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VACCINE COMPOSITIONS COMPRISING 
STREPTOCOCCUS PNEUMONIAE 

POLYPEPTIDES HAVING SELECTED 
STRUCTURAL MOTIFS 

[0001] This application is a divisional of US. application 
Ser. No. 09/468,656, ?led Dec. 21, 1999, Which is based on 
US. Provisional Application No. 60/113,048, ?led Dec. 21, 
1998, the disclosures of Which are hereby incorporated in 
their entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to the ?eld of 
bacterial antigens and their use, for example, as immuno 
genic agents in humans and animals to stimulate an immune 
response. More speci?cally, it relates to the vaccination of 
mammalian species With a polypeptide comprising at least 
one conserved histidine triad residue (HxxHxH—SEQ ID 
NO: 12) and at least one helix-forming polypeptide obtained 
from Streptococcus pneumoniae as a mechanism for stimu 
lating production of antibodies that protect the vaccine 
recipient against infection by a Wide range of serotypes of 
pathogenic S. pneumoniae. Further, the invention relates to 
antibodies against such polypeptides useful in diagnosis and 
passive immune therapy With respect to diagnosing and 
treating such pneumococcal infections. 

[0003] In a particular aspect, the present invention relates 
to the prevention and treatment of pneumococcal infections 
such as infections of the middle ear, nasopharynx, lung and 
bronchial areas, blood, CSF, and the like, that are caused by 
pneumococcal bacteria. 

BACKGROUND OF THE INVENTION 

[0004] Streptococcus pneumoniae is a gram positive bac 
teria Which is a major causative agent in invasive infections 
in animals and humans, such as sepsis, meningitis, otitis 
media and lobar pneumonia (Tuomanen et al. New Engl. J. 
Med. 322:1280-1284 (1995)). As part of the infective pro 
cess, pneumococci readily bind to non-in?amed human 
epithelial cells of the upper and loWer respiratory tract by 
binding to eukaryotic carbohydrates in a lectin-like manner 
(Cundell et al., Micro. Path. 17:361-374 (1994)). Conver 
sion to invasive pneumococcal infections for bound bacteria 
may involve the local generation of in?ammatory factors 
Which may activate the epithelial cells to change the number 
and type of receptors on their surface (Cundell et al., Nature, 
377:435-438 (1995)). Apparently, one such receptor, platelet 
activating factor (PAF) is engaged by the pneumococcal 
bacteria and Within a very short period of time (minutes) 
from the appearance of PAF, pneumococci exhibit strongly 
enhanced adherence and invasion of tissue. Certain soluble 
receptor analogs have been shoWn to prevent the progression 
of pneumococcal infections (Idanpaan-Heikkila et al.,J. Inf 
Dis., 176:704-712 (1997)). A number of various other pro 
teins have been suggested as being involved in the patho 
genicity of S. pneumoniae. There remains a need for iden 
tifying polypeptides having epitopes in common from 
various strains of S. pneumoniae in order to utiliZe such 
polypeptides as vaccines to provide protection against a 
Wide variety of S. pneumoniae. 

SUMMARY OF INVENTION 

[0005] In accordance With the present invention, there is 
provided vaccines and vaccine compositions that include 
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polypeptides obtained from S. pneumoniae and/or variants 
of said polypeptides and/or active fragments of such 
polypeptides. 
[0006] The active fragments, as hereinafter de?ned, 
include a histidine triad residue(s) and/or coiled coil regions 
of such polypeptides. 

[0007] The term “percent identity” or “percent identical,” 
When referring to a sequence, means that a sequence is 
compared to a claimed or described sequence from an 
alignment of the sequence to be compared (the “Compared 
Sequence”) With the described or claimed sequence (the 
“Reference Sequence”). The percent identity is determined 
as folloWs: 

Percent Identity=[1—(C/R)]100 

[0008] Wherein C is the number of differences betWeen the 
Reference Sequence and the Compared Sequence over the 
length of the alignment betWeen the Compared Sequence 
and the Reference Sequence Wherein each base or amino 
acid in the Reference Sequence that does not have an aligned 
base or amino acid in the Compared Sequence and (ii) each 
gap in the Reference Sequence and (iii) each aligned base or 
amino acid in the Reference Sequence that is different from 
an aligned base or amino acid in the Compared Sequence, 
each being a difference; and R is the number of bases or 
amino acids in the Reference Sequence over the length of the 
alignment With the Compared Sequence With any gap cre 
ated in the Reference Sequence also being counted as a base 
or amino acid. 

