WD 2009/ 081276PCT/ 1B2008/ 003729 FERMENTATI ON PROCESSES FOR CULTI VATI NG
STREPTOCOCCI AND PURI FI CATI ON PROCESSES FOR OBTAI NI NG CPS THEREFROM Thi s
appl i cat ivod 2009881286 t he benefit of US Provisional Appli cBET/ABRROSHEIBZ No.
61/ 008, 941, filed on 20t h Decenber 2007; and UK Application No. 0818453. 3,
filed on 8th Cctober 2008, both of which are incorporated by reference
herein in their entirety. FIELD OF THE | NVENTI ON [0001] This invention is
inthe field of bacterial cultures, and preferably relates to the

Opt imizat | 0mmwmmmmﬂmm@sﬁsmramﬁhmﬂrmc%tnmm
i nprove the production of bacterial capsul ar & % sacchari des. BACKGRClJND OF

THE | NVENTI &ND BOBETICABEON FROCESSES ESTHEBERROM

i mmunogens found on the surface of bacteria involved in various bacteri al

di Seasefis @eré&tlaﬁ@ﬁyﬁﬁhgﬁénéf%gfﬁe Mﬁﬁb@fy'p{bgh@ﬁldnm%m@tmmm@%d b the
design o ccl nes have proved liciting I nmuhe responses
especi apthyDachmher EOﬁRmdﬂﬂ(é@phc@mn@‘im@&l8@3(3R§fed on)3th DOBDHS] 2009 phatlaby y,

capsul ar (%;)I%sacchar 'ddb gﬁere CQFO uced, usi I batch culture in conplex nedium
(Group"8 CREES'S FEBEILIVEIE st rept ococcus pneunoni ae and
Haenophi | us i hfI uenzae) fed batch cul ture (H influenzae) or continuous

cul t ur FIEGDADP THISINFENII@N us and Lact obaci |l | us rhatnnosus) (Refs. 2-7).
Most studi es used batch culture systens in which the gromh rate, nutrient

| evel s[@00d] Teisabwbitionc tnderhe didldns birasripé ahlinreng andcurbiatabn .relhues stacthe

systens, .alteratjion of e factor results . .in c es .in ot her ctors
2500 BTG LRI PRTon hC BPT Rt G O RRaR DR BBRLT Fucs

cul turggct@kdlggpsnﬁep@gg@a}wiaeg to separate arid define paraneters that are
i nt erdependent” during batch culture gromh, such as growh rate, nutrient

and product concentrations and cell density. During continuous culture,
fresh M%%@%B&ET@%NXENHP@ at a fixed rate and cells and nedi um are
renove ra e that tains a constant .culture v n uous

cul turg@éb%ﬁp% Brpobypa g%?pé‘ili’%rarepéim}@%&H@W”&@gﬁiﬁso%ﬂ&‘ﬁm%lng%h %t YProved
to be g&ﬁ@rf@ﬁ%lv@cﬂnﬁ%%g bﬁ’cﬂé‘rleﬁ B?sfeas%}; Th3QO4hreRRs 168 @QHerﬁ belnaRtiRpOREMS
(@&BS, S. agal actlac£Q growth rate was reported to be the princi pal

f act or corapriieat imie clapign |0§rvawe§s aldetideve proyeddecfil relicitingt imspunsrresponsrs

pr oduc /003729 type |11 capsular

pol ysagﬁgﬁﬁ%gh\}\y@s} %()Q%%Zgrpgés (lﬁﬁgceigendent ly of the growth-limting
nutrient. H gher specific yields (up to about 90ngy/ gcpw) were obtai ned when
cel | s V03] Mgpidalhy C@Sﬁhspoly@calariﬂeﬂamrprqciueemysilrr@batcldauwrd mgromiple riediym

r at her ,t han ver,.

cont | n(QLP EEisuBy e, SR eEorf e s Theeel B Bt ad QUREERY st i on,
and i Sz;@lﬂzﬁm}aﬁ‘ecﬂwﬁﬂ&llu@e M enfifenthe) oe@aﬁtirfmuoysmﬁeedsmhp Bestirepidcadels and
nutrients. refore, there is_a need Bterntlvesto COtInlf_‘g

cul tur acffeffacﬂ hrgrosyk (Rethrodlc Mash St&fﬂleéaﬁ% afeh SRItyre SYRRARS iy ¥ ther der
to ovepGOnE rhiBenRfigh! BU&s Whd M&dlic %ﬁé&ltx‘éﬂ&ﬂsuélﬁng@ﬁhn@g %cﬁbe&ﬁﬁ aROMRK

[ 0005] "One approach to overcone the drawbacks of continuous culture is
exenpl bysieaes, Rlerg@®@noDqme0hane &sulls goehaness memhetya”@@hrswémmmdawttblgrqrwtbdbegs has
been d ve i r

Favor bt et ik yFRIHiPf, clithioh] ARkes RO IERpARGo S AT AHE o1
and copiramemmhﬁtemmmadq&nd@m datied bu;cma:Lgimre:giobvtldeneh is @swthuatet @utﬁmﬁtemél on

of the e Eonentlal rowt h E\ase a to conditions that control. (ﬁ%ﬁtrate
addi ti B r‘ﬁoﬂﬁe“fré‘r‘ ARG ey I8 QORHnRaYRSPRYes Kephyat P R dRé uses

sof t nag@tup b a &ixe@ e &hdade89ahd MRS En BN 8Gfoveh @t faelrafeematatﬂaﬁlmamﬂ rcbhgaor e,
a robust and cost-effective production process in co iance with Good
Manuf ag4/twre Hejume eqitivaeus ailtheeceasqueipred o sapsuin @0 hmcgﬁalede nredustippomen it
clinic S 0 an urgent need to sinplify the fed
bat ch é)?/%ri{rﬁ%aetqegg-%ﬁg&]eé@df“opgngerﬁg%i scal e production. [0006] In addition
to a need for sinplified fernentation protocols, there is a need for

si npl i [00&ed] Etnrr@rfohp,ﬁ Stmptqmood:usdﬁl% Sh@galmamebeeldjg@dvth nate has Fepoged sxled e

productlon ar. acc arl rmentation appr.oac
Excenp PR s R DS tag Pb i B e, Rudheircis JEckBRRGE et
2006/ 082527, which includes extraction, alcoholic precipitation,
diafiltration, cationic detergent treatnment, and re-solubilization. This
procedure is highly efficient and typilcally yields a preparation of
capsul ar pol ysaccharide that is approxi mtely 80% pure. However, the step
of cationic detergent treatnent results in precipitation of the capsular

pol ysacchari de. The subsequent separation of the precipitate fromthe
supernatant (e.g. by centrifugation) and re-solubilization is |aborious and
may result in |loss of capsul ar pol ysacchari de, thereby reducing yield. The




[ 0009] Anot her aspect provides a nethod for cultivating the Streptococcus
strain by fernentation. In one enbodi nent, the pH of the cultivating nmedi um
during t meoeawbmsnating i s between 6.0-7.5, preferably aBeUiB20880372% anot her
enbodi nent, the tenperature of the cultivating nmediumduring the
cultivating is between 34-38C, preferably about 36C. [0010] Another aspect
provides a nethod for cultivating the Streptococcus strain, wherein the
cultivating conprises two i nstantaneous additions of yeast extract,
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enmbodi 8803, Hdwieef, icbinubis &@mtr@rsqﬁuﬁe Rddialn Qabibfy predsins axd e@gimingtidn)iahd at ed
at an OD 1evel between 2.8- 2, preferably about 3.0. In another

enbodi ﬁéﬁmevvbﬁeexg@r@afﬁdiup F&‘thsﬁwﬁé@ug fegd of Mediymomndyuiiqntse xkheraforej theteds 8 at ed
at an Dyl gvelqb £ t b o 1

S00r oy Brin PisREle o Bl ﬁéél}?‘ﬁ%ng%fdﬁlgneﬁ%h YR poauctln of capsuler

t he cap@ipsacemnidesini osdqrm byeatcank the peobldd Wit edntinepwseaiu tBathde dfedmbefer abl y
about 10. [0012] Overall, the linear addition of a carbon source w thout an
al gori oyve

fernen&%p¥%§n§r é§§%1¥ﬁgﬁﬂhs%dﬁécﬂ%ﬁx@%f?%%@ﬁgﬁ@%ﬁ%ﬁépiﬁhe c%ﬁﬁ?@é

noni t 02007052168 of cbinpleg ufed ibatchi fegnema:hcmnpro{:&@ 13} béerotbedommd aeohalptranwades a

cultlvatln nedlun1that nclud efl nmedi u nFIe um The
Gt | neai Bkl hE e A BHHAE A Bvas o aP o TRPEss Fothiis
sour cesheaaduaﬁtagésn of Qidfcﬁeandae&tﬁﬂo@srnté&nﬁ]%éj ORI hshdCaW dehdight agoasUSs.
The vitam n source consists of six or fewer vitam ns selected fromthe

f ol | owpgpsiansef gfe exppaential weathsphape @pd Mo cenditipnh hag sonteel| fibsfrate addition

pant ot ride
and fO@ﬁgﬁggyg&h erg¥hﬂ“@Iqh€Q&ﬂ g%%g%#ﬂg&%g@@n:ﬁ% 39@§1E53ﬂyggﬂ§€%ﬁenate
and ni zlgonithmi the mah@@1thp ffheentainnl ekurtlstingrs, caomﬁ»ustsm;l a)St-@ffFﬁtH’X resduction

(preferab east..extra ho rce n source

Sour cobrogind it SRBEE A o NEPIBRRRLE PR CE RefRbY e St E Aol

vi t am guppo lctigicslarisiss The@foré AtEre Qs ah aMRht Ndet atisitgpl i3 kiRl Gafch @dnichition

fol |l ow ng Ilst of five vitanins: bi otin, niacinamde, riboflavin, thiamne
hydr ocPPBFSs & 1888 SERI? Piagustios- hydrochlorlde wherein one of the vitamins has
to be biotin (i.e., four of the five are included in the nmediumwhile the
fifth jososoln REARE tothhREd FRaimAsicd eahdhialonGRERENERherf s 4 RedCRMBkYified
extract). In preferred enbodi nent, the vitam n source has three or fewer,
two orP¥rEigeton protasiolstthat cehiby Us¢mtby laraesalspindicsion fof cansalar pplysacgbaridgs
conpo n%&si ?é?réleﬁt%hb&g' nl%ea%@%afch VAL D8P %tm/dﬁl@g Aebig bRl IHQ%hoH"”' ch
is conprised of- a phosphate source, a mneral source, a carbon source,

vi t am disdasgd de, WO00a/08258 7n ovhach thebdey e}eretctm@rzdwhstw @mcqntranmusilafmmteoragal n,

t he referre Str re toco s St toco cus. aga
o B e e iy oo g sl i L
phCC’ISDh@bﬁaﬁ}D%él@s GOppahor0bf I@bﬂ?@ﬂ— pd{yE’aB@fbndélacﬁkﬂP@aﬁanmM&hy J&@%)fguhﬂo or

. I n one enbodi nent, the preferred carbon source is glucose 016] In
anot hefoWe¥sad thfe HEP Qihestiphica AFIATESBLIEEMEB SIS 1B7PTEFIRIBION] andie @?Rsalﬁr ns

cal of U parP R el S EeKOP o AT R i S Ren 1 b Bem g 158

t hi ani eeetrfyghtioohl| @i de-solpbilizatomni e h&dm@shhod|deyandUMOhldoacud cayselaei n

T S e L R

the f odldcowé dgpdndsiit @f theeMBl YuiigNbhte dapgtlmﬂpolyeaaaianaén dighe GallalCtHémmtxal
pant ot henate, riboflavin, thiam ne hydrochl oride, _pyridoxi ne hydrochl ori de,
and f oMy at fhe, capprbardiolyspesharids, dhg ksssO%ff gighicthg ﬁﬁtﬁam BetrigRRt tEealipgnt may be,

ni aci ng Qremm{tggloy&ld  hdt J"ﬁ{er@ﬂbdoﬁjée asi fifidd @x“ﬁd&tl&?gfo%@dtﬁ@ﬂﬁ't Wi of
f our or ewer the 6mnng |1 st o even vitamns: Dbiotin

ni aci nam de, caIC|un1pantothenate ribofIaV|n t hi am ne hydrochl ori de,

pyri doxi ne hydrochl oride, and folic acid, wherein two have to be cal ci um
pant ot henat e and ni aci nam de. [0019] bn anot her enbodi nent, the vitamn
source consists of three or fewer fromthe followng Iist of seven

vitam ns: biotin, niacinam de, calcium pantothenate, riboflavin, thiamne
hydr ochl ori de, pyridoxi ne hydrochloride, and folic acid, wherein tw have
to be cal ci um pant ot henate and ni aci nam de. [0020] | n another enbodi nent,
the vitam n source consists of cal cium pantothenate and ni aci nam de. [0021]

=




WO 2009/ 081276PCT/ 1132008/ 003729 [0023] I n anot her enbodi nent, the am no
aci d source consists of seventeen or fewer fromthe follow ng |ist of
ni net eenwaormgosieiads: al ani ne, arginine, glutam ne, gl yREHB2OWEEI2Yi ne,
i sol euci ne, |eucine, lysine, nethionine, phenylal anine, proline, serine,
t hreoni ne, tryptophan, valine, aspartic acid, cysteine hydrochloride,
glutam c acid, and tyrosine, wherein fifteen have to be arginine, glycine,
hi stidine, isoleucine, leucine, |ysine, nethionine, phenylalanine, serine,
t hr eonj n I o [ [ . c and
tyr osi tadoceoligfi PUATof L S CRSIE BolIKAEC Y il ARSIt 701
Si xt eeThao¢ i§ eiger a freedn fohe bmhﬂiaambmg)rbwslnreofhampmnmna goodoyieldi d&camhhm ne,
arglnln Iut i ne, cine, histi S ci ne, leucine, lysine,

met hi o‘?ﬂ Chﬁﬁaﬁy’ﬂéqe&%lt RNt B‘Frﬂtﬁé’fa?é%";%@c IF‘l‘kleeonl ne, tryptophan, valine,
aspartic aC|d cysteine hydrochloride, glutamc acid, and tyrosine, wherein
fi f t ecSUNBMAROOFCTHEDISCIEOSED BNMBODIMENISi ne, i sol euci ne, | euci ne,
| ysi ne, met hi oni ne, phenyl al ani ne, serine, threonine, tryptophan, valine,
cystei ﬂOﬁOﬂyH{d)ﬁiﬂrbﬁthfsdHavegthﬂ €h1 1€eed Clo€l sinaplificdy feaférgtion] PRARPIs! by prOidiRE
enbodi nent, %he am no aci (ﬁﬁ%ﬁ consi sts of arginine, glycine, histidine,
i sol eufthads fasepdieing ApFHar PoluershsridaR(cPp) h’@w%{reﬁﬂca@uw@r% RENURHPERS ne,
trypt oRBRN In ¥&kdif EmbSHHbRisNNGe ng@lﬁ%h%o@ Salan@ ] lgt@ﬁhg 1i36dr dddiBBA of ¥ EABLME-
[0026] Anot her aspect prOV|des np05|t|on including a cultivating medi um
t hat | ®uecedmdpieex ehmdiatad, anghiic hthnels ewbodimenieduiiecessary rppinprnaents phthe media
s A %i%{: ?%ﬁd S‘peefég’%%%regto%g&h?% She t‘oicro*%cus  Agalbcize. Hso
vitamn Source.and optitona an am no sour ce reptococcus.
Once agéaried tbhe Ipaméﬁarld’edGmhpa IStreptoSddcap bo GRS; Lia pasncsnaremamoomusH%b
agal actjiae, i ticular, strain 090, |-136b, CBJ111, or M/81. [0027] In
oge eﬁ%%gﬁﬁeﬂﬁwggLe vitam n source consists of four or fewer vitgnins]
selected fromthe following list of five vitam ns: biotin, niacinam de,
ri bof | @08y, oﬁ&a@%trﬁom&rahclhb@nurﬂ@fa@daiﬂWﬂsﬂl@ptoe@cchydfaoept]drwsw@s M@h@l n
one of the_ vitam ns be biotin. [O I n_anot her enbodi nent,

vi t ami §mRaskipen. @Sr@ltlgﬁlsdeﬁfltbt @%\e%ﬁheﬂm}ur@ g prefesably ptaveer §-0r - émvmé ls

follo i v Otpl i @Ci i.am ne
e ochPaylEbohol 8¢t SRS ool AELGARIOD SRR LB AT T

to be ¥0om, @D canbe2009r 38 baeRaThe steﬂﬁn@o@mngmgi]gwqm expetiment.
enbodi nent, the vitam n source consists of two or fewer vitam ns sel ect ed

i am SRSk et mafay #F EARAT B8 Lo Blpieal: o GRBREASs QMR bRC ™

vi t am fesméragtiono ]lneoﬂel ahbadimé®0B6]pH of awomhte\ratlegrmmdlilummlurmg e mjlm\aming isour ce

is biagtin. | e f.or i,-ng .aspects I ments are_.not nt nded to
b ox ResnLe 07 S R e REAR 1 R SEE B Ran G Frheiehe e Mg bty

ot her &Rkt tquwaﬂﬁ@tssgeﬁw@ﬁI3a%°cnprbmaﬁ>1>sﬂsw 86cation except to the
extend nmutual Iy exclusive. [0032] The invention further provides a nethod

for p in capsul ar | olysa ch r|d typically from Streptococcu

agal alc'lbpiéﬁ Ig%ﬁisr%sg?% @rcavl &p8 o tpr puliivasiaeuts RYCRIACOsAMRFER: Wharela e The
adher edﬂl‘ltl\fa'tlhé @meﬁse@ o tnﬁb?énta{%&ﬁsadgﬁf&@'&‘f Dt é{tﬁahﬁtfolWed PlikeE 'a@dlhﬂn the
capsul ar pol ysaccharide, e.g. proteins and/or nucleic acids, while allow ng
the capaulahonpobigsadbnarefateedicarbonseuren fosilkhlinearadditioncis glurhee. Heokadditien have

f ound re Y, i des
| st edt iope@h At abishired T17 16A0 e BEEuich, Rleto SRR BB BRGER . "o
WO 20Qa6082862 bf c"p'l;lé)yusgulaﬁn@t‘hediﬂam 1ergr0\ﬁth tagd aiid U@t tilee mi@edriamisappd y a
catlonlc det er which neaps that there is no precipitation of the
capsul Pdysg ey EH’éfrsF‘d’éypétSP?% ISRt age of the nethod. This in turn renoves
the need to seprate the precipitate fromthe supernatant, sinplifying the

et hodoeny 1oAY embbdiehedn) thd 56 ingfantaheous aRsiHbALS POdsy safehRIihitietet hakn Ry
occur during this separation. The use of an adherent filter can therefore

i mpr ovievel hetweea | 2B-32. preterphly isbpwat-¥-ofn ARethescembodanetts the jsesnegl 1aftantpeous

adher I i l; iat 4 al t

capsul il didfeat b as i BERR RPF IR ehVEel 2aid P prRREIY a8y 0F 1n
identifying suitable adherent filters for use in this nethod. Typlcally,
the main contam nant in the capsul ar pol ysaccharide is protein, and the
adherent filter is therefore a protein adherent filter. The inventors have
found that carbon filters are particularly suitable. They typically
conpri se activated carbon (e.g. as a granular carbon bed or as a pressed or
extruded carbon bl ock), which acts as the filter for purification of the
sanple. [0034] The skilled person is capable of identifying suitable carbon
filters. Typically, a carbon filter for use in the present invention



[0036] The starting material for the nmethod of this aspect of the invention
may be one of the starting materials described in the section entitled
"Starti ngombevsiate’ bel ow. The nethod may additional | y REGHERISEOHAR or nore
of the steps described in the sections entitled "Al coholic precipitation
and cation exchange", "D afiltration”, "Re-NaceVlatioe, "Further
diafiltration”, "Conjugate preparation” and/or "Qher steps" below A

typi cal sequence of steps would therefore be i) a step or steps described

[ n the 0 t i)
st op B pRBR Ak MEtnedl SRR & BY EEhA Seaty £ R VD TSR BIREen

fi Itra@Banuﬁﬁef@atﬂjnammeﬁent filter, as described above; iv) a step or
steps described in the section entltled "Re-N- WO

200910 6 008/ 00 | : . ] d bed
2O P BEACOTRAL 367 et SAdiPp REF b Pl Biou derFreBliiy Blac ROV 2L bo

fol | oner e Iﬁeﬁb@ac)cc@ﬁplsi efasbatserhétadionprodees SRE tlseqraneengdrtthlﬁdo ‘cepiplupat e
preparation” this process may be followed by a step or steps

descri %Jéfd"%tlﬁgbﬁ@%leeltﬂil%%ﬂér?f ﬂte| @fivatingBedgeps” . [0037] The method may
additionally conprise one or nore of the steps described in the sections
entit| po13)CRLdtRsH £&pe@tRbeiaRd at iRMaIBRmedid thitemeRIdEP k! dgRbd ARedilg! V4

al t hough typl cally these steps are omtted because cationic detergent

t r eat neomPlexo n}@delm pitihat definpd recsiiany lcamppiersys abesphrte doued aSuibsiel gewee, a
re-sol i | ¥3RGC i ui

filt ra‘l{é?%dr? %g} Sarri Jérﬁ%%%mggm nga%a%%gzd ‘erd esﬁfugg @(FFIZ{VJ ;gtﬁéb% 8rr{g’t r%‘%%o%‘?‘ﬂe

i nvent doorce cAndgs df gigy blyfe“teheltanmme sdleatat fsga chef folawing lshef sgage'sitaminﬂeﬂal’rmdl for

Pl actifdaigERattdh nBaheRas MBbhR . e ot e BB A5 FioRhlgide

wher ei ghdtfBRc 4084, qurd@aso apﬂhe Iighisd Qave tﬁtb@Qal@funﬂﬁdﬂt&ﬂéﬂétdi@ﬁ@f@%’&mﬂé eat ment
to precipitate ‘t he capsul ar pol ysaccharide foll ovved by a step of

re-sol u8| |ization of the capsul ar pol gesaccharl d 00381: The i nvent| on

f ur t helUEHloUieromplast esiem CamPHERSiar Pt X fath (Bre ‘iSd?‘W%&S FaracReAPRASEe £ r om
St r ept QERECUScRbSP sQitcd mﬁl@&tsdﬁﬂcé‘garﬁp%@enaﬂlearpbﬁﬁrﬁf L6 SRRG 8S gRiw
Strept ococcus i s Strept ococcus agal actiae, also referred to as Lancefl eld s
Group %reemcem%co&busw@mnmsumﬁ reopaistsi efufaur | ors favegr nétagnies, selectabfroncaba 11,

or  WBoioh 8938 453 REGLSK! Sy BT hOR RNk eI RiSUEbIAn RS @
purified capsul ar po ysacchari Je" iR ides® one or e follTown

st eps pytEpxipe dxydtcd»chignae cvheedn os®biithe vitemimgilak ngbaboapgiut. afoup of ghsa“mm“ de;

re ing.an a e at e forned ontactipng .the crude i sol ate
Ctn SRB e e SnrBOR oIS Mt crot 200 Pl oh5 S F ek i ‘PRt i aht
conmpo l%(&ﬁ)l&d"éydtﬁcﬂ) elrﬂpﬂ@feﬁ@d eh®ogaRat i viReliy SeG6hRdsi tHRe of Rlvelr,ivol &2 TeWérNg
protein contamnants with a proteln adherent filter to produce t he purlfled

capsul &r I%m%féccharl de. In a preferred enbodi nent, the nethod includes all
of the foregoing steps. In a nore preferred enbodi rrent the method omts
det er %OiS]F’f}f%Clhpérﬁﬁh'fﬁﬁher[ﬁ%@]as éQoﬁEBStlt%rﬂ 1&[’(121% E%ﬁlttﬁau Be@lmMeEis a
addi tional” steps may be perforned including (e) TeN-acetylating the

pur i f i definedmediuar, \A@mkyls acwohasaldd 2 phosphetsciopiceat mm}ral [seunoeira darted sourysLd ar

Bgl g:g‘g&ﬁnar i ggc%ga a co?%](ﬁgl)ﬁen?({ g&l{y\%t B)Ogrﬁv oﬁ%@%’%‘i‘% 898%)%% %%%p‘%g p?{fggﬂ

cer t ai soragndfoRtiaprtbscs heSab;ao&mbuss@denam iagdeitutap, dramo0deiiicdf CBA11, or

suffi jtate nu caC|d cont am s b t . th a | ar
pol ysg\é@gbr “o‘é‘P Yﬁmgfr%ﬁf“éﬂrtpéﬂ YaSHERT %‘ms{SFFeO Zrcﬁﬂ% ﬁ*g%v%ﬁ?gﬁ% ably
added Nﬁmcﬁ@nee&tm@l QR ofd clRBNREH:, BRPferkél JhaiikoaRRu gla@i&et hanol , nore
preferabl’y to a concentration of befweén about 30% et hanol The al cohol

solution may optionally include a cation, preferably a netal cation, nore
pr ef erl8816] 13 aapihar embodinenipihe wiaminpsorcs: ESisiscefl ¥ @ieygouming sgestedi n

ot 2 Duas AP R Er SRR B i i B BRAn B e ot ST

pol ysaccharides that are potential GBS vaccine targets. [0044] Flgure 21is
the schematic representation of a proposed nodel for the |inkage of
capsul ar pol ysaccharides (cps) and G oup B carbohydrate of GBS. [0045]

Fi gure 3A shows the nol ecul ar structure of serotype specific cps of GBS
from Type la and Type | b. [0046] Figupe 3B shows the nol ecul ar structure of
serotype specific cps of GBS from Type Il and Type V. [0047] Figure 4
shows the production process of glycoconjugate vacci ne agai nst GBS. [0048]
Fi gures 5A-D shows the growth curve and pH of nediumfor the (A) 090
strain, (B) H36b strain, (C M81 strain, and (D) CIB111. The specific
gromﬁh rate was. calculated u5|ng aD values in a range of 0 1- 2 4. [0049]



WO 2009/ 081276PCT/ 1B2008/ 003729 determ ned for biotin and four vitamns in
sodi um hydr oxi de and nethanol; biotin and three vitamns in water w thout
ri bof | aviwp 2amsamé y biotin. [0051] Figure 8 shows (A PEEIASMB28urve for
the Mr81 strain, (B) the cps concentration by the M/81 strain, and (C) the
cps production by gramcell dry weight, wherein the gromh rate was

determ ned for biotin and four vitam ns in sodi um hydroxi de and net hanol ;
biotin and three vitamns in water without riboflavin; and only biotin.

[0052] h curve.for ra| n he..c
concent eyt ORtTe sfedRy blagHhihel Bl RIE oMb aRons BF SHiBhe) ary
wei ght hawwt)ebdﬂcfuh@agtmmeraaﬂmmnﬁﬁ ernmned for biotin alone. [0053]
Figure 10 shovvs (A) the gromh curve for the 090 strain, (B) the cps

concen O str C) the ¢ roducti b m ceII
ConCalddr] Bl endthst AR pROMsRh it s Sabecd abr s PraE Polthirn S0t TR

t echni gyeoft meﬂl nat@nhanemﬂﬁ atﬁgélﬁérﬁhﬂeOfcahéﬁﬁ‘ﬁ;t eﬁfséthaﬁte WABHYldviE %rhmsel i's
at 3 and at 5, followed by | i near addition oIf) gucose and the addition

of t hehyhpsheridee pyridexipg at\yfquChloblét,chndTé@lhqul f ovheesie dweyhaye| fondarcaiedemt i on
of glu | §.11 shows (A) the growth curve for the H36b

strai nﬁﬁﬁﬁyel{aﬁ@é@ﬁg&g%ﬁ{éeent ration by the H36b strain, and (C) the cps
production by gramcell dry weight, wherein the grovvth rate was determ ned
for thi0i8kh vwtheh embedimenuidhe vibenin seuran comsistusf fadupr fogier @fony@asfollexmgact
when t d |1 b | O

gl ucosg& zgf]rﬁ)déet‘%’%1$ vgt?i“ﬁ% oﬁlog rﬁémga |?e Cgeag? ént%rtg%:nt%? I‘l@(%?aﬁ] Hldg e

f ol | owkylirbghleride, neatdodaditydmehiotidgl mabSelic [26idDS¥hekdigune HRestoobs c(ak)urh he
growth curge for t he. I\/|78% strain, (B) the cps concentration by the M/81

st r ai nPaet andacinmids. squcti on by gram cel | dry weight, wherein the
gromh rate was determ ned for the feed batch techni que; the instantaneous

addi ti po19f Iny@adier embédtleniMiervitaitin RirteysisistsSofahred o Rvedtfrol thedbllowad by a
| i near addi ti on of Iucose and the additjon of the entire yeast extract in

bat ch He&diofinteven | ‘olt%enfby biotin nuasinareide icaliiwm  panieibenste, [ 4 I Hugraing3
shows 1 i 0 n i t he
BT P R O D R e RER ot P Al (e
gr owt hpardetbengggsandeniasingimidel f or t he instant aneous addition of yeast extract
when the OD level is at 3 and at 5, followed by a |inear addition of

gl ucos 0 0 [ Ficg 4 I e
esul s 03N AR SRR TRe e MY e, O 0450k AL
st r ai nniatindlbide. 30% and 60% (B) the cps concentratl on by H36b strain, (O
the cps pr oducti on by gramcell dry wei ght and (D) the average

pr oduc t he 0058] POV des_t suI s of a
t enper g‘t é!rl]eMl %“03“ 7 e\r/t}r]tjog menh tﬁe awé ¢ ?‘%g sﬁ'r‘rcg Cﬁnsé%tr ve 'l ne’tee{l e f?&%rb 8‘%&% n at
34C, 3fullowand 1&8be ﬁﬁ):teEﬂDEarﬁllﬁS ecide enlatiat, Qt‘gnbtyle Hgbharsine aighycideC) hittiting ps
production b LL DRY WE| GHT aver age pr oductivity of the
H36b stSP]QPﬁng %B‘F}@‘i ﬁtlaﬁr@etfé’nﬂteo\ﬂha@ggﬁlﬁé ’r%ré’ﬁtl? SSCHPC: gt t'ﬂqng‘teu&)yp O\R%‘?

shows {Anel Qﬁar@i@@%hcﬁtéﬁﬁéﬁndfd%chw?ﬁlel'@%nﬁé 5@ Nindltyrésifle, wheoin §#REer! have tb B)
the cps concentration 6b strain C) the cps production by gram cel |l
dry webgatginiaadglyeipe, ttnetlchmerla@euqm%dmnw|1ysyneofmftthlenmeﬁph@tytaéanme [Se060]

Fi gur (o] S A hows (A) the

ar owt rer e Fur Gl VauhE bRy BoBag Ty g aSRICE
concentration by H36b strain, (C) the cps production by gramcell dry

wei ght [0022]dIn( Motheh embodingge tbe @ohirot acid tspurcé comast$B6 leighteenion. fev@0Bah the gur e
18 sho t he curve ney, | asks
cont a WTRYPEoQ oot o e HBPy Mkt | HEd e dIIy0 BRI ENCas e Ry o1
f er meniseleucilé)Bledd I ike, GhoMidhided éﬂelmalﬁﬁé ,CptoRAeE thelié, nlﬂre@fo?in‘éaltl $ophdh, a
range of 0.1-0.7. 100621 Fi %ure 19 shows the growth curve for the M/81

st rai nVaABeAspIEE agif apytcingdydgnchlonide. glbiaginanid.srd Awosing arhegrin fficsphaverie

st and [ e ti of

quant ; 15 e, TR e e AR, 1t ml T "Bhen b R el

vi t ami thssonawei tnyptepliadsvadine qysteims Siydrochorifi€) @88dmikiagids end2Prashews the ef fect of
the om ssion of al anine, aspartic acid, glutamne and proline on the growh
of strain M/81 of GBS in a defined nmedium [0064] Figure 21 shows the
effect of om ssion of biotin, folic agid, pyridoxine, riboflavin and

thiam ne on the growh of strain M/81 of CBS in a defined nmedium [0065]
Figure 22 shows the 0OD590,1,, profile of the first pre-test fernentation
runs of the 3 strains, M/81l, H36b and 090, at a | aboratory-scale. WO
2009/ 081276PCT/ | B2008/ 003729 [0066] Figure 23 shows the OD590"", profile of
t he second pre-test fernmentation runs of the 4 strains, M/81, H36b, 090,



[ 0067] Figure 24 shows the ODsonm profile of the test fernentation runs of
the 4 strains, M/81, H36b, 090, CJB111l. [0068] Figure 25 shows the 11-1 NWMR
spect r umwas 20pm081biced GBS Type |a pol ysacchari de recor &S TAB2800372r t ai n
hydrogen are identified on the spectrum [0069] Figure 26 shows the 1H NWR
spectrum of purified GBS Type | b pol ysaccharide recorded at 25C. Certain
hydrogen are identified on the spectrum [0070] Figure 27 shows the 111 NMWR
spectrum of purified GBS Type |1l polysaccharide recorded at 25C. Certain
hydr og re identifi on e spectrum [0071]. Figure. 28 shows the

o N R bR bS5 BB B et Fudh A VR OB e
Cer t ai folloyihgodizn ofr Rinedemtdnfiinedadids: t hieniape atdinine, ph@afzhe Figheire, 2stilgays an
overlay of elutiaqn profiles of a p%h%agcqharide sanPIe nd sialic acid

st andaPalepghaylenqing) lysipe.omethiaging Pheniaiating; kgl 36118k MECCRReo FEPIORYA L f

el uti opa Rk Ofshhieie abit, @ys&meyfg@%hﬁfride%ﬁ@m% £eid@ned gvrreghammﬁrﬁmﬁl BARRb €

w th rhamose added (gray I'ine). I LED DESCRI PTI ON'OF PREFERRED |

ENVBODI IMERIESiN@ 0F%ginesHai stidines s eusiteadeucities dysine aeethipainehplgnylalasings sefingps on

a man [ e ' . trep strain using
fed b;%%%%g%f?ﬂ?gﬁﬁ%ﬁgﬁﬁgéggﬁggﬁ?ﬂ&%gvh?%ﬁﬁ?§n§ﬁ$?%%%@%&%§Ethe i nocul ation
of cells into a finite volune of fresh nmediumand termnated by a single
har ves[0024} ker artotteer catodinhea, ethg ranving avidt $puecet camsistst ofi Extesn beifergeraicedheo t he
cuIturF once th initi€I sQur ce gf,n#tnients.has bfﬁn.exhaﬁ§ted..§u Q hi gh
yi el ds™OHPE T MSEHp MR otiBe: BEHS: ¢ AR Eh BB BHt &IUFEY s BN Fo i THiiSus

cul t ur Bolefrtifié, Niendiig, Slysihdlembmidnams piemdilasee helisd, vedn€ thedonPleP B§plophan/\O
2009/ 081276PC T/ 1B2008/ 003729 the stability and contam nation problens of
cont i nYWS: saitiaaeld, eysieieydrchosidgaglatamis fidand &asish aenessin feshiavede
puri fi cabiAfndr ALAR0! ni¥iikd) isd1aRidd, qaRtdey 1}MY. WN&ERiohing, Pﬁ@ﬁ&fa‘lén'i&? s¥fid €
keepln% the protocol” sinple and inexpensive for nmanufacturing scale. [ 0075]
Thi s dihseongsuireptpphoni wdive.xypieine dydrotiloride iduiamisge; ampiyosbecus, wherein the
Streptococcus is grown in fed batch culture. Certain strains of

Strept S : y : y J: hat,.: jcally
or oduch P ot abifr SBteld, e aRAG G WERE Sondls BPartnt Ale b Bl

i ncl udisolehanGB8usihe, alysise, Diithi@niak, 2808ylaldoiney serineyshmgnindy etrymopiads veiiss | osed

her ei n I | evel s. .of cps.can, be. obtai ned even from such strains that are
known gﬁaﬁggﬁﬁgﬁﬁLBV%WQV%W%VgubFn% {O5"erefore the invention provides a
process for increasing the cps yield froma strain of Streptococcus

conpr i @0RG] Anbdtherrdspert Pravajes acompusition ifchdinyad cliticatinguielinheliaing comnplex

bat ch or ,.continyous culture conditjons, the strain would only produce <30ny
cps/ gaffdime EpS9gasetl (Pfiah GOTRRIEY fracty aefﬁﬁ@au%éﬁ%?t 'eXFereﬂ PRYSBRYF ab) y
the | ny@Rlel QNcAbOYY isH@iRe aa NBlahRE s8fircsUbAdi ohRBnallT SPLAGRS GERI sdurdeth Badwh

cul ture, erein a high yield of cps is producéd. Preferably the yield of
cps i sSUREPeHH dIncarean; the prrdereedssragt ofysErppncoeye &3 Sirqpsvasrerrsaagipcliae, R0,

25, or d bR e/ re in the case of other strains

(pref e‘?agg‘f@‘r‘rag%g%ﬁ?@%%,6§%I?ﬂég’,a&]§\8?8ffgo, 110, 120, 130, 140, 150, 160, 170,
180, 190, 200 or nore). Preferably the yield of cps fromthe culture medi um
i's 10n@0L7]oin ameresnbodingent, RO yit@0in s60rce30nsige of f@yr o8 Gewevitamdi, sele@d fiotd,

160, 0,200, 22 40...260. 280, 300 or..nore). Mre preferably...the.yield
of eps PR R TEUPE fie B ROn R g e e ierRing R Shkriab dfeY 550
350, 46Qidodme hyH@ohiofillé) whef¥ih ofebér the vitamiiad haskb®s bidtini S i nvention al | ows the
production of cps at a far higher yield per unit volune conpared with
contin culture. |n.sonme cases,. the yield pef unit yolu may be a

east DR anthst anbP oy i LG SPHSE COMIThBbULL Fiieh v (B SHFEFGr abl y
two ango@nge fdlolvitd MBI Wve WithRest bidES, hiB@n&HRB] iifoflaPhmodlisRtie BSHAGh oride
continuous culture, [0077] This invention also provides a nethod for

cul t i vadinygdexiae kydregitleridse whereky angiod theyvitagyipsdifs & bobiotidonpri si ng two

i nst ant aneous additions of yeast extract, followed by a |inear addition of
a carbon source, preferably wi thout use of an algorithmto nonitor pH The
preferred carbon source for the linear addition is glucose. Each addition
isinitiated at a designated OD level, which is selected to achieve a

hi gher vol unetric production of cps by regulating the W) 2009/081276PCT/ |
B2008/ 003729 bacteria growmh rate and to adapt the m cro-organismto
produce a maxi mum serotype specific cgs. [0078] In one enbodi ment, the
first instantaneous addition of yeast extract is initiated at an OD | evel
between 2.8-3.2, preferably about 3.0. In another enbodi nent, the second

i nst ant aneous addition of yeast extract is initiated at an OD | evel between
4.3-4.7, preferably about 4.5. In another enbodinent, the linear addition

o o —



[0081] The term "Streptococcus” refers to bacteria that may be sel ected
fromS. agalactiae (GBS), S. pyogenes (GAS), S. pneunoni a Wé neunncoccus)
and S. nwioeae9/osibes st rept ococcus may al ternatively be $CW @Bﬁ@? us or S.
| avas. Preferably the Streptococcus is GBS. If the Streptococcus used is
GBS, then preferably the serotype selected is la, Ib, 3, 4 or 5. Preferably
the strains of (BS used are 090 (la), 7357 (lb), H36b (Ib), DK21 (2), M/81
(3), 2603 (5), or CIB111 (5). See Fi gures 3A-B. If the Streptococcus used

is S ni ag, -.or ef er abl he s S t re,
or ai 1 BIPTAR sihep ABRYRIEGL R it I RS RS B GLIF ERaP RE s BPLE:
be selfeah ekt foloefrg lddloy fivheitamindt iipds, wadieatide, rafoelaolmeth@rmme mgdrooluloadié of
1, 3, 4, 5, 6B, 7 , .14, 18C, 19F, and 23F. -

2009/ %‘fﬁé%?ﬂﬁ@@%&?ﬁéﬁ’?gem?f ﬂ?@b‘iﬂég’\%srh,asfq\ﬁg RgiiR-ur e produced using
t he met hod of the invention may be honogeneous (i.e. consists of a single
speci e®030] 16 ahéther hbodirhey) 186 OR&HiIR)sou@k igBtiRe het er ogeneous (i .

conprises two or nore species or strains of Strept ococcus) Preferably t he
cul tur% is ho geneous 0083 The Streptocpccus  us

I d t
st r ai 081 lr?av BECCgERSEPEH ¥ QIS angdot irﬁ%da%%ge Fﬁ% %&Pﬁ%d to

pr oducsdnasy Baklmdined @Hﬁyée@h U Y8 Gk afth H @8 pRks &eérﬁﬂi&ilﬁ%k‘%sclose in this
pol ysaccharides or to increase yield. "Pr oduc}gl on Process Overview [ 0084]

The prepacibedtion catepeBShe artepdmyiugllyexclisiveo four parts: (1) the production by
fermentation of each of the cps and their primary recovery; (2) the

purifi 0 n e; ot he
i ed BoprTheg iy bR GRS Proli2bs, BBl R Cpuiioiay IS palsRindlae,

bi onol teplualbsfroxﬁam@]ocwms fagnlgtticd epmpmsind e stgptqf rﬁhz@nbmusng gpi 4dberest Alte.

ferme at| and consi.sts.of the duc SS

for mentti PofFrog ez Ry o R bt bR PPRGLR gy e, ReSBT el consulr

col | eqidlysac@lfarlaé]e gopidtﬁhs élﬁf/omlclew étﬁdsp%ile)allodviﬁ@ thdeepbildep el pdacearidb éo

m croorgani sm and the rel ease of the cps, and finally the mcroflltratl on

of t hePeiremsly the fHtes mewnv‘ﬂ%oréén%é%@ tha'r sbsteat fi ﬁfﬁré 8 rheetied P gty

consi sdagsddr ﬂ&lyéa@&ﬁHhé&m RERRAT BF1 AR éa@%nichedefté%géfﬁmtﬁ%dn%t WB&ribed in
centrifugati on of the bionass, the chemcal treatnents of the pellet and

t he mWEb%QOWtOrSaM&)hanﬁW H@O@(@wéﬁ aBheppesehereddijanertti fijter gemovdsgbgaied e
i nvent r o] r d I,Nn p Ct g le,
whi ch a{pﬁ@l %dg%tioq‘?c C@h%hpog'hp;ﬁoﬁ% ng}? aénglfi%o?:su?lgn? %3?&) ggsl‘?hr allfn{hgf cfb%ﬁ'la?
St r eptmtyacahariéx pt ds istage tdfethe paethadid Ehisred had featoveu kel weedi togsdphete She ai n

by fernmentatigon. The cultivati consi st f nitoring the optical density
ooy e Be, fPin 8 Sakinaian, Wi Ste T e R crd P e o NS Has Fesubey

addi t lpUDysb&ihﬁh&e W@ﬂ 1§E|y Q&dai’fﬂﬁﬁng e depplatid}s B 1R8PS adidekrt iRBScaAfthte s
extract, follo i near addition of a carbon source to a cultivating

nedi umsov(@ﬁbw@éﬁ Qgth&rpuéllﬁg@tﬁqnt mathed ddatelétiencieofdhe edhesnt didtebis stemiesdri ng
a pl-| 276PCT11B20081003729 Cul ture
of thed %%Jgu %%%%?}hﬁlﬁ, mﬁi %ga% ﬁ%gglﬁaﬁg%ul um may be perforned in
shake fl asks sterl lized usi ng an autoclave at 121C. The inocul um contai ns
conpl e[ﬁ%ﬁédﬁhgnsl@é@nsérsqri thsgcaﬂabzpea%ﬁdeamfyn@sultahkzmd_mexe)rmzﬁlmﬁqr NegHDPDAs H20,
and nmo r osewlthan tr i . tion
o v T (Bt FR % R PRL T e S0P RO TR, i o b

ni aci ruafiéresy, filekr |1sufheﬂ>fdr8 amﬁl&%ﬁl,adﬁﬂdlltaﬁlbﬂromhl is@htotd Ve foundothef @Foadilters
enbodi nent s, thesLutl n of vitamns is ' and only the bioti

m i
sol ut | BhPHECY LS gl FéFﬁpﬂFaQMﬁB‘P‘BH%erﬁCt'Vfte‘é)S%“goﬂ%%aﬁﬁéff’élﬂlraéaag Befl mrent
each f4; %§Kpie§sédﬂ9%5&ﬂr@ée%@al‘%h B12kY, Whilk a%@s 48 ofi lté’if%lk]bdﬁﬂ“ c88&OSFthd. E!ﬁnﬁé” ture
is maintained at approximately 35C with agitation at approxi nately 200rpm
in the incubator for approximately 4 hours. After this time, the bionass

concerlPP3HiTda skidlsd wpesouat eapablp afedeniifying svitbloprben Sbes: mTansafers ertbehg a
Gram Sf’fl%’ Bor Lllse ih h&e 1% e u?\jeng&%3 %@tg inb %C%‘iéé@&?b(ﬁlpmnq&% tdelkyq 191a€ he and
if the G amstalin pfoduces only am positive coccl, e conten
fIasksnanmnp@dk&dyumhﬂwdﬂheawdhmepmhumbmibmmbbmnpbnﬁbﬁnmdudmayb@npm&vbat|on
line of the fermentor. [0089] During the inoculum preparation, the
preferred conditions are as follows: the initial pH of the nediumis 7.3
0.1, the volunme of working seed is 2.5-3.0ml/flask, the tenperature of
incubation is 35 1C, and the agitatieon speed is 200 10 rpm At the end of
the culture in the flasks, the preferred final OD590"", is between 0.6-1.8,
and the preferred G amstain produces only G am positive cocci. In the
pool ed bottle, the preferred purity of the culture is such that there is no
contam nant. Finally, the preferred tinme of incubation is between 3-5
hours. Fed batch fernentation process [0090] The invention provides an



[ 0093] Any type of liquid growth nedium my be used which is suitable for
mai nt ai ni ng growt h of Streptococcus species. Preferred nedia include

conpl ex wexioas/esiets as Col umbia broth, LB, Todd- Hewitt, REE/MHBH72HI ood
broth or brain-heart infusion; sem -defined nedia such as MCDM chem cally
defined nedia for Streptococcus such as M, MC, FMC (Ref 11), or C 48 (Ref.

