaioalind cMBHi&d akd BhAloRiud N nARtd) bhtRer Grates, amino acids
resi stance gene and/or to select for Gram positive

such ap olytamatg z{rél b’smeStYP%?E)teé@é@C ypast pHicdysetep, veénst eftengen Base, protein
hydrolagd Gn@luﬁﬁ‘x' Bﬁ‘t’ Hotsiﬁh gﬁé RJ':PO§ Séeégegn fh?ﬁrotl#lﬁte? AGHeLd B fyptone and

eXpreSSIng desire
Casamla‘i’l@¢lﬂ$)050}®emmﬁala[‘hrﬁqys trgptiesdyi Met}agaﬂtafrsl;eeﬂ}nﬁmﬂ malt extract corn

steep 11?48189%{%&’ gnroéeps nomore pt‘[‘?TSI%E yI ) Vgo%g);gqeuﬁ]éqalfd%e { Ie]:ﬁlg qp ammomum

hydroxﬂdel ammdnmal s@iphate,Nia@itldnidn@r sRIbradee AnP Ohniioh KA NMPosphate.  Most
; EL?’%‘; %ol%mer s, silicone conpounds and emul sions,

preferaflys fhey)itRsss <OBies dtipmGon i Bydipxide1 Theyprerdammastivn dydroxide as a

nitroge ls¥&0d h&Sthe fadvantage that ammonium hydroxide additionally can function as a pH-

controlling agent.

[00100]  If ammonium sulphate and/or ammonium phosphate are used as a nitrogen source, at

least a portion of the sulfur and/or phosphorus requirement of the microorganism may be met.

Phosphorus Source

[00101]  As noted above, phosphorus may be added to the growth medium. The phosphorus

may be in the form of a salt, in particular it may be added as a phosphate (such as ammonium
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bl ends, etc. [0096] The culture may al so include the

addi tion of various other factors that enhance grow h,
wa@ewb/0sr76 | i pi ds (such as long chain fatty aci PGT/BEBRO6B/003729

as linoleic or oleic acid), steroids (such as

chol esterol), purines and pyrimdines, vitamns and

grom h factors, amno acids (L- and/or Dforn) and/or

chem cal elenents or inorganic ions (such as Fe, K

P _and/ Zn) . 097] If the growh
phosptifle adffbnec oo plimpbselRE" Dn Sitnese 45 drifraay te the form of
a phosplatd glabs) suchess vodiatpeliphosphaRIRe £ N9 | ik hodhale pelsds s Miseful as

ongi

. spurces free of transm ssible spongiform_
their 58%815}6 DIUHH S seh thgbrencepiatediniiienomedia anebenprgpared with no

resulti g@apﬁahyﬁ@bﬁnﬁgﬁgpps.Carbon Source [0098] The type
of carbon source uSed is not essential. Preferably a

rimary carbon source is selected fromthe group
gﬂg@hgigihﬁ% of glucose, fructose, |actose, sucrose,
i?alipdextrins, starch, inulin, glycerol, vegetable
[00102};"| dhe frmppegaturg of WhenpnlBire is kepé beiveeb 3A<5°G@l(cghet 31,512cH3, 34, 35,

36, 37,383, gg,tzn)@qpl 472 b [ ids such o .
acétate. Nor é@%’r%f gﬁgﬁjlefler%gﬂ{céat%ggﬁra@%euﬂs @éoqtg%s% &Bps ¢ may be
necessgry ot feaicars egolgthyg cessed!, cdnsrining ethe f Culitfc0 %€, ensut6 r OS8nd& culture

I P L
for a gbleh goiteresprodehs thataPRr-30d 68, FRYifREnAd08F et %H@ses Q.e. the batch

Lture as a solid or |liquid. Preferably the carbo
phase, geglhagc phase A cpden &edbaslkoi d osmotic stress on the

cells which can result in overfeeding. This is usually

[00103pC hTigy gy by f&uat ofafle iciBurk Rayehd bdirofiad. i i
. requiredg$or t he dufation of the #@rng%ggﬁﬁgﬁgfga?ﬁ@hedagaw’
enriched 0Xvieem, e OKYeW PlPRY cqinbingtor dreredur Methods af swonitoring oxygen
oy aklg (o] tion which can result in
concenGL) Q8 3y P, 501 LMLl BB e o may o
deliveregd pn slgman&oyroeaspogO He Theltedpexyebn ohleAg BN tHEOLUI®E: and feeding
. J.s.not essential. Preferably, the nitrogen source
accordllf@l?gwéthetg? énémﬁpg magléa}mxélmﬁpﬁmt Iﬁiﬁﬁ?léf?(‘il epeyeen ReRietitum
salts (such as ammoni um sul phat e, amoni um phosphat e,

[00104]amiidiei rate afhdgitnticteonndatésinmay d¥b Hetdodtr6lled. AhlkEdnsures that nutrients
rates, ~am.no agi ds such as gl utamate and | ysi ne,

andoxnlt e trayn al : - h .
XpEn &f° Lyfisfenet arapad dhe bigreaetos iy which gheaaturs is corfeinedahe relative

velocitypb&@weémthe nutrient solution and the individual cell should be around 0.5m/sec (e.g.,
0.1,0.2,0.3,04,0.5,0.6,0.7,0.8,0.9 or 1.0 s).

[00105] As noted above, the pH of the culture may be controlled by the addition of acid or

alkali. As pH will typically drop during culture, preferably alkali is added. Examples of suitable
alkalis include NaOH and NH,OH.

[00106]  All of these variables may be controlled by the computer, computer-aided device or
control algorithm as mentioned above. The alteration of these variables may be used to

control the doubling time of the culture.
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hydr ol ysates (including, but not Iimted to peptones,

casei n hydrol ysates such as tryptone and casam no
wa@eid®31276oybean neal , Hy- Soy, tryptic soy br op¢r/1B2008/003729

cotton seed neal, malt extract, corn steep |liquor and

nol asses. More preferably, a nitrogen source is

sel ected from amoni um hydr oxi de, anmoni um sul phat e,

amoni um chl ori de and anmmoni um phosphat e. Most

P @{ngc%g%lex,ret he..ni trogen source is anmmoni um hydr oxi de.
m hydroxi de as a nitrogen source has
he tage that a ni um.hydroxi de additionally can
1001073 RN B0 eiile EPTEY HGEARER o aueists o1 mahirmiam the art
e.gs ep hafbrenaasdi50N 6 AMei. B6 BBSS Etafolloe HaREARaf be used (see also
r

itrogen source, at |east a portion of the sulfu
Reg n@o?ﬂ PHBE B ﬁl?@?té‘aﬂ?i Hehsimverfon: fae pwi fyingor epppilempatpspccharide

maybeRbd. REQASRHALY §bo$g,uﬁ1@§e ﬂl@[ﬁé&%&f S Hﬂ/%n%%%u%?y #ﬁieude one or more

hosphorus may be added to t r owm
Of%ﬁ(f% pgstepay be in the formof a salt, in particul ar

it may be added as a phosphate (such as

ASETPR, }%gptgﬁ,qhate as noted above) or pol yphosphate. If
a pol yphosphate is used, it may be in the formof a

00108phOBRAGL ] | PRALE. (3]
[ ﬁi 4) Sl:lcﬁy’ gih glgglll] aatﬁlleéﬁg glg g%fsggfgirj ?oﬁlgiéc%éﬁ{&?cgéslst rﬁ%ﬁ% into the culture
medighy guting Yagermp eravitbsaml & thecdtartih@ imatoint enlyratese the supernatant

ut riep la can be prepared with no resulting .
eI AU AT
prepaap by atedtiey ik daplaed blcteRial therk@es 3@1t fﬁﬁ@ﬂal%nf‘a%% the bacterial

3% gl , ?t 31, h32 33, 34, 35, 36, 37, 38, 39, 40, 41,
PeRYSOEYFD ’4%6%} By be Seaiyy PRebaridemiereeased iGpsatsoute 86@sed from
bacldaSoy \l'e{rioﬂﬁ}rhe%dﬂ‘?ﬁcﬁ&ﬁﬁ% ¥hdiicDEhysRal 6O azxx{ngtgcu r?ast%gllqt. Thus, an

containing the culture To ensufea cons ure
aquepippiieRargian ¢fgpakysperharideechn Bhizeatehpriorad titeinitiay phgeinsadeic acid

Ligicsfynt . the doubling tinme (td), thus for a given
preclgthrﬁerE%rng}é'ess, the tenperature may be different at
di fferent phases (i.e. the batch phase, fed batch

[00109hh a4 etyaivdl cherbisal freatthephas epse [RBIABh (e agygee., feesh sodium
hydg%xpi)%%af \évgycggc%éiecrl?e?vé ﬁﬁc?e Bﬁ%&héﬁ%gﬁ’m%g gg&gﬁngélppb gq,psal,arg, saccharide
andaberpepiaioglydart beekbade. AVBLEOESAENTRO O8RS %&Eﬁllar saccharide,
o3P} Fraa e QB e o o may b |

y

[00110] A typical enzymatic treatment involves the use of both mutanolysin and [B-N-
acetylglucosaminidase (Ref. 20). These act on the bacterial peptidoglycan to release the
capsular saccharide for use with the invention, but also lead to release of the group-specific
carbohydrate antigen. An alternative enzymatic treatment involves treatment with a type II
phosphodiesterase (PDE2). PDE2 enzymes can cleave the same phosphates as sodium
hydroxide (see above) and can release the capsular saccharide without cleaving the group-
specific carbohydrate antigen and without de-N-acetylating the capsular saccharide, thereby
simplifying downstream steps. PDE2 enzymes are therefore a preferred option for preparing

capsular saccharides.
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delivered on demand by neasuring the dissol ved oxygen
content of the culture and feeding accordingly with
wo b@oiosizent i on of mai ntai ning a constant di SsSOPEETB2008/003729

oxygen content. [00104] The rate of agitation or
aeration may al so be controlled. This ensures that
nutrients and oxygen are transferred around the
bi oreactor in which the culture is contained. The

sql uti.on and

o 4 F Bt RELYSE o U6 B kS st
cafbular fblysacdharide, Whith dnShe Gbt@ined- by bikeBextfAcRorPhs Hebribed in US
As noted _above, the pH of the culture may

62%%”@6#@? 01I9% ednpther prefestedistaréng wpteriel i thy prafkeilof PDES tpsatment of
Stﬂéﬁoﬂokoécﬁ?'s%@ﬁ kr)étéiifafbocaﬁ Wel N egt}a‘él {djf%af:ﬁfa‘?ifoﬁ éf;‘g dMlt ?ﬁltlon) prior to

i's added. Exanples of suit I's1n
Iﬂ%wdeHm®Hnmﬁﬁm£@6@OWll of these variables may be
controll ed by t he conputer conput er - ai ded devi ce or

I abgve. .The a rati
[00112;3] :[E‘g Ssga% E rg%bglfbﬁe%teeg Fleg 1? grec*mtgg% 86 |cpli11tam1natmg
pratemeami‘/mtmxelemﬂcﬁdsrad%@d:ry@acbekbar| de preparation [00107]
thhods for preparing capsul ar saccharides from

he art, e.g.,
LAl ReTatifgy a5 b &lndfied a5, 1R’ ol owi ng

Ot ST R R -
angolily bacoittamindednmivh bt fuclds aclids and pREkia) OMse ERS&Rinants can
HEth08%WOf the invention may include one or nore of

be FqROVER oY ShasHtia oy ﬁ@lghéFS%tmeﬁ*@ Wit BNAss DNseomy protease. However,
as @anefertd MiterBaS B kdth@NMEN trenQ(@veCl"ﬁQsceuJ:(ﬁﬁan?iﬂ!iM§ %ﬁ%’?@z{tﬂcgl?y alcoholic

is released into the culture nmedi umduring ba
pregidation caire usedt hfenegmmtyu (ng., afitebdsa lexinapyionh ustdrilst Wil usually be

naﬁgﬁg&g@%gq&Hﬁﬁg&gﬁu&?ﬁ;r|fuged bacteri al cu!turge Mor e

e starting material wll

repared by treating the capsul ated bacteria
[001 lﬁ h eE‘b@ | ajeodiol esedrie gre@pitate woaiamimeging heudidc taeidsahnd/ or proteins is

h that the capsul ar s hari de
prePRL AR ol S8R of IRt e RS DRk RIS Heopapenplo utan-1-oL
butaedd8-méthgd wildpag- Ichig P-@athy]-Plopsi-cll, olseRZY MBlel Selection of an
treat ne Thus, an aqueous preparatlon 0

appﬁ%w%%e@ﬂ%ﬂh% HedRStert CpBIAY Withas updue blerdemitut aleohols such as
ethP{@bRd ROPSEARI EprBffdnth-ol) are preferred, rather than alcohols such as phenol.

[00115]  The alcohol is preferably added to the polysaccharide suspension to give a final
alcohol concentration of between 10% and 50% (e.g., around 30%). The most useful
concentrations are those which achieve adequate precipitation of contaminants without also
precipitating the polysaccharide. The optimum final alcohol concentration may depend on
the bacterial serotype from which the polysaccharide is obtained, and can be determined by
routine experiments without undue burden. Precipitation of polysaccharides as ethanol

concentrations >50% has been observed.

23



precipitation reaction. [00109] A typical chemica
treatment is base extraction (Ref. 19) {e.g., using

wa oavos2hg dr oxi de), which can cl eave the phosphODE0082003729
| i nkage between the capsul ar sacchari de and the
peptidogl ycan backbone. As base treatnment
de- N-acetyl ates the capsul ar sacchari de, however,
| ater re-N-acetylation may be necessary. [00110] A

I c treatnent Jnvolves the use of_ bot
1001188 PR AV ERY o AEEE TP SO Sr st 3 Ty chluted with o
mffdﬁlb&&sohremt (en., tMerblaneQ’ért@ﬂ soPRRBt mAQGY SRR ol-RhRARSxtures, with a

h de f use with the invention,
Pfﬁha?ecgli ¥ eré%rg%ﬁfrpgﬁdé%@%o%d%rﬁ@dg%owggé@ﬁf 320, 85:15, 90:10).

carbohydrate antigen. An alternative enzymatic

[00117]r eaheBAdchaieOmy L alsh RatdaRAwit bl aGudo¥i® freldl cation. MtOHovalent and
phosphodi est erase (PDE2). PDE2 enzynes can cleave
divalgnt metab Splfpas ége prstasend; amﬁ Hiyelleoeations sieepasiixanely @mfirred, such as

h a out ..cl eayi
M i, €22 okt e 208 i SRGENCK Ayaltd Baitagh i fons are
pa@@u]wlad@t@ll aanidngp ttiee akcahxﬂwlnadtuﬁq&efeﬁabﬂ}d%cldd&@rsﬁmble calcium ijon.

wnstream, st e PDE2 enzynes are
Th? %er e* ([)% ealage% ®f esra?CZ’@rlgT:{?lF&?l IR épahs Fymeafpealeiam salts, either
addeglcas hiaolidies in] 0dlddusAofih e TRE EA6ust iBhS 48 %ré'f@xtaﬁlg &!%Vlﬁéy by the use
e invention is de-N acetyl at

8§ ess of
of ﬁgﬁw rlSSIysaccharlde whi ch can be obtai ned by base
extraction as described in US 6248570 (Ref. 19).

[00118pn0oTThe calpiaf BhE ek ﬁs&ﬁ?a{tﬂjﬂ Srd3Blieh 'aailina'fl1 %oﬁ&ﬁtrm %d&cﬁet\g%en 10 and

PDE2 treatnment of Streptococcus. materi al s ‘can
S0Q ipYlel¢tge crbost 8dndBnt The iopimpe. fnal G4 rcordentrsticat mrayl)depend on the

Iy t one bel.ow. [.O
Strg};tgcg{c::%sgst%grfgﬁ@ %l%#ggrfggl’? i t38 ﬂ{e ¥sgc%]a 88‘?]5)% %tam]ed and can be
detplmn¢¢iv}tIamlmwfenmemsmhuaﬁumlge purdeei ns and/ or nucleic
aci ds, as described bel ow. Al coholic preC|p|tat:on and
t 113 he Stre t ococcus capsul ar
mﬂl”i;o%ﬁarl 8111106} re[: gatécf oF coneminating; }Prptea'gn 91 9uoégc acids, the

capsmipmpcdyﬂnmawdé |1s h& it Q0ludith.NThe Gradififatcdasiteridl 2hn BY %E}?a!ré%ed from
rotei ns. These contanm nants can be renoved

the Qﬁiyﬁ%"ﬁﬁ ity any Bl Reans suehris By senirifyearns Bhe Digagatant can be
subfREEdRb @li8BERratiRVRNMSH pafttufir RS BRI QA BAESS n@%ﬂ}e}{? Fular filtration)

rat her than renove these contam nants enzy
in gqferolegemeve particles that may clog filters in later steps (e.g., precipitated particles

with a diameter greater than 0.22um). As an alternative to dead-end filtration, tangential
microfiltration can be used. For example, tangential microfiltration using a 0.2um cellulose
membrane may be used. The step of tangential microfiltration is typically followed by

filtration using a 0.45/0.2um filter.

Diafiltration

[00120] A step of diafiltration may be used. For example, if the method includes the alcoholic
precipitation and cation exchange described above, then this step may be carried out after the
precipitation of proteins and/or nucleic acids. Similarly, if the method includes the step of
cationic detergent treatment described below, then this diafiltration step may be carried out

before the detergent-mediated precipitation. In the methods of the invention that include
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precipitation can be used. If necessary {e.g., after
base extraction), materials will usually be
woewvnsd2iged prior to the precipitation. [0011B¢T/IB2808/003729
al cohol used to precipitate contam nating nucleic
acids and/or proteins is preferably a | ower al cohol,
such as net hanol, ethanol, propan-1-ol, propan-2-ol,
but an- 1-ol, butan-2-ol, 2-nmet hyI propan 1-ol,

ﬁlt%atf[}:ﬁtdgﬂga a(aR«?} Zf' lfér G fﬁ éat Oéxs\?n j.a Eﬂagqu? g%}ga](r:%r{\; ?Ttﬁxo{tlﬂg ailaﬁltration

stepnrjagebebcurdem outUletforalth‘zQ Hirrationu Chypacali! Halplof @Ih%ltratlon is used after
|) are preferred, rather than

I 2
the, FOBHIREOR o Pl B RARr mtsia B 1o ang bestrel thes dergent mdised
Riaoabl NtadeeskiiOad m c
prglp\?ﬂé a final al ccl)hg.(;ai1 coﬁ%gh??%tf %r?éggﬁg%ﬁtsfig& and
ﬁO%ﬂ1 around 30% . The nost useful concentrations
[0012 FIO%@ fijFation atami elve Padlisylaslye aoveagsiount iforbesé  extraction or

ph@éf)ﬂb(ﬁ&%t&@&t FadbtdiOR): Blea BF ﬁ-fé' @a:pglﬂ%ﬂ Q’% lfrarl%e as the group specific

pol ysacchari de. The optinmm
Sacebar@bnwﬂlaalsco havegeed élwéwdiyzned tohsvb fagmeitalnush rsﬁia]/lBLGthan the intact

ol AP et BRGNS BB A0S0 25,

burden. Precipitation of polysaccharides as ethanol

[001224 ondergentisli ftove diafibP4tioass bﬁﬁdfal obisefid@tod @RabBdneTdhBuld thus be one
may. be added_in a

h
toef e e oy BRDS 5l o (b8 Ot seelts antide whe retaining the
capemaf polyecbRlde At culiort 1 @8 Ak £ RBRAk aefs tg%?éalu §?f§aﬂer cut-off

th a preferred rati o of between aroun
SIZ%Sr ?ﬁ?n‘a: gipdpag thedydiadysis fraggergte of gl wupgpccim) anti @0 147 jgenerally

arohh€ 1 ?f@%c(@ E}ﬁérdg" B %ndh § Qné?%a (@eg? bwt lgt[e é?)tg Advantageously

met al cation. Monoval ent
allggrsaremoed] exf pthey ccmrtainldan;tamthoutdaetcrmgrs lass @f narotapsmureﬁéc}ﬁande.
preferred, such as Mj, M1, Ca, etc., as they are nore

ffj f clumj.ons .are
o123 AR B OB D s L A B8, .67, 5.0
10, grl efr emcarbol )Ty]'ainﬂ:lll}u deyckslofbingerc il ﬁbwrﬂldtfﬂﬂatloﬂlﬁ@?eff&ﬁé@le Between

i de/ al cohol .m xture in the form of

d.t
the ﬁ%g‘f‘ﬁ ﬁ?"é’ﬁfi F%C ﬁFHSﬁen‘&EFo@dh%@rSéd@éitraa% ey¢leymgp be treated with an

aceﬁﬂ WeiaLssdiugl RetaldQoleBbE! UMel &ﬂﬁtaﬁ{ %d%é&} ﬁx &/)Bepﬁﬁéﬂecg%j remove
the use of calciumchlorid The” cal ci um

Prerlaﬁ%iesa@r& usigrael-4h i pless eltte saspeeasmn medy dsmoeir addifian be filtered

usn%l‘a@gt“yrpﬁpgerlo and 500 nM (e.g., about 0.1 M. The
optimum final Ca concentration nay depend on the

[00124]  The diafiltration may be followed by further filtration using a 0.45/0.2pum filter.

Catjonic detergent treatment

[00125] Many techniques for precipitating soluble polysaccharides are known in the art. The
saccharide may optionally be precipitated using one or more cationic detergents, though
preferred embodiments of the purification will exclude detergent precipitation. Treating a
mixture of the capsular saccharide and group-specific saccharide with a cationic detergent
leads to preferential precipitation of the capsular saccharide, thereby advantageously and

conveniently minimizing contamination by the group-specific saccharide.

25



Strept ococcus strain and serotype fromwhich the
pol ysaccharide is obtained, and can be determ ned by
w0 ouvios7experi ments wi t hout undue burden. [ O00BRQB]B2008/003729
After al coholic precipitation of contam nating
proteins and/or nucleic acids, the capsul ar
pol ysaccharide is left in solution. The precipitated
mat eri al can be separated fromthe pol ysacchari de by
ny sui tahl e ans, .such as_by centrjfugation._ The, .
100126}, p & ?ﬁlgfﬂ%ﬂ?’ P deibiBewt ofPrt Wsenii: (B¢ § M5t o they dgvention are
tettabuf§@inirh6iith arano e@AtBaEyThmkions! | 9flts( PES ?en‘i’ﬁé:u'b% ide salts).
filtration) in order to renove particles hat may éPog
CGFXIVW%}’I?WPI&I? droide J€TAB) gs parieeleily preferead (Reft310) 6STAB is also
kb D i h .22 . n .
e e e St AR ol o2 T rgide, Cetavion and
Centimidsf Pther detexgants anrlisle hesadimethoine éxanidt end ingrigghtimethylammonia
Salgicrofiltration using a 0.2mm cel | ul ose nmenbrane may
e used. The step of tangential mcrofiltration is
typically followed by filtration using a 0.45/0.2mm
[00127]i | The .detdkgehi-htedmtddoprefipAdiad] stép St peforabli adldckive dbf @ capsular
pﬁ% ﬁg.used. For exanple, if the nethod includes the
Polypaeghidec precipitation and cation exchange descri bed
above, then this step nay be carried out after the

[00128pr eaidparttadebmdly,Ofhe RpbibRdl Nfetd B PredipifehiBh GnAC LS a detergent such as
§g¥1larlg, |f_&ﬁe met hod jncludes the step of cationic ]
CT, [%’iab@ﬁ ragts wah e agiskiesidpesdingbe sageharisiene.ghivia carboxyl groups in
theGiafcl ddid. atrhOReRE LRt DAY ¢ | R &i id-containi
ed(let g rgent - rredi6atg§d pr ec}lplgiﬂt} gf;éfégﬁﬁlﬁﬁﬁe £ iﬁggtrgréﬁ%%lggc S?Id containing
capsplar sgpgbaridesnandhparticadu deiget sacabdriles weithing aamixad lpepelation, thus
filt.er, - filtratign with.a protein adherent | | .
58 oSl bt 50 B L SRR b aids mey
havigdieerr darhdpat] if edrlieratdatment figpd.cal |y, a step of
diafiltration is used after the precipitation of

ot el pns. and/ or nucleic acids, and before the
gée'geo?ﬁze}?{f%n ‘di at ed precipitation or filtration using

orsg ISR S P R SIS e iy
the dotnapf agemipiexi With &fccabihic aletor Sht)0an HRASRBRMBIIBEY &Li@SLin aqueous

(\i{vas used [o rel ease of the capsul ar saccharide, as =
mediHR g dug 095%1& friegiugh ceatquaetswie-solehilizntinay BiebeEA cation in the
pred1ykit® Wil @nerhiBy 8L Y?leﬁ&@_@ﬁ%ﬁéﬁﬂ%éﬁ Al?cfho‘iit' <ri‘@-tszzylt{gilization, the
i ntact capsuldr saccharide. These small fragnents can
CTHecatienovib gensralihbe thitaifdd. t Fleet dhoive if egueofi® 04 @23holic re-solubilization
t] f iafildration ;s typical. The .
o RS B AL B Rbtined,an on any
contaminants still present at this stage. For example, pigments are sometimes present in the
precipitated pellet, and these can effectively be removed by alcoholic re-solubilization

followed by carbon filtration.

[00130] A typical aqueous medium for re-solubilization will include a metal cation.
Monovalent and divalent metal cations are preferred, and divalent cations are particularly
preferred, such as Mn, Ca, efc. Calcium jons are particularly useful, and so re-solubilization
preferably uses Ca, provided by the use of calcium chloride. A Ca concentration of between

10 and 500 mM (e.g., about 0.1M) is preferred. The optimum final Ca concentration may

26



that allows passage of hydrol ysis products of the

group- specific antigen while retaining the capsul ar
w@odogsseehari de. A cut-off in the range 10 kDapGDIHCDES/003729

is typical. Smaller cut-off sizes can be used, as the

hydrol ysis fragnments of the group-specific antigen are

generally around 1 IcDa (5-nmer, 8-ner and 11-nmer

saccharides), but the higher cut-off advant ageously

f ot ont gm.nants_ wit | eadjn
o30S SRRl SR ORI BEDS kbl SRAREE e can
dete;mine&bpforitlaélgﬁpﬁrin&ints‘\kfﬁwuﬂmﬂfddbhf@hl on are usually

performed, e.g., 6, 7, 8, 9, 10, 11 or nore.

'cII. cles of tan flow diafiltration
001311 B Bl afiaiis kel (ol i g borvd @y evengl. The same
alcbhkﬁs net@batRed@pitaios & hadleid zﬁ:ﬁdsl b ?ﬂ)t&ﬂy ?1& [‘r?ey ub®, but the

treated with an acetic aci d/sodium acetate so
congeatration nequirad @Eﬁéﬂgﬁabw ﬁﬁ&heb@pﬁlartseﬁéldnd@vmle gcrvaeally be higher,

e gprtﬁé:él%htoﬂs%ref@ragfy éﬂ%é&]% QV&Q a galrgi'aoﬁlo r%o%cer‘tr$ 19D 8Eb‘ﬁ%/|a‘ﬂ]g7 0% and

suspensit on e t1on
95% (&2, amuhd| TQ% 7[5%01&)% g3t6, Q0% ot t%&'&)l @he”@pﬁrﬁlﬁn final alcohol

cof LIRSl dE A SRR BB, 5050 P e sacharic
obthmefini v feve die Higleslcthd] 3bAdatraRIny BeB PR pYetascnar H?j GRohol with a
are known in the art. The saccharide may optional 8

lov, water pnitenters- 14 A 6th8RY- or nore cati onic detergents,
though preferred embodi nents of the purification wll

[00132@XCR9L@@1uHi$&@t[cgleﬁlﬂl BFREIR! dc@ld Mroold RA Lﬁ Pa@ux@ M\ Khir @o&fd tions are

he capsul ar sacchari de”and group-spe I C sacchari
pfﬁr?ﬁr%h%y avaidad: and re-elabilizgom wilbligisatlptale piage atrebioal pH 7.
precipitation of the capsular saccharide, thereby

[00133Rd VY Q&%Qlﬂﬁili}ée(?r}g QHQV%W% F?l é)u 1@5 n}efalt 08 1o the[ é)éel%flpltatlon

cont am nati on fie group-3% I'G sacchar i de
suspegstoncul ar | y preferred detergents for use in the
process of the invention are tetrabutyl ammonia and

et I [ (e.qg,, the bhromd
[00134 @hé rﬂrgrr%{‘rﬁg | glgfmgl gorb?}eﬁron rérgeg (tgﬁ' Aﬁ)cafagr%ﬁ rlf’chu?salplo saccharide
pregprézft@nr@):Hoévaéfbyh@lr)blhﬂﬁéﬂi dfsthalrﬁ?@:qbﬁt’mmprﬂ?saccharlde using a lower
trl et nmoni rom trinoni um
ol G T o B e s ﬁvepﬁivﬁaqréer&egew e further treated

to remeveldatandxaad. net hri ne brom de and
nyristyltrinmethyl amonia salts. [00127] The

[00135g 731}? fesvn}téar’frlrg.ﬁar ! ggg%g :ug:mttuaattllogsn W%E:r?epevleg nﬁ)lrng;‘ ggl?rgrlmnatlon is not
acceptable (e.g., for human vaccine production). This will typically involve one or more
steps of filtration, e.g., depth filtration, filtration through activated carbon may be used, size
filtration and/or ultrafiltration. Once filtered to remove contaminants, the polysaccharide
may be precipitated for further treatment and/or processing. This can be conveniently

achieved by exchanging cations (e.g., by the addition of calcium or sodium salts).

Filtration with an Adherent Filter

[00136] In preferred embodiments, the purification of the capsular polysaccharides will

further include a step whereby protein and/or DNA contaminants are removed by filtration
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pol ysaccharide. [00128] Advantageously, the optiona
detergent precipitation may use a detergent such as
WQCTIAB0snas i nteracts with sialic acid resi duesPCTIB20€8/003729
saccharide, e.g., via carboxyl groups in the sialic
acid. The detergent will thus preferentially
precipitate the sialic acid-containing capsular
saccharides, and particularly |onger saccharides
Wl{gfo%ﬁféé% %%{QI ﬁéﬁgﬁ,@g@g%@fwﬁﬁ%@w e g%)rt]éirrln agd/grgDNA adheres, but to which
theasspidaniotyshtchatidpdsds bt adhet drenBCivelk AVA BR&Med example of
q§®§%ed in earlier treatment steps. Re-solutilization
Suehyhiieh &) 2 SRRRAR Wltero Spitehlendhersnt filjers erqsleswribsidebeveon st ep
I's used, the polysaccharide (typically in the form of
[00137 canpf@ativhtBidghsh SdHetR iflieHRIaG rb@%géwgcﬁg B&ither filtration using a
re-solubilized, either in aqueous nediumor In
OAéﬁE@W%ﬁﬁ@*nediunl For aqueous re-solubilization, the
CTA cation in the precipitate will generally be

r RRINSQGyIPNo Metal cation; for alcoholic
re-solubilization, the CTA cation will generally be

00138] et Al AGHof FOR-£H9 gﬁw G | -
[ :_gr]e- sol ﬁﬁi lizati gtglaﬁg?/%ga pen%%g?ld t t’e%éé%glg@reo%f%g sfterp ocr’rf1 filtration
usipygjaghadhieenp diltgs ge.cHaprestat, i fortbit filtragidn seepd  ®e-Nuayetylation may be
inant.s stild 2sent . at., t hi.s st age, For exanpl g,
o RS ok, RESAET il ol TP cBilae B ERY Fave been
de-pleadetigtedynfivr t dumsplec alnrieg fthet bage| tyeabgent edmvEstddYbove.  Controlled
re_]fQIcohglf.ic re-solubiHiﬁ?tion foll owed by carbon i )
TV RHPR G20 COBERENLIX Heypprfosmed ygiag A rsaaent Ul @f acetic anhydride
(CHLERO UG ii&as9.0AmiMohlunt HidadiRaR [REakIsCat aPTX1989) Infect Inmun
Monoval ent and divalent netal cations are pre erred,
ST:4P-Mlval ent cations are particularly preferred, such
as Mh, Ca, etc. Calciumions are particularly useful,

IR disrimalkli | 1 zation preferably uses Ca, provided
by the use of calciumchloride. A Ca concentration of

[00139!?9t HEeithet Qte@rlﬁ d@egﬁtrm\ﬂn{lﬁa}gbe che¥ bu fc;lrg%(gliélﬁlgpe{)fﬁf fe%g?g:'etylation.

he optimum final Ca concentration fmay
Thegfip@ledenymey se sutied ppasidesmbuhitutve i thepottimaattat ¢ Diafilration”.
IS obtained, and can be determ ned by routine

[00140FX PEfd d?@fmr%idé‘i; 118?{??% ;&1‘1‘8%8 bP %rlﬂ]%p ﬁlt%a Q4 3khe @g@é@d%ﬂ% filter.

al coholic ne re-so I zationis
et hanol . The sane al cohols used for precipitation of
dWealgqaterigl ds and/ or proteins can be used, but the

[00141]  The polysaccharide is preferably finally prepared as a dried powder, ready for

conjugation.

Conjugate preparation

[00142]  After culture of bacteria and preparation of capsular polysaccharides, the saccharide
are conjugated to carrier protein(s). In general, covalent conjugation of saccharides to carriers
enhances the immunogenicity of saccharides as it converts them from T-independent
antigens to T-dependent antigens, thus allowing priming for immunological memory.
Conjugation is particularly useful for pediatric vaccines (e.g., ref. 22) and is a well known

technique (e.g., reviewed in refs. 23 to 31)
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concentration required for precipitation of the
capsul ar saccharide will generally be higher, e.qg.,

wo b@asrohol is preferably added to give a fi neCT/IB2008/003729
al cohol concentration of between 70% and 95% (e. g.,
around 70% 75% 80% 85% 90% or 95% . The optinum
final al cohol concentration may depend on the .
Strept ococcus serotype fromwhich the polysaccharide

$1S ' -TO hi eve. the. hi gh al cohol . . .
mﬂ“@on?@‘%lftgﬂrrgf?a%%; l%rﬁ%hnsiatre P%Ct%lragog‘l’r}seod %?’601% §ueh Bafipfptheria toxoid or
tetautshtogoidow e CRM L Ot revtant 6f giphth@Bdotetiharefs 34-09182d particularly
[ occur. _at room

’ Jlization will tyotcarl . - 2
Prﬁggﬂ%gl?%{%ﬁ 12”%5&1519 RGPS D Bt g spiiare pappy Prateisdigelude the N
menittitids SetRlehbzaab ippstei (‘R'ef.t%F’,i Aihbitc g@jﬁﬁe§¥f?é§$ 3i%té37), heat shock

about pH 7. 400133 .The re-sol'ubilized nmate . '
profeigh (§efsu? i353% dparvissis ipvaseine (Refe 4h4Lprgokipes BRafon2), lymphokines

' 4 d f.er. preparin ..
I e .
muflighle dwaen D4 B lcalb epitaes ifiom @efrio}uh @atho mi—dlﬂ'éivad aﬁité) gegs (Ref. 43) such
o= RSVRRE A Ol R hin i ieris (bl yuiseamenectlage proten
Psfhie (Refl e pnéun@aysedl (ReT, 4@@M@u§tﬁﬁé ﬁi‘&é{ﬁﬁbr(‘ti{%f 4[99,\%%%5]A or B from C.

Jhis is particularly inmportant in situations ere o
dIEGTEnREtnd): & SHbRRTaRini(sfe padowb(RefcEBpetabl Attgabment tof the carrier is
v ' dygt i widb S Wel Iy D] involve ..
P Fe e FRRRIEE" PR s oty leiBhe th 4 BB Siotein, o
of g1 sngindnd repidud. i Whewsta seochtidobaps faet dldehtydel goap biosm thB\ca Geact with

sosize filtration and/ar ultrafiltration. Once.
an #@ﬁ% enrle ae (ia(t)rlerl éo ({/rgl %%qw%eﬂtglnrteg?ctltv'q éﬂlﬁ@ltlyg.aguﬁ)aq f:(a)éugate may be
crea®y B gnnitive taﬁtilﬁﬂioﬁghvcflumg ra@romilgai Qﬁf}ﬂtos@ﬁg/ tgé saccharide (from
ocessing. .This can be conveniently achieved by
Whgi‘é}‘?a é?hr}(ge &Sa{gyfﬂaf‘é qnd 35, amigg in He CaBr#r o dh thet linda- cAttashment may
als@be $RGI SN S8, 3)g, kel i@ dnath d@"atcgst@ﬁxe pdigkent Fil ter
[00136] In preferred enbodi nents; the purification of

t he capsul ar pol ysaccharides will further include a _
[00144; o]§ 15RRISEVY IRt iapis thkiLee CANA Rroteim e datotrsduneghe risk of carrier

d y i .1 ' . otein .
e (LA R bR e o e e ¥ fiePas sains o
sergfpipest o guliifthserdippechpsedharidgsahighlocdumiigdeddo ERMIDI7 while serotype

.e Of. weak adheres. / eferred exanpl e of
o g S A 8B A L G SRR e e
carfierl firetetn fure whetiauldrb@cbhal@y entigen, e.g., serotype III saccharides might be in
two groups, with some conjugated to CRM197 and others conjugated to tetanus toxoid. In

general, however, it is preferred to use the same carrier protein for all saccharides.

[00145] A single carrier protein might carry more than one saccharide antigen (Refs. 52, 53).
For example, a single carrier protein might have conjugated to it saccharides from serotypes
Ia and Ib. To achieve this goal, different saccharides can be mixed prior to the conjugation
reaction. In general, however, it is preferred to have separate conjugates for each serogroup,
with the different saccharides being mixed after conjugation The separate conjugates may be

based on the same carrier.

29



[00137] The filtration using an adherent filter may be
followed by further filtration using a 0.45/0.2mm

wo 2oob®8127(ke- N- acet yl ati on [ 00138] A step of PCT/IB2008/003729
re-N-acetylation may be carried out, for exanple after
a step of filtration using an adherent filter or, if
present, further filtration step. Re-Nacetylation nmay
be advantageous if sialic acid residues in the GBS

a I chari des .have been. de- etylated, for .
(00146130 Gnfilea @S e %%%%EQ%PWF%I%@%W/&%‘%@& By Protein (e.g., 1:5)
anCexdesobdcelthride (Mlga Gelt) kapreRired 2R aGONAREEN 0 YanAS 1 ire’ preferred, as
¥enfo med usug%zarea ent such as acetic anhydride
ar

tehsteyeen d: 125 pid E95anReiashehwiesak:bonditdel pioedseprsfonted. With
. . 7: = . h . .
gl AR SO AT OIS g, i
prayigdesye ceripgatedwberein thercoajumaiel eonairises a Streptococcus, preferably a S.
tion nma carried o

-\ a |at | .The diaf.iltr b t
asbf8oie AR h8Ronde oo e Ty Gty Bhers the”wefght raio of
sactharafet tdrriat is anfeastRA0140] The diafiltrati on may be

followed by further filtration using a 0.45/0.2mm

ilter. Eji.nal mat.erial [00141] The | ysaccharide is )
0014717 o EhpgfiOR 1T para abountcnt Bee geuer W sagiven carer
profigifi i€ preseiah iboth 16 Bhd B6HjSedRAhah | LB RRkIAl orARLL Slvention, the
culture of bacteria and preparati on of capsul ar . -
un‘i%‘l%gg dora isqeferaplyanogmererthan e ofiths tetehjrguat efthewarrier protein in
iar i S i n 0] j) ati o
e B0t 1 e BRIBARN oo S R R DN R B
of saccharides as it converts themfrom T-i ndependent
[00148), ¢ A@gn%litpl@je TeopEgatiele meaction icgenks, usddysvigd laoyi sagable linker where
ned@§safy) NG for immunol ogi cal nmenory. Conjugation is
particularly useful for pediatric vaccines {e.g., ref.
22) and is a well known technique {e.g., reviewed in
[00149} ef Ehe s@:chayide1 WilD Oupda]ly Free hetivated mraﬁmb‘édsnaﬂiﬁ@i PritS tcabﬁrgugation.
terjal. toxins or taoxoids, such as, diphtheria toxo
AT TR i s 0P Sorhe i AR b oF FIR AR A - L-cyamo-t-
dintethyilamiq&RelysdBAm3 49traflsodbparcd (Ru. ul ¥5, etc.)). Other suitable techniques
use carbodiimides, hydrazides, active esters, norborane, p-nitrobenzoic acid, N-

hydroxysuccinimide, S-NHS, EDC, and TSTU (see also the introduction to reference 29).

[00150]  Linkages via a linker group may be made using any known procedure, for example,
the procedures described in references 56 and 57. One type of linkage involves reductive
amination of the polysaccharide, coupling the resulting amino group with one end of an
adipic acid linker group, and then coupling a protein to the other end of the adipic acid linker
group (Refs. 27, 58, 59). Other linkers include B-propionamido (Ref. 60), nitrophenyl-
ethylamine (Ref. 61), haloacyl halides (Ref. 62), glycosidic linkages (Ref. 63), 6-
aminocaproic acid (Ref. 64), ADH (Ref. 65), C4 to C12 moieties (Ref. 66), efc. As an
alternative to using a linker, direct linkage can be used. Direct linkages to the protein may
comprise oxidation of the polysaccharide followed by reductive amination with the protein,

as described in, for example, references 67 and 68.
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preferred carrier for, as is a diphtheria toxoid.
QG her suitable carrier proteins include the N

woreowsgi2vé di s out er nenbrane protein (Ref. 35)PCT/IB2008/003729
synthetic peptides (Refs. 36,37), heat shock proteins
(Refs. 3 8,39), pertussis proteins (Refs. 40,41),
cytokines (Ref. 42), |ynphokines (Ref. 42), hornones
(Ref. 42), growth factors (Ref. 42), artificial

roteins._conprii sin ltipl.e human CD4 T cell epitopes
0015 H; T pRPes BV Fe e it P o PG e rergto thedpeaatife (c.g. by
reacing tedm{@eE0 déhps WIHLRHD) BIHRMYY. ddivhii (Reldipic di
45, 46)., pneu %gc%sal s,urf.a)ce .p())r ot g? ndéggé%é(ﬁ?{%?ﬁ thﬁ?fédlp lc diester
(e.g.n Fy%l‘r?‘l I%T%gﬁqoxxwgmlm]gﬁ_@gtgﬁ eanglr exastions Wikefcard®) protein is
dfQ¥ed) Andih InfulsésCd ioR Wi 2 :
prpr otein (seerg r%g?é(?mt/)g a%t%(&elfu.Sésgdiﬂ))sP(gta‘g‘? ﬂlﬂ?@ a{tc aﬁ%r%%u{% e

éarri er is preferably via a -NH2 group, e.g., in the
[0015%]; geAkgroniugntien, fips and conjegathdesagaharidesaian be segaratediThere are many

&4 Of gi: i egi ere a saccharide has a .
s Py a ank BN onl 0y R BREERT ieanta eatituetion,
diafitiration, arar(séeasotrefst 69 & 20, ero))j ugat e by reductive

am nation. Such a conjugate may be created using

ed LV ] nat.i.on L pvol vi an, axi di.ze alactose in . |
o015 45 Re3BNRBL Aot kP BP0 SUSsd e,
is pefearednthat degoly@n@diatib® hra2éddsnednfatibflkes.; iAbLRENIBRGLtion of the

.also be via a -SH group, e.g., in the side chain
sacgﬁ%ﬁécystei ne residue. [00144] It is possible to use

nore than one carrier protein, e.g., to reduce the

[00154] i sla ofie qREfeired c%ﬁﬁxgﬁﬁ—‘&ﬁ in@hod] U Saddhdd Rl RN eatRA" WhA adipic acid
roteins can be used for different Streptococcus

dihgqlr@g ﬁsFo(glserggriogpfpéggboéijrgi_dp nep3lsdrectdgdpdat this stage. After a reaction
erfRC SO it MMy d :0nidigatsd; 9 7. whi | .
PelSer ot ypedcl%%nsacc aﬁaagégQérln&éghtﬁ%é‘}ag%%%q%%g\%aégetante[g?”ahﬁ?wparech
e.gt by sltafiltations al so possible to use nore than one
carrier protein for a particular saccharide antigen,

00155€- O9The &&LALYRE L gaschar i des mght .be in.t gr oups,. )
(001555, Ot SRR R b §€ FOMRRG M gl i Dl Gtibtheia
toxeid), teed earbeditrodeiicadded Afenanedctioh p¥wasE the dohjulete can be recovered.
preferred to use the sane carrier protein for all

ORGSR glri des. [00145] A single carrier protein m ght
‘ca‘r-rg— 52, 53).

nore than one sacchari de antigen (Refs.
00 or L.a:.si.ngle carrier, protei i ght have . i
[ 156E0n,]&553g$gl e% Clél_%lnig tggﬁtg?lsa_eisﬂé@dfagwﬁ’ %ﬂﬁ’% Etheipvegtign mgy include
furthier sesi eFer thingplgohb méthddsemntinchaech afeh AFSdGBnRGization of the
m. xed conjugation reaction. |In general,

. &llr [ %% to . th | '
apytferpsrharides.; ates, ey are gTapared afjems g abastesiaciij befatceeonjugation.,
DepoBim2R6#lorSRUAGHS Wehain length of the saccharides and may not be good for GBS.

