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| MPROVED METHODS FOR THE SEPARATI ON OF STREPTOCOCCUS
PNEUMONI AE TYPE 3 POLYSACCHARI DES FI ELD OF THE

wo bMBNIISEIN The i nvention relates to i nproved nechod®07/080768

for the reduction or renoval of protein inpurities
froma conplex cellular Streptococcuspneunoni ae | ysate
or centrate conprising serotype 3 polysacchari des

i nvol vi ng heating or pH adjustment steps. BACKGROUND
In the preparation of nultival ent conjugate
pneunococcal vaccines directed to the prevention of

i nvasi ve di seases caused by the organi sm

St rept ococcuspneunoni ae (al so known as pneunopcoccus),

sel eqiieH OIS MEOTRODSSHIR U BPARATIONPOF STREPITCVOHCCUS
to supply polysacchari des needed to produce the

vacci ne. The dBYEGMAMEIAg: GXREinPORY§AGEIMRHIBY s wit h

| ysis induced at the end of the fernentation by
addi ti on of sodi um deoxychol ate (DOC) or an alternate

| ysing agent. The | yEEI® OFOIHE NS VEMNIOMr vest ed for
downstream purification and the recovery of the

capsul dhe pbiepyer ey QmBIVER mathads dordsC rctieeraremayal of
C ?Htéin i@%@:ﬁ%ﬁ@d}h ‘A%@;p%ecgﬂlﬁlﬁr grﬁ%ﬁwcg s MehShide 1588 or

pol ysac s in i nal “vaccl ne

proratd canphisignicestspe Brpulysdcgharides vevoldng hering ot aHgeljustment
po&ulation to the selected Streptococcuspneunoni ae
séFBtypes. Al though the cellular |ysate produced in

this process contains the target polysaccharide, it

al so contains large quantities of cellular debris

i ncl udi ng DNA, RNA, prot 8AMKGRUNRBsi dual nedi a

conponents. Traditianal .processi ng has invol yed a :

i i B et gt PHET o Gupae RS e ogiA Shehas girected o
OfthAi8YdrioAeF thvh v 8lsPashs el bythe oRstnidnSrbyStdBus pneumoniae
agent and sone of the inpurities. This material is

s (Hpekran asponsemeeodcugjasdlented Yrdppmedcusyreimenige poatypes are

r .eglrrro%/ne %%élg%ol%ﬁ%%ﬁﬁ?%&%g?@%lptrcg)du%e %e“\%c%.”?ﬁ%g@s are grown

SIFze. onal~ processi ng ne
hawy Rirghfevhcritom iwiel 1ysie thiltict Dt thdehd@the Fdr@8ntatibiby addition of
subsequent difficulti in renoving. soluble proteins to
meediupdepry@alaolRatermriligenaipleingioganti dhs Iysat tipyrs then
YL A0 PFor COWn AL b EBHﬁﬁl%&tv%' RS cPEEBr polysaccharid
particﬁ?é?ly p?%%ﬁgh%???'m#t #neruns ?g? cer a?%rpoy&wcznle
s evhithypeoun Gothee bseeridl wpkks , After gpajughtod with a carrier protein, the
polysaccharide is included in the final vaccine product and confers immunity in the
vaccinge's target population to the selected Streptococcus pneumoniae serotypes.
Although the cellular lysate produced in this process contains the target
polysaccharide, it also contains large quantities of cellular debris including DNA,
RNA, proteins, and residual media components. Traditional processing has involved
a minimal pH reduction of the lysate to 6.6 by addition of acetic acid to help
precipitate out the lysing agent and some of the impurities. This material is subjected
to centrifugation followed by filtration to remove most of the solids down to a 0.45
um nominal size. However, such traditional processing methods have shown minimal

reduction in impurities with subsequent difficulty in removing soluble proteins to

meet purified polysaccharide specifications.
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St rept ococcuspneunoni ae Type 3, produce |arge and
vi scous pol ysaccharide chains (e.g., for Type 3,

wae b@s0s386f gl ucose/ gl ucuronic acid of 2-3 m | | POIUS2007/080768

Dal tons) that are released into the growth medi um upon

cel | ul i.s. . Its viscosity h made.it difficult to
filter Hhe ol b@éﬁ*ﬁﬂrqffcﬂafam%{ngéﬂ@,%}q mogeuﬂclvﬁsgg%ga}mculaﬁy
PhHASSRRaticaBMA kudso P REothPEs TdorRl deRItyRE OnSRfidiaS

been insufficient and has led to run failures.

AStepidiargly pndumpraneckypast hodscd lergetand vissmaspdlysafcharide chains

protein i ri.ti.es from | ex. cel] e

i kpt B BB e iau g s LB R 41 aP milion Palipusnig are

C dTBIsk S i@ thet dreRthoa edi GMSPOR CBMIThASsiTY RS vidcosity has made it difficult

p%bésaccharl es, are needed. BRI EF SUMVARY THE

| eviENEm afir pensii reaiipmenthanl sudhoraseshirotain irnee hthepugh the

rsg{IHM ioRTprdeSd ﬁds%eém%ﬁ¢écie%f ald P18 o%ﬁ g ge! 1 ul ar
reptococcuspneunoni ae |Iysate or centrate conprising

ser ot ypecdrdpglly Sagaivad nitodafe the amaatof prote@npurities from

nmet hod, a_ cel ] ul ar Streptococcuspneunoni ae | ysate .

c SAPPICs icAlIaRY BT e G gy B aien Bpige <N PATUIGRIAT BEatrpForgprising

tisR, 3RSk A pﬁeutrm%r%@ fsepo‘%%faédh%hgékt, alchcdgnat ure

protel ns present In e l'ysate and cause their
aggregation and precipitation. Accordingly, in one

enbodi nent of t Lnvent | t t ri ses the

steps of: 1) he t 00C for
R M e TR R SR B

at |?ai&p§9e@hﬁﬂk%§ﬁth@ﬁ%ﬁ&k&hﬁ%&h&wﬁ%@?ﬁﬁﬁhH@ﬁm@&%ﬁnnla

precipitation; and 2) separating precipitants fromthe

| yemplsx caldaSteertedostantieanpriap lishteios degmtoeqmperisdng serotype 3

I hari de- t ai nj I te i d. | :
B R R  SR TR b HOBAE PRt monie
6 QR6tctcdnppidihl séBpcfI0fol HaetHarides & BeAb® Br a3t Mhmiliit@Semperature
In anot her particul ar enbodi nent, the |lysate is heated

t sufAlisisut toglsaatuen pratssistprasnhinile bisate ppd gausg thoreaggregation and

e I: , : | .0 i £ '
R S R

f icbinprisesplag $tempudfarl) heatin®thdIydan tpar Easi EC femdlease30 minutes to
filter. In another enbodinent, the separation ste

c AP PEUSIN A Eicg R Qfirndeqipigation; sl %)éﬁmrémtﬁ@ewmt%lgﬁfrgm the
g Sg%f ?rj\g%t%% sltﬁhgthlllﬁa?lg pél%‘lﬁeélgé}Bg?IE %Sﬁ[ sh@dﬂhﬁ&e-contal%nrngr%lsate 18

e ste separ reC|p|tants
t perduyshtle aqenpnilsesibodimait.fthglysgtetihlecatodsatbott GOPE@ toatwut

precipitants. |n anqther enbodi nent of. t he esent
RS0 ARGl P BREY: Botrorisy PRgabEr RoaRment,the lysate
I QRMidAGo REAT @K FoRBELT408Sinlf@Mifa Gt ERbodiment, the separation
St r ept ococcuspneunoni ae
step comprises filtering the lysate to remove precipitants using a membrane filter,
particularly a 0.45 um pore size membrane filter. In another embodiment, the
separation step comprises filtering the lysate to remove precipitants using a depth
filter. In another particular embodiment, the step of separating precipitants from the
lysate comprises centrifuging the lysate to remove precipitants.
In another embodiment of the present invention, a method is provided for
reducing or removing protein impurities from a cellular Streptococcus pneumoniae

lysate or centrate comprising serotype 3 polysaccharides that comprises a step

involving pH adjustment of the lysate or centrate. In this embodiment, the pH
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| ysate or centrate conprising serotype 3
pol ysacchari des that conprises a step involving pH