12); and nedi a conposed for growth of eukaryotic cell |ines containing
necessary auxot rophi ¢ conponents such as RPM, spent nedium MCoy's and
Eagl e’ ro di um, e act her
factor S‘pg(%r%}é%{éngﬁa ra\%lﬂd ZIteFlr(l: uzﬁ%\gu ?f)t%n %griﬂlgl gbe RarR cillg'ra%?%rgé such

as |i nsdigher dmamkalmgmlSiu)ltablstsgﬁuhetﬁiSpc(lyma’@na@ inélodeesdlestmene, pblyacnyelsmamd
pyrlmdlnes ﬁral , tam ﬁ Rﬂ(j] rovvtggfactors,amno al’ﬁg éélr and/or
D-f or aI?B]/YH‘F’ﬂ"éy efif S‘Fry Feerﬁé( e RAlymsrsy ghadetirdloREsins ipay 4 ul

Ca, Copo Qﬂech&r@éﬂéi{cpdexéaﬂ -agBbse. V@yﬁ@ﬁ@ﬂ%%ﬁ?ﬂ&%&%&g&%ﬁﬁ%z %5tk q&&@aﬁa ng

the concentration of the medi um  hi e achieved, resulting in a

hi gherfilre Ingiveork itccpq@rvubumqh@mc@fng;@@ Rbcbmdern@atyrlaltmav bofpeex Fhelimatix

preferghl Ma\%OtI{Brfbﬁr?%fX%ﬁékbx%ﬁé LR%E .%IBQQSRQ@E&&%HIC%%OI]% g‘ﬂ%d%ﬂ%&e a
vitam n source, and optionally an anfho acid source to grow Streptococcus,
wher elmaﬂrllaemwy barin nhes dernc ef aocrastilslgs of chitiddgenis @pelf-opttaineth bitity aoatadtingror e

t f i bof | t hi hydr ochl d
by | QORTHEMATUEF G Pt IGBYATe infbe SR 8B PiPeed imd THED A ErErEnani y
conpr i ghe&. aTRNASRBANE hestrHsy b cAptiRidain @gt Kt§ perdnc@BlE ROPp SO E@m & ddct am n

source, and an am no acid source to grow rept ococcus, wherein the vitamn
sour ceAbunativelss thy membsangnshesh ey Hesnaiwlly nversidn ap dacreased i bwesusfacersres,

vitam | I oxi ne
nyclrochr S ey PONALRL bn PRk pebiuif, E dRELAER A Ran UlD
conpr |Iwe enenipal avoy plpoffotacolbmnmg)amt Tegnoaing the canbpnﬁr@amd ageple. frdny pliec Alter.

anti bi ICSInC dtetra i ne. antli. biotics
mmy el earelhgE et ST mA B Bl T3 RARFIEROD S o B RF Bk Cer o
whi ch aenbaiderivsd el d)ffatehcramemasetnarspe goepat, anaitor wbed setedhuf shellGrany
positive bacterl a Streptococci). This can therefore be used to

mai nt STACESS RN Bh t(hsraéts’gqﬁhe%fs m pechg e FPEMERT My s1rity ot Fradivaier @i ps.

For ex@npd SresdnP fiveftid P h&ivafed@%ioh analoBilized &f 4 ﬁl%ﬁlxvlﬁayagc?-&l@%d iFaaBuBegas i ve,
but not Gram positive bacteria. Antifoam ng agents dare known in the art and
may i nfotmae independant flter uniteldchdliteoiuhit haw igivwn fnolnemndaxucthetpfm the pdnadatebyl ycol

copol . s d I IO o] l ﬁ n

i nor Uity SERAE o BTRD YRR (ACuE ade MHine Y iR PRRP T Cobon
may al aetridges! frothe Ctihe Ired (N1édi dzen, USA\)'afPale@onpbhiebn (et Hilk LISMt enhance growt h,
such as, lipids (such as Iong chain fatty acids such as linoleic or oleic

acid), roi d uch as ¢ stero i di nes

e o TR R B B AR B Totnd P TS gt B Bt R b e APt o
or i nafsganithe liRAtidrE UdMesS cdrBon ﬁdtelwgconi‘ﬂihse Gagelfulbse Ghiatrik® iagaCWRich Z)ivated097]
If the growth nedium contai ns additives obtained fromanimals, such as

bovi ne&AENPNVEPHIS AntaPPet aakresiichangdedid Riseai ned from sour ces free of

transm SSI bl e spongi f orm encephal opat hi es to avoi d contam nati on of the

Tedi unfogsy Bl hikidAp t6e mdtIRAORORDAR LRGN HREARH PP FR%pCa Y
Source [ 98] The type of carbon source used is not essential. Preferably a
pri marsjaréag mererigls desaibed in leaseetéan ¢IYU(§1FI$1 Herigiconpevah ek nahcfn@qdcrn@e
fruct og molnﬁf} 9&@1&“&{&8@ oIfea'oIf &é’& Bscrif daInCIhe eQH ds"ent@ed G85 Qho ;

veget a% as so ean oi drocar bons, 51 €1'Etch 48" %t hanol
and etmampﬂtqtzo@ragdmmozaexcdangu;:‘ri)mﬁltmeh’at‘ﬂe I‘Wbcﬁylpn'z@f’ ef‘Eszﬂ;ertdng" Ieanidon

source,is. sel ected from CQSE ro Ia tose,, fruct ose, sucrose, and
oy bea oBCte Tt GIEDe B A IGLE Pt EPEYh OG- B SEPTCBY

co ”posthél’ef%ﬂésbé:@ ARfeh i B@pﬂh 4695 i |tlhegéé6%r§entlﬁe@ “GRERAINE HOMpRRIOTRY,dREriGfded
to the culture as a solid or liquid. Preferably the carbon source is

cont r oIFlege’s iihe sled o stapt dascribadas shepwctiane ™ Lyafilgrioni; ¢if) acsep elléliration wping

over f [ I v, \ i

sour cga%?dgg%ﬂte {ef assdt E&I&% Fat g nw)glfs‘%g)h(gr SF@?#% n? % (IP%ntthF ?ec‘? }é e|F“’ln?t|1 [Ib Jgat ch
culture. The carbon source is also controlled to avoid depletlon whi ch can
result in growh limtation and pignent production (Ref 13). N trogen
Source [0099] The type of nitrogen sogrce used is not essential.
Preferably, the nitrogen source is selected fromurea, ammoni um hydroxi de,
ammoni um salts (such as ammoni um sul phat e, ammoni um phosphat e, anmmoni um
chl oride and anmoniumnitrate), other nitrates, am no acids such as
glutamate and | ysine, yeast extract, yeast autol ysates, yeast nitrogen
base, protein hydrolysates (including, but not limted to peptones, casein



36, 37, 38, 39, 40, 41, 42, 43, 44C). Preferably the tenperature is about
36C. Thus, it may be necessary to heat or cool the vessel containing the
cul ture o Bosesierea constant culture tenperature is naiRGTABAWE003 R
tenperature may be used to control the doubling tine (td), thus for a given
culture process, the tenperature may be different at different phases (i.e.
the batch phase, fed batch phase and carbon feed phase). [00103] The oxygen
feed of the culture may be controlled. Oxygen may be supplied as air,
enriched yaen [ n. or._any .conbi nation..t hereaf Mt Of s

ot ¢ GGy et LB B PSP Shodd RPN SR ER N PRy s

del i vgiregtsainag thar baidllofed by atsepar siapy described iiv elieesbetion @atitbsad“dyjme@sur i ng

the di ssol ved, oxygen content of the cultyre and feeding accordingly.with
the | HEGHEFEAT of P IHAIninkY PHOAgFS AN BoPfs Ve oY SRt B sersA i e seetion

[ 00104hfih& *aier Qfpsagi tation or aeration may also be controlled. This
ensures that nutrients and oxygen are transferred around the bioreactor in
which the culture is contained. The relative velocity between the nutrient

sol ut i[89373 Aicretrprahodmay;, pdslitenadly comprisn ong Wancie 6filG steps desseibeq @ the seqions 0. 2,
0. 3, 0::4.q 005 , , Oh,_ )]0 t.ed: t he
pH of e?l léedc u?‘?[ﬁorngc %%ﬁ/&f)’é té%rﬁ'?‘r”g? Iagccitl gf/ ?zﬁgﬁg‘gﬁt %%Wdfaﬁg%l 1291 C%ﬂﬁgﬂ%f? As
pl-1 widps ateygnittat] bycadsoeatiduici detprgent treaterenprogfresipitdts thel dapsuilari plysdehhdride

Exanmpl es of suit abl L. kal i s.j.ncl ude .and OH. [00106] Al f these
var | atrdsTgtist Resli R Ral S R Eeshis MR A i ek reiop

cont r Qlarréddgait ukinpad idh@eit filee dn @lkomethod RE tia in@srioh O @brdil@ g, ehy afviealibres nay
be used t,g ontral the doug!gj %ti r%éof the culture. W) i

2009/ 683 PRBFE0B/ 0 05F: WOHERS 3 faPHas pRPlaEaceRridpo frital Ve fiBUs f or
pr epargRgstaRes | @hlaeRRC Qéﬁlgﬁﬁﬁ far Q&P BAGTERLA Rng MCAdhelenOWhe!, RutieiEn Ahd -
e.g., see referefices 15, 16, 1%, etc. For &BS, The follow ng nethods may be
used (mehodidees Reff inch@p. a [steppelr catiomicardetetdent freatmetlis twfpracipataten thenedpswlaf or
purifyj S | ride . my: i SC above, these
met hods R%’?&P %@&i fébg\hﬁp@%x§%§8?%C%O§§)éﬂ%ﬁgggfﬁl‘§n§?pesu@?p ?fﬁ/gacfg %ﬁﬁgw ng steps.

Starting material [001081Generally, a small amount of capsul ar
pol ysd08e¥¥rlihdenvestioreflvethseptovneometheds for pur &yimpapsutarchol ysacchbadesecpsa lirogr owt h,

and sq.the starting material. may thus be_the supernat ant m.a centrifuged
bact eriePogR ot A B s Siactiing. SlnovEle PIRERG:, AR IRGP TR PRCCHh 19 be
pr eparaphyoddus akhlagidd) alse apfedleatte ths Jaatelelds tdiens 8 YeSptddccurpdeGBY| in

cont ai ni ng. t he bacter.i al gepti dochan), such that the capsul ar saccharide
i s relRagiEl, stigins O HROby bPdhkle@ M/8fn bact eria by various nethods,

including chem cal, physical or enzymatic treatment. Thus, an aqueous
preparadioyin oh pREYRAC ehBbHARNE e Deetioaati®d péduefiod Ooft e puRifibd aapsular
protein/nucleic acid precipitation reaction. 1001091 A typical chemi cal

t r eat rASHtsaGehatides incliydes poei onmPeRepl thoyollawine stapsi fr) Rrewiding fyavdsx isqlafe

whi ch o |.e5} I ] >chari de
andt 1 A G L e PR PRA R S bl B AF I RLMRETRAP LERRS th HonBRRE)
capsultbe csdedbdate deith howbooho] solatiar; (ckfiNedoe ty kahdo@nsmaier beoloadaswaigiht
[0011011 A typical enz tic treatment inyolves . the use of both nutanol ysin
and pREPBIAS B ST sl nschartga b T v e eaigim P anant

pept i d@el ¥ padteinGadhelefBtiRert Beprodneuhahusifed Bagsude pbBkaddfid t h & Beeferred
invention, but also |ead to rel ease of the groug-speci fic carbohydrate

1

ant i gembogdineat.tthe mgthiod dnendspradl plcthe fusgeiasiephv b1 § axre pesgriadramBgdimen, t ype
Il ph I ‘s 2 enzynmes can cl eave the sane phosphates as
sodiuﬁﬁﬁgggggﬁﬁﬁ&?§§§&§%§§é§“§ﬁﬁ'can rel ease the capsul ar sacchari de

wi t hout cleaving the group-specific carbohydrate antigen and w t hout

de- N- 4040y [lmeérirgn ethbodimprtal ene o aewhadditienal steps wby bs ipapdinfodi ing udiogt®treeam
steps P enzynes a t her ef or ef erred tion f prepar i sul ar
sacendFroat LAl huir P adiBilBs 190 P REsI T s SRETRL B R ng
mat er ipalysiceharidee fpiacesd fimuheng nventtion wish die Napagiry palyestchaplubara

pol ysacchari de, which can be obtained by base extraction as described in US
62485 70PNt 19) . Another preferred starting material is the product of
PDE2 treatnment of Streptococcus. Such materials can be subjected to
concentration (e.g., ultrafiltration) prior to precipitation as nentioned
bel ow. [00112] The starting nmaterial ¢gmy be subjected to al coholic
precipitation of contam nating proteins and/or nucleic acids, as described
bel ow. Al coholic precipitation and cation exchange [00113] The
Streptococcus capsul ar saccharide obtained after culture will generally be
impure and will be contam nated with bacterial nucleic acids and proteins.
These contam nants can be renoved by sequential overnight treatnents with



[ 00114] The al cohol used to precipitate contam nating nucleic acids and/or
proteins is preferably a | ower al cohol, such as nethanol, ethanol,

pr opan- | sa 200p00ipan- 2- ol , butan-1-ol, butan-2-ol, 2-metMyl/IB2pS6H83R?| -
2-met hyl - propan-2-o0l, diols, etc. The selection of an appropriate al cohol
can be tested enpirically, w thout undue burden, but al cohols such as

et hanol and i sopropanol (propan-2-ol) are preferred, rather than al cohols
such as phenol. [00115] The al cohol is preferably added to the

pol ysa ri.d : i i1 f a ween
008 anPaBhi S REPSURLE g ¥Gpio ol Rlon R o LB EAL G SO IenP B e
whi ch pretipiate acéieisdcel pretempiantst boin nof tho wapsvianapdlgsasthanidet dh spreferred

oy depeR DR tEe RERAGRT ENBtL PRoRES RBH A oot R ) teertptan 103 °"

obt ai ngd, abands@artHagold alogd pleftesblPYo & Golidenigaton REbefiRih abowttI0euEtherivdUudhe
burden. Precipitation of polysaccharides as ethanol concentrations >50@6has

been origméalutlowazmweewﬂebéfrmceﬁeeswe@wbga[nermce lomHgotg| RIpREP Ay be
added §ij; 1M G162 MmiBsP re@@yblf)@alggqgled inaformdiluted with a mscible
solvent (e.g., Wat erg) Preterred solvent m xtures are ethanol : water

m xt ures, mnth a preferred ratio of between around 70:30 and around 95:5
(e.g. , [P9425In gpaipembediensntsghe prrein pdirart filtvhis as gelévaiad caebomefiitenl so be

treat ed wi th an aqueous netal cati on Monoval ent and di val ent netal cations

are prﬁﬁ?ﬁﬁ%s@@ﬁbﬂdﬂ@ﬁﬁﬁﬂ‘@ﬁ are particularly preferred, such as M,

etc., as they are nore e |cr ent at conplex formation. Calciumions
ar o parotmﬂtthgﬁﬂen W&k 'tﬂer caffithr$R 1A hi &R ek a8 potdiiisl @BSHEER Mrdonic! udes
sol ubl e cal crumion. These nmay be added to a saccharide/al cohol™ m xture in
the formof calciumsalts, either added as a solid or in an aqueous form

The cal08#dinFigwies rtbe prhematia ipyespriaioniei pipppsed mede! & theliekagmod isprsviade.

[ 00118 sent at a final concentration of
bet wecho HERR By eRR TralB BRELABRE SIRRRIER! B um i nal Ca
concentration may depend on the Streptococcus strain and serotype from

whi ch [0RéSlpibkysai'e heaviside insoledyla stracturearicsendypepecéic epsrioh 68 Sofromclipierie
experrﬁ%n%ﬁ) thout undue burden. [00119] After al coholic precipitation of
cont am nat’i'ng proteins and/ or nucleic acids, the capsul ar polysaccharide is
left in solution. The precipitated material can be separated fromthe

pol ysaﬁﬂﬁhé\]rli?igeretﬁB sioyvssthie relidcelamsamatyresd shrogpelbpeantps ¢fUGBSIfom Type 111
supernat QAN be subjected to mcrofiltration, and in particular to

dead- e ﬂ tration (perpendicular filtration) in order to renove particles
that may clog filters in later steps (e.g., precipitated particles with a
di anet @o47rEghierd shban te. p2aqudion focass odiglyeodvafuigde vaocideaghimnGBS. | trati on,
tangential mcrofiltration can be used. For exanple, tangenti al

m cr of i a 0. Iuose ne.may. be used. The.st of

F anoerl DA edRs PP BB i B el rol B R g Yo e G oon Rih R

0. 45/ O 2eymsttdin,t(€) M 18dthaid, 288 (DN ATBPLLOThAsecBR @bwih fd Whe adltRstedByinpe

used. For exarrpl e, if the nethod includes the alcoholic precipitation and

cati on Qx‘@ﬁ@ﬁgea@@g%ﬁ@)e@‘bbove then this step may be carried out after

the precipitation of proteins and/or nucleic acids. Simlarly, if the

et hOd[r(])UM]' Hges éJiﬁ%“ét(RB’t}f%fng@%H &fﬂb&fo@%ee@%eﬁtalﬂ r(g)a{hgecgg c&ﬁ:%ﬁtrrét%doybtﬂé ow,

then thisdiafiltration step may be carri ed out before

det er @ strairdiaad d€) e epspprodudtion. byl gramheellnettyh\adghtofwhteml thwemwﬂoratet a5

:cncl Ud&ter\/\%e%oﬁ’)?/ b90§fn22n6d° %T vﬁ%l%pn%/ 805%5%? Lgitrto&%%'aﬁp &&hé‘@hablo gﬁ& %@Iee .
ilt FELT On Wit 4 t afrltration

step nva’ganhﬁ’s i avatéredithout rib@ﬂe@hﬁ ohbailotﬁn,lahdl afithout.vithjriscal | y, a step of
diafiltration is used after the precipitation of proteins and/or nucleic

aci ds eforethe medi_at cipitation or filfration, using
o acHePRl R SROVE( S0b e anbs BAEE FibB) et sopcpadth 5tné
di af i | H36H &R, Sherch shep@prs éjr(gdﬂcﬁf)ﬁ Yy agMARERASOWSIghi, RSN &) %@q&u el Qlas
phosphodi esterase was used for rel ease of the capsul ar saccharide, as the

group specific saccharide will also have been hydrolyzed, to give fragnents
much smal |l er than the intact capsul ar saccharide. These snmall fragnents can
be renoved by the diafiltration step. [00122] Tangential flow diafiltration
is typical. The filtration nmenbrane stpuld thus be one that all ows passage
of hydrolysis products of the group- specific antigen while retaining the
capsul ar pol ysaccharide. A cut-off in the range 10 icDa-30 IcDa is typical
Smal | er cut-off sizes can be used, as the hydrolysis fragnments of the
group-specific antigen are generally around 1 IcDa (5-nmer, 8-nmer and 11-ner
saccharides), but the higher cut-off advantageously all ows reanaI of other



[ 00125] Many techni ques for precipitating sol uble polysaccharides are known
in the art. The saccharide may optionally be precipitated using one or nore
cat i oni cwaetoey/gantes, t hough preferred enbodi nents of tfﬂ?ﬁﬂ@ﬂWﬁ%@%??on will
excl ude detergent precipitation. Treating a m xture of the capsul ar
saccharide and group-specific saccharide with a cationic detergent |eads to
preferential precipitation of the capsul ar saccharide, thereby

advant ageously and conveniently m nim zing contam nation by the

group "|f| a 09/ 27 (1B

00126 BRI REAGATAE By o BRI REGRSHAE SR Sholiehfr oy ang e

I nvent vieimias @ W&érrxaﬂdtﬂuyha@ﬁmm andmﬁllbeeitmLt ri met hyl ammoni a salts (e.g., the
brom de salts). Cetyltrimethylanmonia brom de (CTAB) is partlcularly

f f. : AB i I k d th
Lot P R T e ok S M
I ncl udge Nexsaditram, bint e) ﬂ[@éﬁsgﬁo&&ﬂoﬂbplgﬁérﬁ lck1n ldfgewa},gharwmmla tefioSvth rate
[ 00127] The detergent medi ated precipitation step is pre erably sel ective

for thwacdgharayingd ﬁbbvga@e%écmrdéam[nem@ilm\haﬁtoa@é@aé methangk bigsin a5d ghree
det er g@p] 1H§ﬁ%ﬁéﬁ\%rtﬂogl'ﬂnﬂ@ﬂavﬁ‘r?%n@oﬁl?tbﬁcftﬂle”t such as CTAB that interacts
with sialic acid residues 1n the sa aride, e.g., via carboxyl groups in
the sialic acid. The detergent w Il thus eferentlally preci pitate the
si al i cl0882]cFiewst hiskivvigthe agrswthagurve dornthe |Qﬂ%§ 11 aﬁdmpmet ¢nsutoaesnyrafion derthe

sacch i u C t y
sacch2¢P%§§ %%6££H%n¥y%ésﬁ@g@ﬁéhﬁﬁ%%gPhﬁg syg% g aci %“h%@ ave Eggﬁm?
damagedktérmiedrfbr ©ptit pleat.nent st eps. Re-sol ubiliza don [00129] When an
optional detergent precipitation step is used, the polysaccharide

(typic i.n t a co catigni.c detergent an, be
e Bo QY R 1Gish e URLmE TR s e dbr e B et BB P PR ionaine
aqueou(|$9|0r szf)aslglanb: (o) Zlgé B}Qﬁproﬂﬁkﬁlolﬁ-ﬂ}“ graat d:dl)lpdﬂynvflglﬁh wlhemirptlteagrel w«bu lkdte was
generally bhe replace metal cation; for coholi ¢ re-sol ubi |zat|on
the CrstrERRsddat U ?edd@#éktamngﬂuset P StsEANHEROUS AHEILOR Off deash Ut whes the OD

al cohok{ g if &-38duks! fonBhk@By %ﬁeg%@iﬁ@n 8P gfubSse B HELMNPE S hOBhYYRIyekt T he
pol ysaccharide is obt ai ned, any contam nants still present at this
st age. extget iaoatep meedivsi, 9f¢r1é¢wgl laf@hlse@n@c{dlmofrgimt in the precipitated
pellet, and these can effectively be renoved by al coholic re-solubilization
follo 0 0

ro- sol {br T aERedt it AR o Gl Y RSP R, SR eH et Glion

met al thaHBGh straineandr(€) thercps pradncticgi byadramtceld dtyi \mﬂghtaweerpaﬂﬁle gudveh Irate was

prefer i ons artlc and
0 o- et n R s epelehurdisfape B SoanG R BigR Y Voot whetl g
chl orildeel iatGaandan s eftlbatd by atihedrativigion of Qluaske; mahe Bddiién Of the afiixgtyedht 1M
is preferred, The optlnun1f|nal Ca concentratlon my WO

2009/ oBiradigpeyich prdom dolorest bycpdiar dliioneolsl¥eo8t- ococcus ser ot ype from
whi ch the pol ysaccharide is obtained, and can be determ ned by routine

exper i [yBss]Fivhrk hQLshow@IApthletgr&em cubROBB e M78V9tkaﬁﬁl| (Bﬁhﬁeomldoﬁcém%mi or

re-solubilization is based on ethanol. The sane al cohol s ‘used for

pr eci pghe M18rstigin, mod (€} Erearps psodistion by p¥ase et ery whighl wheerin thsugropiife rate
conce . r

goner g{vi{sa&ehegﬁﬁl{eﬂ%‘ﬂ thé ‘Pe_efd% atd t@c%h a(h%: %taﬂ(an&Pgrag@péH gee g@@m@q \{v/fge%a | nal
al cothDdexmd:esrﬁtBaetmdcam Spfollbwedvegra liﬁ% ahddm@%g@e:ogp, ,andu}mmldnm%f thiSentir80%
85% 90% or, K 959 The opti al co entratlon may depend on the
Strepﬂ@@%@éﬁ@xéip%gyﬁﬁgﬁFbﬁh ?H3a$8$§b3 PW&% i s obtained. To

achi eve the high al cohol concentratlons then it is preferred to add al cohol
W th gobssy raadrer] 3cshotve the gvah cuBe%oetiiRatiB 111[BQh3 2le &e-sakettativg dlyithe Wi | |

typically occur at room tenperature. AC conditions, are preferably
avoi de(aJBy ldhtraig, apd disi eRsALeseHionibY| grﬁ‘\?p‘?eﬁa‘icrwwt'%mew praethar SranButaippay

[ 00133 el 50 luﬁhétaﬁeﬁeoﬁ@fa%h of?eeﬂ{ atkaet M@ﬁ f%eéd ebat iy 3tRILAS,
pre-precipitation suspension. One preferred nmethod for preparing

t he sdbb%aﬂiueshnmwed¢93npbyyeaechar|de precipitation followed by

sol ubilization of the precipitated pol ysaccharide using a | ower al cohol as
descri bed above. After re-solubilization, the polysaccharide may be further
treated to renove contam nants. 11




[00135] This is particularly inmportant in situations where even m nor
contam nation is not acceptable (e.g., for human vaccine production). This
will typwoabdog/osnvol ve one or nore steps of filtration, PEL/EB200sM9pT2H
filtration, filtration through activated carbon may be used, size
filtration and/or ultrafiltration. Once filtered to renove contam nants,

t he pol ysaccharide may be precipitated for further treatnent and/or
processing. This can be conveniently achi eved by exchangi ng cations (e

by the f ' Fil

F 11 or (EOCLBERR, P BeR, RS B BEeR T i +phELA P A E0E R

pol ysaHBHB.I’strdlﬁSatV\iﬂ% 30%1 b]l&f 60%(; |(BYl eheacysst ﬁmc&maltleb)bypﬂeﬁlﬁIsﬁa1andﬂpfhe[l‘jb§
contami nants are renD tion WO 200 081276 20081003729 with
a filtBredugiay 3>’a%1”ﬁ"f16t3 %‘ﬁé é‘?f{a?)lﬂll? %‘feragt‘?(lﬁ?r%i‘r‘ﬁﬁﬂ%ﬁ‘ dP"eﬂI% DB DNA
adheres, but to which the capsul ar pol ysacchari de does not adhere or only

weakl y l[(ﬂEBPng&re ) ﬁ%eﬂ‘deg ﬁ@demardspb@eanem&m@wdlyl iichisBows &Y theRrdvith tc@fve
Sui tabl e adherent filters are described above. [00137] The filtration using

an adh&rehg Hppb sleain ghg4%e 30041 aetP By (B ke ps comeentiagion & HAGbrram, 6Chteo. 2pm
filter 58y Y, |ed
out, f OI? egghrr%ﬁ gqﬁ%@ngt%?ep ofmﬁlﬁ?aﬁdo@u% 2‘89‘% gjtcf' dggttla ?fb[ﬁte Zfsr%r i
presensumﬁurther filtration step. Re-N-acetylation nmay be advant ageous |f
sialic acid residues in the GBS capsul ar sacchari des have been

de-N-a I r t

Cont  offusa) FEFRy L By RATIR Bol drathit Wharifed SENTRO mERREAL TR 00KE.
such asl3ébetrain aaﬁb,yﬂB; ahe 1 HBLhe2Ds c@chntratmnﬁf%mﬁmmam((b) tha cpoprathection

[ Wessel s et al 198 | nman 57: 1089 9 . ther chnfiltration
001 305 RS Dttty 9 (BF eieh PRds BOHUT et ATt Bt | 1 or | exanpl e
after re-N-acetylation. The diafiltration may be carried out as descri bed
above '[006011E1ga®017i Sovides thelredhlts BY abpidsiurabtiudy ' whibld SHoa] (A ehddgrabvitl turad fan may
be foll owed by further filtration Wilng a 0.451Q ZBﬁ]fl|ter Final materi al
[ 00 141}heTHé6$é'il§}§aaéCQ1%lrain8e0§ apr @Deha Py cOPFRAIRLOD P8 pH e SEana (G theqeps
powder 1ordﬁ<<§tﬁ)\1‘1tic rarfl @RIl Hﬂ%&@ﬂt al@m)‘{ﬁl@&\%ra%’é%P&Tu%ﬁh%fth@ﬁ%é@hra‘fﬁt er culture
of bac eria and preparation of capsul ar pol ysaccharides, the saccharide are

conjugated to carrier protein(s). In general, coval ent conjugation of
sacchall08&kFigyrec b shayssthergramdiesuryndor M8 hsgaini i @y 90 @&c%ﬂ%lmilﬁég flgsksi ¢
comver LondBeb0 o, br bAGGRARIGRA MRS | GuToRERSNARN AN FARBRo: LS
allowng primng for 1 mmunolo |ca menory. nj ugat’® on | particul ar
usef ul s;feorﬁcrwziuivﬁltraueovasaakcu}aw usimgddD) valeés inza)m@mf 0.1s04. wel I known technl que
(e.qg., reV|emed inrefs. 23 to 31) WO 2009/081276PCT11820081003729
[00143 p r C ns o] h as
dlphthgﬁ%g gé&%ipw é%kﬁggo nﬁ%he %gk&%é? H?g%g&ﬁﬁpﬁgi%wﬁgﬁtOXIH
(Refs &ﬁrsﬁrﬁ))twmasaa pargraphuonthle staptatl datch dnecldumi;i i tithey the gsanitisy of diaptih)d0i a
toxoid,. Ot her SUIth#e carrjer rotelns ?éude Ege N nEnl ltldls out er
menbr aHBeH 5 Rt R amigg yacids Ay hVétPF%“Spé‘ﬁfF AUneErag guanigy § ltarﬂ‘élét WG ck
pr ot ei Asidd SR pdtasAuB, 39) , pertussis proteins (Refs. 40,41), cytoklnes (Ref .
42), |ymphokines (Ref. 42), horrmones (Ref. 42), growth factors (Ref. 42),
artificial proteins conprising nultiple human CD4 T cell eplto es, from
vari out0063k ﬁ‘@g’@nz%éh‘i"%@f‘aﬁff?‘géﬁsthe rpissiom pf @lpmppes espatisc erds 2 u&%l)une 8t ei n
D rongﬂd lin8bh R A PSkrain W710de GROBHIBARES Hloafppf ace protein PSpA (Ref.

, pheunolysin (Ref ? I ron-upt ake protelns Ref 49), toxin A or B from
C d|ff|C|Ie (Ref 50), a CBS protein (see below) (Ref. 51), etc. Attachnent
to t hel09&f} Fignrei l ghostscthalsfloctyafzomissiog Q’Qb@il@uﬁ)h%acgi pytidoxipe rioflevisteain of
a |ysi {hamﬁgbﬁ”dl% érr@wf’rk ocf% hﬁ‘\éﬁ’f@ﬁ@}éé‘ Qﬁefﬁﬁdmdﬁfﬁ' nine residue. Vhere a
saccharid as'a Hree ard rou IS can react with an amne in
the carrier to forma conjugate by reductlve am nation. Such a conjugate
may beﬂwﬁépﬁgmBQQBhgws&mdmbbmapaﬂﬂnafﬂmmhﬂmM@kmimgnammﬁmhdhz@ﬁhgaba@nmse in
t he sa ri fr an al dehyde is formed) and an amine in the
carri e&ﬁgi Hﬂéitar%g Olgﬁ] OA? f"aYc?‘fPr@nt may al so be via a -SH group, e.g., in
the side chain of a cystelne residue. [00144]I1t is possible to use nore
than one carrier protein, e.g., to reduce the risk of carrier suppression.
Thus different carrier proteins can be used for different Streptococcus
strains or serotypes, e.g., CBS serotype |la saccharides m ght be conjugated
to CRML97 whil e serotype I b saccharides m ght be conjugated to tetanus
toxoid. It is also possible to use nore than one carrier protein for a
particul ar saccharide antigen, e.g., serotype Ill saccharides mght be in
two groups, with sone conjugated to CRML97 and ot hers conjugated to tetanus
toxoid. In general, however, it is preferred to use the sanme carrier



[00145] A single carrier protein might carry nore than one sacchari de
antigen (Refs. 52, 53). For exanple, a single carrier protein mght have
conj ugat w@ f00v/id12macchari des from serotypes |a and |b. PEI/IEMBANE2E hi s
goal , different saccharides can be mxed prior to the conjugation reaction.
In general, however, it is preferred to have separate conjugates for each
serogroup, with the different saccharides being m xed after conjugation The
separate conjugates may be based on the same carrier. WO

2009/ : B2 3 [0 .U i ride: tein
rati 00[?\%6\71/%?%1-‘% bzgt S%wgg/rslqg& (@%""’b%ﬁ@% %Eﬂg : %@&?dip %t%gn%%gaggg rlsngsc 8ﬁglr%i Lge
(e.g.,stialnt) Min8e, pi36b,e090cdnd RIB 103, tdiigvaeimpliZedapcsssl Thiee firgprsahdificatdon as

are ratios tween 1:1.25 and 1; 2. Rati os between 1:1 and 4:1 are_al so
pr ef errF’é‘aYe‘g&E%WP%ﬁé)é? adg R ox e I%%P‘Hi niagingiajdgron fedtamyp S%%E%‘ha?ﬁ%e is
typi CadecoddNsipligitation WhE theMRAIERP O \thdl §aramctRNiol GRE Fed PhAES dArihH8he

conj ugate conprises a Streptococcus, preferably a S. agal acti ae capsul ar
sacchdeinggntatidnety joined to a carrier, wherein the weight ratio of
saccharide: carrier is at least 2:1. [0014'7] Conpositions may include a
smal | : r LI i | t ek A in
oth e ag e oot B QrSbon RAle B BAR xBichisfibn RIS WE | FrBRCNETIL
uncon;jiddf, 890,f@Bmll.s preferably no nore than 5% of the total ampunt of the
carrier protein in the conposition as a whole, and nore preferably present

at les 9 | ghtie ' ' [ cli an be
ased. 0e Tnré2t ot B0 R Gl AP allnR s OB, HETKAOTARAELARE T
t ypi catRy°GeCeatdin ipdregencare fdentifiedomathe zgdtrpmi or t 0 conj ugati on. Activation
may involve, for exanple, cyanylating reagents such as CDAP (e.qg.

1.-cy -4--.di methyl am n ridi nium tetrafl orate (Refs. .54 5

et o ) 00edh gt ab PPty SRk CoB LS isy L B R PR e st o
est er sat 204T.bOer@die hydrogdnt 4re kA fHiedcCorathie @pectlapndr oxysucci ni m de, S-NHS, EDC,
and TSTU (see also the introduction to reference 29). [00150] Linkages via

alin rou e de,ysj any kno roced , for _exanple, the
pr oceﬁﬁﬁ%@ d%@ﬁ%éﬁo‘?’ﬁ?eef}grgﬂ/ﬁ%sw ru&h\(lﬂ\’@ Fl%égaégpgy% Hﬁ il?ﬂrlgsﬁ‘é&iaﬂ_a%l ves
r eductred@danit3tC o0e@din higropa 36 afemhfbd Slethe GpatRNg the resulting am no
group with one end of an adipic acid |inker group, and then coupling a

protein tq the qther end,of the adipic_acid |inker grou éR fs. 27, 58,

59) . dOEY ﬁlglﬁﬁé%h?whaélé NMBrppstewanf %lf?eéech%aype NiRol¥%s ﬁ‘ilﬁweelteﬁ%ia% ne
(Ref %kﬁ°¢‘.%8@a§1¥hy&@%éndﬁ§ idefefieOf the $het&@Rl di ¢ |i nkages (Ref 63), 6-

am nocaproic acid (Ref 64), ADH (Ref ), C4 to Cl2 noieties (Ref 66), etc.
As an alternative to using a |linker, direct |inkage can be used. Direct

| i nkagB87digue 28 shews # eeylay efplufige piptilesafiadielsrcahpddgeampde ardhsiplicreid

fol | owed { ination with the protein, as described in, for
exanple,d%éﬁggggg%éﬁgyﬁg%g368. WD 2009/ 081276PCT/ 1 B2008/ 003729 [ 00151] A
process involving the introduction of am no groups into the saccharide

(e. g.,[0073] Fegiracithghaver an nederlay ofr duisen wiaftes NFIZ) polybdcobastilebsample and a
derivat i i it -adl pi c_di ., adipic acid

N—hydr(g)Il g%%%ﬁ%*%f 39QF§§E§F¥m§%%%?gIE§ﬁ8 ‘"Wth carrier protein is
preferred. Another preferred reaction uses CDAP activation with a protein D
car r i @ETAIDEDDESARIETION QI PREFFERRED EMBODIMENT§at ed sacchari des can be
separated. There are nmany suitabl e methods, including hydrophobic

chr ong O] dfiieyinvendorg davd discavetadathatl tiglatyiebds, ofdipafonl 4 mahifactprieg scald s@ebal so

fs. & 7 t .. [00153] . Wh t I L f the i ti.
R S R o L B B L

depol ysyeihi Zaddu@ion! SCRHS Snte AN fiHB@vbRime 6f fesh nSdiRRS e terGidawal bya fgld he
saccharide. [00154] In one preferred conjugation nethod, a saccharide is

r eact d@r¥Rk Ften Hiegicts Bevedsrevhy it grteenutiients Being aidsd jo e QIEPISTIICE Hicdaitizhy

al so ] I t L1100 Per | .
cyanobgyShyary nt S ARt el D el R e than thosey

e. g., dbjainddtusafg cdntinadrisanltufe Fusthpriidre, te metiatds zied|osat béraini ate npbspoheto m xed
with carrier protein (ewth a diphtheria toxoid), and carbodiimde is
added. After a reaction period, the conjugate can be recovered. O her steps
[00156] As well as including the steps described above, nethods of the
invention may include further steps. jgor exanple, the nethods may include a
step of depol ynerization of the capsul ar saccharides, after they are
prepared fromthe bacteria but before conjugation. Depol ynerization reduces
the chain length of the saccharides and may not be good for GBS. For
Streptococcus, especially GDS, |onger saccharides tend to be nore

i mmunogeni ¢ than shorter ones (Ref. 71). [00157] After conjugation, the



WO 2009/ 081276PCT/ 1 B2008/ 003729 [ 00158] After conjugation, the |evel of
unconj ugat ed sacchari de may be neasured. One way of naking this neasurenent
i nvol ves VHPABRGAOPRID (Ref 69). [00159] After conjugati on, PETABIPS/HB729
separating conjugated saccharide from unconjugated saccharide may be used.
One way of separating these saccharides is to use a nethod that selectively
preci pitates one conponent. Sel ective precipitation of conjugated
saccharide is preferred, to | eave unconjugated saccharide in solution,

e.g., deoxychol at e. t r.eat t (Ref. 6 0160] After conjugatipn, a
ot op ofteraa ity Ml Ere RSt PEP s BT SriPBbis BHFe e B U SOl g
be car gbfopRytan dpfinRasdt peiicaion stotbll Whith @i@ﬁlﬂmmlmnﬁfea@%@%p@teswmeof
maki ng t hese neasurenents involves size exclusion chromatography with

det ect kespingthepratechgimplg anghnexpenrsiveior mgnwlaeignessale-and di fferenti al
refractonetry (SEC-MALS/RD (Ref 74). Coni u gate conbi nations

[ 00161]dga; ’Thfl%cld&ﬁfyﬁ%&%&% g%s?%rQﬁﬁﬁﬁ{geﬁré%%cQ@é@rdvf?&@m%f?@@t‘?epté&(:c&ny

Pneunpcoccus ser ogroup Preferably conjugates are prepared for one
or nor & grHwadn c&glrbatxphscuiturea Cettansstrm ofﬂtrep@‘obccmﬂarejl@@wnjtg e “bartipregdcersthe

i ndi vi e provi d ent

m xt ur gy%{)ﬁ%ﬁ%}"% %'Blcglln%%p()dgg%l lét%% (r)]t: sy 3 sel lfrgd ]%)u 7 Ofg%ﬂc}{vbaa

conj ugatodacdre ipoiwds the GBblsmainerIDKzl randrabent Hdv@dvléﬁ\/tﬁirgnthe lﬁethadisemtsclosed

6- val eEt . 7_ﬁl Ent or. 11-valent m ture g t}% 1+3+4+5+6B+7F+9V+14+1
8C+19FRsiE; highelsyely o #ps £athe SR fipa Gisoyieiie: ag@pilgieysse prafuce

[ 00164]dwr 1&BR of<p8 PREERS @RE TvRhESE %r%bid}és P bﬁ)@@qugr ianf?:H%&@ﬁle%s ?‘I&'Id?fr&frl
serogroups la, Ib or [00165] Conjugates nay be m xe

i ndi vi a@Hﬁlnwftsﬁeatommﬂe@@amrwamlf@ﬁng ﬂtrmt@mwse@ fg@b@tpﬁ/éwltur P Al
buffer I te).

