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kG 323ME (49 HH) (OD 405mm, Suep-BSA I —F 4 > i)

EGE N

Sirep-TT Strep-TT  Strep-TT TT* PBS*
(20pg)* {(10pg)* (Spg)*

1:2000 3.75 37 3.86 0.11 0.01

1:4000 3.57 3.60 3.61 0.04 .00

1:8000 2.48 2.66 2.60 0.01 0.00

1:16000 1.14 1.59 1.50 0.06 0.00

1:32000 0.76 0.84 0.95 0.00 0.00

1:64000 0.36 0.42 0.41 0.00 0.00

1:128000 0.18 0.23 0.22 0.00 0.00

1:256000 0.04 0.10 0.12 0.00 (.00
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6 HH
2 B 74U F 4 7(0.D.4050m)
IgGy IgG,, I2Go, IgG,
Strep-TT (20 ug) 0.14 0.01 0.04 0.04
Strep-TT (10 pg) 0.12 0.01 0.03 0.04
Strep-TT (5 ug) 0.14 0.05 0.08 0.10
TT (20 pg) 0.06 0.02 0.01 0.01
PBS 0.03 0.00 0.00 0.01

72 2. Strep-TT+ 7P a3y b, MM4+7PPay b, £REPBSTOHHEIS

B THES I Rz, MFE6 QPR h,

14HH
b 2 i m s 74 %4 7(0.D.405um)
IgG, IgG,, IgGy, IgG,
Strep-TT (20 pg) 2.00 0.71 0.95 1.08
Strep~TT (10 pg) 1.84 0.91 1.01 2.22
Strep-TT (5 ug) 1.69 0.62 0.95 1.23
TT (20 pg) 0.05 0.00 0.00 0.01
PBS 0.03 0.00 0.00 0.00

¥ A0X, Strep-TT+ 7P U a8y by TTHP U 28 b EHIEIPRSTO RIFT

H E_EZHEK%WTEB?% hiz. ER 1408 CEEERE,
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35HH .
: T A A 7(0.D.4050m)
o A HmiE* ——
: G, IiG. 16, 126,
Strep-TT 20 pg) 2.24 0.40 .49 0.45
Strep-TT (10 ug) 2.07 0.56 0.59 1.00
Strep-TT (5 pg) 2.16 0.60 0.76 0.75
TT (20 xg) 0.08 0.01 0.0} 0.01
PBS 0.01 0.00 000 - 001

x7 ™ Ak Strep-TT+7 a3y b, MT+7P Y230 b, F = EPRSTO. T,
2 8 HHICEENTENShE, MmiEd3 5 ARKCERE R,

49HHE )
7 A E 4 7(0.D.4050m
mRE A o .
IgG, 18G,, IzGa  EAEN
Strep-TT (20 ue 3.91 1.14 1.28 _ 0.74
Strep-TT (10 pg) 3.85 1.35 2.01 - 1,28
Strep-TT (5 pg 3.88 2.10 2.96 0.82
TT 20 pg) 0.44 0.03 0.02 0.05
PBS 0.01 (.01 0.0l 0.02

7™ 24k, Strep-TT+7v sy b, MM+7Yany by EREPBSTO. 7,
2 8/ 4A 2HHICEENTIERE N, g4 9 HERERE AL,
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Hi Strep-TT (20 1t g DREE)

C

L T e T e T e T e T e T s T e T e B e B e B B s B |

[
. 0.D. 405 am
[ Conc.
[ (ng Strep.  Strep. Strep. Strep.- '
[ per T.T. BSA
100 #1 #2 #3 T.T.
[
0]
[ 10 0.663 1.266 0.110  0.028 1.342 1,399
. 5 0.720 1.186 0.143 0.026 1.051 1.485
[ 2.5 0.823 1.173 0.254  0.056 1.412 1.435
: 1 0.959 1.164  0.555 0.094 1.457 1.442
: 0.5 1.081 1.144 0.776 0.109 1.564 1.187
: 0.25 1.237 1.251 1.036  0.165 1.638 1.510
[
[
E 1 Steep-TT (10 12 g D51 )
[ 0.D. 405 om
: C(c;nc.
g Strep.  Strep. . -
E per P frep.  Strep.  Strep T.T BSA
100 #1 #2 #3 T.T.
[
: pL)
: 10 0.941' 1.210 0.055 0.010 1.820 1.784
: 5 0.917 1.258 0.233  0.010 1521 1.790
: 2.5 0.963 1.232 0.269 0.015 1726 1.765
: 1 1.129 1.312 0.619  0.065 1.802 1.670
: 0.5 1.256 1.293 0.872  0.068 1.800 1.422
: 0.25 1.340 1.279 1.123 ~ 0.113 1.871 1.845
{7t Strep-TT (5 & gDER5FR)
0.D. 405 nm
Conc.
gef- Strep.  Strep. Strep. Strep- ... pq)
100 #1 #2 #3 T.T.
gL)
10 0872 1204 0009 0000 1.803 1740
5 0.960 1318 0.090 0.000 1109 1571
2.5 1087 1233 0213 0000 1822 1761
1 1125 1322 0501 0.053 1797 1572
0.5 1.289 1.377 0.746 0.064 1.836 1.717
0.25 1388 1303 1001 0.107 1925 1786
0000000000000 0000000000
0000000000000
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[ .

[ CFU ®)3—t ¥ bED

[

[

Ay B y471 2473 5475
[

[

[ Strep-TT (20 ug) 58 49 45
[

[ Strep-TT (10 pg) 22 50 24
[

[ Strep-TT (5 ug) 30 48 24
[

[ TT 7 6 7
[

[ PBS 0 0 1
[

]
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51

101

151

201

251

. 301

179%kk*x IRGHA K kK 195+ krdk ] Rt 2
yiCa T 1B w sk .

: 10 20 a0 4G 50
PEAPAEOPKEAPAPQPAPAPKPERPAEQEKEEKT DDOOAEE DYARRSEEE,

50

100

350

20Q

250

140 20 30. 40 50
ERSPVASQOSKAEKDYDAAKKPAKNAKKAVEDAQKALDDARKARQKEYDEDD
Ghkdkdd ok : 52
Yk kkkkw . . 2QkxHkAE
10 20 30 40 50
KKTEEKAALEKAASEEMDRAVARVOOAYLAYQOAT DKAMKDARDKMIDEA
*kk kK ERRARAAE . TRrHEAEE
TgE
14 20 30 - 40 50
KRREERARTKEFNTVRAMV Y PEPEQLARTKERSEEAKQRAPELTKRLEEAR
G dekdkdek O dede sk ’ 103k kkH*
dkk 101 **** 1Dk ko
GOkkrkHu 1igrkiix )
10 - 20 30 40 50
AKLERAEKK2 TEAKQRVDAREVAPCARTARLENQVERLEQELKEIDESES
’ 1R *E A T4 HH kR 14GHkH
130% Rk % * ' 145xk%%*
10 20 30 ] 40 50
EDYAKEGFRAPLOSKLDAKKAKLSKLEELSDKIDELDAR TAXLEDQLKAR
* 1EBHR Kk *
1GEhERwn 1
10 2¢ 30 © 40 30
EENNNVEDY FREGLEKTTAARKAELERKTEADLEKAVNEPEKPAPAPETEA
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1c 20 3¢ 40 50

.351 YNRLTQQQPPKAEKPAPAPKTGWKQENGMWYFYNTDGSMATGWLQNNGSW 400

10 20 3¢ 40 s¢
401  YYLNSNGAMATGWLOYNGSWYYLNANGAMAT GWAKVNGSWYYLNANGAMA 45C

10 20 30 40 - 50 ‘
451 TGWLOYHGSWYYLNANGAMATGWAKVNGSWYYLNANGAMATGWLOYNGSW 500

10 20 30 40 50
501 YYLNARGAMATGWAKVRGSWYYLNANGAMATGWVEDGDTWYYLEASGAMK 550

10 20 30 40 50

551 ASQWFKVSDKWYYVN&LGALAVNTTVDGYKVNANGEWV | 588
Motif #: 3 Range: 6 - 13

Motif: *[DEGHRNPORST] [DEEGKNPQRST?! [DEHEGKNPQRST] [DESGKNPORS
T]* [ DEHGKNPQRST] * . :

‘Ref.: WISHART, D.S. UNPUBLISHED

Name: GENERALIZED B CELL EPITOPE PATTERN

Motif #: 5 Range: 8§ - 13

Motif: *[DEGHENPORSTI [DEHGKNPQORST]* [DEHRGKNPQRST] [ DEHGKNEQR
ST1 [ DEHGEMPQRST] * ’

Ref.: WISHART, D.S5. UNPUBLISHED

Name: GENERALIZED B CELL EPITOPE PATTERN

Motif #: 29 Range: 42 — 4% .
Motif: *[DEGHENPQRST] [DEHGKNPQRST} [CEHGKNPORST] * [CEHGENPOR

10

20

30
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ST] [ DEHGENEQRST] *
Ref.: WISHART, D.S. UNPUBLISHED
Name: GENERALIZED B CELL ERITQEE PATTERN

Motif #: 32 Range: 4% - 56

Matif: *[DEGHKHPQRST][DEHGKNPQRST][DEHGKNPQRST]IDEHGKNPQES
T1* [CERGKNPQRSTI *

Ref.: WISHART, D.5. UNPUBLISHED

Name: GENERALIZED B CELL -EPITOFE FATTERN.

Motif #: 66 ‘ Range: 63 = 70

" Mobif; *{DEGHKNPQRST][DEHGKNPQRST}[DEHGKNPQRST}*[DEHGKNPQR

ST} [ DEHGENPORST] *

Ref.: WISHART, D.S. UNPUBLISHED
Name: GENERALIZED B CELL EPITOPE PATTERN

Motif #: 73 Range: 81 - EB

- Motif: *[DEGHKHPQRST][DEHGKNPQRST}*[DEHGKNPQRST][DEHGENPQR

ST} [CEHGKNPQRST] *
Ref.: WISHART, D.S. TNPUBLISHED
Mame: GENERALIZED B CELL EPLTOPE PATTERN

Motif #: 78 Range: 97 — 104

Motif: *[DEGHENPORSTI [DEHGRNEQRST] * [DEHGENPQRST] [DERGKNECR -

ST] [ DEHGENPQRST] *
Ref.: WISHART, D.S. UNPURLTSHED
Name: GEWNERALIZED E CELL EPITOPE PATTERN

 Motif #: 89 Range: 104 - 111

Motif: *[DEGHENPORST] [DEHGKNPQRST] * [DEEGKNPQRST][DEHGKNPQR
ST] [ DEHGENPQRST] *

Ref.: WISHART, D.S. uupUBLISHEa

Name: GENERALIZED B GELL EPITQPE PAETERN

Motif #: 91 Range: 107 - 114

Motif: *[DEGHRNPQRST}[DEHGKNPQRST][DEHGKNPQRST]*[DEHGKNPQR
ST] [ DEHGKNPQRSTY *

Ref.: WISHART, D.S5. UNPUBLISHRED -

Name: GENERALIZED B CELL ERITOPE PATTERN

10

20
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Motif #: 95 Range: 119 - 125

Motif: * [ DEGERNPORST ] [ DEHGEKNPQRST] [ DEEGKNPORST] [ DEEGENPQORS
T] [CEHGENPQRST] *

Ref.: WISHARY, D.S. UNPUBLISEED

Name: GENERALIZED B CELI, EPITOPE PATTERN

Motif #: 101 Range: 127 - 133

Motif: *[DEGHKNPORST] [DEHGENPQRST] [ DERGENPQRST] [DEHGKNPORS
T] [DEHGRKEQRST] *

Ref.: WISHART, D.S. UNPUBLISHED

Name: GENERALIZED B CELL EPITOPFE PATTERN

Motif #: 116 Range: 132 - 139

Motif: *EDEGHKNPQRST][DEHGKNPQRST]*[DEHGKNEQRST][DEHGKNPQR
ST] [DERGENPQRST] *

Ref.: WISHART, D.S. UNPUBLISHED

Name: GENERALIZED B CELL EFITOFE PATTERN

Motif #: 122 Range: 139 - 146

Motif: *[DEGHKNPQRST][DEEGKHPQRST]*[DEHGKNPQRST][DEHGKNPQR
5T] [CEHGENPORST] ¥

Ref.: WISHART, b.S. UN?UBLISHED

Name: GENERALIZED B CELL EPITCPE PATTERN

Motif #: 123 - Range: 142 ~ 149

Motif: * [DEGHENPQRST] [DEBGENEQRST] [ DEHGKNEORST] * [DEHGENPOR
3T] [DERGKNEQRST] *

Ref.: WISHAET, D.S. UNPUBLISHED

Name: GENERALIZED B CELL EPITOFE PATTERN

Motif #: 130 Range: 153 ~ 160

Motif: *[DEGHKNPQRST][DEHGKHPQRST]*[DEHGKNPQRST][DEHGKNPQR
ST] [DCEHGEKNPQRST] *

Ref.: WISHERT, D.S. UNPUBLISHED

Name: GENERALIZED B CELL EPITQOPE PATTERN

Motif #: 133 Range: 160 - 1&7

Motif: *[DEGHENPQRST] [DEHGENPQRST]* [DEHGKNEQRST] [DEHGENFQR
5T] [ DEHGKNPORST] +

Ref.: WISHART, D.5. UNPUBLISHED

10

20
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Name: GENERALIZED B CELL EPITOPE PATTERN

Motif #: 140 Range: 181 ~ 188

Motif: *[DEGHKNPQRST] [DEHGKNPQRST] [DEHGKNEQRST] * [ DEHGKNPOR
ST] [ DEHGKNEGRST] * '

Ref.: 'WISHART, D.S. UNPUBLISHED

Name: GENERALIZED B CELL EPTTOPE PATTERN

Motif #: 145 Range: 1%2 - 193
Motif: * [CEGHBKNP®QRST] [ DEHGENPORSET] * [ CEHGKNPQRST] [ DEHGKNTOR
ST] [DEHGKNPQRST] *

* Ref.: WISHART, D.S. UNPUBLISHED

Name: GENERALIZED B CELL EPITOPE PATTERN

Motif #: 148 Range: 195 - 201

Motif: *[DEGHKNPQRST][DﬁHGKNPQRST][DEHGKNPQRST][DEHGKNPQRS
T] [DEHGENPQRST] *

Ref.: WISHART, D.S. UNPUBLISHED

Name: GENERALTZED B CELL EPITOPE PATTERK

Motlf #: 166 Range: 226 - 233 .

Motif: * [DEGHENPQRST] [ DEHGKNPQRST] * [ DEHGENPQRST ] [ DEHGENEQR
5T1 [DEHGKNPQRST] * ' '

Ref.: WISHART, D.S. UNPUBLISHED

ﬁame: GENERALIZED B.CELL EPITOPE PATTERN

Motif #: 168 - Renge: 228 - 236

Motif: * [DEGHENPQRST] [ DERGKNPQRST] [ DEHGKNPQRST] * [ DEHGKNPQR
ST] [DEHGENPQRST} * .

