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Tiile Pn-Ps-PRO conjugate product of this
invention has a Pn-Ps to PRO ratio between 0.05 and
0.5 mg polysaccharide/mg protein, a high degree of
covalency, minimal contamination of the conjugate by

free Pn-Ps and unique physical and chemical

characteristics endowed by the novel constituent

polysaccharides.

The ccnjugate comprises an immunogenic
protein (PRO) covalently coupled through a spacer to
a novel, partially hydrolyzed and highly purified
pneumococcal capsular polysaccharide (Pn-Ps).

CLAIM

1. A conjugate comprising an immunogenic
protein covalently linked to a polysaccharide derived

from one or more subtypes of Streptococcus

pneumoniae, .said polysaccharide having, on average,
less than about 1200 repeating units per molecule, a
molecular weight between about 1 x 10° and 1 x 106, a

../2
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polydispersity between 1.0 and 1;4, and a level of
contamination by pneumococcal group-specific
C-polysaccharide below 3.0% of the type-specific
polysaccharide.

7. A process for making a Pn-Fs-PRO
conjugate which comprises:

a) Isolating crude pneumococcal polysaccharide,
Pn-Ps;

b) i-Optionally purifying the crude Pn-Ps by ion
exchange adsorption of impurities;
ii-Partially-hydrolyzing or mechanically-shearing
the crude Pn-Ps;

c) Optionally, fractionating the
partially-hydrolyzed Pn-Ps according to size and
purity;

d) Derivatizing the fractionated Pn-Ps, derived from
one or more pneumococcal subtypes according to
steps (a)-(c), to display pendant nucleophilic or
glectrophilic moieties;

e) Isolating Neisseria meningitidis b OMPC, or
subunits thereof;

f) Functionalizing the OMPC or subunit thereof to
exhibit reactive electrophilic or nucleophilic
moieties;

g) Conjugating the polysaccharide of step (d) with
the protein of step (f);

h) Capping the conjugate to remove residual
functional groups;

i) Isolating the conjugate product.
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‘ The following statement is a full description of this invention, including the
k best method of performing it known to me/us:-
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TITLE OF THE INVENTION

PNEUMOCOCCAL POLYSACCHARIDE CONJUGATE VACCINE

RELATED CASES

This is a continuation-in-part of copending
application U.S. Serial No. 646,570, filed on 28
January 1991.

BACKGROUND OF THE INVENTION
The pathogenic bacteria classified as

Streptococcus pneumoniae (pneumococci, Pn) have been
subdivided into 84 antigenic serotypes, based on the
capsular polysaccharide (Pn-Ps) of the organism.
Disease states attributable to these organisms
include pneumonia, meningitis, otitis media,
bacteremia and acute exacerbations of chronic
bronchitis, sinusitis, arthritis and ccnjuctivitis.

The preponderance of these diseases, however, are
caused by a limited subset of the 84 known isolates.
Thus a polyvalent vaccine containing the Pn-Ps from
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the most prevalent and pathogenic isolates of the
organism can provide protection against a very high
percentage of the most frequently reported pathogens
of this class.

Polyvalent vaccines have been produced that
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
the 23 different, unconjugated pneumococcal
polysaccharides, all of which are on deposit with the
ATCC and provid one possible source of starting
material for this invention. "PNEUMOVAX® 23"
comprises each of the following free, that is
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 blood isolates. However, such
vaccines are least effective in the segment of the
population most at risk for pneumococcal infections:
B-Cell immunocompromised individuals, the elderly and
infants younger than two years old wlx depend on
T-cell responses for immune protection. Since
unconjugated polysaccharides are poor inducers of
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. For example,
administration of a vaccine, comprising one or more
of the novel conjugates, to a female mammal prior to
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or during pregnancy raises antibodies in the mother
which can passively protect a developing fetus and
suckling infant even though the vaccine is not
administered directly to the fetus or infant. Such
conjugate vaccines should also prove useful for
eliciting antibodies for ultimate passive protection
of at risk populations, such as newborns or siblings
of infected individuals.

Polysaccharides found f0 be poorly
immunogenic by themselves have 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; Schneerson et al., New Dev. with Hum.
& Vet. Vaccines, 77-94 (1980); Schneerson, et al., J.
Exptl. Med., 152, 361 (1980); Anderson, Infection and

Immunity, 39, 233 (1983)]. However, a major problem
in the production of such conjugates is the viscous
and non-homogenous nature of the polysaccharide
starting material and hence the difficulty in
defining the conjugate product chemically. Thus, a
process is required wherein the starting materials
are as well defined as possible and each step in the
synthetic route is assayable as to intermediate
formed. The process herein disclosed satisfies this
requirement by providing highly immunogenic conjugate
immunogens against the cognate pathogens from which
the Pn-Ps is derived. The conjugates are useful in
infants younger than two years old.

Marburg et al., [J. Am. Chem. Soc., 108,
5282 (1986), and U.S. Patent 4,695,624; 4,830,852;
4,882,317] disclosed a means of conjugating

polysaccharides and immunogenic proteins through
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bigeneric spacers. The PRO was derivatized to
exhibit pendant nucleophilic or electrophilic groups
(PRO*), while a partner Ps was functionalized so as
to exhibit pendant groups of opposite reactivity
(Ps*). TUpon 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 providing 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; 4,882,317. The improvements
include preparation of Pn-Ps starting material having

10

Maere more specific, reproducible and manageable physical
°, 15 properties than provided by crude Pn-Ps preparations,
teo including: increased solubility, increased

N filterability, increased purity (reduction in

‘ contamination with group specific C-polysaccharide

* (C-Ps), and reduced molecular weight, polydispersity

and viscosity. The resultant conjugates disclnsed

eco

3
aso

‘ herein are improved over those provided by the

- o0 o’ 4,695,624 process with respect to increases in the
congistency and ease of preparation, improved

sgoeet antigenicity and improved purity of the final

o 25 product. Especially significant is the 3-20 fold

reduction of group specific C-polysaccharide and

s I peptidoglycan in the pre-conjugation Pn-Ps relative
o to the pre-conjugation Ps preparations of the
4,695,624 patent. Although the presence of the
30 C-polysaccharide contaminant does not interfere with

the immune responses against the type specific
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antigens, C-Ps could participate in the conjugation
reaction rendering it less specific and controlled
for the type-specific Ps. Furthermore, production of
anti-C-polysaccharide antibodies may correiate with
the tissue destruction observed in some unresolved
pneumococcal infections.

In addition to the novel conjugate product,
this invention discloses a new process for preparing
partially hydrolyzed, highly purified pneumococcal
polysaccharide intermediates, novel compositions
comprising from one to ten different conjugates and
methods of using the invention. Of particular
interest are the capsular polysaccharides included in
"PNEUMOVAX® 23" (Pneumococcal Vaccine Polyvalent,
MSD; see PDR, 1990 edition, p. 1431). A most
preferred subset are the capsular polysaccharides of
Streptococcus pneumoniae subtypes 6B, 23F, 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. The methods provided herein are applicable
to a broad collection of pneumococcal and other
bacterial polysaccharides.

SUMMARY OF THE INVENTION

Highly chemically defined pneumococcal
polysaccharide (Pn-Ps) is prepared by partially-
hydrolyzing a crude Pa-Ps preparation to an endpoint
predetermined to maintain the antigenic integrity of
the Pn-Ps. The partially hydrolyzed Pn-Ps is
purified substantially and is useful for the
preparation of Pn-Ps-immunogenic protein (PRO)
conjugates (Pn-Ps-PRO).
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Novel and highly antigenic Pn-Ps-PRO
conjugates of the invention, comprising the outer
membrane protein complex (OMPC) or Neisseria
meningitidis b, or recombinant or purified subunits
thereof, such as MIEP, or other immunogenic carrier
proteins covalently linked to partially hydrolyzed
and highly purified Pn-Ps intermediates from
prevalent pneumococcal isolates, are useful for
prevention of pneumococcal infections in mammals.
The conjugates are particularly useful in vaccine
compositions for stimulating anti-pneumococcal immune
responses in mammals, especially in B-cell
immunocompromised individuals, the elderly and in
human infants younger than two years old, as the
conjugates elicit T-cell responses. Pn-Ps-0MPC and
Pn-Ps-MIEP conjugates are made by a process
comprising the steps of: isolating capsular Ps from
cultures of Streptococcus pneumoniae (pneumococci,
Pn), partially hydrolyzing or physically shearing the
Pn-Ps, fractionating said Pn-Ps, to yield a Pn-Ps
product of reduced molecular size, pclydispersity,
viscosity and then covalently conjugating the Pn-Ps
to OMPC or MIEP.

