; GA\BCDEFGe3ed| ~dy! | nDt xTv} 6, ~T~>E1 13 MARCH 2003 r. 10 TITLE OF THE

| NVENTI ON POLYSACCHARI DE ANTI GENS FROM STREPTOCOCCDS PNEUMONI RIMABREIRESROUND
OF, THE | NVENTI ON The pat hogeni c bacteria classified as 15 Streptococcus
pneunoni ae (pneunococci, Pn) have been subdivided into 84 antigenic
serotypes, based on the capsul ar pol ysaccharide (Pn-Ps) of the organism

Di sease states attributable to these organi sns i nclude pneunoni a;
meningitis) otitis media, 20 bacterem a and acute exacerbations of chronic

bronchitis) sinusitis, arthritis) and conjunctivitis. The pre onder
t hese di seases) homever) are caused by a limted subset of t Mﬁmmwn |“
i sol ates. Thus) a polyval ent vacci ne 13 MARCH 2003 t he

Pn-Ps fromthe nost preval ent and pat hogenic isol ates of the or gasiesm can

provi de (protection against a very high percentage of the fre uently
reported pathogens of this class. Polyval ent vaccines havﬁM@E@ @m@mm

that 5 are efficacious in raising protective imune resp t he
pneunoocci in adults. "PNEUMOVAXo 23" (Pneunpcoccal Vaccine Ptiogeaal ent)

MBSD;, see PDR, 1990 edition) p. 1431)) for exanple) is a liquid conmposition
containing 50 (err)glm of each of 10_ the 23 different,

unconj ugat ed~pneunococcal pol ysacchari des) all of which are on deposit with
t he ATCC and provi de one possi ble source of stating material for this

i nvention. "PNEUMOVAXo 23" conprises iach of the following free ) that is

E E N
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POLYSACCHARIDE ANTIGENS FROM STREPTOCOCCUS PNEUMONIAE

KGR E
The pathogenic bacteria classified as

15 'ggggpkgggggug pneumoniae (pneumococci, Pn) have been
subdivided into 84 antigenic serotypes, based on the
capsular polysaccharide (Pn-Ps) of the organism.
Disease states attributable to these organisms
include pneumonia, meningitis, otitis media,

20 bacteremia and acute exacerbations of chromic
bronchitis, sinusitis, arthritis, and
conjunctivitis. The preponderance of these diseases,
however, are caused by a limited subset of the 84
known isolates. Thus, a polyvalent vaccine



15 unconj ugat ed, . pol ysaccharides: 1, 2, 3, 4, 5, 6B, 7F, 8§, gwr §|¥20 0A,
11A 12F, 14, 158 17F, 18C, 19F, 19A) 20) 22F) 23F) and 33Fy VABKH AN i ng
?r about 90 % of pneunococcal isol ates. However, such vaccines are | east
effective in the segnent of. the popul ation nost 20 at risk for
pneunococcal infections : B-cell immnoconprom sed individuals) the

el derly) and infants younger than-tgw-years old who depend on T-cell
responses for inmmune protection. Since unconjugated pol ysaccharides are
poor inducers of 25 T-cell imune responses, conversion of the Pn-Ps into
i munogecsntapaing dfhe rmud’mgfifemether m@w?&leme &e¢t to producing

adequat ep BERBBGHIAN Idbid¥ s | 6F 9ehePBRUARIIEN o Spr8pLgECr) TS NOt

restrlc; roup |nd|V| or to u e 30

fF>o| yfaccnaptﬁﬁfmn aami}%a@egztm gé?o%rioﬁw?ea@h thet mesiton to a f
emal e V hi 1 ri sing one or nore o
t he novglnrggnj ug;:zgi ‘hi rﬂﬁedo hifp ted Pn-Ps ? orﬁtegpor duri ng pregnancy .
rai ses antibodies & Yﬁ%leﬁgt PH@F%%FH% haye &£§?VBF9 Besdedhat devel opi ng
L et §st?ndtrw;éﬁiﬂmwéaat mwamhw ﬁdiﬁewtvenemmanteot adm ni st ered
iréctly e n itions conprising a

m xture SCHHR gé?‘i)nﬁhc%ﬁ'j ‘%@é c%ﬁagagg Have i nproved

properti é'sPl‘tEIBiOM?I a8le (P@nepmquma;l PésecineoPolywakentease in purity of
the new R EQUEBR, OLIYY odfedRiH | 8 143874 %BQU'QT&&%J‘! &, upgful in the

formul ation of few uncon %'ate art| cul el erred subset
of the cadpstigy 609951996%% Qe centa %bﬁﬁcé@c% l?fﬁ)rﬁadgll‘i’%ted above are

Sra§0 d?é““@mrmmowccaf‘%‘g aﬁé‘élgﬁth“%%“mt L e ponki b e 1o

g sti popsi

bet ween 782 8 gﬂgg &13] %f‘g@'? n8Ie nqnnfdgﬁ'ﬂ%"ia‘hd“tﬁﬁ ﬁ?\ However ,
t he net hwscoranddgdd\ﬁrd% romwe @W@ibmebbemadﬂ*mwmigc}; og of 28
neunococ, e sac ve n- Ps products
gf this |'§€tﬁ??g% ?E’? tJLsi.éaifC‘TI.JI{ ‘gé?ﬁgbér’epgw&{c%fﬁgate |m*runggens

Pol ysaccheomped siesv eapnaofil the bfoblowing tirag, pdsat yismunogenic by
themsel ve it d nogens ce they are
conj ate Eﬁhgt!\g‘éﬂ: ni céggﬁﬁgFQd%S oY ngg)r z,m"rya o8 Ug(igatent %o
4, 695, 6248149880 9621 Qvgeslz 14371280 hddor SotB et LEF, 186, -Dé\‘?i‘-wth Him &
Yet | Vaccwas) 20/; %ﬁl%@r, Sﬁhngemso@cé&lﬂmi £dkdaboutl P 361 (1980) ;

And I.nfect 1983 bl
13 e goFeupocaceal TEBiatas HOURRE coftharaeqnag Are T 00

non- hormgdmaﬂ: rtaﬁﬁeetiﬁret l'la tbley ssapmient def sthet populmttdiomimeerd hence the

difficult g re he y. Thus, a process is
requid®d \)énerel n bgsphgﬁfn% clbt%g'rl aﬁ@gg%bgg vvg: I %I(}elfl ned as possi ble and
each step mmumecggtprn@ﬂscdr di visdduabeyathe eddeslynt eamddi ate for med.

The ' procgses I t provi di ng
hi ghl'y chem c H}e?éega}‘ﬂg%g &gﬁg‘s%‘? séag?: arB:l e‘gﬂf ns anﬁabl eto
conj ugat i ok re8ponses for immune protection. ince

unconjugated polysaccharides are poor 1nducers of

25 T-cell immune responses, conversion of the Pn-Ps into
immunogens‘capable of inducing T-cell responses is
the key to producing adequate protection in this
target population. Use, however, is not restricted
to this group of individuals, or to use of the

39 Polysaccharides in a conjugated form. For example,
administration to a female mammal of a vaccine



10 Thus) production of conjugates) useful for inmunizing |nfant%E%Puq9
than two years old against the cognate pathogens from whi ch {

derlved) is facilitated by the novel characteristics of the Pn-Ps products
of ‘t'his invention. 15 Marburg at al., [J. Am Chem Soc., 108 ) 5282
(1986)) and U. S . Patent 4,695, 624; 4,830,852; 4,882,317] disclosed one
means of conjugating pol ysacchari desqand i mmunogeni c proteins through _

bi generic spacers. The PRO was derivatized to 20 exhi bit pendant

nucl eophilic or electrophilic groups (PROS)) while a partner Ps was

functionaldzeft S0 @S 6&e%9'§b£ep6@d%@&a HAHPS Qdn PRPRELES bgactivity
(Ps*) Upon npi ni RO, hi gene spacers were forned,
covalentl?ﬁQQWﬂVﬁftg t%nF¥£)23rGP§ ﬁQ)orlﬂRﬁﬂ i BTRGRABLYsi s) t he

bi generi c yiares antibbébeedins tie. wothed winlick eandbaquawltyat ed by ami no

acid anal ys o] enc
EPI- A- 0974##%@?0§e‘28"§2§9 Eég\“ % 'g‘gaﬂiﬁgﬁ‘gé bgeggpﬁavsﬁ% %:lapsul ar 3
0 pol ysacdthoughsthedvacpioeeds mt rmdmrgishenedE&mezmm@ scl oses

| ycopr ot n ct t ed a
e R T L S
i mnogen&?@?léﬁéﬂﬁi Bamdxtyregaf) r%ﬁi’@é@cﬂufroﬂd@tg@rﬁ@ and vacci nes
agai nst sugbwaa&ehh&xd/élstw itnﬁ?réwhé&epi:éﬁé'teﬂé%s oAleqve describe

and pur'  ya¥Rl SabEet GORBRARS Ut SEAREI PEatbRarites SARG gihs, They
nomhe[e di pakdty o& thgynﬂwtBinmppnaédcnro@ethum%ﬁnvknttanLQ? a;siﬁnfs
i sol d8ed FRAUBECE BrbuE uneef5E°1] BB IRIIUUSE B Heh " " 1
MARCH 2003uncdhjugwﬂﬁnhensmmEn¢ﬂcIude preparation of Pn-Ps starting

mat eri al havi ng mr%m{é&iaffypﬁgggbmfed qﬁﬂ)g@@a&f g physical

properties than provi crud repar at1 ons) cluding: increased
sol ubi | i tyqatn;saiéepsrecpqum:%w;flyf pfc (memmes in

olnt arr} nat I1qrse@d hatgswelPas@EcEhbEE @egawm | feb€FpES) BBQH?SEﬁdUCGd
- o 18 o IGB okt oLEs - Rosan ¥radd neBakbEkouB Pcess with
respect to preymesescad stbtypesi sren@stimbtcedeto be responsible
for between 75-85% of pneumococcal infections in
infants and children. However, the methods provided
herein are applicable to a broad collection of
20 Pneumococcal and other bacterial polysaccharides.
' The novel Pn-Ps products of this invention
are useful in the preparatioﬁ of conjugate
immunogens. Polysaccharides have generally been
found to be poorly immunogenic by themselves but have
25 been shown to be quite good immunogens once they are
conjugated to an immunogenic protein (PRO) [Marburg
et al., US Patent No. 4,695,624; 4,830,852;
4,882,317; Schneerson et al., New Dev, with Hum, &
Vet, Vaccines, 77-94 (1980); Schneerson, et al., J.
30 Exptl, Med., 152, 361 (1980); Anderson, Infection and
Immunity, 39, 233 (1983)]. However, a major problem



| 0 of preparation, inproved antigenicity, and inproved purity of thg final
product. Especially significant is the 3-20 fold reduction o%aMARCHz 03
group-speci fic C pol ysaccharide (CPs) and peptidoglycan contam nation in
the Pn-Ps of this invention relative 15 to the crude Pn-Ps preparations of
the prior art. A though the presence of the C polysaccharide contan nant
does not interfere Wth the i nmune, responses agai nst the type specific
anti gens) production of antl-C-poI§sacchar|de anti bodi es may 20 correl ate
with the tissue destruction observed in sone unresol ved pneunococcal

fect b id ] t that th
:D(r)ll ;gaggﬁzrpﬁeg %Oué:hvégéjli éﬁegggﬁe ?’ J&geat%ﬁss #%v&ﬁ I on :I SO ﬁave utility
f(ﬁr preneg&hnmggd(ﬁcﬁfs%m%ofommﬁiz?dz gggm%g;ms4ogggr329an
that whig | S5l indnB3en
15 nrchibgsdat, e & Ro |
pol ysaceceadugaterpreduetnpbgrdsaddoe mofkus) o REOGEES Bgte\liengﬁogggut 1x105
and 1x10@qAgeaiviRer 8ih] eﬁeb%ttw Qﬂétér@a%dajredf)ascx%l]ysaCChar' de

cont am nat’j.on J evel s be|, 3'/0, 5 ecifi cchari de) and

ansi - pn f8 t%ﬁséﬁg i Bnd aﬁ'ﬂqtb Bl Bi ﬁb @S’\Béé’f? ut 70‘)% and 110%
pelr uni trhdtn&s i aws&gabdleatasvecd mttty@meae]gtizl (fqgrmia.r atTtoms of crude .
(0] sSacCccC | IS repare
by bar ¢ BEISRHE dIEPg IR, S IFAaHIE RAGLO K1 A5 LBIE el ML (2, PP

pr edet erby rexovid ingahighly tQieemalgbyn definegr iBn~Rf the Pn-Ps. The
partiall i;?; Quaesden o i Og%ﬂﬂ%@ﬂ&bibe@ol%oa'}sbg%f@%éﬁ' 'y and

t he' pol er si t ecrease new Pn-Ps is he preparation
of yeil t |T/la‘ll%ntPﬁ? Gﬁéé’fbeprﬁ(PM‘éﬁaPﬁSPsu& Wk for PmeP‘H%ﬁbgém c.protein

(PRO C%E‘ﬂﬁtﬁsybaﬂg@i’ RIQAn €06 y@ﬁ&:ﬁsdlwgzﬁiﬁ\@ttﬁﬁeHOV6| Pn-Ps 20
conpounds elicit ne resgﬁnses R gt %%gs\i}e ai pst |nt ect.ion by
pneum)coEEéPaEGbP &Y WFORHWRAEhP r1§eder pYPHi alfy hydrol yzed
and hi ghfgcpliithted by Fth@snowedr chdiraicise f roi ps eofil the Pne®sococcal 25

I sol at es Fgggc%eftflt ,&9{8 P{ f¥ERL QR of pneunpcoccal infections in mammals.

The T-cep epende conj ugat es are ‘particularly useful in vaccine
congesi tions for éiatrhumugg -is- fdoudfstocChem; nfioge .r d98onses in mammal s)

espect al Ky gia ¢ &mi 3nd MOLBQCIRIAN S Cs9 906 kdual, 8h0l, 8829 derly, and in
human in ants n two years ol d. Cbnjugates
882 %Jd1sc osed one means of conjugating
polysaccharides and immunogenic proteins thrgugh
bigeneric spacers. The PRO was derivatized to
29 €xhibit pendant nucleophilic or electrophilic groups
(PRO%), while a partner Ps was functionalized so as
to exhibit pendant groups of opposite reactivity
(Ps*). Upon combining Ps* with PRO*, bigeneric
spacers were formed, covalently joining Ps to PRO
25 (Ps-PRO). Upon acid hydrolysis, the bigeneric spacer
is released as an unusual amino acid, quantitated by
amino acid analysis, and thereby providing a means of
proving covalency.

EP-A-097407 discloses vaccines against pathogenic bacteria with capsular
30 polysaccharides and a process for making them.

EP-A-208375 discloses glycoproteinic conjugates having trivalent inmunogenetic
activity used as vaccines.



13 MARCH 2003 7 _ conprising the novel Pn-Ps of this invention |inked to
the outer nenbrane protein conplex (OMPC) from Neisseria ned? MREH &A% b
are made by a process conprising the steps of: isolating capsular Pn-Ps
fromcultures of Streptoccus pneunoni ae (pneunococci, Pn) partially

hydrol yzing by treating with heat) sonic disruption, chem cals or enzynes)
or physically shearing the Pn-Ps, fractdonating said Pn-Ps and coval ently
conjugating the Pn-Ps to OWC or other carrier protein or protein conplex.
10 BE S OF THE INVENTION It is an object of this invention to provide
novel ) parti al WO-ABTO6RGZ didclaset dtighhy having inrednegenetiedétemnihgnts pp&raypeci fi c

pneunoco f : I PR- useful as internediates
in the p(r:ger?lzl;{re é@?%ﬁéu%rb a%’-é{:'gfgwgggéeiﬁ%reér# %%(t)%ﬁj%g%%ees"abf the Pn-Ps and

i mrunogeni ¢ prAltteiugh. thendhreer refefeaces iabove geswribe eteahniguéso dof dhe npéiitialy t he
novel Pn- his | t4.0 i I 0 I 20
ot hods dLERTE AHR dReliopuh BeC ke SRERUAY & NeEhlochBa< prllidr

i ncor por galysaccheridei antigengethey nowhergatisclose foresuggelst dlaec dimpraved process
conpositi f (n.J g, anti - pneunococcal i mrune responses;

i nduct i orﬁgﬁdﬁiﬁéwﬁﬁrg?%mn Hr@‘s‘ponses whi ch 25 passively protect infants
and fetuses agai nst pneunopcoccai infections. 13 MARCH 2003 $ DETAI LED

DESC:?I PTI tON |4:: TEEﬁlhi\?’Emg@i{tgo@ dﬁ{lﬂ:f@d;@%; agﬁrB%é%@ M%ﬁﬁf&@d Hels; The
pol ysacciPtetudd Bt hois” arteaednin Y - Bt PEERRE pol ysacchar i de
derived f&G6A% 1824 e4,880, 852 ~@Emtoec882pAYTno &heof different subtypes.

The Pn-Ps have average nol ecul ar wei ghts between about 1x105 and 1x106
dal t ons)



| 0 depending on tre narticu? a:. gneunctcoccal - subtype fromwhich the Pn-Ps
isderived. In general the nolecular weights of the novel coﬁﬁwﬁﬁﬂ%(ﬁ?
reduced by a factor between 2 and 10 fol d) and the~pol ydi spersity is
reduced by about 50x) as conpared with the crude 15 'Pn-Ps preparations

- used as starting materials. The novel Pn-Ps preparations furthernore have

nol ecul ar size pol ydi spersities between about 1.0 and 1.4 C-pol ysacchari de
contam nation | evel s bel ow about 3 )T and an antigenici~y index between
about 0.4 and 1.1. 20 This last paraneter is calculated as.the mass of

Pn- P t det t d.b t t f Pn-P
P02 SRR AL SARRELOTER, s Phl Sl ™, L,
1.0 (on ntepesnualvmaviu@ xwd*m)spémﬁmepnemmmblrwmm 25 both the
t

oot gen. BaRages ?oﬁﬁfm‘%#ypwﬁffg?‘légi?é‘ B R Bﬁi;?*e‘“@%hus 4 s
t heor et | Pa-B§ [RﬁﬁQQﬂﬁiiQp%avénﬁﬁﬂﬂééﬁ-r eﬂi gRAubblityi body (i.
gl ater ‘Z‘°"‘§:@§n'f"€ﬁ@€*’?mﬁde3‘m&%“‘ 3%‘& T ”ﬁ*"mtﬁehﬁh o dlg

is S i Ci X . v S
v 20dd ContatingELof wlrhi srone srsst i G aolvFaliiaRaRe: hat < e
anti geni c((I-)Ps)].dmd sreducbd malgeuwlaredraigive, ﬁ'dnlydispaositg,say t hat
Pn- P t t t t .
T e M
yet knomuprqvm wenavhngeamogmded tlwutimex@swwéngl&t PEOC@SE retains
suffici e%i?ﬁ”’ﬁé?ﬁ@@t‘:tw i:g%fe’%&e HEJ Clre é&ﬁbié’éeﬁ%{nmn%ar@ponses

Furt her nore S IS anmena f ion ugat_i w t h | mmunogeni c
proteon t@f pPHARBEALAOR,- ARDTRYeD AR HERBLGIEY vl and dBREO¥abn of

anti - pne abfl mnh&ﬁsp ct'!\'hl Chspéctaneyi %|1|g‘h1$1gfﬂx{ﬁ cant for

i nfant nma ksg 2 gglhqgﬁfse %g ar e |nca% 3 of nounting adequate
i mune redPo & GtioRPENBERIP-PBCSHE Cacchar i de epi t opes.
Sone physCepblyndcch@mi@hi (@ps pcandi peptidoglyess al novel Pn-Ps

preparat | 8831—.%&1%%‘5!% 'ih W3Rl Sp ﬁEd?ga%‘is' '1%&?41:‘1"5 Wt £ 4P

description 't I"ows T eveal’s how Those characteristicsS are 2o neasured.
The psocete ghecicaade Bn-Re ppoepacstinasnmethdde @rinkiantt he Pn- Ps

compounds askioigh (KT Sfendboardtasl eagdlyaRichd i gec ot hod of using

this conpound [ e preparation RO_conj ugat e useful in raising
ant i - pneufOREEY 95n9§358ﬁ§§§etﬁz¥¥ﬁhnﬁhe MOYRBr act eri zati on of

e e ST Sl 2 e
201 of d BESHRS IR 19 %&% ¢ ibadfRarBay5003
20 correlate with the tissue destruction observed in
some unresolved pneumococcal infections.
It is obvious to those skilled in the art
that the Polysaccharides which are the objects of
this invention also have utility for preparation of
25 covalent conjugate vaccines by processes other than
that which is disclosed in U.S. patents 4,695,624,
4,830,852 4,882,317.



r - LO with crude bacterial culture derived pol ysacchari de,mmgC Heyced
size allows for inproved polysaccharide handling during conjugatlon and
post - conj ugati on renoval of non-conjugated Ps) higher type-specific Pn-Ps
purity, lower Pn-Ps nolecul ar-size 5 pol ydi spexsity, and essentially
unal tered antigenicity. These novel Pn-Ps characteristics are used to
advantage in the consistant formation of highly chemcally defined, highiy
t ype-specific) antigenic Pn-Ps-PRO 80I’_]j ugates. to i. Pn-Ps Ml ecul ar Wi ght
a~l Polvdis~ rsi v: By neasuring the weight-average nol ecul ar wei ght, MV
by a diffusion) sedinentation, or chromatographic nmeans) and the 15
nunber - AR OB TNCERY by a colligative property such as
viscosity reezi ng- pol nt egr €ssi on oi li nﬂ EOI nt - I evatl on) the
pofydi spersity of N¢¥eb PPSUBRLH cﬁ? XEpeaF éﬂea§ Pr€Sdati o MY WN.
Tlhe cl osmpdurid URReE moZ@cﬂEBrtOWi@ll tei bgtweba B’.ﬁbﬁthq.ﬁﬂgﬁr’f’lf PeOtFJ)s the
pol ysacchar par.a S u n- Ps
pr epar at |%df’§f ?mﬁﬂl@éﬁ %& %Gdel?gfwggﬁ Fgéggsrif?) ieving this
enhanced hok ao@-epeilyyacgtmlrsldaj|®Jtmigna12$onelpmeth8t ibelasoed%icient) Rd ~
Ye- VoVo ( 0 [ ke total perneation volune. Ve =
v%?/otn%p:é)f Eg@’@i}ﬂcdlggﬁ cﬁ/l;":i@ecoewl

el utPon partit]o i Ci ent of the sample), 13

MARCH 200®‘t112ne§fn°§°@t°tﬁ§e WP?JalFE?‘éiifgch?Bﬁél NG eparation is

neasur ed hytGeen- AHOULS I TOL Cdﬁd)nmwr@ehyuhiiléc)n)as@ d]! Gl’h-Fl@éfOF nace :

si ze- excl usgogéchr %at 0 raphl?\; éig?E i’t of an.ali quo% oI ysacchari de,

accor di ngtPo2¥fio e Gr PTePRE k3 L Lot B %d is a measure of

t he averapelmdwmlﬂrde: vol une of the pol ysaccharl de preparation. As the

nol_ecul ar size of Y B I ther mal )

soni &P enzymatic) of chlg%gﬁlé* ﬁﬁg g' accor @ Plﬁhﬁ?hggédgé osed

process) fiise paiegpa med \Mup{eytl/ellyf hwﬂe:oj!o'mgbsalmuéases and so does the
In a _$bhe f S s Sepharose

(25 gol BRGHARACEoRSEOBABEOCE) o e G e BhobGLErRInGE Y

det erm neB3iintaim u%hmatagemgolmw T LRpth ESPETPGSGO and t he

total per?&*ﬁmw | hyRr6Yykell #i-Pesdd uhehl putdeiedl t peak. According to

one met ho e,iLs.pr £ed at 2 | | ed water
and al3- mSYRf XI & F;‘eu Y%?’é‘f} \/g,gf‘fr Elg‘ §n the range
of 0.32- 0.1k M—Fbm{(dui;elfume)ﬁdxart%q&reﬁ’aaatnonaolﬁo 17- 0320-01) shoul d
be bet wee - € t cl 7.5 x 600 nm TSK
G000 PW %@ﬁvﬁ&éﬁgdé{ﬂ&g{ﬁg ‘& ﬁ'ﬁﬁﬁﬁ%& PP rag’g‘e hod, SEC or HPSEC
25 i s coniRmelswimmuaogeniisy: @nomlme(P&Qﬁoﬂﬁmugaﬂﬁ&:h monitors relative
anal yte coppgpgapRey .as c’b:I L& QbmBriking Yﬂiélrﬁavé‘ﬂcb@—ﬁbffere”“ al

vi scomet er ) whi ch _nonitors specifi ¢ Vi scosi i he analyte as a

funct 26n ofoRPEERdS ediigit W%eF§§P°§53€aIH%¥‘%ﬁ9% Ve against
[ og~(intrinfeetioir By tphdui®Sos0ARCHUbLypRIsyEomy aliiichr €hent i on vol unes

s Pn-Ps is derived.
Partially hydrolyzed and highly purified
. Pn~Ps intermediates from prevalent pneumococcal

25 1isolates, are useful for prevention of pneumococcal
infections in mammals. The T-cell dependent
conjugates are particularly useful in vaccine
compositions for stimulating anti-pneumococcal immune
responses in mammals, especially in B-cell-

30 immunocompromised individuals, the elderly, and in
human infants younger than two years old. Conjugates




13 MARCH 2003 - 12 constructed fromanalysis of a series of;wheedsderse
polyethylene oxi de standards. The concentration and specific viscosity
pfofiles can be used to cal cul ate a nol ecul ar wei ght versus el ution vol une
profile for the sanple, which in turn is used to calculate the values for
WMn and My) from which the pol ydi spersity index (Mv M) is cal cul ated [ Yau)
WW and Renenter) SSW) ,,T. Lig. Chromatog.) ~, 627-675 (1990); Nagy)
Ligh. Chrom, ~) 677-691 (1990); Bgnait) ;;f Sh. Phys. Tone. , ~) 1507-1514
(1966)i . In the 14 Present invention) intrinsic viscosity was neasured in
0.1 M sodi um phosphate) pH 7' .2. Once the average nol ecul ar wei ght of a
Pn- Ps pr%@iéﬁ@gheﬁebﬁsoedemmm@b ties ai/ﬁoéﬂewunmshmfd repeating
units per nplecule is ea det ernm ned 15 |¥gg S t he pol ymer

nol ecul &© v@?@h?“ﬁ?ttﬂém??ﬁlaé‘@ulpéro%’bh?mw e (PHPCA £58%uni t (see Table
L), i -Nsiﬁmﬁ.ﬂ& maninzmmtb) dre made b?udeprcEsssubJ ected to

physi cal sheat 0 hydronS|s t hat
an end- p%?'Pi? b Bgt gg‘len?ﬁée ssa’?gtf/:\hllc anﬂ%g gi’ﬁﬁ?éé t?egl ns to

di ssi pat fromhcultugegoioft Streptocotewns| pnesmenialel i shed by correl ating
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MARCH 2003 Rate nephel ometry nmeasures the rate of change in the intensity

of i%ht scattered during . formation of antigen-antibody conplexes in a
react i on QBIHEC Roh ¥ allips ah LGNt i s passed through the

It is an object of this invention to provide
novel, partially-hydrolyzed and highly-purified
antigenically type-specific pneumococcal capsular

15 polysaccharides (Pn-Ps), useful as intermediates in
the preparation of T-cell dépendent conjugates of the
Pn-Ps and immunogenic proteins. Another object is to
provide a method for making the novel Pn-Ps compounds
of this invention. Arnother .object is to provide

20 methods of using the new Pn-Ps compounds. These
methods include: incorporation into immunogenic
conjugate or free-polysaccharide compositions useful
in inducing anti-pneumococcal immune responses;
induction of maternal immune resvonses which

25 passively protect infants and fetuses against
pneumococcal infections.




cell. In the present case) the conplexes are formed 5 by an 3 MARCH 2003

i nmunopreci pitin reaction that occurs in solution when a specific antibody
(Ab) reacts with its specific antigen (Ag)) i.e.) Pn-Ps. Because the
frormati on of an Ag-Ab conpl ex is dependent upon the presence of Ag and Ab
mol ecul es in optinmal 1o Proportions) the degree of conplex formation for a
constant anount of Ab 'increases w.th the anount of Ag up to a maxi nal

| evel ; | arger amounts of Ag result 8 i | ess conpl ex being formed. Thus) by
nalntalnlng a constant |evel of Ab and neasuring the light scatter 15 with
i ncreasgd S 3 ;%ﬁgﬁg%ﬁrﬁgﬁye is generated. It is

possi bl COT a Ps (or derivatized Ps)
preparation mhen sanples are reacted with their specific Ab under the sane
condi tigns uifd NOvEEVE P £t Walaf deguyr ve. A conparison of the
concentration cal cul at ed 1 nmuno oglca y by rate nephelonetry with the
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25 both the recogniticn of the antigen by the antibody

' and the formation of an antigen-antibody complex that
is large enough to precipitate. Thus it is
theoretically possible to have antigen recognition by
the antibody (i.e. antibody binding) independent of

30 Pprecipitate formation, which would register as an
“"antigenicity index' of 0. However, the new Pn-Ps of




- 15 theoretically possible that size reduction alone could increase the
antigenicity index of a ,, r' preparation by increasing the fP#RENEI®By of

t he pol ysacchari de nol ecul es and thus decreasing steric interference around
the antigenic epitopes: These are perfornmed as an in-process check for
hydrol yzed) fractionated and derivatized Pn-Ps sanples. Sanples which have
relative antigenicities of < 0.4- are rejected) |.e.) are not conjugated.
Anti-Pn-Ps anti body preparations ar® available that are useful _ 10 in
characteri zi ng pneunococcal polysaccharides. Sources of anti-Pn-Ps

anti bodi es,i ngl ude the Health Researc¢h, Inc.) Al bany % or the Staten
Serun1IngPFFuﬂBVQQQRQQN%Q\Rﬁ??a{99e1§p§8ph|%;W%ﬂqe¥%ﬁh% abhebodi es may be
pr epar edahed geliit iy phsdeRCLor dhnghéd th@tg@tdlﬂﬂ?d kalogipe i, N trhesart using
comer ci al-l %yiébable ruge Pn.Ps as t,he mu qﬂﬁ& %Ba;er

| munol 0§y %kﬁ 4% 7 BpsBRe P pqu§ h 3§8 (1966)
Kearney)iﬁvenﬁidﬁuIhWhyhanng hnAaﬁtighnﬂb&tyEinmexhﬁdweSCI ) 4_%) 227 20

harect o VK sdhedare, it Gs il Ore 6 GhaRI RIE ), 5
antsgenldﬂlﬂQQNYQy ksowneiﬁaanﬁmﬂﬁﬂuhavinarnmbbgeadclawenlcal 25

COHpOSIUfﬂ“é{eéF@bﬁ@rpghahe@aﬁaQéyh 4" e G ﬁ Pn68-Ps has a repeat
unit of | 3)-a-Gu - 0C- &hap 1- 42 bltol 5(P04(2)] so that
t he nnlef%ﬂqQP%ﬁn fatyat %ﬂﬂ%ﬁ

Pn-Ps immune

ribitol: rieeposeesal aFuethednnse tive SQoGEPrPhLE%t dlgy ahiendbile This ratio
may be deter i ned Qr._ex I upon r0| s,of .the sacchari de r-
16 13 M 'é%%ﬁ“séﬁ%@“&ﬁ‘?%% ﬁcpéo*"&h‘a&ﬂut '%’4%%5 at 45-65'C
f ol lygwed By-R84-PROf icomjupatie s meﬂuloinageneﬁhﬁ:i}murof at 100" C and high
per ornaﬁgﬁggnkﬁ Q?ﬁg&ﬂ_ LogLa Bﬁsﬂht qﬂiéﬁxk nperonetric

detectio ea epresent i ng approximatel'y equal nole 5 amounts of
t he carboﬁﬁﬁﬁﬁiéiaﬁnﬁﬁﬁﬂﬁ§ﬂ¢%nthﬁ@rahnfﬂaﬁc@wmmmlﬂ.rmmnludmag integrity.

Essent | al hiinbREQ! Wi 4761 PRcsbaBIEDER HoR LATPRAERSeal © i Nt al ned

for all the novel Pn-Ps co this 1 nven about 20~ the
di scr epandPMBYDE, HASRPNGRS { tRFELLeaT~¢olIcdnsie P@P@ﬁ% primarily to

|in1{§ti0@%1&%ddﬁhéiid@feﬁh@oﬁ&bhOd Thus) upon
Some physical and chemical characteristics

of several novel Pn-Ps preparations are given in
Table I and Table II, below, while the description
that follows reveals how those characteristics are

20 measured. The process disclosed below provides one
method for making the Pn-Ps compounds of this
invention. Also disclosed herein is one method of
using this compound in the preparation of a Pn-Ps-PRO
conjugate useful in raising anti-pneumococcal immune

25 recponses in a mammal.

1. Characterization of the Novel Pneumococcal
Polysaccharide (Pn-Ps):
The physical and chemical characteristics of
30 the partially hydrolyzed, purified Pn-Ps include a
2-10 fold reduction in molecular size as compared



total hydrolysis: Pn23F-Ps has a ratio of about 13 MARCH 2003

gl ycerol : rhamose: gal act ose: giucose = 1:2:1:1; 15 Pnl4-Ps has a ratio of
about N-acetyl-glucosam ne: gal actose: glucose = 1:2:1; Pnl9F-Ps has a ratio

~of about rhammose: mannosani ne: gl ucose = 1:1:1; Pnl8CPs has a ratio of
about 20 gl ucose: gal act ose: rhamose: gl ycerol : acetate = 3'1'1'1'1 Pn9Y-Ps
has ratio of about gIucose:galacugse;N-acetyl-nannosanine:glucuronic

aci d: gal acturonic acid:acetate = 2:1:1:1:1: and 25 Pn4-Ps has a ratio
of about N acetyl-nmannosam ne: N-acet -fucosanlne galactosanlne
galactssbhpyruéatbaetgriah.quhtun¢1%§RﬂY¢Qng° fehaykde ecent | y been

:‘Aﬁunﬂ tQhéO@baueeansﬁddlzhlm erdf@@l}rﬁ@h@iﬂiﬂac an?l IySI sg)

I C appe be am no cu S | deoxytal ose as
does PnEd F@rﬁB&r Qupisg, fioRdupat Lon and bogt> é%gﬁgg%f‘i Pnl OF-Ps 13 MARCH
2003 - rEmovallsofhasn&noadugatedaPGcoh‘bshent typeoBRBEYVE bchexosani ne, whi ch
has not gheqiy 1RRY ’yed 1b0:efch9nl-t’keh6w&ala%ﬂ6&er whi ch definitive

identificatipn iIs n e and ddltlonal t heoretica

polwsacdﬁgr %e“"é’ﬁéé’t 'c&%g‘o&*’FQBﬁlaZig F‘é‘ﬁ& €284 n the fol | owi ng

r ef er encaast i glerd dd tyv.an Theeme- novel( ParPsheharagterist$zs, aze7 (1988) ; H. J
Jenni Ngteq 5! aavaft 1 Wt ok sk €okHhDI AGsr of er ences ther el n;

) err Do el l y|oI ~) 758 (1988). In
addl ti onh’c fﬁe&? dgoﬁg&‘éﬁf &yResaRe cphosphat e) acetate)
and pyr uaﬁtkgenﬂegrmhms—l’mm\mfgatcési he Pn-Ps of interest) with some of
t hese bei ng i mmunodom nant features. As such) these conponents may al so be
nmont®or ed (see Exanple 30) Q antltatlon 15 of nonpsaccharldes ~s also a
useful nmdansEpgPegtahecnl L1 on in~a sanple. A
further el enent IBytheaaauggntnetwebghtheveuhgecmomwmﬁchar|des is the

Pl ysacchALERe [ See PY; 8 J1RRKERGascaPat ARALALERY. (AR PP ope 1T TTe 20

Exp wbdchromagogzgxhiglggaps98gyﬂ thehis | evel of antigenicity appears to
ﬁ&dr e%ﬁﬁ%éﬂa»é:&g@%w%qaw ﬁéi‘gﬁtgh P‘f ,Ob¥s a0kollheggasehari de) and the

s descri e hercein ar,e 25, servatlon of this | evel of
poI ysacc R & Fisgori X %re%z"i glgﬁ)%

“Cont am~n~ti on ~~r
C- Pol 3r a;umaesmn.Am Hmihm&ﬂmmwmoﬂnsﬁth@e | evel of 30

~ Pol ysacsgvasiey @J{atgw Pnllliss pralpirdtordd s pvainkd ot al acid
yarotys!i 3s tné fa o My ﬁg' (%he closer this number

20 approaches unxty. the more homogeneous the
polysaccharide preparation. The polydispersity of a
number of Pn-Ps preparations is given herein and a
preferred process for achieving this enhanced
homogeneity is also disclosed.

25 The partition coefficient,
Kq = Ye-Vo ( Vo =« column void volume.
vVi-Vo Vi = total permeation volume.

Ve = elution volume of sample.
Kq = partition coefficient of the
sample),



13 MARCH 2003 r - is preparation) chromatography of the hydr3h$§ﬁ?§% and
conductonetric detection of choline. Alternatively) the non- L

pal ysacchari de may be anal yzed by NVMR for choline. The NWR techni que uses
the ratio of the choline signal to the rhamose nethyl signal (for Pn-Ps
containing a rhammose; a different signal for other Pn-Ps) for cal cul ating
the CG-Ps content. The chronat ographi c nethod uses the ratio of the choline
signal to either the polysacchari de ddntent determ ned by conductonetric
assa~ or to one of the Pn-Fs conmponent peaks to calculate the CPs content.
In either nethod) standards of known concentrations of choline allow direct

cal cul ati ®@f & amede eQE| PAL tdpdilyirhyteebyzed n\PR-B6| PIERAFAL HRN pr epar at i on

O?Ce :he qkﬁf)':&é@s@éeaoweretﬂz@ummsk@ﬂwemruﬁm@gtzfa@ﬁw%’m)9al repeat -
structure o

(1988) ] hdighcbRE %%Hﬁ?%f‘”@%‘sﬂ‘ﬁf‘e\sb&’;\é&@ ‘irgtﬂeels or ati bn i S

knomn..FbIQEBSEﬁarldf amom&iQuG&|oﬁspolysﬁndﬁnﬁidqﬂEﬁnemedingneasurgd

concent ra FOMELHOHE i fh déﬁea{i*hr"?y??@si“ FOBtalBEl 35 Cha | g
¢

y§ cchari de
and q?asurenaaasutetwi dﬂntemveaagenhyﬂr@ cvmbmmeaofh&hnde By

he’ degr eervER ﬁ“f?ﬁéﬁ%‘?%ﬁ%ﬁ?g‘nﬁOnéﬁ‘i#‘{ﬁf Sar PR vl o'

e erm ne Level s of
C- pol ysacchkBei 89‘&?@ &F sredures by physicsd ﬂb%ﬁa?deYaﬁbeéﬂﬁslt der ed
accept abl egodlc e\a{zmexeueber ta;lelnﬁome EybEbO&/clcbrd:m?é) to Chem cal

and ohye < RS fEq hrbiRrror b1 LA, RRtubio VoL g (ST TS e
Iot piggggu?p?g;eﬁgfteageﬁramﬂtMErdneﬂ thedﬁgsBdescrlbed herebp os%? e
Ptl 094~ 1.1471. 350%&78&%@%5‘8%%‘8@0 8 Eﬁg‘ﬁm it B850 1Y
( CL- 2B) 0. 64h BOpuLpoBDeMisoSepdianose CL2Bi geds (Phgrmpaiaidio.
17-0120-01). The column void volume (Vo) is
determined with Blue Dextran 2000 (Pharmacia No.
15  17-0360-01) and the total permeation volume (Vi) from
a sodium chloride salt peak. According to one
method, the Pn-Ps sample is prepared at 2.5 mg/mL in
distilled water and & l-mL injection volume is used.
The ratio V,/V; should be in the range of 0.32-0.37.
20 The Ky for Dextran T500 (Pharmacia No. 17-0320-01)
should be between 0.37-0.49. A preferred HPSEC
system includes a 7.5 x 600 mm TSK G6000 PW column
heated to 50°¢C.

In a highly preferred method, SEC or HPSEC
25 is combined with a differential refractometer, which
monitors relative analyte concentration as a function
of elution volume, and a differential viscometer,
which monitore the specific viscosity of the analyte
as a function of elution volume. A universal
30 calibration curve (log  (intrinsic viscosity times
molecular weight) versus retention volume] is
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Satisfactory In Table Il below chem cal and physical paranefers o?mgeveral
crude pneunococcal 2o Pol ysacchari des and of the correspondi ng hydrol yzed
and fractionated (Hyd+frac) conmpounds of this invention are shown. Nunbers
presented are . approximte wthin experinental error and limts of
detection for the conpl ex pol ysaccharide conpounds 25 bei ng prepared. N N

O r r o Hunber of Hei ght Avg. Nunberl2 -

Avg. Pol ydi s- Repent i ngPn- PsPeakl ntrinsfcMi. H .Ml. Ht.persityunits

per G- PsSubt ~r peKdVi scosi t y( MH) (M\) (MH MN) nol ecul ex4-trade:
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d0. 40 t
€0 53 s

de :0. 50 t
erd+frac :0.60 =

50. 6vallue®hfidr -M x| a8d 18, -, 8£10OM @hﬂclﬂd:héOﬁclSﬁﬁ@-p@mﬂid:y 0.50 =

081 29@*%*@1%@*8216&2%%%%&%%4 .95, A0, petiaeps 1 oc - 05 7
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ORr & t05%05576rd@fﬁ11 @19@0% %3€

dude :0.36 =
herd+frac 0.54 t
h¢ pnzNOOG

13 [“}bﬁégént iﬁve&tﬂbdfﬁiﬂﬂﬂﬁﬂé1@“v1b@d§ﬁﬁ#Cﬁa@gméQSﬂrBdocess severa

stages afe 8 itknCt 'd%u%{aspr eﬁlate. pH 7.2.