Ref.: WISHART, D.S. UNPUBLISHED

HName: GENERALIZED B CELL EPITOPE PATTERN

Motif #:° 176 " - Range: 250 - 256

Motif: * [DEGHENPQRST ] [DEHGENPQRST) { DEEGKNEPQRST] [DEHGKNPQRS
7] [DEHGKNPQRST] * '

Ref.: WISHART, D.S. UNPUBLISHED

Name: GENERALIZED B CELL EPITOPE PATTERN

Motif #: 179 Range: 252 - 259

Motif: * [DEGHKNPQRST] { DEHGKNPORST] [ CEHGKNPQRST] * [ DEHGKNEQR

ST} {PEHGENPQRST] *
Ref.: WISHART, D.S. UNPURLISHED .
Neme: GEMERALIZED'B CELL EPITOFE EBATTERN

Motif #: 182 ) Range: 260 — 267 -

Motif: *[DEGHKNPQRST}[DﬁHGKNPQRST][DEHGKNPQRST]*[DEHGKNPQR
5T} {CERGKNPQRST] *

Ref.: WISHART, D.S. UNPUBLISHED

Name: GENERALLZED B CELL EPITOPE PATTERN

Motif #: 185 Range: 261 - 268

Motif: *[DEGHKMPQRST] [DEHGENPQRST]* [DEEGENPORST] [DEHSKNPOR
ST] [DERGKNPQRST ] * '

Ref.: WISHART, D.S. UNPUBLISHED

Name: GENERALIZED B CELL EPITOPE PATTERN

Motif #: 195 Range: 275 — 282

Motifi *[DEGHKNPQRST] {DEHGKNPQRST] [ DEHGENPQRST] [ DEHGKNPQRS
T]* [DEHGKNEQRST] *

Ref.: WISHEARY, D.S, UNPUBLISHED

MName: GEMERALIZED B CELL EPTTOPE PATTERN

Motif #: 206 Range: 288 - 285
Motif: *[DEGHRNPQRST] [DEEGENPORST] [DEHGENPQRST] [ DEHGKNPQRS
?]*[DEHGKNPQRST}*

" Ref.: WISHART, D.S. UNPUBLISHED

Name: GENERALIZED B CELL EPITOPE PATTERN
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USE OF COILED-COIL STRUCTURAL SCAFFOLD TO GENERATE
STRUCTURE-SPECIFIC FERTIDES

1at fcations

This application claizms the benefit of U.5. Provistonal Applisations Serial
No, 60/211,852, filed June 14, 2000, and Sertal No. 60/213,387, filed June 23,
2000. The entire comenr of each of these provisionzl applications is herchy

ixorporated by refercnce in its entirety.
Field of the Invention

This invencion relates to the use of a coiled-cail structaral scaffald to
senesate stmcmrefspocliﬁu peptides, including syntheric peptides derived from
naturally occurring microbial aud non-microbial protein aniigens. The siructure of
the synthetic peptides utilizes a scaffold of heptad repeat units into which epitopes
derived from coiled-voil regions of nutive proteins are spliced. The resulting
peptide has a more stable coiled-cofl strucmre, hence improving presentation of the

epitopes in a helical conformation.
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ix e Tnvenii

Streptococcus preumeoniae is an important pathogen causing life-threatening

fnvasive diseases such us pneamonid, meningitis and bacteraemia. It is estimated
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that more than 1 million cases of pnevmococeal pneumenia are diagnosed each
year in the United States with 0.7% of these infections being fatal (Lancet, 1983).
In developing couniries, it is estimated that 4 million deaths are due to pneumonia,
with 8. premwmoniae infections accounting for 70% of the deaths (WHO, 1995), S
5 preumeniae slso causes less serious diseases such. as atitis media and simusitis
which, due o their prevalence, are & significant burden on health care systems.
The high marbidity and mortality rate associated with pneumococeal infections is
exacerbated by the rate at which the organism acquires resistance to multiple
anribiotics (Spika et al., 1991; Baquero et al., 1991}, Thus, there is an unmet

19 need for elfective weatments for pneumococcal infectians.

The current vaccine utilized for prevention of pueumococcal infection in
humans is based o purified capslar polysaccharides. The design of a capsular
polysaccharide vaceing js complicated by the fact that there are S0 different

15 capsular iypes and the proicetion elicited by the capsuls is type specific
(Henrichson, 1995). These problems are somewhat mitigated by the faci that
certain capsules are more commonly associated with human disease than others
awd which ultimately led to their inclusion into the curreni 23 vaieut vaccine
(Robbins ef al., 1983). However, capsular polysaccharides, like most polymeric

20 compewnds possessing puttiple Tepeating units, are inefficient in sumvlatiog

immuce responses and subclass switching to 1gG (Begvery et al., 1982). Not
surprisingly, the vaccine is only 60% effective in preventing fatal pneumococcal
bacteraemia in the elderly {Shapiro et al., 1991} and is unable to elicit adequate
antibody responses in children under the age of 2 (Cowan et al., 1978). The
problem of poor imminogenicity inl clildres is being addressed by conjugation of
the polysaccharides to protein carriers such as diphtheria and tetanus toxeids

(Shelly et al., 1997). In a recont clinical trial, a seven valent conjugate vaccine
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was shown o be lmunogenic in children and elicited protection against invasive

poeumococcal infection.

However, a sepacate vaccine will be required for adults because clinically
important infections ars caused by diffarent capsular types than is the case for
children. Coverage in the developing world is expected 1o be 28 Jow as 52%
owing 10 geographical variation of pnevmococcal strains, In addition, it is
anticipated that the comjupate vaccings may be too expensive for the developing
world. Thus, there is an urgent need for aliernative approaches to the

development of pueumococcal vaecines.

The drawbacks assoclated with the polysaccharide vaccine have prompted
interest in the possibility of developing vaccines based on poeumoecoecal protein
antigens. Preumococesl proteins under consideration have incladed the toxins,
poeumnolysin, autolysin, and the surface proteing. The surface proteins which have
been used as vaccines to date include pueumococeal surface adbesion A (PsaA),
pnenmococeal surfece protein A (PspA} and pucemococeal surface protein C

(PspC). The sueface profeins are shown in Figure 1.

Prneunzolysin is a thiol cytolysin that &5 produced by virmally all clinical
isclates of S. pneumontae. Whed mice were imnwunized with a genetically
engineered txoid version of pneumolysin (pneumelysoid) absorbed onto ahnn, the
survival rate and the rime of deuth of non-survivors (survival time) was
significantly greater than that of controls. However, significant ditferences in the
degree of protection were noted betwsen different streins {Alexander et al., 1594).
Prncumolysoid is currently being investigated as a carrier protein for preumococcal

capsular polysaccharides (Michon et al., 1998}, In general, & ligher response to
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the capsular polysuccharides was observed when they are formulated as conjugares
of preumolysin as compared to tetanus 0xoid conjugates.  Jrnnimization with
zutolysin has also shown to be protective in a sepsis model (Canvin et al., 1995).
However, antibodies to autalysin appear to exert their effect in part becanse they

prevent the autelysin dependent release of pneurnolysin.

All Streptocecous preumpnige jsolates investigated to date express the
Tipopratein pneumocaccal surface adhesin A (Psad). Psad is 37 kDa in molecular
weight and s thoughe to be genencally conserved. The function of PsaA js that of
a Zn binding membrane ansport protein {Lawrence, et al. 1998). Recent studies
have shown that immunization of mice with native PsaA elicited anti-Psad.
antibodies that protected nuce from challenge with virulent strains of S,
prexmoniae (Talkington et al., 1996; De et al., 1999). In a mouse carriage
maodel, Psaf has been shown to be one of the best pneumococeal surface antigens-
at cliciting protection against carriage. However, PsaA is not as effective as PspA.
in eliciting protection in a muring scpsis medel or murine pulmonary infection
model (Briles et al., 2000).

Prenmococeal surface protein A has heen found on all strains of S.
preumoniae studied 1o date and is required for full virulence {Crain ei al., 1990),
‘While PspA has a strain-dependent molecular weight ranging from 67 to 99 kDa,
all proteins consist of four distinct domains: an N-terminal highly charged
domain, a proline rich domain, a repcat domain comprising 10 highly conserved
20 amino acid repeats, and 4 short hydrophobic domain {Figure 2). The repeat
region is respousible for attachment of the protein to the cell surface of 8,

prewnonise by non-vovalent binding to choline residues.
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The amino acid sequence of the Rx1 strain PspA, is included berein as SEQ
ID NO:1. Analysis of the sequence of the N-terminus of this PspA (residues 1-
303) indicated that the sequence adopts a colled-coil structure. The conled-coil
sfruchire consists of twe amphipathic. g-helices wrapped around such other with a
left handed supertwist (Figure 3). Tbe coiled-coil is characterized by & heptad
repeat (zhedefs), in which the a and d positions are typicaily occupied by
hydrophobic ammo acids, These residues are aligned such that they creae a
hydrophobic face diat s respansible for te stability of this strocmre,

The N-terminal sequence of PspA contains three prolines interspersed
tuoughout the sequence, which are believed to create small breaks in the
otherwise continuons coiled-coil. It is proposed from hydrodynamic
characterization of the protein and from computer modeling that PspA forms 2
coiled-coil by folding back outo itself at one of the three proline regions. It is
theught that the coiled-coil region extends from the cel! wall and possibly

protrudes outside the capsule.

The exact fanction of PspA 18 not koown, It Ias been shown to retard to
clearance of paeumocacei from the blond (McDaniel et al., 1987). Tt scems likely
that the major effect of FspA on virulence may be due to interference with
complement fixation. Tn addition, it is thought that the highly positively charged
nature of the coiled-coil reglon may inweract with the negatively charged capsule.

This nteraction may stabilize the capsular sirucire,
Streptococcus preumaoniae has another saiface protein cailed PspC that has

a similar domain structure as PspA, but has a larger coiled-coil region and is

larger in overall size (Figare 2). The N-terminal 150 amino acids of the helical
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domain are highly variable in size and sequence. Adjacent to this hypervariable
region ar¢ two repeating scquences that vary in size from 101 to 205 amino acids
in length. In the larger PspC proteins, there exists a hehcal region similar to the
Ciermingl porrion of the coiled-coil region found in PspA. A comparison of PspC
and PspA proteins is shown in Figure 2. Evidence now exisis thal most strains of
5. pnepmoniae produce both PspA and PspC (Brooks-Walter et al., 1999; Crain et
2., 1996). The exact function of PspC is not known, but it is believed to functivn
in & a.uélogomw fashion as PspA.

This nveation relates (0 the unespecied discovery thai the chavacteristic
heptad repeat {abedefg), of coiled-coil proteins, where ihe a and d positions are
typically occupied by hydrophebic amine acids, can be used as a resiplate w lock
epitopes from cofled-coil egions or potential coiled-coil regions of native proteins
into a stable coiled-coil structure to form novel synthetic peptides based on native
proins. Such peptides may be used for immunization. Aming acid residues from
corresponding positions of native coiled-coil proteins are spliced inio the solvent
exposed b, ¢, e, fand g positions, while hydrophobic amino acids (in particular,
Tie and T.ew) occupy the a and d pesittons. The resulting novel peptides maintain a
stable coiled-coil struchure in aquecus solution, and present immunogenic epiiopes

characreristic of the native profeins.
Accordingly, one aspect of the inventica provides for synthetic peptides of

the following tormula (formula I:
(AXEDXXX), I (SEQ 1D KO:15)
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wherein A 15 le, Leun, Val or a denvative thereof, D is Leu, [le, Valor a
derivative thereof, each X is an amine acid residoe or derivative thereof which
corresponds to an amino acid residue of an epitope of a native ceiled-coi! protein
w form a set of X residues, and 0 is an integer equal to or greaer than 1.
Preferably, A is Jle and D is Leu in every set of the (AXXDXXX) repeat.
Preferred values for nare 2 o 100. Tn a preferred embodiment, n is 2 to 10, most

preferably about 3 to 6.

Preferred sets of X residues are amino acids that are solvemt exposed in the
coiled-coll region of the pative protein. Each ser of ¥ amine acid residues may be
selected and/or combined independently. In other words, they may come from the
same epitope of the sane protein, diflersnt epitopes of tie same protein, epitopes

of different proteing, or the Lke,

The peptides may further comprise additional amine acids, such as the
amino acid residucs CNeG-, at the N-terminus of the pepitde. The peptides may
also conprise additional amine acids at the C-terminus, The additienal amino
acids may or may not be arranged in ¥ sequence which has the propensity to fonn
coiled-coils, and the number of additional anino acids at cither texminus is
preferably less thaz 138, The number of additional amino acids at either termimus
is more preferably less than 50, yer mure preferably leés than 30, stll mors

preferably less than 20, and most preferably less than 10,

This invention may particularly be used to create novel synthetic peptides
relating to microbial proteins which eadsi as coiled-coil sructures in the pative
stztz. Tn particular, amino acid residues from epitopes of microbial surface

proteins, most particularly S. presmonive surface proteins A and C, uay be used
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in the novel peptides.  Many miceobial surface proteins have similar architecture,

existing as long, free-standing coiled—coils.

The X residues may come from consensus sequences of native coiled-coil
proteins, for example PspA and PspC. A preferred consensus sequence of PspA is
EELX, X,KIDELDX,EIAXLEKX; {(SEQ ID NO:S5). Preferably, X, is §, Q, N or
DX is D, NorKi Xy s Aor N, Xyis K, Eor D and X, is N, Dor E.

To ircrease the stability of the coiled-cofil conformation, the amino acid
restdues at the ¢ and g positions, if not part of the epitope of interest, may
optionally b¢ replaced with charged amino acids (e.2., Asp, Glu, Lys, Arg and
His). The replacement shonld be performed such that the e position in oae peptide
strand and the g' position in the "complementary strand” are occupied by amino
acids of opposiie charges, for example Asp apd Lys'. Similarly, the residues at
the ¢ position of one strand and the e’ position of the complementary strand can be

replaced by residucs of opposite charges.

The residues may also be replaced by charged aming scids such thart a salt
bridge can form between two residues which are 3 or 4 residues apart in the same
sicand.  Allernaiively, a charged amino scid may stabilize the coiled-coil structure

by interacting with an oppositely-charged residuc in a stabilizing strapd.

In anoiber aspect, the invention provides meihods of making peptides of the

formula T comprising the steps of selecting an antigenic epitope derived from a

‘For exzmple, chain § aod chain 2 in Figure 2 are "complementacy strands”. As illustrated in Rigure 3, the &
position in chain 1 and the g' position in vhiin 2 are aligusd. Therefare, if amino actd residves with opposite
charge cecupy these two positions, they can form a salt bridgs berween their side ehains, which increases the
stability of the coiled-coil struchue.
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coiled-coil, determining which amino acid residues are solvent exposed, and
itiserting said soivent exposed amino acid residucs into the X positions of formula
I. In particular, the selection of epitopes may be performed using a computer
algorithm. More than one set of epitopic amino acids derived from the same
protein or different proteins may be used.  Furthermore, the sets of epitopic amino
acids may be from different strains and/or species of miczoorganisin when epitopes

of a microbial ¢ofled-coil protein is vsed.

In a further aspect, the inveulion provides compositicns useful w stmulate
an fmmune response in an animal whercin said compositions comprise a peptide of
foroula 1. When more thao oué set of epitopic amine ackls is used in the peptide
of formula [ and the sets of cpitopic amine acids are from differcnt strains and/or
species of microorgaaism, the composition is wselul to slicoufate ap imowae
response 10 moxe than one strain and/or species of microorganism, The animal
may be an avian, a manmal (including a human), or any ammal capable of an

Irrmtune response.

Antibodies raised by administration of a peptide of fornla I are also
provided as an aspect of the invention.  Such amibodies may be polyclonal or
monoclonal. Pharmaceutical composidons comprising such antibodies are zlso
provided. 'When more than one set of cpitopic amipo acids is used in the peptida
of formula I and the sets of epitopie amine acids are from ditferent straing andfor
species of microorganism, the antibody will bind to more thag one sirain and/er

species of microorganisim.

Tn yer a further aspeet, the iovention provides compositions wsetul as

vaccines wherein said compesitions comprise a peptide of formela I. When more
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than one sef of epitapic amino acids is used in the peptide of formula [ and the sets
of epitopic amino acids are from different sirains andfor species of microorganism,
the compasition is usetul to provide cross protection to more tha ope strain and/or

species nf MiCroprEanism

In still 2 further aspect, the invention provides methods of preventing a
micrebial infecion comprising administering to 2 mammal susceptibie io said
infection a peptide of formula 1. When miore than ope set of epitopic amino acids
is used in the peptide of foroula I and he sets of epitepic amino acids are from
differcnt strains andfor speeies of microorganism, the compuosition is useful w

prevent infection by several sirzins andf/or species of microorganism,

In yet another aspect, the invention provides a method of treating or
preventing mictobial infection in an animal susceptible to or sufferiug from such
infection, comprising administering to said aninal an effective amount of an
antibody to & microbial proteln, wherein said antibedy Is produced by
administering a peptide of formula [ to an animal. Iy particular, such
administration may be used 0 provide passive irmunization and/or prevent or
alleviate symproms of infecilon in said animal. When more than one set of
epitopic amino acids is used in the peptide of formula I and the sets of epitopic
amino aclds are from ditferent strains and/or species of microorganism, the
methed may treat or prevent infection by several strains andfor specics of

MICTOOrganism,
In still anpther aspect, the invention provides a meihod of delermining the

presence of @ particular microorganism in a sample comprising contacting the

sample with au antibody to a peptide of formula Twihich peptide corprises
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epitepes from the particular microorganism, and determining whether said
antibody binds to 2 compenent of sajd sample. The samplk: may be 2 biclagical
sample. The method may be used to determine the cansative agent of a microbial
infecton. When more than one set of cpitopic Amino acids is vsed in the peptide
of formula I and the sets of epitopic aming aciids are from different strains und/or
species of microorganism, the method may be used o siouliancously defect the

presence of several strainy and/or species of microorganisnr in the sample.

In a further sl aspect, the invemton provides a method for providing
multiple epitopes for exposurs to the immune system. of an animal comprising
administering to the animal a peptide of formula I whercin said peptide epitopes
are from different proteins. M a preferved embodiment, the pepride epitopes are
from different proteing of a single microorganism or from different straing aud/or

species of microor ganisms.

In still a forther aspect, the nvention provides a method for determining
the presence of anitbodies to 2 microbial pretetn in a biological sample comprising
comtacting the sample with 2 peptide of formula I which peptide compriscs at least
one epitope from the microbial protein and determining binding of antthodies in
the sample to the peptide. The method may be nsed to determing whether an

animal has been exposed (0 2 microorganism.