wa@odjoassssent of the |ysate or centrate. |n thi SPCT/US2007/080768

enbodi ment, the pHadjustnent step inproves

fllterablllt art.j.cul ar enbo me the

| RS aY o FpsaRes RSy 168 aaa g et SrRpdins RepHg of the

p 'I;bs% otr‘%eﬁtkdté [sahér®ed @@Ettlbéékl R@rdribor E&ﬁhﬁa%ﬁ %ﬂ%@&ty t8-Htween
to about 8.4 prior to filtration, and

pabaut@ul fardbyutt %4 abouto fStreztlcpT, iand moge partlctrlaﬂy twrabolind.3 prior to

furthe i,ment n ste
¢ Pl G R RHES Shpatigiont b SRLST ¥ SOmBRERENGRfEe the ysate or
f 'céﬂtﬁ‘apte ufR & ek deMilRy %aﬁ%u‘[ﬁﬂypepﬁ 85 SihZforBBIR hdMbrane filter. In
Iter. In another enb ment, ‘the filtration step
c @ncpihersm@q‘dumctér thadiltrdien smaqoelpmse&:@lmrn@tthe lysatn@r gentrate using
degfh jﬁLge I n anot her enbodi nent of the present
SRESTKT a method is provided for reducing or
removi mgaftdr@hdbold it b iR préseMMeeridh] h@dthod is provided for
St r ept ococcuspneunoni ae | ysate conprising serotype 3
p mcg}agmgm erneNdBg presgin er@nwtiess dpmya Wlélé@re?ﬂr@éacpﬁ@tswewnomae

er%% 11&1 ofj sl r% a]%ogys%r gesot'l_ll %mﬁa‘?{s ? L}’S 2 hte!ﬂ?n(%step

ced
t bembmamth d dlefd inlvslvarphsHl 'acﬂjastment dstah@ Hsatdjoust aeaitrasd @pduced
nproves filterability. Accordingly, in one enbodi nent

t ﬁé cRritIfgtion Abihe éﬁe%gtet He thip 6@&0%“6“&}110{1@5@%#}@@@%“613 improves

I

REBUG, AbcdrERBh, R SrtiodTho SABoda TLABKES thesteps of: 1

c bpdtimigfthglysgfe tdrat [bass 60 € fondt lsepadatinngs ar @nsgproatieelggregation
pr ot ei ns from he I%/sate t grodace a centrat.e; ng i

i ﬁ’& B’%WH@“%@ pETE Y hg SERgrafing nugrpitasechprotgipg from

Andi ?réa&@fo' Iﬁgdﬁcj%% &ﬁﬁﬁt&aj)anr’é‘gb% EthR pBIShaBHAd 1 at least 8.0; and

purified serotype 3 polysaccharide - containing

cénfilteting the cprtodie) o’é@re 4 substaptially pwifsad serebyti mysaCtmde-

Cfor a

85 s ke fh » gty eRPRiinsfh it S figHed o

Pabdit et @Ed 3boli07@0ME a6l 80 Eiboap oo hlﬁﬂ@%tﬁbﬂt@ Senthifugation,
anot her enbodi ment, the pH of the centrate is

i morengEaulady kxthoet Ao Qo@u abat g0 ynufsp ukn Wothepempedimgnt, the pH
f :Tg{hgacteﬁt?{le i ﬁ&le%l&ﬁtt@{){:%feglp %&t% Ozto alo{)lutaég 1 ?Lrlr]gﬂg filtration,
ratron s p conprises | terlng

t perticyael abdu 8 npvefuphecinbddanés, ths ifigationrvespoaipeises filtering
filter, nore particularly a 0.45 anore si ze nmenbr ane
f ffh@t lgate foryernue Rrcindatio ¢ g stmenbrang filtery moroprraewgly a 0.45 um

IZSG eI];lH%&lf ﬁ}tgg rﬁl Qﬁotjhgls &{ﬂﬁ éfrn%g#b \féftrﬁgo%cgftébi c%o%ﬂatr%es

| ng a n ano
pﬂatsﬁmg thienysard to@emode pretipashts asipg adestadilfenr r edu0| ng

r enovi protein inpurities froma cellula
St r ept Jﬁ:@& ﬁﬁ&?ﬁ‘%@%@f the present invention, a rnethod is provided 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. In this embodiment,
the method comprises the steps of: 1) lowering the pH of said lysate to about 3.0 to
about 5.0 to cause protein aggregation and precipitation; 2) centrifuging the lysate and
separating precipitated proteins from the lysate to produce a centrate; 3) increasing the

pH of the centrate to at least 8.0; and 4) filtering the centrate; where a substantially
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| ysate or centrate conprising serotype 3
pol ysacchari des that conprises a pH adjustnent step to

W@ awsm4385Dt ei N aggregati on and precipitation. PET/UR087/080768

enbodi nent, the nethod conpri ses the steps of: 1)

| oneri the H of s sate to abour 3. bout .

5 DB %‘P el Spskywﬁ%rgdger MgE CHREDIS L C?‘gt ar%sular
C %Hl%ﬁlfn&&’t 083 ISI'T ef hﬁéq%a?e RANGv &P Aouhg. opree 'tcpéetnﬁliﬁgatlon In
proteins fromthe |'ysate to produce a centrate;

i aeothersiangeul dremplddmhent e pHrotf it @ntrateas inceastd @ b©tW®ndbout

45&? | hg{ltl %’]‘? 9%%? &?Q%Eogltep@{?%aé{lgﬂaﬂy about 8.2. In a further

P e digtha ithdigH aejit@idit Bep ELiuk@p®tdis a@ireghioadnd bfecitation
partlcul ar enbodi nent, the pH of the Iysate is |owered

urgls GemBLiges Heatiie the 13@@@@ P lgeg 60 Snfor jehleasi dOrpinutes, more
Eﬁlcﬁlldhgrt? ﬁ@?gb‘{@{&tab g'?alo%boﬁlpgog eﬁ)tg{ﬁag(?mlrﬁltes and even

CI' ease ween a out

f inldré partiowarl iy £bopas0iCCiolk abduy 4abaitiite8. . a ﬂuﬁhar dnusddiv@ent, the
enbodj nent, the pH. adjustnent step to cause Er otein
aéigraé@atsre@rpoawaw% fé'éfirmgtt%ﬁ {vapte FQJFWF PEGSARI Nty Ing a membrane

h?‘l’t‘é %r& E%méﬁ%ﬁ&tﬁloggl s lpo?e%%%erg Era‘élgg&@{ ga@gﬁhteg’%ti%hment,

f tth’e ﬁﬂh@tﬂdsn S6p tcﬁnpfmg tﬁ1t5ﬂngmhla Uysase toatiloeygidciphigs using a depth
particularly to about 600C for about 40 mnutes. In a

f fteher enmbodi ment, the filtration step conpri ses
fllterl ng the Iysate to renove precipitants using a
menbrane filter, nore particularly a 0.45 nm pore size
menbr ane fi I terBRIEﬁ R RPTIONOB I THEWDRAWENGE| t rat i on

t filt the.l t t
o on o £ Sty EpltC piqd BRm Tabqreentmitey phyaeikus
Ohicatide c@ﬁﬁ%ﬁ@ldﬁi&&{hg tifnc3 ROVR R VP BSABATHAG 1Yl as a

from l"faboratory studi es of various héating conditions '
amdrchhghi @fgvaﬂueﬂﬁs)rrt virheger pryqees Bnipjesetd show Deletavd percent protein

SRR e RUAR TR TR Ol HRMER CRTPEIn T osset of

tr eat e¢figgadPkiRSv{ FroRH VislEfisth V&oetbryt Ludi dfe&6idus heating
Figure 2 shows protein yield fromlaboratory studies

oﬁon,cbtiww@drhéktmgw@mé@m iserobis dbishteso IRfthE shpyregs p percentage of
Fl?l%iy H?m%mlhg?ﬁ%g §]I% ng fe§ tosgh%\w eﬂﬁﬁv? 891% I?t\%%t%ﬁ\elpg ¢s of

ués fromun FORE3S sarrp
pﬁfeﬁtedltsarﬂpl@i €li0n%d v sgeisaleht tbrneab@gi sanpl es (100% | s
equi valent to no loss). Figure shows an_adjuy

respo ngég“é? aphovsy an fr?éuSé?dr fé&tOélS%graph fbthejcbieets ob e ety and
p g%c C fggtg ? %%%telgg‘t[o??_) %@%&Kﬁggﬁ%g@ Rg% Sbolttorn) concentrations in

serotype 3 lysates. “Adjusted PS %” and “Adjusted Protein % values represent the
percentage of polysaccharide and protein concentrations, respectively, at various time
and temperature points as compared to time = 0 minutes and room temperature (which
represent 100% values for protein and polysaccharide concentrations).

