
EP 0161 18BI 0 DescripUion The present invention Is directed to
covalently-modifled bacterial polysaccharides and immunogenic proteins and
to covalent conjugates of such polysacchardes linked by a bigeneric spacer,
which permits 5  proof of covalency and facilltates 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 between
polysaccharides and proteins. 10 BACKGROUND OF THE INVENTION Purified
capsular polysaccharldes of bacteria have been used to prepare vaccines
against the cognate 18 bacteria, but the resulting Immune responses have
often been less satisfactory than desirable, especially in very young
children or Individuals with Immature or deficient Immunological systems.
The Haemophilus Influenzae type b capsular polysaccharide, for example,
falls to provoke an immune response in infants. thus making this
polysaccharide ineffective by itself In providing protection against the
serious pediatric medical problems caused by H. influenzae type b bacteria.
Enhancement of the immunogenicity of these 20 polysaccharldes may often be
ac66Wpifished by combining them with proteins. See, for example. Schneer-
son at al ., "Haemophilus Influenzae Type b Polysaccharide-Protein
Conjugates:Model for a New Genera- tion of capsular Polysaccharlde
Vaccines," New Dev. with Hum. & Vet. Vaccines, 77-94 (1980); Schneer son,
et al ., J. Exptl. Med., 152, 381 (1980); and Anderson, Infection and
Immunity. 39, 233 (1983). aire must be exerciseaTn the selection of the
protein which is to be combined with these polysac 25 charldes, however.
Certain proteins (e.g., pertussinogen) are non-specific stimulators of the
immune system In Infants. These proteins can, to a degree, enhance the
Immune response to polysaccharide antigens, but unfortunately, such
non-specific activation leads to unwanted biological effects (ie..
reactogenicity). The much preferred specific enhanced Immune responses to
these polysaccharlde antigens can be achieved in Infants by "conjugating"
these polysaccharides to appropriate proteins, as first reported by W. F.
Goebel 3o and 0. T. Avery in 1929 (J. Expli. Medicine 50 . 521-531 (1929)).
The means of combiniingtWe polysacfiirlde and protein must also be
carefully considered. If, as is believed, the immunological enhancement Is
realized as a result of the molecular proximity of the polysaccharide
determinants to the protein "carrier" determinants, these moieties should
not easily separate in the biological system. Non-covalent complexes,
arising from the polyanionic character of the polysac- as  chaides and the
polycationic character of "carrer" 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 polysaccharldes and protein would possess much greater
chemical stability and could demonstrate T-cell dependent immune responses.
Covalent polysaccharide-proteln conjugates have been claimed in the
literature, but the exact nature of 40 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. Haemophilus rifiwnzae type b and Streptococcus pneumoniae
type OA polysaccharides were reacted with cyanogen bromide, then with adp1h
acid hydfrazldo then "coupled" with tetanus toxoid or horseshoe crab
hemocyanin proteins In Schneerson et al . J. Exptl. Mad. ,152, 361 (1980)
and Infection and Immunity . 40 45  , 245 (1983). Pneumococcal type 1V
polysacchartde was coupled to bovine serum alu-min directly by forming
imines (Schlff bases) from the reducing ends of the polysaccharides and the
pendant amine groups 



(I.e., lysines) of the protein, then reducing these imines with sodium
cyanoborohydride (Lin et al Immunology , 46, 333 (1982)). AddIIfioaffy,
polysaccharldes linked to diazotized aromatic amines were coupled to the
protein's 60 tyrosines In K. K. Nixdorff et al ., Immunology 29, 87 (1975)
and polysaccharides linked to aromatic amines were converted to
isothlocy-Aates, which weirthen linked to the pendant amino groups of the
protein's lysine In S. B. Svenson and A. A. Undberg, J. Immunolog. Methods
25 323 (1979). In each case, however. the resulting conjugate was
characterized onily by its gel permeation chromatographic behavior. In
still another example (S. Nutani et al .. Infection and Immunity 38 , 971
(1982)), the polysaccharide, pullulan. 65 was activated with cyanuric
chi&ide, then reiatied wh teainus 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 demonstrated other
than by the implications of an aggregated molecular weight, thereby
confusing covalency with the interaction of polyanions and polycations in 3
EP 0161 188 31 molecular complexes, as these complexes will also give an
aggregate molecular weight. it was therefore an object of this Invention to
link polysaccharide determinants to protein "carrier" determinants such
that the molecular proximity of these moieties could be maintained in
biological systems. It was another object of this Invention to covalently
link capsular polysaccharides with carrier proteins and to s  develop 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-proteln conjugates which demonstrate
T-celi dependency and which would be useful as vaccine components for
eliciting protective serum antibody to certain bacteria, particularly the
cognate bacteria of the polysaccharldes used. It was a further object of
this Invention to develop a method for solubilizing polysaccharides,
particularly polyanionic to  polysaccharldes, 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 concentrating covalentiy-llnked
polysaccharide-proteln conjugates to remove unconjugated macro- molecules
and excess reactants. It was still a further object of this invention to
develop methods of treatment employing these conjugates In
Immunologically-effective vaccines for use against, e.g., meningitis i5 and
otitis media. SUMMARY OF THE INVENTION 20     The present Invention Is
directed to covalently-modified bacterial polysaccharides and to
chemically. stable conjugates of such polysaccharldes with
covalently-modifted 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 thloether group, 2s
wherein the bigeneric spacers are atom chains linking macromolecules (such
as polysaccharides and proteins), part of which spacers originate with one
modified macromolecule (e.g., the covalently-modified polysaccharlde) and
the other part of which originate with the other modified macromolecule
(e.g., the functionallzed protein). In the process according to the instant
Invention, the polysaccharide is covalently functlonalized in one 30  or
more steps to produce a polysaccharlde with pendant electrophilic centers
or pendant thioi groups. 



Preferably, the polysaccharlde Is first solubilized In a non-hydroxylic
organic solvent, then derivatized with a bifunctional activation agent
before being reacted with a bis-nucleophile. The nucleophile-functionalized
polysaccharlde is then either reacted with a reagent to generate pendant
electrophilic sites or reacted with a reagent to generate pendant thiol
groups. By proper selection of the bis-nucleophile, i.e., one which would
35  react with the activated polysaccharide and result In a
covaiently-modified polysaccharlde with pendant electrophilic sites or
thiol groups, or selection of the proper nucleophile, further
functionalization of the nucleophile-functionalized polysaccharlde 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 40
electrophllic 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) 46 the polysaccharide from Its
pendant electrophilic or thlol group moiety, and cleaving the protein from
Its pendant thlol or electrophilic group moiety, then analyzing for the
thioether-containing bigeneric spacer 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 polysaccharide-protein so
conjugates or their derivatives may then be prepared. DETAILED DESCRIPTION
OF THE INVENTION so     The conjugates of the Instant Invention may be any
stable polysaccharide-protein conjugates, coupled through bigeneric spacers
containing a thloether group and primary amine, which form
hydrolytically-labile covalent bonds with the polysaccharide and the
protein. Preferred conjugates according to this invention. however, are
those which may be represented by the formulae, Ps-A-E-S-B-Pro or
Ps-A'-S-E`-B'-Pro. 4    - .   . EP O 1S1 18BB 1 wherein Ps represents a
polyeaccharide; Pro represents a bacterial protein; and A-E-S-B and
A-S-E-EO constitute bigeneric spacers which contain hydrolyticaily-stable
covalent thioether bonds, and which form covalent bonds (such as
hydrolytically-labile 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 thiophilic group which has been 6 reacted with a thbol group,
and is represented by 'o                       -J(CH 2) pN
t o A S wherein R Is H or CH3. and p is 1 to 3; A is 20
-f  (C32) mY M8g2) nNff_ wherein W is 0 or NH, m Is 0 to 4, n is 0 to 3,
and Y is CH2,0.S.NR'. or CHCO2H. where R' is C,- or CG- aikyl, such that if
Y is CH2, then both m and n cannot equal zero, and if Y is 0 or S. then m
is greater than 25 1 and n is greater than 1; and B is z - (CH2)p&(CH2)qDOu



30 wherein q Is 0 to 2, Z Is NH2, 35
.Nlst COOH, or H, where R' and p are as defined above, and 40
o D  i5 &   NI', 45 or N O    O N-C (CH2) 2C. 50 Then in the spacer,
A'-S-E'-B', S is sulfur A' Is 65                                    -CNH
(CH 2) aR"' wherein a is 1 to 4, and R" Is CH2, or 5    EP0161 188B1 BOY' 5
where Y' Is NH2 or NHCOR', and W, p and R' are as defined above, and El is
the transformation product of a thlophilic group which has been reacted
with a thlol group, and Is represented by I 10
-CB-# wherein R is as defined above, and 8' is 15
0 -C-, or E is 0 25 Is 30 and 0 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' 40
components are determinable and quantMable, with this Identification
reflecting the covalency of the conjugate bond linking the side of the
thloethersuifur which originates from the covalently-modif led
polysaccharide with the side of the spacer which originates from the
functionalized protein. The polysaccharldes of this Invention may be any
bacterial polysaccharldes with acid groups, but are not Intended to be
limited to any particular types. Examples of such bacterial polysaccharides
Include 4  Streptococcus pneumonia. (pneumococcal) types 6A, OB, 10A, 11A,
18C, 19A. 19F, 20, 22F, and 23F. polysaccharldes; Group B Streptococcus
types la, lb, II and liI; Haemophilus influenzae (H. flu) type h
polysaccharlde; Neisseria meningltdis (meningococcal) groups A, B. C, X, Y.
W135 and 29E polysac charides; and Escherichia coil KI. K12, K13, K92 and
K100 polysaccharides. Particularly preferred polyeaccharides, however, are
those capsular polysacchalddes selected from the group consisting of H. flu



6  type b polysaccharlde, such as described In Rosenberg et al , J . Bio .
Chem ., 236, 2845-2849 (1961) and Zamenhof et al ., J . Blol . Chem ., 203
, 695-704 (1953); Wreptococcus pneumoniae (pneumococcal) type OB or type BA
poysacharii, suchi as described in Robbins et al ., InfecEton and Immunity
, 26 , No. 3. 1116-1122 (Dec., 1979); pneumococcal type 19F
polysaccharlde9,such as described in C. J. Lee et al  Reviews of Infectious
Diseases . 3 , No. 2, 323-331 (1981); and pneumococcal type 23F
polysaocharide. 56  such as des`66W(ndi. ?Lawet k J., Adv . Carbohyd Chem .
and Biochem ., 33, 295-321, R. S. Tipson el al ., d., 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 bacterial membrane proteins; any o1    EP 016 188
91 various plant proteins, such as edestin or soybean trypsin inhibitor;
viral protein subunits, such as hepatitis A or B. herpes gl or gO,
Epstein-Barr or variceila zoster subunits; synthetic polypeptides;
diphtheria toxoid: or tetanus toxoid, but are preferably Nelsseria
meningitidis (meningococcal) 8 serotype outer membrane proteins, which are
T-cell stimulators. An exampie of tieserotype proteins has been described
in Helting 6  et al ., "Serotype Determinant Proteins of Nelsseria
Meningitidis ', Actapath. Microbiol. Scand. Sect. C, 89 . 78 (1981), and
Frasch et al ., J. Bact., 17N, 1973981 (1976). Then the conjugates,
PiA-E-8-B-Pro:7according to this Invention may contain spacers whose compo-
nents include derivatives of, Inter alla : carbon dioxide, 1
,4-butanediamine, and S-carboxymethyl-N- acetylhomocystelne; carbon dloxI,
i,5-pentanedlamlne, and S-carboxymethyl-N-acetylhomocysteine; car lo  bon
dioxide, 3-oxa-1,5-pentanediamine, and
S-carboxymethyl-N-acetylhomocysteine; carbon dioxide, 1.4 butanediamine,
and S-carboxymethyl-N-aretylcystelne; carbon dioxide, 1.3-propanediamine,
and S carboxymethyl-N-benzoylhomocysteine; carbon dioxide,
3-aza-1,5-pentanediamine, and S-carboxymethyl-N acetylcysteine; and carbon
dioxide, 1,2-ethanediamine, glycine, and
S-(succin-2-yi)-N-acetylhomocysteine- The conjugates, Ps-A'-S-E-B-Pro,
according to this Invention, may contain spacers whose components is
include derivatives of, Inter ala: carbon dioxide and
8-carboxymethyicysteamine; carbon dioxide and S-(a-
carboxyethyl)cysteamine.;ci-on dioxide and S-carboxymethylhomocysteamine:
carbon dioxide, S-(succin- 2-yicysteamine, and glycine; and carbon dioxide
and S-carboxymethylcysteine. In the process of the Instant invention, the
polysaocharide is covalently-modified by (a) solubilizing it ill a
non-hydroxylic organic solvent, then (b) activating it with a bifunctional
reagent, (c} reacting this activated 20  polysaccharide with a
bis-nucleophile, and finally, If necessary, further (d) functionalizing
this modified polysacoharide by either reaction, (i) with a reagent
generating electrophilic (e.g., thiolphilic) sites or, (0) with a reagent
generating thiol groups. The protein is conversely either reacted (i) with
a reagent generating thiol groups or nii) with a reagent generating
thiolphillc sites, then the covalently-modified polysaccharide and the
functionalized protein are reacted together to form the stable
covalently-bonded conjugate and the final 25 mixture is purified to remove
unreacted polysaccharides and proteins. The process of this Invention also
Includes selection of a nucleophile or bis-nucleophile which will read with
the activated polysaccharlde 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 covaiently-modified polysaccharide
with the covalently- 30 modified protein. Also, the functionalization of
the protein to either moiety form may be accomplished in more than one step
according to the selection of reactants In these steps. 



A. PREPARATION OF THE P OLYSACCHARIDE .35 In the first step toward
covalently-modifying te polysaccharide, the solid polysaccharide must be
solubilized. Since the nucleophilic alcoholic hydroxyl groups of a
polysaccharide cannot compete chemically fo' electrophilic reagents with
the hydroxyls of water in an aqueous solution, the polysaccharide should be
40 dissolved in non-aqueous (non-hydroxylic) solvents. Suitable solvents
include dimethylformamide. dimethyl- sulfoxide, dimethylacetamide,
formamide, NN-dimethyllmidazolldinone, 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 polysaccharldes of H . Influenzae type
b, which are a ribose-ribitol 46  phosphate polymers, and of pneumococcal
types 68, 191F and 23F). which have acid hydrogens, such as phosphoric acid
mono- and diesters, into an appropriate salt form., these polysaccharides
become readily soluble in the above solvents. The acidic hydrogens in these
macromolecules may be replaced by large hydrophobic cations, such as tri-
or tetra-(C,- to Cr-)alkylammonium, 1-azabicyclo[2.2.2joctane,1.8-dia
zabicyclo (5.4.0]undec-7-ene or similar cations, particularly tri- or
tetra-(Ci- to Cs-)alkylammonium, and the so resultant tri- or
tetraaikylammonium or similar salts of phosphorylated polysaccharides
readily dissolve hi the above solvents at about 17 -50 C, while being
stirred for from one minute to one hour. Partially-hydrolyzedi H .
influenzae type b polysaccharide has been converted into the tetrabutylarri
monlum salt, then dissolid in dimethylsulfoxide (Egan et al ., J . Amer .
Chem . Soc .. 104. 2898 (1982)). but this product is no longer antigenic,
and therefore useleis forpreparing vaccines. By contrast, Applicants 65
accomplish the solubilization of an intact, unhydrolyzed polysaccharide by
passing the polysaccharide through a strong acid cation exchange resin, in
the tetraalkylammonium form, or by careful neutralization of the
polysaccharide with tetraalkylammonium hydroxide, preferably by the former
procedure, and thereby preserve the viability of the polysaccharide for
immunogenic vaccine use. 7    EP 0161 1880Bi Subsequent steps are then
directed to overcoming the other significant physico-chemical limitation to
making covalent bonds to polysaccharddes, that being the lack of functional
groups on the polysaccharides. other than hydroxyl groups, which are
reactive enough with reagents commonly or practically used foi
functionallzation of units with which bonding Is desired. Activation of the
polysacchardde to form an activated 6  polysaccharlde, reaction with
bis-nucleophiles to form a nucleophile-functionalized polysaccharide, and
functlonalization with reagents generating either electrophflic 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 solubiflzed polysaccharide is activated
by reaction with a bifunctional reagent at to about O0 -50 "C, while
sirringf 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 proclivity" for vicinal diols, have shown
transient stability during dialysis against a phosphate buffer. Therefore,
while activation with cyanogen bromide is still possible according to the
present invention, this 



