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WD 2008/ 045852PCT/ US2007/ 080768 | MPROVED METHODS FOR
THE SEPARATI ON OF STREPTOCOCCUS PNEUMONI AE TYPE 3

WEOEBABEHARI DES FI ELD OF THE | NVENTI ON 5The | PeEDB2007080768

relates to i nproved nethods for the reduction or
renmoval of protein inpurities froma conplex cellular
St rept ococcus pneunoni ae | ysate or centrate conpri sing
serotype 3 pol ysaccharides involving heating or pH

adj ust mrent steps. 10BACKGROUND In the
preparation of multival ent conjugate pneunococca
vaccines directed to the prevention of invasive

di seases caused by the organi sm Streptococcus

pneumrprRas KR MOTHODYFER THIEYAPARAGUON OB SITRHPFOCOCCUS
St rept ococcus pneunpni ae serotypes are grown to supply

pol ysacchar i de8NHEMYBI AL TYPE LYRAGEEARHAES The

cells are grown 15in large fernmentors with lysis

i nduced at the end of the fernentation by addition of
sodi um deoxychol at e (IPOT) OGITHP NEVESTIONe | ySi ng

agent. The lysate broth is then harvested for

downst BaMEOHYT Tdaes todmprry et methads dUidhg reguctiopeor removal of
c I

o e Hpp KR e e i SHEEOLIER oGy DR F o

p obiytsae cdrapi silie saotypm]s pdlydadcharides iifviohahg heecr.mgra)e pH adjustment
product and confers immunity in the 20vacci ne's target
pSfsl%-ati on to the sel ected Streptococcus pneunoni ae
serot ypes. Al t hough the cellular |ysate produced
in this process contains the target polysaccharide, it

al so contai ns Iarge quantBAGCKREREXUNRI | ul ar debris

i ncl udi,n [ and resi dua

compondh s Pt QST By Y o SR RS ARoSTY absines directed to

iKY predenfbibhn o€ Hivatil @ BisOdsed BRisédSRthe o ansnd SBYpragistcld Mrumoniae

of acetic acid to help 25precipitate out the |ysing

a@@m ROV SnsuBPCcedses) sabented Seeprocphiuy praiseiiap s¢rgtypes are
?c%)v\%ng {8 5 g{)l?l 63%%{%%5&“%{?‘% dﬂeg{gedf t8| &Y\%g 6&*)%@0%1{15 r ﬂlé 8&15 ofe grown

s iiZ RrgdHowesRéns vathCliysik li@tﬂﬂcéd anhd ermr @mﬁs Sdrﬂ@nﬂ’e’(ﬁ&rhbﬁ deltlon of
have shown m nimal reduction in ippurities wt

s apdBGUeatYdRREs dAPEY oL H dlehnG ygingsrersl dhp #w@. bgthtigthen

2008 Do SR TARN b FRE Rk RTLAE gl polyseccharide

c @sriﬁca‘rﬂummuhd@ths bhaettriad cpllot &fter doagighe@nwithmtcaiclr @rdtg/in the

mnthl certain, ser
SQPB’ g iy H}fé‘f({g’ﬁdlm rff ng] yastsdueduss I&Léﬁﬁ% ﬂra@uwwthe
Va&il@éjtﬁlegeilﬁ&ﬁﬁatﬁﬂ% Yﬁess%fé'é{%d%le)ﬁfo%&d&%h%n& V@ %t%pes.
(e.qg., chai ns of gl ucose/ gl ucuroni c aci
of 2-3 Ahhlohglothe Dallmlehb')‘,at@ hetduaedeinShis Ipeerserdcantitins thh @rget

grow h diu on lLul ar | i scosity .ha
LRl aPopf e huantiss o boiRiarkERET sttty

| RNAIGRro@RSEsd RS8R InlediLEMNRIncAR! Tuditiddaprocessing has involved
purification process has been insufficient and has | ed

t @ miginglpH igdpefion of the lysate tong.6 by diddigioy of pegsic@gieldo help
TR0 Sy TR b P B D RN Sl e

pas temmfugatldryﬁ)abesd b fifrdt®nng relﬁ)cSterrﬁm o€ theGuHds down to a 0.45
pneunonj ae Type 3 pol ysacchari des, are needed. BRIl EF
SUMRERYIneFsiAHE g wRpERTheTaditional prasesagmABe folrs csBpwn minimal
t I?@d Cﬁgﬂ'lﬁlt 1‘355 ﬁﬁgﬂl?sle %nt Bffﬁ&ﬁ{gnin rgﬁ%l{;lh ls@lﬁblferp?&bﬁs to
conﬁﬁex ce trepto%occus pnéunoni ae Tysate
canmtpm@ﬁmxmmmm&ﬂmgdsQﬁmﬁypemﬁ 15po|ysacchar|des are

provi ded. In one nmethod, a cellular Streptococcus
pneunoni ae
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| ysate conprising serotype 3 polysaccharides is heated
for atinme and at a tenperature sufficient to denature

WEe@Boiss2 present in the |ysate and cause thei PCT/US2007/080768

aggregation and precipitation. Accordingly, in one
enbodi nent . of e inventi.on, t hod co rises th
st eps ghe 'hag?l %wqucomgnw@&sgﬁpge ptefnehas e%‘b@‘r%‘n‘la’ii’
| astlendfict itth BnstBr dPGRSLoRP&L @ofhea&gftf@b@t inQRArtRRchr

precipitation; and 2) separa |ng pr eci pi s fromthe
| ﬁeaptecoamepleeuwoszmslwnﬁb altoldycq)l@rgefanédﬂ&@eus:pql}a@@lande chains

pol ys c con nin sate is ced. a

DG ¥ BT arultRe A o gl BhE e R MRS RS el hat ar
6@&&&1 a{a@tﬁe of &thf e dialaipon 361 1E1Qr [FHIOULts SRcdBitHas Bradd 1 difficult
anot her particul ar enbodinent, the |lysate is heated to

abolitterssier portribigeian, 40d.ii Aerhesgses) procin grnegyat through the
ﬁﬁﬁﬁ&ﬂﬁpér?cegseha%%% ﬂltshﬁféle%féﬁfﬁ’as%’d%rﬂuﬁ ?%IJ%J. tering

the Tysa 0 renove preci S uSi ng a nenbr ane

filter Acpeddingly |11&pf@(76& n&ﬂfb’ﬂs N thO reenBiak €f profeit anRiritics from