OBJECTS OF THE INVENTION

It is an object of this irvention to provide
novel, partially-hydrolyzed and highly purified
antigenically type-specific pneumococcal capsular
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 T-cell dependent conjugates of the Pn-Ps and
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immunogenic proteins, useful in vaccine compositions
to prevent pneumococcal infections, especialiy in
infants younger than two years old and in B-cell
immunocompromised people. Another object is to
provide a process, improved over that provided in US
Patent No. 4,695,624, for the formation of covalent
pneumococcal polysaccharide-immunogenic protein
conjugates (Pn-Ps-Pro), wherein the improvement
consists of greater chemical definition and purity of
the starting Pn-Ps, intermediates, final product and
increased consistency and eage in carrying out the
process itself. Another object is to provide
chemically defined Pn-Ps-PRO conjugates, according to
the improved process, demonstrating T-cell
dependency, useful in eliciting protective serum
antibody against pathogenic pneumococci, especially
in infants younger than 2 years o0ld and in
immunocompromised individuals. Another object is to
provide a method of treatment, employing these
conjugates in immunologically-effective amounts in
vaccine formulations, to prevent pneumococcal induced
diseases such as otitis media, meningitis, pneumonia,
bacteremia and the acute 2xacerbations of chronic
arthritis, sinusitis, bronchitis and conjunctivitis.
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DETAILED DESCRIPTION OF THE INVENTION

A. The Novel Pn-Ps-PRO Conjugate and Polysaccharide
Intermediates:

The Pn-Ps~PRO conjugate product of this
invention has a Pn-Ps to PRO ratio between 0.05 and
0.5 mg polysaccharide/mg protein, a high degree of
covaiency, minimal contamination of the conjugate by
free Pn-Ps and unique physical and chemical
characteristics endowed by the noval constituent
polysaccharides.

The conjugate comprises an immunogenic
protein (PRO) covalently coupled through a spacer to
a novel, partially hydrolyzed and highly purified
pneumococcal capsular polysaccharide (Pn-Ps). The
immunogenic protein is preferably the outer membrane
protein complex (OMPC) derived from a culture of
Neisseria meningitidis b. One method for preparing
OMPC is essentially as provided in U.S. Patent
4,271,147 and Example 1. Alternatively, a subunit of
OMPC, such as MIEP, produced by dissociation of the
OMPC or by recombinant expression thereof, is also
preferred. One method of achieving this objective is
provided in Patent Application USSN 555,978; 555,329
and 555,204 (Merck Case #'s 18110, 18159 and 18160
respectively, filed on July 19, 1990) and Example 2,
16-23.

The novel partially hydrolyzed and highly
purified pneumococcal capsular polysaccharide (Pn-Ps)
is a preparation of an antigenic polysaccharide
derived from a culture of one of the pneumococcal

L
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subtypes (as described below in the section
describing a novel conjugation process and in
Examples 3-10). The Pn-Ps has an average molecular
weight between about 1x10° and 1x106 daltons, on
average less than about 1000 repeating units per
molecule, a C-polysaccharide contamination level of
less than about 3% and an antigenicity index between
0.4 and 1.1, and preferably between 0.7 and 1.1.
This last parameter is the relative amount of
anti-pneumococcal type-specific antibody binding
exhibited per unit mass of the new Pn-Ps as compared
with crude Pn-Ps on deposit with the ATCC.
Furthermore, the novel Pn-Ps is amenable to
conjugation with immunogenic pro*ein to produce the
Pn-Ps-PRO product of the invention.
and chemical characteristics of 2 different Pn6B-Ps
and 2 different Pn23F-Ps preparations are given in
Table I below, while the description that follows
reveals how those characteristics are measured. The
process disclosed below provides a method for making
Pn-Ps intermediates and Pn-Ps-PRO conjugates with a
wide variety of pneumococcal subtypes, including but
not restricted to those selected from subtypes 1, 2,
3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 1l1lA, 12F, 14, 15B,
17F, 18C, 19F, 19A, 20, 22F, 23F and 33F. As
mentioned above, a preferred subset of pneumococcal

Some physical

polysaccharides are those derived from pneumococcal
subtypes 4, 6B, 9V, 14, 18C, 19F and 23F. It wil be
obvious to those skilled in the art that in addition
to or in place of any of these polysaccharides,
others may be substituted as the need arises in the
Thus, Pnl-Ps and Pn5-Ps may be
treated like Pn4-Ps or Pn9V-Ps, as could Neisseria
meningitidis B, C, or Group B Streptococcal
polysaccharides, while Pn7F-Ps may be

at-risk polulation.
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treated like Pnlé4-Ps, as further described below, and
included in a multivalent vaccine. It will also be
clear to those skilled in the art that by inclusion
of Pné6B-Ps, protection against Pn6A would be provided
by cross-reactive antibodies. This is also true for
a number of other pneumococcal subtypes.

Multivalent vaccines are those comprising
mixtures of different Pn-Ps-PRO conjugates each
prepared separately with a given Pn-Ps subtype. In
addition, muitivalent vaccines are those wherein
several different Pn-~Ps subtypes are all conjugated.
to a given PRO at ¢:e time or sequentially. |

1. Characterization of the Novel Polysaccharide
Intermediates:

The physical and chemical characteristics of
the partially hydrolyzed, purified pneumococcal
capsular polysaccharide intermediates depend on the
pneumococcal subtype from which it was derived and
the manipulations they undergo according to the
process disclosed herein. In general, the Pn-Ps
intermediates have a 2-10 fold lower molecular size
and polydispersity as compared with crude bacterial
culture derived polysaccharide. The reduced size
allows for improved poleaccharide handling during
conjugation and post-conjugation removal of free
Pn-Ps, higher Pn-Ps purity/homogeneity, lower Pn-Ps
molecular-size polydispersity and essentially
unaltered antigenicity. These novel Pn-Ps
characteristics contribute significantly to the
consistent formation of a highly defined, highly
type-specific, antigenic Pn-Ps-PRO product.
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i. Pn-Ps Molecular Weight and Polydispersity:

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

The partition coefficient,

Kq = Ve=Vo Vo = column void volume.
Vi-Vo Vi = total permeation volume.
Ve = elution volume of sample.
K4 = partition coefficient of

the sample
of each crude and partially-hydrolyzed Pn-Ps
preparation is measured by size-exclusion
chromatography (SEC), or high-performance size-
exclusion chromatography (HPSEC), of an aliquot of
polysaccharide, according to methods known in the
art. The Ky thus obtained is 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 or sonic
hydrolysis according to the disclosed process, the
elution volume, Vg, of the Pn-Ps increases and so
does the Ky.
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A preferred 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. 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 1l-mL
injection volume is used. The ratio V,/V; should be
in the range of 0.32-0.37. 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 préferred method, SEC or HPSEC
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
calibration curve [log (intrinsic viscosity times
molecular weight) versus retention volume] is
constructed from'analysis of a series of monodisperse
polyethylene oxide standards. The concentration and
specific viscosity profiles can be used to calculate
a molecular weight versus elution volume profile for
the sample, which in turn ic used to calculate the
values for M, and M,, from which the polydisperisty
index (M,/M,) is calculated [Yau, W.W. and Rementer,
S.W., J. Liq. 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

present invention, intrinsic viscosity was measured
in 0.1 M sodium phosphate buffer, pH 7.2.
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Once the average molecular weight of a Pn-Ps
preparation has been determined,‘the average number
of repeating units per molecule is easily determined
by dividing the polymer molecular weight by the
molecular weight of the repeating unit (see Table 11).

ii. Retention of Pn-Ps Type-Specific Antigenicity:
It is important, for each crude 2n-Ps ‘

subjected to physical shear or chemical, thermal,

“sonic or enzymatic hydrolysis, that an end-point be

established at which antigenic integrity begins to
dissipate. This end-point is conveniently
established by correlating viscosity with‘any of a
number of immunologic tests known in the art. 1In a
preferred method, an aliquot of polysaccharide
solution is measured by the Ouchterlony double
immunodiffusion assay using pneumococcal
subtype-specific éntibody, Appearance of a white
precipitin band in the agar which joins the
precipitin band of a sample of crude Pn-Ps placed in
an adjacent well after a period of diffusion,
provides qualitative identity of reactants, and
evidence that the polysaccharide's antigenic
integrity remains intact. A more quantitative
immunological assay is achieved by rate nephelometry
analysis or an RIA.

Rate Nephelometry measures the change or the
rate of change in the intensity of light scattered
during formation of antigen-antibody complexes. The
reaction is run in a reaction cell through which a
beam of light is passed. 1In the present case, the
complexes are formed by an immunoprecipitin reaction
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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 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 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 gamples are reacted
with their specific Ab under the same conditions used
to develop 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
and quantitation of monosaccharides -- see below)
gives as 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
notoriously hygroscopic and may contain anywhere from
5 to 30% by weight of volatiles. As such, dry weight
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 sclution of the
polysaccharide of interest. ¥or example, Pn6B-Ps,
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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

S quantitated by the hexosamine content and Pn9V may
also be quarntitated 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

10 testing during conjugate preparation. The other
method employed is to use a refractive index signal

as a measure of analyte mass, also calibrated with a
standard solution of the polysaccharide of interest.
Though the colorimetric assay is used for monitoring
15 the polysaccharide content of the samples during the
' derivatization and conjugation process, the latter
e method is used during the physical characterization
. of the polysaccharide preparation by HPSEC-universal
e calibration analysis and for calculation of the
20 antigenicity index. Starting crude Pn-Ps is assigned
an antigenicity index value of 1.0. An index of

e relative antigenicity is calculated for experimental
oo’ o samples and a value of 0.4-1.1 is considered
g satisfactory. It is possible to get an antigenicity

e 25 index of greater than 1.0 if the polysaccharide is

ﬂ ‘ significantly purified during the hydrelysis and

ﬂ fractionation step. It is also theoretically

e possible that size reduction alone could increase the

S antigenicity index of a preparation by increasing the

30 flexibility of the polysaccharide molecules and thus
decreasing steric interference around the antigenic
epitopes. These determinations are performed as an
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in-process check for hydrolyzed, fractionated and
derivatized Ps samples. Samples which have relative
antigenicities of ¢ 0.4 are rejected, i.e., not
conjugated. Anti-Pn-Ps antibody preparations are
available that are useful in characterizing
pneumococcal polysaccharides. Sources of anti-Pn-Ps
antibodies include the Health Research, Inc., Albany,
NY., and the Staten Serun Institute. Alternatively,
type-specific anti-Pn-Ps antibodes may be prepared
10 for this purpose according 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,