For Streptococcus, especially GBS, longer saccharides tend to be more immunogenic than

shorter ones (Ref. 71).

[00157]  After conjugation, the level of unconjugated carrier protein may be measured. One
way of making this measurement involves capillary electrophoresis (Ref. 72) (e.g., in free

solution), or micellar electrokinetic chromatography (Ref. 73).
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with the different saccharides being m xed after
conjugation The separate conjugates may be based on
w0 b@ossares carrier. [ 00146] Conjugates with a  PCT/IB2008/003729
saccharide:protein ratio (ww of between excess
protein {e.g., 1:5) and excess saccharide (e.g., 5:1)
are preferred. Ratios between 1:2 and 5:1 ire
preferred, as are ratios between 1:1.25 and 1:2.5.
ti mween 1:1 an 1 are also preferred. Wth
f0015§15. oBfer BEANER b, e RO o e Hyfaefitiemedhosias gy e measuied. One way
of smkirigahis decabetyitiindlves HP ROPAD (RfhgD)i nvent i on
provi des a conjugate, wherein the conjugate conprises
Strept ococcus, preferably a S. agal acti ae capsul ar )
[0015%], A G F P A chepdating somigred saeeheridy ARm unconjugated
sacbBh@dd miabe As@f. ©A6 GHF dU€parGdd IhSbe sadcitlride b
L00147] Cbnpositiongnﬁay i%clu.e aE%naﬂ%&hngﬁﬁ%1§F%Inmh0dthm
selpetiElycRiesipiptes YR pOIBPQIielie nSdeativi gregipitition mficenjppasd siccharide is

rd ' f.orm i.n_a conposition qf
Pt At E anCOER LOB A i Ol D & TRR ity weatment
Refob®. t han 5% of the total amount of the carrier
protein in the conposition as a whole, and nore
ref ent_ at less t.han 2% wei ght. [00148]
foor60) TP Bt BIBRR s o1 e FulRE T il B Hig tac/opmatar mas of a
corgngats mayaisl eartiediver. Wh paircicleg eissations Y48 mERGired. One way of
gaccﬁarlde Wi | | t¥p|cally_be activated or ) _
MaxigcCSh QISP EHT drvaleescys; qyelusion chyematostepion withy detection by

muiti@leViesht EiteBXD PR Emey BRY hitfctdigal SRIEBES ?K%CNALS/RI) (Ref.
CDAP (e.g., |.-cyano-4-" di met hyl am no pyrld I um

74} etraf | uor obor at e (Refs. 54, 55, etc.)). Qher
sui tabl e techni ques use carbodii m des, hydrazides,

C"ﬁﬁf% YeEcofifhSonsNOr bOr ane, p-nitrobenzoic acid,
ydroxysucci ni m de, S-NHS, EDC, and TSTU (see al so
[001614 he Thai s UshjRBtel Qaf BF SHENF ' LEfK
via a |linker g%gjp ﬁay gga%% e£%§$%%&%%§9ﬁﬁbgﬁEgg%ﬁwumo“mmm
Seregreiedur e, for exanple, the procedures described in

references 56 and 57. One type of |inkage involves

001621 € ' i: i.0 ol vsaccharide, coupl.ing
00162 SO BIDGHLN g8 RSN praf U 19 5. . 7
OV.ald, d8Ci e 2 VU T heamdlvidhavonjogibs o therPbOi@ted, intorii&io provide

d of the adipic acid linker group (Refs. 27,
apﬁggﬁéﬁfawa%er i nkers include B-propi onam do (Ref.
60), nitrophenylethylamne (Ref. 61), haloacyl halides
[00163] Relt .is BB , poghiyleosi wixc al selek@gatin{tBebof BRligatbs to provide a bivalent,

trivalent, tetravalent, S5-valent, 6-valent, 7-valent or 11-valent mixture (e.g., to mix
+3+4+5+6B+7F+9V+14+1 8C+19F+23F, 4+6B+9V+14+ 18C+19F+23F or
H+4+6B+9V+14+1 8C+19F+23F, efc.).

[00164] For GBS, conjugates are preferably prepared from one or more of serogroups la, Ib
or IIL

[00165]  Conjugates may be mixed by adding them individually to a buffered solution. A
preferred solution is phosphate buffered physiological saline (final concentration 10mM

sodium phosphate). A preferred concentration of each conjugate (measured as saccharide) in
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am nocaproic acid (Ref. 64), ADH (Ref. 65), C4 to Cl12
noi eties (Ref. 66), etc. As an alternative to using a
wo 2ookm81276li rect | i nkage can be used. Direct |iPREEO0%@®3729
the protein may conprise oxidation of the
pol ysaccharide followed by reductive amnation with
the protein, as described in, for exanple, references
67 and 68.[00151] A process involving the introduction

to .t sacchari . g.
thé?féneﬁ%&ﬁ;rcg[s%%%eenq ar %) %B'i egis tbﬁ{j eiq,(;&)a%rio]'q g Sbl?h as around 8
ugd’a]r IA(HIDpHQtaﬂ almihiinh sgln a(gdifdhlt naH RSdGEd bithS: stagd b %' Qo give a final

dro succinim do dlester) and reaction

AlcaCrOP?eé’Fa Pibe eﬁ‘”‘?%%%@e@?%“"l&not her preferred

reacti on uses CDAP activation with a protein D

[00166]ar MifeF mitidf kbehixeAicbfugRON M IR LRI fifid 88 and
conj ugat ed sacchari des can be separateé There are

phRN sui tabl e nmet hods, includi ng hydrophobic
——%ﬂpéﬁ%¥§§¥§§ﬂ¥ﬁﬂﬂéﬁgentiaI ultrafiltration,

iafjltration, (see_also refs. 69 & 70, etc.).
L0016 oof@%ﬂugmr@% cBhpBsiheiorPiothe Heventipantchonbe combined with

phérﬂﬁbéiﬁﬁ&l c?at e bBFiZE b GARAS Ghald da%’y dekridyS th%it does not itself

preferre depol ynmeri zati on precedes”conj
mdéwfg the prodpetiosr @f %R’étbpdﬂaﬁ ibormiut ta e s@oddhel Irek&lwflg)(ﬁiéé(}mposmon

€ a saccharide is
SoHIERE RS S WP LR TR R SuBEURL Sl o,
pol&@cdmﬁldle‘m ]ﬂﬂylﬂtﬂ}c aidl&o poby ghyitdRe aaidst bél?m%ﬁ@&ﬁnneﬁfaﬁﬁﬁ #nino acid
actlon un1cyanoborohydr|de i s added

cofgiiGie PeBies dehniTs diiosn PHoRPHo dreigissedice. . ilbgkoplets or

lipdsbinkedf | Such @birRfs aré AR AAbwARE t8E bY BidiAed slﬁﬁ‘fﬁ; 'ﬂférdrfj ®rheSvaccines
then mxed with carrier protein (e.g
maiﬂ.%ﬂ ROHPE {ilieatsdyuchapy V@éﬁfb@dmemgb@emé addedddifibhaly, auxiliary

b i .rec red.
su Elt%g%té ﬁglé ?g%\lbﬁﬁq of &F}Jﬁﬁgﬂn? g%&%n?s u?ﬁ ering P@apeg nEESs %Iﬁ tEug iake may
be pgesns, Smgtlh pﬁ@g@f-frﬁzh qohlospmret-bﬁfemmp’hysﬂm{)gig €alfndrik B&S/plcal carrier.
i nclude a_step

exa S of
A BB g B beGpec AT petr i S ausiabla reterence 75.
they are prepared fromthe bacteria but before
[00168]:or\¢<lzlg]aisutmms rgpinkinde ran zAatinderobial yaateul g ﬁ@bﬁhg@ M9 multiple
dos % sacchari des and nmay not be good for S. For
5 55 ococcus, especially GBS, |onger saccharides tend
to be nore |nnunogenic t han
[00169] Compositions may comprise detergent, e. &, a Tween (polysorbate), such as TWEEN

80 (TM). Detergents are generally present at low levels, (e.g.,>0.01%).

[00170] Compositions may include sodium salts (e.g., sodium chloride) to give tonicity. A

concentration of 10+2mg/ml NaCl is typical.
[00171]  Compositions will generally include a buffer. A phosphate buffer is typical.

[00172]  Compositions may comprise a sugar alcohol (e.g., mannitol) or a disaccharide (e.g.,
sucrose or trehalose) e.g., at around 15-30mg/ml (e.g., 25 mg/ml), particularly if they are to

be lyophilized or if they include material which has been reconstituted from lyophilized
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shorter ones (Ref. 71). [00157] After conjugation, the
| evel of unconjugated carrier protein may be measured.
wer@inste7®f making this nmeasurenent involves cREI/IB208/003729
el ectrophoresis (Ref. 72) (e.g., in free solution), or
m cel | ar el ectrokinetic chromatography (Ref.
73).[00158] After conjugation, the |evel of
unconj ugat ed sacchari de nmay be neasured. Oneva?y gg
[ t Bk sc.nmeasur erent i nvol.ves HPAEC- PAD ( Ref. . )
5By oA BEFEEBHP TR Joo bOPRIEAERY 6y B8 pised fgyeromnd 6.1 prior to
lyophiljzagat.ed saccharide from unconjugated saccharide may
be used. One way of separating these saccharides is to
se_ a nmethod that selectively precipitates one
100173 - SORBEESS gy B efpiisiFred ippaniinebin o thubyr ieeeregulstory agents,
In paticlar, cotpdsitidis SR bRy AQudeAVR B Qgﬁkx%ﬁg}/\gﬂgants which may be

saccharide in solution, “e.g., by a deoxy _
usqdrig spmpRAtitigrReA thegpyentipn GehBle, Infttarrnat dinjited4e:i on, a step
of measuring the nol ecul ar size and/or nolar nmass of a

CANMVERSEL LR &sid ut. In particular,
di sj%d?i buticonsm;r?l%y bé;dfqrg%ggr ed. One way of making these

[001747E a%ﬁ&ﬁﬁi@)ﬁ_ﬁdiﬂiﬂ%@élﬁ}ﬁﬁitﬁhg i].ea)ére! fHﬁhs%QlS %?J{uggﬁg f9h& er%ntion include
with detection by ['t1angle l'i'ght scattering
mingsghsehptspch aneunirfuinesadis tahd calciir sadts oemixtures thereof). The invention

: - R . 74). .Conj ugat e conpi nat.i ons

mcf‘@g%6%ﬁ{r%d%%lfsg l?g%h cagnj)lﬁargfiggs c%rg"beoxb’ %CB'%IQBS)’aé’hosf’hates (eg.,

hydtesyphbiphdteabardephdphatas)y sIBpleiieE) GRC CRISE. @.%[,8@? Q@Hibters 8 & 9 of ref.

' or one or

T BTSSP e coppogn o mibiRe coppowls g any sutabe

forh9fe. g. 2R6N, 23Ystalllie dntibndudUadc.)Cand Ugat %ﬁsoﬁ@fbnt B&Re l]J?eferred. The
. xed, in order to provide a polyvalent niXxture.

miregyy FRBPINIRE Gosnpepisionpoey klsy be faymplakedeassglagiiect metabatt (Ref. 77).

of conjugates to provide a bivalent, trivalent,

et t 3 . = -1V .11-val ent .
[00175]rri Xzfxﬁl\rﬁghl?rgpélf);@h%’lgk %fg x‘”"‘ﬁ%ﬁ%’éﬁ%&ﬂ%’ﬁq g{ﬁ%&rﬂ in-coniSosftions which
inclgds a9F-+2g Renzae 6ReBViE Antig 80O B+ BEaload] dvedt GBBOApA s laluminum

hyd%&%ﬁgs*bﬁgt%’ with CP(}‘{/Al molar ratio between 0.84 and 0.92, included at 0.6mg
Al”/ml.

[00176]  Adsorption with a low dose of aluminum phosphate may be used e. g., between 50 and
100 pg APP* per conjugate per dose. Where there is more than one conjugate in a

composition, not all conjugates need to be adsorbed.

[00177]  Calcium salts include calcium phosphate (e.g. the “CAP” particles disclosed in ref.
258. Aluminum salts include hydroxides, phosphates, sulfates, erc., with the salts taking any
suitable form (e.g. gel, crystalline, amorphous, efc.). Adsorption to these salts is preferred.
The mineral containing compositions may also be formulated as a particle of metal salt [77].

Aluminum salt adjuvants are described in more detail below.

[00178]  The adjuvants known as aluminum hydroxide and aluminum phosphate may be used.

These names are conventional, but are used for convenience only, as neither is a precise
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[00164] For GBS, conjugates are preferably prepared

fromone or nore of serogroups la, Ib or IIl. [00165]
w@onpogares may be mxed by adding them indi vi BURIB290s/@3729

a buffered solution. A preferred solution is phosphate

buf fered physi ol ogi cal saline (final concentration

10mM sodi um phosphate). A preferred concentration of

each conjugate (neasured as saccharide) inthe final

. g. 5 and
aclfiibil) B 8 RGN EMcPL B SR AR is RSP e Chen e Trence
765l He fﬂdﬁﬁimn@ann‘mé 48 edgedhalrokites ot %gquﬁteg adjutvgnts that are in

ve a fi Al 3+ concentration of between .5
geﬁgFé‘?lr’r‘lsﬁ as T‘g YP86] After nixing, the mxed conJ ugat es can
be sterile filtered. Pharmaceutical conpositions

[00179]00The | adjatdntdak@sviP! 8086 iRNnTChNRESi0f 4he %plcally aluminium

i nvention can be conbi ned wth pharnaceuti cal |

oxdydepridesielis, d’ﬁ?l?h ae gsuadiyoh legstraiteally Crys&ﬁlhm:beAdmymuam pxrydroxide,
whidh@Ea @SreB néds %ny thle! E"ﬂiﬁlat R?O@f@dua ! g(? \ﬂo ﬁjil&gllnﬁléed from other

antlbo I es tot I'ndi'vi
aluuomtpmsmompnuncﬁul swhl elscalumlmnﬁl diydrdxi@y CAl(OH)), abgeinfrared (IR)

I I ¢ch as protei
st TR AAGLIE B P LOAPL SF U S 050, R LTS o oo
shqmtlﬂeyratr.%@oaﬂl(]ﬁ)@ma]c|[@1ﬁpte§m9 Re RE doiconRl ¥ Eé’ofs&g§t8ﬁﬁﬂy of an
trehal ose, .| actose, and |ipid aggregates (such
alugyinimdyydrayide %dﬁa@ahﬁgyﬂecad&y theidth of ther & W@tlbn kmm half height
e ne
(WHH)t g@tglgpdgglr}{?%‘?étglglh%’ éﬁiclsejs s'ggxévt]r@agéﬁtte{ hEQ %ro enlgg e to smaller
Cry@tla it piges, Thecurfacdares dmaédsys asaWHHiiacrya&s;khﬁidad&ﬂa&nts with higher

| sif H. buffering
S ST e VR AR GBAET B LB .
mofphologg r(efgr ae se@hﬁﬁﬁbﬁﬂnﬁsd&iﬂ tleEtesh Hh&%g@b@g'@ t$Fkd Br bRiminium

t hor ough di scussi on of
hy“%?fﬁﬁr%‘@%‘%“c F;P QEA]é'B’tlI&Bmé“Yé%Eilfﬂﬂ ahwantssis aypeallaipbeuti I i.e. the
adjﬁ@fxf-‘[t@dﬂﬂﬁag@ Ipohﬁ@é—@@l’ac@%ﬁ@t%@ a Ip Hyﬁﬂlggﬂéal }Iglﬁl Hgg‘or?t?v cfagacmes of

antim crobi a particularly if pac
betﬂ?ﬁ?e for-fravg PrUenesy MemMdosi ati Pl s/ 4rapve bepr irgperted for aluminium

&£ 9., a Tween (polysorbate), such as TWEEN
80 %‘5{”&3}; Betergents are generally present at |ow

| evel s, >0.01% . [00170] Conpositions may
[00180] nCTl@deadmmamlﬁ;laWns ag e “gumirsodi whosghate’i ded typicgily €aluminium

hyd&oqglbﬁésbxates, often also containing a small amount of sulfate (i.e. aluminium
hydroxyphosphate sulfate). They may be obtained by precipitation, and the reaction
conditions and concentrations during precipitation influence the degree of substitution of
phosphate for hydroxyl in the salt. Hydroxyphosphates generally have a PO,/Al molar ratio
between 0.3 and 1.2. Hydroxyphosphates can be distinguished from strict AIPO, by the
presence of hydroxyl groups. For example, an IR spectrum band at 3164cm™ (e.g. when

heated to 200°C) indicates the presence of structural hydroxyls [ch.9 of ref. 76].

[00181] The POJ/AP*" molar ratio of an aluminium phosphate adjuvant will generally be
between 0.3 and 1.2, preferably between 0.8 and 1.2, and more preferably 0.95+0.1. The

aluminium phosphate will generally be amorphous, particularly for hydroxyphosphate salts.
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concentration of 102mg/mM NaCl is typical. [00171]

Conpositions will generally include a buffer. A
wp@b@spkrere buffer is typical. [00172] Conposi t POTYEB20€8/003729

conpri se a sugar alcohol (e.g., mannitol) or a

di saccharide (e.g., sucrose or trehalose) e.g., at

around 15-30ng/mM (e.g., 25 ng/m), particularly if

they are to be |yophilized or if they i ncl ude materi al

en rec nstituted f phil i zedmat eri al
A Y0 LB oB B EEROR, Aty bpreR et Wtp oAl molar rati
betwetjetl ﬂ&ﬁchnﬂd) 2, Guoheted. al OB ORIt fnl! VIRPAliiA&h fABs l})ha’te will generally

[001 gat es nay be adm nistered in conj
“ﬂ%? nidregeTRhobay atgesensn transipission clécaon mlcrographS)

ygﬁﬁp@iﬁin'éie%nc?f e |plartféfel§ ahd Yo QQ‘L eO g 2\'5??10% a@?ﬂttﬁhﬁﬂtm) after any

dj uvants which be use
anfiigppeadsorption. pPgdsgtpgve bajtacties oﬁbd:twieerrr[)ﬂ eld5 i, prétein per mg AI™" at pH

7. 4|\ﬂar\]/§ b & g(wte%l ) Eﬂg]{“ﬂ% Ellaén'hgfg; 0174] M ner al

cont al hi Ng. conposl 8use as adj uvants
in the invention include mneral salts, such as

[001 821| uithe poing af z&‘omlndrgea(lPZCl) of SRintiBiuGD pheBpKity i€ versely related to the
ncl.udes mneral salts such, as

de%reea Iog )%l]%fggll-l{)g oé‘ pho EBL&;}%,@F Syl anill Rlyis &egqegé)f{sgbqjltunon can vary
de}fby;dfn(gﬂhpﬂa@@m&bﬁﬁltloﬁi Eﬁ@@&iﬁ&ﬁ%ﬁoﬁ%ﬁ' rea%%’el%lG @e@%@r Fiefaring the salt

see chapters 8 & 9 of ref

by %{%&mﬁaggn SE CGisrefseradisredhyribenging mmaﬂw Df‘lfrt‘mp,hosphate ions in
solﬁ@&fpﬁ%}g ?h&s@hétgg ¥ Stk Jg‘i%)) fbg/r g‘d&%tagou'ﬁgsg et g pistidine buffer

crys anor ous,
(miesis Ny @ riedrer hasit). Fﬁhenlmtme rphbsphatet aisad mgc@rdhigml theOiSention will

| at ticl f t t
el a3 05 B2 o Pk B R SR ey fcen 5°Cand 65 .z about
5.7particularly preferred, particularly in conpositions
mhich i nclude a H. ianuenzae sacchari de antigen, and

i cal ant phous al um num
[00183ﬂ d LE%P ;5#3:(‘&“\%?‘{“}‘15 B t?r@re&ﬁler%&mwsa@pméﬁwomsmon may

conaaﬁﬁi aOb\&?er (eRChusiRepiate Or Q%tﬁkn'@ﬁné Trls but this 1s not always
Adsorption with a 'l ow dose of alum nump osp ate

necEsafys eﬂleesﬁpenst%lﬁ vige rpreforaahid sttt Ayl Ay®gepdreec o Jsugmmaon may
incRAE ﬂ@%&ueo}ﬁ‘ﬁﬁ PB&QF F&ls'e gg ? it Lap Ao tra%og) ueg\g ie@ and 20 mM,

conposli esS nee
prefepably B3twean &iandnl§ ah¥s amdlmlotfdme%zibd:y a0 0P TRe @ pdnsions may

alsd Onpr AR aiRa i Clags di sclosed in ref.

[00184]  The invention can use a mixture of both an aluminium hydroxide and an aluminium
phosphate, as in DARONRIX™. In this case there may be more aluminium phosphate than

hydroxide e.g. a weight ratio of at least 2:1 e.g. >5:1, >6:1,>7:1, >8:1, >9:1, etc.

[00185] The concentration of AI™ in a composition for administration to a patient is
preferably less than 10mg/ml e.g. <5 mg/ml, <4 mg/ml, <3 mg/ml, <2 mg/ml, <1 mg/ml, efc.

A preferred range is between 0.3 and 1mg/ml. A maximum of 0.85mg/dose is preferred.
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258. Alum num salts include hydroxi des, phosphates,
sulfates, etc., with the salts taking any suitable
wo coomio§e’g. gel, crystalline, anorphous, etc.)PCT/IB2008/003729
Adsorption to these salts is preferred. The m neral
contai ni ng conpositions may al so be fornul ated as a
particle of netal salt [77]. Alum num salt adjuvants
are described in nore detail below [00178] The
a y known as al um num hydr oxi de and al um num
[ sp{?’%é@ﬁg@ be used. These nanmes are convent| onal
ut for conven as_.neit her
mOleﬁr ec(:jl’il lgg gglcorn i PYTRSAMGRS tsﬁlga%gec{?faF%c?ﬁeﬁqJE‘é%mSc Bhﬁl?u%entlon include

squaﬁnnehvater mmsemm; sich 4 MFee (Rbfamqaptﬁﬁl@t)f resf #4; ese@ 8lsé B3F: 78) (5%
ydr oxi de"

n use_any of the
SquaB Bﬁ{f' (L:,[J t%S%h%anagrSe f(prmué@%m s@ggcm partlcles using a
mlékdﬂul‘d%fgs Cc{nqgéltz $leudlie a@q}vfﬁf @?Fﬁ& KR }mﬂﬁglete uvant (IFA)

dr oxi de" are typi cal m oxy I OXi ge sat
maWﬁiS@tbealls@i usual ly at least partially crystalline.
Al um ni um oxyhydr oxi de, which can be represented by

[00187‘] heTfl@ erg%l %ﬂ? em&l@i% kﬁ‘f‘e Qé{f trélﬂlgféls h%r;iI élfprggfgd 12112]1%{@, and may

al um ni um such umnicum
evel| I(a@ﬂ)l 3yb- bycrbm ﬂlaa]eed, Wilt}gl{)hesepmmtlr 055 bping alcl%lggeglf \fvitlﬁ B hﬂ%roﬂuidiser
t.he ese adsor ptl cm1l an
0§ SBle SR G DusTesD5E 8 Bse st S AGH G olGrred o they can be
subj@}ed tdHgtetl@aileatiof. crystallinity of an al um ni um
hydr oxi de adj uvant is refl ected by the wdth of the
, Wth poorly

d t d t [f h
¢y$§;”§$1’;f?f ’l"f’g( eln%‘gr r 1ine broadening

uetos IIe stalllg si zes. The surface area

[00188jj n Cﬁg%ché 1L formu lﬁ@f _ae usegrﬁg aﬁﬂ‘]"ﬁﬁﬁ&ﬁ’f ke WivieRtioy. g¥apenins are a
hetdfbidgwa §166 Bﬁét&ot@?&bsﬁﬁ@ Bnd ﬁ‘ltﬁﬁé’rﬁ)l@ ES/@(SS% {s‘fl?ateg&' i‘oMncf 1‘1)1 the bark,

anti gen adsorption. A fibrous norphology
leayes, Stt?faﬁ $PRS %fi B lﬂ@zwrscﬁ aryvide rﬁglga phlpng apecngqm Seabnifi dlrom the bark
f @b OTiMiH T t aly
of e i QAP ABAUNAR ben RGPy @eq 3 T saponin can
alsca@p weamercipe lobtaliresed ﬁomo&nﬂaxv GFIW f(mﬁpﬂh@[ @)p@&phzﬁa paniculata
Sor p ve capacjties of between

Qg
(brlggsy\%il? 33 ‘3%6?’6‘?@] ﬁ;ﬁ f)’@Fa s%p+r0f at>2pepLy agdjupan; dogyaidafions include
purlffeﬂcﬁdsmﬁﬂatfoﬁb sathap @SM%BW@H axligig feGhHMRINE Ss-uclli QOB UMs. Qs21is
ir ﬁl ts known as "al um ni um phosphate” are
may f/tﬁ?ié%l ii\/[ LON @iMin hydr oxyphosphat es, often al so
containing a small anount of sulfate (| .e. alum nium
[00189]  Saponin compositions have been purified using HPLC and RP-HIPLC. Specific
purified fractions using these techniques have been identified, including QS7, QS17, QS1 8,
QS21, QH-A, QH-B and QH-C. Preferably, the saponin is QS21. A method of production of

QS21 is disclosed in ref. 79. Saponin formulations may also comprise a sterol, such as

cholesterol (Ref. 80).

[00190] Combinations of saponins and cholesterols can be used to form unique particles
called immunostimulating complexes (ISCOMs) (Ref. chapter 23 of ref. 76). ISCOMs
typically also include a phospholipid such as phosphatidylethanolamine  or

phosphatidyiclioline. Any known saponin can be used in ISCOMs. Preferably, the ISCOM
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hydr oxyphosphate sulfate). They may be obtai ned by

precipitation, and the reaction conditions and
w@omems2rat i ons during precipitation influenceP€h&B2008/003729

degree of substitution of phosphate for hydroxyl in

the salt. Hydroxyphosphates generally have a PO4/ Al

nmol ar ratio between 0.3 and 1.2. Hydroxyphosphates can

be di stinguished fromstrict AlPO4 by the presence of

trum band at
B e BRI QAR Bl e bl % s s02
OppiossiBn ¢ ISCOMS Hay be abvdiy 8f Ritichal @é%ergexﬁfRéieﬁz,) 76] .
[00181] The PO4ZAlI 3+ nolar ratio of an alum ni'um

hosphat e uvant wl | enerally be between 0.3 and
[0019]? %prﬁylé:pvec?fg Yﬁi‘? sag)ogwobafecba ayratseanee found in refs. 84 &

gspreferably O. 95+O 1. The al um ni um phosphate wi ||

general |y be anorphous, particularly for
h droxyphosphate salts. A typical adjuvant is anorphous

K RIS AR s as s AAREiEleS wi t h P(VAI nol ar ratio
00 22 en 0.84 and 0,92, included at O bng Al 3+Anl. The
[00192) ", irqsqrmsspprsk yiat-Bkeyppiticlys {&HAs) yabélypaba iusad at edjuvants in the

inve@tidh. Thk&! ﬁrdc‘tu‘f@s é@ﬁ%ﬁ%h9 _Fggﬂéma ne> glequot e?m{e > r%sa Aus optionally

el ectron mcro |ca di ane
combiped oF darnarlateq rWlﬂhe phaﬂj@@hﬁldS Beymrg gergaral@bﬂmﬁ-pathogemc non-

repggéa?%\dghgﬁllﬂﬁg t I eng a{%}g é? H% 1&?18? Jirg %eréxg}r% eTAae_,ylrfl proteins

may_ batecph'lb'rhaﬂtlﬁ pktﬂu&i’l&iﬂ i9oRRET fref itle ikl MTHERE pﬂ&ﬁﬂ@t@fn@ suitable

f uvants EOO The point of zero charge (PZC)
Oré‘F H HEURMSHES éfﬁ?ﬁ énqhgi% H{Q"@%@&eywdeframe@ﬂmza g ésgple es HA or

NAOQS Hepsigit I8 wirhOkubll 2P bASRRALEsik &?%g%gf g‘i%%)gt'ltlsaﬁ C{,HIUQ I%easles virus,

degree of substitution can var g on reacti
Sindby yirup.dpefavirig, EestcadtMeuth diseate vias Retbgirus dbbrivalk virus, human

i tation.
Papg’l:lctﬁrgé?(e/fé g/—fl?ﬁ]é{z\%% hh&%ﬁ (2 gflep e (Slich 35 coa ol?ro#eltrgg (?X—phage, fr-phage,
AP%ﬂfqugataad |T(yr(suthas Settamtanqmsér[my Rrqukia PN aVEPFard@isBussed further in

a C or . addi n buf er such as _a histidine
refs §¢ g % RS ‘%Pé%s ﬂﬁ?eél fgﬁg‘?l N’Eﬁ’?‘iprll?’l‘i‘?ﬁ Phosphat es
used according to the |nvent| on will general ly have a

BZ Baokeriat bneierohidd datichtive®, nore preferably between
5.0 and 6.5 e.g. about 5.7. [00183] Suspensions of

[00193]al ukdjnvans sdtable fosed ih @h@fn&@rﬁ[o@l 1ﬁ&ﬁ@@5&&tér&'ﬂ or Micrbhi8l derivatives
i nvention .may contain_a buffer Sphate or a

suchh; &5 {gPHeKiGy X%( HYS Bt ?Ié?l)c’baoé‘mal t %}P%PO ﬁa%b@rl@ wayg) Lipid A
derlﬂﬁ%&ﬁﬂfrﬁ/unog_tﬂﬁulﬁtéﬁp@'@nﬁ&%otﬁfe@ aRi RIDY AR 15h £ 1R 80 Fetoxified

deribdivad thareor - SUSPeENston

[00194] Non-toxic derivatives of LPS include monophosphoryl lipid A (MPL) and 3-O-
deacylated MPL (3dMPL). 3dMPL is a mixture of 3 de-O-acylated monophosphoryl lipid A
with 4, 5 or 6 acylated chains. A preferred "small particle" form of 3 De-O-acylated
monophosphoryl lipid A is disclosed in ref. 93. Such "small particles" of 3dMPL are small
enough to be sterile filtered through a 0.22 pm membrane (Ref. 93). Other non-toxic LPS

derivatives include monophosphoryl lipid A mimics, such as aminoalkyl glucosaminide

phosphate derivatives e.g., RC-529 (Ref. 94,95).
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i nclude free aqueous phosphate ions e.g. present at a

concentration between 1.0 and 20 mM preferably
whetween7é and 15 nM and nore preferably aboupCT/0B2004/003729

The suspensions may al so conprise sodium chl oride.

[00184] The invention can use a mxture of both an

al um ni um hydr oxi de and an al um ni um phosphate, as in

DARONRLX(tm . In this case there may be nore al um ni um
rati o of at

[0019ﬁgg§?&§%d%pvg 1V h%l(rjlg_lgéggerhyahgef 0% llpygghttrogﬁs@eriél@ié coil such as OM-

17§ 008374 khizseribad st oxambRiin dfs Mgt $71 in a conposition
for adm nistration to a patient is prefgrab}x1lesg
< <

[0019%7ﬁtpmug s:t[mﬂjdgtm%' olégogng{g‘otﬁeéfsgytﬁ f‘?ra\*ﬁjeasl @Jl@@ptﬁe}@rﬂ']e invention
indud2 rﬁlﬁléoildﬁléemlenc@s E@fédlﬂ'klg‘a@pc@m%ﬁm ﬂﬁé&edtﬁe sequence containing an

preferred. B, Ol Enulsions [00186] O
un@&%@&ﬁdtqymgﬂeslmlﬁbm Hhesphateeboad tadj gwerosire).i Botible-stranded RNAs

and G%ﬁhblgglde%%gﬁgg}%ﬁhgﬂ éfl\@’t gcgy(%?i géc’aléll%g%es Ihgye aﬁé}%?een shown to

be@ﬁ@&@qﬂam@may O 5% Tween 80, and 0. 5% Span 85,
fornmul ated into subm cron particles using a

[0019‘7']n c ﬁ“Hé Idéthgé Ié—g e}ncl u&Feﬁ\}g% fnokinf%&fior*%pa\g‘agg gu@e ag, g]é%?)horothloate

mofifmzfﬂ&ijs ahldecaqile difu@[ﬂ-ﬁfaﬁdédloﬂ fgglemikmded ReRrdRBEH&! I and 100
aneter, and nay even have a

dlsgl%e HP%gatg‘h %P‘Q&eitgﬁtltuﬂﬁ)@h “heseplachment of Avendsiienyith 2'-deoxy-7-
dea@@iﬂaﬁ&s@& Wrhd a@ju%lﬁ @b 0CSE ol nLR:'ié%Yl gselszfggﬁél discussed in refs.

enu sions. Droplets wth a size-less
IOb; ‘erred as they can be subjected_to filter
sterilization. C. Saponin fornulations (Ref. chapter

[0019872 Pﬁe $G ¢ eL&:O ]b ARAQED ¢ OF R AL NS, HRY ALSQDESTT o
U e pe

used as adj ants | e 1 nvention. ’Sapon i
TTRETEr RebgdiB. gilbelEpst ssq;uencwl mgy jeogiedidis ﬁﬂdndumbng ak Thl immune
I des.. that are foun e, bar
sl SLPAEL BBl TGS, L e S L e K gresponse,
suchfa GGt OBPedpeEbA JBdpOyG-B ODNN & 8ishasdd i%f refsh ?08 110. Preferably,

il ai ria Molina tree have been w dely
me&%ﬁﬁ? &?gigéyﬁﬁ ants. Saponin can also be comercially
obtained from Smlax ornata (sarsaprilla), Gypsophilla

[00199parkrefet-ata tdCpd %‘ﬁg&ﬁiclle)oud@&%%ﬁ&%féo%h&ftﬁé Gi e]%ﬁgé h&essible for
soap root). Saponin adjuvant fornulations iInc
receptor recognition. Optionally, two CpG oligonucleotide sequences may be attached at

their 3* ends to form “immunomers.” See, for example, refs. 107 & 111-113.

[00200]  Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as
adjuvants in the invention. Preferably, the protein is derived from E. coli (E. coli heat labile
enterotoxin "LT"), cholera ("CT"), or pertussis (PT"). The use of detoxified ADP-
ribosylating toxins as mucosal adjuvants is described in ref. 114 and as parenteral adjuvants
in ref. 115. The toxin or toxoid is preferably in the form of a holotoxin, comprising both A
and B subunits. Preferably, the A subunit contains a detoxifying mutation; preferably the B
subunit is not mutated. Preferably, the adjuvant is a detoxified LT mutant such as LT-K63,
LT-R72, and LT- G192. The use of ADP-ribosylating toxins and detoxified derivatives
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purified formul ati ons, such as QS21, as well as lipid

formul ati ons, such as |ISCOVs. Q521 is narketed as
wETioMok 2 (TM) . [ 00189] Saponi n conpositi ons hPUBIR2EE003729

purified using HPLC and RP-H PLC. Specific purified

fractions using these techni ques have been identified,

i ncluding Qs7, @17, @I 8, @21, HA QB and QHC

Preferably, the saponin is QS21. A nethod of

i on.;of i j osed jn ref. 79. Saponin
L L TR
NundwvicelsieRidce (dreinind8did siiEAGhs YmttRBly AR & the ,ali%nments of the

e

ALsa gni s.an %gglesterols can be used to formunig
?)%ff isEpundts o5 YL ribosyiaRg Torins set fegh domd) 8 specifB@tytincorporated

heleRefy re@ygﬁgg{itggmf;&y! ef. 76). 1SCOVs typically also
i ncl’'ude a phospholipid such as
phosphat i dyl et hanol am ne or phosphatidyiclioline. Any
kﬁoﬁﬂmgayamuﬂowdu%orused in | SCOVs. Preferably, the
| SCOM ncl udes one or nore of QuilA QHA & QHC | SCOVs
[00203]} ¢ Hupap Heymwesiodplsioss switabls for @6- B2adjOpintsoimatheyinvérdtien include

: i fr addi b | deter R
ey QR BT PR A Al Ui B s s Bt 1299, ere)
(Refa 24, mtﬁrf@mglat(ggc a'mle@foﬁth ndao:rdipHag% nggyjflstgpﬁéﬁngactor, aéld tumor
rosonmesand virus-1ike icle i rosonmes an
necgél)sr1 UEEF Pﬁ%???‘ﬂ%@“‘t“&ﬁ‘%i‘gat%ﬁﬁaﬁ%o be used as
adj uvants in the invention. These structures generally

cGnBiahdhaives and Micaghaivisns froma virus optionally
conbi ned or fornulated with a phospholipid. They are

[00202) e nBicatlhegivao nrd atvogitRbives RARrAR b abddgs @d]dvegl@s[‘rﬁ{ e Mvention.
genone. e

.do. nqt ntai n,any, of the native viral ]
S“\%%}eaﬁ”%ﬁﬁg‘fsé‘{eﬁs“ﬁ%‘eb@st?ré@éw@iyﬂam%/ agidodierdphisres (Ref. 127) or

tcuahasivd sidhome WRRL-BnNdd UESti HE@iP RS i
musuitablestgr use innvirp?%%§§&2?§$fﬁg&?k%fS%gﬁpﬁgngﬂsakomﬂ’
polydpyly gayrellidene npolbisaeharides uand( scadtoxametilcoHuldi) ,  Chitosan and

et ' e._or .capsid. pr j\ns),
e R b B 1o ey B MecF G E 1)

Rot avi rus, Foot-and-Muth Di sease virus, Retrovirus,

Wb Mécrepartieles, human Papill oma virus, H'V, RNA-phages,

Qb- phage (such as coat proteins), GA-phage, fr-phage,
[00203\p A E-reftasiipdes ramdaly b¢ ssedrns adjuvetts ot thansyoton Nicroparticles (ie., a

partﬁ’d'lé)to?iﬂO@ ir)m tsl L~Pl%0a|£n% i(rjli %grlﬁgt%gdmgr%r It)rre]:FeE‘abil}r/] ~200 nm to ~33 um in
diameter, and most preferably ~500 nm to ~I0 pm in diameter) formed from materials that
are biodegradable and non-toxic (e.g., a poly(a-hydroxy acid), a polyhydroxybutyric acid, a
polyorthoester, a polyarthydride, a polycaprolactone, efc.), with poly(lactide-co-glycolide)
are preferred, optionally treated to have a negatively charged surface (e.g., with SDS) or a

positively-charged surface (e.g., with a cationic detergent, such as CTAB).

L Liposomes (Chapters 13 & 14 of ref 76)

[00204] Examples of liposome formulations suitable for use as adjuvants are described in refs.

129-131.
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refs. 86-91. Virosonmes are discussed further in, for
exanple, ref. 92. E. Bacterial or mcrobial

walerwwsives [ 00193] Adjuvants suitable for useCT/IB2082003729
i nvention include bacterial or mcrobial derivatives
such as non-toxic derivatives of enterobacteri al
I i popol ysaccharide (LPS), Lipid A derivatives,
i mrunosti nul at ory ol i gonucl eoti des and

Al ri bos ti t oxi ns ,and oxi fjed derivatives
AR s Ak G oy S S e e or Ao e ude

[0020 3 d%g{t?_ B%di}gﬁe_lbl IP Iadlllﬁéxlﬁ‘lwﬁ‘lg) @22%103e?éeu§g¥403§c§get¥§ ene ethers and
pol}ﬁﬁ?@ﬁjﬂérﬂh estvs (Repl @32). WiShbh 4ornfulftiond RENERtRHAidE h?dlﬁ%cyethylene

A preferred "small| particle” formof 3 De- Oa@y
sorbiAR it pHifagiantsi B pombingtign swithsan qctoxyael. (R, Bddhas well as

poly%ﬂ?étﬂlyl% 1kl eBiRers eﬁ&%ﬁa«%ﬁ@imrhblﬁ R)ﬂ%tl{ %elfb‘%t 845 ° additional

sterile filtered through a rane
nomi¢rde syréastanpxuch dsPsg G:d:&myualt (Re€sl34nc Ptﬂﬂmaﬂimmm@embbhy kthers are

h
Seleﬁosphﬁfn e Eﬂ?r i @gﬁ%&@sa‘% i n*?—@@%@thg 83215%{] St (laureth  9),
po@éxﬁﬁhylér&@%%@r Liepie] pdlftfyihéalcha8td |dﬂlda@, bR YYES-4-lauryl
}Jo @6 y schep;él }f:f{:ya gm I sugfhylas G\fﬁg%’t@ &VL Yy
ethf17£°| X ¥k apy! elbgh gpd rolypetltydene g -laarybsther.
[ 00196] | nmunostimul atory ol i gonucl eotides suitable

fmpdmgga AepegEap) i n the invention include
e

nucl eot i sequences containing a CpG motif (a

[00206]i NRCPRPbrintigatHAs heesrbonl Bt SaRpIaMm TR Nyl AT R
cytosine linked by a phosphate bond to a guanosi ne) .

jP) %Handed RNAs and ol i gonucl eoti des cont ai ni ng
I HEF dFehol y(dG sequences have al so been shown

10020745 FEBLRES5 BUTOL SEREIFS ARG Lt EagEvans in the Invention include
N-43 ﬂﬁh@ftm}ﬁ@&rﬁllﬁﬁbgh&ﬁhﬁ@nS(tlﬂ“ﬁD‘P?n he acetylmur%r%yl Ig Slanyl-D—

doubl e-stranded "or single- stranded. "References
ISOélﬁEPHm@@ (errMP8% eangoBsacstyémumalyby -autydD-isoglionmy)-Lealgnine-2-(1"-2°-

R e S e b R

oI| onucleotldes is further di scussed in refs.

W1lmiglgzoquiod/os: Compoapd. sequence may be directed to
R9 such as the notif GICGIT or
[00208] Examples of imidazoquinolone compounds suitable for use adjuvants in the invention

include IMIQUAMOD (TM) and its homologues (e.g., RESIQUIMOD 3M (TM)), described
further in refs. 137 and 138.

