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PNEUMOCOCCAL GENES, PORTIONS THEREOF,
EXPRESSION PRODUCTS THEREFROM,

AND USES OF SUCH GENES, PORTIONS AND PRODUCTS

RELATED APPLICATIONS

This application is a continuation-in-part
("CIP"): of application Serial Nos. 08,529,055, filed
September 15, 1995, 08/226,844, filed May 29, 1992,
08/093,907, filed May 29, 1992, 07/884,918, filed July 5,
1994 (corresponding to PCT/US93/05191); of application
Serial No. 08/482,981, filed June 7, 1995; of application
Serial No. 08/458,399, filed June 2, 1995; of application
Serial No. 08/446,201, filed May 19, 1995 (as a CIP of
USSN 08/246,636); of application Serial No. 08/246,636,
filed May 20, 1994 (as a CIP of USSN 08/048,896, filed
April 20, 1993 as a CIP of USSN 07/835,698, filed
February 12, 1992 as a CIP of USSN 07/656,773); of
application Serial 08/319,795, filed October 7, 1994 (as
a CIP of USSN 08/246,636); of application Serial No.
08/072,070, filed June 3, 1993; of application Serial No.
07/656,773, filed February 15, 1991 (USSN 656,773 and
835,698 corresponding to Int’l application WO 92/1448);
and, each of these applications, as well as each
application, document or reference cited in these
applications, is hereby incorporated herein by reference.
Documents or references are also cited in the following
text, either in a Reference List appended to certain
Examples, or before the claims, or in the text itself;
and, each of these documents or references is hereby
expressly incorporated herein by reference.
FIELD OF THE INVENTION

This invention relates to pneumococcal genes,
portions thereof, expression products therefrom and uses
of such genes, portions and products; especially to genes
of Streptococcus pneumoniae, e.g., the gene encoding
pneumococcal surface protein A (PspA) (said gene being
"pspA"), pspA-like genes, pneumococcal surface protein C
(PspC) (said gene being "pspC"), portions of such genes,
expression products therefrom, and the uses of such

“enes, portions thereof and expression products
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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, contacting same
with genes or fragment under PCR, amplification and/or
hybridization conditions, and detecting presence of or
isolating hybrid or amplified product). The expression
product uses include use in pPreparing antigenic,
immunological or vaccine compositions, for eliciting
antibodies, an immunological response (other than or
additional to antibodies) or a protective response
(including antibody or other immunological response by
administering composition to a suitable host); or, the
expression product can be for use in detecting the
Presence of Streptococcus pneumoniae by detecting
antibodies to Streptococcus Dbneumoniae 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
aforementioned compositions are useful in diagnostic or
detection kits or assays. Thus, the invention relates to
varied compositions of matter and methods for use
thereof.
RGRO OF E TINVENTION

Streptococcus pneumoniae is an important cause
of otitis media, meningitis, bacteremia and pneumonia.
Despite the use of antibiotics and vaccines, the
prevalence of pneumococcal infections has declined little
over the last twenty-five years.

It is generally accepted that immunity to
Streptococcus pneumoniae can be mediated by specific
antibodies against the polysaccharide capsule of the
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pneunococcus. However, neonates and young children fail
to make an immune response against polysaccharide
antigens and can have repeated infections involving the
same capsular serotype.

One approach to immunizing infants against a
number of encapsulated bacteria is to conjugate the
capsular polysaccharide antigens to protein to make them
immunogenic. This approach has been successful, for
example, with Haemophilus influenzae b (see U.S. Patent
no. 4,496,538 to Gordon and U.S. Patent no. 4,673,574 to
Anderson). However, there are over eighty known capsular
serotypes of S. pneumoniae of which twenty-three account
for most of the disease. For a pneumococcal
polysaccharide-protein conjugate 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.

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
conjugates, or as carriers for polysaccharides.

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.

Mcbhaniel et al. (II), Microbial Pathogenesis
1:519-531, 1986, relates to studies on the
characterization of the PspA. Considerable diversity in
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the PspA molecule in different strains was found, as were
differences in the epitopes recognized by different
antibodies.

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, protects mice from subsegquent fatal
infection with pneumococci.

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.

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
antibodies to PspA, fifty-seven S. pneumoniae isolates
exhibited thirty-one different patterns of reactivity.

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.

Immunization with a partially purified PspaA
from a recombinant A gtll clone, elicited protection
against challenge with several s. bneumoniae strains
representing different 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
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insoluble and isolation from cell fragments following
lysis was not possible.

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.

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:

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

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

3. Abstracts of 3rd International ASM
Conference on Streptococcal Genetics, p.
11, item 12, June 1990;

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

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

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

7. McDaniel et al (V), Microbiol.
Pathogenesis, 13:261-268.

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
antigenic, 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 providing a means for determining which strains to
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represent in such compositions (as well as how to test
for, detect or diagnose one strain from another).

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 sS. pneumonia. These
uses and advantages, it is believed, have not heretofore
been provided in the art.

QBJECTS AND SUMMARY OF THE INVENTION

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.

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.

The invention also provides PCR primers or
hybridization probes comprising the isolated DNA
molecule.

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

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
comprising the isolated DNA molecule.

The invention also includes an isolated DNA
molecule comprising a fragment having homology with a
portion of a pneumococcal surface protein A gene of
Streptococcus pneumoniae. The DNA preferably is the
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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;
GCGCGTCGACGGCTTAAACCCATTCACCATTGG;
CCGGATCCTGAGCCAGAGCAGTTGGCTG;
CCGGATCCGCTCAAAGAGATTGATGAGTCTG;
GCGGATCCCGTAGCCAGTCAGTCTAAAGCTG;
CTGAGTCGACTGGAGTTTCTGGAGCTGGAGC;
CCGGATCCAGCTCCAGCTCCAGAAACTCCAG;
GCGGATCCTTGACCAATATTTACGGAGGAGGC;
GTTTTTGGTGCAGGAGCTGG;
GCTATGGGCTACAGGTTG;
CCACCTGTAGCCATAGC;
CCGCATCCAGCGTGCCTATCTTAGGGGCTGGTT; and
GCAAGCTTATGATATAGAAATTTGTAAC
(thus, the invention broadly comprehends DNA homologous
to portions of pspA; preferably further including
restriction segquences).

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.

The invention further still provides PCR
probe(s) which distinguishes between pspA and pspa-like
nucleotide sequence, as well as PCR probe(s) which
hybridizes to both pspA and pspa-like nucleotide
seguences.

Additionally, the invention includes a PsSpA
extract prepared by a process comprising: growing
pneumococci in a first medium containing choline
chloride, eluting live pneumococci with a choline
chloride containing salt solution, 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.

An immunological composition comprising thses

extracts is comprehended by the invention, as well as an
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immunological composition comprising the full length
PspA.

A method for enhancing the immunogenicity of a
PspA-containing immunological composition comprising, in
said composition, the C-terminal portion of PspA, is
additionally comprehended, as well.

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 seguence
studies (see, e.g., Fig. 13).

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 pneumcoccal surface
protein C gene encoding the aforementioned PspC, and
primers and hybrization probes consisting essentially of
the isolated DNA molecule.

Still further, an isolated amino acid molecule
comprising pneumococcal surface protein C, PspC, of
Streptococcus 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
Pneumcoccal 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.

Additionally, the present invention provides
immunological compositions comprising PspcC.

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

BRIEF DESCRIPTION OF THE FIGURES
Figures 1A and 1B show: Evaluation of digested

lasmid constructs. Fig. 1A: 1% agarose gel
electrophoresis of plasmids isolated from transformed E.
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coli BL21(DE3) strains stained with ethidium bromide.
Lane 1: 1 kb DNA ladder (sizes noted in kb), lane 2:
PRCT125; lane 3: pRC1l05, lane 4: DBL5 pgpA insert, lane
5: PRCT113, lane 6: BG9739 pspA insert, lane 7: PRCT117,
and lane 8: L81905 pgpA insert. Fig. 1B: Corresponding
Southern blot of gel in Fig. 1A probed with full-length
Rx1l pgpA 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
pspA fragments from the pneumococcal donor strains used
in cloning.

Figure 2 shows: Evaluation of strain RCT105

ctions containing truncated DBL5 . Proteins
from E. coli cell fractions were resolved by 10% SDS-
PAGE, transferred to NC, and probed with MAb XiR278.
Lane 1: molecular weight markers (noted in kba), lane 2:
full-length, native DBLS5 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: cytoplasmic proteins, and lane 9: insoluble cell
wall/membrane material.

Figure 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.

Figure 4 shows: Cell lysates of pPneumococcal
isolates 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 224 detected a protein of 190
kDa in each isolate. MAb Xi64, Xil26, 1A4 and SR4W4 were
not reactive. Strains MC25 and MC26 yielded identical
results.

Figure 5 (Figs. 5A and 5B) shows: Southern
blot of Hind III digest of MC25-MC28 chromosomal DNA
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developed at a stringency greater than 95 percent. A
digest of Rx1l DNA was used as a comparison. The blot was
probed with LSMpspAl3/2, a full length Rx1 probe (Fig. 5)
and LSMpspAl2/6 a 5’ probe of Rxl pbspA (Fig. 5). The
same concentration of Rxl 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.

Figure 6 shows: RFLP of amplified pspA. 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 Sacl, Lane 6 EcoRI, Lane 7
Smal, Lane 8 KpnI.

Figure 7 shows: A depiction of PspA showing the
relative location and orientation of the
oligonucleotides.

Figure 8 shows: Derivatives of the S.
bneumoniae D39-Rx1l family.

Figures 9 to 10 show: Electrophoresis of pspA
or amplified pspA product with HhaI (Fig. 9), sau3AIl
(Fig. 10).

Figure 11 shows: RFLP pattern of two isolates
from six Families.

Figure 12 shows: RFLP pattern of two isolates
from six families (using products from amplification with
SKH2 and LSM13).

Figure 13 shows: Sequence primarily in the N-
terminal half of PspaA.

Figure 14 shows: Cell lysates of pneumococcal
isolates MC27 and McC28, subjected to SDS-PAGE and Western
blotting with seven MAbs to PspA; 7D2 detected a protein
of 82 kDa in each isolate, and Xi278 and 2A4 detected a
protein of 190 kDa in each isolate; MAbs Xie64, Xil26, 1A4
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and SR4W4 were not reactive; strains MC25 and MC26
yvielded identical results (not shown).

Figure 15A and 15B show: a Southern blot of
Hind III digest of MC25-28 chromosomal DNA, using a
digest of Rx1 DNA as a comparison; the blot was probed
with LSMpspAl3/2, a full length Rxl1 probe (A), and
LSMpspAl2/6, a 5’ probe of Rxl pspA (B); the same
concentration of Rxl 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.

Figures 15C and 15D show: the nucleotide
sequences of primers LSM13, LSM2, LSM12 and LSM6, and
that of probes LSMpspAl3/2 and LSMpspldl2/6.

Figure 16 shows: RFLP of amplified pspA,
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 I was used in lane 1; BamH I was
used in lane 2; BstN I was used in lane 3; Pst I was used
in lane 4; Sac I was used in lane 5; EcoR I was used in
lane 6; Sma I was used in lane 7; and Kpn I was used in
lane 8.

Figure 17 shows: position and orientation of
oligonucleotides relative to domains encoded by pspa;
numbers along the bottom of the Figure represent amino
acids in the mature PspA polypeptide from strain Rx1l, and
arrows represent the relative position (not to scale) and
orientation of oligonucleotides.

Figure 18 shows: a restriction map of the pZero
vector.

Figure 19 shows: the nucleotide seguences of
SKH2, LSM13, N192 and CS588.

Figure 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
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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 indicated by the striped pattern; and PCR
primers are indicated by the arrows.

Figure 21 shows: the amino acid and nucleotide
sequence of PspC, wherein the putative -10 and -35
regions are underlined, and the ribosomal binding site is
in lower case.

Figure 22 shows: the Bestfit analysis of PspA
and PspC; percent identity is 69% and percent similarity
is 77%; amino acids of PspA are one the bottom line (1~
588) and amino acids of PspC are on the top line (249-
891), and a dashed line indicated identity.

Figure 23 shows: the coiled coil motif of the
alpha-helix of PspC; amino acids that are not in the
coiled coil motif are in the right column.

Figure 24 shows: a matrix pPlot comparison of
the repeat regions of the alpha-helical region of PspC.

Figure 25 shows: the sequence of the alpha
helical and proline regions of LXS532 (PspC.D39).

Figure 26 shows: a comparison of nucleotides
of pspA.Rx1 to pspc.D3S.

Figure 27 shows: a BESTFIT analysis of
pbspC.EF6797 and pspC.D39.

Figure 28 shows: the amino acid comparison of
PspC of EF6797 and D39.

Figure 29 shows: the amino acid comparison of
PspC.D39 and PspA.Rxl.

RETAILED DESCRIPTION

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.

As discussed above and in the following
Examples, the invention relates to truncated PspA, e.g.,
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PspA C-terminal to position 192 such as a.a. 192-588
{"BC100O") 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).

The invention further relates to a pspaA-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
pspA, so that one can, by hybridization assay and/or
amplification, ascertain 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).

Indeed, the invention further relates to
oligonucleotide probes and/or primers which react with
pspA and/or pspC of many, if not all, strains, so as to
permit identification, detection or diagnosis of any
pneumococcal strain, as well as to expression products of
such probes and/or primers, which can provide cross-
reactive epitopes of interest.

The repeat region of pspA and/or pspC is highly
conserved such that the present invention provides
oligonucleotide 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.

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 as surface binding
of the coding for répeat regions of pspA and the pspC
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genes, or with the repeat regions of the expression
products, is therefore a target for intervention of
pneunococcal infection.

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 pProbes or primers which
distinguish between pPspA 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 pPspC gene, particularly
the portion of that gene which encodes an antigenic,
immunological or protective protein.

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, elation of
live pneumococci with a salt solution containing choline
chloride, 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.gq., C;—C;, preferably C, alkanolamine,
i.e., preferably C, alkanolamine, i.e., preferably
ethanolamine (e.g., 0.0000005% to 0.0000015%, preferably
0.000001% choline chloride plus 0.02% to 0.04%
alkanolanmine (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 purified Pspa
is highly immunogenic and is useful in antigenic,
immunological or vaccine composition.

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 inéxpensive to
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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 more 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).

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 recombination, or for use as probes and/or primers for
hybridization and/or amplification for identification,
detection or diagnosis purposes.

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 pspds, as well as a means
for obtaining diversity of PspAs in an antigenic,
immunological or vaccine composition; and, a method of
characterizing clonotypes of PspA based on RFLP patterns
of PspA. And, the invention thus provides
oligonucleotides which permit amplification of most,
e.g., a majority, if not all of S. pneumconiae and thereby
permit RFLP analysis of a majority, if not all, s.
pneumoniae.

The invention also provides PspC, having an
approximate molecular weight of 105 kD, with an estimated
pPI 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 Pspd), which region accounts for
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the binding of 4 of 5 cross—-protective MAb, and Pspa
fragments comprising this region can elicit cross-
protective immunity in mice. Homology between PspC and
PspA begins at amino acid 148 of PspA, thus including the
region from 192 to 299, and including the entire PspcC
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 Pspl, 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.

An epitope of interest is an antigen or
immunogen or immunologically active fragment thereof from
a pathogen or toxin of veterinary or human interest.

The present invention provides an immunogenic,
immunological or wvaccine composition containing the
pneumococcal epitope of interest, and a pharmaceutically
acceptable carrier or diluent. An immunological
composition containing the pneumococcal epitope of
interest, elicits an immunological response — local or
systemic. The response can, but need not be, protective.
Am immunogenic composition containing the pneumococcal
epitope of interest, likewise elicits a local or systemic
immunological response which can, but need not be,
protective. A vaccine composition elicits a local or
systemic protective response. Accordingly, the terms
"immunological composition" and "immunogenic composition®
include a "vaccine composition" (as the two former terms
can be protective compositions).

The invention therefore also provides a method
of inducing an immunoclogical response in a host mammal
comprising administering to the host an immunogenic,
immunological or wvaccine composition comprising the
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pneumococcal epitope of interest, and a pharmaceutically
acceptable carrier or diluent.

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.

Regions of PspA and PspC have been identified
from the Rx1l 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 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., fragment 192 to 588
includes 192 to 260, and fragment 1 to 314 includes 1 to
115 and 192 to 260.

As to epitopes of interest, one skilled in the
art can determine an epitope of immunodominant region of
a peptide 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.

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 configurations which induce

SUBSTITUTE SHEET (RULE 26}




CA 02232033 1998-03-13

WO 97/09994 PCT/US96/14819

18
tolerance, the more effective it is in provoking an

immune response." Iwvan Roitt, Essential Immunoloqgy,

1988.
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 limitations of the vector). To minimize the
DNA inserted while maximizing the size of the protein
expressed, the DNA segquence can exclude introns (regions
of a gene which are transcribed but which are
subsequently excised from the primary RNA transcript).

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
CDh8+ 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.

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 overlapping 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
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often not linear amino acid sequence but rather result
from the tertiary structure of the folded three
dimensional protein. Janis Kuby, ology, (1992) pp.
79-80.

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, Immunology, (1992) P. 81.

Yet another method for determining an epitope
of interest is to perform an X-ray cyrstallographic
analysis of the antigen (full length)-antibody complex.
Janis Kuby, Immunology, (1992) p. 80.

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.

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. Factors which can be considered are:
the HLA type of the patient (vertebrate, animal or human)
expected to be immunized, the sequence of the protein,
the presence of appropriate anchor motifs and the
occurance of the peptide sequence in other vital cells.

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 cell’s
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
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types of MHC complex alleles; they are said to have a
‘different HLA type’.

Class I MHC complexes are found on virtually
every cell and present peptides from proteins produced
inside the cell. fThus, 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
lymphokines. The lymphokines stimulate a response; cells
arrive and kill the viral infected cell.

Class II MHC complexes are found only on
antigen- 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.

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,
ific Bindi of Leukemia Oncogene Fusion P ej

Peptides to HIA Class I Molecules, Blood 85:2680~-2684;

Englehard, VH, S cture eptides associated wi

class T and class IT MHC molecules Ann. Rev. Immunol.

12:181 (1994)). This can be done, without undue
experimentation, by comparing the sequence of the protein
of interest with published structures of peptides
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associated with the MHC molecules. Protein epitopes
recognized by T cell receptors are peptides generated by
enzymatic degradation of the protein molecule and are
prestnted on the cell surface in association with class I
or class II MHC molecules.

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 immunoclogical
composition. Regions which share great homology with
widely found sequences present in vital cells should be
avoided.

Even further, another method is simply to
generate or express portions of a protein of interest,
generate monoclonal 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 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 portions shown to bind
from X-ray data of the antigen (full length)-antibody
complex, selecting regions which differ in seguence from
other proteins, selecting potential HLA anchor binding
motifs, or any combination of these methods or other
methods known in the art.

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
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map, using the general methods described above, or other
mapping methods known in the art.

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. Patent No. 5,019,384, issued May 28,
1991, and the documents it cites, incorporated herein by
reference (Note especially the "Relevant 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
neutralizing antibodies are directed. Disclosures of
such epitopes are in many of the references cited in the
Relevant Literature section.")

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.

The determination of the amount of antigen,
e.g., PspA or truncated portion thereof and optional
adjuvant in the inventive compositions and the
pPreparation of those compositions can be in accordance
with standard techniques well known to those skilled in
the pharmaceutical or veterinary arts. In particular,
the amount of antigen and adjuvant in the inventive
compositions and the dosages administered are determined
by technigues well known to those skilled in the medical
or veterinary arts taking into consideration such factors
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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 commonly 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).

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).

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 preferred to determine therefor:
toxicity, such as by determining the lethal dose (LD) and
LD;, in a suitable animal model e.g., rodent such as
mouse; and, the dosage of the composition(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
ELTSA and/or RFFIT analysis. Such determinations do not
require undue experimentation from the knowledge of the
skilled artisan, this disclosure and the documents cited
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herein. And, the time for sequential administrations can
be ascertained without undue experimentation.

Examples of compositions of the invention
include liquid preparations for orifice, e.g., oral,
nasal, anal, vaginal, peroral, intragastric, mucosal
(e.g., perlingual, alveolar, gingival, 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 wetting 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 SCIENCE", 17th
edition, 1985, incorporated herein by reference, may be
consulted to prepare suitable Preparations, without undue
experimentation.

Compositions of the invention, are conveniently
provided as liguid preparations, e.g., isotonic aqueous
solutions, 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 "“soclia" form of pills, tablets,
capsules, caplets and the like, including "solia®
preparations which are time-released or which have a
liguid f£illing, e.g., gelatin covered liguid, 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
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dispenser. 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.

Compositions of the invention can contain
pharmaceutically 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 ingestion.

Liquid preparations are normally easier to
prepare than gels, other viscous compositions, and solid
compositions. 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.

‘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 formulated into a solution, a
suspension, gel or another ligquid form], or solid dosage
form [e.g., whether the composition is to be formulated
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into a pill, tablet, capsule, caplet, time release form
or liquid-filled form].

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, buffering agents,
preservatives, wetting agents, jelling agents, (e.gq.,
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.

The desired isotonicity of the compositions of
this invention may be accomplished using sodium chloride,
or other pharmaceutically acceptable agents such as
dextrose, boric acid, sodium tartrate, propylene glycol
or other inorganic or organic solutes. Sodium chloride
is preferred particularly for buffers containing sodium
ions.

Viscosity of the compositions may be maintained
at the selected level using a pharmaceutically acceptable
thickening agent. Methylcellulose is preferred because
it is readily and economically available and is easy to
work with. oOther suitable thickening agents include, for
example, xanthan gum, carboxymethyl cellulose,
hydroxypropyl cellulose, 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 prepared from solutions
by the addition of such thickening agents.

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
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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.

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
problems can be readily avoided by reference to standard
texts or by simple experiments (not involving undue
experimentation), from this disclosure and the documents
cited herein.

The immunologically effective compositions of
this invention are prepared by mixing the ingredients
following 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 mammals 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 involving mice).

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
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ascertained by the skilled artisan, from this disclosure,
the documents cited herein, and the Examples below.

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 technigques for such
methods. And, without undue experimentation, the skilled
artisan can use gene products and antibodies therefrom in
diagnostic, detection or assay methods by procedures
known in the art.

The following Examples are provided for
illustration and are not to be considered a limitation of
the invention.

LES

EXAMPLE 1 - TRUNCATED STREPTOCOCCUS PNEUMONIAE PspA
MOLECULES ELICIT CROSS~PROTECTIVE IMMUNITY
INST PNEUMOCOCC CH2A

Since the isolation of s. pbneumoniae 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
significant 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 infections.

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
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immunity in mice resulting in extension of life and
protection against death with challenge doses near the
LD;,- PspA is unique among these macromolecules in that
is can elicit antibodies in animals that protect against
inoculums 100~fold greater than the LDg,-

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 pneumococcal vaccine.

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 Rx1l 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 Rxl1l Mabs were
protective in mice infected with 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 Rx1l PspaA.

Truncated PspAs containing amino acids 192-588
or 192-299, from pneumococcal strain Rxl 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 wWU2
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pneumococcal infection. However, the recombinant PspaA
fragment extending from amino acid 192 to 588 was more
immunogenic than the smaller fragment, probably due to
its larger size. 1In 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 molecule. 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 truncated
PspAs from capsular type 4 and 5 strains collectively
protect against or early death caused by challenge with
capsular type 4 and 5 parental strains as well as type 3,
6A, and 6B S. pneumoniae.

Bacterial strains and culture conditions. All
pneumococci 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; Mcbaniel, L.S., et al.,
Microb. Pathog. 1992; 13: 261-269; and McDaniel, L.S, et
al., In: Ferretti, J.J. et al., eds. Genetjics of
streptococci, enterococci, and lactococci. 1995; 283-
286), with the exception of clinical isolates TJ0893,
0922134 and BG8740. Pneumococcal strains TJO893 and
0922134 were recovered from the blood of a 43~year old
male and an elderly female, respectively. sS. pneumoniae
BG8743 is a blood isolate from an 8-month old infant.
Strains employed in this study included capsular type 3
(A66.3, EF10197, WU2), type 4 (BG9739, EF3296, EF5668,
L81905), type 5 (DBL5), type 6A (DBL6A, EF6796), type 6B
(BG7322, BG9163, DBL1), type 14 TJO893), type 19
(BG8090), and type 23 (0922134, BG8743). 1In addition,
strain WG44.1, which expresses no detectable PspA, was
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employed in PspA-specific antibody analysis. All
chemicals were purchased from Fisher Scientific, Fair
Lawn, New Jersey unless indicate otherwise.

S. pneumoniae were grown in Todd Hewitt broth
(Difco, Detroit, Michigan) supplemented with 5% yeast
extract (Difco). Mid-exponential phase cultures were
used for seeding inocula in Lactated Ringer’s (Abbott
laboratories, North Chicago, Illinois) for challenge
studies. For pneumococcal strains used in challenge
studies, inocula ranged from 2.8 to 3.8 log,, CFU
(verified by dilution plating on blood agar). Plates
were incubated overnight in a candle jar at 37°cC.

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. coil 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. Permanent bacterial stocks were stored at -
80°C in growth medium containing 10% glycerol.

Construction of plasmjd-based strains. pET-9a
(Novagen, Madison, Wisconsin) was used for cloning
truncated pspA genes from fourteen S. pneumoniae strains:
DBL5, DBL6A, WU2, BG9739, EFS5668, .81905, 0922134,
BG8090, BG8743, BG9163, DBL1l, EF3296 , EF6796, and EF10197
(Table 1). pspA gene fragments, from fifteen strains,
were amplified by PCR using two primers provided by
Connaught Laboratories, Swiftwater, Pennsylvania Primer
N192- 5’GGAAGGCCATATGCTCAAAGAGATTGATGAGTCT3’ and primer
C588 -~ 57CCAAGGATCCTTAAACCCATTCACCATTGGC3’ were
engineered with NdeI and BamHI restriction endonuclease
sites, respectively. PCR-amplified gene products were
digested with BamHI and NdeI, and ligated to linearized
PET-9a digested likewise and further treated with
bacterial alkaline phosphatase United States Biochemical
Corporation, Cleveland, Ohio) to prevent recirculari-
zation of the cut plasmid. Clones were first established
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in E. coli BL21(DE3) which contained a chromosomal copy
of the T7 RNA polymerase gene under the control of an
inducible lacUV5 promoter.

E. coli DH1l cells were transformed by the
method of Hanahan (Hanahan, D. J. Mol. Biol. 1983; 166:
557-580). sStable transformants 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, California) into E. coli BL21 (DE3) and
their respective strain designations are listed in Table
1. The pET-9a vector alone was introduced into E. colli
BL21 (DES) by electroporation to yield strain RCT125S
(Table 2). All plasmid constructs and PCR-amplified pspA
gene fragments were evaluated by agarose gel
electrophoresis (with 1 kb DNA ladder, Gibco BRL,
Gaithersburg, Maryland). Next, Southern analysis was
performed using LMpspAl, 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 Mannheimn,
Indianapolis, Indiana). Hybridization was detected with
chemiluminescent sheets according to the manufacturer‘’s
instructions (Schleicher & Schuell, Keene, New
Hampshire).

ctionation o ecombjinant c

Btrains. Multiple cell fractions from transformed E.
coli were evaluated 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 (Rgep ©f ca. 0.5) and a 1 ml sample
was harvested and resuspended (uninduced cells) prior to
induction with isopropylthiogalactoside (IPTG, 0.3 mM
final concentration). Following 1, 2, and 3 hr of
induction, 0.5 ml of cells were centrifuges, resuspended,
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and labeled induced cells. The remaining culture was
divided into two aliguots, centrifuged (4000 x g, 10 min,
DuPont Sorvall RC 5B Plus), and the supernatant
discarded. One pellet was resuspended in 5 ml of 20 mM
Tris—-HC1 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. Chantilly, Virginia). Next, the
material was centrifuged (9000 x g, 20 min) and the
supernatant was designed the crude extract-cytoplasmic
fraction. The pellet was resuspended in Tris-NaCi1-EDTA
buffer and labeled the insoluble cell well and membrane
fraction. The other pellet, from the divided induced
culture, was resuspended in 10 ml of 30 mM Tris-HC1 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 fraction. cell
fractions were evaluated by SDS-PAGE and immunoblot
analysis.

MAbs to PspbA. PspA-specific monoclonal
antibodies (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 immunization
with DBLS 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 wWG44.1.

SPS—PAGE and jmmunoblot analvsis. E. coli cell
fractions containing recombinant PspA proteins and
biotinylated molecular weight markers (low range, Bio-
Rad, Richmond, California) were separated by sodium
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dodecyl sulfate-polyacrylamide (10%; Bethesda Research
Laboratories, Gaithersburg, Maryland) gel electrophoresis
(SDS-PAGE) by the method of Laemmli (Laemmli, U.K. Nature
1970; 227: 680-685). Samples were first boiled for 5 nmin
in sample buffer containing 60 mM Tris PH 6.8, 1% 2-B-
mercaptoethanol (Sigma, St. Louis, Missouri), 1% SDsS, 10%
glycerol, and 0.01% bromophenol blue. Gels were
subsequently transferred (1 hr, 100 volts) to
nitrocellulose (0.45 mM pores, Millipore, Bedford,
Massachusetts) as per the method of Towbin et 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 phosphatase-labeled
goat anti-mouse immunoglobulin (Southern Biotechnology
Associates, Inc., Birmingham, Alabama) for 1 hr at 25°cC.
Washes were performed as before and blots was 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 dimethyl sulfoxide and then diluted in 1.5 M
Tris-HC1 pH 8.8. Dot blots were analyzed similarly.
Lysate samples (2 nl) were spotted on nitrocellulose
filters (Millipore), allowed to dry, blocked, and
detected as just described.

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 92000
X 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,
California) at 37°C for 30 min and finally centrifuged to
remove cell wall and membrane components. Dot blot
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analysis was performed using PspA-specific MAbs to
validate the presence of recombinant, 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.

Mouse immunization and challenge. CBA/CAHN-
XID/J mice (Jackson Laboratories, Bar Harbor, Maine), 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 dH,0. Immunized and
nonimmunized mice (groups of 2 to 5 animals) were
challenged with S. pneumoniae strains A66.3, BG7322,
DBL6A, WU2, DBLS, 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).

etermination of PspA serum levels. Mice were

bled retro-orbitally following the secondary boost and
again prior to challenge. Representative mouse titers
were evaluated by enzyme-linked immunorsorbent assay
(ELISA) using native, parental PspAs isolated from
pneumococcal strains DBLS5, BG9739, and L81905. PspaAs
were immobilized on microtiter plates by incubating in
0.5 NaHCO;, 0.5 M Na,CO,pH9.5 at 4°C overnight. Alkaline
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phosphatase—~labeled goat anti-mouse immunoglobulin
(Southern Biotechnology Associates, Inc.) was used to
detect mouse serum antibodies. Color development was
with p-nitrophenyl Phosphate (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).

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.

oning of truncated pspa genes. Using primers
N192 and c588, truncated bspA genes from fifteen diverse
pneumococcal strains representing eight different
capsular types (Table 1) were amplified by PCR. Even
though variability exists in bPspA genes from different
strain, this result demonstrates that sufficient
conservation exists between variant pPspA genes to allow
sequence amplification in all strains examined to date.
Successful pspA PCR-amplification extended to all capsule
types evaluated.

Fourteen of the amplified pspa genes were
cloned and three clones containing truncated Pspa
molecules from pneumococcal strains DBL5, BG9739, and
181905 were further studies (Table 2). To verify the
constructions, plasmids from recombinant E. coli strains
(RCT105, RCT113, RCT117, and RCT125 (Table 2) were
isolated, digested with NdeI and BAMHT restriction
endonucleases, and electrophoresed in 1% agarose side-by-
side with the PCR products used in their respective
constructions (Figure 1a). The digestion reaction was
complete for pRCT105, while pRCT113 and PRCT117
digestions were incomplete (lanes 5 and 7, respectively).
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This gel was denatured and DNA transferred to nylon for
Southern analysis. Figure 1B depicts the corresponding
Southern blot probed with full-length RxlpspA DNA. Lane
1 contains pRCT125, digested vector alone, which does not
react with the pneumococcal DNA-specific probe, as
expected. The pspA-specific probe hybridized with the
PCT products and the digested plasmid inserts (see arrow,
Figure 1B) as well as the partially undigested PRCT113
and pRCT117 (lane 5 and 7), confirming successful 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

Expression of recombinant PspA in E. coli

Bl2l (De3). Transformed E. coli strains RCT105, RCT113,
RCT117, 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

types.

location of recombinant PspaA 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.

Figure 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 53.7 kDa 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
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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; Figure 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
performed for recombinant E. coli 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.

valuating the protective capacity of
recombinant, truncated PspAs. The truncated PspaA
proteins from strains RCT113, RCT117, and RCT105 were
expressed and analyzed for their ability to generate
cross-protection against a battery of seven s. pneumoniae
strains. Control mice (non-immunized and RCT125 sham-
immunized) and recombinant PspA-immunized mice were
challenged with mouse-virulent strains A66.3, BG7322,
DBL6A, WU2, DBLS, BG9739, and 1.81905. Table 3 presents
the day of death for each infected nmouse.

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,
respectively). 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 straiﬁs (100%)
evaluated in this study, while recombinant 181905 and
DBL5 truncated PspAs conferred bprotection against death
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with 71% and 57% of S. pneumoniae challenge strains,
respectively.

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 time 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).

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 not
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.

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 Psp2 vaccine might need to contain PspAs of
more than one pneumococcal 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
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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.

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 PspA. Successful PCR
amplification extended to all capsule types analyzed.
Thus, the C-terminal two-third of PspA may be amplified
from many, if not all, pneumococcal capsule types with
RxX1 pspA-specific primers. This technique is thus
applicable to the development of antigenic immunological
or vaccine compositions containing multiple PspA or
fragments thereof.