A pref g%ﬁ lggygdgg%gn Srcglit}l%ra]cog@ﬁ Ig F}Hégorﬁﬁllc}g @B‘Elgéolrgdl}rc ég asE ggy%?? ri de)BHl% WO
2009/ Owgﬁmkmwﬂﬁaﬁwucdm”fl nal mxture is between 1 and 20 1.1, g/ nl
e.g., between 5 and 15 pg/m, such as around 8 pg/m . An optional alum num

| t ' t dd t_1hi ta f |
concentiPT BleiolyeRadbitof rhits 3 feRed o Yot BFBsfos Ringe it xea
conj ugatlage,onlerbia shigh iviedd bf kpeisgaodiRbar Paderabiycit yiddpospd isomng/g@w]

Conj ugat es, prepa met ho invention can be c ined with
phar maB¥ik indhe F%ﬁeggé@%msp@l%éﬂ ?fFrélgg’ Dsdtr e g 19 @re%eheqlcﬁ%n%(a«;o%arrwr&

that doegeRede dfto‘il‘i‘érfstrhﬂﬂﬁ'ﬂﬁ@fe%d%y 25,3464 '7@”8@f9oa'1‘(t)0 hadi em, hae, nizg! 1500 16he
i ndi vi dual receiving the conposition. Sui e’ carriers are typl cally

| ar ge, 140, d\&pyl%@%m meea- M@r@hhltb@we@sofsqm rfloasﬂprcgtt@ﬁensedlmllyé%g/ﬁanru des,
pol yl agti£( AL 45 30P24 %9 ﬁ&%' §0,36) ‘i’?@d 186! 1y4!6'3'i{3<? 1%@‘ . 854 dz[%o é‘éﬁ 380,200
es (such "as 0| I

copol yners, sucrose, ’trehdl ose,” Tac and TI'’pi d” ‘aggreg
dr opl epsmore)! iNdasqQretesply, ﬂmﬁeldaxfrdpefmlmme cuklide rhetium i$ 60mpliser mbreofedi,nar y

Zal i ne! BN s0drBo i ont ¥50 QLR ey SelintiEthbunvishion HaVShet | ng

or enmupsidhitiondo PRt %, faP Hight field i vhHbHIARE 8SmpABdl whithecontikusBakuRRe In
present. Steril e pyr ogen-free, phosphate buffered physiologic saline is a

typi caPorBaCAsesy thepyie PRUHL IPLiEEs B1agnboRt esl EcRiRG GurtY Awedised g
exc! p! %Ht@.ub?s @h“ftﬁ}é ?IR)II‘ gfe r£kﬁ$' %8@ %half 919&56&] tm% tth@ O%}?ﬂoaﬁe de an

antimcrobia particularly 1 pac aged 1n anultiple ose 00169]
Conposisingeentimaguscaittpre. se det ergent, e.g., a Tween (pol ysorbate), such as
TWEEN 80 (TM . Detergents are gener ally present at low levels, (e.g.,

>0 01 1007%911‘130%99% %SI ltscl) Opr}gwggsy a 1%811.11881 Cor %lltwpcﬁg I'cile S(trep%cg cus usq;!a‘f\’nhlb9r I de)

Icrt
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

14



concentration of 102ng/ mMNaCl is typical. [00171]Cbnposition5\MII
generally include a buffer. A phosphate buffer is typic

[ 00172] Gampmes/siows nmay conprise a sugar al cohol (e.g. ,Pcﬁﬂﬁﬁ‘?ﬂﬁ@ﬁn%r a
di saccharide (e.g., sucrose or trehal ose) e.g., at around 15-30i ng/ nl
(e.9., 25 nmg/mM ), particularly if they are to be | yophilized or if they
i nclude material which has been reconstituted fromlyophilized WO
2009/ 081276PCT/ 1 B2008/ 003729 nmaterial. The pH of a conposition for

| yophi,| d 6 | yophi |
S0 74peEh et gy W LGl BB R onPhlh s bib-eR Sphe sy ke

i munapegul at ory agents In particular, conpositions will usually include a
vacci ne adjuvant. Adjuvants which nay be used in conpositions of the

i nvent i i.ncl ude ut are pot.limted tq.. A ner al - cont.ai.ni

corpodPETRuTE SposTraiient i Bdbisstameys conib ot ¥ GRbOLTEt RUREAERRt g8 6D,

adj uvapfet befivdeh ©.4-82EPlcl@ibly RBOHBE0. M 8 Aher M Podim & Cihe 88cort UMt o ad t S
and calciumsalts (or mxtures thereof). The invention includes nlneral

sal t s addiionpd vegd reapetds igitiatgd at g (P divek befwsgn 4 5HbEpiprafeeably abayt 4.5.

hydr o . €

chapt o DgF GRS ey MHEGRGATRNAR T ine GARHER iy Fifred b Gt & ﬁe%ee

wi t h the1e.0npofenddy dlakit i any suitable form (e.g., gel, crystallrne

anor phous, etc.), and with adsorption bei ng preferred The mi neral

cont ai t i.0Ns be f or mul at. art cIe f metal salt
(Rt N GBEE b BRR AR SEn AR MR e PG v s bRl

parti mh@rdxyfedrbat@mmeﬁta@dﬁs pitfeesshthatngdeti i algdtithinntd t@id ehes agleatingdiey
antigen, .and a i cal adjuvant is anorphous al um num hydroxyphosphate with
PO4/ Afn%‘ioapgraéﬁ@f %f%‘@ ing AUy 0. 92, included at 0.6nmy Al +3/n .

[00176] Adsorption with a | ow dose of aluninunrphosphate may be used e.qg.
bet weqo0$t) RNGwHHEOhE Guiivatind) eie Bt d I euRREgIRSBer MOEELinE RIS ih SrddPEL t han
one conjugate in a conpgsition, not all cagnjugates need to _be adsorbed.

[ 0017 PUGAT dheupmssalic © Fodngatre it & FURLD RSP Rat e @ventionpiberefospmayafirther es

di scl I & Jolot 4

sui f ar S g o pRing B MO B2 b R B U S Rip BESERIR o

cryst alafriengroteinptopgive s, prefein- sacclw\dé@r:mugame tsoe Fhmwes ba) t $he punpfiesf ensreay.  The

m ner al ool I.NiNg _conposi tions al so

et o ogFeS B o GRTRE ek, Mgl W AnPle AP GedtioRl e fudsr ah atiafed”

bel ow.enftR0ikidd}s, The pacfiumbont s/ilk beWantsl ahtuoding thd e powed euaifidatinupiofico]
phospzftﬁgq?g be used. These nanmes are conventional, but are used for
converfi'¥HEe? 87iFY; as neither is a precise WD 2009/081276PCT/1B2008/ 003729
description of the actual chem cal conpound which is present (e.g. see

chapter Qu@ﬁuﬁ&ﬁﬂgence 76). The invention can use any of the "hydroxi de" or
"phosphate” adjuvants that are in general use as adjuvants. [00179] The

adj uvgoest] kmewsrma s Straptd badaiid?Mmaielsl @ basteria AR hiPbe akleyted ! fedth 8. Whulactiae
oxyhydr oxi de salts, ich are usually at |least partially crystalline.

Al uni AGBS)-oX yB9er 6K i(@éS) v%lpéﬁ“’wweo@n?‘é‘ﬁ?%@ﬁﬁ and By mufees § JﬁlﬁﬁFfﬁptA‘ileGG-i)
can b do f o [ m i
Py ox e A TaY 3 Koy PaPRh R oty D AT SROUR rep RUGTER, ERYE T
pr eserftepotoans astslos rﬁlBS) rthdmaprdfeea:blﬂtb@ Gertypeaakictad $¢ lap ﬂg 3shaulsd d?reflatably

2l us MR a7 o I Gt B OB Fa L dBRy e BN R4 Poafl on

band aBhal {5)hSegFigurddHA-B. WlfftH% smrpfdcycams yisddaik IS peeipiitdeCihes peofierablnghe
greater |ine broadeni ng due t |l er _crystallite sizes. The surface ar ea

i ncr e &8W@EPES sapgipd rreweaeéewrar?aaadrf v &Rt Va4 H 8 b%eanwam vEPLYes IHa%e been
seen GaohaMEBlyaR Rlece@PPEELYbI Qre er%tyge%@eeée%etdrsg%m&ré I 9%%1@%0@0' ogy

(e.g. as seen I'n transm ssion électron mcrographs) is typical for

al umi HBuAr IHMdrigxisde 19djand28Fs. The pl of al umi ni um hydroxi de adjuvants is
typically about 11 i.e. the adjuvant itself has a positive surface charge
at physi ol ogi cal pH Adsorptive capacities of between 1.8-2.6 ng protein
per mg Al pH 7.4 have been reported for alum nium hydroxi de adj uvants.

[ 00180] The adjuvants known as "al um ni um phosphate" are typically

al um ni um hydr oxyphosphates, often also containing a snall anount of
sulfate (i.e. alum nium 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 PO41Al1 nolar ratio
between 0.3 and 1.2. Hydroxyphosphates can be di stinguished fromstrict

Al PO4 by the presence of hydroxyl groups. For exanple, an IR spectrum band



[00181] The POX4/ Al3+ nolar ratio of an al um ni um phosphate adjuvant w ||
generally be between 0.3 and 1.2, preferably between 0.8 and 1.2, and nore
pr ef er abino M98, The al umi ni um phosphate will gener alRGI/HB200§ABtBhous,
particularly for hydroxyphosphate salts. WD 2009/081276PCT/|B2008/ 003729 A
typi cal adjuvant is anorphous al um ni um hydroxyphosphate with Pat/A nol ar
rati o between 0.84 and 0.92, included at 0.6ng Al 3+/m . The al um ni um

phosphate will generally be particulate (e.g. plate |ike norphol ogy as seen
intr hSslan electron m c aphs). Typi di.anet.er h rticles
are | OPE R0t BE he GRS BHNE preal SBAFSE VRS gl bROBAIBLE 55

Adsor pi.eveorsBpRast tisiiplofpdotdswaestrdin of Stleptigodus), &irmpe be NgteddbgedtoysHi.é. 4
have been reported for al um ni um phosp gge adj uvant s, EOO 83% Th? EgLnt of
zer o CREPHESS BYT) OTofMOsF PREHPLIPF pﬂg‘gﬁha Ueptacacrusk e repesttly die 1 iPte tegr ee
of suQ§hk%g&&gg of phosphate for hydroxyl, and this degree of substitution
can vary depending on reaction conditions and concentration of reactants
used for preparing the salt by precipitation. PZC is also altered b¥

changi [%85 HeecHreeoReecas st BRY be aevikhbdpbeia argney be gensticallyomodifisd.e For
chosp - S ) v add . N
buffepﬂ%%gfbgqé c?ﬁ%?§33§§§3¥8&%?Jﬁ?ﬁﬁﬂﬁgdﬁgggﬁgﬁgééﬁgg€a§%@b@%ﬁﬁgg?ggthe

i nventnodysagdhbtideyen 6y mkiegsehdeld. a PZC of between 4.0 and 7.0, nore preferably
between 5.0 and 6.5 e.g. about 5.7. [00183] Suspensions of alumniumsalts
used to prepat.e %9W§%§b§£%ﬁ§v°f the invention may contain a buffer (e.g. a
phosphat €01 Tris buffer), but this is not always

neces j@ﬁé’ﬂ ﬂ%&ﬁ&ﬁ%ﬁ&?éf @B% c3h Be BIVEAANAR! rj{{a%%! {%‘zﬂ%}‘i‘ocﬂﬁéﬁ&g Eg f{rﬁﬁﬁaﬁ&
suspernisi on ‘nmay i nclude Tree aqueous phosphate ions €.g. present at a
concentfreath afithdeisvendnhelr Brimang rédvedyt (2 tlef pirdichyyorbef the evicrbfiBrator permvhteand

nor e ef.erabl y abo 1Q . The, suspensj.ons may al so coppri se sodi um
T or RaElhet Epadaitiogtunt duEbprenc s RELTA U dia Rt hig S or i v
hydr ojislgo@eidesan al um ni um phosphate, as in DARONRI XTM In this case there

may be nore al um ni um 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. [Q0185] The concentration
of Al *lﬂpﬁlﬁl nhg frsnier Ay b pRImiZerhith @ ¥l iasGalsn formentaiion ﬁ@Ltanﬁscomlétﬁ TR
I ess thaduchifh BohLFhSs Oy femetBtibA the %&tﬂﬁﬁ)ﬁ% ﬂo/ﬁz%ce%{ﬁatioﬁ%frfgé Blomasd th@/ nt,

etc. Ereferred range i s between 0.3 an raxi mum of 0. 85ngi dose

i s prebdedtiod.of B oiresliviacPaER).1the 200803 i shamigesEmibsiaod shd BEFRSS] O |

enul si | £1.0NS [; for e j : i i [ O

el uds e AP ARL i 0nE ARl bR or Haee ol b Aibind ol 00 WAGRA. Ple
see alfsmnanedtion 8pngiF&oSqYddeenkym Prepifaiioe €2) tBO feraedtafior ¥hSpatrifdatioharfnd at ed
into subm cron particles usi a mcrofiuidiz .. Conplete Freund's, .

6 ov emeerRg cetges reamnis & s ellebod! hemiaRlddionR) Ty el S e by

[ 0018 Hidle40i | droplets in the emulsion are generally less than 5ismin

di aneter, and may even have a sub-micron dianmeter, with these small sizes
being achieved with a mcrofluidiser to provide stable emulsions. Dragplets
wi th d0e¥6) elhedaventing providems dpreshqsh fr girpdiigings cRhe acaA ety &elce vhieh

filtenn§h@sialh@fdd PR prdvidim@ RO HoBulhRY STl hlnATSthePRicoc b @R 8SsirgahObpd! id 76)
[ 00188] Saponi n fornuPatlons may al so be used as adjuvants in the invention.
Saponianyethpe for dwdtivating drposigimby dgymshtatiomr dhe ghyivatin glemstscoftmorntieripe tld d

gl ycosj h f d in. the bark, |eavas te ots.and_even

Pl e Bl dehlh 255, R4S b livhlie BBt STy ¥R OB RT ReGbilecs

Qui l | alﬂaitiSﬁp@WJ ‘i?vgichfqirbrﬁﬁtstth@la?/dﬂ&wsf)an%edﬁasv\i;cddlﬁ[qns Sif:;‘éhﬁ@x&&otﬁﬂj(llbwamtb?.a a)
Saponi n can, al so_be commercially obtained, fromSmlax ornata (sarsaprjlla),
Gy psopiF# addijioniof g1°atben sptcs &2 GV §tingRedi 4R 58 PRPPSSd ¢ £1 @leqrim © C(ogga‘p
rOOt)¢hé%UNNHﬁHg%9hHMﬁBHnéQbHNﬂﬁ%ééHW%mﬁthMG%npur'f'ed formulations, such as
@&B21, as well as lipid formul ati ons, such as | SCOVs. (B21 is marketed as
STIMJLON (TM. [00189] Saponi n conpositions have been purified using HPLC
and RP-H PLC. Specific purified fractions using these techni ques have been
identified, including @7, 17, 1 8, S21, HA QB and (HC.
Preferably, the saponin is QS21. A nethod of production of Q521 is
disclosed in ref 79. Saponin fornulations may al so conprise a sterol, such
as cholesterol (Ref. 80). [00190] Conbi nati ons of saponins and chol esterols
can be used to formunique particles jgalled imunostinulating conpl exes

(1 SCOV5) (Ref chapter 23 of ref 76). 1SCOvs




typically also include a phospholipid such as phosphatidyl ethano | amine
or phosphatidyiclioline. Any known saponin can be used in | SCOVs.

Pr ef er abiwo 200dves12BCOM WO 2009/ 081276PCT/ | B2008/ 003729 RGIAIBISLOHARL or nore
of QuilA, QHA & QHC. I SCOVs are further described in refs. 80-82.
Optionally, the | SCONLIS may be devoid of additional detergent (Ref. 83).

[ 00191] A review of the devel opnent of saponin based adjuvants can be found
inrefs. 84 & 85. D. Yirosones and virus-like particles [00192] Virosones

and viru§f ﬂkgopﬁkﬁh&%ﬁﬁ (VLPs) can al so be used as adjuvants in the

i nventi off. es generally contain one or nore proteins fron1a

virus a@p&’/]oﬂ%' !:1¥1 é’fg?'tﬁgqn&JulJnﬁ”rH%iJ %rfé%é‘d %%ﬂ&?ep'ﬁﬁilésgétéhhzw%
catl y do

gener y ‘'non- p Togeni ¢, non-r e and genera con a|n any
of theawtra:ﬂaveeatlelaC g&heo inculiine cxzntlamls qmmﬂ@a nﬁ:dmmy (hzelsisén@miﬁlyeamdxyract

roduced_or i a o} ol e viruses se VI roteins suita Ie for
Do GHIDLotB0” 0P Be T e Pl moph BRER i Elpss, Bith i R R AEL BRI
(such 7s) hoRfioNA vitdaRalcohdisting ofitlilineSHE A%, $OFi€o:3fe HERShE nRERLAIIRS) |
Hepatitis E virus, neasles virus, Sindbis virus, Rotavirus, Foot-and-Mbuth

Di seasdilugd ing¥a@id). aad ierhiatin sqdvtigal. kingrelgered ﬁ@hﬁﬁnpam thecﬁﬁﬁltw ofi yitarpjny is
RNA- p t age, - phage, AP205
phagenﬂ&ﬁgdﬁﬁﬁgﬁg qﬁéﬁﬁg?%gﬁﬁgﬁ%%ggoﬁh y pr gﬁﬁ9€|) VLPs are di scussed
further in refs. 86-91. Virosones are di scussed further in, for exanple,

ref. 9{208$ InB’aplteémTedl enghodithertorichl ﬂaﬁbrls vieoilagssl o 293 #d} W ant of swrking| e
for %eds he cultfheSys Ii'na alh&f &t%dgrox% 3%L’C Qvith a&pﬂ % Ipser lr%{%gégﬁ%ai?ﬁmh as

non-t oXr ¢ derivatives o erTa I|popo y8acce |p|d A
der i vahithe Sncubait fors ﬁmwlmhm}y 4didum)nu;fteemlﬁls dﬁﬁe ahel bAdDiisk |cbﬁ&y1traﬁomgza§ oxi ns

and detoxified derlvat eof. [00 tOXIC r|va of LPS

i ncl udg? E’Hd%?ﬁ%‘?% th;| Oppingd P&H%“?, Ing.a Hb??‘&t gﬁthﬁ/ﬁ'fﬁ UeS g@?ﬁoﬂm 3dMPL
is a ni‘s’éEtWe@n @f)praxfﬁﬁﬁ&?y aeyl. @ta?fé 15&1@&9@&8@&9@%&&%@ Rt fdsifive 2o, the

acyl ated chains. A pret erred "smal | particle" formo De- C)acylated

nmonopHeshtrafithe flasky are peoles] e adeat-signilized batge csnrcqqtedst,ﬁﬁhq ingghetipe liag of of
3dNPLt§ %”ﬁﬁﬁ%l enough to be sterile filtered through a 0.22 um nenbrane
(Ref 9 % non-toxic [PS derivatives include nonophosphoryl lipid A

m m cs, such as am noal kyl gl ucosam ni de phosphate derivatives e.g., RC 529
( Ref QIﬁO@S)Durinwhﬁmmmm@m@@fWﬂ, Bmwfmém@di[iomaﬁ]as Iﬁi)lbivds AhelgniiialgtH ves
|nclud eriy ative f id fro Escher i chi as, OVt 174,

174 i S fejscrl Htljlsf?ﬁrg’%exa’n%ie Vo‘f\ gor é?‘s ? chglﬁgf‘aﬁqﬁn}{fntg erat s fogrv;
ol i gonuelbatibn e 5UtC,ahl ehef a:gﬁtatisresp&sd &wliaal\tam 8pri.n Att e dnidvegnilid @ﬂlturd’hﬂlthlﬁie

nucl eo nces _c |n|n a CpG if (a_dinu de se uence
cont a.fﬁﬂ ﬁ%g E%%[P%?F&dht}mai Sept! SEWERT b B@f? glepli’ﬁ?geﬁtﬁgt Ao RogHces
guanosiy l}ra@%galuee %sécan@eqle%%dawiﬂ@Ith@@fe@&}e%q;drﬂﬁf %rmhfy RGuch that
pallndronlc or % sequences have al So been shown

i mundbere mjmca@mteymnﬁrﬁo gm]ly,ﬁh@ptqﬁ@eﬁ tigreof inevbatien mb@tve@m?acﬁahours

nodi fi cati ons/ anal ogs such as phosphorot hi oate nodifications and can be

doubl e- spLABYRH PfmalRGLE Fm%gganded References 98, 99 and 100 di scl ose

possi bl eTanalrog subStIT , replacenent of guanosine with

2' -de ] f tegdes is
2 s Ceameff noRiqaAnes AR afo%*b?%‘%q §508 of SYRE e SEDBL AR LR L

di r ecthatthtpyocEsRO a swohfagtsr mgn &caﬂm(tseer FignesH1 8pr Fa”dr@@hTCL(lﬂReer mayl bg yliheTﬁaectqu

sequence may Jhe peC|f i hi nune, L es C

P A BRI o e BLri B R, o Wb (Gl SRR R fore BB SR sy
a CpGsBbsuiate 15@@“&1@{!&11@&1@ BleCDNSIréi(eeg Qistpus s@itenthatéEfiuid b@%aﬂdxooy using
Preferably, S% [0 199J Preferably, the

ol i gorfily&dt |Iaé’aF%b1% yPsmeded éercgsultﬂﬂstt ¢ Haluge Célﬁengva%@@ggqtﬁr%l ffrp¢ due
receptiQinhd £6QHA k@n. Optionally, two CpG oligonucl eotide sequences may be
attached at their 3 ends to form"immunoners." See, for exanple, 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 fromE. coil (E. coil heat |abile enterotoxin "LT"),
cholera ("CT"), or pertussis (PT"). The use of detoxified ADPribosyl ating
toxi ns as nucosal adjuvants is described in ref 114 and as parenteral
adjuvants in ref. 115. The toxin or tpxoid is preferably in the formof a
hol ot oxi n, conprising both A and B subunits. Preferably, the A subunit
contains a detoxifying nutation; preferably the B subunit is not nutated.
Preferably, the adjuvant is a detoxified LT nutant such as LT-K63, LT-R72,
and LT- Gl192. The use of ADP-ribosylating toxins and detoxified derivatives
WD 20091081276PCT/ | B2008/ 003729




thereof, particularly LT-K63 and LT-R72, as adjuvants can be found in refs.
116-123. Nunerical reference for amno acid substitutions is preferabl y
based onwidmogsbsigrarents of the A and B subunits of ADP-PGI/EBEP8I2hg t oxi ns
set forth in ref. 124, specifically incorporated herein by reference in its
entirety. F. Human irrrrunormdul ators [00201] Human i mmunonodul ators suitable
for use as adjuvants in the invention include cytokines, such as
interleukins (e.g., IL-1, IL-2, 11 4, IL-5 1L-6, IL-7, IL-12 (Ref 125),

etc.) 26 terf er.ons ha
RN ML A RN L T
i's | L-fbRowSathBleapdrpst we&le&nﬂuﬂehé ag eesthes P abe HROPRLJurSineidd kteﬁhmuarid
nmucoadhesi ves may al so be used as adjuvants in_the_ invention,

bi oadH€s AP YERGHE0-deatethe kig saY 2l 1 &rl- b aad pdivped pyap At @gorr:e ti%%r‘f or

MUCOoadesd Y& o 9@ rf‘pn’;lsth‘érd?i%%l’ diteeh dend YRLINES thefleRPloy (36 ¥ {h‘é fegheior is

pol yvi nyl al cohol, pol yvi nyl pyrol | idone, poiysaccharrdes and

car boxvyrreﬂhyh@momﬂ askadjHed vag antifda B 2604 efancn@aefofthenélysqiwesiooweems ed
as adj ant r

[0020§]L’J r}\/ﬁmn p%?)t cﬁ%teétnjlr?gﬁ%cfgg(lﬁ?d 1%%32(:3% a% &Vﬁ‘ RS tﬁ Eé 3|5(r)1 e the alr

M cr oparflanc(besveeh 26~ loomrmarandaheo;quen 1510 (bem?een 0150Liim).n di anet er mor e
preferably -200 nin to -33 pmin dianeter, and nost preferably - ~500 nmto
-10 pm.j janet e r ornmed from materi brode radabl e

10 P RIS ot ORS00 MRl ik, 2k bl adeatadabl erandy

pol yorievie 56 eswedebp@liyied tahifieioh dea carbpe IsMﬁ’a@foOﬂha@ﬁ@lﬂ@tmgerhédﬂlm Wahiples are
pol y(l actide-co-glycolide) are preferred, optionally treated to have a

negat .trléqrgﬂ%waﬁ@%bﬁt%fuplraée ef the f@jmenwﬂ% teesl;aourfraf@r wgrlﬁ%rapd drdPYesemdtir f ace
(e.g. a tgss 13
R e e L S e R T R T R e
as adjfustarnnstantereode sbatchp eatlditionr éf sinitiapgl 18mhg awd50g/L yeast extract solution.

2009/ 081276PCT/ 1B2008/.003 et her_and Ayet hyl ene
cstor FOPRUmS e OO aa et Bt ACURRE SRS B BBt Nk bR

i ncl udekq@rcﬂvygxyiamhwt@nmr@tﬂe@lssgmdearmésysmy efhivhl it mb@rdanétﬁieﬁneoﬂx%atch Such
f or mul lonsfurthr inclu yet hyl ene sorbita i

t f t t
conbi rFAEItER HitpHatgd, uging @xgﬁﬁa/L 3(99@‘1‘ eXirggt) SoLiORe | *ﬁo‘?@ésf%;ré?%g‘r 2@ grnr(fu '

et her g;Rbr KRN B UKitiACH AMuPink fhis AL RAkKIGA, é"éérﬁbl@is the@SdveRAMRoR 48 hdchapal
non-ionic surfactant such as an octoxynol (Ref '134). Preferred

pol yoxthetPiene Ehhdingaragdditivnl lesis egproxanmatelyed fh@mso% Whichrtgog the automatic
| | | |
b hor ORI E: Bopdllele o€ sibed.| HE St Meu 00 MOTRhADANG e RudoRik ar

pol yox3pé€hyl ene- 35-1 auryl ether, and pol yoxyet hyl ene-23-1auryl ether. K
Pol yphosphazene (PCPP) [00206] PCPP formul ations are descri bed, for

exanpl e, gn Eleﬁged 1n§5 and 136. L. Muranyl peptides [00207] Exarrpl es of

mur any| tabl e for use as adj uvants in the invention include

x Zg:%[y{)% ;gn%\‘lypiop ulcri] é (ﬁ% rrllJ %n% (3 FF} ShY ﬁ}lﬁ )15, ngtﬁl()jle for maintaining growth

N- acetofl Smp&ﬁyécuhsﬁéc&myl’re&rteﬁﬁgédﬁ &fdﬁl/lidelcoﬁipml medi2 sfdfr &' Columbia broth, LB,

di pal g cer 0-3 hydr oxyphosphoryl oxy) - et hyl am P- PE) .

| m daz }#ﬁi’r"gn g O‘E %ﬁégiﬂr lrzﬁ%{?r@sm%}mnmsea%ﬁﬁrew ?fﬁ% SEﬁhﬁ%unds
sui ta%@]ﬁl\@rcﬂéﬁﬁca@i Jdé‘ﬁﬁéﬁ fneara fBP@tréﬂi'ch%@&ds%cl‘r B¢ MIdRId, MNEANED 1 (T capl it s
hormlo S SI QUI MOD TV)), described further in refs 137 and
138. RoY); Phe’ linﬁdﬂencrmmws%)foralgw ovip eileey atignbilhdineo wenteinings pesessarnf  one
or nor I th

ad] uvfﬁr&r SBEeT R s SITUL ooty AR, ECoT S AP fsle 3B GBI el o,

oi | - i medi@h @bntaimslysaso axttdsgfas wkB} pthe2Jactorsespaniahidrgravth kgl g Hpids (lome t oxi ¢

LPS d 3d Ref 140
on- £ Gt i 2 Jish Septig o cleibrid) D SatoidholEE G GnolEp o, FEam in
(e. 9. pylRAlihest nsfﬁM?llls "i/ltlahﬂ rilszar{dogltoh@lﬁ‘%étbﬁs aﬁm%t %r@é LA B?dc/orlﬁlﬂormf hd/or

conbi nati ons of for exanp % [or oil-in-water emnulsions
(Ref xhgmical el)emsms ordmmlnum@ (E1uuz) @qﬁ%llé, I8 Mm%am}gmus@ gty , Zm39,By
pl uroni c-bl ock polyner LI21, and thr-NVDP either mcrofluidized into
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WO 2009/ 081276PCT/ 1B2008/ 003729 a subm cron enul sion or vortexed to
generate a larger particle size enmulsion. (7) RB3l (TM adjuvant system
(RAS), (WidiioodmsTeeochen) containing 2% squal ene, 0.2 T BRWS(043%7 and one
nore bacterial cell wall conponents fromthe group consisting of
nonophosphorylipid A (MPL), trehal ose dinycolate (TDM, and cell wall

skel eton (CWB); preferably MPL + CWs (DETOX (TM); and (8) one or nore
mneral salts (such as an alum numsalt) + a non-toxic derivative of LPS
(such .as 3dMPL). [0 Q er subst.ance hat act .as i,mmunost i nmul ating
Sgont TP kicghettiion. pLF el G HAREF DTRby BEhoRE T RUOREE b'Y it

al um nermtee prodietiandf ops. alagsbrainglyp higs phraplex ashdinma pirefedblyagonpziskartast
preferred, and antigens are generally adsorbed to these salts. Calciu
phospHa{TEct & PRRSRIAKT SQUFeSs @reaEPnadifgan v iiamib sate. PRE HRTDSI 4 BRREdF e
sterilguapdé %fovPS{rQ;%éb_'cEﬁs‘?%vhex@@rﬁ@x@%‘it%ﬁ@rﬂ%u’i’&)’cq‘i&@isﬂs%‘ﬁbﬁ{ﬂnﬁ? af¥ Eflich8BPeRd tO
humans. [002I3] Conpositions nmay be presented in vials, or they may be

pr eserradotevitamampyctios¢n Edmsyin¢inaneide, ritvadlagipy ithigminerwyrdsblosidp phd edridexine or

“‘th0%§@ﬁ%ﬁﬁﬁﬁ§; A syringe will include a single dose of the conposition
whereas a vial may include a single dose or nultiple doses. Injectable
conpositions will usually be liquid solutions or suspensions.

Al t er @094} elhe, clichagallyadefined pneent welferablys obmprifes ravphasphate sbneeze-minewtl) f or
sol ution or sgépension in.liquid vehi Iesrgrior.to iqjection t%g021ﬁ%
ComposTPHiEnd AEY™ B 55 kAR ROWFR AnH G068 ACHT STURCHiD #B RTFILECH St m

For mublidréth ehél as@miEdEce Cbdists af @alpiad Féﬂt@meﬁa@e, Pigcitdnhii€Carly 6rieNG€ fnore

Ef f ective dosage vol umes can be routinely established, but a typi.cal human
dose ofitamies ehoapblpm Ratin.gibaflayise thigping diydrochigridenepysidoging hWY.OC%IIGUQQLBTC{/\her e
a conpggiLdi@n is to be prepared extenporaneously prior to use (e.g., where
a conponent is presented in lyophilized form and is presented as a kit,
the kit may conprise two vials, or it may conprise one ready-filled syringe
and on@085]alhe gipwih mediven maynedslitgmall heosprish gae lpeimyie wde adibdigcandvait e t he
cont enkfidln LG V! pRE Bl hERL Wnar ¥ 200108 2LGPEIARRA0S1905 729

[ 00216 nmunggeni c“tonposi t1ons used as vacci nes conprise a

i Mmunantiiotied mayetid estdi toeexantpalrstlectionaptesgen (s seleasfowgalticakir daytens hvdrich
conponents, as needed. By inmmunol ogically effectiyve anmount, it is neant
Chat B A ASLRAEd SR SN BT e Rt ' SSAFt | 6T Vel dIo e « I (el gl e
dose Birepoch@i). Ofhid caerth@8ford Helsk@Cbl M@intadh sbleCRSPRIssiOE fBF @eBhétela Thi s
anount varies dependi ng upon the health and, physical condition of the

i ndi viexogssing tsedesinedids, Egyexample, thexenithetic dtuansofs elikstive againstt Grape
treat Gelediedbut RAGRHTBBSRY BRAdta PALARLRinghdinds arb 0GARRGHS Yrt Shal iy

i ndi vi dual s” 1 nmune systemto synthesize anti bodies, the degree o

pr ot edhélode dusdraleci], mhdicdlovihighly dormoflatet epoltokane, glydrd dopelamiersg sdisonor ' s

assessnent. of the ical si:tuatjon, and ot her .relevant. factors. Lt is
expoctaiphits PReABRS et Ponptlts onlifl i SHRSks S Distletin be
det er ril¢ald, dtdir ough routine trials, and a typical quantity of each
streptococcal conjugate in between 1 jig and 20 jig per conjugate (neasured

as sa i.de). [00217], Thu he inyenti pn provides. a hod, for preparing
5 ohar M, 11 kilthieht Aes Msmude e piEPhGT THEP S Testort () Bhegh e

conj Ugatie ag Sip@SEhdPadioaR RUSN il afliXEth dsNgnok@oHGREECaN) BreRi® @UCHTRY €
phar maceutical |y acceptable carriers. [0021%% The invention further

provi ddslegteroby RaUngscndpeisdingsy Vatapins sadcarapile Bactost, seniee acide flpr #691Pt he

st eps : i i ; crdhe ; X
conjué%%gE&?%ﬁQéﬁgﬁ%¢aﬂgggggﬁg¥%%h§d§?%gﬁﬁy&g§%gb?@%ﬁgmé%$¥¥gpgfpgﬁggfc)
packadgimg the conjugate/carrier mxture into a container, such as a vial or
a syringe, to give a pharnmaceutical product. Insertion into a syringe may

0 | ! P _ [0p219] . The i i on_al
o oo AR PR, S BRI PB Y B0 Pl 4o

sacchaibuitenprigéei nsheeldj Ugatadraig@npiidbi Bourcde féeepofoftradifissibig dpbagitsarr ugat e
wi th a pharnmaceutically acceptable carrier, erein the conjugate has been
prepaleéﬁFPB?/lOHatb#eéBb%@l%%ﬂﬁt%ﬁ'ﬁﬁ‘i‘%‘rf’fﬁﬁ‘HG@!“%?sa s¥etidbdhapRive. The

conj ugation nethod and the adm xing step can be perfornmed at very different
times by different people in different places (e.g., in different
countries). [00220] The invention al sgqgprovides a nethod for packaging a
sacchari de-protein conjugate into a pharmaceutical product, wherein the
conj ugat e has been prepared by a process conjugation nethod as descri bed
above. The conjugation nethod and t he packagi ng step can WD 2009/ 081276PC
T/ 1B2008/ 003729 be performed at very different tinmes by different people in
different places (e.g., in different countries). Pharmaceutical uses



[ 00221] The invention also provides a nethod of treating a patient,
conprising adm nistering the conposition to the patient. The patient may
ei t her bavatoovjosike7d rom t he di sease thensel ves or may bePGI/BRE8¢YMAT29wonan
(maternal inmmunization). The patient is preferably a human. The human can
be of any age e.g., <2 years old, from2-11 years old, from 11-55 years
old, >55 years old, etc. [00222] The invention al so provides the
conposition for use in therapy. The invention al so provides.the use of the

conposition in_the manufacture of a nedicament for the treatnent of
di sease. ﬁﬂ@-ﬂ@-&%ﬁs} the disease is influenza or pneunoni a.

[ 00223 i ons eneral |l y. be adm n di rectl ati.ent
bi r oot (XHPY v ek ko tertanSoRGF nasibia Toy S Bhe REbauls p abpaphoq Borfsdie i
t I ans Cc4H|@RRIOKGH the gﬂi@@ WoBsISiSbygluddit, RResde! RIORBE, | Merokd) triA6EBRELIAS, Ytarch,
intranuscularly, or to the interstitial space of a ti ssue) or by rectal ,

oral, wabnrEycereiprgeetable ails snavrsrsenbeaniofls hydiaesabonspaleahels sugly a%methamlr@ﬁﬁar y
or oth C t I S i o the
Chi gh epafBcBRAC e 8 dkhe, | Rick BB 5] e LI oAkl kBl froh O
a hy pogilaccmec gheedl, el)actodimtfrln&sd,l wcrcvseeandn;;oevbeam mlrra?haltftrmr Hglti¢osel yndblaieased

c]]a mtrarmscg ar _do 8 % ﬁ%ﬁThe in %@ e _use
Co ofi ERtoss S L BTIE Hhios PORBel o Pmhtinink SheF e retso s T P A ier Potan be
a si ngbeadied @o sih@Ututecastd saidmat liquil. ePassbls eechiben sovtdetis pbirolies @s avay be
used in a primary immunjzatjion schedul e and/or in a booster inmmunization
schedu?%nots& isﬁsﬁa? ygiedls Whish $an deswhyinyer S?qlweahﬁylséls%%%cé‘ﬂev%éé( not

s cheduj grin oStk tefleCoat ol BGrBSENRRE B ﬂhmdﬁ&ne%%%he(i%nﬂemat%ttwmﬁlal @aeeﬁekS)
and between primng and boosting, can be routinely determ ned. [00

Bact er ¢wlturé. nflbctcathon safifceds alsardaptrolled tagvaid d@hl@tl@mwuém@hns@ﬂdbnpemm ons
may be are f.o or exanple, the conpositions may be
preparlé ltéa@llsonl ar? eDcQT‘a‘f)rfEl 'dzs“tl(fnn@{r§ 135I i quid solutions or suspensions. Solid
forms suitable for sol ut| on in, or suspension WO

2009/ 081 Nitfegau $61@E8/ 003729 in, liquid vehicles prior to injection can

al so be prepared (e.g., a lyophilized conposition). The conposition may be
pr epar P@99lothe ¢ype axfl nitrdgennscsirgeansednis net gss,entiai aPretarattlyyethe | nitcogearmoorcepiowder .

h d bl
or capbiried kR I%, dnlsRRR Besh e vl e Ry B impberiinntuliiGe

prepar ﬁdmf)ﬂﬂunppl}hd@pm YarralHiith chicide @Rd agingoniudSitédle)l bihadl BitratesSarigo acids ne
powder 0[1 a spray. The cqonposition nay be prepared as a suppository ar

pessar§i° [ﬁoalﬂvﬂ}naﬁ%én@;d%.xe@ﬁnemt brsagir @selyeatess dﬁa%ﬁargﬁvgena'eﬁssﬁ| P’Eﬂte‘%cul ar
adni ni @}dr@ma%s (ifolHing, Bht S8 Bdhited E@Bépto%l cREInPONEAY s & Gich af &yPtohd In&

144). I'njeCtabl e conpositions are pref erred. Further antigenic conponents
of congrssninogeiishfsoyteaninmabriy-Soy.[ LR8Py Phesh,nesttho dsedomealhmalt pwtsaati emin may

al so OO 1ig %O 9 AbERR OfMH?eﬁr'é?era%litJ %R}o%%%ﬁﬁ’ﬂce 39@&18%@& $ro ‘Mf taf% bt

nor e W ng othel a
Haermpllmdlrmbadet nfnlnmnme dBlihateg. ammhmpmerch]:bﬂlde)f artde famiddmiium phq:sphath eMetot ei n

oo e T B BSEa B ane e Bt pErSRor i BPSgEh Y Fom
hepat 'ﬁlhﬁ%e‘h éGuFdé%as FCAUvaStagd hat AMALBRmVhydisxi0& adliitiorhfly cddt functioRBs ABHL gen
fromhepatitis B virus, such as the surface and/or core, antigens (e.g.,

147, 1e@yrollingggeitpht heria anti gen, such as a diphtheria toxoid (e.g
chapt er 13 of ref. 145) a tetanus antigen, such as a tetanus toxoid (e.g.,

chapt efpo2d0]1°f 1f Shmdiah 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

20



an antigen fromBordetella pertussis, such as pertussis holotoxin (PT) and
filamentous hemagglutinin (FHA) from B. pertussis, optional Ia/ also in

conbi nat wanoesddizmer t acti n and/ or aggl utinogens 2 and P{EBZO0S/0PERY 149 &
150; chapter 21 of ref. 145). ©polio antigen(s) (e.g., 151, 152) such as

| PV (chapter 24 of ref. 145). - measles, nmunps and/or rubella antigens
(e.g., chapters 19, 20 & 26 of ref. 145). WD 2009/081276PCT/1B2008/ 003729
i nfluenza antigen(s) (e.g., chapter 17 of ref 145), such as the

naeTaR LI PR B DY SSTMARIE B AGR RIS e PP EBR AR

agal acd plepiale gk, Bichtas sqting @obiphgsphate @Ref. 154, Sutbphosphas ghnies gerustfud a3
Strept pcoccus, pyogenes (group A streptococcus) (e.gqg., 155, 156, 157). an
ant i géﬁelf 8 %%&ﬁmeﬁea@gweiu%hgortcsm&t? pagipnt Fegisférsbﬁh@e%ﬁ@ba‘gﬁz& on may
corrpri@m@[@p@gipﬁg{&l@gnhﬂg&% further antigens. [00230] Toxic protein
antigens may be detoxified ere necessary (e.g., detoxification of

pertussis toxin by chem cal and/or genetic means (Ref. 150)). [00231] Were
a di phth&&l&ﬂ&éﬁh is included in the conposition it is preferred also to

include tetanus antigen and pertussis antigens. Siml arI%/ where a tetanus
ant i gdf01021| ndhe érarperature of Sheopliireds 15t Bepaen A143e (@EpRt AbriZa 3ani 35,
pert usgg hge 1 S o i j oS T PCl: it iIs
et erred A ot el ads o i R R HEShE: RAhARICS HE (L 1 ons
are t mgsesgsaryf &r heat. of 003 thkAmtssejensntaining hibe coiposited i epsunai 4 |constmitcallivye be

present at a concentrati f at | east / each.,.ln ner al he,
Concent PRy B SreaRiEin dRe Smiantiin tp 8o Bip FREF ¥ raRERE D il tbiune
I esponBe aggainnsiltutdmbcantthe Gmperdiid3ddy Bs differalt tae diffekdny @hhises (iSd. mige patchi ei ns
antigens in the.i nogeni c conposi tions of the invention, nucleic acid
(pref Mmagemh@u.%n 'Wbtoﬁéveqdd??ﬁf%f a plasm d) encoding the antigen may
be used. [00234] Antigens are preferably adsorbed to an al um num salt.

