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Proline-rich peptides protective against S. pneumoniae

Field of the invention

The invention relates to multimeric lipopeptides consisting of a peptide chain comprising
a parallel coiled-coil domain, a proline-rich peptide antigen, and a lipid moiety, all
covalently linked, which aggregate to synthetic virus-like particles. These synthetic virus-
like particles carrying proline-rich antigens are useful as vaccines against infectious

diseases caused by Gram-positive bacteria such as Streptococcus pneumoniae.
Background of the invention

Gram-positive bacteria, including Streptococci or Staphylococci are important pathogens
and the etiological agent of a number of serious diseases including pneumonia, sepsis,
meningitis, wound infections, endocarditis, acute rheumatic fever, neonatal sepsis or toxic
shock syndrome. Therefore there is a need to develop vaccines against these pathogens.
Vaccines are already available for some S. pneumoniae serotypes; these have

shortcomings such as a highly complex manufacturing process.

S. pneumoniae is a highly diverse polysaccharide encapsulated alpha-hemolytic
Streptococcus that frequently colonizes the human nasopharynx and can cause non-
invasive pneumococcal diseases such as otitis media, sinusitis and non-bacteraemic
pneumonia, and more severe invasive diseases such as bacteraemia/sepsis, meningitis

and bacteraemic pneumonia, primarily among young children and the elderly.

The polysaccharide capsule is a major determinant of virulence during invasion and
prevents C3b opsonisation and non-opsonic Killing by neutrophils. Currently licensed
vaccines contain capsular polysaccharide antigens formulated either alone in
pneumococcal polysaccharide vaccines (PPSV) or conjugated to a carrier protein such as
modified diphtheria toxin CRM 197 in pneumococcal conjugate vaccines (PCV). There are
more than 90 different capsular serotypes in 40 serogroups.

Polysaccharide pneumococcal vaccines can provide serotype-specific protection but
cross-protection is low even within the same serogroup. Serotype replacement has been
observed after introduction of the conjugate vaccine Prevnar® 7 in the US in 2000. Among
the emerging serotypes are also multi-drug resistant capsule-switch variants. Therefore
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there is a need for next generation pneumococcal vaccines that target other antigens than

the capsule.

One potential antigen for inclusion into a next generation pneumococcal vaccine is
Pneumococcal Surface Protein A (PspA). PspA is a monomeric polymorphic cholin-
binding protein and contains an N-terminal alpha-helical part, which forms an antiparallel
coiled-coil with itself, a proline-rich region, which is sometimes interspersed by a relatively
conserved non-proline block, and a C-terminal region containing multiple repeats of a

choline binding domain.

The N-terminal region of PspA contains immunodominant epitopes. Recombinant proteins
comprising this region and bacterial vectors expressing this region have shown protective
potential in various models. For example, Langermann et al. have prepared recombinant
Bacille Calmette-Guérin (rBCG) vectors expressing PspA. In order to be able to anchor
the PspA in the bacterial membrane, a PspA-derived gene segment was fused to Mtb19
lipoprotein (see Langermann S. et al., J. Exp. Med. 1994, 180, 2277-2286). There is a
safety concern associated with the use of PspA as a vaccine antigen because the N-
terminal region may resemble human myosin and thus immunization with an immunogen
encompassing this region may lead to tissue cross-reactive antibodies. Therefore recent
efforts have been made to use other regions of PspA as antigen. Another PspA region
that may be suitable for inclusion into a next generation pneumococcal vaccine is the
proline-rich region. Although the proline-rich region (PRR) of PspA is polymorphic, it
contains several conserved motifs, including short amino acid motifs like PKP, PAPAP,
PEKP, and a highly conserved non-proline block (NPB) that is present in some PspA
molecules (Brooks-Walter, A. et al., Infect Immun 1999, 67, 6533-6542; Hollingshead,
S.K. et al., Infect Immun, 2000, 68, 5889-5900; Daniels, C.C. et al., Infect Immun, 2010,
78, 2163-2172.). Although the PRR does not contain immunodominant epitopes,
antibodies against this part of PspA have been detected in children using an enzyme
immunoassay (EIA) with a thioredoxin (Trx) fusion protein as antigen (Melin, M. et al.,
Vaccine 2012, 30, 7157-7160). Because the NPB is highly conserved the authors
hypothesize that antibodies to the PRR may cross-react with a majority of strains through
their recognition of NPB epitopes.

The PRR of PspA has a small size (up to aro:md 100 amino acids) and therefore may not
be sufficiently immunogenic when used as an antigen alone. Escherichia coli Trx fusion
proteins have been produced and their potential for protection has been demonstrated in
a mouse model of intravenous infection (WO 2007/089866 and Daniels, C.C. et al., Infect
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Immun, 2010, 78, 2163-2172). However, Trx fusion proteins may not be suitable for
human use as a vaccine because of a potential for the induction of immune responses to
non-protective Trx epitopes and poor structural representation of native PR epitopes.
Moreover NPB or proline-rich (PR) sequences may also contain non-protective epitopes,
and hence it may be critical to concentrate immune responses to protective epitopes for

efficacy.

Similar PR sequences can be found in other pneumococcal proteins, including the surface
proteins PspC (also known as CbpA or Hic), and the PhtX proteins PhtA, PhtB, PhtD and
PhtE, and proline-rich regions derived from such other pneumococcal proteins may be
suitable for inclusion into a next generation pneumococcal vaccine, like proline-rich

sequences from PspA.

Several immunogenic bacterial surface proteins from other Gram-positive bacteria contain
proline-rich sequences that can likewise be targeted by vaccines against these
pathogens. These proteins include surface proteins from other Streptococci such as the
M6, SclA and SclB proteins of S. pyogenes, CBeta (bac) and BibA of S. agalactiae or the
P1 adhesin of S. mutans, or proteins from S. aureus.

Synthetic bacterial lipopeptide analogs have received wide attention in vaccine research,
both for their adjuvant effects and as carriers for peptide antigens (Ghielmetti M. et al.,
Immunobiology 2005, 210, 211-215). Many lipopeptide constructs have been reported, in
which a lipid with known adjuvant effects has been coupled to a peptide to generate self-
adjuvanting vaccine candidates. Particularly well studied are tripalmitoyl-S-glyceryl
cysteine (N-palmitoyl-S-(2,3-bis-(O-palmitoyloxy)-propyl)-cysteinyl- or Pam3Cys) and
dipalmitoyl-S-glyceryl cysteine (2,3-bis-(O-palmitoyloxy)-propyl)-cysteinyl- or Pam2Cys).
These lipid moieties are found in lipoprotein components of the inner and outer
membranes of gram-negative bacteria. Patent application WO 98/07752 describes the
use of lipopeptides for drug targeting purposes, wherein the peptide portion may be a
collagen-like sequence capable of inducing triple helical structures. Patent application
WO 2008/068017 describes synthetic virus-like particles comprising helical lipopeptide
bundles and having a spherical or spheroidal structure with a lipid core and a peptidic
outer surface. Tr’1e peptide chain of the lipopeptides comprises a coiled-coil domain. The
properties of the coiled-coil domain in the peptide chain of the lipopeptide building blocks
determine the number of building blocks combining to form the synthetic virus-like particle.
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Summary of the invention

The invention relates to lipopeptide building blocks consisting of (1) a peptide chain
comprising a parallel coiled-coil domain which, as a self-standing lipid-free peptide, forms
a parallel dimeric, trimeric or higher order oligomeric helical bundle, (2) a proline-rich (PR)
peptide antigen comprising at least one negatively and at least one positively charged
amino acid, and wherein at least 15% of the amino acids are proline, optionally linked to a
further antigen, and (3) a lipid moiety comprising two or three long hydrocarbyl chains;
wherein the peptide chain, the PR peptide antigen and the lipid moiety are covalently
linked, either directly or through a linker. Preferably, the peptide chain comprising a
parallel coiled coil is linked at one end to the PR peptide antigen and at the other end to
the lipid moiety.

These lipopeptide building blocks aggregate to helical lipopeptide bundles and synthetic
virus-like particles (SVLP). The presentation of the PR antigen on the SVLP surface
enhances the immune response to PR epitopes.

Preferred are lipopeptide building blocks comprising PR peptide antigens derived from
Streptococci and/or Staphylococci, more preferably from Streptococcus pneumoniae.

The invention further relates to processes of production of lipopeptide building blocks,
helical lipopeptide bundles and synthetic virus-like particles; to the use of lipopeptide
building blocks, helical lipopeptide bundles and synthetic virus-like particles carrying PR
peptide antigens in the preparation of vaccines; and to methods of vaccination using such
vaccines. The invention likewise relates to pharmaceutical preparations containing

synthetic virus-like particles carrying PR antigens.

The compositions of the invention cdmprising PR peptide antigens derived from
Streptococci and/or Staphylococci, in particular from S. pneumoniae, are useful for
inducing immune responses against S. pneumoniae or other Gram-positive bacteria, and
for the prevention or treatment of infectious diseases such as pneumococcal diseases

caused by S. pneumoniae.
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Brief description of the figures

Figure 1: 19G ELISA endpoint titers in sera from BALB/c mice immunized two times with
lipopeptide 15 (closed circles and squares) or alum adjuvanted recombinant PspA (rPspA,
closed triangles) and sera from non-immunized controls (open symbols). Symbols indicate
endpoint titers sera from individual mice, lines indicate median values. Titers were
measured against a peptide representing the proline-rich region (PR peptide) and
recombinant PspA protein comprising the entire N-terminal alpha-helical part, the proline-
rich region and the non-proline block (rPspA).

Figure 2: Survival times in days (D) post challenge of immunized and non-immunized
BALB/c mice with increasing doses of S. pneumoniae serotype 1. The percent Survival
(%S) is shown on the y-axis and immunogens and challenge doses (in CFU) are indicated
on the right. Mice were immunized two times with lipopeptide 15 or rPspA + alum and then
challenged intravenously.

Detailed description of the invention

The invention relates to lipopeptide building blocks consisting of

(1) a peptide chain (PC) comprising a parallel coiled-coil domain which, as a self-standing
lipid-free peptide, forms a parallel dimeric, trimeric or higher order oligomeric helical
bundle,

(2) a proline-rich (PR) peptide antigen, comprising at least one negatively and at least one
positively charged amino acid, and wherein at least 15% of the amino acids are proline,
optionally linked to a further antigen, and

(3) a lipid moiety (LM) comprising three or preferably two long hydrocarbyl chains,
wherein the peptide chain, the PR peptide antigen and the lipid moiety are covalently
linked, either directly or through a linker, in particular two different linkers.

Preferably, the peptide chain comprising a parallel coiled coil is linked at one end to the
PR peptide antigen and at the other end to the lipid moiety.

The peptide chain (PC) comprises a parallel coiled-coil domain. Such coiled-coil domains
will associate into a defined helical bundle, e.g. into a dimeric, trimeric, tetrameric,
pentameric, hexameric or heptameric bundle. Parallel coiled-coil domains differ from
antiparallel coiled-coils, wherein a monomeric peptide chain loops back to form a helical
substructure by aligning two (or more) partial domains of the monomeric peptide in an
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antiparallel alignment. The parallel coiled-coil domain may contain between 12 and 120
amino acid residues, preferably between 21 and 80 amino acid residues. Coiled-coil
domains contain two or more consecutive repeat patterns (usually heptad repeats in
which the seven structural positions are labeled a-g, with a and d denoting hydrophobic
residues), which as self-standing lipid-free peptides possess the property of self-assembly
into a parallel coiled-coil helical bundle (Lupas A.N., Gruber M.; The structure of alpha-
helical coiled coils, Adv. Protein Chem.. 2005, 70, 37-78). The peptide chain must
multimerize to form a parallel coiled-coil helical bundle of defined oligomerization state
(e.g. dimer, trimer, tetramer, pentamer, hexamer or heptamer, in particular dimer, trimer,
tetramer or pentamer). Preferred peptide sequences are non-human sequences to avoid

the risk of autoimmune disorders when applied in the vaccination of humans.

The lipopeptide building block further comprises a proline-rich (PR) peptide antigen
comprising at least one negatively and at least one positively charged amino acid.
Charged amino acids considered herein are amino acids with side chains that are
positively or negatively charged at physiological pH. Among the naturally occurring amino
acids the most frequent positively charged amino acids considered here are lysine,
arginine and histidine; the most frequent negatively charged amino acids are glutamic acid
and aspartic acid. A peptide is considered “proline-rich” if at least 15% of the amino acids
are proline. Preferred are proline-rich peptides comprising at least one glutamic acid

residue and at least one lysine or arginine residue.

Preferred PR peptide antigens are derived from Streptococci and/or Staphylococci, e.g.
from Gram-positive bacteria selected from the group consisting of Streptococcus
pyogenes, Streptococcus agalactiae, Streptococcus mutans, Streptococcus suis,
Streptococcus equi, Streptococcus dysgalactiae, Peptostreptococcus magnus and
Staphylococcus aureus.

Preferably this PR peptide antigen is derived from proteins PspA and/or PspC or other
proteins that are protective against pneumococcal infection, including PhtX proteins.

"Derived" means that the amino acid sequence or a substantial portion (i.e. 50% or more)
of the amino acid sequence of the peptide antigen originates from one or more naturally
occurring protein(s), whereas 0% up to 50% of the amino acid sequence is designed de
novo. Included are also PR peptide antigens that comprise combinations of proline-rich
sequences from different PspA/PspC molecules and/or from other proteins containing
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proline-rich segments. “Proline-rich segment” means that at least 15% of the amino acids

contained in the segment are proline.

Proline-rich (PR) peptide antigens of particular interest are derived from S. pneumoniae
and are located immediately after the C-terminal end of the helical region of PspA or PspC
and before the non-proline block (if the PspA or PspC sequence comprises a non-proline
block) or the repeat region. Alternatively the PR peptide antigen is located in the central
region of a pneumococcal polyhistidine triad protein (PhtX). Alternatively the PR peptide
antigen is located in a region of PR proteins of Gram-positive bacteria selected from the
group consisting of Streptococcus pyogenes, Streptococcus agalactiae, Streptococcus
mutans, Streptococcus suis, Streptococcus equi, Streptococcus dysgalactiae,
Peptostreptococcus magnus and Staphylococcus aureus, such as the central region of
the P1 adhesin of Streptococcus mutans.

Protective PR peptide antigens are identified by sequencing PspA and/or PspC and/or
other genes from clinical isolates, selecting a portion of the PR region, synthesizing the
PR peptide, and conjugating it to a peptide chain (PC) to be incorporated or being part of
a lipopeptide.

The efficacy of PR peptide antigens is tested by administering lipopeptide conjugates and
synthetic virus-like particles obtained therefrom and observing the activity and efficacy in
animal models of pneumococcal sepsis or other diseases caused by streptococcal

infection.

The PR peptide antigen is optionally linked to a further antigen. Further antigens
considered are other pneumococcal peptides or polysaccharides, in particular the
peptides with an amino acid sequence SEQ ID NO: 113 to 119, and other antigens
described below.

The PR peptide antigen is conjugated directly or through a linker, either at the N- or C-
terminus of the PR peptide antigen, and is connected either to the N- or to the C-terminal
of the peptide chain (PC) comprising the coiled coil domain, or optionally to an amino acid
side chain. Alternatively the PR peptide antigen is conjugated to the peptide chain (PC)
comprising the coiled coil domain through a side chain residue of the PR peptide antigen,
such as a terminal or internal aspartic acid, glutamic acid, lysine, ornithine or cysteine side
chain. Linkers considered are short peptides of 2 to 20 amino acids, hydroxyalkyl- or
aminoalkyl-carboxylic acids, substituted or unsubstituted polyalkylenoxy glycols,
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preferably containing one to twelve C, and/or Cj alkylenoxy units, polyalkylenoxy glycol
block co-polymers (e.g. pluronics), mono-, di-, tri- and oligosaccharides, which may
comprise acetyl, glycerol-phosphate or other substituents at one or more positions,
polysaccharides such as poly(sialylic acid) and derivatives (e.g. peptide conjugates)
thereof, proteinogenic or non-proteinogenic amino acids, and C4-Cg saturated or
unsaturated hydrocarbons, and may comprise one or more of the following functional
groups: a disulphide bond, amine, amide, acetal, ester, ether, thioether, hydrazone,
hydrazide, imine, oxime, urea, thiourea, carbonate, iminocarbonate, amidine, amide,
imide, an alkyl succinimide, which may also be hydrolyzed to an amide, sulphonamide,
sulfone, or a heterocyclic ring comprising one or more atoms selected from nitrogen and
oxygen, preferably a triazole. Also considered are combinations of the aforementioned
linkers, including those used in the Examples.

Any method used for conjugating peptides or other antigens to an antigen delivery system
such as carrier protein, polymer, dendrimer, nanoparticle or virus-like particle, can be
used to conjugate the PR peptide antigens to the peptide chain (PC) comprising the
parallel coiled-coil domain. Such methods are well-known to those skilled in the art, see
for example Hermanson, G.T, Bioconjugate Techniques, 2" edition, Academic Press,
2008.

PR peptide antigens consist of 5-200 amino acids, preferably 8-80 amino acids. Multiple
PR peptide conjugates can be used in combination in a vaccine formulation. PR peptide
antigens can also be fused together in order to produce a longer artificial PR peptide. PR
conjugates can also be combined with conjugates comprising other pneumococcal
peptides or polysaccharides. Amino acids and derivatives thereof comprising a functional
group (e.g. an amino-, halo-, hydrazino-, hydroxylamino- or sulfhydryl group) can be
incorporated into the PR peptide in order to facilitate conjugation of the PR peptide and
enhance stability.

The peptide chain (PC) may further comprise an amino acid sequence which includes one
or more T-helper cell epitopes, and/or strings of polar residues that promote the solubility
of the lipopeptide building block in water.

T-helper epitopes that may be incorporated into the peptide chain (PC) include those
listed in Table 1 below, and variants thereof in which one, two, or three amino acids are

replaced by other amino acids or are deleted.
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Table 1
T-helper epitope SEQ ID NO: | Sequence
TT830-843 1 QYIKANSKFIGITE
TT1064-1079 2 IREDNNITLKLDRCNN
TT1084-1099 3 VSIDKFRIFCKANPK
TT947-968 4 FNNFTVSFWLRVPKVSASHLET
TT1174-1189 5 LKFIIKRYTPNNEIDS
DTD271-290 6 PVFAGANYAAWAVNVAQVID
DTD321-340 7 VHHNTEEIVAQSIALSSLMV
DTD331-350 8 QSIALSSLMVAQAIPLVGEL
DTD351-370 9 VDIGFAAYNFVESIINLFQV
DTD411-430 10 QGESGHDIKITAENTPLPIA
DTD431-450 11 GVLLPTIPGKLDVNKSKTHI
TT632-651 12 TIDKISDVSTIVPYIGPALN
CTMOMP36-60 13 ALNIWDRFDVFCTLGATTGYLKGNS
TraT1 14 GLQGKIADAVKAKG
TraT2 15 GLAAGLVGMAADAMVEDVN
TraT3 16 STETGNQHHYQTRVVSNANK
HbcAg50-69 17 PHHTALRQAILCWGELMTLA
HbSAg19-33 18 FFLLTRILTIPQSLD
HA307-319 19 PKYVKQNTLKLAT
MA17-31 20 YSGPLKAEIAQRLEDV
MVF258-277 21 GILESRGIKARITHVDTESY
MVF288-302 22 LSEIKGVIVHRLEGV
CS.T3* 23 IEKKIAKMEKASSVFNVVNS
SM Th 24 KWFKTNAPNGVDEKIRI
PADRE1® 25 aKFVAAWTLKAAa
PADRE2" 26 aK-Chx-VAAWTLKAAa
2 References: SEQ ID NO: 1-5 and 17-20: Eur. J. Immunol. 2001, 31, 3816-3824; SEQ
ID NO: 6-12: JID 2000, 7181, 1001-1009; SEQ ID NO: 13-16, 21-22 and 24: US 5,759,551;
%I;Q ID NO: 23: Nature 1988, 336, 778-780; SEQ ID NO: 25-26: Immunity 1994, 1, 751-
®) a" denotes D-Ala and ,Chx“ denotes cyclohexylalanine.

The total length of the peptide chain (PC) is preferably between 21 and 200 amino acid

residues, more preferably between 21 and 120 amino acid residues.
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The lipid moiety (LM) contains a lipid anchor with two or three, preferably two, long
hydrocarbyl chains and a structure combining these hydrocarbyl chains and connect it to
the peptide chain (PC), either directly or via a linker. The lipid moiety can also be
connected to the PR peptide again, which in turn is conjugated to the peptide chain

5 comprising the parallel coiled-coil, however, connection of the lipid moiety to the peptide
chain is preferred. Preferred lipid moieties are lipids containing two or three, preferably
two extended hydrocarbyl chains.

"Long hydrocarbyl" means a straight alkyl or alkenyl group of at least 7 carbon atoms, for
10  example straight alkyl or alkenyl consisting of between 8 and 50 C atoms, preferably

between 8 and 25 C atoms. Alkenyl has preferably one, two or three double bonds in the

chain, each with E or Z geometry, as is customarily found in natural fatty acids and fatty

alcohols. Also included in the definition of "long hydrocarbyl" is branched alkyl or alkenyl,

for example alkyl bearing a methyl or ethyl substituent at the second or third carbon atom
15  counted from the end of the chain, as e.qg. as in 2-ethyl-hexyl.

“Lower alkyl” means alkyl with 1 to 7 carbon atoms (C4-C7), preferably 1 to 4 carbon
atoms (C4-C;), such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl or

tert-butyl.
20
Particular preferred lipid moieties according to the invention are those of formula Z' to Z®
1
R -0
R2
o8 g
0-P-07 Y ¢
OH Y Z1
1
R ~0 9 H
O-P-0O ~
R2 } ' /Y ¢ 2
0] OH Y i

wherein R' and R? are long hydrocarby! or long hydrocarbyl-C=0 and Y is H or COOH,

ns\Nk(a
H

25 o 2z
wherein R', R? and R® are long hydrocarbyl or long hydrocarbyl-C=0 or R' and R? are
long hydrocarby! or long hydrocarbyl-C=0 and R®is H or acetyl or lower alkyl-C=0,
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o 74
R'—O )
n
2
R \”(]YI‘A
o z°
wherein R" and R? are long hydrocarbyl or long hydrocarbyl-C=0 and nis 1, 2, 3 or 4,
0O
RT—X
o On
A
R2 H

(o) Z8
5 wherein R' and R? are long hydrocarbyl, X is O or NH, and nis 1, 2, 3 or 4, or

R
\Tk*”

R2 Z7
|
R2 28

wherein R' and R? are long hydrocarbyl.

10  The lipid moiety contains at least two long hydrocarbyl chains such as found in fatty acids,
e.g. as in Z' to Z°. One preferred lipid moiety is a phospholipid of various types, e.g. of
formula Z' or Z?, that possess either ester- or ether-linked extended alkyl or alkenyl
chains, such as either enantiomer of 1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine,
or achiral analogues such as 1,3-dipalmitoyl-glycero-2-phosphoethanolamine. A preferred

15 lipid moiety is a tri- or di-palmitoyl-S-glycerylcysteinyl residue (type Z°%) or lipid moieties of
types Z* to Z8. Most preferred are the lipid moieties described in the Examples.
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The peptide chain (PC) is covalently linked to the lipid moiety (LM) at or near one
terminus, i.e. the N terminus or the C terminus, preferably the N terminus. The lipid moiety
may be directly attached as in

LM-PC (1)
or via a linker (L) as in
LM-L-PC (2).

If the peptide chain (PC) and the lipid moiety (LM) are directly linked, this is preferably
accomplished through an amide bond between a lipid moiety carbonyl function and an
amino function, e.g. the N terminal amino function, of the peptide chain (PC). Particular
lipid moieties Z', Z? and Z® are preferably connected through an amide bond between their
amine function and a carboxy function, e.g. the C terminal carboxy function, of the peptide
chain (PC).

It will be apparent to those knowledgeable in this area, that a large variety of suitable
linkers and coupling strategies exist, which include but are not limited to linkers based on
dicarboxylic acid derivatives, linkers containing one or multiple ethylene glycol units,
amino acid residues (including a-, -, y-, -amino acids), or sugar (carbohydrate) units, or
containing heterocyclic rings. Particular linkers considered are linkers L to L'®, wherein n
is between 1 and 45 and m is between 1 and 45, for example wherein n is between 1 and
20 and m is between 1 and 20, shown with the connecting functional group C=0 and/or X
wherein X is O or NH:
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Most preferred are the linkers described in the Examples.
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Particular linkers L' to L'® may be connected to LM and PC as follows:

A carbonyi function shown for L' to L'® may be connected to an amino function of a
suitable lipid moiety (LM) and/or an amino function, e.g. the N terminal amino function, of
the peptide chain (PC) through an amide bond. Alternatively a carbonyl function shown for
L' to L' may be connected to a lipid moiety (LM) by replacement of the corresponding
carbonyl function in particular lipid moieties Z* to Z’.

A functional group X shown for L to L'® (with the meaning NH or O) may be connected to
a carbonyl function of a suitable lipid moiety (LM) and/or a carboxy function, e.g. the C
terminal carboxy function, of the peptide chain (PC) through an amide bond (for X = NH)
or through an ester bond (for X = Q).

The terminal CH, group of L® may be connected to an amino function of a suitable lipid
moiety (LM), an amino function, e.g. the N terminal amino function, of the peptide chain

(PC), or a carbonyl function of a suitable lipid moiety (LM).

"Near one terminus” as understood in this connection means that the lipid moiety or the
linker is bound to the first, second, third, fourth or fifth amino acid calculated from the N
terminal or C terminal end, respectively, of the peptide. The lipid moiety may be attached,
directly or through a linker, to the backbone of the peptide structure or to the side chain of

one of these amino acids near to the terminus.

"Coiled-coil domains" are designed by careful selection of appropriate amino acid
sequences that form a thermodynamically stable, alpha-helical, parallel bundle of helices

by spontaneous self-association.

A coiled-coil domain includes peptides based on canonical tandem heptad sequence
repeats that form right handed amphipathic a-helices, which then assemble to form helical
bundles with left-handed supercoils. Also included are peptides built from non-canonical,
non-heptad-based repeats that form coiled-coils that are not necessarily left-handed or

even regular supercoils.

Canonical coiled-coils occur widely in naturally occurring biologically active peptides and
proteins, and have also been designed de novo. A set of rules has been elucidated for
designing coiled-coil peptides that adopt helical bundles of defined oligomerization state,

topology and stability (e.g. dimer, trimer, tetramer, pentamer, hexamer or heptamer).
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These rules allow designers to build a peptide sequence compatible with a given target
structure. Most important, the sequences of canonical coiled-coil peptides contain a
characteristic seven-residue motif, which is repeated typically 3-10 times. The positions
within one heptad motif are traditionally denoted abcdefg, with mostly (but not exclusively)
hydrophobic residues occurring at sites a and d and generally polar, helix-favoring
residues elsewhere. Tandem heptad motifs along a peptide chain have an average
separation between the a and d residues that allows them to fall on one face of the alpha-
helix. When two or more helices pack together into a coiled-coil bundle the hydrophobic
faces of the helices associate and wrap around each other in order to maximize contacts
between hydrophobic surfaces. The type of residue that may occur at each position within
a heptad repeat will influence the stability and oligomerization state of the helical bundle.
In general, mostly hydrophobic residues (Ala, lle, Leu, Met, Val), or aromatic hydrophobic
side chains (Phe, Trp and Tyr), are used at the a and d sites. The remaining b, ¢, e, fand
g sites tend to be more permissive than the a and d sites, though polar and helix-favoring
residues (Ala, Glu, Lys and Gin) are favored. The choice of residues at the a and d sites
can influence the oligomerization state of the coiled coil (i.e. dimer vs. trimer). Thus,
dimers are favored when non-B-branched residues (e.g. Leu) occur at the d positions; at
these sites 3-branched residues (Val and lle) disfavor dimers. On the other hand, in
dimers B3-branched residues (lle, Val) are preferred at the a sites. Another rule is that a = d
= lle or Leu favors trimers, which is useful in designing coiled coils that specifically form
parallel trimers. These and other design rules are discussed in more detail in Woolfson,
D.N., Adv. Prot. Chem. 2005, 70, 79-112.

The heptad motif codes for amphipathic alpha-helices that oligomerize through their
hydrophobic faces. The coiled-coil domain includes at least three tandem heptad repeat
motifs. The upper number of heptad repeats in each chain will influence the stability of the
helical bundle. 1t is limited mainly by the feasibility of chemical synthesis of long peptides,
but sequences containing more than three heptad repeats (e.g. four, five, six, seven and
eight heptad repeats) are preferred. Examples discussed below form trimeric alpha-helical
coiled-coils, but the invention likewise concerns dimeric, tetrameric, pentameric,

hexameric and heptameric coiled-coil domains.

Coiled-coil domains according to the invention may have longer repeat units, for example
11-residue repeats and 15-residue repeats such as are present in naturally occurring
coiled-coils. Thus the helical bundles required for the formation of aggregate structures
may also arise when using coiled-coil motifs with periodicities other than seven. Coiled

coils with unusual periodicities are also possible. In many naturally occurring coiled-coils
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the unbroken heptad repeat pattern may contain various discontinuities. Two common
discontinuities are insertions of one residue into the heptad pattern, as well as insertions
of three or four residues. For example, a one residue insertion is seen in the trimeric
coiled coil of influenza hemaggiutinin. Other naturally occurring coiled coils display a
periodicity other than seven, for example, the regular periodicity of 11 residues (termed
hendecads) found in the surface layer protein tetrabrachion of Staphylothermus marinus.

Other examples of coiled-coil peptide sequences occurring naturally in viral coat proteins
are coiled-coil motifs forming trimeric helical bundles in the gp41 coat protein of HIV-1,
and the F-glycoprotein of RSV. These coiled-coil domains are included in the definition of

coiled-coil domain according to the invention.

The preferred coiled-coil peptides should contain between 3-8 tandemly linked heptad
motifs. The heptad motifs within the coiled-coil may have identical sequences, or they may
each have different sequences. In all cases, the seven positions of the seven amino acid
residues within one heptad motif are designated with letters: a b ¢ d e f g. The coiled-coil
peptide, therefore, comprises an amino acid sequence having the positions (abcdefg);.s.

Preferred are coiled-coil peptide sequences containing between 3-8 tandemly linked
heptad motifs, wherein positions a and d in each heptad motif (abcdefg) contain alpha-
amino acids belonging to the Group 1 and/or to the Group 2 as defined hereinbelow. In
addition, not more than two of all the a and d positions may be occupied by any amino
acid residue belonging to the Group 3, and not more than one of all the a and d positions
may be occupied by any amino acid residue belonging to the Group 4 or Group 5 or by
glycine. In addition, in positions b, ¢, e, fand g, alpha-amino acids belonging to the
Groups 3, 4 and 5 are preferred, but amino acids belonging to the Groups 1 and 2 are
allowed, with the addition that not more than one of these positions within any one heptad

motif may be glycine, but none may be proline.

Group 1 comprises alpha-amino acid residues with small to medium sized hydrophobic
side chains. A hydrophobic residue refers to an amino acid side chain that is uncharged at
physiological pH and that is repelled by aqueous solution. These side chains generally do
not contain hydrogen bond donor groups, such as primary and secondary amides, primary
and secondary amines and the corresponding protonated salts thereof, thiols, alcohols,
ureas or thioureas. However, they may contain hydrogen bond acceptor groups such as
ethers, thioethers, esters, tertiary amides, or tertiary amines. Genetically encoded amino
acids in this group include alanine, isoleucine, leucine, methionine and valine.
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Group 2 comprises amino acid residues with aromatic or heteroaromatic side chains. An
aromatic amino acid residue refers to a hydrophobic amino acid having a side chain
containing at least one ring having a conjugated aromatic m(pi)-electron system. In
addition it may contain additional hydrophobic groups such as lower alkyl, aryl or halogen,
hydrogen bond donor groups such as primary and secondary amines, and the
corresponding protonated salts thereof, primary and secondary amides, alcohols, and
hydrogen bond acceptor groups such as ethers, thioethers, esters, tertiary amides or
tertiary amines. Genetically encoded aromatic amino acids include phenylalanine and
tyrosine. A heteroaromatic amino acid residue refers to a hydrophobic amino acid having
a side chain containing at least one ring having a conjugated aromatic m-system
incorporating at least one heteroatom such as O, S and N. In addition such residues may
contain hydrogen bond donor groups such as primary and secondary amides, primary and
secondary amines and the corresponding protonated salts thereof, alcohols, and
hydrogen bond acceptor groups such as ethers, thioethers, esters, tertiary amides or
tertiary amines. Genetically encoded heteroaromatic amino acids include tryptophan and
histidine.

Group 3 comprises amino acids containing side chains with polar non-charged residues.
A polar non-charged residue refers to a hydrophilic side chain that is uncharged at
physiological pH, but that is not repelled by aqueous solutions. Such side chains typically
contain hydrogen bond donor groups such as primary and secondary amides, primary and
secondary amines, thiols, and alcohols. These groups can form hydrogen bond networks
with water molecules. In addition, they may also contain hydrogen bond acceptor groups
such as ethers, thioethers, esters, tertiary amides, or tertiary amines. Genetically encoded
polar non-charged amino acids include asparagine, cysteine, glutamine, serine and

threonine.

Group 4 comprises amino acids containing side chains with polar cationic residues and
acylated derivatives thereof, such as acylamino-derived residues and urea-derived
residues. Polar cationic side chains refer to a basic side chain, which is protonated at
physiological pH. Genetically encoded polar cationic amino acids include arginine, lysine

and histidine. Citrulline is an example for a urea-derived amino acid residue.

Group § comprises amino acids containing side chains with polar anionic residues. Polar
anionic refers to an acidic side chain, which is deprotonated at physiological pH.
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Genetically encoded polar anionic amino acids include aspartic acid and glutamic acid. A
particular polar cationic residue is -(CH,),COOH wherein a is 1 to 4.

More preferred are coiled-coil peptide sequences containing between 3 to 8 tandemly
linked heptad motifs, wherein each heptad motif (abcdefg) may have any one of the
following sequences:

1xx1xxx (referring respectively to the positions abcdefg);

1xx2xxx (referring respectively to the positions abcdefg);

2xx1xxx (referring respectively to the positions abcdefg); or

2xx2xxx (referring respectively to the positions abcdefg);

wherein 1 is a genetically encoded amino acid from Group 1, 2 is a genetically encoded
amino acid from Group 2, and wherein x is a genetically encoded amino acid from Groups

1, 2, 3, 4 or 5 or glycine.

Equally preferred are coiled-coil peptide sequences identified in naturally occurring
peptides and proteins, but excluding those of human origin. These are, for example,

coiled-coils identified in viral and bacterial proteins.

The invention also relates to synthetic virus-like particles carrying PR peptide antigens,
and to a method of preparing such synthetic virus-like particles involving dissolving the
lipopeptide building blocks in a suitable carrier, preferably an aqueous buffer system (e.g.
buffered saline or unbuffered saline). The solvent may be removed after preparation of the
synthetic virus-like particles, for example by lyophilization or spray drying.

The invention further relates to a method of eliciting an immune response wherein an
immunogenically effective amount of a synthetic virus-like particle carrying PR peptide
antigens as described herein is administered to an animal. Any animal can be used,

although warm-blooded animals, especially humans are considered here the most.

The invention also relates to a vaccine (or likewise to any other pharmaceutical
preparation or medicine) comprising as principal or further active ingredient one or more
synthetic virus-like particles carrying PR peptide antigens, alone or in combination with a

pharmaceutically acceptable carrier.

The vaccine may also comprise one or more adjuvants such as a mineral salt (e.g.
aluminium hydroxide, aluminium phosphate, aluminium sulfate, calcium phosphate),

monophosphoryl lipid A (MPL), plant extracts containing saponins (e.g. QS-21), imidazo-
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quinolines (e.g. Imiquimod), muramyl dipeptides and tripeptides, lipopeptides, oil-in-water
emulsions (e.g. Montanide ISA 720), cytokines (e.g. IL-2 or GM-CSF), mycobacterial and

bacterial derivatives (e.g. Freund’s complete adjuvant), BCG, nucleic acid derivatives (e.g.
polylC) and other adjuvants known to those skilled in the art.

Some components of the vaccine may also be encapsulated in or attached to bio-
degradable polymers, which may for example be useful for controlled release, for example
polylactic acid, poly-epsilon-caprolactone, polyhydroxybutyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates, and cross-linked or amphipathic
block copolymers of hydrogels, or may be formulated in liposomes.

The vaccine is prepared in a manner known per se, for example by means of conventional
dissolving and lyophilizing processes and/or may comprise excipients, for example
preservatives, stabilizers, wetting agents, tonicity adjusting agents and/or emulsifiers,
solubilizers, salts for regulating osmotic pressure and/or buffering substances to stabilize
the pH.