16  reagent Is poorly utilized in activation of polysaccharides and Is not
preferred. Instead, preferred bifunctional reagents for activating the
polysaccharide include carbonic acid derivatives, 20 wherein R2 and Rs may
be Independently, azolyl, such as Imidazolyl; halides; or phenyl esters,
such as p - nitrophenyl, or polyhalophenyl. Carbonyldlimidazole, a
particularly preferred reagent, will react with the hydroxyl groups to form
26 Imidazolylurethanes of the polysaccharide, and arylchloroformates,
including, for example, nitrophenylch- loroformate, will produce mixed
carbonates of the polysaccharide. In each 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 Is reacted with a nucleophilic
reagent, such as an amine. so particularly diamines, for example, El (CH2)
mY (CR2) n  L1, 36 wherein m is 0 to 4, n Is 0 to 3, and Y Is CH2, 0. S.
NR', CHC02H, where R' is H or a C. -or C2 -aikyl, such that If Y Is CH2,
then both m and n cannot equal zero, and If Y is 0 or S. then m is greater
than 1, and n is greater than 1, In a gross excess of amine aIe., 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 40 1 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 dlamines to result In pendant amine groups.
Altematively, the activated polysaccharide may be reacted with a
nucleophile, such as a mon- 45  ohaloacetamide of a diaminoalkane, for
example, 4-bromoacetamidobutylamine (see, W. B. Lawson et al .. Hoppe
Seyler's Z . Physiol Chem. , 349, 261 (1968)), to generate a
covalently-modlfied polysaccharide IweFndant eiectrophllc sites. Or,
theiactivated polysacchardde 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 polysaccharlde
with pendant thiol groups. In both cases, no additional 50
functionalization is necessary prior to coupling the covalently-modified
polysaccharlde to the modified bacterial "carrier" protein. The last step
in preparing the polyeaccharlde, 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 (ie., thlophilic) sites, or with a reagent to generate thiol
groups. 65     Reagents suitable for use In generating electophilic sites,
Include for example, those for acylating to haloacetyl or ct-hatoproplonyl,
derivative such as    EP 0161 188 B1 MALX 5  (wherein R Is H or CHs; X is
CI, Br or l; and X' Is nitrophenoxy, dinitrophenoxy, pentachlorophenoxy.
pentatluorophenoxy, halide, O-(N-hydroxysucclnImidyl) or azIdo),
particularly chloroacetic acid or a- bromopropbonic acid, with the reaction
being run at a 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 polysaccharlde may be acylated with activated maleimido amino
acids (see, 0. Keller et al 10 Helv . Chim . Acta ., 58, 531 (1975)) to
produce maleimido groups, -g(CH2 )      i 20~~~~~~~~ wherein p is I to 3;
with a 2-haloacetyling agent. such as p-nitrophenylbromoacetate; or with an
e- haloketone carboxylic acid derivative, e.g., 25
H02C- nc    -LCH2Br 30 (Ber ., 87 , 1204, (1934)) In order to produce
appropriately functionalized polysaccharides susceptible to
frio-osub~itution. Reagents suitable for use In generating thiol groups
Include, for example, acylating reagents, such as thiolactones, e.g., 354
40 wherein RI is Ct- to C4-alkcyl or mono- or bicyclic aryl, such as C6H5
or C1-H13, and p is I to 3: DHCORS 46                              O3SSCE2
(CE2) mCN-COX', wherein m is 0 to 4, Rs Is Ci- to C4-alkyl or C6Hs, and X
Is as defined above, followed by treatment with HSCH2CH20H; or 505 MUCOR C2
5-S-S-CE2 (CH2) 6MHCOX 55 wherein m, Rs 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 a pH of 8 to 11 (with
base added, as necessary, to keep th pH within this range), for one to
twenty-four hours. For example, an amino-derivatized polysaccharide may be
reacted with 9    EP 0161 188 B1 5 to produce an
appropriately-functionalized polysaccharide. By these steps then,
covalentIy-modified polysaccharlides of the forms, Ps-A-E*- or Ps-A-SH-,
wherein 10 E1 Is -CCHX or 16                                   0 -C (CH2)pN
and A, A', R. X and p are as defined above, are produced. S 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
morn reagents to generate an electrophilic (Q.e., thlophillo) center. 30
In preparation for conjugation with an electrophilc-functionalized
polysaccharide, the protein is reacted in one or two steps with one or more
reagents to generate thiol groups, such as those acylating reagents used
for generating thlol groups on polysaccharldes, as discussed on pages 15-17
above. Thiolatecd 



proteins may also be prepared by aminating carboxy-activated proteins, such
as those shown in Atassi et al ., Blochem et Biophys . Acta , 70 , 300,
(1981), with aminothiols, to create the thiolated protein, A preferred 3
embodiment ofthprocess isp involves the direct acylation of the pendant
amino groups (i.e., lysyl groups) of the protein with
N-acetylhomocystelnethlolactone at about 0 to 35 C and pH 8-1 1, for from
five minutes to two hours, using equiweights of reactants. When E'B' is 40
(CB2pX (C2) 46 uo the conditions and method of preparing 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
conjugation with a covalently-modified bacterial polysaccharlde with
pendant thiol groups, the protein Is acylated with a reagent generating an
electrophilic center, such acylating agents Including, for example, 55
XCH2-X   and  X               - X', 10    EP 0161 188 1 wherein X and X'
are as defined above; and 6                     t      >i ~~~~~(CR2)
-(XI't S                                       > 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. 10 for example. 0 K6
go81(CH2) n j    20 or by reacting the carboxy-activated protein with
monohaloacetyl derivatives of diamines. In both prepara tion reactions, the
temperature Is from 0 * to 35 C for from five minutes to one hour and the
pH is from 8 to 1. 26 C. FORMATION OF THE CONJUGATE Formation of the
conjugate Is then merely a matter of reacting any of the
covalently-modified 30 polysacchardes having pendant electrophillc centers
with any of the proteins having pendant thiol groups at a pH of 7 to 9, in
approximate equlweight ratios, In a nitrogen atmosphere. for from six to
twenty-four hours at from about 17 to 40 C, to give a covalent conjugate.
Examples of such reactions include: 36
I  XCCI APs-CB2CH2CB2CH2NJCN29r + N3CK2CN2 NCO-Pro
> ace                         fR~~~~~~~~~COCE 3 0Pea2Ce
2c!2CH2Nc2EgCH2sCNl2CH21CoPro,' 



