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Synthesis Of Lipopolysaccharide-Protein Conjugate Vaccines via the lipid A

region following removal of the glycosidic phosphate residue

FIELD OF THE INVENTION

This invention relates to lipopolysaccharide-protein conjugate vaccines with
optimum presentation of oligosaccharide epitopes that have improved
immunogenic properties following coupling to protein carriers via the lipid A

region.

BACKGROUND OF THE INVENTION

Despite the phenomenal success of polysaccharide-protein conjugate
vaccines in combating serious bacterial infections caused by encapsulated
bacteria, this technology is not applicable to some important bacterial pathogens.
This is due to the fact that some pathogenic bacteria are not encapsulated. Non-
typable Haemophilus influenzae, a major causative agent of respiratory and ofitis
media infections in infants, is in this category. Additionally some bacteria have
capsular polysaccharides, which even when conjugated, are poorly immunogenic.
The o2-8 polysialic acid capsule of group B Neisseria meningitidis, which is
responsible for half of all cases of meningococcal meningitis in the western world,
is a prime example of this. Gram-negative bacteria have an outer membrane
comprised of components including proteins, lipoproteins, phospholipids, and
glycolipids. The glycolipids comprise primarily endotoxin lipopolysaccharides
(LPS). LPS are molecules comprised of a) a Lipid A portion which consists of a
glucosamine disaccharide that is substituted with phosphate groups ahd long
chain fatty acids in ester and amide linkages; b) a core polysaccharide which is
attached to Lipid A by an eight carbon sugar, Kdo (2-keto-3-deoxyoctulosonic
acid), and generally contains heptose, glucose, galactose, and N-
acetylglucosamine; and, optionally, ¢) O-specific side chains comprised of
repeating oligosaccharide units which, depending on the genera and species of
bacteria, may contain mannose, galactose, D-glucose, N-acetylgalactosamine, N-
acetylglucosamine, L-rhamnose, or dideoxyhexose (abequose, colitose, tyvelose,
paratose, trehalose). LPS which lacks repeating O-side chains is sometimes
referred to as short chain lipopolysaccharide, or as Iipooligos‘accharide (or LOS).
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In this application, the terms lipopolysaccharide (or LPS) and lipooligosaccharide
(or LOS) may be used interchangeably.

The major antigenic determinants of Gram-negative bacteria are believed
to reside in the complex carbohydrate structure of LPS. These carbohydrate
structures vary significantly, even among different species of the same genus of
Gram-negative bacteria, primarily because of variations in one or more of the
sugar composition, the sequence of oligosaccharides, the linkage between the
monomeric units of the oligosaccharides, between the oligosaccharides
themselves, and due to substitutions/modifications of the oligosaccharides.

LPS is a bacterial component which has potential as a vaccine immunogen
because of the antigenic determinants (“epitopes”) residing in its carbohydrate
structures. However, the chemical nature of LPS detracts from its use in vaccine
formulations; i.e., active immunization with LPS is unacceptable due to the
inherent toxicity, in some animals, of the Lipid A portion. The pathophysiological
effects induced (directly or indirectly) by Lipid A of LPS in the bloodstream include
fever, leucopenia, leucocytosis, the Shwartzman reaction, disseminated
intravascular coagulation, abortion, and in larger doses, shock and death.

In the absence of suitable capsular polysaccharide components with which
to synthesize conjugate vaccines, the use of alternative carbohydrate antigens as
components of conjugate vaccines is being actively explored. One of these
antigens is the lipopolysaccharide (LPS) or lipooligosaccharide (LOS) .The LPS of
N. meningitidis and non-typable H. influenzae are in this latter category (i.e., LOS)
and both have been implicated in the immune response to natural infections
caused by their respective organisms. Unfortunately the LOS of both organisms
are extremely toxic and cannot be used as vaccines either alone or as conjugates.
However, the toxicity of LOS resides only in its lipid A moiety, and strategies have
been devised to surmount this problem. in the first conjugate vaccines this was
achieved by prior removal of the lipid A moiety from the LOS by mild acid
hydrolysis. The resultant non-toxic truncated LOS was then conjugated either
directly or by using a spacer molecule to a protein through the terminal 2-keto-3-
deoxyoctulosonic acid (KDO) residue. In a more recent-study the intact LOS of
non-typable H. influenzae was detoxified using anhydrous hydrazine prior to
conjugation. This reagent O-deacylates the lipid A moiety which results in
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detoxification of the LOS. Conjugation of the detoxified LOS was accomplished by
linking the carboxylate functions of an internal KDO residue to a protein by means
of an adipic acid dihydrazide spacer. While conjugates made with acid hydrolyzed
LOS have been demohstrated to produce antibodies that react with their
respective native LOS, some of which even exhibit protective properties in
animals, their immune response may not be optimal. This is because the point of
cleavage at the KDO residue is within the area of internal epitopes (i.e., inner
core) of the LOS, and in consequence the structure of these epitopes may be
impaired. [nner core internal epitopes have been shown to be highly conserved
across strains of a specific species, and as such will be attractive vaccine
candidates. Additionally, inner core oligosaccharides are a sensible choice
because of the fact that structural similarity between the outer core
oligosaccharides of the LOS and mammalian tissue antigens could lead to a poor
immunogenic host response or autoimmune diseases.

There is, therefore, a continuing requirement for vaccines of increased
efficacy and reduced side effects. Many approaches have been taken over the
years. An approach, outlined above, which has been popular recently is partial
deacylation of lipopolysaccharide moieties of infective microorganisms,
deacylation being used to remove esterified fatty acid side chains of lipid A, the
esterified fatty acid side chains being major contributors to the toxicity of lipid A.
Gu et al in US Patent 6,207,157 and its Divisional Patent Application Publication
US 2002/0001389A1 disclose a conjugate vaccine for non-typable Haemophilus
influenzae. This comprises a lipooligosaccharide from which esterified fatty acid
side chains have been removed from lipid A to form a detoxified LOS (dLOS)
which is then linked covalently to an immunogenic carrier. The ester-linked fatty
acids are removed using hydrazine prior to conjugation to the linker adipic acid
dihydrazide (ADH) prior to conjugation to an immunogenic carrier protein. Gu et al
in Vaccine 3463, 1-8 (2002) teach the production of a lipooligosaccharide-based
conjugate vaccine against non-typable Haemophilus influenzae. They linked
adipic acid dehydrazide reacted lipooligosaccharide (AH-dLOS) to tetanus toxoid.

Another approach has been that of Plested at al in WO01/22994 who
disclose a vaccihe for treatment of disease caused by Neisseria meningitidis
based on elements of the inner core lipopolysaccharide. A point which appears to
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be critical in their approach is the presence of conserved internal epitopes that are
present in a majority of disease causing isolates.

A further approach has been that of Richards et al in WO02/16440 who
disclose a conserved triheptosyl inner core moiety of a lipopolysaccharide
substantially free of variable outer core oligosaccharide chain extension and its
use in vaccines for preventing Haemophilus influenzae infections.

In our studies we have found that one factor, which does not appear to
have been fully appreciated is the importance of rcoupling the carbohydrate to
protein carrier appropriately, in such a way that crucial antigenic and potentially
immunogenic epitopes would not be modified or compromised by the conjugation
strategy employed. We became particularly interested in removing phosphate,
pyrophosphate or pyrophosphorylethanolamine groups from the reducing end of
the lipid A region of the LOS molecule thereby creating an active hemicaetal
group through which the LOS can be linked to protein carriers. The fact that all
known LOS and LPS contain similar terminal phosphorylated substituents in the
lipid A region of the molecules means that this procedure may be important in the
synthesis of conjugate vaccines because it would havé wide applicability. The
basic conceptual approach is, with hindsight, surprisingly simple. Instead of using
a partial epitope (e.g. liberated core oligosaccharide) and linking this to a carrier,
or using a deacylated moiety (which is detoxified) but is linked to the carrier in a
way that does not preserve the integrity of conserved inner core oligosaccharide
epitope, we ensure that the deacylated (detoxified) lipopolysaccharide is linked to
the protein at a site remote from the internal epitopes through partial or cbmplete
dephosphorylation of the detoxified lipid A moiety and thereby preserve the
integrity of said epitopes. Conveniently this is achieved with an alkaline
phosphatase but any suitable means to this end will do. The resulting
immunogens show remarkable promise. Utilizing immunogens consisting of
conserved inner core oligosaccharide epitopes displayed on deacylated LPS
conjugated to protein carriers via the lipid A terminus we have achieved some

remarkable and surprisingly rewarding results.
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SUMMARY OF THE INVENTION

A method of linking detoxified bacterial lipopolysaccharides to an A
appropriate carrier through their lipid A region by prior removal of the glycosidic
phosphate (or phosphorylated derivative) from the terminal glycose residue.

The invention relates to an antigenic, detoxified bacterial lipopolysaccharide
presenting an oligosaccharide epitope, or more preferably a conserved
oligosaccharide epitope, or most preferably a conserved inner core
oligosaccharide epitope following removal of at least a glycosidic phosphate of the
lipid A region linkable to an immunologically acceptable carrier. ‘ |

The invention also relates to a conjugate vaccine for combating a Gram-
negative or other bacterium comprising an antigenic, detoxified lipopolysaccharide
presenting an oligosaccharide epitope, or more preferably a conserved
oligosaccharide epitope, or most preferably a conserved inner core
oligosaccharide epitope covalently linked via a partially or completely de-
phosphorylated lipid A region to an immunogenic carrier. Preferably, in such a
conjugate vaccine the immunogenic carrier is a protein, for example and said
immunogenic carrier protein is selected from the group consisting of tetanus
toxin/toxoid, cross-reacting material (CRM), NTHi high molecular weight protein,
diphtheria toxin/toxoid, detoxified P. aeruginosa toxin A, cholera toxin/toxoid,
pertussis toxin/toxoid, Clostridium perfringens exotoxins/toxoid, hepatitis B surface
antigen, hepatitis B core antigen, rotavirus VP 7 protein, respiratory syncytial virus
F and G proteins. In particularly preferred embodiments the immunogenic carrier
protein is tetanus toxoid or CRMg;.