The vaccine may be in liquid form or solid (e.g. lyophilized) form and can be sterilized by
conventional, well-known sterilization techniques or sterile filtered. The resulting aqueous
solution can be packaged for use as it is, or lyophilized, spray dried, or the solvent can be
removed in another way. The solid form may be combined with a sterile diluent (e.g.
water) prior to administration or may be administered as it is. Likewise the vaccine may
comprise an emulsion, dispersion or suspension or any other form suitable for the

intended route of administration.

The vaccine may be administered by any suitable enteral or parenteral route such as the
intranasal, oral, sublingual, intramuscular, intradermal, transdermal, and subcutaneous or

transcutaneous route. Other routes are known in the art that could also be employed.

A device may be used for administration such as conventional needles and syringes,
micro needles, ballistic devices for administration of solids (e.g. as in WO 99/27961),
patches (e.g. as in WO 98/20734), needle free injection systems (e.g. as in WO
01/054539), spray devices and the like, depending on the dose form and administration
route. The device may be pre-filled or coated with the vaccine.

The vaccine comprises from approximately 0.05% to approximately 50% of the active

ingredient in an appropriate dose form. Unit dose forms for parenteral administration are,
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for example, ampoules, pre-filled syringes or vials, e.g. vials containing from about
0.0001 mg to about 0.75 g of the active ingredient in a dose volume between
approximately 0.25 ml and 1.5 ml.

The dosage of the active ingredient depends upon the intended recipient (e.g. species), its
age, weight, and individual condition, and the administration route. An optimal dosage for
a particular active ingredient and a particular target population can be determined by

standard studies involving observation of appropriate immune responses in subjects.

The amount of vaccine sufficient to confer immunity to pathogenic pneumococci or other
Gram-positive bacteria is determined by methods well known to those skilled in the art.
This quantity will be determined based upon the characteristics of the vaccine recipient
and the desired level of immunity to a disease caused by infection with pneumococci or
other Gram-positive bacteria.

The vaccine may be administered as a single dose or as two or more doses at adequately
spaced time points. The vaccine may also be administered together with other vaccines.
For example, the vaccine may be used in prime-boost regimens in combination with other

vaccines.

The vaccine is used for prophylactic or therapeutic purposes, or both, for the prevention
and/or treatment of bacteraemia and other diseases caused by S. pneumoniae infections,
such as pneumonia, acute sinusitis, otitis media, meningitis, bacteraemia, septicemia,
osteomyelitis, septic arthritis, endocarditis, peritonitis, pericarditis, cellulitis or brain
abscesses, or carriage. The vaccine is likewise useful for prophylactic or therapeutic
purposes, or both, for the prevention and/or treatment of diseases caused by Group A
Streptococci or S. mutans, such as pharyngitis, pyoderma, rheumatic fever,

glomerulonephritis or caries.

For example, the vaccine protects against bacteraemia, pneumonia and meningitis, or
against invasive pneumococcal disease (IPD), an infection in which S. pneumoniae can
be isolated from the blood or another normally sterile site, or against bacteraemia,
pneumonia and otitis media. Alternatively the vaccine protects against pharyngitis,

pyoderma, rheumatic fever and glomerulonephritis or caries.

The vaccine may be administered to different target populations, including populations

that are naive or have failed to respond previously to infection or vaccination, elderly
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persons suitably aged (e.g. over 65, 75 or 85 years old), adults at elevated risks such as
people working in health institutions, young adults with a risk factor, immune-

compromised persons or pediatric populations.

The invention furthermore relates to a method of making a vaccine comprising mixing
synthetic virus-like particles carrying PR peptide antigens with synthetic virus-like particles
carrying other antigens or antigens not carried by synthetic virus-like particles.

The invention also relates to antibodies to synthetic virus-like particles carrying protective
PR peptide antigens, especially to antibodies to PR peptide antigens. Antibodies to PR
peptide antigens can cross-react with a broad variety of genetically diverse strains and
different capsular serotypes, and extend the median survival time in a model of passive

transfer.

Protective antibodies to PR peptide antigens can have opsonophagocytic activity (OPA).
Antibodies with OPA may be detected in vitro by a suitable assay, for example an
opsonophagocytic killing assay (OPKA) using a cell line or whole blood from a donor.
Protective antibodies can also mediate protection by other mechanisms that do not
involve OPA.

The invention also relates to the use of protective antibodies to PR peptides as described
herein for the manufacture of a pharmaceutical preparation or medicine for therapeutic

and/or prophylactic purposes and also for the manufacture of a diagnbstic kit.

Not all PR peptides may be equally protective as vaccine antigens. Protective PR
peptides are preferred. They may be identified by using well-known methods such as
challenge studies in a suitable animal model of streptococcal diseases. For example, in a
pneumococcal sepsis model, mice may be immunized with synthetic virus-like particles
carrying PR peptide antigens as described herein, and subsequently challenged
intravenously with a lethal dose of S. pneumoniae. In this model mice immunized with
synthetic virus-like particles carrying protective PR peptide antigens then have

significantly longer survival time compared to that of immunized control mice.

PR peptide antigens can also be derived from other pathogenic streptococci such as
S. pyogenes, S. agalactiae, S. mutans, S. equi, S. suis, S. dysgalactiae,
Peptostreptococcus magnus or other pathogenic Gram-positive bacteria, such as
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Staphylococcus aureus, and synthetic virus-like particles carrying these PR peptide

antigens are likewise useful for vaccines against these bacteria.

Preferred PR peptide antigen sequences from S. pneumoniae PspA and PspC are

collected in Table 2 below. Peptide antigen P3 is a synthetic construct combining two

sequences.
Table 2

Name |SEQ ID NO: |Sequence

P1 27 PAPKPEQPAEQPKPAPAPQPAPAPKPEKT

P2 28 PKPEQPAPAPKPEQPAKPEKPA

P3 29 PAPKPEQPAEQPKPEQPAPAPKPEQPAKPEKP

P4 30 PAPKPEQPAEQPKPA

P5 31 PAPQPAPAPKPEKT

1P6 32 QPAEQPKPAPAPQPAP

P7 33 PAPAPKPEQPAEQPKP

P8 34 PAPEAPAEQPKPAPAPQPAPAPKPEKPAEQPKPEKT

P9 35 PAEQPKPAPAPQPAPAPKPEKPAEQ

P10 36 PKPAPAPQPAPAPKPEKPAEQPKPEKT

P11 37 KAEKPAPAPQPEQPAPAPKT

P12 38 PAPAPQPEQPAPAPQPEQPAPAPKPEQPAPAPKPEQPTPA
P13 39 PAPAPQPEQPAPAPKPEQPAPAPKPEQPTPAPKPEQPTPAPKT
P14 40 PEQPAPAPKPEQPAPAPKPEQPTPAPKPEQPTPAPKT

P15 41 PKPEQPTPAPKPEQPTPAPKT

P16 42 PKPEQPAEQPKPAPAPQ

P17 43 PKPEQPAPAPKPEQPAKPEKPAEEPTQPEKPATPKT

P18 44 PKPEQPAKPEKPAEEPTQPEKPATPKT

P19 45 PAPAPQPAPAPKPAPAPQPEKPAEQPKAEKPA

P20 46 PETPAPAPKPETPAPAPEAPAPAPAPKPEQPAPAPKPEKSA
P21 47 PAPAPKPEQPAPAPKPEKSA

p22 48 PKPEQPAPAPKPEKSA

P23 49 KAEKPAPAPKPEQPVPAPKT

P24 50 PAPAPKPAPAPQPEKPAPAPAPKPEKSA

P25 51 PAPEQPTEPTQPEKPAEETPAPKPEKPAEQPKAEKT

P26 52 PAPKPEKPAEQPKAEKT

P27 53 PAPAPKPEQPAEQPKPAPAPQPEKPAEEPENPAPAP

P28 54 APAPKPETPAPAPEAPAPAPAPKPEQPAPAPKPEKS

P29 55 APAPETPAPEAPAEQPKPAPAPQPAPAPKPEKPAEQPKPEKT
P30 56 PAPEQPTEPTQPEKPAEETPAPKPEKPAEQPKAEKT

P31 57 APAPKPETPAPAPEAPAPAPAPKPEQPAPAPKPEKS

P32 58 APAPETPAPEAPAEQPKPAPAPQPAPAPKPEKPAEQPKPEKT
P33 59 APAPKPETPAPAPEAPAPAPAPKPEQPAPAPKPEKS

P34 60 APAPETPAPEAPAEQPKPAPAPQPAPAPKPEKPAEQPKPEKT
P35 61 APAPETPAPEAPAEQPKPAPAPQPAPAPKPEKPAEQPKAEKPA
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P36 62 PQPEQPAPAPKPEQPAPAPKPEQPTPAPKPEHP
P37 63 PAPAPQPEQPAPAPQPEQPAPAPKPEQPAPAPKPE
P38 64 PAPQPEQPAPAPKPEQPAPAPKPEQPTPAPKPP
P39 65 PAPAPAPKPEQPAPAPAPKPEQPAPAPAPKPEQPA
P40 66 PAPAPKPEQPAPAPAPKPEQPAPAPAPKPEQPT
P41 67 PAPAPQPEQPAPAPKPEQPAPAPKPEQPTPAPKPE
P42 68 PAPAPKPEQPAEQPKPAPAPQPAPAPKPEKQ
P43 69 PAPAPQPEQPAPAPQPEQPAPAPKPEQPAPAPKPA
P44 70 PKPEQPTPAPKPEQPTPAPKPEQPTPAPKPEQPT
P45 71 PEKPAPAPEKPAPAPEKPAPA
P46 72 PAPKPAPAPKPAPAPAPKPEKPA
P47 73 PAPAPTPEAPAPAPKP
P48 74 PKPEQPAKPEKPAEEPTQPEKPA
P49 75 PAKPEKPAEEPTQPEKPA
P50 76 PAPAPKPEQPAKPEKPAEEPTQPEKPA
P51 77 PKPEQPAPAPNPEQPAKPEKPAEEPTQPEKPA
P52 78 PKPEQPAPAPAPKPEQPAPAPAPKPEQPA
P&3 79 PKPEQPAPAPKPEQPAKPEKPAEEPTQPEKPA
P54 80 PKPEQPAPAPKPEQPAKPEKPAEEPTQPEKPA
P55 81 PAPAPQPEQPAPAPKPEQPAPAPKPEQPAPAPKPEQPA
P56 82 PAPAPKPEQPTPAPKPEQPTPAPKPEQPAPAPKPEQPAPAPKP
P&§7 83 PARALQPEQPAPAPKPEQPTPAPKPEQPTPAPKPEQPAPAPKP

In the preferred PR peptides of SEQ ID NO: 27 to 83, one, two or three amino acids may
be replaced by other amino acids.

Alternative PR peptide antigen sequences from S. pneumoniae and from S. pyogenes, S.
agalactiae, S. mutans, S. suis, S. equi, S. dysgalactiae, Peptostreptococcus magnus and
Staphylococcus aureus proteins are collected in Table 3 below.
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Table 3
Name | SEQ ID NO: |Sequence®
P58 |84 SRLEQPSLQPTPEPSPGPQPAPN
P59 |85 RPEEPSPQPTPEPSPSPQPAPSNP
P60 |86 HWVPDSRPEQPSPQSTPEPSPSPQPAPNPQPAPSNP
P61 |87 PKSNQIGQPTLPNNSLATPSPSLPINPGTSHE
P62 |88 PEVTPTPETPEQPGEKAPEKSPEVTPTPETPEQP
P63 |89 PEVTPTPETPEQPGEKAPEK
P64 |90 PEKSPEVTPTPETPEQP
P65 |91 KAPEKSPEVTPTPEMP
P66 |92 PGKPAPKTPEVPQKPDTAPHTPKTP
P67 |93 KPSAPKAPEKAPAPKAPK
P68 |94 PAPKAPKASEQSSNPKAPAPKSAP
P69 |95 PGPAGPRGLQGPQGPRGDKGET
P70 |96 PQAPSTPEKQPEVPESP
P71 |97 PETPDAPSTPKDEPQAP
P72 |98 PAPVEPSYEAEPTPPTRTPDQAEPNKPT
P73 |99 PTYETEKPLEPAPVEPSYEAEPT
P74 |100 KPTAPTKPTYETEKPLKPAPVAPNYEKEPT
P75 |101 KPVVPEQPDEPGEIEPIP
P76 102 PEVPSEPETPTPPTPEVPAEPGKPVPPAK
P78 [103 KYTPKKPNKPIYPEKPKDKTPPTKPDHS
P79 (104 PEKPVEPSEPST
P80 (105 KPVEPSEPSTPDVPSNPSNPSTPDVPSTPDVPSNPSTPEVPSNP
P81 |[106 PQVEPNVPDTPQEKPLT
P82 (107 KPLTPLAPSEPSQPSIPETPLIPSEPSVPET
P83 |108 PEVKPDVKPEAKPEAKPA
P84 |109 KPEAKPEAKPA
P85 (110 PDVKPEAKPEAKPDVKPEAK
P86 |[111 PETPDTPKIPELPQ
P87 (112 PDTPQAPDTPHVPESPKTPE
3 SEQ ID NO of proteins from S. pneumoniae: 84-87; S. pyogenes: 88-92, 95; S. equi: 93-
94, S. suis: 96-97; S. mutans: 98-100; S. aureus: 101-103; Peptostreptococcus magnus:
104; S. dysgalactiae: 105-107; S. agalactiae: 108-112.

In the preferred PR peptides of SEQ ID NO: 84 to 112, one, two or three amino acids may

be replaced by other amino acids.

Additional sequences, which, when administered alone, offer limited protective potential,

may be conjugated to PR peptide antigens, in particular sequences derived from regions

of PspA or PspC, or other proteins, which do not comprise proline in every 3" or 4"

position and/or comprise less than 15% proline, in particular the sequences:
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QQAEEDYARRSEEEYNRLPQQQPPKAEKP (non-proline block) (SEQ ID NO:113),
and

AEDQKEEDRRNYPTNTYKTLELEIAESDVEYV (helical peptide from PspC)

(SEQ ID NO:114).

Other sequences that may be combined with PR peptide antigens include sequences

derived from bacterial surface proteins that do not contain a proline rich region, including:

Sequences from StkP, preferably the C-terminal 79-82 amino acids,
SVAMPSYIGSSLEFTKNNLIQIVGIKEANIEVVEVTTAPAGSAEGMVVEQSPRAGEKVDLN
KTRVKISIYKPKTTSATP (SEQ ID NO:115),

and fragments thereof;

sequences from PsaA, preferably amino acids 250-309:
SLFVESSVDDRPMKTVSQDTNIPIYAQIFTDSIAEQGKEGDSYYSMMKYNLDKIAEGLAK
(SEQ ID NO:116);

sequences from cholesterol dependent cytolysins, such as the 4™ domain of Ply, amino
acids 360-471:
NGDLLLDHSGAYVAQYYITWNELSYDHQGKEVLTPKAWDRNGQDLTAHFTTSIPLKGNV
RNLSVKIRECTGLAWEWWRTVYEKTDLPLVRKRTISIWGTTLYPQVEDKVEND

(SEQ ID NO:117),

and fragments thereof;

streptococcal polyhistidine triad proteins, for example fragments from the C-terminal half
of S. pneumoniae PhtD, e.g. the amino acids 680-770:
VEHPNERPHSDNGFGNASDHVRKNKVDQDSKPDEDKEHDEVSEPTHPESDEKENHAG
LNPSADNLYKPSTDTEETEEEAEDTTDEAEIPQV (SEQ ID NO:118),

or the amino acids 771-839:
ENSVINAKIADAEALLEKVTDPSIRQNAMETLTGLKSSLLLGTKDNNTISAEVDSLLALLKE
SQPAPIQ (SEQ ID NO:119),

or fragments thereof.

In the preferred sequences SEQ ID NO: 113-119, one, two or three amino acids may be
replaced by other amino acids.
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Further sequences include the sequences described in PCT/US2012/022127 or
US 2005/0020813 A1. Alternative sequences include sequences described in
EP 0280576 A2.

Additional antigens may be combined with synthetic virus-like particles carrying PR
peptide antigens. For example, S. pneumoniae proteins identified in WO 98/18931, WO
98/18930, US 6,699,703, US 6,800,744, WO 97/43303, and WO 97/37026; Lyt family
(LytX), Pht family (PhtX), Sp128, type 1 or type 2 pilus proteins, other streptococcal
antigens such as those identified in WO 1993/005155, WO 2002/034771, WO
2002/083859, WO 2002/34771, WO 2003/093306, WO 2004/041157, or WO
2005/002619; or other antigens such as Sp101, Sp130, Sp125 or Sp133, may be
combined with synthetic virus-like particles carrying pneumococcal PR peptide antigens.

Saccharide antigens may also be combined with synthetic virus-like particles carrying PR
peptide antigens, such as capsular saccharides of S. pneumoniae serotypes 1, 3, 4, 5,
6A, 6B, 7F, 8, 9V, 14, 18C, 19A, 19F, 22F, 23F or 33F. Alternatively other saccharides
may be combined with PR peptide antigens, such as saccharides derived from other

S. pneumoniae serotypes, and/or saccharides from other Gram-positive bacteria (e.g.
saccharides derived from S. agalactiae, S. pyogenes, and/or S. aureus).

Likewise proteins from other Gram-positive bacteria may be combined with synthetic
virus-like particles carrying PR peptide antigens, e.g. one or more proteins from

S. pyogenes, including M protein, fibronectin binding protein (Sfbl), Streptococcal heme-
associated protein (Shp), or proteins identified in Streptolysin S (SagA), and/or one or
more proteins from S. aureus, such as Alpha-toxin, Clumping factor A (CIfA), Collagen
binding protein (CNA), Fibronectin-binding protein A (FbA), Extracellular Fibrinogen-
binding Protein (Efb), Iron regulated surface determinant (Isd) proteins, Penicillin binding
protein 2a (PBP2a), Serine Aspartate repeat proteins (Sdr) and/or binder of IgG (Sbi).
Likewise also peptide antigens derived from such proteins may be combined with
synthetic virus-like particles carrying PR peptide antigens.
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Examples

Abbreviations:

Boc, t-butoxycarbonyl;

BSA, bovine serum albumin;

DIEA, diisopropylethylamine;

DMF, N,N-dimethylformamide;

EDT, ethanedithiol;

Fmoc, 9-fluorenylmethoxycarbonyl;

HATU, 2-(1H-9-azabenzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate;
HBTU, 2-[1H-benzotriazole-1-yl]-1,1,3,3-tetramethyluronium hexafluorophosphate;
HOBt, N-hydroxybenzotriazole;

Pbf, 2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl;

NMP, N-methylpyrrolidone;

MBHA, methylbenzhydrylamine;

OD, optical density;

iPr,0, diisopropylether;

PCR, polymerase chain reaction

PyBOP, (benzotriazol-1-yloxy)-tripyrrolidinophosphonium-hexafluorophosphate;
PEOB, N-Fmoc-21-amino-4,7,10,13,16,19-hexaoxaheneicosanoic acid

r.t., room temperature;

RP-HPLC, reversed-phase high performance liquid chromatography;

TA, thioanisole;

TIS, triisopropylsilane;

Trt, trityl;

TFA, trifluoroacetic acid;

TFE, 2,2,2-trifluoroethanol;

tr, retention time;

SD, standard deviation.

Example 1: Design and Synthesis of PR peptides

The proline-rich region of the PspA from a highly virulent serotype 1 clinical isolate
SP1577 (Leimkugel et al., JID, 2005, 192, 192-199) was amplified and sequenced using
two primers (LSM13 and SKH2) according to Hollingshead, Becker et al., Infect Immun,
2000, 68, 5889-5900.
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LSM13: 5'-GCAAGCTTATGATATAGAAATTTGTAAC-3' (SEQ ID NO:120)
SKH2: 5-CCACATACCGTTTTCTTGTTTCCAGCC-3" (SEQ ID NO:121)

Amplification of the proline-rich region was carried out by PCR using the primers LSM13
and SKH2 and GoTaq Polymerase (PCR conditions: Annealing 48°C for 1 min, Elongation
72°C for 3 min, 30 cycles). The obtained fragments, which were around 1.2 kb in size,
were isolated from the PCR reaction and sequenced using the primers LSM13 and SKH2.
Around 1100 bases of the pspA gene could be read. The translated nucleotide sequence

is shown below. The proline-rich region, including non-proline block is shown in italics.

XXLGAGFVXX XPTXXXXXEA PVASQXKAEK DXDAXKRDAE NXKKALEEAK
XXQKKYEDDQ KKTEEKXKKE KEASKEEQAA NLKYQQELVK YASEKDSVKK
AKILKEVEEA EKEHKKKRAE FEKVRSEVIP SAEELKKTRQ KAEEAKAKEA
ELIKKVEEAE KKVTEAKQKL DAERAKEVAL QAKIAELENE VYRLETELKG
IDESDSEDYV KEGLRAPLQS ELDAKRTKLS TLEELSDKID ELDAEIAKLE
KNVEYFKKTD AEQTEQYLAA AEKDLADKKA ELEKTEADLK KAVNEPEKPA
EETPAPAPKP EQPAEQPKPA PAPQPAPAPK PEKTDDQQAE EDYARRSEEE
YNRLPQQQPP KAEKPAPAPK PEQPVPAPKT GWKQENGMWC R (SEQ ID NO:122)

From this sequence the P1 PR Sequence (PAPKPEQPAEQPKPAPAPQPAPAPKPEKT,
SEQ ID NO:27) was selected. P1 is located between the helical/coiled-coil region and the

non-proline block of the SP1577 PspA.

In order to enable conjugation to SVLP lipopeptides, the following maleimidopeptides
were designed and synthesized:

Maleimidopeptide 1:

9] 0]
\ ~N " A(/o \)6\[(PAPKPEQPAEQPKPAPAPQPAPAPKPEKTGa-NHg
\ o H 0

(1)

In maleimidopeptide 1 3-maleimidopropionic acid is coupled to the N-terminus in P1 (SEQ
ID NO:27) via an 21-amino-3,6,9,12,15,18-hexaoxaheneicosan-21-oic acid linker, and a
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glycine is added to the C-terminus P1, followed by a D-alanine residue (“a”) as the amide

("NHz") in order to confer stability towards exoproteases.

The synthesis of maleimidopeptide 1 was carried out using Fmoc Solid Phase Peptide
Synthesis (SPPS) methods as follows:

The peptide PAPKPEQPAEQPKPAPAPQPAPAPKPEKTGa (SEQ ID NO:27 extended by
glycine-D-alanine) was assembled on an ABI 433A peptide synthesizer using Rink Amide
MBHA resin (loading: 0.69 mml/g) (362 mg, 0.25 mmol) and standard Fmoc-SPPS
protocols. The following amino acids were used (in the correct order): Fmoc-Ala-OH,
Fmoc-D-Ala-OH, Fmoc-Glu(OtBu)-OH, Fmoc-GIn(Trt)-OH, Fmoc-Gly-OH, Fmoc-
Lys(Boc)-OH, Fmoc-Pro-OH and Fmoc-Thr(tBu)-OH. After assembly and removal of the
N-terminal Fmoc protecting group, the resin was washed with N-methyl-2-pyrrolidone
(NMP) and CHCl,. For coupling of the maleimide, a portion of the resin (ca. 0.1 mmol)
was washed with DMF and a solution of Fmoc-PEO6-OH (115 mg, 0.2 mmol) PyBOP
(104 mg, 0.2 mmol), HOBt (27 mg, 0.2 mmol) and DIEA (66 ul, 0.4 mmol) in 4.5 ml DMF
was prepared, mixed for 30 seconds and added to the resin under argon. The mixture
was shaken for 16 h. The resin was filtered and washed 4 x with DMF. The Fmoc group
was then removed by treatment with 20% piperidine in DMF (6 x 2 min.). The resin was
then washed again with DMF and a solution of 3-maleimidopropionic acid (34 mg, 0.2
mmol), PyBOP (104 mg, 0.2 mmol), HOBt (27 mg, 0.2 mmol) and DIEA (66 ul, 0.4 mmol)
in DMF was prepared and added to the resin under argon. The resin was shaken for 3 h,
filtered, washed sequentially 4 times with DMF, CH,Cl, and MeOH, and dried over night in
vacuo over KOH pellets. For cleavage of the peptide from the resin and removal of side-
chain protecting groups, TFA/TIS/TA/phenol 85:5:5:5 (10 ml) was prepared and added to
the dry resin under argon atmosphere. The resin was shaken for 3 h, filtered and the
maleimidopeptide 1 was precipitated with iPr,O, pre-chilled to -20°C (50 mi). The peptide
was then washed 4 times with iPr,0, air-dried over night and purified by RP-HPLC using a
preparative C18 column (Agilent Zorbax SB300 PrepHT, 250 x 21.5 mm) and a linear
gradient of 10 — 40% MeCN in H,O (+ 0.1% TFA) in 16 min. and lyophilized to afford 1 as
a white powder. The peptide was analyzed by analytical RP-HPLC using an Agilent XDB-
C18 column (250 x 4.6 mm) and a linear gradient of 10 — 100% MeCN in H,O (+ 0.1 %
TFA) in 25 min: Purity > 97%; tgr = 8.53 min.

ESI-MS: MW calculated for CigaH250N410s1: 3609.1 Da; MW found: 3609.7 (+ 0.02%).
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Maleimidopeptide 2:

0
0
Ac-PAPKPEQPAEQPKPAPAPQPAPAPKPEKTG —4 /N |
HN
°© @

In this maleimidopeptide a glycine is added to the C-terminus in P1 (SEQ ID NO:27) and
the maleimide is coupled to the glycine P1 via an amino ethyl spacer. The N-terminus is
acetylated.

The peptide chain in maleimidopeptide 2 was assembled using Fmoc SPPS on an ABI
433A as described for 1, except that 2-chlorotrityl resin preloaded with Fmoc-Gly-OH to a
resin substitution level of 0.6 mmol/g (416 mg, 0.25 mmol) was used instead of Rink
amide MBHA resin as the solid phase support. Following assembly and removal of the N-
terminal Fmoc protecting group, the resin was acetylated by treatment with a solution of
0.5 M Ac;0, 0.05 M HOBt and 0.136 M DIEA in NMP (10 ml) with shaking for 30 min. The
resin was then washed 4 times with DMF, 4 times with CH,Cl, and treated with
TFE/CH,CI; 2:8 (10 ml) with shaking under argon for 4 h to release the fully side chain
protected peptide from the resin. The resin was filtered and washed twice with 10 ml
TFE/CH,CI, 2:8, the filtrate was concentrated and the protected peptide was precipitated
with 4°C cold Et,0 and washed 4 times with Et,0. The protected peptide was then dried in
vacuo over night and stored at -20°C.

For coupling of the maleimide, a portion of the crude side-chain protected peptide

(100 mg), HATU (15 mg, 39 uymol), HOAt (5 mg, 39 pmol) were dissolved in DMF (0.8 ml),
DIEA (23 ul, 142 ymol) was added and the mixture was stirred for 1 min. A solution of
N-(2-aminoethyl)maleimide TFA salt (150 mg, 60 ymol) in DMF (0.2 ml) was added and
the mixture was stirred for 3 h under argon atmosphere. The DMF was then removed
under reduced pressure. The side-chain protected peptide was suspended in 0.3 ml
CH.Cl,, precipitated with 4°C cold Et,O, washed 4 times with Et,O and dried in vacuo over
night.

The side-chain protecting groups were then removed and the peptide was precipitated
and purified as described above for 1 and the final product 2 was analyzed by analytical
RP-HPLC using an Agilent XDB-C18 column (250 x 4.6 mm) and a linear gradient of 10 —
100% MeCN in H,0O (+ 0.1 % TFA) in 25 min: Purity > 97%; tg = 7.06 min. MALDI-TOF
MS: MW calculated for Ci46H227N39O43: 3216.6 Da; MW found: 3215.7 Da (x 0.05%).
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Maleimidopeptide 3:

o) (8]
&1/\)\,\1 Aé/o \%\WQQAEEDYARRSEEEYN RLPQQQPPKAEKPa-NH,
\ o H o

()

In maleimidopeptide 3, 3-maleimidopropionic acid is coupled to the N-terminus of SEQ-ID
NO:113 via an 21-amino-3,6,9,12,15,18-hexaoxaheneicosan-21-oic acid linker, and the
C-terminus is capped with D-alanine (“a”) and amidated. SEQ ID NO:113 corresponds to
the non-proline block of the P1577 PspA.

Maleimidopeptide 3 was synthesized and purified as described above for
maleimidopeptide 1 and analyzed by analytical RP-HPLC using an Agilent XDB-C18
column (250 x 4.6 mm) and a linear gradient of 10 — 100% MeCN in H,O (+ 0.1 % TFA)in
25 min: Purity > 97%; tr = 5.31 min. MALDI-TOF MS: MW calculated for Cy74H272N50063:
4072.3 Da; MW found: 4071.0 Da (x 0.05%).

Other PR sequences can be obtained by sequencing pspA or pspC genes, or,
alternatively, may be accessed in public databases, such as UniProtKB. For example, the
PspA sequence of serotype 19A isolate TCH8431 (UniProtKB accession no. D6ZPW2) is:

MNKKKMILTS LASVAILGAG FVTSQPTVVR AEESPVASQS KAEKDYDAAV
KKSEAAKKHY EEAKKKAEDA QKKYDEDQKK TEAKAEKERK ASEKIAEATK
EVQQAYLAYL QASNESQRKE ADKKIKEATQ RKDEAEAAFA TIRTTIVVPE
PSELAETKKK AEEAKAEEKV AKRKYDYATL KLALAKKEVE AKELEIEKLQ
YEISTLEQEV ATAQHQVDNL KKLLAGADPD DGTEVIEAKL KKGEAELNAK
QAELAKKQTE LEKLLDSLDP EGKTQDELDK EAEEAELDKK ADELQNKVAD
LEKEISNLE! LLGGADPEDD TAALQNKLAA KKAELAKKQT ELEKLLDSLD
PEGKTQDELD KEAEEAELDK KADELQNKVA DLEKEISNLE ILLGGADSED
DTAALQNKLA TKKAELEKTQ KELDAALNEL GPDGDEEETP APAPQPEQPA
PAPKPEQPAP APKPEQPAPA PKPEQPAPAP KPEQPAKPEK PAEEPTQPEK
PATPKTGWKQ ENGMWYFYNT DGSMATGWLQ NNGSWYYLNA NGSMATGWVK
DGDTWYYLEA SGAMKASQWF KVSDKWYYVN SNGAMATGWL QYNGSWYYLN
ANGDMATGWL QYNGSWYYLN ANGDMATGWA KVNGSWYYLN ANGAMATGWA
KVNGSWYYLN ANGSMATGWV KDGDTWYYLE ASGAMKASQW FKVSDKWYYV
NGLGALAVNT TVDGYKVNAN GEW (SEQ ID NO:123)
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From this sequence the P2 sequence (PKPEQPAPAPKPEQPAKPEKPA, SEQ ID NO:28)
was selected. P2 is located immediately after the helical/coiled-coil region of the TCH8431
PspA. In order to facilitate conjugation to SVLP lipopeptides the following maleimido-
peptides were designed and synthesized:

Maleimidopeptide 4

o) 0O
&2/\)% A</o %rPKPEQPAPAPKPEQPAKPEKPAa-NH2
\ 5 H o)

(4)

This maleimidopeptide comprises 3-maleimidopropionic acid coupled via an 21-amino-
3,6,9,12,15,18-hexaoxaheneicosan-21-oic acid linker to the N-terminus of P2 (SEQ ID
NO:28). The “a” denotes D-alanine. The C-terminus is amidated.

Maleimidopeptide 4 was synthesized and purified as described above for
maleimidopeptide 1 and analyzed by analytical RP-HPLC using an Agilent XDB-C18
column (250 x 4.6 mm) and a linear gradient of 10 — 100% MeCN in H,O (+ 0.1 % TFA)in
25 min: Purity > 97%; tr = 5.21 min. MALDI-TOF MS: MW calculated for Cy31H210N3204:
2889.3 Da, MW found: 2888.8 Da (+ 0.05%).

Maleimidopeptide 5

(o]
0O
Ac-PKPEQPAPAPKPEQPAKPEKPG—( _/—N |
HN
0 (5)

In this maleimidopeptide a glycine is added to the C-terminus of P2 (SEQ ID NO: 28), and
the maleimide is coupled to the glycine via an amino ethyl spacer. The N-terminus is

acetylated.

Maleimidopeptide 5 was synthesized and purified as described above for
maleimidopeptide 2 and analyzed by analytical RP-HPLC using an Agilent XDB-C18
column (250 x 4.6 mm) and a linear gradient of 10 — 100% MeCN in H,O (+ 0.1 % TFA)in
25 min: Purity > 97%; tr = 6.31 min. ESI MS: MW calculated for C413H17sN3p033: 2484.8
Da; MW found: 2483.2 Da (x 0.02%).
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Maleimidopeptide 6

Artificial PR sequences can be generated by fusing short PR sequences from two or more
distinct PspA proteins. For example the sequence P3 (SEQ ID NO: 29) was designed by
fusing the N-terminal residue PAPKPEQPAEQ (SEQ ID NO: 124) in P1 to P2 (SEQ ID
NO: 28) and replacing the C-terminal Ala in P2 by a Gly residue. In order to enable
conjugation the following maleimidopeptide was designed and synthesized:

Ac-PAPKPEQPAEQPKPEQPAPAPKPEQPAKPEKPG —( _/—- ;\/j

Maleimidopeptide 6 was synthesized and purified as described above for
maleimidopeptide 2 and analyzed by analytical RP-HPLC using an Agilent XDB-C18
column (250 x 4.6 mm) and a linear gradient of 10 — 100% MeCN in H,O (+ 0.1 % TFA)in
25 min: Purity > 97%; tr = 10.11 min. MALDI MS: MW calculated for C1g4H255N45050:
3657.1 Da; MW found: 3654.9 Da (+ 0.05%).

Further examples for PR peptide antigen are described below:

Maleidmidopeptide 7

Ac- QPAEQPKPAPAPQPAPAPG—( I ;\’]

Maleimidopeptide 7 was synthesized and purified as described above for
maleimidopeptide 2. ESI MS: MW calculated for CoyH137N25027: 2012.0 Da; MW found:
2012.4 Da (z 0.05%).

Maleimidopeptide 8

0]

HN—/_
°c @®

o
Ac-PAPKPEQPAEQPKPAG N;:jl
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Maleimidopeptide 8 was synthesized and purified as described above for
maleimidopeptide 2. ESI-MS: MW calculated for CgiH124N2,055: 1804.9 Da; MW found:
1805.4 Da (x 0.05%)

Maleimidopeptide 9

0]
0
Ac-PEQPSPQSTPEPSPSPQPAPNPQPAPSNP |
HN v

N
0 9)

This maleimidopeptide is derived from the PR peptide of PhtD (P60, SEQ ID NO:86). The
10  N-terminus is acetylated. The maleimidopeptide was synthesized and purified as
described above for maleimidopeptide 2 and analyzed by analytical RP-HPLC using an
Agilent XDB-C18 column (250 x 4.6 mm) and a linear gradient of 20 — 100% MeCN in H,O
(+ 0.1 % TFA) in 25 min: Purity > 97%; tgr = 3.41 min. ESI-MS: MW calculated for
Ci36H201N37048: 3120.4 Da; MW found: 3120.6 Da (x 0.05%).
15

Example 2: Conjugation of PR Peptide Antigens to Lipopeptides

In order to prepare lipopeptide conjugates for immunizations the following four lipopeptide
20  Dbuilding blocks were synthesized.

Lipopeptide Building Block 10

0 . GG(IEKKIEA)4 EKKIAKMEKASSVFNVVNSKKKCa-NH.,

HoN j/\

0 (10)
25
This lipopeptide corresponds to Example 13 in WO 2008/068017. The synthesis was
carried out and the product was characterized as described in WO 2008/068017 and
Ghasparian, Riedel et al., Chembiochem, 2011, 12, 100-109. Analytical RP-HPLC
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(Interchrom UPS5WC4-25QS, 25 to 100% MeCN in H,O (+ 0.1% TFA) over 25 min.):
Purity > 96%, tr = 22.71 min. MALDI-TOF: MW calculated for C312Hs50N74085S3: 6796.4
Da; MW found: 6798.2 Da (+ 0.05%).

Lipopeptide Building Block 11

O . GG(IEKKIEG)4EKKIAKMEKASSVFNVVNSKKKCa-NH

HoN j/\

Og\o)ol\/\/\/\/\/\/\/\
N N

o} (11)

This lipopeptide building block contains a modified coiled-coil domain, which has Gly in
the “c” positions of the heptad repeat “defgabc” IEKKIEG (SEQ ID NO:125).