Figure 4 shows a contour plot of total percent protein from serotype 3 lysates
plotted by temperature and time conditions. The percentage of remaining soluble
protein is shown in the curved bars on the graph. The range of 60°C-70°C for 30-50
minutes is highlighted by a box.
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serotype 3 lysates. "Adjusted PS % and "Adj usted
Protein % val ues represent the percentage of

w@olmgsassshar i de and protein concentrations, PCT/US2007/080768

respectively, at various tine and tenperature points

as co aredtotl =0 utes and room t enper at ur

Cont onEsag s s SBBRAGE ek SFor g o BRIpraar ool ffom hea
p%y@@e&hﬁy@a@emgr}fé%éa@éd 18RS)are &ih Ha18 HPPPRWSO(F) and heat
contour plot of total percent protein fromserotype 3

| yrsatcd sanpd @itetoadhbglghte(}ﬂitl’rl\é& -0tB. and tinme conditions.

The percent |n|n squbI rote

T Pe TG B o PEA s el S s D s n g et
f @at3@1! géﬂ) Froypes 1ys§teb1 ﬁgwwlﬁ@td%ﬂu&y tlﬂlebq’c)fr fre@pitLe Settling.
shows SDS- PA gel's showi ng sol ubl e grotel n renoval

f r om h&gure Vélmvwa giaph of pelysaschagsls (Rekgoncendeetien, Nraises

gnc%ﬁtr tEOZl, lra]i%{g {ﬁla{hl(vg g@%%@%gi)oigg}gt’gpg gtrcgﬁtgaqg%%%sfluga%% of centrate
pbBIt davagbusoafiar sfghh e@tespm&aﬁ@d) fivd gdptgimand] fanateeshdwn.
treated (left) serotype 3 lysates foll ow nﬁ i denti cal

t Pﬁ%aqcaaﬂ%ﬁ “@@P%}U@&P’é (@é@@lwi g PrefeiguioacentigHemnes Hlgapies are
C%r&i‘?&e)ﬂstﬂlctﬁg fufl ;d Q ﬁ%laﬁ_gg ﬁﬁ%‘af)@&}; % u?sparrg Iot%'vﬂied on the right y-

ncentrati on, ative terability of serotype
3 agisNivhigh esrrwoad fcuuhe trélatveobroeenduiatlieo pikh dbove3 gﬂomfrihe

of bar aphs corr ding to fi experi nme runs
A PROSREECN R yaae R SN bt S%%?ﬂuo AtldEasy, 5 =
pﬁﬁhﬁi n concentration (g/l QL) values are provided on

eft y-axis. Relative filterability values are
provi de&cuons shevs a glaph yamp&jng/me ﬁbwaarerosispﬁmd off scrbtype 3

relative f ir about_. 3 0 e :
e Bt eyedi gl depffulstr R Bndn Sy gU. Ty ae (-axiv
ORya@ nita@lred 6 cdichiftim: 4 ra:{-lo?gra&))éh minite 0@ ffatiohlig Wh?ch%he time in
shows a graph conparing the flow rate over tine of

?ariomty?pwasdiwehﬂ battlee @Me@fﬁ trhgrenglef deptate thial hasrmmssed through
H F
a8 By AR RAT IR i of Bt BRhRN L oo

f shthpla§ were ddfusyddi 16 i fidienttpHYRvEIS (510 Re/8 85 andpusted thileehhbe
the total weight in granms of centrate that had passed

t Rittesghdemdiferent eqnstgnt pregurgeanditons {he Jhbpgernds per square inch
wgéeﬁ the higher the flowrate). Centrate sanples

adjusted to different pHlevels (5.0 to 8.5) and
pushed through the fllters under different constant
pressure conditions to 20 pounds per square inch
(PSi)). DETAILE DESCRIPT ON OF THE INVENTION
The present invention provides improved methods for the reduction or
removal of protein impurities from a complex cellular Streptococcus pneumoniae
lysate or centrate comprising serotype 3 polysaccharides involving steps relating to
post-lysis heating or pH adjustment. In certain methods, the lysate is heated for a
time and at a temperature sufficient to denature proteins present in the lysate and
cause their aggregation and precipitation. In other methods, the lysate, or a centrate
produced by centrifugation of the lysate, is pH adjusted to improve filterability or
cause the aggregation and precipitation of proteins. In further methods, heating and

pH adjustment steps are combined to cause the aggregation and precipitation of

proteins as well as to improve filterability of the lysates or centrates. Such methods
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
i nvention provides inproved nethods for the reduction

woerosonsyal of protein inpurities froma conpl BXI/US2007/080768

ceIIuIar Streptococcuspneunnniae | ysate or centrate

risi serot accharides inyol vi ng, steps
- alTB ke oo MRS B Py A Bk
Ce5htRinthgd Qs cchtffcd Ysate is heated for a tinme and
at a température sufficient to denature proteins

present¥mmedh@6hw§aﬂ@nanmbﬁaugéymhéﬁpdaggwegémbbﬁaqmdhd&

rec L at
P e Bt e B R Y P Eerdb ot Pamcpty@l onfagning
p Uerﬁﬂi]tél'&%ﬁés foQ delIa® ¥R eprbbdcRligMduhiofidR seoHheS Ihie or centrate
2%@regat|on and precipitation of proteins. In further

Fowhich peeieindys Aerh RO whﬁlé%ﬁheslte@ﬁye fradeip gamgonation of
t | ti 0 1138,
e QLGB AI0BE TGP R RLR 5
cabdutanes ab&udl%rebhindsad, |ab(W1tf5% otr hbmp ﬂe/dpllfbtdlﬁ) Borﬁf)ared to the
substantlaluy purified seroty
pSPRESaERIIY S sRisRLAI Bigpte 9§<aﬁtn€f§tedmoé énprofgipeemoal.  Msthods

hes&ho gu%:?ar cal :Iit?(ﬁm &Qﬁlt c%ﬂEé ati¥n H{'Ié &Jﬂu@g‘l feo&ryogﬁtrfif are well

pol ysacc ontalnlng ysate" or stan
p known @dths eartmln;i pecl&lep ﬁjr)esampleamdui&n dodrtcal sl fatp polyacrylarmde gel

trat | lul ar Strept
AR hn i SlsPIp ADER et P BpRG 859 larirophprasis (See
PLQt ahduteRs, REPN (ddoTev.eg 5 Wbtefnrll@drzﬁcl&ﬁoﬁ AaAtDi¥Eo: Academic

protein concentration of the |ysaté or centrate is

| Bsssstlhar{13¥but 40% about 35% about 30% about 25%
about O0 bgu 1%W abouttlo about ¢1$

o otei e BRrtimER. e eEh BN e PR AR pehef RSihristng o
t Reat! ﬁs%pefo@ﬂlecir@diichaﬁ 8r il &frptchi @ipuritiesBYal a cellular

Met ho or the quantification of protein

c§ﬁré@tﬁwcgw prevneniged B QIaRPTISjitEatcEotpe & Bolypaseiaritdes Exposure

d OA dﬂéecag Fiﬁwgalt% e tngt?v %tttucﬁlqeowge o ’ndgflgﬁatﬁ oh In?wuﬁ&g[' alﬂ%‘ctlng

te po yacry oresis

( BlapdPAGE)hasidal Fehssquenkisy m&mge’(ﬂﬁbbemsalggregate and precipitate,
electrophore5|s ( See, Deut scher,

GBS Pyt ssPirpoR 71 iblins casgAMPEY & 9b SOlNéé’déﬁP%lfugaﬁon or
PigSion! Buch & b eg%)stepl ﬁoﬂag ¢ SFRAH M5 he rdddCel o’ ﬁﬂﬁcatlon of

i nvention provi conprising a heating step
f any héwe-stabtiustlysencharide éwonvabiobifziqal ot donfauning sigsificant levels
Stre noni ae |

rom el | ul ar pt qcoccus at.

c Bl HF RSB B P Sh e B RAY e Beed TepbLihid phge where
h@@hbl@lp%temn@vetlmn{aﬁ{ fgﬂé%le%la'h@ ¢lod kQarRble PHiBloglcABmMAREkes
denatures them w t hou fecting

comprising DNA, RNA, polysaccharides, oligosaccharides, saccharides, fatty acids,
and lipids).