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 levels of protection were
observed in four of the seven challenge strains. In
fact, in all instances except for on (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 challenge. More
importantly, these data show that the homologous regions
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of diverse PspAs demonstrate comparable cross—-protective
abilities.

Strains of capsular type 4 and 5 were more
difficult to protect against than were type 3, 6A and 6B
pneumococcal strains. Seroclogical differences in PspAs
might affect cross—-protection in some cases. Yet the
difficulty in protecting against the type 4 and 5 strains
used herein could not be explained on this basis, since
the truncated PspA immunogens 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.

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
polysaccharides and are therefore extremely susceptible
to pneumococcal 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 LDgys and/or are more
consistently fatal than strains of capsular types 3, 6A,
or 6B.

Another possibility is that epitopes critical
to protection-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 immunization. The critical epitopes for these
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strains may be located in the N-terminal two thirds of
the alpha-helical region of their PspA molecules.
Finally, it is also possible that PspA may be less
exposed on some S. pneumoniae strains than others.

Strain Rx1 PspA amino acid sequence does not contain the
cell wall attachment motif LPXTGX described by Schneewind
et al. found in many gram-positive bacteria. Rather,
PspA has a novel anchoring mechanism that is mediated by
choline interactions between pneumococcal membrane-
associated lipoteichoic acid and the repeat region in the
C—terminus of the molecule. Electron micrographic
examination has confirmed the localization of PspA on the
pneumococcal surface and PspA-specific MAb data supports
the accessibility of surface-exposed PspA. However, it

. is not known whether S. pneumoniae strains differ
substantially in the degree to which different PspA
regions are exposed to the surrounding envirconment. Nor
is it known if the quantity of Pspa expressed on the
bacterial cell surface differs widely between strains.
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Table 1. pspA recombinant strains categorized by
pneumococcal capsular type.
Capsular Parent Strains Respective
Type Recombinant Strains
3 wWU2, EF10197 RCT111, RCT137
4 BG9739, EF5668 RCT113, RCT115
I.81905, EF3296 RCT117, RCT133
5 DBLS RCT105
6A DBL6A, EF6796 RCT109, RCT135
6B BG9163, DBL1l RCT129, RCT131
14 TJO0893" none”
19 BG8090 RCT121
23 0922134, BG8743 RCT119, RCT123

*Truncated pspA amplified recently, not yet cloned

Table 2. Description of recombinant strains used in
evaluating the protection-eliciting capacity of
truncated PspAs in mice.

Recombinant Description Capsule Type

Strain of Parent PspA

RCT 105 BL21(DE3) E.coli with 5
PET-9a:DBLS

RCT 113 BL21(DE3) E.coli 4
with pET-9a:BG9739

RCT 117 BL21(DE3) E.coli with 4
pET-9a:L81905

RCT 125 BL21(DE3) E.coli with

pET-9%9a (vector only)
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EXAMPLE 2 - LOCALIZATION OF PROTECTION-ELICITING
EPITOPES AND PsSpA OF S. PNEUMONIAE

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
jdentifies regions homologous to amino acids 192-299 of
Rx1l 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.

Bacterial strains and media conditions. sS.
pneumoniae strains were grown in Todd Hewitt broth with
0.5% yeast extract (THY) (both from Difco Laboratories,
Detroit, Michigan) at 37°C or on blood agar plates
containing 3% sheep blood at 37°C under reduced oxygen
tension. E. coli strains were grown in Luria-Bertani
medium or minimal E medium. Bacteria were stored at -
80°C in growth medium supplemented 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 ug/ml for E. Coli.

Construction of pIN-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 pIN-III-ompA3 as previously described
(McDaniel, L.S. et al., Microb. Pathog. 1994; 17: 323).

The pMAL-p2 vector (New England Biolabs,
Protein Fusion & Purification System, catalog #800) was
used for cloning pspid gene fragments-to aminoc aecids 192-
299 from strain Rxl and from 7 other S. pneumoniae
strains: R36A, D39, A66, BF9739, DBLS, 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’/CCGGATCCGCTCAAAGAGATTGATGAGTCTG3’ {LSM4)
and 5’CTGAGTCGACTGAGTTTCTGGAGCTGGAGC3’ [IMS6) made with
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BamHI and Sall restriction endonuclease sites,
respectively. Primers were based on the sequence of Rx1
PspA. PCR products and the pMAL vector were digested
with BAMHI and SalIl, and ligated together. Clones were
transformed into E. Coli DH5a by the methods of Hanahan.
Stable transformants were selected on LB plates
containing 100ug/ml Ap. These clones were screened on LB
plates containing 0.1 mM IPTG, 80 #g/ml X-gal and 100
ug/ml Ap and replica LB plates with 100 pg/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 (Birnboimn,
H.C. et al., Nucl. Acids Res. 1979, Z: 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 Mannhein,
Indianapolis, Indiana) and detected by chemiluminescence.

ression of recombi t_Ps ej
fragments. 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, BARG66,
BAR5668, BAR9739, BARLS, BARG6A 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, amylose resin was poured into a 10 mL
column and washed with column buffer. The diluted
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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 protein eluted
off the column with column buffer containing 10 mM
maltose. Lysates were stored at -20°C until further use.

Characterization of truncated PspA proteins
used for immunization. The truncated PspA molecules,
controls and molecular weight markers (Bio-Rad, Richmond,
CA) were electrophoresed in a 10% sodium dodecyl (Sbs) -
polyvacrylamide 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.

A direct binding ELISA procedure was used to
guantitatively confirm reactivities observed by
immunoblotting. For all protein extracts, osmotic shock
preparations were diluted to a concentration of 3 ug/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
duplicated by three-fold serial dilution through seven
wells and developed using an alkaline phosphatase-labeled
goat anti-mouse immunoglobulin secondary antibody
(Southern Biotech Associates, Birmingham, AL) 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.

Immunization and Protection Assays. Six to
nine week old CBA/CAHN-XID/J (CBA/N) mice were obtained
from the Jackson Laboratory, Bar Harbor, Maine. CBA/N
mice carry an X-linked immunodeficiency trait, which
renders them relatively unable to respond to
polysaccharide antigens, but they do respond with normal
levels of antibodies against protein antigens. Because
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of the absence of antibodies reactive with the
phosphocholine determinant of C-polysaccharide in their
serum, the mice are highly susceptible to pneumococcal
infection. Mice immunized with the BC100 fragment were
injected inguinally with antigen emulsified in CFa,
giving an approximate dose of 3 ug of protein per mouse.
Fourteen days later the mice were boosted
intraperitoneally with 3 ug of antigen diluted in
Ringer’s lactate without adjuvant. cControl mice were
immunized 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 intraperioneally with 0.2 ml of
antigen diluted in Ringer’s lactate without adjuvant.

Mice that were immunized with the homologues of
Rx1l 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.

Serum analysjis. Mice were retro-orbitally bled
with a 75 pl 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 assay (ELISA) using native full-length R36A
PspA as coating antigen as previously described
(McDaniel, L.S. Microb. Pathog. 1994; 17: 323).

Intravenous infection of mice. Pneumococcal
cultures 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,
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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 approximately 50-100 times the
LD;; 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.

Statistical analysjs. Statistical significance
of differences 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.

Cloning into pMAIL, vector. Using primers based
on the sequence of Rxl PspA, LSM4 and LSM6, PSpA 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 hybridization analysis.
Plasmids from recombinant E. coli strains BAR36A, BAR39,
BAR66, BARS739, BARLS, BAR6A and BAR100 were isolateq,
digested with BamHI and Sall restriction endonucleases
and electrophoresed on a 0.7% TBE 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 Rxl1 pspA DNA at high stringency
conditions. The cloning of R36A, D39, A66, BG97395, DBLS,
DBL6A and LM100 pspA DNA into pMal-p2 was confirmed by
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the recognition of all BamHI and SalIl digested DNA
inserts by the Rx1 probe.

Ixpression and conformation of truncated

c i £ otejns. The transformed E. coli strains
BAR36A, BAR39, BAR66, BAR9739, BARLS5, 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. Transformed E. coli strains BC100 and BAR416,
which express PspA fragments fused to the OmpA leader
sequence in the PIN-III-ompA3 vector, were grown in
minimal medium and induced with 2 mM IPTG for expression.
Both vectors, PIN-III-ompA3 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 BAR10O
were recognized by a rabbit polyclonal antibody made to
strain BC100 PspA. The apparent M, of full-length PspaA
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
pPspA 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.

Protection and cross-protection against fatal
pneumococcal 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 Rx1l PspA, and challenged with 13
different S. pneumoniae strains representing 7 different
capsular types (Table 4). With all 13 strains, the
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immunization 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 significant increases
in times to death.

The BC100 immunization studies made it clear
that epitopes C-terminal to residue 192 could elicit
cross—protection. 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
protection 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 full-length Rx1 PspA
of 750. Mice immunized with BC1l00 had geometric mean
reciprocal titers of close to 2000, while non-immunized
mice had anti-PspA titers of <10.

The above data indicates that the BAR416
fragment from Rx1l 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 wWuU2
(Table 6). All 7 immunogens elicited significant
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protection. PspA fragments from capsular types 2 and 22
and the rough R36A strain elicited complete protection
against death with all challenged 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.

od activiti . All of the above
immunization studies attest to the cross-reactivity of
epitopes encoded 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 different PspAs comes
form 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 ranel 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 Rxl. 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-Rx1l
PspAs, and all of them reacted with at least two non—-Rx1l
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.
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The BC100 fragment of Rx1l PspaA can elicit
protection 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 Xi64, 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 Rx1l 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 observation 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
107 amino acid region of PspA are sufficient to elicit
significant cross-protection against a number of
different strains.

Evidence that a comparable region of other
PspAs is also able to elicit cross-protection cam from
the studies where sequences homologous to the 192-299
region of Rxl PspA were made from 5 other PspAs. All 5
of these fragments elicited significant protection
against challenge with strain WU2. These data provide
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some suggestion for serologic differences in cross-—
protection elicited by the 192-299 region.

Based on present evidence, without wishing to
be bound by any one particular theory, it is submitted
that the PspAs in strains D39, Rxl and R362A are
identical. All of the 9 mice immunized with the 192-299
fragments from R36A and D39 survived challenge with WU2.
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-Rx1l
related PspAs was statistically significant.

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 Rxl, 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.

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
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antibody-binding kits, assays or tests; and, the results
demonstrate that a.a. 192-299 and a.a. 192-260 can be
used to elicit antibodies for use in antibody-binding

kits assays or tests.
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EXAMPLE 3 - ISOLATION OF PspA AND TRUNCATED FORMS

THEREOF AND IMMUNIZATION THEREBY

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) contained 1.2
percent CC (CDM-ET). Since CDM-ET superatants lack high
concentrations of choline, the PspA released into them
can be adsorbed to a choline (or choline analog) column
and isolated be elution from the column with 2 percent
choline chloride (cC). A

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 otherwise fatal pneumococcal sepsis. Native Pspa
from strains R36A, RX1l, and WU2 was used because these
strains have been used previously in studies of the
ability of PspA to elicit protective immunity (see, e.qg.,
Examples infra and supra). The first MaAbs to PspA were
made against PspA from strain R36A and the first cloned
fragments of PspA and PspA nmutants came from strain Rx1.
Strain Rxl 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 identical
based on serologic and molecular weight analysis.
Molecular studies have shown no differences in the DSPA
genes of strains D39, Rxl, 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.

S. pneumoniae
Strains of S. pneumoniae used in this study
have been described previously (Table 8). Bacteria were

grown in either Todd-Hewitt broth with 0.5 percent yeast
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extract (THY), or a chemically defined medium (CDM)
43

described previously n' 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.
covery of PspA from pneumococci

PspA is not found in the medium of growing
pneumococci unless they have reached stationary phase and
autolysis has commenced 3. To release PspA from
pneumococci three procedures were used. In one approach
were grow pneumococci 100 ml of THY and collect the cells
by centrifugation at mid-log phase. The pellet was
washed three time in lactated Ringer’s solution (Abbot
Lab. North Chicago, IL), suspended in a small volume of 2
percent choline chloride in phosphase buffered saline
(PBS) (pH 7.0), incubated for 10 minutes at room
temperature, and centrifuged to remove the whole
pneumococci. From immuboblots with anti Pspa MAb Xi126%8
at serial dilutions of the original culture, the
suspended pellet, and the supernatant, it was evident
that this procedure released about half of the PspaA
originally present on the pneumococci. Analysis of
silver stained polyacrylamide gels showed this
supernatant to contain proteins in addition to PspaZ®.

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-CcC and CDM-ET, PspA is
released from the pneumococcal surface because of its
inability to bind to the cholines in the lipoteichoic
acids 3., In addition to releasing PspA from the
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pneumococcal surface, growth in CDM-CC or CDM-ET
facilitates PspA isolation by its other effects on the
cell wall. In these media pneumococci do not autolyse??,
thus permitting them to be grown into stationary phase to
maximize the yield of PspA. In these media septation
does not occur and the pneumococci grown in long
chains%4?, As the pneumococci reach stationary phase
they die cease making Psp+a, and rapidly settle out.
Preliminary studies, using serial dilution dot blots to
gquantitate 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 pneumococci
began to settle out, the medium was recovered by
centrifugation at 2900 x g for 20 minutes, and filtered
with a low protein-binding filter (.45p Nalgene Tissue
Culture Filter #158-0045).

For growth in CDM-CC or CDM-ET, the pneumococci
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 subseguent
subcultures in CDM containing 0.03 percent choline and
0.03 percent ethanoline (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 was repeated until
the strain would grow in CDM-ET containing 0.000,001
percent choline 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 the 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
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froze in 80 percent CDM-ET and 20 percent glycerol at -
80°C. When grown subsequently the strain was inoculated
directly into the CDM-ET.
Isolation of native (full-length) PspaA

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~contamination of their different PspaAs.
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,
CA). The column was monitored by guantitative dot blot.
The loading material, washes, and the eluted material
were dot blotted (1 ul) as undiluted, 1/4, 1/16, 1/64,
1/256, and 171024 on nitrocellulose. The membranes were
then blocked with 1 percent BSA in PBS, incubated for 1
hr with PspA-specific MAbs Xil26 or XiR278, and developed
with biotinylated goat—-anti-mouse Ig, alkaline
phosphatase conjugated streptavidin (Southern
Biotechnology Associates Inc. Birmingham, AL), and
nitrobluetetrazolium substrate with 5~bromo 4-chloro-3-
indoyl phosphate p-toluidine salt (Fisher Scientific,
Norcross GA)". The purity of eluted PspA was assessed by
silver-stained (silver stain kit, Bio Rad, Hercules, CA)
SDS-PAGE gels run as described previously®?’. Immuncblots
of SDS-PAGE gels were developed with MAbs Xil26 and
XiR278%Y. |
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o 9 XD SpA

The 29 kDa fragment comprising the N-terminal
260 amino acids of PspA was produced in DH1 E. coli from
pJY43063" 37, An overnight culture of JY4306 was grown in
100 ml of Luria Broth (LB) containing SOug/ml ampicillin.
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 12,000 xg. 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 (8000 xg) and rapidly suspended in 900 ml
of 1 percent sucrose with 1 mM Pefabloc SC hydrochloride
(Boehringer Mannheim Corp., Indianapolis, IN.) at 0° C.
The suspension was pelleted at 8000 xg at 4°C. The
precipitated from the periplasmic extract by 70 percent
saturated ammonium sulfate overnight at 4°Cc for 30
minutes. The precipitated protein was resuspended in 35
ml of 20 mM histidine 1 percent sucrose at pH 6.6 (HSB).
Insoluble materials were removed at 1,000 xg at 4°C for
10 minutes. The clarified material was dialyzed versus
HSB, passed through a 0.2um filter and further purified
on a 1 ml MonoQ HR 5/5 column (Pharmacia Biotech, Inc.,
Piscataway, N.J.) equilibrated with HSB. The clarified
material was loaded on the column at 1 mi/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 Xil26, SDS-PAGE and absorbance, PspA
eluted as a single peak at approximately 0.27 to 0.30 M
NaCl. By SDA-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.
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Growth of pneumococci for challenge

Mice were challenged with log-phase pneumococci
grown in THY. For challenge, the pneumococci were
diluted directly into lactated Ringer’s without prior
washing or centrifugation. In inject the desired numbers
of pneumococci, their concentration in lactated Ringer’s
solution was adjusted to an 0.D. of about 0.2 at 420 nM
(LKB Ultrospec III spectrophotometer). The number of
pneumococci present was calculated at 5x108 CFU per
ml/0.D. and confirmed by colony counts (on blood agar) of
serial dilutions of the inoculum.

Immunization, challenge, and bleeding of mice

CBA/CAHN/XID/J (CB A/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 intrapertioneally in a 0.1 ml of Ringers.
Where indicated, the first injection was given in
complete Freund’s adjuvant (CFA) consisting of
approximately a 1:1 emulsion of antigen solution and CFA
oil (Pifco, Detroit MI). 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 pneumococci grown
in CDM-CC or CDM-ET was used for immunization without
dilution or concentration, the dose was described as 100
pl. If the material was first diluted 1/10, or
concentrated 10 fold, the dose was referred to as 10 or
1000 ul respectively.

r ibodies of

Specific modifications of previously reported
ELISA conditions', are described. Microtitration plates
(Nunc Maxisofp, P.G.C. Scientific, Gaithersburg MD.) were
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coated with undiluted supernatants of Rxl and WG44.1
pneumococci grown in CDM-ET or 1 percent BSA in PBS.

Mice were bled retro-orbitally (75 xl) 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 1/15 based on an average hematocrit of
47 percent. The sera were diluted in 7 three fold
dilution in microtitration wells starting at 1/45. Mab
Xil26 was used as a positive control. The maximum
reproducible 0.D. observed with Xil26 was defined as
“"maximum O.D." The O.D. observed in the absence of
immune sera or MAb was defined as Yminimum O.D."%

Antibody titers were defined as the dilution that gives
33 percent of maximum O.D. The binding to the Rx1l CDM-ET
coated plates was shown to be PspA-specific, since in no
case did we observe >33 percent of maximum binding of
immune sera or Xil26 on plates coated with WG44.1 CDM-ET
or BSA.

Statistical analvsis

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
pneumococci 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 InsStat(San Diego, CA). PspA is the major
protection-eliciting component released from pneumococci
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grown in CDM-ET or CDM-CC, or released from
conventionally grown pneumococci by elution with 2% cCcC.

PspA-containing preparations from pneumococci
were able to protect mice from fatal sepsis following
i.v. challenge with 3 x 10° (100 x LD.,) capsular type 3
S. pneumoniae (Table 9). Comparable preparations from
the strains 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 9 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®- 3 indicating the PspA is
not normally released in quantity into the medium of
growing pneumococci.
Isolated PspA can elicit protection against fatal
infection

Although PspA was necessary for these
preparations to elicit protection it was possible that it
did not act alone. Mice were thus, immunized with
purified FL-PspA to address this question.
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
polysaccharide. 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 10 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
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to be about 75% of the PspA in the original medium, and
that CDM-ET from R36A cultures contains about 400
rg/liter of PspA, or about 0.4 ug/ml.

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 of 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 PspaA
isolated from R36A appeared to be homogenous (Figure 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.

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.
However, increasing the depth of the choline—-Sepharose
bed to greater than 0.5 cm, decreased the amount of PspaA
eluted from the column, pPresumably because of non-
specific trapping of aggregates in the column matrix.

The elution buffer contains 50 mM Tris acetate 0.25 M
NacCl and 2% choline chloride. Elution without added NacCl
or with 1M NaCl resulted in lower yields. Elution with
less than 1% CC also reduced yields.

Immunjzation o fmice with purijified 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 #g o fR36A 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
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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 ug dose
of PspA. 1In the presence of CFA, however, the 0.1 ug
dose was as immunogenic as the 1 ug dose.

To test the ability of the different doses of
the different doses of PspA to elicit protection against
challenge we infected the immunized mice with two
capsular type 3 strains, WU2 and A66. Although both of
these strains are able to kill highly susceptible 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 %752, The difference in virulence ofA66 and WU2, was
partially compensated for by challenging the immunized
CBA/N mice with lower doses of strain A66 than WU2.

After immunization of CBA/N mice with 1 and 0.1
pg doese 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, 0.01 ug 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 4733, survivors were only observed among mice
immunized with the 1 and 0.1 ug doses. There was
slightly more protection against fatal A66 infection
among nice 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
statistically significant delay in the time to death
ineach immunized group as compared to the pooled
controls.

29 N—-termjinal agqment of Pspd can elicit
protection against infection when injected with CFa

We have compared the immunogenicity, with and
without CFA, of an isoclated 29 kDa fragment composed of
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the first 260 amino acids of PspA. Unlike the case with
FL-PspA, adjuvant ws 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 ug/mouse, or about 100 and 300 times the
minimum does of FL-PspA that can elicits protection in
the absence of adjuvant.

Iniection with CFA revealed the bresence of additional

rot ion i i anti in_CDM-CC =
growth medium but not in the 2 percent choline chloride
eluates of live cells

The observation that Freud’s adjuvant could
have such a major effect on the immunogenicity of the 29
kba fragment (Table 12), prompted us to reexamine the
immunogens 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 does
of PspA-containing growth medium (CDM~CC and CDM~-ET)
required to elicit protection was reduced fro 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 210011 or
more of media were injected. Thus, although there were
apparently some protection eliciting 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.

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 1 ul. 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 the growth medium. Thus, unlike CDM-ET from
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WG44.1 and JY1119, CDM-ET 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 attachedyﬂ and would be expected to be washed
away prior to the elution with 2 percent ccC.
Extension of studies to BALB/c mice i.p. challenge route

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 LD;,, when injected i.v. than i.p. CBA/N mice
are hypersusceptible to pneumococcal infection because of
the XIC defect. This genetic defect prevents them from
having circulating naturally occurring antibody to
rhosphocholine. The absence of these antibodies have
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.
Pspa is highly immunogenic

These studies provide the first guantitative
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 regired to
elicit protection against otherwise fatal sepsis with
greater than 100 Ld,, of capsulat type 3 sS. pneumoniaé.
When the first injection was given with adjuvant, doses
as small as 10 ng could elicit protective response The
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potent immunogenicity of PspA, and the ability to isoclate
it on choline-Sehparose columns provides a demonstration
for the possible use of PspA as a vaccine in humans.

A large body of published 7 2% 37 a5 well as
unpublished evidence indicates that the major protection
eliciting epitopes of PspA are located in the a-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 CFA. However, these fragments were not
able to elicit protective responses without 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 FL-PspA 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 3" 37 could elicit protection
against otherwise fatal pneumococcal infection of mice
when the immunization was given with CFA3. In that study
no immunization without CFA was attempted. Even though
the C-terminal half of Pspa may not contain major
protection-eliciting epitopes it appears to contain
segquence important in the immunogenicity of the molecule
as a whole, since the full length molecule elicited much
greater protection than 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 fragments
expressing only the a-helical region 3. Pprotein
aggregates are known to generally be more antigenic and
less tolerogenic than individual free molecules®.
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PspA is the major protection eliciting component of our
neumococcal extracts ‘

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 WG44.2 and JY1119 contain identical deletions
that include the 5/ end of the pspA genes and extend
about 3 kb upstream of pspA’. WG44.1 is a mutant of the
non-encapsulated strain Rxl1l and JY1119 was made by
transforming capsular type 3 strain WU2 with the WG44.1
PSpA mutation. In no case were preparations from WG4.1
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-Psp2A molecule also
encoded by a 3kb deletion linked to the mutant pspA genes
of WG44.1 and JY1119, we also used strains JY2141 and
1LM34%37, In these strains the Rxl 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 JY¥2141 and ILM34 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 without CFA in only 3 mice, but gave results
consistent with those obtained with Jy2141.
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Anticapsular antibodies are known to be
protective against pneumococcal infection 5-19. However,
in these studies it is unlikely 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 34'. The 36A 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 type 3 polysaccharide 56,

Non—-PspA protection components

The observaiton 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
pPreparations 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 supernatant
are unknown. In this regard, it is of interest that
unlike R36A, strain Rxl1l has been shown to contain a very
small amount of cytoplasmic type 3 polysaccharide (but
totally lacks surface type 3 polysaccharide 55). This
difference from Rx1l apparently came about through genetic
manipulations in the contruction of Rx1l from R36a3%:41,
Thus, preparations made from Rxl or from its daughter
strains WG44.1, LM34, or JY¥Y2141, could potentially
contain small amounts of capsular polysaccharide. For a
number of reasons however, it seens very unlikely that
the non-Pspa protection-eliciting material identified in
these studies was type 3 capsular polysaccharide
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(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 %7 that would
be required to release the small amount of type 3
polysaccharide from the cytoplasm of the Rxl family
strains; 2) CBA/N mice made protective responses to the
non-PspA antigens, but express XID immune response
deficiency which permits responses to proteins, but
blocks antibody to most polysaccharides %, including type
3 capsular polysaccharide %¢; and 3) immunogenicity of the
non-PspA component required CFA, an adjuvant known to
stimulate T-dependent (protein) rather than T-independent
(polysaccharide) antibody responses.

A number of non-PspA protection eliciting
pneumococcal proteins have been identified: pneumolysin,
autolysin, neuraminidase, and PspA which are 52, 36.5,
107 and 37 kDa respectively 21.58,59.60 qhe non-pPspa
protection eliciting 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?®.
Isolation of PspA

The protection capacity 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 pneumococci 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, concentration of
PspA can be accomplished by centrifugation of th
epneumococci 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

SUBSTITUTE SHEET (RULE 26)




CA 02232033 1998-03-13
WO 97/09994 PCT/US96/14819

76

wall components. A particular advantage of CDM~ET growth
medium is that since it lacks high concentrations of
choline of PspA contained in it can be adsorbed directly
to a choline-Sepharose column for affinity purification.

One liter of CDM-ET growth medium contains
about 400 pg of PspA, and we were able to isolate about
3/4 of it to very high purity. At 0.1 pg/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 presumably 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 preéence of
larger loading of R36A CDM-ET.
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Table 9 ~ PspA is the major protection-eliciting
component in antigen preparations made by three
different methods

Preparation Strain Doge as Median Alive: P versus
(PspA volume of Days Dead controls®
Status) madia in Alive
ul1t
2% CC eluate R36A 1000 >21 2:0
from live (PspA™) 200 >21 2:0
cells 20 >21 2:0
2 1.5 c.2
all R36s >21 632 0.03
JY2141 1000 3,>21 1:1
(aal—-115) 200 1 0:2
20 1 0:2
CDM-~CC Rx1l 100 >21 9:0 <0.0001
clarified (PSpA™*) 30 >21 2:0
medium 10 2 1:2
3 2 0:3
All 2,>21 12:6 0.0004
LM34 100 2,2,>21 1:2
WG44.1 100 2 0:9
(pspA™) 30 2 0:3
10 2 0:3
4 2 0:3
Wu2 1000 >21 3:0 0.05
(pspA*) 100 >21 1:0
ALL >21 4:0 0.03
JY1119 1000 4 0:3
(pSpA™)
CDM-CC 100 2 0:2
CDM~ET R36A 100 >21 8:0 <0.0001
clarified (pBpA™) 10 3,>21 5:5 0.004
medium 1 1.5 3:5
0.1 2 0:2
ALL >21 16:12 0.006
JY2141 100 1.5 0:2
(aal-115) 10 1.5 0:2
WG44.1 100 3 0:2
(pspA*) 10 1.5 0:2
None - 2 0:14 -
. Antigen dose is given as the volume of growth media from which

the 0.1 ml of injected material was derive. Each mouse was
injected twice i.p. with the indicate doe diluted as necessary
in lactated Ringer-‘s injection solution.

4 Contreols used for staﬁistical comparisons: 2% CC, all JY2141;
CDM-CC Rxl, all WG44.l; CDM~CC WU2, JY2141 + all Jy2141.
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Table 13 PspA is not the only protection eliciting molecule released from
pneumococci by interference with binding to choline on the surface of

pneumaococci ,
%

Strain Dose {as Median Alive: P values*
Preparation (PspA volume Day Dead
status) in ul) Alive

P vs, all JY2141

2% CC eulate R36A 1000 >21 2:0 0.02
from live celis (PspA™) 200 >21 5:0 0.02
20 >21 5:0 0.02
2 >21 5:0 0.001
all R36A >21 17:0
JY2141 1000 >21 2:0
{aa 1-115) 200 1 0:2
20 1 0:2
2 1 0:2
all JY2141 1 2:6
P versus pooled cont.
CDM-CC Rx1 1000 >21 3:0 0.002
clarified (PspA™) 100 >21 3:0 0.002
medium
+ Wwu2 1000 >21 3:0 0.002
CFA (PspA™) 100 >21 3:0 0.002
3 >21 3:0 0.002
WG44.1 1000 >21 5:1 <0.0001
{(PspA’) 100 25 2:4 0.002
JYt111g 1000 >21 3:0 0.002
(PspA’) 100 >21 3:0 0.002
CDM-ET R36A 1000 >21 3:1 0.004
clarified (PspA™) 10 >21 4:0 0.004
medium 1 >21 3:1 0.004
+ CFA 0.2 2 0:4
JY2141 10 >21 2:0
(aa 1-115) 1 >21 2:0
all JY2141 - >21 4:0 0.004
WG44.1 100 >21 2:0
(PspA’) 10 2 0:2
CDM-ET only + CFA 2 0:9
None none 1.5 0:4
Pooled  Controls®? 2 0:13

‘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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EXAMPLE 4 -  EVIDENCE FOR SIMULTANEOUS EXPRESSION OF
IWO PSDAS

From Southern blot analysis there has been an
issue as to whether most isolates of S. bneumoniae has
two DNA sequences that hybridize with both S5’ and 37
halves of Rx1l 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 evidence for the first time that

two PspAs of different apparent molecular weights and
different serotypes can be simultaneously expressed by
the same isolate.

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
distinguished by their molecular weights and by their
reactivity with a panel of PspA-specific monoclonal
antibodies (MAbs).

A serotyping 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 PsSpA 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 variations of Pspa.

While most pneumococcal strains appear to have
two DNA sequences homologous with both the 57’ and 37
halves of pspA, site-specific truncation mutations of Rx1l
have revealed that one these, pspA, encodes PspA. The
other seguence has been provisionally designated as the
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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 stringencies. 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 2Kb in size from 70% of pneumococci. For
the remaining 30% of pneumococci no amplification was
observed with the primers used.

Evidence for two PspAs:

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
reactivity (Fig. 4). The MAbs XiR278 and 2A4 detected a
PspA molecule with an apparent molecular weight of 190
KDa in each isclate. In accordance with the previous
PspA serotyping 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 Xil126, Xi64, 124, 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.

taneous oduction of both PspAs:

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, 224, and 7D2.

Number of pspA genes:
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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 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
plSMpspAl3/2 (Figure 5A). In comparison, when Rx1 DNA
was digested with Hind IIXI and hybridized with
PlSMpspAl3.2, homologous seguences were detected on 9.1
and 4.2 Kb fragments as expected from previous studies
(9) (Figure 5A). Results consistent with only two pspA-
homologous genes in MC25-28 were also obtained with
digestion using four additional enzymes (Table 15).

In previous studies it has been reported that
probes for the 5’ half of pspA (encoding the alpha-
helical half of the protein) bind the pspa-like sequence
of most strains only at a stringency of around 90%. With
chromosomal digests of MC25-28 we observed that the 57
Rx1 probe of pLSMpspAl2/6 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 (Figure 5B) .

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 (Figure 6). These results suggest that the 2.1
Kb amplified DNA represents the amplified product of only
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a single DNA sequence. Rx1l, by comparison, produced an
amplified product of 2.0 Kb and five fragments of 0.76,
0.468, 0390, 0.349 and 0.120, when digested with Hha 1 as
expected from its known pspA sequence.

The four isolates examined in this Example are
the first in which two PspAs have unambiguously been
observed. The interpretation that two PspAs are
simultaneously 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 pspA RFLPs, capsule type, and resistance to
penicillin.

The interpretation of studies presented here,
showing the existence of two PspAs in the four strains
MC25-28, must be set in the context of what is know 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 Rxl1l are made by
a single gene capable of 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.

PspA was originally defined by reciprocal
absorption 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
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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 observation
of two PspAs was possible because clearly distinguishable
bands of different molecular weights reacted
preferentially with different MAbs.

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, seenms
unlikely since whenever MAbs react with the PspaA of a
strain, 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.

There could be several possible explanations
for the failure to observe two PspAs produced by most
strains. 1) All pneumococci might make two DPSpAs 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 generally 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.
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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
pspA-like gene at any one time, since many of the strains
examined repeatedly 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.

Presumably in these four strains, the second
PspA protein is produced by the pspA-like DNA sequence.
At high stringency, the probe comprising the coding
region of the alpha-helical half of PspA recognized both
pPspA homologous sequences of MC25-28 but not the pspA-
like sequence of Rxl. This finding indicates that the
pspA—-like sequence of MC25-28 is more similar to the Rxl
pspA sequence than is the Rx1 pspA-like sequence. If the
pspA-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 pspA-like genes of
these strains with our MAbs. The finding of two families
of PspAs made in vivo by pneumococci, allows for use of
the second PspA in compositions, as well as the use of
DNA primers or probes for the second gene for more
conclusive detecting, determining or isolating of
pneumococci.

Isolates and Bacterial Cell culture:

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 pspaA was
sequenced. Bacteria were grown in Todd—Hewitt broth with
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0.5% yeast extract or on blood agar plates overnight in a

candle jar. Capsular serotype was confirmed by cell
agglutination using Danish antisera (Statens -
Seruminstitut, Copenhagen, Denmark) as previously J

described. The isolates were subsequently typed as 6B by
Quellung reaction, utilizing rabbit antisera against 6A
or 6B capsule antigengprapgredwbywnr,,Barrquray.

cterial ates:

Cell lysates were prepared by incubating the
bacterial 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 guantitated by
the bicinchonic acid method (BCA Protein Assay Reagent;
Pierce Chemical Company, Rockford, IL).