The invention further relates to a conjugate vaccine for combating Gram-
negative or other bacterium comprising an antigenic detoxified lipopolysaccharide
presenting an oligosaccharide epitope, or more preferably a conserved
oligosaccharide epitope, or most preferably a conserved inner core
oligosaccharide epitope covalently linked via a partially or completely de-
phosphorylated lipid A region to an immunogenic carrier via a linker. Preferably
the linker is selected from the group consisting of MaCoH (4-(4-N-
maleimidomethyl) cyclohexane-1-carboxyl hydrazide), cystamine, adipic acid di-

hydrazide, e-aminohexanoic acid, chlorohexanol dimethyl acetal, D-
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glucuronolactone and p-nitrophenylethyl amine. Especially preferred linkers may
be M2C;H or cystamine.

-‘The invention also relates to pharmaceutical compositions comprising the
conjugate vaccine of the invention in association with a pharmaceutically
acceptable carrier. The pharmaceutical compositions of the invention may also
comprise such as an adjuvant selected from the group consisting of Freund's
adjuvant and Ribi. Although these adjuvant are not approved for use in humans,
the skilled artisan will appreciate that other well known standard adjuvants may be
used in the invention, including aluminum compounds (i.e. alum),
chemically-modified lipopolysaccharide, suspensions of killed Bordetella pertussis,
N-acetylmuramyl-L-alanyl-D-glutamine and other adjuvants known to one of
ordinary skill in the art.

The invention also relates to a polyvalent conjugate vaccine comprising a
plurality of different antigenic, detoxified bacterial lipopolysaccharides of the
invention covalently linked to an immunogenic carrier.

The invention additionally relates to a multivalent conjugate vaccine
comprising a plurality of different conjugate vaccines of the invention.

The invention further relates to a method of linking an antigenic, detoxified
bacterial lipopolysaccharide having a terminal lipid A glucosamine or other
glycose residue to an immunologically acceptable carrier through said terminal
lipid A glucosamine residue which method comprises conjugating an antigenic,
detoxified bacterial lipopolysaccharide having a r completely dephosphorylated
terminal lipid A glucosamine residue to said immunologically acceptable carrier.

Another embodiment of the invention is a method of preventing a disease
caused by a Gram-negative bacterium in a mammal, comprising administering to
the mammal an effective immunoprotective amount of the vaccine described
above. Preferably, the mammal is a human. The route of administration may be
intramuscular, subcutaneous, intraperitoneal, ihtraarterial, intravenous or
intranasal; most preferably, the administering step is intramuscular. According to
another aspect of this preferred embodiment, the effective dose is between about
10pg and about 50pug. The method may further comprise injecting between about
10pg and about 25ug at about 2 months and at about 13 months'after the

administering step. Alternatively, the method may further comprise injecting
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between about 10ug and about 25ug at about 2, 4 and 16 months after the
administering step.

Although the use of hydrazine for detoxification of LPS or LOS is described
herein, the use of any reagent or enzyme capable of removing ester-linked fatty
acids from lipid A or achieving this through genetic modification or genetic
engineering techniques is within the scope of the present invention. Dried LPS or
LOS is suspended in liquid anhydrous hydrazine at a temperature of between 1°C
and 100°C; preferably between 25°C and 75°C; more preferably, about 37°C for a
period between 1 hour and 24 hours, most preferably for a period of about 2-3
hours. After removal of ester-linked fatty acids, the terminal glycose (e.g.,
glucosamine) residue in the lipid A region of dLOS (also referred to as LOS-OH or
LPS-OH) is dephosphorylated. The use of any chemical reagent or enzyme
capable of removing the phosphate or phosphate substituents from the terminal
glycose of the LOS or LPS, or through genetic modification engineering
techniques is within the scope of the invention. A preferred embodimént of the
invention is to employ an enzyme, more preferably an enzyme of the group of
alkaline phosphatase enzymes to effect removal of the terminal glycose
phosphate of dLOS to give the dephosphorylated analogue, dLOS, de P (also
referred to as LOS-OH, de P or LPS-OH, de P). The use of any linker or spacer
capable of stably and efficiently conjugating dLOS to an immunogenic carrier
protein is also contemplated. The use of linkers is well known in the conjugate
vaccine field (see Dick et al., Conjugate Vaccines, J. M. Cruse and R. E. Lewis,
Jr., eds., Karger, New York, pp. 48-114.

dLOS, de P may be directly covalently bonded to the carrier. This may be
accomplished, for éxample, by reductive amination as described herein. In an
alternative embodiment, dLOS, de P and the carrier are separated by a linker. In
some instances, the presence of a spacer or linker may promote improved
immunogenicity of the conjugate and more efficient coupling of the dLOS, de P
with the carrier. Linkers separate antigenic dLOS, de P and the carrier and, when
the carrier is also an antigen, the two antigenic components by chains whose
length and flexibility can be adjusted as desired. Between the bifunctional sites,
the chains can contain a variety of structural features, including heteroatoms and

cleavage sites. Linkers also permit corresponding increases in translational and
A 7
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rotational characteristics of the antigens, increasing access of the binding sites to
soluble antibodies. Suitable linkers include, for example, linkers such as adipic
acid dihydrazide (ADH), e-aminohexanoic acid, chlorohexanol dimethyl acetal,
D-glucuronolactone and p-nitrophenyl amine. Coupling reagents contempléted for
use in the present invention include hydroxysuccinimides and carbodiimides.
Many other linkers and coupling reagents known to those of ordinary skill in the art
are also suitable for use in the invention. Dick et al. discuss such compounds in
detail, supra.

The presence of a carrier can increase the immunogenicity of the
polysaccharide and/or oligosaccharide of conjugated LPS or LOS. In aAddition,
antibodies raised against the carrier are medically beneficial. Polymeric
immunogenic carriers can be a natural or synthetic material containing a primary
and/or secondary amino group, an azido group or a carboxyl group. The carrier
may be water soluble or insoluble.

Any one of a variety of immunogenic carrier proteins may be used in the
conjugate vaccine of the present invention. Such classes of proteins include pili,
outer membrane proteins and excreted toxins of pathogenic bacteria, nontoxic or
"toxoid" forms of such excreted toxins, nontoxic proteins antigenically similar to
bacterial toxins (cross-reacting materials or CRMs) and other proteins. Nonlimiting
examples of bacterial toxoids contemplated for use in the present invention
include tetanus toxin/toxoid, diphtheria toxin/toxoid, detoxified P. aeruginosa toxin

A, cholera toxin/toxoid, pertussis toxin/toxoid and Clostridium perfringens

_exotoxins/toxoid. The toxoid forms of these bacterial toxins are preferred. The use

of viral proteins (i.e. hepatitis B surface/core antigens; rotavirus VP 7 protein and
respiratory syncytial virus F and G proteins) is also contemplated.

CRMs include CRM1g7, antigenically equivalent to diphtheria toxin
(Pappenheimer et al., Immunochem., 9:891-906, 1972) and CRM3201, a
genetically manipulated variant of pertussis toxin (Black et al., Science,
240:656-659, 1988). The use of immunogenic carrier proteins from
non-mammalian sources including keyhole limpet hemocyanin, horseshoe crab

hemocyanin and plant edestin is also within the scope of the invention.
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There are many coupling methods which can be envisioned for
dLOS-protein conjugates. Applicant teaches in the examples set forth below,
dLOS is selectively activated by complete removal of phosphate groups from the
reducing terminus glucosamine with an alkaline phosphatase followed by sodium
cyanoborohydride -mediated reductive amination of dLOS, de P to epsilon amino
groups of exposed lysine residues on TT or CRM. Alternatively, another method

for producing the conjugates containing a linker involves cystamine derivatization

of dLOS, by, for example, reductive amination, followed by generation of a thio-

group and disulfide conjugation to N-bromoacetylated-TT. Other methods well
known in the art for effecting conjugation of oligosaccharides which preserve the
integrity of internal epitopes to immunogenic carrier proteins are also within the
scope of the invention.

For effective introduction of a linker, the molar ratio of linker to dLOS in the
reaction mixture is typically between about 10:1 and about 250:1. A molar excess
of linker is used to ensure more efficient coupling and to limit dLOS-dLOS
coupling. In a preferred embodiment, the molar ratio is between about 50:1 and
about 150:1; in a most preferred embodiment, the molar ratio is about 100:1.
Similar ratios of linker-dLOS to TT in the reaction mixture are contemplated. In a
preferred embodiment, in the final dLOS-carrier protein conjugate, the molar ratio
of dLOS, de P to carrier is between about 15 and about 75, preferably between
about 25 and about 50.

Immunogenicity of the conjugates in both mice and rabbits is enhanced by
the use of monophosphoryl lipid A plus trehalose dimycolate (Ribi-700; Ribi
Immunochemical Research, Hamilton, Mont.) as an adjuvant. Although this
adjuvant is not approved for use in humans, the skilled artisan will appreciate that
other well known standard adjuvants may be used in the invention, including
aluminum compounds (i.e. alum), chemically-modified lipopolysaccharide,
suspensions of killed Bordetella pertussis, N-acetylmuramyl-L-alanyl-D-glutamine
and other adjuvants known to one of ordinary skill in the art. The use of aluminum
compounds is particularly preferred. Such adjuvants are described by Warren et
al. (Ann. Rev. Bioche., 4:369-388, 1986).
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The dLOS-carrier protein conjugates for parenteral administration may be
in the form of a sterile injectable preparation, such as a sterile injectable aqueous
or oleaginous suspension. This suspension may be formulated according to
rhethods well known in the art using suitable dispersing or wetting agents and
suspending agents. The sterile injectable preparation may also be a sterile
injectable solution or suspension in a parenterally acceptable diluent or solvent,
such as a solution in 1,3-butanediol. Suitable diluents include, for example, water,
Ringer's solution and isotonic sodium chloride solution. In addition, sterile fixed
oils may be employed conventionally as a solvent or suspending medium. For this
purpose, any bland fixed oil may be employed including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic acid may likewise be used in the
preparation of injectable preparations.