Once the average molecular weight of a Pn-Ps
preparation has been determined, the average number
of repeating units per molecule is easily determined

15 by dividing the polymer molecular weight by the

molecular weight of the repeating unit (see Table 1I).

ii. B! !i EE.-E I —S 'lEl E !Q l.l! :

20 It is important, for each crude Pn-Ps
subjected to physical shear or thermal, sonic,

chemical or enzymatic hydrolysis, that an end-point
be established at which antigenic integrity begins to

dissipate. This end-point is conveniently

25 established by correlating viscosity with any of a

number of immunologic tests known in the art.
preferred method, an aliquot of polysaccharide

In a

solution is measured by the Quchterlony double immuno
diffusion assay using pneumococcal subtype-specific
10 antibody. Appearance of a white precipitin band in

the agar after a period of diffusion provides

qualitative evidence that the polysaccharide's

antigenic integrity remains intact. A more

quantitative immunological assay is achieved by rate

nephelometry analysis.



5 a) Isolating crude pneunococcal pol ysaccharide) Pn-Ps; b) MARCH 2003
Partial | y-hydrol yzi ng or nmechani call y-shearing the crude Pn-Bs; ccf'
Fractionating the partially-hydrolyzed 10 - preuraococcal polysaccharide
according to size and purity to generate the Pn-Ps product of this
invention. a) 15 ~~reutococcus pneurmnl ae bacteria are cultured and the
crude pneunpcoccal pol ysaccharide t+slBecovered according to known nethods

[ Exanple 3) and Wllians) C. A) and Chase) M ~W ,) Methods in |nmunol ogy
and | nmunochem str ol . Acad ress 1967 . The pathogen is
avai l able fromt he%)“%&ﬁ%}‘é‘“e Eiéfe GRS B'%Lﬁi 9223 pneunococcal
Eol ysagchamﬁk@;ﬁe dsecthe uE&Ethlﬂlvz;\Xofzaigﬂmm@tJMededupdhgsacchari des may
e used asg the .starting ia K okt he egans gray
be grown S é“rﬂ'"t% ‘#(;I?Hg%gﬁ 3&qlbsdyte#‘gfg?§ﬂ gn Q I‘B-r%?e‘%3 4})‘ t he crude

pol ysaccharelde whewha abeau 06l lld\&htg ias Imageeéchheoualht &he of the bacteria

in approprdgie, NUELi €R p coccal
growt h. dS ac'tjieél mg ?,Egsuc as p enp éor tgFggﬁg %’qret ed to kill the
or gagi sns ‘DEM'EN‘?J‘OPWQ epptionot AFCQIQGI“rfsrédll onation of the

pol ysa;:chﬁémlm%]éxlx tzh@ﬁdd@odreftﬁtémfmc &ﬂtlb@{l §t 18D dé”adtm?td%tﬁt Isltalge a | ow
percent o cohol ,i.s a 0 reparat i 0 pr ate, cel lul ar
debris andlbfhEPeGARAG: %I &E%g Et-ﬁ-"d %@ B’(ﬁysi%‘gﬂi‘ﬁﬁe ﬁﬁ/m le the
crude 5 Pnfé’smaeiannsaﬁ mmdgﬁAbncoxApieh:saqudeem&hnt ampoh fhee

wat er - m scg%geﬁlctéolb(y )%%&o&geﬂbﬁgkha w‘gﬁépr e-determ ned on

pil ot scal preci pitat capsular po ysacc whi | e | eavi ng
addi tjgnal pirnpomtmcms i rthmedsap@enatfam;nnmaérmm@tz;@ara@a alo

Resuspensi @n@leante dabdst | 92 a‘iﬁ%‘%‘%s’%ﬁd vti‘i‘blbmstlfrxrg't %ﬁggﬁtbbf goval of

contam nating proteins, and nuc ei ¢ _aci Such as nucl ease
or proteol WH di%lagé%%*%abr QHP\JLQntlaéﬁqlécﬂmwtqh@fcﬁﬂdéeﬁéﬂfsa’ééhar| de is

recgveL edpmes’aﬂ | 1%:5 B’%Qﬁgp!fb?hiém anﬂudéylllsg i@ iheaind ngovgler of the
crude n- Ps e r o
mechani cal IG% nbez'ei'lez)gr %ealgﬂ I%éaz‘i)“fiﬁﬂe ﬁ §i g%ﬁé’é:hérq%'ieﬁr epar ed

essentl|5al | writsh dmcreheédabome[xaﬁmtadms Esfnfge 3 wmﬂa)rmasubgep used in
an unconju Wyl cogc rgeted for use,
" adul s o0 EenbBRESHS, (YOS oL PHIBIREI Rar RIS ETAE 1 0L

fol | ow yi el concentoptipar ficx |ay Md(@tydealvp&mzfeded’@h Ps product having
uni gue and gekpagdeddiluinin AhpIUE| Sale REARVAA FHdioendgRl e 1) usel

inthe p rati on of _conjugate Vvacci nes. |zere uction of the_crude Pn-Ps
is cri t| cal SPSCFSécs@éR:éls‘sd%'f the s58Beq somd i%iqng d&ﬁ‘i’@ntgt dgyed®rch vield
a hi gh,‘w puthei-¢d aidaisd EwENvet . | n addition) when used to

A comparison of the concentration calculated
immunologically by rate nephelometry with the
concentration obtained chemically or physically (by
colorimetry, refractive index or by total hydrolysis

25 and quantitation of monosaccharides — see below)
gives an index of antigenicity for the Ps samples.
Dry weight analysis of polysaccharides is only
appropriate if the volatile content of the povwder
preparation is known. Polysaccharides are

10 notoriously hygroscopic and may contain anywhere from
5 to 30% by weight of volatiles. As such, dry weight



r - 23 13 MARCH 2003 _.prepare conjugates) the conjugatio
ef f,i ci entwhen the new Pn-Ps of this invention is used. Thisi @%@gg&é@
aqueous sol utions of the crudepol ysaccharide nmaterial are highly viscous
and poorlysol uble. Conjugates thereof are |argely-insoluble5and difficult
to process, and the conjugation processitself is difficult to perform
Tesulting in | ow yieldof conj ugate. 1&n-addi ti on) renoval of

unconj ugatedPn-Ps fromthe final conjugate is facilitated whenthe
pre-conjugation Pn-Ps is of a reduced size andviscosity and inproved

sol ubi | imgasThes iisx @asidgmof |bhemsehveisatartemqtr epanticulatiye Pn-Ps

i nconj ug@&gigéggar atdxfb”éné'@llf@& htsggl fdﬁ‘détéﬂn?ﬁih t et he~actual dose of

_.conj ugate bei nig m ni stere onj ugat ed Pn-Ps t hat
" has thelBQﬂ-yﬁlﬂﬁcém de cepncentratdan yvie#heewswebéﬁcéc@mm ugat ed

Pn- E’S)rea%e T@]?bﬂiﬁéﬂﬁi&ﬂs@hWWﬂg'@%é'ussh qlwantb Pn- P_Sf_Thg d][y)
crude) c ari above al so be purified, for
exanpl e G}é‘g %‘?F‘L ﬁgﬁgé E%f%@ ‘}tb? oPfie %‘r?romat ogr aphi c

pr Oﬁegur @)olma&nch?rbdeagfelimew& hydi’otyexa)np:lsz .srmmnb 4P JO:‘Ixatrrﬁl e 4 for
Pnl S r a o] e usedei t her

posi ti veIP}ﬁﬁnlgggt?ggla& IP%H ﬁg(f pos fn&&' %ritlﬂatyePn Ps is adsorbed to

t he resi rﬂﬁ@aﬁdhgtﬁﬂubb’t itde mﬁWhtP@ﬂtWﬁclﬁsﬁrﬂg vefs s elvayapdi or t oPn- Ps
desorpti %eéf‘lége[gﬁ%%i_dl‘_"%g |t|5<9§a.r@3ad§pg@@51] out of the Pn-Ps
solution and di scarded)l eavin [ qutlon inapurified

state. 30FR T%ﬁm F@I"y)" 1§ lb'epﬁrréBfil '&ﬁ JHYoP@rtial thernal

hydral ySIqﬂaﬁeith@ua by EteeThéxdshmine ,cdnﬂe”tx%%ruﬁﬁ@v- md4 Pn6B-Ps) or
ot her knowg rolqyééct a€ % @uch as . chemfflc € égatlg, or physical (i.e

a high pr% §8r b ’otra o) YhV&P&%l c) AR 5 en i nt of

hydr ol ysi ?heuorlv-eSuHutyc neasdr agsay ddubobem et sadsi,t Anad .hi gh- performance

si ze excl ﬁ?@% 5%.“1 gplzx_)asles) tféﬂg%géﬁgfeg %g qﬁ__qtgi cchari de

on a pilo ant| geni ar’i
not . abr og@ldd ofasthese uEBeBSama@Wﬁa&S aBﬁlrtt pit dﬂmmcess

anti ; gneuwmq@ a«pfngpgemu;gﬁalppéyawetohsm'&t{.ﬁs Snd¢}Hq 40x of the

bi ndt g exhi d. for an concentratl on of the crude Pn- starting

e
mat eri al |e§“ll3|cﬂ%%|e%§dt9aﬁ & Feipiractive Andess SignabI3eia s
acconpl i sheshdyre bFanad ﬁternr@és;rsabaeatammm@&umﬁ gredium 15

Preferably 0 or from abou abot 48 hou

Al ternati v%‘?%gaotrh #&g#ﬂ‘bwﬁenﬁﬁyf’egmﬁ ’rﬂe‘?‘lt? ofnEep Ei *seconds to
5 m nut es)'rheughpthleed;o]m:timmer1odassfayc<1cd iuwged aforemgnitoedngs necessary
to reach tpg qﬂgé)o e rolysis
meth@® i s prefg g%e tﬁ'ﬁfa f8fllt§ggl %%I S oré%koylggcgﬁ Pge ¥I%aw ng

conpl ex stﬂﬁé#ﬁﬂéé%aé'éeolbeﬁbﬁl) co H&atdm dbﬁ?%@ésmath@ Il-mn nthe art to

ef f ect parheeholwcir@hy@e& &ir A gy%w yéiféaﬁrEhak%et%&aua@l&J& For
exanpl e) 25 I| hem Cgﬁrgéed SIS Wt yt| C enzyne

h a nd
treatment) © 53ne eRAEAS1on f’)’ EP% MHverfak cell may
al so be usmnﬂb:raaﬂi.m anelyed sPrar® Honi dSlail:ﬁQ.aﬂi@rﬁdHQﬂ%red enbodi ment )

R i It T I T

bet ween ab®n anvbgepscigfyd index value of 1.0. An index of
relative antigenicity is calculated for experimental
samples, and a value of 0.4-1.1, and preferably
0.7-1.1 1is considered satisfactory. It is possible

30 to get an antigenicity index of greater than 1.0 i€

the polysaccharide is significantly purified during
the hydrolysis and fractionation step. It is also



13 MARCH 2003 - 25 15,000 PSI) predetermned to yield a Pn-Ps product
having desirabl e characteristics of sirze) polydispersity) aftMiig8hicity
(See Exanple 18). A target endpoint of hydrolysis) conveniently neasured by
solution viscosity or high-performance size exclusion chromatography) is
predeterm ned for each. polysaccharide on a pilot scale such that
‘antigenicity of the polysaccharide is nut abrogated. As discussed above) a
nom nal ability to bind anti-pneunnﬁf%cal type specific antibody that 10 is
no | ess than 40'i of the binding €x iTed for an equal concentration of
the crude Pn-Ps starting material is considered satisfactory in that it

the structhperRARRITY, BOATIRIE PESLTRERC SeBuETIT (liiife oof U opes of 't he
pol ysaccheoulld. iticirease ridte tantigenhaltpnindext ofulst antially | oner M)

WY o nugpepaql iERPYY) ehepbagifE! ¢ A9UAiN RRe dhy coul d not be

gener at ed § this pro toreact. above the 40~
cut of f 2oPedvsGchiaside melecules apghdhnserdecneasing netepici munogenic

in ani el § ntRYT BNCEd+68nd TEHE antifpid Ofepopdsencenekeappr eci abl e
ability to bind d & mgltate t pe-é}pemfl cC ~. ot -&-Ps anti body) | ow
nol esul ar 2R& é’rﬁri%?f iﬁ~aa80|’lj“ﬁéép 85 :fttée%yp‘%’é drel¥gsdsed by the
mamral i an firauticonsyteénaaddderdvat)i Zed s famplant i - faaplesoccal

response Wit et?gggreléggﬁi% %@ﬁéegff%ieéi‘&stgfmﬁanhi-g ni.c" shoul d be

repl aced byt erm nogeni c operative ¢rit *n for
accept ancaejecpdct fog.of axedmadi wonjugabeds epAntdi-Bn-Pien practice)

however, i&ne'ﬁbaagt geep&%iﬁ%é Qi dvZ£1ADe~Pntit! BQ A dI]MH Ci LY
paraneter rather than the ;in-vivo I nmunogenicity paraneter as a process
contnel . inzchareptesdszing@neynecoreal ) pohysagehagiides eduction

gr ggegure ssuraep! b@atahﬁit-frmt amf.i/sa?QESr iiﬁ?%ud'éo\&ﬁi@l _rﬁem;j eta,s t;]e
n68-Ps refains it antigeni upQn,.ext ende si ze reduction
Pn23F- Ps anBfGRREM 'c‘orélll'%é"%&?ygacch&ti g‘é@ W%e&%‘t‘%ct ur al

int elgri ty Inetd¢aitenf glhwﬂtbhesphatypemmfﬁﬂE)aﬁﬁumLBg the nore
gentle siz N i ol ns.

Physi cal - s ggfiﬁ%@ér&gxa Itgé(fﬁl:gpg%\ﬁﬁi %oﬁq%‘gig‘n@‘{eérﬁﬁé %é%?gggpéed met hod
for spyerator eddnds thnewn in the mstha¢ing gmmreéreiablygcal e-up. Second,
t he soni c- t = rphypks RS y I.r g¢aq fol | ow up
fractionat F?%qé‘iﬁﬂdgéggl géeﬁbPﬁ-%E??%g%achl eﬁ%o*éﬁggge% %fle's' in the
range . bet vk . » 5469h 1@ﬂ9§i‘ce§n%9¥%%1_r et Pod)Li5 however) _
gener al | %/hmngﬁ&:g’n; Ps_;.ipr sts_acf(lltsfs\e)r;g _Iljtbd&%é’ﬁ'. SR?[&hHYHhhifadfa%J ! Sin this
range w urther, frgctonatian. s . majeria y) however e

fracti onat g‘g‘ t‘i)‘ aa&‘-@t—e—iﬂﬁw 'puﬁggy)lg'ﬁd decreases ~in
pol-ydigper s(X97Gp¢ CsSEhn2erson arfl natt aml . ThPrdy .t AG Jeiresi cf3 shear net hod
may have t i f, gr repragduci ki a al eajy | i or any
gi ven Pn- PQPIEAS{ é%yrrgg?éds‘v?n%ﬁﬁ{%'e?onh?&bf %@'ﬂ%ﬁ%‘s‘i's T 'anfsfléourth) t he

physi cal sh€d®78Rdhod appears to_provi de~some 25 advantage in the

production of Pn-Ps prqgdygt i aj %\{ i or a given
size than Pp--Ps of, the samh%zg%ﬁgﬁgg B? sq!r(;ntracﬁ{ogrdt er%‘%ﬂiﬁédr ol ysi s.

Vi scosity) HWREERTALY: disatdhe (B2 LR anpg. p& thernaieck ckegheplis a
convenjent compoedadoraangier PhopsDpirepalratiibn s @6i | ¢xdmpieyed during

gxgrngzziaﬁﬂ9g_.f%t%&gdif %éggttG%1Qe%&ee of size reduction. Chenically
(o-Gal(1-3)-a-Glu(l-3)-a-L-Rhap(l-4)-D-Ribitol-5-
(P04(2)] so that the mole ratio of the carbohydrate
components ribitol:rhamnose:galactose:glucose is
30 approximately 1:1:1:1. This ratio may be determined,

for example, upon hydrolysis of the polysaccharide




27 510 15 20 25 30 indistinguishable |ots of Pn68-Ps and Pn23F-Ps have
- been prepared sinply by size reducing the polysaccharide to alTREHA0eht )
target endpoint viscosity (see Table |I above). Such use of in-process
vi scosity neasurenents is applicable to a wi de range of crude
pol ysaccharides) allowing f or their hydrolytic size reduction w thout
alteration of the resulting Pn-Ps's antigenic chara~terxstics. As descri bed

above) retention of antigenicity-ik6easily established) for e$anple, by an
Qucht erl ony doubl e-i nmunodi ffusi on assay) rate nephel onetry or ot her

met hods known in the art. Target end-point viscosities for 1 ng/nL
sol uti owbthf 36&y bysirofdvar ig cpatdt forsabpul. @ hodgd &% chl ori de (saline)

are proysdegeich stAllgudd bRV r SETibabadities diid dtderabsubs subtypes
are applicabl e:

ckﬂ)fhé;-l , T ut#on , =~cosit3r for Crude,  and ~rdrolyzed
Pn- Ps Ph6PROYRS: e CosiRd BiEk,PEIE OEMANS G AT QR EFFRBREG] ss0si t v
(EGBBLSEe&gﬁéfgiﬁﬁﬁmy0#?6& paiskdl athperome thiiRntdeaticsdt #én3

-1. nQV-Ps. 1. 41,

1.3 -1:00Pnl 4-Ps1.21. 1- .0. 9SPnl BC- Ps2. 01, 5-
1. 00Pn| E0USS PEAKS, GERReRonEipg ?E’}_’.‘é’-’“f!%;fy 1%‘1‘1\%@(%}803 - 28 In the
cagedgfa;mnnﬂpnemﬁ?tbecg&rbohyﬂa@&haham@gnémtﬁsimdthnSagmous to include an
~. T addi i cep, 1S io ep prior to or
after p%ﬁﬁ%ﬁqéﬁﬁﬁo?gg%é?HF%E?%g:ﬁi&fﬁ}fﬁ¥ﬂ4?ﬁgégﬁﬁ?§i% eppig acconpl i shed
by a battdiearetieapt raking wWhacarbapsirate; aoBpoRANSSK @Le@mpurities prior
to partigdifeaifedydoe! B11S th PR Y PRCPST £EMpBAnaE dUltlas i s recovered

as the supernatant fraction.,in r ness £or h grol sis: It should be
obvi ous RVERELans K MAREAT, PR 74k (VaE ABScPEPPRCLam X R os w I 1 be
apply cabtiget ehebirer icall neallywsd Vseingadudeprimactilys tn7F-Ps. ' Ml ecul ar
werght Vfiﬂf%a@?%n@”@%*%ﬁe art of the method.

total hydrolysis:

Pn23F-Ps has a ratio of about

glycerol:rhamnose:galactose:glucose = 1:2:1:1;
15 Pnl4-Ps has a ratio of about

N-acetyl-glucosamine:galactose:glucose = 1:2:1;

Pnl9F-Ps has a ratio of about

rhamnose :mannosamine:glucose = 1:1:1;

Pnl8C-Ps has a ratio of about

Thus, upon

20 glucose:galactose:rhamnose:glycerol:acetate =
3:1:1:1:1;
Pn9V-Ps has ratio of about
glucose:igalactose:N-acetyl-mannosamine:glucuronic
acid:galacturonic acid:acetate = 2:1:1:1:1:1.7; and

25 Pn4-Ps has a ratio of about
N-acetyl-mannosamine:N-acetyl-fucosamine:galactosamine
:galactose:pyruvate = 1:1:1:1:1. In addition, Pn4-Ps
has recently been found t6 contain an additional
component, identified by HPLC analysis. which appears

30 to be 2-aminopneumosamine
(2-amino-2,6-dideoxytalose), as does Pn5-Ps (Barker
et al., Carbohydrate Reg., 224-233 (1966)). Pnl9F-Ps



preparations are about 900 kilodaltons (1~) before) and abou&h&Qg KR fter
si ze reduction and 15 fractionation. For Pn23F-Ps) 'the respective val ues
are about 1000 KD or nore before) and about 400-500 Im after. Thus)
reduction of Pn-Ps size to about 500 plus-mnnus about 300 kilodaltons is an
appropriate target fo.r this phase of the process for each Pn-Ps 20
subtype. Reprecipitation of the partially hydrolyzed material with
predet erm ned concentrations of atcbhot allows recovery and further
purification of the partially-hydrolyzed Pn-Ps) as described in 25
subsection (c below c), Fractionating the partially-hydrolyzed Pn-Ps The
polydlspéi§Pt§ it ipeplr a0MpRNERt30 BEPPFBLKafi on not only of the

Var'anceh@&dﬂdﬂﬂﬁéffﬂﬁiéﬁlﬁaEnnB% pledn de@ibadi ini &hal S0 an indication
that grouyp- speC|f|c C ccC as ,ot her..cont,anm nants) nmay
remain i Hr 8‘% %\/)K &?ef%@%%%aig?%ﬁf TLd above,
resi dual i mtliyslaq@mdidg comhemmatnd)rad¢1ﬁb0naieftMeoa:rutirm even be

cver age. PRI FLAC HRRRAE FURMETRLoRE B8 Seeinhd A o7 TP

conFenl erithe %@bbﬂwihsheefwe@dﬁ&a{ ehik & . aveph®am wiciales, et hanol and
pre erabl EEF (u@@) 2@#1%1@33y afit ey Sizhd t| The basi s of

this sel ec ron 1's t f or I ven fn- preparation, the alcohol
e

sol ubi | i t42EBoh¥de  Shem 1(5‘-LP PBchsze’L%‘H‘g‘?%) Whl chinturnis
proporti ogRérédniolecd.aRiHGds a’ﬁasm t periyoc Bibchéas Qaem.applied

successf to uan |so ate Qnsistently, sized popul ati ons of
nol ecul es n| 1T‘7|5£ et]tﬁq ﬂgﬁs‘d@rﬂ:e'i '}/% over the starting size
redgﬁ?d Poa?bohrhmaﬁﬁxnnmpmmmmtsL hhetBAdn&uyh@mphab?,is prov;ﬁedhbyh
performn ot o] r ich the
Pn- Ps pregF%é; g’tee's aqﬁ%}hﬁg lc:ié ggggg[r%&qéeihe?%ggegésaxsél y‘%rrpl oyed to 20
moni t or t Ra-Psacfi cinkénesto Ghtbr@qmﬁmQﬁtth¢&@ beimrg recovery. Through
this inpr C-apol ch ecific

mpr q ﬁayﬂaaoﬁiﬁﬁﬁe1fe5taeeey A0 A CNEhEER) ¢ bmgdﬁggg§p

pol ysaccha onmpn to n ferent neunDco cal I s reduced

by from af$t &L§Q be EﬁnFSPEeévérseceh@’F Blefég d i IQW

prepgﬁatlw mdﬁbﬁddchaemhehhesmlewl@ruﬁezalpmlehdisswﬁl ty of the Pn- Ps
preparation is

£ FERERRE, ok, B o oke PRkERR SR ¢
al t er nat i VE'3hpt bAtANEL PRE PR Iﬁ%‘&??‘ﬁ 5& &l‘?nofr{r?ess‘i“&% 'Feduced Pn- Ps
is chronatography oA fhethpre@mleménte irdthed abtigenidBtWwrGEHRA03

subject polysaccharides is the maintainance of what
has been called a ''conformational epitope' in the

20 polysaccharide [See for example Wessels, M.R. and
Kasper, D.L., J. Exp, Med,, 169, 2121-2131 (1989)].
This level of antigenicity appears to be expressed
only in high molecular weight forms of the
saccharide, and the methods described herein are

25 directed at preservation of this level of
polysaccharide immunogenicity also.

iii. Minimal Contamipnation by C-Polysaccharide:
Another critical parameter is the level of
30 C-polysaccharide contamination. This value may be
shown by total acid hydrolysis of a polysaccharide



- 30 through an appropriate size-exclusion resin) for exanp{%gng a)resrn

or any other resin capable of including and fractionating poly accharlde in

t he 200- 1000 kil odal t on mol ecul ar wei ght range. HPSEC using a rigid

size-exclusion matrix is convenient in 5 this respect to reduce del ay and

i ncrease resolution. Selection of fractions eluting fromthe colum with a

predeterm ned viscosity or retentiQn time or by on-line detection yields a

popul ati on of Pn-Fs nol ecul es wi Th € desirable characteristics of 10

size) viscosity) and purity disclosed above. Preparations of Pn-Ps taken

t hrough the ad |t|onal | PA O onation behave

nore cofdiSRNf %Ur?hﬁgPﬁgogﬁ Q%ﬂéf E?gnﬁgang%?a (é#efore produce

15 com|qpn¢n£homhtréprddugnmnynﬁaﬁach@ Bei.Ccs Srgnlfrcant concom t ant

i ncreas ri ar, I d | evel s of
e&lé&f&tﬁ@eﬁﬂ Ttl’x n%r? Wd?@}?h@? ?dl&s%éﬁaﬁéliseéélcgﬁ'g

CPs are (great resuy he above

nani pul ahﬁ!oﬁ%a EeﬁebguP@WErﬁ%‘) chelineed Ther AR techrique, the Pn- Ps

l ntg c {reab];et; eghar ¢atios Wﬁéeéhbmﬁ%bIﬁgHalahﬁb’ethJ hehaaiekePn- Ps
products o

IS |nv e used i.n.a nunber of ways. In one
preferr eﬁeﬂ}ygpﬁlir c#rﬁ @Fﬁs P§°Pg"aé&ﬁ%aﬁ eﬁ‘%%“ﬁs?ﬂ c8 | dependent
carrier. dDf€ eltiegid wirgrﬁlerfefl othead mi—mxmlshloglah&agcwmwgatl on is
Ser al - NBEr COILeD, (TREacBRSpel st s BHow hbes FIEEE) | “on Cee
Exanpl es t3tiB) of dthe chelimpomizmgd -taieitherrthRerein. In a preferred
embodi e 13}thcaeat§@§t 809’(:%%‘33 ﬂﬂfﬂé@eﬂ ORbAdRcTuLE fydr oxi de gel .

I shed
En

This is or exa preparali on of a conj ugat e st ock

sol ypi on aé"cﬁﬁhafP‘énf-OtBnS QSnG@rﬂ 6?“‘29“3“&/ Pealys BRPs. . Portions 5
may be didat@gidtd) theSC-pad cbtilt.%nﬁ\/lthIﬁt eitheaietthodprti ons of each of

th i ncl ) ti t diluted 1:1
With an W CARGRRRRy OF oRRoR T AR EnEEat A0REn gt BB L) °thtar)e 1.7 ~ NaCL

(W v) aﬂdditﬁéctt ghﬂ:buﬂ.laiﬂimmsaﬂ .tffh_eliaﬁreiolorft ichroJpiheé speefentednt o abo]tht o
7.5 t i S W oncentration o ,
5) ZSM and&%gligg%f% tsléfségc#%%:gkgg% 8%3: eacﬁ B t hese formul ati ons

ar e @appr opongestirat iy irg knowhonusd ng ﬁﬂzﬁ e!:hecagetandlvreegnatr ange 15

reci pl ent §¢r &G _e?yafﬁégﬁ)u{sor gy aRedescCiiraed) been found
to raise signifl cantﬁzsgu t&Be iBecr fi'c) an |-pneurmcoqca po sacchari de

i mune re 88Xk athesReGent5ALAHEO5S ) Pn

19F- Ps- OMR@ &Pl addfar i ded p2epAvati ol - OVPknowhg Pn- Ps- C]VPC conj ugat e

vacci ne h |n a n) been fou be.Tsce depe dent in athymc
ni ce. O PG %F%&P £PDGent r‘ﬂ’r%’&? oQfrE h&t HdA%Racchari des
havi Qg prmpmﬂueedaacdei:dma@ o rmﬁlodsahdonnoaesslﬂm fart makFog t he Ps

havi ng thoéf f@e”i:b@?% V@cﬂi?iﬂkaggﬂl 'eaactl:'n% olF &g géepar ation of

conj ugates other th Frstn

fracti onateetpm&nsdobvartqstayslacdnawaas thédte mﬂ,macebac&ded t hen be

used 30 tOaﬁaemeatsu@e&wwaeﬁédcehc%%aﬂ%&%ﬁn&ngEeiméms For
exanple) t roup Bét({g pt ococcl ) ﬁause neonat al ningitis ,~

Ne~~~ri a t%‘@ﬁgﬁﬁi"’ﬁbd’i a BYseoBparimg,the Grels ngepeentgation.q | an
25 to total polysaccharide concentration, the degree of

C-polysaccharide contamination (w/w) is determined.
Levels of C-polysaccharide below 3% (w/w) of total
polysaccharide are considered acceptable, but even
more preferrable are levels below 1%.

30 . Chemical and physical properties of two lots
of Pn6B-Ps and two lots of Pn23F-Ps are summarized in
Table I below. These data show the reproducibility

of lot to lot parametefs resulting from the novel
process described herein:




13 MARCH 2003 - 32 inportant cause of urinary tract) nenin ew§§daqg ot her
- oppertunistic infections, could be used as pol ysaccharide s nother
use for these novel Pn-Ps conpounds is the preparation of conp03|t|ons
conprising one or nore of the partially hydrol yzed) fractionated Pn-Ps
conpounds in an unconjugated state. Thus) because of the inproved purity of
t hese conpounds) a conposition superig& to 23-val ent or 14-val ent vaccines
coul d be prepared (see Physicians Desk’Ref erence) 1990 |0 edition) p.
1431). Such a conposition should contain about 50 p,g/nL of each novel
Pn-Ps compound and shoul d be adninbg#ﬁgggLintranuscularly or

subcut aneously. A total dose of ab =~ g) or about O 5 nL) of any given
Pn-Ps subt yohashodled is 5 of {Hyd po 3 e 2 el

conpositions nay conprlse) in addltlon to an |nert carrier such as sodi um
chloride plus_a preservatjve) addi tion nti bacterial) for_exanple
PedvaxH BoPnaRs RireRdrigiony anti -i uenza en) o

i ~unonodul atory) for exanple adjuvant) conpounds. 'These polysaccharides
and the coyal ent .conj t t heref,romal so wd |l pro npor
corrpoaentsﬁﬁ%%aﬁ&@nﬁsaccinggﬁor mul 3[ ]\c,)vfjs Suc¥r ggﬂ‘bl nat i 0 ? may) for
exanpl e) i Kd (EPSEGYNOI ogi cP. 0l.H2effecti@e625 noun0s48f adj uGak9 such as
Freunds or 'b' nmunonodul y co s) suc the i euki ns)
|nterferon§&% %e ?%?5exanple cgﬁ%g%nds FPQ?QQ in: ~pk§? Lette?fﬁib 30)
1987, p. 208icwosgeeharddenei nedring News)SJan. 1988F Vol . 8) |§23)) or 30
addltlonm A#E%Eﬁﬂggiqgwla.preferred enbodi ment) a conposition conprising
i mrunol ogi cal ~ ecllive 13 MARCH 2003 - 33 amunts of the Pn-Ps of
this unwentrd%“é@tPﬁépﬂaed Wit one or noPe of the Wacci ne~; aghi nst

hepatitis B, Nephellbs® A non= Q;non B hepstitis) Al [§S) di pt herg a)

pertussis, tan s# sel s, r ubel i nacti ted polio) varicella
or Haeno~ hl#ﬁ i Pﬁﬁﬁgﬁfé Preferred addltronal vacci nes)* sel ect ed
fromthose dust_nentioned) ar e selected from anong PevaxH 80, Reconbi vax

HBm M M Ro) and a trivalent DTP vaccine. These and all other uses of the
novel Pn-Ps -1Q product ~f this invention are to be considered within the
scope p§ thSs daddafagtorThe fol | owi ng exanpl es are provided to further
the disclosure and should not be construed as being limting on the
invention. IS EXAMPLE T Culturing Streptococcus pneunoni ae subtypes and
~Csol ation of Crude Pn-Ps: |. Culturing Pneunococci:

In Table II below, chemical and physical
parameters of several crude pneumococcal
20 Dolysaccharides and of the corresponding hydrolyzed
and fractionated (Hyd+frac) compounds of this
invention are shown. Numbers presented are
approximate within experimental error and limits of
detection for the complex polysaccharide compounds
25 being prepared.




20 Met hods of cul turing pneunococci are well known in the art Chase) M W
., ~-2ethods of Inmmunol ogy and | nmunochemistry ~) 52 (1967)]. Rall 82030 f
pneunococcal subtypes are available fromthe ATCC. The bacterl a are
identified as encapsul ated, 2s non-no~iie) tampositive, |ancet-shaped

di pl ococci that are al pha- herml ytic on bl ood-agar. Subtypes are
differentiated on the basis of Quelling reaction using specific antisera.
Mabt er and stocY. seed cul tures ax%? pteferably maintained | yophilized or 30
below 8C. In a preferred culture nethod) stock cultures are restored with
Heart Infusion Broth) plated onto Heart |nfusion Agar) containing 10 1.
defibrinated rabbit blood) and incubated at 37C t 2C for approxinately 18
hour s. 8 MARCh 20(3 = 84 oThe grfewt hmen therpl ate i & mesuspended in
Heart | nf@&ion Brptth land &n at ivquot *of the reésuspéntded y¥owt h is used to

i nocul ateg00 m of art Infusion Broth containing 10x defibrinated rabbit
bl ood) Wii&h is i ncubpted as a stationary culture for approxi mately 18
hours at ¥C t°.§'ci.'_'Th e nMesg IJ,%Jif‘g@ cw bur@ gvorg(gwg seed) is
checked fofl pér g ity Pyl ni@LoscBF ¢ @&ni Hati o 8f & & ark & ai ned snear and
growt h on dlears gl‘gfé,ls o Bl ool Agaft Pl attes. Th& worKi ng™seed may be stored
at 2-8C 1for up to 14 days or used imediately. Two-liter Erlenneyer f
tasks or oBher suitable ygssel,QQ cgniai pi g9 Rpgumygeccus J nocul um Medi um
(YUF)) conigai ni dg»dexirose: (28 gm Nifer py)~ar @i EnoGél-at ed ~M t h. wor ki ng seed
Hed stga’él nfrysfor 15taPPreoxi ratel yt 8- 24t hours &t 3~C 't 2C. The

and i ncubag
i ncubat i on«peri @devexi estfd sPeBi f B d&LBndihE orf:tthe FyPe of

St rept ococgus pneunoni ae being grown. The pH of the fernentation is

mai nt ai n ,Rarget pH range of 6.0 to 7.2 by the periodic 20

addi® on off 12 ls» sodi ¢m ar &Sbat &%Bol g{'Eon Bt i 188 oBtkcal density of
1.5 to 4.0 s reaghed. Qp ca,. ens.l.l’igy |§(§m re‘a‘,glt manoneters. A
sanpl e of e gri)\ﬁtﬁz nhgaoseon] calhy apela @egol ogi cal

aggl uti nat igpn r e Tor i 8 erf'z)r;rred;tz) 2% % hefle puli ky. XTRe growth from
this sta S transferreﬂ’lnto a seea’ferrrentor cogtal ni | ng 40 liters of
Pneunoco $ Fernenter um& onp dis | e vvat a dry charge of
the conpo&eats f®r Pn uﬁéaccu%@seed Sred?‘u é}%‘F) ,ﬂ"keas;q ._Extract 30
Htre$iltrade) UDGN, ahdaedéxt mose @appr Ggl ¥ 28 gnikiger). The culture

at 87CA PCx'El3 PRRCHK0 3"-o 35 “AM t x'Bi | g'dgi tation for

-

y 2- g@hou S.¢ Fhe ,pl-.‘kls Qﬁ)ntr.o#l ed;&io @& tqi & 2 by the
periodic adgition of sodi um_ hydroxi de solution. A fernenter containing 525
liters of Hgeunpcogcus| Fakmentere Mediain wcanpesed af di skidled water) a dry
charge of St he cogRron bnt's < or =PMeuffoé oc Eus Pr-o&uct"r MBd% um YUF)) Yeast
Extract U tfafiltrat$) U®§ aﬁdodegjéosé\'gappj‘ oxi qﬁtel ys2k gniliter)) is
i noc@Pated ¥ th apgroxi mebetry 30-1i ters 8f conél & o 1% ursseed culture. The
culture is ncubatec1>at 37Ct 2c wifh 1071 d“Agi talion For 6-30 hours
i V\,hlchtyp dBei gr e phhivs cBrarobled at 6.0 to 7.2
addi ti ons f %o,gl u%gﬁydggl de, gol LEIch oﬁ]e ﬁea_;ment ation is
fol | oned by Dpt i calg gerjsi ty«detsemni nasi onk «andutdie Mernert stion is
terminated B Wen®the deft8os& 8s igpl A&y @8 | i e a¥ Hindi cated . by no
further chagges in pH. The 'pat I‘R)genlcc%r gam s aar eck?| | edei medi at el y
afterz$erneqjation is tler M nat ed, Thig is a‘pconple sheg by" a§dd| tion of

phenol to a o | ok s% ¢ of #3 33 13
5| 8% EL E® BT ER EER EE
ﬂ.z E?\ l.)-l: v o Vv ?‘T Y' ?"f
$3 1 17 2d zz 33 88 &5 {5y



20 concentration of about 1~ and the kill allowed to . progeperdrO2002- 12
hours at anbient tenperature. rl) Isolating Crude Pn-Ps: Denatured al cohol
is added to the killed 25 culture in a sufficient quantity to precipitate
cell debris and nucleic acids) which is renoved by centrifugation. The
crude pol ysaccharide is then precipitated fromthe supernatant fluid by
addition of nore denatured ethanol. The solids axe collected 30 by
centrifugation and the supernatant-fRdi & di scar ded. 13 MARCH 2003 - 36
Nucl eic acid contam nation is reduced by solubilization of the

pol ysaccharide in a neutral solutlon such as 1-57., sodj um~acet at e)
or 0. 05M PhosPHASELSS e dt 2PaHRCeELe4 0.01 M
nagne5|unlcmtyngyingﬁﬁgigﬁgout 60 120 nlnutes at’about 36 C the pHis
adjusted to about 8.0 and a protease such as trypsin) is added to di gest

pr ot ei naceous contam nants. Additional inpurities may be elim nated by
repreciptitation of Inhéipolpsdmghatiide procesis ynse@eradetsdtaged t h denat ur ed
al cohol or resolubilization in distilled water.
Addltlon(ﬁ %qg@fﬁgﬁnybrEkgﬁgggﬁyabout 8C precipitates inpurities which
are gennvéﬁ)byléeh@tiﬂﬁgsﬁuﬁ¢ PRRIN9CPCef lspalysessdanidaend an 15 al i quot
of denatured apgapgl. or isopropanol allows renpval of additional

inmpurities e l,y de is, recovered additio re al cohol and
centrifuga @PonPaggéa§1&Aﬁ¥4%ﬁ¥V¥%“&agﬁeﬂeﬁPPﬁ é&%ﬁﬁ Bl ~until a

whi te powder |thebtaumsjpﬁupghe pol ysaccharide is collected by filtration)
washed wi th.absQl ute et o d acet on and driged under vacuumto yield
the crude Bp- pEIRctd fLBﬁﬁ&%aigﬁﬁh¥ 'Qéi?%ﬁ of Partially-H
rdroiyg-e3. Pupﬁﬁumbdb&ﬁht&polyyawhhamdﬂdjabcdg¢1ng #o3sf@gepamnid on of
crude Pn6B- Ps z I B £ngg( NaCl) with
stirring at ro n1te era.t%é]lllél %#bagggt E}mmMQFO&ﬁﬁstgFeghgf 4C over ni ght.
The 30 sol utiodnEeRt¥RM. hydrol yzed in a col d-finger ref |ux condenser
apparatus at 100'C for 24 hours and cooled to roomtenperature. Sodium
acet ate reagent t5°. was added to a f|n I c-ncentratlon of 37. (wv).

13 MARCH 2 - RAE ef-d4 SBESEHES

fract> nation p| I ot gﬁm mmgeﬂaeuérﬁ@ mtrd\lephel ose assay)
perfo d on gLéga han Qf ¢ he sanple med]}hat GB.Ps woul d
preC|p|tate'é gﬁe pk! he" cTude prieumoc cd polysacc ar is

recovered accord1ng to known methods ([Example 3, and
Williams, C. A., and Chase, M. W., Methods in
Immunology and Ymmunochemistry, Vol. I, Academic

20 Press (1967)]. The pathogen is available from the
ATCC, as are crude preparations of all 23
pneumococcal polysaccharides used in “"PNEUMOVAX®
23''. These powdered polysaccharides may be used as
the starting material for this process or the

25 pathcgens may be grown up and the.polysaccharide
isolated as follows: Briefly, the crude
polysaccharide is obtained following a large scale
culture of the bacteria in appropriate nutrient media
known in the art to support Pneumococcal growth. A

30 bactericidal, such as phenol or toluene, is added to
kill the organisms (Example 3).



5 (3) First IPA Addition: The hydrolyzed sanple (volume - 1210 nlL) from

. step 1 above) was brought to 43:5 I PA by the addition of 932 1@MARPA2¢03dded
dropwi se with stirring at roomtenperature). The 10 sanple was allowed to
stir for 15-30 minutes and then centrifuged at 11,000 X g for 30 m nutes
(Beckman JA-10 rotor; 8,000 rpm 20C). The waste pellet was triturated Wth
absolute EtOH in a 250-nL Omim x jar) then collected on a 60-nL sinter

gl ass funnel. 15 The precipitate hes washed directly on the funnel with
absolute EtOH) then acetone) and dl‘l%d ~ n v_~cuo over Cad 2 at room
tenperature in preparatlon for analysis. 20 (4) Second | PA Addition and

Product Recovery: Abrou %régﬁéﬂggiaﬁtggt tHeUllﬂ)][ MAdtRari®€20 ni) from

step 3 above t | PA dropwi se while
stirringistt L@@m g*eﬁ‘ﬁrhn tF“@ §5#§F§ waé“ag'&? ﬁo‘%"en‘ﬁ"?$ﬁged as 25 in

step 3 agoyew P&d&{& edf WeBcbholuigt addedoeditesl)prepaeatbod dried as in
step 3 above.