The modified lipopeptide building block was synthesized and purified as described in

WO 2008/068017. Analytical RP-HPLC (Interchrom UP5WC4-25QS, 25 to 100% MeCN in
H,O (+ 0.1% TFA) over 25 min.): Purity > 98%, tr = 21.41 min. ESI-MS: MW calc. for
C308H544N74055S3 6740.3 Da; found 6741.7 Da.

Lipopeptide Building Block 12

O . GG(IEKKIEA),4 EKKIAKMEKASSVFNVVNSKKKCa-NH»
o :

NJ\/\/\/\/\/\/\/\

H

HN\H/\/\/\/\/\/\/\/

o (12)

This lipopeptide building block contains a modified lipid N,N-dipalmitoyl.-2,3-diamino-

propionamide (“Pam,Dap”). “a” denotes D-alanine.

The lipopeptide building block was synthesized and purified as described in

WO 2008/068017, except that Pam2Dap was incorporated at the end of the synthesis
instead of Pam2Cys. The lipopeptide was analyzed by analytical HPLC and MS.
Analytical RP-HPLC (C4 column, A = H,O + 0.1% TFA, B = MeCN + 0.1% TFA, 20 to
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100% B in 25 min.): Purity: >95%. tgr = 22.1 min. ESI-MS: MW calc. 9594.5 Da, found
9596.17 Da.

Lipopeptide Building Block 13

0O . GG(IEKKIEG)4EKKIAKYVKQNTLKLARKKCa-NH2

HzNj/\

0 (13)

This lipopeptide building block contains a promiscuous T-helper epitope

(KYVKQNTLKLARK, SEQ ID NO:126) derived from a HLA-DRB 101 restricted epitope
from Influenza hemagglutinin residues 307-309 (SEQ ID NO:19) (Stern, LJ. et al. Nature
1994, 368, 215). “a” denotes D-alanine.

The lipopeptide building block was synthesized and purified essentially as described in
WO 2008/068017 and analyzed by analytical HPLC and MS. Analytical RP-HPLC (C4
column, A =H,0 +0.1% TFA, B = MeCN + 0.1% TFA, 20 to 100%B in 25 min.):

Purity: >95%. tgr = 22.35 min. ESI-MS: MW calc. for Cz0,Hs35N74079S2: 6530.0 Da; found
6530.4 Da (£ 0.05%).

The following conjugates were synthesized:
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Conjugate 14 (Maleimidopeptide 1 + Lipopeptide 10)

PAPKPEQPAEQPKPAPAPQPAPAPKPEKTGa-NH,

04/\0,76\/%0
1

S
0O . GG(IEKKIEA) JEKKIAKMEKASSVFNVVNSKKKCa-NH,

HoN j\;

0 (14)

The conjugation of 1 to 10 was performed essentially as described in WO 2008/068017.
To a solution of 10 (6.0 mg, 0.9 pmol) in H,O/MeCN 1:1 (3 ml) was added a solution of 1
(4.8 mg, 1.3 pmol) in H;O/MeCN 1:1 (2.4 ml). The pH was carefully adjusted and
maintained at pH 6.5 — 7.0 with 0.1 NaOH, and the mixture was stirred for 2 h at room
temperature. The conjugate was then purified by RP-HPLC using a C4 preparative
column (Interchrom UP5WC4-25M, 250 x 10 mm) and a gradient of 50 to 100% MeCN in
H20 (+ 0.1% TFA) in 17 min. The conjugate 14 was analyzed by analytical RP-HPLC
using an Interchrom UPSWC4-25QS column (250 x 4.6 mm) and a gradient of 20 to 100%
MeCN in H,O (+ 0.1 % TFA) in 25 min: Purity > 97%; tgr = 22.34 min. MALDI-TOF MS:
MW calc. CazsHg11N1150136S3: 10406.6 Da; found 10407.8 Da (+ 0.1%).

The conjugate was suspended in PBS, equilibrated for 30 min., diluted to 0.5 mg/ml and
analyzed by Dynamic Light Scattering (DLS) on a Wyatt DynaPro Titan instrument at 4°C,
25°C and 37°C using a laser intensity of 400°000 counts/s and an acquisition time of 10 s.
The size distribution by regularization analysis was monomodal and the size dispersity
was small. The mean hydrodynamic radius (R,) was 12.0 nm, and % Pd value 12.3% at
25°C. Similar values for R, and % Pd were obtained at other temperatures.
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Conjugate 15 (Maleimidopeptide 2 + Lipopeptide 10)

Ac-PAPKPEQPAEQPKPAPAPQPAPAPKPEKTG

O . GG(IEKKIEA)/JEKKIAKMEKASSVFNVVNSKKKCa-NH,

H,N j/\

0 (15)

The conjugation of 2 to 10 and purification of the conjugate was performed essentially as

5 described above for conjugate 14. Product 15 was analyzed by analytical RP-HPLC using
an Interchrom UPSWC4-25QS column (250 x 4.6 mm) and a gradient of 20 to 100%
MeCN in H,0 (+ 0.1% TFA) in 25 min: Purity > 97%; tgr = 22.41 min. ESI-MS: MW calc. for
Cius8H779N1130128S3: 10012.9 Da; found 10011.1 Da (£ 0.1%).

10 A suspension of conjugate 12 in PBS was prepared and analyzed using DLS as described
above for 14. R, values were in the range of 13.2 -14.2 nm, and % Pd values in the range
of 12.6 — 18.0% at 25°C.
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Conjugate 16 (Maleimidopeptide 3 + Lipopeptide 10)

QQAEEDYARRSEEEYNRLPQQQPPKAEKPa-NH,

(o) H
05N o
o $
N
Ueo
S
O . GG(IEKKIEA),EKKIAKMEKASSVFNVVNSKKKCa-NH,

HzNj;

og\oi/\/\/\/\/\/\/\
TN

o)

5  The conjugation of 3 to 10 and purification of the conjugate was performed essentially as

described above for conjugate 14. Product 16 was analyzed by analytical RP-HPLC using

an Interchrom UP5WC4-25QS column (250 x 4.6 mm) and a gradient of 20 to 100%

MeCN in H,O (+ 0.1% TFA) in 25 min: Purity > 97%; tr = 22.0 min. MALDI-TOF MS: MW

calc. for C4zsHg11N1150136S3: 10869.8 Da; found 10°872.3 Da (z 0.1%).
10

A suspension of conjugate 13 in PBS was prepared and analyzed using DLS as described

above for 14. R, values were in the range of 14.0 — 15.0 nm, and % Pd values in the
range of 13.0 - 13.7%. DLS analysis of a mixture of Conjugate 14 and Conjugate 16
particles yielded an R, of 12.3 - 13.3 nm and a % Pd values around 25-26%, indicating
15  that mixing the particles did not alter the overall size distribution.
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Conjugate 17 (Maleimidopeptide 4 + Lipopeptide 14)

PKPEQPAPAPKPEQPAKPEKPAa-NH,
O:QI(/\ H
o")e\/ o
o
N
(o]

S
r
O . GG(IEKKIEA) 4 EKKIAKMEKASSVFNVVNSKKKCa-NH,

HzNj/\

o (17)

5  The conjugation of 4 to 10 and purification of the conjugate was performed essentially as
described above for conjugate 17. Product 17 was analyzed by reversed phase HPLC on
a C4 analytical column (Interchrom, UP5WC4-25QS, 4.6 mm x 250 mm, 300 A) and by
MALDI-MS. Analytical RP-HPLC (C4 column, A = H,O + 0.1% TFA, B = MeCN + 0.1%
TFA, 20 to 100% B in 25 min.): Purity: >95%. tgr =18.8 min. MALDI-TOF MS: MW calc. for
10 CuaazH762N10s0126S3: 9685.6 Da; found 9686.2 Da (+ 0.1%).

A suspension of conjugate 17 in PBS was prepared and analyzed using DLS as described
above for 14. Ry, values were in the range of 11.1 - 11.8 nm and % Pd values around 13%.

15
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Conjugate 18 (Maleimidopeptide 5 + Lipopeptide 10)

0
Ac-PKPEQPAPAPKPEQPAKPEKPG ——{
NH

0, 5
U

S

O . GG(IEKKIEA)JEKKIAKMEKASSVFNVVNSKKKCa-NH,

H,N I

S

og\ojok/\/\/\/\/\/\/\
NI T IR e Fa

o (18)

5 The conjugation of 5 to 10 and purification of the conjugate was performed essentially as
described above for conjugate 18. Product 18 was analyzed by reversed phase HPLC on
a C4 analytical column (Interchrom, UP5WC4-25QS, 4.6 mm x 250 mm, 300 A) and by
MALDI-MS. Analytical RP-HPLC (C4 column, A = H,O + 0.1% TFA, B = MeCN + 0.1%
TFA, 20 to 100% B in 25 min.): Purity: >96%. tgr = 22.55 min. MALDI-TOF MS: MW calc.
10 for CaasH728N1040118S3: 9279. 2 Da; found 9280.2 Da (z 0.1%).

A suspension of conjugate 18 in PBS was prepared and analyzed using DLS as described
above for 14. R;, values were in the range of 10.0 — 10.5 nm and % Pd values around
16%.

16
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Conjugate 19 (Maleimidopeptide 6 + Lipopeptide 10)

(0

Ac-PAPKPEQPAEQPKPEQPAPAPKPEQPAKPEKPG —4
NH

. S
L

S

(

O . GG(IEKKIEA) JEKKIAKMEKASSVFNVVNSKKKCa-NH,

H,N 1

o (19)

5 The conjugation of 6 to 10 and purification of the conjugate was performed essentially as
described above for conjugate 14. Product 19 was analyzed by reversed phase HPLC on
a C4 analytical column (Interchrom, UP5WC4-25QS, 4.6 mm x 250 mm, 300 A) and by
MALDI-MS. Analytical RP-HPLC (C4 column, A = HO + 0.1% TFA, B = MeCN + 0.1%
TFA, 20 to 100% B in 25 min.): Purity: >96%. tg =22.34 min. MALDI-TOF MS: MW calc.
10 for CazeHso7N1190135S3: 10453.4 Da; found 10452.7 Da ( 0.1%).

A suspension of conjugate 17 in PBS was prepared and analyzed using DLS as described
above for 19. R, values were in the range of 12.1 - 14.5 nm and % Pd values 12 — 20%.

15
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Conjugate 20 (Maleimidopeptide 6 + Lipopeptide 11)

0
Ac-PAPKPEQPAEQPKPAPAPQPAPAPKPEKTG —4

O . GG(IEKKIEG)JEKKIAKMEKASSVFNVVNSKKKCa-NH,

HZN]\/\

og\oj)\/\/\/\/\/\/\/\
\r(\/\/\/\/\/\/\/

o (20)

5 The conjugation of 6 to 11 and purification of the conjugate was performed essentially as
described above for conjugate 14. Product 20 was analyzed by reversed phase HPLC on
a C4 analytical column (Interchrom, UPSWC4-25QS, 4.6 mm x 250 mm, 300 A) and by
MALDI-MS. Analytical RP-HPLC (C4 column, A = H,0 + 0.1% TFA, B = MeCN + 0.1%
TFA, 20 to 100% B in 25 min.): Purity: >98%. tr =22.34 min. ESI-MS: MW calc. for
10 CassH773N1130120S3 (succinimide ring hydrolysis): 9975.02 Da; found 9974.7 Da (x 0.01%).

A suspension of conjugate 20 in PBS was prepared and analyzed using DLS as described
above for 14. Ry, values were in the range of 11.7 - 12.3 nm and % Pd values around 20%.

15
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Conjugate 21 (Maleimidopeptide 4 + Lipopeptide 11)

PKPEQPAPAPKPEQPAKPEKPAa-NH,

o) H
o ]
o §

N
=

S
Oj\;GGUEKK|EG)4|EKK|AKMEKASSVFNVVNSKKKC&-NHZ

H,N

0 (21)

5 Maleimidopeptide 4 was conjugated to 11 and the conjugate was purified as described
above for conjugate 14. Analytical RP-HPLC (C4 column, A =H,0 +0.1% TFA, B =
MeCN + 0.1% TFA, 20 to 100% B in 25 min.): Purity: >95%. tg = 17.78 min. MW calc. for
Ca3agH753N1050127S3: 9630.5 Da; found 9631.2 Da.

DLS (0.5 mg/ml in PBS, 25°C): Ry = 10.7 nm; % Pd = 12 - 13%.
10
Conjugate 22 (Maleimidopeptide 6 + Lipopeptide 12)

PKPEQPAPAPKPEQPAKPEKPA-NH,
NH
oA o)y
o)

0 S
.

S
O . GG(IEKKIEA)/JEKKIAKMEKASSVFNVVNSKKKCa-NH,
O

N
H

HNW\/\/\/\/\/\/

0 (22)
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The maleimido peptide 4 was conjugated to 12 and the conjugate was purified as
described above for conjugate 14. Analytical RP-HPLC (C4 column, A = H,O + 0.1% TFA,
B =MeCN + 0.1% TFA, 20 to 100% B in 25 min.): Purity: >95%. tg = 18.37 min. MALDI-
TOF: MW calc. for CysoH757N1070124S2,: 9594.5 Da, found 9595.1 (x 0.1%) Da.

DLS measurements (0.5 mg in PBS, 25°) yielded R;, of 10.4 -11.1 nm and % Pd values of
10 - 12%.

Conjugate 23 (Maleimidopeptide 6 + Lipopeptide 13)

o)

0
Ac—PAPKPEQPAEQPKPAPAPQPAPAPKPEKT /H/<N _/_N;:k
o S
O . GG(IEKKIEG)4EKKIAKYVKQNTLKLARKKCa-NH2

HzNj/\

o) (23)

The maleimido peptide 6 was conjugated to 13 and the conjugate was purified as
described above for conjugate 14. Analytical RP-HPLC (C4 column, A = H,O + 0.1 % TFA,
B = MeCN + 0.1% TFA, 20 to 100% B in 25 min.): Purity: >95%. tz = 18.25 min. MALDI-
TOF: MW calc. for CyasH7esN1130123S2 (succinimide ring hydrolysis): 9768.7 Da, found
9767.0 Da (£ 0.1%).

DLS measurements (0.5 mg in PBS, 25°) yielded R, of 9.9 -10.2 nm and %Pd values of
15 - 18%.

Additional Lipopeptides were prepared by fusing the N-terminus of the PR peptide antigen
to the C-terminus of the lipopeptide building block. The following fusion lipopeptides were
prepared.
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Lipopeptide (24)

Oj\;GG(IEKKIEG)4IEKKIAKMEKASSVFNWNSKPAPAPKPEQPAEQPKPa-NH2

H,N

o (24)

5 Inthis example the PR sequence P7, PAPAPKPEQPAEQPKP (SEQ ID NO: 33) was
fused directly to the C-terminus of GG(IEKKIEG ), EKKIAKMEKASSVFNVVNSK
(SEQ ID NO: 127) to yield the sequence
GG(IEKKIEG)4 EKKIAKMEKASSVFNVVNSKPAPAPKPEQPAEQPKP (SEQ ID NO: 128).
The N-terminus was lipidated by addition of Pam2Cys and D-alanine (“a”) was added to
10  the C-terminus in lipopeptide 24.

The fusion lipopeptide 24 was synthesized using conventional solid-phase peptide

synthesis methods (W.C. Chan, P.D. White, Fmoc Solid Phase Peptide Synthesis: A

Practical Approach, Oxford University Press, Oxford, UK, 2000) and purified as described
16  above for lipopeptide 10. MALDI-TOF MS: MW calc. for C3s9He33Nse0104S2: 8044.6 Da;

found: 8044.6 Da (x 0.1%). Analytical RP-HPLC (Interchrom UP5WC4-25QS, 25 to 100%

MeCN in H,O (+ 0.1% TFA) over 25 min.): Purity > 98%, tr =20.48 min.

DLS (0.5 mg/ml in PBS, 25°C): R, = 10.7 nm; % Pd =12 - 13%.

20 Lipopeptide (25)

0 . GG(IEKKIEG)4EKKIAKYVKQNTLKLARPAPAPKPEQPAEQPKPa-NH,

HZNT\

o) (25)

In this example the PR sequence P7, PAPAPKPEQPAEQPKP (SEQ ID NO: 33) was
25  fused directly to the C-terminus of
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GG(IEKKIEG) EKKIAKYVKQNTLKLAR (SEQ ID NO: 129) to yield the sequence
GG(IEKKIEG)IEKKIAKMEKASSVFNVVNSKPAPAPKPEQPAEQPKP (SEQ ID NO: 130).
The N-terminus was lipidated by addition of Pam2Cys and D-alanine (“a”) was added to
the C-terminus in lipopeptide 25.

The fusion lipopeptide 25 was synthesized and purified as described above for 24. ESI-
MS: MW calc. for CagoHeagNg1OggS: 7966.6 Da; found: 7967.0 Da (+ 0.1%). Analytical RP-
HPLC (Interchrom UPS5WC4-25QS, 25 to 100% MeCN in H,O (+ 0.1% TFA) over 25
min.): Purity > 98%, tr = 21.41 min.

10 DLS (0.5 mg/ml in PBS, 25°C): R, = 12.2-13.7 nm; % Pd = 10 - 15%.

Example 3: Preparation of Controls

15  The following control compounds were prepared for immunizations and challenge

experiments.

Conjugate 26 (non PR conjugate)

SVAMPSYIGSSLEQTKNNLIQTVGIKEANIEVVEVTTAPAGSAE-
GMVVEQSPRAGEKVD LNKTRVKISIYKPKTTSATPa-NH,

o/\/o\/\o/\/o\/\o/\/o\/\ NH

O+ GG(IEKKIEA),IEKKIAKMEKASSVFNVVNSKKKCa-NH,
HZNI

S

e
\n/\/\/\/\/\/\/\/

20 0 (26)

This conjugate contains the C-terminal part (StkP-C; PASTA + C-terminus) of StkP (SEQ
ID NO: 115), except that 2 mutations (F594Q and 1602T) were incorporated into the StkP
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sequence to remove surface-exposed hydrophobic residues, resulting in sequence
SVAMPSYIGSSLEQTKNNLIQTVGIKEANIEVVEVTTAPAGSAEGMVVEQSPRAGEKVDL
NKTRVKISIYKPKTTSATP (SEQ ID NO: 131). The C-terminus was blocked with a-NH2,
where “a” denotes D-alanine. This StkP peptide in the conjugate adopts a regular
Penicillin-binding protein and Ser/Thr kinase Associated (PASTA) domain-structure by
NMR.

The corresponding maleimidopeptide 27 (3-maleimidopropionyl)-21-amino-
4,7,10,13,16,19-hexaoxaheneicosanoyl-(SEQ ID NO: 131)-a-NH;) was synthesized and
conjugated to 10 as described above for 14. Conjugate 26 was analyzed by HPLC,
MALDI-MS and DLS. Analytical RP-HPLC (Interchrom UP5WC4-25QS, 250 x 4.6 mm, A
=H,0 + 0.1% TFA, B = MeCN + 0.1% TFA, 20 to 100% B in 25 min.): Purity: >95%. tr
=18.41 min. MALDI-TOF: MW calc. for C70oH1201N1770216Ss: 15713.41Da; found 15715.4
Da (z 0.1%). DLS (0.5 mg/ml in PBS, 25°C): R, = 16.3 nm, % Pd = 16.9%.

Lipopeptide 28

GG(IEKKIEA),IEKKIAKMEKASSVFNVVNSKKK-

0 AEDQKEEDRRNYPTNTYKTAELEKAESDVEV-NH,
HoN

S

Q\Oj)\/\/\/\/\/\/\/

o)

o (28)

In this lipopeptide the 31 amino acids at the C terminus correspond to amino acids 344 to
377 from PspC of TIGR4 (SEQ ID NO: 116), except that two mutations were incorporated
into the antigen to improve solubility (L366A, I1370K; TIGR4 PspC numbering), resulting in
peptide AEDQKEEDRRNYPTNTYKTAELEKAESDVEYV (SEQ ID NO: 132). The C-
terminus was blocked with r-NH2, where “r’ denotes D-arginine. This peptide is further
coupled through a short linker (KKK) to the universal T-helper cell epitope CST.3* (SEQ
ID NO: 23).

Lipopeptide 28 was synthesized and purified as described in WO 2008/068017, and was
analyzed by HPLC, MALDI-MS and DLS. Analytical RP-HPLC (Interchrom UP5WCA4-
25Q8S, 250 x 4.6 mm, A = H;0 + 0.1% TFA, B = MeCN + 0.1% TFA, 20 to 100% B in 25
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min.): Purity: >95%. tzr =18.41 min. MALDI-TOF: MW calc. for C3gsHg54N1000121S2: 8696.1
Da; found 8696.0 Da. DLS (0.5 mg/mlin PBS, 25°C): R, = 7.9 nm; % Pd = 29%.

Recombinant PspA protein (rPspA)

The proline-rich region of the PspA from S. pneumoniae strain SP1577 was cloned and
expressed as recombinant Trx fusion protein (rPspA). Cloning and expression of
recombinant PR from the SP1577 strain was performed as described in WO
2007/089866. The purity and identity were confirmed by SDS-PAGE, dot-blot using anti-
PspA antibodies and mass spectrometry. The sequence of the protein is:

MSDKIIHLTD DSFDTDVLKA DGAILVDFWA EWCGPCKMIA PILDEIADEY
QGKLTVAKLN IDQNPGTAPK YGIRGIPTLL LFKNGEVAAT KVGALSKGQL
KEFLDANLAG SGSGHMHHHH HHSSGLVPRG SGMKETAAAK FERQHMDSPD
LGTDDDDKAM ADLKKAVNEP EKPAEETPAP APKPEQPAEQ PKPAPAPQPA
PAPKPEKTDD QQAEEDYARR SEEEYNRLPQ QQPPKAEKPA PAPKPEQPVP
APKPEQPVPA PKTGWKQE (SEQ ID NO: 133)

PspA proline-rich region including non-proline block are shown in italics.

Example 4: Mouse Immunization Studies

Conjugates were tested for immunogenicity against S. pneumoniae in mice. All
experiments were performed in accordance with the Swiss rules and regulations for the

protection of animal rights and have been approved by the responsible authorities.

For analysis of the antibody response outbred six to eight week-old female NMRI outbred
mice (10 per group) were subcutaneously immunized two times in three-week intervals on
days 0 and 21 with 0.1 ml of the formulations shown in Table 4. Control animals were
immunized with PBS or rPspA + alum in saline. Blood was collected before the first and
ten days after the second immunization and sera were analyzed using ELISA to determine
titers of IgG antibodies to the proline-rich peptide, Western Blot to determine 1gG to
endogenous proteins and flow cytometry to determine surface binding of IgG to intact

pneumococgi.
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Table 4. Formulations used for immunizations of mice

Formulation Adjuvant Concentration (mg/ml)®
14 in PBS None 0.2
15in PBS None 0.2
16 in PBS None 0.2
17 in PBS None 0.2
18 in PBS None 0.2
19in PBS None 0.2
16 + 14 in PBS None 0.2+0.2
rPspA in saline Alum 0.2
PBS None -

2 Shown is the overall lipopeptide conjugate / protein concentration.

For ELISA, MaxiSorp 96-well microtitre plates (Nunc, Fischer Scientific) were coated at
4°C overnight with 5 pl/ml solutions of PR peptides or rPspA in PBS, pH 7.2 (50 ul/well).
The ELISA was performed essentially as described in WO 2008/068017, using goat anti-
mouse lgG (y-chain-specific) antibodies (Sigma, St. Louis, MO) and 1 mg/ml p-nitrophenyl
phosphate (Sigma) for IgG detection. Endpoint titers were defined as the highest serum
dilution for which the OD of the test sera was larger than the mean OD of PBS plus two
SD.

For Western Blot analysis of immune sera, SP1577 was cultured in blood agar plates at
37°C, 5% CO, and total bacterial lysates were prepared. Lysates were separated by SDS-
PAGE under reducing conditions and blotted onto nitrocellulose membranes. Blots were
incubated with immune or pre-immune sera (1:500 in PBS) and developed using the ECL
system. A PspA-specific monoclonal antibody was used as positive control.

For flow-cytometry analysis (FACS), SP1577 was cultured as described above,
inactivated with formalin for 30 min., blocked with 5 mg/mi fatty-acid-free BSA in PBS and
approximately 7 x 10° CFU were incubated with immune or pre-immune sera (1:100 in
PBS) for 1 h at room temperature. Surface-bound IgG was detected using an Alexafluor
488-conjugated secondary antibody.

ELISA Geometric Mean Endpoint titers (GMT) + one Standard Deviation of the Mean
(SEM) and results from the Western Blot and FACS analyses (as positive vs. negative
reactivity) are summarized in Table 5.
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Table 5: IgG Response in mice after two immunizations

Immunogen ELISA Western Blot FACS
(GMT £ SEM)® (Pos./Neg.) (Pos./Neg.)
14 26013 = 30255 9N 8/2
15 271227 £ 82014 10/0 10/0
16 65606 + 13592 10/0 10/0
17 82066 * 36672 8/2 6/4
18 10354 + 6760 7/3 5/5
19 263069 * 62452 7/3 7/3
14 + 16% 9027 + 6150 10/0 10/0
14 + 16" 65606 + 13592 10/0 10/0
rPspA + alum 212977 + 65684 10/0 10/0
PBS <100 0/10 0/10
2 Pre-immune sera showed no significant reactivity in ELISA, Western Blots and FACS.
® |gG response measured in ELISA against 14
° |gG response measured in ELISA against 16

Although the antibody response was variable in the out-bred mice, all mice developed
high titers of antigen-specific IgG as measured in ELISA and IgG in most of the immune
sera bound to endogenous PspA and to intact SP1577 cells. No significant levels of
antigen-specific IgG could be detected in pre-immune sera and in sera from PBS-
immunized mice.

The cross-reactivity of the elicited IgG to was assessed using Western Blot and FACS and
a panel of genetically diverse pneumococcal strains representing different PspA belonging
to different clades from PspA families 1-3, which are defined in Hollingshead, Becker et
al., Infect Immun, 2000, 68, 5889-5900, and different pneumococcal capsular serotypes,
including serotypes that are not covered by the c'urrently licensed pneumococcal

conjugate vaccines.

Bacteria were cultured and Western Blot and FACS analyses were performed with sera
from immunized mice as described above for SP1577. The results are summarized below
in Table 6.
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Table 6: Cross-reactivity of IgG in mouse sera with genetically diverse Pneumococci

Strain
Immunogen | Test® [Serotype
SP1577 | SP920 | SP4408 | SP1272 | SP1388 | SP1260 | SP716
" /8 /19A 12 /4 /4 15
WBA ++ + + ++ + + ++
14 FACS ++ + ++ ++ + ++ ++
WBA ++ ++ ++ ++ + ++ ++
15 FACS ++ + ++ + + ++ ++
WBA ++ ++ + ++ ++ ++ ++
16 FACS ++ ++ ++ ++ ++ ++ ++
WBA ++ - - + ++ - -
17 FACS ++ ++ ++ ++ ++ - -
WBA ++ - - + ++ - -
18 FACS ++ ++ ++ ++ ++ - -
WBA + - - + ++ - +
19 FACS + + ++ ++ ++ ++ ++
WBA ++ ++ ++ ++ ++ ++ ++
14+ 16 FACS ++ ++ ++ ++ ++ ++ ++
rPspA + WBA ++ ++ ++ ++ ++ ++ ++
alum FACS ++ ++ ++ ++ ++ ++ ++
2 Sera after two immunizations were used. Pre-immune sera showed no reactivity in the
assays. ++ = strong band/signal; + = weak band/signal; - = no binding could be detected.

The results obtained with the genetically diverse panel indicates that immunization with
PR peptide antigens elicited broadly cross-reactive 1gG, although some PR peptide
antigen constructs elicited more broadly cross-reactive IgG than others.

For challenge studies NMRI outbred mice were immunized with different formulations as
described above. For comparison of the immunogenicity additional animals were
immunized with rPspA + alum, conjugate 44 or lipopeptide 46. The mice were bled 10
days after the final immunization, sera were analyzed by ELISA as described above in
order to determine seroconversion. The mice were then challenged intravenously (iv) via
the tail vein with 100 times of a pre-determined lethal dose (100 x LD1q0) pneumococci,
which were rendered highly virulent by passage in mice prior to the challenge. Bacteria
were either passaged by intraperitoneal (ip) or intravenous (iv) injection. After challenge,

the health status of the mice was monitored over 14 days. Moribund animals were
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euthanized and the time to moribund was recorded. The survival and time to moribund of
the animals immunized with lipopeptides or the protein were compared to that of animals

immunized with PBS alone.

Results obtained with strain SP15677 are summarized in below in Table 7. The SP1577
strain is highly virulent in mice. Unprotected mice died or became moribund within the first
12-24 h after challenge. Protection, therefore, indicates high efficacy.

Table 7: Protection of NMRI mice from lethal challenge with strain SP1577

- Formulation Passage Days to moribund P-value )
Test Control (PBS) for survival
14 in PBS ip 1,2,3x>14 5x1 0.0143
14 in PBS iv 2x1,5,2x>14 5x1 0.0495
15in PBS ip 1,2,3,2x> 14 5x1 0.0143
15 in PBS iv 3x2,2x>14 5x1 0.0027
16 + 14 in PBS ip 1,1.5,4,2x> 14 5x1 0.0143
16 + 14 in PBS iv 3x2,6,14 5x1 0.0027
18 in PBS ip 1,1.5,3x> 14 5x1 0.0143
19 in PBS ip 2x2,3x>14 5x1 0.0027
17+26+28 in PBS ip 2x1,3x>14 5x1 0.0495
rPspA + alum ip 3x1,2x>14 5x1 NS
rPspA + alum iv 3x1,5,>14 5x1 NS
16 in PBS iv 5x1 5x1 NS
26 in PBS ip 5x1 5x1 NS
28 in PBS ip 4x1,1x3 5x1 NS A
®) Shown is the P-value for the survival distribution compared to the distribution for mice
immunized with PBS by Logrank test. NS = non-significant (P > 0.05).

Mice immunized with PR peptide antigens conjugated to SVLPs were partially protected
and the median survival time was prolonged compared to that for PBS immunized mice
and mice immunized with rPspA. The survival distributions obtained for mice immunized
with SVLPs or rPspA were compared with that for mice immunized with PBS alone
(negative control) by the Log-rank test. The results for mice immunized with PR
conjugates, alone or in combination with other antigens, were significantly different to
those for PBS immunized mice. The P-values were in the range of 0.0027-0.0143. The
results for mice immunized with rPspA were not significantly different (P = 0.1336)
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compared to that of PBS immunized mice, although some mice were protected. The
difference may become more significant for larger groups. Results for StkP and PspC-
derived conjugates were not significant from PBS, indicating that these antigens are not

protective in this model.

For passive immunization/challenge experiments to determine if antibodies mediate the
protection, monoclonal antibodies were generated in mice. In one experiment BALB/c
mice were immunized three times with conjugate 17. Seven B cell hybridoma lines
producing antigen-specific monoclonal IgG antibodies (mAbs) were generated from
spleen cells of one mouse and tested for cross-reactivity with different pneumococcal
strains by FACS analysis. One mAb (5H8) bound to a broad range of strains (clinical
isolates) representing different PspA clades and capsular serotypes. Other mAbs bound
to the PR antigen in ELISA but not to intact bacteria. Epitope mapping indicated that mAb
5H8 recognized an epitope in the C-terminal part of the PR peptide, which occurs in a
broad variety of different PspA sequences, whereas the other 6 mAbs recognized other
epitopes, which are less frequently found in different PspA sequences. For the challenge
0.1 to 0.5 mg of purified SH8 or other mAbs was administered to groups of 5 NMRI mice
by iv injection. Animals passively immunized with an StkP-derived mAb (1A7) and naive
animals were used as controls. After sufficient time for equilibration the mice were
challenged iv with passaged pneumococci and the health status and time to moribund
was monitored as described above. Results obtained with strain SP1577 are shown in
Table 8 below.

Table 8: Passive protection of NMRI mice from lethal challenge with strain SP1577

Dose Days to moribund P-value
(mg/ml) MAD Test Control for survival®
0.5 5H8 15,2,3,2x>14 5x1 0.0027
0.1 5H8 2x1,1x1.5,>14 5x1 0.0495
0.5 3H5 5x1 5x1 NS
0.5 1H9 5x1 5x1 NS
0.5 1A7 5x1 5x1 NS

2 Shown is the P-value for the survival distribution compared to the distribution for naive
mice by Logrank test. NS = non-significant (P > 0.05).

Only mAb 5H8 gave significantly different results after passive immunization, compared to
naive mice. The protection was dose dependent. MAbs 3H5 and 1H9 did not show a




10

15

20

25

WO 2015/082501 PCT/EP2014/076313

55

significant effect in this model of passive protection. Sequencing revealed that the PspA of
strain SP1577 contains only the 5H8 epitope but not the epitopes of the other two PR-
derived antibodies. No protection was also seen for the StkP-derived mAb 1A7 in this
model.

The resuits demonstrate that immunization with SVLP-forming lipopeptides carrying
proline-rich peptide antigens elicits highly S. pneumoniae cross-reactive antibodies in
mice when administered alone or in combination with other antigens, without co-

administration of an adjuvant.

Example 5: Rabbit Immunization Studies

In order to characterize the antibody response in non-rodents, New Zealand White rabbits
were sc immunized three times on days 0, 28 and 56 with different concentrations of
conjugates 17, 18 or 19 in 0.4 ml PBS, without or with an adjuvant (R848) (Table 9). Blood

samples were taken on days 0, 14, 38 and 66 to determine seroconversion.

Table 9: Formulations used for immunizations of rabbits

Group Formulation Adjuvant Concentration (mg/ml)®
1 17 in PBS None 0.35
2 22 in PBS None 0.35
3 21in PBS None 0.1
4 21in PBS None 0.025
5 21in PBS R848 0.025

¥ Shown is the lipopeptide concentration.

Pre-immune sera and sera after the third immunization were analyzed by Western Blot
and FACS using rabbit-IgG-specific secondary antibodies and various pneumococcal
isolates as described above for the mice. The development of the IgG response was also
analyzed by ELISA using a monoclonal anti-rabbit IgG (y-chain specific) alkaline
phosphatase antibody with 4-nitrophenyl-phosphate for IgG detection, essentially as
described above. Results are shown in Table 10. All immunized rabbits developed IgG
binding to endogenously expressed PspA and PspA expressed on intact pneumococci in
response to the immunization. Pre-immune sera showed no significant reactivity in these

assays. High titers of PR peptide-specific IgG antibodies were detected in the immune




10

15

20

25

WO 2015/082501 PCT/EP2014/076313

56

sera from immunized rabbits, even after administration of low doses of the conjugate

without an adjuvant.

Table 10: Development of the 19G response In NZW rabbits (N = 3)

Grou (GMEI::ISSAI%M)"’) Western Blot FACS
P T T S (Pos./Neg.)” | (Pos./Neg.)”
1 401+£022 | 492+0.15 | 4.66+0.16 3/0 3/0
2 296+0.05 | 4132019 | 4.15+0.08 3/0 3/0
3 <23 4.47+0.05 | 4.67+0.16 3/0 3/0
4 <23 284+025 | 3.79£0.34 3/0 3/0
5 <23 3.70+0.38 | 4.560.08 3/0 3/0

? Shown are log10 Geometric Mean Titers (GMT) + one Standard Error of the Mean
(SEM) after one (1% imm.), two (2™ imm.) or three (3 imm.) immunizations.

b) Results for strain SP1577 are shown.

The results demonstrate that immunization with SVLP-forming lipopeptides carrying
proline-rich peptide antigens elicits broadly cross-reactive antibodies in non-rodents also

when administered without an adjuvant.

Example 6: Comparison of antigen-specific antibody responses in BALB/c mice

The antigen-specific antibody response elicited by conjugate 15 SVLPs was compared to
that elicited with recombinant PspA protein. Six to eight week-old female BALB/c mice (18
per group) were subcutaneously immunized two times in three-week intervals on days 0
and 21 with 0.1 ml of conjugate 15 in PBS or rPspA + alum in saline prepared as
described above in Example 5. Blood was collected ten days after the second

immunization.

