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antigens derived from multiple enterobacteria including Campylobacter je-
juni capsule polysaccharide polymer, enterotoxigenic Escherichia coli re-
combinant polypeptide construct and lipopolysaecharide from Shigella spp..
The subject invention also relates to a method of inducing an immune re-
sponse utilizing the inventive composition.
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COMBINED ENTEROTOXIGENIC ESCHERICHIA COLI AND
CAMPYLOBACTER JEJUNI RECOMBINANT CONSTRUCT

CROSS-REFERENCES TO RELATED APPLICATIONS

{0001} This application is a Continuation-in-Part to 1.8, Nenprovisional application
11/340,003, filed January 10, 2006, which claims priority to U.S. Provisional application
60/642,771 filed Jasuary 11, 2005, and a Continuation-in-Part to U.8. Nonprovisional
application 11/524,057 filed September 20, 2006, which claims priority to U.S.
Provisional application 60/722,086, filed September 21, 2003, and a Continuation-in-Part
to U.S. Nonprovisional Application 14/048,264, filed October &, 2013, which claims
priority to U.S. Provisional application 61/727 943, filed November 19, 2012, the
contents of which are herein incorporated by reference.  This application also claims
priority to U.S. Provisional application 62/054,454, filed 24 September 2014, U.S.
Provisional application 62/127,927, filed March 4, 2015, U8, Provisional application
62/165,301, filed May 22, 2015, U.S. Provisional application 62/127,9335, filed March 4,
2015, and U.S. Provisional application 62/075,399, filed November 5, 2014, the contents

of which are herein incorporated by reference.

BACKGROUND OF INVENTION

Field of the Invention

{0002] The inventive subject matter relates to a recombinant construct against
enterotoxigenic Escherichia coli and Campylobacter jejuni comprising a combined anti-

ETEC recombinant polypeptide construct and C. jejuni campsule polysaccharide.
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Diescrintion of Related Art

{0O003] Enterotoxigenic Escherichia coli (ETEC), Shigella, spp. and Campylobacter
Jejuni (Cl} are major causes of bacterial diarrhea worldwide. Both pathogens are a serious
health threat to western travelers and young children in resource-limited countries,
making them apt target populations for a single or dual pathogen vaccine against ETEC
and CJ. No FDA-licensed vaccines are available for either pathogen.

13004} ETEC causes an estimated 210 million cases of diarrhea and 380,000 deaths
annually among infants and young children. Moreover, ETEC is the most common cause
of travelers’ diarthea. ETEC causes diarrhea ranging in severity from mild illness to
severe cholera-like purging. There are two major virulence factors, adhesive fimbriae,
dubbed colonization factors (CFs), and enterotoxins. Surface-expressed CFs, consisting
of complex protein heteropolvmers, mediate adherence (o the small intestinal epithelium
to inttiate colonization within this privileged host niche. ETEC produce one or both of
two different enterotoxins, a heat-labile (LT) and a heat-stable enterotoxin (ST, LT and
STT intoxicate epithelial cells, resulting in fluid and electrolyite secretion and clinical
diarrhea. LT is highly immunogenic and a potent adjuvant, while STI is a small, poorly

immunogenic peptide.

{000S] Prevalent CFs and a non-toxic form of the LT {or its congener cholera toxin (CTh)
have been the focus for several strategies to develop an ETEC vaccine. Such antigens

have been used individually or bundied as components of a whole-cell killed vaccine, live
vaceines vectored by attenuated ETEC or other enterobacterial species {e.g., Shigella and

Vibrio cholerae 013, and purified protein vaceines. None has yet been shown to confer

friok
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sufficiently high and broad levels of protection. The weight of evidence from clinical
trials indicates that anti-LT imraunity confers short-term protection against LT-producing
ETEC. There is also evidence to show that certain CFs function as protective antigens.
There are, however, significant challenges for ETEC vaccine development. For one,
about half of all ETEC express only STL, for which anti-L'T immunity is not thought to be
effective, thus necessitating anti~-CF or anti-bacterial immunity. Also, the diversity of
ETEC CFs poses issues for achisvement of sufficiently broad coverage with inclusion of

a realistic number of CFs.

SUMMARY OF THE INVENTION
[0006] The invention relates to an Immunogenic construct comprising a polypeptide
construct expressing enterstoxigenic Fscherichia cofi (ETEC) fimbrial subunits
combined with a Campylobacter jejuni capsule polysaccharide or Shigella spp
lipopolysaccharide (LPS).
{0007] In a preferred embodiment, one or more Camplobacter jejuni capsule
polysaccharides are conjugated to one or more Escherichia coli enterotoxigenic
recombinant polypeptide constructs. In another embodiment, Shigella LPS is conjugated
to the ETEC polypeptide construct.
{G008] Campylobacger jefuni is associated with induction of Guillain-Barré Syndrome
{(GBS), a post-infectious polyneuropathy that can result in paralysis. The association is
due to molecular mimicry between the sialic acid containining-outer core of the
lipooligosaccharide (1L.0OS} and human gangliosides (5, 6, 89, 91). Thus, antibodies

generated against LOS cores result in an antoimmune response o human neural tissue.

e
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Use of capsule polysaccharide from C jefuni can induce an immune response without the
possible induction of Guillain-Barré Syndrome.

[0009] In a preferred embodiment, the compeosition comprises an ETEC recombinant
polypeptide construct design wherein major or minor subunits, derived from the same
ETEC fimbrial type, are connected, via polypeptide linkers, and stabilized by donor
sirand complementation. The C-terminal most ETEC major subunit is connected, via a
linker, to a donor strand region from an ETEC major subunif, which can be either
homologous or heterologous to the C-terminal major subunit. The immunogenic
composition can comprise a whole or an immunogenic fragment, containing a donor §
strand region, of the ETEC fimbrial major or minor subunits. In some construct
examples, in order o avoid inadvertent association of subunits, especially in CS6
subunits to each other, major ETEC fimbrial subunits can contain an N-terminal deletion
of 14 o 18 amino acids.

{0010] In another embodiment one or more of the above constructs are connected, via a
polypeptide linker, to form a multipartite fusion construct, wherein the subunits derived
from multiple fimbrial types are expressed. In this embodiment, the fimbrial subunits can
be derived from any ETEC fimbrial type, including, but not limited to: ETEC class 3
fimbriae type, including class 5a, 53b or Sc; ETEC C83; and ETEC C86.

[0011] The embodied multipartite construct can contain a deletion of the N-terminal
region of one or more fimbrial subunits to avold undesirable associations with other
monomers or multimers and to remove reduce amino acid sequence length between

polypeptides to reduce the protease cleavage.
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[0012] DNA encoding the ETEC recombinant polypeptide construct can be used to
express a polypeptide for attachment to C jefuni or Shigefla LPS.  As such, an object of
the invention also includes a use of a construct for immunizing mammals, including
humans, by a composition comprising antigens from multiple bacterial species, including
ETEC, (. jgjuni and Shigella strains. The embodied use comprises one or more priming
adminisirations of the combination construct. The priming dose can be subsequently

followed by one or more boosting doses.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Hlustration of inventive construct design wherein major or minor subunits,
dertved from the same ETEC fimbrial type are connected, via polypeptide linkers and
stabilized by donor strand complementation. The construct can contain a deletion of the
N-terminal region of the N-terminal subunit. This feature prevents undesirable
association with other monomers or multimers. The C-terminal subunit is stabilized by a
donor § strand, connected to the subunit via a polypeptide Haker, wherein the donor §
strand 15 etther derived from a homelgous subunit, which is defined as a subunit that is
the same as the subunit the donor strand is stabilizing or from a heterologous subunit,
defined as derived from a subunit that is different still from the same fimbrial type.

FIG. 2 illustrates a multipartite construct wherein multiple compositions, illustrated in
FIG. 1, are connected via a polypeptide linker. The first subunit, is a major or minor {e.g.
ETEC class § adhesiny ETEC fimbrial subunit. One or more major ETEC fimbrial
subunits are then connected to the first subunit and to each other via a linker, wherein the

subunits are stabilized by donor strand coraplementation. The C-terminal most ETEC
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major subunit is connected, via a linker, to a donor strand region from an ETEC major
subunit, which can be either homologous or heterologous to the terminal major subunit.
in some construct examples, in order to avoid inadvertent association of subunits,
gspecially in C86 subunits to each other, major ETEC fimbrial subunits can contain an N-
terminal deletion of 14 to 18 amino acids.

FIG. 3. SDS-PAGE and immunoblots of conjugate vaccines. A. Analyses of CfaE-
HS36 conjugate. Lane 1-3 are stained with Gel Code Blue. Lane 1, Precision Plus
Protein standards (BioRad); lane 2, CfaE; lane 3, CfaE-H836 conjugate. Lanes 4-3 are
immunodetected with anti-CfaE antibodies. Lane 4, CfaE; lane 5, CfE-HS36 conjugate.
Lanes 6-7 are immunodetected with antibodies to whole cells of 81-176 (HS36). Lane 6,
CiaBE-HS36 conjugate; lane 7, proteinase K digested whole cells 0of 81-176. B. Analyses
of CfaEB-HS36 conjugate. Lane 1-3 are stained with Gel Code Blue. Lane 1, Precision
Plus Protein standards (BioRad); lane 2, CfaEB lane 3, CREB-HS36 conjugate. Lanes 4-
§ are immunodetected with anti-C{E antibodies. Lane 4, CRER; lane 5, CiaEBR-HS36
conjugate. Lanes 6-7 are immunodetected with antibodies to whole cells of 81-176
{HS836}. Lane 6, CfaEB-HS36 conjugate; lane 7, proteinase K digested whole cells of 81~
176, The molecular weights of the protein markers are shown on the leff.

FIG. 4. C jejuni anti-CPS (A) or ETEC anti-CfaE (B) induced by HS36 conjugated to
Cfak or CfaEB in mice.

FIG. 5. Functional antibodies, evidenced by HAI titer, induced in mice immunized with
HS36 conjugate vaccines.

FIG. 6. Summary of synthesis of polysaccharide construct and conjugation to CRM;sy.
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FIG. 7. Synthesis of aminopentanyl OMe-phosphoramidate galactoside. Reagent and
conditions: {a) TrCl, pyridine, 95%; (b} AlBr, NaH, DMF, 0°C, 89%: {¢) CAN, CH:CN,
HaQ, 0°C; then CCLON, KaCO,, CHLCy, 57% over 2 steps; (d) HO(CH:)sNPhth,
TMSOTE, CHCly, 65%; (e) 80% AcOH, 80 °C, 78%; {f) PCLO;Mey, BN, CH.Ch, then
NHa{g), 27%; (g) PACl;, MeOH, 75%, (h) HNNH;, EiOH, 82%.

FIG. 8. Capsule cross-reactivity to 6-MeOFN-Gal with antibodies to multiple conjugate
IMMUnogenic compositions.

FIG. 9. Serology of A, nancymaae tmmunized with C{aEB-HS23-36 construct. Day 0
verses day 140,

FIG. 10. HAI titers of A. nanacymaae against ETEC strain H10407 expressing Cfa 1.
FIG. 11, Immune response of mice against HS3 capsule {top panel) and against €86
{(bottom panel) following immunization with an CssBA-HS3 conjugate vaccine. The
vaccine was administered at two doses, etther 5 pg or 25 ug by weight.

FIG. 12, Immune response of mice to HS4 capsule {top panel) and to LTB (bottom
panel) following immunization with an LTB-HS84 conjugate vaccine. The vaccine was

administered at two doses, 5 ug or 25 ug by weight.

DBETAILED DESCRIFPTION QF PREFERRED EMBODIMENTS
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term “polysacchanide antigen™ as nsed herein refers to a capsule polysacchride derived
trom Campyilobacter jejuni (C. jejuni or Campylobacter jejuni capsule) or a
hpopolysacchanide derived from Shigello spp.. As used herein, “polysaccharide” refers
o two or more monoesaccharide units composing & carbohydrate polymer molecule, A
“polysaccharide polymer” refers to two or more polysaccharide molecules connected
together,

(30141 The terms “polypeptide,” “peptide,” and “protein” as used herein can be
interchangeably used, and refer to a polymer formed of two or more amino acid residues,
wherein one or more amine acid residues are naturally ocourving aming acids. The term
“smine acid sequence” refers to the order of the amino acids within a polypeptide. As
used, herein, “oligomer” are polypeptides sequences comprising relatively few aming
acids.