filter. In another enbodi nent, the separation step

c G%Pl% ssllylay Stspiorgcemaneyaanige {ysaiceip PartishIaR [ysttenppaprising

USH DB 0BGl B Fypk S AALIBAL LicGHERY

e I ment,” the step eparating precipitants from

the |lysate conprises centrifuging the |ysate to renove

P ANt s R PR TR B T i oy esen

renovi fgpRNed flethod SR thd fe%ﬁctfcfnodpré‘mﬁeillolﬂ b#Jtein impuritics from a
Str ept OCOCCUS pneum)nl ae ysat e or centrate conpri si ng

s eompkﬁp @ekkulwty%@@h@mmesmmae ls@@tmw cemtacangping serotype 3

it ﬁ\é@ ﬁﬁ%&%ﬁr@?ﬁ opﬂgg hoot{%}tle EOA 2 CC h?lar &trgpetgctorcgzttsepnelwywnzae
2@;@%%5@5138@'%&%%&@716&%&8@&@@@ Wataed forstteRe hiPitQMeSperature
fllterablllty In particul ar enbodi ment, the pH of

t el ucgﬁghtoeie@atu&mpmse)re@m ndhelsed apd case fheasigegeegtion and

Y t | 0
PEIGitfof! hLPULE, (PO SN S ELIEER, AbSHI
paoinphsdsalid ytefsmiaboisatity ﬂlepySawtotaolefastl @0f @ tforaan leakt3 (Bminutes to

further enbodinment, the filtration step conprises

f FIESEPIOGNARErEy QR Adgreaipiiasion; Hide?) sepHgling prefiBrag om the
r r {

TG PR Rt 3B Pl AL s e i

c pnplucek sinfai partmulengntuodlmqrﬁ ahelysate ceintataitte absutrf§ @ to about

dept h_ fi anot h odi nent of . the

P Bt b ahout SORRGY TLanglBy PR D PalGier fro lysate
Ofis KPRAMb ABoIR68LEFd abBRUO thindfes! TPAF@HE bmBbd@ent, the separation
St rept ococcus pneunoni ae 10l ysate conprising serotype

355D Icy@aus;dsefrlteﬁles thalxsate tm;gmoge srealnlbﬁstawelngéamm@ras@ éler,

i ne a step .invo nent 0
" pegeEy St R s BEE ey TASRIET FobSdirAC dhe
t B&akaRALEp cloﬁlptrﬂaessm%m@dh@g@ate td fb@n@lé p%iﬂqs{ﬁa&fgelmngsat &pth
improves filterability. "Accordingly, in one enbodinent
t rﬁiéterrelmra@dthcbmmc@@rsembmhm@@p&le ofep of perheitnigmgedipitants from the
a}e ; / Eﬁ 9 é) ast 30. m nut es t
§E CBP‘é’{ 8?5 Cegﬁéf;% gatts P{”i% rFSmS?/% RIS 8t on;
C ent ri fingidiertch®olise of RGr&emainddntiog, PHethoRiil f;tbeﬂied for
proteins fromthe |lysate to produce a centrate; 3)
| FRAVEESIOf GErnPNng Prodiin fRBUTES R @ celiplan Streptpsoc@s newpeniae
4 I
ook SRR LR AL K e 1T S RS A LB e i
I $nvioihvaaigl pHchdjustiment pathicilgdatcadr centoardi Irethis, erﬁljmhmylﬁaﬂle piHs
heated to about 60C to about 70C for about 30 to about
50 minutes prior to centrifugation, 20nore
particularly to about 60C for about 40 mnutes. In
anot her enbodi nent, the pH of the centrate is
i ncreased to between about 8.0 to about 8.4 prior to
filtration, particularly about 8.2. In a further
enbodlnent the flltratlon ‘step conprlses f||ter|ng

e o - .
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5enmbodi nent, the pH adjustnent step to cause protein
aggregation and precipitation further conprises

woeasiongst he | ysate to at |east 60C for at | eaB€T/BS2007/080768

m nutes, nore particularly to about 6OC to about 70C

for about 30.to about . ut es, eyen nore

pasitlﬁ BILHPR) PRFOXER fordoit dF “RBsistles L BS g R gf the
ll‘ﬁfsﬁﬁe& B sTBAbasch iCatlbdst B BLPrR tGLiRRALER '"H?t?t'tcsuﬁfrly to between

filtering the lysate to renpve precipitants using a

mebdurt &rﬁatombut §. éprlomrﬁitrptmrt pediard garacwadbtorabpot &2 prior to

Si e fi L | t

r AR ER oh 2 St sy B TOEo R R ATyt Al Hine the ysac or
I EMME: NifEh RichMne rt?cuq?’eﬁ"gf 40115 Mxﬁﬁore BRL Bfembrane filter. In
DESCRI PTI CF THE DRA NGS 15Figure 1 shows
pehgthercwhimdirdentythe fidfritroorstdpadoomeaisor fltgingdhelysge or centrate using
varj o peatl ng conditions and holding tinmes for
s&%5 @é@ “S Iysates. Data is shown as a percentage of
val ues 1 hythd+eaRati R 6O AR PPesS AR @Fioh Oa IRV IEHRYINEE for
percent protein |osses of treated sanples (100%is
ea@ﬂuoalgewﬁ temonnapt%@g }mpmttgqa feonpa splbgr Jireptaspeciyipsnoniae

m | r I
DR sy s B MR AP by pssngren

Dabrabinsd mmtqslnaolpﬁfgqﬁ‘h h@ygeneht ofahelBSatt 100 0T Wobeatestoduced

process sanples to show relative percent protein

| " by genrigratipmal be hesaiepi e shig smbodimsne fifi REAPEHEmMest yigp improves

ey Aer VB o R SRR 2L 8 LPRIS T Sl
oheq:lmgtthe lys{tt opat laast 6Q@! ﬁwat:kehmBD dlein(lﬂ@Sto ¢&obd projein aggregation

con entratjons.in 25se e 31 sates ?fjtuSte e
NS RFCIPRA] 1‘2}% aeﬁﬁPg’th} Sﬁtﬁlat} §eﬁaéﬁln§§’é pifaf Pmtems om

