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(57) ABSTRACT 

The present invention relates to pneumococcal genes, por 
tions thereof, expression products therefrom and uses of 
Such genes, portions and products, especially to genes of 
StreptococcuS pneumoniae, e.g., the gene encoding pneu 
mococcal Surface protein A (PSpA), i.e., the pSpA gene, the 
gene encoding pneumococcal Surface protein A-like pro 
teins, Such as pSpA-like genes, e.g., the gene encoding 
pneumococcal Surface protein C (PspC), i.e., the pspC gene, 
portions of Such genes, expression products therefrom, and 
the uses of Such genes, portions thereof and expression 
products therefrom. 
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PNEUMOCOCCAL GENES, PORTIONS THEREOF, 
EXPRESSION PRODUCTS THEREFROM, AND 
USES OF SUCH GENES, PORTIONS AND 

PRODUCTS 

RELATED APPLICATIONS 

0001. This application is a divisional of U.S. patent 
application Ser. No. 08/714,741, filed Sep. 16, 1996, now 
U.S. Pat. No. 6,500,613, issued Dec. 31, 2002, which is a 
continuation-in-part of U.S. patent application Ser. No. 
08/529,055, filed Sep. 15, 1995, which are hereby incorpo 
rated by reference in their entirety. 

FIELD OF THE INVENTION 

0002 This invention relates to pneumococcal genes, por 
tions thereof, expression products therefrom and uses of 
Such genes, portions and products, especially to genes of 
StreptococcuS pneumoniae, e.g., the gene encoding pneu 
mococcal Surface protein A (PSpA) (said gene being 
“pSpA), psp-A-like genes, pneumococcal Surface protein C 
(PSpC) (said gene being “pSpC), portions of Such genes, 
expression products therefrom, and the uses of Such genes, 
portions thereof and expression products therefrom. Such 
uses include uses of the genes and portions thereof for 
obtaining expression products by recombinant techniques, 
as well as for detecting the presence of StreptococcuS 
pneumoniae or strains thereof by detecting DNA thereof by 
hybridization or amplification (e.g., PCR) and hybridization 
techniques (e.g., obtaining DNA-containing Sample, con 
tacting Same with genes or fragment under PCR, amplifi 
cation and/or hybridization conditions, and detecting pres 
ence of or isolating hybrid or amplified product). The 
expression product uses include use in preparing antigenic, 
immunological or vaccine compositions, for eliciting anti 
bodies, an immunological response (other than or additional 
to antibodies) or a protective response (including antibody 
or other immunological response by administering compo 
Sition to a Suitable host); or, the expression product can be 
for use in detecting the presence of StreptococcuS pneumo 
niae by detecting antibodies to StreptococcuS pneumoniae 
protein(s) or antibodies to a portion thereof in a host, e.g., by 
obtaining an antibody-containing Sample from a relevant 
host, contacting the Sample with expression product and 
detecting binding (for instance by having the product 
labeled); and, the antibodies generated by the aforemen 
tioned compositions are useful in diagnostic or detection kits 
or assays. Thus, the invention relates to varied compositions 
of matter and methods for use thereof. 

BACKGROUND OF THE INVENTION 

0.003 Streptococcus pneumoniae is an important cause of 
otitis media, meningitis, bacteremia and pneumonia. Despite 
the use of antibiotics and vaccines, the prevalence of pneu 
mococcal infections has declined little over the last twenty 
five years. 
0004. It is generally accepted that immunity to Strepto 
COccuS pneumoniae can be mediated by Specific antibodies 
against the polysaccharide capsule of the pneumococcuS. 
However, neonates and young children fail to make an 
immune response against polysaccharide antigens and can 
have repeated infections involving the same capsular Sero 
type. 
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0005 One approach to immunizing infants against a 
number of encapsulated bacteria is to conjugate the capsular 
polysaccharide antigens to protein to make them immuno 
genic. This approach has been Successful, for example, with 
Haemophilus influenzae b (see U.S. Pat. No. 4,496.538 to 
Gordon and U.S. Pat. No. 4,673,574 to Anderson). However, 
there are over eighty known capsular Serotypes of S. pneu 
moniae of which twenty-three account for most of the 
disease. For a pneumococcal polysaccharide-protein conju 
gate to be Successful, the capsular types responsible for most 
pneumococcal infections would have to be made adequately 
immunogenic. This approach may be difficult, because the 
twenty-three polysaccharides included in the presently 
available vaccine are not all adequately immunogenic, even 
in adults. 

0006 An alternative approach for protecting children, 
and also the elderly, from pneumococcal infection would be 
to identify protein antigens that could elicit protective 
immune responses. Such proteins may serve as a vaccine by 
themselves may be used in conjunction with Successful 
polysaccharide-protein or as carriers for polysaccharides. 

0007 McDaniel et al. (I), J. Exp. Med. 160:386-397, 
1984, relates to the production of hybridoma antibodies that 
recognize cell Surface polypeptide(s) on S. pneumoniae and 
protection of mice from infection with certain Strains of 
encapsulated pneumococci by Such antibodies. This Surface 
protein antigen has been termed "pneumococcal Surface 
protein A' or PSpA for short. 

0008 McDaniel et al. (II), Microbial Pathogenesis 1:519 
531, 1986, relates to studies on the characterization of the 
PspA. Considerable diversity in the PSpA molecule in dif 
ferent StrainS was found, as were differences in the epitopes 
recognized by different antibodies. 
0009 McDaniel et al. (III), J. Exp. Med. 165:381-394, 
1987, relates to immunization of X-linked immunodeficient 
(XID) mice with non-encapsulated pneumococci expressing 
PSpA, but not isogenic pneumococci lacking PSpA, which 
protects mice from Subsequent fatal infection with pneumo 
COCC. 

0010) McDaniel et al. (IV), Infect. Immun., 59:222-228, 
1991, relates to immunization of mice with a recombinant 
full length fragment of PspA that is able to elicit protection 
against pneumococcal Strains of capsular types 6A and 3. 

0011 Crain et al, Infect. Immun., 56:3293-3299, 1990, 
relates to a rabbit antiserum that detects PSpA in 100% 
(n=95) of clinical and laboratory isolates of strains of S. 
pneumoniae. When reacted with seven monoclonal antibod 
ies to PSpA, fifty-seven S. pneumoniae isolates exhibited 
thirty-one different patterns of reactivity. 
0012. The PSpA protein type is independent of capsular 
type. It would seem that genetic mutation or exchange in the 
environment has allowed for the development of a large pool 
of Strains which are highly diverse with respect to capsule, 
PspA, and possibly other molecules with variable structures. 
Variability of PSpA's from different strains also is evident in 
their molecular weights, which range from 67 to 99 kD. The 
observed differences are stably inherited and are not the 
result of protein degradation. 

0013 Immunization with a partially purified PSpA from a 
recombinant gt11 clone, elicited protection against chal 
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lenge with Several S. pneumoniae Strains representing dif 
ferent capsular and PSpA types, as described in McDaniel et 
al. (IV), Infect. Immun. 59:222-228, 1991. Although clones 
expressing PSpA were constructed according to that paper, 
the product was insoluble and isolation from cell fragments 
following lysis was not possible. 

0.014 While the protein is variable in structure between 
different pneumococcal Strains, numerous croSS-reactions 
exist between all PSpA's, Suggesting that Sufficient common 
epitopes may be present to allow a Single PSpA or at least a 
Small number of PSpA'S to elicit protection against a large 
number of S. pneumoniae Strains. 
0.015. In addition to the published literature specifically 
referred to above, the inventors, in conjunction with co 
workers, have published further details concerning PSpA's, 
as follows: 

0016 1. Abstracts of 89th Annual Meeting of the 
American Society for Microbiology, p.125, item 
D-257, May 1989; 

0017 2. Abstracts of 90th Annual Meeting of the 
American Society for Microbiology, p. 98, item 
D-106, May 1990; 

0018) 3. Abstracts of 3rd International ASM Con 
ference on Streptococcal Genetics, p. 11, item 12, 
June 1990; 

0019 4. Talkington et al, Infect. Immun. 59:1285 
1289, 1991; 

0020) 5. Yother et al (I), J. Bacteriol. 174:601-609, 
1992; 

0021) 6. Yother et al (II), J. Bacteriol. 174:610-618, 
1992. 

0022 7. McDaniel et al (V), Microbiol. Pathogen 
esis, 13:261-268. 

0023. It would be useful to provide PspA or fragments 
thereof in compositions, including PSpA's or fragments 
from varying Strains in Such compositions, to provide anti 
genic, immunological or vaccine compositions, and, it is 
even further useful to show that the various strains can be 
grouped or typed, thereby providing a basis for croSS 
reactivities of PSpA's or fragments thereof, and thus pro 
Viding a means for determining which Strains to represent in 
Such compositions (as well as how to test for, detect or 
diagnose one Strain from another). 
0024. Further, it would be advantageous to provide a 
pSpA-like gene or a pSpC gene in certain Strains, as well as 
primers (oligonucleotides) for identification of Such a gene, 
as well as of conserved regions in that gene and in pSpA; for 
instance, for detecting, determining, isolating, or diagnosing 
Strains of S. pneumonia. These uses and advantages, it is 
believed, have not heretofore been provided in the art. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

0.025 The invention provides an isolated amino acid 
molecule comprising residues 1 to 115, 1 to 260, 192 to 588, 
192 to 299, or residues 192 to 260 of pneumococcal surface 
protein A of StreptococcuS pneumoniae. 
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0026. The invention further provides an isolated DNA 
molecule comprising a fragment of a pneumococcal Surface 
protein A gene of StreptococcuS pneumoniae encoding the 
isolated amino acid molecule. 

0027. The invention also provides PCR primers or 
hybridization probes comprising the isolated DNA mol 
ecule. 

0028. The invention additionally provides an antigenic, 
vaccine or immunological composition comprising the 
amino acid molecule. 

0029. The invention includes an isolated DNA molecule 
comprising nucleotides 1 to 26, 1967 to 1990, 161 to 187, 
1093 to 1117, or 1312 to 1331 or 1333 to 1355 of a 
pneumococcal Surface protein A gene of StreptococcuS 
pneumoniae. The DNA molecule can be used as a PCR 
primer or hybridization probe; and therefore the invention 
comprehends a PCR primer or hybridization probe compris 
ing the isolated DNA molecule. 
0030 The invention also includes an isolated DNA mol 
ecule comprising a fragment having homology with a por 
tion of a pneumococcal Surface protein A gene of Strepto 
coccus pneumoniae. The DNA preferably is the following 
(which include the portion having homology and restriction 
Sites, and Selection of other restriction sites or Sequences for 
Such DNA is within the ambit of the skilled artisan from this 
disclosure): 

CCGGATCCAGCTCCTGCACCAAAAAC; (SEQ ID NO: 1) 

GCGCGTCGACGGCTTAAACCCATTCACCATTGG; (SEQ ID NO: 2) 

CCGGATCCTGAGCCAGAGCAGTTGGCTG.; (SEQ ID NO:3) 

CCGGATCCGCTCAAAGAGATTGATGAGTCTG; (SEQ ID NO : 4) 

GCGGATCCCGTAGCCAGTCAGTCTAAAGCTG; (SEQ ID NO:5) 

CTGAGTCGACTGGAGTTTCTGGAGCTGGAGC; (SEQ ID NO : 6) 

CCGGATCCAGCTCCAGCTCCAGAAACTCCAG; (SEQ ID NO:7) 

GCGGATCCTTGACCAATATTTACGGAGGAGGC; (SEQ ID NO:8) 

GTTTTTGGTGCAGGAGCTGG; (SEQ ID NO:9) 

GCTATGGGCTACAGGTTG.; (SEQ ID NO : 10) 

CCACCTGTAGCCATAGC; (SEQ ID NO:11) 

CCGCATCCAGCGTGCCTATCTTAGGGGCTGGTT; 
(SEQ ID NO:12) 

and 

GCAAGCTTATGATATAGAAATTTGTAAC (SEQ ID NO : 13) 

0031 (thus, the invention broadly comprehends DNA 
homologous to portions of psp-A., preferably further includ 
ing restriction Sequences). 
0032) These DNA molecules can be used as PCR primers 
or probes, and thus, the invention comprehends a primer or 
probe comprising and of these molecules. 
0033) The invention further still provides PCR probe(s) 
which distinguishes between pSpA and psp-A-like nucleotide 
sequence, as well as PCR probe(s) which hybridizes to both 
pSpA and psp-A-like nucleotide Sequences. 
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0034. Additionally, the invention includes a PSpA extract 
prepared by a proceSS comprising: growing pneumococci in 
a first medium containing choline chloride, eluting live 
pneumococci with a choline chloride containing Salt Solu 
tion, and growing the pneumococci in a Second medium 
containing an alkanolamine and Substantially no choline; as 
well as a PSpA extract prepared by that process and further 
comprising purifying PSpA by isolation on a choline 
Sepharose affinity column. These processes are also 
included in the invention. 

0.035 An immunological composition comprising these 
extracts is comprehended by the invention, as well as an 
immunological composition comprising the full length 
PspA. 
0036) A method for enhancing the inmmunogenicity of a 
PSpA-containing immunological composition comprising, 
in Said composition, the C-terminal portion of PSpA, is 
additionally comprehended, as well. 
0037. An immunological composition comprising at least 
two PSpAS. The latter immunological composition can have 
the PSpAS from different groups or families, the groups or 
families can be based on RFLP or sequence Studies (see, 
e.g., FIGS. 13A-13T). 
0.038 Further, the invention provides an isolated amino 
acid molecule comprising pneumococcal Surface protein C, 
PSpC, of StreptococcuS pneumoniae having an alpha-helical, 
proline rich and repeat regions, an isolated DNA molecule 
comprising a pneumococcal Surface protein C gene encod 
ing the aforementioned PspC, and primers and hybrization 
probes consisting essentially of the isolated DNA molecule. 
0.039 Still further, an isolated amino acid molecule com 
prising pneumococcal Surface protein C, PSpC, of Strepto 
COccuS pneumoniae is provided, having an alpha-helical, 
proline rich and repeat regions, having Substantial homology 
with a protection eliciting region of PSpA, and an isolated 
DNA molecule comprising a pneumococcal Surface protein 
C gene encoding the aforementioned PSpC, and primerS and 
hybrization probes consisting essentially of the isolated 
DNA molecule are provided by the present invention. 
0040 Additionally, the present invention provides immu 
nological compositions comprising PspC. 

0041. These and other embodiments are disclosed or are 
obvious from the following detailed description. 

BRIEF DESCRIPTION OF THE FIGURES 

0042 FIGS. 1A and 1B show: Evaluation of digested 
plasmid constructs. FIG. 1A: 1% agarose gel electrophore 
sis of plasmids isolated from transformed E. coil BL21 
(DE3) strains stained with ethidium bromide. Lane 1: 1 kb 
DNA ladder (sizes noted in kb), lane 2: pRCT125; lane 3: 
pRC105, lane 4: DEL5 pSpA insert, lane 5: pRCT113, lane 
6: BG9739 pspA insert, lane 7: pRCT1117, and lane 8: 
L81905 pSpA insert. FIG. 1B: Corresponding Southern blot 
of gel in FIG. 1A probed with full-length RX1 psp-A and 
hybridization detected as described in Example 1. The arrow 
indicates the 1.2 kb pSpA digested inserts from plasmid 
constructs and the PCR-amplified psp-A fragments from the 
pneumococcal donor Strains used in cloning. 
0043 FIG. 2 shows: Evaluation of strain RCT105 cell 
fractions containing truncated DBL5 PSpA. Proteins from E. 
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coli cell fractions were resolved by 10% SDS-PAGE, trans 
ferred to NC, and probed with MAb XiR278. Lane 1: 
molecular weight markers (noted in kDa), lane 2: full 
length, native DBL5 PSpA, lane 3: uninduced cells, lanes 
4-6: induced cells; 1 hr, 2 hr., and 3 hr of IPTG induction 
respectively, lane 7: periplasmic proteins, lane 8: cytoplas 
mic proteins, and lane 9: insoluble cell wall/membrane 
material. 

0044) FIG. 3 shows: SDS-PAGE of R36A PspA (80 ng) 
column isolated from CDM-ET and an equal volume of an 
equivalent WG44.1 prep. Identical gels are shown Stained 
with Bio-Rad silver kit (A) or immunoblotted with PSpA 
MAb XiR278 (B). The PspA isolated from R36A shows the 
characteristic monomer (84 kDa) and dimer bands. 
004.5 FIG. 4 shows: Cell lysates of pneumococcal iso 
lates MC27 and MC28 were subjected to SDS-PAGE and 
transferred to nitrocellulose for Western blotting with seven 
MAb to PSpA. 7D2 detected a protein of 82 kDa in each 
isolate and XiR278 and 2A4 detected a protein of 190 kDa 
in each isolate. MAb Xi64, Xi126, 1A4 and SR4W4 were 
not reactive. Strains MC25 and MC26 yielded identical 
results. 

0046 FIG.5 (FIGS.5A and 5B) shows: Southern blot of 
HindIII digest of MC25-MC28 chromosomal DNA devel 
oped at a Stringency greater than 95 percent. A digest of RX1 
DNA was used as a comparison. The blot was probed with 
LSNpspA13/2, a full length RX1 probe (FIG. 5) and 
LSMpspA12/6 a 5" probe of RX1 psp-A (FIG. 5). The same 
concentration of RX1 DNA was used in both panels, but the 
concentrations of MC25-MC28 DNA in FIG. 5B were half 
that used in FIG. 5A to avoid detection of partial digests. 
0047 FIG. 6 shows: RFLP of amplified psp-A. PspA from 
MC25 was amplified by PCR using 5' and 3' primers for 
pspA (LSM13 and LSM, respectively). The amplified DNA 
was digested with individual restriction endonucleaseS prior 
to electrophoresis and Staining with ethidium bromide. Lane 
1 BclI, Lane 2 BAMHI, Lane 3 BstNI, Lane 4 PstI, Lane 5 
SacI, Lane 6 EcoRI, Lane 7 SmaI, Lane 8 KpnI. 
0048 FIG. 7 shows: A depiction of PspA showing the 
relative location and orientation of the oligonucleotides. 
0049 FIG. 8 shows: Derivatives of the S. pneumoniae 
D39-RX1 family. 
0050 FIGS. 9 to 10 show: Electrophoresis of psp-A or 
amplified psp-A product with HhaI (FIG. 9), Sau3AI (FIG. 
10). 
0051 FIG. 11 shows: RFLP pattern of two isolates from 
Six families. 

0.052 FIG. 12 shows: RFLP pattern of two isolates from 
six families (using products from amplification with SKH2 
and LSM13) 
0053 FIGS. 13A-13P show: Sequence primarily in the 
N-terminal half of PSpA for a variety of strains are shown, 
corresponding to (SEQ ID NO:32) through (SEQ ID NO: 
86), respectively. FIGS. 13O-T show the complete DNA 
sequence (SEQID NO: 87) and amino acid sequence (SEQ 
ID NO: 88), respectively, for EF5668 psp-A. 
0054 FIG. 14 shows: Cell lysates of pneumococcal 
isolates MC27 and MC28, subjected to SDS-PAGE and 
Western blotting with seven MAbs to PSpA; 7D2 detected a 
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protein of 82 kDa in each isolate, and Xi278 and 2A4 
detected a protein of 190 kDa in each isolate; MAbs Xió4, 
Xi126, 1A4 and SR4W4 were not reactive; strains MC25 and 
MC26 yielded identical results (not shown). 
0055 FIGS. 15A and 15B show: a Southern blot of 
HindIII digest of MC25-28 chromosomal DNA, using a 
digest of RX1 DNA as a comparison; the blot was probed 
with LSMpspA13/2, a full length RX1 probe (A), and 
LSMpspA12/6, a 5" probe of RX1 pspA (B); the same 
concentration of RX1 DNA was used in both panels, but the 
concentrations of MC25-28 DNA in B were half that used in 
A to avoid detection of partial digests. 
0056 FIGS. 15C, 15D and 15E show: the nucleotide 
sequences of primers LSM13 (SEQ ID NO: 13); LSM2 
(SEQ ID NO: 2), LSM12 (SEQID NO:12) and LSM6 (SEQ 
ID NO: 6), and that of probes LSpspA13/2 (SEQ ID NO: 
89)and LSMpspA12/6 (SEQ ID NO: 90). 
0057 FIG. 16 shows: RFLP of amplified psp-A, wherein 
PspA from MC25 was amplified by PCR using 5' and 3' 
primers for pspA (LSM13 and LSM2, respectively); the 
amplified DNA was digested with individual restriction 
endonucleases prior to electrophoresis and Staining with 
ethidium bromide; Bcl was used in lane 1; BamHI was used 
in lane 2, BstN I was used in lane 3; PstI was used in lane 
4, Sac I was used in lane 5; EcoRI was used in lane 6, Sma 
I was used in lane 7, and Kpn I was used in lane 8. 
0.058 FIG. 17 shows: position and orientation of oligo 
nucleotides relative to domains encoded by pSpA, numbers 
along the bottom of the Figure represent amino acids in the 
mature PSpA polypeptide from Strain RX1, and arrows 
represent the relative position (not to Scale) and orientation 
of oligonucleotides. 