I =z

R. and Halladay, W. J., Aust. J. Exp. Biol. Med..
o 15 Sci., 48, 227 (1970); Schneerson, R. et al., Prog.
et Allergy, 33, 144 (1983); Robbins, J. B., Infect.
Immun., 26 1116 (1979)].
eeso’ A further indication of retained antigenic
: integrity is the maintainance of the correct chemical
20 composition of Pn-Ps preparation. For Example,

Pn6B-Ps has a repeat unit of

[92]

coon [o-Gal(1-3)-0-Glu(l-3) -0~

et L-Rhap(1l-4)-D-Ribitol-5-P04(3)] so that the mole
ratio of the carbohydrate components

e 25 ribitol:rhamnose:galactose:glucose is approximately =

Treee” 1:1:1:1. This ratio may be determined, for example,

upon hydrolysis of the polysaccharide with 36%
hydrofluoric acid for about 2 hours at 45-65°C
followed by 2M trifluoroacetic acid for 10-20 hours
30 at 100°C and high performance anion exchange
chromatography with pulsed amperometric detection.
Four peaks, representing approximately equal molar
amounts of the carbohydrate components, is thus an

)
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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 departures from
theoretical values is primarily due to limitations in
the art of the method. Thus, upon total hydrolysis:
Pn23F-P¢ has a ratio of about
glycerol:rhamnose:galactcse:glucose = 1:2:1:1;
Pnl4-Ps has a ratio of about
N-acetyl-glucosamine:galactose:glucose = 1:2:1;
Pn_9F-Ps has a ratio of about
rhamnose:N-acetyl-mannosamine:glucose = 1:1:1;
Pnl8C-Ps has a ratio of about
glucose:galactose:rhamnose:glycerol:acetate =
3:1:1:1:1;

Pn9V-Ps has ratio of about
glucose:galactose:N-ac.tyl-mannosamine:glucuronic
acid:galacturonic acid:acetate = 2:1:1:1:1:1.7; and
Pn4-Ps has a ratio of about
N-acetyl-mannosamine:N-acetyl-fucosamine:galactosamine
:galactogse:pyruvate = 1:1:1:1:1. In addition, Pn4-Ps
has recently been found to contain an additional
component, identified by HPLC analysis, which appears
to be 2-aminopneumosamine
(2-amino-2,6-dideoxytalose), as does Pn5-Ps [Barker
et al., Carbohydrate Res., 224-233 (1966)]. Pnl9F-Ps
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
the following references: J.E.G. van Dam et al.,
Carbohyd. Res. 187, 267 (1988); H. J. Jennings, Adv.
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Carbohyd. Chem. 41, 155 (1983) and references
therein; J. C. Richards and M. Perry, Biochem. Cell.
Biol. 66, 758 (1988). In addition to the
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
of monosaccharides is also a useful means for
quantitating the polysaccharide concentration of 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
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
directed at preservation of this level of

polysaccharide immunogenicity also.

iii. M’ .1 _Contamination by C-Polysaccharide:

Awn..cher critical parameter is the level of
C-polysaccharide contamination. This value may be
shown by total acid hydrolysis of a polysaccharide
preparation, chromatography of the hydrolysate and
conductometric detection of choline [Hermans, et al.,
Recl. Trav. Chim. Pays-Bas, 107, 600 (1988)].

Alternatively, the non-hydrolyzed polysaccharide may
be analyzed by NMi for choline. The MMR technique
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uses the ratio of the choline signal to the rhamnose
methyl signal (for Pn-Ps containing a rhamnose; a
different signal for other Pn-Ps) for calculating the
C-Ps content. The chromatographic method uses the
ratio of the choline signal to either the
polysaccharide content determined by conductometric
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 using the theoretical
repeat structure of C-Ps (Herman et al. [full ref.
above], the concentration of C-Ps in a polysaccharide
preparation is determined. Polysaccharide
concentrations of Pn-Ps samples are 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
to total polysancharide concentration, the degree of
C-polysaccharide contamination (W/W) is determined.
Levels of C-polysaccharide below 3% (w/w) of total
polysacckaride are considered acceptable but even
more preferrable are levels beiow 1%.

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 1ot to lot parameters resulting from the novel
process described herein:
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TABLE T .
Characteristics of Hydrolyzed and Fractionated Pn-Ps

Pn-Ps Preparation 6B-1 6B-2 23F-1 23F-2
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
Antigenicity:

Ouchterlony S S S

Neph#lose S S
(Phenol:Sulfuric) S S S

S: Satisfactory

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

“being prepared.
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PHYSICAL AND CHEMICAL CHARACTERISTICS OF CRUDE AND OF NOVEP HYDROLYZED 4- fractionated Pn-Ps COMPOUNDS

Number of
Weight Avg. Number Avg. Polydis—~ Repeating
Pn-Ps Peak intrinsic Mol. Wt. Mol Wt. persity units per C-Ps
Substype Ky Viscosity (M) (My) (MN/MN) molecule %
4-crude ;.0.55 + 0.05 4.34 + 10% 4.2x]05 + 20% 3.3x105 + 20% 1.2 - 1.6 > 600 >3
4-hyd+frac : 0.69 + 0.05 1.9 -3.0  1x10°-5x10° 2x10°-4x10° 1.0 - 1.4 < 600 <3
6B-crude  : 0.45 + 0.05 2.67 + 10% 1.4x10% + 202 9x10° + 20% 1.5 = 2.5 > 1000 >3
6B-hyd+frac : 0.60 + 0.05 1.0 - 2.0 3x10°-7x10° 3x10°-6x10° 1.0 - 1.4 < 1000 <3
9V-crude  : 0.53 +0.05  2.29 + 10%  1.1x10° £ 20%2  9x10° + 20% 1.2 - 2.5 > 860 >3
9V-hyd+frac : 0.65 + 0 05 1.0 - 2.0 3x103-7x10° 3x10°-6x10° 1.0 - 1.4 < 800 3
l4-crude  : 0.50 + 0.05 1.69 + 10% 1.1x10% + 202 7x10° + 20% 1.3-2.5 > 1200 >3
l4-hyd+frac : 0.60 + 0.05 0.6 - 1.6 . 4x105-1x10° 3x10°-8x10° 1.0 - 1.4 < 1200 <3
18C-crude  : 0.50 + 0.05 5.20 + 102 8.7x10° + 20%  6x10° + 20% 1.4 - 2.5 > 700 5 3
18C-hyd+frac: 0.65 + 0.05 1.5 - 3.0 2x10°-6x10° 2x10°-6x10° 1.0 - 1.4 < 700 <3
19F-crude  : 0.44 + 0.05 2.95 + 10% 1.0x10% + 202 6x10° + 20% 1.8 - 2.5 > 1000 >3
19F-hyd+frac: 0.65 + 0.05 1.0 - 2.0 2x10%-6x10° 2x10°-6x10° 1.0 - 1.4 < 1000 3
23F-crude  : 0.36 + 0.05 4.15 + 10% 2.2x10% + 202 1x10° + 20% 2.0 - 3.0 > 1000 s 3
23F-hyd+frac: 0.54 + 0.10 1.5 - 3.0 4x10°-8x10° 2x10°-6x10° 1.0 - 1.4 < 1000 <3

TS9HD/¥9T
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2. Characterization of the Novel Pn-Ps-PRO Conjugate:

i. Analysis of the identity and quantity of Pn-Ps:
It is very useful to verify the quantity and
chemical integrity of Pn-Ps in a final conjugate by
an independent technique to assure antigenicity
(integrity) and calculate the Pn-Fs/PRO ratio. One
method includes total hydrolysis using 2M TFA at
100°C for 5-16 hours, depending on the optimal
hydrolysis time for each particular Pn-Ps. Equal
amounts of Pn-Ps-PRO conjugate and PRO hydrolysate
(based on Lowry protein) are analyzed by
high-performance anion exchange chromatography with

pulsed amperometric detection to obtain
monosaccharide profiles, The profile of PRO is
"subtracted" from the profile of the Pn-Ps-PRO
conjugate using appropriate computer software such as
the Nelson program, in order to correct for
monosaccharides contributed by PRO, for example, from
lipopolysaccharide (LPS) present in OMPC. The
quantity of Pn-Ps in the conjugate is then calculated
by comparing the profile of the known amount of the
derivatized Pn-Ps hydrolysate and the corrected
Pn-Ps-PRO conjugates. The Pn-Ps/PRO ratio is also
measured in this manner.

