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PROTEIN

Field of the Invention

The present invention relates to factor H-binding proteins and peptides,
nucleic acid séquences encoding these proteins and peptides, antibodies specifically
binding them and pharmaceutical compositions, especially vaccine compositions,

containing them.

Background of the Invention ]

Despite the availébility of effective antibiotics and polyvalent capsular
polysaccharide vaccines, Streprococcus preumoniae remains a significant cause of
morbidity and mortality, cansing conditions such as otitis media, community-
.acquired pneumoniae, septicemia and meningitis. Infants, the elderly and

- immunocompromised patients are particularly susceptible to pneumococeal
" infection. ‘ V »

The polysaccharide capsule of the pneumococcus has long been recognized
as the major virulence determinant (1). Virulence varies with capsular serotype, but
experiments with convel;éion of serotypes clearly demonstrate that other factors than
the capsule play a significant role (2). A number of non-capsular virulence factors
have also been extensively examined. Although their relati{/e contribution to
pneumococcal virulence remains unclear; it is apparent that proteins such as Pspa,
pnéumolysin and PsaA play a role in pneumococcal virulence (3-5).

The classical and alternative pathways of complement are part of the innate
iramune system, and constitute an important line of defense against ppeumococcal
infection (6,7). There are many strategies by which bacteria can interfere with the
function of the complement system (réviewed in (8)). For example, binding of the
complement regulatory protein fH to bacterial surface proteins has been described by
several groups (reviewed in (9)), although the precise consequences of such binding
remain elusive. fH is a 150 kDa plasma protein composed of 20 short consensus
repeats, and is the best characterised member of the factor H protein family (10). fH
is a crucial protein in the regulation of complement. The critical step in the

amplification loop of the alternative pathway is the formation of C3 convertase

JP 2004-504056 A 2004.2.12
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_ (C3bBb) from surface-deposited C3b and factor B. fH inhibits complement
activation by preventing association of factor B with C3b, acting as a cofactor in C3b
degradation by factor I, and promoting the dissociation of Bb from both C3 and C5
convertase.

Examples of bacterial surface structures interacting with fH include M and
M-like proteins of S. pvogenes (11,12). Furthermore, YadaA in Yersinia enterocolitica
has been shown to inhibit complement activation by coating the bacterial surface
with fH (13). Recently, two groups independently described inhibition of
complement-mediated opsonophagocytosis in type 3 pneumococci. One study (14)
suggested that PspA interferes with deposition of C3b and/or inhibits the alternative
pathway C3 convertase. Another study (15) claimed that pnenmococcal resistance to
phagocytosis is mediated by hitherto unknown surface proteins binding fH. PspA
does not contribute to this interaction, as a PspA-deficient mutant bound similar or
even larger amounts of fH than the parent strain. .

Vaccines against Streptococcus preumonice that are currently in use are all
based upon capsule structures (carbohydrate antigens). Each serotype has a unique
capsule structure. Therefore, vaccine compositions against Streptococcus
preumoniae contain numerous different capsular antigens in order to protect against
the most common serotypes. Still, these compositions fail to provide an adequate
protection in all individuals.

Tn particular some patients, such as those showing complement deficiency,
“are not sufficiently protected by these vaccine compositions. The protection against

- type 3 pneumococei is especially insufficient. Accordingly, there is a need for

improved Streptococcus pneumoniae vaceine compositions.

Summary of the invention

The present invention provides a polypeptide baving the ability to bind factor

H comprising: (a) the amino acid sequence of Thr38 to Lys149 of SEQ ID NO: 1
(b) a variant of (a) which is capable of binding factor H, or (c) a fragment of (a) or
(b) of at least 20 amino acids in length which is capable of binding factor H, for use

in prophylaxis or therapy.

JP 2004-504056 A 2004.2.12
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The present invention alse provides a vaccine composition comprising a
polypeptide having an amino acid sequence selected from: (2) the amino acid
sequence of ThrZEg to Lys149 of SEQ ID NO: 1, (b) a variant of (a) which is capable
of generating an immune response to Streptococcus preumoniae or binding to an
anti-protein Hic antibody, or {¢) a fragment of (a) or (b) of at least 6 amino acids in

. length which is capable of generating an immune response against Streptococcus
preumoniae, or of binding to an anti protein Hic antibody.

In another aspect the invention provides a polypeptide of 15 to 800 amino
acids in length comprising: (a) the amino acid sequence of SEQ ID NO: 1, or (b) 2
polypeptide showing sequence identity of at least 85%, preferably at least 95%, and
most preferably at least 99% sequence identity with (a). Preferably the polypeptide
has the ability to bind factor H.

The invention also provides a polynucleotide encoding a polypeptide, the
polynculeotide comprising: (i) the nucleotide coding sequence of SEQ IDNO: 4 ora
sequence complementary thereto, (ii)a nucleotide sequence which selectively
hybridizes to said sequence (i) or a fragment thereof, or (iii) a nucleotide sequence
which codes for a polypeptide having the same amino acid sequence as that encoded
by a said sequence of (i) or (ii).

The present invention provides proteins and peptides derived from
Streptococcus pneumoniae, type 3, which bind the complement factor H (fH). These
proteins and peptides show a homology of at least 50 %, preferably at least 60 %,
and most preferably at least 70 % with the subsequence from Thr38 to Lys149 of the
sequence disclosed herein as SEQ ID NO: 1. The above subsequ;:nce, which is
located in the amino-terminal of a surface protein isolated from Streptococcus
pneumbniae, type 3, is highly associated with binding of fH. In another aspect, the
invention relates to proteins and peptides showing a homology of at least 85 %,
preferably at least 95 %, and most preferably at least 99 % with the Hic protein, the
amino acid sequence of which is disclosed as SEQ ID NO: 1. The inventions also

provides vaccine compositions comprising the above proteins and peptides.
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Description of the Figures

Fig. 1 discloses a comparison of Hic and PspC. Schematic representation of
Hic and PspC. The signal peptide (SP) and the wall spanning region (W) are
indicated; ’

Fig. 2 shows a sequence comparison of Hic and allefic variants of PspC,
namely PspC6A (SEQ ID NO: 5), PspC2 (SEQ ID NO: 7), PspC19 (SEQ ID NO: 9),
PspC19TIGR (SEQ ID NO: 10) and SpsA1 (SEQ IR NO: 11). Clustal W alignment
of the NH2 -terminal region from Hic (serotype 3) and allelic variants of PspC,
including SpsA. Identical and similar residues are shaded in dark and light,
respectively. Numbers in the protein names indicate the serotype of the strain from
which the sequence was obtained. PspC.TIGR is from a serotype 4 strain.
GenBank/EMBL accession numbers are as follows: PspC2, AF068645;

PspC6A, AF668645; PspC19, AF068648; SpsAl, Y10818;

Fig. 3 relates to binding of radiolabelled factor H to a Hic-deficient mutant.
Serial dilutions of PR218 (1) and the Hic-deficient mutant FP13 (05 were incubated
with radiolabelled fH. Binding is expressed as the percentage of added radioactivity.
The data points are averages of three expetiments with duplicate samples. Standard
deviation is indicated by error bars; '

Fig. 4 discloses binding 0f factor H to Hic. A competitive binding assay was
performed by incubating PR218 bactéria (10° CFU/m1) with radiolabelied fH in the
presence of increasing concentrations of unlabelled fH (0), GST (T), and
GST:Hie(*2%Y (+);

Fig. 5 presents kinetic analysis of the interaction between Hic and factor H by
surface plasmon resonance. One representative sensorgram (out of three) is shown.
The concentration of the analyte (fH) was 2000, 667, 333, 167 and 83 nM, and the
time seale has been adjusted so that 0 s represents the injection starting point.

Fig. 6 shows that Hic and factor H inhibit alternative pathway hemolysis.
Rabbit erythrocytes were incubated with C2-deficient serum and a kinetic study of
hemolysis was performed. The influence of fH, GST, and/or GST:Hic*? on
hemolysis was studied. Numbers represent hemolysis as a fraction of maximum

hemolysis in the control (90-95%). Data shown are from one representative

JP 2004-504056 A 2004.2.12
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experiment (n=3). The curves represent control reaction (1), reaction with £ (¢),

GST:Hic®?! (), GST (4), and a combination of {H and GST:Hic 39-261 (0).

Description of the Sequences

SED ID NO: 1 is the amino acid sequence of protein Hic.

SED ID NOs: 2 and 3 are the primers used to amplify a portion of Hic.

SED ID NO: 4 is the DNA se'quenc.e encoding protein Hic.

SED ID NOs: 5 and 6 are the amino acid and encoding DNA Sequeuée respectively
for P‘spC6A. »

SED ID NO: 7 and 8 are the amino acid and eﬁcoding DNA sequence respectively
for PspC2.

SED ID NO: 9 is the amino acid sequence of PspC19.

SED ID NO: 10 is the amino acid sequence of PspC19 TIGR.

SED ID NO: 11 is the amino acid sequence of SpsAl.

Detailed description of the invention

General terms and introduction

- The fol]iowing abbreviations are used throughout the present application: fH,
coﬁplemmt factor H; PspA, pneumococcal surface protein A; PsaA, pneumococeal
surface antigen A; PspC, pneumocaccal surface protein C; CbpA, choline-binding
protein A; SpsA, Streptococcus pneumoniae secretory IgA binding protein; GST,
glutathione S-transferase; PCR, polymerase chain reaction; SDS-PAGE, sodium
dodecyl sulphate polyacrylamide gel electrophoresis.

As disclosed above, in a first aspect, the present application relates to proteins
and peptides binding fH, These proteins and peptides are all comprise a derivative of
the subsequence from thr38 to lys149 of amino-terminal of the Hic protein, whose
amino acid sequence is enclosed herein as SEQ ID NO: 1. Peptides and proteins
according to this first aspect show a homology of at least 50 %, preferably at least 60
%, and most preferably at least 70 % with the subsequence from Thr38 to Lys149 of
the sequence disclosed berein as SEQ ID NO: 1. Belov}, it will be shown that the
amino-terminal part of the Iﬁc protein is associated with binding fH. It will also be

JP 2004-504056 A 2004.2.12
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shown that the amino-terminal amino acid sequences shows substantjal similarities
with several other pneumococcal surface proteins, which probably also bind fH.

The polypeptides according to the first aspect of the invention have one or
more of the following properties. Firstly, they may have the ability to bix;d to fH. As
will be shown below, this feature makes them interesting as vaccine candidates
against pneumococei. S_econdly; peptides >accordi11g to the invention maybhave the
ability io stimulate a T-cell response. Thirdly, the peptides of the inQention may
stimulate a B-cell response.

In a second aspect, the present invention relates to peptides and proteins
comprising at least 15 amino acids and which peptides and proteins show a

‘ homology of at least 85 %, preferably at least 95 %, and most preferably at least 99
% with the amino acid sequence of the Hic protein disclosed as SEQ IDNO: 1.

Theé polypeptides according to the second aspect of the invention show a high

homology to the vH‘xc protein, which makes them interesting as vaccine candidates
 against pneumococci. Secondly, peptides according to this aspect of the invention
may have the ability to stimulate a T-cell response. Thirdly, the peptides of this
aspect of the invention may stimulate a B-cell response.

In an alternative asfpect, the invention provides a polypeptide which
comprises: '

(&) the amino acid sequence of Thr38 to Lys149 of SEQ IDNO: 1,

(b) a variant of (a) which is capable of binding factor H, or

(c)  afragment of (a) or (b) of at least 20 amino acids in length which is
capable of binding factor H.

In another aspect, the invention relates to a vaccine composition comprising a
polypeptide which comprises: o

(a) the amino acid sequénce of Thr38 to Lys149 of SEQ ID NO: 1,

(b) a variant of (a) which is capable of generating an immune response to
pneumococci, or binding to an anti-Hic antibody, or v

(c) a fragment of (a) or (b) of at least 6 amino acids in length which is
capable of generating an immune response against a pneumococeus, or of binding to

an anti-Hic antibody.

JP 2004-504056 A 2004.2.12
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The ability to bind factor H can be monitored by any suitable method. In
particular, assays can be carried out using labelled factor H, for example, labelled
with a radio label and ménitoring binding to a peptide under investigation. Similarly,
the ability of the peptides to bind anti-Hic antibodies can be monitored using any
suitable assay, and in particular ﬁs'mg antibodies which have been generated agal:.ust
full length protein Hic as shown in SEQ ID NO: 1 or a fragment thereof comprising
the sequence of Thr38 to ‘Lysl49 of SEQ ID NO: 1. Similarly, the capability of the
peptide to generate an immune response can be tested using a suitable animal model
such as a murine model comprising administering the peptide under investigation to
the animal, monitering the generation of an immune response, either through the
preduction of antibedies or through the production of T-cell responses such as
cytotoxic T-cell responses. Preferred peptides which are able to generate a protective
immune response can be identified by subjecting an animal so vaccinated with a
lethal challenge of pneumococei. Similarly, the ability of the peptide to bind to anti-
protein Hic antibodies can be assayed i vitro. An anti-protein Hic antibody can be
generated by standard techniques using a protein of SEQ ID NO: 1 to generate a
suitable antibody. :

In a further aspect, the invention relates to a novel polynucleotide having a
sequence which is: ‘

6] the nucleotide cading sequence of SEQ ID NO: 4 or a sequence
complementary thereto, ) ‘

(ii) a nucleotide sequence which selectively llybﬂdizes to said sequence
(i) or a fragment thereof, or '

* (i)  anucleotide sequence which codes for a polypeptide having the same
arnino acid sequence as that encoded by a said sequence of (i) or (if). v

Polypeptides are provided which are encoded by a polynucleotide of the
invention. The invention also relates to polynucleotides which encode a polypeptide
of the invention. The invention also provides: i

- a recombinant vector comprising a polynucleotide of the invention,
such as an expression vector in which the polynucleoﬁde‘is operably linked to a

regulatory sequence;
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- a host cell which is transformed for the polynucleotide of the
invention; .

- a process of producing a polypeptide of the invention comprising
maintaining a host cell transformed with a polynuclebtide of the invention under
conditions to provide expression of the polypeptide;

- an antibody, menoclonal or polyclonal, specific for a polypeptide in
accordance with the invention; ’

- a method of vaccinating a patient against pneumococcal infection
which method comprises administering to the patient an effective amount ofa
polypeptide or polynucleotide according to the invention.