wherein an activated polysaccharlde which has been reacted with
4-bromoacetamidobutylamine is reacted 4. with a protein which has been
reacted with N-acetylhomocysteinethlolactone, to form a conjugate. and: s0
66    EP 0161 188 B1 psgY'.t4CH2                + HSCH2dH2NC ECH2CH2XPro 10
~~~~~~~0 PSLYNHC 2-  I/2CH 2NELC2CH 2 Lo w0 (where y" is a G2-saiikyl
radical), wherein an amnno-derivatized polysaccharlde which has been
reacted with activated malelmido acids is reacted with a carboxy-activated
protein which has been aminated with ail aminothiol, to form a conjugate.
Similarly, any of the covalently-modified polysaccharides with pendant
thiol groups may be reacted with any of the proteins having pendant
electrophillc centers to give a covalent conjugate. An example of such a 25
reaction Is: PsWCs2CH2SBE + ProgCK2cH2g-I(CH2) 4NHCOC2Br 30 PSCL2CH2SCH2g
(CH2)4 4NCH2CH2Lot 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 diarnine, to
form a conjugate. Should the electrophilic activity of an excess of
haloacetyl groups need to be eliminated, reaction of the 40 conjugate with
a low molecular weight thiol, such as n-acetylcysteamine, will accomplish
this purpose. Use of this reagent, n-acetylcysteamine, also allows
confirmation accounting of the haloacetyl moieties used (see Section 0),
because the 8-carboxymethylcysteamine which is formed may be uniquely
detected by 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 46  hours at about 1 * to 20' C, or are submitted to any of a variety
of other purification procedures, including gel permeation, ion exclusion
chromatography, gradient centrifugation, or other differential adsorption
chromatography, to remove non-covalently-bonded polysaccharides and
proteins, using the covalencv assay for the bigeneric spacer (see below) as
a method of following the desired biological activity. The further
separation of reagents may be accomplished by size-exclusion chromatography
in a column, or in the case of very large, non-soluble proteins, such as N.
meningitidis B serotype outet membrane protein, this separation may be
accomplished by ultracentrifugation. D. ANALYSIS TO CONFIRM C OVALENCY
Analysis of the conjugate to confirm the covalency, and hence the stability
of the conjugate, is accomplished by Applicants by hydrolyzing (preferably
with ON HCI at 110 C for 20 hours) the conjugate. then quantitatively
analyzing for the amino acid of the hydrolytically-stable spacer containing
the thioether 12    EP 0161 188 B1 



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 involved. with the
remaining amino acid value reflecting the covalency of the conjugate, or
the amino acid of the spacer may be designed to appear outside the amino
acid standard of the protein in the analysis. The 5  covalency assay Is
also useful to monitor purification procedures to mark the enhancement of
concentration of the biologically-active components. In the above examples,
hydrolysis of W           is             :R~~~~COCE3 10
P1CH CH2CHC2CHH2N9CE2SCR2CH2  rCOCN3 results In the release of
S-carboxymethylhomocysteine, t6
E 2 go 2cCH2SCH2cN2 ICO2H; hydrolysis of WI 25               PSLNBHY NE g
CH2     /H2 CBXHICH CH  Pro 3o results In the release of the
aminodicarboxylic acid, no2CCN2  BSCH2CH 2NH2; and hydrolysis of CN2C 2 CH2
(e2) 4 W CR2CH2gPro results in the release of S-carboxymethylcysteamine,
H2NCH2CH2SCH2C02H by cleavage of the Ps-A-E-S B-Pro molecule at peptide
linkages and other hydrolytically-unstable bonds. Chromatographic methods.
<S such as those of Spackman, Moore, and Stein, may then be conveniently
applied and the ratio of amino acid constituents determined. E. APPUCATIONS
50 One or more of the conjugates of this invention may be used in mammalian
species for either active '' passive protection prophylactically or
therapeutically against bacteremia caused by the cognate organism. such as,
in the preferred embodiments of this Invention, aieemophilus influenzae
type b or Streptococcus pneumoniaes type O8, 19F or 23F organisms. Active
protection may be accomplished by injecting ail 65 effective amount (a
quantity capable of producing measurable amounts of antibodies, e.g., 2 to
50 g)- of polysaccharlde in the conjugate form of each of the conjugates
being administered per dose, whole antiserum obtained from animals
previously dosed with the conjugate or conjugates. or globulin or other
antibody-containing fractions of said antisera. with or without a
pharmaceutically-acceptable carrier, such as 13    EP O 11 188 91 aseptic
saline solution. Such globulin is obtained from whole antiserum by
chromatography, salt or alcohol fractionation or electrophoresls. 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. 5     In a
preferred embodiment of this Invention, the conjugate is used for active
immunogenic vaccination of humans, especially Infants and children. For
additional stability, these conjugates may also be Iyoph~lizeWl in the
presence of lactose (for example, at 20 mlg/ml of H. flu polysaccharlde/4
mg/Iml lactose or 50 tLgtml of 



pneumococcal polysaccharlde/10 mg/mil lactose) prior to use. A preferred
dosage level Is an amount of each of the conjugates or derivative thereof
to be i0 administered corresponding to 25 ug of polysaccharlde in the
conjugate form for conjugates of pneumococ cal polysaccharldes and 10 bg of
polysaccharide In the conjugate form for conjugates of H. flu type 1i
polysaccharide in a single administration. if necessary, an additional one
or two doses of conjugate om derivative thereof of the H . Influenzae type
b polysaccharlde In an amount corresponding to 10 ig of the polysacchadde
in the conTugaoteErm, may also be administered. is     The Invention is
further defined by reference to the following examples, which are intended
to be Illustrative and not limiting. EXAMPLE 1 20 PREPARATION OF H.
INFLUENZAE TYPE b CAPSULAR POLY SACCHARIDE (PRP) 2s  INOCULUM AND SEED
DEVELOPMENT A Stage: A Iyophilized tube of Haemophilus influenzae type b,
(cultured from Ross 768, received from state University 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 11 o0  37 C in a candle jar, the growth on each plate
was resuspended in 1-2 ml Haemophilus Inoculum medium and pooled.
HaloPhilus Inoculum Medium* 3s       Soy Peptone
10 gm/liter NaCI                                             5 gm/liter
NaH2P  4                                         3.1 gm/liter 40
Na28PO4                                          13.7 gm/liter K2P04.
2.5 gm/liter Distilled  Water                                 To Volume 46
* The pR 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 1210C so       for 25 minutes. B Stage: 2-Uler Non-baffled Erlenmeyer
Flasks One-third portions of the resuspended bacteria from "A stago'
(above) were used to Inoculate three two-liter flasks, each containing
about 1.0 liter of complete 5  Haemophilus seed and production medium (see
below). The flasks were then incubated at 37 C on a rotary shaker of 200
rpm for about 5 hours. A typical O16so value at the end of the Incubation
period was 0.37. 14    EP 0161 188 81 Complete BEaemohilus Seed &
Production Medium Nan2PO4                                     3.1  9/1
Na2HPO4                                    13.7 g/l Soy Peptone
10    9/l Yeast extract diafiltrate  (1)  10   ml/l 10
K2HP04                                       2.5 g/l 



NaC1                                        5.0  g/l Glucose  (2)
5.0  g/l iS                 . Nicotinamide adenine dinucleotide  (NAD)- (3)
2   mg/l Bemin  (4)                                  5   mg/l 20 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 for about 25 minutes
at 121 * C and after cooling, yeast extract diafitrate (1), glucose (2).
NAD (3). and hemin (4) were added aseptically to the flasks or fermenters
prior to inoculation. (1) Yeast extract diaflltrate: 100 g brewers' yeast
extract (Amber) was dissolved in 1 liter distilled water and ultrafiltered
in an Amicon DC-30 hollow fiber with HI 0X50 cartridges to remove molecules
with m.w. 60,000. The filtrate was collected and passed through a 0.22a
membrane as a sterile product. (2) Glucose was prepared as a sterile 25%
solution In glass-distilled water. (3) A stock solution of NAD containing
20 mg/ml was sterilized by filtration through a Millipore filter 3
(0.22u) and added aseptically just prior to inoculation. (4) A stock
solution of Hemirn 3X was prepared by dissolving 200 mg in 10 ml of 0.1M
NaOH and the volume adjusted with distilled, sterilized water to 100 ml.
The solution was sterilized for 20 minutes at 121 * C and added aseptically
to the final medium prior to inoculation. C Stage: 70-ULter Seed Fermenter
- Three liters of the product of B Stage was used to inoculate a 70- 3
liter rmenter containri'n 1.4 liters of Complete Haemophilus Seed &
Production medium (prepared as described above) and 17 ml UCON B825
antifoam. The pi started at 7.4. The fermentation was maintained at 37 C
with 100 rpm agitation and monitored by optical density (0.0.) and pH
determinations until a typical O.D. of 0.39 was reached (after about 5.5
hours). 40 D Stage: 800-Liter Production Fermenter Approximately 40 liters
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 '6 and 72 of UCON L8625 antifoam. The
fermentation was maintained at 37 C with 100 rpm of agitation, with the
O.D. and pH levels being checked about every two hours until the O.D. was
similar for a two-hour period, at which time the fermentation was
terminated (a typical final O.D. was .54 after 12 hours.). 50 HARVEST AND
INACTIVATION Approximately SOO liters of the batch was inactivated by
harvesting into a "kill tank" containing 12 liters of 1% thimerosal. 65
CLAR liFIlCATI ON    EP 0181 188 B1 After 18 hours inactivation at 4' C,
the batch was centrifuged In 4-in. bowl Sharples centrifuges at a flf.w
rate adjusted to maintain product clarity (variable between 1.3 and 3.0
liters/min.) The supernatant obtained 



after centrifugation (15,000 rpm) was used for product recovery. 5
ISOLATiON AND CONCENTRATION BY ULTRAFILTRATION The supernatant fluid from
two production fermentations was pooled and concentrated at 2-8 C in ;
Romicon ultrafiltration unit with ten (50,000 Daltons cut-off) hollow fiber
cartridges (4.5 m2 membrane area: to 2.0 1pm air flow and 20 psi;
concentration such that after approximately 4.5 hours, 1200 liters had
beent concentrated to 32.5 liters. The filtrate was discarded. 48 and 61%
ETHANOL PRECIPITATION To the 32.5 liters of Romicon retentate, 30 liters of
95% ethanol 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 lltersknin. The insoluble pellet was
discarded andl 20 the clarified fluid was brought to 61% ethanol with the
addition of 20.8 liters of additional 95% ethanol ovet a one hour period.
The mixture was stirred for three additional hours to insure complete
precipitation. RECOVERY OF THE SECOND PELLET 25 The resulting 48% ethanol
soluble-61% ethanol-insoluble precipitate was collected by centrifugation
iil the 4-inch Sharples centrifuge at 15,000 rpm (flow rate - 0.62
liters/min.) and the 61% ethanol supernatani fluid was discarded. The crude
product yield was 0.377 kg of wet paste. 30 CALCIUM CHLORIDE EXIRACTION 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, 6.5 liters of cold 2M CaCI2.2H20 was added. 36 and the
mixture (final concentration = 1.OM CaCi2) was extracted at 4 C for 15
minutes. The vessel was then rinsed out with 2 liters of 1 M CaCI2.21-O,
resulting in 1S Iters final volume. 23% ETHANOL PRECIPITATION 40 The 15
liters of CaCI2 extract from above was brought to 23% ethanol by adding
4.48 liters of 950/. ethanol dropwlse, 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 = 165
ml/min) for 6.5 hours at 4' G. The supermatant fluid was decanted through
cheese cloth to remove lipid-like floating material and thl 46 Insoluble
pellet was discarded. 37% ETHANOL PRECIPITATION AND COLLECTION OF CRUDE
PRODUCT PASTE 50     The 23% ethanol-soluble supernatant fluid was brought
to 37% ethanol by the addition of 4.33 liters if 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 Sharpies unit at 15,000 rpm (flow rate = 0.2 liters/minute) to
collect the pelleted crude polysaccharlde. 66 TRITURATION    EP 0161 188 51



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 resulted. The powder was collected
on a Buchner funnel with a teflon filter disc and washed sequentially in
situ with two 1-liter portions of absolute ethanol and two 5  2-11ter
portions of acetone. The material was then dried In vacuo , at 4 C, for 24
hours, resulting in 68 g (dry weight) of product. PHENOL EXTRACTION 10 The
58 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 8.9, was added to a five-pound bottle of
phenol (Mallinckrodt crystalline) In a 20-liter pressure 18 vessel and
mixed until a complete solution was effected. Each phenol extract was
centrifuged for 2-1/2 hours at 30,000 rpm and 4 C In the K2 Ultracentrifuge
(Electronucleonics) in order to break the emulsion. The aqueous effluent
was extracted three additional times with 3.2 fresh aqueous phenol solution
in a similar manner. The phenol phases were discarded. K>    20
DIAFILTRATION The aqueous phase from the phenol extractions above (17.6
liters) was diluted with 300 liters of cold. glass-distilled water and
diafiltered at 4 C on an Amicon DC-30 ultrafiltration apparatus using 3
HIOPIO 25 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 30 .438 liters of
2.0 M CaC12 was added to the 17.5 liters of dialysate from the previous
step (final CaCa2 concentration was 0.05 M ) and the solution was made 67%
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 32  centrifugation In the 4-Inch
Sharpies centrifuge (15.000 rpm), at 4* C for 45 min. The resulting
polysaccha- ride pellet was triturated In a 1-gallon Waring blender using
the 30 seconds on-30 seconds off method with 2 liters of absolute ethanol,
collected on a Buchner funnel fitted with a teflon filter disc, and washed
In situ with four 1-liter portions of absolute ethanol followed by two
1-titer portions of acetone. The sample was then dried In a tared dish In
vacua at 4* C for 20 hours. The yield was 39 grams of dry powder. 40
ULTRACENTRIFUGATION IN 20% ETHANOL AND COLLECTION OF FINAL PRODUCT The 39
grams of dry powder from above was dissolved in 15.21 liters of distilled
water, to which was 45 added .39 liters of .05M CaC12.2H20, bringing the
solution to .05M CaCI2 and the total volume to 15.6 liters (2.5 mg
polysaccharideFml), and the mixture was brought to 24% ethanol with the
dropwise addition of 4.93 liters of 95% ethanol over 30 minutes. The
mixture was clarified immediately by centrifugation in a K2 Ultracentrifuge
containing a K3 titanium bowl and a KI I Noryl core (30.000 rpm and 100
mlmin) for 3.5 hrs at 4 C. The pellet was discarded and the clear
supernatant fluid (volume = 19.8 liters) was brought to 37% so  ethanol by
the addition of 4.23 liters of 95% ethanol over 30 minutes with agitation.
After stirring 30 additional minutes, the mixture was allowed 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 ethanol and blended at the highest speed 4 or 5 cycles
of 30 seconds on-30 seconds off, until a hard, white powder s6 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 ethanol, and with two 1-iter portions of
acetone. 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 17    EP O
161 188 B1 follows: TABLE 1-1 U                             NIb
POLYSACCHARIDE CHEMICAL ASSAY DATA AlsmY
Result To                    Moisture  (TG)
13.5% Protein                                      0. 0% Nucleic  Acid
1.3% 15                    Ribose  (pentose)
35.1% Phosphorus                                   7.8% KD  (Sepharose  4B)
.05      .35 20                    RD  (Sepharose  2B)
.43      .60 The following procedures were used in performing the assays.
1. Moisture - Standard thermogravimetry (wt. loss to 1 00 C) using a
Perkin-Elmer thermobalance TSG- 1 26    2. Protein - Lowry method; Lowry et
al ., J. Biol. Chem., 193: 265 (1951). 3. NuceIc Acid - U. V. method;
W&iriurg and Christian, Bsocem Z., 310: 384 (1942). 4. Ribose - Bial
method: Dische and Schwartz, Mickorochim Acta 2 :13 (1937). 5. Poisphorus -
Molybdate method; Chen et al ., Anal. Chem. 28 *1758 (1956). S. K D-
Determined on Sepharose 4B usingrefractive Index. 30 TABLE 1-2 PYROGENrC
SUBSTANCES TEST 36                        (ElIb Polysaccharide)
Concentration                      Max.  Temp. Rise* (mcq/ul/k)
0C   (3  rabbits) 40                  0.1  (polysac.)
0.2, 0.2,  0.1 46                  *1.0 ml/kg  dose The polysaccharlde was
further identified by Agar Gel Diffusion as follows: Double diffusion on
agai (Ouchterlony) was performed using Hyland pattern D plates. Antiserum
prepared against the Ross 768 w strain of H. influenzae was placed In the
center wells while the bulk polysaccharide, at concentrations of 50. 25,
12.5,.2 and 3.1 mcghnl, was placed In the satellite wells. The plate was
incubated at 20-25 C in a moist chamber for 24 hours. Precipitin bands were
observed between the bulk polysaccharide and tho specific antiserum at
polysaccharlde concentrations of 50, 25 and 12.5 mcg/mk. 



65 EXAMPLE 2    EP O 161 188 B1 PREPARATION OF NEI8SERIA MENINGIDIS 811
SEROTYPE 2 MEMBRANE PROTEIN A. Fermentation 6 1. Neisserla meningltidis
Group BI 1 A tube containing the lyhilized culture of Neisseria
meningitidis (obtained from Dr. M. Artenstein. Walter Reed Army Institute
of Research (WRAIR), Washington, D.C.) was opened and Eugonbroth (BBL) was
added. The culture was streaked onto Chocolate agar plates (BBL) and
incubated at 37 C with 5% 10    COg for 36 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 supplied by Dlfco.
This first-passage culture was streaked onto Chocolate agar plates and
incubated at 37 C with 5% CO2 for 18 hours, at which time the growth was
harvested into 10% skim milk medium, aliquoted into 1 is    ml 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 were incubated at 37 C with 5% CO2 for 18 hours, after which time
the growth was harvested Into 100 ml of 10% skim milk medium, aliquoted in
0.5 ml amounts K.-   zo    and frozen at -70 C. The organism was positively
identified by agglutination with specific antiserum. sugar fermentation and
gram stain. A vial of the culture from this this passage was thawed,
diluted with Mueller-Hinton Broth and streaked onto 40 Mueller-HKnton agar
plates. The plates were incubated at 37 C with 8% CO2 for 18 hours after
which time the growth was harvested into 17 ml of 10% skimmed milk medium.
aliquoted in 25    0.3 ml 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 cell paste a
Inocurun Deivelopment Thein6culum was grown from two 0.5 ml frozen vials of
Neisseria meningitidis Group B. B-1l from above (passage 4). Four
Mueller-Hinton agar Blake bottles were 30      inoculated, harvested
approximately 18 hours later, and used as an inoculum for 5 liters of
Gotsch- lich's yeast dialysate medium at pH 7.29. The O.D. was adjusted to
0.065 at 660 nm (Perkin Elmer). The organism was grown In 5 two-liter
Erlenmeyer flasks (each containing 1 liter of medium; see below) at 37 C in
a shaker. The O.D. was monitored at 45-, 75- and 120-minute intervals.
Approximately 4 liters of broth culture, at an O.D4Eo of 0.81 (Spectronic
20), resulted. ti5         A 3 ml sample was taken for Gram stain,
isolation streakes onto CBAB, Mueller, Hinton, and yeast extract dextrose
plates and agglutination check. All reactions were satisfactory. b. 70 Uter
Seed Fermenter Approximately 3600 ml of seed culture was used to inoculate
a sterile 70- liter fermenter containing 42.6 liters of complete production
medium (see below). The conditions for the 70-liter fermentation Included
37 C, 185 rpm with 10 liters/minute air 40      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 agar plates (Merck) at 37 C and tested for
agglutination with N. meningitidis group 8 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 O.D. was 0.840 at 660 45      microns after 5.5
hours. c. 800-Uter Production Fermenter Approximately 46.2 liters of seed
culture were used to inoculate a sterile 800 liter fermenter containing
568.2 liters of complete production medium (see below). The batch was
incubated at 37 C. 100 rpm with 60 litersiminute air sparging and constant
pH control al pH 7.0. 50          Before the batch was inactivated, the
culture was plated on Mueller-Hinton agar plates, yeasl extract dextrose
plates and rabbit blood agar plates at 37' C and tested for agglutination
with N. meningitidis group B antiserumr. 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. 65    3. Complete Medium for
Nephelometer flasks and 70- and 600-liter fermenters _          _   _   _
_~~t    EP0 161 188B1 Praction A L-glutamic acid                    1.5
g/liter NaC1                               6.0 g/liter 5
Na2HIPO4. anhydrous                2.5 g/liter NE4C1
1.25 g/liter KC1                                0.09 g/liter 10
L-cysteine  HC1                     0.02 g/liter Fraction B (Gotschilch's
yeast dialysate) 1280 gm of Dlfco Yeast Extract were dissolved in 8.4
liters of distilled water. The solution was dialyzed in 16    2 Amicon
DC-30 hollow fiber dialysis units with three HIOSM cartridges. The
dialysate and 384 gm MgS04.7H20 and 3200 gm dextrose were dissolved In the
dialysate and the total volume brought up to 15 liters with distilled
water. The pH was adjusted to 7.4 with NaOH and sterilized by filtration
through Mlipore (0.22 a) and added to the fermenter containing Fraction A.
For the Nephleormeter flasks: 1 liter of Fraction A and 25 ml of Fraction B
were added and the pH was 20    RJuid to 7.0-7.2 w& Na7H. For the 70-liter
fermenter. 41.8 liters of Fraction A and 900 ml of Fraction B were added
and the pH was a]sted to 7.0-7.2 with NaOH. For the 800-liter fermenter:
553 liters of Fraction A and 15.0 liters of Fraction B were added and the
pH was ijusted to 7.0-72 wIth NaOH. 26      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
until the culture was no longer viable (about 24 hours). e. Centrifugation
After about 24 hours at 4 C, the 614.4 liters of Inactivated culture fluid
was cernrifuged through Sharples centrifuges. The weight of the cell paste
after phenol addition was 3.875 



s0      kg. B. Isolation 86 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. 40  The suspended cells were
peleted at 20,000 xg for 80 minutes at 5' C (Beckman 19 Ti rotor. 14,500
rpm). Step 2. Extraction 46     The washed cells were suspended In 2000 ml
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 ml flasks for
extraction at 56 C in X shaking waterbath for 15 minutes (at temperature).
The extract was centrifuged at 20.000 xg for 60 minutes at 5 * C (Beckman
19 Ti rotor, 14,500 rpm). The 50  viscous supernatant fluids were then
decanted (total volume = 1980 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 56 C and centrifuged
as above. The supernatant fluids were decanted (volume a 2100 ml) and
stored at 4 C. Oa Step 3. Concentration by Ultrafiltration The extraction
supematants from Step 2 were pooled (total volume = 4005 ml) . Two liters
of the pool 20    EP 0161 188913 were dispensed into a 2 liter Now
Brunswick fermentation vessel attached to a Millipore Pellicon filter
apparatus fitted with two 0.45 micron durapore membranes (112 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 tranumembrane pressure of
27.5 psi. 6 Step 4. Collection 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 2 to  hours at 5' C (Beckman 45 TI rotor, 37,000
rpm). The supematants were decanted and discarded. The protein pellets were
weighed (8.12 grams) and then suspended in TED Buffer (190 ml buffer; 20
mi/gram 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
ml Erlenmeyer flask with shaking. The suspension was centrifuged at 160,000
xg for 2 hours at 5 C (Beckman 45 11 rotor, 37,000 rpm). The supernatant
fluid was is decanted and discarded (volume = 190 ml). The pellets were
washed a second time in 190 ml of TED Buffer, as above. Stop 5. Recovery of
Product i>  20 The washed protein pellets from Step 4 were suspended in 100
ml distilled water with a glass rod and a Dounce homogenizer to Insure
complete suspension. A Lowry Protein value of 17.0 mg/mi was obtained foi
this suspension. At this point. 200 mg of the suspension were reserved for
experimental use. The remaining 



bulk suspension (91 ml) was diluted to 8.0 mg/ml with 102.4 ml glass
distilled water. The aqueous 25 suspension was centrifuged at 12,000 xg for
15 minutes to clear it of aggregates (Beckman 45 Ti rotor. 10,000 rpm). The
supematant product was withdrawn carefully by pipet to avoid the soft
aggregate pellet. The product was labeled (volume = 182.5 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 3o time it was analytically characterized. The Yield was 9.5 mg Lowry
Proteinigram of original cell paste. 36 40 45 50 55 21    EP 0181 188 01
Table 2-1 MENINGOCOCCAL B SEROTYPE 2 PROTEIN SOLUTION CHEMICAL ASSAY DATA c
Assay                                      Result Protein 10
Lowry                                       4.1  mg/ml Nucleic Acid* RNA
(Bial)                                1.8% DNA  (Diphenylamine)
0.6% Neutral Sugars* Anthrone                                   1.05 Sialic
Acid*                                    3.0% 25 Molecular Weight SDS-PAGE
40, 000d 30 *Calculated as percent of Lowry protein. The following
procedures were used in performing the assays: 6  ~1. Protein - as In
Example 1. 2. Nucleic Acid - Color development was observed with the
orcinol reaction (Blal) which corresponded to 1.8% R         calculated as
a percentage of the protein concentration. The diphenylamine test for DNA
Indicated a 0.8% DNA content calculated as a percentage of the protein in
the bulk solution. 3. Neutral Sugars - The neutral sugar content calculated
as a percentage of protein was found using the Enthrone colorImetric tst.
(Scott and Melvin, Anal. Chem. 25, 1656, 1953). 4. Sialic Acid - The slalle
acid content was found using the resorcinol-HCI method (Svennerholm.
BlocHim. Iiohys., Acta 24, 604, 1957). 



5. Molecular Weight - The molecular weight of the mercaptoethanol denatured
protein as determined by SDS polyacrylamide gel electrophoresis (Nature
227:680 (1970), LKB Application Note 306). 45 EXAMPLE 3 60 PREPARATION OF
H. INFLUENZAE TYPE b POLYSACCHARIDE - N. MENINGITIDIS B SEROTYPE 60OUTER
MEM7RAN-E PROTEIN C0ONUGATE  1. Preparation of Dowex 50X8 (200-400 mesh) in
the tetra-n-butylammonium form 86 380 ml of fresh Dowex 5OX8 (200-400 mesh)
strong acid cation exchange resin (Blo-Rad) was charged to a sterile
chromatography column and washed with 1500 ml of sterilized, distilled (sd)
water and soaked overnight In 800 ml of ed water. The resin was then
sequentially washed with one liter of 60:40-sd 22    EP 0 181 188 i1
water:methanol, one liter 40:60-sd water:methanol, and one liter of sd
water. The resin was then sterilized by soaking In 650 ml of 3N
hydrochloric acid (200 ml HCI, diluted to 800 ml with water). This
acid-form resin was aged 19.5 hours and then washed free of excess acid
with H20. To this column was then added 700 ml of a 1:1 mixture of
water:40% tetrabutylammonium hydroxide. a  which was percolated through the
resin until 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 effluent was sterile and pyrogen free. to  11.
Preparation of the tetra-n -butylammonlum salt of H. influenzae type b
polysaccharide(Hlb) A 250 ml round bottom flask fitted with a magnetic
stirrer was charged with 3.29 g of Hlb and 84 ml of 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 Hlb was in
solution. The Hlb solution was then applied to 150 16 ml of Dowex 50X8
(200-400 mesh, tetrabutyl ammonium form) in a 45 mm X 270 mm column. Ten ml
of 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 IL filter). Fifty ml
fractions were collected in sterile Nalgene centrifuge tubes (50 ml) and
each tube was assayed for organic material by applying an approximately 10
al aliquot, using a sterile melting point capillary, to a 2o  silica gel
plate. The plate was sprayed with a CeiV(SO)2/H2SO& solution (1% CeIV (SO)2
in 10% aqueous sulfuric acid), heated on a hot plate and the "organic"
aliquots were detected as black spots. A total of 190 ml from tubes 2, 3,
4, and 5 were combined In a sterile 250 ml centrifuge tube, mixed and then
subdivided equally among six tared 250 ml round bottom flasks, labeled A
through F. An aliquot was tested and found to be sterile and pyrogen free.
25     The contents of the six flasks were frozen in dry Ice-acetone,
appended to two portable 3 outlet vacuum manifolds and lyophilized. The
vacuum manifolds were removed to the laminar flow hood and the flasks
removed and sealed in sterilized paper bags. These were stored in a
dessicator over P20s under high vacuum and at -20' C. A dry sample had the
same Kd as the starting Hlb. 30 111. Preparation of
Polysaccharlde-Butanediamine Adduct (Hlb-BuA2) Step A: Preparation of the
1,4-butanediamine solution 



5 1.46 grams of 1,4-butanediamine dihydrochloride was charged to a 100 ml
round bottom flask and dissolved In 58 ml water. 5.0 ml of 2.5N NaOH was
added, adjusting the pH to 10.35. The solution was filtered through a 0.22
tL Sybron-Nalge filter and set aside. 40 Stop B: Activation of Hlb and
reaction with 1,4-butanediamine To flask A (from section 11) containing
0.64 g of the tetra-n -butyl ammonium salt of PRP was added ai magnetic
stir bar and 17.5 ml of dimethylformamide. The mixture was stirred at room
temperature for 25 46 minutes at which point almost all the material
appeared to be in solution. 80 mg of carbonyl dilmidazole was weighed into
a sterile 6 ml 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 ml of the butane diamine
solution prepared in A was charged to a 100 ml round bottom flask
containing a magnetic stir bar and stirred In an ice bath for about 5
minutes. 50     After the 35 minute stir time, the DMF solution was added,
with a pipet, 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,
and stirring continued for an additional 17 minutes. 56 Step C: Dialysis
and Lyophilizatlon The solution was then transferred to autoclaved
Spectropor 2 dialysis tubing (cyl. vol. 0.21 ml/mm, 17 inches), and was
dialyzed In a 4 C room. First, the solution was dialyzed vs. 8 liters of
0.01 M phosphate 23    EP0161 18881 buffer 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 liters of
water for 6 hours. The dlalysate (ca. 125 ml) was subdivided Into two 250
ml round bottom flasks after an aliquot was taken for sterility and pyrogen
testing (results: sterile and pyrogen free). The contents of these flasks
were 6 frozen In dry-ice acetone and Iyophilized by the method of Section
Il above. A total of 480 mg was obtained. The fluorescamine assay Indicated
468 nmoles of NH2/mg. to IV. Preparation of
Polysaccharide-Butanediamlne-Brornoacetamide (Hlb-BuA2-BrAc) Step A:
Preparation of p-nltrophenyl bromoacetate tB     6.30 grams (45 mmole) of
bromoacetic add and 6.25 g (45 mmole) of p -nitrophenol were charged to a
250 ml round bottom flask and dissolved In 50 ml methylene dichioride
(CH2C12). The solution was stirred in an ice bath for 10 minutes and then
10.3 g (60 mmole) of dicyclohexylcarbodlimide, dissolved in 10 ml of
CH2CI2, 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 20  The yellow residue was added
to 35 ml of 1-chlorobutane, then recrystallized, affording 6.5 g ofproduct,
m.p. 85-87' C, and this product was added to 100 ml of cyclohexane, then
recrystallized yielding 4.59 g p- nltrophenyl bromoacetate, m.p. 8-87 C.
Calculations for C8a6NO4Br were 25                        C, 36.92; R,
2.30; N. 5.38; Br, 30.77 Found:    C, 37.66; H. 2.48; N,  5.28: Br, 30,57. 



The 'H NMR spectrum was in accord. 30 Step B. Reaction of Hlb-BuA2 36
380 mg of Hlb-BuA2, prepared In section III above (from 2 flasks), was
dissolved In 37 ml of a pH 9.15 buffer in a 250 ml round bottom flask with
a magnetic stir bar. To this solution was added 348 mg of p- nltrophenyl
bromoacetate (from Step A above) In 9 ml of acetonitrile and the mixture
was stirred at 4 C foi 24 hours, then transferred to 18" of dialysis tubing
(Spectropor 2, see Section ill). This solution was then dialyzed vs. 18
liters of water for 5.25 hours and then vs. a fresh 18 liters of water for
17.25 hours (both A 40  4 C). The 100 ml of dialysate was sequentially
filtered through a 0.45 v. Sybron Nalge filter and a 0.20 u. filter. Then
it was divided equally into six 100 ml round bottom flasks. then frozen and
lyophilized as ir section 11. A total of 0.28 g of Hlb-BuA2-BrAc was
obtained. The fluorescamine assay indicates 128 nmoles NH21mg. resulting In
340 nmoles bromoacetyl groupstmg by difference. The rate nephelometry assay
45 Indicates the same antigenicity as the starting polysaccharlde. V.
Conjugation of Hlb-BuA2 -BrAc to Functionalized N. Meningitidis membrane
protein (NMP) so Stop A. Functionalization of NMP with N-acetyl
homocystelne thiolactone To a 8 ml serum vial containing 42 mg ethylene
dlamine tetracetic acid and 8 mg dithiothreltol, gas added 5 ml of pH 11.3
borate buffer. 3.8 ml of the above solution was charged to a 50 ml round
bottom 66  flask and 11.5 ml of a solution of Neisseria meningltidis outer
membrane protein (NMP) was added. The pH of the resulting mixture was
adjusted to 1139 wl 450 al of 2.5N NaOH. The flask was capped with a
mushroom type serum stopper and the air replaced by nitrogen using a
Firestone valve (ACE Glass Co.). 53 mg of N-acetylhomocystelne thiolactone
was added in a nitrogen box. 24    EP 0181 188 81 and the resultant
solution was aged in the N2 atmosphere at room temperature for 16.7 hours.
This solution was then applied to a column containing 120 ml of Sephadex
025 (fine), which was operated in the nitrogen box. Elutlon was with pH 8
phosphate buffer and 5 ml fractions were collected and assayed by the
Elimrln test for thiols. Baseline separation of high molecular weight
(I.e., protein) thiol from lower molecular weiglil 5  material was
effected. Step B. Conjugation 10     The high molecular weight fractions
were combined and added to one of the 50 ml flasks containing 0.06 g of
Hlb-BuA2-BrAc (section IV). This solution was aged In the N2 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. Centrifugation The
dialysate (approximately 32 ml) was transferred with a pipet in 25 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 K>   20  Beckman Ti 60 rotor.
The supernatant fluids 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 *C for 2 hours. The second supernatants were
decanted and the pellets Dounce homogenized in 8 ml of water. The
homogenate was transferred to a sterile 15 ml nalge centrifuge tube and 25
diluted to 15 ml with water. After aging at 4 C overnight, a small amount
of flocculent solid appeared and this was removed by a short (5 min.) spin
In a clinical centrifuge at about 2500 rpm. The above activation,
conjugation and centrifugation procedures were repeated twice in like
manner They were analyzed for protein, and polysaccharide content,
S-carboxymethylhomocysteine (SCMHC). 3o  lysine ratio, sterility and
pyrogenicity. All samples were sterile and pyrogen free. The other results
are presented in the Table below. Polysaccharide            Protein 3S
Run            Vq/M1              *us2/ml         Ratio    SCHC/lysine 1
105                1210            .09             .011 2             154
1700            .09             .019 3             166                1800
.09             .027 40 The consistency of the ratio of polysaccharlde to
protein which characterizes the conjugate confirms the reproducibility of
the process, and the ratio of 8-carboxymethylhomocysteine to lysine is an
indication of 45 the reaction efficiency, with a result greater than 0
proving the covalency of the bond between the covalently-modified
polysaccharldes and proteins. The solutions were combined for the clinical
lot and Iyophilized in the presence of lactose (20 ug:mil polysaccharide/4
mg/ml lactose). 50 EXAMPLE 4 PREPARATION OF H. INFLUENZAE TYPE b
POLYSACCHARIDE-N. MENINGITIDIS B SEROTYPE OUTER 55  MEMBRANE PRRUTEIN
CONJUGATE "CAP EDI WITHIN N-ACETYLCYSTEAMINE The preparation of
functionalized polysaccharide, Hlb-BuA2-BrAc, is the same as in Example 3
(Sections I through IV). The preparation of functionalized NMP is the same
as in Example 8 (for the 25    EP 0161 188 B1 preparation of Step B
(III)NMP conjugate) Section IVA. To a flask containing 4 ml of thiolated
protein (5.6a moles SH by Ellman assay) was added 59 mg of Hlb-BuA2-BrAc
(300 nanomoles bromoacetyl by difference). The flask was sealed with a
septum, degassed. with the air being replaced by nitrogen, and the solution
was aged for 18.5 hours. 6 ml of water was added 5  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 TI rotor at 4  C. The supematant was
removed and the pellet was resuspended with a Dounce homogenizer In 10 ml
of a pHS, 0.AM phosphate buffer containing 106 mg of N- acetylcysteamine,
the solution was degassed and aged at room temperature for 19.5 hours. It
was then centrifuged as above (43,000 rpm, 4 C, 2 hours, 75 Ti rotor) . The
pellet was suspended io (without homogenization) In 9.7 ml of water and
recentrlfuged as above. The resultant pellet was resuspen- ded with
homogenization In 25 ml of water and then diluted to 30 ml with water
affording an aqueous suspension of the "capped" product. 



The analysis of the conjugate was: 1o Polymaccharide
Protein                    RIB/Protein Concentration
Concentration               Concentration 188  tAg/ml                  1200
yg/ml                    0.157 Spinco: SCMHC/lysine a 0.096
8-carboxymethylcysteamine/lysine  - 0.20 26 EXAMPLE 5 30 ANTIBODY RESPONSE
TESTS IN ANIMALS WITH H. INFLUENZAE TYPE b POLYSACCHARIDE-N MMENIN
-BiTIDUTERWIEiR AROREIN CONJUGATE  - 36     An H . influenzae type b
polysaccharlde-N . meningltidis B serotype outer membrane protein conjugate
prepared Iyophilized according to the procesure 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: 40       Polyzacciharide                Protein           Ps/Protein
Yield Concentration             Concentration            Ratio
Ps 45       276  pg/ml                   2.38 mg/ml               0.12
6.1% 50 26    EP0 161 188B TABLE 5-1 Serum Antibody Response of ICR/Ha Mice
at Various Ages Immunized with S. influenzae type b U
Polysaccharide-Protein Conjugates RIA Titer (GMT) ng ab/al 70        Sample
Mos   edas* 7        21    28    35 B. flu polysaccharide- protein
conjugates          282**    2111  8645  15860 201** *   age at the time of
the first injection; mice injected s.c. with 2 ug/0.1 ml on days 0, 14;
bled day 21. **  separate litter; 7-8 mice in all groups. 25   The potency
of the H . Influenzae type b polysaccharide conjugate was tested in mice
and the results shown In Table 2. The conjugate proved to be highly
Immunogenic. TABU S-2 30             Thymic Dependency Studies in Mde u
AthYmic) mice Immunized with B. influenzae type b 



Polysaccharide-Protein Conjugates 35 Do        =A Titer (SWT) ng sb/al S
_mpe                  Ss Fuj Poilvcsaide  Kim.C *!ce* 40 H. flu
polyseccbhaide- (1)    2.5       1,802        l1,362 protein conjugateu
(2)               1.30         8,712 45   saline control       (1)      -
so J2) S * ice inileted  aubeutous? -m ins 0.14: bled Sn day 21. 80 The
response in Nu/Nu mice averaged about 15% of the response in Nui+ mice,
indicating that the conjugate was a thymus-dependent antigen. 55 27    EP0
161 188B1 TABLE 5-3 Serum Antibody Response of Rhesus Monkeys Immunized
with E. influenza, type b Polysaccharide- s    Protein Conjugates Rhesus
RIA  Titer  (GMlT) ng  ab/ml 10         Monkey                Dose
days Age*-          Polysaccharide                0       14       28
42 2-3  months             20  lug               50      116    195   3036
4 months             20  tig               50      414      437   1548 18
months             20  ug               124    5858   4785   7447 * Three
monkeys per group. 20 As shown in Table 2, the H . influenza. type b
polysaccharide conjugate induced a high immunogenic response is Rhesus
monkeys if various ages, also. 25  EXAMPLE 6 THE CONJUGATION OF
PNEUMOCOCCAL POLYSACCHARIDE TYPE 19F AND OUTER MEMBRANE LMATEN OF NEWSSER1A
MENINGITIDIS so 1: Preparation of the tetra-n-butylammonlum salt of
Pneumococcal Type 19F polysaccharide . A 25 ml round bottom flask fitted
with a magnetic stirrer was charged with 50 mg of polysaccharidA 35  type
I9F (Merck) and 5 ml of H20, and the mixture was stirred for 20 minutes.
The solution was then applied to a 3 ml column of Dowex 50x8 (200-400 mesh,
tetrabutylammonium form), eluted with water, and collected in a 25 ml
Erienmeyer flask. The solution was assayed for polysaccharlde content on
silica gel plates sprayed with CeIV(SO4) 



-12804 solution, then heated on a hot plate, resulting in the aliquots
containing polysaccharlde being 40  detectable as black spots. The solution
containing polysaccharlde 19F was freeze dried and 52 mg was recovered. II.
Reaction of the tetrabutylammonium salt of pneumococcal type I 9F with
carbonyidiimidazole followed by 45  reaction wIth-1 butanedlamine
(1BF-BuA). Step A: Preparation of the 1 ,4-butanediamine solution 60     40
mg of 1 ,4butanediamine dihydrochlorid. was dissolved in 1.0 ml of H20 and
adjusted to pH 9.1 ,. with 2.5N NaOH. Step B: Activation of type 1SF
polysaccharlde and reaction with 1 ,4-butanediamine 66 To a 25 ml round
bottom flask containing 20 mg of type 19F polysaccharide in the
tetrabutylammoniun form, was added a magnetic stir bar and 4 ml of dimethyl
sulfoxide (DMSO). The mixture was stirred al room temperature for 20
minutes at which point all material was In solution. 5 mg of
carbonyidiimidazole 28    EP 0161 188 B1 was added and the reaction was
stirred for 30 minutes at room temperature. During this time, the 1,-
butanediarnine solution prepared In Step A was charged to a 25 ml round
bottom flask with a magnetic stil bar and stirred in an ice bath for about
5 minutes. After the 30 minutes stir time, the DMSO solution was added,
with a pipet, to the cold 1,4-butanediamine solution. Stirring in the ice
bath was continued for 1  5  minutes, at which time the ice bath was
removed, but stirring was continued for an additional 15 minutes al room
temperature. Step C: Dialysis and Lyophilizatlon 10 The solution was then
transferred to Spectropor 2 dialysis tubing and dialyzed in a 4 C room with
stirring. The solution was first dialyzed vs. 4 titers of .01 M 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 iyophilized and 19 mg of
the butanediamine derivative of i5 type 19F polysaccharlde (19F-BuA2) was
recovered. Fluorescamine assay indicated 100 nanomoles of NH2/mg of
material. Ill. Reaction of 19F-BuA2 with p-nitrophenyl bromoacetate 20 Step
A. Reaction of 19F-BuA2 15 mg of 19F-BuA2, prepared In 11 above was
suspended In 2 ml of pH 9.15 buffer in a 25 ml round 2  bottom 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
bromoacetate dissolved In 0.2 ml of acetonitrile. The mixture was stirred
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
9 mg of the N-bromoacetylated derivative of 19F- BuA2 (19F-BuA2-BrAc) was
obtained. 30     Fluorescamine assay indicated 57 nanomoles NH2/mg,
resulting in 43 nanomoles of bromoacetyl groupsimg, by difference. IV.
Conjugation of 19F-BuA2BrAc to Functionalized Outer membrane protein of
Neisseria Meningitidis 



se (NMP)- _ Step A: Functionalization of NMP with N-acetylhomo cystein
thiolactone 40     43 mg of ethylenedlamine tetraacetic acid and 8 mg of
dithlothreitol were dissolved in 5 ml of saturated borate buffer. pH 11.30.
0.4 ml of the above solution was charged to a 15 ml centrifuge tube and 1
ml (13.7 mg) of a solution of Nelsserla meningitdis outer membrane protein
(NMP) was added. The solution was degassed and placd     N2 atmosphere at
room temperature for 18 hours. The solution was then diluted to a total
volume of 2.5 ml, by adding 1.1 ml of pH 8.0 phosphate buffer. This
solution was theni 45 applied to a PD10 column (Sephadex G25M), which had
been pre-equilibrated under N2 with pH 8.0 phosphate buffer. The sample was
eluted with 3.5 ml of pH 8.0 phosphate buffer. Thiol content was determined
by the Ellman assay and found to be 1.89 tLmolestsample. 2.5 ml of the
sample were applied to a second PD10 column also pre-equilibrated with pH
8.0 phosphate buffer. It was eluted with 3.5 ml of pl-l 8.0 phosphate
buffer. Thiol content by Ellman assay was .44 amoles/sample. 50 Step B:
Conjugation To the 15 ml pyrex centrifuge tube containing the protein
solution was added 9 mg of 19F-BuA2-BrAc 5s from Ill above. This solution
was aged in a N2 glove box at room temperature for 6 hours. It was then
charged to Spectropor 2 dialysis tubing and dialyzed at 4* C vs. 4 liters
H20 for 8 hours and then again vs. 4 liters H20 for 8 hours. An aliquot was
freeze dried for amino acid analysis. Found: 29    EPO 161 188 R1 lys 0.141
LLmoles/mg SCMHC .0082 amoles/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 1160 rotor. The
supernatants were 10 poured off and the pellets were transferred to a
homogenizer with about 2 ml of H20, where it was homogenized and returned
to one of the centrifuge tubes. This was filled to 10 ml with H20 and
recentrifuged at 37,000 RPM (100,000. xg) at 4 * C for 2 hours. The second
supematant was poured off and the pellet homogenized in 8 ml of H20. The
homogenate was stored in a plastic 15 ml centrifuge tube and tested for
Immunogenicity. 16 TABLE 6-1 Serum Antibody Response of ICR/Ra Nice
Immunized  with Pneumococcal  19F-Meningococcal B Serotype Outer Membrane
Protein Conjugate Dose jig go        Sample         Polysaccharide
RIA Titer  (GMT) nq ab/ml* Ps l9F-Pro conjugate                0.5
17,338 



* Mice  injected  i.p. on  days  0, 7, 28; bled on day  35. As shown In
Table 6-1, the conjugate proved to be highly Immunogenic. 36 EXAMPLE 7 THE
CONJUGATION  OF PNEUMOCOCCAL POLYSACCHARIDE TYPE 19F AND THRICE-PURIFIED 40
R     SE-ED GLOMUIfDESTIN) 1: Preparation of the tetra-n-butylammonlum salt
of Pneumococcal Type 19F polysaccharlde. 46     A 50 ml round bottom flask
fitted with a magnetic stir bar was charged with 105 mg of polysaccharice
type I 9F (Merck) and 6 ml of water. The mixture was stirred for 20 minutes
and the solution applied to a r. ml column of Dowex 50 X 8 (200-400 mesh,
tetra-n-butylammonium form). The column was eluted wilh water and the
eluant was collected in a 50 ml Erlenmeyer flask. The eluant was assayed
for polysaccharldd content on silica gel plates, sprayed with CeOV
(SO4)2/H2SO4 solution and then heated on a hot plate. T1A 50 aliquots
containing polysaccharlde were detected as black spots. The solution
containing polysaccharicde 1OF was freeze dried and 112 mg of the
tetra-n-butylammonium salt of 1 9F was recovered. II: Reaction of the
tetra-n-butylammonium salt of Pneumococcal type 19F with
carbonyidiimidazole followed 55  by reaction wt-T#74-butanedlamrne- Step A:
Preparation of the 1.4-butanedlarnine solution 30    EP 0161 188 81 175 mg
of 1 .4-butmnediamine dihydrochloride was dissolved In 7 ml of H20 and the
pH of the solution was adjusted to 9.5 with 2.5N NaOH. s Step B: Activation
of type 19F poiysaccharide and reaction with 1 ,4-butanediamine To a 50 ml
round bottom flask containing 112 mg of type 19F polysaccharide in the
tetrabutylam monium form was added a magnetic stir bar and 5 ml of dimethyl
suifoxide (DMSO). The mixture was stirred at room temperature for 10
minutes at which point all material was in solution. 13 mg of lo
carbonyldlimidazole was added and the reaction was stirred for 35 minutes
at room temperature. During this time the 1 ,4butanediamine solution
prepared in Step A above was charged into a 50 ml round bottom flask having
a magnetic str bar and sitting in an Ice bath and the solution was stirred
for about 5 minutes. Aftei the 35 minute stirring 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 for i5 an additional 15 minutes with the solution at room
temperature. Step C: Dialysis and Lyophiilzation K>   20     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
butanedlamine derivative of type 19F polysaccharide (19F-BuA2) was
recovered. Fluorescamine assay Indicated 77 nanomoles of NH2Img. 25 Ill.
Reaction of 19F BuA2 with p-nitrophenyl bromnoacetate. 3o Stop A: Reaction
of 1 9F-BuA2 50 Mg of 19F-BuA2 prepared In Section II 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
3s 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-bromoacetyl derivative of
19F-BuA2 (19F-BuA2-BrAc) was obtained. Fluorescamine assay indicated 7.5
nanomoles NH2img resulting in 69.5 nanomoles bromoacetyl groups/mg by
difference. 40 IV. Conjugation of 19F-BuA2-BrAc to functional ized and
purified Hemp Seed Globulin (Edestin). Stop A: Purification of Edestin by
high performance liquid chromatograhy (HPLC) 45 240 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
mercaptoethanol 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' so  centrifuge to remove the foam and filtered
thru a Mllex-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 milmin.; X max: 280 nm;
solvent: 3M guanidine: UV range: 2.0; chart speed: 0.25 cmimin. The
appropriate fractions as detected by UV were collected and dialyzed in
Spectropor 2 dialysis 5s tubing against 30 liters of water for 16 hours.
Replacement of 3M guanidine with water during dialysis caused precipitation
of the purified edestin. The entire sample was transferred from the
dialysis bag to a centrifuge tube and centrifuged in a table top centrifuge
for 5 minutes. The pellet which contains the purified edestin was collected
and dried undei 31    EP 0161 188 51 vacuum over PzO5. 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 purified
edestin was then dissolved il 2.0 ml of 3M guankdine, 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 6  8 T8K 3000 column. Step B: Functlonalizatlon of
thrice-purified edestin 10    3 mg of ethylenediamine tetraacetic acid and
5 al 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 a1 of 2.5M NaOH
and the solution was degassed and placed under N2. 13 mg of
N-acetylhomocystelne thiolactone was added In a nitrogen box, and the
resultant solution was aged In the N2 atmosphere at room temperature for 16
hours. 1s    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
Pharmacla) which had been pre-equillbrated under N2 with 3M guanildine. The
sample was eluted with 3.5 ml of 3M guanidine. Thiol content was determined
by the Ellmaii assay and found to be approximately 4.38 umoles/sample. 2.5
ml of the sample was applied to a second PD10 column, also pre-equlllbrated
with 3M guarildine then eluted with 3.5 ml of 3M guanidine. Thiol 



0o content by Ellman assay was 3.24 &Lmoles/sample. Step C: Conjugation 2s
To the centrifuge tube containing the edestin solution was added 7 mg of
bromoacetylated type 19F polysaccharlde (19F-BuA2-BrAc) (section 111). 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
Lmoleslmg; so             SCMHC, 0.003 amoleslmg, proving covalency of the
bond between the modified polysac- charides and proteins. EXAMPLE 8
PREPARATION OF STREPTOCOCCUS AGALACTIAE (STREP B-TYPE 111) POLYSACCHARIDE
-N. MEMINGMDIS BTEiROTYPE OUTER MEMBRANE PROTEIN CONJUGATE 40 1:
Preparation of tetra-n -butylammonium salt of Step B (111) 100 mg of Step B
(111) polysaccharlde (prepared essentially according to the method of U.S.
Pateni 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 R 4s (200-400 mesh) cationiexchanged
resin, tetrabutylammonium form. The column was eluted with water atwl the
fractions (3 ml) were checked for organic material by the CeIV(SO4)2/H2SO.
method. The appropriate fractions were lyophylized and 100 mg of the
tetra-n -butylammonium salt of Step 8 (111) polysaccharide was obtained. 60
It: Preparation of Polysaccharide - Butanediamine Adduct (Strep B
(III)-BuA2) 50 mg of the Strep B (111) tetrabutylammonlum salt was
suspended in 2.5 ml of dry dimethylformamide (DMF) and stirred for 10
minutes until complete solution was accomplished. 5 mg of 1,1-carbonyl a5
dllmidazole was then added In one portion and the solution was stored at
room temperature for 35 minutes. This solution was then added to 3 ml of a
solution containing 80 mg of 1,4-butanediamine 2HCI whose pHl had been
adjusted to 10.3 with 2.5N 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 addltional 15 minutes. 32    EP01S1 188B1 The mixture
was then dialyzed vs 4 liters of 0.1 M phosphate buffer (pH7) three times
for 5 hours, 17 hours and 7 hours, respectively. A final dialysis vs 4
liters of water for 18 hours was followed by Iyophilization, which afforded
32 mg of the Step B (111) -butane diamine adduct. Strep 13 (III)-BuA2. The
fluorescamine assay indicated 212 nanomoles NH2Img. 6 I11. Preparation of
Poiysaccharde-Butanediamine Bromoacetamide (Strep B (IllI)-BuA2-BrAc) 26.8
mg of Strep 8 (Ill)-8uA2 was dissolved In 2.5 ml of pHi borate buffer and
28 mg of p -nitrophenyl to bromoacetate 0.4 ml of acetonitrile was added to
the solution. The mixture was stirred at 4 C for 23.5 hours and then
dialyzed at 4 0 vs 30 liters of water for 17 hours and then 4 liters of
water for 6 hours. Lyophilization afforded 27 mg of Step B (lll)-BuA2-BrAc.
Fluorescamine assay indicated 35 nanomoles NI-21mg resulting In 177 mmo~lmg
bromoacetyl by difference. The material was fully antigenic by rate 



nephelometry. IV. Conjugation of Strep B (Ill)-BuA2-BrAc to Functionalized
N. Meningitidis Membrane Protein (NMP) A. Functionalization of NMP: 10 ml
of an NMP solution (5 mg/ml) was charged to a polycarbonate 2>
andfuge tube and centrifuged at 43,000 r.p.m. for 2 hours at 4 C in a
Beckman 75 Ti rotor. The supernatant was removed and the pellet was
resuspended In 4 ml of a pH 11.3 borate buffer containing 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 a serum cap, degassed and
niltrogenated and to this was added 55 mg of N-acetyl homocysteine 25
thiolactone. The resultant mixture was aged under N2 for 18 hours at room
temperature.. The pH was then adjusted (under N2) 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 N2sIt was then centrifuged as above (2 hours, 4 C.
TI 7!. rotor 43,000 rpm). After the supernatant was removed the pellet was
resuspended (as above with A Dounce homogenizer) in 10 ml of pH8 0.1 M
phosphate buffer. Recentrifugatlon (as above) of this 30   suspension,
followed by resuspension of the pellet in 4 ml of pHB buffer afforded a
solution whose thioltiter indicated a total of 5.6 amoles SH. A control
experiment showed that this is solely due to thiolated protein and small
molecules (e.g. hydrolyzed thiolaclone) are absent B. Conjugation and
purification: To the 4 ml of resuspended pellet was added (under N2) 24 ml
of Step R3 (III)-BuA2-BrAc and the mixture aged for 18.75 hours at room
temperature under N2. The mixture was 36   transferred to a 10 ml
polycarbonate centrifuge tube, and topped with water. After centrifugation
(as above), the pellet was resuspended (as above) in 10 ml 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/ml and
a polysaccharlde content of 0.283 mgml. The SCMHClys ratio was 0.044 40
EXAMPLE 9 45 PREPARATION OF ESCHERICHIA COLI Ki CAPSULAR POLY SACCHARIDE
Inoculum and Seed Development 50     A lyophilization vial of Escherichia
coIl K1 seed stock (received from Dr. John Robbins, BOB) was thawed and
diluted with approximately i ml of Trypticase-hysoy-glucose (THG) medium.
One Trypticasta 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 slant was removed and suspended in 1 liter of THG medium.
Trypticase-hysoy-glucose (THG) medium is prepared by autoclaving 9.5 liters
of Solution A at 121 ss for 90 minutes, then cooling it and adding to It
500 ml of solution B, which has been autoclaved separately at 121 * C for
30 minutes. 33    EP O 181 18S81 Solution A a.    Trypticase  soy  broth
(BBL)                        300 g b.    Hysoy  (Sheffield)
100 g C.    Phenol red                                             90 mg d.
UCON  LB-625 antifoam 



(Union  Carbide)                                10 ml 10         e.
Distilled  water sufficient to give                     9.5  liters of
solution 16                                     Solution  B a.    Dextrose
(anhyd.)                                    50 g b.    Distilled  water
sufficient to  give  500 ml J  20                  of solution 25
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 Iters of THG medium in a 14liter New
Brunswick Scientific fermenter in 30 which the air flows was set at 2
liters/minute and the stirrer was set at 200 rpm. The pH was adjusted and
maintained at 6.8 to 7.4 with 10% NaOH for 6 hours, when two similar O.D.
readings were observed. Harvest and Clarification The final fermentation
broth from above was then added to a 5-gallon plastic bottle containing
hexadecyltrimethyiammonium bromide (final concentration 0.3% wt/vol). After
4 hours at 4 C during which the hexadecyltrimethylammonium
bromide-precipitated polysaccharide was allowed to settle out, the broth
was sampled for inactivation and when certified, was centrifuged in a
laboratory Sharples centrifuge al 40 approximately 30,000 rpm for 20
minutes, and the supernatant was discarded. The cell pellet (approximately
66 g) was saved for Isolation purposes. Suspension and Extraction 46 Three
pellets from three fermentation batches were suspended individually in 400
ml of 1 .OM CaC12 aiI these suspensions were extracted in an Omni-mixer,
submerged in an ice-water bath, for 30 minutes oi setting 2, and combined.
50 25% Ethanol Precipitation to Remove Contaminants 373 ml of absolute
ethanol was added dropwlse (to a 25% ethanol concentration), with stirring,
to thA 1130 ml Of CaC12 suspension from the preceding step and the mixture
was left overnight at 4 C. Thn 65  resultant precipitate was removed by
centrifugation In a Beckman J-21B centrifuge at 11,000 x G for W() minutes
at 4 C and discarded. 34    EP0181 18881 75% Ethanol Precipitation to
Collect Crude Poly saccharnde 2560 ml of absolute ethanol was added
dropwlse (to a 75% final concentration), with stirring, to the 1280 ml of
clear supernatant fluid from the preceding precipitation step, and the
mixture was allowed to a  stand overnight at 4 C to ensure complete
precipitation of the crude polysaccharide. Recovery of the Crude
Polysaccharide 70    The insoluble precipitate was recovered by
centrifugation in the Beckman-21 B 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 ml of acetone. with both washes being discarded. The insoluble
product was then dried in vacuo at 4 C ovel 



anhydrous CaC12 (yield 4.8 g). Phenol Extraction 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/ml, using a Dounce homogenizer, and this solution was
extracted three times with separate 200 ml v'  20  amounts of aqueous
phenol solution, prepared by adding 180 ml of 0.488M sodium acetate, pH
6.9, into a one pound bottle of Mallincrodt crystalline phenol until
complete solution ias effected. Each phenol extracl 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 being
discarded. The pooled aqueous phases were dialyzed, at 4 C for 24 hours.
with changes of glass-distilled watel 20 such that the final dialysis ratio
was greater than 1:100,000. 75% Ethanol Precipitation to Collect the Poly
saccharlde 30     7.6 ml of 2M CaC12 was added to the 305 ml of the
dialysate of the above step, to a final concentration of 0.05M CaCI2, and
938 ml of absolute ethanol was added dropwise (to a concentration of 75%
ethanol) lv the rapidly-stirring solution. After standing overnight at 4 C,
the resultant precipitate was collected by centrifugatlon in the Beckman
unit for 30 minutes, at 11,000 x G and 4 C, then washed once with about 200
ml of absolute ethanol, once with about 200 ml of acetone, and dried in
vacuo over anhydrous CaC12 at 38  4 C (yield = 1.7 g). Ultracentrifugation
40     The 1.7 g of polysaccharide was resuspended in 170 ml of 0.OSM
CaC12, 18.9 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 45 The resulting 180 ml of clear supernatant fluid was removed
by decanting and 468 ml of ethanol was 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
C, washed once with 200 ml of absolute ethanol, once with 5o  200 ml of
acetone, and dried In vacuo over anhydrous CaCI2 at 4 C (yield = 1.46 g).
Ultracentrifugation 56     The 1.A6 g of polysaccharide was resuspended in
150 ml of 0.05M CaCI2, 50 ml of absolute ethanol was added dropwise (to a
25% concentration) to the rapldly-stirriig solution, and the solution was
ultracentrifuged, at 100,000 x G and 4 C, for two hours. 35    EP 0161 188
B1 Final Product Collection The resulting 190 ml of clear supematant 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 stand s  for two days at 4 C to ensure complete precipitation
and the final product was collected by centrifugation in the Beckman J-21 B
centrife at 11,000 x G for 30 minutes at 4' C. Finally, the product was
washed once with about 200 ml of ethanol, once with about 200 ml of
acetone. and dried In vacuo over anhydrous CaCI2 at 4 C (yield = 12 g). 10 



EXAMPLE 10 PREPARATION OF E. COU K1 CAPSULAR POLYSACCHARIDE-N. MENINGITIDIS
B-SEROTYPE OUTER 16, MEMBRANE FIRMEON CNJATE 1. Preparation of tetra
-n-butylammonlum salt of E. coil Ki polysaccharide: 20     103 mg of E.
coil KI polysaccharide (prepared according to the method of Example 9) was
dissolved in 2 ml of water aindthe solution applied to a 4 ml column of
Dowex 50 x 8 (200-400 mesh, tetra -n butylammonlum form). The column was
eluted with water and the fractions (3 ml) were checked for organic
material by the Ce (IV) So4)2/H2SO4 method. The appropriate fractions were
Iyophilized and the produci dried in a dessicator over P20s, affording 134
mg of the tetrabutylammonium salt a similar previous 26 preparation was
analyzed by 'HNMR and appeared to have roughly stoichiometric amounts of
tetra-ii butylammonlum ion. 11. Preparation of Polysaccharide-Butanedlamlne
Adduct (E. coil K1 -BuA2) s0 The 134 mg of the salt prepared In I was
dissolved in 3 ml dry, degassed dimethytformamide and stirred for 12
minutes. 12.7 mg of 1 ,1-carbonyl dilmidazole were then added in one
portion and the solutioi stirred for 30 minutes. Then the solution was
added to 6 ml of an ice cooled aqueous solution containing 145 mg
1,4-butanediamine 2HCI whose pH had beer adjusted to 10.35 with 2.5N NaOH.
This solution was 30 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 H20 was effected for 4.5 hours.
Lyophilization afforded 73 mg of E. coil Ki-BuA;. Fluorescamine assay
Indicated 180 nanomoles NH12/mg. 40 Ill. Preparation of
Polysaccharide-butane diamine-bromoacotamide ( E. coil K, -BuA2-BrAc) 88 mg
of E. coil KI-BuA2 was dissolved In 6.7 ml of pH9 borate buffer and 70 mg
of p-nitrophenyJ bromo-acetate in 1W.5 ml of acetonitrile were added. The
mixture was stored for 19 hours at 4 C and theii 46 dialyzed vs 32 liters
of H20 and 4 liters of water for 8 hours and 13 hours respectively. The
solution was lyophilized to 74 mg of E. coil KI-BuA2-BrAc. Fluorescamine
assay indicated 50 nanomoles of NH2/1110 resulting in 120
nanomolessoTromoacetyl/mg by difference. 50 IV. Conjugation of E. coil
Ki-BuA2-BrAc to Functionalized N. meningitidis Membrane Protein (NMP)
mennatMdis Membrane i6-tisn (NMP) The preparation of functionalized NMP is
the same as In Example 8, Section IV-A. To a centrifuge tube containing 4
ml of thiolated NMP protein ( 9 . moles SH by Elliman assay) was added 25
mg of E. coli Ki 66 BuA2-BrAc (120 nanomoles bromoacetyl/mg). The tube was
sealed with a serum cap, degassed, nitrogenatl ad and aged for 18.5 hours.
It was then diluted with 6 ml 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
pellet resuspended in 10 ml oN pH48 buffer with Dounce homogenizer and then
recentrifuged as above. The pellet from this second 36    EP 01B1 188 B1
centrifugation was suspended In 10 ml of H20 centrifuged as above for a
third time. The pellet was the' resuspended In 20 ml H20. The analysis of
the conjugate was: 



Polysaccharide             Protein                      Ps/Protein
Concentration               Concentration               Ratio 336  ug/ml
1000  Ug/ml                  0.34 10 SCMHC/lysine was 0.015 rs Claims K> 20
1. Stable, covalently-coup'led'polysaccharlde-protein conjugates comprising
bacterial polysaccharides hav- ing acid groups and immunogenic proteins
coupled through bigeneric spacers, containing thioether bonds, which may be
represented by the formula A-E-S-B, wherein E is 25 -32H2N    or 30 40
where R is H or CHs. A iS -FN (CR2) ,,Y (CH2) nNS J 45 where m is 0 to 4, n
is 0 to 3, W is 0 or NH, and Y is CH2. 0, S. NR', or CHCO2H. where R'is C,-
o) 02-alkyl, such that If Y Is CH2. then both m and n are not equal to
zero, and if Y is 0 or S. then m is greater than 1 and n is greater than 1;
and 60 B  is  -(CH2) pH (CH2) qDD, where p Is I to 3, q Is 0 to 2, Z Is
NH2, 56 NgRIR, C02H or H, 37    - I 1!1111! Illil__  111-1  11 I Fl S
EP0181 18891 centrlfugation was suspended In 10 ml of H20 centrifuged as
above for a third time. The pellet was theia resuspended In 20 ml H20. The
analysis of the conjugate was: 5 Polysaccharide             Protein
Ps/Protein Concentration              Concentration                Ratio
336  ug/ml                 1000  mg/ml                  0.34 10
SCMKC/lysine was 0.015 15 Claims 20  1. Stable, covalently-coupled
polysaccharide-protein conjugates comprising bacterial polysaccharides hav
ing acid groups and Immunogenic proteins coupled through bigeneric spacers,
containing thioether 



bonds, which may be represented by the formula A-E-S-13, wherein E is 25
-CC2N &or 30 36 where R is H or CH3; 40 A  is -EN (CB2) mY (CH2)N 45 where
m is 0 to 4, n is 0 to 3. W is 0 or NH, and Y is CH2, 0. S. NR', or CHC02H.
where. Ris Ci- ril C2-alkyl, such that if Y Is CH2. then both m and n are
not equal to zero. and if Y is 0 or S. then m is greater than 1 and n is
greater than 1; and so                                 B  is  - (CH2)
pL(CH2)IDJ- where p Is 1 to 3. q Is 0 to 2, Z is NH2, 56 NHIR', CO 2H or H,
37    and 6                                D is    M NR', N  (CB2) 2g,
where R' Is as defined above. 2. Stable, covalently-coupied
polysaccharide-protein conjugates according to Claim 1, wherein the bi 10
generic spacers may be represented by the formula, O 1          z
~~~~~~~~HCOCK  tC, 2CH2CR2CR 2 MLg2SCN2CH2 9CO. 3 Polysaccharide-protein
conjugates according to Claim 1, wherein the bacterial capsular
polysaccharide having acid groups is selected from the group consisting of
Haemophilus influenzae type b polysaccha 20     ride, and Streptococcus
pneumoniae types BB, 19F and 23F polysacchandes. 4. Polysaccharide-protein
conjugates according to Claim t, wherein the immunogenic protein is a
meningococcal B serotype outer membrane protein or edestin protein. 25  S.
Polysaccharide-protein conjugates according to Claim 1, wherein the
bacterial capsular polysaccharide having acid groups Is HaeemophIlus
influenzae type b polysaccharide, the Immunogenic protein is a
meningococcal B serotype outer membrane protein and the bigeneric spacer
may be represented by the formula, 30                         H
2               3llCOCCE3 RgC CHC CH NOL SCH CH &CO. S6 6
Polysaccharide-proteln conjugates according to Claim 1, wherein the
bacterial capsular polysaccharide having acid groups Is pneumococcal 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, 40 



