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SYNTHETIC PEPTIDE VACCINES FOR
FOOT-AND-MOUTH DISEASE

FIELD OF THE INVENTION

The present invention relates to the use of a
peptide composition as an immunogen, with each peptide
contained therein comprising a target antigenic site derived
from the VPl capsid protein of Foot-and-Mouth Disease Virus ‘
(FMDV), with said antigenic site covalently linked to a
helper T cell epitope and, preferably, other
immunostimulatory sequences, preferably by conventional
peptide bond(s) through direct synthesis, for the prevention
of FMDV infection and eradication of Foot-and-Mouth Disease
(EMD) .

More particulariy, the present invention relates
to the use of such peptide composition as an immunogen to
elicit the producticon in animals including swine, cattle,
sheep, goats and susceptible wild species, of high titer
polyclonal antibodies that can effectively neutralize, in
vitro, multiple strains or serotypes of FMDV, and to the use
of such composition as a vaccine to prevent and/or reduce

the incidence of FMDV infection regardless of serotype.

The present invention also relates to the peptides
used in the compositions, and to immuncassays and/or
diagnostic kits containing one or more of these peptides, or
segments thereof.

BACKGRQUND OF THE INVENTION

Foot~-and-mouth disease (FMD) is the most
economically significant disease of domestic livestock.
Cloven-hoofed animals of the order Artiodactyla, such as
cattle, pigs, sheep and goats, are susceptible. The
causative agent, foot-and-mouth disease virus (FMDV), is an
aphthovirus of the Picornaviridae family having a positive
sense RNA genome encoding four capsid proteins (VP1-VP4)} and
nen-structural polypeptides. The FMDV genome, the coding
region for capsid and non-structural proteins and the

SUBSTITUTE SHEET (RULE 26)



5

10

15

20

25

30

35

WO 99/66954 PCT/US99/13921
2

processing pathway by which proteins are cleaved is shown

schematically in Fig. 1 (taken from Tesar et al., Virus

Genes, 1989; 3:29-44).

FMD is controlled by guarantine and destruction of
infected and exposed animals, and by vaccination with
chemically inactivatred virus compositions. A significant
difficulty for formulation of these vaccines is the
remarkable antigenic diversity of FMDV. Seven distinct
serctypes have been described: A, O, C, Asia, and the South
African types SAT-1, 2, and 3, each of which can be
subdivided into multiple subtypes. Viruses of serotypes A,
0, and Asia are most common. Serotype A viruses are the

most variable, having more than 30 subtypes.

There is no cross-protection between serctypes,
therefore animals recovered Irom infection with or
vaccinated against a virus of one serotype are still
susceptible to infection with viruses from the remaining six
serotypes. Moreover, the degree of antigenic variation
within a serctype 1s such that a vaccine effective against
one subtype may not be protective against another subtype
within that same sarotype. Accordingly, current vaccines
are based on a mixture of Inactivated viruses comprising a
reference strain of each relevant serotype or subtype, as
determined by monitoring the virus strains in local
circulation. Periodic surveillance on the antigenic
relationship between field isolates, including emerging
variants, and the viruses being used for vaccine preparation
are required to prevent outbreaks.

Therefore, the production of current vaccines
requires that several virus strains must be grown and
inactivated, with the potency of each assured, and the
product must be reiormulated periodically with current field
strains to prevent loss of protective efficacy by emergence
of new variants. The process of preparing multiple virus
strains for maintenance of immunogenic efficacy in the face

of antigenic variation results in burdensome problems with
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Strain tec strain variability in potency and yield during
manufacture.

The need for an inactivated virus vaccine for
periodic revision in turn generates a new obstacle to
vaccine manufacture. When a wvaccine is revised to meet the
challenge of an outbreak by a newly evolived field strain,
the outbreak strain must be artificially adapted to
efficient growth in tissue culture. The selecticon process
for adaptation to tissue culture can result in diminished
protective immunogenicity, resulting in further delays in
production. {(Barteling and Vreeswijk, Vaccine, 1981; 9: 75-
88 Brown, Vaccine, 1892; 10: 1022-1026).

Cther significant shortcomings of inactivated FMDV
vaccines are associated with issues of biosecurity and
stability. The virus must be prcoduced in a high-containment
facility to prevent contamination of the immediate
environment. This potential hazard limits qualified vaccine
suppliers to a few, limits the available supply of vaccine,
and hampers efforts to respond to outbreaks in previously
FMDV-free regions c¢f the world. The innocucusness of the
inactivated virus product cannot be ensured absolutely.
Several recent cases of the disease in Europe have been
traced to incompletely inactivated virus. This hazard
discourages use of the vaccines in areas where disease 1is

absent, leaving previcusly unaffected areas devecid of immune
protection.

Product instability as well as to lot-to-lot
variability stems from the complex and undefined composition
of the inactivated virus vaccines. These complex mixtures
must be inspected at regular intervals to ensure
immunopotency. In some countries this can be as frequent as
three times each year. A cold cabin is necessary to

maintain the potency of the unstable product, and fregquently
this is difficult to ensure in some countries.

