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7o TIITLE OF THE NTION |
POLYSACCHARIDE ANTIGENS FROM STREPTOCOCCUS PNEUMONIAE

B R D OF THE I NTION
'_ The pathogenic bacteria classified as

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

29 Dbacteremia and acute exacerbations of chronic
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
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10 TI TLE OF THE | NVENTI ON POLYSACCHARI DE ANTI GENS #RONISTREPTOCOCCUS

PNEUMONI AE BACKGROUND OF THE | NVENTI ON _ The pat hogeni c
bacteria classified as 15 St rept ococcus pneunoni ae (pneunococci, Pn) have
beew;x._ subdivided into 34 antigenic serotypes, based on the capsul ar
pol ysacchari del7PhcEB390f the organism 2 - Disease statesl@282Ibutable to
t hese .or gani sns I ncl ude pneunobnia, neningitis, otitis nmedia, 20
bacterem a and acute exacerbations of. chronic bronchitis, sinuisitis,

arthritis, andcontaioimgnthevPni+Bs from thepoositrpreeabenthand di seases,
however, are Hﬁﬁgébﬂ1é 16614€6s SUPSEhe ObrgdRi St can YFOWIdésol ates. Thus,

a pol yval ent vaccln
) protection against a very high percentage of the most
frequently reported pathogens of this class.
. Polyvalent vaccines have been produced that
5 a:efefficacious in raising protective immune
‘responses against the pneumococci in adults.
"PNEUMOVAX® 23" (Pneumococcal Vaccine Polyvalent,
MSD; see PDR, 1990 edition, p. 1431), for example, is
'a liquid composition containing 50 pg/ml of each of
10 the 23 different, unconjugated'pneumococcal
polysaccharides, all of which are on deposit with the
ATCC and provide one possible source of starting
material for this invention. "PNEUMOVAX® 23"
. comprises each of the follow1ng free, that is
15 unconjugated, polysaccharides: 1, 2, 3, 4, 5, 6B 1F,
8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F,
19A, 20, 22F, 23F, and 33F, accounting for about 90 %
of pneumococcal isolates. However, such vaccines are
least effective in the segment of the population most
20 at risk for pneumococcal infections: B-cell
immunocompromised individuals, the elderly, and
infants younger than two years old who depend on
T-cell responses for immune protection. Since
unconjugated polysaccharides are poor inducers of
25 T-cell immune responses, conversion of the Pn-Ps into
immunogens capable of inducing T-cell responses is
the key to producing adeguate'protection in this
target population. Use, however, is not restricted
to this group of individuals, or to use of the
30 polysaccharides in a conjugated form. For example,
administration to a female mammal of a vaccine
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- 2- containing the Pn-Ps fromthe nDst prevalent and pat hogeni c
i sol ates of. the organi smcan provide protection against a very high
percent age of the nost frequently reported pat hogens of this class.
Pol yval ent vaccgine e been produced that are efficacgi | n raising
prot Rtive i nmile /S aar9esponses agai nst™ t e'pneurmcoccr in %szt ,
"PNEUMOVAX[ err] 23" (Pneunpbcoccal Vaccine Polyvalent MSD, see PDR

1990001 t1 00 oghlind S X Mtn k.t Sl BN L cont 2 i o
pol ysacchari des:,nca:lﬂ_]ugatrd'd @En-@Bw, @ridepdo to:.wrchn‘mig pregnatn‘ny: and provide
OE&EEJ(I\)/E)?/IA?({erwspfm&tﬂ&d{%selgl eta tﬁ{ﬂﬁr f@{]l(% o:/cv:rsarﬁi reeI‘F&PYat is 15 -
untonj ugat ed, mmrﬂadﬁi&lomn& fetusy aml sycklimg 1nfarg: een 9V, |0A,
11A, 12F, 14, I3ugh’hhel#accilfe is not administered directly to
5  the fetus or infant. In addition, compositions
comprising a mixture of these novel, unconjugated
polysaccharides have improved properties over
available compositions because of the increase in
purity of the new Pn-Ps product of this invention,
10 and should prove useful in the formulation of new
unconjugated vaccines.
A partlcularly preferred subset of the
capsular polysaccharides of szggptgggggns pggnggg;gg
listed above are those derived from subtypes 6B, 23F,
15 19F, 14, 18C, &4, and 9V, as this small group of
pneumdcoccal subtypes are estimated to be respomsible
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 preparation 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
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19A, 20, 22F, 23F, and 33F, accounting for about 90. % -

of pneunococcal

i sol ates. However, such vaccines are | east effective in the segnent
of . the population nost 20 at risk for pneunococcal infections: B-cel

I mmunoconproni sed individuals, the elderly, and. i.nfants younger than
two years old on T-cel I_rggsponses for i nmmunmggagpigection.

Si nce unconj ugat ed pol ysacchari des are poor inducers of 25 T-cel

i mmune responses, conversion of the Pn-Ps into I mmunogens capabl e of

i nduting T-cel lin eponsrsduction of té\ﬁclkeqoﬂjmgxwhximg:miequat e protection

in this

this. group of

vacci ne
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conj ugat ed for mateniak ambllence the atfififieulty iim def in¥ngrethee mammmal

conjugate product chemically. Thus, a process is
required wherein the_starfing materials are as well.
defined as possible and each step in the synthetic
route is assayable as to intermediate formed. The
process herein disclosed satlsf1es this requ1rement
by providing h1gh1y chem1ca11y defined Pn-Ps
polysaccharide antigens amenable to con3ugat1on.
Thus, production of conjugates, useful for immunizing
infants younger than two years old against the

cognate pathogens from which the Pn-Pg is derived, is

facilitated by the novel characteristics of the Pn-Ps
products of thig invention.

Marburg et 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
polysaccharides and immunogenic_proteins through

- bigeneric spacers. The PRO was derivatized to

exhibit pendant nucleoph111c 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
(Ps—PRO). Upon acid hydrolysis, the bigeneric spacer
is released as an unusual amino acid, quantitated by
amino acid analysis, and thereby prov1d1ng a means of
proving covalency.

This invention discloses a process improved
over that which is disclosed in U.S. Patent
4,695,624; 4,830,852; and 4,882,317. The
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- 3- conprising one or nore of the novel conjugateé, or
unconj ugated Pn-Ps, prior to or during pregnhancy rai ses antibodies in

t he. nother which can- passively protect a devel oping fetus and suckling -

i nfant even t hough the vaccine is not admnistered directly to 5

the fetus or i A72{GHB3%n addition, conpoditions - conpri 382823 Ani xt ure of
t hese novel, unconjugated pol ysacchari des have i nproved properties over
avai.l abl e conpgsitions becayse of the increase in ity qQf the new

Pn- P$ product GFPFPW§QQP¢§nBPGﬂPdPOPr&ﬁ&r§ﬁéﬁpd°§rgvﬁpggéFéFtPHgthe
formul ati on of madwrial bhavdmgu@eired speedifies. reproducible, Andarticularly
preferred subset of t%ﬁﬁ - cap%ﬂLar %pl¥§accggrides of, Str%g %%%gccus
pneunoni ae nangess o?@y§ﬁg SXOP&EFAFEY PBWP§83P9585 B, ﬁ, 15
19F, 143 18C, #n-®sd p¥epax=tiilons ,siniclludiogp dhcrgasepgeoﬁubdddaw subtypes
et e £ WOttty A RAEA BT Chcivaoccs
5- in contamination with group-specific C-polysaccharide
(C-Ps), and reduced molecular weight, polydispersity,
and viscosity. Conjugates of the new Pn-Ps are
improved over those provided by the 4,695,624 process
with respect to increases in the consistency and ease
10 ©of preparation, improved antigenicity, and improved
purity of the final product. Especially significant
is the 3-20 fold reduction of group-specific
C-polysaccharide (CPs) and peptidoglycan
contamination in the Pn-Ps of this invention relative
15 to the crude Pn-Ps preparatidns of the prior art.
Although the presence of the C-polysaccharide
contaminant does not interfere with the immune
responses against the type specific antigens,
production of anti-C-polysaccharide antibodies may
20 correlate with the tissue destruction observed in
some pnresolved'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. '

30
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herein are applicable to a broad collection of 20 pneunococcal and ot her
bacteri al pol ysacchari des. The novel Pn-Ps products of this
i nvention are useful in the preparation of conjugate - | mmunogens.
Pol ysacchari des have generally been . found to be poorly imunogenic by
t hems®l ves but jhaygrp3® -been shown to_bg guite good i mmunggggsrance they
are conjugated to an i mmunogenic protein (PRO [ Marburg et.

al ., US Patent No. 4, 695, 624 4, 830 852 " 4,882,317; Schneerson et, al.,
NEM/Dey W th R NS, 77-94 (1980) Schneerson et al.,

0 Bt N oS! o gD RSO PCpa)
compounds have molecular weights between about 1x10
and 1x106, polydispersities between about 1.0 and
1.4, C-polysaccharide contamination levels below 3%

5 of type-specific polysaccharide, and '
anti-pneumococcal type specific antibody binding
between about 70% and 110% per unit mass of Pn-Ps
relative to type-specific preparations of crude
‘polysaccharide.

10 The highly chemically defined Pn-Ps product
is prepared by partially hydrolyzing a crude
preparation of Pn-Ps to an endpoint predetermined to
‘maintain the antigenic integrity of the Pn-Ps. The’
partially hydrolyzed Pn-Ps is then purified

15 Substantially and the polydispersity decreased. The
new Pn-Ps is useful for the preparation of
multivalent mixtures of purified Pn-Ps and of
Pn-Ps-immunogenic. protein (PRO) conjugates
(Pn-Ps-PRO). Conjugafes comprising the novel Pn-Ps

20 compounds elicit immune responses protective against
infection by pneumococcal subtypes from which the
Pn-Ps is derived. _

Partially hydrolyzed and highly purified
Pn-Ps intermediates from prevalent pneumococcal

25 isolates, 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

5 .
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-4- I n the production of such conjugates is the non- honogenous :
nature of the polysaccharide starting material and hence the difficulty
in defining the conj ugate product chemcally. Thus, a process is

required wherein the starting materials are as well 5 defined as possible

- and each step i Wt heti ¢ route.s assayable as tqg medi at e
forméd. The 19;#Wherei n di scl oséd 7‘sat isfies this re%%t by

providing highly. chenically defi ned Pn-Ps pol ysacchari de antigens
- amenabl e to co e Hbvel #éﬁ% fo
~ i mmuni zi ng ¥ % 5B %/(])tglnger ﬁ{j%t o t%‘scgw tﬁﬁ! lt?ﬁ{é& cognat e

pat hogens f romtﬂwlthe t%%mh@nferﬁr\mlﬁ somplex mct)atfé'@nby t he novel

characteri sti CWMW @lre fadeipsyy ian
Mar burg et al 0C . 528 1 U. S. Patent
4,695, 624; 4, 8SOMpFLsing t%@ #teoy of d|1§6’|16‘§éd‘ (Prwiésf g’&n ugati ng
poI ysacchari des;@nﬂ duTBtiege v Streiptiotdcicsopgieumoniale generi c spacers.

The 'PRO was derlpitddc, Pn), partially hydrolyzing by treating

with heat, sonic disruption, chemicals or enzymes, or
physically shearing the Pn-Ps, fractionating said
Pn-Ps and covalently conJugatlng the Pn-Ps to OMPC or
other carrier protein or protein complex.

10

It is an object of this invention to provide

novel, partially-hydrdlyzed and highly-purified
antigenically type-specific pneumococcal capsular

15 = polysaccharides (Pn-Ps), useful as intermediates in
the preparation of T-cell dependent 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. Another 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 responses which

25 Ppassively protect infants and fetuses against
pneumococcal infections.

30
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20 exhibit pendant nucleophilic or electrophilic groups . (PRO*), while

a partner Ps was .functionalized so as to exhibit pendant groups of
opposite reactivity (Ps*). Upon conbining Ps* with PRO*, bigeneric
spacers were fyrapsay®val ently joining g#s-to PRO 25 (Ps- fﬁﬁbzIAmon acid
hydral ysis, the bigeneric spacer I's rel eased -as an unusual am no

aci d, quantltated by an1no acid anaIyS|s and thereby providing a
means of ALVLER) K BRI i s invention discloses a

process |nproved V30 over'that mhlch is disclosed in U S. Patent

4, 695, 624; 4,830, 852; and 4,882,317. The
. 5. A. 'Pn-P lysacchari :

The novel partially hydrolyzed and highly

5 purified pneumococcal capsular polysaccharides
(Pn-Ps) are preparations of antigenic polysaccharide
derived from cultures of Streptococcus pneumoniae of
diffe:ent subtypes. The Pn-Ps have average molecular
weights between about 1x105 and 1x106 daltons,

10 depending on the particular pneumococcal subtype from
which the Pn-Ps is derived. In general the molecular
weights of the novel compounds are reduced by a
factor between 2 and 10 fold, and the polydispersity
is reduced by about 50%, as compared with the crude

15 ~ Pn-Ps preparations used as starting materials. The
novel Pn-Ps preparations furthermore have molecular
size polydispersities between about 1.0 and 1.4
C-polysaccharide contamination levels below about 3%,
and an antigenicity index between about 0.4 and 1.1.

20 This last parameter is calculated as the mass of
Pn-Ps antigen detected by rate nephelometry relative
to the mass of Pn-Ps detected by physical or chemical
"assay. Crude Pn-Ps is assigned a value of 1.0 (on
deposit with the ATCC). Rate nephelometry involves

25 both the recognition 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 precipitate formation, which would register as an
*antigenicity index" of 0. However, the new Pn-Ps of
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| nprovenents include preparation of Pn-Ps starting haterial-having nor e

specific, reproducible, and manageabl e physi cal properties than
provi ded by crude Pn-Ps preparations, including: increased solubility
increased filterability, increased purity (reduction i n contam nation

Wi t h \group- speg¢y4i ol ysaccharide _ o(CPs), and reduc cul ar
wei ght , polydigzé¥§F§§? and viscosit%. Conj ugat es of tﬁgzgg%ﬁPn-Ps are

i mproved over those provided by the 4,695, 624 process with respect to
increases in tg; §0PSvEALISH PEIpLESErdd infsPERPR BAAREr tHREOVRE
antigenicity, and,i dpr?? r f %hesgﬁna? rdﬁugt. Espec?ally

[oyved , u 0
si gni fi cant an?§g$£b°3t201$6?£ %%dﬁ%t?gﬁ FANge Rotedabeye. This
C-pol ysacchari fie A6Psto aggly peRit dPELFS Aproducedt &0t oeding t6 thesPn-Ps of
this invention,rela Lve-lg -tg t he crude n-Ps.grgfaraﬁlonf of the prior
art. Al t hotBFeRREOB; b Raving an Enbigentchty | 1Rdex 1e¥RE ani nant - does.
not interfere thah thisi range are netposefsl agaltisisthimpyypetbatcitic

o 0% g o B8 480 oL B PR BB aibl bty ™ 20
indexes lower than 0.7 retains sufficient _ .
immuncgenicity to induce useful anti-Pn-Ps immune
responses. Furthermore, the novel Pn-Ps is amenable
to conjugation with immunogenic protein to produce

10 Pn-Ps-PRO conjugates useful in generation of
anti-pneumococcal immune responses, which is
especially significant for infant mammals, including
humans, which are ihcapable of mounting adequate
immune responses to free, T-cell independent,

15 Polysaccharide epitopes. '

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 responses in a mammal. ' '

. _ _ Novel P
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
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sonme unresol ved pneunococcal infections. ' It is obvious to

those skilled in the art that the Pol ysaccharides which are the

obj ect s of this invention also have utility for preparation of 25
coval ent conjugate vaccines by processes other than that which is
disclosed in UlT2/@BB39ts 4,695,624, - 104-830, 852; 4,88218232IA

-6- SUMWARY OF THE INVENTICN ' Novel pneunpcocca

pol ysacchari de (Pn Ps) npounds ‘have npl ecul ar mel ht s betmeen about
1x10ferr] Whth 19(19{1€rb]mt95l1§a| speture; égrbzé?deeﬁ ¥88Gchargdgng

The reduced size allows for improved polysaccharide

- handling during conjugation and post-conjugation
removal of non-conjugated Ps, higher type-specific
Pn-Ps purity, lower Pn-Ps molecular-size

5 polydispersity,'and eSSentially unaltered
antigenicity. These novel Pn-Ps characteristics are
used to advantage in the consistant formation of .
highly chemically defined, highly type-specific,
antigenic Pn-Ps-PRO conjugates.

10 .

i. Pn-Ps Mol r Weight and P _ _

By measuring the weight-average molecular
weight, My, by a diffusion, sedimentation, or
chromatographic means, and the '

15 number-average-molecular weight, My, by a colligative
property such as viscosity, freezing-point-
depression, or boiling-point-elevation, the
polydispersity of the Pn-Ps preparation is obtained
as the ratio My/My. The closer this number .

20 approaches unity, 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
homogene1ty is also disclosed.

25 : The partition coefficient,
Kq = Ve=Vo ( Vo = column void volume.
Vi-Vo '~ Vi = total permeation volume.
Ve = elution volume of sample.
. _ Kgq = partition coefficient of the -
30 g ~ sample), '
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1.4, C- polysaccharide contanination level s below 3%5  of type-specific

polysaccharlde and anti - pneunococcal type specific antibody binding
bet ween about 70% and 110% per unit mass of Pn-Ps. relative to
type-specific ons of crude Iysaccharlde

hi ghl.y chem(xiﬁéjgﬁﬁg ed Pn-Ps product ff I's prepared bylﬁ%§%$ﬁlly
hydr ol yzi ng a crude preparation of Pn-Ps to an endpoint predeterm ned

hydrol yzed P06 1 <ciHih 0 ot AR Sy fiolafed bues Ftfearat oot o)1y
decreased. This measunedrbpssizetee¢lusion thpmntgsme@hwn(SEC¥
mul tival ent mg flﬁfﬁh fE%fﬁé@? §T§éﬁhiﬁih§§on chf%hi@o% genic protein

(PRO) conjugates u ates .conpri s novel Pn-Ps 20
conpounds eI|c(ﬁp$ﬁﬁhné°$e%%o%%hgu?# %CPQ¥¥§%@&P¢%%de ac?ﬂ?@%?ﬁon by

~ pneunpcoccal  sghtw@Esods dehawh Cin tige art. PElS K$ €igus VéBtained is
Partially hydrol yzed and

pr eval ent5s pne Noivaer: e &r’ﬂ% gurl ¢ (;F%dﬂ%@%m*‘%rvni@{r}%ﬁg* %ﬁs from

pneunococcal polysaccharide preparat1on As the molecular size of
| the Pn-Ps is reduced by physical shear or by thermal,
sonic; enzymatic, or chemical hydrolysis according to

the disclosed process, the elution volume, Vg, of the

10 Pn-Ps increases and so does the Kq-

' In a preferred method, the column matrix for
this purpose is Sepharose CL2B gel (Pharmacia No.
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 a l-mL injection volume is used.
The ratio V,/V; should be in the range of 0.32-0.37.

20 The K4 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,
vhich monitors 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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I nfections in mammal s. The T-cell.dependeht conj ugates are

particularly useful in vaccine conpositions for stimnulating

anti - pneunococcal i nmmune responses in nmanmal s, especially in B-cell-
30 i mmunoconprom sed individuals, the elderly, and in human i nfants
younger than t MS39 ol d. Conjugates 12 - 18282TA

-7- conpﬂqz ng the novel Pn-Ps of this invention |inked to the
outer nenbrane protein conplex (OWC) from Nei asseria neningitidis b

are made by adymAQsfcted VWA oSaeperdles iofohminodd sparsd ar Pn- Ps

polyethylene oxide standards. The cqncentration and
specific viscosity profiles can be used to calculate
a molecular weight versus elution volume profile for
the sample, which in turn is used to calculate the

5 values for M, and M,, from which the polydispersity
index (M,/M;) is calculated [Yau, W.W. and Rementer,
S.W., J. Lig. Chromatog., 13, 627-675 (1990); Nagy,

.J. Lig. Chrom., 13, 677-691 (1990); Benoit, et al.,
J. Ch. Phys. Tome., 63, 1507-1514 (1966)]. In the

10 present invention, intrinsic viscosity was measured
in 0.1 M sodium phosphate, 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 II).

ii. Retention of Pn-Ps Type-Specific Antigenicity:

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. In a
preferred method, an aliquot of polyséccharide
solution is measured by the Ouchterlony double immuno
diffusion assay using pneumococcal subtype-specific

30 antibody. Appearance of a white precipitin band in

 the agar after a period of diffusion provides

gqualitative evidence that the polysaccharide's
.antigenic integrity remains intact. A more
quantitative immunological assay is achieved by rate
nephelometry analyéis.
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fromcultures of Streptococcus pneunoniae 5  (pneunococci, Pn), partially

hydrol yzing by treating wi.th heat, sonic disruption, chemcals or
enzynes, or physical l'y shearing the Pn- Ps, fractionating said Pn- Ps
and coval ently CO%iu ting the Pn-Ps to QWPC or ot her carrier protein
or protein corpl éﬁ? OBJECTS OF BE4 NVENTION - 18282IA |t js an
object of this invention to provide novel , partially-hydrolyzed and

hi ghl y-purified anti.genic e-s CIfIC eunngocc capsul ar 15
pol ySacchari des (Pn- Ps)® aﬁﬁﬁﬂ%ﬁt%gbqég) € Tat& ¥ preparation of

T-cel | dependaﬂiaxfgmjﬂgaﬁlﬁé nité:ﬁ&ty of Hnrg?st es*chﬂtrme*dnghmmg)rot el ns

Anot her object.is 1.0 vi de a for 4 he oy

compounds £q it on |9‘R/e"’m Y “EE cfj]()bcio&q rEtgo"br%\r% met hods
of using the redlPwien corpamdst 1ligldseis passast Hﬂt@ug’mlthb
ocorporatl on die | R Yenent CAN WS Qindi Bl UL 00
conposi tions use ul uci ng antl-pneunn ccal inmune responses;

i nducti o of rhit @mdnnurapresinifinseastion IRt eGuLs iprot ect infants
and fetuses agaifiion when a specific antibody (Ab) reacts with

its spec1f1c antigen (Ag), ;_gé Pn-Ps. Because the
' formatlon of an Ag-Ab complex is dependent upon the
_presence of Ag and Ab molecules in optimal
10 proportions, the degree of complex formation for a
constant amount of Ab increases with the amount of Ag
up to a maximal level; larger amounts of Ag result in
less complex being formed. Thus, by maintaining a
constant level of Ab and measuring the light scatter
15 with increased concentrations of Ag, a standard curve
is generated. It is possible to calculate the Ag
concentration for a Ps (or derivatized Ps)
preparation when samples are reacted with their
specific Ab under the same conditions used to develop
20 ‘the standard curve. '

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

o5 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 powder
preparation is known. Polysaccharides are _

36 notoriously hygroscopic and may contain anywhere from
5 to 30% by weight of volatiles. As such, dry weight
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pneunococcal i nfections. - 8-
DETAI_LED" DESCRI PTI ON OF THE | NVENT! ON A. The Novel Pn-Ps
Pol ysacchari des: The novel partially hydrolyzed and highly

grepaP;{=thd&?ggﬁﬁﬁﬁﬁﬁfglpgfsgngﬂaP?Lézaccha&é??ied frogicgr urggeof
Streptococcus pneunoni ae of
measures in and of themselves are not particularly
reliable. One method used for determining
- - . polysaccharide concentration with reasonable accuracy
is by colorimetric assay, where the assay is
calibrated with a standard solution of the
5 polysaccharide of interest. For example, Pn6B-Ps,
Pnl8C-Ps, Pnl9F-Ps, and Pn23F-Ps may all be
quantitated by the methyl pentose assay of Dische and
Shettles [J. Biol. Chem., 175, 595-603 (1948)].
Pn4-Ps, Pn9V-Ps, Pnl4-Ps, and Pnl9F-Ps may be
10 quantitated by the hexosamine content, and Pn9V may .
also be quantitated by uronic acid content. The
Phenol-Sulfuric acid assay (Dubois et al., Anal.
Chem., 28, 350-356 (1956)] is useful for quantitating
all of these Pn-Ps preparations as part of in-process
15 testing during conjugate preparatioﬁ.The other method
employed is to use a refractive index signal as a
measure of analyte mass, also ca;ibrated with a
standard solution of the polysaccharide of interest.
Though the colorimetric assay is used for monitoring
20 the polysaccharide content of the samples during the
der1vat1zat1on and conjugation process, the latter
method is used dur1ng the physical characterization
of the polysaccharlde preparation by HPSEC-universal
- calibration analysis and for calculation of the
25 antigenicity index. Starting crude Pn-Ps is assigned
an antigenicity 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
3p o get an antigenicity index of greater than 1.0 if
the polysaccharide is significantly purified during
the hydrolysis and fractionation step. It is also
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di fferent subtypes. The Pn-Ps have average nol ecul ar wei ghts bet ween
about 1x10[err] and 1x10[err] daltons, 10 dependi ng on the particular

pneunococcal subtype from which the Pn-Ps is derived. In general the
nmol ecul ar wei ghts of the novel conpounds are reduced by a factor

bet ween 2 "and f and the pol ydi spersity s red about 50%
as conpared wﬂ%glﬁﬁbggrude 15 Pn-Ps'pﬁépérations used aggggggﬁ .
materials. The novel Pn-Ps preparations furthernore have nDIecuIar

si ze pol ydi sp a pglygacchari de
contan1nat|on%bgygﬁgiﬁgﬁg&Fgﬁggﬁ%gé %hgt é 4ﬁd§ﬁF38€h%c|§% I ndex between
about 0.4 andcould i@cremma;ﬂh@sanmaggnncemyigndamcoﬁaaed as the nmass of
b ANt 9en piRbaTad oY MR UnclelRtIR RN F18AbiNGLy of thd Ne MRS Of

Pn- Ps det ect or ¢ assa Pn-Ps ,is assi gned
a val ue of 1. GoéﬂﬁaCChardéﬁbﬁpﬂeWN@ﬁstH@dAt@BF dﬂﬁﬁéaﬁéﬁﬁeﬁGﬁﬁFﬁy i nvol ves

?5 bot h tpe1hQ@QQ%&bh@% %&ddﬂ@ %hb'ﬁ%&1%bnh%ee®ﬁtb@%@y Theseandhthe
reel vato, Hgs Berdpbndd o ah, S0R-Bieny shesks for; BYARSLHRE con °
recognltlon b¥ractionatedasnd déyr ifatd zedn PnbPdy slampdiesg) Sﬂd@ﬂﬂﬂdent of
which have relative antigenicities of < 0.4- are
rejected, i.e., are not conjugated. Anti-Pn-Ps
antibody preparations are available that are useful
10 in characterizing pneumococcal polysaccharides.
Sources of anti-Pn-Ps antibodies include the Health
Research, Inc., Albany N.Y., or the Staten Serum
Institute. Alternatively, type-specific anti-Pn-Ps
antibodies may be ptepared for this purpose according
15 to methods known in the art using commercially
'~ available crude Pn-Ps as the immunogen [Baker et al.,
Immunology 20, 469 (1971); Brooke, M. S., J.
Immunol., 95, 358 (1966); Kearney, R. and Halladay,
. J., Aust. J. Exp. Biol. Med. Sci., 48, 227
20 (1970); Schneerson, R. et al., Prog. Allergy, 33,
144 (1983); Robbins, J. B., Infect. Immun., 26, 1116
(1979)1. | |
' A further indication of retained antigenic
integrity is the maintainance of the correct chemical
25 composition of the Pn-Ps preparation. For example,
Pn6B-Ps has a repeat unit of -

- [o-Gal(1l-3)-a-Glu(l-3)-a~L-Rhap(l- 4)—D-R1b1tol 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
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30 - precipitate formation, which would register as an "antigenicity

I ndex" of 0. However, the new Pn-Ps of

-9- . this invention is prepared in such a manner that the

antigenicity index is in the range noted above. This i s not to say that
Pn-Ps, producdd /@B ng to this -~ -rhfertion, but havi PZieHhtigenicity
I ndex | ower than this range are not useful. It is sinply that it S

Yatalns suff a6 A AT Ao ot & B - b T mine

responses. HﬂﬁSﬁBSHﬂéfollunednby Zﬁ1ﬁ¥iﬂruaﬁuuuﬁﬂxr acid for about

’ 16 hours at 100°C and high performance anion exchange

chromatography with pulsed amperometric detection.

Four peaks, represent1ng app:ox1mate1y equal mole

amounts of the carbohydrate components is thus an

indication of maintained integrity. Essentially
theoretical ratios of carbohydrate components are
maintained for all the novel Pn-Ps compounds of this
invention, within about 207 the discrepancies from

10 the theoretical values being due primarilj to
limitations in the art of the method. Thus, upon
total hydrolysis: ' | '

Pn23F-Ps has a ratio of about
glycerol:rhamnose:galactose:glucose = 1:2:1:1;

15 Pnl4é-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

20 glucose:galactose:rhamnose:glycerol:acetate =
3:1:1:1:1; .

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

25 Pn4-Ps has a ratio of about o
N-acetyl-mannosamine:N-dcetyl-fucosamine:galactosamine
:galactose:pyruvate = 1:1:1:1:1. 1In addition, Pn4-Ps
has recently been found to 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 Res., 224-233 (1966)]. Pnl9F-Ps.
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to conjugation wi th inmunogenic protein to produce 10 Pn- Ps- PRO

conj ugat es useful in generation of anti - pneunococcal i nmmune responses,.
which is especially significant for infant mammal s, including

humans, which are incapable of nounting adequate | Mmune responses to
freet T-cell indemarwnt, 15  pol ysaccheyide epitopes.  18282IA Sone
physical and chem cal characteristics of several novel Pn-Ps preparations
are given-in Table I and Table 11, below, "while t he description

that follows raelmllmﬁwntéﬁﬁﬁndsmh&mpmtems apmli&blyrmasur ed.. The

_process di scl ﬁg@goéjﬂ% Pr.ay- &?shé’é"%ot qbe‘gf {%{] the Pn- Ps

conmpounds  of hven ron. Al'so ereln |s one net hod of

usi ng this coriictemature heand ofer mhich dlekimitbee mntlflc:%h}%at e useful

inraising ant§ WW g MTUfife I £SPPESERal W 1.
Characterlzatlon 0 vgf Pneun&g%ggg T sacc arlde (Pn-Ps):
The phyS|caIaiﬂﬂxﬁﬁ#ﬁhﬁﬂidﬁuﬁ%ﬂﬂﬁﬁ|%9WRQ§¥#1°Q§)ar?rﬁﬁkﬂﬁ ¢di 19
hydrolyzed PUhd | £l THfisg | Féf éféndes: J.E.G. van Dam et al.,

Carbohyd. Res. 187, 267 (1988); H. J. Jenn1ngs Adv.
Carbohyd. Chem. 41, 155 (1983) and references
therein; J. C. Richards and M. Perry, Biochem. Cell.
_ Biol. 66, 758 (1988). 1In addition to the

10 carbohydrate components, there are phosphate,
acetate, and pyruvate 31degroups in several of the
Pn-Ps of interest, with some of these being
immunodominant features. Asisuch, these components
may also be monitored (see Example 30). Quantitation

15 of monosaccharides is also a useful means for
quantitating total Pn-Ps concentration in a sample.

A further element in the antigenicity of the

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

o0 Dolysaccharide [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

o5 directed at preservation of this level of
polysaccharide immunogenicity also.

iii. inim mi ion by C-Polys ari
_ Another critical parameter is the level of
30 C-polysaccharide contamination. This value may be
shown by total acid hydrolysis of a polysaccharide
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2-10 fold reduction in nol ecul ar size as conpared
-10- . with crude bacterial culture derived polysaccharlde The
reduced size allows for inproved pol ysaccharide . handl i ng during

conjugatipn_aqgﬂ%g§$ onj ugati on . remgval of non-conjug§f§iﬂ§, hi gher

type-sspecific s purity, lower Pn-"Ps nol ecul ar-siz
pol ydi spersity, and essentially unaltered antigenicity. These novel

7P e SRRBRATS chrolftlaSeh B 8 WA for o
Pn- ps PRO comqggﬂug;omgjr1c detect1on of c 011ne

Alternatively, the non-hydrolyzed polysacchar1de may

be analyzed by NMR for choline. The NMR technique

uses the ratio of the choline signal to the rhamnose

5 -methyl signal (for Pn-Ps containing a rhamnose; a-

different signal for other Pn-Ps) for calculating the

C-Ps content. The chromatograph1c method uses the

ratio of the choline signal to either the

polysaccharide content determined by conductometric

10 assay or to one of the Pn-Ps component peaks to
calculate the C-Ps content. In either method,
standards of known concentrations of choline allow
direct calculation of the level of choline present in
a polysaccharide preparation once the choline

15 concentration is known, using the theoretical’repeat
structure of C-Ps [Hermans, et al., Recl. Trav. Chim.
Pays~-Basg, 107, 600 (1988)], the concentration of C-Ps
in a polysacchar1de preparation is known.
Polysaccharide concentrations of .Pn-Ps samples are

20 measured according to methods known in the art. For

~ example, total polysaccharide concentration may be
determined by total hydrolysis of the polysaccharide
and measurement of the concentration of a specific
monosaccharide. By comparing the C-Ps concentration

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
polysacchatide 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 parameters resulting from the novel
process described herein:.
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1. Pn-Ps Ml ecular Wight and Polydispefsity: ' By neasuring

t he wei ght - average nol ecul ar wei ght, Merr], by a diffusion,

sedi nentation, or . chromatographic neans, and the 15 .

nunber - aver age- nol ecul ar weight, Merr],. by a colligative roperty
such zas vi scost{%/GHEB3Rzi ng- poi nt - ~ Hpression, or 182821A°""

boi I i ng- poi nt-el evation, the pol ydi spersity of the Pn-Ps preparation

i s obtained as the ratio MV WM. ser this nunber 20 appr oaches
unity, the nore honobgeneous the hari de preparation. The

pol ydi spersity QhasacterigtiberopiHy g paridht ¥ 03 snatedrPhiePgi n and a
preferred process for achieving this enhanced honogeneity is al so

di scl osed. 25 The partition coefficient, Klerr] = [err]

( Vo = col um R®iBs Brepgration 6B-1 _\ﬁﬁﬁ:lota]_pgﬁﬁeblion 23X wZe

Ve elution volume of sanple. K[err]-:
partition cool i Sisplep sbd%Pe  2.096 117 150 13789
Kd (HPSEC) . 0.62 0.62 0.49 0.49
Kd (CL-2B) 0.64 0.60 0.41 N.D.
Monosaccharide S s S S
10 Ouchterlony s S s 3
Nephelose S S S .S
Phenol:Sulfuric S S S S

15 S: Satisfactory

In Table II below, chemical and physical
parameters of several crude pneumococcal '

20 polysaccharides and of the corresponding hydrolyzed
and fractionated (Hyd+frac) compounds of this
invention are shown. Numbers presented are
approximate within éxperimentai error and limits of
detection for the complex polysaccharide compounds

25 being prepared. -

30
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As

accordi ng
18282§gasure of

i s measured by
pol ysacchari de preparation.

hi gh- per f ormace si ze-excl usi on

or

of an aliquot of polysaccharide,
The K[ erk] 2phus obtained is

(HPSEC)
to net hods knowd2yaHBhe art.

-

of a crude or partially-hydrolyzed Pn-Ps preparation
chr omat ogr aphy

si ze-excl usi on chromat ogr aphy (SEC),

t he average hydrodynam c vol une of the
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this purpose is Sepharose CL2B gel (Pharnacia No. 17-0120¥01). The

column void volume (V[err]) is determ ned wth Blue Dextran 2000

(Pharmaci a No. 15 17-0360-01) and the total perneation volune (V[err])
. from a sodi chl oride salt peak. ording to one od, the

Pn-Ps sanpl e ig#g?% ared at 2.5 ng/nL |ﬁ£i distilled wa er a%g al-nL

i njection volunme is used. The ratlo V[err]/V[err] shoul d be in the

range of 0.32-§.37pyg :

17-0320-01)

systemincl udes a ¥8 L SK GBOOO PM/cqunn heated to

SO[err] C | In a highly preferred nethod SEC or HPSEC 25

is conbined with a diff tial refractoneter
relative anal yte conceni 5F5ﬁ58§133f§ﬁéfl ﬁobess, FVEFﬁ%lnﬁagsFune and a
di fferenti al vaseodnstinctly desbribedwnitors the specific viscosity of the

anal yt e BTQ%ERErBEuQE“ hQHm¥8§HE§1n361995¥ﬁﬁ§§5966u|ar wei ght )

cal i brati%®n cur I'NSI'C VI ScoSI
versus retention anuﬁﬁ} is

b) Partially-hydrolyzing or mechan1ca11y-shear1ng
the crude Pn-Ps; -
c) Fractionating the partially-hydrolyzed

10 pneumococcal polysaccharide according to size and
' purity to generate the Pn-Ps product of this
invention.
a) Isolating crude pneumococcal polysaccharide
15 + Streptococcus pneumoniae bacteria are

cultured and the crude pneumococcal polysaccharide is
recovered according to known methods [Example 3, and
- Williams, C. A., and Chase, M. W., Methods in

Immunology and Immunochemistry, Vol. I, Academic

op 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 pathogehs 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 phenoi or toluene, is added to.
kill the organisms (Example 3). '
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- 12 - constructed from anal ysis of a series of nonodi sperse

pol yet hyl ene oxi de standards. The concentrati on and specific viscosity -
profiles can be used to calculate a nol ecul ar wei ght versus el ution

vol ume profil

val ues: for g?&ﬁzgﬁh h%gfrf?nﬁlgﬁ1&ﬂ:gﬁzlget;gryh?s;:$glb§2%3!%P:ﬁggxthe °
(I\/[err]/lv[err]) Is calculated [ Yau, WW and Rerrenter J. Lig.
(1990): Benoi ¢, ot al . Alcondd) rrfi¥ianation) or 393}%%%5 g3,
the 10  presdmst tihemmunﬂucteﬁ rdim &iwo ﬂml.ty1m¢h%£9l1fs¢d stagein 0.1 M
sodi um phosphat §ouPldercent of alcohol is added to the preparation
to precipitate cellular debris and other unwanted
impurities such as C-polysaccharide, while the crude
5 Pn-Ps remains in solution. A subsequent addition of
more water-miscible-alcohol, the concentration of
which is pre-determined on pilot scale, precipitates
the capsular polysaccharides while leaving additional
impurities in the supernatant, which is discarded.
10 Resuspension of the Pn-Ps in an aqueous medium is
followed by removal of contaminating proteins and
nucleic acids by known methods such as nuclease or
proteolytic digestion or solvent extraction. The
crude polyéaccharide is recovered by alcohol
15 - prec1p1tat1on and drying to form a powder of the
" crude Pn-Ps (Example 3)

b) &MLMMLMMLML@L&L&:&ME

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 stepé that

25 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 éOnjugate 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
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Once the average nol ecul ar wei ght of a Pn-Ps preparati-on has been
det er.mi ned, the average nunber of repeating units per nolecule is
easily determ ned 15 by dividing the pol yner nDIecuIar wei ght. by the
nol ecul ar wei ght of the repeating unit (see Table I1). .

Retention of Ph?PsGHBpe- Specific AntigentBity: 20 18282rAi s
I nportant, -for each crude Pn-Ps subj ected to physical shear or
t herpal , sonic, chem cal or enzymatic hydrol sis, that an end-point

be establ i shedpaepahecuoamuggtasc theegonwga'egonslsomore efﬂnsseptte Thi s
end-point is C@H&ﬁ“&ﬁétifﬁw ﬁﬁ-P eé‘f%ﬁ“?&v@ﬁtf&ﬁr%aﬁéaﬂ V"fﬁ%' ty with

any of a ! nanoT ogic tests known In the art
preferred net hb¥, b%ﬁaﬂﬁﬁqﬁﬁﬂegﬂspBP}Bﬁ&@Rﬁr?ﬁethe Crugﬁlutlon |s neasured

by the Qucht eri;@nysd@emﬁramaeenal agfefhightp @8sapuysang poerdypcoccal
subt ype--speci fi itin band in

the agar afters%lBQf?od g?népgﬁgg?oﬁﬁgFSQfdége argng é?g?iPtgg evi dence
that the pol ysen¢haiffdcalt to process, and the conjugation process

1tse1f is difficult to perform resulting in low yield
of conJugate In addition, removal of unconjugated .
Pn-Ps from the final conjugate is facilitated when
 the pre-conjugation Pn-Ps is of a reduced size and
10 Viscosity and improved solubility. This is
significant in that the presence of free Pn-Ps in
conjugate preparations makes it difficult to estimate
the actual dose of conjugate Pn-Ps being administered
and as it is the conjugated Pn-Ps that has the
15 significant T-cell stimulatory effect, presence o
unconjugated Pn-Ps represents a diminution of
immunologically "relevant' Pn-Ps. '
The dry, crude, capsular polysaccharrde as
prepared above may also be purrfred, for example by
20 anion-exchange chromatography or other
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
25 mode, the Pn-Ps is adsorbed to the resin leaving
impurities in solution which are washed away prior to
Pn-Ps desorption. In the negative mode, impurities
are adsorbed out of the Pn-Ps solution and discarded,
leaving the Pn-Ps in solution in a purified state.
30 Alternatively, .it may be directly subjected to
partial thermal hydrolysis, as shown in Example 2. for
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antigenic integrity remains intact. A nore guantitative

I mmunol ogi cal assay is achieved by rate nephel onetry anal ysi s.

- 13 - Rat e nephel onetry neasures the rate of change in
the intensity of |light scattered during formati on of antigen-anti body
conpl-exes in alFgaGHBON cell when a pgam of light is pasgearahrough the
cell. In the present case, the conplexes are formed 5 by an

| mmunopreci pitin reaction that occurs in sol ution when a specific

anti body (Ab) PeéBt¥syi bir other|kaowpehyﬂmolymuCgeaapAg)sunheas Pn- Ps.
Because the  cheh9dR. @Rz9hatlc 9 BryeTRATX (i eCRERIEH praRRre
) cell or sonic hydrolysis). _A target endpoint of.
hydrolysis, conveniently measured by solution
viscosity or high-performance size exclusion

5 chromatography, is predetermined for each
polysaccharide on a pilot scale such that
antigenicity of the polysaccharide is not .abrogated.
As discussed above, a nominal ability to bind
anti-pneumococcal type s?ecific antibody that is no

10 less than 40% of the binding exhibited for an equal
concentration of the crude Pn-Ps starting material is
cons1dered satisfactory.

_ The part1a1-hydrolys1s is accomp11shed by a
limited thermal treatment in an aqueous medium,

15 preferably at 50 to 110°C for from about 1 hour to
about 48 hours. 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 s1ze
In a preferred embodlment the Pn—Ps 1s

30 subjected to physical shear by passage through a
homogen1zer at a temperature between about 0°C and
30°C and pressures, between about 2,000 PSI and
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'presenCe of Ag and Ab nolecules in optinal 10 proportions, the degree of
conplex formation for a const ant -anount of Ab increases with the
amount of Ag up to a maximal |evel; larger- anounts of Ag result in

| ess conpl ex bei faormed. Thus, by mainfgining a con l,evel of Ab
and neasuring 3H§9Fﬁ§ht scatter 15 mnrh5gn6reased concentiggggﬁé of Ag, a
standard curve is generated. It is possible to calculate the Ag

concentration fQr or r epampat n sanpl es
are reacted mngﬁ 0&8|?S& Pr%gﬁé%&bégg %énHéFlghg ggngac?gglpgghs used to
develop 20 mhwlagaﬂ@andabdeveharacter1st1cs ofAsd&€pari son of the
concentration ls a el try with
the conc &Hg g%qgﬁfgin B@HgQP§@1E¥ QE El?%aﬁ%ﬂ@ 1@@8

col orimetry, refractlveAlﬁéégeGrebﬁpPéﬂél° beéF? y81835 and quantitation

of . nonosacchar Ic%sremmlbemw)sured @b\lﬁ%mh wﬁ@@bsﬁftyamrl gemCIty for
the Ps sanpl es

ana 1S.0 charl only
appropri age |fhﬂﬁgﬂﬂﬂﬁﬁﬂﬁ&?qfﬁhﬁéﬁF 8F%ﬁH§183w& matog %3 |on i's
known. Pol ysac ghedetermined £32 eanhtQb&gsabyhhxgﬂesonpacpad@tnay contain

anywher e fromscale such that antigenicity of the polysaccharide is
not abrogated. -As discussed above, a nominal ability
to bind anti-pneumococcal type specific antibody that
is no less than 40% of the binding exhibited for an
equal concentration of the crude Pn-Ps starting
material is considered satisfactory in that it will
contain, in addition to the sequence related epitopes
associated with the structure of the repeating unit,
15 the conformational epitopes of the polysaccharide.
This is not to say that Pn-Ps of substantially lower
My, My, or .number of repeating units per molecule (of
Table II) could not be generated by this process.
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
spife of the absence of appreciable ability to bind
and precipitateftypé~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
30 given Pn-Ps preparation. 1In practice, however, it is
most convenient to utilize the jin-vitro antigenicity
parameter rather than the in-vivo immunogenicity
parameter as a process control.

10
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5 to 30% by weight of volatiles. "As such, dry weight

-14 -. nmeasures in and of thenselves are not- particularly reliable.
One net hod used for determ ning pol ysaccharide concentration with
reasonabl e accuracy is by colorinetric assay, where the assay is '
cal i brated wi ti72fGHBandard sol uti on of 2i6e- pol ysacchali8@823A i nt er est .
For exanpl e, Pn6B-Ps, Pnl 8C-Ps, Pnl 9F-Ps, and Pn23F-Ps may all be
guant.itated by the neth pent ose assay of Dische and | Shettles [J.
Biol. Chem, |75, 595- G%B er@rayl], the spme Bdzepgedupdiomn| 4-ps, and

Pnl OF- Ps may liﬁo&duz@léi@ idp1a¢dd e 1D RIS P17 ae@MHatildesand PnoV nay
) However, whereas the Pn6B-Ps retains it antigenicity
upon extended thermal size reduction, Pn23F-Ps and
other more complex polysaccharides may lose

5 structural integrity (removal of glycerol-phosphate
side chains) requiring the more gentle size reduction
achievable by sonic or physical shear means.
Physical-shear, for example in a Gaulin homogenizer,
is a preferred method for several reasons. First,

10 the method is amenable to scale-up. Second, the
~sonic- and thermal-hydrolysis methods generally
require a follow-up fractionation of the hydrolyzed
Pn-Ps to achieve polydispersities in the range

_between 1.0 and 1.5. The physical—shéar method,

15 however, generally yields Pn-Ps product having a
polyd1spers1ty that falls in this range without
further fractionation. This material may, however,
be fractionated to achieve additional increases in
purity and decreases in polydispersity and C-Ps

2p contamination. Third, the physical 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
hydrolys1s

Viscosity, which is related to average Pn-Ps

30 molecular weight, is a convenient in-process
pafametgr to monitor, and is easily followed durihg
hydrolysis to limit and control the degree of size
reduction. Chemically and physically
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al so be quantitated by uronic acid content. The Phenol - Sul furic acid
assay [Dubois-et al., Anal. Chem , 28, 350-356 (1956)] is useful for
guantti tati ng all of these Pn-Ps preparations as part of in-process 15
testing during conjugate preparation. The ot her nethod enployed is to
use a refractidvk2 fiGEBRX signal as a - 2%asure of anal yt A8%82IA al so
“calibrated with a standard sol ution of*the pol ysaccharide of interest.

Though the colorimetric assay is used for nonitoring 20 t he

pol ysacchar i dd msbrstdmegwifshahd & dgtise oft Bri6Ry-Rshaand Pn23FerBs hdveat i on and
conj ugati on pRALGS t ring the physical
characterization %réﬁﬁé@ stﬁﬂppll%/sb ccs{;i‘:zt prei%g-’t}%n by HPSEC- uni ver sal
calibration a@ﬂ%ﬁﬁ%&Qhﬁf¥4ﬂ QQﬂQnHQﬁﬁkﬁtﬁﬁttrﬁ?I ndRreipdhi city i ndex.

Starting cr udau%td?ﬁﬂys @fee Teslle I abcafe)a.ntlmn aige/ gfdex val ue of 1.0,
An i ndex of el ati.ve, antigenicit | s cal cul at ed. ]Oﬁ:?@éi ri ment al

sanpl es, and a?‘r\/aﬂ’iﬂf%ﬁ‘s FIECPSEY, P § 1s app i% %onsi der ed
satisfactsory. wiide samgesioff ecruife pdlys;mclim:atés gallowing rBtex of greater

than 1.0 cneid 5 QAUARE A0S iyl Q01 QALY VA4t 64 "0

t he hydroly5|s an
the resulting Pn-Ps's antigen1c characteristics. As

described above, retention of antigenicity is easily
.established, for example, by an Ouchterlony |
10 double-immunodiffusion assay, rate nephelometry or
other methods known in the art. '
Target end-point viscosities for 1 mg/mL
-solutions of several Pn-Ps preparations in 0.9%
sodium chloride (saline) are provided in Table III
15 below. Similar values for other Pn-Ps subtypes are

applicable:
20° "
Pn-Ps Subtype Viscosity of Target Endpoint
rude Pn-P Viscosity
(centistokes) (centistokes)
»5  Pni-Ps 1.8 1.5 - 1.00
Pn6B-Ps 1.4 1.3 - 1.00
Pn9vV-Ps 1.4 1.3 -1.00
Pnl4-Ps 1.2 1.1 - 0.95
Pnl18C-Ps 2.0 1.5 -1.00
30  Pnl9F-Ps 1.4 1.3 - 1.00
Pn23F-Ps l.6 1.5 - 1.00
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t heoretical ly possible that size reduction al one coul d increase the .

antigenicity index.of a preparation by increasing the flexibility of
the pol ysacchari de nol ecul es and thus decreasing steric

i nterference a he antigenic epitopgs. These 5 are med as ‘an
| n- process che%ﬁﬂfggﬁhydrolyzed, ' frgﬁtTonated and der}ggéégéd Pn- Ps
sanpl es. Sanpl es whi ch have relative antigenicities of < 0.4- are

rej ected, i

.e., are'nOtIﬁ0€ﬁ€9@£§Q-ofm§$mgh§ﬁ§umococ@£iibOdy preparations
efu

are avail able that are us

=

10

15

20

25

30

polysaccharides, it is advantageous to include an
additional purification step such as an ion-exchange
step prior to or after partial-hydrolysis. 1In the
Case'of Pnl4-Ps, this step is accomplished by a batch
adsorption by Whatman DE52 resin of anionic
impurities prior to partial sonic hydrolysis. The
polysaccharide being neutral is recovered as the
supernatant fraction in readiness for hydrolysis. It
should be obvious to those skilled in the art that
similar procedures will be applicable to other
neutral polysaccharides, such as Pn7F-Ps.