 The conjugate vaccine of the invention may be in soluble or microparticular
form, or may be incorporated into microsphereé or microvesicles, including
liposomes. Although various routes of vaccine administration including, for
example, intramuscular, subcutaneous, intraperitoneal and intraarterial are
contemplated, the preferred route is intramuscular administration. In a preferred
embodiment, the dosage of the conjugate administered will range from about
10ug to about 50pg of conjugated carbohydrate. In a more preferred embodiment,
the amount administered will be between about 20ug and about 40pg. In a most
preferred embodiment, the amount administered is about 25ug. Greater doses
may be administered on the basis of body weight. The exact dosage can be
determined by routine dose/response protocols known to one of ordinary skill in
the art.

The vaccine of the invention may be administered to warm-blooded
mammals of any age and are adapted to induce active immunization in young
mammals, particularly humans. As a childhood vaccine, the conjugate is
administered at about 2 to 4 months of age. Typically, two booster injections of
between about 10ug and about 25ug conjugated carbohydrates are administered
at about 2 and again about 13 months after the initial injection. Alternatively, three

booster injections are given at 2, 4 and 16 months after the initial injection.
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The IgG antibodies elicited by systemic administration of the conjugate

vaccine will transfer to local mucosa and inactivate bacterial inoculum on mucosal

surfaces (i.e., nasal passages). Secretory IgA will also pléy a role in mucosal
immunity if the conjugate vaccine is administered to the mucosa (i.e. intranasally).
Thus, the conjugate vaccine will prevent local, as well as systemic, bacterial

infection.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates structures of the truncated (L7-OS) and full length (L7-
OH, de P) oligosaccharides prior to conjugation.

Figure 2 illustrates comparative ELISA titers of individual mouse serum
following immunization with either L7-OS-TT or L7-OH, de P-TT (1-10),
Preimmune sera (11). '

Figure 3 illustrates oligosaccharide inhibition of the bindihg of L7-LOS to
anti-L7-OH, de P-TT serum.

Figure 4 illustrates bactericidal activity of L7-OS-TT- and L7-OH, de P-TT
antisera against N. meningitidis strain M982B.

Figure 5a illustrates the NMR spectrum of O-deacylated lipopolysaccharide
(LPS-OH) derived from N. meningitidis L3 galE without gel cblumn filtration
showing broad unresolved lines in its NMR spectrum.

Figure 5b illustrates the NMR spectrum of O-deacylated lipopolysaccharide
(LPS-OH) derived from N. meningitidis L3 galE after gel column filtration showing
well resolved lines consistent with the structure of the LPS-OH material.

Figure 6 illustrates the CE-MS spectrum of dephosphorylated LPS (LPS-
OH,deP) derived from N. meningitidis L3 galE.

Figure 7 shows the NMR spectra of-a) LPS-OH and b) LPS-OH,deP of
Figure 6. ‘

Figure 8 shows the HPLC profile of LPS-OH,deP and CRM1g7 over time
(frames 1 to 3) and the HPLC profile of LPS-OH,deP linked through Kdo via a
MoCoH linker.

Figure 9 illustrates that the inner core epitope was appropriately

represented on the conjugate as evidenced by reactivity with Mab B5.
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Figure 10 compares the immune response of MLC (lipid A route
conjugates) with MLKC (Kdo route conjugates).

Figure 11 shows that the immune response to inner-core epitopes elicited
by MLC-3 was bactericidal.

Figure 12 illustrates passive protection of MLC-3

Figure 13 shows ES-MS examination of LPS-OH of Haemophilus
influenzae before (Fig.13a) and after (Fig.13b) alkaline phosphatase treatment
and reveals peaks indicative of dephosphorylation of the LPS-OH.

Figure 14 shows CE-MS analysis on the doubly charged ions
corresponding to the full and de-phosphorylated Haemophilus influenzae LPS-OH
molecule confirming that the lipid A region of the molecule had lost a species of 80
amu consistent with loss of a phosphate molecule.

Figure 15 shows "H-NMR spectroscopy of a sample before and after de-
phosphorylation providing evidence for efficient and specific de-phosphorylation of
the a~GlcN lipid A residue of Haemophilus influenzae (Fig.15a (phosphorylated)
with Fig.15b (de-phosphorylated).

Figure 16 illustrates the inner-core LPS epifope of Haemophilus influenzae
was appropriately presented on the conjugate as evidenced by reactivity with Mab
LLA4.

Figure 17 shows a comparison of immune responses of SRA (lipid A route
conjugates) (Fig.17b) derived sera to SK (Kdo route conjugates) (Fig.17a).

Figure 18 shows the immune response to Haemophilus influenzae conjugates
using two different adjuvants (Ribi (R) and Freunds (F)). It was clear that the immune

response to these conjugates targeted inner-core epitopes in both whole LPS and LPS-
OH molecules due to the broad cross-reactivity exhibited by the derived sera.

DETAILED DESCRIPTION OF THE INVENTION

Introduction to Examples 1 and 2
The invention of these two examples relates to meningococcal

lipooligosaccharide-conjugate vaccines. The importance of appropriate presentation of
conserved inner core oligosaccharide epitopes to the immune performance of
meningococcal lipooligosaccharide-protein conjugate vaccines was demonstrated in the

following experiments. Two different oligosaccharides
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were obtained by chemical degradations of the same L7 lipooligosaccharide and
both were linked terminally to tetanus toxoid. One was a truncated
oligosaccharide, in which the inner epitopes were incomplete and was obtained by
mild acid hydrolysis of the L7 lipooligosaccharide. This oligosaccharide was
conjugated by direct reductive amination through its newly exposed terminal KDO
residue. The second, a full length oligosaccharide was obtained by O-deacylation
of the L7 lipooligosaccharide, with subsequent removal of phosphate substituents
from its lipid A moiety using alkaline phosphatase. This permitted the full length
oligosaccharide, to be conjugated directly to tetanus toxoid by reductive amination
through its newly exposed terminal 2-N-acyl-2-deoxy-glucopyranose (i.e., terminal
glucosamine) residue. Comparison of the immune performance of the two
conjugates in mice revealed, that while both were able to induce significant levels
of L7-lipooligosaccharide-specific IgG antibody, only the conjugate made with the
fuII'Iength saccharide was able to induce antibodies which were bactericidal
against homologous meningococci. Example 2 illustrates that similar results were
obtained utilizing Neisseria meningitidis strain L3 galE conjugated to CRMyg7, thus
confirming the contributions of internal (i.e., inner- core) oligosaccharide epitopes
to the induction of protective antibody. The LOS of Neisseria meningitidis strain
L3 galE is comprised only of an inner- core oligosaccharide unit that does not
contain the chain extension (i.e., lacto-N-neotetraose) observed in L7 LOS
Neisseria meningitidis is a human pathogen of world-wide significance. Despite
the success of current vaccines composed of groups A, C, W-135 and Y capsular
polysaccharides, and the more recent improved group C polysaccharide
conjugate vaccines (26), the group B polysaccharide is precluded from the above

vaccines, even though it is a major contributor to the burden of disease in

developed countries (23). This is because of the poor immunogenicity of the

group B polysaccharide in both its native (33) and conjugated forms (4,12).
Consequently alternative vaccines based on subcapsular antigens, including
lipooligosaccharides are being explored.

‘The meningococcal LOS have been implicated in the immune response to
natural infection (3,8), but their use as vaccines is contraindicated because of their
high toxicity. They also exhibit considerable antigenic diversity, which also
remains a major challenge. Currently there are 12 known different immunotypes
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(19,32,34,35), of which types L1-L7 are exclusively associated with groups B and
C meningococci, and types L10-L12 with group A meningococci. Only types L8
and L9 overlap between the two groups. The epitopes responsible for the
immunotyping are located in the oligosaccharide moieties of the LOS (13), which
have been shown to be structurally diverse (5,7,14,16,21,22), but also to have

some regions of similarity.

Example 1 Production, characterisation and performance of a
lipopolysaccharide-based meningococcal vaccine utilizing Neisseria
meningitidis strain L7 conjugated to tetanus toxoid (TT) via alkaline
phosphatase technology.

According to the invention, to avoid the toxicity of the LOS, the toxic lipid A
moiety was removed by mild acid hydrolysis and subsequently the innocuous
oligosaccharides were conjugated by different methods to protein carriers through
their terminal 2-keto-3-deoxyoctulosonic acid (KDO) residues (9,13,30). Although
L1 O-cohjugates were able to induce in mice oligosaccharide antibodies which
were bactericidal (9,13), conjugates made with oligosaccharides associated with
groups B and C meningococci in comparison produced antisera with sub-optimal
bactericidal activity (13,30). This was particularly noticeable in the case of the L3
and L7 immunotypes, which are unfortunately the most prevalent among groups B
and C meningococcal isolates (32). Both the L3 and L7 immunotypes have
similar structures; L7 being simply the desialylated form of L3 (22).

One possible reason for the sub-optimal immune performance of the above
conjugates is that the point of cleavage of the LOS, at the KDO residue, is close to
if not within the internal oligosaccharide epitopes, thus impairing their structures.
The importance of internal epitopes to the immune response has been |
documented (15,24) and is due to structural similarity between the non-reducing
distal oligosaccharide chain of the LOS and mammalian tissue antigens which
results in immunodominance of the internal epitopes (14,15,20,29,31).

To test this hypothesis we compared the immune response of two L7 LOS
—TT conjugates. Once made with terminally-linked hydrazine-treated full-length
oligosaccharide (L7-OH, de P), and the other with a similarly linked but truncated
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oligosaccharide (L7-OS). Only the former was able to induce bactericidal

antibodies in mice.

MATERIALS AND METHODS

Strains M982B (serotype L7) and 406Y (serotype L3) were grown in Bacto
Todd-Hewitt Broth (THB; Difco, Detroit, Ml) at pH 7.3. Ten 5% chocolate agar
plates (Quelab, Montreal, P.Q., (Canada), were inoculated with bacteria from
frozen stock and incubated overnight at 37°C in an atmosphere of 5% CO,. The
bacteria were then resuspended in 50 ml of media (THB) and transferred to a
screw-capped Erlenmyer flask containing 2 | of media (THB). The flask was
shaken for 7 h at 37°C and the contents were transferred to a 25 | New Brunswick
Scientific MFS-128S Microferm fermentor. The bacteria were grown, killed with
1% formaldehyde, and harvested by centrifugation.