In order to determine the antigen specificity of the antibody response, ELISA were
performed as described in Example 5, using PR peptide SEQ ID NO:27 as the coating
antigen for the measurement of PR-specific antibodies and rPspA as the coating antigen
for the measurement of total anti-PspA antibodies (i.e. antibodies to N-terminal epitopes,
NPB and PR). The results are shown in Figure 1. Sera from non-immunized mice showed

no cross-reactivity with either antigen in ELISA.
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As expected rPspA was highly immunogenic (anti-PspA IgG GMT + SEM = 81'969 +
28°068) but failed to elicit significant levels of anti-PR antibodies (anti-PspA 1gG GMT +
SEM = 213 + 218). This was not due to a failure of antibodies raised against rPspA to bind
to the PR peptide, since antibodies raised against conjugate 15 SVLPs recognized both,
the PR peptide (anti-PspA IgG GMT + SEM = 27°583 + 6°204) and the rPspA antigen
(20919 £ 3'444) in ELISA. It is, therefore, likely that the majority of rPspA-elicited
antibodies bind to epitopes in the N-terminal alpha helical part.

In order to determine whether PspA lacking the N-terminal alpha helical would elicit more
PR-specific antibodies, mice were immunized with a truncated recombinant PspA-Trx
fusion protein (rPspA-delta-N-term; contains PR and NPB). Surprisingly also the truncated
protein failed to elicit significant levels of anti-PR antibodies: The GMT + SEM was
128'496 + 28'481 for the protein and 213 1 1’094 for the PR antigen. This was significantly
lower than for conjugate 15 SVLP-immunized control animals (GMT £ SEM of 32'776 +
6974 for the protein and 47°679 + 23’383 for the PR peptide). Together these results
indicate that SVLPs elicit significantly higher levels of PR-specific antibodies than
recombinant PspA.

Example 7: Protection from increasing challenge doses

In order to determine the protection of immunized BALB/c mice from increasing challenge
doses, mice were immunized with conjugate 15 or rPspA as described above in Example
6, challenged intravenously with increasing doses of serotype 1 bacteria ranging from 102
to 10° CFU and monitored for survival. Standardized pneumococcal serotype 1 bacterial

inocula were prepared as described in Aaberge |.S. et al., Microbial Pathogenesis, 1995,
18, 141-152. LDsp in non-immunized mice were verified by intravenously injecting BALB/c

mice increasing doses of bacteria and monitoring for survival.

The protection of immunized mice was dependent on the bacterial challenge dose and the
type of immunogen. At low challenge doses the protection was comparable for animals
immunized with rPspA or lipopeptide building block 15 SVLPs (See Figure 2). At higher
challenge doses (100-10°000 x LDs), the mice immunized with conjugate 15 SVLPs were
better protected than those immunized with rPspA. Together these results indicate that
the anti-PR antibodies elicited by SVLPs protect over a wider range of bacterial challenge
doses than antibodies raised against rPspA.
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Claims

1. Lipopeptide building block consisting of

(1) a peptide chain comprising a parallel coiled-coil domain which, as a self-standing lipid-
free peptide, forms a parallel dimeric, trimeric or higher order oligomeric helical bundle,
(2) a proline-rich peptide antigen comprising at least one negatively and at least one
positively charged amino acid, and wherein at least 15% of the amino acids are proline,
optionally linked to a further antigen, and

(3) a lipid moiety comprising two or three long hydrocarbyl chains,

wherein the peptide chain, the proline-rich peptide antigen and the lipid moiety are
covalently linked, either directly or through a linker.

2. Lipopeptide building block according to claim 1 wherein the peptide chain comprises
between 21 and 200 amino acid residues.

3. Lipopeptide building block according to claim 1 or 2 wherein the peptide chain

comprises a coiled-coil domain consisting of three to eight heptad motifs.

4. Lipopeptide building block according to claim 3 wherein in the coiled-coil domain
positions a and d in each heptad motif (abcdefg) comprise alpha-amino acids with small to
medium-sized hydrophobic side chains and/or aromatic or heteroaromatic side chains, in
zero, one or two of all the a and d positions an amino acid with a polar non-charged
residue and in zero or one of all the a and d positions an amino acid with a polar cationic

residue or an acylated derivative thereof, or with a polar anionic residue, or glycine.

5. Lipopeptide building block according to claim 4 wherein

alpha-amino acids with small to medium-sized hydrophobic side chain are alanine,
isoleucine, leucine, methionine and valine;

alpha-amino acids with aromatic or heteroaromatic side chain are phenylalanine, tyrosine,
tryptophan and histidine;

alpha-amino acids with polar non-charged residue are asparagine, cysteine, glutamine,
serine and threonine;

alpha-amino acids with polar cationic residue are arginine, lysine and histidine; and

alpha-amino acids with polar anionic residue are aspartic acid and glutamic acid.
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6. Lipopeptide building block according to any one of claims 1 to 5 wherein the proline-
rich peptide antigen comprises at least one glutamic acid residue and at least one lysine
or arginine residue.

5 7. Lipopeptide building block according to any one of claims 1 to 6 wherein the proline-
rich peptide antigen is derived from proteins of Streptococci and/or Staphylococci.

8. Lipopeptide building block according to any one of claims 1 to 6 wherein the proline-
rich peptide antigen is derived from proteins PspA and/or PspC.

10
9. Lipopeptide building block according to any one of claims 1 to 8 wherein the proline-
rich peptide antigen comprises a peptide of SEQ ID NO:27 to 112, and such peptides in

which one, two or three amino acids are replaced by other amino acids.

15 10. Lipopeptide building block according to any one of claims 1 to 9 wherein the lipid
moiety is one of types Z" to Z°

1
R' o
R2
RN
0-P-07 Y TN
OH Y 2!
1
R' o 0 ‘
_P_O ~,
o) OH Y z

wherein R' and R? are long hydrocarbyl or long hydrocarbyl-C=0 and Y is H or COOH,

RS\NJYK
H

20 o Z
wherein R', R? and R® are long hydrocarby! or long hydrocarbyl-C=0 or R' and R? are
long hydrocarby! or long hydrocarbyl-C=0 and R*is H or acetyl or lower alkyl-C=0,

H
R1—N )
n
R2 A
H
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¢} 75
wherein R and R? are long hydrocarbyl or long hydrocarbyl-C=0 and n'is 1, 2, 3 or 4,

0
R —X

o On X
RZ/U\ﬁ

o Z°
wherein R" and R? are long hydrocarbyl, X is O or NH, and nis 1,2, 3 or 4, or

R1 o
\ka

RZ Z7
R~

|

RZ 28

wherein R" and R? are long hydrocarbyl.

and wherein long hydrocarbyi is straight or branched alkyl or alkenyl consisting of
between 8 and 25 carbon atoms and optionally one, two or three double bonds in the

chain.

11. Lipopeptide building block according to claim 10 wherein the lipid moiety is di-
palmitoyl-S-glycerylcysteinyl of formula Z3, wherein R’ and R? are palmitoyl and R® is H or

acetyl.

12. Lipopeptide building block according to any one of claims 1 to 11 wherein the peptide
chain comprising a parallel coiled coil is linked at one end to the PR peptide antigen and
at the other end to the lipid moiety.

13. Lipopeptide building block according to claim 12 wherein the peptide chain PC is
covalently linked to the lipid moiety LM at or near one terminus of the peptide chain either
directly as in

LM~ PC (1)
or via a linker (L) as in

LM-L-PC (2)
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wherein linker L is selected from

n %
AN TNy
. m L9

O O L?

A 0
t@x} N
m L2 m LO

1
S 0]

0
Ak
5 o o) L3 HN g 11
AL
0 ")j?
% ° S )
o™ Oy
o) L4 HoN vy L12
o] o O
o] n LS O NH, |13
LA
== ;‘S\X,N\
N N G
m
;\x(/\)N/l\{\N
— o) ; S X a,
L, S Ay
n L7 o) o) L15
m
;\(\/\)N/T\N o
— 0]
t"‘\n/\/(x\/)\m/%N.x\/\(x/\))j\,ﬁr
10 n ; L8 (@) n L1G

wherein X is O or NH, m is between 1 and 45 and n is between 1 and 45.
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14. Synthetic virus-like particles consisting of helical lipopeptide bundles comprising two,
three, four, five, six or seven lipopeptide building blocks according to any one of claims 1
to 13.

15. A vaccine comprising a synthetic virus-like particle according to claim 14.
16. A method of vaccination against a disease caused by Gram-negative bacteria

wherein an immunogenically effective amount of a synthetic virus-like particle according to

claim 14 is administered to a patient in need thereof.
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8. B RI-6FAE— IR RSB0, HHP E R ME RN KL ERE TEA R
PspAFi/8%PspC.

9. BAERI-8PE— T REARE M 5T, P B S IR BT KPR & SEQ ID NO:
27-11209 AR FNIX ALY BR , P 12BN R R BN R E R B R,

10 BRI SR 1-94F — TR A AR 45 ¥4 B G , oAk g BB 4 R A7 - 782 —
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H
R1—N )
n

R2__ %,
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O
R —X
Pl )"’a
rRz” N

HARUFIR? R KR 3, X 08NH, Bni1.2.3804; 8¢

R1 O
\TJJ\;

R2 Z7
SN

|

R2 28

HPRFREKEE,

BHAKBEIERHS-25M R FAFR M1 2883k A A9 XU 4H AR I B BE Bk 7 B It
R L.

11 AFIE R 1069 fig k&5 #8870 , Forh B R 4 R 210 - F B 2 -S—H i B L R
BEd:, HPRUFIRRAFMEIEE L , ARYRHBLZ. B EE .

12 BRI ER1- 11— TR AR ARG M B T, Hop 8 5 AT B i B e O BB 22— A oK
Ui bR B PRERHLIR 3 BLAE 53— AR BB R 45

13 AR EE SR 120 B IR 45 40 5850 , Horp BREEPC 5 Ag B30 7 LMAE i R ) — N R ok 82
E— MR b BN EER:

LM-PC (1)

BUE B (L) N EER

LM-L-PC (2)

HA kLI -
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RReY .
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N
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o)
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<L B e

n ¥ L7 0 0 L15

N o
W; j\n/\’(x\/)\m/\"x\/\(x/\%i\w

n L8 0 L6
HhXZONH, miE 1 45, Bnf1E 45,
14. 5 BR B TURL , B AR B KR 20 A%, iZ B HE FE BR R 8.8 2.3.4 .5 6 B 7T MR IE AR

EOR1-137E— T BE AR S5 49 % 7T
15. B EAURIE K 14K & B BRI A R
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16. YL 25 22 (R BA VR 3 S BRI KA RO B0 77 3, B b X b 7% B2 Y A8 i ) S R IR
YA LB RIAR AR ZE R 1409 & BUR B AR R0RL .
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R A R R E I TR I E 2 I EERAY K

% BRI

(00011 AR B K HH I BE4H RO SRR FR & RO B AR ORI 22 SRALFR K, BT iR B85 B 5 °F
1T BN M B S I E BRI IR BUR AR B4 , B @ S X S
FE R BR PUR B0 & RO 35 R TR P VRS0 ey 25 22 B PR 1 181 491 fan i % S BR T (Streptococcus
pneumoniae ) 5§ BUH B G BRI E T

[0002] REREE

[0003]  ZE PG PHM 4R (5 BEERE (Streptococei ) BRE A ERFEH (Staphylococei) ) B AX
2 712 28 P 0 4 5 TR AR F5 R, BT IR S T A HE i % IR B L RS RS A T IR e L o R R K
SMERBHCGHAE ) LEES P FEARTE S E I, 3T IF R I GUX L% R R & i 7
EFR CEBINHT LR SRR E B R R E W ARG, Gl e 2t
TR

[0004]  fili % BEEK 2 = FE AN R ) 22 0 3 1) FF 2R Il e e Bk, L@ 2 B F A 2R3
H TS B ERR F I KBRS , Bl dn=h B 5% L 88 8 FNE TR I 14 fir 48 , R 5 7 26 1k (1
12 E MR, B0 IURE / B B RE B R AN R I M A %, X B R BRI LEM P ZE
A

[0005]) ZHESEFER (R ETFE T B T v B E FH BB 1LC3b IR & /& F g otk
M) JE A R R G 1E A . B RT1S BIHEE 0 % M A A SR M C R FE T R BR B S B TS
(PPSV) A 1) S 5 25 W 1 R SR B 7E i 96 BRI 42 & 0 7 (PCV) HR 53R ER [ B A 1 (3 1
FRCORM 1978 A1 ENE L HP K AR A0FP M35 B P I 90F L AR SERE S8 .
[0006] 224 il 6 BR v 81 159 AT A B2 (36 i 375 28— S AR 3P 1 L (B3 MR P 2 AE R
— MG H B . E20004E , 7E R E 5| A K & Prevnar®7 G £ MER 7 MER K
BARG EH B SR Rk E £ B 53 - V1B R H bk, 5 F F—REER EFE
B EHURBIG R BRE R AT K.

[0007] HFEEAT —RMARBEEN —MHEBEENRERMARERTEAA
(PspA) .PspAR AR L ASHEB (cholin) -G &R A H A AN-Kifa—12je 54, K 58 &%
R IRAT B4 2 , B B S I EER I X, H AR B B 2 BB AR SR T 0 JE B AR X B AN
A5 2 A IR & SR E B I C-R X

[0008]  PspARIN-FR X & 65 B R AT B & 1% X (1 B R A FIRIEZ X 048 3k
B4 7S TR b B R R4 ERE )1, Langermann®E A B 2 H 5% 7 FiAPspARI EAH F A
Hi(Bacille Calmette—Guérin)(rBCG)# k. A T BeE 4 & 40 B BE 4 I PspA, fPspA-fiT4E
BB B S5Mtb1OBEE Al A (3 Mlangermann S. 2 A, J.Exp.Med.1994,180,2277-
2286) . FFAET i FHPspAE B T HUR A IS HY 22 & MR , TR AN-2R 3% (X AT DA 0L A WLER 2R
E, B A SR a3 X A 0% R AT B S BUH A8 XU M PR o (R b , 3 B3 4T 2238
i FPspARI R EX/EANTR AT ULEEFREANT R A RERERN B — A PspAR £ F
EHEBRKX . REPspA E SIHEBN X (PRR) R L EH  BEREAEJINMETFIET,
BIEH B EMRET , WPKP.PAPAP . PEKPFIAAE T — £ PspAdr FH I & B AR F R IE E R X

7
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BX(NPB) (Brooks-Walter,A.% A\ ,Infect Immunl999,67,6533-6542;Hollingshead,S. K.
£ N\ ,Infect Immun,2000,68,5889-5900;Daniels,C.C.% A, Infect Immun,2010,78,
2163-2172.) JREPRRAE S Z B RAL B2 FABEE R E N Tk (EIA) SHELEEH
(Trx) A EAEANRIBEEIJLEFRNE] T £ X ZPspAT 2 B Pk (Melin, M. ZE A,
Vaccine2012,30,7157-7160) . K ANPBE & FE AR 51 , BT LAVE & HERE 61 X PRREGFUIE AT UL 5
KER S HibRiE I HENPBRALIR B R A2 X R .

[0009]  PspARIPRREF /MR F(ELA100MNRERR) B it 7E s bt F/E BRI AT gEA
RURGEFEMER .. C L4757 KBAFE (Escherichia coli)Trxgh&E R, O & EE K
P RR G /N R AR R ESE T HAAR 4P EE (WO 2007/089866F1Daniels,C.C. & A, Infect
Immun,2010,78,2163-2172) AT, Trx@-& B E AR E AT RENE S T AR A, X HEH
T X IR M Tr x R ALK G I8 B2 B 7 B8 R R R PRI L Y 2 H 45 MR - Ik 41, NPBEK,
B S HEER (PR) B FFIE AT DLE& SRR MR AL, B i ST T8 op SR I RALIK 0% B2
ZHT IR K.

[0010]  AIAFE ARG R BREE & H P REL T 28U PRFF1 , B35 3R T & (A PspC (L FR 1
CbpABkHic) FIPhtX& FHPhtA.PhtB.PhtDFIPhtE, BATA HX K BN R FREEE M = 4
RN X AT LLES T EE AN T — R RERE T, 403K B PspAl B & THERK F 5.
[0011] REHEE=ZRHEMHEN/LFCERHEAFERAOEACSE SHERNFS,H
[ B B DA HR P X e SR AR R T ) X R A R ERSR B R ESMRENREEA , 5
WIER AR BEBRTE (S. pyogenes ) IM6.Sc1AMIScIBE A ; LA EEIRE (S.agalactiae) [fJCBeta
(bac) FIBibA; B{AR S EEFKEH (S.mutans ) FIPLA I & Bk B & B B ERE (S . aureus ) i
EHR.

[0012] & BB 40 ER AS AR SE U TE R T B 70 P R LA R RL FPE A IR UIR R s E 4 %
Bz xvE(Ghielmetti M.ZE A, Immunobiology 2005,210,211-215). L& RIE T F 28
FRAG A, R DA B A C VeI R 1 AR S BB &, A2 B B 17 % T AR IE Y
R B R AE T = AR MR -S—H i 2 2 PR EUBR (N- AR A BE 25 -S- (2, 3~ R~ (O-AF Ak
A -NE) L EBEE-BPan3Cys) Fl ZAFHEBE R -S—H M E M AR (2, 3-X-(0-K£ 4
B ) TN 2 ) - R S B 2 -5 Pam2Cy s ) - 75 55 22 [ [ 44 1 ) PN IR R AP I AR 2R 1 Rie 40
RILT X R &R 5 . B FEREWO 98/0775236R T AERRSSEEZ s [ B b i B, Horh
FEE > AT UL R e85 B = BRI A MR IR & A -7 51 . BRI H1EW0 2008/06801 741k
T & BRI, BB A B e RS Bk IR 3 B B A A BS FS FURK 4 3R T R ER R ER R 45
¥ - i R SE I e 0 2 5 b MR i 45 1 35 o IR AR &5 0 B e P R v 1 5 it M R 45 M 3 P A Ak
REHEHERREFEBRN SRR THE. '
[0013] &KHEAMEAR

[0014]  ZKBAVE Kb an T 4H B ) BE RR G5 M .5 - (1) /8L 3 “FAT 46 o B e 45 M 3 A Bk , 1B
S8 3 (self-standing) FITEAE B, B BCEATH R = RAWEFE & R E Rk
W (2)ESERAM(PRKPUR, RS ED— /N MR ME D — /N R m R E
Be, AP RSN K HEREHERR, TR KPR TR ERZE BAMIRER M(3)BE2
ANB NI BER AR BSR4 5 B A Bk BRBE BT IR PRAKPE R AN BT ik g R 8640 B B i %
BRI R A, B8 AT RS AR IR KB E — i LB R BT IAPRIKBUR , T 7 B

8
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— i % B PR IR R 4

[0015] X & fiig k&5 44 B0 50 IR 4R R MR e 8 K SR FD-& s B R UKL (SVLP) o B IR PRI 236
FESVLPR [ L3846 7 XMPREFALK) S B

[o016] MEBERETHREM/HFHEHRE  ERERIE T IR GERE
(Streptococcus pneumoniae)HJPREKTLRMIPE RS HI B TT .

[0017] AR BHIE o5 Jo A 7= Ag K 45 44 58 e, W2 e i R SR F0-6 B0 Hos B3 B UKL I 7 355 5 #5 R PR
FR T 5 04 g oA 25 4 B 7 MR T i R SROFN-& B3 5 R UL 78 ] 48 %8 7 P ) A s AV X 26
R BB B TS AR RIS BB & 5T PREU R 9 & U BERERURL Y 2590 1
[0018] 7 BB & SRR T BEBR B AN / BRI &) BR B 45 1) 2 SR VR T i % S5 BR T () PRAK B JBR
MASYRATHSN MR BRESIAEEZREYEN RERE B H T W sa 7 &
GV BT, 451 T el Al 2% BE IR R 3 BUH M A BR B 1 B

[0019]  fff B3k

[0020]  [&I1 .5k B FH AR fik15 (3 i 24 I3 BB A E 7 7% ) B AL 7104 ) EE 4 PspA (rPspA, £
=T ) G B P IR ITBALB/ ¢ /)N B 1 1L 375 FOSK B 2R A i X FRAAL B L8 (FIRF 5 ) 1 1Y
IgG ELISAZ R 7 SRR KB MR A SEE LS, ERE R P EESRRE
& R R A X B Ak (PRER) FIEL & S BEN-R i a— SR e R 3 & & FHEUBR 04 X RN HE Pl & BR X BR
(rPspA) I EHPspAE AN ETHEE .

[0021] PRI 2.- {3 PRIt 489 771) 8 ) it 2% BE R B VB B0 1 5 %8 AU R S I BALB/ ¢ /N BR B B 5 J& LA
RE(D) THHIAFIE I 8] £V B 40 b (% S) R fEy— i b, HLA 5 A7) & (BACFUTH) &
NEA M 45 /N S B 2R BE RK 158 rPspA+ B, 24 J5 18 I B ik P9 I i

[0022] R BH{FER

[0023]  ZR&BAWS RAGHRLE A ST, ForH 0 4 ke«

[0024]  (1)8&FA7T % dh iR e 45 /38 ik sE  1E 8 B SraRR B R BAK , BT BCPAT I — 5
W ZRACEE B R S BRA IR IR

[0025] (2)% STHEARK (PR)BKHUR, A G =D —/H F i A A E D — A 77 IE 7
R AR, AP E/D15% K EEREMER , rid Pt ARG REREE R HUER ;
[0026]  (3)EL& 34 Btk 2 e B a8 T RR 20 (LM) s H b Bk KB Tk PRAK B R AR
ik BE BUER 7 B BB EE B VR Bl R 2 A R B R SR T B .

[0027]  ffLadedth, L& P47 B 4 il B2 BE i AR BE7E — i b E BT IRPRAKHLIR , T 7E 53 — I
FEEEFARRERE S .

[0028]  Fk&% (PC) & 4T H A h MR HE 45 A 15 . 3X 28 %5 ith W2 e &5 M9 38 45 & R JE 1) R e
W, g & i R ZRAL U RN LRAL S RACB BRI AT R S i R e 45 14
AN ) T B 18] AT A5 Y R , e rp B 4k JOR 5 BT 2R T S8 DA ) AT HE BB 7 sRHE S 2
AM(ERE A ) BRI 38 43 46 1630 LA T8RRI 1 45 40 o BT 3 A7 45 th 4B e 45 A 4 mT DL &5
12— 120 EE BRI E , k2] — 80N R E M & G IR RS M A 2N BE 2 MES
HEEMENXBE A CANEE BT, BPT NS EBERIC Na-g, K afdR R KT
), HEAB AWM TIE KK RE 8 RAE LA -TITH MR Fe B I R 10 ¥5 % (Lupas
A.N.,Gruber M.;The structure of alpha-helicalcoiled coils,Adv.Protein

Chem. .2005,70,37-78) . AT id Bk B 40 201 22 T AL R HA 2 22 58 AR S 1 AT 1 35 il 12 e g e ok

9
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(B an — SRR Z R AR DU B B R AR SRR ECE R AR R AR R4k = F k0 R ARk
IR ARAEE BRFF 51 R e N B 7 51 LA B G 7E LA T N AR FPE Y B 4 G B 50 07 UG
[0029] FrR AR B TE 8 E 2 AR (PR AKIUR, KO8 ZE b — A7 AR
M D —AN i IE R R R A CE B W R A N SRR AT A M A EpH T IE
B f B S AT BB R E R R AN EER D, A2 3CEEN & WA BB A & 5
RREBER EERRAMARE; &% LI H BTN EERE S ERARLER . R 2D
15% IS 2R R IR, WK LA “B S HER 1Mk STHERN KL HEesE D
—MBEBRBREMNE D — MR ERBUE R R RE.

[0030]  fik A PRAKSL IR K IR T 5 BR B /BRI BT BR B , B 0 sRVE T3 = IRPH M B, ik B
PRARBEER S G AL BEBR TR (A8 R BE SR B S BEBR B (Streptococcus suis) B#IRE
(Streptococcus equi) BRFALBEFRE (Streptococcus dysgalactiae) KIEWEEIRE
(Peptostreptococcus magnus)fl& R BB EFRE -

[0031]  fLikit , X FHPREKHL IR SR UE T8 1 FiPspAFN /B PspCEI I & &1 ) i #¢ 1R B Jk v 2
RIPEE BT, BHEPhtXEH .

[0032]  “SRYRH” R 18 AT IR BRI B9 FEBR 7 5 B & BB 7 51 i 3 B3R 43 (BRI 50 % 8% A
EVREFT—FSREHRAGERNEAR, MO% ZHL0%NEERFIEFH KT L0
FEPRIKTLIR , R B &R E A FPspA/PspCoF /SR E REA S ESHERNFBRINEA
B E SHERNFINAEAS. EFRENAR 2B ZABRTEENEDI Y EER
IR .

[0033]  #FHISRHEME & RS ER Y (PR) At [ SRUR T it 2% B 3R 04 B 7EPspASPspCHY 12 g
(X 1 C— 7K ¥ Ji& AR il B R X EX (4 SR PspABRPspCFR ¥, & 3k il & B8 X ER ) B EE B X 57 & 4R
FENL BN , PREKFUR AL T I R 3R B 2 H & B =B 1 R (Pht XD B O X B3, BT IRPRAK
PURAM T EZ IR EMPRE D X A , BTk 5 = 1K B4 T I B BRAR BEBRE TP BEBRTH |
AR EERKE R DK E (B ILEEEKE R HALBE BRI A e IR A BT B B R R
FEERERIPLAS R P OX .

[0034] (R4 PREKHL E@ T T 515 B4 5 - 5 PspA RN/ B PspCHL /B 285k B s AR b 55
B R G B F A PRIX , & BPRAK , 3% B8 K 5 H AN BB BRFE 401 Bk EE (PC) X5

[0035] @it it FH R AKX & W Fn B SR 18 1 & B 34 SR I BV SR 7R/ % BR B ME Bk 5
ShE B B PR B ER A TR G T B R B A A B A 4 vE R Sh A K PRIK L R B ThAk
[0036]  PRAKHLIRATIEM S HAMYPURIER: . % 20 7 SN PUE =2 3 E 5 i 5 BR 18 AR EBL
ZHER B HIR EGEEMFHISEQ ID NO: 113 1198 kIS T IR K EHE.

[0037]  FrikPRAKLIR H B 8@ i E B AR L PRIKIT IR FIN-BC-Rim L& &, - LiEREE
9,5 %5 R e 45 K38 R B (PCON-BRC— oK i B AR e M W e 22 AL BR ) 5% - B, AT IR PRAK
PR @ PRI R B M SRR B a0 R s BN SR A B A 2R AR - R BR A
AN S B EEHIZRAE MM IKE (PO G TEENEBRER2 20N EERNE
IR R RS E AR E-RR BRI REEE L, LEBE 1R 121N/
HCFERER T RGEE ZERBIERY (PSR T Rrw)  ByE. s, Ky
UAE—PNEREZ M E LEE CBE . H M- BB B RURE; 208, fln R (ERR) X
HATED (B EY) & A JR (proteinogenic) BAE R A R R E B ; FIC-Cei M A

10
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MRk, AU ES T EREAN—MREA : 8 B BIL . 24588 VB B BRI LB
B AR VRS IR BRIR (IR ER B W E AR BRER TS AR BB . BRI PR« fe B TR BRI W fig (L4
AT LAZK A R AR ) I B A BB & — N BB ANk B BRE R R F R 2238, Rk =" . R4t
BN R LRRERERA S, BRG] AR AR,

[0038] HTHEMEBHEHIESTIEREZAFMBAELD KW FEREAE K
For B B AR R AT = O VA TT BB (8 PRAKPU R 5 68 & 747 46 i 08 g 45 /0 38 Bk 5% (PC)
BE XK FERAFIREARN RAFTAFE, 2 0, HliiHermanson,G.T,Biocon jugate
Techniques, 282k ,Academic Press,2008.

[0039]  PRAKHUER HH5-200 M E B MR L ES-B0O N A E MR A . £ MPRIAB AW AT LU 5% 1
FFREBE FH  PRAKHUR L PT PA— 2Rt &, AE = A K N TPREK . PRE AR r] LL 585 74t
B R IRE R PR B EHAEE B EEREAGInmEE- K- - R EE -
R AR R MR E R K HATEY R LAFENPRAK , LAMER R FPRAKER & BLIGsmia e i .

[0040]  Fri k8% (PC) LRI LB & B 75, HEHE— B Z AN T- 5 Bh 48 M 3= fr F /5%
R 3t A Bk 5 ¥ B T e K R VB R I AR PE AR FE 2R

[0041] AT LAFEARREE (PO MIT-HBIVRA B TR I FIH 1) AL & H A A, 1,283
MEERYE AP B ER B Rk

[0042] %1

11
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[0043]
T-448h R A SEQ ID NO: A5 2
TT830-843 1 QYIKANSKFIGITE
TT1064-1079 2 IREDNNITLKLDRCNN
TT1084-1099 3 VSIDKFRIFCKANPK
TT947-968 4 FNNFTVSFWLRVPKVSASHLET
TT1174-1189 5 LKFIIKRYTPNNEIDS
DTD271-290 6 PVFAGANYAAWAVNVAQVID
DTD321-340 7 VHHNTEEIVAQSIALSSLMV
DTD331-350 8 QSIALSSLMVAQAIPLVGEL
DTD351-370 9 VDIGFAAYNFVESIINLFQV
DTD411-430 10 QGESGHDIKITAENTPLPIA
DTD431-450 11 GVLLPTIPGKLDVNKSKTHI
TT632-651 12 TIDKISDVSTIVPYIGPALN
CTMOMP36-60 13 ALNIWDRFDVFCTLGATTGYLKGNS
TraT1 14 GLQGKIADAVKAKG
TraT2 15 GLAAGLVGMAADAMVEDVN
TraT3 16 STETGNQHHYQTRVVSNANK
HbcAg50-69 17 PHHTALRQAILCWGELMTLA
HbSAg19-33 18 FFLLTRILTIPQSLD
HA307-319 19 PKYVKQNTLKLAT
MA17-31 20 YSGPLKAEIAQRLEDV
MVF258-277 21 GILESRGIKARITHVDTESY
MVF288-302 22 LSEIKGVIVHRLEGYV
CS.T3* 23 IEKKIAKMEKASSVFNVVNS
SMTh 24 KWFKTNAPNGVDEKIRI
PADRE1" 25 aKFVAAWTLKAAa
PADRE2"Y 26 aK-Chx-VAAWTLKAAa
) K% #k: SEQID NO: 1-5#17-20: Eur. J. Immunol. 2001,31, 3816 -3824; SEQID NO: 6-12:
JID 2000,181, 1001-1009; SEQID NO: 13-16, 21-22#s24: US 5,759,551; SEQID NO: 23:
Naturel1988, 336, 778-780; SEQID NO: 25-26: Linmunityl994, 1, 751 -761.
D) ad A D-Ala i, Chx“ A 7 7 S8R .65,

[0044]  FFriR fKEE(PC)H) B K FE R IL 921 E200 M B ER TR AL , B LIE21 120NV R EBR TR
%,

(00451 Firidk Fig Jo ik o3 (LMD L& fig B, FU A 2813 VL2 MR B BE N4 S ix e i
S B B R B I B A T B A R BE (PC) B 4544 . % i R R 4 B 7] LA F IR E #2 = PR
Bk B 5 85 AT 3 i AR R B AR BE SR & 5 SR T, Do 2 P oc IR B 30 4 i e 22 BT R Ak % o 1103

12
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G BT 7 2 B0 2 283 VR 2N E K IR R BE I B R

[0046] "KEHEH"RI8EDTNRIE T E A SR, HlIn8 Z 504N CIR F  fRik8E 25
ANCIRFA R A b B BUA 2 R Bk s E R A 1. 2803 X, &5 5 B FESZ LT
TEAR , 1E Q038 & 7E R SR BE B BR AN A I B R R BLRG 727 R 37 1 58 SO i B0, 8 7 i e 2 B¢
ME, BIINENER RS SR BE=AREF EH AR RSN AR EN S,
BlintnfE2-Z F-c .

[0047]  “IRZHede” BIG1IETNBRE T (C1—Cr) RIE 1 ZANR R T (C1—Ca) B 2 55, ] fn R
BECE ERERAEETEMNTE.RTEINTE.

[0048]  ZJk BAHREAIMRIE R AR BSR4 R N2 B 8 ik,

]
R -0
R2
~{ o A
0-P-07 Y "¢ 1
[0049] OH Y Z
;
R ~0 9 H
R2_ }O—F'LO/\/ \;
0 OH Y 72
[0050]  H:AR'FIRZR KR FB KB H-C=0, HYRHBECOOH,
R

@)
2
o
[0051] S
Ra\N]\(-“l’
H

o 27
[0052] HAFRL.RPARBKBERKZBE-C=0KRFIR*R KB KEBEIHE-C=0, AR EH
&L B E B R b 3E-C=0,

H
R!'—N )
n
R2_ A, %
H
4
[0053] O Z
R'—O )
5 n
RZ_ 2,
H

13
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[0054] HARFIRZR K BRI KEIE-C=0, HnfE1.2.3814,

0O
R1 '—X )
[0055] /[(J)\N n %
R2 H

[0056]  HARUFIR*ECBE, XZO0NH, An21.2.38%4, 5

S
\TJ\"‘S

2 7
[0057] R Za
R1 -~ IT] /71%
R2 28

[0058] HAR'AIR*RKIEHE,

[0059] PRk e B8 B2 KIEREEE , HITERERTBR H RILK , Bl nanfEZ! — 728+,
—AMRIE R BE B o R AR R B BE RS 1 02 B2 B, H B A BR BBk E B K
B e B BUR AR 5, Bl , 2- ZARMRIE R - sn—H -3 B AR 2 BE A i Xtk sk 3E F 1 204
Flanl, 3- AR HaBE - -2 ER 2 BE R LI B B 0 4 2 = - Bk — - AE Bk 2 -S-H ik
BB B R (RAU7®) SR R 7 B 2P i TR R 43 - B D0 34 S i 451 T SR 1) g R BB 43
[0060] ik ik (PC) 7 — S BRIEIE — i b BINSK S BRC AR 3% AL BN S L i 482 5 8 i
#ar (L) i B B 4 T LA R AT iR P # BB 2

[0061] LM-PC (1)

[0062]  Bi@EIEREMA(L)ER, I F AR,

[0063] LM-L-PC  (2),

[0064] 4 5R Bk Ak (PC) RO IR A8 58 4 (LM) BB 4 , 1X 4 3 38 i k% (PC) B4 i JF 268
S ETRASEEE R (FIINKmEE TR ) 2 18] B BEAZ s R sL B . B ) A8 B &8
A7 PAZMR I A FLAKEE (PO MR B AE B SR E B AL (BlInCAR MR E B aLR]) Z A
Pk e e 2 .

[0065]  AYUHE BB AN RB G N, FEEFEEHEREIES KK, G5 BRR
TET ZRBRITEYMHEZRE G5 - NHEN 2 R T EERZRE (BfaB-. v -,
SR ) BN (oKL &9) o s B & R I Bk BT 8 B 10 B R R R I AR L!
ZEL, Hrhn 1245, HmR 1245, 61, HdnR 1520, En1E20, EBE T FEFC=0%1/
BXFTR , H A XA OBNH :
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n kY
N Y
m L9

0] L!
0
AN
m LZ m

¥

x 2 0

[0066] o ¢ HN - o 2

=L Ity
n ¥ L7 o) n o) L1s

m
N

;MN/\\ 0
SSY\’(X\/)\mAN'X\/\(x/\aJ:\#ﬁ

L8 O L16

[0067] ik SEHE ) Bk B EREK .

[0068] ERMIEEARL ZLS U F k8 E LMAIPC

[0069]  XFL'ZL'SHr R HkEE B AL [ 0T DL T BE AR E 2 18 4 09 8 R 304 (LM) B a5

B BEF AN /B kR (PC) IR B BEH] , I IINA IR B B ie ] . 80, WL BLC RS E T

RER AT LLE T B SN B E e SRR IR 22 — 2 E B E R B E 4 (LM) .
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[0070]  $L'— LB RAGE G5 HIX (B A& X ANHER0) AT L i Bk b (X=NH) 3058 i Bede
(X=0)EEZEEHIHE R (M) B FREE T e F1/3UkEE (PC) R E B R E , ) inCR i
BRAEERRA.

[0071] L3R imCH 2 AT LUE B EE A RIAE B2 (LM) B X B REH Ik $E (PC) & 2
B ReF I N R Im B 2 B RE I 50E A 1 AR T3 7 (LM) B3 2 B Be .

[0072]  fEORFERX b7 I H ER AR B 7 e n — o/ Balr — SR U & ¥ BT ik g BB 43 BB ik e
13 & TR BRE ANR SR ECR T B — R B = B E A &R AT
ARG B 4 v U B B0a E R R B TR RS W H = B 5% 5 2 Bl 1% oK i A 1
REMBRZ —HIMEE.