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

Reprecipitation of the partially hydtolyzed
material with predetermined concentrations of alcohol
allows recovery and further purification of the
partially-hydrolyzed Pn-Ps, as described in
subsection (c) below.

¢) Fractionating the-partially—hydrolyzed Pn-Ps
rdin i n ri '

.. The polydispersity of a Pn-Ps preparation is
an indication not only of the variance of subtype
specific Pn-Ps chain length, it is also an indication
that group-specific C-polysaccharide, as well as
other contaminants, ma& remain in the Pn-Ps
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10 in characterizing pneunococcal polysacchari des. : Sour ces of
anti-Pn-Ps antibodies include the Health Research, Inc., Al bany NY.,
or the Staten Serum Institute. Alternatively, type-specific anti-Pn-Ps

antibodi es may pergdgpared for this purppse according 15 jg#eaELf hods known
in the art u5|ng connerC|aIIy avai l abl e crude Pn-Ps as the inmmunogen
[ Baker et aI | mmunol ogy 20, 469 (1971); Brooke, M S J,

| munol ., éﬁaﬁﬁan Ke@s rmyted? amwéml Aust. J.
S B ol ol atadile G TP e gl ol s
(1979)]. even be co#télatéﬂww1ﬁM|adnetse(fmmuneurnxpcnsegenlc.
the Pne P preparat fon. SPCCich ofa BALES, (HRE ¥ avta ez?pﬁﬁli'ﬁf“ o
[[err]-Gal (1- Dobrsagehariie [molecylap (3izg -Glegrnasnd 5- (PQerr](2)]
Sobt[]g} thgrmo oLy ﬁi%%\?f)ésﬁ %%;@&W&E?é&tl accro Thi s
:;t:o may be ocilfeg?ﬁ% pa °°h?€r %Pﬁ ‘i)%é?ée’iﬂg}me
polysaccharldasopropanol (IPA), solub111ty after size reduction.
The basis of this selection is that for a given Pn-Ps
preparation, the alcohol solubility is inversely
10 Proportional to chain length, which in turn is
~ proportional to molecular weight. Thus, the
procedure has been applied successfully to
quantitatively isolate consistently sized populations
of molecules with significantly improved homogeneity
y5  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
29 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
a0 fractionation of the size-reduced Pn-Ps is
chromatography of the aqueous size reduced Pn-Ps
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- 16 -

w th 36% hydrofluoric acid for about 2 hours at 45-65[err] C

followed by 2Mtrifluoroacetic acid for about 16 hours at 100[err]C and
hi gh perfornmance ani on exchange chromat ography with pulsed anperonetric

det ecti on.

amounts of the

7I-‘Zg;l,gl'%moeaks representing gpproxi mately equ JE 1 O
carpohydrate conponents i's thus an catlon of

mai ntai ned integrity. Essentlally t heoreti cal ratlos of car bohydrat e
conponents ar g hrou H“%!ﬂ‘t o 1t ld i A1 RAMA i I ﬂ%ssﬁpmmds of this

i nvention,

10

15

20

25

30

wi t hin ou o the, discre anC| from,€0 he retica
values belng TSR Qnﬁhﬂ othe of

tkfgsin, or
1nclud1ng and fract1onat1ng polysaccharide in the
200-1000 kilodalton molecular weight range. HPSEC
using a rigid size-exclusion matrix is convenient in
this respect to reduce delay and increase

resolution. Selection of fractions eluting from the
column with a predetermined viscosity or retention
time or by on-line detection yields a popuiation of
 Pn-Ps molecules with the desirable characteristics of
size, viscosity, and purity disclosed above. .

Preparations of Pn-Ps taken through the
additional steps of IPA or chromatographic
fractionation behave more consistentiy during the
chemical coupling steps and therefore produce
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
manipulations 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
-application, the Pn-Ps is conjugated to a T-cell
dependent carrier. One. highly preferred method of
accomplishing this conJugatlon 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
(Merck Case # 18108); and see Examples 3, 5, 7 and

r resin capa

-
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limtations in the art of the method. Thus, upon total hydrolysis:

Pn23F: Ps has a ratio of about gl ycerol : rhammose: gal act ose: gl ucose =
1:2:1:1; 15 Pnl 4-Ps has a ratio of about

N acetyl - gl ucosam ne: gal act ose: gl ucose = 1:2: 1; Pnl 9F-Ps has a ratio
of abeut ' &ngaﬁﬁe:nannosanine:glugo§§-5 1:1:1,; PRleBe-Rg has a
rati o of about gl ucose: gal act ose: rhammose: gl ycerol : acetate

3:1: 1011, Pn9V-Ps has rati o of about gl-ucose: '

e hosta o <M MBEE, NI iysRegicn empotifent oot oy
N-acétyl-nann5§aﬁﬂﬁg?ﬂba?§pQP9Fuéas_aﬁﬂéES§ISBFSSQ*PWénum hydroxide
: gal act ose: pyr gedt.e Thislid hctomplisted,i for Emdmple, by has recently
been found, 10 £9ba R thadd ol Wliugare, pERTRORBIkEsRSULAVRL ot FPLC
(2- ami no- 2, 6- ditdeaxgbacentrationdofs 2PnpePwl( Béir Fer-Ps. Pogtions,
Carbohydrate Rggy $2*adidtet®46hl, 1:57 8haPi:10 with sterile
' water. Portions of each of these samples, including
a portion of the 20 pg/ml stock, are diluted 1:1 with
an aluminum hydroxide diluent containing 0.85 mg/mL .
A1%¥3, 1.7 % NaCl (w/v) and 100 pg/mL thimerosol. The
10 solution pH is adjusted to about 7.5 with 1N NaCH
resulting in solutions having a Pn-Ps concentration’
of 10, 5, 2, and 1 pg/mL. Doses of about 0.1-0.5 mL -
of each of these formulations are appropriate for
administration to different age and weight range
15 recipients. The conjugate vaccine, formulated'as
described, has been found to raise significant,
subtype-specific, anti-pneumococcal polysaccharide
- immune responses in 2-3 month old infant monkeys for
Pn6B-Ps-OMPC, Pn 19F-Ps-OMPC, Pnlé4-Ps-OMPC, and
20 Pn23F-Ps-OMPC. The Pn-Ps-OMPC conjugate vaccine has,
in addition, been found to be T-cell dependent in
athymic mice. _ '
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 useful application in the
preparation of conjugates other than those comprising
partiaily hydrolyzed and fractionated pneumococcal
polysaccharides. These conjugates could then be used
30 to prevent diseases caused by other pathogenic
organisms. For example, the group B streptococci, a
cause of heopatal meningitis, Neisseria meningitidis
B a cause of infantile meningitis, or E. coli, an
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-17- al so has an additional conmponent, probably a hexosam ne,

whi ch. has not been reported in the literature, and for which definitive

i dentification is still pending. These and additional theoretical

pol ysacchari de repeat conpositions are reported in 5 the foll ow ng

references: J1H2GGHBan Dam et al ., - 3@arbohyd. -Res. 18182B@TA(1988); H..

J. Jenni ngs, Adv. Car bohyd. Chem 41, 155 (1983) and references

~therein; J. C Richards and M_Perry, Biochem Cell. Biol. 66, 758
(1988). | n addmpostand tCamSE) Of mmrrydrtmtoomp@n@gﬂgl.m@de are

phosPhate other opportunistic infections, could be used as
polysaccharide sources. o
| Another use for these novel Pn-Ps compounds
is the preparation of compositions comprising one or
5 more of the partially hydrolyzed, fractionated Pn-Ps
compounds in an unconjugated state. Thus, because of
the improved purity of these compounds, a composition
superior to 23-valent or l4-valent vaccines could be
prepared (see Physicians Desk Reference, 1990
10 edition, p. 1431). Such a composition should contain
about 50 pg/mL of each novel Pn-Ps compound and
should be administered intramuscularly or
subcutaneously. A total dose of about 25 pg, or
. about 0.5 mL, of any given Pn-Ps subtype should be
15 sufficient. Both the conjugated and free Pn-Ps
compositions may comprise, in addition to an inert
carrier such as sodium chloride plus a preservative,
additional antibacterial, for example PedvaxHIB®,
| antiviral, for example anti-influenza antigen, or
20 immunomodulatory, for eiample adjuvant, 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 cqmprising immunologically effective
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acetate, and pyruvate sidegroups in several of the Pn- Ps of i nterest,
with sonme of these being I mmunodom nant features. As such, these

- conponent s may al so be nonitored (see Exanple 30). Quantitation 15 of
nonosacchari degyj peppso a -useful means_fg§ _ quantitatiygpgptgl Pn-Ps

. concentration 1n a sanple. A further element in the
antigenicity of the subj ect pol ysaccharides is the naintai nance of

“what - hasahe@it € 3bf ceh@ Propé Ocsfmﬂimain@aiﬁme" ig¢ nindud@d
pol ysaccharid

f
Exp. Med. 97'{ e%i é)rl%gx!?g%gﬁl\é See gacel"rﬂessligf%’r ngk %%E?‘S%ﬁ%q?y appears
to be expresseldepautls)nAy mm-bAgﬂnoMelm@ahMmgMIDS)r ndipthehba,

reservatton g HyeT eVef—’ét?ﬁf?“*@gs'%f BpE Abel £ 2O o
iii.-Mninal cxm@trimtedmp@lp@.mys r¢tieE§_e_QBthlB. ~ Anot her
i ol L ey EhElukial o) o8t esbered has RENE peLOIRGY, Son el on,

selected from those just: ment1oned ate selecte

among PevaxHIB®, Recombivax HB®, M-M-R®, and a '

trivalent DTP vaccine. :

These and all other uses of the novel Pn-Ps
10 product of this invention are to be considered within

the scope of this disclosure. The following examples

are pfovided to further the disclosure and should not

"be construed as beingllimiting on the invention;

15 ' -EXAMPLE 1
Culturing Streptococcus pneumoniae subtypes and
Isolation of Crude Pn-Ps:
I. 1 i m: . ,

20 Methods of culturing pneumococci are well

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

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

25 non-motile, Gram-positive, lancet-~shaped diplpcocci '
that are alpha-hémolytic 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.
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-18- preparation, chromatography of the hydrol ysate, and
conductonetric detection of choline. Al ternatively, the non-hydrolyzed
pol ysacchari de may be anal yzed by NWVR for choline. The NMR techni que
uses the ratio _of the choline signal to the rhamose 5 met hyl_ signa
(for Pn-Ps contiZfiG® a rhammose; a — 3ifferent signal ﬂ@ﬂségﬁer Pn- Ps)
for calculating the . C-Ps content. The chromatographi c nmethod uses the

ratio of the choline sigpal to either the pol ysaccharide content
det ermi ned by COﬂdUCtON&B’ﬁ &Ifyth 8955?‘%?%%&@ FesusRendess 1% monent

peaks to Bdaxt InfusionCEiothoaindntan lal iguoite ofnhieod, st andar ds
of known concelyd Wue¥ HUH'Ys2Ws®Y to inoculate 100 ml of |

Heart Infusion Broth containing 10% defibrinated
rabbit blood, which is incubated as a stationary

5  culture for approximately 18 hours at 37°C + 2°C.
The 100 ml of liguified culture (working seed) is
checked for purity 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. approximately 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 1+ 2°C
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direct calculation of the level of choline present in - a pol ysacchari de
preparation once the choline 15 - concentration is known, using the

t heoretical repeat structure of C-Ps [Hermans,. et al., Recl. Tray.
Chim Pays-Bas, 107, 600 (1988)], the concentration of C- Ps : i n
a pol-ysacchari dg2yGaEBar ati on i s known. - 35 - Pol ysacchari dd8282déntrati ons
of Pn-Ps sanples are 20 nmeasured according to nethods known in the art.
For . exanmpl e, total polysaccharide concentration nmay_be

det erni ned by wdth mijdr aigidiadion £ pppyoximaielie2-12 hogx§ -neasur ement
of the concent igld gy gfs RoMGRILER to 6.0TRAOTALCHY kel pREieamRAriNg the

C-Psr concentration to tqtal _pal ysqcchari,de ,conce tratlon the degree

of ' C—polf@&é@ﬁ @€ sodiam hydroxidsy wpludign.or A fegmenter | o ¢ g
of C-SO|yzaCCh%bhﬁgfhahEWFQ%>GWﬁm%sobftQh%hmococcuﬂoﬁﬁamﬁmhaﬁldF a[)eI »
consi dered acc e, but e e el ow

30 QFP@%W@ °€aF1;§Fgg \%o% ry, Shatkeé of) i

Pn6B- Ps angl tmﬁe)tc@n@foﬂam&@:—ﬂa& Mummlcused’rloﬂuctmn Medtina | beI oW.
These data shoyre Selisdd ey ct 361traf&1t‘} e’ UCBN, Oar R %

resulting from cess described he
. (approx1mately 25 gm/liter), is 1noculated with

approximately 50 liters of one 2-12 hour seed
culture. The culture is incubated at 37°C & 2°C with
10 " mild agitation for 6-30 hours depending on which type
is being grown. The pH is controlled at 6.0 to 7.2
by periodic additions of sodium hydroxide solution.
The fermentation is followed by optical density
determination, and the fermentation is terminated
15 when the dextrose is completely utilized as indicated
by no further changes in pH.
The pathogenic organisms are killed
immediately after fermentation 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.

II) Isolating Crude Pn-Ps:
Denatured alcohol is added to the killed
25 culture in a sufficient quantity to precipitate cell
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 by centrifugation and the supernatant fluid discarded.
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TABLE | Characteristics of

Hydrolyzed and Fractionated Pn-Ps Pn-Ps Preparation 6B-1 6B- 2
23F-2 5 Viscosity End Pt 1.094 1.147 1. 350 '

23F- |
1.376
(CL-2B)
S

S

S
S

10

15

20

25

30

Kd 0.62 0,62 0. 49 0) Kd
(P&S@B 0.60 0.71132 -~ ND ) N&rﬁ%ﬁ‘ha’ri de
. S .

S Antigenicity: 10 Qucht erl ony
Nucleicsécid contamination is reduced by
solubilization of the poleacCharide in a neutral
aqueous solution such as 1-5% sodium acetate, or .
0.05M phosphate buffer to which is added nuclease and
about 0.01 M magnesium chloride. After about 60-120
minutes at about 36°C, the pH is adjusted to about’
8.0 and a protease such as trypsin, is added to
digest proteinaceous contaminants. '

| Additional impurities may be eliminated by
repreciptitation of the polysaccharide in sodium
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
aliquot of denatured alcohol 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.
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.

S

- EXAMPLE 2

Pr rati rtially-— rifi n6B-Ps:

(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
solution 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% (wiv).
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Nephel ose S S S - S- Phenol : Sul furic

S S S 15 S Satisfactory In Tabl e
Il b€l ow, chem cal and physi cal paraneters of several crude
pneunococcal 20 pol ysaccharides and of the corresponding hydrolyzed

and fractlonat

Nunbers presenfe

limts of
bei ng prepared.

10

15

20

25

.of 3.3%.

30

are approxi mate W thin experinent a
detection for the conpl ex pol ysaccharide conpounds

(2) Serological Probe: An isopropanol (IPA)
fractionation pilot study and antibody-directed
end-point Nephelose assay, performed on a 10 mL
portion of the sample, showed that the Pn6B-Ps would
precipitate at 40-50% IPA.

(3) First IPA Addition: The hydrolyzed sample
(volume - 1210 mL, from step 1 above) was brought to
43.5% IPA by the addition of 932 mL IPA (added
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
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 CaCl, at room temperature in preparation for
analysis. |

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

It had a Ky of 0.62 and a phosphorus ‘content
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172/GHB : ~ 38 -~ 18282IA
EXAMPLE 3
n n B— i : -Pg~
A rati £ wex 2 I mmonium
Resin [Dowex 50 (BuyN¥)]:

- Dowex 50x2 (200-400 mesh) HY form, (72 9]
was slurried in water, charged to a column, and
washed sequentially with water, 6N HC1l, and then
water until the effluent tested neutral to pH paper.
A 10% agueous solution of tétrabutylammonium
hydroxide was then run through the column until the
effluent tested strongly alkaline. Finally, water

- was run through the column until the effluent again

tested neutral.

"B. P 4

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
all solids went into solution (1.5 h). The
pblysaccharide solution was applied to the rinsed
resin and allowed to pass through the bed by grav1ty
(4.5 h). The column was washed with water (10 -12
mL) and the combined effluents lyophilized, providing
640 mg of dry Pn6B-Ps tetra-n-butyl ammonium salt,
Pn6B(n-BubN+).

C. EHQB—EHAZ:

_ Pn6B(n-Bu,N*)(640 mg) was dissolved in
dimethylsulfoxide (DMSO) (24 mL) and magnetically
stir;ed for 30 min, at which time all solids appeared
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- 21 - . B. Process for Making the Novel Pn-Ps Conpounds of t he

I nventi on: In disclosing this process, several stages

are distinctly described: 5 a) Isolating crude pneunococcal

pol ysacchari de, ' ~ Pn-Ps; b) Partially-hydrolyzing or

mechani cal | y- g ' the crudggPn- Ps; C) F&ggghqg ting the
partially-hydrolyzed 10 pneunococcal pol ysaccharide according to size

and . purity to generate the Pn-Ps product of this

i nvention. to bh inS@oduitioncr Ude RhdeTRIREGRe Rakyaddedali,de
and th .Crude

S Pt ococous IISUISS TR Ths,g,mesh WHCTARIReRlBRES ot ocs
[ Exanpl e 3, am¢1rred ali Iricdomntemperatnren{6Chaie) .M IW a, skpalrade i n

flask, a solution of butanediamine dihydrochloride
(BuAp®2HC1, 1.022 g) in water (16 mL) was made basic

5 (pE 10.2) by the addition of 10 N NaOH. The solution
was filtered through a 0.2 um sterile filter, and
cooled in an ice bath. The aged DMSO mixture
containing the activated polysaccharide was added to
the cold BuA,.2HC1 solution, in a slow steady stream,

j0 and the resulting solution stirred at 0°C (15 min).
The reaction mixture was allowed to warm up to room
temperature and stirred for an additional 1 h, after
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-BuA,). The NMR (300 MHz, D20) of about
5 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 diamine methylenes and the rhamnose
25 methyl protons of Pn6B-Ps. ‘

Pn6B-BuA, (210 mg) was dissolved in pH 9.04, 0.1
M Kolthoff borate-phosphate buffer (21 mL) and the
30 mixture magnetically stirred for 30 min to effect
solution. To this aqueous solution was added a
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| munol ogy and | nmunochem stry, Vol, |, Academ c 20 !Press_(1967)]. The

pat hogen is avail able fromthe ATCC, as are crude preparations of al
23 pneunococcal pol ysaccharides used in " PNEUMOVAX] err] 23".
These powdered pol ysacchari des nmay be used as the starting materi al
for this pr ocesf, AEHE he 25 pat hogens 4g@y. be grown up anggigrera

pol ysacchari de - isolated as follows: Briefly, the crude

pol ysaccharide is obtained followi ng a l.arge scal e - culture of the
bacterlaIlﬁénﬁxﬁﬁﬁtéiébﬁ%&étfﬁg 6¥mb£n1troph ﬁdmdd&eﬁaﬁetczbmpport

Preunococcal oML SeePoninbflhoth 4 i AU LR ARG el fliES 19
- overnight (20 hr, 4° C). The solution was

transferred to dialysis tubing and dialyzed (4°C)
against the following: 1] 15 L sterile distilled H,0,

'5 12.3 hr; 2] 15 L sterile distilled Hy0, 8.25 hr; 3]
15 L sterile distilled water, 5.5 hr. From the
contents of the bag, 1.7 ml was removed for assays
(NMR and HPSEC-universal calibration) and then 0.449
g of dried pH 8 phosphate buffer salt (prepared by

10 1lyophilizing a 0.1 M, pH 8 sodium phosphate solution)

-was added. After complete dissolution (30 min.), the
solution was filtered through a sterile 0.2 pm
filter, yielding a pH 8 solution of Pn6B-BuAp-BrAc.

15 EnbB-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 pm sterile filtered thiolation

‘29 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,
NayB,07 buffer (30 mL). The resuspended pellets were

.25 homogenized (Dounce), combined, the vessel degassed
and blanketed with n1trogen, and aged overnight (19
hr) ‘at room temperature. The solution was divided
among three ultracentrifuge tubes, topped with 1 M

| - KHoPO4, -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)
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-22- Al cohol fractionation of the polysaécharide I's then

conducted in tw stages. In the first stage a | ow percent of alcohol is
added to the preparation to precipitate cellular debris and ot her

unwant ed urities such as C- polysaccharide, while the ¢ éff Pn- Ps
remai.ns in solld 245HB A subsequent addt t43rr of more 1828ZIA

wat er - m sci b] e-al cohol, the concentration'of + which is pre-determ ned on

pil ot scale, PLe [ it | ar acc r|d e IeaVIng
addi ti onal 4&%% i§$?$ ?%nfsdgiﬁﬁ q??%“h%
Resuspen5|on(jr¢tmaﬁ%péiietlwasaquammmnﬂnﬂtnnlthe filtfetedwed by rennvm
of contam nati r | cI *%E%M}w J@t hods such as
nucl ease or ﬂ%ﬁ ﬁ%&e%lrﬁy?égdsdogesjté}gn or Sﬁﬂngaﬁ} extraction. The '
crude pol ysacpexferned xmwm and ghaved an i difiento®Band drying
~toforma po‘é‘ﬂgf oP! t’i‘l’?e reacti &Qemﬁﬂnﬁse GRS Hgasted, blanl@ted

Partlally hy zing o ni cal g’ hearl ng e crude Pn-Ps:
with n1trogen, and aged for 91 hr at room
temperature.

The protein was capped by the addition of 1
mL of a sterile-filtered (0.22 pm) solution
consisting of the following: N-ethylmaleimide (75 mg)

30 in 5 mL pH 8.0 0.1 M sodium phosphate buffer. This
mixture was aged for 4 hr at room temperature,
following which, 300 pL of N-acetyl cysteamine (0.22
pm sterile filtered) was added and the solution aged
for an additional 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 pelleted by o
ultracentrifugation (4°C, 43 K rpm, 2 h), then
resuspended and homogenized (Dounce) in sterile pH 7,

20 0.1 M sddium phosphate buffer (42 mL). Following
recentr1fugat1on as before, the pellets were
resuspended in a Dounce homogenxzer in a total of 50
mL of sterile distilled water. After ageing for 17
hr at 4°C, the conjugate preparation was centrifuged

25 at 1000 rpm for 3.5 minutes in a 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), PnGB-polysaccharide
(phenol/sulfuric acid), unconjugated'polysaccharide

30 (size exclusion chromatography - rate Nephelometry)

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

eet Has Been Reﬂlaced
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20 ' Crude pol yoacchari de, prepared éssentially as descri bed

above [see al so Exanple 3 below], has been used in an unconjugated
state to fornul ate pneunococcal vaccines targeted for use in adults
and children over 2 years of age. The process steps that 25 fol |l ow
yiel d a novel, riially hydrolyzed, purjfied Pn-Ps p havi ng
uni que and def}ﬂgééﬁﬁenical and pﬁyéidél properties (égggﬁéﬁle Hl)
useful in the preparation of conjugate vaccines. Size reduction of
the crude Pn-Ps 5 £LiL] .Hpbe success of 30 subsequgni, pULi f4 cation
steps which yig?éﬁafé#%%ggkhéglagpurified Pn-Ps product. Iﬁ‘a%d#%{%%, when
used - to Protein o 2.2 mg/ml
" Pn6B-Ps/OMPC _ ' . 0.15
Free Pn6B-Ps - < 5 area %
S-carboxymethylhomocysteine/lysine 7.7 %
5 S-carboxymethylcysteamine/lysine 1.6 %
_ EXAMPLE &
ration i —H: 2z if] 14~

(1) Treatment with Anion-Exchange Resin: A 2.81

10 _gram portion of Pnl4-Ps powder was solubilized in
1124 mL distilled Hp0 with stirring at room
temperature for about 4 hours and then stored at 4°C
overnight. The solution was added to 60 grams of

_ DE52 (Whatman, diethylamino-ethyl cellulose) which

15 had been preswollen for ca. 15 hrs. in distilled Hy0
at pH ca. 5-6. The slurry was gently shaken on a
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 through a -
sinter glass funnel (150 ml,.medium porosity) and
collected igto a 2L side arm flask.

(2) Sonic Hydrolysis: The DE52-treated Pnl4-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).
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- 23 - prepare conjugates, the conjugation is nore efficient
the new Pn-Ps of this invention is used. This I s because aqueous
he crude pol ysaccharide material are-highly viscous and

nj ugat es thereof arg Iargely i nsol ub
ﬁ@e’s‘@%}and t he conjugation ftdhrocess [ tselfa%sszjiﬁlf ficult
ulting in lowyield of conjugate. In addition, renoval of

sol utiions of t
poorly sol
difficult to p
to performres
unconj ugat ed

pre-conjugatio

.n Pnngs:‘)S ];g%‘frg%glgle%?ar@é} ui%ii %ﬁpgﬁcs‘{c%isaéfﬂaymd |rrpr oved

when

t he

sol ubility. Tmzaatnonat1qngpnlotxstudy1anduantwbqﬂxﬁﬁitﬂctﬁdfree Pn-Ps in

conj ugate prepgf

of conjugate P

Pn-Ps that has

unconjugated P
"rel evant™”

pr epar ed &bove

10

15

20

25

30

f I
Ul e Ui A IO b a 10 M et ed

dose

Roftion O%leSMG;I' Q?&Q"Fe%tfrhﬂﬁ dihe PRE4-RE won ence o

?ﬂ%fﬁ%ﬁ@m&t@eéﬁ RBILYSDIERK, i mmunol ogi cal |y

he dry, crude, capsul ar pol ysaccharide as

may al so be purified, for exanple by
(4) First IPA Addition: The hydrolyzed sample

[volume - 1090 mL, from step 2 above] was brought to
39.3% IPA by the addition of 706 mL IPA (added
drbpwise 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) and the supermatant

fluid decanted. 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 with absolute EtOH,
then acetone, and dried in vacuo over CaCl, at room
temperature in preparat1on for analysis.

~ (5) Second IPA Addition and Product Recovery:
The 39.3% IPA supernatant fluid [volume -~ 1712 nL,
from step 4 above] was brought to 41.8% IPA by adding
73.5 mL IPA dropwise while stirring at room
temperature. The sample was aged and centrifuged as
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
(1385.6 mg) of the sample from Step 5 above, was
solubilized in 554 mL of distilled H70 at room
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T |I|||| | III




20 ani on- exchange chromat ogr aphy or ot her chr omat ogr aphi ¢ procedure,
prior-to or after partial hydrol ysis, as shown in Exanple 4 for

Pnl 4-Ps. The chr omat ogr aphi ¢ "adsor pti on-desor pti on nmay be used

ei ther positivvely or negatively. In the positive 25 nmode, the Pn-Ps is
adsorbed to thd72¢6HB | eavi ng i npuftft res in sol uti onl#RB2AAare washed
away prior to Pn-Ps desorption. In the negative node, inpurities

P St u Fenbraluse Epred st hoats SoThengpaEL e, &2y 5 PETRL e
directly subj epagdtransferredatoi dialheisnktubydgok2i, 000amwsbavofiEn Exarfpl e
2 for 45 mm) and dialyzed vs. d1st111e% H,0 for 27 hours
with 2 additional changes of distilled Hp0. Then the
dialyzed sample was transferred to lyoPhilization _
s  flasks, shell-frozen in a dry ice:methanol bath and
- lyophilized on a Virtis (Ereezemobile)‘1yophilizer
for 2-1/2 days until dry. The recovery of the final
Pnl4-Ps product was 1326.8 mg, which had a Ky of 0.56.
From this disclosure it should be obvious to
10 those skilled in the art that other neutral Pn-Ps
subtypes, such as Pn7F-Ps, could be prepared
according to the method-discloséd here, and
' conjugated as for Pnl4-Ps which is also a neutral
~ polysaccharide. '

15
EXAMPLE 5

Conjugation of Outer Membrane Protein Complex with
4 P i Pnl4-Ps-OMPC:

20 a. Preparation of the 1,4ebutanediamine deiivative-
of Pnl4-Ps (Pnlé4~BuAj):

A 410 mg portion of Pnl4-Ps after storage in
vacuyo over P05 for 3 hr., was covered with 26 mL
.25 of dimethylsulfoxide (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,.2HC1) in
38.5 mL of Hy0 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.
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Pn6B- Ps, or other known hydrol ytic neans, such as chem cal, enzymatic
or physical (i.e. a high pressure - cell or sonic hydrolysis). A target
endpoi nt of hydrol ysis, conveniently neasured by sol ution Vi scosity
or high-perfornmance size exclusion 5 chromat ogr aphy, is_predeterm ned
for each bdRYEBBcharide on a pil ot 4%ate such that 1828aEAgenicity
of the polysaccharide is not abrogated. As di scussed above, a nom nal

Tess than 40u of +FheoRERANGISOrPoLvEion Tran,Adtea fo “the S PRk onor
the crude Pn-Ps stgolutfonivandi etirsed an sddbtilensll Batmihacinryhe
T an aqueous. meai Tt patnsEFEuAT BheR aged at b €1 £8x 19T HEY ) LE0L T
hour to aboutafiBehowhich/thersaluvboy was | charged tghteneldy
sonl < TeRU o OebgofSopspRdEsioP ALk gtatd upiog PERlg 1 (1,
vi scositySor K[err9ff 1 cm from the top of the liquid and dialyzed -
vs: 1) 15 L of pH 7.0, 0.1 M sodium phosphate
buffer for 16.5 hr. 2) 15 L of pH 7.0 0.01 M
sodium phosphate buffer for 8 hr; 3) 15 L of pH '
7.0, 0.01 M sodium phosphate buffer for 8 hr; 4)
10 15 L of Hy0 for 17.5 hr. It was then lyophilized
| to yield 210 mg of the 1.4-butanediamine
derivative of Pnl4-Ps (Pnlé4-BuAj).

An NMR spectrum of a g@.' 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-BuAp-BrAc):

Pnl4-BuA,; (210 mg) was covered with 36 mL of a
25 0.1 M, pH 9.0 borate-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 H0
for 6 hr, 2) 15 L of distilled Hy0 for 14.5 hr
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20 endpoint. The sonic hydrolysis nethod is preferable to thernmal
hydr ol ysis for pol ysaccharides having - conpl ex structures (see bel ow).
Q her- appropri ate means known in the art to effect partial hydrolysis
of polysaccharides are al so applicable. For exanple, 25 limted chem cal.
hydrol ysis witB72JGHEB endol ytic en#pe treatnent, or 188P2Ldal shear
in a bl ender, mll, or high pressure cell nay al so be used to

reduce average Pn-Ps chai.n si ze égfer eﬁgpdlnent

the Pn-Ps is 30 a@@bj@@té@ @0°Eh9§ﬁ$&ﬂl§ﬁe§2°b§°ﬁa§s ge t AF8ly
honogeni zer at a t gipdiyied @ dtienten ofbetie Bhgrr 2Coanl were réﬂb@bﬂ]c and
pressures, betmeenfaboassay%P%mESQh%%qa92 mg of dried pH 8.0
phosphate buffer salt (prepared by lyophilizing a
0.1 M sodium phosphate, pH 8.0 solution) was
5 ~added. Solution was filtered through two 0.Z-pm
Corning filters resulting in an aqueous pE 8.0

solution of Pnl4-BuA2-BrAc (43 mL).

c. Conjugation of OMPC to Pnl4-BuA,-BrAc-Ps:
10 - | _
Fifty mL of OMPC (concentration 3.2 mg/mL) was
charged to five 10-mL centrifuge tubes and
centrifuged in a Beckman 80 Ti rotor at 43,000
rpm (43K), at 4°C for 2 hr. A thiolation mixture
15 was prepared by dissolving 350 mg of EDTA
(ethylene diamine tetracetic acid disodium salt)
. and 64 mg of dithiothreitol (DTT) in 30 mL of
Na,B407 buffer, pH 11.0. 346 mg of N-acetyl
homocysteine thiolactone was added and the
20 solution filtered through a 0.2-um 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

were 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.

T



- 25 - 15, 000 PSI, predetermned to yield a Pn- P$ pr oduct havi ng

desirabl e characteristics of size, - pol ydi spersity, and antigenicity
(See Exanple 18). A target endpoint of hydrolysis,
conveniently neasured by solution viscosity or 5 hi gh- per f or mance si ze
excl usi on chr orpg pgRBPhyY, 1S predetgy i ned for each p@2&zxAhari de on
a pilot scal e such that antigenicity of the polysaccharide is not
abrogated. As discussed above, a noni nal - ablllty to bind

anti - pneunococcal Afiper st;mlililg with dseptun @l replawingsche radr 40% of

t he bi ndi ng.exhi bi ) f%#gg 55%1 t| ude Pn-Ps
starting mat e‘?fﬂf |% cons%d%re sa% actory |ér?{kt ?a%éélflﬁll
contain, in additimixture eascgehckor dhthe. egfhe%: oL reagkifB ated with

the structure of fpcé@Rearsdoneh diviied téh?orf%’@l?fé@tdéiﬂ?hﬁigé opes of

Tover ST arr] Euhany | SAUR O HRICH AR SORRSY THA oL gbr ol ocul o (of
Table |1 )scoul d ncﬁomwrpm@dp}b%é h{ squemfes sand then _
centrifuged for 2 hr at 43K rpm and 4°C. The
supernatant fluids were removed and the pellets
resuspended. in 0.1 M sodium phosphate pH 8.0
buffer (a total of 30 mL was the final
10 resuspension volume).

A second ultracentrifugation (2 hr, 4°C, 43K rpm)
was then performed. After removing the
supérnatant fluid, the pellets were resuspended
15 by the Dounce method in the filtered Pnl4-BuA,
o -BrAc solution prepared above. An Ellman assay
at this point indicated a total of about 23
pmoles of th101

20 It should be noted that the filtration of the
Pnl4-BuAy—-BrAc solution occurs just prior to the
resuspension of the thiolated prote1n . The |
resultant reaction (i.e., Pn 14-BuAp -BrAc with

_ thiolated OMPC) was aged under Ny (with

25 degassing) in a Np box at r.t. for 114 hr.

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
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Pn-Ps which may fail to react above the 40%cutoff 20 established for

the rate nephel onetry assay, nmay be

conjugation. Thus in spite of the absence of appreciab

bi nd

and precipitate type-specific anti-Pn-Ps anti'body,

i nmunogeni ¢ in ani mal's upon

e ability to
| ow

nol ecul ar wei gh n-Ps in-a conjugated state my 25 be r ed by the
manmmal i an innuni7£z§¥§n1and a good, Eéype specific, anfgfgﬂténncoccal
response nay . be generated. In this case, the term"anti

Criterion for acceplifte B FEFEEI BRECE ME adfed o the, aRfS

I n practice,

geni c"
gLative
preparati on.

homevereaCtlos m1xturanandc@maénf@nt4tbrut|Thzn.thean vitro

- antigenicity OEIATBL 2 LA PPItEREd (MELLdR VY hIBEEREN O tY

paranmeter as a process contro
cysteam1ne solution (900 pL/2.1 mL of 0.1M pH 8

- sodium phosphate buffer) was added and the
5 mixture aged for an additional 22.5 hr.

The capped reaction mixture (35 mL) was divided
among 4 centrifuge tubes and centrifuged (43K, 2
hr., 4°C). The pellets were resuspended in 40 mL
10 TED buffer (0.1M Tris, 0.01M EDTA, 0.5% DOC, pH
'~ 8.5) and aged at room temperature for 19 hrs.

The solution was then centrifuged (43K, 2
4°C). The pellets were resuspended in 40
PH 8 sodium phosphate buffer, and then

hr.;
mL 0.1M

15 recentrifuged (43K, 2 hr., 4°C). These pellets
were resuspended in 44 mL of distilled Hp0 and

aged at 4°C for 17 hrs. A low speed

centr1fugat1on (1000 rpm, 3.5 min.) afforded a

small pellet which was d1scarded The

20 supernatant fluid was removed, resulting in 43 mL

of bulk conjugate, having the following
analytical characteristics:

25

30
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- 26 - In general, the sanme size reduction procedure is-
appl i cabl e to nost pol ysacchari des. However, whereas the Pn6B- Ps :
retains it antigenicity upon extended thernmal size reduction, Pn23F-Ps
and ot her nore conpl ex. pol ysacchari des may | ose 5 structural
integrity (renoyval of glycerol-phosphate si de chains Lring the
nore gentle sizb72£668Bt on achPevaDI@gby soni c or phisi%ggzgﬁegr

nmeans. Physi cal -shear, for exanple in a Gaulin honbgeni zer, is a

preferred nethod for seviral reasons. First, 10 ~¥¥h§%g§thod i's amenable to
scal e-up. Second, = . = t hods generally
require a followup fractionation of the hydrolyzed - Pn-Ps to achieve

pol ydi spersitieg in t bet ween 1.0 " he physical - shear
met hod, 15 homeéér,-gg%eggﬁ?§n§ields Pn- Ps prod%%? %%gfﬁﬁ a

po!ydispersity that falls in this range w thout further fractionation.
This material ngy, hope¥eein ‘1300 mcg/mL

S
Ps/Protein ratio (Calc.) 0.30

c. Free Ps ' «5 area %

10 d. Amino Acid Analysis

SCMHC/lysine 9.8%
SCMC/1lysine 3.5%
15
. EXAMPLE
Preparation of Partially-Hydtolyzed, 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 perfbrmed to obtain a viscosity endpoint of 1.206
3p 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).

iiimin
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be fractionated to achieve additional increases in purity and
decreases in polydispersity and G Ps 20 contam nation. Third, the
physi cal shear method may have the virtue of greater reproducibility

and scal eabjil, | for any given Pn-Ps,as conpared with her mal or
soni ¢ hydrolysizbéééﬁs. Fourth, the ~ §Bh'ysical shear ne}ﬁ%ﬁzgépears to

provi de sonme 25 advantage in the production of Pn-Ps product which
may Fketain nor nt § } CJ - L veR si N Ps of the sane
S ze produced F8osohbEobfbital BrObEt " hncigFptiBinoL (xS o
Viscosity, whifpactienatien pblaberbtydyPandsangibodyoderectedvei ght, is a
conveni ent i n- @heCEEEnt NephEP6FECEESayO PRPESPhed 208 aS16adL! v fol | oved
during hydr o ¥SIS to lrmt and contrgl t he dﬁ ree 8; sj.ze
reduction. CheRPEREPY @fgtheysampiey showed that the Pn Z3F Ps

would precipitate between 35-457 IPA. -

(3) First IPA Addition: The hydrolyzed sample
[volume ='1165'mL,'from step 1 above] was brought to
41.0% IPA by the addition of 810 mL IPA (added |
dropwise with stirring at room tempenature).' Thei

10 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

- 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 CaCl, at room temperature in pfeparation for
analysis. -

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 H,0 at room
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- 27 - I ndi stingui shable lots of Pn6B-Ps and Pn23F-Ps have ‘been
prepared sinply by size reducing the pol ysaccharide to a consistent,
target endpoi nt viscosity (see Table | above). Such use of :

I n-process viscosity nmeasurenents is applicable to a wi de range of
crude pol ysacchapiyges, allowi ng for - heLr hydrolytic sipgegpgduction

w thout alteration of - the resulting Pn-Ps's antigenic characteristics.
As . described above, retention of antigenicity is easily

established, fegempezaghee fyrag-Guhbuesl.onThéOsoldetibhe(2nbungdimLHusi on

Targut end:poi das,fasgetefEed; o d1divaiE' R8BIngTCHD OO E Bhkosein, o
prepar at i ons |ﬁ50m0%>and déedyaedcmeor ddetiddednByp0ant A°6vEAed2i/n Tabl e
11115 bel owhouPsMyligh YahﬁaitEBBaQtEﬁ&nE@sPBfSH@E¥@Qieﬁrﬁzo.

Then the sample was transferred to lyophilization

5 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 1703 mg. The final product had a K3 = 0.60.

10 EXAMPLE 7

Conjugation of Quter Membrane Protein Complex with
Pn23F-Ps:
a. Prepatation of Dowex 50XZ (200-400 mesh)

15 tetrabutylammonium form resin [Dowex 50 (Bu,N‘t)]

Dowex 50X2 (200-400 mesh) H+ form, (72 g) was
slurried in H»0 (The water used throughout these
processes was pyrogen-free, sterile, distilled

20 Wwater), charged to a column and washed sequentially
with 1] 800 mL of Hp0; 2] 400 mL of 6N HC1l; 3] 300 mL
of Hp0 until effluent is neutral to pH paper; 4] 250
g of -a 10% agueous tetrabutylammonium hydroxide
solution until effluent is strongly alkaline to pH

25 paper; 5] 750 mL of H,O0. '

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 Hp0. A 450 mg portion of sized Pn 23F Ps
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appl i cabl e: '
for Crude and Hydrol yzed Pn-Ps: 20
Tar get Endpoi nt

(centi st okes)

1.5 - 1.00
- Pn9V- Ps

1.2 .

- 1.00 30

Pn23F- Ps
5
10
15
20
25
30

Table 111 . Sol ution Viscosity

Pn- Ps Subt ype

Vi scosity of

Crude Pn-Ps Vi scosity
(centi st okes) 25 Pn4- Ps 1.8
172 FGBB- Ps 4.2 - - 1.318282D8
1. 4 1. 3 - 1.00 PnI4 Ps
1. Pnl 8C-

pﬂggpcpgered w1th 50 mL »0f HZO and stigred fq;O@ 5
hr. Thisbsolution was appbied 1t&0the column and

allowed to percolate through by gravity (Qg; 2 hr).
At this point vacuum was applied to bottom of the
column and elution (under-vacuum) continued for an

additional hour. The column was washed with 25 mL of

Hy0, and the combined effluents were lyophilized

affording 0.5 g of the Pn 23F (Bu,N‘t) salt.

This was

stored in a vacuum desiccator over P,0g5 for ca. 17 hr.

c. Preparation of the 1,4-butanediamine derivative
of Pn 23F Ps (Pn23F-BuAj)):

The 0.5 g of Pn 23F (Bu,Nt), from step b above, was
covered with 25mL of dimethylsulfoxide (DMSO) and

stirred for 15 min. to dissolve.

To this was added

22 mg of carbonyl diimidazole (CDI) and the resultant

hr.

solution stirred at room temperature (r.t.) for 0.5

A solution containing 507 mg of'l, 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 um GV filter and cooled in an ice bath.

The aged DMSO solutidn 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 -
dialysis tubing, clipped off 1 cm from the top of the

ligquid and dialyzed vs:

1) 15 L of pE 7.0, 0.1

M

1
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- 28 - In the case of sone pneunococcal pol ysacchari des,
It |Is-advantageous to include an additional purification step such as
- an ion-exchange step prior to or after partial-hydrolysis. In the
case of Pnl4-Ps, this step is accOanished by a batch 5 adsorption by

What man DE52 r ani oni c i mpurghies prior to par ni c
hydr ol ysi s. gih?G pol ysacchari de belnggneutral IS recov%?e ng t he
super-nat ant fractlon in readiness for hydrolysis. It shoul d be obvi ous

to those skill ggatdn! PhofEhat Babuifor 2bH1 1ATNPLORFINS oh 4! prDP. GpP! i cabl e

to other neuir al sacchar| des, . suc
Mol etul ar melgﬂtoﬁaMu§§d#BP phesppate bufferphest18n2 hre 3dok® Boo

ki | odal t ons (KEEFﬁ fere, 0. 01 nndoabemt ﬁQQpKEtefbﬂffét2£ofeﬂmcsIon and 15
fractlonatyon f)PT§ o? HZBe %SBSCB'VG va&g Sas then
1yoph111zed to yeld 220 mg of the 1,4-butanediamine
5. derivative of Pn 23F Ps (Pn23F-BuAj)

An NMR spectrum of ca. 6.9 mg showed a 'loading' of
approximately 23.5 butanediamine residues per 100
repeating units of polysaccharide defined by

10 comparing the integrals of the butaned1am1ne

| methylenes and the rhamnose methyl (of Pn 23F)
-resonances.

d. Preparation of the bromoacetylated butanediamine
15 derivative of Pn 23F Ps (Pn23F-BuA-BrAc):

Pn23F-BuA, (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
20 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 Hy0 for 8 hr, 2) 15L of Hp0 for 12 hr and 3) 15
L of Hpo0 for 6 hr. From the dialyzed contents of the
25 bag were removed 1.5 mL for assays and then 490 mg of
~ dried pH 8.0 phosphate 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. '
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are about 1000 KD or nore before, and about 400- 500 KD after. Thus,

reduction of Pn-Ps size to about 500 - plus-minus about 300 kil odal tons
i s ani appropriate target for this phase of the process for each Pn-Ps .
20 subt ype. Reprecipitation of the partially hydrol yzed
materjal wth er m ned concentratio of "al cohol recovery
and furt her E??? gation of the parglarly hydr ol yzed #ﬁ£é§¥ﬁ

described in 25 subsection (c) bel ow c) Fractlonatlng the
partially- hydr lyz R agcopdi 0 ze Eltyi

The pol ydi sper |ty8§?3§gg§13n f MP t?%néﬂsaggo Bﬁh B9§|ca ion not only
of the variance of subtype speC|f|c Pn- Ps chaln length, it is also an
(ndication  sixthahiOpape- ¢Beg! ﬁgﬁmﬁ%pahxseﬁsbgéadeo §8x"BbLmBS

_other contam nants, nay renain in

* centrifuge tubes and centrifuged in a Beckman 80 Ti
rotor at 43,000 rpm (43K), at 4°C for 2 hr. A
5 thiolation mixture was prepared by dissolving 260 mg
of EDTA (ethylenediamine tetracetic acid disodium
salt) and 52 mg of dithiothreitol (DTT) im 30 mL.of
Na;B,07 thiolactone was added and the solution
filtered through a 0.2-pm Corning filter (cup type).
10 ‘ '
The pellets from the above centrifugation were each
dislodged with 3 mL of the filtered thiolation
mixture (20 mL total) and transferred to.a Dounce
homogenizer and resuspended. The tubes were rinsed
15 by serial transfer of an additional 6 mL of the
thiolation solution. The rinsing process was
repeated with an additional 4 mL of thiolation
solution. The combined rinses were'homogenized in
the Dounce and the total resuspended material (28 mL)
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
_ was 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
nL was the final resuspension volume).
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- 29 - preparation. As noted above, residual C- pol ysacchari de
contam nation is not useful and may . even be correlated wth adverse

| mrune responses. Sel ection of a narrow range -of average

pol ysacchari de | ar size (decreased 5 pol ydi spersiigigsfa .

conveni ently acco I'shed by di fferential al cohol, such as ethanol and
preferably | sopropanol (I PA), solubility after size reduction.

The basis of thise8Sh@ChiePaleehtpirh@itfolli ¥2MPN-FeC, 43KPEERRAration, the
ortional 'to chain | ength, which in

?Lfgh?L sOIUbb&%%gFﬁgﬁhg¥ %é%%%régﬁfﬁgéo SBOYIngHthe fyRernatant cedure has
been applied sgtebdsftheéypedlets wet@ntéswspendedibyl the Bomscstent|y sized
populations  ,ethod in the filtered Pn23F-BuA,-BrAc solution
prepared in section 7.I.C.3d. An Ellman assay at
5  this point indicated a total of about 28 pmoles of

thiol 'in the resulting solutionm.

It should be noted that the filtration of the
Pn23F-BuA,-BrAc solution occurs just prior to the

10 resuspension of the thiolated protein. The resultant
reaction (i.e., Pn23F-BuA,;-BrAc with thiolated OMPC)
was aged under N, (with degassing) in a N, 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. ' o

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

25 buffer was added to bring the total volume to 40 mL.

' Thirty-five mL of this solution was charged egqually
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
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of nolecules with significantly inproved honogeneity 15 over the starting
si ze reduced Pn-Ps.. |n-process control of IPA fractionation is

provi ded by performng a pilot experinent to predict the range of

| PA over which the Pn- Ps preci patates. An ~anti body-directed Nephel ose

assay-is enplo¥9$ﬁb§§ 20 moni tor the fr%ctlonatlon to enigzgggggntitative
g i

Pn-Ps recovery s i nprovenent ; cont am nat i
C- pol-ysacchari de, the group- speC|f|c pol ysaccharide common to many

di fferent TIARSUERC RO o M ' 9 rs?.dﬂﬁeﬁeB*gEhB'Ih%Q‘?Utanﬁto 25

20 fold over the Tév and i'n crudé Pn-F arations
addi ti on, the ksRaskezred 1o a DOUDGGIPQP9§§P§PF§ ofT ﬁecPﬁipéfHEGparatlon

i s concoRybaR! kieriec@eadAlny &ahw%anwabnuhnla@dit&onal 8 mL of An
alternative apq&@ﬁ h _to the |PA 30 fractionati ﬂbhe Si .z 3duced

Pn-Ps is SEEET ARghyBsr PEYdeks Z55UspeD epeé e BLpfo %51

and aged at room temperature for 20 hr. The aged
5 material was centrifuged (as described above) in four
10 mL tubes at 43K, 2 hr., 4°C. Each of the pellets
was dislodged with 8 mL of TED buffer, the tubes
serially rinsed with 8 mL of TED buffer, resuspended
and centrifuged as described above. These pellets
10 Wwere then resuspended in a total of 40 mL of 0.1M pH
7 sodium phosphate buffer and recentrifuged as
described above. The pellets were resuspended in a
total of 44 mL of water and aged at 4°C for 17 hrs.
. A small amount of insolubles were removed by a low
15 sSpeed centrifugation (1000.rpm, 3.5 min.) affording
the product in the supernatant fluid.

