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Description

The present invention is directed to covalently-modified bacterial polysaccharides and immunogenic
proteins and to covalent conjugates of such polysaccharides linked by a bigeneric spacer. which permits
proot of covalency and facilitates purification and concentration of biologically-desirable entities, with
immunogenic bacterial membrane or other proteins, which conjugates are useful components of bacterial
vaccines. The present invention also relates to methods of preparing such polysaccharides, proteins and
conjugates and methods of confirming the covalency of the conjugate linkage batween polysaccharides and
proteins.

BACKGRCUND OF THE INVENTION

Purified capsular polysaccharides of bacteria have been used to prepare vaccines against the cognate
bacteria, but the resulting immune responses have often been less satisfactory than desirabie, especially in
very young children or individuals with immature or deficient immunoiogical systems. The Haemophilus
influenzae type b capsular polysaccharide, for example, fails to provoke an immune response in infants,
thus making this polysaccharide ineffactive by itself in providing protection against the serious pediatric
medical problems caused by H. influenzae type b bacteria. Enhancement of the immunaogenicity of these
polysaccharides may often be accompiished by combining them with proteins. Ses, for example, Schneer-
son et al ., "Haemophilus Influenzae Type b Polysaccharide-Protein Conjugates:Model for a New Genera-
tion of Capsular Polysaccharide vaccines,” New Dev. with Hum. & Vet. Vaccines, 77-84 (1980); Schneer
son, et al ., J. Exptl. Med., 152, 361 (1880); and Anderson, Infection and Immunity, 39, 233 (1983).

Gare must be exercised In the selection of the protein which is to be combined with these polysau:
charides, however. Certain proteins (e.g., pertussinogen) are non-specific stimulators of the immune system
in infants. These proteins can, to & degree, enhance the immune response to polysaccharide antigens, but
unfortunately, such non-specific activation teads to unwanted biclogical effects {i.e., reactogenicity). The
much preferred specific enhanced immune responses to these polysaccharide antigens can be achieved in
infants by "conjugating™ these polysaccharides to appropriate proteins. as first reported by W. F. Gosbel
and O. T. Avery in 1929 (J. Exptl. Medicine 50 , 521-531 (1928)).

The means of combining the polysaccharide and protein must also be carefully considered. It as is
believed, the immunological enhancement Is realized as a result of the molecular proximity of the
polysaccharide determinants to the protein "camier" determinants, these moieties should not easily separate
in the blological system. Non-covalent complexes, arising from the polyanionic character of the polysac-
charides and the polycationic character of "carrier” proteins, may stimulate immune responses, but these
complexes are chemically labile and the resultant immune responses appear to show T-cell independency.
By contrast, covalent conjugates of polysaccharides and protein would possess much greater chemical
stability and could demonstrate T-cell dependent immune responses.

Covalent polysaccharide-protein conjugates have been claimed in the literature, but the exact nature ol
the covalent linkage has not been proven or quantified since the only assay for covalency has been activity
in vivo and the processes disclosed in the literature have been difficult to reproduce. Haemaophiius
infloenzas type b and Streptococcus pneumoniae type 8A polysaccharides were reacted with cyanogen
bromide, then with adipic acid dihydrazide, then "coupled” with tetanus toxoid or horseshoe crab
hemocyanin proteins in Schneerson et al . J. Exptl. Med. , 152 , 361 (1880) and Infection and Immunity . 40
, 245 (1883). Pneumococcal type 18F polysaccharide was coupled to bovine serum albumin directly by
forming imines (Schiff bases) from the reducing ends of the polysaccharides and the pandant amine groups
{l.e., lysines) of the protein, then reducing these imines with sodium cyanoborohydride (Lin ot al .
immunology . 46 , 333 (1882)). -
—AddMonally, polysaccharides linked to diazotized aromatic amines were coupled to the protein’s
tyrosines in K. K. Nixdorif et al ., Immunology 20 , 87 (1975) and polysaccharides linked to aromatic amines
were converted fo isothioCyanates, which were then linked to the pendant amino groups of the protein's
lysine in S. B. Svenson and A. A. Lindberg, J. immunolog. Methods 25 . 323 (1979). In each case, howsver.
the resulting conjugate was characterized only by its gel permsation chromatographic behavior. In still
another example (S. Nutani et al ., Infection and Immunity 36 . 971 (1982)), the polysaccharide. pullulan.
was activated with cyanuric Thioride, then reacted with tetanus toxoid. In this case, the conjugates were
characterized by electrophoresis and only shown to be different from the starting materials.

in none of these cases was covalency demonsirated other than by the implications of an aggregated
molecular weight, thereby confusing covalency with the Interaction of polyanions and polycations in
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molecular complexes, as these complexes wilt also give an aggregate molecular weight.

It was thersfore an object of this invention to link polysaccharide determinents to protein "carrier”
determinants such that the molecular proximity of these moietles could be maintained in biological systems.
it was another object of this Invention to covalently link capsular polysaccharides with carrier proteins and to
deveiop a method by which the covalent nature of this linkage could be proven and quantified. It was an
additional object of this invention to obtain chemically-stable polysaccharide-protein conjugates which
demonstrate T-cell dependency and which would be useful as vaccine components for eliciting protective
serum antibody to certain bacteria, particularly the cognate bacterta of the polysaccharides used. It was a
further object of this invention to develop a method for solubilizing polysaccharides, particularly polyanionic
polysaccharides, and covalently-modifying these polysaccharides in preparation for preparing the
polysaccharide-protein conjugates. It was one more object of this invention to develop a method of purifying
and concenirating covalently-linked polysaccharide-protein conjugates to remove unconjugated macro-
molecuies and excess reactants. It was stilf a further object of this invention to develop methods of
treatment employing these conjugates in immunologically-effactive vaccines for use against, e.g., meningitis
and ofitis media.

SUMMARY OF THE INVENTION

The present invention is directed to covalently-modified bacterial polysaccharides and to chemically:
stable conjugates of such polysaccharides with covaiently-modified immunogenic membrane proteins, viral
protein subunits, synthetic polypeptides, bacterial toxoids or other suitable immunogenic proteins, which
conjugates are useful components of immunogenic bacterial vaccines. The polysaccharide-protein con-
jugates of this invention are coupled through bigeneric spacers containing a covalent thioether group.
wherein the bigeneric spacers are atom chaing linking macromolecules (such as polysaccharides and
protelns), part of which spacers originate with one modified macromolecule (e.g., the covalently-modified
polysaccharide) and the other part of which originate with the other modified macromolecule (e.g., the
functionalized protein).

in the process according to the instant invention, the polysaccharide is covalently functionalized in one
or more steps to produce a polysaccharide with pendant electrophilic centers or pendant thiol groups.
Preferably, the polysaccharide is first solubilized in a non-hydroxylic organic solvent, then derivatized with a
bifunctional activation agent bafore being reacted with a bis-nucieophile. The nucleophile-functionalized
polysaccharide is then either reacted with a reagent to generate pendant electrophific sites or reacted with a
reagent to generate pendant thiol groups. By proper selection of the bis-nucleophile, i.e., one which would
react with the sctivated polysaccharide and result In a covalently-modified potysaccharide with pendant
electrophitic sites or thiol groups, or selection of the proper nuciecphile, further functionalization of the
nucleophile-functionalized polysaccharide may be avoided.

Independent of the covalent modification of the polysaccharide. the appropriate bacterial "carrier”
protein is reacted with reagents generating pendant thiol groups or with reagents generating pendant
etectrophilic centers, in either a one- or two-step process. The appropriately covalently-modified polysac-
charides and proteins are then reacted to form the covalent polysaccharide-protein conjugates and purified
to remove unconjugated macromolecules and excess reagents and to permit the immunogenic dosage to
be determined based on covalently-linked polysaccharlde.

The covalent nature of the linkage may be absolutely proven and defined by cleaving (as by hydrolysis)
the polysaccharide from its pendant slectrophilic or thiol group moisty, and cleaving the protein from its
pendant thiol or electrophilic group moiety, then analyzing for the thicether-containing bigeneric space:
molecule, such that determination of the spacer concentration relative to a marker amino acid (lysine)
analysis for the protein determines covalency.

immunogenic vaccines containing immunologically-effective amounts of the potysaccharide-protein
conjugates or their derivatives may then be prepared.

DETAILED DESCRIPTION OF THE INVENTION

The conjugates of the Instant invention may be any steble polysaccharide-protein conjugates, coupled
through bigeneric spacers containing a thioether group and primary amine, which form hydrolytically-labile
covelent bonds with the polysaccharide and the protein. Preferred conjugates according to this invention,
however, are those which may be represented by the formulas, Ps-A-E-$-B-Pro or Ps-A'-8-E™-B'-Pro,
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wherein Ps represents a polysaccharide; Pro represents & bacterial protein; and A-E-S-B and A-S-E-B
constitute bigeneric spacers which contain hydrolytically-steble covaient thioether bonds, and which form
covalent bonds (such as hydrolytically-labite ester or amide bonds) with the macromolecules. Pro and Ps. In
the spacer, A-E-S-B, S is sulfur; E is the transformation product of a thiophillc group which has been
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reacted with a thiol group, and is represented by

-i {CH

2)p

e s,

wherein RisHor CH;, andpis1t0 3; Ais

-ﬂiqcnzymr(caz)n-sn-,

wherein Wis O or NH, mis Oto 4, nis O to 3, and Y is CH2,0,S.NR', or CHCOzH, where R' is C+- or G-
alkyt, such that if Y is CHz, then both m and n cannot squal zero, and if Y is O or S, then m is greater than

1 and n is greater than 1; and B is

2

wherein q is O to 2, Z is NH;z,

.NHCR'

, COOH, or H, where R' and p are as defined above, and

i
D is &, NR',

or
HO 0
i 0l g
Then in the spacer, A'-S-E'-B', S is sulfur; A’ Is
H
-CNH (CHz) lllR"- ’

whersin ais 1 to 4, and R" is CHz2, or
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11l
NCCH (CHz)p,

where Y' is NH2 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

R
i
wherein R is as defined above, and B' is
0
i
~C-,
orE'is
i
“-
r
]
0
and

|
B' 18 - (Cﬂz)plc',

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 thiosthersulfur which originates from the covalently-modifiec
polysaccharide with the side of the spacer which originates from the functionalized protein.

The polysaccharides of this invention may be any bacterial polysaccharides with acid groups, but are
not intended to be limited to any particular types. Examples of such bacterial polysaccharides include
Streptococcus pneumoniae (pneumococcel) types 8A, BB, 10A, 11A, 18C, 19A, 19F, 20, 22F, and 23F.
polysaccharides; Group B Streptococcus types 1a, 1b, Il and IN; Haemophilus influenzae (H. flu) type b
polysaccharide; Neisseria meningitidis (meningococcal) groups A, B, G, X, Y, Wia5 and 29E polysac:
charides; and Escherichia coll K1, K12, K13, K92 and K100 polysaccharides. Particularly preferreci
polysaccharides, however, are those capsular polysaccharides selected from the group consisting of H. Hu
type b polysaccharide, such as described in Rosenberg et al , J . Biol . Chem ., 236 , 2845-2849 (1861) anr!
Zamenhof et al ., J . Biol . Chem ., 203 , 895-704 (1953); §tre_ptoac“cu§_b—n_aumoniae {pneumococcal) type
88 or type 6A polysaccharIHE uch as described in Robbins et al ., Infection and Immunity , 26 , No. 3,
1116-1122 (Dec., 1879); pneumococcal type 19F polysaccharide, : such as described in C. J. Lee et al .
Reviews of Infectious Diseases , 3 , No. 2, 323-331 (1981); and pneumococcal type 23F polysaccharide
such as described in O. Larm et al ., Adv . Carbohyd Chem . and Biochem ., 33 , 295-321, R. S. Tipson el

. ed., Academic Press, 1978.

The proteins according to this invention are those of proven safety and demonstrable immunogenicity,
but are not limited to any particular type. Suitable proteins include bacterlal membrane proteins: any of
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various plant proteins, such as edestin or soybean trypsin inhibitor; viral protein subunits, such as hepatitis
A or B, herpes g0 or gC, Epstein-Barr or varicella zoster subunits; synthetic polypeptides; diphtheria toxoid:
or tetanus toxold, but are preferably Nelsseria meningitidis (meningococcal) B serotype ocuter membrane
proteins, which are T-cell stimulators. An example of these serotype proteins has been described in Heiting
et al ., "Serotype Determinant Proteins of Neisserta Meningitidis *, Actapath. Microbiol. Scand. Sect. C, 89 .
89-78 (1981), and Frasch et al ., J. Bact., 127 , 873-081 (1976). -

Then the conjugstes, Ps-A-E-S-B-Pro, according to this invention may contain spacers whose compo-
nents include derivatives of, Inter alla : carbon dioxide, 1,4-butanediamine, and S-carboxymethyl-N-
acetylhomocysteine; carbon dioxide, 7,5-pentanediamine, and S-carboxymethyi-N-acetylhomocysteine; car-
bon dioxide, 3-oxa-1,5-pentanediamine, and S-cerboxymethy!-N-acetylhomocysteine; carbon dioxide, 1.4
butanediamine, and S-carboxymethyl-N-acetylcysteine; carbon dioxide, 1,3-propanediamine, and 5
carboxymethyi-N-benzoylhomocysteine; carbon dioxide, 3-aza-1,5-pentanediamine, and S-carboxymsthyl-N
acetylcysteine; and carbon dioxide, 1,2-ethanediamine, glycine, and S-(succin-2-yl)-N-acetythomocysteine.
The conjugates, Ps-A-S-E'-B'-Pro, according to this invention, may contain spacers whose components
include derivatives of, inter alia : carbon dioxide and S-carboxymaethylcysteamine; carbon dioxide and S-(a-
carboxyethyl)cysteamine; carbon dioxide and S-carboxymethylhomocysteamine; carbon dioxide. S-(succin-
2-ylicysteamine, and glycine; and carbon dloxide and S-carboxymethylcysteine.

In the process of the instant invention, the polysaccharide is covalently-modified by {(a) solubilizing it in
a non-hydroxylic organic soivent, then (b) activating it with a bifunctional reagent, (¢) reacting this activalsd! '
polysaccharide with a bis-nucleophile, and finally, if necessary, further (d) functionalizing this modified
polysaccharide by either reaction, (i} with a reagent generating electrophilic {e.g., thiclphilic} sites or, {ii} wilh
a reagent generating thiol groups. The protein is conversely either reacted (i) with a reagent generating thiol
groups or (ii) with a reagent generating thioiphilic sites, then the covalently-modified polysaccharide and the
functionalized protein are reacted together to form the stable covalently-bonded conjugate and the final
mixture is purified to remove unreacted polysaccharides and proteins.

The process of this invention aliso includes sslection of a nucleophile or bis-nuclecphile 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, the functionalization of the protein to either moisty form may be accomplished in
more than one step according to the selection of reactants in these steps.

A. PREPARATION OF THE P OLYSACCHARIDE

In the first step toward covalently-modifying the polysaccharide. the solid polysaccharide must be
solubilized.

Since the nucleophilic alcoholic hydroxyl groups of a polysaccharide cannot compste chemically for
electrophilic reagents with the hydroxyls of water in an aqueous solution, the polysaccharide should he
dissolved in non-aqueous {non-hydroxylic) solvents. Suitable solvents include dimethyllormamide, dimethyl-
sulfoxide., dimethylacetamide, formamide, N,N'-dimethylimidazolidinone, and other similar polar, aprotic
solvents, preferably dimethylformamide.

In addition to the use of these solvents, Applicants have found that converting the polysaccharides of
their invention (e.g., the capsular polysaccharides of H . Influenzae type b, which are a ribose-ribitol
phosphate polymers, and of pneumococcal typas 6B, 19F and 23F). which have acid hydrogens, such as
phosphoric acid mono- and diesters, into an appropriate salt form. these polysaccharides becoms readily
soluble in the above solvents. The acidic hydrogens in these macromolecules may be replaced by large
hydrophobic cations, such as tri- or tetra~(Ci- to Cs-jalkylammoenium, t-azabicyclof2.2.2]cctane,1.8-dia
zabicyclo [5.4.0Jundec-7-ene or similar cations, particularly tri- or tetra-(Ci- to Cs-)alkylammonium, and the
resultant tri- or tetraalkylammonium or similar salts of phosphorylated polysaccharides readily dissolve in
the above solvents at about 17" -50° C, while being stirred for from one minute to one hour.

Partially-hydrolyzed H . influenzae type b polysaccharide has been converted into the tetrabutylam
monium salt, then dissolved in dimethylsulfoxide (Egan et al ., J . Amer . Chem . Soc ., 104 . 2898 (1982)),
but this product is no longer antigenic, and therefore useless for preparing vaccines. By Contrast, Applicants
accomplish the solubifizetion of an intact, unhydrolyzed polysaccharide by passing the polysaccharide
through a strong acid cetion exchange resin, in the tetraalkylammonium form, or by careful neutralization ol
the polysaccharide with tetraalkylamnmonium hydroxide, preferably by the former procedure, and thereby
preserve the viability of the polysaccharide for immunogenic vaccine use.
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Subsequent steps are then directed to overcoming the other significant physico-chemical limitation e
making covalent bonds to polysaccharides, that being the lack of functional groups on the polysaccharides.
other than hydroxyl groups, which are reactive enough with reagents commonly or practically used fo:
functionalization of units with which bonding Ig desired. Activation of the polysaccharide to form an activated
polysaccharide, reaction with bis-nucleophiles to form a nucleophile-functionalized polysaccharide, and
functionalization with reagents generating either electrophllic sites or thiol groups, are all directed to
covalently-modifying the polysaccharide and developing functional groups on the polysaccharide in prepara-
tion for conjugation.

in the next step, the solubilized polysaccharide is activated by reaction with a bifunctional reagent at
about 0°-50° C, while stirring for ten minutes to one hour, with the crucial weight ratio of activating agent to
polysaccharide In the range of 1:5 to 1:12. In the past, this activation has been accomplished by reaction of
the polysaccharide with cyanogen bromide. However, derivatives activated with cyanogen bromide, which
has a proclvity” for vicinal diols, have shown translent stability during dialysis against a phosphate buffer.
Therefore, while activation with cyanogen bromide is still possible according to the present invention, this
reagent is poorly utilized in activation of polysaccharides and is not preferred. Instead, preferred bifunctionat
reagents for activating the polysaccharide Include carbonic acid derivatives,

nz-i-n:‘,

wherein R2 and R? may be independently, azolyl, such as imidazolyl; hafides; or phenyt esters, such as p -
nitrophenyl, or polyhalophenyl. h

Carbonyldiimidazole, a particularly prefarred reagent, will react with the hydroxyl groups to form
imidazolylurethanes of the polysaccharide, and aryichloroformates, including, for exampte, nitrophenyich-
loroformate, will produce mixed carbonates of the polysaccharide. in sach case, the resulting activated
polysaccharide is very susceptible to nucleophilic reagents, such as amines, and is thereby transformed
into the respective urethanes.