[0009] If an alignment exists betWeen the Compared 
Sequence and the Reference Sequence in Which the Percent 
Identity as calculated above is about equal to or greater than 
a speci?ed minimum Percent Identity then the Compared 
Sequence has the speci?ed minimum Percent Identity to the 
Reference Sequence even though alignments may exist in 
Which the hereinabove calculated Percent Identity is less 
than the speci?ed Percent Identity. 

[0010] “Isolated” in the context of the present invention 
With respect to polypeptides and/or polynucleotides means 
that the material is removed from its original environment 
(e.g., the natural environment if it is naturally occurring). 
For example, a naturally-occurring polynucleotide or 
polypeptide present in a living organism is not isolated, but 
the same polynucleotide or polypeptide, separated from 
some or all of the co-existing materials in the natural system, 
is isolated. Such polynucleotides could be part of a vector 
and/or such polynucleotides or polypeptides could be part of 
a composition, and still be isolated in that such vector or 
composition is not part of its natural environment. The 
polypeptides and polynucleotides of the present invention 
are preferably provided in an isolated form, and preferably 
are puri?ed to homogeneity. 

BRIEF DESCRIPTION OF DRAWINGS 

[0011] FIGS. 1A-1C, respectively, report the results of 
three experiments using different preparations of SP36. The 
results demonstrate that active immuniZation With recombi 
nant SP36 derived from pneumococcal strain NorWay sero 
type 4 is able to protect mice from death in a model of 
pneumococcal sepsis using a heterologous strain, SJ2 (sero 
type 6B). In each of the three experiments shoWn, one 
hundred percent of the mice immuniZed With SP36 survived 
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for the 14-day observation period following challenge With 
approximately 500 cfu of pneumococci, While eighty to one 
hundred percent of sham-immuniZed mice (injected With 
PBS and adjuvant) died during the same period. 

[0012] FIGS. 2A-2B shoW that passive administration of 
rabbit antiserum raised against Sp36 derived from NorWay 
type 4 Was able to protect mice in the pneumococcal sepsis 
model using tWo heterologous strains. FIG. 2A shoWs that 
one hundred percent of the mice immunized With the SP36 
antiserum survived the 21-day observation period after 
challenge With 172 CFU of strain SJ2 (serotype 6B). Eighty 
percent of the mice immuniZed With a control serum (rabbit 
anti-FimC) died by day 8, and ninety percent died by day 12. 
FIG. 2B shoWs that 90 percent of the mice immuniZed With 
the Sp36 antiserum survived the 8-day observation after 
challenge With 862 CFU of strain EF6796 (serotype 6A). 
Ninety percent of the mice immuniZed With a control serum 
(collected before immuniZation) died by day 5. 

[0013] FIG. 3 is a Western blot demonstrating the ability 
of antisera raised against recombinant Sp36 derived from 
strain NorWay type 4 to react With Sp36 of heterologous 
strains. Total cell lysates Were immunoblotted With mouse 
antisera to Sp36. A band representing Sp36 protein Was 
detected in all 23 S. pneumoniae strains tested, Which 
included isolates from each of the 23 pneumococcal sero 
types represented in the current polysaccharide vaccine. 

[0014] FIG. 4 is a Southern blot shoWing that the Sp36 
gene from NorWay type 4 hybridiZes With genomic DNA 
from 24 other pneumococcal strains, indicating the presence 
of similar sequences in all these strains. 

[0015] FIG. 6 is an amino acid alignment comparison of 
four related pneumococcal proteins, namely Sp36A (PhtA; 
SEQ ID N018), Sp36B (PhtB; SEQ ID N0110), Sp36D 
(PhtD; SEQ ID N014), Sp36E (PhtE; SEQ ID N016), 
respectively. Dashes in a sequence indicate gaps introduced 
to maximiZe the sequence similarity. Amino acid residues 
that match are boxed. 

[0016] FIG. 7 is a nucleotide alignment comparison of 
four related pneumococcal genes, namely Sp36A (PhtA; 
SEQ ID N019), Sp36B (PhtB; SEQ ID N0111), Sp36D 
(PhtD; SEQ ID N015), Sp36E (PhtE; SEQ ID N017), 
respectively. Dashes in a sequence indicate gaps introduced 
to maximiZe the sequence similarity. 