Pn6B- Ps oduct i ghed 6 .l h a Kd of O b2 and

a phosph&Pu®X gﬁﬁﬁa%ﬁ ce gigfar1ég%ﬁ%§;;¥§§§¥hé%;2E§%R€§% 3es.fpneunrnia~
6B- OWPC Gap mgatt s Psa\Vecpolyssiach O ~the5chu 50x2
(200-400 iZ7§ th%?m i ¢ @ﬁ%eﬁﬁdQEQBQEQf?O aXcqunn)
andSwashé sequen Hﬂ ﬁ iﬁ wl—#&% (ﬂl en water until the

ef f | uent maxsg émh@utmasc@blpHar;molAqm cepeentrasdpnt pn of

T e L e L e e g the.
col um urfkhe %esuwrugeﬁquhwﬂ% ﬁéﬁ% oLe aysn&aﬁﬂg%é@ﬁ&

fF’nGB- ES(' ﬁ§i£1ébt2<in“tdie0®d1 it&gﬂoﬁhlcﬁ lé.sedi'ﬁfhlreldd.Pn?B- P?6|0 OLL )1
or si entie n Li wat er

and ]?(h)é sg?ﬁ\lggﬁgﬁ’&&r?eto? g“uﬁ{ll ?E@S%E I %%Iii‘@ into
solutlondfdilﬁwbg b@heqmﬂqaiumﬁacodbammgatnng wmvbﬂxnaeando t?ﬁ rlnfed
resin an t Vi : e colum
was washel \L/:\nh'tg\é% tcgrd%?sl% %&ﬁg% ﬁopﬁes??)S% J}%‘T#ﬁents | yophi l'i zed)
provi di ngpzstmmanfdmeﬁm os seilvent maqﬂﬁm ARel t)

Pn6B( n- Bug n Yt NRS] d| ssolved in 30
i ma'g hyl sul f oXi % (! dE §§(Be6 HO 1 e

an etlcall stirred for 30 mn, at
whi cst i n@t&fm&m&%@éﬁ aiving "o IR ' Podadt ' of *tnt
crude Pn-Ps (Example 3).

b) . _ . . _

the crude Pn-Ps:

20 Crude polysaccharide, prepared essentially
as described above [see also Example 3 below], has
been used in an unconjugated state to formulate
pneumococcal vaccines targeted for use in adults and
children over 2 years of age. The process steps that

o5 follow yield a novel, partially hydrolyzed, purified
Pn-Ps product having unique and defined chemical and
physical properties (see Table II) useful in the
preparation of conjugate vaccines. Size reduction of
the crude Pn-Ps is critical to the success of

30 subsequent purification steps which yield a highly
purified Pn-Ps product. In addition, when used to




13 MARCH 2003 - 39 to be in solution. To this m xture was added 1,

- 1' -«car bonyl di i mi dazole (44.2 ng)) and the reaction stirred at'3 MOBRH 2003
tenperature (60 mn). In a separate flask) a solution of butanedi am ne

di hydrochl ori de (BuA22HC1) 1.022 g) in water (16 nL) was nmade basic (pH
.10.2) by the addition of 10 N NaOH. The solution was filtered through a 0.2
E.~-msterile filter, and cooled in an ice bath. The aged DVSO m xture
containing the activated polysacchgrgge_was added to the cold BuA2. 2HC1

sol ution)

in a slow steady stream 10 and the resulting solution stirred at

0~C (15 mn). The reaction m xture was allowed to warmup to room
t enper at ur;&e?g&w:ét(té{\fd heesantiddicongulatdidn i twsraheehitients

+transferre

SIS t uhi n di al,yze O, against the.follow ng: 1]
15 L of 0‘%‘ 9“0 Qogﬁu%%pgé%étrbvm#ﬁ%? %%g“%ei gﬁ 1%5 L 0.01 M pH
7.0 bufferxelﬂehausé]aQEebu@ @blMtdlenkt ®f th0|mnm¢eosphate buff er) 9 hr;

"l yonni 11 ZeotvBRbeRarAgeom i Bap HEE Y, T aO8uE AR KRl pe )

The NMVR ( 3601ubie. ExcpndMgmhnﬂ theneaef areslangelyalinseludled a | oading of

|y0phI|IZ

22 dlanlne
t he |%tegr
r harmose 2§tﬁﬁﬂ-ﬁyli8pﬂd{f(¥ri§‘-ﬂft A R esL O TR oRe &Y

Sshgffagaggéﬁggﬁfes 0 iHﬁﬂgaehQQCOHRGEQQEOHnEh$%h b6 e

ut ane iﬁanln ~met es_and the
ipgadn I1|98’B Yo (210 ny)

Waz f“h Ssgl MEdctbﬂjﬂléaQ:eM% 1€hllacMiﬂt@iéﬂpgf?iaevaleoﬁhqmb@]g@gmtﬁécelr §21 rrL)T
an e 3o_mi xture na i ca sbihed Loy e solution. To
this aqueoB@-&8 ? GHQﬂsgkﬁséiﬂﬁﬁ CONJYEEFRRLE) g&ﬁéaﬂi 4néh e consisting
of p- n|tromhenﬁrdmunn&ugnﬁﬁan(BﬂOPegiS|ofaaetedﬂnedesﬂik(hnd) and the

RS SR Sl DapéSUel hoduPha Ty sty ap Vs Lransterred e

steril e. di stignidif cao0h snmhaththezprgsencgt@f ifeef An+PedinR20, 8.25 hr;

3] 15 L stey,
m was renove

ﬂdﬁ#ﬁéﬁ'é*% ‘ﬁ/gbhs makes ife’ quﬂ%mtwtéseima% bag) 1.7

a SEC—unlversaJ call brajion) and then

0.449 g of the artab %ﬂ&gpﬁﬁt §°9|J1“ﬁé1tes£f’t‘ B8 RGN LHYIRBEEGELEAI | i zing a
3 1 lV} ItOH &%ga@meheépﬁﬁbeclaaltjumrm \m-lmm'% ﬁﬁi@fthﬁ@”p't eteI 0 o

i ssol ution uti,on r ou a sterile ~m
filtens yi fitbH %F#H'C GP?:&. &1 B‘F]mé’é Lﬁétr%d'ix i%g%{“éﬁ Pe owpc (40 nb)
4.5 mg/ M) wasongugeated BnAmeuﬁyﬁuseﬁtgﬁﬂ|dmmidﬁxxdﬂ &frpm 2 hr) in four
10 m t 2} ded - 3 mL of 0.22 ~t
ster,|gep,[i%$§§°iﬁ8§?géﬁgp ﬁ?i#i%ﬁwe Q§ Sggzs?stehnof theofoﬁlomnng i
N—acetylhonncystelneThbldwautmmmquHQﬁﬂﬂwladelezaanghﬁrlde as

hyl di
et hyl ene- di qes&%at oA nfarA A Ll BO et £5b4 (gré% @&h}r?Eﬁnghe

di t hi ot hrei

in pH'1

resusgandedaﬁ ppgp§ e chromatography or other

25

30

chromatographic procedure, prior to or after partial
hydrolysis, as shown in Example 4 for Pnl4-Ps. The
chromatographic adsorption-desorption may be used
either positively or negatively. In the positive
mode, the Pn-Ps is adsorbed to the resin leaving
impurities in solution which are washed away prior to
Pn-Ps desorption. 1In the negative mode, impurities
are adsorbed out of the Pn-Ps solution and discarded,
leaving the Pn-Ps in solution in a purified state.
Alternatively, it may be directly subjected to
partial thermal hydrolysis, as shown in Example 2 for



25 honogeni zed (bounce)) conbi ned, the vessel degassed and bl anketed with
..nitrogen) and aged overnight (19 hr) at roomtenperature. The3d8RGHEMR was
di vi ded anong three ultracentrifuge tubes, topped with 1 M KH2P04) and the
protein pelleted (4C) 43 Krpm 2 30 h)~ The pellets were resuspended in
0.1 M sodi um phosphate, pH 8 buffer (30 nl)) honogeni zed (bounce) 13
MARCH 2003 - 41 and repelleted (4'C 43 Krpn) 2 h). The sterile protein
pel l et was resuspended in the‘HIteNéﬁi . Pn6B- BuA2- Br Ac solution. An

El | man~s test was perforned i mediat y7 and showed an SH titer of 34
~tnol . The reaction m xture was degassed bl anketed with nitrogen) and aged

for 91 hrpqgh _paom ter@ezg{a%%@ ft@cwﬁgaﬁpp%m dgre addition of /1

errle- P on consl stin
f ol | owi ngchrmdcall, mneammq L3 ngcah £ine.pl smgto B @S 8WEE um

phosphat e \%Tﬂ ot sollicS l{S}déx]Eé*I 185 agﬁdtfa@te‘i: @'ncﬁ}oﬁ?@%f enper at ur e)

fol |l ow ng 300 ~t a st ea m sterile
fiItered)hﬁé§Q%ﬁﬁif(ﬂRPQYﬁP§%PE Yoﬁeéﬁéﬂeﬁo%béWQ%ﬁﬁ¥? nal 19.5 hr. i5 The
steril e cipROIY Lmtleigmpdtﬂoﬁmdnaﬁongz‘ene"xcm&{mﬁuge t ubes) topped

with O SOdI f ted b
uItracentMﬁ#ﬁﬂﬁ# 4 K ?éﬁfgg h?fkpﬁgﬁngé%ﬁgbendeé and honogeni zed
(bounce)|poky&n¢¢ka;&dé)OQOaOPilntscm&Lﬂ[ﬂﬂﬁhﬁ@h@tbuffer (42 nl).
Fol | owi n tLen dﬂg; r nded in a
bounce hg tﬁgﬁ?é%%é¥g?abf tﬁ? gg&gg%k ster anﬁsgPFﬁggi%gter After
agel ng forASlﬂiﬁCtaSSﬂd:) abp¥egolj heMinalk ahi ﬂ'—bn Qabivdntrifuged 25 at

. 000 rpmir%i eﬁh&h‘b@éa‘]ﬁt E"'s‘bédltﬁc'ﬁheiﬁédﬁ eaalr '1f6Ugﬁ) and a smal |

annunt of se | ve e _f,in ate sus Si on was
assay@d f eﬁﬁoﬁbﬁﬁ ?M ];Pn rﬁﬁl‘}ia"c’éj‘Hﬁ%EEH ggénéﬂ’ ic acid))
unconj ugatéanéeht&aeebw ode tie (uwde PutPsi stachiagpuegiadal -igat e

Nephel onet i no.acids (ang no acid analysis). The results were ~.s
i ol ?0ks: §§ §8§18f%5“&5ﬂ%B-Polysacchar|de 0.33 ng/mM Protein 2.2

g/ m PnGB-Ps/CNPC Ehb5ganﬁidlﬂh¥d¥ply61area accomplished by a _
C TR s o s a G BN 20,1150
(1) Tyeat npRefenablshiath-TX banbto tesfar ﬁrQNBBbﬂﬁQﬁ ROWE| 8@ of Pnl 4-Ps
powder wasaphiPidd 2fshdd). Alternatively, a limited high energy
sonic treatment, of from 5 seconds to 5 minutes, is
repeated, with periods of cooling, as many times as
necessary to reach the desired viscosity or Ky
20 endpoint. The sonic hydrolysis method is preferable
to thermal hydrolysis for polysaccharides having
complex structures (see below). Other appropriate
means known in the art to effect partial hydrolysis
of polysaccharides are also applicable. ¥For example,
25 limited chemical hydrolysis with acid, endolytic
enzyme treatment, or physical shear in a blender,
mill, or high pressure cell may also be used to
reduce average Pn-Ps chain size.
In a preferred embodiment, the Pn-Ps is
20 subjected to physical shear by passage through a
homogenizer at a temperature between about 0°C and
30°C and pressures, between about 2,000 PSI and



1124 L distilled H20 with stirring at roomtenperature for~about 4 hours
«-and-then stored at 4C overnight. The solution was added to 663U9%W%m8? DE52
(What man) di et hyl am no-ethyl cellul ose) which 15 had been preswol |l en for
~.. 15 hrs. in distilled H20 at pH ~. 5-6. The slurry was gently shaken on
a platformshaker at roomtenperature for ~. 15 hrs) after which it was
centrifuged in a Beckman JA-..10 rotor at 5,000 rpmfor 15 mn. at 20C. The
20 supernatant fluid was further clard¥i-ed through a sinter glass funnel
(150 M) nmedium porosity) and collected into a 2L side armf task. (2)

o O SLYGhS pIe SERASREL P Fe R LU kIR0 rom ster
above ' i e nsHc a Branson
?OﬂifiFrf(Hﬂeih%gﬁeb@Qh&ﬁkﬁbﬁhﬁﬁﬂﬁéﬂtnfﬁcﬁoonG&te, Thedsanglfhmasvgllomed
o cool for = m.n. . wile Vi S e en Was
soni cat ed %61¥8F8886FEF3haP9§:ﬁﬁ%lﬁéﬁf¢%ﬁY?ﬁgﬂgvﬁg%gﬁﬁgy‘3ﬁa poi nt  of
ﬁ. 896I cen'éi st okes was teagete@mdpaint hef | hyd rodyisd st,r eat ment . Th;a :
rolyze Iy%ﬁgﬂ 0 atur um acet ate
rgagen%/ (1§§g¢g§ﬁ\ﬁaw§i£ e toféad)fllg)ﬁa?b%gﬁggﬁt ygtd?g??lgif%. (Wv) . 13
MARCH; 2003high3perdprganaefize exobusion chaomstoenanhipa)ig ractionation
pi ot st udy raaeét¥tditedy £ F e6d €H. s8lybacehaMde|dibca asPryy perforned on a
10 mL portion_of the s | e, roweg iﬁap th%_PnI4- s woul d ﬁ&ecl itate
bet ween 355581€ ﬁ&éﬁiéﬁg%F§9€ EERACALY; Pfotherpe Qﬁb&% Qatbl e [vol ume
-70%028 lrrLA?A\nfumgélgttthec_abovm} Mscheepﬂhhlﬁwe&g.a3&aodli:ﬁ>abyab§lbiayldi tli)on of
a r a e
campl 6 was S8 I FRELTPReyhbloRtht’ b ng SRS RELIRNSF) thAE° 1" 1, 000
th fQp 30 id ma ]?begtBetkaranltOA- Qﬁhthleolb,uﬁlhltg) t:phn,bizbeq:) fan?ag o
t he, supern : 18 ated w
absol u!toe Etaé |1n %&E‘g%ﬂﬁfa‘g%ﬁﬂmoi Fgﬁ%ttﬁle%c%ﬁ%%\?gga%g?gg a_60-nL sinter
gl ass funnanatembabriei pongidergd wadHafagtery| inokhakeitumddl with
absol ute Et{ica{®) #achageiond t& itdtk deq@énbeOYelated dpditopeam

brofuct Recntobiabad wath the Biiaichiteof |the FoBFAnE A% my) 1rom
97 g iemona s e efluapeen uapEt ekt g 2 01
step 4 gbovghlghgkpg IeFa&ggiwéqgﬁa.e gc%?lﬁ@?@%ﬁﬂﬁiﬁ%ifaﬁ? ried as in
step 4 abovMy, THg.Por4 nRaben @ ireptahioz Lnadesnper( eoldicalesi@ind
waer sol ubi | LB TRY, Sl ThdE BB, LelBiahed By THIR DIdRRST 2003 )
Pn-Ps which may fail to react.above the 40% cutoff
20 established for the rate nephelometry assay, may be
immunogenic in animals upon conjugation. Thus in
spite of the absence of appreciable ability to bind
and precipitate type-specific anti-Pn-Ps antibody,
low molecular weight Pn-Ps in a conjugated state may
25 be recognized by the mammalian immune system and a
good, type-specific, anti-pneumococcal response may
be generated. In this case, the term ‘antigenic"
should be replaced by the term "immunogenic' as the
operative criterion for acceptance or rejection of a
10 given Pn-Ps preparation. In practice, however, it is
most convenient to utilize the in-vitro antigenicity

parameter rather than the jin-vivo immunogenicity
parameter as a process control.



- 44 tenperature for 2-3 hours. The solution (2.5 ng/nL) Was_transferred
.. to dialysis tubing (12,000 M-I cutoff; 45 mm) and dial yzed véc’fM%ﬁcgﬂoﬁed
H20 for 27 hours with 2 additional changes of distilled H20. Then the

di al yzed sanple was transferred to |yophilization flasks) shell-frozen in a
dry ice:nethanol bath and |lyophilized on a Virtis (Freezenobile)

| yophilizes for 2-1/2 days until dry. The recovery of the final Pnl4-Ps
product was 1326.8 ng) which had a gg‘ of 0.56. Fromthis disclosure it

shoul d be obvious to 10 those skirl in the art that other neutral Pn-Ps
subt ypes) such as Pn7F-Ps) could be prepared according to the nmethod

di scl osed here, anfl,cpahtgaied e fimd ™ fzESrddi€0iba al so a neutral
pol ysaccharide, 15 EXAMPLE.S nj ugati on of Quter nhr.ane Protein Conpl ex
W th g~nRFRRGARES 18 PBPE%&@% itR mofk spely hasadgs -preparation of

the 1, 4- HGweeet | ahoteder itha! IREBEB{PE Nt ét&ins Pht4aBudgenifi4}0 ny portion
of Pnl 4-Ps after, st

rgge,vacua over P205 for 3 hg,. covered with 26 nlL
25 of i tiotyl Skt RRPRC RIS BiFe Fevuteion absa3tr R BN clolve, To
thi s was ethied B8raycompdexbolyshcchanides mayg flloger esul t ant sol ution
stirred . } A i cont ai nin
T osr g pehOSeRERT SR, (fepoldl BF Buneipisafiehat, ot ¥ 5 "0
was prepa® tdeashainspiyeayiring the 18026 1z sigenagducatiensol ution
baih. | 1h AR Tona i O By e, MO ded Lo Lhe cold
: - - ut.i

BuA2 sol uﬁ%ﬁ 1&@&‘§8\"’1‘r’éﬁ %‘aﬁﬁ?’gpgﬁal"nlé ?#iaﬁl.lii'h HARPERRIZEEh. |t was
agenl agedist a][ pireflerrdd unézthq,d?fb¢r seveaa lf heglguﬂn? oﬁﬁ\?stch?r ged ':10 t wo

" lengt 0 ecy rapoy ysi s tuhlin cligppe cmfromthe top
of the Ii g&ed mgigxod* aﬁatgz%'ﬁevgi.’if) %?5 88"3@‘3@7. (ﬁj&cf’llgr\/l E%ﬁi um phosphat e
buf fer fosobd.c> land HhdtmalehydHoly®iG. Gdethodsli gemehatbyiate buffer for 8
hr; 3) 15 : : 1 [ nhat ; 4) 10 15 L
of II)20 fgk®$h¥.p%%fagsuyh§%.c$?p I |.£ge}g ffobaﬁéeﬁléyg%lﬁsegf t%e
1. 4- but an®@R-Bf o Rehiaveypodydifpensl {ies ABU%&?. IARERIMVR spectrum of a
~. 5 Ny syelwe&hNOred andl 238I.N0THY pHAAY PXATBEREN r3heblbanedi am ne
resi dues per 100 repeating._units o ol'ysacchari dg gef i,ned by conparing the
Dt eapal s BHVEYRE n B SREAPIIY Lrids Rt REORHEENBEVARE 2 nechyl (of
Pnl 4- Ps) rpsbyndbspersQybthdtefakls oin othiberbngeoadehouat ed but anedi am ne

36 mof FOERRE BEAStEORAAE pnotble BiLRFReY mag o M or 25 hr to
ef fect solbeifnactheonpteds ty gehievepadditibnajodnersased sigol ved in 4 .
't was ¢ nehubi €y 88gGeRtedty | fﬁg%?i%ﬂéﬁ‘sﬁg% R S stit led 20
for egr) epntsmingtign Thirdpotherphysicgl shear method may
have the virtue of greater reproducibility and
scaleability for any given Pn-Ps as compared with
thermal or sonic hydrolysis means. Fourth, the
physical shear method appears to provide some
25 advantage in the production of Pn-Ps product which
may retain more antigenicity for a given size than
Pn-Ps of the same size produced by sonic or thermal
hydrolysis.
" Viscosity, which is related to average Pn-Ps
30 molecular weight, is a convenient in-process
parameter to monitor, and is easily followed during
hydrolysis to limit and control the degree of size
reduction. Chemically and physically



13 MARCH 2003 - 46 and 3) 15 L of distilled H20 for 6 hr. #%ﬁ{ﬁ? 3
di al yzed contents of the bag) 2.0 nL were renoved for assays Y SR 492

ng of dried pH 8.0 phosphate buffer salt (prepared by Iyophilizing a 0.1 M
sodi um phosphate) pH 8.0 solution) was 5 added. Solution was filtered
.through two 0.2-~.mCorning filters resulting in an aqueous pH 8.0 solution
of Pnl 4-BuA2-BrAc (43 nL). c. Conjugation of OWC to Pnl 4- BuA2-Br Ac-Ps: 10
Fifty mL of OWPC (concentration 3.2 pp/AlL) was charged to five 10-nL
centrifuge tubes and centrifuged in a Beckman 80 Ti rotor at.43,000 rpm
(43R)) at 4C for 2 hr. Athiolation mxture 15 was prepared by dissol ving
350 ng of imbiAt(istgwisrmble abote obt PréBt-Pe asidd Pai2s§diBlemleane) and 64 ng
of d|th|o r T o] 2 ff pH 11.0. 346 ng of

N acet yl %r?glc?qteéﬁg {(}Péﬁ'% \%\égéaﬁggmq“ e

the 20 solution filtered
t hr ough aP®. XS&ﬁQh#¥ﬂ¢© £0| 2econsistente) tangeth@ndRaeing om the above
centrlfugqt@@bég¥ & ﬂaﬁledgeabww@b 3 PucH dee dgfi | tered 25 thiolation
m xture (15 nL total trani;erre unqe ho {Héfr and resuspended.
The t ubes MERFQGEEE(VH§CEILY| mFPéHéfP&e estdi8of the
t hi ol.at i onisge uu@ge dbecrudei pglgmmﬁd&seg,emmhugtﬁoan addi tional 5

Dounce3gngﬂrﬁt %fgfgiggzé gﬁ&ég%ﬁ% er|gﬁ9(§gﬁﬁﬁ§: PQQ? b%ed in the

rans ed to a
100- nL routhe bmsolrtingsl?n-l’srs reredig X003 chmﬂacw;'estseah néSWIth a

sept um andig £8} £6LA0aLRGEA 'rolichlt N U5t Wi Fik£et epeikakug) yhe reacti on

m xture was aged nL react| o e was t di vi ded

e
anong thre%sééhliﬁhﬁée £0re £XaML o PYVAR HOYEREEELPBY with 1 M5 potassi um
phosghat e &@auteusm&@dtﬂf%sqem rags@pey fate2nbphetlomekriyperand 4' C. The
supe tantF£IU|ds re renoved, anqltheﬁgellets resuspended in 0.1 M sodium
phosphat e PH8X0MG @F KRR A0 Fh]@ARL - was the fina
Target end-point viscosities for 1 mg/mL
solutions of several Pn-Ps preparations in 0.9%
sodium chloride (saline) are provided in Table IIX

15 below. Similar values for other Pn-Ps subtypes are

applicable:
Iable JIT
20
Pn-Ps Subtype Viscosity of Target Endpoint
Crude Pn-Ps — Viscosity
(centistokes) (centistokes)
25  Pné4-Ps 1.8 1.5 - 1.00
Pn6B-Ps 1.4 1.3 - 1.00
Pn9V-Psg 1.4 1.3 - 1.00
Pnl4-Ps 1.2 1.1 - 0.95
Pnl8C-Ps 2.0 1.5 -1.00
30 Pnl9F-Ps 1.4 1.3 - 1.00
Pn23F-Ps 1.6 1.5 - 1.00



| 0 resuspension volune). A second ultracentrifugation (2 hr) 4C, 43R rpm
.was, then performed. After renoving the supernatant fl uid) t hed3YeRPERW3er o
resuspended , 15 by the Dounce method in the filtered Pnl 4- BuA2 -BrAc
solution prepared above. An Ellman assay at this point indicated a total of
about 23 noles of thiol. 20 It should be noted that the filtration of the
Pnl 4- BuA2- Br Ac sol ution occurs just prior to the resuspension of the
thiolated protein. The resultant reagtlon (~-e.) Pn 14-BuA2 -BrAc with
thiolated OWC) was aged under N2 (Wth 25 degassing) in a N2 box at r.t.
for 114 Yar. The feaction was then capped (|se ) the reactive noieties on

the Pnl 4-Ps and OMRC e®é€ ggggtbfagggk ?% g A solution containing 75
ng 30 N-et hyl mal ei mde (N H 8 Q1 M sodi um phosphat e
buf f er mﬂ9¥¥QQQ9¥%F¥%?6ugH a18 §§VﬁRﬁQQQQﬂﬁ3tozﬁPC¥N@9 anmfilter and 1

nggddedfatdlntME%x@@Dv feﬁetae&om n{twpezmxh m@hfpdlsnfehéhan (ljéen?_/% rlﬂ- mC_Jf ?
~mfiltere ac m solu 0
0. 1M pH §ts%|w ho Bhgf Pfe %&sﬁﬁagﬁ’%%ﬁﬁs’fﬁe n# Gﬁ‘@ aged for an
addi ti onada®®. &f hPnldhBscaphdd sdapt iion amoom[ubiéﬁédrrby wbadﬂb\ti ded anong 4
centrifu d e . e pellets were
res@spen?d‘%lpggbélﬂ bgo%éhlﬁh%%f?) g) %’[I;FI’I S) @?ﬁﬁpEDTA) 0.5~ DOC) pH
8.5) and hgmratxesomi@r:pépamréufﬁr sieni¢ shydnelyslist.i oTheas t hen

centri fugﬁdlﬁéé&harhae) bfé@n mﬂfﬂi i HEEBvELBHS %ﬂ%g% in 40 ”L 0. 1M pH

8 sodi um hosghate buf f and then 15 recentrif g 2 hr.) 40).
These pel ¥@P€ RéFé“Fe§G 31 neaqingss gferi hy 6°H261éhd é@éd at 4C for
17 hrs. Ashouldpbed obariious Ugnttlosed 1RD11pd) iR the At afar ded a snal |

el wnhghy¥a SoRinahs NEVESERBPIRHANL! ol G oo oSl
char act ernetiteal polysaRNaOdSs , g¥chs5as Pn7F-Ps. .

Molecular weight values for Pn6B-Ps
preparations are about 900 kilodaltons (KD) before,
and about 300 KD after size reduction and

15 fractionation. For Pn23F-Ps, the respective values
are about 1000 KD or more before, and about 400-500
KD after. Thus, reduction of Pn-Ps size to about 500
plus-minus about 300 kilodaltons is an appropriate
target for this phase of the process for each Pn-Ps
20 subtype.

Reprecipitation of the partially hydrolyzed
material with predetermined concentrations of alcohol
allows recovery and further purification of the
partially-hydrolyzed Pn-Ps, as described in

25 subsection (c) below.

¢) Fractionating the partially-hydrolyzed Pn-Ps
T I X i ity
The polydispersity of a Pn-Ps preparation is
30 an indication not only of the variance of subtype
specific Pn-Pe chain length, it is also an indication
that group-specific C-polysaccharide, as well as
other contaminants, may remain in the Pn-Ps



a. Ps Content 387 ncg/nmL b. Protein 1300 ntg/nL Ps/Protein ratio %calc.)
0.30 c. Free Ps . c5 area '~ to d~ Amino Acid Anal ysis SCVHC/'BY4REE 283504
SCMC/ | ysine 3.5% 15 20 EXAMPLE 6 Preparation of Partially=Hydrol yzed)
Purified ~n23F-Ps: (1) Sonic Hydrolysis: A 3.0-g portion of Pn 23F Ps

powder was sol ubilized in 1200 nL saline (0.9~-G NaCl) with stirring at room
tenperature for about 4 hours. The gpjution was then sonicated in a plastic
beaker 25 in an ice bath with a Branson Sonifier (one-half inch probe)
setting 8) for intervals of 3 mnutes) up to 15 min. total. The viscosity
was checkpdepbiatioach iAst arotsdd aBdéee, lbesiduplanother 5 min. sonication
was perfopned i Vi SGOS|] o} pt L. 3 tistokes. The
hydrol yze ’28&%?8%%‘§r§r%ug‘!rﬂ%‘c‘i%‘ﬁ’{r%% glgn%grgggr és§%§ ls%&%ﬁ%aéiet ate

reagent (88ea e wasredadied wwith i adversacinnuaei cespordBs.wW V) . 13 MARCH

2003 - 50 (2) Ser | r SO, =Yolo] Ol ¢( | e fractionation
pil ot study and anﬁég%lcg/@d?fe%e% @%ﬁgggi %tga%gphgl g?(?tgsgseay) performed on a
10 nL por PP3yeSCohd ik medecwbar Lkt (ARETPASEY- Ps woul d precipitate

?et \INgen 35?4?@5 ]-csi'i:yé)?%ifi ééﬁgéﬁﬁfﬁdd&t h@%bm'glﬁltdﬁ(ﬁfl 4] zleg sgrrpltﬁ
vol Bme = from above] was  brou . Ox e
addi ti on 5ﬂ%:ﬁf £y ?gﬂsgﬂidrﬁﬂﬁﬁs&swﬁﬁ angl Aty BRE ?ﬁﬁhf%n%erature).

The |10 s~Rlsopmrpaid DWEIPAD, st0lubdl ity 3F temuwicze aredudeioncent rifuged at
ol et vadHe el B P16 CRESFRRISE 3 el ik 4R, 20725, Then ™
col | ect ed prrepamEk ionsi bher ajcabolf godabilixy- imheipverselyate was washed
Cabeibolo IR IOREL o Budtsoy iR Ol Acenpgela O o0 e
proportional to molecular weight. Thus, the
procedure has been applied successfully to
quantitatively isolate consistently sized populations
of molecules with significantly improved homogeneity
15 over the starting size reduced Pn-Ps.. In-process
control of IPA fractionation is provided by
performing a pilot experiment to predict the range of
IPA over which the Pn-Ps precipatates. An
antibody-directed Nephelose assay is employed to
20 monitor the fractionation to ensure quantitative
Pn-Ps recovery. Through this improvement,
contamination by C-polysaccharide, the group-
specific polysaccharide common to many different
pneumococcal isolates, is reduced by from about 3 to
25 20 fold over the level found in crude Pn-Ps
preparations. In addition, the molecular size
polydispersity of the Pn-Ps preparation is
concomitantly reduced to between about 1.0-1.4.
' An alternative approach to the IPA
30 fractionation of the size-reduced Pn-Ps is

chromatography of the aqueous size reduced Pn-Ps



20 (4J Second | PA Addition and Product Recovery: The 41.0x | PA supernat ant
flui.d [volume = 1925 nL) from step 3 above]'was brought to 433HARCBRIGy
adding 85.0 nL I PA dropwi se while stirring at roomtenperature. The sanple
was aged and centrifuged as in step 3 25 above. The pellet Was titurated)
coll ected) washed and dried as in step 3 above. The~Pn 23F Ps product
(15111-39-2) weighed 1,795 ng. (5) Dialysis and Lyophilization: A portion
(1779 30 ng) of the Ps sanple 15121389-2, from Step 4 above) Was
solubilized in 712 nL of distilled H0 at room 13 MARCH 2003 - 51 5 10
tenperature for 3-4 hours. The solution (2.5 ng/nL), was_transferred to
di al ysi s thyougd @I appr ARy tAE6f £ i 285eReP Ui LR8HEd SRT distilled H20 at
4C for ~2axheifle IR Pefihl 082! apfaodteofrelii iddpab®0of Then the sanple
was- transferred to | yophilization,flaskg) shell frozen ipn a dry -
| co: et haMALUSARE ARC) €5§ﬁﬁ9£‘é&1&$ 2 Yﬁ"r%‘:‘t‘t’fb‘g%eh%bﬁﬁ) | yophi | i zer
ford2-3 gmmhldbﬂfkbto&alyonfmbﬂedﬁhuﬁ vl ghivdrengeas HPSRCng. The fi nal
pr oduct =, 0 XAl S/ ' Lon.o ane Protein
Conmpl ex \M%ggﬂtgl{-’g E?Eﬁrg%ié‘ﬁ18%34%@%0@&&%&%3%&h) I 5
t et f;_.‘abut vileisonespectr tor eedudeDdadbay arduimet¢adewex 50X2 (200-400 nesh)
e Torm #ddotht18i. ol Kol ildh 140 4oL YBhET eyfiednphEalal tle { Nese
processes was pyrogen-free) sterile) distilled water)) .charged to a
col um arePiumRcHithggePriedetenpined |vipeosityr orpgeteptiom ni of 6N HCL;
3] 300 nmi¢pheHde Bt On-Afifddtdstiontyab18s aHPp Rdatien ¥0 g of a 10~

i

kel | ne ¥B-BR BLeguhes St bl e ‘GeSfpabla  chAzastiriatine (9F Sar P
tetQ%EutykauunnwdmcbmthjJW§ﬁﬁ%§EMiﬁ?]diBGlAsﬁd—ubqud¢nn1of Dowex 50X2
(Bu ) was VﬁShEdﬁ@éﬂhé&kf%n@fonQn-ﬁs4§QkEE @wyadgh(ghélzed Pn 23F Ps
additional steps of IPA or chromatographic ‘
fractionation behave more consistently during the
chemical coupling steps and therefore produce
15 conjugates with reproducible characteristics.
Significant concomitant increases in Pn-Ps purity are
also obtained, in particular the levels of CPs are
greatly diminished.
' As a result of the above described
20 Mmanipulations and measurements, preferred ‘
characteristics for the Pn-Ps intermediates are as
summarized in Table II above.
The novel Pn-Ps products of this invention
may be used in a number of ways. In one preferred
25 application, the Pn-Ps is conjugated to a T-cell
dependent carrier. One highly preferred method of
accomplishing this conjugation is disclosed in US
patent 4,695,624; 4,830,852; 4,882,317; US
Application Serial Number 646,570, filed on 1/28/91
10 (Merck Case # 18108); and see Examples 3, 5, 7 and



13 MARCH 2003 - 52 was covered with 50 nL of H20 and stirred for 0.5 hr.
Thiss solution was applied to the colum and all owed to percol'aMAREMEBEgh by
gravity (~. 2 hr). At this point vacuum was applied to bottom of the col um
and elution (under vacuum continued for an 5 additional hour. The col um
was washed with 25 nmL of H20, and the conbined effluents were |yophilized
affording 0.5 g of the Pn 23F (Bud4N+) salt. This was stored in a vacuum
desi ccat or ~over P205 for ~. 17 hr. -1@1c Freparatior. of fihe

1, 4- but anedi am ne derivative of Pn 23F Ps (Pn23F-BuA2)): The 0.5 g of Pn
23F (Bu4%?%géréw$steg b above) was covered with 25nL of dinethyl sul foxide
(DVSO) an nd% i PFEBLIRor 1B & preferyesenkodiivent| stias added 22 ng of
carbonyl di9mjugabéeptoDurtand Hdsgrddd t ; stirred. at room

t enper at urgpy I - t'l&l)i'goiso ? hr. 20 A/sé()l utcfl{)i%oiééiﬂ alhgil}'ﬁgEESfoFfd 1)

4-but anediam ne dihydr ScAFSOPRd ighedo fQy exampled by H20 was prepared and
its pH adjRESRAF26100. 0f ai clonFugatd\a®dc 6160l ok gguwgtlf iltered

: : t
t hrough a t\d |4 exoflee : el nd 400 noan | F0%25 The aged
DVBO sol ut i on msgéfagé‘;%g%{hfgfco d F@ﬁl’zl s%% ?‘?‘o‘?ﬂandl’gttﬁow an additional

1 hr5in tHY ke t lids thidn @yl latl0 withosterfnk after which the

sol uti on watehar oPdrtfoRsX o¥2 wacf &p}q{déﬁa#)%mg&/gis?l %ifgutglibi ng) cli pped
L TAPEoR B2kl L Bt e i rovbaes el {0 U
7.0) ., 0.2n alvuminumi hpdeemidiec diufdeit f“n%?i'?gﬂé;g?baégx g|f7 B@f pg 7.0)

0.01 M sogj hpsphet ffer, 5 hr 10.5 hr. It
was theﬁoﬁkﬁﬂ ’.‘);Zdﬁtga% ég’rZ?@O:?d‘]%fPQ‘ﬂzll&l,mLbthimeu'oaonne Theer | va’[i ve

of PA023F F¥YEHOBIPE-ig) adjuntRed tactaboutf7 -5 i fhMUNShaped @ ! oadi ng”

of approxired€lyins. $nb =Tpa) sidu r 100 repeating units of
pol ysacchafd djgode ?nﬁgnf%g:%;qggw gﬁ’{l{é‘q %?%’?ﬁ@r%?gcgnt@ﬁ@im anedi am ne
s an 'rfha e

nmet hyl ene th : \}ﬂ_L-( ofDCFHeéZ;iFﬁ aboubancesg. .8 oy eparation
of the br crbaeacll af edhewearedniilae ok 46 VAhh¥Ep2iakl 237 Ps
(Pn23F-Busdihiiiistration to different age and weigh

tid t range
15 recipients. The conjugate vaccine, formulated asg

described, has been found to raise significant,

subtype-specific, anti-pneumococcal polysaccharide

immune responses in 2-3 month old infant monkeys for

PnéB-Ps-OMPC, Pn 19F-Ps-OMPC, Pnl4-Ps-OMPC, and
20  Pn23F-Ps-OMPC.

in addition,
athymic mice.

The Pn-Ps-0OMPC conjugate vaccine has,
been found to be T-cell dependent in

It should be clear from this disclosure that
other polysaccharides having properties as defined
25 herein, and processes for making the Ps having those
Properties will have ugeful application in the
preparation of conjugates other than those comprising
partially hydrolyzed and fractionated pneumococcal
polysaccharides. Thesge conjugates could then be used

30 to prevent diseases caused by other pathogenic

organisms. For example, the group B streptococci, a

cause of neonatal meningitis, Neiggeria meningitidig

B a cause of infantile meningitis, or E. ¢coli, an



Pn23F- BuA2 (214 ng) was covered with 23 nL of a 0.1M pH 9.0
. bor at e- phosphat e buffer and stirred for 30 nin. to effect sol'dMABRH 288en
230 ng p-nitrophenyl 20 bronpacetate in 6nL of acetonitrile was added. The
resulting mxture was stirred for~23 hr. at 4C. It was then dialyzed in
Spectrapor 2 tubing vs: 1) 15 L H20 for 8 hr) 2) 15L of H20 for 12 hr and
3) 15 L of H20 for 6 hr. Fromthe dialyzed contents of the 25 bag Wre
renoved 1.5 nL for assays and then 4?0 ng of dried pH 8.0 phQSphate buffer
salt (prepared by lyophilizing a 0.3 M sodi um phosphate pH 8.0 sol ution)
was added. Dissolution requires about 15 mn. after which tine it is

filtered,.throygh.a O, 3 |,.hg filter fordipg an,aqueous pH 8.0
sol uti on 8% _éﬁﬁﬂ%ﬁ&&%_QfgﬁéngEEﬁc (I?éﬂﬁﬂéléﬁ'cgﬂ?ugation of OWPC
to Pn 23BthBuADpportunistiat ynfectipas(3.douly he weedcharged to si'x 10-mb

centrifu Eﬁgﬁﬁ: i§€NEsLELEed i n a Beckman 80 Ti rotor at 43,000 rpm
(431 0) gﬁﬂ. 0X ?é é§?%go ation m xture was prepared by dissol ving 260

ng of EDTA (et hyl ehRefthefnusecfoictheseadiavell Barbm camppunds 52 ny of
di t hi ot hrjgj tele (PPdpatAtidh BE QonyaiB4Adondi @dnpt PEEnpasnadeged and the.

solution filtered rough.,a_ Q. 2- Et rning filteg (cup.type). 10 The
pel bets MK 1Pk & SvBaggﬁPFg?U&Méﬂ x&ﬁg'égﬁﬂchgﬁﬁggédﬁﬁ 3 nmL of the
filtered ddmpdbahdonini ashuvacoajugated adated tThosf,ebeeduse afbounce

honogeni zgr_a p | psed 1 ari.al_ transfer of
an additﬁ@ﬁ%lpgp%§§§§ gﬂgqgﬁioqiﬂ?gﬁﬁgd¥%ﬁ§gﬁbaghear?ﬁ%%ﬁ%lﬁFggéss was
repeat ed smperinratici 23eivalenthionflitvalentovaceimesocoulide bnbi ned

ri nses eRieaad pi 3 | 9 spended materia
(28 ) D B e Py e e e e TP hcke A ter seal | ng

withe sepdikignd Pepléding t much ra FORPRE 1EdPRg should gonkainl ve) the
reaction ghyter §oVVag/ancds @adl? Mévelhpn28sMeompdfirid bifd Xt ure was 25 then

v ded ABIGIeS B fpeee UPER SRR L Y Gl v Topped W n LM
4C in a Beabemtadeolisky! orA fideatudeseabdntabiduti &5 veg £ senoved and the
2! SO ISY wi, 0 Coy OSBRI i pgu e (7t o
1S sufficient. Both the conjugated and free Pn-Ps
compositions may comprise, in addition to an inert
carrier such as sodium chloride pius a preservative,
. additional antibacterial, for example PedvaxHIB®,
antiviral, for example anti-influenza antigen, or
20 immunomodulatory, for example adjuvaht. compounds .
"These polysaccharides and the covalent conjugates
therefrom also will provide important components of
combination vaccine formulations. Such combinations
may, for example, include immunologically effective
25 amounts of adjuvant, such as Freunds or Ribi, or
immunomodulatory compounds, such as the interleukins,
interferons (see for example compounds listed in:
Market Letter, Nov. 30, 1987, p. 26-27; Genetic
Engineering News, Jan. 1988, Vol. 8, p.23), or
30 additional immunogens. In a preferred embodiment, a
composition comprising immunologically effective



A second ultra-centrifugation (2 hr, 4C) 43K rpm) was then effected. After
renovi ng the supernatant r, fluid) t he pel l ets were resuspend@dABGH eohé
Dounce nethod in the filtered Pn23F- BuA2-Br Ac sol ution prepared in section
7.1.C.3d. An Ellman assay at this point indicated a total of about 28
.noles of thiol in the resulting solution. It should be noted that the
filtration of the Pn23F-BuA2-Br Ac solution occurs ,jlust ,prior to the 10
resuspensi on of the thio~. ated .proté?nf The res~. ~itant reaction (i-e.)
Pn23F- BUuA2-Br Ac with thiolated CNPC) was aged under N2 (mﬁth degassing) in
a N2 box at r.t. fo 17 he.r.eacti on was then
reactlvelﬁQQHqﬁﬁsQéléh gﬂ -Bsp g %gﬂﬁ GM&§Q§¥P%eb§t¥9§f%§?das folloms A
soldutl onh(mmmlmmgtf)ﬁ'anogel\bﬁt hyllenwla&:lcmtdzs (dfdMnst hepatdtipHBS. ;)) 0.1 M
sodium p er ee 2 kLlter) was
added to MP%{)I 0‘51 *ah ge%}lb &3 %%Hﬁ%'e ‘tg@?g 33‘&%&%% *capped
conjugaU(ﬂﬁtﬁuﬁﬂie mhgtgaus.nmaﬂﬁfksfsmumnﬂ penBedla. 1M sodi um phosphat e
25 buff erg ﬂg@tgqgggdtBomabng¢gyiéé¥fa 5r4%#%§?%ﬂlfﬁﬂnL Thirty-five nL of
e

o four nyrifuge tubes and each

this SO|Uthﬂ was chay ged |y

of whs ch wsBflugnzae, by Brg%l @ﬁﬁﬁ%ﬁﬂ%pﬁﬂ?ﬁ B&ffier. These were
Cegtrifﬁge?e?ﬁcﬂéﬁ Fﬁﬁh Eﬂmﬁ? t HhhéibﬁéweraﬁéaggéhgﬁfgsfW?gﬁlkf”Dng
and each o e sdi s uf fer

MARCH 2003a@°§§ fﬁhig ?ﬁ# V#ﬁ%iﬂ”&hﬁg 0884 Ra deoxy~chol at e)
and transFErivdlentaDquwmmchauDgenlzer ~' ~The centrifuge tubes were
serially rinsed wt i . EReb d ellets
resuspended (40 nL to e)aqig{réj %do&‘glrro‘gé]ege%e#gﬁ uréw%ri %PPSD The aged
mat eri@l wRsogdustr prfugwe(a!slm%wme@lrab‘wepeu congidemedrivitilgas at 43K) 2
hr.) 4" C thackcohpd Rﬂ{iset&é"@ﬁoﬁih%Odg?ﬁeV\@Uil%d’ﬂn fe ﬁ fer, the

tubes serially rinsed w r) resuspende entrlfuged

as descri bé&eaEG\Pé”d'Prf’esté) p@”"e‘?@’:V\EPE flhﬁﬁlpéé’l}@pém%cﬁhqmél tRR%I of 40 nL

of 0.1M pHbé tedistpuyddhdbeingfl itnieider onerid fitgasherolescri bed above.
The pellets were resuspended in a total of 44 nL of water and aged at 4'C
for 17 hrs. A small anount of insolubles were rempved by a | ow speed

centrj gugatlon (1000 rpm 3.5 mi n.BXANRPEKEdlLng the product in the
t h bst
T d ikt Ry oL

characteri sif a7}al il D alc.) c.