[00209] The invention may also comprise combinations of aspects of one or more of the
adjuvants identified above. For example, the following adjuvant compositions may be used
in the invention: (1) a saponin and an oil-in- water emulsion (Ref. 139); (2) a saponin (e.g.,
QS21) + a non-toxic LPS derivative (e.g., 3dMPL) (Ref. 140); (3) a saponin (e.g., QS21) + a
non-toxic LPS derivative (e.g., 3dMPL) + a cholesterol; (4) a saponin (e.g., QS2I) + 3dMPL
+ IL-12 (optionally + a sterol) (Ref. 141); (5) combinations of 3dMPL with, for example,
QS21 and/or oil-in-water emulsions (Ref. 142); (6) SAF, containing 10% squalane, 0.4%
TWEEN 80 (TM), 5% pluronic-block polymer L121, and thr-MDP either microfluidized into
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TTCGIT (Ref. 107). The CpG sequence nmay be specific
for inducing a Thl inmmune response, such as a CpG A
w@RN9/0gr276 t may be nore specific for induci ng BCBIR2604/003729
response, such a CpG B ODN. CpG A and CpG- B ODNs are
di scussed in refs. 108-1 10. Preferably, the CoGis a
CpG A CDN. [00199] Preferably, the CpG ol i gonucl eoti de
is constructed so that the 5 end is accessible for
receptor recognition. Optionally, twg
2 subhiigom anblsn e osexddn EeReTAR lb@ew%@lﬁ é’&e gmulsigs. (HRIBI(TM)

o 3y AR P SO 2 VR, TSRO0 v

andanfhedehdrsi baadriglerdellat welks comnporenfs nfagmb éheu seups consisting of

ad] uvan [ fer
morsehpYBERP EVTLg) FopiesS SBPTeoRual T gy 18 BARLTL fsiF cws);
b1 hal eg (OETFOX, (T)Perd t®soe qrPhode. miteeal saks @fuch as an
mﬁ% 3& ed ADPr?%osylaglﬁ»ptox?ﬁs as_nucosal adjuvants
alummumhwbe@nﬂﬁxw derivatiyg oBlhRS fychyay ¥MEkal  adj uvant s
inref. 115. The toxin or toxoid is preferably in the

[OOZIOLor(?‘Ehg %Lﬁ)sﬂ%ﬁ%ttﬂﬁﬁ'a@t 2SR GRHig188E Redvtand dicidsbdifd tifapter 7 of

e A subunit contains a detoxifying
ref.mot ati on; preferably the B subunit is not nutated.
Preferably, the adjuvant is a detoxified LT nutant

[00211;D§,F1}easugLT 87 a1 %nﬁ?@ hﬁ‘l% T'an@o}g umihe Yhesphate adjuvant is

atlng OXI ns “a et oxi
pardaﬂaﬂ@apnefemtlmrdmﬁgemara gm@taﬂwlaﬂSd_b'ed@Sh@ﬂ dalisT-Gagumgghosphate
uvan be found in refs. 116-123. Nunerica
Baﬁ% St €e$6$u§ﬂino acid substitutions is preferably
based on the alignnents of the A and B subunits of
[00212]\Dpi‘hd b(hﬁ’ﬁé‘déitﬁinl Mgy bexierik ®@forfpyrddenifreer €bmpdgdons may be isotonic
pecifically incorporated herein by reference inits
W“bﬁ#%?@ﬁ? WEanSHypan i munonodul at ors [ 00201] Hunan
i mmunonodul ators suitable for use as adjuvants in the

[002132 nV@Hﬁleﬂtldlnﬁclth}d@e qj{éls@ﬁtb@?f ,V1535$J0d’11 thsy maydrel lﬁ‘ai;anttsl in ready-filled

syr(r1gg$ The yringss g1ay b@g@pplleﬂz\@th of ng’fteqesﬁlgs (é @lrmge will include a
sm%le é &f (e cog%posﬂ@ﬁ: NORRAgS ﬁﬁlrﬁﬁﬁy in2 fuldeu! st gl 1 Gose @k tnltiple doses.

unor osis factor. A preferred i nmunonodul at qQr
InJwaﬂlézedlﬁpos@lonslvoadhe@lyvl@shmn@l salut orsOTePRABSIORD 0 dfopatively, they

maéd]l?oela'}glg%«?slﬁé/c{s ﬂéd :}%g(gﬁg gzg%egfes-dtr@% Bl $61u06n 68 esqs&ﬁsmn in liquid

vehicles prior to injection.

[00214] Compositions may be packaged in unit dose form or in multiple dose form. For
multiple dose forms, vials are preferred to pre-filled syringes. Effective dosage volumes can
be routinely established, but a typical human dose of the composition for injection has a

volume of 0.5 ml.

[00215] Where a composition is to be prepared extemporaneously prior to use (e.g., where a
component is presented in lyophilized form) and is presented as a kit, the kit may comprise
two vials, or it may comprise one ready-filled syringe and one vial, with the contents of the

syringe being used to reactivate the contents of the vial prior to injection.
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Sui t abl e bi oadhesi ves include esterified hyal uronic

acid mcrospheres (Ref. 127) or mucoadhesive such as
wee@sssiziaked derivatives of poly(acrylic aci dPCT/IB2008/003729

pol yvi nyl al cohol, polyvinyl pyrollidone, _

pol ysaccharides and carboxymet hyl cel [ ul ose. Chitosan

and derivatives thereof may al so be used as adjuvants

in the invention (Ref 128). Fi hﬁcropartlcles [ 00203]

[002181| CrII?l aﬁgéée%hegom cé}tﬁng ﬁlgeg % vagcmes CO&%F#‘;E/ 3}? é%@gol%ggamffectlve
antomnt— dSentigen(s)) i webtagrany e cBMPbAIAD Y red, nﬁytlﬂlmtg’éloglcally
i n_di amet.er nost referably -500 nmto -
fieciive: amount, I1’£)ls Wﬂtégatftp% Admigistration ef thpt-amaungto an 1nd1v1dua1 either in
a @hg)éi ﬂ@i@&%' FarfBfla ReMest Xbifectie For tréﬁtrﬁ?ﬂt Q&éﬁ[ &Y This amount

aci d), pol yh droxybufyrlc aC| ort oes
Vares %PQQ\%WW e heald %l‘lﬂaﬂly&lbdatoodm]?n @f dle) mdm;duhl to be treated age,
r refer i ona
B bl 3 G0 SR (EE LT, BBk, v,
capgicity oB5M8)individaalp mmmne/ gysyent Etﬁiy@lﬁiésﬁél bhtfeRics Sthe degréé blprotection

des("éﬁag} . °§m‘_{g8t 37 V@fggg%)tﬁg dg@% dgg&tlgfegzgsggs;fent of the medical

sﬁdldtllaﬁsﬁﬂeotﬁé}rrﬁlékféﬁt'f@&&ss ut ﬁsagié)@ctfe@ Eha%‘ﬁ?e Ao gjv\i‘ﬁf Y % 2 relatively
are described in refs. Pol yoxyet

brogdl Hapgeathaiheany b eteryined éhresghe rOlIffli)ﬁ fidlgt andns t)[rﬁ)@ﬂ @lﬁimtlty of each
stre/fﬁid)d&{éﬂ‘ E@rHﬁ'%é'té Aefydedn ;ﬁ%d‘ A hee1 Ic?%? E%Iﬁ gg%algﬁr%fl as saccharlde)

pol yoxye ne ethers po
é) ef . 132). Such fornmul ations further i ncl ude

[00217 0| ?b‘-i@y“élﬁ hly‘re@hen vorideasanmetipé rfos prepaiitgam pharitaceutical composition,

corﬁ]%ﬁ%?x y et Se R Ié h%\aﬁ T%: atg?lﬁ gap g OIHElgRagg %8 r‘%%fr‘kfeac%@ﬁ fis( :ﬁ nnixing the

conjagaly Wizl m&nonmdnh pahrrﬂaeaﬁtcanﬁ@ccapltdbklc@ln@}s non-i oni c
surfactant such as an oct oxynol (Ref. 134). Preferred

foll
[002188OI 'Yh nvgﬁxa// @g}h%, E)gcavideg ra}e gf’ﬁt %C eﬂgéﬂagﬁgw gbqqugygl\?fcanlgproduct

con@ﬁisyngx;&et fwypsese- @) S‘pfréiﬁfﬁvi% aeicﬁtﬁﬁgate as described above; (b) mixing the
et ner

yl 8- st eor
cor@aa%}oﬁ%;é?q%| %ﬂ%o;@_ p}équgeu@pﬁbf acceptable carriers; and (c) packaging the

h l au h
njggagég@ézfge{r hgl:ngﬁlg %gol %u(géﬂauge:rh%{lch %@ P3| \)//1?J osp%asilgﬁge to give a

arpEpplcy PORDE]. [PERRo drtod ayrimgesmay e desbrmeedh af fttory or in a
mug%ﬁnple inrefs. 135 and 136.

[00219]  The invention also provides a method for preparing a pharmaceutical composition
from a saccharide-protein conjugate, comprising the step of admixing the conjugate with a
pharmaceutically acceptable carrier, wherein the conjugate has been prepared by a process
conjugation method as described above. The conjugation method and the admixing step can
be performed at very different times by different people in different places (e.g., in different

countries).

[00220] The invention also provides a method for packaging a saccharide-protein conjugate
into a pharmaceutical product, wherein the conjugate has been prepared by a process

conjugation method as described above. The conjugation method and the packaging step can
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L. Muranyl peptides [00207] Exanples of muranyl
peptides suitable for use as adjuvants in the

WO pooefsi2on i ncl ude PCT/IB2008/003729
N-acetyl murany-L-threonyl - D-i sogl utam ne (thr-MP),
N-acetyl muranyl - L- al anyl - Di sogl ut am ne (nor-MP), and
N-acet yl muranyl - L- al anyl - D-i sogl ut ar nyl - L-al ani ne-2-(P
-2' - di pal rritoyl -r gl ycero-3

- . M
be%ﬁéﬁé{%da %I IS’I ﬁ%sﬁf%é f?e?%)g%e@j eP E;g%fﬁ{eggp]@pes (e.g., in different

countriekgzoqui nol one corrpounds suitable for use adjuvants
in the invention include IMQUAMOD (TM and its

h ue RESI QUI MOD 3M (TM), descri bed
?’W@?‘EF%CWEF% 137 and 138. [00209] The ifnventl on
tjons of aspects o one or
B e e S

thet dognploBitib 4 he paddndy 8k pSRTP ﬁl%&teitﬁélsoe%)‘lslp frofﬁstﬁg disPasEe Bfemselves

|nvent| on: (1) a saponl n and an oil-in- water enu
or (r;qgf ¢ pyggnant ypman dpgtenial iheugizati@32 Mhe-patiemdn pte(ﬁefalﬁiy a human.

T SEnP ek 0B Yl 0]l GRS s o

>530iéAPs Yldsera. chol esterol; (4) a saponin (e.g., ®2|) +

3dMPL + [ L-12 (optlonally + a sterol) (Ref 141)d/(5)
or

0022280 RS LAR Bl PNk U B S BRI i FERRAT Brmgion ai
prov (s sh:c;uﬁ;b afithe dOmpYsiTiVERINGE Ondntietur®Ys £ IdHRAMEAtFLPHK treatment of
y and thr-MDP either mcrofluidized intoa
dlsgqfﬁn?%g?r%tﬂy é‘hﬂl%e?%?rfsé“r flugpsa pegunenigener ate a | ar ger
particle size emulsion. (7) RIBI (TM adjuvant system
[00223] RAS)ompoRitibhs WIMEaREdIBNMbe 6@RINMGED 91rgc{1’y5t‘3l'@&gcféﬂt Ditect delivery

TWEEN 80 (TM and one nore bacteri al
ma Vﬁ‘pé‘ﬁ%‘ﬁ?@“ﬁ?% Yt Raregicsal pindestien steigng trefiscutaneously, subcutaneously,

1nt1€@é?ﬁ&’{b‘agg g{?tg%deh&lmgi ﬁltg%iﬁ*s):ulalw ?o%gx%ei‘ntgrspy %:lgsgg‘%;e%}1s§ue) or by

recf@l;\gn@];)gagma( Todtical, arehsd@inab nietramasatp roeulat, nzﬁfrﬂl Iﬁlﬂhél&ry or other

d t f
ol S TP et B s ier (St e B ompgr arm) i

prefesred. m’riﬂjm;ﬂbm midyabe Nga agasddse #.8, i § d&@ﬁ‘ﬁc'r{éegf&?pﬁ&rne%dle free
The use of an al um num hydroxi d

1njeg{\<m By aj t‘?fmt'g(ﬁmztﬁfiﬁ%‘é)hét%m% Jlr@}(pmﬁscmlgr dose is 0.5 ml.

[00224]  The invention may be used to elicit systemic and/or mucosal immunity.

[00225]  Dosage treatment can be a single dose schedule or a multiple dose schedule. Multiple
doses may be used in a primary immunization schedule and/or in a booster immunization
schedule. A primary dose schedule may be followed by a booster dose schedule. Suitable
timing between priming doses (e.g., between 4-16 weeks), and between priming and

boosting, can be routinely determined.

[00226] Bacterial infections affect various areas of the body and so compositions may be
prepared in various forms. For example, the compositions may be prepared as injectables,

either as liquid solutions or suspensions. Solid forms suitable for solution in, or suspension
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particularly preferred, and antigens are generally
adsorbed to these salts. Cal cium phosphate i s anot her
w@e@boesned adj uvant. [00212] The conposition nAYT/B2008/003729
sterile and/ or pyrogen-free. Conpositions may be
isotonic with respect to humans. [00213] Conpositions
may be presented in vials, or they may be presented in
ready-filled syringes. The syringes may be supplied
) th, or t hqut needl.es. A syringe wi || include a
in 3%4 éelagfs%%?r fonaiegiomern Hlpdhe PiARaReE 46 £a avliyaPth%ﬁ?l composition).
Thetohipd§itian ﬁiaQQJeepr%?&l f?ﬁ 1Rkl 'aﬁh%lg 1? %nhsegﬁ 8hlRent, cream or
conpositions wi I'l "usual 'y 'be i qui uttons or
POWldQIpelT@ﬁ omnpomltlp@ gt by eplrgparetdh@y oralyadmmmtre‘a@fnt@gi iam a tablet or
ed) ut i.on
ca}éuspens?{)n@ gﬁuﬁ (’88{1(%1%ﬁéhl C eescgpr Tlglr %O?np Oﬁﬁtlg t]ing}'] be prepared for
pulifiztyt adfaimigesioh] eizs, amynbiahplec kafied ai findipotvdéooe 4 @prly. The
i.n multiple dose form [For nultiple dose forns,
COGWQ?QO%F@ybggﬁﬁﬁF as?gﬂﬁpguFYPT@ﬁﬂgngnges Effective
dosage vol unes can be routinely established, but a
[0022’1]ypl’[¢1@|c0ﬁ1lp6ﬁﬂ01dﬂﬁt§? u&f prépi@ed GIRASALL W@kl &%cuﬂa&ﬂaaﬁﬁm@t?atmn e.g., as
has a vol ume of %00215 Wiere a conposition is
PRy, Hars B@lpﬁsmewd@x@@nﬁ%ﬁs afddutddy). Brecable epmppasitioas gre preferred.
where a conponent is presented in |yophilized form

aRBrther PhRSRN @ ponedts'OrcompbSitibhs o PBY ifiRARGA S€ t WO
vials, or 1t may conprise one ready-filled syringe and

[00228]N€ ThE Mothotls loff tRNBvERIh 8REySal®S cdiftis Hhd B85 &%B&g@ 8¢kptococcal

to reactivate the contents of the vial prior

copjHpae vithronp oomes] ofitherielowéns dhasnpewist i ons us ed as
vacci nes conprise an i mmunol ogically effective anount

- ;
A o R B TS D RletP D IR B0t 145)
meant that the administration of that anpunt to an

- i heprifiedupaoteingintipray frprp serogtonp Beoflddwsernia maingiidis. of a
series, is effective for treatnment or prevention. This

- M heav, cal
P R O U B Rk S RIS
taxonom ¢ group of individual to be treated (e.qg

- rigrnHgerafiomhiengtite A pirisraucd, asdnagtiyated vieusdagadbs Waf t he
i ndi vi dual s i mune systemto synthesize anti bodi es,

- theafigeh ?ﬁ)npfaeﬂé'hﬂg &Ll sgﬁgbé' 8, sulfi& SLRPaUL AL tg%(s (e.g., 147,

t he vacci ne, he treati ng ctor's assessnent O

ned).cal

- adiphtheria antigen, such as a diphtheria toxoid (e.g., chapter 13 of ref. 145)
- atetanus antigen, such as a tetanus toxoid (e.g., chapter 27 of ref. 145).

- an antigen from Bordetella pertussis, such as pertussis holotoxin (PT) and filamentous
hemagglutinin (FHA) from B. pertussis, optionally also in combination with pertactin

and/or agglutinogens 2 and 3 (e.g., refs. 149 & 150; chapter 21 of ref. 145).
- polio antigen(s) (e.g., 151, 152) such as IPV (chapter 24 of ref. 145).

- measles, mumps and/or rubella antigens (e.g., chapters 19, 20 & 26 of ref. 145).
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situation, and other relevant factors. It is expected
that the amount will fall in a relatively broad range

wo baw/ogeeme be det erm ned t hrough routine trial SPCEHIER0E8/003729
typi cal quantity of each streptococcal conjugate in
between 1 ng and 20 ng per conjugate (neasured as
saccharide). [00217] Thus the invention provides a
nmet hod for preparing a pharmaceutical conposition,
conpri si ntt:{ the steps of: 1,(-7a) pr eg&rai ng a conjugate as

- dedeenzp entigenivete- g byhapieki Ifgof reé. &4Mj sishtas thiethacwageluiinin and/or
NG A1 DRGSR é@%'téiﬁ/s. acceptable carriers. [00218] The
i nvention further provides a nethod for preparing a
phar maceuti cal product, conprising the steps of: (a)

- pepdigehgom Morgrelfncaarabalisdegr ilh®d above; (b) mi xing
the conjugate with one or nore pharnaceutically
e el Bohl S o0l W lioBAL QBT WiBrocorny e 454 159)
vial or a syringe, to give a pharmaceutical product.

- | ansastigerofiomniiepépcesais prreenssy(gtvep pestfaptavectus (e, f 1861 DF6y 157).
or in a surgery. [00219] The invention also provides a

. t ' C i cal conposition from
ané:f1 s%ggﬁg?{md‘lgft rgidgﬁ%ugg%%gt%éﬁqg )npri sing the step of
adm xi ng the conjugate with a pharnaceutically

[0022% c c épe e@rhpositionrhay conrise en ot inereadithaseg ftrthehagigone n

prepared by a process conjugation nethod as descri bed

0 boyg,. T onj i - he adni Xi step .. .
0023120 e G RANRAL LA, CPURRRCRN AL BT 10, L Rcaion o
petpseipltexin hy dhdniealent!/op baeés neeng(Ref.i 50y f f er ent
countries). [00220] The invention also provides a

t far . kagi a .sacchar. de-pr ot ei n. .conj ugat
oo2siTot 0kl RGP e 35500 BB RSO D fifred abo v
inchais thieen aptigpedmichebtyisss tigeRs Sivdaly gafetOntr@ub atigds is included
. .descri %f?g avaeT The conj ugati on met hod and the i
it 1&8@@%‘1 sostodpe E%ﬁl@h%éfﬁ% BidhRsytugsis grtigpnyi Praifashy; wheteeispertussis
tén Ak fihQ Lt itPRARbRIEM Mof foelnelus PiARRS | i
" [ fnf erlent cohnt ?ﬂi;}es?. Ighgr r?ac?edlt F?&?’ﬁggéag%f%éez%ﬂﬁg aﬁﬁlgens' DTP

combipatians 8re thrsprefrisdi des a method of treating a
patient, conprising adm nistering the conposition to

00232) heARAENS R thelQengdRiHoR Wil Y c Al e '
[ g he dti?}és gase tehe r‘rspg)?{tllgs il"yicdtly By ﬁre&%t a Eérﬁgntutlgmof at least 1
g/ml each. In general, the concentration of any given antigen will be sufficient to elicit an

immune response against that antigen.

[00233]  As an alternative to using proteins antigens in the immunogenic compositions of the
invention, nucleic acid (preferably DNA, e.g., in the form of a plasmid) encoding the antigen

may be used.
[00234]  Antigens are preferably adsorbed to an aluminum salt.

[00235]  Preferred non-streptococcal antigens for inclusion in compositions are those which
protect against Haemophilus influenzae type B (Hib); Typically this will be a Hib capsular

saccharide antigen. Saccharide antigens from H. influenzae B are well known.
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or may be a pregnant woman (maternal inmunization).
The patient is preferably a human. The human can be of
wapyoagrie. g., <2 years old, from 2-11 years obPdI/IB20€81003729
11-55 years old, >55 years old, etc. [00222] The
i nvention al so provides the conposition for use in
therapy. The invention also provides the use of the
conposition in the manufacture of a nedicanent for the
é nt of disease. Preferably the disease is _ .
[0023¢] 1 ?Xﬂg{eﬁlﬁage@flslpin@ﬁ r%lh.sacchﬁoéezﬁsqovei@mbogwuw i@§ 3 parrier protein, in
n e.ad di i en
or &) P 8\ TR aEh Rl e RelalY i il Phe proparation of
polysjasbatidgreofipiggtes int genarad,Land o thesilip, cap:uﬂnrlno&rsewhsdlde, in particular, is
wéHQEEﬁBSHE oneal |y, intravenously, intranuscularly, or
‘erstitial space of a tissue), or by rectal,
oral, vaginal, optical, transdermal, intranasa
[0023culThe ,inzntiah mq;/uhm)amr yuimbleol—]ﬁtemrijuw&amultable carrier proteins are

trati | nt ramuysc a Ladmnistration (e.g., t
BT R ond Pt Eras iy R pechstpear CRMDIEROC, ttanus
toNBRY (FRP-V) #hdahO6ee} MehBratle co {)ﬂay Bpﬁeﬁy%ﬁgzﬂ%@ﬁﬁuomw
needle free injection may alternatively be used

00234130 U sechivigh Boveis 6h tiocanivasts msy eanpelyaisd aﬂTdee@ . fulllength
po%%@s%@tllbliom&phyte (Pﬁﬁ)% 25l 19%519&%&1' fg»qw&%%e Ysggch%rldes to form

Singl'e dose sChedul e or a
oligeseeihptidesdoge M Wefjohe1 s edl an) a pr| mary i nmuni zation

schedul e and/or in a booster inmmuni zati on schedule. A

[0023932' KB %ﬁ@& @oﬁjﬁ%ﬁ? tUclgﬁP&‘%Xak%ﬁb oﬁgés,%%gnﬁ’é’ cc@vaPe?lﬁy? g;ﬁﬁed to CRM197

se ‘schedul e
via(ag. agipic ded lielem (Refl 65%6&)5)Tetzmusl tdxetdnis eh;o yarpwfbﬂngj cnder.
boosting, can be routinely determ ned. [00226]

| [0024(&309\%5{11%&6{‘[{&(1(5?} tﬁ)@si—h%ffa zg}envar efeﬂazy aI‘rﬁSeL@l‘%r &g ?,rglrﬁ]g?{ antibody

I ons may

cmﬁﬁnﬁﬁxﬁﬁﬁb@lsu@ﬁnh@ﬂ@ﬁﬁwdpmﬁﬁﬂmwypgﬁﬂprepared as
injectables either as liquid solutions or
nsi ons. e for, solutio

1002413, RARES SRTneoSRioneleBr D s e g T olgme s 1t coes ot

alsallﬁd)udbearpélﬁﬂﬂm&ﬁi Hy@rXide @ijhyaaphif thé%nﬁ%ﬂiﬂ@ﬁhﬁél@d[@s an aluminum
The %05@03|t|0n may. be prepared for topical
i

phosabqtmadiuyatithen the Bib angigen mayi e adsprbed & grenadievapb(Refy 161) or it
may @ neRRIRQBHId @£ RY). b?re%ﬁﬂﬁrcgdadgd? H &n be achleved b}é selecting the

adm ni stration, e.g., as a r Capsu e,
corgagt ppl dwipei fmmgrem/ydmvw onigthe, afhdjuyartpeih an calpplrmyatbqaomt of zero

cha% SRR &f aﬂp%prlate order of mixing for the various different antigens in a composition
(Ref. 163).

[00242]  Compositions of the invention may comprise more than one Hib antigen. Hib
antigens may be lyophilized, e.g., for reconstitution by meningococcal compositions. Thus a
Hib antigen may be packaged separately from meningococcal conjugates, or may be admixed

with them.

[00243]  Other non-streptococcal antigens for including in compositions of the invention are

those derived from a sexually transmitted disease (STD). Such antigens may provide for
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pul nonary adm nistration, e.g., as an inhaler, using a
fine powder or a spray. The conposition may be

w@e@pasreds as a suppository or pessary. [00227]pdheB2008/003729
conposition may be prepared for nasal, aural or ocul ar
adm ni stration, e.g., as spray, drops, gel or powder
(e.g., refs 143 & 144). Injectable conpositions are
preferred. Further antigenic conponents of

' 0228] .Th thods o
A R B2 3Tl s
gesital epirteConvahocRN b ialseand dr Qhéﬁ’f&?m@ (RBPN64)0f Aﬁpgefns may be derived

foll owi ng other antigens: a saccharide artigen

frop, e PHI PGSV iFah o1 b@l‘ﬁ@é SBDse \Gral SERgutigensiftr ofe inghe invention may
be IdbPived froth, PIF 'etxhlﬁ?lep ﬁ'ﬁﬂ’elh%léb%gt r?@gx f\lrlrgl%n (glﬁr\/ogr HpH§ch) human

Nei sseri a nmeni ngl
Palpiﬂélp&‘flﬂtsl GIPY); cnloe rhegatiisp(HBCW). Nedcssial iSTD antigens for use in the

dj nt| nfromhe titis Avirus
1n\;<:5}:1‘{]%rp %/ nté% t clle\gla F‘i q o 8 or SX@np ey ezﬁygﬁﬁz gapppT Hfﬂei"@e Chlamydia
traf:leammh,eﬁapmanﬁz Bailduin) S{aesfégm@%zum@ &ur figge and/ or
core, antigens (e.g., 147', 148). a diphtheria 13

i h
o024 Y o o B B Sl e e s
corfveiddnd] (t@clﬁn ue§ hﬁptnﬁﬂec%ﬁlrolﬁlofo%g iérdbiolo gfglnrée@rﬂﬁl:)lg%[lxDNA, and

. from Bordete &mt ussi s, suc ert
ImmpAglogy, ¢vhigh ?Hﬁé‘ﬁ e ﬁbhﬂa@@h@@n’f rﬁuqh (E@hMI):lUéS armeBplained fully in the

0 I h
hte%zl?l%gif: ﬁeeagﬁgl Bglég?ta ”?f%gens%ga and rfff Cﬁe’ @51{1 (lper ed. 1985);
Oligagicleotid® Synehrapt MT Batt «f 108f); Nadbik. Aclzdp {%@bﬂ'zﬁzzattzon (B.D. Hames &
apt er
ST BF Y L diption ik T g (BISR) Mmains §nlisins ads,
1984¢. Animat ﬁaht(aﬂt‘,&rel@{l HeghndPed 1986 Im%gﬁ’z zed CB WE mes (IRL
ant i e. chapter 17 of ref 45), such as
Pre Fﬁaéﬁgégl e&i’aﬂr fér(’df’@fcaﬁ&}ﬁféﬁﬁ%ﬂ@%élas lﬁl@acg (b?&élt),ethnéwethods in
En#thoddlyl Q:@i@s (AR Bxel 1A, ?aés c'ml?l Yoturh&s fS;’?r 0%6[57 gfransfer

protel'n antigen from Strept’ococcus agal ac
Veciars doyt Yovwwlisy {edls ¢).H. Miller 4GEM.P - Ca?lns ady. |1ge71 €s1ar8pring Harbor

LSS NRSEL S SRR TR A SRS ot

MolaenlenisBiplgy. (AckB8hic Press, London); Scopes, (1987) Protein Purification:
Principles and Practice, Second Edition (Springer-Verlag, N.Y.), Handbook of Experimental
Immunology, Volumes I-IV (D.M. Weir and C. C. Blackwell eds 1986), Remington’s
Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa., 19th Edition (1995);
Methods In Enzymology (S. Colowick and N. Kaplan, eds., Academic Press, Inc.); and
Handbook of Experimental Immunology, Vols. I-IV (D.M. Weir and C.C. Blackwell, eds.,
1986, Blackwell Scientific Publications); Sambrook, ez al., Molecular Cloning: A
Laboratory Manual (2nd Edition, 1989); Handbook of Surface and Colloidal Chemistry
(Birdi, K.S. ed., CRC Press, 1997); Short Protocols in Molecular Biology, 4th ed. (Ausubel
et al. eds., 1999, John Wiley & Sons); Molecular Biology Techniques: An Intensive
Laboratory Course, (Ream et al., eds., 1998, Academic Press); PCR (Introduction to
Biotechniques Series), 2nd ed. (Newton & Graham eds., 1997, Springer Verlag); and Peters
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[ 00229] The conposition may conprise one or nore of

these further antigens. [00230] Toxic protein antigens
worayologi2det oxi fi ed where necessary (e.g., PCT/IB2008/003729

det oxification of pertussis toxin by chem cal and/or

genetic neans (Ref. 150)). [00231] Where a diphtheria

antigen is included in the conposition it is preferred

al so to include tetanus antigen and pertussis

kgens. ,Simlarly, ere_a tetanus antigen is
and 25@11‘3’8’826’ iFS ellf%s l”g’f’@lé rd\@ aé)a 3 §6<§St & d-reiud BN BaverePiess, New York,
Nwnd pertussis antigens. Simlarly, where a pertussis
antigen is included it is preferred also to includ
I pht heria and. tetapus antjgens. DTP conbi nations are
[002 455 hu Et"}?ﬁ%rfié’rt’g@&atl[)%@g pyclogiidpsyandsantipo atids e paskintthie specification.
wll typically be present at a concentration of at

[00246] eagll] Bublicatonsasdtentd, @n&gﬁl@ﬁtaﬁ liédMBns OGS éiﬂ%eoﬂc%orated in full
any given antigen will Dbe su?P|C|ent to elicit an
byFﬁ%ﬁH@iresponse agai nst that antigen. [00233] As an
alternative to using proteins antigens in the
EXAMPIESO0geni ¢ conpositions of the invention, nucleic
acid (preferably DNA, e.g., in the formof a plasmd)
00247 NCPdi iNGstiahe RN} i A dnd a
[ 7?)} ef erabl y agls%o{ngglgai g@r élr?b?Itll&?nﬁg%cr%[lggg%ﬁtta%&?ﬁb M781, and
CBpb} Bl evlriell preshice tfperptepserdativeaserotypass(14,0lb, iTHG land i V0N isdlated from

[ e ose:whi ch protect against
P at%ige[grro'ﬁpﬁlw??gr&ﬁseg%ﬁ’ u“;éa%zsz‘gd“\ilg;pe B (H b): Typically this

us 1n
wi Il be a Hi b capsul ar saccharide antigen. Sacchari de
Exampleglen§ ahd @hlliteriReiinertatiar B are wel | known. [ 00236]

Advant ageously, the Hi b saccharide is covalently
ebPergiapaeent of fnocatum prepprafici process or der t o enhance
its immunogenicity, especially in children. The

[00248h eplar studhonf the thisk y3BE stratybeld gromhugat @B didted) BNSIMINL unbaffled

. H b ul ol ysaccharide in_particul ar
sha s b ot PR B B ReSR oAb St i Merco,
2g/b unomdblydratd blagdinp 4 gatek), Wigtiablieleed Kbt Rk qDMRo hBoratories),
hndﬁﬁﬁrébfﬂga? Vedé%&ﬂ preferred carriers for Rib
ghcipty (Mewlky pa b mquapisizpte Petugress (Ylesel). d AllPRmapPnds were
diss@R@dtih Vet @sm BRI RN ER G WIRLE %tegliiz&} b}nﬁgﬂa{ggﬁ Hgéﬂg‘% a 0.22pm pore

. (PRP-OWP). [00238] The sacchari de noi‘et
sizec grepbgaice fifvery (Welgeng) oindsther Hihey deeré easepticaflyil dddbdngtthe 5000mL

Erlenmeyer flask sterilized in an autoclave at 122°C for 30 minutes.

[00249]  For each series of shake experiments, the medium (pH = 7.3) was inoculated with
different volumes of thawed culture (working seed were stored in 10% glycerol at -70°C) and
incubated at 35°C with agitation at 200rpm in a horizontal shaker cabinet (Innova 4330,

eccentric 1 inch).

[00250] At various times during growth, the optical density at 590nm was measured
(Spectrophotometer novaspeclI-Pharmacia Biotech) and pH-value was also monitored (pH-
meter Metrohm) when the optical density values were higher or equal 0.5. The doubling

time during the exponential phase was determined by regression analysis of the linear part of
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pol yri bosylribitol phosphate (PRP)), but it is

preferred to hydrolyze pol ysaccharides to form
wobkigosacehari des {e.g., MNfrom~ 1 to ~5 kDapCT/1B2008/003729

[00239] A preferred conjugate conprises a Hib

ol i gosaccharide covalently linked to CRM 97 via an

adipic acid linker (Ref. 159, 160). Tetanus toxoid is

also a preferred carrier. [00240] Admi nistration of

the H b antigen preferably results in an anti-PRP
the gruvith ooyvec Oifeeshopeadfi the liog comespansisity/the magimepnrspesific growth rate,

M b e O i T L L S

that it does not also include an al um num hydroxi de
& |sumando. liteks fehpemionpoaiaratéom i ncl udes an al um num
phosphat e adjuvant then the H b antigen may be
[00251Rd ngledilhﬁ)g the evessd] andasdrilizRefthe @bthye medium, Hgyfetyeentor instruments
non- adsor be ention adsor.pti on can
HRHeRr e bynSusLEre R Y Sopk Sgr it ARIRR
anti gen/ adj uvant m xi ng, an adjuvant with an
[OOZSZPPB&QM Pﬁsewpeﬁi @t?xo@f)plﬁ ei@niharigdoesanst lave dppcapritpte synthesize
order of mxin or the various, different antigens in
parbCW BRGNS FORPQUREP, Sugls 85 AMIS S NG BRI, MR B Tedyired for its
gro(gﬂ} el 18 rLRY, %qudﬁﬁcdmﬂ& hBAIMARR dficBmPBhdn@efiomtdntinal origin

i'gens nmay l'ized, e.g., for reconstitution
wab@evabped}g@dmnwd moW@@gl()ﬁ?lfﬁs Thus a Hib antigen may
be packaged separately from nmeni ngococcal conjugates,

[00253ﬁr ’ﬁ%{ b?s% %%‘Eﬂdﬁ? lqlsé{?ﬂ %«H glg ch[:u%)@ fﬂdugﬁ(ﬁﬁﬁomamed 2¢/1. dihydrate

rep OCOCCa | ud |n
NafHqadildrelon $6.08/1t érmaolywdamst @ntrmt éthm) Q@O@éﬁleﬁb&g@dﬁ?@h}’drﬂe

exual |y tran ted di
gz ?d@/[?rﬁi;)pr i’ﬂ?ﬁ{;f e@&f’grll gﬁ\ﬁ?re@r apyklg/ éﬁbﬂgﬂé %ﬁﬂ&h@me (BDH
La@é&g t i @,5nt%ﬂ9|rlb@|ﬂa‘7ﬁﬁrm&a) hepatilt niofisiocivid$CrHGY)Erba) 0.5mg/L
oyioine hdheehlcoide (SR ot Pk sty 2o ol SBBREL flgftores to

pre¥%1r{t§$an9?or%ﬁ&?“ al STDs. Viral STD antigens for use in
nvention may be derived from for exarrpl e, HV,

her pes sinplex virus (HSV-1 and HSV-2)
[00254;bapﬁinb© nBZaJ@n(CﬂFary emnwmr%waﬁhw%nf(tmlgle» the fermentor was

ﬁll tﬁrt h(%}lga o&éag@gﬁlalfcpﬁndkéﬁyﬁﬁ J16% gl"}}gcﬁ;(%iﬂnfoﬁn&wm@ermentor

sse Ia gonor oeae
an?nﬂammch a0k rfemtwrm} fus] starmlqud nedpat 12 F¢nfor I%Qelﬁtﬁlptﬁsl Ppome liquid
ucr%y

evaporate durmg sterlﬁzatlon Since the exact loss of liquid due to evaporation was
evaluated empirically with the medium height, a surplus of water was added before the

sterilization (0.5L for a 7L fermentor and 1L for a 30L fermentor).

[00255] In parallel, a concentrated solution of monohydrate D-glucose (550g/L) and vitamins
(0.5g/L for thiamine hydrochloride, nicotinic acid, pyridoxine hydrochloride, 0.05g/L for
riboflavin and 0.2g/L for biotin) were dissolved in ROW, sterilized separately by filtration
through a 0.22pm pore size membrane filter (Nalgene) and then aseptically added to the
fermentation vessel to obtain a right final concentration in fermentor (for a 7L fermentor:
300mL monohydrate D-glucose, 25mL biotin, 5mL vitamin solution (thiamine

hydrochloride, nicotinic acid, pyridoxine hydrochloride) and 50mL riboflavin; for a 30L
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244] The practice of the present invention wll
enpl oy, unless otherw se indicated, conventional
wo ewbosqaes of nol ecul ar bi ol ogy, m crobi ol ogyPCT/1B2008/003729
reconbi nant DNA, and i mmunol ogy, which are within the
skill of the art. Such techniques are explained fully
inthe literature. See, e.g., DNA d oning, Volunes I
and Il (D.N dover ed. 1985); Qi gonucl eoti de
Synthesjs (MI Gait ed, 1984); Nucl eic Aci
ferPVBWdl %(g)pp%nmpgolgdrqiﬁﬂ%glu&osg; lpplgbl lﬁgtnédls7mliggt,@§nln solution and
175}{@@,@,%@@ on and Translation (B.D. Hames & ST Hi ggins
eds. 1984) Animal Cell Culture (R 1. Freshney ed.
1986 I mobi lized Cells and Enzynes (I RL Press,
163 Itivgtiopdy Bk |and Q0P fgEmentars Gui de to Mol ecul ar

oning (1984); the Methods in Enzynol ogy series
[0025<i]Ac Eémﬁ%ompéﬁgs by §1BS; as ki ethars| gpcorsulafrssbacsiak pathggens, is not

coﬁé\ﬁlvy‘tﬁ@grégs egésf)&%g'%g’ y%g@l %gpiaﬁgl @glgégﬁcullc\dréé fsblated from

dlﬂﬁa@dra@sroﬁ)infehlﬁxye(Réndnl)al Respiteesish ¢bk@8@lions, little is known about
nd Ml ecu

req ot Bpragiet i) S pyal B 8RS, clRl Bwih rate in

comtituiofis @attine nwaPnlBaiypkgsrtaddo Rieagio fﬁnmlﬁﬂCﬁBﬁ)rE@ b capsular
fSprl nger-Verlag, N.Y.), Handbook of Experi mnme

po Yﬁ%ﬁﬁh@v(lffgyrodquslw@ém gqowﬂz ek depgident, pesdectien of type TII capsular

Acknele oc@ﬁ*?edll%g%)endé?ﬁw tHIERQWS iR I REG. L. CBI fact thﬁ: production

ci ences, i shi n? npany, Easton, Pa. 9
of Ep§ PephigheooByn celist Werdshelhaten faghlasggoubling Cisheo(h 4K dhat at slow

@Rl Academ ¢ Press, Inc.); and Handbook
(lmf) erlnen?ﬁﬁ) [ munol ogy, Vols. I-1V (DM Wir and

CC. BI ackwel |, eds., 1986, Blackwell Scientific
[0025Rubnitaltyi, caﬂiss)tudiSami)uhoGBS wire a;ierfofwhd:cbmﬁlﬂhacrellél ganm g'n bAtch culture,

Labor at 2nd Editi
Vo PRy, e, il . Clfes CRPENAn gt Grow
parBfrﬁﬁtﬁ ,shi'f@%ﬂ)erle‘ﬁb&f by Bélet B0kch ddl‘tui‘@le@ditﬂ letaBbRé Gmﬁ,ges that affect
4t h (Ausubel et al. eds 1999, John Wley &
heg&ﬁgaosm% o& eI cgH- Biostipesps TrbARHowS for gAntintoss SxRagential growth in

an Léi‘lbﬁf)ﬂhél{tyoic%ﬁk%esub@tﬁﬁ@"h%ﬁucﬁ' an %%masgggﬁlcelﬁ&ﬁgﬁ%naﬁd at a rate

Press); PCR {Introduction to Bi otechniques Series
corgirrdleddby ﬂ(lfN@mamrhe& Grabath Iatbscondm@QSY are$p¢1n1ngled a/geadycprate will be

aclﬁg\%dgg-&oe n%ma ?Eul@ir?\lgﬁ e % lé% r d Ssig 1%¥ Q@I tvsf%(\’odﬁ@mn because
it [sOQP2AB] toSE@zﬁdas‘tablﬁllybpmbl@isl and doataminttiogotahdeis #Bs expensive on

rr}no .acid re u ||}th|sse0|f|ct|on
manufacturing-scale due to the need or a continuous feed of medium and nutrients.