[0017] FIG. 8 shoWs the results of immuniZation of mice 
With PhtD recombinant protein, Which leads to protection 
from lethal sepsis. C3H/HeJ (Panel A and B) or Balb/cByJ 
(Panel C) mice Were immuniZed subcutaneously With PhtD 
protein (15 pig in 50 pl PBS emulsi?ed in 50 pl complete 
Freund’s adjuvant (CFA)). The recombinant PhtD protein 
used in protection experiments consisted of 819 amino acid 
residues, starting With the cysteine (residue 20). A group of 
10 sham-immuniZed mice received PBS With adjuvant. A 
second immuniZation of 15 pg protein With incomplete 
Freund’s adjuvant (IFA) Was administered 3 Weeks later; the 
sham group received PBS With IFA. Blood Was draWn 
(retro-orbital bleed) at Week 7; and sera from each group Was 
pooled for analysis of anti-PhtD antibody by ELISA. Mice 
Were challenged at Week 8 by an intraperitonial (i.p.) injec 
tion of approximately 550 CFU S. pneumoniae strain SJ2, 
serotype 6B (Panel A), 850 CFU of strain EF6796, serotype 
6A (Panel B) or 450 CFU of strain EF5668, serotype 4 
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(Panel C). In preliminary experiments, the LD5O for strain 
S12 and EF6796 Were determined to be approximately 10 
CFU for both strains. The LD5O for strain EF5668 Was 
determined to be <5 CFU. Survival Was determined in all 
groups over the course of 15 days folloWing challenge. Data 
are presented as the percent survival for a total of 10 mice 
per experimental group. TWo-sample Log-rank test Was used 
for statistical analysis comparing recombinant Pht immu 
niZed mice to sham-immuniZed mice. 

SUMMARY OF THE INVENTION 

[0018] In accordance With one aspect of the present inven 
tion, there is provided a vaccine, generally in the form of a 
composition, that includes at least one polypeptide that is at 
least 90% identical to (c) a polypeptide sequence comprising 
amino acids 20-838 of SEQ ID N014 or (ii) a polypeptide 
sequence comprising amino acids 21-480 of SEQ ID N016 
or an active fragment of the foregoing. 

[0019] In accordance With another aspect of the present 
invention, there is provided a vaccine, generally in the form 
of a composition, that includes an active fragment of a 
polypeptide that is at least 90% identical to a polypeptide 
comprising amino acids 20-819 of SEQ ID N018 or (ii) a 
polypeptide comprising amino acids 20-819 of SEQ ID 
N0110. 

[0020] The term “active fragment” means a fragment that 
includes one or more histidine triad residues and/or one or 
more coiled coil regions. A “histidine triad residue” is the 
portion of the polypeptide that has the sequence HxxHxH 
(SEQ ID N01 12) Wherein H is histidine and x is an amino 
acid other than histidine 

[0021] A coiled coil region is the region predicted by 
“Coils” algorithm: Lupas, A., Van Dyke, M., and Stock, J. 
(1991) Predicting Coiled Coils from Protein Sequences, 
Science 25211162-1164. 

[0022] In accordance With one embodiment, the active 
fragment includes both one or more histidine triad residues 
and at least one coiled coil region of the applicable polypep 
tide sequence. In accordance With another embodiment, the 
active fragment includes at least tWo histidine triad residues. 

[0023] In another embodiment, the active fragment that 
includes at least one histidine triad residue or at least one 
coiled-coil region of the applicable polypeptide includes at 
least about ten percent of the applicable polypeptide and no 
more than about 85% of the applicable polypeptide. 

[0024] The polypeptide of SEQ ID N014 includes ?ve 
histidine triad residues, as follows: 

[0025] amino acids 83-88, 207-212, 315-320, 560 
565, and 644-649. 

[0026] The polypeptide of SEQ ID N016 includes ?ve 
histidine triad residues, as follows: 

[0027] amino acids 83-88, 205-210, 309-314, 396 
401 and 461-466 

[0028] In addition, the polypeptide of SEQ ID N014 
includes tWo coiled-coil regions (amino acids 139-159 and 
amino acids 769-791) and the polypeptide of SEQ ID N016 
includes one coiled-coil region (amino acids 139-172). 












