Pspd serotvping:

Serotyping of PspA was performed according to
previously published methods. Briefly, pneumoccoccal cell
lysates were subjected to SDS-PAGE, transferred to
nitrocellulose 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.

Colony Immunoblotting:

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 0.D. of 0.07 at 590nm. 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 consecutively placed on the
plate. Each membrane was lightly weighted and left in
Place for 5 minutes. In order to investigate the
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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 developed as
Western blots according to PspA serotyping methods.
Chromosomal DNA Preparation:

Pneumococcal chromosomal DNA was prepared as in
Example 9. The cells were harvested, washed, lysed, and
digested with 0.5% (wt/vol) SDS and 100ug/ml proteinase K
at 37°C for 1 hour. The cell wall debris, proteins, and
polysccharides were complexed with 1% hexadecyl trimethyl
ammonium bromide (CTAB) and 0.7M sodium chloride at 65°cC
for 20 minutes, then extracted with chloroform/isocamyl
alcohol. DNA was precipitated with 0.6 volumes
isopropanol, washed, and resuspended in 10mM Tris—-HCL,
1mM EDTA, pH 8.0. DNA concentration was determined by
spectrophotometric analysis at 260nm.

Probe preparation:

5/ and 3’ oligonucleotide primers homologous
with nucleotides 1 to 26 and 1967 to 1990 of Rx1 pspA
(LsM 13 and LSM2, respectively) were used to amplify the
full length pspA and construct probe LSMpspAl3/2 from Rx1
genomic DNA. &5’ and 3’ oligonucleotide primers
homologous to nucleotides 161 to 187 and nucleotides 1093
to 1117 (LSM 12 and LSM 6, respectively) were used to
amplify the variable alpha-helical region to construct
probe LSMpspAl2/6. PCR generated DNA was purified by
Gene Clean (Biol0l Inc., Vista, CA) and random prime-
labeled with digoxigenin-11-dUTP using the Genius 1
Nonradiocactive DNA Labeling and Detection Kit as
described by the manufacturer (Boehringer Mannheim,
Indianapolis, IN).

DNA _electrophoresis:

For Southern blot analysis, approximately 10ug
of chromosomal DNA was digested to completion with a
single restriction endonuclease, (Hind III, Kpn 1, EcoR
l, Dra 1, or Pst 1) then electrophoresed on a 0.7%

SUBSTITUTE SHEET (RULE 26)



CA 02232033 1998-03-13
WO 97/09994 - PCT/US96/14819

92

agarose gel for 16-18 hours at 35 volts. For PCR
analysis, 5ul of product were incubated with a single
restriction endonuclease, (Bcl i, BamH 1, Pst 1, Sac 1,
EcoR 1 Sma 1, and Kpn 1) then electrophoresed on a 1.3%
agrose gel for 2-3 hours at 90 volts. In both case, 1 Kb
DNA ladder was used for molecular weight makers (BRL,
Gaithersburg, MD) and gels were stained with ethidium
bromide for 10 minutes and photographed with a ruler.
t brigiza

The DNA in the gel was depurinated in 0.25N HCL
for 10 minutes, denatured in 0.5M NaOH and 1.5M NsCl for
30 minutes, and neutralized in 0.5M Tric-HC1l (pH 7.2),
1.5M NaCl and 1mM disodium EDTA for 30 minutes. DNA was
transferred to a nylon membrane (Micron Separations INC,
MA) using a POSIBLOT pressure blotter (Strategene, La
Jolla, CA ) for 45 minutes and fixed by UV irradiation.
The membranes were prehybridized for 3 hours at 42°C in
50% formamide, 5X SSC, 5X Denhardt solution, 25mM sodium
pPhosphate (pH 6.5), 0.5% SDS 3% (wt/vol) dextran sulfate
and 500ug/ml of denatured salmon containing 45%
formamide, 5X SSC, 1X Denhardt solution, 20mM sodium
phosphate (pH 6.5), 0.5% SDS, 3% dextran sulfate,
25014g/ml denatured sheared salmon sperm DNA and about
20ng of heat-denatured diogoxigenin-labeled probe DNA.
After hybridization, the membranes were washed twice in
0.1% SDS and 2X SSC for 3 minutes at roomnm temperature.
The membranes were washed twice to a final stringency of
0.1% SDS in 0.3X SSC at 65°C for 15 minutes. This
procedure yields a stringency greater than 95 percent.
The membranes were developed using the Genius 1
Nonradioactive DNA Labeling and Detection Kit as
described by the manufacturer (Boehringer Mannheim,
Indianapolis, IN). To perform additional hybridization
with other probes, the membranes were stripped in 0.2N
NaOH/0.1%SDS at 40°C for 30 minutes and then washed twice
in 2X ssc.

[o) erase Chain Reaction (PCR):
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5/ and 3’ primers homologous with the DNA
encoding the N- and C-terminal ends of PspA (LSM13 and
LSM2, respectively) were used in these experiments.
Amplifications were made using Tag DNA polymerase, MgCl?
and 10X reaction buffer obtained from Promega (Madison,
WI). DNA used for PCR was prepared using the method
previously described in this paper. Reactions were
conducted in 50ml volumes containing 0.2mM of each dNTP,
and 1ml of each primer at a working concentration of
50mM. MgCl, was used at an optimal concentration of
1.75mM with 0.25 units of Tagq DNA polymerase. Ten to
thirty ng of genomic DNA was added to each reaction tube.
The amplification reactions were performed in a thermal
cycler (M.J. Research, Inc.) using the following three
step program. Step 1 consisted of a denaturing
temperature of 94°C for 2 minutes. Step 2 consisted of 9
complete cycles of a denaturing temperature of 94°C for 1
minute, an annealing temperature of 50°C for 2 minutes,
and an extension temperature of 72°C for 3 minutes. Step
3 cycled for 19 times with a denaturing temperature of
94°C for 1 minute, an annealing temperature of 60°C for 2
minutes, and an extension temperature of 72°C for 3
minutes. At the end of the last cycle, the sanmples were
held at 72°C for 5 minutes to ensure complete extension.
Band _size estimation:

Fragment sizes in the molecular weight standard
and in the Southern blot hybridization patterns were
calculated from migration distances. The standard
molecular sizes were fitted to a logarithmic regression
model using Cricket Graph (Cricket Software, Malvern,
PA). The molecular weights of the detected bands were
estimated by entering the logarithmic line equation
obtained by Cricket Graph into Microsoft Excel (Microsoft
Corporation, Redmond, WA) in order to calculate molecular
weights based in migration distances observed in the
Southern blot.
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EXAMPLE 5 -~ SOUTHERN BLOT ANALYSIS OF pspAs AND
FRAGMENTS OF pspA

In this example, Applicants used
oligonucleotides derived from the DNA sequence of pspa of
S. pneumoniae Rx1 both as hybridization probes and as
primers in the polymerase chain reaction to investigate
the genetic variation and conservation of the different

regions of pspA and pspA-like sequences. The probes used
ranged in size from 17 to 33 bases and included sequences
representing the minus 35, the leader, the a-helical
region, the proline-rich regions, the repeat regions, and
the C-terminus. Applicants examined 18 different
isolates representing 12 capsular and 9 PspA serotypes.
The proline-rich, repeat, and leader, regions were highly
conserved among pspA and pspA-like sequence.

In the previous Example, it was shown that
strain Rxl and most other strains of S. pneumoniae had
two homologous sequences that could hybridize with probes
encoding the N terminal and C terminal halves of PspA.
This conclusion that these were separate sequences was
supported by the fact that no matter which restriction
enzymes was used there were always at least two
(generally two sometimes three or four) restriction
fragments of Rx1l and most other strains hybridized with
the pspA probes. When the genome of Rxl1l was digested
with HindIII and hybridized with these, two pspa-
homologous sequences were found to be in 4.0 and 9.1 kb
fragments. Using derivative of Rx1l which had insertion
mutations in pspA, it was possible to determine that the
4.0 kb fragment contained the functional PSpA sequence.
The pspA-homologous sequence included within the 9.1 kb
band was referred to as the pspA-like sequence. Whether
or not the pspA-like sequences makes a product is not
know, and none has been identified in vitro. Since pspa-
specific mutants can be difficult to produce in most
strains, and exist for only a limited number of
pneumococcal isolates, this Example identifies
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oligonucleotide probes that could distinguish between the
pspA and pspA-like sequences.

The purpose of this Example was to further
define both the conserved and variable regions of pspA,
and to determine whether the central proline-rich region
is variable or conserved, and identify those domains of
pspA that are most highly conserved in the pspA-like
sequence (and ergo, provide oligonucleotides that can
distinguish between the two). Oligonucleotides were used
and are therefore useful as both hybridization probes and
as primers for polymerase chain reaction (PCR) analysis.
Hybridization with oligonucieotide probes

The oligonucleotides used in this study were
based on the previously determined seguence of Rx1l PspaA.
Their position and orientation relative to the structural
domains of Rx1l PspA are shown in Figure 7. The
reactivity of these oligonucleotide probes with the pspA
and pspA-like sequences was examined by hybridization
with a HindIII digest of Rx1 genomic DNA (Table 17). As
expected, each of the eight probes recognized the pspaA-
containing 4.0 kb fragment of the HindIIT digested Rx1
DNA. Five of the 8 probes (LSM1i, 2, 3, 7, and 12) could
also recognize the pspA-like sequence of the 9.1 kb band
at least at low stringency. At high stringency four of
the probes (LSM2, 3, 4 and 5) were specific for the 4.0
kb.

These 8 probes were used to screen HindIII
digest of the DAN from 18 strains of S. pneumoniae at low
and high stringency. For comparison to earlier studies
each of the strains was also screened using a full-length
DbspA probe. Table 23 illustrates the results obtained
with each strain at high stringency. Table 18 summarizes
the reactivities of the probes with the strains at high
and low stringency. Strain Rx1l is a laboratory
derivative of the clinical isolate, D39. The results
obtained with both strains were identical. They are
listed under a single heading in Table 23 and are counted
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as a single strain in Table 28. Although AC17 and AC94
are related clinical isolates, they have distinguishable
pspAs and are listed separately. 2ll of the other
strains represent independent isolates.

The only strain not giving at least two pspa-
homologous HindIII fragments was WU2. This observation
was expected since WU2 was previously shown to have only
one pspA-homologous sequence and to give only a single
HindIII fragment that hybridizes with Rx1 pspA. Even at
high stringency 6 of the 8 probes detected more than one
fragment in at least one of the 18 strains Tables 18 and
23. Probes LSM7, 10 and 12 reacted with DNA from a
majority of the strains and detected two fragments in
over 59% of the strains they reacted with. In almost
every case the fragments detected by the oligonucleotide
probes were identical in size to those detected by the
full-length pspA probe. Moreover, the same pairs of
fragments were frequently detected by probes from the 37
as well as the 5’ half Rx1l pspA. These results are
consistent with earlier findings that the pairs of
HindIII fragments from individual isolated generally
include two separate but homologous sequences, rather
than fragments of a single pspA gene.

The differences in the frequency with which the
oligonucleotides reacted with (at least one fragment) of
the strains in the panel was significant at P < 0.0001 by
2 x 8 chi square). When the oligonucleotides were
compared in terms of their ability to react with both
fragments of each strain the P value was also < 0.0001.
Table 18 gives the percentage of strains reactive with
each probe, the percentage in which only one fragment was
reactive, and the percentage in which two (or more)
fragments were reactive.

The last column in Table 18 give the ratio of
strains that showed one reactive HindIIT fragment at high
stringency divided by the total number of reactive
strains. In this column values of 1 were obtained with
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probes that only reacted with one band in each reactive
strain. Such probes are assumed to be those that are
most specific for pspA. The lowest values were obtained
with probes that generally see two bands in each strain.
Such probes are assumed to be those that represent
regions relatively conserved between the pspA and pspa-
like sequences. At high stringency, probes LSM3 and LSM4
detected only a single HindIII fragment in the DAN of
strains they reacted with. These findings suggested
probes LSM3 and LSM4 were generally detecting alleles of
pspA rather than the pspA-like sequence. The observation
that the fragments detected by LSM3 or LSM4 were also
detected by all of the other reactive probes,
strengthened the conclusion that these probes generally
detected the psp2 rather than the pspa-like sequence.
WU2 has only one pspA-homologous DNA sequence and
secretes a serologically detectable PspA. The fact that
LSM3 reacts with the single HindIII fragment of WU2 is
consistent with the interpretation that LSM3 detects the
PSpA sequernces. Sequences representing the second
proline region (LSM1l) and the C-terminus (LSM2) appeared
to also be relatively specific for the pspA sequences
since they were generally detected in only one of the
HindIXIXI fragments of each strain.

Oligonucleotides, LSM12, and LSM10 detected the
most conserved epitopes of pspA and generally reacted
with both pspaA-homologous fragments of each strain (Table
18). LSM7 was not guite as broadly cross-reactive but
detected two PspAs in 41% of strains including almost 60%
of the strains it reacted with. Thus, sequences
representing the leader, first proline region, and the
repeat region appear to be relatively conserved not only
within pspA but between the pspA and pspA-like sequences.
LSM3, 4, and 5 reacted with the DNA from the smallest
fraction of strains of any oligonucleotide (29 - 35
percent), suggesting that the portion of pspiA encoding
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the a-helical region is the least conserved region of
DPSpPA.

With two strains BG85C and L81905, the
oligonucleotides detected more than two HindIIT fragments
containing pspA-homologous sequences. Because of the
small size of the oligonucleotide probes and the absence
of HindIII restriction sites within any of them, it is
very unlikely that these multiple fragments were the
results of fragmentation of the target DNA within the
probed regions. In almost every case the extra
oligonucleotides were detected at high stringency by more
than one oligonucleotide. These data strongly suggest
that at least in these two strains there are 3 or 4
seguences homologous to at least portions of the PSpPA.
The probes most reactive with these additional sequences
are those for the leader, the a~helical region and the
proline rich region. The evidence for the existence of
these additional pspA-related sequences was strengthened
by results with BG58C and 1819505 at low stringency where
the LSM3 (a-helical) primer picked up the extra 1.2 kb
band of L81905 (in addition to the 3.6 kb band) and the
LSM7 (proline-rich) primer picked up the extra 3.2 and
1.4 kb bands (in addition to the 3.6 kb band) of BG58C.

The utility of these oligonucleotides as PCR
primers was examined by determining if they could amplify
fragments of pspA from the genomic DNA of different
pneumococcal isolates. Applicants attempted to amplify
pspAs from 14 diverse strains of S. pneumoniae comprising
12 different capsular types using primers based on the
Rx1l pspA seguence. Applicants observed that the 37
primer LSM2, which is located at the 3’ end of DPSpA,
would amplify an apparent pspA sequence from each of the
14 pneumococcal strains when used in combination with
LsM1 located in the region of pspA encoding the proline-
rich region (Table 19). LSM2 was also used in
combination with four other 5’ primers LsM1i, 3, 7, 8 and
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12. LSM8 is located 5’ of the pspA start site (near the
-35 region).

If a predominant sequence of the expected
length was amplified that could be detected on a Southern
blot with a full-length pspA probe, we assumed that pspa
gene of the amplified DNA had homologous seguences
similar to those of the pspA primers used. Based on
these criteria the primer representing the a~helical
seguence was found to be less conserved than the primers
representing the leader, proline, and C-terminal
sequences. These results were consistent with those
observed for hybridization. The lowest freguency of
amplification was observed with LSM8 which is from the
Rx1l sequence 5’ of the pépA start site. This
oligonucleotide was not used in the hybridization
studies.

Further evidence for variability comes from
differences in the sizes of the amplified pspA gene. The
Example showed that when PCR primers LSM12 and LSM2 were
used to amplify the entire coding region of PspA, PCR
products from different pneumococcal isolates ranged in
size from 1.9 and 2.3 kb (Table 20). The regions within
pspA encoding the a-helical, proline-rich, and repeats
were also amplified from the same isolates. As seen in
Table 20, the variation in size of pspA appeared to come
largely from variation in the size of pspA encoding
encodes the a-helical region.

Using probes that consisted of approximately
the 5’/ and 3’ halves of pspA it has been determined that
the portion of pspA that encodes the a-helical regions is
less conserved than the portion of pspA that encodes the
C-terminal half of the molecule. This Example show using
4 oligonucleotide probes from within each half of the DNa
encoding PspA. Since a larger number of smaller probes
were used, Applicants have been able to obtain a higher
resolution picture of conserved and variable seguences
within pspA and have also been able to identify regions
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of likely differences and similarities between psSpA and
the pspA-like sequences.

The only strains in which the pspA gene has
been identified by molecular mutations are Rx1l, D39 and
WU2. Rx1 and D39 apparently have identical pspa
molecules that are the result of the common laboratory
origin of these two strains. WU2 lacks the pspaA-like
gene. Thus, when most pneumococci are examined by
Southern blotting using full length-pspA as a probe, it
is not possible to distinguish between the pspA and psSpA-
like loco, since both are readily detected. A major aim
of these studies was to attempt to identify conserved and
variable regions within the pspA and pspA-like loci. A
related aim was to determine whether probes based on the
Rx1 pspA could be identified that would permit one to
differentiate pspA from the pspA-like sequence. Ideally
such probes would be based on relatively conserved
portion of the pspA sequence that was gquite different in
the pspA-like sequence. A useful pspA specific probe
would be expected to identify the known Rx1l and WU2 pspa
genes and identify only a single HindIII fragment in most
other strains. Two probes (LSM3 and LSM4) never reacted
with more than one pspA-homologous sequence in any
particular strain. Both of reacted with Rxl pspA and
LSM3 reacted with WU2 pspA. Each of these probes reacted
with 4 of the other 15 strains. When these probes
identified a band, however, the band was generally also
detected by all other Rxl1l probes reactive with that
strain’s DNA. Additional evidence that the LSM3 and LSM4
were restricted to reactivity with pspA was that they
reacted with the same bands in all three non-Rxl strains.
Each probe identifies pspA in certain strains and even
when used in combination they recognized pspA in over 40
percent of strains. Probes for the second proline-rich
region (LSM1) and the C-terminus of pspA (LSM2)
generally, but not always, identified only one PSpA-
homologous sequence at high stringency. Collectively
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LSM1, 2, 3, and 4 reacted with 16 of the 17 isolates and
in each case revealed a consensus band recognized by most
to all of the reactive probes.

By making the assumption that in different
strains the Rx1l pspA probes are more likely to recognize
pspA than the pspA-like sequences, it is possible to make
some predictions about areas of conservation and
variability within the pspA and pspA-like sequences.

When a probe detected only a single pspA-homologous
sequence in an isolate, it was assumed that it was pspa.
If the probe detected two pspA-homologous sequences, it
was assumed that it was reacting with both the pspA and
pspA-like sequence. Thus, the approximate frequency with
which a probe detects pspA can be read from Table 18 as
the percent of strains where it detects at least one
pspA-homologous band. The approximate frequency with
which the probes detect the pspA-like sequence is the
percent of strains in which two or more pspA-homologous
band are detected.

Using these assumptions the most wvariable
portion of portion of the pspA gene was observed to be
the -35 region and the portion encoding e¢-helical region.
The most conserved portion of pspA was found to be the
repeat region, the leader and the proline rich region.
Although only one probe from the region was used, the
high degree of conservation among the 10 repeats in the
Rx1l sequence makes it likely that other probes for the
repeat regions give similar results.

The portion of the pspA-like sequence most
similar to Rx1 pspA was that encoding the leader
sequence, the 5’ portion of the proline rich region, and
the repeat region, and those portions encoding the N-
terminal end of the proline-rich and repeat regions. The
repeat region of PspA has been shown to be involved in
the attachment to PspA to the pneumococcal surface. The
conservation of the repeat region among both pspA and
pspA-like genes suggests that if is PspA-like protein is
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produced, that it may have a surface attachment mechanism
similar to that of PspA. The need for a functional
attachment site may explain the conservation of the
repeat region. Moreover, the conservation  -in DNA
encoding the repeat regions of the pspA and pspaA-like
genes suggests that the repeat regions may serve as a
potential anti-pneumococcal drug target. The
conservation in the leader sequence between pspA and the
pspA-like sequence was also not surprising since similar
conservation has been reported for the leader sequence of
other gram positive proteins, such as M protein of group
A streptococci. It is noteworthily, however, that there
is little evidence at the DNA level that the PspA lead is
shared by many genes other than PspA and the possible
gene product of the pspA-like locus.

Although the region encoding the C-terminus of
pspA (LSM12) or the 3’ portion of the proline-rich
segquence (LSM1l) appear to be highly conserved within pspaA
genes, corresponding regions in the pspA-like sequences
are either lacking, or very distinct from those in pspaA.
The reason for conservation at these sites is not
apparent. In the case of the PspA, its C-terminus does
not appear to be necessary for attachment, since mutants
lacking the C-terminal 49 amino acids are apparently as
tightly attached to the cell surface as those with the
complete sequence. Whether these difference from pspA
portends a subtle difference in the mechanism of
attachment of proteins produced by these two sequences in
unknown. If the C-terminal end of the pspA-like
sequence, or the 3’ portion of the proline-rich sequence
in the pspA-like sequence are as conserved within the
pspA-like family of genes as it is within pspA, then this
region of pspA and the pspA-like sequence serve as
targets for the development of probes to distinguish
between all pspA and pspA-like genes.

Wwith two strains, some of the oligonucleotide
probes identified more than two pspA-homologous
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sequences. In the case of each of these strains, there
was a predominant sequence recognized by almost all of
the probes, and two or three additional seguences that

were each recognized by at least two of the probes. Oone
interpretation of the data is that there may be more than
two pspA~homologous genes in some strains. The

significance of such sequences is far from established.
It is of interest however, that although the additional
sequences is far from established. It is of interest
however, that although the additional sequences share
areas of homology with the leader, a-helical, and proline
region, they exhibited no homology with the repeat region
of the C-terminus of pspA. These seguences, thus, might
serve as elements that can recombine with pspA and/or the
pspA-like sequences to generate sequence diversity.
Alternatively the sequences might produce molecules with
very different C—-terminal regions, and might not be
surface attached. If these pspA-like seguences make
products, however, they, like PspaA, may be valuable as a
component of a pneumococcal antigenic, immunological
vaccine compositions.

Bacterial strains, growth conditions and isolation

of chromosomal DNA

5. pneumoniae strains used in this study are
listed in Table 5. Strains were grown in 100 ml of Todd-
Hewitt broth with 0.5% yeast extract at 37°¢ to an
approximate density of 5x10% cells/ml. Following
harvesting of the cells by centrifugation (2900xg, 10
minutes), the DNA was isolated as previously described
and stored at 4°C in TE (10mM Tris, 1mM EDTA, pH 8.0).
Amplification of pspA sequences

Polymerase chain reaction (PCR) primers, which
were also used as oligonucleotide probes in Southern
hybridizations, were designed based on the sequence of
pspA from pneumococcal strain Rxl. These
oligonucleotides were obtained from Oligos Etc.
(Wilsonville, OR) and are listed in Table 22.
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PCRs were done with a MJ Research, Inc.,
Programmable Thermal Cycler (Watertown, MA) as previously
described using approximately 10 ng of genomic
pneumococcal DAN with appropriate 5’ and 3’ primer pair.
The sample was brought to a total volume of 50 pnl
containing a final concentration of 50mM KCl, 10mM Tris-
HC1 (PH 8.3), 1.5 mM MgCl,, 0.001% gelatin, 0.5 mM each
primer, 200mM of each deoxynucleotide triphosphate, and
2.5 U of Tag DNA polymerase. Following overlaying of the
samples with 50 ul of mineral oil, the samples were
denatured at 94°C for 2 minutes. Then the samples were
subjected to 10 cycles consisting of 1 minute at 94°cC, 2
minutes at 50°C, and 3 minutes at 72°C followed by
another 20 cycles of 1 minute at 94°C, 2 minutes at 50°C,
and 3 minutes at 72°C followed by another 20 cycles of 1
minute at 94°C, 2 minutes at 60°C, and 3 minutes at 72°C.
After all 30 cycles, the samples were held at 72°C for an
additional 5 minutes prior to cooling to 4°C. The PCR
products were analyzed by agarose gel electrophoresis.

bridization alysis

Approximately 5Sug of chromosomal DNA was
digested with HindIII according to the manufacturer’s
instructions (Promega, Inc., Madison, WI). The digested
DNA was electrophoresesed at 35 mV overnight in a 0.8%
agarose gels and then vacuum-blotted onto Nytran
membranes (Schleicher & Schuell, Keene, NH).

Labeling of oligonucleotide with and detection
of probe-target hybrids were both performed with the
Genius System according to the manufacturer’s
instructions (Mannheim, Indianapolis, IN). All
hybridizations were done for 18 hours at 42°C without
formamide. By assuming that 1% base-pair mismatching
results in a 1°C decrease in Tm designations of "high"
and "low" stringency were defined by salt concentration
and temperature of post-hybridization washes. Homology
between probe and target seguences was derived using
calculated Tm the established method. High stringency is
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defined as 90% or greater homology, and low stringency is
80-85% sequence homology.
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Table 17. Hybridization of oligonucleotides with Hindlll

restriction fragments of Rx1 DNA.

Stringency
Oligonucieotide Region -——-L-:w_-_ng_h_—
LSM12 Leader N.D. 4.0, 9.1
LSMS a-helix N.D. 4.0
LSM3 a-helix 4.0, 9.1 4.0
LSM4 a-helix 4.0 4.0
LSM7 Proline 4.0, 9.1 4.0, 9.1
LSM1 Proline 4.0, 9.1 4.0, 9.1
LSM10 Repeats N.D. 4.0, 9.1
LSM2 C-terminus 4.0, 8.1 4.0

Note. Values indicated are the sizes of restriction fragments expressed as kb.
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Table 18. Summary of Hybridization at High and Low Stringency
of 8 Oligonucleotides with Hindlll Restriction
Fragments of the 17 Pneumococcal Isolates Listed in

Figure 2

Oligonucleotide Percent Percent Percent 1 band/
with =1 band with =2 bands with 1 band =1 band

Low High Low High Low High Low High

LSM12 82 59 24 0.29
LSMS 29 18 12 0.40
LSM3 85 35 41 0 24 35 0.36 1.00
LSM4 35 290 o 0 35 28 1.00 1.00
LSM7 84 71 71 41 24 29 0.25 0.42
LSM1 100 65 53 12 47 83 0.47 0.82

LSM10 94 58 35 0.37
LSMm2 88 53 41 12 47 41 0.53 0.78

Note, for all values listed all 17 strains were examined.

If no value is listed, then no strains were examined.
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Table 19. Amplification of Pneumococcal Isolates using the
Indicated 5’ Prime Combination with the 3’ Primer
LSM2 at the 3’ end of pspA

5’ Primer  Region Nucleotide Position Amplified/ Percent
Tested Amplified
LSM8 - 35 47 to 70 2/14 14
LSM12 leader 162 to 188 8/14 57
LSM3 a-helical 8§76 to 598 3/14 21
LsSm7 proline 1093 to 1117 12/14 86
LSM1 proiine 1312 to 1331 14/14 100

Note, by 2x5 chi square analysis the different primers amplified different ampilified
different frequencies of pspAs (P < 0.0001). The tendency for there to be more
amplification with the 3' most primers was significant at # <0.0001.
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Table 20. Size of amplified pspA fragments in kilobases

PSPA Primer Pairs number of pspAs Size Range S.D.
Region examined
Full length LSM12 + LSM2 9 1.9-23 0.4 0.17
a-helical LSM12 + LSM6 6 1.1-15 0.4 0.17
Proline LSM7 + LSMS 3 0.23 0 0
Repeats LSM1 + LSM2 19 0.6 - 0.65 0.05 0.01

Note: amplification was attempted with each set of primers on a panel of 19
different pspAs. Data is shown only for pspAs that could be ampilified with
the indicated primer pairs.
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Table 21 Pneumococcal Strains

Strain Relevant characteristics
wu2 Capsular type 3, PspA type 1
D3s Capsular type 2, PspA type 25
R36A Nonencapsulated mutant of D39,
PspA type 25
Rx1 Nonencapsulated variant of R36A,
PspA type 25
DBLs Capsular type 5, PspA type 33
DBL6A Capsular type 6A, PspA type 19
A6E Capsular type 3, PspA type 13
AC94 Capsular type 9L, PspA type O
AC17 Capsular type 9L, PspA type O
AC40 Capsular type 9L, PspA type 0
AC107 Capsular type 9V, PspA type 0
AC100 Capsular type 9V, PspA type 0
AC140 Capsular type 9N, PspA type 18
D109-1B Capsular type 23, PspA type 12
BG9709 Capsular type 9, PspA type 0
BG58C Capsular type 6A, PspA type ND
LB1905 Capsuiar type 4, PspA type 25
L81905 Capsular type 4, PspA type 25
182233 Capsular type 14, PspA type 0
L82006 Capsular type 1, PspA type 0
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Table 22 PCR Primers
Sequence (5’ to 3')

CCGGATCCAGCTCCTGCACCAAAAAC
GCGCGTCGACGGCTTAAACCCATTCACCATTGG
CCGGATCCTGAGCCAGAGCAGTTGGCTG
CCGGATCCGCTCAAAGAGATTGATGAGTCTG
GCGGATCCCGTAGCCAGTCAGTCTAAAGCTG
CTGAGTCGACTGGAGTTTCTGGAGCTGGAGC
CCGGATCCAGCTCCAGCTCCAGAAACTCCAG
GCGGATCCTTGACCAATATTITACGGAGGAGGC
GTTTTTGGTGCAGGAGCTGG
GCTATGGCTACAGGTTG
CCACCTGTAGCCATAGC
CCGGATCCAGCGTGCCTATCTTAGGGGCTGGTT
GCAAGCTTATGATATAGAAATTTGTAAC
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EXAMPLE 6 - RESTRICTION FRAGMENT LENGTH POLYMORPHISMS
OF pspA REVEALS GROUPING

Pneumococcal surface A (PspA) is a protection

eliciting protein of Streptococcus pneumoniae. The
deduced amino acid sequence of PspA predicts three
distinct domains; an a helical coiled-coil region,
followed by two adjacent proline-rich regions, and ten 20
amino acid repeats. Almost all PspA molecules are cross-
reactive with each other in variable degrees. However,
using a panel of monoclonal antibodies specific for
individual epitopes, this protein has been shown to
exhibit considerable variability even within strains of
the same capsular type. Oligonucleotide primers based on
the sequence of pspA from S. pneumoniae Rx1l were used to
amplify the full-length pspA gene and the 5’ portion of
the gene including the a-helical and the proline-rich
region. PCR-amplified product were digested with Hha I
or Sau3A I to visualize restriction fragment length
polymorphism of pspA. Although strains were collected
from around the world and represented 21 different
capsular types, isolates could be grouped into 17
families or subfamilies based on their RFLP pattern. The
validity of this approach was confirmed by demonstrating
that pspA of individual strains which are known to be
clonally related were always found within a single pspA
family.

Numerous techniques have been employed in
epidemiological surveillance of pneumococci which include
serotyping, ribotyping, pulsed field electrophoresis,
multilocus enzyme electrophoresis, penicillin-binding
protein patterns, and DNA fingerprinting. Previous
studies have also utilized the variability of
pneumococcal surface protein A (PspA) to differentiate
pneumococci. This protein, which can elicit protective
antipneumococcal antibodies, is a virulence factor found
on all pneumococcal isolates. Although PspA molecules
are commonly cross-reactive, they afe seldom
antigenically identical. This surface protein is the
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most serologically diverse protein know on pneumococci;
therefore, it is an excellent market to be used to follow
individual strains. Variations in PspaA and the DNA

surrounding its structural gene have proven useful for :
differentiation of S. pneumoniae.

When polyclonal sera are used to identify Pspa,
cross-reaction is observed between virtually all
isolates. Conversely, when panels of monoclonal
antibodies are used to compare PspA of independent
isolation they are almost always observed to express
different combinations of PspA epitopes. A typing system
based on this approach has limitations because it does
not easily account for differences in monoclonal binding
strength to different PspA molecules. Moreover, some
strains are weakly reactive with individual monoclonal
antibodies and may not always give consistent results.

A less ambiguous typing system that takes
advantage of the diversity of PspA was therefore
necessary to develop and was used to examine the
clonality of strains. This method involves examination
of the DNA within and adjacent to the pspA locus.
Southern hybridizations of pneumococcal chromosomal DNA
digested with various endonucleases, such as Hind III,
Dra I, or Kpn I, and probed with labeled pspA provided a
means to study the variability of the chromosome
surrounding pspA. When genomic DNA is probed, the pspa
and the pspA-like locli are revealed. In most digests the
PsSpA probe hybridizes to 2-3 fragments and, digests of
independent isolates were generally dissimilar.