Bricf Description of the Drawingg

Figure 1 is a hypothetical representation of the pasumococcal surface
depicting several antigens present on the surface. The coiled-coil regions from

PspA and PspC are believed o project away from cell wall.
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Figure 2 is & diagrammatic. cepresentation of the PspA. and PspC malocules
highlighting their regions of homology. Each protein consists of 4 domains, a
coiled-cail domain, a prolme rich region, a cholinz binding region and 2
hydrophobic tail. Higlh sequence homology exists in the region 2 sectiong of the
coiled-coil domains between PspA and PspC.

Figure 3 depicts the cross-sectional view 'of a coiled-coil structure
consisting of two peptide chains. The 7 positions of the heptad repeat in chain 1
are designated 2, b, ¢, d, e, fand g, while the 7 positions of the heptad tepeat in
chain 2 are designated 2°, b, ¢°, 47, ¢, f and g, The open arrows indicaw

hydrophoebic interactions between a and a”, and d and d°, respectively.
Figure 4 shows the steps of combining the epiiopes of scveral clinically
relevant steains of § prewmoniae o a coed-coil template to make ar

immunogenic peptide.

Figure § shows the CD spectrum of the peptide of Figure 4 in the presence
and abaence of TFE.

Figure 6 shows u region of PspA which is kighly conserved. A consensus

sequence which is selected such that it conforms with formula I is also shown.

Fipure 7 shows the CD spectrum of peptide CVX0270, which contains a

pariion of the consensus sequence shown in Figure 6.

Figure 8 shows the thermal deraturation profile of peptide CYX0270,
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detailed Deseription of the Invention

This invenhion relates to the use of 2 colled-coil structural scaffold to
penerate structure-specific peptides, including synthetic peptides derived from
namrally ocourring protein antigens. The structure of the synthetic peptides
utilizes a scaffoid of heprad repeat units into whick epitopes of native coiled-coil

proteing are spliced.

In particular, the synthedc peptides are based on microbial proteins,
especially surtace proteins, which occur naturally in the coiled-coil [onm, such as
pnevtrococcal surface proteins A and C. The synthetic peptides are immunogenic
and can be used to elicit an immune response in an animal, Accordingly, they are
useful 28 vaccines or io stimulate antbody preduction or cell-mediated immunity

which recognizes the namrally ocourring protein,

Prior w deseribing the invention in further detail, the torms used in this

application are defined as follows unless otherwise indicated.

Definitions
A “naijve protein” is a protein which exisis in nawre,

A “coiled-voil protein” is 4 protein which, at least in part, forms a coiled-
coil. A coiled-coil protein may have other conformational sructures in addition to
the coiled-coil, Encompassed within the term coiled-coil provwins are ihe proteins
which have been showr to assuwe a coiled-coil structere and the proteins which

are predicted o form coiled-coils by wsing a computer algorithm.
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A *microbial protein” is a protein derived from a micreorganism such as a
hacterium, archaebacterium, fungus, vires, protozoan, parasite, alga, slime mold,

or prion.

A “peptide™ as used herein is a peptide or 2 protem. In other words, a

peptide referred 1o in this application may contain #ny number of amino acids.

A “peptide of formula I” is a peptide which comprises a synthetic

fragment, which tragment consists of formula 1.

An “epitope” 15 a patt of & protein or peptide which is an amigenic

determinant.

A “derivative” of an aming acid is a non-naturally occarring amine acid
residue or a chiemically modified amino acid. Amino acid derivatives may be used
to increase the half life of the peptide in seram or tissue, or to increase antigenicity

of the peplide.

Non-naiurally occwring amino acids may be but not limited to D-isomers,
noricucing, 4-2ming butyric acid, sminoisobutyric acid, 4-amino-3-hydroxy-3-
phenylpentaneic acid, 6-aminchexanolc acid, t-burylglycine, morvaliné,
phenylplycine, ornithine, saccasine, 4-aming-3-hydroxy-6-methylheptanoic acid

and 2-thienyl alanine.
A chemically modified aming acid is an amino zcid with a side chain

modification. For example, the amino group of [ysine may be modified by
alkylation with an aldshyde foilowed by reduction with NaBH,; amidation with
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methylacetimidate; acylation with acetic anhydride; carhamoylation with cyanate;
trinitrobenzylabon with 2,4,6,-trinitrobenzene sulphonic acid (TNBS); acylation
with succinic anhydride and tetrahydrophihalic anhydride; and pyridoxylation with
pridoxal-5'-phosphate followed by reduction with NaBH,.

The guanidine group of arginine residues may be modified by the formation
of heterocyclic condensation products with reagents such as 2,3-butancdione,

phenylglyoxal and glyoxal

The carboxyl group may be maedified by carbodiimide activation via O-
acylisoures formation followed by subscquent devivatizaton, for example, w &

corresponding amide.

The sulfhydryl group may be modified by carboxymethylation with
iodoacetic acid ov iodoacetamide; performic acid oxidation to cysteic acid;
formation of a mixed disulfide with vther thiol compounds; reacticn with
mzleimide, maleic aubydride ot other substituted maleimide; formation of
mercurial derivatives using 4-chloromercuribenzoate, 4-
chloromercuriphenylsulphenic acid, phenylmercury chioride, 2-chloromercuri-4-
nitropheno! and other mercurials, or carbamoylation with cyanats at an alkaline

pH.

Tryptophan residues may be modified by, for example, oxidation with N-
bromosuceinimide or alkylation of the indole ring with 2-hydroxy-3-nitrobenzyl
bromite or sulphenyl balides. Tyrosine residues may be altered by nitration with

tetranifromethane to form & 3-mirotyrosine derivative.
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Meodification of the imidazole riog of a histidine residue may be
accomplished by alkylation with lodoacetic acid derivatives or

diethylpytocarbonate,

A “peptide” may be a peplide containing nalurally existing amino acids or
amino acid derivanves. A peptide may also contain cross links between ditferent
portinas of the pepiide. For example, coiled-coil structares are often composed of
two strands or three strands. It is preferable that the different strands of the
coiled-coil are linked by disulfide bonds, which stabilize the coiled-coil structure.
Maure preferably, the peptide contains 4 lactam bridge between the sidechains of
lysine and ghitamic acid which are spaced 3 or 4 residnes apart (Houston et al..
1996}, These lactam bridges are incorporated preferably at the N- and C-termini
of the peptide sequence and not in regions of the sequence where the epitope is
being disptayed.

A “solvent expused” or “solvent aceessible” amino acid yesidue is an
aming acid residue of a protein or peptide which is exposed w the solveat when
the protein or peptide exists in a solution. The solution {3 preferably an aqueous
solution. more preferably a physiolegically compatible solution, such as blood,
lymphatic fluid or the benign buffer. o particular, "solvent cxposed” amaine acid
residues refer to the residues at the b, ¢, &, f or g positions of 2 native epitope

which forms or is predicted to form a coiled-coil.

A benign buffer is 4 phosphate buffered solution. The “benign buffer” a8
used in this applicatien is 50 mM KH,FQ,, 30 mM KCI, pk 7.0.
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An “antibody” 1s a protein molecule that reacts with z specific antigen and
belangs to one of five disunct clagses based on structural propertics: [gA, 1gD,
IpE, 12G and IgM.

An “immune response” is the development in the host of a cellular and/or
antbody-medidted immune response to 4 compositon or vaceine of interest. Such
a response may consist of the production of one or more of the following:
antibodies, B cells, helper T cells, suppressor T cells, and/or eytotoxic T cells
dirgeied specifically to an antigen or anrigens included in the compusition ot

vaccine of interest.

A "vaccine" is a molecule which is capable of eliciting in an animal an

inuune response which prevents, partially or connpletely, infecton by a pathogen.

“Elicit” or “stimulate™ an jmmune response is 1o CAuse an inmune

response by exposing an Immune system. 10 an imounogen.

An “immunogen” is a molecule which is capable of eliciting an immune

respanse in an animal.

“Prevent & microbial infection” is t prevent, completely or pariially, the

development of a microbial infection.

“Treat & microbial infection™ is to reduce, completely or partially, the

sympioms of @ microbial infection after the onscet of the microbial infection.
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A “sample” Is an aliquot or a representative portion of a substance,
material, or population. For example, a sample may be a sanple of water,

sewsge, oil, sand, blood, biological tissue, urine or feces.

A “biological sample” is a sample collected from a biclogical subject, such

a4 un animal, plant or microorganism,

An “effective amount™ is an amount which is sufficient 1o achieve the
intended purposes. For example, an effective amonnt of a vaccine is an amount of
tlie vaccine sufticient to elicit an immupe response in the recipient of the vaceine w
protect the recipient from contracting the target disease or to prevent or alleviate

medical conditions agsoctated with the disease.
be gynilictic coiled-coil peptide

It has been shown previously that PspA is highly variable among different
siraing of §. prewnonice. Mapping swdies using monoclonal antibodies raised
against PspA fudicate ihat the major cross-reactive epitopes are found in the last
100 aming acids of the coiled-coil domain (residues 192-270 of SEQ [D NO:1)
(McDaniel et al., 1994). Based on the sequence of this region, it has been possible
to group PspA proteins into 6 clades, which comprise three families. Animal
studies have shown ihat immunization with PspA clicits an immune response which
is pot only eross-reactive to other strains in the same PspA family, but that this
cross-reactivity extends berween families (Eriles, et al. 1999; McDanicl et al.,
1991; Tarter al., 1996). In addition, immunizacion with purified PspC fragments
generates antibedies that ave protective against sepsis and crosy react with PspA

(Brooks-Walter et ., 1999). The cross-protection results suggest that despite the
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variation among the coiled-coil domain for PspA and PspC, thers must be

conserved epitopes.

The first evidence that immunity to PspA might be protective was the
finding that PspA specific monoclonal sntibodies (MADs) protected mice from fatal
sepsis.  Subscquently, it was shown that passive protection with 1gG or [gM
monoclongl antibodies to PspA from strain Rxl protected mice from death
following ip or iv challenge with 10° times the LDy, of §. preumoniae stratn WU2
(Briles, et 4l 1989), The MAbs were shown e clear the poenmococe fTonl the
bleod of the challenged mice by a complement-mediated mechanism. Aciive
tmrnunization studies utilized a 27 kDa fragment of PspA from S, pregmoniae
strasn Rx1 (residues 1-243 of SEQ 1D NO:1) which comtain most of the helical
domain of the protein. lmmumizatien of CBASN mice with 5 pg of this fragment
in combination with the adjuvant FCA followed by a hooster dose in PBS were
protectad from an iv challenge of 300 cfu (30 times LDk of smain W1I2
(Talkington et al., 1991). In more recent studies whea mice received 1 or 5 pg of
a fragment comprising residues 1-303 with no adjuvant, it elicited protection
wyratngt fatal infection following v challenge with 480 ofu of the more vimlent
strain AG6.1 {Briles etal. 1998). Passive protection studies ip mice with immune
sera from immunized mice or rabbits can protect against faral sepsis from

challenge doses of 10 to 100 dmes LDs; of the challenge strain.

While Pspa can be divided into mumerous serological types, it has been
shown to be u highly cress-reactive protein. Sera from  single rabbit imunized
witl: the helical portion of PspA from strein Rx1 can recognize PspA from all
pueumococs! in Western blots. When CRA/MN mice werg challenged with 14

different S. pretmoniae strains {~200 x LDy, dose) following immunization with

SUBSTITUTE SHEET (RULE 26)

JP 2004-503565 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(67)

WO 01746368 POT/USOLA TSR

15

23

PspA. from strains 1230, WU2 and BG9739, each PspA exhibited cross-protection
te most challenge strains. The belical domain of PspA from the strain Rx1
(residues [-314 of SEQ ID NO:1) was recently evaluated for safety and
immunogenicity in humar volomeers (Nabors et al., 2000). When patients were
immunized with 5 0 125 mg of this fragrment absorbed onto aluminum hydroxide,
high levels of circularing antibodies to the Rx1 fragment were elicited as well as
antibodies reactive fo heterologous PspA molecules.

The PspA. sequence from, 5. prenmoniae strain Rx] was analyzed using the
Peptools program from Biotwols Toe. The Peptools structure prediction algorithm
is based on ientifying known protein-folding motifs combined with consensus
prediction based om the results from four prediction algorithms. The Peptools
program alse predicts a highly helical tegion that spans ever 300 amino acids for
the N-terminal portion of PspA, Peptools program is also capahle of predicting
which sites of profeins are antigenic: by weasuring hydrophilicity, solvent
accessibility, flexibility, and turn propensity of various sequences, and in addition,
matches sequences against a database of known B-cell epitopes. Poptouls
identified 2 number of potential B-cell epitopes in the coiled-coil demain which are
listed in Appendix 1.

The folding of PspA and PspC (or other proteins which exist a5 coiled-
coils) into a coiled-coil results in cerain residues being solvent accessible and
certain residues whick form the hydrophobic core being solvent inaccessible. The
solvenr accessible amine acids are located at positions b, ¢, ¢, fand g of the heptad
repeat while 2amino zcids ¢ and 4 are buried. Thus, residues ai solvent accessible
positions oust be responsible for mediating an immune xesponse, £.8., antibody

production. The epitopes formed by the coiled-coil region must be discontnuous
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since the g and 4 residues ave not exposed. Thus, the spitopes from these proteing

pust be derived from the solvent aveessible positions b, ¢, e. fand g.

We discovered that the stability of the Lydrophobic core of a coiled-coil
protein may be meximized by incorperation of 1le tesidues ai a positions and Leu
residues at @ positions of the heptad repeat.  Accordingly, the present invention
provides a synthetic peptide comprising formula I:

(AXXDXXE), (SEQ ID NO:15)

wherein

Ais Ile or a dexivarive thereof;

[ is Leu or a derivative thercol;
cach X 1% an amino acid residue or derivative thereof which
corresponds to an amine acid residuc of an epitope of a
native coiled-coil protein;
the X residues in ezch (AXXDXXX} repcat form a set of X
residucs; and

0 is gqual to or greater than 1.

While the preferred embodinent has 1le at the a position and Leu at the d
position, also contemplated in the present invention ace peptides contaiming Val,
Tle or Leu at the a or d posiions, Thus, the anino acid at the a position may be
Val, Tle or Leu, and the amino acid at the d position may, independently, also be
Val, Tle or Len.

Allthough the coiied regions of PspA and PspC are quit long, synthetic

colled-coil forming sequences may be shorter, It has been shown that if lactam

bridges are included, a synthetic coiled-coil may be as short as 14 residues
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(Houston et al., 1996). In the absence of lactatn bridges, we bave found that
helical peptides containing 21 smino acids were siable. Tn addition, linking of the
individual helices together by an intermolecular disulfide bond further stabilizes
these structures, The small coiled-coils can serve as scaffolds into which epitepes
from nativi: coiled-coil proteins, such as PspA and PspC, are spliced. A potential
scaffold has the following sequeuce:

CrleG-(IXXLEXX), (SEQ ID NO: 16}
wherein Nle is norleucine, an isomer of leucine containing an unbranched side
chain. Residues that make up epitopes from native eoiled-coil proteins such as
PspA and PspC (residues b, ¢, ¢, fand g) would be inserted inta the X positions.
The epitopes could potenrially be determined by using algorithms and
bioinfornatics programs such as Peprools. Epitopes could also be mapped by
monoclpnal aniibodies or by analysis of pelyclonal aotisera raised againsi native
proteins on a Biacore instument. Epitopes from different native proreins such as
from different sirains of 5. prexmonice could be spliced fogeiber 10 yield novel
sequences, The peptide may be synthesized by peptide synthesis metheds
established in the art, Or an expression vector encoding the peptide sequence of
jnterest can be constructed and used to express the peptide. The T and L residues
in this scaffold may, independently, be replaced by any amine acid selected from

1, Lor V.

The amino #cids at the b, ¢, e, f, and g positions in the present imvention
ars the solvent exposed amino acids from natural coiled-coils of the particular
protein of interest. Therefore, the prescat invention is distinct from WO
01/00010, which is direcied to displaying solvent expaosed aming zcids from & non-
colled-coil protein in a colled-coil teruplate. As a result, a non-coiled-coil epitope
is converted to a coiled-coil conformation, and it is possible thet antibodies raised
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against the coiled-coil conformation will not recogaize the original, non-coiled-coil
epitope. In contrast, a pepiide made according to formula I of the present
invention conrains at the b, ¢, e, f, and g positions the aming acids from the b, ¢,
e, f, und g positions of a coiled-coil protein. The resultutg peptide, while befng
more immunogenic, will elicit the same immune response as the original epitope

with respei 10 specificicy,

The present invention is also distinct from WO 96/13944, wliich is directed
to cmbedding one pepiide in another. Briefly, WO 96/11944 discloses that one
can enfiance the imnunogenicity of a paptde by flanking the peptids with amino
acids which have a strong propensity to form the same confermation as the peptide
of jnterest, hereby stabilizing the conformation of the peptide. For example, a
pepiide which may torm a colled-coil can be embedded in the amino acid
sequences of GCMN4, which forms relatively stable coiled-coils. The resulting
chimeric peptide had a high helival content when dissolved in the e-helix inducing
solvent rritfhuoroethanol, but its helical contest under aqueous conditions was low.
The present nvention, on the other hand, does oot embed a peptide fragment in
another amino acid sequence. Instead, the amino acids at the a and d positions of
the peptide are specifically chosen and replaced where appropriate io order to
increase the stability of the coiled-coil conformation, and the resulting peptide is

typically helical even in aqueons solutions.