A potential for deleterious effects is an
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additional consequence of the complex composition.
Anaphylactic shock is an infrequent problem but nevertheless
it occurs sufficiently often to pose problems. These
disadvantages are reviewed in Brown, Chapter 11 in Mclecular
Aspects of Picornavirus Infection and Detection, eds Semler
and Ehrenfeld, American Society for Microbioclogy:
Washington, DC, 1989, pp 179-191. A further disadvantage
stemming from the complex composition of current FMDV
vaccines is that it is difficult to distinguish by
serolegical testing animals that have been vaccinated from
animals which have been infected (Lubroth et al., Vaccine,
1996; 14: 419-427). A vaccine based on site-specific
immunogens would facilitate the design of immunodiagnostic
kits to distinguish vaccine-induced antibodies from
antibodies induced by infection, and thus ensure the

effectiveness of vaccination programs.

The disadvantages of the existing commercial
vaccines have encouraged research to replace them with safer
and better defined subunit products. However, to be
acceptable, such products will need to be of immunogenicity
eguivalent to that of the currently available inactivated
virus vaccines, and will need to provide a wide spectrum of

protection against antigenic variants.

Attempts to design a defined subunit vaccine for
FMDV began with disruption of the virus particle and
identification of its constituent proteins as shown in Figq.
1. This results in a considerable loss of immunogenic
activity in comparison to intact inactivated virus particles
{Brown, 1989)., However, it was found that the separated
capsid protein now uniformly designated as VPl had, by
itself, the capacity to elicit neutralizing antibodies and
immunity from challenge in cattle and swine, although the
activity was subtype specific and many orders of magnitude
lower than that of the intact inactivated virus. None of
the other virus proteins evoked neutralizing activity
(Laporte et al., C R Acad Sci Paris, 1973; 276:3399-3401
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and, Bachrach et al., J. Immunocl., 1975; 115:1636-1641).

.The neutralizing activity of VP! focused attention
on this protein and initially it was seriously considered as
a candidate for a genetically engineered subunit vaccine
(Kleid et al., Science, 1981; 214:1125-1129). It soon
became clear that the immunogenicity of recombinant VPl was
insufficient to protect animals [(Brown, 1989; Brown, 1992).
Nevertheless, this work led to the discovery of immunogenic
determinants on VPl, and the possibility of more potent

site~specific subunit vaccines based on synthetic peptides.

VPl was mapped for immunogenic sites by Strohmaier
et al. (J Gen Virol, 1982; 59:295-306) who tested VPl
cleavage products generated by cvanogen bromide and
proteclytic digestion; by Bittle and Lerner (WO 83/03547)
who tested synthetic peptides whose aminc acid sequences
corresponded o regions of highest variapllity, by Acharya
et al. (Nature, 1989, 337:705-711) who identified surface-
exposed sites on FMDV by X-ray crystallography, and by Pfaff
et al. {EMBC J, 1982; 7:869~E874) who selected a peptide that
elicits neutralizing antibody by predicticon of a prominent
amphipathic helical conformation in VP1. All four
approaches converged on a loop region of VPl spanning
residues 137-160 as bearing a determinant that elicits

neutralizing antibodies.

Serotype~specific peptides corresponding to the
141-160 region of VP1l, also termed the "G-H loop", from FMDV
isclates belonging to all seven serctypes have now been
shown to elicit protective levels of neutralizing antibody
in guinea pigs (Francis et al., Immunology, 1990; 69:171-
176). Clearly this regicn contains a dominant immunogenic
site which also carries the serotype specificity of the
virus. The initial observations of immunogenicity for these
141-160 VPl peptides was accomplished using synthetic
peptides conjugated to carrier protein KLH (keyhole limpet
hemocyanin), a procedure which negates the advantage of

manufacturing a well-defined synthetic immunogen. However,
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the development of VPl synthetic immunogens was advanced by
DiMarchi and Brook (U.S. Patent No. 4,732,971) who showed
that two VPl sequences from a subtype O isclate, joined in a
200-213 Pro-Pro-~Ser-141-158-Pro-Cys-Gly chimeric construct,
elicited antibody levels which protected cattle against
challenge. Nevertheless, the efficacy of this effect was
limited by the low immunogenicity of the peptide immunogen.

High doses of 1-5 mg were required to achieve protection
from homotypic intradermalingual challenge and one of three
animals receiving the 5 mg dose was not protected.
Practical application demands that a vaccine formulation
provide complete protection from both homotypic and

heterotypic challenge with smaller amounts of peptide
immunogen.

An important element for an effective peptide
vaccine for FMDV is the selection of a precise sequence from
the G-H lcop domain of VPl that is optimal for presentation
of the B cell epitope that is responsible for eliciting
neutralizing antibodlies. The frame for the optimal
presentation cf a domain by a peptide can be affected by a
shift as small as a single amino acid position (Moore,
Chapter 2 in Synthetic Peptides A User’s Guide, ed Grant, WH
Freeman and Company: New York, 1992, pp 63-67). Preferred
synthetic immunogens comprising the immunodominant G-H loop
neutralizing determinant have been discliosed including
residues 141-180 (WO 83/0357; Francis et al, 1990), 141-158
{(US 4,732,971), 142-158 {(Parry et al. WO 91/03255), 137-168
(Morgan and Moore, Am J Vet Res, 1880; 51: 40~-45), 138-156
{(Taboga et al, J Virel, 1997; 71:2602-2614), and any
contiguous seqguence of 20 amino acids selected from 130-160
{WO 83/03547), <Clearly, there is no consensus on a unigue
segment of VPl that is optimal for presentation of the G-~H
loop VPl neutralizing site.