{00151 The term “recombinant polypeptide”, “recombinant polypepiide construct”, or
“recombinant protein”, as used herein, refers to polypeptides or proteins produced by
recombinant DNA techniques, Lo, produced from cells transformed by an exogenous
DNA construct encoding the desired polypeptide or the desired protein. The term
“recombinant construet” refers to the DNA encoding the recombinant polypentide,
recombinant polypeptide construct or recombinant protein.

{3316] The term “donor strand” or “donor § steand”™ refers to the N-terminal region of an
ETEC fimbrial subunit that associates with another ETEC fimbrial subunit in donor
sirand complementation,

{00177 The term “Immunogenic composition” refers to g formulation containing proteins

or polypeptides or polysaccharides or polysaccharide polymers that induce a humoral
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andfor cellular immune response. The term “immunogenic coverage” or “spectrum of
coverage” refers to the induction of humoral and/or cellular immune response against
specific strains of bacteria under the “coverage.” The term “immunogenic fragment”
refers to a polypeptide containing one or more B- or T-cell epitopes and is of sufficient
length to induce an immune response or {0 be recognized by T- or B-cells. The term
“derivative” refers to a polypeptide or nucleic acid seguence with at least 80% identity
with sequence of the identified gene.  In this context, “identity” refers to two or more
sequences or subsequences that are the same or have a specified percentage of amino acid
residues that are the same, when aligned for maximum correspondence. Where some
sequences differ in conservative substitutions, i.e., substitution of residues with identical
properties, the the percent sequence identity may be adjusted upwards to correct for the
conservative nature of the substitution. Percent similarity refers to proportion of identical
and similar {conserved change} residues.

[0018] “Fimbriae” are defined as projections or filaments on ETEC bacieria and are
composed of major subunits, as in the case of C83 and C86 fimbriae or major and minor
subunits, as in the case of class Sa, Sb and 5S¢ ETEC. “Fibrillae” are narrow projections
frorn a bacteria. C83 and C56 firnbriae can also be termed fibrillae due to their narrow
characteristic. The term “fimbrial subumit” refers to the proteins that comprise ETEC
fimbriae and is used interchangeably with “pilin.” “Pilin”, therefore, canreferto a
“major” or “minor” “fimbrial subunit” that comprise ETEC fimbriae. A “minor fimbrial
subunit” refers to the adhesin protein at the tip of class 5 ETEC fimbriae and is expressed
in stoichiometrically low amounts compared to “major” subunits. The “minor fimbrial

subunits”include, but are not limited to, CRaE, CsiD, CsuDy, CooD, CosDy, CsdD, CshD
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and CotD. “Major fimbrial subunits” refers to the ETEC fimbrial proteins represented in
stoichiometrially larger amounts in ETEC fimbriae, compared to “minor fimbrial
subunits.” “Major fimbrial subunits” include the ETEC class § proteins: CfaB, CsfA,
CsuAZ, CsuAl, Cood, CosA, CsdA, CsbA, CotA; the ETEC C83 proteins:  CstH, Cst G,
and the ETEC C86 proteins: Cssd, and CssB.

[0019] The pathogenesis of Campylobacter jejuni remains poorly understood in
comparison with ETEC and the organism shares few virulence factors with better-
characterized pathogens, C. jejund is unusual, however, among enteric pathogens in that
it expresses a polysaccharide capsule {(CPS) that is one of its few confirmed virulence

factors.

[0020] Because of the importance of ETEC and C jejuni as pathogenic agents, a
combined ETEC-CJ composition was constructed in order to afford protection against
both agents. In one embodiment, a recormbinant polypeptide construct, comprising
fimbrial subunits from Class § ETEC strains is fused to a capsule polysaccharided from
the C. jejuni strain 18-176.

[0021] In a preferred embodiment, one or more recombinant polypeptide ETEC
constructs, comprising the ETEC fimbrial adhesion, are conjugated to isolated C. jejuni
capsule polysaccharide (CPS). One or more of a number of EYEC recombinant
constructs can be conjugated to one or more of a number of C. jejuni capsule
polysaccharide structures. In the inventive construct, the ETEC recombinant construct
operates both as an immunogen against ETEC and as a protein carrier molecule,

presenting the O jefuni polysaccharide. Examples of ETEC recombinant polypeptides

10
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and C. jefuni capsule polysaccharides that can be incorporated into a combined structure
are given in the following examples.

{00221 In a preferred embodiment, the ETEC polypeptide construct can not only serve as
antigen against ETEC but also serve as a protein carrier for polysaccharide antigens, such

as . jejuni capsule polysaccharide.

Example 1. Conjugation of ETEC polypeptides to C. jejuni capsule polysaccharide
(CFS)

{0023] In a preferred embodiment, ETEC recombinant polypeptides or polypeptide
constructs are conjugated to C jejuni CPS. The CPS can be derived from a number of C
Jejuni strains. In the embodiment, any CPS of any C jejuni strain is envisioned to be
conjugated to ETEC recombinant polypeptide constructs. Alternatively, Shigella LPS
can be conjugated to ETEC recombinant polypeptide constructs.
{0024] The overall method of conjugating includes oxidizing C. jejuni CPS, for example,
with NalQy in sodium acetate (pH 4.0). Oxidized CP8s were desalted with a S kDa
cutoff membrane by stirred ultrafiltration, which is subsequently lypholized. ETEC
proteins are then added. The stoichiometery protein to CPS can vary, however, a typical
ratio is 1:2 protein to CUPS by mass. The concentration of components can be by any
method. However, for example, polysaccharide concentration was determined by
antrhone assay and protein concentration was determined. NaCUNBH; is then added. The
conjugates are subsequently desalted by ultrafiltration and lyophilized. CPS {or Shigella
LPS}), ETEC proteins and conjugates were analyzed, for example by SEC-HPLC.

Conjugates were also analyzed by SDS polyacrylaminde gel electrophoresis (PAGE) and
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Gel Code ® Blue (Pierce, Biotechnology, Inc, Lombard, 1L} staining. Conjugates were
detected by antibody-based assay using anti-CPS and anti-ETEC protein.

{00251 As an example of ETEC recombinant polypeptide and O jejuni conjugation, the
CPS from the C jefuni strain 81-176 was conjugated to ETEC recombinant polypeptide
construct CfE (class § ETEC adhesin} or to the recombinant polypeptide construct Cfal
linked, via a polypeptide linker, to the major subunit CfaB.

{30261 CPS O jejuni capsule was purified from Campylobacter jejuni strain 81-176
(P(3208). This mutant, in which the ga/T gene was insertionally inactivated by
chioraphenicol cassette, lacks all ganglioside mimicry in its lipoligosaccharide (LOS)
COre.

{00271 The cells were grown in porcine Brain-Heart Infusion (BHI) broth and sonicated
to inactivate the cells. The CPS was extracted by hot water/phenol method previously
employed for the same organism (Chen, et al,, Carbohyd. Res. 243 1034 (2008)). Cells
were immersed 10 a water/phenol mixture (3:2 ratio by volume), which was heated to
§7°C with stirting for 4 hours. The suspension was cooled and separation of the mixture
into two separate layers (the aqueous layer and the phenol layer) and extraction of the
aquecus layer was performed. The aqueous layer was removed and the phenol/water
exiraction was repeated on residue, to maximize the yield. Agueous layers from two
extractions were pooled and boiled fro 1.5 hours with the aditon of acetic acid to a pH of
3.5. The aqueous layer was dialyzed gainst running water for 2 days and concentrated
using a Millipore concentrator cell with a § kDa cutoff membrane. Trace amounts of
residual RNA were removed by digestion with benzonase enzyme at 90 wml in 50 mM

Tris-CCHT mM MgCl pH & overnight at 37°C. Benzonase was removed from CPS, then
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desalted and concentrated using stirred ultrafiliration with 30 and $ kDa MWCO disc
membranes, respectively,

[0028] The isolated CPS was oxidized with adding 40 mg of CPS to 40 mM NalQs in
sodium acetate pH 4 in the dark at 4°C for 2 days.  Oxidized CPR was desalted with
5kDa cutoft membrane by stirred ultrafiltration and was subsequently Iyophilized.
{0029] Prior to conjugation the ETEC proteins, for example dscCfaE and dscCfalR,
were transferred to 0.1M borate buffer at pH 9.0, Oxidized CPS was added to each
ETEC protein at a ratio of 1:2, protein to CPS by mass, and then NaCNBH; was added at
2 times mass equivalent to CPS. The reaction was incubated 1 day at room temperature
and § days at 37°C in the dark with continuous stirring. The conjugates were desalted by
stivred ultirafiltration with 30 kDa membrane and lvophilized. Conjugates of the CPS to
dscCHaE and dscCfaEB was conducted by SEC-HPLC. and polyacrylamide gel (PAGE)
(12.5%) electrophoresis.

{0030] In PAGE analysis, immunodetected with rabbit polyclonal antibodies to whole
cells of 81-176 was used to detect CPS and to CRE. The results of this study are shown
in FIG. 3. Immunoblotting of both conjugates with anti-CHE antisera confirmed that the
proteins ran as high molecular weight conjugates with conjugates with apparent masses
ranging from just higher than the mass of each respective protein to »2350 kDa.
Fomunoblotting with antisera to formalin fixed whole cells of C. jejuni 81-176 confirms
that capsular polysaccharide was conjugated to the proteins. As tllustrated in FIG. 3, no
unconjugated protein remained in either conjugation.

{00317 The results of FIG. 3 were confirmed in SEC-HPLC. In the SEC-HPLC,

unoxidized and oxidized CPSs, ETEC proteins and conjugates were analyzed using SEC-
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HPLC with a TSKgel-G2000SW columun (30 om x 7.8 mom 1D} and TSKgel SW guard
column run on an ICS-5000 Dionex system with 8.1 M phosphate at pH 6.8, 0.1 M
sodium sulfate and 5% acetonitrile at 8.6 mV/min flow rate. Samples were monitored at
214 nm with Ultimate 3000 variable wavelength detector and RI detector, both from
Dionex.

[0032] The results of the SEC-HPLC are shown in FIG. 4 for dseCfaEB and in FIG. § for
dscCfaE. Analysis by matrix-assisted laser desorption/ionization (MALDI) is shown in
FIG. 6, for dscCHaEB and FIG. 7 for CfzE.

00331 Detection of the conjugates by refractive index (RI} on SEC-HPLC revealed that
45% and 50% of the polysaccharide remained unconjugated with the CfE and CfaEB
conjugates respectively. This is summarized in Table 1, which also iHustrates that the

conjugated molar ratio of CPS to CHE was 4.8:1 and that of CPS to CfaEB was 4.4:1.

Table 1
Ciak conjugate | CfaEB conjugate
CFS  CisE £ps . CfaEB

Final product {includes unconjugated
CP3) % yield 45% 63%
Sugar : protein mass ratio in final EER L RTERTRL
product 2 1 | 18 1
% unconjugated with respect to final
product by SEC-HPLC Rl detection | 45% . oL 30%
Conjugated massratio -~ | 1 15 1 23
‘Molecular weight 5.5kDa - 41kDa | 5.5kDa - 57 kDa
Conjugated molar ratio 1 48 @ 1 44 1

Example 20 Anti-Class 5 ETEC, C53 or C86 constructs
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[0034] Antt-ETEC constructs that are contemplated o be conjugated to C. jejuni
polysacchande comprise the structures as illustrated in FIG. 1 and FIG. 2. FIG. |
illustrates the basic recombinant construct design. As diagrammed in FIG. | the
construct design comprises one, or more ETEC major or minor fimbrial subunits or
fragments of major fimbrial subunits, containing the donor strand, derived from the same
ETEC fimbrial type, which are connected, via polypeptide linkers and stabilized by donor
strand complementation. The construct can contain a deletion of the N-terminal region of
the N-terminal subunit. This feature prevents undesirable associations with other
monomers or multimers. The C-terminal subunit is connected to and stabilized by a
donor B strand, connected to the subunit via a polypeptide linker, wherein the donor §
strand is etther derived from the adjacent subunit {(i.e., homologous) or from a different
subunit of the same fmbrial type (i.e., heterologous).

[0035] FIG. 2 illustrates the basic multipartite construct, wherein multiple constructs as
in FIG. 1, are connected forming a recombinant construct comprising two or more
fimbrial types, As illusirated in FIG. 1, major or minor subunits from the same fimbrial
type are connected via a polypeptide linker sequence. In the multipartite construct, two
or more constructs, as in FIG. 1, are connected, via a linker polypeptide.