The following example deronstrates the basic features of the present
invention. As mentioned previously, the C-terminal portion of the coiled-coil
domain from the Rx] PspA protein has been shown to contain a number of cross-
protective epitopes. The Biotools software identified a number of such epitopes
inchuding residues 153-170 and residues 181-198 that will be used w illustrate the
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construction of a coiled-coil inuunogen (Bxample 1), The ¢ and 4 position of
these epitopes are highlighted in bold text while the solvent accessible amine acids
arc in italics. These positions are replaced by Ile at ¢ pogitions and Leu at d
positions of te tewplaie. By sunply splicing out the solvent exposed residues
(italicized) from the powmial epitopes and incorporating them int tie scaffold,
one ig able to create unigue polypeptide sequences whick are immunegenic. The
coiled-coils desesibed in Example I will have approximate molecular weights of
7,000 Da and may be large enough to elicit an immune response on their own.
Alternatively, these molecules could be coupled 1o carrier proteins such as tetanus
toxoid or KLH, or anached to lipogomes psing techniques known to those of skill

in the art.

[t must be stressed that the residues must be kept in phase such that, for
example, a ¢ residue from the protein must correspond to an ¢ residue in formuia
1. Residues frowm eitber of the two adjoining sequences can be used to fill any gaps
that might arise during the splicing. Since the coiled-coil is composed of two «-
belices, the two helical strands can bear different sequences, thus increasing the
number of epitopes i the eniire molecule, Through incorpotation of @ mmber of
cpitopes from different clades, the coiled-coil peptides will cross react among

different clades.

By maintainiag a constant ydrophobic cere, splicing o only solvent
exposed residues and mixing epitopes from different proteins, unique sequences
are produced. Thus, & formuta 1 peptide may have the amino acids from the b, c,
¢, fand g posidons of PspA in one heptad repeat and r.ﬁose from PspC in another
repeat. When this peptide is used as a vaccine, imunity against both PspA and
PspC is induced, ihereby providing double protection against S, preumonice.
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A particularly appealing approach is o inciude amino acids from both the
sorface proteing (such as PgpA and TspC) and the surface adhesin protein (PsaA).
"The adhesin protein is responsible for pathogenesis of S. prewnoniae n the
pasopharyngeal arca while the surface proteins are invelved in systemic symptoms.,
It has been shown that PsaA may be an effective vaccine (o prevent nasopharygeal
carriage while PspA is & better vaccine candidate for systemic infections (Briles et
al., 2000). Therefore, & peptide comprising epitopes from both PsaA. and PspA
will provide a defense against both the nasopharygeal and systemic infections by
the bacteria. This can be sehieved by splicing the solvent exposed amine ackls
from the e-belical region of PsaA into one heptad repeat of a Formula [ peptide,
and the solvent exposed amine acids from the e-helical tegion of PspA inte
another heptad repeat of the same pepiide. Similarly, a bybrid peptide comprising
both PspC epitopes and PsaA cpilopes can be prepared.

Alternatively, the formula I peptide may contain the solvent exposed aming
acids of proteins from different strains of a microorganism or from difterent
migroorganisms, and the resulting vaceine can be effective apainst all the sirains or
microerganismos used, Similarly, a consensus sequence may be deduced for a
certain protein from different strains and used as a vaccine against all these strains

(see Example 3).

In order to improve the heliczl stability of 2 peptide, the & and g positions
of the beptad repeat of formula [ may contain glafamic acid and lysiae, These
residues form salt bridges between e of une strand 2nd g’ of the oiher strand, as
well as g of one strand and €7 of the other strand. These sali buidges further help
t stabilize the coiled-coil conformation. To stabilize individual ¢-belices, lysine

regidues and ghutamic acid residues can be introduced at positions 3-4 residucs
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apart to facilitate the formation of an infrastrand sali bridge between their
sidechains. One can alse increase the siability of the coiled-cail by the inclusion of

amine acids with high helical propensity such s alanine or aminoiscbutyric acid.

Alwernativcly, a smbilizing strand may be used which does net contain
epitepes. The sols purpose of tie stabilizing strand is o increase dhe helical
cootent of the strand which contains the cpitopes. A stabilizing strand is capable
of furming a very stable helix which supports and stabilizes the helical siructure
formation of the epitope-containing sirand. Preferably, the epitope has lysine
andfor ghitamic acid at the ¢ or g positions, and the stabilizing strand can provide
an amine acld wilh the oppesite charge at the ¢ or g' positcos (o ferm an
interstrand salt hridge. An example of a stabilizing strand is:

' CNIeGGG(EIEALKK), (SEQ ID NO:2)

The structoral and conformational inteprity of these peptides can be
readily deiecmined by circulas dickroism (CD) spectroscepy.  The peptides useful
in the present invention have helical characteristics in aqueous solutions {see
Examples 2 and 3), Theretore, the native epitopes can be correcily presented in a
physinlogical environment. Tn contrast, previously reported synthetic coiled-cofl
proteing do not form helices in aqueous selutions (WO 96/11944), Peptides useful
in the present invention have & helical content of at least 20% in benign buffer as
determined by CD speciroscopy. The helical content is preferably at least 40%,
more preferably at least 60% and most preferably at least 36% in benign buffer.

The stability of the peptides may be determined by therma)l denaturation

assays or chemical denaturation assays such a3 the guanidine chloride denaturation

assay. Such assays are known to these skilled in the art. The stability of the
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pepiides may also be indirecily assessed by wbibiiion ELISA, wherein the abiliry
of a peptide te inhibit the Mteraction between an aniigen and an antibody serves as
an indicator of how stable the peptide is 1 assumning the necessary conformation o
compete with the atigen for the antibody.

Epitopes from other microbial coiled-coil proieins may also be used in the
claimed invention. In particular, epitopes from microbial surface proteins which
coniain coiled-coil structures may be used. Examples of microorganisms whose
prateins are useful in the claimed invention include, but are not limited to,
Haemaphilus influenza, and particolarly ity hypothetical protein HI0500; the Eyme
discase spirochete, 1.8., Borreliv burgdorferi, i particular jts surface lipoprotein
P27: Legionelin, especially its hypathetical protein pplB; E. cofi, particularly its
conserved Yigh protein; Neisseria spp, and in particular Neisseria meningitidis
and itg putative periplasmic protein; Moraxefla cararrhalis, especiatly its proteins
UspAl and UspA2; Mycoplasmea spp, and in particular, Myceplasma prewmoniae
and its Wwypothetical protein EO7; Chlamydia spp, particularly hypothetical protein
CT825; Piasmodium falciparum, and particularly its hypothetical protein
PFBR01430 and imamre-parasisc-infected erythrocyte surface antigen; Trypanosama
spp; Staphyiococeas aurens: Streptococeus, particulacly Group A and Group B;
Bordetella periussis, Salmonella, Stréproceccus mtans, Cryprlococcis neaforms,

Kletrsiella pneumonia; Pseudomonas aeruginose; vituses; fungi; and the ke,

Moreover, other coiled-coil proteins which do not come from a microbial
origin may be used in the same fashion. For example, it is common o rzise
antibodies to & protein for therapeutic purposes or to study the functions of this
pratein.  However, oot every protein of interest is sutficiently immunogenie, and it

1oay be difficalt w raise antibodies specifically directed to particular ceiled-coil
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rcgions of the native protein, The present invention may be used to optimize
antibody preparation for any coiled-coil protein no natter what origin, function or
subcellular localization this protein may bave. Moreover, the present mventon
also emables production of antibodies divected to particular coiled-coil regions, by

including only the region of interest in the pepiide used to raise anlibodies.

Exzmples of non-mierobizl coiled-coil proteins include, without heing
lmited to, estrogen receptor binding fragiment associated gene @ (Nakashima et al.,
1999), levkemia associared protein 5 (Kapanadze et al., 1998), uveal autoantigen
(Yamads et al., 2001}, angiopoietin precursor (Davis et a., 1996}, NF-kapps B
essential modulator (L er al., 1999), Tumor susceptibility gene 101 protein (Li et
al., 1997), eytosolic ovarian carcinoma antigen 1 (Chang et al,, 1984), TACC 1
(S1ill, 1999), and TER {Miranda et al., 1994).

In addition (o e microbial and non-microbial proteins listed herein, a
skilled ariisan can identify other coiled-coll proteins according o established
methods in the art. For example, if the amino acid sequence of a protsin is
aviilable, various computer algorithms such as Multicoil or Peptool can be used to
predict if the protein forms a coiled-coil. For a protein which is substantially
pure, €13 spectroscopy can be used to determine Hy actual structure as described

herein.
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The compasitions

A composition comprising the coiled-coil pepiides of formula [ can be nsed
te elicit an inmune response i an animal for at least owo purposes. Where the
compositon acts as & vaceine by eliciting an immune response in the animal, the
resuiting antibodies or T-cell medisted irmmunity can protect the aniimal from a
subsequent attack invelving the same epitopes {actve immunity). Alternatively,
the compositiem can be used to produce zatibodies which can be used as a research
tool, or administered to a sccond animal to protect e second animal from a

subsequent attack involving the same epitopes (passive immumity).

To augment the iminune response elicited, it 1ay be preferable to couple
the peprides of formula 1, especially the smaller peptides (e.g., those containing

one to (our heptad repeats), to a carrier protein.

In addition, the coiled-coil peptides of formula L or their conjugates with
cartier proteins may be lurther mixed with adjuvants o clicit an immune rcspétlsc,
as adjuvants may increase immunoprotective antibody titers or ccll mediated
inmunity response. Such adjuvaots may include, but are not limited to, Freunds
complete adjuvant, Freunds incomplete adfuvaot, aluminum hydroxide,
dimethyldioctadeeyl-ammoniunt bromide, Adjuvax (Alpha-Bets Technology),
Inject Alum (Pierce}, Monophosphoryl Lipid A (Ribi Immunechem Research),
MPL+TDM (Ribi Imnrunochem Research), Titermax (CytRx), Q521, the CpG
seqquences (Singh et al., 1959, ioxias, toxoids, glycoproteins, lipids, glycolipids,
bacterial cell walls, subunits fhacterial or viral}, carbohydrate moleties {mono-, di-
, tri-, tetra-, olige- and polysaccharide) , various lippsome formulations or
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saponins. Combinations of varioes adjuvants may be vsed with the antigen to

prepare the Inunogen formulation.

The compositdon may be administered by varions delivery methods
including intravascularly, inttaperitoneally, iniramuscularly, tntradermally, -
subcutaneousty, orally, nasally or by imhalation. The composition may further
comprige a pharmaceutically acceptable exicipient and/or carrier. Such
compositions are usefirl for imonniziog any asrmal which 15 capable of initiating
an inuune response, such as primate, rodent, bovine, ovine, cuprine, equine,
leparing, potcine, canine and avisn species. Botl: domestic and wild animals may
be imununized. The exact formalation of the compositions will depend on the
particular peptide or peptide-carrier conjugate, the species (¢ be immunized, znd

the route of administration,

The antibodies produced against a coiled-coil pretein can be included in a
pharmaceutizal composition and administered o an animal. The pllarmaceutical
composition typically comprises a pharwaceutically acceptable carrier, and may
mefude pharmacentically accepeable cxeipienis. The pharmeaceutical composition
can be administered intravasculzrly, intraperitoneally, intramuscularly,
ntradermally, subcﬁta.ueously, orally, nasally or by azrosol inbalation. Preferebly
the pharmacentical composition is administered intravascularly, intramuscularly,

nasally or by aerosol inhalation.

Also encompassed by the present invention zre antibodies, particularly
monoclonal andbodies, which are derived from the amribodies produced against a
peptide of formwla I. In particular, hybridomas can be gencrated using a peptide

of fermula I, and recombinant derivative antibodies can be made using these
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bybridonas according to well-known genetic engineering methods (for a review,
see Winter et al,, 1991). For exainple, the DNA fragment coding for the variable
regions of the monoclon:l antibodies tan be obtained by polymerase chain
reactions (PCR}. The PCR primers can be oligonucleotides which are
complenmentary to the constant regions of the heavy chain or light chain, and he
FCR emplate can be the total cDNA or geoomic DNA prepared from the
hybridomas. Alernatively, a cDNA library can be prepared from the hybridomas
and screened with probes which correspond to the constant regions of
imnnoglotulin heavy chain or light chain to obtain clones of the heavy chain or

light chain produced by the particular hybridoma.

Subsequently, the DNA fragment for the variable regions can be inserted
inte an expression vector and joined in frame with the ¢cDNA sequences of a
selected constant reglon. The constant region can be the human constant
sequences t oake humanized antibodies, the goat consiant scquences to make goat
antibodies, the IgE constant sequences to make [gE which recopnizes the peptide
of formula I, aod the like. Thus, antibodies with the same antigen recognition
ability but different constant regions can be produced, OFf particular interest are
humanized antibodies, whicl can be used as therapeutic agenfs against a disease
associated wish the cognare antigen in humans without ¢liciting 4n undesired

immune response against the humanized constant region.

Other methods known, iz the art to humanize antibodies or produce human
antibodies can be utilized a5 well, including but nat limited o the xenomouse
rechnology develaped by Abgenix Ing. (U.S. Patent Mos, 6,075,181; 6,130.584)
and the methods developed by Biovation, Bivinvent [ntcrnatioal AB, Protein

Desipgn Labs., Applied Molecular Evelution, Inc., InmGenics Pharmaceuticals
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Ine., Medarex, Inc., Cambridge Antibody Technology, Elan, Bos Bintechnelogy,
Medlmmune, MorphoSys or UroGensys Inc.  Likewise, other methods known in
the art 10 screen human antibocty secreting cells w coiled-coil pepiide antigens can
also be utilized. .

The formulanon for the composition, comprising either a coiled-ceil
peptide or an antibody against a coiled<oil peptide, will vary depending on factors
such as the administration route, the size and species of the animai to be
administered, and the purpose of the administration. Svirable formulations for use

in the present invention can be found in Reminglon’s Pharmaceutical Sciences.

The foilowing examples are offered to illustrate this invenrion amxl are not

to be construed in any way as limiting the scope of the present invention.
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EXAMPLES

T the examples below, the following abbreviations have the following

meanings. Abbreviations not defined have their geperally accepted meanings.

2c
hr

TpIm
jiv]
TFE
EDT
TFA
PBS
B-ME
DMSO
Nle
ELISA
HRP
TO
TT
KLH

degree Celsius

hour

minute

micromolay

millimolar

molar

milliliter

microliter

milligram

Inicrogram

revolutions per minuze
inner diameier
trifluorcethanc]

ethane dithiol
mifloroacetic acid
pliosphate butfered saline
P-mercaptocthanol
dimethylsulfoxide
norleucing

enzyms linked immunesorbent assay
horse radish peroxidase
thymug dependent
tetanus toxoid

kevhele limpet hemocyanin
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BSA = bovine serum albumin

The one letter code and the three lenier code for amine acids used

throughout this application are listed below;

w

A = Ala = Alaning

C = Cys = Cysteine

L = Asp = Aspartic Acid

EE = Glu = Glutamic Acid
n F = Phe = Phenylalanine

G = Gly = Glycine

H = His = Histidine

[ = lle = Isolevcine

K = Lys = Lysine
15 L = Leu = Leucine

M = Met = Methionine

N = Asn = Asparaginc

P = Pro = Proline

G = Gln = Glutanrine
20 R = Arg = Arginine

§ = Ser = Serine

T = Thr = Threonine

V = Val = Valine

W = Try = ‘Ityptophan
25 ¥ = Tyr = Tyrosine
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Materials aud Methods

Peptide synthesis and purification

The puptide analogs were prepared by 1-Boc chemisty on an Applied
Biosystem 431 A peptide synthesizer. The peptide resin (700 mg) was cleaved
with 10 mL of HF containing 0% anisole and 2.5% EDT for 1 h at 0-4°C. After
removal of the HF the peptide/resin was traosferred. to a sintered glass funnel and
washed with diethyl ether (2350 mL) followed by placial acetic acid (250 mL).
The aceti: aeid solution was then lyephilized. The crude peptide was taken ap in
15 mL of water containing 0.05% TEA and 3mL acetic acid. After stirring and
scmication, the mixrure was transferred 1o 1.5 mL Eppendorf mbes and centrituged
at 13000 rpm, The supernatant was collccted aod filtered through & Millex GV
0.22 pm syringe fileer. This solution was heded om0 a Zorbax RX-C8 {22.1 mm
[ x230 mm., 5 um parricle size) through a 5 wL injection loop at a flow rate of 3
mL/min. The purification was accomplished by running a linear AR gradient of
0.1% B/min where solvent A is (,05% TFA in water and svlvent B is 0.05% TFA

in acetonitrile.