In another aspect, the invention relates to an assay to identify an agent which
inhibits the binding of factor H to protein Hic. The assay may comprise incubating a
polypeptide of the invention having the ability to bind factor H with factor H in the
presence of the substance under test and rﬂonitodng for binding of the polypeptide of
the invention to factor H. Methods for monitoring protein interactions are well v
known in the art. The polypeptide of the invention may be provided in isolated form.
In the alternative, a bacterium expressing a polypeptide of the invention may be
provided and incubated with factor H. Substances which are identified which inhibit
the binding of factor H to a polypeptide of the ‘invention may be used as an antibiotic
or in the treatment of an individual suffering from pneumococcal infection.

The invention also proﬁdes formulating an agent identified as an inhibitor of
the binding of factor H to a polypeptide of the invention with a pharmaceutically
acceptable carrier. ’ o ‘

Accordingly, the present invention provides a method for the ‘treatment of a
Streptococcus pneﬁmoniae infection, which method comprises identifying a
substance which inhibits binding of factor Hto a polypeptide of the invention and
administering a therapeuﬁégﬂy effective amount of the substance to a patient in need
thereof. A therapeutically effective amount of the substance is an amount which
alleviates the symptoms of the Sﬂ'eptacoccus preumoniae infection or otherwise
improves the condition of the patient suffering from a Strepfococcus pneumoniae
infection. Preferably the substance administered to a patient is formulated with a

pharmaceutically acoeptable carrier.
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A DNA sequence encoding the Hic protein is disclosed as SEQ ID NO: 4.

The nucleic acid sequences of the present invention are preferably DNA, though they

' inay be RNA. It will be obvious to those of skill in the art that, in RNA sequences
according to the invention, the T residues will be replaced by U. Nucleic acid
sequences of the invention will typicall;) be in isolated or substantially isolated form.
For example up to 80, up to 90, up to 95 or up to 100% of the nucleic acid matexial in
a preparation of a nucleic acid of the invention will typically be nucleic acid
according to the invention. Alterations, isolations or syntheses of nucleic acid
sequences according to the invention may be performed by any conventional method,
for example by the methods of Sambrook et al (Molecular Cloning: A Laboratory
Manual; 1989). )

For exami:le, the sequ@ncsé of the invention include sequences that are
capable of selective hybridisation to those encoding the proteins or peptides of the
invention or the complementary strands thereof and that encode a polypeptide having
one or more of the properties defined above. )

Such hybridisation may be carried qut under any suitable conditions known in
the art (see Sambrook et al (1989): Molecular Cloning: A Laboratory Manual). For
example, if high stringenay is required, suitable conditions include 0.2 X 8S8C at 60
°C. If lower stringency is required, suitable conditions include 2X SSC at 60 °C.

Preferably, a polynucleotide of the invention can hybridize to SEQ ID NO: 4,
or its complement at a level significantly above background. Background
hybridization may occur, for example, because of other cDNAs present in a cDNA
library. The signal level generated by the interaction between a polynucleotide of
the invention and the sequence of SEQ ID NO: 4 is typically at least 10 fold,
preferably at least 100 fold, as intense as interactions between bther polynucleotides
and the sequence of SEQ ID NO: 4. The intensity of interaction may be measured,
for example, by radiolabelling the probe, e.g. with *’P. Selective hybridization is
typically achieved using conditions ol% medium to high stringency (for example 0.1 to
0.2 x SSC at from about 50°C to about 60°C). )

» A nucleotide sequence capable of selectively hybridizing to the DNA
sequence of SEQ ID NO: 4 or to the sequence complementary to that coding
sequence will be generally at least 80%, preferably at least 90% and more preferably
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at least 95%, homologous to the sequence of SEQ ID NO: 4 or its complement over a
region of at least 20, preferably at least 30, for instance at least 40, 60 or 100 or more
contiguous nucleotides or, indeed, over the full length of the coding sequence. Thus
there may be at least 85%, at least 90% orat least 95% nucleotide identity over such
regions.

Any combination of the above mentioned degrees of homology and minimum
size may be used to define polynucleotides of the invention, with the more stringent
combinations (i.e. higher homology over longer lengths) being preferred. Thus for’
examblc a polynucleotide which is at least 85% homologous over 25, preferably over
30, nucleotides forms one aspect of the invention, as do@s a polynucleotide which is
at [east 30% homologous over 40 nucleotides. ' X

For example the UWGCG Package provides the BESTFIT program which
can be used to calculate homology (for example used on its default settings)
{Devereux et al (1984) Nucleic Acids Research 12, p387—395). The PILEUP and
BLAST algorithms can be used to calculate homology or line up sequences (such as
identifying equivalent or corresponding sequences (typically on their default
settings), for example as described in Altschul S. F. (1993) J Mol Evol 36:290-300;
Alischul, S, F et a (1990) J Mol Biol 215:403-10. )

Software for performing BLAST analyses is publicly available T.brough the
National Center for Biotechnology Information (http://www.ncbinlm.nih.gov/).

This algorithm involves first identifying high scoring sequence pair (HSPs) by
identifying short words of length W in the query sequence that either maich or éatisfy
some positive-vatued threshold score T when aligned with a word of the same length
in a database sequence. T is referred to as thé neighbourhood word score threshold
(Alischul et ¢l, supra). These initial neighbourhoad word hits act as seeds for

initiating searches to find HSP’s containing them. The word hits are extended in

both directions along each sequence for as far as the cumulative alignment score can

be increased. Extensions for the word hits in each direction are halted when: the
cunmlative alignment score falls off by the quantity X from its maximum achieved
value; the cumulative score gbcs to zero or below, due to the accumulation of one or
more negative-scoring residue aliémeuts; or the end of either.sequence is reached.
Th; BLAST algorithm parameters W, T and X determine the sensitivity and speed of
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the alignment. The BLAST program uses as defaults a word length (W) of 11, the
BLOSUMS2 scoring mattix (see Henikoff and Henikoff (1992) Proc. Natl. Acad.
Sci. USA 89: 10915-10919) alignments (B) of 50, expectation (E) of 10, M=5, N=4,
and a comparison of both strands.

The BLAST algorithm performs a statistical analysis of the similarity
between two sequences; see e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci.
USA 90: 5873-5787. One measure of similarity provided by the BLAST algorithm
is the smallest sum probability (P(N)), which provides an indication of the
probability by which a match between two nucleotide or amino acid sequences
would occur by chance. For example, a sequence is considered similar to another
sequence if the smallest sum probability in comparison of the first sequence to the
second sequence is less than about 1, preferably less than about 0.1, more preferably
less than about 0.01, and ﬁxost preferably less than about 0.001.

Also included within the scope of the invention are sequences that differ from
those defined above because of the degeneracy of the genetic code and encode the
same polypeptide having one or more of the properties defined above.

Nucleic acid sequences of the invention will preferably be at least 30 bases in
length, for example up to 50, up to 100, up to 200, up to 300, up to 400, up to 500, up
to 600, up to 800, up to 1000 bases, up to 2000 bases or up to 3000 bases.

Nucleic acid sequences of the iqventi‘on may be extended at either or both of
the 5' and 3‘ ends. Such extensions may be of any length. For example, an extension
may comprise up to 10, up to 20, up to 50, up to 100, up to 200 or up to 500 or more
nucleic acids. Thus, the nucleic acid sequences of the invention may be extended at
either or both of the 5’ and 3' ends by any non-wild-type sequence.

The polypeptides of the invention are derived from the amino acid sequence
shown as SEQ ID NO:.1. Thus, the polypeptides of the invention are not limited to
the polypeptide of SEQ ID NO: 1. Rather, the polypeptides of the invention also
include polypeptides with sequences closely related to that of SEQ ID NO: 1 that are
able to bind fH. Alternatively, the polypeptides of the invention comprises very
similar or identical antigenic determinants corapared to the Hic protein despite the
fact that they do not bind to fH. All these sequences may be prepared by altering that
of SEQ ID NO: 1 by any conventional method, or isolated from any organism or
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made synthetically. Such alterations, isolations or syntheses may be performed by
any conventional method, for example by the methods of Sambrook et al (Molecular
Cloning: A Laboratory Manual; 1989). In particular, polypeptides related to that of
SEQ ID NO: 1 may be prepared by modifying a DNA sequence encoding the Hic
protein expressing them recombinantly.

The polypeptides of the invention may accordingly have less than 100%
sequence identity with that of SEQ ID NO: l Thus, polypeptides of the invention
may include substitutions, deletions, or insertions that distinguish them from SEQ ID
NO: 1 as long as these do not destroy the ability to bind fH, or as long as they show
similar antigenic properties as the Hic protein.

A substitution, deletion or insertion may suitably invelve one or mere amino
acids, typicalfy from one to five, one to ten or one to twenty amino acids, for
example, a substitution, deletion or insertion of one, two, three, four, five, eight, ten,
fifteen, or twenty amino acids. Typically, a fH-binding polypeptide of the first aspect
of the invention has at least 5‘0%, at least 60%, or at least 70% sequence identity to
the subsequence from thr38 to lys149 of SEQ ID NO: 1. Preferably the polypeptide
has at least 80%, 90%, 95%, 97% or 99% identity with SEQ ID NO: 1. Typically, a
polypeptide of the second aspect of the invention has at least 85 %, at least 95, or at
Jeast 99 % sequence identity to a subsequence that can be derived from all parts of
the sequence of SEQ ID NO: 1, and preferably to a sequence of 15 o 600 contiguous
amino acids of SEQ ID NO: 1, '

In general, the physicochemical nature of the sequence of SEQ ID NO: 1
should be preserved in a polypeptide of the invention. Such sequences will generally
be similar in charge, hydrophobicity and size to that of SEQ ID NO: 1. Examples of
substitutions that do not greatly affect the physicochemical nature of amino acid
sequences are those in which an amino acid from one of the following groups is

substituted By a different amina acid from the same group:

H RandK
LL,VandM
A, G,SandT
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D,E,QandN.

‘Where polypeptides of the invention are synthesised chemically, D-amino
acids (which do not oc;:ur in nature) may be incorporated into the amino acid
sequence at sites where they do not affect the polypeptides biological properties. This
reduces the polypeptides' susceptibility to proteolysis by the recipient's proteases.

The nucleic acid sequences encoding the polypeptide;s of the invention may
be extended at one or both ends by any non-wild-type sequence.

Thus, the polypeptides of the invention may be extended at the C-terminal by
an amino acid sequence of any length. For example, an extension may comprise up
to 5, up to 10, up to 20, up to 50, or up to 100 or 200 or more amino acids. A C-
terminal extension may have any sequence apart from that which is C-terminal to the
sequcﬁce of the invention (or the native sequence from which it is derived) in native
Hic protein. Thus, the polypeptides of the invention may be axteﬁded at the C-
terminal by any non-wild-type sequence.

- The polypeptides of the invention may be attached to other polypeptides,
proteins or carbohydrates that enhance their antigenic properties. Thus, polypeptides
of the invention may be attached to one or more other antigenic polypeptides. These
additional antigenic polypeptides may Ee derived from S. preumoniae or from
another organism. Possible additional antigenic polypeptides include heterologous T-
cell epitopes derived from other S. preumoniae proteins or from species other than 5.
preumoniae. Heterologous B-cell epitopes may also be used. Such heterologous T-
cell and or B-cell epitopes may be of any length and epitopes of up to 5, up to 10 or
up to 20 amino acids in length are particularly preferred. Possible carbohydrates that
can be added are capsular énﬁgem. These additional antigenic polypeptides may be
attached to the polypeptides of the invention chsmicélly. Alternatively, one or more
additional antigenic sequences or carhohydr;a.te groups may cormprise an extension to
a polypeptide of the invention.

A polypeptide of the invention may be subjected to one or more chemical
modifications, such as glycosylation, sulphation, COOH-amidation or acylation. In
particular, polypeptides that are acetylated at the N-terminus are preferred, as are
polypeptides having C-terminal amide groups. Preferred polypeptides may have one
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or more of these modifications. For example, particularly prefetred peptides may
have a C-terminal amide group and N-terminal acetylation.

A polypeptide of the invention may form part of a larger polypeptide
comprising multiple copies of the sequence of one or more of SEQIDNO: tor a
sequences related to them. in any of the ways defined herein.

Polypeptides of the invention typically comprise at least 15 amino acids, for
example 15 to 20, 20 to 50, 50 to 100 or 100 to 200 or 200 to 300 or 300 to 400 or
400 to 500 or 500 to 600 or 600 to 700 or 700 to 800 amino acids.

Polypeptides according to the invention may be purified or substantially
purified. Such a polypeptide in substantially purified form will generally form part of
a preparation in which more than 90%, for example up to 95%, up to 98% or up to
99% of the peptide material in the preparation is that of a polypeptide or
polypeptides according to the invention. :

The nucleic acid sequences and polypeptides of the invention were originally
derived from S. preumoniae. However, nucleic acid sequences and/or polypeptides
of the invention may also be obtained from other organisms, typically bacteria,
especially other streptococci. They may be obtained either by conventional cloning
techniques or by probing genomic or cDNA libraries with nucleic acid sequences
according to tht;, invention. This can be done by any conventional method, such as

. the methods of Sambrook et al. {Molecular Cloning: A Laboratory Manual; 1989).

A nucleic acid sequence according to the invention may be included within a
vector, suitably a replicable vector, for instance a replicable expression vector.

A replicable expression ver;tor comprises an origin of replication so that the
vector can be replicated in a host cell such as a bacterial host cell. A suitable vector
will also typically comprise the following elements, usually in a 5' to 3’ arrangement:
a promoter for directing expression of the nucleic acid sequence and optionally a
regulator of the promoter, a translational start codon and & nucleic acid saquencev
vaccording to the invention encoding a polypeptide having one or more of the
biological proi;erties of Hic protein. A non-replicable vector lacks a suitable origin of
replication whilst a non-expression vector lacks an effective promoter.