In the next stage, the activated polysaccharide s reacted with a nucleophilic reagent, such as an amine.
particularly diamines, for example,

Hi (CHz)mY(CHz)n-zﬂ,

wherein mis Oto 4, nls O to 3, and Y is CHz, O, S, NR', CHCOzH, where R' is H or a C1 -or Cz -alkyl,
such that if Y is CHz, 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, in a gross excess of amine (l.e., for example, a 50- to 100-fold molar excess of amine
vs. activating agent used). The reaction is kept in an ice bath for from 15 minutes to one hour then kept for
15 minutes to one hour at about 17° to 40" C.

An activated polysaccharide, when reacted with a diamine, e.g., 1.4-butanediamine, would result in a
urethane-form polysaccharide with pendant amines, which may then be further functionalized by acylating
Mixed carbonates will also readily react with diamines to result in pendant amine groups.

Alternatively, the activated polysaccharide may be reacted with a nucleophile, such as a mon
ohaloacetamide of a diaminoalkane, for example, 4-bromoacetamidobutylamine (see, W. B, Lawson et &l ..
Hoppe Seyler's Z . Physiol Chem. , 348 , 251 (1968)), to generate a covalently-modified polysaccharide
with pendant electrophillc sites. Or, the activated polysaccharide may be reacted with an aminothiol, such
as cysteamine (aminoethanethiol) or cysteine, examples of derivatives of which are well-known in the art of
peptide synthesis, to produce a polysaccharide with pendant thiol groups. In both cases, no additional
functionalization is necessary prior to coupling the covalently-modified polysaccharide to the moadifieci
bacterial "carrier" protein.

The last step in preparing the polysaccharide, the further functionalization, if necessary, of the
polysaccharide, may take the form of either reacting the nucleophile-functionalized polysaccharide with a
reagent to generate electrophilic {l.e., thiophilic) sites, or with a reagent to generate thiol groups.

Reagents suitable for use in generating electophilic sites, include for example, those for acylating to o-
haloacetyl or a-halopropionyl, derivative such as
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Hex

.

(wherein R is H or CHa; X is Cl, Br or I; and X' is nitrophenoxy, dinitrophenoxy, pentachiorophenoxy.
pentafluorophenoxy, halide, O-(N-hydroxysuccinimidyl) or azido), particularly chloroacetic acid or o
bromopropionic acid, with the reaction bsing run at & pH of 8 to 11 {maintained in this range by the addition
of base, if necessary) and at a temperature of about 0" to 35 C, for ten minutes to one hour. An amino-
derivatized polysaccharide may be acylated with activated maleimido amino acids (see, O. Keller et al .
Helv . Chim . Acta ., §E , 531 (1975)) to produce maleimido groups, -

o)

~C(CHy) i

wherein p is 1 to 3; with a 2-haloacetyling agent. such as p-nitrophenylbromoacetate; or with an o
haloketone carboxylic acid derivative, 6.9.,

@i

(Ber ., B7 , 1204, (1934)) in order to produce appropriately functionalized polysaccharides susceptible to

thio substitution.
Reagents suitable for use in generating thiol groups include, for example, acylating reagents, such as

thiolactones, e.g.,
4
R EN fﬂ 2 ) p
Y 4
5 '

wherein R* is C:- to Cs-alkyl or mono- or bicyclic aryl, such as CgHs or CigHiz, and pis 1 to 3;

Iucons

'oasscaztca H-COX',

2'm
wherein m is 0 to 4, RS is Ci- to Ce-alkyl or CsHs, and X' is as defined above, followed by treatment with
HSCH2CH20H; or

Incons

C,H -S----S-—CH2 (CH HCOX "',

275 Z)m
wherein m, R and X' are as defined immediately above, then treatment with dithiothreitol. Such reactions
are carried out in a nitrogen atmosphere, at about 0 to 35 C and at 2 pH of 8 to 11 {with base added, as
necessary, to keep th pH within this range), for one to twenty-four hours. For exampie, an amino-derivatized
polysaccharide may be reacted with
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HCOCH 3

0

to produce an appropriately-functionalized polysaccharide.
By these steps then, covalently-modified polysaccharides of the forms, Ps-A-E™- or Ps-A'-SH-, whersin
E"is -CCHX or

i
~C( CH2 ) pN '

and A, A', R, X and p ere as defined above, are produced.

B. PREPARATION OF THE PROTEIN

Separate functionalization of the protein to be coupled to the polysaccharide, involves reaction of the
protein with one or more reagents to generate a thiol group, or reaction of the protein with one or more
reagents to generate an electrophilic i.e., thiophtiic) center.

in preparation for conjugation with an electrophitic-functionalized polysaccharide, the protein is reacted!
in one or iwo steps with one or more reagents to generate thiol groups, such as those acylating reagents
used for generating thiol groups on polysaccharides, as discussed on pages 15-17 above. Thiolated
proteing may aiso be prepared by aminating carboxy-activated proteins, such as those shown In Atassi et al
., Biochem et Biophys . Acta , 670 , 300, (1881), with aminothiols, to create the thiclated protein, A preferred
embodiment of this process step Invoives the direct acylation of the pendant amino groups (i.e., lysyl
groups) of the protein with N-acatylhomocysteinethiolactone at about 0" to 35° C and pH 8-11, for from five
minutes to two hours, using equiweights of reactants.

When E'B’ is

(CH,) pg'

the condltions and method of praparing the functionalized protein are as discussed above on pages 15-17
for preparing the counterpart polysaccharide by reaction with activated maleimido acids.

In preparing for conjugetion with a covalently-modified bacterial polysaccharide with pandant thiol
groups, the protein is acylated with a reagent generating an slectrophilic center, such acylating agents

including, for example,
L ana o= |
XCH,C-X' and XCH - (X',
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wherein X and X' are as defined above; and

CO E
Q)(cnz)a -X! r

wherein X' is as defined above. Suitable proteins with electophilic centers also include, for example, those
prepared by acylation of the pendant lysyl amino groups with a reagent. such as activated maleimido acids.

for example,
0

or by reacting the carboxy-activated protein with monohatoacetyl derivatives of diamines. In both prepara
tion reactions, the temperature is rom 0" to 35" C for from five minutes to one hour and the pH is from 8
to 11.

C. FORMATION OF THE CONJUGATE

Formation of the conjugate is then merely a matter of reacting any of the covalently-modified
polysaccharides having psndant electrophilic centers with any of the proteins having pendant thiol groups al
a pH of 7 to 9, in approximate equiwsight ratios, in a nitrogen atmospheare. for from six to twenty-four hours
at from about 17" 10 40" C, to give a covalent conjugate. Examples of such reactions include:

EE IHCOCH3
Ps- CHZC52C52C32NH CHzBr + HSCHZCHZ HCO-Pro

-

EHCOCH 3

Psng52C82C32C32NH CHZSCH2CH HCOPro,

2

wherein an activated polysaccharide which has besn reacted with 4-bromoacetamidobutylamine is reacted
with & protein which has been reacted with N-acetylhomocysteinethiolactone, to form a conjugate. and:
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PsiﬁY' -ﬁECHz + HSCH ZCHZNHECH 2C!H zﬂl?r o >

o)

PsﬁNHY' K'Hi(.'!l-l2 - ' f!-l 2 CH 2NH@CH ZCHngr o
s

{where y" is a Cz-Csalkyi radical), wherein an amino-derivatized polysaccharide which has been reacte«
with activated maleimido acids is reacted with a carboxy-activated protein which has been aminated with an
amingthiol, to form a conjugate.

Similarly, any of the covalently-modified polysaccherides with pendant thiol groups may be reacted with

~ any of the proteins having pendant electrophilic centers to give a covalent conjugate. An example of such a

reaction Is:

PSENHCBZCEst + PIOECHZCH2E-N (CH2)4NHC0CHzBr N

PSEECK2CH 2SCH 2@1 (CH 2 ) 4NHECH 2CI-I ZEPI‘O ¢

wherein an activated polysaccharide which has been reacted with an aminothiol is reacted with a carboxy-
activated protein which has been reacted with monohaloacetyl derivatives of a diamine, to form a conjugate.

Should the slectrophilic activity of an excess of haloacetyl groups need to be eliminated, reaction of the
conjugate with a low moiecuiar weight thiol, such as n-acetylcysteamine, will accomplish this purpose. Use
of this reagent, n-acetylcysteamine, also allows confirmation accounting of the haloacety! moleties userl
(ses Section D}, because the S-carboxymethylicysteamine which is formed may be uniquely detected bv
the method of Spackman, Moore and Stein.

These conjugates are then centrifuged at about 100,000 X G using a fixed angle rotor for about two
hours at about 1~ to 20" G, or are submitted to any of a variety of other purification procedurss, including
gel permeation, ion exclusion chromatography, gradient centrifugation, or other differantial adsorption
clwomatography, to remove non-covalently-bonded polysaccharides and proteins, using the covalency
assay for the bigeneric spacer (see balow) as a method of following the desired blological activity.

The further separation of resgents may be accomplished by size-exciusion chromatography in
column, or in the case of very large, non-soluble proteins, such as N. meningitidis B serotype outer
membrane protein, this separation may be accomplished by ultracentrifugation.

D. ANALYSIS TO CONFIRM C OVALENCY

Analysis of the conjugats to confirm the covalency, and hence the stability of the conjugate, is
accomplished by Applicants by hydrolyzing {preferably with 8N HCI at 110" C for 20 hours) the conjugate,
then quantitatively analyzing for the amino acid of the hydrolytically-stable spacer containing the thiosthe:
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bond and constituent amino acids of the protein, The contribution of the amino acids of the protein may be:
removed, if necessary, by comparison with the appropriate amino acid standard for the protein invoived.
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
covalency assay is also useful to monitor purlfication procedures to mark the enhancement of concentration
of the biologically-active components. In the above examples, hydrolysis of

HCOCB3

PSENCHZClizCHzCH 2NH@CH 2SCH 2CH 2EI-‘.(C'OPI o

results in the release of S-carboxymethylhomocysteine,
Hy
nozccnzscnzcuz HCOZH:

hydrolysis of

PSENHY " NH@CHZ /CHZCH2NHECH ,CH ZEPL'O

results In the release of the aminodicarboxylic acid,

502CCH 2EI!S(.':H 2CH ZNH 2¢
302

and hydrolysis of

PsﬂNCH 2CH 2SCH 2@3 (CH2 ) 4Nl!ﬁC}H 2CH ZEP!: o

results in the release of S-carboxymethylicysteamine, H2NCH2CH2SCH, CO2H by cleavage of the Ps-A-E-S
B-Pro molecule at peptide linkages and other hydrolytically-unstable bonds. Chromatographic mathocdis.
such as those of Spackman, Moore, and Stein, may then be conveniently applied and the ratic of aminn
acid constituents determined.

E. APPLICATIONS

One or more of the conjugates of this invention may be used in mammalian species for ither active m
passive protection prophylactically or therapeutically against bacteremia caused by the cognate organism.
such as, in the preferred embodiments of this invention, Haemophilus influenzae type b or Streptococcus
pneumoniae type 6B, 18F or 23F organlsms. Active protection may be accomplished by injecting an
effective amount (a quantity capable of producing measurable amounts of antibodies, e.g., 2 to 50 ug)-of
polysaccharide in the conjugate form of each of the conjugates being administered per dose, whole
antiserum obtained from animale previously dosed with the conjugate or conjugates, or globulin or othe
antibody-containing fractions of said antisera, with or without a pharmaceutically-acceptable carrier, such as
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aseptic saline solution. Such globulin is obtained from whole antissrum by chromatography, sait or alcohnl
fractionation or electrophoresis. Passive protection may be accomplished by standard monoclonal antibody
procedures or by immunizing suitable mammalian hosts. The use of an adjuvant (e.g.. alum) is also
intended to be within the scope of this invention.

‘In a preferred embodiment of this invention, the conjugate is used for active immunocgenic vaccination
of humans, especially infants and children. For additional stability, these conjugates may also be lyophilized
in the presence of lactose (for exampls, at 20 g/mi of H. flu polysaccharide/d mg/mi lactose or 50 g/ml ol
pneumococcal polysaccharide/10 mg/mi lactose) prior to usse.

A preforred dosage leve! is an amount of each of the conjugates or derivative thereof to be
administerad corresponding to 25 g of polysaccharide in the conjugate form for conjugates of pneumocor:
cal polysaccharides and 10 (g of polysaccharide in the conjugate form for conjugates of H. flu type I»
polysaccharide in a single administration. If necessary, an additional one or two doses of conjugate o
derivative thereof of the H . influenzae type b polysaccharide in an amount corresponding to 10 ug of the
polysaccharide in the conjugate form, may also be administered.

The invention is further defined by reference to the following examples, which are intended to be
illusirative and not limiting.

EXAMPLE 1

FREPARATION OF H. INFLUENZAE TYPE b CAPSULAR POLY SACCHARIDE (PRP)

INOCULUM AND SEED DEVELOPMENT

A Stage : A lyophilized tube of Haemophilus Influenzae type b, {cultured from Ross 768, received from
State Unlversity of New York). was suspended in 1 ml of sterile Haemophilus inoculum medium (see below)
and this suspension was spread on nineteen Chocolate Agar Plates (BBL). After 20 hours incubation al
37" C in a candle jar, the growth on each plate was resuspended in 1-2 ml Haemophilus inocuium medium
and pooled. -

Haemophilus Inoculum Medium*

Soy Peptone 10 gm/liter
NaCl 5 gm/liter
NaH,PO, ' 3.1 gm/liter
NaZHPO4 13.7 gm/liter
K,EPO, , 2.5 gm/liter
Distilled Water : To Volume

* The pH of the solution is adjusted to a target
value of 7.2 + 0.1 (a typical value was pH 7.23) and
the solution was sterilized by autoclaving at 121°C
for 25 minutes.

B Stage : 2-Liter Non-baffled Erlenmeyer Flasks One-third portions of the resuspended bacteria from "A
stage” (above) were used to (noculate three two-liter flasks, each containing about 1.0 liter of complete
Haemophilus seed and production medium (see below). The flasks were then incubated at 37°C on a rotary
shaker of 200 rpm for about § hours. A typical ODsso value at the end of the incubation period was 0.37.
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Complete Baemophilus Seed & Production Medium

NaH2P04 3.1 g/1
Na2HPO4 13.7 g/1
Soy Peptone 10 q/1
Yeast extract diafiltrate (1) 10 ml/1
K, HPO, 2.5 g/1
NaCl 5.0 g/1
Glucose (2) 5.0 g/1
Nicotinamide adenine

dinucleotide (NAD)- (3) 2 mg/l
Hemin (4) 5 mg/l

The salts and soy peptone were dissolved in small volumes of hot. pyrogen-free water and brought to
correct final volume with additional hot, pyrogen-free water. The fermenters or flasks were then sterilized iot
about 25 minutes at 121" C and after cooling, yeast extract diafiltrate (1), glucose (2), NAD (3), and hemin
(4) were added aseptically to the flasks or fermenters prior to inocutation.

(1) Yeast extract diafiitrate: 100 g brewers' yeast exiract (Amber) was dissolved in 1 liter distilled water
and ultrafiltered in an Amicon DC-30 hollow fiber with H10X50 cartridges to remove molecules with m.w.
50,000. The filtrate was collected and passed through a 0.22u membrane as a sterile product.

(2) Glucose was prepared as a sterile 25% solution in glass-distilied water.

(3) A stock solution of NAD containing 20 mg/m! was sterilized by filtration through a Millipors filten
(0.221) and added assptically just prior to inoculation.

(4} A stock solution of Hemin 3X was prepared by dissolving 200 mg in 10 mi of 0.1M NaQH and the
volume adjusted with distilled, stertlized water to 100 ml. The solution was sterilized for 20 minutes at
121" C and added asepticaily to the final medlum prior to inoculation.

C Stage : 70-Liter Seed Fermenter - Three liters of the product of B Stage was used to inoculate a 70-
liter Termenter containing 41.4 liters of Complete Haemophilus Seed & Production medium {prepared as
described above) and 17 m| UCON B825 antifoam. The pH started at 7.4.

The fermentation was maintained at 37 C with 100 rpm agitation and monitored by optical densily
{0.D.) and pH determinations until a typical 0.D. of 0.39 was reached (after about 5.5 hours).

D Stage: 800-Liter Praduction Fermenter

Approximately 40 iiters of the product of "C Stage" was used to inoculate an 800-liter fermenter
containing 570 liters of production medium (prepared as described above). scaled to the necessary volume
and 72 of UCON LB625 antifoam.

The fermentation was maintained at 37 C with 100 rpm of agitation. with the O.D. and pH levels beiny
checked about every two hours until the O.D. was simitar for a two-hour period, at which time the
fermentation was terminated (a typical final 0.D. was .54 after 12 hours.).

HARVEST AND INACTIVATION

Approximately 800 liters of the batch was inactivated by harvesting into a "kill tank™ containing 12 liter=
of 1% thimerosal.

CLARIFICATION
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After 18 hours inactivation at 4~ C, the batch was centrifuged in 4-in. bowl Sharples centrifuges at a flow
rate adjusted to maintain product clarity (variable between 1.3 and 3.0 liters/min.) The supernatant obtaina!
after centrifugation (15,000 rpm) was used for product recovery.

ISOLATION AND CONGENTRATION BY ULTRAFILTRATION

The supernatant fluid from two production fermentations was pooled and concentrated at 2-8"Cina
Romicon ultrafiltration unit with ten (50,000 Daltons cut-off) hollow fiber cariridges (4.5 m? membrane area:
2.0 1pm air flow and 20 psi; concentration such that after approximately 4.5 hours, 1200 liters had been
concentrated to 32.5 liters. The flitrate was discarded.

48 and 61% ETHANOL PRECIPITATION

To the 32 5 liters of Romicon retentate, 30 liters of 95% ethano! was added dropwise over 1 hour with
stirring at 4 C to a final concentration of 48% ethanol by volume. The mixture was stirred two additional
hours at 4° C to ensure complete precipitation, and the supernatant fluid was collected through a single 4
inch Sharples centrifuge at 15,000 rpm (flow rate = .27 liters/min. The insoluble pellst was discarded anci
the clarified fluid was brought to 61% ethanol with the addition of 20.8 liters of additional 95% ethanol ove
a one hour period. The mixture was stirred for three additional hours to insure complete precipitation.

RECOVERY OF THE SECOND PELLET

The resulting 48% ethanol soluble-81% ethanol-insoluble precipitate was collected by centrifugation in
the 4-inch Sharples centrifuge at 15,000 rpm (flow rate = 0.62 liters/min.) and the 61% ethano! supernatan
fluid was discarded. The crude product yield was 0.377 kg of wet paste.