The resultant supernatant f1u1d is the drug

substance, bulk conjugate vaccine. The conjugate ‘had
20 the following analytical characteristics:

Test Results

a. Ps Content ' 284 mcg/mL
25 b. Protein | ' 2025 mcg/mL
Ps/Protein ratio (Calc.) 0.14
c. Free Ps - <5 area %
d. Amino Acid Analysis.
"SCMHC/lysine 6.7%
30 SCMC/1lysine | 1.6%
N T




- 30 - t hrough an appropriate size-exclusion resin, for exanpl e
CL-2B resin, or any other resin capabl e of I ncluding and fractionating
potyeaccharide in the 200- 1000 kil odal ton nol ecul ar wei ght range. HPSEC
using a rigid size-exclusion matrix is convenient in5 this respect to
reduce del ay anwzyggnease _resol utiop7.~Sel ection of f18282DAS el uting
fromthe ~colum with a predeterm ned viscosity or retention time
or by on-line detection yields a popul ation of Pn-Ps mol ecules with
the desirable characteristics of 10 EﬁﬂﬂBL_JﬂfﬁxBIty, and purity discl osed
above. i . bONS : L & g

addi Tional f [

con5|stently during theCrude PhequGPCQGLpPOHQGStﬁéﬂ aﬂﬁubhbiéeérétproduce

a concentration of 1.5 mg/mL in water by mixing
overnight at 4°C. A more concentrated solution of
5 - Pn-Ps was also prepared at 10mg/mL. Addition of 50mM
CaCl, was successful in reducing the viscosity of the
10 mg/mL solution to the viscosity of the 1.5 mg /mL
solution. The solubilized Pn-Ps was then passed
through a Gaulin homogenizer set at one of four
10 DPressure settings: 2000, 5000, 10000, or 15000 PSI.
' The sheared Pn-Ps was then collected by addition of
60% isopropanol made 50 mM in Caciz-from a2M
stock. The pellet was washed with 100% ethanol in an
omni-mixer, and filtered to recover the precipitated
15 Pn-Ps. The Pn-Ps is waghed on the filter with
acetone and then dried over CaS0O, (drierite) and
stored at -70°C until analyzed.' Aliguots 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 dispersity by HPSEC '
universal calibration.

MW at which anti- Poly-
Pn-Ps genicity begins : dispersity
type __IQ_QQQLLJL____T _ —(MW/MN)
25 6B 500,000 1.19
14 g 300,000 . 1.15
19F 250,000 _ , 1.09

23F 250,000 1.15.

30
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15 conjugates wth reproduci bl e characteristics. Sighificant

concomtant increases in Pn-Ps purity are al so obtained, in particular
the levels of CPs are greatly di m ni shed. ' As a result of
- the above described 20 mani pul-ati ons and neasurenents, preferred -
characteristic e Pn-Ps internedia _are as . Sy@Emoiyed in
Table 11 abovesﬁrﬁr{ﬂ%}p The novelggﬁ Ps products ofqthlgﬁ?hvention

may be used in a nunber of ways. In one preferred 25 ° application, the
Pn-Ps is conjugated to a T-cell Eﬂ&@%ﬂﬂf@t carrier. One highly
preferred met hod of accq -Iishing thrs conjugatlon i's dlsclosed in US
pat ent 4, 695, 6284 = parla of I A3 o1 urber
- 646,570, filed on 1/ 28/ %mSQ;est( N @lere@&meﬂ 3:&1@%)tabaﬂ¢ts¢exe€xanpl es 3,
_5’ 7 and T-cell dependency/immunogenicity in mice of Pn-Ps
' Conjugate Vaccines. This model was adopted because

5 children less than two years of age normally respond

well to T-dependent antigens. Athymic mice have an

abnormal thymic epithlium and therefore their

response to T-dependent antigens is significantly -

less than their normal congenic littermates.
10 A single dilution of vaccine to give a

dosage of 0.5 pg polysaccharide is injected

intraperitoneally into adult athymic mice (nu/nu) and

their congenic control littermates (nu/+) on day 0, 7

and 28. The mice are bled one week later and their
15 individual sera are tested for antibody response by

radioimmunoassay (RIA).

In the RIA, each mouse serum is combined
with c14 1abeled Pn-Ps. Any ant1gen-ant1body complex
20 formed is then precipitated by addition of saturated
ammonlum_sulfate. Each processed sample is counted
in a beta counter for one minute. The Pn6B-Ps-OMPC,
Pnl4-Ps-OMPC and Pn23FfPs—OMPC conjugates of this
invention were tested in this manner and found to
25 elicit good T-cell stimulation in the Nu/+ mice.

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

s Sheet Has Been Replaced
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- 31- .others herein. In a preferred enbodi nent, thé conj ugat e

product is adsor.bed onto al um num hydr oxi de gel. This is acconplished,
for éxanple, by preparation of a conjugate stock solution equivalent
to a concentration of 20 [err]g/m of Pn-Ps. Portions 5 may be dil uted
1:1, .1:5, and }: Lth sterile wat gg. . Portions of ea hese

sanpl es, incluépégGﬂb a portion of theggo [err]g/m stocE?zgééhdiLuted
1:1 with an al um num hydr oxi de diluent containing 0.85 ng/nL

Allerr], 1.7 %@Nggg_ﬁwkpéFgﬂaﬁgagfk@%géﬂﬁgg t pheEEa2ght Eaﬁké? solution

pH is adjusted to about resultlgg I,n,solutions having -
a Pn-Ps concenBpdelohas beep; shgwnstoobesan excelleptnflipdsad of about

O-dl_-O._- S pretzi@?f@h ¢brt khecPeavanias™ononjugatppvapeinee [Vella
con] Ugat ¢ vaccRholror Beisatales: Aptias. ShEEY: »nge BEBT68und to rai se
significant, (1990)] and was therefore selected as a model for
5  Pn-Ps conjugate vaccine evaluation.
| A dose of vaccine is injected
intramuscularly (0.25 mL into each of two sites) into
2- to 3-month-old infant monkeys on day 0 and 28.
Monkeys are bled on day 0, 28, and day 42 and the
10 individﬁal sera are tested for antibody response by
radioimmunoassay (RIA). ' :
In the RIA, each monkey serum is combined
with cl4 labeled Pn-Ps. Any antigen—antibbdy complex

formed is then precipitated by the addition of

15 saturated ammonium sulfate. - Each pfoéessed 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
pg 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-PnePs antibody responses to all
four serotypes.

30
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subt ype-speci fic, anti-pneunococcal polysaccharlde | mune responses in

2-3 month old infant nonkeys for Pn6B- Ps- OWPC, Pn 19F- Ps- OVPC,

Pnl 4- Ps- OWC, and 20 Pn23F- Ps- OWC. The Pn-Ps- OWC conj ugat e vaccine_
has, in been found to be cel |l dependent | at hym c
mce.” fyg/éﬁglt shoul d be cl ear ?aon1th|s dlsclosuié?§¥%@

ot her polysaccharldes havi ng properties as defined 25 herein, and
processes for nmaking the Ps having thg, 1 properties will have useful
application in the preparatio ates other than those

conpri sing Probective | Effiycacy yof dPreumococcabricoriugakesotnccal
polyéaccharidq%hﬁiaﬁiﬁlﬁgnjugates coul d then be used 30 to prevent

di seases caused Dby O pathogeni ¢ gani sns. FOr exanpl e, the group
B streptococci, a Eqchsehinchibhatvuas Eﬂﬂ?@ﬁ?¢ss“hﬁﬁﬁéﬁﬁ¢%ﬁiy

nmeningitidis or 1n§rﬁn@é‘é‘§?a@iylﬁi@ﬂt0190ﬂ25u Npio] Sor 4. ¢ pgodf, an

5 Pn6B-Ps-OMPC adsorbed te A1(OH)3. The Chinchillas
were bled at 0, 2,4,6, and 8 weeks. The animals were
challenged with Streptococcus pneumoniae 6B eight
weeks after injection and monitored every 1-3 days by
otoscopy and tympanometry. Middle ear effusions were -

10 aspirated for culture and the animals were sacrificed
two weeks post challenge. The sacrificed animals | -
were analyzed for middle ear histopathology. There
was 60% mortality in animals receiving no conjugate
while even the lowest dose resulted in 0% mortality.

15 There was no protection against purulent otitis media
in animals that did not receive conjugate while those
receiving conjugate were protected at levels between
60 and 100% across all dosage ranges.

20
EXAMPLE 12
Anti-Pneumococcal Immune Responses in 2-5 Year 01d
Children: -

25 2-5 year old children receiving two doses
each of 0.5 or 5 ug Pn6B-Ps were tested for
production of anti-Pn6B-Ps antibodies by RIA and
ELISA. Significant elevations in anti-Pn6B-Ps
antibodies were observed. |

30

. This Sheet Has Been Reﬂlaccd

AR R




- 32 - | | nportant cause of urinary tract, neningial; and ‘ot her

opportuni stic infections, could be used as pol ysacchari de sources.
Anot her use for these novel Pn-Ps conpounds is the preparation of
conpositions .conprising one or 5  nore of the partially hydrol yzed,
fractionated Pri-72yGHB conpounds in an Wwlcenj ugat ed st at e.18P82IA because
of the inproved purity of these conpounds, a conposition 'superi or
to 23-val ent or 14-val ent vaccines could be prepared (see Physicians

Desk Reference, 1990 10 edition, plﬁﬂﬂﬁ!&LljBuch a conp05|t|on shoul d

contain a

shoul d be adni%gg#%ﬁuo M N a

of about 25 [err]g, or The mmmseo -rﬁl‘lsofaw gm/éw Iﬂtﬁ-tlﬁs}'m}m ype shoul'd
be 15  suffi citgt polfaide M ididtiett ¥ fict® PALPES and .

conjugate preparations using rate nephelometry. The
5 range of the standard curve for the rate nepheiometry
differs for the various Pn-Ps as the response per
unit Pn-Ps mass, and the linear portion of the
response versus Pn-Ps antigen concentration profile
differs for each Pn-Ps. The procedural example given
10 here is specific for PnéB conjugate and does not
necessarily apply for conjugates of other Pn-Ps
types. Conjugate samples and standards are diluted
in 0.9% NaCl, and again are diluted to nominal
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 coﬁjugate standards from a 387 ug/mL
stock solution, the concentration of which was
determined by the phenol sulfuric acid assay for
25 - polysaccharide.

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.
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conpositions may conprise, in addition to an inert ! carrier such as
sodium chloride plus a preservative, addi tional antibacterial, for
exanpl e PedvaxH B[err], antiviral, for exanple anti-influenza antigen,
or 20 I munonodul atory, for exanple adjuvant, conpounds. - These
pol ysacchari desl aazERe coval ent conj ugaté®s - therefromIB282FA | |
provi de inportant conponents of conbi nati on vaccine fornukations. Such
conbi nati ons may, for exanple, include inmunologically effective 25
amouhts of adj vaBrocedirens Freunds or Ribi, or i munonodul at ory
conmpounds, such as the interl eukins, interferons (see for exanple
comounds |isted in: Mar ket Letter, Nov. 30, 1987, p. .26-27;_ GCenetic
Engi neeri ng Ne\ﬁsﬁsabérﬁlllsﬁﬁil,ll’w .amgd Eﬂ'—aﬂﬂar‘lﬁr using %iﬁqq}%ﬂn i%nogens.
'][lfa Itoref erred SiWdidpHdlometer us HHRASLE QL B idemertgUNOl ogi cal |y
effective s s ; '

Determine the concentration in the samples from the

s  standard curve. Multiply the sample concentration by
the dilution factor and average the values for each

test sample.

~ As noted previously, samples found by this method to
10 have antigenicity indexes below 70% are rejected for
conjugation to ensure that the Pn-Ps being used has
the desired immulogical characteristics.
_ - EXAMPLE 14 .
15 Preparation of Neisseria meningitidis 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 Eugonbrofh
25 (BBL) was added. The culture was streaked onto
Mueller Hinton agar slants and incubated at 37°C with
5% COo 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.
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- 33 - anmounts of the Pn-Ps of this invention is included wth
one or nore of the vaccines against hepatitis B, hepatitis A, non-A
non-B hepatitis, AIDS, diptheria, pertussis, tetanus, neasels, nunps,
rubel | a, i nactivated polio, varicella or Haenophilus 5 i nfl uenzae

b. Preferred agggtgmmal vacci nes, -3 ected fromthosagasgiaraenti oned,
are selected from anong PevaxHI B[err], Reconbivax HB[err], MMRerr],
and a trival ent DTP vacci ne. These and all other uses of
the novel Pn-Ps 10 pr &dleiabfof Hilse quidntieorf mome tthe eaombi dered within

t he scope of t§$ é:lvg’f %Hg gﬂlm e?‘adm!oeslo ‘ﬁ%beié)row ded to

further the di e and const rue elng limting
- on the invent|cﬁheep Blood agar plates (CBAB-BBL). The plates were -
incubated at 37°C with 5% €O, for 18 hours after
which time the growth was harvested into 100 mL of
5 10% skim milk' medium, aliquots were taken in 0.5 mL-
amounts and frozen at -70°C. The organism was
positively identified by agglutination with specific
antiserum, sugar fermentation and gram stain.
A vial of the culture from this passage was
10 thawed, diluted with Mueller-Hinton Broth and
streaked onto 40 Mueller-Hinton agar 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% 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 grown from ome frozen vial of Neisseria meningitidis

Group B, B-11 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

25 yeast dialysate medium at pH 6.35. The ODggp 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 O.D.
was monitored at hourly intervals following
inoculation. 4 liters of broth Culture, at an ODggq
of 1.28 resulted.
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15 " EXAMPLE 1 Cul turing Streptococcus

pneunoni ae subtypes and | sol ati on of Crude Pn-Ps: . Culturing
Pneunococci: 20 Met hods of culturing pneunococci are wel

known in the art [Chase, M W, Mthods of Imunology -  and

| mmunochem str ) (1967)]. Isolates of, _ pneunococgal types are
avai |l abl e fron¥9#4é§$cc. The bacte&ﬁa are identifiedﬁggszgghpsulated,
25 -non-notile, Gampositive, |ancet-shaped dipl ococci that are

al pha-henol ytic on bl cogR§arer BEYd BREnRer ~ ApProkdmatieigt @d on the
basis of Quelling reaction. usi ng speci fic antisera. Masfer and stock

seed” cul t Sa0f Resde Rt PTe WasauFed tPoROCRIEE R 30  bel ow
1 oo o i € skl Ak ot st o1
gg;tain?ng 10%9% °°mP¥ﬁ9ql¥qQQ¥9§&%Wb il ugp 258? &ﬁJOFRCUbﬁggdgat137[err]C'
[err] 2fcondli€ ifowrs doyr Chiedi0sllyi ted fermentation included
5 37°C, 185 rpm with 10 liters/minute air sparging and
constant pH control at about pH 7.0 for about 2 |
hours. For this batch, the final ODggo was 0.732
after 2 hours. , |
- 800-Liter Production Fermenter
10 Approximately 40 liters of seed culture were
~ used to inoculate a sterile 800 liter fermenter
containing 568.2 liters of complete production medium
(see below). The batch was incubated at 37°C, 100
rpm with 60 liters/minute air sparging and constant
15 DH control at pH' 7.0. For this batch, the final OD
was 5.58 thirteen hours after inoculation.
3. Complete Medium for Erlenmeyér flasks and
70-and 800-liter fermenters ' :

20
Fraction A
L-glutamic acid . 1.5 g/liter
25 NaCl : 6.0 g/liter
Na,HPO4.anhydrous® | | 2.5 g/liter
NH,C1 1.25 g/liter
KC1 B N 0.09 g/liter
L-cysteine HC1 - 0.02 g/liter
30

i
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- 34 - ' The growth on the plate is resuspended I n Hear t

I nfusi on Broth and an al i quot of the resuspended grow h is used to

i nocul ate 100 m of Heart | nfusion Broth containing 10% defi bri nat ed
~rabbit blood, which is incubated as a stationary 5 culture far

approxi mately BFHSPE. at 37[err]C. 2[ et - The 100 ml&#82%Auifi ed
culture (working seed) is checked for purity by n1croscop|c exam nati on

O ares. The ot B e G Yol OO0 (o 14%0ys
or used immediately. Tk280 tgerof Diffed rEx‘Hras:ltsm atissolmed abl e
vessel s, cqRf . &qur@%ﬁaﬁww&rg»@dw& Ebfdtion was

dialyzed in 2 Amicon DC-30 hollow fiber dialysis

units with three H1OSM cartridges. 384 g MgSO,.7-H,0

'5 and 3200 g dextrose were dissolved in the dialysate

and the total volume brought to 15 liters with

distilled water. The pH was adjusted to 7.4 with

NaOH, sterilized by passage through a 0.22 p filter,

and transferred to the fermenter containing Fraction

10 A.
For the Erlenmeyer flasks: 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%. The material was held
25 at 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 614 4
' liters of inactivated culture fluid was centrifuged
39 through Sharples continuous flow centrifugés. The
weight of the cell paste after phenol treatment was
3.875 kg. Alternately the phendl killed fermentation
broth was harvested by dialfiltration as described
below.
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containihg dextroée (25 gniliter), are inocul ated W th morking seed and
I ncubat ed stationary for 15 approxinmately 8-24 hours at 37[err]C [err]

2[err]C. The i ncubation period varies as specified depending on

the type of Stygept ccus pneunoni ae heigg -gr own. The ggofa t he
fernentation is a Jjusted to maintain a target pH range of 6.0 to 7.2
by the periodic 20 addition of 12% sodi um bi carbonate solution until an
optieal density of 1.5 to 4.0 i BJ MY Igakdtcion density is nonitored
at 660 nanoneters. A sanple of " the gromh is exam ned mcroscopically
and a serol ogi cal agglutination reaction is perfornmed to 25 check

purity. The ¢Etep il fr Gondentxatipn iand diaftildrstdoned into a seed
fernmentor containing 4 r nter Medi um
he h%ﬂc;le i?na}ft %e f é:‘%fa[?

conposed of distil e conponents for

Pneunpcoccus MWWQW)@% 0@9@&%&& amgh d.l%ﬂlelfw&%t@ UCON, and
- dextrose (appr fﬁ@'é&s?@llled wHtedr ttffH:)ng 012G HERL W fiKgpat ed at

37 c 3
terr] [erfdGers (ENRA).

sggp 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 agitation for 30 minutes.

15 _ The extract was centrifuged at about 18,000
rpm in a Sharples continuous flow centrifuge at a
Elow rate of about 80 mL/minute, at about 4°C. The

- viscous supernatant fluid was then collected and
stored at 4°C.l The extracted cell pellets were

2g reextracted 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-pm 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 between 11 and 24 psi.

This Sheet Has Been Replaced




S

- 35 - with mld agitation for approximtely 2-12 hours. The pHis
controlled to 6.0 to 7.2 by the periodic addi ti on of sodi um hydroxi de
solution. A fernenter containing 525 liters of Pneunpbcoccus Fernenter.
Medi um conposed of distilled water, a dry charge of 5 t he conponents for
Pneunpcoccus Hpgdysgdg on Medi um YUR) ,g7Yeast Extract U tygigdig ate, UCON
and dextrose (approximately 25 gnmliter), is inoculated with
approximately 50 liters of one 2-12 hour seed culture. The culture is

LIoARg) o0 3 FHAPAC, OimesGionind Noanink st s oy 050 fours,
7. 2 : gby peri odi cygg'(‘)l?? i kenka %%M%%Qf&ga%gﬁsﬁﬂ?ﬂf i édEd"‘\tall'he °
ferient ati on isbduwt | T6eN0Y g i (35, 0hsipm) at about 70°C in a

continuous flow centrifuge at a flow rate between 300

to 500 mL/minute, and the supernatant fluid was.

5 discarded. -

The OMPC pellet was suspended in TED Buffer
(190 mL buffer; 20 mL/g pellet) Step 2 and Step 4
were repeated twice (skipping Step 3).

10 Step 5. Recovery of OMPC Product
The washed pellets from Step &4 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

B and the TED buffer was replaced with water by

diafiltration against sterile distilled water using a
0.1-pm hollow £iber filter.

20 B LE 1
Purification nit of
Preparation of Purified MIEP from OMPC or From
Recombinant Cells by Polyacrylamide Gel
El T ig .

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 proteiﬁ
or recombinant host cell protein was used per gel.

30 To 1 mL of OMPC was added 0.5 mL of sample buffer (4%
glycerol, 300 mM DTT, 100 mM TRIS, 0.001%Z Bromophenol
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determ nation, and the fernentation is termnated 15 when the dextrose is

conpletely utilized as indicated by no further changes in pH.

The pat hogeni c organisnms are killed i Medi ately after fernmentation is
term nated. This I s. acconpl i shed by addition of phenol to a 20
concentration 724688t 1% and the kill—-afBowmed to prokB28z14r 2-12
hours at ambi ent tenperature. ~11) Isolating Crude Pn-Ps:

Denat ured al cohol is added.to the killed 25 cultur ci ent
quantity to prelp@;tBEe/c@pr The BéﬁFF§eaﬂasnBEPEF 59|£9§ &h%?ﬁ i s

removed by 20Cﬁﬂﬁﬁtéygaﬁdoaua’hedcwdeooml téaﬁﬁbﬂrtéﬁpesatﬁee
prec pitated (FORNLUCISURELOSHARY Chi gy ML 4RD g xgh BT conatured
super nat ant f| 200~&08cmi titilamps, with cooling, until the . : :
Bromophenol blue reached the bottom of the gel. A
5 .vertical strip of the gel was cut out (about 1-2 cm
wide) and stained with Coomassie/cupric acetate
(0.1%). The strip was destained until the MIEP band
(about 38 KD) became visible. The strip was then
placed into its original gel position and the MIEP
10 area 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 -
nt in Pn-Ps Preparati H :

Systems have been developed for quantitation
. of C-polysaccharide, based on NMR, enzymatic, or
30 chromatographic methods. 1In the instant case, the
chfomatographic'separation of choline (a component of
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- 36 - Nucl ei ¢ acid contamination is reduced by

sol ubi l'i zation of the pol ysaccharide in a neutral aqueous sol ution such
as 1-5% sodi um acetate, or 0. 05M phosphate buffer to which is added
nucl ease and about 0.01 M magnesium chloride. After about 60-120 5

m nut.es at abognggégrr]c the pHis. adjgéted to about £%%§2fﬂd a

pr ot ease such sinm is added to di gest proteinac
contam nants. Additional inpurities may be elininated by

repreC|pt|tat|@nPQ P&mpgémﬁf?$hgfdggdfg£§%€%5p§J§% agggaﬁge&nég?denatured

al cohol or isoprop ization in dis
wat ef . A@d¢©mbhrgd %tthlhbﬁ$anoth@wnmﬁxb@d%bodEhe[@hQ}tpe was

precipitates igpyatités w&hcaffoﬁeéwﬁﬁlnfa colu®Nésuprédtwpen Addition
of sodium acetate and an al | of dehajured al cohol or isopropanol

al | ows ren%WBPr%?s%ﬂd??PﬁﬁﬁﬁgYhﬁﬁr¢?$%% t19Me pol ysacchari de
Samples were completely hydrolyzed by

5 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

10 analytical and guard column, an Ion Pac CTC-1 cation
trap column, a CMMS-2 Micromembrane Suppressor,
regenerated with 50 mM tetrabutylammonium hydroxide
(10 ml1/min), and the conductivity detector set at 1
pSiemen sensitivity. The sample was eluted

15 isocratically using 5% 200mM HC1, 5% 20%

. Acetonitrile, 85% MilliQ water, 5% 20 mM
diaminopropionic acid. Choline eluted as a ‘sharp
peak after approx1mate1y 10 minutes.

Purified C-Ps (obtained from Statens Serum

20 Institut) was analyzed for choline content using this
method and a value of 5.4% choline by weight was
obtained. This value agrees with pub11shed reports
of choline content of C-Ps.

This factor was used to calculate the C-Ps

25 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

30 concentrations over 3% were rejected as unacceptable
for conjugation. The table below shows the
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'is recovered by addi.tion of nore al cohol and centrifugation. The
preci-pitate is washed with absol ute ethanol until a white powder is
. obtained. 20 - The polysaccharide is collected by filtration, washed
with absol ute ethanol and acetone, and dried under va %n1to yield the -
crude Pn-Ps as 1d2{688er . - 70 - EXANP@% 8234
Preparation of Partially-Hydrolyzed, Purified Pn6B-Ps: (1) Thermal

drelysis: A 3.0 t,i f .ud P - P | ubi,l i zed i
500 . sai i necortelgion ebothiiy mtbod wiey the; SR raflperavBREifor
ﬁbgﬂ%|4223”{ﬁ mmghfﬂs?sdnﬂ£s?ErmLk@pdtaanggns.coihamiﬂatignlgewgﬂsmgfrigfn

yaroly 35 Brdolratilons? e bn-ps o8OUAEYSEE AQDTEAL!BLALIR

for 24 hours an t 0 room ternpera . i um acet at € "reagent
(59.7 9) was added to a final concentration of 3% (wWv).
~ Sample MR ENZYMATIC HPLC
5 ) : : .
Pn6B-Ps 20% N.D. 18.47%
Pn6B-Ps 1.6% 0.3-1.0% . 1.2%
Pn23F-Ps N.D. o 2.8% 3.7%
Pnl4-Ps - 2.9% 2.4% : . 3.2%
1o Pnl9F-Ps 2.7% 2.6% 2.6%
EXAMPLE 17
Cloning of Genomic DNA Encoding MIEP:

- About 0.1 g of the phemol 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 DpProteinase K (Sigma). The cells were mixed and
incubated at 37°C for about 1 hour, after which 100
ML of 5 M NaCl was added and mixed thoroughly. 80 pL
of 1% cetyltrimethylammonium bromide (CTAB) in 0.7 M
NaCl was then added, mixed thoroughly, and incubated
25 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
30 tO a new tube and the organic phase was discarded.
An equal volume of phenol/chloroform/isocamyl alcohol
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- 37 - (2) Serological Probe: An isopropanol kIPA)
fractd onation pilot study and anti body-directed end- poi.nt Nephel ose
assay, perforned on a 10 nL portion of the sanple, showed that the

) e e :
Addi 11 on: - Th TRARBR zed sampie (vl - 1210 L, 1 PASAE 1 above)
was brought to  43.5%IPA by the addition of 932 nL | PA (added .
croput s 11 1 Y20 SOO58 IEAPE! S Rc P w I A 2l L oved to
m nutes (Beckrde aquepus (phager mixehEhorquattie: rgnd) cemtar ifuged pel | et
was © o triturgt egh vodd 208 of ¢ Cakdid 8 ARl M 1@ id4ueous piHse t hen
col.lected on a 60- si nter aql ass fupnel. 15 Theb recjpl tﬁate Wwas washed -
directly on tHR (was transferred to a new tube and 0.6 volumes
' (about 420 pL) of isopropyl alcohol was added, mixed
5 thoroughly, and the precipitated DNA was centrifuged
at 10,000 x g for 10 minutes. The supernatant fluid
was discarded, and the pellet was washed with 70%
ethanol. The DNA pellet'was dried and resuspended in
100 pL of TE buffer, and represents N. meningitidis
10 &enomic DNA.
" Two DNA oligonucleotides were synthesized
which correspond to the 5' end of the MIEP gene and
to the 3' end of the MIEP gene [Murakami, E.C. et
al., (1989), Infection and Immunity, 57,

15 PPp.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

- 0f the MIEP gene was: 5'-GAATTCAGATTAGGAATTTGTIT-3'.
These DNA oligonucleotides were used as primers for

20 Dolymerase éhain_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

30 from the gel by electroelution [Current Protocols in_
Molecular Biology, (1987), Ausubel, R.M., Brent, R.,
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with absolute Et OH, then acetone, and dried in vacuo over CaCl[err] at
room-tenperature in preparation for anal ysi s. 20 (4) Second

| PA Addition and Product Recovery: The 43.5% | PA supernatant fluid

[ vol ume = 202Q L fromstep 3 above] was brought toA%% % | PA by

addi ng gﬂlﬁﬁ_ /\dropmnse whi |l e st F‘ng at room 1 rature
The sanpl e was aged and centrlfuged as in step 3 above. The pellet

e oo 931, 1 oot A
phosphorus cod.ght and Stﬁulﬂs% , eds., Greene Pub11sh1ng Assoc.]
_ The plasmid vector pUC-19 was digested with
Spel and EcoRI. The gel pur1f1ed Spel-EcoRI MIEP DNA
‘was ligated into the Spel-EcoRI pUC-1 9 vector and was
5 used to transform E. ¢oli strain DH5. Transformants
containing the pUC-19 vector with the 1.3 kbp MIEP
DNA were identified by restriction. endonuclease
mapping, and the MIEP DNA was sequenced to ensure its
identity.

10

EXAMPLE 18
c_o_et_gm_o__gﬁ_the_p_clll_GAu_Qp_(_lALElt__e_cxg_L
The Gal 10 promoter was isolated from _
15 plasmid YEp52 [Broach, et al., (1983) in Experimental
" Manipulation of Gene Expression, 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 H Hind III. The "ADH1 terminator was"
20 isolated 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 IIT
and Spel. The two fragments were ligated with T4 DNA
ligase to the gel purified pUC18AHind III vector
25 (the Hind III site was eliminated by digesting pUC18
with Hind IIJ, 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 SphI
: to create the parental vector pGallo-tADHl. This has
30 @ unique Hind III cloning site at the GallOp.ADH1,
junction.
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- 38 - ' EXAMPLE 3 S. pneunoni ae 6B- OWPC
Conj ugate Pn6B- Ps- OVWPC: " A Preparation of Dowex -50x2
t et rabut yl amoni um Resin [Dowex 50 (Bu[err]Nerr])]: 5 Dowex

50x2 (200-400aﬂgfpé3§{err] form (72 g % %thas slurried Efsyg%gkthcharged

to a col um, washed sequenti al h water, 6N H
water until the effluent tested neutral to pH paper. A 10% aqueous

ol uim i1 e Y (PRI BINETEI Se1dBig DS e T ONON L ne
was run througﬁGthochEﬂﬁ Uﬁ%l¢h%h§e@ft¢u%ﬁwnh§@$dﬁi___t%%?%Hn&eutra
15 B. Pn6B(By{$¥)by digesting pGallO.tADHL with Hind III, gel
' purifying .the cut DNA, and ligating, using T4 DNA
ligase, to the following H ind IIT-BamHI linker:
s 51-AGCTCGGATCCG-3'
3'-GCCTAGGCTCGA-5"'.

The resulting plasmid, pGallO(B)tADHl has

deleted the Hind III site and generated a unigue
10 BamHI cloning site.

The GallOp.tADH1 fragment was isolated from
pGallO(B)tADHl by digestion with Smal and 52_1 |
blunt-ended with T4 DNA polymerase, and. gel
purified. The yeast shuttle vector pCl/1 [Brake et

15 al., (1984), Proc. Nat'l. Acad. Sci. USA, 81,
Pp.4642-4646] was digested with SphI, 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 HB101 cells to ampicillin resistance, and

~ transformants were screened by hybridization to a .
single strand of the 32p_1abelled HindIII-BamHI
linker. The new vector construction,
pCl/l.GallOp(B)ADHlt was confirmed by digestion with

25 E_lBSilLL and BamHI. ' -

30
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Pn6B- Ps(600 ng), size reduced and - fractionated (see Table | Pn6B- Ps

. lot 1. for physical
wat er (60 nmL) and the solution nagnetically stirred until

jtion (1.5 h). pol ysacchar ution was
- resin and aleﬁea to pass throu£ﬂ§§2g bed by

solids went i

n o)
applied to thei??zg

gravity
t he eonbi ned
~tetra-n- but yl

sol i ds appeare

10

15

20

25

30

-E

(4.5 h). The colum was washed with water (10 -12

properties) was dissolved in sterile distilled
20 all

m.) and

ef fl uents Iyophilized b 25 640 ng of dry Pn6B-Ps
anmoni um sal t, %%ﬁ%gg%ﬁ%%) C. Pn6B-BuA[err]:
Pn6B( n- Bu[err]G?%?tF??SiOnngf dafeasts IE@dExnreﬂﬂloﬂlW@?ﬁ?IsﬂltBX|de
(DVBO) (24 nL)Mmpgpp ap f red for 30 mn, at which tine al

A DNA fragment containing the complete
coding region of MIEP was generated by digestion of
pUC19.MIEP #7 with Spel and EcoRI, gel purification
of the MIEP DNA, and blunt-ended w1th T4 DNA
polymerase.

The yeast intérnal expression vector
pCl/1.GallOp(B)ADH1, was digested with Bam HI,
dephosphorylated with calf inteStinal alkaline
phosphatase, and blunt-ended with T4 DNA polymerase.
The DNA was gel purified to remove uncut vector.

The 1.1 kbp blunt-ended fragment of MIEP was
ligated to the blunt-ended pCl/1.GallOp(B)ADH1:
vector, and the ligation reaction mixture was used to
transform competent E. coli DH5 cells to ampicillin
resistance. Transformants were screened by
hybridization to a 32p_jabelled DNA oilgoncleotide:

, 51... AAGCTCGGATCCTAGTTGCAATG...3', which-
was designed to be homologous with sequences
overlapping the MIEP-vector junction. Preparations
of DNA were made from hybridization positive
transfdrmants and digested with KpnI and §Sall to
verify that the MIEP fragment was in the correct
orientation for expression from the GalloO promoter.
Further confirmation of the DNA construction was
obtained by dideoxy sequencing from the GallO
promoter into the MIEP coding region.

' - Expression of MIEP by the transformants was
detected by Western blot -analysis. Recombinant MIEP
produced in the transformants comigrated on
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- 39 - to be in solution. To this mxture was added 1,

| - car-bonyl dii m dazole (44.2 ny), and the reaction stirred at room
tenperature (60 mn). In a separate flask, a solution of butanedi am ne

di hydrochl ori d uAlerr]*2HC , 1.022,9)_in water (16 pmade basic,
(pH I0.2) by tﬁézéﬁégalon of 10 N NaOH 7$he sol ution n} ?E?tered
through a 0.2 [err]msterile filter, and cooled in an |ce bat h.  The aged
DVSO-mi xt ur e h t ﬁ@ffbéﬁ'é? Mpdded to t he
col d BuA2. ZFK]ng?Q§?%fAH?%é E%F%m?g?%ggI oIglaéhe resul ting

_sol ution stirregsieleserand yas h¢m9n°1°81QG%1Ye§E§F5hVﬁ1?%EPe was al | owned

to warmup to aRefbodies cspetatiéesgpdeEplred for an additional 1 h, after

which it was transferred to dialysis tubing and di al yzed (4[err]C3
against the following: 1] 15 L of 0.1 15 M pH 7.0 sodi um phosphat e buffer
for 6 hr; 2] 15 L 0.01 MpH 7.0 buffer, 12 hr; 3] 15 L 0.01 MpH 7.0
5 EXAMPLE 20 '
Construction of yeast MIEP expression vector with a
'-Modified MIEP D n

A DNA oligonucleotide containing a HindIII

. site, a conserved yeast 51 nontranslated leader

10 ¢(NTL), a methionine start codon (ATG), the first 89
codons.of the mature MIEP (beginning with Asp at
position +20) and a Kpgl gsite (at position +89) was
generated using the polymerase chain reaction (PCR)
technique. The PCR was performed as specified by the

15 manufacturer (Perkin Elmer Cetus) using the plasmid
PUC19MIEP42#7 as the template and the following DNA
oligomers as primers:

5 'CTAAGCTTAACAAAATGGACGTTACCTTGTACGGTACAATT3 ', and
5' ACGGTACCGAAGCCGCCTTTCAAGS' .

20 To remove the 5' region of the MIEP clone,
plasmid pUC19MIEP42#7 was digested with Kpnl and
HindIII and the 3.4 kbp vector fragment was agarose
gel purified. The 280 bp PCR fragment was digested
with KpnI and HindIII, agarose gel purified, and

25 ligated with the 3.4 kbp vector fragment.
Transformants of E. coli HB10l (BRL) were screened by
DNA oligonucleotide hybridization and the DNA from
positive transformants was analyzed by restriction
enzyme digestion. To ensure that no mutations were -

30 introduced during the PCR step, the 280 bp PCR
generated DNA of the positive transformants was
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sodi um phosphate buffer, 9 hr; 4] 15 L distilled Herr] O 17.5 hr.
contents of the dlaIyS|s tublng was.
Pn6B- 1, 4- butane 20 diami ne (Pn6B-BuA2).

about
resi dues per

r hanmose 25 neth otons_of Pn6B: UA2- Br
Pn6B- BuA2 (2108ﬁé?e€ﬁ§3d|sZB?véﬁS?%g%ﬂggPhaSm%ﬁHF°nta1Rﬁk$%¥%%i¥——
bor at e- phosphat eESORE eing @it ntdnedsititg ofla nyedst eNTHYATE caddon st i rred

for 30 mnto eféegﬁe entis glHpégnteggaﬁglfrgw@eagﬁrfcgfnﬁfﬁbmas added a

10

15

20

25

30

beginning at the Asp codon (amino acid +20).

The yeast MIEP expression vectors were
constructed as follows. The pGAL10/pCl/1 and _
pGAP/pCl/1 vectors [Vlasuk, G.P., et-al., (1989)
J.B.C., 264, pp.12,106-12,112] were digested with
BamHT, flush—ended with the Klenow fragment of DNA
polymerase I, and dephosphorylated with calf

" intestinal alkaline phosphatase. These linear

vectors were 11gated with the Klenow treated and gel
purified HindIII - EcoRI fragment described above,
which contains the yeast NTL, ATG and ORF of MIEP are
forming pGall0/pCl/1-MIEP and pGAP/pCl/1-MIEP.

Saccharomyces cerevisiae strain U9
(gallOpgal4é-) 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 synthet1c medium (leu-)

containing 2% glucose (w/v) to an 0.D.ggo 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.gpg of about 9.0. The
cells were then harvested by centrifugation. The.
cell pellet was washed with distilled water and
frozen. |
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- 40 - m xture consisting of p-nitrophenyl bronpacetate (210 ny)
in acetonitrile. (2.6 nL) and the reaction stirred overnight (20 hr,
4[err] C. The sol ution was transferred to dialysis tubing and dial yzed
(4[err] O against the following: 1] 15 L sterile distilled H20, 5

-+ 12.3 hr; 2] 1922/38Bile distilled Herrf[fJO-8.25 hr; 3] 182B2TA sterile
distilled water, 5.5 hr. Fromthe contents of the bag, 1.7 m was
renoved for assays (NMR and HPSEC-uni versal calibration) and then 0.449
g of “dried pHY¥esherspRkot Far Kecombinanto MLFRL by 10 |yophilizing a O. 1

M pH 8 sodi um phosphatye, %Féﬁéﬂuﬁrﬁe whetheT 3 Freadit! @asconpl ete
di ssolution (30 mn ution was filfered through a sterile 0.2

[err]m f.|%&£re%§%9&mﬂifﬁy;ﬁ§ 1ok, apalysds . 15
Pn6B- OWPC:. . Twelve percewntsril mqva(o 40 V5. wed 15 Nw/esd Laeamliel | et ed

. gels are used. The yeast cells were broken in H;0

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).

30
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by ultracentrifugation (4[err]C, 43 Krpm 2 hr) in four 10 m
centrifuge tubes. Each pellet was resuspended in 3 nL of a 0.22
[errImsterile filtered thiolation 20 m xture which consisted of the

fol I owi ng: tyl homocyst ei ne t hi gbact one hydrochl o 64
nmg), “et hyl ene- &722?#@ tetraacetic acid d?éoalun1salt f§g§2£A “and

dithiothreitol (53-ng) in pH 11.09, . Na[err]B[err]O[err] buffer (30
m.) .- The resuspended pellets were 253§%ﬂ£2§3212ed ‘(Dounce), conbined, the
vessel degassed and blanketed_mn _ rogen ﬁndPaged overni ght (19

vl

hr) at roomte =: , , anDng t hree
ul triacentrifuge tubes pgagﬁgdggnulg_hkgp coﬁt@eﬁith[nér .3and the protein

|l eted (4 ded i
Do) W codt um ki TopAgernalE MERBoest: dpspes. nipo HIEERLRALBA Rounce) |
restriction endonucleases Spel and EcoRI. The 1.1kbp

5 fragment was isolated and purified on an agarose gel
using standard techniques known in the art. Plasmid
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 DPTACSD 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) accordlng to the

15. manufacturer's directions. The ligated DNA was used
to transform E. coli strain DH5aIQMAX (BRL) according-
to the manufacturer's directions. Transformed cells
were plated onto agar platés 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 was labelled
with 32P and used to screen nitrocellulose filters
containing lysed denatured colonies from the plates
of transformants using standard DNA hybridiiation

25"techﬁiques. 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 was immunologically reactive with
antibodies specific for MIEP.
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- 41 - and repelleted (4[err]C, 43 Krpm 2 h). The sterile

protein pellat was resuspended in the filtered PnGB-BuA[err] Br Ac
solution. An Ellman's test was performed i nmedi ately, and showed an SH
titer of 34 [err]mol . The reaction m xture was degassed, bl anketed 5
with_nitrogen,1ZA(GEBed for 91 hr. at Trobn—  tenperat ur et8282IA

The protein was capped by the addition of 1 m. of a sterile-filtered
(0.22 [err]m solution consisting of the follow ng: Nethylnaleimde
(75 my) 10 in 5 nL pH 8.0 0 1 leodeﬁﬂﬂgﬂgégaate buffer Thi s m xt ure

was aged for i jddati d HLE: 300 [err]L of

sobution aged T for B # %%J&éﬁ%#ﬁs %rsétc%fﬁc’g@&ﬁgdife???et e

capped conj ugaaecording vioethe methm@n@xéclnseﬂnﬁn|UtﬁﬁaRaﬁnnt topped with
LM pH 7 humber 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 Np. 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, pE 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 reagenﬁ (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 N,
for 6 to 8 hours at room temperature. At the end of

25 the reaction time, 25 pL of N-acetylcysteamine |
(Chem1ca1 Dynamics) is added to the m1xture, and is
allowed to stand for 18 hours under Nz at room
temperature. The conjugate solution is acidified to
between pH 3 to 4 with 1 N HC1, and |

30 centrifugation is conducted at 10,000 x g for 10
minutes. 1 mL of the supernatant fluid is applied
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sodiun{phosphate buffer, and peIIeted by uItracentrlfugatlon (4[err]C,
43 K-rpm 2 h), then resuspended and honobgeni zed (Dounce) in sterile
"pH 7, 20 0.1 M sodium phosphate buffer (42 nml). Foll owi ng

recentrlfugatl efore, the pellets re resuspe L, a Dounce
hoanenlzer ﬁfizfégﬁ of 50 mL of erile distilled %gg%#ﬁAAfter

agei ng for hr at 4[err]C, the conjugate preparation was centrifuged
25 at 1000 rp uf _ t | : T ntrifuge
and a snal | ﬁgtigg%ﬁy é§¥8 é?g@% %?ifPﬁ@ ﬁ#% éBpgodué¥ conj ugat e
suspensi on wasclssBhatmacia) aml thotcomjugate yvis mi)dvythcm&rl de
(phenol/squL”Tﬁ a&bpa vag&@ghgggﬁaghggﬁyééﬁéﬁgﬁﬁc%he30 (size excl usion

chromat ography - rate am no_aci ds (an]no acid
anal ysi s) . ThéPQ%%%#@%har1de‘EE@€eEB ¢onjegate (Pn-Ps-MIEP), 1

pooled. The conjugate solution is then filtered
5  through a 0.22 pm filter for sterilization.

‘EXAMPLE 23
Demonstration of Immunogenicity of Pn-Ps-MIEP
10 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 1mmun1zed
15 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 pg Pn~Ps/6.25 pg CRM; 1/4 of the
human dose), Pn-Ps-DT (2.5 pg Pn~Ps/1.8 pg DT; 1/10
_ of the human dose such that constant amounts of Pn-Ps
20 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 rece1ves 0.25 mL of conjugate
25 at two different sites of 1n3ect1on, 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
weeks. S

) Antibody responses are measured by the

30 ELISA, which distinguishes the class and subclass of
the immunoglobulin response. An RIA which |
quantitates the total anti-Pn-Ps antibody is also
used to evaluate the monkey response. o
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- 42 - ‘Pn6B- Pol ysacchari de . ©0.33 nmg/ m

Pr ot ei n: . o 2.2 ng/m Pn6B- Ps/ OVPC
0.15 Free Pn6B- Ps 5 area %

S- car boxynet hyl honocyst ei ne/ | ysi ne 7.7 %5

S- car.boxynet hl7ygmgsm ne/'lysine - - 81 - 1.6 % - 18282IA
EXAMPLE 4 Preparation of Partially-Hydrolyzed. Purified Pnl4-Ps:

(1) Treatnent with Anion-Exchange Resin: A 2.81 10 gram portion of Pnl4-Ps
powder was sol ubilized Bm-Ps-MIER4£orjugattdd laae dapabl@ vt h stirring at

overni ght . ThE DAY A e 1 %ﬁ*‘% i A

~ di et’hyl ani no- J@ﬁ/lafﬁ-'ell-lﬁﬂ'd%)amwn@n @dWYprT@siRﬂl’r% fGhi%. 15 hrs.
in distilled H30 in coitfft€ao e PIPAICHY an® ProeR-IDT WiHED 4y a

not elict measurable anti-Pn-Ps antibody. Thus, MIEP
s functions as an immunologic carrier protein for Pn-Ps
. and is capable of engendering an anti-Pn-Pg antibody
response when covalently conjugated to the Pn-Ps
antigen. Purified MIEP is therefore an effective
immunologic carrier protein replacing the |
10 heterogeneous OMPC in construction of bacterial
polysaccharide conjugate vaccines.

EXAMPLE 24
Preparatzon of Partially-Hydrolyzed, Pur1f1ed

| (1) Sonic Hydrolysis: A 3.0-g portion of Pn

18C Ps powder was solubilized in 1200 mL saline (0.9%
NaCl) with stirring at room temperature for about 3-4
hours, then covered and stored at 4°C overnight. The

20 Solution then was sonicated in a plastic beaker in -an
ice bath with a Branson Sonifier (ome-half inch pobe,
setting 8) for intervals of 20 minutes (in 5-minute
bursts) up to 40 minutes total. The viscosity was
checked after each interval. After 40 minutes,

o5 another 10 minute sonication was performed to obtain

| a viscosity endpoint of 1.218 centistokes. The
hydrolyzed sample (volume-1188mL) was brought to room
temperature and sodium acetate reagent (59.2 g) was
.added to a final concentration of 3% (wiv).

30
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pl atform shaker at roomtenperature for ca. 15 hrs, after which it was
centrifuged in a Beckman JA-1O . rotor at 5,000 rpmfor 15 mn. at
20[err] C. The 20 supernatant fluid was further clarified through a

sinter glass funnel (150 m, medium porosity) and collected into a 2L
side ‘arm fl askl72/GHB (2) Sonic Hydr@82ysis: The DE52-t}8282BAPnl 4-Ps 25
(volunme - 1100 nmL, from step 1 above) was soni cated in a plastic
beaker on an ice bath with a Branson Soni fier, (one-hal f r obe,

i nch
setting 8) for 2 min. (2> Serolegifal BEokei ovkR i%PRBRPARG} QE?ASS mn
mﬂhlf L hef_yaéeﬁtsmiﬁ?ﬁ%f’?@r@d\%@i%d i FECtEQreRdL %ngo for
addit i ona n.,iptervals. Vi scosity en poi nt. o _
centi st okes wgéePE%£ﬂ%% %ﬁ?%y’tPEFféﬁﬁeé °n_%c*ﬁc?%r@%ﬁ?&ﬁﬁ.°%h€hﬁydrolyzed
sanpl e was brosghple, showed othhat ctiverkPnl8e-Pe dwvowld upreckpitateecagent
(18.0 g) ﬁ@éwéggegbl§bf-f§ﬂ?l concentration of 1% (wv).

_ (3) First IPA addition: The hydrolyzed
sample [volume = 1200 mL, from step 1 one abovel] was
brought to 42.7% IPA by the addition of 894 mL IPA
(added dropwise with stirring at room temperature).

10 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 jar, then collected on a 60-mL sinter glass

15  funnel. The precipitate was washed directly 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'temperatpre.' 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. |

30
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- 43 - (3) Serological Probe: An isopropanol (IPA)
fractionation pilot study and anti body-directed end- poi nt Nephel ose
assay, performed on a 10 niL portion of the sanple, showed that the
Pnl 4- Ps woul d precipitate between 35-45%I1PA 5 (4) First

| PA Addition: 17R¢GHBdrol yzed sanple - 83[~olunme - 1090 nil828ed@M step 2
above] was brought to 39.3% 1| PA by the addition of 706 niL | PA (added
dropwise with stirring at roomtenperature). The 10 sanple was allowed to
stir for 15-30 nminutes §hd Dhadysis andebyepphigddationi, 080pmr§icer 30

minutes (Beckgelp s pdd 8 EQg‘Bi?hErBBOsEBg' 428b8Yel Gragnd the
b

super nat ant was trlturated wth
~ absol ute EtOH 591§b23®zﬁﬂ Gﬁnﬁﬁﬁxmﬁaﬂf dhski ?ﬂegzgdat 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 Hy0 at 4°C
for 30 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

10 (Freezemobile) lyophilizer for 2-3 days. The
recovery of the final Ps product was 1487 mg.

135

A. Preparat1on of Dowex 50x2 (200-400 mesh)

tetrabutylammonium form resin [Dowex 50 (Bu4N+)]
Dowex 50%x2 (200-400 mesh) H+ form, (500g) was

20 slurried in H;0, charged to a column and washed
sequentially with 1] 600 mL of H,0; 2] 1000 mL of
6n HC1l; 3] 400 mL of Hy0 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 Hy0 to neutrality.

B. Preparation of S. Ppeumoniae type 18C
gplysaccharide tetrabutylammonium form
30 [Pn18C(BuyN*)]): A 60 mL column of Dowex 50x2
| (BugN*) was washed with 250 mL of HyO.
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15 on a 60-nL wnter glass funnel. The precipitate was ' washed
directly on the funnel with absolute EtCH, then acetone, and dried in
vacuo over CaCl[err] at room tenperature in preparation for analysis.
20 (5) Second | PA Addition and Product Recovery: The 39.3% 1 PA
supernatant flipg/d¢wl une - 1712 nl, _ g4 fromstep 4 abovgdgamsé brought
to 41.8% | PA by addi ng 73.5 nL | PA dropwi se while stirring at room
tenperature. The sanple was aged and centrifuged as 25 in step 4 above.
The pellet was triknl&Cepblysacchanidec{mdy. wasdunbdﬂﬁﬁ@kmg&iwa3|n step 4

above. The Fddefsa %ng'c%vﬁ. %3%2]%33%? r@!%nt‘ red for 1 lp( )¢ Dial ysi's |

and .Lyophi lization?” A"porti sanp rom Step 5
above, was whichitimedalh &Eﬁmed.tﬂ bﬁslﬁlﬂ@iht{Qnr](Ih&sroon1

solution was applied to the column and allowed to
. percolate through by gravity (for 2 hr then under
5 vacuum for 1 hr). The column was washed with 150
mL of H70 and the combined effluents were
lyophilized affording 655 mg of the 18C (Bu4N+)
salt. Twenty five mg was removed for nmr
analysis and retained mater1a1
10 .