[ 00235h&res] er TRE oRPRnSLEEHE MeQufiale B b@ebsrdRH. DREIMSTN bé BupplieP @S iatrl ONS
are those which protect against Haenophilus influenzae type B (R b);

Typi canrighadnpxyggpy puseoxye@ B @ap sampinagiae dheieofd e Methadg ed meptosing rqxyeen
anti geng.d fharel 4 4 R in feed
20001 o5 AT s A0iou B854, ShTadf iy RN luertBay  cengin fgdpete cr ey bey
coval aletivgred omj deyeendcbyt measuciagrthe digselyed iomygeanncapteté of tthe enliaaced i fegding
i nmmunogeni,ci . ecially dn.children. The..pr ration o ol ysacchari de
con; ugsragniely wirf BRGReRinoteifiios EhnshElr SR Bao S kidendienbie 1
particular, is well docunented.

[00104] The rate of agitation or aeration may also be controlled. This ensures that nutrients

and oxygen are transferred around the bioreactor in which the culture is contained. The relative
velocity between the 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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[00237] The invention nay use any suitable H b conjugate. Suitable carrier
proteins are described above, and preferred carriers for R b sacchari des
are CRLv&IPR0¢bhI0E) , tetanus toxoid (PRP-T) and the outRGT/HBMI4HE conpl ex
of N nmeningitidis (PRP-OW). [00238] The saccharide noiety of the
conjugate may be a pol ysaccharide (e.g., full-length polyribosylribitol
phosphate (PRP)), but it is preferred to hydrolyze pol ysaccharides to form
oligosaccharides (e.g., MNfrom-1to -5 IcDa). [00239] A preferred

conj ugat %o s%'h ;ﬁg a, Hi Q‘ (())I i gosaccharide covalently |inked to CRML97 via

an adi pi 59, 160). Tetanus toxoid is also a pr ef erred

ant | - AT e TR e o S%plhi A BERPRE SRkl BB

p.g/m. [e(gQ&éa}éMeneeSang;d)Grplﬂs Ietcl bor GBS, dréebllawﬁaghneth@dshaay te usydlt ( (sgsaﬁiso [ t i S

referre Q n ude an dr oxi de adj yva
P e comoder- 18 patf et temahes dlae BReT P LR S e Po ol gt ehegas
antigen mpy Ha;sadls akkedudsed amea@lbgevlﬁeﬁ}m&ﬁeﬁthé &len@én by RV udRONBRRAAS Or bed

( Ref 162) Prevention of adsor ptr on can be achi eved by seI ecting the
correct pEthedellowgnasiepgen/ adj uvant mxing, an adjuvant with an appr opriate
point of zero charge, and an appropriate order of mxing for the various

di fferent ag&ygﬁéflﬁmlté}lﬁ conposition (Ref 163). [00242] Conpositions of the
invention may conprise nore than one Rib antigen. Hi b antigens may be

| yophi r[oumi eegerau\} of s&eﬁ%ﬁlm Wt eQubY JIBRAQURSAE (Al HUWPRR thPBRmurd hUs a
H b antigen nay be Ppac ag:ired separately from neni ngococcal conjugates, or
may be adredied dwiing badtenal gro@haajdoshdre ﬂvﬁnsm@mabcwc@us bﬁﬁh@sn?@ﬂfatﬂnt

i ncluding in f.th i re thos r

soxuat |y 2ePon SHIBRRE §EE ool oy TR RN SRR I B e a8 P
200910813?@5&@&/Hykﬁe%ﬁﬁ§tm&f5ﬂﬂated baﬁh@ﬁeﬁbhbmsﬂflestmﬁhﬁ&maf ecrnteSfﬁlag tisdibdeteatal

Chl anydi a, tal. herp hepatitis (such as enrta rts

gonor r ho8&R! dogb’ﬁﬂ?)l P%"haﬁaﬁ e ‘c%ﬁé‘H%rr g}ha(rﬁéfls f%lﬁﬂsedAn psg%L%“@e%gd d&m ved
from Oneb@c!teﬁ@B}evé&idu@|mé@1'iod§%&lﬁ&in§'ch§ﬁl@§} p}{ysﬁ@ah oD yRfatit @A chOr TH&Eah N the
invention may be derived from fof exanple herpes sinpl ex vi rus

(HSV- 1 angreaBvpEparafioihahpplagscthaidager bs treﬂed/prloraﬁ@dhe initid paeteinymicleiqcwid
Bacteria for use in the invention may be derived from for
exanpl e, bﬁ?ﬁ’?&@@?@%@?ﬁorr hoeae, Chl anydia trachomatis, Treponenma palli dutn,
Haent ophi | us ducreyi or E. co/i. [00244] The practice of the present

[ nvent[ﬂ@lﬂ% | A emi¢€tbychemﬁ¢8é§seabn¢nérw base | maemredReﬁolrWe@tg ,onahgtﬁ@dhm ques

of nol ecyl ar mc obr corrb gnt. [DNA,  an whi ch
e e nntpreL ot ot FER P PRpo RS e P en S caPA AT ¢ e
l'iteratuasd t}ﬁqepu@ogljyc,an BAlkbcham sigase Vehtureas dé Na:nﬂtylléfes(lﬂe dagsuhy @diccﬁ@hdel985)
d i gonuc| eoti de Synthesi s@gMT Gait ed, 1984); Nucleic Acid Hybridization
(S.D. Ha @e‘&réﬁ’fe{r g iaqely @ien mf@@ﬂ}leceﬁaé%scrr ption and Translation (B.D.
Hanes & ST Higgins eds. 1984); Animal Cell Culture (R 1. Freshney ed.
1986) ; [001mpbi Wi zgfcaCalnlgmand 1eaEAE Sndlvds Mo, ol $86) mubknofjembahd pAN-
Practical Guide to Ml ecular Coning (1984); the Methods in Enzynol ogy
series (Ahdalycesapriidase (R 30). e%lrréeuaa‘r py theobarisial Deptidestysen iapleastriihst er
Vect ors @%

Spring Hg Sgl%%%%%rgéoﬁgréeswﬁ}tgﬁe 1%(14 l%ﬁ R%S%gs %s%dosf t?%r%u%&gcggém cal
Met hods r:arbﬂaidrateranitlgﬁnl e@uh@rnﬁlveleogyn@tmda@enem 1ﬁ3r®w trelamn&immwh Styppdk,
(1987) Pr r|f| LQn: inciples and, Practice cond Editi

(or haePhsapfigstiryie) BB BER SR PmES SBF FIcEkE dhe it ABFRgotes Obibler 11 v
(D. M Vehydraxide @see@bo%)%@vﬁh |1el@ﬂ;‘é tﬂ@S@sulaR@ﬁﬂcHQ’ﬁdénwﬁthh%[dﬁﬁﬁa hd GAup-

Sci ences, ©Mack Publ i shi ngg East on, 19th Edition %1995

Met hods PReCERApRANYERte a8 lgee)riweheutaﬂﬁdwcetk@meﬁﬂe @paular saechaeds, c,ﬂ“F’P]e)és
Inc.); lﬁ)gp@ [ Mapaadlp! and
C.C. Bl ac%ﬁeh?’ng? ggﬁnﬂeﬁbse ST DE the i Obfore WhrBtonta S 6‘%?0% 13 ok,
et al, Mypselat saccl@rides.ng: A Laboratory Manual (2nd Edition, 1989) Handbook
of Surface and Col |l oidal Chemistry (Birdi, K S. ed., CRC Press, 1997);
Short Protocols in Mlecular Biology, 4th ed. (Ausubel et at eds., 1999,
John Wley & Sons); Mol ecul ar Biology Techni ques: An Intensive Laboratory
Course, (Reamet al., eds., 1998, Academc Press); PCR (Introduction to

Bi ot echni ques Series), 2nd ed. (Newtgm & G aham eds., 1997, Springer

Verl ag); and Peters WD 2009/081276PC TaB2008/ 003729 and Dal rynpl e, Fields
Virology (2d ed), Fields et at (eds.), B.N Raven Press, New York, NY.

[ 00245] St andard abbrevi ations for nucl eotides and am no acids are used in
this specification. [00246] All publications, patents, and patent
applications cited herein are incorporated in full by reference. EXAMPLES




4) Devel opnent of inodillum preparation process [00248] The study of the
three GBS serotypes’ growth was conducted in 5000nL unbaffl ed shake fl asks
cont ai ni ngo 1@90s27©f the inocul um cul ture: 8g/L di hydr aREI/NROFHOA20 \Ner ck)
291l nonohydrate Na2HPa4 (Merck), 17g/L autol ysed yeast extract (D fco

| aboratories), Inmg/L biotin (Merck) and 33 g/L nonohydrate D- gl ucose
(Merck). Al compounds were dissolved in reverse osnosis water (RON and
sterilized by filtration through a 0.22ttm pore size nmenbrane filter

sk ST AP sathe Rl S s to LS ' e iteot? D0 abp IR

seri es ofcapduddtepdtyqaetharieat $hich hennedobiaingp Hby= bdse3¢xtmatod Ao lskatbed wi UR

di fferent_ vol unes of tme d culture (working seed were stored in 10%

gl ycer ol 7Bt | hprederied siingumpieniahistag Producdof XBrAvatRen of
hori zont &drepliRk&is. CARh Meker{AlNORAR ABRBed 86 &I EAtkAiok (&. g.c Dktrafilt®RRRPpridito
various tines during growth, the optical density at 590nm was neasured

( Spect r opiesipitatipe ps mentaangd belowPhar maci a Bi ot ech) and pH-val ue was al so
nonitored (pH nmeter Metrohnm) when the optical density values were higher or

equal 1217h QUi ' I : p i ot erdn.ped by
regr esg?ﬁor%zlan:ﬁhgm S 1%%‘9%%&?3%&11?@%55{&%8?6 Wﬁ)‘g?f %ﬁ%‘?glﬁ%ﬁ% f 5008/ 10 3729
t he gr owtproteins aed/oiMineled aqds, af dastebedibeovecor r esponds to t he maxi num specific
grow h rate, 'Amax, and doubling tinme (td) according to the formula td
=-1n2/u. B) .2 i.ters fer r ration [00251] Before filling the
vessel and stl%r?llglf fgﬁg&%ﬁ@”gﬁﬁ%’?ﬁ‘gg{ﬂu‘%\g the fernmentor instrunents QAT

el ectr an {.br . Usi : 252]
Sinee BHATE"THR SRR AR oSl ER0IRR LMY e, RN R IERPBE

synt hesi zad pétl the@ohtamimatgianitic beaenx undsic asids and praeing oThese dsntaméhavistaam ns,
which are required for it rowth. For this as a | ow cost | ex

o um { SOV GERE T PEBHE ARBTG5 AR A0S kS as- d8EFhed i n
W07/ 05218&. plefPrédHiterRBvd)aambr RHI bibits Bfdsd QbntRAlnks@cRBahhtallpr AedHticon
contai ned: 2g/L di hydrate Na2HPO4 (Merck), 16.7gl autol ysed yeast extract
(Di fco | dBesiritagipn &3 be B3ed/ I pensesayties caffer bggerxbaetionpemarajals wilhpsuaBy bei n
(Merck), hiam hl ori de (BDH Laboratories), 0.5ng/L

ribofl avi%u?%tgﬁlg%%%f{%%@%fi nic acid (Carlo Erba) 0.5ng/L pyridoxine
hydrochl ori de (Sigma) and 1nlL.L-1 pol ypropyl ene gl ycol .éﬂBDH Laboratories)
to prel®idlf odief deohat i wad tPOPERSpjtatsi erokansinating inpeleicorridst andfor ppetying uist ur e

vessel 08si bl he ter r i | Wi th Pl te . yeast
extract | SRECERRORRI? efondi R S TS Mnlt bt kP AR R £01 1255
f er ment orbutaar@iols t2emiethiyz epropam-$iol, u2-aiethy2-pedodans2-A0 divls) udres ThSaatectianquf dn
evaporated during. sterilization. Since the exact, |oss of |iquid due to
evapor at i3BRORHe Mﬁgf@dg%ﬁﬁfeaiwlq“ﬁ% YVI‘lthP‘I’erWE;%Hfﬂeﬁ’epﬁl"?ﬁ?c’hﬁlsswlﬁIaés of
wat er Wa%t}%ﬁgleﬂldbﬁfpﬁfpﬂn&lk(grogh@ldlj #abie@&rdOrabller i afoofibls keH®Phesoland 1L
for a 30L fernmentor). [00255] In parallel, a concentrated sol ution of
nonohydrate fl-glucose (55Q0g/L) and vitam ns ( /L for thiamne

/L) 0.5 ,
hydr oc H1%13lde Thj adenphphiisc predsteably Rdded bk ithfe PRy eRCERAkIdS rugReNSign g8 (give pokinal
ribofl aV'a'fboﬁ@ﬂc&qc@ﬁHﬁoB%f BL@kiDh oW LRl B055 @é .,e%d_u'ﬁd '%‘8'%). Stﬁ%'xﬁibﬁe\%eful
separately by filtration through a 0.22]tm pore size nmenbrane filter
( Nal gene)congedtrativens aas thoté whldhyachidtle ddaquate reedipitattontod comamuessevithaot elsbai n a
right final.concentration.in fermentor (fer a, 7L fermentar: 300
ronohydr AT RIgs i 8aYHaiahn g RbBimuin B Busthol SERsRop esidetkpsad on
hydr ochl akd teterial spbiypé CroBCWhich plyd pslgsaceirridy iy ithihed,iade kamBel db@ithined by
ri boflavin; for a 30L WO 2009108%276PCT1182008100 729 fernentor: 1000nL
monohydr APEINS- GIPGEEHSRS Wt usdgs ibyrden7 nrregipitaiiet of dolisacsnatide 2s7efheno
ri bof | avig@)cenftidid bsbdatak 8Bed dhsalve@nd 20L ferrnentors [00256] Expression of
cps by GBS, as wth others encapsul ated bacterial pathogens, is not
constitutive but instead varies during growmh in vitro and in primry
cultures isolated fromdifferent sites of infection (Ref 173). Despite such
observations, little is known about regulation of this surface-expressed
carbohydrate antigen in GBS. Cell growh rate in continuous culture was
already reported to be the principal factor regulating capsul ar
pol ysacchari de production, and growth rate-dependent production of type II
capsul ar pol ysaccharide occurred indepgendently the growth limting
nutrients. In fact, the production of cps was hi gher when cells were held
at a fast mass doubling tine (1.4W) than at slow (11h-1) growh (Ref 174).
[00257]Initially, all studies with GBS were perfornmed with cells grown in
batch culture, which were characterized by changing growh rate, nutrients
concentration, and pH. G owh paraneter shifts experienced by cells in




WD 2009/ 081276PCT/ 1132008/ 003729 (B. Braun Biotech International). Carbon
oxygen and oxygen concentrations in the spent gas |eaving the bioreactor
wer e neawo Bdowdiets 1310 fernentor nonitor (1nnova) and RCTARHSHOHAY| yzer
(B. Braun Biotech International). [00259] Cultivation was done at 36C 1C
wi th 0.2bar of pressure and p02 = 30 10% saturation in the nmedium which
was controlled by agitation rates, between 100 10% and 700 10% rpm for a
7L fermentor, and between 50 10% and 500 10%rpmfor a 30L fernmentor, and

2t 7 SR, hERhandy D Sadedrtite Pouhll tred e R in  dull FHLALLRE R, e

noni t or i mgisébid/solvetqalkr, Wat@). Pefdrfadsopantifibiiees asutianaBwhenpettadesireith pH and

agitation re perfornmed in a PlD control i Foa s.caontro
aut onat i @aﬁﬁ%ﬁbﬁm b B, Mo by (emolﬁ 533@5%&@%&“ 00260]
1000mL of the inoculumsterile nediumwas inoculated with an adapted

wor ki nmoserd Bk yaRh&idet gy Slsh deRraated dii@t a Bgldons HRa @6tidnor Mohey ket ianed
time at 35C with shaking on a rota}g% shaker. Wen the inoculum fl asks

reached riGleak pisie sations ash aeeterredpansb divalent eptiongawg pertpgularky prefesiedntuch @f une

of this tui.e sed | fr.esh ﬁ%&k ( | 7 to
result i E\H%in%hiqﬁl’agf&d% 31%90&&821%6“3[3&0(%:21%1%] étT%(gﬁgg}?cf p lgg)e g?IZI% gl(r)lri%%tdg%i on
was al | owedictiarlprisefibdandnsé Ithe akeobell mintereQRERMLlY dandided RIublq c@lciin idMen
the culture was at or ar thi.s .OD val ye, .the.first expenential fed batch
addi t1 on 5o By P B P oathire Bl lE i S ruft B BRGNP U o
45- 50 mM nyi&Bsastasolfdionirbdmadques@edithi Theealdlub 08t gre(pRdfe@blyGbrdviadld by thesseond
exponential fed Q%gér,ch addition of yeast extract nmedia (150g/L) to maintain
a n of 0.°99ARM idenjtiated at the end of the first part when the OD was
equal to 4.5 0.5 and continued for 45-50 m nutes. These addition phases

reduce@ot 18] bahk klcAInSidhoWRd bRGrhBIBréseMat20figs Joh&uht@Son WNb&ess 10 ¥Rd cal
of the batch &k)lase, to 45 m hutes which | owed the m cro-organismto adapt

a .
to the i d8AIMmMofes-+ pkas OrloMpolle apinu daalpfafeasangation mmayngapend, onttge
i ncrease | Vi fots j {als e act
when t ho TEPHREeLY b gl SRR Bo AR R PO BRI G AP BR BB e
feed of cdeteorimed by sxitine exgieyidreatsevibragt wobsdufds0g/ L) for 3 hours, avoi ding
conpletely depletion of the substrate which would result in pignent

pr oduct an r | f. s ar ac ] [ jon..

Dooor P pCT RaaSoN oSt BB e, AR agh R BREINEECeics Mk aun

f rom t he capsuiampelybdcshatidatis ileft 8r achltnd Urhengedipieatéemarrinbdandse epaardSesn and
anal yzed for bacter.i r owt. h | ucose consunption and _pol ysaccharid

ot oduct 1 6 PySerEiRUAty ShePiaale oAt Ot O DR} DR T SUeaT e CThge

har vest edyijb&ad th@icedwhibr, 3he€ i© fAEEALSBIded-ShOREAIER WorpMuialhr IREMIHGd 3
hours after the initiation of the pHcontrolled glucose phase. The culture
was i medi gtdsr yo supavei fartides @et mmy cloggfifters indater Henrsels gat Pregipitaied particles

t enper at uf: . T I -2 I | er The mat ant
was T emoui & Qs BCAE tha U8, o M A AERNE R i SRRl

har vest wasrotiitationmicaretle uf€l0 264 xdmyle, ftargmntid misfofiBBBionalsyrear 6 Bam chbigldse r st

required the inactivation d hydralysis.qof cps., 1M sodj um roxi de. was
hdded +omArit ey ot e S of ieBideniPSrBHo R bhER HEHEERY T on
m xt ure WisationGuipghedsimpumGilepurs at 37C and 120 rpm before the serotype
specific cps content was determ ned. E) Fernentor cleaning [00265] After

the culture wz}s harvested, the vessel and accessories were decontam nated.
First, the Pt s were filled with ROWand the pH was increased to 12
by manual |y addition of 4M sodi um hydroxi de. Sanjtizati on s perforped by
heat i r@%%?dﬁ wét BP U gliagpieatisrmapndeysitt Ber xtiipl Aithy fgad precéul@a e o0 1S ar
and an agidcaitaBbh Sd AHON ERRahQRAdesENRMTBEve tmq@@_@t@g%ﬂé&ﬁﬁeﬂl AR affr theat .
When the sanitization was conpleted, the water w th sodi um hydroxi de was
har vest edrecipiidtioref proteinsrandforwasleigaastdsd SiimtilarliROAthenmiethod heclydas\hd siep whs
decreased_to.a.ran 5- 7. ner. h shi . \Wer e ) bef ore
Feach; ng HIIUSRRER e d RuB Siphs UERMIITER NG PRESE AL e
accessor beforaveieedetce ganv-gtbdidtanpicbigitatiqor 1rs theTieths éPbLi theCianeitioh ahst holude

i nocul ation and transfer of additive nutrients and corrective agents, and
the bottles for renoval and storage sanples were sterilized separately in
an autoclave for 30 mnutes at 122C. Jhe fernmentor was again filled with

ROW and sterilized at 121C for 30 m nutes. WO
2009/ 081276PCT/ | B2008/ 003729 Guani ne 27 Sigma Uraci l



30 Sigma Am no-ands in ROWL-Al anine 200 Sigma L-Arginine 200 Sigma
L-Gutamne 5 Sigma d ycine 200 Sigma L-Histidine 200 Signma L-1sol euci ne
100 Si gnwo 2009/081276 PCT/IB2008/003729

filtration using an adherent filter, e.g. filtration with a protein adherent filter, this diafiltration
step may be carried out before that filtration. Typically, a step of diafiltration is used after
the precipitation of proteins and/or nucleic acids, and before the detergent-mediated

precipitation or filtration using an adherent filter, e.g. a protein adherent filter.

[00121] The diafiltration step is particularly advantageous if base extraction or
phosphodiesterase was used for release of the capsular saccharide, as the group specific
saccharide will also have been hydrolyzed, to give fragments much smaller than the intact

capsular saccharide. These small fragments can be removed by the diafiltration step.

[00122] Tangential flow diafiltration is typical. The filtration membrane should thus be one
that allows passage of hydrolysis products of the group- specific antigen while retaining the
capsular polysaccharide. A cut-off in the range 10 kDa-30 kDa is typical. Smaller cut-off
sizes can be used, as the hydrolysis fragments of the group-specific antigen are generally
around 1 kDa (5-mer, 8-mer and 11-mer saccharides), but the higher cut-off advantageously

allows removal of other contaminants without leading to loss of the capsular saccharide.

[00123] Atleast 5 cycles of tangential flow diafiltration are usually performed, e.g., 6,7, 8, 9,
10, 11 or more. Typically, 2 cycles of tangential flow diafiltration are performed. Between
the first and second cycles, the retentate of the first diafiltration cycle may be treated with an
acetic acid/sodium acetate solution. The resultant suspension may be filtered to remove
precipitate, e.g. using a 0.45 pm filter. The suspension may also, or in addition, be filtered

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

Cationic 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.
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L- Leuci ne 100 Sigma L-Lysine 110 Sigma DL- Met hi oni ne 100 Si gma
L- Phenyl al ani ne 100 Sigma L-P oline 200 Sigma DL-Serine 100 Signa
L- Thr eonw@20008137gma L- Tr ypt ophan PCT/IB2008/003729

[00126] Particularly preferred detergents for use in the process of the invention are
tetrabutylammonia and cetyltrimethylammonia salts (e.g., the bromide salts).
Cetyltrimethylammonia bromide (CTAB) is particularly preferred (Ref. 21). CTAB is also
known as hexadecyltrimethylammonia bromide, cetrimonium bromide, Cetavlon and
Centimide. Other detergents include hexadimethrine bromide and myristyltrimethylammonia

salts.

[00127] The detergent-mediated precipitation step is preferably selective for the capsular

polysaccharide.

[00128] Advantageously, the optional detergent precipitation may use a detergent such as
CTAB that interacts with sialic acid residues in the saccharide, e.g., via carboxyl groups in
the sialic acid. The detergent will thus preferentially precipitate the sialic acid-containing
capsular saccharides, and particularly longer saccharides within a mixed population, thus
minimizing contamination by saccharides whose antigenically-important sialic acids may

have been damaged in earlier treatment steps.

Re-solubilization

[00129] When an optional detergent precipitation step is used, the polysaccharide (typically in
the form of a complex with the cationic detergent) can be re-solubilized, either in aqueous
medium or in alcoholic medium. For aqueous re-solubilization, the CTA™ cation in the
precipitate will generally be replaced by a metal cation; for alcoholic re-solubilization, the
CTA’ cation will generally be retained. The choice of aqueous or alcoholic re-solubilization
may depend on the GBS serotype from which the polysaccharide is obtained, and 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
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200 Sigma L-Valine 100 Sigma Amino-acids in sodiun1hydroxide I nol . L4
L-Aspartic acid 100 Sigma L-Cys eine hydrochloride 200 Sigma L-Q utamc

aci d 300w gmod12Te/r osi ne 200 Sigma [ 00267] The pH pr dS&/IRA8O42Br at ed by
a two point calibration using two standard solutions (pHvalues = 7 and 4).
The p02 and pH probes were nounted in the culture vessel. The fernentor
(Applikon 3L) was filled with glucose and sterilized in an autocl ave at
122C for 30 minutes. Al others conpounds were sterilized separately by

filtrati N etngfog n%%frl GRQOCO%Q sgpotfpesijlr nrg 8&19 e%&ﬁ? gglgsacc Gar[dﬁ i& Qﬁa{heg 'Ltné%%%é call'y

added to 'on vesse precrpitation of
medi um detpﬂﬁllﬁ‘ed By anitia e bxderinientverichont emie &drdeR0X phosphate 100X sul phat e,
50X sodi um 240X nit rogenous bases, 9000X vi tam ns, 35X am no acids in

cach wR3ilaed” P eh deebric men e ey Aot Bl AT BESRY Difuden T he

desired ficondls aRBE et r;ﬂédq]gfanoﬂhmab@éle , acRIH alm/a[cpdﬁems/lcbﬁnbm%sedmm@haée and
ni trogenous bases. Wen addi tions were perfo rmed, the p02 probe was

cal i br at €8uCepiERtionyequises 19 Prrsiigtiemehihe qapwlar echeady é’é]é éPn%lkv aphicher
over ni ghty Wi, 0a1Bi %ggﬁfgra% 3 &ddedl tt'Ua GubEY l:alc‘!@i%l &21] CeiAkieH o%%t@e&?(’)'@/% Rp@nd

when the 6perations [T1°0Ns Wer e T eac ectrode sl ope was
cal i brat @d%t (. 4.0090und W20 087Q R%.6 85/ 9BZ0081B0R7 Zhe optimum final alcohol

concentration may depend on the Streptococcus serotype from which the polysaccharide is
obtained. To achieve the high alcohol concentrations then it is preferred to add alcohol with a

low water content, e.g., 96% ethanol.

[00132] Re-solubilization will typically occur at room temperature. Acidic conditions are

preferably avoided, and re-solubilization will typically take place at about pH 7.

[00133] The re-solubilized material is highly purified relative to the pre-precipitation

suspension.

[00134] One preferred method for preparing the saccharides involves polysaccharide
precipitation followed by solubilization of the precipitated polysaccharide using a lower
alcohol as described above. After re-solubilization, the polysaccharide may be further treated

to remove contaminants.

[00135] This is particularly important in situations where even minor contamination 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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B) Cultivation at 2L scale [00268] Prelimnary experinents on the
expression of capsul ar polysaccharides by strain M/81 were performed in

bat ch cuMtizeps/0§100269] For cel | activation, 100nL of t RCHRMSOARTZY defi ned
medi um (pH value = 7.2, adjusted using 6M chlorhydrlc acid), sterilized by
filtration though a 0.221.trn pore size nmenbrane filter (Nalgene) and

pl aced in sterile 500nL Erlenneyer flasks, were inoculated with 0.1nL of
thawed culture of Mr81 strain (working seed were stored in 10% gl ycerol at
- 700). S d t it rpm
in a hori z{c})ln @Fe? ﬁé%eérg{?a Yéﬁ% en? %%%\93%3%51%?%%%@&Jbﬁg1 diﬁ%‘rg%%u? %’r‘glglglhour S.
The seedilmﬂaﬁau]{lﬁ pMagsad:dhemde dimunbaﬁcﬁxdra mmgxlw%]klyaﬁdﬁem t}apxafernm@kamplie Fof a |
2.5L jacket er ment or | r the | I CD was 0.4. [00270
The fer rréW’Ehatti‘leecBﬂF%\%?é @%?To?dh&red? Bﬁ?%larer@é%r&eéﬁgﬁ‘fe and a control unit
from Appl i kon Instrunents (BIO| controller ADI 1030, Applikon), and al

dat a waoe3mo!l raetrigwhtidy Q1P 8dhetdBir FiXee flay 1Rf follew€d by Fireher ETRAIGR Wik ¥as
autonatlcalay controlled at 36C by an external thernostat (Haake).

Di ssol ved fikgasur ed by a sterilizable electrode (Applisens) and was
mai nt ai ned above 30% of air saturation by automatic adjustnent of the
agitation spgeda,Reimeen 150 to 1000 rpm (Mdtor Controller AD! 1012) and
aeration rates of 0.1 and 1.0 v/v/m (Fl ow consol e Applikon). The culture pH
was majopiseined abp éf R-RyaceiylRORIhSy bd Edrabd Ok, Wi dkariMl Stk Wid)y 8f ﬁma@len( punp
driver Nhsterflex) [00271]For thé fed batch’ culture studies w th unknown
growth | ﬂlﬁmgla@gad}mqnbrfdter tofe ifcpresantafuirther Wiitationi tepat &e-Miacetylatipatedy e owt h
phase (1, f p t d
strategy, %taé &1\ gﬁﬁsg%@ a? gcﬁ%ﬁ%%swv\eaég tG egs;ét C%i{ (l)ér} g%%ﬁmlgogeﬁl hé‘?\eové% %‘t‘ (1)
pH st at, d¢2y- a@@l[atsdl afgr eruhp(8)duexigothenbdsal treafihentc pescrbeic @bdveat | Gontwudisd

noni tored uJ ar |nt erval 2 o control subsirate fee usi
The. prr oref-oreBiien haoBUririL: b o Eme A A an (e et SpaRder | no
t he cul tl((\zma:@)aopr eﬁlse% Rynidieuradsitdrbeintd Twasiepeds sl utagon meth rdmun
per| st al t| c gurrp (Masterfl ex Concode Drive). Wien the pH exceeded the set

poi nt of 37:1889-8tlicose was depl eted. Consequently, supplemental nutrients
wer e automatlcally added to readjust the pHto the set point. WO

2009/ 081276 R hdBAR8H-63729 [ 00273] For the p02-stat strategy, the carbon
source feed was added automatically whenever the p02 increased above the

set pojouizef AOfkiné:r déSsOhiyaRkaY Qﬁ be[c@ﬁ%a‘b]ut H6F eddiDIEXRINEN- b@k‘tylaﬁon

cul tivation technjique, the peristal pump was activated at the ‘end of
exponent {ThE disifidesion snayehercersied oat @qo@éi:mbeé agpsvintihe secoreepiled (' Biqgfillgariont. (td =
45 mnutes), the optimal doubling time for capsul ar pol ysacchari de

produc F i or nul a:

U0 o g e G i e e 11
growth rate, (VX)0 is the biomass at the start of feeding, tf is the tinme
when feedi n@”ﬁf'ﬁﬂf@@l Sfc",,,, is the substrate concentration of feed, and
Yx,s is the cell yield coefficient for glucose. C) Shake flasks stud
Vtent | B914Me. Ghowolenasbuoies iy sepirrblyafvah DORRSY & owiivdl BEVEN, e Penent s
of the orgrgﬁn%eghv\ere determined by elimnating individual nutrients from
t he define Ium and by determ ni ng whether the resultant medi um woul d
support growth. The study was conducted in 500nL unbaffl ed shake fl asks
cont ai ni GenjAN pepacttiom cal | y defined nedi um (see Table 1). [00276] The pH
of the cultivating nmediumwas adjusted to 7.2 using 6M chl orhydric acid.
The cul001424t i A@engdttmmﬁ\/a@tetrtaeandspreparatﬁcme@f dapsiflan nqlmabqhnriddrso ﬂgrsaacl@riéeum
pore size m%nbraﬁé | ter St %Wa%e Epr ac]rg geul g Chla éapme S,
the cul t FVatl*hg B9 TERRL ROt el Vet sblssiop RE LBy e e wra
strain (etaitagiizeatauneicaicl 0o dadcharidd¥o 4 jtc edrvkrt@tthent Ofdm andddpramd@nat ed
at 35C with agltatlon at 200, rpmin a E)rlzontal shaker ca |net (I nnova
4330, ec@@ieps do1T5 ﬁ%lfientAﬁ%%eﬂi,stWéu% VORE JUIMING afoF NiMyNeersiss! dhesetnm

( Spect ro a I r
SPectr PR e RGNS LA RL, Hl g ot B el (ot
defi ci entecmm@(e\@se‘ocwprahﬂdfsvm to H)control culture with all conpounds

present. WD 20091081276PCT11B20081003729 Exanple 3 - Anal ytical Methods
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A) Gowth neasurenents [00278] As soon as the sanples were collected, the
bi omass content was nonitored by reading the OD of the culture at a

wavel engWo z@0nsm2¢(MNovaspec || spectrophotoneter - Phar nRET/EB2BSH08ER) .
Dilutions of the sanples were realized in order to read a val ue of
absorbance within the interval 0.10-0.50. [00279] Cell concentrati on,
defined as g/L of chem cally defined mediumwas determ ned by placing an
accurately measured volunme of culture broth (30nL) into a previously dried

d ' 5 t
a0 AEIHRS SRl REORKLANS AL R o SR LI BRI LRIEEA 2
r ef ri ger attehscterdidi f T CRMik 9§upeﬂanﬁbﬁdiphtheaa dedanReft 32184} fsea cpeﬂtﬂcuhaéyl et

dried i t 85C 24 h d ighed. Arelati i
botween BHEPER) S BoBhrisdng GBI ‘OO CUFY WERUREITEY BREGY ReGas HeN
est abl i shighinghidiOBuRf mbmbtane IPEEINVRES. eﬁwsyaih@m péRides {Netgaii@@’?') a0 BRRE. B)

G am staining [00280] Gans stain differenti ates between two jor cell

wal |t ypésoteiBgéRefsi 318,3Deprsrissigipreieinal(Refscoht Bi sytakingsraRef. é%bdmghqkﬂnes
pept i dogl ge@m BN Yot iRE FRELT4SL 'g%hhyfacﬂo LERG USACLNAL LA rotéih§ comprisin

G am negatl ve, 2()‘V\/ﬂereas bacteria“w t s contal’ning relativel y arg
anmount s omulp]elpthudmglq%ﬁ ca}ictpmpels |fmnpmu‘;®a(paﬁnag¢rdéeraneé a@i gams ijsﬁ #BvachThi s

The seed Ba FuRerahe waPERTbe o e B elRst ol B Pt el R PR BERE o

the stai mspg (Reghn), q)ueum&lgzélh SREMAS), m)ﬁmp&k@pﬂ)tahs et etokied of Bxfesm and
stained with a basic dy ystal vio ich stains all bacterial cells

bl ue. ThetickanEefPs avieh s Proleiar e mﬂ?w) élﬁef St - pOtiauneminte &ifi eI ut i on
that all opgdabRe ik QUNRS &S @tgerm Hﬂaesl@eeéhlaﬁl &}f&qyglﬁé FBsRudad Q'E:aﬂn@isﬁxlo% &r

conplex with the crystal” violet . The cel were treated with an al cohol
sol vent, of an wiginhe teiglug. owlwm%wshaaide\ham aee dddmdegrwghgoﬂhmae regeppiitbwi ng

the sol V?a amul[;%%tt carrlelot fgmgg ggn ga% B%Yefd’ug ‘Rje a%n%éﬁﬂ;%lt @g\gh gt ﬁ Jﬂgage may be

[ 00282] AL alnrng pr beedt were trea
count er steadated wsidg mdumvteOanmnsmml mxalvirigeardamdized |gzlectoger amheegeathatid¢e ¢fRdrhs.

Count er st ed tiv s pear.ed
20091081 %ﬂ%@%@ﬁgfg&w& ?‘é{jan Hh qeén g,l?ea?ﬁr%rsqrtlwlée HerarsAtRehEeRb ) ye.