Like the monoclonal typing system, the Southern
hybridization procedure permitted the detection of clones
of pneumococci. However, it did not provide a molecular
approach for following pspA diversity. Many of the
restriction sites defining the restriction fragment .
length polymorphism (RFLP) were outside of the pspA gene,
and it was difficult to differentiate the pspA gene from
the pspA-like locus. 1In an effort to develop a system to
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follow pspA diversity Applicants examined the RFLP of
PCR-amplified pspA. Amplified pspA was digested with
Sau3A I and Hha I, restriction enzymes with four base
recognition sites. To evaluate the utility of this
approach pspA from clinical and laboratory strains known
to be clonally related as well as random isolates were
examined.
Bacterial strains

Derivatives of the S. pneumoniae D39-Rx1l family
were kindly provided by Rob Massure and Sanford Lacks
{Figure 8). Eight clinical isolates from Spain and four
isolates from Hungary, a gift from Alexander Tomasz.
Seventy-five random clinical isolates from Alabams,
Sweden, Alaska, and Canada were also studied.
PCR amplifications

The oligonucleotide primers used in this study
are listed in Table 24. Chromosomal DNA, which was
isolated according to procedures described by Dillard et
al., was used as template for the PCR reactions.
Amplification was accomplished in a 50 ul reaction
containing approximately 50 ng template DNA, .25U Tag, 50
pM of each primer, 175 uM MgCl,, and 200 uM ANTP in a
reaction buffer containing 10 uM Tris-HCl, pH 9.0, 50uM
KCl, 0.1% Triton X-100, 0.01% wt/vol. gelatin. The
mixture was overlaid with mineral o0il, and placed in a
DNA thermal cycler. The amplification program consisted
on an initial denaturation step at 94°C, followed by 29
cycles opf 94°C for 1 min, 55°C for 2 min, and 72°C for 3
min. The final cycle included an incubation at 72°C for

5 min. )
Restriction fragment analvsis of PCR-—amplified product

Aligquots of the PCR mixtures were digested with
Hha I or Sau3A I in a final volume of 20ul according to
manufacturer’s protocols. After digestion the DNA
fragments were electrophoresed on a 1.3% TBE agarose gel
and stained with ethidium bromide. Fragment sizes were
estimated by comparison to a 1kb DNA ladder (Gibco BRL).
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Because of the variability of pspA, and the
fact that the entire pspA sequence is known for only one
gene, it has not been possible to design primers which
amplify pspA from 100% of pneumococcal strains. However,
oligonucleotide primers, LSM2 and LSM1l, can amplify an
800 bp region of the C-terminal end in 72 of the 72
stains tested. Based on hybridizations at different
stringencies, this region was found to be relatively
conserved in pneumococcal strains, and thus would not be
expected to be optimal for following restriction
polymorphisms within the pspA molecule. LSM13 and LsM2,
primers which amplify the full length pspA gene, can
amplify pspA from approximately 79% 55/75 of the strains
tested (Table 25).

tabilit lified RFLP pattern within clo
related pneumococci

To determine the stability of pspa during long
passages in vitro, we examined the RFLP pattern of the
PspA gene of the derivatives of the S. pneumoniae D39-Rx1
family. Rx1l is an acapsular derivative of S. pneumoniae
D39, the prototypical pneumococcal laboratory strain
isolated by Avery in 1914. Throughout the 1900’s
spontaneous and chemical mutations have been introduced
into D39 by different laboratories (Figure 8). During
this period unencapsulated strains were maintained in
vitro, and D39 was passed both in vivo and in vitro
passage. All the derivatives of D39, including Rxl, R6,
RNC, and R36A, produced a 1.9 kb fragment upon PCR
amplification of full length pspA. All members of the
family exhibited the RFLP pattern. Digestion with Sau3a
I of PCR amplified full length pspA revealed a .83, .58,
.36 and a .27 kb fragment in all of the D39-r¥X1
derivatives of the family. Digesting the full length
PspA with Hha I resulted in bands which were .76. .47,
-39, .35, and .12 kb (Figure 9 or Table 26).

The stability of pspA polymorphism was also
investigated using pneumococcal isolates which had
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previously been shown to be clonally related by other
criteria, including capsule type, antibiotic resistance,
enzyme electromorph, and PspA serotype. Three sets of
isolates, all of which were highly penicillin resistant,
were collected from patients during an outbreak in
Hungary and two separate outbreaks in Spain. PCR
amplified full length pspA from the capsular type 19A
pneumococcal strains from the outbreak in Hungary, DB18,
DB19, DB20, and DB21l, resulted in a band approximately
2.0 kb. After digesting full length pspA with Hha I,
four fragments were visualized., 89, .48, and .28 kb.
Digestion with Sau3a I yielded five fragments .880, .75,
.35, .34, and .10kb. Capsule type 6B pneumococcal
strains, DB1l, DB2, DB3, and DB4, were obtained from an
outbreak in Spain. Full length pspA from these strains
were approximately 1.9 kb. Digestion of the PCR-
amplified fragment with Hhs I resulted in four fragments
which were .83, .43, .33, and .28 kb. Sau3A I digestion
yield a .88, .75, .34, and .10 kg fragments. DB6, DBS8,
and DB9, which are capsular serotype 23F strains, were
isolated from a second outbreak in Spain. DB6, DB8, and
DBY9 had an amplified pspA product which was 2.0 kb. Hha
I digested fragments were .90, .52, .34, and .30 kb and
Sau3d I fragments were .75, .52, .39, .22, .20, and .10
kb in size (Figure 10). DB7 had a 19A capsular serotype
and was not identical to DB6, DB8, and DB9. In the
D39/Rx1 family and in each of the three outbreak families
the size of the fragments obtained from the Hha I and the
Sau3A I digests totaled approximately 2.0 kb which is
expected if the amplified product represents a single
PSpA sequence.

versity of RFLP pattern of amplified pspA from random
pneumococcal isolates

PCR amplification of the pspA gene from 70

random clinical pneumococcal isolates yielded full-length
psSpA ranging in size from 1.8 kb to 2.3 kb. RFLP
analysis of PCR-derived pspA revealed two to six DNA
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fragments ranging in size from 100 bp to 1.9 kb depending
on the strain. The calculated sum of the fragments never
exceeded the size of the original amplified fragment.

Not all pneumococcal strains had a unique pspa, and some
seemingly unrelated isolates from different geographical
regions and different capsular types exhibited similar
RFLP patterns. Isolates were grouped into families based
on the number of fragments produced by Hha I and Sau3A T
digests and the relative size of these fragments.

Based on the RFLP patterns it was possible to
identify 17 families with four of the families containing
pairs of subfamilies. Within families all of the
restriction fragments were essentially the same
regardless which restriction enzyme was used. The
subfamilies represent situations where two families share
most but not all the restriction fragments. With certain
strains an FRLP pattern was observed where detectable
fragment size differed from the pattern of the
established family by less than 100 bp. Since the
differences were considered small compared to the
differences in the fragment size and the number of
fragments between families, they were not considered in
family designation. The RFLP pattern of two isolates
from six of the families is pictured in Figure i1, Table
27. These families were completely independent of the
capsular type or the protein type as identified by
monoclonal antibodies (Table 28 and 29).

Previous DNA hybridization studies have
demonstrated that the pspA gene of different isolates are
the most conserved in their 3’ region of the gene and
more variable in the 5’ region of the gene. Thus, if
seemed likely that the differences in the pspA families
reflected primarily differences in the 5’ end of the
gene. To confirm this theory, the o helical and proline
region of pspA was examined without the amino acid
repeats. Nucleotide primers LSM13 and XKSH2 were used to
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amplify this fragment which is approximately 1.6 kb.
Examination of this region of pspA afforded two things.

This primer pair permitted amplification of 90%
of the strains which is greater than the 75% of the
strains which can be amplified with oligonucleotides
which amplify the full length gene. Second, it allowed
Applicants to examine if the original groupings which
were based on the full length gene coincide with the
fingerprint patterns obtained by looking at the 5’ half
of the gene.

Figure 12 contains the same strains which were
examined in Figure 11 but the PCR products were amplified
with SKH2 and LSM13. The RFLP patterns obtained from
digestion of the amplified « helical and proline rich
region confirms the original designated families.
However, these primers amplify a smaller portion of the
psaA and therefore the difference is the families is not
as dramatic as the RFLP patterns obtained from the RFLP
pattern of the full length gene.

The polymerase chain reaction has simplified
the process of analyzing pspA gene and have provided a
means of using pspA diversity to examine the epidemiology
of S. pneumoniae. Because not all strains contained a
unique fingerprint of pspA, RFLP patterns of pspA cannot
be used alone to identify the clonality of a strain.
These results indicate the RFLP of PCR-amplified pspA
from pneumococcal strains in conjunction with other
techniques may be useful for identifying the clonal
relatedness among pneumococcal isolates, and that this
pattern is stable over long passages in vitro.

These findings suggests that the population of
pspA is not as diverse as originally believed. PCR-RFLP
of pspA may perhaps represent a relatively simplistic
technique to quickly access the variability of the gene
within a population. Further, these findings enable
techniques to diagnose. S. pneumoniae via PCR or
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hybridization by primers on probes to regions of PSpPA
common within groupings.

The sequence studies divide the known strains
into several families based on sequence homologies.
Sequence data demonstrates that there have been extensive
recombinations occurring in nature within pspA genes.
The net effect of the recombination is that the
"families" identified by specific sequences differ
depending upon which part of the pPspA molecule is used
for analysis. "Families" or “grouping identified by the
57 half of the alpha-helical region, the 3’ half of the
a—-helical region and the proline rich region are each
distinct and differ slightly from each other. In
addition there is considerable evidence of other
diversity (including base substitute and deletions and
insertions in the sequences) among otherwise closely
related molecules.

This result indicates that it is expected that
there will be a continuum of overlapping sequences of
PspAs, rather than a discrete set of sequences.

The findings indicate that there is the
greatest conservation of sequence in the 3’ half of a a-
helical region and in the immediate 5/ tip. Because the
diversity in the mid half of the a—helical region is
greater, this region is of little use in predicting
cross-reactivity among vaccine components and challenge
strains. Thus, the sequence of 3’ half of the alpha-
helical region and the 5’ tip of the coding sequence are
likely to the critical sequence for predicting Pspa
cross-reactions and vaccine composition.

The sequence of the proline-rich region may not
be particularly important to composition of a vaccine
because this region has not been shown to be able to
elicit cross-protection even though it is highly
conserved. The reason for this is presumably because
antibodies to epitopes in this region are not surface
exposed.
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Based on our present sequences of 27 diverse
pspAs we have found that there are 4 families of the 37
half of the a-helical region and 2-3 families of the very
5¢ tip the a-helical region. Together these form 6
combinations of the 3’ and 5’ families. This approach
therefore should permit us to identify a panel of pspAas
with 37 and 5 helical sequences representative of the
greatest number of different pspAs. See Fig. 13.
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Designation Sequence 5’-3’ Nucleotide position
LSM2 GCG CGT CGA CGG CTT 1990 to 1867
AAA CCC ATT CAC CAT
TGG
LSM1 CCG GAT CCA GCT CCT 1312 to 1331
GCA CCA AAA AC
LSM13 GCA AGC TTA TGA TAT 1to 26
AgA ATTTTIGTAAC
SKH2 CCA CAT ACC GTT TTC 1333 to 1355

TTG TTT CCA GCC
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Table 25. Ampilification of pspA from a panei of 72 independent isolates* of S.
pneumoniae.
CAPSULE TYPE NUMBER OF LSM13 AND LSM2 | LSM13 AND SKH2
STRAINS
EXAMINED
" % OF STRAINS % OF STAINS
AMPLIFIED AMPLIFIED
1 3 100 100
2 1 100 100
3 8 50 87
4 6 67 100
5 1 100 100
6 7 29 86
6A 2 100 100
68 6 100 100
7 2 50 100
8 1 100 100
sV 3 100 100
SA 2 100 100
oL 1 100 100
SN 3 100 100
10 1 100 100
11 2 50 100
12 2 o} 100
13 1 100 100
14 4 (o} 75
15 2 50 50
19 5 100 100
22 3 33 100
23 1 100 100
33 1 0 100
35 1 0 100
nd 3 100 100

*  Qur strain collection contains several groups of isolates known to be
previously to be cional and collected for that purpose. The data reported in
the table includes only representative isolate from such clonal groups.
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Table 26. Rx1-D39 derivatives
i " ISOLATE SIZE OF HhA | DIGESTS SIZE OF Sau3A |
. DIGESTS (Kb)
D39 .76, .47, .39, .35, .12 .83, .58, .36, .27
. Rx1 .76, .47, .39, .35, .12 .83, .58, .36, .27
R800 .76, .47, .39, .35, .12 .83, .58, .36, .27
R6 .76, .47, .39, .35, .12 .83, .58, .36, .27
R61 .76, .47, .38, .35, .12 .83, .58, .36, .27
R6X .76, .47, .39, .35, .12 .83, .58, .36, .27
R36NC .76, .47, .39, .35, .12 .83, .58, .36, .27
R36A .76, .47, .39, .35, .12 .83, .58, .36, .27
Table 27. Strain information and family designation of independent isoiates.

STRAIN CAPSULE PspA FAMILY SIZE OF Hha |
TYPE TYPE FRAGMENTS

BG9163 1.85, .35
EF6786 1.5, .35
EF5668 1.25, .49, .32
EF8616A 1.25, .49, .32
EF3296 1.0, .40, .33

EF4135 1.0, .40, .33
BG7619 1.3, .40, .29, .10
BG7941 1.3, .40, .29, .10
BG7813 1.05, .70, .36
BG7736 1.05, .70, .36
AC113 1.4, .34, .28
AC99 1.4, .34, .28

SUBSTITUTE SHEET (RULE 26)

SIZE OF Sau3A |
FRAGMENTS

1.05, .35, .22
1.05, .35, .22
1.0, .80, .35
1.0, .BO, .35
1.15, .80, .34
1.15, .50, .34
.82, .76, .35
.82, .76, .35
.90, .77, .35
.90, .77, .35
1.2, .80

1.2, .80
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EXAMPLE 7 - ABILITY OF PspA IMMUNOGENS TO PROTECT
AGAINST INDIVIDUAL CHALLENGE STRAINS

CBA/N or BALB cJ mice were given 1 injection of
0.5 -~ ug PspA in CFA, followed 2 weeks later by a boost
in saline, and challenged between 7 and 14 (average 10)
days post boost. Control mice were administered a
similar immunization regimen, except that the
immunization came from an isogeneic strain unable to make
PspA. The PspA was either full length, isolated from
pneumococci or cloned full length or BC100 PspA, as
little statistical significance has been seen in
immunogenicity between full length PspA and BC100. The
challenge doses ranged from about 10° to 10* pneunocci in
inoculum, but in all cases the challenge was at least 100
times LDg,.

The results are shown in the following Tables
30 to 60, and the conclusions set forth therein.

From the data, it appears that an antigenic,
immunological or wvaccine composition can contain any two
to seven, preferably three to five PspA, e.g., PspAs from
R36A and BG9739, alone, or combined with any or all of
PspAs from Wu2, Ef5668, and DB1l5. Note that surprisingly
WU2 PspA provided better protection against D39 that did
R36a/Rx1/D39, and that also surprisingly PspA from wWu2
protected better against BG9739 than did PspA from
BG9739. Combinations containing R36A, BG2%739 and WU2
PspAs were most widely protective; and therefore, a
preferred composition can contain any three PspAi,
preferably R36A, BG9739 and WU2. The data in this
Example shows that PspA from varying strains is
protective, and that it is possible to formulate
protective compositions using any PspA or any combination
of the PspAs from the eight different PspAs employed in
the tests. Similarly, one can select PspAs on the basis
of the groupings in the previous Example. Note
additionally that each of PspA from R36A, BG9739, EF5668
and DBLS are, fxrom the data, good for use in
compositions.
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A _note about use of medians rather than
averages. Applicants have chosen to express data as

median (a non-parametric parameter) rather than averages
because the times to death do not follow a normal
distribution. In fact there are generally two peaks.
One is around day 3 or 6 when most of the mice die and
the other is at > 21 for mice that live. Thus, it
becomes nonsensical to average values like 21 or 22 with
values like 3 or 6. One mouse that lives out of 5 has a
tremendous effect on such an average but very little
effect on the median. Thus, the median becomes the most
robust estimator of time to death of most of the mice.
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TABLE 36
Best Choice for Vaccine Components as of 95/8/27
Vaccine Component
(cumulative strains protected)
% maximally protected
Criterion 1 2 3 4 5 6
=#1 PspA for R3sA wu2 BG9739* EF5668 DBLS DBL6A
each challenge N (10) (11) {12) (13) {14)
il strain 50% 71% 78% 86% 93% 100%
=#2 PspA for R36A BG9739
each challenge (12) (12)
strain 86% 100%
Max score (+) R36A wuz BG9739 DBL5
type score 9) an (13) (14)
64% 78% 92% 100%
Max Increase in R36A wu2 BGS739 DBL5
Days alive ©) (11 (13) (14)
64% 79% 92% 100%
% protected R36A wu2 DBLS EF5668 DBLBA EF3296
) (10) (11) (12) (13) (14)
50% 64% 79% 86% 92% 100%
Theoretical mixture R36A BG9739 DBL5 EF3296
based on a few (10) (12) (13) (14)
testable 64% 86% 92% 100%
assumptions
{ses below)

*This is not a unique combination. See table below.

TABLE 37

Combinations where all Challenge Strains have a Vaccine strain
with a score of = #2

Number of Combination Number Total #1s Total
PspAs in of #1s and
Combination #1 strains #2s
2 R36A + BG9739 8 10 20
3 R36A + BG9739 + 11 15 25
wuz
3 R36A + WU2 + 11 15 21
DBL5
3 R36A + WU2 + 11 15 23
EF5668
3 R36A + WU2 + 11 15 22
DBLS
e
TABLE 38
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Pooled Data for Protection against D39 by various PespAs;
Days siive for each mouss
Days to Dsath/immunogen
Exp. Log CFU Mice Rx1/R38A JD808 (WU2) EF5668 All immune controt
D3ag Dag
143 4.5 CBA/N 1.1,2.2.2 1.1.2,2,3
E145 4.0 CBA/N 2,3.3.3.4 1.1.2,3,4
ED28 5.83 BALB/c 3,3x >21 2.2,2.4
BCG
€143 3.0 CBA/N 2,6.3x>10 3,3,3,5,5
€140 2.81 CBA/N 4,4,5,7,15 2,2.2
BC100O
E169 2.7 CBA/N 2,4x>21 2.5.3x> 21 1,2,2,2,3
E154 2.0 CBA/N 2.2.3.2x>2 4x1, 6x2,3,3,4
1
Al 2,3,3.3.4,4, 1.1.2,2.2 4x1, 6x2,3,3,4
=3.0 4.5,7,15
Al 4x2, Bx3, 2,5,3x> 21 1,1.2,2,2,2.6, 1.1,9x2,6x3,3 5x1,16x2.6x3,4,
3x4,5,7,15, 3x>21 x4.5,5,6,7,15, 46,55, >21
Ix>21 18x>21
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EXAMPLE 8 - ABILITY OF PspA IMMUNOGENS TO PROTECT
INST T VIDU CHALLENGE STRAINS

In Example 7 some of the capsular type 2, 4,
and 5 strains were not completely protected from death by
immunization. In these studies the BALB/cByJ mouse was
used instead of the hypersusceptible, immunodeficient
CBA/N mouse used for the Example 7 studies. With the
BALB/cJ mouse it was observed that immunization with PspA
was in fact able to protect against death with capsular
type 2, 4, and 5 pneumococci. This result is shown in
the table below.

The data from Table 60A also demonstrates that
a mixture of 4 - 5 full length PspAs was as effective, or
more effective than immunization with a single PspA.
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EXAMPLE 9 - CHARACTERIZATION OF PspA EPITOPES WITHIN
PNEUMOCOCCAL STRAINS MC25-28

The strains examined came from a group of 13
capsular serotype 6B strains which have been identified
that are members of a multiresistant clone, having
resistance to penicillin, chloramphenicol, tetracycline,

and some have acquired resistance to erythromycin. The
pneumococcal isolates described in the following studies
(MC25-28) are members of this 6B clone. Although
previocusly thought to be geographically restricted to
Spain (unlike the widespread multiresistant Spanish
serotype 23F clone), members of this clone have been
shown to be responsible for an increase in resistance to
penicillin in Iceland (Soares, S., et al., J. Infect.
Dis. 1993; 168: 158-163) .

The following techniques were used to
characterize the location of difference Pspa epitopes:
Bacterial cell culture

Bacteria were grown in Todd-Hewitt broth with
0.5% yeast extract or on blood agar plates overnight at
37°C in a candle jar. Capsular serotype was confirmed by
cell agglutination using Danish antisera (Statens
Seruminstitut, Copenhagen, Denmark). The isolates were
subtyped as 6B by Quellung reaction, utilizing rabbit
antisera against 6A or 6B capsule antigen.

Bacterial lvysates

Cell lysates were prepared by incubating the
bacterial cell pellet with 0.1% sodium deoxycholate,
0.01% sodium dodecylsufate (SDS), and 0.15 M sodium
citrate, and then diluting the lysate in 0.5M Tris
hydrochloride (pH 6.8). Total pneumococcal protein in
the lysates was quantitated by the bicinchoninic acid
method (BCA Protein Assay Reagent; Pierce Chemical
Company, Rockford, IL).

PspA serotyping

Pneumococcal cell lysates were subjected to
SDS—-PAGE, transferred to nitrocellulose membranes, and
developed as Western blots using a panel of seven MAbs to
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PspA. PspA serotypes were assigned based on the
particular combination of MAbs with which each PspA was
reactive.

o i ott]

A ten mL tube of Todd-Hewitt broth with 0.5%
yeast extract was inoculated with overnight growth of
MCc25 from a blood agar plate. The isolate was allowed to
grow to a concentration of 107 cells/mL as determined by
an O0.D. of 0.07 at 590nm. MC25 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 blood agar plate
with well-defined colonies was selected. Four
nitrocelilulose membranes were consecutively placed on the
plate. Each membrane was lightly weighted and left in
place for 5 min. 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 ringer’s solution, and spreadplated onto a
blood agar plate. The membranes were developed as
Western blots according to PspA serotyping methods.

When the strains MC25-28 were examined with the
panel of seven MAbs specific for different PspA epitopes,
all four demonstrated the same patterns of reactivity
(Fig. 14). The MAbs XiR278 and 2A4 detected a PspA
molecule with an apparent molecular weight of 190 kDa in
each isolate. In accordance with the PspA serotyping
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 of 82 kDa. The 82 kDa PspA of
each isolate was detected only with the MAb 7D2 and was
designated as type 34. No reactivity was detected with
MAbs Xil26, Xi64, 1A4, or SR4AWr. Results from the colony
immunoblotting showed that both PspAs were present
simultaneously in these isolates under in vitro growth
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conditions. All colonies on the plate, as well as all of
the progeny form a single colony, reacted with MAbs

XiR278, 2A4, and 7D2.

EXAMPLE 10 - SOUTHERN BLOT ANALYSIS OF CHROMOSOMAL DNA
OLATE OM PNEUMOCOCC S8TRAINS MQ25-28

Pneumococcal chromosomal DNA was prepared by
the Youderian method (Sheffield, J.S., et al.,
Biotechniques, 1992; 12: 836-839). Briefly, for a 500 ml
culture in THY or THY with 1% choline, cells were
centrifuged at 8000 rpm in GSA rotor for 30 minutes at
4eC, The supernatant was decanted, and the cells were
washed with 1 to 2 volumes of sterile water to remove
choline, if used. This step was only necessary when
sodium deoxycholate was used. The wasted cells were
centrifued twice a 8000 rpm in GSA rotor for 10 minutes.
Cells were resuspended in 3.5 ml TE buffer, containing 1%
SDS or 1% sodium deoxycholate, and incubated at 37°C for
15 minutes if sodium deoxycholate was used. If SDS was
used, incubation at 37°C was not necessary. The cells
were incubated at 65°C for 15 minutes, and 1/5 volume of
5.0 M potassium acetate was added, and the cell
suspension was incubated for 30 minutes at 65°cC.

The cells were placed on ice for 60 minutes,
and centrifuged at 12,000 rpm in an SS-34 rotor for 10
minutes. The supernatant was transferred to a clean
centrifuge tube, and 2 volumes of cold 95% ethanol was
added. After mixing, DNA was spooled on to a glass
pasteur pipet, and air dried. The DNA was resuspended in
4 m! TE, and 4.0 g cesium chloride was added. The
solution was split into two aliquots in ultracentrifuge
tubes, and the tubes were filled to their maximum
capacity using 1.0 g/ml cesium chloride in TE. Before
closing the tubes, 300 ml of 10 ug/ml ethidium bromide
was added.

The solution was centrifuged at 45,000 rpm
overnight, or for 6 hours at 55,000 rpm. The chromosomal
band was extracted using a gradient, at least 6 times
with 1 voluﬁe'each salt-saturated isopropanol. The
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agueous phase was extracted by adding 2 volumes 95%
ethanol. The DNA came out of solution immediately, and
it was spooled on to a pasteur pipet. ‘The DNA pellet was
washed by dipping the spooled DNA in 5 ml 70% ethanol.
The DNA was air dried, and resuspended in the desired
volume of TE, e.g., 500 ul.

The cells were harvested, washed, lysed, and
digested with 0.5% (st/vol) SDS and 100ug/mL proteinase K
at 37°C for 1 h. The cell wall debris, proteins, and
polysaccharides were complexed with 1% hexadecyl
trimethyl ammonium bromide (CTAB) and 0.7M sodium
chloride at 65°C for 20 min., and then extracted with
chloroform/isocamyl alcohol. DNA was precipitated with
0.6 volumes isopropanocl, washed, and resuspended in 10mM
Tris-HCl, 1mM EDTA, pH 8.0. DNA concentration was
determined by spectrophotometric analysis at 260 nm
(Meade, H.M. et al., J. Bacteriol 1982; 149: 114-122;
Silhavy, T.J. et al., Experiments with Gene Fusion, Cold
Spring Harbor: Cold Spring Harbor Laboratory, 1984; and
Murray, M.G., et al., Nucleic Acids Res. 1980; 8 4321-
4325).
Probe preparation

5/ and 3’ oligonucleotide primers homologous
with nucleotides to 26 and 1967 to 1990 of Rx1l pspA
{LSM13 and LSM2, respectively) were used to amplify the
full length pspaA and construct probe LSMpspAl3/2 from Rx1
genomic DNA. 5’ and 3’ oligonucleotide primers
homologous to nucleotides 161 to 187 and nucleotides 1093
to 1117 (LsSM1l2 and LSM6, respectively) were used to
anplify the variable a-helical region to construct probe
LSMpspAl2/6. PCR generated DNA was purified by Gene
Clean (Biol0l1l Inc., Vista, CA) and random prime-labeled
with digoxigenin-~11-dUTP using the Genius 1
Nonradicactive DNA Labeling and Detection Kit as
described by the manufacturer (Boehringer Mannheim,
Indianapolis, IN).
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DNA electrophoresis

For Southern blot analysis, approximately 10ug
of chromosomal DNA was digested to completion with a
eingle restriction endonuclease (Hind III, Kpn 1, EcoRI,
Dra I, or Pst I), then electrophoresed on a 0.7% agarose
gel for 16-48 h at 35 volts. For PCR analysis, 5ul of
product were incubated with a single restriction
endonuclease (Bcl 1, BamH I, Bst I, Pst I, Sac I, EcoR I,
Sma I, and Kpn I), then electrophoresed on a 1.3% agarose
gel for 2-3 h at 90 volts. In both cases, 1 kb DNA
ladder was used for molecular weight markers (BRL,
Gaithersburg, MD), and gels were stained with ethidium
bromide for 10 min and photographed with a ruler.

e blot hvbridizatjo

The DNA in the gel was depurinated in 0.25N HCl
for 10 min, denatured in 0.5M NaOH and 1.5M Nacl for 30
min, and neutralized in 0.5M Tris-HCl (pH 7.2), 1.5M NaCl
and 1mM disodium EDTA for 30 min. DNA was transferred to
a nylon membrane (Micron Separations INC, Ma) using a
POSIBLOT pressure blotter (Stratagene, LaJdolla, CA) for
45 min and fixed by UV irradiation. The membranes were
prehybridized for 3 h at 42°C in 50% formamide, 5X ssc,
5X Denhardt solution, 25mM sodium phosphate (pH 6.5),
0.5% SDS, 3% (wt/vol) dextran sulfate and 500ug/mL of
denatured salmon sperm DNA. The membranes were then
hybridized at 42°C for 18 h in a solution containing 45%
formamide, S5X SSC, 1X Denhardt solution, 20mM sodium
phosphate (pH 6.5), 0.5% SDS, 3% dextran sulfate,
250ug/ml, denatured sheared salmon sperm DNA, and about
20ng of heat-denatured digoxigenin-labeled probe DNA.
After hybridization, the membranes were washed twice in
6.1% SDS and 2X SSC for 3 min at room temperature. The
membranes were washed twice to a final stringency of 0.1%
SDS in 0.3X SSC at 65°C for 15 min. This procedure
yielded a stringency greater than 95 percent. The
membranes were developed using the Genius 1
Nonradicactive DNA Labeling and Detection Kit as
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described by the manufacturer (Boehringer Mannheim,
Indianapolis, IN). To perform additional hybridization
with other probes, the membranes were stripped in 0.2N
NaOH/0.1% SDS at 40°C for 30 min and then washed twice in
2X S8SsC.
PCR

5’ and 3’ primers homologous with the DNA
encoding the N- and C~terminal ends of PspA (LSM13 and
LSM2, respectively) were used. Reactions were conducted
in 50ulL volumes containing 0.2mM of each ANTP, and 1uL of
each primer at a working concentration of 50mM. MgCl, was
used at an optimal concentration of 1.75mM with 0.25
units of Tagq DNA polymerase. Ten to thirty ng of genomic
DNA was added to each reaction tube. The amplification
reactions were performed in a thermal cycler (M.J.
Research, Inc.) using the following three step program:
Step 1 consisted of a denaturing temperature of 94°C for
2 min; Step 2 consisted of 9 complete cycles of a
denaturing temperature of 94°C for 1 min, an annealing
temperature of 50°C for 2 min, and an extension
temperature of 72°C for 3 min; Step 3 cycled for 19
times with a denaturing temperature 94°C for 1 min, an
annealing temperature of 60°C for 2 min, and an extension
temperature of 72°C for 3 min; and at the end of the last
cycle, the samples were held at 72°C for 5 min to ensure
complete extension.
Band size estimation

Fragment sizes in the molecular weight standard
and in the Southern blot hybridization patterns were
calculated from migration distances. The standard
molecular sizes were fitted to a logarithmic regression
model using Cricket Graph (Cricket Software, Malvern,
PA) . The molecular weights of the detected bands were
estimated by entering the logarithmic line egquation
obtained by Cricket Graph into Microsoft Excel (Microsoft
Corporation, Redmond, WA) in order to calculate molecular
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weights based on migration distances observed in the
Southern blot.

Since most strains contain a pspA gene and a
pspC gene, it was expected that if an extra gene were
present one might observe at least three pPspA homologous
loci in isolates MC25-28. In Hind IIT digests of MC25-28
each strain revealed 7.7 and 3.6 kb bands when probed
with LSMpspAl3/2 (Figure 15A and 15C). 1In comparison,
when Rx1l DNA was digested with Hind III and hybridized
with LSMpspAl3/2, homologous sequences were detected on
9.1 and 4.2 kb fragments, as expected from previous
studies with PspA (Figure 15A). Results consistent with
two pspA-homologous genes in MC25-28 were obtained with
two pspA-homologous genes in MC25-28 digested using four
additional enzymes (Table 61).

Table €61. Chromosomal RFLPs with probe LSMpspAl3/2 for isolates MC25-28 and
Rx1l

Restriction Strains Examined Restriction Fragments
Enzyme (sizeg in kilobases)
MC25 MC26 MC27 MCc28 RX1 MC25-28 Rx1l
Hind IIX + + + + + 7.7, 3.6 9.1, 4.2
Kpn I + + + + + 11.6, 10.6 10.6, 9.8
EcoOR I + + 8.4, 7.6 7.8, 6.6
Dra I + + 2.1, 1.1 1.9, 0.9
Pgt I + + >14, 6.1 10.0, 4.0

The four isolates examined are all members of a
single clone of capsular type 6B pPneumococci isolated
from Spain. These four isolates are the first in which
two PspAs have been observed, i.e., PspA and PspC, based
on the observation that bands of different molecular
weights were detected by different MAbs to PspA.
Mutation and immunochemistry studies have demonstrated
that all of the different sized PspA bands from Rx1 are
made of a single gene capable of encoding a 69kDa
pProtein, supporting the assertion that two PspAs have
been observed, i.e., PspA and PspcC.

SUBSTITUTE SHEET (RULE 26)

LN




CA 02232033 1998-03-13
WO 97/09994 PCT/US96/14819

177

It has been observed that probes for the 5/
half of pspA (encoding the a-helical half of the protein)
bind the pspC seguence of most strains only at a
stringency of around 90%. With chromosomal digests of
MC25-28, it was observed that the 5/ Rx1l probe
LSMpspAl2/6 (Figure 15D) bound two pspA homologous bands
at even higher stringency. The same probe bound only the
pspA containing fragment of Rxl at the higher stringency
(Figure 15B).

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 was conducted with primers based on a known
psSpA sequence, it was assumed that the product amplified
from each strain represented the pspiA rather than the
pspC gene. When MC25-28 were subjected to this
procedure, an amplified pspA product of 2.1 kb was
obtained from each of the four strains. When digested
with Hha I, this fragment yielded bands of 1.1, 0.46,
0.21 and 0.19 kb for each of the four isolates. A single
isolate, MC25, was analyzed with eight additional
enzymes. Using each restriction enzyme, the sum of the
fragments was always approximately equal to the size of
whole pspA (Figure 16). These results suggested that the
2.1 Xb amplified DNA represents the amplified product of
only a single pspA gene. Rx1 produced an amplified
product of 2.0 kb and five fragments of 0.76. 0.468,
0.390, 0.349 and 0.120 kb when digested with Hha I as
expected from its known pspA segquence.

There are several possible explanations for the
observation of PspA and PspC in these strains but not in
other strains. All isolates might make PspA and PspC in
culture, but MAbs generally recognize only PspA (perhaps,
in this isolate there has been a recombination between
pspC DNA and the pspC locus, allowing that locus to make
a product detected by MAb to PspA). All isolates can
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have PspA and PspC, but the expression of one of them
generally does not occur under in vitro growth
conditions. The pspC locus is normally a nonfunctional
pseudogene segquence that, for an unexplained reason, has
become functional in these isolates. Results from the
colony immunoblotting of these isolates failed to show a
detectable in vitro phase shift between either PspA type
6 (XIR278 and 2A4) or PspA type 34 (7D2) protein. This
strengthens the second explanation, and suggests that the
second PspA is these isolates is due to the pPspC gene not
being turned off during in vitro growth conditions.