[0036] In the multipartitie construct design, as in the basic design (compare FIG. | with
FIG. 2}, the first subunit (N-terminal) is a major or minor ETEC fimbrial subunit. Fach
additional subunit is connected to adjacent subunits via a polypeptide linker that enables
rotary freedom of the molecular components. The subunits are associated with and
stabilized via a donor strand complementation from a C-terminally adjacent subunit via a

donor § strand, connected via 8 linker polypeptide, to the C-terminus of the stabilized
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subunit. In some embodiments, subunits can contain a deletion of 14 to 18 amino acids
from its N-terminal end. Additionally, specific constructs can be constructed with or
without signal peptides of 18 to 22 amino acids and with or without histidine {ags at the
Cterminus.

[0037] In the multipartite construct, subuniis from the same fimbrial type are divectly
connected. Groupings of subunits from the same fimbrial type are then connected o
other groupings of subunits from other fimbrial types. Fimbrial types include, but are not
limited to ETEC class Sa, Sh, 3¢, €83 and CS6. For example a single construct can
include subunits derived from any two or more of class 5a, Sb, 3¢, C83 and CS6 fimbrial
types.

[0038] Multiple linker sequences can be utilized in connecting the individual subumnits.
Examples of specific linkers include the tetrapeptide of SEQ D No. 5. Another example
is a tri-glveine lnker {i.e., G-G-G). In the inventive construct, in cis donor strand
complementation is used io stabilize adhesins and adhesin-pilin fusions for representative
(lass 5a, 5b, and Sc adhesins.

{0039] The contemplated composition is designed to enable as wide a range of coverage
of ETEC strains as possible. As such, in one embodiment, the contemplated composition
and use is aimed at inducing immunogenic response against class Sa, Sb, 5S¢ ETEC, as
well as ETEC strains expressing €S3 or CS6 fimbrial components.

[0040] In a preferred embodiment, recombinant polypeptide ETEC constructs are
conjugated to O jefuni capsule polysaccharide {CPS). One or more of a number of
ETEC recornbinant constructs can be conjugated to one or more of a number of C. jejund

capsule polysaccharide structures. Examples of Class 5 ETEC recombinant polypeptides
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are listed in Table 2. In Table 2, minor subunits are stabilized by connection, via a
polypeptide linker, to associated major subunits. Alternatively, a 12-16 amino acid donor
sirand, derived from the associated major subunit is connected to the minor subunii via a
polypeptide linker. These polypeptides can also be linked as per FIG. 1 and FIG. 2 to
lead to the example constructs listed in Table 3. These examples can then be conjugated

to isolated C. jejuni capsule polysaccharide, as in Example 1.

Table 2
Imrmune SEQ 1D No. SEG 1D No.
coverage Subrunit Full length sequences Mature sequences
e inclading spd’ (OAITE Sequenoes
{fimbrial types) (ONA/polvpeptide) {BNA/polypeptide)
Class 32 CHE S58/57 115/38
CfaB S8/60 116/61
Csfly H84/63 F17/8R
Csfa 63183 118/89
Csuly T 119/90
{CauA? 88/6% 120/9%
CsuAl B6/6T §21/92
Class Sh Could 74778 122/93
ConA 7373 123/94
CsdD 7879 124/88
CadA 7677 125484
Cos D 82783 13397
CasA BO/81 126/98
CshD) 44/45 127/48
CshA 47/48 128/48
Class So CothD 30/51 138/52
CotA 5354 130755
83 Csild 84/85 131/99
CstG 86/87 1323/108
{88 CssA 134/135 142
CasB 136/137 34

'5nd” refers to signal peptide. The mature polypeptide sequence, therefore, would be
the full length minus the signal peptide.

3 .

“DNA sequence encodes mature protein

=
~3
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Tabic 3
E;?;;t::nii? Construct {(adhesin-pilin} example’ {Fﬁi‘fﬁii%iz)s
iass S d551s0ua CFRE-CEaB-CsuA2-CsfA 103/104
Class 36 450140 CsbD-CS AN s5¢aca0s C0A? 105106
Class 5b 488150 CsBD-CshA-Cood’ 107/108
Class 3¢ daciacenCotD-CotA 1097110

‘dsc refers to donor strand complementation. The number and subunit refers to
the N-terminal amino acids of length represented by the number from the subunit
indicated that is connected at the C-terminus of the construct and is serving to
stabilize the C-terminal construct. For example, “dscises” refers to the N-
terminal 14 amino acids of CsfA connect to the C-terminus of the construct.

*{ inkers polypeptides are GGG rather than DNKG.

3 . . . . oy .
“Sequence in example contains a Leu-Glu-Hisg at the C-terminus,

{00411 An important feature of the anti-ETEC construct is the enhanced fmimune

recognition of the fimbrial adhesion. The minor subunits (le., ETEC adhesin} of ETEC

Class 5 fimbriae are stoichiometrically represented in very low numbers relative io the

major subunit. Therefore, an tmportant feature of the recorbinant constructs is the vastly

improved stoichiometric representation of the minor subunit in order to enhance immune

recognition of the minor subunit. Additionally, since fimbrial subunits, such as CfaE, are

relatively susceptible to proteolytic degradation outside of the fimbnrial structure,

stabilization of the adhesin is also important. Therefore, constructs are designed to

express ETEC subunits stabilized from misfolding and degradation by donor strand

complementation.

IR
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{0042} The donor B strand is provided by the major fimbrial subunit. For example, in the
case of CHaE, stabilization is provided by the N-terminal region of CfaB. Engineering of
dscC{aE by incorporation of a donor peptide strand from the N-terminus of the CFA/]
major subunit CfaB at its Coterminus transformed an insoluble, unwieldy native,
recombinant protein into a stable immunogenic compeosition {Savarine, U.S. Patent
application publication no. 20060153878 (13 July 2006)), which is incorporated by
reference, herein.

{0043] Based on its atomic structure, dseCfaE s folded into & native, B-sandwich
conformation, consisting of two half-barrels, comprising the N-terminal adhesin domain
{CiaEad) a short a-helical connector, and the C-terminal pilin domain {Cfa¥pd). The
molecule is functional in that it directly mediates MRHA of bovine and human
erythrocytes, and generates neutralizing antibodies that act to inhibit MRHA and decorate
the tips of CFA/ fimbrise on immunoelectron microscopy.

[0044] A fusion protein was engineered by genetic insertion of the coding sequence for
mature major structural subunit of ETEC adhesin, such as CfaB, to the 3’-end of the
minor subunit, such as ClaE. This concept was disclosed in Savarine, U.S. Patent
application {11/340,003, filed January 10, 2006}, which is incorporated, herein. This
maolecule contains all three domains of the CFA/L fimbriae (1.e., ad, pd, and major
subumnit} in a ratio of 1:1:1, rather than that found in native fimbriae {ca. 1:1:1000).
00451 A number of observations indicate the suitability of dscCfaE {cloned from ETEC
strain E7473) as a vaccine antigen. First, sequencing of 31 different wild type alleles of
cfakl from ETEC isolates of varving geographic origin and serotypes, show that the gene

and predicted polypeptide sequence are nearly invariant, with three different
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nousynonymous nucleotide changes at one sife each in only five of these 31 alleles
{Chattopadhyay, et al,, J. Biol, Chem., 287(9): 6150-6158 (2012)). Hence, the target
protein shows uniformity in natural ETEC bacterial populations.

(00467 Additionally, CfaE, a Class 5a {imbrial adhesin, is 80-81% identical with the
other Class 5a minor subunits proteins adhesing Csul) of CS14 fimbriae and CsfD of C54
fimbriae. CsuD) and CsfD sharve 94% identity. This is considerably higher than the
average identity with other Class 5b and Sc fimbrial adhesins (mean 50% identity).
130477 Moreover, rabbit anti-dscCfaE serum cross-neutralizes £84- and CS14-ETEC in
the hemagglutination assay (HAI}. A number of vaccination studies have been performed
in small {rabbif and mice) and large (monkeys and cows} animals with various routes of
administration and adjuvant combinations showing that dscCfaE is a potent immunogen
that can slicit systemic and mucosal antibodies which recognize dscCfaE and CFA/ and
are neutralizing {as measured by HAI assay).

[0048] An embodiment includes anti~class 5 ETEC constructs based on the construct
design illustrated in FIG. 1, whereby the N-terminal subunit is an ETEC class 5 minor
{i.e., adhesin} subunit, listed in Table 2, including CfaE, CsfD, Csul}, CooDl}, CsdD2,
CosD, CsbD and Coth}, connected, via a polypeptide linker, to one or more ETEC major
subunits, from the same ETEC class § type, listed in Table 2. The polypeptide linker can
be any of a number of polypeptide sizes. In a preferred embodiment, the linkeris a
tetrapeptide with the polypeptide sequence of SEQ ID No. 5. The C-terminal class §
subunit is connected to a donor P strand, derived from a homologous subunit and is
typically 12-19 amino acids. In alternative embodiments, one or more major subunit can

include a deletion of 12 to 16 amine acids from the N-terminal region of the subunit.
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00497 The design in FIG. 1, utilizes the concepts disclosed in Savarino, U.S. Patent
application {11:340,003, filed January 10, 2006)), including donor strand
complementation to provide stabilized class § ETEC adhesin, Due to the homology of
ETEC class 5 minor subunits and major subunits, FIG. 1 further contemplates multiple
constructs incorporating the fimbrial subunits of Table 2, or derivatives of these
polypeptides or DNA sequences.

00551 The construct design, illustrated in FIG. 1, incorporates the donor strand
complementation stabilization features of Savaring (1.8, Patent application (11/340,003,
filed January 10, 2006)), and furthers it by incorporating multiple major subunits, from a
specific ETEC type, into a single adhesin-pilin construct. For example, multiple class Sb
major subunits can be connected to a class 5b adhesin (i.e, minor subunit). Embodiments
inchade adhesin-pilin constructs containing Csb D (ETEC Class 5b fimbrial adhesin} and
Cot I} {ETEC Class 5S¢ fimbrial adhesin). Examples, for illustration, of embodimenis of
adhesin-pilin ETEC class 5 adhesin-pilin constructs, representing Class Sa, 5b and Sc are

shown in Table 3.

86 and C83

[0051] Rabbit model (RITARD) studies suggest the colonization factor €886 and CS3 has
immune-protective potential (Svennerholm, et al,, Infect. Immun. 56: 523-328 (1988);
Svennerholm, et al,, Infect. Immun. 58: 341-346 (1990}). As such, an important
technical goal 1s to reproduce a stabilized CS86 expressing recombinant structure
expressing C56 antigens that maximally elicits antibody responses inhibitory to CS6-

directed adhesion.
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[D052] Unlike class 5 ETEC fimbriae, the fimbrial structures may function as
polyadhesins rather than monadhesins (Zavialov, et al,, FEMS Microbiol. Rev. 31: 478-
514 (2007)). Extrapolation from related fimbriae, assembly of ETEC C86 and U83 may
be mediated by a donor strand complementation mediated process through association of
a 86 or C83 subunit with the N-terminal donor strand region of an adjacent subunit.
Additionally, protection against misfolding and proteolvtic degradation may also be
atforded through donor strand complementation.

{00331 Association of monomers of CS3 and C86 was evaluated by visualization of the
subunit proteins under denaturing and non-denaturing conditions in polyacrylamide gel
electrophoresis {PAGE). For both €83 and CS6 monomers, under denaturing conditions
the proteins migrating at the expected sizes, Under non-denaturing conditions multiple

size (1.e., ladders) are seen formed by multimeric association of the subunits,

S8 fimbriae

[0054] CS6 fimbriae comprise CssA and CssB. Whereas the two C83 major subunits
show little to no variation in polypeptide sequences, modest variation in C86 proteins s
observed. For example, greater than 90% identity is found in CS6 protein CssA and
greater than 95% identity is found in CssB allotypes. Both CS6 structural profeins
exhibit a relatively low level of variation (i.e., greather than 90% amino acid
conservation}, with greater variation in CssA and the mutations randomly distributed
along the CssA polypeptide.