LCa2CH2C 2CH2RN8CH28CH2CH2 J1CO. 45 7. Polysaccharide-protein conjugates
according to Claim 1, wherein the bacterial capsular polysaccharicle having
acid groups is pneumococcal type 19F polysaccharide, the immunogenic
protein is a meniul gococcal B serotype outer membrane protein and the
bigeneric spacer may be represented by the so     formula,
LCH2CH2CH2CB2NuCC32SCH2C12 &Co - 56 8. Polysaccharfde-protein conjugates
according to Claim 1, wherein the bacterial capsular polysaccharide having
acid groups Is pneumococcal type 23F polysaccharlde, the immunogenic
protein is a menin 38    aEP 0 111 188 B1                      1111111  1
11111  11111 lIII gococcal B serotype outer membrane protein and the
bigeneric spacer may be represented by the formula, 6
1C~~~gNCE2CHI2CHI2CH NICE SCH CH CKCO. 10 9a A process for solubilizlng
polyanionic bacterial polysaccharides having acid groups comprising (a)
replacing the acid hydrogens of the polysaccharlde with large hydrophobic
cations, thereby creating the salt form of the polysaccharide, then (b)
dissolving the salt form of the polysaccharide in a non-aqueous. polar,
aprotic solvent. is  10. A process according to Claim 9, wherein the large
hydrophobic cations are selected from the group consisting of tri- or
tetra(Ct-Cs)alkylammonium, 1-azabicyclo[2.2.2]octane and
1,8-diazabicyclo[5.4.01- undec-7-ene. 11. A process according to Claim 9.
wherein the non-aqueous, polar. aprotic solvent is selected from the 20
group consisting of dimethylformamide, dimethylsulfoxide,
dimethylacetamide, formamide and N.N'- dimethylimidazolidinone. 12. A
process according to Claim 9. wherein the large hydrophobic cations is
tetra-n-butylammonium and the non-aqueous, polar, aprotic solvent Is
dimethylformamide. 26 13 A process for covalently-modifying a polyanionic
bacterial polysaccharide comprising (a) solubilizing the polysaccharlde in
a non-aqueous, polar, aprotic solvent; (b) activating the polysaccharide
with a bifunctional reagent; then (c) reacting this activated
polysaccharlde with a bis-nucleophile. 30 14. A process according to Claim
13, also comprising reacting the activated polysaccharide which has been
reacted with a bis-nucleophile with a reagent generating pendant
electrophilic sites. 16. A process according to Claim 14. wherein the
non-aqueous, polar, aprotic solvent is selected from the 35     group
consisting  of  dimethylformamide, dimethylsulfoxide, dimethylacetamide,
and  NoN dimethyllmidazolidinone. 16. A process according to Claim 15.
wherein the non-aqueous, polar. aprotic solvent is dimethylfor mamide. 40 