Presumably, in these four strains, the second
PspA protein is provided by the pspC DNA sequence. At
high stringency, the probe comprising the coding region
of the a-helical half of PspA recognized both PsSpA
homologous sequences of MC25-18, but not the bspC
sequence of Rx1l. The finding indicated that the pspC
sequence of MC25-28 is more similar to the Rx1 pspa
sequence than the Rx1 pspC sequence. If the pspC
sequence of these strains is more similar to pspA than
most pspC sequences, it could explain why the products of
bspC genes cannot generally be identified by MAbs.

EXAMPLE 12 -  IDENTIFICATION OF CONSERVED AND VARIABLE
REGIONS OF pspA AND pspC SEQUENCES OF
S. PNEUMONIAE

The S. pneumoniae strains used in this study
are listed in Table 62. The strains are human clinical
isolates representing 12 capsular and 9 PspA serotypes.
All strains were grown at 37°C in 100ml of Todd-Hewitt
broth supplemented with 0.5% yeast extract to an
approximate density of 5 x 108 cells/ml. After harvesting
of the cells be centrifugation (2900 g, 10min), the DNA
was isolated, and stored at 4°C in TE (10 mM Tris, 1mM
EDTA, pH8.0).
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Table 62. Streptococcus pneumoniae strains used.

strain Relevant phenotype Reference
wWU2 Capsular type 3, PspA type 1 Briles et al., 1981
D39 Capsular type 2, PspA type 25 Avery et al., 1944
R36A Nonencapsuated mutant of D39, Avery et al., 1944
pspA type 25
Rxl Derivatitve of R36A, PspA type 25 Shoemaker and Guild, 1974
DBLS Capsular type 5, PspA type 33 Yother et al., 1986
DBL6A Capsular type 6A, PspA type 19 Yother et al., 1986
A66 Capsular type 3, PspA type 13 Avery et al., 1944
AC94 Capsular type 9L, PspA type O Waltman et al., 1992
AC17 Capsular type 9L, PspA type O wWaltman et al., 1992
AC40 Capsular type 9L, PspA type O Waltman et al., 1992
AC107 Capsular type 9V, PspA type O Waltman et al., 1992
ACl00 Capsular type 9V, PspA type O Waltman et al., 1992
AC140 Capsular type 9N, PspA type 18 Waltman et al., 1992
D109-1B Capsular type 23, PspA type 12 McDaniel et al., 1992
BG9709 Capsular type 9, PspA type O McDaniel et al., 1992
L81905 Capsular type 4, PspA type 25 McDhaniel et al., 1992
L82233 Capsular type 14, PspA type O Mcbaniel et al., 1992
L.82006 Capsular type 1, PspA type O McDaniel et al., 1992

Approximately 5ug of chromosomal DNA was
digested with HindIII according to the manufacturer’s
instructions (Promega, Inc., Madison, WI). The digested
DNA was subjected to electrophoresis at 35 mV overnight
in 0.8% agarose gels and then vacuum-blotted onto Nytran®
membranes (Schleicher & Schuell, Keene, NH).

The oligonucleotides uses were based on the
previously determined seguence of Rx1l pspA. Their
position and orientation relative to the structural
domains of Rx1l pspA are shown .in Figure 17. Labeling of

»agn
oligonugleotides and detection of probe-target hybrids
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were both performed with the Genius System® according to
manufacturer’s instructions (Boehringer-Mannhein,
Indianapolis, IN). All hybridizations were done for 18
hours at 42°C without formamide. By assuming that 1%
base-pair mismatching results in a 1°C decrease in Th
arbitrary designations of "high" and "low" stringency
were defined by salt concentration and temperature of
post-hybridization washes. Homology between probe and
target sequences was derived using calculated Th by
established methods. High stringency is defined as >
90%, and low stringency is < 85% base-pair matching.

PCR primers, which were also used as
oligonucleotide probes in Southern blotting and
hybridizations, were designed based on the sequence of
pspA from pneumococcal strain Rxl. These
oligonucleotides were synthesized by Oligos, Etc.

(Wilson, OR), and are listed in Table 63.
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Table 63. Oligonucleotide sequences.

Primer 57 ~> 37

LSM111l CCGGATCCAGCTCCTGCACCAAAAC

LSM2 GCGCGTCGACGCTTAAACCCATTCACCATTGG
LSM3 CCGGATCCTGAGCCAGAGCAGTTGGCTG
LSM4 CCGGATCCGCTCAAAGAGATTGATGAGTCTG
LSMS GCGGATCCCGTAGCCAGTCAGTCTAANAGCTG
LSM6 CTGAGTCGACTGGAGTTTCTGGAGCTGGAGC
LSM7 CCGGATCCAGCTCCAGCTCCAGARACTCCAG
LSM9 GTTTTTGGTGCAGGAGCTGG

LSM10 GCTATGGCTACAGGTTG

LSM12 CCGGATCCAGCGTGCCTATCTTAGGGGCTGGT
LSM112 GCGGATCCTTGACCAATARRRACGGAGGAGGC

PCR was done with an MJ Research, Inc.,
Programmable Thermal Cycler (Watertown, MA), using
approximately 10 ng of genomic pneumococcal DNA as
template with designated 5’ and 3’ primer pairs. The
sample was brought to a total volume of 50 ul containing
a final concentration of 50 mM KCl1l, 10 mM Tris-HCl (pH
8.3), 1.5mM MgCl,, 0.01% gelatin, 0.5 puM of each primer,
200 uM of each deoxynucleoside triphosphate, and 2.5 U of
Tag DNA polymerase. The samples were denatured at 94°C
for 2 minutes and subjected to 10 cycles consisting of: 1
min at 94°C, 2 min at 50°C, and 3 min at 72°C, followed
by 20 cycles of: 1 min at 94°C, 2 min at 60°C, and 3 min
at 72°C. After 30 total cycles, the samples were held at
72°C for an additional 5 min prior to cooling to 4°C.

The amplicons were then analyzed by agarose gel
electrophoresis.

Oligonucleosides were used to probe HindIII
digests of DNA from 18 strains of S. pneumoniae under
conditions of low and high stringency. Each strain was
also screened using a full-length pspA probe. Table 64
summarizes the results for each strain under conditions
of high stringency. Strain Rx1l is a laboratory
derivative of the clinical isolate D39 and conseguently,
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both strains showed identical hybridization patterns and
are a single column in Table 64.
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The only strain which did not have more than
one pspA-homologous HindIII fragment was WU2, which was
previously shown using a full-length pspA probe. Even at
high stringency, six of the eight probes detected more
than one fragment in at ieast one of the 18 strains
(Table 64). LSM7, 10 and 12 hybridized with two
fragments in more than one-half of the strains, and the
fragments detected by the oligonucleotide probes were
identical in size to those detected by the full-length
DPSpA probe. Moreover, the same pairs of fragments were
frequently detected by probes derived from the 3’ as well
as the 5’ region of Rx1l pspA. These results suggested
that the HindIII fragments from different isolates
include two separate but homologous sequences, rather
than fragments of a single pspA gene. Based on the
diversity of the hybridization patterns and the size of
restriction fragments, it is clear that pspA and pspC
sequences are highly diverse and that these loci have
considerable sequence variability as determined by
location of HindIII recognition sites.

Oligonucleotides which hybridize with a single
restriction fragments in each strain were assumed to be
specific for pspA. At high stringency, LSM3 and LSM4
detected only a single HindIII fragment in the strains
with which they reacted. Restriction fragments
containing homology to LSM3 or LSM4 were the same as
those which hybridize with all of the other homologous
probes. This suggested that LSM3 and LSM4 specifically
detect pspA rather than the pspC sequence. That LSM3
hybridizes with a single restriction fragment of WU2
further confirmed that this oligonucleotide is specific
for pspa. Sequences from the portion of the gene
encoding the second proline region (LSM111l) and the C-
terminus (LSM2) appeared to be relatively specific for
pbsphA since they generally detect only one of the HindIII
fragments of each strain.
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Oligonucleotides LSM12 and LSM10 were able to
detect the most conserved epitopes of pspA and generally
hybridize with multiple restriction fragments of each
strain (Table 65). LSM7 was not as broadly cross-~
reactive, but detected two pspAs in 41% of strains
including almost 60% of the strains with which it reacts.
Thus, sequences representing the leader, first proline
region, and the repeat region appear to be relatively
conserved not only within pspA but between the pspA and
psSpC sequences. LSM3, 4, and 5 hybridize with the
smallest number of strains of any oligonucleotides (29-35
percent), suggesting that the ao-helical domain is the
least conserved region within pspA. In strains BG58C and
1.81905 oligonucleotides detect more than two HindIII
fragments containing sequences with homology to pspA.
Because of the absence of HindIII restriction sites
within any of the oligonucleotides it was unlikely that
these multiple fragments result from the digestion of
chromosomal DNA within the target regions. Also, the
additional restriction fragments were detected at high
stringency by more than one oligonuclieotide. Possibly,
in these two strains, there are three or four sequences
with DNA homology to some portions of pspA. The probes
most consistently reactive with these additional
sequences are those for the leader, the alpha-helical
region, and the proline~rich region.

The oligonucleotides used as hybridization
probes were also tested for their utility as primers in
the polymerase chain reaction (PCR). Amplification of
pspA from 14 strains of S. pneumoniae comprising 12
different capsular types was attempted with the primers
listed in Table 63. LSM2, derived from the 3’ end of
PspA, were able to amplify an apparent pspA sequence from
each of 14 pneumococcal strains when used in combination
with LSM111, which is within the sequence of pspA
encoding the proline-rich region. Combinations of LSM2
with primers upstream in pspA were variably successful in
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amplifying seguences (Table 65). The lowest freguency of
amplification was observed with LSM112 which was derived
from the Rx1l sequence 5’ to the pspA start site. This
oligonucleotide was not used in the hybridization
studies. DNA fragments generated by PCR were blotted and
hybridized with a full-length pspA probe to confirm
homology to pspA.

Further evidence for variability at the pspa
locus comes from the differences in the sizes of the
amplified pspA gene. When PCR primers LSM12 and LSM2
were used to amplify the entire coding region of Pspa,
PCR products from different pneumococcal isolates ranged
in size from 1.9 to 2.3 kbp. The regions of pspA which
encode the a-helical, proline-rich, and repeat domains
were amplified from corresponding strains and variation
in pspA appears to come from sequences within the a-
helical coding region.

Table 65. Amplification of pspA by PCR using the
indicated oligonucleotides as 5’ primers in
combination with the 3’ ~ primer LSM2.

5/ - primer Domain Amplified/ Percent
Testead amplified
ILsM112 =35 (upstream) 2/14 14
LSM12 leader 8/14 57
LSM3 a-helical 3/14 21
LSM7 proline 12/14 86
LSM111 proline 14/14 100

These studies have provided a finer resolution
map of the location of. conserved and variable sequences
within pspa. Additionally, regions of divergence and
identity between pspA and the pspC sequences have been
identified. This data confirmed serological studies, and

demonstrated that pspA and pspC sequences are highly
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variable at the DNA sequence level. The diversity of
HindIII restriction fragment polymorphisms contained pspa
and the pspC sequence supported earlier data using larger
probes that detected extensive variability of the DNA in
and around these sequences.

A useful pspA-specific DNA probe would identify
Rx1 and WU2 pspA genes, in which restriction maps are
known, and would identify only a single restriction
fragment in most strains. Two probes, LSM3 and LSM4, do
not hybridize with more than one HindIII restriction
fragment in any strain of pneumococcus. Both of these
cligonucleotides hybridize with Rx1l pspA and LSM3
hybridizes with WU2 pspA. However, each of these probes
hybridize with only four of the other 15 strains. When
these probes identify a fragment, however, it is
generally also detected by all other Rxl-derived probes.
Oligonucleotides from the second proline-rich region
(LSM111l) and the C-terminus of pspA (LSM2) generally
identify only one pspA-homologous sequence at high
stringency. Collectively, LSM11l1l, 2, 3 and 4 react with
16 of the 17 isolates and in each case revealed a
consensus DNA fragment recognized by most or all of the
oligonucleotide probes.

When an oligonucleotide probe detected only a
single DNA fragment it was presumed to be pspaA. If the
probe detected multiple fragments, it was presumed to
hybridize with pspa. If the probe detected multiple

fragments, it was presumed to hybridize with pspA and the
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pPspC sequence. Based on these assumptions the most
variable portion between pspA and pspC is the region .
immediately upstream from the -35 promoter region and .
that portion encoding the a-helical region. The most
conserved portion between pspA and pspC was found to be
the repeat region, the leader and the proline-rich region
sequences. Although only one probe from within the
repeat region was used, the high degree of conservation
among the 10 repeats in the Rx1l segquence makes it likely
that other probes within the repeat sequences would give
similar results.

The portion of Rx1l pspA most similar to the
pspC sequence was that encoding the leader peptide, the
upstream portion of the proline-rich region, and the
repeat region. The repeat region of PspA has been shown
to be involved in the attachment of this protein to the
pneumococcal cell surface. The conservation of the
repeat region within pspC sequences suggests that if
these loci encode a protein, it may have a similar
functional attachment domain. The conservation of the
leader sequence between pspA and the pspC sequence was
also not surprising since similar conservation has been
reported for the leader sequence of other proteins from
gram positive organisms, such as M protein of group A
streptococci (Haanes-Fritz, E. et al., Nucl. Acids Res.
1988; 16: 4667-4677). .

In two strain, some oligonucleotide probes

identified more than two pspA-homologous sequences. In
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these strains, there was a predominant seguence
recognized by almost all of the probes, and two or three
additional sequences share homology with DNA encoding the
leader, a-helical, and proline region, and they have no
homology with segquences encoding the repeat region in the
Cc-terminus of PspA. These sequences might serve as
cassettes which can recombine with pspA and/or the pspcC
sequences to generate antigenic diversity.
Alternatively, the sequences might encode proteins with
very different C-terminal regions and might not be
surface attached by the mechanism of PspA.

Oligonucleotides which hybridize with a single
chromosomal DNA fragment were used as primers in PCR to
examine the wvariability of domains within pspaA. These
results demonstrate that full-length pspA varies in size
among strains of pneumococci, and that this variability
is almost exclusively the result of sequences in the
alpha—-helix coding region.

EXAMPLE 12 -~ CLONING OF PspC

Chromosomal DNA from S. pneumoniae EF6796,
serotype 6A clinical isolate, was isolated by methods
including purification through a cesium chloride
gradient, as described in Example 8. The HindII-EcoRI
fragment of EF6796 was cloned in modified pZero vector
(Invitrogen, San Diego, CA) in which the Zeocin-
resistance cassette was replaced by a kanamycin cassette
(shown in Figure 18). Recombinant plasmids were

electroporated into Escherichia coli TOP10F’ cells (F’
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{lacI%et®} merA A(mrr-hsdRMS-mcrBC) ¢80lacZAM15 AlacX74
deoR recAl araD139 A(ara-leu)7967 galU galK rpslL endAl
nupG] (Invitrogen).

The 5/ region of pspA.Rx1l does not hybridize to
pspC sequence at high stringencies by Southern analysis.
Utilizing both the full-length Rx1 pspA probe, and a
probe containing the sequence encoding a-helical region of
PspA, it was possible to identify which DNA fragment
contained pspA and which fragment contained the pspcC
locus. The pspC locus and the pspA gene of EF6796 were
mapped using restriction enzymes. After digestion of
chromosomal DNA with HindIII, the pspC locus was
localized to a fragment of approximately 6.8 Kkb.
Following a double digest with HindIII and EcoRI, the
pspC locus was located in a 3.5 kb fragment. To obtain
the intact pspC gene of EF6796, chromosomal DNA was
digested with HindIII, separated by agarose gel
electrophoresis, the region between 6 and 7.5 kb
purified, and subsequently digested with EcoRI. This
digested DNA was analyzed by electrophoresis, and DNA
fragments of 3.0 to 4.0 kb were purified {(GeneClean,
Biol01l, Inc., Vista, CA). The size-fractionated DNA was
then ligated in HindIII-EcoRI-digested pZero, and
electroplated into E. coli TOP1lOF’ cells. Kanamycin~-
resistant transformants were screened by colony blots and
probed with full-length pspa. A transformant, LXS200,

contained a vector with a 3.5 kb insert which hybridized

to pspA.
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Sequencing of pspC in pLXS200 was completed
using automated DNA sequencing on an ABI 377 (Applied
Biosystems, Inc., PLACE). Sequence analyses were
performed using the University Of Wisconsin Genetics
Computer Group (GCG) programs supported by the Center for
AIDS Research (P30 AI27767), MacVector 5.0, Seguencer
2.1, and DNA Strider programs. Sequence similarities of
pspC were determined using the NCBI BLAST server. The
coiled-coil structure predicted by pspC sequence was
analyzed using Matcher.

ene probe for cloning the pspC locus

Two oligonucleotide primers, N192 and C558
(shown in Figure 19), have been used previously to clone
fragments homologous to the region of Rxl1l pspA encoding
amino acids 192-588 from various pneumococcal strains.
These primers are modifications (altered restriction
sites) of LSM4 and LSM2 which were previously shown to
amplify DNA encoding the C-terminal 396 amino acids of
PspA.RxX1l (Figure 17); this includes approximately 100
amino acids of the a-helical region, the préline rich
region, and the C-terminal choline-binding repeat region.
Using primers N192 and C558, a 1.2 kb fragment from
strain EF6796 was amplified by PCR, and subseguently
cloned in pET-9A (designated PRCT135). This insert was
then partially sequenced.

Independently, a larger pspA fragment from

strain EF6796 was made using primers LSM13 and SKH2
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(shown in Figure 19) for the purpose of direct sequencing
of seroclogically diverse pspA genes. -
The LSM13 and SKH2 primer pair result in the .
amplification of the 5’ end of most pspa gene(s) encoding .
the upstream promoter, the leader peptide, the a-helical,
and the proline-rich regions (amino acid -15 to 450)
(Figure 20). From the strain EF6796, the LSM13 and SKH2
primers amplified a 1.3 kb fragment (pspA.EF6796), which
was sequenced. The seguence from pRCT135 and the
LSM13/SKH2 PCR-generated fragment pspA.EF6796 was not
identical. The fragment obtained by PCR using primers
LSM13 and SKH2 was designated pspA based on its location
within the same chroﬁosomal location as pspA.Rxl1l. The
cloned fragment in pRCT135 was assumed to represent the
sequence of the second gene locus, pspC, known to be
present from Southern analysis. Both genes have
signifjcant similarity to the corresponding regions of
the prototype pspA gene from strain Rxl. The second gene
locus was called pspC, in recognition of its distinct

chromosomal location, not sequence differences from the

prototype pspA gene.

Analyvsis of the nucleotide and amino acid sequence of

bspC FEF6796
To test the hypothesis that pRCT135 represented

pspC of EF6796, and to further investigate pspc, the
entire EF6796 pspC gene was cloned as a 3.4 kb HindIII-
EcoR1 fragment forming pLXS200. DNA sequence of the

pspC-containing clone pLXS200 revealed an open reading
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fram of 2782 nucleotides based on the analysis of
putative transcriptional and translation start and stop
sites (Figure 21). The predicted open reading frame
encodes a 105 kDa protein which has an estimated pI of
6.09.

PspA.Rx1 and PspC.EF6796 are similar in that
they both contain an a-helical region followed by a
proline-rich domain and repeat region (Figure 20).
However, there are several features of the amino acid
sequence of PspC which are guite distinct from PspA.
From comparisons at the nucleotide as well as the
predicted amino acid sequence, it is apparent that the
region of strong homology between PspC and PspA begins at
amino acid 458 of PspC (amino acid 147 of PspA) and
extends to the C-terminus of both proteins (positions 899
and 588 respectively). The predicted amino acid sequence
of PspC.EF6796 and PspA.Rx1 are 76% similar and 68%
identical based on GCG Bestfit program for this region
(Figure 22). The nucleotide sequence identity between
pspC and pspA is 87% for the same region. Eight bases
upstream of the ATG start site is putative ribosomal
binding site, TAGAAGGA. The proposed transcriptional
start -35 (TATACA) and -10 (TATAGT) regions are located
between 258 to 263 and 280 to 285, respectively (Figure
21). A potential transcriptional terminator occurs at a
stem loop between nucleotides 3237 through 3287. The
putative signal sequence of PspC is typical of other gram

positive bacteria. This region consists of a charged
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region followed by a hydrophobic core of amino acids. A
potential cleavage site of the signal peptide occurs at
amino acid 37 following the Val-~His~Ala. The first amino
acid of the mature protein is a Glu residue.

Other than features similar to all signal
sequences, there is no homology in this region between
pspA and pspC. This confirms that pspC is present in a
separate chromosomal locus from that of pspA. The signal
sequence and upstream region have striking similarity to
the similar regions of S. agalactiae B antigen (accession
number X59771). The Bantigen of Group B streptococci is
a cell surface receptor that binds IgA. Similarity to
the bac gene ends with the start of the mature protein of
PspC, and the nucleotides are 75% identical in this
region. Thus, although pspC is in a very similar
chromosomal locus to the 8 antigen, it is clearly a
distinct protein.

The N-terminus of PspC is quite different from
the N-terminus of PspA. Prediction of the secondary
structure utilizing Chou-Fausman analysis (Chao, P.Y. et
al., Adv. Enzymol. Relat Areas Mol. Biol. 1978: 47: 45-
148), suggests that the structure of amino acids 16 to
589 of PspC is predominately a-helical. The Matcher
pProgram was used to examine periodicity in the a-helical
region of PspA. The characteristic seven residue
periodicity is maintained by having hydrophobic residues
at the first and fourth positions (a and d) and

hydrophobic residues at the remaining positions. The
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coiled—-coil region of the a-helix of PspC (between amino
acid 32 to 600) has three breaks in the heptad repeat
(Figure 23). These disturbances in the 7 residue
periodicity occur at amino acids 99 to 104, 224 to 267
and 346 to 350. The a-helical region of PspA has seven
breaks in the motif, each break ranging from a few amino
acids to 23 amino acids each. In contrast, the three
breaks in the coiled-coil motif of PspC involve 5, 43 and
4 amino acids, respectively.

The sequence encoding the a-helical region of
PspC contains two direct repeats 483 nucleotides (160
amino acids) long which are 88% percent identical at the
nucleoctide level. These repeats, which occur between
nucleotides 562 to 1045 and nucleotides 1312 to 1795, are
conserved both at the nucleotide and amino acid level
(amino acids 188 to 348 and 438 to 598) (Figure 24).
PspA lacks evidence for any repeats this prominent within
the a-helical region. These repeat regions could provide
a mechanism for recombination that could alter the N-
terminal half of the PspC molecule. Although repeat
motifs are common in bacterial surface proteins, a direct
repeat this large or separated by a large spacer region
is novel. The evolutionary significance of this region
is not kxnown. A Blast search of the repeat region and
the 267 nucleotide bases between them revealed no
sequence with significant homology at the nucleotide or
amino acid level. However, one of the structural breaks

in the coil-coiled region of PspC is the region between
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the two repeats. Perhaps some deviation from coiled-coil
structure between the two repeats is critical to maintain
the a~helical structure.

Previous studies have shown that a major cross-
protective region of PspA comprises the C-terminal 1/3 of
the a-helical region (between residues 192 and 260 of
PspA.Rx1). This region accounts for the binding of 4 of
5 cross-protective immunity in mice. Homology between
PspC and PspA begins at amino acid 148 of PspA, thus
including the region from 192 - 299. The homology
between PspA and the PspC includes the entire PspC
sequence C-terminal of amino acid 486. Based on the fact

_ that PspA and PspC are so similar in this region known to
be protection-eliciting, PspC is also likely to be a
protection-eliciting molecule. Because of close sequence
and conformational similarity of the proteins in this
region, antibodies specific for the region of Pspa
between aminoc acid 148 and 299 should cross—-react with
PspC and thus afford protection by reacting with PspC and
PspA. Likewise, immunization with the PspC would be
expected to elicit antibodies cross-protective against
PspA. The differences between PspC of strain EF6796 and
PspA of strain Rx1l is no greater than the differences
between many additional Pspds, which have been shown to
be highly cross-protective.

A proline-rich domain exists between amino acid
590 teo 652. The seguence, PAPAPEK, is repeated six times

in this region. This region is very similar to the
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proline-rich region of PspA.Rx1l which contains the
sequence PAPAP repeated eight times in two proline-rich
regions. These two regions of PspA.Rxl1l are separated by
27 charge amino acids; no such spacer region is present
in PspC.

Many cell surface proteins of other gram
positive bacteria contain proline-rich regions. These
are often associated with a domain of protein that is
predicted to be near the cell wall murein layer when the
protein is cell-associated. For example, in M proteins
of S. pyogenes this domain contains both a Pro- and Gly-
rich regions. The fibronectin-binding protein of S.
pyogenes, S. dysgalactiae, and Staphylococcus aureus
contains a proline-rich region with a three-residue
periodicity (pro-charged-uncharged) that is not found in
PsplA or PspC. An M-like protein of S. equi contains a
proline-rich region that is comprised of the tetrapeptide
PEPK. This region lacks glycine normally found in the
preoline regions of M-proteins. The last proline repeat
region of this molecule is PAPAK, which is more similar
to the proline-region of PspA and PspC than it is to M-
proteins.

Proline-rich regions of gram positive bacterial
proteins have been reported previously to transit the
cell wall. The differences in proline-rich regions of
proteins from diverse bacteria may reflect differences in
protein function or possibly subtle differences in cell

wall function. Proline-rich regions are thought to be
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responsible for aberrant migration of these proteins
through SDS-polyacrylamide gels.

The repeat region of PspC is a common motif
found among several proteins in gram positive organisms.
Autolysin of S. pneumoniae, toxins A and B of Clostridium
difficile, glucosyltransferases from S. downei and S.
mutans, and CspA of C. acetobiltylicum all contain
similar regions. In PspA these repeats are responsible
for binding to the phosphatidylcholine of teichoic acid
and lipoteichoic acid in cell wall of pneumococci.
However, bacterial proteins containing C-terminal repeats
are secreted, which may imply either a lost or gained
function. Although all of these proteins have similar
repeat regions the similarity of the repeat regions of
PspA and PspC is much greater than that of PspC to the
other proteins (Table 66).

Interestingly, PspC like PspA has a 17 amino
acid partially hydrophobic tail. The function of this 17
amino acid region is unknown. In the case of PspA it has
been shown that mutants lacking the tail bind the surface
of pneumococci as well as PspAs in which the tail is
expressed. Presently, it is now known whether PspC is
attached to the cell surface or secreted.

PspA and PspC proteins both have a-helical
coiled-coil regions, proline-rich central regions, repeat
regions, with a choline binding motifs, and the C-

terminal 17 amino acid tail. PspA and PspC share three
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regions of high sequence identity. One of these is a
protection-eliciting region present within the
a-helical domain. The other two regions are the proline-
rich domain and a repeat domain shared with other choline
binding proteins and thought to play a role in cell
surface association. The similarity throughout most of
the structure of the PspA and the PspC molecules raises
the possibility that the two molecules may play at least
slightly redundant functions. However, the fact that the
N-terminal half of the protein is not homologous to any
of the a-helical sequence of PspA suggests the PspC and
PspA may have evolved for at least somewhat different
roles on the cell surface. One of the most striking
differences between the two molecules is the single
repeat in the a-helical region of PspC. Although neither
the exact function of PspA nor of PspC are known, the
observation that a major cross-protective region of PspA
is highly homologous with a similar region of PspcC,
raises the possibility that both molecules are
protection—eliciting and elicit cross-—-protective
antibodies.

The sequence sinilarity between ihe promoter
region of the pspC gene and the bac gene from group B
streptococci is very intriguing. It implies that an
interspecies recombination event has occurred and, this
interspecies recombination has contributed to the
evolution of the pspC. The pspC gene thus has a chimeric

structure, being partially like pspA and partially like
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the 6 antigen. 1In the latter case, all protein
similarity is limited to the signal sequence. Similar
interspecies recombination events have contributed to the
evolution of the genes encoding penicillin binding
protein.

Using analogous procedures, a second PspC
sequence was isolated from strain D39 of S. pneumoniae.
Figures 25 to 29 show the sequence data of PspC from
strain D39, complete from upstream of the promoter
through the proline-rich region. Strain D39 has the same
genetic background as strains Rxl1l, from which DSpA was
sequenced. D39 and Rx1l have the same pspC gene based on
Southern blot analysis.

The alpha-helical encoding region of the D39
pspC gene is one third of the size of the homologous
region from the EF6796 pspC gene. The proline-rich
region of the D39 pspC gene was more similar to Rx1 DPsSpA
than to EF6796 pspC. Even so, the two pPspC genes were
86% identical at the nucleotide sequence, and 67%
identical at the amino acid level.

In the alpha-helical sequence of EF6797 pspC a
strong repeat was observed. This was absent in the pbspC
sequence of D39. The D39 pspC sequence also lacks a
leader sequence, found in the EF6797 pspC sequence.

This data strongly indicates that there is
variability in the structure of pspc, similar to previous

observations for pspA. In the case of pspC, however, the
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extent of variability appears to be even greater than

that which has been observed for pspA.
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Table 66G.
PERCENT HOMOLOGY OF CHOLINE BINDING REGIONS
Percent
similarity/identity
Protein Organism PspA PspC
PEpPC S. pneumoniae 86/60 100/100
Bacteriophage Cp- S. pneumoniae 56/30 56/28
1
LytA S. pneumoniae 57/33 61/32
Pspa C. perfringens 64/45 59/42
alpha toxin C. novyi 54/29 57/33
CspB c. 58/36 61/45
acetobutylicum

Having thus described in detail certain

preferred embodiments of the present invention, it is to

be understood that the invention defined by the appended

claims is not to be limited by particular details set

forth in the above description, as many apparent

variations thereof are possible without departing from

the spirit or scope thereof.
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1. An isolated amino acid molecule consisting
of 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. )

2. An isolated DNA molecule consisting of a
fragment of pneumococcal surface protein A gene of
Streptococcus pneumonia encoding the isolated amino acid
molecule of claim 1.

3. A PCR primer consisting essentially of the
isolated DNA molecule of claim 2.

4. A hybridization probe consisting
essentially of the isolated DNA molecule of claim 2.

5. An immunological composition comprising the
amino acid molecule of claim 1.

6. An isolated DNA molecule consisting of
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.

7. A PCR primer consisting essentially of the
isolated DNA molecule of claim 6.

8. A hybridization probe consisting
esseﬁtially of the isolated DNA molecule of claim 6.

9. An isolated DNA molecule consisting of a
fragment of a pneumococcal surface protein A gene of
Steptococcus pneumoniae consisting of a nucleotide
sequence (5’ to 37) selected from

CCGGATCCAGCTCCTGCACCAAAAAC;
GCGCGTCGACGGCTTAAACCCATTCACCATTGG;
CCGGATCCTGAGCCAGAGCAGTTGGCTG;
CCGGATCCGCTCAAAGAGATTGATGAGTCTG;
GCGGATCCCGTAGCCAGTCAGTCTAAAGCTG;
CTGAGTCGACTGGAGTTTCTGGAGCTGGAGC;
CCGGATCCAGCTCCAGCTCCAGAAACTCCAG;
GCGGATCCTTGACCAATATTTACGGAGGAGGC;
GTTTTTGGTGCAGGAGCTGG;
GCTATGGGCTACAGGTTG;
CCACCTGTAGCCATAGC;
CCGCATCCAGCGTGCCTATCTTAGGGGCTGGTT; and
GCAAGCTTATGATATAGAAATTTGTAAC.
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10. A PCR primer consisting essentially of at
least one isolated DNA molecule of claim 9.

11. A hybridization probe consisting
essentially of at least one isolated DNA molecule of
claim 9.

12. PCR probe(s) which distinguishes between
pspA and pspA-like nucleotide seguences.

13. PCR probe(s) which hybridizes to both pspaA
and pspA-like nucleotide sequences.

14. 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 solution, and

growing the pneumococci in a second medium
containing an alkanolamine and substantially no choline.

15. A PspA extract prepared by

growing pneumococci in a first medium
containing choline chloride,

eluting live pneumococci with a choline
chloride containing salt solution,

growing the pneumococci in a second medium
containing an alkanolamine and substantially no choline,
and purifying PspA by isolation on a choline-Sepharose
affinity column.

16. An immunological composition comprising

the extract of claim 14.
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17. An immunological composition comprising
the extract of claim 15.

18. An immunological composition comprising
full length Pspa.

19. A method for enhancing immunogenicity of a
PspA-containing immunological composition comprising
including in said composition the C-terminal portion of
PspA.

20. An immunological composition comprising at
least two PspaAs.

21. The immunological composition of claim 20
wherein the PspAs are from different groups based on
RFLP.

22. PCR amplification product from a primer as
claimed in claims 3, 7, 10, 12 or 13.

23. An isolated DNA molecule consisting of a
nucleotide sequence homologous to a portion of PSpPA.

24. An isolated amino acid molecule comprising
pneumococcal surface protein C, PspC, of Streptococcus
pneumoniae having alpha-helical, proline rich and repeat
regions.

25. An isolated DNA molecule comprising a
pneumococcal surface protein C gene of S. pneumoniae
encoding the isolated amino acid molecule of claim 24.

26. A PCR primer consisting essentially of the
isolated DNA molecule of claim 25.

27. A hybridization probe consisting

essentially of the isolated DNA molecule of claim 25.
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28. An immunoclogical composition comprising
the amino acid molecule of claim 24.

29. An isolated amino acid molecule of claim
24 having strong homology with pneumococcal surface
protein A, PspA, of S. pneumoniae from amino acid 458 of
PspC, corresponding to amino acid 147 of Pspa, extending
to a C-terminus of PspC and PspA.

30. An isolated amino acid molecule of claim
24, further comprising a signal sequence consisting
essentially of a charged region followed by a hydrophobic
core of amino acids.

31. An isolated amino acid molecule of claim
24, wherein the alpha-helical region further comprises a
seven residue periodicity and a coiled coil region having
three breaks in a heptad repeat.