In addition, the limited variety of B cell
epitopes in pricr peptide vaccines have rnot been adequate to
stimulate the broadly -reactive neutralizing antibodies
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needed for protection against the highly variable FMDV. Up
to the present time, only antibodies with relatively limited
specificities have been elicited and there is a further
restriction on the value of even these limited specificities
due to the occurrence over time of point mutations giving
rise to escape mutants (Taboga et al, 1987). Alternative
methods are needed to provide a peptide vaccine with
immunogenicity that is sufficiently broad to overcome
antigenic variation among multiple strains and temporal
variation caused by the emergence of escape mutants.

Another important factor affecting immunogenicity
of a synthetic peptide for an FMDV vaccine 1s presentation
to the immune system of a T-helper cell epitope appropriate
for the host. Short synthetic peptides can realize their
potential as vaccines only if they contain domains that
react with helper T-cell receptors and Class II MHC
molecules, in addition to antibody binding sites (Babbitt et
al., Nature, 1985; 317:359-361}. The 141-160 VPl peptide
alone 1s somewhat immunogenic for guinea pigs and mice,
pointing to the presence of T-cell epitcopes in the sequence
which are appropriate for those species. In contrast to
results with those laboratory animals, vaccine trials in
cattle and swine suggest that immune responsiveness to the
T~cell epitopes of this VPl domain is tcoo variable for
adequate protection among individuals of these economically
significant ocutbred species (Rodriguez et al, Virclogy,
1994; 205:24-33; and, Taboga et al, J Virol, 1997; 71:2606-
2614). Recently, other synthetic peptides corresponding to
regions of FMDV structural proteins have been identified
which act as T-helper cell sites. A peptide corresponding
to VPl amino acids 21-40 was found to provide T cell help in
cattle to the VPl neutralizing loop sequence (Collen et al.,
J Immuncl, 1991; 146:749%-755); however, the presence of this
T cell epitope was not sufficient to provide consistent
protection in cattle {Taboga et al, 1997). There is still
no information regarding the selection of adequate T helper
cell determinants nor is the optimal orientation of B~ and
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T-cell epitopes in FMDV peptide vaccines known.

There remains a need for a synthetic peptide-based
vraccine for FMDV that 1is of potency and broadness supericr
to the classical vaccines. The prior art peptides discussed
above do not adegquately address this need.

It is an object of the present invention to
provide a synthetic peptide FMD vaccine that meets this
need. The metheds used to attain this goal are:

1. an effective procedure for the identification
of high affinity epitopes,

2. the means to represent an enlarged repertoire

of B cell and T cell epitopes with a2 small number of peptide
syntheses through combinatorial chemistry,

3. the means to augment the immunogenicity of a B
cell target epitope by combining it with a potent T helper
cell (Th) epitcope and accommodating the Th epitcope to the

variable immune responsiveness of a population, and

4, the stabilization of desirable conformational

features by the intrcduction of cyclic ceonstraints.

Synthetic peptides have been used for "epitope
mapping” to identify immuncdominant determinants or epitopes
on the surface c¢f proteins, for the development of new
vaccines, and diagnostics. Epitope mapping employs a series
of overlapping peptides corresponding tc¢ regions on the
protein of interest to identify sites which participate in
antibody-immunogenic determinant interaction., Most
commonly, epitope mapping employs peptides of relatively
short length to precisely detect linear determinants. A
fast method of epitope mapping known as "PEPSCAN" is based
ocn the simultaneous synthesis of hundreds of overlapping
peptides, of lengths of 8 to 14 amino acids, coupled to
solid supports. The coupled peptides are tested for their
ability to bind antibodies. This approach is effective in

localizing linear determinants, but the immunodominant
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epitopes needed for vaccine development are usualiy high

affinity discontinuous epitopes and are difficult to define

by the PEPSCAN method (Meloen et al., Ann Biol Clin, 1991;

49:231-242) .

An alternative method relies on a set of nested
and coverlapping peptides of multiple lengths ranging from 15
to 60 residues. These longer peptides are synthesized by a
laborious series of independent solid-phase peptide
syntheses, rather than by the rapid and simultaneous PEPSCAN
syntheses. The resulting set of nested and overlapping
peptides can then be used in antibody binding studies and
experimental immunizations to identify long peptides which
best present immunodominant determinants, including simple
discontinucus epitopes. This method is exemplified by the
studies of Wang for the mapping of immuncdominant sites from
HTLV I/21 (US 5,476,765} and HCV (US 5,106,726); and it was
used for the selection of a precise position on the gpl20
segquence for optimum presencation of an HIV neutralizing
epitope (Wang et al., Science, 1991; 254:285-288).