CALCIUM CHLORIDE EXTRAGTION

The 377 grams of 61% ethanol-insoluble material, was mixed in a Daymax dispersion vessel at 2- 8"«
with 6.5 liters of cold, glass-distilled water. To this mixture, 8.5 liters of cold 2M CaClz.2H, O was added.
and the mixture {final concentration = 1.0M CaClz} was extracted at 4" C for 15 minutes. The vessel was
then rinsed out with 2 liters of 1M CaClz.2H20, resulting in 15 liters final volume.

23% ETHANOL PRECIPITATION

The 15 liters of CaCla exiract from above was brought to 23% ethanol by adding 4.48 liters af 95%
ethanol dropwise, with stirring, at 4" C over 30 minutes. After additional stirring for 17 hours, the mixture
was centrifuged through a K2 Ultracentrifuge at 25,000 rpm (flow rate = 185 ml/min) for 8.5 hours at 4’ ¢
The supernatant fluid was decanted through cheese cloth to remove lipid-like floating material and the
insoluble pellet was discarded.

37% ETHANOL PRECGIPITATION AND COLLECTION OF CRUDE PRODUCT PASTE

The 23% sthanol-soluble supernatant fluid was brought to 37% sthanol by the addition of 4.33 liters ol
95% ethanol, dropwise with stirring, over a 30 minute period. The mixture was then allowed to stand with
agitation for one hour, then without agitation for 14 hours, to ensure complete precipitation. The resulting
mixture was then centrifuged in a 4-inch Sharples unit at 15,000 rom (flow rate = 0.2 liters/minute) o
collect the pelleted crude polysaccharide.

TRITURATION
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The pellet from the centrifugation was transferred to a 1-gallon Waring Blender containing 1 liter of
absolute alcohol and blended for 30 seconds at the highest speed. Blending was continued at 30 seconds
on and 30 seconds off until a hard, white powder resuited. The powder was coliected on a Buchner funnel
with a teflon filter disc and washed sequentially in situ with two 1-liter portmns of absolute ethanol and twn
2-liter portions of acetone. The material was then dried in vecuo , at 4" C, for 24 hours, resulting in 68 g
{dry weight) of product.

PHENOL EXTRACTION

The 88 grams of dry material from the trituration step was resuspended in 12 liters of 0. 488 M sodium
acetate, pH 6.9, with the aid of a Daymax dispersion vessel. The sodium acetate solution was immediately
extracted with 4.48 liters of a fresh aqueous phenol solution made as follows: 900 ml of 0.488 M sodium
acetate, pH 6.9, was added to a five-pound bottle of phenol (Mallinckrodt crystaliine) in a 20-liter pressure
vessel and mixed until a complete solution was effected. Each pheno! extract was centrifuged for 2-1/2
hours at 30,000 rom and 4° C In the K2 Ultracentrifuge {Electronucleonics) in order to break the emulsion.
The aqueous effluent was extracted three additional imes with 3.2 fresh aqueous phenol solution in a
similar manner. The phenol phases wers discarded.

DIAFILTRATION
The aquecus phase from the phenoi extractions above (17.6 iiters) was diluted with 300 fiters of cold.
glass-distiled water and diefiltersd at 4" C on an Amicon DC-30 ultrafiltration apparatus using 3 HIOPI0

cartridges. The Amicon unit was rinsed and and the rinse added to the retentate, such that the final volume
was 17.5 liters. The ultrafiltrate was discarded.

67% ETHANOL PRECIPITATION

438 liters of 2.0 M CaCl, was added to the 17.5 liters of dialysate from the previous step (final CaCl»
concentration was 0.05 M ) and the solution was made 87% ethanol with dropwise addition over one hour of
35.88 liters of 95% ethanol to the rapidly-stirring solution. After 4 hours of agitation, then standing for 12
hours more at 4 C, the clear supernatant fluid was siphoned off and the precipitate was collected by
centrifugation in the 4-inch Sharples centrifuge (15,000 rpm), at 4° C for 45 min. The resulting polysaccha-
ride pellet was triturated in a 1-galion Waring blender using the 30 seconds on-30 seconds oft method with
2 Iiters of absolute ethanol, collected on a Buchner funnel fitted with a tefion filter disc, and washed in situ
with four 1-liter portions of absolute ethanol followed by two 1-liter portions of acetone. The sample was
then dried in a tared dish in vacuo at 4" C for 20 hours. The yieid was 3¢ grams of dry powder.

ULTRACENTRIFUGATION IN 20% ET HANOL AND COLLECTION OF FiINAL PRODUCT

The 39 grams of dry powder from above was dissoived in 15.21 fiters of distilled water, to which was
added .39 liters of .05M CaCl;.2H, 0, bringing the solution to .05M CaCl: and the total volume to 15.6 liters
(2.5 mg polysaccharide:ml), and the mixture was brought to 24% ethanol with the dropwise addition of 4.93
liters of 95% ethanal over 30 minutes. The mixture was clarified immediately by centrifugation in a K2
Ultracontrifuge containing a K3 titanium bowl and a K11 Noryl core (30.000 rpm and 100 mixmin) for 3.5 hrs
at 4" C. The peliet was discarded and the clear supernatant fiuld (volume = 19.8 liters) was brought to 37
sthano! by the addition of 4.23 lters of 95% ethanol over 30 minutes wuth agitation. After stirring 30
additional minutes, the mixture was aliowed to stand without agitation at 4° C for 17 hours and, then
collected through a 4-inch Sharples centrifuge at 15,000 rpm (45 minutes was required).

The resulting paste was transferred to a 1-gallon Waring blender containing 2 liters of absolute ethanof
and blended at the highest speed 4 or 5 cycles of 30 seconds on-30 seconds off, untit a hard, white powder
formed. This powder was collected on a Buchner funnel with a Zitex teflon disc and rinsed sequentially in
situ with two fresh .5-liter portions and one 1-liter portion of absolute sthanol, and with two 1-liter portions of
acatone The product was removed from the funnel and transferred to a tared dish for drying in vacuo at
4" C (for 25-1/2 hours). The final yield of the product was 34.7 grams dry weight, and its properties were as
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follows:

TABLE 1-1
HIb POLYSACCHARIDE

CHEMICAL ASSAY DATA

Assay Result
Moisture (TG) 13.5%
Protein 0.0%
Nucleic Acid 1.3%
Ribose (pentose) 35.1%
Phosphorus 7.8%
KD (Sepharose 4B) .05 .35
K. (Sepharose 2B) .43 .60

D

The following procedures were used in performing the assays.
1. Moisture - Standard thermogravimetry (wt. loss to 100" C) using a Perkin-Elmer thermobalance TSG- |
2. Protein - Lowry method; Lowry et al ., J. Biol. Chem., 183: 265 {(1951),
3. Nucleic Acid - U. V. method; Warburg and Christian, Biochem Z., 310 : 384 (1942).
4. Ribose - Bial method; Dische and Schwartz, Mickorochim Acta 2 :13 (1937).
5. Phosphorus - Molybdate method; Chen et al ., Anal. Chem. 28 | 1756 (1956).
8. K'p - Determined on Sepharose 4B using refractive index.

TABLE 1-2
PYROGENIC SUBSTANCES TEST
(HIb Polysaccharide)

Concentration Max. Temp. Rise*
(meg/ml/kg}) 0°C (3 rabbits)
0.1 (polysac.) 0.2, 0.2, 0.1

*1.0 ml/kg dose

The polysaccharide was further identified by Agar Gel Diffusion as follows: Double diffusion on agas
(Ouchterlony) was performed using Hyland pattern D plates. Antiserum prepared against the Rogs 76R
strain of H. influsnzae was placed in the center wells while the butk polvsaccharide, at concentrations of 50,
25, 12.5, 6.2 and 3.1 mcg/ml, was placed in the sateliite wells. The plate was incubated at 20-25" C in n
moist chamber for 24 hours. Precipitin bands were observed between the bulk polysaccharide and the
specific antiserum at polysaccharide concentrations of 50, 25 and 12.5 mcg/mi.

EXAMPLE 2
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A. Fermentation

1. Neigseria meningitidis Group B11

Atube contalning the Tyophilized culture of Neisseria meningitidis (obtained from Dr. M. Artenstsin.
Walter Reed Army Institute of Research (WRAIR), Washington, D.C.) was opened and Eugonbroth (BBL)
was added. The cuiture was sireaked onto Chocolate agar plates (BBL) and incubated at 37 C with 5%
CO2 for 38 hours, at which time the growth was harvested into 10% skim milk medium (Difco), aliquoted
and frozen at -70° C. The organism was positively identified by agglutination with specific antiserum
supplied by WRAIR and typing serum suppiied by Difco.

This first-passage culture was streaked onto Chocolate agar plates and incubated at 37 C with 5%
CO: for 18 hours, at which time the growth was harvested into 10% skim milk medium, aliquoted into 1
mi amounts and frozen at -70" C. The organism was again positively identified by agglutination with
specific antiserum supplied by WRAIR and typing serum supplied by Difco.

A vial of the culture from the second passage was thawed and streaked onto 10 Columbia Sheep
Blood agar plates (CBAB-BBL). The plates wers incubated at 37 C with 5% CO- for 18 hours, after
which time the growth was harvested into 100 mi of 10% skim milk medium, aliquoted in 0.5 mi amounts
and frozen at -70" C. The orgenism was positively identifled by agglutination with specific antiserum.
sugar fermentation and gram stain.

A vial of the culture from this this passage was thawed, diluted with Museller-Hinton Broth and
streaked onto 40 Mueller-Hinton agar plates. The plates were incubated at 37" C with 8% CO2 for 18
hours after which time the growth was harvested into 17 m! of 10% skimmed milk medium, aliquoted in
0.3 m| amounts and frozen at -70" C. The organism was positively identified by Gram stain, agglutination
with specific antiserum and the oxidase test.

2. Fermentation and collection of cel! paste

a. Inoculum Development The inoculum was grown from two 0.5 mi frozen vials of Neisseria
memingitidis Group B, B-11 from above (passage 4). Four Musller-Hinton agar Blake botiles were
inoculated, harvested approximately 18 hours later, and used as an inoculum for 5 liters of Gotsch-
lich's yeast diafysate medium at pH 7.29. The O.D. was adjusted to 0.085 at 660 nm (Perkin Eimer).
The organism was grown in § two-liter Erlenmeyer flasks (each containing 1 liter of medium; see
below) at 37 C in a shaker. The 0.D. was monitored at 45-, 75- and 120-minute intervals.
Approximately 4 liters of broth culture, at an 0.D.sco of 0.81 (Spectronic 20), resulted.

A 3 ml sample was taken for Gram stain, isolation streakes onto CBAB, Musller, Hinton, and yeasl
extract dextrose plates and agglutination check. All reactions were satisfactory.

b. 70 Liter Seed Fermenter Approximately 3800 ml of sead culture was used to inoculate a sterile 70-
liter fermenter contalning 42.6 liters of complete production medium (see below).

The conditions for the 70-lter fermentation included 37 C, 185 rpm with 10 liters/minute air
sparging and constant pH control at pH 7.0 for 5.5 hours.

The culture was plated onto Mueller-Hinton agar plates, yeast extract dextrose and rabbit blood

ager plates (Merck) at 37" G and tested for aggiutination with N. meningitidis group B antiserum. The
growth on Mueller-Hinton agar plates, yeast extract dextrose plates and rabbit blood agar plates was
normal and the agglutination reaction was positive. For this batch. the final Q.0). was 0.840 at 660
microns &fter 5.5 hours.
c. B00-Liter Production Fermenter Approximately 48.2 liters of seed culture were used to inoculate a
sterife 800 liter formenter containing 568.2 liters of complete production medium (see below). The
batch was incubated at 37" C. 100 rpm with 80 liters/minute air sparging and constant pH control al
pH 7.0,

Before the batch was Inactivated, the culture was plated on Muelier-Hinton agar plates, yeast
extract dextrose plates and rabblt blood agar plates at 37 C and tested for agglutination with N.
meningitidis group B antiserum. The growth on Mueller-Hinton agar plates, yeast extract dextrose and
rabbit blood agar plates was normal and the agglutination reaction was positive. For this batch, the
final O.D. was 2.24 thirteen hours after inoculation.

3. Complete Medium for Nephelomster flasks and 70- and B0O-liter farmenters
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Fraction A

L-glutamic acid 1.5 g/liter
NaCl 6.0 g/liter
Na2HP04.anhydzous 2.5 g/liter
NH401 1.25 g/liter
KCl 0.09 g/liter
L-cysteine HCl 0.02 g/liter

Fraction B {Gotschlich's yeast dialysate)
1280 gm of Difco Yeast Extract were dissoived in 8.4 liters of distilled water. The solution was dialyzed in
2 Amicon DC-30 hollow fiber dialysis units with three HIOSM cartridges. The dialysate and 384 gm
MgS0..7Hz20 and 3200 gm dextrose were dissolved In the dialysate and the total volume brought up to
15 liters with distilied water. The pH was adjusted to 7.4 with NaOH and sterilized by filtration through
Millipore (0.22 ) and added 1o the fermenter containing Fraction A.
For the Nephieometer 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 Fraction A and 800 ml of Fraction B were added and the pH was
adjusted to 7.0-7.2 with NaOH.
For the B80O-liter fermenter: 553 liters of Fraction A and 15.0 liters of Fraction B were added and the pH
was adjusted to 7.0-7.2 with NaOH.
d. Harvest and Inactivation After the fermentation was completed, phenol (0.5% v/v final concentration)
was added to a separate vessel, to which the cell broth was then transferred. The material was held at
room temperature with gentle stirring untll the culture was no longer viable (about 24 hours}.
. Centrifugation After about 24 hours at 4°C, the 614.4 liters of Inactivated culture fiuid was
centrifuged through Sharples centrifuges. The weight of the cell paste after phenol addition was 3.875

kg.

B. lsolation

Step 1. Washing of Bacterial Cells

For each isolation, a two hundred gram aliquot of the above 0.5% phenol-inactivated paste was
suspended in a 800 ml portion of sterile distilled water and stirred magnetically to granular suspensions.
The suspended cells were peleted at 20,000 xg for 80 minutes at §° C (Beckman 19 Ti rotor, 14,500 rpm).

Step 2. Extraction

The washed cells were suspended in 2000 m) of 0.1M Tris-0.01M EDTA Buffer pH 8.5 with 0.5%
sodium deoxycholate {TED Buffer) with a Sorvall 2 quart omnimixer at setting 3 for 60 seconds. The
homogeneous suspension was tranferred to 16 Erlenmeyer 500 mi flasks for extraction at 56°C in
shaking waterbath for 15 minutes (st temperature).

The extract was centrifuged at 20,000 xg for 60 minutes at 5~ G {Beckman 18 Ti rotor, 14,500 rpm). The
viscous supernatant fluids were then decanted (iotal volume = 1880 ml} and stored at 4°C.

The extracted cell pellets were resuspended in 2000 ml TED Buffer as described immediately above
The suspension was extracted for 15 minutes at 568" C and centrifuged as above. The supernatant fluids
were decanted (volume = 2100 ml) and stored at 4°c.

Step 3. Concentration by Uitrafiltration

The extraction supernatants from Step 2 were pooled (total volume = 4005 ml) . Two liters of the poal
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were dispensed into a 2 liter New Brunswick fermentation vessel attached to a Miliipore Pallicon filter
apparatus fitted with two 0.45 micron durapore membranes {(1/2 sq. ft. surface area). The extract super-
natant was held at 25° C In the fermentation vessel throughout the 90-minute concentration process. The
sample was concentrated tenfold at an average transmembrane pressure of 27.5 psi.

Step 4. Coflection and Washing of the Serotype Protein

The retentate from Step 3 (205 ml) was centrifuged to pellet the serotype protein at 160,000 xg for
hours at §° C (Beckman 45 Ti rotor, 37,000 rpm). The superatants were decanted and discarded.

The protein pellets were weighed (8.12 grams) and then suspended in TED Buffer (190 m{ buffer; 20
mligram pellet) manually with a glass rod and a Dounce homogenizer. The suspension was extracted al
56" C for 15 minutes (at temperature) in a 500 mi Erlenmeyer flask with shaking. The suspension was
centrifuged at 160,000 xg for 2 hours at 5" C (Beckman 45 Ti rotor, 37,000 rpm). The supernatant fluid was
decanted and discarded (volume = 180 ml). The pellets were washed a second time in 190 ml of TED
Buffer, as above.

Step 5. Recovery of Product

The washed protein pellets from Step 4 were suspended in 100 m| distilled water with a glass rod and a
Dounce homogsnizer to insure complete suspension. A Lowry Protein value of 17.0 mg/ml was obtained foi
this suspension. At this point. 200 mg of the suspension were reserved for experimental use. The remaining
bulk suspension (81 ml) was diluted to 8.0 mg/ml with 102.4 ml glass distiled water. The aqueous
suspension was centrifuged at 12,000 xg for 15 minutes to clear it of aggregates (Beckman 45 Ti rotor.
10,000 rpm).

The supernatant product was withdrawn carefully by pipet to avoid the soft aggregate pellet. The
product was labeied {volume = 1825 ml) and aliquots were assayed for sterility and pyrogen (sterile
product; no pyrogens). The product was stored at 4° C as a sterile bulk until use in conjugation at which
time it was analytically characterized. The Yield was 8.5 mg Lowry Protein.gram of original cell paste.
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Table 2-1
MENINGOCOCCAL B SEROTYPE 2 PROTEIN SOLUTION
CHEMICAL ASSAY DATA

Assay Result
Protein
Lowry 4.1 mg/ml

Nucleic Acid*
RNA (Bial) 1.8%
DNA (Diphenylamine) 0.6%

Neutral Sugarst
Anthrone 1.05

Sialic Acig* 3.0%

Molecular Weight
SDS-PAGE 40,8004

*Calculated as percent of Lowry protein.

The following procedures were used in performing the assays:
1. Protein - as in Exampie 1.
2. Nucleic Acid - Golor development was observed with the orcinol reaction (Bial) which corresponded k¢
1.8% RNA caiculated as a percentage of the protein concentration. The diphenylamine test for DNA
indlcated a 0.6% DNA content caiculated as a percentage of the protein in the bulk solution.
3. Neutral Sugars - The neutral sugar content calculated as a psrcentage of protein was found using the
anihrone colorimetric test. (Scott and Melvin, Anal. Chem. 25 , 1858, 1953),
4. Sialic Acid - The sialic acid content was found using the resorcinol-HCl method (Svennerholm.
Blochem. Blophys., Acta 24 , 604, 1957).
5. Molecular Weight - The molecular welght of the mercaptoethano! denatured protein as determined by
SD3 pelyacrylamide gel electrophoresis (Nature 227:680 (1970), LKB Application Note 306).