[00S5] In order to design an effective immunogenic composition that would be suitable

for inchusion in a vaceine formulation a number of criteria were devised for determination
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of suitable constructs, These included the ability to maintain a structure without
unwanted self-association or assembly; thermostability; and ability to generate anti-CS86
IgG and IgA antibody levels similar to those elicited by immunization with C86.

{00561 Monomeric C86 subunit assembly appears to be mediated by donor strands from
adjacent CS6 subunits, as discussed above, It is hypothesized that interaction fo form
these stable structures is mediated by inter-subunit interaction through donor strand
complementation. Donor strand complementation also affords protection against
misfolding and proteolytic degradation. Therefore, in 3 preferred embodiment,
multimeric CS6 constructs were developed to take advantage of these atiributes of donor
strand complementation. Additionally, multimeric expression provides more efficient
manufacture over production of monomers.

f0057] In one embodiment, a construct conjugated to € jejuni comprises a multimeric
86 with one or more of the €86 subunits, CssA and CssB, or allelic variation or
derivatives, with the construct design configuration iHustrated in FIG. 1. In a preferred
embodiment, the construct comprises a dimer of CssB and CssA with CssB N-terminal to
CasA {Le, CssB-UssA).

f0058] As illustrated in FIG. 1, or FIG. 2, U886 subunit association is stabilized by in ois
donor § strand complementation. Donor strand complementation is afforded by linking a
CS6 subumit at its C-terminus, to the donor B strand region of another €86 subunit, via a
tetrapeptide linker. The linker can be any of a number of polypeptide regions. However,
in a preferred embodiment, the linker is sither as in SEQ ID No. 5 or a triglyicine linker.
In the case of a terminal C86 subunit, stabilization is provided by donor § strand,

connected at its C-terminus, from a homologous or heterologous €86 subumit,
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Homologous subunit is defined as two subunits of the same form {e.g., CssA OR CssB).
Heteterologous subunits are of different forms {e.g., one is derived from CssA the other
from CssB. The C86 donor §§ strand is typically the N-terminal 14-16 amine acid region
of €36 subunit. The recombinant protein can be constructed with or without
hexahistidine affinity tags, which are typically on the C-terminus.

{00597 Additionally, to prevent recombinant polypeptide constructs forming molecular
associations resulling in un-desirable non-covalent olipomer formation, in a preferred
embodiment, the N-terminal 14-16 amino acids of the N-terminal €86 subunit is deleted.
As an tllustration, “dscgaCssBA” would contain a heterologous donor strand (Le., “dsc™),
from CS6 CssB, inserted at the C-terminus of the construct. In this case, the donor strand
is 14 amino acids in length, as indicated by the “14.” Similarly, a constructed designated
“nitdsdscaCssBA” would contain a homelogous donor strand at the C-terminus of the
constroct and also comprises a deletion of the N-terminal amino acid region (termed
“ntd”}

(00607 Examples of constructs comprise one or more US4 subunils with amino acid
sequences sequences selected from the group consisting of SEQ 1D No. 2 {(CssA) or SEQ
I No. 4 {CssB), or dertvatives of these polypeptides. The IINA sequence for CssA is
SEQ ID No. | and for CssB, SEQ ID No. 3. The subunits are connected by a polvpeptide
linker sequences. In a preferred embodiment, the Hnker is a tetrapeptide with the amino

acid sequence of SEQ I No. 5.
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CR3 fimbrige

{00611 Savarine (U.S. Patent application No. 11/340,003 (2006)) discloses donor strand
complementation stabilized ETEC constructs. Embodiments of this application
incorporate the donor strand stabilization of CstH and adds the second C83 subunit,
Cst(G. Embodiments herein add additional features found to be important for stabilization
of the C83 subunits and immunogenicity against CS3. €83 comprises CstH and CsiG.
The CS3 structural protein CstH is invariant. CstG is also highly conserved, showing 99-
100% identity in polypeptide sequence for 39 wildtype CS3 genes sequenced. Similiardy,
although some variation Cst(3 is observed, if is also relatively invariant, with 99-100%
amino acid conservation.

100621 CS3 contains both CstG and CstH, in near equal amounts. Therefore, dimeric
consiructs were devised incorporating CstG and CstH, according to the template
construct design of FIG. 1

00637 In one embodiment a polypeptide construct conjugated to C. jejunt capsule
polysaccharide comprises a C83 s construct designed according to FIG. 1. InFIG. 1,
C83 counstructs comprise one or more €83 fimbrial subunits connected via a polypeptide
finker. The C-termunal fimmbrial subunit is connected, via a polypeptide linker, to a donor
B strand region of a C83 fimbrial subunit. The C-terminal donor B strand can be derived
from the same CS3 subunit to which it is connect {i.¢., homologous) or derived from a
different subunit {i.e., heterologous). The polypeptide linker can be any number of
polypeptide regions, however, in a preferred embodiment, the linker is 8 tetrapeptide of
the sequence of SEQ ID Nao. 5, or a triglycine {i.e., G-G-G). The donor P strand region is

the N-terminal 14 - 16 amino acids of the mature CstH or CstG protein.  In alternatives
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of this emnbodiment, the first 14 - 18 amino acids of the N-terminal region of the N-
terminal most subunit is deleted to avoid undesirable associations.

[0064] In a preferred embodiment, the C83 construct is a dimer. Although other
examples are contemplated using the design of FIG. 1, as an illustrative example, the
recombinant polypeptide construct can be configured as “dscigcanCsiG-{linker)-CetH”.
In this example, the mature CstG polypeptide (SEQ ID No. 101} or full length
polypeptide sequence {(SEQ D No. 87} is connected at its C-terminus to CstH
polypeptide (SEQ 1D No. 998}, via a polypeptide linker. In this example, the CstH
polypeptide, is connected, at its C-terminus, to a donor [ strand region of 16 amino acids
derived from CstH via a polypeptide linker.

[0065] Other examples can include constructs, according to FIG. 1. In other examples,
the C-terminal donor § strand can be either homologous {(derived from the same subunit)
or heterologous (derived from a different subunit) to the C-terminal most CS3 fimbrial

subunit.

Construction of multipartite fusion constructs

[0066] Immunity to multiple strains of ETEC is important to obtain the greatest extent of
anti-ETEC tmumunity, Toward this goal, recombinant polypeptide constructs were
developed comprising two or more subunits derived from different ETEC fimbrial types
according to the design illustrated in FIG. 2 to form multipartite fusion constructs. As
used, herein, multipartite fusion or multipartite fusion constructs are recombinant
polypeptide constructs according to FIG. 2. In this design, different ETEC fimbrial types
are defined as fimbrial proteins derived from fimbriae of different strain ETEC types, as

listed in Table 4 or 5§, or deriviates of these polypeptides or DNA seguences. For
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example, the fimbrnial type “CS3” comprises CstH and CstG. The fimbrial type “C86”
comprises CssA and CssB. The fimbrial types of Class § ETEC include the fimbrial
types Class Sa, Class 5b and Class 5¢.

{00671 In & preferred embodiment, major and/or minor subunits, derived from the same
ETEC fimbrial type are connected, via polypeptide linkers, and stabilized by donor §
strand complementation, as llustrated in FIG. 1. A muliipartite fusion comprises one or
more fimbrial subunits of the same fimbrial type, as in FIG. 1, connected to one or more
firnbrial subunits derived from a different fimbrial type as illustrated in FIG. 2.

{0068] In one embodiment, the multipartite fusion construct can include a deletion of the
N-terminal region of one or more fimbrial subunits, but is preferably on the N-terminal
most fimbrial subunit for a given ETEC fimbrial type, as illustrated in FIG. 2. This
feature prevents undesirable associations with other monomers or multimers. The size of
the deletion of the N-terminal region is 14 to 18 amino acids. In other embodiments,
multipartite fusion constructs comprising Class 5 adhesins do not contain a deletion of
the N-terminal region.

{00697 As illustrated in FIG. 2, the C-terminal subunit, for an ETEC fimbrial type, is
connected to and stabilized by a doner B sirand, connected to the subunit via a
polypeptide linker, wherein the donor § strand is either that derived from the adjacent
subunit {i.e., homologous} or from a different subunit of the same fimbrial tvpe (i.e.,
heterclogous). The size of the N-terminal donor strand depends on the fimbrial type and
subunit stabilized. In preferred embodiments, for class 5 fimbrial subunits, the donor B
strand, derived from the N-terminal region of the class 5 subunit stabilized, is 12 to 16

amino acids. For C83 and 386 subunits, the donor B strand is 14 to 16 amino acids, As
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mentioned above, the construct can contain a deletion of the N-terminal region of the N-
terminal subunit. This feature prevents undesirable associations with other monomers or
nultimers, The size of the deletion of the N-terminal region is 14 to 18 amino acids.
[0070] As illustrated in FIG. 2 multiple constructs as in FIG. 1 are connected forming a
recornbinant polypeptide construct comprising two or more ETEC fimbrial types. In this
way, OIé OF Inore major or minor subunits, derived from the same ETEC fimbrial type,
are connected via polypeptide linkers and stabilized by donor strand complementation.
In another embodiment, one or more glycine residues separates different ETEC fmbrial
types, acting as a “swivel” means between the ETEC types. The glycine residue, due to
its small, unbranched molecular characteristics, enables rotary freedom of the molecular
components. Subunits derived from the same fimbrial type (as in FIG. 1} are connected
by a polypeptide linker, with the subunits stabilized by donor strand complementation.
As shown in FIG. 2, the C-terminal subunit of each ETEC fimbrial type is stabilized by a
donor § strand that is homologous or heterologous to the C-terminal subunit of that
fimbrial type.

{60717 In other embodiments, the construct can contain an N-terminal deletion at the N-
terminus of the entire construct as well as an additional deletion, of 14 to 18 amino acids,
at the N-terminus of the first “internal” subunit that is of a different fimbrial tvpe. This is
tllustrated in FIG. 2. In the case of the deletion on the N-terminus of the “internal”
subunit, the deletion serves to shorten the length between subunits, thus reducing the
tikelihood of misfolding and proteolytic cleavage. In another embodiment, a donor §§
strand, derived from a homologous or heterclogous subunit, is inserted at the C-terminus

of the C-terminal C36 or €83 subunit. For class 5 fimbrial subunits, the donor § strand,
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derived from the N-terminal region of the class 5 subunii that is stabilized, is 12 to 16
amino acids. For example, in preferred embodiments, CfaB is stabilized by a 14 amino
acid donor B strand; CsfA by a 14 amino acid donor § strand; CsbA by a 15 amino acid
donor P strand, CooA by a8 14 amino acid donor P strand and CotA by a 14 amino acid
donor B strand. For €83 and CS6 subunits, the donor B strand is 14 to 16 amino acids,
with preferred embodiments of CS83 fimbrial subunits (e., Cst¥ or Csi(3) stabilized by a
16 amine acid donor P strand derived from CstH or CstG; and C86 fimbrial subunits {i.e.,
CssA or CssBj) stabilized with a 16 amino acid donor § strand derived from CssA or
CssB. However, other donor § strand lengths are envisioned.

[0072] The inventive compositions can utilize different linker sequences. In a preferred
embodiment, the linker contains the amino acid sequence of SEGQ ID No. 5. In another
embodiment, the linker is a tri-glycine linker. In other embodiments, the C-terminal end
of the construct contains a histidine fag for purification of the construct.

{00731 In the inventive construct, in cis donor strand complementation is used to stabilize
adhesing and adhesin-pilin fusions for representative Class 3a, 5b, and 3¢ adhesins, For
each adhesin target group, in a preferred embodiment, the compositions are constructed
with the intent of eliciting anti-adhesive tmunune responses. Further towards this goal,
Class 5 multipartite fusions comprising Class 5 adhesin minor subunits are typically
construct such that the adhesin {(i.e., minor fimbrial subunit) is located at the N-terminus
of the constructed with the minor fimbrial subunit Hnked at its C-terminus to one or more
major subunits, followed at the terminal end of the construct with the donor B-strand of

the last major subunit,
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[(074] Other embediments include constructs comprising Class 5a adhesin CfaE
tandemly linked at its C-terminus to one or more of CfaB (CFA/T major subunit), CsuA2
{C514 major subunit) and CsfA (CS4 major subunit); Class 5b adhesin CsbD tandemly
huked at its C-terminus to one or more of CsbA (CS17 major subunit), which shares high
tdentity to the CS19 pilin subunit CsdA, and Cood (CS1 major subunit), which shares
high identity to the PCFO71 pilin subunit CosA; and Class 5¢ adhesin CotD) tandemly
linked at its C-termninus to CotA (82 major subunit).