32. An isolated amino acid molecule comprising
pneumococcal surface protein C, PspC, of S. pneumoniae
having alpha-helical, proline rich and repeat regions,
wherein the alpha-helical region comprises a q—terminus
having substantial homology with a protection-eliciting
region of PspA.

33. An isolated DNA molecule comprising a
pPneumococcal surface protein C gene of S. pneumoniae
encoding the isolated amino acid molecule of claim 32.

34. A PCR primer consisting essentially of the
isolated DNA molecule of claim 33.

35. A hybridization probe consisting

essentially of the isolated DNA molecule of claim 33.
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36. An immunological composition comprising
the amino acid molecule of claim 32.

37. An isolated amino acid molecule of claim
24, further comprising a 17 amino acid, partially
hydrophobic tail.

38. An isolated aminoc acid molecule of claim
32, further comprising a 17 amino acid, partially
hydrophobic tail.

39. An isolated amino acid molecule of claim
24, further comprising an epitope of interest.

40. An isolated amino acid molecule of claim
32, further comprising an epitope of interest.

41. An immunological composition comprising
the amino acid molecule of claim 39.

42. An immunological composition comprising

the amino acid molecule of claim 4o0.

SUBSTITUTE SHEET (RULE 26)




CA 02232033 1998-03-13

WO 97/09994 PCT/US96/14819

| /69

I 2 3456 17 8

- - - -

204-

164~ -

1.02 - =

o6 - F/G. /1A
| 2 345 6 7 8

204

164-

102- -

5i6-

SUBSTITUTE SHEET (RULE 26)




CA 02232033 1998-03-13

WO 97/09994 PCT/US96/14819

2 /89

3 4 5 6 1 8 9
|

91.4

66.2

45.0

31.0

219 =

SUBSTITUTE SHEET (RULE 26)



CA 02232033 1998-03-13

WO 97/09994 PCT/US96/14819

3769

WG%‘H l WG4‘4,I l NW |STD.
200kDa

116
974
84 kDg —

SUBSTITUTE SHEET (RULE 26)



-

CA 02232033 1998-03-13
PCT/US96/14819

WO 97/09994

4/ 69

MC27 MC28

TOP OF GEL e

190 KDg =

82K Dq

14

D2 2A4 D2 2A4
XiR218 XiR278

FI1G. 4

SUBSTITUTE SHEET (RULE 26)




CA 02232033 1998-03-13

WO 97/09994 PCT/US96/14819

°/69

MC25  MCZI MC2>  MC2T
RX|  MC26 MC28 RX1  MC26 MC28

91 Kb eum L 9.1 Kb—
77 Kb o

42Kp— d..... A &b

36kb— =7

——t o &Y o
]

.

2

pLSMpspAl3 /2 pLSMpspAl2 /6

F1G. 5A F1G. 568

SUBSTITUTE SHEET (RULE 26)




CA 02232033 1998-03-13

WO 97/09994 . PCT/US96/14819

6/69

2 1kb- - -

| dkb- -
| Okb | 1kb-
0.8kb~
0.7kb -

Il

0 9kb

0 .4kb-

FI1G. 6

SUBSTITUTE SHEET (RULE 26)



CA 02232033 1998-03-13

WO 97/09994 PCT/US96/14819

1769

REPEATS TAIL

8123456789104**0

PROLINES

7NNNNNNNN\\\\\E

-HELICAL

LEADER

SUBSTITUTE SHEET (RULE 26)

51

310

LSHT™
[SHS

288

N

!

[

52

B
K]

M~ ST

L3~

g

LSH2 LSHG

LSHE

LSM3

i

LSM6

FIG.7




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

8 /69

8__&_

T1BYHUOISNVHL INOEY

JTBYNHOISNVYL-NON N3CY

»

8 9/

X9y Iy

wz_zgﬁﬁ

(S0664) XY o

JONILI4H0D
404 NOILOTTS

( S0p64) 319YWHOSNYHL YIEH

SLAVINA THOIO0TORHON *

o=

(bE61 ) (HINOY) 9¢
|

(9161) (3NSdYY TT JdAL) 660

JHOSOHONH) 301 OLNI Q3LVAILNI
40 1501 §3HLIT YWSYd

SUBSTITUTE SHEET (RULE 26)




CA 02232033 1998-03-13
WO 97/09994

PCT/US96/14819
9 /89
FIG.9
R
RIBA R&x  Rel _R6x
039 RIGNC | R3BA | R3GNC
(5 LADDER. | ) ‘039[ | |Rel | to LoD

¢ r ¢

-

SUBSTITUTE SHEET (RULE 26)



CA 02232033 1998-03-13

WO 97/09994 PCT/US96/14819

10/ 69
FI1G./0
DB3,68 DBg.loa  DB20.I9A
DB2,6B |  DB7.23F|  DBI9.I9A
DB1.6B DB6.23F | |DBIS,I9A | |DB2I,I0A
kb LADDER ] 084,68 DBg,23F| kb LADDER
& -
. e
[ J
iR -
1 0 e mmm
- - e -
516 _
s mma® WET

SUBSTITUTE SHEET (RULE 26)




CA 02232033 1998-03-13

WO 97/09994 PCT/US96/14819

£F3096 FI1G.1/

EFB616A
EFG%)Fg%S BG7736
794)
BGS163 BG?%?QS AC99
kb LADDEF} | EF4|135| AClIB l kb LADDER
5 e
uo -
20 - -
16 . ™
- - - -— -
10 - -
516 -
94

SUBSTITUTE SHEET (RULE 26)




CA 02232033 1998-03-13

WO 97/09994 . PCT/US96/14819

12 /69

FIG. /2
EF3296

BGT736

BG794!
BGT619
FEﬂBSI

kb LADDER
AC39
ACHBI !
|

it s
¢t e

2.0
| 6
- --- - o o™ =
.0 et - - «
-
56 -
394 :‘: -

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

13 /69

den

© 4 4 8 P E A PELY S aEas s ase mm Tt b et ' o.o..v...mﬁmaam.ﬂg

ITISYVMVNE WIEIODIOK CECOIOVYEY SVIADITXXA XIIYTISHKX
4¢anmm¢om ONYA® dvaay m>x9&0m4>x OYOTIVASYT mBqstmmxz

> 60 4 8 00 b0 L 2 4 [

0 8 S P F PN P E T SN S E e s e umwsENRRs P . . & [ 2N DA I I B I

seesessens venesnene e TUTTYINNTY OINSOSAYAX YIOHARLVAL
AOQYYODNENT OIELNIOd ZaON0vaIy ¥ IVIEA RITVISYIN
YYAAMITYIS OSYAAVITY YATIADSIAT DVOTIVASYT SLTINDDINK

oooooooooooooooooooo

¢ o & 6 8 8 0 0 2 e v e 8w s v 3 6 b b e 4 h 8 Ve ¢ ¢ » » s 8 e s oo >§mm;
IRIANAITYY CIMIDDIEVAE Eeo&mmao IX* OTATET MAI0X0INIO
TVHSYONT & NOIEIALDIOA gy ° WIVAAT DRYNIYAHA

YIQADIIYIS OSYA*dVITY YATLAOVIAT o«maHmbmmd SLITVDDIMNK

..................................................

SRR - INDIVAYT OISO MH°°* " AEAX YIOAYIIVID

YIAANTIN 'Y meamemmoo AAMOYAIY ¥ DYIEA CDVLATIY
YIRXDITISE MAAADISTAY UATLIESYAL DIOTIVASYT STTTIDDMNA

oxdgzelba

oxdg(LT116d

"TP6eSY

£0£9003¥

- (seousnbas ydsd pajersI YiTM quswubTIR SZTWIXeW 03 PajIasuf
' SANED ..,.Emm INFHIIITA 40 aNE TYNIRNIL-ZHN HHL NI SEONIADIS ATOY ONIWY

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

14 /69

g¢l 914

....................
oooooooooooooooooooooooooooooooooooooooooooooooooo

--------------------------------------------------

- AYICIAAY AYNTENNOQ HAANIOTIY SATRIHVEY IAVLYNNA
YYAADIIIS JSYA*dSAaY YAALJUSIAT OVOTIVASY STTIVDDDRINA

....................

............................................. %

UNTIIATAIHY TYOITIOOYS NLINNISONT OIVVTITIIX VIIAVANTI
JIOAY " YAAT AIFIDLNAA DOADIOTEIY FATOTIIA DIAVYESN
TYOAMIAYOS ONVA'dYaay MAALJOSYAT OVYIIVASYT SLTIHDIRNA

....................

llllllllllllllllllllllllllllllllllllllllllllllllll

oooooooooooooooooooooooooooooooooooooooooooooooooo

.......... P YTYAIOY BAANMOYAIY L°° "dMVAIA YILVVESTD
YAQADITTId OSYA'd¥ady MAJILJOSIAT OYDTIVASYT] SLIIIDIMAN

.......... TYTTYRAR
SYVTYANTIV AQARDIANE TNMATRMN0 (IYTIdAdT ATTIAAA
NTENMIONYY NISEQIYIO MYNENANTIS NIOADOANAR YNOATS IIY
IDISYATYYY - YIIELINE0D HAAMOVIEN A7 "NIVIEA VYYISIDIX
YWXATIIYIS 0SYD" VY YATIA0SINT O¥DTIVASYI SITIFDTRINA

oxdg¢8g8hd

oxd¢yL8hd

0xd06086d

oxd195L5€

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

15 /69

---------- .ﬂ.Had.aﬁHE
WAV TIAY YALADEVET AMIATOSTENL MVATSYTMHYH ATAOINIAAT
MPITINITYE IDIMMIYET HODIIASSNS THESITANT NTOACINYIO
OIISYHIA 'Y YYNEEIYHOA auayagy: ' "' WIVAAT TITYNTYTDT
YIAADITTES OSYA° AVIAY YAALIJSYAT DYDTIVASYT SLTIIDIMNK

--------------------

..................................................

....... ,-. YRR RN ..-c...%zad%mmxmméqaéﬂc
QUISVAAL g NENIFSMNOA AAEOVYAY E7 70707 2T QERIVTASNEA
YYAXMIIYAS OSVA°dVIAY YAALJOSYAT OYDTIVASYT SLTIHDIRINA

....................

..................................................

AYHSYORA X IMFIINI0T aaxioe- - <0 WITIAT YIIYNIYQDT
YYOATIAYES OSYA dYEEY JAALADSYAT DVOTIVXSYT SLIIFDRDRINKW

VATDIHOOSHE THYXNYT1IAN
ANDMIATIONY VALANMAVIHE ANIATOSHLY AANISHHNYA J730dNANANT
THYTINGTY0 NTIONIYIT HDDIIASSNS INYSTTANT FI0AMINYAD
0aISYDIT Y VMAHIYYOX aQuadapg:' " ' °° WIVIAT DNV
YIAZMIAYAS OSYA " dVIAY SSYAT HVDTIVASYT SITINLIINA

oooooooooooooooooooo

..................................................

THASYYNYND  OI3.L0d %Ea% AVTADINAIA TVVASMA
YAADIAY0S ONYA ' dYAEY YATIAOSYAT OYOTIVASYT STTIFCDDINK

oxdreyTad

02dsTaa

oxd11qa

oxdg¢Lebd

oxd¢o16bd

SUBSTITUTE SHEET (RULE 26)




9994

WO 97/

16/ 69

asl 9l

....................

oooooooooooooooooooooooooooooooooooooo § mqmomg
TIMTINITYO NEMEDIAYIT WELITASSNS TNUDATANAT NIOAQINYED
GAISYOLE 'Y VONTHTHNOX qQuANadyt -ttt WIVAAT TN

VIIAQTIVIS OSYA* dYIIY HAALISSYAT HYODTIVASYT SLTINLDINW

OOOOOOOOOOOOOOOOOOOO

s a » 8 a8 8 8 & 8 e & % & 8 8 8 0 8 -.-oa... -------- -EHOE-.HWQE&SH
JADDIOYINR QUENINAYI HYSINOSNH NETYLIAAIA VIOAREIVNIY
TTISYYMY 'Y TUNHSIN0q SEAOVEYY A" ° VAR CIIVVAANE]
YTAIMITISS MAAMOIYITY HARIAOSINAX DEDTIVASYT SITINELDINK

....................

...................... WXAXOAIL dAIVANTINI NINNTG1a00a
VHTISAA SITMNMOATYd SYXMSUBNSA N *° " XTMR YNOAATYACT
POSYTYE 'Y SYNEAIEI0Q aIAnoyaay ¥° ¢ MYIAR CRVLATIY
VIRATATSS MAANDISTAY YAILAOSIAT DYDTINASYT SLTINLDRINA

YORTIHAINE AL¥ILd0INAL

VVEEVATION VALADIEVIT AMATOIIY YAATSYYEYH ITI04NIAAT
TNTNAAY0 NTNEDEVET WALIIASSNS THHO0TANT X I0AMINTD

STISYOOT Y YVHTATHHORA avaiady’ 't WIVAIT CIIYNEYOET

YYAXAYAYNS OSYA'dSAAY YATIJOSINT DYDTIVASY] SLTIDTANN

llllllllllllllllllll

oooooooooooooooooooooooooooooooooooooooooooooooooo

...... TOY0 YDIODEYEI WIMRMIASSNS TNIOATAMAT TIOACINGAO
OEISYHIA Y VOIEIIYNOR quaaady: - "7 WIYEIT TIIYNAY
YIOKDIATES 0SYA dVady MAATJISYAT DVODTIVASY'T SITIIODIINK

01dG06T18T

0xdg6.93H

oxdggzeld

0xd/6T0TIE

01de9Tdd

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

|7 /69

£/ 914

llllllllllllllllllll

--------------------------------------------------

...... VI HYNEVESTIV OVELDNAND mI0vY1aanT YOOSHINGYO
HAFAIN AV YODEING Za0MOTYIV aaTRI0VadA CRIYNIVMD
WYOAMIANIS OSYIASYAAY YATYAdSIAS A¥OTIVASYT SIATTLIINA

.............. ainint
MINTAINY AADTIIONIT NTAON0 OMiOnnT ASAUNTIATO
DAATTIANDL WMINYHIVAM IMMAVDNDS ANSYOTAVIX YOOAMILYEY
TIASHINE " YMYAIMIOT an0vaay 1° * VIR MRIYTEsIIA
THAAIATYS ONUA® dVEAY YAILASSYAL OYVOTIVASYT SIITICCTANK

ADANVAIRDY AVETTIIVE CODIYDIdI YIVITODDIL Z¥I0ddadnn
RLIMTILDNY SYANTHIOVE ATIONYI 'Y MNSVHOAYIE YOOATALNIY
TYASYINETH *WIEHIN0d QIONMOYANY FATEMVAIR RRTTISTIA
YYOXINEYNS OSYA® ISTTY MATLAOSYAT OVDTIVASYT SITINDMNA

MIOMVILDD SVITTIVIVI TTNITIAVY OMYIISIMI FYI0adIdAN
NYUALNINIY YHITMNIVAQ IIDQYVOINY JAIVOOAVIA YOOAVYAYAU
NEESYVIAIY COIEELDIOq ZaRMOTRIY aaTiivadan VRN @E
YYORDIAYYS OSYA°dSIaY JAALIOSYAI OVOTIVASYT SLTIDDIW

oxdz 69958

0xdg99sFd

oxdznm

oadixg

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

18 / 69

4¢/ 914

00100-00.—0 e+ & & 0P 42

' ' *XdldSdd [IXd¥ddSXIH dIXXXdddTX
qqqmmHaxqm TXIXAXIIKK qummmmmmm mmwmmxmmxm ¥SRATAIANT
TXRTINIXLT XSXAXAXHNY dIISKIXSKN XXTIIEOXSd OHXTXHOTXX
YXQXAOIdHS OSYY ' dSEAY MATLADIXAT XUDSIVVSYT mquzmxmzz

[ 20 T N N I I B N e ® a s s 8 a1

[N ST T T I ) s ¢ 8 % 6% 8 0

......... w b o 6 b & 0 4 & "0 8 & 0 00 0 s

U2 T T TR Y T BN B S 0 0 0 0 V8 2

.......... R S T IO 2 B T B N 28 0 8 4 & 0 0 0 2 A ® a® ¢ e » u o8

oooooooooooo

------------------------------

AYARAMAANS HUY HAIVIAD VANIADSLIS XWDJIIVVEVT SIMIIDINNK

oxdg10e28T

01d99Y

oxdzzToy

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

............... (] a b w e s 84 0 ¢t 0 LR O T B I B I I

....... I dOJLA0E dY dVaAVddIdNd ¥avd ' t0dd¥ dY
Crrgyd - c0d DEYALd0Ad ddydrgdt o vttt *OdaNdydyd
[0 R cc o+ rg30dydyd xFIdgaseadt o vttt OTAN TYVATIAOLN
TTTODILYTY NITYY: © * °L dQasavooTT IFINSTHENHET ASAMNATOIY
QTEY * C 0 ERVENAIIAl IMOFJQTSAT THOTILOHON TIVOMYYTHd

m%qH¥mzm 38 oooooooooooooooooooooo [ s 8 5 60 0 0 UNN)ﬂom

oooooooooooooooooooooooooo e P 0 0% 3T e

.......... ceeseece e qYIAIOEdNd VYA NI dJ000TINA

FEASYEYATT TYOOaaLdad Adydyd- - -~~~ °° LS SRR (6
wqgtc ctt  EDIdYdYd 1AEHANdd O TANTELATYY dYLATYdIN

NTOANHALTY MATOOMAXAD ANNOIIANIA SATHIATIAT HSAONATASA
ONATYOINSG HSYRNATHAd IFDOdaTIv] ANATOIOSAH I@id” "' "L

19769

QINJXVYID YMOAYLINAT A* """ "°°° °°777 Preer o rererreret DE0E9IPIY

I LR I I zwzmdgm m&mm%&. mmam.qm --------------

*MAIYIYINT VAAAYANHYd MEV Y " " °HdVdVdid ' 'd¥dvdid

Mottt HYANAAYd ¥d0d *YAY4IAIAA ADAITAVEYS

HTIODIEYIL IFIDENdAY ©°° 7 AANNN OTYCITIOATT AYIHVATEAT

MASTEITIST TODLIATISO TdVIIDEIL qIsdasadqray 1°° " """

b s v s 4 0 E B OB F B LGOI I PRI EES e e s A B SIS A S e Uﬂm.ﬁNch
9€E 0¢

(*sasuanbas ydsa peleTel JUSWULTTE OZTWIXEW
03 pajiesut oxe sdey ‘uorbax yora-aurfoad SY3 JO BWOS pum uotheox puwr

1o9-wydTe JO SNUTMIS3-AXOqIv) SIPNTOUI) - NOIDEY TUNINGD HHIL NI SEANINDAS

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

20 /768

Hel 914
---------------- ..VH %&B&am&& dﬁg&ommm m..m.o..o.-o
mmmmmdm addya* 't TYdud’ Tererreens OEddYdyd
b s .4m IEIEapad” T OTaN TYYdIEaL

mmmmmxexqm NV ° " "0 Q@Edayo0Tl IAINSIINAT aYAMNGTIAY
WIqIEL - mﬁ,mmoqmoo JIAOFAATINGT THFTELONIY 1IEV0AVIIAN

dTYSIFAAIY YOOTDIDYLS THAN+AVI00 mmmabomx>4 4m4m0modx>

¢ o8 8 &0 L 20 N 2N N I BN I A s 428 v 0 s 88 & 0 & 8

........ veoeeeeeseqoy qYAVADEINd AJVAYINAYY ddO0OLTINA
TIASYYYACT TWO0aYsSy=Ed MJvdyd: """ " °° ¥ayg-c ot d0dvdvd
A ALY o /< 1 /c (: " IAYIMEJAN AVDIIAYELY
TTIORYATI MEYYEIATY . "SAODOOSN DACEAMLIIN AYIFVATIAT
MASTIATATL M¢@M>aqmmo TAATIDTINR qasasIqIay 1ot

I I T I I I B ) ¢ 8 8 ¢ a8 0 s s s we e e b . b ¢ ¢ 0 8 6 0 Vo [ 20 I SN T RN B

cccccccccc

..... Creer wrerreseny mﬁﬁom&@ B GG P ICA mmaooﬁmz»
EEESYNYAQE TYODQQLNEY NE0OWd" "3 IIAVALIOV ddad0"
vees e 1LARTABAIYE VEAYAAHAOS JEDVSHDIEAN AVNIAUOVA

0@%3qqq m 8 668 s Ve seaassseese smemseseena eweens e

St 00 v P 0 b A ¢ & % 4 & 2 2 8 e 2 woa 2. e s s

2060854

996X

299¢

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

21763

I¢l 914

llllllllllllll “ a8 ¢ s e e 00 5 ¢ & a s o 8 ¢ s o

srerrr et RINAYAY AAIYANEICIT VaYANANd

' YIYdVINd VYdNAYdYd Mdvdyd "' "MIVIYdNd VAV¥d¥dydyd
gttt ‘e IdYdYaYd TYdt e ‘YaYdIEdIa ADDITAVETS

RTTODIVIIN EOYYYIA00Y *©° *0EDdS NOSQIAMIAT MVIHVAIdl
MASTEATIST YYOAYATESY TdVHIDTUAL @ISASIAIIN T°°''° """

8 2 0 ¢ e OIS ¢ & » 00 P ¢ 9P ® 0 o s 200 860 0 8 & 0 sasm s ad

.............

® & & 0 0 ¢ 8 9 4 8 & & 5 b 8w

..... * ORI MXLAINAYIY JIIYINIdId Yd¥dydyd "’

' MAVAYANE YIYAYaYdyd MIudyd” * - 'MAYdYdYd ° 't Edudid
| AR JYd ¥av¥d* 't 'YAYdIdddd AMDIIQYXVX

ooooooooooooooooooooooooooooooooooooooooooooooo

--------------------

and

oooooooooo 8 0 w oo 0 > bt o-otonvogmmagmmmmo. ¢ 8 ¢ 0 % B s o0

O MIVIYING VAVINIYdYd MAVdWYd T T T HAvavnId ' ° ' 'Ydvdvd
< S s ILdYdVdYd Mdvd" "YAYALAdAAd ATDRITAVOLN

OTEVIINATIA HANYATAODY """ °° 0EHas NIJAOAMNAT NYIEVATAdT
VASTIATIST YOHNYADISO TIVITOANIR qdSAsIaTad 1 |

iiiiiiiii
llllllllllllllllllllllllllllllllllllllllllllll

D6 EL6DE

2e91654

oEpLebda

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

221769

rel 9l4

llllllllllll ¢ v & » 4 65 v e b o b PR I T B I I

......... I M3IEANdYdY dYAYINIDNd VdYdvdyd
CMAVAYANG VAYAVAVAYd Ma¥awd' 't 'NdYdvdYd ' Ydvdyd
.mN --------- -..o...mﬂ.m ¢ e v el .....Bmmmab.gqg

SIOVEXAVLL HETOEMIA'Y ‘' DANNS OVQITOADI VAN 'TVHA

LR T I I I B [ I I I I I B A 4 ¢ 4 8 0 v ¢ &

000000000000

m....coo-oo " e e e e s e

® 2 0 s 8% D OO e 60 9 ¢ a0 0 a s s bt

...... [ I T I I BN A 4 e a a o 8 » o 8 . s o & B

o IMAINDY TAOLIHAYdY HIWAOIANd ¥avd ' 0Fdd 4y
coeavd 'OE INAYIYADEd JqYAYg T - JaIMdNdYd
o AR (- (0150 (= A" R A=t 12 (12 a < A TAN dYYATIIOLT
TAYOIXYT NATYY' ' dqESayooTT IFINSTETNET YANNdTAAY
NAEY "¢ HOYENATIAl IMo9daTsaT THATHIIN0Y THVONVY TN

IIIIIIII

--------- . "R EEEEEE ] ..-...-M,H_VH& ..m%%mmgdg
ANASHEYACH FYOOAVANTY Madavd” ~ "1 3d¥dvdoddy INAI0IYIYd
BADTYATAAD TdFLA0dYd YHIYANEA0S dEAVIMAdIN ADTAVEL
TIAIEODYYIL MEIoEdgAa” *TANNN AHYIIOET AYIHEYAIIAr
YASTIATIST YWOMYATESO TdvddDmMAL aISASAAIEN T°°°° """ "

" s 5 09 0 0B " o0 v [ POV PSS 4 nma o8N en . LI (U B IR R

OX96L9Fd

R96¢Ed

O6T0TI

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/69994

NET 914

Vaw e e s ¢ e s s e b e s vt e 28 _HhVHm .Hmmddm&m.ﬁm mmgo.ﬁg

mmmmmmawam TYONIYINTY Md0aYd " ° Pt * NAIHAYI
..... cv e symuAN QITVORDIVE IRDRNEAININ ITAIVIVRDRIS

FATVYONAY FINUAEMVAE MATITIODIA SAQSIATINT ° """ " cee

oooooooooooooooooooooooooooooo ¢ o 0w b 0 s s 60 0 8 0 e 80

T I T N IR ” 9 % ¢ 2 0 0 s 2 @ lvémﬁﬁmamm%mmm ..........

feMgYAVANd VAVANdYdYd Mdedwdt*tt tTAdudvdt U mmmmmm
' S v v e1dVdYdYd CC¥dt ' YAVAIAdE] ADITAVHEVE

TTXODIVI FAYYYIR0oY """ 0305as NIIqEAqEaT] memmamex

oooooooooooooooooooooooooooooooooooooooooooooo

------------------------------------

*RONIOMMOL A4IadMdYdY mxmmmmmmxm ¢mmm<mmm<& xmﬁmmmﬁmdm

YINIYIYII dmdm&a«mam Aqvdvd” "¥dYdYddd ¢t T Ydydud
¥ vees cegardYdyd ¥dYdT T ‘YAYdIAdEd ANDITAVAYY
FITODEVLL NATOANIRA'Y ° 777 JANNN OTW@ITOATT mmemaqmmH

oooooooo

lllllllllllllllllllllllllllllllllllllllllllllllll

OGTTIADH

0506181

PSTAa

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

24/ 69

' ADNIATYL ZJIEANIYIY AMEIVIVI” 3d¥did
MFITIVINE dY¢° "dIYdydd WIYL'N' 't CHAVAVdEd T C Td¥dVdYd
p: SR b tEYANEdYd 4mom ...... "Yd¥ALadada ACITAYEYY
HTICIEVLLD JETOEIIRY **° *TANNN DTY@ITOART MWITVATAAT

" 6 0 0 O s P ® 4 4 08 4 3 % &8s ®asw® e = s

SNIZEM mmzzomzoem RYONSNIRXM mozzoqzw,%

HSOALNAIAM WONEOMMOLY dLIdLdVEd’ BALdyd: "' * """ " -
memmmmm&m ----------------------- gzmém
MOt CHVANEdYd vaodt o "YAYdI3dEq ATIIAVETY

TITCDIAYLL YIIOMIAZY ©***  HANNN 9TW@ITOART MmHmmqamnH
AASTIADIST xﬁmxaaquo Jm«mququw qaIsSxSIaAXIA I° R

llllllllllllllllllllll

------------------------------------

4 8 6 0 08 v e e e o a @ s b e s @ nc-. ..... Vmﬁgmmcdgggmmgoyézw
FEISWIYAAE AYODAYaNdy Maddged "~ **°' 0t *NALMdYdYd

ccccccccccc

....... * 4+ 0 0 8 B @ » o 3 » ¢ v ) & PP

v ¢ % a awan ¢« 8 4 89 8 0 0 “- b v e 0By 4D

O6¢TA%H

DEZTI0U

SIRAREL

SUBSTITUTE SHEET (RULE 26)




CA

02232033 1998-03-13

PCT/US96/14819

WO 97/09994

25 /69

"= (0 i ‘e eRYAYAYd 1AW

el 914

R I R ERERE "YgYd0RANd YYDV ddO00LTNA

MMMmmmmwmm mmoooaamm& Mmom¢m "M Fd¥dydyttt 77 d0dvdvd
*TO'Yd T TMHEdEN >mm&qamm9&

Eﬁoga Oéam .« cdﬂgmo ----------------- s e a e

L N B BN BEN DN BN I NN ) ® € @ & a s ¢ 8 8 & s = ae=eess v
00 0 0 0 04 0 P 8 0 @ " 409" B az e sl [} ¢ 6 b s 000022 [ I B N B I B B

S 0 0 2 8 3 B3I B SN TS B TE ssesweseosss o ® o % 4 00 20

......... H SOCINAIAMH ONIUMMOINA ° " YaIvadEyy dd000LTINA
THRSYVAAT TYOSaqINEd Na0Eud " 'Y FANAYAY" T ©° " d0dvdvd
p:7s (6 R qYd¥adyd I3dyd """ ° " VANAJAN ATIAVELY
TITVNYYIL MEIoEydxa™ =~ .EEzz AATYYNIOCHT MYTHVATIdr

------------------------------------------------

..............

.......... EONEOAMOLY dLAALIYAL" dd¥dud
CCAGCA G0 S d vayd -t rAdedYdNd ttdyded
Meererr et EYANAAYd ¥a0dt vt "YdVALEdEd ANDITAVAY

ATIIYLL JEIOENIR'Y ° 777 TANNN DFTYOCITOAIT IYISVATAAL
MOSTITTIST YDLALOTISD TINTTOTNTR QISASIATEY 17777777

a e b 6 b2t S € 8 8 ¢ P OB P A e u s muwoerA b “ e [ 20N I IR B 1

0769958

oTX™

PG ETIRd

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

26 /69

NEI 914

[0 I A o 4 82 08 4 00 L2 T S A N A N I L I B A A

.................... *JAADRANd *YIYANEYY dd000dTINA
JEESYUVAQE INOOaaIMg vttt ver qMAYAyY” tt C t - d0dudvd
p: < (0 MMM - 1 4= (012 F50% (= S A< (1 PR *TIVANAJEN ADITAVAIN
AIERNAYId AEYYYIAOE T *° L0avdaIy %mgmq A-ARCA (¢ MR

* 00000t e ® € & % ¢ ¢ ¢ 8 8.9 & 0+ s s e ms s e s8N s 0 aE sy

¢ 6 8 ¢ 20 ¢t 0 2 8 02 s 4 6 8 & % A A 8 8 A A 8 8858 s a2 s

............... YIA0L JITYINAANY * ' d0AINOYd YAOUOITINK
MISYEYATE FYO00vdNdd Mafavd: * °M 3d3dydy” " * " °"d " 1ddvd
p:7< (0 R *AydyIdYd 1Ad¥dtc e "YAVIADIEAN AVIIAVAID
TIIVIVINTG HEYYYIA0O® ' 'YOAHasSX MAQEAMIET® Mﬁﬁaamﬂ
mamqmmqmmq YYOMYATIS)H TIVEIOIYIAR QESasIaIIy Ittt

e ¢ o & 6 € 6 0 % s 0 28 & s me ese s e e wwe e btewdes s s

...... [ 2 I I LK 2N I

vegy gVAVADEA0d CYAYANIY ddO00LTHNA

TAASHIAACE TYOOAYINTY MAOHYd " * 'Y FIP¥dY” " ' " d0dudvd
p: (o R | EYAYIJYS LEJYLC T "Yd T MEJEN ARDTTAVALA

ATAAOAYYIA DOYYSHAOZ " - YOEOMSN Md' '

lllllllllllllllllllllllllllllllllllllllllllllllll

ooooooooooooooooooo

oTTqd

0e9TUd

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

21 /7 869

®T 9 ¢ PO O VLY

0gl914
EEEREEEE ¥ dYdYdBEANG VAYAYIWAYM ddOOOLTINK

MHFSHNYAAE FYOOAYSHAd MdVdYd”

Mao- -

P rAvdYddYd LAFIandad O

TTIYOMIVIY FHTOMITIACT AHNIAYTIIN
WMINTIV ' ¢ ERYEINaTIad 13¥03da1isd

TIFTYVAYIN TTLDILYIO

LI R I I I O L B

* 4 0 8 00 e

................

DR o) { mmmmmommxm

HIHEYHRYACE FYO0aYeNdd MIVdYd "

medpoco.-.

T AYdYdddd I33dandad’o

TIIVOMINIVY A9 1OTITIAC ANNLIVTAIN

JINTHY®

WWASAYOVTA AMMAQ .....

llllllllll

C0r AYYENATAad LI03dd1Ls

........ IM dYdnabadid

AOOSWIVATT HW00OAANII HI0DVdEAIN

xmd'..-.O.

oooooooooo

4 (< G (S . ¢C S

» % 0 % ¢ 8 8 8 3 b 8 e o

llllllllll

----------

CIAAYE AL
TANTYYTTI 47" ' ' "
QITISTAAAT TIAONATYAN
INOIOYOYIE IOJITTODIT

® e 0 T O 2 ey s % 2 8 2 A%V

CELLLER LS mmaooeqmz»

> N DEEYd " MHd
TANTYYATI 4° ' I
QaDISTIAT ASADNITIIA
INITIYIYIE qmmmqmmxxa

L 2 T T B I

oooooooo

nnnnnnnnnnnnnnnnnnnn

'wAYAAT ddDDOIITUNA
mmMmammmmm m&qmamaxam

..............