EXAMPLE 3

PREPARATION OF H. INFLUENZAE TYPE b POLYSACCHARIDE - N. MENINGITIDIS B SEROTYPF
OUTER MEMBRANE PROTEIN CONJUGATE

. Preparation of Dowex S0X8 (200-400 mesh) in the tetra-n-butylammonium tform

380 ml of fresh Dowex 50X8 (200-490 mesh) strong acid cation exchange resin (Bto-Rad) was charged
to & sterile chromatography column and washed with 1500 ml of sterilized, distilled (sd) water and soaker
overnight in 800 ml of sd water. The resin was then sequentially washed with one liter of 60:40-sd
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water:msthanol, one liter 40:60-sd water:methenol, and one liter of sd water, The resin was then sterilized
by soaking in 650 ml of 3N hydrochloric acld {200 ml HCI, diluted to 800 ml with water). This acid-form
resin was aged 19.5 hours and then weshed free of excess acid with Hz0.

To this column was then added 700 ml of a 1:1 mixture of water:40% tetrabutylammonium hydroxide.
which was percolated through the resin untll the effluent was basic (pH™ 10). The resin was washed free of
excess base with approximately 2 liters of water and then transferred to a sterile jar. The final offlusnt was
sterile and pyrogen free.

Il. Preparation o_f th_e tetra-n -butylammonium sait of H. influsnzae type b polysaccharide(HIb}

A 250 mi round bottom flask fitted with a magnetic stirrer was charged with 3.29 g of Hib and 84 ml ol
water. The mixture was stirred for 20 minutes and then an additional 15 ml of water was added. Stirring was
continued for an additional 30 minutes until all HIb was in solution. The Hib solution was then applied to 150
mi of Dowex 50X8 (200-400 mesh, tetrabutyl ammonium form) in a 45 mm X 270 mm column. Ten ml oi
water was used as a rinse. The column was topped with water and pressure was applied with a hand pump
(through a Millex FG .22 w fiiter).

Fifty mi fractions were collected in sterile Nalgene centrifuge tubes (50 mi) and each tube was assayer!
for organic material by applying an approximately 10 il aliquot, using a sterile melting point capillary, to a
silica gel plate. The plate was sprayed with a CelV(SO«)2/H2SO. solution (1% CelV {S04)z in 10% aqueous
sulturic acid), heated on a hot plate and the "organic™ aliquots were detected as black spots. A total of 190
mi from tubes 2, 3, 4, and 5 were combined in a sterile 250 ml centrifuge tube, mixed and then subdivided
squally among six tared 250 ml round bottom flasks, labeled A through F. An aliquot was tested and found
to be sterile and pyrogen free.

The contents of the six flasks were frozen in dry ice-acetone, appended to two portable 3 cutlet vacuum
manifolds and lyophilized. The vacuum manifolds were removed to the laminar flow hood and the flasks
removed and sealed in sterllized paper bags. These wers stored in a dessicator over P;Os under high
vacuum and at -20° C. A dry sample had the same K as the starting Hlb.

M. Preparation of Polysaccharide-Butanediamine Adduct (Hib-BuAa)

Step A: Preparation 9! EE 1,4-butanediamine solution

1.48 grams of 14-butanediamine dihydrochloride was charged to a 100 mi round bottom flask ancl
dissolved in 58 m| water. 5.0 ml of 2.6N NaOH was added, adjusting the pH to 10.35. The solution was
filtered through a 0.22 1 Sybron-Nalge filter and set aside.

Step B: Activation of Hib and reaction with 1,4-butanediamine

To flask A (from section I} containing 0.84 g of the tetra-n -butyl ammonium salit of PRP was added a
magnetic stir bar and 17.5 ml of dimethylformamide. The mixture was stirred at room temperature for 25
minutes at which point almost all the material appeared to be in solution.

80 mg of carbony| diimidazole was weighed into & sterile 6 mi serum vial and then added in one portion
to the DMF solution. The flask was capped and the solution was stirred at room temperature for 35 minutes.
During this time, 32 mi of the butane diamine solution prepared in A was charged to a 100 m! round botiorn
flask containing a magnetic stir bar and stirred in an ice bath for about 5 minutes.

After the 35 minute stir time, the DMF solution was added, with a pipst, to the cold 1,4-butane diamine:
solution. Stirring in the ice bath was continued for 15 minutes, at which time the ice bath was removed, anri
stirring continued for an additional 17 minutes.

Step C: Dialysis and Lyophiiization

The solution was then transferred to autoclaved Spectropor 2 dialysis tubing (cyl. vol. 8.21 mifmm; 17
inches) , and was dialyzed in a 4" C room. First, the solution was dialyzed vs. 8 liters of 0.01M phosphate
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butfer at pH 7.0 for 5 hours, then dialyzed twice vs, a fresh 8 liters of phosphate buffer, first for 5 hours.
then for 11 hours. Finally, the solution was dialyzed vs, 18 fiters of water for 6 hours.

The dlalysate {ca. 125 mi) was subdivided into two 250 ml round bottom flasks after an afiquot was
taken for sterllity and pyrogen testing (results: sterile and pyrogen free). The contents of these flasks were
frozen in dry-ice acetone and lyophilized by the method of Section It above. A total of 480 mg was

obtained.
The fluorescamine assay Indicated 468 nmoles of NHa/mg.

(V. Preparation of Polysaccharide-Butanediamine-Bromoacetamide {Hib-BuAz-BrAc)

Step A: Preparation of p-nitropheny! bromoacetate

8.30 grams (45 mmole) of bromoacetic acid and 6.25 g (45 mmole) of p -nitrophenol were charged fo A
250 ml round bottomn flasik and dissolved in 50 mi methylene dichioride (CH2Clz). The solution was stitred in
an ice bath for 10 minutes and then 10.3 g (50 mmolse) of dicyclohexyicarbodlimide, dissoived in 10 ml of
CH.Clz, was added to it. The reaction mixture was then stirred at 4~ C for 17.25 hours.

The precipitated dicyclohexylurea was then filtered and the filtrate concentrated to dryness in vacuo
The yellow residue was added to 35 ml of 1-chlorobutane, then recrystallized, affording 6.5 g of producl.
m.p. 85-87 " C, and this product was added to 100 ml of cyclohexane, then recrystallized yielding 4.59 g p-
nitropheny! bromoacetate, m.p. 86-87°C.

Calculations for CBHSNO‘Br were

C, 36.92; H, 2.30; N, 5.38:; Br, 30.77
Found: C, 37.66; H, 2.48; N, 5.28; Br, 30,57.

The 'H NMR sSpectrum was in accord.

Step B. Reaction of Hib-BuA,

380 mg of Hib-BuAz, prepared in section Hl above {from 2 flasks), was dissolved in 37 mi of a pH 9.15
buffer in a 250 mi round bottom flask with a magnetic stir bar. To this solution was added 346 mg of p-
nitrophenyl bromoacetats (from Step A above) in 9 ml of acetonitrile and the mixture was stirred at 4" G for
24 hours, then transferred to 18" of dialysls tubing (Spectropor 2, see Section Hl). This solution was then
di_alyzed vs. 18 liters of water for 5.25 hours and then vs. a fresh 18 IHers of water for 17.25 hours (both a
4 C).

The 100 m! of dialysate was sequentially filtered through a 0.45 p. Sybron Nalge filter and a 0.20 1.
filter. Then it was divided equally into six 100 ml round bottom flasks. then frozen and lyophitized as in
section [l. A total of 0.28 g of HIb-BuAz-BrAc was obtained. The flucrescamine assay indicates 128 nmoles
NHz/mg, resulting in 340 nmoles bromoacetyl groupsimg by difference. The rate nephelometry assay
indicates the same antigenicity as the starting polysaccharide.

V. Conjugation of Hib-BuAz -BrAc to Functionalized N. Meningitidis membrane protein (NMP)

Step A. Functionalization of NMP v_v@ N-acetyl homocysteine thiolactone

To a 6 mi serum vial containing 42 mg ethylens diamine tetracetic acid and 8 mg dithiothreitol, gas
added 5 mi of pH 11.3 borate buffer. 3.8 mi of the above solution was charged to a 50 ml round bottom
flask and 11.5 mi of a solution of Neisseria meningitidis outer membrane protein (NMP) was added. The pH
of the resulting mixture was adjusted to 11.39 with 40-50 1l of 2.5N NaOH.

The flask was capped with a mushroom type serum stopper and the air replaced by nitrogen using a
Firestone vaive (ACE Glass Co.). 53 mg of N-acetythomocysteine thiolactone was added in a nitrogen box,
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and the resultant soilution was aged in the N2 atmosphere at room temperature for 18.7 hours. This solution
was then applied to a cclumn containing 120 ml of Sephadex G25 {fine), which was operated in the nitrogen
box. Elution was with pH 8 phosphate buffer and 5 ml fractions were collected and assayed by the Eliman
test for thiols. Baseline separation of high molecular weight (i.e., protein) thiol from lower molecular weigh!
material was effected.

Step B. Conjugation

The high molecular weight fractions were combined and added to one of the 50 ml flasks containing
0.08 g of Hib-BuA,-BrAc (section IV). This solution was aged in the Nz box at room temperature for 6 hours
and charged to a sterile Spectropor dialysis tubing and dialyzed at 4" C vs, 18 liters of water for 15 hours.
then dialyzed vs. a fresh 18 liters of water for 24 hours.

Step C. Ceantrifugation

The dialysate (approximately 32 ml} was transferred with a pipet in 256 ml and 7 ml fractions to two
polycarbonate centrifuge tubes and centrifuged at 4" C for 2 hours at 37,000 rpm {100,000 xg) in a
Beckman Ti 80 rotor. The supernatant flulds were decanted and the pellets were transferred to a Dounce
homogenizer with about 8 ml of water, homogenized and returned to one of the centrifuge tubes. This tube
was filled to 25 ml with water, effecting a complete resuspension, and the tube was recentrifuged at 37,000
rpm, (100,000 xg) at 4° G for 2 hours. The second supernatants were decanted and the pellets Dounce:
homogenized in 8 mi of water. The homogenate was transferred to a sterile 15 mi nalge centrifuge tube and
diluted to 15 ml with water.

After aging at 4  C overnight, 2 small amount of flocculent solid appeared and this was removed by =
short (5 min.) spin in a clinical centrifuge at about 25600 rpm.

The above activation, conjugation and centrifugation procedurss were repeated twice in like manner
They were analyzed for protein, and polysaccharide content, S-carboxymethylhomocysteine (SCMHC).
lysine ratio, sterility and pyrogenicity. All samples were sterile and pyrogen free. The other resuits ave
presented in the Table below.

Polysaccharide Protein :
Run pg/ml - _bg/ml Ratio SCMHC/lysine
105 1210 .09 .011
154 1700 .09 .019
166 1800 .09 .027

The consistency of the ratio of polysaccharide to protein which characterizes the conjugate confirms the
reproducibility of the process, and the ratio of S-carboxymethylhomocysteine to lysine is an indication of
the reaction efficiency, with a result greater than 0 proving the covalency of the bond between the
covatently-modified polysaccharides and proteins.

The solutions were combined for the cfinicat lot and lyophilized in the presence of tactose (20 g ml
polysaccharide/d mg/mi lactose).

EXAMPLE 4

PREPARATION OF H. INFLUENZAE TYPE b POLYSACCHARIDE-N. MENINGITIDIS B SEROTYPE OUTER
MEMBRANE PROTEIN CONJUGATE "CAPPED™ WITHIN N-ACETYLCYSTEAMINE

The preparation of functionaltzed polysaccharide, Hlb-BuA;-BrAc, is the same as in Example 3
{Sections | through V). The preparation of functionalized NMP is the same as in Example 8 (for the
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preparation of Step B (II1)-NMP conjugate) Section IVA,

To a flask containing 4 ml of thiolated protein (5.81 moles SH by Eliman assay) was added 58 mg of
Hib-BuAz-BrAc (300 nanomoles bromoacetyl by ditference). The flask was sealed with 2 septum, degassed.
with the air being replaced by nitrogen, and the solution was aged for 18.5 hours. 8 ml of water was added
and the solution was transferred to a 10 ml polycarbonate centrifuge tube and centrifuged for 2 hours at
43,00 rpm in a Beckman 75 Tl rotor at 4" C. The supernatant was removed and the pellet was resuspendec
with a Dounce homogenizer In 10 mi of a pHS8, 0.1M phosphate buffer containing 106 mg of N-
acetylcysteamine, the solution was degassed and aged at room temperature for 19.5 hours.

tt was then centrifuged as above (43,000 rpm, 4" C, 2 hours, 75 Ti rotor) . The pellet was suspenderi
(without homogenization) in 8.7 ml of water and recentrituged as above. The resuitant peilet was resusper
ded with homogenization in 25 ml of water and then diluted to 30 m| with water affording an agueous
suspension of the "capped™ product.

The analysis of the conjugate was:

Polysaccharide Protein HIB/Protein
Concentration Concentration Concentration
188 ug/ml 1200 pg/ml 0.157

spinco: SCMHC/lysine = (.096
S-carboxymethylcysieamine/lysine = 0,20

EXAMPLE 5

ANTIBODY RESPONSE TESTS IN ANIMALS WITH H. INFLUENZAE TYPE b POLYSACCHARIDE-N
MENINGITIORS B SEROTYPE QUTER MEMBRARNE PROTEIN CONJUGATE

An H . influsnzae type b polysaccharide-N . meningitidis B serotype outer membrane protein conjugate
prepared lyophilized according to the procedure of Example 3 was tested for immunogenic response in
ICR/Ha mice and Rhesus monkeys of various ages, and the results were tabulated in Tables 2 and 3.

The analysis of the conjugate was:

Polysaccharide Protein Ps/Protein Yield
Concentration Concentration Ratio Ps
276 uwg/ml 2.38 mg/ml 0.12 6.1%
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TABLE 5-~1
Serum Antibody Response of ICR/Ha Mice at
Various Ages Immunized with H. influenzae type b
Polysaccharide-Protein Conjugates

RIA Titer (GMT) ng ab/ml

Sample ' Mouse age, days*
7 21 28 35
H. flu polysaccharide-
protein conjugates 282%x 2111 8645 15860
201**

* age at the time of the first injection; mice
injected s.c. with 2 uqg/0.1 ml on days 0, 14;
bled day 21.

** sgeparate litter; 7-8 mice in all groups.

The potency of the H . influenzae type b polyseccharide conjugate was tested in mice and the results

shown in Table 2. The conjugale proved to be highly immunogenic.

TABLE 5-2
Thymic Dependency Studies in Nude (Athymic)
Mice Immunized with H. influenzae type b
Polysaccharide-Protein Conjugates

Dose RIA Titer (GMT) ng ab/ml

Sample is /R /e
Polysaccharide Mice® Mice*
H. flu polyssccharide- (1) 2.5 1,802 11,362
protein conjugates (2) 1,304 8,712
Saline control (1) - 50
2) 55

o 4: bled 21.

The response in Nu/Nu mice averaged about 15% of the response in Nw + mice, indicating that the

conjugate was a thymus-dependent antigen.

27



10

15

25

a0

46

&0

56

EP 0 161 188 B1

TABLE 5-3
Serum Antibody Response of Rhesus Monkeys
Immunized with H. influenzae type b Polysaccharide-
Protein Conjugates

Rhesus : RIA Titer (GMT) ng ab/ml

Monkeir Dose days

Age* Polysaccharide 0 14 28 42
2-3 months 20 ng 50 116 195 3036

4 months 20 g 50 41.4 437 1548
18 months 20 ug 124 5858 4785 7447

* Three monkeys per group.

As shown in Table 2, the H . influenzae type b polysaccharide conjugats induced a high immunogenic
response is Rhesus monkeys of various ages, aiso.

EXAMPLE 6

THE CONJUGATION OF PNEUMOCOCCAL POLYSACCHARIDE TYPE 19F AND OUTER MEMBRANE
PROTEIN OF NEISSERIA MENINGITIDIS - '

I: Preparation of the tetra-n-butylammonium salit of Pneumacoccal Type 18F polysaccharide .

A 25 m! round bottom flask fitted with a magnetic stirrer was charged with 50 mg of polysaccharide
type 19F (Merck) and 5 ml of H20, and the mixture was stirred for 20 minutes. The solution was then
applied to a 3 mi column of Dowex 50x8 (200-400 mesh, tetrabutylammonium form), eluted with water, and
coliected in a 25 mi Erlenmeyer flask.

The solution was assayed for polysaccharide content on silica gel plates sprayed with CelV(504)
/H,80. solution, then heated on a hot plate, resulting in the aliquots containing polysaccharide being
detectable as black spots. The solution containing polysaccharide 19F was freeze dried and 52 mg was
recovered.

Il. Reaction of the tetrabutylammonium salt of pneumococcal type 19F with carbonyldiimidazole followed by

Step A: Preparation o_f the 1,4-butanediamine solution

40 mg of 1,4-butanediamine dihydrochloride was dissolved in 1.0 ml of H20 and adjusted to pH 9.1%
with 2.5N NaOH.

Step _B_ Activation 91‘ type ]_BE polysaccharide and reaction ﬂg 1,4-butanediamine

To a 25 ml round bottom flask containing 20 mg of type 19F polysaccharide in the tetrabutylammaoniurm
form, was added a magnetic stir bar and 4 m! of dimethyl sulfoxide (DMSQO). The mixiure was stirred al
room temperature for 20 minutes at which point all material was in solution. 5 mg of carbonyldiimidazole
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was added and the reaction was stirred for 30 minutes at room temperature. During this time, the 1.4
butanediamine solution prepared In Step A was charged to a 25 mi round bottom flask with a magnetic sfir
bar and stirred in an ice bath for about 5 minutes. After the 30 minutes stir time, the DMSC solution was
added, with a pipet, to the cold 1,4-butanediamine solution. Stirring in the ice bath was continued for 15
minutes, at which time the ice bath was removed, but stirring was continued for an additional 15 minutes a!
room temperature.

Step C: Dialysis and Lyophilization

The solution was then transferred to Spectropor 2 dialysis tubing and dlalyzed in 2 4 G room with
stirring. The solution was first diatyzed vs. 4 liters of .01M phosphate buffer at pH 7.0 for 8 hours, then
dialyzed vs. 4 liters of .01M phosphate buffer at pH 7.0 for 8 hours. Finally, the solution was dialyzed vs 4
liters of water for 6 hours. The solution was then lyophilized and 19 mg of the butanediamine derivative of
type 19F polysaccharide (19F-BuA;) was recovered. Fluorescamine assay indicated 100 nanomoles ol
NHa/mg of material.

lil. Reaction o_f 19F-BuA; with p-nitrophenyl bromecacetate

Step A: Reaction of 19F-Bul;

15 mg of 19F-BuA;, prepared in |l above was suspended in 2 mi of pH 9.15 buffer in a 25 mi round
bottomn flask with a magnetic stir bar and stirred for 10 minutes until all material had gone into solution. To
this solution was added 15 mg of p-nitrophenyl bromoacstate dissolved in 0.2 ml of acetonitrile. The mixture
was stimed at 4" C for 24 hours and transferred to Spectropor 2 dialysis tubing. This was dialyzed twice
against 4 liters of H20. The sample was freeze dried and 8 mg of the N-bromoacetylated derivative of 191
BuA; (19F-BuAz-BrAc) was obtained.