The vector may also contain one or more selectable marker genes, for

example an ampicillin resistance gene for the identification of bacterial
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transformants. Another possible marker gene is the kanamyein resistance gepe.
Optionally, the vector may also comprise an enhancer for the promoter. If it is
desired to express the nucleic acid sequence of the invention in a eucaryotic ceil, the
vector may also comprise a polyadenylation signal operably linked 3' to the nucleic
acid encoding the functional protein. The vector may also comprise a transcriptional
terminator 3' to the sequence encoding the polypeptide of the invention.

The vector may also comprise one or more non-éoding sequences 3' to the
sequence encoding the polypeptide of the invention. These may be from S.
preumoniae (the organism from which the sequences of the invention are derived) or
the host organism, which is to be transformed with the vector or from another
organisrm.

In an expression. vector, the nucleic acid sequence of the invention is operably
linked to a promoter capable of expressing the sequence. "Operably linked" refers to
a juxtaposition wherein the promoter and the nucleic acid sequence encoding the
polypeptide of the invention are in a relationship permitting the coding sequence to
be expressed under the control of the promoter. Thus, there may be elements such as
5' non-coding sequence between the promoter and coding sequence. These elements
may be native either to S. preumoniae or to the ofgam'sm from which the promoter
sequence is derived or to neither organism. Such sequences can be included in the
vector if they enhance or do not impair the correct control of the coding sequence by
the promoter. » . '

The vector may be of any type. The vector may be in linear or circular form.
For example, the vector may be a plasmid vector. Those of skill in the art will be able
to prepare suitable vectors comprising nucleic acid sequences encoding polypeptides
of the invention starting with widely available vectors which will be medified by
genetic engineering techniques such as those described by Sambrook et al (Molecular
Cloning: A Laboratory Manual; 1989). Preferred starting vectors include plasmids

- that confer kanamycin resistance and direct expression of the polypeptide of the
invention via a tac promoter.

In an expression vector, any promoter capable of directing expression of a
sequence of the invention in a host cell may be operably linked to the nucleic acid .

sequence of the inventjon. Suitable promoters include the tac promoter.
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Such vectors may be used to transfect or transform a host cell. Depending on
the type of vector, they may be used as cloning vectors to amplify DNA sequences
according to the invention or to express this DNA in a host cell.

A further embodiment of the invention provides host cells harbouring vectors
of the invention, i.e. cells transformed or transfected with vectors for the replication
and/or expression of nucleic acid sequences according to the invention. The cells will
be chosen to be compatible with the vector and may for example be bacterial cells.
Transformed or transfected bacterial cells, for example £. céli cells, will be ‘
particularly useful for amplifying nucleic acid sequences of the invention as well as
for expressing them as polypeptides.

The cells may be transformed or transfected by any suitable method, such as
the methods described by Sambrook et al (Molecular cloning: A Laboratory Manual;
1989). For e);ample, vectors comprising nueleic acid sequences according to the
invention may be packaged into infectious viral particles, such as retroviral particles.
The constructs may also be introduced, for example, by electroporation, calcium
phosphate precipitation, and biolistic methods or by contacting naked nucleic acid
vectors with the cells in solution. ‘ ’

In the said nucleic acid vectors with which the host cells are transformed or )
transfected, the nucleic may be DNA or RNA, preferably DNA.

The vectors with which the host cells are transformed or transfected may be
of any suitable type. The vectors may be able to effect integration of nucleic acid
Seqﬁences of the invention into the host cell genome or they may remain free in the
cytoplasm. For example, the vector used for transformation may be an expression
vector as defined herein. » .

The present invention also provides a process of producing polypeptides
according to the invention. Such a process will typically comprise transforming or
transfecting host cells with vectors comprising nucleic acid sequences according to
the invention and expressing the nucleic acid sequence in these cells. In this case, the
nucleic acid sequence will be operably linked to a promoter capable of directing its
expression in the host cell. Desirably, such a promater will be a "strong" promoter
capable of achieving higﬁ levels of expression in the host cell. It may be desirable to

overexpress the polypeptide according to the invention in the host cell. Suitable host
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cells for this purpose include yeast cells and bacterial cells, for example E. coli cells,
a particularly preferred E. coli strain being E. coli K12 strain BL 21. However, other
expression systems can also be used, for example baculovirus systems in which the
vector is a baculovirus having in its genome nucleic acid encoding a polypeptide of
the invention and expression occurs when the baculovirus is allowed to infect insect
cells. .
The thus produced polypeptide of the invention may he recovered by any
suitable method known in the art. Optionally, the thus recovered polypeptide may be
purified by any suitable method, for example a method according to Sambrook et al
(Molecular Cloning: A Laboratory Manual).

The polypeptides of the invention may alse be synthesised chemically using
standard techniques of peptide synthesis. For shorter polypeptides, chemical *
synthesis may be preferable to recombinant expression. In particular, peptides of up
to 20 or up to 40 amino acid residues in length may desirably be synthesised
chemically. )

The nucleic acid sequences of the invention may be used to prepare probes
and primers. These will be useful, for example, in the isolation of genes having
sequences similar to that of SEQ ID NO: 4. Such pfobes and primers may be of any
suitable length, desirably from 10 to 100, for example from 10 to 20, 20 to 50 0r 50
to 100 bases in length. Examples of such probes are disclbsed herein asVSEQ ID NO:
2 and SEQID NO: 3. ) ) :

Polynucleotides or primers of the invention may carry a revealing label.
Suitable labels include radivisotopes such as P or S, enzyme labels or other
protein labels such as biotin. Such labels may be added to polynucleotides or
primers of the invention and may be detected using technigues known per se.

Polynucleotides or primers of the jnvention or fragments thereof, labelled or
unlabelled, may be used by a person skilled in the art in nucleic acid-based tests for
detecting or sequencing protein Hic in a sample.

Such tests for detecting generally comprise bringing a sample containing
DNA or RNA into contact with a probe camprising a pciynucleoﬁde or primer of the
invention under hybridizing conditions and detecting any duplex formed between the

probe and nucleic acid in the sample. Such detection may be achieved using
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techniques such as PCR or by immobilizing the probe on a solid support, removing
nucleic acid in the sample which is not hybridized to the probe, and then detecting
nucleic acid which has hybridized to the probe. Alternatively, the sample nucleic
acid may be immobilized on a solid support, and the amount of probe bound to such
a support can be detected. ) »

The probes of the invention may conveniently be packaged in the form of a
test kit in a suitable container. Tn such kits the probe may be bound to a solid support
where the assay formats for which the kit is designed requires such binding. The kit
may also coqtain suitable reagents for ireating the sample to be probed, hybridizing
the probe to nucleic acid in the sample, control reaéents, instructions, and the like.

Polynucleotides of the invention can be iﬁcoxpora.ted into a recombinant
replicable vector. The vector may be used fo replicate the nucleic acid ina
compatible host cell. Thus in a further embodiment, the invention provides a method
of making polynucleotides of the invention by introducing a polynucleotide of the
invention into a replicable vector, introducing the vector into a compatible host cell,
and growing the host cell under conditions wﬁich bring about replication of the
vector. The vector may be recovered from the host cell. Suitable host cells are
described in connection with expression vectors.

The preéent invention also provides antibodies to the polypeptides of the
invention. These antibodies may be monoclonal or polyclonal. For the purposes of
this invention, the term "antibody”, includes fragments of whole antibodies which
retain their binding activity for a target antigen. Such fragments include Fv, F(ab)
and F(ab"); fragments, as well as single chain antibodies.

The antibodies may be produced by any methed known in the art, such as the
methods of Sambrook et al (Molecular Cloning: A Laboratory Manual; 1989). For
example, they may be prepared by conventional hybridoma téchniqucs or, in the case
of modified antibodies or fragments, by recombinant DNA technology, for example
by the expression in a suitable host vector of a DNA construct encoding the mociiﬁed
antibody or fragment operably linked to a promoter. Suitable host cells include
bacterial (for example Z. coli), yeast, insect and mammalian cells. Polyclonal

antibodies may also be prepared by conventional means which comprise inoculating
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a host animal, for éxample a4 rat or a rabbit, with a peptide of the invention and
recovering immune serum.

The present invention also provides pharmaceutical compositions comprising
polypeptides of the invention. Compositions comprising polypeptides of the
invention that include T-celt and/or B-cell epitopes may be used as vaccines against

' infections caused by pneumnococci.

A rar;ge of mammalian species can be vaccinated against infections caused by
type 3 streptococei using the polypeptides of the invention. Vaccination of humans is
particularly desirable. ’

The compositions of the invention may be administered to mammals
including humans by any route appropriate. Suitable routes include topical
application in the mouth, oral delivery by means of tablets or capsule and'paremeral
delivery, inchiding subcutaneous, intramuscular, intravenous and intradermal
delivery. Preferred routes of administration are injection, typioaliy subcutaneous or
intramuscular injection, with a view to effecting systemic immunisation.

As previously indicated, polypeptides according to the invention may also be
mixed with other antigens of different immunogenicity.

The compositions of the invention may be administered to the subject alone
‘orina liposome or associated with other delivery molecules. The effective dosage
depends on many factors, such as whether a delivery molecule is used, the route of
delivery and the size of the mammal being vaccinated. Typical doses are from 0.1 to
100 mg of the polypeptide of the iuventioﬁper dose, for example (.1 to 1 mg, and 1
to 5 mg, 5 to 10 mg and 10 to 100 mg per dose. Doses of from 1 to 5 mg are
preferred. '

Dé‘sage schedules will vary according to, for example, the route of
administration, the species of the recipient and the condition of the recipient.
However, single doses and multiple doses spread over periods of days, weeks or
months are envisaged. A regime for administering a vaceine composition of the
invention to young human patients will conveniently be :6 months, 2 years, 5 years
and 10 years, with the initial dose being accompanied by adjuvant and the
subsequent doses béing about 1/2 to 1/4 the level of polypeptide in the initial dose.
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The frequency of administration can, however, be determined by monitoring the
antibody levels in the patient.

While it is possible for polypeptides of the invention to be administered alone
it is preferable to present them as pharmaceutical formulations. The formulations of
the present _inventién comprise at least ope active ingredient, a polypeptide of the
invention, together with one or more acceptable carriers thereof and optionally other
therapentic ingredients. The carrier or carriers must be "acceptable" in the sense of »
being compatible with the other ingredients of the formulation and not deleterious to
the recipients thereof, for example, liposbme&

The preparation of vaccines which contain an immunogenic polypeptide(s) as

active ingredient(s), is known to one skilled in the art. Typically, such vaccines are . -

prepared as injectables, either as liquid solutions or suspensions; solid forms suitable
for solution iu, or suspension in, Hquid prior to injection may also be prepared. The
preparation may also be eﬁmlsiﬁed, or the protein encapsulated in liposomes. The
active immunogenic ingredients aré often mixed with excipients which are
pharmaceutically acceptable and compatible with the active ingredient. Suitable
excipients are, for example, water, saline, dextrose, glycerol, eﬂm:_m_ol, or the like and
combinations thereof. In adaition, if desired, the vaccine may contain minor
amounts of auxiliary substances such as wetting or emulsifying agents, pH buffering
agents, and/or adjuvants which enhance the effectiveness of the vaccine.

Examples of adjuvants which may be effective include but are not limited to:
aluroinium hydroxide, N-acetyl-muramyl-L-threonyl-D-isoglutamin (thr-MDP), N-
acetyl-nor-muramyl-L-alanyl-D-isoglutamine (CGP 11637, referred to as nor-MDP),
N—acétylmuramyl—L—aJanyl~D—i§oglntan’myI-L-a]anjne—z{1'-2’-.dipn]mitoyl-sn-
glycer0—3-hydroxyphosphoryloxy)-ethylamine (CGP 19835A, referred to as MTP-

- PE), and RIB], which contains three compenents extracted from bacteria,

monophosphoryl lipid A, trehalose dimycolate and cell wall skeleton
(MPL+TDM+CWS) in a 2% squalene/Tween 80 emulsion. The effectiveness of an
‘adjuvant may be determined by measuring the amount of antibodies directed against
an immunogenic polypeptide containing Hic antigenic sequence resulting from
administration of this polypeptide in vaccines which are also comprised of the

various adjuvants.
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The vaccines are conventionally administered parentally, by injection, for
example, either subcutaneously or intramuscularly. Additional formulations which
are suitable for other modes of administration include suppositories and, in some
cases, oral formulations. For suppositories, traditional binders and carriers may
include, for example, polyalkylene glycols or triglycerides; such suppositories may
be formed from mixtures containing the active ingredient in the range of 0.5% to
10%, preferably 1% to 2%. Oral formulations include such normally employed

excipients as, for example, pharmaceutical grades of mannitol, lactose, starch,

magnesium stearate, sodium saccarine, cellulose, magnesium carbonate, and the like.

These compositions take the form of solutions, suspensions, tablets, pills, capsules,
sustained release formulations or powders and contain 10% te 95% of active
ingredient, preferably 25% to 70%. Where the vaccine camposition is lyophilised,
the lyophilised material may be reconstituted prior to administration, e.g. as a
suspension. Reconstitution is preferably effected in buffer.

" Capsules, tablets and pills for oral administration to a patient maybbe
provided with an enteric coating comprising, for example, Eudragit “S”, Eudragit
“L”, cellulose acetate, cellulose acetate phthalate or hydroxypropylmethy! celtulose.

The polypeptides of the invention may be formulated into the vaccine as
neutral or salt forms. Pharmaceutically acceptable salts include the acid addition
salts (formed with free amino groups of the peptide) and which are formed with
inorganic acids such as, for example, hydrochloric or phosphoric acids, or such
organic acids such as acetic, oxalic, tartaric and maleic. Salts formed with the free
carbéxyl groups may also be-derived from inorganic bases such as, for example,
sodium, potassium, ammonium, calcium, or ferric hydroxides, and such organic
bases as isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine and
procaine.

Formulations suitable for parenteral administration include aqueous and non-
aqueous sterile injection solutions which may contain anti-oxidants, butfers,
bacteriostatis, bactericidal antibiotics and solutes which render the formulation
isotonic with the bload of the infended recipient; and aqueous and non~aqueéus

sterile suspensions which may include suspending agents and thickening agents, and
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liposomes or other microparticulate systems which are designed to target the
compound to blood components or one or more organs.