C. Preparation of the 1,4-butane diamine derivative
of 18C (18C-BuAy): 18C (Bu,Nt) (630 mg) was
covered with 143 mL of DMSO (dimethylsulfoxide)

_ and stirred for 3.25 hr. At this time all the
15 solid was dissolved and 1 mL was removed for Karl
‘Fischer titration for water content. A value of
28.2 micromoles of Hp,0/mL was found (4 mmoles
. total). To this solution was added 165.1 mg of
carbonyl diimidazole (CDI) and the resultant
20 solution stirred at room temperature (r.t.) for
2.0 hr. A solution containing 1.260 g of |
1,4-butane diamine dihydrochloride (BuAp.2HCl) in
40 mL of H,0 was prepared and its pH adjusted to
10.20 with 2.5N NaOH. This solution was cooled
25 in an ice bath. 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 diélysis
30 tubing, clipped off 1/2" from the top of the
liquid and dialyzed as follows vs: 1] 15 L of pH
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- 44 - tenperature for 2-3 hours. The solution (2.5 ng/nlL) - was
transferred to dialysis tubing (12,000 MAN cutoff; 45 mm and di al yzed
- vs. distilled E[err]O for 27 hours wi th 2 additional changes of
distilled Herr O Then the di al yzed sanple was transferred to

| yophi | i zat i ot B52/GHB | asks, shell-frozeB?ma dry ice: met k%8284t h and

| yophilized on a Virtis (Freezennblle) | yophi |l i zer for. 2-1/2 days

tit dry. Th f [ Pn] 4- 3 8 :
Whi ch had a Kd of b God- Tt NaFoh'Biteer rof i EFLcFbaln & iof Bl a e
obvi ous to 10 t hbs@ GkO1M eNlaPO4 tinef et fomtlbtlimer IPULS dl oN-pB _
subtypes, such as .anFo P&m #Q gguf)fg gn}% % BEEO4 'ﬂ? £ % fhe met hod

di scl osed here, and’ con| whi ch TS also a neutral
H20 for 9. 5 hr The volume at this point was 190
mL. A 7.5 mL aliquot was removed and lyophilized
5 - separately for NMR assay. The remaining 182.5 mL
was lyophilized to 416 mg of the 1,4-butane
~ diamine derivative of 18C (Pn18C-BuA2). An NMR
‘spectrum of about 5 mg showed a "loading™ of 10
butane diamine residues per. 100 repeafing
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-BuA,-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 phosphate buffer salt (prepared by
_ -lyothIizing a 0.1M pH 8 NaP04 solution) was
30 added. After dissolution it was filtered through
a 0.2 micron CORNING filter affording an agueous
pH 8 solution of 18C-BuA2-BrAc. The filtration
wag slow and required 4 cup filters.

This Sheet Has Been Re‘ilaced

il




pol ysacchari de. 15 _ EXAMPLE 5 Conj ugat i on
of Quter Menbrane Protein Cbnplex wth " Pneunococcal 14

Pol ysacchari de, Pnl 4-Ps- OWPC: 20 a. Preparation of the -
1, 4- but anedi a |vative of, Pnl 4-Ps (Pnl4-Bu A
410 ryg portioghgglg 4-Ps after storagé€ i %ﬁ vacuoégégFIA '
Plerr]dJerr] for 3 hr., was covered with 26 nL 25

di et hyl sul f oxi S O—éir#ﬁé§%8%§ _ to dissolve. To
this was added™62 %@gﬁﬁgm tOfr Cfbgh )an t he resul tant

solu}lon Pmﬂﬁﬂk@@AQtBEdGN1t@ﬂﬁemaﬂembrenetPFOtG#n8§°ﬁP49X 30
A sof ution containi ig, 1 I agadpd A
di hydr ochl ori de (Bé%?e#?%iéﬁ%i%hli OMPC 3.2 m%éﬂ& gof ghﬁrr]C)mas

prepared and its pRAbadges &@ four 25 mL centgyifyes; FH £853aRANaOH.  Thi s
sol ution was 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
Na;B,07 buffer. 1320 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 N, 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

30 removed and the pellets resuspended in 0.1M NaPOQ,

- pH 8 buffer (a total of 40 mL was the final

“ﬁﬁ‘iiff T




filtered through a MIlex O. 2 [errim GV filter and . cooled in an

i ce bath. - 45 - The aged
DVBO sol uti on was added to the col d BuA2 solution and stirred an
additional 10 min. in the _ ice bath. It was then aged at r.t. for 50
mn., BT2AGHBAI ch the sol uti on-wa? €harged to two 18282IA

| engt hs of Spectrapor 2 dialysis tubing, clipped 5 - off 1 cmfromthe
top of the liquid and dialyzed vs: 1) 15 L of pH 7.0, 0.1 M sodium
phosphat e pesuspengionsvelume)2) This selutionowasol M

sodlun1phosphate befhRErEPEed BfuaBlylotd €ioPtb 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 dega381ng)

15 in the Np 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 NaP0, 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
~ PH.1M pH 8 PO, buffer was filtered through a 0.22
25 micron filter and 1.0 mL of this solution 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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7.0, 0.01 M sodium phosphate buffer for 8 hr; 4) 10 15 L of Herr]O

for 7.5 hr. It was then |yophilized - to yield 210 ng of the

1. 4- but anedi am ne deri.vative of Pnl4-Ps (Pnl4-BuA2). An
NMR spectrumof a ca. 5 ng sanple showed a 15 "| oadi ng" of

appr oxi mat el y B2 jggmnedi am ne "~ g®sidues per 100 repee2img units of
pol ysacchari de defined by conparing the integrals of the

but anedi am ne net hyl enes and the N-acetyl : met hyl (of Pnl 4-Ps)

resonances. 20 thé. supeepatanto) tie tpel betsoeere yteswsipéndedeinani ne

derivative of Pnl 4 P@ﬁ&%&g@eﬂﬁ% Jln tﬂ:@l gg 40%[ frhﬁﬁZlO ny)

was ‘covered wth é% or at e- phosphat e buffer
and stirred buffer bﬂ£f$ﬂ.tth%f&b%ﬁs%éﬂﬂttbﬁS9¢H@ht 188 ny

p- ni trophenyl br Omféﬁaﬂ':ﬁ@%ﬂe@f"ﬁﬂﬂ B'ﬂrfPér and the @69&9%{1“ e was
added. The resultln m Xt u s stirred Zégquat 4 err]C. It was

then dialyzed 30t ans*‘r?r’-'%%@c‘i?aw égva i Hgbes.- gtYFFed

Herr]O 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 DOUNCE -
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
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 TI-6 centrifuge.
The final product conjugate suspension was .
assayed for protein (Lowry), 18C polysaccharide
(phenol/sulfuric acid), unconjugafed ' _
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—carboxymethylhomocyste1ne/lys1ne-0 025;
§—carboxymethylcysteam1ne/1ys1ne—0.005.

nmiiﬁiiixfﬁi’i‘ i



for 6 hr, 2) 15 L of distitled Herr]O for 14.5 hr

- 46:- and 3) 15 L of distilled H20 for 6 hr. Fromthe
di al yzed contents of the bag, 2.0 nL were renoved ' for assays and
then 492 ng of dried pH 8.0 phosphat e buffer salt r.epar ed by
| yophilizing 472/GHB 0.1 M sodi um pho$dhate, pH 8.0 sol Z§%%
added. Solution was filtered through two 0.2-[err]m Cbrnlng
filters resulting in an aqueous pH 8.0 sol ution of Pnl4-BuA2-BrAc
(43 m). .c. Conjugation of OvESAMPLEL26 ByAlerr]- BrAc- Ps:

Pre ion of the Pn4-P i

(1) Sonic Hydrolysis: A 1.0-g portion of Pn4-Ps
powder was solubilized in 400 mL saline (0.9% NaCl)

5 with stirring at room témperature for about 4 hours.
The solution was then sonicated in a plastid 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 viscoéity was checked after each

jo 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 45-55% IPA.

(3) First IPA Addition: The hydrolyzed sample
[volume = 385 mL, from step 1 above] 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 CaSO, (DRIERITE) at room temperature in
preparation for analysis.
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10 - Fifty nmL of OWC (concentration 3.2 ng/nL) was char ged

to fi.ve 10-nL centrifuge tubes and centrifuged in a Beckman 80 Ti
rotor at 43, 000 : rpm (43K), at 4[err]C for 2 hr. A thiolation

m xture 15 s_prepared by dissolving 350 ng of EDTA

(et hyl ene di arﬁ'-’r?\ei\flqgfracet ic acid di so‘di%&%al t) ]aﬁ%ig?e]if\ng of
dithiothreitol (DTT) in 30 nL of Na[err]B[err](Jerr] buffer, pH

the 200 st YETY R AL 0! 2T ey I Tl o

(cup type). 49.7% IPAhsupetnatant rﬂnlme[miam cet31 fmlgatf oom wer e
eacfr di sl odgeds ﬁeg, ?’aﬁﬁvé’j bae M%o@ %552 2% 1BA q;fdd resl?sxé&”e (15 nmL

- total), transferr %gnlzer pended. The
t ubes mlpckRA me %]é*l%llsﬁlriéfrﬂsﬁ&ara frw&ﬂmqmr%

- rrLt ﬁf thedéI hlt omé:mﬂ% U&a@nagé'chehﬂc% hrt:serlng?fu edlas prrprea.siﬁ]vms reloeaéI ed
Wi an additiqna - i ol ati.on, so onbi ne
rinses wsre abov [Hc')th%g%‘ﬁfg%ﬁ V3£ (H B o U]Hf'é: "tﬂal Fadied

and dried as in step 3 above. The Pn 4 Ps product

weighed 516 mg.

(5) Dialysis and Lyophilization: A portion (500 mg)
j0 ©f the Pn-Ps sample from Step 4 above was solubilized -
in 200 mL of distilled HZO at room temperature for
2-3 hours. The solution (2.5 mg/mL) was transferred
to dialysis tubing (12,000 MW cutoff; 45 mm) and
dialyzed vs. distilled Hy0 at 4°C for 27 hours with 2
15 - 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 déys.
The recovery of the final'Ps'product was 491 mg. The
20 f1na1 product had a Kq = 0.69. '
From th1s disclosure it should be obv1ous to
those skilled in the art that other carboxyl
containing Pn-Ps subtypes, such as Pnl-Ps or Pn5-Ps,
could be prepared accbrding to the method disclosed
25 here, and conjugated as for Pn4-Ps or Pn9V-Ps which
are also acidic polysaccharides.

‘30
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resuspended material (25 nL) was transferred to a 100- mL

round-bottom f| ask. T - 47 -

After sealing with a septum and replacing the air with Nferr] using
a Firestone valve, the reaction m xture was aged for 21 hr. The 25
mL reaction 172/GHBi xture was then drv?led among three cE3282FAge

t ubes, each of which was topped with 1 M5 pot assi um phosphat e

_(aqueous) and t hen ' centrlfuqed for Er at 43K rpm and 4[err]C. The

supernatant fluids were renoved and S resuspended in 0.1
M sodlun1phosphate pH 8.0

Pneumoni 4-OMPC Conj 4-Ps—QOMPC:
A. Preparation of Dowex 50x2 (200-400 mesh)
tetrabutylammonium form resin [Dowex 50 (BusN*)]
5 Dowex 50x2 (200-400 mesh) H+ form, (500g) was
slurried in H,0, charged to a column and washed
sequentially with 1] 600 mL of H,0; 2] 1000 mL of
6N HC1; 3] 400 mL of H,0 until effluent was
neutral to pH paper; 4] 72g of a 10% aqueous
10 tetrabutylammonium hydroxide solution until
effluent was strongly alkaline to pH paper; 5]
1000 mL of Hy0 to neutrality.

B. Preparation of S. Pneumoniae type 4

15 polysaccharide tetrabutylammonium form |
[Pn4(BugsNt)]: A 65 mL column of Dowex 50x2
(BuyN*) was washed with 520 mL of Hy0. Pn
4-polysaccharide (m.w. reduced (400 mg) was
covered with 35 mL of H70 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 gfavity and the column was
washed with 150 mL of Hy0 and the combined.

25 - effluents were lyophilized affording 504 mg of
the Pn 4 (BuyN'*) salt.

C. Preparation of the 1,4-butane diamine derivative
of Pn 4 (Pn 4-BuAy): Pn 4 (Bu,N') (97 mg) was
30 covered with 16 mL of DMSO (dimethylsulfoxide)
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buffer (a total of 30 nL was the final 10 resuspehsion vol une) .

A second ultracentrifugation (2 hr, 4[err]C, 43K rpm was t hen
perforneg.dAiter renovi ng the supernatant fluid, the pellets were
resuspended 15, y the Dounce nethody4 n the filtered B2
-BrAc sol uti oﬁ-’pzr/er%gr)ed above. An ElI ma;bzassay a?‘ét?ﬁei S poi nt
indicated a total of about 23 [err]mol es of thiol. 20 | t
2283|d be ?Oted tr%ﬁdt{?ﬁfiédffﬁié”tﬂg ddution ?t 540¢ 4oBes\2a Br Ac sol ution
rs just prior to the . resuspensi on, of t t.hi ol af e tein.
The resulR@Rtod RE 113 MR o At ghis, Hpe akh AP, %%héj ag
thj[9| ?t edlgfﬁ) Wi@ﬁ@ﬂvé@_?_éﬁﬁd Nehé véoTutPfon was dopmbed iy foom N2 box at
r.t. for r. e reaction was then capped (i.e., the reactive
moi eties on the Pr¥SMBRIGIBNPC are deacti vat ed) as follows: A

solution containing 75 ng
5 . To this solution was added 2 mg of carbonyl
' diimidazole (CDI) dissolved 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 dihydrochloride (BuA,.2HC1) in 5 mL of Hp0 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 1/2"
~ from the top of the liqﬁid 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 NaPO; 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
25 of about 5 mg showed a "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 4)
30 resonances. :
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30 N-ethyl mal eimide (NEM in 5 nL of pH 8.0, 0.1 M sodi um

1

phosphate buffer was filtered through a

- 48 -

filtered (MI 1152 /@8B N- acet yl

m. of 0.1M pH 8

m Xtwure aged for an additional 22.5 hr.

0.22 -[err]mfilter and 1 nL added to the above
reaction m xture and aged for 4 hr. Then, 1 nL of a 0.22 [err]m
<\3& eani ne sol uti on J&XBRTAerr] L/
sodi um phosphate buffer) was added and the 5
The capped reaction

m xture (35 nb. wRreparatibn of the bromoacetylated butane diamine

10

15

20

25

30

derivative of Pn 4(Pn 4-BuA,-BrAc): - Pn 4-BuAZ
(54 mg) was covered with 5.5 mL of a 0.1M pH 9.04
buffer (Kolthoff borate-phosphate) and stirred to
effect solution. Then 55 mg p-nitrophenyl
bromacetate in 1.0.mL of acetonitrile was added.
The resulting mixture was stirred for 17 hrs at
4°C. - It was then dialyzed in SPECTRAPOR 2 tubing
as follows: 1] vs 16 L Hy0 for 24 hr; 2] vs 16 L
of HZO for 8 hr; 3] vs 16 L of Hy0 for 23 hr. At
this point there was a volume of 12.5 mL from
which was removed 1.0 mL for assays (NMR,
OQuchterlony and Viscotek) and then 275 mg of
dried pH 8 phosphate buffer salt (prepared by
lyophylizing a 0.1M pH 8 NaPO4 solution) was
added. After dissolution it was filtered through
a 0.2 micron CORNING filter'affording an aqueous.
pH 8 solution of Pn 4-BuA2-BrAc.

Conjugation of OMPC (N. meningitidig) to Pn
4-BuA,-BrAc: Outer Membrane Protein Complex (N.
meningitidig, 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
diamine tetracetic acid disodium salt) and 15 mg
of dithiothreitol (DTIT) in 10 mL of a pH 11.09
Na;B;407 buffer. 50 mg of N-acetylhomocysteine
thiolactone was added and then the solution
filtered through a 0.2m micron filter. The
pellets from the above centrifugation were
dislodged with 5 mL of the filtered thiolation
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anong 4 centrifuge tubes and centrifuged (43K, 2 hr., 4[err]C). The

pellets were resuspended in 40 nL 10 TED buffer (0.1M Tris, 0.01M
EDTA, 0.5% DCC, pH 8.5) and aged at roon1tenperature for 19 hrs.
The sol ution “ﬁ? centrifuged (43K, 9% hr 41 Spa The

pell éts were re J peénded in 40 nL 0. 1M pH 8 sodlun1p osphat e
buffer, and then 15 ' recentrlfuged (43K, 2 hr., 4[err]C. These
pelrets 'ﬁ?ﬁ% f nd

aged at 4[err]C for hrs ow t‘%dmtd)a qjdi?e(jrﬁ ?ﬁ%%’fﬂo%l?looo rpm

3.5 nin.) affordedmal resuspen%u 1rasugnendeh SFWAIHRRS The 20
supernat ant fl ui d tyehyfRrer td eswetnmm‘gé&uﬂe capped vt k

conjugate, having thechmaln t’h% air replad ad )G t(ilalN asr.acterl st.i cs:

FIRESTONE valve. The reaction mixture was aged

5 for 19 hr and then transferred to a centrifuge
tube which was'topped'with 1M KH,PO4. (aqueous)
and then centrifuged for 2 hr at 43K 4°C. The
supernatants were removed and the pellets _
resuspended in 10 mL of 0.1M NaPO; 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-BuA,-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 Np (with degassing) in the N, box at
room temperature for 66 hr.
20 | -
The reaction was then capped as follows: A
solution containing 5 mg N-ethylmaleimide (NEM)
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 solution aged for
5 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.

30
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- 49 - : Test o Resul ts . a. Ps

Cont ent 387 ntg/ m. b. Protein 1300
ncg/ nmh 5 Ps/Protein ratio (Calc.). 0. 30 C. Free Ps

<5 area % 10 d. Am no Acid Anal ysis SCVHC/ | ysi ne

9. 8% : 172/6HB SCMC/ | ysine - 953.57 15 18282IA

The reaction mixture was then centrifuged at
< 43K,4°C for 2 hr and the pellet resuspended in 8
mL of 1X TED buffer. This solution was aged at
room temperature ovefnight and then centrifuged
at 43K,4°C for 2 hr. The pellet was resﬁspénded
5 . in 8 mL of TED buffer and immediately
recentrifuged for 2 hr at 43K and 4°C. The
pellet was then resuspended in 10 mlL of pH 7.0,
0.1M PO, buffer and recentrifuged at 43K, 4°C for
2 hr. This final pellet was resuspended in 7.5
10 mL of H,0. After ageing overnight at 4°C the
suspension was centrifuged at 1000 rpm for 3 min
and the supernatant removed as the final

conjugate.
15 Assays: Lowry Protein: 0.920 mg/mL{
Phenol sulfuric acid assay: 0.212 mg/mL;
Ps/Pro=0.23;

SCMHC/1ys=0.031;
SCMC/1ys=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
Preparation of the Pn9V-Ps Intermediate: .
(1> Sonic Hydrolysis: A 1.0-g portion of Pn 9V Ps
powder was solubilized in 400 mlL saline (0.9% NaCl)
30 Wwith stirring at room temperature for about 4 hours.
The solution was then sonicated in a plastic beaker
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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 nlL saline (0.9% Nad ) with stirring at room
tenperature fq7 4 hours. The Iut|m1masthen1 fed in a-

pl astic beaker In an ice bath with a Branson Sonlfler%?? alf inch
probe, setting 8) for intervals of 3 mnutes, up to 15 mn. total. The
Vi scosi ty vas ghegkadelysh SA¥h a Bra¥ol Wni AiidieT(okeHALE i her 5

m n. sonication was perforned to obtain V|sc03|gy endpoi of 1.206
30 centlstokeQr"hﬁa wetting & Laxpian v}é‘s,te&rv ff 3 mintutesyom erature

and ‘sodi um acetigcogiaanens (difecﬁk@ after Wit mddgerivala fiAPtlercdient ration
of 3% (W'v). min., another 1 min. sonication was performed to
obtain a viscosity endpoint of 1.117 centistokes.
5 The hydrolyzed sample was brought to room temperature
‘ and sodium acetate reagent (19.5 g) was added to a
final concentration of 3% (w/v).

-+ (2) Serological Probe: An isopropanol (IPA)

10  Eractionation probe and antibody-directed end-point -
Nephelose assay, performed on a 10 mL portion of the
sample, showed that the Pn 9V Ps would precipitate
between 40-457% IPA.

15 (3) First IPA Addition: The hydroiyzed sample
[{volume = 391 mL, from step 1 above] was brought to
41.8% IPA by the addition of 281 mL IPA (added
dt0pwise 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; 8,000 rpm; 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 CaSO; (DRIERITE) at room temperature in
preparation for analys18

30
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- 50 - (2) Serological Probe: An isopropanol (IPA). fractionation

pi | ot. study and anti body-directed end- poi nt Nephel ose assay, perforned
on a 10 nL portion of the sanple, showed that the Pn 23F Ps woul d

precipitate between 35-45% I PA. 5 3& First 1 PA Addition: The

hydrol yzed sarbl{2/GHB [volume = 1165 nt,9Trom step 1 abovet848&IAr ought to

41.0% | PA by the addition of 810 niL IPA (added dropwi se with stirring
at rzoom t enper . Th S was_a tir for 15,30 m nutes
and t hen é%? %%ﬁ%ﬂgaigﬁ Rggb€¥95 AR é gﬁoﬁ?ﬁﬁt RCLER X han ThE " jp 10
rotor; 8,000 rgh18R0[RAr§eperiatantsftuped| [etlums = 631rmLurﬁteﬂ with
absol ute Et OH 5 e sinter
gl ass funnel. ﬁgefﬁi g%$$%§h@%§l§r35§h aé%eébggng% sﬁ% g?ﬁe ?d%%eﬁt
, mL IPA dropwise wh11e 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.

(5) Dialysis and Lyophilization: A portion (347 mg)

10 Of the Pn-Ps sample from Step 4 above was solubilized
in 139 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 hours with 2

15 additional changes of distilled Hp0. Then the sample
was transferred to lyophilization flésks, 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 broduct was 303.5 mg.
20 The final product had a Kq = 0.60.

(6)  Third IPA Addition and Product Recovery: The
44.3% IPA supernatant fluid [volume = 655 mL, from
step 4 above] 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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wi th absol ute EtOH, then acetone, and dried in vacuo over CaClferr] at
roomtenperature in preparation for analysis. 20 (4) Second |IPA
Addi ti on-and Product Recovery: The 41.0% | PA supernatant fluid

ddi g 5.0 LTZREEBPA dropui sewhi | 6-s9Br T\ ng at room tcABEPAIfr e
The sanple was aged and centrifuged as in step 3 25 above. The peIIet was
1% urated, ool hgsteg chasBades panBhl, £5bE05RE0' 8 BbBPeSuye: o 10 27
Lyophi | i zati onsodubdliced {n7168 8b ag)d@stn éEPSHanptergamll 39-2, from
Step 4 above, tempef@tus! ¥B! kZ8dnblrél2 FheCkoditibh! €d. bwﬁthﬂ)at room
was transferred to dialysis tubing (12 000 MW cutoff;
45 mm) and dialyzed vs. distilled Hzo at 4°C for 25
5 hours with 2 additional changes of distilled K,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 Kg = 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'prbduct 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.

E LE
Conj ion ¢ n 9V-Ps 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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- 51 - tenperature for 3-4 hours. The sol ution (2.5'ng/nL) was

transferred to dialysis tubing (12,000 MV cutof f; 45 nm and di al yzed
vs. distilled Herr]O at 4[err]C for 27 hours with 2 additional changes
of distilled Herr]Q Then the sanple was transferred to |yophilization
5 flasks, shd72/GHBzen in a dry ice: met99arol bath and . 1828&IA |ized on
a Virtis (Freezenpbile) |yophilizer for 2-3 days. The recovery of the
final Ps product was 1703 ng. The final product had a Klerr] = 0.60.

10 EXAVPLE EXAMPLECE®- ugati on of Quter Menbrane

Protei n Conpl exyuiinith tativd'Itftdiminatioh Of RVLAOAOP 80> @Rdl
(200- 400 nesh) 15 tetrgbutyl anmonium formresin [Dowex 50 (Bu[err]Nérr])]
Pyruvate in Pn4
-A method was developed to quantify the
retention of O-pyruvate in Pn4-Ps and O-acetate
5 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&éte 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 si;ed Pn#, respectively.
The molar ratios of acetate to each Ps repeating unit
in Pn18C-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.
‘aqueous 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
3p Nimmich, W., 'Immunochemical relationships of certain
capsular polysaccharides of Klebsiella, pneumococci,
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Dowex 50X2 (200-400 nesh) H+ .fornl (72 g) was slurried in Herr]O

(The-wat er used throughout these - processes was pyrogen-free, sterile,
distilled 20 water), charged to a columm and washed sequentially W th
1] 800 ni of E& g&f) 2] 400 nmL of 6N HCQ ; 3] 300 ni of Herr]0O unti
effluent is n B o pH paper: 4] 250100 - g of a 10@6a&@%§ﬂ?A -
t et r abut yl anmoni um hydr oxi de .solution until effluent is strongly

al kadine to pH paper; 5]. 720 nL qf Herr[,Q b.,.Preparation of Pn
23F Ps tetrab@@@f%ﬂﬁﬁdﬁhﬁ 'r4ﬁji—43¥§ﬂ ag%uﬁ§%ﬁw%%ﬁ§’ ( 34-nL col um
of Dowex 50X2Hilgglimbotiam,r |). vgs Heideddeniger, , andriGotfsdifldrald,0. A 450

g port lon of Es' Ze'%epé}a%fﬁm% of a pneumococcal type-spec1f1c
polysaccharide with exposure of group-specificity.’
. Proc. N . A . i » §7:138-142, (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
pneumococcus.' 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—o-acetylafeq Pn9V had

15 Do antigenic feactivity 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 HZSO4 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.

30
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- 52 -. was covered with 50 mL of E[err]0 and stirred for 0.5 hAr .
Thi s -sol ution was applied to the col unm and all owed to percol ate

t hrough by gravity (ca. 2 hr). At this point vacuum was applied to
bottom of the colum and el ution (under vacuum continued for an 5
addi ti onal hod72/GBBe col urm was washed 3@k ir 25 ni of 1828270, and the
conbi ned effluents were |yophilized affording 0.5 g of the Pn 23F

(Bu[err]N[err!) salt. Thi s was stored in a vacuum desi ccator over
Plerr]O[err] 10 c. Preparation of the 1,4-butanedi am ne
derivative -  of Pn 23Fni$>r(dit1m|61@w%)s) equxppe“ahm&,lﬁam OmriAPat3F -
i methyl sul  of Al SOOVEYR g B BBty Rd s, ol (e R BT M. 1o i
was added Suppregsed caonduotivditiynidedesitd opChlas acdonipd irsdwad t ant
: using 25mN sulfuric acid as the regenerant. The flow
5 rate was 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 2 - 100% methanal
Buffer 3 - 200mM sodium hydroxide
Buffer 4 - water

_ Flow
Time  %Buffer] %Bufferz  %Buffer 3  %Bufferd {m1/min)

15 0 . 98 2 .0 o 1
' 12.5 98 2 0 0 )
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 BN

50.0 98 2 0 0 1

Using these conditions and a detector
25 sensitivity of 3uSiemens, 4 nanomoles each of acetate
and pyruvate which elute at retention times of
approximately 5.2 and 9.5 minutes, respectlvely can
be easily detected.

30
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solution stirred at roomtenperature (r.t.) for 0.5 hr. 20 A

sol ution contai ning 507 ng of 1, 4-butanedi am ne di hydrochl ori de
(BuAferr]*2HCL) in 32 nL of Herr]0 was prepared and its pH adjusted
- to 10.23 with 275/0mB NaOH. This soLugpgn_was filtered ggpeggh a M1l ex
0.2 ['err]m GV f||ter and cooled in an ice bath. 25 - + The aged DVSO

- solution was added to the cold BuA[err] solution and stirred an

addi tional 1 hSamplet Peepaeation bath. It was then aged at r.t. for 1 hr,

o e g, o ooOlbA#ToHe Bt aR 08 Bt lfics Bk Soept apor 30

di al yzed vs: 1MattfBcbiirphig7DdvieienMere subJected to Karl-F1sher
titration using an Aquastar V3000 volumetric moisture
titrator to determine the content of residual Hj0,

5 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 HCl
16 at 65°C for 16h 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 chtomatbgraphy and pulsed

15 ~ amperometric detection. The monosaccharide
'cpmpositional-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.

rolysis of n indar
De-O—acetylaction of Pnl8C-Ps 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-O-acetylation would also result in degradation
.of acetate/pyruvate or the loss of N-acetyl grbups.
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- 53 - sodi um phosphate buffer for 16 hr; 2) 15 L of pH 7.0, 0.01
M sodi um phosphate buffer for 10.5 hr; 3) 15 L of p[err] 7.0, 0.01 M
sodi um phosphat e buffer for 12.5 hr; 4) 15 L of Herr]O for 10.5 hr. It
was t hen | yophilized to yeld 220 ng of the 1, 4-butanedi am ne 5 _
deri vatlve of PrepAR Ps (Pn23F-BuAlerrd)i03 - An NMVR spect¥8@B82¥Aca. 6.9 ng
showed a "Il oadi ng" of approxi mately 23.5 but anedi am ne resi dues per -100
repeating units of polysaccharide defined by 10 conparing the integrals of
t he but anedi ani ne MEhéyt emersalirof tpiee uvatm diromraR iy |wa s trrd D38F)

resonances. e &ggiggglan1ne 15

derivative of n g%‘l,iﬁli-é %%%UA%{‘&%){ %cﬁ%;}%Bqu (214 nmg) was

Cover ed with 2 Q@lb}. %° ]l@hlr or hYdrOChlorlc 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 nepheiometric activity of Pn9vV-Ps, -
Pnl8C-Ps and Pn4-Ps before and after de-O-acetylation
or de-0O-pyruvylation was measured. Samples were
10 diluted to 1, 1.5, 2, and 2.5 pg/ml.

High Performan ize Ex ion Chromatography (HPSE
_ The HPSEC of Pn9V-Ps, Pnl8C-Ps and Pné&
- before and after de-O-acetylation or
15 de-O-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 ug sample
(1 mg/ml) was injected on the column and eluted with .
2o ‘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,_ahd the Kd measured.

25%@1&@@@&

Detector linearity and sensitivity were
determined at 3uSiemens 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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pH 9.0 bbrate-phosphate buffer and stirred for 30 - mn. to effect
sol utdi on. Then 230 ng p-nitrophenyl 20 bronpacetate in 6nL of acetonitrile

was added. The resulting mxture was stirred for 23 hr. at 4[err]C
I t was thee/¢me yzed in Spectraper 194 ubing vs: 1) 18282IA Herr]O
for 8 hr, 2) 15L of H20 for 12 hr and 3) 15 L of H20 for 6 hr. From

t he dlalyzed contents of the 25 bag ver e removed 1.5 nL for assays and
t hen<490 ngy of it i it 8

| yophilizing a 0.1 Nfs T Tﬂ?ﬂﬁyyuyfadyé d%mﬁﬂ$‘ﬁ?ﬂé“€dﬂybémas added.

Di ssol ution requires about |s filtered

t hr dugh a 0. 2 hydrolyis iso Prd$GriBeg dfeimqn@’cr@rtfe@r &ihey 1abiddddo@f pH 8.0
sol uti on 0VacdRtiAr BN td - ine hydrolysis at low :

| temperatures. ZmM.sodium hydroxide was suffieient to
completely de-O-acetylate Pnl8C-Ps at 4°C after a 16
hour incubation. Hﬁgher temperatures (>25°C)
treatments ﬁere found to release N-acetate from
N-acetylmannosamine which would interfere the
measurement of Pn9V O-acetate. The optimal
hydrolys1s cond1t10n 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—acetylmannosam1ne treated with 2mM NaOH for 16h at
room temperature. :

10

15 .
imi ion of O-pvyruv Removal from Pné

Bydrolysis studies of Pn4 initially were
undertaken using sodium hydroxide hydrolysis. It was
quié¢kly discovered that very little pyruvate was
recovered when sodium hydroxide was used. Initial
control studies demonstréted that pyruvate was
cleaved from Pn4 in H,0 at 100°C. With this
information, it was decided to carry out the
optimization studies for O-pyruvate release from Pn4
using HC1 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
pyruvate occurred when hydrolysis was carried out in
1mM HC1 for 16 hours 65°C.

20

25

30
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- 54 - e. Conjugation of OWC to Pn 23F - BuA2-Br Ac Ps: Sixty nL
OWC«(3.1 ng/m.) was charged to six 10-nL centrifuge tubes and
centrd fuged in a Beckman 80 Ti rotor at 43,000 rpm (43K), at 4[err]C

for 2 hr. A5 ation mxture . was ared by dissol v§ %?ggf of-
EDTA~ (ethyleneh?%ﬂ#ﬁ% tetracetic acid HP£§%IUH1 sal t) ai nmg of
dithiothreitol- (DTT) in 30 nL of hb[err]B[err]O[err] t hi ol act one was
added, and t he o) filt d I . 5 ‘ mif.llter

(cup type). 10 e g 1 )
di sl odged with 3 niL of. Ymmwmmmlewmmew’cmgnﬁ'&aﬂ%ﬂ&z@n%»tot al)

and transf err egl$eq aphPs Nafd one éxe #eedggre The tubes were
RN ewy RN oy e WL
thiolation desﬁilbe@nabo{féleaﬁﬂeblwrolmﬁs iwr2 miordaeli abdroom
| 5 ‘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 ' ach P ing unit

Pn4, sample 1 - | 1.0

Pn4, sample 2 . : 0.8
15 Pn9V, sample 1 - - 1.7

Pn9V, sample 2 ' 1.5

Pnl8C-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 agueous bulk
was found to be_épprbximately 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
30 Lindquist U. 'Structural studies of the capsular
polysaccharldes from Streptococcus pneumoniae Type
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the Dounce and the total resuspended. ndterial (28 nL) 20 'was transferred
to a 100-nlL round-bottom fl ask. - After sealing with a septum and
replacing the air with Nerr] using a Firestone valve, the reaction

m xture - was aged for 19 hr. The 28 -nL reaction mxture was 25 then
di vi ded anobngl¥7Ry@8HBBcentrifuge tubes, -ed0b of whi ch ha282dAped with 1
M pot assi um phosphat e (aqueous) and then centrifuged for 2 hr at 43K
rpm®™- and 4[err]Cin a Beckman 80 Ti rotor. The supernatant - fluids

were removed &nd tEarpohyd: sRessysB5nd3d80n (3983)1 YguPwakphoSphat e, pH
8.0 buffer (azh!3knfing8, H. JT- W8ErhBeuthiahetE2HEASEELANO¥OLHEE) -

capsular polysaccharide of Streptococcus pneumoniae
Type 18C.' Carbohyd. Res. 131:119-129, (1984).
Perry, M. B., Daoust, V., and Carlos, D. J. 'The

5 specific capsular polysaccharide of Streptococcus -
pneumoniae Type 9V.' Can. J. Biochem. 59:524-533,
'(1981)]. The lower retention of O-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 Pn&4, 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—o—pyruvylatlon by mild ac1d
bydrolysis 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,

sensiti?e procedure for the quantitative analysis of

30 O-pyruvyl ketal in Pn4 and O-acetate in Pn9V and
Pnl8C-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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- 55- A second ultra-centrifugation (2 hr, 4[err]C, 43K rpn) - was t hen
effected. After renoving the supernatant fluid, the pellets were
resuspended by the Dounce °~ nmethod in the filtered Pn23F--BuA2- Br Ac

sol ution prepared in section 7.1.C 3d. An Ellman assay at this point

i ndi cated a tolaR/6EBabout 28 [err]nplesl®¥ - thiol in thkSZSEEAtlng

sol uti on. It should be noted that the filtration of the

Pn23F- BUA2- Br Ac sol ution occurs just prior to the 10 resuspension of the
thiolated protein. The resultant EEAEBLEL&L i.e., Pn23F-BuA2-BrAc with
t hi ol at ed OVPC) wasyage 9Ag§aEaGe:i N a Nerr] box
at  r.t. for 117 hr. .The reactlon*mas then cappeo (|e ‘the reactive
nmoi eti es on the Pn 23F Ps and OMPC are deacti vat ed) as follows: A

sol ution contalni NYwd5cof jugateNreubtionl nixtdee(d&hples Gonie of pH 8.0,
0. } M SOd'QPrBQSEE?%ge bﬁfBe 1§e§z£d|§§m§9etgfogﬂg gther) were

5 Sstored at 3-8 C until used.

2. 0.2 MOPS pH 7.2 buffer was added to the samples
-to obtain a final concentration of about 7 mM. Solid
GuHC1 was added to the sample to achieve a final |

jo concentration of 4.2 M (Note: 1.42 g of GuHCl/ml of
sample should be added to cbmpensate 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 as spectra) and Pn6B-Ps distribution was based on a
Pn6B-Ps specific ria assay. Based on elution .
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20 0.22-[err]mfilter, was added to the reaction and aged ' for'18 hr
The t-otal volune of capped conjugation m xture was 38.5 nL and:- 1.5 nL
of pH 8.0, 0.1M sodi um phosphate 25 buffer was added to bring the total

volume to 40 nmigz/eEs  Thirty-five nmL of 1tg8 s sol ution was 1@w2d equal ly
to four 10 mL centrifuge tubes and each of which was topped wth 0.1M
pH 8 sodi um phosphate buffer. These were centrifuged at 43K rpm 2

~hr.,74[err] C. poRiticid cfuFn6eBxFaBrAciadonemnd dmwphysdaleach of the
_pe!5I6eE s vas diglqd9ed With Sletdvatdd WEE" ddbiMos fractions
- containing both PS and protein were made and those
eluting diétinctly from the positions observed for
the Pn6B-Ps-BrAc were presumptively designated as
5 Pn6B-Ps-MIEP conjugate.

5. Pools were concentrated by ultrafiltration using
a YM-30 membrane and diafiltered using Milli-Q Hy0. .
Protein and Pn6B-Ps content were estimated from

10 4gquantitive compositional studies. The presence of
SCMHC was detected by amino acid analysis.

o EXAMPLE 32 . |
 Pneumococcal Polysaccharide Pnl8C-Ps Direct RIA Assay

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 125I—goat anti-mouse IgG. The

25 Pplates 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.

30
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. Tris, pH 8.5, 0.01M EDTA, 0.5% Na deoxychol ate) and transferred to a
Dounce honpbgeni zer. The centrifuge tubes were serially rinsed with an
addi-tkonal 8 nlL of TED buffer. and the pellets resuspended (40 niL total)
~and aged at r feperature for 20 hr e aged 5. natenga
centrifuged ( €5cti bed above) in fou} 10 nmL tubes &t > 2 hr.
4[err] C. Each of the pellets was di sl odged with 8 nL of TED buffer, the

t ubes sergﬁggé%##gged with 8 mL of TED buffer, resuspended and

centrifuged a d above. These pellets 10 were then.resuspended in
atotal of 40 nL of 0.1M pH 7 sodlun1phosphate buffer and recentrifuged

as  described gboverta Wi& Peldmot PHEPRIERE DIA , total of 44
nm. of water and aged at ad‘{P‘err ¢ for 17 g&d A smal | anount of
i nsol ubl es were rennveé: o 2 éﬁ' centrifugation (1000 rpm 3.5
m n.l) af fording h?:mmhm sh v tiehs, WW fﬂllalgglolslz:lc Dihe,
resul tant superna t he u ugat e
vacci ne. SThe conjt’ﬂ tﬁéi &a}ge tpr‘?‘é’ef#% \ﬁlnﬁl;%gl (?‘l?a?r%}rcgt eristics:
tips (ex. Eppendorf dlg1ta1)
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.

Reage

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 IgGllzsl-labeled 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 S2002

5. Diluent .
25 8 parts fetal calf serum Sigma F3885
| 1 part goat serum Sigma G6767
1 part rabbit serum 'Sigma R4505
0.05% TWEEN 20 Sigma P1379
0.1% azide . Sigma S2002

30
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Test Resul ts a. Ps Content

284 mcg/m 25 b. Protein _ 2025 ntg/ nL
"Ps/Pretein ratio (Calc.) 0.14 c. Free Ps

<5 area % 179/cHE no Acid Analysis. 110 - SCVHC/ | yskBeTA
6. 7% 30 SCMC/ | ysi ne 1. 6%

- 57 - ' EXAMPLE 8
§ 3. Add 1 anti-Pnl8C-Ps coated bead 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 u31ng the Qwik Wash apparatus
and deionized water.
10. Dilute 125I1-1abeled .goat, anti-mouse
] antibody to 15000 cpm/lO pl in diluent
20 | (~1:160 dilution).
11. Add 20 pl of this solution to each well
_ containing a bead. :
12. Cover the plate and 1ncubate at 37°C for 2
hours. : ‘ '
25 13. Wash the plate using'the Qwik Wash apparatus
and deionized water.
14. Transfer the beads to the plastic tubes
provided with the RIA kit and count using a
suitable gamma counter. - |

30
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" ‘Preparation of Ph-Ps'by Gaul i n Honogeni zat i on: Crude

pneunococcal ‘powder was sol ubilized at a concentration of 1.5 ng/nL in
wat er~. by m xi ng overnight at 4[err]C. A nore concentrated solution of 5
Pn-Ps was al s repared at | Ong/ nL. i on of 50nMM rr] was
succéssf ul inizgé’vrng the viscosity ofqhh 10 nmg/ mL %gég%#on to the
viscosity of the 1.5 ng/nL solution. The solubilized Pn-Ps was then
passed thg%iggégtgggébn honogeni zer set at one of four 10 pressure
settings: 200 0, or 15000 PSI. The sheared Pn-Ps was then
col | ected by addition of 60% i sopropanol nmade 50 mMMin CaCl[err] froma.

2 M stock. The peggﬁ$1W@stﬂ@sHﬁ?lﬂbh@elﬂg%kﬁEEﬁ@ﬁhs'ﬁogéther

omi -m xer, and fil'ter to recover reci at ed iS Pn The. Pn-Ps

P
is washed on the filtetOong€k an avgraggn °£nGaF cfi2BP&d §§€P exdoerr]
(drierite) and stahadmtuba%ahrh@fwetrl boﬁnablzedSuBbtﬁacts of the

ant1 goni oty | ndex by tBee ACHREIAB: PYEESS CPBRERY E5GPARLL ze and pol y
di spersity by HPSEC  stamdiardssandcgamplesi.on. MV at whi ch
anti - Polyy, Using a calculator equipped for statistical

calculations, input the data for the

standard curve and calculate the correlation

10 coefficient and slopé of the line.
3. Using the appropriate standard curve (free -

for free, conjugate for conjugate),

calculate the respornse of the samples, and

correct for dilutionms.

15 )

The same procedure described above is
applicable to any of the other Pn-Ps species by
substituting type specific reagents

20
25

30
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(PnMNP:A\I) | ggni g:sty begi ns 500 000di sper si ty.- tlylig ”!IMCH"I'LHIJI "Ig “ I!II
1.09

300, 080 . 1.15 19F - . 250, 000

23F . o : 1.15

- 58" £727C88 EXaVPLEL® ~  Mouse T- Oe’r?zg?i[ﬁm ati on:
Thi s test IS perforned to establish the T- cel

dependencyll e C4 IﬁfD e of Pn-Ps Conj ugat e Vacci nes. This

nodel was adop
_ 1. A capsular polysaccharide of
Streptococcus pneumoniae having on average less than
about 1200'oligosaccharide repeat units per molecule
5 and a polydispersity between about 1.0 and 1.4, a
- molecular weight between about 1 x 105 and 1 x 1086,
and a level of contamination by pneumococcal
group-specific C-polysaccharide below 3.0% of the
type-specific polysaccharide.
10 | | o
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 |
15  subtypes of Streptococcus pneumoniae selected from:
1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14,
158, 17F, 18C, 19F, 19A, 20, 22F, 23F, and 33F.

| 3. The polysaccharide -of Claim 2 wherein
20 said polysaccharide has a size polydispersity between
1.0 and 1.4, a C-polysaccharide contamination level
as compared with type specific polysacchar1de of less
than 3%, and is derived from: '

25 1) Streptococcus pneumoniae 6B, said
polysaccharide having:
a) a My between about 3 x 10° and 6 x 107;
b) a Kg (peak) of about 0.60 + 0.05;
¢) a My between about 3 x 105 and 7 x 105;

30
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5 children less than two years espond well to
T- dependent anti.gens.- Athym'c m cl I‘“ﬁ@"!“lm""mor mal thym c epithlium
e

.and therefore their response to Tdepemdent wantigens is significantly

| ess than their normal congenic litternates. ' A single dilution
of vacci-ne .to 4724GHB dosage of 0.5- [éiB]g polysaccharld&zﬂglﬁnjected :
intraperitoneally into adult athym c mce (nu/nu) and their congenic

control littermates (nu/+) on day 0, 7 and 28. The mice are bl ed one
week later and theflp 15aPnéF$F69§FCsEiécﬁﬁétyeépee oM gREANBAY response by

radi pi mmunoassay (Rl A) hosphate, pH 7.27 beewEen 1eacanaonse s@hdm i s
conbi ned with Eabe E ntlgen antlbod | ex 20

forned i s then pre€i plt £&8§ %gaadé 9P5nE§9355F Fatige v unit ﬁnﬁ& i um sul f at e.

Each processed sanpl e i molecnledon average;beta counter for one m nute.
The Pn6B- Ps- OVPC, Pnl 4- Ps- OMPC and Pn23F- Ps:- OMPC conj ugates of this
invention were tested in this manner and found to 25 elicit good T-cel

stunulatumn in theZhuStreptococcus pneumoniae 14, said
' polysaccharide having:

a) a My between about 3 x 105 and 8 x 105;
- b) a K4 (peak) of about 0.60 + 0.05;
| ¢) a My between about 4 x 10° and 1 x 10%; and
10 . d) an intrinsic wviscosity in 0.1 M sodium
phosphate pH 7.2, between 0.6 and 1.6; and
e) less than about 1200 repeating units per
molecule on average;

15 3) Streptococcus pneumoniae 19F, said
polysaccharide having: '

a) a My between about 2 x c 105 and 6 x 103;
| b) a Ky (peak) of about. 0.65 + 0.05;
20 e)  aMy ‘between about 2 x 105 and 6 x 103;
' d) an intrinsic viscosity in 0.1 M sodium
' phosphate, pH 7.2, between 1.0 and 2.0; and
e) less than about 1000 monomer repeating units
' per molecule, on average;
25
4) Streptococcus pneumoniae 23F, said
polysaccharide having:

a) - a My between about 2 x 10° and 6 x 105;
30 b) a Kq (peak) of about 0.54 + 0.05;
c) a My between about 4 x 10° and 8 x 107;

_ This Sheet Has Been Reﬂiaced

A0




EXAMPLE 10 | mrunogeni city Hllmn jmﬁmugml)es in Infant Rhesus
Monkeys: 30 This tes establish the

I mmunégenicity in infant naneys of elther Bul conjugate or filled
contaj ners of Py RegVPC or 114 - . - 18282IA - 59 -
Pn-Ps-M EP conj ugat e vacci ne. The i nf ant naney nodel has been shown to
be an excellent clinical predi ctor for the PedvaxHI B[err] conjugate:

vaccfne [Vella &) alan PeEidhsiesvidoosity Supoll.MPPos&HEmE675

| ~ phosphate, pH 7.2, between 1.5 and 3.0; and .

e) less than about 1000 monomer repeating units
per molecule, on average,

5 ~ 5) Streptococcus pneumoniae 4, said

polysaccharide having:

a) a My between about 2 x 10° and 4 x 10°;
b) a Ky (peak) of about 0.65 + 0.05;
10 - c) a My between about 2 x 105 and 5 x 105;
' d) an intrinsic viscosity in 0.1 M sodium
phosphate, pH 7.2, between 1.0 and 3.0; and
e) less than about 600 monomer répeating units
per molecule, on average; '
15 = | | : |
"6) Streptococcus pneumoniae 9V, said
polysaccharide having: |

a) a My between about 3 x 10° and 6 x 10°;
20 ~ b) a Ky (peak) of about 0.65 + 0.05;
- ¢) a My between about 3 x 10° and 7 x 105;
d) an intrinsic viscosity in 0.1 M sodium
fphosphate, PH 7.2, between 1.0 and 2.0; and
e) less than about 800 monomer repeating units
25 " per molecule, on average;

7) Streptococcus pneumoniae 18C, said
polysaccharide having: :

30. a) a My between about 2 x 10° and 6 x 105;
‘ b) a Kq (peak) of about 0.65 + 0.05;
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'(1990)] and was t her ef oy model for Pn- Ps conj ugate
vaccine eval uation. I“l lm I ‘m““of vacci.ne is injected

i ntramuscularly (0.25 o ea *wo sites) into 2--to 3-nmonth-old
i nfant nonkeys on day 0 and 28. Monkeys are bled on day 0, 28, and day
42 and the 1017i27¢EB dual sera are testdd5 or antibody redBasegsy

r adi_oi nmmunoassay (Rl A). In the RIA each nonkey serumis
conmbrned with Cl4 | abeled Pn-Ps. . Any antig ant i body conpl ex

fornBd is then pre&dipi watigd Hetween adiuti @n Xofl anﬂatﬁmatléﬁ ;anmoni um

sulfate. Each prooessed s3itdic v1sc‘3§‘i”c_1yechi . heldaupter for one .

mi nute. The | miunogeni C response £ vaccine J's satisfactory i f
at | east 50% of the tedhofphahes i/ é’t' Il@ééieeél 4.5 ande3& &Rd body

response after re@y vi n@ssvaniaseboit 00 WHOME: geatlng units
Pn6B- Ps- OMPC, Pn23F-'Ps- CNPC Pn‘ﬁgF Ps- QWPC Pnl 4-Ps- OMPC, have

been shown to elicit s@Snhdiolec OQ3ﬁ¥§§ﬁﬁﬁnflc anti body responses.. In
additions - = a tetravalent conposition conprising Pn6B-Ps-OWC, 25. :

Pn23F- Ps- OVPC,  Pnl 9F- Ps-,OMPG t?dﬁgpops@tdfcfris feru1 as a vaccine

against between one and seven subtypes of
Streptococcus pneumoniae, said composition compr1s1ng
an inert carrier and one or more of the Pn-Ps )
10 compounds of Claim 3 in an unconJugated state, and
~ optionally compr1s1ng additional antiviral,
- ant1bacter1al or immunomodulatory immunogens or
compounds, wherein said additional antiviral,
_ antibacterial, or immunomodulatory compounds are
15 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,
20 diptheria-pertussis-tetanus, measles, mumps, rubella,
varicella and Haemophilus influenzae b.