p%&?%@ﬂﬁpr@&ud@‘y déﬁﬁ%hﬂrlh%aﬁ[%jth@ b@f &itRe centrate to at least 8.0; and
concéentrations, r eSpeCt i'vel Y, various tine and

t éhﬁbmmg,the cgoram,swla:se T orhsame@llht wrtﬁedt:semtﬂoerﬁ palysschande-

PO e ey AhE DeERaBhePRTBIG) 1l b peced 0

shpyE 68°C tmettﬁ,uf 7@ CHor Mout 90 & atRRE §€ RfinEOHRIMo fcétﬁﬂfugatlon
serotype 3 |ysates 30plotted by tenperature and ti

c e b pwlarlyeahout 6@ i gy abak 4?5 arantas-nkp aethgh Pl@bodlrnent the pH

P SRS B 1ol g EHh ML BRSO R L 1R,
b @rticu MOy 200.8/8024 SBS2MIER A dS26uATh OB Oh6 Siltration stdpl @uipeisés filtering

shows SDS- PAGE gel s show ng sol ubl e protein renoval
f thenhysrdto remese Bgcipdpnts uyiggpancmiyanhaker, moeapatcylahes 0.45 um

4L T i R O

plﬁdztbﬁgg tphyaanpatmog: pedipitiiteasiega deptgHiljer.and non- heat
Streated (left) serotype 3 lysates follow ng identical

tines ﬂlb?n%h%@ﬂﬁtofiﬁt@t §Etlte|pir¢§§nt inventiongy ggthed 7s RIQyifsd dor

Qs aARKing or PO AL AEp T 1B S SO S Aroc LA B unnoniae

3 Ipertar at@stasommpfivme tarougpod pobfsaqchamadep fthat Eompn@s auls
raphs correspondin

of .bar Xper.i ne
b Snst S8PE O ERBRT e stiBn b atqcaﬁtav%/ﬁtﬁlsgﬁéoalmem

pﬂfétrﬁétﬁo@ @&ﬁﬁr%e@ Ald Q&ps(08/ 1 1% riY A §81 &f sﬁldjl ﬁt@to' 88t 3.0 to
on the left y-axis. Relative filterabil va ues are

plamut@éﬁmmusdmoteugztggrqgatlm i pl\mlpdﬁil(lm I’ZD @@E@fﬂldlr[gdht hysate and
| at f
CSHBtIE rR R G U R G S8 M A B vt Dpergipine the

a pBiCaH tee @dntrhtcltd ablchdk 8=(Eaﬁ& A) Eltmﬂ?th@ rentfait€ Wit rSa SibRWAtially
a graph conparing the flow rate over tine of serotype

3
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15centrate sanples through depth filters as a function

of centrate pH Flow rate (y-axis) was neasured by
w@adoskmsi ng a ratio for each mnute of filtraP¢DOS1007/080768

whi ch the tine in ninutes was di vided by the total

weight in of c ate that had passed through .

¢ RelRed oI Pl PHIHNE SRS R @2 Iy ipgarticular
hicgibsdintdne thd IS?M’of el satecﬁ %&&%@t&@d&k g9 piek fo @&Mﬁg%n In
to different pH | eve (5.0 to 8.5) and pushed through
t heotROf fakticila em’o@énnent fthepdraf tlmnmtratmls mcmsasﬂrte between about

bbb R B R FRE PR AT RS i Badier

I eﬁfbaaﬂnwﬂt RIRONH dafisintiat Svpeh ERbOPEein @ggrt:gf@lohadw §fdcq5"'tatlon
or 25 rermval of protein inpurities froma conple

c &yther spmpises peaineche &yspisde aolarha 601G apklcast @éﬁmn@ﬁ,énore
fgﬁrg&cp%gQ &?Ju?{sbfﬁeto abBﬁ e?éofléﬁt&hﬁ{oh?gﬁ ta d‘}%\@ %(153 ﬁ]?n_u%% ggf?d even
c (ﬁtdrapairtlmﬂhﬂ@ tisabduh 60Cyatisout 40 Iﬂﬁﬁﬁtegl Inar fugthti dieb@inElent, the

at. a tenFerature sufficient to denature pr.oteins
pridERIen sfop ORWrisgstaltingihe bawfs &0 TRMAVE PEgAR G ELISHIR Samgmbrane

R byl BBl e En XL i Bl ambodiment

| shepfitratgriste Corhprisenpittonigy fhiellyatabirtmbye @%Cl@ﬁlﬂ:&@uilﬂga depth

aggregation and precipitation of proteins. In further
Rbds, heating and pH adj ustnent steps are conbi ned

to cause the aggregation and precipitation of proteins

as well as to inprove filterability of the |ysates or

centrates. SuclBRIEF HIEJBECRI\HDION OF THE DRAWINGS

2008/ 0§5852F(‘]i;r/ us2Q07/ 768 i\% bow 1f or the tion

of sub {%llrﬁ }Ian? géq,e B]él gboratory St 1es 0 various

p%é‘zﬁ%“c@ﬁ&’ilbﬁ&tﬁﬂiﬂl@ih@ kitkbs lrySREdRPp 0T 1ySaR. r@&tﬁ%s shown as a
used herein, the term"substantial'ly purif

s ef:mf:lycpge @f xpadlley ot hehrdattd peenesasaninhep tb phew ee'lato\re percent protein

b t t 3
p (?usfésa %mgiéﬁ{@()?fﬁze%ég%%gf%@ 10?%1‘ ers to a
cel | ul @z[gu& 2@lmv@m@feusy@memmmét@@a@@rs@idi&&)f&ahmﬁﬁ@uﬁg

centrate from which protein has been renpved such that
t endiepnstangd dofsting dmas f?éﬁ%féﬁﬂ)ﬁ atlysesofDathis shggapea percentage of

GRSl b SaP D B (B AR o950 BBt

Oltreatd® sdmAleh (lroot/ﬂsreq@l@m]aﬂirtedmtl@ssb he concentrati on of
protein.in the lysate or centrate Frlor to rg

r enovalF 18Ukt ARy ardhpstedissrpnaneraph ehtheshicss o Flaiee(iefﬁt) and
t I t

C SPAREHOR KRB bl pRrERl o) 3 bofp B En plte IR beRofr) Rfigirations in

dectetypk 3dydateat éAFipisgt‘.dd?Sj%éi andl éAlesteé IPecoIblmc%ﬁ valesd iepresent the