Of the possible formulations, sterile pyrogen-free aqueous and non-aqueaus
solutions are preferred. Also preferred are formulations in which. the polypeptides of
the invention are contained in liposomes. Injection solutions and suspensions may be
prepared extemporaneously from sterile powders, granules and tablets of the kind
previously described.

Oral methods of administration may préducc a systei'nic effect. Orally active
preparations can be formulated in any suitable carrier, such asa gel, toothpaste,
mouthwash or chewing gum. '

It should be understood that in addition to the ingredients particularly
mentioned above the formulations of this invention may include other agents
conventional in the art having regard to the type of fémm[ation in question.

Accordingly, the present invention provides a method of vaccinating a

- mamumalian host :«;\gai.nst infections caused by pneumococci or treating such
infections, which method comprises administering to the host an effective amount of
a pharmaceutical composition as described above, for example a vaccine
compaosition.

Antibodies, including monoclonal antibodies, and fragments thereof such as
Fab fragments can be formulated for passive immunisation as indicated above for the
formulation of including polypeptides of the invention. Preferred formulations for
passive immunisation inchude solid or liquid formulations such as gels, toothpastes,
mouth-washes or chewing gum. o

A further aspect of the present invention is a naked nucleic acid vaccine. In
this embodiment, the vaccine composition comprises a nucleic acid, typically an
isolated nucleic acid, preferaﬁly DNA, rather than a polypeptide. The nucleic acid is
injected in to a mammalian host and expressed in vivo, generating a polypeptide of
the invention, This stimulates a T-cell response, which leads to protective immunity
against Streptococcus pneumoniae, for example against dental caries, in the same
way as direct vaccination with a polypeptide of the invention.

Nucleic acid vaccination can be carried out with any nucleic acid according

to the invention as long as it encodes a polypeptide that stimulates a T-cell and or B-
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cell response. These nucleic acids will typically be included within an expression.
vectors as defined above. In such an expression vector, the mucleic acid according to
the invention will typically be operabiy linked to a promoter capable of directing its
expfession in a mammalian host cell. For example, promoters from viral genes that
are expressed in the mammalian cells such as the cytomegalovirus (CMV) immediate
early gene promoter are suitable. Also suitable are promoters from mamrmalian genes
that are expressed in many or all mammalian cell types such as the promoters of -
"housekeeping" genes. One such promoter is the p-hydroxymethyl-CoA-~
reductase(HMG) promoter (Gautier et al (1989): Nucleic Acids Research; 17,8839).

For naked nucleic acid vaceination, it is preferred that the nucleic acid
égquence agcording to the invention is incotporated into a plasmid vector, since it has
been found that cavalent closed circle (CCC) plasmid DNA can be taken up directly
by muscle cells and expressed without being integrated into the cells' genomic DNA
(Ascadi et al (1991): The New Biologist; 3, 71-81). Naked nucleic acid vaccine may
be prepared as any of the types’of formulation mentioned above in respect of
conventional polypeptide-based vaccines. However, formulations suitable for
parenteral injection, especially intramuscular injection, are preferred. Naked nucleic
acid vaccines may be delivered in any of the ways mentioned above in respect of
conventional polypepﬁde-based vaccines but intramuscular injection is preferred. -
) Alternatively, nucleic acid vaccines may be provided suitable for
administration by particle bombardment, or in formulations comprising liposomes or
cationic lipid formulation such as lipofectin or otber suitable carriers.

Accordingly, the present invention provides a vaccine composition
comprising a nucleic acid sexiueuée or vector as described above and an acceptable .

carrier.

Introduction to the experimental work ‘

Complement-dependent opsonophagocytosis is a crucial defense against
infection with Streptoceccus preumoniae (33). Two recent studies discuss how type
3 pneumococei may subvert the normat function of the complement system. One
study (14) showed that the alternative pathway of complement is essential for

efficient clearance of bacteria, and that pneurnococcal interference with complement
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activation is a virulence determinant. Based on comparisons of PspA-negative
mutants with wild type bacteria the researchers claim that PspA blocks recruitment
of the alternative pathway, by an unknown mechanism. Another study (15) describes
the binding of complement factor H to trypsin-sensitive structures at the surface of
prneumococei, independent of previous activation of complement. Notably, the study
_rules out any mejor contribution of PspA with respect to binding of fH. The findings
indicate that factor H binding proteins might constitute an independent virulence
factor. '
The present investigation describes a novel pneumococeal surface protein,

responsible for the binding of Hin typé 3 poeumacocci. The gene encoding the

protein (Hic) is found in the locus of pspC, a possible virulence determinant and

" protective antigen, but shows highly atypical characteristics compared to previously

described pspC alleles. In a study where a number of pspC alleles were sequenced
(16) the type 3 strain was considered pspC-negative, since there was no protein
reacting with PspC-antibodies and PCR experiments failed to amplify the pspC gene.
Apart from a region in the NH2 -terminal part of the protein, there is little sequence
homology between Hic and PspC. Furthermore, Hic is anchored to the cell wall by
the presence of an LPXTGX motif while PspC harbors the choline binding motif, In
this respect, Hic is similar to the M pl‘OtEi;] in S pyogenes, also known to bind fH
(11). A Hic-deficient mutant failed to absorb fH from human plasma, in contrast to
the wild type strain. This mutant did not bind radiolabelled fH, indicating that most
or all of the fH binding to PR218 bacteria is due to the presence of Hic at the
pneumococcal surface. Althopgh an extensive screening waé not performed, most of
the strains examined showed binding of fH, suggesting that this phenotype is not
confined to type 3 strains. Furﬂiexmore, the recombinant fH-binding fragment of Hic
could compete with binding of radiolabelied fH to pneumococei of different
serotypes. PspC may confer fH binding to pneumococci by virtue of the region
similar to Hie, but it cannot be excluded that other surface structures interact with the
same part of fH as Hic does. Surface plasmon resonance expetiments with the fusion
between GST and the NH2 -terminal Hic region (GST:Hic*?*' ) and fH showed that
the interaction has high affinity. '
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The presence of a similarity region in the NH2 ~terminal part of various PspC
proteins and Hic, offers the interesting possibility that this rather variable region,
contained in the recombinantly expressed Hic fragment, is responsible for factor H
binding in many pneumococeal strains. It has previously been shown that PspCis a
protective antigen, and the NH2 -terminal region probably has to undergo significant
genetic variation in order to avoid eliciting specific antibodies. This, however, does
not preclude specific binding of fH. In comparison, the MS and M6 proteins of S.
pyogenes have been shown te bind factor H-like protein 1 by their hypervariable
region (12). Similarily, several M-like proteins bind another complement regulatory
protein, C4 binding protein (34), by the hypervariable NH2 -terminal region. We
found that a type 2 mutant strain that expressed an NH2 -terminally truncated form
of PspC failed to absorb fH from plasma, unlike the parent strain D39. Although not
conclusive, since the truncation also involved a part of PspC that shows no homology
with Hic, this experiment suppdrls the idea that fH binding could be
mefiiaw& by the NH2 -terminal regions of both PspC and Hic.

Many studies have showed that interference with the function of the
complement system is a highly relevant aspect of pneumococcal virulence. More
specifically, the binding of fH has been shown to correlate with resistance to
opsonophagocytosis. A previous study showed that type 3 pneumococei, despite C3b
deposition on both cell wall and capsule, strongly Tesist phagocytosis (29). Our data
show that hic, a highly atypical pspC allele, encodes the major fH-binding protein of
type 3 pneumococci. The complement inhibitory function of fH is unaffected by the
interaction with Hic. By accumulating an active complement inhibitor at the
pueumococcal surface, Hic may act alone or in concert with PspA to Block
deposition of C3b and concomitant opsonophagocytosis. As previously described, a

putative C3 proteinase in types 3, 4 and 14 pneumococci (35) should have similar
effects. The present observation that a region of Hic shows an intrinsic capacity to
inhibit the alternative pathway further underlines the significance of this virulence
mechanism. In conclusion, pneumococci appear highly prone to interfere with the
complement system. Binding of fH, by different mechanisms, has also been
described for group A streptococei (11), Y. enterocolitica (13), and N. gonorrhoeae
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(36,37) and may represent a widespread theme in bacterial adaptation to the human
host.
The present invention will now be described with reference to the enclosed

figures, in which:

Experimental procedures

Bacterial strains

Strains of §. preumoniae used in this sfudy are described in Table 1. In
unencapsulated strains PR201, PR212, PR215, and PR218 the whole capsule locus is
deleted and substituted with a kanamycin (Km) resistance cassette (provided by F.
Tanelli, B. J. Pearce and G. Pozzi). Pneumococci were grown at 37°C in TSB (Difco)
or on TSA (TSB with agar) supplemented with 3% horse blood. Where appropriate,
kanamycin (500 pg/ml) or chloramphenicol (3 pg/ml) was added. Bacteria used for
binding assays were grown in fodd-Hewitt broth (Difco), supplemented with 0.2%
Yeast extract (Difco). Escher‘*ichia coli strain DH5a was grown in Luria-Broth
(Difco) or on LB-agar, supplemented with ampicitlin (50 ug/ml) when containing
pGEX. ’

DNA methods, cloning, and sequencing

By PCR SOEing (19), a chloramphenicol transferase cassette was flanked By
sequences found up-and downstream of hic. PR218 was transformed with this
construct. By double cross-over mutagenesis the Aic gene was consequently replaced

with the cat cassette, generating the hic-deficient mutant FP13.

Oligonucleotides HICA] (5’~TGGGATCCCAGAGAAGGAGGTAAC TAC-

3", SEQ ID NO: 2) and HICr1 (5°-GGAGCCTGAATTCGACGAAG-3’, SEQ ID
NO: 3), containing BamHI and EcoRI restriction sites respectively, were used in a
polymerase chain reaction (PCR) to amplify DNA conespoﬁding to amino acids 39
0 261 in Hic. The PCR was performed with Taq polymerase (Gibco BRL), and
consisted of 30 cycles at 94°C for 1 min., 50°C for 1 min., and 72°C for [ min.,
followed by a final extension at 72°C for 7 min. Template was prepared by
resuspendiﬁg bacterial colonies in water, boiling for 5 min., and removal of bacterial
debris byv centrifuging at 13000 x g. The PCR-amplified fragment was gel-purified

{
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with Sephaglas Bandprep (Pharmacia Biotech), digested with BamHI and EcoRI
(Pharmacia Biotech) and ligated with likewise digested vector pGEX-5X-3
(Pharmacia Biotech) using T4 DNA ligase (Pharmacia Biotech). Plasmid pGEX-5X-
3:hic(39-261) was then electroporated into DH5a E. colf according to the GST gene
fusion system protocol (Pharmacia Biotech). Transformants were screened for

. presence of insert by plasmid mini-preps and restriction enzyme digestion. The clone

~ used for overexpression of the fusion protein GST:Hic™ ! was verified by purifying
the plasmid and sequencing the complete insert. Fusion protein was affinity purified
according to the instructions in the GST gene fusion system manual (Pharmacia -
Biotech). '

Ligand binding and protein methods

Plasma absorption experiments were performed with log-phase pneumococci
{ODgoo appr. 0.4). Bacteria were washed twice in PBS, pH 7.4, containing 0.05 %
Tween 20 (PBST), and the bacterial concentration was adjusted to 2 x 10" cells/m.
100 ul of bacteria were incubated for 1 b with 100 pl of human plasma. Bacteria
were washed five times with PBST, and bound proteins were eluted from the cells
with 100 ul 0.1 M glycine/HCI, pH 2.0. The pH of the eluted material was adjusted
to appr. 7 with 1 M Tris. C3-deficient serum was obtained from a patient with
selective complete C3 deﬁciency (C3 < 1 mg/liter), kindly provided by Dr. G.
Eggertsen, Huddinge Hospital, Sweden.

Protein samples were separated by SDS-PAGE (20) containing 8-12%
acrylamide. Proteins were blotted onto an Immobilon-P™ PVDF-membrane
(Millipore) as described (21). Rabbit polyclonal antisernm against fH diluted 1:1000
was the source of primary antibodies. Horseradish peroxidase-conjugated anti-rabbit
goat antibodies (Bio-Rad, Bio-Rad Laboratories, CA) were used as secondary
antibodies, and detection of immuno-reactive bands was petfofmed by
chemiluminescence as described (22). .

Slot blot, Western blot and bacterial binding assays were performed with fH
(Sigma), radiolabelled with %' using the Iodobeads kit (Pierce). Unincorporated 125
was removed by gel filtration on Sephadex G-25 (Pharmacia Biotech). Slot blots
were performed by applying 5, 1, 0.02 and 0.004 pg of purified protein onto
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nitrocellulose membranes in a slot blot apparatus (Schleicher &Schuell). The
membrane was blocked for 4 x 20 min. in PBST containing 0.25% (w/v) gelatin
(Difeo). Radiolabelled fH (200000 cpm/m!) was then added, and the membrane was
incubated for 1 h at room temperature. The membrane was washed for 4 x 20 min. in
PBST, 0.5 M NaCl, and membrane-associated radioactivity was visualized by
exposure onto a phosphoimaging plate (Fuji Photo Film). Western blot membranes
were treated in the same way. Binding assays with pneumococci were performed as’
described (23), using log-phase bacteria (ODggo appr. 0.4).

Surface plasmon resonance was performed by coupling affinity-purified anti-
GST antibodies (Biacore) onto sensor chip CMS5 (Biacoré) by standard amine
coupling, according to the manufacturers instructions. Appr. 10000 resonance units
(RU) of antibodies were coupled. Each cycle of analysis was then commenced by
immobilization of 500-1500 RU of GST or GST:Hic** ! (10pug/ml), followed by
injeéﬁon of fH (2 - 0.127 pM). The kinetic studies were performed in PBST. Each
cycle was terminated by the regeneration of the chip with 10 mM glycine pH 2.2.
Global analysis of data was performed with multiple models in BiaEvaluation 3.0.