Free Ps
I Culturi p ci:
20 Methods of culturing pneumococci are well

known in the art [Chase, M. W., Methods of Immunology
and Immunochemistry 1, 52 (1967)]. Isolates of

pneumococcal subtypes are available from the ATCC.
The bacteria are identified as encapsulated,

25 non-motiie, Gram-positive, lancet-shaped diplococci
that are alpha-hemolytic on blood-agar. Subtypes are
differentiated on the basis of Quelling reaction
using specific antisera. Master and stock seed
cultures are preferably maintained lyophilized or

30 below 8°C. In a preferred culture method, stock
cultures are restored with Heart Infusion Broth,
plated onto Heart Infusion Agar, containing 10%
defibrinated rabbit blood, and incubated at 37°C %
2°C for approximately 18 hours.



d. Amino Acid Analysis SCVHC/ | ysine 30 SCMC/ | ysi ne 284 ntg/ nL 2025 nc%/nt
0.14 <5 area x 6.7 /0 1.6 /a 13 MARCH 2003 - 57 EXAWPLE 8 13MARCH2003
Crude pneunococcal powder was sol ubilized at a concentration of 1.5 ng/nL
in water by m xing overnight at 4'C. A nore concentrated solution of Pn-Ps
was al so prepared at | O/ nL. Addition of 50nM Cad 2 was successful in

reduci ng the viscosity of the 10 ng/nL solution to the viscosity pf the 1.5
mg/ mL sol ution. The solubilized Pr=R%was then passed through a Gaulin

honogeni zer set at one of four 10 Pressure settings: 2000) 5000) 10000) or
15000 PSI. The sheared Pn-Ps was then coll ec¢ted b% addition of 60%
i sopropanol made 5@NGVEIRWEICON thsn BLate) LEoERSUERENIS] N was washed

with | QO"/ﬁéghlﬁgQthgi@lﬁTmh ;mgq@q)a@nd%ighberoﬁ t]p_ef ecover L he |
“preci pltate - . NeFPS | S she on.t he Llrer, w acetone an
Phen B i oheByEBended; a6 uddd Eoninge ues)10d fiL 8, o oes

Al i quot s Hearlke Infesieh MBrdth acenteinipngnd6®, def idrdmatiedy/ nl and

anal yzed ti | Ci | dex. b phel : r nol ecul ar si ze
and poly ?égggsﬁiﬂq%;Eﬁ&iﬁ?uﬁ?v%?égpgggﬁiE?a??%#@gﬁﬁ%hgghich anti -
Pol yRBn- Ps cydiugie; f’qzégamrwsrp@tgwylﬁvh@wrs @4cIFTTE AN 25 6% 500, 000

1.19 14 344eDQ@0l mi> JPF1 PpRi £P8dlclitdde 430 ridhgl deed) il MARCH 2003 -
>8 Nbuseéﬁé%ﬂéd5?6{“%€¥i€§:by microscopic examination of a

Gram-stained smear and growth on Heart Infusion Blood
Agar plates. The working seed may be stored at 2-8°C

10 for up to 14 days or used immediately. Two-liter
Erlenmeyer flasks or other suitable vessels,
containing Pneumococcus Inoculum Medium (YUF),
containing dextrose (25 gm/liter), are inoculated
with.working seed and incubated stationary for

15 Aapproximately 8-24 hours at 37°C + 2°C. The
incubation period varies as specified depending on
the type of Streptococcus pneumoniae being grown.
The pH of the fermentation is adjusted to maintain a
target pH range of 6.0 to 7.2 by the periodic

20 addition of 12% sodium bicarbonate solution until an
optical density of 1.5 to 4.0 is reached. Optical
density is monitored at 660 nanometers. A sample of
the growth is examined microscopically and a
serological agglutination reaction is performed to

25 check purity. The growth from this stage is
transferred into a seed fermentor containing 40
liters of Pneumococcus Fermenter Medium composed of
distilled water, a dry charge of the components for
Pneumococcus seed medium (YUF), Yeast Extract

30 Ultrafiltrate, UCON, and dextrose (approximately 25
gm/liter). The culture is incubated at 37°C + 2°C



This test is perforned to establish the T-cell dependency/i mmunogenicity in
"m cé of Pn-Ps Conjugate Vaccines. This nodel was adopted becalds¥ARGH 2000 en
| ess than two years of age normally respond well to T-dependent antigens.
Athym ¢ mi ce have an abnormal thym c epithliumand therefore their response
to T-dependent antigens is significantly Iess than their nornmal congenic

litternmates. 10 A single dilution of vaccine to give a dosage of 0.5 p,g
pol ysaccharide is injected intraperi B88neally into adult athymic mce
(nu/nu) and thei r congenic control littermates (nu/+) on day 0) 7 and 28.

The m ce are bl ed. one yweek later and theiy 15 jindividual sera are tested
for anti bdith JuphbdsaeplatignofotuseRroXingiedy 4nl2 Bowr®) ecach nouse
serumis cri®i prdiwi con€télledeited R0 Ro AW thm@npéﬁibbﬂéy conpl ex 20
formed is [eci ed b di td n of S rate em‘mnr m sul fate. Each
processed é@ﬁgr‘-gq‘f oﬁﬁf‘éb‘mi X‘yid ARt 1 o‘g ﬁfﬂﬁf‘ €I The

Pn6B- Ps- o\mxt&hnangsswummpmmmmmm Egamentet t h| s invention

vere test elfuhfl BolfRARa YK KA 10s A3a bt C1A g99ogﬁa§§ b gFt | MUl ALl on

in the Nu/+ mce | munogeni city in I nfant
Rhesus Monkb¢sCoUpOREatse 0N FRRUMALOGLSE oPeedugtign nndmmunogem city in

i nfant non h e il co i f Pn Ps- OVPC
or 13 I\/AE%E Qofg’ial-'st%g’:b%ié&sm coﬁtpétaée ggdgl ngha Ei%E‘ﬁ%rlr: ant nonkey

nodel has GBBRISMImAtEd & ?%?u t& iRpcutagedamitd for the
PedvaxHl B" appeoxigaitelve &0 r fékd | 6f - one~Pel2, hoﬁer%e)edApr” 5 Suppl. , pp

668-675 (1 d th f t |, f t
vacci ne éviﬁﬁﬁhr 1 W, SO L8 ARRUBRERR BETRE, sl (0 98
into qach wildwagdittadslon rfer 26-30 Botmat tiepeddingaon mirilcly xype day 0 and
28, Mbnkeyq gl ﬁe%olgway Ple it 2p0 aﬁrréilaadatth% ;90 /g)o“df g dual sera

are tested~ or an response |0| nmunoas I'n" t he RIA)
each mnkePYsMﬁQ@%(#dﬂh%ﬁth% @Qdﬁaﬂeh&étpﬁl S;Qiy.lfarmigen anti body

conpl ex fomiRd fierddiiaPioR| pétﬁbfﬂowdt By dPdiildsqn déne]ﬁgﬁat ur at ed
ammoni um srélfate Eac roce ﬂ gn’gle i S gounted in a béta counter for
one m nut e! “Prﬂ‘?i}"r#c:%fgm%n thente PS“FH@"\%’C&%@Q%“’S‘&?Q# actory if at
| east &' Gwifert Hthé abéxtnosal is hevepaetiedsstutd 1§ gbd) suntikdivat&sponse
after recer\ggg)t%g &Qégsiﬁé&ég Sccr Pn6B- Ps- OWPC) Pn23F- Ps- OWPC) Pn
19F- Ps-OVP(t,’ U Pt Ra én shown to elicit strong
anti-type-specific dse bpathogepdnsesganisaudigieorkiBl edt r aval ent
conposi ti on {441y EPEB:PRetMBitation is terminated. This

is accomplished by addition of phenol to a

20 concentration of about 1% and the kill allowed to
proceed for 2-12 hours at ambient temperature.

(1)

II) Isolating Crude Pn-Pg:
Denatured alcohol is added to the killed
25 culture in a sufficient quantity to precipitate celi
debris and nucleic acids, which is removed by
centrifugation. The crude polysaccharide is then
precipitated from the supernatant fluid by addition
of more denatured ethanol. The solids are collected
30 Dby centrifugation and the supernatant fluid discarded.



25 pn23F- Ps- OWC) Pnl 9F- Ps- OWC) and Pnl 4-Ps- OWPC, ' exhi bited %pod
anti-- Pn-Ps antibody responses to all four serotypes. 13 MVAREMARGE3003 60
EXAVMPLE 11 Protective Efficacy of Pneunpbcoccas Conjugates In ~]hinchi |las
Each Chinchilla was injected subcutaneously or intranuscularly with 0)
~0.25) 1.0, or 4.0 ~.g of 5 Pn6B-Ps-OWC adsorbed to AL(OH)3. The
Chinchillas were bIed at 0) 2,4,6) and 8 weeks. The animals Wre chal |l enged
with ,trep~-~coccus pneunoni ae 6B ei gt weeks after injection and nonitored
every 1-3 days by otoscopy and tynpanonetry. Mddle ear effusions were |0
aspirated for cul:ure and the I mals were, sacrificed two meeks post

chal | enge. The sacr NBEd&d Cadici 5$QR§QF%R%$§9EdIFOFe de byar
hi st opat hotobybiIheaeivas cd0thwriclydycehanbdonin veeutryl no conj ugate

whi |l e even r t al it 5 There caas no
protectlonaéﬁg?ﬂgmgéaﬁﬁ¥ga éﬁ%ﬂlgpn% g ?%H?%E éﬁﬁ* not receive
conj ugat e OhObY phosphadseibufifer ok ughieh\/\eSeaplld@tdeat\mieﬂse eamd s bet ween

60 and 1004 r s u%ggﬁgﬁ EXA epspcocca
| mune Respgnggsgl ?12 01 d;ﬁ‘rkgﬂfoggﬁear EJK%' ’%%Ibgmen recel ving two
doses seachmépuges @t mbaut BHH Pst%rﬁﬂt d§t ad jnsteas dquabeowt of

anti - Pn6B- Qsoaﬁhldb%dllft%t’éb’aﬂ As@eH &E! SAyESuam filscaddeéd @t ions in
antl-PnGB-Fi anti bodi.es, were observ 003 - 61 ~xArtP~ E 13

date Nephe P QﬂtQ#ﬂﬁﬁEﬁBﬁcﬁ?n§§P§§§B§ﬁar|des The purpose of this
assay~i s to deternm rddditeipnaysimphaitdesc mayerite oflimiratad Pbyand

conj ugat e RCRAA P CatFof %t fie"pBIFs AT A 1ddCin sodium

10 - acetate with denatured alcohol or isopropanol,
followed by resolubilization in distilled water.
Addition of cetrimonium bromide at about 8°C
precipitates impurities which are removed by
centrifugation. Addition of sodium acetate and an

15 aliquot of dematured alcchol or isopropanol allows
removal of additional impurities. The polysaccharide
is recovered by addition of more alcohol and
centrifugation. The precipitate is washed with
absolute ethanol until a white powder is obtained.

20 The polysaccharide is collected by filtration, washed
with absolute ethanol and acetone, and dried under
vacuum to yield the crude Pn-Ps as a powder.

25 ¥ S s e _
(1) Thermal Hydrolysis: A 3.0g portion of crude

Pn6B-Ps powder was solubilized in 1200 mL saline
(0.9% NaCl) with stirring at room temperature for
about 4 hours and stored at 4°C overnight. The

30 6olution was then hydrolyzed in a cold-finger reflux
condenser apparatus at 100°C for 24 hours and cooled
to room temperature. Sodium acetate reagent (59.7 g)
was added to a final concentration of 3% (w/v).



5 range of the standard curve for the rate nephelometry differs for the
various Pn-Ps as the response per unit Pn-Ps mass, and the |i'R&8RCHEP43 on
of ‘t he response versus Pn-Ps antigen concentrat i on profile differs for each
Pn-Ps. The procedural exanple given io here is specific for Pn68 conjugate
and does not necessarily apply for conjugates of other Pn-Ps types.

Conj ugat e sanpl es and standards are d'yuted in 0.9~ NaCl) and again are
diluted to nom nal concentrations that‘are expected to be within the 15
limts of the standard curve. ~) Reagents Saline solution: 0.9 i aqueous

NaCl Ant Pn- P h R

AUt od 50 fol &4 ¢ ekttaatisy (PFERE" CRE Teerddinds aY) () 1>,

2.5 3.0 amiatﬁlongﬁn¢nFplretcshpdgaaadsmmﬁihuﬁy4dxnnetéiﬂ ~, g/ nL stock
| uti t t ; h | | f

Soi d hoony FMGRE Kebhelopk MBLAY. BRI Mk $Y16 HLDDENS o T

stock to hapartion ef EBﬂcSﬁ’PP&Flvoﬁh@H%tJ&ﬁ Lﬁﬁ‘tl RER-LHgouldi al

di | utions (ﬁrééﬁyigﬁgesgﬂphgssou tripagreti cal 3o concentrations of 1.0) 2.0
and 3.0 ntg of Pn-Ps/m 13 MARCH 2003 - 62 Assay all sanples and

standa®ds using the Beckman i CS rate nephel oneter using duplicate
measur ement s. DeayrnFmesthEPaom@devﬁﬁ(N1Thetﬁyﬂsampted famplehe standard

The val ues o Tuhdr-1ZROC RS FSO Ul Patoliel k' BRabBEL kelng byt hre
met hAd t o i4$3h8%eIRAt byethe tay‘dmtd@tes)ﬁ)é! mh-IBAe(addedt ed for
Conl”gat'0”d£8£ﬁ@§ﬁrﬁwgﬂaktqwiﬂ%g;%%t¥36@ téffepatur8y.degheed 1 mul ogi ca

characteristic reparatlon ol _Nel ssefianmenineitidis Bll
Serotype 2 sppple Waspglioues itéh shin for tosd@r pankERFngRdi $h€TG oup B11
A tube cont gefithd fulged ¥apil o0 X Y teoe 90 héhates ¢BeeRman-ti ~ [obtained

oM D M SACNE S oo S AP0 A5 LISk LEs0 FRATR A )
triturated with absolute EtOH in a2 250-mL Omnimix
jar, then collected on a 60-mL sinter glass funnel.
15 The precipitate was washed directly on the funnel
with absolute EtOH, then acetone, and dried in vacuo
over CaCly at room temperature in preparation for
analysis.

20 (4) Second IPA Addition and Product Recovery:
The 43.5% IPA supernatant fluid (volume = 2020 mL,
from step 3 above] was brought to 46.0% IPA by adding
93.5mL IPA dropwise while stirring at room
temperature. The sample was aged and centrifuged as

25 in step 3 above. The pellet was triturated,
collected, washed and dried as in step 3 abéove. The
Pn6B-Ps product weighed 1,650 mg.

It had a Ky of 0.62 and a phosphorus content
of 3.3%.



25 (BBL) was added. The culture was streaked onto Mieller Hi nton agar

. slants and incubated at 37C with 5x C02 for 36 hours) at whi EHMRHEPhe
growt h was harvested into 10~ skimm |k nmedium (Difco), and aliquots' were
frozen at -70C. The identity of the 30 organism Was confirmed by
agglutination with specific antiserum supplied by WRAIR and typi ng serum
supplied by Difco. 13 MARCH 2003 - 63 A vial of the,culture fromthe
second passage was thawed and streaRBd~onto 10 Col unbi a Sheep Bl ood agar
pl ates (CBAB-B8L). The plates were incubated at 37C with 5x C02 for 18

hours after which tine the gromﬁﬁyﬁﬁ§J§§§X65t6d into 100 nL of | Ox skim
m |k medium aliquots were take : anounts and frozen at -70'C. The
or gani smlwapreaEidn ddat yoB <o) ihgateq PmOB+RE-OMBREt h specific
antiserunm) sugar fermentation and gramstain. A vial of the culture from
this passage was |0 thawed) diluted with Mieller-H nton Broth and streaked
onto 40 Nuell:iCR{EA Rg9 HEXs 2 Ve LatnaDUulamnonivat ed at 37' C with
690 C02 W&&d&ﬁJﬂ@ﬂﬁé&éﬁﬂE&Bﬁ@ﬁﬁL time the growth harvested into 17 nL of
| Ox skimm | k nedi al Lquqtt | . 3 15 anpunts frozen at -70C
The ®rgani sm Was é?’?’f‘véﬁ%gi égﬁ!il”&ogd%%n g‘é}"ﬂ) Zg& &P nation with
speci fi c wod i shurrieddinxwdgee ,t eliarged Ao nen¢alumn, asgdcol | ection of cell
paste a. u - . The i.nocul 2 r fromone frozen
vial of Nbeéjés)tggi %ﬁ%ﬁkgiﬂﬁ&t gi&}’of‘ﬁ#"%r B—Wﬁm gﬁgvgp‘?ﬂassage 4). Ten
Miel | er - Hvaten uptiilsthet efilduentndmateddentralxtaepl papesst ed
appr oxi meigzlﬁgnem 5@ %R-]i%?{j dis%’eééaﬁ@tyfﬁﬁhlbgl%hor 3 g 250 nL flasks
~S.25 1aly pH. 6.

of Gotschl]ic . Yeast sate nedium at 5. The 0D660 was
ad3ugoed h¥dpoxgdgnyasnthen sypnfkhroygh thesoodyan,dntddn thesnd 1.8. 1 ni

of this ceffluentagested tety ad Ix&PfRe Of FiNallly Endaiuieyer flasks
Shaker ot ¥BB0 =P EBFRUEY SHG RO R REHL aLbRoGEEF USRABALE ol | owl ng
i nocul ati testédl memrtsadf. broth culture) at an OD660 of 1.28 resulted. 13
MARCH 2003 - 64 5 10 15 20
15 " B._ Pn6B(BuaN{):
Pn6B-Ps(600 mg), size reduced and
fractionated (see Table I Pn6B-Ps lot 1 for physical
properties) was dissolved in sterile distilled water
(60 mL) and the solution magnetically stirred until
20 a1l solids went into solution (1.5 h). The
polysaccharide solution was applied to the rinsed
resin and allowed to pass through the bed by gravity
(4.5 h). The column was washed with water (10 -12
mL) and the combined effluents lyophilized, providing

2 640 mg of dry Pn6B-Ps tetra-n-butyl ammonium salt,
Pn6B(n-BudN+).

Pn6B(n-Bu,N*) (640 mg) was dissolved in
30 dimethylsulfoxide (DMSO) (24 mL) and magnetically
stirred for 30 min, at which time all solids appeared



70 Liter Seed Fernmenter - Approximately 4f liters of seed culture was used
"to inoculate a sterile 70-liter fernenter containing about 403MAReH 4003f
conpl ete production medi um (see below). The conditions for the 70-liter
fermentation included 377 C, 185 rpmw th 10 liters/m nute air sparging and
constant pH control at about pH 7.0 for about 2 hours. For this batch) the
final 0D660 was 0.732 after 2 hours . 800-Liter Production Fera~enter
Approxi mately 40 liters of seed cuwti®e-were used to inoculate a sterile
800 liter fernmenter containing 568.2 liters of conpl ete production medi um
(see bel ow). The bat ch was i ncubated at, 37 100 r n1mnth 60 liters/ mnute
air. spargFﬂg Snﬂ“c@ﬁéﬂ&ﬂpqﬂ4(?ﬂﬂ?@ﬂseﬁlﬁFP?eowaFoPdﬂﬁﬁs bat ch) the final

was 5.58 1ht-&heaanmurﬁuﬁfdﬁowoc4&az ), 3an€othketreakledionm f or
Erlenneye I%gks and 70 and 800-lite erne ter Fractlon A L-glutamc

acid. 25 Rk 2 B0 4 O LR R RFRES ?_uB Ste He 8HEEPSFAES g/ ijter 6.0
g/lliter 2f5agkl|BemoluxiqnIoﬂébuﬁnnbdyaminerd@h&ﬂrghhhumide 13 MARCH 2003

- 65 Fyg t 2 f Yeast
Extract wiRoRRS2EEL. (Y 002 i Nakel RUKDALY) wabPHh e Baddg O, PO0
di al yred KPH2 LAi2dobyDdoe addibion| eérleu H Va0l .unThe Walutioree HIOSM
cartri dgegas384 14 dYEP 4 Hr é¢dh 5aaodz3 Osqeé@mar F39 t4 © dfiesol ved in the

di al ysate an e~total, volune bro iters wth distilled water.
The pH vva§°é’§je6£t‘éﬂ an, ice hath- \g §$@ﬂ| M@d%ﬁ%age t hrough a 0. 22
filter) gohtaianidfgeriice a@tiheté&rpa&yelac@mdjdré nag-ratdedned0 A For the
and the piME ok Ftdz Bic’ sb4aEL0RY AC ST seRadh WA R ror mont or-
41. 8 {4t ermndofthies resulting Asabutéon mtmfreléraﬁltb’rc Kl®ermim)ided and the pH
d t 553 1it
was_adj ustggfh &Jdc%gtbz?ﬂ{:ﬁrga?ﬁﬁr a‘irlowé%BQ:QP ddltn’?c}le%efaégedpéﬁxﬁ iters

of Fraction A ction were ad e pH was
adj ust ed temperatyre; andnabirred $orHan atditionahct ivatabher

which it was transferred to dialysis tubing‘and
dialyzed (4°C) against the following: 1] 15 L of 0.1
15 M pH 7.0 sodium phosphate buffer for 6 hr; 2] 15 L
0.01 M pH 7.0 buffer, 12 hr; 3] 15 L 0.01 M pH 7.0
. sodium phosphate buffer, 9 hr; 4] 15 L distilled H-0,
17.5 hr. The contents of the dialysis tubing was
.lyophilized, providing 222 mg of Pn6B-1,4-butane
20 diamine (Pn6B-BuAg). The NMR (300 MHz, D70) of about
S5 mg of this material revealed a loading of 22
diamine residues per 100 Pn6B-Ps repeating monomer
units, by comparing the integrals of the resonances
of the butane didmine'methylenes and the rhamnose
25 methyl protons of Pn6B-Ps.

En6B-BuA2-BrAc:
Pn6B-BuA,; (210 mg) was dissolved in pH 9.04, 0.1
M Kolthoff borate-phosphate buffer (21 mL) and the
30 Mmixture magnetically stirred for 30 min to effect
solution. To this aqueous solution was added a



After the fernentation was conpl eted) phenol was added in a1§ﬁR§6$hﬁ3
vessel) to which the cell broth was then transferred) yielding a fina

phenol concentration of about 0.5x. The nmaterial was held 25 at room
tenperature with gentle stirring until the culture was no | onger viable
(about 24 hours). a . Centrifugation After about 24 hours at 4'C) the 614.4
liters of inactivated culture f laid was centrifuged 30 through Sharpies
continuous f |low centrifuges. The wajgght of the cell paste after pheno
treatment was 3.875 kg. Alternately the phenol killed fernmentation broth
was harvested by dialfiltration as described bel ow 13 MARCH 2003 - 66

B. OwWC hﬁﬂkﬁﬁt@ncbnsS&&ﬁng.dﬁnpxnlﬁzmphenymdbdbﬂbhbbta&boKZlhE pheno

pact volig) CPhLHERSHRR AN 3 S eBobhe Rty P T ered I
Ste-n", ~2oveenightt (@9 ,ht.ecf't,l’alc)/ol umeosozuttan masfer [0.1 M TRI'S 10 0.01
M EDTA Bu££§ﬁ§ r%d5th61 ﬁ& dgﬂayquh W@?(ﬂpded to the

concentrate Iltered ce cm£§ziyﬁsen5|oa ransf erred to a

t enper at u#galwﬁ@l theq foldowins | 2t kabtesd g @@G%lt FHg@n! ~i on for

%ﬁ mslnut es2.35nthe 2qxt1r:acn: é@@rtmtdiéw&deat H«'s}bputB 5 QO& rmjgoi nrrL 71 )
arpl es n ouS bout m nut e

at about 3% LTﬁ %&ﬁnﬁ?&ﬁéﬁiﬁ% FPusd E&Qﬂﬂq %ted and stored at

4C. The ecxontendd of [thelbags Me?emlowasemmunxaﬂiﬁor1&ikiwaer as

descri bed V& I at 4C.

Cbncentraé?@%’b qj§?§#@aé g%?g%a Hhigole dﬁy)éﬁhmas ransggrred to a 25

t enper at uIEe Otfegflnleﬂtbcpﬁe%skhoaphébﬁeb“ﬁf%m (pueparedl hyul fone

I'h'rg&ﬂs] ﬁmﬁs rg of1tRe gt Baglodiam Sk PhateGbiut D8nYessel

out °t t1on ess. [The sa copce tra ed tenfol d
at an ave™&fe Q4é§$ nﬁ?ﬁﬁé ﬁBQ@ &te 5?5§9¥ég%%%m?§9 Bhy -
solution was filtered through a sterile 0.2 um

filter, yielding a pH 8 solution of Pn6B-BuA,-BrAc.

15 En6B-OMPC:
Sterile OMPC (40 mL, 4.5 mg/ml) was pelleted

by ultracentrifugation (4°C, 43 K rpm, 2 hr) in four
10 ml centrifuge tubes. Each pellet was resuspended
in 3 mL of a 0.22 pum sterile filtered thiolation

20 mixture which consisted of the following:
N-acetylhomocysteine thiolactone hydrochloride (164
mg), ethylene-diamine-tetraacetic acid disodium salt
(255 mg), and dithiothreitol (53 mg) in pH 11.09,
NasB,07 buffer (30 mL). The resuspended pelléts vere

25 homogenized (Dounce), combined, the vessel degassed
and blanketed with nitrogen, and aged overnight (19
hr) at room temperature. The solution was divided
among three ultracentrifuge tubes, topped with 1 M
KH,P0,, and the protein pelleted (4°C, 43 K rpm, 2

30 h). The pellets were resuspended in 0.1 M sodium
phosphate, pH 8 buffer (30 mL), homogenized (Dounce)



13 MARCH 2003 - 67 StP,~p4. Collection and Washing of the OVPC The
“retentate from Step 3 was centrifuged at . about 160, 000 x g 1@3¥REEEARpm)
at, about 70C in a continuous f low centrifuge at a flow rate between 300 to
500 nmL/mnute, and the supernatant fluid was di scarded. The OWC pel |l et was
suspended in TED Buffer (190 nlL buffer; 20 nL/g pellet) Step 2 and Step 4

were repeated tw ce (skipping Step 31 Jp ~ Recovery of OWPC Product The
washed pellets from Step 4 were suspended in 100 nL distilled water with a
gl ass rod and a Dounce honogeni zer to insure conplete suspension. The

aqueous QML seppileted WascChha&d ¥5 dpdfex meri'rtixée@lt@yxp@ssage through a

8I gle Ft [&%éﬁég{éaﬁﬁgﬁggﬁﬁ %é‘{s&rq‘}@%d \S\’g‘?eﬁﬁs{f%{-‘ﬁré\ﬁaer m hol | ow ffi ber

(filter. PnGB-BMANPBEACS splutfiiorat i ddn Elim@ubsintest okra®©VPC: Preparation of

ol ect r ophbeEED Eﬁ‘g? Ameddaceyy @@?@%‘é ARS8, Preet) o 2T 8 ok
wer e usedim@he s b@kﬁﬁ} cfdjonymi u%ﬁrﬁ#?a@ﬁ&&&ﬁede bhankmtedeparati ng ge

was #ﬁ / OyRehy astopErle arfPRiged "o Ll 91 5hr, Jaef rGHEC protein or
reco |na8t host ,cel proteln was used per gel. 30 To 1 nL of OWPC was
added 0. 5tRPPEFALURAe buffer (4 /e glycerol) 300 mM DTT) 100 nM TRI S)

0.001" ! o Bronophen@he pﬁbtdﬂﬂ«ﬁh@Oﬁ&ppeﬁSbybthe)aﬂwlﬁlﬁh.dfhd m xt ure was
heated to C.f o] room tenperature
before Ioaé‘ 3 ongc}"%%ﬂg% e~~g g’ H‘“Z Ségggbégﬁoo mllianps) with

cool i ng) amsusmim rﬁﬁlbﬂmbnzeaUheﬂhyhaaﬁeﬁmmeof(7t5hmgje| A5
vert I rlp f I C 2 de) stained with
F or sl S 10 b b Pl pADSEhatel pAPEbecl TN “Lhe M cp

cetate
band (aboﬂtlxﬂq%wac%é’a%ﬁé vf%be"e rTﬂ‘é I0Pmp teEpPeradMfaced into its
original geR1lAsing afhiel, t 500 MEPotONaBeatyas costiendd e Qo 124 remai nder

o e kot P €1 AL PR rod B hEP TR He Sl Sy (0ot 9
for an addit1ona1 19.5 hr. -

15 The sterile capped conjugate-was divided
among four centrifuge tubes, topped with 0.1 M, pH 7
sodium phosphate buffer, and pé}leted by
ultracentrifugation (4°C, 43 K rpm, 2 h), then
resuspended and homogenized (Dounce) in sterile pH 7,

20 0.1 M sodium phosphate buffer (42 mL). Following
recentrifugation as before, the pellets were
resuspended in a Dounce homogenizer in a total of 50
mL of sterile distilled water. After ageing for 17
hr at 4°C, the conjugate preparation was centrifuged

25 &t 1000 rpm for 3.5 minutes in & TH 4 rotor in a TJ-6
centrifuge and a small amount of sediment removed.
The final product conjugate suspension was assayed
for protein (Lowry), Pn6B-polysaccharide
(phenol/sulfuric acid), unconjugated polysaccharide

30 (size exclusion chromatography - rate Nephelometry)

and amino acids (amino acid analysis). The results
vere as follows:



After 2 cycles of elution the eluate was evaluated 15 for purity

' SDS-'PAGE. The el uate was conbined with a common pool of eIuat1é§{"°*8ﬁ'd|2003
dialyzed for 48 hours agai nst 60 mM ammoni a-form c acid) pH 10.
Alternatively) the eluted protein can be dialyzed against 50x acetic acid
in water. After dialysis the 20 eluted protei n~was~evaporated to dryness.
The material was further purified by passage through a PD10 sizing col um
(Pharmaci a) Piscataway) NJ)) and wag2stored at roomtenperature. 25
EXAI ~I PhE 16 Quantitative Determ nation of C Polysaccharide Content in
Pn-Ps Preparations: Systens have been devel oped for quantitation of

C pol ysadsifsh+BelypacctaoadrVR) enzymatic, or 30 chron@t33raghind net hods.
In thesinstepdigase) the chromatographic separation of,y cg éﬁ % i(a conponent
of 13 MARCH 2003 - 69 C-Ps) from sanpl es of hydrolyze S) was used
and conpé?%@amfﬁ OMREse ot her ~~net hods. The choline wa9-3 parated on a
cation exgresagpn6Blpen coupl ed with suppressed condugt pvpkead®t ection.

Sanpl es re_c | et r ol reat ment with 3gx_hydrofluoric acid
for 2 hou scﬁfngyggghﬁggﬁ&ﬂﬁyg%éiﬂﬁzﬁxq+%%roacetic alird for 16 hours at
100' . Fo$+oarboxmethiycys)t e2ifimdys nef the sanpl elwds% nj ected onto a
Di onex Bi oLC Chr omat ogr aphy systen) havi ng an Omi pac PCX-500 10 anal yti cal
and guard columm) an lon Pac CTC-1 cation trap colum, a CWG- 2

M cronenbrane Suppressor) regeneE&AHBLELﬁh 50 antetrabutyIannDnlum
hydr oxi depg &8 aka o frhg B LGS enen
senS|t|V|ty |socra 00mM HCl ) 5x
20~ Acetoni trid é‘@sﬁawqr}# @Wi@ eﬁ-‘}lg&“%cmﬁaﬁﬁ#‘dﬁ‘r Oplpt)r?t Bhci d.

Chol ijne egtthedpmﬁxﬁhaw mebk-Pé t wd@?rﬁl&b”%bih‘bllQﬁ”émbitrﬁS Purified

C- Ps "(‘obt by el;d rcSHn %ﬁg&gr&e um st t.u s anal yzed for choline
content usi e A L2 f'rﬁlﬁ‘ IHAPR by~wei ght was

obt ai ned. tﬁmpen&ﬁuﬁﬁe@pee&bmﬁth4phbhrshaﬂdr¢MEHsstﬂraduﬂtrk?@ontent of

CPs Tk datlae Voo cdol @c BhCHAR! Gadd CPR @ LaRPeETat Lo I

vari ous sa arations by converting anonol e quantities

of cholin® zﬁWhﬁﬁm@n+1 tethyleminoapshyl 0sligkore L omMich s ion of 5 .
Sarrp|£€0| Hdd'ddn VFrébGBilént hSrrTB_i S 16f th‘éas {1y d?étgﬁl&@sﬂfﬁ cul at ed.

havi nq_C- Ps 0 concentrations over 3 /. were rejected®as
unaccept aitte BhC&onpTBat | She FABIEILMESo@EREIShARAKER ON13 MARCH 2003

platform shaker at room temperature for ca. 15 hrs,
after which it was centrifuged in a Beckman JA-10
rotor at 5,000 rpm for 15 min. at 20°C. The

20 Supernatant fluid was further clarified fhrough a
sinter glass funnel (150 ml, medium porosity) and
collected into a 2L side arm flask.

(2) Sonic Hydrolysis: The DES2-treated Pnlé4-Ps
25 (volume - 1100 mL, from step 1 above) was sonicated
in a plastic beaker on an ice bath with a Branson
Sonifier (one-half inch probe, setting 8) for 2 min.
The sample was allowed to cool for ca. 15 min. while
the viscosity was determined and then was sonicated
30 for additional 1 min. intervals. A viscosity end
point of 1.096 centistokes was reached after the last
sonic treatment. The hydrolyzed sample was brought
to room temperature and sodium acetate reagent (18.0
g) was added to a final concentration of 1% (w/v).



- 70 correlation of this nmethod with the NVR and enzymati c net hods) and
shows typical CPs contanination |levels in preparations of ~Pnl3PARSH 208 yi ng
degrees of purity: anmp 1 a~~ENZYNATI

C~3PLC5PN6B- Ps20~N. D. 18. 4% Pn6B- Ps1. 6~0. 3-1. 0% 1. 2% Pn23F-PsN . D .2 .

8 /.3 . 7%Pnl4-Ps2.9%2.4"13.2% 10 Pnl9F-Ps2.7'i _ 2.6%2.6'i EXAMPLE 17

Cl oni ng of Genoni ¢ DNA Encodi ~gJh~I EP43About 0.1 g of the phenol
inactivated ~1. 15 Leningitidis cells (see Exanple 1) was pI aced in a fresh
tube. The phenol _jnactivated cells were resu,s ended in 5 ~t L of TE

buf fer (I OV TREB HRSTOHREESRA) B3Qbe 0~ Ayl §QRIQRARRLe E%ﬁ cell's was

added 30 ~rfda@fidRdtiSASpidet §thidy ein®QugiboadpM freteeaase K (Sigma).

.The cells wereg m xe &gdhl gcubat ed at 37 C.for bout 1 Gﬁfnf:) after which

100 r, L ofeudpaist Nephedgss” aspa¥ naethernediey. aghonml of 1.

cetyltri rretpwtﬁimnnbﬁntheoniad:pl(e(ﬁﬂ)owieﬂ Othva®/ t\héll Pnhé—Phewoadded, m xed

t hor oughl y)ﬁgibgegggt 3% 3655 ,8{ Of pA.O m nutes. An equal volune (about
0

0.7 to 0.8 (o] o] |soarry| al'cohol (at a ratio of 24:1)
respebti vel y) was added) m xed thoroughly and centrifuged at about 10,000 x

g for about 5 nypytegirkie mmémer)m@aﬁ?dwiy%an% m?'l"ed 30 to a
new t ube anE ie orga |coohase s di scarg{d.b An eaua vol u
phenol / chl okBPSMME S'og'r% om §&eR)p oy6d wag brogeht tg i, of
25624: 1, rfespeew @Ay bynash a @mf t boh hef af06omb EFAS€addieded thoLougth)
and centri or aqu Is phase
(upper) vvasagsﬁﬁ’&fgeer Q’eﬁ-’q} cﬁ%\ W%ugg gﬂgmﬁgﬂ§§?&ﬁé§%@abo %20 Et L) of
i sopr qoy! abauipdle weas aldaatyedn kedsthor 60ghLH:-38n thinud esr eancbﬂtha&md DNA was
centrifuged.q f nyt
di scar ded) an jﬁ%%‘r gt ﬂ dv\gg%dg Eaﬁ §9 miW&t%h [&%ECH#%\IA pel | et was
dried and r A:rﬂribrltféipiih QO@OQtrp_ma)f 29£CRuendr theasupesnatant s ~
meni ngi ti di $1iid ECmCedNA f{wowweeo bquwalﬁq%m'@e&yﬁiéﬁs'zed
whi ch correspond to the end ER gene, and to of the
M EP gene [M {11939%5 O=RL 30 d ATt %)C?Useﬁﬁeéls 23] .
The seggiencemfa tﬁm-tmlﬁsmwﬁngmheet fdanedeci ﬂlma fpredimﬁat@nd?ef ht he M EP
gene was: 5'- TW ' of the MEP
gene was: %g%% %n%h]ese@qb@ ﬂlg%ériu%fée%tl des were
used as pri rﬂi‘t@fmet?oa@ol andr dxeedha,mmmlomel( FEGlangti foomtion of the
M EP tedofH DNA. The PCR

gene “zﬂé@ {:}gi’&giﬁ]{*@ %gr%tf&i"ﬂﬂ > tlfsye prom ¢ e

anplificati according t ocedures supplied by
t he manuf acturer (Perkl n Elmer). 25 The anrplified M EP DNA was then

di gestgg with thesbeShébehuoannmq!ﬁ?&e&n&ﬁo&@étraee:ovz ggl 3 kil obase

sl ated by ERECsofot bl Superhatant it of yeFund i f28s, Bled so 1

d 30 from
the gel by efeomr etkpt koaboVe) ards Fyrdught stondVo8ECIPAr bipi aldddng (1987))

Ausubel) R Mg Brgpt ¥pR daroptidd RE1 2% irring at room
temperature. The sample was aged and centrifuged as
25 in ‘step 4 above. The pellet was triturated,
collected, washed and dried as in step 4 above. The
Pnl4-Ps product weighed 1,399 mg.