5. A process for making a capsular
polysaccahr1de of Streptococcus pgggmg__gg having
25 less than about 1200 ol1gosacchar1de repeat units per
molecule and a polyd1sper51ty no greater than 1.4,
which comprises: _
a) i) Culturing Streptococcus pneumoniae,
' killing the pathogenic bacteria and
30 isolating crude capsular polysaccharide, or
ii) solubilizing crude Streptococcus |
pneumoniae capsular polysacchar1de available |
from the ATCC;

-
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exhlblted good anti-Pn-Ps antibg four serotypes.
- 60~ mmmﬂﬂm m‘aPr otective Efficacy of
Ineht kHl as

Pneun®coccal Cbnjugates In $ Each Chinchilla
was i nj ected: subcutaneously or |ntranuscularly with 0, 0.25, 1.0, or
4.0 [err]g of $72/6r6B- Ps- OWPC adsor bed y1pgAL(OH)[err]. Thez28hrachill as
were bled at 0, 2,4,6, and 8 weeks. The animals were chal l enged with
St rept ococcus pneunoni ae 6B ei ght weeks after |nject|on and noni tored
every- 1-3 days by b) Partlally hydrolyzing, by enzymatic or

Y ‘ ' chemical treatment or by heating,

sonicating, or physically shearing the
polysaccharide; and _
c) fractionating the product of step (b).

6. The process of Claim 5 wherein steps
(b) and (¢c) comprise: ' -
(b) i-Optionally purifying the crude Pn-Ps by
. , ion exchange adsorption of impurities prior
10 o to partially hydrolyzing said Pn-Ps;
ii-Partially-hydrolyzing or
mechanically-shearing the crude Pn-Ps; and
(c) Fractionating the partially-hydrolyzed Pn-Ps
according to size and_purity..
15 o
7. The process of Claim 6 wherein steps
(b) and (c) comprise:
(b) i-Optionally, adsorb1ng onto Whatman DE52
anionic impurities at a solution pH of about
20 5; | |
ii-Partially hydrolyzing the Pn-Ps in
solution to an endpoint viscosity.
predetermined to diminish the Pn-Ps binding
, - to anti-pneumococcal type specific antibody
25 _ 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;

30
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otoscopy and tynpanonetry. M ddle ear tl“‘“m“ u“ aspirated for
culture and the aninals were sacrificed/RaR :post chal | enge. The

sacrificed animals - were anal yzed for m ddl e ear histopathol ogy. There
was 69@6nnrta|it¥ in animals receiving no.conjugate  while even the

| onest dose reddk{EHBin 0% nortality. t511%here was no prod8&82&A agai nst
purw ent otitis nedia “in animals that did not receive conjugate while-
t hosg - recei ving copnjugate were.protected, at | evel et ween . 60 and
100%%cr oss al | dosage ange§9n1cig1gg £GE 1ﬂﬁFFY§i§u cgcﬁﬁFopﬁﬁune

Responses in 2-5 Year Od  to Ghimlidutes,28epending on2theypaweel d chil dren
broduct i an of ant - Pnoe-Po- aRELEAUECSTLyRE HORHET0R REpRE. g ON T ant
el evations in anti-Pn6B-Ps followed by periods of cooling and
' _ additional sonication; or
5 3. physically shearing the polysaccharide
' | | | in a Gaulin-homogenizer at pressures
: between 2000 and 15000 PSI; and
(c) Fractionating the hydrolyzed Pn-Ps and °
_ selecting'a fraction having a molecular weight in the
10 range between 1x10° and 1x10® by:
: i-differential alcohol solubility using
isopropanol at concentrations predetermined
to precipitate the desired Pn-Ps size range;
or el .
15 ii-fractionation on a size-exclusion liguid
chromatography column capable of including
and fractionating polysaccharides in the
. size range between 1x10%4 and 1x106.

20 8. The process of Claim 7 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

25  subtype Pn-Ps: '

30
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E?(}A:\/gﬁgl (iais*} V\er_eRg?ZeF\l\éSﬂel orretry of Pneurmlc,mlluulllFluluuuqul de-s o

‘The pgirpose of this assay is to determne * %hé pd8lysactharide content of

free Pn-Ps and conj ugat e preparations ‘using rate nephel onetry. The 5
range of the sipp ﬂﬁﬁﬂ curve for the ratejpgphel onetry dghhera for the
vari,ous Pn-Ps as t response per unit Pn-Ps mass, and the |inear
portPon of the response versus Pn-Ps antigen concentration profile
di fféws for eaph-Py- Sabtype ProcevurgeteEAdPoEnti Velarget Endpoint
¥ R Vi ity —Kq (peakd
' " (centistokes)
Pn4-Ps 1.5 - 1.00 0.65 + 0.05
5 Pn6B-Ps 1.3 - 1.00 0.60 + 0.05
Pn9V-Ps 1.3 - 1.00 0.65 + 0.05
Pnl4-Ps 1.2 - 0.95 0.60 + 0.05
Pnl8C-Ps 1.5 - 1.00 0.65 + 0.05
Pnl9F-Ps 1.3 - 1.00 0.65 £ 0.05
1.5 - 1.00 0.54 £ 0.05.

10 PnZSF—Ps

, 9. A Pn-Ps prepared by the process of
Claim 5.

- 15

20

25 ke
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10 here is specific for Pn6B conjugate and does not necessarily apply
for conjugates of other Pn-Ps types. Conjugate sanples and standards
are di-l uted in 0.9% NaCd, and again are diluted to nomina

- conckntrations that are expected to be within the 15 I|inmts of the-
standard curvel72/GHB) Reagents Sal i ne solution: 0.9% aqueous Nadl
Antl-Pn Ps sera: Antisera (Health Research, Inc., Al bany, NY) is
_ydlluted 30-fold with saline solution. 20 Standards: Prepare 1.0, 1.5,
2. Q\ 12:5, 3.0 and 4.0 - mcg/ Ll Pn-Ps conjugate standards froma 387
[err]g/nL stock solution, .the concentration of which was

det érmi ned by the phenol sul furic acid assay for 25 polysaccharide.

‘Test Sanples: Prepare in sodiumcitrate stock to have a fi nal
concentration of 3% sodiumcitrate and . serial dilutions of the test -
sanples to theoretical 30 concentrations of 1.0, 2.0 and 3.0 ntg of
Pn-Ps/m .

5
- 18282IA
10 TITLE OF THE I 1

POLYSACCHARIDE ANTIGENS FROM STREPTOCOCCUS PNEUMONIAE

ABSTRACT OF THE DISCLOSURE
TypeéspeCific capsular polysaccharide

1s preparations from Streptococcus pneumoniae, having on
average less than about 1000 oligosaccharide repeat
units per molecule, polydiSpersifies between 1.0 and
1.4, intrinsic viscosities between 0.6 and 3.0 dL/g,
and less than 3% contamination of type-specific

- 920 Ppolysaccharide by group-specific C-polysaccharide,

are produced by a novel process. The novel type
specific polysaccharide products are useful in the
preparation of vaccines, especially covalent

. conjugates comprising the novel polysaccharide linked

25 to a T-cell stimulatory carrier protein. Vaccines
comprising the novel polysaccharides are useful in
the prevention of infection and of diseases

associated with infection by Streptococcus pneumoniae.

30
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- 62 - . b) Procedure Assay all sanples and standards using the
Beckman. PCS rate nephel ometer using duplicate measurenents.

Det er i : gxlhe concentration in the sanples fromthe 5 standard cfiesiet IS
Mﬂtrqﬁw e sanpl e concentration by the dilution factor and average
the val ues for each test sanple. As noted previously, sanples
found by this nethod to 10 have antigénicity indexes bel ow 70% are

rej ected for conjugation to ensure that the Pn-Ps being used has

B R CE R

=~~~ yp TIILE OF THE INVENTION
' 3 PO;YSACCHARIDE AN?IGENS FROM SIBEEIQQQQQHS PNEUMONIAE

EAQKQBQHHD_QE_IEL_IH!EHIIQH
' The pathogen1c bacteria class1f1ed as
15 fs;;gg;ggggggg puceumoniae (pneumococci, Pn) have been
- subdivided into ¥4 antigenic serotypes, based on the
capsular polysaccharide (Pn-Ps) of the organism.
Disease states_a;tributable to these otganisms
include pneumonia; meningitis, otitis media,

20 bacteremia and acute exacerbations of. chronic
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
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‘cul ttre of

t he desired i mmul ogi cal characteristics.

EXAMPLE 14 15 Preparation of Neisseria meni ngi'tidi s Bl1l Serotype 2
OwWC_ '

C. "« A. Fernentation 20 1. Nei sseri a
rremn‘gft@s G oup Bl1 A tube containing the |yophilized

Nei sseria meningitidis [optained fromDr. M
Artenstein, Walter Reed Arny Institute of Research. (WRAIR) ,
Washi ngton, D. C. ] was opened and Eugonbroth 25 (BBL) was added. The

e g B B e o snc”
har vest ed i nt o PASHOBE 'i#%ﬁ?ﬂnﬁ’fDﬁﬁg?Fw& ca’i‘;llri?liéj%f%g\r/\g\r,\g f\rNgien
at -70[err]C. Protettiionyagdinst a3Veryr highs percentage rofdthg most
ggghﬁfgﬂg;:?2d¥£€§6§§§1§}gﬁgorteanbh§ﬁ5E@d§”3§'fﬁk&“@fﬁ%ﬁfza”d typing
Polyvalent vaccines have been produced that
5 are efficacious in raising protective immune -
responses against the pneumococci in adults.
"PNEUMOVAX® 23" (Pneumococcal Vaccine Polyvalent,
MSD; see PDR, 1990 edition, p. 1431), for example, is
a liquid composition containing 50 pg/ml of each of
10 ‘the 23 different, unconjugated pneumococcal
polysaccharides, all of which are on deposit with the
ATCC and provide one possible source of starting
material for this invention. "PNEUMOVAX® 23
_ comprises each of the following free, that is
15 unconjugated.'polysaccharides: 1, 2, 3, 4, 5, 6B, 7F,
8, 9N, 9v, 10A, 11a, 12F, 14, 15B, 17F, 18C, 19F,
19A, 20, 22F, 23F, and 33F, accounting for about 90 %
of pneumococcal isolates. However, such vaccines are
least effective in the segment of the population most
20 at risk for pneumococcal infections: B-cell
immunocompromised individuals, the elderly, and.
infants younger than two years old who depend on
T-cell responses for immune protection. Since
unconjugated polysaccharides are poor inducers 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
30 DPolysaccharides in a conjugated form. For example,
administration to a female mammal of a vaccine
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- 63 - ' A vial of the.cultdre fromthe second
t hawed and streaked onto 10 Col unbi a

( CBAB- Bﬁ_)\ The plates were i ncubated at 37[err]C with 5% CO[err] for
18 hqur’s after which time the growmh was harvested into 100 nlL of 5

10% 8ki mmi | k medium aliquots were takengin 0.5 ni amounts and frozen
at -70[err]C. The organi sm was . positi vel y i dentified by aggl utination
with specific anti serum sugar fermentation and gram stain.

e er s i onCfpitedige il s aprecsc il lsber ol

The uncon ugated Pins prior to or uring pregnané&

raises antibodies in the. mother which can passively
protect a developing fetus and suckling infant even
though the vaccine is not administered directly to

5 the fetus or infant. In addition, compositions
comprising a mixture of these novel, unconjugated
polysaccharides have improved properties over
available compositions because of the increase in
purity of the new Pn-Ps product of this invention,

10 and should prove useful in the formulation of new
- unconjugated vaccines.

passage was
Sheep Bl ood agar pl ates

A particularly preferred subset of the
capsular polysaccharides of Streptococcus pneumoniae
listed above are those derived from subtypes 6B, 23F,

15 19F, 14, 18C, &4, and 9V, as this small group of
pneumococcal subtypes are estimated to be responsible
for between 75-85% of pneumococcal infections in _
infants and children. BHowever, 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 prgparation of conjugate
immunogens. Polysaccharides have generally been
found to be poorly immunogenic by themselves but have

25 been shown to be gquite 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. Vaccipeg, 77-94 (1980); Schneerson, et al., J.

30 Exptl. Med., 152, 361 (1980); Anderson, Infection and
Immupity, 39, 233 (1983)]. However, a major problem
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pl ates were incubated at 37[err]Cwith 6% CO[err] for 18 hours after
which time the growh harvested into 17 nL of 10% skimm | k medi um
aliquott®d in 0.3 nmL 15 ampunts and frozen at -70[err]C. The organi sm was
positively identified by Gam stain, agglutlnatlon with specific

anti Eerum and oxi dase t est. Fermentati on and col |l ecti on of

cell paste a. | nocul um Denéel opnent- -- The i nocul umwas 20
grown fromone frozen vial of Neisseria ningitidis G oup B, B-1l

from above (passage 4). Ten Muel | er-Hi nton agar slants were inocul ated

an- i nooul um 1 o %%%’*ﬂ?"%?ﬁﬁ”‘%@*‘mﬁ iperes JE U alysate

east dial ysate

medi um at pH 6n@R-hompgenpes patuse of J@&W@%Qﬁt@&%ﬂ%nﬁt@ﬁt B&ted .
until the OD enfdterial a.ndbﬁéﬂ@éntkeaatiﬂ‘i%ull:y”hx@fdéfliﬁiﬁg|tliée was used
fp ' |noculate gac ”@; oéi E ge 1ng§ég_ qifks (each . gontalnlng 1
iter of medi uffOTEd o?\ﬁ \ilei | ted %V[%r?f?,c?ﬁ €haker at
200 rpm ThetiéQuired whereﬁnltheeétamﬂingﬂmatetfayalaréoabowemg
nocul ation. 4 dd4£i8s %hsPpebR1EYE Wnd el b¢d) f ) the syRindedl
route is assayable as to intermediate formed. The
process herein disclosed satisfies this requirement
by providing highly chemically defined Pn-Ps
polysaccharide antigens amenable to conjugation.
10 Thus, production of conjugates, useful for immunizing
infants younger than two years old against the
cognate pathogens from which the Pn-Ps is derived, is
facilitated by the novel characteristxcs of the Pn-Ps
products of this invention. )
15 Marburg et 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
polysaccharides and immunogenic proteins through
bigeneric spacers. The PRO was derivatized to
2p €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 (P8-PRO). Upon acid hydrolysis, the bigeneric spacer
is released as an unusual amino acid, guantitated by -
amino acid analysis, and thereby providing a means of
proving covalency.
This invention discloses a process improved
30 over that which is disclosed in U.S. Patent
4,695,624; 4,830,852; and 4,882,317. The
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- 64 - 70 Liter Seed Fernmenter - Approxi mately 4
of seed culture was used to inocul ate a

cont ai ning about 40 liters of conpl ete producti on nedium (see bel ow).

The ~ 7 conditions for the 70-liter fermentation included 37[err]C, 185
rpmwith 10 liters/mnute air sparging and

liters
sterile 70-liter fernenter

_ constant pH control at about
pH 7.0 for about 2 . hours. For this_bgtch, the final O)err] was 0.732
after 2 hours. 800-Liter Production Fernmenter

improvements include preparation of Pn-Ps starting
material having more specific, reproducible, and
manageable physical properties than provided by crude
 Pn-Ps preparations, including: increased solubility
increased filterability, increased purity (reduction
5 in contamination with group-specific C-polysaccharide
| (C-Ps), and reduced molecular weight, polydispersity,
and viscosity. Conjugates of the new Pn-Ps are
improved over those provided by the 4,695,624 process
with respect to increases in the consistency and ease
10 ©f preparation, improved antigenicity, and improved
purity of the final product. Especially significant
is the 3-20 fold reduction of group-specific
C-polysaccharide (CPs) and peptidoglycan
contamination in the Pn-Ps of this invention relative
15 to the crude Pn-Ps preparations of the prior art.
Although the presenée of the C-polysaccharide
contaminant does not interfere with the immune
responses against the type specific antigens,
production of anti-C-polysaccharide antibodies may
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.
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10 Approxi mately 40 liters of seed culture were ~used to
I nocul ate a sterile 800 liter fernenter containing 568.2 liters of
conpl et & producti on nmedi um (see below). The batch was incubated at

37[err4C, 100 rpmwith 60 liters/minute air.sparging.and constant 15
pH control at pH 7.0. For this batch, the final OD

was 5.58 thirteen
hours after inoculation. - - 3. Cemgl ot e Medium for Erlenneyer flasks
and . 70-and 800-liter fernenters 20 Fraction A L-glutam c
aci d. 1.5 g/Ilter 25 Nad
6.0 g/liter AR LHEr A NVINRVANO US 2.5 glliter
NH err] d gl
0.09 g/liter L- cyste?nngBPeumOGBégil ﬂdif%accharf@% (Pyllter

compounds have molecular weights between about 1x10°
and 1x106, polydispersities between about 1.0 and
1.4, C-polysaccharide contamination levels below 3%

5 of type-specific polysaccharide, and
anti-pneumococcal type specific antibody binding
between about 70% and 110% per unit mass of Pn-Ps
relative to type-specific preparations of crude
polysaccharide.

10 - The highly chemically defined Pn—Ps product
is prepared by partially hydrolyzing a crude
preparation of Pn-Ps to an endpoint predetermined to
maintain the antigenic integrity of the Pn-Ps. The
partially hydrolyzed Pn-Ps is then purified .

15 Substantially and the polydispersity decreased. The

. new Pn-Ps is useful for the preparation of
multivalent mixtures of purified Pn-Ps and of
Pn-Ps-immunogenic. protein (PRO) conjugates _
(Pn-Ps-PRO). Conjugates comprising the novel Pn-Ps

20 compounds elicit immune responses protective against
infection by pneumocbccal subtypes from which the
Pn-Ps is derived. '

Partially hydrolyzed and h1gh1y 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
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30 - - 65 - - Fraction B
(Gotschlich's Yeast Dialysate): 1280 g of Difco Yeast Extract
was -di gsol ved in 6.4 liters of distilled water. The sol ution was
dialyzed in 2 Am con DC 30 hollow fiber dialysis units with three HLOSM
cartridges. 384 g pS( err].7-Herr]0 5 and 3200 g dextrose were

di ssolved in the dialysate and the total volune brought to 15 liters

W th distilled water. The pH was a‘djlus'redto 7.4 with NaCOH,

sterilized by passage through a 0.22 [err] filter, and transferred to
the fernenter contal |ngt|;lract|o

comprisi hiovel Pn-Ps of this invention linked
to the outer membrane protein complex (OMPC) from
Neisseria meningitidis b are made by a process
comprising the steps of: isolating capsular Pn-Ps
from cultures of s;;gptgggggns pneumoniae
5 (pneumococci, Pn), partially hydrolyzing by treating
with heat, sonic disruption, chemicals or enzymes, or
physically shearing the Pn-Ps, fractionating said
Pn-Ps and covalently conjugating the Pn-Ps to OMPC or
other carrier protein or protein complex.
10 .
'OBJECTS OF THE INVENTION
It is an object of this invention to provide
novel, partially-hydrolyzed and highly-purified
antigenically type-specific pneumococcal capsular
15 Dpolysaccharides (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 makihg the novel Pn-Ps compounds
~ of this invention. Another object is to provide
20 methods of using the new Pn-Ps compounds. These
methods include: 1ncorporation into immunogenic
-conjugate or free-polysaccharide compositions useful
in inducing anti-pneumococcal immune responses;
induction of maternal immune responses which

25 passively protect infants and fetuses against
pneumococcal infections.
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10 A ‘For the Erlennéyer flasks: 1 liter of

Fraction A
and 25 nL of. Fraction B were added and the

After the fer myjjinaty y added in a separate '

vessel, to whiC DI T erred, yielding a fina
phenol concentration of about 0.5% The naterlal was held 25 at room
tenperature wtg, g

e:ﬁé;uﬂenrzh&wgdl%ﬁgn?uagbwe was no | onger
vi abl e (about 24 hours). e. ntritugatlon

Af t er
about 24 hours at 4[err]C, the 614.4

liters of inactivated culture
fluid was centrifuged 3Thet mostedh gatwt £$ycnyataqgu%dﬂgﬁg(higuljuges
The el ghtpﬂiﬂ‘gdcﬁh'euﬂx%% ec@ﬁ Lapleit boide e thaties

(Pn-Ps) are preparations of antigenic polysaccharide

derived from cultures of Streptococcus pneumoniae of
different subtypes. The Pn-Ps have average molecular
weights between about 1x10° 'and 1x106 daltons,

10 depending on the particular pneumococcal subtype from
which the Pn-Ps is derived. 1In general the molecular
weights of the novel compounds are reduced by a
factor between 2 and 10 fold, and the’ polyd1spersity
is reduced by about 50%, as compared with the crude

15 ~Pn-Ps preparations used as starting materials. -The
novel Pn-Ps preparations furthermore have molecular
size polydispersities between about 1.0 and 1.4 _
C-polysaccharide contamination levels below about 3%,
and an antigenicity index between about 0.4 and 1.1.

20 This last parameter is calculated as the mass of
Pn-Ps antigen detected by rate nephelometty relative
‘to the mass of Pn-Ps detected by physical or chemical
"assay. Crude Pn-Ps is assigned a value of 1.0 (on -
deposit with the ATCC). Rate nephelometry involves-

25  both the recognition 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 precipitate formation, which would register as an
“"antigenicity index" of 0.

pH was adjusted to 7.0-7.2
wi t h. Na®@H. For the 70 liter fernmenter: 41.8 liters of 15
Fraction A and 900 nL of Fraction B were added and t he pH was adj usted
to 770-7.2 with NaOH. - For the 800 liter fernmenter: 553 liters
of Fraction A and 15.0 liters of Fraction B were added and the pH
was adjusted to 7.1-7.2 mnth thH 20 b. Harvest and | nactivation

However, the new Pn-Ps of
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3.875 kg. Alternately the phenol killed fernentation
harvested by dialfiltration as descri bed bel ow.
- 66 - °F B. OHPC Isol ation Step 1. Concentration
and diafiltration The phenol inactivated culture was

concéntrated to about 30 liters and diafiltered in 5 sterile distilled
wat er using 0.2-[err]mhollow fiber - §iLters (ENKA)

brot h was

this invention is prepared in such a manner that the
antigenicity index is in the range noted above. This
is not to say that Pn-Ps, produced according to this
invention, but having an antigenicity index lower
than this range are not useful. It is simply that it

5 is not yet known if a Pn-Ps having antigenicity
indexes lower than 0.7 retains sufficient
immunogenicity to induce useful anti-Pn-Ps immune
responses. Furthermore, the novel Pn-Ps is amenable
to conjugation with immunogenic protein to produce

jo Pn-Ps-PRO conjugates useful in generation of
anti-pneumococcal immune responses, which is
especially significant for infant mammals, including
humans, which are incapable of mounting adequate
immune responses to free, T-cell independent,

15  Polysaccharide epitopes. |

Some physical and chemical qyaracteristics

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 responses in a mammal.

1. Characterization of the Novel Pneumococcal
. -. .l.

_ The physical and chemical characteristics of
30 the partially hydrolyzed, purified Pn-Ps include a
2-10 fold reduction in molecular size as compared
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Step 2. Extraction An equal volume of 2X TED buffer [0.1 M
TRIS 10 0.01 M EDTA Buffer, pH 8.5 wth O 5% sodi um deoxychol ate] was
added o the concentrated diafiltered cells. The suspensi on was

transferred to a tenperature regul ated tank for OWC extraction at
56[err]C with agitation for 30 m nutes- I - The extract was

centrifuged at about 18, 000 rpomin a Sharples continuous flow

centrifuge at a, flow rate of about 80 nl/njnute, at about 4[err]C. The
vi scous super n¥ikht crndeqgbagterhah ewulture Aetiyed polyspcchagidel.err]C. The

extracted cel | Thel redacedr eiz2@ altouws'fot cimprovdd polysacotmrddwcr i bed
above. The

Step 3. ConcenP?g?#gﬁkg9B%Fbggkph5§§$?%§n988&e9°§{wkéﬁfQ§§¥fﬁn‘4[err]C-

pool ed extract
was' transf err eFemOVA129f nomnpepajusatedgBeat biigher seypertaprdeific o AG Tech

gsl-pn12?!ysuLmqm@gbe&qmgg IE&e&eEEEPatubEe@ﬁlhhﬁsize extract maihheld at
ool ) e conde AR B i BB EBLEHED D002 e
of antigenicity. These novel Pn-Ps characteristics are
' used to advantage in the consistant formation of
highly chemically defined, highly type-specific,
antigenic fn—Ps-PRO conjugates. '
10 '

i. Pnc-Ps Molecular Weight and Polydispersity:

By measuring the weight-average molecular
weight, My, by a diffusion, sedimentatiom, or
chromatographic means, and the

15 number-average-molecular weigﬁt. My, by a colligative
property such as viscosity, freezing-point-
depression, or boiling~point-elevation, the .
polydispersity of the Pn-Ps preparation is obtained
as the ratio My/My. .The closer this number

20 approaches unity, 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,
Kg = Ye=Vo - ( Vo = column void volume.
Vi-Vo - Vi = total permeation wvolume.

Ve = elution volume of sample. .

Kg = partition coefficient of the
- sample), '
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30 between 11 and 24 psi.

- 67 -
Step 4. Collection and Washing of the OVMPC ' The retentate from
Step 3 Wwas centrifuged at about 160,000 x g (35,000 rpm at about
70[err]Cin a

| continuous flow centrifuge at a flow rate between 300
to 500 nL/mnute, and the supernatant fluid was 5 di scar ded.

The OMPC pellet was suspended in TED Buffgé (190 nmL buffer; 20 nl/g
pellet) Step 2 and Step 4 wer e repeat fwice (skipping Step 3).

of a crude or partially-hydrolyzed Pn-Ps preparation
is measured by size-exclusion chromatography (SEC),

or high-performace size-exclusion chromatography
'(HPSEC), of an aliquot of polysaccharide, according

to methods known in the art. The K4 thus obtained is

5 a measure of the average hydrodynamic volume of the

. polysaccharide preparation. As the molecular size of

the Pn-Ps is reduced by physical shear or by thermal,
- gonic, enzymatic, or chemical hydrolysis according to
the disclosed process, the elution volume, Ves Of the

10 Pn-Ps increases and so does the Kg.

In a preferred method, the column matrix for
this purpose is Sepharose CL2B gel (Pharmacia No.
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 a l-mL injection volume is used.
The ratio V,/V; should be in the range of 0.32-0.37.

20 The K4 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 monitors the specific viscosity of the analyte
as a function of elution volume. A universal

3o calibration curve [log: (intrinsic viscosity times
molecular weight) versus retention volume] is
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10 Step 5. Recovery of OWPC Product The washed pellets from
Step 4 were suspended in 100 nL distilled water with a gl ass rod

and a DBunce honobgeni zer to insure conplete suspensi on. The aqueous
OWC suspension was then 15 filter sterilized by passage through a

0. 22‘[err]mf|Iter and the TED buffer was replaced with water by
diafiltration against sterile distilled Wdter using a ~ 0.1-[err]m
hol I ow fiber filter. 20 EXAMPLE 15
Purification of a Subunit of Pr epar at

ion of _Purifiied MEP from
OWPC or From construcked n%ﬁ?mcﬁPﬁiyﬁﬁsP&fyécr%ﬁ”a*ﬁ%le°%e!“°n°dlsperse
El ectrophores g¢t

yYéthylene oxider stamdda/dd .S (TheScéhcentsationxahd cm 3
mm t hi ck wer e ‘used,

separating gel SRECIEHS A)V1sc°53@§ag’retlﬂ S 4% p‘?sg}qhéﬁeﬁ:é gq‘[lgr%}?%o; heOVPC

protein oi molteculaznweight omisys celal onsvoiunepprofdle ﬁm To 1
L of OVPC was,pddgdnBie, "enYer’ AW G {§ ubéd to calculate the
s values for M, and My, from which the polydispersity
index (M_/M,) is calculated [Yau, W.W. and Rementer,
W., J. Lig. Chromatog., 13, 627-675 (1990); Nagy,
J. Lig. Chrom., 13, 677-691 (1990); Benoit, et al.,
J. Ch. Phys. Tome., 63, 1507-1514 (1966)]. In the
10 Present invention, intrinmsic viscosity was measured
in 0.1 M sodium phosphate, 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_II).

ii. Retention of Pn-Ps Type-Specific Antigenicity:

20 . It is important, for each crude Pn-Ps
subjected to physical shear or thermal, somnic,
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. In a
preferred method, an aliquot of polysaccharide
solution is measured by the Quchterlony double immuno
diffusion assay using pneumococcal subtype-specific

30 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.
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gl ycerol, 300 nM DTT, 100 mM TRI'S, 0.001% Br onopheno
- 68 - blue, pH 7.0). The m xture was heated to 105[err]C for 20
m nut es *and al |l owed to cool

to roomtenperature before | oading onto the
gel. The gel was run at 200- 400 nillianps mﬁth cooling, until the

Br onophenol bl ue reached the bottom of tgﬁ vertical strip of the
d stalned Wi

gel was cut out (about 1-2 cm wi de) th Coomassi e/ cupric
acetate (0.19% . The strip was destained until the M EP band (about
38 KD) became visible. pifffe ShépRelBihet?§ measures the rate of

change in the intensity of light scattered during
formation of antigen-antibody complexes in a reaction
cell when a beam of light is passed through the
cell. In the present case, the complexes are formed
5 by an immunoprecipitin reaction that occurs in
- solution when a specific antibody (Ab) reacts with
its specific antigen (Ag), i.e., Pn-Ps. Because the
formation of an Ag-Ab complex is dependent upon the
presence of Ag and Ab molecules in optimal
10 proportions, the degree of complex formation for a
constant amount of Ab increases with the amount of Ag

up to a maximal level; larger amounts of Ag result in

less complex being formed. Thus, by maintaining a

constant level of Ab and measuring the light scatter
15 with increased concentrations of Ag, a standard curve
is generated. It is possible to calculate the Ag
concentration for a Ps (or derivatized Ps)
preparation when samples are reacted with their

specific Ab under the same conditions used to develop
90 ‘the standard curve. )

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 powder

preparation is known. Polysaccharides are

30 notoriously hygroscopic and may contain anywhere from

5 to 30% by weight of volatiles. As such, dry weight
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placed into its original gel position and the MEP 10 area was exci sed
fromthe renmai nder of the gel using a scal pel . The exci sed

area was cut into cubes (about 5 m) and eluted with 0.01 M
TRI S-buffer, pH 8.1.

After 2 cycles of elution the eluate was eval uated
15 for purity by SDS-PAGE. The el uate-wag conbined with a comon pool
of eluates and dialyzed for 48 hours agai nst 60 nM amonhi a-form ¢ aci d,

pH 10. Alternatively, the eluted protein can be dialyzed agai nst

50% aceti c aci theazumdserin Adaérofli themselves Are:notdpprvicubardy
evaporated to

t hrough a %I?P(r}%y%? 1:8 e%%? uﬁge%ﬁﬁﬁ\???%rds{%%%mﬁ? bgng w50 ag\(/avas
stored at roompokysacchbaride concentmaiNmE witlrsreasonghigt ACEUTEEY
etermnatlon og Efnéyféfgﬂgikdé assay-Cifdie | th€naBBay ¢Barations
ystens have been devel ope r quantijatjon
calibrated wit% a standard solution of the
5 polysaccharide of interest. For example, Pn6B-Ps,
Pnl8C-Ps, Pnl9F-Ps, and Pn23F-Ps may all be
quantitated by the methyl pentose assay of Dische and
. Shettles [J. Biol. Chem., 175, 595-603 (1948)].
Pn4-Ps, Pn9V;Ps,'Pn14-Ps. and Pnl9F-Ps may be
10 quantitated by the hexosamine content, and Pn9V may
also be quantitated by uronic acid content. The
Phenol-Sulfuric acid assay [Dubois et al., Anal.
Chem., 28, 350-356 (1956)] is useful for quantitating
all of these Pn-Ps preparations as part of in-process
15 testing during conjugate preparation.The other method
employed is to use a refractive index signal as a
heasure of analyte mass, also calibrated with a
standard solution of the polysaccharide of interest.
Though the colorimetric assay is used for monitoring
20 the pOlysacéharide content of the sgmples during the
' derivatization and conjugation process, the latter
method is used during the physical characterization
of the polysaccharide preparation by HPSEC-universal
calibration analysis and for calculation of the
25 antigenicity index. Starting crude Pn-Ps is assigned
an antigenicity 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 is considered satisfactory. It is possible
20 to get an antigenicity index of greater than 1.0 if
the poleaccharide is significantly purified during
the hydrolysis and fractionation step. It is also
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of C—ponSaccharide, based on NVR, enzynmati c, or 30 chr omat ogr aphi c

nmet hods. In the instant case, the chr omat ogr aphi ¢ separati on of
chol ine*(a conponent of

- 69 -
C-Ps) from sanpl es of hydrol yzed Pn-Ps, was used and conpared with
t hese . ot her nmethods. The choline was

. separated on a cation exchange
col um-  coupled with suppr essed conduigivity det ecti on.

Sanpl es were conpl etely hydrol yzed by 5 tfeatment with 36% hydrofl uoric
acid for 2 hours at 45-65[err]C followed by 2Mtrifluoroacetic acid for

16 hours ghebt¥tiddi1y Po48Yb18 EHALO'MYe reallfcePOn 21648 ©f
could increase the antigenicity index of a
preparation by increasing the flexibility of the
polysaccharide molecules and thus decreasing steric

* interference around the antigenic epitopes: These
5 are performed as an in-process check for hydrolyzed,
fractionated and derivatized Pn-Ps samples. Samples
which have relative antigenicities of < 0.4~ are
rejected, i.e.,, are not conjugated. Anti-Pn-Ps
antibody preparations are available that are useful
10 in characterizing pneumococcal polysaccharides.
Sources of anti-Pn-Ps antibodies include the Health
Research, Inc., Albany N.Y., or the Staten Serum
Institute. Alternatively, type-specific anti-Pn-Ps
antibodies may be prepared for this purpose according
15 to methods known in the art using commercially_
available crude Pn-Ps as the immunogen [Baker et al.,
Immunology 20, 469 (1971); Brooke, M. S., J.
. Immunol., 95, 358 (1966); Kearney, R. and Halladay,

W. J., Aust, J. Exp. Biol. Med. Sci., 48, 227

© 20 (1970); Schneerson, R. et al., Prog. Allergy. 33,

144 (1983); Robbins, J. B., Infect, Immun., 26, 1116
(1979)1]. : o
. A further indication of retained antigenic
integrity is the maintainance of the correct chemical
25 composition of the Pn-Ps preparation.

Pn6B-Ps has a repeat unit of |
[a-Gal(l-3)-0~Glu(l-3)-o~L-Rhap(l~4)-D-Ribitol-5- .
(P04(2)] so that the mole ratio of the carbohydrate

components ribitol:rhamnose:galactose:glucose is
390 approximately 1:1:1:1.

For example,

This ratio may be determined,
for example, upon hydrolysis of the polysaccharide
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the sanple was injected onto a Dionex BiolLC Chr omat ogr aphy system
having an Omi pac PCX-500 10 analytical and guard colum, an lon Pac CTC 1
cation trap colum, a CMVB-2 M cronenbrane Suppressor, regener at ed

with 50 nNItetrabutyIannDnlun1hydrOX|de . (10 M/mn), and the
conduct|V|ty detector set at 1 [err] Sienmen sensitivity. The sanple was
eluted 15 isocratically using 5% 200m\ g .- 5% 20% Acetonitrile, 85%
MIlTiQwater, 5% 20 mM

_ di am nopropi onic acid. Choline eluted as a sharp
peak after approximately 10 m nutes. Purified C-Ps (obtained

from Statens Seitin 26% hydroflupries aaial oad dlsouthd| hoersoatent using
t h th f t d.
S var S BSOS 5, WSRO0 803 g (LT

I né content o - Ps.
Thi s factor vvalﬁuheursoa&aﬂ-@@l'&i @n dlxglpspe!ztaorm@menanapnonxcham ous

sanpl es of Pn- g@@ﬁ@. \ a ntities of
chol i ne obt ai n§§ gyatsgé ngslﬁaéinw @diﬁéf‘&né{‘?ia aegg%\?grasf?on of 5.4%

chol i ne by wei §Rur Pﬁékﬁasy’&fresenti@bsamr%ggﬁ?ewse&&laé-upé’cléj. Sanpl es
havi ng C-PS amounts of the carbohydrate components is thus an

indication of maintained integrity. Essentially

theoretical ratios of carbohydrate components are

maintained for all the novel Pn-Ps compounds of this

invention, within about 20% the discrepancies from
10 the theoretical values being due primarily to

limitations in the art of the method. Thus, upon
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

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. 1In addition, Pn4-Ps
has recently been found to contain an additional
component, identified by HPLC analysis, which appears
39 to be 2-aminopneumosamine '
- (2-amino-2,6-dideoxytalose), as does Pn5-Ps [Barker
et al., Carbohydrate Res., 224-233 (1966)]. Pnl9F-Ps

‘This is the replacement sheet

Date: = 9 DEC 1996



30 concentrations over 3% were rejected as unacceptabl e
conj ugation. The tabl e bel ow shows the
- 70 - »

nmet hods, and shows typical C Ps contam nation |evels
Pn-Ps of varying degrees of purity:

for

correlation of this method with the NVR and enzymati c

in preparations of

Sanpl e NVR ENZYMATI C
HPLC 5 Pn6B- Ps 20% ND 17 - 18. 4% Pn6B- Ps
1. 6% 0.3-1. 0% 1. 2% Pn23F- Ps N. D. 2.8%
3. 7%

also has an additional component, probably a
hexosamine, which has not been reported in the

literature, and for which definitive identification

is still pending.

These and additional theoretical

polysaccharide repeat compositions are reported in
5 the following references: J.E.G. van Dam et al.,
Carbohyd. Res. 187, 267 (1988); H. J. Jennings, Adv.
Carbohyd. Chem. 41, 155 (1983) and references

therein; J. C. Richards and M. Perry, Biochem. Cell.

Biol. 66, 758 (1988).

In addition to the

10 carbohydrate components, there are phosphate,

acetate, and pyruvate sidegroups in several of the
Pn-Ps of interest, with some of these being

immunodominant features.

As such, these components

may also be monitored (see Example 30). Quantitation
15 ©of monosaccharides is also a useful means for
quantitating total Pn-Ps concentration in a sample.

A further element in the antigenicity of the
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. in

r

Another critical parameter is the level of

30 C-polysaccharide contamination.

This value may be

shown by total acid hydrolysis of a polysaccharide
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Pnl 4- Ps- 2. 9% 2. 4% : 3.2% 10 Pnl 9F-Ps 2. 7%
2.6% 2.6%

_ EXAMPLE 17 - Cl oni ng
of Genomi ¢ DNA Encodi ng M EP: About 0.1 g of the pheno
inactivated N. 15 neningitidis cells (see Exanple 1) was placed in a

fresh tube. The phenol inactivated cells aere resuspended in 567
[err]L of TE buffer [IOMM TRIS-HO , . }

"EDTA, pH 8.0]. To the
resuspended cel |l s was added 30 [err]L of 10@6SDS and 3 [err]L of 20

/L 20 t ted at
10 (B PR RO b onitontygy O R Mg agtogege, gL

te L of
added and ni xecQMH §r$c8 detectijon of QH°H£F€et

yl tri met hyl ammoni um
brombde é CT gg) AI\t@rﬂanely,Ntﬁle wh-iadr olyedd prydabhwade smasand
i ncubat e

0.8 nL) of chlo f%ﬁ?ﬂﬁ'?g&nﬁ R e (%‘fnﬁfﬂg? | e Nitgt %Eﬁ‘f‘i He
respectively) wasesdthd, ratied afhdtheigthgline signadetkor tﬁlgad\&ntnmut
e o L AR LOp e o B SUUERYR LU TSR 1
different signal for other Pn—Ps) for calculating the
C-Ps content. The chromatographic method uses the
ratio of the éholine_signal to either the
polysaccharide content determined by conductometric
10 assay or to one of the Pn-Ps component peaks to
calculate the C-Ps content. In either method,
standards of known concentrations of choline allow
direct calculation of the level of choline present in
a polysaccharide preparation once the choline
15 concentration is known, using the theoretical repeat
 structure of C-Ps {Hermans, et al., Recl. Trav. Chim.
Pays-Bas, 107, 600 (1988)], the concentration of C-Ps
in a polysacchar1de preparation is known.
Polysaccharide concentrat1ons of .Pn-Ps samples are
20 Rmeasured according to methods known in the art. For
example, total polysaccharide concentration may be
determined by total hydrolysis of the polysaccharide
and measurement of the concentration of a specific
monosaccharide. By comparing the C-Ps concentration
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 parameters resulting from the novel
process described herein:
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An equal vol une of phenol/chlorofornilsoanyl al cohol :

- 71 - (at a ratio of 25:24:1, respectively) was added to t he
aqueous *phase, m xed thoroughly, and centrifuged at 10,000 x g for
about 5 m nutes. The aqueous phase (upper) was transferred to a new

t ube® and 0.6 vol unes (about 420 [err]L) of isopropyl alcohol was added,
m xed 5 t horoughly, and the precipitatel9DNA was centrifuged at
10,000 x g for 10 m nutes. The supernatant fluid was di scarded,

and the
pell et was washed with 70% et hanol . The DNA pellet was dried and
resuspended in 100 [err]L of TE bufEABLEGRd represents N, meningitidis
10 genom ¢ DNA mwmmnmm_mmw
Pn~Ps Preparation .63_-_1 6B=2 23F=1 2.3.'::-:&
5 Viscosity End Pt 1.094 ~ 1.147 1.350 1.376
Kd (HPSEC) 0.62 0.62 0.49 0.49
Kd (CL-2B) 0.64 - 0.60 0.41 = N.D.
Monosaccharide S S S S
10 Ouchterlony s S B S
Nephelose

/2]
wm
2]
172 ]

Phenol:Sulfuric S S

15 S: Satisfactory

In Table II below, chemical and physical
parameters of several crude pneumococcal

20 Polysaccharides 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 compouhds
25 being prepared. |
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Two DNA ol i gonucl eoti des were synt hesi zed whi ch correspond to the 5'

end of the M EP gene and to the 3' end of the MEP gene [ Murakam , E.C
et al., (1989), Infection and Immunity, 57, 15 pp.2318-23]. The
sequence of the DNA ol igonucleotide specific for the 5. end of the MEP
gene was: 5' - ACTAGTTGCAATGAAAAAATCCCTG 3'; and for the 3' end of
the MEP gene was: 5'- GAATTCAGATTAGGAATTRETT-3' . These DNA

ol i gonucl eoti des were used as priners for 20 polynerase chain reaction
(PCR) anplification of the M EP gene using 10 nanograns of N.

meningitidis genom ¢ DNA. The PCR anplification step was per f or med
according to thegprocedgresisuppbi e dy the o emamrufacteurer «Perkin
Elmer). 25 , Thd ¥npl i fied M EP DNA wds vt hehVdi gested® v with the
restricti.on endogicl eases Spel and EcoRI. The 1.3 kil obase (kb) DNA
fragment, contai idng_t conpl-ete coding region of MEP, was isol ated
by el ectrop regi.s DA 4 1353/0a@§os% gel § §nd5&600\)§@d §C§) fromthe
gel by electroel @io ﬁ@uérﬁntw@otecolsqw S & MOF &cul A Bi 8l%gy, (1987),
: o
| w<Y w¥ we @wy wy we o9
U'l’qa\ - o - N e~ o~ — [ [ o~} r—
-'iﬁ ' 1 11 1 () 1 t
no.g.v o-:c— [ - g - .- g N -
® . .
10 g We Bt Rt Bt E: ET K%
<‘; v .3 'Hx ‘HK ﬂx HX “x .HK
£§* 3 EJ mu;? mu;? mu? mu;? cnu:? ou"?
£-2 | X2 B: T TL T L B
e od &8 &8 X4 B4 8 X&
' 2B B OB BB B
: - Z H = H e Heo oo H He H s
15 ..3 W B Ve V& W~ \$ o3& w» @
. i e (=3 o o 1 o 1 © © i [
&= ,_? = —in L) —-in —tn i ~-tn
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-

- 72 - Ki ngston, R E., Mwore, D.D., Smth, J. A,
and Struhl, K, eds., Geene Publishing Assoc.]
vect or, pUC-19 was digested with Spel and EcoRI. The gel purified
Spel - ECORI M EP DNA was |igated into the Spel-EcoR pUC 19 vector and
was 5 used to transformE. coli strain DH5. Transformants cont ai ni ng
the pUC 19 vector with the 1.3 kbp MEP. 21 DNA were identified by

restriction endonucl ease mappi ng, and the M EP DNA was sequenced to
ensure its identity. 10

B.

Sei dman, J. G
- The plasm d

Process for Making the Novel Pn-Ps Compounds of

the Invention:

In disclosing this process, several stages
are distinctly described:

5 a) Isolating crude pneumococcal polysaccharide.
Pn-Ps;

b) Partially-hydrolyzing or mechanically—shear1ng

the crude Pn-Ps; ‘
¢) Fractionmating the partially-hydrolyzed

10 pneumococcal polysaccharide according to size and
purity to generate the Pn-Ps product of this
invention.

a) Isolatipg crude pneumococcal polysaccharide

15 | Streptococcus pneumoniae bacteria are

cultured and the crude pneumococcal polysaccharide is
recovered according to known methods {Example 3, and
Williams, C. A., and Chase, M. W., Methods in
meo.lgamd_lmunmuu lo.L_;L 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 pathogens 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 appropriaté nutrient media
known in the art to support Pneumocbccal growth. A

3o Dbactericidal, such as phenol or toluene, is added to
kill the organisms (Example 3).
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EXAMPLE 18 Construction of the pd/l.GaliOp(B)ADH [err] vector:

The Gal 10 pronoter was isolated from15 plasmd YEp52.[Broach, et al.,
(1983) in Experinental Mani pul ati on of Gene Expression, |nouye, M Ed)
Academ c Press pp. 83-117] by gel purifying the 0.5 kilobase pair

(kbp) fragnent obtained after cleavage with Sau 3A and Hind |11
ADH1 term nator was 20 isolated fromvec PGAP. t ADH2 [ Kni skern,

(1986), Cene, 46, pp. 135-141] by gel puri ying the 0. 35 kbp fragment
obtai ned by cleavage with Hnd 111 and Spel. The two fragnments were -

ligated with T4 DNA ALLBART FRalchd cifit ivd '6fel§h ﬁfkhedhhtidéector
25 (the Hnd I]I te was .elimngt

111, bl unt-endi_il% F\i‘?ﬁ eABIRCERG eg&%rﬁc{_’ackestl 5Ifibﬂ'll3‘ %Q‘ﬁ#rlapgse
|, and |igatingaviow PérbdAt of alicwinsd) ﬂ#ﬂaﬂﬂamdtGGEhedpgeyaedtwohh BarHI®
ke na 11| ERIRtPASE U Hghn A SRR gl 0
impurities such as C-polysaccharide. while the crude
s Pn-Ps remains in solution. A subsequent addition of
more water-miscible-alcohol, the concentration of
which is pre-determined on pilot scale, precipitates
the capsular polysaccharides while leaving additional
impurities in the supernatant, which is discarded.

10 Resuspension of the Pn-Ps in an aqueous medium is
followed by removal of contaminating proteins and
nucleic acids by known methods such ‘as nuclease or
proteolytic digestion or solvent extraction.. The
crude polysaccharide is recovered by alcohol

1S precipitation and drying to form a poﬁder of the
crude Pn-Ps (Example 3).