[0073] "l iEpes M B EEIERE A MEERF I, XEEANEERT
FEd H EBRE ST ARIB R A F R 2 1) B e AT

[0074] B MBORERE TR ECEFFET LUK, TR MELELE
FRBE R BT A R E o180, R F 5 A eI e S e B e 3R . e B FE SR B
ETAMEH JECERNES Sums ik, rd & TFAMEN JECEMNEL B LHEEA
— 5B LR TS A FIN A R R e ) A h B E

[0075]  FRTEH & HABE Z MM E R R FEN A BT ENEQ R, HFHEBE S
BE¥riscit B T —H N, KA TR RAHENERRE BN e R e R
B4 M S FE AR 2R (il an — Ak =R AR U R AR (R AR SRAR-E R AK) X B30 ) R W
T HEWE ST € B bR AHERN KT 5 5 B E L, J17E 046 ih 48 FE IR 10 7 51 B & R-1E
HA-TRERT, HAMMER3-10k. — N tEF A AL B FE4ES LR fEabedefg, A K
o (EARE) 2RI Eafdi B E A RIMIE E— B ARMER B R T8
HIRK R ISR B E-CEF R Ba—dREZ FHFH0 B, F 8 CA1E Ea- 12
B —T - J PR MBHEFL FIE RN G R FE R , Z AR HE R Bk M R4 & 7 Bt
Hoe, NEH/KERT Z B EfmE XL TUHIEE N ER R oN S NMLE L5
AR IIZ RN R E N ERLRES .. — B, KE o sk I (AlaIle Leu Met .
Val) 875 i g /K M %% (Phe JTrpFATyr ) Fl Fafidfii B E. K4 Hbce £ flgfr & i [a) F L
afidfr B E BFFR M, A, RIEFE R T2 5E 7R 2 (AlaGlu. LysFIG1n) 2 F FH) .a
Adiz B B H R EE A & BT LSz 5t iR e M B R URS (B = R fhvs . = 4k) JH bk, 4
FE-B- BRI (il tnLeu) BB B, —RUERE RN XA B b, B-T 5k
(Valflle) AR T =84k A— 0, E =Rk, -5k (1leVal ) fRiEfEafi B
A—MMMETFa=d=11eELeuF T ZF M, L H TR IHFREIE BT ZRIEH5
il B2 o X U A0 L B 0 U B S 4H 3 fEWoo 1 £son, D.N. ,Adv. Prot .Chem. 2005,70,79-112
Fitie.

[0076] -LEE/F4mbSIET H KM R E R P E a2 5E 5 MBS aEE b
INMRECEESTEF BN ECES R ERBCE B e R Rk e BT
KRR & BRI AT IR S, B EE 2 F3INM-LER Bt (Fn4.5.6 THSNHEEE
H6) B R B R ARG B« T ST B SERE I 5 = SR A a— BB e il BB e , (B A R B [B) R K
R IR AR SRR CR AL S i iR RS M

[0077] AR EAM)E NIRRT B A R KM ET B, Flinl -5 EEE % T 15—
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REER BT, FIEETRAGFENSHIZE L F L, JEHEER- s E R
RN R, TR S T B RE R AT CA = A B R A AR S
B2 2 FTRERY  FE VT 2 RARFFAERT G B he P, RITWIH L EE B o LLE 8 & Fi
AN N WA ESE R — MREBALER B eiE R, U R AN RE .
mn, R BRI = RAE BRI NEE —NREBAN L ERAGFEN SRR
AR -CH R B, 40, 798 5 &8 4B (Staphylothermus marinus) IR HEEE A R
tetrabrachion™ RIHI 11/ FREE 0 KU B B (FRVE+—4& (hendecads) ) .

[0078]  7Ejik B 57c R 0 RIS RIRTEIE R4 Hh B HE K 7 51 0 L B S22 fEHIV- 18 gp4 1 4
e 5 B AIRSVEIF-HE 2 B P T AR = R AL SRR R 45 B e 22 /7 o X e MR e 45 M L 4
FEA R B8R 145 i AR R 45 M) B .

[0079]  fLi%EH) % M HRFE KRR M A 53-8 R EERN L EF . S HIBRN-LE RO
AU AF RN FSLBEMNTUEE REAAFANFIEMFELT, — M EEFAKRT
MREBHTINMEFHZRFRit:abcde f g Fk, EHMBREKBEEEFME
(abcdefg)s-st R EIRF5 .

[0080] Uik & 3-8 F B 1) LA PG B e ik T 5, K B4t E 7 (abedefg)
FHAL BafdEE BT T e X HL /e H 20 o- T HBL . Ih AN, i afld AL B /) A it
2NATUAME B T3 E B R B R e 2 5 4 , T BT A a M d AL B B A B 1AW LA B T4 488
HSPME SR ERR BB H AR S E 5, EMLEb ce g L, BT A3 AR5H o H
BRAEPIER] HE T AL ERERZ AR, SIMIEEE—NEEFA X E
AETINFTU R EER, B R EER.

[0081] ZH1B & BA/NEFFERPHKEMER - FEBRRE UK ERERIBEEE
pH T AN B3, 47 1Y) 3 FLAR /K B WHE e 10 2 R BR (0B X e 8 — A S S s itk 22 A, Bl 2
AR BERE 2 AR R0 P e S B AH BL B R F A 2k (AR B 3 (38 IR SRERER R 2K AR T . B AT
AL S S S AR B, B AD RS VIR EA 2R VR 2K U AR R UK S o 1 A P I A AL I
FEROERNEAR . FRER S8R . FMERNHERE .

[0082]  4H2f 4 BA J5 MR B 2% 7% e MV SR B L MR AR 2L . 5 R U AL IR ik B R $R B K M A
B, KEFAEE - MM 2 EEHIEN S EFn(pl)-BF RGN, ERUE
B ASMOB KRR, Gl U R R e B 5 FE B 3K S SR B O 45 R s R AR L
R AN (BRI ol e N B SR e s I Y e £ L= B S £ Y
fek B eI S IR EREROFE RN ER B ER . 5 R SRR R E R BTk E
B, HEAEEEL— TN, ZFEFHANT ZL—ANREFHI 0. SFINFK L5 F
Frn-RG A, X RFREE T LA 5 S AL , 5 a0 8 R Bk 26 AR A0 e R A
RLE) JRFA 2 SRR S ST AR T, 0 Dk 28 AR B S (TS 2K LR R SR BRI 2K L gt A%
AL IS IR E AR O AR MA TR,

[0083]  ZH3E0 & & F T A AR MEA W 17 R R B 0 M B A L R R ME A L AT R L 2
fa SR W EE , HAE IR pH T A7 4 , (B A BUKIERHEF X 25 55 L 7Y h 1 5 S it 4A
A, Flan e P BERL S B A LR IRBE R AN EE 2K X e B T L 5Kk FIE R E M
RIE - HeAh, EATE T LA E S B2 R B A, ) anBE 2 BREE2E (BE 28 BBk L2 B RUIE 2
WAL SRR AW B N R B RATIE LR R BB 2 ER AR .
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[0084]  H4E & &FH EA MM IS FRE&KEBITEDO MBS SRR, FTABMLAT
A= ) 051 G B S R T A ) B B R IR 9 A P B A o AR P S 0 B R R A (M B, LR A T
pHTF R B E AR IS FERER OB ER BERANEER . NER 2 R-A7
AR BB IR B L.

[o085]  ZH5HL & & A H AN B 75k E 0 M EE I &R AR VE B B F R B M 0 6E , B
FEABEPH T R T BE RS IR M B FEER BB RLER NS ER . AR R4
FH 275 2 2 - (CHz)aCOOH, Hra k154,

[0086] FREEEFI—SNMFEEBEN CLEFNEMIBIRMKES, P EN N LEF
(abcdefg) ATLLEHF WTF FHIFMEE —Fh.

(00871  Ixxlxxx(4>FIRIEHL Eabedefg);

[0088]  1xx2xxx(4) F 57 Babcdefg);

[0089]  2xx1xxx(43H|ZTefr Babedefg) ; BL

[0090]  2xx2xxx( 4 BT Babcdefg) ;

[(0091]  HrA1RKBHIFBEERIBIMEER, 22K 8 H2MBERLHEER, B bx
RRHEAL2.3. 48R B E D TR H & .
[0092]  [RIREIEFE RRFIERIREFIE A b 4 2 B8 iIZ e ik 7 51, B R a8 A sk
REIARLS 540, B R ER M E R G 4 E 135 il 2.

[0093] A% BHIE ¥ J #8515 PRIK U IR 1) & B B A TOURLAN 1) 420X 25 & B 35 REIURL A
%, B TR IR AR5 M o IE FE A B E , tRIR /KM E W R4 (BN ph kK BLR E v
HEh7K) AEH & & BURBERERIALG 5120, 38 1R T 3U8E B Tk £ A7

[0094]  ZRBRIEW K 51 #S S e RLE Y v » oAb 40 %8 SR G XL B RO 384 A SCRT IR
PRAKTL R B -& 50978 25 RFE UKL FR T 304 . RE R 30 JC 2 AN RTEAR SR i A & A
BN BT LUE FERR 31

(0095]  AKBHIEY Rt (SRR TR E eI Mezy) , Ra&— ek £ fb
5T PRAKT R B & B8 AR IRURL VR A 32 B B8 53 A v M AR 20 B iR SR R B e ) B 5 2 2
FAEZMBAENHEE .

[0096]  BriR ¥ i W] LA & — FhEk 2 R, 6l a0 AL 2L (B an B A48 (BB A4S L IR
R BEERES) (B BERRCARAMPL) B & B H KR AE MR B (1 40QS—21 )  FBK Mk e bk 2% (f51]
UNBK P B ) (R BERE — AR = RRSE  BR IR KB MBI FLR (il iiMontanide TSA 720) .
A R 7 (B 4N IL-2BGM-CSF) « 73 3CFF B AN AN B AT A8 40 (19 N 36 G SE 24 7)) WBCG I BR AT
AP (ISR C) MATURBAR N RE FHHEEF .

[0097] S —LE R 5> IR Tl LA B fE v A VIR MBI R AP B 5 2 &8, Blin, irid
HAYIRBRRA RS URTER FINRILR KON . REETR. . ERREX.
RO TR Z SN2 | B FUEE T M B2 R 28 AR 22 Bk kI vk s P S Mk R B AL IR ) s B
T — e pY 2 AT LA B R R AR

[0098] %R A B O AN 5 bl & & T , B0 dn , 8k & A A0 I MR A0 T 5 v, AN/ B
AT LU & MR FR) L 450 2y 655 A 77 TR VE R 3 B 1R T R R /s LAb ) s ) L P TR
B3 R 0 /8 H T 38 %8 pHE 2 M4 R

(00991  Pfridk % i 7] LA R W AE T sUER B (B an vk F ) T 20, 35 B AT DO % MU A BT & 40
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B R B AR K B B AT TR A I U - T DU A8 B R K VR B BR A, BRI T VB TRk
T2 BB 7 — T 77 Uk 298 7 AT 20T LR i F AT 5 C B MR 57 (Bl k) 41 &, BRAT LUK
HIBUE A B, TR Z i e L& 2 2 B SR B e E & F TR i iR & 01T
BHEEN.

[0100] FrREHAILUEIERE SN B E MM RLR, FlnEN . Ok & T LA .
BEWNGERAE TRE R RS BT U ARSI A MK HERE.

[0101]  ZEWLAAT A, Bl AR e L AE 528 BT T A E R R 3 E
(ballistic devices)(fFIEIFEWO 99/279619 ) (WG f (B ANTEW098/20734 5 ) (T4t SkiE 5
ARG (FIanFEW001/054539 ) A Z 25 B & , MU ELFIiE 12 & B AR 17 2 - AT LL4A 35 B 7
HEARBIRAEE

[0102] PR BEEESHFIBI P A 40.05% —4150% FIEMER S - AT 8 B4 i B i
BANL TSR , 15 G0 22 ¥ POV A B BN, B A0 & FE £90. 25m1 — 1. 5ml f9 7 B4R AR th iy
£30.0001mg —£0. 75gvE P A B 7N

[0103] V& 1t A3 B 57 B EUIR T P HAM B2 3238 (B ) RS 1k AN R4 L fn it
P E - T4 8 1 1 A7 AR 58 E AR B B R & 7 LUB I ARERT R Ff 58 , B8 82
EZRE P HE LR RN .

(0104] /& DA T~ B30 14 1 % BR B B 3L & 5 =5 IR PR MR o 4 0% 1 0 % v il ol A 4Tl 1
AN B ARF BRI TR RE % B A T % T 252 3 U RRAE A0 il 46 BR 1 Bl L 3 2 I B
P TR R e S B R ) AR ) B M KT SR E

[0105] ¥ ik % ¥ 15 9 B S B B I IR B 2 YR 5 2 7 2 5 1) TR0 B g [B) i Bt FH o 1% 8 T I T
PL K5 53 St e B — St FH o 4B 0, i EE T A S R AR T R B T IR T R B
[0106]  Priks& s F T FR5 BIA YT B MEEATRE , F-T IR M/ 8036 77 1 IURE A1 3 & i
i % BE PR B e BT, Bl il 28 2SR R E R NIRRT IUE WU BB
RO R OB BB 0D A R G R BRIk P B carriage . iR R RE
T sET B MERENIP A, T35 M/806 T AT BEER B B 7 FEER E S8R
I > 1 AN Sk 58 R R7 98  RIE #IF ANER'E R B

[0107] 54 , Fir 3t 28 T8 4 %o 1 ML il 2 00 ki B8 26 330 AT AR 37 B o 4R 2 ke i 48 BR B ik R
TR (IPD) s &, Fo b il % BEBR B VT LA B9 B MLV BE 53— Fh IE % B T B b A AT (R B4
Xof T MILAE il 28 F0 AR B 58 BEAT AR 3P BUE , B S B 61 X I Sk 4% Bk B2  RIB I /N BR'E
R ECEEBTRY

(0108] B AT LA AT AN () B FRAEAA , 6045 B IR Fh sk Y BN B 5o R e 2 o
TS RLZ B 5 08 L AE R A2 4F N (B N8 65. 758485 % ) ; &b F K& F+ & I BEE N , 17
AR RN BE KR F RO FERRIREN ; RZEZREONTILE A

[0109] AR EHIEHS K & Z W 5, BFF RS ERHPRIEIUR I & BUR B A TR 557
AEMIPUR B A BR FAEPURLEL A A R BRI T TR

[0110] AR BHIEPE R AT XT 357 (R M PRAKSU R 9 & BOm SRR BRI B4R, JE L R4 XFPR
BRBURE B PR  £H X PRECHUR B P o] L5 T2 Fh 2R (384 22 3 ) B8 R R0 /S [ ) S I s
B R AR YR B3 BLSE KA BN % AR AL b ) P 3 A7 VE B[R]

(01111 E-XFPREKHL IR PR3P M B4k vT UL BB 2 F 1 (opsonophagocytic) i& ¥4 (OPA) .
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1 FHOPARY LA AT LA 3 38 4 9 01 5 v 1510 4n 7 2 5 Mk 2% 9 00 5 ¥ (OPKA) A PSR B B4 B
A0 R B A MLAE AR SN I o R AP HLAKIE T LA A B o BN 2 B OPARI ML R AR 3P 1E
[0112] AR BHIEW Bt nod A SCRT ik B4 PRAK S 1) AR 47 B0 Ak 76 1611 -% FL 98 97 F0/ B T A
B B 2501 i BLZ M UL BB AE ) & 2 BRI & 8 g

[0113]  FFARFTA BYPRAKSEHS T LA S R 3 AE R B L IR B A ORI VE F o (R 3P L PRAKZE AR
WG I o T LA F AR B JB A0 J7 ¥ 46 18 B AT Bl BN R 15 & Y BEBR T 1 B ) Sh AR B P (1) I
T IT o a0 , 72 2 BR T VE AR AE AR R o, 7T LI 57 S04 SC A ik B PRIEK T SR B9 & Bl 28
FERURL S B /MR, ELBE & FRBUETH B )M A B 2R 8 108 3oL e ok Py T80 R AR R o, PR
PRI PEPRACTTIR B £ 807 B A BUR S 19 /BB 5 B B R EL G (i 3 BR 2 /N BR BB K
A7 T 6] o

[0114]  PREKHLFIAETTLAR B K EBURTESEERE , B I ARARBEIR 1 B FLBEBR A LR SR B BR
W SRERRE HE HERRE BRFLBE KR R B B E BUR M E = KRB B, BN 4 3
G R ERE , BB X LEPRIK U IR 5 A% 55 B RIURL ) A T X Lo AR B A v
[0115] 4581 Rk B il % BEERBIPspARIPs pCHIPRAKTU IR i 51 R4 7E T R 2 o KB R P3
RAE 2T HIE & R AR

fo116] %2
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&A% |SEQID NO: |4 9]

P1 27 PAPKPEQPAEQPKPAPAPQPAPAPKPEKT

P2 28 PKPEQPAPAPKPEQPAKPEKPA

P3 29 PAPKPEQPAEQPKPEQPAPAPKPEQPAKPEKP

P4 30 PAPKPEQPAEQPKPA

P5 31 PAPQPAPAPKPEKT

P6 32 QPAEQPKPAPAPQPAP

P7 33 PAPAPKPEQPAEQPKP

P8 34 PAPEAPAEQPKPAPAPQPAPAPKPEKPAEQPKPEKT

P9 35 PAEQPKPAPAPQPAPAPKPEKPAEQ

P10 |36 PKPAPAPQPAPAPKPEKPAEQPKPEKT

P11 37 KAEKPAPAPQPEQPAPAPKT

P12 |38 PAPAPQPEQPAPAPQPEQPAPAPKPEQPAPAPKPEQPTPA
P13 |39 PAPAPQPEQPAPAPKPEQPAPAPKPEQPTPAPKPEQPTPAPKT
P14 |40 PEQPAPAPKPEQPAPAPKPEQPTPAPKPEQPTPAPKT

P15 |41 PKPEQPTPAPKPEQPTPAPKT

P16 |42 PKPEQPAEQPKPAPAPQ

P17 |43 PKPEQPAPAPKPEQPAKPEKPAEEPTQPEKPATPKT

P18 |44 PKPEQPAKPEKPAEEPTQPEKPATPKT

P19 |45 PAPAPQPAPAPKPAPAPQPEKPAEQPKAEKPA

P20 |46 PETPAPAPKPETPAPAPEAPAPAPAPKPEQPAPAPKPEKSA
P21 47 PAPAPKPEQPAPAPKPEKSA

P22 |48 PKPEQPAPAPKPEKSA

P23 |49 KAEKPAPAPKPEQPVPAPKT

P24 50 PAPAPKPAPAPQPEKPAPAPAPKPEKSA

P25 |51 PAPEQPTEPTQPEKPAEETPAPKPEKPAEQPKAEKT

P26 52 PAPKPEKPAEQPKAEKT

P27 53 PAPAPKPEQPAEQPKPAPAPQPEKPAEEPENPAPAP

P28 |54 APAPKPETPAPAPEAPAPAPAPKPEQPAPAPKPEKS

P29 |55 APAPETPAPEAPAEQPKPAPAPQPAPAPKPEKPAEQPKPEKT
P30 |56 PAPEQPTEPTQPEKPAEETPAPKPEKPAEQPKAEKT

P31 57 APAPKPETPAPAPEAPAPAPAPKPEQPAPAPKPEKS

P32 |58 APAPETPAPEAPAEQPKPAPAPQPAPAPKPEKPAEQPKPEKT
P33 |59 APAPKPETPAPAPEAPAPAPAPKPEQPAPAPKPEKS

P34 |60 APAPETPAPEAPAEQPKPAPAPQPAPAPKPEKPAEQPKPEKT
P35 |61 APAPETPAPEAPAEQPKPAPAPQPAPAPKPEKPAEQPKAEKPA
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[0117]
P36 62 PQPEQPAPAPKPEQPAPAPKPEQPTPAPKPEHP
P37 63 PAPAPQPEQPAPAPQPEQPAPAPKPEQPAPAPKPE
P38 64 PAPQPEQPAPAPKPEQPAPAPKPEQPTPAPKPP
P39 65 PAPAPAPKPEQPAPAPAPKPEQPAPAPAPKPEQPA
P40 66 PAPAPKPEQPAPAPAPKPEQPAPAPAPKPEQPT
P41 67 PAPAPQPEQPAPAPKPEQPAPAPKPEQPTPAPKPE
P42 68 PAPAPKPEQPAEQPKPAPAPQPAPAPKPEKQ
P43 69 PAPAPQPEQPAPAPQPEQPAPAPKPEQPAPAPKPA
P44 70 PKPEQPTPAPKPEQPTPAPKPEQPTPAPKPEQPT
P45 71 PEKPAPAPEKPAPAPEKPAPA
P46 72 PAPKPAPAPKPAPAPAPKPEKPA
P47 73 PAPAPTPEAPAPAPKP
P48 74 PKPEQPAKPEKPAEEPTQPEKPA
P49 75 PAKPEKPAEEPTQPEKPA
PS50 76 PAPAPKPEQPAKPEKPAEEPTQPEKPA
P51 77 PKPEQPAPAPNPEQPAKPEKPAEEPTQPEKPA
P52 78 PKPEQPAPAPAPKPEQPAPAPAPKPEQPA
P53 79 PKPEQPAPAPKPEQPAKPEKPAEEPTQPEKPA
P54 80 PKPEQPAPAPKPEQPAKPEKPAEEPTQPEKPA
P55 81 PAPAPQPEQPAPAPKPEQPAPAPKPEQPAPAPKPEQPA
P56 82 PAPAPKPEQPTPAPKPEQPTPAPKPEQPAPAPKPEQPAPAPKP
P57 83 PARALQPEQPAPAPKPEQPTPAPKPEQPTPAPKPEQPAPAPKP

[0118] FESEQ ID NO:27 —83FIMLiERIPRALH , 1 2B 3 N ERBR T E CHEERE
R

[0119] G AMERIRE B R BEERE Ak B AR AR EEER B - TAL R E T R R B 5Bk
B DEEERE AL EERRE R E S R BB B R E & A B PREK IR 5 SR £ 7
T3,

[0120] %3
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[0121]
£ 4% | SEQ D NO: A5
P58 |84 SRLEQPSLQPTPEPSPGPQPAPN
P59 (85 RPEEPSPQPTPEPSPSPQPAPSNP
P60 |86 HWVPDSRPEQPSPQSTPEPSPSPQPAPNPQPAPSNP
P61 (87 PKSNQIGQPTLPNNSLATPSPSLPINPGTSHE
P62 |88 PEVTPTPETPEQPGEKAPEKSPEVTPTPETPEQP
P63 (89 PEVTPTPETPEQPGEKAPEK
P64 |90 PEKSPEVTPTPETPEQP
P65 |91 KAPEKSPEVTPTPEMP
P66 (92 PGKPAPKTPEVPQKPDTAPHTPKTP
P67 |93 KPSAPKAPEKAPAPKAPK
P68 |94 PAPKAPKASEQSSNPKAPAPKSAP
P69 |95 PGPAGPRGLQGPQGPRGDKGET
P70 |96 PQAPSTPEKQPEVPESP
P71 |97 PETPDAPSTPKDEPQAP
P72 |98 PAPVEPSYEAEPTPPTRTPDQAEPNKPT
P73 |99 PTYETEKPLEPAPVEPSYEAEPT
P74 1100 KPTAPTKPTYETEKPLKPAPVAPNYEKEPT
P75 (101 KPVVPEQPDEPGEIEPIP
P76 |102 PEVPSEPETPTPPTPEVPAEPGKPVPPAK
P78 |103 KYTPKKPNKPIYPEKPKDKTPPTKPDHS
P79 |104 PEKPVEPSEPST
P80 |105 KPVEPSEPSTPDVPSNPSNPSTPDVPSTPDVPSNPSTPEVPSNP
P81 |106 PQVEPNVPDTPQEKPLT
P82 |107 KPLTPLAPSEPSQPSIPETPLIPSEPSVPET
P83 108 PEVKPDVKPEAKPEAKPA
P84 |109 KPEAKPEAKPA
P85 |110 PDVKPEAKPEAKPDVKPEAK
P86 |111 PETPDTPKIPELPQ
P87 1112 PDTPQAPDTPHVPESPKTPE
NV QA KR 69 F 4R 6ISEQ ID NO: 84-87; MAKMIKE: 88.92,95 LEIRIA: 93-94, Mk 96.97;
ﬁiﬁ;f«ﬁ 98-100; A3t &M ARG : 101-103; JHILAbsRE: 104;  ShIUMRME: 105-107;  AILAEsRE:

[0122]
/fﬁo
[0123]

TECEBISEQ ID NO:84-112M)PRAKE S, 1 22BN R EB T UM HEE B S

T B0l A SR A6 BR RO OR3P ¥ RERY 53 SRR P 51 AT BL S PRIRSTLE 5 35 2 SR VR T

PspABPspCHIX B FFIB L B E A A &, BA1ES — H38 B4 A S ME R/ 5E
AT IS HIRER R Al 40 T FP1 -

[0124]
[0125]
[0126]
[0127]

QQAEEDYARRSEEEYNRLPQQQPPKAEKP(JEFH & BE X Bt ) (SEQ ID NO:113)

Al

AEDQKEEDRRNYPTNTYKTLELETAESDVEV (3R [ PspCHI B2 HERL) (SEQ ID NO:114).

A UL SPRERFLRA S RN FHBFERIBETAEREEAK TN, IR AHE R
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HEEANEESHERNX , 8.

[0128] >R B StkPHIF 5, RiEC-Kim79-82 MR EER

[0129]
SVAMPSYIGSSLEFTKNNLIQIVGIKEANIEVVEVTTAPAGSAEGMVVEQSPRAGEKVDLNKTRVKISIYKPKTTSA
TP(SEQ ID NO:115),

[0130] REFE;

[0131]  SREPsaARI 73, RIA R FEEL250-309:

[0132]  SLFVESSVDDRPMKTVSQDTNIPIYAQIFTDSIAEQGKEGDSYYSMMKYNLDKTAEGLAK(SEQ TD
NO:116);

[0133] >R B M E BRI MR T, FlanPly RSB43k, FAEBR360-471
[0134]
NGDLLLDHSGAYVAQYYTTWNELSYDHQGKEVLTPKAWDRNGQDLTAHFTTSIPLKGNVRNLSVK IRECTGLAWEWW
RTVYEKTDLPLVRKRTISIWGTTLYPQVEDKVEND(SEQ ID NO:117),

[0135] RHHE;

[0136]  HEEKE B 4H & MR =X B i, 15 o B i 8 BE BR B Pht DI C— K 3 — 21 Fv BR, 491
W FAR680-770:

[0137]
VEHPNERPHSDNGFGNASDHVRKNKVDQDSKPDEDKEHDEVSEPTHPESDEKENHAGLNPSADNLYKPSTDTEETEE
EAEDTTDEAETPQV(SEQ ID NO:118),

[0138] B AEELT71-839:

[0139]  ENSVINAKIADAEALLEKVTDPSIRQNAMETLTGLKSSLLLGTKDNNTISAEVDSLLALLKESQPAPIQ
(SEQ ID N0:119),

[0140] BRI FER.

[0141]  FEARIERIFFISEQID NO:113-1199, 1 283 M EERAI U B EEHNEERE
A

[0142]1 B4 FFIEFEPCT/US2012/0221278US 2005/0020813 ALl ETR I 551 . AT %
FFBAFEEP 0280576A27 iR A 41 .

[0143]  HAWHURFT L SEHRPRIAIUR N & BB BHEBRA S  Fln, in FEA FAT L
b5 5 il 4% BRI PRAKHL R 9 & BUOR B RE BRI 4 & : WO 98/18931.W0 98/18930.US 6,
699,703.US 6,800,744.W0 97/43303F0W0 97/37026 4 B b KA BRI E A Bl Lyt XKk
(LytX) .Pht K& (PhtX) .Spl28 1 BBk 2 BRI B B B (A s Fe B S BR B HU R, 4 nw01993/
005155.W0 2002/034771.W0 2002/083859.W0 2002/34771.W0 2003/093306.W0 2004/
041157EW0 2005/0026197 %5 %€ i AL ; B B HLR , 51 W1Sp101.Sp130.Sp1258%Sp133.
[0144]  FEHUFE AT LA 5HE 7 PRAKIU IR B & BOR BAR SR A, Bl anfii K6 BEBR 1 V5 A1
3.4.5.6A.6B.7F.8.9V.14.18C.19A.19F . 22F . 23F Bk 33Ff) & & b . B , Ho e b2k AT L 5 PR
FRETRA S, B an R UE T 3 B i R FEER B MG R R BE R AN/ Bk B e E 2 KM E R
K anRIE TR FLEEBRE IR AR B ER A A1/ e E B S ERE IR .

[0145]  [A]#f, KRB HEHE 2K HMH R & B BT LA S5 PRAKYUR 19 & B0 SR BUR 4
&, Blin—MELZ Mk HERMREEERIE N E O B, BENER FEEALE A E A (SFbl) JBEER

24



CN 105793276 A W OB B 10/43 T

H ML R4 &8 B (Shp) EUEEER B A MR SH X 2 IR E Fi(Sagh) s FI/5—FhELZ ik B
CHREBHERENEADR, Flnac-HR RER FACCLA) JKELEED(CNA) FEEH
SEEAAF) AN FEEHELEESEA (ED)  BFATHREREF(Isd) EE . FE
RAE G EH2a(PBP2a) L ERALXERERE A (Sdr) M/ 1gC4E A F (Sbi) AL, KR
TRXEEQ R RIUR BT L 5% PRECUER & R B FR A S .

el

[0146] 455.:

[0147]  Boc, T & FEHRE;

(0148] BSA,4MEFHEEA;

[0149] DIEA, ZRAEHZIK;

[0150]  DMF,N,N-—H B FfERZ ;

[0151] EDT,Z —HiEE;

[0152]  Fmoc,9-%jE: A& Sk,

[0153]  HATU,2-(1H-9-& 433 =me-1-3£)-1,1,3, 3-U4 BB LR EH AR ER 1L
[0154]  HBTU,2-[1H-ZF=me-1-3£1-1,1,3,3-VU B 2L R4 S A B MR 25
[0155] HOBt N-#RFH =M,

[0156] Pbf,2,2,4,6,7-F B & S KIERE-5-TEBEEE

[0157]  NMP,N-H a1 i 5

[0158]  MBHA, B & — K H %,

[0159]  OD, %35 B,

[0160]  iPry0, — R BE;

[0161]  PCR, T &5t R B

[0162]  PyBOP, (ZRF =Me-1-JEE ) - =M g s TN BB £ ;
[0163]  PE06,N-Fmoc—21-%&#£-4,7,10,13,16,19-NE R = +—1=EE;
(01641 r.t.,ZEiR;

[0165]  RP-HPLC, Jx AB & RV AR (kv 5

[0166]  TA, EiEHREE;

[0167] TIS, =R AFREL;

[0168] Trt, =K,

[0169] TFA, =L,

[0170] TFE,2,2,2-=® L%

[0171] g, {RBH R |E]

[0172]  SD,#r¥E(RZE

[0173]  sEjfifell : PRAKSEHI B FN& RR

[0174] {F PSS (LSM13AISKH2) AR #EHollingshead,Becker® A, Infect Immun,
2000,68,5889-5900F 4k H 1= B8 /7 M5 B4 1 I% FR K& 2 BESP1577 (Leimkugel %5 A, JID,
2005,192,192-199) KIPspARI & & & BRI X 3 U7 .

3
.
’
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[0175]  LSM13:5 -GCAAGCTTATGATATAGAAATTTGTAAC-3 (SEQ ID NO:120)

[0176]  SKH2:5 -CCACATACCGTTTTCTTGTTTCCAGCC-3 (SEQ ID NO:121)

[0177] @I PCR, {F FH 51 ¥ILSM13FNSKH2 FGoTaq 2 & B (PCRS% At - 3B K 48°C 1min, ZE(HT2
'C 3min, 30NMEX) T HEE & I EER A9 X . % F 51 #ILSM13AISKH2 A PCR 52 7 1 43 85 K /N4
J91. 2kbHAR B0 v B LU o P LA B2 B pspAZE Rl 1 291 100N . B A B IR 7 5
MFFR.BFEHERR BN E S HERRNX AfMEEERR.