Isolation of LOS. LOS from the two serotypes were isolated by a

previously described modified phenol-extraction procedure (7). They were finally
purified by a fourfold ultracentrifugation for 6 h at 100,000 g using a Beckman LE-
80 ultracentrifuge.

Analytical Methods. Solutions were evaporated at reduced pressure below

40°C in a rotary evaporator. Gel-filtration was carried out on columns (1.6 x 90
cm) of Bio-Gel P2 and P4 (Extra Fine, Bio-Rad Laboratories), using 0.02 M
pyridine-acetate buffer (pH 5.4) as eluant and a flow rate of 12 ml/h. A Sephadex
G-10 column (1.5 x 30 cm, Pharmacia) was also employed using water as eluant
and a flow rate of 24 ml/h. Individual fractions were monitored using a Waters
R403 differential refractometer.

Conjugates were analysed for their carbohydrate and protein contents
using respective phenol-sulfuric acid (6) and bicinchoninic acid assays (27).

Nuclear Magnetic Resonance. NMR experiments were performed on a

Bruker AMX, 500 spectrometer using a 5 mm broadband probe with 'H coil

nearest the sample. 'H and *'P NMR spectra were recorded at 300 and 340 K in

5 mm tubes at concentrations of 3-5 ug of sample in 0.5 ml DO at pH 7.0 (H)

and pH 7.6 (*'P). Acetone was used as internal standard (2,225 ppm) for 'H

spectra. *'P NMR samples contained 5 mM EDTA and 2% DOC and were

referenced to 85% orthophosphoric acid (0.00 ppm). All experiments were carried
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out with sample spinning. 2D hetero-correlated (HSQC) experiments were
performed as previously described (2).

Chemical Methods. O-deacylation of the L3 and L7 LOS was performed
using anhydrous hydrazine as previously described (22), to yield O-deacylated

and partially dephosphorylated L3-OH and L7-OH. The core oligosaccharide (L7-
0S) was obtained by heating the LOS (10 mg/ml) in 1% acetic acid at.100°C for 2
h. The insoluble lipid A was removed by centrifugation at 15,000 rpm for 15 min
and the water soluble L.7-OS was purified on a Bio-Gel P2 column. A similar
procedure was used for the isolating of the L3-OS from its LOS except that the
latter was hydrolyzed in 0.1 M acetate buffer at pH 4.2 for 2 h at 100°C.
Enzymatic Dephosphorylation of LOS-OH. LOS-OH (10 mg) were
dissolved in 1 ml of 0.1 M ammonium bicarbonate (pH 8.0) and treated with 70

units of alkaline phosphatase (Boehringer Mannheim, Laval, P.Q., Canada) at
56°C for 18 h. At this time an additional 70 units of the same enzyme was added
and the reaction was allowed to stand at 56°C for a further 6 h. The solution was
then heated at 100°C for 5 min, centrifuged at 15,000 rpm for 5 min, and the
partially dephosphorylated product (LOS-OH, de P) was purified on a Sephadex
G-10 column.

Coupling of L7-OH, de P to Tetanus Toxoid. Using reductive amination

procedures previously described (12,13), L7-OH, de P was conjugated to tetanus
toxoid (TT). L7-OH, de P (10 mg) was dissolved in 200 pl of 0.02 M borate buffer
at pH 9.0, together with TT (4 mg) and sodium cyanoborohydride (50 mg). The
reaction was stirred for 4 d at 37°C and the progress of the conjugation was
monitored by HPLC using a Superose 12 HR10/30 column (Pharmacia) with PBS
as eluant. Conjugation was indicated by the gradual disappearance of the TT
peak with the simultaneous appearance of the conjugate peak having a relatively
lower Kay, value. When the TT peak had disappeared, the conjugate was purified
on a Bio-Gel A 0.5 (Bio-Rad) column (1.6 x 42 cm) as was obtained in a yield of 5
mg. L7-OS was conjugated to TT using identical procedures (13).

Immunization Procedures. Groups of 6-8 week old 10 CF1 female mice

(Charles River, St. Constant, Canada) were injected subcutaneously with each of.
the conjugates containing 2.5 ug of carbohydrate in saline solution. Together with

RIBIs complete adjuvant (RIBl Immunochem Research Inc., Hamilton, MT) in a
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total volume of 0.2 ml. The mice were injected on day 0, 21, and 35 and the
antisera were collected on day 45, filtered sterile and stored at -80°C.

ELISA. The wells of microtiter plates (Lynbro/Titertek, No. 76-381-04) were
coated with solutions of LOS (2 ug/100 pg) in 0.05 M sodium carbohydrate buffer
at pH 9.6 at 37°C for 3 h and then overnight at 4°C. The plates were then washed
and blocked with 1% BSA in 20 mM. Tris-HC1-50mM NaC1 buffer containing
0.05% Tween 20 (T-TBS) pH 7.5 for 1 h at room temperature. The contents of the
wells were then removed and serial dilutions (100 pl/well) of murine antisera in
PBS were added and the plates were left for 2.5 h at room temperature. After
washing with T-TBS, 100 pl of a 1:3000 dilution in PBS of an alkaline
phosphatase-labelled goat anti-mouse IgG (H+L) (ICN. Aurora, OH), was added
to each well. Following incubation for 1 h at room temperature the plates were
washed with T-TBS (250 pl/well) and 100 pl/well of PNPP substrate (Kirkegaard
and Perry Léboratories, Gaithersburg, MD) was added. The plates were allowed
to stand for 1 h at room temperature and the optical densities were read at 410
nm using a Dynatech MR 5000 Microplate Reader. Isotyping experiments were
performed using the same ELISA procedure as described above except with the
substitution of peroxidase-labeled goat anti-mouse isotype-specific antibodies
(Southern Biotechnology Associates Birmingham, AL) and the reading of the
plates at 450 nm.

ELISA Inhibition. The wells of Lynbro/Titertek microtiter plates were coatéd

* with LOS, washed and blocked as described above. Concurrently a second

microtiter plate containing serial two fold dilutions of inhibitors in PBS (50 ul total
volume) was mixed with 50 pl of polyclonal antisera diluted 1:100 with PBS. The
plate was incubated for 1.5 h at room femperature and the contents of the wells
were transferred to the preprepared LOS-coated plate. The coated plate plus
antibody and inhibitor was incubated for 2.5 h at room temperature and was

processed and read as described in the ELISA-binding experiments above.

Bactericidal Assay. The bactericidal assays were carried out in tissue
culture 96-well polystyrene plates (Costar, No. 3595) essentially as previously
described (25). N. meningitidis strain M982B was grown overnight on chocolate
agar plates (Quelab, Montreal, P.Q. Canada) at 37°C under a 5% CO
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atmosphere, followed by inoculating a second plate and incubating it for 5 h. Two-
fold dilutions of murine polyclonal antisera were made directly in the plate using
Hanks’ Balanced Salts (HBSS) containing 1% casein hydrolyzate, diluted to a final
volume of 50 pl/well. A suspension of group B meningococci (GBM) in HBSS, 1%
casein hydrolyzate was made giving an OD4gp = 0.29 and a final working dilution
of bacteria was prepared by a further 1:20,000 dilution. Freshly thawed baby
rabbit complement was added (20 pl) to each well, followed by 30 pl of the
working dilution of bacteria (2,500 CFU/well). The plate was then shaken at 37°C
for 1 h. The contents of each well were then mixed before plating (10 pl) on to
chocolate agar. The agar plates were incubated overnight at 37°C, 5% CO, and
the number of CFU were counted. The percent of killing was calculated relative to
the mean values of either HBSS control wells or culture supernatant medium in

the following manner: percentage of killing = (CFU contro~CF Uman/CF Ucontro) X 100.

RESULTS
Characterization of Oligosaccharides. As previously described (13,22),

application of a 1% acetic acid hydrolysate of the L7-L.OS to a Bio-Gel P4 column
yielded an oligosaccharide (L7-OS), whose structure was confirmed by "H NMR
spectroscopy (22). Because it contained a terminal sialic acid residue, the L3-
LOS was hydrolyzed under milder conditions (sodium acetate buffer at pH 4.2).
The hydrolysis yielded two oligosaccharides which were separated by column
chromatography (Bio-Gel P4). 'H NMR spectra of the oligosaccharides indicated
that one was the expected L3-OS (22) and the other its desialylated counterpart
(L7-OS).

The L7-LOS was also O-deacylated using anhydrous hydrazine (22), prior
to being further dephosphorylated with alkaline-phosphatase, to yield L7-OH, de
P. In addition to O-deacylation, the structural changes wrought by eéch of the
above procedures were monitored by 3'P NMR spectroscopy, resulting in the
determination of the structure of the oligosaccharide (L7-OH, de P) used for
conjugation. The chemical shifts of the 3'P NMR signals of the native and
modified L7-LOS are listed in Table 1 and assignments were made largely by
comparison with other *'P NMR studies on both LOS (22) and lipid A (1,11,17,18).
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The native L7-LOS whose structure is depicted in Fig. 1 exhibited two
diphosphorylethanolamine signals at —10.36 ppm and —9.53 ppm, which were
assigned to C-1 and C-4 of the lipid A moiety (17). Another smaller signal at —
5.21 ppm was assigned to a pyrophosphomonoester group at C1 and/or C-4; of
lipid A, which is consistent with previous assignments (17) on the meningococcal
LOS, and with the conclusion that these positions are not all fully substituted with
diphosphorylethanolamine groups (18). The signal at +0.70 ppm was assigned to
a monophosphorylethanolamine substituent at 0-3 of one of the heptose residues
(22). Treatment of the L7-LOS with hydrazine reduced by half the intensity of the
signals at C-1 and C-4’ and eliminated the pyrophosphomonoester signal at —5.21
ppm (18). It also produced two new signals at +4.97 ppm and +2.53 ppm which
were assigned to monophosphate esters at C-4’ and C-1 respectively. Thus
hydrazine treatment is capable of partially degrading the
dephosphorylethanolamine groups to monophosphate esters.