After theleWeRifs Srbdupass I MBESdOtain bhecyildifteen@se. gently warmed to
renmove any residual noi sture. The slide was then placed on a m croscope

stage, where the oil-imersion | ens was |owered into the imersion oil. O
a ucos@f’éé‘!;layét Bowsgblp t MSE MOLS B8N E SPHIRE RN, ¢R-wbEduet heuist fsiarigis

det erm ”%Q}g}ﬁ@ésﬁfn' M DERkdny cQ%eﬂ?%&'Ms‘ &l bk SePRF GIRANE Str%to&&%ussé%}a%s' Q@n in

alcmlight path at 340nm conparing It to a standard curve
pr epar ed spptypss &g r@B§u¢retygb ll:@@ﬂ@ehar[d(as)mgﬂt bPc@ijugaserbioeRMI A sybilo s§totitped t o
DGucos t.g i e of t.he 0 nas ATP with
D Lo SrRNERL B b s G RLEpRaR S e YR B A £ HRE
phosphat &arheABR)télﬁQBBﬁbaﬂtllulhheacplliﬁﬁleI’mﬁgaf el seinynenel gicblfa@ﬁles rghasphat e

dehydr ogenase, D- {Jd ucose- 6- osph \Was XI di zed . by
D-gl uconé‘t"%gé"%?ﬁo‘é’%é?lée \ﬁP‘iJHgact?ngOf @f{ﬁ@% it %Wgaﬁm@ t’até%‘éset"x%‘d In

phosphat %éné}’lﬁ[)ﬁﬂ'w@er it ﬁﬁ@?&?&h@h@éjﬂé RyE Qﬂﬁ@@ﬁ%‘[enﬁog LicRRRARIes6- Phosphate
+ NADPH + [00286] e amount of NADPH formed in this reaction was

st oi chi orretrl c to the anmount, of D-d ucose. [00287] The anpunt of D d ucose

pr esent00145h hé eglayasiigs PIOEinEEBhY GaEY dRRTe GaRpne spCchpiids antiger Refy BupP)-ci ent
absor bangg, di ff 8L eNGole b §ﬁ£§&|{? it $al o W'tb% dehafia¥d fb 2 o'Rﬁ'P@éucose
concentrati onnﬁgt ‘ween g%.%gea 0. }SgéﬂL. ?08051 e susgae(r: nat ant, stocked in
fridge afla a®DID.t 6o stlogveahis\grat, idifferedcsh¢abaridesssn bemiiatd 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.
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diluted in ROWN 541 of diluted supernatant was incubated at anbi ent
tenperature for 15 mnutes with 141 of a solution containing hexoki nase
(appr oxi was mloyo@2@) and gl ucose-6- phosphate dehydr ogefaEB@EIIBYI nat el y
160U) in triethanolam ne buffer with NADP, ATP and magnesi um sul phate (pH =
7.6). WD 20091081276PCT11B20081003729 [00289] After preparation of the
sanple in the disposable cuvette (lcmlight path) according the Roche
procedure the spectrophotonetric nmeasurenent was perforned at room

terrper a n at

pol ysa r| dtgo % f'&nt F Os%c&?nﬁ%meetm faE g( [}r aflrﬁeﬁ?’eéméac?gskﬂsoﬁg |(%gaC|Sal) IS
an aci di @m@ ag@ss facelguielat(e.y., baynat mefetred.oRpacehitwedn Bolead ol ire p@ﬁélbahyisir ate
structures ( pr ot ei ch | | pi. ds In, pr otic ce

aci d has 24 gag { Beiivern Adf%gn 1dsns @WM% b@niﬁﬁe eg@éwew 66‘16 pZ\%/ﬁ% eni ¢
bact eri a)dnb@] sactihrfd@chaink %&%ﬁtoé)dé&% -otRE&hhlide BRPpiedl. EBBeEPAPIHeSBenfon
repeating unit of the follow ng saccharides: N-acetyl-néuramc acid or

si al i ¢ a®rayidegl ucogjugatgawhereins te agattjugatec eamirises doSgtiteroccs; peeferablyl # 8- aci d
s an i nLe0h ke MNP Wholild TacPAY YBREENE A USirich ! SnGUANS BRI ratio of

det erm nafion was ‘used to noni or rotype specitic cps production

f ol | ow ngadcharideheatieads anfebdt@d.set up by Svennerhol m (Ref. 176). [00291]
Bef ore determ ning the quantity of sialic acid, the cps in the i nacti vat ed

sanpl e pa urifie nd co entr fter sso

oo SR e PR B! 55,809 SRR S ALbty BIUIERLY Shar
sanpl es ?ﬁ:ﬁelﬁﬁﬁtpfdséﬁiqﬁd)oﬂi it @ Xofjubaréd Bhmninrdlt@BpdsiEvnt 6 thdevendidhRhe
Eppendorf) to renmove the cells. The supeorn t ant s dilyted in ROVat, 1:10,
and t hen UBeA 15 T9HR 10U Eh0r 3t eareuté@haﬁ ra}f“"" ﬂw&@zﬁl}q AP Rr

(M 111 poggy &nHoTsﬂh@ﬁ%a%ﬁoaﬂ&g&@gr%ﬁbwléééh%%ss tHaAROFBY hRldhen was

achi eved by utrafiltering the diluted sanple through an ani sotropic
rrerrbrane according to the follow ng procedure. [00292] After inserting the
sanpl el0P&8r véiny siiableacqripgatian deagtign can. berjusest, Wik ednywidtablgdbeker iive®et o a
sanpl e r«ﬁgceeryagg,r and spun for 20 mnutes at 2519x g and 20C to cl ean the
centricon system Once the systemwas ready, 1.5nL of the diluted sanples
were added and centrifuged at 2519x g for 30 minutes. The centrifugal force
drove B8144nt dharsdcdharidensiilianpiaallynbe ghtivaiesl ar denctinnadizgh priee tereaebjugatéon. nt o
the filtr e t he
roror ane AR e RERET B RELLS, AR e BRI SR Tk S R hea,
the ret aldneeihﬁamutoep}cmemtuemﬂwmbome €Refedr4, 'Bh'e etc).ethat suitadle mﬂsﬂmﬂst hr ee
times with O.SErL.of. NaCi 8.5.gleto el.imnate thebcontam nants, .and
centrifultt Garooliimydes, Bydisgees oacthts fSffi e JI0TbOjgHe,  p-nitrobenzoic  aci °N-
2009/ 081 R¥EBGI4diARAA8/NNBE2BDIO RO BITE Wee RO NER M 0d otiB ko @ffer@no'érmu | NaCl
was added to the sanple reservoir. The cps was transferred to the retentate
vi al %Hfl acing the vial_ over the sanple reservoir, inverting the deV| ce,

then cBAI3O1f ufinkgessoria 2 lmkﬁmgr@uafnaz@@@de Ui SN EtoVe BrogRdyEce dor Ggaple,
repeat ed el dﬁﬂb@&lu?é% J8GE8 in bferehBR $P8nd H)O&Q]tyﬂ_é)oﬂ%&rgb é{voth'?t% RIRYIE of
sialic aci a colorinetric nmethod i1 nvol ving reSorcinol -hydrochloric acid
was usedamifration edghapofysacchiraleg gourtling ahé wesulingagmino rgraim edthoorRgemsf of an

nyar of yardplesl e o SRR SR o el SRR ™' ©

ass?y vvagrqurdmfsrr@g as, 69).1 @Ahe:crllmkefsf inthide ﬁmﬂpﬁ)n@mﬁd?(mmg%ﬁ-rﬁﬁ@;@eﬁil- f
sialic acjid was a orc reaent Atrt ign o
reagent, eihplemipg L‘%I n8 %vegaéoar??’kéﬁﬁi??d (k%tgt 096’6@ f‘é‘ 45& % a
boi | i ng %ir%&aﬂ%@ichac@‘élibf‘%ﬂmABE R ¢Sy, \@@E@tlg%é’ién&e&f@éfo%ﬁ etJ. 0@@%@] The
t ubes were cool ed at roomterrperature and the absorbance was read at 554nm
usi ng a Nearagpedo msingprebnlespiitach helkage camibs peerh Birect livkagee to tietiiotgin way | i ght
path and_ 1 . c y ) r di rect ro |onal
to the cOncentr? )‘?(?dgr?hlorgmﬁ %Olysaggja”@%g?o?ge%om anm%m% ‘%5%5817]119 8teor’der

t 0 conpensdseriliedrinfonespeie, freferencds®@?7 and 6Bi ol ogi caI materials, a control
sanpl e was run w thout resorcinol. The sanple bl ank absor bance was
subtracted fromthe test sanple before calculating the anount of sialic
acid. [00298]In parallel, standard solutions of 0, 5, 10, 15, 20 and 25ug
N-acetylsialic acid were prepared under the sane conditions. The anount of
N-acetylsialic acid was cal cul ated using the equations derived fromthe
standard solutions of N-acetylsialic acid wth the program UV LAVBDA

[ 00299] Capsul ar pol ysacchari de of 090, 1-136b and Mr81 contains 31% (W w)
N-acetyl sialic acid. The capsul ar pol ysacchari de of CIB111l contains 23%
(ww) N-acetylsialic acid. Thus, the cps concentration could be ascertai ned
using this correction factor. Volunetric production of cps was expressed in



Example 4- Sinplified Conplex Media and Linear Additions A) Devel opnent of

i nocul um preparation process [00300] In the fernentation process to produce
ser ot ypewspmod/hsierecps of GBS, 2000nL shake flasks cont HGH/HBZOSE0H2 of

medi um were used to prepare the inoculumculture. However, these fl asks
were not suitable for pilot and production scale. Thus, the behavi or of
four GBS strains (090, H36b, Mr81l, and CIB111l) was studied in new flasks to
devel op an i nocul um preparation process suitable for pilot scale. This

proced s .t hen use oduc [ e- [ _clini I cordi to
Cavp. BB At et B SR & B o i s BRSO

par anet e ][rq)lw(‘ijngt rasamaf 80r greqlfﬁ with aI'gHB) '{]dhloﬁz@&(brsrtdleﬁﬁ/ht.&mﬂ&y evithf dnasilsic mldmtdea:c ni ng
1000nL of medi um an so study the opti culture tine , require or a
| at e- expdhéntadaic g%qaﬂﬁ-%psﬁ%&wwwao ki @ FRagHPT Vit ERET f RICHERSr .

The secongfapdl, AYthdr QretéiddyrehdRn\BLUIBAPlactiiikh RGthSERERIHISREfep | NOCUl ate
the flasks in order t0 nodify the culture tine such that it could be
initiated either the evening before the fernmentation day (culture tinme
about HORIAr syAker cerjuggtions fiep andrepmivgatpd secohprdesciapba separdied. dhgreaeamapy e
time about; o a o] N r ot I
1003021 ThPL (s Bbes TnARRhORHIGRACR iSmelopitbly Thfelol, Sfrsbldidhe, e

wor ki ng sledidtration) etodsdeatl® B0 HY, efcr)esh steril e i nocul um nmedi um
Furt hernore, each experinment was perfornmed twice to ensure reproducibility.

Howeve i.NC r . bl j i I Ll ar,
onl'y ol1841gy Pyiesf 1 Bhledoih SERIMARNT R b Fp ol BB e B o0
strain, tiherefatddsthae depoipderizativh prexpanenijugatiogr gt lis phfvse attivation Sofhwher s
with a doubhi ng time of 30 mnutes (i.tmax=1.41 111). Therefore, 6 hours
was suf f ifg5© ?ﬁa%to attain the m d-exponential growh phase using a suitable
pH value of 6.8). Since this length of tinme was not enough to inoculate the
f 1 asks[oons4)heTe\webi prafdael osajidadoh andthst, ad isadthdade i Reacvddr kiithgadipedasie! une
was reduced to, 0.1nL to increase this cultivation tine. Under_ these .

condi t i oNdydiagidepkerseraggoypetreiarRodiimidearporlanbs afdeg abiRisstagsaHier reastign hour s
Wi th a doulld ngdiiByMbbBhtirietis Sdld. NBETVarZed dddchardditisan $hBE LR EHHAL | ON
of the inoculumculture for"this strain required 8 hours. WO

2009/ 081226PeTiirad2ads). 003729 [ 00304] For the H36b strain, only one
experinment wwth 3nL of the working seed was perforned. The cells

i medi e > ' : ] | i t f .25
it Q=1 THE Uy FRRE BREN Rl OURR I RUGRE lch oo R (Dl 3t Epperis ™
hours. Thu®jd)j mdeadediinodedbtdded. AftetGDreactioniperiodribecdnj@ate Gnwietrécopbtedal ue
around 6.5 (7+0.5), the nediumfor this strain had to be inoculated 4 hours
before f ntation. [00305] For the M/81 strain, the experinent was
perfornegitggﬁ%g‘?—s first using a working seed volunme of 3nL and then using
0.1m.. gele) f .t i . 7 0 nec I or
the culPERA?: AT vuelag Fd1BE oMo BRRR I fecBogttlt e IRRUEIRSPEENETS ¢
al | ow culfirtifer Rpav efoni eghinpled titko tethodg niaynimslude @. e obfdepdykietigationed thel unme
was used. It was observed that the difference tine was only 30 m nutes and
doubl | ng CERSHET WARSAARSRTC GUSY Mt & DICATRACELT (e PaSten® by Deloge SPIERYFt oo
(ti max=1RpoRinkrizatiddTediéss M8 RaihMing® oMBE KiddHarkRE dny Alay Bt bOFoddniop GHiS. @i N,
the flasks had to be inocul ated for 8 hours before fernmentatiron. [00306]

For the E9BBtraptesocaisy eapecipllyfeBoxlpager reephanasHesl td bomarhémmynegents beed was
per forne I diately entered in exponential growth phase with
doubl i ngglf?n-r%gg%%qgkf'mpna, =1.98 111) and the decel erati on phase began
after 4.5 h. Thus, in order to obtain an ODin the range of 0.8-1.2 with a
pH- val [081% ouAfte6 cqjgation +he 18ved)of unbom|ygattidusartiercbro@ithmay recutaatied. @ubour s
before fernentation 5[ 003074 Bgf.orcﬁ t hi S‘lln-ewli ocgl uméggogeéz coul d.be
transf er P84 ¥ PP e is PEFRCPHE ARG 8P I8 ¢RTPBaFSIeRle P RE > WhEee

studi ed bdlussdyPreRielldric@Rgolkifeticadhisinitegrapiey (RRE.CA).UM prepar ation process. As
reported in Good Manufacturing Practices (volune 4): "Validation studies
were conducted in accordance with defined procedures. Wen any new

manuf acturing formula or nethod of preparation was adopted, steps should be
taken to denonstrate its suitability for routine processing. The defined
process, using the materials and equi pnent specified, should be shown to
yield a product consistently of the rgquired quality."” The new inocul um
preparation process was repeated using the optiml working seed vol une of
each strain. The growth behavior was identical to the preceding study. For
the 090 strain, the working seed volune was 0. 1nff, and the culture tine
was 8.50 hours to achieve the desired range whereby the O is 1 0.2 and pH
is 6.5 0.2. For the H36b strain, the working seed volunme was WO
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extract Physiological role Vitamn concentration (ng/L) in the medi um due
to the addition of the vitamn solution Vitamn BlI: Thiam ne Essenti al
conponenw@ioosogibicam ne pyrophosphate coenzyne i nvol vePGTABES043729
metabolism 0.5 1.08 Vitamn B2: R boflavin Role in oxido- reduction
reaction 0.5 4.28 WD 2009/ 081276PCT/ 1B2008/ 003729 Vitam n B3: N cotinic

[00158]  After conjugation, the level of unconjugated saccharide may be measured. One way

of making this measurement involves HPAEC-PAD (Ref. 69).

[00159]  After conjugation, a step of separating conjugated saccharide from unconjugated
saccharide may be used. One way of separating these saccharides is to use a method that
selectively precipitates one component. Selective precipitation of conjugated saccharide is

preferred, to leave unconjugated saccharide in solution, e.g., by a deoxycholate treatment

(Ref. 69).

[00160] After conjugation, a step of measuring the molecular size and/or molar mass of a
conjugate may be carried out. In particular, distributions may be measured. One way of
making these measurements involves size exclusion chromatography with detection by
multiangle light scattering photometry and differential refractometry (SEC-MALS/RI) (Ref.
74).

Conjugate combinations

[00161] Individual conjugates can be prepared as described above, for any Pneumococcus

serogroup.

[00162] Preferably conjugates are prepared for one or more of serogroups 1, 3, 4, 5, 6B, 7F,
9V, 14, 18C, 19F, and 23F. The individual conjugates can then be mixed, in order to provide

a polyvalent mixture.

[00163] It is also possible to mix a selected number- of conjugates to provide a bivalent,
trivalent, tetravalent, 5-valent, 6-valent, 7-valent or 1l-valent mixture (e.g., to mix
14+3+4+5+6B+7F+9V+14+1 8C+19F+23F, 4+6B+9V+14+ 18C+19F+23F or
14+4+6B+9V+14+1 8C+19F+23F, etc.).

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

or III.

[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

32



Acid Electron carrier in dehydrogenation reaction 0.5 24.5 Vitam n B6:
Pyri doxi ne Coenzyne in transam nation reactions involving a- am no acids
0.5 0. 83w¢ teamis12B8: Bit) n Inportance in fatty acids, Pé%i’%““é@%@’and
car bohydrate netabolism 1.0 0.09

the final mixture is between 1 and 20 pg/ml e.g., between 5 and 15 pg/ml, such as around 8
pg/ml. An optional aluminum salt adjuvant may be added at this stage (e.g., to give a final

AP** concentration of between 0.4 and 0.5 mg/ml).

[00166] After mixing, the mixed conjugates can be sterile filtered.

Pharmaceutical compositions

[00167] Conjugates prepared by methods of the invention can be combined with
pharmaceutically acceptable carriers. Such carriers include any carrier that does not itself
induce the production of antibodies harmful to the individual receiving the composition.
Suitable carriers are typically large, slowly metabolized macromolecules such as proteins,
polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, amino acid
copolymers, sucrose, trehalose, lactose, and lipid aggregates (such as oil droplets or
liposomes). Such carriers are well known to those of ordinary skill in the art. The vaccines
may also contain diluents, such as water, saline, glycerol, efc. Additionally, auxiliary
substances, such as wetting or emulsifying agents, pH buffering substances, and the like, may
be present. Sterile pyrogen-free, phosphate-buffered physiologic saline is a typical carrier.

A thorough discussion of pharmaceutically acceptable excipients is available in reference 75.

[00168] Compositions may include an antimicrobial, particularly if packaged in a multiple

dose format.

[00169] Compositions may comprise detergent, e.g., 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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[00311] To attain a sinple cost-effective production process, the role of
biotin and the four vitam n solutions added to the conplex cultivating

medi um wewe2mgssiesed for their effect upon growth and cRSI/HROBIEE128n of the
three specific strains of Streptococcus agal actiae. [00312] Before

devel oping the fernmentation process to transfer of the cps process to pil ot
scale, the growh of the three GB S serotypes was nonitored in a fernentor
at | aboratory scal e using paraneters devel oped in previous Exanpl es.

[00313]In th condi tions, fina [ hours. of f.ee ried
From 1o PEIERCIBRT Sl b P RrodtdRtos N hEn Baf P il © HEFF 61316
concent r &fdphilizhidsn.t hese strains was between 300ng/L and 550ng/ L. [00314]

Si nce nmethanol had to be avoided for safety reasons and vitam ns in sodi um

hydr oxj ost, their proper . sol.uti.on of thiam ne rj doxi ne and
o cor BPEAICT oGt Pag PE gy TR M ShieHRE Wi bt SR RbeeBleRy P o
made to UMparbiEHae SsmpSIitisiR vMilh&iHll?Sn@lﬁ& 4 PeREiB adfuaittl & geapRRUHdeh mhfBe yeast
extract nmediumwas sterilized by filtration through a 0221Lm pore si ze
membr ane Upgd ingpmpasiies of fhginyertige |1%4¢g‘9ut&rf‘om<&é@p?eidé%ﬂ ly added to the
phosphat e nmedium rather than by sterilization using an autoclave at 121C

for 30 m nuliessinéWNddmhinindEompRfdorat ation experinent was performed for
each strain taking into consideration the nodifications previously

descri gy 4JA| VastaNcdnBgnigs evhPostiins Stiebld fof BseSdsaldivaNd n B8 UdlenfibBRBdO
better (090 and M781) than the process established in previous Exanples,
t he pi gninbee] wiis.ofuch healvoinum saliseandicelca salis (pagtixtujes thasead). (Thelivveaplionrr ai | e

et al., t 09/ 7 1 3 p i of nge-yel | ow
pi gnent Hr%’?uedﬁggf‘ég”qgngg ﬁ sggﬂésm%ﬁpo\%{a%ga@%éc‘?@ﬂg&%h% gbt%}{}?%}%l{% g‘%g’hurran
haenol yt hgdreBfphanghassy velbphesphhtesh aslphatbgretagRehHle. £ udee wheptomd & P ofirdenti fy
GBS fro i ni cal sanpl,. ef.. 178). In.,order to elimpate this ¢ 1 ca
cont ant ndEk i TEEBIER T SEREh AV HCARSHIG GELo e ool GRnEAH TBIAF ot ep
using a £Lorarden #urdaasiing 04adBhodl ity @speith tAséPort BSing! HEReliOThat t he
end of fernentation, the npdifications increased cps concentration by about
100ny/ L fiperplrontgung sempessions Mayialse by dernuboedyas a pasticle REmgtabsalisResi )
Furthernore, the percentage of cps by gramof cell dried weight was higher.
The addoitAn Afuhinbef pdéhihidBse PRLicBAF SedtYed, YarticlRSS ik RERBoSLibR WSicRf
Streptococcus agal actiae because the vitam n concentration in the yeast
extract vedudss £ evbmrzae saecherids gntigge, angt 2 typicsh afjurand ds amprphhes alustinum ns.

[ 00317] r C8AVI 1 ut i €. i

cxepor treft 5o, SHSBoYAL A Bl sbOEn PP Rul ITFnRELH R 0.6me
concentr afi’aml. was slightly decreased for the H36b and M/81 strains, the cps
production was still an inprovenent over the process established in

eat urd AL noRerapuetEif b R g AR R BRGERH B Gk Bheboccus

agal act i 260 hecau¥epérheonjidatsTipas dose. y SBRére ephbreatst moes ehmubhd Cofjpatt Gnsat i sfy
the nutritional needs of the three specific strains of GBS with the

except i oRCBPOMHW, Nt all eonieates Msidde Pe AdsoRRedor di ng to the purification data,
the cps structure in the absence of vitam ns was conparable to the

st ructgoe7gbt aaRagh isaltst eluls eA8HM g&is?lbelté %éagdthe [ CIPE i aBtite sSEX I eB Sn réthe
acetylation was |ow, and the purity of product was acceptable. [00319] The
growt h of5%-halugigumtsply mclngde hedrawvidep Rhesphads, spd#es. effowiHythpisglts tAking any hi s
experi meqt: (o} t e 18..t0 i I f..hiotin and
the cps gt E)ltna(]? %nﬁo%t(?'gh%\?hggl%@gg’e%n% ﬁ)c;rlr}g’r %c't) h é%é R@@ rorg/t (Eﬁ]%%ﬁ galﬁilcs)p %e(rgéljréa'
concent r &hé onndral dohtinieasémpositioas mawassortet fosuiflbied iag atpattwlesalthathlysattH@7jgr owt h
needs of this GBS strain. In fact,.accordir 0 yeast extract comnposition,
bi otin \Aéi“"b‘r“}é@esﬁ{t aFHVP‘gé\@F%aifé&?F‘i‘ i ‘Bgre(c%ag‘%?eiod’)"lOOg) when conpared to the
other vitam n concentrations. W) 2009/081276PCT/ 1112008/ 003729 [00320] In
concl yedrms] r ehoxdhvals kdvvardsnguminuafyldesside andl g@hindiCptaepithtaumdy Py tsedoXi ne
had little effect on the gromh and cps_production of CBS. For, theses
reasons, [h¢Re HaBIgs e tcaweﬁgo%r@t rEHHVEATN [ ORYSHRICE bk 196 AEitBH 19 rdopiesise so
that only biotin was added to the conplex cultivating nmedium For CIB111,
the final conditions using biotin only was used. ii) Verification of the
necessity of conplex fed batch process to produce serotype specific
capsul ar pol ysaccharides of GBS [0032{y Cell growth rate was previously
reported to be the principal factor regulating cps production, and the
growm h rate-dependant production of type Il cps occurred i ndependently of
the gromh-limting conmpounds (Ref 173). However, the depletion of carbon
source was found to be a cause of pignment formation and reduction of
capsul ar pol ysaccharide production. To maintain a nutritious environment




WO 2009/ 081276PCT/ | B2008/ 003729 [ 00323] The fernmentati on was performed for
each strain using the new process, and the cell density and cps production
were nonwmmz@ensiBor the 090 strain, the sinplified procsSEIBPEBINERY t he
sane result as the conplex fed batch process. For both the 090 and H36b
strains, the growh was faster than conplex fed batch technique and the OD
at the end of the process increased from24 to 32. The cps concentration
and the cps quantity by gramof cell dried weight increased by

approxi mat el.y..300mm/ L _and, Sngeps/ gecpw, . Lespectively. For,the 1l.strain,
Che sams Serumia oride asBsre Rl PRy vERREE PRl g SR ot SRR
process g6yl Thebiav&itivpl dahi wd 46si othedytioRRBY cadphbiphbtedfadpiviigto sigat vidré hout pH
nonitoring. For 013111, the only the final process sith the sinplified
linear ad8R¥3lase & AHSHEASHH nonitoring was performed to verify the efficacy
of the protocol. [00324] This process using two instantaneous additions of
yeast mpot7HCct TAOdaduldieaknAddli 49 ORIPRINBICRERONAS” t e RYEESKT efiminium

pi |l ot-scal e nethod.” The new process did not require the use of an algorithm
or the addyhviderxidssalts.tveiivihare ssvallych deastartiedly cuystalling. hgminaam emhw@@m ex
cul tivati j J [?Nq,;: i sed St..extr PO

gl ucose gﬂlgchg?%it :Jb%] re?%ssgfge o] glgg?ﬁ}rng%ué?&pq%%e%ag ? 5?&1["5‘31'9‘5% Pjgglﬁ gt ue(r:i bl e
gr owt h behaviniom aswhpopsdypr ewhhc tasonlun@hibme - kyalrdxdde | AHOBT);,f by memfraed odR)

process [00325] The previ ously devel oped fernentation process to produce
e ot R Ropt F R Y i ProkrR T cn P Bue R " BR05ET ahd eBHBRE Ve o
moni t or eghduddert s1e304868160ckEl Nehapher 2yf RAChePaTRTEEgEe WIS ciyBilihitgdof an

i ndividually and conpared with a _control culture. The DOT study,  the

t enper at @RETBIHA idretddeadeyet tsaafleqiesonnibe widd of g difaction bardsatdwiihsighbd at
36C wi t h ey, Qfith! ' \Y ,,@ﬁ% i n; i i1fat ai ned
at 30% dlgl’i n? '?{%gl %%r%}?gl@ét%g@g?sa%stglg 3 gﬁetratsek g%ngﬁg%ﬁgggdﬁs%@@%}e
final ODciystallte s@es.aklg sunacavsrdgecprddudY il ingroases, andgadjnvants. with dighss

¢ aapect ] JongGBR NESich el (£ Ry BeBhP BT oo aitmnt P BBt 2o 1)

Ef f ect ofmdrpielekiys&d. e tseox \igeranbdiésibn [eRQ830 ImiSiogegphoceiypigalathal shahindeni s a

facul tative anaerobic ani t hat synfhesi zes ATP, by .aerohi c respiration
£ oxygelVeiaF adEis pSa et AT KB ApADUY G i VA 200! ShaeriBbi ¢
growt h.  L@U3aRlitsEifmas a JoRRIvE i saBBdevQlredXut sib[bgﬁé&ﬁgﬂ?ﬁildd W@@céi&biﬁ%@'oﬂw at
15% The averagle E)roductlv[ty was reduce rom1.84g/L.h to 1.14g/L.h but

t he sanebeeet 1329 me HIBiHhPHasSobber gedHal 4t haveehpgn grparted 19F GdwrigiunThe
cps conc il | ower at around 406ng/L and | ess cps were produced by
gr am of ?gﬁﬁ%ﬁg%g&&e‘oiﬁgﬁt (39. 8ngeps/ gcow). [00329] The sane fernentation was
perfornmed maintaining the dissolved oxygen at 60% In this case, the

aver agl@0ps®@dudhe viadiyvams Knovey/ as. Hahmuntuhe plasahateD awas tRocadlly Bhenispeci fic
producti y| reased to 433nu/.L and the tity nf cC by gram of
Cer - ary MO c AR 1y, PaMHm PO dmh B THopt Snfee g TR
obser vat hohsxyphdSphate duldse). VEbyoxagebe absaine] et erbcipitatidr)earnl kgt racdbe

production, .using an agitation between, 50-350 rpmand air f]ow betwee
50- 100/ APIiteRAdncongiitiaHons g@k‘iﬂeﬁ’é@ﬂ?&a’é@ Piiygace &}Qsde(SFﬂey"flu%Lg&‘tPW“% RE | ast

hour of bLhesphfte TR RES:QN iP RCER SHydBLY BYpHARS RieR&tally Ravels POYNA] blifar rati
manuf actgri reg proce}?g o&vn. i E%lfrec%ﬁlofpthe%teen%a?ure [8/0331] r‘lrﬁtéo
S

growt h ahetweps Ogr aetlidt2. dfydresryphedpbatesnsan bordistingpishedifop sgict WePOehpehat ur e

by increasi i et er at g A t to

o andar aPFenge Lo be ST BLE HOCubBIRERR I, Syt il 4 IBRFL Kb

t he doubheagl tbi208°Cydsdicaeithe dreadrte bigranealdgerguytdak.biof rdfy76las decr eased
from1l.84g/L.h to 1.04g/L.h. However, the cps concentration was decreased

to 60% L ¢ appr oxj.mat.el y 20ngeps/.gam wer e, | ost t hi
terer2PTRE. "o bli BRR HakS Rl d SR SR BRI AfvgR vl et by
average Pp&OderDisvaridy | paprefdsifl WRelvden 018 hnd49Y, Lanh lh&elcgrréﬁﬁﬂbly b.95Fou ! figg nor e,
a significant reduction of both cps W) 2009/081276PCT/ 1B2008/ 003729
concent r AupvHuRRhosphategyHhgsneyal ytbecamorgqusgpaitewerly: & hydrgxyipkasghate walts.
observed at the end of the process (267 ng/L and 32.1 ngei dgcpw,
respectively).
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[ 00334] Since nodifying the tenperature of the fermentation process

af fected the GBS doubling tinme and consi derably reduced serotype specific
cps prodwa 200mp813&C was confirned to be optimal tenper aRGHB2PH00IRL gr owt h
and cps production. [00335] Experinents were also perfornmed to optim ze

t he pH-value, by varying the original pHat 7.3 to 7.0 and 7.5. Wen the pH
was maintained at 7.0, the final OD was increased from23.5 to 28.8, and
the average productivity was 1.52g/L.h. However, cps concentration was
decreased fromb5 0 /L to 412ny/ 00336], The same, fer ro ess
docr ea0ed WA SARRHLIS B3R bk QSRR TARE R, PP AL BV

aver age peweda 00841 dnyl 0092 IndD@ded/ak OlsmmA1*0hS eTivesdluditu@ phbgihifei \leargenetany ease

of cps v%l unmetric prOdéCtIVIty was_ noted fraom 540ny/ L t? 323ny/ L. Th

mai nt ai niPRPAEIPIFSe.g. Bag ke Fomhe! qgér%%?@&tlpdtﬁnﬂmél@gse %ggndﬁtcr%aapﬁ r
cell dengi b%aﬁ&ﬁm‘éﬁ% o tﬂ@?bﬁ&ic% ard td the ShMEY0. 900 (Y. GBSHTLTO{Rh)\UsRr h99337]
Expenments were al so performed to optimze the pressure by conparing the
f er ment athidgenprdserptien. stdspypbivp censsiiice of bgween 6.701.5 nigaproteithper mhdlpr re
was nain t ned 23.5, and the average
producti 3%}%’@ bgénlr%géﬁfi @Falbb%hmgﬁo §lt(_zn%qlf:vg}rllttsr ation was decreased from
540 ng/L to 272rrg/L [ 00338] After studyl ng the effects of dissolved
oxygen[001&iperTat poayt ob Hﬁroadrarger(é’iﬂ)roé aluminiiint ipbo@hmees' iressely rektalbloi thhed

vverefoudto ondi.ti.ons r pr hceII
Goni ty aferee ol GubiE R i Fos B o ey R RSBl bt &barean 1
Def i ned Megkindig ¢PR3&nSionaRiont Bed @@{Héht@atldﬁtdﬂlbé/@éﬂtﬂgsddﬂdt prepasRdthe Ralt
pr ecedi n%yExaan es cont ai ned or ganl ¢ sources whose COprOSI tjions are not
|

conpl et e pkmmtle@ REC 15, adsosaltepse byaehanging dhg easepntrafion of fige Phesph#e ivide of
the fermepighh HG %e%o&bagﬁﬁé/ 1759)) Q‘égy %ﬂmf%ﬁﬁfér@uch\/@a histidine buffer
20091081276PCT. 182 003729 reduce vari a | e mal ntal ni ng

product i \ﬁntalyesi EZComp@pbm@ tAHmnummlréwSpi@thsumevln ackoglingh éithainvpnigef ik d
medi um whi ri nsi st s 8r 0 T pI a nt
al l ows t I8 I%’Tra rrear‘l/te gtﬂl%cn&g? g‘é’%ess (? CL ’clg p%?tgrag%o%ﬁ‘ggé]l soalzqérgl if I%@og"? t he
purificatsiion of pol ysacchari des. [00340] Previous studies (Ref. 179)
denonstr at ed that Streptococcus agal actiae could be grovvn in a chemcally

defi neﬂ’ gﬁj r§ ich supported a hate nd an anount fot%vth cor arable to
that oy PFPCP%“S P@%“Pr‘&cﬁa wrisefhig PdERab%§%m8‘f’S“B‘PﬂS i ESERYA 8% was
first tOcsﬁtuﬂtya b ffeig (M ped3pRAE loeTal Bibtidife 3PA EARABUITE), I@WhR ib &6t Qfvays

requi renents of M/81 stral n of Streptococcus agal actiae representing

ser ot ype nptqssaryroThfhéw&%mﬁhéreypr@ff‘datéf Frirdenedd RYEREEpECehr SdtERIISen Ba¥i npl e
fed batc h Iyl

ot nod ey e T OO s T e s by B R e

m cr o- or geadérsbhyrhetweehis atd lﬁetheatngl xewte peefasklyrabaininl & md/.Bdwtsusgsingiphcmay

condi ti orallgSb o herldeffer qul 1%owth phases, the consumed and produced
conponent’s, P8} ﬁood\tulnb |p bet ween the bi omass and product formation, the
limting substrate for gromh and the rel ationship between the specific

gr owt h[00B843 afitle tilentidmedn usg asmbsdre af eoﬁmﬂMKmmhMydrdﬂmgeaneIran dhnehimuwinor al

i nformati bout y. known fromthe stud erfor 0

dovel op. PEFERRTEE RPN S oAt IR DT AHS EWRUR BT GHOSRGIE A and

t enper at qap@rostmé%lgoa%ghﬂra@m%dleaﬁ 2Bxappies Seor, >EES>gr10uhh, ép the conpl ex
cultivating rredl um were extended to the chemicall y defi ned” medi um as set
forth in Table 1 above. i) (f?B Arowh study in Erlenmeyer flasks [00342]
Prel i niOAL$3}) e;fb@rqowrgﬂ% o hdl gr sivan CHPPITOL Fprmnm\»%ﬁtéorpé? foo PRET i iR

bat ch CUHéfér%‘%l?%s@%aﬁol@Fthﬁfé§n339bﬁ§7mlf LAl el & WENeL matﬁgml agd in
exponenti al ase hours™w th a doubling ti

0.91h- 1)A1Aﬁfeenedtr¢ngs iff hatweengl.danchl phlagen lmaxensxpwéOf&Smgétoamshm%tr@d began to
decrease and the cells were in deceleration phase for 2 hours. The fi nal
optical density was around 1.5 and the exponenti al phase was finished when

optical density was around 0.7. WD 2009/081276PCT/1B2008/ 003729 ii) GBS
grow h study in 2L fern2entor
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[ 00343] Next, GBS growmh was nonitored in a 2L fernmentor. Under these

condi ti ons, the pl-1 of the cultivating nmediumwas maintained at a constant
pH of 7. &Kbymwmﬂzautonatlc addi tion of 2M sodi um hydr oxREIB2)ERN2Y For
cell activation, the preceding culture in the flasks was used. Wen

i nocul um f | asks reached | ate exponential growh phase (0D590",, = 0.5), an
adapted volune of this culture was used to inoculate 1.8L of fresh medi um
which resulted in an initial OD of 0.4. The cells imrediately entered into
exponenti al 9%§%u;PL 3 hours with a doubling time of 42 m nutes

(gmax=1. 00h- ? 3 ™our decel eration phase was follomed by a stationary
phase by At was 2. doubl in S observed h in
t he f|[\gﬁ1§§‘ﬁ i | F oot 051?18‘15 R atsf’ﬁon?}’fhusg 9 |‘§H \rl\%l\?el e‘ﬁ“’%a‘émlﬁg‘% ed
for the fsqmadne@atertéamlhbmm &FM(FBQKREID Chiagtbd 1@ OF E&g?d, sBg akensl MeASPOW. As

observed in the f ntor t he s constantl ained at 7. 3.
Fur t her noAgalene, 0% T %8%@%3@ %ﬁaaac%s orgauateintq ﬁ\gvmlmnmaﬁgc SHFE? f or
GBS si ncgitBguAvRt JI Sl Gk PeRBE's %ﬁuvéﬂgm)%@ﬁlcaﬁﬁle&@ﬂe&mc@ﬁ@% (IRA§ he
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[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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includes one or more of QuilA, QHA & QHC. ISCOMs are further described in refs. 80-82.
Optionally, the ISCOMS may be devoid of additional detergent (Ref. 83).

[00191] A review of the development of saponin based adjuvants can be found in refs. 84 &

85.

D. Virosomes and virus-like particles

[00192] Virosomes and virus-like particles (VLPs) can also be used as adjuvants in the
invention. These structures generally contain one or more proteins from a virus optionally
combined or formulated with a phospholipid. They are generally non-pathogenic, non-
replicating and generally do not contain any of the native viral genome. The viral proteins
may be recombinantly produced or isolated from whole viruses. These viral proteins suitable
for use in virosomes or VLPs include proteins derived from influenza virus (such as HA or
NA), Hepatitis B virus (such as core or capsid proteins), Hepatitis E virus, measles virus,
Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus, Retrovirus, Norwalk virus, human
Papilloma virus, HIV, RNA-phages, QB-phage (such as coat proteins), GA-phage, fr-phage,
AP205 phage, and Ty (such as retrotransposon Ty protein pl). VLPs are discussed further in

refs. 86-91. Virosomes are discussed further in, for example, ref. 92.

E. Bacterial or microbial derivatives

[00193] Adjuvants suitable for use in the invention include bacterial or microbial derivatives
such as non-toxic derivatives of enterobacterial lipopolysaccharide (LPS), Lipid A
derivatives, immunostimulatory oligonucleotides and ADP-ribosylating toxins and detoxified

derivatives thereof.

[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
monophosphory! 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 monophosphory! lipid A mimics, such as aminoalkyl glucosaminide

phosphate derivatives e.g., RC-529 (Ref. 94,95).
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[00195] Lipid A derivatives include derivatives of lipid A from Escherichia coil such as OM-
174. OM- 174 is described for example in refs. 96 & 97.

[00196] Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention
include nucleotide sequences containing a CpG motif (a dinucleotide sequence containing an
unmethylated cytosine linked by a phosphate bond to a guanosine). Double-stranded RINAs
and oligonucleotides containing palindromic or poly(dG) sequences have also been shown to

be immunostimulatory.

[00197] The CpG’s can include nucleotide modifications/analogs such as phosphorothioate
modifications and can be double-stranded or single- stranded. References 98, 99 and 100
disclose possible analog substitutions, e.g., replacement of guanosine with 2'-deoxy-7-
deazaguanosine . The adjuvant effect of CpG oligonucleotides is further discussed in refs.

101-106.

[00198] The CpG sequence may be directed to TLRY, such as the motif GTCGTT or
TTCGTT (Ref. 107). The CpG sequence may be specific for inducing a Thl immune
response, such as a CpG-A ODN, or it may be more specific for inducing a B cell response,
such a CpG-B ODN. CpG-A and CpG-B ODNs are discussed in refs. 108-110. Preferably,
the CpG is a CpG-A ODN.

[00199] Preferably, the CpG oligonucleotide is constructed so that the 5' end is accessible for
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

39



Biotin 0.25 0.09 0,01 9 Folic acid 3.1 1.116 0,1 11.2 N acinan de 68 24.5 2

12. 2 Ca Pant hotenate 30 10.8 0,8 13.5 R boflavin 11.9
WO 2009/081276 PCT/IB2008/003729

thereof, particularly LT-K63 and LT-R72, as adjuvants can be found in refs. 116-123.
Numerical reference for amino acid substitutions is preferably based on the alignments of the
A and B subunits of ADP- ribosylating toxins set forth in ref. 124, specifically incorporated

herein by reference in its entirety.

F. Human immunomodulators

[00201] Human immunomodulators suitable for use as adjuvants in the invention include
cytokines, such as interleukins (e.g., IL-1, IL-2, 11-4, IL-5, IL-6, IL-7, IL-12 (Ref. 125), etc.)
(Ref. 126), interferons (e.g., interferon-y), macrophage colony stimulating factor, and tumor

necrosis factor. A preferred immunomodulator is IL-12.

G. Bioadhesives and Mucoadhesives

[00202] Bioadhesives and mucoadhesives may also be used as adjuvants in the invention.
Suitable bioadhesives include esterified hyaluronic acid microspheres (Ref. 127) or
mucoadhesive such as cross-linked derivatives of poly(acrylic acid), polyvinyl alcohol,
polyvinyl pyrollidone, polysaccharides and carboxymethylcellulose. Chitosan and

derivatives thereof may also be used as adjuvants in the invention (Ref. 128).

H. Microparticles

[00203] Microparticles may also be used as adjuvants in the invention. Microparticles (i.e., a
particle of ~100 nm to ~150 um in diameter, more preferably ~200 nm to ~33 pum in
diameter, and most preferably ~500 nm to ~l0 pum 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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J. Polyoxyethylene ether and polyoxyethylene ester formulations

[00205] Adjuvants suitable for use in the invention include polyoxyethylene ethers and
polyoxyethylene esters (Ref. 132). Such formulations further include polyoxyethylene
sorbitan ester surfactants in combination with an octoxynol (Ref. 133) as well as
polyoxyethylene alkyl ethers or ester surfactants in combination with at least one additional
non-ionic surfactant such as an octoxynol (Ref. 134). Preferred polyoxyethylene ethers are
selected from the following group: polyoxyethylene-9-lauryl ether (laureth 9),
polyoxyethylene-9-steoryl ether, polyoxytheylene-8-steoryl ether, polyoxyethylene-4-lauryl
ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether.

K Polyphosphazene (PCPP)

[00206] PCPP formulations are described, for example, in refs. 135 and 136.

L. Muramyl peptides

[00207] Examples of muramyl peptides suitable for use as adjuvants in the invention include
N-acetylmuramy-L-threonyl-D-isoglutamine  (thr-MDP),  N-acetylmuramyl-L-alanyl-D-
isoglutamine (nor-MDP), and N-acetylmuramyl-L-alanyl-D-isoglutamyl-L-alanine-2-(1>-2’-
dipalmitoyl-sn-glycero-3 hydroxyphosphoryloxy)-ethylamine MTP-PE).

M. Imidazoquinolone Compounds.

[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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a submicron emulsion or vortexed to generate a larger particle size emulsion. (7) RIBI (TM)
adjuvant system (RAS), (Ribi Immunochem) containing 2% squalene, 0.2 TWEEN 80 (TM),
and one more bacterial cell wall components from the group -consisting of
monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell wall skeleton (CWS);
preferably MPL + CWS (DETOX (TM)); and (8) one or more mineral salts (such as an

aluminum salt) + a non-toxic derivative of LPS (such as 3dMPL).

[00210] Other substances that act as immunostimulating agents are disclosed in chapter 7 of

ref. 76.

[00211] The use of an aluminum hydroxide and/or aluminum phosphate adjuvant is
particularly preferred, and antigens are generally adsorbed to these salts. Calcium phosphate

is another preferred adjuvant.

[00212] The composition may be sterile and/or pyrogen-free. Compositions may be isotonic

with respect to humans.