ii. Analysis for novel amino acids indicative of
conjugation and capping

Following conjugation of Pn-Ps to PRO,
samples of the conjugate are hydrolyzed in 6N HC1l and
subjected to amino acid analysis, This method
detects the presence and amount of unique amino acids
such as S-carboxymethyl-homocysteine (S-CMHC) and
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S—carboxymeth:rl cysteamine (S-CMCA). The former
amino acid is created as part of the chemical link by
the chemical reaction between derivatized Pn-Ps and
PRO as described in the process section below and is
taken as definitive proof of the covalent linkage of
derivatized Pn-Ps to PRO. Formation of such a
covalent linkage is essential to the T-cell
immunogenicity of the conjugate vaccine. Immediately
following completion of the conjugation reaction,
unreacted bromoacetamide moeities are capped with
N-acetyl cysteamine. Hydrolysis of this linkage
restults in the release S-carboxymethyl cysteamine
(S-CMCA), also detected in the Amino Acid Analysisg.
Detection of this amino acid confirms successful
capping of the reacti.e bromoacetomide groups, thus
making them unavailable for any unwanted chemical
reactions. Acceptable levels of covalency and
capping are between about 1-15% for S-CMHC/Lys and
about 0-5% for S-CMCA/Lys.

iii. Analysis of the Aluminum Hydroxide-Adsorbed
Vaccine: _

In a preferred embodiment, the Pn-Ps-PRO
conjugate is absorbed to aluminum-hydroxide (alumina,
Al1(OH)3 gel (see section C. below) resulting in a
potentiation of the immune response to the vaccine.
Other possible vaccine formulation include
formulation in physiologically acceptable diluants
and the use of other adjuvants, immunomodulators or
inert excipients other than the aluminum hydroxide
gel. Analysis of this alumina-absorbed material is
provided for as follows.

The alumia adsorbed Pn-Ps-PRO can be
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analyzed for composition and stability following
desorption of the conjugate from alum. This is
accomplished by dialyzing the alumina-adsorbed
Pn-Ps-PRO against a 3% sodium citrate solution for 156
hours at room temperature. The resulting soluble
aluminum citrate salt migrates out of the dialysis
membrane and leaves behind the Pn-Ps-PRO. This
method is important in order to confirm that the
correct amount of Pn-Ps-PRO is in the
alumina-adsorbed formulation. However, some
formulations such as Pn6B-Ps-OMPC and Pn23F-Ps-OMPC
contain 10, 5, 2 arnd % mcg Pn-Ps/mL (see section C.
below), concentrations well below chemical detection
methods. Therefore, in order to perform carbohydrate
compositional analyses the adsorbed Pn-Ps-OMPC
vaccines first are pelleted to remove the aqueous
fluid and the pellet resuspended in one-fifth of the
original volume prior to citrate dissolutiom.
Following dialysis, the solubilized Pn-Pc-OMPC is
present at 50, 25, 10 and 5 mcg Pn-Ps/mL. These
concentrations are then amenable to both Pn-Ps and
protein analysis to confirm dosage levels.

Citrate-desorbed sampies are also analyzed
for the possible presence of free Pn-Ps, an issue
which is important for immunogenicity and consistency
of production. This analysis is performed by
chromatography on a SEPHAROSE CL-2B or SEPHACRYL
S1000SF sizing column in which Pn-Ps-OMPC can be
separated from Pn-Ps. The presence and amount of
free Pn-Ps is measured antigenically by rate
nephelometry. The lewel of contamination of the
Fn-Ps-OMPC by free Pn-Ps is less than 15% of the
total Pn-Ps present.
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iv. Pyrogen Test: Absence of Significant Pyrogenicity:
The conjugate product of this invention is

tested for absence of adverse temperature elevation
effects. Conjugate products have been produced
according tc the process disclosed herein and found
to have acceptable levels of pyrogenicity.

Method (T.V.)

The Pn-Ps conjugate vaccine is tested as described in
21 CFR, Section 610.13(b)

1) Method (I.M.)

A second measure of pyrogenicity is the rabbit IM
test. This test more closely simulates use of the
product in clinic and is felt to more accurately
reflect the apparent endotoxin burden of the product.

Each rabbit receives 1.0 mL of vaccine by
intramuscular injection. The test is performed using
at least three rabbits. Temperature is monitored for
five hours following injection. Other test
methodologies are as described in 21 CFR Section
610.13(b). (Test dose is based on the polysaccharide
concentration.)

v. Nature of the Covalent Linkage:
The Pn-Ps-PRO, such as Pn-Ps-OMPC or

Pn-Ps-MIEP, conjugates may be coupled through
bigeneric spacers containing a thioether group and
primary amine, which form hydrolytically-labile
covalent bonds with the polysaccharide and the PRO,
such as OMPC or MIEP. Preferred conjugates according
to this invention are those which may be represented
by the formulae, Pn-Ps-A-E-S-B-PRO or
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Pn-Ps-A'-S-E'-B'-PRO. A-E-S-B and A'-S-E'-B'
constitute bigeneric spacers which contain
hydrolytically-stable covalent thioether bonds and
which form covalent bonds (such as
hydrolytically-labile ester or amide bonds) with the
macromolecules, PRO and Pn-Ps. In the spacer
A-E-S-B, S is sulfur; E is the transformation product
of a thiophilic group which has been reacted with a
thiol group and is represented by

) OR

_6(mg)@H;Lfr —~CCH— |
|

@]

=0

wherein R is H or CH3 and p is 1 to 3; A is

—ﬂi(CHz)mY(CHZ)n»NH—,

wherein W is O or NH, m is 0 to 4, n is 0 to 3 and ¥
is CH,,0,S,NR' or CHCO,H, where R!' is H or Cy- or
Cp-alkyl, such that if Y is CHp, then both m and n
cannot equal zero and if Y is O or S, then m is
greater than 1 and n is greater than 1; B is
_(CHZ)PEH(CHZ)QD-"

wherein q is 0 to 2, Z is NHyp, CH@OR', COOH, or H,

where R' and p are as defined above and D is ﬁ, NR!',
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or i—@(CHZ)Z@. In the spacer, A'-S-E'-B', S

is sulfur; A' is ~¥NH(CH2)aR”—, wherein a is 1 to

1
4 and R" is CHyp or ﬁ@IH(CHZ)P, where Y' is NHy or
NHCOR' and W, p and R' are as defined above and E' is
the transformation product of a thiophilic group
which has been reacted with a thiol group and is

represented by —jﬁ—, wherein R is

as defined above, and B!' is —@—, or E' is

\
-
\ﬁ ’

O

and B' is ‘(CHZ)pﬁ" wherein p is 1 to 3. Further,
of the bigeneric spacers, A-E-S-B and A'-S-E'-B', the
E-S-B and A'-S-E' components are determinable and
quantifiable, with this identification reflecting the
covalency of the conjugate bond linking the side of
the thioethersulfur which originates from the
covalently-modified polysaccharide with the side of
the spacer which originates from the functionalized
protein.

The conjugates, Pn-Ps-A-E-S-B-PRO, according
to this invention may contain spacers whose
components include derivatives of, inter alia:
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carbon dioxide, 1,4-butanediamine and
S—-carboxymethyl-N-acetylhomocysteine; carbon dioxide,
1,5-pentanediamine and S-carboxymethyl-
N-acetylhomocysteine; carbon dioxide,
3-oxa-1l,5-pentanediamine and S-carboxymethyl-
N-acetylhomocysteine; carbon dioxide,
1,4-butane-diamine and S-carboxymethyl-N-acetyl-
cysteine; carbon dioxide, 1,3-propanediamine and
S-carboxymethyl-N-benzoylhomocysteine; carbon
dioxide, 3-aza-l,5-pentanediamine and S-carboxy-
methyl-N-acetylcysteine; carbon dioxide,
1,2-ethanediamine, glycine and S-(succin-2-yl)-
N-acetylhomocysteine. The conjugates,
Pn-Ps-A'-S-E'-B'-PRO, according to this invention,
may contain spacers whose components include
derivatives of, inter alia: carbon dioxide and
S-carboxymethylcysteamine; carbon dioxide and
S—-(o—-carboxyethyl)cysteamine; carbcn dioxide and
S—-carboxymethylhomocysteamine; carbon dioxide,
S-(succin-2-yl)cysteamine and glycine; carbon
dioxide and S-carboxymethylcysteine.