Combinatcrial peptide libraries have been designed
to cover the broad range of segquences embraced by
geographical or population difierences and tehporal
variation of hypervariable antigens and to clrcumvent the
limited capacity of individuzl peptide 1mmunogens. For
example, a parcticular peptide antigen may ope designed to
contain multiple positional substitutions organized around a
structural framework of invariant residues. This
combination maintains the conformation of an immunodominant
site and accommcdates present and anticipated antigenic
variation. Such combinatorial peptides, corresponding to
hypervariable immunodominant sites of HIV and HCV, have been
described as "mixctopes” by Gras-Masse et al. (Peptide
Research, 1992; 5:211-216}, and as "structured synthetic
antigen library" or "SSAL" by Wang et al. (WD 95/11998).

. A "structured synthetic antigen library" or SSAL
is compesed of an ordered set of related peptide seguences
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embedded within a larger invariant structural framework

capable of maintaining the antigenicity, diagnostic value or

therapeutic bicactivity of that site.

Egquation 1 provides a representation of the SSAL
amino acld sequence.

AB15 AA2j - ARjj v Alyj {(Egqn. 1)

The sequence RAj;y to AAy; represents the amino acid
sequence, from the N-terminus to the C-terminus, cf the
peptides in the SSAL. Each peptide in the library has
length x, and % is constant for each library. At each amino
acid position i, 3§ varies from 1 to n, where n represents
the number of different amino acids known {or desired) at
the ith positicn. The deliberate introduction cr natural
occurrence of gaps cor insertions, 2.g. those in the VP1
sequence alignments in Table 1, is accommodated by the

synthesis of separate SSALs with different values of x.

Equation 2 is a mathematical representation of the
sum of the relative ratiocs of amino acids at a given

variable position i in the SSAL sequence.

n

2 [ARij] =1 (Eqn. 2)

J =1

Equation 2 states that at each position i, the sum

¢f the molar fractions of the n individual aminoe acids is
unity. The molar fraction of the jth amino acid at position
i, [BAAij], is selected by the practiticner, based upon (1)
the prevalence cof AA;; among the subtype strains of an FMDV
serotype as found in nature, and optionally (2) the desire
to include similar amino acids in order to anticipate escape
mutants. The amino acids AA;5 will ordinarily be selected
from the naturally coccurring amino acids, but may include
modified amino acids such as ornithine and norleucine and
unnatural amino acids such as D-amino acids. By following

these formulas, all the variant sequences of an SSAL having
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length 2 can be prepared simultaneously in a single
synthesis..

The sequence of the SSAL is determined by aligning
the primary amino acid sequences of a related family of
antigens, and identifying the invariant and variant loci
within the alignment. The invariant loci generally
represent the structural framework of the SSAL. The
degeneracy within the SSAL is determined by the loci within
the alignment that harbor different amino acid residues
relative to an arbitrary prototype sequence. After
determining which amino acids are to be at each invariant
position, the degree of degeneracy for the variable
positions in the SSAL library is determined from the number
of variants that present each alternative amino acid. The
SSAL is then synthesized with single amino acids at the
invariant positions and with the reguisite degeneracies at
the variant positions.

The relative ratios of the amino acid residues at
the variant positions may be set equal to one another, or
they may be represented in unequal proportions. 1In a
preferred embodiment, the amino acid ratios at one or more
variant positions are set to reflect the relative prevalence
of each amino acid found in the native sequences. The SSAL
libraries exemplified in Tables 2 and 3 represent such
preferred embodiments, wherein the subscripts represent the
relative amounts of the individual residues at each variable
position in the SSAL. It should be noted that a large
fraction of the peptides present in an SSAL may represent
combinations of variable amino acids which have not yet been
observed in nature. This feature of an SSAL increases the
degree to which protection against FMDV infection by new,
emerging strains of FMDV is conferred by the peptide
compositions of this invention.

Thus, in & simple manner, the specific amino
acids, and optionally their freguency of appearance at each
position within the 8SAL, are defined by the primary
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12
sequences of the different antigens that are used in the
alignment. In anticipation of escape mutants, amino acids
not known to exist in nature at a variant locus within the
aligned epitopes can opticnally be incorporated into the
library. For example, several or all residues of a specific
class of amino acids (e.g. hydrophobic, charged, neutral or
polar} can be incorporated at any variable locus. The class
of aminc acids incorporated at a specific locus can be
determined by the predominant type of amino acid found at
that variant locus within the antigen alignment (WO
85/11598).

Epitopes termed “promiscuocus Th” evoke efficient T
cell help, and can be combined with B cell epitopes that by
themselves are poorly immunogenic to generate potent peptide
immunogens. Well-designed promiscuous Th/B cell epitope
chimeric peptides are capable cf eliciting Th responses and
resultant antibody responses in most members of a
genetically diverse population expressing diverse MHC
haplotypes. Promiscuous Th can be provided by specific
seguences derived from petent immunogens of viral and
bacterial origin, including measles virus F protein,
hepatitis B virus surface antigen, and Chiamydia trachomatis
major outer membrane protein. Many known promiscuous Th
have been shown to be effective in potentiating a poorly
immunogenic peptide corresponding to the decapeptide hormone
LHRH (US 5,75%9,551).