Hemolysis assay

A previously described assay for the measurement ofﬁ%mediated inhibition
of the alternative pathway was employed (24). Rabbit erythrocytes (National Institute
of Veterinary Msdiéiue, Uppsala, Sweden) were washed and suspended at 5 x 10°
cells/ml. The serum of a patient with homozygous C2-deficiency (25) was used as a
source of complement. Highly purified fH was also kindly provided by Dr. L.
Truedsson. The hemolytic reaction was performed in veronal-buffered saline with 16
mM EGTA, 4 mM Mg? and 0.1 % gelatine. The concentration of C2-deficient
serum producing about 80% hemolysis in the assay system was determined in
preliminary experiments. Final incubation mixtures contained C2-deficient serum
diluted 1/12 (200 pl) with or without additional proteins (fH, GST, or GST:Hic™*26L,
at 30, 90 or 60 pM, respectively) and 2.5 x 107 rabbit erythrocytes (50 ul). The
erythrocytes were added 5 min after the other reagents. After 5-40 min reactions
were stopped by the addition of 750 pl cold VBS, 10 mM EDTA. Samples were
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centrifuged at 3000 rpm for 5 min,, and the supernatants were removed for

measurement of light absorbance at 412 nm.

Biocinformatics

Sequence comparisons were performed with MacVector 6.5.3 (Oxford
Molecular, Oxford, United Kingdom). Database searches utilized the Entrez server at
The National Institute for Biotechnology Information. The sequence of PspC from

the type 4 pnewmococcus was obtained from The Institute for Genomic Research

website at hgg://www.ﬁgg:org.

Results
Binding of complement factor H by S. pneumoniae

Previous observations in our laboratory indicated that S. prewmoniae is
capable of absorbing proteins from human plasma (unpublished results). To better
investigate the nature of these interactions, a series of strains (Table 1), both

encapsulated and unencapsulated, was incubated with plasma.
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Table 1 - Streptococeus pneumoniae strains
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Bacterial Relevant Properties

Strains

Source of Reference

A66 Capsulated clinical strain (type 3)
PR218  Km". Unencapsulated derivative of

AG6

FP13 Cm®, K, Hic, Mutant of PR218

in which Aic is deleted and

substituted with 4 car cassette.
D39 Capsulated clinical strain (type 2)

Rxl ‘Unencapsulated derivative of D39

PR201  Km®. Unencapsulated derivative of
D39

FP7 PspC deletion mutant of Rx1 (in-

frame deletion of nucleotides 124 to
1338, GenBank accession no.

AFQ67128) .

G54 - Capsulated clinical strain (type 19f)
PR212  Km® Unencapsulated derivative of

G54
3496 Capsulated (type 3)

PR215  Km".Unencapsulated derivative of

3496

@8,39)

Iannelli, Pearce, and Pozzi
(unpublished)

This work

(38, 40)

(41

Tannelli, Pearce, and Pozzi
(unpublished)

) This worlk

(39)

Jannelli, Pearce, and Pozzi
(unpublished)

39

Tannelli, Pearce, and Pozzi
(unpublished)

After washing, plasma proteins bound fo the pneumococci were efuted and

separated by polyacrylamide gel electrophoresis (PAGE). In particular SDS-PAGE

analysis of plasma proteins absorbed by and eluted from D39, HBS565, 3496, G54,
PR201, PR212, PR218 and FP13 was carried out, Diluted plasma and pH were also
ran on the gel. Strains D39 (type 2, eucapsul'ated)b, and all four unencapsulated

strains (serotypes 2, 3, 3, and 19) absorbed a protein with an estimated molecular
mass of 140 kDa. In repeated experiments PR218, an unencapsulated derivative

(Pearce, lannelli and Pozzi, manuscript in preparation) of Avery strain A66,
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consistently showed the most prominent absorption of the 140 kDa protein. The
protein absorbed by PR218 was subjected to trypsin-in-gel digestion, and six internal
framents were sequenced by Edman degradation.

Thesebsequencss showed 100% identity to various regions in human
complement factor H. A replica of the gel obtained was transferred to a PVDF
membrane by electroblotting, and probed with a rabbit anti-fHl antiserum. The
antiserum reacted with the aforementioned 140 kDa band, a band of similar size in
plasma, and purified fH. There was also a weak reacﬁ{'ity with a band corresponding
to appr. 50 kDa. When subjected to Nsz -terminal sequencing, the band was
identified as human immunoglobulin heavy chains, suggesting specific or unspecific
binding of immunoglobulins to preumococci, and subsequent crossreactivity with
the secondary goat anti-rabbit antibodies.

To exclude that binding of fH was secondary to complement activation and
deposition of C3 at the bacterial surface, the plasma absorption with strain D39 was
repeated using a C3-deficient serum. The protein reacting with anti-fH antibodies
was present in equal amounts when comparing results from absorptions of normal
human plasma and the C3-deficient serum (data not shown), showing that fH binding
is independent of C3. . )

A group of §. preumoniae strains was examined for binding of radiolabelled
H. Most strains showed significant binding of {H, although the degree of binding
varied considerably between strains (Téble 2). ‘

Table 2. Binding of radiolabelled fH to pneumococci

FH binding (5)*

Strain type © encaps. unencaps.
D3OPRIOT 3 23 36
3496/PR215 3 S 154 266
HB565/PR218 3 27.6 40.8
GS4/PR212 T 33.9 359
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* Four pairs of encapsulated/unencapsulated strains were examined. Binding
is expressed as the percentage of added radioactivity. Results are means of two

. "experiments with duplicate samples.

Encapsulated strains generally bound somewhat less than the corresponding
unencapsulated strains. To investigate whether the binding was mediated by
proteinaceous structures, binding of fH to strain PR218 was examined following
treatment of bacteria with different proteases (data not shown). Binding was almoét
completely abolished by pretreatment with papain. Trypsin also caused a major
decrease, whereas pepsiﬁ had a moderate effect (<50% decrease). Thése results
confirm a previous observation (15) that fH binding can be abolished by pretreatment
of bacteria with trypsin. ‘

Identification and sequence amalysis of a candidate gene encoding a fH-binding
protein .
A recent paper (15) suggests that type 3 pneumococci are resistant to
complement activation and phagocytosis by virtue of i binding to proteinaceous
surface stractures. Previously described bacterial surface proteins known to interact
with 5 include streptococcal M proteins (11) and YadA (13) from Y. enterocolitica.
Nucleotide and amino acid sequences of YadA, M1, ML.1 (26), M6 (27), and the M-
like prbtcin H (28), were used to search 2 pneﬁmococcal (type 4 strain INR.-7/87)
genome database obtained from The Institute for Genomic Research '
(http://www.tigr.org). The highest scoring homology for all the probes was found in

a 2106 bp open reading frame (ORF), encoding a putative protein of 702 amino acids
(a). The degree of homology between the pneumococcal protein and the fH-binding
proteins used for searching was low, but significant, when comparing the full
sequences. However, there were several limited regions of markedly higher
homology. A GENBANK search with this putative protein identified it as an allele of
PspC, also denoted SpsA, CbpA, or PbcA (16). PspC was then conversely used to
search the Strepfococcus pyogenes genome sequencing project, and the highest

scoring match was found to encode the M1 protein.
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We chose to sequence the chromosomal Jocus of the pspC gene in Avery
strain A66 (type 3) and its derivative PR218. Serotype 3 strains strongly resist
phégocytosis (29), and PR218 shows a prominent absorption of fIf from human
plasma. The locus contained a 1836 bp ORF, encoding a putative protein of 612 aa.
The gene was tentatively named hic, for factor H binding inhibitor of complement
(GenBank accession number AF252857). The Hic protein (schematically depicted in
fig. 1, top) contains a proline-rich region consisting of 22 rcpéats of 11 amino acids.
Near the COOH-terminus there is a consensus sequence LPSTGS, typical of Gram-
positive cell wall-anchored proteins (30). This sequence is followed by a
hydrophobic COOH-terminal tail. The Hic sequencé was used to search the
streptococeal Genome Project database, and identified M protein as the best match.
Several pneumococcal surface proteins were found to be homologous to Hic. SpsA
from type 2 and type 47 pneumococci contains a region highly homelogous to Hic.
SpsA binds secretory IgA and its secretory component (17). CbpA (18), an adhesin
and virulence determinant in type 2 pneumococei, also contains this region, as does
PbcA (unpublished sequence from GENBANK). SpsA2, CbpA, and PbcA together
form the D39-lineage of PspC alleles (16). The 149 aa long NH2 -terminal region of
Hic, inchuding the predicted 37 aa leader peptide, was aligned with the corresponding
region in PspC proteins frém serotypes 1, 2, 4, 6A, and 19 (Fig. 2). No particulaf
function has previously been suggested for this region in the PspC proteins.

Interestingly, the remainder of Hic showed no significant homology to the PspC
- proteins except for shorter stretches in the proline-rich region of PspC. In condrast to
Hic (Fig. 1, bottom), the PspC proteins contain a series of repeats with choline-
vbinding motifs, a different mechanism for surface attachment. Computer predictions
(31,32) of the secondary structure resulted in strong predictions of a-helical structure
in the NH; ~terminal region of both Hic (aa 40 - 270) and PspC (aa 50 - 250).

Construction and properties of a Hic-deficient mutant strain

To investigate the possible contribution of Hic to pneumococcal fH-bindiﬁg,
the unencapsulated strain PR218 (serotype 3), showing fhc most pronounced
absotption of fH from humean plasma, was chosen for further studies. Splicing by

overlap extension (gene SOEing) (19) was used to flank an antibioticum resistance
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cassette with sequences found up- and downstream of the hic gepe. PR218 was
transformed with this construct and the hic gene was delefed by double cross-over
mutagenesis. The resulting strain, FP13, grew as well as the parent strain in ordinary
growth media. The deletion of hic was confirmed by PCR experiments.

The mutant sirain was subjected to plasma absorption experiments identical
to those described above. In contrast to the parent strain, no band at the position of
11 was detected with the anti-fH antiserum. Furthermore, the binding of

»radiolabelled £ to wild type and mutant bacteria was examined using serial dilutions
of bacteria (Fig. 3). Unlike the parent strain PR218, the mutant strain FP13 showed
background levels of fH binding even at the highest bacterial concentration. The
possible contribution of PspC to pneumococcal fH binding was also examined

by constructing a mutant derivative of D39, where the pspC gene has been truncated
so that the 405 NH2 -terminal amino acids are missing in PspC. This mutant, called
FP7, was used in plasma absorption experiments, and no band reacting with the anti-

fH antibodies was eluted (data not shown).

Mapping of the factor H-binding region of Hic
. We decided to investigate the binding properties of the non-repeat region of
Hic, including the part shared by Hic, PspC, CbpA, SpsA, and PbeA. Therefore, the
hic region encoding the NH, —terminal part of Hic (aa 39 - 261) was cloned into the

. vector pGEX, resulting in a fusion with the gene encoding GST. Control sequencing
of the insert verified the présence of the partial hic gené, shawing 100 % identity
with the DNA sequence from strain A66. GST:Hic*®*' and GST were :
overexpressed, aﬁ‘mity purified, and analysed by SDS-PAGE. Although partly
degraded, the main protein band had the expected mass (54 kDa). An identical gel
was blotted to a membrane, which was then incubated with radiolabelled fH, washed,
and subjected to autoradiography. fH bound to GST:Hic™, but not to GST. The
fusion protein and the GST control were also applied in serial difutions {5,1,02and
0.04pg) onto a nitrocellulose membrane. The membrane was probed with
radiolabelled fH, which showed binding to the fusion protein, and no binding to
GST. Furthermore, the fusion protein was used ina competitive binding assay to

investigate whether GST:Hic**?%! could compete with fH binding to PR218 bacteria.
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The result (Fig. 4) shows that the Hic domain of the fusion protein blocks bacterial
fH binding, whereas GST alone does not affect binding. Similar experiments were
performed with S. preumoniae strains 3496, G54, PR215, and HB563. Also in these
experiments GST:Hic 39-261 blocked the binding of fH to the teéted strains, whereas
GST had no effect (data not shown). The G54 strain is of serotype 19, and the
similarity befween Hic and PspC of a type 19 pneumococcus (see Fig. 1B) implicates
that fif binding to non type 3 strains is mediated by the PspC region homologous to
Hic. ’

The interaction between GST:Hi¢**?*! and fH was further examined by
surface plasmon resonance. Anti-GST antibodies were coupled toa
carboxymethyldextrane chip, followed by the immobilization of GST: Hic*?%! a5 the
ligand. Highly purified fH was used as the analyte at various concentrations. fH
jnteracted with GST:Hic**?% aver the whole range of concentrations (0.1 -2 uM),
showing partial saturation at the highest fH concentration. The experiment was
repeated three times, with independent couplings onto the chips. A representative
experiment with consecutive regeneraﬁons of one chip is shown (Fig. 5). Asa

control, GST was similarily immobilized on an anti-GST antibodies chip. No binding

" of fluid phase fH was obtained (data not shown). A global analysis of data was

performed to determine rate constants of association/dissociation and constants of
association and dissociation, applying the standard Langmuir 1:1 model. Values are

mean + SD from three different experiments.

ke (10°x Ms™)  ka(10%x5h) Ka(l0'xM?) Kp(10°xM)

Hic -+ fH 282024 61+2.4 5019 23+1.1

Hic and complement mhzbttton

From a functional point of view, an important question is whether the binding
of Hic to fH affects the complement inhibitory function of fH. To address this issue
we adapted a previously described methodology where complement-mediated lysis

of rabbit erythrocytes in serum is inhibited by the addition of fH (24). By using a C2~
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deficient serum as a source of complement, any influence from the classical pathway
was excluded. Initial experiments were performed and showed a dose-dependent
inhibition of alternative-pathway mediated hemolysis when fH was added (data not
shown). By increasing the concentration of fH in the reaction threefold (relative to
fH in serum), a complete inhibition of hemolysis was achieved. Smaller i1
increments resulted in partial inhibition of hemolysis. The effect of GST:Hic® 2!,
GST, or {H and GST:Hic*?* (1:2 molar ratio) on hemolysis was investigated. A
preincubation step (5 min) allowed some time for equilibration of the fH and
GST:Hic® %" interaction. A kinetic study of hemolysis showed that the presence of
GST:Hic®?%! in the reaction did not decrease the fH-mediated inhibition of

complement activation. Rather, the simultaneous presence of fH and GST:Hic**?!

resulted in increased inhibition. Interestingly, GST:Hic® 9-261

intrinsic complement inhibitory effect, as hemolysis was partially inhibited when the

seemms to have an
fusion protein alone (with no surplus fH) was added (Fig. 6).
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Claims

1. A polypeptide having the ability to bind factor H comprising:

(a) the amino acid sequence of Thr38 to Lys149 of SEQ IDNO: 1
(b)  avariant of (a) which is capable of binding factor H,or

() . afragment of (a) or (b) of at least 20 amino acids in length
which is capable of binding factor H, for use in prophylaxis or
therapy.