The remaining diphosphorylethanolamine groups at C-1 and C-4’ were
completely removed by the first alkaline phosphatase treatment, while the
monophosphorylethanolamine phosphate substituent on the heptose residue
remained intact. Some monophosphate ester remained on C-4’, which was
confirmed by a 2D hetero-correlated HSQC experiment, and some had migrated
to C-3’, but none remained on C-1. A second treatment with alkaline phosphatase
failed to remove the residual monophosphate ester at C-4’ and C-3’, but however,
the hemiacetal group of the terminal glucosamine residue of L7-OH, de P
remained completely exposed and ready for conjugation.

Conjugation of Oligosaccharides to TT. Oligosaccharides L7-OS and L7-

OH, de P were conjugated to TT using the procedure previously described by
Jennings and Lugowski (12) but with minor modification. This time conjugations
were carried out in 0.2 M borate buffer at pH 9.0, which improved the yields of the
conjugates. Conjugation was easily monitored by HPLC because the conjugate
peak was separated by 8 min from the TT peak, and was judged to be complete
when the TT peak disappeared. The conjugates were purified by column
chromatography and their stoichometric analysis is shown in Table 2. Both

conjugates had comparable oligosaccharide/TT ratios.
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TABLE 2. Composition of L7-OS-TT and L7-OH, de P-TT conjugates.

Conjugate % Saccharide® %TT° Molar ratio
Saccharide/TT®

[S-OS-TT 20.0 79.0 18.9:1

LS-OH, de P-TT 26.2 72.5 15.5:1

2 Estimated by phenol-sulfuric assay using the appropriate saccharides as
standards.
® Protein content was estimated by the bicinchoninic acid assay using TT as the
standard.
© The molar ratio of saccharide/TT was calculated using molecular weights of
1590 for L7-OS, 2534 for L7-OH, de P and 150,000 for TT.

Immunogenicity of Conjﬁqates in Mice. The L7-OS-TT and L7-OH, de P-

TT conjugates were evaluated for their immunogenicity in mice. Each group of

mice was given three subcutaneous injections with vaccines containing 2.5 ng of
carbohydrate before being bled. The ELISA titers of the individual mice are
shown in Fig. 2 using the L7-LOS as the coating antigen and show that the
preimmune sera contained only trace amounts of L7-LOS-specific antibodies.
While both conjugates induced antibody having this latter specificity, the levels
induced by L7-OH, de P-TT were consistently higher than those induced by L7-
OS-TT. I[n addition the subclass distribution of antibodies elicited by both
conjugates was not significantly different (Table 3). Both conjugates were able to
produce high levels of potentially bactericidal IgG2a, IgG2b and IgG3 antibodies.

TABLE 3. Immunoglobulin isotype distribution of L7-OS-TT and L7-OH, de
P-TT antisera.

Subclass L7-OS-TT L7-OH, de P-TT
lgG1 18.0% 9.1%
lgG2a 18.3% 18.1%
lgG2b 15.3% 25.1%
lgG3 16.5% 9.1%
IgM 16.7% 24.7%
IgA 15.2% 13.9%
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Inhibition of Polyclonal Antisera. To characterize the murine polyclonal

antisera induced by the L7-OH, de P-TT conjugate a competitive inhibition ELISA
was performed using L7-LOS as the coating antigen and six different
oligosaccharides obtained from the L3-LOS and L7-LOS as inhibitors. The data
compiled from the competitive inhibition ELISA experiments using the
oligosaccharides obtained from the L7-LOS are shown in Fig. 3. Visual inspection
of the curves obtained using the L7-LOS oligosaccharides reveal the most
important feature, that unlike both L7-OH and L7-OH, de P, which were equivalent
and good inhibitors of the above system,', L7-OS was a very poor inhibitor.

The L3 LOS has the same structure as the L7-1.OS except that it is
terminally sialylated (22). Consistent with the inhibition results obtained using the
oligosaccharides from the L7-LOS, within experimental error those obtained from
the L3-LOS exhibited similar inhibition properties (data not shown). L3-OH and
L3-OH, de P were good inhibitors of the binding of the polyclonal antiserum to the
L7-OS. Whereas the L3-0S like that of the L7-OS was also a poor inhibitor of the
system.

Bactericidal Activity of Antisera. The bactericidal activities of the antisera
induced in mice by L7-OS-TT and L7-OH, de P-TT conjugates against the
homologous immunotype organism are shown in Fig. 4. Although both conjugates

were able to elicit L7-LOS-specific antibodies containing potential bactericidal
isotypes, only the antisera induced by L7-OH, de P-TT was bactericidal to any
degree. When diluted to 1:10 it still gave 40% killing, whereas even the undiluted
antisera from the L7-OS-TT conjugate exhibited very poor bactericidal activity.

DISCUSSION

In previous studies on LOS conjugate vaccines the problem of the toxicity
of the LOS was avoided by removal of the toxic lipid A from the molecule by mild
acid hydrolysis (9,13,20). Conjugates were then made using the non-toxic
truncated core oligosaccharides as haptens. A number of different chemical
procedures were used in the syntheses of the conjugates but all of them utilized
the newly-exposed KDO residue as the linkage point (9,13,20). The conjugates
were evaluated in animals and some general conclusions can be gleaned from the
results obtained. Only conjugates made with immunotypes associated with group
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A strains (L8-L12) were able to induce antibodies having good bactericidal activity
(9,13). Conjugates made with immunotypes associated with group B, and C
strains, such as L3,7 induced antibody having no bactericidal activity (13,30).
This was disappointing because L3,7 is the most prevalent immunotype found
among group B N. meningitidis disease isolates (32). The ability of the group A
associated immunotypes to induce bactericidal antibody is probably structure-
based. Unlike the LOS of group B and C strains, which have an
immunosuppressive lacto-N-neotetraose chain or its sialylated analog attached to
a Hep in their inner structures (14,16,22), the LOS of group A strains have more
immunogenic distal chain structures.

It is known that the L3 and L7 immunotypes are closely related differing
only by the addition of terminal sialic acid to the lacto-N-neotetraose chain of the
former (22). Therefore, in addition to the poor immunogenicity of the L3 and L7
immunotypes conferred on them by the above structural features, another factor
to consider in their inability to raise bactericidal antibody, is that cleavage of the
LOS at the internal KDO residue could result in structural impairment of the LOS
inner epitope. To test this hypothesis we conjugated an L7 oligosaccharide,
having conserved inner epitopes to TT, and compared the immune properties of
the conjugate with that of a TT conjugate made as previously described with a
truncated L7 core oligosaccharide. To achieve our objectives we chose to
conjugate the hydrazine-treated detoxified L7 LOS to TT. This procedure was
previously described for the synthesis of non-typeable H. influenzae LOS
conjugates (10) in which they used internal KDO residues as the linkage point.
However, these residues are close to, if not a part of the inner epitopes.
Therefore, consistent with our original strategy of stringently attempting to ensure
the conservation of internal epitopes, we linked the O-deacylated LOS through its
terminal reducing glucosamine residue. By distancing the linkage from the region
of potential internal epitopes we also hoped to avoid any possibility of linkage
interference with this region. In order to conjugate L7-OH to TT by reductive
amination we needed to remove all the phosphate substituents from the
hemiacetal group at C-1 of the lipid A terminal glucosamine residue. This was
achieved by further treatment of the detoxified L7-LOS with alkaline-phosphatase.
Using a combination of hydrazide and alkaline-phosphatase treatments and
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following the procedures by *'P NMR spectroscopy, we were able to substantiate

the complete removal of both diphosphorylethanolamine groups from C-1 and C-4’
of the lipid A moiety. Although two monophosphate esters remained, one located
at C-4’, which probably could have been removed by a more judicious enzyme
treatment, the hemiacetal at C-1, was found to be completely free.

Therefore the above oligosaccharide (L7-OH, de P) and L7-OS were
conjugated to TT by direct reductive amination and both conjugates L7OH, de P-
TT and L7OS-TT were shown by analysis to have similar saccharide/TT ratios.
This, together with their structural similarities, enabled a legitimate comparison of
their immune performances to be made. Both conjugates were able to induce
antibodies that bound to the L7-LOS, although the conjugate containing the
conserved epitope (L7OH, de P-TT) was clearly the superior immunogen.
Confirmation that conservation of L.7-LOS epitopes is a factor in obtaining an
efficacious immune response was more dramatically demonstrated in comparing
the bactericidal activities of the antibodies induced by both conjugates. The
conjugate having conserved internal oligosaccharide epitopes (L7-OH, de P)
induced antibodies that were bactericidal for homologous organisms, whereas
antisera induced by the conjugate made with the truncated core oligosaccharide
(L7-OS-TT) was not. This latter negative result is also consistent with previous
studies using conjugates made with similar oligosaccharides of the L.3 and L7
immunotypes (13,30).

_ The difference in the ability of the two conjugates to induce bactericidal
antibodies is surprising, because both conjugates were able to produce L7-LOS-
binding antibodies of isotypes, which at least had the potential of being
bactericidal. Perhaps it is possible that the lack of bactericidal activity in the
antibodies raised by L7-OS-TT could be explained by their low avidity, but we
have good evidence to demonstrate that important bactericidal epitopes are lost
when the L7-0S is subjected to mild acid hydrolysis.

This was determined in inhibition experiments in which the different
oligosaccharides were used to inhibit the binding of the L7-LOS to antibodies
induced by the L7-OH, de P-TT conjugate. Whereas both L7-OH and L7-OH, de
P were equally good inhibitors of the binding, L7-OS was a very poor inhibitor of
the same system. This result implies that both L7-OH, and L7-OH, de P contain
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epitopes not present in L7-OS and also that these epitopes are the source bf a
large proportion of the bactericidal antibodies. When the equivalent sialylated L3
oligosaccharides were substituted for those of L7 in the above inhibition
experiments, they produced essentially similar inhibition curves, which is
consistent with the structural evidence (22), that the L7-LOS is equivalent to the
desialylated L3-LOS.