17. A process according Claim 14, wherein the bifunctional reagent is
selected from the group consisting of carbonic acid derivatives, 45
R2._gR3, wherein R2 and R3 are separately azolyl; halides; or phenyl
esters. 50  18. A process according to Claim 17, wherein the bitunctional
reagent is carbonyidlimidazole. 19. A process according to Claim 14,
wherein the bis-nucleophile is a diamine of the formula. H2N(CH2).,Y
(CH2),NH2, wherein m Is 0 to 4, n Is 0 to 3, and Y is CH2, 0, S. NR',
CHCO2H, where R' is H or a C, or C2-alkyl, such that If Y Is CH2, then both
m and n cannot equal zero, and if Y is 0 or S. then m is 55     greater
than 1 and n is greater than 1. 20. A process according to Claim 19,
wherein the bis-nucleophile is 1.4-butanediamine. 39    EP O 161 1OSBi
I 11111 1L11111 iii  lll I  1 21. A process according to Claim 14, wherein
the reagent generating electrophilic sites is wherein XV is nitrophenoxy,
dinitrophenoxy, pentachlorophenoxy, pentafluorophenoxy, haflde, 0-(N-
hydroxysuccinimidyl) or azido, t Is H or CH3 and X Is Cl, Br or l; or an
activated maleimido acid, 10 15                                      X'I(CH
2)X  20     wherein p is 1 to 3 and XW is as defined above. 22. A process
according to Claim 21, wherein the reagent generating electrophilic sites
is p -nitrophenyl bromoacetate. 23. A process for preparing
polysaccharide-protein conjugates comprising bacterial capsular polysac-
charides having acid groups and Immunogenic proteins coupled through
bigeneric spacers containing thioether bonds, comprising (a) solubilizing
the bacterial capsular polysaccharide having acid groups by (I) replacing
the acid hydrogens of the polysaccharlde with large hydrophobic cations,
thus 30          creating the salt form of the polysaccharide, then (ii)
dissolving the salt form of the polysaccharlde In a non-aqueous, polar,
aprotic solvent; (b) activating the polysaccharide with a bifunctional
reagent; (c) reacting this activated polysaccharide with a bis-nucleophile;
(d) reacting this activated polysaccharlde which has been reacted with a
bis-nucleophile, with a S6        reagent generating electrophilic sites,
thus forming a polysaccharide with pendant electrophiiic sites; (e)
independently reacting the immunogenic protein with a reagent generating
thiol groups, to form a protein with pendant thiol groups; then (f)
separating protein with pendent thiol groups from lower molecular weight
thlol containing material by centrifugation ; then 40       (g) reacting
the polysaccharide with pendant electrophilic sites with the protein with
pendant thiril groups to form a polysaccharlde-proteln conjugate which is
coupled through a covalent thloether bond; then (h) centrifuging the
resulting mixture to remove non-covalently-bonded polysaccharides and
proteins 46  24. A process according to Claim 23, wherein the large
hydrophobic cations Is tetra-n-butylammonium, the non-aqueous, polar,
aprotic solvent Is dimethylformamide, the bifunctional reagent is carbonyl 