The
et al.,

b) Partially-hvdrolvzi chanically-sheari
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
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- 73 -

The unique H nd Il -cloning site of pGali O t ADHL
was changed to a uni que BanmH cloning site by digesting pGll O t ADH
with Hnd IIl, gel purifying the cut DNA, and ligating, using T4 DNA
|igase, to the following Hind Ill-BamH [|inker: 5
5' - AGCTCGGATCCG- 3' 3' - GCCTAGECTCGA- 5' . The
resulting plasmd, pGllQB)tADH , has deleted the Hnd Ill site and
generated a unique 10 BanH cl oning site23 - The Gal | Op. t ADH
fragment was isolated from

prepare conjugates, the conjugation is more efficient
when the new Pn-Ps of this invention i§ used. This
is because aqueous solutions of the crude
polysaccharide material are highly viscous and poorly
gsoluble. Conjugates thereof are largely-insoluble
5 and difficult to process, and the conjugation process
itself is difficult to perform resulting in low yield
of conjugate. In addition, removal of unconjugated
Pn-Ps from the final conjugate is facilitated when
the pre-conjugatidn Pn-Ps is of a reduced size and
10 viscosity and improved solubility. This is
gsignificant in that the presence of free Pn-Ps in
conjugate preparations makes it difficult to estimate
the ‘actual dose of conjugate Pn-Ps being administered
and as it is the conjugated Pn-Ps that has the
15 significant T-cell stimulatory effect, presence o
unconjugated Pn-Ps represents a diminution of
immunologically “relevant' Pn-Ps.
The dry, crude, capsular polysaccharide as
" prepared above may also be purified,'for example by
20 anion-exchange chromatography or other
) 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
25 mode, the Pn-Ps is adsorbed to the resin leaving
impurities in solution which are washed away prior to
Pn-Ps desorption. ‘In the negative mode, impurities
are adsorbed out of the Pn-Ps solution and discarded,
leaving the Pn-Ps in solution in a purified state.
30 Alternatively, it may be directly subjected to
partial thermal hydrolysis, as shown in Example 2 for
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pGl |l QB)t ADH by digestion with Smal and Sphl, bl unt -ended with T4 DNA

pol ynerase, and gel purlfled The yeast shuttle vector pC /| [Brake et
15 al ., (1984), Proc. Nat'l. Acad. Sci. USA, 81, pp. 4642- 4646] was
dlgested with Sphl, Dblunt-ended with T4 DNA pol ynerase, and purified.
Thi's fragnent was ligated to the vector with T4 DNA |igase. The
ligation reaction m xture was then used tg4ransform20 Z coli "HB101 cells
to anpicillin resistance, and- transformants were screened by
hybri di zation to a

single strand of the [err]P-labelled HindllI-BanH
linker. The newpyegl-®i ,C@1Sothdr Hhown hydfelytiel heanb) Abucheas| was

confirmed by d'%%?Hf%;f“‘éhzfﬁiéié“ﬂé'pﬁ§%k§?f+%1 e. a high pressure
cell or sonic hydrolysis). A target endpoint of
hydrolysis, conveniently measured by solution
viscosity or high-performance size exclusion
5 chromatoggéphy. is predetermined for each
polysaccharide on a pilot scale such that _
antigenicity of the polysaccharide is not .abrogated.
As discussed above, a nominal ability to bind
anti-pneumdcoccal type specific antibody that is no
10 less than 40% of the binding exhibited for an equal
concentration of the crude Pn-Ps starting material is
congidered satisfactory.
The partial-hydrolysis is accomplished by a |
limited thermal treatment in an aqueous medium,
15 Ppreferably at 50 to 110°C for from about 1 hour to
- about 48 hours. Alternatively, a limited high energy
soni¢ 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
30 subjected to physical shear by passage through a
homogenizer at a temperature between about 0°C and
'30fC'and pressures, between about 2,000 PSI and
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- 74 - _ EXAVPLE 19 Construction of a Yeast
M EP Expression Vector with M EP + Leader DNA Seguences A

DNA fragment containing the conplete . coding region of MEP was
generated by digestion of 5 puUCl 9. M EP #7 with Spel and EcoRlI, ge
purification of the M EP DNA, and bl unt-ended with T4 DNA

pol yner ase. . The yeast interngd expression vector
pd/l.GllOp(B)ADH [err] was digested with BamH , 10 dephosphoryl ated

with calf intestinal alkaline phosphat ase, and bl unt-ended with T4 DNA
pol yner ase.

po yferase. 15theog>Nd61}w§:gaiemmiﬁw to ytehdeauPa+Psv@raduct
pG 11 Cal T op( EHABIPE Sesiarhis cHARAcRrIFEes 98 B, i ke vas used
to t r ansf opolydipgersity, cand Epbigenicity ASeiecBxample 18Xsi st ance
'(I)'ir ?Szl;]glrgg[\it Ze\:A{ere screqp%&et en&iiaﬂléi o2t h%ﬂdiy%i[se,”] P-1 abel | ed DNA
. conveniently measured by solution viscosity or _
5 ‘high-performance size exclusion chromatography, is
: predetermined for each polysaccharide on a pilot
scale such that antigenicity of the polysaccharide is
not abrogated. As discussed above, a nominal ability
to bind anti-pneumococcal type specific antibody that
j0. 1is no less than 40% of the binding exhibited for an
equal concentration of the crude Pn-Ps starting
material is considered satisfactory in that it will
contain, in addition to the sequence related epitopes
associated with the structure of the repeating unit,
15  the conformational epitopes of the polysaccharide.
This is not to say that Pn-Ps of substantially lower
My, My, or number of repeating units per molecule (of
Table II) could not be generated by this process.
Pn-Ps which may fail to react.above the 40% cutoff
20 established for the rate neﬁhelometry 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
30 given Pn-Ps preparétion. In practice, however, it is
most convenient to utilize the in-vitro antigenicity

‘parameter rather than the in-vivo immunogenicity
parameter as a process control.
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5'... AAGCTCGGATCCTAGITGCAATG ... 3', which 20 was designed to be

honol ogous w th sequences over | appi ng the M EP-vector junction.
Prepar at T ons of DNA were nmade from hybridi zati an positive ,
transformants and digested with Kpnl and Sall to verify that the MEP
fragment was in-the correct 25 orientation for expression fromthe GallO
pr onot er. Further confirmation of th DNA construction was

obt ai ned by di deoxy sequencing fromthe G pronoter into the MEP
codi ng region. Expr essi on of M EP by the transformants was

30 detected by Western hho%eﬁ@QhMSI%he @§ﬂ§ﬁ§{ﬁﬁﬂréﬂﬁiflon produced in
the tranSfornantS Coghge is app11cab1e to most polysaccharides.
However, whereas the Pn6B-Ps retains it antigenicity
upon extended thermal size reduction, Pn23F-Ps and
other more complex polysaccharides may lose

5 structural integrity (removal of glycerol-phosphate
side chains) requiring the more gentle size reduction
achievable by sonic or physical shear means.
Physical-shear, for example in a Gaulin homogenizer,
is a preferred method for several reasons. First,

10 the method is amenable to scale-up. Second, the
sonic- and thermal-hydrolysis methods generally
require a follow-up fractionation of the hydrolyzed
Pn-Ps to achieve polydispersities in the range

_between 1.0 and 1.5. The_physical-shéar method,

15  however, genefally yields Pn-Ps product having a
polydispersity that falls in this range without
further fractionation. This material may, however,
be fractionated to achieve additional increases in
purity and decreases in polydispersity and C-Ps

20 contamination. Third, the physical 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 ﬁonitor. and is easily followed during
hydrolysis to limit and control the degree of size
reduction. Chemically and physically
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- 75 - polyacrylanide.gefs with MEP purified from OWC
and was i mmunol ogically reactive with

5 i EXAMPLE 20 Construction of yeast MEP
expression vector with a 5'-Modi fied M EP DNA Sequence. A
DNA ol i gonucl eotide containing a H ndll| site, a conserved yeast 5
nontransl ated | eader 10 (NTL), a nethignpge_start codon (ATG, the first
89 codons of the mature MEP (beginning with Asp at position +20)

and a Kpnl site (at position +89) was generated using the pol ynerase

chain reaction i(d%Cﬁ)tinF;uieﬁaﬂieusotihaf%ﬁemsoqﬂ@rmmmsmm&iréi_ ed by
the 15 nmanuf acturer erkin

pUCLOM EP42#7 REGHP %F%@e%ﬂgi}'h v gl)ilzéi/:ﬁ%"tﬁ‘}%%@m@g@o?i goners as

priners: polysaccharide to a consistent, target endpoint
viscosity (see Table I above). Such use of
in-process viscosity measurements is applicable to a

s wide range of crude polysaccharides, allowing for
their hydrolytic size reduction without alteration of
the resulting Pn-Ps's antigenic characteristics. As
described above, retention of antigenicity is easily
established, for example, by an Ouchterlony

10 double-immunodiffusion assay, rate nephelometry or
other methods known in the art.

vesi cl es,
anti bodi es specific for MEP

Target end-point viscosities for 1 mg/mL .
solutions of several Pn-Ps preparations in 0.9%
sodium chloride (saline) are provided in Table III
15 below. Similar values for other Pn-Ps subtypes are

applicable:
Table IIT -
Pn-Ps Subtype Viscosity of . Target Endpoint
- Crude Pn-Ps —_Viscosity
(centistokes) (centistokes)
Pn6B-Ps 1.4 1.3 -1.00
Pn9v-Ps 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
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[ er r] CTAAGCTTAACAAAATGGACGT TACCTTGTACGGTACAATT[ err], and
[ err] ACGGTACCGAAGCCGCCTTCAAG err] . 20 To renove the 5' region of

the M EP cl one, pl asm d pUCL9M EP42#7 was di gested with Kpnl and
Hndlll and the 3.4 kbp vector ‘fragnent was agarose ‘gel purified. The
280 bp PCR fragnent was digested wi th Kpnl and Hindlll, agarose gel
purified, and 25 |ligated with the 3.4_kbg vwector fragnment. -
Transformants of E. coli EB101 (BRL) were screened by DNA

ol i gonucl eoti de. hybridi zati on and the DNA from positive transformants
was analyzed by restrictIanthe casezypiffe sdmge Prieumochrealur e t hat -no

Gone st s AOTAREEBREFRe 08 Headie 45 Fibide 4
additional pur1ficat1on step such as an ion-exchange
step prior to or after partial-hydrolysis. In the
case of Pnl4-Ps, this step is accomplished by a batch

5  adsorption by Whatman DE52 resin of aniomic
impurities prior to partial sonic hydrolysis. The
‘polysaccharide being neutral is recovered as the .
‘supernatant fraction in readiness for hydrolysis. ' It
should be obvious to those skilled in the art that

170 Similar procedures will be applicable to other
neutral polysaccharides, such as 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, rediction of Pn-Ps size to about 500
‘plus-minus about 300 kilodaltons is an appropriate
target for thxs 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
The polydispersity of a Pn-Ps preparation is
30 an indication not only of the variance of subtype
specific Pn-Ps chain'length. it is -also an indication
that group-specific C-polysaccharide, as well as
other contaminants, may remain in the Pn-Ps
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- 76 - sequenced.

The reSuIting pl asm d contains a Hi ndll
EcoRl

I nsert consisting of a yeast NTL, ATG codon;
readi ng*frane-(ORF) of MEP

and the entire open

. begi nning at the Asp codon (am no acid
+20) . The yeast M EP expression vectors were 5 constructed
as follows. The pGAL10/pd /I and pGAP/ pCl /I vectors [Vlasuk, G P., et
g| ¥ (1989) J.B.C., 264, pp.12;10612%12] were digested with

a ’

flush-ended with the Kl enow fragnent of DNA pol ynmerase 1, and
dephosphoryl ated with calf 13@ i nte
ed

inal _al kal i ne phosphatase. These
li near _vecPB?EaﬁéFé°Prga Qﬁqéat#h?ﬁ&tﬁﬁﬁf?&%g?edpand gel >
puri I l ﬁ?_L_HI R_?JGCJ-pglieEBbfh@rd@EMonimuinmibnbbsenot usefiudh andn®m#dhs t he
yeas , and- R : ) / 3 d
DGAP/ pCl/ 1- M EBVER5DE c%rrlxllﬁtgz&;c ith 44vEL58 Pilh@/ B niélelsh, an

nmyces cerevisiae sfrain W9
(gal | Opgal 4-) were tran$Sedeakion tof A RAFHOW rangeaPLoAYESTASE EP.

Recorbi nant ¢l gReSe¥Richd i ifdlecular size (decreased
s polydispersity) is conveniently accomplished by
differential alcohol, such as ethanol and preferably
isopropanol (IPA), solubility after size reduction.
The basis of this selection is that for a given Pn-Ps
preparation, the alcohol solubility is inversely
10 proportional to chain length, which in turn is
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 gquantitative
Pn-Ps recovery. Through this improvement,
contamination by C-polysaccharide, the group-
specific polysaccharide common to many different
pneumococéal 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
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and exam ned for expression of MEP. Cones were

with shaking in synthetic nmedium (leu-) 20 containing 2% gl ucose (Wv) to
an O D.[érr] of about 6.0. Galactose was then added to 2% (W v) to
i nduce expression of MEP fromthe Gall 0 pronmoter. The cells were
grown for an additional 45 hours-follomﬁng gal act ose induction to an
O D.[err] of about 9.0. The 25 cells wer@0then harvested by

centrifugation. The cell pellet was washed with distilled water and
frozen.

Reconmbi nant M gfghrough an appropriate 81ze-exciasion rel1n8tfwn Bl ot For
example CL-2B resin, or any other resin capable of
including and fractionating polysaccharide in the
200-1000 kilodalton molecular weight range. HPSEC
using a rigid size-exclusion matrix is convenient in

5 this respect to reduce delay and increase
resolution. Selection of fractions eluting from the
column with a.predetermined viscosity or retention
time or by on-line detection yields a population of
Pn-Ps molecules with the desirable characteristics of

10 Size, viscosity, and purity disclosed above.

Preparations of Pn-Ps taken through the
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; 1114
Application Serial Number 646,570, filed on 1/28/91

30 (Merck Case # 18108); and see Examples 3, 5, 7 and

grown at 37[err]C
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-To determ ne whet her the yeast was expressing MEP, Western bl ot

anal ysi s was done. Twel ve percent, 1 mm 10 to 15 well Novex Laemi
gel s are used. The yeast cells were broken in H20 5 usi ng gl ass beads

(sodi um dodecyl sul fate (SDS) nmay be used at 2% during the breaking

process). Cell debris was renoved by centrifugation for 1 mnute at
10, 000 X 0.

The supernatgnt_was m xed with sanple 10
runni ng buffer, as described for polyacrylam de gel purification of

M EP. The sanples were run at 35 mA, using OWC as a reference control,
until the btnaﬁahneebxhl ue Ty & préferf odsenbbdifhenss| the

P d 0

paper . using. ot RIVRROEERERRHE i“%péiééihéﬁ G, aiphials W ol e

ni trocel | ul osegpdper This das ddcomplished, Sfopoexampder,uhyl bunin in

h h 1: 1000
gl Fﬁ'tol g;eof raggk@ﬁ&%?;ﬁa égain?éose &%HES gueaﬁgr \gtallgﬁb&’% %nl za | on W th
gel purified MtEPa conganfration0f 2PoHS Eﬂe@ﬁ ﬁ@?ﬂﬁﬁkﬂ?0¥#i@ﬂs
over ni ght 'nCUB%&'Q%iﬂif tfnpergtgreaﬁg M 1% v th sterile

water. Portions of each of these samples, including
a portion of the 20 pg/ml stock, are diluted 1:1 with
an aluminum hydroxide diluent containing 0.85 mg/mL
A1*3, 1.7 % NaCl (w/v) and.100 pg/mL thimerosol. The

10 solution pH is adjusted to about 7.5 with 1N NaOH
resulting in solutions having a Pn-Ps concentration’
of 10, 5, 2, and 1 pg/mL. Doses of about 0.1-0.5 mL
of each of these formulations are appropriate for
administration to different age and weight range

15 recipients. The conjugate vaccine, formulated as
described, has been found to raise significant,
subtype-specific, anti-pneumococcal polysaccharide
immune responses in 2-3 month old infant monkeys for
Pn6B-Ps-OMPC, Pn 19F-Ps-OMPC, Pnl4-Ps-OMPC, and

20 Pn23F-Ps-OMPC. The Pn-Ps-OMPC conjugate vaccine has,

' in addition, been found to be T-cell dependent in
athymic mice. '

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 useful application in the
preparation of conjugates other than those comprising
partially hydrolyzed and fractionated pneumococcal
polysaccharides. These conjugates could then be used

30 to prevent diseases caused by other pathogenic
organisms. For example, the group B streptococci, a

cause of neonatal men1ng1tis. Neisgseria meningitidis
B a cause of infantile men1ngitis. or E. coli, an

" -
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1: 1000 of al kal i ne phosphat ase conj ugat ed goat anti-rabbit 1gG was

added. After 2 hours incubation 25 the blot was devel oped using FAST RED
TR SALT ( Si gm) and Napht hol - AS- MX phosphate (Sigm).
- 78 -

; EXAMPLE 21 Bacterial Expression O
Reconbi nant M EP Plasm d pud 9-M EP containing the 1.3
kil obase pair MEP gene insert, was digestgd with

e _ restriction

endonucl eases Spel and EcoRI. The |. | kbp fragment was - sol ated and
purified on an agarose gel usi ng standard techni ques known in the art.
Plasm d

important cause of urinary tract, meningial, and
other opportunistic infections, could be used as
polysaccharide sources.
Another use for these novel Pn-Ps compounds
~ is the preparation of compositions comprising one or
5 more of the partially hydrolyzed, fractionated Pn-Ps
compounds in an unconjugated state. Thus, because of
the improved purity of these compounds, a composition
superior to 23-valent or l4-valent vaccines could be
prepared (see Physicians Desk Reference, 1990
10 edition, p. 1431). Such a composition should contain
about 50 pg/mL of each novel Pn-Ps compound and
should be administered intramuscularly or
subcutaneously. A total dose of about 25 pg, or
. about 0.5 mL, of any given Pn-Ps subtype should be
15 sufficient. Both the conjugated and free Pn-Ps
compositions may comprise, in addition to an inert
carrier such as sodium chloride plus a preservative,
. additional antibacterial, for example PedvaxHIEB®,
antiviral, for example anti-influenza antigen, or
29  immunomodulatory, for example adjuvant, 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. 1In a preferred embodiment, a
' composition comprising immunologically effective
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pTACSD, containing the two cistron TAC pronoter and a - uni que ECOR
site, was digested with EcoRI. Blunt = ends were forned.on both the 1.3
kbp M EP DNA and the 10 PpTACSD vector, using T4 DNA pol ynerase (Boehringer
Mannhei n) according to the manufacturer's directions. The blunt ended
1.3 kbp M EP DNA was ligated into the blunt ended vector u5|ng T4 DNA

| i gase (Boehringer Mannhein) according to33te 15 manufacturer's
directions. The ligated DNA was used to transformE. coli strain
DH5al QVAX ( BRL) accord| tq the ufacture .S di,recgti

Transf or med ceppounts °Wgﬁ?ﬁﬂgﬂ1RFc9ﬁo b%rIBVﬁP °Boﬁ§aﬁﬂé%?%ﬂgug
kanamyci n/ rfL aacitiooua: RANInO ¢ | 6 ntheamdcchnabaagam%& Hepatdtrig B5 hours

as T abel | o Repaibiq 4y jaotisty nench BelabERis Araly CRAdRM4 7L

ters
cont ai ni ng Iysg@ntuuﬁis&xtetﬂnmmesmEaseiBhempm@Gasrubelkﬁ,transfornants
usi ng standard, @4% q Ich were
positive by q&% rlcﬁzafﬁaifa rééﬁ%§%235u§?ﬁg res I on .

endonuclegsesIinﬁigﬂnZQQébthePDeféﬁtsdléﬂdﬁtﬁQRﬂ Va°¢ﬁ¥§sgene
gselected from those just mentioned, are selected from
among PevaxHIB®, Recombivax HB®, M-M-R®, and a
trivalent DTP vaccine. .
These and all other uses of the novel Pn-Ps
10 Product of this invention are to be considered within
" the scope of this disclosure. The following examples
are provided to further the disclosure and should not
be construed as being limiting on the invention.

15 . EXAMPLE 1
Culturing Streptococcus pneumoniae subtypes and
Isolation of Crude Pn-Ps: '

I. Culturing Pneumococci:
20 Methods of culturing pneumococci are well

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

pneumococcil subtypes are available from the ATCC.
The bacteria are identified as encapsulated.'

o5 mnon-motile, Gram-positive, lancet-shaped diplococci °
that are alpha-hemolytic on blood-agar. Subtypes are
differentiated on the basis of Quelling reaction
using specif1c 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 approxiﬁately 18 hours.
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Expression of MEP by the transformants was 30 detected by Western bl ot
anal ysis. Reconbi nant M EP produced in the transformants co-mgrated .

on - pol yacryl ami de gels with MEP purified from OWC vesi cl es,
and was i nmunol ogically reactive with anti bodi es specific for M EP.
- 79 - Conjugation of Pn-Ps to N. neningitidis M EP:

Chem cal conjugdtions are conducted -ackbreding to the method discl osed

in U S. Patent

The growth on the plate is resuspended in
Heart Infusion Broth and an aliquot of the
resuspended growth is used to inoculate 100 ml of
Heart Infusion Broth containing 10% defibrinated
rabbit blood, which is incubated as a statiomary
s culture for approximately 18 hours at 37°C & 2°C.
The 100 ml of liquified culture (working seed) is
checked for purity 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 approximately 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. Oﬁtical
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
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nunber 4,882,317. 5 10 ng of MEP in 3 nLof 0.1 M borate
buffer, pH 11.5, are mxed with 10 ng of et hyl enedi am ne tetraacetic
acid di sodi um sal't (EDTA, Sigma chemicals) and 4 ng of dithiothreitol
(Si gma Chem cal s). The protei'n solution is flushed 10 thoroughly with
Nerr]. 125 ng of N acet yl honocyst ei net hi ol actone (Al drich Chem cal s)
is added to the MEP solution, and the i gsure is i ncubated at room
tenperature for 16 hours. It is then tw ce dialyzed under N err]
against 2 L of 0.1 M15 borate buffer, pH 9.5, containing 4 .nM EDTA, for
24 hours atwithmitdpegitatdonlifor ppmuxingtelyi 2-12 hourshen assayed

for thiol cont by E Lol ' ' ' S she protein
concentration ?‘gﬁe.isl.idgPg?%ngé:&i%%%éﬁtgdfsdréj%%?émP?gécéeggg%agal s). 20
For conjugationadditior of sodium hydmxide sclution. A(fermenter

br onpacet yl at echﬁtE&nEﬁgaQ‘i‘Sd 1it e 0¥ Pheumocsbik! Peraeﬁtgkie pH i's
adjusted to - th™1 N I

under N err] ° Mga?BﬁﬁWB‘W%t@%ﬁﬂﬁ?&nﬁ%&éguL;. 3!5@'0@ :&%dlqn;?uggt ©
the reactign ti ghe éomponenitsoifdt Ftduh6ooéeasi Peoduction Medium -
YUE), Yeast Extract Ultrafiltrate, UCON, and dextrose
(approximately 25 gm/liter), is inoculated with
approximately 50 liters of one 2-12 hour seed
culture. The culture is incubated at 37°C & 2°C with
10 mild agitation for 6-30 hours depending on which type
is being grown. The pH is controlled at 6.0 to 7.2
by periodic additions of sodium hydroxide solution.
The fermentation is followed by optical density
determination, and the fermentation is terminated
15 - Wwhen the dextrose is completely utilized as indicated
. by no further changes in pH. '
The -pathogenic organisms are killed
immediately after fermentation 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.

II) Isolating Crude Pn-Ps:
Denatured alcohol is added to the killed
25 - culture in a sufficient quantity to precipitate cell
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 by centrifugation and the supernatant fluid discarded.
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(Chem cal Dynanics)'is'added to the mxture, and is al l owed to stand

for 18 hours under N err] at room tenperature. The conjugate sol ution
is acidified to between pH 3 to 4 with 1 N HC1, and 30
centrjfugation . is conducted at 10, 000 x g for 10 mnutes. 1 nL of the
supernatant fluid is applied - 80 -
directly onto a colum of FPLC Superose GBséifB x 50 cm Pharnmacia) and
the conjugate is eluted with PBS. The voi d vol ume peak which contains

e g EOLT e . P ROEARIEC B Cork i 1 SeducedByec. The
solubilization of the polysaccharide in a neutral
agqueous solution such as 1-5% sodium acetate, or
0.05M phosphate buffer to which is added nuclease and
about 0.01 M magnesium chloride. After about 60-120

s minutes at about 36°C, the pH is adjusted to about’
8.0 and a protease such as trypsin, is added to
digest pioteinaceous contaminants.

Additional impurities may be eliminated by
repreciptitation of the polysaccharide in 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 denatured alcohol 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 - - . 2 A EL L A CCL - D X :
(1) Thermal Hyarolysxs' 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 & hours and stored at 4°C overnight. The

30 Solution 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).
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5 through a 0.22 [err]mfilter for sterilization.

EXAMPLE 23 Denonstration of Immnogeni city of Pn-Ps-MEP 10

Conj ugat es: | muni zations: Male Balb/c mice (Charles

River, Wlmngton, M\ are imunized |P with Pn-Ps coval ently

conj ugated to MEP using 2.5 [err]g Pn-Ps in 0.5 nL of preformed alum
Control mice are i munized 15 wth equivagent anounts of Pn-Ps given as
Pn- Ps- CRM [ Anderson, ME. et al., (1985), J. Pediatrics, 107, pp.
346-351] (2.5 [err]g Pn-Ps/6.25 [err]g CRM 1/4 of the human dose),

FE ,I[DS DT 52 t5 [err] Q25’”f Eg/erl)%g[wau] Q@Be.é/l‘)n 1sopﬁ6phﬁ61hQMA)dFse isuch
at const.an a 0] n- s ar.e e err|g
Pn- Ps/ 35 [err]g %ﬁo atiop 21§-r0t[ nﬁ#“?jo‘é‘é 1§ody-d1rect@.a

I nf ant
Rhesus nonkeys, efid+pointe Nepheloss: assay, perfommedzon @i 10. @l Ps- M EP

conj ugat es adso a cetye 2!
conj ugat e é?%?vl\gndl gh%n?ésﬁliﬂleég §h&9@& llléﬁ e*%r §§% o?gl gjslél
_ precsztate at 40-50% IPA. .

(3) First IPA Addition: The hydrolyzed sample
(volume - 1210 mL, from step 1 above) was brought to
43.5% IPA by the addition of 932 mL IPA (added
dropwise with stirring at room temperature). The
10 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

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 wacuo

over CaCl, 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
93.5nL 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 aboéve. The
Pn6B-Ps product weighed 1,650 mg.

It had a Kg of 0.62 and a phosphorus content
of 3.3%. h
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of 0.5 nL. The nonkeys are i muni zed on day 0, 28, and 56, and bl ood

sanpl es are taken every two to four weeks. Ant i body
responses are nmeasured by the 30 ELISA which distinguishes the class and .
subcl ass of the i munogl obul i n response. An RI A which guantitates
the total anti-Pn-Ps antibody is also used to eval uate the nonkey
response. - -3 - 81 -
Pn-Ps-M EP conj ugates are capabl e of generating an i mrune response in -
m ce consi sting of | gG anti - Pn- Ps ﬁiﬁﬁfﬁﬂ!&and a-nmenory response. This

‘A, Preparation of Dowex 50x2 tetrabutylammonium

Resin [Dowex 50 (BusN¥)]:

5 Dowex 50x2 (200-400 mesh) HY form, (72 g)

was slurried in water, charged to a column, and -
washed sequentially with water, 6N HC1l, and then
water until the effluent tested neutral to pH paper.
-A 10% aqueous solution of tetrabutylammonium

10 bydroxide was then run through the column until the
effluent tested strongly alkaline. Finally, water

was run through the column until the effluent again
tested neutral.

15 B. PnéB(Bu4N+):

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 4all 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

25 640 mg of dry PnéB-Ps tetra-n-butyl ammopium éalt,
Pn6B(n-Bu4N+).

C. Pné6B-BuAy:
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
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Is in contrast to the Pn-Ps-CRM and Pn-Ps-DT which do
measur abl e anti-Pn-Ps antibody. Thus, MEP 5 functions as an i nmunol ogi c
carrier “protein for Pn-Ps and is capabl e of engendering an anti-Pn-Ps
ant i body response when coval ently conjugated to the Pn-Ps anti gen.
Purified MEP is therefore an effective I mmunol ogi c carrier protein
replacing the 10 heterogeneous OVWPC in qustructlon of bacteri al

pol ysacchari de conj ugate vacci nes. EXAMPLE 24°

Preparation of Partially-Hydrolyzed, Purified 15 Pnl8C- Ps:
gél) ugiolr'; gegyid[] eéyggs i so1%td G tiTs aiii’rmxtuiacwaa aawéar 1yas

| 0. 9%
tenperature fot' aﬁéﬁp‘)@sﬁ- | r}e i tﬁ‘é}h\lafo‘ggye gé%%t roo?rr] C

Qverglgﬂt-_TEes%er%dldﬂ(ﬁbdduﬂemﬁétsemrea(ed mdna.plznna:dnguuatén an
ICe Da W t

interval s of 2%1 %G 3 31?%# éﬁwﬁh@§n£859§?§§ 9§q¥dﬁﬂf JEJB) for

s total .
The viscosity \mmAZ'ZHQilhed(dlﬁkfg)arinawatent €3.6amL)AMaS mﬁﬂﬂnb&ﬁt@

5 (pH 10.2) by the addition of 10 N NaOH. The solution
was filtered through a 0.2 um sterile £ilter, and
cooled in an ice bath. The aged DMSO mixture
containing the activated polysaccharide was added to
the cold Bqu 2HC1 solution, in a slow steady stream,

10 - and the resulting solution stirred at 0°C (15 min).
The reaction mixture was allowed to warm up to room
temperature and stirred'for_an additional 1 h, after
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 ¥ pH 7.0

. sodium phosphate buffer, 9 hr; 4] 15 L distilled H,0,
17.5 hr. The contents of the .dialysis tubing was
.1yophil1zed, providing 222 mg of Pn6éB-l,4-butane

20 diamine (Pn6B-BuAg). The NMR (300 MHzZ, D20) of about

"5 mg of this material revealed a loading of 22
diamine residues per 100 Pné6B-Ps repeating monomer
units, by comparing the integrals of the resonances
of the butane diamine methylenes and the rhamnose

25 methyl protons of Pn6B-Ps.

not elict

Pn6B-BulA2-BrAc:
- Pn6B-BuAp (210 mg) was dissolved in pH 9.04, 0.1
M Kolthoff borate-phosphate buffer (21 mL) and the
30 mixture magnetically stirred for 30 min to effect
solution.. To this aqueous solution was added a
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25 another 10 ninute sonication was performed to obtain a viscosity

endpoi nt of 1.218 centi stokes. The hydr ol yzed sanpl e (vol unme-1188ni)
was brought to room tenperature and sodi um acetate reagent (59.2 Q)
was - added to a final concentration of 3% (wv).

- 82 - (2) Serological Probe: An isopropanol (IPA)
fractionation probe and anti body-directed ggd=poi nt Nephel ose assay,
performed on a 10 nL portion of the sanpl e, showed that the Pnl8C-Ps
woul d precipitate bet ween 40-50% | PA.

mixture consisting of p-nitrophenyl bromoacetate (210
mg) in acetonitrile (2.6 mL) and the reaction.stirred
overnight (20 hr, 4° C). The solution was
transferred to dialysis tubing and dialyzed (4°C)
~ against the following: 1] 15 L sterile distilled H,0,
s 12.3 hr; 2] 15 L sterile distilled H,0, 8.25 hr; 3]
15 L sterile distilled water, 5.5 hr. From the
contents of the bag, 1.7 ml was removed for assays
- (NMMR and HPSEC-universal calibration) and then 0.449
g of dried pH 8 phosphate buffer salt (prepared by
10 lyophilizing a 0.1 M, pH 8 sodium phosphate solution)
was added. After complete dissolution (30 min.), the
solution was filtered through a sterile 0.2 pm
filter, yielding a pH 8 solution of Pn6B-BuA,-BrAc.

15 Pn6B-OMPC:
- Sterile OMPC (40 mL, 4.5 mg/ml) was pelleted
by ultracentrifugation (4°C, 43 K rpm, 2 hr) in four
'10 ml1 centrifuge tubes. Each pellet was resusPended
in 3 mL of a 0.22 pm 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 pHE 11.09,
NayB,07 buffer (30 mL). The resuspended pellets were
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
KHyPO,, 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)
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5 ~ (3) First IPA addition: The hydrolyzed .

sanpl e [vol une
= 1200 nL, fromstep 1 one above] was brought to 42. 7% 1| PA by the

addi tiron of 894 nlL | PA (added dropwi se with stirring at room
tenperature). 10 The sanple was allowed to stir for 15-30 ni nutes and
then centrifuged at 11,000 X g for 30 n1 tes (Beckman JA-10 rotor;
8,000 rpm 20[err]C). The waste _ p€|| “Wwas triturated with absol ute
EtOH in a 250- nL Omimx jar, then collected on a 60-nL sinter glass

15 funnel . e h eci | I th
absol ute Et CH, ? eﬁéggg%%g& éﬁg%d\r,\?}e%did :‘Bn{ K H) gzofﬂge?t%aé%%gppe "
(Drierite) at pnoheinnpelée&rvﬁsnresuquRQﬂﬁukﬂ|%#Ff%%1§ﬁ5995|s 20

(4) Second 'Pprﬁﬁﬁl-ﬁgﬁg-ﬁ'%ﬁc' %bq.'iiﬁ‘ﬁxﬁtel\n Elllﬁ’&ﬂdslctegﬁcﬁaﬁry The 42.7%
| PA super nat ant ul V.0l u = 20 ‘Tom sle aboye

brought to perigrgqﬂlﬁmmaﬂkﬁ£§E§ ﬂ?o%ﬁn éé % Ba'®

stirring at roaﬁblermmt Feacthloh Wtﬂ:e‘\maﬁgdzdgaﬁ&ed ab(lankm:redf uged as

t 3
'n step sabove tthgt%ogéﬁ.\%%d aged for 91 hr. at room

temperature.

The protein was capped by the addition of 1
mL of a sterile-filtered (0.22 um) solutiomn -
consisting of the following: N-ethylmaleimide (75 mg)

10 in 5 mL pH 8.0 0.1 M sodium phosphate buffer. This
mixture was aged for 4 hr at room temperature, '
following which, 300 pL of N-acetyl cysteamine (0.22
pum sterile filtered) was added and the solution aged
for an additional 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 pelleted 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 at 1000 rpm for 3.5 minutes in a TH 4 rotor in a TJ-6
centrifuge and a small amount of sediment removed.
The f£inal product conjugate suspension was assayed
for protein (Lowry), PnéB-polysaccharide
(phenol/sulfuric acid), unconjugated polysaccharide

39 (size exclusion chromatography — rate Nephelometry)

and amino acids (amino acid analysis). The results:
were as follows:
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triturated, collecied, washed and dried as in step 3 above. The

Pnl 8C-Ps i ntermedi ate product wei ghed 1,609 ny.
- 83 - 7 (5) Dialysis and Lyophilization: A portion
(1612.5 ng) of sanple from Step 4 above, was solubilized in 645 nL of
distilled H20 at room tenperature for about 2 hours. The solution (2.5
mg/ mL) was transferred to dialysis tubinggpl2, 000 MV5 cutoff; 45 mm
and dialyzed vs. distilled Herr]0 at 4[err]C for 30 hours with 2
addi ti onal changes of distilled H err]O. Then the sanple was
transferred to pnéB-Polysaccharide 0.33 mg/ml
Protein ' : 2.2 mg/ml
Pn6B-Ps/OMPC 0.15
Free Pn6B-Ps < 5 area %
S-carboxymethylhomocysteine/lysine 17.7%
5 S—-carboxymethylcysteamine/lysine 1.6 % -

aration of Partiallv-Hvdro ed, Purified . 4-Pg

(1) Treatment with Anion-Exchange Resin: A 2.81

10 gram portion of Pnl4-Ps powder was solubilized in
1124 mL distilled Hy0 with stirring at room
temperature for about 4 hours and then stored at 4eC
overnight. The solution was added to 60;grams.of'
DE52 (Whatman, diethylamino-ethyl cellulose) which

15 had been preswollen for ca. 15 hrs. in distilled Hy0
at pH ca. 5-6. The slurry was gently shaken on a
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 f£luid was further clarified through a -
sinter glass funnel (150 ml, medium porosity) and
collected into a 2L side arm flask.

_ (2) Sonic Hydrolysis: The DE52-treated Pnl4-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).
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~lyophilization flasks, shell frozen in a dry ice: met hanol bath and
| yophilized on a V'rtls 10 (Freezenobile) |yophilizer for 2-3 days. The
recovery of the final Ps product was 1487 ny.

EXAMPLE 25 S. Pneunoni ae 18C- OWPC Conj ugate. Pnl 8C Ps-0MPC: 15

A. Preparation of Dowex 50x2 (200- 400 nes@é t et rabut yl amoni um
formresin [Dowex 50 (Bu[err]Nerr])] Dowex 50x2 (200-400 nesh)
H+ form (500g) was 20 slurried in Herr]O charged to a colum and

washed oo g ns@]aga #dnillpfobenl ah theprbPandl XG9ANL of
n err uny e en r op
paper; 4] 72g ofT&¢ iOt St“SYtEP&aBBF}PQHXbﬂ 4%ﬁ§EM|de

solution until efd-point @éﬂhﬁ&smssayqngérfobmw o a0 JHmlaper; 53
1000 nL of Her

type 18C irlo(%ng;& ??act@#ate(w}%trﬁBﬂEﬁFa%ﬁ’aﬁf"f ?.}}%QI-P% wolgtgroni ae

precipitate between 35-45 IPA.

(4) First IPA Addition: The hydrolyzed sample

[volume - 1090 mL, from step 2 above] was brought to
39.3% IPA by the addition of 706 mL IPA (added
dropwise with stirring at room temperature). The

10 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) and the supernatant
fluid decanted. The waste pellet was triturated with
absolute EtOH in a 250-mL Omnimix jar, then collected

15 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 CaCl, at room
temperature in preparation for analysis.

20 (5) Second IPA Addition and Product Recovery:
The 39.3% IPA supernatant fluid [volume -~ 1712 mL,
from step 4 above] was brought to 41.8% IPA by adding
73.5 mL IPA dropwise while stirring 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 H,0 at room
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30 [Pnl 8C(Bu[err]Nerr])]: A 60 nL colum of Dowex 50x2
(Bu[err]N[err]) was washed with 250 nL of Herr] O
- 84-

Pnl 8C- pol ysaccharide (mw. reduced(650 ng) was
covered with 65 nL of Herr]O and stirred for 1 hr at

all seened to be in solution. This solution was applied to the

colum and all owed to percol at e-té4odgh by gravity (for 2 hr then

under 5 vacuum for 1 hr). The colum was mashed mﬁth 150
m. of Herr]O and the conbined effl uents wer h|||zed

af fordi ng 655 niespenstumgr fox[2r3 1 hpursy) The 301“t§9Pt < Te M/ W e ny
was renpved for g3 transferred to dialysis tubing (12,000 MW cutoff;
45 mm) and dialyzed vs. distilled Hy0 for 27 hours
with 2 additional changes of distilled H,0. Then the
dialyzed sample was transferred to lyophilization
s flasks, shell-frozen in a dry ice:methanol bath and
~ lyophilized on a Virtis (Freezemobile) lyophilizer
for 2-1/2 days until dry. The recovery of the final
Pnl4-Ps product was 1326.8 mg, which had a Ky of 0.56.
. From this disclosure it should be obvious to
10 those skilled in the art that other neutral Pn-Ps
subtypes, such as Pn7F-Ps, could be prepared
according to the method disclosed here, and

conjugated as for Pnl4-Ps which is also a neutral
_ polysaccharide.

which tinme

15

EXAMPLE 5
Conjugation of Outer Membrane Protein Complex with
BPneumococcal 14 Polysaccharide. Pnl4-Ps-OMPC:

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

A 410 mg portion of Pnl4-Ps after storage in
vacuo over Py05 for 3 hr., was covered with 26 mL
25 of dimethylsulfoxide (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 (BuA5.2HCl) in

38.5 mL of H,0 was prepared and its pH adjusted
to 10.20 with 2.5 N NaOH. This solution was

filtered through a Millex 0.2 um GV filter and
cooled in an ice bath.
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anal ysis and retained material. 10 C. Preparation of the 1, 4-butane

di am ne derivative of 18C (18C-BuA2): 18C (Bu[err]Nerr]) (630
ng) was covered with 143 ni of DMSO (di nmet hyl sul f oxi de)

and stirred for 3.25 hr. At this time all the 15 solid was dissol ved
‘and 1 nmL was renoved for Karl Fi scher titration for water

content. A value of 28.2 mcrodles of Herr]O nl was found (4

nmol es total). To this solution was added 165.1 ng of

carbonyl diimdazole (CD)_ and the resultant solutiqn stirred at

room t enperat ure (he pges DMSO 3°1“t£b% Yas ﬂ QGﬁuFPbﬁh@bﬁﬂ%q1 2.260 g

ﬁ{ ¢ 1o 1, 4- blstoagﬁutﬁzaraﬂw ﬂﬁydﬂé@cagoaddetaw 3l6Cmid N 1:} hthSN 40
0 was prepare a j e Wi

N v L Wi £ T R0 R R Bifi DVEO

sol uti on was after sﬂnimhly thelcsolutibn walsd chasged [t diwa i 12 and

stirred an additi-o

stirred at r.t. f'or én&l?%ég‘ev\ﬁbgﬁrbét Bial]'5,818t ﬁ:ubit}%.{}’%fﬁ é/gs charged .
to SPECTRAPOR 2 di eq%uk ctsofrom theusppgofctheydd awrid amd diakyzed top of
the vs: 1) 15 L of pH 7.0, 0.1 M sodium phosphate
buffer for 16.5 hr. 2) 15 L of pH 7.0 0.01 M
sodium phosphate buffer for 8 hr; 3) 15 L of pH
7.0, 0.01 M sodium phosphate buffer for 8 hr; 4)
10 15 L of Hp0 for 17.5 hr. It was then lyophilized
to yield 210 mg of the l.4-butanediamine
derivative of Pnl4-Ps (Pnlé&-BuAj).
An NMR spectrum of a ca. 5 mg sample showed a
15 "Joading' of approximately 31 butanediamine
residues per 100 repeating units of
. polysaccharide defined by comparing the integtals
of the butanediamine methylenes and the N-acetyl
methyl (of Pnlé4-Ps) resonances.
20 _ :
b. Preparation of the bromoacetylated butanediamine
derivative of Pnl4-Ps (Pnlé4-BuA,-BrAc):

Pnla-Bqu (210 mg) was covered with 36 mL of a
25 0.1 M, pH 9.0 borate-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 Hp0 for 14.5 hr
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liquid and dialyzed as follows vs: 1] 15 L of pH

- 85 - 7.0 O 1M NaPOX buffer 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 volunme at this

poi nt was 190 mL.. A 7.5 nL aliquot was renoved and |yophilized 5
separately for NVR assay. The renaining 149€.5 nL was | yophilized.
to 416 ng of the 1, 4-butane di am ne derlvative of 18C '

Pnl 8C- BuA2). An NWR { bou h d | oadi f
(fnl 8C BuA2). An WM2oa 3y 15 Pof "dleel1£88 4,8 F8:°8°K8? Fron* T ©

dialyzed contents of the bag, 2.0 mL were removed
for assays and then 492 mg of dried pH 8.0
phosphate buffer salt (prepared by lyophilizing a
0.1 M sodium phosphate, pH 8.0 solution) was _

5 added. Solution was filtered through two 0.2-um
Corning filters resulting in. an aqueous pH 8.0
solution of Pnl4-BuA2-BrAc (43 mL).

c. Conjugation of OMPC to Pnl4-BuAy-BrAc-Ps:
10 '
Fifty mL of OMPC (concentration 3.2 mg/mL) was
charged to five 10-mL centrifuge tubes and
centrifuged in a Beckman 80 Ti rotor at 43,000
rpm (43K), at 4°C for 2 hr. A thiolation mixture
15 was prepared by dissolving 350 mg of EDTA
~ (ethylene diamine tetracetic acid disodium salt)
. and 64 mg of dithiothreitol (DTT) in 30 mL of
NayB407 buffer, pH 11.0. - 346 mg of N-acetyl
homocyste1ne th1olactone was added and the
20 solution filtered through a 0.2-pm Corning filter
- (cup type).

The pellets from the above centrifugation were
each dislodged with 3 mlL of the filtered
25 thiolation mixture (15 mL total), transferred to
_ a Dounce homogenizer and resuspended. The tubes
"were rinsed by serial transfer of an additiomal 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.
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but ane di am ne resi dues per 100 repeatlng 10 nononeric units of

pol ysaccharide defined by conparing the integrals of the

but anedi ani ne - internal methyl enes and the rhamose nethyls (of
18C) resonances. 15 D. Preparation of the bronpacetyl ated butane di am ne
derivative of 18C (PnI8C—BuA[err] Br Ac): 18C- BuA2 (416 ng) was
covered with 36 nL of a O1MpH 9.04 - 47 - buffer (Kolthoff

bor at e- phosphate) and stirred to : ef fect solution. Then 256 ngy

p- ni trophenyl 20 bromacetate in 4.48 nL of acetonitrile was

added. The resul ti Afterxieesd ing with radséptumoand replacimgs tihe 4ixwrr]C.
It was then dialyz p ol - 11 vs 15
L H20 for 6 hr: 2] Ve N RS Fizestone valye, %g]s e%dtg\&’ of H20 for
6 25 hr. Amlm@%df&ﬁ agrt £QRs2h b6| urrE'be reactmn from

\\/\fh' Cht Wﬁs rego;/ﬁd i Ztgia:é ?Ea@sﬁi’é/ﬁ diVrded among £ N

(preparetl by - tubexy pachi Sf whick was,Roppelne %Bwoi,aﬂin) “ves

: 5 potass1um phosphate (aqueous) and then
centrifuged for 2 hr at 43K rpm and 4°C. The
éupernatant fluids were removed and the pellets
resuspended in 0.1 M sodium phosphate pH 8.0
buffer (a total of 30 mL was the final

10 resuspension volume).

‘A second ultracentrifugation (2 hr, 4°C, 43K rpm)
was then performed. After removing the
supernatant f£luid, the pellets were resuspended

15 by the Dounce method in the filteied Pnl4-BuA,
-BrAc solution prepared above. An Ellman assay
at this point indicated a total of about 23
pmoles of thiol.

20 It should be noted that the filtration of the

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

25 ~  degassing) in a Np box at r.t. for 114 hr.

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
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30 - added. After dissolution it was filtered through a 0.2
mcron CORNING filter affording an aqueous pH 8 sol ution of
18C-BuA2-BrAc. The filtration was slow and required 4 cup

filters. - 86- E. Conjugation of
OWC (N. neningitidis) to Pnl 8C-BuAl err]-BrAc: Quter Menbrane
Prot ei n Conpl ex (N. nmeningitidis, %\/PC 3.2 ng/m., 80 nL was
charged to four 25 nlL centrifuge tubes arrl 4 centrifuged in a 60 Ti
rotor at 43,000 rpm(43K) 5 ' at 4[err]C for 2 hr. A thiolation

e 188 et o TR A A LRE%R e o FRE AEHRY o
react1on mixture and aged for 4 hr. Then, 1 mL
of a 0.22 um filtered (Millex GV) N-acetyl
‘cysteamine solution (900 pL/2.1 mL of 0.1M pH 8
sodium phosphate buffer) was added and the

5 mixture aged for an additiomal 22.5 hr.

The capped reaction mixture (35 mL) was divided
among 4 centrifuge tubes and centrifuged (43K, 2
hr., 4°C). The pellets were resuspended in 40 mL

10 TED buffer (0.1M Tris, 0.01M EDTA, 0.5% DOC pH
8.5) and aged at room temperature for 19 hrs.
The solution was then centrifuged (43K, 2 hr.,
4°C). The pellets were resuspended in 40 mL 0.1M
pH 8 sodium phosphate buffer, and then

15 recentrifuged (43K, 2 hr., 4°C). These pellets
were resuspended in 44 mL of distilled Hy0 and
-aged at. 4°C for 17 hrs. A low speed .
centrifugation (1000 rpm, 3. 5 min.) afforded a
small pellet which was d1scatded The

20 supernatant f£luid was removed, resulting in 43 mL

" of bulk conjugate, having the following

analytical characteristics:
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of dithiothreitol (DTT) in 40 nL of a pH 11.09 Na[err]B[err]O[err]
buffer. 320 ng of N-acetyl honocystei ne 10 thi ol act one was added and

t hen the sol ution filtered through a 0.2[err] Corning filter (cup
type). The pellets fromthe above centrifugation wer e di sl odged
with 5 nm of the filtered _ thiolation mxture (20 nL total) and
transferred 15 * to a DOUNCE honogeni %{ and resuspended. The

tubes ‘were rinsed by serial transfer of Tan addi tional 2/10 nL of
the thiolation solution. The conbi nation solutions were

honogeni zed in the EFF! DOUNCE and the total ggg*iggnded material (40
m.) 20 was t : The
gl assware was rinsed with an additional 20 niL . of the thiolation
sol ution and adged topghgontent reaction flaggy megeprseal ing the flask
with a septum and replacing the air with N2 Using a 25
FI RESTONE val ve, the reaction m xture was aged for 18.5 hr. The
60 nL was then i Vi deproteis : four cenl300ugegymbes, each of
whi ch was t opped with [err] MKH err] PO err] %aqueous) and t hen
centrifuge® for 2 hr at 43K and 4[err]C. The supernatants were
Ps/Protein ratio (Calc.)’ 0.30
c. Free Ps <5 area %

10 d. Amino Acid Analysis

SCMHC/lysine 9.8%
SCMC/lysine 3.5%
15
EXAMPLE 6
Preparation of Partially-Hydrolyzed, Purified
Pp23F-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 stifring 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).
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30 renoved and the pellets resuspended in 0.1M NaP( err]
pH 8 buffer (a total of 40 nL was the final

- 87 - resuspensi on volune). This solution was
transferred equally, to two 25 nL centrifuge t ubes (polycarbonate)

and the gl assware ( DOUNCE etc) v€§br|nsed wi th about 10 nL of pH 8
phosphate buffer and used to top off the centrifuge tubes. A

second ultra-centrifugation (2 hr, 4[err]C, 43K) was then
cffected, The, PERbe! Serotoptcal Wi e gt Spafloff(READH 8. O 1M P04
fract1onat1on pilot study and antibody-directed
end-point Nephelose assay, performed on a 10 mL
portion of the sample, showed that the Pn 23F Ps
would precipitate between 35-45% IPA.

(3) First IPA Addition: - The hydrolyzed sample
[volume = 1165 mL, from step 1 above] was brought to
41.0% IPA by the addition of 810 mL IPA (added
dropwise with stirring at room temperature). The
10 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
jar, then collected on a 60-mL sinter glass funnel.

15 ~The precipitate was washed directly on the funnel
with absolute EtOH, then aéetone, and dried in wvacuo

over CaCl, at room temperature in preparation for
analysis.

20 (4) Second IPA Addition and Product Recovery: The
41.0% IPA supernatant f£luid [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) Didlysis 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 Hp0 at room
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m cronol es of SH or about 100 nanonol es/ ng of 10 OWC. The thiolated

protein was transferred to a 100 nL round bottom flask and the
filtered 18C- BuA2- Br Ac sol ution was added to it. The :

resultant reaction-(i.e. 18CBuA2-BrAc with : t hi ol ated OWC) was
aged under N err] (with degassing) 15 .in the N err] box at room
tenperature for 89 hr. : The reac$lona was then capped as follows: A
solution containing 75 ng N-ethyl mal ei m de (NEM in 5 nm of pH 8,
O 1M NaPO err] buffer was filtered 20 through a. 0.22 micron filter

and 2 nmL addedtemperature faoha-ebdveursact The solutionad(@ .Syamg/imds) 4 hr.
Then 0.5 nL of a ' | s . 04
buffer was fil 'Pg-rseg:%%ﬁwo%ZAQ%iyéiELtﬂqﬁéPgn (Tllzl ,tOeOr(pl'ﬁf‘/'diﬁ& * of

d 1.0
this sol ution fBsmm) and Qiakymed (vss hdipsidirdn Batt stk G FOB2E .

CentriTuge {ubaurs ALY slabignalochaiees of distillew B0 s 0 1m
P04 buffgr and%%enlgke éﬁhﬁ&e was transferred %o lyophlighatigh
5 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 1703 mg. The final product had a Kg = 0.60.