0059 FIG. 18 shows: a restriction map of the pZero 
VectOr. 

0060 FIG. 19 shows: the nucleotide sequences of SKH2 
(SEQ ID NO: 107), LSM13 (SEQ ID NO: 20), N192 (SEQ 
ID NO: 91) and C588 (SEQ ID NO: 92). 
0061 FIG. 20 shows: a comparison of the structural 
motifs of PspA and PspC; PspA has a smaller alpha-helical 
region, and does not contain the direct repeats within the 
alpha-helix (indicated by the dashed lines); the alpha-helical 
regions which are homologous between PSpA and PspC are 
indicated by the dashed lines); the alpha-helical regions 
which are homologous between PSpA and PspC are indi 
cated by the striped pattern; and PCR primers are indicated 
by the arrows. 
0062 FIGS. 21A-21E show: the amino acid (SEQ ID 
NO:94) and nucleotide sequence (SEQID NO: 93) of PspC, 
wherein the putative -10 and -35 regions are underlined, 
and the ribosomal binding Site is in lower case. 
0063 FIGS. 22A-22C show: the Bestfit analysis of PspA 
and PspC percent identity is 69% and percent similarity is 
77%; amino acids of PspA are on the bottom line (1-588) 
(SEQ ID NO: 96); and amino acids of PspC are on the top 
line (249-891) (SEQID NO: 95), and a dashed line indicated 
identity. 

0064 FIGS. 23A-23E show: the coiled coil motif of the 
alpha-helix of PspC (SEQ ID NO:97); amino acids that are 
not in the coiled coil motif are in the right column. 
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0065 FIG. 24 shows: a matrix plot comparison of the 
repeat regions of the alpha-helical region of PspC. 
0.066 FIGS. 25A-25C show: the sequence of the alpha 
helical and proline regions of LXS532 (PspC.D39) (SEQ ID 
NO: 98). 
0067 FIGS. 26A-26B show: a comparison of nucleotides 
of psp-A.RX1 (SEQ ID NO: 99); topspC.D39 (SEQ ID NO: 
100). 
0068 FIGS. 27A-27D show: a BESTFIT analysis of 
pspC.EF6797 (SEQ ID NO: 101) and pspc.D39 (SEQ ID 
NO: 101). 
0069 FIGS. 28A-28B show: the amino acid comparison 
of PspC of EF6797 (SEQ ID NO: 103) and D39 (SEQ ID 
NO: 104). 
0070 FIGS. 29A-29B show: the amino acid comparison 
of PspC.D39 (SEQ ID NO: 105) and PspARX1 (SEQ ID 
NO: 106). 

DETAILED DESCRIPTION 

0071. Knowledge of and familiarity with the applications 
incorporated herein by reference is assumed; and, those 
applications disclose the Sequence of pSpA as well as certain 
portions thereof, and PSpA and compositions containing 
PspA. 
0072. As discussed above and in the following Examples, 
the invention relates to truncated PSpA, e.g., PSpA C-termi 
nal to position 192 such as aa. 192-588 (“BC100”) 192-299 
and 192-260 of PspA eliciting cross-protection, as well as to 
DNA encoding such truncated PSpA (which amplify the 
coding for these amino acid regions homologous to most 
PspAS). 
0073. The invention further relates to a psp-A-like gene, 
or a pspC gene and portions thereof (e.g., probes, primers) 
which can hybridize thereto and/or amplify that gene, as 
well as to DNA molecules which hybridize to psp-A, so that 
one can, by hybridization assay and/or amplification, ascer 
tain the presence of a particular pneumococcal Strain; and, 
the invention provides that a PspC can be produced by the 
pSpA-like or pspC Sequence (which PSpC can be used like 
PspA). 
0074 Indeed, the invention further relates to oligonucle 
otide probes and/or primers which react with pSpA and/or 
pSpC of many, if not all, Strains, So as to permit identifica 
tion, detection or diagnosis of any pneumococcal Strain, as 
well as to expression products of Such probes and/or prim 
ers, which can provide croSS-reactive epitopes of interest. 
0075. The repeat region of psp-A and/or pspC is highly 
conserved Such that the present invention provides oligo 
nucleotide probes or primers to this region reactive with 
most, if not all Strains, thereby providing diagnostic assays 
and a means for identifying epitopes of interest. 
0076. The invention demonstrates that the pspC gene is 
homologous to the pSpA gene in the leader Sequence, first 
portion of the proline-rich region and in the repeat region; 
but, these genes differ in the Second portion of their proline 
rich regions and at the very 3' end of the gene encoding the 
17 amino acid tail of PspA. The product of the pspC gene is 
expected to lack a C-terminal tail, Suggesting different 
anchoring than PSpA. Drug interference with functions Such 
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as Surface binding of the coding for repeat regions of pSpA 
and the pSpC genes, or with the repeat regions of the 
expression products, is therefore a target for intervention of 
pneumococcal infection. 
0077. Further still, the invention provides evidence of 
additional pSpA homologous Sequences, in addition to pSpA 
and the pSpC Sequence. The invention, as mentioned above, 
includes oligonucleotide probes or primers which distin 
guish between pSpA and the pSpC Sequence, e.g., LSM1 and 
LSM2, useful for diagnostic detecting, or isolating purposes, 
and LSM1 and LSM10 or LSM1 and LSM7 which amplify 
a portion of the pSpC gene, particularly the portion of that 
gene which encodes an antigenic, immunological or protec 
tive protein. 
0078. The invention further relates to a method for the 
isolation of native PSpA by growth of pneumococci medium 
containing high concentrations of (about 0.9% to about 
1.4%, preferably 1.2%) choline chloride, elution of live 
pneumococci with a Salt Solution containing choline chlo 
ride, e.g., about 1% about 3%, preferably 2% choline 
chloride, and growth of pneumococci in medium in which 
the choline in the medium has been almost or Substantially 
completely replaced with a lower alkanolamine, e.g., C-C, 
preferably C alkanolamine, i.e., preferably C alkanola 
mine, i.e., preferably ethanolamine (e.g., 0.0000005% to 
0.0000015%, preferably 0.000001% choline chloride plus 
0.02% to 0.04% alkanolamine (ethanolamine), preferably 
0.03%). PspA from such pneumococci is then preferably 
isolated from a choline-Sepharose affinity column, thereby 
providing highly purified PSpA. Such isolated and/or puri 
fied PSpA is highly immunogenic and is useful in antigenic, 
immunological or vaccine composition. 
0079 Indeed, the growth media of the pneumococci 
grown in the presence of the alkanolamine (rather than 
choline) contains PSpA and is itself highly immunogenic and 
therefore useful as an antigenic, immunological or vaccine 
composition; and, is rather inexpensive to produce. Per 
microgram of PSpA, the PSpA in the alkanolamine medium 
is much more protective than PSpA isolated by other means, 
e.g., from extracts. Perhaps, without wishing to necessarily 
be bound by any one particular theory, there is a Synergistic 
effect upon PSpA by the other components present prior to 
isolation, or simply PspA is ore protective (more antigenic) 
prior to isolation and/or purification (implying a possibility 
of Some loSS of activity from the Step of isolation and/or 
purification). 
0080. The invention further relates to the N-terminal 115 
amino acids of PSpA, which is useful for compositions 
comprising an epitope of interest, immunological or vaccine 
compositions, as well as the DNA coding therefor, which is 
useful in preparing these N-terminal amino acids by recom 
bination, or for use as probes and/or primers for hybridiza 
tion and/or amplification for identification, detection or 
diagnosis purposes. 

0081. The invention further demonstrates that there is a 
grouping among the pSpA RFLP families. This provides a 
method of identifying families of different PSpAS based on 
RFLP pattern of pSpAS, as well as a means for obtaining 
diversity of PSpAS in an antigenic, immunological or vac 
cine composition; and, a method of characterizing clono 
types of PspA based on RFLP patterns of PSpA. And, the 
invention thus provides oligonucleotides which permit 
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amplification of most, e.g., a majority, if not all of S. 
pneumoniae and thereby permit RFLP analysis of a majority, 
if not all, S. pneumoniae. 
0082 The invention also provides PspC, having an 
approximate molecular weight of 105 kD, with an estimated 
All of 6.09, and comprising an alpha-helical region, followed 
by a proline-rich domain and repeat region. A major croSS 
protective region of PSpA comprises the C-terminal third of 
the alpha-helical region (between residues 192 and 260 of 
PspA), which region accounts for the binding of 4 of 5 
cross-protective MAb, and PSpA fragments comprising this 
region can elicit cross-protective immunity in mice. Homol 
ogy between PspC and PSpA begins at amino acid 148 of 
PspA, thus including the region from 192 to 299, and 
including the entire PSpC Sequence C-terminal of amino acid 
486. Due to the Substantial Sequence homology between 
PSpA and PSpC in a region comprising the epitopes of 
interest, known to be protection eliciting, PSpC is likely to 
comprise epitopes of interest Similar to those found in PSpA. 
Antibodies Specific for this region of PSpA, i.e., between 
amino acids 148 and 299, should cross-react with PspC, and 
thus afford protection by reacting with PspC and PSpA. 
Similarly, immunization with PspC would be expected to 
elicit antibodies croSS-protective against PSpA. 
0083. An epitope of interest is an antigen or immunogen 
or immunologically active fragment thereof from a pathogen 
or toxin of Veterinary or human interest. 
0084. The present invention provides an immunogenic, 
immunological or Vaccine composition containing the pneu 
mococcal epitope of interest, and a pharmaceutically accept 
able carrier or diluent. An immunological composition con 
taining the pneumococcal epitope of interest, elicits an 
immunological response-local or Systemic. The response 
can, but need not be, protective. An immunogenic compo 
Sition containing the pneumococcal epitope of interest, 
likewise elicits a local or Systemic immunological response 
which can, but need not be, protective. A vaccine compo 
Sition elicits a local or Systemic protective response. Accord 
ingly, the terms “immunological composition' and “immu 
nogenic composition' include a “vaccine composition' (as 
the two former terms can be protective compositions). 
0085. The invention therefore also provides a method of 
inducing an immunological response in a host mammal 
comprising administering to the host an immunogenic, 
immunological or vaccine composition comprising the 
pneumococcal epitope of interest, and a pharmaceutically 
acceptable carrier or diluent. 
0086 The DNA encoding the pneumococcal epitope of 
interest can be DNA which codes for full length PSpA, PSpC, 
or fragments thereof. A sequence which codes for a fragment 
of PSpA or PspC can encode that portion of PspA or PspC 
which contains an epitope of interest, Such as a protection 
eliciting epitope of the protein. 

0087 Regions of PspA and PspC have been identified 
from the RX1 strain of S. pneumoniae which not only contain 
protection-eliciting epitopes, but are also Sufficiently croSS 
reactive with other PspAS from other S. pneumoniae strains 
so as to be suitable candidates for the region of PspA to be 
incorporated into a vaccine, immunological or immunogenic 
composition. Epitopic regions of PSpA include residues 1 to 
115, 1 to 314, 192 to 260 and 192 to 588. DNA encoding 
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fragments of PspA can comprise DNA which codes for the 
aforementioned epitopic regions of PSpA, or it can comprise 
DNA encoding overlapping fragments of PSpA, e.g., frag 
ment 192 to 588 includes 192 to 260, and fragment 1 to 314 
includes 1 to 115 and 192 to 260. 

0088 AS to epitopes of interest, one skilled in the art can 
determine an epitope of immunodominant region of a pep 
tide or polypeptide and ergo the coding DNA therefor from 
the knowledge of the amino acid and corresponding DNA 
Sequences of the peptide or polypeptide, as well as from the 
nature of particular amino acids (e.g., size, charge, etc.) and 
the codon dictionary, without undue experimentation. 
0089. A general method for determining which portions 
of a protein to use in an immunological composition focuses 
on the size and Sequence of the antigen of interest. "In 
general, large proteins, because they have more potential 
determinants are better antigens than Small ones. The more 
foreign an antigen, that is the leSS Similar to Self configu 
rations which induce tolerance, the more effective it is in 
provoking an immune response.” Ivan Roitt, ESSential 
Immunology, 1988. 
0090 AS to size, the skilled artisan can maximize the size 
of the protein encoded by the DNA sequence to be inserted 
into the viral vector (keeping in mind the packaging limi 
tations of the vector). To minimize the DNA inserted while 
maximizing the Size of the protein expressed, the DNA 
Sequence can exclude introns (regions of a gene which are 
transcribed but which are subsequently excised from the 
primary RNA transcript). 
0.091 At a minimum, the DNA sequence can code for a 
peptide at least 8 or 9 amino acids long. This is the minimum 
length that a peptide needs to be in order to Stimulate a CD4+ 
T cell response (which recognizes virus infected cells or 
cancerous cells). A minimum peptide length of 13 to 25 
amino acids is useful to Stimulate a CD8+ T cell response 
(which recognizes special antigen presenting cells which 
have engulfed the pathogen). See Kendrew, Supra. However, 
as these are minimum lengths, these peptides are likely to 
generate an immunological response, i.e., an antibody or T 
cell response; but, for a protective response (as from a 
vaccine composition), a longer peptide is preferred. 
0092. With respect to the sequence, the DNA sequence 
preferably encodes at least regions of the peptide that 
generate an antibody response or a T cell response. One 
method to determine T and B cell epitopes involves epitope 
mapping. The protein of interest “is fragmented into over 
lapping peptides with proteolytic enzymes. The individual 
peptides are then tested for their ability to bind to an 
antibody elicited by the native protein or to induce T cell or 
B cell activation. This approach has been particularly useful 
in mapping T-cell epitopes Since the T cell recognizes short 
linear peptides complexed with MHC molecules. The 
method is less effective for determining B-cell epitopes” 
Since B cell epitopes are often not linear amino acid 
Sequence but rather result from the tertiary Structure of the 
folded three dimensional protein. Janis Kuby, Immunology, 
(1992) pp. 79-80. 
0093. Another method for determining an epitope of 
interest is to choose the regions of the protein that are 
hydrophilic. Hydrophilic residues are often on the surface of 
the protein and therefore often the regions of the protein 
which are accessible to the antibody. Janis Kuby, Immunol 
ogy, (1992) P. 81. 
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0094. Yet another method for determining an epitope of 
interest is to perform an X-ray crystallographic analysis of 
the antigen (full length)-antibody complex. Janis Kuby, 
Immunology, (1992) p. 80. 
0095 Still another method for choosing an epitope of 
interest which can generate a T cell response is to identify 
from the protein Sequence potential HLA anchor binding 
motifs which are peptide Sequences which are known to be 
likely to bind to the MHC molecule. 
0096. The peptide which is a putative epitope, to generate 
a T cell response, should be presented in a MHC complex. 
The peptide preferably contains appropriate anchor motifs 
for binding to the MHC molecules, and should bind with 
high enough affinity to generate an immune response. Fac 
tors which can be considered are: the HLA type of the 
patient (vertebrate, animal or human) expected to be immu 
nized, the Sequence of the protein, the presence of appro 
priate anchor motifs and the occurrence of the peptide 
Sequence in other Vital cells. 
0097. An immune response is generated, in general, as 
follows: T cells recognize proteins only when the protein has 
been cleaved into Smaller peptides and is presented in a 
complex called the “major histocompatability complex 
MHC' located on another cells Surface. There are two 
classes of MHC complexes-class I and class II, and each 
class is made up of many different alleles. Different patients 
have different types of MHC complex alleles; they are said 
to have a different HLA type. 
0.098 Class I MHC complexes are found on virtually 
every cell and present peptides from proteins produced 
inside the cell. Thus, Class I MHC complexes are useful for 
killing cells which when infected by viruses or which have 
become cancerous and as the result of expression of an 
oncogene. T cells which have a protein called CD4 on their 
surface, bind to the MHC class I cells and secrete lymphok 
ines. The lymphokines Stimulate a response; cells arrive and 
kill the viral infected cell. 

0099 Class II MHC complexes are found only on anti 
gen-presenting cells and are used to present peptides from 
circulating pathogens which have been endocytosed by the 
antigen-presenting cells. T cells which have a protein called 
CD8 bind to the MHC class II cells and kill the cell by 
exocytosis of lytic granules. 

0100 Some guidelines in determining whether a protein 
is an epitopes of interest which will stimulate a T cell 
response, include: Peptide length-the peptide should be at 
least 8 or 9 amino acids long to fit into the MHC class I 
complex and at least 13-25 amino acids long to fit into a 
class II MHC complex. This length is a minimum for the 
peptide to bind to the MHC complex. It is preferred for the 
peptides to be longer than these lengths because cells may 
cut the expressed peptides. The peptide should contain an 
appropriate anchor motif which will enable it to bind to the 
various class I or class II molecules with high enough 
Specificity to generate an immune response (See Bocchia, 
M. et al, Specific Binding of Leukemia. Oncogene Fusion 
Protein Peptides to HLA Class I Molecules, Blood 85:2680 
2684; Englehard, V H, Structure of peptides associated with 
class I and class II MHC molecules Ann. Rev. Immunol. 
12:181 (1994)). This can be done, without undue experi 
mentation, by comparing the Sequence of the protein of 
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interest with published Structures of peptides associated with 
the MHC molecules. Protein epitopes recognized by T cell 
receptors are peptides generated by enzymatic degradation 
of the protein molecule and are presented on the cell Surface 
in association with class I or class II MHC molecules. 

0101 Further, the skilled artisan can ascertain an epitope 
of interest by comparing the protein Sequence with 
Sequences listed in the protein data base. Regions of the 
protein which share little or no homology are better choices 
for being an epitope of that protein and are therefore useful 
in a vaccine or immunological composition. Regions which 
share great homology with widely found Sequences present 
in vital cells should be avoided. 

0102) Even further, another method is simply to generate 
or express portions of a protein of interest, generate mono 
clonal antibodies to those portions of the protein of interest, 
and then ascertain whether those antibodies inhibit growth in 
vitro of the pathogen from which the protein was derived. 
The skilled artisan can use the other guidelines Set forth in 
this disclosure and in the art for generating or expressing 
portions of a protein of interest for analysis as to whether 
antibodies thereto inhibit growth in vitro. For example, the 
skilled artisan can generate portions of a protein of interest 
by: selecting 8 to 9 or 13 to 25 amino acid length portions 
of the protein, Selecting hydrophilic regions, Selecting por 
tions shown to bind from X-ray data of the antigen (full 
length)-antibody complex, Selecting regions which differ in 
Sequence from other proteins, Selecting potential HLA 
anchor binding motifs, or any combination of these methods 
or other methods known in the art. 

0103 Epitopes recognized by antibodies are expressed 
on the Surface of a protein. To determine the regions of a 
protein most likely to Stimulate an antibody response one 
skilled in the art can preferably perform an epitope map, 
using the general methods described above, or other map 
ping methods known in the art. 
0104. As can be seen from the foregoing, without undue 
experimentation, from this disclosure and the knowledge in 
the art, the skilled artisan can ascertain the amino acid and 
corresponding DNA sequence of an epitope of interest for 
obtaining a T cell, B cell and/or antibody response. In 
addition, reference is made to Gefter et al., U.S. Pat. No. 
5,019,384, issued May 28, 1991, and the documents it cites, 
incorporated herein by reference (Note especially the “Rel 
evant Literature” Section of this patent, and column 13 of 
this patent which discloses that: “A large number of epitopes 
have been defined for a wide variety of organisms of interest. 
Of particular interest are those epitopes to which neutraliz 
ing antibodies are directed. Disclosures of Such epitopes are 
in many of the references cited in the Relevant Literature 
Section.”) 
0105. Further, the invention demonstrates that more than 
one Serologically complementary PspA molecule can be in 
an antigenic, immunological or vaccine composition, So as 
to elicit better response, e.g., protection, for instance, against 
a variety of Strains of pneumococci; and, the invention 
provides a System of Selecting PSpAS for a multivalent 
composition which includes cross-protection evaluation So 
as to provide a maximally efficacious composition. 