2. A vacéine composition comprising a polypeptide having an amino
acid sequence selected from:

(@)  the amiino acid sequence of Thr38 to Lys149 of SEQ ID NO:
1, . )
()  avariant of (a) which is capable of generaﬁng an inumune
response to Streptococcus preumoniae of bmdjngbto an anti-protein
Hic antibody, or :
© a fragment of (a) or (b) of at least 6 amino acids in length )
which is capable of generating an immune response against
Streptocaccus pneumonige, or of binding to an anti protein Hic

) antibody.

3. A polypeptide according to claim 1 or claim 2, wherein the variant (b)
has at least 50%, preferably at least 60%; and most pfeferably at least 70% sequence
identity with the scquehce (a).

4. A polypeptide of 15 to 800 amino acids in length comprising:

(a) the amino acid sequence of SEQ ID NO: 1,01
(b)  apolypeptide showing sequence idéntity of at least 85%,
preferably at least 95%, and most preferably at least 99% sequence identity with (a).

5. A palynuclectide encoding a polypeptide as defined in any one of
claims 1 to 4, the polynculeotide comprising: '

(i) the nucleotide éoding sequence of SEQ IDNO: 4 ora
sequence complementary thereto,
(i)  anucleotide sequence which selectively hybridizes to said

sequence (i) or a fragment thereof, or
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(iti)  anucleotide sequence which codes for a polypeptide having
the same amino acid sequence as that encoded by a said sequence of
@) or (ii). '

6. A factor H-binding protein comprising an amino-tetminal amino acid
sequence showing a homology of at least 50 %, preferably at least 60 %, and most
preferably at least 70 % with the subsequence from Thr38 to Lys149 of the sequence

- of SEQ ID NO: 1, for medical use. v

7. A factor H-binding peptide compriéing 20 — 200 amino acids, said
peptide showing a homology of at least 50 %, preferably at least 60 %, and most
preferably at least 70 % with the subsequence from Thr38 to Lys149 of the sequence
of SEQ ID NO: 1, for medical use.

8. A Hic protein-derived polypeptide comprising 15 — 800 amino acids
which polypeptide shows a homology of at least 85%, preferably at least 95 %, and
most preferably at least 99 % with the amino acid sequence of SEQ IDNO: 1.

9. A polypeptide according to claim 4 or 8, for medical use.

100 A mucleic acid sequence encoding a factor H-binding protein or
peptide according to any one of claims 6 to 8. v .

11. A recombinant vector comprising a polynucleotide according to claim
5 or claim 10.

12. A vector according to claim 11 wherein the vector is an expression
vector and said polynucleotide is operablyv linked to a regulatory sequence.

13. A host cell transformed with a vector according to claim 11 or claim
2. '

14. - Anisolated antibody, preferably a monoclonal antibody, specifically
binding a polypeptide according to any one of claims 1 to 4 or 6t0 8.

“15. A pharmaceutical composition comprising a polypeptide according to
any one of claims 1 to 4 or claims 6 to 8, together with 2 pharmaceutically acceptable
carrier, excipient or diluent.

16.  Use of a palypeptide according to anyone of claims 1 to 4 or claims 6
to 8 for preparing a vaccine composition against Streptococcus preumoniae

infections.
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17. A method of identifying an agent which inhibits binding of factor H to
Streptococcus preumoniae Comprises: ’ .
(a) providing a polypeptide as defined in claims 1to4or6to 8,
(b)  incubating said polypeptide with factor H and a test agent,
5 ’ - (&)  monitoring for binding of factor H to the polypeptide of (a)
and détexmining thereby whether the test agent inhibits binding of
factor H to the polypeptide of (a). v
18. A method of inhibiting the binding of factor H by Streprococcus
preumonioe comprising identifying ‘é substance which inhibits the binding of factor
10 H according to claim 17, and using an agent so identified to inhibit binding of factor

H to Streptococcus preumoniae.
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Pro

Lys
Thr
340
val
Glu
Glu
Pro
Pro
420

Glu

Pro
Glu
Lys
Pro
325

Pro

Lys

Val
Glu
405

Glu

Leu

Ala
150
Lys
2la
Leu
Lys
Lys
230
Glu
aly
Glu

Pro

Pro

Lys
His
Val
Lys
Asp
215

Ala

Ala

val

GIu
295

Glu

310 -

Glu

Lys

Pro

Lys
350
Thr

val

Glu

Pro

Pro

Glu

Lys

375

Pro

Pro

Lys

Thr

Asp

Lys

Lys

200

Gln

Phe

Ser

Lys

Gln
Gly
6lu
185
Glu

Leu

280

Thy

Vval

Glu

Glu

Leu

360

Glu

Lys

Pro

Pro
4490

Pro

Thxr

val

345

alu

Glu

Leu

Pro

Glu

425

Lys

Lys

arg
170

His
Gln
Lfs
gln
Lys

250

Lys

Glu-

Lys
Pro
Pro
330
Lys
Thxr
Val
Glu
Glu
410

Pro

Pro

155

Glu
Leu
His
Thr
Lys
235
Phe
Pro
Leu
Pro
Glu
315
Lys
pra
Pro
Lys
Thr
395
Val

Glu

Glu

Ala

Ile

Lys

Tyr

220

Leu

Lys

Glu

Glu

Glu

300

Leu

Pra

Glu

Lys

Pro

380

Pro

Lys

Lys
Asp
Lys
205
Leu

Ile

Thr
285
val
Glu
Glu
Pro
365
Glu
Lys
Pro

Pro

Lys
445

a7

PCT/EP01/08409

Gln Glu Ile

Leu
Leu
190
Thr
His
Ala
Pro
270

Pro

Lys

val
Glu
350
Glu
Pro
Pro

Glu

Lys
430

Asp
175
Leu
Val
Lys
Gilu
Leu
255
Glo
Lys

Pro

Lys
335
Thr
Val
Glu
Glu
Leu

415

@lu

160

Arg
Asn
Glu
Leu
Sex
240
Sexr
Pro
Pro
Glu
Lys
320
Pro
Pro
Lys
Thx
val
400
Glu

Glu

Pro
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Glu Thr Pro Lys Pro Glu Val Lys Pro Glu Pro Glu Thr
450 455 460

@lu Val Lys Pro Glu Pro Glu Thr Pro Lys Pro Glu Val
465 470 475

Leu Glu Thr Pro Lys Gln Lys Val Lys Pro Glu Pro Glu
485 490

Pro Glu Val Lys Pro Glu Pro Glu Thr Pro Lys Pro Glu
500 505

@lu Leu Glu Thr Pro Lys Pro Glu Val Lys Pro Glu Leu
515 520 . t 525

Lys Pro Glu Val Lys Pro Asp Asn Ser Lys Pro Gln Ala
530 535 540

Lys Pro Ser Thr Pro Asn Asu Leu Sexr Lys Asp Lys Gln
545 550 555

Gln Ala Ser Thr Asn @lu Asn Lys Lys Gln Gly Pro Ala
565 570

Pro Lys Ly:

a

Ser Leu Pro Ser Thr Gly Ser Ile Ser Asn
580 © 5B5

Glu Tle ala Gly Leu Leu Thr Leu Ala Gly Ala Thr Ile
. 595. ' &00 605

Lys Axg Met Lys
610

<210> 2

<211> 27

<212> DNA

<213> Streptococcus pneumoniae

<400> 2
tgggatccca gagaaggagg -taactac

<210> 3

<211> 20

<212> DNA

<213> Streptococcus pneumoniae

<400> 3
ggagcctgaa ttcegacgaag

<210> 4

<211l> 1838

<212> DNA

<213> Streptococcus pneumoniae

<400> 4

atgtttgcat tcaaaaaacy aagaaaagta cattattcaa tteogtaaatt tagtattgga 60

Pro

Lys

Thx

val

(78)

PCT/EP01/08409

Lys

Pro

Pro

495

Lys

510 |

Glu

Asp

Ser

Leu
5380

Ile

Asp

Ser

Asn

575

Ala

Ala

Pro

Glu

480

Lys

Pro

Pro

Asn
560
Lys

Leu

Lys

27

20
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gtagctagtyg
120
gaggtaacta
180
atgaaagcetyg
240
gatagaagaa
300
gagtatttge
360
ataaaagaaa
420
aaaaaggtag
480
gaagctctaa
540
gctgeagtta
600
gagcaacata
660
ttgcataagt
720
caatcaaaac
780
tcaggcteet
840
coagagotgg
200
gttaaaccag
960
ccagaggtta
1020
ccaaaaccag
1080
gaaacaccaa
1140
gagccggaaa
1200

aaa

tagctgttge
cccaagtage
ctaaacaagt
aacataccca
gtggattaag
agttaaccgc
cagaagctca
togttaaaca
ctgaacatct
cccatactgt
tagatgaatc
tagatgaagce
ccactaaace
aaacaccaaa
agccggaaac
aaccagagcc
aggttaaacc

aaccagaggt

caccaaaace

acce

cagtettttt
cacttctict
cgatgaatat
aaatgtcgge
tgtttcaaaa
égctctcgég
gaaaaaagceco
taaggggega
aaaaaaatta
agagttaatt
aacgcaaaaa
tttttctaaa
agaaactceyg
accagaggtt
accaaaacca
g§aaacacca
agagceggaa
taaaccagag
agaggttaaa

aaaa

1260
gaggttaaac
1320
aaaccagagg
1380
acaccaaaac
1440
ctggaaacac
1500
ccagageegy
1560
gttaaaccag
1620
gcagatgata
1680
caagcttcaa
1740

cégagccgga
ttaaaccaga
cagaggtitaa
caaaacagaa
aaacaccaaa
agctggaaat
agaagccate

caaacgaaaa

aacaccaaaa
gccggaaaca
acc;gagccg
ggttaaacca
accagaggtt
accaaaacca
aactccaaat

caagaagcaa

;tgggaagtg
aataaggcaa
atagaaaaaa
ttactcacaa
gagaagtcga
cagtttaaaa
aaggatcaaa
gaaatcéatt
ttgaatgaca’
aazaacttga
geccdactac
tttaaaaatg
cagccggaaa
aaaccagage
gaggttaaac
aaaccagagg
acaccaaaac
ctggaaadcac
ccagagctgg
gttaaaccag
ccagaggtta
ccaaaaccag
gaaacaccaa
gagcoggaaa
aaaccagagce
gaggttaaac
aatttaagea

ggtccagcaa

tggttcatge
ataaaagtca
tgttgagtga
agttgggege
cagctgagtt
aagatacatt
aagaagctaa
tagatqgaaa
tc§agaaéaa
aagatattga
agaaactgat
gettatette
caccaaaaca
cggaaacace
cégagctgga
ttaaaccaga
cagaggttaa
caaaaccaga
aaacaccaaa

agctggaaac

aaccagagcet

aggttaaacc
aaccagaggt
caccaaaacc
tggaaacacc
cagataatag
aggacaagca

caaataaacc

(79)

PCT/EP01/08409
gacagagaag
gacagaacat
gatccaatta
aattaaaacyg
googtcagaa
gaaatcagga
acaggagata
gaaggeaaag
tttaaaaaag
aaaaacgtat
cgeagaaagt
tteogtogaat
agaggttaaa
aaaaccagag
aacaccaaaa
gceggaaaca
accagagctg
ggttaaacca
accagaggtt
accaaaacca
ggaaacacca
agagccggaa
taaaccagag
agaggttaaa
aaaaccagag
caagccacaa
atcttotaac

gaagaagtca
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ttgccatcaa ctggatctat ttcaaatcta gcaéttgaaa ttgecaggtct tottaccttg

1800
gegggggeaa ccatbtcttge taagaaaaga atgaaatag
1839

<210> 5
<211> 488
<212> PRT
<213> Streptococcus

<400> §

Met

1

TPhe

Gly

Thr

Glu
&5

Lys
145

val

Ala

rhe

Ser

val

Sexr

50

Ile

Lys

Val

Glu

Gly

130

Lys

Thr

Lys

alu

Glu

210

Ala

Ala

Ala

Ile

Val

35

Ser

Gln

Leu

Leu

Val

11is

Glu

ala

Tyr

Glu

Asp

198

Ala

Thx

Lys

sexr

aly

20

His

aly

Leu

Sex

Glu

100

Asp

Lys

Lys

Lys

Ala
180

Thr

Thx

Lys

5
Val
ala

Asp

Asp

85

Glu

Ala

Val

Asp

Thr

165

Glu

Ile

Arg

Leu

Lys

pneumoniae

Ser

Ala

clu

Glu

Lys

70

Ile

Lys

Ala

Ala

Gla

150

Leun

Leu

Asn

Leu

Glu

230

ala

Glu
Sexr’
a1y
Val

55
Arg
Lys
Ser
Phe
Glu
135
Lys
Glu
Glu
Gin
Lys

215

Asn

Glu

Arg
Val
Val
) 40
Asp
Lys
Thr
Lys
Glu
Ala
Glu
Leu
Leu
Ala
200

Ile

aAla

Lys
Ala

25
Axg
Glu
His
Glu
Ala
105
Lys
Gln
alu
Glu
Leu
185
Lys
Ile
Lys

Glu

Val

10 -

Val
Sexr
TYY
Thr
Tyr

90
elu
Phe
Lys
Rsp
Ile
170
Lys
Ala
Lys

Thx

Glu

His
Ala

Glu

Leu
Lys
Lys
His
155
Alja
Giu
Lys
Thr
Asp

235

val

.Tyr

Ser
Bsn
Lys

60
Asn
Tyx
Thr
Lys
val
140
Arg
alu
Glu
Val
Asp
220

Arg

Lys

Ser

Leu

Thr

45

Lys

Phe

Ser

Asp

125

Glu

Asn

Ser

Ala

Lys

205

Arg

Glu

Ile
Phe
30

Pro

Lys

110

Thr

Glu

TyY

Asp

Lys

190

Ser

Glu

Lys

Lys

(80)