Fluorescamine assay indicated 57 nanomoles NHz/mg, resulting in 43 nanomoles of bromoacety!
groups:mg, by difference.

IV. Conjugation of 18F-BuA;BrAc to Functionalized Outer membrane protein of Neisseria Meningitidis
{NMP) - - -

Step i Functionalization o_f NMP with N-acetylhomo cystein thiolactone

43 mg of ethylenediamine tetraacetic acid and 8 mg of dithiothreitol were dissolved in 5 mi of saturated
borate buffer, pH 11.30. 0.4 m| of the above solution was charged to a 15 ml centrifuge tube and 1 mi (13.7
mg) of a solution of Neisseria meningitidis outer membrane protein {NMP) was added. The solution was
degassed and placed under Nz atmosphers at room temperature for 16 hours. The solution was then
diluted 1o a total volume of 2.5 mi, by adding 1.1 ml of pH 8.0 phosphate buffer. This solution was then
applled to a PD10 column (Sephadex G25M), which had been pre-equifibrated under N: with pH 8.0
phosphate buffer. The sample was eluted with 3.5 m! of pH 8.0 phosphate buffer. Thiol content was
determined by the Eliman assay and found to be 1.89 umoles/sample. 2.5 ml of the sample were applied o
a second PD10 column also pre-equilibrated with pH 8.0 phosphate buffer. It was eluted with 3.5 mi of pH
8.0 phosphate buffer. Thicl content by Ellman assay was .44 wmoles/sample. :

Step B: Conjugation

To the 15 mi pyrex centrifuge tube containing the protein solution was added 9 mg of 19F-BuAz-BrAc
from HI above. This solution was aged in a Nz giove box at room temperature for 6 hours. it was then
charged to Spectropor 2 dialysis tubing and dialyzed at 4" C vs. 4 liters H,0 for B hours and then again vs
4 liters H20 for 8 hours. An aliquot was freeze drled for amino acid analysis.

Found:
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lys G.141 umoles/mg
SCMHC .0062 umoles/mg, with this value greater

than 0 proving covalency.

Step _C_ Centrifugation

The dialysate {approximately 10 ml) was transferred with a pipet to a polycarbonate centrifuge tube and
centrifuged at 4° C for 2 hours at 37,000 RPM (100,000 xg) in a Beckman TI60 rotor. The supernatants were
poured off and the pellsts were transferred to a homogenizer with about 2 ml of Hz0, where it was
homogenized and returned to one of the centrifugs tubes. This was filled to 10 mi with H20 and
recentrifuged at 37,0600 RPM (100,000. xg) at 4" C for 2 hours. The second supematant was poured off and
the peliet homogenized in 8 ml of H20. The homogenate was stored in a plastic 15 ml centrifuge tube and
testad for immunogenicity.

TABLE 6-1
Serum Antibody Response of ICR/Ha Mice

Immunized with Pneumococcal 19F-Meningococcal B
Serotype Outer Membrane Protein Conjugate

Dose ug
Sample Polysaccharide RIA Titer (GMT) ng ab/ml*
Pgl9F-Pro
conjugate 0.5 17,338
* Mice injected i.p. on days 0, 7, 28; bled on day 35.

As shown in Tabie 6-1, the conjugate proved to be highly immunogenic.
EXAMPLE 7

THE CONJUGATION OF PNEUMOCOGCAL POLYSACCHARIDE TYPE 18F AND THRICE-PURIFIED
HEMP SEED GLOBULIN (EOESTIN) _

I: Preparation of 1?_1_9_ tetra-n-butylemmonium salt of Pneumococcal Type 18F polysaccharide.

A 50 ml round bottom flask fitted with a magnetic stir bar was charged with 105 mg of polysaccharide
type 19F {Merck) and 6 ml of water. The mixture was stirred for 20 minutes and the solution applied to a
ml column of Dowex 50 X 8 (200-400 mesh, tetra-n-butylammonium form). The column was eiuted with
water and the eiuant was collected in & 50 ml Erlenmeyer flask. The eluant was assayed for polysaccharide
content on silica ge! plates, sprayed with CalV (S04)2/H280. solution and then heated on a hot plate. The
aliquots containing polysaccharide were detected as black spots. The solution containing polysaccharide
19F was freeze dried and 112 mg of the tetra-n-butylammonium salt of 19F was recovered.

Il Reaction of the tetra-n-butylammonium salt of Pneumococcal type 19F with carbonyldiimidazole followed
by reaction with 1,4-butanediamine -

Step A: Preparation of the 1,4-butanediamine solution

30



10

15

20

25

30

45

55

EP © 161 188 B}

175 mg of 1,4-butanediamine dihydrochloride was dissolved In 7 m! of Hz©O and the pH of the sotution
was adjusted to 9.5 with 2.5N NaOH.

Step 9_ Activation of type ﬁ polysaccharide g_r_lg reaction with 1,4-butanediamine

To a 50 ml round bottom flask containing 112 mg of type 19F polysaccharide in the telrabutylam-
monium form was added a magnetic stir bar and 5§ ml of dimethy! sulfoxide (DMSO). The mixture was
stired at room temperature for 10 minutes at which point all material was in solution. 13 mg of
carbonyldiimidazole was added and the reaction was stirred for 35 minutes at room temperature. During this
time the 1,4-butanediamine solution prepared in Step A above was charged into a 50 ml round bottom flask
having a magnetic stir bar and sitting in an ice bath and the solution was stirred for about 5 minutes. Aftes
the 35 minute stiring time, the DMSO solution was added, with a pipet, to the cold 1 .4-butanediamine
solution. Stirring was continued for 15 minutes, at which time the ice bath was removed, and resumed fo1
an additional 15 minutes with the solution at room temperature.

Step C: Dialysis and Lyophilization

The solution was then dialyzed in Spectropor 2 dialysis tubing at 4" C with stirring. The solution was
first dialyzed vs. 4 liters of .01M phosphate buffer at 7.0 pH for 8 hours, then dialyzed vs. 4 liters of .01M
phosphate buffer at 7.0 pB for 8 hours. Finally, the solution was dialyzed vs. 4 liters of water for 4 hours.
The solution was then lyophilized and 80 mg of the butanediamine derivative of type 19F polysaccharide
(19F-BuA;) was recovered. Fluorescamine assay tndicated 77 nanomoles of NHz/mg.

lil. Reaction of 19F BuAgz with p-nitrophenyl bromoacetate.

Step A; Reaction of 19F-BuAg

50 Mg of 19F-BuA; prepared in Section Il above was suspended in 4 ml of pH 9.15 buffer in a 25 ml
round bottom flask with a magnetic stir bar and stirred for 10 minutes until all material was in solution. To
this solution was added 50 mg of p-nitrophenyl bromoacetate dissolved in 0.5 ml of acetonitrile. The mixture
was stirred at 4" C for 24 hours and then transferred to Spectropor 2 dialysis tubing. This was dialyzed
twice against 4 liters of water. The sample was then freeze dried and 44 mg of the N-bromoacstyl derivative
of 18F-BuA; (19F-BuAz-BrAc) was obtained. Fluorescamine assay indicated 7.5 nanomoles NHzmg
resulting in 89.5 nanomoles bromoacety! groups/mg by difference.

V. Conjugation o_f 19F-BuAz-BrAc to functional iz_eE gp_c_!_ purified Hemp Seed Globulin (Edestin).

Step A: Purification 9_{ Edestin ﬂ ig_lj performance liquid chromatograhy (HPLC)

240 mg of twice crystallized edestin from hemp seed (Sigma) was dissolved in 4 ml of 3M guanidine,
pH 7.0. The sample was shaken vigorously and 0.1 ml of mercaptosthanol was added. Upon shaking,
great deal of foam was formed.

The sample was allowed to stand at room temperature for one hour and centrifuged in a table top
centrifuge to remove the foam and filtered thru a Millex-GV 0.22 micron filter (Millipore). Half of the sample
(2 ml, 120 mg) was then injected on to a prep size TSK 3000 molecular sieving column with the following
parameters: flow rate: 1 mi/min.. A\ max: 280 nm; solvent: 3M guanidine: UV range: 2.0; chart speed: 0.25
cm/min,

The appropriate fractions as detected by UV were collected and dialyzed in Spectropor 2 dialysis
tubing against 30 liters of water for 16 hours. Replacement of 3M guanidine with water during dialysis
caused precipitation of the purified edestin.

The eniire sample was transferred from the dialysis bag to a centrifuge tube and centrifuged in a table
top centrifuge for 5 minutes. The pellst which contains the purified edestin was collected and dried undes
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vacuum over P20s. The other half of the original sample (2 ml, 120 mg) was then injected and carried
through identical steps. 110 mg of purified edestin was isolated. The purlfied edestin was then dissolved in
2.0 mi of 3M guanidine, centrifuged, filtered and rechromatographed two additional times using the same
procedure. After three purifications, a total of 18 mg was isolated which was a single peak on an analytical
B TSK 3000 column.

Step B: Functionalization of thrice-purified edestin

3 mg of ethylenediamine tetraecetic acid and 5 Wl of mercaptoethanol were placed in 1 ml of 3M
guanidine. To this solution was added 14 mg of thrice-purified edestin prepared in Step A above. The pH of
the solution was adjusted to 9.5 with 20 i of 2.5M NaOH and the solution was degassed and placed undes
Nz. 13 mg of N-acetylhomocysteine thiolactone was added In a nitrogen box, and the resultant solution was
aged in the Nz atmosphere at room temperature for 16 hours.

The solution was then diluted to a final volume of 2.5 ml, by adding 1.4 ml of 3M guanidine, and
applied to a PD10 column (Sephadex G25M Pharmacia) which had been pre-squilibrated under Nz with 3M
guanidine. The sample was eluted with 3.5 ml of 3M guanidine. Thiol content was determined by the Eflman
assay and found to be approximately 4.38 umoles/sample. 2.6 ml of the sample was applied to a secont
PD10 column, also pre-equilibrated with 3M guanidine then eluted with 3.5 ml of 3M guanidine. Thicl
content by Eliman assay was 3.24 umoles/sample.

Step C: Conjugation

To the centrifuge tube containing the edestin solution was added 7 mg of bromoacetylated type 19F
polysaccharide (19F-BuAz-BrAc) (section Hl). This solution was aged in the N2 box at room temperature foi
6 hours. It was then charged to Spectropor 2 dialysis tubing and dialyzed twice, each time vs. 4 liters of
water for 8 hours. The entire sample was freeze dried and a small portion was sent for amino acid analysis.

Found: lysine, 0,105 umoles/mg;
SCMHC, 0.003 umoles/mg, proving covalency of the bond between the modified polysac-
charides and proteins.

EXAMPLE 8

PREPARATION OF STREPTOCOCCUS AGALACTIAE (STREP B-TYPE IlI) POLYSACCHARIDE -N.
mgﬁénﬁml‘é‘o—u—éﬁn MEMBRANE PROTEIN CONJUGATE ~

100 mg of Step B {IIY) polysaccharide (prepared essentially according to the method of U.5. Patenl
4,413,057 to Carlo et al ) was dissolved in 4 ml of water and applied to a 7 ml column of Dowex 50 x
(200-400 mesh) cation exchanged resin, tetrabutylammonium form. The column was eluted with water and
the fractions {3 mi) were checked for organic material by the CelV{SC4):/H2804 method. The appropriate
fractions were lyophylized and 100 mg of the tetra-n -butylammonium salt of Step B (Ill) polysaccharicl
was obtained.

II: Preparation of Polysaccharlde - Butanediamine Adduct (Strep B (l-BuAg)

50 mg of the Strep B {lll) tetrabutylammonium sait was suspended in 2.5 mi of dry dimethylformamide
(DMF) and stirred for 10 minutes until complete solutton was accomplished. 5 mg of 1,1-carbony!
dilmidazole was then added in one portion and the solution was stored at room temperature for 35 minutes.
This solution was than added to 3 mf of a solution containing 80 mg of 1,4-butanediamine 2HCI whoss pH
had been adjusted to 10.3 with 25N NaOH, and which had been cooled in an ice bath. The resultant
mixture was stored in the ice bath for 15 minutes and at room temperature for an additionai 15 minutes.
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The mixture was then dialyzed vs 4 liters of 0.1M phosphate buffer (pH7) three times for 5 hours, 7
hours and 7 hours, respactively. A final dialysis vs 4 Kters of water for 18 hours was followed by
lyophilization, which afforded 32 mg of the Step B (lll) -butane diamine adduct, Strep 13 (1Ih-BuAz. The
fluorescamine assay indicated 212 nanomoles NHz/mg.

lll. Preparation o_f Polysaccharide-Butanediamine Bromoacetamide {Strep § {I)-BuAz-BrAc)

26.8 mg of Strep B (Il})-BuA; was digsolved in 2.5 ml of pH9 borate buffer and 28 mg of p -nitrophenyl
bromoacetate 0.4 mi of acetonitrile was added to the solution. The mixture was stirred at 4" C for 23.5 hours
and then dialyzed at 4'C vs 30 liters of water for 17 hours and then 4 Hters of water for 6 hours.
Lyophilization afforded 27 mg of Step B (ll!}-BuAz-BrAc. Fiuorescamine assay indicated 35 nanomoles
NHz/mg resulting in 177 mmolfmg bromoacety! by ditference. The material was fully antigenic by rate
nephelometry.

|V: Conjugation cif Strep _B_ {lll)-BuAz-BrAc to Functionalized ﬁ Meningitidis Membrane Protein (NMP)

A. Functionalization of NMP: 10 m! of an NMP solution (5§ mg/ml} was charged to a polycarbonate
antifuge tube and centrifuged at 43,000 rp.m. for 2 hours at 4°C in a Beckman 75 Ti rotor. The
supernatant was removed and the pellet was resuspended in 4 m! of a pH 11.3 borate buffer containiny
33.6 mg of ethyldiamine tetraacetic acid disodium salt, 6.4 mg of dithiothreitol. The resuspension was
effected with a Dounce homogenizer. The mixture was charged to a centrifuge tube, capped with 7
serum cap, degassed and nitrogenated and to this was added 556 mg of N-acetyl homocysteine
thiolactone. The resultant mixture was aged under Nz for 18 hours at room temperature.. The pH was
then adjusted (under Na) to 7.25 with 2.6 ml of 1 M KH2PO« and 2.6 ml 0.1 M phosphate buffer, and the
mixture transferred to a centrifuge tube (under Nz). it was then centrifuged as above (2 hours, 4°C, Ti7s
rotor 43,000 rpm). After the supernatant was removed the pellet was resuspended (as above with »
Dounce homogenizer) in 10 ml of pH8 0.1 M phosphate buffer. Recentrifugation (as above) of this
suspension, followed by resuspension of the peliet in 4 m! of pHB buffer afforded a solution whose
thioltiter indicated a total of 5.6 umoles SH. A control experiment showed that this is solely due 1n
thiolated protein and small molecules (e.g. hydrolyzed thiolactone) are absent.

B. Conjugation and purification: To the 4 mi of resuspended pellst was added (under Nz) 24 ml of Step R
(I1)-BuA;-BrAc and the mixture aged for 18.75 hours at room temperature under N2. The mixture was
transferred to a 10 ml polycarbonate centrifuge tube, and topped with water. After centrifugation (as
above). the pellet was resuspended (as above) in 10 mi of water and recentrifuged (as above). The final
pellet was resuspended in 15 ml of water (as above) and the suspension had a protein content of 2.7
mg/mi and a polysaccheride content of 0.263 mg/ml.

The SCMHC/jys ratic was 0.044

EXAMPLE 9

PREPARATION OF ESCHERICHIA COLI K1 CAPSULAR POLY SACGCHARIDE

Inoculum and Seed Development

A lyophilization vial of Escherichia coli K1 seed stock (received from Dr. John Robbins, BOB) wax
thawad and diluted with approximately 1"ml of Trypticase-hysoy-glucose (THG) medium. One Trypticase
soy agar slant was then streaked on the day prior to the fermentation run and incubated overnight at 37 (..
at which time growth on the stant was removed and suspended in 1 liter of THG medium.

Trypticass-hysoy-glucose (THG) medium is prepared by autoclaving 9.5 liters of Solution A at 121 ¢
for 80 minutes. then cooling it and adding to it 500 mi of solution B, which has been autoclaved separately
at 121 C for 30 minutes.
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Solution A

a. Trypticase soy broth (BBL) 300 g
b. Hysoy (Sheffield) 100 ¢
c. Phenol red 90 mg
d. UCON LB-625 antifoam

(Union Carbide) 10 m1

e. Distilled water sufficient to give 9.5 liters
of solution

Solution B
a. Dextrose {(anhyd.) 50 ¢
b. Distilled water sufficient to give 500 ml
of solution

Fermentation

The 1 liter of growth THG@ medium which had been inoculated from the agar slants was grown in a 2
liter Erlenmeyer flask at 37 C with 200 rpm stirring for 6 hours (when cell growth was observed). This one
liter was then inoculated into 10 liters of THG medium in a 14-iter New Brunswick Scientific fermenter in
which the air flows was set at 2 liters/minute and the stirrer was set at 200 rpm. The pH was adjusted an
maintained at 6.8 to 7.4 with 10% NaQOH for 8 hours, when two similar O.D. readings were observed.

Harvest ﬂc_l Clarification

The final fermentation broth from mbove was then added to a 5-galion plastic bottle containing
hexadecyltrimethylammonium bromide (final concentration 0.3% wtivol). After 4 hours at 4’ C during which
the hexadecyltrimethylammonium bromide-precipitated polysaccharide was allowed to settle out, the broth
wes sampled for inactivation end when certified, was centrifuged in a laboratory Sharples centrifuge Al
approximately 30,000 rpm for 20 minutes, and the supernatant was discarded. The cell pellel
{approximately 66 g) was saved for isolation purposes.

Suspension and Extraction

Three peflets from three fermentation batches were suspended individually in 400 mi of 1.0M CaCl, anr
these suspensions were extracted in an Omni-mixer, submerged in an ice-water bath, for 30 minutes on
setting 2, and combined.

25% Ethanol Precipitation to Remove Contaminants

373 ml of absolute ethano! was added dropwise (to a 25% ethano! concentration), with stirring, to the
1130 ml of CaCl; suspension from the preceding step and the mixture was left overnight at 4°C. The
rasultant precipitate was removed by centrifugation in a Beckman J-21B centrifuge at 11,000 x G for 30
minutes at 4" C and discarded.
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75% Ethanol Precipitation o Collect Crude Poly saccharide
2580 ml of absolute ethano! was added dropwise (to a 75% final concentration), with stirring, to the

1280 ml of clear supernatant fluid from the preceding precipitation step, and the mixiure was allowed to
stand overnight at 4 C to ensure complete precipitation of the crude polysaccharide.