[00258]  Cultivation at the 5L- and 20L-scale was carried out respectively in a Biostat CT5-2
and C20-3 reactors (B. Braun Biotech International), which had a total volume of 6.9L and
31L. The bioreactors were respectively equipped with 2 and 3 stirrers, each containing six
paddles. In addition, ports for steam-sterilizable probes to measure the dissolved oxygen
concentration (Inpro 6500 series2 oxygen sensor; Mettler Toledo), pH (model Pa/2; Mettler
Toledo), temperature (pt100 electrode, M.K. Juchleim GmbH), foam (model L300/Rd.28; B.
Braun Biotech International) were available. The operations were controlled and recorded

with a DCU-3 digital controlled unit in combination with the MFCs/win software package
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[00246] Al publications, patents, and patent
applications cited herein are incorporated in full by

wo edoegnce. EXAMPLES [ 00247] To illustrate thePoeiBR08003729
herein, Streptococcus agal actiae 090, H36b, M/81, and
CBJI | | , which produce four representative serotypes
(la, Ib, I'l'l, and V), isolated frompatients with GBS

di sease, were studi ed. Exanplf 1 - 5|and 20 Litfr
I t nocul um preparatian
e LR N MR L A I —
leayirvihé bibesco WLk ettulad VAR O féﬂl%ftér' RShidp gi%ﬁﬁ%b 3K GMUX-8

ontalnln 10000L. of the inoculum culture:
a“% @%ﬂﬁﬁmF@Mmﬁwmﬁ@kﬁ) 2g/ L nonohydr at e Na HPO
(N@rck) 179/ L autol ysed yeast extract (D fco

[00259] b Qutvatibe Was doRBAL3GICOLI| QME{@?M@%&% A kg g0z = 30 & 10%

monohydrate D-glucose (Merc ds Wer
satpatieR Ly B¢ m‘?ﬂl‘ﬁ@v@h@b vs reosirelledaiyeagitaRaWatan detween 100 + 10% and

tlon t.hr ou
L o g ST B S 518
ferlaasmpt i andl|Hyyaeaatibadtateo of be S0yl £N0%Y €Thd pEIS the medium was
St Zg % an.a toclave(gt 122C for 30 mnutes.
keill o for Por “HaBAIGLY % cpptraliedicddigropf b thydropdds sodium. The
moﬁﬁﬁhmgnar(dmﬂ contfolDf WESud IBH?&HEt@ltsesqc}Y‘% ﬁgxg)'elfafnﬁé,%l—g and agitation were

ol unes of thawed culture (wo
perigyoed 1y, 8 18 |conirol upgo Epamrivasi wutxbléﬁdeailtmatibﬁnﬁ:wmhtdn antifoam agent

bR min a horizontal shaker cabinet
mn?@%%g%a 45%%n%§%%gntrlc 1 inch). [00250] At various

times during growh, the optical density at 590nm was
[00260}e 530080 eég@cmp@pmutmrde emedmnamsembdu-lé?étamcarﬁadapted working

Of e Hne
seeﬂygfuﬁﬁ:::gf t%g e@ig% g}lcu@aé?fgf ?31 tn%E Ia%3$](,‘gwg]p shaking on
a rqbzrryeshal@lr (W}Een tAhmocidutal ila3gs teamddmaleﬂgoﬁéﬂﬁalemﬁwﬁm i8tween 0.8
ermp regressi on anal ySI S
e Sy e o bl G eotvBed Fhiaodnesh dregs batbemetiven (4.7L or
1719 @6 FR81P@N4ISinttR] DiveofBYg2mum speci fic growmh rate, nmmax,

and doubling time (td) according to the formula td =

n2/m_B) 5 and20liters fermnentorpreparation
[00261f he batch phase of fermentation was allowed to proceed until the culture ODsognm

reached 2.5 (+ 0.5). When the culture was at or near this OD value, the first exponential fed
batch addition of yeast extract medium ( 150g/L) was initiated and continued for 45-50
minutes to maintain a specific growth rate (p) of 0.138h™. A second exponential fed batch
addition of yeast extract media (150g/L) to maintain a p of 0.924h™" was initiated at the end
of the first part when the OD was equal to 4.5 % 0.5 and continued for 45-50 minutes. These
addition phases reduced the bacteria’s doubling time from 20-25 minutes, which is typical of
the batch phase, to 45 minutes which allowed the micro-organism to adapt to the ideal
conditions for polysaccharide production. Ultimately, to increase productivity, at the end of
the second addition of yeast extract when the OD was at 10.0 = 2, the culture was continued
using a pH-regulated feed of concentrated monohydrate D-glucose (550g/L) for 3 hours,
avoiding completely depletion of the substrate which would result in pigment production and

a reduction of capsular polysaccharide production.
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[00251] Before filling the vessel and sterilizing the
culture nmedium the fernmentor instrunents (pH
web@onsndes and pg nmeters) were calibrated usiPgI/IB2008/003729
standard net hods. [00252] Since GBS is an auxotroph
organism it does not have the capacity to synthesize
particul ar organi c conpounds, such as am no acids and
vitam ns, mhich are required for its gromh. For this

easan,, .a t p.conp | ex medium free of caonponents
10026170 3P0, R 28 oF STAHL ST i bpeitom s oot il prervals during the
feriienation 2316 8essdsO @R AnalkRed s AaciFRdl e
ol ysacchari de prodd?§?on conﬁglned%ﬂgM?Lq%aﬂkﬁ mnmum@uon and
§5 SOURFIEk9N. 16. 7g/ L aut ol ysed yeast extract

(Difco | aboratories), 32g/L nonohydrate D gl ucose

(M&Wmfﬁﬂfd&cﬂbﬁdﬁbf@‘ﬁfcm 0.5nmg/L thiamne
hydrochl ori de (BDH Laboratories), 0.5ng/L riboflavin

[0026ﬂ FI wh@cult®le 308 haridstt WﬁEnCth@;%Ta@\g&cﬁa dﬁ! ? ﬁ%&pe%}ly Qi é’own which

yri doxi ne hydrochlorlde
00%‘611696&’ bpyyrs @ ar @lle)ﬂékbllatlQrBDf-ltHQaﬂﬂcamtmlledﬁludoee phme MThe culture was

m RO SRR ot JF Pl B OE” g ph 5Pyl e e (aventii

C%Mﬁlgé i+20eHPInBetkhdne cplics) hﬁh@ supee@dint Gxds rBmbvéNsghd conserved at -
for a 7L fernmentor and 16L

| ene glycol (4
20RY P £ et b WA ST AR MRt At 1910
for 30 mnutes. Sone |liquid evaporated during
[002643t ePurificatibn 0N GBS pulgsatbitari@ecailst fe@ﬁfrxlﬁ,d)fhe lh%'vgtlcqlu él lﬁrdrolyms of

tlo s. evaluated enpirically wth
cpsheﬁglﬁft g&‘:{m?‘ i9e V¢ agldadep thearelist &e@btmmao‘ﬁr@l pmacentratlon of 0.8M.
Théteattidd ﬁ)@@th@r\m(soin&kbate‘arm@Z»g hoti ra;g%m@ nc?rfgol L f Oéca & the serotype

30L fermentor) 55] I n paral .~ a concen
SEQ@F@P$@ﬁﬁ@ﬁVW§d@hymnaie D- gl ucose (550g/ L) and
vitam ns (0.5g/L for thiam ne hydrochloride, nicotinic

I Fermid Fdrdpeyinfie hydrochl oride, 0.05g/L for riboflavin
and 0.2g/L for i otin) mere di ssol ved in

[00265P A fidi! ey (N@E il LXIe Xd t tv'é?stei 90a tacr:]cr (gu Qere 2d%contammated
R T RER

pore Si ze I’TE rane gene
Firshstbptfeuantoys aceetlled V\nﬂheR@W amhthaat pla nwase@&ehseﬁm oot B¢ Manually

addfho%'ogL qg\/l sé)cpl%B r%%{e) L 12% @n%_v%slel{% grtggé Egg%rtl‘ggdlgq ater to 80°C

er men
for 5®rh11mtbsmiheﬂntsmﬁngta pﬂ&siui&lbmlﬁh@ aRY @h Qe A 6*9200 rpm that ensured a
h nlcothbc aci d, pyridaxine hydrochloride) and EhL
OMOgRRGUS adiRersipm of dlesbu\@h%meowmtlz@umwammw@u e water with

sodidnOhyirefi8e whd Wabvele@! 4 thd Elnetitde 3 WARLY Wi R W until the pH-

value was decreased to a range 5-7. Generally, three washings were necessary before
reaching the desired pH. The fermentor was emptied, and the probes and accessories were
removed from their ports. The septum connectors for inoculation and transfer of additive
nutrients and corrective agents, and the bottles for removal and storage samples were
sterilized separately in an autoclave for 30 minutes at 122°C. The fermentor was again filled

with ROW, and sterilized at 121°C for 30 minutes.
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1707 riboflavin). € Cultivation in 5L and 20L
fermentors [00256] Expression of cps by GBS, as with
wordwensi2encapsul at ed bacterial pathogens, is nPCT/IB2008/003729
constitutive but instead varies during growh in vitro
and in primary cultures isolated fromdifferent sites
of infection (Ref. 173). Despite such observati ons,
little is known about regulation of this
sur f ace- expressed carbohydrate antigen in GBS. Cel
I itimmous cul ture was al ready reported
to be the principal factor regul ating capsul ar
pd) ygadvaned cdevpiionmediuon, and growt h rat e- dependent
roduction of type Il capsul ar pol ysacchari de
[0026500&71%@0@4%%9 deivtel type BB sipaMY8ILj originally trotatddefrom. a newborn
s_ hi her
it byl R BN BT P 6B, By B EMI T Fef s o n o
malifiad (vieksich) oﬁra)vvlhhm(daﬁfl defifdy . m[e&lﬁﬁﬁThltiaﬂyt taleloped afok group A

S A DS S B2 O TP ML CBL LSO UL, v i

batth Quktlte RS is INdd ineMbR concentration, and pH Gowh
paranmeter shifts experienced by ceIIs in batch culture

lead tq netabollc chan ges that affect the conposition

of t heTablel: ChsmirHlystpdingd megivm spmpasitipn bathrrhaseious
exponential growh in an environnent of stable
substrate, product, and bionmass concentrations and at

a rate controlled

condPHENHEC A e i
ac hC@MHOUIPB)_/&ever

by tThe RgRagl cher.

nt 3 %Eﬁﬁm?gw st

ure

con In OUiIS)U

HEDX DR I 4 H
ayorucu 1T01 1
-

ot .0

o o

f—growmthTate

ate V\i’kg)]ﬁ?CER

should

<

o I T

At oy n:\flnn

use ILllQ

+ A &ty o

L Ucﬁl({a{al T

al-soERYEhS
3 e

Tt

| UNT O Ilu U

A

g- cpnl erup to tMgC]ﬁppd

“for ascontinuous. f Ehwmtmtmﬁlﬂrﬁpwn rients. [00258]
cul tiVvaHP&a at the 5L- and 30L-scale Was carriMercbut
respediHPéky in a |Bi ostat @HS-2 and C20-3 readlark (B.
Br abimHBluit2#H0 | nt er nat i onaB)50 whi ch had a t ot allervlol une
of ®Na®LP@nH,3! L. The bi oreagsmrs were |respect inatly
equippg@cmnth 2 and 3 stirregs, each ¢ontal ni Mgesk X
~paddlres™Th additi C’dﬂrlplﬂ?@g(ﬁuﬁ@ﬁ IIPREANT ST eritizzablre 7
pr OD?ﬁHbO Ejeasur erne SSHKEd o;yge ) “U”“e"Aéhgé Edun
\ I ’HXZG?,LL Flbi.f UXYy(tTl Zbﬁllbw , WVEUUTT €l IUII\XGI‘C
\lluumns ZUHSO Vet t et 10 Slgma
FeS0,4.7H,0 10 Sigma
§ . Sodium solution in ROW
Sodium citrate 225 Sigma
Sodium acetate 6000 Carlo Erba
\ " Vitamins solution in ROW S
Biotin 0.01 Merck
Nicotinamide 2 Carlo Erba
Ca Panthotenate 0.8 Merck
Riboflavin 0.4 Fluka
Thiamine hydrochloride 0.4 Merck
Pyridoxine hydrochloride 0.8 Sigma
Vitamin solution in sodium hydroxide 1mol,L"
Folic acid | 0,1 | Sigma
Nitrogenous bases in sodium hydroxide 1mol.L"’
Adenine | 35 | Sigma
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Tol edo), tenperature (ptl OO el ectrode, MK Juchleim

GrbH), foam (nodel L300/ Rd.28; B. Braun Biotech
woO paoefos2té onal ) were avail abl e. The oper ati onsPGBIE2008/003729
controll ed and recorded with a DCU-3 digital
controlled unit in conmbination with the MFCs/w n
sof tware package(B. Braun Biotech International).
Carbon oxygen and oxygen concentrations in the spent
gas leaving the bioreactor were neasured with 1310
f er mefiveningoni t or |(1 nnova) 3hd a GWVIX{8 anal ySigma B
Braun Birailech | nt drnational 30 [ 00259] |Cul ti vatSigme was
done at 36C |0C w t Amindbeidseh ROWssure and pg 2 = 30
10% spiAusahd on i n fthe medi wop whi ch was contr ®ligresl by
agl 1 gL ppfnimal €S, Detween 10 10% and |[700 10%gjana f or
a /LLTcﬁﬁ DT, and between;50 10% and 500 Kogmd pm
IUI d(ﬂy&nUEI m—:nt ——and uyzlgﬂerdtl om nates of & [ and
Y B0 e Pt of i edtamyeseept g S
h\,drﬁisqsum. um—The ronitid% ng_and! e conts OIZHg
VAr | (JH‘L%%P%WN ers such as ]rOQrmpr ature_ pH ancpigma
agi t aLilaysinger e perfformed i N4 PID contlrol uni SigFam
wasDEeMiethadriimed autlomat i cal INOwith an anti f oamSagremt
emll-Pheyl{IBihE Labor at ori es)100[ 00260] 10000 ofSigrhe
| nocuLprolier il e nedi um wasoonocul ated with arsigdapt ed

workippg-segad vol une of the gprain studied and Sigma
|ncu9alﬁhegom&r the [desited tigge at 35C[W th Sh@fgrﬁg on
a T %_TM,[ hﬁﬁer ﬂlerl e Tzggcutum csks reacg'wgg’a

VA o' =N Ry

o—e€x cnrtat pllaac (T Ofgpween
1 f'FA' I/!:‘Y ne\l - + i a

s ‘ ghiggide 5 QQr orppd udtil the BgPeure
%Dﬁmaﬁéfa@qi@d 2.5 (_0.5).300hen the dulture VBgMat or
near li-fyssio® val ue, the fir20 exponentlial fed Sgneh
addi tion of yeast extract nedium (150g/L) was
initiated and conti nued for 45-50 mnutes to mai ntain

specific growth rate of 0. h 1. Asecond .
o026, e ] %% 84 BulEHEL bR oot PRt st sotuions
(pli}aRes B) 7 bad BRI Mheh0, anmpof &b@ié«bxfe thow&d innihkicatted \&tssel The
the end of the first part t he OD was. equal

t
fergneston kPRI evpsiiBlcd agiisgupgse und sterFsw Wtqql%ﬁ it 122°C for
30%ﬁﬁé§ A%ﬁ&g cwﬂﬁomg R&Fé SeSliAUL ARGy Hy Bbfi H RS 0.22m

pore s1ze membrane ﬁlter and then aseptlcally added to the fermentation vessel. In order to

avoid the precipitation of medium, concentrated solution were prepared (20X phosphate,
100X sulphate, 50X sodium, 240X nitrogenous bases, 9000X vitamins, 35X amino acids in
water and 90X amino acids in sodium hydroxide) and an appropriate volume of each was
added in the following order to the carbon source to produce the desired final concentration:
phosphate, amino acids, vitamins, sulphate and nitrogenous bases. When all additions were
performed, the pO, probe was calibrated. For the “zero” measurement, the culture vessel
was sparged overnight with nitrogen. After the culture was saturated with oxygen and when

the operations conditions were reached the electrode slope was calibrated to 100%.
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the batch phase, to 45 minutes which allowed the

m cro-organismto adapt to the ideal conditions for
weolgssieehar i de production. Utimtely, to i nCPERBR2008/003729

productivity, at the end of the second addition of

yeast extract when the OD was at 10.0 2, the culture

was continued using a pHregul ated feed of

concentrat ed nonohydrate D glucose (550g/L) for 3

avoi di C letely depletion of the substrate
\,ﬁ?jgﬁ{ﬂmﬂpﬂf’(g&fﬁ?}?n pi grrent production and a
hari de
[0026égr o g%ini? g?{oE ﬁ%)%@%ént%;% 3 egezp?pggsggno@f sapsrlan@plysaccharides by strain

M7d1tviaete putforiediTh blveh estbkair e fluid at intervals during
the fernentati on processes and anal yzed for bacteri al

t d I cchari de
(002653 °£‘a€@?12ﬁ%8%%%pé35§§€‘°@'n&2. i debmed s (OB268he — 7.2,

adjtikted GidlnigUsNY %ﬂﬁérh?@ﬁé’ %&H}adst%m%gtﬂ;féﬁgfa?‘é% q}go%lu? D.22um, pore size

consistently sl owed curre
meprhgatefilicr 4Nplganefant tpdacpdinc sintifeat(0etl. BHemnser @ag@ewer%moculated

. trif d 774 |
i et TR o g o L TR
70°£) 2 OF hXPke eBemknznwvasoibiitated. at B3eCSWRR apRdtRAt at Was rbﬂmﬁvaeﬁjorlzontal

d 200C f | says, and
shef g S N0 Q30 eonTEt o inchb A  0RBA] Thesbdd: eultiomvas then

lateB®tpal t n
el acacakig o]y I U AT
thet“&)‘tlﬁlféDﬂ\éﬁsl U4 to obtain a final concentration of 0.8M

The reaction m xture was i ncubated for 36 hours at 37C

[00270pN dfﬂezﬁrh&ﬁh@&f RLf cBﬁlFoll%& rbg,t;,}’ H%ltﬁlpl%gé %E)Efgé‘]lg ’%‘Pc{ogﬁol unit from

was determ ned. E) Fernent eani n
ApmlH@nclmtfum@ts/\ﬁﬂsoh@unvegae@m 1630, \P@d;kbn)am‘ﬂ 8¢ d8a Sid e8llected by
the fermento

d. First were filled
cor e R OB e ek Suts ST RECHy ShRRMFY 3 50°C by an
exteolai thieomostdt @HMake)dl UDAsSHBAO X, Ovas Padabirbd ay ‘anst\é‘ﬁl?zable electrode

db hea the water to 800C for 30 m nutes,
(AT LT i e s R 70% 03 Btrseimlion by edticon asfment of the

agltaﬁﬂﬁl §pesd badleee NS ILTH0B rﬁﬂ%&%&tx&ﬁl@Pﬁfﬁ 'l@[ﬁe)oaﬂcnd Qi?}ﬁ&lon rates of

n the sanitization was conpl ete
0.1 §a i v/ dsto sl econende Iﬁ’mphb@tt)edThcamdlturhq:H evaseniietinsdsat 7.3 by

autofRfefatibh RO Wil hglﬁlr%x%'_'\fpump driver Masterflex).

[00271] For the fed batch culture studies with unknown growth limiting factors, the
cultivation was initiated with a batch growth phase (1.2L), followed by a feeding phase. To
develop the best fed batch strategy, three fed batch techniques were tested for each cell
growth: (1) pH-stat, (2) DOT-stat, and (3) exponential. The Cps concentration was

monitored at regular intervals.

[00272]  To control substrate feeding using the pH-stat method, the cultivating medium’s pH
was adjusted to 7.3 during the cultivation processes by the addition of a feed solution with a
peristaltic pump (Masterflex Concode Drive). When the pH exceeded the set point of 7.3,
glucose was depleted. Consequently, supplemental nutrients were automatically added to

readjust the pH to the set point.
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was decreased to a range 5-7. Cenerally, three

washi ngs were necessary before reaching the desired
W@ER09D8R76 er ment or was enptied, and the probesPentB2008/003729

accessories were renmoved fromtheir ports. The septum

connectors for inoculation and transfer of additive

nutrients and corrective agents, and the bottles for

renoval and storage sanples were sterilized separately

41N tocl r m nutes at -122C. The. fernment gr
1002730 30 8 G e PO o 0 a0 ST wencver
the 90, idCreaded ubew. thx ssrpbint 3f 4092 of dik@lvddesxygad. at i on A)
Strain and cultivation nedium 66] Streptococcus
gal.act.i ae t . J 1l .strain Mf81, originally isol ated
1002747 CeRE e iial ewBadeR Eriinge: 16 bl ot gt vated at the
endaf @lpodentBhkiRie toShhiatan %]/E&};ifié%rb\ﬁth%fe%qgﬁlqm,ﬁﬂ'l @4 = 45 minutes),

nodi fi ed_ version of a chenm ca defi ned nedi um

thg fiptimaf | Joubkivg| Bped oo rcapyudap PAlysIcehpidse eeductigtef . Feeding was
accoffplishe R cGAMRAS kild ﬁﬁo@fng%%&em cal ly defined medi um

used 1n the batch culture study is listed in Table 1.
Table 1. Chemically defined nmedi um conposition batch
phase267] The pF(I\@())obgé"fwas calibrated by a two point

calibrati onFa%ggg—t—m—st andard solutions (pH values =
7 and 4). The -ﬁwafgg pH probes were nounted in the
culture vessel. The fernentor (Applikon 3L) was filled

with glucose and sterilized in an autoclave at 122C
where s the) fepding: 1ate, nas thespesifis grewiotited VWas & e didthass et the start of

feeding GPRRL fel ' hr o Q[E.SiZ
ecinf PRS0 o AR, S M Ry AR, nd i
is the del rymddh t@tfficientfesgetasel n order to avoid the

preci pitation of medium concentrated solution were

¥ di
SR B RS st O B Boruasieif

ci ' r OX am no acids in sodium .
[00275%d%g&%eyﬁgoﬁdregﬁg%%%ﬁ% pOLPi ate ST o e‘gegfﬁ%eg B8 ggiiminating
individdah enufridnkso fomgther difined anddiem callbign deeti@gt Whethedtieeresultant
he desired final cogﬁentrati on: hat e, '
I

hosp am no
med i RO PapATH 8OV pAGCHTRNES APRRISFERBGSOBEIESA M shake fasks

cor@ihingd g0 L AT SheiBic Sl P&tined MRMiunt R8e Pab1 1Pr obe was
calibrated. For the "zero" neasurement, the culture

essel was sparged overnjght with nitrogen. After the
(00276} 11 T BRlsthS st Bivatimpium B2y gdinstahdo Wiewsing16M chlorhydric acid.

i i ti .r.ea rod :
T

membrane filter (Nalgene). For each series of shake experiments, the cultivating medium
was inoculated with 0.1mL of thawed culture of M781 strain (working seeds were stored in
10% glycerol at -70°C), and incubated at 35°C with agitation at 200 rpm in a horizontal
shaker cabinet (Innova 4330, eccentric 1 inch). After 18 hours of cultivating, the OD at
590nm  (Spectrophotometer novaspecli-Pharmacia Biotech) and pH-value (pH-meter

Metrohm) were measured.

[00277]  The growth in amino acid and vitamin deficient media was compared with a control

culture with all compounds present.
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[00268] Prelimnary experinments on the expression of
capsul ar pol ysaccharides by strain M/81 were performed
w0 poobasehs cul ture. [00269] For cell activati onPCI/OE008/003729

of the chemically defined medium (pH value = 7.2,

adj usted using 6M chlorhydric acid), sterilized by
filtration though a 0.22nmm pore size nenbrane filter
(Nal gene) and placed in sterile 5001 Erl enneyer

= Ak ated with 0.1nL of thawed culture
E%‘ Al lcap ew' Jng seed were stored in 10%

- This seed culture was i ncubated at
35%%% %%‘qsurgggtsn at 200 rpmin a horizontal shaker

for 9 hours.

[0027 Q?,ab IAR&ho d){ LsntPQ Xeﬁnepﬁg’ssxgere %Sﬁec?%gg g%lbé?rlg%%% tgntjwas mositopgeby reading

ture was then
theb@@acbf the dilture iah a avaZzeEhgth zf@l@m’he(w ofv B8 M ecttdMPRLInke®®)- Pharmacia
he | SD was 0.4 00270] The
blo\f{mﬁteﬁi&{”f’%o ERITOPPEreByzed i grierato feedguvament absorbance

withinctha irg@®aireel 0-08pt from Appli kon I nstrunents (Biol
controller ADI 1030, Applikon), and all data were

t Bi oXpert software). The
[00279f ohbsﬁgglgﬁe% «é@”ﬁ%ﬁr@h@% 2dap shegdieal bydlefised med@lﬁONbg/daermmed by

pla@ﬁﬁg gﬁ??&eﬁrﬁel@’;rg%’c}%gﬁgl\é%gé cu t%éesﬁigs e@%sn% 1r\é¥a Waprev1ously grled and
Wewg%ﬁamhemp mmbéeH@O%lUffu@ tubs.atGetlatwenn cebynﬁllgg@ taap.a %10 75( g for 45
d bet 0
mnﬁﬁ!és I\Z/LDH?Q% %oAn\{a?g af}d? %%6%% erg% quifer rplsigeratpdcenigifuge. The
SuPernataahWai d@awted /ami (tH%l @ IﬁéﬂBtS\QiisedpﬁQlﬂhlaKQi%n atl B CCYr t214' hBurs, and
nt d at 7.3 by automatic titration wt
Wegﬁlﬁaga %, %fﬁtl Vgl.llﬁg?t&féer( HlfnCaDoﬁﬁS\?Qmeétg@pwﬂeﬁeﬁll c{rmmgﬂt) biomass
wad@tablibteedt &t OPIEN a€ Y §‘va§«t:c§gva@<§1t% b, Q4 dxga[SQWt
t F?‘Y ated wth a

I|mt|ngfactors the cul ti on was i

mqrowth phase (1.2L), followed by a feeding
eéré" §@ndeg; e | op the best fed batch strategy, three

t,ch te n| es were tested for each cell growh: ‘
[OOZSOi T?GI%%'_ gftalp i U _befwgen tyadnai @) celhpd hines. d&Bacte‘fhbspemes with

' ery al
W”FE“S’S%%?H%‘*%%%‘{“?W’?E FRIdoL Qe AEMAL Shéfupgecharide,

are [(ERRORESAt e ‘Eltﬁf@asv'%qtfmg withli waliss Cm-thlvxﬂlg eetljtivelye thrged amounts of
gh cesse e addition

pep%c?o%éﬂ%ee JK ﬁ]’t)(ﬁa% rp’sac ?ﬁ“ aR ram—posmvey IFEIS method, used for both

laboratory and pilot scale, provided assurance that the seed culture and fermentor culture

were pure.

[00281]  With respect to the staining technique, cells on a microscope slide were heat-fixed
and stained with a basic dye, crystal violet, which stains all bacterial cells blue. Then, the
cells were treated with an jodine-potassium iodide solution that allowed the iodine to enter
the cells and form a water-insoluble complex with the crystal violet dye. The cells were
treated with an alcohol solvent, in which the iodine-crystal violet complex was soluble.

Following the solvent treatment, only gram-positive cells remained stained.

[00282]  After the staining procedure, cells were treated with a counterstain, safranin to

visualize the decolorized gram-negative cells. Counterstained gram-negative cells appeared
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peristaltic punp (Masterflex Concode Drive). \Wien the
pH exceeded the set point of 7.3, glucose was

walepbmsrde Consequently, suppl enental nutrientBCTEB2008/003729
automatically added to readjust the pHto the set
poi nt.[00273] For the pO2-stat strategy, the carbon
source feed was added automatical ly whenever the pq 2
i ncreased above the set point of 40% of dissolved

X n. [00274]1 FEpr the onential cultivation, .
red @Mﬁlﬁig&%réjpof'légl i repaped o fu %ew}& COpRIPIRIyantinted off; the slide
wagngently veapRAeD! ledlov® A GediQualhoit@dtd) ThePgRk s GERWMIded on a

rate equal to 0,92|f 1 (td = 45 mnutes), the optinal
MIGYSEAPE 328 WReTs the ofipaarsien lsas yanlovvesad; it the bemersioowil.

Feedi ng was acconplished according to the foll ow ng

f Oy OWhevse dshays| y L ' f,const where F is the feeding

rate, mis the specific growh rate, (VX) is the

[00283)i om@ealtde Supernatadis! eRbodeeOistidptidd ¥vas &e?é@mfﬂeﬁecomgﬂetrically by

feeding started, Sf comt is the substrate
meaghingrine absshanse of ddsolutinn cg 1emg light patbl 4t 3¢0ehdNADPH) and by
gk dd e ] sks study to
co R PRl ey B MR 080070 & owe
factor requirenments of the organi smwere determ ned by
[002844| | Br-Ghacpseg wian dhospliarlaterd to iRl wcobe-Gmphbéphattein thedpresence of the

[ I pi N et her, t he. resyltant nmedi um
en B OB b SRR B e o aner | n Soomt
unbaf fl ed shake flasks containing 100nL of chem cally
D- Glugedd-+eTip nettioie (seendabé-& - bhosphR@278bpThe pH of the
cul tivating nmediumwas adjustéd to 7.2 using 6M
chlorhydric acid. The cultivating nedi umwas then
[002854 t ohy fhezpugsange fof |the gniyore Ehieossko-ph@phRenvieppdrogsiage D-Glucose-6-
fl e).. each series of.shake .
phRIRE RS, PR SEBI0k REPe Rt RECPRRs QLR B Tormation of
NARRH: 0.1 nlL of thawed culture of Mr81 strain (working
seeds were stored in 10% gl ycerol at -700C), and

D- Gluiﬁcr)‘s%H pat ?%PI?%%%E@PW ! B ADLL Ol %g&lﬂcg{%i%—nnq T phosphate + NADPH + H*

orl zo cabi net (Tnnova 4
inch). After 18 hours of cultivating, the OD at 590nm

[00286] SpElesd fraplA @ MRABPH ToMasina Ghis tERAARGE AtoBIHHEHS (AL amount of
H val ue (pH neter Metrohn) were neasured.
D-Glucose.
[00287]  The amount of D-Glucose present in the assay was between 1pg and 50pg. In order

to get a sufficient absorbance difference, the sample solution was diluted to yield a D-

Glucose concentration between 0.08 and 0.5g/L.

[00288]  The supernatant, stocked in fridge at -20°C to stop enzymatic reaction, was serially
diluted in ROW. 50pL of diluted supernatant was incubated at ambient temperature for 15
minutes with 10uL of a solution containing hexokinase (approximately 320U) and glucose-6-
phosphate dehydrogenase (approximately 160U) in triethanolamine buffer with NADP, ATP
and magnesium sulphate (pH = 7.6).
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[00277] The growth in am no acid and vitam n deficient

medi a was conpared with a control culture with all
w@omposnds present. Exanpl e 3 - Anal yti cal Met hoPIST/F2008/003729

G owt h neasurenents [00278] As soon as the sanples

were col l ected, the biomass content was nonitored by

reading the CD of the culture at a wavel ength 590nm

(Novaspec Il spectrophotoneter - Pharmacia bioteck).

AL RS LRI N -
theD.Rid¢h®. ocedue) 2] spRbbpkRRRARET AlchQemdfT gﬂg&:@ﬁmﬂé&' at room

of chem cally defined nedi umwas determ ne

temperature 3f ¢ 2gAss aired vol ume of culture broth (30nl)
|nto a previously dried and wei ghed 501L pol ypropyl ene

O 1 LDbGEmIoen oPEhsh :)921?];8@99&71%%@%%%% t 27,2 17x g

for 45 mnutes at 4 Avan 0 XPlI Beckman

[00290F0 UNL Rkt aﬂ-@c ﬁétﬁiﬁﬁﬁﬁ&gmg E{E‘iﬁﬁé fa g gﬂtp @ﬁ%\?tf&@‘gerws found as a

decanted and the cel
compnent of 2epkapigtis, Caélmilyvlmiq; mulctuv&s r@ilsa:bpmmﬂm randbeglwﬂﬂplds) In

pr 03\3212’ Oégtcglgﬁ %9&}?19 ?Cﬂ{]gas%p%eef( %{m% i) ﬁnﬁ%tétgga AP§ é{%élnfe% genera of

pathogeaicgmblertih [tﬂ] o ifraﬁlst tH3) sefdtyger-speéfio chpol GBL 8&}11)1@6@ Hrépeating unit
bet ween two maj or cell wal

of ?1 %Jgpowlggggr Fré Fe}i EF%}él-lwu{qmlmpquorc%q{{caqcrq rg@wgmgalactose and

N—a@ﬂ@lglﬁc&bsﬁﬁmﬁerﬂlhdéoﬁéliéceﬁ% At infd2d1 %hﬁ%ﬁqtt 'o‘f%é Yolysaccharide, its
opol ysacchari de, are G amnegative
quagggf g? dateyninAtiqua RS ugesnoanenitey Sﬁl@ltmel spetific Icas gmductlon following

the@RHRAGho PR LIPSl KA 3{181@@01 ¢) popol ysacchari de are

Gram positive. use or both | aboratory
pil ot scal e, provided assurance that the seed
[00291]: ul lﬁﬁgfp@ dotrImingrhet prantiy| of siadic weide theuape .in fHRORBL vaddll tsb]mple was

e L TN - W —

hydbagcﬂq:fodﬁé hoesykfmal ofitled igictivided chinpleivas cs’ixltﬂlfugé’cpﬁtelr%@(bx g for 25
an

i B o4 s FBeRIGT b eisat. o heoweemetaat was diuted in

ROWoG: re1d, CarNtiRh el camn&&twm%l “%%eéenf ’}%R' &l bffugal filter
ex Wth the crystal violet dye.
(Mlﬁlpore s Ultracel YM-30 regenerate cellulose). Concentration was achleved by

utrafiltering the diluted sample through an anisotropic membrane according to the following

procedure.

[00292]  After inserting the sample reservoir into a filtrate vial, 1.5mL of water was added
twice to a sample reservoir, and spun for 20 minutes at 2519x g and 20°C to clean the
centricon system. Once the system was ready, 1.5mL of the diluted samples were added and
centrifuged at 2519x g for 30 minutes. The centrifugal force drove solvents and low
molecular weight solutes through the membrane into the filtrate vial. Macromolecules such
as the cps were retained above the membrane inside the sample reservoir. As the sample
volume was diminished, the retained solute concentration increased. The retentate was
washed three times with 0.5mL of NaCl 0.5M to eliminate the contaminants, and was

centrifuged at 2519x g at 20°C for 20 minutes.
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treated with an al cohol solvent, in which the
i odi ne-crystal violet conplex was sol uble. Follow ng

wo b@9ssl2vent treatnment, only gram positive cel PGI/IB2008/003729
remai ned stained. [00282] After the staining _
procedure, cells were treated with a counterstain,
safranin to visualize the decolorized gram negative

cells. Counterstained gram negative cells appearedred,
| ue. After the

' it | 1s. i ned
[0029%’2 Iu E?Ié %é?\g%rﬂ%m%tgt \r{)? R?eéra)lg.flltl\?aa Imgaes gﬂ&qpetovggg s;ggﬁ@ Irggervoir. The cps
wasaranEfredto hevstentaRyvidles slidhg MR ﬁal\ﬁ]‘gf éh‘gth%gﬁyllé fi:@er\/}@ii inverting

t hen placed on a m_croscope stage, : _
theo?‘f"ﬁ%n%?‘s%‘iﬁ‘%‘%ﬁ% fQhaks mimite ﬁb@O%hgo Thieracovery pramsovhs repeated

twieg tdFHGRS 611 ARPYS [00283] In culture supernatants,
gl ucose consunption was determ ned colorinetrically by

neasuring_ the absorbance of the solution in a lcm
[00294]; ghe qvatify dhe 3monm ¢fKaiH)cidna colprimetrizamiethgd iihvdlving resorcinol-
u p d ayin re. glucose.
h}’c‘[ﬁfgg{%gﬁ‘i (2{18? %Ss (l)lgéef v\/ggj%pﬁgéeﬁggggll%et gafr#léa%vg assay contained 0.2g of
respreigiol (ki bowphmh econthidife SpMESENSE4HICE e aR0%Y48d Pydrolysis,

hexaki nase d ATR w.th e simul taneous formation o
Zoﬂgﬁgw o @%%OIR{; E%X%&ﬁ%n@ég"@D d ucose- 6 -
phosphate + ADP [00285] In the presence of the enzyne
[00295¢| UThsesshy phopaitained de IR eMASE: thPsfhpEe @8Fmfiing 5-25ug of sialic

.phosphat s oxi di zed by NADP to N _
acu%yﬁ:ls Pi‘ga‘ffgfo\g?@ Fﬂ?&giﬂﬁ%ﬁl@ RRGRt-t dter drenaddidom of regddRHhe Bolutions
fixe§ - GRPR iNARP: i S wat: h. ed .M §
V\ferr?%/dxg .Qﬂ;('{'ehefﬁed ai@g i ucg%gt?n e oghd %ﬁ%&sgpwgtte gbﬁﬁ’@ﬂﬁﬁ_wblﬁlf a blue
violgt cqlondmplopete anpunt of NADPH forned in this reaction
was stoichionetric to the amount of D-d ucose. [00287]

0 Th in e ass was
[ 029.6 eteT\/\lgégr%Hlég ‘;Vrg%acr?ggg %‘rfrgoso?rlx ﬁgngrfeg;géret z(t)ndtg @]F ags%rg%/r}cF éyaé dgad at 554nm
usinghs Mame ldispéatrophatemetehe Dispopdtee soletits anchvascrlilight h and 1
mLtcgpéleit(? lv&jerea us%ga.l Y&e %I()asorbance was directly proportional to the concentration in the

range 5-25 pg of sialic acid.

[00297]  In order to compensate for non-specific color in biological materials, a control sample
was run without resorcinol. The sample blank absorbance was subtracted from the test

sample before calculating the amount of sialic acid.

[00298] In parallel, standard solutions of 0, 5, 10, 15, 20 and 25ug N-acetylsialic acid were
prepared under the same conditions. The amount of N-acetylsialic acid was calculated using
the equations derived from the standard solutions of N-acetylsialic acid with the program UV
LAMBDA.

[00299]  Capsular polysaccharide of 090, H36b and M781 contains 31% (w/w) N-acetylsialic
acid. The capsular polysaccharide of CJB111 contains 23% (w/w) N-acetylsialic acid. Thus,
the cps concentration could be ascertained using this correction factor. Volumetric
production of cps was expressed in units of mg/L, and specific cps production was expressed

in units of mg/L.OD.
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concentration between 0.08 and 0.5g/L. [00288] The
supernatant, stocked in fridge at -200C to stop
wenmgnsie€ reaction, was serially diluted i n REW/TE008003729
of diluted supernatant was incubated at anbi ent
tenperature for 15 mnutes with I OnL of a solution
cont ai ni ng hexoki nase (approxi mately 320U) and
glucose 6- phosphate dehydrogenase (approxi mately
ADP. ATP and

ar t|o f the sanp the dlsposable cuvette
(‘T‘E@f 9 ’b’p ocglué%f’del’am?h ePRS5ERe pr ocedure t he
[0030(ﬁpﬁ%é£h§t et?‘ttée% ltoék) ﬁ?satsé Jrodu ce aslerro 5%8 Ia(t(‘xB mL shake

flagigdtadiipg b§EAL off a’feldﬂrm oend ayetl th EPALY the moculum culture However,

thegt, DA GG IGPIY B0 SBR B of M RAPFRAT o four GBS

stréif‘ﬁ @0}’ ﬂl‘?@ﬁ eM%f Wak lUJBﬁ 1 (%Xscﬁﬁdl@@ & ASw 3nsks to develop an inoculum
gl ycol i pid S) . prokaryotic cells, sialic acid has

prepgsgion @metmblaiorapl&t restlet Ui propedust was thew ugedéq groduce pre-
phd: 1%@&*&8198!3'218(;0?38& & dGvpl0] . In fact, the .
Serotype-specificcps of GBS conprises a repeating

unit of the follow ng saccharides: N-acetyl-neuramc
[0030Hci dhefirgigakl of thisi tpmgleuvase, ﬁrghtlha(gr@stéa raraneters of these four GBS

N- ace | .u m ne. Since, si.a d.i s .an integr
e RN o AR Py Bacni e pRE et Py g9'eRo stuay e
opﬁﬁbled’dlﬂlgbaﬁm@ nsqwfaec} fdﬁsadatb-(éx]?]mntlﬂrgr&&?tqihﬁwg]p&Guiftab@e pH-value in
s production follow ng the ca od setu
theslPBPHES T Ol serid, gogl7gys ] S@Wg@ 1157 Ve egﬁﬁﬁf ﬁé ({’ fodnoculate
th&ﬂ‘ef%% inf d&fto %(ﬁllﬂycih@&ilglre ﬁxlﬁ@ s&dSthhit ERRd bO ALKt PEBM: the evening
le was partially purified and concentrated. After

befOInﬁe tﬂwﬁhrmblycgm@ oFy pzullty@a@mhaﬁbp@teg hoanécsme@tﬁv Hy dhoxiageing of the

fer]én%ﬁx é}jgﬁgltn% 113%68(&’[ 4 ﬁoqlré)zgca&g:p}/ % f?f’étgg l{g?(f&q{tﬁ’gée of the strain.