B. Process for Making Novel Pn-Ps Intermediates and
Pn-Ps-PRO Conjugates: )
In disclosing this process, several stages

are distinctly described:

I. Polysaccharide preparation:
a) Isolating crude pneumococcal polysaccharide,

Pn-Ps;
b) Partially-hydrolyzing or
mechanically-shearing the crude Pn-Ps;
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c) Fractionating the partially-hydrolyzed Pn-Ps
according to size and purity;

IT. Conjugation:
a) Functionalizing the fractionated Pn-Ps to form

> the Electrophilic or Nucleophilic Reactant
Pn—Ps*,vpreferably to exhibit about 21 reactive
bromoacetyl groups per 100 Pn-Ps oligosaccharide
repeating units:
b) Isolating the Immunogenic Protein (PRO),
10 preferably the Neisseria meningitidis B OMPC or a
subunit thereof;
c¢) Functionalizing the PRO to generate the
Nucleophilic or Electrophilic Reactant PRO¥*,
preferably OMPC or subunit thereof such as MIEP
fae 15 to exhibit reactive sulfhydryl moieties;
e d) Conjugating the polysaccharide (Pn-Ps*) of step
itee (a) with the protein (PRO*) of step (c);
i e) Capping the Pn-Ps~-PRO conjugate to remove
S IEH residual functional groups;
20 f) Isolating the conjugate product.
R I.a) Isolating crude pneumococcal polysaccharide,
SN Pn-Ps:

Pneumococcal capsular polysaccharides differ
sgeeed 25 chemically and &atigemically due to the composition
e and linkage of the oligosaccharide repeating unit of

i the given capsular polysaccharide serotype.
F st Isolation of the polysaccharides has to proceed along
“ 30 somewhat different lines depending on the physical

characteristics of the given polysaccharide.
However, in general, the bacteria are cultured and
the Pn-Ps is recovered according to known methods

—a - ———- m e e o
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[Example 3, and Williams, C. A., and Chase, M. W.,
Methods in Immunology and Immunochemistry, Vol. I,
Academic Press (1967)], while the pathogens
themselves are available from the ATCC. Briefly,
following a large scale culture of the bacteria in
appropriate nutrient media known in the art to
support Pneﬁmococcal growth, a bactericidal, such as
phenol or toluene, is added to kill the organisms
(Example 3).

Alcohol fractionation of the polysaccharide
is then conducted in two stages. In the first stage
a low alcohol concentration is used to precipitate
cellular debris and other unwanted impurities, while
the crude Pn-Ps remains in solution. A subsequent
addition of water-miscible-alcohol to a
pre-determined concentration precipitates the
capsular polysaccharides while leaving additional
impurities in the supernatant fluid. Resuspension 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 precipitation and drying to form
a powder of the crude Pn-Ps (Example 3).

I.b) Partially—hydrolyzihg or mechanically-
shearing the crude Pn-Ps:

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
follow yield a novel, partially hydrolyzed, purified
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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 contributes to the success of -
subsequent purification steps to yield a highly
purified Pn-Ps product. In addition, when used to
prepare conjugates, the conjugation is more efficient
when the new Ps-Ps of this invention is used. This

w

is because aqueous solutions of the crude
polysaccharide material are highly viscous, poorly
10 soluble and conjugates thereof are largely-insoluble
and unfilterable. '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
15 the pre-conjugation Pn-Ps is of a reduced size and
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

20 and as it 'is the conjugated Pn-Ps that has the
significant T-cell stimulatory effect, presence of
unconjugated Pn-Ps represents a diminution of
immunologically ''relevant'' Pn-Ps.

05 The dry, crude, capsular polysaccharide as

prepared above may also be purified, for example, by
anion-exchange chromatography or other
chromatographic procedure, prior to or after partial
hydrolysis, as shown in Example 6 for Pnl4-Ps. The
30 chromatographic adsorption-desorption may be used
either positively or negatively. In the positive
mode, the Pn-Ps is adsorbed to the resin leaving

impurities in solution which are washed away prior to
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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.
Alternatively, the Pn-Ps may be directly subjected to
partial thermal hydrolysis, as shown in Example 4 for
Pn6B-Ps or by sonic hydrolysis as shown in Example 6
for Pnl4-Ps. Other hydrolytic means, such as
chemical, enzymatic or physical (e.g. a high pressure
cell) means are also known.

The partial-hydrolysis is accomplished by a
limited thermal treatment in an aqueous medium,
preferably at 50 to 110°C for about 1 hour to ahout
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
endpoint. The soric hydrolysis method is preferable
to thermal hydrolysis with polysaccharides having
complex structures (see below). Other appropriate
means known in the art to effect partial hydrolysis
of polysaccharides are also applicable. For example,
limited chemical hydrolysis with acid, endolytic
enzyme treatment or physical shear in a blender,
mill, may also be used to reduce average Pn-Ps chain
size.

In a preferred empodiment, the Pn-Ps is
subjected to physical shear by passage through a
homogenizer at a temperature between about 0°C and
30°C and pressures between about 2,000 PSI and 15,000
PSI, predeter ined to yield a Pn-Ps product having
desirable cl. racteristics of size, polydispersity and
antigenicity (See Example 10).
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A target endpoint of hydrolysis,
convenientlv measured by solution viscosity or
high-performance size exclusion chromatography, is
predetermined for each polysaccharide on 2 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
is no less than 70% of the binding exhibited for an
equal concentration of the crude Pn-Ps starting
material is considered satisfactory. This is not to
say that Pn-Ps of substantially lower My, My or
number of repeating units per molecule (Table II)
could not be generated by the process and that such
Pn-Ps, which may fail to react above the 70% cutoff
established above for the rate nephelometry assay,
may be immunogenic in animals upon conjugation. This
is to say that in spite of the absence of appreciable
ability to bind type-snecific anti-Pn-Ps antibody,
low molecular weight Pn-Ps in a conjugated state may
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
given Pn-Ps preparation. 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.

In general, the same size reduction
procedure is applicable to most polysaccharides.
However, whereas the Pn6B-Ps retains it antigenicity
upon extended thermal size reduction, Pn23F-Ps may
lose structural integrity (removal of
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glycerol-phostate 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, the method is amenable to scale-up.
Second, the sonic- and thermal-hydrolysis methods
generally réquire a follow-up fractionation of the
hydrolyzed Pn-Ps to achieve polydispersities in the
range between 1.0 and 1.5. The physical-shear
method, however, gcnerally yields Pn-Ps product
having a polydispersity that falls in this range
without further fractionation although fractionation
may be employed to achieve additional increases in
purity and decreases in CPs contamination if
et necessary. Third, the physical shear method may have
o 15 the virtue of greater reproducibility for any given
Jreod Pn-Ps as compared wit.. *“ermal or sonic hydrolysis
means. Fourth, the physic 'l shear method appears to
provide some advantage in the production of Pn-Ps

10

aao
°
e
e
®

o %o 0 product which retains more antigenicity for a given
’05200 2 . . [
ee® 2 size than Pn--Ps of the same size produced by sonic or

thermal hydrolysis.
Viscosity, which is related to average Pn-Ps

eses® molecular weight, is a convenient in-process
. parameter to monitor and is easily followed during
' °f:f 23 hydrolysis to limit and control the degree of size
Yot reduction. Chemically and physically
? indistinguishable lots of Pn6B-Ps and Pn23F-Ps have

3 been prepared simply by size reducing the
polysaccharide to a consistent, target endpoint
viscosity (see Table I above). Stich use of
in-process viscosity measurements is applicable to a
wide range of crude polysaccharides, allowing for

30
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their hydrolytic size reduction witliout alteration of
the resulting Pn-Ps's antigenic characteristics. As
described above, retention of antigenicity is easily

established, for example, by an Ouchterlony
double-diffusion 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 c¢hioride (saline) are provided in Tabls III
below. These values are similarly applicable to
10 Pn-Ps derived from other pneumococcal subtypes:
Table III
'Jgﬁ Solution Viscosity for Crude and Hydrolyzed Pn-Ps:
ot 15 L :
res! Pn-Ps Subtype Viscosity of Target Endpoint
i Crude Pn-Ps Viscosity
(centistokes) (centistokes)
1o Pn4-Ps 1.8 1.5 - 1.00
et 2% pn6B-Ps 1.4 1.3 - 1.00
Pn9V-Ps 1.4 1.3 -1.00
RN Pnl4-Ps 1.2 1.1 - 0.95
Pnl18C-Ps 2.0 1.5 - 1.00
Pnl9F-Ps 1.4 1.3 -1.00
| 25 pn23F-Ps 1.6 1.5 - 1.00
i In the case of aome pneumococcal
) polysaccharides, it is advantageous to include an
30 additional purification steép 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
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impurities prior to partial sonic hydrolysis. The
polysaccharide being necutral at the slightly acidic
pH of the treatment is recovered as the supernatant
fraction in readiness for hydrolysis.

Molecular weight values for Pn6éB-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 mote before, and about 400-500
KD after. Thus, reduction of Pn-Ps size to about 500
plus-minus about 300 kilodaltons is an appripriate
target for this phase of the process for each Pn-Ps
subtype.

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

I.c) Fractionating the partially-hydrolyzed Pn-Ps
according to size and purity:

The polydispersity of a Pn-Ps preparation is
an indicatior not only of the variance of subtype
specific Pn-Ps chain length, i{ is also an indication
that group-specific C-polysaccharide, as well as
other contaminants, may remain in the Pn-Ps
préparation. As noted above residual
C-polysaccharide contamination is not useful and may
even be correlated with adverse immune responses.

Selection of a narrow range of average
polysaccharide molecular size (decreased
polydispersity) is converiently accomplished by
differential alcohol, such as ethanol and preferably
isopropanql (IPA), solubility after size reduction.
The basis of this selection is that for a given Pn-Ps
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preparation, the alcohol solubility is inversely
proportional to chgin iength, which in turn is
proportional to mclecular weight. Thus, the
procedurc has been applied successfully to
cuantitatively isolate consistently sized populations
of molecules with significantly improved homogeneity
over the stérting size reduced Pn-Ps. In-proces:
control of IPA fractionatiomns is provided by
performing a pilot experiment to predict the range of
IF.. over which the Pn-Ps precipatates. An
antibody-directed Nephelose assay is employed to
monitor the fractionation to ensure quantitative
Pn-Ps recovery. Through this improvement,
contamination b C-polysaccharide, the group-specific
polysaccharide common to many different pneumococcal
isolates, is reduced by from about 3 to 20 fold over
the lsével 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 and 1.4.