dilmidazole, the bis-nucleophile is 1.4-butanediamilne, and the reagent
generating electrophilic sites is n bromoacetate. 26. A process according
to Claim 23 or Claim 24, wherein the reagent generating thiol groups is
N-acetyl homocysteinethiolectone. 26. A method for confirming the existence
of a covalent bond between the bigeneric moieties of the spacei containing
a thloether bond between polysaccharldes and proteins in
polysaccharide-protein conjugates according to claim 1 comprising: (a)
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 spaces 40
EP                                       161 188 81  !   11111 liI 27. A
composition comprising an Immunologically-effective amount for either
active or passive protection of mammalIan species from the bacteremla
caused by the cognate organism, of stable, covalently- coupled
polysaccharide-proteln conjugates according to Claim 1, antisera derived
from said conjugates. or gamma-globulin or other antfbody-containing
fractions of said antisera, and a pharmaceutically 5      acceptable
carrier. 28 A composition according to Claim 27, further comprising an
adjuvant. 29. A composition according to Claim 27 or Claim 28. wherein the
polysaccharide-protein conjugates to     comprise one or more members of
the group consisting of an Haemophilus influenzae type h polysaccharide
coupled through a bigeneric spacer of the formula, 15
RCB2CH2CB 2CH 2NagCB2SCN2CH2 MCOC' to a meningococcal B serotype outer
membrane protein; a pneumococcal type 60 polysaccharide coupled through a
bigeneric spacer, of the formula, 91CH2Cil2CH2CH2NHgCH2SC2CH2EH2CO, to a
meningococcal B serotype outer membrane protein; a pneumococcal type 19F
polysaccharide coupled through a bigeneric spacer of the formula, H HCOCH3
lCH2CH2cH2CH2NKgCH2SCN2CH2 HCO' 30 to a meningococcal B serotype outer
membrane protein; and a pneumococcal type 23F polysaccharide coupled
through a bigeneric spacer of the formula, 36Ai
H COCi13 3KCHC2CI2CH2cE2NHICH2SCH2C2 C          B O.C to a meningococcal B
serotype outer membrane protein. 40 30. A composition according to Claim
29, wherein an immunologically-effective amount is an amount of each of the
conjugates in the composition such that each conjugate contains from 2-50
Afg of the polysaccharlde in the conjugate form. 46  31. A composition
according to Claim 29, wherein the mammalian species is humans. 32. 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 iLg of the polysaccha- ride In the conjugate form for conjugates of
pneumococcal polysaccharides and 10 Ig of the s0     polysaccharide in the
conjugate form for conjugates of Heemophilus influenzae type b
polysaccharide. 33 Use of one or more types of polysaccharide-protein
conjugates comprising bacterial capsular polysac charides having acid
groups coupled through bigeneric spacers. containing thioether bonds. t}
Immunogenic proteins, according to claim 1 and a member of the group
consisting of a 65     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. 41    34. Use according to
Claim 33, wherein said 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, 6
0 C H2LCH CH CH NXICS SCH CH !CO  t*C2        -2   -2   2  2 tC 2C2      2
to a meningococcal B serotype outer membrane protein; a pneumococcal type
6B polysaccharide 10     coupled through a bigeneric spacer of the formula,
OR                     0               NHCOCB fit                    N
I  16                       CUCH2CH2CH2CH2NHCCH2SCH2CH2CRCO, to a
meningococcal B serotype outer membrane protein; a pneumococcal type 1 9F
polysaccharide coupled through a bigeneric spacer of the formula, 20
OR~~0                  0               NECC H7                     N
| iCOCH3 CNCH2CN2CH2CH2NHCCH2SCH2CH2CHCO, to a meningococcal B serotype
outer membrane protein; and a pneumococcal type 29F polysaccharide 25
coupled through a bigeneric spacer of the formula, OH                     0
NHCOCEI II 11                                  1        3
CNCH2CH2CH2CH2NHCCH2SCH2CH2CNCO ' 30 to a meningococcal 8 serotype outer
membrane protein. 35. Use according to Claim 33, where the species to be
treated Is human infants and children, and wherein 36     the effective
amount of the composition in a single dose Is an amount corresponding to 25
ag of the polysaccharide in the conjugate form for conjugates of
pneumococcal polysaccharides and 10 iag of the polysaccharlde in the
conjugate form for conjugates of the Haemophilus influenzae type 1h
polysaccharide-protein conjugates being administered. 40  36 Use according
to Claim 33, wherein the composition contains an amount of a
polysaccharide-protein conjugate comprising an Haemophilus infiuenzae type
b polysaccharide coupled through a bigeneric spacer of the formula, OR
OCH3 



CNCB2CB2CH2CH2NRCCc2SCN2CB2CHCO, to a meningococcal B serotype outer
membrane protein corresponding to 10 jig of polysaccharide iI' the
conjugate form. 60 37. Polysaccharide-proteln conjugates according to Claim
1, wherein the bacterial capsular polysaccharide having acid groups is a
Group B Streptococcus type la, lb, 11 or III polysaccharlde, the
immunogenic protein is a meningococcal B serotype outer membrane protein
and the bigeneric spacer may be represented by the formula, 56 42    OH
0               NBCOCH CNCB2Ca2Ca2CH2 NCC2SCBH2CB2CHCO. 38.
Polysaccharlde-proteln conjugates according to Claim 1, wherein the
bacterial capsular polysaccharide having acid groups Is an Escherichia coll
KI polysaccharlde, the immunogenic protein is a menin- gococcal B serotype
outer membrane proteln and the bigeneric spacer may be represented by the
10     formula, 0O                     0               NHCOC3 III
OCRI CNCH2CH2CH2CN2NHCCN2SCH2CB2CHCO. 15 3S A process according to Claim
23, wherein the polysaccharide-protein conjugate is reacted with a low 203
molecular weight thlol In order to eliminate excess eloctrophilic activity
on the conjugate. 40. A process according to Claim 39, wherein the low
molecular weight thiol is n-acetylcysteamine. Revendlcations 25 1.
Conjuguis stables de polyssecharlde-protdine couples par covalence.
comprenant des polysaccharides bactdriens ayant des groupes acIdes et des
protdines immunogbnes qui sont couples par des espaceurs bigendriques
contenant des liaisons thloithers. que lon peut repr4senter par la formule
A-E- S-B, dens laquelle E eat 30 0 0             O ,
~ ~~         ~ ~~~~O UI  OR 11    /          HI1  -CCH2;   )  ou -CClU-, 36
0 K>           dans laquelle R eat H ou CH9; A est 40 WE Ill 



-CN(CH2 ),Y (CM2 )nNH- 45     : des laquelle m a une valeur de 0 & 4, n a
une valour de 0 a 3. W est 0 ou NH, et Y est OH2, 0. S. NR' ou CHCO2 ou R'
est un alkyle en C. ou C2, tels quo si Y est CH2. m et n no sont pas egaux
a 0 et si Y est 0 ou S. m est supdrieur A 1 et n estsupdrieur a 1; et B est
z 50                                               I (C2 )p>C(CH2 )qD~ ob p
a une valour de 1 a 3, q a une valeur de 0 & 2. Z est 55 43    0 CO2B au H,
at D *ot C, 5 MI2 V IICR' . 0 10 NR' ou H O       0 is
N-C(02>)2C, oO RI est deflni comme cl-dessus. 20  2. Conjuguds stables de
polysaccharide-protdinr couplos par covalence selon la revendication 1,
dans lesquels les espaceurs bigdndrlques peuvent Stre repr~sentis par la
formule, 2S                           CXiC11NC2 C2 8i 032 1i10CC12 SC  CH2
CNCOR 3. Conjugis de polysaccharide-proteine sslon la revendication 1, dans
lesquels le polysaccharide capsu 30     laire bacterien ayant des groupes
acides est cholsl parmi un polysaccharide d'Haemophilus influenzae type b
et les polysaccharildes de Streptococcus pneumoniae types 6B, 1 9F et 23F.
4. Conjugues de polysacchardde-prot~ine solon la revendlcation 1, dans
lesquels la protdlne immunogbne est une protilne de membrane exteme de
mdningocoque de type B ou la protelne edestine. 85 5. Conjuguds de
polysaccharlde-proteine selon la revendication 1. dans lesquels le
polysaccharide capsulaire bacterien ayant des groupes acides est le
polysaccharlde d'Haemophilus influenzae type b. la protelne immunogene est
une protelne de membrane externe de m~ningocoque de serotype B el
I'espaceur bigenerlque pout 8tre represente par la formulo 40 OH
0            NHCOCH III               11            I CUCH2 CH2 C2 CR2
3C0HH2 8CH2 C CR0. 46 6. Conjuguds de polysaccharide-protdine solon la
revendlcatlon 1. dans lesquels le polysaccharide capsulaire bactdrlen ayant
des groupes acides est Is polysaccharide pneumococckque de type 6B. Ia
protlilne immunogene est une protelne de membrane exteme de meningocoque de
serotype B pi 