A linker and cysteine residue was ipcorporated to enzble the strands of the
coiled-coil to be linked together by a disulfide bond. The disulfide-bridged
coiled-coils were formed by overnight air oxidation at room temperature of ~ 10
my/ml. peptide in 100 M NHJHCO,, pH 8.5, All peplides were charactesized by
analytical HPLC avd electrospray mass spectrometry, and protein concenirations
us well a3 aming acid compositon were decermined by amino acid analysis,
Peptides were conjugated to the cairier protein wianus wxeid rising the

photoreactive reagent benzovlbenzoic acid which was coupled to the N-terminus of
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the peptide by convention:| solid-phase chemistry described above, This
photoaffinity probe is stable under the copditions of t-Boc chemistry. A norleucine
residue is incorporated into the linker region of the peptide o enable the
quantitation of the peptide attached to the carrier procein by means of aming acid
gnalysis, To 10 mg of tetanus wxoid dissolved in 100 mm ef NH,HCO, pH 8.3
buffer was added 6 mg of peptide and 1he solutian was trradiated for 1 hata
wavelength of 350 nm,  To remove any untescied peptide, e solution was
transterred to a 15 mL dialysis casseite and dialyzed against 4 L of 20 mM
NaH,FO, pH 7.0 buffer. HPLC analysis of the dialysate was used to determine the
amount of unrcacted peptide present in the irtadiated solution. The dialysis was
deemed to be complete when residual peptide was less than 1'% of the total area

under the curve in the HELC chromatogram.

CD spectroscopy

Circular dichroism (CID) spectroscrpy was performed wsing a Jasce J-500C
spectropolarimeter {Jasco, Easton, Maryiand) equipped with a Jasce DP-500N
datz processar. A 10-fold dilution of an ~ S00mM stock solrtion of the disuifide-
linked peptide was loaded into a 0.02 cn fused silica cell and ellipticity scanited
from 190 to 250 nm, Each disulfide-bridged avalog was analyzed by CD
spectroscopy under benign conditions (50 mM phosphate, 100 M KCI, pH 7.0}
aund also in the presence of 50% TFE m the same butfer. A Lauda water bath
(model RMS, Brinkmann Instroments, Rexdale, Ont.) was used to control the
temperatuce of the cell. CD speetra were the average of four scans obiained by

coltecting data a1 0.1 nm iowervals from 23¢ w 190 nm.
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HALC

Analytical HRLC was performed on 2 Beckuian System Gold HPLC equipped
with a diode array detector. Analyses were performed on a Zorbax $B-C8 colomn
4.5 mm ID x 150, 3.5 pm particle size). Mobile phases were A: deionized purified
water {18 M{)/em) containing 0.05% writluoroacetic acid and B: acetonitrile (HPLC
prade, 99.99%) contaimng 0.85% TFA, HPLC aperating conditions are listed below:

Flow rate 1 mL/min
Injection Volume 20 ml.
Detector Wavelength 215 nm
Gradient 2.5% B/min
Total run time 20 min
Inregration Start Time 5 min
Minimum Area (ntegration) 25000

Example 1  Construction of a synthetic pncuotoceccal inunanogen

This Example illusirates the method of splicing the amino acid residues at

the b, c, e, f or g positions of the coiled-coil structures of PspA inte a synthetic
immunogen. The Biotools software identified a number of coilet-coil motifs in
PspA, fncluding residucs 153-170 and 181-198. As shown below, the z and d
positions of these motifs are indicated in bold tsxt while the solvent accessible
aming acids are ialicized. A space is inserted between the hoplad repeats for
clariry.

LEEAEKK ATEAKQK VDA esidues 153-168 of SEQ 1D NO:1
AELEN(G VHRLEQE LEEIDES  residues 181-198 of SEQ Il NO:1
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The solvent exposed residues are ingorporated into the coiled-coil template

with isoleucine and leucine at the a and d positions, respectively:

LEEAEKK ATEAKQK VDA 133-168
AELENQ VIRLEQE LKEIDES 18}~
198
+
CNIeG1XXLXXX IXXLXXX IXXLXNE IXXLXXX IXXLXXX
coiled-coil templare

CNleG IEELEKK ITELKQK I--LENQ IHRLEQE IKELDES

fill gap with aa from efther sequence
CMNleG IEELEKK ITCLKQK IDALENQ IHRLEQE IKELDES
(test peptide; SEQ ID NO:3}

The pepiide Is synibesized as described in Materials and Methods, Also
synthesized is a comtrol peptide containing the native sequence mstead of isoleucine
and ieucine at the a and d positons: }

CMIeG LEEABKK ATEAKQK VDALENQ VHRLEQE LKEIDES
(native contrel; SEQ ID NO: 4}

The CD profile and helical stability of the peptides are determined as
deseribed in Materjals and Methods, The results show that the test peptide exists
in helical fonn even in benign buffer (50 mM KILPO,, 50 mM KCL, pH 7.0) in
the absence of trifluercethanol (TFE). By comirast, the native centrol needs the

presence of TRE to form a helical structare, Similarly, the test peptide is much
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more stablc than the native control when tested in a thermal denatoration

experiment.
Example 2 A synthetic pnenmecoccal PspA. peptide
A synthetic peptide was prepared based on epitopes from three different

Pneumococcal surface proteins A (PspA). The three PspA proteins and their

capsular serotype are as follows:

PspA Strain Capsular Serotype
BG 8743 23F
EF3663 4

BGE0I0 14F

These proteins were chosen because of the prevalence of these serotypes in
prneumoceccal infectons (Kalin, 1998). B-cell epitopes, shown in Figare 4, were
identified vsing the bioinformatics software Peptools (Edmonton, Alberta}. The
three epitopes were gpliced together such that the coiled-coil repeat remained in
register. A linker and cysteine residue was incorporated to enable the strands of
the colled-coil 1o be linked rogether by a disulfide bond.

The CD spectrum of the peptide is shown in Figure 5. In benign buifer (50
mM KH2PO4, 50 mM KCL pH 7.9) the peplide adopts a conformation that is a
mix of random coil and alpha helix. In the presence of 30% wiflucroethanol
{TFE, which induces helical structure in peptides thai have the propensity 1o fold
into an alpha belix), the peptide adopts a highly helical conformation. The helical
content in beniga buffer is 17% of that in 50% TFE, indicating that the pepride
forms helices in a physiologically compatible solution withoat TFE. Therefore,
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the peptide may be used to elicit an immuee response under physiological

conditions.

Example 3 Generation of a consensus coild-coil sequence

To date 40 partial and full sequences of pneumococcal surface protein A
from various strains have been released o various sequence databases. These
proteins share a conumon architeciure consisting of a leader sequence, a coiled-coil
domain, & proline domain and a choline binding domain.  Analysis of PspA
sequences by the program MuliiCoil (Woif et al., 1997} indicates that the coiled-
coil regions are broken up by sections which vontain proline residues. Muliiple
sequence apalysis using fhe software Biotools indicates that the published
sequences vary in similarity from 24.1% 1o 97%. However, certain regions of the
helical domain of these protins are remarkably similar, suggesting that these

conserved regions are important to the function of the protein

A consersus sequence (Figure 6) was deduced from a conserved region
which was shown to have antigenic activities. Complete and partial PspA
sequences were downloaded from the National Library of Medicine PubMed web
sitz intg the hicinformatics software Pepiools (Bioieols, Edmonton, Alberta). A
tatal of 40 complete and pactial sequences were transferred to the alippment
module of the software and 4 consensus threshold was set o 63%, The conscnsus
threshold defines the minimum residoe plurality amongst a group of alizned
sequences. Lo effect, the consensus threshold acts 1o filwer out insignificant maiches
awd highlights conserved residues within a sequence. This allows for easy

identification of similarites by visual lnspection.
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The last 100 amino acids of ihe coiled-coil region were the focus of
sequence similarities since this region has been shown previously to harbor cross
reactive epilopes. Figwre 6 illustrates the sequence alignment for vesidues found
within this tegion. In particular, the alignmeat yielded a consensus sequence of
EELX, X.KIDELDX,EIAX,LEKX, (SEQ 1D NO:5), in which the putative a and d
positions were selested to be isoleucioe and leacine, respectively, Preferably, X,
S8, QN DX isD, Nor Ks ¥, s Aor N; X, is K, Eor Dy and ¥5is N, D

ar B.

A sequence containing the first section of this consensus region,
EELSDKIDELLD (SEQ D NO:6), was selected for anfigenicity studies. The Ser
and Asp residues were included tni this sequence since these residues appear in

the majority of sequences aligned.

A synthetic peptide containing EELSDKIDELD (SEQ ID NO:§) was made
according 1o formula T of the present invention. Thus, an isoleucine was inserted
at the N-termims of the above scquence according o formula 1 and flanking
sequences were added to ncrease the lengih of the peptide. The complete
sequence of ihis peptide, TVX0270, is as follows, whersin the residues from the

consensus sequence arc highlighted in bold script:
Acetyl-CNIeGEIEALKKKIEELSDKIDELEKEIK -amide (SEQ ID N(:7)
The CD spectra were performed undex benign conditions {50 mM

KHZPO4, 100 mM KCJ, pH 7.03 and in aqueous buffer containing 50% TFE. The

CD spectrum of peptide CVX0279 under benign conditions at 20 °C is shawn in
Figure 7. The CI» specirg is typical of 2 helical peptide with minima at 222 nm
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and 209 nm and high positive ellipticity below 200 nm. Typicaily, the molar
ellipicity at 222 om ([0],;;) has bean used to measure belical content in peptide.
For peptide CVXO270 this corresponds to a value of -28300 which, indicates that
this peptide is predominantly ¢-helical, Theorcrically, the [8],,, value for a
pepride of 27 residucs is -33900 (Chen et al., 1974). Therefore peptide CVX0270
is 88% helical. It should be noted thar the linker region (Cys-Nle-Gly) is designed
oot to be helical and therefore decreases the [B],,, signal. The rafio of the molar
ellipticity at 222 and 208 ([8],;5/ [B];0) is greater than 1.02 and similar o that
chserved befove for colled-coils {Hodges ot al., 1988; Leu et al, 1984; Zhou et al.,
1992) and distinctly different from non interacting a-helices in which the [[,, is
greater than the [Bly,. In the prosence of 50% TFE, helical conienr increased
slightly 10 101%. The dwia indicate that pepride CVX0270 is highly hefical and

found predominantly in the coiled-coil conformation under aqueous conditions.

Ta order 1o deternxiog the stability of CVX0270, a thermal denaturation
study was updertaken. Figure 8 shows the denaturation curve obrained by
monitoring the [, as a function of temperature. The stady indicaics that peplide
CVXO02ZT0 is very stable with the peptide exhibiting 77% of its original helicity at
75 “C, The above results demonstrate that the coiled-coil forming sequence with
iscleucine at a positions and keucine residues at d positions is sufficiently stable to

house a helical epitope from another profein sequence.
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Example 4 Immunogenicity of Coiled-Coil Prateins

The peptide "Strep” (SEQ ID NQ:7} as described in Example 3 was
coupled to the protein carrier tetanas toxoid (TT) as described in Materials and

Methods, Immunogenicity of this peptide was derermined as foliows.

Balb/c mice (6-8 weeks, female, Charles River) were invnunized on day 0
{1° prirnary imoounization}, diey 7 (2° secondury immunization), day 28 (3° terdary
immunizaiion), and day 42 (koost} by iniraperiiencal injection { 108 gL iotal, 50%
Alhydrogel 2% adjuvant, Cedarlans, Catalog # SF2000-250} with Strep-tetamus
toxeid (20, 10 or 5w} and with nnconjugated tetanus toxoid. These antigens
wore diluted to various doses in 0.9% NaCl and mice injected with 0.9% NaCl
were used as negative controls, Mice were bled following the 19, 2°, 3* and baost
injections on days 6, 14, 33 and 49 to collect serum to asszy for antibody titers
{direct ELISA) and antibody isotype response (isotyping ELISA), determine
antibody specifieity (inhibition ELISA) and measure immunoproteciive antibody

responses (bactericidal/opsomzation assays).

A typical immunization schedule is shown fn Table 1. Various other
immunization schedules and adjuvant formulations known in the art would alzo be
effective. Various delivery methods including inwavascular, intramuscular,
intradermal, subcutaneous, oral, nasal and aerosol inhalation routs weuld aiso be

effective.
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Table 1: BALB/c Mouse immunized IP, - Strep-TT

Tmunization Schedule

5 Day Procedure
Q Immunize i.p.
4 Bleed
7 Imounize i.p.
14 Bleed
10 28 Immunize i.p.
35 Rleed
42 Imumuoize i.p.
48 Cardiac Bleed
5
Study Groups:

(10 A.BY mice / group)

1. Swrep-TT (20 pg/mouse) + adjuvant

0
2. Seep- TT (10 pg / mouse) + adjuvant
3. Suep- TT (5 ug / mouse} + adjuyant

5 4, Tetaous toxeid (20 pe/mousse) + adjuvant
5. PBS (without Alum)

w0
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Al Dererminiag Antibody Levels Elicited by Codled-Coil Antigen Cenjugates

The basic procedure t0 measure antibady levels is by the following direct ELISA

protwcoel:

1. Coat EIA plates (COSTAR) with 1.0 ggimL (0.1 pg per well) of andgen in
0.05 M carbonate-bicarbonate bullfer (pH 9.4, 100 pL/wcll),

2. Incubate the platels) at 4°C. overnight.

3. On the next day, wash plates 3X with washing buffer (PBS / 0.05% Tween).
Flick off eacess liguid by tapping the plates on the bench top.

4. Block plates with 109 gL blacking boffer per well (PRS /2% BSA). Incubate
plates fer 1 hour at 37°C.

5. Wash plates 5X with washing buffer (PBS / 0.05% Tween). Flick off excess
liguid by tapping the plates on the bench top.

6. Add 100 L per well of fest antibody appropriately diluted in dilution buffer
{PBS / 0.1% Tween). Incubate plates for 60 minutes at 37°C,

7. Wash plates 3X with washing buffer (PBS / £.05% Tween), Flick off excess
liquid by tapping the plates on the bench top.
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8. Dilute HRP anii-mouse IgG (Jacksor Lah) in dilution bufter (PBS / (1.1%
Tween) to 2 concentration of 1:5000. Add 100 uL per well and incubate at
I7C for 60 minutes.

5 9, Wash plates 3X with wushing buffer (PBS / 0.05% Tween). Flick off excess
liguid By tapping the plates on the bench top.

10. Prepare HRP substrate;
0.03% Hydiogen peraxide (30%) and | mM ABTS dissolved in .01 M
10 Sodium citrate buffer (Sodium citwate {1.48 g) dissolve sodium citrats in 500
ml. distilled H,O. Citric acid (1.58 g) disselve ciiric acid in 750 mL distifled
H,Q. Pour circie acid solution ime sodiuro itrate_solution to get a pH 4.2).
Add 190 kL to cach well and develop in a dark place for 30 minutes.

15 11. Read the absorbance with an ELISA plate reader at 403 nim at 30 minutes.

The meag O.D, BLISA readings obtained with antisera w the Strep-TT
conjugaies (20 g, 10 pg and 5 ug} is shown in Table 2. The Strep-TT
conjugate at all three dese concentralions (20 pg, 10 pg and 5 pg) clicited

20 significant andibody tters to the Strep (EIEALKKKIEELSDKIDELEKEIK)
hapien, These antibodies were immunogen specific, as the unconjugated
tetamms toxoid did not elicit any antibodies or cross-reactive antibodies to the

coiled-coil Swep antigen,

25

SUBSTITUTE SHEET (RULE 26)

JP 2004-503565 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(94) JP

WO 01746368 POT/USOLA TSR

-50-

Tahde 2: ELISA Results of Mouse Scrum Antibadies to the
Coiled-Coil Strep Antigen

5 Serum Murine Sera (Day 49} {OD 405 nm, Strep-BSA coating antigen)
Dilutions
Strep-TT ~ Strep-TT  Strep-TT TT* PBS*
2pg)® (Lpar (Bpar*

1:2000 3.75 37 31.86 011 0.01

1:4009 3.57 3.60 3.61 0.04 0.00

10 1:8000 2,48 2.66 2.60 0.01 0.00
1:16000 1.14 1.59 1.50 0.06 0.00

1:32000 0.76 0.84 0.95 0.00 0.00

1:64000 0.36 0.42 0.41 0.00 0.00

1:128000 0.18 0.23 0.22 0.00 0.00

15 1:256000 0.04 Q.10 0.12 0.00 0.00

* mice were i.p. injected on day 0, 7, 28 and 42 with Strep-TT +
adjuvant, TT + adjuvant or PBS, Sera were collected on day 49.

SUBSTITUTE SHEET (RULE 26)

2004-503565 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(95)

WO 01746368 POT/USOLA TSR

mn

-51-

The basic procedure to measure antibody isotype levels is as follows to

quantify 1gM, 12G, and IgA isotypes elicired by coil-ceiled anligen conjugates.