[0178]  XXLGAGFVXX XPTXXXXXEA PVASQXKAEK DXDAXKRDAE NXKKALEEAKXXQKKYEDDQ
KKTEEKXKKE KEASKEEQAA NLKYQQELVK YASEKDSVKKAKILKEVEEA EKEHKKKRAE FEKVRSEVIP
SAEELKKTRQ KAEEAKAKEAELIKKVEEAE KKVTEAKQKL DAERAKEVAL QAKIAELENE
VYRLETELKGIDESDSEDYV KEGLRAPLQS ELDAKRTKLS TLEELSDKID ELDAEIAKLEKNVEYFKKTD
AEQTEQYLAA AEKDLADKKA ELEKTEADLK KAVNEPEKPAEET

PAPAPKP EQPAEQPKPA PAPQPAPAPK PEKTDDQQAE EDYARRSEEE
YNRLPQQQPP KAEKPAPAPK PEQPVPAPKT GWKQENGMWC R(SEQ ID NO:122)

(01791  Mi%/F5IH , E#EPIPRF 5]

[0180]  (PAPKPEQPAEQPKPAPAPQPAPAPKPEKT,SEQ ID NO:27).P147T-SP1577PspARItE e/
HNZiEX 5EMEBX BRI,

[0181] AT B SSVLPARRRGR &, it 3F B& B0 F 51 Skt T E L Ak -

[0182] LRt & Ak :

[0183]

(0] @]
N /\/u\ N /\</O \%YPAPKPEQPAEQPKPAPAPQPAPAPKPEKTGa-NHZ
\ H o
o (1)

[0184] FELREATEEILLIA , 3-SRk T EIE RN 5P1(SEQ ID NO:27) Fh AN 4
W 21-2%-3,6,9,12,15, 18- NEA R -+ —f-21-BREEKEE, F LS HRRE N
C—oRimPl, J5 H &2 1E ABEIZ (“NH” ) ID-TR B ERFRZEE (“2”) , MBI T4 %1 4 & A B 2R A9 72
M,

[0185]  {i F 40~ Fmoc [& #HRK & AR (SPPS) 77 V%G Al I SR Bk T 22 2 ik 1 -

[0186] FEABT 433ARK-E REAX b8 FIRinkEtFZMBHARS iR (2, & :0.69mml/g) (362mg,
0.25mmo1 ) FIHR #EFmoc—SPPS 5 & 4H 3 ik PAPKPEQPAEQPKPAPAPQPAPAPKPEKTGa ( H H & Be-D—
HEBREFMISEQ ID NO:27) A T EEMR (LLIERMIIKF) : Fmoc~Ala—0H Fmoc-D-
Ala-OH.Fmoc—G1lu(0tBu)-0H.Fmoc-G1ln(Trt)—O0H.Fmoc—-Gly—OH.Fmoc—Lys(Boc)—0H.Fmoc—
Pro—OHFIFmoc—Thr ( tBu)—0H. £ £ 25 fIR EN-K iFmocff 3P £ /5 , FAN-FR - 2-nbk i ko B
(NMP) FOCH2C Lo B i W BE o N T 1B A B SR BE W A% , FIDMF#E 3535 20 W g (290 . Tmmol) , ) %%
Fmoc—PE06-0H(115mg, 0. 2mmol )PyBOP(104mg,0.2mmol) \HOBt (27mg, 0. 2mmol ) FIDIEA (661
1,0.4mmol)#E4.5m1 DMFH BI¥ETR , 1B & 308> , R A SR A BB g o 4 1% IR & R
F216h. 1L ER A , FIDMPYE B 4x . SR 5 3@ 1T FH20 % IR BE FIDMFIE M (6x 2min. ) &b FEFR £ Fmoc
A 2R J5 P FIDME SR B0 i, 1) 2% 3- T SR Bk WP EE A B2 (34mg, 0. 2mmo1 ) \PyBOP(104mg,
0.2mmol) \HOBt(27mg,0.2mmol ) FIDIEA(66u1,0.4mmol ) FEDMFH VAWK , TEES T N B
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REH G # RE R HE 3h, i 3 , 4K YK FADMF L CH2C1 2 FIMeOHPE 47K , FAKOHITIR B & T id % .
TR G - SRR AR I B bR MR ORI B, Hill & TFA/TIS/TA/ K E)85:5:5:5(10ml ) , EE KK
AT I TR AE A R RS R 3h, L8 , F i ProOYiiE SR BE R AR L, T #15-20
"C(50m1) AR J5 FiPr20Bt ik AR 4K , KT 1 , i@ it 5 A 1) % BUC1 8+ RP-HPLC (Agilent
Zorbax SB300PrepHT,250x 21.5mm)FOZL P4 A 10-40 % MeCNETH 09 (+0 . 1 % TFA) 4iifk,
Pt 16min, &F, 231, NEAEH K BT FAgilent XDB-C184:(250x 4.6mm) K434
RP-HPLCHNZe 1486 10-100 % MeCNFIH2 0¥ ¥R (+0. 1% TFA) 3 M7 K , 25min: A E>97 % 5 tr=
8.53min,

[0187]  ESI-MS: %t XdCie3HosoNa1051 1+ B HIMW : 3609 . 1Da ; MW iE{H : 3609.7(£0.02% ).
(0188] Lot F & Ffk2:

0
o)
[0189] Ac-PAPKPEQPAEQPKPAPAPQPAPAPKPEKTG—/< _/—N;:]
HN
0 (@
[0190] FEX— L kBEEEMF B HEERMAFIPL(SEQ ID NO:27)HIC-Kig L, 5
Sk 5 H & BRPLRA E B RE X B N- Kk ZBHLr .
[0191]  {# FHFmoc SPPSTEABI 433A_Eans1Frid 4 3 5 >k Bk ¥ & fk2 L H ks, B T 1E
FF2-E =B EM g LS N Fnoc-Gly-OHE W BBV /K F 50 . 6mmol/g(416mg,
0.25mmol) , 1A &2 {8 FIRink Bk ARMBHAMRS g 1 9 1B M2 #7470 » 7640 2 FIRR 22N-K i Fmoc R 7
B 5,81t F0.5M Acz0.0.05M HOBtA10.136M DIEAZENMP(10ml) = H VAR AL E | [B] i R 4%
30minfE M A8 Z BEAL « 2R J5 P DMF K% B8 #6345 49K , FICH2C 125 %544k , 7 FATFE/CH2Cl, 2:8
(10m1) &b 3 , [&] B 78 5 S PR 4% 4h, DU AR SRR 7s 58 4 M8 (R 37 O Bk 3 e AR5 g, A
10m1 TFE/CH2Clz 2:8¥EIF2IK, WAETEW , FH4 CAEt 00T IE AR B K , 3F FIE 1208 54K .
R BT TR B, A7 E-20CF »
[0192] 4 748 By SR BE WL RR AR & » K 308 43 AL B ) 8 4 A% 9P B K (100mg ) WHATU (15mg , 391
mol)  HOAt (5mg, 39umol ) ¥ FDMF(0.8ml), HIADIEA(23u1,142umol) , %% IR-& Py +¢
Imine JIAN-(2-RF 235 ) TR BE I AZTFAEL (150mg , 60umol ) ZEDMF (0. 2m1 ) 7R B VAR, 5 1%
BEVERS AT EESh SRS RUE S ZDMF K M BE R 37 IKIE 2 T°0.3m1 CHoClz, FH
4'CHE00TIE , FHEt 08834, H EF THRERE .
[0193]  SR/ERR ZMIBERI I, JTE K, W EIRST 1 TR 4lifk , i@ 3T {8 FAgilent XDB-C184%
(250x 4 .6mm)f 4> Hr BIRP-HPLCANZR 14 B FE10- 100 % MeCNHI HaOYAVR (+0. 1 % TFA) S A & =
H2,25min: AEE>97% ; tr="7.06min MALDI-TOF MS:%C146H227N390a371 ELHIMW : 3216 . 6Da ; MW
M5B :3215.7Da(£0.05% ).
[0194] ISR P S B K3
[0195]

0 O
N/\VJLN/N(/O\%?ﬁrQQAEEDYARRSEEEYNRLPQQQPPKAEKP&NHZ
\ H o)
0

3)
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[0196) £ T REE T R EEAK3H , 13- T R EL W R E A ER 5SEQ-1D NO: 113fIN-7 il i
21-2#-3,6,9,12,15, 18- NEAHK =+ — 21 -BREBEEMHE, AD-THEER(“2”) ¥ C-K i
3 , BLZ4k .SEQ 1D NO: 11358 FP1577PspAl JE &R X BL

[(0197] 40 B X B SR BETE & EE AR L ATk & pR AN 4lidh T SR Bk T & K2 Ak 3 , i i {# FHXDB-C18
FE(250x 4. 6mm) B4 #r ZYRP-HPLCFIZR 4456 £ 10- 100 % MeCNAI H209A ¥R (+0. 1 % TFA) 53477,
25min: 28 EF>97% ;tr=5.31min . MALDI-TOF MS: %t Ci7allo7aNs0063 1t B FKIMW : 4072 . 3Da ;s MWl 52
14:4071.0Da(+0.05%).,

[0198] @i XfpspASkpspCEE M 718 EI FLEPRFF , B3 , AT LATE A FL 4038 2 H 15 2%
FEZ, B nUniProtKB. 40 , I 7& 2 19ARR B B TCH84 31/ PspA/F 5 (UniProtkBEH S
D6ZPW2) 9 :

[0199]  MNKKKMILTS LASVAILGAG FVTSQPTVVR AEESPVASQS KAEKDYDAAVKKSEAAKKHY
EEAKKKAEDA QKKYDEDQKK TEAKAEKERK ASEKIAEATKEVQQAYLAYL QASN ESQRKE ADKKIKEATQ
RKDEAEAAFA TIRTTIVVPEPSELAETKKK AEEAKAEEKV AKRKYDYATL KLALAKKEVE
AKELEIEKLQYEISTLEQEV ATAQHQVDNL KKLLAGADPD DGTEVIEAKL KKGEAELNAKQAELAKKQTE
LEKLLDSLDP EGKTQDELDK EAEEAELDKK ADELQNKVADLEKEISNLET LLGGADPEDD TAALQNKLAA
KKAELAKKQT ELEKLLDSLDPEGKTQDELD KEAEEAELDK KADELQNKVA DLEKEISNLE
ILLGGADSEDDTAALQNKLA TKKAELEKTQ KELDAALNEL GPDGDEEETP APAPQPEQPA
PAPKPEQPAP APKPEQPAPA PKPEQPAPAP KPEQPAKPEK PAEEPTQPEK
PATPKTGWKQ ENGMWYFYNT DGSMATGWLQ NNGSWYYLNA NGSMATGWVKDGDTWYYLEA SGAMKASQWF
KVSDKWYYVN SNGAMA TGWL QYNGSWYYLNANGDMATGWL QYNGSWYYLN ANGDMATGWA KVNGSWYYLN
ANGAMATGWAKVNGSWYYLN ANGSMATGWV KDGDTWYYLE ASGAMKASQW FKVSDKWYYVNGLGALAVNT
TVDGYKVNAN GEW(SEQ ID NO:123)

[0200]  MiZFF3 , 1% 4%P2 7 5 (PKPEQPAPAPKPEQPAKPEKPA, SEQ ID NO:28) .P2'Z 84 F
TCH8431 PspARIRE/ B MIENREX 2 5. 8 T BRI FMHSVLPRRRE &, it F HER TS
S Bk 7 B R

[0201] ISRt iV & k4

[0202]

o) 0O
&/\/U\N A(,o \%\mPKPEQPAPAPKPEQPAKPEKPAa-NH2
\ H o
0 (4)

[0203] IX—IREBL T REMKESET21-8HE-3,6,9,12,15,18-NEL - +—f-21-F
AR E5P2(SEQ ID NO:28)N-FRufEE 3-SR BL L RE KRR . “a” m&ﬁa%&ﬂﬁm
WeBERZ AL .

[0204]  4n bR %t 5 >RBE P B ALK L Frid & s A0 i1k T SR Bk S & % k4 , 38 i {8 FHXDB-C18
FE(250x 4.6mm) ()7 HT BURP-HPLCFIZRME A% 10-100 % Me CNA H209 R (+0 . 1 % TFA) 7347,
25min: AifF>97% ;tr=>5.21min MALDI-TOF MS: %} C131H210N320411 B fIMW : 2889 . 3Da , MW
E{H :2888.8Da(+0.05%).

[0205] LSRGt v & ELRAS
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[0206] Ac-PKPEQPAPAPKPEQPAKPEKPG—( Ya ;;

[0207]  7EX —LokBE R , H AR MEIP2(SEQ 1D NO.28)C—3|<ﬁﬂ"%,#Eﬁ£fr
SR 5 H & BRif i T 2 2 H R X A o N—R i 2 2 BEAL A o

[0208] i b X 5 SR Bk ML L AR 2 AT ik & A FR A4k T SR B T2 2 22 k5 , i i {8 FHXDB-C18
FE(250x 4. 6mm) H)43 Hr BURP-HPLCHNZR M A6 £ 10- 100 % Me CNEI H2035 ¥ (+0 . 1 % TFA) 2347,
25min: A E>97% ;tr=6.31min.EST MS:XtC113H178N300331+E FIMW : 2484 . 8Da ; MWl & 18 »
2483.2Da(£0.02%).

[0209]  EjRMEEIEEHAKE

[0210] B L RkE KB WP L MR FIPspATR F Fii A PRIF 5 4 B\ TPRIF 5 Bl 40 , 38
13 Rl & P1 A AON-2K 5 7% 3 PAPKPEQPAEQ(SEQ ID NO:124) ZEP2(SEQ ID NO:28)J: H FHGLyH%
EEARP2HHC-RiEALaiR i FFIP3(SEQ ID NO:29) N TR &4, RitH A SR T Y
SR PE . 2 2R B

[0211]

AC-PAF'KPEQPAEQPKPEQPAPAPKPEQF’AKPEKPG—4 _/— ;t'

[0212] ZluJ:J‘aSXff55%E&Eﬂﬁ’iﬁ%ﬂi@ﬁﬁi&é‘ﬁi%ﬂéflMJcEHéEME?L%HMJ%JJE)%XDB C18
FE(250x 4.6mm) #4347 BIRP-HPLCAIZE 44 46 £ 10- 100 % Me CNFE Ho 0¥ 98 (+0 . 1 % TFA) 4347
25min: A E>97% ;tr=10.11minMALDI-TOF MS:X}Cie4Hz55N4505011 2L HIMW : 3657 . 1Da ; MW
E{E :3654.9Da(+0.05% ).

(02131  PRAKHUIR 7 AME S 40 F ATk «

[0214] I REETLEAAKT

lo2151  Ac- QPAEQPKPAPAPQPAPAPG——( Ya ;\’j

(02161  4n b ik 3t &Sk i W& 5 Ik 2 Frid & Bl F0 46 £k D SR Bk T ?&%Hjﬂ +EST MS: Xt
Co1H137Nas027 1T B FIMW : 2012 . ODa ; MW 22 B : 2012.4Da( +0.05% ) .
[0217]  E kB EELALS
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0
o)
Ac-PAPKPEQPAEQPKPAG N |
[0218]
in—"
O (8)

[0219] W Bk X Sk B R BRI & B Maifl Sk Bt WER S EST MS: Xt
Ca1H124N22025 11 2L HIMW : 1804 . 9Da s MW 5218 : 1805.4Da( +0.05% ) »

[0220] I, R & HEAK9
[0221]

)
o)

Ac-PEQPSPQSTPEPSPSPQPAPNPQPAPSNP N |
HN _/

0 9)

[0222] X — I SREL WA Bk VR T PhtD(P60,SEQID NO:86) [ PRAK N-K ik 2 Z BEALEY
bR R Ik B T AR AR 2 Bl A RN 440 B SR B T B B, 3B i 4 FIXDB-C184E (250x
4 .6mm) f) 4> B BRP-HPLC AR P4 43 FEF 20- 100 % MeCN KT 209 K (+0 . 1% TFA) 4347 , 25min : 4l
FE>97% ;tr=3.41min.ESI-MS MS:XFCi36H201N3704s1H ELIIMW : 3120 . 4Da s MW 52 B : 3120 . 6Da
(£0.05%).
[0223]  sCjtifs)2: PRAKIUR S8k B &
[0224] AT HI& T RIZBHIREE S, & BT FI4Fh g IR S5/ 85T .
[0225] RERK&EA5IT10
[0226]

O ._ GG(IEKKIEA),JEKKIAKMEKASSVFNVVNSKKKCa-NH,

H,N jv\

Og\oj)\/\/\/\/\/\/\/\
\[(\/\/\/\/\/\/\/

O (10)
[0227] X FJEAEXT R FWO 2008/068017HsL /it 513 . 40WO 2008/068017 MGhasparian,
Riedel®¥ A ,Chembiochem,2011,12,100-109 Frid #t4T & Bt L RAIL =4 . /- A BIRP-
HPLC(Interchrom UP5WC4-25QS,25—100%MeCNAIH0¥5 WK (+0. 1% TFA), ikt 25min. ) : 4k
FE>96% ,tR=22.71min.MALDI-TOF : Xt C312H552N74085S 33+ BLHIMW : 6796 . 4Da ; MW 5 {H -
6798.2Da(+=0.05% ).
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[0228] fgik&EMI Tl
[0229]

0O . GG(IEKKIEG)4EKKIAKMEKASSVFNVVNSKKKCa-NH;

H,N jv\

Og\ofj\/\/\/\/\/\/\/\
NI Ve VNS

O (11)
[0230] XF ARG R A S BIHMEMIBRE M, EA-LEE Bt “defgabe”
IEKKIEG(SEQ 1D NO:125)K) “c” 8 F EAGly.
[0231]  4AWO 2008/068017 Frik & pi I+ H A4k 484 1 Ais Ak 45 #49 B4 T . 43 #7 B RP-HPLC
(Interchrom UP5WC4-25QS,25— 100 %MeCNHH203E R (+0.1% TFA) , it 25min. ) - AifE>
98% , trk=21.41min.EST-MS : XFC308H544N74085S3 1+ B HIMW 6740 .3Da; M E{EH6741.7Da.
[0232] JERk&EMg R IT12
[0233]

0O . GG(IEKKIEA),4/EKKIAKMEKASSVFNVVNSKKKCa-NH,
@)

NJ\/\/\/\/\/\/\/\

H

HN\H/\/\/\/\/\/\/\/
0 - (12)

[0234] IXFPASRREE M R TS BMAIRE BN, N - e R . -2, 3- " E WL
(“PamgDap’) . “a” {/RD-TNEEE -

[0235]  fWO 2008/068017 Frik & st H At le BRI B TT , BR T EE S G AT N
Pam2Dap i A & Pam2Cy s o 3@ i 43 #7 B HPLC FIMS 43 477 BE Bk « 23 #77 B RP-HPLC (C44F , A=H,0+
0.1%TFA,B=MeCN+0.1%TFA,20—100%B,25min.) : 4 & :>95% . tr=22. Imin . EST-MS : MW
1+ #E189594 .5Da, M 5E{#9596.17Da.
[0236]  PgRk&s5#) 5013
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O . GG(IEKKIEG)EKKIAKYVKQNTLKLARKKCa-NH2

N

S

(@)
CJ\Tr"\\v/’”\\v/’“\\«/’“\\«/’“\\v/’"\\,/’"\\~/”

0] (13)
[0238] X FPAGRAGE M TC AL & 72 T8 EHET- 4 B R AL (KYVKQNTLKLARK , SEQID NO:126) ,
SRVE TR B R M AR R 307-309(SEQID NO:19)¥JHLA-DRB 101FR %37 (Stern,L] . 5
ANaturel994,368,215) . “a” #/RD- &R .
[0239]  EA W0 2008/0680179 Frik & mH H 4ifb s Bk 45 ¥ 88 5t , 7 Bl 4 7Y
HPLCHIMS 437 o 43471 Z4RP-HPLC(C44E , A=H20+0.1% TFA, B=MeCN+0.1%TFA,20—100%B,
25min. ) : 4% :>95% . tg=22.35min . EST-MS : X} C302Hs38N74079S21+ B HIMW : 6530 . ODa ; I B 18
6530.4Da( +0.05% ).
[0240] SRLINTFEREY:
[0241] & Y145 KBEE & FRR1+AERKL0)
[0242]

PAPKPEQPAEQPKPAPAPQPAPAPKPEKTGa-NH,

04\0%%0
o
E/Eo

S
0 . GG(IEKKIEA),JEKKIAKMEKASSVFNVVNSKKKCa-NH,

H,N I

S o

}OJ\/\/\/\/\/\/\/\

OTI/\N\/\/\N\/

0 (14)

[0243] 15108 &%A_LIW0 2008/068017 ATiR 47 . M1 10(6.0mg,0.9umol ) £ZEH20/
MeCN 1:1(3ml)SFHIARFMAL(4.8mg,1.3umol ) FEH0/MeCN 1:1(2.4ml) H B VAW . 1818
Hu BT pH, {5 FHO . INaOH4ERFFEDH 6.5-7.0, % B S WEE BRI H2h SR 5 831 FC4H]
FRAE(Interchrom UPSWC4-25M,250x 10mm) FIRP-HPLCAIAS FE50 — 100 % MeCNF H095
(+0. 1% TFA) AL 854, Jilt 1 Tmin, B {8 Fl Interchrom UP5WC4-25QS#: (250 4.6mm)
f9 43 BT B4 RP-HPLC A B 20 — 100 % MeCNATH2 038 MR (+0. 1 % TFA) 0 Wr 45 & 4014 , 25min : 44 BF
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>97% s tR=22.34min MALDI-TOF MS:tCa7sHs11N1150136S3 1+ E HIMW: 10406 . 6Da ; fll E {E
10407.8Da(£0.1%).

[0244] B iZ%AYIREZTPBST , F4730min. , B ZE0.5mg/ml , #id{# FHWyatt DynaPro
Titan{X 23 M BhZS e B (DLS) #E4°C .25 CAI37°C N A% 58 FE 400 0001145 /s F110s $REX
I 18] 204 o B ARG A AT 0 KN o A R BRLARS B , LR/ IN B AR /N o P 34 B S 2
2 (Rn) 712.0nm, B % PA{E7E25°CH12.3% RaF1 % PAFI R BUEE K CEE T B S,

[0245] ZRE415( S RBE &R EK2+AREK10)
[0246]

Ac-PAPKPEQPAEQPKPAPAPQPAPAPKPEKTG

0, 5

N

S

O . GG(IEKKIEA),/JEKKIAKMEKASSVFNVVNSKKKCa-NH

H,N j/\

B\OW
NI Ve N

0 (15)
[0247] 25108 & MK EMHI A EA Lin B X &M 1470 Brid g 47 @i A
Interchrom UPSWC4-25QSAE(250x 4. 6mm) ) 437 BYRP-HPLCANAS 20 — 100 % Me CNAH20%5
B(+0. 1% TFA) Z3- B F=415, 25min: 26 fE>97 % ; tr=22.41min EST-MS : Xt CassHr7oN 113012833t
SLHIMW:10012.9Da; JUAE{E10011.1Da(£0.1%).
[0248] i % 4% & W) 1 27EPBS FF B IR &3, (£ FIDLS I iR X 14 73R 43 . RnfEL 7E 13 . 2-
14.2nmf) Y5 R , H % PA{E7E25°C F#E12.6-18.0% HITE
[0249] 2R E&¥16( BRI & AAR3+AERK10)
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[0250]
QQAEEDYARRSEEEYNRLPQQQPPKAEKPa-NH,

o H
o) N
/\)6\/ o
(¢}
N
0

S
0O . GG(IEKKIEA) JEKKIAKMEKASSVFNVVNSKKKCa-NH,

W

S o)

g\o’u\/\/\/\/\/\/\/\

071/\/\/\/\/\/\/\/

© (16)

[0251] 3510 &FMEEWMALER Ein ERIREW14F R #AT BT H
Interchrom UP5WC4-25QS4#¥(250x 4.6mm) i 43 #7 BIRP-HPLCHAEH 20 — 100 % MeCNFH209%
W (+0. 1% TFA) A4 724016, 25min: SEE>97% ;tr=22.0min.MALDI-TOF MS: Xt
Ca75Hs11N1150136S31H B AIMW: 10869 .8Da; M 5E{E10°872.3Da( +0.1%) . '
[0252]  #I& 4G ¥ 137EPBS VR B , i FHDLS 0 Rk % 14FTiR 43 47 RufE 7E14. 0-
15.0nmfj 6 , B % PA{EFEL3.0-13.7% MG . 5 &P 14T A 16 R IR & 4 HIDLS
MR T 12.3-13. 3nm R AN 25-26 %6 [ %6 PA{E , RIR & BRL A KR B KNG o
[0253] ZEM17(E KRBT AEK4+ERK14)
[0254]

PKPEQPAPAPKPEQPAKPEKPAa-NH,
0=</(/\ H
N
o ) o
(o]
N
@]
S
O . GG(IEKKIEA), EKKIAKMEKASSVFNVVNSKKKCa-NH,

HoN j/\

S @)
g\oj\/\/\/\/\/\/\/\
OTI/\/\/\/\/\/\/\/
0 (17)
[0255] 45108 &M EMAILER L an BRI R A1 T Brid #6417 . 38 1L C4 4y #r Y
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# (Interchrom,UP5WC4-25QS,4.6mm x 250mm, 300 A ) S AHHPLCFIMALDI-MS 4347 7= 4
1743 BT BIRP-HPLC(C44% ,A=H20+0.1%TFA,B=MeCN+0.1%TFA,20—100%B,25min. ) : 4l
fE:>95% . tk=18.8min MALDI-TOF MS: %t Caa3Hre2N1060126S3%t B FIMW : 9685 . 6Da ; | 5E 1H
9686.2Da(£0.1% ).

[0256] )& 4R &Y 1TFEPBSH MR VR, fF FIDLSI0 EiRXF 14T 3 ¥ RefE7EL1L . 1-
11.8nmiIVEFE , H %PdE £ H13% .

[0257]  ZREM18( L REET & FEARS+IEIK10)
[0258]

O
Ac-PKPEQPAPAPKPEQPAKPEKPG ——4

0,

N

S

0. GG(IEKKIEA) JEKKIAKMEKASSVFNVVNSKKKCa-NH
HoN I

O (18)
[0259] 55108 &MEEWHAELR Ean FRXTE S Y18 Frid k4T @ il FiC4%
&R (Interchrom, UPSWC4-25QS,4.6mm x 250mm, 300 A ) ] )< AEHPLCFIMALDI-MS 4 7 7=
Y118, 53 # BIRP-HPLC (C44E , A=H20+0.1 % TFA,B=MeCN+0.1%TFA,20—100%B, 25min. ) :
i :>96% . tr=22.55min . MALDI-TOF MS: X}Ca2sH728N1040118S3 T B IMW: 9279 . 2Da ; M52 1E
9280.2Da(£0.1% ).
[0260] i %% 4% &4 1 8FEPBS VR B, 1 FADLS 0 LR XF 147k 2 #T - RufE 7E10. 0-
10.5nmAITEH , B %PdEZ1H16% .
[0261]  ZZ-&419( LR B EEEAR6+AEAK10)

35



CN 105793276 A W BF B 30/43 T

[0262]
o
Ac-PAPKPEQPAEQPKPEQPAPAPKPEQPAKPEKPG —4
NH
0, 5
N
)

S

O ._ GG(IEKKIEA)4JEKKIAKMEKASSVFNVVNSKKKCa-NH,

HoN j/\

O (19)
[0263] 65104 &MWL EE AR L in Bk X ER S 14 ik #E4T . 38 & {8 FHC4 %>
Fr&UH: (Interchrom, UPSWC4-25QS ,4.6mm x 250mm, 300 A ) i) & AHHPLCFIMALDT-MS 43 #7 7=
¥119. 73 #r BIRP-HPLC(C44E ,A=H20+0.1%TFA,B=MeCN+0.1%TFA,20—100%B,25min. ) :

AF . >96% . tr=22.34min MALDI-TOF MS: XCa76Hs07N1190135S3 1 ZLHIMW : 10453 . 4Da ;s J| 5E (&
10452.7Da(£0.1%).

[(0264] &R EW1ITIEPBSH KR &K, E FHDLS a0 i Xt 1987k 43 4 RufE 7E12.1-
14.5nmiVEHE , H.%Pd{E N12-20% .
[0265]  ZZ-E420( BREBET EZEK6+AgK11)
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[0266]

Ac-PAPKPEQPAEQPKPAPAPQPAPAPKPEKTG —{

0,

N

S

0 . GG(IEKKIEG),EKKIAKMEKASSVFNVVNSKKKCa-NH ,
H,N j/\

O (20)
[0267] 65118 &M EMPIAMEAR LN FIRIT &4 iR AT . 81T £ FC4%
Hr&EE (Interchrom, UPSWC4-25QS,4 . 6mm x 250mm, 300 A ) (¥ ) AHHPLC FIMALDI-MS43#7 7=
Y120 . 73 #r BRP-HPLC (C44E ,A=H20+0.1% TFA,B=MeCN+0.1%TFA,20—100%B, 25min. ) :
HRF:>98% o tr=22.34min . EST-MS : XFCas54H773N1130120S3 (3% A ML W AL IR /K £ ) 11 B HIMW
9975.02Da ; M (9974 .7Da(+0.01% ).
[0268] i) & 4K & ¥)20FEPBSH VR BV , fE FHDLS 11 LR X 14 B ik 43 47 RefELAE1L . 7
12.3nmi¥)YEFH , H % Pd{E£9820% .
[0269]  ZK-E4M21 (KM W REK4+EIKLL)
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[0270]
PKPEQPAPAPKPEQPAKPEKPAa-NH,

o H
g&k\o’\)g/“‘ o
N
N
T
S
OIGG(IEKKIEG)4|EKKIAKMEKASSVFNVVNSKKKCa-NH2

0 (21)
[0271] (FEREBEVREMAS114 A, B E RN R E W4T R Z RS Y . ot HY
RP-HPLC(C4#¥ ,A=H20+0.1%TFA,B=MeCN+0.1%TFA,20—100%B, 25min. ) : 4l & : >95% . tr
=17.78min. %} Ca39H753N1050127S3TH B FIMW: 9630 . 5Da ; M %E{H 9631 . 2Da .
(02721  DLS(0.5mg/ml,#EPBSH,25°C) :Rn=10.7nm; %Pd=12-13% .

(0273] R EN22( L RBE I H AL AK6+HAEK12)
[0274]

PKPEQPAPAPKPEQPAKPEKPA-NH,
NH
o 5\(/\ ol /%6/
o

0 S
L

S

O . GG(IEKKIEA)4 EKKIAKMEKASSVFNVVNSKKKCa-NH,
)

N/”\/\/\/\/\/\/\/\
HN\H/\/\/\/\/\/\/\/

O (22)
[0275] fF ORIV EREKAIS128E, B FRAX B SW4FrR A6 1Z R &5 . ot B
RP-HPLC(C4%E ,A=H20+0.1%TFA,B=MeCN+0.1%TFA,20-100%B,25min. ) : & :>95% . tr
=18.37min MALDI-TOF : %F FCa40H757N1070124S2 7 B HIMW : 9594 . 5Da, M E(E9595.1( £
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0.1% )Da.

[0276]  DLS#llE (£EPBSH0.5mg,25° )18 F|Rn510.4-11. InmH % Pd{E_H10-12% .
(02771 K E&W23( 5 kit W& I Kk6+AgAK13)

[0278]
0
A
Ac—~PAPKPEQPAEQPKPAPAPQPAPAPKPEKT ~ 1ty /"
0O S

0. GG(IEKKIEG),JEKKIAKYVKQNTLKLARKKCa-NH2
H,N j/\

0 (23)
[0279] {3 T SREE T B L BR6 513804, Bt iR X AW 1AFT R AiAL % &M . S A7
RP-HPLC(C4#E,A=H20+0.1%TFA,B=MeCN+0.1%TFA,20—100%B,25min. ) : 4L :>95% . tr

=18.25minMALDI-TOF : X} C4asH765N1130123S2 ( B2 FREE TV AL FR 7K ) i+ B HKIMW : 9768 . 7Da, Jll &
{H9767.0Da(+0.1%).

[0280]  DLSl& (7EPBSH0.5mg,25° )3 E(Rn~9.9-10. 2nm A % PA{E H15-18% .

[0281] &1t Eh-A PRAKHTIRBIN-Rin 5 B8 Bk 45 49 B8 e I C- K i 1) 4% R /MBI BB BRI 8 T
THIREERE IR

[0282] RERk(24)

[0283]

Oj\;’GG(IEKKIEG)4IEKKIAKMEKASSVFNWNSKPAPAPKPEQPAEQPKPa-NH2

H,N

0 (24)
[0284]  fEASZ | , /i PRFEFIPT, PAPAPKPEQPAEQPKP(SEQ ID NO:33)E#:5GG
(IEKKIEG)4IEKKIAKMEKASSVFNVVNSK(SEQ ID NO:127)HIC-Kimph & , 58 2 F 5GG
(IEKKIEG)4IEKKIAKMEKASSVFNVVNSKPAPAPKPEQPAEQPK P(SEQ ID NO:128).:# it ¥
Pam2Cy s {EN-R 3 fg4X. , 7 EL1a] AR Bk 24 H i C— R i s IND- T B ( “a”)

39



CN 105793276 A ) R 34/43 T

[0285] i F& ME S B K5 1% & Bl & Beik24(W.C.Chan,P.D . White,Fmoc Solid
Phase Peptide Synthesis:A Practical Approach,Oxford University Press,Oxford,
UK,2000) , H.4n E iR %+ fg AR 10 AT iR 44k JMALDI-TOF MS: Xt F CaeoHe33NgoO104S2 T B HIMW :
8044 .6Da ; Il %€ 8 :8044.6Da(£0.1% ) . 7 BT BIRP-HPLC(Interchrom UP5WC4-25QS,25—
100 % MeCNFEH0 B1A MR (+0 . 1 % TFA) , i 25min. ) : A >98% , tr=20.48min.
[0286] DLS(#EPBSH0.5mg/ml,25°C) :Rn=10.7nm; %Pd=12-13% .
[0287]  JgRK(25)
[0288]

O . GG(IEKKIEG) JEKKIAKYVKQNTLKLARPAPAPKPEQPAEQPKPa-NH,

HoN I

o (25)
[0289]  7EA St , {PR/F %P7, PAPAPKPEQPAEQPKP(SEQ ID NO:33)H 566
(TEKKIEG)4IEKKIAKYVKQNTLKLAR(SEQ ID NO:129)fIC-Kimmh& , B2 FF%)GG(IEKKIEG)
4]1EKKIAKMEKASSVFNVVNSKPAPAPKPEQPAEQPKP(SEQ ID NO:130) 3@ i ¥ InPam2Cy sf#iN- 7R it
Ba k., 3 ELm B Bk 25 A ) C-R s inD- A & BR (“2”) .
[0290]  4n BRI 24 TR & A B 4ifb @& HE Ak 25 . EST-MS : X} F Cse0He3aNo1099S 1 ELMW :
7966.6Da; | EH : 7967 .0Da( £0.1%) . 43 HT BIRP-HPLC(Interchrom UP5WC4-25QS,25—
100% MeCNFTH2095 ¥ (+0. 1% TFA) , it 25min. ) : A E>98% ,tr=21 .41min.
[0291]  DLS(FEPBSH0.5mg/ml,25°C) :Rp=12.2-13.7nm; %Pd=10-15%.
[0292]  SERtf3 - X HE & ) 5%
[0293] & THIX AL EMH T RBEEMA K HLR.
[0294]  Z&426(AEPREEY))
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[0295]
SVAMPSYIGSSLEQTKNNLIQTVGIKEANIEVVEVTTAPAGSAE-
GMVVEQSPRAGEKVD LNKTRVKISIYKPKTTSATPa-NH,

° o 0 0
o R o Wt gl Fot N N INIY,
O
(9)
N
0O
S
r

OI,GG(IEKKIEA)4|EKKIAKMEKASSVFNVVNSKKKCa-NH2

H,N

0 (26)
[0296] X EHEEStkP(SEQ ID NO:115)HIC-FKEH T4 (StkP-C; PASTA+C-K ) , k&
T K2 RAR (F594QF01602T) 3 NStkPF7 51 AR 2= R 1H B BRI F/K R, B3 F 5

[0297]
SVAMPSY IGSSLEQTKNNLIQTVGIKEANIEVVEVTTAPAGSAEGMVVEQSPRAGEKVDLNKTRVKISIYKPKTTSA

TP(SEQ ID NO:131).Fa-NH2BHAWiC-Kiw , H A “a” RRD-THE B B IINR R B, R AW+
fXFRStPHICR A A MUK B B R 455 R A FiSer /Thrift B 45 & (PASTA) 5 My Igi- 4544 .
[0298] & ESAHRLRY BRI & AR 27 (3-SR W A WAL ) -21- &/ %-4,7,10,13,
16,19-7N& 24 =+ —4EBt-(SEQ ID NO:131)-a-NH2) 3f B in FiRk ¥t 14F7R 51044 . @it
HPLC MALDI-MSHIDLSZr#r 48 & 426 . 73 ¥ BURP-HPLC(Interchrom UP5WC4-25QS,250x
4.6mm,A=H20+0.1% TFA,B=MeCN+0.1%TFA,20—100%B,25min.) : A &F:>95% . tr=
18.41min MALDI-TOF : %} Cr00H1201N1770216S5 1+ B HIMW: 15713 . 41Da; YU EH 15715 . 4Da( =
0.1% ) .DLS(#EPBSH0.5mg/ml,25°C) :Rn=16.3nm, %¥Pd=16.9% .

[0299]  Hgfhk28
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[0300]
o) GG(IEKKIEA)IEKKIAKMEKASSVFNVVNSKKK-
AEDQKEEDRRNYPTNTYKTAELEKAESDVEV-NH,
HoN
S
0

OJ\/\/\/\/\/\/\/

@)

O (28)
[0301]  FEXFARAK A , CR 3 b B9 31/N R E BN B T3k B TIGR4MH)PspC(SEQ ID NO:116)
B ERI44— 377, R T 2N KRB IEATUR LGB B 1% (L366A, 1370K ; TIGR4PspCHR
2,15 B BKAEDQKEEDRRNYPTNTYKTAELEKAESDVEV(SEQ ID NO:132) . Fr-NH2RH WiC- i ,
B “r” RIND-FR R IR X PR K — 208 i e i 4k (KKK) 538 FIT- 5 Bh 4 B R ALCST . 3
(SEQ ID NO:23){H& .
[0302]  4OWO 2008/068017H fTid & M H 44k fg k28, 3F FLid it HPLC JMALDI-MSFIDLS 4y
#7 . 43 #r BURP-HPLC(Interchrom UP5WC4-25QS,250x 4.6mm,A=H20+0.1% TFA,B=MeCN+
0.1%TFA,20-100%B,25min.) 4l :>95% .tr=18.41min MALDI-TOF : X} CsssHs54N1000121S2
THE MW : 8696 . 1Da; I % {68696 . 0Da. DLS(FEPBSH0.5mg/m1,25°C) :Rn="7.9nm; % Pd=
29%.
[0303] EZHPspAH (rPspA)
[0304]  TERE R B M & BEEK B B ARSP15TTHIPspA B SRR X , FF BB HEREANEA
TrxBi & H (rPspA) . T A IA K B SP1577H AREI EHPRAIWO 2007/089866F Bk
1T - B3 SDS-PAGE . {8 Fi Hi—PspABL 42 () B s BN ZE A0 BT 1S A IR SE Al B F &ty % BE B AN 7P
LIVSE
[0305] MSDKIIHLTD DSFDTDVLKA DGAILVDFWA EWCGPCKMIA PILDEIADEYQGKLTVAKLN
IDQNPGTAPK YGIRGIPTLL LFKNGEVAAT KVGALSKGQLKEFLDANLAG SGSGHMHHHH HHSSGLVPRG
SGMKETAAAK FERQHMDSPDLGTDDDDKAM ADLKKAVN EP EKPAEET
PAP APKPEQPAEQ PKPAPAPQPA
PAPKPEKTDD QQAEEDYARR SEEEYNRLPQ QQPPKAEKPA PAPKPEQPVP
APKPEQPVPA PKTGWKQE(SEQ ID NO:133)
[0306] EIFIEMMERRK ERIIPspAE S AN X FHEAFZFI7R .
[0307]  SEjffl4: /N BR SR IE R A '
[0308]  7E/INER A MR SR & W0 X il % FE K B Y SR R 1 - A ER SR BR AR B SwissHL N A0 4
BRI R P %A 1047 3 HE ok 57T 4 st .
[0309] AT /A HUAA RIS , 44308 ZR 2228 PP B 6-8 JEI RS BE PENMR T8 28 243 Fh /NG (10 R /4H)
Z T S22k AT R0, Inl A5, ZEBORFHE21 R, [ FE3 A HEAT A X IBA Y %
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REPBSEXrPspA+ B B £ /K IE VR E B — IR B T A 88 IR e B 5 10 R SREE MK , 7 BLAE
ELISAZ #r I » DAE 08 TgGPUAER ST X & & i & BR B9 AR A ¥ B 5 {1 FiWestern Blot LAfE
ElgCENIFEMHEL RS S, 3 B4 RN MBAR EN E 165 e B R EREFI RIS
A .