Example 2: Production, characterisation and performance of a '
lipopolysaccharide-based meningococcal vaccine utilising Neisseria .
meningitidis strain L3 galE conjugated to CRM,gy7 via alkaline phosphatase

technology.

Materials and Methods

In this example, the galE mutant of Neisseria meningitidis strain H44/76 (L3
immunotype) was initially grown overnight at 37 °C in 10% CO2 on 50% Todd-
Hewitt 50% Columbia (THC) agar plates. Starter plates were used to heavily-
inoculate starter cultures (1 L) and grown in (THC) broth at 37°C for 18 h. Starter
cultures were used to inoculate the 28L fermenter with the same media, and
grown as for starter cultures. After overnight growth (17h at 37°C), the culture was
killed by addition of phenol (1%), and chilled to 15°C and the bacteria were
harvested by centrifugation (13, for 20min) (Wakarchuk, W., et al., 1996. J Biol.
Chem. 271: 19166-19173). Generally yields were 100g biomass (wet wt.).

The crude LPS was éextracted from the bacterial pellet using the standard
hot phenol-water method (Westphal, O., and J. K. Jann. 1965. Meth. Carbohydr.
Chem. 5: 83-91), treated with Dnase, Rnase and Proteinase K and purified from
the aqueous phase by repeated ultracentrifugation (105,000 x G, 4°C, 2 x 5h) .
(Masoud, H., E. R. Moxon, A. Martin, D. Krajcarski, and J. C. Richards. 1997.
Biochemistry 36: 2091-2103).

Preparation of O-deacylated LOS. LOS was dried overnight in vacuo and

anhydrous hydrazine (98%; 1ml / 10 mg) LOS was added and the suspension
stirred at 37°C for 30 — 45 min, cooled on ice and dry ice / acetone chilled

(acetone (5 vols.) was added slowly). Solutions were centrifuged (10K, 30 min)
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and pellet was washed (x2) with acetone. The pellet was re-dissolved in HO and
freeze dried to produce LOS-OH. Yield ~ 50%.

LPS-OH was quality controlled by ES-MS in the negative ion mode on a
VG Quattro (Fisons Instruments) or API 300 (Perkin-Elmer/ Sciex) triple
quadrupole mass spectrometer. Samples were dissolved in water that was diluted
by 50% with acetonitrile: water: methanol: 1% ammonia (4: 4: 1:‘1) and the
mixture was enhanced by direct infusion at 4u1 / min. In some cases NMR
(although addition of deuterated SDS and EDTA was usually needed to obtain a
resolved spectrum) was utilized in a manner similar to that given in Example 1
(above).

Purification of O-deacylated LPS to increase dephosphorylation efficiency.
The L3 galE LOS-OH was dissolved in H20 (~10 mg / 4 — 5 ml). Any insoluble

material was removed by centrifugation (14 K, 5 min). The resulting supernatant

was applied to a 2.5 cm x 50 cm Sephadex G-50 (medium) gel filtration column
and eluted with H2O. The resulting eluant was monitored by refractive index and
PhOH / H,SO4 carbohydrate assay (absorbance at 490,,). Carbohydrate-positive
fractions were freeze dried individually and examined by "H-NMR spectroscopy
after dissolving in 0.7 ml D2O. Fractions producing well resolved NMR spectra
were pooled and freeze dried. Yield ~ 50%. As (Fig.5b) illustrates NMR spectrum
of G-50 purified material was consistent with the structure of the LPS-OH material.
LPS-OH material that was not column purified in this way showed broad
unresolved lines in its NMR spectrum (Fig.5a), indicating possible aggregation of
material.

Alkaline phosphatase dephosphorylation of O-de.acylated LPS (LPS-OH).
The methods used were fundamentally those followed in Example 1 (above) with
the following modifications as outlined below. The purified L3 galE O-deacylated
LPS was treated with alkaline phosphatase (Sigma, P 6772, Type VII-L from
bovine intestinal"mucosa, affinity purified lyophilized powder in Tris-citrate buffer)
as follows. The powder provide&i by the supplier was dissolved in 0.1 M NH;HCO;
buffer (pH 8.0) to give a 4,000 U / ml solution. A control reaction was always
performed by dissolving ca. 1 mg of p-nitrophenylphosphate in 1 ml of 0.1 M
NH4HCOg3 buffer (pH 8.0). 20vl of enzyme was added and if the reaction

proceeded, an immediate yellow colouration was observed. The purified O-
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deacylated LOS was dissolved in 0.1 M NHsHCOg buffer (pH 8.0) at a
concentration of 1 mg / ml and 100 U enzyme / mg of purified O-deacylated LOS
was added. The reaction mixture was stirred in a reacti-vial at 54°C. After ~ 16 h
reaction an aliquot was removed, heated at 100°C for 5 min and cooled and
centrifuged at 14 K for 5 min in an attempt to remove denatured enzyme. An
aliquot of this was analysed by CE-MS (Fig.6), utilizing single ion monitoring to
scan for diagnostic ions of the starting and dephosphorylated material. If
successful de-phosphorylation was indicated by CE-MS, the remaining reaction
mixture was denatured and centrifuged as above and lyophilised to reduce the
amount of volatile buffer present. Freeze-dried material was dissolved in H,O and
de-salted on a Sephadex G-10 column, eluant monitored as above and
carbohydrate positive fractions combined and freeze-dried. The yield of
dephosphorylated reaction products was ~ 80-90%. A small amount of the de-
phosphorylated material was examined by "H-NMR spectroscopy after dissolving
in 0.7 ml D20. Evidence for efficient de-phosphorylation was obtained by
observation of loss of signal for the phosphorylated anomeric 1H-resonémce for
the a-GlcN lipid A residue from 5.4 ppm (contrast Fig.7b with Fig.7a).

Coupling of LPS-OH, de P to CRMg7 (see Scheme 1).
Coupling by reductive amination.—To a solution of CRM4¢7 (4.5 mg) in 0.1 N
NaHCO; (0.15 mL) was added L3 galE LOS-OH, de P (2.0 mg) and NaCNBH4
(6.0 mg). The mixture was kept at room temperature for two days. The progress of

the conjugation was monitored by HPLC using a Superose 12 HR10/30 column
(Pharmacia) with PBS as eluant at a flow rate of 0.4 mL/min (Fig.8). Conjugation
was indicated by the complete disappearance of the CRM4g7 peak and the
simultaneous appearance of the conjugate peak with a relatively lower Kg, value.
The mixture was repeatedly diluted with PBS (10 mL x 4) and concentrated by
Centripfep (Amicon, 50,000 Dalton) at 3,000 r/min for 60 min to remove un-
conjugated LPS. Final solution of conjugate (2.5 mL) was subjected to column
purification (Biogel A 0.5, PBS) and the fractions were collected and concentrated
by Centriprep. The LPS and CRM197 contents were analysed using the same
methods described in Example 1 and the ratio of LPS to CRMg7 was about 5.2:1.
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HO. OH
) NH CRM,g7 OH

. AP
LPS-OH oy ——— Ho
NaCNBHj3 OH
RC

. HN
§ g N CRMq97
n

(LPS-OH, de P) (LPS-CRM197)

Scheme 1. Glycoconjugation by direct reductive amination

Conjugation or L3 galE LOS-OH by coupling through a Kdo carboxyl with a
linker (M2C2H) (see Scheme 2) (modified procedure employed by Gu et al (op.
cit.)).

Activation of Kdo with MoCoH.— To a solution of LPS-OH (2.0 mg) in water
(1 mL) was added M2C3H (3 mg in 100 uL. DMSO). The pH of the solution was
adjusted to 4.7-4.8 using 0.01N NaOH or 0.01N HCI. EDC (3 mg in 100 pL water)
was added and the pH of the solution was kept at 4.7-4.8 for 3 h. Purification was
performed on a Sephadex G-10 column (40 x 1.6 cm) using water as eluant.
Fractions containing activated LPS-OH were collected and lyophilized to
amorphous (c.a. 2.0 mg) material. 'H NMR (D-O) shown a characteristic peak of
meilaimide at 6.75 ppm.

Thiolated CRM+4g7. A solution of CRM4g7 (6 mg) in 0.1N NaHCOg3 (0.2 mL)
was diluted with a triethylamine buffer (pH 8.0). To this solution iminothiolane-HCI
(0.5 mg) was added and the mixture was kept at room temperature for 2h. Small
molecules were removed by Centriprep (10 mL x 3) until no thio compounds were
detected in the washings.

Coupling.—To a solution of the above thiolated CRM4g7 (0.8 mL) was
added activated LPS-OH (2 mg) and the solution was kept at room temperature
overnight. HPLC indicated successful conjugation (also see Fig.8).
Dithioerythreitol (0.5 mg) was added and after 15 min purification was performed
on Biogel A 0.5 column. Two fractions were collected and concentrated by
Centriprep. The LPS and CRMg; contents were analysed and the ratio of LPS to
CRMyg7 was about 6.5:1 ‘
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Scheme 2. Glycoconjugation through KDO and a linker

Confirmation of epitope presentation. The inner-core LPS epitope was

appropriately presented on the conjugate as evidenced by reactivity with MAb B5
(Fig.9). It was previously shown that MAb B5 recognises a conserved inner-core
epitope on meningococcal LOS in Plested et al 1999 reference #24 from
reference list below).

Immunisation protocols . These were carried out as described in Plested et

al 1999 with the following modifications. Briefly, female Balb/ C mice, 6-8 weeks
of age were immunised intraperitoneally with L3 galE OdA LPS-CRM conjugates
(MLC and MLKC). Each mouse received 2 nug of carbohydrate in 0. 2 ml Ribis

complete adjuvant (Cedarlane Laboratories Ltd, Hornby, ON) per injection. The
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mice were boosted on day 20 and 42 with an equivalent amount of conjugated
vaccine. Sera were recovered by terminal heart puncture on day 51.