PCT/EP01/08409

Arg

15

Leu

Lys

Leu

Leu

Lys

95

Leu

Ala

Pro

Val

175

Thr

Glu

Gln

Ala

Leu

Lys
aly
val
Sex
Asn

80
Vai
Lys
Lys
Lys
Thx

160

Lys

Glo
Ala
Glu

240

Lys
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Lys

305

Ile

Lys

Lys

Ile
385

Arg

Glu

Pro

290

Lys

Arg

ala

Glu

Ala

370

Lys

Glu

Ala

ala

Ala

450

Tyr

Gln

<210> 6

<211>
<212>
<213>

<400> 6

atgtttgecat cyaasagcga aagaaaagta cattattcaa ttegtaaatt tagtattgga 60
gtagctagtg tagotgttge tagcttgtte ttaggaggag tagtccatge agaaggggtt

120

Thx

Asn

275

Sex

Vval

Arg

Glu

Glu

3585

Lys

Thr

asp

Pro

Pro

435

Asn

Pro

1464
DNA
Streptococcus pneumoniae

Lys

260

Asp

Pro

Ala

Asn

Ser

Ala

Val

Lys

Gln

420

Lys

Gln

Arg

Sex

245

Arg
Ala
Ber
Glu
325
Asp
Lys

Glu

val
405
Pro
Pro
Gln

Leu

Thr
485

Ala

Lys

Leu

Ala

310

Pro

Val

Glu

Ser

Lys

390

Lys

Glu

Glu

Ala

470

Pro

Val

Ser

Lys

295

Glu

Thr

Lys

Ser

Lys

375

Lys

Lys

Asn

Glu

455

Gln

Lys

Pro

Sexr

280

Ser

Lys

Asn

Vval

360

Lys

Ala

Lys

Pro

Pro

440

alu

Gln

Thx

Gly

265

Bsp

oly

Lys

Thr

Lys

3458

Asn

Ala

Glu

Pro

Thr

425

Ala

Gln

Sex

Lys

ala

Tyx
330

‘alu

Glu

Glu

Glu

Ala

410

Glu

Glu

Tyr

Pro

Pro

Sex

Lys

Lys

315

Ala

Glu

ala

Rla

395

Glu

Glu

Gln

Ala

Pro
475

Ala Thr
val Gly
285

Val aAla
300

Asp Glm

Thr Leu

Glu Leu

Lys Val

365

Thr Arg
380

Lys Axg

Gln Pro

Pro Glu

Pro Lys
445

Arg Arg
460

Lys Thr

Fro
270
Glu

Glu

Lys

Glu
350
Lys
Leu
Arg
Gln
Asn
430
ala
Ser

Glu

(81)

PCT/EP01/08409

255

Asp

Glu

Ala

Glu

Leu

335

Leu

Gln

Glu

Ala

Pro

Pro

Glu

Glu

Lys

Lys
Thr
Gln
Glu
320
Glu
val
Ala
Lys
Ala
400
ala
Ala
Lys
Glu

Pxo
480
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(82)

agaagtgaga atacccccaa ggttacatct Sgt§§ggatg aagtcgatga atatataaaa
::gatgttga gtgagatcca attagataaa agaaaacata cccacaattt cgeocttaaac
i:gaagttga gcagaattaa aacggaghtat ttgtataaat tasaagttaa tgttttagaa
30 .

gazaagtcaa aagctgagtt gacgtcaaaa acaasazaag aggtagacge agcttttgeg
z:gtttaaaa aagatacatt gaaactagga gaaaaggtag cagaagctca gaagaaggtt
;zggaagcta agaaaaaagc caaggatcaa aaagaagaag atcaccgtaa ctacccaaca
:zZacttaca aaécgcttga acttg;aatt getgagtceg atgtgaaagt taaagaagc§
540

g:gcttgaac tattgaaaga ggaagctaaa actcgaaacg aggacacaat taaccaagca
222gcgaaag ttaagagtga acaagctgag gctacaaggt taasazaaat caagacagat
zgggaacaag ctgaggetac aaggttagaa aacatcaaga cagatcgtga aaaagcagaa
720

g:agctaaac gaaaagcaga agcagaagaa gttaaagata aactaaagag gcggacaaaa
Zzggcagttc ctggagagccvagcaacacct gataaaaaag aaaatgatge gaagtcttca
Ziztctagug taggtgaaga aactcttccavagqccatccc tgaaatcagy aaaaaaggta
;gggaagctc agaagaaggt agcagaagct- gagaaaaaag ccaaggatca aaaagaagaa
960 .

gategeegta actacecaac caatacttac aaaacgcottg accttgaaat tgetgagtceo
;gi;tgaaag ttaéagaagc ggagcttgaa ctagtaaaag aggaagctaa ggaatctcga
igz;aggaaa aagttaagca agcaaaageg aaagttgaga gtaaaaaage tgaggctaca
igggtagaaa aaatcaagac agatcgtaaa aaagcagaag aagctaaacyg aagagcagea
éiggaagata aagttaaaga aaaaccagct gaacaaccac aaccagegee ggetcctcaa
zzi;aaaaac caactgaaga gectgagaat ccag‘cl;_ccag ctccaaaace tgagaatcca
1320

gctgaacaac caaaagcaga aaaaccaget gatéaacaag ctgaagaaga ctgtgctcgt

1380

agatcagaag aagaatataa tegettgact caacagcaac cgccazaaac tgaaazacoa
1440 ’ : .
gcacaaccat ctactccaaa aaca

1464

<210> 7

<211> 701

<212> PRT

<213> Streptococcus pneumoniae

<400> 7-
Met Phe Ala Ser Lys Ser Glu Axg Lys Val His Tyr Ser Ile Arg Lys
1 5 10 : 15

Phe Ser Ile Gly Val Ala Ser Val Ala Val Ala Ser Leu Val Met Gly

PCT/EP01/08409
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Val
65

Lys
Lys
145
Glu

Glu

Val

Lys
Pr‘o‘
Glu
Glu

305

Lys

Val
Ser
50

Asp

Lys

Glu

130

Lys

Asp
Ile
Lys
Lys
210
Ile
Asp
Pro
asp
Glu
230

Ala

Glu

Val

25

Asn

Glu

Hisg

Lys

Leu

115

Lys

Lys

Arg

Ala

Glu

195

Glu

Lys

Gly

Lys

Lys

275

Thy

Glu

Glu

20
His
Met
Tyr
Thr
Tyr
100
Pro
Lys
Vai
Axg
Glu
180
Glu
Lys
Thr
Lys
Gly
260
Lys
Leu

Lys

Asp

Ala
Ala
Ile
Gln

85
Leu
Sexr
Asp
Glu
Asn
165
Phe
Ala
val
Asp
Leu
245
Arg
Glu
Pro
Lys

Axg

Thx
Lys
Glu

70
Asn
Arg
Glu
Thr
Glu

150

TYT

Lys
Glu
Arg
?30
ala
Asn
Ser

val

‘310

Arg

Glu

Thr

Lys

val

@lu

Ile

Leu

Asn

40

Glu

Met

Ala

Leu

Lys

120

Lys

135

Ala
Pro
Val
Glu
Ser
215
Lys
Glu

Lys

Ber
2895

Glu

Asn

Lys

Lys
Ser
200
Lys
Lys
Ala
Axg
Ala
280
Ser

Glu

TyY

25

Glu
His
Leu
Leu
Bsn
105
Ala
Pro
Lys
Asn
Val
185
Lys
Ala
Asn
Gly
265
Lys
Leu

Ala

Pro

aly

Axg

Axg

JAsn

90

Val

Gly

Lys

170

Lys

Asn

Ala

Glu

val

250

Val

Ser

Lys

Glu

Thx

Sexr
Lys
Glu

75

Ile

Leu

Glu

Ala
155

Glu
Glu
Glu
235
Ala
Pro
Sexr
ser
Lys

315

Asn

Thr

Ala

Ile

Lys

Glu

Asp

Lys

140

Glu

Lys

ala

Gly

Ala

220

Glu

Thr

Gly

Asp

Gly

300

Thr

Gln

45
Ala
Gln
Leu

Glu

Ala
125

Thr

Glu

Ala
Ser
Glu

Ser
285

Ala

Tyr

30

Ala
Lys
Leu
Ser
Lys
110
Ala
Ala
Gln
Leu
Leu
190
Ile
Axg
Lys
Asp
Leu
270
Ser
Lys

Lys

Lys

(83)

PCT/EP01/08409

Ala
@ln
Asp
Ala

95
Sex
Phe
Glu
Lys
Glu
175
Glu
Lys
Leu
arg
Gln
2558
Ala
Val
Val

Asp

Thr

Thx
Val
Arg

80
Lys
Glu
Ala
Glu
isa
Leu
Leu
Gln

Glu

Lys

240

Gly

Thr

aly

Ala

Gln
320
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2sp

Glu

Lys

Txp
548

Trp

Leu
Leu
Gln
370
Glu
Lys
Gln
Lys
Glu
450
Gln
Lys
Asp
Ty®
aly
520
Leu
ala

Asn

Tyr

@y

610

Leu

Glu
val
355
Ala
Asn
Ala
Pro
Pro
435
Glu
Gln
Thr
Gly
Leu
515
Gln
Thr

Gly

Leu
535

Ser

Gln

Iile
340
Lys
Lys
Ile
Ala
Ala
420
Ala
Asp
Gln
Gly
Ser
500
Asn
Txp
Asn
Gly
Ala
580
Asn

Trp

Tyr

325

Ala

Glu

Ala

Lys

Glu

405

Pro

Glu

Tyr

Pro

TXp

485

Met

ala

Tyr

Asn

Trp

565

Met

Ala

Tyr

Asn

Galu

Glu

Lys

Thx

390

Glu

Ala

Gln

Ala

Rro

470

Lys

Ala

Asn

Tyr

Gly

550

Leu

Ala

Asn

Tyr

Gly

Sex

Ala

Val

375

Bsp

Asp

Thr

Pro

Arg

455

Lys

Gln

Thx

Gly

Leu

Asp

Lys

360

Glu

hArg

Lys

Gln

Lys

440

Arg

Thr

Glu

Ala
520

Asn

535

Sex

Gln

Gly

Leu
615

ser’

Trp

Tyx

Asp
600

Asn

Trp

val
345
Glu
Ser
Lys
val
Pxo
425

Sexr

Glu

Trp
508
Met
Ala
Tyr
Asn.
TP
585
Met

Ala

TYT®

330

Lys

Pro

Lys
Lys
410
Glu
Glu
Glu
Lys
aly
4920
Ala
Asn
Tyr
Gly
570
Leu
Ala

Asn

TYY

Val

arg

Lys

ala

385

Glu

Lys

Glu

Pro

475

Gin

Thr

aly

Leu

555

Ser

Gln

Thr

Gly

Leu

Lys
Asp
Ala
380
Glu
Lys
Pro
Thx
Glu
460
Ala
Trp
Asn
Gly
Sex
540
Asn
Txp
Tyr
Gly
Asp

620

Asn

Glu
clu
365
Glu
Prao
Ala
Asp
445
Tyr
Gln
Tyxr
Asn
Trp
525

Met

aAla

Asn

Trp |

605

ala

Ala

350

Glu

Ala

Glu

Ala

Pro

430

Asp

Asn

Pro

Phe

Gly

510

Leu

Ala

Asn

dly
590
Leu

Ala

Asn

(84)

PCT/EP01/08409

335

Glu
Ly;s
Thr
Ala
Glu
415
Lys
Gln
Arg
ser
Tyr
495

Gln

Thr

Gln
Thr

Gly

Leu

Ile

Axg

Lys

400

Gln

Pro

Gln

Leu

Thr

480

Asn

Txp

Asn

Asn

Trp

Asn

Gly

2sp
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625 €30

635

Met Ala Thr Gly Trp Val Lys Asp Gly Xaa Thr

645

650

Ala Ser Gly Ala Met Lys Ala Ser Glu Trp Phe
660 665

Trp Tyr Tyr Val Asn Gly Ser Gly Ala Leu Ala

675 680

Asp Gly Tyr-Gly Val Asn Ala Asn Gly Glu Txp

690 695

<210> 8

<211> 2106

<212> DNA

<213> streptocbcous pneumoniae

<400> 8 .
atgtttgcat caa’aagcga aagaaaagta
gtagctagtg tagctgttge cagtcttgtt
120

gagggaagta cccaagcage cacttettet
180

gctaaacaag tcgtegatga atatatagaa
240

agaaaacata cccaaaatgt cgeottaaac
300

ttgegtgaat taaatgtttt agaagagaag
360

cattattcaa
atgggaagtg

aatatggcaa
aaaatgttga
ataaagttga

togaaagatg

(85)

PCT/EP01/08409

640

Trp Tyr Tyr Leu Lys
€55

Lys Val Ser Asp Lys
670

val Asn Thx Thr Val
685

Val Asn
700

ttegtaaatt tagtattgga 60
tggttcapgc gacagagaac

agacagaaca taggaaagct
gggagattca actagataga
gegcaattaa aacgaagtat

agttgccgtc agaaataaaa

ta

ca acc

g ttag acgcagottt tgé ttt
420 ’

gtagcagaag ctaagaagaa ggttgaagaa
480

gaagatcgte gtaactacce aaccaatact
540

ttcgatgtga aagttaaaga agcggagett
600

cgaaacgagyg gceacaattaa gcaaééaaaa
660 o
acaaggttag aaaacatcaa gacagategt
720

ggta agtt tgta
780 .
cgggeaaaac gaggagttcc tggagagcta
840 .