5415R - Eppendorf) to renove the cells. The
[00302;up€|hn atudpof eshde IGBSesjamtmp&R@VVSatonduqe}i usimgl3mhe the working seed

to g@ﬁﬂa feﬂ)ggfnif (?fofﬁgﬁ Eeﬁ}?elt fn]% n’g %ruacqre ué'lilhgwrg,oeach experiment was

peff@@eaeiadectoCalshre] r@lﬁﬁaucﬂﬁﬁ@c ewaa\der Ofindathe @@MV@@IVdOMld doubling
utrafiltering the diluted sarrpl e throu
timeribéaingdopsre Shatbroateonsde gl SXREHBER Sﬁﬁrwgresemed

pr ocedure.
[00303] For the 090 strain, the cells remained in the exponential growth phase for 6.5 hours

with a doubling time of 30 minutes (ltmam=1.41 h"). Therefore, 6 hours was sufficient to
attain the mid-exponential growth phase using a suitable pH value of 6.8). Since this length
of time was not enough to inoculate the flasks in the evening before the fermentation day, the
working seed volume was reduced to 0.JmL to increase this cultivation time. Under these
conditions, the bacteria remained in exponential growth phase for 8.5 hours with a doubling
time of 35 minutes (Wna=1.20 h"]). Thus, the preparation of the inoculum culture for this

strain required 8 hours.
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[00292] After inserting the sanple reservoir into a
filtrate vial, 1.5nL of water was added twice to a

wag armplogr2reser voi r, and spun for 20 m nutes at PSW/EBR0ES/003729
and 200C to clean the centricon system Once the
system was ready, 1.5nL of the diluted sanples were
added and centrifuged at 2519x g for 30 m nutes. The
centrifugal force drove solvents and | ow nol ecul ar

to the filtrate
ool O O U B, e L1 LS v v
perﬁdnmed tTihe celtymipinadtRateln Sh@deedt &8 ofeniiR] ﬁo@vﬁﬁ% g/Fth a’%l%uf)llﬁ?g time of

Ie voI was di m ni shed, the retali ned
258 EBH ﬁ B g dlacedpeetpragion @h@qtvmsenmedwﬁah@ﬂ hours. Thus, in

Of&**f@&t&hmﬂ“ﬂ;ﬁa e okt MFpiE Pt YRR P2 Sy finecium for

contam nant s

thig %Fa@hﬂd@rbﬁﬂwu[atﬁdzgﬁiurﬂwomémfayionO 5ni of
0. 5nol . L"" Nad vvas added to the sanple reserv0| r The

[00305? PSFEYEe ﬁ\%’)\f}igfsftx‘ti{] 5, T ¢ %g?ﬁrﬁe : :afs\?)g% Prtmeefq,]vilvvggel, ?%ﬁ u§1ﬁg a Worklng seed

he vi al
voldmeiof Smlt mehther nsingfoUgilngUkRE ShlmbntHeewadking0R¥d 9|01|u1 | 8.5 hours

he
was SgC%VSFIBy %gr oce “ff\éll\gﬁlnh%g e[?:pggeé%mﬁeagg tlgescglﬁ)t;/ugegrtggq: Hy 2& hours to
alloso bmturﬁ@t dvlefhi gﬁ&t(B Qﬂublmgoﬂu’riésp 90.1(E Qﬂ'%&f?ﬂn?%@%&) caLAL! Iv&as used. It

s used. The reagent for the quant | ve ass
Wasc%sl?fﬁlafmﬁé’aat Ghezalf%wnﬁ%gmecwmrﬂx ﬁ/@rrmnytes Andadeudling itiome Was reduced

ol ysi s,

t lj(;l

o L P ek BRI e P M B Sy B o g Lt of
workHie sesd axeluras forethio st ﬁns flasks @wd tb rbe mﬁcdmed S’f@”p'}ﬁ)urs before

ning 5-25ng of sialic acid was added to 2nL of
&nﬁgg%?%IHO| reagent. After the addition of reagent, the
sol utions were m xed and heated at 1000C for 20

[00306)yi rfior gbe iGIBA 1 bairhinngniyaine rexb&ﬁl’ﬁentdw&h 0 MU Cie Bvorking seed was

| et | or. devel o [ 00296] The tubes were
pertBilFL 1P £ GBRTiaRBLRLTER & otRsactise sabgopbamosissibiing ime of

21 migag,at= 1384 abE tHadle B HONGS Qe Bégaﬁ I%ﬁ‘éM gfﬁh qtél%gq{r)rﬁfder to obtain

ble cuvettes with a
an C&E& %f%ngﬁlé’rf & &]k@d‘”thﬂ“@{ﬂb@é ratmmdé 5/\@&0 ‘H/I— 06¢,tthy medium had to be

2BR0L centration in the range 5-25 ny
1nocg¥ Si a%?tgpg%:f?%qel?%%ﬁa In order to conpensate for

non- speC| fic color in b| ol ogical materials, a control
[00307]Sa|%§|fc§e this new inoculum process could be transferred to pilot scale, the behavior of

the four GBS strains was studied in cGMP conditions to validate the inoculum preparation
process. As reported in Good Manufacturing Practices (volume 4): “Validation studies were
conducted in accordance with defined procedures. When any new manufacturing formula or
method of preparation was adopted, steps should be taken to demonstrate its suitability for
routine processing. The defined process, using the materials and equipment specified, should
be shown to yield a product consistently of the required quality.” The new inoculum
preparation process was repeated using the optimal working seed volume of each strain. The
growth behavior was identical to the preceding study. For the 090 strain, the working seed
volume was 0.ImL, and the culture time was 8.50 hours to achieve the desired range whereby

the OD is 1 = 0.2 and pH is 6.5 + 0.2. For the H36b strain, the working seed volume was
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was run w thout resorcinol. The sanple bl ank

absor bance was subtracted fromthe test sanple before
w@aloesrré ng t he amount of sialic acid. [00298pCT/IB2008/003729

paral | el, standard solutions of 0, 5, 10, 15, 20 and

25ng N-acetylsialic acid were prepared under the sane

condi tions. The anount of N-acetylsialic acid was

cal cul ated using the equations derived fromthe

rd qutlons cetylsialic acid wi.th_ t

St G0 i OVEAVBORES (00RE5G) SEAI LS 4ip SRR AR APfo FoF the M7S1
str%othe K& Rina ReedWdhilme %Ts@l 183, %ﬁ(%}{eV@u\l‘ﬂlré\hlﬁé Wa)! 7503 duss to achieve

acid. The capsul ar saccharlde of CJBI cont ai ns

thq@ygred,\p@ rangea@fe(@ §115f aFerdhe €911 Tyirain, t][iehyo@%tgg seed volume was 3mL
an§ BCE M U PRaLPHO M By cﬂé@@fﬂe%& égl ¢ping this
correction factor. %b l'umetric production of cps was
expressed in units of ng/L, and specific cps
[0030§]r odibist inowlumsprematémse@ma was vsedoin pitpt s, @darmgbized 4 flasks
4- Si. npjf I e it |
cofigLEgobinE os PR AP af Bt OlvBpp L ke R8T SBopervsr
t he fernentatlon process to produce serotype specific
cps Develg@mficnt BF0edmentivédmepfocessks cont ai ni ng 5001 of
medi um were used to prepare the inoculumculture.
HoweNigarificub@sef thé rexdd3o wed eitavot: sslutivmesbinehd avnpbax cultivatiole medium
production scale. Thus, the behavior of four GBS
[00309t r éflms GB90s ah@ﬁbotrdlthdrgarasrd TIBles nlot ﬁavwﬁlesctapahi'e'dtoi synthesize
gemi | asks to dev f @ an inocu @£ rati ﬁrocess d for it
PAGHIAE BIERNF SPTROIEES: 8468 %8 amphp §°‘B? gied méva% 'h 8Ty TGeEre for 1
grévath P FoslthéErepoaph &ﬁ\ecést Gd)rhﬁlleﬁ aledhod &e@@ﬁéﬂlﬁbdﬂl@ntﬁ @roefAviinal origin
[O 301] The first goa this exanple was to find the

wagr GiXe P g ragndseiiedoin W@%O%é? cBYS sorlsis cvlﬁvajwdﬁaedmm was
steBlib&IWENET 16 WARK DGR Vithith HARITL oBihidEHE, Lfmoﬂﬁﬂg #iBotinic acid

al so study the optimal culture time required for a
andl pyridogiean 8:eilain GHYwodivphadeoxide andanefhanohbler gdkedial ue
in the fermentor. The second goal was to study the
ol I t
[0031(?1n gﬂ? ?éstt \thrréﬂ(fi 'ﬁ?e@?DEQEe ) ul’rl té)?ttl?ér}g%ﬁu&{?ﬁ}sh% taﬁr{eﬂsthéﬁe vitamins,
evéeifithe takia ey Chf&hﬁgnlﬁhzeltl@\@petr@llg)eiﬁmmodMOn process and processing
time about 8 hours) or early

Ofg%%geg&§%$%qﬁgg%? @ﬁ% ﬁgﬁnentatlon day (culture tine

about 3 hours), as appropriate for the growh rate of

Tabllee2:SVikhin. physiological meanings of GBS and concentrations in yeast extract

Physiological role

Vitamin concentration
(mg/L) in the medium

Vitamin concentration
(mg/L) in the medium

due to the addition of due to the yeast
the vitamin solution extract
Essential component
of a thiamine
Vitamin B1: Thiamine pyrophosphate 0.5 1.08
coenzyme involved in
energy metabolism
VlFamm 32: Role' in ox1dq— 0.5 498
Riboflavin reduction reaction
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[00302] The study of the three GBS serotypes was
conducted using 3nL of the working seed to inocul ate

wao@ank1206 fresh sterile inocul um medi um Fur t PET/IR20€8/003729
each experinment was performed twice to ensure

r epr oduci bi

090 strain,
qromﬁh phas

ity. However,

only on

since the growth curve and
doubling tine obtained were simlar,
of each experinent has been presented.

e result

[ 00303] For the

the cells remained in the exponentia
for 6.5 hours with a doubling t

ime of 30

Vltamln
o) en

u5| 8 a suif

f ﬁ%otﬁ

ix Hleatfonrratrjer in TH
t o déltydrogehdtipnm d
abl e fhktual ue of

erefore, 6 hours
-exponef@ti al gro
6.8). Since thi

was
wt h pha3ges
s | ength

of tine was

VBMBfh BE: bef ¢

P’}Qldéﬁﬁxe\’\@s !
cultivation

not (B H0 11
I e {fRathRLABNt at
eeHea8AL {hfol¥in %r
ri neamﬁfggﬁﬁs o

oculate the flas
i on day, the wor
to incr@dse this
e conditions, th

s In the
Ki ng seed
0.83

e bacteria

remar ned—n
w th a doubl
VitathhuB§: Bibiin pitée
strain requi

 porratice 1 £
e 2t K4l Tl

th—phasefor—8-5
1 nutes (mmax=1.2

i nocul e cul tur
04] For the H36b

red @' ﬂ'rgte[ooq
;_gr_pp@ }SiTh 3l

of th

hours

D h 1) .

e for this
strain,
seed was

perfornmed. The ceIIs i mredi ately entered exponenti al
growt h phase with a doubling tinme of 25 m nutes

[0031 ()M % ktafiPa Bindple c@d@@fﬁaﬁe%gﬁlcﬁbﬁ‘tﬁr@@s@ 'ﬂﬁasﬁ‘)lé’\@ﬁblotm and the four
initiated after 4.5 hours. Thus, in order to obtain an

vitgpiry ppleties radﬁgbtooﬂ@ cpngplea) @tﬂtlmtman@rbularwm cisgesgd for their effect

bR o 5 00 0L SRRl By o gt

ore e
the M/81 strain, the experinment was perforned tw ce,

[00313]i r Pefars idayeleping ithd frgmsesetdon, piogess tof tra@wfer axfidhe kpnprocess to pilot
Q. see
solfS e Rk BB b Sk B B AP AT RS TR yedior scae

usihg paﬂaﬁfeeeas@vblopeccuﬂ;irwleuﬂm}ms. 2.5 hours to allow
culturing overnight (5 doubling tines), O.InL of

osn {50

30%&/& 6

seed. vol ot
sendihaJiE OBR M hatnie
stréﬁﬂ&o Q@CBJfZﬁ—‘ thd HOoB 3taifl, MMk @ps CONTRYTiodZol theke b@aidy wWas between

mmax=1. 51 h 1) .
feeflor this strain,

Thus,

S ob erve

u%i’ﬁ%l

using O0.1nL

FO0BIT

d chorpll St the 090

of worki ng

the fl asks had to be

i nocul ated for 8 hours before fernmentati on.

[ 00306]

[00314ﬁ or SH%@ Igétﬁarilol- Ihaat fcﬁ'b@ Ml%doﬂﬁ" SXRGT IcARAE Mt Bitanit in sodium
of the work ng seed

hydroxide lost thelr property, a ROW solution of thiamine, pyridoxine and nicotinic acid was
selected. At the same time, a second modification was made to the process. Since vitamins
are thermo-labile compounds, the yeast extract medium was sterilized by filtration through a
0.22um pore size membrane filter rather than autoclaving, and aseptically added to the

phosphate medium, rather than by sterilization using an autoclave at 121°C for 30 minutes.

[00315] A new fermentation experiment was performed for each strain taking into
consideration the modifications previously described. Although the growth for the three
stains was equal (H36b) or better (090 and M781) than the process established in previous

Examples, the pigmentation of the culture persisted. In fact, in an article by Fraile et al., the
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performed. The cell inmmediately entered in exponentia

grow h phase with doubling tinme of 2 1 mn (mmax =1.98
wh2dp/osnds t he decel eration phase began after 4rP&I/IB2008/003729

Thus, in order to obtain an OD in the range of 0.8-1.2

with a pHvalue around 6.5 (7.0 +/- 0.5), the nedi um

had to be inoculated 4 hours before fernentation.

[ 00307] Before this new i nocul um process coul d be

ferred to pil ot scale, the behavior of the four )
p“@%&é i A %{%‘%g%?feﬁanalénﬁn& aRfssEGin | Bhscallo Wall Mgat @ specific
chirb&eiisiefihufaphagabiié OB PARCRSFed a@?tpé{/ Szlﬁﬁ)cgfot? dsd Br &AL media to
al 1 dati on

., Manufacturing Practices (volune 4):
idegifyyi dipifali semples (RebcbfBande alerh idefimiete this chemical

cothRERABE ?c%lory,\v}ﬁ@ géﬁlﬂcaﬂgf{v g%gs]; ’?é‘g‘%ds?rga‘jd%i‘%lj ?ta;? E}gng a Z-carbon

nmet hod of préeparation wa eps
surfagken to denpnstrate its suitability for routine
processi ng. The defined process, using the materials

0 nd ' t LIied, should be sh toyielda
o010 S RIER 3 SBE Sl o5 R i Hinations
Increasglips woeea(yatiat byorbopr HIVRSHL \WGShé OPEA1EE36bSItAthsaRE 300mg/L, for
ﬂwq&ﬁ gal morglq%‘seed vol ume of each strain. The growth
o4 i "BP e S RO diC PYCRIRE pPleeRsdPYigrase wdypell rbifedt weight was
high&0 Bier @idtiontdeibdRAHh REs HEELE MR N B NRS: ﬁxrée?train@ Q)g S&rre]gtococcus
culture tinme was 8.50 hours to achieve the desire

agqlagiige baprvse By vitamitopnicentyation i therygagsexiract 6vas sufficRnt fesatisty the

nutif8ndTiREs S EiRbdstrafifle Wor ki ng seed vol ume was3ni, and
the culture tine was 4 hours to achieve the |ate

exponential phase. For the M781 strain, the working
[00317} o el Quepitperedies Witamin sohuidng hddeduibttbe enetlivme exp&inderd only using

; L e he desired range of. 0.8-1.2. For
ol L K, DR i e
andaMid8 kieaios)lthaics droduetivsvad shDuh SmbRvaGBAEW R RSrocess established
. desirﬁgng. [QﬁgO%ﬁ_Thl | nocul um preparati on process
in p\x&xgows . n?p[llespi tadditign ! .Vgﬁtgmls d¢y mer@gqule)q ch&tg\.[@g.ng medium was not
neceRntyafdt Mg dGVAangf cpaestoliBiion ?P@ﬁgﬁ’tﬁcﬁguﬁ Db BaeBecause the

B) Devel opnent of

. of 0,032 in a 200L feéermentor.
VitadRSEnYeast exiragirwre sefficlent/ter satisfyzthe ontritibnalheedreefttht three specific

straﬁﬁ%f’dﬁsamtﬁ‘t&%&%%p&i%ﬂ%&@%ﬁhhe conpl ex cultivating ”

medi um [ 00309 nce I's an auxotroph organi sm
does not have the capacity to synthesize particular
[00318]o; d¥pricevaro aprouding to ke purBcatioh ndat chel spartustideaii s, absence of

.. whi Jorot] for its grawth. For this reason, a )
i oS OE SR 5 ol R B R S e SRR iprvions

Exaoipiayj the acetylation was low, and the purity of product was acceptable.

[00319] The growth of the 090 strain was also monitored upon removing biotin. In this
experiment, both the OD decreased from 18 to 14 in presence of biotin and the cps
concentration was reduced by more than 100mg/L. The biotin concentration in the yeast
extract was not sufficient to satisfy the growth needs of this GBS strain. In fact, according to
yeast extract composition, biotin was present in lower quantities (0.25mg/100g) when

compared to the other vitamin concentrations.
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was devel oped, as described in WX07/052168. This
conplex cultivating nmediumwas sterilized by heat, to
woielst2zreoti n and vitam n sol utions of thiam nNBCT/IB2008/003729

riboflavin, nicotinic acid and pyridoxine at 0.5g/L in
0. 1M sodi um hydr oxi de and net hanol were added. [00310]
The yeast extract used for the growh of the GBS
strains contained these vitamns, even if the ratio

ndi ng upon, producti on

s B T A
effebiedn thd yc)wt[n QRS 334 préBucdioh %‘f @}B"S Sf d}nh@seg fé%%on@ he godr\(z?tamlns were

productlon process, the role of biotin an
rempyesnirams Bleuferaeniatigndpepcess, shahatomby diotiouives \addech@p the complex

h
RS HTARG, 8PE9870, S KIS, ELYSEh R VN2

Streptococcus agalactlae [00312] Before deveIoplng

seroiypes mas‘ﬁnnltored in a fermentor at |aboratory
[0032HcalCellugpwth pee mtpemsoﬂ@v&lponﬁd td he p)heﬁpnﬁxtiﬁal Hxeop k@&latmg cps

0313 thes ns 3 ho
prosei nd et G0 AR BiirasiiGp of Redo e et gtependently
of &8 giomthﬁlhﬁg%ﬁ@oﬁﬁdﬁRBf 1290 HALveBIhE o &H)tnro?tcbf%n source was

for these strains was between SOOng/L and 550ny/L

foyngotor bp &iGoues pbtigment Famatien wad apdidion ﬁf)rcalssaiaé_tlgolysacchande
prddRedans N thatithian 'ﬂﬁtritfou§ ﬁ{/ﬁ’iﬂlﬁéﬁq eyl 9%&&&1‘ ratté1 ?évro orable to cps

property, a RONsolution o I am ne
pragiugiéan, ri compled fedsbateh detmmdiatibn prhesss ames tie\rw:;peé as described in

c de to SS
W@S’f/g%jl ggo gflrhés cio%%éolex fe‘ﬁ%g é)r%cgﬁpp%oj?%ggJ l?cﬁg a9 gégqnentlal technique to
redsm&ét tha(bhctm&ai’l doubli@stint and b pEedathychhidut Mathi %ﬁbo@@ o8 ksB3 hours to
ore size nbrane filter rather t

ineEige ER LA i b BLacesl oyntitsdefc e ankaeep R spRhwad continuous

techEighdsM I Bt §Ed HARA f@bﬁqé{ta@ffchldcﬁﬁ%soﬂlgl%%eﬂ Qieﬁgltles by extending the
autocl ave at 121C for 30 m nutes

exgoapRtinh geavth phesgpad comml omr§ub@ra’cmd¢bt@brf @mde@uh dmrr@ﬁermentatlon
difi.cati.ons reV|o
Hogvgg%rrnl&g uge 8%? Qﬂ-ﬁo%lgpg %ﬁﬂa‘?&ﬁ%&l}%ﬁ@ Tequires using S0 \gerglt ma¥1ages the
ferm@a@qudiro(g%ﬂgc)rlthm bed tier of &%sc&’tWhrMﬁSde)ssﬁakh’Sﬁhé Relidation of the
ofFRRERS AP ST BARALLSuEIAR! SR, Do arpess v

sm@lhﬁb@to&avbwﬂragthsa@bnﬂim t heproduction of an
orange-yel l ow pignent integrated in the cell wall was

f h h | yt @&BS and
o0s22f SRS SN Sraett Sl TEn BEETBLILE, B9 20 e

were used as triggers for initiation of each feed and the instantaneous additions.
Furthermore, 150g/L of yeast extract and 500g/L of glucose were added to the batch, which
constituted 10% of initial batch volume. The two instantaneous additions of yeast extract at
OD of 3 and 4.5, respectively, constituted 1/5th and 4/5th of the total required volume.
When the OD reached 10, a linear addition of concentrated glucose was initiated to replace
the pH-stat phase. The velocity of this addition was calculated to add the same amount of

glucose as the complex fed batch process in 3 hours.
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identify GBS fromclinical sanples (Ref. 178). In
order to elimnate this chem cal contam nation

w@ cawbosiz7e t he purification process required anPCT/IB2008/003729
addi tional step using a Z-carbon surface. [00316] Wth
respect to the cps production at the end of
fernmentation, the nodifications increased cps
concentration by about 1 OOmg/L for the 090 and H36b

trahn nd /L for 1 strain. Furthernore,
[0032% %’he %er% tai’)' Qn S @Bgowdgfgéﬁ?&’f Sty psipg ﬂ@dl%pr@mss,\/@gi the cell

deimﬂghﬁfd cp'Ehﬁo&ﬁkdiohl WereOiohitded.| @ th¥a®o N@laid) %?@%ﬁ%ﬁi’ﬁed process

%@ %ftg’@se t hre strains of Streptococcus agal act
Prosug PRE 1G4 fa?ﬁ Freceomden fedt bateh processe E(Eat@th éhet 9%ctnd H36b

striias tHMEbivil B8 fabQr ﬁ@\% c§1fnﬁle§( he th!%}{ fe% ! Ig@%l ar@efﬁ%ﬁpnat the end of the

t hése strains. ore

prasgssin¢reased fa t003?t Hﬁleiwsl icomeniextpl Andehé SpsQfantityHlyNPam of cell
s concentration

rmed. Al t h_ the
drlpd We gﬂt %sé?ie@grg g)élgpa]te&z gﬁﬁgg@egﬁl éﬁ&pmwlre§p@o‘gwﬁl§; For the
M7(8ﬂ estuaps tlp.’fr mﬂm&:gro@nh wag cpt ipkdduefior WRS %\6% PUE, éﬁg] ?ermentation

oces esta shed in previous Exa The ad
p rog?ss\fol@rheﬁ'gn btl igdisingthe B@?@r@ddﬁlpv ate Oﬂmthﬂmt mHSncm)torlng For

CIBELIE Sty fHRrfidald Ero%s@‘@ﬁtﬁ tlgé; Hﬁe I?é:lly %{13118 g/ltlhﬂut)pé-(ligiomtormg

St rept ococcus agal acti ae e vitann
wagRgrfosmed {gevesify thefefcaen of the psqatbcvcﬂf y the nutritional
needs of the three specific strains of GBS with the

[0032413X CERk 'pFH&leus Wgansthlggﬁejoﬁl a(%) {1?1}3 ?{yl% & r%:?gg atl?near addition

he purificati
of gmﬁ ovas dfe prefierrnd pﬂo’w&ale(’mmmai’ a’blhcﬁndv@pﬁoh&sﬂid HE¥EBre the use of

Cess. es abllsh i n. previous
an @g&ﬁt‘hﬁl & th? ﬁ&cp ﬁgrgtog ?qngnso 10N} W%egﬁglvpﬁrég pgdiumy  dfhe complex
cultp\radldg amedvm, whick piadoghpris@D 84 Ydasi BRrAE, %E‘ph‘a tgh%o& Shd biotin,
al so nmoni tored upon renovin ot I
way ahllrogv (@?b@ PfeRcesyfhateq Wéemd%blﬁé%@b%ﬁhwrmdmps fréduction.
in presence of biotin and the cps concentrati on was

D dUeedliytiois ek hdita P pRdess The biotin concentration
in the yeast extract was not sufficient to satisfy the

[00325]gr Oﬂbtefprmmg/ Qveldpkd feRontatisPhidcess o ﬁﬁhce g) %?r(ﬂé%quaé Qalidated
Xtract conposition, biotin wa
and d)Bglﬁlfqe i dke g@v@gﬁ@d mqgg)dwmem \A@tﬁmpamtm‘ed ﬁ)rttliBeHMHmfam whereby
1 usi on, e
sl P SRR AURLAOTEB RIS G0 LN o
studb{a@e tgoaperagure and pH were reported.

[00326]  The cultivation was performed at 36°C with a pH of 7.3, and the dissolved oxygen in
the medium was maintained at 30% during the entire process. After 3 hours of feeding
glucose, the final OD was 25.3, and the average productivity was 1.84g/L.h. The cps
concentration and quantity of cps in one gram of cell dried weight were respectively

540mg/L and 5 Imgcps/gepw.
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effect on the gromh and cps production of GBS. For
theses reasons, the four vitam ns were renoved from
w0 b@ofogr2nent at i on process, so that only bioti nPGEEB2008/003729
added to the conplex cultivating medium For CJBl 11,
the final conditions using biotin only was used. H)
Verification of the necessity of conplex fed
bat chprocess to produce serotype specific
capsul.ar pol ysaccharides of (GBS [00321] Cell growth
5 : = HH-€%d to be the principal
actor _requl at i cps oduction, and the growth
[OOSZ'{]at t<§9r tB%‘%&'ésn‘t’g 566&4) %ﬁu%‘“’? Pprerehie orgesismdbatrsyatiesizes ATP by
aeohidereepicheivh 1§ odfgeh NE pIOW Rolvévdrt N URAS,itdRed - '
173). However, the dgpl etion of ’car%S%QSmg%r@eng\%s It to anaerobic
E'%fnd to be a cause of pi gnent formati on and reduction
of capsul ar pol ysacchari de production. To naintain a
[00328) Ut Firkt] eleSAiSHWIOUTRET 12k & rate fayorahle
cps.production, a ¢ n’pllex feggfﬁlg} chsfngar“ﬁ%lﬁf%ta% ggﬁ’ ‘rhe average
Progpefivdtysvasaedused Ebwpledt gdls.hde d A g/hedbitnhaMaRE/ @5 3E682 at 590nm was

' atc rocess conbi ned both an
o8 T e Y R Res Pt Byemat ol 406 and

lesg ¢pmveamp|roduq:af}b@tmmroeeanaxqweeigmt(tp.%gcgg%%wb,n the | ast
3 hours to increase cps productivity. I'S” process
bat ch and conti nuous

ondy the advant ages of ) .
100325 TP e B e e Ehuioa (o dieso ad mcegesat 60%. In
thishéagy theky iRV it) YvaB X RIA,. | i
r ow h hzd?]}iﬁd cog?r ol 056(%?1 g%ggﬁ%aﬁgﬁgzgﬁés?ﬁs The specific
pmg‘b%aﬁtif i‘%%sdséalﬁﬁﬁeﬂ do ré? et and e quatitewécps berans of ofll dry weight

waé?l@ﬂﬂide&%oﬁﬁﬁgjgs &b, techni que requires using software
that manages the fernmentation through al gorithm and

se of this software necessitates the validation of
[00330fhe‘nahg§b Pf these pbseevstiphy 3AP4 bf @vRIstdadardsvas Toletedl @5the pilot-
scalt o duef; at i was .sjaplified.to avoid usin )
P e A DB S5t M b i oon Beeb abg 0L min.
Oxygsr.anhich tiedxpansive ewiaops, Beamplyessedtinahs ¥ heR ¥@IHdESrmentation
prodd8d Bhels ol(easi tg{?%%er for i r%i tiation of each feed an(in
the 1 nsrantane S pdiths BRWAgERGRIPERSE down.50g/ L of
yeast extract and 500g/L of glucose were added to the
batitk/feutvf e reppstiuiait ed 10% of initial batch vol une.
The two instantaneous additions of yeast extract at OD
[00331]of TBe grmivth.abd cpsaapémtion Seye alsO@mBhitdl 6§ nﬂc/dﬁ&fﬁgq\ﬂéjtemperature by

.4/ 5th 81‘ the.total required vol une.
increasing and decreasing the temperature by 2°C with respect to the standard temperature at

36°C.

[00332] By lowering the temperature to 34°C, the doubling time was reduced and the average
productivity was decreased from 1.84g/L.h to 1.04g/L.h. However, the cps concentration
was decreased to 60% (312 mg/L), and approximately 20mgeps/gepw were lost at this

temperature.

[00333] When the process was repeated at 38°C, a reduction in average productivity was

observed from 1.84g/L.h to 1.45g/L.h. Furthermore, a significant reduction of both cps
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When the OD reached 10, a linear addition of
concentrated glucose was initiated to replace the
w@ekbogst27ohase. The velocity of this addition MBEIB2008/003729
calculated to add the same anmount of gl ucose as the
conpl ex fed batch process in 3 hours.[00323] The
fernmentation was perforned for each strain using the
new process, and the cell density and cps production
were nonitored. For the 090 strain, the sinplified
Comtréts@ ?ﬂddb?r geantibhef es per grem oficelgiry msighbwes ehserved at the end of

thé)@lo Eanggélkﬁqcpscgtc A%RcANA HI6D strains, the

aster tha atch techni que and
t he (D at the end of the process increased from24 to
[003342. Sive wpdifing dbanitempdratnreant thméeropstaqummroteys laffegiedinthe GBS

i, i S X1 mat el o
SoHBE e AU LRGBS SR REK T Bl 36°C v
cosfimaidno bt bptiralrtemperatntefon G Sfewill dupt podudivs.
observed. Thus, the fernentation process could be

SI np.L.i i t)we inear addition of glucose
ﬁ@@@%ﬁ% “&Yy. For cJBl 11, the only the final
sith the s ear thout pH . .
oo SR INE TRRTT: Do LS 500 B i
pHJztitOI Deol.0 dnd0B24WhERite pHQﬁ&SﬁalﬂﬁdlﬁE@ EItWQ) s HAN G 8R4 Sncreased

g%tl ons ofq% ast extract and a |inear addition of
04 2ivdsandhae gy apgs PreguGHivity tnas dai2e/Inkt Klowevarh epsepcentration

Wag@@&ea%sd%glmhgr/lemlrzeﬂ%@e use of an algorithmor the
addition of vitamn solutions to the cultivating

ium The conplex cultivating nmedium which was
[0033@orr5 P sege rmgaiaden psacesacvas piéth agpld b JeS. afilde same growth

befyid r O SHuf aI a8 a%@ E)tr (fug@\lfi o1 88 gﬁ ht\D L%l%slgrgfﬁiﬁ %&Sl a significant

repro u0| Bl'e growt aV|o and ¢
de@ease vl cpjsatfcplometnfc prednaivitat wan npted ciees im&ZB]toﬂﬁ?;lng/L Thus,

B St 2SR e R B 5 gy o

pragpstiga oducti on were nonitored for the H36b strain,
wher eby each paraneter was nodified individually and

compared with a control culture. The DOT study, the
te%m%?ﬂ%reported [ 00326] The

00337§ul |vat|on was rfor dgt 36C wi.th a pH of 7. and
[ o S B o5 A PPRCHTN. Pl iR EHE (M cqiiparing the

fer@Offatt pid@esk RE RN plckRirddr 00689.5 Bht EWhén h@Lﬂr&s% was maintained at
feedl ng | ucose, the final OD was 25.3, and

Werentgined 29 sand, tha gyarage. provhestiviig was 1 5g/L.h. However,
cps concentration was decreased from 540 mg/L to 272mg/L.

[00338]  After studying the effects of dissolved oxygen, temperature, pH, and pressure,
conditions previously established were found to be the optimal conditions for producing both

high cell density and serotype specific cps.

Example 4 — Development of a Chemically Defined Medium

[00339] Since, the complex cultivating medium used in preceding Examples contained
organic sources whose compositions are not completely known (e.g., yeast extract),

variability in the performance of the fermentation process was observed. One approach to
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concentration and quantity of cps in one gram of cel

dried weight were respectively 540ng/L and
woAwgop/§CDW ) Effect of the dissol ved oxygenPCEIE008/003729

[ 00327] Streptococcus agal actiae is a facultative

anaer obi ¢ organi smthat synthesizes ATP by aerobic

respiration if oxygen is present; however, it is also

abl e to switch it to anaerobic growth. [00328] First,

I ed. o n.int nmedi nt ai ned at .. .
redgg AR A e OO T HEY el P TRIEET FOPIEX medium with o
chémf40y Ldefiné® redidifl/ WhithDplimbiil§ S&1¥RtOBf Ohorganid &impounds This

590nm was observed at the end of the process. The ¢
replaseasat pHOV® thévfernpepigsion aproggss Liedbe Gengplledamad | dsss Str@@lﬁes the

pu %ﬁgﬂQ@ggﬁ Eﬁ%ug an1of cell dry weight

'00329] The sane fernentati on was
gerforned mai nt ai ni ng the di ssol ved oxygen at 60% In
[0034¢]hi Previys, stedies Rely dd8) demduntatedi thyt Saepracorey bgdlacting could be

5\91? lrt ar@il g;ll % ﬁgeidl_éledly:"} %R:%CI %#)(ig#yr% fra&g ta'n a%yam\r’\gl%t of growth

ErQee edsed™ e gua cps by
conipa@blelto dttay ob&lr@ﬁtm Weescongderc eddinm. 4’9158;@,&965@@3\{1413 investigation was

0330 i ght of t hese observations, 30% of
ﬁr%‘ t§§81d]\y é{il s@\% %&%te’g%l"ééf‘ &X?%Wetﬂﬁ%wﬁ é&‘f’%scrﬁﬂlé‘remems of M781
str@f&lQﬁL@%}szEbchsS&gbgac@zﬁe és@ﬁtﬁr%’begﬁilmn @m@é@seﬁﬁ@%@ﬁldof biomass

air flow between 20-100L/ m n. which is

ang epeprefusdions amgleded hirtsh BWC%SG’@édleWiOHeﬁe | ast hour of
t he fernentatlon process, thereby keeping the cost of

t dpg]%p r ct of the
t%?rpera ure %)gggli]g L?LEIZI?%{I%M He}%eg%fs”?pr oduction were
[00348! STTRILILPEEd lB)(tcH‘f)ijdcfeyé %1$ah? th& ARED B thBnP st ﬁ]rs’ﬁq be analyzed

i'ncreasi ng and decreasing 't enperature by 2C wt
to regequiaint theobashabtiandardiionsntherdiffencet atovah @hajea0gB2¢omBymed and

pr(Lcﬁl\A@J s dl%g&%% t“?ﬁ@%l% nrsﬁ’lBt 15 v:\)’/g' C thehglor%%gsbl I(p duct forma‘uon the

ducé Prdialerige Wag decPERSEd
lmiltm)grsﬂhs&dig/ﬂn brotwah hnd 4ig ﬁeldmonﬂbp\lbv@\reen t}hespepﬁic growth rate and the

llrrgglgé: g ts}rlfgt Ié:ggce\%%%%gghggsﬁ%q'méa@ggg%tm n‘rﬁqnls_zlbout &%S was already
knb®RAP@SALHE Sstudies performed to develop the complex cultivating medium. The
optimum conditions for pH and temperature developed in preceding Examples for GBS
growth in the complex cultivating medium were extended to the chemically defined medium

as set forth in Table 1 above.

i) GBS growth study in Erlenmeyer flasks

[00342] Preliminary experiments on the growth by strain M781 were performed in batch
culture using 500mL Erlenmeyer flasks. The cells were maintained in exponential phase for
8 hours with a doubling time of 45 min (Umax = 0.9lh'1). After this first growth phase, the
specific growth rate began to decrease and the cells were in deceleration phase for 2 hours.
The final optical density was around 1.5 and the exponential phase was finished when optical

density was around 0.7.
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[ 00333] When the process was repeated at 380C, a
reduction in average productivity was observed from

wa 2849812761 to 1.45g/L.h. Furthernore, a signifPCHIB2008/003729
reducti on of both cpsconcentration and the quantity of
cps per gramof cell dry weight was observed at the
end of the process (267 ng/L and 32.1 ngcps/ gcDW
respectively). [00334] Since nodifying the tenperature
of the fer nent ati on process affected the GBS doubling

b g6 eVl eregutord ser ot ype specific cps

roductl on 36C was confl rmed to be opti nal

[0034$]e nPERhtGR % giopth eesmengarer imadLdpangptard ibidenthesd eopditions, the pH
of %ﬁé’lgﬁtl\%ﬁt E}E SRR WAE ‘?na[n?% 'T)ig’(? h %(ﬁq%{anygﬁto% 7\?155551% %lgomatlc addition

performed to optim Ze var
Of@Mg]dﬂleh}szoalﬂe7 3to?7.0 and 7.5. V\hen the pH was
mai ntained at 7.0, the final OD was increased from

L X N A —
ﬂafsks()rm&rbﬁmgﬂeLexbmeﬂtlhBITg{okAIth [&@&WDJA}]& 5@'3? efrﬁéd@fgda&dlﬁﬁe of this

d
Cugﬁrgﬁﬁs%éﬁ%ﬁawl%ﬁe %ﬁﬁh lae%w@r a@ehgﬁ%léteéﬂn o tlf?}tl%ifOD of 0.4.
Thd <01 1ﬂ{rﬁed'ht¥l’§§n@%eiﬁ%ee§tpé‘l%t1§l o fok §?Bﬁrs ‘é\gﬁl ae@oil%hf?%tlme of 42

cps volunetric oductivity was noted from
mlB‘Q‘Sﬁ@#an 108'3)- E‘b‘? ﬁth@ilh dml%{atmﬂ mifase7was thilowed Uymestatlonary phase
c for c n
w}%ﬁé@?‘gﬂé gu C\?:Qsoggg %}%é d8|&fhn1gh1me wayg egve@% 1§-1y the I%lasks and in
thq GOREMPr. ExXydthoighe atﬁlgh@rrﬁpra{/émermevefsmdr&ﬂ fdrth© @FlnaMOL® the biomass

. th tatio [ OCess a
it SRRt 0 TR G0E 1y AiaBrTyse o sakmgaaahe pH was
comgednifly dh A dinad a07.9, FliRBerfdoRallit X3 Mﬁ&vg@ﬂﬁaﬁglﬂ@&%e%s%ot the limiting

and t he_average pr oduct|V|t was 7@9 . However,
SO feo hidh ingg itk amhablfeelué@s;@eww 5% Iszwhqmgth@ ¢alls entered in the

beg%gl%ﬂgbjﬁthe[dgggfe’%%}o Ha§¢, studying the effects of
di ssol ved oxygen, tenperature, pH, and pressure,
condi tions previously established were found to be the
oﬁlﬁ?ﬂflﬁé’quﬁmﬁﬂge’ﬁmpﬂ@d@n ng both high cell
ensity and serotype specific cps. Exanple 4
[00345J DeBatedpriethe compasithe oif yadst wxDect inmesldmivilatit israpproximately known, a

comparison between the concentration of nutritional sources used in the complex medium

process and the composition of the batch defined medium was performed to determine an
approximate ratio among the different compounds required by GBS to reach a final OD
around 15 and to identify the limiting compounds for growth. The process involving the
complex medium contained 17g/L of yeast extract in the batch medium and 19g/L were

added during the feed. Thus, 36g/L were available for Streptococcus agalactiae.

[00346] The comparison between the composition of 36g/L of yeast extract and initial
concentration of defined medium was performed on the mineral, glucose, vitamins and amino
acids contents (see Table 3). For the mineral sources, all compounds present in the current
defined medium were sufficient to satisfy the GBS growth requirements, except potassium
which was 6.5 times more abundant in the complex medjum. For the vitamin and amino acid

sources, in all cases, the concentrations observed in the process using the defined medium
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[00339] Since, the conplex cultivating nmedi umused in
precedi ng Exanpl es cont ai ned organi c sources whose
W@ oipo8i206 ons are not conpletely known (e.g., BEEBER2008/003729
extract), variability in the performance of the
fermentation process was observed. One approach
toreduce variability while maintaining productivity is
to replace the conplex mediumwith a chemcally
defined nmedium which primarily consists of inorganic
WeEL 1PN HHa therpaneentigtiont Byila pregessosing the comples mesiumon The ratios of
t S : [ e
o o AT sl ior” By SR Balfo ok Clprbiied to the barch
corgepigatinn {iRale defigyd demdims t warkebetédogtneSy epinpared C14S nature of the

Ct{ ould. b rown.in chem cal | y.defined
o] B s At P o Bt Myl g Values
usazlofgpahalkbmpbidsnhat 4 averksi dt 1he BEHETRI @%cHTRBYBAend May differ

. ose of this investigation was first to study the

SIEB#{?%([ RN 'R thesRrpductign grosgsAnd @resessitarfivgatt ekisact.
requi renents of M781 strain of Streptococcus
agal acti ae representing serotype Ill. To increase the
yi el d of biomass and cps production, a sinple fed
bat ch process was devel oped. A) GBSgrowth study in a
chem cal | y definednedi um [ 00341] To devel op a fed
bat ch process, typically the m cro-organi smmnust ‘first
be anal yzed to ascertain the best abiotic conditions,
the different growth phases, the consunmed and produced
conponents, the relationship between the bi omass and
product formation, the limting substrate for growth
and the rel ationship between the specific growth rate
and the limting substrate concentration. However,
behavi oral information about GBS was al ready known
fromthe studies perfornmed to devel op the conpl ex
cultivating nedium The optinmm conditions for pH and
tenperature devel oped in precedi ng Exanples for GBS
gromh in the conplex cultivating nedi umwere extended
to the chem cally defined nediumas set forth in Table
1 above. i) GBS growth study in Erlenneyerfl asks
[00342] Prelimnary experinments on the growth by
strain M7/81 were perforned in batch culture using
500nL Erl enneyer flasks. The cells were nmaintained in
exponential phase for

73



8 hours with a doubling tinme of 45 mn (nmmuax

1)

fini shed when opti cal

growth study i

After this first growth phase,
w@e@Bi2r@t e began to decrease and the cel |l s WeeEIB2008/003729
decel erati on phase for 2 hours.
density was around 1.5 and the exponenti al

The fi nal

t he speci

opt

0.9l h
fic

i cal

phase was

density was around 0.7.H) GBS

n 2L ferrrentor [ 00343] Next, GBS growth

WES IIUIII +ored—n foerrmepntor—Under these
conditt+ons—the H] ' §FE H vuTt vati-ng—retiumvwas
maiChemicaled (aComent®aisinan Qggt foy '3 py B#d autjomatc.
addippordsof| 2Mgsiogium ylF Ll St | GORGERTAfioh |ce) |Rati
activation —the-preeced r‘i‘g‘?q- ¢ i ks—was—
useR N THnocybsm-H o“?a%£m§ﬂ l-ate—exponential
grat e phase— —3) daptedvoly of -
Tﬂ%g%ntkg&? tfe—wassed—to—+ngoulate 178_94of fresh 0.371
et i, whieh—re5yt-ted-n 3 -R-tial ot 0.4, THAS
ced s 1 nregatetysentefed—iHEe—ex honerfP | growt H-¥3hy
SRt e Al gt ot 42 miAdfCs (qnax0720n
1) Nitr'cl']"énz Rott d’gccl erat o?*.gq,ghase was—44 | oned by 841
st] 'plgqary phase—where 5 2.56_ The sane-
m%l%eg tire—was—obseryed bothi _thd>¥ askd and in
the=ferrentror—ALEhough AN GOBIALS iy oyenent was noted
fuI;Bo.rl e f@'?Stheybi ot é)gvpro ucti%H yield 9
85 gl Ly o rdilnod How— Abiohselved Sh the 11.2
eEE R Or—t-he :,gél—m&een-s&ﬁtly aintdined ar 7 B2
|a'| 'n;-: te.”th?r:’ : t ‘\lé?ls 0 Ser 'I 8 nl “PQ)&Q \\A$. n()f l&'j’]e
I |%J.QL W soureellior GBS si A2l thel avai4hl e I ucole
ligmine, when—1h Ils in t&é beginni ng7of
Fame ) o ¢ o2 B icat®dn of [ 1imt9hg
FOOHAE R : maﬁﬁmaﬁ/qﬂl\@inscﬁf _yeast
extract—redi-umth ] MY 39 Sr‘?ﬂllfﬂllf\?/ known' T
uflﬁérgﬂngon bat ncgi the cont@htration @00nutr{ti o405
e o by 0.2 rd®Bss and t Re32
b@g&&t@)ﬁ@gd L of e batlch dé% ned jredi U¥was ber f ck3ed
+ - HelCH i he an approximate-ratio am?§0the Hifferent
\,—I;M%BQ‘.?.% equit¥d by IeBS 3180y each a 20%al QD ar dérd
106?%%@111{1% dentify the |liniting r‘nrmnu'ﬁ)ds for growh.
TEQ '}?'d‘JCSS: Endol Ly ngt he 39ﬁ'm| ex rmdﬂQ@n cont ai neldP8
jﬁrséfélgi yeast ;pggtrnr‘f in g;rgp hatlch m?ig@uma d 1G¢AL
ST . 0 9.504
"L-Teucine 4.34 1562 100 15.6
L-Lysine 3.08 1109 110 10.08
DL-Methionine 1.08 389 100 3.89
L-Pilegylilanine 2.72 979 100 9.79
-Proline - - 200 -
DL-Serine 2.35 846 100 8.46
L-Threonine 2.02 728 100 7.28
L-Tryptophan - - 200 -
L—Tyrqsine 1.46 526 200 2.63
L-Valine 3.30 1188 100 11.88

AMINO ACIDS : Average ratio yeast extract/CDM = 7.5

Table 3: Comparison of composition complex medium and CDM process

74




added during the feed. Thus, 36g/L were avail able for

St rept ococcus agal acti ae. [00346] The conpari son
wheinoesn7¢ he conposition of 36g/L of yeast extPEr1B2as8i003729

initial concentration of defined nediumwas perforned

on the mneral, glucose, vitamns and am no aci ds

contents (see Table 3). For the m neral sources, al

conpounds present in the current defined nedium were
.orthreqwremmts

nedl m . For the V|tan1n and am no acid

h
I ST S v s
corfdamtrgifonC@s subtpatd Tohfenpsiesnl IR fREhIdIME t8 I\Aﬁ%ﬁe{het lﬁ]ﬂﬂmg substrate

1the concentrations in the process using the co
SOIFHON- LfiF SHake the putantomediyem mpstdave a@hnldmcmmpamlmh The goal of this
inve QYR ad toodbvBIop SaMkch Iﬂﬁfylﬁlgst#]atqé%lt[l %thﬁﬁ{%}rng (cjor%f))oun s and that

batch concentration 1nt
dogsaobpiirse heuevtbontsar ed to nature of the nol ecul es.
However, the exact conposition of the yeast extract is

Y

al’'so av rages an ratio

[00348fli T fnS8rd&id gb%@%g tdL:ﬂne%lCi%? %gtcggqed Eg% F Irr}%glgﬂcqté)lngn%unds were added

process an essing o
onectyrqygy arslaheloéff@mmognmmwmwpllu@md medi um and CDM
processExanple 5 - ExtenS|on of Chenlcally Def i ned

o035 i CELRORY S BOTEA] EPafb LT SLIEI S0 10

Thebrltarrmwme nbmntferd&b ibe ReBf infpoRatIfat e ORH. OFhe c%ﬁ? 1mmed1ately
mentor is.f with the limting substrate sol ut

entch ! G Bponeniie aftser whies avse fon rh9§1t5 redveing fist splbting time from 42
minQREP@S| Ei100h )_rd%e339rﬁﬁilute@f( t h'—si S}\ftg‘a% tﬁ&ﬂf by %etllﬁ 8ad entered a

gevelop a batch nedlun1t fle
dec BitHe Rhase dhn 2 thears brfers mrn‘@f fi eiratloltalnﬁ pgaisawtﬂer Saliirs 88 culture.