( SDS- PAGE) .. anal ormt rap
epgr&eqta%q,]%fr@éysggc?@gge %rotel Qﬂcgletﬁaélrons WFSH§CUYC&; a} various time
Gdhdle ntfRrdtin@tyBins Esl"crdrﬁlﬁa?@it to e S8MiRLLRYMMI ARFRMperature (which
Press, Inc. (1990 In one enbodi nent, the present
i pensereno0Bp mlu@lsegr aroten h@@p@amph@mgoacdm@ammg step
for th% redyction or re

From arlbf AP Pt G B BRuRP BT e 3 ysetes

C Pradtct Hiy RemSRitQf YRR tinPedndsamehahe ga@entﬁgmqsr@lmami soluble
heat disrupts the native structure of proteins an

d@ruein deshomiamthd euivs bags eretheigigphe Nehepangest{€Ohar70ge for 30-50
S 1 d proteins aggregate and
p%g%?gyﬁq%%MI %BEQF@£?ng | ysate separation and
enabl i ng easy renoval of solids by centrifugation or
filtration. Such a heating step would be effective for
the recovery or purification of any heat-stable

pol ysaccharide from a biol ogicaj mxture containing
significant levels of soluble protein inpurities and
therefore may be used in any liquid phase where

sol uble protein levels remain problematic (for
exanple blologlcal n1xtures 2500npr|3|ng DNA RNA

S o o o o R .
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30l ysate to at |east 50C, at |east 55C, or at |east
60C for at least 15 or at least 30 m nutes to cause

WEe@BOIIsSAggr egati on and precipitation; and 2)PCT/US2007/080768

separating precipitants fromthe |ysate; where a

substantial Ly, purjfjed rotype 3 .

ol ysabigias p JuPRoAPSTA G eFy Shtute solyblsuesin repigal from heat
PACLEES BBy AT LRI treatdMBlahdSRE 6n (1R 168 gtp@@thsmo@ attt heat
50C to about 80C for about 15 to about m nut es.
an@whehmpamﬁmmuhangedﬁﬁﬁﬂﬁbﬂiD t he

2008/ 0 5852 /USZ 07/08
pet veeh oM BT @fb@?ﬂ%ﬁleat'o%%ﬁﬁ% By g agp-hee

SGreifed (l%ﬂ}?serd)tﬂp GL Wsﬁ%ﬁ folRfih € iHeatic rbadif difgﬁéelpﬂtah@ setthng
| ysate is heated to about 65C for about 40 m nutes.

descri Fexire i shayysea gaphpf polysacplearidg ;§B$) mﬁwtatlsemrp@m

b%&t?c\é{gtdg}o%;nf Ql?(?}etl?ﬁ&% lt%ra%@{tgto¥ Qe?ng@g g égt%g%;%tr \ fﬂﬁg’ttotn of centrate

6§H fRive gt@um ofbae grapht borfdspontihg twﬁ\‘ieﬁ@(petﬁmental runs are shown.
saccharide. In a further enbodi]

s @Béﬁ%ﬁ@#ﬁ%@é‘ﬁ%@ﬁﬁ? i(@é/énle)aﬁlfirﬂr@t@@atorle%ﬂr@tm (¢/1 Q1 vjabygs are
rJv‘?cTElaVo% HRE 1dFedyes FPFOQ‘S% ﬁlt&fat?f?ﬁé Oﬁués\’a%@@&wdea on the right y-

p rticular, Inone e i ment separation step

corips whieb c{mré®end togtht nedatiwesfatoe re@medn@pestmbeut bnt[amﬁthe
usin a nenbra e filter particul rly a 0.45 0m

S PUBORE ASERREC (pRglya 015 MahowgE s ouP A of Fiped ( Easy, 5=
1Q§ﬁ§arat|on step conprises filtering the Iysate to

renove precipitants using a depth filter.

Fi | t er §Figuyps sladwsya prspll chmaparimgghe Vlolvure dviet timatoif serotype 3
processes as, t he r|f| i on of. serotype :
PPy e e i e b et foro SRy Y iy st (-axio
ands drRklred bil Eﬁﬁﬁaﬁ&?@p&l@r}@r éa!ch trfﬁflﬁ'te oW ifkdtRA i Whith tht ¥me in
by size exclusion, in 15inpurities in a
solintteowas dﬂvtdedfowlthfeto@d v&td@ilt Hagtents af gertrathtat hadepassd through

C B 552 mirf (TR B copiit The b ROF T RL, (e

C @ath O waref ddpiseddsto QiffGempM Rf-c18®8.0itex 8 5l b pushad @digh the
porous structure through which a solution to be

f ifltewsruader diffprpateanstaghpressyrcedndiions (hier 30 gounds pergiuare inch
r gﬁntadsorption and nechani cal entrapnent of

'ﬁ% ities throughout the depth of the matrix. Wthin
20t he net hods of the present i nvention, both nenbrane
and depth filters n conblnatlon with the

depthfllterEﬁﬂ$@é¥¥Rfﬁ%ﬁg@gmﬂﬁﬂﬁﬂpﬂgygﬁﬁKpﬁe
surfacgpf :Q‘Eetsgﬂt IEX%EH R‘gll&lg?llnéﬁ{vea FRUJdS FiShe reductloﬁl (g'

anot her e ment the present Invention,
| scrad e o Pprovain Hnipufmres fieduc carrgplex celhﬂmﬁtmytqwoctw ipneumoniae
urities froma.cellul ar gp eunnn ae

2 SYC A SRUBHD FIEP IS P DD P% pYI© 5 élﬁ%ﬂ R Sigps i5fatigg to
C@BitlINiEhotiagd e BH atél}’us@rﬁéﬂtr inf dGald MBthels ttl'f@lyké’t@ ?btlf‘eated for a
conprising a step involving pH adjustnent of

| ylmaad@t a tasmaratties, suffrcierty |tcs d@wbm@l Progeing prickant the lysate and

rent s

nepE T yaefocdan R By EPgpter bR bictieb oy SRt e contrate

PREHIBH Becdnyisfabeidi ofeROtyk @&t s ‘iéHrﬁ@lﬁtls&!dr’t@ iBBFovt YRradility or
pol ysaccharides refers to the ability to pass the
| y@}es? éhappeespation prd eretnmtatugtpfa)r@tem@e fugthehmgthogs, heating and