[0075] Embodiments of ETEC multipartite fusion constructs are illustrated in Table 4
and 5. In this embodiment, constructs comprise any major or minor ETEC fimbrial
subunit from Table 2 in multiple combinations, connected by linker polypeptides and
stabilized from proteoiytic degradation by donor strand complementation utilizing the
design illustrated in FIG. 2. Table 2 lists the ETEC fimbrial subunits {major and minor
subunits} than can be used and incorporated into the multipartite fusion construct design
of FIG. 2, which can then be conjugated to C. jejuni capsule polysaccharide or Shigella
LPS. Any subunit, therefore, is combined with one or more other ETEC major subunits
frorm any ETEC fimbrial phenotypic type, including Class 3a, 5b, Sc, C83 and C86.
[0076] The recombinant pelypeptide construct motif comprises a whole or immunogenic
fragment of a minor or major ETEC fimbrial subunit connected at its C-terminal end fo 2
linker. The linker is connected at its C-terminus to a whole major ETEC Smbrial subunit
or a polypeptide donor strand of an ETEC major structural subunit, derived from the
same firnbrial type. The whole ETEC major subunit or donor strand polypeptide is then
connected, via a hnker at its C-terminal end, to one or more additional major structural

fimbrial subunits, derived from the same fimbrial type, from Table 2.
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100771 The strategy for sclecting and developing specific genetic fusion constructs is
gurded, in part, by the phylogenetic and antigenic relatedness of subunits. For example,
constructs containing Class Sa, 5b and 3¢ pilin subuniis are selected based on the
relatedness of minor and major subunits within a particular ETEC fimbrial class (e,
class 5a, 5b or 3¢}, As such, adhesin (i.e., minor fimbrial subunit) from a specific
fimbrial type {(e.g., Class 5a} are linked to Class 5a major subunits. Further selection of
subunits is guided and based on epidemiological study analysis in order to achieve
optimum inynunogenic coverage of ETEC strains. What C. jejfuni capsule
polysaccharide to conjugate is predicated primarily on epidemioclogical data suggesting
pathogenicity of the strain providing the capsule polysaccharide. Although many C
Jejuni straing exist, most are not pathogenic.

[G078] In the multipartite constructs listed in Table 4 and § the linker polypeptide,
depending on the example construct, can comprise a four {(4) amine acid sequence
{tetrapeptide) or a tri-glycine. Also, as illusirated in FIG. 2, the subunits are
mterconnected and stabilized by donor strand complementation, which is denoted by
“dsc”. In this nomenclature, the fimbrial subunit derivation is also indicated. For
example, in the construct “dseigean CotG-CstH-{G)-ntd sdse1scn 088 A-CssB”, the N-terminal
C83 subunit “Cst(G” 1s connected, via a linker, to the C83 subunit “CstH”, which is connected,
via a linker, to a donor strand of 16 amino acids derived from “CstH.” Similarly, the N-terminal
S6 subunit “CssB” 1s comectead, via a linker, as flustrated in FIG. 2, to 3 16 amino acid donor
strand derived from “CssA" [n this example, donor strand complementation of the “CasB”
subunit is via a heterologous donor strand (i.e., derived from “CssA)”

00791 In Table 4 and 5 the examples contain a “(” (i.e., glyeine} {o provide a “swivel.”

Also, in some examples, the N-terminal region of N-terminal CS6 subunit is deleted
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{delineated by “nid™} to avoid undesirable association with other C86 subunits, as
described above. It should be noted that, in addition to the examples illustrated in Table
4 or § {or Table 3}, other combinations of major and minor subunifs are conlemplated
utilizing the construet design illustrated in FIG. 2 and the fimbrial subunits of Table 2.

In some sequences listed, a six {(6) histidine (i.e., Hisg) tag is inseried. The construets can
be designed to include the histidine (i.e., Hisg) tag or designed without this tag region.
Additionally, some sequences contain the signal peptide {designated “spd” in Table 2 and
3} region. Constructs can be constructed with or without this region, as well, which may

be added to improve manufacturing efficiency of the multipartite fusion construct.
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Table 4

Fimbrial tvps
{SEQ 1D No.
DNAProtein)

Examples of CS3 contzining constructs™ % °

Clags 5a/083 (77}

dse H 4&;!3"{: fali-C fﬁB"((is}'ﬂtd i gdSC { g,ggmc stG-CstH

Class 5a/C83 (879}

3¢ 4050 CRE-CB-CsuA2-CsA-{Gntd 50 soanCatG-CstH

Class SH/ACS3 (1041 1}

45C 14050a CabD-CabAorid sdsg e T 0o A-{G-ntd sds soan TstG-OstH

Class 50083 (12/13)

dsearaal ot D-Cot A -{Grntd s ds0i et G-CatH

CE3/toxin fusion
{3637Y

doyeeanlostG-CstH -sCT A2

LTE multimeric
composition (3873%)

LTEs

CSICEs (1415

dSCgﬁCstHCSiG ~CS§:{‘{*(G}*ﬁid; 5dSC 1 gggsACSSA -ssh

CB6/AUS3 (34735}

0ty 408501 600 pC 88 B-Can A-{Gh-ntd pdsc seanTstG-UstH

" All combinations can include a histidine (e, Hisg) at the C-lemunal end.
* Subunits can be Hoked via either INKQ or tri-glveine linker.
* {3 refers to glycine residue introduced to provide a “swivel”
“md” refers to N-terminal deletion {excised from mature protein) with estent of deletion (L.e.,

aming acids) indicated.

* “dse” refers to span of M-terminal residues from donor f-strand, s amino scid length and Bis

SOUICE.
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Table 8

Fimbrial type

{SEQ I Mo, Examples of C86 conlaining constructs
DNA/Proeing
iigé’gg 0ty 4450 50 pCosB-Cas A-{Glntd pdsc soanstG-OstH
CSBXCS& dse s UstG-Csti-{Gntd 4d8C a0 waCseB-CrsA
{33733}
Cii?g‘g%;?s“ spds 3521008 COtD-CotA-{ (-t 1050 scen-CasB-Cas
CE&(S;(33§1§86 dSC14(_'{_,;,4{:0’{})"Csz'}k“(G}“ﬁfdMf.’iSQ15C5SB"CSSB“CSSA
ClassSh/ éSa’S spd1od8C 1 scual sEE{GEG s h A GGG nd 1880 graon D 00 A-{G -GGG
{24/25} ntdyadse srenUssB-Css A
{Class 3bACHG d5¢150aAUsbD-{ GOGHUsh A4 GGG bntdy 4dse 4rasal 00 A-{G -GGG}
{26"2?3 l’it(ii.stQl@Cs_sg;CSSE-CSﬁA
Class 53/CR6 dSQ54{?&3{?&?5'Cf&B‘(G}'ﬁtdg5(}.5015CSSACSSB*CSSA
{18/17)
Class Sa/Cs46 deCiarnsC RE-CRaB-{Gl-ntd sdse srplssB-Ces A
{113/114)
Class 53/C86 daeysepaCfal-ClaB-{G)-nid, odseiacesCssA-CssB
{18/19%)
Class 5a/C86 50 4rpalCRE-CREB-{G-ntd sdse srn U5 A-CssB
{P11/112)
CS:%{CSé dSC}5(75,;ACSSA,~CSSB~(G}*IR(§3gdﬁﬁggcst}gcst{.}"eﬁiﬁ
{10110}
Class 5a/C86 450 soes LR E-Cial-Csu AZ-CsfA-{Ghntd 4dsoCss B-Cgs A
(22/2%)
Y Ii } N .
Ciif‘;@;;g% st 50 1cas CERERC A B-CouAZ-CsFA-{G)-ntd, cdscCasB-Casd

{8G-chimera
{40/41)

mtdyadatsosentasB-CasA-sUTAL

{86-chimera
{42/43)

11t 1508010050 U884 -UssB-sCTAZ

' All combinations can include a histidine {ie., Hisg) at the C-terminal end.

¢ Subunits can be linked via sither DNEG or ti-glyeine (GGG linker. In wreferred
embodiments, DMNIG is used, except where indicated with (GGG

* {63} refers to glycine residue introduced o provide a “swivel”

4 5

spd” refers signal peptide. Number indicates numnber of amine acids,

5 <mid” refers to N-terminal deletion (excised from maturs protein) with extent of deletion (e,
aming acids) indicated.
5 “due” refers to span of Neterminal residues from donor B-strand, its amino acid length and its

SOUrCe.
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{0080} In another embodiment, recombinant polypeptide constructs can contain a C-
termunal toxin A subunit, such as cholera toxin A2 (CTA) to form a chimeric molecule.
In this embodiment, a full-length or truncated CTAZ is connected to €86 or €83
multimeric recombinant polypeptide construct, such as a CS6 or CS3 dimer.

{00811 Examples of these toxin constructs are illustrated in Table 4 and 5. In these
constructs, the LTB gene and the C83 or C86 ~ toxin chimera are separately expressed.
LTH, once expessed, would self assemble to form a pentameric structure. The ensuing
LTB multumeric composition {(i.e., LTBs) and C83 or CS6 —toxin chimera then non-
covalently associate to form a holotoxin-like heterchexamer.

{0082} Although other examples are contemplated, the sequences of examples of
illustrative chimeric constructs, containing a C-terminal toxin component, are iHlustrated
in Table 4 {for CS3} and Table § {for CSa}.

[CO&3] For C83-chimeric molecules, one or more C83 fimbrial subunits are connected, as
in FIG. 1, via a polypeptide linker, preferably a tetrapeptide or triglycine. The C-terminal
most CS3 fimbrial subuxnit is then connected to a donor § strand, via a polypeptide linker.
The donor strand can be homologous or heterologous to the C-terminal fimbrial subunit.
The donor strand is then connected {0 a toxin fragment, such as CTA2. The CS3-chimera
example shown in Table 4, comprise the polypeptide sequence of SEQ ID No. 37, which
is encoded by the DNA sequence of SEQ ID No. 36, In this example, the N-terminal
fimbrial subunit 1s CstG with a pelB leader {22 amino acids) connected at its N-terminal
end (see FIG. 13). However, different ordering of CS3 fimbrial subunit units is
contemplated. Also, in this example, the CstH is connected, via a polypeptide linker, to a

16 amine acid donor strand derived from the N-terminal 16 amino acids of CstH, which
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is connected to an A2 toxin fragment (i.e., CTA2). In a preforred embodiment, LTB is
also expressed. LTB comprises the amino acid sequence of SEQ 1D No. 39 and is
encoded by the nucleotide sequence of SEQ ID No. 38, Once expressed, the LTB
sequence would self assemble into a pentamer and associate, non-covalently, with the
C83-chimera to form a hetero-hexameric holotoxin-like structore.

[0084] CS6 toxin chimera examples are also illustrated in Table 5. For CS6 chimeras, as
in C83, one or more C86 fimbrial subunits are connected via a polypeptide linker,
preferably a tetrapeptide or triglyeine. The C-terminal most C86 fimbrial subunit is then
connected to a donor B strand, via a polypeptide linker. The donor sirand can be
homologous or heterologous to the C-terminal fimbrial subunit. The donor strand is then
connected to a toxin component (e.g., CTA2). in a preferred embodiment, Hike for C83,
the chimera is co-expressed, with LTB, which self assembles into a pentamer to form a
nou-covalent association with the chimeric adhesion-toxeid fusion molecule.

f008S5] Although many additional combinations are possible, in the examples shown in
Table 3, the constructs are dimers of C56 subunits, connected via a tetrapeptide linker,
with the C-terminal fimbrial subunit connected, via a tetrapeptide linker to a donor §
strand. The donor § strand can be homeologous or heterologous to the C-terminal most
fimbrial subunit. However, in the examples in Table § the donor strands are heterologous
to the C-terminal fimbrial subunit. The donor sirand is then connected to a cholera toxin
AZ {CTAZ) subunit. The polypeptide sequences of one of the examples is as in SEQ ID
No. 43, which is encoded by the nucleotide sequence of SEQ ID Nos. 42, In this

example, the N-terminal subunit is CssA, with the N-terminal 15 amino acids of the
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mature CssA sequence deleted. In this example, a pelB leader sequence (22 amino acids}

was also added, which is illustrated in FIG. 14.