Comparison of immunological response to different conjugation strategies:

Advantages of conjugation to carrier protein by coupling through the reducing

terminus glucosamine. Comparison of immune responses of MLC (lipid A route

conjugates) and MLKC (Kdo route conjugates) derived sera illustrated (Fig.10)
that MLC derived sera generally recognise inner-core epitopes in the whole LPS
background; whereas MLKC derived sera do not recognise inner-core epitopes in
the LPS background, but the immune response targets the O-deacylated lipid A
region of the molecule, which is not a desirable feature.

Serum Bactericidal (SB) assay. Serum bactericidal (SB) assay method

was adapted from CDC protocol except polyclonal sera derived from mice
following the conjugate immunizations was added to dilutions of human pooled
sera and 1000 cfu of Neisseria meningitidis strain and incubation time was 40-
45min at 37°C. Briefly, bacteria were grown up onto BHI agar overnight from
frozen stocks. A suspension of bacteria in PBS-B was measured at OD260 (1: 50
in 1% SDS, 0.1% NAOH). Using a 96-well microtitre plate 50uL buffer was added
to wells in columns 2-7. 50uL of 80% decomplemented human pooled sera was
added to column 8 wells. 50uL of 80% pooled sera was added to wells in column
1. Two-fold serial dilutions of antibody were added to columns 1-7 (discarding the
last 50uL from column 7). 50ul of bacterial suspension diluted to give 1000 cfu in
50pL were added to Wells of columns 1-8. The mixture was incubated for 40-45
minutes and plated out onto BHI agar for overnight incubation. The number of
colonies on each plate was counted and the results expressed as a % of Cfu/‘ml in
decomplemented control well.

The SB assay illustrated that the immune response to the inner-core
epitopes elicited by sera MLC-3 was bactericidal (Fig.11).

In vivo passive protection (PP) assay In vivo passive protection model

using 5-day old Wistar infant rats model. This model was as described by Moe, G.
R., etal., 1999. Infect. Immun. 67: 5664-5675, except higher doses of Neisseria
meningitidis bacteria were used and different Neisseria meningitidis strain was
used. Briefly, groups of 5 day old infant rats were randomized with mothers,

weighed and given inoculum 1 X 108 cfu/ml Neisseria meningitidis galE mutant
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mixed 1: 1 with either (i) No antibody (PBS) (ii) irrelevant 19Gs (iii) pre-immune
sera (iv and v) polyclonal sera MLC-3 and MLC-6 derived from mice following the
conjugate immunizations (vi) Affinity purified MAb B5 (100 pg) (iv) MAb P1.2 (anti-
porin antibody) (2 pg). Infant rats were monitored for signs of infection and
sampled by tail vein bleed at 6 hours post—infectidn. Animals were weighed-and
terminal bleed was taken after 24h by cardiac puncture following injection of
pentobarbitone. Neat and diluted blood were plated immediately onto BHI plates
and incubated overnight. Plates were counted next day to determine bacteremia
(cfu/ml) at 6h and 24h. .

The PP assay illustrates that the immune response to the inner-core
epitopes elicited by sera MLC-3 passively protected mice against challenge
(Fig.12)

Example 3: Production, characterisation and performance of a
lipopolysaccharide-based Haemophilus influenzae vaccine utilising
Haemophilus influenzae strain 1003 lic1 IpsA conjugated to TT via alkaline

phosphatase technology.

l

Introduction
Haemophilus influenzae is a major cause of disease worldwide. Six

capsular serotypes (“a” to “f’) and an indeterminate number of acapsular (non-
typeable) strains of H. influenzae are recognized. Type b capsular strains are
associated with invasive diseases, including meningitis and pneumonia, while
non-typeable H. influenzae (NTHi) is a primary cause of otitis media in children
and respiratory tract infections in adults. Otfitis media is a common childhood
disease which accounts for the highest frequency of paediatric visits in the United
States (Stool et al., Pediatr. Infect. Dis. Suppl., 8:3S11-S14, 1989).

The development of a vaccine for NTH/ diseases has proved difficult
because of a lack of understanding of the antigens that confer protective
immunity. Efforts in developing a NTH/ vaccine have been focused on cell surface
antigens such as outer membrane proteins and pili or fimbria strains of H.
influenzae (i.e. against disease caused by NTH/) because they are only protective

against infections caused by H. influenzae strains bearing the type b capsule.
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Lipopolysaccharide (LPS) is a major NTHi cell surface antigen. LPS of
Haeﬁvophilus influenzae has only been found to contain lipid A and
oligosaccharide (OS) components. Because the lipid A component of LPS is
toxic, it must be detoxified prior to conjugation to an immunogenic carrier, as
discussed above. In this example a non-typable strain of H. influenzae, strain
1003 with specific mutations in the genes lic1 and IpsA is utilized. As taught in
WO002/16640, this double mutant strain of H. influenzae elaborates LPS that is
comprised of the conserved H. influenzae inner-core oligosaccharide region

attached to a lipid A moiety only.

Materials and Methods

Unless stated otherwise, the methods used are described in Example 2.

H. influenzae strain 1003 lic1 IpsA was grown at 37°C in brain heart
infusion (BHI) broth supplemented with haemin (10ug/ml) and NAD (2ug/ml). For
selection after transformation, kanamycin (10pg/ml) was added to the growth
medium. The LOS was isolated by the phenol water extraction method, o-
deacylated with anhydrous hydrazine and purified gel filtration chromatography on
a Sephadex G-50 column as described above.

Enzymatic dephosphorylation of LOS-OH. Alkaline phosphatase treatment

was essentially as described above. ES-MS examination of LPS-OH before
(Fig.13a) and after (Fig.13b) alkaline phosphatase treatment revealed peaks
indicative that dephosphorylation of the LPS-OH had taken place. Subsequent
CE-MS analysis on the doubly charged ions corresponding to the full and de-
phosphorylated LPS-OH molecule confirmed that the lipid A region of the
molecule had lost a species of 80 amu consistent with loss of a phosphate
molecule (Fig.14).

TH-NMR spectroscopy of the sample before and after de-phosphorylation

provided evidence for efficient and specific de-phosphorylation by observation of

" the loss of the signal for the phosphorylated anomeric "H-resonance for the

reducing terminus a-GlcN of the O-deacylated LOS from 5.4 ppm (compare
Fig.15a (phosphorylated) with Fig.15b (de-phosphorylated)).
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Coupling of non-typable Haemophilus Influenzae 1003lic1lpsA LOS-OH,

de-P to tetanus toxoid (see Scheme 3). In this example, a spacer is used to link
the LPS-OH, de-P to TT as follows.

Activation of TT with Bromoacetyl groubs (TTAcBr). — To a solution of 20
mg of TT (0.5 mL) in 1.6 mL of 0.1 M Na;HPO4 was added 20 mg of bromoacetyl
succinyl ester (Sigma) in 0.4 ml of DMSO. The mixture was stirred at room

temperature for 1h when a TNBS test indicated almost complete derivatization of
amino groups (TNBS test: the solutions of TT, TTAcBr (both at 3 mg/mL, 200 ul)
and buffer were reacted with freshly prepared 5% TNBS in 0.1 M borate buffer
(pH 8.3, 400 pL) for 1.5 h. Only TT showed Yellow colour (420 hm)). The mixture
was then passed through a Sephadex G-25 column (1.6 x 40 cm) using 10 mM
phosphate buffer (pH 6.5) containing 1 mM EDTA as eluant. The first peak
(protein) was collected (about 10 mL). ‘

LPS Derivatization with a Spacer (LPS-OH, SS).— To a solution of LPS-
OH, de P (10 mg) in 0.1 M NaHCO3 (3 mL) were added cystamine (75 mg,
Aldrich) and NaCNBHj3; (40 mg, re-crystallized to ensure purity). The mixture was

kept at room temperature for 72h. The mixture was purified on a Sephadex G-25
column using water as eluant. The first peak was collected and lyophilized (10
mg). CE-MS analysis indicated that the conversion yield is about 50-60% based
on the m/z of 1084 (product) and 1016 (starting material).

Activation of LPS-OH, SS to LPS-OH, SH.— Spacer derived LPS-OH, SS
(10 mg) was dissolved in 2.0 mL of 0.1 M NazHPO4 with 0.2 M DTT at RT for 1.5
h. The solution was passed through a Sephadex G-25 column (1.6 x 40 cm) using
10 mM phosphate buffer (pH 6.5) containing 1 mM EDTA as eluant. The first peak
was collected (about 8 mL) and Ellman test showing strong positive (yellow
colour) indicates the presence of thiol groups.

Coupling.— The solutions of activated TTAcBr and LPS-OH, SH were
mixed and the pH was adjusted by the addition of 0.1 M Na,HPO4 to 7.5. The
mixture (about 36 mL) was kept at room temperature for 30 h. The HPLC profile

showed slight shift indicating the higher molecular weight conjugates are formed.
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Removal of un-conjugated LPS. —The above reaction solution was
concentrated to about 5 mL by centrifugation with Centriprep (Amicon, 50,000
Dalton) at 3,000 r/min for 60 min. The solution was diluted by the addition of PBS
(10 mL, CMF, Sigma) and concentrated. The process was repeated six times

5 when carbohydrate was not detected in last two washings. Each washing was
tested by BCA assay and Phenol-sulphuric assay. Conjugates in PBS (36 mL)
were obtained with TT at 1.5 mg/mL and LPS at 0.2 mg/mL. The ratio of LPS to
TT was about 10:1.

NH +  Cystamine OH
LPS-OH -2 HO
OH  NaCNBH,3 OH
' RCHN
§ I NHCH,CH,S-SCHCHoNH;
(LPS-OH, SS)
(LPS-OH, de P) Dithiothreitol (DTT)
740
OH
HO
OH
RCHN
I NHCH,CH,-SH  (LPS-OH, SH)
° ¢ 0
I pH 8.0 I
T-NH, + (L(N-O-CCHzBr TT-NHCCH,.Br
b (TT-AcBr) ~— | PH7S
o
OH
HO
OH
RCHN Q
I NHCH,CH,-8-CHoCN TT
n
(LPS-TT)

10
Scheme 3. Glycoconjugation through lipid A and a linker.
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Coupling through Kdo and a linker. Haemophilus influenzae 1003 lic1/psA
LPS-OH was also coupled to TT via the Kdo group and a spacer by the
methodology described in Example 2.