(6) Dialysis and Lyophilization: A portion
30 (1385.6 mg) of the sample from Step 5 above, was
solubilized in 554 mL of distilled Hy0 at room



- 72 Kingston, RE ) More) D.D.) Smth) J. A, Seidman) J.G and Struh

K., +eds.) Greene Publishing Assc~c.] The plasm d vector pUC 13MAREH Eﬂ@ested
wi th Spel and ~EcoRI. The gel purified ~pel-EcoRI MEP DNA was ligated into
the S pel-~EcoRl pUC-19 vector and was 5 used to transform~ ~ strain DHS.
Transformants containing the pUC 19 vector with the 1.3 kbp M EP DNA were
identified by restriction endonucl ease mappi ng) and the M EP DNA was
sequenced to ensure its identity. 404&XAMPLE 18 construction of the

pd /1. Gl LOp(B) ADHL~ v~~tor: The Gal 10 pronoter was isoI ated from 15

| d YEp52 [B {-~ 83 ~ t

EI :?1|m~ul at‘ilgﬂ‘ri’egffar%ef@p?'ég_hﬁﬁfsl noa‘%‘g) ﬂ{lﬁaﬁq%a n'r? Lmrran%gg pp. 83-117]
bly gel puual‘sylﬁ”tgadﬁéfeﬁtgdhtbobiala;typaﬁr tbime, f(rmmm mptmeeﬂfaflte{ i

cl eavage nd. H n i sol ated from
vect org G\leéttnﬂé-@ ‘ﬁn §§£¥ﬁe vsa\l d;{ ?‘%]d t%e(ﬁeg' 7V\€§ 5%5 141] by gel
puri fyi ngwitth @ %dibbibna@rmhangmanfe(ﬂmﬂ:ﬂbeﬂ/a@ wi tBhennthel | and
~nel. The(ﬁ‘ﬂ%é‘@”@ﬂﬁ:@l\éﬁ&ﬁs HQQ'%? Wrdy o hgﬁ‘i?i:go he gel purified

pUCI 8AHI n Vect or site wa I'mna y digesting
pUCI § wi t HEX8S | | syxebluﬁtrw Ad & tcmt wecwmbhﬁnpaghéﬁh éhd~ coli DNA

Eommragelgta ﬁﬂﬂlhbaabhn& Wit {6 @%éw&sﬁiw@l wo ad1heer digested with
a an

create e Jpayental_vector | . . Thi.s has 30 a
uni que H # i?%nﬂﬁé{ssu i 45 GRSt %ﬁ?ﬁ?f}'uﬁét ﬂigg fingd \mRCH 2003
LnrguengrﬂP:IﬂgT%; rp]m:bduldﬁ wﬂagrﬁm&tmg pfwhﬁehlﬁaﬂA@HK et (d(} C; ;gl :
purifying the cut %ﬁ%‘?%&??@%ﬁ% |bgas° Vitodﬂi( °Bf ol I owi ng

H ndypl | - Beheisel slméirleds in S:he\ Ber3neGtTBAGBIREEA-5' . ' The

resul ting p(&(]?’llg( tﬁ“&ﬂ‘l as t 1] S|te and
gener at ed gﬁg%@s g%l S|PE cg??ia gg %"t‘%&ﬁ fragnment was

i sol ated fREROF I‘ﬂ)(@tﬂ%lm‘b&ﬁﬁgééﬁFéﬁs\ﬁﬂt Reseal &y S-hi, Dbl unt - ended
wi th T4 DNgopGupEtied s 36 0Ph1AUPs WhdchTie waard éhxuéﬁtlﬁalleCt or pd/1

[ Brake et 15 aI 84%* Proc. Nat'1l. Acad. Sci. USA) _8~) pp.4642-4646] was
di gest ed myg%ﬂ%) 4%t -ended Wth T4 DNA pol ynerase) and purified. This
fragnppt was ligated to the vector with T4 DNA |igase. The ligation
reaction m xture was.~t hen used t%m 20 ~- ~ MmOl cells to
anpicillin resistance) and transf re screened by hybridization to
a single stGQIm:ugﬁtim GZPOB&IGGI Mbn&ttﬂ@’ﬂotmn-ﬁompheurWIthe new vect or

constructi ghe by ._giqpestion with 25 TT
and ~ganmH .

20 a. Preparation of the 1,4-butanediamine derivative
of Pnl4-Ps (Pnlé4-BuAjy):

A 410 mg portion of Pnl4-Ps after storage jin
vacuo over Py0g for 3 hr., was covered with 26 mL
25 of dimethylsulrfoxide (DMSO) and stirred for 0.75
hr. to dissolve. To this was added 62 mg of
carbonyl diimidazole and the resultant solution
stirred at room temperature (r.t.) for 80 min.

30 A solution containing 1.067 g of
1,4-butanediamine dihydrochloride (BuA;.2HCl) in
38.5 mL of Hp0 was prepared and its pH adjusted
to 10.20 with 2.5 N NaOH. This solution was
filtered through a Millex 0.2 pm GV filter and
cooled in an ice bath.



13 MARCH 2003 - 74 r XAMPLE 19 Construction of a Yeast M EP Expression

Vector with |EP A DNA fragment containing the conpl ete codi nd3MAGFBARSt

M EP was generated by digestion of 5 pUCI9.MEP #7 with and EcoRl) gel
purification of the MEP DNA) and bl unt-ended with T4 DNA pol ynerase. The
yeast internal expression vector pC/|.Gall0p(B)ADH t was di gested with Bam
H, 1o dephosphorylated with calf in%ﬁsLinal al kal i ne phosphat ase) and

bl unt - ended with T4 DNA pol yner ase. e DNA has gel purified to renove
uncut vector. The 1.1 kbp blunt-ended fragnent of MEP was ligated to the

bl unt - ended péeiyd a@,@dﬂm@) %‘lﬁtﬂénvaaboahd@adtbhwel g:aildornd/ez':\ction

m xture was u to, trans d tsoll I@S%dhls.totarrplmllln
resi st ance. |§§i¥§ﬁ9ﬁuﬁ% tg% eﬁﬂeﬁ Sﬂ oRelyi L @il i B8P | abel | ed
DNA oi | goncl edidelebati. IW(XEAEC@EAGT‘E@CAAK& fax )Smlhnnh 20 was

desi gned to be, h e v Huvector
junction. Prepaa&g%?ons % séfﬂﬂ?ﬂg %fa% %rﬂna%d;%z&at on~ pO;I tive
transformants bemg'dnge@f eSpertrappr. Zaﬂdagé‘lqlﬂc duking y ehippede M EP

fragnent was igefhg € ££6Mm %ﬁeOEb Nt itde fIlqepd a%d| glafypeut he Gallo

pronoter. Further confirnmatign of constructi on WAs ‘obt ai ned by
di deoxy sequer¥$hg ¥ ohrt heO&aPHo 7y Blﬁﬂﬁi iym phesPRat®ng region.

ExplreSSI on of phEPebyfbhelsr anhfrornmtswvas &0 lst]gt‘kcoeol .0y Méstern bl ot
oL O LB, pRbERLRAC UG dde d el 5Pk cgp grated on | 10
- and was |nnunoVoguceIDl Nbaoﬁdum\phdsphntmdUuﬁﬁespéorf8chtor KWDEP.
10 15 L of Hy0 for 17.5 hr. It was then lyophilized

to yield 210 mg of the l.4-butanediamine

derivative of Pnl4-Ps (Pnl4-BuAjy).

An NMR spectrum of a ca. 5 mg sample showed a
15 “loading' of approximately 31 butanediamine

residues per 100 repeating units of

polysaccharide defined by comparing the integrals

of the butanediamine methylenes and the N-acetyl

methyl (of Pnl4-Ps) resonances.
20 _ _

b. Preparation of the bromoacetylated butanediamine
derivative of Pnl4-Ps (Pnl4-BuAy-BrAc):

Pnl4-BuA, (210 mg) was covered with 36 mL of a

25 0.1 M, pH 9.0 bérate-phosphate buffer and stirred
for 2.5 hr to effect solution. Then, 195 mg
p-nitrophenyl bromoacetate dissolved in 4 mL of
acetonitrile was added. The resulting mixture.
was stirred 21 hr at 4°C. It was then dialyzed

30 in Spectrapor 2 tubing vs: 2) 15 L distilled Hj0
for 6 hr, 2) 15 L of distilled Hy0 for 14.5 hr




EKE 20 Construction of yeast MEP expression vector with a 5 -Mdified MEP
DNA' Sequence. A DNA ol i gonucl eotide containing a Hi ndll|I si t $3MAREHHGr ved

yeast 5' nontranslated |eader 10 (N rL) , a nmethionine start codon (ATG

tile f i rst 89 codons of the mature MEP (beginning with Asp at position
+20) and a pnl site (at position +89) was generated using the polynerase

chain reaction (PCR) technique. The PCR was perforned as specified by the
15 manufacturer (Perkin El mer CetuasYftbusing the plasnid pUCl 9M EP42#7 as t he
tenplate and the followi ng DNA oligoners as priners:

5" CTAAGCTTAACAAAAT, A T.GTA 1713,

5' ACGGTACCGAA Ak g5t T 20 (hor ggd%gi oRT8P € M EP ¢l one)
pl asmi d pUCI odA &Py26d ceostendsstodd tlia hagn! 2 addmki wdkel removiede 3. 4 kbp
vector fragme r {§ied ~dh fragment was

di gest ed mﬁthekfggﬁsggg %%@hgﬁ%??qg§%#§§é°ge§‘gggiP#enganq 25 ligated with
the 3.4 kbp vpbosphpteapmfifiar sulthsépreparedoby-lyephilgzdng BRL) Were

screened by DYAIOM §Rulne HHickpwds | Ghrasi Onsandebn)DMAL r om posi ti ve
transfornmants S anagﬁiﬁihgérestrl [ on Snz me digestiagn.. To ensure that
no me ati ons REG€d30 | d”%ﬁlrfﬁ;t?ﬁ@ PERTQ tHe oy PCR

gener at eg DNﬁ\(J@frntilifg Faditene iesubtingaihs anaaquebusVRCH D03 _ 76 _
sequenced. T

resul 1 i NLakns 3+~ikRATI1 - ~EcoRl insert
consi sting of%g%ﬁi:§p+§ﬁj¥§$%%ﬂ%§§6§?h§néa9hgh ntire open reading frane
(ORF) of MEP beginning at the Asp codon (am no acid +20). The yeast M EP
expression ve cigd AN W Al PGALI O pd /1 and
CXDL o] O U fulFof 6EGHPHCLBIPAL (g (icpg AL
pp. 121406- 12, 112] were digested with ~amil ) flush-ended with the Klrenow

fragment of DA oy YET 85 COMPCAREoARRAESRRITON % o1 g 1LY akbs10 i ntesti nal

al kal i ne phosphat ase, These |igear _vectaqrs re |igated th the Kl enow
treated and gefh3dt#edtQ E?NSIR -Hlc oty é&%&“&%&?@%d above) which
cogt ai ns/ t ge/ yeent r NfugedT Enaad Beidkmain MEPTarsotor natg4pEan00/ pd / 1- M E)P
and pGAP/ p 1-ME Sacchar I C cerevj sj i 10pgal 4-
wer e transfornWwF{‘%&gl'agﬁi% ﬁoe?f’fo?‘;&’i‘l-%ﬁ%@%%ﬁnﬁ#&a‘ées wer e

i sol ayed and ewasi peephsedebpr ddsisolwing IO wE ooEsERTAe grown at 37C with
shaki ng i n synBehi eRRd a4 Budili veZth COPL &1 REPE dXsBUEASBAOWY) 1O an

0. D. 660 of about 670. (alactose was then added to, ,2x_(wy) to induce
2r 8% ofe d@éﬁ@%%ﬁ%f. ?]?'ﬁ'gscépl §%\M9[E % own for an

expressi on of. RREPO

addi tional 45 Nggnio?omhg@e&g‘qgtap:p@e | Bdecing00ft W-aeetyd 600 of about
9.0. The 25 cell§ we t.hen hasrvested by centrlfugation.. The cell "pellet
was washed i ¢ ROROCTaGEARa SO LReEone s aagedland brin);
20 solution filtered through a 0.2-pum Corning filter
(cup type).

The pellets from the above centrifugation were
each dislodged with 3 mL of the filtered

25 thiolation mixture (15 mL total), transferred to
a Dounce homogenizer and resuspended. The tubes
vwere rinsed by serial transfer of an additional 5
mL of the thiolation solution. The rinsing
process was repeated with an additional 5 mL of

30 thiolation solution. The combined rinses were
homogenized in the Dounce and the total
resuspended material (25 mL) was transferred to a
100-mL round-bottom flask.



77 Western Bl ot For Reconbi nant M EP: To determ ne:, whether the

‘Was 'expres~sing. M EP) Western bl ot analysis was done. Twel ve PMAREH §/31 nm
10-to 15 well Novex Laemm i gels are used. The yeast cells were broken in
H20 5 using gl ass beads (sodi um dodecyl sul fate (SDS) nay be used at 29.
- during the breaking process). Cell debris was renoved by centrifugation for
1 mnute at 10,000 x g. The superna’;ﬁgt was m xed with sanple 10 runni Y~g
buffer) as described for pol yacryl@antte~gel purification of MEP. The
sanpl es vvere run at 35 md) using OWC as a reference control) until the

br onophenol %%eqy%éﬁaf' roce‘ﬂ% g@ﬁmgﬁhd $ lg'crﬁ\é%éﬂmfermd

onto 0.45 p, Sl 21e ransf er
apparatus. Af mrtht Msiﬂatng hae m:e@'c@newg@yepame W@sidfﬁl(mked with 57.

bovi ne serum 8% I DagSr bpif ared nld 28 M)l dediQUion after which
15 nmL of a 1: ?JO dﬂfu‘ﬁon&)%? r|t anti =M EP anti serum Oo(generated by

i nmuni zat i on WIHEYRS ‘b%ﬁl?-h% ‘M-EPdﬂél ARONE, thres B¢ was added.
After overni gfﬁuuéb:ut:@amnoﬁtwnpem wgaptb@tpddevﬂi&wuqr a 1:L000 of

al kal i ne phosaﬂ%ase contﬁa 6@ g t anti - )bb was added. After 2
hour s5 i ncubat iR 3%S 1 ¥ £, {agh G508 ), '}fg tﬂﬂ‘s“r RED TR SALT (Si gm)
and Napht hoi - /&M@pfngeﬂafet(& blmﬁt 4318 IPRERP OO . 'Fhe ~~XAWPLE 21 r,
Plasm d pud 9- n e gggpesda i nsert, was
digested with ér\{1 r| c @Jﬁ gg 5EEC gl%e?é ~~| ana&?d sol% E&r%félf | kbp fragrrent
was i sol at ed ammps:pended dn Onlalfasedd use|phesphipte PaB d0t echni ques known

in the art. P‘l?éfffé:p@%&aqomeaw B, s t¢e Cf BRAPN TAC pronoter and a
uni que ECORI site, WAsS d with EcoRI. Blunt ends were formed on both

the 118 kbp M EPSPRRERR o héf° MEPACSD vect or) using T4 DNA
pol ynmer ase, (Boehri nger Mannhei m according to the manuf actur er's

directions. Th d P | to_the bl unt
ended vect or §| ﬁag%deHi%l aéegx %%&i%mﬁhegr& r&PRY to the 15~
manuf act ur er ' swasr ébenoperftiomed .gatwel\lAtmevilagdthe tr ansf orm~. co3i

stral n DSl QU (ORL) adiC0dine) d e TRaYS AGbHECEoBudhegid NS

Tr ansf or ned WEr € cont a

kanamgsi n/ mL ahyl 5@%@W%lmﬁﬁm¢rt§nah£el fiilkered Q&lﬂoﬁ“é\lzout 15 hours
at 37C. A DNA opirg@nQ1Ratidgie éﬁhﬁeéeﬂﬁéﬂée hmobqqma% WiglsayM EP was

| abel l ed with 3zP ?&dﬁused t o, s {:1 &ltrg % h se filt rs cont ai ni ng

| ysed denat ur e8tcH é%olfqton’r’% £\ P 3US| ng standard
DNA hybri di zat ymoles tofcthiplkes. CoI oni es whi ch Were positive by

hybri di zati on were mapped using restriction endonucl eases to determ ne

the~orientation of the MEP gene. . .
20 It should be noted that the filtration of the

Pnl4-BuAo-BrAc solution occurs just prior to the
resuspension of the thiolated protein. The
resultant reaction (i.e., Pn 14-BuAg -BrAc with
thiolated OMPC) was aged under Ny (with

25 degassing) in a No box at z.t. for 114 hLr.

The reaction was then capped (i.e., the reactive
moieties on the Pnl4-Ps and OMPC are deactivated)
as follows: A solution containing 75 mg

30 N-ethylmaleimide (NEM) in 5 mL of pH 8.0, 0.1 M
sodium phosphate buffer was filtered through a



Expression of MEP by the transformants was 30 detected by Western %g’ot
analysis. Reconbi nant M EP produced in the transformants co-3W'ﬂ:fC§$ on
pol yacryl am de gels with MEP purified from OWC vesicl es, and was

i mmunol ogically reactive with anti bodi es specific for M EP. 13 MARCH 2003
- 79 EXAMPLE 22 ~onjp;gation of Pn-Ps to N. neningitidis MEP: Chem cal
conj ugations are conducted according to the nethod disclosed in U S Patent
nunber 4,882,317. 10 ng of MEP in 3 of 0.1 Mborate buffer, pH 11.5,
are m xed with 10 ng of ethyl enedi am Tetraacetic acid disodiumsalt
(EDTA) Sigma chemicals) and 4 ng of dithiothreitol (Sigma Chem cals). The

protein solutiagn,,s flu 0 IFr I ith, N2, .125 of
N- acet yl honocy t'g‘lznet"f'ﬁ %%%rneé ‘gl gf’?@hxéﬁ%ﬂ] g'gl §)h, | §lb fed to the MEP
sol ution) and trleactibaumixtusecandt agedt fogor hanperBitan e ¥ aul. 16 hours. It

is then tw ce @ﬁlﬁ%ﬁ&?g&%ﬁgﬁgngﬁﬁlhﬂb@. JN-Mc]eﬁ:)kPr ate~buffer, pH

9.5) contai ning urs at roaom'tenperature. The thiolated

protein is thef®ys&aamine ofolutsencER080n1tll¢ & mbapfs ¢ PR 8Si gma
E:E_erri cal sc% and gldtﬁ_\ﬁﬁz @@ﬁgeéenﬁtfgbirgn;jaa Qg&*&ngmg t%qye BrlaCSif ?rlddr eagent

i erce Chem cal,s).,. or ,conj ugatiqn.of, -Ps) a 1. ol d excess
(wt/ w9 of broﬂ)‘d@'éf’fﬁ a‘f‘%ﬁdPﬁ‘?jﬁsgf‘saga& Wﬁt r#)ﬂ{ sol ution and the pH
is adjusted to 9 - 9.5 with 1 N NaOH The mi xture is allowed to incubate
under N2 fox 6 8 t r .end. t he
reaction tine) %l\?%‘?ﬁ?&m@é%égg cygltr{g:g{r‘rﬁlné; %@%%rﬁaﬁyﬂéﬁgé is added to
the mixture, antmoBgal| oenlrifugeatmbies arsl ieemtr ifuged NQ43K,r@om .
tenperature. Thepconjuggte gglelledn d %péffg%ggsggé&egﬁogﬁlgﬂo 4 with

1 N HC1, and 30 _centrifugation.is c,or??uct ed at 8 mnutes. 1
nL of 1be superR&Pahuffeg; §0.dMIniseg 0. QB \BREM, 2805%-DAE6. ®Hr ectly onto

aI col grm_ OL FPL@.§Epﬁha_3ag6&| @k G:Obnﬁctv\?‘]qi@%f’ﬂ@ﬁﬁépfa): %Bdhtrlﬁe.‘ conjugate is
Solu;gac\(/:\nh;ri ggsﬁpgt gPi%:Fgfﬁ\ﬁﬁé'gﬁ%g 1{1%(}5 F%e-‘lkfﬁﬁl)g%'gl g%ékeg.z Pfe rconj ugat e
solution is the4a°Chlt eThe pelletgyiwer®. e@suspéntedr iho®Os il id.ixation.
L 2o B Y Bl ABHARE Gk o, Bl 10 on gt e
i muni 2e&d | P wi tRcRRtRd fuged (3K, conbgat é4CDe MIBRSsEsipej lets ~ g Pn- Ps
in 0.5 m of pr ﬁ%Q@”%sﬁidﬁBncfé’d{t{ﬂMmﬁE ake dii §Fdi1%eRd H,0 and

aged at 4°C for 17 hrs. A low speed

centrifugation (1000 rpm, 3.5 min.) afforded a

small pellet which was discarded. The

20 supernatant fluid was removed, resulting in 43 mL
of bulk conjugate, having the following
analytical characteristics:



15 wi th equival ent anobunts of Pn-Ps given as Pn-Ps-CltM[Anderson) ME. gt
.) (1985)) ~. Pediatrics) ~) pp. 346-351] (2.5 ~, g Pn-Ps/ 6. BMARCH 2@GRM
1/4 of the human dose), Pn-Ps-DT (2.5 ~, g Pn-Ps/ 1. 8 ~Cg DT; 1/10 of the
human dose such that constant anounts of Pn-Ps 20 are used)) and Pn-Ps- OWPC
(2.5 p,g Pn-Ps/35 ~.g OWC, 1/4 of the human dose). |nfant Rhesus nonkeys)
6-13.5 weeks of age) are immunized with Pn-Ps-M EP conjugat es adsorbed onto
al um Each nonkey receives 0.25 nlL-of9canjugate 25 at two different sitAs
of injection) for a total dose of 0.5 nL. The nobnkeys are i muni zed on day
0, 28, and 56, and bl ood sanples are taken every two to Four weeks.
Ant i body respQnsesJE&Et1&ﬁﬁuuiuLinLiJuL;aa_ELmﬁﬁﬂuanch_d|stlngU|shes t he
class and subcl ass of the kmmunogl obulin response. An RIA which quantitates
the total anti-Pn-Ps antlbody is also used to evaluate the nonkey response.
13 MARCH 2003 - B8 Centent\m EP conj ugates 38 ®gElle of generating an
I mrune’ ~response in mce consisting of 1gG anti-Pn-Ps antibody and a menory
response. This i contrast to the Pn-Ps- QB%Eand n- Ps- DT whi ch do not
elict neaé%rabléﬁﬁﬂgﬁ 1Bn-Ps anti body. Thus) P¢&HRYi ons as an

innungloglc carrier protein for Pn-Ps and is capabl e of engendering an
anti -

n- Ps ang]j p coval ent | njugated to the Pn-Ps
anti gen. Purpé%gggéfggg'9%%§6%§§§1 éﬁ effé%fﬁ@e i mrunol ogi c carrier
protein replacing the 10 heterogeneous OMPC in construction of bacterial
pol ysacchagi de cg g vacci nes. EXAMPLE g? §> Qafatlon of
Partially- drolyze urified 15 Pnl 8CPs: (1 oni ¢ Hydrolysis: A 3.0-g
portion of Pn 18C Ps powder was solubilized in 1200 nL saline (0.9 a Nad)
W th éblrrﬂng at AmGR RTERidrysi®r about 3-4 hours, then covered and
stored at 4C overni ght qﬂﬁ§j$§SDIUtlon theg s sonicated in a pl astic
beaker in.an ice bath\ﬂ SH%n Soni fi gione-half i nch pobe) setting
8) for intervals of ~20 SGMGfBssim@ 5- m nut e3b6¥%sts) up to 40 minutes total
The viscosity was checked after each interval. After 40 mnutes) 25 another
10 m nute sonication was perfornmed to obtain a viscosity endpoint of 1.218
centistokes. The hydrol yzed sanple (vol une-1188nlL) was brought to room
tenpehﬁ%ure and sodi um acetate reagent (59.2 g) was added to a f fina

conce ation of 3~ (wv) . 13 MARCH 2003 - 82
EXAMPLE 6
Preparation of Partially-Hydrolyzed, Purified

Pn23F-Ps:

20
(1) Sonic Hydrolysis: A 3.0-g portion of Pn 23F Ps
powder was solubilized in 1200 mL saline (0.9% NaCl)
with stirring at room temperature for about 4 hours.
The solution was then sonicated in a plastic beaker

25 in an ice bath with a Branson Sonifier (one-half inch
probe, setting 8) for intervals of 3 minutes, up to
15 min. total. The viscosity was checked after each
interval. After 15 min., another 5 min. sonication
was performed to obtain a viscosity endpoint of 1.206

30 centistokes. The hydrolyzed sample was brought to
room temperature and sodium acetate reagent (58.4 g)
was added to a final concentration of 3% (w/v).



(2) Serological Probe: An isopropanol (IPA) fractionation probe and
antibody-directed end-point Nephel ose assay) perforned on a I3MARCHHRi on
of .t he sanple) showed that the Pnl 8CPs woul d precipitate between 40-50x
IPA. 5 (3) First IPA addition: The hydrolyzed sanple [volune = 1200 nl)

- fromstep 1 one above] was brought to 42.7x I PA by the addition of 894 ni

| PA (added dropwi se with stirring gé] roomtenperature). to The sanpl e was
allowed to stir for 15-30 mi nutes ah® Then centrifuged at 11,000 X g for 30
m nutes (Beckman JA-10 rotor; 8,000 rpm 20C). The waste pellet was

triturat n a,25 xf then collected on a
60- L si ﬁ?ér 5 li%%q;ftaﬁlnn% Air%egsgp{%g ﬁpped directly on the
funnel Mrac&ugmm@ramott Mﬂ&e@bde}m&d@m-@dm%uo over CaS04
(Dri~eri i PHPES ¢ U p rag a@lgnsi s. 20 (4) Second
| PA Addi F?Dgrﬁé)nﬁnrqé rnc:dlgé i%rggy QIQQQﬁvt[dg!rﬂn dtd‘!;; 7x | PA super nat ant
fluid [vPorkion )SW st € °§eéb§§'é‘1 \ége ‘?’6 45. 2x | PA by
addi ng Q&dﬁmi_cFMi:bbmeebe\bwéensesmmgIazAroom tenperature. The sanple
was aged 25 and centrifuged as in step 3 above. The pellet Was triturated)

col I%®ct ed) washed and dried as in step 3 above. The Pnl 8C Ps internediate
pr oduct V@Sphdﬂins’GODPkgAdditﬂomRCH'l@OGB'drsz@Sﬂlal@si s and

Lyophl 1 2246 Allne A-PRLE5 ORL( 110 ot of APGRLP wieThrbRnt geove. was

sol ubi |i terrperatu e for about 2

hours. THeL s@?ui?@nbyztbenﬁﬂﬁﬂﬁl\ﬂ?@s eraﬁﬂsQe‘N'eHPf‘o addedsi s tubing (12, 000

M(]’,\ff?-t of fcll 5k amféhdbehxlz:lq gvai;och&%mlt ; LrBQtateé C fr?re 30f hoursdet th 2
addl t1 ona neso 1 st e en was r S erre 0
| yophdl i JBARBLEr wascallowed to $A3 T h$ 5p mibpEefiaand BRST and

| yophi | i zednem&ugﬁealt at 1Q,(00¢cez oot e;aol mﬁ)ﬂhthZQSefdkunaZrB days. The
recovery fi 87 5 e 18C- O ~C
Conj ugat e‘%‘Pﬁip IS’Q’% owf’gq%%ﬂepargfl o?‘fﬁgf ébgt% p§&W4OO nmesh)
t et rabut ytaaﬁummdf otitlr élisoJukecit6l iBuanZp D—mém&ausm(zoo 400

mesh) ' H+ n’)Qﬁq.p r£ief. h t | umm and
washed sefuentially w :li\liﬁe%‘fé%s%ﬁlni G? ﬂﬂ E’%g\]’te}‘ grol%js (ﬁi“%}]élgm 3] 400 nL
of HAG un araciditake vasvashed durgstdy o the fmnelo~ aqueous

t et r abut ykammwoingohives optole, sehehi aae%wé %&defdﬂiwtmongl y
al kal i-ne to tQ neutrallt%/? reparatlon of S.
I’

Hépa@g; 5]. 1000, nL_of g
Pneunoni a@% dbF VSRR hEPRBET AL S I IRLGRAT &)
C~1- 8C(Bu4dalydis. A 60 nL colum of Dowex 50x2 (Bu4N+) Was vvashed with 250
n_ of H20. .
20 (4) Second IPA Addition and Product Recovery: The
41.0% IPA supernatant fluid [volume = 1925 mL, from
step 3 above] was brought to 43.5% IPA by adding 85.0
mL IPA dropwise while stirring at room temperature.
The sample was aged and centrifuged as in step 3
25 above. The pellet was titurated, collected, washed
and dried as in step 3 above. The Pn 23F Ps product
(15111-39-2) weighed 1,795 mg.

(5) Dialysis and Lyophilization: A portion (1779
30 mg) of the Ps sample 15111-39-2, from Step 4 above,
was solubilized in 712 mL of distilled Hy0 at room



13 MARCH 2003 - 84 Pnl 8C pol ysaccharide (mw. reduced(650 ng) was covered

with 65 nL of H20 and stirred for 1 hr at which tinme all seenBMARSHIZ803 n

sokution. .This solution was applied to the columm and allowed to percol ate

t hrough by gravity (for 2 hr then under vacuumfor 1 hr). The colum was

- washed with 150 nL of H20 and the conbined effluents were |yophilized

af fording 655 ng of the 18C (Bu4N+) salt . Twenty f ive ng was renoved for

runr anal ysis and retai ned materi af. 510-C. Preparation of the 1,4-butane

di am ne derivative of 18C (18C BuA2) 18C (Bu4N+) (630 rrg) was covered with

143 nL of ,DMSO (di net hyl sul f oxj and d for 3 this tine

all the 15?%‘63%{?%53 ‘35013 gdi‘aﬂasl n1_ %é‘?ﬁ)’xfétﬂ ?%SS lﬁ%?scher

titrati onay twdmwsfeonednto Amabmésoftuzﬁr& n{ X2 p0@0 s ofutBPHl was found

(4 mmol es t u f r nyl

diim dazoléef)o(n@llb? aand&?hiyraggul ant qlqﬁf Y, %‘f'rre §?r ogm t enperature

(r.t.) forhouos muth\ 2onddisioned: £hanged cz%odbsbilled BpOane di am ne

di hydr ochl u 1 n its pH
ﬁ{%xgetéﬁg égﬂﬁg@ wals &ﬁ%ﬂ?ﬁéﬁré‘c‘?utl o Pi‘{ﬁ tSB%S

adjusted to Thi s s C00 in zt~ ice
bat h. 5The fa’g%féikbws@géluf%’ﬁeﬂay‘slaoﬂﬁy deynebhanel cbathpand sol ution and

stirred amypephilogal aa & Viirt it & Frese pahdbilé) Wego th&b'r”ed at r.t.

for SO mn sQl ution wa g PCRZdlaIyS|s
30 t ubi ng)f%ﬂ% éd&’gy]s "1/ 5%% ST X o?saf ?ﬁ% gfngf éﬁl 8’:8 ki al yzed as
foll ows vswad]171083Lmgfl. pMhe FindiRG+aDhOSt -had a?K@ ﬂ)I\/BNaP04 buf fer for
13.0 hr; 2] 15 L of pH 7 0 0.01M NaPO4 buffer for 11 hr; 3] 15 L of pH 7.0
0. 01M NaPO4- buffer for 10.8 hr; 4] 15 L of H20 for 9.5 hr. The vol une at
this p@nt was 190 nL. A 7.5 nL am renoved and | yophilized
separately for NVR assay. The remaining 182.5 nL was |yophilized to 416 ny
of the 1, 4 but,ane di am ne deri vatl ve of 18C (Pnl S%OBUAZ An NMR spectrum
of about S5CRBIYEGKIPD, OF chH’ren'g Membrgng Frptedn, vy per 100
repeating pn28gw@seric units of polysacchar-ide defined by conparing the

integrals e but anedi a t he rhamose net hyls
(of 180C) r SOngﬁ(?@saraa% é}n@@%&(ﬁéﬁaﬁﬁgﬁmgkab %E’S&%g%? | at ed but ane
di am np;,delte\ta:tahm:yifammnﬁmlBﬁlBuAESBnA{PoMﬁ:SBUKZMA\E%)]Tg) Was covered
with 36 nL of a 0.1M pH 9.04 buff er (Kolthoff borate-phosphate) and

stirred to_effect_ solution. Then 256 ng p-nitrophenyl 20 bromacetate in
4.48 ni of DoMe¥ Q%2 | 2QRs4Q0cmeshynE+ £oam. fJ Zri&X Was was stirred for. 20

Erstgtfng s'l?].trﬁﬁseé i wi@l Y’I—‘Ré watSEEGE%P@%:%dgﬁbw @sede! lows: 1] vs 15

e At ohi PTASGROSR. RS (BELQEEBrBAeeor SR TILG s ek tHedas enoved 1 7 nt
for asggys wadtéd) Ouchdegednyoandcuilomn aind arasliditredydént bAlllyi ed pH 8
phosphate Rfiery $260 (RESBE" B0 2 UV iz 8 6 Sedd PEy B3b8PRE so! utiom)

of Hy0 until effluent is neutral to pH paper; 4] 250

g of a 10% aqueous tetrabutylammonium hydroxide

solution until effluent is strongly alkaline to pE

25 Ppaper; 5] 750 mL of HyO0.

b. Preparation of Pn 23F Ps tetrabutylammonium form
[(Pn23F(BuyN+)]:

30 A 34-mL column of Dowex 50X2 (Bu,N') was washed with
70 mL of HpO0. A 450 mg portion of sized Pn 23F Ps



30 added. After dissolution it was filtered through a 0.2 m cron CORN NG
filter affording an aqueous pP 8 solution of 18C BuA2-BrAc. TAMAREHE0Rt | on
was slow and required 4 cup filters. " 13 MARCH 2003 - 86 E. Conjugation
of OWC (~1. ~neningitidis) to Pnl BCGBuA2 BrAc: Quter Menbrane Protein
Complex (~1. menineitidis, OMWC 3.2 ng/nL) 80 nL was charged to four 25 niL
centrifuge tubes and centrlfuged in 60 Ti rotor at 43,000 rpm (43K)) 5 at
4C for 2 hr. A thiolation mxture W pr epared by di ssolving 680 ng of EDTA
(et hyl ene di am ne tetxacetic acid dlsodiunlsalt) and L20 ng of

N acet vl MAbRternd WBehnsalk of e i APREEq Bk Besorue fon”

filteredhhroufhia 602utiCor masg amplueed (tapthgpgolumMheapdl | ets fromthe
above ce %iéfgéttB” @?Eﬁﬂ@ﬁﬂ‘%ﬁ¥3ﬁ S%Png%{f flhtﬁr d thiol ation

m xture ( transterred 1 homogeni‘zer and
r esuspendd¥. hlﬁePP&B@s“ﬁ%@?@wﬂﬂﬁﬂﬁmﬂlk%ﬂ|EP bpEkemepot addi ti ona

ﬁ/ 10 m Oéolﬁﬁn': thl %lllll\leégoﬁp'(li%ttdﬁk ?&?u@ﬁﬁbbaﬁt&ﬁgeﬂotfﬁ&! eriﬁ(ﬁlerrem ) 2
onbgeni ze e a e jotal_ resuspende ria 0 Was
tran§ferr%gdfg ignady :ﬁhﬁtﬁﬂi%ﬂﬁfVﬁgkwaggfaewéggﬁgﬁaﬁg‘W&g ri nsed
with an gon|ana|tm& mgmﬁxnéﬂaeffImentsnwembuﬂwomhamdznﬂkﬂito t he
reaction | i I h S r ing the air
wth N2 uél gégg@gg %@\%l} e’))lfl ggé r? %%t]l ure vvaisse% d for 18.5
hr The 66tpredadn mw&nwm@a&megtﬁbupvc@nﬁzorwgf@n es)1Edeh. of which

was topped with 1M KH2P04 (aqueous) and then centrifuged for 2 hr at 43K

and 4C. The supernatants were 30 [e ed and .the pel]ets resuspended in
0. IMMaPO% -pHEF eFFal 1Qty ?%t‘aheoi gg%h‘@%%% fgrivaBli¥prcH 2003 87

resuspeadﬁmmn2@1[9@9(9&@35_Bahﬂooen was transferred equally) to two 25
mL centrifuge tubes (polycarbonat&) and the gl assware (DOUNCE etc) was
rinsed with about 10 nL of pH 8 phosphate buffer and used to top off the
centri f ug@heuitlesh g cEcBnd23Ft (Bugdifi)r,i fiimpm istrey 2 hahov€, %w8K) s then

ef fect ed. -UV%EEﬁ'ﬁ%éh“@gﬁLr82“3&%@@ﬂ?}%¥%¥é§@?@f(§#§§9+Q &N1P04 buff er.

An El l man assay I ndicated a t or about 100
nanonpses/SfgipFed of erptd miB.t fiopddisselgten oi Fo viRis ruasf added —~. o a 100

m. rOU”d124tﬁi”éfaéKtBBﬁylhaﬂﬂdﬂéﬁéﬁléf¥éﬁﬁf2aﬁﬁA@héOEEEhQ@aW%S added to
it. The resultapt reagtion 8C- BUuA2-Br Ac wiith tSIO ated OVPC~ was

aged umﬂy59$P¥¥$FhSHé§£§§|%§ rﬂ?@r?ﬁ@ﬂﬁ?@ﬁ%ﬁﬁ 6r -todnfP&nPedat ur e~for 89

hr. The raaetion was then capped as follows: A solution containing 75 ngy
N-ethylmaleimde (NEM in 5 nL of pH 8) 0.1M NaP04 buffer was filtered
20 A solution containing 507 mg of 1, 4-butanediamine
dihydrochloride (BuA,®2HCL) in 32 mL of Hy0 was
prepared and its pH adjusted to 10.23 with 2.5 N
NaOH. This solution was filtered through a Millex
0.2 pm GV filter and cooled in an ice bath.
25
The aged DMSO solution was added to the cold BuA,
solution and stirred an additional 1 hr. in the ice
bath. It was then aged at r.t. for 1 hr, after which
the solution was charged to 2 x 12'" of Spectrapor
30 dialysis tubing, clipped off 1 cm from the top of the
liquid and dialyzed ve: 1) 15 L of pH 7.0, 0.1 M



.20 through a 0.22 micron filter and 2 nL added to the above reaction

m xture and aged for 4 hr. Then 0.5 nL of N-acetyl cysteam ne 13MARCH 2003 of
0.4M pH 8 P04 buffer was filtered through a 0.22 25 mcron filter and 1.0
mL of tris solution was added to the reaction and aged for 22.5 hr. The
capped product was then equally charged to four 25 nL centrifuge tubes, and
topped Wth a 30 total of 8 nL of pH 8 0.1M P04 buffer and centrifuged at
43K) 2 hr, 4C. After renoving 13-MBBCH 2003 _ gg _ the supernatants) the
pell ets were resuspended in a DOUNCE honogeni zer in a total of.40 nL of TED
buffer buffer) the.~glassware rinsed with an additional 10 nl of TED buff
er and t heabiumphosphatecbugfieroforo 165 ha; 2hdd Ik PH ube@, were stored

at rooth a tyg f f at 43K rpm
and at 24 C Tﬁguér‘gc'ls{ S;ﬁogghagfslg\%gfﬁgﬁgpleonfewn ?D%S)JEL

honogeni z&Qf iRE al t B4 ap §089£11b‘fn phosphats hulfes £ordlootwo 25 ni
centrifugeng ybgy)15he 38 ghossear 4051944, vmlgthm atlen i onal 20 nmL of TED

buffer and recentctifug a 3 4Cfor eII s wer e resuspended
" 50 i veRReihred 0BG, Fed; 20" e U UK (L TR ER PaRTAR T Lgat on
at 43K forderivativeCofTRa 23Fp&s e(t&lw-diulbg;hspended in 82 nL of water

and transferred in 20.5 m portions to two 50 nmL plastic sterile (FALCON)

centrifuge tubes. After ageing at 4C for 18 hr) the cg_‘rﬁugate preparation
was centnMg@HRaSPfG@GWlﬂfme55-9203%‘?1@@%% an'boadingtopfin a TJ-6

?ﬁnt ri ;;Jgiggibgleihl@.%legﬂr Q?ch Hiﬁ!h Hml 3 ﬁnﬁﬂépﬁéﬂ&ﬁeﬁﬂﬁeﬁsiene? ]:jor protein
owry ol ysacchar.i de ( phenol / s upconj ugat e

pol ysacchaFFBB ﬁ “éﬁe"lsusq P gaéﬁy gg&#étg YNephel onetry) and
am no CIdeohﬁ&tNﬁ@)tﬁaﬂﬁnﬁugtuﬁsd@FBBEenbutagedmtmtneProteln =2.57 my/ ni;

Free I?’o ys 0 | t r);
S car boxy nBERIIRSHES, Sh i | Admtos S uBtRTL €8 Pn 2553
S- car boxyneelswnaystesam ne/ | ysi ne=0. 005. 13 MARCH 2003 _ 89 _
preparation of the Pn4-Ps |nternedi ate:
d. Preparation of the btomoacetylategl butanediamine
15 derivative of Pn 23F Ps (Pn23F-BuA-BrAc):

Pn23F-BuAy (214 mg) was covered with 23 mL of a 0.1M,
pH 9.0 borate-phosphate buffer and stirred for 30
min. to effect solution. Then 230 mg p-nitrophenyl
29 bromoacetate in 6mL of acetonitrile was added. The
resulting mixture was stirred for 23 hr. at 4°C. It
was then dialyzed in Spectrapor 2 tubing vs: 1)
15 L H70 for 8 hr, 2) 15L of Hy0 for 12 hr and 3) 15
L of Hy0 for 6 hr. From the dialyzed contents of the
25 Dbag were removed 1.5 mL for assays and then 490 mg of
dried pH 8.0 phasphate buffer salt (prepared by
lyophilizing a 0.1 M sodium phosphate pH 8.0
solution) was added. Dissolution requires about 15
min. after which time it is filtered through a 0.2 pm

30 Corning filter affording an aqueous pH 8.0 solution
of Pn23F-BuA,-BrAc.



(1) Sonic Hydrolysis: A 1.0-g portion of Pn4-Ps powder was solubilized in
“400'mL saline (0.9'i NaCl) 5 with stirring at room tenperat ur®@MARCHZBBUt 4
hours. The solution was then sonicated in a plastic beaker in an ice bath
with a Branson Sonifier (one-half inch probe) setting 8) for intervals of

- 10 mnutes) up to 20 mn. total. The viscosity was checked after each 1~
interval. After 20 min., a viscosity endpoint of |.267 centistokes was
obt ai ned. The hydrol yzed sanpl e was Jyrought to room tenperature and sodi um
acetate reagent (18.7 g) was added t0" a final concentration of 3~ (wv). 15
(2) Serological Probe: An isopropanol (IPA) fractionation probe and

_anti body-dir 2 RQI Hﬁﬂ?ﬁl Qﬁfy,_ o] .a 10 nL portion
of the sé%bl§§6§ﬁ%€§g1§ﬁap%the ng3§gg§mou d %?é i%??gthQO bet ween 45-559a
FPA. (3) First |PA Addition: The hydrolyzed sanple [volune = 385 nL) from
step | aboyetyvas bueEIRS .10 mhYmh) RAadYchiegaddtbi @ix0f 3R, Nl | PA (added
26 dropwi se W th sti rr|bn Moomte eratuie). IThe_ sanple was allowed to
stir for 26REBLENRE: Eubgky Ptk ifveedain: a1Beskgar 8% dil 30 ninutes
(Eecrnan pétdo aet4g;G&dﬂﬂbﬂrﬂn3ﬂg$3atTbeCMQBEGZFPkLetSMBS trggurated W th
absol ute LQs < 1 x ] en. Gl a -nmL sinter
gl ass f unﬁé?glfﬁé%& ngfﬁqr%n}%sp @%géddﬁpegfﬁgo&%lt‘%e ﬁﬁ’mﬁ-ﬁ wth
absol ut e efCBPTAhLethydienediaminertetiracetdicoacidr ddssliymDRI ERI TE) at

roomtenp I &g ¢ | S 3 s\ - 90 (4)
Second IP%?%Sgi?ﬁ?ﬁsgaﬁﬁgroddg?t§£%%§£§§¥a%hénzga7J#b?ﬁg s&%%rnatant fluid
[vol une =NagB4Q7 thighastone vasvaddedsapdoddier sadukion | pA by adding 38

L | PA dr gawites el idierSuighirang. 2Lpkhogorndénpe Filltesr (digp F was aged and
centrifuged as in step 3 above. e pellet was triturated) coll ected)

washd® and dried as in step 3 above. The Pn 4 Ps product Wighed 516 ny.
(5) D al yghe gpulletophftomathenabdveocentr ifu@atinn WWené eéaehPn- Ps sanpl e

f S + Sl yb: lized,i [ St4 H20

tenper at o FRRELER Youl, S8 ek BN I lBdaEE8p TN T ToA o

di al ysi s mibttur¢ 102000LMwCalof Andss nansfenretl 49 zadDouncei stilled H20 at
4C 1o 27 gl 10 2o PdbEechaNR QlnelSebkbed1bgaa Then the

sanple was transferred yophi'lizat] on | frozen in a dry
i ce: kS harky $2F R hnETAPSERT| PedtoRdd i iqnal (¢ @k eFobhee) | yophilizer

fordZ-E? ﬂa%&ﬁoirﬂeiégcﬁdiﬁ%i@fn.t hqﬁe;jrtaﬂniﬁxgrpﬂ@ééﬁwfvgégl mg- _The t20 Iihnal
roduc ad_ a 3 - . ro A)1.S 1SCJ] O re.l S u e 0DVl ous 0 ose
gkilled irF?B%gg?g Vﬁgg BPhéghé3P6§¥§f %dﬁ#a?%iﬁbl 8800 ht ypes) such as
Pnl-Ps or sobufipncouThebeombdpred d fwees drepet hombgemdzedd idi scl osed 25
here) and ¢pgi #gahed ad' Und¥bem FedRiYeRdethaledisn? G Hs ©

pol ysacchari )
. 20 was transferred to a 100-mL round-bottom flask.