aagtettcag attotageogt aggtgaagaa
s00

amaaaggtag cagaagctga gaagaaggtt
960

aaagaagaag atcgccgtaa ctacccaacc
1020

gctgagteoceg atgtgaaagt taaagaageg
i080

gctaagaaaa
pacaaaacgc
gaactagtaa
gagaaagttg
aaaaaagcag
gcgactﬁcag
gc§acacctg
actcttccaa
gaagaagctyg
aatacttaca

gagcttgaac

aagcegagga tcaaaaagaa
ttgaacttga aattgctgag
aagaggaagc taaagaatect
agagtaaaaa agctgaggcet
aagaagaagc taaacgaaaa
atcaagétaa accaaagggy
ataaaaaaga aaatgatgeg
gcteatacct gaaagcagga
agaaﬁaaagc caaggatcaa
aaacgcttga ccttgaaatt

tagtaaaaga ggaagctaag
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gaacctogag
1140
gaggctacaa
1200
cgaaaagceag
1260
ccggetacto
1320
geoagaaaaaa
1280
tataatcget
1440
ccazaaacag
1500
atggcaacag
1560
atggcgacag
1620
atggcaacag
1680
atggegacag
1740
atggcgacag
1800
atggcegacag
1860
atggcgacag
1920 .
atggegacag
1980
atgaragcaa
2040
gccecttgcag
2100
aactaa
2106

<210> 9
‘<211> 487
<212> BRT

acgaégaaaa
ggttagaaaa
cagaagaaga
aaccagaaaa
cagatgatca
tgactcaaca
getggaaaca
gatggctaca
gatggcteca
gatggctcea
gatggctcc;a
gatggctoca
gatggctcea
gatggctcca
gttggatgaa
gecaatggtt

tcaacacaac

aattaagcég
catcaagaca
taaagttaaa
accagctcca
acaagctgaa
gcaaccgoca
agaaaacggt
aaacaacggt
aaac _aatggt
azacaatggt
atacaatggt
atacaatggce
aaacaacggt
atacaacggt
agatgganat
caaagtatca

tgtagatgge

<213> Streptococcus pneumoniae

<400> 9

Met Phe Ala

3

Phe Ser Ile

Ser Val Val

5

g;ca;aagcga
gatcgtaaaa
gaaaaaccag
aaaccagaga
gaagactatg
asaactgaaa
atgtggtact
teatggtact
tecatggtact
tcatggtact
teatggtact
toatggtact
teatggtact
tcatggtatt
acctggtact
gataaatggt

tatggagtca

Ser Lys BAsn Glu Arg- Lys Val His

10

@ly Val Ala Ser Val Ala Val Ala

20

25

His Ala Thr Glu Lys Glu Val Thr

35

Ser Phe Asn

50

Lys Gln Val

65

40

55

Lys Ala 3sn Lys Ser Gln Thr Glu

Asp Glu Tyr Ile Thr Lys Lys Leu

70

75
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aagttgagag taaaaaaget

aagcagaaga agaagctaaa

ctgaacaacc acaaccagey

agccagctga acaaccaaaa

ctegtagatc agaagaagaa

aaccagcaca accatctact

tctacaatac tgatggttca

atctaaacgc taahggtgct

atctaaacge taatggttca

acctaaacge taatggtget

acctaaacag caatggeget

accteaacge taatggtgat

accteaacge taatggtgat

acctcaacge taatggtgat

atcttaaagce atcaggtget

actatgtcaa tggctcaggt

atgecaatgg tgaatgggta

Thx

His
€0

Ser

Leu

Gln

45

Met

Leu

Ile Axg Lys
15

‘Phe Met Gly
30

val Ala Thr

Lys Ala Ala

Asp Arxg Arg
80
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Glu
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145

Lys
228
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Lys

130

Glu

Glu

Glu

Val

ala

210

Lys

Ile

Ala

Gly
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290

Gly

Lys

Thr

Lys

Asn
370

Thr

Tyr

Pro

115

Lys

Lys

Asp

Ile

Lys

195

Lys

Ile

Lys

Lys

Glu

275
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Lys
Ala
fl‘yr
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355

@lu

Gln

Teu

100

Ser

RAsp

Lys

Axg

Ala

180

Glu

Ala

Lys

Thx

Glu

260

Gln

Ser

Lys

Lys

Lys

340

2la

Glu

Asn

85

His

Glu

Thr

val

Arg

165

Glu

Glu

Lys

Thr

Asp

‘245

Gln
Ala
val
Val
Asp
325
Thr
Glu

Lys

val
Arg
Ile
Leu
Glu
150
Asn
Ser
Ala
Val
Asp
230
BArg
Asp

Thr

Gly

Ala

310

Gln

Leu

Leu

Val

Gly
Len
Lys
Pro
135
@lu
YT
Asp
Lys
elu
215
Glu
Glu
Leu
Glu
295
Glu
Ly;s
Glu

Glu

Lys
375

Leu

Ser

Ala

120

Thx

Ala

Pro

val

Gly

200

sSer

Glu

Lys

Sex

Asp

280

Glu

Ala

Glu

Leu

Leu

360

Gln

Val
105
Lys
Glu
Lys
Thr
Glu
185
Lys
Gln
Ala
LYs
265
Lys
Thr
Glu
Glu
Glu
345

val

ala

80

Ser
Leu
Pro
Lys
Ile
170
Val
Arg
Gln
Ala
Glu
250
Axg
Lys
Leu
Lys
Asp
330
Ile

Lys

Lys

Lys
Lys
Asp
aly
Lys
155

Thr

Lys

ala
Glu
235

Glu

Giu
Pro
I;ys
315
Ala
Glu

Ala

Leu

Glu

Ala

Lys

140

Ala

Tyx

Lys

Glu

Gld

220

Thr

2la

val,

Asn

Ser

300

val

Glu

Glu

Glu
380

Gly

Lys

Ala

125

Lys

Glu

Lys

ala

Gln

ala

Thx

Lys

Lys

Asp

288

Ala

Asn

Ser

Ala

Val

val
Ser
110
Phe

val

Asp

Glu
190
Lys

Thx

nxg
Gly
270
Ala

Ser

Glu

Asp
350
Lys

Glu
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Ile

85

Glu

alu

ala

Gln

Leu

175

Leu

val

Arg

Leu

Lys

255

Gly

Lys

Leu

2la

335

Val

&8lu

Ser

Lys

Ala

Gln

Glu

Lys

160

Glu

Glu

Asn

Leu

Glu

240

2la

Val

Ser

Lys

Glu

320

Thx

Lys

Sexr

Lys
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Lys
385

Ala

Lys

Glu

Glu
465

Lys

Ala

Glu

Pro

Ala

Lys

450

Glu

Pro

Glu

Ala

Glu

Ala

<210> 10
<211> 623
<212> PRT
«213> Streptococcus

<400> 10
Met Phe ala
1

Phe

Lys
65

Tyr

Gln

Lys

sSer

Val

Ser
50

Lys

Val

Glu

Ile
130

Phe

val

Val

35

Asn

Leu

Lys

Thr

Tyx

115

Leu

Glu

Ala
Ala
Glu
420
aAla
ala

Tyr

Gln

Ser
Gly

20
His
Arg
Asp
Lys
Ile
100
Leu

Met

Lys

Thx
Lys
405
Gln
Pra
Asp

Asn

Pro
485

Lys
5
Val
Ala
Ala
Sex
Ile
85
Thx

Asn

Met

Axg

320

Pro

Lys

Gln

Arg

470

Sexr

Leu Glu Lys
Lys Ala Ala
Gln Pro Ala

425

Pro Glu Asn
. 440

Gln Ala Glu
455

Leu Thr Gln

Thr

pneumoniae

Ser

Ala

Thr

Asn

Glu

70

Val

Val

Lys

Glu

Ser

Glu Axg Lys
Sexr Val Val
25

Glu Asn Glu
40

Glu Ser Gln
58

Arg 2Asp Lys
Gly Glu Ser
Ala Leu Val

108

Ile val @lu
120

Ser Axrg Ser
135

Ser Ser Ser

Ile

[eatiy

410

Pro

Pro

Glu-

Gln

val

10

Val

Gly

Ala

Ala

Tyr

s0

Asn

ser

Lys

ser

Lys
395
Glu

Ala

Ala

Gln
475

His

Ala

Ala

Glu

Arg

75

Ala

Glu

Thx

ser

Thr

Asp

Pxro

Glu

Tyr

460

Pro

Ser

Gln
60

Lys’

Leu

Sex

Asp

140

Sex

Asp

Lys

Gln

Gl

445

Ala

Pro

Sexr’

Leu
Gln

45
Gly
Glu
Ser

Asn

Glu

T 128

Glu

Asp

Arg

Val

Pro
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Lys

Lys
415

Glu

430

Pro

Lys

Ile
Val

30
Val

Glu

Val

Asn
110
Ser

ala

Ser

Lys

hrg

Thr

Arg

15

Met

Pro

Gln

Glu

Lys

95

Ile

Gln

Val

Ser

Lys
400
Slu
Lys
Ala
Ser

Glu
480

Lys
G‘ly
Thr
Pro

Glu

- 80

Lys

Lys

Leu

ser

Thr
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145

Lys

Lys

Thr

Lys
225

Lys

Lys

305

.Thx

Glu

Glu

Glu

Val
© 385

Fro

Glu

Ala

Tyx

210

Lys

5 Glu

Glu

Glu

Gly

230

Leu

Lys’

Asp

Ile

370

Lys

Lys

Ile

Ala

Ala

Glu
Lys
Lys
135
Lys
Ala
Gln
Ala
Glu
275
Arg
Glu
Pro
Lys
Arg
355
Glu

Ala

Lys

Ala

Val

180

Asp

Glu

Lys

Thr

260

ala

Ala

Asn

Sexr

val

340

Arg

Glu

Glu

Glu

Thr

. 420

Glu
435

Pro

Glu

Ala

Ser

165

Ala

Gln

Leu

Leu

Ile

245

Axg

Lys

Lys

Asp-

Pro

325

Glu

Asn

Sexr

Ala

val

405

Asp

Pro

150
asp
Glu
Lys
Glu
Glu
230

Lys

Leu

Arg
Rla
310
Ser
Glu
Tyr
Asp
Lys
320
Glu
Axg

Lys

Lys

Thr
Ala
Glu
Leu
215
Leu
Gla
Lys
Arg
Gly
295
Lys
Leu
ala
Pra
Val
375
Glu
Sexr
Lys

val

Ala

Ala

Lys

Glu

200

Glu

val

Ala

Lys

Lys

Lys

Thr

360

Glu

Pro

Lys

Lys

Lys

440

Glu

Lys
Lys
185
Asp
Ile
Lys
Glu
Ile
265
Asp
Pxo
Ser
Pro
Lys
345
Bsn
val
Arg
Lys
Ala
425

Glu

Lys

Pro

170

Lys

arg

Ala

Val

Ala

250

Lys

Ala

Gly

asp

155

Asn

Arg
Glu
Lys
235
clu
Thx
Lys

Glu

Sex

. 315

Glu

330

Lys

Thx

Lys

Asn

nla

410

Glu

Lys

Pxo

Lys

Ala

Tyr

Lys

Glu

395

Glu

Glu

Pro

Ala

Lys
Glu
Asn
Ser
220
Ala
Val
Asp
Glu
Leu
300
Ser
Lys
Glu
Lys
Ala

iso

Glu

nla’

Glu

Ala

Pro

Pro
Glu
Tyr
205
Asp
Asn
Glu
Arg
Gln
285
ala
Val
val
Rsp
Thx
365
Glu
Lys
Thr
Ala

Glu

Ala
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Thr Glu
175

Ala Glu

1s0

Pro Thr
Val Glu
Glu Pro
Sex Lys

255

Glu Glu
270

Gly Lys
Thr Pro
Gly Glu

Ala Glu
.335

Gln Lys
350

Leu Glu
Leu Glu
Val Lys
Axrg Leu

415

Lys Arg
430

‘eln Pro

Pro Lys

160

Pro

Val
Arg

240

Ala

Glu

320

Glu

Leu

Leu

Gln

400

Glu

Lys

Gln

Pro
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Glu
465

Ala

Thr

Tyx
545

Tyr

625

Gly

Gln

Ala

Gly

<210>
<211>
<212>
<213>

<400>

450

Asn

Glu

Gin

Lys

Asp

530

Tyr

Gly

Leu

Ala

Asn

610

TYX

Asp

Trp

Leu

Glu
690

Pro

Glu

Glin

Thr

515

Gly

Leu

Ser

Gln

595

aly

Leu

Phe

Ala
675

Trp

11

523
PRT
Streptococcus

11

Ala

Gln

500

Gly

Sex

Asn

Trp

Asn

Glu

485

Pro

Trp

Met

Ser

565

Asn

580

aly

Ser

Asn

Txp

Lys

660

Val

val

T2p

Met.
Ala
Tyr
645

val

Asn

Gln
470
Ala
Pro

Lys

Ala

Gly
Leu
Ala
Asn
630
Tyr

Sex

Thr

455

Pro

Arg

@ln
Thr
535
Gly
Leu
ser
Gln
Thr
615
Gly
Leu

asp

Thx

Lys

Thr
Glu
Gly
ala
asn
Trp

TYX

600

Asp

Glu

Lys

val

- 680

prneumoniae

Ala
Ser
Glu
505

Asn

Trp

Ala
Tyx
585
Asn
Trp
Met
Ala
Trp
665

Asp

Glu
Glu
490
Lys
aGly
Leu
ala
Asn
570
Tyr
GLy
Leu
Ala
Sexr
650

Tyx

aly

Lys

475

Glu

Pro

Met

Gln

Thx

555

Gly

Leu

Ser

Gln

Thxr

635

Gly

460

Pro

Glu

ala

Trp

Asn

540

Gly

Ser

Asn

Trp

Tyx

620

Gly

Rla

Val

Gly

Ala
Tyr
Gln
Tyx
525
Asn
Trp
Met
Ala
TYyr
605

Asn

Trp

Zsn

val
685

Asn

Pro

Phe .

Gly

Ala

Asn

590

Tyr

Gly

Val

Lys

Gly

670

Asn
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Ser
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Gin

575
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Leu

Ser

Lys

Ala

Ser

Ala

Gln

480

Leu

Thx

Asn

Trp

Asn

560
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Sexr

Asn

Trp

Asp

640

Sexr

Gly

Asn

Met Phe Ala Ser Lys Ser Glu Arg Lys Val His Tyr Ser Ile Arg Lys

1

s

1o

15
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Phe Ser Ile
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Ile
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Val

Val
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