NS FRLR bl o LRE NEAA L 40 il
eyeogheas wolt aeaaﬁqbrcwedmcmﬁmyaff thidigsdtyss@teentoate efichatic@hods
across a filter, reduced clogging of filters by the

| ysate or WD 2008/ 045852PCT/ US2007/ 080768 centrate,

or reduced pressure required tozpass a given vol une of

| ysate or centrate across a filter. Tradi tiona

nmet hods for the renoval of inmpurities fromcellular
Streptococcus pneunpni ae |ysates or centrates

conpr|3|ng serotype 3 polysaccharldes have |nvolved 5a

o a1 e ~ o~
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10rel ate to the discovery that the filterability of
this hi gh nol ecul ar wei ght pol ysacchari de can be

wa@badosiesssas a direct function of pH and that PCT/US2007/080768

increasing the pH of a lysate or centrate inproves
terability w.thout significant |oss

pa|1%é%fc & PiuC oty 1%%85?%6%?@ﬁtpoysacechaﬁlde-

f upghingakidids or tBMSated. N One enbodi ment of the present

invention;, a nmethod is provided for 15reducing or

renovi Ag Upccbh@am, thepern tsubstartraimparifed barbype 3 polysaccharide-

o R sl G A e L A R

C eaitfatd"ugfetd ©n @flulabSrbysaseud hrtnornmR sbio8HetNgshé SPcentrate
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the protein content of batch | PPPN3-007 was reported
at 31% Prot ei n/ Pol ysaccharide on a w w basis. Final
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oiFepiPiGOtE uakg 2ot fplissed a target protein
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phedteih imbmatks; fefm 2Qdlar SemattBrprbivgorde Prome @3 Sentrate
step. Wth the inclusion of a heating hold step as
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Tabl e 1. rcent Protein Following U.trafjltration and

A6 T BOCE RPRSS e R e GTaIS VS et GRBHE 44 Tho

CER P T ot R Ry o o

| PRENBMOM) iBBcBing thiopHed thd RRPAR-1006lc20 8.0; and 4) filtering the
centrate; where a substantially purified serotype 3 polysaccharide-containing centrate
is produced. In a particular embodiment, the pH of the lysate is lowered to about 3.0
prior to centrifugation. In another particular embodiment, the pH of the centrate is
increased to between about 8.0 to about 8.4 prior to filtration, more particularly about
8.2. In a particular embodiment, the filtration step comprises filtering the lysate to
remove precipitants using a membrane filter, more particularly a 0.45 um pore size
membrane filter. In another embodiment, the filtration step comprises filtering the
lysate to remove precipitants using a depth filter.

In a further embodiment, the method for reducing or removing protein
impurities from a cellular Streptococcus pneumoniae lysate or centrate comprising
serotype 3 polysaccharides that comprises a pH adjustment step to cause protein
aggregation and precipitation further comprises heating the lysate to at least 50°C, at
least 55°C, or at least 60°C for at least 15 or at least 30 minutes to cause protein
aggregation and precipitation. In a particular embodiment, the lysate is heated to
about 50°C to about 80°C for about 15 to about 60 minutes prior to centrifugation. In

another particular embodiment, the lysate is heated to about 60°C to about 70°C for
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Heat 65C/ 40 mn | PPPN3-015 3.7 0.6
about 30 to about 50 minutes prior to centrifugation. In a further embodiment, the
lysate is heated to about 65°C for about 40 minutes prior to centrifugation.
The following examples are offered by way of illustration and not by way of

limitation.

EXPERIMENTAL

Streptococcus pneumoniae Type 3 produces a very large and viscous
polysaccharide which is released into the growth medium upon cellular lysis. This
lysis is currently induced with sodium deoxycholate (DOC) at the end of the
fermentation. Type 3 polysaccharide appears to be very stable over a wide
temperature and pH range; however, its viscosity has made it difficult to filter after
centrifugation, which has led to low recovery of cell free broth (CFB). The following
examples describe studies relating to post-lysis heating to denature and precipitate out

proteins as well as pH adjustment to improve filterability of the lysate.

Example 1. Heating Step

Implementing a heating step for Streptococcus pneumoniae serotype 3
recovery was driven by a need to decrease the protein load before purification steps.
Batches of purified polysaccharide were prone to batch failures due to residual protein
levels above the set specification level of 5% w/w protein/polysaccharide. The
following laboratory studies were therefore performed to characterize the
effectiveness and ranges for use of a heating step in the purification and recovery of
Streptococcus pneumoniae serotype 3. The goal for including this heating step was to
produce a reduction in protein levels while maintaining high polysaccharide levels.

In the laboratory, fermentation cellular lysate material obtained from pilot
plant runs was aliquoted into Falcon™ tubes (BD Biosciences, Bedford, MA) and
heated in water baths to various temperatures. Temperatures studied ranged from
50°C to 80°C, with hold times from 15 minutes to 240 minutes. Control samples
were left at ambient room temperature (about 21°C). All samples were then held
overnight at ambient conditions, after which the samples were centrifuged and run
through 0.45 um syringe filters (HT Tuffryn® Membrane 25 mm syringe filters, low
protein binding, Pall Life Sciences, Anne Arbor, MI) to provide material for

polysaccharide and protein analysis. Experimental data was analyzed by a statistical
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Heat 65C/ 40 m n | PPPN3-017 3.4 1.7 The inplenentation
of the heating step also i nproved separation

wetdsossary by 20i ncreasi ng the aggregati on of PET/US®M0TI080768

whi ch allows for nore effici ent centrifugation. The

effect of this step is in Fi 6,. |
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pol ysapabadchReiath@ls diso MiIRERHAnd It shobHtih PIhudNHad @dth Points
to filter well under traditional processing
c dpdgnataheith Be CHPS @bblfthahes e Listad tumessreflond uhlzatwasheat hold at

C | trat, characteristi.cs

¢ APSERA oA ant bt i e ARG S MG el e
t prdcdeitd ththdBANS férdientorRl @y digd E&l&aﬁh%hﬁﬂh@ h)aﬂotattaryofwlthm the
serotype 3 pol ysaccharide so ut| ons Usi n

v S¥RRehtare ang ting] apegs testerist palpt sagle Bhae? H@W%ﬂ—#@rﬁooc to 70°C)
A 0

O FIRSEISL, AndopHRashL TRk, L hSLARUIGLE Bligs . T
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to cemPF‘?tFIE}g]‘Q?'ZY%‘ﬁ wag RErsPTEReddyy ysEtedHdatd JAS1R ﬁ%@ £30diym
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runs) erlnenta one
ek@ere greWaditery UM) “Tisd Prgtegn Phregocodcidandboak’i Totowash) :fHurhana

di tt t rmvesluble rotein at es
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laboratory and pilot scale (data points designated with an “IPP” abbreviation).