After sealing with a septum and replacing the air -
with N, using a Firestone valve, the reaction mixture
wvas aged for 19 hr. -The 28 mL reaction mixture was

25 then divided among three centrifuge tubes, each of
which was topped with 1 M potassium phosphate
(aqueous) and then centrifuged for 2 hr at 43K rpm
and 4°C in a Beckman 80 Ti rotor. The supernatant
fluids were removed and the pellets resuspended in

30 0.1 M sodium phosphate, pH 8.0 buffer (a total of 30
mL, was the final resuspension volume).



13 MARCH 2003 - 91 $. Pneunoni ae 2 stpe 4- OHPC Conj ueate. Pn4 Ps-

" Preparation of Dowea 50a (200-400 nesh) tetrabutylannnnlun1f6?Mﬁ?g%%W3
(Dowea 50 (Bu4N+)] 5 Dowex 50x2 (200-400 nmesh) H+ form (500g) Was slurried
in H20) charged to a colum and washed sequentially with 1] 600 nL of H20;

- 2] 1000 mL of 6N HC1; 3] 400 mL of H20 until effluent was neutral to pH
paper; 4] 72g of a 10x aqueous 10 teggabutyl ammoni um hydroxi de sol ution

until effluent was strongly al kaline to pH paper; 5] 1000 nmL of H20 to

neutrality. B. Preparation of-S. Pneunoniae type 4 15 pol ysacchari de

t et rabut yljargaudadn d D faLOedt Bidlighkioh €2 Mr cal a0 48K Dopiex 50x2 ( BudNt)
was washed wit 520

of H20. 4- pal chari de ced (400 np)
was cover &8 the eﬁﬁeﬁZO Qﬁge§tf%ﬁ§?¥ﬁ§ 4§%gﬁ%§§b#|ch time all
seened toﬂxnidlsbhmtpehletslwetngrwmu&gnndedmhycthnrﬁ@ﬂm¢e Thi s sol ution
was appl | 4l o by gravity and
t he col u lgoﬁl\agﬁegh n?f’iiggégd @3@%#283 Cﬁ)’%}‘gé g%érgﬁﬁggHZS effluents were
| yophi | i zeprepavedi by 564tignofl .Ih& 34 4 (Psumm%m 88688y @BtPreparati on of

the To4- buise Hbi‘f{t' RR4ILRLEA iV & aloet dBoud-P8/Zho188 be(BUIN:) (07

0 covered O (di met hyl sul f oxi de) 13 MARCH 2003 -
92 and st¥hied FHtG Fh§e§b‘l H%Dlvq‘%t?(?‘b\/er a period of 15 min. At this

~-juie all the solid was di ssol ved and the solution was cooled to room
tenperatur s,sol uti gapko | diimdazole (CDI)
di ssol ved End |b8| R é&ﬂ?&wﬂi g{.ﬁga? @g ?'Kgol ution stirred at
roon1tenpePaQBFeB@A 4BOAd(noluﬁldnrOC¢u56Imnﬂhnpﬂmnmatnlm@eo 500 g of
1,'4-butan q&ﬁ ( C1) faH20 was |
pr epar1¢9d ag %?e?ﬁﬂog‘\ ustecﬁ'{o &5%@&1 ﬁ%@siﬂ g—‘ilé %ﬁgglso t}'lt_il on was
cooled in anac¢e0wat fﬁEﬁZsﬁFﬁﬁlﬂﬁtha§h§P@W¢F Xo the cold
BuA2 sol ut {@@ %rg%cﬁtdﬁdéd ¥y @ekhi @8ghsbing) in a Ny box at

r.t. for 117 hr.

15 The reaction was then capped (ie. the reactive
moieties on the Pn 23F Ps and OMPC are deactivated)
as follows: A solution containing 75 mg
N-ethylmaleimide (NEM) in 5 mL of pH 8.0, 0.1 M
sodium phosphate buffer was filtered through a

20 0.22-pm filter, was added to the reaction and aged
for 18 hr. '

The total volume of capped conjugation mixture was
38.5.mL and 1.5 mL of pH 8.0, 0.1M sodium phosphate

o5 Dbuffer was added to bring the total voluwe to 40 mL.
Thirty-five mL of this solution was charged equally
to four 10 mL centrifuge tubes and each of which was
topped with 0.1M pH 8 sodium phosphate buffer. These
were centrifuged at 43K rpm, 2 hr., 4°C. The

30 supernatant fluids were removed and each of the
pellets was dislodged with 8 mL of TED buffer (0.1M



15 rein in the ice bath. It was then stirred at r.t. for 1 hr) after which
*“the'sol ution was charged to SPECTRAPCR 2 dialysis tubing) cli 6%506?9031/2
fromthe top of the liquid and dialyzed as follows vs: 1] 4 L of pH 7.0

0. 1M NaP0O4 buffer 20 for 15.0 hr; 2] 4 L of pH 7.0 0.01M NaP04 buffer for 9
hr; 3] 4 L of pH 7.0 0.01M NaP0O4 buffer for 21 hr; 4] 4 L of H20 for 20 hr.
The solution was |yophilized to 70 ng of the 1, 4-butane di am ne derivative
of Pn 4 (Pn 4-BuA2). An NWR spectrur’g 5_of about 5 ng Showed a "l oading" of
22 but ane di ami ne residues per 100 repeating nmononmeric units of

pol ysacchari de defir_ed by conpari ng the integrals of the butanedi am ne

|nternal FRi byl 88°8 300 o RANTSE V] 0 TEKMhSqbBkyPRoTRR) ntgpnances. | 13

MARCH 200 reparati on noacet ate but ane di am ne .
deri~rati VéaBSfPﬁW@Pr\‘-% %M‘BP%CI)‘Q“‘%‘?&J-BGAZ f48Rred with 5.5

gftf gl(‘: t as gl:hﬂbBHw%%%: r:];latfxfaen;g ﬁiﬁgeaa gﬁalhag?;)rahaglttﬁ@gﬁl)l Faistofred to

acet oni t rJrrgb &é@fﬁd@d‘ e r%%ti?gﬁgrf#k‘ts@lg@ tq r”tlé(}:qtcf’ri%T hrs at

4'°C It wandt beeddis yrmhitteﬁf&ﬁ&"ﬂ&?@?fbrtm by .as The laged 1] vs 16 L H20
f 24 h 1 At thi
pglr ntS t h(raplg‘%gﬁgg'%&' &%réexﬁ;zpigﬁéeﬁ Ia?1;""0?1]%‘\;/\(1é§ \Kifz;saq{oé}r?bg {aﬁ)rf%&m for o
assays (N¥Q mbudinhes oay 43K, \V2sbstekft*Snd Beah ofs the ellets pH 8

phosphat e gfﬁrsﬁ@d e&%f@ﬁredmhydfymﬁwlu@ﬂf&a&é'\t@tbﬁ NaP04 sol ution)
was 15 ad After OUtIOBIt wasfllterqe‘%?]rthro 2.mcron
0

CORNI NG T {8 eTda by o%ﬁlﬁe HishuSomd oF FED bR of “ﬁPBBS&EdBr Ac. E.
.Conj ugat i %d)fcéiiM?ﬁf«rgednaal deisiordibd tabdire 20 Thée@ PePletbut er Menbrane

cent r19ugathis the sEShspeRds AY aod aat (954 %)ag oHoEE

t hi ol ati ori7 neodivme phesphater énhﬂi‘wnﬁmsdalr/emgneﬁlfnggeﬂ EBTA (et hyl ene 25

di t itol (DTT) i
Tom ot AEFEELbRA° kbR O HHd el dqed Wede Flsd g pagcu & o1 (OTD I
t hi ol actonbotxaé efidéd mbd ofhatater %Mu@gﬁﬂ at| f*éf:e othddudi¥Sa 0. 2m ni cron
filter, ﬁﬁ aR®! halbant! P tﬁ?s@myfeeeaétbf Heﬁbw.a e digyy odged with 5

mL of the tered thiqgl ation é &/& 8 ture .and transferred
to a mﬂJNCEPﬁsﬁfoﬁéﬁltfélf“&?dﬂr%u RPReBPmTH reglagpén BEFATHARE on was

t ransf er r eghkopodeits iifnidchd ubepecappattwWElLixid .septum and the air repl aced
Wth N2 using a FI RESTONE val ve. The reaction m xture was aged for 19 hr
and then transferred to a centrifuge tube which was topped with 1M | ~2P04
(aqueous) The wesuldant isupernatant Kludd 43K the dmug supernatants were
renoved an et S [ of uffer. 10
Thi s sol ut |gonrk\?"\kaag‘e"!é ﬁtiﬁ Héﬂsggg'@geﬁta%%fﬁ%e t;l‘bﬂeé al\d'nd(}'?j;‘péeconlg ad

ul t r a-z@nt @wg&hw:@m rpalyfigsit) chasyagterigticied. The pellets were
resuspended in 11.5 nL of Pn 4-BuA2-Br Ac sol ut|on prepared in section D. An
El | man assay indi cated

Results
a. Ps Content 284 mcg/mL
25 b. Protein 2025 mcg/mL
Ps/Protein ratio (Calc.) 0.14
c. Free Ps <S5 area %
d. Amino Acid Analysis
SCMHC/lysine 6.7%

30 SCMC/lysine 1.6%



15 a total of 3.44 micronoles of SH or about i58 nanonoles SH ng of OWPC.
" The resultant reaction (i.e. Pn 4-BuA2-BrAc with thiolated OVIPOARGHs20a3ed
under N2 (with degassing) in the N2 box at roomtenperature for 66 hr. 20
The reaction was then capped as follows: A solution containing 5 ng
N-ethylmaleimde (NEM in 1 nL of pH 8, 0.1M NaP04 buffer was filtered
through a 0.22 mcron filter and added to the 25 above xeaction m xture and
the solution aged for 5 hr. Then 0.1 gy of N-acetylcysteanmne in 0.4 nL of
0.1M pH 8 P04 buff er was filtered through a 0.22 mcron filter and this
solution was added to the reaction and aged for 14.5 hr. 13 MARCH 2003 -
95 The reaction m xture was thenEXARPLEf 8ged at 43K, 4'C for 2 hr and the

pel | et resyspended .i X uf This _sol ution was aged at
room terrpe?digurae%gvleorqnogquﬁpg%}gg ‘r‘#@n —-uf‘ié@ﬁ%ﬁ%Z hr. The
pel l et was resuspemﬁaﬂde1gheanﬁOGéiltm¢Wéerawd8|Bnéubaﬂampdredentrlfuged
for 2 hr a T I e n 10 nL of pH
7.0) 0.1M ogg’g‘cyﬁ% ?@%r%%@@ %ﬁ?si ROCEASg g 12 M 01 P

pel | et wasOvVeFndgdid evdzu G. 5 Aonorefcopeentratedgsiodytdom ©ifght at 4' C the
suspensi OnP‘f@-?sC%Ed | { Ligke p Pépd PO aenmeg/ﬁx.m nagad tiloh DPeYomdd ant

renmoved as .t final con L Rr ot ei 0. 920 ng/nL
Phenol sul £ aﬂﬁ%i%&%é?g %uklﬁnnﬁ?§EX1§§/gg% U1f§°s§%NH . 031;
SCMC/ i ys= omzzng/m, Upslutilon ntet thei vbsobsitiys ofojhegdt.& tmg/rmce or African
G een Monk ti 45 Ps e | sed as
measur ed b;%%g)“ - spemé 58&{5‘@1\555@ {‘}E Eg Eﬁ%l\/gb%%z%sgéﬁar ation of the
PnoV- Ps |ntt-dmmmtat@ Gaulisohomogedioeysset Atloney gforfiawn of Pn 9V Ps
powder & 286 £ PnfRo al 0: d irring at
room t%&g ngﬁ%# or a {c:)u?é %06 ’?Egoéofl%w o 31%wnd sr,%ﬁ cated in a
pl astic bedhg sheared Pn-Ps was then collected by add1t1on of

60% isopropanol made 50 mM in CaCly from a 2 M

stock. The pellet was washed with 100%Z ethanol in an

omni-mixer, and filtered to recover the precipitated

15 Pn-Ps. The Pn-Ps is washed on the filter with

acetone and then dried over CaSO, (drierite) and

stored at -70°C until analyzed. Aliquots of the

sheared Pn-Ps are resuspended at about 1 mg/mL and

analyzed for antigenicity index by rate nephelometry,

20 for molecular size and poly disperéity by HPSEC
universal calibration.

MW at which anti- Poly-
Pn-Ps genicity begins dispersity
fype —to decline MW/MN)
25 6B 500,000 1.19
14 300,000 1.15
19F 250,000 1.09

23F 250,000 1.15.



13 MARCH 2003 - 96 in an ice bath with a Branson SOnifier (one-half inch
.~ probe) setting 8) for an interval of 3 minutes. The vi scosBMMREHZ003
checked after this interval. After 13 mn.) another 1 mn. sonication was
performed to obtain a viscosity endpoint of |.117 centistokes. The

hydr ol yzed sanpl e was brought to roomtenperature and sodi um acet ate
reagent (19.5 g) was added to a final concentration of 3 ~a (wWv). (2)
Ser ~| ogi cat Probe: An isopropanol (I1PA) to fractionation probe and

anti body-directed end-poi nt Nephel-os®8 assay, perfornmed on a 10 nL portion
of the sanmple, showed that the Pn 9V Ps woul d precipitate between 40-45%

| PA. 15 ~(3) First |IPA Addition: The h&drol yzed sanple [volune = 391 nl)
fromstep 1 above] was brought t A by the addition of 281 nL | PA
(added dr pwisee TG IStgt imiaionpom tenperature). The sanple was al | owed
to stir for~I5-30 m.nut nd, t hen tr|fu t, 11, 00Xg7or 30.

m nutes (Becknan JZB e“o‘f% 18 565’%85 2&0cE %ﬂ%’j’\ﬁé& el l et was
triturated-udall alnyﬂndmd?y[}inmunagéﬁ&c&tyom mige aof) Phels col | ected on a
60- L sin he [ e on the
funnel 25 wﬂ'ﬁléﬁ W*‘:‘?%ﬂ) ?@%%@‘?@%&%&Wgﬂ dﬁéé—‘ ‘yg% over CaS04

(DRI BRI TE)chitldxem leemethmrbwonypaepap& iege frmrmmhl)ysrgsponcls MARCH 2003

(4)hse ﬁecwdrl fpéﬂdéﬁtoaneageﬁir odmAtt Ghvice THEvELlaR’- | PA
super natant, fluid nL,” From bovei was brought to 44.3x
| PA by adcﬂb&o‘%a% W‘PW\ EPbBM%‘%‘!"e 91 erﬁ‘?fge &hebBm tenperature. The

tsarrPI e }[NaSr | ﬁé?t@e'ﬂl-de ugaén&s amn%;:m axamvgufhgaﬁew% wgsgv 5
riturated)_col]ecte rie e ove e Pn9V- Ps
pr oduct di‘ ghﬁg% P§)“% Nes .a% {{}%ﬁ?ﬁ?gs?. on: A portion (347
? oOof the Pn PsAsampgéef ﬂamustmqm Hfabeaecime tol ghvei aed in 139 nl of
dlstl | ed o] e olution (2.5 ng/nL)
was transfggge té?dlban Eg |ng Zﬁ%rd%cg%%fngg??eﬁ% nm and di aI yzed
vs. distil marmp_eratoneafldw zmmmr 1% tathynbc amiicei dma/nahadges o
distilled tﬁeuTEeagbmcs%@J&d@qife@ﬁ&eéedcha/wow Ida@ato ory f i as' CS)
shel | frozenlaa I"‘ﬂynle:ce net h anolglﬂg andlioghlllze Irtis
( Fr eezenobPP8) Z8yop MG #ATS yene Tyge 6§@Fyaé‘ld tbrhse‘f‘i nal Ps
produgf waina(ihaum s&talturd itedted ofloct ahtdbadid respdifse (B Third | PA
Addi t| on angﬁ‘lﬁﬁ Recover%{gﬂe 44.3 | PA supernatant fluid [vol une = 655

mL) from st t to 46.8 | PA by adding 30.8 25 nL | PA
dropwi se while stirring at roomtenperature. The sanpl e was aged and

centrifuged as in st p it ! | ect ed,
washed and dxi ed s ]ﬁgéﬁt'%?&;ﬁabove}l @hh@% g%ﬁgtﬂ{ djd‘%nt?glv\eigghed 410. 8 ny.
with C labeled Pn-Ps Any ant1gen-ant1body complex

20 formed is then precipitated by addition of saturated
ammonium sulfate. Each processed sample is counted
in a beta counter for one minute. The Pn6B-Ps-OMPC,
Pnl4-Ps-OMPC and Pn23F-Ps-OMPC conjugates of this
invention were tested in this manner and found to

25 elicit good T-cell stimulation in the Nu/+ mice.

EXAMPLE 10
Immunogenicity of Pn-Ps Conjugates in Infant Rhesus
Monkeys :
30 This test is performed to establish the

immunogenicity in infant monkeys of either bulk
conjugate or filled containers of Pn-Ps-OMPC or



30 (7) Dialysis and Lyophilization: A portion (420.4 13 MARCH 2003 - 98
" mg) of the Pn-Ps sanple from Step 6 above was sol ubilized i n'1¥8RGH 2053
di-stilled H20 at roomtenperature for 4-5 hours. The solution (2.5 nglm)
was transferred to dialysis tubing (12,000 MWcutoff; 45 mm and dial yzed
vs. distilled H20 at 4C for 25 hours with 2 additional changes of distilled
H20. Then the sanple was transferred to |yophilization flasks) shell frozen
in a dry ice:methanol bath and |yophgbized on a Virtis (Fre' ezenobil e)
| yophilizer for_2-3 days. The recovery of the final Ps product 10 was 342.5
ng. The final product had a Kd = 0.65. (8) It is obvious to those skilled
in the arpnlipei-MIEP [ioMjegatenvatepned ~TheCdwfantavordiagn col | ect ed

together with a.larger addition_of.|PA) then.dialy-zed 15 and |yophilized
as a si ngMSShHL AT REH ShAYD: Feabec b’r&&‘t"&ﬂﬁq%sczldfn’t‘?ﬁfv\ei ght ed aver age
of the chpretictct i Her othe hRedmdkHIBIalconjumgatn ivarcine EWhelda al so be
obvi ous t e | kRstH h | - PS,0r¢ RS could be treated
Cnthe salt #m%ﬁé g‘?%%ﬁpghfp d'i's?lgs()ed;@ﬁ%i%i n. EXAVPLE 29
Con~s~, gat(IAP &l mnd\wag therefogpcsedepkead af cpmedehcE®F ding to Exanpl e

28) i§ 25ﬂﬁﬂﬁéﬂﬁﬁﬁﬁh'&téhﬁaééﬁﬁeﬁémmmhdﬁi6ﬁw’FE as shown in Exanple 27.
30 3 MARCH 2003 - 99 ~E§ANP~O. antitatjve term nati on of Acetate in
Pn9V/ 18C and P, ~r u. Ay4082 Pfi4VA d 8N IR&ASSped to quantify the

retention it Pagivs cudaelyn (Bn25Pmlarichtd axadlatef St@oosptesh PAYY- Ps

20l yoacohdt el sPApRERESIR Theline® BOHIRGHE (S 1) 0TRBALE o\ (el eased
by a hydr doskeyst ace bledaovat day £hd 38+ 1and eday 4ReamdPtheydrol ysate are

| dent [ ] ec’iﬁxﬂi’vﬂ&éﬁ?i E%Wd atd egtidl dé& p%‘xé%&&?‘:?eéﬁb%ée’ﬁ?hange
chronﬁpograp coupl e th %ﬁPpresse conductrvity.
radioimmunoassay (RIA).

In the RIA, each monkey serum is combined
with c14 labeled Pn-Ps. Any antigen~antib6dy complex
formed is then precipitated by the addition of

15 Ssaturated ammonium sulfate. Each proéessed sample is
counted in a beta counter for one minute. The
immunogenic response to the vaccine is satisfactory
if at least 50% of the test animals have at least a 1l
tg antibody response after receiving two doses of

20 Vvaccine,

Pn6B-Ps-OMPC, Pn23F-Ps-OMPC, Pn 19F-Ps-OMPC,
and Pnl4-Ps-OMPC, have been shown to elicit strong
anti-type-specific antibody responses. In addition,
a tetravalent composition comprising Pn6B-Ps-OMPC,

25 Pn23F-Ps-OMPC, Pnl9F-Ps-OMPC, and Pnl4-Ps-OMPC,
exhibited good anti-Pn-Ps antibody responses to all
four serotypes.



Sanpl es of unprocessed and processed Pn4) Pn9V) and Pnl 8C were anal yzed by
this. nethod. The prelimnary results showed an approxi mate 11 ﬁMﬂﬁﬂ*%@ 308:1
nolar ratio of pyruvate to each Ps repeating unit for unprocessed and sired
Pn4) respectively. The nolar ratios of acetate to each Ps repeating unit in
Pnl BC-Ps were found to be 1:1 and 0.8:1 for unprocessed and sized sanpl es,
respectively; and 20 1.i:1 and 1.5:1 for unprocessed and sized Pn9V,
respectively. A sanple of PnlBGC Ps: Q@C.conjugate aqueous bul k was al so
anal yzed for the nolar ratio of 0-acetate to each Ps repeating unit and
found to be approxinmately 0.5:1. 25 It has been reported in the literature
that the pyruvate group is a povexAMPLENnodeterm nant in type 4 capsul ar
polysacch .and enov ive o mar.ked ,changes in

mminol ogPEat oY f‘éf’yc*r%na% %emepw% SSHRHERS I 5o i o
W, ~lnmmu nshi sacchari des of

Kl ebsi el | a) pneuno ) 0 . I mmuno
Lt) Q4:1321-1328, ?Ci%%fhﬁgﬁmg% QFJB%Q%%& geré‘ﬁf\}ry and

Got schl i clor E.ntramug rly With PrelOn@Socdall o - dig ief pol ysacchari de
Wi th ngpow@.cﬁs.mm é&@étﬁba' tb A0 5. NafHe -ChiAterilfes - USA)

Z:138-142 t of .the O- ate group in type
Pnl BC- Ps iﬁ%r?'ﬁe ab I-I“sﬁedaf‘ss rﬁﬁ?ﬁiﬁ 0gi T %%HE?*?CV?
[ Estr ada- Feammemdawﬂtwemwmmwmmmwma mtysaccharide of

wae t hor ol SPRCLREREF ofnsCA00 R i tdndd SR T kg 0

determruuétnscmpmcendtéymmanpmebma*a|Mtddiex9&£)eéﬁusbnns vezeetyl groups
in Pn ﬁi?gtegaifoimchw 'H'gn\ﬁf ql.l% ég&itﬁ'&lé yupe! ReLEdeigligucture of
nce t - Pn

PnoV -acetyl ate no anti genic reactivity as
det er m nedt®9 Veeksnppr&i shalliengfas Fheefacrifl ?6@n§nﬂﬁéﬂ80 acetate is

easily relﬁesedahamw8a9\fo'tmhl?mﬁé? &8r aﬁ1é‘£5§htﬁ61629dltm@&e( pH 11) at 4C
and O-pyruvate i easi |y el eased fro FTBon heatlngg& 65C. W found
that acet a¥@® aﬁb pOGE ar?"bé'é%{n%t’éﬁcﬂg g ROJFOMYERESPs sanpl e
K;EQP ag EWhlEeCeDﬁXBMhGXﬂOﬂEEEHd¢me féeu%tede1nf01 ﬁohﬁalnmyflﬁ ngnN;S
an e s e
suppr ésed cgggtttlv%p é?ﬁﬁ %ﬁguggﬁinggnﬁbﬁé%&%ﬂawgﬁh gﬁ%%% ant a¥ a
flow rate 3n aoimals rthaxptdmmwdrecsaswe condugades wrludre qxlmﬂetatu ve
HPLC anal y b%e(ifvlgxga Ose 34 t efxrg)fa&@c%an?gn'1%§5:@ BREwdEh Pné)

respectlve are IS_ e 2003 - 101
~nst~unent %ﬁﬁ&sBlﬁlt:QB§35&uFﬁB&$ﬁMtklaﬂ Omi Pac PAX- 500
guard) and analytlcal colum’ (4.6 x 250 nm). . Suppressed conductivity
detecti on was acconplished using 25m\ sulfurlc acid as the regenerant. The
f low2@te was set at 10 m/mn with a Dionex autoregen unit. The nobile
phase and gradi ent program for separating acetate and pyruvate froma

sanpl e of hydrolyzed PnPs are IisﬁﬁgﬁELElrzfollomﬁng tabl e
Anti-Pneumococcal Immune Responses in 2-5 Year 01d
Children: :

25 2-5 year o0ld children receiving two doses
each of 0.5 or 5 pg Pn6B-Ps were tested for
production of anti-Pn6B-Ps antibodies by RIA and
ELISA. Significant elevations in anti-Pn6B-Ps
antibodies were observed.




Buffer 1 - 1 nmM sodiuar hydroxide to Buffer 2 - 10070 nethanal Buffer 3 -
2001V sodi um hydroxi de Buffer 4 - water Flow Time 7GBufferl 788ARFHLE3
X8uffer 3 7CGBuffer4d (mM/mn) 15 098 2 0 0 1 12.5 98 2 0 0 1 12.6 58 2 0 40
1.520.058 2040 1.520.1982001.52030.0982001.530.2198200
1 50.098 200 1 Using these conditions and a detector 25 sensitivity of
3p, Si enens) 4 nanonol es each of acetate and pyruvate which elute at
retention tinmes of approximately 5.2 gpd_9.5 minutes, respectively can be
easily detected. 13 MARCH 2003 - 102 enarat~,~ Purified PnPs sanples
from Merck Ma:ufacturing Division were subjected to Karl-Fisher titration
using an Aquastar V3000 vol umetri gXpBPsiUNg titrator to determne the
content of . hen d| ssolv d '

concent r at i Bf=& 6 e “Sert

treated in 2mM NaOH The ﬂ:ﬁhpat;e odiomtﬁsmﬁnwrim ttoo rchemani)nacet ate from
Pn9V-Ps an R SYP > yzed in 1 nMHC1 |0
at 65C fordtllgﬁ E@ﬁéﬁéegg%gégl chxk'téa%t ruvﬁ%ﬁm@%&%anpl es of sized
Pn9V and Pmm%atndppnpscapgomp@sdm gtie nephelenetrx. weTheal so

subj ecgz‘d tPaHEEC’éECEB@r h@ﬁnﬂ%’ﬂ&o%\iﬂﬁlaﬂo@'ﬁlé’Sﬁét@yn@?ﬂélagﬁét Y on. The

ani on- €xchange .chr onat o hy gnd pul sed 15 ~ anmPeronetric :
m)nosaccharilélﬁ SéﬁpSQFtlbﬁaWa&#& BB 3 r$he nEeEPONEBL BEE t he correct

concentratigfjief PRRPg mlastsheasidzetm@rlclmqmremhuaﬂtehéul k sanpl es.

Acet ate, pyruvate and N A % a{__1 wer e dissol ved in
V1O DO BEBPRER, SALEHE BA-TF RORFh ST RE T ERbIAPoPFOEALET Sampl eo
and St andar déd fber®- £oat yeanht |Bm-Rﬁ PriTisec-rsooedufsli exempilgagdaremy treating

Pnl BC- P ahe%%J gy 9}&@1@’1‘6@?% é&n,?@%aé% &H&‘ {lgem&t var i ous

t enper &%r es d 16 hours).
St andar d som@ﬁé‘mrdf 1yadRpkie )£ o5 reaniesakes l\pﬁ\cétilﬁﬁaﬁncr?éim ne were al so

:jncloudedt?»f)t ghe o lzﬁ:érjeéﬁili?lé‘@ aﬁdtBﬁatﬁaﬂghh:‘ﬁQ% AdagR v f?r r
de- 0-acetyl gffon W;:;u £ S0 ok’ e o8 F0RL IO hoatid o PYT Ivate o
concentrations that are expected to be within the

15 limits of the standard curve.
a) Reagents
Saline solution: 0.9% aqueous NaCl
Anti-Pn-Ps sera: Antisera (Health Research, Inc.,
Albany, NY) is diluted 30-fold with saline solution.

20

Standards: Prepare 1.0, 1.5, 2.0, 2.5, 3.0 and 4.0

mcg/mL Pn-Ps conjugate standards from a 387 pg/mL

stock solution, the concentration of which was

determined by the phenol sulfuric acid assay for
25 Ppolysaccharide.

Test Samples: Prepare in sodium citrate stock to

have a final concentration of 3% sodium citrate and

serial dilutions of the test samples to theoretical
30 concentrations of 1.0, 2.0 and 3.0 mcg of Pn-Ps/ml.



13 MARCH 2003 - 103 The renoval of pyruvate from Pn4 waft stisgicRdoos
followng treatnent with either sodi um hydroxide (50nmV 100" C/ | 6hr) or
hydrochl oric acid at various concentration (1) 10, 100 nM) tinmes (3, 5,
and 16 hours), and tenperatures (65) 85) and 100'C.) 5 ItateNephel onetrv
The rate nephelonetric activity of Pn9V-Ps) Pnl BC-Ps and Pn4-Ps before and
“after de-0-acetylation or de-0- pyruvyl ation was neasured. Sanples were 1o
diluted to 1) 1.5, 2) and 2.5 ~ i nx hmhP E The HPSEC~of Pn9V-Ps)
Pnl 8C-Ps s.nd Pn4 before and after (93 O-acetylation or 15 de-0-pyruvyl ation
was neasured. A 7.5 x 600 nm TSK G5000PW col umm equi pped with a f | ow
restrict(ﬁ%_v&_o_e?&%fig to 50C at 800-1000 psi and equilibrated with 0.2 M
sodi um acetrare a .3 mM/mn. A60 ~ g sanple (1 ng/nml) was injected on the
colum and eluted with 20 the nobile phase at 0..3 m/mn. The col umm

el uant wagsFayedlM campdels @mdﬂatéﬁuhiaanueing iﬂ!liaakﬁanftd low rate of

0.5 mM/mn and nmo tlore Wit h {i eronetric detector and

the Kd nebdbf B':’ng oﬂlq%a%a‘f i]< gﬁ s@ﬁ§1 LEMENLRr o det ernined at

3~. Si enertbetermhnbhtﬂw woatcerstirh ©ien ain. tRer maatpaw&mxetﬂhe wer e

det ect abl Stﬂh ﬁr' o] rw}é m t 5tﬂ@n Il%s cﬁé&&% ﬁ%pﬁ}pse 30 for
ofo)

bot h® corrponen |near ro 2 nanono es W

coef fici ebhe 6111@@%9 fanter averpgeu e W%&eﬂa’: e9a¢bspect| vel y.
13 MARCH @88 walfffle.~~ntim z~t~~n of O-acetate Renoval from PnlBC- Ps
Prelim nary" ~st udi es of the tine course hydrolysis Pnl 8C Ps denonstrated
the lability of O-acetyl group to al kaline hydrolysis at |ow tenperatures.
2rr1\/l4séod:c umhmdhoct&mﬁ%iﬂesamplm FouiEtgy WHES%@@Eb?' gbe Pnl 8C Ps
at aft ur i n a ratures treatnments
ver e ¥®un 8‘[‘% te‘a%%“*ﬁ g%t ;?ge?cg :%-gé'et %ﬁ%s’aﬁﬂgg%\?ﬁ ER™woul d i nterf
ere the nmmmrd;omft@nen/sﬂrec&hatte thehProphts nbeéithg gedohysi s condition

for the r aﬁgﬁl o be 16h at 4C Less then
1°/ of ace a e was ?S’Sgger%g.rmve ronggélg?a%dard of
N-acetyl mannosam ne treated with 2mv NaO-l for 16h at roomtenperature. 5

- Optimzation of O-pyruvate Rem)vm_ﬂ Hydrol ysis studies of Pn4
initi aI 'y vae
reparation of Bll Serotype 2

OMPC
A. Fermentation
20 1. Neisseria meningitidis Group Bll
A tube containing the lyophilized culture of
Neisseria meningitidis (obtained from Dr. M.

Artenstein, Walter Reed Army Institute of Research
(WRAIR), Washington, D. C.] was opened and Eugonbroth

25 (BBL) was added. The culture was streaked onto
Mueller Hinton agar slants and incubated at 37°C with
5% CO0, for 36 hours, at which time the growth was
harvested into 10% skim milk medium (Difco), and
aliquots were frozen at -70°C. The identity of the

30 organism was confirmed by agglutination with specific
antiserum supplied by WRAIR and typing serum supplied
by Difco.



undert aken usi ng sodi um hydroxi de hydrolysis. It was quickly discovered
that  very little pyruvate was 20 recovered when sodi um hydr oxnéAREs2008ed.
Initial control studies denobnstrated that pyruvate was , cleaved from Pn4
in H20 at 100'C. Wth this information) it was decided to carry out the
optim zation studies for O-pyruvate release fromPn4 25 using HCl

hydrol ysis at el evated tenperatures. Sone degradation of the pyruvate

appeared at higher tenperatures. Thi ggcan be denonstrated with a sanpl e of
pyruvate standard which has been hydr oI yzed under the sanme conditions as

Pn4. Maxi numrecovery of 30 PYruvate occurred when hydrolysis was carried
out in 1mM HC1 for A6riwlréef 68Re cultueREdodD&he sdtondn~~. 3rsis of

0-acetate and 0 yruyv i n,PnPs Sanpl es Mari.ou epresenting
startlng %ﬁ%@ sﬂda8§e8%%§§@§¥%?ﬁﬁﬁtﬁc qﬁﬁbﬁﬁ%I Rer e anal yzed for
0- acet at e/smwep/enbodng/ agar HpPLEtest (EBABeBBlied B vplateswrvaydrol ysis in 2
mv NaOH at enpesat pr Ps/18C or in 1l
mM HCL at Wée& g?e%?eeo& E"i)luva 1%n %@C@ aﬁ%e resuﬁ

P s of this study
are pr esemwlbetijnﬂ thﬁpgﬁo“t‘aﬂ&ﬁ dragxueaked dnket9@ mb of ~ each Ps

repeagl “9 mtsfﬂﬂ mfﬁﬁplnédluin Oaﬁ.rl o'?taé’fm@r@ @al@erl5iﬁnev$ ﬁE”D' el 1.7
PnaV) nple 2 5 Pnl EC—PS sa ép Pnl 8C- Ps le 2 0.8 20
Pnl BC- Ps @W‘&Eﬁeﬁﬂg GPRed Bt 9% 'uI t"s‘h%h%’&ﬁ%“iaﬁmt“ Sreten5| on of the

si de grouppositivelgi idénIEriEsiedel‘rfy agggbxtinaeion9%Qithf epelig¥cPs and 80x

Bqueous E‘E%ztlﬁgs P T S a6 R0 8 §hE Br bl KB o7 L cal "Vl Ligs For
Pnl BCG-Ps and Pn4 aré viadl efoftheatultuve fyomvbhésppasselge sfasPs repeating

Y e A E R T kb S R
St r ept ococetisepkedneomtee 46, Juel %Fﬂﬂ#&?PQOGEar plates. The
plates were incubated at 37°C with 6% CO, for 18
hours after which time the growth harvested into 17
mL of 10%Z skim milk medium, aliquotted in 0.3 mL
15 amounts and frozen at -70°C. The organism was
positively identified by Gram stain, agglutination
with specific antiserum and oxidase test.
2. Fermentation and collection of cell paste
a. Inoculum Development - The inoculum was
20 g&rown from one frozen vial of Neisseria meningitidis
Group B, B-ll from above (passage 4). Ten
Mueller-Hinton agar slants were inoculated and six
were harvested approximately 18 hours later and used
as an inoculum for 3 X 250 mL flasks of Gotschlich's
95 Yyeast dialysate medium at pH 6.35. The ODggq Was
adjusted to 0.18 and incubated until the ODggqo was
between 1 and 1.8. 1 mL of this culture was used to
inoculate each of 5 X 2L, Erlenmeyer flasks (each
containing 1 liter of medium; see below) and
30 incubated at 37°C in a shaker at 200 rpm. The 0.D.
was monitored at hourly intervals following

inoculation. &4 liters of broth culture, at an ODg g0
of 1.28 resulted.



- 106 4.' Carbohy~,, Res.) Q 73-80) (1981). Lugrowski) C a i.ngs) H.
J. "“Structural determ nation of the capsul ar pol ysacchari de &%Aﬁ%ﬂ%&g
Streptococcus pneunoni ae Type 18C.' Car Chv-rd.Res. i:119-129) (1984).
Ferry, M B.) Daoust, V., and Carlos) D. J. 'The 5 specific capsular

pol ysacchari de of Streptococcus pneunoni ae Type 9V.' Can. J. Biochem
i:524-533) (1981)]. The lower retention of 0O-acetate found in the

Pnl 8C- Ps- OVWPC conjugate is expected due to the susceptibility of 0-acetyl
groups hydrolysis to. is alkaline cofdtions at | ow tenperatures. The rate
nephel onetric activity of sanples of Pn4) Pn9V) and Pnl 8C Ps and

de- 0- pyruvyl at ed ang de- 0-acetyl ated sanpl es were neasured. The results
shown that the nephéPoldtsgd: SFed, ERIMERIQT o APRFRKIIMELeY: &, r enoval of
t hese Ei d_eliatevBSOfewegthfgumrftdaea&@i wé_ebd heogﬂhoeatlhgdesaﬁpl eﬁ- Ige ][<d'PS4
were obtain t ? t hod descri . above. r) .the 0 n
A ter de. PERF e AD-ITtRF FasReR e [ oopERt EPBE AboRE DL AdE %m0, ob o
0.68 and tbof eOmpletéer produnicion mediim (speanbeldwd .antThgenicity date for
Pn4 and P”L@ﬁa?%i%%p%fgr e %-.‘Sli’éePtPEEmbH%ﬁ%tibﬁaH‘?{c Jdegprding the

i nportance_of these side groups in pneunococcal polysaccharide i mmunol ogic
reactisvi t y37The ASSuInpm rpitipnbd Ligges{minute; aizs spdagingn and gl ucuronic

SCit d) the eoa%witl @H)_Ill_i&x@foi mgdﬂsbﬁ'téUbtﬁh_ar.e 'f?i%oz?tb'ﬁiit izm;lol ogi _ct_
eterm nanfs_as wel . us ccoy di . s od) a sensitive
procedur e iIBP‘Fne ttrr}f’a‘figigﬁf’lal gngngaédO -GFB‘QOQM i\fﬂﬂd in Pnd and
.0- - acet at eaiften @/ twouk nl BC- Ps has been devel oped. This procedure is

val uabl e in defgqdy.r o] r..sizing and conjugation of Pn4,
Pn9V) and Pnl Bg-qysr}?inééofdgga@g&égéi ﬁgiﬁ‘ghgﬁtri geni c structure of these

pol ysagghari des. ppaeCimabedy- 4001itEXAVRIE sed-alture~wefe

PnoB Ps- M Haddidepocaiate 4 sE8Ri3QNB0ANA (eAddlihtature sanples (one
representing a H20, dialyzed sanple of the other) were 5 stored at 3-8 C
unti | used.COZ?t*D’:‘Z“RSPEXQI—IZﬂZtSGﬁf@lf weapdete prodwetiaRpredivg obtain a
fi Eal COﬂC]f(rﬁé?tl?L@Ibﬁb.abTﬁbt _Ba'EUhf %gld'qu\x;@d[\iig%twiaﬁgslrdcploge /s%rrplfe to
achi eve a flna Cppcentrati,on o : e, 1. g.o of .
sanpl e shoiRf b‘élgladgﬁ ibEGGﬁﬁ@r’r%t@ B 'é%\g%giﬂHQOFaﬁﬁgéBg to the

addi ti 9§ ofpH heonbtroll &uHPH 7Li0kewEa) thifd dsatachl|tthe £hnalidObe adj usted
to account hegqV i.ac \at 15 conposition is
closer to t‘%}%é c%rgﬁneg‘#ﬁﬁfq‘co'hﬁ’?% ?&o%&ﬁégﬁaﬂéﬁy) t he sanple could be
di al ysed agai ns3.t heConpdetecMedirumprfar Evlenneyarofidesisapng) .