0106 The determination of the amount of antigen, e.g., 
PSpA or truncated portion thereof and optional adjuvant in 
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the inventive compositions and the preparation of those 
compositions can be in accordance with Standard techniques 
well known to those skilled in the pharmaceutical or vet 
erinary arts. In particular, the amount of antigen and adju 
Vant in the inventive compositions and the dosages admin 
istered are determined by techniques well known to those 
skilled in the medical or veterinary arts taking into consid 
eration Such factors as the particular antigen, the adjuvant (if 
present), the age, Sex, weight, species and condition of the 
particular patient, and the route of administration. For 
instance, dosages of particular PSpA antigens for Suitable 
hosts in which an immunological response is desired, can be 
readily ascertained by those skilled in the art from this 
disclosure (see, e.g., the Examples), as is the amount of any 
adjuvant typically administered therewith. Thus, the skilled 
artisan can readily determine the amount of antigen and 
optional adjuvant in compositions and to be administered in 
methods of the invention. Typically, an adjuvant is com 
monly used as 0.001 to 50 wt % Solution in phosphate 
buffered Saline, and the antigen is present on the order of 
micrograms to milligrams, such as about 0.0001 to about 5 
wt %, preferably about 0.0001 to about 1 wt %, most 
preferably about 0.0001 to about 0.05 wt % (see, e.g., 
Examples below or in applications cited herein). 
0107 Typically, however, the antigen is present in an 
amount on the order of micrograms to milligrams, or, about 
0.001 to about 20 wt %, preferably about 0.01 to about 10 
wt %, and most preferably about 0.05 to about 5 wt % (see, 
e.g., Examples below). 

0.108 Of course, for any composition to be administered 
to an animal or human, including the components thereof, 
and for any particular method of administration, it is pre 
ferred to determine therefor: toxicity, Such as by determining 
the lethal dose (LD) and LDso in a Suitable animal model 
e.g., rodent Such as mouse, and, the dosage of the compo 
Sition(s), concentration of components therein and timing of 
administering the composition(s), which elicit a Suitable 
immunological response, Such as by titrations of Sera and 
analysis thereof for antibodies or antigens, e.g., by ELISA 
and/or RFFIT analysis. Such determinations do not require 
undue experimentation from the knowledge of the skilled 
artisan, this disclosure and the documents cited herein. And, 
the time for Sequential administrations can be ascertained 
without undue experimentation. 

0109 Examples of compositions of the invention include 
liquid preparations for orifice, e.g., oral, nasal, anal, Vaginal, 
peroral, intragastric, mucosal (e.g., perlingual, alveolar, gin 
gival, olfactory or respiratory mucosa) etc., administration 
Such as Suspensions, Syrups or elixirs, and, preparations for 
parenteral, Subcutaneous, intradermal, intramuscular or 
intravenous administration (e.g., injectable administration), 
Such as Sterile Suspensions or emulsions. Such compositions 
may be in admixture with a Suitable carrier, diluent, or 
excipient Such as Sterile water, physiological Saline, glucose 
or the like. The compositions can also be lyophilized. The 
compositions can contain auxiliary Substances Such as wet 
ting or emulsifying agents, pH buffering agents, gelling or 
Viscosity enhancing additives, preservatives, flavoring 
agents, colors, and the like, depending upon the route of 
administration and the preparation desired. Standard texts, 
Such as “REMINGTON'S PHARMACEUTICAL SCI 
ENCE', 17th edition, 1985, incorporated herein by refer 
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ence, may be consulted to prepare Suitable preparations, 
without undue experimentation. 
0110 Compositions of the invention, are conveniently 
provided as liquid preparations, e.g., isotonic aqueous Solu 
tions, Suspensions, emulsions or Viscous compositions 
which may be buffered to a selected pH. If digestive tract 
absorption is preferred, compositions of the invention can be 
in the “Solid’ form of pills, tablets, capsules, caplets and the 
like, including "Solid' preparations which are time-released 
or which have a liquid filling, e.g., gelatin covered liquid, 
whereby the gelatin is dissolved in the stomach for delivery 
to the gut. If nasal or respiratory (mucosal) administration is 
desired, compositions may be in a form and dispensed by a 
Squeeze spray dispenser, pump dispenser or aeroSol dis 
penser. AeroSols are usually under pressure by means of a 
hydrocarbon. Pump dispensers can preferably dispense a 
metered dose or, a dose having a particular particle size. 
0111 Compositions of the invention can contain pharma 
ceutically acceptable flavors and/or colors for rendering 
them more appealing, especially if they are administered 
orally. The Viscous compositions may be in the form of gels, 
lotions, ointments, creams and the like and will typically 
contain a Sufficient amount of a thickening agent So that the 
viscosity is from about 2500 to 6500 cps, although more 
Viscous compositions, even up to 10,000 cps may be 
employed. Viscous compositions have a Viscosity preferably 
of 2500 to 5000 cps, since above that range they become 
more difficult to administer. However, above that range, the 
compositions can approach Solid or gelatin forms which are 
then easily administered as a Swallowed pill for oral inges 
tion. 

0112 Liquid preparations are normally easier to prepare 
than gels, other Viscous compositions, and Solid composi 
tions. Additionally, liquid compositions are Somewhat more 
convenient to administer, especially by injection or orally, to 
animals, children, particularly Small children, and others 
who may have difficulty Swallowing a pill, tablet, capsule or 
the like, or in multi-dose situations. Viscous compositions, 
on the other hand, can be formulated within the appropriate 
Viscosity range to provide longer contact periods with 
mucosa, Such as the lining of the Stomach or nasal mucosa. 
0113. Obviously, the choice of suitable carriers and other 
additives will depend on the exact route of administration 
and the nature of the particular dosage form, e.g., liquid 
dosage form e.g., whether the composition is to be formu 
lated into a Solution, a Suspension, gel or another liquid 
form, or Solid dosage form e.g., whether the composition 
is to be formulated into a pill, tablet, capsule, caplet, time 
release form or liquid-filled form. 
0114 Solutions, Suspensions and gels, normally contain a 
major amount of water preferably purified water) in addition 
to the antigen, lipoprotein and optional adjuvant. Minor 
amounts of other ingredients such as pH adjusters (e.g., a 
base Such as NaOH), emulsifiers or dispersing agents, buff 
ering agents, preservatives, Wetting agents, jelling agents, 
(e.g., methylcellulose), colors and/or flavors may also be 
present. The compositions can be isotonic, i.e., it can have 
the same OSmotic preSSure as blood and lacrimal fluid. 
0115 The desired isotonicity of the compositions of this 
invention may be accomplished using Sodium chloride, or 
other pharmaceutically acceptable agents Such as dextrose, 
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boric acid, Sodium tartrate, propylene glycol or other inor 
ganic or organic Solutes. Sodium chloride is preferred par 
ticularly for buffers containing Sodium ions. 
0116 Viscosity of the compositions may be maintained at 
the Selected level using a pharmaceutically acceptable thick 
ening agent. Methylcellulose is preferred because it is 
readily and economically available and is easy to work with. 
Other Suitable thickening agents include, for example, Xan 
than gum, carboxymethyl cellulose, hydroxypropyl cellu 
lose, carbomer, and the like. The preferred concentration of 
the thickener will depend upon the agent Selected. The 
important point is to use an amount which will achieve the 
Selected Viscosity. Viscous compositions are normally pre 
pared from Solutions by the addition of Such thickening 
agents. 

0117. A pharmaceutically acceptable preservative can be 
employed to increase the shelf-life of the compositions. 
Benzyl alcohol may be Suitable, although a variety of 
preservatives including, for example, parabens, thimerosal, 
chlorobutanol, or benzalkonium chloride may also be 
employed. A Suitable concentration of the preservative will 
be from 0.02% to 2% based on the total weight although 
there may be appreciable variation depending upon the agent 
Selected. 

0118 Those skilled in the art will recognize that the 
components of the compositions must be selected to be 
chemically inert with respect to the PSpA antigen and 
optional adjuvant. This will present no problem to those 
skilled in chemical and pharmaceutical principles, or prob 
lems can be readily avoided by reference to Standard texts or 
by simple experiments (not involving undue experimenta 
tion), from this disclosure and the documents cited herein. 
0119) The immunologically effective compositions of 
this invention are prepared by mixing the ingredients fol 
lowing generally accepted procedures. For example the 
Selected components may be simply mixed in a blender, or 
other Standard device to produce a concentrated mixture 
which may then be adjusted to the final concentration and 
Viscosity by the addition of water or thickening agent and 
possibly a buffer to control pH or an additional solute to 
control tonicity. Generally the pH may be from about 3 to 
7.5. Compositions can be administered in dosages and by 
techniques well known to those skilled in the medical and 
Veterinary arts taking into consideration Such factors as the 
age, Sex, weight, and condition of the particular patient or 
animal, and the composition form used for administration 
(e.g., Solid VS. liquid). Dosages for humans or other mam 
mals can be determined without undue experimentation by 
the skilled artisan, from this disclosure, the documents cited 
herein, the Examples below (e.g., from the Examples involv 
ing mice). 
0120 Suitable regimes for initial administration and 
booster doses or for Sequential administrations also are 
variable, may include an initial administration followed by 
Subsequent administrations, but nonetheless, may be ascer 
tained by the skilled artisan, from this disclosure, the docu 
ments cited herein, and the Examples below. 
0121 PCR techniques for amplifying sample DNA for 
diagnostic detection or assay methods are known from the 
art cited herein and the documents cited herein (see 
Examples), as are hybridization techniques for Such meth 
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ods. And, without undue experimentation, the skilled artisan 
can use gene products and antibodies therefrom in diagnos 
tic, detection or assay methods by procedures known in the 
art. 

0122) The following Examples are provided for illustra 
tion and are not to be considered a limitation of the inven 
tion. 

EXAMPLES 

Example 1 

Truncated StreptococcuS pneumoniae PSpA 
Molecules Elicit Cross-Protective Immunity Against 

Pneumococcal Challenge 

0123. Since the isolation of S. pneumoniae from human 
saliva in 1881 and its subsequent connection with lobar 
pneumonia two years later, human disease resulting from 
pneumococcal infection has been associated with a signifi 
cant degree of morbidity and mortality. A recent Survey of 
urgently needed vaccines in the developing and developed 
World places an improved pneumococcal vaccine among the 
top three vaccine priorities of industrialized countries. The 
currently licensed vaccine is a 23-valent composition of 
pneumococcal capsular polysaccharides that is only about 
60% effective in the elderly and due to poor efficacy is not 
recommended for use in children below two years of age. 
Furthermore the growing frequency of multi-drug resistant 
Strains of S. pneumoniae being isolated accentuates the need 
for a more effective vaccine to prevent pneumococcal infec 
tions. 

0.124. The immunogenic nature of proteins makes them 
prime targets for new vaccine Strategies. Pneumococcal 
molecules being investigated as potential protein vaccine 
candidates include pneumolysis, neuraminidase, autolysin 
and PSpA. All of these proteins are capable of eliciting 
immunity in mice resulting in extension of life and protec 
tion against death with challenge doses near the LDs. PSpA 
is unique among these macromolecules in that it can elicit 
antibodies in animals that protect against inoculums 100 
fold greater than the LDso. 
0.125 PSpA is a surface-exposed protein with an apparent 
molecular weight of 67-99 kDa that is expressed by all 
clinically relevant S. pneumoniae Strains examined to date. 
Though PSpAS from different pneumococcal Strains are 
Serologically variable, many PSpA antibodies exhibit croSS 
reactivities with PSpAS from unrelated strains. Upon active 
immunization with PSpA, mice generate PSpA antibodies 
that protect against Subsequent challenge with diverse 
Strains of S. pneumoniae. The immunogenic and protection 
eliciting properties of PSpA Suggest that it may be a good 
candidate molecule for a protein-based pneumnococcal vac 
CC. 

0.126 Four distinct domains of PspA have been identified 
based on DNA sequence. They include a N-terminal highly 
charged alpha-helical region, a proline-rich 82 amino acid 
Stretch, a C-terminal repeat Segment comprised of ten 
20-amino acid repeat Sequences, and a 17-amino acid tail. A 
panel of MAbs to RX1 PSpA have been produced and the 
binding sites of nine of these Mabs were recently localized 
within the RX1 pSpA sequence in the alpha-helical region. 
Five of the RX1 Mabs were protective in mice infected with 
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a virulent pneumococcal strain, WU2. Four of these five 
protective antibodies were mapped to the distal third (amino 
acids 192-260) of the alpha-helical domain of RX1 PSpA. 
0127 Truncated PSpAS containing amino acids 192-588 
or 192-299, from pneumococcal strain RX1 were cloned and 
the recombinant proteins expressed and evaluated for their 
ability to elicit protection against Subsequent challenge with 
S. pneumoniae WU2. As with full-length RX1 PSpA, both 
truncated PSpAS containing the distal alpha-helical region 
protected mice against fatal WU2 pneumococcal infection. 
However, the recombinant PSpA fragment extending from 
amino acid 192 to 588 was more immunogenic than the 
Smaller fragment, probably due to its larger size. In addition, 
the protection elicited by the amino acid fragment 192-588 
of RX1 was comparable to that elicited by full-length RX1 
PspA. Therefore, cross-protective epitopes of other PSpAS 
were also sought in the C-terminal two-thirds of the mol 
ecule. AS discussed below, PSpAS homologous to amino 
acids 192-588 of strain RX1 were amplified by PCR, cloned, 
and expressed in E. coli. Then three recombinant PSpAS, 
from capsule type 4 and 5 Strains, were evaluated for their 
ability to confer cross-protection against challenge Strains of 
variant capsular types. The data demonstrate that the trun 
cated PSpAS from capsular type 4 and 5 Strains collectively 
protect against early death caused by challenge with capSu 
lar type 4 and 5 parental Strains as well as type 3, 6A, and 
6BS. pneumoniae. 

0128 Bacterial strains and culture conditions. All pneu 
mococci were from the culture collection of this laboratory, 
and have been described (Yother, J. et al., Infect. Immun. 
1982; 36: 184-188; Briles, D. E., et al., Infect. Immun. 1992; 
60: 111-116; McDaniel, L. S., et al., Microb. Pathog. 1992; 
13:261-269; and McDaniel, L. S., et al., In: Ferretti, J. J. et 
al., eds. Genetics of Streptococci, enterococci, and lacto 
cocci, 1995; 283-286), with the exception of clinical isolates 
TJO893, 0922134 and BG8740. Pneumococcal strains 
TJO893 and O922134 were recovered from the blood of a 
43-year old male and an elderly female, respectively. S. 
pneumoniae BG8743 is a blood isolate from an 8-month old 
infant. Strains employed in this study included capsular type 
3 (A66.3, EF10197, WJU2), type 4 (BG9739, EF3296, 
EF5668, L81905), type 5 (DBL5), type 6A (DBL6A, 
EF6796), type 6B (BG7322, BG9163, DBL1), type 14 
TJ0893), type 19 (BG8090), and type 23 (0922134, 
BG8743). In addition, strain WG44.1, which expresses no 
detectable PSpA, was employed in PSpA-Specific antibody 
analysis. All chemicals were purchased from Fisher Scien 
tific, Fair Lawn, N.J. unless indicated otherwise. 

0129. S. pneumoniae were grown in Todd Hewitt broth 
(Difco, Detroit, Mich.) supplemented with 5% yeast extract 
(Difco). Mid-exponential phase cultures were used for seed 
ing inocula in Lactated Ringer's (Abbott laboratories, North 
Chicago, Ill.) for challenge Studies. For pneumococcal 
Strains used in challenge Studies, inocula ranged from 2.8 to 
3.8 logo CFU (verified by dilution plating on blood agar). 
Plates were incubated overnight in a candle jar at 37 C. 

0130 E. coli DH1 and BL21 (DE3) were cultured in LB 
medium (1% Bacto-tryptone (Difco), 0.5% Bacto Yeast 
(Difco), 0.5% NaCl, 0.1% dextrose). For the preparation of 
cell lysates, recombinant E coli were grown in minimal E 
medium supplemented with 0.05 M thiamine, 0.2% glucose, 
0.1% casamino acids (Difco), and 50 mg/ml kanamycin. 
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Permanent bacterial stocks were stored at -80 C. in growth 
medium containing 10% glycerol. 
0131 Construction of plasmid-based strains. pET-9a 
(Novagen, Madison, Wis.) was used for cloning truncated 
pSpA genes from fourteen S. pneumoniae Strains: DBL5, 
DBL6A, WU2, BG9739, EF5668, L81905, 0922134, 
BG8090, BG8743, BG9163, DBL1, EF3296, EF6796, and 
EF10197 (Table 1). psp-A gene fragments, from fifteen 
strains, were amplified by PCR using two primers provided 
by Connaught Laboratories, Swiftwater, Pa. Primer N192 
5'GGAAGGCCATATGCTCAAAGAGATTGAT 
GAGTCT3' (SEQ ID NO: 13) and primer C588-5'CCAAG 
GATCCTTAAACCCATTCACCATT GGC3' (SEQ ID NO: 
14) were engineered. with NdeI and BamHI restriction 
endonuclease sites, respectively. PCR-amplified gene prod 
ucts were digested with BamHI and Nde, and ligated to 
linearized pT-9a digested likewise and further treated with 
bacterial alkaline phosphatase United States Bio-chemical 
Corporation, Cleveland, Ohio) to prevent recircularization 
of the cut plasmid. Clones were first established in E. coli 
BL21(DE3) which contained a chromosomal copy of the T7 
RNA polymerase gene under the control of an inducible 
lacUV5 promoter. 

0132) E. coli DH1 cells were transformed by the method 
of Hanahan (Hanahan, D.J. Mol. Biol. 1983; 166:557-580). 
Stable transfonnants were identified by screening on LB 
kanamycin plates. Plasmid constructs, isolated from each of 
these strains, were electroporated (Electro Cell Manipulator 
600, BTX Electroporation System, San Diego, Calif.) into E. 
coli BL21 (DE3) and their respective strain designations are 
listed in Table 1. The pT-9a vector alone was introduced 
into E. coli BL21 (DES) by electroporation to yield strain 
RCT125 (Table 2). All plasmid constructs and PCR-ampli 
fied pSpA gene fragments were evaluated by agarose gel 
electrophoresis (with 1 kb DNA ladder, Gibco BRL, Gaith 
ersburg, Md.). Next, Southern analysis was performed using 
LMpSpA1, a previously described full-length pSpA probe 
(McDaniel. L. S. et al., Microb. Pathog. 1992; 13:261-269) 
random primed labeled with digoxigenin-11-dUTP (Genius 
System, Boehringer Mannheim, Indianapolis, Ind.). Hybrid 
ization was detected with chemiluminescent sheets accord 
ing to the manufacturer's instructions (Schleicher & Schuell, 
Keene, N.H.). 
0.133 Cell fractionation of recombinant E. coli strains. 
Multiple cell fractions from transformed E. coli were evalu 
ated for the expression of truncated PSpA molecules. Single 
colonies were inoculated into 3 ml LB cultures containing 
kanamycin and grown overnight at 37 C. Next, an 80 ml LB 
culture, inoculated with 1:100 dilution of the overnight 
culture, was grown at 37 C. to mid-exponential phase (Asoo 
of ca. 0.5) and a 1 ml sample was harvested and resuspended 
(uninduced cells) prior to induction with isopropylthioga 
lactoside (IPTG, 0.3 mM final concentration). Following 1, 
2, and 3 hr of induction, 0.5 ml of cells were centrifuges, 
resuspended, and labeled induced cells. The remaining cul 
ture was divided into two aliquots, centrifuged (4000xg, 10 
min, DuPont Sorvall RC 5B Plus), and the Supernatant 
discarded. One pellet was resuspended in 5 ml of 20 mM 
Tris-HCl ph 7.4 200 mM NaCl, 1 mM (ethylenedinitrilo)- 
tetraacetic acid disodium salt (EDTA) and frozen at -20°C. 
overnight. Cells were thawed at 65 C. for 30 min, placed on 
ice, and Sonicated for Vive 10-Sec pulses (0.4 relative output, 
Fisher Sonic Dismembrator, Dynatech Laboratories, Inc. 
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Chantilly, Va.). Next, the material was centrifuged (9000xg, 
20 min) and the Supernatant was designated the crude 
extract-cytoplasmic fraction. The pellet was resuspended in 
Tris-NaCl-EDTA buffer and labeled the insoluble cell wall 
and membrane fraction. The other pellet, from the divided 
induced culture, was resuspended in 10 ml of 30 mM 
Tris-HCl pH 8.0 containing 20% sucrose and 1 mM EDTA 
and incubated at room temperature for 10 min with agitation. 
Cells were then centrifuged, the Supernatant removed, and 
the pellet resuspended in 5 mM MgSO (10 ml, 10 min., 
shaking 4 C. bath). This material was centrifuged and the 
Supernatant was designated osmotic Shock-periplasmic frac 
tion. Cell fractions were evaluated by SDS-PAGE and 
immunoblot analysis. 
0.134 Mabs to PspA. PSpA-specific monoclonal antibod 
ies (Mabs) XiR278 and 1A4 were used as previously 
described (Crain, M. J. et al., 1990, Infect. Immun., 58: 
3293-3299). MAb P50-92D9 was produced by immuniza 
tion with DBL5 PspA. The PspA-specificity of MAb P50 
92D9 was confirmed by Western Analysis by its reactivity 
with native PspAs from S. pneumoniae DBL5, BG9739, 
EF5668, and L81095 and its failure to recognize the PSpA 
control strain WG44.1. 