[00213] Compositions may be presented in vials, or they may be presented in ready-filled
syringes. The syringes may be supplied with or without needles. A syringe will include a
single dose of the composition, whereas a vial may include a single dose or multiple doses.
Injectable compositions will usually be liquid solutions or suspensions. Alternatively, they
may be presented in solid form (e.g., freeze-dried) for solution or suspension 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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[00216] Immunogenic compositions used as vaccines comprise an immunologically effective
amount of antigen(s), as well as any other components, as needed. By immunologically
effective amount, it is meant that the administration of that amount to an individual, either in
a single dose or as part of a series, is effective for treatment or prevention. This amount
varies depending upon the health and physical condition of the individual to be treated, age,
the taxonomic group of individual to be treated (e.g., non-human primate, primate, etc.), the
capacity of the individuals immune system to synthesize antibodies, the degree of protection
desired, the formulation of the vaccine, the treating doctor's assessment of the medical
situation, and other relevant factors. It is expected that the amount will fall in a relatively
broad range that can be determined through routine trials, and a typical quantity of each

streptococcal conjugate in between 1 pug and 20 pg per conjugate (measured as saccharide).

[00217] Thus the invention provides a method for preparing a pharmaceutical composition,
comprising the steps of: (a) preparing a conjugate as described above; (b) mixing the

conjugate with one or more pharmaceutically acceptable carriers.

[00218] The invention further provides a method for preparing a pharmaceutical product,
comprising the steps of: (a) preparing a conjugate as described above; (b) mixing the
conjugate with one or more pharmaceutically acceptable carriers; and (c) packaging the
conjugate/carrier mixture into a container, such as a vial or a syringe, to give a
pharmaceutical product. Insertion into a syringe may be performed in a factory or in a

surgery.

[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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be performed at very different times by different people in different places (e.g., in different

countries).

Pharmaceutical uses

[00221] The invention also provides a method of treating a patient, comprising administering
the composition to the patient. The patient may either be at risk from the disease themselves
or may be a pregnant woman (maternal immunization). The patient is preferably a human.
The human can be of any age e.g., <2 years old, from 2-11 years old, from 11-55 years old,

>55 years old, etc.

[00222] The invention also provides the composition for use in therapy. The invention also
provides the use of the composition in the manufacture of a medicament for the treatment of

disease. Preferably the disease is influenza or pneumonia.

[00223] Compositions will generally be administered directly to a patient. Direct delivery
may be accomplished by parenteral injection (e.g., transcutaneously, subcutaneously,
intraperitoneally, intravenously, intramuscularly, or to the interstitial space of a tissue), or by
rectal, oral, vaginal, optical, transdermal, intranasal, ocular, aural, pulmonary or other
mucosal administration. Intramuscular administration (e.g., to the thigh or the upper arm) is
preferred. Injection may be via a needle (e.g., a hypodermic needle), but needle-free

injection may alternatively be used. A typical intramuscular 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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in, liquid vehicles prior to injection can also be prepared (e.g., a lyophilized composition).
The composition may be prepared for topical administration, e.g., as an ointment, cream or
powder. The composition may be prepared for oral administration, e.g., as a tablet or
capsule, or as a syrup (optionally flavored). The composition may be prepared for
pulmonary administration, e.g., as an inhaler, using a fine powder or a spray. The

composition may be prepared as a suppository or pessary.

[00227] The composition may be prepared for nasal, aural or ocular administration, e.g., as

spray, drops, gel or powder (e.g., refs 143 & 144). Injectable compositions are preferred.

Further antigenic components of compositions of the invention

[00228] The methods of the invention may also comprise the steps of mixing a streptococcal

conjugate with one or more of the following other antigens:

a saccharide antigen from Haemophilus influenzae B (e.g., chapter 14 of ref. 145).

- apurified protein antigen from serogroup B of Neisseria meningitidis.
- an outer membrane preparation from serogroup B of Neisseria meningitidis.
- an antigen from hepatitis A virus, such as inactivated virus (e.g., 46, 147).

- an antigen from hepatitis B virus, such as the surface and/or core, antigens (e.g., 147,

148).
- 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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coenzynmes and functional groups of certain enzynes.
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[00237] The invention may use any suitable Hib conjugate. Suitable carrier proteins are
described above, and preferred carriers for Rib saccharides are CRM197 (HbOC), tetanus
toxoid (PRP-T) and the outer membrane complex of N. meningitidis (PRP-OMP).

[00238] The saccharide moiety of the conjugate may be a polysaccharide (e.g., full-length
polyribosylribitol phosphate (PRP)), but it is preferred to hydrolyze polysaccharides to form
oligosaccharides (e.g., MW from ~1 to ~5 kDa).

[00239] A preferred conjugate comprises a Hib oligosaccharide covalently linked to CRM197

via an adipic acid linker (Ref. 159, 160). Tetanus toxoid is also a preferred carrier.

[00240] Administration of the Hib antigen preferably results in an anti-PRP antibody

concentration of >0. 15 pg/ml, and more preferably 1 pg/ml.

[00241] Where a composition includes a Hib saccharide antigen, it is preferred that it does not
also include an aluminum hydroxide adjuvant. If the composition includes an aluminum
phosphate adjuvant then the Hib antigen may be adsorbed to the adjuvant (Ref. 161) or it
may be non-adsorbed (Ref. 162). Prevention of adsorption can be achieved by selecting the
correct pH during antigen/adjuvant mixing, an adjuvant with an appropriate point of zero
charge, and an appropriate 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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prophylaxis or therapy for STDs such as Chlamydia, genital herpes, hepatitis (such as HCV),
genital warts, gonorrhoeae, syphilis and/or chancroid (Ref. 164). Antigens may be derived
from one or more viral or bacterial STDs. Viral STD antigens for use in the invention may
be derived from, for example, HIV, herpes simplex virus (HSV-1 and HSV-2), human
papillomavirus (HPV), and/or hepatitis (HCV). Bacterial STD antigens for use in the
invention may be derived from, for example, Neisseria gonorrhoeae, Chlamydia

trachomatis, Treponema pallidum, Haemophilus ducreyi or E. coli.

244] The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology, microbiology, recombinant DNA, and
immunology, which are within the skill of the art. Such techniques are explained fully in the
literature. See, e.g., DNA Cloning, Volumes I and II (D.N Glover ed. 1985);
Oligonucleotide Synthesis (MT Gait ed, 1984); Nucleic Acid Hybridization (B.D. Hames &
ST Higgins eds. 1984); Transcription and Translation (B.D. Hames & ST Higgins eds.
1984); Animal Cell Culture (R.I. Freshney ed. 1986); Immobilized Cells and Enzymes (IRL
Press, 1986); B. Perbal, A Practical Guide to Molecular Cloning (1984); the Methods in
Enzymology series (Academic Press, Inc.), especially volumes 154 & 155; Gene Transfer
Vectors for Mammalian Cells (J.H. Miller and M.P. Calos eds. 1987, Cold Spring Harbor
Laboratory); Mayer and Walker, eds. (1987), Immunochemical Methods in Cell and
Molecular Biology (Academic 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, et 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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and Dalrymple, Fields Virology (2d ed), Fields et al. (eds.), B.N. Raven Press, New York,
NY.

[00245] Standard abbreviations for nucleotides and amino acids are used in this specification.

[00246] All publications, patents, and patent applications cited herein are incorporated in full
by reference.
EXAMPLES

[00247] To illustrate the methods herein, Streptococcus agalactiae 090, H36b, M781, and
CBJ111, which produce four representative serotypes (la, Ib, III, and V), isolated from

patients with GBS disease, were studied.

Example 1 — 5 and 20 Liter Fermentation

A) Development of inoculum preparation process

[00248] The study of the three GBS serotypes’ growth was conducted in 5000mL unbaffled
shake flasks containing 1000mL of the inoculum culture: 8g/L dihydrate Na,HPO4 (Merck),
2g/L. monohydrate Na,HPO, (Merck), 17g/L autolysed yeast extract (Difco laboratories),
Img/L biotin (Merck) and 33 g/L monohydrate D-glucose (Merck). All compounds were
dissolved in reverse osmosis water (ROW) and sterilized by filtration through a 0.22pum pore
size membrane filter (Nalgene) and then they were aseptically added to the 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 novaspecll-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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the growth curve. The slope of the line corresponds to the maximum specific growth rate,

Kmax, and doubling time (tq) according to the formula t3 = In2/p.

B) 5 and 20 liters fermentor preparation

[00251] Before filling the vessel and sterilizing the culture medium, the fermentor instruments

(pH electrodes and pO, meters) were calibrated using standard methods.

[00252] Since GBS is an auxotroph organism, it does not have the capacity to synthesize
particular organic compounds, such as amino acids and vitamins, which are required for its
growth. For this reason, a low-cost complex medium free of components from animal origin
was developed, as described in WO07/052168.

[00253] The basal medium used for polysaccharide production contained: 2g/L dihydrate
Na;HPO4 (Merck), 16.7g/L. autolysed yeast extract (Difco laboratories), 32g/L. monohydrate
D-glucose (Merck), 1mg/L biotin (Merck), 0.5mg/L thiamine hydrochloride (BDH
Laboratories), 0.5mg/L riboflavin (Fluka), 0.5mg/L nicotinic acid (Carlo Erba) 0.5mg/L
pyridoxine hydrochloride (Sigma) and 1mL.L" polypropylene glycol (BDH Laboratories) to

prevent foam formation.

[00254] Since sterilization of an empty culture vessel was not possible, the fermentor was
filled with the phosphate, yeast extract and polypropylene glycol (4.2L for a 7L fermentor
and 16L for a 30L fermentor) and sterilized in situ at 121°C for 30 minutes. Some liquid
evaporated during sterilization. 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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fermentor: 1000mL monohydrate D-glucose, 100mL biotin, 17mL vitamin solution and

170mL riboflavin).

C) Cultivation in 5L and 20L fermentors

[00256] Expression of cps by GBS, as with others encapsulated bacterial pathogens, is not
constitutive but instead varies during growth in vitro and in primary cultures isolated from
different sites of infection (Ref. 173). Despite such observations, little is known about
regulation of this surface-expressed carbohydrate antigen in GBS. Cell growth rate in
continuous culture was already reported to be the principal factor regulating capsular
polysaccharide production, and growth rate-dependent production of type III capsular
polysaccharide occurred independently the growth limiting nutrients. In fact, the production
of cps was higher when cells were held at a fast mass doubling time (1.4h™") than at slow

(11h") growth (Ref. 174).

[00257] Initially, all studies with GBS were performed with cells grown in batch culture,
which were characterized by changing growth rate, nutrients concentration, and pH. Growth
parameter shifts experienced by cells in batch culture lead to metabolic changes that affect
the composition of the cell. Continuous culture allows for continuous exponential growth in
an environment of stable substrate, product, and biomass concentrations and at a rate
controlled by the researcher. If growth rate conditions are maintained, a steady state will be
achieved. However, continuous culture should be avoided for industrial production because
it is prone to strain stability problems and contamination, and is also expensive on

manufacturing-scale due to the need for 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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emulsion (BDH Laboratories).

[00260] 1000mL of the inoculum sterile medium was inoculated with an adapted working
seed volume of the strain studied and incubated for the desired time at 35°C with shaking on
a rotary shaker. When the inoculum flasks reached mid-exponential phase (OD between 0.8
and 1.2), sufficient volume of this culture was used to inoculate fresh batch medium (4.7L or
17L) to result in an initial OD of 0.032.

[00261] The batch phase of fermentation was allowed to proceed until the culture ODsgonm
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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[00262] Small samples of 50mL were withdrawn from the culture fluid at intervals during the
fermentation processes and analyzed for bacterial growth, glucose consumption and

polysaccharide production.

D) Harvest and inactivation of GBS

[00263] The culture was harvested when the growth rate consistently slowed down, which
occurred 3 hours after the initiation of the pH-controlled glucose phase. The culture was
immediately centrifuged at 7741x g for 45 minutes at ambient temperature (AvantiTM
centrifuge J-20 XPI Beckmam coulter). The supernatant was removed and conserved at -

20°C for glucose assays, and the weight of harvest was determined.

[00264] Purification of GBS polysaccharides first required the inactivation and hydrolysis of
cps. 1M sodium hydroxide was added to the pellet to obtain a final concentration of 0.8M.
The reaction mixture was incubated for 36 hours at 37°C and 120 rpm before the serotype

specific cps content was determined.

F) Fermentor cleaning

[00265] After the culture was harvested, the vessel and accessories were decontaminated.
First, the fermentors were filled with ROW and the pH was increased to 12 by manually
addition of 4M sodium hydroxide. Sanitization was performed by heating the water to 80°C
for 30 minutes, maintaining a pressure of 0.2bar and an agitation of 200 rpm that ensured a
homogenous dispersion of heat. When the sanitization was completed, the water with
sodium hydroxide was harvested, and the fermentor was washed with ROW 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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Example 2 -2 Liter Fermentation

A) Strain and cultivation medium

[00266] Streptococcus agalactiae type Il strain M781, originally isolated from a newborn
with GBS meningitis, was provided by Carol J. Baker. Strain M781 cells were grown in a
modified version of a chemically defined medium, initially developed for group A
streptococci (Ref. 174). The composition of the chemically defined medium used in the

batch culture study is listed in Table 1.

Table 1: Chemically defined medinm composition batch phase

FINAL
CHEMICAL
COMPOUNDS CONCENTI_(IATION PRODUCER
_(mg.L, )
o k Carbon source in ROW B
D-Glucose. H,0 | 20000 | Merck
Phosphate solution in ROW . ' )
K;HPO, 300 Merck
KH,PO, 440 Merck
NaHPO,.2H,0 3150 Merck
NaH,PO,.H,0O 2050 Merck
NaCl 10 Merck
o . Sulphate solution in ROW . Tl
(NHy) 2SO, 600 Ashland
MgS0,.7H,0 200 Merck
MnSO..H,O 10 Sigma
FeS0,.7H,0 10 Sigma
Y ’ . Sodium solution in ROW R
Sodium citrate 225 Sigma
Sodium acetate 6000 Carlo Erba
\ - " Vitamins solution in ROW N
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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[00267]

(pH-values = 7 and 4). The pO, and pH probes were mounted in the culture vessel.

The pH probe was calibrated by a two point calibration using two standard solutions
The

fermentor (Applikon 3L) was filled with glucose and sterilized in an autoclave at 122°C for

30 minutes. All others compounds were sterilized separately by filtration through a 0.22pm

pore size membrane filter, and then aseptically 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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B) Cultivation at 2L scale

[00268] Preliminary experiments on the expression of capsular polysaccharides by strain

M781 were performed in batch culture.

[00269] For cell activation, 100mL of the chemically defined medium (pH value = 7.2,
adjusted using 6M chlorhydric acid), sterilized by filtration though a 0.22um pore size
membrane filter (Nalgene) and placed in sterile 500mL Erlenmeyer flasks, were inoculated
with 0.1mL of thawed culture of M781 strain (working seed were stored in 10% glycerol at -
70°C). This seed culture was incubated at 35°C, with agitation at 200 rpm in a horizontal
shaker cabinet (Innova 4330, eccentric 1 inch) for 9 hours. The seed culture was then
inoculated into 1.8L of the basal medium in a 2.5L jacketed fermentor (Applikon), whereby
the initial OD was 0.4.

[00270] The fermentation was controlled by a digital measurement and a control unit from
Applikon Instruments (Biol controller ADI 1030, Applikon), and all data were collected by
computer (BioXpert software). The temperature was automatically controlled at 36°C by an
external thermostat (Haake). Dissolved O, was measured by a sterilizable electrode
(Applisens) and was maintained above 30% of air saturation by automatic adjustment of the
agitation speed between 150 to 1000 rpm (Motor Controller ADI 1012) and aeration rates of
0.1 and 1.0 v/v/m (Flow console Applikon). The culture pH was maintained at 7.3 by

automatic titration with 2M sodium hydroxide (pump 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 contro] 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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defrosted fromthe -70C freezer. The culture was maintained at 35 1C wth
agi tation 200 | O pmin the incubator (1N-LO641) during 4 |h. After this
time, the biomass concentrati on was eval uated by neasuring the OD at 590nm
and performng a Gamstain. If the vaI ue of (OD590,,," reached 1.2-0.6, and

L1 s SRl RO SR LONY (GHAMARS! Heli Sy 8APEL] ubhBiGRD AT the

four f were erilize ocl ave p ogram nl
m nl nmax. )thdap@iineremeﬂhbomiﬂlesd:tlponﬁ of @O%nﬁdismlvmmdylgem of the 300L B. Braun
Bi otech / Chemap ferinentor (1D VS-L0530). WO 2009/081276PCT/1B2008/ 003729

[00274] For the exponential cultivation technique, the peristaltic pump was activated at the
end of exponential phase to maintain a specific growth rate equal to 0.92h™ (ts =45 minutes),
the optimal doubling time for capsular polysaccharide production. Feeding was

accomplished according to the following formula:

U (VX)0 e
S Yyrsn

where F' is the feeding rate, p is the specific growth rate, (VX), is the biomass at the start of
feeding, #f'is the time when feeding started, Sycons is the substrate concentration of feed, and Yy

is the cell yield coefficient for glucose.

C) Shake flasks study to identily the growth factors requirements

[00275] Growth factor requirements of the organism were determined by eliminating
individual nutrients from the defined medium and by determining whether the resultant
medium would support growth. The study was conducted in 500mL unbaffled shake flasks

containing 100mL of chemically defined medium (see Table 1).

[00276] The pH of the cultivating medium was adjusted to 7.2 using 6M chlorhydric acid.
The cultivating medium was then sterilized by filtration though a 0.22pm pore size
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 novaspecll-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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1i1) Key variables of the inoctilum preparation [00367] The key vari abl es
of the inoculum preparation are described in Table 7 and Table 8 Table 7:
Cont r ol | e 208s/0sbiees during the inocul um preparation CHEYBIEQY7AY i abl es
Target Range Initial pH of the nmedium 7.3 0.1 Volume of working seed 2.5
-3.0 M / flask Tenperature of incubation 35 1C Agitation speed 200 10
rpm Table 8: Monitored variables during the inoculum preparation Mnitored
Vari abl es Target Range Final 011:1590"", 0.64.8 GRAM Only Gram positive

cocci QUL S1PHT WM CRREAS 2Nt

A) Growth measurements

[00278] As soon as the samples were collected, the biomass content was monitored by reading
the OD of the culture at a wavelength 590nm (Novaspec I spectrophotometer - Pharmacia
bioteck). Dilutions of the samples were realized in order to read a value of absorbance

within the interval 0.10-0.50.

[00279] Cell concentration, defined as g/L of chemically defined medium was determined by
placing an accurately measured volume of culture broth (30mL) into a previously dried and
weighed 50mL polypropylene centrifuge tube. Cells were centrifuged at 27,217x g for 45
minutes at 4°C in an Avanti-TM JA-20 XPI Beckman Coulter refrigerated centrifuge. The
supernatant was decanted and the cell pellet was dried in an oven at 85°C for 24 hours, and
weighed. A relationship between the OD at 590nm and gcpw/L (cell dry weight) biomass
was established. An OD of 1 at 590nm was equivalent to 0.44 gcpw/L biomass.

B) Gram staining

[00280] Gram'’s stain differentiates between two major cell wall types. Bacterial species with
walls containing small amounts of peptidoglycan and, characteristically, lipopolysaccharide,
are Gram-negative, whereas bacteria with walls containing relatively large amounts of
peptidoglycan and no lipopolysaccharide are Gram-positive. This 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 iodine-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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Time of incubation 3-5 hours v) Sterilization and cl eaning of
equi pnents [00368] After use, the flasks and the 5L bottle were heat

sterilizexb ¢mangier@ve programn8, dirty cycle, see TablRCHIH28¢8/003729
specifications) and cleaned. B) Culture in the 300L Fermentor i)
Preparation of the medi um and equi pnent [00369] The mechani cal piping and
gas filters of the enpty 300L fernmentor were sterilized (program SEAL2 and
EXFC2). The probes are then checked and cali brated. The pH probe was

cal i brated, usi.ng t buffer.. sol ut | wi,t-h wal ues of .pH 7 .an Th
correct bt Portis Ss3onth PR e A P iR e Bl byt iBR ol tiee ™ obe
in water visst éblnﬁ%g\ﬂa*nieﬂow ehone ]Eah?gefjldﬁabrm%ib@rdﬁ%?eighiﬁem thiefi flaved tdnea 100%
point. Its calibration wag perforned jnside the fernentor. , WO,

2009/ 081 I1810899PE 88608 BD 8P 2d-MetPisien 16?%.@@\5%6&6%&9@%%@9@@9 o3ly/ L

Na2HPO4. 2H20, I L for 120L antifoam "PPG 2500") was fornul ated and
sterilized p@rhesd&aysé er mentor (program FVES 2). During the
sterilization, the 0% val ue of the oxygen prove was checked and

rei ni t joabszyed I feungeesiparmtanf LRicodehCortORblittY Wl asetsimfedt formheticllyz 8y i on,
the tenperature of nediumreached 36C, and the basic nmedi um was conpl et ed
Wit h 17L msesyriggsthe absorhance pddhy poluisgn Br a drmcléeahe pabng P ama@ePBEbard by 2L of
a sol uti Vi ] L. a0 i [ | ine HC1, and

N aci nam g RE) Rapdsl PLRT Bper B s oy G ) %al T st or 11 zed by

0.2 pmfiltration. The 100% val ue of the oxygen prove was then calibrated
af ter R9EHnatl-Giucose mae phoshhomilated tte rDAiluesfseOhphosplagulin itha wesencaddeiic t he
final vol [.nai trat.i on and the final
concent rgﬁ%&%@%@géﬁg&fﬁgp ﬁ\%{ggﬁkg%}"%&é%ﬂéﬁﬁ%tﬁ%o@e% ﬁv\%s 33g/ L. These
additions were perforned on sterilizable lines with a peristaltic punp at
maxi maD- Gehdesé-t X TP40EKBEYs DIGIhcoser 6 ghpostded- Appa fl ow of 550 mi/nmin. 7
Fermentat on vcess and in- rocess controls [00371] Before the inoculation, a
biotin solution (IL, 0.2g/L biotin, sterilized by 0.2 pmfiltration) was

added. [09R&5130dn the praseresrofwiig anrwnRe ighisess-ahesphatendehy frogenasey optlacose-6-

cont ai ni C 1 | o OF. h ROEL 0 25T of

t he follg&f ggﬁaggigﬁng&hgygNé enﬂgﬁzgﬁggyﬁggﬁﬁgggﬁkig%ﬁe%gs§§?§&gﬁ§f

aut omat i déADPHcontrol | ed during the process: the tenperature of the
culture was controlled at 36 1C, the overpressure inside the fernentor was
set at 0.2bar, th wa b Aucosdopsphadendro @D adj Ust ed usi 4M There
was no®p -Cog%éi %P&gﬁehgﬁiﬁ an acidic solutldﬁ Weuise tﬁ@%B t%gﬁ> B
natural |y decreased due to fernentation, the initial stir was set at 50 rpm
and t hpo28é]t i dihe atdothos¥ MADPSEforidatd Z0thiy Rhdtion WakestdiEMOmeRic tb AldMrhurt RE

fermentor_was visually nonitored and adjusted using -
D-Glucose.

[00287] The amount of D-Glucose present in the assay was between 1pg and 50ug. 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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antifoam PPG 2500 if necessary, the dissolved oxygen tension (DOT) was set
at 30 %regulated in cascade by: the stir (range of val ues between 50 and
350 r pm woMDoE976081276PCT/ 1B2008/ 003729 the ai rfl ow RGTARIWSEPIAI ues
between 20 and 100 L/mn) the oxygen flow (range of val ues between 0 and
100 L/ mn) [00373] Sanples were taken during the batch phase of the
fermentation, two hours after inoculation, and the ODssonm was neasured.
Sanpl es were taken every 15 mnutes until the OD590"," reached 3. At that
t ar get the first exponential fed batch diti s.nitiated using
5760 sy a8 et bba LR Bl et e g sl b S ARG ek bbb attihi
doubl i ngtHel MRS pEOEdNEL) UtheS spdcBOFhOAmARD T AhsiPdn®dny Whs fenfofRsd aftt &ont he
first addition, the OD590"", was neasured. Sanples were taken every 15

M nut es tmNeratyg &t FHoTpERIsEaEhed 5. At that target OD, a second
exponential fed batch addition was initiated using yeast extract solution

(150 o/ L), DRI NBélifhakibR of hRbIolysiRidhidd doflpiit e5. [00375] At the end
of this second exponential fed batch addition, a pHstat fed batch addition

was peohRyoredN-Re IR iAiRd gl USiaBE asi@) W be rhc{cﬁ_@gu% lequasiyasiad ashen the

pH val ue exceeded 7.18. During this addition, a sanple was taken every hour
t 0 measuFENpHENODS sekaryotic ocrsrdly e fstpetaies atglsapfolais ied glpslividsiat 8y 3

hours af I it t i.G .C . e S
here t ety (8T PRSI PR, HAFva BIRS f LORMAALE GBS drIRELARR B2
30C. Keypsthogeaid estenit [1 (e I &ctytint setdtype-gpecifie sps $I0GBI ¢hpmphiees kegpeating ait es of

the ferneptati gn process .are described in Table.9.and, Table 10 Tabl e, 9:

Cont r o1 1 BHt P PR SSHAYiRG (MaoH L ROHHE R oot A st 2BloEbTap e

Range pHNoicetyiBudtRaniig 7Sided §alth deidXdlars Bitd@AlNdonifbent &SRS pblysRc@Ridd Gts
quantitative determination was used to monitor serotype specific cps production following

the chemical method setup by Svennerholm (Ref. 176).

[00291] Before determining the quantity of sialic acid, the cps in the inactivated sample was
partially purified and concentrated. After the hydrolysis of polysaccharides in sodium
hydroxide for 36 hours, 1.5mL of the inactivated samples was centrifuged at 15600x g for 25
minutes (Centrifuge 5415R - Eppendorf) to remove the cells. The supernatant was diluted in
ROW at 1:10, and then purified and concentrated using a centricon centrifugal filter
(Millipore’s Ultracel YM-30 regenerate cellulose). Concentration was achieved 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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Overpressure 0.2 bar WD 2009/081276PCI 11B2008/ 003729 Table 10: Mnitored
vari ables during the fernmentation Monitored Vari abl es Target Range
Sterilitwohewbsibsf ore i nocul ati on No contami nant CDSQ(?GT,IBPW/O&%% sanpl e
-- Culture purity at the end of the fernentation Lack of contam nant GRAM
test Only Gam positive cocci Fernentation time -- iv) Sanitization
sterilization and cleaning of the equipnents [00378] Once the bi omass was
renoved fromthe 300L fernmentor, the sanitization was initiated by adding

R E NIRRT R R

m nut es. wAk trahsfee@l fontle kerandiviil byt @amer thleWid, ovehtheGamipitesd@loit, Nevdrefigrent or
was discarded.into the waste tank | ocated at the lower floor. [00379] The

sterili zH disgathen cenriSE RS frelmMiRite ab2iny 20dhireceon RFFescy ivEPEHe! t he

program (GVER 2loreaRfididgpe to the Standard Operating Procedures (SOP).
After the cooling phases of the sterilization, the pH and oxygen probe were

renoved fromthe ferrnentor and respectively stocked in a 3M KC1l sol ution

and RAPO29400380]quniily ftBe gaetiel ofnialiF paid ¢ yolpeislE msthag inedving e¢so1gimala OH,
and stir o t i ot Thi "B'@Pd
enpti ed Flgcgga%l%%g%ﬁdl g?g ;?1 zgsfa‘n(ﬁl z;ﬂfh '? 21;%5% %g f\'é\il/as |ﬁgan§1n iv%t%g&fg%?_l 0 %ﬁ; wer e
pl aced i resbieinol €Merrk) on aviodutmnsqnynibh@80miooa37%dHC] &ansstitecadip hedropatst of
t he vesse|. These 10 r [ ted wusing a | obe punp for a mninmum
of 30 ni 2%&§?WR§?§P‘??®IE§&?§3§%§%§ @ﬂ?m]f)he f ennentor was washed wi th ROW
until the pH decreased to a range between 5 and 7.

[00295] The assay was performed as follow: 1mL of the sample containing 5-25ug of sialic

acid was added to 2mL of resorcinol reagent. After the addition of reagent, the solutions
were mixed and heated at 100°C for 20 minutes in a boiling water bath, during which a blue-

violet color developed.

[00296] The tubes were cooled at room temperature, and the absorbance was read at 554nm
using a Novaspec 11 spectrophotometer. Disposable cuvettes with a 1em light path and 1
mL capacity were used. The absorbance 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 25pug 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 CIB111 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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C) Centrifugation of the Biomass D[ Equi pnent preparation [00381] A tank
cont ai ni ng physi ol ogical water (-100 L, 9g/L NaCl, sterilized by 0.2 jtm
filtrati oWP 28eH08¢Bitnected to the transfer line that joi REA/IBRHSBQILY
fermentor to the Alfa-Laval WD 2009/081276PCT/ 1B20081003729 centrifuge (ID
CT-L0526). This water was used during the centrifugation to wash the

bi omass pellet. The transfer line was then heat sterilized |like the
separator and the collector tank of biomass. The preparati on of equi pnents
was perf f og: . tatihgR:dn.order to begin the
centri fugf‘fél!{E 189 Nighiftea Clhil 3 edrqﬁ.?'ﬁg]téﬁgldg:ﬂst he fernmentation.

Cont i nuous f I ] . The continuous flow

centri fugat #g?xﬁlg%g}e%gt‘y\%’?%@%@é’%ég%?lobﬁgég%%I owi ng cycle: 7 mnutes of

bi omas ri ' : I | I,OMass
ves 1y PO I Rk o T b A Pl S TR o BEIGE, Bonl S e

| i ne by dirskxcasanpgeddmleofahediuiBbagre iuged toeprbpame et inpcul@nmuitutee Hafewegshi ng
wi th physiol qgi c water, at flo f 100 .L/h, nugl | y adj ust.ed i S rge
of the panredisonSs St Hiele sy sad Bt ey Shv R iRy St srObE PR

bi onass WRinRr(09E I$38, M13e, SdPETBIAL R fias WRRlidddh re® ekt efdeWp dmBbaadnwas
fed to the waste tank. The pellet was collected in the tank (VS-1, 0536)
during t HECRArEBsRrocesh guitablenfor pilpsscater efhipprogpgdwg veasshen vied ip ereduce pirar
through g,3idj gpRe [ e{&%ggdh%qotc@m_lom di sposabl e sterile bag for chemi cal
treatment's. Key variables of centri ation [00384] The key vari abl es of the
fermentati on process are described in Table 11, Table 11: Controlled

vari abl®308Lir i Thy firsegesé af tif expanplo wastn{ind theegrovdlr parbinetsrsTelrthese fown GBS

I::;(r)es i g %i %@Wg?g éa't)?(?lﬁg %leﬂm@ye@ ﬂagkslc&ﬂ{linfﬁ%%oéﬁﬂ c!'f/ I‘HedTl%H,p Er{cﬁ{ouzﬁ?o &Ld}b J'[h(gmas S

optimal culture time required for a late-exponential growth phase with a suitable pH-value in

the fermentor. The second goal was to study the volume of working seeds used to inoculate
the flasks in order to modify the culture time such that it could be initiated either the evening
before the fermentation day (culture time about 8 hours) or early in the morning of the

fermentation day (culture time about 3 hours), as appropriate for the growth rate of the strain.

[00302] The study of the three GBS serotypes was conducted using 3mL of the working seed
to inoculate 1000mL of fresh sterile inoculum medium. Furthermore, each experiment was
performed twice to ensure reproducibility. However, since the growth curve and doubling

time obtained were similar, only one result of each experiment has been presented.

[00303] For the 090 strain, the cells remained in the exponential growth phase for 6.5 hours
with a doubling time of 30 minutes (Lnaw=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.ImL 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 (Lna=1.20 h"). Thus, the preparation of the inoculum culture for this

strain required 8 hours.
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10 (7+3) mn (a) Tenperature of the pellet 30W1C Pressure of the
supernatant 3.0 0.3 bar NOTE: 7 mnutes of biomass centrifugation + 3

n nut es b esdEiIz With physiol ogical solution. WO  PCT/IB2008/003729

2009/ 081276PCT/ 1 B2008/ 003729 [ 00385] The nonitored vari abl es were the
nunber of discharge, and the weight of collected biomass. iv) Sterilization
and cl eaning of the equi pnents [00386] After the centrifugation and transfer
of the pellet to the disposable bag, the transfer line, the separator and

the c or .t apk bi omass re heat.steriljzed and,cl eaped. The

tr ansﬁhbﬁaﬁ nef &n esﬁ%g? a%?r&n’ \%Wg 8§ §§P\‘3§Hn%n§i ih ?(5%( ngthi I\W%E’&% %ﬁega‘ﬁ%sl ent

t enper at péréoriddt Mae telsBmicdiatel A bttetel @RApdicatisf @6 wRhbhaky Wil b dbtigidgrtans ber
line to the separator a&yl_la flow of 100 L/F. The .call ector tank was cl eaned
by ci r cubAfiHEe Om=01 630 haesithegieoderatipmprase was iniiged afir 4+ hhdugh ThussFay
bal I so g3ef® dBlta‘?ﬁ‘gn ) tiﬁ]LtHPPJngPt@BII.@(wit%'ﬁi—(rﬁﬂé‘aroﬁ‘ﬁ& &5 (?4905), eleSREMif fott ep.

the tank was washed wi until pH decreased to a range between 5 and 7
D) Cheni tha strRincladrte e snogfilateded hostd helfere fgpaientation.) | nactivation of the
cellular pellet [00387] The chem cal treatnent of the cellular pellet

| nact i[tf%(%gntﬁﬁ- tﬁ@%@gisﬁrﬁ@[‘%ﬁ?&hﬁ&twﬁ pﬁﬂ)ﬁ@v@ée B3 ulih E‘&J}Eing%géaf LL:-

The treat t 1nvo 1on of a of utton tthroug

wi th a peslistalftiod. patrhen tusingdniel Using t3mlobf thenwarkingeseedvoloale, 7.5 hours
concentration of 0.8M NaOH. .The weight .of the 4M.NaOH added s. obt aj ned by
G vt di g EhBeBRRLE TR Netg Tt o PTG el HRGINRY 6 kS o

per f or meglldw caltkiidlovéii gasaloabRadtimed)o aAL i oTtvegkikeded Volume rwayistemand

di sposed in the Levtech Sartorius System él D AG 10645, thernostated bal ance

and st rway pbsemied that Hie difersnee Wige wasgenln B8 dningtepanh daphling fangwps gyduggd 37C
and.t hengah 11 £chialied BOLPMHOK) 30 ECERRS QELLOGIGFH! Iy, A2l ¥EHE sPOUCh
to i nactfrvat e the mc 6“8’!rmg;ﬂani el Hsh V\]}are TPt able Por Fol Bad n'ghi?hgﬂcps
f rom t hewbddingséedl vadaps Ube this strainhére Bagsehiadentls, inobulaied Ho8nkburo belereenough
to inact 'evatlg;[ ttohe m croorgani sns, while 24h were suitable for releasing the
cps fro the B4t eri al capsule. Accordingly, a total tine of 36h or 24h is
suitable for this step. ii,) Key variables of the inactivation [00388] The
key vdpo3e) esFaf theh@/B ldd nenimbnlynoner egpesmeart evittie? aili bethei workidy geei2was WO
2009/ 081276PCT/, 1R2008/.003729 . . . o

performed. The cell immediately entered in exponential growth phase with doubling time of

21 min (Umax =1.98 h™') and the deceleration phase began after 4.5 h. Thus, in order to obtain

an OD in the range of 0.8-1.2 with a pH-value around 6.5 (7.0 +/- 0.5), the medium had to be

inoculated 4 hours before fermentation.

[00307] Before 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 | + 0.2 and pH is 6.5 = 0.2. For the H36b strain, the working seed volume was
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Tenper at ure of

inactivation 37 0.1C Agitation 180 10 rpm Tine 36 ore

iii) Neutralization and precipitation [00389] Using silicone tubes with a
peri st al tWo 2000181278 buffer solution of TRIS 1 Mis adde®CTdB98/80xi2% fi nal

concentration equal

Thus,

bag. 6M H?L%nggﬂ

CaCl2 and 8

to 0.1 M The weight of TRIS to add is cal cul ated by
di viding the weight of the inactivated biomass by 9. The inportance of this
addition was to avoid pH variation in the pellet during the neutralization.

Gfort B

obt ai

t he pH was controlled using a pH probe disposed in the disposable

s " Rl el g of SN

nucl ei ¢ agtablg th@wbﬂk%gJQeﬂ &blumkhead 0.0, L6aGhe celaie eiffer wis DH0 Wess Go B&Hkand

et hanol

was 30%
the wei ghthe gesited O sanee

The we

af

ht of the 2M CaCl?2 added was obt ai ned by dividing
i0Bct2 pif ShEe LB 11 gtraignihe pypsking sepdt vodme vARABE 96 %

was obt ai aﬁqhg&aﬂu%memwﬂ%hgh& a@fieveltfe A&HEA @fD.zed biomass with Cad 2 by
the Treated Pell et [00391] The

3.1. E)f Mcrolittration and
chemcally treated with CaCl2 and 30% et hano

bi onass,

D al yze of

underwent a

m cr of 94308t i oFhis nqeabiBY PFEPRIFEOR FIr9SET BiAd Userb & piplesealey an reqiired (thdlestest ant

and to el édﬁ%@%%é&ﬁgﬁ{ﬁl%

acid precipita
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and?)Davglopomat of ferwerttion poocess | .
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t ot al
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The yeast extract used for the growth of the GBS strains contained these vitamins,

even if the ratio may differ significantly depending upon production process and processing

of yeast autolysates (Table 2) (Ref. 177).

. p", N 0 bar (open val ve)
Ret ent at eandd:]y\méogp@gtém g/L in 0.1M sodium hydroxide and methanol were added

Table 2: Vitamin physiological meanings of GBS and concentrations in yeast extract

Physiological role

Vitamin concentration

(mg/L) in the medium
due to the addition of
the vitamin solution

Vitamin concentration
(mg/L) in the medium
due to the yeast
extract

Vitamin B1: Thiamine

Essential component
of a thiamine
pyrophosphate
coenzyme involved in
energy metabolism

0.5

1.08

Vitamin

B2:

Riboflavin

Role in oxido-
reduction reaction

0.5

4.28
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[ 00395] Prior to the mcrofiltration, the cassettes were conditioned with
the dialysis buffer solution (34.77g/L NaCl, 4.49 g/L TRI'S, 10.93 g/L
CaCl2, pHwadpesasezféto 7.8 0.1 using 6M HCl, WFlI gsp 74. 2CEIB2008/0¢3329 vol une,
96% et hanol wuntil final volume, sterilized by 0.2p.mfiltration). li, Mcro
filtration and dialyze [00396] The exit tube of the disposable bag
containing the treated bi omass was connected to the inlet of the
mcrofiltration housing. The retentate exit of the housing was connected to
t he di sposabl e bag that contained the treated biomass to recirculate the
processed bi omass. The pﬁgrgatp exit S connected to 2001 di sposable
steril t| t hecper pagaewin [ 00397] The per neatje val ve was
initi ce\{lpa%PtB% fz]%oltlﬁ‘%et tdebyqregdnatiori r cul at e b t he mi g¢rofilt 24tSi on sysitem
Thi s \alve mas hen opened, reastiothe velocity of the | obhe punp was
controlled to obtain the foddnayhath condi tions: Inlet pressure: Pth = 2.0
0.2 bar Pevi®ahe3@r essur eirafdamif@iom = 0.6 0.1 bar [00398] The %ionass wals
concent r at egridékitd Mes,| RALidnE HvoBlBNEAL € Was $al yzed agai nst $3vol umes| of
buffer. To accurately detegﬁﬂﬂg%&dyacn culation in the mcrofiltration
syste the weirght of SLEA BﬂU>[ not be tess tianm 10 Kg. AS such,
the retentate was conc (fglg otk L. f ne biomass wei ghed 10 0.5 kg. The
di al ysi sVitwasnBleBigiar f|o ﬁggcess ve stedsdd The wei ght of0.09uf f er

sol utijon used was calculateah¥w nfihe nvei ght of the CaCl2-ethanol mx WO
2009/ 081276!3(:'!’/ OSZOOQI an7 %bo arl h ; + ha +thnanr et 1 ~nl cohcentrat : oh

LA~ LA A" LA %1 A\SAANAYAYI N LN BN Y T

factor 10 and nultiplied by the deS|red nunber of dialysis cycles.

iii) Sterilization by filtration of the pernmeate [00399] The perneate was
sterilif@s3d1py Td bitdiAtal ipldSdoBideffect OO Broditicnaprods afe Fol@. o2 didilmNardd tht Gburat
the exit of the mcrofiltratjon systembefore collection intg the 200L

di sposabl Wia5Hg solens pdled tp by a%mp%scugtva%%aledtunaw@reemse%sairﬁ@rfa?lﬂ céfeglef or e
rel ease i r gs of the
m erof i | t%&%ﬁ@gﬁd b {) %Hﬁ& 8%35}% tﬁrﬁg%ec)l/ﬁcv%rralmasgfggg% %Lgy déd}}gli‘al Ttration
and dial yze are described in Table 13. Table 13: Controlled vari abl es

duri ng [06d2hi eBefpid devaloping thademicatajipn qr@mmc; trgpgemeinihe gipe droeess sbpdet ar e
t he perne I I r. i

O eani ng. Fo0A0sE SARas HeAL RS deforfhos RSk RARENA {iAmeltr FEMBAIERY sals

t ank contmingpagalﬁﬁ&isdeﬁequie;isnpte@gnusﬁkammeer to wash t he di sposabl e
cassettes and housing. Then, 20L of 1M NaOH were used to sani tize the

SySt em n WwWer e NnNec,
system @ G PRLTERLS, BN FHenlAl S B oR BRRRILEE YA Rt Ll el o,
I nl et pressit & 285 dor the HIGb draih, had th@qj’smb@ltﬁaﬁbnléor&heﬁa%rafrﬁrwﬁ etwednes

d then wi del d.
ane ENEN Wome/r, and S50m/L.