Thus, in one embodiment, the present invention provides a method for the
reduction or removal of protein impurities from a cellular Streptococcus pneumoniae
lysate comprising serotype 3 polysaccharides comprising the steps of: 1) 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; and 2) separating precipitants
from the lysate; where a substantially purified serotype 3 polysaccharide-containing

lysate is produced. In a particular embodiment, the lysate is heated to about 50°C to

about 80°C for about 15 to about 60 minutes. In another particular embodiment, the

6
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t he pol ysacchari de. Subsequently, denatured proteins
aggregate and precipitate, inproving | ysate separation

wa@nasemsbl i ng easy renoval of solids by centriPCDyas200m080768

or filtration. Such a heating step would be effective
for the rec r urification o eat - st

pOISYEdE healed dbefyesin o Qfﬂ @é? abgut ?’rf)xcf‘ b 3{9@8&9&? %E‘Hﬁ 50

S i@, Cm&loih%ysérﬁcaar é%d&%@mpﬂl@tlﬁa& i WBMEA 1ol BDuPEWIC for
therefore may be used in any |liquid phase where

sebalil4@ mpinuteei As descelbsd mefnalrerdepmlabltlea@mea:m(dhtﬂi Section below, for

t ing . RNA
oS RTRlR i tuee BE R ey SORTS o RRTHARRREN oy by
aGbslthg 2288 FRI40TNinutth Wsth rhidiRsGo8EPEUdRRAtchatide In a further
present invention provides a nethod for the reduction

oempedipieal. thf soppigtien piep aRpUPpTisds sentfifupstian eefiltigtign to remove or
Stf{a%% @P P& %%n%% {%' aiﬁ Rla%ﬁt%ﬁfa? II?SHP Eﬁlﬁbcﬂ%eﬁﬁ bR ts%ﬁe?raﬁ‘on step

arides c

t b&mbi_si&ﬁtfﬂtehﬁg ate lb%to 15@16@@ pﬁblphteﬁs tusibR @ ma@ibraiic ﬁEﬁSt
600C for at |least 15 or at |least 30 m nutes to cause

pp@ﬁi@uhﬂa@&r@gmip@rﬁ davimembrangifiltgt.j ranotgempodiment, the
%3% ag}r? :la ppcrogl n@é‘% ﬁlté&‘ﬁg th& B)sgitte] ?%lre\ﬁ‘?oq;e%’rec\l\@?an% 1%1ng a depth
pﬁ%yﬁaccharlde cont ai ni ng Iysate is produced. In a

partlcular enbodi ment, the Iysate is heated to about
5ooc t ilipoivpicatipasqdder highyelums ft'ﬂéraa%mocmew%@é&le

r t
¢ SuRRART orBA6HIE H By AR Ryl AYRALEon SrfdED) fitrs and
aldepth fB@rsviNMermbmne Filte@rfotdtien ppiaratily by size exdjmﬂonmm tvhich all
he | f
fnuﬁm ieasltuig 'S@@E@? %Oﬁféﬁ‘df Ht%eﬁﬁ%afa Crg?r%%&? Etet pore size of the
EXRETI AR IR arEF4pef of @ﬂeoseraEé)Bf e %qteﬁtWE&tﬁg{ QEMR %lt%rs

pol ysacchari des, over % of protein h been renoved
byorlrtelatw fyomt or@@lﬂmmaﬂtox rwithut @sd«)mtmrcms irnethrel theogigh which a

ool RGNy F‘saé@”%%%foﬁlm%%ﬁ% RO o agscgption

t @nd SIFBIVRI QI ciitRut Bf DiRiific hednghbet thy 8&8tR of tHe matrix. Within
particular, in one enbodinent, the separation step

c ippnetheds qf th@ BIChaY nmethny @8t@?@bm@%%d?iﬁ]é é‘lllthtwboe used in
u%bljﬁgln%tl at?@ F{e}%‘[htf?{er cAlft { %H& ﬁlt@ésé’a%d 'ﬁﬂg RPhEe filter
rane r e

size e n-ano i ment,

sepauaitd onalkt éppedigar i ses filtering the I ysat eto

renove precjpitants using a depth filter. Filters

t ypl call gnqfecr gnybedingngpt IPG??Entfle?qU&fH %ﬁl%%é%%lé%gmwded for

HaticAS o ?ﬁgggg%{ofo@ah iRy Rles SREO YOI DALYRACGRHrLidniac

or surtace) ters an
lysate comprising serotype 3 polysaccharides or of a centrate produced by

centrifugation of the lysate comprising a step involving pH adjustment of the lysate or
centrate. In this embodiment, the pH adjustment step improves filterability. As used
herein, “filterability” of a cellular Streptococcus pneumoniae lysate or centrate
comprising serotype 3 polysaccharides refers to the ability to pass the lysate or
centrate through a filter, such as a membrane or depth filter. Improved filterability of
a lysate or centrate is therefore associated with, for example, increased flow rate of

the lysate or centrate across a filter, reduced clogging of filters by the lysate or
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depth filters. Menbrane filters function primarily by
size exclusion, in which all inpurities in a solution

wo ooobm4f8st t ered that are |larger than the set pPCEUS102E080768

of the nenbrane filter are trapped on the surface of

t he filter contrast, th filters cont

f CHHBS ObFedy F F%Wr%f&ﬂ‘r“ff iPEBS 42V ShUYHIMS &?éte or centrate

StEMed Mgt hrough which a solution to be filtered is
passed, and function primarily through random

adsor pflrahtiertimetodafrced reervebgfmampurités fromwelleluesreptococcus
hro hout

PR SR R so MR Teishieat b s b votved

f lalnkiginSal ey reBEctioned thalySAR 618blyaBditivh b addie adFblowed by
filter collecting larger inpurities and the surface

i ppl@téwowﬁﬁnmﬁua@tlmdl fdfratiompdain foekd5 pm. At pregessing method
%ﬁ%m%laltlggucﬁoﬁ iig [Hl drﬂleg Wlﬂhosﬂbseau%tdhf?gultf nal.Jhg gblllty to
prOV| e Feno th'e

uci n rot

f ranoa @ﬁibllwﬂ)@teu&tthﬁmgb mmm@m falecrd yﬁ@tte sendlng the
conpri si ng serotype 3 pol ysaccharides or of a centrate

pPEREEA Dby le@mnrnr%?@%&lg oHOWFEVEhbenyalads of Shagrssnhigvantion
St R kPR d‘(écBg ‘g%é‘%ﬁé%hupcff thid % Héhyrgéltegul%'r weight

centrate. In t ment ust ment “step
i pplysaceBaridel daerbakaltbned Vs aAﬂeuéenbtimeroeﬁ iphl, and that increasing the pH of

“filterabiljty" a cellu repto neunpni a

| gt Sen bl Sl R Bhhd R ARERSR R PoRBA S arice
p@ér%%@@ﬁﬁélb@lﬁ‘& WakRr sl fﬁﬁ&oﬁ&litkr' ty to pass the

| ysate or centrate through a filter, such as a

menbr adéusrin d@mrhbcfdlmteetrof thfnmesﬁné ihventions panithad i i pmviéed for

t.r at
SR Pe e rEREE LT AhPRS Y FRORAYR R e QusPipepiae
agysagscotphisink ot fRBUSH ka6t REENG d¥fa dehirite hioda¥ed b
| ysate orcentrate, or reduced pressure required to

p&@rﬁnﬁlg@tl%ﬁf thel xpais that qogﬁ@ﬁﬁ@ ¢ step af mgtaasiag thespH af the centrate
hgcrlte to b fgéstt %%gﬁ} r@?hn& 8n ar{oli]ﬁer eﬁfmé{%en‘e the H of the
rrp eld a2l

rities rrom tre ococcus pneumﬁ

| ysatagsodysaeitinatasd coatut SJOr’tg aBeut@ 4/preor3o filtration, more
Iysaccharldes have jnvolved a m ni mal pH reducti on

pa@ﬁélar yehew &% laltertiop follpying oRl ashusimentiof theclygpte or centrate

SN O eSO LA bt 0.