Recovery 91 the Crude Polysaccharide

The Insoluble precipitate was recovered by centrifugation in the Beckman-21B unit at 11,000 x G for 30
minutes, at 4~ C, and washed once with about 200 ml of absolute ethanol and once with about 200 mt of
acetons, with both washes being discarded. The insoluble product was then dried in vacuo at 4" C over
anhydrous CaCl; (yisid 4.8 g). -

Phenol Exiraction and Dialysis

The 4.6 g of crude polysaccharide was suspended in 400 ml of 0.488M sodium acetate, pH 6.9, at 11.5
mg/mi, using a Dounce homogenizer, and this solution was extracted three times with separate 200 mil
amounts of aqueous phenol solution, prepered by adding 180 mi of 0.488M sodium acetate, pH 6.9, into a
one pound bottle of Mallincrodt crystalling phenol until complete sojution was effected. Each phenol extract
was then centrifuged at 11,000 x G for 30 minutes, at 4" C, to break the emulsion, and the aqueous phases
were aspirated, pooled and extracted, with the phenol phases belng discarded,

The pooled aqueous phases were dialyzed, at 4" C for 24 hours. with changes of glass-distified watet
such that the final dialysis ratio was greater than 1:100,000.

76% Ethanol Precipitation to Collect the Poly saccharide

7.6 mi of 2M CaCl; was added to the 305 ml of the dialysate of the above step, to a final concentration
of 0.05M CaClz, and 938 ml of absolute ethanol was added dropwise (to a concentration of 75% ethanol) (o
the rapidiy-stirring solution. After standing overnight at 4°C, the resultant precipitate was collected by
centrifugation in the Beckman unit for 30 minutes, at 11,000 x G and 4" C, then washed once with about
200 mi of absolute ethanol, once with about 200 ml of acetone, and dried in vacuo over anhydrous CaCi; at
4" C (yield = 1.7 g). -

Ultracentrifugation

The 1.7 g of polysaccharide was resuspended in 170 m! of 0.05M CaClz, 18.8 ml of absolute ethanol
was added dropwise, with stirring, and the solution was centrifuged at 100,000 x G at 4" C for 2 hours.

Product Collection

The resulting 180 ml of clear supernatant fluid was removed by decanting and 468 ml of ethanol waz
added dropwise (to a concentration of 75% ethanol) while stirring, in order to precipitate the polysaccharide
The mixture was left overnight at 4" C to ensure complete precipitation, the product was collected by
centrifugation at 11,000 x G for 30 minutes at 4" ¢, washed once with 200 ml of absolute ethanol, once with
200 mi of acetone, and dried in vacuo over anhydrous CaCly at 4™ C (yield = 1.46 g).

Ultracentrifugation

The 1.46 g of polysaccharide was resuspended in 150 ml of 0.05M CaClz, 50 mi of absolute ethanol
was added dropwise (to a 25% concentration) to the rapidly-stirring soiution, and the solution was
uitracentrifuged, at 100,000 x G and 4 G, for two hours.
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Final Product Collection

The resulting 190 ml of clear supernatant fluid was removed from the pellet by decanting and 190 ml of
ethanol was added dropwise (to a concentration of 50%), while stirring. The mixture was allowed to stans!
for two days at 4" C to ensure complete precipitation and the final product was collected by centrifugation
in the Beckman J-21B centrifuge at 11,000 x G for 30 minutes at 4°C. Finally, the product was washer
once with about 200 mi of ethanol, once with about 200 ml of acetone, and dried in vacuo over anhydrous
CaClz at 4 C (yield = 1.2 g). -

EXAMPLE 10

PREPARATION OF E. COL! K1 CAPSULAR POLYSACCHARIDE-N. MENINGITIDIS B-SEROTYPE QUTEHR
MEMBRANE PROTEIN CONJUGATE ‘

—————— — —

103 mg of E. coll K1 polysaccharide (prepared according to the method of Example 9) was dissolved in
2 ml of water and the solution applied to @ 4 ml column of Dowex 50 x 8 (200-400 mesh, tetra -n
butylammonium form). The column was eluted with water ang the fractions (3 ml) were checked for organic
material by the Ce (IV) So4)2/H280. method. The appropriate fractions were lyophilized and the produci
dried in a dessicalor over P20s, affording 134 mg of the tetrabutylammonium salt a simiar previous
preparation was analyzed by 'HNMR and appeared to have roughly stoichlometric amounts of tetra-n
butylammonium ion.

It. Preparation of Polysaccharlde-Butanediamine Adduct (E. coli K1-BuA;)

The 134 mg of the sait prepared in | was dissolved in 3 ml dry, degassed dimethytformamide an!
stirred for 12 minutes. 12.7 mg of 1,1-carbonyl dilmidazole were then added in one portion and the solution
stirred for 30 minutes. Then the solution was added to 8 mi of an ice cooled aqueous solution containing
145 mg 1,4-butanediamine 2HC! whose pH had beer adjusted to 10.35 with 2.5N NaOH. This solution was
stirred for 15 minutes in the Ice bath and for 20 mintues at room temperature. it was then dialyzed three
times vs 4L of 0.1 M phosphate buffer (pH7) for 5.5 hours, 16 hours and 3.75 hours respectively. A final
dialysis vs 4L of H;O was effected for 4.5 hours. Lyophilization afforded 73 mg of E. coli Ki-BuA:.
Fluorescamine assay indicated 180 nanomoles NHa/mg. -

fll. Preparation of Polysaccharide-butane diamine-bromoacetamide ( E. coli K,-BuAz-BrAc)

88 mg of E. coll K1-BuAz was dissolved in 8.7 ml of pH borate buffer and 70 mg of p-nitropheny!
bromo-acetate in 1.5 ml of acetonltrlle were added. The mixture was stored for 19 hours at 4° C and then
dialyzed vs 32 liters of H,0 and 4 liters of water for 8 hours and 13 hours respectively. The solution was

‘lyophllized to 74 mg of E. coli K1-BuAz-BrAc. Fluorescamine assay indicated 50 nanomoles of NHa/my

resulting in 120 nanomoles of bromoacetyl/mg by difference.

Iv. Conjugation of E. coli Ki-BuAs-BrAc to Functionalized N. meningitidis Mambrane Protein {(NMF)
meninaftidis Membrane Proteln (NMP) - - -

The preparation of functionalized NMP is the same as in Example 8, Section [V-A. To a centrifuge tube
containing 4 ml of thiolated NMP protein ( © 1 moles SH by Ellman assay)} was added 25 mg of E. coli K1
BuA-BrAc (120 nanomoles bromoacstyl/mg). The tube was sealed with a serum cap, degassed, nitrogenal
ed and aged for 18.5 hours. It was then diluted with B m| of pH8 buffer and centrifuged for 2 hours as
43,000 rpm, at 4° C in a Ti 75 rotor. The supernatant was removed and the peliet resuspended in 10 mt of
pHE buffer with Dounce homogenizer and then recentrifuged as above. The pellet from this secontd
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centrifugation was suspended in 10 ml of H20O centrifuged as above for a third time. The pellet was then
resuspended In 20 ml Ha0.

The analysis of the conjugate was:

Polysaccharide Protein Ps/Protein
Concentration Concentration Ratio
336 ug/ml 1000 ug/ml 0.34

SCMHC/lysine was 0.015

Claims

1.

Stable, covalently-coupled polysaccharide-protein conjugates comprising bacterial potysaccharides hav:
ing acid groups and immunogenic proteins coupled through bigeneric spacers, containing thioether
bonds, which may be represented by the formula A-E-S-8, wherein E is

-CCHZN or

where R is H or CHa;

A is -H(cnz)my (CH,) NE~;

where mis Oto 4, nis 0o 3 Wis Oor NH, and Y is CHa, O, S. NR', or CHCOzH. where R'is Ci- ot
Ca-alkyl, such that if Y is CHz, then both m and n are not equal to zero, and if Y is O or S. then m is
greater than 1 and n is greater than 1; and

B is -(CHz)pIH(CHz)qD-,

where pis 1103, qisQto 2, Zis NHy,

NHﬁR', COzﬂ or H,
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and

D is E, NR', N*@(Cﬂz)zﬁ,

whers R' is as defined above.

Stable, covalently-coupled polysaccharide-protein conjugates according to Claim 1, wherein the bi
generic spacers may be represented by the formula,

i E baco. °
CHZCH2CHZCHZNB CSZSCHZCE2 HCO.

Polysaccharide-protein conjugates according to Claim 1, wherein the bacterial capsular polysaccharide
having acid groups is selected from the group consisting of Haemophilus influenzee type b polysaccha
ride, and Streptococcus pneumoniae types 6B, 18F and 23F polysaccharides.

Polysaccharide-protein conjugates according to Claim 1, whersin the immunogenic prolein is a
meningococcal B serotype outer membrane protein or edestin protein.

Polysaccharide-protein conjugates according to Claim 1, wherein the bacterial capsular polysaccharide
having acid groups is Haemophilus Influenzee type b polysaccharide, the immunogenic protein is &
meningococcal B serotype outer membranse protsin and the bigeneric spacer may be represented by
the formula,

NHCOCH

i ¥
3
b&ClizCHzCHzCBzNH CHZ SCHZCHzéHCO .

Polysaccharide-protein conjugates according to Claim 1, wherein the bacterial capsular pelysaccharide
having acid groups is pneumacoccal type BB polysaccharide, the immunogenic protein is a menin-
gococcal B serotype outer membrane protein and the bigeneric spacer may be represented by the
formula,

Ei ﬂ IHCOCH 3
cH ZCHZCHZCH2NH CH ZSC32CH 5CHCO.

Polysaccharide-protein conjugates according to Claim 1, wherein the bacterial capsular polysaccharidie
having acid groups is pneumococcal type 19F polysaccharide, the immunogenic protein is a menin
gococcal B serotype outer membrane protein and the bigeneric spacer may be represented by the
formula,

EN NHCOCH 3
CHZCHZCHZCHzNHCCHZSCH 2C_H 2(l.'HCIC) .

Polysaccharide-protein conjugates according to Claim 1, whersin the bacteriai capsular polysaccharide
having acid groups is pneumococcal type 23F polysaccharide, the immunogenic protein is a menin
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gococcal B serotype outer membrane protein and the bigeneric spacer may be represented by the
formula,

@lil E HCOCH ,
NCH 2CBZCH.2CH:NH CEZSCB 2CH »CHCO.

A process for solubilizing polyanionic bacterial polyseccharides having acid groups comprising
(a) replacing the acid hydrogens of the polysaccharide with large hydrophobic cations, thereby
creating the sait form of the polysaccharide, then
{b) dissolving the sait form of the polysaccharide in a non-aqueous. polar, aprotic solvent.

A process according to Ciaim 8, wherein the large hydrophobic cations are selected from the group
consisting of tri- or tetra(C+-Cs)alkylammonium, 1-azabicyclo[2.2.2]octane and 1,B-diazabicyclo[5.4.01-
undec-7-ene.

A process according to Claim 8, wherein the non-aqueous, polar, aprotic solvent is selected from the
group consisting of dimethylformamide, dimethylsulfoxide, dimethylacetamide, formamide and N.N™
dimethylimidazolidinone.

A process according to Claim 9, whersin the large hydrophobic cations is tetra-n-butylammonium and
the non-aqueous, polar, aprotic solvent is dimethyiformamide.

A process for covalently-modifying a polyanicnic bacterial polysaccharide comprising
{a) solubilizing the polysaccharide in a non-agueous, polar, aprotic solvent;
(b) activating the polysaccharide with a bitunctional reagent; then
(c) reacting this activated polysaccharide with a bis-nucleophile.

A process according to Claim 13, also comprising reacting the activated polysaccharide which has
been reacted with a bis-nucieophile with a reagent generating pendant electrophilic sites.

A process according to Claim 14, wherein the non-aqueous, polar, aprotic solvent is selected from the
group consisting of dimethylformamide, dimethylsulfoxide, dimethylacetamide, and NN'
dimethylimidazolidinone.

A process according to Claim 15, wherein the non-agueous. polar. aprotic solvent is dimethylfor
mamide.

A process according Claim 14, wherein the bifunctional reagent is selected from the group consisting of
carbonic acid derivatives,

4

R - "R r
wherein R? and R? are separately azolyl; halides; or phenyl esters.
A process according to Claim 17, wherein the bifunctional reagent is carbonyldiimidazole.
A process according to Claim 14, wherein the bis-nucleophile is 2 diamine of the formuia, HaN{CHa)n Y-
(CHg)uNH;, wherein m is Oto 4, nis O to 3, and Y is CHz. 0, S, NR'. CHCO:zH, where R' isHor 2 G
or Ca-alkyl, such that if Y is CHz, then both m and n cannot equal zero, and if Y is Q or S, then m is

greater than 1 and n is greater than 1.

A process according to Claim 19, wherein the bis-nucleophile is 1.4-butanediarmine.
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21. A process according to Clatm 14, wherein the reagent generating electrophilic sites is

ol

wherain X' is nitrophenoxy, dinitrophenoxy, pentachiorophenoxy. pentafluorophenoxy, halide, O-(N-
hydroxysuccinimidyt) or azido, R is H or CHa and X is Cl, Br or | or an activated maleimide acid,

10

18

20

X'ﬁ[CHZ)P '

wherein pis 1 to 3 and X' is as defined above.

22. A process according to Claim 21, wherein the reagent generating electrophilic sites is p -nitropheny!
bromoacetats.

23. A process for preparing polysaccharide-protein conjugates comprising bacterial capsular polysac
charides having acid groups and immunogenic proteins coupled through bigeneric spacers containing
thiosther bonds, comprising

(a) solubilizing the bacterial capsuler polysaccharide having acid groups by
(i) replacing the acid hydrogens of the polysaccharide with large hydrophobic cations, thus
creating the salt form of the polysaccharide, then
(it} dissolving the salt form of the polysaccharide in 2 non-agueous, polar, aprotic soivent;
(b) activating the polysaccharide with & bifunctional reagent;
(c) reacting this activated polysaccharide with a bis-nucleophile,
{d) reacting this activated polysaccharide which has been reacted with a bis-nucleophile, with »
reagent generating elactrophilic sites, thus forming a polysaccharide with pendant electrophilic sites:
(®) independently reacting the immunogenic protein with a reagent generating thio! groups, to form a
protein with pendant thiol groups; then
(f) separating protein with pendent thiol groups from lower molecular weight thicl containing material
by centrifugation ; then
{g) reacting the polysaccharide with pendant electrophilic sites with the protein with pendant thiol
groups to form a polysaccharide-protsin conjugate which is coupled through a covalent thiosthey
bond; then
(h) centrifuging the resulting mixture to remove non-covalently-bonded polysaccharides and proteins

24. A process according to Claim 23, wherein the large hydrophobic cations is tetra-n-butylammonium, the
non-aquecus, polar, aprotic solvent Is dimethylformamids, the bifunctional reagent is carbonyl
diimidazole, the bis-nucleophile is 1,4-butanediamine, and the reagent generating electrophilic sites is »
bromoacstate.

26. A process according to Claim 23 or Claim 24, wherein the reagent generating thiol groups is N-acetv!
homocysteinsthiolactone.

26. A method for confirming the existence of a covalent bond between the bigeneric moisties of the space
containing a thioether bond between polysaccharides and proteins in polysaccharide-protein conjugates
according to claim 1 comprising: '

(8) hydrolyzing the conjugates to cleave the conjugate at peptide linkages and other hydrolytically
unstable bonds;
(b) quantitatively analyzing for the amino acid of the hydrolytically-stable thioether-containing space!
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A composition comprising an immunologically-effective amount for either active or passive protection of
mammalian species from the bacteremia caused by the cognate organism, of stable, covalently-
coupled polysaccharide-protein conjugates according to Claim 1, antisera derived from said conjugates.
or gamma-globulin or other antibody-containing fractions of said antisera, and a pharmaceutically-
acceptable carrier.

A composition according to Claim 27, further comprising an adjuvant.
A composition according to Claim 27 or Claim 28, whersin the polysaccharide-protein conjugates

comprise one or more members of the group consisting of an Haemophilus influenzae type b
polysaccharide coupled through a bigeneric spacer of the formula,

Incoca3
,CH,CHCO,

EECH 2CH 2C32C32NHgCHZ SCH

to a meningococcal B serotype outer membrane protein; a pneumococcal type 6B polysaccharide
coupled through a bigeneric spacer, of the formula,

EI @ IHCOCH3
CHZCHZCH2CH2NH C!I'IZSCHzCI-i2 HCO,

to a meningococcal B serotype outer membrane protein; a pneumococcal type 19F polysaccharide
coupled through a bigeneric spacer of the formula,

EE E incocn3
CH,CH,CH,CH,NHCCH, 5CH,CH, CHCO,

to @ meningococcal B serotype outer membrane protein; and a pnsumococcal type 23F polysaccharide
coupled through a bigeneric spacer of the formula,

HCOCH 3

giCH2CHzCHZCHZNHECHz SCHZCHZ,IHCO P

to a meningococcal B serotype outer membrane protein.

A composition according to Claim 29, wheregin an immunoiogically-effective amount is an amount of
each of the conjugates in the composition such that each conjugate contains from 2-50 g of the
polysaccharide in the conjugate form.

A composition according to Claim 289, wherein the mammallan species is humans.

A composition according to Claim 30, wherein an immunologically-effective amount is an amount of
each of the conjugates in the composition such that each conjugate contains 25 g of the polysaccha:
ride in the conjugate form for conjugates of pneumococcal polysaccharides and 10 Lg of the
polysaccharide in the conjugate form for conjugates of Haemophilus influenzae type b polysaccharide.

Use of one or more types of polysaccharide-protein conjugates comprising bacterial capsular polysac
charides having acid groups coupled through bigeneric spacers. containing thiosther bonds. o
immunogenic proteins, according to ciaim 1 and a member of the group consisting of a
pharmaceutically-acceptable carrier, an adjuvant, and a pharmaceutically-acceptable carrier and ad-
juvant for the preparation of a composition useful for the treatment of mammalian species against the
bacteremia of the cognate organisms,
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34. Use according to Claim 33, wherein said polysaccharide-protein conjugates comprise one or more

37

members of the group consisting of an Haemophilus influenzae type b polysaccharide coupled through
a bigeneric spacer of the formula,

gI iECOCHa
C32C52052C32NH 0325CHZCBz BCO,

to a meningococcal B serotype outer membrane proteln; a pneumococcal type 6B polysaccharide
coupled through a bigenerlc spacer of the formula,

oK 9 NHCOCH
CNCH ,CH,CH,CH, NHCCH, SCH,CH,,CHCO,

to a meningococcal B serotype ocuter membrane protein; a pneumococcal typs 18F polysaccharide

coupled through a bigeneric spacer of the formula,
i i yacoce,
CNCH 2CHZCB 2C52NHCCH2 SCHZCHz(ZHCO ’

10 a meningococcal B serotype outer membrane protein; and a pneumococcal type 23F polysaccharide
coupled through a bigeneric spacer of the formula,

OH 0O NHCOCH

i i | 3
CNCE,CH ,CH,CH,NECCH, SCH,CH,CHCO,

to a meningococcal B serotype outer membrane protein.