70-and 800-liter fermenters

20
Fraction A
L-glutamic acid. 1.5 g/liter
25 NaCl 6.0 g/liter
Na,HPO, . anhydrous 2.5 g/liter
NH,C1 1.25 g/liter
KC1 0.09 g/liter
L-cysteine HC1 0.02 g/liter

30




20 3 2.8 mM of sanple (containing about 1 ng of protein based on |owy
‘protein assay) were injected onto 1 2.6 x 96 cmcolum. of sePH#ROM208 1000
equilibrated in O MM MOPS pH 7.2, 6 m @QHCI at a flowrate of 0.6 m/mn.
Col um effluent was 25 continuousl ~r nonitored at 280 nM (perkin El ner LC
235 diode -array detector) and 3 m fractions were collected. 4. Protein

di stribution was based on A280 (as well 30 as spectra) and Pn6B-Ps

di stribution-was based on a Pn6B-P§ éﬁéCTfic ria assay. Based on el ution

13 MARCH 2003 - 108 positions of Pn6B-Ps-BrAc al one and in physi cal

1 Xt .t h tl R, I f ' t ai ni bot h PS~and
ot ot 61 - ver baska8h, by RssRHIS R e e BRI P e osi £i ons. obser ved
for the Pn6B-Ps-Br A 286r ¢ pfedifita Wgas tidxnacteowas dipgobved- M EP
con3ugate § gPQo § £ W§'sC dFORG ﬁ#i Eﬁ&trafhétéalhg@oﬂﬁ' a YM 30

menbr ane an |af|Itered usi ng tein Pn6 S cont ent
were estinéladyeedmino Zgdmicon RC 11o%nE QFUQFééysiﬁe presence of

SCM;Cf Wastﬁﬁi%t %Eiti&yt@ﬁ‘é”@ FEIOSH ad@iﬁfﬁii& eEXAlVE’BE 82Mi @ (%55?%’ i's
used for e.q ita neunnc cca ysac ari : is a
nultlﬁayeraggngiﬁ égﬁvf %ﬁ? £f| BB ge d|§ §§F§H on

pol yst yr enandette tﬁtmlba&ﬂmm ebroughﬁbabemsl Rigesamuiiehsol ution

cont ai ni ng ter C LQn a r ed and

r ei ncubat egegkﬁ lseedcong-'egli'l utqi‘t(k)@n %%ggnaﬁgagt%ugg Zntqﬁ \1‘3}@

Pnl BG- Ps- WROH.AfmrltH%ed reyupassagehthoough ar § \R@smuacfxalmen ncubated a

hird I
third 1M ek &SHldfdored 006 XHeNgelasheasscotbulinTie oG 1dhe 25 plates

are once a Ich the beads are transterred to plastic
t ubes Y®x unting. Unknown sanples of Pnl8C-Ps are conpared to a standard
curve for quantitatipgr thd3EMERe}ee3£1abky: 1~ liter of

Fraction A and 25 mL of Fraction B were added and the
pH was adjusted to 7.0-7.2 with NaOH.
For the 70 liter fermenter: 41.8 liters of
15 Fraction A and 900 mL of Fraction B were added and
the pH was adjusted to 7.0-7.2 with NaOH.
For the 800 liter fermenter: 553 liters of
Fraction A and 15.0 liters of Fraction B were added
and the pH was adjusted to 7.1-7.2 with NaOH.
20 b. Harvest and Inactivation
After the fermentation was completed, phenol
was added in a separate vessel, to which the cell
broth was then transferred, yielding a final phenol
concentration of about 0.5%Z. The material was held
25 &t room temperature with gentle stirring until the
culture was no longer viable (about 24 hours).
e. Centrifugation
After about 24 hours at 4°C, the 6l1l4.4
liters of inactivated culture £luid was centrifuged
39 through Sharples continuous flow centrifuges. The
weight of the cell paste after phenol treatment was
3.875 kg. Alternately the phenol killed fermentation

broth was harvested by dialfiltration as described
below.




510 15 20 25 1. RIA kit: Abbot Labs) Diagnostic D v tal o . 6171-10.
‘2. On k Wash System) Abbot Labs, Diagnostic Div. 3. Adjustabﬂg MARPIA#%8s and
di sposabl e pipette tips (ex. Eppendorf digital) 4. Ganma Counter (ex.

Abbott Autologic).. 5. X 4~~ polystyrene beads with specul ar, ~fini sh:
Precision Plastic Ball Co.) 3000 N ~Ci cero Ave., Chicago-) Illinois 60641.
Reagents 1. New York State Health SerV|ces Antl-PnIBC-Ps anti body | ot

R18-44 or equivalent. 2. Muse anti 6fntBC- Ps OWPC anti sera (pool 11260-235
or equivalent). 3. Goat) anti-nouse 1gG 125I-1|abel ed antisera: NEX 159, New

Engl and~Nucl ear) 549 Albany Str 0S 021.18. 4. Incubation
Buffer: RCMB containing. |. B@ﬁﬁé S &ﬂ2%§§10 1~ azide Signma S2002 5.
Diluent 8 parts fetal calf serun1 Sigma F3885 1 part goat serum Signma G5767

L part ) T BB RURA] GodS e PISRL A o) o PLOTS 0.3/

nl BC-Ps coated bead to
each wel| of the prkecpkeneodi inggtivasted cwhture dfd and agitate the

plate geradxycé&wé&!etéhaboaislabeqcisce%rse Mﬂﬁiuéﬁéer?ﬂ with buffer.
4. Cover the adhesi ve back

)] at rovided Wth the RIA kit and
i ncubat e &% A €1§P116631F§ﬁﬁér§ﬁmﬂ¥fQﬁé) glow fiber
filters (ENKA) .

Step 2. Extraction
An equal volume of 2X TED buffer [0.1 M TRIS

10 0.01 M EDTA Buffer, pH 8.5, with 0.5% sodium
deoxycholate] was added to the concentrated
diafiltered cells. The suspension was transferred to
a temperature regulated tank for OMPC extraction at
56°C with agitztion for 30 minutes.

15 The extract was centrifuged at about 18,000
rpm in a Sharples continuous flow centrifuge at a
flow rate of about 80 mL/minute, at about 4°C. The
viscous supernatant fluid was then collected and
stored at 4°C. The extracted cell pellets were

20 Treextracted in TED buffer as described above. The
supernatant fluids were pooled and stored at 4°C.

Step 3, Concentration by Ultrafiltration
The pooled extract was transferred to a
25 temperature regulated vessel attached to AG-Tech
0.1-pum polysulfone filters. The temperature of the
extract was held at 25°C in the vessel throughout the
concentration process. The sample was concentrated

tenfold at an average transmembrane pressure of
30 Dbetween 11 and 24 psi.



- Ditute the nouse anti-18C anti body 1:1000 in 10 diluent. 7.

this solution to each well containing a bead. 8. Cover the plate and

i ncubat e overnight at 15 roomtenperature. 9. Wash the plate using the Qmk
Wash apparatus and deioni zed water. 10. Dilute 125Z-| abel ed goat)
anti-nouse anti body to 15000 cpni10 ~.1 in diluent 20 (1:160 dilution). 11.
Add 20 ~.1 of this solution to eachk W3l |- containing a bead. 12. Cover the
pl ate and i ncubate at 37C for 2 hours. 25 13. Wash the plate using the Qw k
V&, sh $pparatus and dei onized water. 14. Transfer the beads to the plastic
t ubes proitkel 4i t hCohdertdori andnWasdumeg f rihe @¥PE€abl e gamma counter.
13 MARCH 2003 - 11llppd. rEpghicagel *ﬁgﬁ’@ﬁéﬁﬁt? maseéﬁ%?gﬁgbagsmher to get
an average for each sanple) standard, and 1 ncubatiop Buff €r control.

Substract 8PRU¥nt68aPPBNXEEr (S0 ONH FRLX r&n 2RAUE: ARG 48 8nd sanples. 2.
Using a cadentdheousasipredentt iThgld wt cal £Tewcpbhabi Basweenp3i0ot he data
for the stﬁndsﬁﬂ chve a%d cg%gpl te the corgel tggn.io . coefficient and
sl ope of tH2 emLémipnute, zﬁhﬁcﬁﬁ?@ﬁ%@ FRREIIAUFEE (free for free)
conj ugat e dbscapdpdgat e) cal cul ate the response of the sanples) and correct
for dilutions. 15 The.s I e¥¥% SLL o] ' |l le to any
of the other Pn-Ps ?g‘&?’@?cgf subs ?"t’%‘?l nﬁbpgggegpggﬁ F"lﬁ(l:)a%afg(eéﬁfs

(190 mL buffer; 20 mL/g pellet) Step 2 and Step &
were repeated twice (skipping Step 3).

5. Wash the plate using the QM k WAsh appar atus and deionize&agggggoqfi f

10 Step 5. Recovery of OMPC Product
The washed pellets from Step & were

suspended in 100 mL distilled water with a glass rod
and a Dounce homogenizer to insure complete
suspension. The aqueous OMPC suspension was then

15 filter sterilized by passage through a 0.22-pum filter
and the TED buffer was replaced with water by
diafiltration against sterile distilled water using a
0.1l-pm hollow fiber filter.

20 EXAMPLE 15
Preparation of Purified MIEP from OMPC or From
Recombinant Cells by Polyacrylamide Gel
Electrophoresis

25 Acrylamide/BIS (37.5:1) gels, 18 x 14 cm, 3
mm thick were used. The stacking gel was 4%
polyacrylamide and the separating gel was 12%
polyacrylamide. Approximately 5 pg of OMPC protein
or recombinant host cell protein was used per gel.

30 7To 1 mL of OMPC was added 0.5 mL of sample buffer (4%
glycerol, 300 mM DTT, 100 mM TRIS, 0.001%Z Bromophenol




13 MARCH 2003 -112 CLAIM5 1. A capsul ar pol ysaccharide of St

us
pneunoni ae having on average | ess than about 1200 repeat uni#@ﬂ%gﬁqﬁgﬁecule
and a pol ydi spersity 5 between about 1.0 and L .4, a nol ecul ar wei ght
bet ween about 1 x 105 and | x i06, and a | evel of contani nation by
-pneunococcal group-specific .C polysaccharide bel ow 3. 0% of the
type-specific pol ysaccharide. 2. The polysaccharide of Caim1 having an
antigenicity index 10 between 0.7 -angB1-1, and an intrinsic viscosity
between 0.6 and 3.0 dlJg, wherein said polysaccharide is derived from any
of the subtypes of Streptococcus pneunoni ae selected from: 1, 2, 3, 4, 5,
6B, 7F, 8blom, 9H 7104 . 1The miytuze vgw heated| go, 1P C fayx 20, 22F,

23F, and §§Fmiﬁ§t%% 2B owédt €8 ¥688Ch8 rddmOft erdptiriturdier ei n said
pol ysaccharide is derived from_ 1) Sirep gcocc S pneunoruae 6B, said
pol ysacchhef@gendpading onte, the eg eraé engedc Hes T @i, MN between 3 X

| 05 and 62901490 il iemips { iwitkhoedbléngnt unt@d Eimak) of about 0.60 +
0505, ) BrHBioBH L e TRb N, B! Bl HCIE WP 15 2 T 105
and % 0; aedtdcdlestrimrofibthe gelowaspeati omtur(asoyerl+dl emul e on
average, yijde) and stained with Coomassie/cupric acetate
(0.1%). The strip was destained until the MIEP band
(about 38 XD) became visible. The strip was then
placed into its original gel position and the MIEP
10 Aarea was excised from the remainder of the gel using
a scalpel.
The excised area was cut into cubes (about 5
mm) and eluted with 0.01 M TRIS-buffer, pH 8.1.
After 2 cycles of elution the eluate was evaluated
15 for purity by SDS-PAGE. The eluate was combined with
a common pool of eluates and dialyzed for 48 hours
against 60 mM ammonia-formic acid, pH 10.
Alternatively, the eluted protein can be dialyzed
against 50% acetic acid in water. After dialysis the
20 ¢€luted protein'was'evaporated to dryness. The
material was further purified by passage through a
PD10 sizing column (Pharmacia, Piscataway, NJ), and
was stored at room temperature.

25 EXAMPLE 16
Quantitative Determination of C-Polysaccharide
Content in Pn-Ps Preparations: === === ==
Systems have been developed for quantitation
of C-polysaccharide, based on NMR, enzymatic, or
30 chromatographic methods. 1In the instant case, the
chromatographic separation of choline (a component of
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) Streptococcus pneunoni ae 14, said pol ysaccharide having:

x 10" and 8 x LO5; b) a ICd (peak) of about 0.60 + 0.05; c)3HARRY BBween
x 105 and | x 10~; d) an intrinsic viscosity in O.

a) a MN between

t M sodi um phosphat e,

pH 7.2, between 0.6 and 1.6; and 13 MARCH 2003 -113 5 10 15 20 25 30 3)
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C-Ps) from samples of hydrolyzed Pn-Ps, was used and
compared with these other 'methods. The choline was
separated on a cation exchange column coupled with
suppressed conductivity detection.

Samples were completely hydrolyzed by
treatment with 36% hydrofluoric acid for 2 hours at
45-65°C followed by 2M trifluoroacetic acid for 16
hours at 100°C. Following hydrolysis, 200-300 pg of
the sample was injected onto a Dionex BioLC
Chromatography system, having an Omnipac PCX-500
analytical and guard column, an Ion Pac CTC-1 cation
trap column, a CMMS-2 Micromembrane Suppressor,
regenerated with 50 mM tetrabutylammonium hydroxide
(10 ml/min), and the conductivity detector set at 1
pSiemen sensitivity. The sample was eluted
isocratically using 5% 200mM HC1l, 5% 20%
Acetonitrile, 85% MilliQ water, 5% 20 mM
diaminopropionic acid. Choline eluted as a sharp
peak after approximately 10 minutes.

Purified C-Ps (obtained from Statens Serum
Institut) was analyzed for choline content using this
method and a value of 5.4% choline by weight was
obtained. This value agrees with published reports
of choline content of C-Ps.

This factor was used to calculate the C-Ps
concentration in various samples of Pn-Ps
preparations by converting the nanomole quantities of
choline obtained by HPLC to mass values. Using the
conversion of 5.4% choline by weight, the mass of
C-Ps by weight was calculated. Samples having C-Ps
concentrations over 3% were rejected as unacceptable
for conjugation. The table below shows the



Streptococcus ~neunoni ae 19F, said pol ysaccharide having: a MN between 2 x
105 and 6 x 105; a Ka (peak) of about Q65 + 0.05; a MWV bet we'dMARCKH 28035 and
6 x 105, an intrinsic viscosity in 0.1 M sodium phosphate, pH 7.2, between
1.0 and 2.0; and | ess than about 1000 repeating units per nol ecule, on
average; Streptococcus pneunponi ae 23F, said pol ysaccharide having: a M\
between 2 x 105 and 6 x 105; a I Ca (pgpk) of about 0.54 + 0.05; a M ~r
between 4 x 105 and 8 x 10S; an intrinsic viscosity in 0.1 M sodium
phosphate, pH 7.2, between 1.5 and 3.0; and | ess than about |000 repeating

units per ppkeelheiodN oFV UG me¥HAPIWIOk Cthe PREHNMBAUA@ nymddiik
polysaccharlggogaV|n

. a. M\ between 05 and 4.x_1Q5; 1 (peak) of
about 0. 65M& 8 é%lgv\ﬁl?é)ﬁﬁe Pz‘?@ﬁoé’%ﬁdcgngaf“ég?%éﬁhi ﬁ'tervigﬂsq c viscosity
in 0.1 M spdi prepaagtians off Ph-2s bef weanying degree®; ofngurdstsy t han about
600 repeating units per nol ecule, on average; Streptococcus pneunoni ae 9V,
sai d pol ysaccharide having: a MN between 3 x 105 and 6 x 105; a Kd (peak)
of about OSampleD. 05; a MMBetween BNZYNMARIGnd 7 x 105; BERBLG ntrinsic

viscoagty in 0.1 Msodium phosphate, pH 7.2, between

Pn6B-Ps 20% N.D. 18.47%
Pn6B-Ps 1.6% 0.3-1.0% . 1.2%
Pn23F-Ps N.D. 2.8% 3.7%
Pnl4-Ps 2.9% 2.4% 3.2%
10 Pnl9F-Ps 2.7« . 2.6% 2.6%
EXAMPLE 17

Cloning of Genomic DNA Encoding MIEP:
About 0.1 g of the phenol inactivated N.

15 meningitidis cells (see Example 1) was placed in a
fresh tube. The phenol inactivated cells were
resuspended in 567 pL of TE buffer [10mM TRIS-HC1,
1mM EDTA, pH 8.0]. To the resuspended cells was
added 30 pL of 10% SDS, and 3 pL of 20 mg/mL

20 Proteinase K (Sigma). The cells were mixed and
incubated at 37°C for about 1 hour, dfter which 100
pL of 5 M NaCl was added and mixed thoroughly. 80 puL
of 1% cetyltrimethylammonium bromide (CTAB) in 0.7 M
NaCl was then added, mixed thoroughly, and incubated

o &at 65°C for 10 minutes. An equal volume (about 0.7
to 0.8 mL) of chloroform/isoamyl alcohol (at a ratio
of 24:1, respectively) was added, mixed thoroughly
and centrifuged at about 10,000 x g for about 5
minutes. The aqueous (upper) phase was transferred

39 to a new tube and the organic phase was discarded.
An equal volume of phenol/chloroform/isoamyl alcohol




1.0 and 2.0; and | ess than about 800 repeating units per nolecule, on

aver age; Streptococcus pneunoni ae 18C, said pol ysaccharide hé@WﬁBszm@3
MARCH 2003 -114 a) a MN between 2 x 105 and 6 x 105; b) a I1Cd (peak) of
about 0.65 + 0.05; c) a MVWbetween 2 x 105 and 6 x 105; d) an intrinsic
viscosity in 0.1 M sodi um phosphate, pH 7.2, between 5 1.5 and 3.0; and e)
| ess than about 700 repeating units,per nolecule, on average; 4. A
conposition, useful as a vaccine agg nst between one and seven subt ypes of
Strept ococcus pneunoni ae, said conmposition conprising an inert 10 carrier

and one Qe ¢a?lid i 5 A CPrmeeeséc@fw@ﬁ)m&e Afed!NEONj ugat ed state,

and optional l'y conprising add|tiqnal anti antlbacterlal or
|nnunono&bﬁa@GNFQﬂ§hﬁﬁﬁﬁﬂ%-d@ﬁx§€I§EPEG“G Hha Sy GRS %erOX|de
al um nuMaRhQEPUE x G FdHNboutFEemidutes .t herhd i wbwaphasen

i nterleukin I nterferon, .or _from anon e .or o) vaccineé

agai nst Ré‘[?aﬁqrt) ¥ge trangferredstR a‘né‘%wA I?‘T‘é tétY?: URGE
diptherl&ﬂ&ﬂﬁﬁuﬁﬂm umﬁamﬁsxsupaobgi mhﬂqhnlrudxﬂddde&armcné&a and
Haennphll S z ol ysaccahri de
of Sﬁrept occ éﬁ?ﬁ aEnE tﬁeh V|n qéégaggan aﬁ%%#aigggéykaga? uni ts per

mol ecul e atndl @, o6l &df@peﬂ-gl ﬂl}fwct@ catlhe tgepeanatanhi ﬁﬁuédrrprl ses: a)

1) Cul turjgg ﬁé@ﬁ@é@ccaﬁdp%ﬁmﬁwwe rnsamedpawﬁgw/c bacteria and
i solating cru caps pol ys char

e, por sol ubi i.ng Grude
Streptocdﬂ@%%“%%eun%ﬁ?a@“@a &y §¥Eb%%r?€@ ﬁgépﬁaspée%rdﬁﬂthe ATCC;
25 b) i-Q@oo @Bl bF. Tndsafberig Qﬂid) eeentiol, afienfingitidis ties at a

sol ution H of abﬁ# S; ii-Partially hydrolyzing the Pn-Ps in solution to
an ed@poi &t n9?§8$ b ‘predeternined to dimnish the Pn-Ps binding to

anti pneunococcal t¥pe ﬂuaﬂdﬁigqnu¢bedyi@98nwenareymhhm&iﬂméw 30 conpared
W th cru Ehpﬁo ¥es§ 'Eh@IS5O %@ é?OEhEOHIE§ Lidp 48 hours; 2.
sonlcatlng erval's of seconds m nut es endlng on t he power
setting o °tﬁbeséd|@@@|@¢[ﬁhﬁmﬁIEP gene [Murakami, E.C. et
al., (1989), Infection and Immunity, 57,
15 Pp.2318-23]. The sequence of the DNA oligonucleotide
specific for the 5' end of the MIEP gene was:
5'—~ACTAGTTGCAATGAAAAAATCCCTG-3'; and for the 3' end
of the MIEP gene was: 5'-GAATTCAGATTAGGAATTTGTT-3'.
These DNA oligonucleotides were used as primers for
20 DPolymerase chain reaction (PCR) amplification of the
MIEP gene using 10 nanograms of N. meningitidis
genomic DNA. The PCR amplification step was
performed according to the procedures supplied by the
manufacturer (Perkin Elmer).
25 The amplified MIEP DNA was then digested
with the restriction endonucleases Spel and EcoRI.
The 1.3 kilobase (kb) DNA fragment, containing the
complete coding region of MIEP, was isolated by
electrophoresis on a 1.5% agarose gel, and recovered
39 from the gel by electroelution ([Current Protocols in
Molecuvlar Biology, (1987), Ausubel, R.M., Brent, R.,



13 MARCH 2003 -115 foll owed by periods of cooling and additi onal

soni cation; or 3, physically shearing the polysaccharide in d3}yAGftH #4003
honngeruzer at pressures between 13, 8 and 103 Ma 5 (2000 and 1S000 PSI);
and c) Fractionating the hydrolyzed Pn-Ps and selecting a fraction having a
. ol ecular weight in the range between 1 x 105 and 1 x 106 by:

i-differential alcohol solubility using isopropanol at concentrations
predetermned to precipitate the ded?red Pn-Ps size range; 10 or

ii-fractionation on a size-exclusion liquid chronatography colum capabl e

of 1ncludihg and frac |on ting pglysacgharides Size range between
1x104 andig®kon ¢sRet QOBFgcegs ofe g1 ‘Im&e]‘rehi 183 Rndpoi nt of
hydr ol ysiF.®r ahcasuahdet KL ede. hy Gueaanmﬂtummhmg Agkat . 3ol ution in

0.9 M sod hi d
poIysagghgrrhgsﬁégtngP238§§Z§n§ %f9nf§cﬁ§§ﬁ%?é%%§§%§§§%ﬁAPs Pn- Ps
Subt TBpeEkt abddBobRE . T gledd poinitf Yexd \Speh<sEcQRY k tistok
Pﬁ4 ﬁgi 4 % 6203 9t ?) oR L 2281 PRaY- gﬂéeg Ii 8085%5
20, osPni9EBot teatel, dpte HHE SHkITRCORL EC-19 (yBegdr Rid A

0. 058nl 9ruped. $01 tgeos§orm Mm@ism%qlrs DH5 gooTrangforpgnts

-ﬁ5- ﬁf LAAeénEa&a ingRtMNe - o%,m/fiﬁer@@A zi&llﬁi/tﬁ\ ﬂ‘xeAi/ 3ARB ‘.ﬁﬁh

A A DYy Hﬁgy ﬁs"l&‘tﬁi %G’YA ﬁ‘%ﬁ‘h&&%@%ﬁn 9“& eﬂ €AA, . AA. AA, . A

h. Ade. AU mAPYPIAYUL ahd -t QUIEP DNA{was seqi@hdedAtA] eAsuABy iAl8?. Ah. Ah. A

h. Ah. AU AL A3 ALAN?. AN AYh_. A?. AQ. A As; . A AY. A AE . A A A A2

10

EXAMPLE 18
Construction of the pCl/1.GallOp(BYADHl( vector:
The Gal 10 promoter was isolated from

15 Dplasmid YEp52 [Broach, et al., (1983) in Experimental
Manipulation of Gene Expresgion, Inouye, M(Ed)
Academic Press pp. 83-117] by gel purifying the 0.5
kilobase pair (kbp) fragment obtained after cleavage
with Sau 3A and Hind JIJI. The ADH1 terminator was

20 1isolated from vector pGAP.tADH2 (Kniskern, et al.,
(1986), Gene, 46, pp. 135-141] by gel purifying the
0.35 kbp fragment obtained by cleavage with Hind IJJ
and Spel. The two fragments were ligated with T4 DNA
ligase to the gel purified pUC1l8AHind IIJ vector

25 (the Hind III site was eliminated Ly digesting pUC18
with Hind JIJ, blunt-ending with the Klenow fragment
of E. coli DNA polymerase I, and ligating with T4 DNA
ligase) which had been digested with BamHI and Sphl
to create the parental vector pGallo-tADH1l. This has

30 @ unique Hind IIT cloning site at the GallOp.ADHl
junction.
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cAa]ca]ca]cAa]cAa]cAa]cAa]cAa]cAa]ca]cAa]cAa]ca]ca]cRa]c<a]ca]ca]caU]ca]caU
] ca01% . 0~ K} xsni d_ Z]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
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a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] A2 UV ] d
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~al cMa] capffabl0.tADH]1 was changed to a unique Egmﬁl,clon1ng W c] cav] cal
U cra] c ] ] %@ﬁ?% eilgb\ c]caV]ca]ca
]caV]ca]g%aftél 8g]ca LE?L%% ca ca cal caJcd a]gr cal ca]ca]ca]ca]c
a] ca] ca] cepeifxiagQthe cut NA an igating, using T4 D
ligase, to the following Elnd_lll BamHY linker:
5 5'-AGCTCGGATCCG-3*

3'-GCCTAGGCTCGA-5".

The resulting plasmid, pGallO(B)tADHl, has

deleted the Hind IJIJ site and generated a unique
10 BamHI clouing site.

The GallOp.tADH1 fragment was isolated from
pGallO(B)tADH1 by digestion with Smal and Sphl,
blunt-ended with T4 DNA polymerase, and gel
purified. The yeast shuttle vector pCl/l (Brake et

15 al., (1984), Proc. Nat'l. Acad., Sci. USA, 81,
PpP.4642-4646] was digested with SphlI, blunt-ended
with T4 DNA polymerase, and purified. This fragment
was ligated to the vector with T4 DNA ligase. The
ligation reaction mixture was then used to transform

20 E. coli HB10l cells to ampicillin resistance, and
transformante were screened by hybridization to a
single strand of the 32p-labelled HindIII-BamHI
linker. The new vector construction,

pC1l/1.Gall0p(B)ADHl, was confirmed by digestion with
25 HindiZI and BamHI.
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The yeast MIEP expression vectors were

5 constructed as follows. The pGAL10/pCl/1 and
pGAP/pCl/1 vectors [Vliasuk, G.P., et al., (1989)
J.B.C., 264, pp.12,106-12,112] were digested with
BamHI, flush-ended with the Klenow fragment of DNA
polymerase I, and dephosphorvlated with calf

10 intestinal alkaline phosphatase. These linear
vectors were ligated with the Klenow treated and gel
purified HindIIT - EcoRI fragment described above,
which contains the yeast NTL, ATG and ORF of MIEP are
forming pGallQ0/pCl/1-MIEP and pGAP/pCl/1-MIEP.

15 Saccharomyces cerevisiae strain U9
(gallOpgal4-) were transformed with plasmid
pGallo/pCl/1-MIEP. Recombinant clones were isolated
and examined for expression of MIEP. Clones were
grown at 37°C with shaking in synthetic medium (leu-)

20 containing 2% glucose (w/v) to an 0.D.¢ggg of about
6.0. Galactose was then added to 2% (w/v) to induce
expression of MIEP from the Gall0 promoter. The
cells were grown for an additional 45 hours following
galactose induction to an 0.D.¢qgg of about 9.0. The

25 cells were then harvested by centrifugation. The

cell pellet was washed with distilled water and
frozen.
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Western Blot For Recombipant MIEP:

To determine-whether the yeast was
expreééing.MIEP. Western blot analysis was done.
Twelve percent, 1 mm, 10 to 15 well Novex Laemmli
gels are used. The yeast cells were broken in Hp0

5 using glass beads (sodium dodecylsulfate (SDS) may be
used at 2% during the breaking process). Cell debris
was removed by centrifugation for 1 minute at 10,000
X g.

The supernatant was mixed with sample

10 running buffer, as described for polyacrylamide gel
purification of MIEP. The samples were run at 35 mA,
using OMPC as a reference control, until the
bromophenol blue dye marker runs off the gel.

Proteins were transferred onto 0.45 p pore

15 Size nitrocellulose paper, using a NOVEX transfer
apparatus. After transfer the nitrocellulose paper
was blocked with 5% bovine serum albumin in phosphate
buffered saline for 1 hour, after which 15 mL of a
1:1000 dilution of rabbit anti-MIEP antiserum

20 (generated by immunization with gel purified MIEP
using standard procedures) was added. After
overnight incubation at room temperature 15 mL of a
1:1000 of alkaline phosphatase conjugated goat
anti-rabbit IgG was added. After 2 hours incubation

25 the blot was developed using FAST RED TR SALT (Sigma)
and Naphthol-AS-MX phosphate (Sigma).
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EXAMPLE 21
, mmwm@m-ﬂ
Plasmid pUC19-MIEP containing the 1.3

kilobase pair MIEP-gene insert, was digested with
restriction endonucleases SpeI and ECORI. The 1.lkbp

5 fragment was isolated and purified on an agarose gel
using standard techniques known in the art. Plagmid
PTACSD, containing the two cistron TAC promoter and a
unique ECORI site, was digested with EcoRI. Blunt
ends were formed on both the 1.3 kbp MIEP DNA and the

10 PTACSD vector, using T4 DNA polymerase'(Boehringer
Mannheim) according to the manufacturer's
directions. The blunt ended 1.3 kbp MIEP DNA was
ligated into the blunt ended vector using T4 DNA
ligase (Boehringer Mannheim) according to the

15 manufacturer's directiohs. The ligated DNA was used
to transform E. coli strain DH5aIQMAX (BRL) according
to the manufacturer's directions. Transformed cells
were plated onto agar plates containing 25 ug
kanamycin/mL and 50 ug penicillin/mL, and incubated

20 for about 15 hours at 37 C. A DNA oligonucleotide
with a sequence homologous with MIEP wasg labelled
with 32p apg used to screen nitrocellulose filters
containing lysed denatured colonies from the plates
of transformants using standard DNA hybridization

2s techniques. Colonies which were positive by
hybridization were mapped using restriction
endonucleases to determine the orientation of the
MIEP gene.

Expression of MIEP by the transformants was

30 detected by Western blot analysis. Recombinant MIEP
produced in the transformants co~-migrated on
polyacrylamide gels with MIEP purified from OMPC

vesicles, and wasg immunologically reactive with
antibodies @pecific for MIEP.
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according to the method disclosed in U.S. Patent
number 4,882,317.

5 10 mg of MIEP in 3 mL of 0.1 M borate
buffer, pH 11.5, are mixed with 10 mg of
ethylenediamine tetraacetic acid disodium salt (EDTA,
Sigma chemicals) and 4 mg of dithiothreitol (Sigma
Chemicals). The protein solution is flushed

10 ‘thoroughly with No. 125 mg of
N-acetylhomocysteinethiolactone (Aldrich Chemicals)
is added to the MIEP solution, and the mixture is
incubated at room temperature for 16 hours. It is
then twice dialyzed under N, against 2 L of 0.1 M

15 borate buffer, pH 9.5, containing 4 mM EDTA, for 24
hours at room temperature. The thiolated protein is
then assayed for thiol content by Ellman's reagent
(Sigma Chemicals) and the protein concentration is
determined by Bradford reagen£ (Pierce Chemicals).

20 For conjugation of MIEP to Pn-Ps, a 1.5 fold excess
(wt/wt) of bromoacetylated Pn-Ps is added to the MIEP
solution and the pH is adjusted to 9 - 9.5 with 1 N
NaOH. The mixture is allowed to incubate under Nj
for 6 to 8 hours at room temperature. At the end of

25 the reaction time, 25 uL of N-acetylcysteamine
(Chemical Dynamics) is added to the mixture, and is
allowed to stand for 18 hours under N, at room
temperature. The conjugate solution is acidified to
between pH 3 to 4 with 1 N HC1l, and

39 centrifugation is conducted at 10,000 x g for 10
minutes. 1 mL of the supernatant fluid is applied
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through a 0.22 um filter for sterilization.

EXAMPLE 23
Demonstration of Immunogenicity of Pn-Ps-MIEP
Conjugates:

Immunizations: Male Balb/c mice (Charles
River, Wilmington, MA) are immunized IP with Pn-Ps
covalently conjugated to MIEP using 2.5 pg Pn-Ps in
0.5 mL of preformed alum. Control mice are immunized
with equivalent amounts of Pn-Ps given as Pn-Ps-CRM
[Anderson, M.E. et al., (1985), J. Pediatrics, 107,
pp. 346-351] (2.5 pug Pn-Ps/6.25 pg CRM; 1/4 of the
human dose), Pn-Ps-DT (2.5 pg Pn-Ps/1.8 pug DT; 1/10
of the human dose such that constant amounts of Pn-Ps
are used), and Pn-Ps-OMPC (2.5 pg Pn-Ps/35 pg OMPC;
1/4 of the human dose).

Infant Rhesus monkeys, 6-13.5 weeks of age,
are immunized with Pn-Ps-MIEP conjugates adsorbed
onto alum. Each monkey receives 0.25 mL of conjugate
at two different sites of injection, for a total dose
of 0.5 mL. The monkeys are immunized on day 0, 28,
and 56, and blood samples are taken every two to four
veeks.

Antibody responses are measured by the
ELISA, which distinguishes the class and subclass of
the immunoglobulin response. An RIA which
quantitates the total anti-Pn-Pg antibody is also
used to evaluate the monkey response. .

L& () -
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& () - FFAC p@dfoldeélt sample (volume-1188mL) was brought to room

’ temperature and sodium acetate reagent (59.2 g) was

added to a final concentration of 3% (w/@).




tttt 2,45 10% s' 10% & ()-Fs'10% & ()-Fs'10% & ()-Fs' 10% & ()-Fs' 10% & ()-Fs
' 10% & ()-Ftt)t5t @M bB?, 4s' 10% s’ 10% & () - Fs' 10% & () - Fs' 1004 MARGH 2883 1004 &
'()-FFAo =8 |

H% M Zt tdtktot_?,4s' 10%s' 10% & ()s' 10% & ()-Fs' 10% & ()-Fs' 10% & ()-Fs' 10
W& ()-Fs'10% & ()-FotptttttbB?,4s' 10%s' 10% & ()-Fs' 10% & ()-Fs'10% & ()-F
s' 10% & ()-FFAo =8 |

Hbtttttt 2, 4s 10%s' 10% & ()s' 109% 8% )=Fs' 10% & ()-Fs' 10% & ()-Fs' 10% & ()
-Fs' 10%&'() FttttttbB?, 4s' 10% s’ 10%&'()-Fs' 10% & ()-Fs' 10% & ()-Fs' 10% &
()-FFAo =8

6t Laoun 2 4s 1004 &7 1 S5F L CRfdostE 5C Es' 4Bod BORFORE 00’ EF Y. Fs' 109 & ()
_Fs' 10% & facEiohationoprebes amdognt il x&d}restgdcymdtpmgttw%& ()-Fs' 10

W& ()-F ag erformed o 1 m orti of the
o6 mmuﬁ@gpﬁgﬁi’ 2558 s B0k 13 s: 10% & sPD60% & () Fs' 10% & ()-Fs' 10

% & () - Fs§3amBpd&'v (ﬁhpam&}}%tﬁ}p 18@ofs 9%#& @tqfévﬂmf&() Fs' 10% & ()

- Fs' 10% & 6twkeho 405-50% IPA.

H% uuuuuu_?,4s' 10% s' 10% & ()s' 10% & ()-Fs' 10% & ()-Fs' 10% & ()-Fs' 10% & ()
-Fs'S10% & () - FuuuuuubB?,4s' 10% s' 10% & ()-Fs' 10% & ()-Fs' 10% & ()-Fs' 10% &
()-FFAo =8 | (3) First IPA addition: The hydrolyzed

A WY By ) 0030 5 1360 RS e Ebil e drle R Sk P 10% & O

Fs' 10% &
vbSB’> 4s' 1@%03:&13%@ (42 FE% 1184 gby) the' addigion f 1894 anl)IRkA0 =8 [ H% ;

~VG/M/Q/XV\(£A i dQ% Lh) §3:1Q%1ﬁg( )&tFSz:é&%@etﬁ%eF&téQ&/z& ()-Fs' 10% &
()-Fs' 10% -F\v]v vxvvv?]E_%’?,4a tO% 10% & ({5 FZ?O % &téz' s' 10% & ()-Fs'
10% b () - squ e was allowe o stir minu
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\10%HD&(Qpéib&ﬂ@&&b(tr1tﬁEIte@k&ut :HKHQquB EtOH in a 250—mL
1281008 (S Bfuly K3 o065 5 gl 48R pras” 1008 ()
15 funnel. The prec1p1tate was washed direc 1y on the
funnel with absolute EtOH, then acetone, and dried in
vacuo over CaSO, (Drierite) at room temperature in
preparation for analysis.

20 (4) Second IPA Addition and Intermediate
Product Recovery: The 42.7% IPA supernatant fluid
(volume = 2016 mL, from step 3 above] was brought to
45.2% IPA by adding 92.0 mL IPA dropwise while
stirring at room temperature. The sample was aged

25 and centrifuged as in step 3 above. The pellet was
triturated, collected, washed and dried as in step 3
above. The Pnl8C-Ps intermediate product weighed
1,609 mg.
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(5) Dialysis and Lyophilization: A portion
(1612.5 mg) of sample from Step 4 above, was
solubilized in 645 mL of distilled Hp0 at room
temperature for about 2 hours. The solution (2.5
mg/mL) was transferred to dialysis tubing (12,000 MW

5 cutoff; 45 mm) and dialyzed vs. distilled Hp0 at 4°C
for 30 hours with 2 additional changes of distilled
Ho0. Then the sample was transferred to
lyophilization flasks, shell frozen in a dry ice:
methanol bath and lyophilized on a Virtis

10 (Freezemobile) lyophilizer for 2-3 days. The
recovery of the final Ps product was 1487 mg.

8 MP ni e 18C-P MPC :
15

Preparation of Dowex 50x2 (200-400 mesh)

tetrabutylammonium form resin [Dowex 50 (BusN*)]

Dowex 50x2 (200-400 mesh) H+ form, (500g) was

20 slurried in H90, charged to a column and washed
sequentially with 1] 600 mL of Hy0; 2] 1000 mL of
6n HC1; 3] 400 mL of H90 until effluent was
neutral to pH paper; 4] 72g of a 10% aqueous
tetrabutylammonium hydroxide solution until

25 effluent was strongly alkaline to pH paper; 5]

1000 mL of H,0 to neutrality.

B. Preparation of S. Ppeumoniae type 18C
polysaccharide tetrabutylammonium form
30 (Pnl8C(Bu,N*)]: A 60 mL column of Dowex 50x2
(BugN*) was washed with 250 mL of H,0.
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Pnl8C-polysaccharide (m.w. reduced(650 mg) was
covered with 65 mL of Hp0 and stirred for 1 hr at
which time all seemed to be in solution. This
solution was applied to the column and allowed to
percolate through by gravity (for 2 hr then under
vacuum for 1 hr). The column was washed with 150
nL of HpO0 and the combined effluents were
lyophilized affording 655 mg of the 18C (BuyN*')
salt. Twenty five mg was removed for nmr
analysis and retained material.

Preparation of the 1,4-butane diamine derivative
of 18C (18C-BuAjp): 18C (BuyN*) (630 mg) was
covered with 143 mL of DMSO (dimethylsulfoxide)
and stirred for 3.25 hr. At this time all the
solid was dissolved and 1 mL was removed for Karl
Fischer titration for water content. A value of
28.2 micromoles of HpO/mL was found (4 mmoles
total). To this solution was added 165.1 mg of
carbonyl diimidazole (CDI) and the resultant
solution stirred at room temperature (r.t.) for
2.0 hr. A solution containing 1.260 g of _
1,4-butane diamine dihydrochloride (BuAg.2HCl) in
40 mL of H,0 was prepared and its pH adjusted to

10.20 with 2.5N NaOH. This solution was cooled

in an ice batli. The aged DMSO solution was
slowly added to the cold BuA; solution and
stirred an additional 10 min in the ice bath. It
was then stirred at r.t. for 50 min, after which
the solution was charged to SPECTRAPOR 2 dialysis
tubing, clipped off 1/2* from the top of the
liquid and dialyzed as follows vs: 1] 15 L of pH

?ﬁﬁh?3
%0%& ()-, X%i pX<ds F 9%0%& ()-, X%
%0%& ()-,678ZsW4s F

2003
-, F
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7.0 0.1M NaPO4 buffer for 13.0 hr; 2] 15 L of pH
7.0 0.01M NaPO4 buffer for 1l hr; 3] 15 L of pH
7.0 0.01M NaPO4 buffer for 10.8 hr; 4] 15 L of
H20 for 9.5 hr. The volume at this point was 190
mL. A 7.5 mL aliquot was removed and lyophilized

s separately for NMR assay. The remaining 182.5 mL
was lyophilized to 416 mg of the 1,4-butane
diamine derivative of 18C (Pnl8C-BuA2). An NMR
spectrum of about 5 mg showed a ''loading' of 10
butane diamine residues per 100 repeating

10 monomeric units of polysaccharide defined by
comparing the integrals of the butanediamine

internal methylenes and the rhamnose methyls (of
18C) resonances. )

15 D. Preparation of the bromoacetylated butane diamine
derivative of 18C (Pnl8C-BuAp-BrAc): 18C-BuA,
(416 mg) was covered with 36 mL of a 0.1M pH 9.04
buffer (Kolthoff borate-phosphate) and stirred to
effect solution. Then 256 mg p-nitrophenyl

20 bromacetate in 4.48 mL of acetonitrile was
added. The resulting mixture was stirred for 20
hrs at 4°C. It was then dialyzed in SPECTRAPOR 2
tubing as follows: 1] vs 15 L H20 for 6 hr; 2] vs
15 L of H20 for 6 hr; 3] vs 15 L of H20 for 6

25 hr. At this point there was a volume of 60 mL
from which was removed 1.7 mL for assays (NMR,
Ouchterlony and Viscotek) and then 2.42g of dried
PH 8 phosrhate buffer salt (prepared by
lyophylizing a 0.1M pH 8 NaPO4 solution) was

30 added. After dissolution it was filtered through
a8 0.2 micron CORNING filter affording an agueous
PE € solution of 18C-BuA2-BrAc. The filtration
was slow and required 4 cup filters.
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Pnl8C-BuAy-BrAc: Outer Membrane Protein Complex
(N. meningitidis, OMPC 3.2 mg/mL, 80 mL was
charged to four 25 mL centrifuge tubes and
centrifuged in a 60 Ti rotor at 43,000 rpm (43K),

5 at 4°C for 2 hr. A thiolation mixture was
prepared by dissolving 680 mg of EDTA (ethylene
diamine tetracetic acid disodium salt) and 120 mg
of dithiothreitol (DTT) in 40 mL of a pH 11.09
NaoB,07 buffer. 320 mg.of N-acetylhomocysteine

10 thiolactone was added and then the solution
filtered through a 0.2p Corning filter (cup
type). The pellets from the above centrifugation
were dislodged with 5 mL of the filtered
thiolation mixture (20 mL total) and transferred

15 to a DOUNCE homogenizer and resuspended. The
tubes were rinsed by serial transfer of an
additional 2/10 mL of the thiolation solution.
The combination solutions were homogenized in the
DOUNCE and the total resuspended material (40 mL)

20 was transferred to a 100 ml. round bottom flask. -
The glassware was rinsed with an additional 20 mL
of the thiolation solution and added to the
reaction flask. After sealing the flask with a
septum and replacing the air with Ny using a

25 FIRESTONE valve, the reaction mixture was aged
for 18.5 hr. The 60 mL was then divided among
four centrifuge tubes, each of which was topped
with 1M KH,PO, (aqueous) and then centrifuged for

2 hr at 43K and 4°C. The supernatants were

removed and the pellets resuspended in 0.1M NaPQ,
pH 8 buffer (a total of 40 mL was the final

30
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resuspension volume). This solution was
transferred equally, to two 25 mL centrifuge
tubes (polycarbonate) and the glassware (DOUNCE
etc) was rinsed with about 10 mL of pH 8
phosphate buffer and used to top off the
5 centrifuge tubes.