0135 SDS-PAGE and immunoblot analysis. E. coli cell 
fractions containing recombinant PSpA proteins and bioti 
nylated molecular weight markers (low range, Bio-Rad, 
Richmond, Calif.) were separated by sodium dodecyl sul 
fate-polyacrylamide (10%; Bethesda Research Laboratories, 
Gaithersburg, Md.) gel electrophoresis (SDS-PAGE) by the 
method of Laenmuli (Laemmli, U.K. Nature 1970; 227: 
680-685). Samples were first boiled for 5 min in sample 
buffer containing 60 mM Tris pH 6.8, 1% 2-B-mercaptoet 
hanol (Sigma, St. Louis, Mo.), 1% SDS, 10% glycerol, and 
0.01% bromophenol blue. Gels were subsequently trans 
ferred (1 hr, 100 volts) to nitrocellulose (0.45 mM pores, 
Millipore, Bedford, Mass.) as per the method of Towbinet 
al. Blots were blocked with 3% casein, 0.05% Tween 20 in 
10 mM Tris, 0.1 M NaCl, pH 7.4 for 30 min prior to 
incubating with PSpA-Specific monoclonal antibodies 
diluted in PBST for 1 hr at 25 C. Next, the blot was washed 
3 times with PBST before incubating with alkaline phos 
phatase-labeled goat anti-mouse immunoglobulin (Southern 
Biotechnology ASSociates, Inc., Birmingham, Ala.) for 1 hr 
at 25 C. Washes were performed as before and blots were 
developed with 0.5 mg/ml 5-bromo-4-chloro-3-indolyl 
phosphate and 0.01% nitro blue tetrazolium (Sigma) first 
dissolved in 150 ul of dimethylsulfoxide and then diluted in 
1.5 M Tris-HCl pH 8.8. Dot blots were analyzed similarly. 
Lysate samples (2 ul) were spotted on nitrocellulose filters 
(Millipore), allowed to dry, blocked, and detected as just 
described. 

0.136 Preparation of cell lysates containing recombinant 
PspA proteins. Transformed E. coli strains RCT105, 
RCT113, RCT117, and RCT125 (Table 2) were grown in 
mid-exponential phase in minimal E medium before IPTG 
induction (2 mM final concentration, 2 hours, 37° C). 
Cultures were harvested by centrifugation (10 min at 9000x 
g), resuspended in Tris-acetate pH 6.9, and frozen at -80 C. 
overnight. Samples were thawed at 65 C. for 30 min, cooled 
on ice, and Sonicated. Next the samples were treated with 0.2 
mM AEBSF (Calbiochem, La Jolla, Calif.) at 37° C. for 30 
min and finally centrifuged to remove cell wall and mem 
brane components. Dot blot analysis was performed using 
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PspA-specific MAbs to validate the presence of recombi 
nant, truncated PSpA molecules in the lysates prior to their 
use as immunogens in mice. Unused lysate material was 
Stored at -20° C. until Subsequent immunizations were 
performed. 

0.137 Mouse immunization and challenge. CBA/CAHN 
XID/J mice (Jackson Laboratories, Bar Harbor, Me...), 6-12 
weeks old, were employed for protection Studies. These 
mice carry a X-linked immunodeficiency that prevents them 
from generating antibody to polysaccharide components, 
thus making them extremely Susceptible to pneumococcal 
infection. Animals were immunized Subcutaneously with 
cell lysates from E coli recombinant strains RCT105, 
RCT113, RCT117, and RCT125 (Table 2) in complete 
Freund's adjuvant for primary immunizations. Secondary 
injections were administered in incomplete adjuvant and 
Subsequent boosts in dH2O. Inmunized and nonimmunized 
mice (groups of 2 to 5 animals) were challenged with S. 
pneumoniae strains A66.3, BG7322, DBL6A, WU2, DBL5, 
BG9739, and L81905 intravenously (tail vein) to induce 
pneumococcal Sepsis. Infected animals were monitored for 
21 days and mice that Survived the 3-week evaluation period 
were designated protected against death and Scored as 
Surviving 22 days for Statistical analysis. Protection that 
resulted in extension of life was calculated as a comparison 
between mean number of days to death for immunized 
versus pooled control mice (nonimmunized and RCT125 
Sham-immunized; total of 6-7 animals) 
0.138. Determination of PspA serum levels. Mice were 
bled retro-orbitally following the secondary boost and again 
prior to challenge. Representative mouse titers were evalu 
ated by enzyme-linked immunosorbent assay (ELISA) using 
native, parental PSpAS isolated from pneumococcal Strains 
DBL5, BG9739, and L81905. PspAs were immobilized on 
microtiter plates by incubating in 0.5 NaHCO, 0.5 M 
NaCOpH9.5 at 4 C. overnight. Alkaline phosphatase 
labeled goat anti-mouse immunoglobulin (Southern Bio 
technology ASSociates, Inc.) was used to detect mouse Serum 
antibodies. Color development was with p-nitrophenyl phos 
phate (Sigma, 1 mg/ml) in 0.5 m MgCL pH 9.8 with 10% 
diethanolamine and absorbance was read at 405 nm after a 
30 min incubation. Reciprocal titers were calculated as the 
last dilution of antibody that registered an optical density 
value of 0.1. Sera from individual mice within a particular 
immunogen group were evaluated Separately and then the 
respective titers from four mice per group were combined to 
obtain titer range (Table 3). 
0139 Statistics. The one-tailed Fisher exact and two 
Sample rank tests were used to evaluate protection against 
death and extension of life in the mouse model. 

0140) Cloning of truncated pSpA genes. Using primers 
N192 and C588, truncated pspA genes from fifteen diverse 
pneumococcal Strains representing eight different capsular 
types (Table 1) were amplified by PCR. Even though vari 
ability exists in pSpA genes from different Strain, this result 
demonstrates that Sufficient conservation exists between 
variant pSpA genes to allow Sequence amplification in all 
Strains examined to date. Successful pSpA PCR-amplifica 
tion extended to all capsule types evaluated. 
0141 Fourteen of the amplified psp-A genes were cloned 
and three clones containing truncated PSpA molecules from 
pneumococcal strains DBL5, BG9739, and L81905 were 
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further studied (Table 2). To verify the constructions, plas 
mids from recombinant E. coli strains (RCT105, RCT113, 
RCT 117, and RCT125 (Table 2) were isolated, digested 
with Nde and BAMHI restriction endonucleases, and elec 
trophoresed in 1% agarose side-by-side with the PCR prod 
ucts used in their respective constructions (FIG. 1A). The 
digestion reaction was complete for pRCT105, while 
pRCT113 and pRCT117 digestions were incomplete (lanes 
5 and 7, respectively). This gel was denatured and DNA 
transferred to nylon for Southern analysis. FIG. 1B depicts 
the corresponding Southern blot probed with full-length 
RX1pspA DNA. Lane 1 contains pRCT125, digested vector 
alone, which does not react with the pneumococcal DNA 
Specific probe, as expected. The pSpA-Specific probe hybrid 
ized with the PCT products and the digested plasmid inserts 
(see arrow, FIG. 1B) as well as the partially undigested 
pRCT113 and pRCT117 (lane 5 and 7), confirming success 
ful cloning of DBL5, BG9739, and L81905 pspA DNA. 
Constructions were similarly confirmed with the eleven 
additional recombinant Strains containing truncated pSpA 
genes from S. pneumoniae Strains of different capsular and 
PSpA types. 

0.142 Expression of recombinant PSpA in E. coli B121 
(De3). Transformed E. coli strains RCT105, RCT113, 
PCT117, and RCT125 were cultured to mid-exponential 
phase prior to the addition of IPTG to induce expression of 
the cloned, truncated pSpA gene in each Strain. A cell 
fractionation experiment was performed to identify the 
location of recombinant PSpA proteins in transformed E. coli 
Strains. Samples representing uninduced cells, included cells 
(1 hr, 2 hr, and 3 hr time intervals), the periplasmic fraction, 
the cytoplasmic fraction, and insoluble cell wall/membrane 
material were resolved by SDS-PAGE. Proteins were then 
transformed to nitrocellulose and Western analysis was 
performed using monoclonal antibodies Specific for PSpA 
epitopes. 

0143 FIG. 2 reveals that both the cytoplasmic (lane 8) 
and the insoluble matter fractions (lane 9), from recombinant 
strain RCT 105, contain a protein of approximately 53.7kDa 
that is recognized by MAb XiR278 that is not seen in the 
uninduced cell Sample (lane 3). This protein increases in 
quantity in direct correlation with the length of IPTG 
induction (lanes 4-6; 1 hr, 2 hr, and 3 hr respectively). No 
truncated RCT105 PSpA was found in the periplasmics 
fraction (lane 7), which was expected since the pET-9a 
vector lacks a Signal Sequence that would be necessary for 
directing proteins to the periplasm. The observed molecular 
weight (ca. 53.5 kDa) is larger than the predicted molecular 
weight for the 1.2 kb DBL5pspA gene product (43.6 kDa, 
FIG. 1A, lane 4). Like full-length RX1 PSpA, the observed 
and predicted molecular weights for truncated PSpAS do not 
agree precisely. In addition, immunoblot analysis was per 
formed for recombinant E. coil strains RCT113, and 
RCT117 (using MAbs 1A4 and P50-92D, respectively) and 
similar results were obtained, while no cell fractions from 
control strain RCT125 were recognized by MAb XiR278. 
0144) Evaluating the protective capacity of recombinant, 
truncated PSpAS. The truncated PSpA proteins from strains 
RCT113, RCT117, and RCT105 were expressed and ana 
lyzed for their ability to generate cross-protection against a 
battery of Seven S. pneumoniae Strains. Control mice (non 
immunized and RCT125 sham-immunized) and recombi 
nant PSpA-immunized mice were challenged with mouse 
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virulent strains A66.3, BG7322, DBL6A, WU2, DBL5, 
BC9739, and L81905. Table 3 presents the day of death for 
each infected mouse. 

0145 Immunization with truncated PspA from RCT113, 
RCT117, and RCT105 conferred protection against death for 
all mice challenged with capsular type 3 strains (A66.3 and 
WU2) (Table 3). The three truncated PSpAS also provided 
Significant protection against death with DBL6A, and 
BG7322 pneumococci (capsular types 6A and 6B, respec 
tively). In addition, immunization with recombinant 
RCT113 PSpA extended days to death in mice challenged 
with strains DBL5, BG9739, and L81905, while RCT117 
PspA prolonged the lives of mice inoculated with BG9739 
pneumococci (Table 3). Truncated BG9739 PSpA elicited 
protection against all challenge Strains (100%) evaluated in 
this study, while recombinant L81905 and DBL5 truncated 
PspAS conferred protection against death with 71% and 57% 
of S. pneumoniae challenge Strains, respectively. 
0146 Anti-PSpA antibody titers elicited by the three 
immunogens vary over approximately a 10-fold range 
(Table 3). The lowest antibody levels were elicited by 
RCT105 and this truncated PSpA also elicited protection 
against the fewest number of challenge strains. RCT113 and 
RCT117 elicited three and nine times as much anti-PSpA 
antibody, respectively. AS expected, no antibody to PSpA 
was detected in nonimmunized mice nor was specific-PSpA 
antibody measured in mice immunized with the Vector-only 
control strain (RCT125). 
0147 In summary, immunization with RCT113 and 
RCT117 PSpAS protected mice against fatal challenge with 
capsular type 3 and 6A Strains and extended life for mice 
inoculated with type 4, 5, and 6B pneumococci. RCT105 
PSpA immunization protected against fatal infection with 
capsular type 3 and 6B Strains and prolonged time to death 
for type 6A.S. pneumoniae but offered no protection against 
type 4 and 5 Strains. These data demonstrate that truncated 
PSpAS from capsular type 4 and 5 pneumococci collectively 
protect mice and ergo other hosts, Such as humans, against 
or delay death caused by each of the Seven challenge Strains. 
In general, however, more complete protection was 
observed against Strains of capsular type 3, 6A, and 6B than 
against type 4 and 5 S. pneumoniae. 
0148 PspA has been shown to be a protection-eliciting 
molecule of S. pneumoniae. Immunization with PSpA has 
also been shown to be cross-protective, although eliciting 
more complete protection against certain Strains than others. 
Thus, it is possible that a broadly protective PSpA vaccine 
might need to contain PSpAS of more than one pneumococ 
cal strain. The distal third of the alpha-helical region of PSpA 
has been identified as a major protective region of PSpA. 
Moreover, this region is presented in a very antigenic form 
when expressed with the intact C-terminal half of the 
molecule. In this Example, the ability to use truncated PSpA 
proteins homologous to the region of RX1 PSpA extending 
from amino acid residue 192 to the C-terminus at residue 
588 is demonstrated. 

014.9 The C-terminal two-thirds of PSpA was cloned 
from fourteen strains by PCR amplification of a gene 
fragment of the appropriate size (1.2 kb) which hybridized 
with full-length RX1 psp-A. Successful PCR amplification 
extended to all capsule types analyzed. Thus, the C-terminal 
two-thirds of PspA may be amplified from many, if not all, 
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pneumococcal capsule types with RX1 pSpA-specific prim 
ers. This technique is thus applicable to the development of 
antigenic immunological or vaccine compositions contain 
ing multiple PSpA or fragments thereof. 

0150. Of these clones, three truncated PSpA proteins were 
expressed and evaluated in mouse immunization Studies to 
determine their ability to cross-protect against challenge 
with a variety of pneumococcal capsular types. All three 
recombinant PSpAS elicited antibody reactive with their 
respective donor PSpA and all three elicited protection 
against pneumococcal infection. Of the two truncated PSpA 
proteins that elicited the highest antibody responses, 100% 
and 71% of the challenge strains were protected. RCT105 
PspA, which elicited the lowest titers of PspA-specific 
antibody, yielded protection against 57% of S. pneumoniae 
strains evaluated. With all truncated PSpAS, significant lev 
els of protection were observed in four of the seven chal 
lenge Strains. In fact, in all instances except for one 
(RCT105-immunized mice challenged with strain BG9739) 
the trend was for truncated PSpA-immunization to elicit 
protection against pneumococcal challenge. These results 
demonstrate that truncated RX1 PSpA (amino acids 192-588) 
cross-protects mice against fatal S. pneumoniae WU2 chal 
lenge. More importantly, these data show that the homolo 
gous regions of diverse PSpAS demonstrate comparable 
cross-protective abilities. 

0151 Strains of capsular type 4 and 5 were more difficult 
to protect against than were type 3, 6A and 6B pneumococ 
cal Strains. Serological differences in PSpAS might affect 
cross-protection in Some cases. Yet the difficulty in protect 
ing against the type 4 and 5 Strains used herein could not be 
explained on this basis, Since the truncated PSpA immuno 
gens were cloned from the same three type 4 and 5 Strains 
used for challenge. Both PSpAS from the type 4 strains 
delayed death caused by one or both type 4 challenge Strains 
but neither could prevent death caused by either type 4 
pneumococcal Strain. Moreover, the truncated PSpA from 
the type 5 strain DBL5 elicited protection against death or 
delayed death with strains of capsular types 3, 6A and 6B but 
failed to protect against infection with its donor Strain or 
either type 4 challenge Strain. 

0152 There may be several reasons why the truncated 
PSpAS from capsular type 4 and type 5 Strains failed to 
protect against death even with their homologous donor S. 
pneumoniae Strains. One possibility is that the type 4 and 5 
strains chosen for study are especially virulent in the XID 
mouse model. XID mice fail to make antibodies to polysac 
charides and are therefore extremely Susceptible to pneu 
mococcal infection with less than 100 CFU of most strains, 
including those of capsular type 3, 4, 5, 6A, and 6B. The 
increased mouse virulence of types 4 and 5 is apparent from 
the fact that in immunologically normal mice these Strains 
have lower LDoS and/or are more consistently fatal than 
Strains of capsular types 3, 6A, or 6B. 

0153. Another possibility is that epitopes critical to pro 
tection-eliciting capacity with capsular type 4 and 5 Strains 
are not present in the C-terminal two-thirds of PspA (amino 
acids 192-588), the truncated fragments used for immuni 
Zation. The critical epitopes for these Strains may be located 
in the N-terminal two-thirds of the alpha-helical region of 



US 2004/0077847 A1 Apr. 22, 2004 

their PspA molecules. Finally, it is also possible that PSpA 0154) 
may be leSS eXposed on Some S. pneumoniae Strains than 
others. Strain RX1 PSpA amino acid Sequence does not TABLE 2 
contain the cell wall attachment motif LPXTGX described 
by Schneewind et al. found in many gram-positive bacteria. Description of recombinant strains used in evaluating the 
Rather, PSpA has a novel anchoring mechanism that is protection-eliciting capacity of truncated PSpAs in mice. 
mediated by choline interactions between pneumococcal 
membrane-associated lipoteichoic acid and the repeat region combinant Capsule Type al Description of Parent PspA 
in the C-terminus of the molecule. Electron micrographic 
examination has confirmed the localization of PSpA on the RCT 105 BL21 (DE3) E. coli with pET-9a: DBL5 5 
pneumococcal Surface and PSpA-specific MAb data Sup- RCT 113 BL21 (DE3) E. coli with pET-9a: BG9739 4 
ports the accessibility or Surface-exposed PSpA. However, it RCT 117 BL21 (DE3) E. coli with pET-9a: L81905 4 
is not known whether S. pneumoniae Strains differ Substan- RCT 125 BL21 (DE3) E. coli with pET-9a 
tially in the degree to which different PSpA regions are (vector only) 
exposed to the Surrounding environment. Nor is it known if 
the quantity of PSpA expressed on the bacterial cell Surface 
differs widely between strains. O155) 

Table 3 

Evaluation of the protection elicited by truncated S. pneumoniae 
PspA molecules in mice by days to death post-challcnge. 

Challenge Strain capsular type (logo dose in CFU) 

Immunizing Reciprocal A66.3 WU2 DBL6A BGA322 DBLS BG9739 L81905 

recombinant PspAf anti-PspA type 3 type 3 type 6A type 6B type 5 type 4 type 4 
PspA donor strain titer (2.78) (3.57) (3.24) (3.11) (3.81) (3.56) (3.62) 

RCT113/BG9739 5590-50,300 4x > 21: 4x > 21s 15, 3x > 21: 12, 13, 16, -21: 3, 3, 4, 5s 5, 5, 5, 7s 5, 6, 8, 8. 
RCT117/L81905 5590-150,900 4x > 21i 4x > 21s 7, 16, 2x > 21 10, 12, 13, >21 3, 3, 4, 4' 4, 5, 13, >21s 3, 4, 6, 8 
RCT105/DBL5 1860-16,770 4x > 21 4x > 21s 8, 10, 13, 21 4x > 21 2, 2, 2, -21 2, 2, 2, 4 4, 5, 5, 5 
RCT125/vector only 20-620 3, 6, 6, 21 2, 3, 3, 21 3, 6, 6, 6 7, 8, 8, 14 2, 2, 2, 2 2, 2, 3, 4, 5 2, 3, 5, 5 
Ole O 2, 2, 2 2, 3 3, 3, 4 6, 7, 9 2, 5 3, 5 2, 5 

*Animals surviving the 3-week evaluation period were sacrificed and days to death recorded as >21 days. For statistical analysis, P values were calcu 
lated at 22 days for these fully protected mice. 
Range of four sera per group of mice; titers measured against native donor PspAs 
EPs, O.O12 
SP s 0.035 
Ps 0.057 

Note: One-tailed Fisher exact and two sample rank tests were used for statistical analysis. 

TABLE 1. 

pspA recombinant strains categorized by pneumococcal 
capsular type. 