1. Coat ETA plates (COSTAR) with 1.0 pg/mL (0.1 pg per well) of antigen in
0.05 M catbonate-bicarbonate buffer pH 9.6, 100 uLiwell.

2. Incubate the plate(s) a1 4°C overnight.

3. On the next day, wash plates 3X with washing buffer (PBS / 0.05% Tween).
Flick off excess liguid by tapping che plates on the bench top.

4. Block plates with 10§ pL blocking buffer per well (PBS / 2% BSA), Incubate
plates for 1 hour at 37°C.

5. Wash plates 5X with washing buffer (PBS / 0.05% Tween). Flick off excess
Tigicl by tapping the plates oo the bench top.

. Prepare 1:250 dilution mouse serum in the workdng buffer (FIS / 0.1%
Tween), Add 100 pLiwell into the appropriate well, Incubate plates for 1

hour at 37°C.

7. Wash plates 3X with washing buffer (PBS / 0.05% Tween). Flick off excess
Tiquid by tapping the plates oa the bench top.
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. Dilute HRP-labeled detection antibedies (Southern Bintechmology Associates

Inc.). add 100 uL/well into the appropriate well. Incubate plates for I hour at
IrC.

. Wash plates 3¥ with washing buffer (PBS / 0.05% Twcen). Flick off excess

liguid by tapping the plates on the bench top.

. Prepare HRP subsmate;

0.03% Hydrogen peroxide (30%) and 1mM ABTS dissolved in 0.01 M
Sodiem citrate buifer (Sedium ciitate (.48 g) dissoive sodium cirate in 500
mL distilled H,0. Citric acid (1.538 ) dissolve citric acid in 730 mL distitled
H,0, Pour citric acid solution into sedium citrate solution to get a pH 4.2).
Add 100 pL to each well and develop in a dark place for 30 :rlinutes

. Read the absorbance with an ELISA plate reader at 405 nm at 3¢ minutes.

The IgG antihody isotype response to the Strep-T'T coiled-coil antigen is
shown in Table 3. These resulls demonstrale the presence of significant [gG1
antibody levels to the Strep coiled-coil antigen after secondary immuaizaron,
A stgnificant JeG wsotype switch, from 1gG1 w0 IgG,., IgGy, and IgG; was seen
after the boester injoction (Day 49 bleed). The ebscrved [gG aatibody

mawration to the coiled-coil Sep antigen is typical of a 1D response.
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Table 3: TIsotypieg ELISA of Mouse Serum Antibodies to the Coiled-Cuil Strep

Antigen
DAY 6
Antiserom to:* Isolypes (0.1, 405 nm)
126, 1gG,, 16y, 3G,
Strep-TT (20 xw) 0.14 0.01 0.04 0.04
Strep-TT (10 ug) 0.12 0.01 0.03 .04
Strep-TT (5 pi2) 0.14 0.05 0.08 0.10
TT 20 ug) 0.06 0.02 0.01 0.01
PBS 0.03 0.00 0.00 0.01

* mice were i.p. injected on day 0 with Strep-TT + adjuvant, TT +
adjavant or PBS. Sera were collected on day 6,

DAY 14
Antiseram to:* Tsotypes (0.0, 405 ni)
TeG, 1gGs, 1gG,, Tz,
Strep LT (20 pg) 2.00 0.71 0.95 1.08
Strep-TT (10 ug) 1.84 0.91 1.0% 222
Strep-TT (5 pg) .69 0.62 0.95 1.23
TT 20 pg) 0.05 0.00 0.00 0.01
FBS 0.03 0.00 0.00 0.00

* mice were 1.p. injected on day 0 and 7 with Strep-TT + adjuvant,
TT + adjuvamt or PBS. Sera were collected om day 14
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Day 35
Antiserum to:* Isotypes (O.D. 405 nm)
IgG, Tutz,, I, IgG,
Strep-TT 20 ng) 2.24 0.40 0.49 0.45
Strep-TT {10 pg) 2.07 0.56 0.59 1.00
Strep-TT (5 pug) 216 0.6D 0.76 0.75
TT 20 pg) 028 0.01 0.01 0.0t
PBS 0.61 0.00 0.00 0.0L
* mice were i.b. injected on day 0, 7 and 28 with Strep-TT +
adjuvant, TT + adjavaot or PRS, Sera were collected on day 35,
Day 49
Antiserum to:* Isotypes (0.D. 405 no)
IxG, Igz;, 12Gy, IgG,
Strep-TT (20 pg)} 391 1.14 1.23 .74
Strep-TT {10 ug) 3.85 1.35 2.01 1.28
Strep-TT (5 ) 3.88 2,10 2.9 0.82
TT (20 pg) 0.44 0.03 0.02 Q.05
FBS 0.01 8.04 0.01 0.02

* mice were i.p. injected on day ¢, 7, 28 and 42 with Strep-TT +

adjuvant, TT + adjuvant or PBS. Scra were colleeted on day 49.
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The specificity of the antisera was further examined by inhibition

ELISA using peprides with or without a coiled-coil structure. The
protoce] for this inhibition ELISA is as follows:

L. Dilute the coating antigen to 1.0 pg/mL (0.1 xg per well) in

carhonate-bicarbopate buffer. Use glass mbes.

1 Add 100 gL of the coating antigen o cach wcll of the plate.
Store the plate(s) overnight at 4°C.

3. Shakc out the wells and tap upside-dewn onto Kimwipes.
Wash plate three tdines with ~ 200 gl wash buifer (PBS / 0.05%
Tween){viy) per well.

4 Add 200 pL blocking buffer per well (PBS / 2% BSA)wiv).

Incubate plates for 60 minutes at 37°CC
5. Shuake out the wells and tap upside-down onto Kimwipes.

Wash plate five times withd ~ 200 pL wash buffer (PBS / 0.05%
Tween}v/v) per well.
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6, Add 50 4L of seleted competitive conjugates or free peptides
appropriately diluted in dilution buffer (PBS / 0.1% Tweem(v/v).
(NOTE: the competitive peplide has a x2 concentration in 50 ul).

7. Added 50 gL per well of test antibedy appropriately diluted in
dimtion buffer (PBS / 0.1% Tween)v/v). (INOTE: the fest antibody
has a x2 concentracion in 530 zL). The final volume in each well was

100 uL.

2. Incubate plates for 60 mineees at 37°C with slow shaking en a
ELISA shaker.

9. Shake out the wells and wp upside-down onte Kimwipes,
Wash platc three times with ~ 200 L wash buffer (PBS / 0.05%
Tween)(v/v) per well. Dilute Peroxidase-conjugated anti-mouse IgG
in dilution buffer (PBS / 0.1% Tween)(v/v}) 10 2 copcentration of
1:5000, Add 100 L per well and incubate at 37°C for 60 minutes.

10, Shake out the wells and tap upside-down onto Kimwipes.
Wash plate three times with ~200pL wash buffer (PES / 0.03%
Tween}(vly) per well.

11, Trepare HRP substrate,

0.03% Hydrogen peroxide (30%) and lmM ABTS dissolved in
0.01M Sodium citrate buffer (Sodium citratc {1.48 p) dissolve sodium
ciaze in 500 mL distilled H,Q. Citric acid (1.58 g) dissolve eitric
zcid in 750 mL distitfled H,0. Pour cifric acid solution into sodivm
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citrate solution to get a pH 4.2).. Add 100 uL to each well and

develop ir a dark place for 38 minutes

12.  Read the absorbance with an ELISA plate reader at 405 am at

30 minutes.

The seqﬁenccs of ihe Steep #1, #2 and #3 free peptides used in

this nhibitien assay are:

Strep #1: Coiled-coil Strep antigen with lactams
EIEALKKKIEELSDKIDELEKEIK

Strep #2: Single srranded Strep antigen with lactams
ECESDKKDEEDAERARE

Strep #3: Corled coil Strep antigen
EIEALKKKIEELSDKIDELEKETK

The residucs that make up the lactam bridges are hightighied
in a bold font. The lactams are formed by reacring the carboxylic
acid side chaing of glutamic acids residues with the side chain smino
groups of lysine residues. These lactams stabilize e-helices aud
coiled colls when they are situated 4 residues apart and when they are

oriented in the glutamic acid to lysine direction,

The epitope is highlglited in italicized seript. Frem all three sequences
it can be seen that the epitope begins with two glutamic acid residues (EE)
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{oliowed by a leucine residue (L). In the case of the single strand=d peptde
the leucine residue is replaced by a gluamic acid (B} residue which is part of
the lactam bridge. The epitope contimues with SKD followed by an isoleucine
(1) in the coiled-coils and the lysing residue (K)which is involved in the lactam
bridge in the single stranded peptide. The final two residues of the epitope are
DE._

Table 4 shows the inbibition CLISA results of anti-Sirep serum
using 3 different Strep peptides, the Strep-TT immunogen, TT and
BSA. The Strep #3 peptide {peptide used as the immunogen) showed
significant inkibition, e Strep #2 peptide (Jinear peptide, which has
low helical content) showed no inhibition. Therefore, it woeuld sezm
that the immupogen Sirep-TT eliciied antibodies which recognize
conformational (or 31} epitope strachures. The Strep-TT immunogen
did not elicit aniibodies to the linear epitope. These results therefore
suggest that cofled-coil antigens elicit antibodies which recognize
conformational epitopes.  Inhibiton ways also seen with Strep #1
peptide, which pepiide contains lactam bridges whiclh adds turther
stability to the coiled-coll antigen.

SUBSTITUTE SHEET (RULE 26)

JP 2004-503565 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(103) JP 2004-503565 A 2004.2.5

WO 01746368 POT/USOLA TSR

-50-

Tahle 4: Inhibition ELISA of Anti-Strep.{1:25,000 dilution, Day
49) Using Various Strep Antipen Inhibitors

5 Anti-Strep.-T.T. (20pg Dose)
0.D. 405 mm.
Conc.
(ng Strep. 3 -
per Strep,  Strep.  Strep.  Stvep . BSA
10 100 #1 #2 #3 T.T.
al}
10 0.663 1.266 0,110 0.028 1.342 1.3%9
5 0.720 1.186 0.143 0.026 1.051 1.485
2.5 0.823 1.173 0.254 0.056 1.412 1.435
15 i 2,959 1.164 0.555 0.094 1.457 1.442
1.5 1.681 1144 0.774 0.199 1.564 1.187
0.25 1237 i.251 1.036 0.165 1.638 1.510
20 Anti-Strep.-T.T. (10pg Dose)
0.1, 405 nm
Cone,
(g Strep.  Strep. . -
v 1] trep.  Strep.  Sirep T BSA
25 100 A1 #2 #3 T.T.
pLY
10 0941 1210 0035 0010 1820 1.784
5 0.917 1.258 0.233 0.010 1521 1.790
2.5 0.963 1.232 0269 0.015 1726 1.765
30 1 1128 1.312 0,619 0.065 1.802  1.670
0.5 1,256 1.293 0872 0.068 1.800  1.4322
.25 1.348 1.279 1.123 0.113 1.871  1.845
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Anti-Strg_E.~T.T. {Spg Dosc)
o 0.D. 403 nm
Cone.
3 kg Steep,  Strep,  Strep.  Sirep.-
per P P g * T.T. BSA
100 #1L #2 #3 T.T.
#L}
19 0.872 1294 0,000 @000 1803 1740
16 5 0.963 1.318  0.050 0000 1.109  1.571
2.5 1.087 1233 0213 0000 1422 1.761
1 1.125 1322 0501 0.053 1.797 1372
0.5 1.289 1377 0.6 0.064 1.836 1.717
0.25 1.388 1303 1.001 0.107 1925 1,786

Strep. #1 = Cofled-cotl + lactam hridges

Strep. #2 = Linear sequence

Strep. #3 = SEQ ID NO7
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Bactericidal znd Opsonization Assays to Measure Imnumoprotestive

The basic bactericidal and opsonization assays used are as follows:

Bactericidal Assay

1.

Streak an agar plate with desired gram positive bacteria procured from various
culture collections (ATCC). Tncubate at 37°C overnight.

. On the pext day, pick au isolated calony and moculate it in 1.0 ml of Todd-

Hewitt Broth (THB) + Yeasi Exiraction {YE) media in 2 sterile test tube,
Tncubate at 37°C overmigit,

. On the following day, measure 0.D. of inoculated bacteria at 420 noa

wavelength. Tse THB+YE meidia as blank.

. To a sterile flat botiom 96-well platc, add a sterile 2.5 mm glass bead in each

well,

. To each well, add:

3 gL of bacteria

10 xL of mouse serum o be tested
incubate at 37°C for 1 hour.

KOTE: Step 5 and 6 are done in triplicate.
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6. After 1 hour incubation, prepare 1:20 dilution ¢xogenous complement (Low-

Tox guinea pig Complement, Cedarlane) sterilely in THE+YE. Add 50 aL/well.

Tncubate at 374C for 1 hour

7. After complemcnt incubation, S0 pL aliquol is plated out on agar plates using

glass spreader.

8. Wrap all agar plates in plastic bags and incubate ai 37°C. overnight.

G. On the next day, count colony forming units {CFU).

Opsenization Assay

1. Streak an agar plate with desived gram positive bacteria procured from

various culture collections {ATCC). Incubaie 2t 37°C overnight.

2. Ou the next day, pick zn isolated colony and moculats it in 1.0 ml of
Todd-Hewitt Broth (THB) + Yeast Exiraction (YE) media in a stetile st
tube. Incubate at 37°C overnight.

3, The next diy prepare 100 U/ml of sterile heparin.

4, 1.V, inject 100 pL of sterile hepanin into tail vein of cach mouse (5-10),

After 10 minutes, cardiac bleed mice infe & sterile tube.

SUBSTITUTE SHEET (RULE 26)

JP 2004-503565 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(107)

WO 01746368 POT/USOLA TSR

-03-

5. Measure O.D. of inoculated bacteria at 420 nim wavelengih. Use
THB+ YE mediz as blank,

6. To a sterile flat botiom 96-well plate, add a sterile 2.5 mm glass bead in

each well,

7. Toeach well, add:

50 Y. of heparinized blood

LG xL of mouse serum 1 be tested
5 pL of bacteria

incubate at 37°C for 1 hour,
NOTE: Do this step in triplicate.

a. After | hour incubarion, preparc 1:20 dilotion exogenous complement
(Low-Tox guinea pig Complement, Cedarlane) sterilely in distilled water.

Add 50 gLiwell, Incubae at 37°C for 1 hour on a shaker {slow motion).

G, Afwer one hour, 100 pL aliquot is plated out on agar plaics using glass

spreader,

0. Wrap all agar plates in plastic bags and incabate at 37°C overnight.

11.  On the next day, count colony forming umits (CFU).

Sera from mice imunized with the Stwep-TT conjugaics (20, 10, 5 pg

dases) were found to be immunoprotecrive 2s measured by the opsonization assay.
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Antisera to Strep-TT showed reduction in coloay forming vnits of representative
Streptocaccus pnenmoniae serotypes (1, 3, and 5).  Little or no reduction in
colony forming wnits was seen with sera from ioice injected with tetanus toxord ot
with PBS. The Step-TT conjugate clicited immmunopratective antibodies to eoiled-

coil antigens of 3. phenmoniae.