[00314] Since methanol had to be avoided for safety reasons and vitamins in sodium
hydroxide lost their 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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[ 00403] The system and pi ping were then enptied, and washed with distilled
water until the values of pH of the perneate and retentate ranged between 5
and 7. Awd fesodiateget pH, the system was di sassenbl ed. PGAIB2008/003729

2009/ 081276PCT/ 1B2008/ 003729 [ 00404] An integrity test of the Sartobran P
filter used to sterilized the perneate during the mcrofiltrati on and

di al yze was perforned before the rel ease of the batch to the purification
departnment. F) Description of the fermentation profi | es 1004051 The

fermentati n rofi.l es of the . pilot-scal.e ex orrespondi n the 3
GBS ot 1 aPieteRie ot (G5 Gepsairy , PRl (SefBRgodt by sllavaBoneadt SPYHRS | a)
wer e anahh{a&@demd o(f(hmih@ﬁ @derhwm @Hsomdrs@fveﬁ% Iﬂ&ﬂlﬁa%td fonupestt @nﬂn%dm@dla to :

| abor at 023/ scale in a 3QL, fennentor Braun Bi otech Biostat) using the

H36b st r identifih GRfe dtane plinjeal swales [(B@ﬁolsi 8)Thén arggotor elimingts [thig %Pmmé 3
pi | ot - SC@J)rﬁali'lﬁll‘aH&pEC%qu‘? NRe lﬁ@ﬁﬁcaﬁ@ﬁ rorkdl Ileaﬁlrédoaneédﬂlfhd?ltah?cég ?lﬁg‘g]?i %:aﬁgén to

the control fermentation (See Figure 22 he general profi
m cr oor gawifari s growt h can be descri bed in the followi ng way: The batch
phase | asted approximately 2.5 hours, and resulted in an OD390"1, equal to

: t SOl it i LE1. 150
oLy b PER0LL S hELedhLnn, of JLoBR) P ARRRR M RSB
5. The s ammadechomanmmtraﬂlorf Bchbaddl (Iomg?iL dér tyeam areXi 3 @cdtragslant BOOmEEXor 150

g/L) |asted Xi ma 45 m hut es, ted in_.an Odrd, of

O o oxt pEOMRE Gveia Fieriomt a8 BE e ab oy bk Gt s R A, SHEE Tebs o
(F3, 550hiphby. TRSiREiARTTHORARL S ndt Aeddssary fat tHev@thied dtRhsf stg%gmg&&m h
rates and popul ati on doubling tinmes [004071 The grr ow h rates

popul at i 682/ae/iAs|heagpse heevitm cww@%waunéheexpaéfmx agf rassuBlicipnbta wéistythes and

t he cont polsifgl i Jhg; val ues were reported in Figure 22, as well as
Tabl e 14. %&%ﬁ fﬁ%@&s &@eﬁ rate and popul ation doubling tinme dur| ng the

first series of the pre-trial runs. Phase M/81 H36b 090 Aft (1-1) FI 0.59
0. 96 008317] In order to reduce vitamin solutions added to the medium, experiments only using

biotin were performed. Although the cps concentration was slightly decreased for the H36b
and M781 strains, the cps production was still an improvement over the process established
in previous Examples. The addition of vitamins to the complex cultivating medium was not
necessary for the growth and cps production of Streprococcus agalactiae because the
vitamins in yeast extract were sufficient to satisfy the nutritional needs of the three specific

strains of GBS with the exception of biotin.

[00318] Moreover, according to the purification data, the cps structure in the absence of
vitamins was comparable to the structure obtained in the process established in previous

Examples, 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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tdFi (min) 71 43 88 142 (I111) F2 1.01 0.89 0.65 tdF2 (min) 41 47 64 114, 3

(1il) F3 0.20 0.23 0.23 tdF3 (nin)
WO 2009/081276 PCT/AB2008/003729

[00320] In conclusion, removal of thiamine, riboflavin, nicotinic acid and pyridoxine had little
effect on the growth and cps production of GBS. For theses reasons, the four vitamins were
removed from the fermentation process, so that only biotin was added to the complex

cultivating medium. For CJB111, the final conditions using biotin only was used.

ii) Verification of the necessity of complex fed batch process to produce serotype
specific capsular polysaccharides of GBS

[00321] Cell growth rate was previously reported to be the principal factor regulating cps
production, and the growth rate-dependant production of type III cps occurred independently
of the growth-limiting compounds (Ref. 173). However, the depletion of carbon source was
found to be a cause of pigment formation and reduction of capsular polysaccharide
production. To maintain a nutritious environment and a growth rate favorable to cps
production, a complex fed batch fermentation process was developed as described in
WO007/052168. This complex fed batch process combined both an exponential technique to
reduce the bacteria’ doubling time and a pH-stat technique with glucose in the last 3 hours to
increase cps productivity. This process combined the advantages of batch and continuous
techniques. In fact, fed batch fermentation achieves high cell densities by extending the
exponential growth phase and control over substrate addition conditions during fermentation.
However, the use of a complex fed batch technique requires using software that manages the
fermentation through algorithm, and use of this software necessitates the validation of the
algorithm to comply with GMP standards. Therefore, the fermentation process was

simplified to avoid using the algorithm.

[00322] In accordance with the process established in previous Examples, the same OD values
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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203 182 182 WD 2009/081276PCT/ 1B2008/ 003729 [ 00408] The popul ation
doubling times during the first exponential fed addition of the pre-test
runs, rawgemobetiywen 43 and 77 ninutes, which was at Ié’§§t’IBé‘§)8/QB§89 as the
reference fernmentation. However, the deS| red popul ati on doubling time was
30 mnutes. During the second exponential fed addition of the pre-test
runs, the popul ation doubling tinmes ranged between 41 and 64 m nutes, which
was al nost equal to the reference fernentation (55 m nutes) and very near

Che. prdtiEd) of6ferBRRt b Br g Gtha AP b ook e B PR PR cp

was eval gaisag =at dlp|§q:>r8(ﬂ1d:t1@f’1 Wt Roiigkddon Fds ity 080 GabAY itetikiplifiethiestsdased
on the determ nati on of uﬁt oncentration of sialic acid con&)oun of the

cps. BasB®d8eed; e sape dey @ copwlruigdthatap prperserc d@r dath thg INeand Bk e was
cal cul at g ihy uﬂ%&w Msnigstkma& BSmpIeR e i ﬂe&ﬂmﬁjé atnlaffhé omlt tweoédar@ thd)1si de

t he tormentor he reference fernentati 215L for the pilot-scale
f er ment opyoceSF hecreashiuﬁ*emrMctoeﬁ%ld Theeps f:ormemraudmmd\thet @,psmmetlta by graralof a¢lht ed

as set o n t hods W. Th vaI ues
ver e epdpeb ReleP peR L bhafe B) SRR A Sty ot Ru R, 5 Sl
| sul ar pdiAse m&h@ﬁh&md@kﬂﬂ%ﬁb@@ dedmaﬂlorﬂﬁiQ@bséi'vedlSTﬁﬁs 2ke ferdént@tion
Fi nal concentrati orL fdried biona ﬁ g/L 7.93.10.97 6.12 Final .conce tratl on
of cps ( BV%?SS(Y.OB e simplified using the lin€ar addition of glucose without pH monitoring.

CIB111, the only the final process sith the simplified linear addition without pH monitoring

was performed to verify the efficacy of the protocol.

[00324] This process using two instantaneous additions of yeast extract and a linear addition
of glucose was the preferred pilot-scale method. The new process did not require the use of
an algorithm or the addition of vitamin solutions to the cultivating medium. The complex
cultivating medium, which was comprised of yeast extract, phosphate, glucose and biotin,

was a low-cost robust process that led to reproducible growth behavior and cps production.

C) Pre-validation of fermentation process

[00325] The previously developed fermentation process to produce cps of GBS was validated
and optimized. The growth and cps production were monitored for the H36b strain, whereby
each parameter was modified individually and compared with a control culture. The DOT

study, the temperature 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 59mg.,s/gcow.
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0.31 0.42 Quantity of produced cps (g) 82 67 90 Ratio cps/biomass (% 4.8
2.8 6.8 1) Sinplification of the initial process [0041 0] The fernmentation
process wasoed/etisfi ed in two ways to avoid potential MBOFAS 2N t he
scal e-up and to decrease the risk of contam nation in the ferment or.
[00411]First, the vitami n solutions containing thiamne, riboflavin,
pyridoxi ne HCI, and niacinam de (each 0.05 g/L diluted in 0.1M NaCH and
sterilized by 0.2 pmfiltration) were renoved fromthe nmedi umof the

i nocul um and tQ%Efersﬁné.or; IndeedE tge | aboratory results had shown that
t he addi ti on t necessary for the growth of OBS and
had a i npact o t.he, c rodu

SR ot

2009/ ?pe%@seng gaq 5G4s a%&%m?&mbewgﬁafram Syhesizes pd Frbyy

phases dh’é’rbﬂg rbdpRrafiei ygéﬂ NprBdr; REskvet, 96 is JiB® abMo &%RRAGNd ahactddic
phases of yeast extract addition were replaced by two instantaneous

addi ti ongtovdlad t he pH stat fed phase of glucose addition was replaced by a
| i near addition. The first instantaneous addition (F1) conprised of adding

a 3. 630%@8‘}” ! Pl@stofheYQé"s%ive@)ﬁx&g&{ in HROGeL S WAY ndiREhES Lah 54C ?H@Bvé}%_r%@ flow
of 550ni. m n4 wh OD590Nnm was 1 n the range between 2.5 and

second i n@daﬁtvammsethudd frpmn .§4eA).h o hpf /6 dubud theesddierdP af 232 4t SYwimuweodn  of
yeast exira / in t |.ow_of ni |
when t netaby R <l or MR BRI bl M g hel a i il Ly
addi ti onleks&)s veperprodaesd byfgraddfagl ary Wdiglg (B2 8mg.,@ptd.i on using a
peristaltic purrp at a flowof 95 nL.mrfl when the OD59onm was in the range
bet we an cription of t rrrent tlon rofiles d
corpanl AN w The P Brocuiang s s Sroth e Eee St S A et 8t b
this serimgscRt, Beaviesd rroblﬁkﬁl\)ﬁ?rvﬁasaln%g)ﬂz,ﬁchndﬁﬂe ﬁﬁmane\dasv@a@ trhe shddifed
series to ensure that the si ified Cf)rocess did not have any _inpact at the

pi | ot - scalloéu‘:t["@)tbid’i%]dPﬁ@aWG‘GQG”Bﬁmﬁﬂoﬁlﬂ the qyantityof $p% Py grans e4cell det weighht i ons
wer e Ver y,sidhdddto 49meafhny.

[00330] In light of these observations, 30% of dissolved oxygen was selected for the pilot-
scale production, using an agitation between 50-350 rpm and air flow between 20-100L/min.
Oxygen, which is expensive as a gas, was only used in the last hour of the fermentation

process, thereby keeping the cost of the manufacturing process down.

ii) Effect of the temperature

[00331] The growth and cps production were also monitored by modifying the temperature by
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 20mgcps/gcpow Wwere 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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other, as well as to the general profile observed in the first series of

pre-test

ru

ns (see Figure 23). This simlarity between the profiles

hi ghl i ghtvéo ératost2ie nodi fi cati ons of the process have nBCT/HPAGE00372%t he
grow h of the microorgani snms as denonstrated at | aboratory-scale. K)
Eval uation of the gromh rates, population doubling tinmes and production of

capsul ar

po

| ysacchari des [00415] The grow h rates and popul ati on doubl i ng

times of this series (Table 16) were also very simlar to the first series

of pre-test runs and no si%nificant vari ati ons were observed. Table 1?:
omfﬁli %zg, weréx

G owt h r FeBcRHatipbad the duan

pre-trialig
52 63 63 R2

WHObERSRS B53e t @8 Qhtpredrat e gy ©
ﬁ??gsg@‘%;ﬁéﬂ%dﬁéﬁ%&%@g&v, felsdlivéily,0. 80 0.66 0.67 td F i (nin)

[00334] Since modifying the temperature of the fermentation process affected the GBS
doubling time and considerably reduced serotype specific cps production, 36°C was

confirmed to be optimal temperature for GBS growth and cps production.

iit) Study of the pH-values

[00335] Experiments were also performed to optimize the pH-value, by varying the original
pH at 7.3 to 7.0 and 7.5. When the pH was maintained at 7.0, the final OD was increased
from 23.5 to 28.8, and the average productivity was 1.52g/L.h. However, cps concentration

was decreased from 540mg/L to 412mg/L.

[00336] The same fermentation process was performed with a pH of 7.5. The same growth
behavior for OD, but a average productivity of 1.08 g/L.h was observed and a significant
decrease of cps volumetric productivity was noted from 540mg/L to 323mg/L. Thus,
maintaining a pH of 7.3 during the fermentation process was optimal for cell density and cps

production.

i1i) Study of the pressure-values

[00337] Experiments were also performed to optimize the pressure by comparing the
fermentation process at two pressures: 0.2 to 0.5 bar. When the pressure was maintained at
0.5, the final OD was manteined 23.5, and the average productivity 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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0.92 0.76 0.92 tclF2 (mn) 45 55 45 143 (f') F3 0.18 0.31 0.19 tdr3 (min)
232 133 219 WD 2009/081276PCT/ 1B2008/ 003729 [00416] The final cps
concent r aWPO09¥8127ese pre-test runs were i n accor dance PQTtIR240B/80332% Vi ous
pre-test runs. This suggests that there was no significant difference that
resulted fromthe nodifications at either the | aboratory-scale or
pilot-scale (see Table 17).

reduce variability while maintaining productivity is to replace the complex medium with a
chemically defined medium which primarily consists of inorganic compounds. This
replacement allows the fermentation process to be controlled, and also simplifies the

purification of polysaccharides.

[00340] Previous studies (Ref. 179) demonstrated that Streptococcus agalactiae could be
grown in a chemically defined medium which supported a rate and an amount of growth
comparable to that obtained in the complex medium. The purpose of this investigation was
first to study the growth characteristics and examine growth factors requirements of M781
strain of Streptococcus agalactiae representing serotype III. To increase the yield of biomass

and cps production, a simple fed batch process was developed.

A) GBS growth study in a chemically defined medium

[00341] To develop a fed batch process, typically the micro-organism must first be analyzed
to ascertain the best abiotic conditions, the different growth phases, the consumed and
produced components, the relationship between the biomass and product formation, the
limiting substrate for growth and the relationship between the specific growth rate and the
limiting substrate concentration. However, behavioral information about GBS was already
known from the studies 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 Evlenmeyer 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 (umex = 0.91h™). 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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lame it: rruuuctuni auu prouuctivity in capsular pulysaccuarlues M81 H36b
090 CJB111 Final ODs9onin 18.25 20.7 17.5 25.5 Final concentrationofdried

bi omass (g k09/As@B6 9. 05 7. 65 10.5 Final concentrati on oPCHER0YE08}290. 26
0.30 0.40 0.37

ii) GBS growth study in 2L fermentor

[00343] Next, GBS growth was monitored in a 2L fermentor. Under these conditions, the pH
of the cultivating medium was maintained at a constant pH of 7.3 by the automatic addition

of 2M sodium hydroxide.

[00344] For cell activation, the preceding culture in the flasks was used. When inoculum
flasks reached late exponential growth phase (ODsgonm = 0.5), an adapted volume of this
culture was used to inoculate 1.8L of fresh medium, which resulted in an initial OD of 0.4.
The cells immediately entered into exponential growth for 3 hours with a doubling time of 42
minutes (Umax=1.00h"). The 2-hour deceleration phase was followed by a stationary phase
whereby the OD was 2.56. The same doubling time was observed both in the flasks and in
the fermentor. Although a slight improvement was noted for the final OD, the biomass
production yield (0.05g/L.h) remained low. As observed in the fermentor, the pH was
constantly maintained at 7.3. Furthermore, it was observed that glucose was not the limiting
source for GBS since the available glucose was 5.7g/L. when the cells entered in the

beginning of the deceleration phase.

B) Identification of limiting compounds

[00345] Based on the composition of yeast extract medium that is approximately 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 Streprococcus 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 medium. For the vitamin and amino acid

sources, in all cases, the concentrations observed in the process using the defined medium
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Quantity of produced cps (g) 56 65 86 86 Ratio cps/biomass (% 3.2 3.3 5.2
3.4% L) Critical steps of the process and definition of the sanpling plan
for the wwoewsmsnesification [00417] During these two sePGEEB2¢8/093128t - scal e
test runs, inportant in-process controls of the critical processing steps
had been defined with their acceptance criteria and the associated sanpling
plan. The first in-process control was the OD590n," of the flask before
i noculation that is preferably between 0.6 and 1.8 to avoid a potenti al Iag
phase at the beglnné}q‘3 of the cultivation in m%nnentor as . was gbserve

r

the | abor&foIofes diandhe qanecptstioBniige iprossrotisthe sAmPIK sdite TBp &tfis© to
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as well as spreading ates of the pooled bottle and t medi um of the
f er r nent gencentyatings i éhQ H@ﬁeWM@n\m nwergabetpiogeneofis compareil ntenngtureAdt ther

G am st ali n N e or
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verified b adi ng,.t he eII t.in OH on plates after the 36
mour s of SIEERM RSB TERGAROPTENCHoR PR FEoRERS O MBYERTRRd | 1 Tabl e 18
were used to calculate the cps purification yields. A profile of the
parameter variations (Pcp, air flow, 02 flow, stir, pH, tenperature) was
devel oped, and was a good indicator of the reproducibility of the
fermentation process. WD 2009/081276PCT/ 1132008/ 003729 Descri on o the
eneral ennentation a ro iles and coin a arison wth the previous 11075

[ 00418] The 0OD590"," profiles of this test run were very simlar to each
other, as well as to the general profile observed in the earlier test runs
in this Exanple (see Figure 24). [00419] The grow h rates and popul ati on
doubling tines of this series (Table 18) were conparable to the pre-test
runs. More specifically, the gromh rates of the addition phases of the 3
test runs were between the mninmal and nmaxi mal val ues of the growmh rates
previously reported. However, the growh rates of the F3 phase during the
culture of M/81 and of the F2 phase during the culture of 090 were slightly
bel ow t he m ni num val ue previously reported (respectively 0.15 < 0.18, and
0.62 < 0.65) but without any incidence on the final values of ODs9onm t hat
were between the extrene values of OD59omll obtained during the earlier
test runs (14 and 25.1 respectively for the first pre test run of the
strain 090 and H36b). [00420] The final concentration and quantity of cps
of the test runs were higher than the pretest runs when the results each of
the 3 strains were conpared (see Table 19). The value for the H36b stain
was between the val ues previously obtained for the other strains (0.35 L-1
bet ween 0.26 and 0.42 respectively obtained for the first pre-test run of
090 and the second one of M/81). The val ues obtained for the strains M/81
and 090 were higher than expected. As such, the cps to bionmass ratios for
t hese stains exceeded 10% which inplied that the purification would be
facilitated.
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WO 2009/ 081276PCT/ 1 B20081003729 Tabl e 19: Production and productivity of
capsul ar H36b pol ysaccharides 090 CJB111 M/81 Final ODs9onm 17.2 20.9
16. 526. 5drmmbsiercent rati onof dri ed bi omass (g/ L) 7.52 RCHB2G0IPYIRY 7 Fi nal
concentration of cps (g/L)

YEAST EXTRACT CDM
. . Quantity for Final
coclill;ltl)llll(l:la(is Co?gcflllotgg)tlon 36g/L of yeast | concentration Ratio
extract (mg) _(mg.L'Y) ]
g - Mineral contents ]
Calcium 120 43.2 - -
Magnesium 200 72 194 0.371
Potassium 3.3 1188 193 6.15
Sodium <0.5 440 2430 0.181
Phosphorus 1.8 988 1370 0.721
Tron 5 1800 2.14 0,841
Nitrogen - - 127 -
Sulphate - - 1508 -
4 4 Vitamin contents R
Blotln 0.25 0.09 0,01 9
Folic acid 3.1 1.116 0,1 11.2
Niacinamide 68 24.5 2 122 ]
| Ca Panthotenate 30 10.8 0,8 13.5
Riboflavin 11.9 428 0,4 10.7
Thiamine 3 1.08 0,4 2.7 |
Pyridoxamine 2.3 0.8289 0,8 1.03
VITAMINS : Average ratio yeast extract/CDM = 8.6 ]
. 4 e ¥ % . % Freeamino acids contents e
L-Alanine 4.78 1721 200 8.605 |
L-Arginine 0.24 86.4 200 0.432
L-Aspartic acid 2.49 896 100 896 |
L-Cysteine - - 200 - |
L-Glutamic acid 6.01 2160 200 108 |
L-Glutamine - - 50 - |
Glycine 1.11 396 200 1.98 |
L-Histidine 1.80 648 200 3.24
| L-Isoleucine 2.64 950 100 9.504
| L-Leucine 4.34 1562 100 15.6
L-Lysine 3.08 1109 110 10.08 |
DL-Methionine 1.08 389 100 3.89 J
L-Phenylalanine 2.72 979 100 979 |
| L-Proline - - 200 -
| DL-Serine 2.35 846 100 8.46
| L-Threonine 2.02 728 100 728 |
| L-Tryptophan - - 200 - ]
| L-Tyrosine 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
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1.01 0.35 0.82 0.42 Quantity of produced cps (g) 216 75 177 90.3 Ratio
cps/ bi omass (9% 13.43.811.43.6 Analysis of the critical ill-process controls
[ 00421] Tve fobg/estizien- process control was the OD590"1, ofPGIHB24BALK 2hef or e

i nocul ati on, and ranged between 0.80 for strain 090 and 1.50 for strain
M/81. No | ag phase at the beginning of the culture in fermentor was
observed. The purity analysis of the flasks culture were confirnmed by G am
stain which revealed only G am positive cocci, and the pooled bottle as
wel | as Eediu r the f ent or. I h nd of f the ulL.ture simlarly only

r eveal ed ¥ he .nJT—ﬁf Al et in 0 8 M NaOH

v RGP TrA B p BB BB R AR D R ™

t enper at edmRinteltioh NG SubSirate tc@ﬁ:iunipﬁ’dﬁ R Rr@enpaiaddewin ﬂlbﬂlrﬂiﬁﬂgrsabstﬁltd)fl l e
that was reported in the pre-test runs. Table 20 Results fromPil ot Runs
( Pol ysactHa#qndeAPichs the Aufrisags medigmypist heye p ginnle cquposition. The goal of this

investigation was to develop a batch medium that identifies the limiting compounds and that

does not affect the growth rate.

A) Development of batch medium for fed batch process

[00348] In order to develop a defined fed batch medium, the limiting compounds were added

one by one, and their effects on growth were evaluated.

[00349]  First, the concentration of each vitamin in Table 2 was increased by a factor of 10.
The vitamins were observed to be very important for the GBS growth. The cells immediately
entered an exponential phase which lasted for 4 hours, reducing the doubling time from 42
minutes (Umax = l.OOh'l) to 33 minutes (Wmax = 1.26h"1). After 3 hours, the cells had entered a
deceleration phase for 2 hours before entering a stationary phase after 5 hours of culture.
The final OD was 3.70, which was 50% higher than the previous trial. When vitamins were
added to the batch medium, a positive effect was observed although they were not the only
limiting compounds. The exponential growth phase was finished after 3 hours, but the

glucose was still available at 6.3g/L. when the cells entered the deceleration phase.

[00350] The same study was performed by adding both 10X vitamins and 10X amino acids.
For the fermentation involving 10X vitamins, the final OD was higher (ODsgonm = 4.5). The
exponential growth phase of the cells lasted for 4 hours. Glucose did not appear to be the
limiting compounds since 4g/L. was again present when the cells 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 (t; = 49 minutes) and decreased final OD (ODsognm = 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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Parameter Unit Limt Test Run Test Run Test Run Test Run Final product

weight g VA 25.9 21.1 28.9 15.5 TGA (dry weight) % ww NA 93.6 90.9 91.9
90. 2 WO 2009/081276 PCT/IB2008/003729

potassium needs to be added by feed or in smaller batches to avoid adding potassium to

inhibitory levels.

[00352] According this study, the batch medium was composed of the same mineral contents
as the initial chemically defined medium, but the concentration of vitamins and amino acids
were increased by a factor of 10. Phosphate and carbon sources were added to the fed
medium, but to determine the concentration of each component, a new comparison to the
process using complex medium was necessary. Since 33g/L of glucose were present in batch
medium and 55g/L were added during the linear addition, in order to add the same ratio of
glucose and 10X of potassium, the fed medium was composed of: 275 g/L of glucose, 10.08
g/L of KoHPO, and 14.8 g/L of KH,PO4. 500mL of this solution were added to 1.2L of the

batch medium.

B) Development of fed batch process

[00353] The strategy for the fed batch fermentation was to feed the growth limiting substrate

at the same rate at which GBS consumed the substrate.

[00354] The nutrient feed rate influences fed batch fermentation by defining the growth rate
of the microorganism and the effectiveness of the carbon cycle for product formation and

minimization of by-product.

C) Growth factors requirements of Group B Streptococci

[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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Saccharide titer pg/ng" > 850 1030 989 959 1025 Proteins pg/ng* < 10 <5
<5.5 <5 <5 Nucleic acids pg/ng* < 10 <0.0006 <0.002 0.007 <0.00006 G oup
Pol ysacc e i2el®/081276 PCT/IB2008/003729

[00357] The purpose of this investigation was to identify the growth factor requirements of
the M781 strain of Streptococcus agalactiae to simplify the cultivating medium by reducing

the number of compounds and to ensure a cost-efficient production process.

D) Amino acid requirement of the M781 strain of Strepfococcus agalactiae

[00358] By eliminating the amino acids one by one from the medium, L-Alanine, L-Aspartic
acid, L-Glutamine and L-Proline were found to be dispensable (See Figure 20 and Table 4).
These amino acids always resulted in turbidity values of greater than 80% in the control
culture. However, in the absence of any other amino acids, no growth occurred in the

cultivating medium.

Percentage
Amino acid DO final pH Required
of control growth
|
All amino
) 1.985 4.70
acids
L-Alanine 1.675 5.23 85 -
L-Arginine 0.053 7.10 3 +
L-Aspartic
) 1.905 6.65 96 -
acid
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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pg/mg* < 10 <2 < 1.8 <2 <2 Free sialic acid mMm<1 <0.8 <0.9 <0.9 <0.15
Structural conformty N A conform conform conform conform conform

N- acet yl aWoa0u8g276¢e % PCT/IB2008/003729

L-Histidine 0.052 7.02 3 +

L-
0.145 6.91 7 +

Isoleucine
L-Leucine 0 7.22 0 +
L-Lysine 0.005 7.10 <1 +

L-
0.045 7.06 2 +

Methionine

L-

0.008 7.20 <1 +
Phenylalanine

L-Proline 2.015 4,74 100 -
L-Serine 0.401 6.44 20 +

L-
0 722 0 +

Threonine

L-
0.133 6.96 7 +

Tryptophan
L-Tyrosine 0 7.20 0 +
. 0 7.26 0 +
L-Valine

Table 4: Effect of omission of individual amino acids on growth of strain M781 of GBS in a

CbM

+: 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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[00359] Satisfactory growth in the cultivating medium was obtained when 15 amino acids
were present. Fermentation at a 21, scale was performed to compare the M781 growth with
only the essential amino acids. The growth was approximately the same magnitude when 19
amino acids were present. In both cases, no lag phase was observed, but a doubling time
reduction from 62 minutes (max = 0.672 ™) to 78 minutes (tmax = 0.533 h™') was observed

when the four amino acids were removed from the chemically defined medium.

[00360] The impact on the OD and cps production by the M781 strain when these 4 amino

acids are omitted will be determined in the final process.

E) Vitamin requirements of the M781 strain of Streptococcus agalactiae

[00361] By eliminating the vitamins individually from the cultivating medium, calcium
pantothenate and niacinamide were found to be indispensable (Table 5 and Figure 21). In
experiments where biotin, folic acid, pyridoxine, riboflavin and thiamine were omitted, the
turbidity values were greater than 65%. When only pantothenate and niacinamide were

added, the same final OD of the control was observed.

Percentage
Vitamins DO final pH Required
of control growth

All vitamins present 1,63 4,60
(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 +

79



<10 <10 <10 <10 nd "pg/ng of dry weight Table 21: Results from Pilot Runs

(Activation / Conjugation) Serotype: lalb Ill V Unit Limt Test Run Test

Run Test WRnroovmsr27éun Wor ked Pol ysacchar. PCT/IB2008/003729
Pyridoxine 1,55 4,65 95 -
Riboflavin 1,07 4,80 66 -
Thiamine 1,37 4,55 84 -

Omission of 5 vitamins determined to not be required individually

Calcium

panthotenate & 1,58 4,53 96

Niacinamide

Table 5: Effect of omission of individual vitamins on growth of strain M781

of group B streptococci in a chemically defined medium

+: On the absence of the amino acid, M781 strain grew to 40% or less of the control

- : Growth was greater than 40% of the control culture.

[00362] Batch fermentation based on the original cultivating medium was performed using
only calcium pantothenate and niacinamide. After 8 hours of culture, the OD was 0.2. Thus,
growth using only these two vitamins was not optimal. A new study was performed in 500
mL Erlenmeyer flasks by adding individually the vitamins that were not required as
determined by the first shake flasks study to the medium 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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A) Culture of the Inoculum

i) Medium of culture

[00365] The culture of the inoculum was performed in four 5L-shake flasks sterilized by
temperature (autoclave program n°1 min./ max., 40 min., 121°C, Table 6) containing 1L of
complex medium (17g/L yeast extract Difco, 8g/L Na,HP04.2H,0, 2g/L. NaH,P04.H,0, and
33g/L monohydrated glucose, sterilized by 0.2pm filtration with Nalgene filterware
disposable systems, pH of 7.3 + 0.1 adjusted using 3M NaOH), 10mL solution of vitamins
(thiamine, riboflavin, pyridoxine HCI, and niacinamide, 0.05g/L for each, diluted in 0.1M
NaOH , sterilized by 0.2 um filtration) and 5mL of biotin solution (biotin 0.2g/L, sterilized
by 0.2 pm filtration) added just before inoculation.

Table 6: Correlation between the content of the autoclave and the specifications of
sterilization

Description  of | Number of the | Organization (b) | Sterilization time Sterilization

the contents of program (min) temperature (°C)

the autoclave |
| Liquid 7 2 or 4 30 121
(Glassworks 4 1 min., 1 max. or 40 121

7

' Dirty 8 3 130 124
" Air Filter (a) 2 NA 40 121 |
' Liquid 6 6 50 121
" Antifoam 9 8 J 60 121

ii) 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 + lh. After this time, the biomass
concentration was evaluated by measuring the OD at 590nm and performing a Gram stain. [f
the value of ODsopnm 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°] min./max.) bottle with connections to incubation line of the 300L B. Braun

Biotech / Chemap fermentor (ID VS-L0530).
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iii) Key variables of the inoculum preparation

[00367] The key variables of the inoculum preparation are described in Table 7 and Table 8.

Table 7: Controlled variables during the inoculum preparation

Controlled Variables Target Range

Initial pH of the medium 7.3+0.1

Volume of working seed 2.5 -3.0ml/ flask

Temperature of incubation 35+ 1°C

Agitation speed 200 = 10 rpm
\ Table 8: Monitored variables during the inoculum preparation j
\ Monitored Variables J Target Range
' Final ODsoonm 0.6-1.8
(GRAM Only Gram positive cocci |
(Culture purity | No contaminant
(Time of incubation J 3-5 hours

iv) Sterilization and cleaning of equipments

[00368] After use, the flasks and the SL bottle were heat sterilized (autoclave program n°8,

dirty cycle, see Table 6 for specifications) and cleaned.

B) Culture in the 300L Fermentor

i) Preparation of the medium and equipinent

[00369] The mechanical piping and gas filters of the empty 300L fermentor were sterilized
(program SEAL?2 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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8.9 19.6 < 1 Free Sialic acid
7.2

[00370] The basic medium (120L, 2g/L. Na,HPO,2H,0, ImL for 120L antifoam “PPG
2500”) was formulated and sterilized in the 300L fermentor (program FVES 2). During the
sterilization, the 0% value of the oxygen prove was checked and reinitialized if necessary.
After the cooling phases of the sterilization, the temperature of medium reached 36°C, and
the basic medium was completed with 17L of yeast extract 150g/L, 9L of glucose
monohydrated
550g/L, 2L of a solution of vitamins (Thiamine, Riboflavin, Pyridoxine HCI, and
Niacinamide, 0.05 g/L for each, diluted in 0.1M NaOH ) all sterilized by 0.2 um filtration.
The 100% value of the oxygen prove was then calibrated after oxygenation of the medium.
After 4L of the inoculum were added, the final volume was 150L at the beginning of the
fermentation and the final concentration of yeast extract was 17g/L and glucose was 33g/L.
These additions were performed on sterilizable lines with a peristaltic pump at maximal

velocity (400 rpm) that corresponded to a flow of 550 mL/min.

ii) Fermentation process and in-process controls

[00371] Before the inoculation, a biotin solution (1L, 0.2g/L biotin, sterilized by 0.2 pm
filtration) was added. The 300L fermentor was then inoculated using the SL bottle

containing the content of the 4 flasks of inoculum.

[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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» the airflow (range of values between 20 and 100 L/min)
» the oxygen flow (range of values between 0 and 100 L/min)

[00373] Samples were taken during the batch phase of the fermentation, two hours after
inoculation, and the ODsgonm, was measured. Samples were taken every 15 minutes until the
ODsgonm reached 3. At that target OD, the first exponential fed batch addition was initiated
using 3.6L of a yeast extract solution (150 g/L), maintaining the population doubling time at

300 minutes.

[00374] Approximately 45 minutes after the first addition, the ODsgonm was measured.
Samples were taken every 15 minutes until the ODsoonm reached 5. At that target OD, a
second exponential fed batch addition was initiated using yeast extract solution (150 g/L),

maintaining the doubling time at 50 minutes.

[00375] At the end of this second exponential fed batch addition, a pH-stat fed batch addition
was performed. A monohydrated glucose solution (550 g/L) was added when the pH value

exceeded 7.18. During this addition, a sample was taken every hour to measure the ODsoonm.

[00376] The fermentation finished approximately 3 hours after the last addition. The
automatic controls of the parameters were then stopped. The stir was regulated at 100rpm

and the temperature at 30°C.

iii) Key variables of 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
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Table 10: Monitored variables during the fermentation

Monitored Variables Target Range

Sterility check before inoculation No contaminant

ODsgonm for each sample -

Culture purity at the end of the fermentation Lack of contaminant
GRAM test Only Gram positive cocci
Fermentation time --

v) Sanitization, sterilization and cleaning of the eguipments

[00378] Once the biomass was removed from the 300L fermentor, the sanitization was
initiated by adding 200 L of ROW into the fermentor. 3M NaOH was then added into the
fermentor until the pH reached 11. The temperature was maintained at 80°C for 30 minutes.
After cooling to ambient temperature, the content of the fermentor was discarded into the

waste tank located at the lower floor.

[00379] The sterilization was then performed by adding 200L of ROW and activating the
program (FVES 2) according to the Standard Operating Procedures (SOP). After the cooling
phases of the sterilization, the pH and oxygen probe were removed from the fermentor and

respectively 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 Biomiass

i) Equipment 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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1000 L culture batch (according to Pilot Processes)

centrifuge (ID CT-L0526). This water was used during the centrifugation to wash the
biomass pellet. The transfer line was then heat sterilized like the separator and the collector
tank of biomass. The preparation of equipments was performed before the end of the
fermentation in order to begin the centrifugation as soon as possible after the end of the

fermentation.

i1) Continuous flow centrifugation process

[00382] The continuous flow centrifugation process was composed of the following cycle:

- 7 minutes of biomass centrifugation at a flow of 100 L/h, manually adjusted. The
biomass was transferred from the fermentor to the separator through the transfer line
by an excess pressure of 0.6bar in the fermentor.

- 3 minutes of washing with physiologic water at a flow of 100 L/h, manually adjusted,
- discharge of'the pellet.

[00383] This cycle was usually repeated until the entire biomass was processed. The
supernatant was not collected, but instead was fed to the waste tank. The pellet was collected
in the tank (VS-L0536) during the process, and then transferred by an excess pressure of

0.3bar through a silicone connection to a 100L disposable sterile bag for chemical treatments.

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
LPl‘essure of the supernatant 3.0+ 0.3 bar T
BOTE: 7 minutes of biomass centrifugation + 3 minutes of washing with physiological solution.

86



Nunber of 20 pg doses expected froma 1000 L batch (according to Pil ot
Processes) Forecast Nunber of doses expected from optim zed processes
(MI11lion)WOo2o®ostmy (MIlion) la 370 PCT/IB2008/003729

[00385] The monitored variables were the number of discharge, and the weight of collected

biomass.

iv) Sterilization and cleaning of the equipments

[00386] After the centrifugation and transfer of the pellet to the disposable bag, the transfer
line, the separator and the collector tank of biomass were heat sterilized and cleaned. The
transfer line and separator were cleaned using 100L of 1M NaOH at ambient temperature in
the fermentor, and then transferred through the transfer line to the separator at a flow of 100
L/h. The collector tank was cleaned by circulating 20L. of 1M NaOH for 30 minutes in the
tank through a spay ball so as to clean the upper part of the tank. After this cleaning step, the

tank was washed with ROW until pH decreased to a range between 5 and 7.

D) Chemical Treatments of the Cellular Pellet

i) Inactivation of the cellular pellet

[00387] The chemical treatment of the cellular pellet inactivated the bacteria and enabled the
release of cps from the bacteria. The treatment involved the addition of a 4M NaOH solution
(through a tube with a peristaltic pump) to the pellet to obtain a theoretical concentration of
0.8M NaOH. The weight of the 4M NaOH added was obtained by dividing the biomass
weight by four since 1L weighed lkg. 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.

ii) 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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Temperature of inactivation 37+ 0.1°C
Agitation 180 # 10 rpm
Time 36 ore

iii) Neutralization and precipitation

[00389] Using silicone tubes with a peristaltic pump, a buffer solution of TRIS 1 M is added
to obtain a final concentration equal to 0.1 M. The weight of TRIS to add is calculated by
dividing the weight of the inactivated biomass by 9. The importance of this addition was to
avoid pH variation in the pellet during the neutralization. Thus, the pH was controlled using
a pH probe disposed in the disposable bag. 6M HCl was added to obtain a final pH value of
7.5-8.5.

[00390] 2M CaCl, and 96% ethanol solutions were added to precipitate proteins and nucleic
acids in the pellet. The final CaCl, concentration was 0.05M and ethanol was 30%. The
weight of the 2M CaCl, added was obtained by dividing the weight of the neutralized
biomass by 19, and the weight of ethanol 96 % was obtained dividing the weight of the
neutralized biomass with CaCl, by 3.1.

E) Microfiltration and Dialyze of the Treated Pellet

[00391] The biomass, chemically treated with CaCl, and 30% ethanol, underwent a
microfiltration to recover the polysaccharides released in the supernatant 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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Fernmentati on Rel ated Anal ytical Methods [00423] Determ nation of Bionass.
During fernmentation, bionass content is nonitored by neasurenent of the
optical deag0wpsta’6t he culture at a wavel engt h of 590nnPCDIBE/MIL29%fF t he
sanpl e have to be prepared in order to read a val ue of absorbance within
the interval 0.300- 0.600. Wet weight of harvest is determ ned after
centrifugation for 25mn at 16000xg. [00424] Determ nation of Capsul ar

pol ysacchari de content. The serotype-specific capsul ar pol ysacchari de of
GBS is made of a repeating unit of the follow ng saccharides: NANA
Nacetyl-neuraﬂﬁﬁFEm§%¢%f%&*é%%?mb aci d; GLUC gl ucose; GAL: gal actose and
NAGA: N-acetybglucosanine. Sialic acid content can be determ ned using the
cheni cal net hdrgeate Yveglossddane maites andvlemuidslyl apeped. (1957) Bi ochem

Bi ophys. ACTA 24:604-611). The conposition of the repeating unit differs
with sét®BPdhe Distlled water washteddsrasdhe systeamandl thapdl fegclisd Jrppdti Wich Peeach
ser ot ype /40, 400% ABLATERGTA 532008(190312%, vHALT HEPLRCCTANILL] Weing o
1WRat i oCor r eoUon PHANAJCPFct or ' ld 2:1:1:1 1 9807 0,315 3,17 NANA 309 Ib
2:1:1:1 0.2um filtration) to obtain a pH of 5-7 in the following conditions:

- Inlet pressure : Py, =2.0+ 0.2 bar
- Permeate pressure : Pperm = 0 bar (open valve)
- Retentate valve closed.

[00395]  Prior to the microfiltration, the cassettes were conditioned with the dialysis buffer
solution (34.77g/L NaCl, 4.49 g/L. TRIS, 10.93 g/L. CaCl,, pH adjusted to 7.8 & 0.1 using 6M
HCI, WFI gsp 74.4 % of final volume, 96% ethanol until final volume, sterilized by 0.2um
filtration).

ii) Microfiltration and dialyze

[00396] The exit tube of the disposable bag containing the treated biomass was connected to
the inlet of the microfiltration housing. The retentate exit of the housing was connected to
the disposable bag that contained the treated biomass to recirculate the processed biomass.

The permeate exit was connected to a 200L disposable sterile bag to collect the permeate.

[00397] The permeate valve was initially closed to let the pellet circulate in the microfiltration
system. This valve was then opened, and the velocity of the lobe pump was controlled to

obtain the following conditions:

- Inlet pressure: Py, =2.0+ 0.2 bar
- Permeate pressure: Pyerm = 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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divided by the theoretical concentration factor 10 and multiplied by the desired number of

dialysis cycles.

iii) Sterilization by filtration of the permeate

[00399] The permeate was sterilized by filtration using a 2000 cm? Sartobran P 0.22 pm filter
at the exit of the microfiltration system before collection into the 200L disposable bag. The

final product was stocked at ambient temperature before release into the purification

department.

iv) Key variables of the microfiltration and dialyze

[00400] The key variables of the microfiltration and dialyze are described in Table 13.