Capsular Parent Respective 
Type Strains Recombinant Strains 

3 WU2, EF10197 RCT111, RCT137 
4 BG9739, EF5668 RCT113, RCT115 

L81905, EF3296 RCT117, RCT133 
5 DBLS RCT105 

6A DBL6A, EF6796 RCT109, RCT135 
6B BG9163, DBL1 RCT129, RCT131 

14 TO893 none 
19 BG8090 RCT121 

23 O922134, BG8743 RCT119, RCT123 

*Truncated psp-A amplified recently, not yet cloned 

Example 2 

Localization of Protection-Eliciting Epitopes and 
PspA of S. pneumoniae 

0156 This Example, the ability of PspA epitopes on two 
PspA fragments (amino acids 192-588 and 192-299) to elicit 
cross-protection against a panel of diverse pneumococci is 
demonstrated. Also, this Example identifies regions homolo 
gous to amino acids 192-299 of RX1 in 15 other diverse 
pneumococcal Strains. The DNA encoding these regions was 
then amplified and cloned. The recombinant PSpA fragments 
expressed were evaluated for their ability to elicit croSS 
protection against a panel of virulent pneumococci. 
O157 Bacterial strains and media conditions. S. pneumo 
niae strains were grown in Todd Hewitt broth with 0.5% 
yeast extract (THY) (both from Difco Laboratories, Detroit, 
Mich.) at 37°C. or on blood agar plates containing 3% sheep 
blood at 37 C. under reduced oxygen tension. E. coli strains 
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were grown in Luria-Bertani medium or minimal E medium. 
Bacteria were stored at -80 C. in growth medium supple 
mented with 10% glycerol. E. coli were transformed by the 
methods of Hanahan (Hanahan, D. J. Mol. Biol. 1983; 166: 
557). Ampicillin (Ap) was used at a concentration of 100 
lug/ml for E. Coli. 

0158 Construction of plN-III-ompA3 and pMAL-based 
E. coli strains. Recombinant plasmids pBC100 and 
pBAR416 that express and Secrete pSpA fragments from E. 
Coli were constructed with plN-III-ompa3 as previously 
described (McDaniel, L. S. et al., Microb. Pathog. 1994; 17: 
323). 
0159) The pMAL-p2 vector (New England Biolabs, Pro 
tein Fusion & Purification System, catalog #800) was used 
for cloning pSpA gene fragments to amino acids 192-299 
from strain RX1 and from 7 other S. pneumoniae strains: 
R36A, D39, A66, BF9739, DBL5, DBL6A, and LM100. 
Amplification of the pSpA gene fragments was done by the 
polymerase chain reaction (PCR) as described previously 
(McDaniel, L. S. et al., Microb. Pathog. 1994; 17:323) using 
primers 5'CCGGATCCGCTCAAAGAGATTGAT 
GAGTCTG3 ILSM4) (SEQ ID NO: 16) and 5'CTGAGTC 
GACTGAGTITCTGGAGCTGGAGC3ILMS6) (SEQ ID 
NO: 17) made with BamHI and Sall restriction endonu 
clease sites, respectively. Primers were based on the 
sequence of RX1 PSpA. PCR products and the pMAL vector 
were digested with BAMHI and Sal, and ligated together. 
Clones were transformed into E. Coli DH5C. by the methods 
of Hanahan. Stable transformants were selected on LB plates 
containing 100 ug/ml Ap. These clones were Screened on LB 
plates containing 0.1 mM IPTG, 80 tug/ml X-gal and 100 
tug/ml Ap and replica LB plates with 100 ug/ml Ap according 
to the manufacturer's instructions. The Strain designations 
for these constructs are listed in Table 6. positive clones 
were evaluated for the correct pSpA gene fragment by 
agarose gel electrophoresis following plasmid isolation by 
the methods of Birnboim and Doly (Birnboim, H. C. et al., 
Nucl. Acids Res. 1979, 7: 1513). Southern analysis was done 
as previously described using a full-length pSpA probe 
(McDaniel, L. S. et al., Microb. Pathog. 1994; 17: 323), 
randomly primed labeled with digoxigenin-11-dUTP 
(Genius System, Boehdinger Mannheim, Indianapolis, Ind.) 
and detected by chemiluminescence. 
01.60 Expression of recombinant PspA protein frag 
ments. For induction of expression of strains BC100 and 
BAR416, bacteria were grown to an optical density of 
approximately 0.6 at 660 nm at 37 C. in minimal media, 
and IPTG was added to a final concentration of 2 mM. The 
cells were incubated for an additional 2 hours at 37 C., 
harvested, and the periplasmic contents released by osmotic 
shock. For strains BAR36A, BAR39, BAR66, BAR5668, 
BAR9739, BARL5, BAR6A and BAR100, bacteria were 
grown and induced as above except LB media+10 mM. 
glucose was the culture medium. Proteins from these Strains 
were purified over an amylose resin column according to the 
manufacturer's instructions (New England Biolabs, Protein 
Fusion & Purification System, Catalog #800). Briefly, amy 
lose resin was poured into a 10 mL column and washed with 
column buffer. The diluted osmotic shock extract was loaded 
at a flow rate of approximately 1 mL/minute. The column 
was then washed again with column buffer and the fusion 
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protein eluted off the column with column buffer containing 
10 mM maltose. Lysates were stored at -20°C. until further 
Sc. 

0.161 Characterization of truncated PSpA proteins used 
for immunization. The truncated PSpA molecules, controls 
and molecular weight markers (Bio-Rad, Richmond, Calif.) 
were electrophoresed in a 10% sodium dodecyl (SDS)- 
polyacrylamide gel and electroblotted onto nitrocellulose. 
Rabbit polyclonal anti-PSpA serum and rabbit antimaltose 
binding protein were used as the primary antibodies to probe 
the blots. 

0162. A direct binding ELISA procedure was used to 
quantitatively confirm reactivities observed by immunoblot 
ting. For all protein extracts, osmotic Shock preparations 
were diluted to a concentration of 3 lig/ml in phosphate 
buffered saline (PBS) and 100 ul was added to the wells of 
Immulon 4 microtitration plates (Dynatech Laboratories, 
Inc., Chantilly, Va.). After blocking with 1.5% bovine serum 
albumin in PBS, unfractionated tissue culture Supernates of 
individual Mabs were titered in duplicate by three-fold serial 
dilution through Seven wells and developed using an alka 
line phosphatase-labeled goat anti-mouse immunoglobulin 
Secondary antibody (Southern Biotech ASSociates, Birming 
ham, Ala.) and alkalinephosphatase Substrate (Sigma, St. 
Louis, Mo.). The plates were read at 405 nm in a Dynatech 
plate reader after 25 minutes, and the 30% end point was 
calculated for each antibody with each preparation. 
0163. Immunization and Protection Assays. Six to nine 
week old CBA/CAHN-XID/J (CBA/N) mice were obtained 
from the Jackson Laboratory, Bar Harbor, Me. CBA/N mice 
carry an X-linked immunodeficiency trait, which renders 
them relatively unable to respond to polysaccharide anti 
gens, but they do respond with normal levels of antibodies 
against protein antigens. Because of the absence of antibod 
ies reactive with the phosphocholine determinant of 
C-polysaccharide in their Serum, the mice are highly SuS 
ceptible to pneumococcal infection. Mice immunized with 
the BC100 fragment were injected inguinally with antigen 
emulsified in CFA, giving an approximate dose of 3 lug of 
protein per mouse. Fourteen days later the mice were 
boosted intraperitoneally with 3 lug of antigen diluted in 
Ringer's lactate without adjuvant. Control mice were immu 
nized following the same protocol with diluent and adjuvant, 
but no antigen. Mice immunized with the BAR416 fragment 
were injected with 0.2 ml at two Sites in the Sublinguinal area 
with antigen emulsified in CFA. The mice were boosted 
inguinally fourteen days later with antigen emulsified in IFA 
and were boosted a Second time fourteen days later intrap 
erioneally with 0.2 ml of antigen diluted in Ringer's lactate 
without adjuvant. 
0.164 Mice that were immunized with the homologues of 
RX1 BAR416 were immunized as described above. The 
control animals followed the same immunization protocol 
but received maltose binding protein (MBP) diluted 1:1 in 
CFA for their immunization and were also boosted with 
MBP. 

0.165 Serum analysis. Mice were retro-orbitally bled 
with a 75 til heparinized microhematocrit capillary tube 
(Fisher Scientific) before the first immunization and then 
once approximately 2 hours before challenge with virulent 
pneumococci. The Serum was analyzed for the presence of 
antibodies to PSpA by an enzyme-linked immunosorbent 
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assay (ELISA) using native full-length R36A PspA as coat 
ing antigen as previously described (McDaniel, L. S. 
Microb. Pathog. 1994; 17:323). 
0166 Intravenous infection of mice. Pneumococcal cul 
tures were grown to late log phase in THY. Pneumococci 
were diluted to 10 CFU based on the optical density at 420 
nm into lactated Ringer's Solution. Seven days following the 
last boost injection for each group, diluted pneumococci 
were injected intravenously (tail vein) in a volume of 0.2 ml 
and plated on blood agar plates to confirm the numbers of 
CFU per milliliter. The final challenge dose was approxi 
mately 50-100 times the LDso of each pneumococcal Strain 
listed in Tables 4-6. The Survival of the mice was followed 
for 21 days. Animals remaining alive after 21 days were 
considered to have Survived the challenge. 
0167 Statistical analysis. Statistical significance of dif 
ferences in days to death was calculated with the Wilcoxon 
two-sample rank test. Statistical Significance of Survival 
Versus death was made using the Fisher exact test. In each 
case, groups of mice immunized with PSpA containing 
preparations were compared to unimmunized controls, or 
controls immunized with preparations lacking PSpA. One 
tailed, rather than two-tailed, calculations were used since 
immunization with PSpA or fragments of PspA has never 
been observed to cause a Statistically significant decrease in 
resistance to infection. 

0168 Cloning into PMAL vector. Using primers based on 
the sequence of RX1 PspA, LSM4 and LSM6, psp-A gene 
fragments were amplified by PCR from fifteen out of fifteen 
pneumococcal Strains examined. Seven of the eleven gene 
fragments were cloned into pMAL-p2 and transformed into 
E. coli (Table 6). The correct insert for each new clone was 
Verified by agarose gel electrophoresis and Southern hybrid 
ization analysis. Plasmids from recombinant E. coli Strains 
BAR36A, BAR39, BAR66, BAR9739, BARL15, BAR6A 
and BAR100 were isolated, digested with BamHI and Sall 
restriction endonucleases and electrophoresed on a 0.7% 
TSE agarose gel. The gel was then denatured and the DNA 
transferred to a nylon membrane for southern hybridization. 
The blot was probed with full-length RX1 psp-ADNA at high 
stringency conditions. The cloning of R36A, D39, A66, 
BG9739, DBL5, DBL6A and LM100 psp-ADNA into pMal 
p2 was confirmed by the recognition of all BamHI and Sall 
digested DNA inserts by the RX1 probe. 

01.69 Expression and conformation of truncated recom 
binant proteins. The transformed E. coli strains BAR36A, 
BAR39, BAR66, BAR9739, BARL5, BAR6A and BAR100 
were grown in LB media supplemented with 10 mM glucose 
and induced with 2 mM IPTG for expression of the truncated 
PSpA protein fused with maltose binding protein. Trans 
formed E. coli strains BC100 and BAR416, which express 
PSpA fragments fused to the OmpA leader Sequence in the 
pIN-III-omp A3 vector, were grown in minimal medium and 
induced with 2 mM IPTG for expression. Both vectors, 
pIN-III-omp A3 and pMal-p2, are vectors in which fusion 
proteins are exported to the periplasmic space. Therefore, an 
oSmotic Shock extract from the pMal-p2 containing bacteria 
was then run over an amylose column for purification and 
resolved by SDS-PAGE western blotting. The western blot 
of the protein extracts from BAR36A, BAR39, BAR66, 
BAR9739, BARL5, BAR6A and BAR100 were recognized 
by a rabbit polyclonal antibody made to strain BC100 PSpA. 
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The apparent M, of full-length PspA from WU2 is 91.5 kD. 
The M of maltose binding protein is 42 kD and the expected 
M, for the PSpA portion of the fusion is 12 kD. All extracts 
exhibited molecular weights that ranged from 54 to 80 kD. 
This range of molecular weights can be attributed to the 
variability of pSpA among different pneumococcal Strains. 
An ELISA, with plates coated with the various cloned 
fragments quantitatively confirmed the reactivities that were 
observed in the western blots with all protein extracts. 
0170 Protection and cross-protection against fatal pneu 
mococcal infection elicited by cloned PSpA fragments. 
CBA/N mice were immunized with the truncated PSpA 
fragment encoded by pBC100, which is composed of amino 
acids 192 to 588 of RX1 PSpA, and challenged with 13 
different S. pneumoniae Strains representing 7 different 
capsular types (Table 4). With all 13 strains, the immuniza 
tion resulted in protection from death or an extended time to 
death. With 10 of the strains the difference was statistically 
Significant. With Strains of capsular types 3, 6A, and 6B, all 
immunized mice were protected against death. Although 
there were fewer Survivors in the case of capsular types 2, 
4, and 5, the immunization with BC100 resulted in signifi 
cant increases in times to death. 

0171 The BC100 immunization studies made it clear that 
epitopes C-terminal to residue 192 could elicit croSS-pro 
tection. The BAR416 fragment, which includes amino acids 
192-299, could elicit protection from fatal infection with a 
single challenge strain WU2. This Example shows the 
ability of BAR416 immunization to protect against the 6 
strains that had been best protected against by immunization 
with BC100. Immunization with the BAR416 construct 
resulted in increased time to death for all 6 challenge Strains 
examined (Table 5). BAR416 provided significant protec 
tion against death with WU2, A66, BG7322 and EF6796 
pneumococci (capsular types 3, 3, 6B and 6A respectively). 
It also prolonged the lives of mice challenged with 
ATCC6303 and DBL6A pneumococci (capsular types 3 and 
6A respectively). Serum from mice immunized with the 
BAR416 fragment yielded a geometric mean reciprocal 
anti-PspA ELISA titer to fill-length RX1 PspA of 750. Mice 
immunized with BC100 had geometric mean reciprocal 
titers of close to 2000, while non-immunized mice had 
anti-PSpA titers of <10. 
0172 The above data indicates that the BAR416 frag 
ment from RX1 elicits adequate cross-reactive immunity to 
protect against diverse pneumococci and Suggests that this 
region must be Serologically conserved among PSpAS. This 
hypothesis was confirmed by immunized with recombinant 
BAR416 homologous regions from the 7 different clones 
and then challenging with strain WU2 (Table 6). All 7 
immunogens elicited Significant protection. PSpA fragments 
from capsular types 2 and 22 and the rough R36A Strain 
elicited complete protection against death with all chal 
lenged mice. All of the other immunogens were able to 
extend the time to death of all the mice with the median days 
to death being 21 days or >21 dayS. Serum from mice 
immunized with the BAR416 homologous fragments had 
anti-PSpA reciprocal titers that ranged from 260 to 75,800 
with an average of 5700 while control animals immunized 
with only maltose binding protein had anti-PSpA reciprocal 
titers of <10. 

0173 Antibody reactivities. All of the above immuniza 
tion Studies attest to the croSS-reactivity of epitopes encoded 
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by amino acids from position 192-299. This region includes 
the C-terminal third of the a-helical region and the first 
amino acids of the proline rich region. Other evidence that 
epitopes within this region are croSS-reactive among differ 
ent PSpAS comes from the croSS-reactivity of a panel of nine 
MAbs all of which were made by immunization with RX1 
PspA. The epitopes of four of the antibodies in the panel 
reacted with epitopes mapping between amino acids 192 
260. The epitopes of the other five MAbs in the panel map 
between amino acids 1 and 115 (McDaniel, L. S., et al., 
Microb. Pathog. 1994; 17,323). Each of these 9 Mabs were 
tested for its ability to react with 8 different PspAS in 
addition to RX1. The 5 Mabs whose epitopes were located 
within the first 115 amino acids, reacted on average with 
only 1 other PSpA. Three of the 5 in fact, did not react with 
any of the other 8 PSpAS. In contrast the Mabs whose 
epitopes map between 192 and 260 amino acids each 
croSS-reacted with an average of 4 of the 8 non-RX1 PSpAS, 
and all of them reacted with at least two non-RX1 PSpAS. 
Thus, based on this limited Section of individual epitopes, it 
would appear that epitopes in the region from 192-260 
amino acids are generally much more croSS-reactive than 
epitopes in the region from 1-115 amino acids. 
0174) The BC100 fragment of RX1 PspA can elicit pro 
tection against the encapsulated type 3 Strain WU2. 
Although the PSpAS of the two Strains can be distinguished 
Serologically they are also cross-reactive (Crain, M.J., et al., 
Infect. Immun. 1990; 58: 3293). The earlier finding made it 
clear that epitopes cross-protective between RX1 and WU2 
PspAS exist. The importance of cross-reactions in the region 
C-terminal to residue 192 is demonstrated in this Example 
where 13 mouse virulent challenge Strains have been used to 
elicit detectable protection against all of them. The first 
indication that epitopes C-terminal to position 192 might be 
able to elicit croSS-protection came from our earlier Study 
where we showed the Mabs Xió4, XiR278, XiR1323, and 
XiR1325, whose epitopes mapped between amino acids 192 
and 260 of Strain RX1 PSpA, could protect against infection 
with WU2. Moreover, immunization with PSpA fragments 
from 192-588 and 192-299 were able to elicit protection 
against infection against WU2. This Example shows that the 
BC100 RX1 fragment (192-588) elicits significant protection 
against each of 13 different mouse virulent pneumococci, 
thereby firmly establishing the ability of epitopes C-terminal 
to position 192 to elicit a protective response. The observa 
tion that a fusion protein containing amino acids 192-299 
fused C-terminal to maltose binding protein could also elicit 
cross-protection, permits the conclusion that epitopes in this 
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107 amino acid region of PSpA are sufficient to elicit 
Significant croSS-protection against a number of different 
Strains. 

0.175 Evidence that a comparable region of other PSpAS 
is also able to elicit cross-protection came from the Studies 
where sequences homologous to the 192-299 region of RX1 
PspA were made from 5 other PSpAS. All 5 of these 
fragments elicited Significant protection against challenge 
with strain WU2. These data provide some suggestion for 
Serologic differences in cross-protection elicited by the 
192-299 region. 
0176 Based on present evidence, without wishing to be 
bound by any one particular theory, it is Submitted that the 
PspAS in strains D39, RX1 and R36A are identical. All of the 
9 mice immunized with the 192-299 fragments from R36A 
and D39 survived challenge with WV2. Only LM100, one of 
the non-R36A/D39 PSpAS, protected as high a percentage of 
mice from WU2. The difference in Survival elicited by the 
R36A/D39 PSpAS and the non-RX1 related PSpAS was 
Statistically Significant. 
0177. The data does indicate however, that all of the 
differences in protection against different Strains are not due 
to differences in serologic cross-reactivity. BC100, which is 
made from RX1, protected against death in 100% of the mice 
challenged with 7 different strains of S. pneumonia, but only 
delayed death with strain D39, which is thought to have the 
same PspA as strain RX1. Thus, some of the differences in 
cross-protection are undoubtedly related to factors other 
than PspA cross-reactivity. Whether such factors are related 
to differences in virulence of the different strains in the 
hyperSuceptible Xid mouse, or differences in requirements 
for epitopes N-terminal to amino acid 192, or difference in 
the role of PspA in different strains is not yet known. 
0.178 These results suggest that a vaccine containing 
only the recombinant PSpA fragments homologous with RX1 
amino acids 192-299 is effective against pneumococcal 
infection. Moreover, the results demonstrate that utility of 
PspA a.a. 192-299, a.a. 192-260 and DNA coding therefor, 
e.g. primers N192 or 588 (variants of LSM4 and LSM2) as 
useful for detecting the presence of pneumococciae by 
detecting presence of that which binds to the amino acid or 
to the DNA, or which is amplified by the DNA, e.g., by 
using that DNA as a hybridization probe, or as a PCR primer, 
or by using the amino acids in antibody-binding kits, assays 
or tests; and, the results demonstrate that a.a. 192-299 and 
aa. 192-260 can be used to elicit antibodies for use in 
antibody-binding kits assays or tests. 

TABLE 4 

Protection of mice by immunization with BC100 from RX1 PSpA 

BC100 Immunogen Controls 

Challenge Capsule PspA # alive/ % Median days # alive/ % Median days P 
Strain type type # dead Survival alive # dead Survival alive Values 

D39 2 25 O/5 O% 5 O?3 O% 2 O.O2 
WU2 3 1. 4/O 100% >21 O?3 O% 3 O.OO2 
ATCC63O3 3 7 5/O 100% >21 O/5 O% 7 OOO)4 
A66 3 13 4/O 100% >21 O?3 O% 1. O.O3 
EF101.97 3 18 5/O 100% >21 O?3 O% 2 O.O2 
EFS668 4 12 1/3 25% 9 O?3 O% 4 N.S. 
EF3296 4 2O 1/3 25% 5 O?3 O% 3 N.S. 