Table 5: Opsonization Resnlés of Antiserum to Strep-TT (Dhey 49 using
Streptococcus preumoniae serotypes (I, 3 and 5)

Percent Reduction of CFU
Antserum to: Type 1 Type 3 Type 5
Swep-TT (20 gy 58 49 45
Strep-T7T (10 gy 22 50 24
Strep-TT (5 pg) 30 48 24
TT 7 b 1
PBS Q o I
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Appendix 1

Analysis of immunogenic regions of PspA proteins from 5. prewmoniae strain
Rxl. lmmunogenic regions ave indicated by asterisks underneath the sequence.
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Wame; PspA Rx1l
Organism: 5. pneumontas
1o 20 a0 44 a0
1 EESPVASGSEAEKDYDARKKDAFNAKKAVEDAGKALDDAKAAQNEYDELG 50
Gk h kL 52
Jrr e . 29*****):
10 20 30 44 50
51 FKETEEKAARLEKRASEEMDKAVARVODAYLAYOOATDRAAKDAADKMIDEA 100
AkxRRE 66**»1}:* L L L
T
ig z0 30 [34] 50
181 ERERERFARTKFHTVRAMVVPEPECLAETERESEEAKOKAPELTKELEEAK: 150
Gldewwdnh LY ! TRBA AL
*EAKE 101;\-**& 122**&‘--
Bg**i‘k*ﬂr 1161.—-5:':&* )
10 20 30 40 ‘58
151 AKLEEAERRATEAKOKVDAEEVAPQARIARLENQVHRLEQBLEKEIDLSES 200
133***?# 140*%wxx lagruex
TaAgr At L 145%=kx%
ic 20 30 40 50
201 EDYAKRGFRAPLOSKLDAKKAKLSKLEELSDKIDELDAEIAXLEDLEAR 250
* 168*«&'** .
166***1-& l
10 20 a0 40 50
251 ECENNNVEDYFREGLEKTIAAKKAELEETEADLEKAVEEPEKPAPAPETPA 300
179%¥*Ad%t JHGe=wR* 195%%x sk pdri ot
TRARkE ] GakEEke
ip 20 30 10 50
301 250

PEAPREQPREAPRPOPAPAPKPERPAEQPEIERTDDOQOREEDYARRSEEE

SUBSTITUTE SHEET (RULE 26)

JP 2004-503565 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(111) JP 2004-503565

WO 01746368 POT/USOLA TSR
-b7=
10 20 30 40 30

351  YNRLTOQOPPRAEKPAPREKTCHEGERGHMIFY FYNTDESMATEWLONNGSH 490

10 20 30 40 50
401 YYLNSNGAMATGRILGYNGSWY ¥ LHANGAMATGWAKVNGSWYYLHANGAMA 459

10 20 30 40 50 ]
451 TGWLOYHGEWY Y LNANGAMATGWAKVNCSH Y LEANG ANATGH LOYHGSW 500

10 20 30 40 50
501 YYLHANCAMATGWAKVHGSHY Y LNARCAMATGHVEDGLTH Y YLEASGAMK 350

10 20 30 40 50
551  ASOWEKVSDEWYYVNGLGALAVNTTVDGYKVNANGEWY ' 588
Motif &: 3 Range: 6 - 13
Motif: *[DEGHENPORST] [DEHGKNPQRST] [DEHOKNEORST] [DFHGKNEORS .
T1* [ DEHGKNPORST) *

Ref.: WISHART, U.S. UNPUBLISHED

Hame: GENBRALIZED B CELL EPITOPE BARTTERN

Motif #: & Range: 8 - 15

Maotif: *[DEGHKMPQRST] [DEHGEWNPQRST] * [ DEHGENPQRET] [ DEHGKNPOR
5T] [ PEHGENPQRST] #

Ref . WISHART, D.5. UNPUBLISHED

MName: GENERALIZEDR B CELL ERITOPE BATTERN
MoLif #: 29 " "Range: 4z - 4%
Motifi: *[DEGHENPQRST) [ DERGERPQRST) {DEHGENFPORST] ™ [ CERGKNPOR
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5T} [ DERGENPQRST} *

Ref.: WISHART, £.3. UNPUBLISHED
Name: GENERALIGED B CELL EPITOPE PATTERNM
Motif B: 52 Range: 4% - 56

Motif: *[DEGHRENPQRST] (DEHGENPOEST/ [ DEHGENPQRST] [ DEHGKWTORS
I'l+ [DEAGENPCQRST] *

Ref.; WLSHART, D.5. UNPUBLISHED

Name: GENBRALIZED B CELL EPITOPE PATTEEN.

Motif #: a6 Range: 63 = 70

© Motif: *[DEGHENPQRST] [DEHSKNPORST] [DEHGKMEPORST]* [REHGENPGR

S5T] [DEEGKHPQRST] *
Ref.: WISHART, P.3. UNFURLISHED
Name: GENERALIZED B CELL EPITOPE PRTTERN

MoLLIE #: 73 Range: 41 — 88

Motif: *[DEGHENPQRST] [DEHGENPORST] * [DEHGKNPQRST! | DEEGKNPOR
ET] [CEHGKRPORST] *

Ref.: WIESBART, D.S. UNPOBLISHED

Mame: GEWERALIZED B CELL EPITOPE PATTERN

Motif #: 78 ’ Range: 97 - 104

Metifi: * [DEGHEWPQRIT] [DEHGENPQRST]* [ DEHGENEQRST| [ DEEGENEGR
5T] { DERSEMPORST] *

Ref.: WISEAR?, D.S. UMPUBLISHED

Wame: GEMERALIZED B CELL EPITOPE FATTERN

Motif #: 88 Range: 104 - 111

Motif: *[DBGHEKNPORST] [ DEHGKNPORST) * [ DEEGKNPQRST] [ DEHGKIEPQR
ST] { PEHGKNEQRST] *

Fef.: WISHART, D.S. UNPUBLISHED .

Hame: GENERALIZED B CELL EPITOPS BRTTERN

Motif #: 91 Range: 107 - 114 -
Motif: *[DEGHENEORST] [DEHGKMEQRST] [ DERGKHNPORST] * [ BEHGENPOR

. 3T] [DERGENEORST] *

Ref.: WISHART, D.S. UNPUBLISHED
Hame: GENERALIZED B CELL EPITCPE FATTERN
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Motif #; 45 Range: 119 - 125

Motif: *[DEGHENPORST] [DEHGEKNFQRST! [DEHGENPQRST] [ DEHGENPORS
T] [DEHGEWFQRST]*

Ref.: WISHART, D.S, UNPUBLISHED

Name: GENEFALIZSD B CELDL EPITOPE PATTERN

MOTLE #: 103 Range: 127 - 133

Motif: *[DEGHXNPQRST] [DEHGENPQRST] [DEEGKNPQRET] [DEHGENPORS
T} [DEEGKNPORST] *

Raf.: WISHART, D_3. UNPUBLISHED

Wame: GENERALIZED B CELL EPITOPE BATWERH

Motif #: 116 Range: 132 - 138

Motif: *[DEGHEMPQRST] [ DEHGENPGRST] * [DEHCERPORST] [DERGKNEQR
57) [DESGKNPRRST] *

Raef.: WISHART, D.S. UNPUBLISHED

Name: GEMERALIZED B CELL EPITOPE PATTERM
Hotif #: 122 Range: 139 -~ 146
Motif: *[DEGHENPQRST) |DERGKNPORST]* [ODRHGENPORST ] [ DEEGKNP(
5T] [ DEHGENPORST] * .
Ref.: WISERRT, [.S, UNPUBLISHED

WName: GENERALIZED B CELL EPITQFE PATTERN

Motif ¥: =3 Range: 142 - 149

Motif: *[DEGHENPORST) [DEECENPORST] [ CRUGKNPQRST] * [ DEHGKNDQR
S7T] [ DEHGKNPQRST] * :

Bef.: WISHART, D.5. UNPUBLISHED

Name: GENERALIZED B CELL EPITOPE PATTERN
Motif ¥: 130 Range: 153 ~ 160
Motif: *[DEGHKNPRQRST) [DEHGEWPQRST]* [DEHGENPORST] [ DEHGRHPOR
ST] [DEHGKNPORST] *

Ref,: WISHART, D.S. UNPUBLISHED

Name; GENERALLZER B CELL EPTTOPE PATTERN

Motif ¥; 133 Range: 160 ~ 167

Motif; * [DESHKNEQRST] [ DRHGKNPQBRST ) + [DEHGENPORST | [ DERGENEQR
ST) [DEHGKNPORST] *

Ref.: WISHART, D.S5. UNPUBLISHED
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Wame: GENERALIZED B CELL EPITOPE PATTERNM

MoLif #: 140 Range: 1Bl - 188

Motif: *[DEGEFNP{QRST] [DEEGKNPQORST] IDEHGKNPQRST] * [DEHGENPQR
ST] [PEHGKNEQRST] *

Ref.: WISHART, 0.3, UNPUBLISHED

Name: GENERALIZED B CELL EPITOPE FATTERN

Motif B: 145 “Range: 192 - 1%9 T
Motif; * [DEGEKNPQORST] [UEHEKNEORST] * [DEHGENFQRET] [ DEHGKNPQR
ST] [DEHGENPQRST] *

© Ref.; WISHART, D.S. UNPUBLISHED

Wame; GENERALIZED B CELL EPITOPE PATTERN

Motif #: 148 Range: 195 - 201

Motif: *[DEGAKNPGRST] [DEHEENPORST] [DEHGENPCRST] [ DEHGKINEQRS
T] [DEHGKNPORST] *

Ref.: WISHART, D.§. UNPUBLISHED |

Mame: GENERALIZED E CELL EPITOPE BATTERN

Metif #: 166 Range: 226 - 233

MoTif: *[DEGHKNPQRST] [DEHGKNPORST] * [ DEHGENPORST] [ DEHGKNEQR
31] [DEHGKNPORST] *

Ref.: WISHART, D.5. UNPURLISHED

Name: GENERALIZED B.CELL EPITOFE PATTERM

Motif #: 188 Range: 229 - 238

Motif: *[DECHKNPQRSTI [DENGKNPORST) [DEHGENEQRET] * [ DEHGKNPQR
5T] [ DEHGKNPQORST] *

Ref.: WISHART, D.S. UNPUBLISHED

Name: GENERALIZEND B CELL EFITGPE PATTERN

Motif ¥:° 176 ‘Bange: 250 - 256
MOTif: *[DEGHKNEQRST] {DEHGKNPORST] [DEAGKNPQRST] [ DEHGKNEORS
T] [DEHGKNPORST | * ’

Ref.: WISHART, D.5. UNPUBLISHED

Name: GENERALTZED B CELL EPITOPE FATTERN

Motif #: 179 Range: 252 - 253
Motif: *[DEGHENPORST] [DEHGKNEPQRST ] {DEHGEKNPQRST] * [CEHGEKNEPQR
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ST [ DEHGFHPQORST]*
Ref.: WISHART, D.S. UNPUBLISHED . "
Name: GENERALIZED B CELL ERITOPE BATTERN

Matif §: 183 Range: 260 - 267 . R
Motif: *[DEGHKNPQRST][DEEGKNPQEST}[DEHGKNPQRST]*[DEHGKNPQR
ST).[DEHGKNEQRST] *

Ref.: WISHART, D,5. UNEUBLISHED

Name: GCENERALIZED B CELL EEITORE FPATTERN
Motif ¥: 185 T Range: 261 - 288
Motif: *[DEGEKNPQRST){DEHGKNPQRST] [DEHGKNPORST] | DERCKNEOR
57| [DEHGENPQRST] *

Ref,; WISHART, D.5. UNPUBLISHED

Name: GENERALIZED B CELE EPTTUPE PATTERN

Motif #: 1%4 Range: 275 - 282

Motif; * { CEGHKNPURST} [ DEHGENPQRST] [ DEHGKNPQRST] [ DEHGENPQRS
T} * [ DEEGKNPGRST] * -

Ref.: WISHART, D.3. MHPUBLISHED

Name: GENERALIZED B CELL EPITOPE PATTERN
Matif ¥: 206 "7 Range: 238 - 295
Motif: *[DEGHKNPQRST] [DEHGENRFQEST) [DEHGKNPQRST] [DEHGENEGRS
T]* [ PEEGKNPQRST] *

Ref.: WISHART, [.S5. UNPUBLISHEED

Name: GENERALIZED B CELL EPITOPE PATTEAN
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We claim:
l. A synthetic peptide of the formula I:
{AXXDXXX), 1
wherein
5 A is Ile, Leu, Val or a derivative thereof;
D is Len, lle, Val or a dexivative thereof;
each X is un amino acid residue or derivative thereof which
corresponds 0 a0 amino acid residue of an epitope of a mative
coiled-coil protein;
b the X residues in each (AXXDXXX) repeat form a set of X residues; and

7 is equal to or greater than 1.

2. The peptide of Claim 1 wherein A is lle and D is Leu in every
(AXXDHKX) repeat.
13
3. ‘I'he pepiide of Claim 1 wherein n is about 3 to 6.
4, The peptide of Clainr 1 wherein said X residues are amino acids that are
solvent exposed in aa coiled-coil region of the native profein.
20
5 The peptide of Claim 1 wherein each of said sets of X residues is from the
same epitope of a single protefn.
6. The peptide of Claim 1 whicl containg at least twe different sets of X
25 residues.
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T3

‘The peptide of Claim 6 wherein each of said ditferent scts is independently
selected from the group consisting of different epitopes of the same protein

and cpitopes from different proweing.

‘I'he peptide of Claim | which further comprises additional amigo acids at

the C-termigus and/or N-terminus of the peptide.

The peptide of Claim & wherein said aditional amino acid residues are
CNIkG at the N-terminus of the peptide.

The peptide of Claim 1 wherein the sct of X residues correspond to a
consensus sequence of solvent exposed tesidues of native ceiled-coil

proteins.

The peptide of Claim 10 wherein the coiled-coil proteins are selected from
the group cousisting of Pnenmococcal surface protein A, Pueumceoccal

surface protein C, and Preumosoceal adhesin A,

The peptide of Claim 11 wherein the peplide comprises an aming acid
sequence scleeted from the group consisting of

EELX M,KIDELDXEIAX T BKX, (SEQ ID NO.§) and EELX,X,KIDELD
{1-11 of SEQ ID NQ:5), wherein X, X, X;, X, or X; i3 any amino acid.

The peptide of Claim 12 wherein
K188, Q. NurD;

X,isD, NorK;

XyisAor Ny
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X, isK,BorD; and
X,is N, DorE.

A synthetic peptide of the formula [:
{AXXDXXX), I

wherein

15.

16.

3

}

A is lle, Leu, Val or a derivative thereof,

D is Leu, lle, Val or a derivative thereof,
eavh X is an amino acid residue or derivative thereof which
corresponds 1o an amino acid residue of an epitope of a native
coiled-coil protein, except at least one X is replaced with a chacped
amino acid residuc in 2 manner which zllows s salt bridge to form
berween the charged amino acid and another amino acid residue of
an opposite charge, which salt bridge facilitates the peptide to
assume a coiled-coil structure;

the X residues in each (AXXDXXX) repeat form a set of X residues; and

n i equal to or greater than 1.

A peptide of Claim 14 wherein the charged amino acid is sekcted from the

group consisting of Asp, Glu, Lys, Arg and His.

A method of making a peptide of the formula I comprising:

selecting an epitope of a coiled-coll protein,

determining which amino acid residoes of suid epitope are solvent exposed;
and

inserting said solvent exposed amino acid residues into the X positions of
formula T.
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75
The method of Claim. 16 wherein the coiled-ceil proteia is 4 microbial
protein.

The method of Claim 16 wherein the selection of epitopes is performed

using & computer algorithnt.

The method of Claim 16 wherein more than one set of epilopic aming acids

is used.
The method of Claim 19 whersin each of said sets is independenily selected
from the group consisting of different cpitopes of the same protein avd

epitopes trom different proteins.

A compnsition useful to stimulate an immung response in an animzl, said

composition comprising at least one peptide of fonmula L.

The composition of Claim 21 wherein the peptide of forrulz 1 is

vonjugated {e a carrier protein,

The compasition of Claim 21 further comprising an adjuvant,

The composition of Claim 21 which cousains at least two different sets of X

residues.
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29,
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32,

33
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76~

The composition of Clain 24 wherein each of said different sets is
independently selected from the group consisting of different epitopes of

the same protsin and epitopes from different proteins.

The composition of Claim 24 which. is nsetul © stimulate an immune

respogse (0 more than oac sirain and/or species of microgrganisn.

A method of eliciting an immung response in an animal, comprising

administering a peptide of the forrwla I ic said animal.
An antibody which recognizes a peptide of the formula 1.

The antibody of Claim 28 wherein the peptide of the formula I contains

solvent exposed aming acids from a microbial protein,

The antibody ef Claim 28 which binds to more than pne strain ad/or

specics of microorganism,
The antibody of Claim 28 which is pelyclonal or monocional.

A pbarmaceutical cowpesition comprising an antibody according to Claim
28.

The compesition of Claint 32 which further comprises a pharmaceutically

aceefrtable excipient or carrier.
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41,

42,
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An antibody produced by administering a peptide of the formmla [ to an

andmal 50 28 to stinmlate an immune response.

A composition useful as @ vaccine, whersin said composition comprises a

peptide of formula I,

The compositon of Claim 33 wherein more than oe set of cpitopic amine

avids is used in the peptide of formula L

The composition. of Claim 36 wherein the scts of epitopic amine acids are

frow different straing andfor species of microorgaxsim.

The composition. of Claim 35 which provides cross protection to more than

one strain andfor species of microsrganism.

The composition of Claim 36 which provides crass protection to more than

one surain and/or species of mieroorganism.

The compusition of Claim 37 which provides cross protection to more fitan

ane strain and/or species of microorganism,

The composition of Claim 35 which fugther comprises a pharmaceutically

aeceplable excipient or carrier.

A method of preventing 4 microbial infection comprising administering to a

magnmal susceptible to said infection & peptide of formula 1.
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-78-

The method of Claim 42 wherein more than one set of cpitopic amino acids
is usedl in the peptide of fornla [ and the sets of epitopic amino acids are

fram different strains and/or species of micronrganism,

The method of Claim 42 which is useful to prevent infection by several

sirains andfor species of microorganism.

The meihod of Claim 43 which is useful to prevent infection by several

straims and/or species of microorganism.

A method of treating or preventing microbial infection in an animal
susceptible to or suffering from such infection, corprising adminisiering e
szid animal an effective amouat of an mtibody to a microbial protein,
wherein said antibody is produced by administering a pepiide of formula T

to 2n animal.

The method of Claim 46 which prevents sympioms of infection in said

animal.