Protein data is shown as a percentage of control values from unheated process
samples to show relative percent protein losses of treated samples. Heating times of
15 minutes were adequate to remove 60% of soluble protein through heat
precipitation at temperatures of 60°C (see Figure 2). While significant protein
reduction occurred at 50°C and 55°C, 60°C was set as a minimum for pilot plant

operation due to more robust levels of protein removal.
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Run pH Vol ume Depth Filters Menbrane Filters Heat Tenp
C Heat Ranp Up/ Hol d/ Cool Down Tine (mn) | PPPN3-001

wW@208888521 1 NVA N A | PPPN3-003 7.5 80 L 1 1 PCT/US2007/080768

A summary of pilot scale data relating to this heating step is also shown in
Table 1. Runs —001, -004, -005, -007, and —013 used no heating step. Of these runs,
only —001 and —004 passed a target protein specification of < 5% w/w indicating a
continued difficulty of the purification process removing protein loads of 20% to 35%
after the UF process step. With the inclusion of a heating hold step as indicated in
Table 1 for runs —011, -012, -014, -015, and —017, protein loads were reduced to 3.1%
to 6.7 % after the UF process step, with final protein levels in the purified
polysaccharide of 0.6% to 2.5 %.

Table 1. Percent Protein Following Ultrafiltration and in Final Batch Concentrate

(FBC) for Various Heating Conditions and Hold Times

Process Batch UF Protein% FBC Protein%
No Heat IPPPN3-001 32 4.8
No Heat IPPPN3-004 35 35
No Heat IPPPN3-005 20 7.4
No Heat IPPPN3-007 31 99
No Heat IPPPN3-013 22 6.1
Heat 60°C/30 min IPPPN3-011 6.7 2.5
Heat 70°C/50 min IPPPN3-012 4.3 1.7
Heat 65°C/40 min IPPPN3-014 3.1 09
Heat 65°C/40 min IPPPN3-015 3.7 0.6
Heat 65°C/40 min IPPPN3-017 34 1.7

The implementation of the heating step also improved separation efficiency by
increasing the aggregation of protein which allows for more efficient centrifugation.
The effect of this step is illustrated in Figure 6, in which a photograph provides a
comparison of non-heated (left) and heated (right) cellular lysate after an overnight
non-agitated hold at ambient conditions. The media was noticeably clearer following
heat treatment, reflecting greater aggregation and precipitation of protein.

As shown by the data described above, the inclusion of a heating step was
important in removing protein impurities for the production of polysaccharide. Final
polysaccharide met drug intermediate release criteria of < 5% w/w
(protein/polysaccharide), demonstrating product stability with regard to heat

trecatment.
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Example 2. pH Adjustment and Filtration Step

Traditional filtration for Streptococcus pneumoniae polysaccharides included

in the Prevnar®

vaccine has involved continuous centrifugation of cellular lysates
followed by depth filtration and membrane filtration. As described above,
Streptococcus pneumoniae Type 3 is a large polysaccharide that is viscous in solution
and fails to filter well under traditional processing conditions. Because of these
failures, work was conducted to modify the filtration characteristics of this
polysaccharide. Studies were therefore conducted to identify means for improving the
filterability of serotype 3 polysaccharide solutions.

Using pH as a variable, an initial study of the impact of pH on protein removal
and subsequent filterability of serotype 3 lysate solutions across 25 mm diameter 0.45
um HT Tuffryn® syringe filters (Pall Life Sciences, Anne Arbor, MI) was conducted
in the laboratory. Prior to centrifugation, samples of fermentation lysates of serotype
3 were pH-adjusted to 6.6 (two experimental runs), 5.0 (two experimental runs), or
3.0 (one experimental run) using either acetic acid or sulfuric acid in an attempt to
remove soluble protein. Lysates were centrifuged and aliquoted into Falcon™ tubes
(BD Biosciences, Bedford, MA) in one of four conditions in which pH was adjusted
using 3N NaOH (sodium hydroxide solution) as follows: 1) control (no pH-
adjustment); 2) pH-adjustment to 7.0; 3) pH-adjustment to 8.0; and 4) pH-adjustment
to 9.0. Centrates were then pushed through the 0.45 um syringe filters with relative
force required to filter about 3 mL of material.

Results from the five experimental runs described above are shown in Figure
7, which shows a graph of polysaccharide (PS) concentration, protein concentration,
and relative filterability of serotype 3 centrates as a function of centrate pH.
Polysaccharide concentration (mg/mL) and protein concentration (g/10L) values are
provided on the left y-axis. Relative filterability values are provided on the right y-
axis, which correspond to the relative force required to push about 3 mL of the
serotype 3 centrate through a 0.45 um syringe filter on a scale of 1 to 5 (1 =Easy, 5 =
Hard). As shown in Figure 7, higher pH levels in all but one of the experimental runs
were associated with improved centrate filterability. The results shown in Figure 7
also demonstrated that very low pH of 3.0 could successfully remove protein but was

associated with increased difficulty in filtration.

14



8 L1 1 NANAIPPPN3-011* 8.2 85L 1 1 60 42/30/43
| PPPN3-012* 8.2 86L 1 1 70 55/50/45 | PPPN3-013 8.1 90
WO 2080498A PCT/US2007/080768

10

15

20

25

30

With the impact of pH identified, a controlled laboratory study to determine
the impact of pH on filtration capacity was then conducted. Post-centrate material
was obtained from a pilot plant run and re-centrifuged in the laboratory. The lysate
was divided and pH-adjusted from a range of 5.0 to 8.5. The lysate was placed in a
pressure vessel to which a constant pressure was applied. The lysate was passed
through tubing over a CUNO 60SP depth filter (CUNO Inc., Meriden, CT) and the
capacity of the filter analyzed. This was performed for each pH tested (5.0 to 8.5) and
under different constant pressure conditions (5 to 20 pounds per square inch (psi)).
Results are shown in Figure 8, which compares the flow rate over time of serotype 3
centrate samples through depth filters as a function of centrate pH. Flow rate (y-axis)
was measured by calculating a ratio for each minute of filtration in which the time in
minutes was divided by the total weight in grams of centrate that had passed through
the filter at that minute (the lower the ratio, the faster the flow rate). As shown in
Figure 8, processing at elevated pH of 7.0 to 8.5 resulted in faster flow rates as
compared to processing at lower pH of 5.0 or 6.0 under the same constant pressure
condition (10 psi). Ata pH of 8.0, a constant pressure of 10 psi or 20 psi was also
associated with faster flow rate as compared to 5 psi.