US 2004/0077847 A1 
17 

TABLE 4-continued 

Protection of mice by immunization with BC100 from RX1 PSpA 

BC100 Immunogen Controls 

Challenge Capsule PspA # alive/ % Median days # alive/ % Median days P 
Strain type type # dead Survival alive # dead Survival alive Values 

L81905 4 23 1f4 20% 4 Of6 O% 2 O.O2 
BG9739 4 26 Of4 O% 6.5 O?3 O% 2 N.S. 
DBLS 5 33 O/5 O% 5 O?3 O% 2 O.O2 
BGA322 6 24 4/O 100% >21 1/2 33.3% 6 O.O3 
EF6796 6A 1. 4/O 100% >21 O?3 O% 1. O.O3 
DBL6A 6A 19 5/O 100% >21 O?3 O% 7 O.O3 

* Mice were challenged with approximately 10 CFU/mL of each strain 
P values were based on comparison of days alive by a one-tailed Wilcoxon 2 sample-rank test 

0179 

TABLE 5 

Protection of mice by immunization with BAR416 from RX1 PSpA 

BAR416 Immunogen Controls 

Challenge Capsule PspA # alive/ % Median days # alive/ % Median days P 
Strain type type # dead Survival alive # dead Survival alive Values 

WU2 3 1. 4f1 80% >21 O?3 O% 1. O.OO2 
ATCC63O3 3 7 2/3 40% 13 1f4 20% 4 O.048 
A66 3 13 5/O 100% >21 O/5 O% 2 O.OO)4 
BGA322 6 24 3/2 60% >21 Of4 O% 7 O.O2 
EF6796 6A 1. 3/2 60% >21 O/5 O% 5 O.OO)4 
DBL6A 6A 19 O/5 O% 7 O/5 O% 2 O.O08 

Note, 
mice were challenged with about 10 CFU of each strain 
P values were based on comparison of days alive by a one-tailed Wilcoxon 2 sample-rank test 

0180 

TABLE 6 

Protection of mice against S. pneumoniae WU2 by immunization with 
BAR416 Analogs of 7 PspAs 

Parent Capsule PspA % Median days P value * 
Immunogen Strain type type # alive/total # Survival alive vs. MBP 

BAR36A R36A 25 4f4 100% >21 O.OO2 

BAR39 D39 2 25 5/5 100% >21 O.OOO8 
BAR66 A66 3 13 7/8 88% >21 &OOOO1 

BAR9739 BG9739 4 26 5/8 63% >21 O.OOO2 

BARL5 DBLS 5 33 4/8 50% 21 O.O3 

BAR6A DBL6A 6A 19 3/5 60% >21 O.05 

BAR1OO LM1OO 22 ND 5/5 100% >21 O.OOO8 

MBP Of8 O% 2 

*P values were based on comparison of days alive by a one-tailed Wilcoxon 2 sample-rank 
test 

Note, 
the PspA fragments used for immunization were cloned from products amplified with primers 
LSM4 and LSM6. In addition to the strains listed above, PCR reactions with LSM4 and 
LSM6 amplified products of the appropriate size from strains BG9163, WU2, L81905, 
EF6796, EF5668, BG 7376, BG7322, and BG5-8A. 
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TABLE 7 

Reactivity of MAbs with PSpAs of Different Pneumococci 

Donor of test PSpA MAb mapping to 1-115 amino acids MAb mapping to 192-260 amino acids 

Capsule PspA Xi126 XiR1224 Xi R1526 XiR35 XiR16 XiR1323 Xió4 Xi R278 XiR1325 
Strain Type Type IgG2b IgM IgG2b IgG2a IgG2a IgM IgM IgG1 IgG2a 

Rx1 rough 25 ---- ---- ---- ---- ---- ---- ---- ---- ---- 
ATCC101813 3 3 ---- ---- ---- ---- ---- 
EF101.97 3 18 ---- +f- 
BG9739 4 26 ---- -- ---- 
L81905 4 23 
BG-5-8A 6A O +f- -- -- -- 
BG91.63 6B 21 -- 
LM1OO 22 N.D. +f- 
WU2 3 1. ---- ---- ---- ---- ---- 

Note, 
immunoblot analysis was carried out with the nine MAbs from this study against a panel of nine different pneumococcal strains. 
RX1 served as a positive control. The results are presented as ++ (strong reaction), + (weak, but clearly positive reaction), +f- 
(difficult to detect), and - (no reaction). The PspA of all strains gave a positive reaction with rabbit antiserum against PspA. 
N.D. means not determined. Mapping of epitopes was to fragments of strain RX1 PspA 

Example 3 

Isolation of PspA and Truncated Forms Thereof, 
and Immunization Thereby 

0182 PSpA is attached to the pneumococcal surface 
through a choline binding site on PSpA. This allows for 
successful procedures for the isolation of FL-PSpA. PSpA 
can be released from the Surface of pneumococci by elution 
with 2 percent choline chloride (CC), or by growth in a 
chemically defined medium (CDM) containing 1.2 percent 
CC (CDM-CC) or medium in which the choline had been 
replaced by ethanolamine (CDM-ET). Since CDM-ET 
Supernatants lack high concentrations of choline, the PSpA 
released into them can be adsorbed to a choline (or choline 
analog) column and isolated by elution from the column 
with 2 percent choline chloride (CC). 
0183 This Example describes the ability to obtain PSpA 
by these procedures, and the ability of PSpA obtained by 
these procedures to elicit protection in mice against other 
wise fatal pneumococcal Sepsis. Native PSpA from Strains 
R36A, RX1, and WU2 was used because these strains have 
been used previously in studies of the ability of PSpA to 
elicit protective immunity (see, e.g., Examples infra and 
supra). The first MAbs to PSpA were made against PspA 
from strain R36A and the first cloned fragments of PspA and 
PspA mutants came from strain RX1. Strain RX1 was derived 
from strain R36A, which was in turn derived from the 
encapsulated type 2 strain, D39. PSpAS from these three 
Strains appears to be indentical based on Serologic and 
molecular weight analysis. Molecular Studies have shown no 
differences in the pspA genes of strains D39, RX1, and 
R36A. The third strain that provided PSpA in this Example 
is the mouse virulent capsular type 3 strain WU2. Its PSpA 
is highly cross-reactive with that from R36A and RX1, and 
immunization with RX1 and D39 PSpA can protect against 
otherwise fatal infections with strain WU2. 

0184 S. pneumoniae 
0185 Strains off S. pneumoniae used in this study have 
been described previously (Table). Bacteria were grown in 

either Todd-Hewitt broth with 0.5 percent yeast extract 
(THY), or a chemically defined medium (CDM) described 
previously-'. Serial passage of stock cultures was 
avoided. Strains were maintained frozen in THY-20 percent 
glycerol and cultured from a Scraping of the frozen culture. 
0186 Recovery of PspA from pneumococci. PspA is not 
found in the medium of growing pneumococci unless they 
have reached Stationary phase and autolysis has com 
menced. To release PSpA from pneumococci three proce 
dures were used. One approach was to grow pneumococci in 
100 ml of THY and collect the cells by centrifugation at 
mid-log phase. The pellet was washed three times in lactated 
Ringer's solution (Abbot Lab. North Chicago, Ill.), Sus 
pended in a Small volume of 2 percent choline chloride in 
phosphate buffered saline (PBS) (pH 7.0), incubated for 10 
minutes at room temperature, and centrifuged to remove the 
whole pneumococci. From immunoblots with anti-PSpA 
MAb Xi126" at serial dilutions of the original culture, the 
Suspended pellet, and the Supernatant, it was evident that this 
procedure released about half of the PSpA originally present 
on the pneumococci. Analysis of Silver Stained polyacryla 
mide gels showed this Supernatant to contain proteins in 
addition to PspA. 
0187. The CDM used in the remaining two procedures 
was modified from that of Van der Rijn'. For normal growth 
it contained 0.03% CC. To cause PSpA to be released during 
bacterial growth, the pneumococci were grown in CDM 
containing 1.2 percent choline chloride (CDM-CC), or in 
CDM containing 0.03 percent ethanolamine and only 0.000, 
001 percent choline (CDM-ET). In media lacking a normal 
concentration of choline the F-antigen and C-polysaccharide 
contain phosphoethanolamine rather than phosphocholine'. 
In CDM-CC and CDM-ET, PSpA is released from the 
pneumecoccal Surface because of its inability to bind to the 
cholines in the lipoteichoic acids. In addition to releasing 
PspA from the pneumococcal Surface, growth in CDM-CC 
or CDM-ET facilitates PspA isolation by its other effects on 
the cell wall. In these media pneumococcido not autolyse", 
thus permitting them to be grown into Stationary phase to 
maximize the yield of PSpA. In these media Septation does 
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not occur and the pneumococcigrow in long chains''. AS 
the pneumococci reach Stationary phase they die, cease 
making PSpA, and rapidly Settle out. Preliminary Studies, 
using Serial dilution dot blots to quantitate PSpA, indicated 
that the production of PspA ceases at about the time the 
pneumococci begin to Settle out, with the formation of 
Visible Strands of the condensed pneumococcal chains. 
When the pneumcocci began to Settle out, the medium was 
recovered by centrifugation at 2900xg for 20 minutes, and 
filtered with a low protein-binding filter (0.45u Nalgene 
Tissue Culture Filter #158-0045). 
0188 For growth in CDM-CC or CDM-ET, the pneumo 
cocci were first adapted to the defined medium and then, in 
the case of CDM-ET, to very low choline concentrations. To 
do this, strains were first inoculated into 1 part of THY and 
9 parts of CDM medium containing 0.03 percent choline and 
0.03 percent ethanolamine. After two Subsequent subcul 
tures in CDM containing 0.03 percent choline and 0.03 
percent ethanolamine (0.1 ml of culture +0.9 ml of pre 
warmed fresh medium), the culture was used to inoculate 
CDM with only 0.003 percent choline (and 0.03 percent 
ethanolamine). These steps were repeated until the Strain 
would grow in CDM-ET containing 0.000,001 percent cho 
line and 0.03 percent ethanolamine. It was critical that 
cultures be passed while in exponential growth phase (at 
about 107 CFU/ml). Even trace contamination of the 
medium by exogenous choline resulted in failure of the 
PSpA to be released from the pneumococcal surface. Thus, 
disposable plastic ware was used for the preparation of 
CDM-ET media and for growth of cultures. Once a strain 
was adapted to CDM-ET it was frozen in 80 percent 
CDM-ET and 20 percent glycerol at -80 C. When grown 
Subsequently the Strain was inoculated directly into the 
CDM-ET. 

0189 Isolation of native (fill-length) PSVA. PspA was 
isolated from the medium of cells grown in CDM-ET using 
choline-Sepharose prepared by conjugating choline to 
epoxy-activated Sepharose'. A separate column was used 
for media from different Strains to avoid cross-contamina 
tion of their different PspAS. For isolation of PspA from 
clarified CDM-ET, we used a 0.6 ml bed volume of choline 
Sepharose. The column bed was about 0.5 cm high and 1.4 
cm in diameter. The flow rate during loading and washing 
was approximately 3 ml/min. After loading 300 ml CDM-ET 
Supernatant, the column was washed 10 times with 3 ml 
volumes of 50 mM Tris acetate buffer, pH 6.9 containing 
0.25 M NaCl (TAB). The washed column was eluted with 
sequential 3 ml volumes of 2 percent CC in TAB. Protein 
eluted from the column was measured (Bio-Rad protein 
assay, Bio-Rad, Hercules, Calif.). The column was moni 
tored by quantitative dot blot. The loading material, washes, 
and the eluted material were dot blotted (1 ul) as undiluted, 
/4, /16, /64, /256, and /1024 on nitrocellulose. The membranes 
were then blocked with 1 percent BSA in PBS, incubated for 
1 hr with PspA-specific MAbs Xi126 or XiR278, and 
developed with biotinylated goat-anti-mouse Ig, alkaline 
phosphatase conjugated Streptavidin (Southern Biotechnol 
ogy ASSociates Inc. Birmingham, Ala.), and nitrobluetetra 
Zolium substrate with 5-bromo 4chloro-3-indoyl phosphate 
p-toluidine salt (Fisher Scientific, Norcross Ga.)7. The 
purity of eluted PSpA was assessed by silver-stained (silver 
stain kit, Bio Rad, Hercules, Calif.) SDS-PAGE gels run as 
described previously'. Immunoblots of SDS-PAGE gels 
were developed with MAbs Xi126 and XiR2787. 
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0190. Isolation of 29 kDa PspA. The 29 kDa fragment 
comprising the N-terminal 260 amino acids of PSpA was 
produced in DH1 E. coli from pY4306'7. An overnight 
culture of JY4306 was grown in 100 ml of Luria Broth (LB) 
containing 50 lug/ml amplicillin. The culture was grown at 
37 C. in a shaker at 225 rpm. This culture was used to 
inoculate 6 one liter cultures that were grown under the same 
conditions. When the culture O.D. at 600 nm reached 0.7, 12 
grams of cells, as a wet paste, were harvested at 4 C. at 
12,000xg. The pellet was washed in 10 volumes of 25 mM 
Tris pH 7.7 at 0° C. and suspended in 600 ml of 20% 
sucrose, 25 mM Tris pH 7.7 with 10 mM ethylenediamine 
tetraacetic acid (EDTA) for 10 minutes. The cells were 
pelleted by centrifugation (8000xg) and rapidly Suspended 
in 900 ml of 1 percent sucrose with 1 mM Pefabloc SC 
hydrochloride (Boehringer Mannheim Corp., Indianapolis, 
Ind.) at 0°C. The suspension was pelleted at 8000xg at 4 
C. for 15 minutes and the PSpA-containing Supernatant 
(periplasmic extract) recovered. The recombinant PspA 
was precipitated from the periplasmic extract by 70 percent 
Saturated ammonium Sulfate overnight at 4 C. The precipi 
tated material was collected by centrifugation at 12,000xg at 
4 C. for 30 minutes. The precipitated protein was resus 
pended in 35 ml of 20 mM histidine 1 percent sucrose at pH 
6.6 (HSB). Insoluble materials were removed at 1,000xg at 
4 C. for 10 minutes. The clarified material was dialyzed 
versus HSB, passed through a 0.2 ug filter and further 
purified on a 1 ml MonoO HR 5/5 column (Pharmacia 
Biotech, Inc., Piscataway, N.J.) equilibrated with HSB. The 
clarified material was loaded on the column at 1 ml/min, and 
the column was washed with 10 column volumes of HSB. 
The column was then eluted with a gradient change to 5 mM 
NaCl per minute at a flow rate of 1 ml/min. As detected by 
immuno blot with Xi126, SDS-PAGE and absorbance, PSpA 
eluted as a single peak at approximately 0.27 to 0.30 M 
NaCl. By SDS-PAGE the material was approximately 90 
percent pure. The yield from 6 liters of culture was 2 mg 
(Bio-Rad protein assay) of recombinant PspA. 
0191 Growth of pneumococci for challenge. Mice were 
challenged with log-phase pneumococci grown in THY. For 
challenge, the pneumococci were diluted directly into lac 
tated Ringers without prior Washing or centrifugation. To 
inject the desired numbers of pneumococci, their concen 
tration in lactated Ringer's Solution was adjusted to an O.D. 
of about 0.2 at 420 nM (LKB Ultrospec III spectrophotom 
eter). The number of pneumococci present was calculated at 
5x10 CFU per ml/O.D. and confirmed by colony counts (on 
blood agar) of Serial dilutions of the inoculum. 
0.192 Immunization challenge, and bleeding of mice. 
CBA/CAHN/XID/J (CBA/N) and BALB/cByJ (BALB?c) 
mice were purchased from Jackson Laboratory Bar Harbor, 
Me. Mice were given two injections two weeks apart and 
challenged i.v. two weeks later. Injections without CFA were 
given intraperitoneally in a 0.1 ml of Ringers. Where indi 
cated, the first injection was given in complete Freund's 
adjuvant (CFA) consisting of approximately a 1:1 emulsion 
of antigen solution and CFA oil (Difco, Detroit Mich.). 
Antigen in CFA was injected inguinally in 0.2 ml divided 
between the two hind legs. All mice were boosted i.p. 
without adjuvant. When mice were injected with media 
Supernatants or 2 percent choline chloride eluates of whole 
bacteria, the amounts of material injected were expressed as 
the volume of media from which the injected material was 
derived. For example, if the clarified medium from pneu 
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mococci grown in CDM-CC or CDM-ET was used for 
immunization without dilution or concentration, the dose 
was described as 100 ul. If the material was first diluted /10, 
or concentrated 10 fold, the dose was referred to as 10 or 
1000 ul respectively. 
0193 ELISA for antibodies to PspA. Specific modifica 
tions of previously reported ELISA conditions'', are 
described. Microtitration plates (Nunc Maxisorp, P.G.C. 
Scientific, Gaithersburg Md.) were coated with undiluted 
Supernatants of RX1 and WG44.1 pneumococci grown in 
CDM-ET or 1 percent BSA in PBS. Mice were bled retro 
orbitally (75 ul) in a heparanized capillary tube (Fisher 
Scientific, Fair Lawn, N.J.) The blood was immediately 
diluted in 0.5 ml of one percent bovine serum albumin in 
PBS. The dilution of the resultant Sera was /15 based on an 
average hematocrit of 47 percent. The Sera were diluted in 
7 three fold dilution in microtitration wells starting at /45. 
Mab Xi126 was used as a positive control. The maximum 
reproducible O.D. observed with Xi126 was defined as 
“maximum O.D.' The O.D. observed in the absence of 
immune Sera or MAb was defined as “minimum O.D.' 
Antibody titers were defined as the dilution that gives 33 
percent of maximum O.D. The binding to the RX1 CDM-ET 
coated plates was shown to be PSpA-Specific, Since in no 
case did we observe 233 percent of maximum binding of 
immune sera or Xi126 on plates coated with WG44.1 
CDM-ET or BSA 

0194 Statistical analysis. Unless otherwise indicated P 
values refer to comparisons using the Wilcoxin two-sample 
rank test to compare the numbers of days to death in 
different groups. Mice alive at 21 days were assigned a value 
of 22 for the sake of calculation. P values of >0.05 have been 
regarded as not significant. Since we have never observed 
immunization with PSpA or other antigens to make pneu 
mococci more Susceptible to infection the P values have 
been calculated as Single tailed tests. To determine what the 
P value would have been if a two tailed test had been used 
the values given should be multiplied by two. In Some cases 
P values were given for comparisons of alive versus dead. 
These were always calculated using the Fisher exact test. All 
Statistical calculations were carried out on a Macintosh 
computer using InStat (San Diego, Calif.). 
0.195 PSpA is the major protection-eliciting component 
released from pneumococci grown in CDM-ET or CDM 
CC, or released from conventionally grown pneumococci by 
elution with 2% CC. 