mpm paat size dwaibirane filteri fipardthdresbolinhers Uil semyent lysate or centrate
dlffICU|ty i.n the a? lity to renove sol ubl e proteins
t BrRydarPIrerirandesh idfehth filters prior to sending the

producty, § ?ur?)%'f bb6@h1eRn ARhQREFR ﬁ%e?m Y&.‘hmﬁlg R removing

nmet hods o e present inventlio ate to t

dipstav emyputitiastfrdrhe ctllblbeSradpirddoryusginetomsabiyghte comprising

nmol ecul gr ight. . . . .
serotype 3 polysaccharides that comprises a lysate heating step combined with a step
involving pH adjustment of the lysate. In one embodiment, the method comprises the
steps of: 1) 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; 2)
centrifuging the lysate and separating precipitated proteins from the lysate to produce
a centrate; 3) increasing the pH of the centrate to at least 8.0; and 4) filtering the
centrate; where a substantially purified serotype 3 polysaccharide-containing centrate

is produced. In a particular embodiment, the lysate is heated to about 50°C to about
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pol ysaccharide can be altered as a direct function of
pH, and that increasing the pH of a |ysate or centrate

woppsoviss2 filterability without significant | oBGTI/US2007/080768

pol ysacchari de serotype 3 nol ecul ar wei ght size or
functionality. Thus, .in one enbodi nent of the present
| Mo RoutaS e £ha 0 MR Gy PRBHONS R e nd Biother particular

I DY AR R l%aﬁe iRk tth 8ot 60T & MR @ for about 30 to about 50
Strept ococcuspneunoni ae | ysate conprising serotype 3

polipstasphertd degrifrgatén.dn e dutthatcebodmant.gbie hyate is heated to about

ceptrfugatiaon of the |ysate.that ¢ rises the, ste )

0P Qi) ot prigs o RRTifuion, &1 GOt paftufep eppodiment,
| gRstH 8f fheRent@dte tsdnérchdet a8 hvut 8100 ABSBA pRH6 dil i@ n, more
the pH of the centrate or |ysate is increased to about

grarticelaggbeut®. 2 Iyrq fgrtherenpadimenti g filtsesioa step involves filtering
particularly about, 8 2. Filtratign foldow n H
PG D YASFUST, portEile e O el Pt ygmembrane filtr.
finh hRSthA@nito@inh3h%ahe fiRFatieB Rich @bMpHSEs Tl tcRinFRINDN 1€ to remove
filter, particularly a 0.45 nm pore size nenbrane

f Pracanitanispsagardepth odiment, filtering the lysate or

centra i.n . i £ Py .

Furt net 8t RERpRHE o RO BTt Re By emoyne
Oprotenimp tgtigriesne b ke llimpuss-dpr@® célsQpmeanomilib Llsate or centrate

St rept.ococcuspneunpni ae | ysate conprising serotype 3
PEPREEHEEAPIES 3tmb>fsa§98ﬁﬁaqs§%§ campPyisei e h aGiuptF S ste to cause
SR Ak R TR0 o Porscs e

stkepsodfl) lolyeringalid pid of ked [ygssiatte Idse thah abeadst.0,500@,0,at5, or 3.0,
| east ,55C, .or at ast 600C for at |l east 15 ar. a

I
| 855 2b9Bt P AR PRt P ) TR AL RGeS0 et 2

PLERHRIIRY thTysad)an8 8BSt fdGrBApHNEd HbRA L Ghe lysate to produce
separating precipitated proteins fromthe lysaté to

predutcae;) cameasagghe B df oy eaghiedo thlsag B (find Apfiltering the
centrate.to at .l east,.8.0;.and 4) fjlteri t he .

C SRR Sl Ehup BRR RO RN el st pd e Ol Ropaining centrate
PR poasebam gpatiefihatmboEmest) tHeadFe of Ge PYsafbUs &fveréditodbout 3.0
particul ar enbodi ment, the |ysate is heated to about

5000 togcativugagiot 1nnodkes perticslar gmipdigens ghawid of ghs centrate is

oF ¢ ) p ‘
DElS b AL 8% o BNTHRFTo BRBHRR R rgiutars s
alButin aQaLidutir ealbodimdd0) thofinfduh step comptitilRFingthe 19sate to

centrifugation. In a further_enbodi nent, the IXsate is
h EIRRNE RTECIpBGT v Membams ftltenonere pattieglapyiadt-4% ym pore size

c ' |.0 t r i r {gB ' , :

ARSI ST o 020N, BESAL e SORGTARRS i

8 lybaerto @¢méw@ predipitatd Wing Mdegh figet i cul arly about 8. 2.

In a further enbodi nment, the filtration step involves

filter Ihhﬁ 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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the centrate using a nenbrane filter, particularly a
0.45 mm pore size nenbrane filter. In another

weriwsdsssent , the filtration step conprises filPEr/URZY07/080768

the | ysate to renove precipitants using a depth

fiJter. In a further enbodi nent, a nethod js provided

£ 8P g0 gt 5P HBRGY PG BrcOR BR e ApUP R PERSATURe, the
Celdhidliheartd BRILBGOABLEIONAISIPN Afndt¥SRIR QLetERih@E
conprising serotype 3 polysaccharides that conprises a

pH adj Tbt heinwisg epenpecaa semddtyeiay efgnsgeivn end aptdy way of
pﬁecéfitation. I n one enbodi nent, the nmethod conprises

t HEM 18%5 of: 1) lowering the pH of said lysate to

| ess than about 5.0, 4.5, 4.0, 3.5, or 3.0, or to

about 3.0 to about 5.0 to cause ﬁ{otein aggregati on

and precipitation; 2) ce®XPERIMFNdAlhe |ysate and

separ a e [ r -
oo PRI AL LS PRSIV AR SRR

c polys@icRaride aliich 8aslcasdQntoane gibwvth et tgort dddlular lysis. This
centrate; where a substantially purified serotype 3

poYSissia cemetydadussA mainiodyne depxyshelate DR G gtithe ¢nd pf the

' . ' t i red
PRGERIY, ETRLIRITAch I BRLAL (ol iy SHE o 1 G
p &mbpecatiiarand ipbbidinge oy ey dreitpisodsity thes made rtafiféiculs to filter after

i ncreased to between about 8.0 to.ahqut 8.4 or.to .

¢ PPRBRAG: HBRLbard Foah Pty eabouengres b (GBS The otlowing
PRLAhFIHY &scBPPQGHIRE R atink 8 pbitll{iahdLRg 38 8MaRRERA SRSipitate out
filtering the |ysate to renpbve precipitants using a
merdieianes Well eepl] adsengué ko inepud e filjerabibtysd thedyptiee si ze
menbrane filter. In another enbodinent, the filtration
step conprises filtering the lysate to renove
PEREMPIct M StiusiSAg a depth filter. In a further

enbodi ment, the nmethod for_ reducing or renoving

pr ot ei Amplep\sniing ebedtingmion feebrenregoccus pneumoniae serotype 3

S s ] e Lot Sl

B S RO B TR (AR iR LA RS RA A scps.
atatehthefifurifice ]@)ot}@%@awﬁ& \@é@tpebﬁehtag)gtchg”alugwclimd residual protein
precjpitation further conmprises heating the |ysate t
aloee48evEhocet specifigyion Igebol oo wev pr@%wpelaé@cmdeatﬁe

| €81Rwif2 1Rbriry s GARL Al (MR RS cHBrREH R NBEIE, ihe

aggregation and precipitation. 'I'n a particul ar
erffodiveress and hengbyfoatee 0fsa Inmangdtep on tieqputifis@GE@ #nd recovery of

about 800C for about 15 t out m nut.es prjor. to
o RRhrda P e, SR aeh fos iR R hting Rigp was to
gg%@e b Sedle@S R fréteAbels RAACHath AR hi ia‘é&lfh?fag fevels.

to about 50 minutes prior to centrifugation. '
f ur t heln theddwirateryt, fermigatalign aelbilardysasameigrialotibned frem@ilot

F O fanPRAYSwad Qi £ PHLAI & TBD BibYI&I S 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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The follow ng exanples are offered by way of
illustration and not by way of limtation.