Example 3: C. jejuni capsule polvsaccharides

[0086] Recent development of a molecular CPS typing system re-enforced the strong
correlation between CPS and Penner types (Poly, et al., 1. Clin. Microbiol. 49: 1750
(2011)). Both Penner serotyping and molecular CPS typing have revealed the
predominance of 2 handful of CP8S types worldwide. Also, despite over 60 Penner
serotypes having been identified, most Campylobacter diarrheal disease is caused by C.
jejuni expressing only a limited number of serotypes. Therefore, only selected strains of
. jejuni, predicated on epidemiological studies, provides suitable candidate strains for
development of vaccine compositions. However, despite the importance of this organism
to human disease, there are no Heensed vaccines against C. jejuni,

{8087} C jejuni capsule polysaccharide (CPS) was extracted from C. jejuni strains
selected based on their association with diartheal disease. CPS from bacteria was
extracted by hot water—phenol extraction for 2 h at 70 °C. The aqueous layer was
dialyzed {1000 Da} against water followed by ultracentrifugation {o separate the CPS
from the LOS. The supernatant material containing the CPS was subjected to size-
exclusion chromatography {Sephadex G530} for further purification to yield the intact
CPSs. Monosaccharide composition was performed using a procedure amenable to the
alditol acetate method (Chen, et al,, Carbohydr. Res. 343: 1034 (200R)) with the alditol
g™

acetates being analyzed in a ThermoFinnigan POLARIS () {Thermo Fisher Scientific,

Inc, Waltham, MA) gas chromatograph/mass spectrometer {GC/MS) using a DB-17

iy

Les
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capillary column. The sugar linkage types were characterized by characterization of the
permethylated alditol acetates by GO/MS as previcusly described (Chen, et al,,
Carbohydr, Res. 343 1034 (2008)). The NMR experiments were performed on a Bruker
400 MHz spectrometer {Bruker Corporation, Billeria, MA) equipped with a Bruker cryo
platform at 283 K with deuterated trimethylsilyl propanoic acid and orthophosphoric acid
as external standards. The structures of important pathogenic €. jefuni capsule

polysaccharides are shown in Table 6.
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Table 6
Capsule .
tfie Polysaccharide structure
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{D0RR] Additionally, the capsule polysaccharide from the HE5 strain of C. jejuni can be
attached. HE 5 contains a complex of variations of pelysaccharides. These inchude the

following stroctures:

MeOPNT™ {MeCENT
] i
X 7 E 7
uul)iciciexy&{ep anﬂid%cxy&-ieg}
¢ i
4 & ¥ A 8 X
o Tra-D-Hepll — 33Chucitcl{é— £~ Hi  — The-UHep(l — 23Ghucitol{s — )
2 2 2
i i {
1 i i
g-Didecuy-Hep o-Dideoxy-Hep u-Dideoay-Hep
V- 7 7%
1 7
{MeOPN]™ [ReOPHY IMeOPNTT

¢ X B z
H o The-DD-Hep(l — 2i0hcitol{§ —~ P v - Tie-D0-Hep{l - 3)Clucitol{ —» & —
2 2 2

1 t 1
i 1 i
-Dideoxy-Hep g-DHdeoxy-Tep  o-Dideony-Hep
T oW 7 0% T oa
i
(3eCPN} IMeOPN} PMeQPN]™

Example 4: Induction of immune response by ETEC-Campylobacter capsule conjugates.
[0089] Induction of an immune response by the conjugates was evaluated. In these
studies, BALB/c muce were imumunized with escalating amounts of vaccines administered
with athydrogel™ {Sergent Adjuvants, Chifion, NI}, Mice received a total of two
immunization at a 4-week interval.

{0090] The results of these studies is illustrated in FIG. 4. As shown in FIG. 4, two

weeks following the first immunization, mice immunized with HE36-CfaliR (10 pg, 60
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ug) and H836-Cial (60 ug) exhibited significant levels of serum IgG antibodies specific
agamst HS36 CPS (p< 0.05) (see FIG. 4 (A)), comparared to pre-immune sera.
Following two immunizations all groups of immunized animals had antibody levels that
were significant increased {p<(.05) compared to levels observed after only one
immunization. This effect was not dose dependent at the vaccine doses tested.

[0081] Furthermore, as illustrated in FIG. 4 (B), antibodies against CfaP was also
determined by ELISA. As shown in FIG. 4(B), all mice immunized with the conjugate
vaceing possessed significant levels of anti-CfaE 1gG (p<0.05) for CPS - CfaE or CPS
CfaEB. No dose dependent effects were observed and all groups displayed similar levels
of CfaE-specific 1gG.

{00927 The data shown in FIG. 4 illustrates that the conjugate vaccine comprising an
ETEC adhesin-based carrier protein conjugated to a €. jejuni CPS is capable of inducing
an inunune response against both bacterial components, t.e., C. jejuni CPS and ETEC
CfakE.

{0093] To determine the levels of functional anti-adhesive antibody generated by HS36
conjugate vaccines, serum samples were tested by hemagglutination inhibition assay
{HAI assay in order to measure functional anti-adhesive antibodies present in the
IMMUNE MoUse serum.

[0094] The HAI assays were conducted by evaluating samples from each animal. The
samples were initially diluted 118, then diluted two-fold over a wide range of dilutions.
Each serum dilution was incubated with an equal volume of CFA/I” ETEC bacteria
{strain H10407)}, which further diluted the serum 1:2. The final lowest dilution tested

dwas 1:16, which was the lmit of detection (LOD). The pre-incubated mixture was
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subsequently mixed with bovine erytlrocyies in the presence of 0.5% mannose in U-
bottom 96-well plates. In the absence of anti-adhesive antibodies, the erythrocytes
formed visible agglutinated “butions” of cells. In the presence of anti-adheisve
antibodies, agglutination was inhibited. The HAI titer was the highest serial dilution that
completely inhibited agglutination. If there was not detectable inhibition at the lowest
serum dilution of 1:18, the samples were assigned a value of one-half of the detection
Hmit {i.e., &) for computational purposes.

[0095] The results of the HAT analysis are illusirated in FIG. 5. Prior to immunization,
pooled serum contained HAT titers below the the assay’s level of detection. Following
fmmunization, all groups of mice displayed significantly (p<0.05) higher levels of anii-
adhesive antibodies in their sera compared to pre-immune titers. Genrally, mice
immunized with H336-CfaERB conjugate vaccine exhibited higher HAI fiters. However,
the only significance difference {P<0.05) observed was between mice immunized with an

HS36-CfaEB (60 pg) and HS36-CHE (10 pg).

Example 5: Immune response against muliiple MeQPN-6-Gal

Svnthesis of polvsaccharide construct

{0096] A polysaccharide constructed was synthesized as shown in FIG. 6. Starting from
a previously reported compound 4-methoxyphenyl-g-D-galactopyranoside {see also FIG.
7, structure 1) (Comfort, ¢t al., Biochem. 46: 33193330 (2007)), trityl group was
selectively miroduced to C-6. Originally, benzoylation was performed on compound
(FIG. 7, structure 2}, however extensive migration observed during the introduction of

MeOPN lead us to look for a more suitable protecting group. Therefore, aliyl groups were
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selected to protect the C-2, C-3 and (-4 positions which were resistant to migration. Aliyl
groups were later deprotected with catalytic hydrogenolysis which proved to be
compatible with the MeQOPN modification.

{0097] As shown in FIG. 6 and FIG. 7, after allyl groups were installed, an amino-
pentanyl linker was introduced to the anomeric position as a site for conjugation. Starting
from galactoside (FIG. 7, structure 3}, 4-methoxypheny! group (OMP) was first removed
with cerium amunonium nitrate (CAN). The corresponding hemiacetal was then
converted into trichloroacetimidate donor . S-Amino-N-phthalimido-pentanyl linker was
then introduced with TMSOTY as activater at 0 °C. Compound § (FIG. 7) was collected
with 65% as the B anomer and 29% as the o anomer. The removal of trityl group gave a
free 6-hydroxyl group for modification.

{0098] The strategy for the introduction of MeOPN group was inspired by a similar
reaction initially proposed by C. Mara et al, Bioorg. Med. Chem. Lett. 61803-6183 (2011},
Compound & (FIG. 6 and FIG. 7} was treated with commercially available methyl
dichlorophosphate in the presence of triethyl amine, followed by ammonolysis. Due to
the chirality nature of the newly introduced MeOPN (R and 8), product 7 (FIG. 7,
structure 7) was collected as a mixture of two diastereoisomers. 'H NMR was able to
confirm that product 7 (FIG. 7) was indeed a 1:1 mixture of two diastereoisomers,
revealing two sets of signals throughout the spectrum, such can be seen for anomeric and
O-Me signals. The reaction yielded a mixture of side products, the most abundant being
the O-Me group being replaced by a second NH;, accounting for the poor vield of this

reaction.
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[0099] Allyl and phthlimido protecting groups were removed with palladium (I1) chloride
and hydrazine respectively, generating product 9 {(FIG. 7, structure 9). Similar to
compound 7 (FIG. 7}, a mixture of diastereoisomers is apparent in NMR. Although not
optically pure, the P NMR result agrees with native MeOPN-containing
polysaccharides, having a phosphorous signals around 14 ppm.” 'H-"'P HMBC NMR
experiment was able to confirm that the MeOPN was introduced to the O-6 position,

showing correlation signal with O-Me as well as the H-6 signals.

[G01001  In one embodiment, galactose modified at the 6 carbon with O-methyl
phosphoramidate (MeOPN-6-Gal} is used to induce immunity against multiple C. jejunt
strains, even those strains not expressing MeOPN-6-Gal, As illustrated in FIG. 8, the
monosaccharide construct MeOPN-6-Gal was recognized by antibody against capsule
polysaccharnide isolated from HS23/36, conjugated to CRMyg7. Unexpectedly, antibody
against polysaccharide from HS4, conjugated to CRM gy, also eliciied an equivalent
response, as anti-HS823/36 CRM¢y conjugate, against MeOPN-6-Gal. Also, anti-HS1-
CRM g7, also reacted to MeOPN-6-Gal, although to a somewhat less extent.

[00101]  The strong cross-reactivity with MeOPON-6-Gal exhibited against H823:36
and HS4 antibody may be explained by the the fact that MeQPN-6-Gal share epitopic
structures with HS23/36 and HS4 capsule polysaccharides. One explanation may be that
the MeOPN group in both HS23/36 and HS4 is to a primary hydroxyl. The cross reaction

of MeQOPN-6-Gal (HS323/36) with HS4, which contains MeOPN-7-6d-B-D-ido-Heptose,
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was unexpected, but may be due {o the linkage of MeOPN to primary hydroxyl positions

on both sugars. This feature is illustrated in FIG 8 by the arrow.

Example 8: Immunogenic composition against C. jejuni and enterotoxigenic Escherichia

coli {ETEC) using a combined (. jefuni capsule/ETEC construct

[00102] A synthetic conjugate vaccine sirategy can be developed to protect against
multiple enteric pathogens. Most efforts at development of vaccines against bacterial
enteric pathogens are limited to a specific pathogen. The ability to combine vaccines
against multiple, antigenically variable pathogens in a single, multi-valent, injectable
vaccine would greatly simplify approaches to prevent acquisition and transmission of
these pathogens worldwide, Globally, ETEC and € jejuni are among the leading causes
of bacterial diarrheal discase. In addition CJ has been causally linked to several serious
sequelae including Guillain Barré Syndrome, irritable bowel syndrome, and reactive
arthritis. Moreover, recent studies have indicated an association between CJ infections
and malnutrition and growth stunting in young children in resource-limited settings.
[00103] Using conventional methods, we have developed conjugate vaccines
containing CJ polysaccharide capsules that have proven to be immunogenic in multiple
animal species and to confer protection against C jejuni diarrhea in NHP. The newer
synthetic approach is based on recent data that the immunodominant epitope on CF
polysaccharide capsule conjugate vaccines is the MeOPN modification found on different

sugars in different capsule types.
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{00104 Therefore, an inununogenic platform against both C jefiond and ETEC can be
created by linking synthetic MeOPN-sugars to different ETEC protein antigens. The
approach could also be extended to include Shigella lipopolysaccharides (synthetic or
detoxified) conjugated to ETEC proteins. Thus, this platform could form the basis of a
multivalent vaccine against three major bacterial diartheal pathogens. Conjugation can
also serve as a protein carner to enhance imrounogenicity of the Campylobacter
construct.