Use according to Claim 33, where the species to be treated is human infants and children, and wherein
the effective amount of the composition in a single dose is an amount corresponding to 25 ug of the
polysaccharide in the conjugate form for conjugates of pneumococcal polysaccharides and 10 g of
the polysaccheride in the conjugate form for conjugates of the Haemophilus influenzae type b
polysaccharide-protein conjugates being administersd.

. Use according to Claim 33, wherein the composition contains an amount of a polysaccharide-protein

conjugate comprising an Haemophilus influenzae type b polysaccharide coupled through a bigeneric
spacer of the formula,

i g yuoemy
CNCE2CBch2C52NBCCHZSC32CHZCHCO,

to a meningococcal B serotype outer membrane protein corresponding to 10 wg of polysaccharide in
the conjugate form.

Polysaccharide-protein conjugates according to Claim 1, whersin the bacterial capsular polysaccharide
having acid groups is a Group B Streptococcus type la, ib, H or W polysaccharide, the immunogenic
protein Is a meningococcal B serotype outer membrane protein and the bigeneric spacer may be
represented by the formula,
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OH 0 ?HCOCH 3

i il
CNCE 2CH 2C32CHZNHCCH 2SCI-! 2CH 2CI-!(:tJ‘r .

38. Polysaccharide-protein conjugates according to Claim 1, wherein the bacterial capsular polysaccharide

having acid groups is an Escherichia coll K1 polysaccharide, the immunogenic protein is a menin-
gococcal B serotype outer membrane protein and the bigeneric spacer may be reprasented by the
formula,

fi (l? ?HCOCH:"
CNC32C32C32CH ZNHCCstCH ch 2CHC0 .

39. A process according to Claim 23, wherein the polysaccharide-protein conjugate is reacted with a low

molecular weight thiol in order to eliminate excess electrophilic activity on the conjugate.

40. A process according to Claim 39, wherein the low molecular weight thiol is n-acetylcysteamine.

Revendications

1.

Conjugués stables de polysaccharide-protéine couplés par covalence. comprenant des polysaccharides
bactériens ayant des groupes acides et des protdines immunognes qui sont couplés par des
espaceurs bigénériques contenant des lialsons thioéthers, que I'on peut représenter par la formule A-E-
$-B, dans laquelle E est

)

o OR
) L)

I
-CCHz N \ ou =CCH-,
|

o)

dans laquetle R est H ou CHa ; A est

WH
ni

' des laquelle m a une valeur de 0 4 4, n a une valeur de 0 & 3. W est O ou NH, et ¥ est CHz, O. 5.
NR' ou CHCO: ot R’ est un alkyle en Cy ou Cz, tels que si Y est CH>. m et n ne sont pas égaux & 0 el
sl Y ost 0 ou S, m est supdrieur & 1 ot n est supédrisur a 1 ; at B est

z
|
~{CH, ), CH(CH, ) 0~

oli paune valeurde 1 4 3, g a2 une valeur de 0 & 2, Z est
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o
il
cozll ou H, et D est C,

NH,, NHCR',
"
0

NR' ou

HO ]
(| i

ol R' est défini comme ci-dessus.

Conjuguéds stables de polysaccharide-protdine couplés par covalence selon la revendication 1, dans
lesquels les espaceurs bigénériques peuvent &tre représentds par la formule,

oB ) NHCOCH,
i I |
CNCH, CH, CH, CH, NHCCH, SCH, CH, CHCO.

Conjugés de polysaccharide-protéine selon la revendication 1, dans lesquels le polysacchatide capsir
laire bactérien ayant des groupes acides est choisi parmi un polysaccharide d'Haemophilus influenzae
type b et les polysaccharides de Streptococcus pneumoniae types 6B, 19F et 23F.

Conjugués de polysaccharide-protéine selon la revendication 1, dans lesquels la protéine immunogéne
est une protéine de membrane extsrns de méningocoque de type B ou [z protéine édestine.

Conjugués de polysaccharide-protdine sseion le revendication 1. dans lesquels le polysaccharide
capsulaire bactérien ayant des groupes acides est le polysaccharide d'Haemophiius influenzae type b,
la protdine immunogne est une protéine de membrane externe de méningocoque de sérotype B e
l'espaceur bigénérique peut 8tre représents par la formule

o o NHCOCH,
i i I
CNCH, CH, CH, CH, RHCCH, SCH, CK, CHCO,

Conjugués de polysaccharide-protéine selon la revendication |. dans lesquels le polysaccharide
capsulaire bactérien ayant des groupes acides est ls polysaccharide pneumococcique de type 8B, Ia
protéine immunogéne est une protdine de membrane externe de méningocoque de sérotype B e
I'espaceur bigéndrique peut 8ire représenté par la formule

OH o NHCOCHy

i i I
CNCH, CH, CH, CK, NHCCH, SCH, CH, CHCO.

Conjugués de polysaccharide-protéine selon la revendication 1. dans lesquels le polysaccharide
capsulaire bactérien ayant des groupes acldes est le polysaccharide pneumococcique de type 19F, Ia
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protéine immunogéne est une protéine de membrane externse de méningocoque de sérotype B el
I'espaceur bigénérique peut 8tre représenté par Ia formule

OH o NHCOCH,

n " |
CNCH, CH, CH, CH, NHCCH, SCH, CH, CHCO.

Conjugués de polysaccharide-protéine selon la revendication 1. dans lesquels le polysaccharice
capsulaire bactérien ayant des groupes acides est le polysaccharide pneumococcique de type 23F, Ia
protéine immunogéne est une protdine de membrane externe de méningocoque de sérotype B el
IFespaceur bigénérique peut &tre représenté per la formule

OH o NHCOCB,

U | |
CNCH, CH, CH, CH, NHCCH, 8CH, CH, CHCO.

Procddé pour solubiliser des polysaccharides bactériens polyanioniques ayant des groupes acides
comprenant
{a) le remplacement des atomes d'hydrogdne acides du polysaccharide par de gros cations
hydrophobes, pour créer la forme se! du polysaccharide, puis
(b} ia dissolution de la forme sel du polysaccharide dans un solvant aprotique polaire non agueux.

Procédé selon la revendication 9, dans lequel les gros cations hydrophobes sont choisis dans e
groupe constitué par tri- ou tétralalkyl en C:-Cs)ammonium. 1-azabicyclo[2.2.2]loctane of 1.8
diazabicyclo[S.4.0]undéc-7-8ne.

Procédé selon la revendication 9, dans leque! le soivant aprotique polaire non aqueux est choisi dans le
groupe constitué par le diméthylformamide, le diméthylsulfoxyde. le diméthylacétamide. le formarnide
ot la N,N-diméthylimidazolidinone.

Procédé selon la revendication 9, dans lequsl les gros cations hydrophobes sont téira-n-butylammo-
nium et le solvant aprotique polaire non aqueux est le diméthylformamide.

Procédé pour la modification covalente d'un polysaccharide bactérien polyanionique comprenant
(a) la solubilisation du polysaccharide dans un solvant aprotique poiaire non agueux ;
{b) I'activation du polysaccharide avec un réactif bifonctionnel ; puis
{c) la réaction de ce polysaccharide activé avec un bisnuciéophile.

Procédé selon ia revendication 13 comprenant également la réaction du polysaccharide activé, que I'on
a fait réagir avec un bisnucléophile, avec un réactif produisant des sites élsctrophiles latéraux.

Procddé selon la revendication 14, dans lequel le solvant aprotique polaire non aqueux est choisi dans
le groupe consiitué par le diméthylformamide, le diméthylsulfoxyde. le diméthylacétamide et fa NN’
diméthylimidazolidinone.

Procédé selon la revendication 15, dans lequel le solvant aprotique polaire non aqueux est le
diméthylformamide.

Procédé selon la revendication 14, dans lequel le rdactif bifonctionnel est choisi dans le groupe
constitué par les dérivés d'acide carbonique,

o
|
Ré-c-R%,
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dans lesquels R? et R? sont séparément un azolyle ; des halogénures ; ou des esters phényliques.
Procédé selon la revendication 17, dans lequel le rdactif bifonctionnel st le carbonyldiimidazole.

Procédé selon la revendication 14, dans lequel e bisnuciéophile est une diamine de formule HaN{CH)-
mY{(CHz)sNH, dans laquelle m a une valeur de 0 & 4, n a une valeur de 0 & 3, Y est CHz, O, S, NR' ou
CHCOzH, ol R' est H ou un alkyle en C: ou Ca, lorsque Y est CHx m et n n'étant pas €gaux a 0 ol
lorsque Y est O ou S m étant supérieur & 1 et n étant supérieur & 1.

Procddé selon la revendication 19, dans lequel le bisnuclkéophile est 1a 1,4-butanediamine.

Procédé selon la revendication 14, dans lequel le réactif produisant des sites dlectrophiles est

OR
i
X‘CCHX, ol X'

est un nitrophénoxy, dinitriphénoxy, pentachlorophénoxy, pentafluorophénoxy, halogénure, O-(N-hy
droxysuccinimidyle) ou un azido, R est H ou CH, et X aest Cl, Br ou | : ou un maléimidoacide activé.

o
0 I
"o/

x‘ccH,N ]

I
0

ol p vaut de 1 & 3 et X' est défini comme ci-dessus.

Procddd selon la revendication 21, dans lequel le rdactif produisant des sites électrophiles est le
bromoacétate de p-nitrophényle.

Procédé pour préparer des conjuguds de polysaccharide-protéine comprenant des polysaccharides
capsulaires bactériens ayant des groupes acides et des protéines immunogénes qui sont couplés pa
des espaceurs bigénériques contenant des fiaisons thioéthers, comprenant
(a) la solubilisation du polysaccharide capsulaire bactérien ayant des groupes acides par
(i) remplacement des atomes d'hydrogéne acides du polysaccharide par de gros cations
hydrophobes pour créer la forme sel du polysaccharide, puis
(i) dissolution de la forme sel du polysaccharide dans un solvant aprotique polaire non agueux :
(b) I'activation du polyseccharide avec un réactif bifonctionnel ;
(c) la réaction de ce polysaccharide activé avec un bisnuckéophile
(d) la réaction de ce polysaccharide activé, qua l'on a fait réagir avec un bisnuciéophile, avec un
réactif produisant des sites électrophiles pour former un polysaccharide ayant des sites électrophiles
latéraux ;
(@) indépandamment, |a réaction de la protéine immunogéne avec un réactif produisant des groupes
thiols pour former une protéine ayant des groupes thiols latéraux : puis
(f) la séparation de [a protdine ayant des groupes thiols iatéraux d‘avec la matidre contenant des
groupes thiols de poids moléculalre inférieur par centrifugation ; puis
(g) 'a réaction du polysaccharide ayant des sites électrophiles latéraux avec la protéine ayant das
groupes thiols latéraux pour former un conjugué de polysaccharide-protéine qui est couplé par une
liaison covalente thiodther ; puis
(h) la centrifugation du mélange obtenu pour éliminer les polysaccharides et les protéines non lies
par covalence.

Procédé sslon la revendication 23, dans lequel les gros cations hydrophobes sont tétra-n-butylammo-

nium, le solvant aprotique polaire non aqueux est le diméthylformamide, ‘e réactif bifonctionnel est le
carbonyldiimidazole, fe bisnucldophiie est la 1,4-butanediamine et le réactif produisant des sites
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dlectrophiles est un bromoacétate.

Procédé selon s revendication 23 ou la revendication 24, dans lequel le réactif produisant des groupes
thiols est la N-acétylhomocystéinsthioiactone.

Procédé pour confirmer ['existence d'une fiaison covalente entre les fragments bigénériques de
I'espaceur contenant une laison thicéther enire les polysaccharides et les protéines dans les conjugués
polysaccharide-protéine seion (a revendication 1, comprenant :

{(a) 'hydrolyse des conjugués pour les cliver au niveau des liaisons peptidiques et des autres

liaisons instables & I'hydrolyse ;

{b} I'analyse quantitative de I'amino-acide de I'espaceur contenant un thioéther stable a I'hydrolyse.

Compaosition comprenant une gquantit$ immunologiquement efficace pour assurer ja protection active o
passive des espices de mammifdres contre la bactériémie provoquée par le microorganisme paren
des conjugués stables ds polysaccharide-protéine couplés par covalence selon la revendication 1.
d'antisérums dérivés deadits conjugués et de y-globulines ou d'autres fractions contenant des anticorps
desdits antisérums, et d'un véhicule pharmaceutiquement acceptable.

Composition selon la revendication 27 comprenant de plus un adjuvant,

Composition selon la revendication 27 ou la revendication 28, dans laquelle les conjugués
polysaccharide-protéine comprennent un ou plusleurs constituants choisis parmi un polysaccharide
d'Hasmophilus influenzae type b coupld, par un espaceur bigénérique de formule

oH o NHCOCH,
il i I
CNCH, CH, CH, CH, NHCCE, SCH, CH, CHCO,

& une protéine de membrane externe de méningocoque de serotype B ; un polysaccharide de
pneumocoque de type 8B couplé, par un espaceur bigénérique de formule

OH o NHCOCH

i H |
CNCH, CH, CH, CH, NHCCH, SCH, CH, CHCO,

4 une protéine de membrane externe de méningocoque de sérotype B ; un polysaccharide de
pneumocogue de type 19F couplé, par un espaceur bigénérique de formule

OH o NHCOCHy
i i |
CNCH, CH, CH, CH, NHCCH, 8CH, CH, CHCO,

& une protdine de membrane externe de méningocoque de sérotype B ; et un polysaccharide e
pneumocoque de type 23F couplé, par un espaceur bigénérique de formule

OH 0 NHCOCH;
U i !
CNCH, CH, CH, CH, NHCCH, SCH, CH, CHCO,

& une protdine de membrane externe da méningocoque de sérotype B,

Composition selon la revendication 29, dans laquelle une quantité immunologiquement efficace est une
quantité de chacun des conjugués de la composition telle que chague conjugué contienne de 2 a 50
1g du polysaccharide sous la forme du conjugué.
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Composition selon la revendication 29, dans laquslie 'espd&ce de mammifére est 'espéce humaine.

Composition selon le revendication 30, dans laquelle une quantitd immunologiquement efficace est une
quantité de chacun des conjuguds de la composition telle que chague conjugué contienne 25 wg
polysaccharide sous ia forme du conjugué pour les conjugués des polysaccharides de pneumocog e
et 10 ug du polysaccharide sous la forme du conjugué pour les conjuguds de polysaccharide
d'Haemophilus influsnzase type b.

Utilisation d'un ou plusieurs types de conjugués de polysaccharide-protdine comprenant des polysac:
charides capsulaires bactdriens ayant des groupes acides couplés par des espaceurs bigénériques
contenant des laisons thioéthers & des protdines immunogénes, selon la revendication 1, et un
composant choisi parmi un véhicule pharmaceutiquement acceptable, un adjuvant et un véhicule el
adjuvant phamaceutiquement acceptables pour la préperation d'une composition utile pour le traite:
ment d'une espéce de mammifére contre la bactériémie provoguée par les microorganismes parents.

Utilisation selon ia revendication 33, dans laquelle lesdits conjugués de polysaccharide-protéine
comprennent un ou plusieurs constituants choisi parmi un polysaccharide d'Haemophilus influenzae
type b couplé, par un espaceur bigénérique de formule

OH 0 NHCOCH,
LR i }
CNCH, CH, CR, CH, NHCCH, 8CH, CH, CECO,

a4 une protdine de membrane externe de méningocoque de sérotype B ; un polysaccharide cle
pneumocoque de type 6B coupld, par un espaceur bigénérique de formule

OH o NHCOCH,
() i |
CNCH, CH, CH, CH, KHCCH, SCH, CH, CHCO,

4 une protdine de membrane externe de méningocoque de sérotype B ; un polysaccharide e
pneumocoque de type 18F coupld, par un espaceur bigéndrique de formule

OB 0 NHCOCH,
i ] l
CNCH, CR, CH, CH, NHCCH, SCK, CH, CHCO,

4 une protéine de membrans externe de méningocoque de sérotype B ; et un polysaccharide de
preurmnacoque de type 23F, couplé par un espaceur bigénérique de formule

OH o NHCOCH,

i i I
CNCH, CH, CH, CH, NHCCH, SCK, CH, CRCO,

a une protéine de membrane externe de méningocoque de sératype B.

Utilisation selon la revendication 33, dans laquelle 'espdce a traiter est constituée de nouveaux-nés el
d'enfants humains, et la quantité efficace de la composition dans une dose unique est une quantit
correspondant a 25 wg du polysaccharide sous la forme du conjugué pour les conjugués des
polysaccharides pneumoccociques et de 10 g du polysaccharide sous Ia forme du conjugué pour ies
conjugués de polysaccharide d'Haemophilus influenzae type b-protéine administrés.

Utilisation selon la revendication 33, dans laquelie la composition contient une quantité d'un conjugué
de polysaccharide-protéine comprenant un polysaccharide d'Haemophilus influenzae type b couplé, pal
un espaceur bigéndrique de formule
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oH ) NHCOCH,
]| ] |
CNCR, CH, CH, CH, NHCCH, SCH, CH, CHCO,

A une protéine de membrane externe de méningocoque de sérotype B correspondant a4 10 pug du
polysaccharide sous la forme du conjugué.

Conjugués de polysaccharide-protéine selon la revendication 1. dans lesquels le polysaccharide
capsulaire bactérien ayant des groupes acides est un polysaccharide de Streptococcus du groupe 8 de
type la, Ib, I ou I, |2 protéine immunogéne est une protéine de membrane externe de méningocoque
de sérotype B et I'espaceur bigéndrique peut &tre représenté par la formule

On o NHCOCH,
3 ] !
CNCH, CH, CH, CH, NHCCH, SCH, CH, CHCO.

Conjugués de polysaccharide-protdine selon la revendication 1, dans lesguels le polysaccharide
cepsulaire bactérien ayant des groupes acides est un polysaccharide d'Escherichia coli K1. la protéine
jmmunogdne est une protdine de membrane externe de méningocoque de sérotype B et I'espaceu
bigéndrique peut tre réprésentd par la formule

OH o NHCOCH,
i i I
CNCH, CH, CH, CH, NHCCH, SCB, CH, CHCO.

Procédé selon la revendication 23, dans lequel le conjugué polysaccharide-protéine est mis a réagi
avec un thiol de bas poids moléculaire pour éliminer 'excés d'activité électrophile sur le conjugué.