Confirmation of epitope presentation. The inner-core LPS epitope was

appropriately presented on the conjugate as evidenced by reactivity with MAb
LLA4 (Fig.16). It has been previously shown that MAb LLA4 recognises a
conserved inner-core epitope on Haemophilus influenzae LPS (Example 6 in
WO002/16640).

Immunization protocols These essentially followed those set of in Example

5 of W002/16640 - Female Balb/ C mice, 6-8 weeks of age were immunised
intraperitoneally with 1003 lic7, [psA OdA LPS-TT conjugates (SRA and SK). Each
mouse received 10 pg of carbohydrate in 0. 2 ml Ribi-or Freunds complete
adjuvant per injection. The mice were boosted on day 21 and 42 with an

equivalent amount of conjugated vaccine. Sera were recovered by terminal heart

| puncture on day 51.

Comparison of immunological response to different conjugation strategies:

Advantages of conjugation through the reducing terminus glucosamine -

Comparison of immune responses of SRA (lipid A route conjugates with Ribi as
the adjuvant) (Fig.17b) derived sera to SK (Kdo route conjugates) (Fig.17a)
illustrated that SRA derived sera generally recognise inner-core epitopes in the
whole LOS background; whereas SK derived sera significantly target the O-
deacylated lipid A region of the molecule, which is not a desirable feature.
Emphasisihg this behaviour was the observation that SK sera all recognised LOS-
OH from the heterologous meningococcal strain L3 galE but did not recognize
intact LOS from this L3 galE strain, confirming that a significant proportion of the
immune respense induced by immunisation with the 1003 lic7, JpsA OdA LPS-TT
conjugates attached via the Kdo moiety, was directed to the O-deacylated lipid A
region of the molecule.

The studies that utilise the alkaline phosphatase technology to produce
conjugates with the linkage to the reducing terminus glucosamine in the lipid A
region of the carbohydrate moiety gave the following results. Using two different
adjuvants (Ribi and Freunds) it was clear that the immune response to these
conjugates targeted inner-core epitopes in both whole LPS and LPS-OH

35



10

15

20

WO 03/070282 PCT/CA03/00254

molecules. In Fig.18 R corresponds to Ribi adjuvant and F to Freunds adjuvant
and odA refers to O-deacylated, LPS-OH molecules.

Cross-reactivity of derived sera

Non-typable strains were obtained from Prof. Eskola as part of a Finnish
Otitis Media Cohort Study and are mainly isolates obtained from the inner ear of
children, These strains are further described in Hood et al., Mol. Microbiol.
33:679-792, 1999. 102 NTHjJ otitis media strains were sent to Richard Goldstein
in Boston to be included in a survey of the diversity of over 600 H.' influenzae
capsulate and NTHj/ strains, obtained from around the world and over a 35 year
period, by ribotyping analysis. When a dendrogram was drawn from the results of
the ribotyping, the NTHi/ otitis media isolates were found to be present in almost all
of the branches obtained. The 25 representative strains were selected from
branches spanning the dendrogram and thus represent the known diversity
associated with the species H. influenzae. Included in the 25 strains are some
selected from the same cluster to allow an assessment of the diversity of closely
related isolates.

Sera derived from immunisations with both Ribi and Freunds as adjuvants
produced a broadly cross-reactive response égainst the LPS from the 25 non-
typable strains of Haemophilus influenzae representative of the genetic diversity

present in this species (Table 4).

Table 4
1003/ic1IpsA-TT D56 sera vs 25 NT LPS
strain | F10 F14 F15 F16. R19 R20 R22 | R24
S 1:30 | 1:50 | 1:200 | 1:100 | 1:200 | 1:100 | 1:200 | 1:30
(LPS)
1003
1.634 | 1.436 1.581 | 1.686
lic1llps
0.459 | 1.443 1.291 0.840
°1268 | 0.848 | 0132 ~ i - i ) 1.098
1247 | 0.551 | 0.312 - - 0.549 - - 0.624
®1209 | 0.443 | 0.212 ) ) 0.473 ) ) 0.556
®1233 | 0.319 | 0.227 B ) 0.242 ) ) 0.271
*1181 | 0.522 | 0.283 B ) 0.489 ) B 0.755
®1232 | 0.537 | 0.285 B ) 0.133 ) ) 0.634
981 0.843 | 0.491 - - - - - 0.341
486 0.723 | 0.189 - - - - 0.121 | 1.015
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1003J/ic1lpsA-TT D56 sera vs 25 NT LPS
®1292 | 0.555 | 0.358 ) ) 0.468 ) } 0.541
1008 | 0.591 | 0.278 - - 0.591 - - 0.814
1158 | 0.624 | 0.267 - - 0.163 - - 0.640
1124 | 0.860 | 0.636 - - - - - 0.611
1003 T - - - -
batch Il | 0.489 | 0.207 0.665 0.771
®667 | 0.454 | 0.219 B ) 0.276 ) B 0.336
°285 | 0.725| 0265 | i 1.009 | - ~ 0713
®176 | 0.604 | 0.337 B ) 0.465 ) 0.139 0.720
*162 | 0.495 | 0.251 - i 0.656 i ) 0.729
*1180 | 0.549 | 0.193 ) ) 0.652 ) ) 0.784
1159 | 0.579 | 0.199 - - 0.109 - - 0.539
723+
NANA | 0473 | 0.325 - - 0.261 - - 0.586
®1231+
NANA | 0.335 | 0.397 | 0.126 - 0.123 - - 0.471
®1200 | 0.637 | 0.153 ) B - ) ) 0.751
®1207 | 0.370 | 0.156 } } 0.571 - } 0.593
432 0.330 | 0.196 - - 0.276 - - 0.500
375 +
NANA 0.306 | 0.194 - - 0.330 - - 0.407
Rd
opsX | 0.165 | 0.297 - - - - - -
Rd
opsX - - - - -
odA | 0.810 | 0.566 0.822
Where F refers to sera produced using Freunds adjuvant and R refers to sera produced using Ribi
Bold > 0.200 +>0.100
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CLAIMS:

1. A method of linking an antigenic, detoxified bacterial lipopolysaccharide
having a lipid A region with a terminal glucosamine glycosidic phosphate
group to an immunologically acceptable carrier through said lipid A region,
which method comprises removing said terminal glycosidic phosphate group
to yield a partially or completely dephosphorylated detoxified bacterial
lipopolysaccharide and then conjugating said partially or completely
dephosphorylated detoxified bacterial lipopolysaccharide to said

immunologically acceptable carrier.

2. An antigenic, partially or completely dephosphorylated detoxified '
bacterial lipopolysaccharide linkable to an immunologically acceptable carrier
through complete dephosphorylation of glycosidically-linked phosphate or
phosphate substituents of glycose at the reducing terminus in the lipid A

region.

3. The antigenic, partially or completely dephosphorylated detoxified

bacterial lipopolysaccharide of claim 2 comprising an oligosaccharide epitope.

4, The antigenic, partially or completely dephosphorylated detoxified
bacterial lipopolysaccharide of claim 3 wherein said oligosaccharide epitope is

conserved.

5. The antigenic, partially or completely dephosphorylated detoxified
bacterial lipopolysaccharide of claim 3 wherein said oligosaccharide epitope is

a conserved inner core oligosaccharide epitope.

6. A conjugate vaccine for combating a Gram-negative or other bacterium
comprising an antigenic, partially or completely dephosphorylated detoxified
bacterial lipopolysaccharide according to any one of claims 2 to 5 linked to an
immunologically acceptable carrier through complete dephosphorylation of
glycosidically-linked phosphate or phosphate substituents of glycose at the

reducing terminus in the lipid A region.
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7. The conjugate vaccine of claim 6, wherein said immunogenic carrier is
a protein.
8. The vaccine of claim 7, wherein said immunogenic carrier protein is

selected from the group consisting of tetanus toxin/toxoid, cross-reacting
material (CRM), NTHi high molecular weight protein, diphtheria toxin/toxoid,
detoxified P. aeruginosa toxin A, cholera toxin/toxoid, pertussis toxin/toxoid,
Clostridium perfringens exotoxins/toxoid, hepatitis B surface antigen, hepatitis
B core antigen, rotavirus VP 7 protein, respiratory syncytial virus F and G

proteins.

9. The vaccine of claim 8, wherein said immunogenic carrier protein is .
tetanus toxoid.

10.  The vaccine of claim 8, wherein said immunogenic carrier protein is
CRMyg7.

11. A conjugate vaccine for combating a Gram-negative bacterium

comprising an antigenic, partially or completely dephosphorylated detoxified

bacterial lipopolysaccharide according to any one of claims 2 to 5 linked via a

linker to an immunologically acceptable carrier through complete
dephosphorylation of glycosidically-linked phosphate or phosphate

substituents of glycose at the reducing terminus in the lipid A region.

12.  The vaccine of claim 11, wherein said linker is selected from the group
consisting of M2CoH, cystamine, adipic acid di-hydrazide, e-aminohexanoic
acid, chlorohexanol dimethyl acetal, D-glucuronolactone and p-
nitrophenylethyl amine.

13.  The vaccine of claim 12, wherein said linker is M>CoH.

14.  The vaccine of claim 12, wherein said linker is cystamine.
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15. A pharmaceutical composition comprising the conjugate vaccine of

claims 6 or 11 in association with an adjuvant.

16.  The pharmaceutical composition of claim 15, wherein said adjuvant is

selected from the group consisting of Freund's adjuvant, alum and Ribi.

17.  The pharmaceutical composition of claim 15 or 16 further comprising a

pharmaceutically écceptable diluent.
18. A polyvalent conjugate vaccine comprising a plurality of different
antigenic, detoxified bacterial lipopdlysaccharides according to claim 2

covalently linked to an immunogenic carrier.

19. A multivalent conjugate vaccine comprising a plurality of different

conjugate vaccines according to claims 6 or 11.
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