WEXPERIBENTAL St rept ococcuspneunoni ae Type 3 ppOOUSHS7/680768

very | arge and viscous polysaccharide mhich IS

reI ased into nmed| on cel

o s et (oSl B AU DA diegrologits e
deqxuaingl, ﬁL?to(l@Q@f e hﬂﬁcmelﬁf)erﬁﬁ% £1ﬁftﬁﬁ85ﬁ‘?3bl%acchande and
Type 3 pol ysaccharlde appears to be very stable over a
wipddcindenséx at ure and pH range; however, its viscosity

has made it difficult to filter after centrifugation,
which has led to |ow recovery of cell free broth

( CFB) . pPéhgadchhdi@Mnadreaimhassigescri be studi es

relating to gost-ly3|s heati ng to denature and

pr eci plPplseccauidqneeisrisesasrigened bs HEHCa¥F G kiarfterfogmance

[ I

Heig({u?% ghédéaggér%)leﬁé tze I%%(aﬁlgﬁﬁ eééo?&ﬁlg) %swg?ﬁdlmethodolo gy well
Skhewh OChe arts pree tgn Mgt as 8. 0T 3f F@@lﬂ&’seafmd Mmail Megivods and
bﬁfa need to decrease the protein | oad before

gtpelst Taspwas b Hunpme Hiess (04l rfigyred shevy salysarsharte yield
/258 B0 QRS ST AR ARt RACRRHE o Soas o
p cortedl popyshachacdhlay¢lsl mthTII@é‘%f inHicetmgugp loab oAsstmmyn in Figure 1,

st udi es. wer e .t.herefor orned to characterjze the

o PP eSO TR b ReSRES S EFapMfres.
the pupijbi Galel \%bdalﬁcﬁ‘@c@l‘é@t%b{ aﬁa 15%1116@9919 Fg@wﬁ as data points
pneurmnl ae ser otyp . he goa i nclu

hdatigmagedsvish anvéiE’Pt”@bblre@dtuo@ hlsteeidumﬂ rofleqt rheﬁinmt h:¢aﬁ hold at

| evel s il e. maint |n|n ol.ysacchari de | els

| S iR B T LigRS CARAC 50 o Bh er heat
Mptsedstl g iRk @bl fEdRMoRlab 6ppdRb@ RS hdating in\@S 1ok AMgt eBlithin the
into Falcon(tn) tubes (BD Bi osci ences, Bedford,

a Rt finygieBgesHatersatinsloy spaleddg te é@rﬁéﬂﬁ?%@é(}oc to 70°C)
Igp&?{&h&ﬁ&%&%&‘%@% it g@d §%CW%{$91%8 &9 lgsg%o of l\“‘ﬂ Hr less. This

I'mes from mnu m nut es
S anp methinvar scckgthble aﬁngal’fbﬂ dﬁWnsﬁ@ﬁﬁlpt@J’é&&ﬂigibﬁﬂlfs rﬁab@alt 2

10C). Al sanples were then held overnight at a |ent

condi t FEHEN aﬁﬁlb’élﬁ Wi PEIHCOIFTI*F‘@ byaHigedengardS Rt Gk

aﬁ%dé&a&fﬂ S‘ilﬁ’ét‘é%i‘yag EléEHS lf.dréégrrﬁetﬁé‘c‘ig waf o\é&lﬁlﬁl)the art
Menbr ane nn1sy nge ters rotein b|n I ng,
Palek, d.g.f Waﬂ{ﬂr,ehMegTheﬁPmeallAquold\M)ndboob’ i Datode, NJ: Humana

Ereesg I(ﬂJO2S) Analysis of the gels was performed with the aid of a gel imaging

system (UVP Imager with Labworks™ V.3 software, UVP Inc., Upland, CA) to
interpret total band (lane) densities against a protein standard.

As shown in Figure 2, temperatures from 50°C to 80°C were studied at both
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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pol ysacchari de and protein analysis. Experinmental data
was anal yzed by a statistical software package

wQ@ gmsnessst one(tm) from Applied Systens Technol PQI/ES2007/080768

Inc., Dunnellon, FL) to identify t he inpact of
tenper ture sacc ari de. and.

nd
| evel s 1396? gv,g]g& t gpélstg & ORap |p§%t|31§1 an poiysaccharlde

P‘ébﬂc%ﬁﬁ&tﬂﬁ{ﬁlgt%ecﬁ&ﬁﬂu&ﬁé laid i’é%ﬁ)epa%rfeo ThE @at*&léh&'{% Ceprésent the
(Hi gh Performance Liquid Chromatography - Size

Ezocﬂca@amﬁmbmmﬁndtmlysgc@md@ eorgentedtions of wgipuskiie and

known in the art (see,.e.q., Aqui.lar "HPLC of .
Péeﬁ?l?eaaegred??éntb%foé?%éd %}qﬂﬁd‘sﬁg 3}’1‘&‘%%? %}1%688111&@“1%?%\%(“”11
Ndspréde IR PY 8568 102 BRAIN andh@lyERcHarfRPWAS shown in Figure 3, hold
pol ysaccharl de yield from | aboratory studies of

v SmpaR Uit iariéenifienas immst en pelplle peaicingeroyid mdelgtdagpsion was
g%nﬁ@&gbgag%&gﬁ% 315 ?ﬁ%@e %‘81& eﬁl’o? 'p%la%ctcﬂa cﬁo(‘:ﬁsg gl‘%'l& %Fgﬂgme and

saccC

Wedrepcsitatel showkd Hmies ﬁlﬁpztct bﬁ) Plielaislem(rm%ﬂbs@ IWhlch is acceptable for
tenperatures. Pilot scale data was al so coll ected and
|§0‘§’H%§Vﬁ‘*rm9¥°ﬁs§19g)e 1 as data points designated with an

"1 PP" FRRLEY 'sl%\izsoéf‘coﬂtélg‘tper’& Jof 't&?l}e'i@efn{ g‘nl‘biieéﬂ &3k éépot%lgkgﬂysates

hol d at designated conditions own peri
Thbdted ba ngrhies atwer andttakeconditions. ﬁhapemerﬂamﬁ ragaining foduble

act ual rment or as opposed to heat o
R n oW S e ettt D3RRC for 30-50

t %ﬁﬁ&@s ﬁthlﬁﬂigﬁ{ed%%r@l' Box(a3d réeRBtsd dﬁ@feﬁ‘%d %%e @Ql@@ce@l ?or

pol ysaccharide | osses ranged fromO - %ow th
rmigp ewgtatlbmgééls hestimpOsierodestrelasl, herhin s Bawsven @srﬂqscmd above,

accept abl e ranef downstream processing of this
i e el oo b d and Mg RS by usi ng
st anda F%u%smmm%‘ga@ de thl@%hftéfh&“ollowmﬁ Itestlng of the

Pol yacryl am de Gel El ectrophoresis) methods we known

i Reating skaprat @gg@ca]@ d'he gokerkide lefyshowgs respifs fipppe ailef scale

T e M e e

g@évelsnm@mglgomyl&trems(et&/ﬁobmg@re p/H tHosi-playRusk € ehifudatidn, and
sof tware, to interpret total

bérﬁ’élk E’P%rpé; aca@ﬁ%liemb eslg%i&é’%%t) Hz b}SB{“*é}t nredra fRysangplesgaken from
S Ia(ﬁ Hk Fdrgl% ﬁetﬁ%agtfgmfng agLng pl g fgme@ 2Q0%rfﬁtratlon.

stu bot or at or (dat
pai fﬁ()sklﬂleialtgnﬁﬂé)jtamgeﬁiuiahﬂow mﬁﬁﬁcahinnéhrafdtram@ (UFF)qmd)ceissnwas

OB uRE Sul SE05y CEMLA et S

PE@pehdiod A2aRe Rith biaated sSRABh @Sing He@iHuads tikdiBAioAfand
filtration followed by concentration of the solution. Following this UF process step,
the protein content of batch IPPPN3-007 was reported at 31% Protein/Polysaccharide
on a w/w basis. Final protein level after the complete purification process was 9.9%
(w/w against polysaccharide) resulting in failure of the batch to meet a Final Batch
Concentrate (FBC) specification of < 5% protein. For batch IPPPN3-011, a heating
step with a hold of 60°C for 30 minutes was included after the lysate hold and prior to
downstream processing. The protein level after 100K UF filtration was 6.7%, and the
FBC protein level was 2.5%, which passed the FBC drug intermediate specification.
As indicated in the gel image in Figure 5 on the right, the heating step resulted in a

significant reduction of protein levels during recovery operations.
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15 m nutes were adequate to renove 60% of sol uble
protein through heat precipitation at tenperatures of

wWeoOg0§ser Figure 2). Wiile significant protei PCT/US2007/080768

reducti on occurred at 500C and 55C, 600C was set as a

m ni mu for | ant er t.ion due tao nore.robust .

| evel s 5@&?@11 AR P%t%%gﬁ&ﬂgn%ﬁ%ﬁaﬁ Wi in
REEPIRNS Qs a@bl Qbopr ohLi ('507aﬁﬁjd POI Y $RE ABACAEHE step. Of these runs,
concentration plotted by time and tenperature. The

d atﬂa' -ddwnd -8R paseet a tahgst peataie npergfecagibn pf 5t584 w/ ametlicating a

SERET AL, G00C B AR PR Sy Rt ol e 2o 357

r @ﬂea the mqfra&ésg Step WWieththe %Ml%iﬁfk&f AP Y ad)m%t‘epfa@ lindicated in
protein and accharl d@ﬁﬁ i shown in Figure 3
AREF

h&phletlefﬁp@mar@ﬂ Ak -Al %1 k7, pm@ﬂoadﬁwméu@d to 3.1%

p o r |
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Post Cent rifugation, and Tank Post pH adj ust nent) .