An alternative approach to the IPA
fractionation of the size-reduced Pn-Ps is
chromatography of the aqueous size reduced Pn-Ps
through an appropriate size-exclusion resin, 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
this respect to reduce delay and increase
resolution. Selection of fractions eluting from the
column with a predetermined viscosity or retention
time or by wn-line detection yields a population of
Pn-Ps molecules with the desirable characteristics of
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size, viscosity and purity disclosed above.

Preparation of Pn-Ps taken through the
additional steps of IPA or chromatographic
fractionation behave more consistently during the
chemical coupling steps and therefore produce
conjugates with reproducible characteristics.
Significant'concomitant increases in Ps-Ps purity are
also obtained, in particular, the levels of CPs are
greatly diminished.

As a result of the above described
manipulations und measurements, preferred
characteristics for the Pn-Ps intermediates are as
summarized in Table II above.

II.a) Functionalizing the fractionated Pn-Ps to
form the Electrophilic ¢r Nucleophilic

Reactant Pn-Ps*, preferably to exhibit about

10-40 reactive bromoacetyl groups per 100

Pn-Ps monomer units:

The Pn-Ps from Step I.(c) above is
sufficiently homogenous and has properties, such as
improved solubility and reduced viscosity, to render
the Pn-Ps amenable to conjugation. Many different
schemes are available to those skilled in the art for
preparing conjugates of polysaccharides and other

moieties. The method disclosed herein is only one
possible route for utilizing the novel partially
hydrolyzed and fractionated Pn-Ps intermediate of
this invention to form conjugates and should not be
read as the exclusive mode of using the Pn-Ps
intermediate.

The bigeneric spacer method disclosed by
Marburg, S. et al., [U.S. Patent 4,695,624; J. Am.
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Chem. Soc. 108, 5282 (1986)] is a preferred method of
conjugating the fractionated and size reduced Pn-Ps

to an immunogenic prctein.

The Pn-Ps 1is

functionalized to display electrophilic or

nucleophili

¢ groups. The Pn-Ps* that results is then

capable of reacting with & conversely functionalized

protein, PRO*.

The process of this invention also

includes selection of a nucleophile or
bis-nucleophile which will react with the activated
polysaccharide to form a covalently-modified
polysaccharide with pendant electrophilic sites or
pendant thiol groups, thereby obviating the need to
further functionalize the bis-nucleophile-modified

polysaccharide prior to reacting the

covalently-modified polysaccharide with the

covalently-modified protein. Also,
functionalization of the protein to either moiety
form may be accomplished in more than one step
according to the selection of reactants in these

steps.

the

Whatever the desired functionality of the
Pn-Ps*, the size reduced, fractionated Pn-Ps has
first to be solubilized in a solvent that will not
interfere with the functionalization process. As it
is the hydroxyl groups of the Pn-Ps that are most
amenable to functionalization, removal of the Pn-Ps
from water to effect the initial functionalization is

critical.

Replacement of acidic Pn-Ps hydrogens with

a hydrophobic cation such as tetra- or

tributylammonium allows the Pn-Ps to become soluble

in non-aqueous solvents, such as DMSO or DMF.
Naturally, there is no need to perform this
replacement in Pn-Ps that are neutral (e.g. Pnl4-Ps

or Pn7F-Ps.

Once in a nonaqueous

«.. 'ition, the Pn-Ps
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may be reacted with a bis-electrophile such as
carbonyldiimidazole to form an imidazoyldiurethane.
The number of functional groups per 100 Pn-Ps
monomeric units is controlled at this point by
addition of a limited amount of about 1/5 of the
carbonyldiimidazole reagent as compared with total
Pn-Ps monomers, on a molar basis, such that on
average only about 10-40 out of 100 Pn-Ps monomer
units is derivatized. This species is susceptible to
nucleophilic substitution either by reagents such as
i) cystamine dihydrochloride which permit formation
of nucleophilic Pn-Ps* derivatives, or ii)

1, 4-butanediamine which permit formation of
electrophilic Pn-Ps* derivatives, as disclosed in US
Patent 4,695,624 and Marburg, et al., J. Am. Chem.
Soc., 108, 5282 (1986).

It has recently been discovered that because
some acidic pneumococcal polysaccharides, such as
Pn9V-Ps, Pn4-Ps, Pnl-Ps, Pn5-Ps and Neisseria
meningitidis B or C polysaccharides exhibit free
carboxylic acid groups, as well as free hydroxyl
groups, the conjugation chemistry of these
polysaccharides proceeds in a slightly different
fashion as compared with neutral polysaccharides or
polysaccharides which are anionic by wvirtue of the
presence of phosphodiester bonds, as in
polyribosylribitolphosphate. In general, the
conjugation chemistry of carboxylate-free
polysaccharides proceeds by conversion of free
polysaccharide hydroxyls into urethane linkages, that
is, from Pn-Ps-0H to Pn—Ps—O—g—i—Ra,

wherein R2 represents the remainder of the atom-chain
linking polysaccharide to protein. However, in the
carboxylic acid containing polysaccharides, such as
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Pn-9V-Ps which contains glucuronate or Pn4-Ps which
contains pyruvate groups, the chemistry proceeds from:

Pn—PS—E—OH to Pn—Ps—@—i—-Ra,

wherein R2 once again represents the remainder of the
atom-chain linking polysaccharide to protein. What
is observed, therefore, is that the ester
functionality of the urethane is either not formed in
the carboxylic acid containing polysaccharide, or in
addition, a simple amide bond is formed at these
sites. The conjugation chemistry proceeds at a
faster rate due to the presence of the carboxylic
acid functionalities.

Because the carboxylic acid functionalities
are thought to be important contributors to the
antigenity and immunogenity of this class of anionic
polysaccharides, the conjugation chemistry must be
carefully controlled for these polysaccharides. The
nead for high polysaccharide to protein ratios in the
final conjugate must be balanced against the need to
retain antigenic integrity. This objective is
accomplished by limiting the amount of initial
carboriyldiimidazole mediated activation. Once the
amide is formed, the next step involving cystamine
dihydrochioride or 1,4-butane diamine may, proceed as
noted above and further discussed below.

Alternatively, the carboxyl groups may be
reversibly protected and then deprotected by using
trimethylsilyl, or similar protecting groups which
may later be removed by mild alkaline conditions, or
by using 2,4-dimethoxybenzyl esters which would be
acid labile. In this case, the conjugation chemistry
may proceed in the conventional manner through the
polysaccharide hydroxyl groups.
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1. Production of Nucleophilic Pn-Ps*:

| The carbonylidiimidazole activated, size
reduced and fractionated Ps obtained above may‘be
reacted, in aqueous or other solvents, with reagents
such as disclosed in US Patent 4,695,624. A
preferred‘reagent is cystamine dihydrochloride.
Subsequent removal of excess cystamine and reduction
with dithiothereitol or dithioerythreitol yields the
nucleophilic sulfhydryl fuctionalized Pn-Ps. This
Pn-Ps* derivative is capable of reaction with an
electrophilic PRO%, for example where the protein has
been modified to display pendant bromoacetyl groups.

2. Production of Electrophilic Pn-Ps¥*:

The carbonyldiimidazole activated, size
reduced and fractionated Pn-Ps obtained above may be
reacted, in aqueous or other solvents, with reagents
as disclosed in the 4,695,624 Patent, preferably with
l,4-butanediamine (BuAy). Subsequent acylation of
the Pn-Ps-BuAp; with p-nitrophenyl bromoacetate or
similar reagent, generates the electrophilic
Pn-Ps-BuAj-BrAc derivative capable of reacting with a
nucleophilic PRO*, such as a sulfhydryl modified
protein. The degree of derivatization is measured at
this point by NMR and comparison of the
1,4-butanediamine integral with a convenient
monosaccharide sigral such as that of the methyl of
rhamnose. Preferred degrees of derivatization are
between 10 to 40%, and most preferably about 20%.

II.B) Isolating the Immunogenic Protein (PRO),
‘ preferably the Neisseria meningitidis B
OMPC, or a subunit thereof:
The protein moiety should behave as an
immune enhancer. It is desirable, in the choice of
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protein, to avoid those that result in non-specific
activation of the recipient's immune respone
(reactogenicity). In U.S. Patent 4,695,624, Marburg
et al., used the outer membrane protein complex
(OMPC) derived from Neisseria meningitidis to prepare
polysaccharide-protein conjugates. OMPC has proven
suitable in this invention, though other immunogenic
proteins such as tetanus or diptheria toxoid or
pertussinogen, may be used.