I espaceur blgdnerlque pout etre represente par la formule OR
0            NH1COCH3 III               II            I CNCH2 CZ C2 CR2
UCCH2 CR2 CH2 CHRO. 55 7. Conjugues de polysacchadlde-protilne salon Ia
revendication 1, dans lesquels le polysaccharide capsuraire bactirfen ayant
dos groupes acides est le polysaccharide pneumococcique de type 1s9F la 44
EP 0 161 188 SI                     I       IIIIIL l11111  ! 11 prot~lne
immunogbne est une protdlne de membrane exteme de menlngocoque de serotype
B el Vespaceur bigdndrque pout Stre represente par la formule 03
0            3R03 0CU2 CN   2 Ci' MU2 eO2 SCH2 C02 CHCO. a   Conjugu6s de
polysaccharide-protine selon la revendication 1. dans lesquels le
polysaccharide capsulalre bacterion ayant des groupes acides est le
polysaccharide pneumococcique de type 23F. le protdlne Immunogene est une
protelne de membrane exteme de mrningocoque de serotype B el l'espacour
bigdnerique peut 8tre represent4 par l formule 6s
OH                 0            NHCOCi3 11 1               1'           I
C0C32 CZ C02 0323 3C02 0C12 CH2 C030 20 9. Procdde pour solubillser des
polysaccharides bactdrlens polyanioniques ayant des groupes acides
comprenant (a) le remplacement des atomes d'hydrogbne acides du
polysaccharide par de gros cations hydrophobes, pour creer la forma eel du
polyeaccharlde, puls 25       (b) la dissolution de la forme sel du
polyeaccharlde dons un solvant aprotique polaire non aqueux. 10. Procdd
selon la revendlcatlon 9. dons lequel les gros cations hydrophobes sont
choisis dans le groupe constitue par trl- ou tdtra(alkyl en C,-Cq)ammonium,
1-azabicyclo[2.2.2]octane et 1.8- diazablcyclo[5.4.0jundoc-7-6ne. 30  11.
Procede selon la revendicatlon 9, dans lequel ls solvant aprotique polaire
non aqueux est choisi dans le groupe constitue par le dimethylformamdce, le
dimethylsulfoxyde. le dimdthylacdtamide. te formamide et la
NN-dimrthyllmildazolidinone. 12. Proc~d6 selon la revendicatlon 9, dans
tequel les gros cations hydrophobes sont t6tra-n-butylammo- 3 num et le
solvant aprotique polalre non aquoux eVt le dimdthylformrnamide. 13.
Procedd pour la modMcation covalent. d'un polysaccharide bact6rien
polyanionique comprenant (a) la solublllsatlon du polysaccharide dans un
solvant aprotique polaire non aqueux; (b) 1'activatlon du polysaccharide
avec un rdactif bifonctionnel ; puis (c) la reaction de co polysaccharlde
activ avec un bisnucidophile. 14. Proccd6 selon la revendication 13
comprenant dgalement la reaction du polysaccharide active, que l'oni a fait
rdagir avec un bisnucieophile, avoc un rdactif produisant des sites
electrophiles lateraux. 45 1. Proced6 selon la revendicatfon 14, dans
lequel le solvant aprotique polaire non aqueux est choisi dans le groups
constitud par le dim6thylformamide, le dimethylsulfoxyde. Ie
dimethylacetamide et la N,N' 