(00103} It is envisioned to conjugate the construct of Examples 3 ~ S to an ETEC
construct. The overall method of conjugating includes oxidizing C. jejuni CPS, for
example, with NalQy in sodivm acetate (pH 4.0). Oxidized CPSs were desalted witha §
kDa cutoff membrane by stirred ultrafiltration, which is subsequently lypholized. ETEC
proteins are then added. The stoichiometery protein to CPS can vary, however, a typical
ratio is 1:2 protein to CPS by mass. The concentration of components can be by any
method. However, for example, polysaccharide concentration was determined by
antrhone assay and protein concentration was determined by Pierce 660 protein assay or
the BCA assay. NaCNBH; is then added. The conjugates can then be subsequently
desalted by ultrafiltration and lyophilized. CPS, ETEC proteins and conjugates were
analyzed, for example by SEC-HPLC or by SDS polyacrylaminde gel electrophoresis

{(PAGE), or other methods.

Example 7. Non-human primate response

001061 The immunogenicity of CfaE-HS23736 and CRREB-HS23/36 conjugates was
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observed in mice, as well as induction of hemagglutination inhibition (HAI) titers against
Cfal in mice. The amino acid sequence of the dseCfaE construct used is SEQ ID No.
138 (nucleotide sequence is SEQ ID Ne. 139}, The dscoCfaE amino acid sequence is
SEQ ID No. 143 {(nucleotide sequence is SEQ 1D Ne. 142}, The amino acid sequence for
dae;sCHEB is SEQ ID No. 141 {nucleotide sequence is SEQ [D No. 140).

{00107} The CfaEB-HS23/36 conjugate was down-selected in order to proceed to
studies in defus nancymage. This non-human primate {(NHP) model was selected
because it has been used as a diarrheal disease model for both ETEC and € jejuni. We
synthesized a lot of the CIaEBR-HS23/36 vaccine that was sufficient in size for three NHP
studies by reductive amination. The first such study, which is the only one that has been
completed, was a dose finding study followed by a C. jejuni challenge.

{00108] The design of this NHP study is shown in Table 7. Animals {6 per group) were
immunized three times at days 0, 42, and 84, The CfaEB-HS23/36 vaccine was given
subcutaneously at either 0.5 ug or 3.5 ug polysaccharide (PS) adjuvanted with aluminum
hydroxide. The ratic of PS to protein in the vaccine was roughly 1:1 so this was
equivalent to 0.5 or 3.5 ug of Cf2EB per dose. The 3.5 ug dose was also given
intradermally (ID) with poly-IC as adjuvant. This was done to bridge to previous work
done using ID immunizations with CfaER alone. Similarly, another group was given
HS23/36-CRM197 subcuntaneocusly to bridge to previcus work with the same capsule
conjugated to another protein.  Finally, the control group was immunized with PBS., On
day 148 the animals were all challenged with 4 x 10" CFU of CG8421, an HS2336

strain.

47



WO 2016/048810 PCT/US2015/050851
Table 7: Design of NHP study
Group Route CiaEB- CPS- Alum (ug) | Poly IC PBS

CPS CRMIST {ug)

i SC 0.8 - 349 -

2 SC 35 - 300

3 i 3.5 - - 140

4 5C - 3.5 300

5 SC - - ~

[00109]  Animals were observed for diartheal disease daily for 10 days following
challenge. Diarrhes was defined as two or more days of consecutive of stools that were >
grade 3. The results are summarized in Table 8. Only 3/5 animals in the PBS group
developed diarrhes for an attack rate of 60%. Note that one animal was eliminated
because it developed diarthea prior to challenge. The mean time to onset of disease in
this negative control group was 2.3 days and the mean duration of illness was 5.3 days.
The atfack rate in the animals immunized with the HS23/36-CRM197 vaccine was 33%
(2/6}, with a mean onset of disease of 2 days and a mean duration of illness of 4 days
{45% efficacy). Animals that were tmmuonized with CfaEB-HS23/36 intradermally with
poly IC also showed an attack rate of 33% with a mean onset of 1.5 days and a duration
of two days {45% efficacy). The animals immunized subcutaneously with CfaEB-CPS
showed between 67-100% efficacy against diarrheal disease.  The attack rate in the
group immunized with 0.5 ug of the vaccine was 0 {375, with one animal that vomited
after challenge being eliminated) and the attack rate in the group immunized with 3.5 ug
of the vaccine was 20% (1/5, with one animal being eliminated due to diarrhes prior to
challenge). The single animal in this group that did develop diarrhea had a later onset of
disease {day 9}. There were no significant differences among the control group and any

of the immunized animals due to the small numbers of animals per group.
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Table 8. Results of challenge with C. jejuni CG8421.

Gronp Vaecine #illftotal Attack rate | Mean days to | Mesa days of Protective
{%e} onset of iliness efficacy
disrrkes {range}
{range)
CfEB-CPS R & & 8 186
{0.5ugy+
adum
CHBEB-CPS figes 20 2 2 §7
{35ugy+
alum
CHREBR-CPS 2 33 L5 (1-4) 2 {24} 43
{3.5ug) +
poly I
4 CRM-CPS + 248 33 2{1-3) 4 {2-6}
alum
5 PES Ji5¥e &0 2.3¢1-6} 53214

* One animal vomited afler chalienge and was excluded
** Animals were excluded from analyses duc to diarrheal onset prior to chalienge

(001107

Serology results are shown in Fig, 9.

Immune responses to CFS and to CHRE

were measured by ELISA. Animals in groups 1, 2 and 3 displayved IgG responses to both
antigens and and IgA response to CfaE. Hemagglutination inhibition {(HAT) titers against
ETEC strain H10407 expressing Cfal fimbriac were determined and are shown in Fig. 10
The results indicate that HAT titers were detected in andmals in groups 1, 2 and 3, with

group 2 showing the highest titers.

Example 8: Synthesis and immunogenicity of additional combinations of ETEC-
Campylobacter capsule conjugates

[00111]  CsesBA-HS3 vaccine. CssBA is a recombinant form of the two subunits of €86

that are fused together. This protein was conjugated to capsule from an HS3 strain by
TEMPO oxidation.  The conjugates were analyzed by SDS-PAGE and immunoblotting.

Purified CssBA has a predicted Mr of 31.8 kIda. The conjugate of CssBA-HS3 CPS runs
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as two bands, one slightly smaller than CssBA and one that runs at approximately 60
kf¥a. The bands in the conjugate react with both anti-CssBA antiserum and antibodies to
whole cells of HS3, indicating that polysaccharide has been conjugated to the protein.
(00112} Mice were immunized subcutancousty with three doses of the vaceine given at
4 week intervals. Dioses were S ug by weight or 25 ug by weight.  Animals were bled at
day 0 and two weeks after each immunization and the response to CssBA and to CPS
were determined by ELISA, The results, shown in Fig. 11, indicate that there was a

robust response to both the protein and the polysaccharide at both doses.

(001131 LIB-HS4 vaccine. LTB is the binding component of the heat labile
enterotoxin of ETEC. Recombinant LTB, which is not foxic, was conjugated to the
polysaccharide capsule of an HS4 strain by reductive amination. The conjugate was
analyzed by immunoblotting as shown in Fig. 12, Inununodetection with anti-LTB
antiserum revealed a single band for LTB at approximately 10 kDa. The conjugate
contained 4 major bands ranging from ~20kDa->75kDa that were reactive with both anti-
LTB and anti-HS4 antiserum, indicating successful conjugation.

[00114] Mice were immunized with three doses of either 5 or 25 ug (by weight) of the
LTB-HS4 conjugate subcutaneously at 4 week intervals and the serum immune response
was determined, The results, shown in Fig. 12, indicate that there was a robust immune

response to both the HS4 capsule and to LTB at both doses.

Example 9; Conjugation to Shigella lipopolysaccharide (LPS)
(001151 There are four species of Shigella, a human pathogen cause diseases such as
diarrhea and bacilliary dysentaery: Shigella dyvsenteriae, Shigella flexneri, Shigella

bovdii and Shigella sonnet are important enteropathogens Strains of Shigelle spp. Express
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long-chain lipopolysaccharides. The chemical structures for many strains has been
determined {see Liy, et al., FEMS Microbiol. Rev. 32; 627-653 (2008)).

(601161 An object of this invention, is a Shigefla LPS-ETEC construct. The construct
comprises an ETEC construct, as the above examples, conjugated, to a Shigella LPS, as
an alternative or in addition to € jejuni capsule polysaccharide. It is envisioned that any
of the Shigella spp. can be conjugated to the ETEC construct.  As an example, the
Shigella flexneri 2a LPS is illusirated, as a potential LPS structure that can be conjugated

to an ETEC construct, as follows:

o~-D-Gle(1-4)

=2)~o-L-Rhap-(1-2)-¢-L-Rhap-(1-3}-0-L-Rhap-(1-3)-B-D-GleNAcp{1 -,
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What is claimed is;

i, A multi-agent immunogenic construct, comprising a Campylobacter jefuni
capsule polysaccharide conjugated to a protein carrier, wherein said protein carrier
comprises an Escherichia coli enterotoxigenic recombinant polypeptide construct.

2. The multi-agent immunogenic construet of claim 1, wherein said Escherichia coli
recombinant polypeptide construct comprises a minor or major subunit connected to one
or more major funbrial subunits or immunogenic fragments, thereof, of the same fmbrial
type, via a polypeptide linker, and wherein each of the one or more major fimbrial
subunits contain a donor § strand and are also connected to each other via a polypeptide
linker wherein the C-terminal Escherichia coli fimbrial major subunit is connected, via a
finker, to a C-terminal donor B strand derived from a major Escherichia coli fimbrial
subunit that is homelogous or heterologous to the immediately N-terminal major subunit,
or wherein said recombinant polypeptide construct is connected o one or more additional
recombinant polypeptide constructs, wherein each of the constructs contain fimbrial
subunits derived from a different fimnbrial type than any of the other constructs and
wherein the the recombinant polypeptide construct can contain a C-terminal histidine tag
at the C-terminus.

3. The multi-agent immunogenic construct of claim I, wherein the multi-agent
immunogenic construct comprises Shigella lipopolysaccharide in place of or in addition
to the Campylobacter jejuni capsule polysaccharide.

4. The multi-agent immunogenic construct of claim 1, wherein said molar ratio of
Campylobacter jejuni or Shigefla spp. lipopolysaccharide to Escherichia coli vecombinant

protein carrier is 1:1 to 5:1.
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5. The multi-agent immunogenic construct of claim 2, wherein said minor or major
Escherichia coli firabrial subunits are derived from ETEC strains selected from the group
consisting of Class §, €83 and CS6.