10 | M&E_Z

' Conjugation of Outer Membrane Protein Complex with
Pn23F-Ps: -
a. Preparation of Dowex 50X2 (200-400 mesh)
15 tetrabutylammonium form resin [Dowex 50 (Bu,N*)]

Dowex 50X2 (200-400 mesh) H+ form, (72 g) was
slurried in Hy0 (The water used throughout these
‘processes was pyrogen-free, sterile, distilled

20 Wwater), charged to a column and washed sequentially
with 1] 800 mL of Hy0; 2] 400 mL of 6N HC1l; 3] 300 mL
of Hy0 until effiuent is neutral to pH paper; 4] 250
g of a 10% agqueous tetrabutylammonium hydroxide
solution until effluent is strongly alkaline to pH

25 paper; 5] 750 mL of H,0.

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

30 A 34-mL column 6f Dowex 50X2 (Bu4N+) was washed with
70 mL of Hp0. A 450 mg portion of sized Pn 23F Ps
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centrifuged at 43K, 2 hr 4[err]C. After renoving

- 88 - t he supernatants the pellets were resuspended in

a DOUNCE honogeni zer in a total of 40 nL of TED buffer buffer, the
gl assware rinsed with an addi tional 10 nL of TED buffer and the
sol uti on - transferred to two 25 nL_tubes. These tubes were 5
stored at roomtenperature for 15.25 hr a2 then" centrifuged for 2
hr at 43K rpmand at 24[err]C. The resul t ant peIIets wer e
Lﬁ??;?ended ' %agogovered with §b'§ﬁ9eqé?ﬁéo 81rre for BLSOf TED

hr. This solution was applied to the column and
allowed to percolate through by gravity (ca. 2 hr).
At this point vacuum was applied to bottom of the
column and elution (under vacuum) continued for an

5 additional hour. The column was washed with 25 mL of
Hp0, and the combined effluents were lyophilized
affording 0.5 g of the Pn 23F (Bu,N') salt. This was
stored in a vacuum desiccator over P05 for ca. 17 hr.

10 ¢. Preparation of the 1l,4-butanediamine derivative
. of Pn 23F Ps (Pn23F-BuAjy)):

The 0.5 g of Pn 23F (BuyN*), from step b above, was
covered with 25mL of dimethylsulfoxide (DMSO) and

15 Stirred for 15 min. to dissolve. To this was added
22 mg of carbonyl diimidazole (CDI) and the resultant

solution stirred at room temperature (r.t.) for 0.5
hr. '

20 A solution containing 507 mg of 1, 4-butanediamine
dihydrochloride (BuAg®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 BuAp
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

‘g9 dialysis tubing, clipped off 1 cm from the top of the

 1liquid and dialyzed vs: 1) 15 L of pE 7.0, 0.1 M
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transferred to two 25 nmL centrifuge tubes, the 10

with an additional 20 nL of TED buffer and recentrifuged at 43K,
4[err]C for 2 hr. The pellets were resuspended in 50 nmL of pH 7
phosphate buffer and subjected to a third centrifugation at 43K
for 2 hr at 4[err]C. The 15 pellets were resuspended in 82 nL of
wat er and transferred in 20.5 ngsportipns to two 50 nL

plastic sterile (FALCON) centrifuge tubes? After agei ng at

4[err]C.for 18 hr, the conjugate preparation was centrifuged at
1000 RPM for 3,

6
The fi nal produsgbt com%gaﬁ‘?‘ﬂ:léeﬁuffaraf-on‘?| 18" 8 IQ)al_g]-L -juge

suspensi on saye f r prot ein
(Lowry), 18C pd.Hadtirediwm phosvhate(pnsmr/ £orr 3G c5 3w d)3) uvh2ohj ugat ed

pol ysacchari de dgsigre £X¢1 Uglon ﬁhéenhagbmhaté%uffer f@é e12.5
Nephel onetry) and

3l S saccharlde 339
m crogram ni; BFs 5% °€ﬁé Eefﬂ:21975n&WhL It was then Free

Pol ysacchari de:lydghilized tb yéld 220 mg of dheerl Ye+bwtameddanine
s derivative of Pn 23F Ps (Pn23F-BuAj) '

gl assware rinsed

An NMR spectrum of ca. 6.9 mg showed a "loading'" of
approximately 23.5 butanediamine residues per 100
repeating units of polysaccharidé defined by

10 comparing the integrals of the butanediamine

methylenes and the rhamnose methyl (of Pn 23F)
resonances.

d. Preparation of the bromoacetylated butanediamine
15 derivative of Pn 23F Ps (Pn23F-BuA-BrAc):

Pn23F-Budy (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
o0 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 Hy0 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
95 bag were removed 1.5 mL for assays and then 490 mg of
dried pH 8.0 phosphate 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.
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S- car boxynet hyl honocyst ei ne/ | ysi ne=0. 025;
S- car boxynet hyl cyst eam ne/ | ysi ne=0. 005.

- 89 - EXAMPLE 26 Preparation of the
Pn4-Ps I nternediate: (1) Sonic Hydrolysis: A 1.0-g portion of Pn4-Ps
powder was solubilized in 400 nL saline (0.9% NaCl) 5 With stirring at

roomtenperature for about 4 hours. . Tgg solution was then sonicated in
a plastic beaker

e. Conjugation of OMPC to Pn 23F -BuAp-BrAc Ps:

Sixty mL OMPC (3.1 mg/mL) was charged to six 10-mL
centrifuge tubes and centrifuged in a Beckman 80 Ti
rotor at 43,000 rpm (43K), at 4°C for 2 hr. A

5 thiolation mixture was prepared by dissolving 260 mg
of EDTA (ethylenediamine tetracetic acid disodium
salt) and 52 mg of dithiothreitol (DTT) im 30 mL of
Na,B,07 thiolactone was added and the solution
filtered through a 0.2-pm Corning filter (cup type).

10
The pellets from the above centrifugation were each
dislodged with 3 mL of the filtered thiolation
mixture (20 mL total) and transferred to a Dounce
homogenizer and resuspended. The tubes were rinsed

15 by serial transfer of an additional 6 mL of the
thiolation solution. The rinsing process was
repeated with an additional 4 mL of thiolation
solution. The combined rinses were homogenized in
the Dounce and the total resuspended material (28 mL)

. 20 was transferred to a 100-mL round-bottom £lask.

After sealing with a septum and replacing the air ’
with Nz'using a Firestone valve, the reaction mixture
was 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).
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in an ice bath with a Branson Sonifier (one-half inch
8) for intervals of 10 mnutes, up to 20 mn.
checked*after each 10 interval. After 20 min., a viscosity. endpoint of
1. 267 centi stokes was obtai ned. The hydrol yzed sanpl e was brought to
room tenperature and sodi um acetate reagent (18.7 g) was added to a
final concentration of 3% (wv). ¥ 55 = (2) Serol ogical Probe: An

i sopropanol (1 PA) fractionation probe and anti body-directed end- poi nt
Nephel ose assay, perfornmed on a 10 nlL portion, of_ the

. |
that the Pn 4 Rsseconrd pA&giapicents Hngabieneth h545éd}§|-PA§%ngP%) S? g\),\ed
1 Lhove] wae_ pYBSOLhER® ePFUCRERC] AELD: Premoving) ehoTRupsIfatAL | oM Step
. 7% e I
(added 25 drSgﬂage ﬁ&ﬁﬁgﬂ¥¥§'§u¥%ﬁerBB§VFBﬁﬂ§F§th&g%h% Pﬁg%c sanpl e

was al | oned t omethod dn theeFilitered Pn23FRBuA,-BrAccsolutiioged at 11, 000
X g for 30 m nut

waste pel let whE par L ¥ bection 7 10c" 859" AR ¥A4nlalasdfliy'dd O - The
5 . this point indicated a total of about 28 pumoles of

thiol in the resulting solutionm.

probe, setting
total. The viscosity was

It should be noted that the filtration of the
Pn23F-BuAy-BrAc solution occurs just prior to the

10 resuspension of the thiolated protein. The resultant
reaction (i.e., Pn23F-BuA,-BrAc with thiolated OMPC)

was aged under No (with degassing) in a Nj 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 édded to the reaction and aged
for 18 hr.

The total voiume_of capped conjugation mixture was
38.5.mL and 1.5 mL of pH 8.0, 0.1M sodium phosphate
25 buffer was added to bring the total volume 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
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triturated with absolute EtOH in a 250-nL Omim x 30', jar, then collected

on a 60-plL sinter glass funnel. The precipitate was washed directly
on the funnel wi th absolute Et OH, then acetone, -and dried in vacuo
over CaSO4 (DRIERITE) at roomtenperature in preparation for

anal ysi s. - 90 - (4) Second
| PA Addition and Product Recovery: The 49. 7% | PA supernatant fluid
[volume = 727 m, from step 3 abovel” Rés'brought to 52.2% 1 PA by
addi ng 38 m. | PA dropwi se while stirring at roomtenperature.

Tris, pH 8.5, 0.01M EDTA, 0.5% Na deoxycholate) and
transferred to a Dounce homogenizer. The centrifuge
tubes were serially rinsed with an additional 8 mL of
TED buffer and the pellets resuspended (40 mL total)
and aged at room temperature for 20 hr. The aged

5 material_was centrifuged (as described above) in four
10 mL tubes at 43K, 2 hr., 4°C. Each of the pellets
was dislodged with 8 mL of TED buffer, the tubes
serially rinsed with 8 mL of TED buffer, resuspended
and centrifuged as described above. These pellets

10 Wwere then resuspended in a total of 40 mL of 0.1M pH
7 sodium phosphate buffer and recentrifuged as
described above. The pellets were resuspended in a
total of 44 mL of water and aged at 4°C for 17 hrs.

- A small amount of insolubles were removed by a low

15 speed centrifugation (1000 rpm, 3.5 min.) affording

the product in the supernatant fluid.

The resultant supernatant fluid is the drug |
substance, bulk conjugate vaccine. The conjugate had
20 the following analytical characteristics:

Test ) Results
a. Ps Content - 284 mcg/mL
25 b. Protein 2025 mcg/mL
Ps/Protein ratio (Calc.) 0.14
c. Free Ps ' , <5 area %
d. Amino Acid Analysis
SCMHC/lysine 6.7%
30 ~ SCMC/lysine : 1.6%
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The sanpl e was aged and centrifuged as in step 3 5 above.
was triturated, collected, washed and dried as in step 3 above. The Pn
4 Ps product wei ghed 516 'ng. (5) Dialysis and Lyophilization: A
portion (500 nmg) 10 of the Pn-Ps sanple from Step 4 above was sol ubilized
in 200 nL of distilled H20 at room tenperature for 2-3 hours. The
solution (2.5 ng/m.) was transferred _ #f)dlaly5|s tubing (12,000 MV
cutoff; 45 mm) and dialyzed vs. distiM11ed Herr]O at 4[err]C for 27
hours with 2 15 addi ti onal changes of distilled H20. Then the sanple

was transferred to |yophilization flasﬁiﬂﬂﬁﬂﬁ;ﬁ frozen in a dry

I ce: met hanol bath and Iyophlllzed on a |rt|s (Freezennblle)
| yophi li zer forkRCpagagdon o dats RIRQE

491 nmg. The 20

The pel |l et

_ ! ct- was
flnal E&Qﬁkﬁtdﬁﬂbdtdﬁéﬁl]pow@e59was solubilized &t/ OM

ot her “car boxyl @ CORCEBEALY °bvq£n’”€>é RAB LD CIERTLYPREABE Pr5. Ps.
coul d be preparoée&nﬁgmwlu;t4?OJKEAmm¢md concéntedted solution of
5 Pn-Ps was also prepared at 10Omg/mL. Addition of 50mM
CaCl, was successful in reducing the viscosity of the
10 mg/mL solution to the viscosity of the 1.5 mg/mL
solution. The solubilized Pn-Ps was then passed
through a Gaulin homogenizer set at one of four
10 Ppressure settings: 2000, 5000, 10000, or 15000 PSI.
The sheared Pn-Ps was then collected by addition of
60% isopropanol made 50 mM in CaCly, from a 2 M
stock. The pellet was washed with 100% ethanol in an
omni-mixer, and filtered to recover the precipitated
1s 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
ahalyzed for antigenicity index by rate nephelometry,

20 for molecular size and poly d1sper31ty by HPSEC
universal calibration.

MW at which anti- Poly-
Pn-Ps genicity begins dispersity
type —to decline (MM/MND
25 6B 500,000 1.19
14 300,000 ‘ 1.15
19F _ 250,000 , 1.09
23F 250,000 1.15.
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25 here, and conjugated as for Pn4-Ps or Pn9V-Ps which
aci di ¢ pol ysacchari des.

EXAMPLE 27

Preparati on of Dowex 50x2 (200-400 nesh)

are al so
- 91 -

S. Pneunoni ae Type 4- OWC COnJugate Pn4- Ps- OVPC. A
t et rabut yl amoni um f orm

resin [Dowex 50 (Bu[err]Nerr])] 5 Dowex 50x2 (200-400 nesh) H+
form (500g) was slurried in H[eﬁé] charged to a colum and

washed

10

15

20

25

30

sequentially with 1] 600 Sli H20; 2] 1000 ni of

EXAMPLE 9
Mougse T-Cell Stimulation:

This test is performed to establish the
T~cell dependency/immunogenicity in mice of Pn-Ps
Conjugate Vaccines. This model was adopted because
children less than two years of age normally respond
well to T-dependent antigens. Athymic mice have an
abnormal thymic epithlium and therefore their |
response to T-dependent antigens is significantly
less than their normal congenic littermates.

A single dilution of vaccine to give a
dosage of 0.5 pg polysaccharide is injected
intraperitoneally into adult athymic mice (nu/nu) and
their congenic control littermates (nu/+) on day 0, 7
and 28. The mice are bled one week later and their

individual sera are tested for antibody response b&
radioimmunoassay (RIA).

In the RIA, each mouse serum is combined
with 014 labeled Pn-Ps. Any antigen-antzbody complex
formed is then preclpitated 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
elicit good T-cell stimulation in the Nu/+ mice.

EXAMPLE 10 :
Immunogenicity of Pn-Ps Conjugates in Infant Rhesus

Mgakﬂxg:

This test is performed to establish the
immunogenicity in infant monkeys of either bulk
conjugate or filled containers of Pn~-Ps-OMPC or
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6N HCO ; 3] 400 nL of H20 until effluent was ' neutra

to pH paper;
4] 729 of a 10% aqueous 10 t et rabut yl ammoni um hydr-oxi de sol ution
unti | ) ef fluent was strongly al kaline to pH paper; 5]
1000 mL of H20 to neutrality. B. Preparati.on of S. Pneunoni ae type

4 15 pol ysacchari de tetrabutyl ammoni umform

[Pn4(Buferr]Nerr])]: A 65 nL colum of Dowex 50x2

(Bu[err]N[err]) was washed with 520 nL of 3 err]0. Pa : :

4- pol ysaccharide (mw. reduced (400 ng) was covered with 35 nL of

o™ Uy g BuffRes wmselnae b e bk, 455HRY 1© 0% 1"
sol ution was apgddell hastbeenokhownitd dd Abdktcellent ¢1ﬁngcg£ﬁol atfe
L oual by O "Bk M #Wra conIRUES YhEBLEC PRI oo
my of et tak. pnPedirtirdcs],NApril) SSuppl., pp 668-B78parati on of
the 1,4-butane ¢ 6pH§ HRl ¥as' therefore selected as a model for

"5  Pn-Ps conjugate vaccine evaluationm. '

A dose of vaccine is injected
intramuscularly (0.25 mL into each of two sites) into
2- to 3-month-old infant monkeys on day O and 28.
Monkeys are bled on day 0, 28, and day 42 and the

10 individual sera are tested for antibody response by
radioimmunoassay (RIA).

In the RIA, each monkey serum is combined
with cl4 1abeled Pn-Ps. Any antigen-antibody complex
formed is then precipitated by the addition of

15 saturated 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 l
pg antibody réspoﬁse 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.
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of Pn 4 (Pn 4-BuAlerr]): Pn 4 (Bu[err]Nerr]) (97 mg) was 30
with 16 nL of DMSO (dinethyl sul f oxi de)

-92- and stirred into the sol ution at 52[err] C over a
perigod of 15 min. At this time all the solid was di ssol ved and the
solution was cooled to room tenperature. 5 To this

sol ution was added 2 ng of carbonyl - 60 <iimnmdazole (CDI) dissolved in

160 microliters of DVSO and the resultant solution stirred at room
tenperature (r.t.) for 1.0 hr. A solution

EXAMPLE 11
Protective Efficacy of Pneumococcal Conjugates In
Chinchillas: :
Each Chinchilla was injected subcutaneously
or intramuscularly with 0, 0.25, 1.0, or 4.0 pg of
s  Pn6B-Ps-OMPC adsorbed to A1(OH)3. The Chinchillas
were bled at 0, 2,4,6, and 8 weeks. The animals were
challenged with Streptococcus pneumoniae 6B eight
weeks after injection and monitored every 1-3 days by
otoscopy and tympanometry. Middle ear effusions were
10 aspirated for culture and the animals were sacrificed
two weeks post challenge. The sacrificed animals
were analyzed for middle ear histopathology. There
was 60% mortality in animals receiving no conjugate
while even the lowest dose resulted in 0% mortality.
15 There was no protection against purulent otitis media
in animals that did not receive conjugate while those

receiving conjugate were protected at levels between
60 and 100% across all dosage ranges.

covered

20
| EXAMPLE 12
Anti-Pneumococcal Immune Responses in 2-5 Year 01d
Children: : -

25 2-5 year old 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.
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.containing 0.500 g of 1, 4-butane diam ne 10 dihydrdchloride
(BuAlerr].2HC1) in 5 nL of Herr]0 was. prepared and its pH
adj usted to 10.20 with 5.0 N NaOH. This solution was cooled in an

i ce bath. The aged DVSO sol ution was slowy added to the
cold BuA2 solution and stirred an additional 5 15

mnin the ice
bath. It was then stirred at r.t. for 1 hr, after which the
sol ution was charged to : SPECTRAﬁEh i dlaIyS|s tubi ng, clipped off
1/ 2" fromthe top of the liquid and dialyzed as foll ows
vs: 1] 4 L of pH7.0 0.1MNaPJerr] b 0 for 15.0 hr; 2] 4 L of
pH 7.0 0.01M NaPO[ err . 3] .4 L of pH 7. 0 0.01M
NaPO[ .err] buf f e L& NE R : SOINEICONaN1 aas o
30| uti f-” wa8f P 4 it thiﬁdséoofotlﬁlsohsbh 1&%@%?&%@ ge
erivative o u of , abou ngy
showed a "I oadl Eiée conteﬁg gn?ﬁ@er E-FRaMr 100

repeating rmnorm:ronjuga.te prepwnattoné ne_b.nga_u:calt:u imbplefomesttrypy cThigari ng
LS e v adet v EAEE b "B A RRATRTVEC £ S nace mepner EbEH)°NeS
differs for the various Pn-Ps as the response per
unit Pn-Ps mass, and the 11near portion of the
response versus Pn-Ps antigen concentration profile
differs for each Pn-Ps. The procedural example given
10 here is specific for PnéB conjugate and does not
necessarily apply for conjugates of other Pn-Ps
types. Conjugate samples and standards are diluted
in 0.9% NaCl, and again are diluted to nominal
concentrations that are expected to be within the
15 limits of the standard curve.
8) Reagents
Saline solution: 0.9% agueous 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 polysaccharide.

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.
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- 93 - D. Preparation of the bronpacetyl ated butane di ami ne

derivative of Pn 4(Pn 4-BuAlerr]-BrAc): Pn 4-BuA2 (54 ng) was
covered with 5.5 nL of a 0.1M pH 9. 04 buf fer (Kolthoff

bor at e- phosphate) and stirred to effect solution. Then 55 ny
-p-nittrophenyl 5 bromacetate in |.0nlL.of acetonitrile was added.
"The resulting mxture was stirred for 17 ghs_at 4[err]C. It was
then dialyzed in SPECTRAPOR 2 tubing “as follows: 1] vs 16 L
Herr]Ofeor 24 hr; 2] vs 16 L of Herr]O for 8 hr; 3] vs 16 L of
Herr]0 for 23 §y .Proded€re this point there was a volune of 12.5 nL
from :

Assay all samples and standards using the Beckman ICS
. rate nephelometer using duplicate measurements.
Determine the concentration in the samples from the

5 standard curve. Multiply the sample concentration by

the dilution factor and average the values for each
test sample. '

As noted previously, samples found by this method to

10 have antigenicity indexes below 70% are rejected for
conjugation to ensure that the Pn-Ps being used has
the desired immulogical characteristics.

o : EXAMPLE 14
15 Preparation of Neisseria meningitidis Bll Serotype 2
OMPC
A. Fermentation
20 1. |Neisseria menipgitidis Group Bll
‘A tube containing the lyophilized culture of
Neigseria 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% COp 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. - ' :
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whi ch was renoved 1.0 nL for assays (NWR
Vi scotek) and then 275 ng of

(prepared by

added.

] After dissolution it was filtered through
CORNING filter affording an aqueous

4- BuA2- Br Ac.
4- BuA2- Br Ac:

Qut er Menbrane Protein Conpl
OWPC, 4.34 mg/nL) (5 nL) was
43,000 rpm (43K),

Quchterl ony and

dried pH 8 phosphate buffer salt

| yophylizing a OIMpH 8 NaPO4 sol ution) was 15

a 0.2 mcron

pH 8 solution of Pn

E. Conjugation of OVFégX(N. meningitidis) to Pn 20
N meningi tidis,

centrifuged in a 80 Ti rotor at

prepared by dissol ving B VIQ%f6EE# (é%ﬁ&d%é”fﬁg?.éﬁe é%éSﬂd”‘X ure was

ene lam ne tetracetic

aci d di sodi um paggagedwas Fhawed and stgieakediiente el ofolwrbiain 10 nL of
| Sheep B836404gh’ plater (UBAB-BBBYE! ymen?zaebel Were
t hi ol act one was, ad fi

a pH 11.09

wer e

10

15

20

25

30

0.2mmicron fi I%%?uggﬁgadagggg'tc?%ﬁ%&l Ilg'g&h 0% h%BaBBV{EsgréﬁgFt louan a

| *f ugat i on
whithdptsewthe growtl wdw Harvestedt bhebalOOnmL of

10% skim milk medium, aliquots were taken in 0.5 mL
amounts and frozen at -70°C. The organism was
positively identified by agglutination with specific
antiserum, sugar fermentation and gram stain.

A vial of the culture from this passage was
thawed, diluted with Mueller-Hinton Broth and
streaked onto 40 Mueller-Hinton agar 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% skim milk medium, aliguotted in 0.3 mL
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
grown from one frozen vial of Neigseria meningitidis

Group B, B-1ll 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
yeast dialysate medium at pH 6.35. The ODggq was
adjusted to 0.18 and incubated until the ODggq was
between 1 and 1.8. 1 mL of this culture was used to
inoculate each of 5 X 2L, Erlenmeyer flagsks (each
containing 1 liter of medium; see below) and
incubated at 37°C in a shaker at 200 rpm. The 0.D.
wag monitored at hourly intervals following

inoculation. & liters of broth culture, at an ODggq
of 1.28 resulted.
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- 94 - mxture and transferred to a DOUNCE honogeni zer
and resuspended. The resuspended sol ution was transferred to a

centrifuge tube, capped with a ~ septumand the air replaced with N2
using a FI RESTONE val ve. The reaction m xture was aged 5

for 19 hr and then transferred to a centrifuge t ube whi ch was
topped wwth IMKH err]PJ err] (aqueous) and then centrifuged for 2

hr at 43K 4[err]C. The supernatanﬁé'were renoved and the pellets
resuspended in 10 nL of 0.1M NaP(Jerr] pH 8 buffer. 10 Thi s sol ution

was transferred to a CentSbfgg%er Seed Fermenter - Approximately &
liters of seed culture was used to inoculate a
sterile 70-liter fermenter containing about 40 liters
of complete production medium (see below). The
conditions for the 70-liter fermentation included
5 37°C, 185 rpm with 10 liters/minute air sparging and
- constant pH control at about pH 7.0 for about 2
hours. For this batch, the final ODggg was 0.732
after 2 hours. ' _
800-Liter Production Fermenter
10 Approximately 40 liters of seed culture were
used to inoculate a sterile 800 liter fermenter
containing 568.2 liters of complete production medium
(see below). The batch was incubated at 37°C, 100
rpm with 60 liters/minute air sparging and constant
15 ©DH control at pH 7.0. For this batch, the final OD
was 5.58 thirteen hours after inoculationm.

3. Complete Medium for Erlenmeyer flasks and
70-and 800-liter fermenters

20
Fraction A
L-glutamic acid. 1.5 g/liter
25 NaCl - 6.0 gfliter
NaoHPO, . anhydrous _ 2.5 g/liter
NH,C1 1.25 g/liter
KC1 0.09 g/liter
L-cysteine HC1 0.02 g/liter
30
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tube and a second uItra-centrifugation'(Z hr,
then effected. The pellets were

4- BuA2- Br Ac ‘sol ution prepared in section D. An El |l man assay
i ndi cated ‘15 a total of 3.44 mcronoles of SH or about 158
nanonol es SH ng of OMPC. The resultant reaction (i.e. Pn

4- BUuA2-Br Ac with 'thiolated OWC) was ~ 65 - aged under N2'(mﬁth

degassing) in the N2 box at roomtenperature for 66 hr. 20
The reaction was then capped as follows: A solution containing 5

ng N-et hyl nal ei Braeti (Gotschlighis ¥eask Diakysa&teleNaP( err] buffer

was filtered _ thrgaoly d£0.pi%dB Yéupt | Exefaéfiwaddadseolvied 25
above reaction nlxéure nd the S%Iﬂl

mL of N-acetyl c}Bt Bafti kdtexsyof istfﬁiéiE%hié}.()ngpgpéugggggypégfnmgél
filtered througialyzed in 2 AhiZdmiBC-<30 holbowasiibebi diadlyetison was
added to units' Bl it %edrtPiagds® N384 g Mes0,.7-H,0
5 and 3200 g dextrose were dissolved in the dialysate
and the total volume brought to 15 liters with
distilled water. The pH was adjusted to 7.4 with
NaOH, sterilized by passage through a 0.22 p filter,
and transferred to the fermenter containing Fraction
10 A. ‘

4[err] C, 43K) was
resuspended in 11.5.nL of Pn

For the Erlenmeyer flasks: 1 liter of
Fraction A and 25 mL of Fraction B were added and the
pHE 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%. The material was held
25 at 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 614.4
liters of inactivated culture fluid was centrifuged
30 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.
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- 95 - The reaction m xture was then centrifuged at

43K, 4[err]C for 2 hr and the pellet resuspended in 8 m. of 1X TED
buffer. This solution was aged at room t enper at ure overni ght and

t hen centrifuged at 43K, 4[err]Cfor 2 hr. The pellet was
resuspended 5 in 8 nL of TED buffer and I mredi atel y

recentrifuged for 2 hr at 43K and 4[err}FC66THe pell et was then
resuspended in 10 nmL of pH 7.0, 0. 1M P04 buffer and recentrifuged
at 43K, 4[err]C for 2 hr_ This_f q? fﬁﬂJet was resuspended in 7.5
10 nL of H20. After agei ngBoveOME éﬁh 89lakion | c the

suspensi on was centrifuged at 1000 rpmfor 3 mn and the

supernatant renpyed 25 tRgntieifration and EHEP A fation

The phenol inactivated culture was
concentrated to about 30 liters and diafiltered in

s sterile distilled water using 0.2-pm hollow 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 extract1on at
56°C with agitation 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 f£luid was then collected and
stored at 4°C. The extracted cell pellets were:

20 Treextracted in TED buffer as described above. The
supernatant f£luids were pooled and stored at 4°C.

Step 3. Concentration by Ultrafiltratiomn .
The pooled extract was transferred to a
25 temperature regulated vessel attached to AG-Tech
~ 0.1-pm 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 between 11 and 24 psi.
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15 Assays: Lowy Protein: 0.920 ng/ni; Phenol

sul furic acid assay: 0.212 ng/nmi; Ps/ Pro=0. 23;

SCVHC/ | ys=0. 031, SCMC/ | ys=0. 022. 20 _ Upon

adm nistration of this conjugate to mce or African Green
Monkeys, high titers of anti-Pn4-Ps anti bodi es were raised as
measured by Pn4-Ps speci fic ELLSgyassay. 25

EXAMPLE 28 Preparati on of the Pn9V-Ps | nternedi at e: (1) Sonic
Hydrolysis: A l.0-g portion of Pn 9V Ps powder was sol ubilized in 400
m. saline (0.9%SKep 4. 3Tolledtioni and Washingowft ¢heelOMRC e for about 4
hours. The sol ut i onies, L06fe £08' £8b37sklp” P\AY ' et Biged at

about 160,000 x g (35,000 rpm) at about 70°C in a _
continuous flow centrifuge at a flow rate between 300
to 500 mL/minute, and the supernatant fluid was
s discarded. '
The OMPC pellet was suspended in TED Buffer
(190 mL buffer; 20 mL/g pellet) Step 2 and Step 4
were repeated twice (skipping Step 3).

10 Step 5. Recovery of OMPC Product .

- The washed pellets from Step 4 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-pm filter
' and the TED buffer was replaced with water by

diafiltration against sterile distilled water using a
0.1-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 proteih
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% Bromophenol
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- 96 - in an ice bath wwth a Branson Sonifier (one-half inch

probe, setting 8) for an interval of 3 mnutes. The Vi scosity was
checked  after this interval. After 13 mn., another 1 mn. sonication
was performed to obtain a viscosity endpoint of 1.117 centistokes. 5
The "hydrol yzed sanpl e was brought to room tenperature and sodi um
acetate reagent (19.5 g) was added to a = 68 inal concentration of 3%

(W v). (2) Serol ogical Probe: An isopropanol (I1PA) 10 fractionation
probe and anti body-directed end-point,

10 nL portion oblute PH 7<bhp| & %rmﬁﬁﬁﬂ¥ﬁ2$ggﬁgg;§egiigg1&ﬁ§kg%§ﬂﬁd on e
precipitate 20 minutes and allowed to cool to room temperature
before loading onto the gel. The gel was run at
200-400 milliamps, with cooling, until the
Bromophenol blue reached the bottom of the gel. A
5 vertical strip of the gel was cut out (about 1-2 cm
wide) and stained with Coomassie/cupric acetate
(0.1%Z). The strip was destained until the MIEP band
(about 38 KD) 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 e€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. In the instant case, the .
chromatographic separation of choline (a component of
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bet ween 40-45% | PA. 15 (3) First |PA Addition: The hydrol yzed 'sanpl e
[volume = 391 nm., fromstep 1 above] was brought to 41.8% | PA by the
" addition of 281 nlL | PA (added dropwi se with stirring at room

tenperature). The sanple was allowed to stir for 15-30 minutes and
t hen 20 centrifuged at 11,000 X g for 30 m nutes (Beckman JA- 10
rotor; 8,000 rpm 20[err]C). The waste pellet was triturated with
absolute EtOH i-rn a 250-nL Omi m x Tap, Then col l ected on a 60-nL

sinter glass funnel. The precipitate was washed directly on the funnel
Gasqlerr] (DR CRERY Ghon RRPEEE P Ty ARV eeR PiRtE Mhe wsod U i o
- compared with these other methods. The choline was
separated on a cation exchange column coupled with
suppressed conductivity detection.
Samples were completely hydrolyzed by
s 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
10 analytical and guard column, an Ion Pac CTC-1 cation
trap column, a CMMS-2 Micromembrane Suppressor,
regenerated with 50 mM tetrabutylammonium hydroxide
(10 m1/min), and the conductivity detector set at 1
_ pSiemen sensitivity. The sample was eluted
15 isocratically using 5% 200mM HCl, 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
20 Institut) was analyzed_forlCholine 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
25 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
30 concentrations over 3% were rejected as unacceptable
for conjugation. The table below shows the
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- 97 -

t enperature

above. The pellet was triturated, collected, washed

step 3 above.

(4) Second | PA Addition and Product Recovery: The 41. 8%
| PA supernatant fluid [volune = 637 n_, from
to 44.3% | PA by adding 28.6

step 3 above] was, brought
m. | PA dropwi se while stirring at room
The sanpl e was aged and centrifuged as in step 3 5

and dried as in

The Pn9V-Ps product vei thed 342.2 ng. - (5)
D alysis and Lyophilization: A portion (347 ng) 10
from Step 4 above _wa

of the Pn-Ps sanple

| ubi Ii zed in. 139 f distill.ed H 0
room t enper at urEOFGFia%%°%4I-°‘§ ﬁ%{ﬁ%.m%ggo‘l'h?%ﬁﬂfzmﬂ‘i)ﬂ\éggém &

transferred

10

15

20

25

30

~methodsg! pnids shawstyriicaD0CHPe coontamination devels

in preparations of Pn-Ps of varying degrees of purity:

Sample NMR ENZYMATIC - HPLC

Pn6B-Ps 20% N.D. 18.4%‘

Pn6B-Ps 1.6% 0.3-1.0% . 1.2%

Pn23F-Ps N.D. 2.8% 3.7%

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.
meningitidis cells (see Example 1) was placed in a
fresh tube. The phenol inactivated cells were
resuspended in 567 pkh of TE buffer [10mM TRIS-HCI,
lmM EDTA, pE 8.0]. To the resuspended cells was
added 30 pL of 10% SDS, and 3 pL- of 20 mg/mL
proteinase X (Sigma). The cells were mixed and
incubated at 37°C for about 1 hour, adfter which 100
BL of 5 M NaCl was added and mixed thoroughly. 80 pL
of 1% cetyltrimethylammonium bromide (CTAB) in 0.7 M
NaCl was then added, mixed thoroughly, and incubated
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
to a new tube and the organic phase was discarded.
An ‘equal volume of phenol/chloroform/isoamyl alcohol
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dialyzed vs. distilled Herr]O at 4[err]C for 25 hours with 2 15

addi ti onal changes of distilled Herr]O Then the sanple was
transferred to |yophilization flasks, shell frozen in a dry

i ce: met hanol bath and |yophilized on a Virtis (Freezenobile)

| yophi lizer for 2-3 days. The recoveﬁM_of the final Ps product was
3035 ng. 20 The final product had a Klerr] 0. 60. (6) Third I PA
Addi ti on and Product Recovery: The 44. 3% I PA supernatant fluid [vol unme

= 655 nL, from (at a8£aﬁ16 aipogs]: zwaa brﬁ@ﬁeﬁﬁé@ﬁ%afﬁa@&eaddong 30.8
25 L | PA drogﬁn Le s%ﬁ&rln dw¥ﬂaééigﬁ{ature £ gu eanp e
was aged and cehbfi fEYEQUESPRREEHe ¥§ 4 peptyafue
triturated, colatclegp0fdaxhgdfor about & imkhwies n SThe 8queous. phhee
E;ggarfiggf?gﬁt(ugpSESEhgﬁ % %&%ﬁ%f¥¥d1¥§ a new (¢dpe hR4Y0.8 3B8iumes

. (about 420 pL) of isopropyl alcohol was added, mixed

5 thoroughly, and the precipitated DNA was centrifuged
at 10,000 x g for 10 minutes. The supernatant fluid
was discarded, and the pellet was washed with 70%
ethanol. The DNA pellet was dried and resuspended in
100 pL of TE buffer, and represents N. meningitidis

10 &enomic DNA.

Two DNA oligonucleotides were synthes1zed
which correspond to the $' end of the MIEP gene and
to the 3' end of the MIEP 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:
51-ACTAGTTGCAATGAAAAAATCCCTG-3'; and for the 3' end
of the MIEP gene was: 5'-GAATTCAGATTAGGAATTTGTT-3'.
These DNA oligonucleotides were used as primers for

20 Polymerase 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

30 from the gel by electroelution [Current Protocols in
Molecular Biology, (1987), Ausubel, R.M., Brent, R.,
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- 98 - ng) of the Pn-Ps sanple from Step 6 above was

in 168 m of distilled Herr]O at room tenmperature for 4-5 hours. The
solution (2.5 ng/nL) . was transferred to dialysis tubing (12,000 MV
cut of f; 45 mm) and dialyzed vs. distilled Herr]O at 4[err]C for 25 5
hour’s mnth 2 additional changes of distilled Herr]QO Then the sanpl e
was transferred to |yophilization ~f M@sks, shell frozen in a dry

i ce: met hanol bath and | yophilized on a Virtis (Freezenobil e)

| yophi li zer for 2-3 days. The recovery of the f| naI Ps, product 10
was 342.5 ny. Kimgstomal RpEodutioongd 2R .= Smigh, J.A., (¥§idpans opvious

to those skillpginghdesertinihak., eds., Greene Puhhshmg Assoc.]
The plasmid vector pUC-19 was digested with
Spel and EcoRI. The gel purified SpelI-EcoRI MIEP DNA
was ligated into the SpeI-EcoRI pUC-19 vector and was
5 used to transform E. coli strain DH5. Transformants
containing the pUC-19 vector with the 1.3 kbp MIEP
DNA were identified by restriction endonuclease

mapping, and the MIEP DNA was sequenced to ensure its
identity.

sol ubi | i zed

10

EXAMPLE 18
Construction of the pCl1/1.6allOp(B)ADH]¢ vector:
The Gal 10 promoter was isolated from
15 plasmid YEp52 (Broach, et al., (1983) in Experimental
' Manipulation of Gene Expression, 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 III. The ADHl terminator was
20 isolated 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 III
and Spel. The two fragments were ligated with T4 DNA
ligase to the gel purified pUC18AHind IXII vector
25 (the Hind III site was eliminated by digesting pUC18
with Hipnd III, blunt-ending with the Klenow fragment
of E. ¢oli DNA polymerase I, and ligating with T4 DNA
ligase) which had been digested with BamHI and Sphl
to create the parental vector pGallo-tADH1. This has

390 @& unique Hind IJI cloning site at the GallOp.ADH1
junction. '
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the products in steps 4 & 6.could have been coll ected together with a
| arger addition of I|PA then dialyzed 15 and | yophilized as a single

product with anal ytical- characteristics of the weighted average of the
characteristics of the individual subfractions. It shoul d al so be
obvious to those skilled in the art + that Pnl-Ps or Pn5-Ps could be

treated in the sane 20 way as Pn9V-Ps “or’*Prid- Ps as di scl osed herein.

EXAMPLE 29

Conj ugation of Pn 9V-Ps with OWC - Pn9V- Ps

pr epar ed accdrding to Ex I 164 hgesame manner as
Pn4-Ps as shown in i'g% %ﬁ%i@‘#n& &lg é{]té &s

10

15

20

25

pGalll.tADH1 was changed to a unique BamHI cloning
site by digesting pGallO.tADHl1 with Hind IIJ, gel
purifying the cut DNA, and ligating, using T4 DNA

ligase, to the following Hind IIT-BamHI linker:

51-AGCTCGGATCCG-3"*
31'-GCCTAGGCTCGA-5"' .

The resulting plasmid, pGallO(B)tADH1l, has
deleted the Hind IJJ site and generated a unique
BamHI cloning site.

The GallOp.tADHl1 fragment was isolated from
pGallOo(B)tADH1 by digestion with Smal and Sphl,
blunt-ended with T4 DNA polymerase, and gel
purified. The yeast shuttle vector pCl/1l [Brake et
al., (1984), Proc, Nat'l. Acad. Sci. USA, 81,
Pp.4642-4646] was digested with SpbI, 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
E. coli HB10l1l cells to ampicillin resistance, and
transformants were screened by hybridization to a =
single strand of the 32p-labelled HindIII-BamHI
linker. The new vector comstruction,

pC1/1.6all0p(B)ADHl, was confirmed by digestion wu:h
HindIII and namﬂl
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- 99 - : _ EXAMPLE 30 Quantitative

Determ nation of Acetate in Pn9V/ 18C and Pyruvate in Pn4d

A nmet hod was devel oped to quantify the retention of O-pyruvate in
Pn4-Ps and 0-acetate 5 groups in Pn9V-Ps and Pnl 8C Ps during processing
of pneunococcal (Pn) capsul ar pol ysaccharides (Ps). The - 0-acetyl
or O-pyruvate groups are first rel eased=hy4 = hydrolysis, then the

acetate and pyruvate in the PnPs hydrol ysate are identified and
quantitated using high 10

perfornaniﬁgﬁﬁhﬁgjﬁfchange chr omat ogr aphy
coupled . ' :

Construction of a Yeast MIEP Expression Vector with
MIEP + Leader DNA Sequences
A DNA fragment containing the complete
coding region of MIEP was generated by digestion of
5 pUC19.MIEP #7 with Spel and EcoRI, gel purification

of the MIEP DNA, and blunt-ended with T4 DNA
polymerase.

The yeast internal expression vector
pCl/1.6allOp(B)ADHl, was digested with Bam HI,

10 dephosphorylated with calf intestinal alkaline
phosphatase, and blunt-ended with T4 DNA polymerase.
The DNA was gel purified to remove uncut vector.

The 1.1 kbp blunt-ended fragment of MIEP was
ligated to the blunt-ended pCl/1.GallOp(B)ADH1{

35 vector, and the ligation reaction mixture was used to
transform competent E. coli DH5 cells to ampicillin
resistance. Transformants were screened by
hybridization to a 32p-labelled DNA oilgoncleotide:

_ 5'... AAGCTCGGATCCTAGTTGCAATG...3', which-

20 Wwas designed to be homologous with sequences
overlapping the MIEP-vector junction. Preparations
of DNA were made from hybridization positive
transformants and digested with Kpnl and Sall to
verify that the MIEP fragment was in the correct

25 - orientation for expression from the Gall0 promoter.
Further confirmation of the DNA construction was
obtained by dideoxy séquencing from the Gallo
promoter into the MIEP coding region.

Expression of MIEP by the transformants was

30 detected by Western blot analysis. Recombinant MIEP
produced in the transformants comigrated on
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W th suppressed conductivity. Sanpl es of unprocessed and
processed Pn4, - Pn9V, and Pnl 8C were anal yzed by this nethod. The
prelimhary results showed an approximate 1:1 and 15 0.8:1 nolar ratio of
pyruvate to each Ps repeating unit for unprocessed and sized Pn4,
respectively. The nolar ratios of acetate to each Ps repeating unit

in Pnl 8C-Ps were found to be 1:1 and 0. 81 #%or unprocessed and si zed
sanpl es, respectively; and 20 1.7:1 and 1.5:1 for unprocessed and si zed

Pnav, respectively. A sanple_of Pnl8 ate aqueous

bul k was al so anBP¥ EéSfYGPmﬂa@ &ﬁkﬂ'“ﬁﬁhiﬁ?ﬁb pur1 ée?%?@ O¥PCach Ps

Lepegtlng uni t agdsi@méé f@nﬂewas immnﬂbnog&ﬁ&%}yfkéadt1ﬁé with It

as been reporte R.the literat t he pyruvate group is a

power f ul innunod@PchPHéﬁF Spec eity zP%E&&ular pol ysacchari-des, and its

renoval gives rise to marked changes I n i nmunol ogi cal specificity
* [ Hei del berger, M, Dudman, WF., and 30 Ni mm ch, W,

_ "I mmunochem ca
relationships of certain capsul ar Eolésaccharides of Kl ebsiella,
pneunococci ;5

Construction of yeast MIEP expression vector with a
; |

A DNA oligonucleotide containing a HindIIT
site, a conserved yeast 5' nontranslated leader

10 CNTL), a methionine start codon (ATG), the first 89
codons of the mature MIEP (beginning with Asp at
position +20) and a Kpnl site (at position +89) was
generated using the polymerase chain reaction (PCR)
technique. The PCR was performed as specified by the

35 manufacturer (Perkin Elmer Cetus) using the plasmid
PUC19MIEP42#7 as the template and the following DNA
oligomers as primers: |
5 ' CTAAGCTTAACAAAATGGACGTTACCTTGTACGGTACAATTS ', and
5' ACGGTACCGAAGCCGCCTTTCAAGS ' .

20 To remove the 5' region of the MIEP clonme,
plasmid pUC19MIEP42#7 was digested with Kpnl and
HindIII and the 3.4 kbp vector fragment was agarose
gel purified. The 280 bp PCR fragment was digested-
with KpnI and HindIII, agarose gel purified, and

25 ligated with the 3.4 kbp vector fragment.
Transformants of E. coli HB10l (BRL) were screened by
DNA oligonucleotide hybridization and the DNA from
positive transformants was analyzed by restriction
enzyme digestion. To ensure that no mutations were

30 introduced during the PCR step, the 280 bp PCR
generated DNA of the positive transformants was
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- 100 - and Rhizobia.' J. Immnol., 104:1321-1328, (1970);
ngglnbgthan1 J.D., Heidel berger, M, and Gotschlich, E., 'Degradation
of a pneunococcal type-specific pol ysacchari de with exposure of -

group-specificity.' Proc. Natl. Acad. Sci. USA, 67:138-142, (1970)]. 5
Similarly, the renoval of the O acetate group in type Pn18C- Ps

pol ysaccharide abolished its inmmunol ogicalg — specificity

[ Estrada-Parra, S., and Hei del berger, M, 'The specific polysaccharide
of type XViII pneunococcus.' Biochem stry, 2:1288-1294, (1963)]. 10

It was therefoggggeneedi.al The deedllting plaénidtcontains a HindIII
- EcoRI insert consisting of a yeast NIL, ATG codon,
and the entire open reading frame (ORF) of MIEP
beginning at the Asp codon (amino acid +20).

- The yeast MIEP expression vectors were
5 constructed as follows. The pGAL10/pCl/1 and
' pGAP/pCl/1 vectors [Vlasuk, 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 dephosphorylateéd with calf

10 intestinal alkaline phosphatase. These linear
vectors were ligated with the Klenow treated and gel
purified HindIITI - EcoRI fragment described above,
which,contains.the yeast NTL, ATG and ORF of MIEP are
forming pGall0/pCl/1-MIEP and pGAP/pCl/1-MIEP.

15 Saccharomyces cerevisiae strain U9
(gallOpgalé~) were transformed with plasmid
pGall0/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.ggq 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.ggo 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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met hod for the deternination of acetate and pyruvate in Pnl 8C Ps, and

Pn4. 0-acetyl groups in Pn9V may - also play an inportant role in the

i mmunol ogi cal structure of Pn9V since the de-0-acetylated Pn9V had 15
no antigenic reactivity as determ ned by rate nephel onetric

measur enent . We found that O-acetate is easily rel eased
from Pn9V and Pnl 8C-Ps at al kal i ne cond#t ifdns (pH 11) at 4[err]C and

O-pyruvate is easily released from Pn4 20 upon heating at 65[err]C. W
found that acetate and -yruvate can be se-arated froma hydrolyzed

PnPs sanpl LR FR 2 Sloke= ARRRDABSG HdAEt the fl ow rate of 1
m/mn vith 0.98 mM Na%andeeafmau ahekher the piidee wdwmse. The

detecti on was acco hed dc uctivit etectlon usi ng
25mM H er r] SO e?’F? fn& “ﬁ@ Bﬁéiégg‘n?’iﬂ% sat"éa%f 9QRe i / i n.
(())ot i mal dh%)fnkv@lvel peceoerty,i IP mnméxf oﬂ.OqgmtlJSt atelv]e t:)w&mmlis | of
acetate an u m s ixely are
G aopiats ond, Dpeth ek Subea” Py Bune XAt were Bronds B HLY
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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- 101 - - Instrumentation A Di onex BioLC was equi pped
w th an Omi Pac PAX- 500 guard,. and analytical colum (4.6 x 250 mm.

Suppreséed conductivity detection was acconpli shed usi ng 25mN sul furic
acid as the regenerant. The fl ow

cid -rate was set at 10 mM/mn with a
D onex aut oregen unit. The nobile phﬁge and gradi ent program for
separati.ng acetate and pyruvate froma sanpl e of hydr ol yzed PnPs are
listed in the foll ow ng table: Buffer 1 -

1 nmM sodi um hydr oxi de
EXAMPLE 21

Bacterial E . Of R bi ¢ MIEP
Plasmid pUC19-MIEP containing the 1.3
kilobase pair MIEP gene insert, was digested with
restriction endonucleases Spel and EcoRI. The 1. lkbp
5 fragment was isolated and purified on an agarose gel
using standard techniques known in the art. Plasmid
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 DPTACSD vector, using T4 DNA polymerase‘(Boehr1nggr
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 (Boehrlnger Mannheim) accordlng to the
15 manufactu;er's directions. The 11gated 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 was labelled
with 32p and used to screen nitrocelluldge filters
containing lysed denatured colonies from the plates
- of transformants using standard DNA hybridization
25 technigues. Colonies which were positive by
hybridization were mapped using restriction
endonucleases to determine the orientation of the
MIEP gene.
Express1on 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 was immunologically reactive with
antibodies specific for MIEP.
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10 Buffer 2 - 100% net hanal Buffer 3 - 200mM sodi um

hydr oxi de Buffer 4 - water

Fl ow : Time 9Bufferl 9Buffer2 9Buffer 3 9%Bufferd (m/mn) 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 - 79 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 ; Lblng theiﬁﬁﬁﬁhﬂ¢l&ns and a detector 25

sensitivity of and pyruvate
which elute at

respectively can . bemicaly ,
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 Npo. 125 mg of
N-acetylhomocyste1nethiolactone (Aldrich Chemxcals)
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 Dborate 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 reagent (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 Ny -
for 6 to 8 hours at room temperature. At the end of

25 the reaction time, 25 pL 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 HCl1l, and

30 centrifugation is conducted at 10,000 x g for 10
minutes. 1 mL of the supernatant f£luid is applied
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- 102 .-
Mer ck

Sanpl e Preparation Purified PnPs sanples from

. Manuf acturing Division were subjected to Karl -Fisher
titration using an Aquastar V3000 vol umetric noisture
determ ne the content of residual Herr]0O, 5
MIlIi-QHerr]O at a concentration

titrator to
-and then dissolved in

1.0 ng dry weight per m .

Sanples (100 [err]g/m) wer e treateg(fn 2mM NaOH for 16h at.room

t enperat ure

to renove O-acetate from Pn9V-Ps and Pnl 8C Ps

| Pn4- 0 f @5 C f
iggpf ﬁf thenreggﬁei!gpegnwa faei\g&wi m.é s%é'?b-é 6B 11 @ kersg C for

ruvat e | es of S|zed Pn9V and

Pnl 8C-Ps and €M, Pharmac a) and the conJugate 1s deluted with FBS.

10

15

20

25

30

The void volume peak which contains the
polysaccharide-protein conjugate (Pn-Ps-MIEP), is
pooled. The conjugate solution is then filtered
through a 0.22 um filter for sterilizationm.

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 pg Pn-Ps/6. 25 pg CRM; 1/4 of the
human dose), Pn-Ps-DT (2.5 pg Pn-Ps/1.8 pg 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
weeks.