Thel:fﬁl\éf:‘ b@p%ﬂ*& 76’fwllﬁ 1% %s %‘9 i é?l%?%tﬁ% 81%%}‘0213 tl%lg? gfﬁhen vitamins were

I'n ‘or’der devel
add‘iﬁﬂs@l ﬁhmbattch enddlllml td pepitbvengfisndas Weﬁ/eadiﬁﬁ&;dg%ntﬁe}b%/e%t the only
cts on wth were eval uate 9]

th
iR B o i ReBef P vibaehmss wasmHS At hours, but the
glucosswhswillenashldy @3 d/BGHRE t&fceilgentg tH’é&%@eﬁﬁ \A%\ﬁﬁaesﬁzh

observed to be very inportant for t
s imediately entered an_exponenti al phase whi ch

[00350], abllhgaarpg,stugy 6 s ioreestily adslingboth OB Yitrgnins amd 100 mmdi acids.
For fﬂeﬁblzﬁl%ﬁtaﬁlﬂmi'ﬁ‘voﬁlﬂ P&k v]'tbm?rﬁséi% afg'apgi)e&/as dﬂgﬁ ér (OD]5'90,%T$3 lf4 5). The

1). After 3 hours the ce
eXPpERid! élr@’t”ihd?haﬁﬂﬂ@%’éefmﬂs Iasted dois4 hefior e5lacdserdid@otdappear to be the

limiSdPAEdRRRYs BRARS %g&f 1S agallh] opl%er:ssentofzvhgnuthe “eells entered the deceleration

phase.

[00351] A study was also performed by adding 10X of potassium to the initial medium. In
this case, a longer doubling time (ty = 49 minutes) and decreased fina] OD (ODsgonm = 2.9)
were observed when the cells were in the stationary growth phase. Increasing the initial

potassium concentration by a factor of 10 had a negative effect on the growth. Thus,
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The final OD was 3.70, which was 50% hi gher than the

previous trial. Wen vitam ns were added to the batch
wore@vos27@ positive ef fect was observed al t houptiT/1B2e§8/003729

were not the only limting conmpounds. The exponenti al

growm h phase was finished after 3 hours, but the

gl ucose was still available at 6.3g/L when the cells

entered the decel erati on phase. [00350] The sane study

sl TP e PR e bR 3Pk ptasio o

inhibit@Mesls. the final OD was higher (ODsgonm = 4.5). The
exponentl al grom h phase of the cells |asted for 4

G ucose did not appear to be the limting

l0035?dow@§awé@g§h1scs@ dygihe bkt megiym was cemppsedind the W@ec@megal contents
tlﬁftﬁﬂ 4%085/3{6[1 ﬁé@g‘leeﬁmp I?)ﬁ?ﬁle Q3R MHior oSk HndBR amino acids

SO pertorne I'ng 10X of potassiumto the
weuren mcmlsedrbyjlaufaptor wftlfi sPlesphate antl cmgz@n sporees ivege dldag to the fed

me&hué]} _lwi%% dg%g%ﬁ%)tgand%c%gﬁﬁ?o%scgtd aé:h V(\:/glrn %%n@,tahnevgn com’parlson to the
pr@%éﬁdsﬁfgafom;ge’médiulﬁhz%&mcés@ﬁy ediicag3g/hefighicbselvere present in batch
pot assi um concentration é%?l factor, of, 10_had

mABiA BRGSO WL TEEE A0 FHEgr B RS PP RET ofd e ratio of

gllREsAHHAEDDYf go%aesgluﬁ{ tHeYed mhiu%[ wQ@& ed OF VB dgdL @@gldagse 10.08
potassiumto inhibitory levels. [00 59@1 Accor

g/ls oMy IPOhand - &lg/lne QlasSQmep@%@es utmhevegg ed to 1.2L of the
ba{ghg]edﬁjmcont ents as the initial chemcally defined
I'um “but the concentration of vitam ns and am no
acids were increased by a factor of 10. Phosphate and
cB) Pevelgpuentod fodkbatchgdedst 0 the fed medium but to
determ ne the concentration of each conponent, a new
[0035F onJhe issatagy ﬁ)rﬁhmfegrhatcés?srlmmig)n oospd doedrthel gromtinvdimiting substrate

ecessar [ L of were present in
at{l}gts%rﬁe é(gzlitu @hg;BgchPiumedt %%t during the |inear

addition, in order to add the same ratio of glucose
[003543nd ThOXutfenp ficd sate unmiluehbes ﬂeé@amhdémmlmsn d)g n#ﬁﬁﬁ'mg thd growth rate

of SRR ghe efFERiast diF WE SUbol 5o it forgation and

mihiﬂﬁz@ﬁ%mb%@m, B) Devel oprrent of fed bat ch process
[ 00353] The strategy for the fed batch fernentation

o feed the growth limting substrate
Cf Gtro wth ﬁzctors rqumremen ts of Groupr treptococci

[00355]  An organism, whether it is an autotroph or a heterotroph, may require small amounts
of certain essential organic compounds for growth that the organism is unable to synthesize

from the available nutrients.

[00356] Growth factors are required in small amounts by cells because they fulfill specific
roles in biosynthesis. The need for a growth factor results from either a blocked or a missing
metabolic pathway in the cells. They are organized in three categories: (1) purines and
pyrimidines required for synthesis of nucleic acids; (2) amino acids required for the synthesis

of proteins; and (3) vitamins needed as coenzymes and functional groups of certain enzymes.
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at the sane rate at which GBS consuned the substrate.
[ 00354] The nutrient feed rate influences fed batch
w0 esoaes2aé i on by defining the growh rate of tPer/1B2008/003729
m croorgani sm and the effectiveness of the carbon
cycle for product formation and m nim zation of

by- pr oduct.
St rept ococci

00353 Fye n

thd Nﬁ_S‘P lsGaii oF mtﬁeﬁtou&%%
avai | abl e nutri ents.

or h

5805 45

NeSSAYR s
tﬁ%&l@ctﬁz)ﬁ né B

sl

%50

the wypher o compeymdp pnchiponmirg a5gstediicient peesugten privesss.

fulfill

99 Wokinh 3O

specific roles in biosynthesis.
qhBeklehdof (WY @Itsﬂﬁzrin

m ssing metabolic pathway in the ¢

The need
ey are

IC acC

C Gowh factors requirenents of Goup B
[ 00355] An organi sm whether it
et.eroLroph,

is an

A% P GRRR e emens of
7 te’ QM vahBg me

0356] G owh factors are

dium by reducing

for a

21" .F}é‘gﬂ?_ﬁéjcc% afalactiae

[00358] 98} ARKinhtihg AE MiFALEIO6 eSS oreltor? éﬁﬂgﬁgﬁ[‘ ﬂ-Alagig_e, L-Aspartic

pyrifi

di nes required

for synthesis o

acid2}.-Gltansne endib-Rreling werd found tothe dispantablki (SeoFigure 20 and Table 4).

LAl E) A 0 TS0 oFGED

éﬁ@%?ﬁasﬁhgﬂg in the control

cupurepoHeweverf hi ¢hei absesdel gfasiriyoothenamim hd@y)trof yrotwiie occurred in the

ctor

requi renents of the M/81 strain of

%I[‘O\Mh f
CURVAIRG BEYHPus agal actiae to sinplify the cul tivating
medi um by reduci ng the nunber of conpounds and to

ensure a cost-efficient production process.

D) Am no

acid requirenent of the M/81 strain of Streptococcus

agal acti ae [00358] By[elimnating {he anji.&gelﬂg% IS one
Ayninmeacitil om t h@Oreidaum  L- Al apHne, | L-Aspartic acid,  Required
L-d utanmijne and L-Pro]ine were founhdf ¢contind gohvethegnsabl e
(See Figure 20 and Taple 4). Theselam no aci ds al ways
rlﬁf};glingn%d T turbrdirtypvatoes of —greaterthan—809%imn
the contnol cul tiwgg. However,4#@ the absence of |any
gidser amjno aci ds, noj growth occurfed in the
cultivating nmedium Taple 4. Effect|of om ssion af
H H HEA | 1 L api—d A A Ay h A et ratn-NMANZQO1 Inf (RS
I I_I VI Utdl AT Tl LY Ut Yl — O STT ar 1t O L—TO1 DO
#hxgmﬁﬁM +: On ﬁh absence o#ﬁﬁ%e am no acit, M181 )
strain grew to 40%or|less of the gontrol - : Gjowh
Wasrgiatindg east 40% 0B the contrplo cul ture. [ 00859] +
Satisfactory growh ijn the cultivating nmedi um wgs
obi-atnedrwher—15—amnp—actds—were—present-
Ec 3R] i on at 3L scal e wascperformed tqcomgare _
idi@ M/81igrowth Wwth

L-Cystine 0.001 7.25 <1 +
L-Glutamic

, 0.162 6.65 8 +
acid

L-
2.085 4.87 100 -
Glutamine
Glycine 0.131 6.98 6 +
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only the

essenti al

am no aci ds.

The growt h was

approxi mately the sane magni tude when 19 am no aci ds

WORNG/PEG ent .

In both

cases,

observed, but a doubling tinme reduction from 62
mnutes (nmax = 0.672 h 1) to 78 m nutes (mmax = 0.533
h 1) was observed when the four am no acids were
renoved fromthe chemi cally defined nedium [00360]

no | ag phase wasPCT/IB2008/003729

The inpact on the OD and cps production by the M/81
$+Hatidinehien t hedk032 apino acidB2are om tted3wi ||| be
determned in the final process. E) Vitamn
regurremgnts of theMrgt—strarn—of—ptreptococcus
agal-acti ae [003GljssBy| el i mi nagbpg the vitaniyns
Isolgndingi dual |y fromthe| cultivating pedium calcium
pant ot hepat e and ni ac| nanm de were found to be
Haeh sgcn: abl-e—{Faptep—andFHgure—21)—tn—experitrents
WHCEECI bt i n, folVc agid, pyritoxinpe, ribofMavin and
thiam nejwere omtted, the turbidity val ues were
gLaakme than 65%008hen only pamng ot henate and
ni aci namjde were added, the sane final OD of the
control\ywas observed. Pyridoxine 1,55 4 65 95 -
Ri béflavin 1,07 4,80 B6 Thi an}pg 1/37 4,55 84 Oni ssion
Me@fiomne/i t am ns determ ped to not be|required
i ndi vidual I v Cal ci um pant hotenate & 1,58 4,53 96 -
Ni_aci nam{de Table 5: Fffect of om Ssion of i ndivi dual
vi t &mins|on grov&t&)gof strain M/81 of group B
Pheng%ﬁa%%eococci i n“a*themcally He¥ined nedium b On the
sence ¢of the amino pcid, M781 strain grew to 40% or
| ess of the control -]: G owmh was|greater than |[40% of
t héraort 1ol cul 018, [ 00362] B# ch|fernent ddDon |based
on the ofiginal cultiyating nediumwas perfornmed using
oy | HEPET o 3 + |~ At o and mr anl s Al + o Q
UL Ldr LT utit patit Iciiat © aAalitu, g acy iTtartt Ut Ul O
hbUEgS culturé),’thlhe D vas DD, Thus, gro@Wth using
only these two vitamips was not optinmal. A new study
wasIperformed in 500
0 7.22 0
Threonine
L-
0.133 6.96 7
Tryptophan
L-Tyrosine 0 7.20 0
} 0 726 0
L-Valine

Table 4: Effect of omission of individual amino acids on growth of strain M781 of GBS in a

CDM

+: On the absence of the amino acid, M781 strain grew to 40% or less of the control

- : Growth was at least 40% of the control culture.
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mL Erl ennmeyer flasks by adding individually the
vitam ns that were not required as determ ned by the

wo poosseh@ke flasks study to the nedi um al r eadpCT/IB2008/003729
suppl enented with cal ci um pant ot henat e and
ni acinamde. In this study, as observed in the study
with only cal ci um pant ot henate and ni aci nam de,
turbidity values of each flask after 18 hours of

culture was equal to the control culture. [00363]

[0035%,t Wetislastper Biowith én gher ewtivasingi meditre Wasr ohdnined wiieh |15 amino acids
BB Db Y5031 2010 ed BEROSERRE R AR ot vt
onhygthk @sdehiid anfixaaqidse The- grBivihowassapatexilatelyihé samie MAQ36dE when 19

Thi s .Exanpl e confir the teachings of the previous .
o A Sl eGP0 1 B iee ot PiAge Sl gV et Agipubling time
red@cti6R fiOhY §2 mSRASH (& <082 'ha{ toP MSABGNAL L 428598 h!) was observed

Streptococcal bacteria.A) Culture of the Thocul um’)
wheg dhqfouprming|acids sveroramsed frpm theshenrealyfdefined madivml um

was performed in four 5L-shake flasks sterilized by

003661 | pyming- - ' i
O o P P TIPS i Wby fse 4 amino
acigle gretoneifted will bildtermingign theNGiRHPOseszH2 O, 29/ L

NaH2PO4. H2O, and 33g/ L nonohydrat ed gl ucose,

S kAol 7 : irl t j ) f \ar e

L il e L Loty SPaiflol St klodiils ki Bl

.sol.ut i ' ' i ani . . .
oosslCely chfont 88 oenals MAREKRS, (LI O Dvaige g, coleon
pafitothenate land didcnamdded weiB. foivhidNEChe indispensable A&ablbys £hd2Figune 21). In

filtration) ,and of. . biotin sol.ution iptin 0.2g/L,.
gl YBRea G 3 PR ok Srlubroplrog® omited, e
turb i Waidds ORere HiredtdtOmibh &50N Wient bigl | RstothedMd and niacinamide were
ondi tions, of culture %00366] Each fl ask was

adqledy thgisame dingh @H 0f thesronmobugs observeghr ki ng seeds
ext enpor aneously defrosted fromthe -700C freezer. The
culture was nmaintained at 35 1C with agitation 200

'Orpmin[the Tncubat of (TN TLO64TL) puriNGpGce t%%e After
t Viitsmirismg, the Did éiwabs concenpHati pn was eval uatjed by Required
nmeasuring the OD at 5P0nm and per f pefrdongrobgtavetin |St ai n.
| f

All vitamins present 1.63 160
(Control culture) ’ >

Effect of omission of individual vitamins on erowth

Biotin 1,71 4,50 100 -
Calcium
0,020 7,02 <1 +
panthotenate
Folic acid 1,41 5,10 87 -
Niacinamide 0,22 6,90 <1 +
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the val ue of OD59onm reached 1. 2-0. 6,
stain confornmed (only Gram positive cocci),

and if the Gram
t he

wa@omvmes2gs of the four flasks were pool ed i nt o BCBHIB2008/003729

heat -sterilized (autoclave programn

mn./ max.)

bottle with connections to incubation |line of the 300L

B. Braun Biotech / Chemap fernentor
Key vari abl

I/au var |

bl-es—of the

'nnhnlnnLnrnn

(1D VS-L0530). Hi)

es of the inoculum preparation [00367] The

tion are

Jotidprised |

arid cl ed

n Tabﬂé57
ni ng of equi

bnd Tabl 468 |
pnment s [ 00368]

/) Steril%%zati
After use, t

on
he

TRiB&MS IR
(aut ocl av
specificg

d the 5k ghot
e program n8
tions) and c

e WeT e pgat
dirty cdycle
eaned. B) QCu

sterifi
see Table 6
ture in the

f or
0oL

Féehigmineor
[00369] T

i) Prepdfat

he nechani ca

on of thés ne
pi ping and

di um and &qui gnent
pas filters of| the

enpty 3

s§18; OEs Vit
€ propes

amits d

oA Jlad

tern

ot B

eéflsﬂi'rgﬁ 1nﬁ'i_iﬁ(LTuallv

and EXF
cal i br at

d The pH pr

are trerm c
be was calib

cCKE dlTU
rated. using two

b Gfatcaum s g

panth‘éf)%%%t%?ﬁ% i

lutions with

application o
ng the ptéBe

for the 0% p

[ the oxygen
n waterd,§3th
point and air

val ues of pH

7 and 10. The
prove was veri
a gas-flawv of

fied

for the 100% poi nt.

nitrogen
INtasinemidebr at i on was p de the
basic medi um (120L, 2g/L
Na-2 LIDM\A "II"\I‘\ fof N A ;I PRG 25 \nnc-
Table (32 FIRetC oF hmsiigy (0f; JUAVIGHAL AACHO0 PRy BERLE, of straim MTSI
val ue of the oxygen prove was checked and
+ On oﬁf tializ i f neces, i ng phases
- Growawaﬁgke&@&haﬁad%tdme%ﬁtra amgidm was conpleted with
17L of yeast extract 150g/L, 9L of gl ucose

erformed insi
f er ment or]. [00370] The
£ A 2 " PP l:nn" \
of gro( P BaGFepiddovEn A)chemitally defiR&l Se@ifunt | zation, the 0%
r After the coo
ﬂ@e%%eeﬂe d‘ilez 4150, ack hé\xﬁénﬁfé%t FPW f 4Pdpungss of the control
drated 550g/L, 2L of a solution of vitan ns

00363 T Bateh

rfermeniation qqon orgng! raltiyating aredium was performed using
0nl'§"c@&ét?%?%ﬁ?t?g%t@%ﬂl&lﬁa‘?ﬁl?@ at ?tglt %J,’%HE ?,ﬁcdl{%bé) #m@g 2. Thus,

gropyile using @e}y tbewowatgrrmtsewasctmtuopnamb dAafGWestuct}ngsapmfdrmnd in 500

mLOErlteE u Af E\gim%éa 1vc{ ocsﬁaﬁ?}sv@agfwetrﬁ dot required as

determined by the ﬁrst shake flasks study to the medlum already supplemented with calcium
pantothenate and niacinamide. In this study, as observed in the study with only calcium
pantothenate and niacinamide, turbidity values of each flask after 18 hours of culture was

equal to the control culture.

[00363] Future experiments performed in the fermentor will enable the identification of the

necessary vitamins for the growth of the M781 strain of Streptococcus agalactiae.

Example 6 — Pilot-scale Production

[00364] This Example confirms the teachings of the previous examples apply to the

manufacturing scale production of serotype specific capsular polysaccharides of

Streptococcal bacteria.
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fermentation and the final concentration of yeast

extract was 17g/L and gl ucose was 33g/L. These
wacddvvsens were perfornmed on sterilizabl e |i neBCTMR20084003729

peristaltic punp at naxinmal velocity (400 rpm that

corresponded to a flow of 550 mL/mn. W

Ferment ati onprocess and in-process controls [00371]

Bef ore the inoculation, a biotin solution (IL, 0.2g/L

ized by 0.2 mmfiltration) was added.
T)?fkggﬁfeséﬁ%e i 6’? “fas then inocul ated using the 5L
bot 1)l 59 ng the content of the 4 flasks of
i no %#F&M The val ue of the foIdI 0¥M ng
t.hen, checked, i f necessary
100368) 2 P e Shle 15ifs JEONEY ST G BREh T dote D feskhgteilized by

tentperquﬂe gaurodaaf proBantai 1t Mg Has, mﬂﬁl{ Oiileé ?5b1§%3 cdiftaining 1L of

re inside the fernentor was set
5 ovﬁrughgﬁs st exgrctddifcp, §2/LONuHERGH. 250Dy 8¢/6 dNaH,POg.H,0, and

33 g41y| M@%ﬁydﬂi@d S 143, N QteR &0 'Eg €6 t2¥l afﬁﬁétﬂ%e gp@ag\@gge&ﬁ ofilterware

di sol uti on because the pH val u
disposable sptematitbaf 78he Oilrddjustad wrigr 3M/d§a(31€!}, 18mMI5EbGtRA of vitamins

set at the | evel
(th1§1'ﬁﬂ1f f)grgr?ﬂ%}"% elr({rrlgn o S0 8 S matider 3 M fogreagh.dibated in 0.1M
Na@Hj, stardidediby 0 mntfilfraton) RRGSRBOEF bibtin §&ﬁﬁ§rﬁgﬁf®tiﬁ 08g/L, sterilized
|on (DOT) was set at 3

by 853%10 rgﬂO&%@%@%‘é@& e mol.chlé“%‘h r (range of val ues

bet ween 50 and 350 rpm the airflow (range of val ues

dbdd 2AtidN B lth&t6Nten € TR OXNQ hDVld PO 5’
TvaI ﬁﬁgmkfet \f\lggneg@%rl:d 10&;&1‘;%@“ gl%? ]gaﬁpﬁrsg) & tlons of

en o@ur 1dQ T I l | ot

1]iescrlpitalgi;{ ng t m&p &f ﬁ’igt A “o&%% 10?1h(b} (;ﬁggu @;n Sierw'ﬁtzatlolgc

5 Suroeol n%?es wer e taken every tes yrifmperature (°C)
the auu{é%zéo_}o 6T ched—3- that—taf gof aD__the flirst
Liquid onent-al f de—bateh QMZPr in was_init oAt ed udi ng 121
Glasswgrkg of |a yeast extr A d{Miso 193X AT 150 gAD), 121

rai-At-ai-hi-ng—the population Mdoubling time at 300

Dirty monutes 8 3 130 124
Air Filter (a) 2 NA 40 121
Liquid 6 6 50 121
Antifoam 9 8 60 121

i) Inoculation of the flasks and conditions of culture

[00366] Each flask was inoculated with 2.75 + 0.25mL of working seeds extemporaneously
defrosted from the -70°C freezer. The culture was maintained at 35 + 1°C with agitation 200
£ 10rpm in the incubator (IN-L0641) during 4 + 1h. After this time, the biomass
concentration was evaluated by measuring the OD at 590nm and performing a Gram stain. If
the value of ODsgg,, reached 1.2-0.6, and if the Gram stain conformed (only Gram positive
cocci), the contents of the four flasks were pooled into a 5L heat-sterilized (autoclave
program n°l min./max.) bottle with connections to incubation line of the 300L B. Braun

Biotech / Chemap fermentor (ID VS-L0530).
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[00374] Approximately 45 mnutes after the first
addi tion, the ODs90nm was neasured. Sanples were taken
wWe@e@9Ps1k3 nm nutes until the OD59onm reached 5.PEI/IR2068/003729
target OD, a second exponential fed batch addition was
initiated using yeast extract solution (150 g/L),
mai ntai ning the doubling tinme at 50 m nutes. [00375]
At the end of this second exponential fed batch
addiz.lii' ,g t fed batch addi ti on was perforned.
2 Boguly RBAIPEE0 g/ L) was added

[‘"’“ﬁmm 0 e ST oS b BT e

[00376] The fermentation finished approxi mately 3

hour s Y. LoRubAel vAdRL  Alling B RO R Ep S o

Q\ANY O

the—par-aneters—we

Contr?‘!?@u"%t‘ﬂ@desat | OOr pm and t he |{RampetrRingee at 30C. in)

F A oy=—2=21

Tnitial KBRS s of the Ternent t process [ 00377 The
@\I \lﬁrdl’l% I@C f'\f tﬁj_e_f er rmnt gf IDF OCESS are

VOlum@§w0rlbwsered Table 9 and TabRe -1500 hﬂ)ﬂ&@@l ti zatr on,

N20

T and cleani ng equi pnents—006378]
empe?jt%‘?rgo_ﬁ@a%%’ﬁnqq Was_ remye 3§F he 300L fernentor,

Agitatibhepesdni ti zati on was initia gdopxoaﬁr ng 200 L of RQN

i nto the fermentor. 3vrNaGH -was—then—added—+nto—the

fermentor until the pH reached 11. The tenperature was
mai nt ai ned at 800C for 30 mnutes. After cooling to

W e Fa Yalal o\ner

anbi &Ml bleSTPRIoRIHF vile DI A Ai3!1h  Indclfind BERALALY "ES

M agﬁl ded—ntothe—waste—tank—toca
Omt‘trle riabips379] The sterili 2 hifarget Rasge hen performed by

Final cmgg,lmpg 200L of ROWand actiygking the program (FVES 2)

Standard herat | ng Procedures (SO:’\

accofr UI IIU Lu LhC ot arto

GRAMatter the cool i ng phases of Ohb’@ﬂaﬁrpdsltmtcb(‘xﬁ t he pH

[q

Cult xygen probe were renoveg 1romthe fermentor and
e Peat . orocked in o N REPTBBITIEL on and ROW

Dt oo G

Tlmeof@@@&*@PHThe fermentor was f|halHoyrswashed using 200 L

of M NaOH and stirred at I00 rpmfor—at—teast—30
m nutes. This 200L of NaOH were enptied into the
killer tank after the washing and other 100L of NaCOH
W HErgEce Z anieg efeaquipmenisa a spray ball so as to
t he upper part of t he vessel. These 100 L were
[00368], eﬁﬁ{% (&ttBel Dagssragdahe ébeboﬁinmetfedteaasterlhzed (autoclave program n°8,

dirty cycle, see Table 6 for specifications) and cleaned.

B) Culture in the 300L Fermentor

1) Preparation of the medium and equipment

[00369]  The mechanical piping and gas filters of the empty 300L fermentor were sterilized
(program SEAL2 and EXFC2). The probes are then checked and calibrated. The pH probe
was calibrated using two buffer solutions with values of pH 7 and 10. The correct
application of the oxygen prove was verified by putting the probe in water with a gas-flow of
nitrogen for the 0% point and air for the 100% point. Its calibration was performed inside the

fermentor.
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m ni mum of 30 m nutes. After this cleaning step, the
fermentor was washed with ROWNuntil the pH decreased

wo o00g/osemge between 5 and 7. C) Centri fugati onPOf/1B20€8/003729
Bi omass i) Equi pnment preparation [00381] A tank
cont ai ni ng physi ol ogi cal water (-100 L, 9g/L Nad ,
sterilized by 0.2 mmfiltration) was connected to the
transfer [ ine that joined the 300L fernmentor to the

Laval centri f 6 hi s ter was w
10037) i Rico PR, St PR aHP D6 24 1k T bple gntifoam “PPG
ZSDQP)IV%S fortielatled aﬂdsﬁteﬁhiddﬂﬁ tNESOOL R AnERSH (pRdgehih [FVERTD). During the
like. the separ at or and the col |l ector tank of bi onass

steyijjzatine Hir Worighiegtt they gryARErirevanees phacked metirddtializsd Fhaccessary.
ARRAOEHIRAE ThetdiRPHA 4tORiJaRoR HE Eﬁtﬁé)%a$@g I{ﬁe um reached 36°C, and

centrifugation as soon as pdgssi
thq IJ@@Slf« enpdinma wiag ncomplet@b nwitn uGlis bf geast eertract UGeg/ALOL of glucose
RCESR4 [ 00382] The continuous flow centrifugation
pro ess was conposed of the followng cycle: 7 m nutes

5504/Lbi 0mesfs ac esltitiont ldﬁatlllte(hﬁlnﬁt (TRianigyy RibokROinL/ lgyrldoxme HCI, and
rom

| bi t f
N Y s Lot G b sy Bl e s Slaton
Thé lloe%b%l&nofetKG RPoeh RS Mvas ﬂ’ifen Qal%? d lafled &?g@lﬁftfgﬁ Wr e medium.

- m nutes of washing wth ysi ol ogi ¢ wa
After &\Iv ¢ff the depauium W@Fgleﬂythsd}nattve)dme wali $¥iaatgide dlegihhiag of the
| e .was usual r ated .unti |
FrfEhioon oD L S o B R s ) BB A g s 3301

Therst actdaidne overd petfutmedﬁeﬂi e&ehhmﬂﬂe fliaes tatht D@eM@Stie gudipkat maximal
t ank (VS-L0536) durlng

Th pas. co t
velp ﬁlgy @%@%‘Ey Ta“r?arefﬂ?é‘ﬁ ‘f‘i"aﬁ'ﬁ?"éf’ o B/ excess
pressure of 0.3bar through a silicone connection to a

| OCL) Herspasnbh @ratsl didenpadeldonBBM cal treat nents.
in) Key variables of the centrifugation [00384] The

[00371} ey Butard aifad ﬁﬁ)cmlﬁtldirhel bRt @ionOfl LD 100K2S HidHiE sterilized by 0.2 pm

des ribed Tapl e 11. [ Q0385] The noni t or ed varlables
ﬁlt@P tV\ﬁlé kﬂﬁ (ngcgegp@gor arfd e ipegudated gping the 5L bottle

corf4ihing @ﬁeﬁ&nt&n@ﬁﬁﬁ@ 4 fla¥is oFtidculungat i on and cl eani ng of
t he equi pnents

[00372]  The value of the following parameters were then checked, adjusted if necessary and

automatically controlled during the process:

the temperature of the culture was controlled at 36 + 1°C,
- the overpressure inside the fermentor was set at 0.2bar,

- the pH was set at 7.3 + 0.1 and adjusted using 4M NaOH. There was no pH
correction using an acidic solution because the pH value naturally decreased due to
fermentation,

- the initial stir was set at 50 rpm and the initial airflow was set at 20 L/min,

- the level of foam in the fermentor was visually monitored and adjusted using -
antifoam PPG 2500 if necessary,

- the dissolved oxygen tension (DOT) was set at 30 % regulated in cascade by:

the stir (range of values between 50 and 350 rpm)
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[00386] After the centrifugation and transfer of the
pellet to the disposable bag, the transfer line, the
waepans2os and the coll ector tank of bionass wWeCEIBREEeH/003729
sterilized and cl eaned. The transfer |ine and
separator were cleaned using 100L of | M NaOH at
anbi ent tenperature in the fernentor, and then
transferred through the transfer line to the separator
at a flow of 100 L/h. The collector tank was cl eaned
by ci rcubatthpgirBew (gnge o ielerbétpreeB0 atchlA0ds/niim t he
tank through a spay ball so as to clean the upper part
of t he t ankthe axygen flomi Gangk efvidlnes betwgen Gdnd 10AAKmIR S
d wth RONuntil pH decreased to a range between
[003733 aﬁamples Dyeraiel?ﬁncélllrmgr thathaidht phase aftibe daimeantagiopetwethours after

I
B T ——
ODsamn beechat 3.a Aduicht eargéil @H thhk eﬁrsftalxpalmtlmlf fed ;bstch raddﬁltlbi'n &vas initiated

bacter i The treat volved .t he ad
usiRE G o S R s 4! T OE et e e pRileicn G ime a
300 emitbies.pel l et to obtain a theoretical concentration of
0. 8M NaCH. The wei ght of the 4M NaCOH added was
t he, bi t by four since

d.b di h
0037410 Aepeartieky 1> ISt Sirrvide. et Fesen Me SMkoes, was. messured.

Saﬁkb&Q%E’ |tﬁ<693&el\’y ih nﬂﬁ‘uté@ﬁﬁﬂrtﬁé Qﬁ)% ' rréa%ﬁecFXSt&m}ﬁf‘ thrget OD, a
di sposed in the Levtech Sartorius stem

Secpeé%pmeﬁtealn%étbetCéoadﬁaloan@@ 1aﬁ@tesitusmgemast arﬁr@ct solutlon (150 g/L),
I mai ntain the pellet at
SR ESITR SRS ity

fpmfor a specified period
of tinme. 12h were enough to inactivate the
[00375}i ¢ Ad dlregendi ofithis s@@hdwepmesuialtfabbaecﬁ additiel, edl-sigt ﬂeaeatch addition

o R, PR §RHhi BoTAS RIS BB Bt v

exdeededont YaDusnGthisduditon24 bhnvigé Hastakbablegy haur t6 fle@asé h8 ODsognm.
the cps fromthe bacterial capsule. Accordingly, a

4h is. suitable for_this step. H)
100379y Py eERprERicly Tpeed AR UR S [GusaBerTHE Rsy additbn. The
auman@ BbiFolObf tHaepat SRR tRLE Ben REPHES S TAS BtidRES fégh?adadl A 100rpm
Tabl e 12. Table 12: Controlled variables duringt

anq thedemReaRMES Rt AR r el ease of the CPS Control | ed
Vari abl es Target val uesH ) Neutralization

andpy) Gl Riatidhle OB the fermentation process

[00377] The key variables of the fermentation process are described in Table 9 and Table 10.

Table 9: Controlled variables during the fermentation

Controlled Variables Target Range
pH of the medium 7.3+0.1

DOT setpoint 30%
Temperature 36+ 1°C
Overpressure 0.2 bar

84




[00389] Using silicone tubes with a peristaltic pun'p,
uffer solution of TRIS 1 Mis added to obtain
WOF‘?“R@F”&'%ncentratl on equal to 0.1M The wei gh]c)cyfm?ﬁ/@””
to add is cal culated by dividing the weight of the
i nacti vated bi omass by 9. The inportance of this
addition was to avoid pH variation in the pellet
during the neutralization. Thus, the pH was controlled

using a pH prohe disposed in the disposable bag. 6M

HO  was Bslsled0: Matitorbd varidblesduriig thel farmadtaiionh- 8. 5.

r Ao O-AY

NMCaCH2and 96% et hanot Sol utions were added
Monit trﬁgg}rjaé%‘l tate proteins and ﬁﬁ'&geé N8®ids in the

Stenm}aahdcﬁlbefo?éﬂﬁoéuwtain Cad concpNbrcafit@inasgs 0. 05M and

ethangt—was—30%—Thewerghtof the 2MCaCr—added—was

ODso0ong B £RHEHIBNE di vi di ng the we| ght of the neutralized

Cultur%u@ﬁ?%h@é(ndl@f th@fbgm&hﬁtl(me' g 1Laé?{f of%b%ﬂﬁ’ﬂan?G % was

W

ed—divdh ||g the VVCIgII of—the—neutralized

GRAMge®imass with Cadl 2 by 3.1. EPnly @iasf pasitivgtcoes

Ferme Q)Qltﬁll ze of the TreatedPe||et [00391] The biomass,

2--and-30% ethanol
underwent a mcrofiltration to recover the
pol ysacchari des rel eased in the supernatant and to

el i g Nl hibB elibicl oS HHRSof tRSe iBhens t he
protein and nucleic acid precipitates. 1)

[00378]5‘31 Ud)ﬁ’&efﬂepﬁi%ﬁﬁﬁsakx}ag NemB9&P Zom! Bie: BOOK Okivhdniiai! it s@ﬁﬂzatlon was
SIS wer e Eer ormed using a Sartorius Sartocon ||

intishedsbon oA 208 Lol QNG e At retien AT NACH #abHpnGpd into the
ferrga’?t Ielﬂlhﬁ the gp gv%amgéd 4pl Gl“l{é%ﬁl‘ﬁpérﬁ{ﬁré' SR BSRiRD A Sb% r 30 minutes.

urface ar e systemwas tightened using
After t@rliggeo wmbiknh tofipeddihim tHe0QB83} of e Basewort wes discgded into the

anitized usjn I M NaOH, and sterilized by
Wa‘%‘?%’?’fﬁ]ﬁ?w}efl g g?lwf?;ffar% a | obe punp to assure and
regul ate the pressure in the system The retentate and
[00379per A tteri@ition tisnthee (pbﬂf@mieﬂt igdadding 200Imriof R@W hmd bétévating the

M\%@g %,)Zq%ggrldagggil‘cg $t JascP h*e)ss de ePrgﬁacPutl ?Fe(r?%\ﬁs délfge/‘r the cooling
ha@@se@fe&le slef33rbh, BleSIH laﬂxdi‘gx%%ﬁ PEobéasert $8Hovd MAH thd'rmentor and

systemuntil the pH reache 7, at which tinme
respectlvely stocked in a 3M KCl solution and ROW.

[00380] The fermentor was finally washed using 200 L of 1M NaOH, and stirred at 100 rpm
for at least 30 minutes. This 200L of NaOH were emptied into the killer tank after the
washing and other 100L of NaOH were placed in the fermentor via a spray ball so as to clean
the upper part of the vessel. These 100 L were recirculated using a lobe pump for a
minimum of 30 minutes. After this cleaning step, the fermentor was washed with ROW until

the pH decreased to a range between 5 and 7.

C) Centrifugation of the Biomass

i) FEquipment preparation

[00381] A tank containing physiological water (~100 L, 9g/L NaCl, sterilized by 0.2 pm

filtration) was connected to the transfer line that joined the 300L fermentor to the Alfa-Laval
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the system was washed with 20L of physiol ogi c water
L NaCl, sterilized using a 0.2mmfilt
wo %Og%/g&%% pH of 5-7 in the fol | ow ng condi ti 01{@%%})8/05?729
Inlet pressure : Pin = 2.0 0.2 bar Perneate pressure
Pperm= 0 bar (open valve) Retentate val ve cl osed.
[00395] Prior to the mcrofltration, the cassettes
were conditioned with the dialysis buffer solution
(34.77g/L NaCl, 4.49 g/L TRI'S, 10,93 g/L Cad
centzifijaestBACE-0526). (This Watengvasnsee urmuthas(fﬁntﬂiu&ﬁt@@ dp wash the
final; vol { I V the collector
bionggsg Bt g8 Ripn HEME P B, MK orli PR iator
tanka ofl bdjnadsyzeT}[eOﬁr:éﬁﬁ]atldfh ef egiipmentsewast perfrmei shsdergthe end of the

cont ai ni the treated bi.onmass t
Ferng R B G RS F GE OV Br RO Ot R LR end of the
fermetfidhat e exit of the housing was connected to the
di sposabl e bag that contained the treated bionmass to
reC|rcuIate t he processed bi onass. The perneate exit
prrineausd PE¥6¥abl e sterile bagto

ect the p rrreat Q0397] The perneate.va )
o035 o S b3 e PR B o ot
mcrofiltration system This valve was then opened,
andy hheutasehO6ibindssOdentritagdtiohext puitgy W< 00 dvilt,rmhduvetly tadjusted.  The
Obtlﬁé)rﬁasts h}@asftﬁblnki@%d‘ SroOe ifdr@R®r to theRbgdratpr @ssuphethe Bamsfer line
gpa ?JsaP@Bf‘@@Bﬁ DIRISMBtorPperm- 0.6 0.1 bar
[OO rﬁ The bi omass was concentrated 10 tinmes, and the

reteniRt& IMRmisitha b ol ﬁgl@glﬂﬁﬁatéi aY @ flenest 100 anﬁ@nallﬂ adjusted,
accurately determ ne t%e circulation in the

0 ofi@dhbickodteqRusyst em the weight of the retentate
must not” be less than 10 kg. As such, the retentate

[00383]1‘_691“&9 NGeRt ad edudiRt kdpeitbe Lknhprmesenwel ploathss GvasOpdedeged.  The
di al'ysis was then performed in succe lected

supFnetanieweshnot epllasteds byt iagdeadiyasded ehe wagte éaélﬁ ﬁspsﬁgwas&? ecte
in ti'lﬁ g%n\rﬁ: \?%%P?Sf%tcﬁﬁngq ?ro%&slgaﬁmi tHéh’%Qa.‘nYﬂe%&j b?yant HRess pressure of

ncen on factor 10 and lied %/
0.3bdrelrdesh 4 siticonerdoenectibn th al Qi dspogalilesterile bag for chemlcal reatments.

iii) Key variables of the centrifugation

[00384] The key variables of the fermentation process are described in Table 11.

Table 11: Controlled variables during the centrifugation

Controlled Variables Target values
Pressure in the fermentor 0.6+ 0.1 bar
Flow 100 L/h
Temperature of biomass 30+ 1°C
Discharge time 10 (7+3) min (a)
Temperature of the pellet 30& 1°C
Pressure of the supernatant 3.0+ 0.3 bar

NOTE: 7 minutes of biomass centrifugation + 3 minutes of washing with physiological solution.
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Hi) Sterilization by filtration of the perneate

[ 00399] The perneate was sterilized by filtration
waigimgse72000 cn2 Sartobran P 0.22 mmfilter aPCT/IB2008/003729

exit of the mcrofiltration system before collection

into the 200L di sposable bag. The final product was

stocked at anbient tenperature before release into the

purification departnent iv) Key variables of the

icrofiltration a 04 he ke arlab
00384 e Pl VrRE? ST THRPy DbUiar B eroaty {IBUaRRL O collected
biohaddke 13. [00401] The nonltored vari abl es are the
perneate flow and the quantity of pol ysaccharides. v)

EquLsnent_Cleanigg 'OO40§! After the microfiltration,
t he! liz Scont ai ni ng ICEL of

100386y 415 S GO (B PRENSrPRBr & 0 dipppgole bag: the transfer
1in8 2k %éﬁa@atbp%cﬁbh%tc%ﬂéct&"ﬂnﬁ BELREIEEReR 1R steRliRAt A leaned. The
were connected to the inlet for recirculation for 30

tramfnmhlmesanmﬂep@am wieteasleAnag using 100F o Wvhija@binaiammbayé temperature in

{él‘rﬁén&g I gi?(is glreﬁ "traﬁ f@rred A dochlgHthtr i r?%'é%eﬂ'}e e¥%hg> 8t3 flow of 100

es an en w dely opene
L/h&hs ysslileeml amdck wamlmed@y&@iﬂeﬁngm{t (g diM HadHwas B@ chinutes in the

it h stille until the val ues
trfiabiugh & SRR N E AL A L BELGLER (67 e thiadlephigg step th
tanlka BeashEl with R W ShaprVaScreise @ foseribbeBetive&id4d An

integrity test of the Sartobran P filter used to

sterilized the perneate during the mcrofiltration and

dpéFVE@"%ﬁgyﬁﬂPFﬂﬁﬁﬂab%6?6*@’ €Ly o] ease of the batch

to the purificatio epa tnent F) Description of the
fer Y ? /05] The fernentation
il ot-scal e ex rlnentsF§ r respandi

[0038’520t | lgec erg%glt ‘rg?eapgiarﬁé)f t lu@g t)}xﬂ?é:tlyqt e'_l@g ria ang %nabled the

relés38 P EYPRorh e BHREEHAOThE BELtRIMPIRVIIRId theREEItiBABF ¥ ZRANADH solution
conpared with a control fernentation perforned, at

(threugbracitibe yith capesistatiicaruza) te Ehenaieblo qUnin Brtbenietiabenepntration of
0.801 Q¥IGHT) MR \Q&gfnh(?f {3 GR1 NGH R HEEBhh Bk by fG@n} the biomass

weight by four since 1L weighed 1kg. This step was performed in a 100L disposable bag

with an integrated stirrer system and disposed in the Levtech Sartorius System (ID AG-
10645, thermostated balance and stirrer). The temperature was regulated to maintain the
pellet at 37°C and then stirred at 180rpm for a specified period of time. 12h were enough to
inactivate the microorganisms. 36h were suitable for releasing the cps from the bacterial
capsule. In other experiments, 1h was found to be enough to inactivate the microorganisms,
while 24h were suitable for releasing the cps from the bacterial capsule. Accordingly, a total

time of 36h or 24h is suitable for this step.

it) Key variables of the inactivation

[00388] The key variables of the fermentation process are described in Table 12.