Pilot scale runs incorporating the pH adjustment step described above were
then conducted (pilot scale runs listed below in Table 2). Seed bottles containing the
Streptococcus pneumoniae Type 3 inoculum were grown in fermentors. The cells
were chemically lysed and the lysate either centrifuged or heat treated prior to
centrifugation. Following centrifugation, the pH was adjusted (except for run
IPPPN3-015) and the lysate filtered through depth and 0.45 pum membrane filters prior
to being sent downstream for purification. The number of filters required to process
lysates from various runs was used as a measure of filterability (the lower the
filterability, the more frequent the clogging of filters and the higher the number of
filters required to process the lysates). Table 2 shows that only one depth and one
membrane filter were required to process lysates from various runs adjusted to a
different pH of 7.5 or higher, with or without heat treatment. With run —015, the
impact of a pH of 6.6 on filterability was assessed. As shown, for run -015 three filter
sets were required for processing of only 37 L. This result was obtained even in the
presence of a heating step for protein removal within run -015. After adjusting the
remaining lysate material from run -015 to pH 8.2, one set of filters processed the

remaining 68 L.
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Table 2. Filterability of pH-Adjusted Lysates at Pilot Scale

Heat Heat Ramp
Run pH | Volume D.epth Melonbrane Temp Up/Hold/Cool
Filters Filters o . .
C Down Time (min)
IPPPN3-001 8.0 82 L 1 1 N/A N/A
IPPPN3-003 7.5 80 L 1 1 N/A N/A
IPPPN3-004 | 9.0 90 L 1 1 N/A N/A
IPPPN3-006 8.5 8L 1 1 N/A N/A
IPPPN3-007 8.5 96 L 1 1 N/A N/A
IPPPN3-010 8.0 88 L 1 1 N/A N/A
IPPPN3-011* | 8.2 85 L 1 1 60 42/30/43
IPPPN3-012* | 8.2 86 L 1 1 70 55/50/45
IPPPN3-013 8.1 90 L 1 1 N/A N/A
IPPPN3-014* | 8.2 103 L 1 1 65 52/40/51
IPPPN3-015% | 6.6 37L 3 3 65 57/40/52
IPPPN3-015% | 8.2 o8 L 1 1 65 57/40/52
IPPPN3-016* | 8.2 87L 1 1 65 53/40/43

* Lysate heat-treated prior to centrifugation.
Based on laboratory data presented in Figure 7 and Figure 8 and the pH
adjustment capabilities of the pilot plant facilities, a preferred pH range of 8.2 + 0.2

was identified for process operation to improve filterability of serotype 3 lysates.

The article "a" and "an" are used herein to refer to one or more than one (i.e.,
to at least one) of the grammatical object of the article. By way of example, "an
element" means one or more element.

All publications and patent applications mentioned in the specification are
indicative of the level of those skilled in the art to which this invention pertains. All
publications and patent applications are herein incorporated by reference to the same
extent as if each individual publication or patent application was specifically and
individually indicated to be incorporated by reference.

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, certain changes and

modifications may be practiced within the scope of the appended claims.
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APtHE6esh t he foregoing invention has been described in
sonme detail by way of illustration and exanple for

pur poses of clarity of understandi ng, certain changes
and nodi f i cdhe areshadenyf chremplr, adieradestepva} dtinmprishehsatiopsaidflysate
the a @&f %I ai WO 2008/ 045852PCT/ US2007/ 080768
Tl—%qbﬁpwglg 0oy MeD 1. A nethod for the
reduction or renoval of protein inpurities froma
cellular Streptococcus pneunoni ae | ysate conpri sing

serotype 3 a@pyrmmcm@sz,mmm sicmg) edmepriscehentiog said lysate
ﬁ-?%{&?’attl 03 eg sat to at least 60C for at |east 30

8y ¢38 |n aggr egati on and
precipitation; and b)separ ating precipitants fromsaid

| ysat e; wherein a substanti al | y purified serotype 3
poI ysadchar iThe megndaalsiaig 3, ydatcan step p} esumptsgs haaging said lysate

ﬁb%t@'g’*g‘@ﬂaﬁ’cfut% 1Hh9e%o"‘here' n step a) conprises

hea I ng ysate ut 60C to about 70C.

5. The method of claim 1, wherein step b) comprises filtering said lysate

to remove precipitants from said lysate.

6. The method of claim 5, wherein said lysate is filtered using at least one

filter selected from the group consisting of a membrane filter and a depth filter.

7. The method of claim 6, wherein said membrane filter is a 0.45 um pore

size membrane filter.

8. The method of claim 1, wherein step b) comprises centrifuging said

lysate to remove precipitants from said lysate.
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3. The nethod of claim2, wherein step a) conprises
heating said | ysate 15for about 30 to about 50

WOR00810£5852 4. The method of claim 3, wherkPCTUS10@P080768
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9§é HW%ﬁﬁ%gh?ogwihe reduction or renoval of protein
inmpurities froma cellular Streptococcus pneunoni ae

| ysate or centrate conprising serotype

pol ysacl@harl 8@@6‘&9%} lﬁlg9 redn gﬁspﬂﬁf sagy VRRLF BRESTGte is
5%;‘0];&] K Plo Bl Ehnl A3 €0 8 RO AR 10iRubRASt 8. 0; and

tering sal ysate or centrate; wherein a
substantially purlfled serotype 3

R Al Gt TR R L LR e —

t ttccresatk@to HBUIS. tgﬁat@) iGNt rate is 10increased to
bet ween about to about 8.4 prior to filtration.