8. The multi-agent immunogenic construct of claim 2, wherein the Escherichia coli
recombinant polypeptide construct comprises an amino acid sequence selected from the
group consisting of SEQ ID Nos, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35,
37, 41,43, 102, 103, 105, 107, 109, 112, 114, 138, 141 and 143,

7. The multi-agent immunogenic construct of claim 2, wherein the Escherichia coli
recombinant polypeptide construct is encoded by the nuclectide sequence of SEQ ID
Nos. 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 40, 42, 101, 104, 106, 108,
110, 111, 113, 139, 140, and 142,

8. The multi-agent immunogenic construct of claim 2, wherein satd Campylobacter
Jejuni polysaccharide is a repeating trisaccharide structure having the formula selected

from the group consist off

{3 30-D-Gal- (1 —2}-6d-0-D-adiro-Me-Hep-{ 1 3}-8-D-GleNAe-{1 -}, ;
{—3}-B-6-deoxy-D-ido-Heptose {1 —4}-3-D-GleNAc-{1—],

{3 )o-Araf-(1-3)-6-d-a-gulo-Hepp-(1—],

[—3-B-GalpNAc-{1—1,;
4

+

6~d»a«ga!!m}{ep

¥ 41
23
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MeOPN :

MeOPN
4

~t
i

{—43-B-Glep-(1--3)-6-d-0-ido-Heppl,

MeOPN

7
[—43-B-Glep-(1—3)}-LD-ido-Heppl,

s ot 3Gl 1> 2 - Girom{ L B]y
3 2
Tt
11

(MeOPN]—3)-Fruf Fruf{3—]MeOPN]

{—2WD-glycero-g-Demanno-Hepp-{ 1-4)-0-D-Glep-{1 —

{—4}a-D-Galp-(1 —2)-Gro-{1—P—1,

32
T
1

[MeOPN]—3)Frof Fruf-(3«[Me(OPN]

PCT/US2015/050851

[—3)-L-beta-D~ido-Hep-(1->4}-beta-D-Gle-(1—1,, with non-stoichiometric substitution

of O-methyl-phosphoramidate at position 2 of L-glycero-beta-D-ido-heptose;

54



WO 2016/048810 PCT/US2015/050851

{—3)-6d-beta-D-ido-Hep-(1 ~>4}-beta-D-Gle-{1 — ], derived from HS13, with non-

stoichiometric substitution of O-methyl-phosphoramidate at position 2 or/and 7 of 6-

deoxy-beta ~D-ido-heptose;

{—3)-L-beta-Deido-Hep-{1->4}-beta-D-Gle-{1—-]};

{—3}-L-alpha-D-ido-Hep-(1->4}-alpha-Gal-(1 —],;, with non-stoichiomoetric

substitution O~-methyl-phosphoramidate at position 2 of 6-deoxy-alpha-D-ido-heptose;

[MeOPN]™
i
7
Q«E}id?oxywﬂep
:
oo 7)&wﬁ%§§@p{i b 3)@&13%5@01(6 b P p
T 1
1 1
a-Dideoxy-Hep o-Dideoxy-Hep
7 7
i i

[MeOPN]™  [MeOPNJ™

N
L
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i
6
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7

!
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7

T
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[—3)-6d-alpha-D-ido-Hep-{ 1 ->4}-alpha-Gal-{1—],, derived from HS3, HS13 and HI50
with non-stoichiometric substititution of O-methyl-phosphoramidate at position 2 of L-
glycero-alpha-D-ido-heptose, wherein *“n” is 1 to 100,

9. The multi-agent immmnogenic consiruct of claim 3, wherein said Shigella
lipopolysaccharide has the structure:

o~-D-Gle(1-43

|

=2}-a-L-Rhap-{1-2}-a-L-Rhap-{1-3}-a-L-Rhap-(1-33-8-D-GleNAcp(1-.

10.  The multi-agent immunogenic construct of claim 2, wherein said donor  strand
contains 12 to 16 amino acids.

11, The multi-agent immunogenic construct of claim 2, wherein said N-terminus of
said minor or major subunit contains an 18-22 amine acid signal peptide.

{2, The multi-agent immunogenic construct of claim of claim 2, wherein the amino
acid sequence of said polypeptide linker is the amino acid sequence of SEQ ID No. Sora
tri-glyicine.

13, The multi-agent immunogenic construct of claim of claim 2, wherein one or more
major subunits contain a deletion of the 14 to 18 N-terminal amino acids.

i4.  The multi-agent immunogenic construct of claim 5, wherein said Escherichia coli
fimbrial minor subunit is selected from the group consisting of Cfal, Csfly, Csuly, CooDd,
CsbDy, CosD, CadD), CotD and wherein said major subunit is selected from the group
conststing of CfaB, CsfA, CsnA2, CooA, CsdA, CosA, CsbA, CotA, CstG, CstH, CssA,
and CssHB, or immunogenic fiagements or derivatives, thereofl

15.  The multi-agent immunogenic construct of claim 14, wherein said amino acid

sequence of said Escherichia coli fimbrial minor subunit is selected from the group
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consisting of SEQ ID Nos. 45, 46, 51, 52, 57, 58, 65, 71, 75, 79, 83, 88, 90, 93, 95, and
97, or derivatives thereof, and wherein said amino acid sequence of said Escherichia coli
firnbrial major subunit is selected from the group consisting of SEQ ID Nos. 2, 4, 48, 49,
54, 55, 60, 81, 63, 67, 69, 73, 77, 81, 8S, 87, §9, 91, 92, 94, 96, 98, 99, 101, 135, and
137, or derivatives thereof,
16. A method of inducing an inunune response against C jejuni strains, wherein said
method induces an immune response against one or more enterobacteria selected from the
group consisting of C. jejuni strains, Escherichia coli, and Shigelia, comprising the steps:

a. administering the multi-agent immunogenic composition of claim

2 at a dose range of 0.1 ug to 10 mg per dose;
b, administering a boosting dose of said capsule polysaccharide
composition at a dose range of 0.1 pg to 10 mg per dose.

17, The method of claim 16, wherein said Campylobacter jejuni capsule
polysaccharide comprises the polysaccharide structures of claim &.
18, The method of claim 16, wherein said multi-agent immunogenic composition
comprises the construet of claim 3.
18, The method of claim 16, wherein said Escherichia coli enterotoxigenic
recombinant polypeptide construct wherein said Escherichia coli fimbrial minor subunit
is selected from the group consisting of SEQ 1D Nos. 45, 46, 51, §2, 57, 58, 65, 71, 75,
79, 83, B8, 80, 93, 95, and 97, or derivatives thereof, and wherein said amino acid
sequence of said Escherichia coli fimbrial major subunit is selected from the group
consisting of SEQ ID Nos. 2, 4, 48, 49, 54, 55, 60, 61, 63, 67, 69, 73, 77, 81, 83, §7, 89,

01,92, 94, 96, 98, 99, 101, 135, and 137, or derivatives thereof
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20, The method of claim 16, wherein the Escherichia coli recombinant polypeptide
construct comprises an amino acid sequence selected from the group consisting of SEQ
I Nes, 7,9, 11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 41, 43, 102, 103, 105,
107,109, 112, 114, 138, 141, and 143,

21, The method of claim 16, wherein the Escherichia coli recombinant polypeptide
construct is encoded by the nucleotide sequence of SEQ 1D Nos. 6, 8, 10, 12, 14, 16, 18,

28, 22, 24, 26, 28, 30, 32, 34, 36, 40, 42, 101, 104, 106, 108, 110, 111, 113, 139, 140, and

142,

22, The method of claim 16, wherein said donor B strand contains 12 to 16 amino
acids,

23, The multi-agent inynunogenic construct of claim 16, wherein said N-terminus of

said minor or major subunit contains an 18-22 amino acid signal peptide.

24, The multi-agent immunogenic construct of claim 16, wherein the amino acid
sequence of said polypeptide linker is the amino acid seguence of SEQ ID No. S or a tri-
glyicine.

25.  The multi-agent inynunogenic construct of claim16, wherein one or more major

subuntts contain a deletion of the 14 to 18 N-terminal amino acids.
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a. forming part of the international application as filed:

m in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13ter. 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
[:l in the form of an Annex C/ST.25 text file (Rule 13/er.1(a)).

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments;
SEQ ID NOs: 6 and 7 were searched.

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/050851

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. [:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out. specifirally:

3. ("laims Nos.: 17, 18

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see Extra Sheet(s).

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additioual search fees were timely pqid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1,2, 4-8, 12, 16, 20, 21, and 24 to the extent that they read on the Campylobacter jejuni cansule nolysarcharirs
[->3)-nN-Gal (1 >2) 6d a D-altiu-Me-l lep-({ I-23)-B-U-GIcNAc-(1->] and an Escherichia coli enterotoxigenic recombinant
polypeptide of SEQ ID NO:7.

Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

l:, The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[—_—l Nu protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT Internationat application No.

PCT/US2015/050851

Continued from Box No. Il Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group i+: claims 1-16 and 19-25 are drawn to a multi-agent immunogenic construct, and a method comprising the same.

The first invention of Group I+ is restricted to a muiti-agent immunogenic construct, and a method comprising the same, the multi-agent
immunogenic construct comprising a Campylobacter jejuni capsule polysaccharide, wherein the Campylobacter jejuni capsule
polysaccharide is selected to be [->3)-a-D-Gal-(1->2)-6d-a-D-altro-Me-Hep-(1->3)-B-D-GlcNAc-(1->]n, where n is 1; and an Escherichia
coli enterotoxigenic recombinant polypeptide, wherein the Escherichia coli enterotoxigenic recombinant polypeptide construct is selected
to be SEQ ID NO: 7, which is encoded by the polynucleotide of SEQ ID NO: 6. It is believed that claims 1, 2, 4-8, 12, 16, 20, 21, and 24
read on this first named invention and thus these claims will be searched without fee to the extent that they read on the Campylobacter
jejuni capsule polysaccharide [->3)-a-D-Gal-(1->2)-6d-a-D-altro-Me-Hep-(1->3)-B-D-GIcNAc-(1->] and an Escherichia coli
enterotoxigenic recombinant polypeptide of SEQ ID NO:7.

Applicant is invited to elect additional C. jejuni capsule polysaccharides with specified structure and/or E. coli enterotoxigenic
recombinant polypeptides with specified SEQ ID NO to be searched in a specific combination by paying additional fee for each set of
election. An exemplary election would be a multi-agent immunogenic construct, and a method comprising the same, the muiti-agent
immunogenic construct comprising a Campylobacter jejuni capsule polysaccharide, wherein the Campylobacter jejuni capsule
polysaccharide is selected to be [->3)-B-6-deoxy-D-ido-Heptose(1->4)-B-D-GlcNAc-(1->]n, where n is 1; and an Escherichia coli
enterotoxigenic recombinant polypeptide, wherein the Escherichia coli enterotoxigenic recombinant polypeptide construct is selected to
be SEQ ID NO: 9, which is encoded by the polynucleotide of SEQ ID NO: 8. Additional C. jejuni capsule polysaccharides with specified
structure and/or E. coli enterotoxigenic recombinant polypeptides with specified SEQ ID NO will be searched upon the payment of
additional fees. Applicants must specify the claims that read on any additional elected inventions. Applicants must further indicate, if
applicable, the claims which read on the first named invention if different than what was indicated above for this group. Failure to clearly
identify how any paid additional invention fees are to be applied to the “+" group(s) will result in only the first claimed invention to be
searched/examined.

The inventions listed in Groups |+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups I+ formulas do not share a significant structural element, requiring the selection of alternatives for the C. jejuni capsule
polysaccharides and the E. coli enterotoxigenic polypeptides, where the C. jejuni capsule polysaccharides are selected from the group of
polysaccharides shown in claim 8 of the instant application; and where “the Escherichia coli recombinant polypeptide construct
comprises an amino acid sequence selected from the group consisting ot SEQ ID Nos. 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31,
33, 35, 37, 41, 43, 102, 103, 105, 107, 109, 112, 114, 138, 141 and 143",

The Groups |+ share the technical features of a multi-agent immunogenic construct, comprising a Campylobacter jejuni capsule
polysaccharide conjugated to a protein carrier, wherein said protein carrier comprises an Escherichia coli enterotoxigenic recombinant
polypeptide construct. However, these shared technical features do not represent a contribution over the prior art.

Specifically, US 2011/0300173 A1 to Guerry et al. discloses a multi-agent immunogenic construct (immunogenic compositions, and
method of using the compositions to elicit an immune response; against Campylobacter jejuni, Abstract; another object of the invention
is an isolated C. jejuni capsule carbohydrate polymer that is conjugated to a carrier protein, Para. [0014]), comprising a Campylobacter
jejuni capsule polysaccharide conjugated to a protein carrier (an isolated C. jejuni capsule carbohydrate polymer that is conjugated to a
carrier protein, Para. [0014]), wherein said protein carrier comprises toxigenic polypeptide construct (although a number of carriers are
contemplated, examples of carriers include CRM197 and tetanus toxoid. However, any carrier that is capable of enhancing the induction
of an immune response is contemplated, Para. [0079]).

Further, WO 2014/077977 A1 to The United States of America Represented by the Secretary of the Navy et al. teaches wherein said
protein carrier comprises an Escherichia coli enterotoxigenic recombinant polypeptide construct (The invention relates to a recombinant
polypeptide construct expressing enterotoxigenic Escherichia coli (ETEC) fimbrial subunits. The composition is useful as an
immunogenic composition against ETEC strains, Para. {0012]). It would have been obvious to one of ordinary skill in the art at the time
of invention to modify the protein carrier of Guerry et al. to include an Escherichia coli enterotoxigenic recombinant polypeptide as taught
by The United States of America Represented by the Secretary of the Navy et al. as a E. coli enterotoxigenic recombinant polypeptide
would enhance the immunogenincity of immunogenic compositions comprising C. jejuni capsule polysaccharide (Guerry et al., Para.
[0043)).

The inventions listed in Groups I+ therefore lack unity under Rule 13 becausc they do not share a same or corresponding special
technical features.
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