Table 13: Controlled variables during the microfiltration and dialyze

Controlled Variables Target values
Pin 2+0.2°C
Pperm 0.6+ 0.1 bar
Retentate temperature <20°C

[00401] The monitored variables are the permeate flow and the quantity of polysaccharides.

v) Equipment Cleaning

[00402] After the microfiltration, the inlet was connected to a tank containing 100L of
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: Py, =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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221 V 2:3:1:1 1 1304 0,237 4,22 [00425] Sanpl e preparation. A quantity of
10 OD.nL is centrifuged (16000xg, 5mn, 4C). [standardise] Wash the pellet
with 1nl WO 2P@R827d centrifuge (16000xg, 5m n, 4C) [wasKRLTIBY3PESPellet is
added 500ncL of NaOH (2N, 65C, 111) [hydrolise] After 1 hour, neutralize
wi th 500ncL Ha (2N, 4C) [neutralise]

[00404] An integrity test of the Sartobran P filter used to sterilized the permeate during the
microfiltration and dialyze was performed before the release of the batch to the purification

department.

F) Description of the fermentation profiles

[00405] The fermentation profiles of the pilot-scale experiments corresponding to the 3 GBS
strains, M781 (serotype III), H36b (serotype Ib) and 090 (serotype Ia), were analyzed and
compared with a control fermentation performed at laboratory-scale in a 30L fermentor (B.

Braun Biotech Biostat) using the H36b strain an identical process.

[00406] The ODsoonm profiles of the 3 pilot-scale fermentations were very similar to each
other, as well as to the control fermentation (see Figure 22). The general profile of the
microorganism’s growth can be described in the following way: The batch phase lasted
approximately 2.5 hours, and resulted in an ODsgpnm €qual to 3. The first exponential fed
addition of yeast extract solution (F1, 150 g/L) lasted approximately 45 minutes, and resulted
in an ODsgonm equal to 5. The second exponential fed addition of yeast extract solution (F2,
150 g/L) lasted approximately 45 minutes, and resulted in an ODsgopny of approximately 10.
The third pH-stat fed addition of monohydrated glucose (F3, 550 g/L) lasted approximately 3

hours.

G) Evaluation of the growth rates and population doubling times

[00407] The growth rates (i) and population doubling time (t;) 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
prr (h7) Fl 0.59 0.96 0.54
tdg; (min) 71 43 88
g (b)) £ 1.01 0.89 0.65
tdgp (min) 41 47 64
urs (h™) F3 0.20 0.23 0.23
tdgz (min) 203 182 182
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Cell debris are renoved by centrifugation (16000xg, 30mn, 4C). [purify]
Supernatant is sterilized by filtration (0.22m cron) [sterilise] 100 nL
are di | utved 2009t0812900nlL. of H20 [dilute] [00426] Standar BCEUB2088/M3Ear at i on.
A culture of strain COHL-13 (unencapsul ated) is prepared in the same way as
the sanples. 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 ng/nlL. (100nL supernatant + x niL
sialic _acid + 900- X H20) . WD 2009/ 081276PCT11 B20081003729 [ 00427]
Cheni c£904p§bctﬂt9rp°p§@a?rt oHplina tieres dpdng te frsexpenggiphh fed é@l ditignefghe Piedrst( 29

H20); B W@%&e@%@&r M an'é[lzﬁ mlhzl'it@§ hvl'h@l@g%ﬁt t' §a§p é&egocﬂsasf Rle! R¥GenctOML A
+ 0 25nL B + 379% (Vi Reagent once

m xed is fstramt@loﬁorHOwae@ lthfadesa@d pAplldaﬂlcrrLd@fohngélgmwwai 30 mutcﬁf Qifing the

auant 111 AR Satiied R aRlon e bREGRARS, RS Sy o B Mhe Wi T acd, 1o
Appl y corbeeeédnoml fad tedr mnmtéshev}ﬁcﬂr ohy pémodt sqa@sli fo dleCRfesrmbe%ﬁne{nm{oanB)S]

minutes) and very near of the theoretical population doubling time (50 minutes).

H) Evaluation of the production of capsular polysaccharides

[00409] The concentration of cps was evaluated at the end of fermentation using a
colorimetric method based on the determination of the concentration of sialic acid compound
of the cps. Based on this result, the cps quantity produced during the culture was calculated
by multiplying the cps concentration by the final volume inside the fermentor (20L for the
reference fermentation, 215L for the pilot-scale fermentor). The volumetric and specific
productivity were also calculated as set out in the Fermentation Related Analytical Methods

below. The values were reported in Table 15.

Table 15: Production and productivity of capsular polysaccharides
h M781 H36b 090
Final ODsoonm 18.15 25.1 14.0
Final concentration of dried 7.93 10.97 6.12
biomass (g/L)
Final concentration of cps (g/L) 0.38 0.31 0.42
Quantity of produced cps (g) 32 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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Multiply with OD of culture. [volunetric CP content (ntg/mL or ng/L)]
Multiply with volune of harvest [total CP produced (ng)] Exanple 6 -

Puri fi cam®mmopidz29] This exanpl e shows an exenpl ary pREVIB2EBHHR® pr ot ocol
whi ch provi des nuch higher levels of purity than have previously been
possi bl e for capsul ar pol ysaccharides Isolation and purification of GBS
Type la, |Ib, Ill and V pol ysaccharides [00430] Native GBS Type V

pol ysacchari de were extracted and purified frombacteria using the process

t : 31], Bacterial f i : ST V straj . g. . 1
orcovr BRI SB8L 7 by AR RSPt el (g T TR v
fer ment aiyy @xpotehtiiiCledSoheics JfORAG H&Rel RadiforP Wt ldpded b9 A432hsthMasdouyat i on

of ferment ati on bi omass and polysaccharide extraction (base treatnment): If
necessar pdditipes, lond theseH -l fasleptree o€ glucesenrddifipni was spleseshby erierraaddition.
Sodi um h ' : t ;0 t i

concent r 407 ok flathp AN B Brphled SEAKEIP SUPIRTRA & ol Bffct
subsequent0g/Liusingateeistakic pBRE at oflo86ofHSONE.. mirt hwindinthe @D s§ROwa3ih the range

Neutral i zati bj . Aft t tiqn.with b t t, T -b
LM (12158 201 s R deEP oSG eOROBh P2t SOPrSFS 86 APINE Cob it 11 L
per 1 L Ghlubeser y @ 2069 080 275 RGKE 41B20QRQRAH2Q i WEE0 MCimi1® when

suspensi on was m xed to honogene2%¥. The EH of the m xture was adjusted to
7.8 wi t hthacDeogmiyas(in the rangeisteendt.S end S c dhe Etd lincaradgition (F3) emmamispd AF cohol
preci pitagson: iﬁg% t i -1 52.6
nmL per 1%5&&1%? an1<237111t 1a %écél\ﬁ’ﬁ@;(tﬁ lg}gg% ﬁgﬁéﬁ%t{? s&s%@%gﬁgn&\?\%‘sﬂ%@éd%%n%é
hormogeneiODsoonkaninahe (@ged¢tween) 10 makl2added to a final concentration of 30%
(v/v) ethanol (428 nL per 1 L) and the suspension was m xed to honopgeneity.
[ 00435] Tan ' 7] fi Lon n f r.om.t I
precipitatF%ﬁﬂ%%§¥?§%gé@?é%&%éhggggﬁégﬁ?ﬁgﬁpﬁ?@%%%%f{%a 6 ?S%dégggéfi.tm
Ce | ! BRELTe 80k SR oo RS MU CRA) 0k TR SRRS ool V51
buf f er ed wath theifivst 8eriek emerduee thist the vialplified preeess did edt Have ahphemprccatahe pilotat i on.
The perneate was filtered using a 0.45/0.2 pmfilter to sterilize the

per neat e>{®artorius Sartobran filter). Note: as an alternative, the
retentate can be clarified by centrifugation (retaining the supernatant

f1 ui d)[oatH] st The DBddog-pBstiled 0046} pllangeaild fametliatibrsl et veop sihikddao ehoh
elimnate particulate matter fornmed during storage, the material was
fi1teredoWerRs &g, 21dp Giezeperl profiteetbsersgd il dHstisPriesedf)pre-1tbrinalssr iFigurhas

di a-filtespdrigdsisRkiey lfeﬁbéeﬂ'tﬁbs%o t MG his TRt HRIhoR iGRoh960Me PhdEQsare 0.1
nl2) against 25 volures of TRI'S 50 nM + " NaCl10.5 M buffered at” pH 8.8 and

t hen agahfsmpacd oy dlegresthefl théanooporgandsnng as degonsteatdl Mlahotdteryesdalat pH 8. 8.
Pressure setting: AP[Pin-POud<0.7 bar, TMP[ (P, n+130"t)/2]>1.0 (e.qg.,
P1, -, =2 bar = t Il [ i a
0.45/0.2 n ﬁﬁfggﬂ’”ﬁ’%@ﬁmt W PR tafé)r”f WAL (il Jéﬁ; ‘Z‘?“’\f\'g’; Q’?_h en

Zteg'[ ﬁd fatf 2<;1t C unti n&gg %il (mxgté)aodiéaﬁ. [02437] Dfpt ? fi gilr a';’l%f)r(lé1 Qon
R52SP @P‘? tégr :‘rg‘? gﬁ%ﬁer SC&; rl)r epaC} at'l o%}““\%as"??g%ﬁrgeé (?(%blr e%gverer eél dual

pr ot ei n eemnytsanilarantle. firfseriesnfipee-tesf ruoapsdihes guificdnt vedatons sect obasvekef i ned on
the base of the ratio: 0.5 cn2 per ng of residual proteins. [00438] Exanple

w th CUNO eapstle Psing—a—peristatticpumm,—the capnsule—v hed with
59.0 L of Na2biWe3BoCTakmrargend porsilysion douliling tipe fufing dhegecond) " oi'e of

350 50 nllmiA——thevolume BHeAEPLEStIAlUNS yoo | ocg than 1. 6 1 the
suspensi onlwas dilute t oPhepe \ M781 H36b 090 j

ppr (b)) Fl L 0.80 0.66 067 |

tdp; (min) 52 63 63 |

uez () . 0.92 0.76 092 |

tdr, (min) 45 55 45 |

e (W) 3 0.18 0.31 0.19

tdrs (min) 232 133 219
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WD 2009/ 081276PCT/ 1B2008/ 003729 right volune with Na2CO3 0.3 M+ NaCl 0.3 M
buffered at pH 8.8. The material was filtered, and the filter was
subsequewOypoosmstizad with 2.5 L of Na2CO8 0.3 M + NaCl OPGI/BWOF40872d at pH
8.8. The material obtained fromthe different capsul es was conbi ned. The
collected material was filtered on new capsules (1/5 of the previous
nunber) and washed with 2.5 L of Na2CO3 0.3 M+ NaCl 0.3 Mbuffered at pH
8.8. The material was filter sterilized using a 0.45/0.2 p.mfilter
(Sartorius Sartobran filter). The material was stored at 2- 8C until needed
(max 15 days). [00439] Re-N-Acetylation of polysaccharide: The material was
diluted to 2 ng of polysaccharide/nL (estimted by resorcinol sialic acid
assay) [ondt 6] NaeBnd1Ocp3) cocentPeibd dfOthdsdVhraidétl amedwat iRHhdBoRlandet Ghtk the
solution of _acetic anhydride was prepared at the fqollow ng proportions: 8.3
nL of acd¥Pdousnprydest dis+ Bhus spgees thathers|wasem signj§cant differgpce\igatdiesuliedesh
aceti ¢_anfyflidedfiodilioftons ol dthbAfe WBSrAAISCLL 6r filtE sl ysagananpfe solution
diluted to 2ng/nL to a ratio of >22:1 acetic anhydri de: pol ysacchari de
repeating unpt. The material was incubated with mxing for 2 hours at room
t enper at ur e. | ThEaljel WwaRrodmetidaeandpradustivityl obéapsulao polysacghgdides v 't hat i s was
- 8.8. [0044D] Purification of the neMBacpt H3abed pboPYysacCHirlilde by

t angenti al dj Binkl ODapion 30kDa: To ¢l igidhat e 20t part7i.sul jat 25.6orimed duri ng
the storage, | Fingl nedmeentadtiohS ofi Idkied €d 7agai hsto.@s 0./457852 p. mo.5iljter
(Saitobran f|bjofifads (gt €: clarification by centriflugation is also

accept abl e. THg.TEhLEEHBlioBFflIEL) LRI PN o3HKDd CghbUT PSE3pENbrane
(Sartocon Hy U5 oPprbdiedl cRYEE) TSt [ 135 O HTER s Uf SO UMT ACE| At 10 MM with

galpt’ EE)SUI’E S 5’[‘1(5'&'1357‘)i0rﬁ\é-§s'(%)ruuu O DX ||vr3‘gr;L\|t—;JL5: Ib;;l%ﬂ%h\ errgt ér P;Y}ZZ
was filter sterilized with a 0.45/0.2 p.mfilter (Sartorius Sartobran
filter). The material was stored at 2-8C until needed (max 15 days).

[ 00441] Recoy@niticaf stopé yhe phevessifrid défia¥ilor oRhoa3smpliae plindfop Micpracesst i nal
concentrati @gifbarfdbnl M (52.6 niL per 1 L of neutralized m xture) and the
suspensi on was m xed to honogeneity. Ethanol (96% (v/v)) was added to a
final poaegnt MAlringrthede 80%efivd ¥ pildtatale t&f rehslinpsditadt n-bcesobotitiadndf tad t he
suspensi on. was m xed to honD%eneéé_y. The precipitate was washed (2-3 tines)
with fredshitisdlacassiogsieps hadbean defisy withdejsrasesniancs catefig e dhe axseeatedy
cent r | { UaghioR Blan 3398 AteiGinllcedOcdhud) 3G it OB, L Qorithd MLk HRARECutARHU™
WO 2009/ 08127 /1B20081003729 Anal ytical methods [00442] \et-chem cal
assays: Tha isatirably detversntlenandih8 toleveid mi pesentipl/lagipbassi adlthe beginning of the
wet - chem cal S yenner hol L. Bi.och i.ophys. ~Ac 1957, 24 04).
The sampicatialoh Ty TaNG N fhehieads B Bt BRE. 26F FlMInd mibtheRacn
an](cj i nj ecosatols Mvede ?lmgt)&o(tﬁh@uﬁwlsdtemg chimira: drempidinestead ftaylstHElﬁMﬁL\EEﬂgJ (T™M
Sof tware. The saccharjdes were el ut usj a seven m nyt i near i ent
of 90:10P° OWdZ@SOW?Lﬁ F NREse(ing op arsﬁA%t’e{ﬂgt@%dﬁwlmg@ﬁ,t%e.%eﬁ»rﬂn%c%eon a
Car boPac fEifentd?! tamBasivelihe EArofMakidva frd dfl @ahhitOf AdotRertiafl Hainin@Qhd3]
Free sialic acid was determ ned by injecting the pol ysacchari de sanple

sol ubi | i sewadingvat @leteatof thomedivm nsidetibatienmeatas| Wasi priformed ghthsl end gtgthtehi s
way it bl . .2l i j i's
an over| a8 13 v81f hA BEOSEHS ohERilA AT A e Bes? B Rl B €2

pg/ M . | mpetlétevgzoleyifiad bhapieatting thiepletiet ihreeMsNaODHmnabe dlates afiet thd8tdotwaf The
peak in the _.regeneration.step was th ol ysacc i not hydrol yzed. Free
Bral o acrari i Tt dhvraramorap Geeibaer 1abk S8 Breestl hrelkii bhe
response.cpf Pidedliod BRIdsE N Plédile ¢XTtRE parBmeRATATNM: i oWREP dedie W, ek d, séir, MHsr oBCA
(TM commercial kit (Pierce). The residual nucleic acid content was

det er nmi néempestieali Wes wieelepadn ad pubs iasigeed BydigHer @érihe meprodugibidity ofi Behem
Bi ophys. 89, 156(1), 474. [00445] The residual Goup B

pol ysaccﬁ%ﬁl%gtea%gﬁ%ognt% determ ned by determ ning the rhamose residues and
usi ng a net hod based on HPAEC- PAD anal ysis. Rhamose is a specific
saccharide in the group B carbohydrate that is not found in the Type

pol ysaccharides and it was used to determ ne the concentration of

contam nant carbohydrate residue after capsul ar pol ysacchari de
purification. The sanple assayed was purified GBS type Il polysaccharide
in Figure 30. The sanple did not presgpt a rhammose peak indicating the
absence of other carbohydrate contam nants. The gray chromatogram was

obt ai ned by addi ng rhammose standard to the sanple. Sanples and standards
were hydrolyzed in TEA 2N at 100C for 3.0 hours, then evaporated in
SpeedVac and reconstituted with 450 ttl of H20. Rhannpbse standard curve
range is 1.0- 10.0 ttgim . The chromatographic conditions WO

e v o e v — o e o 1 b e v v T e o . . a e~ R




WO 2009/ 081276PCT/ |1 B2008/ 003729 [ 00450] The product purity was confirmed as
reported in Table 24. PS Type PS Content" (pytng powder) Protein Residual
Cont ent' WOs2B®1IPHWder) Nucl ei ¢ Aci d Residual content' RGigBaepspeswder )

G oup i3 PS Residual Content4 (pgant) powder) Type la 090 935 3 <10 <10
Type I'b H3613 757 9 <10 <10

i) Description of the general fermentation profiles and comparison with the previous
FUns

[00418] The ODsgonm profiles of this test run were very similar to each other, as well as to the

general profile observed in the earlier test runs in this Example (see Figure 24).

[00419] The growth rates and population doubling times of this series (Table 18) were
comparable to the pre-test runs. More specifically, the growth rates of the addition phases of
the 3 test runs were between the minimal and maximal values of the growth rates previously
reported. However, the growth rates of the F3 phase during the culture of M781 and of the
F2 phase during the culture of 090 were slightly below the minimum value previously
reported (respectively 0.15 < 0.18, and 0.62 < 0.65) but without any incidence on the final
values of ODsgo,m that were between the extreme values of ODsgonm Obtained during the

earlier test runs (14 and 25.1 respectively for the first pre test run of the strain 090 and

H36b).
Table 18: Growth rate and population doubling time during the series of test
runs
Phase M781 H36b 090 CJB111

uer () 1 0.82 0.85 0.63 0.72
tdr; (min) 51 49 60 58

up () Fo 0.92 0.96 0.62 1.16
tdp, (min) 45 43 67 36

ez (b)) - 0.15 0.21 0.17 0.27
tdrs (min) 281 201 242 158

[00420] The final concentration 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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Type |1l Mr81 746 1 <10 <10 Type V CJB111l. 785 3 <10 <10 Table 24 -
Summary of the product purity of GBS Type la, Ib, Ill and V polysacchari des
(1Si al i c ¥ORNI27¢heni cal assay; 2M croBCA protei n corftdyiBRYB/ 3729 assay;
3Nucl eic acid assay; 4G oup B pol ysaccharide assay). [00451] Average
nol ecul ar wei ghts for the Type pol ysacchari des, estimated by Size Exclusion
Chr omat ogr aphy, were - 200 kDa for the Type la, Ib and - 100 IcDa for the
Type Il and V. The structural identity of GBS Type la, Ib, IIl and V
pol ysacchari de was confirnmed by 1H NVR spectroscopy (Figures 25-28).
Exanple 7 - Purification [00452] This exanple shows a further exenplary
purification protocol which provides nuch higher |evels of purity than have
Pt o e Ao Fod¥ip AR B St ucVY SPETEL Y TRt A and
ad

. . a .
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: i Py ¥ poten i
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t he fglol owﬂ%a—l%&%s steps—100 Sﬁ?vgacturi 2% or benl%? i op: Type V
strain (e %l,alcﬁgﬁ‘f)“at\%s OSrS\LAﬁj n c70$?pl ex medlaim Anzrfhet hodlbf ci
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16,

Il ture

may be us _,i.orﬁ"llslsl(ﬁ'{mlh fermentative culture as disclosed hefrein is
pr ef er r ed.| Jimd sggenraiivatof gps (840 pf f dr@lent 4t i WB35i onas@8And! pol¢dacehari de
ext ract i on Qusatity of pecslueashaps (2) f hece¥ar v.| t hd5bi ofmsd7hay | be9®hdat ed t o
bring it tQRatioeps/biempsy@tur e. Sodi unh3klydr oxi d8.8(4 M Waé added.G o the
recovered biomass to a final concentration of 0.8 Mand m xed to

honogenei ty. The suspension was subsequently incubated at 37C for 36 hours

with m xing. 20091081276 PCT 11820081003729 [ 00456] Neutralization of

bi OWSM&?&%@FQ&%&%WMZ HELHHERC % treatment, TR1S-base 1 M (121.14 g/ nol)
was added to a final concentration of 50 mM (52.6 nL per 1 L of base

m xt ur gPo4R34l t Tkee Sicss prepsicess wasroiriweedhd OThanpoEnle flysk Bdferepidoaflatidne and xt ur e

was a0 US{ D | Bucfeh 4 Bor e B0 Mha (oot B O e 0GR FaliSlnEe1 O

of the culture in fermentor was observed. The purity analysis of the flasks culture were

confirmed by Gram stain which revealed only Gram positive cocci, and the pooled bottle as
well as medium from the fermentor at the end of the culture similarly only revealed Gram
positive cocci. The inactivation of the pellet in 0.8 M NaOH was spread on the plates after

the 36 hours of inactivation.

[00422] The profiles of the variations of parameters (Po,, air flow, O, flow, stir, pH,
temperature) during the 4 test runs were comparable to the general profile that was reported

in the pre-test runs.
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[ 00457] Al cohol precipitation: 2 M CaCl2 was added to a final concentration
of 0.1 M(52.6 nL per 1 L of neutralized m xture) and the suspensi on was

m xed t o WORDEEIvy. Et hanol (96% (v/v)) was added to &CHEIBI08/003729
concentration of 30% (v/v) ethanol (428 nL per 1 L) and the suspensi on was
m xed to honogeneity. [00458] Tangential mcrofiltration: The supernatant
fromthe al cohol precipitation was recovered by a tangenti al
mcrofiltration on a 0.2 urn cellul ose nmenbrane (Sartorius Sartocon
Hydrosart 0.1 er% agai nst a dialysis buffer conprising: NaCl (0.5 M +
CaCl2 (0.1 M + &eblgr: Regdts dyong PiletRuas @plysacghiqrided urifiaatignh| ysi s vol unes
were used for the mcrofiltration. The perneate was filtered using a
0.45/0.2 urn filter to sterilize the perneate (Sartorius Sartobran filter).
Not e: as afn—atternattve,—the SEFq& fatecan bclbbi atrt fi”Fd py —cent if ugat i on
(retaini ng—thesupermatanmt—ftuyrd) and stored—at—2-8C— {0p459] Toul]genti al
diafiltration @pklier To elud¥ natigitpar rigul at: RB teEstRak [retbsdrEd NY st or age,
the material was filtered witlhh a 0.45R0n2|umfilter (Sartobran fillter). The
mat eri al WwaBRngpproddct eelghy| a of i | stN/Ali af 25.9r ati ah1st ép 289 ng a186kDal cel | ul ose
menbr ane ( Sar@AodivesidBar t eoviwiy dvAdsar 83.6. 6 nBY.9agai ME9 20 vébdnes| of TRI S
50 mM NaCl_ Ga®hadatitepH guongind> 8%em Qi nst 989 val udhds of MEPSphasphate 10
mV at pH 7.2 PBraeiRsire sgigf®ig: <P0n=3 Yar | PSP bar)<S5The ref@ntate of the

first di au_l_t_'?‘_'é‘iﬁi_c(ﬁﬁﬂgt_.%ﬁﬂgﬁg*di FJPed<¢P090Kg 093 {hAR0T r pat@P008 th an
acetic acil-gruBgrysacehadde oMyl W FlBal <2l 4 81601y TRg "-cn%%.gi on obt ai ned

1)
\ro =AY AIN" L9 \>4 l_I_l
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menbr ane TN A&y icfddgREar BMooal t Ol US) - go [ M€ PHyvas [TTEghit af Netipdt a val ue of
4.4 0.1. [The fikgered prqyucti was {ngisqdi af p.b3cer edoagai N agapinst| Na2CO3
0.3M NaCl 0.3 Mat pH 8] 8i/uiters Turther [T ilolooat 1jomosts hg co0@345/ 0. 2
filter, thendolikies/sakhands| st ored at 2-0800%for a nmaxi num ot 15 days) until
needed. [ 00460pntfgtner ent | fidhg i arildn | wetlh CUN®18apsul<e®r Filtndti on was
carried out using CUNO Z-Carbon R53SLP8 cartridges. Using a peristaltic
punp, the ’&Jamgrqu@é@'%re assenbled in a WD 2009/ 081276PC T/ |
B2008/ 003729 dedi h . ' L of \W at a flow
rate of 580 40 n??fr’nﬁ(r%l$h§ﬁ%§?@§ﬁ%gg“%f‘g&gﬁ\gﬁh\?\a@ﬁ@ﬁgﬁb? >20.0 L of

Na2C03 0.3 M Nad 0.3 Mat pH 8.8 at the sane flowrate. If the volunme of
the material was less than 20 | then it was diluted to the desired vol une
with Na2Cd8—0.3—M—NaCl 0.3 M5iH¥Erled @t IpH B 81 THH naterVal was then
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B B B < e On | sk et 5%

Na2CO3 0.3 M NaCl 0.3 Ma an tra condu o collect 6 L
of filter eUnEREFSYsacchdE [TTBL T | al/AvaS ddieT| T i Efed AT g go8- 45/ 0. 2 pm
filter. The Wek&rraducM@S [STPred gia 2- 864 (10T gg NMaxi ggm of 1&g days) until
needed. [ O046EhafeodNcacelyliaii pnnaf [pdd.sosdcchag | de: 4.8s Cay bamof 1]l t er ed

mat eri al waSactifaidé eshcatit  p@amLacemiac |anhydr|i dedet hanabds sol ut/eon [t o al | ow

r e- N- acet y| RbfedreoncEnigatioe agimie| niNAL ur e42ieededd4 o |t régd 1| L 638
pol ysacchar ¢ldesdationDegnae wadl/Apr ppéled uz¥ng t A€ f ol | dvli ng| priedoriti ons: 4. 15
mL of acetlic Sefipteie + % WA i <&8f (et hHBNdl §68% | The & eart ith sol uti on was
i ncubat ed ||nﬂ§e$‘$¢hﬁ'ﬂdeng Yoo WP | od a2 nrrﬁﬁe,m;_eLﬂﬁ-@lrp The gH was
checked at|tHESSPRICGRdD pepymimy o<\larli F-3 nat<0Q3 \as<BRgyt NATQ0462]
Purificatien qf £He re N aNAAfy %?'.%5 pof:gzs cehdrige 1.:2 tapadfial
di af i | t 1 atjOR- SEEIOT e e r 10 Tl wHP P EPed S S0k PR LUl ose
menbr anes (61 M goar TOCOM YA ORAT ) 0 3¢ Mt224° [V TS Oh 4 otjassi um
phosphat e "HlqiiMiRlsatifaride2uMh - BRI §SSUr € [Sepll Ny ol AP PIg-P0ui ] <0. 7 bar,
TMP 1i n+PQUU bl sacchafbiel €10, g PTE2NAAT], 4901 Dan) . [The sTateri@ad vas then
filtered using a 0.45/0.2 pmiilter. The naterital was stored at -20C until
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Resear ch| Bem6fpasurieqo 4kadéh/ 7. expected from | expected from a| expected from doses
(accordingto | a 1000 L culture | 1000 L culture | a 1000 L batch | expected from
Pilot Processes) batch batch (according to optimized
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\% 370 75 20 1.0 >3
Fermentation Related Analytical Methods
[00423]  Determination of Biomass. During fermentation, biomass content is monitored by

[00424]

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.

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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33. Anderson (1983) Infect Immun. 39(1):233-8. 34. Anderson c/at (1985)1
Cin. Invest 76(1):52-59. 35. EP 0372501A. 36. EP 0378881A. 37. EP

0427347A.-W8R00NBIBH17712. 39. W94/ 03208. 40. W98/ 5866FCTAB2008POJ2A971177A.
42. W91/ 01146. WD 2009/ 081276PCT/ 1B2008/ 003729 43. Falugi et al. (2001)
Eur. J Immunol . 31:3816-24. 44. Baraldo et al. (2004) Infect. | nmmun.

72:4884-87. 45. EP 0594610A. 46. WO00156360. 47. WO02/091998. 48. Kuo etal.
(1995) Infect. Inmun. 63:2706-13. 49. W01/ 72337. 50. WO00/61761. 51.

W04/ 041157. 52. W99/ 42130.
K= 5 e
{“Sﬁ%&;@ -

Typ V

{%ﬁ@ T

7 S , . repsatingunit  FW  Raiio - Correction
Sugar FW serotype.  gdlghunsgasisl  CP MANAJCE  Factor
Ia 2011 | 980 0315 | 317
AN A 309 Ih 2:1:1:1 920 0,315 3,17
GLuC 180 II 32:1:1 1304 0,237 4,22
GAL 130 1T 1:2:1:1 980 0,315 3,17
NAGA 221 ki 2311 1304 0,237 4,22
[00425] Sample preparation.
e A quantity of 10 OD.mL is centrifuged (16000xg, Smin, 4°C). [standardise]

e Wash the pellet with 1mL of PBS and centrifuge (16000xg, 5min, 4°C)  [wash]

e To the pellet is added 500mcL of NaOH (2N, 65°C, 1h) [hydrolise]
e After 1 hour, neutralize with 500mcL HCI (2N, 4°C) [neutralise]
e Cell debris are removed by centrifugation (16000xg, 30min, 4°C). [purify]

e Supernatant is sterilized by filtration (0.22micron) [sterilise]

e 100 mL are diluted with 900mL of H,O [dilute]

[00426] 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)

99



53. W)04/011027. 54. Lees etal. (1996) Vaccine 14:190-98. 55. W95108348.
56. US 4882317. 57. US 4695624. 58. Porro et al. (1985) Ml . |nmunol,

22: 907- 19WGBYI/pI2HR08375A. 60. W00/ 10599. 61. Geyer etPGH/IB2MBHN3729

M crobiol. Imunol., 165:171-288 (1979). 62. US 4057685. 63. US 4673574; US
4761283; US 4808700. 64. US 4459286. 65. US 4965338. 66. US 4663160. 67. US
4761283. 68. US 4356170. 69. Lei etal. (2000) Dev. Biol. (Basel)

103: 259-64. 70. WO00/38711; US 6146902. 71. Wessels etal. (1998) Infect.

| mmun. 66:2186-92. 72. Lanb et al. (2000) Dev. Biol. (Basel) 103:251-58.

73. Lalfi9487] alCheprobepgieit ndliartong Maetata foghe pragent: 892 Resorcing. 274 Ha0):48br a

et al. ( 2;08%04%3{2'0 d%i. 1%1,' Hz(Cﬁa%%s)n rgfé)g%ntzlé Jiiét as follows: 10mL A +0.25mL B + HxO

(Vsin = 20mL) -> + HC1 (37%) (Vs, = 100mL). Reagent once mixed is stable for 1 week at
4°C, Add 1mL of reagent to 1mL of diluted sample, incubate for 40min at 90°C, read

absorbance at 564nm.
[00428]  Quantification. Determine quantity of NANA in sample using standard curve.
e Apply correction factor of the serotype. [specific CP content (mg/LOD)]
e Multiply with OD of culture. [volumetric CP content (mcg/mL or mg/L)]
e  Multiply with volume of harvest [total CP produced (mg)]

Example 6 - Purification

[00429] This example shows an 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

[00430] Native GBS Type V polysaccharide were extracted and purified from bacteria using

the process steps:

[00431]  Bacterial fermentation: GBS Type V strain (e.g.,CJB111) was grown complex
medium. Any method of culture may be used, though fermentative culture as disclosed

herein is preferred.

[00432]  Inactivation of fermentation biomass and polysaccharide extraction (base treatinent):
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]  Neuwtralization 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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75. Gennaro (2000) Rem ngton: The Science and Practice of Pharmacy. 20th
edition, |ISBN. 0683306472. 76. Vaccine Design. (1995) eds. Powell & Newman.
| SBN: 0308A4H8Y812M enum 77. W00/ 23105. 78. WD90/ 1483 7eCT7I®B20088905028 7540.
80. W096/33739. 81. EP 0109942A. 82. W96/11711. 83. WO00/07621. 84. Barr
etal. (1998) Advanced Drug Delivery Reviews 32:247-71. 85. §jolanderet et
al. (1998) Advanced Drug Delivery Reviews 32:321-38. 86. Nikura et al.
(2002) Virol ogy 293:273-80. 87. Lenz etal. (2001)J Innunol 166: 5346 55

WO 2009/ 081276PCT/ 1112008/ 003729 88. Pi nto et al. | nf ect.

188: 327- 38ixtge) andthe wispensionWas Miner o homag 7’@6@ thq)ml%re Wm@mtzMso

91. W03/ 34 Joﬁ%ggmqgl{plfdg%t@{ Stﬁgg%m}/%%f% 20: B10- 1B16. 93. EP

0689454A. tal 1999) Bioorg Chem Lett 9:2273-78.
[00434] Alcohol precipitation: 2 M CaCl, was added to 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 30% (v/v) ethanol (428 mL per 1 L) and

the suspension was mixed to homogeneity.

[00435] 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 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 digfiltration 30kDa: To eliminate particulate matter formed during
storage, the material was filtered with a 0.45/0.2 pum 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[Piy-Poy]<0.7 bar,
TMP([(Pin+Pou)/2]>1.0 (e.g., Pir=2 bar, Poy=1 bar). The retentate was filter sterilized using a
0.45/0.2 um 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,CO3; 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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95. Evans et al. (2003) Expert Rev. Vaccines 2:219-29. 96. Meraldi et al.
(2003) Vaccine 21:2485-91. 97. Pajak etal. (2003) Vaccine 21:836-42. 98.
Kandi nal | WOe009%40812762003) Nucl ei ¢ Aci ds Research 31: 2393P24(082008903729

W02/ 26757. 100. W99/ 62923, 101. Krieg (2003) Nature Medicine 9:831- 35.
102. McC uskie etal. (2002) FEMS I mmunol ogy and Medi cal M crobi ol ogy
32:179-85. 103. W98140100. 104. US 6207646. 105. US 6239116. 106. US
6429199. 107. Kandirmalla etal. (2003) Biochem cal Society Transactions 31
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| nfect. |buffenel at40H 81 2T HOmaterial obtained from the different capsules was combined. The
collected material was filtered on new capsules (1/5 of the previous number) and washed
with 2.5 L of Na,CO; 0.3 M + NaCl 0.3 M buffered at pH 8.8. The material was filter
sterilized using a 0.45/0.2 um filter (Sartorius Sartobran filter). The material was stored at 2-
8°C until needed (max 15 days).

[00439]  Re-N-Acetylation of polysaccharide:  The material was diluted to 2 mg of
polysaccharide/mL (estimated by resorcinol sialic acid assay) with Na,CO; (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 aratio 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[Pj;-Poy]<0.7 bar,
TMP[(PintPout)/2]>1.0 (e.g., pin=2 bar, Po=1 bar). The material was filter sterilized with a
0.45/0.2 um 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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[00442] Wet-chemical assays: The saccharide content was determined by the sialic acid wet-
chemical assay (Svennerholm, L. Biochem. Biophys. Acta 1957, 24, 604). The sample was
hydrolyzed in HCI1 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 NaNO; 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 III
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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polysaccharldes were estimated by HPLC on a SUPEROSE (TM) 6 HR 10/30 column (GE

Healthcare) equilibrated with PBS and calibrated with dextrans.

[00447) NMR analysis: Samples of purified polysaccharides were prepared by dissolving the

powder in 1 mL of 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-mim
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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PP higher levels of purity than have previously been possible for capsular polysaccharides.

Isolation and purification of GBS Type Ia, Ib, Il 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.

105



179. Requirenent for growh of Streptococcus agal actiae in a chemcally
defined nedium Norman P. Wllet, Guy F. Mdrse and Sharon A Carlisle,
Jour nal oWwoOBae¥wi176l ogy, COctober 1967, Vol 94(n4), pp. PEZAABARS/0033LY.
Tettelin et at (2002) PIOC. Natl. Acad. Sc!. USA, 10.1 073/pnas. 182380799.
181. International patent application WO02/34771. 182. Terpe et at,
"Overview of tag protein fusions: from nol ecul ar and bi ochem cal
fundanmentals to commercial systens", Appl M crobiol Biotechnol (2003)

60: 523-533. 183. W99/ 27961, 184. W02/ 074244, 185. W02/ 064162. 186.

VW003/ 0289456]  ienrradizgtioir of Poowey it rstestionTwish SapeHeamape TS hescd WE
Phar macy. 12944 g@ﬂo} \L deﬁﬁé%?’ﬁ%?c%ncek%%noﬁ/%?%brlﬁMiﬁbﬁz'@%L ;&eﬁugmhée and
adj uvant a pr oac Powel | & Newman. | SBN 0- 306-44867-

W00/ 2310151xt11r9)3andvtb®euswm wasgmmeBar lnormmenaty TheSEDVEtha mixwrdheas abystad n
based adj C |v Vi (1998) 32:247-271. See

al so §j olllé Cﬁg?ﬁ{}f} &3 ({ﬂuge an(!iue C%%Sgﬁ dgwﬁ vity of orally delivered
saponi n and I SCC]\/I vacci nes", Advanced Drug Delivery Reviews (1998)

32: 321-[6BB7] 192cohd! ipsz;atc&zbnalz M Ca((m wes ac&deRecarfbiahemtceIHmmhiotf i0sl M (52.6

Vi rus-Li ke Particl S..a ne Vehicle Pres ng Foreig

Epi t opes" L\HGF |I_oa§ e(“%@bzz%% @@r ég%susggssloq_g?&m&eg Iho ogeneﬁy %thanol

" Papi | | on@edy @) bhiak @d@al fol £1i88 coichifgioNCott 9\¢H/vY athhiy) ofs Benshriiti xand

Cel |l s", Jour nal‘b)?)f | mmunol ogy (2001) 5246- 5355(€ 1)44 Pi rgto et al.

"Cel | ul arth P AYAPARSI ReYpDMEES 1@ BOPRERRADPapi | | omavi rus (I PV)-16 Li Heal t hy

Vol unt eers Im"runl zed with Recombinant HPV-16 L 1 Virus Like Par ides”

Jour naéﬂ@fs i %&%ﬁﬁﬁ&ﬂooﬁﬁe %%%T%&n th)AQtlcohol _precipitation was
2009/ 081276 CT/I 2008/ 003729 195. Cerber et at, "Human Papi’l | omavirus

Vi r us- Li kescevgrad iyl agnggnsiabpidrefileptionqng 0. memmilgllms mgirdnared Satariissieepeat wi t h

Virology TSGR Gig) ks R ARSS BhBY Gript Al NEEYRESHn, REaci A5
Pl at f or msethanol h#)%Pe@et)o potfated 0hit \dﬁh(ﬁ&]es”[‘émrdm]lyels Fubélumes , wéfacuseldefor the
(2002) 20: B10- t516 197. Johnson e 199 ge ‘ﬁ

9: 2273- 22RTAlgHatiqY, - Hiegermpate was WF‘?L‘? nga f} ‘?’ftt"\%ie’fl 2 hpgEEiAical

for Humanskierius Be6REn FilREOt 8CdtbVes BRSARARE wthla A@Bﬂt ¢ hBr R clakifibd t

Synt het i c( C Télism nal Fr ai:jrre)(r)lt 222 310 f?%mtﬁe Ci rcurrsdgor&ggm tg plrlot e]fyﬁ of
Pl asnodi usanBdigavien (retajpips theesupapaayt fhid)znd stoaghat 2-8°C.

[00459] 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 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 um 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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462)  Purification of the re-N-acetylated polysaccharide by tangential diafiltration 30kDa:

The material was diafiltered on 30kDa cellulose membranes (0.1 m? Sartocon Hydrosart)
against 13 volumes of potassium phosphate 10 mM at pH 7.2 with a pressure setting of
AP[Pin-Pou]<0.7 bar, TMP[(PintPouw)/2]>1.0 (e.g., pin=2 bar, Po=1 bar). The material was
then filtered using a 0.45/0.2 pm filter. The material was stored at -20°C until needed.
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CLAIMS

1. A method for purifying a capsular polysaccharide from Strepfococcus agalactiae
comprising a step of filtration using an adherent filter, wherein the adherent filter binds

contaminants that may be present in the capsular polysaccharide.

2. The method of claim 1, wherein the method does not include a step of cationic
detergent treatment to precipitate the capsular polysaccharide followed by a step of

resolubilization of the capsular polysaccharide.

3. The method of claim 1, wherein the adherent filter is a protein adherent filter.
4, The method of claim 1, wherein the adherent filter is a carbon filter.
5. The method of claim 1, wherein the step of filtration using the adherent filter is

preceded by:
(i) alcoholic precipitation of contaminating proteins and/or nucleic acids; and
(i) diafiltration.

6. The method of claim 1, wherein the step of filtration using the adherent filter is
followed by:
(iv) re-N-acetylation;

(v) diafiltration.

7. A method for production of a purified capsular polysaccharide comprising:
(a) providing a crude isolate containing a capsular polysaccharide;
(b) removing an alcohol precipitate formed by contacting the crude isolate with an
alcohol solution;
(c) filtering to remove smaller molecular weight compounds while retaining the
capsular polysaccharide; and
(d) removing protein contaminants with a protein adherent filter to produce the

purified capsular polysaccharide.
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8. The method of claim 7, further comprising step (e) re-N-acetylating the purified

capsular polysaccharide.

9. The method of claim 8, further comprising step (f) precipitating the purified

capsular polysaccharide.

10.  The method of claim 9, further comprising step (g) formulating a vaccine with the

capsular polysaccharide as a component.

11. The method of claim 7, wherein step (b) comprises addition of an alcohol solution
to a concentration sufficient to precipitate nucleic acid contaminants but not the capsular
polysaccharide.

12. The method of claim 11, wherein said aicohol solution comprises ethanol.

13. The method of claim 12, wherein said alcohol solution is added to a

concentration of between about 10 % and about 50% ethanol.

14. The method of claim 13, wherein said alcoho! solution is added to a

concentration of about 30% ethanol.

15. The method of claim 11, wherein said alcohol solution further comprises CaCls.

16. The method of claim 7, wherein the protein adherent filter is an activated carbon
filter.

17. The method of claim 7, wherein the capsular polysaccharide is a Sfreptococcus

agalactiae capsular polysaccharide.
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