Table 12: Controlled variables during the inactivation and release of the CPS

Controlled Variables Target values
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[ 00406] The OD59onm profiles of the 3 pilot-scale
fernmentations were very simlar to each other, as well
wa@somosehe control fernmentation (see Figure 22pCT/IBR008/003729
general profile of the m croorganisms growh can be
described in the follow ng way: The batch phase | asted

approximately 2.5 hours, and resulted in an OD590nm

equal to 3. The first exponential fed addition of
ct solution (Fl 150 g/l) lasted

——yeast extra
Tempaptprecofiimstiebtiond5 m nut es, arnd7re80tG@ed in an OD590nm

—_equal To 5. The second expo At —fed additionof
Ag1tat{}) ast extract solutjion (F2, %%B jgil?_‘fpmast ed

Time appr oxi mately 45 m nutes, arc36rcg§ul ted in an OD590NmM

of —approximatety 10— Thethrrdptstat—fed—addit+on—of
monohydr ated gl ucose (F3, 550 g/L) |asted
apprOX| rrately 3 hours. G Evaluation of the growth
5% Nendpdpation aépifoiipmg times [ 00407] The growth
rates (m and popul ation doubling tinme (td) were
[003SSHV alUsagesilicbue ituhgs whith Bpgpiseiticemimyp, urisiffen dolutien oOTRIDI M is added

o LG B o S 75, SRSp s Qe

ditiding shedwigiphio ftthe idattiviitedePRAR By Bl TheEnREdhéd OnthRfadifi®n was to
pre-test .runs ran%ed between 43 and 77 m nutes, which

avid @thyariagaa in the pghe dusag aHit abnb e Thes ermihpppontrolled using
¥EHispbdag idaRidi t |
aﬂrl:r?%&ﬁt es. ' Durllng tl}lﬁgsecon e@%?gggﬁ da%e% %%?}éﬁ 5 value of
7.3-%é. pre-test runs, the popul ati on doubling tines
ranged between 4 1 and 64 m nutes, which was al nost
qu logb/g 5 m.nut .

[0039@er ;Q/Mngg?fzgd dt9ﬁ éeétﬁge}%? g{)lﬁﬁ%ﬁr\%%% &?@e{-d(% I OE%II‘I? ﬁ%ot%lﬁ%%nd nucleic

aci§n themﬁlle‘s) Thé—l}ﬁnﬂv@dtﬁllaksmm&nmitlmh\ew 0065t arahetbinol was 30%. The

I LTRSS

biohiHs© bl MBY ah& ﬂﬁewargdt bas@dndimd Kewde bialedadilidhgOthe tiigeht of the
concentration of sialic acid conpound of the cps.

neggpdize BiAmess With €agk oy 3tlhe cps quantity produced during
the culture was cal culated by nultiplying the cps

CE BB olitha 000 2d DRRy el oFdhe YRIZWIEPdRE1 de the fernentor
QL for the reference fernmentation, 215L for the

[0039]9I | Phe Siam8ssf edHEBRINAY) treal&le Wit URYL | shdandos Qﬁféhf)l' Cunderwen’c a
productivity were also cal cul ated as set out in

migrefilisHemtq $RORE et Rody sagrdipyidas deleased imhgsupernatant and to eliminate the
cellular residues, as well as the protein and nucleic acid precipitates.

i) Equipment preparation

[00392] The microfiltration and dialysis were performed using a Sartorius Sartocon II plus
holder with a disposable housing, and 4 Hydrosart cassettes 0.22 pm, 0.6 m? which
represented a total surface area of 2.4 m®. The system was tightened using a torque wrench
of 90Nm.

[00393] The cassettes were sanitized using 20L of 1M NaOH, and sterilized by 0.2um
filtration using a lobe pump to assure and regulate the pressure in the system. The retentate

and permeate were then recirculated for 30 minutes in the following conditions:
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bel ow. The values were reported in Table 15. 1)
Sinplification of the initial process [00410] The
wo evoamsi2ad i on process was sinplified in two WapGT/AR2008/003729
avoid potential variations in the scale-up and to
decrease the risk of contam nation in the fernentor
[00411] First, the vitam n sol utions containing
thi am ne, riboflavin, pyridoxine HO, and niaci nam de
(each 0.05 g/L diluted in 0.1M NaOH and sterilized by
0: 2 It priesspreat2Gh P2t e renoved from the nedium of the
i noculum and the fernentor. Indeed, the |aboratory
r es dermsediavpl vhdoned foral mitwtesadd thenoridelly opbieesle vi t ani ns
were not necessary for the growh of GBS and had a
[00394e g Rigfillsdevaterpuas Usef t@ fas dlpssystesdvetili the pHOGadR] 5-7, at which time
, t gs of (& . .
hERRE s B SR S9° oF oh b IFRLRTBRERES SEONA, Heffized using o
0.5ina S bmtioh) tpebhmin epiiod 617 iadkk followingsoaditieps:aced by two
i nstant aneous additions, and the pHstat fed phase of
gl u | tipn | aced by a linear addition.
Thqugfggg?ﬁgggntgﬁéﬂagggﬂdition (FI) conprised of
addi 3 olgiti gn, ,0f - veast tract, 150g/L using
a pgrgllqrsl, g«?grlg%u%uﬁ%m%t—'?)abaﬂ \fcvng?lv O lilm1l when the

QD5 ' range between 2.5 and 3. The second
ins?éa%%aa\ﬁggad{éy%{é%?ti on (F2) conprised of adding a

o35 g B AR R A B s, e
solCE6H (AT Apds Nedl, #l10 o/ MRES bt asegh ChCh,, pHchdpustelite 7t8 0d using 6M

i r additjon (F3) conpgjsed of addi a _17L gl uco
Ho o5 ﬁ’gor%atﬁ}ﬁ‘g%’?lgf“gi 04% egl?ﬁﬁl S S, SerifRd By 0.2um
filtidtioh.n 1 when the OD590nm was in the range between 10

and 12. J) Description of the fernentation profiles

and conparison with thepreceding runs [00413] The
ferﬁéﬁ&ﬁﬁmm%f this series of pre-test runs
d a red wwth the first series to

003ogins né S %tq#éggfli%@?ﬁﬁ A4S PR e drepise bramass fgy comnected to
thel MRAGE t1ft micRSHi ARt l%i@in%: THO4dk At THE: OB %@H&iﬂ%ﬂ%{ag l&Shected to

of the 3 pilot-scale fernentations were very si r
they ¢spaselle bendlrat cartained [theglseates! binmaspeioateaircybatotlid processed biomass.
i ' ies. e:test runs e
BB b5l S SRl BSid fEb HAB T B ot
hi ghl i ghts that the nodifications of the process have
[0039T 0 iThepaeimeoie vialve vgasanitihllpélosdieo mét ¢eopatlgacitaitme asthe microfiltration
Sys SV \%ﬁedwgst thleg %%rer?etd? bld aq%a\l/e?écity of the lobe pump was controlled to

obtain the following conditions:
- Inlet pressure: Py, =2.02 0.2 bar

- Permeate pressure: Pperny = 0.6 £ 0.1 bar

[00398] The biomass was concentrated 10 times, and the retentate was dialyzed against 3
volumes of buffer. To accurately determine the circulation in the microfiltration system, the
weight of the retentate must not be less than 10 kg. As such, the retentate was concentrated
until the biomass weighed 10 + 0.5 kg. The dialysis was then performed in successive steps.

The weight of buffer solution used was calculated from the weight of the CaCly-ethanol mix
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K) Eval uation of thegrowh rates, population doubling
times and production of capsul arpol ysacchari des
wQ 0@408127ihe growt h rates and popul ati on doubl PEMIR200883729
of this series (Table 16) were also very simlar to
the first series of pre-test runs and no significant
vari ations were observed.[00416] The final cps
concentration of these pre-test runs were in
accordance with the previous pre-test runs. This
divided daysths thdvadticehemeentmtion dactorg) fnidcmmttipdied b rthe desinefl ayumber of
. fesulted fromthe nodifications at either the
dmbﬁﬁ&?ﬁ?ﬁry-scale or pilot-scale (see Table 17). L)
Critical steps of theprocess and definition of the
sangl) iSeafiizanord B filtrbgorpefobepsmeetel fi cati on [ 00417]
During these two series of pilot-scale test runs,
[00399] "PThé perinehte-vasaaedisedonfiltation afing h&060 it Sattobran P 0.22 pm filter

rocessing steps had bee efined with thei .
at Eélépgﬂ’@ém&m?ﬁ@?tioﬁ Sé{ﬂamtrh?gorsggﬁ%%ﬂgil éfgo §%%%‘f(’.1n%}sppqsgﬂ? bag. The
findINBrddbétS vab NtdUkOE @8 SanfiAt! R mpeaturt efés@mar aitot the purification
flask before inoculation that is preferably between
deprtgreahnd 1.8 to avoid a potential |ag phase at the
begi nning of the cultivation in fernentor as was

obs ey e atiadie R A M rioF dEdiallhe ol 1 ow ng

i n-process control'sS wefe relevant to the purity of the

[004003‘1' frrHé Rey $3:2B1es bRihB $nifbfiltRRioh hAS URi1y7E dic B MR8 in Table 13.
erforned, as well as spreading on plates of the

pooled bottle and the nediumof the fernmentor, to

ensrabld 12 €owtrosdmiiablasivrirgaheinicafilaatioannd dialyze

Anotfier, @am staining and Spr.eadi ,ng,on plates of the
Contrﬂ'é‘?ﬂ]iﬁﬁ‘?lﬁéﬁ de the fernmentor \éé’g‘ﬂé%"befrred at_the end

p, of the culture to verify thatytber® was no

contannatton—during the prg TheTrnactivation of

CESS.
Prerm the pellet was verified by 6V§§8ﬂﬂﬁ“the pellet in 0.8

RetentMe b0, he plates after Eh_@o% hour s of

L nactivat i An The

Hactrat-on—The—other—n-process—controts—described
in Table 18 were used to calculate the cps
purification yields. A profile of the paraneter

[00401jar Tt ARolclPOdsiabidsrard thewerrb¥itd flowand thierquagtitly of polysaccharides.
tenperature) was devel oped, and was a good i ndi cator

of the reproducjibility of the fernmentation process.)
Descr i YBEERIGHL ke E- her al fermentation profiles and
conparison with the previous runs [00418] The OD590nm

[00402)1 OfAiflee Sh®Tmitlvifisrdtios] tHeuhlgvewes cemineckidniol artailo cemaining 100L of

other, as well as to the .
physiological water to wash the disposable cassettes and housing. Then, 20L of 1M NaOH

were used to sanitize the system, and the permeate and retentate were connected to the inlet

for recirculation for 30 minutes while maintaining the following conditions:

- Inlet pressure: Pj, =2.0+0.2 bar
- Permeate valve closed for 5 minutes and then widely opened.

[00403] The system and piping were then emptied, and washed with distilled water until the
values of pH of the permeate and retentate ranged between 5 and 7. At that target pH, the

system was disassembled.
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general profile observed in the earlier test runs in

this Exanple (see Figure 24). [00419] The growth rates
w@r@oo8ae at i on doubling tines of this series PAHIB2608/003729

18) were conparable to the pre-test runs. Mire

specifically, the growh rates of the addition phases

of the 3 test runs were between the m nimal and

maxi mal val ues of the growth rates previously

reported. However, the growth rates of the F3 phase '
(0040411 fynginiSgEi vt o e Shrinfrn Paflerafsed e SFlialbe pawRifduring the

mlEIIB?AIt‘Péﬁloh Yh& d?afl}(zg%as %éd Sbling ?él@%@’ tog@rier@a@éhr@dr{ge purification

val ue previously re (respective
departnédt.62 < 0. 65) but mnthout any |nC|dence on the

final values of OD59onm that were between the extrene

SR I BRI o 12 o Tl v S pre test
[00405@un T‘BE £y %ntsah&?hg)fﬁ S oﬂﬂ?y#ﬁ%@tle eg(g%) 1%%]‘[5 E:r SI)&) 1g to the 3 GBS

entration a ant run
straias, MR8 O (eerotyealil)t Hé6b) (erdtesd IH) umé OM)QEerbiype N&)S wletesanalyzed and
ach  of, .t he 3(§tralns wer e .co see Tabl.e

coFRgeY (e PR FUmBBHOR PETRY G5-SR4l Yafermentor (5.
BrilirENioRIE IR0 @dintede HB6L than Qh ﬁ“&'ht@atl fdcRss. (0.35 L 1
betmeen 0.26 and 0.42 respectively obtained for the

st pre-test run qof 090 and the second one of M/81
l00406ﬂhe The Qdsor Brafilieal o 3 ilotseala rReRpBaHEOwsY kT to each

otk efell RaNo BXPEGHRA - feARnBMEH éséehﬁgﬁﬁSZBO Bhd g@rrce?al CFroﬁle of the
rati os for these stains excee % Whi ch

migtegrganisem’ pgravwth can i tendssotbed inethe afollpvingt waly: Aﬂm bstpls pbéise lasted

apéroglrr?a[‘geg ggéa%%uﬁ Or%?usitseg & Qlt SW%?&%ﬁglg’th e3T he if(irso eF%onentlal fed

addmolc of @dasmtraarsdlutlan ded lbetgmaeastéﬂ z&:ijbr(fmhaiﬁtyf@ Wi, and resulted

) 1.50 for strajn M781. No |la e.at the .

in B%§ ann@q%; tOtrfﬁ %F%Piewn?%lﬂﬁé%] IeRofsigast eieapt solution (F2,

150 AL ALed Xprﬁ&@hﬁﬁ:‘lyﬁél@ﬁmﬁﬁ@s Bh@sdstitsd nt 4 @D\Mé‘nr eof approx1mately 10.
confirned G am'stain which reveal ed onl

The 51 pR-stag fﬁ,dc@iddlt@n@f nmommt@ﬁgbe@qel(53,a§0\ﬂém laﬁgd approximately 3
diumfromthe fernmentor at the end of the culture
simlarly only reveal ed Gram positive cocci. The
i nactivation of the pellet in 0.8 M NaCH was spread on
t G Liphlaraan af thergrowé BBesvuid poputlatiomdniblagitines [ 00422]
The profiles of the variations of parameters (Po2, air
[00407 | O\T/Ee @eovthgeies §)i and geigulation doubling time (ty) were evaluated during the 3

pre-test runs and the control fermentation. The values were reported in Figure 22, as well as

Table 14.

Table 14: Growth rate and population doubling time during the first series
of the pre-trial runs.
Phase M781 H36b 090
per (h7) Fl 0.59 0.96 0.54
tdg; (min) 71 43 88
g (h7) £ 1.01 0.89 0.65
tdr, (min) 41 47 64
urs (h) F3 0.20 0.23 0.23
tdrs (min) 203 182 182
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tenperature) during the 4 test runs were conparable to
the general profile that was reported in the pre-test
wo ove/0§2é e 20: Results from Pil ot Runs (Pol ysSBCTIB20084®3729
Purification) *ng/ng of dry weight Table 21.: Results
fromPilot Runs (Activation / Conjugation) (1): la and
Ib: 1.0-3.5; I1l: 0.5-2.5; V. 0.5-3.0 *by NVR, **ng of
sacchari de; ***as equival ent fernmentation vol uneTabl e
: Forecast Yields for 1000L upscal e (based on Pil ot
[0040$ir odbs perylatinsy daubling fimereyringdhe mpquwaﬂlw@dwwstlon of the pre-test
r [
rop A e ot T i PR wold e Ak 86 JPRR' B reference
felmﬂntad:lah dlimwvely theef detshred po;hﬂairoa daiubhngvamelmgi(hmhﬁltes. During the
npl e have, to b
sedpg arborgitl s A0gfonct go RFEG RS dhePe
bethHeﬁ ratabnd 6308mufes SQBichVhs W @bleqed] t'@aﬂht‘ ef%ferénﬁe fermentation (55
det ﬁeorm ned after centrifugation for 25m n at 16000x

mingisx2ag vererhtihe fsaredeal capdlation doyblips Hee ket miuites).
content. The serotype-specific capsular pol ysaccharide

9)7)) @ﬁlﬁaﬁoﬂﬁfiﬁie%k‘oﬂuEt%}ﬁ&tdapﬂzlyﬁb&‘/&gcdnn?dgso| | owi ng

sacchari des Nacetyl -" neuraminic acid or sialic

[00409Ci dhe RddcertdieRS6r chlwasddlacdabatand NAGAT fermentation using a
N-acetyl glucosanmine. Sialic acid content can be

colggimeftif melod based on filee detesmiration o theowneatratipn pfsialic acid compound

oSSR USO8 o 0L T ALY

by unmltlpkylrfgfthe spwcttvesteationhyethe Smabvaifb énsidd the dementdr ROL for the

_factor. has to lied for each seroty [ 00425]. .
rele e Eri it o PR R a5 POy, pie @lutaetio and specifc
praRotivityl Wee dldo1RQA0X. as¥t Hut il e Fdrifenfatiah Riemedd ANRItal Methods
ther:[lpel let with InL of PBS and centrifuge (16000xg,

belgiy. nlheyglops piarsamporteddn fableddl | et i s added 500ntL of
NaOH (2N, 65C, 1h) [hydrolise] After 1 hour,

neutTablk 15 Mddich W%p%&ucrléﬁ& of shﬁ?%%f%ﬁéc‘ﬁg}ldeéve| !
c1e0r| S are renpbved Dy Cemmtr .M%;latl ( n (Hjﬁb

bwjlllyj oupt—,'lncucut L\%EUIILI ".f$’.1”’l,4 1|L14obuuu
§~ IIIL.IUII ttlol CIfe]Cﬁ'leH U)/9§l_ (<3~ ull I9,7l oW L6 12

al[aFgg Itipnes ranged

©O

1omass g/
Final concentration of cps (g/L) 0.38 0.31 0.42
Quantity of produced cps (g) 82 67 90
Ratio cps/biomass (%) 4.8 2.8 6.8

1) Simplification of the initial process

[00410] The fermentation process was simplified in two ways to avoid potential variations in

the scale-up and to decrease the risk of contamination in the fermentor.

[00411]  First, the vitamin solutions containing thiamine, riboflavin, pyridoxine HCI, and
niacinamide (each 0.05 g/L diluted in 0.1M NaOH and sterilized by 0.2 pm filtration) were
removed from the medium of the inoculum and the fermentor. Indeed, the laboratory results
had shown that the addition of these vitamins were not necessary for the growth of GBS and

had a negligible impact on the cps production.
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[00426] Standard cwe preparation. A culture of strain

COH -13 (unencapsul ated) is prepared in the sane way
w@goovig12s@npl es. The dilution step i s charact epCHEBR008/003729

with the addition of a known quantities of sialic acid

stock solution to obtain final concentrations of 1, 5,

10, 15, 20 and 30 ng/nL. (100Or1L supernatant + x nL

si aI ic acid SS + 900-x nmL H20 [ 00427] Cheni cal

erlals for the reagent:

[0041 }igéqo of hgt@gli%‘ne‘[qgm theyfe @Mugpg@e(fgmlemtatm@ere modified. The
thfeﬁﬁJShehﬁélgﬁHt h'a&s naxRds '_t@mf ef L‘/gm??ﬂ! m-ré%&&éj 9o Rstintaneous

H2O (V n = -S> ¥
adqigrse pnd &mHﬁiak&ﬁ Phase D’éﬁh@oseoadditlomewks apladéa by\ddmlem_addmon

P e T LT TR N —

ISQAE nisingiaqetistoltic pDaipest wiflosy cﬁflﬂﬁl)hiﬂmm‘fw}ﬁ%ﬁme O s n@bsem the range
correction factor o

et RS e e S cpstalRedns SUGPL G commiied of gdding a 13.4L1

Iwdidrh o ORaef ex@idbt 5@ o/l UG Sl
S0 1/ L;)ﬂq& I\/UTt ol ngt a V%) g?r;gﬁ%tﬁltgr\%gﬁ ?{1%\%213?3 nJrL Rin" when
the @mwseﬁﬁ)e]raw%en@ S aml)$.i The dnnddmepﬂMﬁQa]n (FB) &)mprlsed of

d@xaqphe J.ficationgprot
y plirf%w desgmrr%\gﬁ ﬂﬂtl ﬂ‘ﬁéaé)?é s Q lcﬁ)u t£§/t ﬂﬂg‘ﬁ %p%&eml‘ M When the
Oﬁbvoewiwmltbretaegmbq:ﬁwsm 1 andf o capsul ar pol ysacchari des

I sol ation andpurification of GBS Type la, Ih, Ill and

RSSO S Rl M Sn TS PRkt g rceaing

ac SS ste s 0043 Bact
[00413$)er4ri;§ér’1 Jt:" %%%ﬁ&cggﬁlf:g 9%\}3 85rjes 0 at rung-yjgresang yz%ggnd compared
withy thoanfir st semips mxenmﬂlthﬂhthe%‘impﬁﬁémp@céﬁs dﬁ‘dﬂ_ldtllfa@e Eﬁgb’mﬂﬁct at the pilot-
SCarjsed t hough fernmentative culture as disclosed herein
% preferred. [00432] Inactivation of fernentation
bi omass and pol ysacchari de extracti on (base

[004141 r emaremlsaoﬂm plofitacesgary pilbhRaki RIRSHatITRY Wge h/%?ﬁ §fhitP to each
t to roomt errper ature. Sodi um hydroxi de

n
oth%ags ‘gall&l 831 e epnerl greile P@?Prmdolﬁﬁh% figsp segiek joff afe-test TUHS (see Figure
23)C anGathilattl 88wakn Qregqé\ﬁl@@ﬁ )th Pth@ mg%g@&ésyof tl?feprocess have

suspensi on was subsequent tEd at
no igygetonyiihe Browitlk phige microorganisms as demonstrated at laboratory-scale.

K) Evaluation of the growth rates, population doubling times and production of
capsular polysaccharides

[00415]  The growth rates and population doubling times of this series (Table 16) were also

very similar to the first series of pre-test runs and no significant variations were observed.

Table 16: Growth rate and population doubling time during the second
series of pre-trial runs

Phase M781 H36b 090
g (h7) Fl 0.80 0.66 0.67
tdpl (mm) 52 63 63
ura (h™) ) 0.92 0.76 0.92
tdgz (min) 45 55 45
prs (™ 3 0.18 0.31 0.19
tdrs (min) 232 133 219
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[00433] Neutralization of bionmass: After extraction
Wi th base treatnent, TRI S-base 1 M (121.14 g/ nol) was

w@daedst2as a fi nal concentration of 50 nM (52. 6POT/IKE08/3729
L of basem xture) and the suspension was mxed to
honogeneity. The pH of the m xture was adjusted to 7.8
with HO (6 M (1:1 dilution of the concentrated
acid). [00434] Al cohol precipitation: 2 M Cad 2 was
added to a final concentration of 0.1 M (52.6 nL per 1
L of neutralized m xture) and the suspension was m xed
to honogeneity. Ethanol (96% (v/v)) was added to a

[00414]i N&lhe CRANT opb  dnbdiiralbn I8 Unése/ H])e-t§§t%99lwéré]'%§ d¥oM&icelwith the

L) and the Suspension was m xed to honogeneit

ProvenuIBE-teph Agent This syagestafhat these wss noTHeniGeant differense that resulted

I

frol fglg*éﬁnia@ﬁ%k@n@;@o i34 Bbo@ld- 2085 SiREQR R Ph1817).
menbrane (Sartorius Sartocon Hydrosart 0.1 nP) agai nst
a |di dlabdé¢ £7:Ruboflectiononpl prodogtivilyaé capuldr plysacChaGlides
(0.1 M + Ethanol 30% (v/y)MB8f fler Bdetat | pH90 8.| dIB111
di [afigsiGDugl,umes were used fgrs tlheqorcr of i {44 atji o355
TheriR&T feak&tiaen T of t aR6d| US1980 [& 9,035/ V. 27 §3n f[i T(e8

t o 5bRhdsl(kA§ the permeate| (Sartorius Sartobran

f: 'Flﬁél)coné&{rﬁnor?&oiy(gt ETTgLEvE O ”“Ed'lgf}‘f 037
£ | IFQATEF of Prodield bhs (0 P™ 30 THAI TS T 1 M 88 TP 86"
dila afofqu/ﬁioms%%)\o To el .L“'“at ej B '!:j:||| gze n:a_é&
formed duri ng storage, the material was filtered with
a 0.45/0.2 mmfilter (Sartobran filter). The nmaterial

WBB CHitRal stkpsirehle procdid mdiesmlidon s¥3he %ﬂpﬁ@"ﬁlan for the process
(Vath@kbes Sartocon Hydrosart 0.1 m) agai nst
volumes of TRIS 50 MM+ NaCl 0.5 M buffered at pH 8.8

[00417}ndljuhﬁ@ tiRgaine tserié?, df@lMH@(?ﬂl@fesM%Q%pgrtght% rdRE cftrls of the

M buffered at pH Pressure sett’ing:
critiya PFWEFS@?.& yieep. l'fddbl%ﬁen defippd Pithribein QPQeP@]lﬁelcmel(@ apd the associated

sarﬁ’;%l[higzgrll ze tg glw;t] 11'1 ggg£%§Pg9§l \R/%@ eﬁgon%% 1{ ﬂl&sﬁ before inoculation

thaSay roferaty bﬂ:tvvtaerr 0.6 dhfid.8raat svoidhh poreatislHen psdse raed)eaiegmmng of the

oo RS R S o o

cont@MOwersekapg b ehd SlritdNeheZcuTREd 0 GrdRe 2afisfdflth&fladk@medium were
mal | er scal e preparation) was applied to renpve

perfiieduat Vstlote pRreading Qhi }H&tﬁ% o th @oglaﬁtipﬁl%ﬁnctélws megdiyum of the
ferMbntbt, 16 Bhtird BREnVRSG WAS Fre@ b r LhRaR B Brs OA O N®r Gram staining and

spreading on plates of the medium inside the fermentor was performed at the end of the

be
v\{-
TTU

culture to verify that there was no contamination during the process. The inactivation of the
pellet was verified by spreading the pellet in 0.8 M NaOH on the plates after the 36 hours of
inactivation. The other in-process controls described in Table 18 were used to calculate the
cps purification yields. A profile of the parameter variations (Poy, air flow, O, flow, stir, pH,
temperature) was developed, and was a good indicator of the reproducibility of the

fermentation process.
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ratio: 0.5 cnR per ng of residual proteins. [00438]
Exanpl e with CUNO capsul es: Using a peristaltic punp,
wo b@oosnsul e was washed with >9.0 L O Na 2C03 BODIB2MWS#003729

NaCl 0.3 Mbuffered at pH 8.8 at flow rate of 350 50
m./mn. If the volume of the material was |ess than
1.6 L, the suspension was diluted to theright vol une
with Na2CO3 0.3 M+ NaCd 0.3 Mbuffered at pH 8.8. The
materi al was flltered and the filter was subsequently
wash & seintfonf Hel ge@Endh /2P g oliles wpd yompagisgp with the previous
buf fimsed at pH 8. 8 The rmterl al obt ained fromthe
di fferent capsul es was conbi ned. The coll ected

[00418irat Ehé @Dswasprbfiles of 8us tsst mpwerapsry isissilar 19 sachfothereas well as to the

sl DR ARG i B e el pmpleteed i34 2

filter sterilized u5| ng a 0.45/0.2 mmfilter
[00419] SaThe rgrassth Sadsofardapoglatioar Joubling timgsenf diis weiess {Ibled 18) were

at 8C.unti| neede max .15 .days). 0439 e
cormgartP e P eSHTOGH WG SREERA: HE Eromi i gf g adign phases of
thed debttrBfks %v@regbefWeeﬁfth@ﬁﬁﬁdﬁﬁp&fﬂ%hﬂﬁfaﬁ&alﬁ@&iﬂtﬁ@@t@dﬂbbﬁtes previously

resorcinol sialic acid assay I)§ w th Na2COo3

3)
repaetesl. Howsvay) the erewihagteaof fig Elascs%ré% %lcuwrSr?f M781 and of the
& I I
2 350 L Y G BOCRELARy R 35 MR yalup previously
repEfthnﬁ(lekpe%@ély- 0983< 4. lm_arcd‘ 0.0 t<e0. 65)Flptesht}@g‘ean}cm01dence on the final
anh de s k solution was_add
valyes §§ Ol £ VUSCE QS A QY RS 8@%?&@ dsggnm, Opiajed during the
carfibr R4R2ivhsA¢Ltbhe Bhydpédieclp ooy Siac filvaprd eest apeat tthstraln 090 and
unit. The material was incubated with mxing for 2
H38Blrs at room tenperature. The pH was checked at the
end of 2 hours to verify that is was ~ 8.8. [00440]

Phble18 atzlrswﬂpiaté Bfd Pspﬁhﬁs@wﬁlﬁt@dma@ ) Fing ChSderfe€ oDbest
tangentlal diafiltration 3@QgRa: To elimnate the

pd:llﬁ&gl ate 'P‘ﬁhéée EM-)'_SIJQ | S RiqY agf. Théen MatEr caBii s

f et a\,al nst : 02— et (Saptobran

eHep (o) R -7 SR L L U D 2% el B

I Ngt e Flcl ar+HH at+on uy4bcu|. ||un;.6§uun 'S"@§So
h| e The nater |5!| \I\AS di f ter 6f 3G\r\n

dﬁt(h_ll)nqp enmnane ( (d)::??nr‘rm I—@Eﬁnsa“t_gﬁ_z_m;\, agmst
tdevminines |of sodilum #8et afe 10#3mM with £7preskure39
gat (g O AP[ Ri;n- FOU0.B V_bar , 0P (P i nd-Bbut )| 2] 9270
(tépz@min)Pi n32 bar, |Pouf8l | Ipar) 20The mat eP4Zl was 158
filter steri I|zed with a 0.45/0.2 mmfilter (Sartorius
Sartobran filter). The material was stored at 2-8C

[00420 nt iTlhe I%ll(relgldc(ab(qucentration and quantity of cps of the test runs were higher than the pre-
test runs when the results each of the 3 strains were compared (see Table 19). The value for
the H36b stain was between the values previously obtained for the other strains (0.35 L'
between 0.26 and 0.42 respectively obtained for the first pre-test run of 090 and the second
one of M781). The values obtained for the strains M781 and 090 were higher than expected.

As such, the cps to biomass ratios for these stains exceeded 10%, which implied that the

purification would be facilitated.
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(max 15 days). [00441] Recovery of pol ysacchari de:

Cadl 2 2 Mwas added to obtain a final concentration of
WOR0Q/MI82. 6 nl per 1 L of neutralized m xtur & TARYO/AL729

suspensi on was m xed to honogeneity. Ethanol (96%

(v/v)) was added to a final concentration of 80% (v/v)

(ratio of 4 L per 1 L of solution) and the suspensi on

was m xed to honobgeneity. The precipitate was washed

(2-3 tines) with fresh ethanol 96% (~ 50 nL each). The

precipitate was coll ected by centrifugation at 3000 x

g for 10 mn and dried to a powder under

O AA-D]

Xﬁu’mf[”b %bﬁﬂtﬂﬁa '&ﬁ%clh&ﬂj of.c ,}flé’g“ ysatchar clt'e‘:sfyY
AN SN 7 o W . A T

Onm 1057 24 GhHE  The & S 26.55
Fipelr &PW@HWW R d&‘Fd 200C798 i hut 842 nelut r/att zed wht-h
L DI ONEX (TM) system Data are
bn@@eswﬁa@g@m EON (TO§ Soft wAiBé. The &8 chpari @42
Qeangityedfipredliced cpsg(gh seven2i® nut € | i Hear |gr abti7ent | of 90.3
Raloldsbivneds @3) 0. 1 M NaOH]3.9. 1 M Npiget ate:1d.4 M NaGH,
0.5 M NaNG3 on a CarboPac PAI colum wth PAl guard at
a flowrate of 1.0 mM/mn. [00443] Free sialic acid

was, determ ned by injecting the polysaccharide sanple
A—%@%ﬁﬂ—%@é—ﬁﬁ—ﬁmml 5 Z i 0 mg/ M without hydrolyzing

the sanple. In this way |t was possible to separate

[00421er e?hé R 1Qq51‘&ﬂzs§ lcghttdl Wad the 6D9;Hnﬁneof2916| BasRMbePye rlh@dﬁlatlon and
pol ysacchari de sanple and standard ISjgr ay line)

ran@e@ b%v,e?ﬁ 0.8 pox Srﬁr@lrp%?q/@éide%fqr geaig diptle Ne ﬁ@d’@?eafllﬂtbe begmnmg
of % utufe ﬂ"P erﬂ%tl B lad- Ié}@ Deqe pﬂrlgh%ag)% W@@tﬂagﬁs culture were

step was the po ysacc ar e not
corsfiradei cbya@anh jtain avhichnpuedlethonlp diramgtositive ecca:m,szmdlthe papled bottle as

elated with e res S 4441 The Les dual
wel) s et i WSt B R i PO ST T revealed Gram
posiovaTedcei. dhhe Kidcti(Rioar cfahe pdihe in 63 MuﬂéOHUﬁdstpfbaaQindhe plates after
corlgqnt was . determ ned foll ow ng the nethod published
B fdtpctigation: et al . Bi ochem Bi ophys. Res. Comm
1989 156(1), 474. [00445] The residual Goup B

[0042200] YRAGEEAES Q@ tﬁ@n\ta@lﬁﬁoﬁeb?ﬁﬁ}aﬂﬁ:@e@gP% t:ﬁlr 'ﬂ'oW ng, ¥R, stir, pH,
a

rhammose resi dues and using a netho sed
tenyppgiae PAmingthe ¢9ps rumhsera ¢e@ppigblg to the general proﬁle that was reported

in the pre-test runs.

~ 4
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speci fic saccharide in the group B carbohydrate that
is not found in the Type polysaccharides and it was
was@d/osn7elet erm ne the concentrati on of cont anP@EIB2008/003729
carbohydrate residue after capsul ar pol ysacchari de
purification. The sanple assayed was purified GBS type
I'll polysaccharide in Figure 30. The sanple did not
present a rhammose peak indicating the absence of
ot her carbohydrate contam nants. The gray chromat ogram
was obFalile2et ResulisifionyPiotRwmos@obtsacrharide Purification)
sanpl e. Sanpl es and standards were hydrolyzed in TFA
2N at 1000C for 3.0 hours, then evaporated in SpeedVac

th—450—m—oef—H2O0—Rharnos
et erotype; 5 la > n"lbﬁil " Y
1TadAarl CuUur v 1 allg | RS L = L . U gl LI} . 11T

PR aphi cUsa@ndlLtMnsvvﬁersﬁ FGHUROPRGH RA | CRLLHR
with PAl guard withja flowpgatel of 1.0 p/ mn jof NaCH
Fihaidréduet weghii{nug es| T RIA olvezb.dy| 5 m.nut €s 28b 15.5

r ganéy akighn Wi, v/iviNaONASOOndd.eand tétes r e- @aqai |l brad.2 on
i nSava@rdd @BerM flop/mR5| 7850t £s103¢ 00448639 Chr oréé® ogr aptii26
anal Proteins The |agmadki 1@ el nslbeclul at5-6ei ght<s5 of| t hes 5
Ty Msiclpislgids ccHABMIEs 74 o O00DGRt 5A.082, HPP-0970n 0. 00006
@mmﬁamsacqhamqle 69" 07 ¥ rolFdml| (CGEl-fleal t Htér €)

equi | i brat ad Wi }]olf;’lr’n.PBSﬂnd ¢ br?at%%i?w! t h=dext ran§15
[§9§cgugﬂcoﬂg it TR onfory| coﬁfgr O coltidid T P& nform . | conform
RS IBL LGS #ETE PEFEPET 85 Uige SOty T Ngh t
T

- TRq OT devt QA UM QR OE 4870 A 3361 Tl 0 k& & Uty 4q@r m
concentrati on.| @jgduoty (P50 M) 0p obNe| 58Br €S 0063
Hrdabghabadrided 5- mm NVR t ubesos(\W | mad) . | 1H NVR
expekrtifoamt s warug/nicec ot tded| at 1@50C omo Br ukerio600 Mz
spectroneter, and using 5-nmm broadband probe (Bruker).
“Peimg @bdraweaiglfui si ti on and processing, XW NNVR software
packag D qr N wer e
col | ec{elézgﬁugfﬁ@s“% l:';(l’ndaﬁtélt %‘r‘fés C%Q{Jona}e\:em? nggﬁ&gt h 32
scans. The transmtter was set at the HDO frequency
(4.79 ppm. 1H NVR spectra were obtained in
quantitative nutter SEOVA%la ot al fecycle ind t oY

ensure a full fecqver ch signal gx
Longi tudi nal Rel Nt %FP”T. n%esﬁ Lrgjs[t 36914 PSURUB |HERERVN
W&kééﬁ*o‘ﬁ/%é’ccbéf' cigat oty \||v’ B%Zbl rU7n1| Wer e IZ%LUI ucg!oé O
AFRIriEl Prdlfctds= pTLut RN Ripraf it '5‘568 SeE, 7§ JUT[ES &g
25- 2igdi Proli@ PERKKkgSST GUAENT 3%8S |alses cpnf4éded D¥eg
GRBFAfidsSdRcemr Nugkdl || NId | dafzd (Mgggon] Hgg Chal vgour,
Rroteirebrdsmiation] pg/MéSsal/a, | M427 594 384 678
Glycosylation Degree N/A (1) 2.7 1.7 1.3 1.2
Free Protein %, Wiw <5 <5 <3 <5 <2
Free Saccharide %, wiw| <25 16.2 8.9 19.6 <A1
Free Sialic acid %, m/m <1 <0.3 <0.3 <0.7 N/A
pH NA |6.9-75 7.2 7.1 7.2 7.2
Identity / Conformity® N/A | positive | positive | positive | positive positive
NaCNBH3 ppm <2 <2 <2 <2 <2
Kd N/A N/A 0.212 0.220 0.351 0.40
Endotoxins/saccharide | U/mg**| N/A 1 0.3 0.1 0.24
Total saccharide g N/A 4.0 4.4 2.3 1.3

(1): la and Ib: 1.0-3.5; lll: 0.5-2.5; V: 0.5-3.0

*by NMR; **mg of saccharide; ***as equivalent fermentation volume
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Kasper,
I nf ect

D. L.;

Gam an,

A

Pozsgay,
I mmun 1991, 59, 1690 and rel ated papers).

V.

Jenni ngs,

HJ.

w@Reansr7@nd Di scussi on [00449] Thi s procedur ePET/mB20CRA®3729

a novel

si npl e,

fast and effective nethod for

purifying Type pol ysaccharides from streptococca

bacteri a.
i nvol ve the use of DNAse,
treatnments

It

i s advant ageous that the process does not
RNAse and protease
The products are recovered in high yields,

whe rkabte 22: [Forérastlieldsfor 2010Lakpscaket(based antRilo¢ Bregessen)s,
nucl ei ¢ acids and G oup B pol ysaccharide) are reduced
| oner than 1% w w. The neM/purlflcatlon nmet hod can be

used or—enrufaciur Rg of—etrecal—anrdrecomreretat

mat er'l‘% saqglgrl\élgj fr aié({} g I?@r?@g{u@gte Number of 20 Forecast

pol ysa P iddul | d6ies Number of
SteWhd I MpghodDatch P )réx tédrﬂroﬂrxa DdxBectéd frohfBl @x tedsldll?mJHTy doses

of the Eeatdieitopys |10Q,0 LofultéeBS 10pPe cllare | k,100d Il baehd| S&pected from

pol ysaBiphBroretess)( Si &dtele acid weetcltheni c(abcomay optimized

2M cr oBCA (@ ot ei (?é?ﬂ"ﬁé'?gctpa @or@%ta 3le’('§1>te| c ac ppcesses

assay] 4G oup B [)B'I'Ostrggs Bt 5@% %ﬁffgsAver agjilion)

mol ecyl ar wei ght$ for ¥he Type p ysaC(ha dey,

esttmated—by—Stze—ExctustonChromatography, —were =200

k for t Type|la, Jh and| 100 fon the ype I |

a% V| 257 ruct ural14 i"dentity o%‘li)a preA[ bj, III>8

_p_g_l_yg_a_g_g_h_a ide was conhfirned h\/ IHNMVR

S ectroscgﬁy (Fi gures 25-28). Exanple 7 - Purificpation

[B0452] T exanple'@ ws a furfBer e>enpﬁ%ﬂy

purification protocol which|provides ch hi gher

| evel $ of purity|than have previously been possib|e

fBr capsul30 pol ysacctdr i des. |1s8Bation andl.9 >4

purification of GBS Type laj Ib, Ill and

Vpol ysacchari des|[ 00453] Nafive GBS Type V

pyl ysacchagjigde were exgract €éd andopuri fii ed fpom >3

bactefia using the follow ng process steps: [00454]

Bactertal fermentation: GBS Type V strain (e.g., CJBI

) was grown in conplex medium Any nethod of

clittmaergatiory Relatesbddaly ata/Mderghds er rent ati ve culture as
di scl osed

[00423]

Determination of Biomass. During fermentation, biomass content is monitored by

measurement of the optical density of the culture at a wavelength of 590nm. Dilutions of the

sample have to be prepared in order to read a value of absorbance within the interval 0.300-

0.600. Wet weight of harvest is determined after centrifugation for 25min at 16000xg.

[00424]

Determination of Capsular polysaccharide content.

The serotype-specific capsular

polysaccharide of GBS is made of a repeating unit of the following saccharides: NANA: N-

acetyl-neuraminic acid or sialic acid; GLUC glucose; GAL: galactose and NAGA: N-acetyl-

glucosamine.

Svennerholm (Svennerholm L., (1957) Biochem. Biophys. ACTA 24:604-611).