Various methods of purifying OMPC from the
gram negative bacteria have been devised [Frasch et
al., J. Exp. Med. 140, 87 (1974): Frasch et al., J.
Exp. Med. 147, 629 (1978); Zollinger et al., US
patent 4,707,543 (1987); Helting et al., Acta Path.
Microbiol. Scand. Sect. C 89, 69 (198l); Helting et
al., US Patent 4,271,147].  OMPC used herein was
prepared as described in Example 1. In addition, a
protein sununit isolated by dissociation of OMPC or
by recombinant expression of material coding for an
OMPC constituent protein, particularly the major
membrane protein (also referred to as the mitogenic
induction protein, MIP or as the major
immuno-enhancing protein, MIEP) is also preferred.
One method of obtaining the sununit proteins is
disclosed in Example 2, 16-23 and US Patent
Application USSN 555,978; 555,329; 555,204; and
639,457 (Merck Cases 18110, 18159 and 18160
respectively, filed on July 19, 1990 and 18160IA
filed on January 10, 1991)

II.c) Functionalizing the PRO to generate the
Nucleophilic or Electrophilic Reactant PRO¥*,
preferably OMPC or subunit thereof to
exhibit reactive sulfhydryl
moieties:

The PRO isolated as in II.(b) above is next
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functionalized to display either electrophilic or
nucleophilic groups. The PRO* that results is then
capable of reacting with a conversely functionalized
Pn-Ps* as prepared in II.(a) above.

1. Formation of Electrophilic PRO* Derivatives:

The isolated PRO, for example, the OMPC of
Neisseria or MIEP from OMPC, is preferably reacted
with a reagent such as N-(bromoacetyl)-6-aminocaproic
acid p-nitrophenyl ester capable of racting with the

€¢-amino groups of lysine on PRO. The resultant
bromoacetylated PRO* is capable of reacting with the
nucleophilic deriavtives of Pn-Ps* as prepared in
IT.(a)l. supra.

2. Formation of Nucleophilic PRQO%* Derivatives:

The isolated PRO, for example, the OMPC of
Neisseria or MIEP, is reacted with a reagent such as
N-acetylhomocysteine thiolactone, to generate the
sulfhydryl derivative of the protein. This
nucleophilic derivative is capable of reaction with
an electrophilic Pn-Ps* as prepared in II.(a)2
above. Typical results for this phase of the procass
yield sulfhydryl titers of between about 0.1 and 0.3
umoles/mg protein.

I1.d) Conjugating the polysaccharide (Pn-Ps*) of
step IT.(a) with the protein (PRO%*) of step
IT.(c):
Upon formation of the reactive species
Pn-Ps* and PRO* according to steps II.(a) and II.(c)
supra, the conversely activated reaction partners are
contacted with each other in an approximately 1:1

o1
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mass ratio. The reaction mixture should be purged of
air by nitrogen, sealed and allowed to react at room
temperature for about four days at between 17° and
40°C. Examples of such reactions include:

COCH3

Pn—Ps;@ECHZCHZCHZCHZNH@CHzBr + HSCHZCH2$§CO—PRO

COCH3
Pn—Ps@ECHZCHZCHZCHZNHgCHZSCHZCH2E§COPRO,
wherein an activated polysaccharide which has been
reacted with 4-bromoacetamidobutylamine is reacted
with a protein which has been reacted with
N-acetylhomocysteinethiolactone, to form a conjugate,
and:

i Tﬁ

Il

Pn-Ps-CNY' - NCCH, /] + HSCH,CH,NHCCH,CH,C-PRO

) o)
1 I

Tl & 0

Pn-Ps-CNY" - NCCH, CH,CH, NHCCH,CH,C- PRO

(where Y'" is a C,-Cgalkyl radical), wherein an
amino-derivatized polysaccharide which has beeéen
reacted with activated maleimido acid is reacted with
a carboxy-activated protein which has been aminated
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with an aminothiol, to form a conjugate.

Similarly, any of the covalently-modified
g polysaccharides with pendant thiol groups may be
reacted with the bacterial protein OMPC or MIEP
having pendant electophilic centers to give a
covalent conjugate. An example of such a reaction is:

Pn—Ps—@NHCHZCHZSH + PRO—CCHZCHZE—N(CHZ)4NHCOCH2Br—ﬁ>
10

Pn—PngCHZCHZSCHzﬁi(CHZ)4NHECH2CH2@—PRO,
wherein an activated polysaccharide which has been
reacted with an aminothiol is reacted with a

15 corboxy-activated protein which has been reacted with
monohaloacetyl derivatives of a diamine, to form a
conjugate. A highly preferred linkage, according to
this invention is the spacer of formula:
PRO-N-COCHCH,CH, SCH,CONH(CH, ), NHC-0-PnPs, for

E COCH3 @

20

linkagages through the polysaccharide hydroxyls, or
PRO-N-COCHCH,CH,SCH,CONH(CH, ), NH(-PnPs, in the case
b Tacoess @
25 . . . .
of polysaccharides bearing carboxyllic acid groups.
Should the electrophilic activity of an
excess of haloacetyl groups need to be elimiated,

reaction of the conjugate with a low molecular weight
30 thiol, such as N-acetylcysteamine, will accomplish
this purpose. Use of this reagent,
N-acetylcysteamine also allows confirmation
accounting of the haloacetyl moieties used because
the S-carboxymethylcysteamine which is formed may be
uniquely detected by the method of Spackman, Moore

and Stein.
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IT.e) Capping the Pn-Ps-PRO conjugate to remove

residual functional groups:

Residual electrophilic groups on either the
PRO* or Pn-Ps* are quenched at the end of the
reaction by addition of about a 2 to 10 fold molar
excess over residual reactive groups on the conjugate
of a low molecular weight nucleophile, for example,
N-ethylmaleimide (NEM) to cap residual free
sulfhydryls or electrophile, for example,
N-acetylcysteamine to cap residual bromoacetyl
moieties.

II.£) Isolating the conjugate product:

The capped product conjugate is separated
from unconjugated PRO, Pn-Ps and other reactants by
ultracentrifugation or diafiltration. The conjugate
pellet is resuspended in an aqueous buffer wash,
which may include a detergent treatment, such as 0.5%
deoxycholine and salt such as 0.1 M Tris pH 7-9 and
about 10 mM EDTA to remove residual pyrogens and
allowed to stand for between 1 and 25 hours at room
temperature. The conjugate is repelleted,
resuspended in aqueous buffer without detergent and
then repelleted by ultracentrifugation at about
100,000 x g using a fixed angle rotor for about two
hours at about 1° to 20° C or are submitted to any of
a variety of other purification procedures, including
difiltration gel permeation, ion exchange
chromatography, gradient centrifugation or other
differential adsorption chromatography, to remove
non--covalently-bonded polysaccharides and proteins,
using Ps, Pro, and rate nephelometry assays as well
as the covalency assay for the bigeneric spacer (see
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below) as in vitro methods of following the desired
biological activity. ' |

The further separation of reagents may be
accomplished by size-exclusion chromatography in a
column or in the case of very large, non-soluble
proteins, separation may be accomplished by
ultracentrifugation. Resuspension of the conjugate

in sterile water and ageing for about a day at 4°C to

allow complete solubilization, is followed by a low
speed centriguation to remove insoluble _
particulates. The supernatant solution contains the
final product which may be sterile filtered,
formulated into vaccine compositions at
immunologically effective dosage levels and sterile
filled into bottles.

Analysis of the conjugate to confirm the
covalency and hence the stability of the conjugate,
is accomplished by hydrolyzing (preferably with 6N
HC1 at 110°C for 20 hours) the conjugate, then
quantitatively analyzing for the unique amino acid of
the hydrolytically-stable spacer containing the
thioether bond and constituent amino acids of the
protein. The contribution of the amino acids of the
protein mey be removed, if necessary, by comparison
with the appropriate amino acid standard for the
protein involved, with the'remaining amino acid value
reflecting the covalency of the conjugate, or the
amino acid of the spacer may be designed to appear
outside the amino acid standard of the protein in the
analysis. The convalency assay is also useful to
monitor purification prodedures to mark the
enhancement of concentration of the biologically




164/GHB51 - 49 - 18108IA

active components. In the above examples, hydrolysis

of
COCHj

PsﬁiCHZCHZCH2CH2NHﬁCH2SCHZCHZiECOPRO results in the
release of S-carboxymethylhomocysteine,

5 E,
HO,CCHySCHyCHyCHCO,H; hydrolysis of
10 OH HO
Ht il o o
Pn-Ps-CNY' -NCCH, CHZCHzNI-I('2|CH2CH2IC|-PRO
et | S/
o 0
¢ 15
‘4 results in the release of the aminodicarboxylic acid,
HOoCCHyCHSCHyoCHyNE,; and hydrolysis of
. o
NON 20 0 0
. PSEiCH2CH25CHng(CH2)4NH@CH2CH2ﬁPRO results in the
Tt release of S-carboxymethylcysteamine,
Toses’ H,oNCH,CH,SCH,COoH by cleavage of the Ps-A-E-S-B-PRO
. molecule at peptide linkages and other
eesd” 25 hydrolytically-unstable bonds. Chromatographic
. e methods, such as those of Spackman, Moore and Stein,
% may then be conveniently applied and the ratio of
I{ amino acid constituents determined.

Optimal production of IgG antibody requires
30 collaboration of B and T lymphocytes with specificity
for the antigen of interest. T-lymphocytes are
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incapable of recognizing polysaccharides but can
provide help for anti-polysaccharide IgG antibody
responses if the polysaccharide is covalently linked
to a protein which the T cell is capable of
recognizing.