0196) PspA-containing preparations from pneumococci 
were able to protect mice from fatal Sepsis following i.v. 
challenge with 3x10 (100xLDs) capsular type 3 S. pneu 
moniae (Table 9). Comparable preparations from the strains 
unable to make PspA (WG44.1 and JY1119), or unable to 
make full length PspA (LM34 and JY2141) were unable to 
elicit protection. Regardless of the method of isolation the 
minimum protective dose was derived from pneumococci 
grown in from 10-30 ul of medium. We also observed that 
Supernatants of log phase pneumococci grown in normal 
THY or CDM media could not elicit protection (data not 
shown). This finding is consistent with earlier studies' 
indicating the PSpA is not normally released in quantity into 
the medium of growing pneumococci. 
0197) Isolated PSpA can elicit protection against fatal 
infection Although PSpA was necessary for these prepara 
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tions to elicit protection it was possible that it did not act 
alone. Mice were thus, immunized with purified FL-PSpA to 
address this question. 
0198 Isolation of FL-PspA from CDM-ET growth 
medium. We isolated the FL-PSpA from CDM-ET rather 
than from CDM-CC medium or a 2 percent choline chloride 
elution of live cells, because the high levels of choline 
present in the latter Solutions prevents adsorption of the 
PspA to the choline residues on the choline-Sepharose 
column. PSpA for immunization was isolated from Strain 
R36A, as the Strain is non-encapsulated and the isolated 
PSpA could not be contaminated with capsular polysaccha 
ride. As a control we have conducted mock isolations from 
WG44.1 Since this Strain has an inactivated pSpA gene and 
produces no PSpA. The results shown in Table, are typical 
of isolations from 300 ml of CDM-ET medium from R36A 
grown pneumococci. We isolated 84 ug of PspA from 300 ml 
of medium, or about 280 ug /liter. Based on the dot blot 
results this appears to be about 75% of the PSpA in the 
original medium, and that CDM-ET from R36A cultures 
contains about 400 tug/liter of PspA, or about 0.4 ug/ml. 
0199 No serologically detectable PSpA was seen in the 
CDM-ET from WG44.1 cultures. More significantly there 
was undetectable protein recovered from the choline 
Sepharose column after adsorption or CDM-ET from a 
WG44.1 culture, indicating that PSpA is the only protein that 
could be isolated by this procedure. Moreover by silver 
stained SDS PAGE gel the PspA isolated from R36A 
appeared to be homogenous (FIG. 3). Although autolysin 
can also be isolated on choline-Sepharose', we did not 
expect it to be isolated by this procedure Since autolysin is 
not released from pneumococci grown in choline deficient 
medium. The immunologic purity of the isolated PspA was 
emphasized by the fact that immunization with it did not 
elicit any antibodies detectable on plates coated with CDM 
ET Supernatants of WG44.1. 
0200 Loading more than 300 ml on the 0.6 ml bed 
Volume column did not result in an increased yield, which 
Suggested that the column capacity had been reached. How 
ever, increasing the depth of the choline-Sepharose bed to 
greater than 0.5 cm, decreased the amount of PSpA eluted 
from the column, presumably because of non-specific trap 
ping of aggregates in the column matrix. The elution buffer 
contains 50 mM Tris acetate 0.25 M NaCl and 2% choline 
chloride. Elution without added NaCl or with 1M NaCl 
resulted in lower yields. Elution with less than 1% CC also 
reduced yields. 
0201 Immunization of mice with purified R36A PSpA. 
For immunization we used only the first 3 ml fraction of the 
R36A column. Mice were immunized with two injections of 
1, 0.1, or 0.01 lug of R36A PSpA, spaced two weeks apart. 
AS controls, Some mice were inoculated with comparable 
dilutions of the first 3 ml fraction from the WG44.1 column. 
Purified FL-PSpA elicited antibody to PSpA at all doses 
regardless of whether CFA was used as an adjuvant (Table 
11). In the absence of CFA the highest levels of antibody 
were Seen with the 1 lug dose of PSpA. In the presence of 
CFA, however, the 0.1 ug dose was as immunogenic as the 
1 lug dose. 
0202) To test the ability of the different doses of PspA to 
elicit protection against challenge we infected the immu 
nized mice with two capsular type 3 strains, WU2 and A66. 
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Although both of these strains are able to kill highly sus 
ceptible CBA/N XID mice at challenge doses of less than 
10, the A66 strain is several logs more virulent when 
BALB/c mice are used'7°. The difference in virulence of 
A66 and WU2, was partially compensated for by challeng 
ing the immunized CBA/N mice with lower doses of strain 
A66 than WU2. 

0203. After immunization of CBA/N mice with 1 and 0.1 
lug doses of PspA we observed protection against WU2 
challenge regardless of whether or not CFA was used as an 
adjuvant (Table 4). At the lowest dose, 0.01ug PspA, most 
of the mice immunized with PspA+CFA lived whereas most 
immunized with PSpA alone did not; however, the difference 
was not statistically significant. When immunized mice were 
challenged with the more virulent strain A66'7, survivors 
were only observed among mice immunized with the 1 and 
0.1 lug doses. There was slightly, more protection against 
fatal A66 infection among mice immunized with CFA than 
without, but the difference was not statistically significant. 
When the two Sample rank test was used to analyze the time 
to death of mice infected with A66 we observed a statisti 
cally Significant delay in the time to death in each immu 
nized group as compared to the pooled controls. 
0204. The 29 kDa N-terminal fragment of PspA can elicit 
protection against infection when injected with CFA. We 
have compared the immunogenicity, with and without CFA, 
of an isolated 29 kDa fragment composed of the first 260 
amino acids of PspA. Unlike the case with FL-PSpA, adju 
vant was required for the 29 kDa fragment to elicit a 
protective response. This was observed even though the 
immunizing doses of the 29 kDa antigen used were 10 and 
30 tug/mouse, or about 100 and 300 times the minimum dose 
of FL-PSpA that can elicit protection in the absence of 
adjuvant. 
0205 Injection with CFA revealed the presence of addi 
tional protection eliciting antigen(s) in CDM-CC, and 
CDM-ET growth medium but not in the 2 percent choline 
chloride eluates of live cells 

0206. The observation that Freund's adjuvant could have 
Such a major effect on the immunogenicity of the 29 kDa 
fragment (Table 12), prompted us to reexamine the immu 
nogens described in Table 2 to determine if immunization 
with adjuvant might enhance protection elicited by PSpA 
containing preparations or provide evidence for protection 
eliciting antigens in addition to PSpA. By using CFA with 
the primary injection, the dose of PSpA-containing growth 
medium (CDM-CC and CDM-ET) required to elicit protec 
tion was reduced from 10-30 ul (Table 9) down to 1 to 3 ul 
(Table 13). When CFA was used as an adjuvant with 
CDM-CC and CDM-ET from PspA-strains WG44.1 and 
JY1119 we were able to elicit protective immune responses 
if material from 2100 ul or more of media were injected. 
Thus, although there were apparently Some protection elic 
iting components other than PspA in CDC-CC and CDM-ET 
growth media, PSpA remained the major protection eliciting 
component even in the presence of adjuvant. 

0207. One of the media used for injection was CDM-ET 
in which JY2141 had been grown. This medium elicited 
protection against WU2 challenge even when injected at 
doses as low as 1821. It should be noted that although this 
Strain does not make full-length PSpA, it Secretes a truncated 
molecule comprising the first 115 amino acids of PSpA into 

Apr. 22, 2004 

the growth medium. Thus, unlike CDM-ET from WG44.1 
and JY1119, CDM-ET from JY2141 has the potential to 
elicit PSpA-Specific immunity. In contrast to these results, 
the material eluted from JY2141 with 2 percent CC was 
relatively non-immunogenic even when emulsified with 
CFA. This result is consistent with the fact that the 115 
amino acid N-terminal PspA fragment of JY2141 is not 
surface attached", and would be expected to be washed 
away prior to the elution with 2 percent CC. Extension of 
Studies to BALB/c mice and i.p. challenge route 
0208. The studies above all involve i.V. challenge of 
CBA/N mice expressing with the XID genetic defect. The 
i.V. route, used in the present Studies provides a relevant 
model for bacteremia and Sepsis, but pneumococci have 
higher LDS when injected i.v. than i.p. CBA/N mice are 
hyperSusceptible to pneumococcal infection because of the 
XID defect. This genetic defect prevents them from having 
circulating naturally occurring antibody to phosphocholine. 
The absence of these antibodies has been shown to make 
XID mice Several logs more Susceptible to pneumococci 
than isogenic mice lacking the immune defect. From the data 
in Table 14 it is clear, however, that immunization with PSpA 
can protect against infection in mice lacking the XID defect 
even when the challenge is by the i.p. route. Thus, there is 
no reason to Suspect that the results presented are necessarily 
dependent on the use of the CBA/N XID mouse or the i.v. 
rOute. 

0209 PSpA is highly immunogenic. These studies pro 
vide the first quantitative data on the amount of purified 
FL-PspA that is required to elicit protective immunity in 
mice. The isolated PspA for these studies was obtained by 
taking advantage of the fact that the C-terminal half of PspA 
binds to cell surface choline. The isolated FL-PSpA was 
found to be highly immunogenic in the mouse. Only two 
injections of 100 ng of PspA in the absence of adjuvant were 
required to elicit protection against otherwise fatal Sepsis 
with greater than 100 LDso of capsular type 3 S. pneumo 
niae. When the first injection was given with adjuvant, doses 
as Small as 10 ng could elicit protective response. The potent 
immunogenicity of PSpA, and the ability to isolate it on 
choline-Sepharose columns provides a demonstration for the 
possible use of PSpA as a vaccine in humans. 
0210. A large body of published 7'-7 as well as unpub 
lished evidence indicates that the major protection eliciting 
epitopes of PspA are located in the C-helical (N-terminal) 
half of the molecule. From the present studies, it is clear that 
immunization with N-terminal fragments containing the first 
115 or 260 of the 288 amino acid a-helical region are able 
to elicit protection when given with CPA. However, these 
fragments were not able to elicit protective responses with 
out CFA. In the case of the both the 115 and 260 amino acid 
fragments, even immunization at 100 times the minimum 
dose that is immunogenic for FLP spA failed to elicit a 
protective response. This result is consistent with previous 
results showing that a fragment composed of the N-terminal 
245 amino acids' could elicit protection against other 
wise fatal pneumococcal infection of mice when the immu 
nization was given with CFA. In that study no immuni 
zation without CFA was attempted. Even though the 
C-terminal half of PSpA may not contain major protection 
eliciting epitopes it appears to contain Sequences important 
in the inmmunogenicity of the molecule as a whole, Since 
the fill length molecule elicited much greater protection than 
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the N-terminal fragments. The effect of the C terminal half 
on antigenicity may be in part that it doubles the size of the 
immunogen. Molecules containing the C-terminal half of 
PSpA may also be especially immunogenic because they 
exhibit more extensive aggregation than is seen with frag 
ments expressing only the C-helical region. Protein aggre 
gates are known to generally be more antigenic and leSS 
tolerogenic than individual free molecules". 
0211 PSpA is the major protection eliciting component of 
our pneumococcal extractsu. Evidence that PSpA is the 
major protection eliciting component of the CDM-ET, 
CDM-CC growth media and the two percent CC eluates was 
dependent on the use of mutant pneumococci that lacked the 
ability to produce FL-PSpA. More than one pspA mutant 
Strain was used to insure that the failure to elicit protection 
in the absence of FL-PSpA was not a spurious result of 
non-PSpA mutation blocking the production of Some other 
antigen. Strains WG44.1 and JY1119 contain identical dele 
tions that include the 5' end of the pSpA genes and extend 
about 3 kb upstream of psp-A-7. WG44.1 is a mutant of the 
non-encapsulated strain RX1 and JY1119 was made by 
transforming capsular type 3 strain WU2 with the WG44.1 
pSpA mutation. In no case were preparations from WG44.1 
and JY1119 as efficient at eliciting protection as those from 
the PspA+strains. To rule out the possibility that protection 
elicited by preparations from the PSpA+ Strains was elicited 
by some non-PspA molecule also encoded by a 3 kb deletion 
linked to the mutant pspA genes of WG44.1 and JY1119, we 
also used strains JY2141 and LM347. In these strains the 
RX1 pSpA gene has been insertionally inactivated causing 
the production of N-terminal fragments of 115 and 245 
amino acids respectively. These Strains have no other known 
mutations. Although RX1 and R36A are closely related 
non-encapsulated Strains, Some of the Studies included RX1 
as the PSpA+ control Since it is the isogenic partner to 
WG44.1, LM34, and JY2141. The N-terminal fragments 
produced by JY2141 and LM34 lack the surface anchor and 
are secreted into the medium. Two percent CC eluates of 
JY2141 were non-protection eliciting even in the presence 
of adjuvant. In the absence of adjuvant, CDM-ET from 
JY2141 was not protection-eliciting. LM34 was tested with 
out CFA in only 3 mice, but gave results consistent with 
those obtained with JY2141. 

0212 Anticapsular antibodies are known to be protective 
against pneumococcal infection'. However, in these stud 
ies it is unlikely that they account for any of the protection 
we attributed to PSpA. Our challenge strain bore the type 3 
capsular polysaccharide and our primary Source of PSpA was 
Strain R36A, which is a Spontaneous non-encapsulated 
mutant of a capsular type 2 strain'. The R36A strain has 
been recently demonstrated to lack detectable type 3 capsule 
on the surface or in its cytoplasm. Furthermore, the 
CBA/N mice used in most of the studies are unable to make 
antibody responses to capsular type 3 polysaccharide'. 
0213 Non-PSpA protection eliciting components. The 
observation that CDM-CC and CDM-ET Supernatants of 
WG44.1 could elicit protection when injected in large 
amounts with adjuvant, Suggested that these Supernatants 
contained at least trace amounts of non-PSpA protection 
eliciting molecules. In the case of preparations containing 
PspA eluted from the surface of live washed pneumococci 
with 2 percent CC, there was no evidence for any protection 
eliciting components other than PSpA, presumably because 
the protection-eliciting non-PSpA proteins released into the 
media were removed by the previous washing Step. The 
identity of the protection eliciting molecules in the WG44.1 
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Supernatant are unknown. In this regard, it is of interest that 
unlike R36A, strain RX1 has been shown to contain a very 
Small amount of cytoplasmic type 3 polysaccharide (but 
totally lacks surface type 3 polysaccharide). This differ 
ence from RX1 apparently came about through genetic 
manipulations in the construction of RX1 from R36A'. 
Thus, preparations made from RX1 or from its daughter 
strains WG44.1, LM34, or JY2141 could potentially contain 
Small amounts of capsular polysaccharide. For a number of 
reasons however, it seems very unlikely that the non-PSpA 
protection-eliciting material identified in these Studies was 
type 3 capsular polysaccharide (expressed by the WU2 
challenge Strain: 1) growth of these Strains was either in 
CDM-CC or CDM-ET, each of which prevent autolysin 
activity and lysis" that would be required to release the 
Small amount of type 3 polysaccharide from the cytoplasm 
of the RX1 family of strains; 2) CBA/N mice made protec 
tive responses to the non-PSpA antigens, but express the 
XID) immune response deficiency which permits responses 
to proteins, but blocks antibody to most polysaccharides", 
including type 3 capsular polysaccharide'; and 3) immu 
nogenicity of the non-PSpA component required CFA, an 
adjuvant known to Stimulate T-dependent (protein) rather 
than T-independent (polysaccharide) antibody responses. 
0214) A number of non-PSpA protection eliciting pneu 
mococcal proteins have been identified: pneumolysin, autol 
ysin, neuraminidase, and PsaA which are 52, 36.5, 101 and 
37 kDa respectively''''''. The non-PspA protection elic 
iting components reported here could be composed of a 
mixture of these and/or other non-identified proteins. 
Attempts to identify lambda clones producing non-PSpA 
protection eliciting proteins as efficacious as PSpA have not 
been successful. 

0215 Isolation of PSpA. The protective capacity of the 
CDM-CC, CDM-ET and material eluted from live cells with 
2% CC were similar in terms of the volume of the original 
culture from which the injected dose was derived. The major 
advantage of eluting the PSpA from the Surface of pneumo 
cocci with 2 percent CC is that the pneumococci may be 
grown in any Standard growth medium, and do not have to 
be first adapted to a defined medium. Moreover, concentra 
tion of PSpA can be accomplished by centrifugation of the 
pneumococci prior to the elution of the PSpA. An advantage 
of using either CDM-CC and CDM-ET media was that these 
media prevented lysis and pneumococci could be grown into 
Stationary phase without contaminating the preparations 
with cytoplasmic contents and membrane and wall compo 
nents. Aparticular advantage of CDM-ET growth medium is 
that Since it lacks high concentrations of choline the PSpA 
contained in it can be adsorbed directly to a choline 
Sepharose column for affinity purification. 

0216. One liter of CDM-ET growth medium contains 
about 400 ug of PspA, and we were able to isolate about 34 
of it to very high purity. At 0.1 ug/dose, a liter of CDM-ET 
contains enough PSpA to immunize about 4,000 mice; or 
possibly 40-400 humans. Our present batch size for a single 
column run is only 300 ml of CDM-ET. This could presum 
ably be increased by increasing the amount of the adsorbent 
Surface by increasing the diameter of the column. Using our 
present running buffer we have found that a choline 
Sepharose resin depth of 0.5 cm was optimal, increases 
beyond 0.5 cm caused the overall yield to decrease rather 
than increase, even in the presence of larger loading Volumes 
of R36A CDM-ET. 
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Strain 

WG55.1 

LM34 

JY2141 

JY1119 

A66 

Capsule PspA Parent Construction 
type expressed strain technique 

2 full length clinical isolate 
Oil- full length D39 non-encapsulated 

encapsulated mutant 
Oil- full length R36A derived from R36A 

encapsulated 
Oil- Ole RX1 aberrant insertion 

encapsulated inactivation with 
pKSD300 

Oil- aa 1-245 of RX1 RX1 insertional 

encapsulated inactivation with 
pKSD300 

Oil- aa 1-115 of RX1 RX1 insertional 

encapsulated inactivation with 
pJY4208 

full length clinical isolate 
Ole WU2 transformation with 

WG44.1 DNA 

3 full length clinical isolate 

TABLE 8 

Pneumococcal Strains 

23 

References 

26, 44 
23, 44, 45 

26, 39, 41 

26, 37 

26, 37, 42 

37 

25, 46 
37 

44, 47 

LM34 and LY2141 express fragments containing the first 245 and first 115 amino acids of 
RX1 PspA respectively. 

0217) 

Preparation 

2% CC 
eluate from 
live cells 

CDMACC 
clarified 
medium 

TABLE 9 

PspA is the major protection-eliciting 
component in antigen preparations made by three 

different methods 

Dose as 
Strain volume Median 
(PspA of media Days 
status) in ul Alive 

R36A 1OOO >21 2:O 
(PspA") 2OO >21 2:O 

2O >21 2:O 
2 1.5 O:2 

all R36A >21 
JY2141 1OOO 3, 21 
(aa 1-115) 2OO 1. O:2 

2O 1. O:2 
RX1 1OO >21 9:O 
(PspA") 3O >21 2:1 

1O 2 
3 2 O:3 

ALL 2, 21 12:6 
LM34 100 2, 2, 21 
WG44.1 1OO 2 
(PspA") 3O 2 

1O 2 
4 2 

WU2 1OOO >21 3:O 
(PspA") 1OO >21 

ALL >21 4:O 
JY1119 1OOO 4 O:3 
(PspA) 
CDM-CC 1OO 2 O:2 

Alive: 
Dead 

6:2 
1:1 

1:2 

P versus 
controls 

OOOO4 

O.05 

TABLE 9-continued 
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PspA is the major protection-eliciting 
component in antigen preparations made by three 

different methods 

Dose as 

Strain volume 

(PspA of media 

Preparation status) in ul 

CDM-ET R36A 1OO 

clarified (PspA") 1O 

medium 1. 

O1 

ALL 

JY2141 1OO 

(aa 1-115) 1O 
WG44.1 1OO 

(PspA) 1O 
None 

Median 

Days 
Alive 

3, 21 
1.5 

2 

>21 

1.5 

1.5 

3 

1.5 

2 

Alive: P versus 

Dead controls 

OOO6 

Antigen dose is given as the volume of growth media from which the 0.1 
ml of injected material was derived. Each mouse was injected twice i.p. 
with the indicated dose diluted as necessary in lactated Ringer's injection 
solution. 

Controls used for statistical comparisons: 2% CC, all JY2141; CDM-CC 
RX1, all WG44.1; CDM-CC WU2, JY1119; CDM-ET, all WG44.1 + all 
JY2141. 
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0218) 

fraction 

growth media 
fall-through 
1 wash 
10" wash 
elution #1 
elution #2 
elution #3 

total eluted 

24 

TABLE 10 

Isolation of PspA from 300 ml of CDM-ET 
media after the growth of R36A or WG44.1 

pneumococcia 

R36A WG44.1 

aX. total dot 

fig total tug reciprocal blot tug protein total tug 
protein/ml protein dot blot units' per/ml protein' 

13.3 3,990 4 12OO 13.7 4,110 
13.6 4,080 1. 3OO 13.5 4,050 

<1 
<1 

26 78 256 770 <1 
2 6 16 48 <1 

<1 4 12 <1 

84 830 

aX. 

reciprocal 
dot blot 

The columns were loaded with 300 ml of clarified CDM-ET medium after the growth of 
R36A or WG44.1. The column was washed with 10 sequential 3 ml fractions of TBA. Elution 
was with TBA plus 2 percent CC. 
Total ug protein or total dot blot units reflect the total protein in the 300 ml of the loading 
material or the 3 ml size of the eluted fractions. 
MAb XiR278 was used in the immunoblots to detect PspA in dot blots. 
"Dot blot units were calculated as the reciprocal dot blot titer times the volume in ml. 

P vs. 
pooled 

controls 

O.OO2 
O.OO32 

O.OO58 
O.OO12 

O.OO12 
O.OO58 

I.S. 

I.S. 

I.S. 

I.S. 