Sialic acid content can be determined using the chemical method set-up by
The

composition of the repeating unit differs with serotype, so a different correction factor has to

be applied for each serotype.
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W@ bases2reat ment ) :

herein is preferred. [00455] |nactivation of

fernmentation bi omass and pol ysacchari de extraction

I f necessary, the bionmass negT/B2008/003729
heated to bring it to roomtenperature. Sodi um

hydroxide (4 M was added to the recovered biomass to

a final concentration of 0.8 Mand m xed to

honogenei ty. The suspensi on was subsequently incubated

at 37C for 36 hours with mxing.[00456] Neutralization

of bi onmss: After extraction-wi th base treat nment,
"-‘ x pase 1 14 g/ nol %’\as@de

ane i 0 ' éﬁ%@ﬁ S

pixturef ‘and phe suspénsiomwas

'_"-- pH_Of t e xt ure._was adjusted to 7. & W
MY (124 |y r@t%@ncentrat ed acid)
“Acohol presigitation: Q 2 wagaflded to

of 0.1 M(52.6 of neutralized
T xture) dyer't he suspension %\%ﬁﬁg honobgenei ty.
0 e\Toncent ration
eﬁ% L) and the

'Et hanol  (96% (W)) was added t
of 30% (v/v) ethanol (428 nL p
suspension was m xed to hom)genel ty. [00458]

Tan
al cphol preci pi
m CE g5

.Sar.t nhnh l—l\/hlrr\gjxirl:ll ﬂ 1 \ :urt] Hm
(Sa"{ SICAT LA AT A AW Y N | II] T O CAT L 4 U l—l SI
di a|+: i butPer—cofpri-singiiNaCH (595 IMEZE Cachdl (¢ 1
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di a Al v-O SU..LS ”m'rc 'scAZEFJ‘r the’ ﬁ“ e tir atd bn-
The ig?ﬁcat:fv S :‘Nﬁ' +e cd\ﬁi&ﬁ}"" o024 5 é,_z‘;‘?_;" A fi’?"’ tdr
to sterlllze the erneat e Sartorlus Sart obr an

p

filter). Note: as an alternative, the retentate can be

[00425]I awﬁqu@gbr@m@@ﬁ rifugation (retaining the supernatant

[00426]

| uid) and stored at 2-8C. [00459] Tangenti al
dlaflltratlon 3CkDa: To elimnate particulate matter
f%ﬂH@&ltlﬂafW@Dsm%r*%e@m@E@ PRt Mifad @) | t er ed wistagdardise]
a 0.45/0.2 mmfilter (Sartobran filter). The nmaterial
W%slpme b@m&%t%ﬁ bF PES ol @éﬂtlllitug@h'é@[jmgé g&lryabﬁp A[yash]

301 cDa cel |l ul ose menbrane (Sartorrus Sartoco
K%@osart 0. 6 nR) agai nst 20 vol unmes of TRI S 50 MM

he peHet s Qﬁdeéﬁp@m& ahta@HdANagEChdh) 10 vol unes ofhyfimlise]

phosphate 10 mM at pH 7.2. Pressure setting: bar,

o35k FIFASHERELS gl PRt o on ! R

Cell debris are removed by centrifugation (16000xg, 30min, 4°C). [purify]
Supernatant is sterilized by filtration (0.22micron) [sterilise]
100 mL are diluted with 900mL of H,O [dilute]

Standard curve preparation. A culture of strain COHI-13 (unencapsulated) is

prepared in the same way as the samples. The dilution step is characterised with the addition

of a known quantities of sialic acid stock solution to obtain final concentrations of 1, 5, 10,

15,20 and 30 mg/mL. (100mL supernatant + x mL sialic acid SS + 900-x mL H,0)
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with an acetic aci d/sodium acetate solution at pH 4.0
(2L). The suspension obtained fromthis treatnent was
wo 2doveseds usi ng GFPl us 0. 45 nmm capsul es ( Sart oPCT/E)20081003729
order to renove precipitate and then filtered once
again using a 0.2 nmmnenbrane filter (Sartobran
Sartorius). The pH was mai ntained at a value of 4.4
0.1. The filtered product was then diafiltered again
agai nst Na2CO3 0.3M NaC 0.3 Mat pH 8.8. After
[00427f ur Chericdlirkacriat.i Startiss Nitesiald. fa51he. reageit: et Resreinol (2%, H,0); B

erj S st t 2-8 for.a X1 I f A15
- iRbF bt B P Bh et shscor miRre By SHPVELTHRL A QRN B + HO
(V& 2P I9ss> FHICH (B6)01VHes] 0081 Rbagdiit onicel mike@lilNGable for 1 week at
Z- Car bon R53SLP8 cartr i gﬁgs. Usi ng a, eg% st al %4)0 pu{n‘g oC d
4°G. hddalmk i dgeagee e lads ehailwad spmBlge HicBaAe dOh PR At Al C> rea
wth >20.0 L of WFIl at a flow rate of 580
absﬁ%ﬁﬁﬁ%%ﬁ%he cartridges were then washed with >20.0
L OFNa2CO3 0.3 M NaCl 0.3 Mat pH 8.8 at the sane
[00428] | oQuardifieatidrt Reterming quratityfofNENAdR s#1RIP uas steadad cHaR:
20 L, then it was diluted to the desired volune with

NPT et bERT P prialies o B et Syl abroD,

bag. The holder was filled with 20 L of Na2CO3 0.3 M
o MNa@iipR.v@t\DBtofptit@&e8 and fil t r woluoretoGH gontert (msg/mL or mg/L)]
collect 6 L of filtered product. The material was then

filtered using a.p.45/0.2 mmfjlt T i al was
. é\f%l?lg[i’ with ‘2’-1‘81%5 PF@?IV%?t maxi num ?taﬁép 8%’@%%%51
needed. [00461] Re-N-acetyl ation of pol ysacchari de:
Eme%lePrmﬁﬁédtﬁhed material was treated with an acetic
anhydri de/ et hanol solution to allow re-N-acetyl ati on.
[00429Th leThiS a&?‘mpde Sh‘ﬂ?\xst T,tl’ exangede (j)utiﬁcat'roeqi(rjotﬂ:cdl vdﬁc};]provides much higher
pol ysaccharide sol ution was red using. t .
levPlgof BUH  BrBEO PV BHEY bectBosilor SRatiRLPd Ry PTides +
4.15 nL of ethanol 96% The reaction solution was

| ReMEBL 9fd pREFEcatén bf GBS Type I3, oI andtV palgsaccharides
tenperature. The pH was checked at the end of 2 hours
[0043010 Wafivd $BEMBpei ¥ puBsaceharide Were [eRO#ABR] arfduirified dtdno hagéria using
the re-N-acetyl ated pol ysacchari de by tangenti al
theqiregess $16R8t i on’ 30kDa: The material was diafiltered on
3CkDa cel lul ose nenbranes (0.1 n2 Sartocon Hydrosart)

[0043 139 aipRstridi3 oy MbmBS: - 0GBBO eSS NI RO SNA AIB 110) Mk agrophl complex
.2 Wwth a pressure setting of DP[Pin-PQut]<0.7 bar, ..
meTtivig. ( pmy+1pgt5;p§ /orj] cultug way d)_e’usp;l,nt-l_qguglafqrms%tﬁyye gplipre ‘as disclosed

hergﬁlt i§ He%rre\gas

[00432]  Inactivation of fermentation biomass and polysaccharide extraction (base treatment):
If necessary, the biomass may be heated to bring it to room temperature. Sodium hydroxide
(4 M) was added to the recovered biomass to a final concentration of 0.8 M and mixed to

homogeneity. The suspension was subsequently incubated at 37°C for 36 hours with mixing.

[00433]  Neutralization of biomass: After extraction with base treatment, TRIS-base 1 M
(121.14 g/mol) was added to a final concentration of 50 mM (52.6 mL per 1 L of base
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then filtered using a 0.45/0.2 nmfilter. The materi al
was stored at -200C until needed. ADDI TI ONAL REFERENCES
wda 200008128 | saacs (2003) Cin Mcrobiol |Infect BCTE82888/003729
2. Shen et al. (2001) Vaccine 19:850-61. 3. Palazzi et
al. (2004) J. Infect. Dis. 190:558-64. 4. Merritt et
al (2000) J. Biotech. 81:189-97. 5. Dassy & Fournier
(1996) Infect. Immunol. 64:2408-14. 6. Suarez et al.
(2001) Appl. Env. Mcrobiol. 67:969-71. 7. Wcken et
mixire) 4088 JuspensBarcvas mied guh@nogegeitypaliiea pf the mikturq was adjusted

t ﬁ%?}éf@?g i 1 Bt df cok5AtaETpdt "2l 7 1000)

J. |/ . > . 180:892-95. 11. Terleckyj et al. (1975)
[00434] 77Ak6hol preaminmion: 2IVBAE15Sias added\W lai fetat cqacktration of 0.1 M (52.6

19 . Bagteriol. 91(.6):2245-50. - '
mi(pg 3 objiengalited TREPEbATS the §5panT gy lgb bl Bihan
(9635 vV Uk 3d8Bro alfinal Roacirail@GOO) 3096 (2B ethddol (A28 mL per 1 L) and
Advances in Biotechnol ogi cal Processes vol. 13 (eds.
thelghispeadipn Was/mixegdo Bpmogensity.ep 0072513, 18. UK 0502096. 1
(patent application); WOR2006/082527. 19. US 6248570.

[00435%0' TRt mﬁjrc%ﬁlﬁrgQQ;Q) ThBisBperndeh Mrom /e 7A80tol écipiation was
. I'nzana (1987) Infect. Immun. 55: 1573-79. 22
recRearedlyy etangéntial 200N etoren 2 867 pelyose gengBaneyFartorius Sartocon
HyiodSP 81195y AR5t YARENAE vhfre>URbrisids: FC138:5 M) + CaCl, (0.1 M) +
Ethanol 30% (v/v) buffered at pH 7.8. Ten dialysis volumes were used for the
microfiltration. The permeate was filtered using a 0.45/0.2 um filter to sterilize the permeate
(Sartorius Sartobran filter). Note: as an alternative, the retentate can be clarified by

centrifugation (retaining the supernatant fluid) and stored at 2-8°C.

[00436] Tangential diafiltration 30kDa: To eliminate particulate matter formed during
storage, the material was filtered with a 0.45/0.2 pm filter (Sartobran filter). The material
was dia-filtered on 30kDa cellulose membrane (Sartorius Sartocon Hydrosart 0.1 m?) against
25 volumes of TRIS 50 mM + NaCl 0.5 M buffered at pH 8.8 and then against 10 volumes of
Na,CO, 0.3 M + NaCl 0.3 M buffered at pH 8.8. Pressure setting: AP[P;y-Poy]<0.7 bar,
TMP[(Pi:+Pou)/21>1.0 (e.g., Pin=2 bar, Po,=1 bar). The retentate was filter sterilized using a
0.45/0.2 pm filter (Sartorius Sartobran filter). The material was then stored at 2-8°C until
needed (max 15 days).

[00437]  Depth filtration: A depth filtration on CUNO BioCap 2000 1300 cm? capsule (or
CUNO Z-Carbon R52SP filter for smaller scale preparation) was applied to remove residual
protein contaminants. The number of capsules or filters used was defined on the base of the

ratio: 0.5 cm” per mg of residual proteins.

[00438]  Example with CUNO capsules: Using a peristaltic pump, the capsule was washed
with >9.0 L of Na,CO; 300 mM + NaCl 0.3 M buffered at pH 8.8 at flow rate of 350 + 50

mL/min. If the volume of the material was less than 1.6 L, the suspension was diluted to the
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[00439] Re-N-Acetylation of polysaccharide:  The material was diluted to 2 mg of
polysaccharide/mL (estimated by resorcinol sialic acid assay) with Na,COs (0.3) M + NaCl
(0.3 M) buffered at pH 8.8. Stock solution of acetic anhydride was prepared at the following
proportions: 8.3 mL of acetic anhydride + 8.3 mL of Ethanol 96% + 983.4 mL of water.
Fresh acetic anhydride stock solution was added to the polysaccharide solution diluted to
2mg/mL to a ratio of >22:1 acetic anhydride:polysaccharide repeating unit. The material was
incubated with mixing for 2 hours at room temperature. The pH was checked at the end of 2

hours to verify that is was ~ 8.8.

[00440]  Purification of the re-N-acetylated polysaccharide by tangential diafiltration 30kDa:
To eliminate the particulate formed during the storage, the material is filtered against a
0.45/0.2 pm filter (Sartobran filter). Note: clarification by centrifugation is also acceptable.
The material was dia-filtered on 30kDa cellulose membrane (Sartocon Hydrosart 0.1 m2)
against 13 volumes of sodium acetate 10 mM with a pressure setting of AP[Pin-Pou:]<0.7 bar,
TMP[(Pin+Pou)/2]>1.0 (e.g., pin=2 bar, Py,=1 bar). The material was filter sterilized with a
0.45/0.2 pm filter (Sartorius Sartobran filter). The material was stored at 2-8°C until needed

(max 15 days).

[00441]  Recovery of polysaccharide: CaCl, 2 M was added to obtain a final concentration of
0.1 M (52.6 mL per 1 L of neutralized mixture) and the suspension was mixed to
homogeneity. Ethanol (96% (v/v)) was added to a final concentration of 80% (v/v) (ratio of
4 L per 1 L of solution) and the suspension was mixed to homogeneity. The precipitate was
washed (2-3 times) with fresh ethanol 96% (~ 50 mL each). The precipitate was collected by

centrifugation at 3000 x g for 10 min and dried to a powder under vacuum.
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22:907-19. 59. EP 0208375A. 60. W00/ 10599. 61. Cever

et al. Med. Mcrobiol. Imunol, 165:171-288 (1979).

62. U S 4057685. 63. U S 4673574; U S 4761283; U S

4808700. 64. U S 4459286. 65. U S 4965338. 66. U S

4663160. 67. U S 4761283. 68. U S 4356170. 69. Lei et

al. (2000) Dev. Biol. (Basel) 103:259-64. 70.

8711; U S 6146902. 71. Wessels et al. (1998)
Analy"l"ﬁt%%‘f’?‘z mmun. 66:2 186-92. 72. Lamb et al. (2000)

Dev. Biol. (Basel) 103:25 1-58. 73. Lanb et al. (2000)
[00442) ouPaathenficdllusoyat Ghe apieharklednte8t Was d@ermined by the sialic acid wet-

chemical assay (Svennerholm, L. Biochem. Biophys. Acta 1957, 24, 604). The sample was
hydrolyzed in HCI at 80°C 90 minutes, neutralized with NaOH and injected in a DIONEX
(TM) system. Data are processed by CHROMELEON (TM) Software. The saccharides
were eluted using a seven minute linear gradient of 90:10 to 60:40 0.1 M NaOH, 0.1 M
NaAcetate:0.1 M NaOH, 0.5 M NaNO3 on a CarboPac PA1 column with PA1 guard at a

flow rate of 1.0 ml/min.

[00443]  Free sialic acid was determined by injecting the polysaccharide sample solubilized in
water at 1.0 mg/ml without hydrolyzing the sample. In this way it was possible to separate
free from bound sialic acid. Figure 29 is an overlay of a polysaccharide sample and standard
(gray line) at 0.5 pg/ml. In the polysaccharide sample, free sialic acid is not detected. The
peak in the regeneration step was the polysaccharide not hydrolyzed. Free sialic acid is an

important parameter because it is related with immune response.

[00444] The residual protein content was determined by a MicroBCA (TM) commercial kit
(Pierce). The residual nucleic acid content was determined following the method published

by Sheldon, E.L.; et al. Biochem. Biophys. Res. Comm. 1989, 156(1), 474.

[00445] The residual Group B polysaccharide content determined by determining the
rhamnose residues and using a method based on HPAEC-PAD analysis. Rhamnose is a
specific saccharide in the group B carbohydrate that is not found in the Type polysaccharides
and it was used to determine the concentration of contaminant carbohydrate residue after
capsular polysaccharide purification. The sample assayed was purified GBS type [
polysaccharide in Figure 30. The sample did not present a rhamnose peak indicating the
absence of other carbohydrate contaminants. The gray chromatogram was obtained by
adding rhamnose standard to the sample. Samples and standards were hydrolyzed in TFA
2N at 100°C for 3.0 hours, then evaporated in SpeedVac and reconstituted with 450 pl of

H20. Rhamnose standard curve range is 1.0 — 10.0 pg/ml. The chromatographic conditions
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188:327-38. 89. Cerber et al. (2001) Virol ogy

(0044, e i S8 e o i S et welkhes of the Type
polysB8gh®itks vate etiotatesoby EPLE) on ¢ SUPER (BEO(TN) 6 MR lgﬂbeﬂﬂumn (GE
Hepfthdare) a0 g P wER Rl it BESb 003, “Vacci ne 2

1:2485-91. 97. Pajak et al. (2003) Vaccine 2 1:836-42.
[00447)8. NA&R diraipdis-aSahplas of KR ERA)polysadchintdedGieds pRpaRa LS issolving the

powgier 1n913m{ ofo deuterium oxide (D20, Aldrich) to a uniform concentration. Aliquots
(750 pL) of the samples were transferred to 5-mm NMR tubes (Wilmad). 'H NMR
experiments were recorded at 25°C on Bruker 600 MHz spectrometer, and using 5-mm
broadband probe (Bruker). For data acquisition and processing, XWINNMR software
package (Bruker) was used. 1-D proton NMR spectra were collected using a standard one-
pulse experiment with 32 scans. The transmitter was set at the HDO frequency (4.79 ppm).
'H NMR spectra were obtained in quantitative matter using a total recycle time to ensure a

full recovery of each signal (5 x Longitudinal Relaxation Time T1).

[00448]  2-D homo- and hetero-correlation NMR spectrum were recorded to assign the 1-D
proton NMR profiles (See, Figures 25-28). The peak assignment was also confirmed by
comparison with published data (Michon, F.; Chalifour, R.; Feldman, R.; Wessels, M.;
Kasper, D.L.; Gamian, A.; Pozsgay, V.; Jennings, H.J. Infect Immun 1991, 59, 1690 and
related papers).

Results and Discussion

[00449]  This procedure provides a novel simple, fast and effective method for purifying Type
polysaccharides from streptococcal bacteria. It is advantageous that the process does not
involve the use of DNAse, RNAse and protease treatments. The products are recovered in
high yields, whereas all the main potential contaminants (proteins, nucleic acids and Group B
polysaccharide) are reduced lower than 1% w/w. The new purification method can be used
for manufacturing of clinical and commercial materials derived from these capsular

polysaccharides.
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[00451] Average molecular weights for the Type polysaccharides, estimated by Size
Exclusion Chromatography, were ~ 200 kDa for the Type Ia, Ib and ~ 100 kDa for the Type
IIl and V. The structural identity of GBS Type Ia, Ib, IIl and V polysaccharide was
confirmed by 1H NMR spectroscopy (Figures 25-28).

Example 7 - Purification

[00452] This example shows a further exemplary purification protocol which provides much

higher levels of purity than have previously been possible for capsular polysaccharides.

Isolation and purification of GBS Type Ia, Ib, IIl and V polysaccharides

[00453] Native GBS Type V polysaccharide were extracted and purified from bacteria using

the following process steps:

[00454]  Bacterial fermentation: GBS Type V strain (e.g., CJB111) was grown in complex
medium. Any method of culture may be used, although fermentative culture as disclosed

herein is preferred.

[00455]  Inactivation of fermentation biomass and polysaccharide extraction (base treatment):
If necessary, the biomass may be heated to bring it to room temperature. Sodium hydroxide
(4 M) was added to the recovered biomass to a final concentration of 0.8 M and mixed to

homogeneity. The suspension was subsequently incubated at 37°C for 36 hours with mixing.
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[00458] Tangential microfiltration: The supernatant from the alcohol precipitation was
recovered by a tangential microfiltration on a 0.2 pm cellulose membrane (Sartorius Sartocon
Hydrosart 0.1 m2) against a dialysis buffer comprising: NaCl (0.5 M) + CaCl, (0.1 M) +
ethanol 30% (v/v) buffered at pH 7.8. Ten dialysis volumes were used for the
microfiltration. The permeate was filtered using a 0.45/0.2 pm filter to sterilize the permeate
(Sartorius Sartobran filter). Note: as an alternative, the retentate can be clarified by

centrifugation (retaining the supernatant fluid) and stored at 2-8°C.

[00459] Tangential diafiltration 30kDa: To eliminate particulate matter formed during
storage, the material was filtered with a 0.45/0.2 um filter (Sartobran filter). The material
was purified by a first diafiltration step using a 30kDa cellulose membrane (Sartorius
Sartocon Hydrosart 0.6 m?) against 20 volumes of TRIS 50 mM, NaCl 0.5 M at pH 8.8 and
then against 10 volumes of Na phosphate 10 mM at pH 7.2. Pressure setting: Pi,=3 bar,
Pou=1 bar). The retentate of the first diafiltration step was diluted to 10kg and then treated
with an acetic acid/sodium acetate solution at pH 4.0 (2L). The suspension obtained from this
treatment was filtered using GFPlus 0.45 pm capsules (Sartorius) in order to remove
precipitate and then filtered once again using a 0.2 pm membrane filter (Sartobran Sartorius).
The pH was maintained at a value of 4.4 & 0.1. The filtered product was then diafiltered
again against Na,CO3; 0.3M, NaCl 0.3 M at pH 8.8. After further filtration using a 0.45/0.2

filter, the material was stored at 2-8°C (for a maximum of 15 days) until needed.

[00460] Adherent filtration with CUNO capsules: Filtration was carried out using CUNO
Z-Carbon R53SLP8 cartridges. Using a peristaltic pump, the cartridges were assembled in a
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on a manufacturing scale, wherein said nethod
conprises (a) providing an inoculumof a strain of
w@koogpsacoOccus expressing the cps, and (b) cul PCT/E2008003729
the strain by fernentation, wherein said cultivating
conprises a linear addition of a carbon source to a
cultivating nmedium and does not use an algorithmto
control the cultivating by nonitoring a pH of the
cultivating nedium 2. The nethod of claim1 further
CLAIMGnpri sing step (c) recovering the capsul ar
pol ysaccharide. 3. The nethod of claim1l or claim2,
We Clgiher ei n said strain of Streptococcus further conprises
Streptococcus agal actiae. 4. The method of claim 3,
. o | .
1. \(')\ig %{eﬁt@ é’glaét%évﬁtlﬁ? Sf}eﬂg%@{\iﬂ%%% begﬁ&%_b?hle(ﬁgﬁi%sﬁ% b@ séc'ri]garldes (cp.s)
on a memefaatirind saleswherdin saldenethod compises Galprayédisg @lympc;@)imdffa strain

o sueiEod S L0 SpE B PRy PP perin s
cultlvaftlﬁg c6dprlidey allinBd aﬂ&lﬁbhl of i Sarbei v&ede ta b&uttivﬁtlﬁ)g mndhuabami does not
. The met hod of claim6, wher L PH i S a(ﬁ
use an 71egritg 1oTHBTALRR SeltigRtinghy BpRltopEaink] oitha cultlvagngasey
tenperature of the cultivating nmediumis betmeen about

2. %ﬁﬁ&h@@@%lalﬁﬁpfur&er Jongprivat, @f reGbwri he capaII N

he tenperature is about 36 The nmethod of any
Pobﬂagﬁéﬂé¢ claims 1-9, wherein said carbon source further
conprises glucose. 11. The nmethod of any one of clains

3. 1Tﬂa%etﬂ®@5ﬁél5in§?bldc1§1ﬁi 3 Wik diR Gaill Y dil OF SEQIIRdc8@Sturther comprises

monitoring an OD of the cultivating medi um such that
Suqﬁmmemmwgéaﬁﬁereaches a designated |l evel, said |inear
addition of a carbon source is initiated 12. The

4. 1{1 ?rhgé ?Péigi %erééii‘gilﬁ i?aiﬁ%i?tr §é&&%taggigkﬁéé% 008 H36b,

0 ac ’'eve a Rer Vo tric production of
CBJLMpsnwﬂsL The met hod of clainill or claim12, wherein
sai d designated | evel is between about 9.8

5. The method of any one of claims 1-4, wherein an optical density (OD) of the inoculum is

between about 0.6 and about 1.8.

6. The method of any one of claims 1-5, wherein a pH of the cultivating medium is between

about 6.0 and about 7.5.
7. The method of claim 6, wherein the pH is about 7.3.

8. The method of any one of claims 1-7, wherein a temperature of the cultivating medium is

between about 34 and about 38°C.

9. The method of claim 8, wherein the temperature is about 36°C.
10.  The method of any one of claims 1-9, wherein said carbon source further comprises
glucose.
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and about 10.2. 14. The nmethod of claim 13, wherein

sai d designated level is about 10. 15. The nethod of
wargoosr7ef clainms 11-14, wherein said cul tivap¢TigB2008/003729

further conprises nonitoring an OD of the cultivating

medi um such that when the OD reaches a first and

second i nstantaneous addition |level, two instantaneous

addi ti ons of yeast extract are initiated prior to said

l'i near addition of a carbon source. 16. The get hod .of
11. 'ﬁieaneﬂlddig)f anty@ne fclsiaisd -1, méheraim spid selbkaingfUrhH COMEBHRFS

momtor\pg |aB @é.{)) of ﬁ‘ev e%laﬁtlr gﬁhlﬁ%’éﬁﬁtbﬁﬂb}ﬁé}#}hg b%e%ﬁ%}igg E?E%l%%ﬁt?g level,

said hnela@adthﬁf&ld%aﬂﬂindoﬁncé sstmma&tiant aneous addition level is
etvveen about 2.8 and about 3.2. 18. The net hod of

aiml r . st :
12. Tlg\;gpthp 05«%’% Fls v@ereirbsalérﬁ%m%{%a %’H g@gl%g@% %g@g;évgﬁ higher
Volumetgllc?h;‘[ﬁcﬁgﬁ &80 SWher ein said second instantaneous
addition Ievel is between about 4.3 and about 4.7. 20.

The net hod of cl ai 03%119 wher ei n. (gg Wafﬁgeveﬁbe%egn about 9.8

13, Thesmethedabelain hek ¢#in! 3 ahsren @1
andaboﬂ?*dwd of any one of clains 1-20, wherein said
cultrvating nedi um Is a defined nmedium conprl sing a

phosphat e source, m neral  sour {)@jn sour ce,
14.  Vhe mnibod 9bclpee 13, aﬂtfreaw%lﬁ#%g%& e‘é%&ﬁ' gr ow

Strept ococcus, wherein said vitam n source consists of
15. ﬂ;\é(mg{hoﬁ SY&Ly Yleldt maﬂﬁs sehectRdeih rs@iﬁlchhﬁ'aﬁ@ fuaihemngniprises

seven vitamns: biotin, niacinam.d d d
monitoidied @i OPpdithatulieating medjummch\‘th’q whemp thana geaches a first and secon

1nstantagg(?%% aﬁ@fllé%%l ) ms&%ﬁ%ﬁ@&s@)ﬂ&mﬁi‘é ch xR afDhitfted prior to

e vitam ns Have to be cal ci um
said linBanHEkiBE 0AL eardmdsavikaci nani de. 22. The nethod of any
one of clainms 1-20, wherein said cultivating nediumis

a co ri s |
T e T
selecte@fbdacﬁfé% @ Radhkyvoiméic peodaciich sfaps.ce to grow

St r ept ococcus, V\/nerel n said vitam n source consi sts of
our or fewer cte from

a t I
17. |T|h§ ﬂneél}odqu\yguq}ll@ WF]«?{gln S@l dsle Ftnm ?ﬂt%‘rbeous D& dtlo% 1P Yk tween about
2.8 anddbB@f4.&vi n, thiam ne hydrochl oride and pyridoxine
andh gr ochl ori de, wherein one of the vitam ns has to be
18. tgl‘lhgtnrllelzclhod of claim 17, wherein said first instantaneous addition level is about 3.0.
19.  The method of any one of claims 16-18, wherein said second instantaneous addition level

is between about 4.3 and about 4.7.
20. The method of claim 19, wherein said second instantaneous addition level is about 4.5.

21. The method of any one of claims 1-20, wherein said cultivating medium is a defined
medium comprising a phosphate source, a mineral source, a carbon source, a vitamin source, and
an amino acid source to grow Streptococcus, wherein said vitamin source consists of six or fewer

vitamins selected from the following list of seven vitamins: biotin, niacinamide, calcium
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23. A cultivating nmedium conprising a Streptococcus
strain, a phosphate source, a carbon source, a vitamn
wa@ompog27@nd an ami no acid source to grow PCT/IB2008/003729
Strept ococcus, wherein said vitam n source consists of
six or fewer vitamns selected fromthe followng |ist
of seven vitam ns: biotin, niacinam de, calcium
pant ot henate, riboflavin, thiam ne hydrochl oride,
yri doxi ne hydrochloride and folic acid, wherein two |,
pantotgwafqa gboflavimitiaming dioghlea de, pyeidemne hyfrethhaifieraad folif acid,
wherefH 186!t 8 a&gm?s%avg bl bk BhhBtheFRE b hiBnshRiEM 23,
erein sald Streptococcus i s Streptococcus
agal actiae. 25. The cultivating nmediumin claim23 or
22, cThd methad ofwierasienf slaings bABsPIeia saidshbatingigpdipm is a complex

e ARty ST T TR0 R, 0 e

optionaheaeaminsaicid soarch ongreoStoptdcocqkuelisen sid.vitding source consists of

cul tivatin [ [ one .o ai g 23-26,. wher.ei n
four o YRS GG B i1 P GedRt o S mEts PoF P e
ribofldve], M e hlyi%thiefidsaaeaiyridokiaBhiddrocklbRdd, MheRiR6Ad M tamins
cal ci um pant ot henate, riboflavin, thiam ne
has to kg @iobigh| ori de, pyri doxi ne hydrochl oride, and folic
acid, wherein two have to be cal ci um pantothenate and
23.  NhGIRaH HRedigS: cotipfishBlaldnéplocBbub Bt JHdsRRYe Qe carbon
clains 23-26, wherein said vitam n source consists of =
sourcef p yiaroin sowwger anflrap amitmeadid bdupse tagrew Strepibcageys fvherein said vitamin

sourcevclo%gi%;rt}s P six %Ir ?tv&e? Vitﬁhﬁ% 'sggc%cﬂﬁbm.ccgé Fo'll%Wir%gﬁgt oF &Q/Q@{/ﬁamins: biotin,
ribofravin, I'am ne hydrochl ori de, pyridoxine
niaciniidie pealtdion ipdetothamde frivloflaviacththmindeydrochldrive, paidoxine Hydrochloride
al ci um pant ot henat e and , ni aci.nanj de. 29. The Do
and fofigpgify ME4TRY tWRAT D TAMARYAERE B l&?ﬁ%ﬂt@lﬂ.e%? anghppamide.
said vitam n source consists of four or fewer fromthe
24, f7hd @Mivigink nfedivaf inS@MeI3y Whartim&id Sir&ftoddccusiiasireododeys
cal ci um pant ot henate, riboflavin, thiam ne
agalacHggir ochl ori de, pyri doxi ne hydrochl oride, and folic
acid, wherein two have to be cal ci um pant ot henat e and
25. nTl?&édT@\['Htigg medfim H@aifti 3 dr\eidin 9, (WREHe BaldpRBYhBNQURTe consists
clainms 23-26, wherein said vitamn source consists of
of KoHI P4 KTHPOf.dNeHP Or- Bt NeHiES 4 Hefd. @ NaCEt  of seven
vitam ns: biotin, niacinam de, cal cium pantothenate,
26. T Tp@édlt"f’?’d‘ciﬂg b @iy IME bPERINRI 13085 il BRbon source is
| hydrochl orrde, and folic acid,
glucose.

27. The cultivating medium in any one of claims 23-26, wherein said vitamin source consists
of six or fewer from the following list of seven vitamins: biotin, niacinamide, calcium
pantothenate, riboflavin, thiamine hydrochloride, pyridoxine hydrochloride, and folic acid,

wherein two have to be calcium pantothenate and niacinamide.

28.  The cultivating medium in any one of claims 23-26, wherein said vitamin source consists
of five or fewer from the following list of seven vitamins: biotin, niacinamide, calcium
pantothenate, riboflavin, thiamine hydrochloride, pyridoxine hydrochloride, and folic acid,

wherein two have to be calcium pantothenate and niacinamide.
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wherein two have to be cal ci um pant ot henat e and
ni aci nam de. 31. The cultivating nmediumin any one of
W@ b@b1081223- 26, wherein said vitam n source conBCHIER0@H003729
cal ci um pant ot henat e and ni aci nam de. 32. The
cultivating nediumin any one of clainms 23-31, wherein
said am no acid source consists of nineteen or fewer
fromthe follow ng list of nineteen am no acids:
al ani ne, arginine, glutamne, glycine, histidine,
29, lﬁelcematnt% médviin eny bwfwéalmﬁgﬁﬁﬁowhﬁgn said vitamin source consists

of four@a?e%é% t&g??llo%vné% lis ,o‘f seveer I\ﬁtgl'nl hﬁ 88{1] 'tfaec’ma'(i}{la@ LoRRaAN,

gine h

pantot]@hét% ATE oFl a9 ﬂiuanﬁﬂdhydtbﬂﬂbniﬁh, pyﬂfdm(mahyﬂro‘chbmde heaad dolicoacid,
be argi ni ne, C|ne hi sti di ne, |s§3eu0|ne | euci ne,

Wherem%@hevetﬁe?ﬁ? ntathenaln A HACHRMIS i ne, t hr eoni ne,

t rypt ophan, vallne cystei ne hydrochl oride, glutamc

30.  A%eQuitRBGnd MEABIMNE anBSne Jitttaimy RBi26atvhéarginnsaidi witaiim sa@imye consists
one of clains 23-31, wherein said am no acjd sour

of threg oinfsivet ﬁomﬁhef@ﬁwwl% pf ey Vitanign RpH, AECINGRY ﬁ?l&‘iﬂ
pantotl?e{nat@ tnt?otfﬁaﬁl  § | Be ﬁ%rgg'}rloﬁél@ﬁ&ﬂfoxn?é' jd Aforidd)] éﬂl‘d%‘l‘l@ﬁnd

eucl I"'euci’ne, |ysine,
where1mh have tnbe cgihmnyjbaanltcammw anplm@ﬂrcmaeﬂldeser i ne, threonine,
tryptophan, valine, aspartic acid, cysteine

31 ¢ %{c@@waﬁ%%g?lg% %ﬁe 8€d18ms3A (§6t WhasiGid WhETiR kdlrce consists

I'hrne, glycine, histidine,
of calch®pgicthrerte drdludadiemitlyisi ne, et hi oni ne,
phenylalanine serine, threonine, tryptophan, valine,

st ej h ch .oride t.am C
o SRS O A8y AT S et 0 R g
cons1st‘§‘8>‘? hRkfRed 8 Bwaniro@ the folloSmy 6 of pinsteat aninb asidy:eatdnden arginine,
fewer fromthe followng |ist of n|neteen

glutamattq glycing) histidiee, 1sg}e§1p1ﬁp,nl@ucn©q DESHIG st 1@11§Iecplﬁeé1y?alanme proline,
serine rﬂﬁr%gﬁlﬁé rﬂiﬁtd AR, %ﬁl’lé" Qspattfiifeid) %ysté1M§h§t§ocHl&id‘él Qﬁltaﬁhﬁc acid, and

pr ol |ne serine, threonine, Y ophan,
tyrosmcaath:rem fa?mgaha\red;o@matgml@y alyding hﬁydmg,clmlg;que eucme lysine,

cid, t [ A
e ARG P SRS sy By e hnechonbe
gumnhy&nmemdmﬁbhn@nlne phenylalanlne, serine, threonine,

tryptophan val i ne, cysteine hydrochl oride, glutamc

and t Si ne. F cul yatin
5. S 9540 e G B Mo
consis& VR Sightcsn Of feSleX froRNhO Fol formey 1idt o0 HinEﬂéén hralnb@widegalinisd, arginine,
of nineteen_am no acjds: alanine, I ni ne
glutamine, glycine, histidine, isoleucine, leucine, lysine, meth onine, phenylalanine, proline,
serine, threonine, tryptophan, valine, aspartic acid, cysteine hydrochloride, glutamic acid, and
tyrosine, wherein fifteen have to be arginine, glycine, histidine, isoleucine, leucine, lysine,

methionine, phenylalanine, serine, threonine, tryptophan, valine, cysteine hydrochloride,

glutamic acid, and tyrosine.

34.  The cultivating medium in any one of claims 23-31, wherein said amino acid source
consists of seventeen or fewer from the following list of nineteen amino acids: alanine, arginine,
glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline,

serine, threonine, tryptophan, valine, aspartic acid, cysteine hydrochloride, glutamic acid, and
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gl utam ne, glycine, histidine, isoleucine, [eucine,
| ysi ne, methionine, phenylalanine, proline, serine,
wo boogosgizne, tryptophan, valine, aspartic acid, PClE200803729
hydrochl ori de, glutam c acid, and tyrosi ne, wherein
fifteen have to be arginine, glycine, histidine,
i sol euci ne, |eucine, |ysine, nethionine,
phenyl al ani ne, serine, threonine, tryptophan, valine,
cystei ne hydrochloride, glutamc acid, and tyrosine.,
tyrosineﬁvﬁher&'ihdi%ﬁ haweatb iba graimidé. @hydine, hisiidispdsdeuciica eyging,Jysige,
. Wherein said aming, acid sourc j KU
methiongey BBl R RE D LBF SUH R A sas s Bf HpaBede,
gumnﬁyggakgakﬁgﬁn@henylalanine, serine, threonine,
trypt ophan, valine, cysteine hydrochloride, glutamc
acid, and tyrosine. cul t medi

.an 37. ivat i . . .
35.  Bestivating medignt W0y 0Bk eﬁgla@isriérﬂ; Wi’g‘;?é“a%at‘di %&“P&Sid, Sogree
consists%qg&m?:ﬂ_to? SR HESE the fERVRARII S O hzteeRaminoaitids: seningerginine,
and optionally an am no acid source

. ! 1 : 1q grow . .
glutamiist, rgbptmc?ieﬁ;iisq, lwh@wmenles%m%l IXﬁnteameH“%]Eﬁ% @Eelbyéﬂgqlgq, oreljee,
. our. or r vit.am t ; | . .
serine, thegplns,ftryfpl%g\p\glar\ll,i \{aglﬁ]gpﬁgﬁar@%e%ﬁf, ﬁ’?greﬁfng g%@%ﬁgﬁc’%, QA g ach, and
tyrosind, Whefelrafifteen Hatx @rbermeginingy ggding histidingnigolgyaingl dsycing, lysine,

. hydrochl ori.de, wherein.one of .the vi ]
e T e A L R
glutamiw@g;g%at%gge,& reptococcus i s Streptococcus
agal actiae. 39. The cultivating mediumin claim37 or

claim 38, wherein said vitamn rce consi.sts of .
36, Ghe piiatinginedim & 48] Ao aﬁ‘f%%ﬁs'? et S AT id Gifhee
consist{ %ﬁ’a?%ﬁin%%&ﬁé, niiRtdeNisolRb@fd, MarindElysine indthidving, phenylalanine,
i am ne drochl oride and pyridoxi ne hydro%Plo i de,
serine, thixem@ientrppteploh, Yahiae,qystgiiehydipghlofige. a1 HNIstACH. by TeHRs-
cultivating nediumin claim37 or claim38, wherein

aid..v] 1 Ns:SOU i .
) digRye GASh ShSpBbodcs 88aif) a fy@ilextract, a phosphate
T g@}gﬁéﬂﬁ?@?e@t o T S PR owr ng 115t “of Tiye Do
source,Vh toarSonssouldepta mitaminasduneeri agd, omon@*%r &0 HNInP nicihisparce to grow
hydr ochl or.i de ;and ri doxi ' BT ¢ '
suepogfai g e ST N N et g s o e
followiﬁg'!lgslt VoAt g v Sinebioting hiicimedifdep ritoflavim 88amiseehysirgehloride and
~said vitam n source consists of -t or..fewer vitam ns
pyridoxing kxstrechlqtidsnivb eIt B Wenvdtamlrgtha\é\fo b9 018t ami ns:
bi otin, niacinamde, riboflavin, thiam ne

38, AT Qe RbLO8e@Nm RY IdlA@XBTE wWAk@io ciit oBireteoconbhier & Btreptococcus
one of the vitam ns
agalactiae.

39.  The cultivating medium in claim 37 or claim 38, wherein said vitamin source consists of
four or fewer vitamins selected from the following list of five vitamins: biotin, niacinamide,

riboflavin, thiamine hydrochloride and pyridoxine hydrochloride, wherein one of the vitamins

has to be biotin.

40.  The cultivating medium in claim 37 or claim 38, wherein said vitamin source consists of
three or fewer vitamins selected from the following list of five vitamins: biotin, niacinamide,
riboflavin, thiamine hydrochloride and pyridoxine hydrochloride, wherein one of the vitamins

has to be biotin.
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has to be biotin. 42. The cultivating mediumin claim
37 or claim38, wherein said vitanmn source consists
w@boobiost2rer. 43. A nethod for purifying a capsuPEr/i1B2008/003729
pol ysaccharide from Streptococcus agal acti ae
conprising a step of filtration using an adherent
filter. 44. The nmethod of claim43, wherein the nethod
does not include a step of cationic detergent
treatnment to precipitate the capsul ar pol ysaccharide
41. frhé buimmdgynahmnep clafm 3@ -0s glairhi3Bj whereimrsaisk vitamin source consists of

two or \g{?rrﬁ/l %lp%fcﬁ%io Hjﬁdji:?@S inbNg tn%tij:]\pe:jxsfl?%mlﬁg 61%15@1 qné)crmamlde

rlboﬂa\?h‘ii hﬁ[a‘ﬁﬁﬁe flydrb&ﬂorl&%and'rﬁj&ldmhi&dﬁ/dﬂfchmmyde,oﬁvheﬂeml ore of the vitamins
3-45, wherein the adherent filter is a carbon filter.
thObfh“ﬁmhe met hod of any of claims 43-46, wherein the
step of filtration using an adherent filter is

42.  BhECERE MY mENEm iflclaM3NDbr el2BS8, Wheredl @hoitdngin source consists of
precipitation of contam nating proteins and/ or nucleic

biotin. aci ds; and (ii) diafiltration; 48. The nethod of any
of clains 43- 47, wherein the step of filtration using

t | c
o B0 0, s L bk onpebiite bl mongcstgpore

cmnpnmngapﬁp@ﬁﬁﬁu@nn@ﬁnaapadmﬁﬂ@dﬂ@hpsular pol ysacchari de
conpri si ng: (a) provi ding a crude isolate containing a

g@gs it ltl‘rflc% ﬁ%%cg/ﬁ%ﬂegleché BktioR TR lgkg i aCQ&PJ)f cationic detergent

cont acti ng crude isolate
treatmehdt tmprabhpﬂzhte d’rmiapsxbdtrlﬁoilﬂacch@nde foillbwed bng step of eereelubilization of the
ecul ar wei ght conpounds while retaining the
“Wmﬂ%éﬁbﬁW§Pm t ysaccharide; and (d) renoving protein
contam nants with a protein adherent filter to produce
45. the Pethbd bfdlaim 43 or claim 44, wherein the adherent filter is a protein adherent

filter.
46. The method of any of claims 43-45, wherein the adherent filter is a carbon filter.

47.  The method of any of claims 43-46, wherein the step of filtration using an adherent filter
is preceded by the following steps:

(i) alcoholic precipitation of contaminating proteins and/or nucleic acids; and
(ii) diafiltration;

48.  The method of any of claims 43-47, wherein the step of filtration using an adherent filter
is followed by the following steps:

(iv) re-N-acetylation;
(v) diafiltration.

49. A method for production of a purified capsular polysaccharide comprising:

(a) providing a crude isolate containing a capsular polysaccharide;
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capsul ar pol ysaccharide. 50. The method of claim49
further conprising step (e) re-N-acetylating the
w@uowhsrds capsul ar pol ysacchari de. 51. The et POOIE2008/003729
claim50 further conprising step (f) precipitating the
purified capsul ar pol ysaccharide. 52. The nethod of
claimb51 further conprising step (g) fornulating a
vaccine with the capsul ar pol ysaccharide as a
conmponent. 53. The nethod of any one of clainms 49-52
v PRy ing apleqhpl pismipitats é@n@équoaﬁcmg the cande dxlgte with an
alcoho?%lﬁﬁbn?n to a concentration sufficient to precipitate
n ei ¢ acid contaninants but not the capsul ar
p@D Yiergtaredeve Gahllelmelareinhwdigbf comipmiunds8hihietagmisathe capsular
I al col oI aol ution conprises ethanol. 55. The net hod of
po ysa&f}%ﬁr or claim54 where said al cohol solution
f @ tréiﬁd’vnﬁg)jﬁfﬁfeﬁrﬁﬁﬁlta{ﬁ@%rﬁs wit a pfhteinadh et fitfer € podn&Ah©purified
claim 55 where said al cohol solution is added to a
capsulappRlEssethatiion of bet ween about 10 % and about 50%
et hanol . 57. The nmethod of claimb56 where said al cohol
50. S'Phélﬁlbﬂ%ﬂd bBclFdHe fifrBePcdrERIY Jidpt ('ePfé-Nfacét?FAth e ?\mﬁed capsular
et hanol . 58. The nethod of any one of clains
polysagpharidin the protein adherent filter is an actlvat ed
carbon filter.

51.  The method of claim 50 further comprising step (f) precipitating the purified capsular

polysaccharide.

52.  The method of claim 51 further comprising step (g) formulating a vaccine with the

capsular polysaccharide as a component.

53. The method of any one of claims 49-52 wherein step (b) comprises addition of an alcohol
solution to a concentration sufficient to precipitate nucleic acid contaminants but not the capsular

polysaccharide.
54.  The method of claim 53 where said alcohol solution comprises ethanol.
55. The method of claim 53 or claim 54 where said alcohol solution further comprises CaCl,.

56. The method of claim 54 or claim 55 where said alcohol solution is added to a

concentration of between about 10 % and about 50% ethanol.

57.  The method of claim 56 where said alcohol solution is added to a concentration of about
30% ethanol.
58.  The method of any one of claims 49-57 wherein the protein adherent filter is an activated

carbon filter.
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