Potent Th epitopes range in size from about 15 to
about 50 amino acid residues in length LHRH (US 5,759,551},
and often share common structural features and may contain
specific landmark sequences. For example, a common feature
is amphipathic helices, which are alpha-helical structures
with hydrophobic amino acid residues dominating one face of
the helix and with charged and polar residues dominating the
surrounding faces (Cease et al., Proc Natl Acad Sci USA,
1987; B84:4249-4253). Th epitopes frequently contain
additional primary amino acid patterns such as a Gly or
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charged residue followed by two to three hydrophobic
residues, followed in turn by a charged or polar residue.
This pattern defines what are called Rothbard sequences.
Also, Th epitopes often obey the 1, 4, 5, 8 rule, where a
positively charged residue is followed by hydrophobic
residues at the fourth, fifth and eighth positions after the
charged residue. Since all of these structures are composed
of common hydrophobic, charged and polar amino acids, each
structure can exist simultaneously within a single Th
epitope (Partidos.et al., J Gen Virol, 1991; 72:1293-1299).
Most, if nct all, of the promiscucus T cell epitopes fit at
least one of the periodicities described above. These
features may be incorporated into the designs of idealized
artificial Th sites, including SSAL Th epitopes that can
provide degeneracy 3t positions associated with recognition
of diverse MHC molecules and retain invarilant positions.
Lists cf wvariable positions and preferred aminc aclds are
available for MHC-binding motifs (Meister et al., Vaccilne,
1995; 13:581-591). Tfor example, the degenerate Th epitope
described in WO 95/11998 as "SSALITHI" was modeled after a
promiscuous epitope taken from the F protein of measles
virus (Partidos et z1., 1991). SSAL1ITH1 (WC 85/11998) was
designed to be used in tandem with an LHRE target peptide.
Like the measles epitope, SSAL1TH1 follows the Rothbard

P R

sequence and the 1, 4, 5, § rule.

{See, e.g., positions 6, &, 10 and 13 in

SSAL1THL) :

1 5 10 15

Asp-Leu~Ser-—Asp—Leu-Lys—Gly-Leu——Leu—Leu-His—Lys-Leu~Asp-Gly—Leu-

Glu Ile Glu Ile Arg Ile Ile Ile Arg 1le Glu Ile
Val Val Val val Val Val Val
Phe Phe Phe Phe Phe Phe Phe

Charged residues Glu or Asp are added at pcsition

1 to increase the charge surrounding the hydrophobic face of
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the Thk. The hvdrophobic face ¢f the amphipathic helix is
then maintained by hydrophobic residues at 2, 5, 8, 59, 10,
13 and 16, with variability at 2, 5, 8, 9, 10, 13 and 16 to
provide a facade with the capability of binding to a wide
range of MHC restriction elements. The net effect of the
SSAL feature is to enlarge the range of immune
responsiveness to an artificial Th (WO 95/11998). All
variants within such an SSAL are produced simultaneously in
a single solid-phase peptide synthesis in tandem with the
targeted B cell epitope and other sequences.

Peptide immunogens are generally more flexible
than proteins and tend not tc retain any preferred
structure. Therefore it can be useful to stabilize a
peptide immunogen by the introduction of cyclic constraints.

A correctly cyclized peptide immunogen can mimic and
preserve the conformation of the targeted epitope and
thereby evoke antibcdies with -reactivities on that site on
the authentic molecule {Mocore, Chapter 2 in Synthetic
Peptides A User’s Guide, ed Grant, WH Freeman and Company:
New York, 1992, pp 63-67). This has been accomplished for a
peptide that represents the FMDV immunodominant VPl loop
domain, by adding cysteine residues at both the amino and
carboxy termini and cyclization by oxidation of the two
cysteine residues (WO 83/03547). However, there remains a
need for more eifective peptide analogs of the VP1 loop
domain.

Peptides having more immunologically effective
conformations are provided by the present invention. These
have been obtained by discovering those positions for the
cysteine residues that result in a more accurate imitation
of the native epitope {Valero et al. Biomedical Peptides,
Proteins and Nucleic Acids, 1995; 1:133-140).

SUMMARY QOF THE INVENTION

. The present invention provides peptide immunogens
that have been designed with the peptide technologies and
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peptide design elements discussed above, i.e., precise
epitope mapping, SSAL library peptides, design of potent Th
epitopes, and cyclic constraint. These peptide immunogens
are the basis for effective synthetic FMDV vaccines. Such
peptides are preferred for their presentation of the VPl
neutralizing site with optimized positioning and
conformational constraint, for their presentation of the
broad range of sequences necessitated by FMDV serotype

variation, and for their broadly reactive Th responsiveness.

The preéent invention further provides for the use
of such peptide compesitions as an immuncgen, with each
peptide contained therein comprising a target antigenic site
derived from the VPl capsid protein of Foot-and-Mouth
Disease Virus {FMDV), preferably with said antigenic site
covalently linked to a helper T cell epitope and,
optionally, other immunostimulatory sequences, preferably by
conventicnal peptide bond{s) through direct synthesis, for
the prevention of FMDV infection and eradication of FMD,

More particularly, the present invention relates
to the use of such peptide composition as an immunogen to
elicit the production in animals including swine, cattle,
sheep, goats, and FMDV-susceptible wild species, of high
titer polycliconal antibodies that can effectively neutralize,
in vitro, multiple stralns or serotypes of FMDV, and to the
use of such compesition as a vaccine to effectively prevent,
and/or reduce the incidence-of FMDV infection regardless of

its antigenic diversity, and thus cause the eradication of
FMD.