dimethylimidazolidinone. 16. Procdde selon la revendlication 15, dane
Isquel le solvant aprotique polaire non aqueux est Ie 50
dimdthylformamide. 17. Procedd selon la revendlcatton 14, dans loquel le
rdactif bifonctionnel est choisi dans le groupe conetitue par les derivds
d'aclde carbonique, 55                                              0 RZ
-C-R3, 45    dans lesquels R2 et Rs sont separement un azolyle;  des
halog6nures ; ou des esters phenyliques. 1B. Procdd6 selon la revendlcation
17, dans loquel Is rdactif blfonctionnel est le carbonyidiimidazole. s  19.
Procdd6 selon la revendlcatlon 14, dane loquel le bisnucleophile est une
diamine de formule H2N(CH2)- *Y(CH2),NH2, dans laquelle m a une valour de 0
a 4, n a une valeur de 0 a 3. Y est CH2, 0, S. NR' ott CHCO2H, ob R' est H
ou un alkyle en C, ou C2, lorsque Y est CH2 m et n n'dtant pas egaux a 0 et
lorsque Y est 0 ou 8 m etant supdriour a 1 et n etant supdriour a 1. lO 20.
Procedd selon la revendlcation 19, dans lequel ie blsnucieophile est la
1,4-butanediamine. 21. Proced6 selon la revendication 14, dans loquel le
reactif produlsant des sites 6lectrophiles est OR 15
~~~~~~~~~~~~~~~~III X'ccXI, o0 XI est un nitrophdnoxy, dinltiphdnoxy,
pentachlorophdnoxy, pentafluorophenoxy, halog6nure, O-(N-hy-
droxysuccinimidyle) ou un azido, R ost H ou CHM et X est Cl, Br ou 1: ou un
maleimidoacide active. 20 0 0 O I XtCCH2N\ 25 0 oO p vaut de 1 a 3 et X est
ddfini comme ci-dessus. 30 22. Procddd selon la revendication 21, dans
loquel le reactif produisant des sites electrophiles est le bromoacetate de
p-nltropihnyle. 23. Procdd6 pour pr6paror des conjugues de
polysaccharlde-proteine comprenant des polysaccharides 36     capsuladres
bacterions ayant des groupe. acides et des prot6lnes immunogenes qui sont
coupi6s pal des espacours blgdndriques contenant des liaisons thloethers,
comprenant (a) la solubillsatlon du polyeaccharlde capsulalre bactrien
ayant des groupes acides par (f) remplacement des atomes d'hydrogbne acides
du polysacchaide par de gros cations hydrophobes pour crder la forme set du
polysaccharide, puis 40         (ii) dissolution de la forme sel du
poiysaccharlde dans un solvant aprotique polaire non aqueux: (b)
I'activatfon du polysaccharlde avec un rdactif bifonctionnel; (c) la
reaction de ce polysaccharlde active avec un bisnucliophile: 



(d) la reactfon de ce polysaccharlde activo, quo Ion a falt reagir avoc un
bisnucidophile, avec uu reactif produisant des sites electrophiles pour
former un polysaccharide ayant des sites electrophiles 46       latdraux;
(e) ind6pendamment, la reaction de la protdine Immunogene avec un rdactif
produisant des groupes thiols pour former une proteine ayant des groupes
thiols lat6raux; puis (f) ia separation de la proteine ayant des groupes
thiols lateraux d'avec la matilre contenant des groupes thois de polds
moliculalre Infdrieur par centrifugation : puis so       (g) la rdaction du
polysaccharide ayant des sites dlectrophiles lateraux avec la proteine
ayant des groupes thiols lateraux pour former un conjugud de
polysaccharide-proteine qui est coupil par une liaison covalente thioether
; puls (Ih) la centrifugation du melange obtenu pour 6iiminer les
polysaccharides et les proteines non l16s par covalence. 55 24. Proc6de
selon Ia revendication 23, dans lequel les gros cations hydrophobes sont
tetra-n-butylammo- nlum, le solvant aprotique polaire non aqueux est le
dimdthylformamide, le reactif bifonctionnel est le carbonyidlimidazole, lo
bisnucldophile est la 1.4-butanediamine et le reactif produisant des sites
46    EP O 161 188B1                       111 '!111111ijI I8II 111111
dlectrophiles est un bromoacetate. 26. Procddg selon la revendicatlon 23 ou
la revendicatfon 24, dans lequel le r4actif produisant des groupes thiols
est la N-acetylhomocysteinethbolactone. 26. Procdd6 pour confirmer
lexistence d'une liaison covalente entre les fragments bigen6riques de
l'espaceur contenant une liaison thlodther entro les polysaccharides et les
protelnes dans les conjugues polysaccharide-prot~lne selon la revendicatlon
1, comprenant: (a) l'hydrolyse des conjugues pour les cliver au niveau des
liaisons peptidiques et des autres tO      liaisons Instables A Ihydrolyse;
(b) Ianalyse quantitative de l'arnino-acide de lespacoeur contbnant un
thlodther stable a l'hydrolyse. 27. CompositIon comprenant une quantite
Immunologlquement efficace pour assurer la protection active oi passive des
especes de marnmiferes contre Is bacteriemie provoqude par le
microorganisme parenl *5     des conjugues stables de
polysaccharide-protdine couples par covalence selon ia revendication 1.
d'antiserums ddrlvds doadits conjuguds et de -rglobullnes ou d'autres
fractions contenant des anticorp s desdits antis6rums, et d'un vehicule
pharmaceutiquement acceptable. 218 Composition selon la revendhcatfon 27
comprenant de plus un adjuvant. 20 29. Composition selon la revendication
27 ou la revendlcation 28. dons laquelle les conjugu6s
polysaccharide-protdine comprennent un ou plusleurs constituants choisis
parmi un polysaccharide d'Haemophilus Inflwunzae type b couphd, par un
espacour bigin6rique de formule 25                           on
0            NCOCl II                 11          1 CMC% C% C11 CMZ^ MCO C2
sC"Z CH"CO 30     k une proteine de membrane exteme de meningocoque de
sdrotype B; un polysaccharide de 



pneumocoque de type OB coupld, par un espaceur blgendrique de formule )OH
0            NHCOCH 35                           C1CN C12 C2O COz MECC2
5CR2 CH2 CR00 & une proteine de membrane externe de meningocoque de
serotype B  un polysaccharide de pneumocoque de type 1 9F couple, par un
espaceur biginerique de formule 40 OH         0           ~~~~~NHCOOU3
ONCMzC% z C92    OaC hC 6S082 CH2 CRCO0 45     & une prot6ine de membrane
externe de meningocoque de s6rotype B; et un polysaccharide cde pneumocoque
de type 23F coupie, par un espaceur bigen~rique de formule on
0            10CR3 11                11           I 60
CNCH2 CM2 C R2 C  H MCC  S602 C1Z tf b une prot~ine de membrane exteme de
meningocoque de s~rotype B. 56 30. Composition selon Is revendlcation 29.
dans laquellb une quantite immunologlquement efficace est uhFb quantltd de
chacun des conjuguds de la compositIon tolle quo chaque conjugue contienne
de 2 a 50 aIg du polysaccharlde sous la forms du conjugu6. 47    EP 0 161
188 B1                    111111C1 111111 IIM 1111D 111 31. Composition
selon la rewvndlcatlon 29, dons laquesle l'espace de mammlthre est l'espbce
humaine. 32. Composition solon la revendhcation 30, dans laquelle uno
quantitd immunologiquement efficace est iune quantet4 de chacun des
conjugugs de la composition tells quo chaque conJugu6 contienne 25 ag diu.
5      polysaccharide sous la forms du conjugud pour lee conjuguds des
polysaccharides de pneumocoqwe et 10 ug du polysaccharide sous la forms du
conjugud pour les conjugues de polysaccharide d'Haemophilus lnfluenzae type
b. 33. Utillsation d'un ou pluslours types de conJuguos de
polysaccharlde-protdine comprenant des polysac- 10     charldos capsulaires
bact6riens ayant des groupes acides couples par des espaceurs big6ndriques
contenant des liaisons thlolthers a des protdlnes immunogenes. selon la
revendicatlon 1, et ill composant cholsi parmi un v6hicule
pharmacouliquement acceptable, un adjuvant et un vihicule et adjuvant
pharmacoutlquement acceptables pour la preparaeton d'une composition utile
pour le tralte ment d'une espbce de mammifere contre la bactdrimie
provoquee par les microorganismes parents. 15 34. Utllsatfon selon la
revendication 33, dans laquolle lesdits conjuguds de
polysaccharide-proteine compronnent un ou pluslours constituants cholsi
parmi un polysaccharide d'Haemophilus influenzae type b coupid, par un
espaceur blgdndrique de formube 90~O~                                    o
NHCOCR CNCH 2 Cu2 Cu2 USCC2 eCR2 Cu2 CHCOO 25     a une proteine de
membrane oxtome de mdnlngocoque de serotype B; un polysaccharide de
pneumocoque de type 8B couple, par un espaoeur bigdnerique de formule OH
0            NHCOC3 11               U            I 



so                            C     CR2 C 2 S 2 10C  W2 CR00, A une
protSine de membrane extrne de mdnlngocoque de serotype B; un
polysaccharide de pneumocoque de type 19F coupid. par un espaceur
bigdn~rque de formule 36                            on                 O
Ntl CCR32 C112 CO2 CO2, WCCH2 ICR2 CR2 CHCO, 40     6. une protdine de
membrane exteme de meningocoque de serotype B; et un polysaccharide de
pneumocoque de type 23F. coupl6 par un espaceur blgdndrique de formule OH
0            RHCOOR3 45                           C02 2 C2 %C2 "C    SCM2 2
CH2 CECO, a une proteine de membrane exteme de mdningocoque de s6rotype B.
35. Utillsatlon selon la revendication 33, dans laquolle l'espece a traiter
est constituee de nouveaux-nes of 60     d'enfants humains, et la quantitd
efflcace de la composition dans une dose unique est une quantite
correspondant a 25 ig du polysaccharide sous la forms du conjugud pour les
conjugues des polyseccharldes pneumoccoclques et de 10 ug du polysaccharide
sous la forms du conjuguf pour les conjuguds de polysaccharlde
d'Haemophilus influenzae type b-proteine adminlstres. 65 36 Utlilsation
selon la rovendlcatfon 33, dans laquelle la composition contient une
quantit6 d'un conjugu6 de polysaccharide-proteine comprenant un
polysacoharlde d'Haemophllus influenzae type b couple. pai un espaceur
bigindrlque de formulo 48    EP 0 161 188 B1                     *E c L
III1iiIIiiIi an                 0            ?~~H CN'MZ % C8211.2 330 0 C32
0   2 C"CO & une protelne de membrane exteme de meningocoque de serotype B
correspondant a 10 ag du polysaccharide sous la forms du conjugu6. 37.
Conjuguds de polysaccharide-protdlne solon la revendication 1. dens
lesqueis le polysaccharide 10    capsulaire bactdrien ayant des groupes
acides est un polyeaccharide de Streptococcus du groupe 8 de type la, lb,
II ou IlIl la protdine lmmunogbne est une protdine de membrane externe de
meningocoque de sarotype B et 1'espaceur bigdndrique pout 6tre reprnsente
par la formula OH0                              RHCOC13 15
III C3CKZ CHZ C% C3z NoCu 8% CW2 CUSCO. 38 Conluguds de
polysaccharide-protdfne selon l revendication 1, dans lesquels le
polysaccharide capsulaire bactdrien ayant des groupes acides est un
polysaccharide d'Escherichia coli Ki, la protdine immunogbne est une
protdine de membrane exteme de meningocoque de serotype B et P'espaceuL
bigdndrique peut Stre rdprdsentd par la formule OH                 0
3300013 25                          111                 '   C1Cali C% CA2
C%  21C    SC, M2 tCHo- 30 39. Procdd6 selon la revendicatlon 23. dans
loquel le conjugu6 polysaccharide-prot~ine est mis a r~agi avec un thiol de
bas polds moldculalre pour 6liminer lexces d'activit6 electrophile sur le
conjugu6. 40. Proc~d6 selon la revendication 39, dans loquel le thiol de
bas poids moleculaire est la N-acetylcyst6a 



mine. 35 Ansprtlche 1. Stabile, covalent gekuppelte
Polysaccharid-Protein-Gonjugate, weiche baktsrielle Polysaccharide mil 40
Sluregruppen und durch bigenerische Abstandsglieder. die Thioetherbindungen
enthalten und durch die Formel A-E-S-B dargesteilt werden k8nnen.
gekuppelto immunogene Proteine umfassen. worin E 45
a oder -CC32N 60 56 5R worin R H oder CH3 ist; A 49    EP 0 161 188 BI
I       !II1ill  I1111 ll -9 CH2 )MY( CH2 )nNH- let, worin m 0 bis 4 ist, n
0 bis 3 ist, W 0 odor NH lit und Y CH2, 0, 8, NRI oder CHC02H ist, worin R
C,- odor C2-Alkyl ist so daB wenn Y CH2 ist, m und n belde nicht gleich
Null sind und falls Y 0 oder S ist, m grqBer aie 1 ist und n grdoIer ales
1let und 10 B  -(CH2)p H(CH2)gD- ist, worfn p 1 bis 3 let q 0 bls 2 ist, Z
NE2, NHIR'F 0 20 CO2H odor H ist und D 2s                           2) 2
worin R' wie oben definiort ist. Ist. 30 2. Stabile, covalent gokuppette
Polyssccharld-Protein-Conjugate nach Anspruch 1, worin die bigeneri schen
Abstandiglieder durch die Formnel ECOCE3 36                       IN 2CH2
CR 2CBl2RICt2SCEl2CB2IRCO. wiedergegeben werden konnen. 40 3.
Polysaccharld-Protoln-ConJugate nach Anspruch 1, worin das bakterielle
Kapselpolysaccharid mit Sgii regruppen aus der aus Haemophilus Influenzae
-Typ b-Polyeaccharid und Streptococcus pneumoniae Typ SB-, 19F- und 23
F-Polysaccharlden besteohenden Gruppe ausgewfihit lst. 4S 4.
Polysaccharid-Protain-Conjugate nach Anspruch 1, worin das immunogene
Protein ein Meningococcen Serotyp B-Protein der Auloeren Membran oder
Edestinprotein ist. 5. Polysaccharid-Protoin-Conjugate nach Anspruch 1
worin das bakterielle Kapselpolysaccharid mit Sam regruppen ein Haemophilus
influenzae -Typ b-Polysaccharid ist, das immunogene Protein em 50
MenIngococcen-Serotyp B-Protein dor 1ulieren Membran ist und das
bigenerische Abstandsglied durrh die Formel 



R S~~~~~~ECOCH3 6s                       t~tZCN2C 2CR2C 2N2 C2s  2c 2 2C 50
EP O 161 188 51                       11111 IU11111111111111 wiedergegeben
werden kann. 6. Polysaccharld-Protein-Conjugate nach Anspruch 1, worin das
bakterielle Kapselpolysaccharid mit Ski- regruppen ein Pneumococcen-Typ
68-Polysaccharid ist, das immunogene Protein ein Meningococcen- 5
Serotyp B-Protein der aufieren Membran ist und des bigenerische
Abstandsglied durch die Formel BCOCH3 tO   2C2CI2CH2N3CB2 SCR2CH21co.
To~~~~~~~~~~~~~0 wiedergegeben werden kann. 7.
Polysaccharld-Protein-Conjugate nach Anspruch 1, worin dss bakteriele
Kapselpolysaccharid mit SMu- 16     regruppen  ein  Pneumoccocen-Typ
19F-Polysaccharid  ist,  das  immunogene  Protein  ein
Memingococceen-Serotyp B-Protein der auferen Membran ist und des
bigenerische Abstandsglled durch die Formel 20
UECOCCI3 1  2CH 2CH 2CH2NRCC2SCH 2C~H2~CO. 26     wiedergegeben werden
kann. 8. Polysaccharld-Protein-Conjugate nach Anspruch 1, worin das
bakterielle Kapselpolysaccharid mit Sau regruppen  eehn  Pneumococcen-Typ
23F-Polysaccharid  lst. das  immunogene  Protein  ein Meningococcen-Serotyp
B-Protein der Auleren Membran ist und das bigenerische Abstandsglied durch
30     die Formel rECOCH 3 wiedergegeben werden kann. 9. Verfahren zum
L8slichmachen polyanionischer bakterleller Polysaccharide mit Sluregruppen
durch 40       (a) Ersetzen der Sgurewasserstoffe des Polysaccharlds durch
groBe hydrophobe Kationen. wodurci die Salzforrn des Polysaccharlds erzeugt
wird, danach (b) Auflbsen der Saiztorm des Polysaccharlds in elnen nicht
wgBrigen polaren aprotischen L6sungs mittel. 46  10. Verfahren nach
Anspruch 9, worin die groBen hydrophoben Kationen aus der aus Tri- oder
Tetra(C, Cs)alkylammonium, 1-Azabicyclo[2.2.2]octan und
1,8-Diazabicyclo[5.4.0]undec-7-en bestehenden Grul:' pe ausgewihit wird.
11. Verfahren nach Anspruch 9. worin des nicht waBrige polare aprotische
Losungsmittel aus der aus Dimethylformamid, Dimethylsulfoxid,
Dimethylacetamid, Formamid und NN'-Dimethylimidazolidiniom bestehenden
Gruppe ausgewihit wird. 12. Verfahren nach Anspruch 9, worln die grolen
Hydrophoben Kationen Tetra-n-butylammonium sind und das nicht wil~rige
polare aprolische LWsungsmittel Dimethylformamid ist. 13 Verfahren zur
kovalenten Modifizierung eines polyanionischen bakteriellen Polysaccharids
durch (a) L6slichmachen des Polysaccharlds in einem nicht wfiirigen polaren
aprotischen L-sungsmittel; (b) Aktivieren des Polysaccharids mit elnem
bifunktionellen Reagenz; danach 



EP0 181 188 S1                        " I (c) Umsetzen dieses aktlvierten
Polysaccharlds mit elnem Bis-nucleophil. 14. Verfahren nach Anspruch 13,
welches welterhin die Umsetzung des aktivierten Polysaccharlds, das mru
enem nBIs-nucleophil umgesetzt warden lst, mit elnem Reagenz, des
anhAngende elektrophle Stellern c     erzeugt, umfaBt 16 Verfahren nach
Anspruch 14, worln des nlcht watrige polare aprotsche Losungsmittel aus der
aus Dimethylformamid, Dimethylsulfoxid, Dimethylacetamid und
N,N-Dimethylimidazolidinon bestehenden Gruppe augewihit wird. 10 16.
Verahren nach Anspruch 15, worn des nicht wS6rlge polare aprotische
idsungsmittel Dimethylforma mid lst. 17. Verfahren nach Anspruch 14, worin
des blfunktionelle Reagenz aus der aus Carbonsdurederivaten, 20     worin
R2 und Ra unabhlnglg Azolyl sind, Halogenen odor Phenylestem bestehenden
Gruppe ausge wihit wird. 18 Verfahren nach Anspruch 17, worn des
blfunktlonelle Reagenz Carbonyldilmidazol ist. 26  19. Verfshren nach
Anspruch 14, worin das Bis-nucleophil ein Diamin der Formel
H2N(CH2)mY(CH2)nNH2 isL. worin m 0 bis 4 ist, n 0 bis 3 ist und Y CH2, 0,
8, NR!, CHC02H ist, worin R' H oder ein Ci-oder 02 Aikyl ist, so daB, wenn
Y CH2 ist, m und n belde nicht gleich Null sein k5nnen und, wenn Y 0 oder S
Ist, m grafter als 1 ist und n grdfier als 1 lst. 30 20. Verfahren nach
Anspruch 19, worin des Bis-nucleophil 1,4-Butandiamin ist. 21. Verfahren
nach Anspruch 14, worin das db elsidtrophilen Stellen erzeugende Reagenz 36
Xi IX, worin K' Nitrophenoxy, Dinitrophonoxy, Pentachborphenoxy.
Pentafluorphenoxy, Halogenid, 0-(N-Hy droxysuccinimidyl) odor Azido Ist, R
H oder CHs ist und X Cl. Br oder I ist; oder eine aktivlerte
Malelnimildosure 0 45                           ~~~~~~XIg(CE  ) N  1 ist,
worin p 1 bis 3 ist und X wie oben definlert lst. 22. Verfahren nach
Anspruch 21, worin das die elektrophilen Stellen erzeugende Reagenz
p-Nitrophenyl 56     bromacetat ist. 23. Verhahren zur Hersetlung von
Polysaccharid-Proteln-Conjugaten, welche baicterielle Kapselpolysaccha ride
mit Sauregruppen und durch Thloetherbindungen enthaltende bigenerische
Abstandsglieder go-- 52    EP O 161 18881 111
Miii 11113111 iii kuppelte immunogene Proteins umfassen, durch (a)
Loslichmachen des bakteriellen Kapselpolysaccharlds mit Sauregruppen durch
(i) Ersetzen der Slurewasserstoffe des Polysaccharlds durch grofle
hydrophobe Kationen, wo durch die Salzform des Polysaccharids erzougt wird,
danach 



6          (ii) Aufl8sen der Salzform des Polysaccharids in einem nicht
wWfirigen polaren aprotischen Losungsmittel; (b) Aktivieren des
Polysaccharids mit einem bifunkidonelien Reagenz; (C) Umsetzen dbeses
aktIvierten Polysaccharlds mit elnem Bis-nucleophil; (d) Umsetzen dieses
aktiorten Poiysaccharids. das mit elnem Bis-nucleophil umgesetzt worden
ist. 10       mit elnem eleiktrophil Stellen erzeugenden Reagenz, wodurch
ein Polysacchadd mit anhangenden elektrophilen Stellen gebildet wird; (e)
unabhlngig davon Umsetzen des immunogenen Proteins mit einem Thiolgruppen
erzeugenden Reagenz unter Bildung sines Proteins mit anhingenden
Thloigruppen; danach (fJ Abtrennen des Proteins mit den anhAngenden
Thiolgruppen von niedermolekuilargewichtigem 15      thlolhaltigem Material
durch Zentrifugleren; dansch (g) Umsetzen des Polysaccharlds mit
anhIngenden elektrophilen Stollen mit dem Protein mit den anhingenden
Thiolgruppen unter Bildung sines Polysaccharid-Proteln-Conjugats, das durch
ehne covalente Thioetherbindunq gekuppelt ist: danach (h) Zentrifugieren
der resultierenden Mischung zur Entfemung von nicht covalent gebundenell
K.-'   20      Polysacchariden und Proteinen. 24. Verfahren nach Anspruch
23, wormn die grofen hydrophoben Kationen Tetra-n-butylammonium sind. das
nicht wa1rige polare aprotische Ldsungsmittel Dimethylformamid ist, das
bifunktionelle Reagenz Carbonyidilmidazol lot, das Bis-nucleophil
1,4-Butandiamin ist und das elektrophile Stelien erzeugende 25     Reagenz
ein Bromacetat lst. 25. Verfahren nach Anspruch 23 oder Anspruch 24, worh
das thiolgruppenerzeugende Reagenz N- Acetylhomocystsinthiolacton ist. 3o
26. Verfahren zur Bestatigung der Existenz elner covalenten Bindung
zwischen den bigenerischen Einhei ten des sine Thioetherbindung
enthaltenden Abstandsgfleds 2wischen Polysacchariden und Proteinell in
Polysaccharid-Proteln-Conjugaten nach Anspruch 1 durch (a) Hydrolisleren
der Conjugate zur Spaltung des Conjugats an Peptidbindungen und anderen
hydrolytsch nicht stabilen Bindungen; S6       (b) quaniftatives
Analysieren auf die Aminoslure des hydrolytisch stabilen thioetherhaltigen
Al standsgileds. 27. Zusammensetzung, welche sine sowohl fOr den aktiven
als auch fOr den passiven Schutz voni Slugetierarten gegen durch den
Cognatorgenismus verursachte Bakteriamie immunologisch wirksame 40
Menge stabile covalent gekuppelte Polysaccharid-Protein-Conjugate nach
Anspruch 1. von dieseni Conjugaten abgeleiteten Antiseren oder
Gamma-Globulin oder andere antik8rperhaltige Fraktionetu dieser Antiseren
sowie esne pharmazeutisch annehmbaren Trager umfalt. 28 Zusammensetzung
nach Anspruch 27, welche welterhin ein Adjuvanz enthalt. 45 29.
Zusammensetzung nach Anspruch 27 odor Anspruch 28, worin die
Polysaccharid-Protein-Conjugate ein odor mehrere Glieder der Gruppe
umfassen, die aus einem Haemophilus influenzae -Typ b-Polysar charld, das
Ober sin bigenerlsches Abstandsglied der Formel 50
H 2COCH 50    C22CB2Cs2CB2NIgC2SCH2CB2   0 55     an sin
Meningococcaen-Serotyp B-Proteln der Auferen Membran gekuppelt !st; elnern
Pneumococcwi- Typ 6B-Polysaccharid, das Ober eh bigenerisches Abstandeglied
der Formnel 53 



FC32CR2C22 CH2NECH2SCE2CH2 nCO, 6 an sin Meningococcen-Serotyp B-Protein
der duleren Membran gekuppelt 1st; elnem Pneumococcen Typ
19F-Polysaccharid, des Ober eln bigenerisches Abstandsglied der Formel 10
ECOE  15     an ein Meningococcon-Serotyp  B-Proteln  der Ruferen  Membran
gekuppelt ist; und einem Pneumococcen-Typ 23F-Polysaccharld, das Ober ein
bigenerisches Abstandegiled der Formel 20                         C
ECocE3 CB X2C 2 CH2 CH 2xmL2SC 2 CH 2 T:}iCs an ein Meningococcen-Serotyp
B-Protein der Auaeren Membran gekuppelt ist. besteht. 26 30.
Zusammensetzung nach Anspruch 29, worin sine Immunologisch wirksame Menge
eine Menge eines Jeden Conjugats in der Zusammensetzung let, so daB jedes
Conjugat 2 bis 50 JL des Polysaccharids In der Conjugatformn enthift. so
31. Zusammensetzung nach Anspruch 29, worin ite Slugelisrart der Mensch
ist. 32. Zusammensetzung nach Anspruch 30, worin die immunologisch wirksame
Menge eine Menge eines jeden Conjugats in der Zusammensetzung lst, so daB
jades Conjugat 25 ug des Polysaccharids in der Conjugatform bel Conjugaten
von Pneumococcen-Polysacchariden und 10 ug des Polysaccharids in S5     der
Conjugatform bel Conjugaten von Hasmophilus Influenzae -Typ B-Polysaccharid
enth~lt. 93  Verwendung von elnem oder mehreren Typen von
Polysaccharid-Protein-Conjugaten, welche bakteriel Is Kapselpolysaccharide
mit Sauregruppen umfassen, die durch Thioetherbindungen enthaltende bige
nerieche Abstandsgileder an Immunogene Proteins gebunden sind, nach
Anspruch 1 sowie eines 40     Glieds der Gruppe, die aus sinem
pharmazeutlach annehmbaren Trlger. einern Adjuvanz sowie einen
pharmzeutlsch annehmbaren Trager und Adjuvanz bssteht, zur Herstellung
einer zur Behandlung voi Slugetlerarten gegen Bakterilmie durch die
Cognatorganismen geeigneten Zusammensetzung. 34. Verwendung nach Anspruch
33, worin die Polysaccharid-Protein-Conjugate sin oder mehrere Gliedet 45
der Gruppe umfassen, die aus elnem Hasmophilus Influenzae -Typ
b-Polysaccharid, das Ober ei bigsnerischss Abstandsglied der Formel 60
~C~2c2ccN2cI2NH~eCN~s   NW2oC 50         lis 2  B 2 H 2c  2URCH 2SCH
2C32~COr an sin Meningococcen-Serotyp B-Protein der EuBeren Membran
gekuppelt ist; sinern Pneumococcen I Typ 6B-Polysaccharld, das Ober ein
bigenerisches Abstandsglled der Formel 55 54    EP 0 161 188 81
lll iIII HIJI nili II u * c   L   m  OH                     0
NHCOCH 



CNCN2Ca2CH2CH2NHCCN2SCB2C2CHCO 5 an sin Meningococcen-Serotyp B-Protein der
Nuferen Membran gekuppelt ist; einem Pneumococcen- Typ 19F-Polysaccharid,
das Uber sin bigenerlsches Abstandsgiled der Formel 10  OH
EICOCo DI               It~~~~1         I           CNCH2CH2C
2CH2NRCCN2SCN2CE2CHCO, *s     an din  Meningococcen-Serotyp  B-Protein der
AuBeren  Membran  gekuppelt ist; und enern Pneumococcen-Typ
23F-Polysaccharld, des Oiber ein bigenerisches Abstandcglieci der Formel OH
0               NECOCE CNCR2CH2Ca2CH2NRCCH2SCE2CH 2C CO an sin
Meningococcen-Serotyp B-Protein der Wuleren Membran gekuppelt let, besteht.
26 35L Verwendung nach Anspruch 33, worin die zu behandelnde Art
menschliche Sluglinge und Kinder sincd und worin die zu verabreichende
wirkeame Menge der Zusammensetzung in einer Einzeldosis eine Menge ist, die
25 ug des Polyeaccharids in der Conjugatform bei Conjugaten von
Pneumococcenpoly- sacchuriden und 10 LLg des Polysacchrlds in der
Conjugatform be! Conjugaten der Haemophilus influenzae -Typ
b-Polysaccharid-Protein-Conjugate entspricht. 30 36. Verwendung nach
Anspruch 33, worin die Zusammensetzung eine Menge eines Polysaccharids-
Protein-Conjugate, die din Haernophilus Influenzae -Typ b-Polysaccharid
umfa~t. das durch ein bigene- risches Abstandsglied der formel 0 O
0                NECOCR3 CNCH2CH2CH 2CB2MCCI2SCI2Cun2BC- o, 40     an sin
Memingococcen-Serotyp B-Protein der Auleren Membran gekuppelt let, enthalt,
die 10 ILg des Polysaccharids der Conjugatform entspricht. 37.
Polysaccherid-Protein-Conjugate nach Anspruch 1, worin das bakterielle
Kapselpolysaccharid mit Sku regruppen ein Gruppe B-Streptococcus
-Poiysaccharid der Typen la. lb, II oder li ist, das immunogene Protein ein
Memingococcen-Serotyp B-Protein der auferen Membran ist und das
bigenerische Ah standsglied durch die Formel OR                     0
NHCOCS CNC32CH2CH2CH2NHCCH2SCH2 CH2C0. wiedergegeben werden kann. 65 38L
Polysaccharid-Protein-Conjugat nach Anspruch 1, worin das bakterielle
Kspselpotysaccharid mit Sgure gruppen ein Escherichia coil K1-Polysaccharid
let, das immunogene Protein ein Meningococcen Serotyp B-Protein der
u_8iresn Membran ist und das bigenerische Abstandsglied durch die Formel 55
OH                      0 1            g                ~~~~~~~~NEiCOCH 3
OCH-2CH2CZcH2NHccH2scNCE2HC2 wiedergegeben warden kann. 



31. Verfahren nach Anspruch 23, worin das Polysaccharld-Protein-Conjugat
mit sinem Thiol niedrigeri Molekulargewichts umgesetzt wird, urn
UberschUaslge elekrophile Aktivitlt am Conjugat auszuschlle 10     Ben. 40.
Verfahren nach anspruch 39, worin der Thiol niedrige Molekulargewichts
n-Acetylcysteamin ist. 15 K>    20 25 30 36 4D 46 60 65    