C. Vaccine Form:lations and Utility:

In a preferred embodiment, the conjugate
product is adsorbed onto aluminum hydroxide gel.
This is accomplished, for example, by preparation of
a conjugate stock solution equivalent to a
concentration of 20 pg/ml of Pn-Ps, Portions may be
diluted 1:1, 1:5, and 1:10 with sterile water.
Portions of each of these samples, including a
portion of the 20 pg/ml stock, are diluted 1l:1 with
an alupinum hydroxide diluent containing 0.85 mg/ml
A1*3, 1.7% NaCl (w/v) and 100 pg/mL thimerosol. The
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 between about 0.1
mL and 0.75 mL of each of these formulations are
appropriate for administration to different age and
weight range recipients. The 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, Pnl4-Ps-OMPC, Pnl9F-Ps-OMPC and
Pn23F-Ps-0MPC. 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
herein and processes for making the Ps having those

Y—
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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
to prevent diseases caused by other pathogenic
organisms. For example, the group B streptococci, a
cause of neonatal meningitis, Neisseria meningitidis
B or C, a cause of infantile meningitis, or E. coli,
an important cause of urinary tract and other
opportunistic infections, could be used as
polysaccharide sources. These polysaccharides, as
well as the Pn-Ps and covalent conjugates thereof may
also provide important components for combination
vaccine formulations. Such combinations may, for
example, include immunologically effective amounts of
adjuvant, such as Freunds, Ribi or immunomodulatory
compounds, such as the interleukins, interferons
(see, for example, compounds listed in: Market
Letter, Nov. 30, 1987, p. 26-27; Genetic Engineeriﬁg
Nows, Jen. 1988, Vol. 8, p.23) or additional
immunogens. In a preferred embodiment, a composition
comprising immunologically effective amounts of the
conjugate of this invention is included with one or
more of the vaccines against hepatitis B, hepatitis
A, non-A non-B hepatitis, AIDS, diptheria, pertussis,
tetanus, measels, mumps, rubella, varicella, polio,
or Haemophilus influenzae b. Preferred additional
vacciney, selected from those just mentioned, are
selected from among PevaxHIB®, Recombivax HB®, M-M-R®
and a trivalent DTP vaccrine.

The follow;ng‘examples are provided to
further disclose the invention and should not be read
as limiting on the invention.
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PLE 1
Preparation of Neissesy - 1ingitidis Bll Serotype 2
OMPC
5 A. Fermentation

1. Neigseria meningitidis Group Bll
A tube containing the lyophilized cwulture of
Neisseria meningitidis [obtained from Dr. M.
10  Artenstein, Walter Reed Army Institute of Research
(WRAIR), Washington, D. C.] was opened and Eugonbroth

3ooee (BBL) was added. The culture was streaked onto
RN Mueller Hinton agar slants and incubated at 37°C with
i 5% CO, for 3% hours, at which time the growth was

i 15 harvested into 10% skim milk medium (Difco), and

. aliquots were frozen at -70°C. The identity of the
organism was confirmed by agglutination with specific
antiserum supplied by WRAIR and typing serum supplied

: by Difco.

s 20 A vial of the culture from the second
passage was thawed and streaked onto 10 Columbia
Sheep Blood agar plates (CBAB-BBL). The plates were

R incubated at 37°C with 5% CO, for 18 hours after
which time the growth was harvested into 100 mL of

25 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

30  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
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mL of 10% skim milk medium, aliquotted 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.
S) 2. Fermentation and collection of cell paste
a.  Inoculum Development - The inoculum was
grown from one frozen vial of Neisseria meningitidis
Group B, B-11l from above (passage 4). Ten
Mueller-Hinton agar slants were inoculated and six
10 were harvested approximately 18 hours later and used
as an inoculum for 3 X 250 mL flasks of Gotschlich's
3 esas yeast dialysate medium at pH 6.35. The (Dggqg was
e adjusted to 0.18 and incu. ated until the ODggqy was
) between 1 and 1.8. 1 mL of this culture was used to
" 15  inoculate each of 5 X 2L, Erlenmeyer flasks (each
‘ containing 1 liter of medium; see below) and
incubated at 37°C in a shaker at 200 rpm. The 0.D.
. was monitored at hourly intervals following
@ Tes inoculation. 4 liters of broth culture, at an ODgg
° 20 of 1.28 resulted.
70 Liter Seed Fermenter - Approximately 4
litezs of seed culture was used to inoculate a

o

v o

o
oo0o0o000
© °

LEXX-X)
o

cove’ sterile 70-liter fermenter containing about 40 liters
. of complete production medium (see below). The
Do 25 conditions for the 70-liter fermentation included

37°C, 185 rpm with 10 liters/minute air sparging and

constant pH control at about pH 7.0 for about 2

8 hours. For this batch, the final ODggg was 0.732
after 2 hours.

30 800-Liter Production Fermenter

Approximately 40 liters of seed culture were

used to inoculate a sterile 800 liter fermenter
containing 568.2 liters of complete production medium
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(see below). The batch was incubated at 37°C, 100
rpm with 60 liters/minute air sparging and constant
PH control at pH 7.0. For this batch, the final 0D
was 5.58 thirteen hours after inoculation.

3. Complete Medium for Erlenmeyer flasks and
70-and 800-liter fermenters

Fraction A

L-glutamic acid 1.5 g/liter
NaCl 6.0 g/liter
Na,HPO,.anhydrous 2.5 g/liter
NH,C1 1.25 g/liter
KC1 0.09 g/liter
L-cysteine HC1 0.02 g/liter

Fraction B (Gotschlich's Yeast Dialysate):

1280 g of Difco Yeast Extract was dissolved
in 6.4 liters of distilled water. The solution was
dialyzed in 2 Amicon DC-30 hollow fiber dialysis
units with three H10SM cartridges. 384 g MgSO4.7-Hp0
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
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.
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For the 70 liter fermenter: 41.8 liters of
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.

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
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
through Sharples continuous flow centrifuges. The
weight of the cell paste after phenol treatment was

3.875 kg. Alternately the phenol %illed fermentation

broth was harvested by dialfiltration as described

below.

B. OMPC Isolation

Step 1. Concentration and diafiltration

The phenol inactivated culture was
concentrated to about 30 liters and diafiltered in
sterile distilled water using 0.2-um hollow fiber
filters (ENKA).

Step 2. Extraction

An equal volume of 2X TED buffer [0.1 M TRIS

0.01 M EDTA Buffer, pH 8.5, with 0.5% sodium

| N
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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.

The extract was centrifuged at about 18,000
rpm in a Sharples continuous flow centrifuge at a
flow rate of about 80 mL/minute, at about 4°C. The
viscous supernatant fluid was then collected and
stored at 4°C. The extracted cell pellets were
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
temperature regulated vessel attached to AG-Tech
0.1-um 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
between 11 and 24 psi.

Step 4. Collection and Washing of the OMPC

The retentate from Step 3 was centrifuged 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
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).

Step 5. Recovery of OMPC Product
The washed pellets from Step 4 were
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suspended in 100 mL distilled water with a glass rod
and a Dounce homogenizer to insure complete
suspension. The aqueous OMPC suspension was then
filter sterilized by passage through a 0.22-pum filter
and the TED buffer was replaced with water by
diafiltration against sterile distilled water using a
0.l-pm hollow fiber filter.

EXAMPLE 2
Purification of a Subunit of OMPC:

Preparation of Purified MIEP from OMPC or From
Recombinant Cells by Polyacrylamide Gel
Electrophoresis

Acrylamide/BIS (37.5:1) gels, 18 x 14 cm, 3
mm thick were used. The stacking gel was 4%
polyacrylamide and the separating gel was 12%
polyacrylamide. Approximately 5 pg of OMPC protein
or recombinant host cell protein was used per gel.
To 1 mL of OMPC was added 0.5 mL of sample buffer (4%
glycerol, 300 mM DTT, 100 mM TRIS, 0.001% Bromophenol
blue, pH 7.0). The mixture was heated to 105°C for
20 minutes and allowed to cool to room temperature
before loading onto the gel. The gel was run at
200-49Q00 milliamps, with cooling, until the
Bromophenol blue reached the bottom of the gel. A
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 nosition and the MIEP
area was excised from the remainder of the gel using
a scalpel.

The excised area was cut into cubes (alout 5
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mm) and eluted with 0.01 M TRIS-buffer, pH 8.1.

After 2 cycles of elution the eluate was evaluated
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
eluted 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.

EXAMPLE 3

Culturing Streptococcus pneumoniae subtypes and
Isolation of Crude Pn-Ps:

I. Culturing Pneumococci:

Methods of culturing pneumococci are well
known in the art [Chase, M. W., Methods of Immunology
and Immunochkemistry 1, 52 (1967)]. 1Isolates of
pneumococcal subtypes are available from the ATCC.
The bacteria are identified as encapsulated,
non-motile, Gram-positive, lancet-shaped diplococci
that are alpha-hemolytic on blood-agar. Subtypes are
differentiated on the basis of Quelling reaction
using specific antisera. Master and stock seed
cultures are preferably maintained lyophilized or
below 8°C. In a preferred culture methods, 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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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 stationary
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
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
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
addition of 12% sodium bicarbonate solution until an
optical density of 1.5 to 4.0 is reached. Optica<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>