[0310] 4. HTF/DR AR HIF

[0311]

)0 A2 5 SR (mg/ml)?
& PBS ¥ &) 14 X 0.2

& PBS #8415 X 0.2

7&£ PBS &5 16 X 0.2

/£ PBS #8517 X, 0.2

£ PBS 45 18 X 0.2

&£ PBS 4519 x 0.2

&£ PBS T8 16 + 14 £ 0.2+0.2
A ®KPEH rPspA A R 0.2

PBS X -

D BREIBAREASMIEQRRE.

(03121 7 #4TELISA,7E4°C, Fi5ul/ml PRAKZEEirPspATEPBSH HEWR (pH 7.2,50u11/
L) ¥MaxiSorp 96—-FLIREH R (Nunc,Fischer Scientific) BT’ & A Fanwo
2008/068017H Bk , 3 Fi FH T TgGAL M L £ PR TgG( v ~BE—RE 7)) Pifk (Sigma,
St.Louis,MO)Fllmg/ml BEER X~ ZE R EE (Sigma ) BEATELISA 4 £ s 3 5 58 X AR I 7
ODK TPBS-F- 140D+ > SDH) &% i ML & # R JE

[0313] /T X4 Mig#HiTWestern Blot, E37°C 5% CO27E I ¥ B g FAR 3% 7%
SP15773F B4 A S B R34 . 83 SDS-PAGETE 1B JH & 1t T 43 B8 243 4 3t BB 5 77 R BR 45
YRR b oK B TE G g8 SR S R BT LA I8 B (FEPBSH1:500) , I HAE FHECLR GBI
PspA—1F 5t B 7 B P A A AE FE M X BR

[0314] /7 AT A UM A 2 (FACS) , a0 LTk #5352 SP1577 , FIAE/R S pRff L 2k 7%
30min. , Ffi5mg/m17EPBS F i 7C i Bl BR B BSAE ] , 7 B 417x 10°CFUS 4 B Bl 40 L Al 1L 75
(7EPBSH1:100) —REZR TR T 1h.f# HAlexafluor 488-F&H) —HMMFRMIL &1
IgG.

[0315] GELISAJUAT P 3418 & 55 58 B2 (GMT) = 3818 A9 — AN R 2 (SEM) Ask B
Western BlotFIFACSS#r (FENFRMEvs. BATER R S ) (45 R g5 E&/5+,

[0316] K5 20K% &5 /MR 1 1gCR &
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[0317]
%58 JB ELISA Western Blot FACS
(GMT £ SEM)®  |(Fat/BAb) (FE L/ B )
14 26013 + 30255 9/1 8/2
15 271227 + 82014 10/0 10/0
16 65606 + 13592 10/0 10/0
17 82066 + 36672 8/2 6/4
18 10354 + 6760 7/3 5/5
19 263069 + 62452 73 13
14+ 16" 9027 + 6150 10/0 10/0
14 + 16" 65606 + 13592 10/0 10/0
rPspA + AL 212977 + 65684 10/0 10/0
PBS <100 0/10 0/10
V%R BT 7k B 7/ ELISA. Western Blot = FACS ¥ £ 2% K 5%,
YA ELISA ¥ RZ 82} 14 #) 1gG B2,
9f ELISA ¥ R 497t 16 89 IgG B,

[0318] RE AL R F/NR P Piik S E w48, {82 £ 5/ AELISAH I =2 /9 9 B
PR 5 M IgCRI AR E, B RSB R BMEPHIgcE SN EMPspAF HE ST E
SP1577 4 . 7E 5 B L7 F1 5K B PBS— % 2 /) B B L7 R A T B B KPP R -5 R
ME1gG,

[0319]  f§i FWestern BlotFIFACSHI—H A it 1& 2 5 1 fili ¢ BR B B AR AN SIAEE R TeGRI AT
X Rtk , frid —HF B 46 £ R I A BRE E R R B TR E PspAR K1 -3 A FE BEL
HIANEPspA, BA1E X #EHol lingshead,Becker® A, Infect Immun,2000,68,5889-5900
rh ;RO [B] B fi 8 3K B S R IV 2 , 045 B AT HEAE A It R BR B 4R A B R IR s IO Iy 2
[0320] G FRAMEGIE ELAF AR A S/ NR I ML a0 LR X SP1577FTid i 4T Western Blot
FIFACS 7 #T NG 45 SR L T R6H . :

(0321]  3R6: /)R MILIE Y Tg G5 a8t 4% 22 E 10 I 98 BK B 1) 38 SOt
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[0322]
Bk
RAER KB s
SP1577 |SP920 |SP4408 |SP1272 |SP1388 |SP1260|SP716
/1 /8 19A |2 /4 /4 /S
WBA |[++ + + ++ + + ++
B FACS |++ + ++ ++ + ++ ++
WBA |++ ++ ++ ++ + ++ ++
° FACS |++ + ++ + + ++ ++
WBA |++ ++ + ++ ++ ++ ++
' FACS [++ ++ ++ ++ ++ ++ ++
WBA |++ - - + ++ - -
v FACS [++ ++ ++ ++ ++ - -
WBA |[++ - - + ++ - -
18 FACS |++ ++ ++ ++ ++ - -
19 WBA [+ - - + ++ - +
[0323]
FACS |+ + ++ ++ ++ ++ ++
WBA |++ ++ ++ ++ ++ ++ ++
14+ 16
FACS |++ ++ ++ ++ ++ ++ ++
rPspA + WBA |++ ++ ++ ++ ++ ++ ++
& A, FACS |++ ++ ++ ++ ++ ++ ++
MEABARIESG . REWLFAERNZF AR FRAY. ++=8BF/1EF;
+= B¥MET, -= RAERF L.

[0324] {3 FHifR Z A AT R 45 RERW , HPRIATUR RIZ SIS 2 BIZE XUR SN PTG,
A, —EPREATUR M A 5 BT L ERI B Z K2 R MG,

[0325) 7 #EAT BUar PR IT SR NMRTIZ R % 32 A/ R 0 E TR i AR I S . 9 7
bt SR R A, 45 A SN B0 T PspA+ LB B S D44 BRI AR 465 5% - E B S SR 10K &5
/NRIU , G _E B 8L ELTSAZ AT L3 , DA S M e I 775 5 8« R %ot /N BR 2 R 8 Ak P 100135
55 R B BUE B (100x LD1oo) Hifi 8 BR T I8 i B Bk P9 (i v) Bty , ZE MUk B B il il ¢ BR B8
BT DR AR T & ES 8l IR A (ip) BUEH KA (1v) 520 B A% X B
Ja RIS R R f BRES , P 14K - e il 56 T B SO0 56 it %2 SR 5, 3 BAd ik ZI WG 58
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T BB 8] 4% FA BB RS B R B J5 4 1 ) Bh 40 ) 13 175 RNk B Wi B8 1= 4 Bf ] 55 B0 FIPBS 4
5 ) sh) B 7238 A B G ZE T RO B TR B 352

(0326] AF FHEEMRSPISTTRAIME R D EETRTPSPISTTEMENR P EEESE
B REPH /DB IE T RE RGBT 12-24h i BG R T R, R B R T &)
.

[0327] 7 .43 EBESP157TE B B H (R FONMRI /M R,

[0328]
RSy K& A& 8 PAD
HH R
X *} B.(PBS)
£ PBS F4) 14 ip 1,2,3x>14 5x1 0.0143
£ PBS ¥4 14 iv 2x1,5,2x>14 |[5x1 0.0495
JZEPBS ¥4 15 ip 1,2,3,2x>14 |5x1 0.0143
£ PBS 4 15 iv 3x2,2x>14 5x1 0.0027
A PBS F#16+14 ip 1,1.5,4,2x>14 |5x1 0.0143
A PBS F#)16+14 iv 3x2,6,14 5x1 0.0027
#Z PBS ¥4 18 ip 1,1.5,3x>14 5x1 0.0143
£ PBS P45 19 ip 2x2,3x>14 5x1 0.0027
#£ PBS P& 17+26+28 ip 2x1,3x>14 5x1 0.0495
rPspA + @R ip 3x1,2x>14 5x1 NS
rPspA + &R iv 3x1,5,>14 5x1 NS
A PBS ¥4 16 iv 5x1 5x1 NS
#E PBS F# 26 ip 5x1 5x1 NS
£ PBS $¢4 28 ip 4x1,1x3 5x1 NS
Y BENAREE TSR PBS RN RS FILBRGAES A P, NS = REFHE >
0.05).

[0329]  FH5SVLPsZ & HPRIKHUE S B (1) /N BR 0 40 AR 37, BLSF 3577 V5 I (8] LU PBS S & 1
/INER AN rPspA G I8 () /N BRRE K oG8 B R A 38 K % F FHSVLPs B rPs pA % & /N R 18 B0 1%
T 0 A1 5 A B PBS (B X BB ) 4 %8 () /N BB A7 0 A L F S M PR S el 5 3
ETURIH S HFIPRE S W %R /N 45 R B E A FPBS AR M /NS 1 ARt 45 R P-{HTE
EI7£0.0027-0.0143 R E — L/ NR A ERI {H 2 FrPspAfe B 1) /N B 45 R 5 FPBS e )%
/MR AR TR EHZ R (P=0.1336) . 1% £ F AR KNIIHE P FE N EE . StkPRIPspC-HT4
MBS R SPBSIRE RE N, RP X EHU R EZRR P BRI EH .
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[0330] N T#ATHE S/ WLk, DMEN AR BN S HRIPER, /R P =48
PR AE— N SEIG A, 45BALB/ c/NR AR BESIR XA W17 . N1 RN BRI Bl A A = A
PUIRFE 7 1 B TR LeGHuiA (mAbs ) B 7/ B4H BB 22 23 98 & &R , I HLIBIE FACS 7t Ml 54
[ it 2% BR 78 B0 38 SUR R o 1/ mAb (BHB) 45 A T 2 HI B ik (I IR PR B 3 ) , R AR PspA%y
AR AN 7B BY  FEELISAH , B MImAbs & G PRELIE , B AR & BB HE KA IER &
7~mAb SH8R 7R HIRAE) 72 P2 B AR PspA R 51 (19 PREK I C- R i 8B 43 L B R AL, T 53
—M6mAbsiR ) AR AL, EALEE B A RIPspAR B KI8T AT 8 HE 0. 1—
0. 5mg A4k ) SH8EX, I3 4 mAb s i@ it 1 v 5t 7 A -F-5NMR I/ FR4H « FHS thP-AT4E BImAb (1A7 ) #
FGFER SN AE X T SL 3R 304 FAE RS BRAE . 78 B BB I P& (8] /5 , F A& S0 f R BR
bR 1 VIS /NER , FF HL i b B W 04 RtR 25 A B PG A6 T X B 8] o 4 B B ARSP L5775 2
W& R T RFETR.

[0331]  3R8:NMRI/ER Xt 5 A B R SP1577 BFE M Bk I 4 sh R 3

[0332]
MNE RIRBRTHREK
| mAb AEY PALY
| (mg/ml) AL il
0.5 5HS 15,2,3,2 x>14 5x1 0.0027
0.1 5HS 2x1,1x15>14  |5x1 0.0495
0.5 3H5 5x1 5x1 NS
0.5 1H9 5x 1 5x1 NS
0.5 1A7 5x1 5x 1 NS
Y BHKFREBTHAEIALHERA T REN D AKGSAT L PENS= ZRBEFMEP>
0.05).

[0333]  FE#E BN AR 5{UmAb SH8 S B IR T SL i/ NR AL BRI B E ERE R R
{E R FIBMKHER MAbs SHSFNIHITEX P sh R AL B P R B R B EER . M FHERH
R PRSP1577 (1 PspAN L & 5HBR AL , (B AN & 1 S 2ANPR-ATAE I B I 3R AL TR B X T
StkP-fi74 ImAb1A7 R IR EZ BR3P H .

[0334] 5 EIR, JEMHEAEE HAMPURE &R, A i e, T BSVLPH) 15
T E A R BRI KPR B RS AR S B e /NER P B S = PG A BEER B 2 R LM B A

[0335]  SLHEMHIS: RAEEHR

[0336] AT 7EAEMG NS RIE PRI Z , A ¥ P 22 A BB SR 7E 280, 28 FI56 K sc A & 3
RTE0.4ml PBSH AR A7 18819, A 18 FH B4 B 77 (R848) (3R9) . TE 0.
14, 38 F166 K if S A% F -l i 4 4t

[0337] K9 F-F & FIEH HIFH
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[0338]

4 #1#) 44:3) R /E (mg/m)”

1 AEPBS¥H17T | £ 0.35

2 ZAPBS¥#22 |A 0.35

3 AEPBS $#521 |& 0.1

4 APBS ¥&21 % 0.025

5 A PBS 4521 | R848 0.025

Y BRRARRA.
[03391  #m Fikxt/NGR Bk i@ it Western BlotFIFACS. {8 FHfa-1gC—4% B —Hi A [ i

2 BR T B B B 2 AT G BRI RN BB 3R S SR O I B A B fn b AT , IR @ ELISA W B B F
TeGRr B B e P2 LS LeG( v —BERF R %) BRI BE MR IS Dk S 4-THEE R - R ER 3 #T 16
NE B R 48 RANR 10 Fros BT R S 5% 1 S 38 H IS & A TR 1t R 18 B Ps pA I 7E 78 2 fi
RERE R IARIPspAR) TgCoR BLEF T P58 o S 3 B 175 B/ TR IX L2 8 Fh 6 &6 3 R L1  TE 3R
B & ZR Rl REMLET , B2 EAEAENNEREAENEEGYE ) & EER
PRAK-4F Rt TgCHiisk

[0340]1  10:NZWH T IgCR& ) R A (N=3)
[0341]
48 |ELISA Western Blot FACS
(GMT + SEM)” (Fak/BAM)>  ((Fa b/ ]
imm.  [2imm. 3"imm. )P
1 [4.01+0.22 [4.92+0.15 4.66 +0.16 3/0 3/0
2 [296+0.05 [4.13+0.19 4.15 + 0.08 3/0 3/0
3 [<23 4.47 £ 0.05 4.67+0.16 3/0 3/0
4 [<23 2.84 £ 0.25 3.79 + 0.34 3/0 3/0
5 [<23 3.70 + 0.38 4.56 + 0.08 3/0 3/0
Y BF 1(1%mm.). 2Q"imm.)&R 33" imm.) £ EE & logl0 JUT-F 3% E(GMT) = —
ANF H){E 6947 B4R £(SEM).
NEFT HMk SP1577 694 K.

[0342]  Z5REIR, FIAELE 2 AME R T, FE BRSVLPR) 54 & & i 2R A AR JR
H B A S A ARG R sh b SR T BB SUR R BLAR

[0343]  SEJ516 - BALB/ c/NBR o U JRRF 7 PR TLAA I S F) LU B
[0344]  KZR&W15SVLPs 51 EERI PR -4 R MEDLIA N B 5 EAPspATR A TR HIFUR -7 57

PP R B X L . 456 — 8 JRIRSMEMEBALB/c /MR (18 R /4 ) FESROFISE 21 RN R FE3 AL K T
FAZEPBSH 490 . 1m1 25541 5 a0 b IR S e 4515 B iR il 4 1 72 2K HF i r PspA+ H B S % 2
RAEBE IR IZ G 10K R M.

[0345] 25 T & Hudd L 2 R B IR ARy S, G S 1 570 BT iRk ATELISA , Eo b {8 FHPRAKSEQ
ID NO:27FH{E - FIEPR-FEFMEHLAM B IR, 3 B rPspAFIE T & 2 3H1-PspA
i (RPEFXIN-R 3 R AL NPBRIPRAG PR ) I B HLR &5 R Ui B 19 B o - ZEELISAH , 3R B
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I G B0 /N R B L7 R BR S —TURI R U R .

[0346]  IEGNTHAK , rPspA A= FE R R /9 (F1-PspA 1gG GMT£SEM=81"969+28’
068) , 1B g 51 #2 B F /K FHIFT-PRETIKR (F1-PspA 1gG GMT =SEM=213+218) . XA e JAH
T4t %t 456 PRAKAIrPspAR) FiAd 3G N2 06, BRI A ZEELISAAR , £t %5 4% & 991 5SVLPs S AN i Hi 44
R BIPRAK (H1-PspA IgG GMT+SEM=27"5836"204) FirPspAHi/R (20°919+3444) J[H i,
AT RERITE LA , KB rPspA-5I REFI FiAR 45 A N- R i b e 38 73 B 3R AL

[0347]  Jy7 ¥l 5E BRZ N-FK sigatB BT PspALE 75 0] LA 5| &2 58 £ FIPR-F¢ TR, 45/ &
S B ) B PspA-Trx@ & & H (rPspA-8-N-K i ; B & PRFINPB) . & A & ith , BIEM E
H R A RE 5| 82 8 /KPR H-PRIUI : 3 T A i, GMT = SEM)128° 496 =28 481 , T Xf
FPRIUE N213 17094, 1X B Z KT 5K & W15SVLP- R B M X BB H 304 (5 FiZ% | A i, GMT
+SEMN32° 776 6974, X TPRAK 4T’ 679+23°383) . ix db 4k RILE K EHSVLPsLL EAH
PspA 5| &S HA & 58 &= /K P I PR-$F 7 HUik

[0348]  SEJE{FI7 : Xf 3G N B R B R R

(03491 J 7 M5 % FERIBALB/ c/NR X -F MK B A ERFIRIER, 4/ MR B R A
1588 40 iR S 6 4516 7 BT iR B9 rPspA , 38 3k 8 ik P DA 32 48 57) B ol 375 20 1 4 B8 (S B AL 102 —
10°CFU) B, 3 B A NAEYE . tn_E ik Aaberge 1.S.% A Microbial Pathogenesis,1995,
18,141-15291 B id 1| 2 Aw 7B A i 28 BR B8 355 BY L 0 B B2 PP 4 . (8 I 45 BALB/ /MR B ik P9 7
55366 GV 2 1 A B L MR A B8R SR B B /N B P A LD so o

[0350] ey /INER BRI E KT A B H B R R R ERIEGERE T R
YE FIEL 75 FrPspAT fig Ak 45 1 B8 T 1 5SVLP A BRI Eh i (2 IR 2) TR B 37 & (100-
10°000x LDso) T, FHZX A #15SVLPs SRR /N R R 3P /E L T FrPspAG B i) AR L /N R Y
RIPVE o X e 2 B3 [R] 3R B 3@ 1 SVLPs S EE B HT-PRETELL £ X rPspASR AR B PLIR FE BE 5
H 40 B B I E VE B R E
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[0001]

IR
110> EBRBIMIA AT (Virometix AG)
BRIV 5 S DA (Swiss Tropical and Public Health Institute)
BRI/RASF (Universitaet Basel)
WHELKREFE (Universitaet Zuerich)
120> 3ES R ERE R TR O E S AR A
<130> P3101PCO0

{150> EP13195402. 6
<151> 2013-12-03

<160> 133

<170> Patentln W& 3.5
<2100 1

211> 14

<212> PRT

213> AT

<220>
223> G

<4005 1

Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly 1le Thr Glu
1 5 10

Q210> 2

211> 16

<212> PRT

@13 AT

<2205
223> HRMR

<400> 2

Ile Arg Glu Asp Asn Asn Ile Thr Leu Lys Leu Asp Arg Cys Asn Asn
1 5 10 15
210> 3

Q11> 15

<212> PRT

213 AT

220
Q223 Bk

<400> 3

Val Ser lle Asp Lys Phe Arg Ile Phe Cys Lys Ala Asn Pro Lys
1 5 10 15
210> 4

211> 22

<212> PRT

Q13> AT

220>
223> ERMIRE

<400> 4
Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys Val Ser
1 5 10 15

Ala Ser His Leu Glu Thr
20

10> 5
Q2L 16
<212> PRT
213> AT

<2205
223 AR

400> 5

Leu Lys Phe 1le lle Lys Arg Tyr Thr Pro Asn Asn Glu Ile Asp Ser
1 5 10 15
<210> 6

211> 20

{212> PRT

21y AI

220>
223> HRARE

400> 6
Pro Val Phe Ala Gly Ala Asn Tyr Ala Ala Trp Ala Val Asn Val Ala
1 5 10 15

Gln Val Ile Asp
20

Ql0> 7
211> 20
<212> PRT
213> AL

<220>
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[0002]

223> FRNRG

<400> 7

Val His lis Asn Thr Glu Glu Ile Val Ala Gln Ser Ile Ala Leu Ser
1 5 10 15

223> BEMMRE

<400> 8

Gln Ser lle Ala Leu Ser Ser Leu Met Val Ala Gln Ala lle Pro Leu
1 5 10 15

Val Gly Glu Leu
20

<210> 9
<211> 20
<212> PRT
213> AL

220>
223> SRHES

<400> 9
Val Asp Ile Gly Phe Ala Ala Tyr Asn Phe Val Glu Ser Ile Ile Asn
1 5 10 15
Leu Phe Gln Val
20
<2105 10
2L 20
<212> PRT
€213> AL

220>
223> aRMIRik

<400> 10

Gin Gly Glu Ser Gly His Asp 1le Lys lle Thr Ala Glu Asn Thr Pro
1 5 10 15

Leu Pro 1le Ala
20

2100 1

11> 20

<212> PRT

213> AT

220>
223> BRI

<400> 11
Gly Yal Leu Leu Pro Thr Ile Pro Gly Lys Leu Asp Val Asn Lys Ser
1 5 10 15
Lys Thr His Ile
20
210> 12
2l 20
<212> PRT
213> AT

€220>
223> EHRMBHE

<400> 12
Thr 1le Asp Lys Ile Ser Asp Yal Ser Thr Ile Val Pro Tyr lle Gly
1 5 10 15

Pro Ala Leu Asn
20

210> 13
<211> 25
<212> PRT
213> AT

<2205
@23 HRBERS

<400> 13
Ala Leu Asn Ile Trp Asp Arg Phe Asp Val Phe Cys Thr Leu Gly Ala
1 5 10 16

Thr Thr Gly Tyr Leu Lys Gly Asn Ser
20 25

<210> 14
<211> 14
<212> PRT
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[0003]

QL1 AT

€220>
223> GRMERE

<400> 14

Gly Leu Gln Gly Lys Ile Ala Asp Ala Val Lys Ala Lys Gly
1 5 10

210> 15

<211> 19

€212> PRT

QI AT

<220>
223> BRMRAE

400> 15
Gly Leu Ala Ala Gly Leu Val Gly Met Ala Ala Asp Ala Met Val Glu
1 5 10 1

Asp Val Asn

<210> 16
Q21 20
<212> FPRT
Q213 AT

<2205
@223 BRMRG

<400> 16
Ser Thr Glu Thr Gly Asn Gln His His Tyr Gln Thr Arg Val Val Ser
1 5 10 15

Asn Ala Asn Lys
20

<2100 17
Q211> 20
<212> PRT
13> AT

<2205
223> BRI

<400> 17
Pro His His Thr Ala Leu Arg Gln Ala 1le Leu Cys Trp Gly Glu Leu
5 10 15

Met Thr Leu Ala
20

<210> 18
<211> 15
<212> PRT
213 AT

220>
223> HRMGRE

<400> 18

Phe Phe Leu Leu Thr Arg Ile Leu Thr 1le Pro Gln Ser Leu Asp
1 5 10 15
<210> 19

el 13

<212> PRT

@213 AT

220>
223> EEMRE

<400> 19

Pro Lys Tyr Val Lys Gln Asn Thr Leu Lys Leu Ala Thr
1 5 10

<210> 20

211> 16

<212> PRT

Q1P AL

<2205
223> ARiHERk

<400> 20

Tyr Ser Gly Pro Leu Lys Ala Glu lle Ala Gln Arg Leu Glu Asp Val
1 5 10 15
210> 21

<2l 20

<212> PRT

<213> AL

<220>
223> LR

<400> 21
Gly Ile Leu Glu Ser Arg Gly Ile Lys Ala Arg lle Thr His Val Asp
1 5 10 15
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[0004]

Thr Glu Ser Tyr
20

<210>
21D
212>
e

<2207
223>

<400>

2
15
FRT
AT

BHAGIETE
2

Leu Ser Glu Ile Lys Gly Val lle Val His Arg Leu Glu Gly Val
1 5 10 15

<210>
Qi
212>
Q13>

<220>
<223>

<400>

23
2
FRT
AL

R
23

Ile Glu Lys Lys Ile Ala Lys Met Glu Lys Ala Ser Ser Val Phe Asn
1 5 10 15

Yal Val Asn Ser
20

<210>
<211>
<212
<213>

<220>
<223>

<400>

24
17
FRT
AT

BRARE
24

Lys Trp Phe Lys Thr Asn Ala Pro Asn Gly Val Asp Glu Lys Ile Arg
1 5 10 15

lle

<210>
<1
212>
<213

<220>
<223>

<220>
<221>
€222>

<223>

<2205
<221>
<222>
<223>

<400>

25

13

PRT

AL
AR
X

(1).. (1)
DR &AL
X

(13).. (13)
D~ EH
25

%aa Lys Phe Val Ala Ala Trp Thr Leu Lys Ala Ala Xaa
S 1

210>
21>
<212>
Q1P

<220>
<223>

<220>
<221>
<2225
<223

£220>
221>
<222>
<223
<220>
<221>

{222>
<223>

<400

2
13
PRT
AT

G

X
(1. (1)
D-PoELE

X
@).. (3
[2F:4- =t

X
(13).. (13)
DA R

26

Xaa Lys Xaa Val Ala Ala Trp Thr Leu Lys Ala Ala Xaa
1 5 10

<210>
QLD
<212>
<213

<400>

27
29

PRT
i R R
2

Il’ro Ala Pro Lys Pro Glu Gln Pro Ala G(l)u Gln Pro Lys Pro .‘}la Pro
5 1 5
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[0005]

Ala Pro Gln Pro Ala Pro Ala Pro Lys Pro Glu Lys Thr
20 25

210> 28
211> 22
212> PRT
13> MR HEHRE
<4005 28

Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro Lys Pro Glu Gln
1 5 10
Lys Pro Glu Lys Pro Ala

20

€210> 29
211> 32
<212> PRT
213 AT

€220>
<223> AMMERAE

<400> 29
Pro Ala Pro Lys Pro Glu Gln Pro Ala Glu Gln Pro Lys Preo
1 ) 10

Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Lys Pro Glu
20 25 30

<2100 30
Q1 15

<212> PRT

Q13> FhRBEERT

400> 30

Pro Ala Pro Lys Pro Glu Gln Pro Ala Glu Gln Pro Lys Pro
1 5 10

<210> 31

<2l1> 14

<212> PRT

Q13> fiREERE

<400> 31

Pro Ala Pro Gln Pro Ala Pro Ala Pro Lys Pro Glu Lys Thr
1 5 10

210> 32

2l 16

<212> PRT

Q13 MR BERE

<400> 32

a:l

Gln Pro Ala Glu Gln Pro Lys Pro Ala Pro Ala Pro Gln Pro
1 5 10

210> 33
QI 16
<212> PRT
€213>  BhRGEERE

<400> 33
Pro Ala Pro Ala Pro L
1 5

-

s Pro Glu Gln Pro Ala Glu 6ln Pro
10

<2100 34
<211y 36
<212> PRT
<213> fhJBERE

400> 34
Pro Ala Pro Glu Ala P:
1 5

]

o Ala Glu Gln Pro Lys Pro Ala Pro
10

add
[

Gln Pro Ala Pro Ala Pro Lys Pro Glu Lys Pro Ala Glu Gln
20 25 30

Pro Glu Lys Thr
35

Q210> 35

QI 25

<212> PRT

213> FERFERE

<400> 35
Pro Ala Glu Gln Pro Lys Pro Ala Pro Ala Pro Gln Pro Ala
1 5 10

Pro Lys Pro Glu Lys Pro Ala Glu Gln
20 25

210> 36
QLD 27

212> PRT

<213> bR GEHRE

<400> 36

Pro Ala

Glu Gln
15

Lys Pro

Ala
15

Ala Pro
15

Lys Pro
15

Ala Pro
15

Pro Lys

Pro Ala
15
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[0006]

Pro Lys Pro Ala Pro Ala Pro Gln Pro Ala Pro Ala Pro Lys Pro Glu
1 5 10 15
Lys Pro Ala Glu Gln Pro Lys Pro Glu Lys Thr

20 25

<210> 37
Q1Y 20
<212> PRT
Q13> FRERE
<400> 37

Lys Ala Glu Lys Pro Ala Pro Ala Pro Gln Pro Glu Gln Pro Ala Pro
1 5 10 15
Ala Pro Lys Thr

20

<210> 38
el 0
<212> PRT
213> g BERE
<400> 38

Pro Ala Pro Ala Pro Gln Pro Clu Gin Pro Ala Pro Ala Pro Gln Pro
1 5 10
Glu Gin Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro
20 25 30
Lys Pro Glu Gln Pro Thr Pro Ala
35 40

210> 39
Q21 43
<212> PRT
Q13> FHRBEIRE
<400> 39

Pro Ala Pro Ala Pro Gln Pro Glu Gin Pro Ala Pro Ala Pro Lys Pro
1 5 10 15

Glu Gln Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Thr Pro Ala Pro
20 25 30
Lys Pro Glu Gln Pro Thr Pro Ala Pro Lys Thr
35 40
<210> 40
211> 37
<212> PRT
QI3 JEREERE
<400> 40

Pro Glu Gln Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Pro Ala
1 5 10 15
Pro Lys Pro Glu Gln Pro Thr Pro Ala Pro Lys Pro Glu Gln Pro Thr
20 25 30
Pro Ala Pro Lys Thr
35

2100 41
21 21
<212> PRT
213> FiRBERE
400> 41

Pro Lys Pro Glu Gln Pro Thr Pro Ala Pro Lys Pro Glu Gln Pro Thr
1 5 10 15
Pro Ala Pro Lys Thr

20

2L 42
QI 17
<212> PRT
Q2L FigBERE
<400> 42

Pro Lys Pro Glu Gln Pro Ala Glu Gln Pro Lys Pro Ala Pro Ala Pro
! 5 10 15
Gln

<210> 43
211> 36
<212> PRT
213> FvgaEke
<400> 43

Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala

1 5 10 15

Lys Pro Glu Lys Pro Ala Glu Glu Pro Thr Gln Pro Glu Lys Pro Ala
20 25 30

Thr Pro Lys Thr
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[0007]

<2105 44
Q1> 27
€212> PRT
213> B R BEIRE

400> 44
Pro Lys Pro Glu Gln Pro Ala Lys Pro Glu Lys Pro Ala Glu Glu Pro
1 5 10 15

Thr Gln Pro Glu Lys Pro Ala Thr Pro Lys Thr
20 25

210> 45
21D 2
<212> PRT
213> RS

<400> 45

Fro Ala Pro Ala Pro Gln Pro Ala Pro Ala Pro Lys Pro Ala Pro Ala
1 5 10 15

Pro Gln Pro Glu Lys Pro Ala Glu Gln Pro Lys Ala Glu :%s Pro Ala
20 25

210> 46
@l 41
<212> PRT
213> FRBHE

<400> 46

Pro Glu Thr Pro Ala Pro Ala Pro Lys Pro Glu Thr Pro Ala Pro Ala
1 5

a5

Pro Glu Ala Pro Ala Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala
20 30
Pro Ala Pro Lys Pro Glu Lys Ser Ala
35 40

210> 47
Qi 20
<212> PRT
213> FHRHEHRE
<400> 47

Pro Ala Pro Ala Pro Lys Pro Glu Gin Pro Ala Pro Ala Pro Lys Pro
1 5 10 15
Glu Lys Ser Ala

20

<210> 48
<211> 16

<212> PRT

QI PEREHRE

<400> 48

Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro Lys Pro Glu Lys Ser Ala
1 5 10 15
<210> 49

211> 20

<212> PRT

213> FHRBERE

<400> 49

Lys Ala Glu Lys Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Val Pro
1 5
Ala Pro Lys Thr

20

210> 50
<211> 28
<212> PRT
Q213> FhREKE
<400> 50

Pro Ala Pro Ala Pro Lys Pro Ala Pre Ala Pro Gln Pro Glu Lys Pro
1 5 10 15
Ala Pro Ala Pro Ala Pro Lys Pro Glu Lys Ser Ala

20 25

<210> 51

211> 36

<212> PRT

QLY RERE

<400> 51

Pro Ala Pro Glu Gln Pro Thr Glu Pro Thr Gln Pro Glu Lys Pro Ala

L 5 10 15

Glu Glu Thr Pro Ala Pro Lys Pro Glu Lys Pro Ala Glu g(l)n Pro Lys
20 5

25

Ala Glu Lys Thr
35

<2105 52
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[0008]

QI 17
212> PRT
Q13> b sk
00> 52

Pro Ala Pro Lys Pro Glu Lys Pro Ala Glu Gln Pro Lys Ala Glu Lys
1 5 10 15
Thr

210> 53
21> 36
212> PRT
QLY REERE
<400> 53

Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Glu Gln Pro Lys Pro
1 5 10 15
Ala Pro Ala Pro Gln Pro Glu Lys Pro Ala Glu Glu Pro Glu Asn Pro
20 25 30
Ala Pro Ala Pro
35

210> 54
Qi 3
<212> PRT
213> FHREERE
<400> 54

Ala Pro Ala Pro Lys Pre Glu Thr Pro Ala Pro Ala Pro Glu Ala Pro
1 5 10 15
Ala Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro Lys
20 25 30
Pro Glu Lys Ser
35
<210> 55
<1 42
PRT
Q1B FERGERE

<400> 55

Ala Pro Ala Pro Glu Thr Pro Ala Pro Glu Ala Pro Ala Glu Gln Pro
1 5 10 15
Lys Pro Ala Pro Ala Pro Gln Pro Ala Pro Ala Pro Lys Pro Glu Lys
20 25 30
Pro Ala Glu Gln Pro Lys Pro Glu Lys Thr
35 40
<210> 56
<211> 36
<212> PRT
213> FRkHERE
<400> 56
Pro Ala Pro Glu Gln Pre Thr Glu Pro Thr Gln Pro Glu Lys Pro Ala
1 5 10 15

Glu Glu Thr Pro Ala Pro Lys Pro Glu Lys Pro Ala Glu Gln Pro Lys
20 25 30
Ala Glu Lys Thr
35

Q10> 57
Q1 36
<212> PRT
Q13> JEREEHE
<400> 57

Ala Pro Ala Pro Lys Pro Glu Thr Pro Ala Pro Ala Pro Glu Ala Pro
1 5 10 15

Ala Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro Lys
20 25 30

Pro Glu Lys Ser
35

210> 58
QL 42
212> PRT
<213>  Fb R BEIREE
<400> 58

Ala Pro Ala Pro Glu Thr Pro Ala Pro Glu Ala Pro Ala Glu Gln Pro

1 5 10

Lys Pro Ala Pro Ala Pro Gln Pro Ala Pro Ala Pro Lys Pro Glu Lys
20 25 20

Pro Ala Glu Gln Pro Lys Pro Glu Lys Thr
35 40
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[0009]

<210> 59

Q11> 36

<212> PRT

Q1B MRGEKE

<400> 59

Ala Pro Ala Pro Lys Pro Glu Thr Pro Ala Pro Ala Pro Glu Ala Pro
1 5 10 15

Ala Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro Lys
20 25 30
Pro Glu Lys Ser
35

<210> 60
Q1) 42
<212> PRT
213 P RFERE
400> 60

Ala Pro Ala Pro Glu Thr Pro Ala Pro Glu Ala Pro Ala Glu Gln Pro
1 5 10 15

Lys Pro Ala Sao Ala Pro Gln Pro Ala Pro Ala Pro Lys Pro Glu Lys
30
Pro Ala Glu Gln Pro Lys Pro Glu Lys Thr
35 40

<2100 61
Q1D 43
<212> PRT
Q213> MREHE
<400> 61

Ala Pro Ala Pro Glu Thr Pro Ala Pro Glu Ala Pro Ala Glu Gln Pro
1 5 10 15

Lys Pro Ala Pro Ala Pro Gln Pro Ala Pro Ala Pro Lys Pro Glu Lys
20 25 30
Pro Ala Glu Gln Pro Lys Ala $lu Lys Pro Ala
35 40

<210> 62
Qi 33
<212> PRT
213> FS SR
<400> 62

Pro Gln Pro Glu Gln Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala

1 5 10 15

Pro Ala Pro Lys Pro Glu Gln Pro Thr Pro Ala Pro Lys Pro Glu His
20 25 30

Pro

Q210> 63
QI 36
<212> PRT
Q1 FHRERE
€400> 63

Pro Ala Pro Ala Pro Gln Pro Glu Gln Pro Ala Pro Ala Pro Gln Pro
1 5 10 15
Glu Gln Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro
20 25 30
Lys Pro Glu
35