A second ultra-centrifugation
(2 hr,

4°*C, 43K) was then effected. The pellets

were resuspended in 30 mL of pH 8, 0.1M PO,
buffer. An Ellman assay indicated a total of 24
micromoles of SH or about 100 nanomoles/mg of

10 OMPC. The thiolated protein was transferred to a
100 mL round bottom flask and the filtered
18C-BuA2-BrAc solution was added to it. The
resultant reaction (i.e. 18C-BuA2-BrAc with
thiolated OMPC) was aged under N; (with degassing)

15 in the N, box at room temperature for 89 hr.

The reaction was then capped as follows: A

solution containing 75 mg N-ethylmaleimide (NEM)
in 5 mL of pH 8, 0.1M NaPO, buffer was filtered
20 through a 0.22 micron filter and 2 mL added to
the above reaction mixture and aged for 4 hr.

Then 0.5 mL of N-acetylcysteamine in 2.5 mL of
0.1M pH 8 PO, buffer was filtered through a 0.22
25 micron filter and 1.0 mL cf this sclution was
added to the reaction and aged for 22.5 hr.

The capped product was then equally charged to
four 25 mL centrifuge tubes, and topped with a

30 total of 8 mL of pH 8 0.1M PO, buffer and

centrifuged at 43K, 2 hr, 4°C. After removing
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the supernatants, the pellets were resuspended in
a DOUNCE homogenizer in a total of 40 mL of TED
buffer buffer, the“glassware rinsed with an
additional 10 mL of TED buffer and the solution
transferred to two 25 mL tubes. These tubes wvwere

5 stored at room temperature for 15.25 hr and then
centrifuged for 2 hr at 43K rpm and at 24°C. The
resultant pellets were resuspended in a DQUNCE
homogenizer in a total of 30 mL of TED buffer,
transferred to two 25 mL centrifuge tubes, the

10 glassware rinsed with an additional 20 mL of TED i
buffer and recentrifuged at 43K, 4°C for 2 hr.
The pellets were resuspended in 50 mL of pH 7
phosphate buffer and subjected to a third
centrifugation at 43K for 2 hr at 4°C. The

15 pellets were resuspended in 82 mL of water and
transferred in 20.5 ml portions to two 50 mL
plastic sterile (FALCON) centrifuge tubes. After
ageing at 4°C for 18 hr, the conjugate _
preparation was centrifuged at 1000 RPM for 3.5

20 minutes, in a TH rotor in a TJ-6 centrifuge.
The f£inal product conjugate suspension was

assayed for protein (Lowry), 18C polysaccharide
(phenol/sulfuric acid), unconjugated

polysaccharide (size exclusion chromatography -
25 rate Nephelometry) and amino acids (SPINCO):

Polysaccharide=339 microgram/mL;
Protein=2.57 mg/mL;
Free Polysaccharide: «5% (limit of
30 experimental error);
S-carboxymethylhomocysteine/lysine=0.025;
S-carboxymethylcysteamine/lysine=0.005.



%09 & ()-MB Y %40%T & ()-Mb Y 0% t& ()-Ms 3°Y %40%  ..\iocts00s
$& ()- M5/ _TUWE| obUds #S1098%& ()-10' 10' 10° P Y3 "10% & ()->"R%S
"10% ' t& ()- ~LO10% ' t& ()- Y YA0RE& ()-Msel | K@| [ : bUds
"$10%9 ") & ()-, Y $10% & ()-, ) $10%"& ()-, 1° $10%& ()-, ~$10% & ()-
S LU1098%& ()-2#]_"nuvUds S “109B%& ()- #T109%B% ()-101010 - " $10% ()-
“$109%{& ()-, ~T$10%A A& ()-,uroR|[:vWs 6Y9* ! 10%-$& () -
.G 109%P#P& ()- G 1098$9B& ()- | -G8RW & ()- 8 G 109%B& () -
G'10% & ()-,-./=D<vU4s "10%${& ()- f s109R& ()- "@LOYRE ()- 10#10#10#
YR 1094& ()- A YO*! 109%4& ()- <CD@[:vids 8 9*"100R& ()- $@*"109&& ()-
" 109KWOXE () - T "1098& ()- ¢ "1 10% 9%& ()-~vUds s Y0B & ()-,
s, 0% ()-, t10%& ()- #SLO%A&: ()- 10810&10& | " 9*" 10%& ()-tEF| [: - 410U
) & ()re 'S YQ%.& 0% L

;S 9d0%) ‘'()-, @s %0% =& ()-, s
A 1.0-g portion of Pn4-Ps

(1) Sonic Hydrolysis:

powder was solubilized in 400 mL saline (0.9% NaCl)

5 with stirring at room temperature for about 4 hours.
The solution was then sonicated in a plastic beaker
in an ice bath with a Branson Sonifier (one-half inch
probe, setting 8) for intervals of 10 minutes, up to
20 min. total. The viscosity was checked after each

19  interval. After 20 min., a viscosity endpoint of

1.267 centistokes was obtained. The hydrolyzed
sample was brought to room temperature and sodium )
acetate reagent (18.7 g) was added to a final
concentration of 3% (w/v).

15

(2) Serological Probe: An isopropanol (IPA)

fractionation probe and antibody-directed end-point
Nephelose assay, performed on a 10 mL portion of the

sample, showed that the Pn 4 Ps would precipitate
20 between 45-557 IPA.

(3) First IPA Addition: The hydrolyzed sample
{volume = 385 mL, from step 1 abovel was brought to
49.7% IPA by the addition of 379 mL IPA (added

25 dropwise with stirring at room temperature). The
sample was allowed to stir for 15-30 minutes and then
centrifuged at 11,000 X g for 30 minutes (Beckman
JA-10 rotor; 8,000 rpm; 20°C). The waste pellet was
triturated with absolute EtOH in a 250-mL Omnimix

30 jar, then collected on a 60-mL sinter glass funnel.
The precipitate was washed directly on the funnel
with absolute EtOH, then acetone, and dried in vacuo

over CaS0, (DRIERITE) at room temperature in
preparation for analysis.
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dialyzed vs. distilled Ho0 at 4°C for 27 hours with 2
1s additional changes of distilled H,0. Then the sample
was transferred to lyophilization flasks, shell
frozen in a dry ice:methanol bath and lyophilized on
a Virtis (Freezemobile) lyophilizer for 2-3 days.
The recovery of the final Ps product was 491 mg. The
20 final product had a Ky = 0.69.

From this disclosure it should be obvious to
those skilled in the art that other carboxyl
containing Pn-Ps subtypes, such as Pnl-Ps or Pn5-Ps,
could be prepared according to the method disclosed

25 here, and conjugated as for Pn4-Ps or Pn9V-Ps which
are also acidic polysaccharides.



"10% & () - TUOM1098& ()- C "109%t& ()-  C "10989%& () - 109@VM§§%I%R5
"10%$%& ()-vU410 s10%vBMR' ()- #T10%BME () - 10$@&0$@&0$@6&3 & () -
T +s!109%n$n& () +s! 109%C3& () -y|[:vW410  c$! 109%8& () - T, "1098& ()- h
"109& ()- TT, "10%t& ()- s10%vBME ()- KLO%VBME ()-y]vU4l0 s10%B& ()-
#@L0YB& () - L0#10#10# | f11109%& ()- 1 1100BNE ()- 3! 10968 () -
{x{6|[:vU410 el % 10%$>& ()- S 10%& ()- 6S 10% & ()- F3 1098& ()-
"1098& ()- 3"10%4& ()- 6 RQRSTb| 6b9M16- #S1090& ()- 10" # 10" # 10" #

03! 10% # & ()- [3! 10%4$H& () - & " O‘V&S&() & "109% & ()-biK{-|[:bU4l0

© 0 4%0% & ()-M 0 4%0%E () - M A%L0YAL g) MQ" 9‘!10%/&'()- 191 1098& () -
S1098& ()--H

ni 4—QMP nj 4] MPC:
A. Preparation of Dowex 50x2 (200-400 mesh)
tetrabutylammonium form resin [Dowex 50 (BugN‘t)]
s Dong 50x2 (200-400 mesh) H+ form, (500g) was
slurried in Hy0, charged to a column and washed
sequentially with 1] 600 mL of Hp0; 2] 1000 mL of
6N HC1; 3] 400 mL of Hy0 until effluent was
neutral to pH paper; 4] 72g of a 10% aqueous
10 tetrabutylammonium hydrozide solution until
effluent was strongly alkaline to pH paper; 5]
1000 mL of Hy0 to neutrality.

B. Preparation of S. Ppeumoniae type 4

15 polysaccharide tetrabutylammonium form
[(Pn4(BusN*)]: A 65 mL column of Dowex 50x2
(BugN') was washed with 520 mL of Hy0. Pn
4-polysaccharide (m.w. reduced (400 mg) was
covered with 35 mL of Hy0 and stirred for 20 min

20 at which time all seemed to be in solution
(stirring was continued overnight). This
solution was applied to the column and allowed to
percolate through by gravity and the column was
washed with 150 mL of H20 and the combined

25 effluents were lyophilized affording 504 mg of
the Pn & (BuyN') salt.

Preparation of the 1,4-butane diamine derivative
of Pn 4 (Pn 4-BuAy): Pn 4 (BuyN*) (97 mg) was
30 covered with 16 mL of DMSO (dimethylsulfoxide)
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diimi azo e (CDI) d1ssolved in 160 microliters of
DMSO and the resultant solution stirred at room
temperature (r.t.) for 1.0 hr. A solution
containing 0.500 g of 1,4-butane diamine
10 dinydrochleride (BuAg.2HC1) in 5 mL of H,0 was
prepared and its pH adjusted to 10.20 with 5.0 N
NaOH. This solution was cooled in an ice bath.
The aged DMSO solution was slowly added to the
cold BuA; solution and stirred an additional 5
15 min in the ice bath. It was then stirred at r.t.
for 1 hr, after which the solution was charged to
SPECTRAPOR 2 dialysis tubing, clipped off 1l/2"
from the top of the liquid and dialyzed as
follows vs: 1] 4 L of pH 7.0 0.1M NaPO, buffer -
20 for 15.0 hr; 2] 4 L of pH 7.0 0.01M NaPO, buffer
for 9 hr; 3] 4 L of pH 7.0 0.01M NaPQ, buffer for
21 hr; 4] &4 L of Hy0 for 20 hr. The solution was
lyophilized to 70 mg of the 1,4-butane diamine
derivative of Pn 4 (Pn 4-BuAp). An NMR spectrum
of about 5 mg chowed & "loading' of 22 butane
diamine residues per 100 repeating monomeric
units of polysaccharide defined by comparing the
integrals of the butanediamine internal

methylenes and the N-acetyl methyls (of Pn &)
30 resonances.

N
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P which was removed 1.0 mL for assays (
Ouchterlony and Viscotek) and then 275 mg of
dried pH 8 phosphate buffer salt (prepared by
lyophylizing a 0.1M pH 8 NaP04 solution) was
15 added. After dissolution it was filtered through
a 0.2 micron CORNING filter affording an aqueous
pH 8 solution of Pn 4-BuA2-BrAc.

~
E. Conjugation of OMPC (N. menipgitidig) to Pn
20 4—BuAjp-BrAc: Outer Membrane Protein Complex (N.

meningitidis, OMPC, 4.34 mg/mL) (5 mL) was
centrifuged in a 80 Ti rotor at 43,000 rpm (43K),
at 4°C for 2 hr. A thiolation mixture was
prepared by dissolving 85 mg of EDTA (ethylene

25 diamine tetracetic acid disodium salt) and 15 mg
of dithiothreitol (DTT) in 10 mL of a pH 11.09
Na;B,07 buffer. 50 mg of N-acetylhomocysteine
thiolactone was added and then the solution
filtered through a 0.2m micron filter. The

30 pellets from the above centrifugation were
dislodged with 5 mL of the filtered thiolation
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FIRESTONE valve. The reaction mixture was aged
5 for 19 hr and then transferred to a centrifuge
tube which was topped with 1M KH,PO, (aqueous)
and then centrifuged for 2 hr at 43K 4°C. The
supernatants were removed and the péllets
resuspended in 10 mL of '0.1M NaPQ, pH 8 buffer.
10 This solution was transferred to a centrifuge
tube and a second ultra-centrifugation (2 hr,
4*C, 43K) was then effected. The pellets were
resuspended in 11.5 mL of Pn 4-BuAp-BrAc solution
prepared in section D. An Ellman assay indicated
15 a total of 3.44 micromoles of SH or about 158
nanomoles SH/mg of OMPC. The resultant reaction
(i.e. Pn 4-BuAp-BrAc with thiolated OMPC) was

aged under N, (with degassing) in the N; box at
room temperature for 66 hr.

20
The reaction was then capped as follows: A
gsolution containing 5 mg N-ethylmaleimide (NENM)
in 1 mL of pH 8, 0.1M NaPO, buffer was filtered
through a 0.22 micron filter and added to the

25 above reaction mixture and the soluticn aged for
S hr. Then 0.1 mL of N-acetylcysteamine in 0.4
mL of 0.1M pH 8 PO, buffer was filtered through a

0.22 micron filter and this solution was added to
the reaction and aged for 14.5 hr.
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Ps/Pro=0.23;
SCMHC/1ys=0.031;
SCMC/1lys=0.022.
20
Upon administration of this conjugate to mice or
African Green Monkeys, high titers of anti-Pn4-Ps
antibodies were raised as measured by Pn4-Ps
specific ELISA assay.
25
EXAMPLE 28
f th V-
(1) Sonic Hydrolysis: A 1.0-g portion of Pn 9V Ps
powder was solubilized in 400 mL saline (0.9% NaCl)
30 with stirring at room temperature for about 4 hours.
The solution was then sonicated in a plastic beaker
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"6" M 10% Rephelose assay, performed on a 10 mL portion of the
sample, showed that the Pn 9V Ps would precipitate
- between 40-457% IPA.

1s (3) First IPA Addition: The hydrolyzed sample
{volume = 391 mL, from step 1 above] was brought to
41.8% IPA by the addition of 281 mL IPA (added
dropwise with stirring at room temperature). The
sample was allowed to stir for -15-30 minutes and then

20 centrifuged at 11,000 X g for 30.minutes (Beckman
JA-10 rotor; 38,000 zpm; 20°C). The waste pellet was
triturated with absolute EtOH in a 250-mL Omnimix
jar, then collected on a 60-mL sinter glass funnel,
The precipitate was washed directly on the funnel

25  with absolute EtOH, then acetone, and dried in vacuo
over CaS0, (DRIERITE) at room temperature in
preparation for analysis.
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nL IPA gg1le stirring at room temperature.
The sample was aged and centrifuged as in step 3
5 above. The pellet was triturated, collected, washed

and dried as in step 3 above. The Pn9V-Ps product
weighed 342.2 mg.

$10%10& () -

(5) Dialysis and Lyophilization: A portion (347 mg)
10 Oof the Pn-Ps sample from Step 4 above was solubilized
in 139 mL of distilled Ho0 at room temperature for
4-5 hours. The solution (2.5 mg/mL) was transferred
to dialysis tubing (12,000 MW cutoff; 45 mm) and
dialyzed vs. distilled H,0 at 4°C for 25 hours with 2
15 additional changes of distilled Hp0. Then the sample
was transferred to lyophilization flasks, shell
frozen in a dry ice:methanol bath and lyophilized on
a Virtis (Freezemobile) lyophilizer for 2-3 days.
The recovery of the final Ps product was 303.5 mg.
20 The final product had a Kg = 0.60.

(6) Third IPA Addition and Product Recovery: The

44 .3% IPA supernatant fluid [volume = 655 mL, from

step 4 abovel] was brought to 46.8% IPA by adding 30.8
25 mL IPA dropwise while stirring at room temperature.

The sample was aged and centrifuged as in step 3

above. The pellet was triturated, collected, washed

and dried as in step 3 above. The Pn9V-Ps product
weighed 410.8 mg.

30
(7) Dialysis and Lyophilization: A portion (420.4
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A!10%$&<Qé) of the Pn-Ps sample from Step 6 above was

solubilized in 168 mL of distilled H,0 at room
temperature for 4-5 hours. The solution (2.5 mg/mL)
was transferred to dialysis tubing (12,000 MW cutoff;
45 mm) and dialyzed vs. distilled H,0 at 4°C for 25

5 hours with 2 additional changes of distilled H,0.
Then the sample was transferred to lyophilization
flasks, shell frozen in a dry ice:methanol bath and
lyophilized on a Virtis (Freezemobile) lyophilizer
for _2-3 days. The recovery of the final Ps product

10 was 342.5 mg. The final product had a K4 = 0.65.

(8) It is obvious to those skilled in the art that
the products in steps 4 & 6 could have been collected
together with a larger addition of IPA, then dialyzed

15 and lyophilized as a single product with analytical
characteristics of the weighted average of the
characteristics of the individual subfractions. It
should also be obvious to those skilled in the art
that Pnl-Ps or Pn5-Ps could be treated in the same

20 Way as Pn9V-Ps or Pn4-Ps as disclosed herein.

EXAMPLE 29
V-Pg wi
Pn9V-Ps prepared according to Example 28, is

25 conjugated in the same manner as Pn4-Ps as shown in
Example 27.

30
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EXAMPLE 30 7
Quantitative Determination of Acetate in Pn9V/18C and
Pyruvate in Pné

A method was developed to quantify the
retention of O-pyruvate in Pn4-Ps and O-acetate

s groups in Pn9V-Ps and Pnl8C-Ps during processing of
pneumococcal (Pn) capsular polysaccharides (Ps). The
O-acetyl or O-pyruvate groups are first released by
hydrolysis, then the acetate and pyru&hte in the PnPs
hydrolysate are identified and quantitated using high

10 performance anion-exchange chromatography coupled
with suppressed conductivity.

Samples of unprocessed and processed Pn4,
Pn9V, and Pnl8C were analyzed by this method. The
preliminary results showed an approximate 1:1 and

15 0.8:1 molar ratio of pyruvate to each Ps repeating
unit for unprocessed and sized Pn4, respectively.

The molar ratios of acetate to each Ps repeating unit
in Pnl8C-Ps were found to be 1:1 and 0.8:1 for
unprocessed and sized samples, respectively; and

20 1.7:1 and 1.5:1 for unprocessed and sized Pn9V,
respectively. A sample of Pnl8C-Ps-OMPC conjugate
agueous bulk was also analyzed for the molar ratio of
O-acetate to each Ps repeating unit and found to be
approximately 0.5:1.

25 It has been reported in the literature that
the pyruvate group is a powerful immunodeterminant in
type 4 capsular polysaccharides, and its removal
gives rise to marked changes in immunological
specificity [Heidelberger, M., Dudman, W.F., and

30 Nimmich, W., 'Immunochemical relationships of certain

capsular polysaccharides of Klebsiella, pneumococci,



& ()-Mb $ 9$10%Y Q& ()-Mb t10% $ & ()- #T10% $ & ()-10#10#1013 (?\R"Q 03
109%& ()-bl)Y|[:-410 $ N/ 10%$ & ()-$ ) / 10%NV& ()- 9108 &'%‘3-!\/95
"9$10%W & ()-Mb " 9$10% & ()-Mb " 9$10% & ()-Mb .5 bA410 $ " L1OUKUKE () -
T"10% # & ()- "10% & ()- t10% % & ()- SHS10% % & ()-10 $ 10 $ !|[:-410T%

- 100 -

and Rhizobia.' J. Immunol., 104:1321-1328, (1970);

- Higginbotham, J.D., Heidelbérger. M., and Gotschlich,
E., 'Degradation of a pneumococcal type-specific
polysaccharide with exposure of group-specificity.'
Proc. Natl. Acad. Sci. USA, 67:138-142, (1970)].

5 Similarly, the removal of the O-acetate group in type
Pnl8C-Ps polysaccharide abolished its immunological
specificity. (Estrada-Parra, S., and Heidelberger,
M., 'The specific polysaccharide of type XVIII
pueumococcus.' Biochemistry, 2:1288-1294, (1963)]."

10 It was therefore essential to develop a quantitative
method for the determination of acetate and pyruvate
in Pnl8C-Ps, and Pn4. O-acetyl groups in Pn9V may
also play an important role in the immunological
structure of Pn9V since the de-0O-acetylated Pn9V had

15 no antigenic reactivity as determined by rate
nephelometric measurement.

We found that O-acetate is easily released
from Pn9V and Pnl8C-Ps at alkaline conditions (pH 11)
at 4°C and O-pyruvate is easily released from Pné

20 upon heating at 65°C. We found that acetate and
pyruvate can be separated from a hydrolyzed PnPs
sample using an OmniPac PAX500 column at the flow
rate of 1 ml/min with 0.98 mM NaOH and 2% MeOH as the
mobile phase. The detection was accomplished by

25 suppressed conductivity detection using 25mM HoS0, as
the regenerant at a flow rate of 10 ml/min. Optimal
hydrolysis conditions for quantitative HPLC analysis
of O-acetate and O-pyruvate from Pnl8C-Ps, 9V and
Pn4, respectively are disclosed in this example.
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, Instrumentation
| A Dionex BioLC was equipped with an OmniPac
PAX-500 guard, and analytical column (4.6 x 250 mm).
.Suppressed conductivity detection was accomplished
using 25mN sulfuric acid as the regenerant. The flow
5 rate vas set at 10 ml/min with a Dionex autoregen
unit. The mobile phase and gradient program for
separating acetate and pyruvate from a sample of
hydrolyzed PnPs are listed in the following table:
Buffer 1 - 1 mM sodium hydroxide
10 Buffer - 100% methanal

2
Buffer 3 - 200mM sodium hydroxide
Buffer 4 - water

Flow
Time %éufferl LBuffer? YBuffer 3 %Bufferd {m1/min)

15 0 98 2 0 0 1
12.5 98 2 0 0 1
12.6 58 2 0 40 1.5
20.0 58 2 0 40 1.5
20.1 98 2 0 0 1.5
20 30.0 98 2 0 0 1.5
30.1 98 2 0 0 1
50.0 98 2 0 0 1

Using these conditions and a detector
25  sensitivity of 3puSiemens, 4 nanomoles each of acetate
and pyruvate which elute at retention times of

approximately 5.2 and 9.5 minutes, respectively can
be easily detected.
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Sample Preparation

Purified PnPs samples from Merck
Manufacturing Division were subjected to Karl-Fisher
titration using an Aquastar V3000 volumetric moisture
titrator to determine the content of residual H;0,

s and then dissolved in Milli-Q H,0 at a concentration
of 1.0 mg dry weight per ml. Samples (100 pg/ml)
were treated in 2mM NaOH for 16h at,room temperature
to remove O-acetate from Pn9V-Ps and Pnl8C-Ps
samples. Pn4-Ps samples were hydrolyzed in 1 mM HC1

10 at 65°C for 1l6h for the removal of O-pyruvate from
Pn4. Samples of sized Pn9V and Pnl8C-Ps and
Pnl8C-Ps-OMPC conjugate aqueous bulk were also
subjected to monosaccharide compositional analyses by
high-pH anion-exchange chromatography and pulsed

1s  amperometric detection. The monosaccharide
compositional analysis was performed to obtain the
correct concentration of PnPs in the sized and
aqueous conjugate bulk samples.

Acetate, pyruvate and N-Acetylmannosamine

20 standards were dissolved in Milli-Q H,0 at the
concentration of 200 nmole/ml.

Hydrolysis of Samples and Standards
De-0-acetylaction of Pnl8C-Psg was

25 investigated by treating Pnl8C-Ps, at four NaOH
concentrations (1, 2, 5, and 50 mM) at various
temperatures (4, 25, 45, and 65°C) and various times
(3, 5, and 16 hours). Standard solutions of acetate,
pyruvate and N-Acetylmannosamine were also included

30 in the study to determine if the conditions necessary
for de-0O-acetylation would also result in degradation
of acetate/pyruvate or the loss of N-acetyl grbups.
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The removal of pyruvate from Pn4 was studied
following treatment with either sodium hydroxide
(50mM/100°C/1l6hr) or hydrochloric acid at various
concentration (1, 10, 100 mM), times (3, 5, and 16
hours), and temperatures (65, 85, and 100°C.)

Rate Nephelometry
The rate nephelometric activity of Pn9V-Psg,
Pnl8C-Ps and Pn4-Ps before and after de-O-acetylation
or de-O-pyruvylation was measured. Samples were
10 diluted to 1, 1.5, 2, and 2.5 pg/ml.

i n j X i hrom h PSEC:
The HPSEC of Pn9V-Ps, Pnl8C-Ps and Pné4

before and after de-O-acetylation or

15 de-0O-pyruvylation was measured. A 7.5 x 600 mm TSK
G6000PW column equipped with a flow restrictor was
heated to 50°C at 800-1000 psi and equilibrated with
0.2 M sodium acetate at 0.3 ml/min. A 60 pg sample
(1 mg/ml) was injected on the column and eluted with

20 the mobile phase at 0.3 ml/min. The column eluant
was mixed with post column addition of 0.5 M NaOH at
a flow rate of 0.5 ml/min and monitored with a Dionex
pulsed amperometric detector, and the Kd measured.

: s itivit 1 Lj i1

2 Detector linearity and sensitivity were
determined at 3pSiemens for both pyruvate and
acetate. Pyruvate and acetate were detectable at a
lower limit of 0.125 nanomoles. Detector response

30 for both components was linear through 2 nanomoles
with correlation coefficients of 0.9999 and 0.9992
for pyruvate and acetate, respectively.
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"109@$&f(hy¢rolys1s Pnl8C-Ps demonstrated the lability of
O-acetyl group to alkaline hydrolysis at low
temperatures. 2mM sodium hydroxide was suffieient to
5 completely de-O-acetylate Pnl8C-Ps at 4°C after a 16
hour incubation. Higher temperatures (>25°C)
treatments were found to release N-acetate from
N-acetylmannosamine which would interfere the
measurement of Pn9V O-acetate. The optimal )
10 hydrolysis condition for the removal of O-acetate
from PnPs was found to be 16h at 4°C. Less then 1%
of acetate was found to be removed from a standard of
N-acetylmannosamine treated with 2mM NaOH for 16h at
room temperature.

15
izati —DYIUV v m 4
Hydrolysis studies of Pn4 initially were
undertaken using sodium hydroxide hydrolysis. It was
quickly discovered that very little pyruvate was
20 recovered when sodium hydroxide was used. Initial
control studies demonstrated that pyruvate was
cleaved from Pn4 in Hp0 at 100°C. With this
informatjon. it was decided to carry out the
optimization studies for O-pyruvate release from Pn&
25 using HCl1l hydrolysis at elevated temperatures. Some
degradation of the pyruvate appeared at higher
temperatures. This can be demonstrated with a sample
of pyruvate standard which has been hydrolyzed under
the same conditions as Pn4. Maximum recovery of
10 pyruvate occurred when hydrolysis was carried out in
1mM BC1 for 16 bours 65°C.
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Various samples representing starting PnPs,
sized PnPs and one Pnl8C-Ps-OMPC conjugate were
analyzed for O-acetate/pyruvate by the HPLC method
described above after hydrolysis in 2 mM NaOH at room

s temperature to release O-acetate in Pn9V-Ps/18C or in
1 mM HCL at 65°C for release O-pyruvate in Pn4-Ps.
The results of this study are presented below:

Sample - Ratio of pyruvate/acetate
10 to each Ps repeating unit
Pn4, sample 1 1.0
Pn4, sample 2 0.8
15 Pn9V, sample 1 1.7
Pn9V, sample 2 1.5
Pnl18C-Ps, sample 1 1.0
Pnl8C-Ps, sample 2 0.8
20 Pnl8C-Ps-OMPC aqueous bulk 0.5

The results show that the retension of the
side groups in the sized PnPs were approximately 90%
for Pn9V-Ps and 80% for Pn4 and 18C. The retention
25 Of O-acetate in Pnl18C-Ps-OMPC conjugate aqueous bulk
was found to be approximately 50%. The theoretical
values for Pnl8C-Ps and Pn4 are 1 mole of acetate or
pyruvate per mole of Ps repeating unit and for Pn9V
the ratio is 2:1. ([Jansson, P-E., Lindberg, B., and
39 Lindquist, U. 'Structural studies of the capsular
polysaccharides from Streptococcus pneumoniae Type
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capsular polysacchar1de of Streptococcus pneumoniae
Type 18C.' Carbohyd. Res. 131:119-129, (1984).
Perry, M. B., Daoust, V., and Carlos, D. J. ‘'The
s specific capsular polysaccharide of Streptococcus
pneumoniae Type 9V.' Can. J. Biochem. 59:524-533,
(1981)]. The lower retention of 0O-acetate found in
the Pnl8C-Ps-OMPC conjugate is expected due to the
susceptibility of O-acetyl groups hydrolysis to.
10 alkaline conditions at low temperatures.

The rate nephelometric activity of samples
of Pn4, Pn9V, and Pnl8C-Ps and de-~-O-pyruvylated and
de-0O-acetylated samples were measured. The results
shown that the nephelose activity was lost completely

15 after removal of these side groups, even though the
Kd of the untreated samples. The Kd's were obtained
by the HPSEC method described above. However, the Kd
of Pn4 after de-0O-pyruvylation by mild acid
hydrolysis was increased from 0.60 to 0.68 and the

20 appearance near the salt volume. The antigenicity
date for Pn4 and Pnl8C-Ps support the work of other
investigators regarding the importance of these side
groups in pneumococcal polysaccharide immunologic
reactivity. The results for Pn9V suggest that in

25 addition to glucuronic acid, the O-acetyl groups of
this molecule are important immunologic determinants
as well.

Thus, according to this method, a rapid,
sensitive procedure for the quantitative analysis of

30 O-pyruvyl ketal in Pn4 and O-acetate in Pn9V and
Pnl18C-Ps has been developed. This procedure is
valuable in defining the correct process for sizing
and conjugation of Pn4, Pn9V, and Pnl8C-Ps in order

to retain the antigenic structure of these
polysaccharides.
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stored at 3-8 C until used.

2. 0.2 MOPS pH 7.2 huffer was added to the samples

to obtain a final concentration of about 7 mM. Solid
GuHCl was added to the sample to achieve a final

10 concentration of 4.2 M (Note: 1.42 g of GuHCl/ml of
sample should be added to compensate the increase in
volume due to the addition of the solid GuHCL.
Likewise, buffer addition should be adjusted to
account for the volume increase so that the sample

15 composition is closer to the column eluent
composition. Alternatively, the sample could be

dialysed against the column eluent prior to the
chromatography).

20 3. 2.8 ml of sample (containing about 1 mg of
protein based on lowry protein assay) were injected
onto 1 2.6 x 96 cm column of sephacryl S-1000
equilibrated in 10 mM MOPS pH 7.2, 6 m GuHCl at a
flow rate of 0.6 ml/min. Column effluent was

25 continuously monitored at 280 nM (perkin Elmer LC 235

diode array detector) and 3 ml fractions were
collected.

4. Protein distribution was based on A280 (as well

30 &8s spectra) and Pn6B-Ps distribution was based on a
Pn6B-Ps specific ria assay. Based on elution
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SCMHC was detected by amino acid analysis.

EXAMPLE 32

15 This assay is used for the quantitation of
pneumococcal polysaccharide type 18C. It is a
multilayer sandwich RIA assay. Rabbit anti-Pnl8C-Ps
is coated on polystyrene beads. The beads are .
incubated in a sample solution containing Pnl8C-Ps.

20 After incubation, the beads are washed and
reincubated in a second solution containing a mouse
antibody to Pnl8C-Ps-OMPC. After this incubation the
beads are washed and incubated a third time in a
solution containing 1251—goat anti-mouse IgG. The

25 plates are once again washed, after which the beads
are transferred to plastic tubes for counting.
Unknown samples of Pnl8C-Ps are compared to a
standard curve for quantitation.
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1. RIA kit: Abbot Labs, Diagnostic Div.,
Catalog No. 6171-10.
2. Quik Wash System, Abbot Labs, Diagnostic Div.
5 3. Adjustable pipettes and disposable pipette
tips (ex. Eppendorf digital)
4. Gamma Counter (ex. Abbott Autologic).
5. 1/4" polystyrene beads with specular finish:
Precision Plastic Ball Co., 3000 N. Cicero
10 Ave., Chicago, Illinois 60641.

Reagents

1. New York State Health Services Anti-Pnl8C-Ps
15 antibody lot R18-44 or equivalent.
2. Mouse anti-Pnl8C-Ps OMPC antisera (pool
11260-235 or equivalent).
3. Goat, anti-mouse IgG 1251 1abeled antisera:
NEX 159, New England Nuclear, 549 Albany
20 Street, Boston, MA 02118.
4, Incubation Buffer: RCM8 containing.
1.0% BSA  Sigma A2153
0.1% azide Sigma S$2002

5. Diluent
25 8 parts fetal calf serum .§igma F3885
1 part goat serum Sigma G6767
1 part rabbit serum Sigma R&4505
0.05% TWEEN 20 Sigma P1379

0.1% azide Sigma $2002
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Par agr aph Font &, ##AQd419a A3 B 1E0 s -ded T to each well
of the plate containing a sample or standard
and agitate the plate gently to insure that
all beads are completely covered with buffer.
4. Cover the plate with an adhesive backing
5 provided with the RIA kit and incubate the
plate at room temperature for 6 hours.
5. Wash the plate using the Qwik Wash apparatus
and deionized water.

6. Dilute the mouse anti-18C antibody 1:1000 in
10 diluent.

7. Add 200 pl of this solution to each well
containing a bead.

8. Cover the plate and incubate overnight at
15 room temperature.

9. Wash the plate using the Qwik Wash apparatus
and deionized water.
10. Dilute 1231-labeled goat, anti-mouse
antibody to 15000 cpm/10 pl in diluent
20 (~1:160 dilutiomn).
11. Add 20 ul of this solution to each well
) containing a bead.

12. Cover the plate and incubate at 37°C for 2
hours.

25 13. Wash the plate using the Qwik Wsash apparatus
and deionized water.
l4. Transfer the beads to the plastic tubes

provided with the RIA kit and count using a
suitable gamma counter.
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andards and samples.
2. Using a calculator equipped for statistical
calculations, input the data for the
standard curve and calculate the correlation
10 - coefficient and slope of the line.
3. Using the appropriate standard curve (free
for free, conjugate for conjugate),
calculate the response of the samples, and

correct for dilutions.

15
The same procedure described above is
applicable to any of the other Pn-Ps species by
substituting type specific reagents
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CLAIMS

1. A capsular polysaccharide of Streptococcus pneumoniae having

on average less than about 1200 repeat units per molecule and a polydispersity
between about 1.0 and 1.4, a molecular weight between about 1 x 10° and 1 x
105, and a level of contamination by pneumococcal group-specific C-

polysaccharide below 3.0% of the type-specific polysaccharide.

2. The polysaccharide of Claim 1 having an antigenicity index
between 0.7 and 1.1, and an intrinsic viscosity between 0.6 and 3.0 dL/g, wherein
said polysaccharide is derived from any of the subtypes of Streptococcus
pneumoniae selected from : 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14,
15B, 17F, 18C, 19F, 194, 20, 22F, 23F, and 33F.

3. The polysaccharide of Claim 2 wherein said polysaccharide is
derived from:

1) Streptococcus pneumoniae 6B, said polysaccharide having:

a) a number-average molecular weight, My between 3 x 10° and 6 x
105;

b) a pattition coefficient, K4 (peak) of about 0.60 + 0.05;

c) a weight-average molecular weight, My between 3 x 10° and 7 x
10%;

d) an intrinsic viscosity in 0.1 M sodium phosphate, pH 7.2, between
1.0 and 2.0; and

€) less than about 1000 repeating units per molecule on average;

2) Streptococcus pneumoniae 14, said polysaccharide having:
a) a My between 3 x 10° and 8 x 10°;

b) a K4 (peak) of about 0.60 + 0.05;

c) a My between 4 x 10° and 1 x 10%

d) an intrinsic viscosity in 0.1 M sodium phosphate, pH 7.2, between

0.6 and 1.6; and
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Streptococcus pneumoniae 19F, said polysaccharide having:

a My between 2 x 10° and 6 x 10°;

a K4 (peak) of about 0.65 + 0.05;

a My between 2 x 10° and 6 x 10°,

an intrinsic viscosity in 0.1 M sodium phosphate, pH 7.2, between
1.0 and 2.0; and

less than about 1000 repeating units per molecule, on average;

Streptococcus pneumoniae 23F, said polysaccharide having:
a My between 2 x 10° and 6 x 10°;

a K4 (peak) of about 0.54 + 0.05;

a My between 4 x 10° and 8 x 10°;

an intrinsic viscosity in 0.1 M sodium phosphate, pH 7.2, between
1.5 and 3.0; and

less than about 1000 repeating units per molecule, on average;

Streptococcus pneumoniae 4, said polysaccharide having;:

a My between 2 x 10° and 4 x 105;

a K4 (peak) of about 0.65 + 0.05;

a My between 2 x 10° and 5 x 10°;

an intrinsic viscosity in 0.1 M sodium phosphate, pH 7.2, between
1.0 and 3.0; and

less than about 600 repeating units per molecule, on average;

Streptococcus pneumoniae 9V, said polysaccharide having:

a My between 3 x 10’ and 6 x 105;

a K4 (peak) of about 0.65 + 0.05;

a My between 3 x 10° and 7 x 105;

an intrinsic viscosity in 0.1 M sodium phosphate, pH 7.2, between

1.0 and 2.0; and

less than about 800 repeating units per molecule, on average;

Streptococcus pneumoniae 18C, said polysaccharide having:
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a) a My between 2 x 10° and 6 x 105;
b) a K4 (peak) of about 0.65 + 0.05;
c) a My between 2 x 10° and 6 x 105;

d) an intrinsic viscosity in 0.1 M sodium phosphate, pH 7.2, between

1.5 and 3.0; and
e) less than about 700 repeating units per molecule, on average;
4. A composition, useful as a vaccine against between one and seven

subtypes of Streptococcus pneumoniae, said composition comprising an inert

carrier and one or more of the Pn-Ps compounds of Claim 3 in an unconjugated
state, and optionally comprising additional antiviral, antibacterial, or
immunomodulatory compounds are selected from among aluminum hydroxide,
aluminum phosphate, or alum, or Freunds or the Ribi adjuvant, an interleukin or
interferon, or from among one or more of the vaccines against hepatitis B,
hepatitis A, non-A non-B hepatitis, AIDS, diptheria-pertussis-tetanus, measles,

mumps, rubella, varicella and Haemophilus influenzae b.

5. A process for making a capsular polysaccahride of Streptococcus
pneumoniae having less than about 1200 repeat units per molecule and a
polydispersity no greater than 1.4, which comprises:

a) i) Culturing Streptococcus pneumoniae killing the pathogenic

bacteria and isolating crude capsular polysaccharide, or

ii) solubilizing crude Streptococcus pneumoniae capsular

polysaccharide available from the ATCC;

b) i-Optionally, adsorbing onto Whatman DES2 anionic impurities at
a solution pH of about §;
ii-Partially hydrolyzing the Pn-Ps in solution to an endpoint
visosity predetermined to diminish the Pn-Ps binding to anti-
pneumococcal type specific antibody by no more than 30% as
compared with crude Pn-Ps by:
1. heating at 50 to 150°C for between 1 to 48 hours;
2. sonicating for intervals of 5 seconds to 5 minutes,

depending on the power setting of the sonication probe,
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followed by periods of cooling and additional sonication;

or

3. physically shearing the polysaccharide in a gaulin-

homogenizer at pressures between 13, 8 and 103 Mpa

(2000 and 15000 PSI); and

Fractionating the hydrolyzed Pn-Ps and selecting a fraction having

a molecular weight in the range between 1x10° and 1x10° by:

i-differential alcohol solubility using isopropanol at concentrations

predetermined to precipitate the desired Pn-Ps size range;

or

ii-fractionation on a size-exclusion liquid chromatography column

capable of including and fractionating polysaccharides in the size range
between 1x10* and 1x10°.

6.

The process of Claim 5 wherein the endpoint of hydrolysis or

shear is determined by viscometry of a 1 mg/ml solution in 0.9 M sodium

chloride, or chromatography for each of the listed polysaccharides according to

the end-point for that subtype Pn-Ps:

Pn-Ps Subtype Target Endpoint
Viscosity
(centistokes)
Pn4-Ps 1.5-1.00
Pn6B-Ps 1.3-1.00
Pn9V-Ps 1.3-1.00
Pnl4-Ps 1.2-0.95
Pn18C-Ps 1.5~-1.00
Pnl19F-Ps 1.3 -1.00
Pn23F-Ps 1.5-1.00

Target Endpoint

K4 (Peak)

0.65 +0.05
0.60 +0.05
0.65 +0.05
0.60 +0.05
0.65 +£0.05
0.65 +0.05
0.54 +0.05