"Tank Pas ﬁmplldnﬁdlatisﬁ oemt hedtefoant® dloo BFIPYRisschakigon Effioitncy by
a_hold tank for t,he ent r.at foIIovmng adj ystnment tg a
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() FrBQ QS Mk §t|e%§§ 1AL 1&1'??%?& %nm%lruEllaF gh&%%ﬁ PH ?r&}lj@s

process was used to renove sol utes sma
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S Qbatttic@inent Akl QB $rdakir 2 g o RIRCAIDr&diSiition 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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the protein content of batch | PPPN3-007 was reported
at 31% Prot ei n/ Pol ysaccharide on a w w basis. Final

w@r@Bmoisst evel after the conplete purificati onPEF/OSHET080768

was 9.9% (W w agai nst pol ysaccharide) resulting in

t a, Final Batch Concentrate
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1 po@@mhaﬁl&l Studl@were @ﬁ)éieforéf)&bhduaﬁdi to i fyseehn® €or improving the

heat i ng step. O these runs, only -001 and -004 passed
a filtgrabdity gf %ﬁr%tr/ﬁe %ﬁ@b’??qcé%ﬁldeo%‘?l%]ron% 5% w w i ndi cat i ng
a contigy Hjhgéb bieY aﬂﬁmhaest defh ﬂa@‘{‘o HDGI? otein removal
renovi ng oteln ds of 20% 35% a ter
p Aot sﬂsemeepﬁltmblhty dfescratgpeusiysate sdiluaoﬂmtoss @5 moh diameter 0.45

TR G R W S
11?'%’&1@00?&3 gi%’quo'i W &%fuggt%ﬁlré g&g%‘lﬁsy éita %gﬂetﬂﬁtyﬂ 1& art]%sl og 0%elrotype

protein s In the pu ari
t 8 v&rS pPhadjinécd topl e(renteapéronerod] rtulnse ihﬁm\xior@cpsmﬂpntal 18108), Or

i mproved separation efficjency.b nc Si

] QS Y BRa  FO AT LIS SR OF it pEickf i ettgmpt o
C %fﬁ&\}ef%ﬁﬁﬂé PBtein, hEys%fefs Qe BdntlifiSd %@Qldu%te'dllﬁ&lsfta[c%hﬁ‘d tubes
in Figure 6, in which a photograph provides a

c P dipsamceod, Bedforiddie cn Qmeecﬁﬁf))ulamildhms euwhichght yas adjusted

il RO BTG SR GO R BN IS5 T bl B

Ch@jaktedenf)od) sAMaBBisthRk td 7. eax)rp%madjugtﬁfeln%ts Othn@d 148 pHEAdjustment
aggregation and precipitation of protein. As shown b
t ke QalCandatss wictsebicrapueshed threnechi the D dSitom syings fHiset witlg relative
was. i po ving.protein inpurities for
t E%IJQ%FG(SIBHQ(?F ﬁﬁ%fa Blbtn}y@?crog %bai Fi nal pol ysacchari de
met  dr R@shlRt e fceexipelifasel fhb H&ctBedibove abd WoWn in Figure
(protein/pol ysaccharide), denonstrating product
st/awhichishows & Braph ghpellysaschaside (Pﬁbmmtmat@aamte@l goncgpration,
]CA%&* %ﬁﬂ%tﬁu%%ﬂﬁ ok é}mg 3%%&9 I3 84 i ﬁl 0 of deh&{t@gh‘?”
or Streptococcuspneu ysacc ari es I'ncl uded
Polysaccharide concentratlon (mg/mL) and proteln 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.
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in the Prevnar(r) vaccine has invol ved continuous
centrifugation of cellular |ysates foll owed by depth

wo poosioatsson and nenbrane filtrati on. As descri P&US2007/080768

above, Streptococcuspneunoni ae Type 3 is a large
pol ysacggchari de tha ion and fai
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r Bﬁgl}l s age ghopyni Fasse i WRich &pmpacs }he v mtgpoyiigne of serotype 3
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In a remove so e prote| Lysat es
m&msn&mmﬂtdbygﬁdda@@gahnpdbm@dhmaneEQﬁhnm@hniwmumﬁhennmln
(BD BiOSCI c Bedf ord, in one of fo
B Es DA Hcamy i (b i) S STtr Sy heskgassed through

( SRk [ena il 1%19@(@@10%& MBS tﬁ@fa's@i’"ﬁre f[’e)w £00)t QlshbRA in
pHadj ustment); 2) pH adj ust nent to

p Higud¢ Sitraesssing et deGrtedatd of Y. OﬁelSanqeaétedemfastaﬁ floworates as
wer e then

FEPRBRE Sy HReRainaer (B arte ThaHeD abd R firnEiPrsishl f¥Gure

Meodfitiomi 1®sdl -AtReFUbE §.0f 4 eofstaheprkbsuee SXIBHsi BBTO Adi was also

runs descri bed above are shown in Figure 7, whic

s hospsiatedgridpfasisr flpwiryts 46 eprapargétq PBY. concent rati on,
pr ot ei ggS{;&ggﬁﬁ%e WoraARg %ﬂeﬁh‘?gégﬁ& b §t§;{ alghlllbé%b%(fe were

seroty s‘as a rate
Paieyisatdinaed @doceakanhy ddtédbel¢wad Thle amdswddioﬁllds containing the
concentratlon (g/1 QL) values are provided on the left

y SHERIQCONRBY a'fquwnqu YBE AnPGulym e, govwayia fmsntare g Thmcells

W%ré él&%ca}f%&gsced a\P{ﬁ 'tl‘Feﬂlygﬁé EfRd? Q@ﬁrﬂ%&eﬁ '8? h&f ltl%tclﬂeM gngr to

force requi to pus out the serotyp
c eeritrifitgetiomhr bal wing CentSfugntiay theygd was hdjested (exacgdat min

47 R b OB e s i

][ :t’d?eéiri\% gbelt%n aﬁﬁﬁ#eﬁgﬁr@g glﬁiﬂtibsahgﬁg \%@ ?%ﬁﬁ%%f?gférs 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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menbrane filter were required to process |ysates from
various runs adjusted to a different pH of 7.5 or

wh@hotssmi th or without heat treatnent. Wth PORUSDRTH)80768

the inpact of a pHof 6.6 on filterability was

wer o Toquired for pr oAAdoVERCBIRAERRTRDL "R 8 Sun

was obtai ned Q¥@Bd i th@ifedmmmetal%f FRbih P SEER from 2
for protein renmoval within run -015. er adjustlng

t hellWanfiigpravgcduy patenortelysat comprsing aerotyps 3tml§p&i:c$a12des
set. o s processed the remaining 68 L.Lysate

r
hSQWPPFE%ﬁg&“EFPSr to centrifugation. Based on
| abor akpry daitmoRaRISQMER dt Neabl @ICFor atabdt 50 SiiBeBodBbke
the pH adjustnent capabilities of the pilot plant
f REIt¢In PRRSgationENE fEeaiRiERtioR arnainge of 8.2 + 0.2 wa
|dent| ed f nprove
f||tera i1t 9 zﬁﬁ%&ﬁ&ﬁgﬂﬁﬁ%ﬁﬁﬁl Sall:eThe article "a"
amdlereana siseantiskegpinefiel grdtgpe Eﬁ@@zsatcehamie cohtaimnglyisiratis
one (i.e., to at |least one) of the grammtical object
oﬁ“qqmgxhrtlcle By way of exanple, "an el enent" neans
one or nore elenment. Al publications and patent
applications nmentioned in the specification are
i ndi cai ve (TIhe trie¢hddenfelaimf 1, whosdn stkp b) ednprises heatiap tsaitldysate

ent pertains. Al publications and
é%?“g@gi PF%ﬁégare herei n incor porated by

reference to the sane extent as if each individua
publication or patent application was specifically and
i ndi vi dual | y'h nuitheal f¢laio D evhicretostp pgaseprisgs heating said lysate

ref erenc th h.the foregoing invention has been
dg é&oghﬁnbA% ﬁgﬂBgW‘ by way of illustration and
exanpl e for purposes of clarity of understanding,

certain chagges and nodifications nmay be practiced
wi t hi n4t he Jeepethsrd afiekainph shgecdn seap heoHATS paticr spid lysate