€210> 64
211> 33
<212> PRT
213> FhR RS
<400> 64

Pro Ala Pro Gln Pro Glu Gln Pro Ala Pro Ala Pro Lys Pro Glu Gln

1 5 10 15

Pro Ala Pro Ala Pro Lys Pre Glu Gln Pro Thr Pro Ala Pro Lys Pro
20 25 30

Pro

<2105 65
211> 35
<212> FRT
213> ik SEIRE
€400> 65

Pro Ala Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro
1 5 10 15

Ala Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro Ala Pro Lys Pro Glu
20 25
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[0010]

Gln Pro Ala
35

210> 66
[T %]
<212> PRT
<213> Bk EERE
<4005 66

Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro Ala Pro

1 5 10 15

Lys Pro Glu Gln Pro Ala Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro
20 ’ 5 30

Thr

210> 67
Q1> 35
<212> PRT
Q13> FREEHRE
<400> 67

Pro Ala Pro Ala Pro Gln Pro Glu Gln Pro Ala Pro Ala Pro Lys Pro
1 5 10 15
Glu Gin Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Thr Pro Ala Pro
20 25 30
Lys Pro Glu
35

<210> 68
Qi1 31
<212) PRT
Q213> fRERE
<400> 68

Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Glu Gln Pro Lys Pro
1 5 10 15
Ala Pro Ala Pro Gln Pro Ala Pro Ala Pro Lys Pro Glu Lys Gln

20 25 30

210> 69
QI 35
<212> PRT
Q213> B EEERE
<400> 69

Pro Ala Pro Ala Pro Gln Pro Glu Gln Pro Ala Pro Ala Pro Gln Pro
1 5 10 15
Glu Gln Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro
20 25 30
Lys Pro Ala
35

<210> 70

211> 34

<212> PRT

<213 KR

<400> 70

Pro Lys Pro Glu Gln Pro Thr Pro Ala Pro Lys Pro Glu Gin Pro Thr
1 5 10 15

Pro Ala Pro Lys Pro Glu Gla Pro Thr Pro Ala Pro Lys g(r)o Glu Gln
20
Pro Thr

210> 71
@y 21
212> PRT
(IR P20 3: ¢ |
<4005 71

Pro Glu Lys Pro Ala Pro Ala Pro Glu Lys Pro Ala Pro Ala Pro Glu
1 5 10 15
Lys Pro Ala Pro Ala

20

210> 72

<211y 23

<212> PRT

213> B SRR

<400> 72

Pro Ala Pro Lys Pro Ala Pro Ala Pro Lys Pro Ala Pro Ala Pro Ala
1 5 10 15

Pro Lys Pro Glu Lys Pro Ala
20

<210> 73
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[0011]

Q21> 16
<212> PRT
213> FigeRERig

<400> 73

Pro Ala Pro Ala Pro Thr Pro Glu Ala Pro Ala Pro Ala Pre Lys Pro
1 5 10 15

Q10> 74
<211> 23
<212> FRT
213> R FERE

<400> 74

Pro Lys Pro Giu Gln Pro Ala Lys Pro Glu Lys Pro Ala Glu Glu Pro
1 5 10 15

Thr Gln Pro Glu Lys Pro Ala
20

210> 75
el 18
<212> PRT
213 WEREERE
<400> 75

Pro Ala Lys Pro Glu Lys Pro
1 5
Pro Ala

210> 76
Qi 27
<212> PRT
213> BhRBEIRE
<400> 76

Pro Ala Pro Ala Pro Lys Pro
1 5

Ala Glu Glu Pro Thr Gln Pro
20

Q10 77
Q1 32
<212> PRT
Q13> F R REIRT
<400> 77

Pro Lys Pro Glu Gln Pro Ala

1 5

Lys Pro Glu Lys Pro Ala Glu
20

Q10> 78
21D 29
4212> FPRT
Q13> FRMIREE
€400> 78

Pro Lys Pro Glu Gln Pro Ala

1 5

Pro Ala Pro Ala Pro Ala Pro
20

Q210> 19
QU 32
<212> PRT
213> R GEERE
<400> 79

Pro VLys Pro Glu Gln Pro Ala

1 5

Lys Pro Glu Lys Pro Ala Glu
20

Q210> 80
QI 32
€212> PRT
2L HRBERE

<400> 80
Pro Lys Pro Glu Gln Pro Ala
1 5

Lys Pro Glu Lys Pro Ala Glu Giu Pro
20 25

€210> 81
eI 38
<212> PRT
Q13 FERBERE

<400> 81

Pro Ala Pro Ala Pro Gln Pro Glu Gln

Ala Glu Glu Pro Thr Gln Pro Glu Lys
10 15

Pro Ala Lys Pro Glu Lys Pro
10 15

Pro Ala

Pro Asn Pro Glu Gln Pro Ala
10 5

Thr Gln Pro Glu %s Pro Ala

Pro Ala Pro Lys Pro Glu Gln
10 15

Glu Gln Pro Ala

Pro Lys Pro Glu Gln Pro Ala
10 15

Thr Gln Pro Glu Lys Pro Ala
30

Pro Lys Pro Glu Gln Pro Ala
10 15

Thr Gln Pro Glu léys Pro Ala
0

Pro Ala Pro Ala Pro Lys Pro
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[0012]

1 5 10 15
Glu Gln Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro
20 25 30

Lys Pro Glu Gln Pro Ala
35

210> 82
Q1 43
<212> PRT
Q213> R BERE
400> 82

Pro Ala Pro Ala Pro Lys Pro Giu Gln Pro Thr Pro Ala Pro Lys Pro
1 5 10 15
Glu Gln Pro Thr Pro Ala Pro Lys Pro Glu Gln Pro Ala Pro Ala Pro
20 25 30
Lys Pro Glu Gln Pro Ala Pro Ala Pro Lys Pro
35 40

210> 83
@y 43
<212> PRT
<213> BEREEHRE
<400> 83

Pro Ala Arg Ala Leu Gln Pro Glu Gln Pro Ala Pro Ala Pro Lys Pro
1 5 10 15
Glu Gln Pro Thr Pro Ala Pro Lys Pro Glu Gln Pro Thr Pro Ala Pro
20 25 30
Lys Pro Glu Gln Pro Ala Pro Ala Pro Lys Pro
35 40
<210> 84
211> 23
<212> PRT
213> B SEIRTE
<400> 84

Ser Arg Leu Glu Gln Pro Ser Leu Gln Pro Thr Pro Glu Pro Ser Pro
1 5 10 15
Gly Pro Gin Pro Ala Pro Asn

20

210> 85
QI 24
<212> PRT
213> Mg ERE
<400> 85

Arg Pro Glu Glu Pro Ser Pro Gln Pro Thr Pro Glu Pro Ser Pro Ser
1 5 10 15
Pro Gln Pro Ala Pro Ser Asn Pro

20

210> 86
211> 36
<212> PRT
213> B SEERE
<400> 86

His Trp Val Pro Asp Ser Arg Pro Glu Gln Pro Ser Pro Gln Ser Thr
1 5 10 15
Pro Glu Pro Ser Pro Ser Pro Gln Pro Ala Pro Asn Pro Gln Pro Ala
20 25 30
Pro Ser Asn Pro
35

210> 87
QID 32
<212> PRT
<213> R SEIRE
<400> 87

Pro Lys Ser Asn Gln lle Gly Gln Pro Thr Leu Pro Asn Asn Ser Leu

1 5 10 15

Ala Thr Pro Ser Pro Ser Leu Pro 1lle Asn Pro Gly Thr Ser His Glu
20 25 30 -

€210> 88

Q2ly 34

<212> PRT

<213> BREKBEIRE (Streptococcus pyogenes)
<400> 88

Pro Glu Val Thr Pro Thr Pro Glu Thr Pro Glu Gln Pro Gly Glu Lys

1 5 10 15

Ala Pro Glu Lys Ser Pro Glu Val Thr Pro Thr Pro Glu Thr Pro Glu
20 25 30

Gln Pro
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[0013]

210> 89
211> 20
<212> PRT
Q13> MRAREERT
<400> 89

Pro Glu Val Thr Pro Thr Pro Glu Thr Pro Glu Gln Pro Gly Glu Lys
1 5 10 15
Ala Pro Glu Lys

20

10> 90
QI 17
<212> FRT
213> BRARBEERE
€100> 90

Pro Glu Lys Ser Pro Glu Val Thr Pro Thr Pro Glu Thr Pro Glu Gln
1 5 10 15
Pro

<210 91

211> 16

<212> PRT

213> WERHERTE

<400> 91

Lys Ala Pro Glu Lys Ser Pro Glu Val Thr Pro Thr Pro Glu Met Pro
1 5 10 15
<210> 92

211> 2

<212> PRT

<213> ERRKEEERE

<400> 92

Pro Gly Lys Pro Ala Pro Lys Thr Pro Glu Val Pro Gln Lys Pro Asp
1 5 10 15
Thr Ala Pro His Thr Pro Lys Thr Pro

20 25

€210> 93
211> 18
212> PRT
213> DR (Streptococcus equi)
400> 93

Lys Pro Ser Ala Pro Lys Ala Pro Glu Lys Ala Pro Ala Pro Lys Ala
1 5 10 15
Pro Lys

<2100 94
Q211> 24
<212> PRT
213> DHRIRE
<400> 94

Pro Ala Pro Lys Ala Pro Lys Ala Ser Giu Gln Ser Ser Asn Pro Lys
1 5 10 15
Ala Pro Ala Pro Lys Ser Ala Pro

20

<2105 95
<1y 2
€212> PRT
213> EREREEIRT
<400> 95

Pro Gly Pro Ala Gly Pro Arg Gly Leu Gln Gly Pro Gln Gly Pro Arg
1 5 10 15
Gly Asp Lys Gly Glu Thr

20

<2100 96

211> 17

<212> PRT

<213  MEHERE (Streptococcus suis)
<400> 96

Pro Gln Ala Pro Ser Thr Pro Glu Lys Gln Pro Glu Val Pro Glu Ser
1 5 10 15
Pro

<210> 97
Q17

<212> PRT
<213> JEHEEE

<400> 97
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[0014]

Pro Glu Thr Pro Asp Ala Pro Ser Thr Pro Lys Asp Glu Pro Cln Ala
1 5 10 1

<210> 98
211> 28

) PRT
€213> ZER4EE (Streptococcus mutans)
<400> 98
Pro Ala Pro Val Glu Pro Ser Tyr Glu A(l)a Glu Pro Thr Pro Pro Thr
1 5 1 15

Arg Thr Pro Asp Gln Ala Glu Pro Asn Lys Pro Thr
20 25

210> 99
@D 23
<212> PRT
Q13 FRERE
<400> 99

Pro Thr Tyr Glu Thr Glu Lys Pro Leu Glu Pro Ala Pro Val Glu Pro
1 5 10 15
Ser Tyr Glu Ala Glu Pro Thr

I

20

<2100 100
Q11> 30
<212y PRT
Q1D ZERFERE
<400> 100

Il,ys Pro Thr Ala Pro Thr Lys Pro Thr Tyr Glu Thr Glu Lys Pro Leu
5 15
Lys Pro Ala Pro Val Ala Pro Asn Tyr Glu Lys Glu Pro Thr
20 25 30

210> 101
<211> 18
<212> FPRT
213> SHEWHIRE (Staphylococcus aureus)
<400> 101

Lys Pro Val Yal Pro Glu Gln Pro Asp Glu Pro Gly Glu lle Glu Pro
1 5 10 15

Ile Pro

<210> 102

Q1D 29

<212> BRT

<213 KXEEHHRE
<400> 102

Pro Glu Val Pro Ser Glu Pro Glu Thr Pro Thr Pro Pro Thr Pro Glu
1 5 10 15
Val Pro Ala Glu Pro Gly Lys Pro Val Pro Pro Ala Lys

20 25

<210> 103
QI 28
<212> PRT
Q1 HREWHRHE
<4005 103

Lys Tyr Thr Pro Lys Lys Pro Asn Lys Pro lle Tyr Pro Glu Lys Pro
1 5 10 15
Lys Asp Lys Thr Pro Pro Thr Lys Pro Asp His Ser

20 25

<£210> 104

211> 12

<212> PRT

<213>  XiH4LBEIRE (Peptostreptococcus magnus)
<400> 104

Pro Glu Lys Pro Val Glu Pro Ser Glu Pro Ser Thr
1 5

<210> 105

Q1 4

<212> FPRT

<213> ERFLHIRE (Streptococcus dysgalactiae)
<400> 105

Lys Pro Val Glu Pro Ser Glu Pro Ser Thr Pro Asp Yal Pro Ser Asn

1 5 10 15

Pro Ser Asn Pro Ser Thr Pro Asp Val Pro Ser Thr Pro Asp Val Pro
20 25 30

Ser Asn Pro Ser Thr Pro Glu Yal Pro Ser Asn Pro
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[0015]

35 40

<210> 106
<1 17
<212> PBRT
213> BRILHERE
<400> 106

Pro Gln Yal Glu Pro Asn Val Pro Asp Thr Pro Gln Glu Lys Pro Leu
1 5 10 15
Thr

210> 107
Qi 3
212> PRT
213> BRILBIRE
<400> 107

Lys Pro Leu Thr Pro Leu Ala Pro Ser Glu Pro Ser Gln Pro Ser lle
1 5 10 15
Pro Glu Thr Ez’ro Leu Ile Pro Ser Glu Pro Ser Val Pro Clu Thr

0 25

<210> 108

211> 18

<212> PRT

213> TABEKE (Streptococcus agalactiae)
<400> 108

Pro Glu Val Lys Pro Asp Val Lys Pro Glu Ala Lys Pro Glu Ala Lys
1 5 10 15
Pro Ala

<210> 109
L1 11
<212> PRT
213> KBS
<400> 109
Lys Pro Glu Ala Lys Pro Glu Ala Lys Pro Ala
1 5 10
<210> 110
Q1L 20
PRT
2D EAHRE
<400> 110

Pro Asp Val Lys Pro Glu Ala Lys Pro Glu Ala Lys Pro Asp Val Lys
1 5 10 15
Pro Glu Ala Lys

20

<2100 111
<211> 14

<212> PRT

LY EARRE

<400> 111

Pro Glu Thr Pro Asp Thr Pro Lys Ile Pso Glu Leu Pro Gln
1 5 1

<210> 112

211> 20

<212> PRT

213> EAGEHRE

<400> 112

Pro Asp Thr Pro Glon Ala Pro Asp Thr Pro His Val Pro Glu Ser Pro
1 5 10 15
Lys Thr Pro Glu

20

€210y 113
<211> 29
<212> PRT
213> FFAEERE
<400> 113

Gln Gln Ala Glu Glu Asp Tyr Ala Arg Arg Ser Glu Glu Glu Tyr Asn
1 5 10 15
Arg Leu Pro Gln Gln Gln Pro Pro Lys Ala Glu Lys Pro

20 25

210> 114
Qi 31
212> PRT
QI iR HERE
€400> 114

Ala Glu Asp Gln Lys Glu Glu Asp Arg Arg Asn Tyr Pro Thr Asn Thr
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[0016]

1 5
Tyr Lys Thr Leu Glu Leu Glu
20

<210> 115

Q1> 79

<212> PRT

213> FRERH

<400> 115

Ser Val Ala Met Pro Ser Ty
1 5

"

Asn Asn Leu 1le Gln Ile val
20
Val Glu \éal Thr Thr Ala Pro
5

Glu Gln Ser Pro Arg Ala Gly
50 55

Val Lys Ile Ser lle Tyr Lys
65 70
<210> 116

<211> 60

<212> PERT

213> FORGERE

<400> 116

Ser Leu Phe Val Glu Ser Ser
1 5

Ser Gln Asp Thr Asn Ile Pro
20
Ile Ala Glu Gln Gly Lys Glu
35
Tyr Asn Leu Asp Lys Ile Ala
50 55

Q210> 117
QD12
<212> PRT
213> B RBEHRE
400> 117

Asn Gly Asp Leu Leu Leu Asp

1 5

Tyr 1le Thr Trp Asn Glu Leu
20

Leu Thr Pro Lys Ala Trp Asp

35
Phe Thr Thr Ser Ile Pro Leu
50

Lys Ile Arg Glu Cys Thr Gly

65

Tyr Glu Lys Thr Asp Leu Pro

85

Trp Gly Thr Thr Leu Tyr Pro

100

210> 118
21> 91
<212> PRT
213> g BEIRE

<400> 118
Yal Glu His Pro Asn Glu Arg
1 5

o

Ala Ser Asp His Val Arg Lys
20

Asp Glu Asp Lys Glu His Asp
35
Ser Asp Glu Lys Glu Asn His
50

55
Leu Tyr Lys Pro Ser Thr Asp
65 70

Asp Thr Thr Asp glu Ala Glu
5

<2105 119
Q211 69
<212> PRT
Q21> IR BEIRE

<400> 119
Glu Asn Ser Val Ile Asn Ala
1 5

10

Ile Ala Glu Ser Asp Val Glu
25 30

Ile
Gly
Ala
40

Glu

Pro

Val
lle
Gly

40
Glu

Arg
40

Lys
Leu

Leu

Gln

=
-
@

Gly Ser
10

Ile Lys

25

Gly Ser

Lys Val

Lys Thr

Asp Asp
10

Tyr Ala
25
Asp Ser

Gly Leu

Ser Gly
10
Tyr Asp
25
Asn Gly
Gly Asn
Ala Trp
Yal Arg
90

Val Glu
105

His Ser
10

Lys Val

25

Yal Ser

Gly Leu

Glu Glu

e Pro Gln
90

Ser Leu Glu Phe

—
@

Glu Ala Asn 1
30

@

Ala Glu Gly Met
45
Asp Leu Asn Lys
60

Thr Ser Ala Thr
75

Arg Pro Met Lys
Gln Ile Phe Thr
30

Tyr Tyr Ser Met
45

Ala Lys
60

Ala Tyr Yal Ala

His Gln Gly Lys
30
Gin Asp Leu Thr
45
Val Arg Asn Leu
60

Glu Trp Trp Arg
75

15
Yal

Thr
15

Glu
Val

Thr

Pro

Thr
15
Asp

Met

Gln
15

Glu
Ala

Ser

Thr

Val

Val

Arg

val

Ser

Lys

Yal

His

Val

Val
80

Lys Arg Thr 1le Ser lle
95

Asp Lys Val Glu Asn Asp
110

Asp Asn Gly Phe

Asp Gln Asp Ser

30

Glu Pro Thr His
45

Asn Pro Ser Ala
60

Gly
15

Lys
Pro

Asp

Thr Glu Glu Glu Ala Glu
75 80

Val

1le Ala Asp Ala Glu Ala Leu Leu
10 15
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[0017]

Glu Lys Val Thr Asp Pro Ser 1le Arg Gln Asn
20 25
Thr Gly Leu Lys Ser Ser Leu Leu Leu Gly Thr
35 40
1le Ser Ala Glu Val Asp Ser Leu Leu Ala Leu
50 55
Pro Ala Pro Ile Gln
65

<210> 120
<211> 28
<212> DNA
@13 AL

<2205
Q23> AR

<400> 120
gcaagcttat gatatagaaa tttigtaac

<210> 121
211> 27
<212> DNA
Q1> AT

<220
223> BREERG

<400> 121
ccacataccg ttttcttgtt tccagec

210> 122
211> 391
€212> PRT
<213 BEREIRE

<220>

<221> misc_feature

222> (1)..(2)

223> XaaP] UREFRAFENEEY

<220>

<221> misc_feature

222> (9).. (1D

€223 XaaFlUREARAFENELER

<220>

€221> misc_feature

<222> (14).. (18)

€223 XaaPlUIREMRAEENMEIER

<220>

<221> misc_feature

<222> (26).. (26)

€223>  XaaF] L\ RAELMI R RTFERTR SR

<220>

<221> misc_feature

222> (32).. (32)

<223 XaaF]LARAEARARFENEER
<2205

<221> misc_feature

<222> (35).. (35)

<223> XaaP] LRAMRRFENEER
<220>

<221> misc_feature

222> (42).. (42)

223>  Xaafl ARAET RAFLENELR
220>

€221> misc_feature

<222> (51).. (52)

<223>  Xaa®] LU RALFRARFEMERLR
220>

<221> misc_feature

222> (67).. (67)

<223>  XaaR] LRI RRFENELR
<400> 122

Xaa Xaa Leu Gly Ala Gly Phe Yal Xaa Xaa Xaa

1 5 10

Xaa Xaa Glu Ala Pro Val Ala Ser Gln Xaa Lys

20 25
Asp Ala Xaa Lys Arg Asp Ala Glu Asn Xaa Lys
35 40
Ala Lys Xaa Xaa Gln Lys Lys Tyr Glu Asp Asp
50 55

Glu Lys Xaa Lys Lys Glu Lys Glu Ala Ser Lys

65 70 75

Asn Leu Lys Tyr Gln Gln Glu Leu Val Lys Tyr
85 90

Ser Val Lys Lys Ala Lys lle Leu Lys Glu Val
100 105

Glu His Lys Lys Lys Arg Ala Glu Phe Glu Lys
115 120

Ala Met Glu Thr Leu
30
Lys Asp Asn Asn Thr
45

Leu Lys Glu Ser Gln
60

Pro Thr Xaa Xaa Xaa
15
Ala Glu Lys Asp Xaa
30
Lys Ala Leu Glu Glu
45
Gln Lys Lys Thr Glu
60
Glu Glu Gln Ala Ala
80
Ala Ser Glu Lys Asp
95
Glu Glu Ala Glu Lys
110

Val Arg Ser Glu Val
125

66

28
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Ile Pro Ser Ala Glu Glu Leu Lys Lys Thr Arg Gln Lys Ala Glu Glu
130 135 140

Ala Lys Ala Lys Glu Ala Glu Leu lle Lys Lys Val Glu Glu Ala Glu

145 150 155 160

Lys Lys Val Thr Glu Ala Lys Gln Lys Leu Asp Ala Glu Arg Ala Lys
165 170 175

P

Gl

5

Val Ala Leu Gln Ala Lys Ile Ala Glu Leu Glu Asn Glu Val Tyr
180 1 190

Arg Leu Glu Thr Glu Leu Lys Gly 1le Asp Glu Ser Asp Ser Glu Asp
195 200 2

Ty

=

Val Lys Glu Gly Leu Arg Ala Pro Leu Gln Ser Glu Leu Asp Ala
210 215

Lys Arg Thr Lys Leu Ser Thr Leu Glu Glu Leu Ser Asp Lys Ile Asp
225 230 235

Glu Leu Asp Ala Glu lle Ala Lys Leu Glu Lys Asn Val Glu Tyr Phe
245 250 255

Lys Lys Thr Asp Ala Glu Gln Thr Glu Gln Tyr Leu Ala Ala Ala Glu
260 265 270

Ly

@

Asp Leu Ala Asp Lys Lys Ala Glu Leu Glu Lys Thr Glu Ala Asp
275 280 285

Leu Lys Lys Ala Val Asn Glu Pro Glu Lys Pro Ala Glu Glu Thr Pro
290 295 300

Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Glu Gln Pro Lys Pro Ala

305 310 315 320

Pro Ala Pro Gln Pro Ala Pro Ala Pro Lys Pro Glu Lys Thr Asp Asp
325 330 335

Gln Gln Ala Glu Glu Asp Tyr Ala Arg Arg Ser Glu Glu Glu Tyr Asn
340 345 350

Arg Leu Pro Gln Gln Gln Pro Pro Lys Ala Glu Lys Pro Ala Pro Ala
355 360 365

Pro Lys Pro Glu Gln Pro Val Pro Ala Pro Lys Thr Gly Trp Lys Gln
370 375 380

Glu Asn Gly Met Trp Cys Arg
385 390

€210> 123
211> 723
[0018] <212> PRT
Q13> i HEIRE
<400> 123

Met Asn Lys Lys Lys Met 1le Leu Thr Ser Leu Ala Ser Val Ala lle
1 5 10 15

Leu Gly Ala Gly Phe Val Thr Ser Gln Pro Thr Val val Arg Ala Glu
20 25 30

Glu Ser Pro Val Ala Ser Gln Ser Lys Ala Glu Lys Asp Tyr Asp Ala
40 45

Ala Val Lys Lys Ser Glu Ala Ala Lys Lys His Tyr Glu Glu Ala Lys
50 55 60

Lys Lys Ala Glu Asp Ala Gln Lys Lys Tyr Asp Glu Asp Gln Lys Lys

65 70 75 80

Thr Glu Ala Lys Ala Glu Lys Glu Arg Lys Ala Ser Glu Lys Ile Ala
85 90 95

Glu Ala Thr Lys Glu Val Gln Gln Ala Tyr Leu Ala Tyr Leu Gln Ala
100 105 110

Ser Asn Glu Ser Gln Arg Lys Glu Ala Asp Lys Lys Ile Lys Glu Ala
115 120 125

Thr Gln Arg Lys Asp Glu Ala Glu Ala Ala Phe Ala Thr 1le Arg Thr
130 135 140

Thr 1le Val Val Pro Glu Pro Ser Glu Leu Ala Glu Thr Lys Lys Lys
145 150 155 160

Ala Glu Glu Ala Lys Ala Glu Glu Lys Val Ala Lys Arg Lys Tyr Asp
165 170 175

Tyr Ala Thr Leu Lys Leu Ala Leu Ala Lys Lys Glu Val Glu Ala Lys
180 185 190

Glu Leu Glu Ile Glu Lys Leu Gln Tyr Glu Ile Ser Thr Leu Glu Gln
200 205

Glu Val Ala Thr Ala Gln His Gln Yal Asp Asn Leu Lys Lys Leu Leu
210 215 220

Ala Gly Ala Asp Pro Asp Asp Gly Thr Glu val 1le Glu Ala Lys Leu
225 230 235 240

Lys Lys Gly Glu Ala Glu Leu Asn Ala Lys Gln Ala Glu Leu Ala Lys
245 250 255

Lys Gln Thr Glu Leu Glu Lys Leu Leu Asp Ser Leu Asp Pro Glu Gly
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[0019]

Lys
Lys
Ile
305
Thr
Lys
Gly
Asp
Glu
385
Asp

Glu

Asp

Glu
465
Lys
Gln
Gly
Leu
Ala
545
Ser
Tyr
Asn
Trp
Met

625
Ala

]

Ty
Gly
Gln
Ala
705
Gly

260
Thr Gln Asp Glu
275

Lys Ala Asp Glu
290

Ser Asn Leu Glu

Ala Ala Leu Gln

325

Lys Gln Thr Glu

340
Lys Thr Gln Asp
355

Lys Lys Ala Asp
0

Ile Ser Asn Leu

Thr Ala Ala Leu

Lys Thr Gln Lys

420
Gl

<

Asp Glu Glu
435

Ala Pro Ala Pro
450

Gln Pro Ala Pro

Pro Glu Gln Pro
485

Pry

a

Glu Lys Pro
500

Me

-+

Trp Tyr Phe
515

Gln Asn Asn Gly
530

Thr Gly Trp Yal

Gl

“<

Ala Met Lys
565

—
<
H

Val Asn Ser
580

Gl

<

Ser Trp Tyr
595
Leu Gln Tyr Asn
610
Ala Thr Gly Trp
Asn Gly Ala Met
645
Tyr Leu Asn Ala
660
Asp Thr Trp Tyr
675
Trp Phe Lys Val
690

Leu Ala Val Asn

Glu Trp

<Q2L0> 124
eIy 11

<212> PRT

Q13> FHREEHRE

<400> 124

Leu Asp
Leu Gln
295
1le Leu
310
Asn Lys
Leu Glu
Glu Leu
Glu Leu
375
Glu Iie
390
Gln Asn
Glu Leu
Glu Thr
Lys Pro
455
Ala Pro
470
Ala Lys
Ala Thr
Tyr Asn
Ser Trp
535
Lys Asp

550
Ala Ser
Asn Gly
Tyr Leu
Gly Ser
615
Ala Lys
630
Ala Thr
Asn Gly
Tyr Leu

Ser Asp
695

Thr Thr
710

265
Lys Glu Ala Glu
280

Asn Lys Val Ala

Leu Gly Gly Ala
315

Leu Ala Ala Lys

330
Lys Leu Leu Asp
345

Asp Lys Glu Ala

360

Gln Asn Lys Val

Leu Leu Gly Gly
395

Lys Leu Ala Thr

410
Asp Ala Ala Leu
425

Pro Ala Pro Ala

440

Glu Gln Pro Ala

Lys Pro Glu Gln

475

Pro Glu Lys Pro
490

Pro Lys Thr Gly
505
Thr Asp Gly Ser
520
Tyr Tyr Leu Asn
Gly Asp Thr Trp
556
Gln Trp Phe Lys
570
Ala Met Ala Thr
585
Asn Ala Asn Gly
600
Trp Tyr Tyr Leu
Yal Asn Gly Ser
635
Gly Trp Ala Lys
650
Ser Met Ala Thr
665
Glu Ala Ser Gly
680
Lys Trp Tyr Tyr

Val Asp Gly Tyr
715

Pro Ala Pro Lys Pro Glu Gln Pro Ala Glu Gln
1 5 10

<210> 125
QL7

<212> PRT
<23 AT

<220>
223> ARG

<400> 125

270
Glu Ala Glu
285

Asp Leu Glu
300
Asp Pro Glu
Lys Ala Glu
Ser Leu Asp
350
Glu Glu Ala
365
Ala Asp Leu
380
Ala Asp Ser
Lys Lys Ala
Asn Glu Leu
430
Pro Gln Pro
445
Pro Ala Pro
460
Pro Ala Pro
Ala Glu Glu
Trp Lys Gln
510
Met Ala Thr
525
Ala Asn Gly
540
Tyr Tyr Leu
Yal Ser Asp
Gly Trp Leu
590
Asp Met Ala
605
Asn Ala Asn
620
Trp Tyr Tyr
Yal Asn Gly
Gly Trp Val
670
Ala Met Lys
685
Yal Asn Gly
700

Lys Val Asn

Leu Asp
Lys Glu
Asp Asp
320
Leu Ala
335
Pro Glu
Glu Leu
Glu Lys
Glu Asp
400
Glu Leu
415
Gly Pro
Glu Gln
Lys Pro
Ala Pro

480
Pro Thr

495
Glu Asn
Gly Trp
Ser Met
Glu Ala
560
Lys Trp
575
Gln Tyr
Thr Gly
Gly Asp
Leu Asn
640
Ser Trp
655
Lys Asp
Ala Ser

Leu Gly

Ala Asn
720
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[0020]

1le Glu Lys Lys Ile Glu Gly
1 5

<210> 126
21> 13
<212> FRT
<213 AI

<2205
€223> SRMERE

<400> 126

Lys Tyr Val Lys Gln Asn Thr Leu Lys Leu Ala Arg Lys
1 5 10

<2l10> 127

<211> 51

<212> PRT

13> AL

<220>
<223 ERiEA

<400> 127
Gly Gly Ile Glu Lys Lys Ile Glu Gly Ile Glu Lys Lys Ile Glu Gly
1 5 10 15

Ile Glu Lys Lys 1le Glu Gly 1le CGlu Lys Lys Ile Glu Gly Ile Glu
20 25 30
Lys Lys Ile Ala Lys Met Glu Lys Ala Ser Ser Val Phe Asn Val Val
35 40 45
Asn Ser Lys
50

<210> 128
<211 67
<212> PRT
213> AT

<2205
Q23> BRI

<400> 128
Gly Gly 1le Glu Lys Lys lle Glu Gly Ile Glu Lys Lys Ile Glu Gly
1 5 10 15

Ile Glu Lys Lys Ile Glu Gly Ile Glu Lys Lys 1le Glu Gly Ile Glu
20 25 30
Lys Lys Ile Ala Lys Met Glu Lys Ala Ser Ser Val Phe Asn Val Val
40 45
Asn Ser Lys Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Glu Gln
55 60

50

Pro Lys Pro
65

<210> 129
211> 48
<212> PRT
@13 AT

<220>
<223> ERRigEik

<400> 129
Gly Gly 1le Glu Lys Lys Ile Glu Gly 1le Glu Lys Lys Ile Glu Gly
1 5 10 15

Ile Glu Lys Lys lle Glu Gly Ile Glu Lys Lys lle Glu Gly 1le Glu
20 25 30
Lys Lys 1le Ala Lys Tyr Yal Lys Gln Asn Thr Leu Lys Leu Ala Arg
35 40 45

<210> 130
211> 67
<212> PRT
21> AT

<220>
223> SRMRA

<400> 130
Gly Gly lle Glu Lys Lys Ile Glu Gly Ile Glu Lys Lys 1le Glu Gly
1 5 10 15

Ile Glu Lys Lys Ile Glu Gly Ile Glu Lys Lys lle Glu Gly Ile Glu
20 25 30
Lys Lys 1le Ala Lys Met Glu Lys Ala Ser Ser Val Phe Asn Val Val
35 40 45
Asn Ser Lys Pro Ala Pro Ala Pro Lys Pro Glu Gln Pro Ala Glu Gln
50 55 60

Pro Lys Pro

65

<210> 131
Ql> 79
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[0021]

212>
QAP

<220>
<223>

<400>

PRT
AL

SRS
131

Ser Val Ala Met Pro Ser Tyr Ile Gly
1 5

Asn Asn Leu Ile Gln Thr Yal Gly Ile
20 25

Val Glu Val
35

Glu Gln Ser

50

Thr Thr Ala Pro Ala Gly
40

Pro Arg Ala Gly Glu Lys
55

Val Lys 1le Ser lle Tyr Lys Pro Lys
65 70

<210>
QL
212>
Q213>

220>
<223>

<400>

132
31
PRT
AT

BRI
132

Ala Glu Asp Gin Lys Glu Glu Asp Arg
1 5

Tyr Lys Thr Ala Glu Leu Glu Lys
20

<210>
Q1
212>
213>

<400>

1
Val

Cys

Glu

Pro

Arg
His
145
Ala

Thr

Leu

Gly

Tyr

Pro
Ala
Asp
210
Asn

Ala

Val

133
268

PRT
it R BEERE
133

Met Ser Asp Lys Ile Ile
5

Lys Ala Asp Gly
20

Pro Cys Lys Met
35

Gln Gly Lys Leu
Thr Ala Pro Lys

70
Lys Asn Gly Glu

85
Gln Leu Lys Glu
100

His Met His His

Ser Gly Met Lys

Asp S

3
[ad

Pro Asp
150
Leu Lys Lys Ala
165
Ala Pro Ala Pro
180
Pro A

195
Gln Gln Ala Glu

—

a Pro Gln

Arg Leu Pro Gln

230

Pro Lys Pro Glu
245

Pro Ala Pro Lys
260

His Leu
Ala Ile
1le Ala
40
Thr Val
55
Tyr Gly
Val Ala
Phe Leu
His His
120
Glu Thr
Leu Gly
Val Asn
Lys Pro
Pro Ala

200
Glu Asp
215
Gln Gln
Gln Pro

Thr Gly

Ala
25

Thr
Leu
25

Pro
Ala
Ile
Ala
Asp
105
His
Ala
Thr
Glu
Glu
185
Pro

Tyr

Pro

—

Va

Trp
265

Ser Ser Leu Glu Gln
10

Lys Glu Ala Asn 1le

30

Ser Ala Glu Gly Met
45

Val Asp Leu Asn Lys
60

Thr Thr Ser Ala Thr

75

Arg Asn Tyr
10

Glu Ser Asp

Asp Asp Ser

10

Val Asp Phe

Ile Leu Asp

Lys Leu Asn
60

Arg Gly Ile

75
Thr Lys Val

90
Ala Asn Leu

His Ser Ser
Ala Ala Lys

140

Asp Asp Asp
155

Pro Glu Lys
170

Gln Pro Ala
Ala Pro Lys

Ala Arg Arg
220

Pro Lys Ala
235

Pro Ala Pro
250

Lys Gln Glu

Pro

Phe
Trp

Glu
45

Thr

Glu
30

Asp

Ala
30

—
—
@

Asp
Thr
Ala
Gly
110
Leu

Glu

Ly

)

Ala
Gln
190
Glu

Glu

Ly

Iz

Pro

Thr Lys
15

Glu val
Val Val
Thr Arg

Pro

Asn Thr
15

Val

Thr Asp
15
Glu Trp
Ala Asp
Gln Asn
Leu Leu
80
Leu Ser
95
Ser Gly
Val Pro
Arg Gin
Ala Met
160
Glu Glu
175
Pro Lys
Lys Thr
Glu Glu
Pro Ala

240

Glu Gln
255
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Abstract
The invention relates t(; lipopeptides consisting of a peptide chain
comprising a parallel coiled-coil domain, a proline-rich peptide antigen,
and a lipid moiety, all covalently linked, which aggregate to synthetic
virus-like particles. Proline-rich peptide antigens considered contain
negatively and positively charged amino acid, and at least 15% of the
amino acids are proline. Such synthetic virus-like particles carrying
proline-rich antigens derived from pneumococcal proteins are useful as
vaccines against infectious diseases caused by Gram-positive bacteria

such as Streptococcus pneumoniae.