The method of Claim 46 which is vsetul to treat os prevent infection by

several siraing and/or species of microorganism.

A method of determining the presence of a particular microorganism in &
sample cemprising:
ay contacting the sample with an antibody o a pepiide of formula I

which peptide comprises epitopes from the particular microorganism; and
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b) determining whether said antibody binds to a component of said

sample.
The metod of Claim 49 wherein the sample is a biological samplc.

The method of Clzim 49 whick is used w determine the causatve agent of

a microbial infection.

The method of Claim 51 whick is used to simuftaneously detect the

prescoce of several strains and/or species of microorganizm in the sample.

The method of Claim 50 which is used 1o stmultanegusly detect the

presence of several strains and/or species of microorganism in the sample.

The method of Claim 51 which is used to simuliangously detect the

presence of several swaing and/or species of microorganizm in the sample.

A method for dewermining ihe presence of antibodies to a microbial, protein

in a biglogical sample, comprising:

a) centacting sald blotogical sample with a pspude of formula I, which
peptide comprises at Jeast one epitope from said microbial protein;
and

b} determining whether antibodies in said biological sample bind to

said peptide.

The method of Claim 55 which is used to determine prior exposure of an

animal to a particular microorganism,
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-80- Patent
Attorpey Docket No. 003592-007

57.  “Ihe protein of Claim 8 wherein the additional amino acids stabilize the

peptide through the formation of lactam bridges.
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Strain BG 8743 (Stercotype 23F)
defgabecdefgabodetfgab

LEKDVEDFENSDGEQAEQVL {SEQ ID NC:

Regidues 250-301

Strain EF566B (Sterotype 4}
defgabodefgabed
LEDNL¥XDAETNNVED (8EQ ID NO: 11)
Residues 330-344

Strain BG 8090 (Sterotype 19F)

defgabedef
LAKKQTELEK (SEQ ID ND: 12)
Residues 267-276

Splice Epitopes Together

Figure 4
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Replace a and d Positions (underlined)

PLEDLKNSIGELEDNIKELRTHIVELAFKITELEK (SEQ ID NO:
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<130>
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<1l51l=

<1lE0>
<170
<210=
<211
<2122
«213>

<400

SEQUENCE LISTING

Houston, Michael E.
Hodges, Robert

Use of Colled-Toil Structural Scaffcld te Generate
Structure-Specific Peptides

0035%2-007

Us £0/211,8%2
2000-06-14

US 60/213,387
2000-06-23

1ls

PatentIn version 3.0

1

618

PRT

Streptococcus prsumcniae

1

Met Asn Lys Lye Lys Met Tle Leu Thr Ser Leu Ala Ser Val Ala Tle
1 5

10 15

Leu Gly Ala Gly Phe Val Ala Ser Gln Pro Thr val val Arg 2la Glu

20 25 30

Glu Ser Pro Val Ala Ser Glo Ser Lys Ala Glu Lys Asp Tyr Asp Ala

i85 40 45

Ala Lys Lys Agp Ala Lys Asn Ala Lys Lys Ala Val Glu Asp 2la Gln

50

Ly Al
85

55 &0

a Leu aAszp Asp Ala Lye Ala Ala Gln Lys Lys Tyr Asp Glu Asp
70 75 aa

@ln Lys Lys Thr Glu Glu Lys Ala Ala Leu Glu Lys Ala Ala Ser Glu

Giu He

&5 30 95

t AsSp Lys Ala Val Ala Ala Val Gln Gln Ala Tyr Leu Ala Tyr
100 105 110
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Tal

145

Tys

Leu

clu

Ile

Glu

225

Ala

Leu

Lys

Asp

Glu

305

Glu

5lu
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Gln

Glu

130

Arg

Lys

Gluy

ala

Ala

2140

Pro

Glu

Leu

Tyr

250

Lya

Gln

Glu

Ala
115
Ala
Rla
Sar
Glu
Lya
195
Glu
Asp
Leu
Glu
Glu
2785
FPhe
Gl
Pro

Pro

Lys
355

Thr

Lys

¥lat

Glu

Rla

180

Sln

Leu

aln

Gln

Len

260

Asp

Lye

Lys

Ala

Lys

340

Pro

Aep

Lys

Val

Glu

1g8

Lys

Lys

Glu

Ser

HJer

245

ser

3ln

Glu

Thr

Fro

325

Pro

Rla

Lys
Arg
val
150
Ala
Ala
val
Asn
cGlu
230
Lys
Asp
Leu
Cly
Glu
210
Ala

Ala

Giu

Ala
Glu
135

Pro

Lys

Asp

Gln

215

Ser

Leu

Liye

Lys

Leu

205

Rla

Pro

Pro

Gln

2la Lys
120

Glu Glu

Glu Pro

Gl Lys

Leu Glu
185

Ala Glu
200

Val Hie
Glu Asp
Asp Ala
Tle Asp

T 265

2la Ala
280

clu Lys
Asp Leu
Glu Thr
2Ala Pro

345

Pro Lys
360
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Asp
ala
Glu
Ala
170
Glu
Glu
Axg
Tyr
Lys
250
Glu
@lu
Thr
Lys
Pro
330

Gln

Pro

ala

Lyse

Gln
155

Pro

Ala
val
Leu
hla
235
Lys
Leu
dlu
Ile
Lys
315
Ala

Pro

Glu

Ala

Thr

140

Leu

Glu

Gl

Ala

Glu

220

Lye

Ala

Asp

Asn

Ala

300

Ala

Pro

Ala

Lya

Asp
125
Lys
Ala
Leu
Lys
Bro
205
Gln
zlu
Lys
Ala
Asn
285
Ala
val
Glu

Pro

Thr
365
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Lys Met
Fhe Asn
Glu Thr
Thr Ly=

175
Lys Ala
120

Gln Ala
@lu Leu
Gly Phe

Leu Ser
255

@lu Tle
270

Asn Val
Lya Lys
Asn Glu

Ala Fro
338

Ala Pro
350

Asp Azp

Ile
Thr
Lys
160
Lys
Thr
Lys
Lys
arg
240
Lys
bla
Glu
ala
Pro
320
ala

Lys

Gln
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465

Ala
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Ala
370
‘Thr
Thr
Gly
Leu
Ser
450
Lys
Thr
Gly
Leu
Ser
530
Lys
Thr
Gly

Tyr

Tyy
610

Glu
Gln
Gly
Ser
Asn
435
Trp
Val
aly
Ala
Aan
515
Trp
Yal
Gly
Ala
val

585

Lys

Glu
Gla
Trp
Meat,

420

Sar
Tyr
Aan
Trp
Met

540

Ala
Tyr
Asn
Trp
Met
580

Asn

val

Esp
Gln
Tya
405
Ala
Rgn
Tyx
Gly
Leu
485
Ala
Asn
TyT
dly
val
565
Lys

Gly

Asn

Tyr
Pro
390
Gl
Thr
Gly
Leu
Saxr
470
Gln
Thr
Gly
Leu
Ser
550
Lys
Ala

Leu

Rla

Ala
375
Pro
Glu
Gly

ala

Agn
455

Trp

Tyr

Gly

Ala

Aan
535

Trp

Asp

Ser

Gly

Asn
615

irg Arg
Lys Ala
hsn Gly
Trp Leu

425

Met Rla
440

Ala Aen

Tyr Tyr
Ren Gly
Trp Ala

505

Met Ala
520

Ala Asn
Tyr Tyr
Gly Asp
Gln Trp

585

Ala Leu
600

Gly Glu
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Ser
alia
Met
410
sln
Thr
Gly
Leu
S5er
450
Lyz
Thr
Gly
Leu
Thr
570

Pha

Ala

Glu
Lys
395
TIp
Aan
Gly
Ala
Aan
475
Trp
val
Gly
Ala
Asn
555

Trp

Lys

val

Glu
agg

Frao

Tyx

Agn

Trp

Met

460

Ala

TyT

Asn

Trp

Met

540

Ala

Tyr

Val

Asn

Glu

Ala

Phe

Gly

Leu

445

Ala

ksn

TvYT

Gly

Leu

525

Ala

Asn

Ty

Ber

Thr
605
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Tyr

Pro

Tyr

Sar

430

Gln

Thr

Gly

Leu

Ser

510

Gln

Thr

Gly

Leu

Asp

590

Thr

Agn

Ala

Aen
415

Trp

Tyr

Gly

Ala

Asn

455

TXp

Tyx

Gly

Ala

alu

575

Lys

val

ATg

Fro

200

Thr

Tyr

Asn

Trp

Met

480

Ala

TYY

As=n

Trp,

Mat

1

Ala

Trp

Rsp
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<210> 2
«211= 40

<Z21l2= PRT

<213> Artificial Sequence
<220 '

<Z23> stabilizing strand

<220

<Zz2l» MOD_RES
<222 (2]
«223» Hle
<400= 2

Cys Xaa Gly Gly Gly Glu Ile Glu Ala Leu Lys Lys Clu Ile Glu Ala
1 : 5 o 15

Leu Lys Lys Glu Ile dlu Ala Leu Lys Lys Glu Ile 3lu Ala Leu Lys
20 25 o

Lys Glu Tle Glu Ala Leu Lys Lys
35 4an

<210> 3
<Zll> 3B
<2l2> PRT

<213»> Artifieial Bequence

<220=
«223> hybrid sequence

220>

=221> MOD_RES
<222> (2}
<2%3> Hle
<400 32

Cys ¥%aa Gly Ile Glu Glu Leu Glu Lys Lys Tle Thr Glu Leu Lys Gln
1 5 19 15

Lys Ile Asp Ala Leu Glu Asn Gln Ile His Arg Leu Glu Gln Glu Ile
20 25 30

Lys Glu Leu Asp Glu Ser

Page 4
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<210
<211
<212
<213s

<220
€223

<220=
<221
<222
«223>

<4 00>

(137)

WO 01746368 POT/USOLA TSR

35

1

38

PRT

Artificial Sequence

hybrid sequehce

MOD_RES
{2)
Wle

4

Cya ¥aa Gly DLeu Glu Glu Ala Glu Lys Lys Ala Thr Glu Ala Lys Gln
1 5

140 15

Lys Val Aap Ala Leu Glu Zsn Gln val His Arg Leu Glu Gln Glu Leu

20 25 30

Lys Glu Ile Aap Glu Sexr
35

<210:=
<21l=
<212
£21l3x

<220
<223>

<220
<221=
<223>
<323
mine

<4002

5

20

PRT

Artificial Segquence

congensug fequence

PEPTILE

(4] .. {20) .

Aminc acids 4, 5, 12, 16 and 20 are Xaa wherein Xaz = any a
acid

H

Glu Glu Leu Xaa Xaa Lys Ile Asp Glu Leu Asp Xaa Glu Ile Ala Xaa

1

Leu G

5 1 15

1lu Lys Xaa
20

Page 5
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<210=
<211>
<2li=
<213

<220
<223

=400=

jeaRINYe]
1

<210>
=211>
<212
<213

220>
<223

<320>
«221>
<232=
<223>
<400

Cyeg X
1

WO 01746368

&

8

FRT

Artificial Seguence

congansgus seguence
3]

1u Leu Ser Asp Lys Tle asp
5

7
27

PRT

Artificial Seguence

bybrid sequence

MOD_RES
(2]
Nle

7

(138)

POT/USOLA TSR

aa @ly Glu Ile clu Ala Leu Lys Lys Lys Ile Glu Glu Leu 3Ser
10

5 .

Asp Ly® Tle Asp Glu Leu Glu Lys Glu Ile Lys
20 25

<210>
«21l=
«213>
<213>

«400>

8

21

PRT

Raemophilus influenzae

2

15

Ile Lys Lys Val Leu Glu Ile Gly Leu Ran Met Ser Gln Glu Rla Ser
1

Asn L

S 10

eu Thr Ser Ala
20

Page €
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<210:=
«ZLll>
=212
«213=

=220
2223

400>

1

WO 01746368

g

27

PRT

Zrtificial Sequence

hybrid sequence

3

Glu Ala Glu Ile Lys Lys Leu Leu
s !

@lu Ile Ber Asn Leu Thr Ser Ala

<Z10>
<211>
<21Z>
<213=

400>

20

10

20

PRT

Streptocaccus pneumoniae

10

Leu Glu Lys Asp Val Glu Aasp Fhe
1 5

Glu Gln Val Leu

(139)

POT/USOLA TSR

Glu Ile Ile Leu Asn Leu Ser Gla
10 15

Leu Lys Gly
25

Lys Asn Ser Asp Gly Glu Gin Ala
i0 15

20
<2105 11
<211= 1%
«212> PRT
<213> Streptococcus pneumoniae
<400 11
Leu Glu Asp Asn lLeu Lys Asp Ala Glu Thr Asm hsn Val Glu Asp
1 5 10 15
=210> 12
<Z211» 10
«212» PRT
<Z13d> Streptococcus pneumonias
<400= 12
Leu Ala Lys Lys Gln Thr Glu Leu Gin Lys
1 - 5 14

Page 7
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(140)

WO 01/46368 PCTUSOLGR
210> 13
<211l 35
«212> FRT

<213> Artifictal Sequence

<220%
<223> hybrid secuence

<40Q0> 13

Asp val Glu Asp Phe Lys Asn Ser Asp Gly Glu Leuw Glu Asp Asn Leu
1 . 5 10 15

Lys Asp Ala Glu Thr 3sn Asn Val Glu asp Ala Lys Lyes Gln Thx Glu
e 25 . 30

Leu Glu Lys

35
«210> 14
<211> 35
«212> PRT

<213> Artificial Seguence

<220
<223> hybrid secquence

<400> 14

Asp_Ile Glu asp Leu Lys Asn Ser Ile Gly Glu Leu Glu Asp Asn Ile
1 5 ic 15

Lys Glu Leu Glu Thr Asn Ile Val ¢lu Leu Ala Lys lLys Ile Thr Glu

20 . 25 ) 30
Leu Glu Lys
35
<210> 13
=211 7
«212> PRT

<213> Artificial Sequence

2220%
<223> Coiled-coil scaffold

<2320

Page 8
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(141) JP

WO 01/46368 PCTUSOLGR
<2Z21= PEFTIDE
€222 (1) .
<223> Amino acid 1 is ¥aa wherein Xaa = A and 3 can be I, L or ¥,
<220
«221> PEPTIDE.
<222> (2)..(7)
<223> Aminc' acids 2, 3, 5-7 are Xaa wherein Xaa = any amino acid.
«<240>
«221>  PEPTIDE
222> (4)
<Z23> Aminc acrid 4 is Xsa wherein Xaa = D and D ¢an be I, L or V.
<220
«221> PEPTIDE
«222»  (1)..(7)
<223> Aminc acidsg 1-7 ¢an be repeated cne or more times.
<400> 15
Xaa Xaz Xaza Xaa Xaa Xaa Xaa
1 g
«210> 1é&
«211=> 10
<212> FRT
<213> Artificial Sequence
<220>
«223> Colled-ceil scaffold
«220=
«221= MOD RES
222> (2]
<2235 HNle
2220
<221> PEPTIDE
232>  {5)..(10)
<223»> Aminc acidg 5, 6, and 2-10 are Xaa wherein Xaa = any amino a
cid.
<220
«221= DPEPTIDE
<222> {4} .. (20}
«223> Aminc acida 4-10 ¢an be repeabted cone or more times.

Page %
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WO 01746368

<400> 16

Cys Xas Gly Ile Xaa Xaa Leu Xaa Xaa Xaa
1 5 10

Page 10

(142)
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internasonal Appicatan vo PETAS D1 A9168

FURTHER INFORMATIGN CONTIRUED £EROM  PCTASAN 710

Continuation of Bowx 1.2

£laims Nos.: 1-10 14-57 (a1l partially)

Present ¢Taims 1-10 relate to an extremely Targe number of possible
products. Support within the meaning of Article & PCT and disciosure
within tie meaning of Article 5 PCT is €o be found. however, for onty a
very small proportion of the products c¢laimed. In the present case. a
farmula (I) consisting virtually entirely of variables, which are at
least in part insufficiently or functionally defined (each X corresponds
to any amino acid residued from amy epitope of any native coiled coil
proteiny cannot be considered to represent a clear and concise definition
of patentable supject-matter. The claims se lack support, and the
application so lacks disclosure, that a meaningful search over the whole
of the ctaimed scape is impossible. Consequently. the search has been
carriad out for the general concept underiying the applicatian and far
thase parts of the claims which appear to be supported and disclosed, as
further characterised in claims 11-13 and in the exanples. £latms 14-57
have been searchad in so far they related to searched subject-matter

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventtons in respect of which no internationa
search repart has been established nsed not be the subject of an
internationz] preliminary examination (RuTe &6.1(e) PCT). The applicant
i3 advised that the EPD policy when acting as an Internationa
Preliminary Examiming Authority is narmally aet to carry oul 2
preliminary examination on matier which has not been searched. This is
the case irrespective of whether or ngt the claims are amended following
receipt of the ssarch repert or during any Chapter II procedure.
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