MePsdec Hr &R%frﬁlﬁﬁteghe reduction or renoval of
r

proteln |npur| I'es oma cellular
Streptococcuspneunoni ae | ysate conprising serotype 3

pol ysacchari des conpr ng the steps of: a)
sai d Iésate ?%Hkat hadkeiteimgoloe eesin sep bb%lprsses ﬁﬁﬁ%@%&ald lysate

t g BiehR REsagNLRN and precipitation; and b)
separatlﬁg 3;

recipitants ron1sa|d | ysate; wherein a
substantial ly purlfled serotype 3

pol ysa%c har lI%e me notdaoI c alr% g %v %}e?n Isald 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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produced. 2. The nmethod of claim1l, wherein step a)
conprises heating said |ysate to about 600C to about

w(Q@0@804:852 The net hod of claim 2, wherein step BJT/US2007/080768

conprises heating said | ysate for about 30 to about 50

m nutes. 4. The nethod of claim 3, erein step a)
conpri Jos heuPFiRga Lot the [uche ?r&é@szmsﬂtof @sqtflflamg%%%fmm a
4@el[ﬂlwtﬁe%toc%ccu?%ez%tgﬁgéj}y@ﬁte o 8diiate coMiflsalgsetdteR P)

conprises filtering sai ysate to renove precipitants
f polyssshatidey samerisi6g therséepywtfhod of claim 5, wherein

id | te.is filt i I t fil
el cot 8l 1 biFninegoE oL SHEReflony SBRu R gl €0 and
filterpand @dept bhid iyshRlor céntralle met hod of cl ai m 6,

wherein said nenbrane filter is a 0.45 nm pore size
meisreahe sylistangiplly purifiadescraiyrrotip@iysaseargeccontgiang ygate or

tcgtgrakgg%sg)g@&%ges centrifuging said |ysate to renove

S
préci pi romsaid | ysate.9. A nethod for the
reduction or renoval of protein inpurities froma
cel lul ar Streptococcuspneunoni ae | ysate_ or centrate

conpri 8Png d&r Bryhnd of cramyls aderrar thgad] elowst hvsatagr eqmdrate is
SRS o @}wééﬁ]qb%ﬁ%.g%oﬁﬁbglﬁ g‘b‘ﬁ?foﬂ% fiflraliyat € or

centrate to at |east ; tering said lysate
or centrate; wherein a substantially purified serotype

3 pol ysacchari de-cont ai ni | ysate or centrate is .
or oducad, 101 FRAGERTREIMAR. SHSTH §S Pkl eIy S is
S @l Gods Y BRI Mol 8.S PALF Bl BltrhSor. NCr eased to bet ween about
8.0 to about 8.4 prior to filtration. 11. The net hod

of claim 10, wherein the pH of said |ysate or centrate

is increased,to about. 8.2 prior.to.filtratipn. ,12. T

ot hod 181 o AR fTsPuR . lfeif §idbishied! bftpd e H'Bast one
U Sill t80s eddctddefdsrh NG ofip bdBIsting bes hehtrimiltddang b Aupth filter,
consisting of a nenbrane filter and a depth filter.

13. The nethod of claim12, wherein said nenbrane

filter 155 a'[%‘e Lr"nsetlgoT(ri] of claim 12, wherein said membrane filter is a 0.45 um

pore size membrane filter.

14. 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) 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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pore size nmenbrane filter. 14. A nethod for the
reduction or renoval of protein inpurities froma

W@ edoBOkE2 St r ept ococcuspneunoni ae | ysat e conprPGI/N§2007/080768

serotype 3 polysaccharides conprising the steps of: a)

Ir’;]e ﬁtllt 2 sal g’ga lﬁ)[d(ﬁtfg aﬁrtnalg tarifqooi:% %f )Iorﬁ?r n?ptrlslesel?eatlng gald lysate
PESSH IRk g@ﬂ@ Bhbo7oeent ri fuging said |ysate and
separating precipitated proteins fromsaid |ysate to

produce a centrate; c) increasing the pH of said
centra

contr atB:  wiB @I ol d'l)eiil il fﬂ“i"é‘g’r%sr%et%%s%d lysate

p@h%@@mgﬁabmggmqmnhamﬂgng centrate i s produced. 15. The
met hod of claim 14, wherein step a) conprises heating

said | ysate to about 600C to about 700C. 16. The

2, B R SRS A5 B

med ftwat 60°CCloakbout4) nwhetkei n step a) conprlses heati ng
said |ysate to about 600C for about 40 m nutes. 18.
The nethod of claim 14, wherein step c) conprises

I ncr eagkng grﬂ%lfh&lfof% i lqe%éﬁﬁﬁsft&pf A Q%Vﬁia'g@s ﬁgﬁz%ln%tbe pH

8.0 to about 4. 19. The net wher e

s bépid Fertmnptoi teesccnraboees0 galtolne8 gH of sai d centrate
to about 8.2. 20. The nethod of claim 14, wherein step
d) conprises filtering said centrate using at |east

one filiher gabeagkiefd Jrfcpmtike w%l%ﬁpst&%‘)sdo%{ﬁrﬁgs #bresing the pH
menbrane filter and a depth filter. 21. The nethod %

clo@bard entraphiorabpwt &2i d menbrane filter is a 0.45 mm
pore size menbrane filter. 22. A nethod for the
reduction or renoval of protein inpurities froma

cel l'ul ap. St mapheeRicirepRRURDRhaRil #§RH cdt@iREs Sitehg said
serotype 3 pol ysacchari des
centrate using at least one filter selected from the group consisting of a membrane

filter and a depth filter.

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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conprising the steps of: a) lowering the pH of said
| ysate to about 3.0 to about 5.0 to cause protein

waggseymst on and precipitation; b) centrifugi NnECEFERZNN7/080768

| ysate and separating precipitated proteins fromsaid

| ysate to produce a centrate; c) increasing the pH of

said centrate to at least 8.0; and d) filtering said
centrabg; WHHE Gt FRSHhant hkich QEY h)fd 36 BWY¥RRe fhe pH of
pol ysacchari de-contai ning céntrate Is produced. 23. %‘he
meait dybatefto @bautrd. R, cawkrepretam sggsgeadpn endrprecypastidrower i ng

the pH of said |ysate to about 3.0 to cause protein
aggregation and precipitation. 24. The method of claim

22, whenei n Tht @Rtiod STMRMI 226 heRGT /S bmrﬁﬂmepﬂﬂc&famg the pH
said centrate to between about 8.0 to about 8. 4.

TRESHE E¢BERt O hefvaga abaut {aphéx &iont 8ttep c) conpri ses
increasing the pH of said centrate to about 8.2. 26.

The nethod of claim 25, wherein said centrate is

filtered. usilhg n@fthddedslai@mel, fvhbic@r steelphgdisty @orchiigg the pH
grqQup consisting of a menbrane filter and a dept h

f of pad cengrate topbowet-hod of clai m 26, wherein said

menbrane filter is a 0.45 nm pore size nenbrane

filter. 28. The nmethod of claim 22, wherein step a)

f ur t he26comiihe seshddastclaig Xamdcteyssl & cdnbrattis fidtast vSIHIQ@@Et least
for | east 30 minutes. 29, The_.nmethod of_ cl ai 2,

wRtes Sl slcipddions Hicrann eisting 862 Membrg AUy g § dgih filer.
to about 600C to about 700C. 30. The net hod of claim

22, wherein step a) further conprises heating said

| ysat e2for dhouictl3l dfclamdlft whorem sud msmbsihe filteeis a 0.45 um
met hod of Cér ﬁz wherein step a) further conprises
h@8tS g BaParapGEifle to about 600C for about 40

m nut es.

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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