The present invention also relates to the peptides
used in the compositions, and to immunocassays and/or

diagnostic kits containing one or more of these peptides, or
segments thereof.

The target antigenic sites of the present
invention were selected through epitope mapping based on the
amino acid seguence information derived from the VPl protein
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of FMDV Aj;; straln and represent a frame for the optimal
presentation of the neutralizing determinant on the FMDV VPl
protein, amino acids 134 to 168. These residues appear as
amino acids “134-169” in Table 1 (SEQ ID NO:1), due to the
presence of a gap at position 142 which is introduced for
purpcses of alignment. They will be referred to in the text
as amino acids 134-169 as a matter of convenience, but it
will be understood that residues 134~168 (SEQ ID NO:1) is
the actual fragment under discussicn,

The target antigenic sites of the present
invention are preferably modified from that of the naturally
occurring FMDV VPl sequences of the G-H locop region by the
substitution of cysteine for two native amino acids, and the
formation of a disulfide bond between these cysteines so as
to produce a cyclic structure having from about 20 to about
25 residues between the cysteines {(e.g., SEQ ID NO:2).
Corresponding target sites for VPl of other serotypes can be
derived from the homclogous G-H loop region segment of the

relevant seroctypes.

The present inventicn further provides FMDV VPl
target antigenic sites with consensus sequences according to
the optimized frame of SEQ ID NO:1 with highly variable
positions embedded within an invariant structural framework,
wherein the most frequently employed amino acid Zor each of
the highly variable positions 1s represented, as determined
by analyses cof the VPl sequences from a group of FMDV
subtypes related to a specific FMDV serotype.

The present invention further provides structured
synthetic antigen libraries ({(or SSALs) according to the
optimized target antigen peptide frame of SEQ ID NO:1,
wherein each SSAL i1s composed of an ordered set of related
peptides preoduced simultaneously in a single peptide
synthesis having seguences imposed upon an invariant
structural framework capable of maintaining the antigenicity
of the target antigenic peptide.
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In addition, the target site of the peptides and
their analogs of the present invention are rendered
immunogenic via covalent linkage in tandem combinations to
synthetic immunostimulatory elements including an
immunostimulatory invasin peptide (Inv) taken from Yersinia
(SEQ ID NO.:22), promiscuous Th epitopes derived from
foreign pathogens; autologous Th epitopes derived from FMDV
proteins {e.g., SEQ ID NO:24, Table 5), artificial Th
epitopes (e.g., SEQ ID NOS:25 and 26, Table €6) and others
through direct synthesis. Peptides of the invention may be
represented by the formulas:

(B)n- {FMDV antigen) - (B),- (Thja—-X
or

(A)n—{(Th)a- (B)s- (FMDV antigen!-¥
cr

(FMDV antigen)-(B)o— (Thin~(A)s-X
cr

(Th)n~ {B) o~ (FMDV antigen)-(A)n-%

wherein

each A 1s 1lndependently &an amino acid or a general

immunostimulatcry sequence;

each B is independently an amino acid or a
chemical linker as further defined below;

each Th is independently a sequence of amino acids
that constitutes a2 helper T cell epitope, or an immune
enhancing analog cr segment thereof;

"FMDV antigen" is a synthetic peptide antigen as
defined further below;

X is an amino acid 0-COOH or O«-CONHj;

n is from 0 tc about 10;
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m is from 1 to about 4; and

o is from O to about 10.

Also provided are adjuvants and/or delivery
vehicles and other ingredients routinely incorporated with
vaccine formulaticns, and instructions for dosage such that
polyclonal antibodies directed against the FMDV VPl target
antigenic site are generated.

The present invention relates to the use of
peptide compositions as an immunogen to elicit the
production in animals including swine, cattle, sheep, goats,
and FMDV-susceptiblie wild species, of high titer polyclonal
antibodies. The FMDV protection mechanism, mediated by the
antibodies and induced by the peptide compositions of the
present invention, will effectively neutralize, in vitro,
multiple strains of EFMDV regardless of serotype or subtype,
and thus lead to protective immunity from FMDV infection and

assist in the eradication of FMD.

BRIEF DESCRIPTION OF THE DRAWINGS

4

Figure 1 depicts the organization of the FMDV
genome, the processing pathway by which the translation
products are cleaved into viral protein, and the

nomenclature for the capsid and non-structural proteins.

Figure Z2A depicts the amino acid composition of
Structured Synthetic Antigen Library “A

SSAL (1) {CCMPLETE) (134-169)”. Subscripts represent the

relative amounts of each amino acid at the corresponding
position.

Figure 2B depicts the amino acid composition of
Structured Synthetic Antigen Library “Aa

SSAL({l) (COMPLETE) [134 (N—C)-158(Q—>C)-169]."