Antibody responses are measured by the
ELISA, vwhich distinguishes the class and subclass of
the immunoglobulin response. An RIA which
quantitates the total anti-Pn-Ps antibody is also
used to evaluate the monkey response.
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Pnl 8C- Ps- OMPC conj ugat e aqueous bul k were al so subjected to

monosacchari de conpositional analyses by hi gh- pH ani on- exchange
chromat ogr aphy and pul sed 15 anperonetric detection. The nonosacchari de
conpositional analysis was performed to obtain the correct
concentration of PnPs in the sized and - aqueous conjugate bul k sanpl es.
Acet ate, pyruvdate and N-Acetyl mannosam ne @D - standards were dissolved in
MIli-QHerr]O at the concentration of 200 nnole/n .

Hydrol ysis of Sanples and St andards De- 0-acetyl acti on of

Pnl 8C-Ps was 25 i nvest iPpRsd-MEER rcon jugates Sax &scapabieuofNaCH

trations ' ' : s ol : , 25,
2. Cand o] orr] EPnsEating ¥h Yl ¥edfoholcin nice EORBIBLINE I 0
sol uti ons of acdg6t anti~Pn-Bg rantihodyidand /8 cnemesinsesponserer Thilsso

included 30 inglhp Yotbrddt ded K "Bnlbs LURMCARE PRUPE-DIC ST do
for de-0-acetyl ation _would also result +n geg adat | (irlﬁ) T?I
acet at e/ pyr uvat 8% &lich meagyrable AptigkapBs. antibody. us, MIEP

5 functions as an immunologic carrier protein for Pn-Ps .
and is capable of engendering an anti-Pn-Ps antibody
response when covalently conjugated to the Pn-Ps
antigen. Purified MIEP is therefore an effective
immunologic carrier protein replacing the

10 heterogeneous OMPC in construction of bacterial
polysaccharide conjugate vaccines.

EXAMPLE 24

Preparation of Pgrtially-ﬂydrolyzed. Purified
15 Enl8C-Pg: i

(1) Sonic Hydrolysis: A 3.0-g portion of Pn
18C Ps powder was solubilized in 1200 mL saline (0.9%
NaCl) with stirring at room temperature for about 3-4
hours, then covered and stored at 4°C overnight. The -

20 Solution then was sonicated in a plastic beaker in an
ice bath with a Branson Sonifier (one-half inch pobe,

~ getting 8) for intervals of 20 minutes (in 5-minute
bursts) up to 40 minutes total. The viscosity was
checked after each interval. After 40 minutes,

25 another 10 minute sonication was performed to obtain
a viscosity endpoint of 1.218 centistokes. The
hydrolyzed sample (volume-1188mL) was brought to room
temperature and sodium acetate reagent (59.2 g) was
added to a final concentration of 3% (w/v).
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-103- The renoval of pyruvate from Pn4 was studied
following treatment with either sodi um hydroxide (50mMM 100[ err] C 16hr)

or hydrdbchloric acid at various concentration (1, 10, 100 mM, times
(3, 5, and 16- hour s)

, and tenperatures (65, 85, and 100[err]C. ) 5
Rat € Nephel onetry

The rate nephelonetric activity of Pn9V—Ps,
Pnl 8C-Ps and Pn4-Ps before and after de-®Zcetyl ation

(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 Pnl8C-Ps would precipitate
between 40-50% IPA. '

(3) First IPA addition: The hydrolyzed
sample [volume = 1200 mL, from step 1 one above] was
brought to 42.7% IPA by the addition of 894 mL IPA
(added dropwise with stirring at room temperature).

10 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 jar, then collected on a 60-mL sinter glass

15  funnel. The precipitate was washed directly 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 £luid
{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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or de-O pyruvyl ation was neasured. Sanpl es'were 10 diluted to 1, 1.5, 2,

and 2.5 [err]g/m. H gh Performance Size Excl usi on Chronmat ography
(HPSEC) * The HPSEC of Pn9V-Ps, Pnl 8C-Ps and Pn4

before
and after de-O - acetylation or 15 de- 0- pyruvyl ati on was nmeasured. A 7.5 X
600 'nm TSK . "G6000PW col um equi pped with a flow restrictor was
heated to 50[err]C at 800-1000 psi and equgdibrated with 0.2 M sodi um

acetate at 0.3 m/mn. A60 [err]g sanple (1 ng/m) was injected on
the columm.and eluted with 20 the nobile phase at 0.3 m/mn. The col um

el uant was nixed wi t(f5 ) @italys ismand diyophibizatfom: Na@Hparrtion a
flowrate of O. lpMgn d ope Ised
gmperomat ric de?&?}&r 3 3@ té?%g%s%\#%% gt% gségovgénm tivity and

Li nearity solubilizas dn H49 mka@ft@lahulbédsﬁépv#tty IO
determ ned at 3

t
and acetate vvere%g{gt eca?ggﬁ@ £¥ Mﬁ'tp%’rﬂaﬁi:ﬁl anghe soldtdol g2 Byruvate

125
Det ect or respon®&/9d:) wag W‘Pﬁ%%%ﬁeﬁ?sd*&}yﬁ?ﬁe&ﬂ%@ l@% %ﬁ&'ﬂﬂ es
5 cutoff; 45 mm) and dialyzed vs. distilled H,0 at 4°C

for 30 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

10 (Freezemobile) lyophilizer for 2-3 days. The
recovery of the final Ps product was 1487 mg.

EXAMPLE 25 _
n. _ no 8 Jy -
15 |

A. Preparation of Dowex 50x2 (200-400 mesh) _
tetrabutylammonium form resin [Dowex 50 (Bu,N')]
Dowex 50x2 (200-400 mesh) H+ form, (500g) was
20 slurried in Hy0, charged to a column and washed
- sequentially with 1] 600 mL of Hp0; 2] 1000 mL of
6n HC1l; 3] 400 mL of Hy0 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 neut:alxty

B. Preparation of S. Poneumoniae type 18C
polysaccharide tetrabutylammonium form

30 - [Pnl18C(BusN*)]: A 60 mL column of Dowex 50x2
(BuyN*) was washed with 250 mL of Hy0.
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with correlation coefficients of 0.9999 and 0.9992

d 0. for pyruvate and
acetate, respectively. _ - 104 -
Ontim Zation of O acetate Renoval from Pnl 8C Ps Prelimnary
studies of the tinme course hydrol ysis Pnl 8C-Ps denonstrated the
| abtlity of O acetyl group to al kaline hydrolysis at |ow
tenperatures. 2mM sodi um hydr oxi de was_sg§fLeient to 5 conpletely
de-O acetylate Pnl8C-Ps at 4[err]C after a 16

hour incubation. H gher
treatments were found to rel ease N-acetate
Pnl8C-polysaccharide (m.w. reduced(650 mg) was

covered with 65 mL of H,0 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

5 vacuum for 1 hr). The column was washed with 150
mL of Hp0 and the combined effluents were

- lyophilized affording 655 mg of the 18C (BuyN‘t)

salt. Twenty five mg was removed for nmr
analysis and retained material.

tenperatures (>25[err] Q)
from

10

Preparation of the 1,4-butane diamine derivative

of 18C (18C-BuAy): 18C (BuyN*) (630 mg) was

covered with 143 mL of DMSO (dimethylsulfoxide)

and stirred for 3.25 hr. At this time all the

15 solid was dissolved and 1 mL was removed for Karl
‘Fischer titration for water content. A value of
28.2 micromoles of Hp0/mL was found (4 mmoles
total). To this solution was added 165.1 mg of
carbonyl diimidazole (CDhI) ‘and the resultant

20 solution stirred at room temperature (r.t.) for
2.0 hr. A solution containing 1.260 g of
1,4-butane diamine dihydrochloride (BuA,. 2301) in
40 mL of Hy0 was prepared and its pH adjusted to
10.20 with 2.5N NaOH. ' This solution was cooled

25 in an ice bath. 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

30 tubing, clipped off 1/2' from the top of the

. liquid and dialyzed as follows vs: 1] 15 L of pH
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N- acet yl mannosanm ne whi ch would interfere the

O acetate. The opti nal hydrol ysis condition for the renoval of

O acetate from PnPs was found to be 16h at 4[err]C. Less then 1%
of acetate was found to be renoved froma standard of
N-acetyl mannosam ne treated with 2mM NaOH for 16h at
15 Opti m zati on of O-pyruvate Renoval 82 rom Pn4

Hydrol ysis studies of Pn4 initially were undert aken usi ng sodi um
hydr oxi de hydrol ysi

pyruvate was 20 30@/&@\&@9%%?%% gngﬁégbwggt ha &%r %, de tﬂf

measur enent of Pn9V

roomtenperature.

I nitlal
contlgol[ stijdl es deming rua.t@hdtMO{aybuﬁﬁee fos 11 hrc| 3&\,@@ rof B in H20
at Oferr]C. Wth tdhi [ d . ut the
optim zation studi esﬂfo(g)ro 001M r@%a?ga{r){el?gggek?r om |5 i Lyop

hydrol ysis at el evatB20 tfampe adubhes. Thepwolume éé'g R#iSI 3 "Hﬂ% uvate

appeared at higher py, !£7Pesah mﬁiiqﬁb'tswﬁ%nr%diﬁmfﬁdd Milized

sanpl e of pyruvate standar been drol yzed, un

_ 5 separately for e rems ining 82.5 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-BuAy,-BrAc): 18C-BuAjp
(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 phosphate buffer salt (prepared by
lyophylizing a 0.1M pH 8 NaPO4 solution) was
30 added. After dissolution it was filtered through
a 0.2 micron CORNING filter affording an agueous
'pH 8 solution of 18C-BuA2-BrAc. The filtration
was slow and required 4 cup filters.
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t he sanme conditions as Pn4. Maxi mum recovery of pyruvate occurred when
hydrol ysis was carried out in ImMM HO for 16 hours 65[err]C
- 105 - Analysis of O acetate and O pyruvate in PnPs Sanpl es

Vari ous sanples representing starting PnPs, . sized PnPs and one
Pnl 8C- Ps- OVWPC conj ugate were

anal yzed geor-~ 0- acet at e/ pyruvate by the HPLC
nmet hod descri bed above after hydrolysis in 2 nH NaOH at room 5
tenperature to rel ease O acetate in Pn9V-Ps/18C or in 1 nmM HCL at

65[ err] C for &l eaGonfugatioa of OMPCI-(I. meningitidis) to
Pnl8C-BuA,-BrAc: Outer Membrane Protein Complex
(N. meningitidis, OMPC 3.2 mg/mL, 80 mL was
chdarged to four 25 mL centrifuge tubes and
centrifuged in a 60 Ti rotor at 43,000 rpm (43K),
s 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 (DIT) in 40 mL of a pH 11.09
NasB407 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 N, 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 NaPO,
pH 8 buffer (a total of 40 mL was the final

30
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Sampl e
to each Ps

The results of this study are presented bel ow
Rati o of pyruvaté/acetate 10

repeatihg unit Pn4, sanple 1 _ 1.0

Pn4, sanple 2 - 0.8 15 ' Pn9V, sanple 1

1.7° PnoV, sanple 2 _ _ 1.5 . Pnl 8C Ps,
sanple 1 . : 1.0 Pnlg&-Ps, sanple 2 0.8
20 ' Pnl 8C- Ps- OVWPC aqueous bul k 0.5 The results

show that the r et ensisibf¥nd{éh voleheS. or IMAS sBIWEY cHi 4k PIPs were .
of"0 acetate i n pniganaiesred cé’tiyé‘giyeofeﬁi&ei’%%%ﬁ?:%%gf“&éﬁée[‘é' be
approxi mately 50% tiiles hgpokycatbonate) 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)
1s 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 NaP0O, 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 of this solution was

.added to the reaction and aged for 22.5 hr.

The capped produét 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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val ues for Pnl 8C Ps and Pn4 are 1 nole of acetate or
of Ps repeating unit and for Pn9V the ratio is 2:1. [Jansson, P-E.,

Li ndberg, B., and 30 Lindquist, U *'Structural studies of the capsul ar

pol ysacchari des from Streptococcus pneunoni ae Type '

- 106 - 4.' Carbohyd. Res., 95:73-80, (1981). Lugrowski, C. - and
Jennings, H J. '"Structural determnati_o f_the capsul ar pol ysacchari de

of Streptococcus pneunoni ae Type 18C.' Carbohyd. Res. 131:119-129,
(1984).

pyruvate per nole

the sﬁpernatants; 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 were

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 DOUNCE
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
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 .
prepardtion was centrifuged at 1000 RPM for 3.5

20 minutes, in a TH rotor in a TJ-6 centrifuge.
The final 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/iysine=0.025;
S-carboxymethylcysteamine/lysine=0.005.
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Perry, M B., Daoust, V., and Carlos, D. J. '"The 5 specific capsular

pol ysacchari de of Streptococcus pneunoni ae Type 9V.' Can. J. Biochem
59: 524-533, (1981)]. The lower retention of O acetate found in t he
Pnl 8C- Ps- OMWPC conjugate is expected due to the susceptibility of

O acdetyl groups hydrolysis to. 10 alkaline conditions at |ow tenperatures.
The rate nephelonetric activity of sanples89 - of Pn4, Pn9V, and Pnl-8C Ps

and de-0-pyruvyl ated and de-0-acetyl ated sanpl es were neasured. The
results shown that the nephel ose activity was |ost conpletely 15 after
removal of these si.de groups, even thoE§ﬂHE@é_Z§. Kd of the untreated
sanpl es. The Kd's were obtai ned by the HPSEC net hod descri bed above.
However, the Kd _ - of P 4 af er dezo Py U lation by mld acid

hydronS|s was isHeries ¥ 58 7 MU Y

&bpear ance near the
salt volune. The(Bnt lmiclnyd:olyéatse f o leﬂ-@rpbﬂ:iﬁCdSB BnepPst the

Groups i n peundReSeF b, BEABRIAIREY T, ifo, o ¥ATIHE 0, SRrRECTC]

resul ts forg PnOWithgetirring at 2oomidienperatuxe ubor caboutic4dhours.

O acetyl 9r°“p5 fﬁe 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

jo 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 prec1pitate

20  between 45-55% IPA.

(3) First IPA Addition: The hydrolyzed sample
(volume = 385 mL, from step 1 above] 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 CaSO, (DRIERITE) at room temperature in
preparation for analysis.
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- this nol ecul e are inportant innunoiogic determ nants
Thus, according to this nethod, a rapid,

guantitative analysis of 30 0-pyruvyl ketal in Pn4 and Oacetate in Pn9V
andd ~ Pnl8CPs has been devel oped. This procedure is val uable in
defining the correct process for sizing and conjugation of Pn4, Pn9V,
and Pnl 8C-Ps in order to retain the ali

I harid Teni c structure of these
pol ysacchari des. - 107 -
EXAVPLE 31

(&) Second’ 1¥A %dﬁtf&%f&'%ggu@nkggﬁ%iy: The
49.7% IPA supernatant fluid [volume = 727 mL, from
step 3 above] was brought to 52.2% IPA by adding 38
mL. IPA dropwise while 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 Pn 4 Ps product
weighed 516 mg.

_ as wel | . _
sensitive procedure for the

(5) Dialysis and Lyophilization: A portion (500 mg)
30  Of the Pn-Ps sample from Step 4 above was solubilized
in 200 mL of distilled H,0 at room temperature for
2-3 hours. The solution (2.5 mg/mL) was transferred
to dialysis tubing (12,000 MW cutoff; 45 mm) and
dialyzed vs. distilled Ho0 at 4°C for 27 hours with 2
15 =~ additional changes of distilled HpO. 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 Kg4 = 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.
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1. Two conjugate reaction m xture sanples (one representing a H20

di al yzed sanple of the other) were 5 stored at 3-8 C until used. 2.
0.2 MOPS pH 7.2 buffer was added to the sanples to.obtain a final
concentration of about 7 mM Solid ‘QURC1 was added to the sanple to
achieve a final 10 concentration of 4.2 M(Note: 1.42 g of GuHC/m of
sanpl e shoul d be added to conpensate the—iB&rease in vol ume due to the
addition of the solid GuHC . Li kewi se, buffer addition should be

adjusted to account for the volunegggﬁiiiﬁiggo that the sanple 15
conposition is closer to the colum el nposi tion. Alternatively,
t he sanpl e-coul d be dlalysed agalnst the colum eluent prior to the
chr omat ogr aphy) . ' C AL ] of
protein based o j v '
col um of sephadkyl Etenwﬂat1on of Dowex 50x2 (200—400 mesh)
tetrabutylammonium form resin [Dowex 50 (BusNt)]
5 ~ Dowex 50x2 (200-400 mesh) H+ form, (500g) was
slurried in Hy0, charged to a column and washed
sequentially with 1] 600 mL of H,0; 2] 1000 mL of -
6N HC1; 3] 400 mL of Hp0 until effluent was
neutral to pH paper; 4] 72g of a 10% aqueous
10 tetrabutylammonium hydroxide solution until
effluent was strongly alkaline to pH paper; 5]
1000 mL of Hy0 to neutrality.

B. Preparation of S. Pneumoniae type 4

15 polysaccharide tetrabutylammonium form
(Pn4(BusNt)J: A 65 mL column of Dowex 50x2
(BugNt) 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
(stitriﬁg 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 Hy0 and the combined

25 effluents were lyophilized affording 504 mg of
the Pn 4 (BuyN*) salt.

C. Preparatioh of the 1,4-butane diamine derivative

of Pn -4 (Pn 4-BuAz): Pn 4 (BuyN') (97 mg) was
30 ~covered with 16 mL of DMSO (dimethylsulfoxide)
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équilibrated in 10 MM MOPS pH 7.2, 6 m GuHC at a flowrate of 0.6

m/mn. Colum effluent was 25 continuously nonitored at 280 nM (perkin
El mer LT 235 di ode array detector) and 3 m fractions were

col | ect ed. 4. Protein distribution was based on A280 (as well 30 as
spectra) and Pn6B-Ps distribution was based on a Pn6B-Ps specific ria
assay. Based on elution - 92 - -108-

positions of Pn6B-Ps-BrAc alone and in physical m xtures with
t ted EP,
unact  vated MEP R3Y $e¥e i %ne SODLELBH"LeBL0CPB R Pr O eI N vere
' period of 15 min. At this time all the solid was

-dissolved and the solution was cooled to room
temperature.

5 To this solution was added 2 mg of carbonyl
‘diimidazole (CDI) dissolved 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 dihydrochloride (BuA.2HC1) in 5 mL of Hy0 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 1/2"
‘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 NaPO, 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-BuAy). An NMR spectrum
25 of about 5 mg showed a "loading" of 22 butane
diamine residues per 100 repeating monomeric
unite of polysaccharide defined by comparing the
integrals of the butanediamine internal |

methylenes and the N-acetyl methyls (of Pn &)
30 resonances.
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eluting distinctly fromthe positions observed for t he Pn6B- Ps- Br Ac wer e
presunptively designated as 5 Pn6B-Ps-M EP conj ugate. 5. Pools were

concentrated by ultrafiltration using a YM 30 nenbrane and diafiltered

using MITi-QHerr]O. Protein and Pn6B-Ps content were estinmated from
10 quantitive conpositional studies. The presence of SCVHC was
detected by amno acid anal ysis. 93 - EXAMPLE 32
Pneunococcal Pol ysaccharide Pnl18C-Ps Di rect RIA Assay 15 Thi s
assay is used for the quantitation of pneunococcal pol ysaccharide type
18C. It is a

D. Ptk aratﬁmdm' YR Vracacetybated Bﬁt'anEnH&@ﬂine i's
coated on polystyre

sol uti on cont ai ni ngHPﬁF hﬁ q‘i*t ﬁﬁ‘ir‘n‘&ﬁs‘é?znﬁﬂg bgﬁd gﬁ vvashed

and rei ncubat ed(b# mngwamd cmtened)mi:timt&sﬁmg efnauﬁeln pHaﬁt i0dody to
2n|t ﬁICI’ gst IOrTVECI nA;t ei’u&:?& ut(?éc‘)uhaan‘t ai ni ng ?egﬂ?ﬁﬂﬁaﬁfe‘? ?h?fg'&s (rgcdjbat -
effect solution. Then 55 mg p—n1tropheny
5 bromacetate in 1.0.mL of acetonitrile was added.
: The resulting mixture was stirred for 17 hrs at
4°C. It was then dialyzed in SPECTRAPOR 2 tubing
as follpws: 1] vs 16 L Hy0 for 24 hr; 2]} vs 16 L
of Hp0 for 8 hr; 3] vs 16 L of Hy0 for 23 hr. At
10 "~ this point there was a volume of 12.5 mL from-
' which was removed 1.0 mL for assays (NMR,
Ouchterlony and Viscotek) and then 275 mg of.
dried pH 8 phosphate buffer salt (prepared by
" lyophylizing a 0.1M pH 8 NaPO4 solution) was
15 added. After dissolution it was filtered through
a 0.2 micron CORNING filter affording an agueous
PE 8 solution of Pn 4-BuA2-BrAc.

E. Conjugation of OMPC (N. meningitidis) to Pn

20 4-BuA,-BrAc: Outer Membrane Protein Complex (N.
peningitidis, 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
NayB407 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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25 p[atés are once again washed, after which-the beads
to plastic tubes for counting.
toa =~

are transferred

Unknown sanpl es of PnI8C-Ps are conpared
standard curve for quantitation.

-109- Equi prment 1. RIA kit: Abbot - Labs, Exagnostlc Dv.,
Cat al og No. 6171-10. 2. Qi k Wash System Abbot Labs, D agnostic
Div. 3.. Adjustable pipettes am}cﬂ%pnsable pi pette - tips
(ex. Eppendorf digital)

mixture and transferred to a DOUNCE homogenizer

and resuspended. The resuspended solution was
transferred to a centrifuge tube, capped with a
septum and the air replaced with N; using a
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 NaP0O, 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-BuA,-BrAc solution
prepared in section D. An Ellman &ssay 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-BuAgp-BrAc with thiolated OMPC) was

aged under N (with degassing) in the Nz box at
room temperature for 66 hr

20 .
The reaction was then capped as follows: A
golution containing 5 mg N-ethylmaleimide (NEM)
in 1 mL of pH 8, 0.1M NaP0, buffer was filtered

through a 0.22 micron filter and added to the-

25 above reaction mixture and the solution aged for
5 hr. Then 0.1 mL of N;acetylcysteamine in 0.4
nL 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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4. Gamma Counter (ex. Abbott Autol ogic). 5. 1/4" polystyrene beads

w th specul ar finish: Precision Plastic Ball Co., 3000 N.
Cicero 10 Ave., Chicago, Illinois 60641. Reagent s
1. New York State Heal th Services Anti-Pnl8C Ps 15 ant i body | ot

R18- 44 or equival ent. 2. Mouse anti-Pnl 8CGPs OWC antisera (poo
11260- 235 or equival ent). 3. Coatgganti-nmouse 1gG[err]l-Ilabeled
anti sera: NEX 159, New England Nucl ear, 549 Al bany 20

Street, Boston, MA 02118. 4. Incubation Buffer: RCMB contai ning

%ifqufAQS Si gma AZfR3 reaction m1xt@ré9%a§idﬁen5hﬁﬁ&r$ 2d at 5.
uen

1 part goat serum 43K paa;és fetgnlacalf he pellet 88‘{’ iR t8 serum
Si gma R4505 mL of (LXSPEDVBGffep. This solutmxﬁlvgsa el at
room temperature overnight and then centrifuged
at 43K,4°C for 2 hr. The pellet was resuspended
5 in 8 mL of TED buffer and immediately o
recentrifuged for 2 hr at 43K and 4°C. The
pellet was then resuspended in 10 mL of pH 7.0,
0.1M PO, buffer and recentrifuged at 43K, 4°C for
2 hr. This final pellet was resuspended in 7.5
10 mL of Hp0. After ageing overnight at 4°C the
suspension was centrifuged at 1000 rpm for 3 min

and the supernatant removed as the final
conjugate.

15 Assays: Lowry Protein: 0.920 mg/mL;
Phenol sulfuric acid assay: 0.212 mg/mL;
Ps/Pro=0.23; '
SCMHC/1ys=0.031;
_ SCMC/1ys=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
Preparation of the Pn9V-Pg Intermediate:
(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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0.1% azi de Si gma S2002

- 110 - _ 3. Add 1 anti-Pnl 8C Ps coated bead to each well -

of the-plate containing a sanple or standard - and agitate the
pl ate gently to insure that all beads are conpletely covered
with buffer. 4. Cover the plate wi th an adhesive backing 5
provided with the RIA kit and i ncubate the pl ate at room
tenperature for 6 hours. 5. Waspet he plate using the QuM k Wash
appar at us -and dei oni zed wat er. 6. Di Iute t he nouse

anti-18C antlbody 1:1000 in
in an ice bath with a Branson Sonifier (one-half inch

probe, setting 8) for an interval of 3 minutes. The
viscosity was checked after this interval. After 13
min., another 1 min. sonication was performed to
obtain a viscosity endpoint of 1.117 centistokes.

5 The hydrolyzed sample was brought to room témperature _

and sodium acetate reagent (19.5 g) was added to a
final concentration of 3% (w/v).

- (2) Serological Pfobe: An isopropanol (IPA)
10 fractionation probe and antibody-directed end-point
Nephelose assay, performed on a 10 mL portion of the

sample, showed that the Pn 9V Ps would precipitate
- between 40-457% IPA.

15 (3) First IPA Addition: The hydrolyzed sample
[volume = 391 mL, from step 1 above] was brought,td
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; 8,000 rpm; 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 CaSO, (DRIERITE) at room temperature in
preparation for analysis.
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10
wel |

i ncubat™e overni ght at 15
plate using the Qui k Wash apparat us

contai ni ng a bead. 8. Cover the plate and

and dei oni zed wat er.

di | uent . 7. Add 200 [err]l of this solution to each

. room t enper at ur e. 9. Wash the

10. Dilute [err]l-labeled goat, anti-nouse anti body to 15000
cpm 10 [err]l in diluent 20 (-1:160 dilution). o 11. Add
20 [err]1 of this solution to each well cont ai ni ng a bead.
12. Cover the plate and incubate at 37[err]Cfor 2 . hour s.

13. Wash the plate using the QM k Wash appar at us and

dei oni zed wat er
provi ded mnth t

counter.

10

15

20

25

30

) SecondlipATmaasift%d M Frbad & ti@ctﬂréﬁr
kf E&Ai Its%%er%%%%%tu%ﬁgxd [volume = 637 mL, t%?om
step 3 above] was brought to 44.3% IPA by adding 28.6
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 342.2 mg. - -

(5) Dialysis and Lyophilization: A portion (347 mg)
of the Pn-Ps sample from Step 4 above was solubilized
in 139 mL of distilled Hy0 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

e ganna

dialyzed vs. distilled H,0 at 4°C for 25 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 was 303.5 mg
The final product had a K4 = 0.60.

(6) Third IPA Addition and Product Recovery: The
44.3% IPA supernatant fluid [volume = 655 mL, from

step 4 above] was brought to 46.8% IPA by adding 30.8

mlL IPA dropwise while stirring at room temperature.
The sample was aged and céntrifuged 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.

(7) Dialysis and Lyophilization: A portion (420.4

25
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Cal cul ati ons 1. Cbnblne t he duplicate nmeasurenents together

to get an average for each sanple, standard, and | ncubati on
Buf fer control. Substract 5 the Incubation Buffer control from
al | st andards and sanpl es. 2. Using a cal cul ator

equi' pped for statistical cal cul ations, input the data for the
standard curve and cal cul ate the correlation 10 coefficient and
sl ope of the line. 3. Using the ggpropriate standard curve (free

mg) 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 Hp0 at 4°C for 25
5 hours with 2 additional changes of distilled H,O0.
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 Kq = 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
Conjugation of Pn 9V-Ps with OMPC:

Pn9V-Ps prepared according to Example 28, is

25 conJugated in the same manner as Pna-Ps as shown in
Example 27.

30
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for free, conjugate for conjugate), cal cul ate the response of

the sanpl es, and correct for dilutions. 15 The
same procedure described above is - applicable to any of the other Pn-Ps
speci es by substituting type specific reagents
- 112 - VWHAT |S CLAIMED | S: 1. A capsul ar
pol ysacchari de of - Streptococcus pneunoni ae having on average |ess than
- 99 -
EXAMPLE 30

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

5 groups in Pn9V-Ps and Pnl18C-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 pyruvate in the PnPs
hydrolysate are identified and quantitated using high

10 performance anion-exchange chromatography coupled
with suppressed conduct1v1ty

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 Pné4, 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, -
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about 1200 oligosaccharide:repeai units per nolecule 5 and a

pol ydi spersity between about 1.0 and 1.4, a ~mol ecul ar wei ght between
about 1* x 10[err] and 1 x 106, and a | evel of contam nation by
pneunococcal group-speci fic G polysaccharide bel ow 3. 0% of the

t ypé- speci fic polysaccharide. 10 2. The pol ysacchari de of
Claim 1 having an antigenicity index between 0.7 and 1.1, and an
intrinsic viscosity between 0.6 and 3.0 gk{ , Wherein sai d

pol ysaccharide is derived fromany of h subt ypes of Streptococcus
pneunoni ae sel ected f-rom 1, 2, 3, 4, 5, 6B, 7F 8, 9N, 9V, 10A 1lA

%ZFThéélpol ysaccrgr%‘% g? SC% &ﬁgaéfp’o?%ac@ﬁg?%e has a

si ze pol ydi spdtigginbethamn J.D., Heddelberger a M poandsGehachdiéch,
Conta”1nat'0”Iﬁeve‘DegradaﬁioﬁoGﬁaﬁeﬁd@ddbédﬁﬁhfpﬁfg§—§p§§i¥§ cchari de of
| ess t han 3% d i deri,ved 1 L epl ococcus
pneunoni ae 6B,P gacchar de 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
Pnl18C-Ps polysaccharide abolished its 1mmunologica1
specificity. ([Estrada-Parra, S., and Heidelberger,
M., 'The specific polysaccharide of type XVIII
pneumococcus.' 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 Do 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 H,50, .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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pol ysacchari de having: a) a Merr] between about 3 x 10[err]

and 6 x 10[err]; ' b) - a Kerr] (peak) of about 0.60 [err] O0.05;

c) a~Klerr] between about 3 x 10[err] and 7 x 10[err];

- 113 - d) an intrinsic viscosity in 0.1 Msodium -

phosphate, pH 7.2, between 1.0 and 2.0; and e | ess t han about

1000 repeating units per _ nmol ecul'e on average; 5 2)

Strept ococcus pnenoni ae 14, said pol ygpcchari de having:
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 was 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 2 - 100% methanal
Buffer 3 - 200mM sodium hydroxide
"Buffer. 4 - water

Flow

Time %Bufferl %Buffer2 %Buffer 3 %Bufferd {ml/min)

15 0 o8 2 0 0 1
| 12.5 98 2 0 0o 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 2

Using these conditions and a detector
25 sensitivity of 3pSiemens, 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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a) -a Merr] between about 3 x iO[err] and 8 x 10[err]; b) a

Klerr] (peak) of about 0.60 [err] O0.O05; c) a Merr] between
.about 4x 10[err] and 1 x 10[err]; and 10 d) an intrinsic viscosity
in 0.1 Msodium phosphate, pH 7.2, between 0.6 and 1.6; and

e) °~ less than about 1200 repeating units per nol ecul e on

average; 15 3) Streptococcus pneunopni ae 19F, said

pol ysacchari-de havi ng: a) a NP@rr] bet ween about 2 x 10[err]

and 6 x 10[err]; b) a Klerr] (peak) of about 0.65 [err] 0.05;

20 ' c) err] betweep about 2 x 10[err] and 6 x 10[err];

d) an intriné&éﬂ#ﬁ&éﬁ#¥§1$¥1%¥1 M sodi um phosphate, pH

7.2, between 1.0 and 2. (®Purifiied PnPs sampled &xon Mexrclbout 1000 nnnoner4)

Peating U Meytactusing DiFiol° et S ke fhorioner
titration using an Aquastar V3000 volumetric moisture
titrator to determine the content of residual H;0,

5 and then dissolved in Milli-Q H,0 at a concentration
of 1.0 mg dry weight per mi. 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 16h for the removal of O-pyruvate from
Pn4. Samples of sized Pn9V and Pnl8C-Ps and
Pnl18C-Ps—-OMPC conjugate agqueous bulk were also
subjected to monosaccharide compositional analyses by
high-pH anion-exchange chromatography and pulsed

15  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-Acetylmannosam1ne

20 standards were dissolved in Milli-Q H,0 at the

concentration of 200 nmole/ml.

Hydrolysis of Samples and Standards
' De-0O-acetylaction of Pnl8C-Ps 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-O-acetylation would also result in degradation
of acetate/pyruvate or the loss of N-acetyl grbups.
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a) a Merr] between about 2 x 10[err] and 6 x 10[err]; 30 b) a

Klerr] (peak) of about 0.54 0.05; c) a Merr] between about 4
x 10[err] and 8 x 10[err]; _ - 114 -
d) an intrinsic viscosity in 0.1 leodlum phosphat e, pH
7.2, between 1.5 and 3.0; and e) | ess than about 1000 nononer
repeating units per nol ecul e, - on average, b5 5)

St rept ococcus pneunoni ae 4, said . quﬁﬁﬁpqparide havi ng: .

The removal of pyruvate from Pn4 was studied
following treatment with either sodium hydroxide
(50mM/100°C/16hr) or hydrochloric acid at wvarious
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-Ps,
Pn18C-Ps and Pn4-Ps before and after de-O-acetYlation
or de-O-pyruvylation was measured. Samples were
0 diluted to 1, 1.5, 2, and 2.5 pg/ml.

igh n ize Ex i T P
The HPSEC -of Pn9V-Ps, Pnl8C-Ps and Pn&

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

29 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.

Assay Sensitivity and Linearity

= 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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bet ween about 2 x 10[err] and 4 X 10[err]; b)

a) a Merr] _ a
Klerr] (peak) of about 0.65 0.05; 10 c) a Merr] between about 2
x 10[ert] and 5 x 10[err]; d). an intrinsic viscosity in 0.1 M
sodlum phosphate pH 7.2, between 1.0 and 3.0; and
e) | ess than about 600 nononer repeating units _ per
nol ecul e, on average; 15 6) Str ‘%ococcus pneunoni ae 9V, said
pol ysacchari de havi ng: #ﬁ)rr] bet ween about 3 x 10[err]
and 6 x 10[err]; 20 b) a K[err] (peak) of about 0.65 0.05;
c) aMerr] & o g B o Hkndors b1 8C—Ps d) an
intrinsic viscosity ' N & pH 7. 2,
between 1.0 and 2. 0; anErellmznary &9“d1¢%s%fthbﬂ hbmatceumsnononer )

7

repeating unithRydbolysis Pn18C4¥¥ dEHdﬁ%thY@@ @Hﬁ;§ﬁ§111;% of

St rept ococcus 8ne g‘gy ae

10

15

.20

25

30

% saccharl
gtoup to alkaline hydrolys1s at low

temperatures. 2mM sodium hydroxide was suffieient to
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
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. :

izati f O— v moval from Pné _
‘Hydrolysis studies of Pn4 initially were

undertaken.using'sodium hydroxide hydrolysis. It was
quickly discovered that very little pyruvate was
recovered when sodium hydroxide was used. Initial
control studies demonstrated that pyruvate was
cleaved from Pn4 in Hy0 at 100°C. With this
information, it was decided to carry out the
optimization studies for O-pyruvate release from Pné&
using HCl 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

pyruvate occurred when hydrolysis was carried out in
lmM HC1 for 16 hours 65°C.
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30 a) a Merr] between about 2 x 10[err] and 6 x 10[err];
b) a Klerr] (peak) of about 0.65 0.05;

- 115 -* c) a Merr] between about 2 x 10[err] anhd 6 x 10[err];
d) an intrinsic viscosity in-0.1 Msodium phosphat e, pH
7.2, between 1.5 and 3.0. and e) |l ess than about 700 nononer
repeating units : per nol ecul e, on average. 5 4.
A conposition, useful as a vaccine -ad&®5nst between one and seven
subt ypes of Streptococcus pneunoni ae, said conposition conprising

- d_O- V. i P

Various samples representing starting PnPs, .
sized PnPs and one Pnl8C-Ps-OMPC conjugate were
analyzed for O-acetatelpyruvéte by the HPLC method
described above after hydrolysis in 2 mM NaOH at room

5 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 o Ratio of pyruvate/acetate
10 " to each Ps repeating unit
Pn4, sample 1 1.0
Pn4, sample 2 0.8
15 ' Pn9Vv, sample 1 ' - 1.7
- Pn9V, sample 2 1.5
Pnl8C-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 Pnl8C-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
30 Lindquist, U. 'Structural studies of the capsular
polysaccharides from Streptococcus pneumoniae Type
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an inert carrier and one or nore of the Pn-Ps 10 conpounds of Caim3 in

an unconj ugated state, and optionally conprising additional antiviral,
anti bacterial, or imunonodul atory:i mmunogens or conmpounds, wherein
said additional antiviral, anti bacterial, or immunonodul atory
conmpounds are 15 sel ected from anong al um num hydr oxi de, al um num
phosphate, or alum or Freunds or the R bi adjuvant, an interleukin or.
interferon, or fromanong one or more of the vaccines agai nst
hepatitis B, hepatitis A, non-A mork08 fepatitis, AIDS, 20 - °

di pt heri a- pertussi s-tetanus, neasles, munps, rubella, varicella and

hi | i nf b, - - 5 f Ki
Capaurar S 4O EAERENPA. (Bege. . 956 TR L o Bue SRRy €957 | ess
than about 12406d oJenningshaHi.dd.repSaructuralpaieterminavionuof thd a )
| ydi [ ' : SES; . a
PO G Pur i n S BhECb8IykagRidrdde o seidftbdelBis SPipymoniag,

pat hogeni ¢ bakypei 38€nd _ i 3k I-X2%de(T984 DL ar
pol ysacchari deerfy, M. B., Daoust, V., and Carlos, D. J. ‘The
5. specific capsular polysaccharide of Streptococcus
pneumoniae Type 9V.' Can. J. Biochem. 59:524-533,
(1981)]. .The lower retention of O-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-O-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-O-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
Pnl8C-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. This is the replacement sheet
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ii) solubilizing crude Streptococcus. neunoni ae capsul ar

pol ysacchari de avail abl e fromthe ATCC,
- 116 - b) Partially hydrolyzing, by enzymatic or
chem.cal treatnment or by heating, soni cating, or physically
shearing the pol ysacchari de; %ﬁd__ _ c) fractionating
the product of step (b). 5 . éﬁ The process of Caimb5 wherein
st eps (b) -and (c) conprise: *

- EXAMPLE 31

Isolation of Pn6B-Ps-MIEP Conjugate:

1. Two conjugate reaction mixture samples (one

representing a Hp0 dialyzed sample of the other) were
5 stored at 3-8 C until used.

2. 0.2 MOPS pH 7.2 buffer was added to the samples
to obtain a final concentration of about 7 mM. Solid
GuHCl was added to the sample to achieve a f£inal

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 GuHC1.
Likewise, buffer addition should be adjusted to
account for the volume increase so that the éample

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 $-1000
equilibrated in 10 mM MOPS pH 7.2, 6 m GuHCl at a
£low rate of 0.6 ml/min. Column effluent was

25 continuously monitored at 280 nM (perkin Eimer LC 235

diode array detector) and 3 ml fractions were
collected.

4, Protein distribution was based on A280 (as well
30 as spectra) and Pn6B-Ps distribution was based on a
PnbB-Ps specific ria assay. Based on elution .
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(b) 'i-CptionaIIy purifying the crude Pn-Ps by _ _ i on exchange
adsorption of inpurities prior 10 to partially hydrolyzing said

Pn-Ps; ~ - ii-Partially-hydrolyzing or . _ _
mechani cal | y-shearing the crude Pn-Ps; and (c) Fractionating the
par tiall y- hydrol yzed Pn-Ps - 1l08cerding to size and purity. 15
7. The process of C aim6 wherein steps (b) and (c) conprise:

(b) i-Optionally, adsorbi n% ont o What man DE52 . anionic
inpurities at RO8LELONSNOFHPROEPAHBIAL alone and 4p physical

- : : i : | gl i
i-Partially Mufikeh¥asnuithe viikctivdted MIEP, pools B2l diditichdn

dpoi nt vi t redetermned™to mnis
binding containingboth BS And Rtetein, Were made ant ey 25

by no nore thasldings dietisctiyigtonrthe Eositions obserfedsEoY:
ﬁburg?at'ng attﬁg ﬁasﬁgyggﬁgégféﬁr@%ﬁ%@&&mpt&%ely designated as

s Pn6B-Ps-MIEP conjugate.

5. Pools were concentrated by ultrafiltration using
a TM-30 membrane and diafiltered using Milli-Q H,0.
Protein and Pn6B-Ps content were estimated from

10 9quantitive compositional studies. The presence of
SCMHC was detected by amino acid analysis.

1l Polvsaccharide Pnl8C-Ps Di RIA Asga

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 Dlates are once again washed, after which the beads
are transferred to plastic tnbes for counting.
Unknown samples of Pnl8C-Ps are compared to a
standard curve for quantitation.
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- 117 - 2. sonicating for intervals of 5 seconds

to 5 mnutes, depending on the power setting of the
soni cati on probe, foll owed by periods of cooling and
addi t.i onal sonication; or 5 3. '~ physically shearing the

pol ysacchari de i n a Gaul i n-honogeni zer at pressures
bet ween 2000 and 15000 PSI; and ~(E09Fractionating the hydrol yzed
Pn-Ps and selecting a fraction having a nol ecul ar weight in the 10
range between | x|l O[.err] and 1x10[err] by: i-differentia

al cohol sol ubi |

1. RIA kit: Abbot Labs, Diagnostic Div.,
Catalog No. 6171-10.
2. Quwik 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 125I-1abe1ed 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 $2002

_ ‘5. Diluent

25 8 parts fetal calf serum .Sigma F3885
1 part goat serum _ Sigma G6767
1 part rabbit serum Sigma R4505
0.05% TWEEN 20 - Sigma P1379
0.1% azide Sigma S2002
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i sopropanol at concentrations predeternined
the desired Pn-Ps size range, or 15

ii-fractionation on a size-exclusion liquid chr omat ogr aphy -
col ym capabl e of i ncl udi ng and fractionating

pol ysaccharides in the . si ze range between | x10[err] and
1x10[err]. . 20 ' 8. The prO'ceU@crf Claim7 wherein the

endpoi nt of hydrolysis or shear is determ ned by visConetry of al
ng/mM solution in 0 l,um

of the listed pol &héﬂ%?%%ﬁ n@%ﬁégﬁﬂ Hai;ggrpﬁ_gﬁ%/ each

subt ype Pn-Ps: of the plate containing a sample or standard
| and agitaﬁe 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.

to precipitate

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 1251-1abe1ed goat, anti-mouse
antibody to 15000 cpm/10 pl in diluent
20 (~1:160 dilution).
11. Add 20 pl 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 Wash apparatus
and deionized water.
14. Transfer the beads to the plastic tubes
provided with the RIA kit and count using a
suitable gamma counter.
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Viscosity
Pn4- Ps
1.3.- 1.00
0.65 [err]
Pnl 8C- Ps
1.3 - 1.00
[err] O.O05.
*Cl ai mb5.

0. 05

Pn- Ps Subtype
Kl err] ( peak)
1.5 - 1.00
0.60 [err] 0.05
Pnl 4- Ps
1.5 - 1.00
0.65 0.05 10

Pn9V- Ps
1.2 -

Pn23F- Ps

Tar.get Endpoi nt

0.65 [err] 0.05 5

0.6511d. 65

Tar get. Endpoi nt
(centi st okes)
Pn6B- Ps
1.3 - 1.00
0.60 0.05
Pn19F- Ps «
1.5 -

0.95

. 9. A Pn-Ps prepared by the process of

Calculations

1. Combine the duplicate measurements together

to get an average for
and Incubation Buffer
the Incubation Buffer

each sample, standard,
control. Substract
control from all

1.00 0.

10

15

standards and samples.

Using a calculator equipped for statistical
calculations, input the data for the
standard curve and'calgulaté the correlation
coefficient and slope of the line.

Using the appropriate standard curve (free
for free, conjugate for conjugate),
calculate the response of the samples, and
correct for dilutioms. '

L)

The same procedure described above is

applicable to any of the other Pn-Ps species by

substituting type specific reagents
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WHAT IS CLAIMED IS:

1. A capsular polysaccharide of
Streptococcus pneumoniae having on average less than
about 1200 oligosaccharide repeat units per molecule
and a polydispersity between about 1.0 and 1.4, a
molecular weight between about 1 x 105 and 1 x 109,
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,
158, 17F, 18C, 19F, 19A, 20, 22F, 23F, and 33F.

3. The polysaccharide -of Claim 2 wherein
said polysaccharide has a size polydispersity between
1.0 and 1.4, a C-polysaccharide contamination level

as compared with type specific.polysaccharide of less
than 3%, and is derived from:

1) Streptococcus pneumoniae 6B, said

| polysaccharide having:
a) a My between about 3 x 10° and 6 x 105;
b) a K4 (peak) of about 0.60 + 0.05; |
¢) a My between about 3 x 10° and 7 x 107;

This is the replacement sheet
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d) an intrinsic viscosity in 0.1 M sodium
. phosphate, pH 7.2, between 1.0 and 2.0; and
e) less than about 1000 repeating units per
molecule on average;

2) Streptococcus pneumoniae 14, said
polysaccharide having: '

a) a My between about 3 x 10° and 8 x 109;

b) a K4 (peak) of about 0.60 + 0.05;

¢) a My between about 4 x 10° and 1 x 10%; and

d) an intrinsic viscosity in 0.1 M sodium
phosphate, pH 7.2, between 0.6 and 1.6; and

e) less than about 1200 repeating units per
molecule on average;

3) Streptococcus pneumonize 19F, said
polysaccharide having:

a) a My between about 2 x 10° and 6 x 10°;
b) a Ky (peak) of about '0.65 + 0.05;
¢) a My between about 2 x 105 and 6 x 109;
d) an intrinsic viscosity in 0.1 M sodium
phosphate, pH 7.2, between 1.0 and 2.0; and
~e) less than'gbout 1000 monomer repeating units
per molecule, on average;

4) Streptococcus pneumoniase 23F, said
polysaccharide having:

a) a My between about 2 x 10° and 6 x 105;
b) a K3 (peak) of about 0.54 &+ 0.05;
c) a My between about 4 x 10° and 8 x 105;
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.d) an intrinsic viscosity in 0.1 M sodium
phosphate, pH 7.2, between 1.5 and 3.0; and

e) less than about 1000 monomer repeating units
per molecule, on average, '

5) Streptococcus pneumoniae 4, said
polysaccharide having:

a) a My between about 2 x 10° and 4 x 10;

b) a Ky (peak) of about 0.65 + 0.05;

c) a My between about 2 x 10° and 5 x 105;

d) an intrinsic viscosity in 0.1 M sodium
phosphate, pH 7.2, between 1.0 and 3.0; and

e) less than about 600 monomer repeating units
per molecule, on average;

6) Streptococcus pneumoniae 9V, said
polysaccharide having:

a) a My between about 3 x 105 and 6 x 10°;

b) a Ky (peak) of about 0.65 + 0.05; |

c) a My between about 3 x 105 and 7 x 10%;

d) an intrinsic viscosity in 0.1 M sodium
phosphate, pH 7.2, between 1.0 and 2.0; and

e) less than about 800 monomer repeating units
" per molecule, on average;

" 7) Streptococcus pneumoniae 18C, said
polysaccharide having:

a) a My between about 2 x 103 and 6 x 10°;
b) a K4 (peak) of about 0.65 £ 0.05;
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¢) a My between about 2 x 10° and 6 x 107;
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 monomer repeating units
per molecule, on average. '

4. A tomposition, useful as a vaccine

" against bétween one and seven subtypes of

S;Lgptgggggng pneumoniae, sa1d composition comptls1ng
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 immunomoduiatory immunogens or
compounds, wherein said 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 f£rom 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 oligosaccharide repeat units per
molecule and a polyd15pers1ty 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;
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Partially hydrolyzing, by enzymatic or
chemical treatment or by heating,

sonicating, or physically shearing the
polysaccharide; and

fractionating the product of step (b).

6. The process of Claim 5 wherein steps

(b) and (c) comprise:

(b

(c)

i-Optionally purifying the crude Pn-Ps by
ion exchange édsorption of impurities prior
to partially hydrolyzing said Pn-Ps;
ii-Partially-hydrolyzing or
mechanically-shearing the crude Pn-Ps; and
Fractionating the partially-hydrolyzed Pn-Ps
according to size and purity. |

7. The process of Claim 6 wherein steps

(b) and (c) comprise:

(b)

i-Optionally, adsorbing onto Whatman DE52
anionic impurities at a solution pH of about
5; '

ii-Partially hydrolyzing the Pn-Ps in

~solution to an endpoint viscosity

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;

| U AL R THis Is the caplacsment shoet
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2. sonicating for intervals of 5 seconds
to 5 minutes, depending on the power
setting of the sonication probe,
followed by periods of cooling and
additional sonication; or :

3. physically shearing the polysaccharide
in a Gaulin-homogenizer at pressures
between 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 1x106.

8. The process of Claim 7 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: '
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Pn-Ps Subtype

Pn&-Ps
Pn6B-Ps -
Pn9V-Ps
Pnl4~-Ps =
Pnl8C-Ps
Pnl9F-Ps
Pn23F-Ps

9.
Claim 5.

- 118 -

(centistokes)
1.5 - 1.00
1.3 - 1.00
1.3 - 1.00
1.2 - 0.95
1.5 - 1.00
1.3 - 1.00

1.5 - 1.00

_—

A

Target Endpoint Target Endpoint

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.

A Pn-Ps prepared by the process of
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IITLE OF THE INVENTION
POLYSACCHARIDE ANTIGENS FROM STREPTOCOCCUS PNEUMONIAE
ABSTRACT OF THE DISCLOSURE
Type-specific capsular polysaccharide

preparations from Streptococcus pneumoniae, having on
average less than about 1000 oligosaccharide repeat
units per molecule, polydispersities between 1.0 and.
1.4, intrinsic viscosities between 0.6 and 3.0 dL/g,

) and less than 3% contamination of type-specific
polysaccharide by group-syeéific C-polysaccharide,
are produced by a novel process. _The novel type
specific poiysaccharide products are useful in the
preparation of vaccines, especially covalent
conjugates comprising the novel polysaccharide linked
to a T-cell stimulatory carrier protein. Vaccines

comprising the novel polysaccharides are useful in
the prevention of infection and of diseases

associated with infection by Streptococcus pneumoniae.
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