Procédd selon la revendication 39, dans lequel le thiol de bas poids moléculaire est fa N-acétylcystéa
mine.

Anspriiche

1.

Stabile, covalent gekuppelte Polysaccharid-Protein-Conjugate. welche bakterielle Polysaccharide mil
S#uregruppen und durch bigenerische Abstandsglieder, die Thioetherbindungen enthalten und durch
die Formei A-E-S-B dargestellt werden kénnen, gekuppelte immunogene Proteine umfassen, worin E

oder

-CCH ZN

s,

worin R H oder CHj ist; A



ie

15

26

0

35

40

56

EP O 161 188 B1

1
“g ( Cﬁz )mY( CHZ )nNH"

ist, worin m 0O bis 4 ist, n O bis 3 ist, W O oder NH Ist und Y CHz, O, S, NR' oder CHCO2H ist, worin /'
Ci- oder Cz-Alkyl ist, so dafi wenn Y CHz ist, m und n beide nicht gleich Null sind und falis Y O oder S
ist, m grBer als 1 ist und n gréfer als 1 ist; und

B -(CH, )I’,in(cn2 )qP-

ist, worin p 1 bis 3 ist, q O bis 2 ist,
z NH2 ’ NHﬁR' ,
Q

COzH oder Histund D

i, NR', E-@(Cﬂz)zi,

worin R" wie oben definiert ist, ist.
Stabile, covalent gekuppelte Polysaccharid-Protein-Conjugate nach Anspruch 1, worin die bigeneri

schen Abstandsgiieder durch die Formel

Ez E iﬁCDCBa
C52CHZC1!2C32N'H 5325CR2C32 HCO.

wiedergegeben werden kinnen.

Polysaccharid-Protein-Conjugate nach Anspruch 1, worin das bakterielle Kapselpolysaccharid mit S&n
regruppen aus der aus Haemophilus influenzae -Typ b-Polysaccharid und Streptococcus pneumoniae
Typ 88-, 19F- und 23 F-Polysacchariden bestehenden Gruppe ausgewdihit ist.

Polysaccharid-Protein-Conjugate nach Anspruch 1, worin das immunogene Protsin ein Meningococcen
Serotyp B-Protein der HuBeren Membran oder Edestinprotein ist.

Polysaccharid-Protein-Conjugate nach Anspruch 1, worin das bakterislle Kapselpolysaccharid mit Séu
regruppen ein Haemophilus Influenzae -Typ b-Polysaccharid ist, das immunogene Protein ein
Meningococcen-Serotyp B-Protein der uBeren Membran ist und das bigenerische Abstandsglied durch
die Forme!

@i ﬁ lhl'?:iCOCH3
CHZCHZCBZCH2NH CHZSCBZCHQéHCO .
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wiedergegeben werden kann.

Polysaccharid-Protein-Conjugate nach Anspruch 1, worin das bakterielle Kapselpolysaccharid mit Sau-
regruppen ein Pneumococcen-Typ BB-Polysaccharid ist, das immunogene Protein ein Meningococcen-
Serotyp B-Protein der §uBeren Membran ist und das bigenerische Abstandsglied durch die Formel

Ez g IHCDCH:;
C!2C32C32CHZNB CBZSC32C52 HCO.

wiedergegeben werden kann.

Polysaccharid-Protein-Conjugate nach Anspruch 1, worin das bakterielle Kapselpolysaccharid mit S&is
regruppen  ein  Pneumoccocen-Typ 19F-Polysaccharld ist, das immunogens Protein ein
Memingococceen-Serotyp B-Protein der BuBieren Membran ist und das bigenerische Abstandsglied
durch die Formel

NHCOCE

E 3
NCH,CH, CH, caznncczzscxzcazt'.'xco.

wiedergegeben werden kann,

Polysaccharid-Protein-Conjugate nach Anspruch 1, worin das bakterielle Kapselpolysaccharid mit Séu-
regruppen eein Pneumococcen-Typ 23F-Polysaccharld ist, das immunogene Protein ein
Meningococcen-Serotyp B-Protein der uBeren Membran Ist und das bigenerische Abstandsglied durch
die Formel

@ CoCcH 3
CHC32C32C32C32NE CHZSCBZCHZCHCD.

wiedergegeben werden kann.

Verfahren zum L8slichmachen polyanionischer bakterieller Polysaccharide mit Sliuregruppen durch
{a) Ersetzen der SHurewasserstoffe des Polysaccharids durch groBe hydrophobe Kationen, wodurch
die Salzform des Polysaccharids erzeugt wird, danach
(b) Aufidsen der Salzform des Polysaccharids in einen nicht wiBrigen polaren aprotischen LEsungs
mittet.

Verfahren nach Anspruch 9, worin die groBen hydrophoben Kationen aus der aus Tri- oder Tetra(Cq
Cs)alkylammonium, t-Azabicyclo[2.2.2]octan und 1,8-Diazabicycio[5.4.0lundec-7-en bestehenden Gruy
pe ausgewihlt wird.

Verfahren nach Anspruch B, worin das nicht wilrige polare aprotische L8sungsmittel aus der aus
Dimethylformamid. Dimethylsulfoxid, Dimethylacetamid, Formamicd und N,N'-Dimethylimidazolicinen
bestehenden Gruppe ausgewihlt wird.

Vartahren nach Anspruch 8, worin die grofen Hydrophoben Kationen Tetra-n-butylammonium sind une
das nicht wifrige polare aprotische LEsungsmittel Dimethylformamid ist.

Vertahren zur kovalenten Modifizierung eines polyanionischen bakterietlen Polysaccharids durch
(a) L&slichmachen des Polysaccharids in einem nicht wiiBrigen polarsn aprotischen Losungsmittel:
{b) Aktivieren des Polysaccharids mit einem bifunktionelien Reagenz, danach
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(c) Umsetzen dieses aktivierten Polysaccharids mit einem Bis-nucleophil.
Verfahren nach Anspruch 13, weiches weiterhin dle Umsetzung des aktivierten Polysaccharids, das mil
sinem Bis-nucleophil umgesetzt worden Iet, mit einem Reagenz, das anhilingende elektrophite Stelten
srzeugt, umfapt.

Verfshren nach Anspruch 14, worin das nicht wilBrige polare aprotische L8sungsmittel aus der aus
Dimethylformamid, Dimethylsulfoxid, Dimethylacetamid und N,N'-Dimethylimidazolidinon bestehenden
Gruppe augewihlit wird.

Vertahren nach Anspruch 15, worin das nicht wifrige polare aprotische Ldsungsmittel Dimethylforma
mid ist.

Verfahren nach Anspruch 14, worin das bifunktionefleé Reagenz aus der aus Carbonsiurederivaten,

2 f

R - ‘Rag
worin A2 und R? unabhingig Azolyl sind, Halogenen oder Phenyiestern bestehenden Gruppe ausge-
wihit wird.
Verfahren nach Anspruch 17, worin das bifunktionelle Reagenz Carbonyldiimidazol ist.
Verfahren nach Anspruch 14, worin das Bis-nucieophil ein Diamin der Formel HaN{CHz)mY{(CHz)aNFH ist,
worin m 0 bis 4 ist, n 0 bis 3 ist und Y CHz, O, S, NR', CHCOzH ist, worin R' H oder ein Cy-oder C.
Alkyl ist, so daB, wenn Y CH; ist, m und n beidse nicht gleich Null sein k&nnen und, wenn Y O oder S
fst, m gréfer als 1 ist und n gréBer als 1 ist.

Verfahren nach Anspruch 18, worin das Bis-nucleophil 1,4-Butandiamin ist.

Verfahren nach Anspruch 14, worin das die elektrophilen Stellen erzeugende Reagenz

X'EIHXr

worin X' Nitrophenoxy, Dinitrophenoxy, Pentachlorphenoxy, Pentafluorphenoxy, Halogenid, Q-(N-Hy
droxysuccinimidy!} oder Azido ist, R H oder CHjy ist und X Cl, Br oder | ist; oder sine aktivierte
Maleinimidosiure

x'g (CEy) N

ist, worin p 1 bis 3 ist und X' wie oben definiert ist.

Verfahren nach Angpruch 21, worin das die elsktrophilen Stelien erzeugende Reagenz p-Nitropheny!
bromacetat ist. '

Verfahren zur Herstellung von Polysaccharid-Protein-Conjugaten, welche bakterislle Kapselpolysacche:
ride mit Sduregruppen und durch Thioetherbindungen enthaltende bigenerische Abstandsglieder ge
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kuppelte immunogene Proteine umfassen, durch
(a) Léstichmachen des bakteriellen Kapselpolysaccharids mit Séuregruppen durch
{i) Ersetzen der SHurewasserstoffe des Polysaccharids durch grofie hydrophobe Kationen, wo
durch die Salzform des Polysaccharids erzeugt wird, danach
(i} Aufidsen der Salzform des Polysaccharids in einem nicht wiéfirigen polaren aprotischen
Ldsungsmittel;
(b) Aktivieren des Polysaccharids mit einem bifunktionellen Reagenz;
(c) Umsetzen dieses aktivierten Polysaccharids mit einem Bis-nucleophi!;
(d) Umsetzen dieses aktivierten Polysaccharids, das mit einem Bis-nucleophil umgesetzt worden ist.
mit einem elektrophil Stellen erzeugenden Reagenz, wodurch ein Polysaccharid mit anhdngenden
elektrophilen Stellen gebildet wird;
(e) unabhingig davon Umsetzen des Immunogenen Proteins mit einem Thiclgruppen erzeugenden
Reagenz unter Bildung eines Proteins mit anhdngenden Thiolgruppen: danach
() Abtrennen des Proteins mit den anhéingenden Thioclgruppen von niedermolekulargewichtigem
thiothaltigem Material durch Zentrifugieren; danach
{g) Umsetzen des Polysaccharids mit anhingenden eiektrophilen Stellen mit dem Protein mit den
enhiingenden Thioigruppen unter Bildung eines Polysaccharid-Protein-Conjugats, das durch eine
covalente Thioetherbindung gekuppelt Ist; danach
{(h) Zentrifugieren der resultierenden Mischung zur Entfernung von nicht covalent gebundenen
Polysacchariden und Proteinen,

Verfahren nach Anspruch 23, worin die groBen hydrophoben Kationen Tetra-n-butylammonium sinc.
das nicht wifirige polare aprotische L&sungsmittel Dimethylformamid ist, das bifunktionelle Reagen:
Carbonyldiimidazol ist, das Bis-nucleophil 1,4-Butandiamin ist und das elektrophile Stellen erzeugende
Reagenz ein Bromacetat ist.

Verfahren nach Anspruch 23 oder Anspruch 24, worin das thiolgruppenerzeugende Reagenz N
Acetylhomocysteinthiolacton ist.

Verfahren zur Bestitigung der Existenz einer covalenten Bindung zwischen den bigenerischen Einhei
ten des eine Thicetherbindung enthaltenden Abstandsglieds zwischen Polysacchariden und Proteinen
in Polysaccharid-Protein-Conjugaten nach Anspruch 1 durch
{a) Hydrolisieren der Conjugate zur Spaliung des Conjugats an Peptidbindungen und anderen
hydrolytisch nicht stabilen Bindungen;
{(b) quantitatives Analysieren auf die Aminosiure des hydroiytisch stabilen thioetherhaltigen Al
standsglieds.

Zusammensetzung, welche eine sowchl fiir den aktiven als auch flir den passiven Schutz von
SHugetierarten gegen durch den Cognatorganismus verursachte Bakteridmie immunologisch wirksame
Menge stabile covalent gekuppelte Polysaccharid-Protein-Conjugate nach Anspruch 1, von diesen
Conjugaien abgeleiteten Antiseren oder Gamma-Globulin oder andere antikdrperhaitige Fraktionan
dieser Antiseran sowie eine pharmazeutisch annehmbaren Triger umfait.

Zusammensetzung nach Anspruch 27, welche weiterhin ein Adjuvanz enthdit.

. Zusammensetzung nach Anspruch 27 oder Anspruch 28, worin die Polysaccharid-Protein-Conjugate ein

oder mehrere Glieder der Gruppe umfassen, die aus einem Haemophilus influenzae -Typ b-Polysar
charid, das Uber ein bigenerisches Abstandsglied der Formel

EiCH

an ein Meningococcaen-Serotyp B-Protein der uBeren Membran gekuppelt ist; einem Pneumococcen
Typ 6B-Polysaccharid, das (Iber ein bigenerisches Abstandsglied der Formel

HCOCE 3

CE,CH NHECH SCH CﬂzzHCO,

CH,CE,CH, 25€8;

2
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E @ IHCOCHB
NC52CHZ C52C32NH CHZSC32C32 BCO,

an ein Meningococcen-Serotyp B-Protein der HuBeren Membran gekuppelt ist; einem Pneumococcen
Typ 18F-Polysaccharid, das Uiber ein bigenerisches Abstandsglied der Formel

IHC CCH 3

i [
C32C32C32C32N8ECBZSCHZC32 BCO,

an ein Meningococcen-Serotyp B-Protein der HuBeren Membran gekuppelt ist; und einem
Preurnococcen-Typ 23F-Polysaccharid, das Uber sin bigenerisches Abstandsglied der Formsl

IHCOCH 3

4
I i
NCHZCHzf.'HzCHzNH C32$CH CH,CRCO,

2772

an ein Meningococcen-Serotyp B-Protein der HuBeren Membran gekuppelt ist, bestsht.

Zusammensetzung nach Anspruch 28, worln elne immunologisch wirksame Menge eine Menge ecines
jeden Conjugats in der Zusammensetzung ist, 3o daB jedes Gonjugat 2 bis 50 g des Polysaccharids
in der Conjugatform enthéit.

Zusammensetzung nach Anspruch 29, worin die S3ugetierart der Mensch ist.

Zusammensetzung nach Anspruch 30, worin die immunologisch wirksame Menge eine Menge eines
jeden Conjugats in der Zusammensetzung ist. so daf jedes Conjugat 25 g des Polysaccharids in det
Conjugatform bel Conjugaten von Pneumococcen-Polysacchariden und 10 ug des Polysaccharids in
der Conjugatform bel Conjugaten von Haemophilus influenzae -Typ B-Polysaccharid enthiilt.

Verwendung von seinem oder mehreren Typen von Polysaccharid-Protein-Conjugaten, welche bakteriel-
le Kapselpolysaccharide mit S#uregruppen umfassen, die durch Thioetherbindungen enthaltende bige
nerlsche Abstandsglileder an Immunogene Proteine gebunden sind, nach Anspruch 1 sowie sines
Glieds der Gruppe, die aus einem pharmazeutisch annshmbaren Triger, sinem Adjuvanz sowie einem
pharmzeutisch annehmbaren Triiger und Adjuvanz besteht, zur Herstellung einer zur Behandlung von
Siugetierarten gegen Bakteriimie durch die Cognatorganismen geeigneten Zusammensetzung.

Verwendung nach Anspruch 33, worin die Polysaccharid-Protein-Conjugate ein oder mehrare Gliede:
der Gruppe umfassen, die aus einem Haemophlius influenzae -Typ b-Polysaccharid, das iiber ein
bigenerisches Abstandsglied der Formel

@i i NHCQCH3

an oin Meningococcen-Serotyp B-Protein der BuBeren Membran gekuppslt ist; sinem Pneumococeen
Typ 8B-Polysaccharid, das Uber sin bigenerisches Abstandsglied der Formel
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OH o
1t 0 NHCOCH,

CI*ICHZC‘HZC.'.'HZ(:H2 NHCCHZSCHZCH CHCO,

an ein Meningococcen-Serotyp B-Protein der &uferen Membran gekuppelt ist; einem Pneumococcen-
Typ 19F-Polysaccharid, das ilber ein bigenerisches Abstandsglied der Formel

OH O NBCO'CH
CVC32C32C32CHZNHCC325CH CH CHCO-

3

an ein Meningococcen-Serotyp B-Protein der HuBeren Membran gekuppelt ist: und seinem
Pneumococcen-Typ 23F-Polysaccharid, das tiber eln bigenerisches Abstandsglied der Formet

f

OH o NECOCH

1M T | 3
CNCR,CH,CH, CH, NHCCH,, SCH,CH,CECO,

an ain Meningococcen-Serotyp B-Protein der SuBeren Membran gekuppelt ist, besteht.

Verwendung nach Anspruch 33, worin die zu behandeinde Art menschliche SHuglinge und Kinder sin
und worin die zu versbreichende wirksame Menge der Zusammensstzung in einer Einzeldosis eine
Menge ist, die 25 1Ly des Polysaccharids in der Conjugatform bei Conjugaten ven Pneumococcenpoly-
sacchariden und 10 wg des Polysacchrids in der Conjugatform bei Conjugaten der Haemophilus
influenzae -Typ b-Polysaccharid-Protein-Conjugate entspricht. ’

Verwendung nach Anspruch 33, worin die Zusammensetzung eine Menge eines Polysaccharids-
Protein-Conjugats, die ein Hasmophiius influenzae -Typ b-Polysaccharid umtaft. das durch ein bigene-
risches Abstandsglied der Formel

?E ﬁ NHC&BE’
CNCE 2CH:CHZCHzNBCCBZSCHZCHZC.HCO ’

an ein Memingococcen-Serotyp B-Protein der duieren Membran gekuppelt ist, enthdlt, die 10 g des
Polysaccharids der Conjugatform entspricht.

Polysaccharid-Protein-Conjugate nach Anspruch 1, worin das bakterielle Kapsselpolysaccharid mit S&u-
regruppen ein Gruppe B-Streptococcus -Polysaccharid der Typen la. Ib, H oder W ist, das immunogene
Protein ein Memingococcen-Serotyp B-Protein der #ufleren Membran ist und das bigenertsche Ab
standsghied durch die Formel

OH 0 NHCOCH
N I 3

CNCEH CHZCH CH NBCCH ,SCH,CH,CECO.

wiedergegeben wardsn kann.

. Polysaccharid-Protein-Conjugat nach Anspruch 1, worin das bakterielle Kapselpolysaccharid mit SHure-

gruppen ein Escherichia coli Ki-Polysaccharid ist, das immunogene Protein ein Meningococcer:
Serotyp B-Protein der JuBeren Membran Ist und das bigenerische Abstandsglied durch die Formel
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T Q NHCOCH

il ) 3
cncnzcnzcxzcaznnccazscnzcazczco

wiedergegeben werden kann.

39, Verfahren nach Anspruch 23, worin das Polysaccharid-Protein-Conjugat mit einem Thiol niedrigen
Molekulargewichts umgesetzt wird, um Oberschlissige elekrophile Aktivitdt am Conjugat auszuschlie
fen.

40. Verfahren nach anspruch 38, worin der Thiol niedrige Molekulargewichts n-Acetylcysteamin ist.
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