11. The method of claim 10, wherein the pH of said

Rt B LN BT RO PRS0 e on

| yistat @ldced frdrh eiestols bdﬁolsah? beasientendfiltdrand s abpatfedr.
fromthe group consisting of a nmenbrane filter and a
depth filter. 13. The nethod of claim 12,

v\nllgﬁ% (ri*laﬁés%’:l: ﬁ~ mmﬂﬁ 5t c]ialrn lﬁi}i}helﬁm n%attcﬁma%pane%%%r 152 0.45 um

I pokiGidcOfe@brahefmyal of protein inpurities froma
cellular Streptococcus pneunoni ae |ysate conprising

serotype 3 pol ysaccharides conprising the steps of:

a) heat ' ng %%gthogzc?rttﬁ %e%u@tttod c?rq%lrn{)gag%f g%&elﬁ m&aﬁt’ﬁl&és f§0%1 a

ntnutes to cause "25prot ei n-aggregat|
preltil Sradpkd@becus pneumoniae lysate comprising serotype 3 polysaccharides

comprising the steps of:

a) heating said lysate to at least 60°C for at least 30 minutes to cause
protein aggregation and precipitation;

b) centrifuging said lysate and separating precipitated proteins from said
lysate to produce a centrate;

c) increasing the pH of said centrate to at least 8.0; and

d) filtering said centrate;
wherein a substantially purified serotype 3 polysaccharide-containing centrate is

produced.
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b) centrifuging said |l ysate and separating
precipitated proteins fromsaid | ysate to produce a

W@ 20081083862 c) increasing the pH of sai d PENUSZDB080768
to at | east 8.0; and d) filtering said centrate;
30wherein a_substanti i fied serot
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2gp§kgﬂg@%&gg%6&§ﬂp@7/080768 15. The net hod of
claim14, wherein step a) conprises heating said
| ysate to about 60C to about 70C 16. The net hod
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ysat o 161 or TAEATH oS R B3 R D Rrs S gL soid ysate
Tlf@rdﬂiﬁﬁﬂmm%fbo@ﬂﬂ)rﬁlnlrﬂes. wherein step a) conprises

heating said |ysate to about 60C for about 40 m nutes.

1018. The net hod of claim 14, wherein step c) conprises

50 1 o dbout ot of PRl A HhEARE P REIMERE, ARRHE sid tysure

weeileiun 681efor adot d0pins@s. | ncreasi ng the pH of said
centrate to about 8.2. 15 20. The net hod of
claim 14, wherein step d) conprises filtering said

centrayg usiig n?etthdde(ﬁ%ialﬁrﬁq (x}hlmtelﬁf ste;‘{fls g%sg%ﬁ’i etaglﬁg the pH

group consi sting of a menbrane f

f of saad cer2@RdtoTHeewcvntabout OO tacdtmiutrs 20, wherein sald
menbrane filter is a 0.45 mpore size nenbrane filter.
22. A nethod for the reduction or renoval of protein

i mpuri bes frheMdhod of claim 1B€Whbiedd st Eﬁd&hﬂﬁ@@scﬂﬂéreasmg the pH
pneunoni ae | ysate conprising serotype 3

pof yadcotitatd webo@5Ednpri sing the steps of: a)
| owering the pH of said |ysate to about 3.0 to about
5.0 to cause protein aggregation and precipitation;

b) centpi f ughBehesiaidbflcysat e, AMereHENSy @f dodgprises filtering said
preci pitated proteins from said | ysate to produce a

c EpHtra] @Sm%@idyash eneBkirglectsd figm F csaupronsaistingefe memigane

0 filtering said centrate; wherein a
sS@é{%ﬁkld Iy p%%lfled serotype 3

pol ysacchari de-contai ning centrate is produced.
21. The method of claim 20, wherein said membrane filter is a 0.45 um

pore size membrane filter.

22. A method for the reduction or removal of protein impurities from a
cellular Streptococcus pneumoniae lysate comprising serotype 3 polysaccharides
comprising the steps of:

a) lowering the pH of said lysate to about 3.0 to about 5.0 to cause protein
aggregation and precipitation;

b) centrifuging said lysate and separating precipitated proteins from said
lysate to produce a centrate;

c) increasing the pH of said centrate to at least 8.0; and

d) filtering said centrate;
wherein a substantially purified serotype 3 polysaccharide-containing centrate is

produced.
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preci pitation. 524. The nethod of claim 22, wherein

step c) conprises increasing the pH of said centrate

to between about 8.0 to about 8.4. 25.The nethod of

claim 34, WHGE Gldthcl SR I ZQOWRElleﬁﬁﬁeﬁ Q)Cd'o%gﬁisgglo%ﬁngﬁle pH of
of said centrate to about 8. he met hod
ofaidllysatn t3 Bbowttel o qatu%prdte@eaggr%aeon snd pictipitedionusi ng

at least one filter selected fromthe group consisting

of a nmenbrane filter and a depth filter. 27. The
met hod 29f clTak Medfdd FMe i IR, %bﬁlmsibémp‘ﬂsbg ﬁaerelaﬁngthe pH
0.45 M 15pore size nenbrane filter.
n@fﬁ%@lc@lﬁm&f@lhﬁwné\hﬁ@r%@ﬁpmwé) further corrprlses
heating said |ysate to at | east 60C for at |east 30

m nut es. 2029. The net hod of claim 22, wherein step a)

f ur t heRsconhe seshdiedlcldig Bawdeteysatec) @nelBes inbkesih@the pH

about 70C. 30. The nethod of claim 22, wherein
s O pPidh PeIFifG 9eaboRiGhr i ses heating said |ysate for
about 30 to about 50 minutes. 25 31. The net hod

of claim 22, wherein step a) further conprises heating
sai d | 26at e Tho naddandt ofGQGNf 251, whb@itt saddcanitmatetie Siltered using at least

one filter selected from the group consisting of a membrane filter and a depth filter.

27. The method of claim 26, wherein said membrane filter is a 0.45 um

pore size membrane filter.

28. The method of claim 22, wherein step a) further comprises heating said

lysate to at least 60°C for at least 30 minutes.

29. The method of claim 22, wherein step a) further comprises heating said

lysate to about 60°C to about 70°C.

30. The method of claim 22, wherein step a) further comprises heating said

lysate for about 30 to about 50 minutes.

31. The method of claim 22, wherein step a) further comprises heating said

lysate to about 60°C for about 40 minutes.
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