--------------------

018004

OE0LTTIPE

STETOCBT

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

28 /69

o 0 ¢ ¢t ¢

dsl 914

T T I I I I I B A q

'''''''''''''''''''

.......... Ceeseeer s QUSGIOAADd C CYAYANEYM dAOOOLTINA

THASYYYAQE TYO0QAIMTY Nadavd ' * 'Y HddVIIIIV dd3d0

.......... . IdEII0EIYd YEIVINEI0S JHEVSMEdEN AVIAVELE
..... TANNN AFAVITOAET AYITVAIaal

ATFIMIVYLL NIIDALSAA”
&qumqumq M«M&doqmmm

llllllllllll L] (4

> o8 b o

nnnnnnnnn » .-Q.Q.NHM
AIASPIVAAT TY00QVSTad
L'£:0; Gl *+q430dvdyd

TTICDILVIV JT0EMTIACH
MANTIE "¢ Yvda¥d1Iad
QINOOLIVTE MMNIIV0AT

¢ 6 8 0 0

s o 4 woau o b 0 08 s & & & % 9 a @ z
NOASYIYAQT avO0avsIdd
1'¢: (C S aafdyayd

mammdmade HaTDTNIAQL

WINTHY® * mmmumnqmoa IN9OJATIST INTINANONA

LR N IR NN INE N B I B LK BN B B B A

qmmmmomxdw QmmmmeHm& l°

L2 R R B I B

o8 v 0o o}

JYIYd0Id0d Vavd' ‘MY ddO00ITINA

M%%moooo 9 ¢ 0 v &0 v 0 @8 azml.-lmmm
1A9305ad "9 EANTYYTIEE O LY
ANNIEVOIIN CITISTIAIT TYADNOTYIA
INOAIATIVT AMITITIVAT quo....am
DTIT XAIANN mmmaqamog e

ooooooooooooo

LI 4

JYAYd0TdNd VAYdYaIdvy dd0001TaNA
agyayg ot Tttt .dmmzmmmmm

I A TTANTYYAAIS 40007 TLE
AHNIFVAYIN 0344 STIIaT mx>mzmqmm>

lllllllllllll

LIS I

..... L]

[ I 2 [ AN BN B

o7uM

0g995Id

019569

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

29 /89

ol 914
» 3 L} ¥ s »
0ty 0Ty otTY 0oy g6t 08¢t

y ¥ % ¥ T v ¥ ¥ I & A b4

« 9 ¥ I X € § ¥
Ya9 O¥D 1D YIV OYY YYD LIL 10D YWY vO¥ YYO YNY YYD DD WYV Y09 OYH LOY WY OV
.-

»

» ¥ s )
oLe 03¢ 05t )4 oce ote

1 ¥ ¥ 0 ¥ a ¥ ¥ X X 4 ¥ & g X G«

< q 3T a

AVS IO O¥D IO IVL WYV SYY DYD 199 O¥D YYD YD WY OV WY 10D DOY YYD O¥L I¥9D
*»
092

% ¥ » » ¥
0T€ 00t 062 08% oLz
¢ ¥ Y Y & § %I X A X ¥y ¢ X @ ¥ 38 ¥ X 8 0
YYY OYY 539 109 YED 0L ¥YY VYWY 5L YOO V3D IVD NI OY¥D WYV OVO L39 YWY 105 9D
. ¥ ] »
oce 0Ze 012 oot
I 1 & 8 S Y A d 9 Y

<N ¥ A & Y ¥ qT ¥ ¥ A

SYY 159 Y15 130 15O YYD YYD ¥OD ¥OY viO 1L IO¥ 100 521 IO01 509 LLO LIl 199 13D
4
oyt

¥ ’ s
08T OLT 091 08T

g »
0sC 1} 44

»
0671

» 1 - »
0€T 0zt ott 00t 06 08
OYOYYYYOYD LYILLYDLWVY YYID9OVIVL OYVINIYYLL ANLYLIIOON HOVODOVLIL YIVIYOYOLL
E » ] » ¥ L
0L 09 0S 1) 4 119 0C 0T

gep7 03 T sabuwy aouanbos
ydsd agggaa 03 eouenbos a30TdmoD

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

30 /69

191,

» . » -
048 or8 0t8 4 0T8 008

&4 a X 1T a s O T ¥ ¥ I T X N 1 a3 ¥ A

159 Iv9 WYY YIL I¥D OOV VYO I VOV 109 LIV YUD YWY IV VIl VD ID9 D18 M%A mwm
mmh mon mhh mon mmw mﬂh

< § 1 7T 3 ¥ ¥ 2 I 1T £ A L A 4 XA I 1T ¥ 2
SIY 01 313 SLY YYD HY¥Y YVY JNL IV 910 905 OVY YOU VYV DL OYIL OOY O0L VWY YO

» » a Y ') F'y
0tL 1142 0tL 00L 069 08s%
Axsxqsuzqwunxmhuamxaa
..2«84.&2950504404«0?2&35&35«pﬁa%gﬁ.@b&uﬁﬁb%
¥ L 4
)4 0€S 029
&xqzamgwuauzoom&ouxm
oumuﬁgoaﬁ%mu«ﬁuaﬁuéocu%mﬁﬁoéugdoﬁ@ﬁ%g.@«

» L S » . ) )
019 008 065 08S 0LS 039S

L] » L)
0LS 099 059

quumbazqmaaocnmmuaq
505«0,8uﬁ.em«oeoguﬁguuﬁ_uﬁgﬁuéug053094.8489

» » L] » L »
0SS ops 0¢S 1149 0TS 00§

< 2 4 ¥ ¥ W ¥ ¥ H I X 1T ¥ I X ¥ a ¥ 3 3
INY 2396 OO¥ DD O9¥ HIY DVY ¥DD D¥D HOU IDD WUd WY NIV OYY OYV VYD VIO OWD WWV

[ ) L » » »
06y 08Yp oLY 0%y 013 4 ory

Amcmem<og»<q»4aa>mxa
ﬁzcﬁ8446uéou«SuﬁaaS2980480508éoﬁuﬁog¢ﬁﬁ<

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

31 /769

sgl 914

» ¥ » . ¥ »
0STT oFTL 0ETT 021t 01T 00TT

<« ¥v 4 ¥ 1T N ¢ 3 7 X s§ 1 2 3 ¥ 71 & ¥ A D
YD IO I¥D YUV I3 VY IND YVO ILID YWV VoI IID YYD YVD VYD VIL VWD 10O I1O VW0

» 3 » ¥ L) »
060T 080T 0L0T 0901 050T 0?01

< 0 79 ¥ & A ¥ T N T 4 ¥ ¥ ¥ ¥ T ¥ Q@ T I
OVY YYD LID IDD WYH LIO WVY ¥¥d IYY OLL S¥D 10O YYD 10D I0D YYD WYY IVD WLL W¥D

» . » . » »
0t0t 0goT 0107 0001 066 086

«@ 8 1 ¥ 9 I 4 Q@ 1T &L ¥Y 1T A ¥ ¥ 1T & T & X
I¥D VYD IOY YYY 199 Y¥O 150 VO VII YOY JOD YIL Y19 YYY YYD JLJ YV¥O YLI YYD L2D

s » » 3 ¥ L
oL6 096 0S5 ore 0E6 076

<« 4 1T a ¥ 0 & ¥ a I N O & I I ¥ 7T =T Y U
IO O%¥) YIL YD YWY WY¥O IOV YWY Iy YLV OWY YYD YYO IJ¥ YO¥ 10D ¥IL WWD LI WiV

» » » ¥ ¥ *
016 006 068 088 0L8 099

< N I I ¥ 0 2 7T 9 3 ¥ I X2 Q@ I A N N =T 4
YVY I¥Y LY JIY 109 YYD YD ¥IL 199 YUD YVY LIV OVD O¥) WV¥O WIO I¥Y LYY Yud VU

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

32769

151914

< 8 I ¥ 4 ¥ & ¥ 4 0 ¥ @ 0 & ¥ & ¥ 4 x 4
99 YO YIY YUY Y22 ¥OD IDD ID9 YOI YY) YD ¥ ¥¥D ¥30 ¥D9 13D 109D WD YWY ¥¥9

¥ 2 'l 5 ' 3
omwﬁ ovvﬂ omwﬁ omvﬁ oa«ﬁ oova

<¢ ¥ 4 4 0 O ¥ ¢ 7T ¥ N X 2% T ¥ S5 ¥ ¥ ¥ X
Y09 Y¥Y Y22 DI YWD SN YYD OJ¢ OLL 590 I¥Y IVL ¥¥D YYD VYO YOI ¥9Y7 190 109 IHL

3 ) 3 3 3 2
06€T 0BET DLET 09¢T pect o%ct

<¢ 4 2 ¥ 0 8 4 ¥ s ¥ 3 & ¥ & ¥ 4 ¥ 4 N &
OV YYD YYD ID9 WYO YYD LYD YOO YOI SYY 9YD YOO YWY YOO WD WO 13D YOO IVY OVD

¥ 3 4 ¥ ¥ ¥
0CET TANS OTET 00tt 062T 0821

< § 3 ¥ 4 ¥ ¥ 4 0 4 ¥ & ¥ 4 & ¥ € T a 9
120 OF¥D ¥XD LD YOO WHV YYD YOO WD 123 DD 90D DI YOO LOY D¥D WYD WYO I¥D ¥OD

» » » ¥ . 5
0LZT 08z1 05L1 DY ET DEZT 0eel

«da 4 5 1T 3 N 1T ¥ ¥ ¢ 7T & ¥ O & A = 1T A ¥
IYO IO 099 YLL JYD IvY LID 1D YOO I¥) RILL YYD YYY YYD IOV YUY YV DLl Y¥d 199

Y ¥ ¥ » * +
0T2T 0021 0611 08TT 0LTT 0911

<¢ ¥ I ¥ I ¥ 3 & 71T 9 ¥ % I X2 a T A N N &
VYV WYY IOV 909 IV 109D WV WU YIL 199 YYD WYV LIV DUL DVD YVD LID DNV DUV YOV

SUBSTITUTE SHEET (RULE 26)




CA 02232033 1998-03-13

WO 97/09994 PCT/US96/14819
33/69
MC2T MC28
TOP OF GEL. s .. — e - o
90 kDo & e e =— ::
| i

102 2A4 D2 M4
XiR218 XiR2r8

FI1G. /4

SUBSTITUTE SHEET (RULE 26)



CA 02232033 1998-03-13

WO 97/69994 , PCT/US96/14819
34769
FI1G./15A4 FIG./158
LSMpspAl3 /2 LSMpspAi2 /6

RXT  MC2%6 MC28 RXI  MC26 MC28
MC25 MC27 MC25  MC2r

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

35/ 69

eebiyjoerer
05306231b00132
pbeeed10bR
peeloberdl
plobeereee
peploelloee
peba0bH212b6
JpPElORRER
ebeobeoboe
pobreoerdl
eeebe1obob
eeben10b30
peeeeebobh?
peer3o21bed
©27301620613
e3333ebaee
jeeeebi03b
ebijoeoreR

mmuumouaouumuuummmuuumoummoumomum
ummumuuummm@mumummumuuummmom

261914

Daejoeeeld
1b6beebreee)
peeoeebeld
o010bo3bee
pebiobbebe
peooeobere
eobebeoobe
eobbebeebe
Hereeoboob
1beobhrObDO]
sobeeebebb
peeeedbieb
pebeeqobae
1H6e00bHe1bD
H1111b66730D
pepreberle
paelbeeje]
paejeealbie

: (oouanbas XY woiJ)

freeeeeddb
obyeyaebee
ebeledl1be
peebiobieb
pbejjeeerd
peoeeeldbE
63003216e3D
eboboerebe
peeoebeor)]
peobberieb
ebioeeeebe
1ebe11210bb
peeeberbob

.0071073¢eebee

pbberi3ole]
ghayebeiiae
relloeriel]
peeeoeRlb]

1ebbiieee]
peoyeebi01
eojeeeebbl
prbeeerede
peeeilobeeb
pbeebedjee
paeeobebol
paobeebieb
sbeeoredle
paebebeebl
epheoebbed
peeped10b3e
eobHebeld
peobebeeab
5ho1bobroDd
pepabbebeee
obbebbrbbo
17eeebeiel

51eP0310730
pebiebaaeb
qeebiobole
eeoobeeblo
pebeiorere
peeeberloe
1b3oe3ERl]
ejebayebeel
100bHe]101R]
oabobeobee
oebjeleeee
peeberbreob
ebeeebebo
11H30e300D
peioabeedr
pheoieloeb
pl33RjRERD
ebieijobee

z/€1ydsdWsST 2901d

tZNST J2WTId
: € TWST T2WTad

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

36769

qebejbjoee
1eeelebed]
eH3303R30®E
16Hb3ee30b0
e10bbrelob
106bH11bbHeDd
oepedilbeee]
166780232166
=3=JoJalelo) zlnatel
obhbHore1DHD
p10bHHe10H
10b6b1ebbed
oeeeebeeoe
peD0booerd
obiyejorbee
epHl10bed2b
peooeeRERID
oD30beooee
peeerebelle
e3330€v30Rb
pbijoeeeerd

Boobeea11b
oeoeed3bed
e1beeedllb
16H300®v3ERb
pes30orIlOe
16Horr10HD
2106630206
obbba1bbed
OPPOPIEBRDD
1H6H7e0211bb
peo3d00eije
16H63pe0hHED
ebobbyred]
pebbiobbed
beored100b
peebioberd
pebebHeooee
peoeebiobe
peebedobeb
pbiobrereer
peheibiee)
Hhbaieeebhl1db

asl 914

pbbreeb1bb3
H171000b16D
Hieedoberd
ebbiebeeed
16H3e0126b6
123=TeJnlolo) = Rute] =
16b3eR30b0D
eeobbe10b
10bbHb13bbED
oepedlbeer]
166302166
1=3=JoJafotol=lutol=
16b3eb208]
rrereooedb
110bo3eele
peolebiebe
pe20oe2bHo0D
soedbeebed
qeel1beobe
p10biobiae
peoreeeber
oebeyibeb)

peo0obierd]
e3321663eRD
peeebre10b
166H11bbed
oeedlbeer]
16630012166
pro300r3lo®E
oHhoer10bD
p10obb1e10b
26bbH316beD
1eEeOR1IRRID
16bh1e0121bb
ppOoP]10130R
100710bedoe
Jeebeebeeb
opeereRbERD
10be00€EED]
002bedd30®e
peber1300®
1oeeeebebe
pbaobyobreeer
pbyjebeeqe

peeeleq0bb
1H3e30e2160
1bbeoeobe
eeobbie30b
obbby1bbed
DPEOPIBRID
16H67e0121bb
peo1ooel]e
16H1ee10b60
peobbH1e10b
10bbH711bbRD
OPROERRPRID
1663638260
pervebiyobee
vojebelbo]
oJpERPRPOOERD
0010bbo0bD
eebeod30be
hiobeebioe
131bbeebee
110eEO]RbE
pibeeqabed

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

31769

eebedd30be
pbiyobeebioe
1331bbeebee
110®vEDRhE
pbiber13beb
01ePD13010
pebiebaaeb
jeebjoboje
ppoobeeb]o
pebejoeeeR
peeeber]oe
1b3oejeer]]
vayebiebee]
100be303e]
D1bobeober
oebjeleeee
peebebedb
eberebebld
13H10v1200b

opbebhbhbyohebbhiIo11bebbI0RHD 10D 1D
1166706bHHe1307030603160H007HHDD

Do3obeooee
peeeebeiie
e313308v30Rh
pbiyoeerrd
pebiioeeee
030b21b00131
ebeeed0be
ereelobeed]
plobereeee
peploell0PR
bebhaobb72b
picied=lafe)=R=2=]=;
ebeobrobor
boberored)
peebrl2b60b
pebeo10b630
peeeerbob]
beer1021beD
©051031b06H737]

=1 9/

peebeoobeb
ebiobereeee
eebeibieel
pajeeebl0b
D31e30”PRER1D
1bbeebeee]
peeserbrid
00130bo)ber
pebiyobbebe
beoorobeee
eobebedobe
pobbpeberbe
Heeeeoboob
1beobeobba
sobeeebebb
beeerobieb
pebeeiobie
1Hhe00be1bD
63323366706

Jeej3beobe
e10b30b33e
peovereRbER
oebei1beb]
peeeeeeddbh
obyeljebee
pbejedniabe
peebiobaeb
pbejaeeeed
peorERlODE
H300323be1b
eboborrebe
peeoebrOR]
peobbeeqeb
ebioeervebe
Jebe3310bb
peeebeebob
oD30)eebeR
pbbra103E]

beooqoe
pebeeqaooe
1oeveeRbRDE
byobrobere
ebijebeele
jebbileer)
peoyeebo1
pojeeeebb]
Hb1beeeeROR
peeejoberb
pbeebedlee
baeeobebol
p1obeebieb
obeeorrD]l®
payebebeeb)
pbeoyebbeb
peepEO1ObI®
peobaeble]o
peobeberlb
2601H0be0D

: (9ousnbas ¥y woxl) 9 /21ydsdnsT 290ad

tQWGST IswTad
tZTWST I3WTad

SUBSTITUTE SHEET (RULE 26)




CA 02232033 1998-03-13

WO 97/09994 PCT/US96/14819
38/ 69
F/G. /6
P2 3 4 5 6 7 8

| .‘%kb_ S
b tkb - -—

I Okb -—

03k 0B

0.7kb -
0.4kb -

SUBSTITUTE SHEET (RULE 26)



CA 02232033 1998-03-13

WO 97/09994 PCT/US96/14819

39 /68

e o<
e ‘ rfr% o
= N lg,
2 |l=s
D
(=]
[~ =]
oo
[ ]
w
= | wv
e
Ul e
== =
~ IE
o
o~ -—
—le =
= B &
)
=
J—1 P
2| = T; |2
[==] (¥ ]
&//x = N
/ -
ZE" <
/ - W
:e?
=4
=194
%? T_%
/ £
/ ke
N Ts\:
=
2]
o
)
%z
= o
S
&
—r

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

40/ 69

gl 9/
GG

(1154 1K spg / 0652

acl

Gyop ¢ 1o and
o foypp-omd o

(618)L s N 104
S m\
sl 1 Mg N HCS

vI».KI/

700y 100% TISN TU0S TOUX T{ON AN09T 11Sd 14093 18dg T §wog T30S pudy TMQUH ISH-—
11

9ds

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

41/869

6/ 914

€- D88 1LIVDDVILLYDDDVVVLLIDLY33YYID .S
£ 1018v8Lv8LLYSvavvyOIDSLVIVID38vvas
€D VVLS8LL ILVV V8V LvL v81 VLI D8V vD8 §

£ D28 vDD 111811 DLL 118 DDV 1LVD S

8850

C6IN

EINST

CHIS

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

42 /69

oc 9/4
* L fLNS]
g S TR iy :
3|89 s vl 8] | NN\
il SV oINToNd WOITH-® 430v31
250 059 g8 b v
Y,
o-Q el el RO
Tt Siadl  SINI0H W3- RN

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

N

008

L6
0ZL

0L
0v9

by

Lo9s

~
<

L1
08b

11~
oob

LE-
0zt

opve

0971

08

vic 914

pz1 <dsynioeiysAq sAqsAqely niodonIoOTeA sAsAquioeiy nioeiviea sAIsAInId 0agnioayLoad naqayldsy
YOOVOIIOVY VYYYOUVILID VVOVVOLLOD VVOVVOVILD DYVOVOIOVILD OYVYVVYVYOY DOYVOVOVVYD JVLIYIVLND

<sA1sAqayd :stﬂomsmuze.m~<u;&:mq,m>q:~9m>4 ayIniosAqayl sAqasgayy naqnioely NTHIBGNSTTEA
YYYYYYLLLO YIOVOLLLLD YYIOODIVV.LL DYVYYYOVYVY JDVVVOVYVVVD YVYVYYILOOV HLILOVOLIOV VODDLYILLL

<usyyepsAq naqdsyIAl noq1kLsAqsAq ska7InTo I185Na]SAT] IYLBTINSTATO TRAUSYUTD AYLSTHHID
OLVYLLOVYY VLILOVOLYLO [LLLVLOVYOV YYVVLLYVVO JOVOLLOVYY JVLLYVYLLDO DJLOLVVVVD DJJOV.LVOVVIL

<1epAsAqsAgnen usysAsiAq teadsysAq narpalliasnid nastiass nioreantd dsyeiyidlsi sA1a5971
JOVYYYYVOL LLYVYYYYYY DLOLYOOVVD LIVLYLOVYY OYLILYIONIL OYOHILOVYOL VOLIOLVIOV YOVVOILYLY

<dsyurnA1o I18SI8SIYLTBA TYLNSTUSY usyA191ss Bay1epA1ONTD eIVSTHTEA 1eALT94TD nojaygnaaag
LUYSYVYIOOOL OVLILVIOVLIL 99IVILOIVVY LVYVHODLOVV OYLLOODOYY HYIOLYIILO VIOVOOVOOV JLLIOLLOLLID

<ey[eABIV TealaselvV 1eAA19DD1133S sy JsAqbay 91130514, mM:~m>w>;au< niHiassi

¥2I9.LLOLID VIDLOVLIOV JOVODLLVLY

<19K
Ly¥ovvvlvye bbeebelyly vVVUVOVYVL

YYLYOVOVYY LYDOVVOOLY VYIIILVYVLY
OYDOLVLLLY VIDLLLLIOV LLLEDLLLLD

VYVLLLLLOY LLYVLIOLY) VYVY.LDVOVD

VILLVYVLOD LLVVDLLVLL VOVLOVYYVD VYVVDOOVVVY

LOOYVYIOVIV TvOLOVVOLL YIYOLLOYOV TVWIVLLLYVOD
LLOVYOLYOV LLYLLOVYYY SOVOVVOLID YILYYDIVOOL

VOLVLYLIDD LYILOVOLLY LIJOVOLLID HLLYHLLOVD

OVLLLOLLDL YLVDLVOVLO LYLYYVIVDL VVLVVILOLL

aoseysyd

VIALVDOLLLO

LIVVVYOVLY

<-~Oh:—>—:—.<——;~.

JIODVLLLLYL

DOLVLLOOYY

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

vot
02ZS1

L£E
(122!

0T¢
09¢€T

2114
0821

4/69

L5¢
0021

4

0fe
0cTl

10¢
orar

(L1
096

061
088

gle 94

cepynioniorea sAqsiAqnio erynioeiv 1eAsAsAqnTo oagsAqnag ayrdsysi sAqayquiontod sydeiveiv
IOVYOYVYOLL OOYVOYYOVO LIOYYOYIOV LOOVYVYVYYY OYIDVYVYOLL VIVLVOVVVV VYLLLOVOOV OLLLLIOVIO

<aypnenio eiysAqayysiAq rasayrnan n[onTosAq shqaassusynio sAqnagrep 18snaInid A na714],541
IIYYLLOVOY JOWYYIIVYY YVILOIYOLIL, OUOVVOVYVYY YVODLOVVOV OVVVVLLLLO LOVVLLYVDL VIOLLIVLOV

<asATal eiviasne sAarusyna] USYTLAUSY UTDIYLSTH sAbaybaydsy naquiHal niHiasna’]
YOOYYYYLLY YIOIOVOLLY YVYYLVOVVVL LIVVILOLYY VYVIJIV.IVIV YVYYOVVOVLV OVLLYYODLV DVOLOVOLLD

<epsAuhparl AALn ndsy (eadsysAy Daysinioayl, upnIdgngd usyeivisy USYNaI1as0IJ 19501 Jna‘
LYVYVYVYYV.L VLIYLYYOLVO JLOLVOVYYD HVLYOVYOHVD YOVILOVYYD JYYYIOOLVL YVILLIDJDLVD J29YYIILLO

<AYLNTONTH A[H1RAIBSIBS dsyiagiag sAqeiydsy usyn1onsAqsih] dsyoadayl, eyynanio A1913s1eAL1D
LOYYYOYVOL 99Y1OJ0VLD LLYOVILLIL DYVOIOLYOL WYYYOVYVVYY YILYOLIDYIY VIOVLIOOVOVY OOLILLLOVD

<bayshqery Baybayshq oxgsArdsyuio niHIasatl BIVIPAUSY sAqniotreaery niosdqna sArjeydsy
GYIIYYYYID H9IDOVOYYY JIVYV.LYOVY DOVOVILLIY DIOVIOLVVD YVVVOLLOLO OYVOOVVOLL HYVILINLVOVY

ceysAihaysAl epynionio faydsyagl sAqopisigsAt nogbaynyy, epynidey urosiqiosnyy feanioHe(y
FIWYVYYOINY V.LIOVYOVYD JLONLVOVIVO YYILYYYYYY VYLLOOYYIY LODOVYOLIDY VOVYYLOVOY OLLOYYHHDD

<n[oe{VUTD SAMaTISAINTH nindsyuio 19gn[HsA] eTVSATIRASAT [RANSTIRTD NOTNIDeRTV shrps A eant
YYOVIOVYIO YYLLYYYYYY OHVOIVOVYD LDLYVAOVY] DOVYYOLOVY VVIOVIOVYD LLDDYDDIOV YVVYVVILLOVY

<1epdsyras niHe[yall nionsn1onan Y LSsATIAL LTI IYL o1gakgusybay BiydsysAq nyosAquin
99LOLVOIDL OVOLIOLLYY VOLLOVVYOLL JDDOVVVYVOVL LOVLLYOOVYY DIDVLOVVYLD JD9JLVOVYY YVOVYYVYYIL

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

v09
ovee

LLS
091¢

0SS
080¢

vZs
o002
«©

L iLep
0261

oL
ovyt

bbb
091

L1P
0891

06t
0091

alg 914

<NTH0IJeTY01d BIVOIJUTH 0Ide[yord e[yordiylnid oidnyndsy TepeTysAq sAqnardsyely nioeiysA]
YOVIILIOYD JLIOYIIVVYD LIJDLI99IDL DOVIILOVYY HYIIOVOLYD [LIOVIOVVYD VVLLIDUOLI OHVVYOLIOWYY

<nignaqno erysAisAnro erviyLiyl s&qnionag AroniosAqsyd rALerynio Teausyusy usyA[onideiv
VVOVLLYVOL JOVVYVYVYVOV SLIOLIVIOV VYVOVOUVLLL OOYVOVVYLI LOVLIOJOVVD VIOLYVLVVD VVVDOVVOLD

<dsysAqna] ursTeAnTo nosAqeryel nioerydsy naqniodsy ayIsA1dsyiss naqnionid nasdqass
SLYOVYYVLLY YVILLOVVYOL LOVVVVIOLL VVVOLIOIVD YLIOVOLVOL LVOVYVLVOLY VHLLOVOVVD .LLOWVYVOLY

<naisdqerysAq sAqayrdsy nalsdqias ujoneqoadely baynaqA1o nipsdqneq akpdsyninias dsyrasnio
LOVVVIIOVY VVVVIIVILVO OLLVVVLIOLY VIOLLOLIJLY 9192010299 VVOVYVLLIL VLIVOVVOVD (LOVOLOLOVO

<dsyarInyod sAqnaqninsidq nioneqbiy uroTeANTO 1K1nonanTo eiya1IsAT éryniona ejyiALn{onio
JVOLLVOVOY VVOLOOVOVV VVVOVLIOYOY OYILLOVYOL YLYVOOLLOY DLIDILYVYY LOOWVYOLLOL JDLYLYVOYVY

<epydsyien s&qurosAn erynioeive(y sAqsdqnio 1agsnionio eTysAnHiIysA] epynionin nioejysii
HLIOLYOOLO YYVYVIYYYD JOVYOLIAL) DVYYYYVOVD LILYVOVYOY JOVYYVVOIVY VILIOOHVVOVYD YVHVINVVVY

<sAqbaydsyay, sATa1IsSAT niona by IyLeiynioviy s&1sA1135 nIO(eASAT nigsAqeivuln sAqe[Isd
YVLOJLYOYD VOYVIALYYYY YVOVLLOOVY JVLIOOVOLD OYYYVYYVYLOVY OVOLLOVYVYD YOVYYVYIOVY JOVVILLVYVY

<nonyousy Bayiagniousy epynionio skqreana’ nionaqnioery niosdiren sAreadsy 1ssnipeiverl
YYOOVOIYYY DILILYYOIY VIDOVYOOVD VVVVLOVLOV VOLLDOYOODD OVVOVVVLLO VYVVOLOLYOD DLOVOLODLL

<nIoONdINTH N3IYLsAT 2L 1yLusyal, oxgripusy Baybaydsy nioniosdquin dsysdjeiy sAqskiqsiig
YYYOLLOVYD [LLDODYYYVYD VLLOVLVYVID VVIDIVLOVY [LOJDOJLYOV VOVYOYYYYY DJLYODVVIDD YWYVYYIVYL

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

are 914

ppg <akrdapayydsy KA1odsysiq 1eadaldsy IYyLeIvisHIas A1ousyely usynaqaky 3ALdaLa85ATD uSYUSYUTD

096¢

L18
0882

061

0087
[P/
L
L 9L
0zLe

LEL
0+9e

01L
(95¢

bi9
o8ve

LS9
oove

0€9
0ctee

TYLOOLIIVYLY OYOHOLVOYYV OLODDLLVOV DYYDODLYYI LIO9JYVYLOO JVYVYLOOVLD YIOOLVILID DLYYOVYVYD

<na7dilA1D IYLIRAIBPHRTV K1pusyaasg usynaiAl IALd1LI8SATD usyaApurd neqdalATd ayLervisnHdsy
31LI99LYOOY JYYLOOLYLD DLOOLYYIOV JVVY.LIOVLD Y.LO9LVILLO OIVYIVLYVD DLI9OLYODY JVHIDOLVIY

<A1ousyery usynaqIil u>&auaummx~0 usyaApurn ayddariro 1yLeiviasndsy Arousyeiv usynajidl,
9.LOOLYYLIO DVVILIOVLD YLOOLVOLLY HLYYIOVLYYO ALLOOINOOY JYOIOOLYLY HLOOLYV.LIO JYVYILIOVLD

<1K1dag1agA1o usyiAjuin ayddaiLA1o aylervispdsy A1ousyely usynoqaky, IALd1LIsSATH usyIALuIn
VIOOLYOLLO HLYYIVLYYD JLLODLYOOV OVHIODLYLY 9LOOLYVIIO JYVILIOVLD VLOOLYDLLO DLVVYIV.LYVYI

<naqdalA1H aypeivisndsy A1ousvery usynaiA] 1A1d1119541D usyiALuro noqdiLATD IyLeivisHelv
LINOLYOOY JYDIOOLYLY DLOOLYY.LIN IYYILIIVLD VIO9LVILLO HLYYIVLYYD JLIOOLVOOV J¥HIDDLYL)

<A[pusyiasg usynaqif, IALAILIBSAH UsSYUSYU(D narpdi A1 1nLeivispery A[ousyaas usynd il
9INHLYVYIOVY JYVILIDOVLD YLOOLYDILID DLYVIYVYVVD ALIOOLYOOY JVOIOOLYLD HINDLYVIOV IVVILIDVLD

<1A1,d1,108ATH usyusyun naqd 1,A19 aLeyionIas Arodsyvayl, usyakrayd 1ALdiLi1eHATD usyniduio
Y1O0LYILID SLYYIVYVYD JLIDDLINOY DYVINILVVI) LLOOLYOLOY LYYOVLILLD YIOOLOLYLD DIVVYVOIVVD

<shdap 1o aylsAqoadayl nrooadIylL oi1geryoxrd sAqnioorgely oiageivord sAniooad efyorderyord
YYYINLIOOY JYYYYYIOLD VYVOUDIDLIV YIDLIOHVIIY VYVVOVIILD OYIILIOVID VYVVVOYIIL JIHYIDLINVD

<shn[ooad ervordery oids&nionid eivoidety o01gskny oigejyordery oigsAnin eiyorgsi]
IYYYYYOYID LIOYIILIOV DDOVVVVYOVD DLIOYIILIOD YIOVYVVVOY JDLIOYIILI OYIOVYVYVYD LIDVIIVVVY

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

41 /69

0ppc

09€¢t

08zt

00¢¢

768

0L8
0ot

die 914

JLL VVOHINIIND VHIOVHOVIL

HVLOOVOOIY DILLOLVOVD IDIDUINNLL [LOVHNIVIID LO9OLVYVOD OLLIOVIIOL OOVLIOLILD [LYVILLONID

VOUVIOLLYY JOLOLLLIOV V.LLVEOVVVL LILOOOIVLL OVOVOVVLLIL JLIVOVOVVYD LLYDIODNIODL VVOVYVHIVD

LVOLLLLLLL OVOOIVLOVO VOVLIDINVL VLLLYODIOD VIDLOLVVLD LOLOVVILVVYY VVYVLLVOVLL JOVVOOVIOL

LODIVIVIVY LVOVILOVOLL LODLVEVIIV JLVYVIVEDD) LIVEOVVVLL LOLIVVOVUL OLDIDLLOVOL RIARTATAREILAS

<cusyrep dagniondro usyepyusy 1eabavifpias dsy{eAIll IYLUSVYILA RynoqeIvALo
IYVLVLVVLL DVVVLOVUVL D9ODLVVOLOD LYVIIDLYYD JOVOVLVLDD VIVOVLOLOVY VOVOVVILOV JHLLIINNLD

1944 dajuinass eIVsSATI8HeTY A1oasselvy nrona1idy,

<1agA1ousy 18AaKLIAY dapsA1dsyias 1easiA
JOVVVOLYLD O1O9YILYID VVOLLILV.LD

OYILIOOLYY JLOLVIOVLO DLVVVIVOVD LVLOVYVOLL 99LVYIDOVVY

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

48 / 69

L6l

g6V

LY1

BYvY

6T1

B6E

958

BVe

6¥

86¢

vee 9ld4

mQHmmamqumm>ozmgm<Hm<Ood>mm<D>&0M<MBmMMmmMmq&¢%¢m

momeamxmqmo>mwmqdexqudwmm¢o>&o&4m4d%%mmmm4&m&¢m

ccccccccccccccc

IIL T dmmd&@%ﬁMmmM&MHmqummmm
_ _. _ e g _._." ”._...