I.S. 

I.S. 

0219) 

TABLE 11 

Purified full-length PspA is able to elicit protection against fatal sepsis in mice. 

Challenge with Challenge with 
105.1 WU2 1O-2A66 

Adjuvant Anti-PspA Median P vs. Median 
O Titer Alive: Days pooled Alive: Days 

Antigen Dose" Diluent (Log mean + S.E.) Dead Alive control Dead Alive 

R36A 1 tug Ringer's 3.3 O.2 5:O >21 O.O15 2:3 4 
(PspA") O.1 Ringer's 2.6 O.2 4:O >21 O.O41 1:4 4 

0.01 Ringer's 2.7 O.2 1:4 4 I.S. O:5 3 
1 tug CFA 3.5 + 0.2 5:O >21 O.O27 3:2 >21 
O.1 CFA 3.6 O.1 5:O >21 O.O13 2:3 4 
O.O1 CFA 3.1 O.2 4:1 >21 O.O15 O:5 3 

WG44.1 3600 ul Ringer's <1.6 n.d. n.d. 1:4 3 
(PspA) 360 Ringer's <1.6 n.d. n.d. O:5 2 

36 Ringer's <1.6 n.d. n.d. O:5 2 
3600 ul CFA <1.6 n.d. n.d. O:5 2 
360 CFA <1.6 n.d. n.d. 1:4 2 
36 CFA <1.6 n.d. n.d. O:5 2 

saline CFA <1.6 1:5 4 n.d. n.d. 
pooled <1.6 1:5 4 2:28 2 
controls 

For comparison with the data in Table 2, it should be noted that the 1, 0.1, and 0.01 ug doses were derived from 
3600, 360, and 36 ul of R36A growth media. Equivalent dilutions of the PspA eluate from strain WG44.1 were 
injected as controls. The amount of the WG44.1 preparations injected is listed as 3600, 360, and 36 ul and corre 
sponds to the volume original growth medium from which the doses of WG44.1 was prepared. 
Antibody values were expressed as reciprocal ELISA titer. 
P values calculated by the Wilcoxon two sample rank test. By Kruskal-Wallis nonparametric ANOVA for the WU2 
challenge was significant at P = 0.01, for A66 significance was at P < 0.0001. 

Apr. 22, 2004 
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O220) 

TABLE 12 

The 29 kDa N-terminal fragment of RX1 PspA must be injected 

Aug 29 kDa 
PspA 

3O 

with adjuvant to elicit protection against WU2' 

Adjuvant Median Days P versus 
or diluent Alive Alive:Dead none 

CFA >21 3:O O.OOO6 

Ringer's 2 O:3 

Ringer's 2 1:2 

Preparation 

2% CC 
eluate from 
live cells 

CDM-CC 
clarified 
medium + CFA 

CDM-ET 

clarified 
medium + CFA 

CDM-ET only 
None 

Pooled Controls 

25 
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TABLE 12-continued 

The 29 kDa N-terminal fragment of RX1 PspA must be injected 
with adiuvant to elicit protection against WU2' 

Aug 29 kDa 
PspA 

Ole 

Ole 

Adjuvant Median Days P versus 
or diluent Alive Alive:Dead none 

CFA 2 O:7 
Ringer's 2 O:7 

The 29 kDa fragment comprises the first 260 amino acids of PspA. 
For the calculation of P values the 30 ug and 3 ug data were pooled; 
mice immunized with PspA + CFA were compared to CFA controls; mice 
immunized with PspA + Ringer's were compared to controls immunized 
with Ringer's. Only the statistically significant P values are shown. The 
calculated P value of PspA + CFA versus CFA alone, was 0.0006 by both 
the Wilcoxon two sample rank test and the Fisher exact test. 

0221) 

TABLE 13 

PspA is not the only protection eliciting molecule released 
from pneumococci by interference with binding to choline on the 

Strain 
(PspA 
status) 

R36A 
(PspA") 

JY2141 

(aa 1-115) 

RX1 

(PspA") 
WU2 

(PspA") 

WG44.1 

(PspA") 
JY1119 (PspA") 

R36A 

(PspA") 

JY2141 

(aa 1-115) 
a JY2141 
WG44.1 

(PspA") 
--CFA 
Ole 

surface of pneumococci 

Dose Median 

(as volume Day Alive: 
in ul) Alive Dead P values 

P vs. al Y2141 

1OOO >2 2:O 
2OO >2 5:O O.O2 
2O >2 5:O O.O2 
2 >2 5:O O.O2 

all R36A >2 17:0 O.OO1 
1OOO >2 2:O 
2OO O:2 
2O O:2 

2 O:2 
al Y2141 2:6 

P vs pooled cont. 

1OOO >2 3:O O.OO2 
1OO >2 3:O O.OO2 

1OOO >2 3:O O.OO2 
1OO >2 3:O O.OO2 

3 >2 3:O O.OO2 
1OOO >2 5:1 &OOOO1 
1OO 2.5 2:4 O.OO2 

1OOO >2 3:O O.OO2 

1OO >2 3:O O.OO2 
1OOO >2 3:1 OOO)4 

1O >2 4:O OOO)4 
1. >2 3:1 OOO)4 

O.2 2 O:4 
1O >2 2:O 

1. >2 2:O 
>2 4:O OOO)4 

1OO >2 2:O 
1O 2 O:2 

2 O:9 
5 O:4 

2 O:13 

"In cases where there were not statistically significant results no P value was shown. 
“Pooled Controls” refers to “CDM-ET only Data and “None” data. 
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0222 

TABLE 1.4 

Immunization of BALB/c mice with isolated PspA elicits protection 
against WU2 S. Pneumoniae 

Challenge P vs. 

Antigen Adjuvent Log Days to controls 

Source Dose or diluent CFU Route Death TSR/FEP 

R36A 1 lig CFA 4 i.p. 2, 21, 21, 0.06/0.03 
(PspA") >21 
WG44.1 100 ul CFA 4 i.p. 2, 3 
(PspA) 
None - CFA 4 i.p. 2, 2, 2, 4 
R36A 1 lig Ole 6 i.v. 2, 21, 21, 0.06/0.03 

(PspA") >21 
WG44.1 100 ul Ole 6 i.v. 5, 7 
(PspA) 
None - Ole 6 i.v. 2, 2, 2, 3 

Pooled i.v. iv. or O.O08/ 
and i.p. i.p. O.OOO7 
results 

The 1 ug dose of R36A PspA was isolated from 100 ul of CDM-ET 
medium. As a control mice were injected with a corresponding volume of 
choline-column effluent from a mock isolation of PspA from the PspA 
strain WG44.1. The dose of WG44.1 material is expressed as 100 ul since 
this is the volume CDM-ET from which the injected column effluent was 
derived. 
P values calculated by Wilcoxon two-sample rank test, TSR, or Fisher 

exact, FE versus pooled controls for each group. “Pooled controls include 
data obtained by injection of “WG44.1 and “none'. The i.p. and i.v. stud 
ies gave comparable results. When the data from the two studies were 
pooled the P values by both tests were sO.008. In cases where there were 
not statistically significant results no P value was shown. 
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Example 4 

Evidence For Simultaneous Expression of Two 
PspAS 

0288 From Southern blot analysis there has been an issue 
as to whether most isolates of S. pneumoniae has two DNA 
sequences that hybridize with both 5' and 3' halves of RX1 
pspA, or whether this is an artifact of Southern blot. When 
bacterial lysates have been examined by Western blot, the 
results have always been consistent with the production of a 
Single PSpA by each isolate. This Example provides evi 
dence for the first time that two PSpAs of different apparent 
molecular weights and different Serotypes can be Simulta 
neously expressed by the same isolate. 
0289 Different PspAS frequently share cross-reactive 
epitopes, and an immune Serum to one PSpA was able to 
recognize PSpAS on all pneumococci. In spite of these 
Similarities, PSpAS of different Strains can generally be 
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distinguished by their molecular weights and by their reac 
tivity with a panel of PSpA-Specific monoclonal antibodies 
(MAbs). 
0290 Aserotyping system for PSpA has been developed, 
which uses a panel of Seven MAbs. PSpA Serotypes are 
designated based on the pattern of positive or negative 
reactivity in immunoblots with this panel of MAbs. Among 
a panel of 57 independent isolates of 9 capsular groupS/ 
types, 31 PSpA serotypes were observed. The large diversity 
of PSpA was substantiated in a subsequent study of 51 
capsular Serotype 6B isolates from Alaska, provided by Alan 
Parkinson at the Arctic Investigations Laboratory of the 
Centers for Disease Control and Prevention. Among these 
51 capsular type 6B isolates were observed 22 different 
PSpAS based on PSpA Serotype and molecular weight varia 
tions of PspA. 
0291 While most pneumococcal strains appear to have 
two DNA sequences homologous with both the 5' and 3 
halves of pSpA, Site-specific truncation mutations of RX1 
have revealed that one these, psp-A, encodes PSpA. The other 
Sequence has been provisionally designated as the pSpA-like 
Sequence. At present whether the pSpA-like Sequence makes 
a gene product is unknown. Evidence that the pSpA and 
pSpA-like genes are homologous but distinct groups of 
alleles comes from Southern blot analysis at high Stringen 
cies. Additional evidence that pSpA and the pSpA-like loci 
are distinct comes from Studies using PCR primers that 
permit amplification of a Single product approximately 2. Kb 
in size from 70% of pneumococci. For the remaining 30% 
of pneumococci no amplification was observed with the 
primers used. 
0292 Evidence for Two PspAS: 
0293 When the strains of MC25-28 were examined with 
the panel of seven MAbs specific for different PSpA 
epitopes, all four demonstrated the same patterns of reac 
tivity (FIG. 4). The MAbs XiR278 and 2A4 detected a PspA 
molecule with an apparent molecular weight of 190 KDa in 
each isolate. In accordance with the previous PSpA Serotyp 
ing System, the 190 KDa molecule was designated as PSpA 
type 6 because of its reactivity with XiR278 and 2A4, but 
none of the five other MAbs in the typing system. Each 
isolate also produced a Second PSpA molecule with an 
apparent molecular weight 82 KDa. The 82 KDs PSpA in 
each isolate was detected only with the MAb 7D2 and was 
designated as type 34. No reactivity was detected with 
MAbs Xil 26, Xió4, 1A4, or SR4W4. The fact that all four 
capsular 6B strains exhibit two PSpAS, based on both 
molecular weights and PSpA Serotypes, Suggested that they 
might be members of the same clone. 
0294 Simultaneous Production of Both PspAS: 
0295) Results from the colony immunobloting showed 
that both PSpAS were present Simultaneously in each colony 
of these isolates when grown in vitro. All colonies on each 
plate of the original culture, as well as all of the progeny 
colonies from a single colony, reacted with MAbs XiR278, 
2A4, and 7D2. 

0296) Number of psDA Genes: 
0297. One explanation for the second PspA molecule was 
that these Strains contained an extra pSpA gene. Since most 
Strains contain a pSpA gene and a pSpA-like gene it was 
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expected that if an extra gene were present one might 
observe at least three pSpA homologous loci in isolates 
MC25-28. In Hind III digests of MC25-28 each strain 
revealed a 7.7 and 3.6 Kb band when probed with 
plSMpspA13/2 (FIG. 5A). In comparison, when RX1 DNA 
was digested with Hind III and hybridized with 
plSMpSpA13.2, homologous Sequences were detected on 
9.1 and 4.2 Kb fragments as expected from previous Studies 
(9) (FIG. 5A). Results consistent with only two psp-A- 
homologous genes in MC25-28 were also obtained with 
digestion using four additional enzymes (Table 15). 
0298. In previous studies it has been reported that probes 
for the 5' half of psp-A(encoding the alpha-helical half of the 
protein) bind the psp-A-like sequence of most strains only at 
a stringency of around 90%. With chromosomal digests of 
MC25-28 we observed that the 5' RX1 probe of 
pISM pSpA12/6 bound both pspA homologous bands at a 
Stringency of greater than 95 percent. The same probe bound 
only the pSpA containing fragment RX1 at a Stringency 
above 95 percent (FIG. 5B). 
0299 Further characterization of the pspA gene was done 
by RFLP analysis of PCR amplified pSpA from each strain. 
Since previous Studies indicated that individual Strains 
yielded only one product, and Since the amplification is 
carried out with primers based on a known pSpA Sequence, 
it seems likely that in each case the amplified products 
represent the pSpA rather than the pSpA-like gene. When 
MC25-28 were subjected to this procedure, an amplified 
pSpA product of 2.1 Kb was produced in each case. When 
digested with Hha 1 digest the Sum of the fragments 
obtained with each enzyme was approximately equal to the 
size of the 2.1 Kb amplified product (FIG. 6). These results 
suggest that the 2.1 Kb amplified DNA represents the 
amplified product of only a Single DNA sequence. RX1, by 
comparison, produced an amplified product of 2.0 Kb and 
five fragments of 0.76, 0.468, 0.390, 0.349 and 0.120, when 
digested with Hha 1 as expected from its known pSpA 
Sequence. 

0300. The four isolates examined in this Example are the 
first in which two PSpAS have unambiguously been 
observed. The interpretation that two PSpAS are simulta 
neously expressed by a single pneumococcal isolate is based 
on the observation that bands of different molecular weights 
were detected by different MAbs to PSpA. Isolates used in 
this Study were from a group originally Selected for Study by 
Brian Spratt because of their resistance to penicillin. It is 
very likely that all four of the isolates making two PSpAS are 
related Since they share PSpA Serotypes, amplified pSpA 
RFLPs, chromosomal psp-A RFLPs, capsule type, and resis 
tance to penicillin. 

0301 The interpretation of studies presented here, show 
ing the existence of two PSpAS in the four strains MC25-28, 
must be set in the context of what is known about the 
serology PspA as detected by Western blots. PspAs of 
different strains have been shown previously to exhibit 
apparent molecular weight sizes ranging from 60 to 200 
KDa as detected by Western blots. At least part of this 
difference in Size is attributable to Secondary Structure. Even 
for the PSpA of a Single isolate, band of Several sizes are 
generally observed. Mutation and immunochemistry Studies 
have demonstrated, however, that all of the different sized 
PSpA band from RX1 are made by a single gene capable of 
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encoding a 69 KDa protein. The heterogeneity of band size 
on Western blots of PSpA made by a single Strain appears to 
be due to both degradation and polymerization. 
0302) PspA was originally defined by reciprocal absorp 
tion studies demonstrating that a panel of MAbs to RX1 
Surface proteins each reacted with Some protein and later by 
Studies using RX1 and WU2 derivatives expressing various 
truncated forms of PspA. In both cases it was clear that each 
MAbs to the PSpA of a given strain reacted with the same 
protein. Such detailed studies have not been done with each 
of the several hundred human isolates. It is possible that with 
Some isolates, reactivity of the MAbs with two PSpAS may 
have gone unnoticed. This could have happened if all 
reactive antibodies detected both PspAs of the same isolate, 
or if the most prominent migration bands from each of the 
two PSpAS co-migrated. With isolates MC25-28 the obser 
Vation of two PSpAS was possible because clearly distin 
guishable bands of different molecular weights reacted pref 
erentially with different MAbs. 
0303) Applicants favor the interpretation that isolates 
MC25-28 each make two PSpAS, because an alternative 
possibility, namely, that the 190 KDa PSpA detected by 
MAbs XiR278 and 2A4 might be a dimer of the 84 KDa 
monomer detected by MAb 7D2, if the epitopes recognized 
by the different MAbs were dependent on either the dimeric 
or monomeric Status of the protein, Seems unlikely since 
whenever MAbs react with the PSpA of a stain, they usually 
detect both the monomeric and the dimeric forms. No other 
isolates have been observed where Some MAbs detected 
only the apparent dimeric form of PSpA while others 
detected only the monomeric form. 
0304. There could be several possible explanations for 
the failure to observe two PSpAS produced by most strains. 
1) All pneumococci might make two pSpAS in culture, but 
MAbs generally recognize only one of them (perhaps in this 
isolate there has been a recombination between pspA DNA 
and the pSpA-like locus, thus allowing that locus to make a 
product detected by MAb to PspA). 2) All pneumococci can 
have two pSpAS but the expression of one of them does not 
occur under in vitro growth conditions. 3) The pSpA-like 
locus is normally a nonfunctional pseudogene Sequence that 
for an unexplained reason has become functional in these 
isolates. 

0305. It seems unlikely that the expression of only a 
Single PSpA by most Strains is the result of a phase shift that 
permits the expression of only the pSpA or psp-A-like gene 
at any one time, Since many of the Strains examined repeat 
edly and consistently produce the same PSpA. In the case of 
strains MC25-28, the appearance of two PSpAS is apparently 
not the result of a phase Switch, Since individual colonies 
produced both the type 6 and the type 34 PSpAS. 
0306 Presumably in these four strains, the second PSpA 
protein is produced by the psp-A-like DNA sequence. At high 
Stringency, the probe comprising the coding region of the 
alpha-helical half of PSpA recognized both pSpA homolo 
gous Sequences of MC25-28 but not the pSpA-like Sequence 
of RX1. This finding indicates that the psp-A-like Sequence of 
MC25-28 is more similar to the RX1 pspA sequence than is 
the RX1 pSpA-like Sequence. If the psp-A-like Sequence of 
these Strains is more similar to pSpA than most pSpA-like 
Sequences, it could explain why we were able to See the 
products of psp-A-like genes of these Strains with Our MAbs. 
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The finding of two families of PspAS made in vivo by 
pneumococci, allows for use of the Second PSpA in compo 
sitions, as well as the use of DNA primers or probes for the 
Second gene for more conclusive detecting, determining or 
isolating of pneumococci. 

0307) 
0308 Pneumococcal isolates described in these studies 
were cultured from patients in Barcelona, Spain (one adult 
at Bellvitge Hospital, and three children at San Juan de Dios) 
between 1986 and 1988 (Table 2). These penicillin resistant 
pneumococci originally in the collection of Dr. Brian Spratt 
were shared with applicants by Dr. Alexander Tomasz at the 
Rockefeller Institute. RX1 is a rough pneumococcuS used in 
previous Studies, and it is the first isolate in which pSpA was 
sequenced. Bacteria were grown in Todd-Hewitt broth with 
0.5% yeast extract or on blood agar plates overnight in a 
candle jar. Capsular Serotype was confirmed by cell agglu 
tination using Danish antisera (Statens Seruminstitut, 
Copenhagen, Denmark) as previously described. The iso 
lates were Subsequently typed as 6B by Quellung reaction, 
utilizing rabbit antisera against 6A or 6B capsule antigen 
prepared by Dr. Barry Gray. 
0309 Bacterial Lysates: 
0310 Cell lysates were prepared by incubating the bac 
terial cell pellet with 0.1% sodium deoxycholate, 0.01% 
sodium dedecylsulfate (SDS), and 0.15 M Sodium citrate, 
and then diluting the lysate in 0.5M Tris hydrochloride (pH 
6.8) as previously described. Total pneumococcal protein in 
the lysates was quantitated by the bicinchonic acid method 
(BCA Protein Assay Reagent; Pierce Chemical Company, 
Rockford, Ill.) 
0311 PspA Serotyping: 
0312 Serotyping of PSpA was performed according to 
previously published methods. Briefly, pneumococcal cell 
lysates were subjected to SDS-PAGE, transferred to nitro 
cellulose membranes, and developed as Western blots using 
a panel of seven MAbs to PSpA. PSpA serotypes were 
assigned based on the particular combination of MAbs with 
which each PSpA was reactive. 
0313 Colony Immunoblotting: 
0314) A ten ml tube of Todd-Hewitt broth with 0.5% 
yeast extract was inoculated with overnight growth of MC23 
from a blood agar plate. The isolate was allowed to grow to 
a concentration of 107 cells/ml as determined by an O.D. of 
0.07 at 590 nm. MC23 was serially diluted and spread-plated 
on blood agar plates to give approximately 100 cells per 
plate. The plates were allowed to grow overnight in a candle 
jar, and a Single block agar plate with well-defined colonies 
was Selected. Four nitrocellulose membranes were consecu 
tively placed on the plate. Each membrane was lightly 
weighted and left in place for 5 minutes. In order to 
investigate the possibility of phase-variation between the 
two proteins detected on Western blots a Single colony was 
picked from the plate, resuspended in ringers, and Spread 
plated onto a blood agar plate. The membranes were devel 
oped as Western blots according to PSpA Serotyping meth 
ods. 

0315 Chromosomal DNA Preparation: 
0316 Pneumococcal chromosomal DNA was prepared as 
in Example 9. The cells were harvested, washed, lysed, and 

Isolates and Bacterial Cell Culture: 






















































