TTVDNAIN INITELYIVMS AN DIVON INIINYSIANVITANTITIVEN

......... >>E¢M>sz......MEM&MMMMM&¢MDHEMQ<<D..Mdmx

|l SR NN RN L A A

>M>Omm¢HmamaPMszemMZMQOmzOQ&«M&M&MM>%&M4M4>M&mmx

o%oo»ﬁﬁoozz\,ﬁo rmumcﬁm ............ IVYNIIINI0
_...n. ._ __ _ _

APQMMmOmmdd&amdxhxmkqmmdzm7umd>mqm»qwx8&HquxHZAZ>

DMDM%&OddeDQQd&Od DN><%&42¥4Q&M¢¢DMQMN¢&mOmdﬁm%mm
*. : — — .n— _o ...... _ I

ZOBm&meJOHmmAEM&Hwmo>axmmm90mmz<z2dmmmmqemmu>mmom

81

6YV

0¢t

66t

L8

67t

0S

66¢

6v¢

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

43769

XA

8¢L

B8t

gLs

8Vt

vt9

L6C

B6S

Lvd

8YS

gcc 9l4

TAAMSONADTMOLYNYONSNTAAMSONNDIMOLYH ™~ * " " * " " *°

LT TR T T

dwwzmOZMOABOB&E&OZmZdW&BmOZZOdBUHﬁXd@szquzmwzzoa

S+ e+ SOALNAIAMAONIONMOINGY " © " dVENIVHSd000LTENAIIAS

;
i1 . _ . « o e s e
. | . . .

MOLYHSOALNA AAMHONADNMOINALEdLAVEREdVeVddad

mmdwommﬁoooaﬁxmmxmom4mxmmx&4m<mOm&mdmxmom<m¢mm<me.

NN R

A YEYENTAYd T VANIIVAVd T NIdVdVaN " T IVdNIdVAVd

~

ac

YN EINATYTATIINTIOIVYIIN2 10T R
CLLE T e e
0dVdYdlIEIANDINTAYIVIZTIRINIVLINITOIN IR

oIV ISVATIAINASTIITIS TINDIVATISOTaVE D3 VAdISES

TR s

qo>qu<HmdoqmoHzomqmququ<mxﬁoqxmoqmquwm&qwommom

68¢E

LL3

Lyt

€z9

g6c

g e

6¥S

861

66V

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

20/69

Jec 914

B88G AMIDNYNANADAALL

MnEsi

168 AMIDONYNAYASAALL

£LS NAVIYDTONAIAMIAS AYIMDSYNWYOSVATAAMIAOTANMOLYWYONYN

NI

0.8 NAVIYOSONAAIMIASAN AMOSVIWTYOSVITAAMLCOCEYAMALYRSONTN

£25 TAAMSONAMYMOLVENYONYNTAZMSONAOTMOLVHYONTYNTAAMS ONAYY

VD = T T e TR e e e

928 TAAMSONNOTMOLARYONSNTAAMS ONAD IMDLYRADNYNTAAMSONADA

€LY MOLVWEONYNTAAMS ONADTMOLYIY ONYNTAZMS ONAYYMOLYAYONYN

IR A AR

9/ MOLYHCONYNTIAAMSONADAIMOLYAADNYNTAAMSONADTMOLYRCONYN

PLS

LLB

ves

LT8

LY

LLL

veiv

LeL

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

vec 914

0xg Nni1ov a1yg oxd na7 ayj

ol / 89

ATD IS5 18§ IUYL T®A
Iyl na usy usy A1D i85 Biy TeA A1D nio

SA1
SAT]
SA

dsy
4L
YL
SAT
BTY

AL,
SAT

SAT
Ten

usy
°oT1
95
sA1

SAT
SAT
sAn

SA]
BTY
nyo
198
nydo

SAT

g
usy

SAT
Ies

nio
SAn

SAr
utd
niod

sA7
4L
sAn
Iy
198
SAn

SAT
°TI
uid

SAn
nio
TeA
b1

eTY
BTV

aud
nan
4L
na7
nav
na’

°T1I
neT

Iy

Ten
nan
no
°TI

nio
no

utd
SAf

nid
TeA
dsy

nio
ATD
STH
SAT
dsy
STH
dsy
dsy

no
ety

n1o
nio

usy
b %

LETS

uto
sAf
SAT

BTY
utd

TeA
TeA

°4d
SAT

TeA
narn

nan

Ten
na7
nan

STT
80T
SOT
66
A3
S8
18
9L
69
145
£9
9§
1S
vy
1%
vE
6¢C
cc
91
1T

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

Ten 8§
nio sAq
28 TeA

52/ 69

I35 dsy I3S
sA7 dsy oag
A1o bay sAn

dsc 914

%85 sA7 ey dsy usy

Yy eIVY N7 NID ATD
BTY Bxy bBay sA7 oag

ésy
usy
SAT
SAT
dsy

n1o
nio
SAT
sAn
nio
n{o
n{o

usy
ufd

uto
sAq
nar]
bxy
Yl
bxy
BTY
eTvY
nio
ety
nol
1BA
nan

bay
dsy

nio
nid
sAn
SA1
sAT
<UL
utd
n{od
n1o
SA1
ngd
dsy
nio
UL
Bay
nio

b
BN
BTy
BTY
8Tl
BiY
SAT
BTY
dsy
TeA
BTy
135
o]

91l
dsvy

elY

UL
BTY
dsvy
nio
SAT

198
utdo
uld
SAT
sAn]
n1d
YL
=4yL
SAT

ety
nTo
BTy
nio
SAT

no
SAM
a9s
T®eA
SA
BTY
SAT
o0i1g
nTd

SAT
TBA

bay
nan

=BA
o911
nid
nan
1=A
°11
b
IAYL,
SAT

Vse
AR
AN
pee
£cc
5i¢
0:i¢
v0¢
L6T
06T
LET
08T
ELT
9e1
6¢T
¢ST
Sv1
g8el
tetl
9¢1
[AA!

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

asc 914

0xg sA7 naq 1yl dsy

93 /69

USY PTIY 19K usy
-2 18§ 0Ig 85 01g na7 Iyl nid nio A9

usy
154 ¢3)
SAT
sA1
SA1

Uuld
nio
sA7
SAT
usy
nio
sAT
SAn
A
SAT
nid

dsy
19

dsy
SAT
SAT
SAT

nid
eIV
I2s
x9S
niod
IAL
YL
o711
usy
bxy
95

sAT
195

bxy
SAM
sAf

n1o

niod-

s4d
SAT

4y,

sAr
nan
SAT
usy
uld
bay
nan

bay
n1d

dsy
eTvY
eTY
eTY

elv
IYL
nan

nam

911
na
YL
dsy
18N
1Ay,

STH

nyd

oo
nid

SAT
eTv

nTo
TeA

BIY
usy
STH
naf]
SA]
nio
nio

ngo

nio
BTy

sAT

g

nio

1885

I18s

uio
SAT

g

dsy
a4y,

SAT
Tea
T®A

°Ud
nan

SA
narg
nan
°T1

oTI
Ten

cLE
89¢
19¢
ySt
TSt
9vt
£Vt
ott
¢t
St
NAS
9Tt
¢1t
SOt
00¢
56¢
88¢
8¢
LLT
LT
g8t
v9e

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

94 /69

nid
nio
sAr
eTY
sAq
SAT
SA1
n{o
dsy

SAT
BTY
nion
nid

SAn

n{o
bavh

SAT

BTy
AL
ufd
SAn
bay
nid
YL
bay
be=1s
uTd
usy
nio

Tea
naf
usy

agc 94

na bay urd

ni{o
n{d
nio
nio
SAT
nio
SA7
nid
sAT]
UL
n{od
SAT
bxy
SAT
nio
dsy
nio
4L

ner
na1
nid
eTY
188
1Y
eTy
o911
eTY
TeA
aTI
195
TeA
eTyY
198
nan
01d

1Ay,

nio

BTy
ni{o
niod

sAT
sAT
n1o
SAT
SA1]
nio
nan
nio
niod
Iyl

eTY

dsy
BTY
oo

sAT
nid
BIY
nio
nio
usy
nio
SAT
BTY
sA

Ten
°T1I

Ten
eTyY
e1y

bxy
na7
SAT]
SAT

eTY
nan
TeA
911
IAL

98V
6LV
SLY
B9V
197
ANy
0S5V
vy
9ty
0tV
WA
LTV
01V
Eov
g6t
16t
VBt
08¢
6LE

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/39994

99/69

BIY
BTV
sA
4l
niod
usy
usy
uid
nid

SAT
SAT
SAT
sA
SAT
usy
A1D
TeA
ey
dsy

eTY
198

nio
198

SAMT
nid
nio
niod
9Ud

niod
niod
dsy
I35

SA]
ufd

SAT
dsy

F£2 914

naj
na
BTY
nan

eTv
na
na7
nan

SAT
nar

narg
198

nio
dsy
nid
UL
A19

BTY

dsy
SAT
nido
nio
SAT
Ul
01d
BTV

0o
no

dsy
BTY
BIY

nio

SAT
2TY
dsy
nios
98

dsy

bay
dsy
dsy
SAT

TeAn
nid

TeA

no
911
STI
nan
nam
na

nal

o911
na

LBS
0865
VLS
695
786§
LSS
€55
8VS
1h6s
TES
LZS
ves
LTS
¢1s
6065
£0S
26b
Loy

SUBSTITUTE SHEET (RULE 26)




CA 02232033 1998-03-13

WO 97/09994 PCT/US96/14819
56/ 69
=
.1/ ~
5%
/ / _
P [ ]
£
[ -
<o
S
» % V‘
/ 2 N
s S )
§ = G
| y
/ =2
/ =
/)
V4
=
[W
[ame-] = [ ) <
2 £ B g8 g g

L X5200

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

o1 /69

DDVYVYIIOVLD YYODRIVYDOVY

LOLLILOVID DLLOLIOVLO

VOLLVLLYOY LOVYVYYYOVYY

YOVLYLVYVYY YVOVYYYLLOD

YLLLYODLLY VYYOVLVYYVY

YYOLYOYLLY LIOVYYYYOOY

OLYLLLOYID LILLLOVLI

OYOLLIOOLL ¥OLLOVOLOO

YILOYOVOOVL LLOLLOLVYLY

YLLOOVYYOLY JOLYLIOYYD

vee 914

TIYOYIIYSD DLYOLIOOLD LOVYDIDLYL

LOYLONYLOY

RIOIOMAAA A JONT

YYIOVLYLYY

YOVOVVYLYO

OYYOLIOVLY

IOLLLLOYOL

LLOLLYLYYY

DLYOYLOLYL

LOYLVYOYLY

ODLLYILOVYLL

YOOLLIOLYOD

LOVYOLLYLY

DYYODLYVYO

VYOOVOILYLO

DLV LLOODLYO

LLLLLOYILY

YYYOYILYVYL

LOYOVYOLOOY

LYYYLOILLY

VYYLYYVYODY

OLLOYOVLY.L

JJLYYLVLLD

LLLLVYLLOYO

LOYOLIOILO

YLOJLYOVYYY

YYOLOLLOOL

LLYLOOYYOO

1553/

107

16¢

TOE

T6¢

T0¢

161

10T

1§

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

38 /69

gsc 914

¥ODTOUVYVYL DYLOVYOLLD DVODIDTYYOY YVLLOVYYOL DLYDOALOVYD 106
IDDIIVTYOL LoJYOLLODD YYYYOdLLOY LYYOOYYIDD VLOVYILIOOAD 148
JIVOTYTOVYD VUTTTOLYDD VHOODVYVYMY YDYVLIOVYD VVOLLONYYD 108
TYOTILIDYY DNOOVLOOYY YYOVOOVOOY VYYOLLYOULY DVVVVYYYLLL - 152
STUNYOLLLL ODJ0DJVOVL LOVYDIDYYY YLVYYOYILD JODLIOVYOLY  10L
NNYYDILOYY DYOVVOVLNG LOINVVLLYY DLOIDLLLIYL DVYVYDOVYNYL 159
TTY0DDYOL LOVTYLYOVY YLLOJDIIDL YYYYOIIVLY OVYVYVYYDYYOY 109
YOI 0YY0L LYOVODDYOL LOLYYTYYYD VLYLYLVYDL YOOLDOLOVW 155
STILODADD YYYOOTYLYIV VOVOYOVYYD DOIVLYYLIL LOLLOWOODY 10§

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

99 /69

262 914

VOVYYY YOOLOVINIY JOYYOVIOVD I0€T

JYYYYYOLOV YYYYIIDIIY YOOVIYVOIN YOLLOOILYY LYIYYOYYOY 1621
VOVILYOVLO JIIDLVIOVD YYOYYOLIOY YOYVIOLYOLY OYOVYYYYYD T0CT
VOOVYYYIIY YOVYOLIOYD DJOYYOYOYID YYYVOILIOY JOVYYYYOrD  IGIT
IVVILIVIND 9IDDIOYIIY YOVIOYYOVY DIJOVI0TYYY YVovvvLLOY 1011
TNV OTY DUIOVINTYY VOIVVVILNDY VOVTOVVOV) DYYTRYVON  T401
TYOTIYOYY0 LYOVTYYOvL [LODYYIVLOD 5YOL0DVIYY QULOvOvOLL  T001
TIHTIIDYYL LYV TvOOT DOYDYOILIA TUOANRLODY 156

HYYVYOIDVYY

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

60 /69

vVoc 9/

cc0T IONIVOYOYOTYILYOVYVYOVLIODYYOVIODOVOLODYYYYVYL " * 8007
B LT

90T LLODYDLOOVYOLOVYYVWYOVLLY """ """ UDLOOVYYYYYLIDLD STOT

LOOT “C OYOVOLIOVYYOIDN """ YYYOOVYODVYLIYYVYY SL6

T L T

7cot U994904<<<040499B00440444999U490<@4<D¢BUB<4944044< GLb

VL6 <Ow¢wudwdoueuwmdwmzzedeﬂwwmwm<<<ﬁwmau<<wﬁemewwuw GZ6

IR NN

VL6 404408009UO&dd&&UddUB<O<<GBB0444400994440900040499 GC6

vZ6 44@444&9@444@&OB<DU%BU<DBUOBB..4440&9004@&&0@04444 LL8

IR R LA

A4S O409409E<U<<&<UE0449904044099044440949044490044444 GLB

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

61769

00¢T

¢Tel

06¢CT

¢9¢Cl

00¢T

¢1et

0GTT

G911

00Tt

STTL

492 9/
9Z€T YOVVYYYOOLOYINIYIDYVOVODYD

Mnnens i

ZEET YOVYYVYYOOYODLO """ 7 DLODYO

IYYYYYOLOVYYYYIIOIIVYIOYIVYILNYOLLODILY Y LY.LV YDOVVOY

CECCEETE TR = LT T

DYYYYYOLIOVYYYIIDIIYYIDYIVYILIVOLLIDILYY LY LY YOTYOY

YOYDILYOYLODLIOLYLOYOVYOYYDLIDVYIVYILYOLYOVOVY VYYD

NN

¥OYILEOVLODLIDLYLIVOYYOYYOLIDYYOVYILYOLYOYOVY VYYD

YOOYYYYIIVYIYYOLIDYIIOVYOYDYIIVYYYIILIDYOIVTY VYOV

TR 11

YIOYYYYIIYYOYYOLIDYIIOVYOVIYIIYYYYIOVIDIDILO " © "OYD

U@<UBU<EZ@OUUwuwduU<<U<UU<<U<<@9004004444404449904

R R R R e .

U<<UBUUBUUUUUwuU<UU<<<<UU<<U<<UBUO<UU<UO<<D<UUUUO<

YV LYOYYOYYOYIOVIDYYYYOIVYYINDOVYOVVYOVY * " DYDOVYVYTY

IR

UUBU@&@D@UUBUD<UUBUU<UU<<<¢<U¢U0040944996400444044

TO0ET

ETET

16C1

£9¢C1

T0¢CT

E1cl

TGTL

9911

1011

9TT1

7501

990T

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

62 /69

£ve

00¢

ol

061

tvt

00T

£6

0§

Vic 914
LLYILODYYYYOOYOVYOLIDVL VYOI VOILYLDLLLL Y LLOVODLY LWL

LUCE TREEEEE TR PR T TV

LLYLLOYYYYOOVYOTYOLIOVLYYOIYDILYLOLLLLY LLDYOOLYLLLO

YOO LLLLIOVLLLLOLLLLOYOLOLY LLIDLYOLOYDLLOLLOOVYOLLOO

CECLCEEE LR e TEE FEEEE TR L

YOILLLLLOYLLLLOLLLLIYOLY LY LIODLYILOVOLLDILOOYOLLIO

OLLVOLLOYOLIDLLOLLY LYYV LLLLLOYLLYYLODL YOV V.LOVYOVD

PP EEEEE TP EEE R PR TP T T

OLLYOLLOYOLIOYLLLLY LYYV LLLLLOYLLYYLIDL VOV YV LOYOYD

OVILLLOLLOLYLYILYOVIOLYLYYYOYILYYLYYOLOLLOOLYLLODVYY

LCEEEEEEEEE R R R TP

OYLILOLILDLYLYILYOVLOLYLYYYIVILYYLYYOLOLLODLYLLOOVY

A

16T

AN

10T

76

TS

14/

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

63769

187A°

967

16V

0S¥

Ly

00¥

£6t

0S¢t

9743

00t

£6d

g2 914
HYYYOOVILYIVYOVIVOYYYODDLYLYVIILLILLINOODYIOVYODOVL

N e

HILYIOVYOVYODLYLYLYOVYODDDLOVIOLYOVLLIOOD * © * " ¥OLIOOVY

HYYOONYOIVYVIVOYIIYS * * DOLYILLODLOLOVYOODLYLLOLLOLD

NI .

LYYODDLOVYOVLIODIDYYOYIDLYIILOVLOVODYOOVLLOLLOLLOD

YIOOLIOLIOVLOLOVLONYILOVOD LIV IOV LLL YV YLODLLY Y OLLY L,

R

YOOOLLOLIOYVILOLOYLIOYLOYODLL VIOV LLLYY Y LODLL Y OLL VL.

YOV LOVYYYOYYYOIOVYYYYILYIDLLLOLYIVYY LYY YDOVYOVLY.LY

s

YOV LOYYYYOYYYOIOVYYYYILYIOLLLOLYOYYYLYYYODVYOVLYLY

YYYYYOVVYLLOOVYILOVLY LY YLOVYOLLYLYOLLOVOVLY LY LILYDO

EEECECE R TR

YYYYYOYYYLLODYYLOVLYLYOLOVYOLL VLY OLLOVYOVLY LY LLLYOD

LIYYVYYOVLYYYIYOVOVYYLYIOVYDDLYYYOIIL YV LY LLOYYOLYOY

T EEEEE TP LT

057 LLVYYYYOYIYYYLYOYOVYYLYIOVYODLYYYIIILYVLYLLOVYDLYOY

A7

15537

(4747

10V

76t

1G¢E

A%

T0¢€

ved

16¢C

vy

T0¢

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/69994

64 / 69

242 9/4

0¢C8 YOV LOOVYOYYOLLONYYOVYOVYLIOVYONODYLODYYVYDYOIVOOV

CECEEE L TR P = TR T |

LBL YOYYILIOYYOTYOLLODYYOTYOYILIOVYOYIOVLODY VYTV YOTIOY

OLL Y¥D" """ 77 LILYOYIVOVYYYYYLLLOVYNYOLLLLIDIODOYDVLLOVY

| CECELL TP = PP EE T T

LEL YOV IVYIDYLLYOYLYOYY VYV LLLOYIDYOLLLLIYYODIOVYLLOYY

97, OIOYYYYLYVYYDY """ "7 DIODIOLLOYOLYNNYYOILOVYOVDIVY

T T T T == T |

L83 44@44440444@4444044444090anBB040&UQ<<O@UB¢BBBBOB<

G689 ®<BZBEOBZ<¢BB<<UBUUOBEB<Bw<<GU<<Z<BB¢<UG0040990444

UL L T TEE e P T

LE9 ...<EBU<4<<B&U<UB<BOB&B@BO<<D<<<<<BB44400640990444

GE9 LYDYYYLLIIDDLOLYYYVIIIVILYOVY """ YYOVYOYLYOVLOVYO

ERnnEmnnnnnn I

066 U@BB@dBBU@OUPUB<¢<¢UU04840440890444444099944444444

T6G 99404w004099UB<<<<<<U<B<B<B<<UB<OUBOUB@@SU@édeuwwu

T TR T i INEE

0rS LOLYOOVYOLLYLYLOTIYOYLILYIDILOYDILD " " " 7 YYOLYDLO

TLL

gEL

LCL

889

989

8¢€9

9¢9

165

65

1872

¢rs

L6V

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

65 / 69

L8B6
0L6
LEG
0¢C6
L88
0L8

LE8

agse 94

L80T DYIDHYYVYDIVVVINDY TLOT

LEEETTE T

ZY0T OVOOYYYYOIYYVYLOOY 901

YOVYOYYOVIOVYYYYYIONLYOYOVOVYILYIVYYYOVLLODYYOVLOD T20T

[T L PEEE R T TEEE T

L£3)74 743 R LOJLYOYIVOVYILY VYV YV VL LODYYOYLOO

OYOLIOVYYYYYLOVOYOLLOVYYOIDY VY VODVYODVYLLY VY VYOOV

ECEC D TREEEE R FEE R |

OHYOLIOYYIVYYILOVOYOLLOYYDDIOVYOVIOYYIOVYLLYYYY VYOOV

HIYOYOILIAVYOHRNRLIOYYODYDYVYVILOVILIVYOLLIDYIDODY YOV

EEEE T = L b s E T T

0049440B09440044500444w&044449@490<<OBBUD<DUUO<4<<

YYILOYYYOLOLYDIALOYOLIOLLYYYOLLIOYOLLIDIVYYYOULLOY

LT FEEEEEE TR TR T

YYLLOVYOOLOLYDIDLOYOLIOLLYYYOLLOVYOLLIDIYYYYOVLLOY

LYYOIVYIIIVIOVYLODADILYOVYOVYOVYYYYILYDDTIDOOVV MY

TP PR EEE e PR T LT |

LIYDIYYIIIVLOYYLOIIDILYOVYY YYDV YT YILYOOTDOIOVYV Y

886

TL6

8to

126

SUBSTITUTE SHEET (RULE 26)

888

1L8

g8

18

88L




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

66/ 69

06T

18527

00T

T0¥

TG

1§t

vee 91 4

UXAXYATIATITIVINANAAK IV THTATIIXINLI ANNI AT INOAX XY

RENRE e

ISANYAANATITIVANANAASAY THTATIN ALNLI ANIATINOAA AN

VAZAXIVAYANADINTLANAANXAVYATAVATASd TIXX - SHAAXAXTA

TRR R e e

YAAAMAYAYANNAINTLANN A0 A VY LTI VALY S LTHE A SNENTAS T

ATANILX I VST INTYANOLHEATOTHY T A TATAANX NI HE LAY

ATANINIVS T ININANOLHNYIATOTAS TINM IAZAA " * * " MIIHALOS

T0T

44}

¢S

¢Gt

90¢

SUBSTITUTE SHEET (RULE 26)



02232033 1998-03-13

CA

PCT/US96/14819

WO 97/09994

67/ 69

g82 914

0LC IAdIXd- O@mxmmemOOqumzwmmmmmm<wamm<ooaae T€¢

T69 [LAdLAJLAVINIAVAYANIIVAY " dATIVIVdNAAYdYdNT €69

0€C mmﬁaom,&xm%Exmmoexmﬁg ....... I V07

MR

169 m<m<mxm<mxmm<m¢mOm¢m<mBmmma><quo<m<Mmqm<&mm<&9xmq ¢09

MON ........... Om<mxmz> ............................... me
el

109 - OINIAVIANNNOIVANTOAITAVIHYATIAINAS THITIS TAVIALATAS TGG

el "7 NATAVIDIXIIADINKATA INA T LYA VR SIANYAVON INEEA TST

=D TP TR T

106 YAVOMIASAZNRNYATTNDIHNAIAINATILYAVINSAANINVON IMEAN 267

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/099%94

68 / 69

vec 914

€CT TIMXINLIANYIQAIN0: - " "7 7 AXDIIVAIADIVAYANEDNTL €8
SN SRR

ove >&O¥<MB¢M&M<mqu<x<mquMEAmm<MOx<mmm&&&&&@qOmmmm>> T6T

¢ @’ mmxm<<aqx<xHmmmquxmxmmx>xqmmqw ........... AL LY

I N A | K

06T 2¢m>92mxax<mmmmmz<maH2&D4<D¥<<&DB<OOW4JM<OO><<><MQ 1872

97 XTUSTHINTYANOIRMUATOTETRIATAT "+ AAMKIVORIHALANY ¢
o R R R : R

0pT zmmmﬁdmmq<<xmmBxxdomawxxoadxéoDQ<MO<DM><MM<ZM<me< 16

SUBSTITUTE SHEET (RULE 26)




02232033 1998-03-13

CA

PCT/US96/14819

WO 97/099%4

63 / 69

£9¢

6EV

R4

06¢

GLT

0t

£91

06¢

g62 914

0LZ IMdLXd0

Pyy I2d° "V¥d

YdMALNddO0OX TUNATIAS YUY AQIAYOOAAIMI I OE VAN AdNdVd

YAMNATIdAO00L TUNATHESHIVATIAYO0AALNEdNd0dVdNAdNdYd *

Jd0LXdvYd0d0avadadIa™ =~ AQIITOAINXIIIRAXALA " * 77

. . . . . . . . . . . - . .
. . . -

¥d0d¥d¥dNd0avdvadvdLddVdYdNAdANACINTAVALAI TEVAAVVY I

...................................... HZMQNmBa@M@&@
SA N 111

IMATOINIAAIANNNIA TN TOAATIVIIVATIAINAS THATAS TR Y

AAMYC 0 YO INIAQUXAXVIINA THTIVEAANAAXEYTHIA
nE IR N TR N B

ATISOTdTIADANYAQASASAATANTAOI TIHAONITIVINVOJ YATAYA

79¢

ovv

vic

T6¢

9LT

17¢

V9T

16¢

Vet

[8744

SUBSTITUTE SHEET (RULE 26)



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - DESCRIPTION
	Page 66 - DESCRIPTION
	Page 67 - DESCRIPTION
	Page 68 - DESCRIPTION
	Page 69 - DESCRIPTION
	Page 70 - DESCRIPTION
	Page 71 - DESCRIPTION
	Page 72 - DESCRIPTION
	Page 73 - DESCRIPTION
	Page 74 - DESCRIPTION
	Page 75 - DESCRIPTION
	Page 76 - DESCRIPTION
	Page 77 - DESCRIPTION
	Page 78 - DESCRIPTION
	Page 79 - DESCRIPTION
	Page 80 - DESCRIPTION
	Page 81 - DESCRIPTION
	Page 82 - DESCRIPTION
	Page 83 - DESCRIPTION
	Page 84 - DESCRIPTION
	Page 85 - DESCRIPTION
	Page 86 - DESCRIPTION
	Page 87 - DESCRIPTION
	Page 88 - DESCRIPTION
	Page 89 - DESCRIPTION
	Page 90 - DESCRIPTION
	Page 91 - DESCRIPTION
	Page 92 - DESCRIPTION
	Page 93 - DESCRIPTION
	Page 94 - DESCRIPTION
	Page 95 - DESCRIPTION
	Page 96 - DESCRIPTION
	Page 97 - DESCRIPTION
	Page 98 - DESCRIPTION
	Page 99 - DESCRIPTION
	Page 100 - DESCRIPTION
	Page 101 - DESCRIPTION
	Page 102 - DESCRIPTION
	Page 103 - DESCRIPTION
	Page 104 - DESCRIPTION
	Page 105 - DESCRIPTION
	Page 106 - DESCRIPTION
	Page 107 - DESCRIPTION
	Page 108 - DESCRIPTION
	Page 109 - DESCRIPTION
	Page 110 - DESCRIPTION
	Page 111 - DESCRIPTION
	Page 112 - DESCRIPTION
	Page 113 - DESCRIPTION
	Page 114 - DESCRIPTION
	Page 115 - DESCRIPTION
	Page 116 - DESCRIPTION
	Page 117 - DESCRIPTION
	Page 118 - DESCRIPTION
	Page 119 - DESCRIPTION
	Page 120 - DESCRIPTION
	Page 121 - DESCRIPTION
	Page 122 - DESCRIPTION
	Page 123 - DESCRIPTION
	Page 124 - DESCRIPTION
	Page 125 - DESCRIPTION
	Page 126 - DESCRIPTION
	Page 127 - DESCRIPTION
	Page 128 - DESCRIPTION
	Page 129 - DESCRIPTION
	Page 130 - DESCRIPTION
	Page 131 - DESCRIPTION
	Page 132 - DESCRIPTION
	Page 133 - DESCRIPTION
	Page 134 - DESCRIPTION
	Page 135 - DESCRIPTION
	Page 136 - DESCRIPTION
	Page 137 - DESCRIPTION
	Page 138 - DESCRIPTION
	Page 139 - DESCRIPTION
	Page 140 - DESCRIPTION
	Page 141 - DESCRIPTION
	Page 142 - DESCRIPTION
	Page 143 - DESCRIPTION
	Page 144 - DESCRIPTION
	Page 145 - DESCRIPTION
	Page 146 - DESCRIPTION
	Page 147 - DESCRIPTION
	Page 148 - DESCRIPTION
	Page 149 - DESCRIPTION
	Page 150 - DESCRIPTION
	Page 151 - DESCRIPTION
	Page 152 - DESCRIPTION
	Page 153 - DESCRIPTION
	Page 154 - DESCRIPTION
	Page 155 - DESCRIPTION
	Page 156 - DESCRIPTION
	Page 157 - DESCRIPTION
	Page 158 - DESCRIPTION
	Page 159 - DESCRIPTION
	Page 160 - DESCRIPTION
	Page 161 - DESCRIPTION
	Page 162 - DESCRIPTION
	Page 163 - DESCRIPTION
	Page 164 - DESCRIPTION
	Page 165 - DESCRIPTION
	Page 166 - DESCRIPTION
	Page 167 - DESCRIPTION
	Page 168 - DESCRIPTION
	Page 169 - DESCRIPTION
	Page 170 - DESCRIPTION
	Page 171 - DESCRIPTION
	Page 172 - DESCRIPTION
	Page 173 - DESCRIPTION
	Page 174 - DESCRIPTION
	Page 175 - DESCRIPTION
	Page 176 - DESCRIPTION
	Page 177 - DESCRIPTION
	Page 178 - DESCRIPTION
	Page 179 - DESCRIPTION
	Page 180 - DESCRIPTION
	Page 181 - DESCRIPTION
	Page 182 - DESCRIPTION
	Page 183 - DESCRIPTION
	Page 184 - DESCRIPTION
	Page 185 - DESCRIPTION
	Page 186 - DESCRIPTION
	Page 187 - DESCRIPTION
	Page 188 - DESCRIPTION
	Page 189 - DESCRIPTION
	Page 190 - DESCRIPTION
	Page 191 - DESCRIPTION
	Page 192 - DESCRIPTION
	Page 193 - DESCRIPTION
	Page 194 - DESCRIPTION
	Page 195 - DESCRIPTION
	Page 196 - DESCRIPTION
	Page 197 - DESCRIPTION
	Page 198 - DESCRIPTION
	Page 199 - DESCRIPTION
	Page 200 - DESCRIPTION
	Page 201 - DESCRIPTION
	Page 202 - DESCRIPTION
	Page 203 - DESCRIPTION
	Page 204 - DESCRIPTION
	Page 205 - DESCRIPTION
	Page 206 - DESCRIPTION
	Page 207 - DESCRIPTION
	Page 208 - DESCRIPTION
	Page 209 - DESCRIPTION
	Page 210 - DESCRIPTION
	Page 211 - DESCRIPTION
	Page 212 - DESCRIPTION
	Page 213 - DESCRIPTION
	Page 214 - DESCRIPTION
	Page 215 - DESCRIPTION
	Page 216 - CLAIMS
	Page 217 - CLAIMS
	Page 218 - CLAIMS
	Page 219 - CLAIMS
	Page 220 - CLAIMS
	Page 221 - DRAWINGS
	Page 222 - DRAWINGS
	Page 223 - DRAWINGS
	Page 224 - DRAWINGS
	Page 225 - DRAWINGS
	Page 226 - DRAWINGS
	Page 227 - DRAWINGS
	Page 228 - DRAWINGS
	Page 229 - DRAWINGS
	Page 230 - DRAWINGS
	Page 231 - DRAWINGS
	Page 232 - DRAWINGS
	Page 233 - DRAWINGS
	Page 234 - DRAWINGS
	Page 235 - DRAWINGS
	Page 236 - DRAWINGS
	Page 237 - DRAWINGS
	Page 238 - DRAWINGS
	Page 239 - DRAWINGS
	Page 240 - DRAWINGS
	Page 241 - DRAWINGS
	Page 242 - DRAWINGS
	Page 243 - DRAWINGS
	Page 244 - DRAWINGS
	Page 245 - DRAWINGS
	Page 246 - DRAWINGS
	Page 247 - DRAWINGS
	Page 248 - DRAWINGS
	Page 249 - DRAWINGS
	Page 250 - DRAWINGS
	Page 251 - DRAWINGS
	Page 252 - DRAWINGS
	Page 253 - DRAWINGS
	Page 254 - DRAWINGS
	Page 255 - DRAWINGS
	Page 256 - DRAWINGS
	Page 257 - DRAWINGS
	Page 258 - DRAWINGS
	Page 259 - DRAWINGS
	Page 260 - DRAWINGS
	Page 261 - DRAWINGS
	Page 262 - DRAWINGS
	Page 263 - DRAWINGS
	Page 264 - DRAWINGS
	Page 265 - DRAWINGS
	Page 266 - DRAWINGS
	Page 267 - DRAWINGS
	Page 268 - DRAWINGS
	Page 269 - DRAWINGS
	Page 270 - DRAWINGS
	Page 271 - DRAWINGS
	Page 272 - DRAWINGS
	Page 273 - DRAWINGS
	Page 274 - DRAWINGS
	Page 275 - DRAWINGS
	Page 276 - DRAWINGS
	Page 277 - DRAWINGS
	Page 278 - DRAWINGS
	Page 279 - DRAWINGS
	Page 280 - DRAWINGS
	Page 281 - DRAWINGS
	Page 282 - DRAWINGS
	Page 283 - DRAWINGS
	Page 284 - DRAWINGS
	Page 285 - DRAWINGS
	Page 286 - DRAWINGS
	Page 287 - DRAWINGS
	Page 288 - DRAWINGS
	Page 289 - DRAWINGS