Figure 3A depicts the amino acid composition of
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Structured Synthetic Antigen Library “A
SSAL{2) (COMPLETE) {134-169})".

Figure 3B depicts the amino acid composition of
Structured Synthetic Antigen Library “A

SSAL{2) {COMPLETE) {134 (N—C)-158{Q—>C)~169]."

Figure 4A depicts the amino acid composition of

Structured Synthetic Antigen Library “O SSAL{COMPLETE} (134-
169)”7.

Figure 4B depicts the amino acid composition of
Structured Synthetic Antigen Library “O SSAL (COMPLETE) [134-
158 {T—C)-169]."

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to the use of a
peptide composition as an immunogen, said composition
comprising one or preferably more peptides, with each
peptide contained therein comprising a target antigenic
peptide derived from the VPl capsid protein of Foot-and-
Mouth Disease Virus (FMDV), said antigenic peptide
preferably being covalently linked to a helper T cell
epitope and optionally to other immuncstimulatory segquences.

The covalent linkage is preferably by peptide bond(s)
generated through direct synthesis.

The peptide compositions are useful for the
prevention cof FMDV infection in animals, and are expected to
assist in the eradication of FMD. More particularly, the
present invention relates to the use of such peptide
compositions as immunogens to elicit the production in
animals, including swine, cattle, sheep, goats and
susceptible wild species, of high titer polyclonal
antibodies that can effectively neutralize, in vitro,
multiple strains or serotypes of FMDV, and to the use of
such compositions as a vaccine to prevent FMDV infection

regardless of serotypes, and thus effect the eradication of
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EMD.

The present invention also relates to the peptides
used in the compositions, and to immunoassays and/or
diagnostic kits containing one or more of these peptides, or
segments thereof. Immunoassays and/or diagnostic kits
contazining one or more of these peptides, or segments
thereof, will be useful to identify vaccine-induced
antibodies and antibodies induced by infection, and thus can
be used to screen for the presence of FMDV infection and/or

to monitor the effectiveness of a vaccination program.

The invention provides a method of diagnosing FMDV
infectiecn in a mammal, comprising the steps of:

(a) attaching a peptide acccrding te cilaim 1 to a
solid support,

(b} exposing said peptide attached to said solid
support to a sample containing antibodies from said mammal,
under conditions ceonducive to binding cof the antibody to the
peptide, and

{c} detecting the presence of antibodies bound to
said peptide attached to said sclid support.

The targeted antigenic seguence comprising the
principal neutralizing determinant of ITMDV VPl (the G~H
loop) was optimized based on consideration of potential
looped conformation and surface exposure for residues of the
G-H loop, as deduced from tne three-dimensional structure of
FMDV VPl made available by the Brookhaven Naticnal
Labecratory at internet address
http://www.pdb.bnl.gov/pdb.bin/pdbids and reported in
Acharya et al., Nature 337:709-711, 1989. Candidate
positions for cyclization were incorporated into the design
of peptide constructs and modified and non-modified
sequences were synthesized as immunogens by covalent
attachment to promiscuous Th epitopes with or without other
immuhostimulatory elements, by continucus synthesis. The
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modified peptide constructs were synthesized as cyclic
peptides, with the incorporation of specific disulfide
bonds, so as to stabilize the mobile peptides into
potentially more biologically relevant conformations.
Synthetic censtructs comprising VPl antigenic sites of
relevant immuncgenicity were identified by the preparation
of hyperimmune sera and testing of the sera for their
potency in FMDV neutralization assays. Specifically, the
target antigenic sites of the present invention were
selected through epitope mapping based on the amino acid
sequence of the VPl protein of FMDV strain 3;; (Example 2).

The frame Ifor the target antigen peptides, ARA134-
169 shown in Table 1 by SEQ ID NO:1 was found to be optimum
for immuncgenic presentation of the G~KE lcop neutralizing
determinant con IMDV VPl. The target antigenic sites of the
antigenic peptides can be modified from that of the
naturally occurring FMDV VPl sequences pv the substitution
for the native asparagine a2t position 134 and glutamine at
positien 157 by cysteines and the formation of a disulfide
bond between the substituent cysteines so as to produce a
cyclic structure (S5EQ ID NO:2). Said cyclic structures also
comprise 1 to 13 additional aming acids raken from either
termini of the 124-137 segment of VP1 provided that the
single disuifide Looped structure is preserved as shown in
Table 1 by SEQ ID HNO:2. As an example of 3 target antigenic
peptide of the present invention there is provided 2 target
site for FMDV VPl having the following sequence {cysteine
substituents are indicated by boldface):

{SEQ ID NO.:2)

Likewise, corresponding target sites for VPl of
other serotypes can be derived from the nomologous segment
of the relevant serotypes. For example, substitution
peptide analogs can be prepared according to the

corresponding seguences from FMDV serotypes O and Asia
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through seguence alignment as shown in Table 1 having
respective sequences of:

Cys-Lys-Tyr-Ser-Sfer-Lys-Ala-Val-Fro-Asn-Val-Arg-Gly~Asp-Leu-Asn-Val-Leu-

Glu-Gln-Llys~-Ala-Ela-Arg-Cys~Leu-Fro-Thr-Ser-Phe-Asn-Tyr-Gly-Ala-Ile-Lys
(SEQ ID NO:5)

and

Cys=Pro-Tyr-Gly-Glu-Thr-Thr-Ser-Arg-Arg-Gly-Asp-Met-Ala-Ala-Leu-Ala-Gin-
Arg-ieu-Ser-Ala-Cys-Leu-Pro-Thr-Ser-Phe-Asn-Tyr-Gly-ARla-Val-Lys

(SEQ ID NO:7)

The present invention further provides ¥TMDV VP1
target antigenic peptides, cyclized and linear, with
consensus ssgquences according to the optimized frame of SEQ
ID NO:1 {(RAAR134-1€9) with highly variable positicns imposed
upon an invariant structural framework wherein the most
frequently employed amino acid for each of the highly
variable positicons iz represented, as determined by analyses
of the VP]l seguences from a group of viruses related to a
specific FMDV serotype. As examples of such consensus
sequences of the present invention, there are provided six
consensus seguences derived from FMDV wvariants cf serotype A
(SEQ ID NOS:8,%), serotype O (SEQ ID NOS:10,11) and serotype
Asia {(8EQ ID NOS:12,13) as shown Table 1.

The present invention further provides structured
synthetic antigen libraries (or SSALs), cyclized and linear,
according to the optimized target antigen peptide frame of
SEQ ID NO:1, wherein each SSAL is composed of an ordered set
of related peptides produced simultaneously in a single
peptide synthesis having sequences imposed upon an invariant
structural framework capable of maintaining the antigenicity
of the target antigenic peptide. As examples of such SSALs
of the present invention, there are provided nine SSALs with
the composite sequences derived from compiled FMDV subtype
groups of serotype A (SEQ ID 14-17), serotype O (SEQ ID

NOS:18,19) and serotype Asia (SEQ ID NO0S:20,21,35) of Tables
2, 3, 4 and 10, respectively.
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The target VPl sites are short peptide sequences.
When synthésized by themselves as peptides of the invention
such peptides are usually weak immunogens. These short
peptides can be immunopotentiated by chemical linkage to
promiscuous Th epitopes derived from foreign pathogens
including but not limited to, as examples, hepatitis B
surface and core antigen helper T cell epitopes (HBsTh and
HBcTh), pertussis toxin helper T cell epitopes (PT Th),
tetanus toxin helper T cell epitopes (TT Th), measles virus
F protein helper T cell epitopes (MVF Th), Chlamydia
trachomatis major outer membrane protein helper T cell
epitopes (CT Th}, diphtheria toxin helper T cell epitopes
(DT Th}, Plasmodium falciparum circumsporczoite helper T
cell epitopes (PF Th}, Schistosoma manscnl triose phosphate
isomerase helper T cell epltopes ({SM Th), Escherichia colil
TraT helper T cell epitopes {(TraT Th). The pathogen-derived

Th selected here as representative examples of promiscuous

-Th were listed as SEQ ID NQ0S:2-9 and 42-52 in US 5,759,551;

as Chlamydia helper site Pll in Stagg et al., Immunology,
1993; 79;1-9; and as HBc peptide 50-69 in Ferrari et al., J
Clin Invest, 1991; 88:214-222, and are incorporated herein
by reference. Promiscuous Th also include autologous Th
epitopes derived from FMDV proteins (Table 5, e.g., SEQ ID
NO:24) incorporated herein by reference, or designed
artificial Th epitopes as shown in Table 6, e.g., SEQ ID
NOS:25, Z6, 36 ,37, and 3B.

The immunogens of the invention are all of site-
specific immunoreactivity to provide precise targeting of
the principal neutralizing determinant of FMDV. Specific
examples are provided as embodiments of peptides of the
inventiocn, e.g., SEQ ID NOS: 2,1l. Further examples are
provided as preferred peptides of the invention which
provide for the linkage of synthetic immunostimulatory
elements to the FMDV VPl antigenic sites (e.g., $EQ ID
NOS:27-34 in Tables 7-10) such that broadly reactive potent
neutraliizing antibodies are generated, in a genetically

diverse host population, against the targeted site on the
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FMDV VPl protein. These anti-VPl antibodies lead to

effective neutralization of FMDV and thus protection from

FMDV infection.

For acrive immunization, the term "immunogen"
referred to herein relates to a peptide composition which is
capable of inducing antibodies against a G-H loop site
present on the VPl protein of FMDV, leading to effective
neutralization of FMDV of multiple serotypes and thus
prevention of FMDV infection. The peptide composition of
the present invention preferably includes synthetic peptides
which contain promiscuous helper T cell epitopes (Th
epitopes) and opticnally other immunostimulatory elements.
The Th peptides are covalently attached to the FMBPV VP1
target antigenic site (e.g., SEQ ID NOS:1-Z21,33), with a
spacer {e.g., Gly-Gly), so as to be adjacent to either the
N~ or C-terminus of the target antigenic site, in order to
evoke effective antibedy respeonses. The immuncgen may also
comprise general Immunostimulatory amino acid sequences, for
example, corresponding to a demain of an invasin protein
from the bacteria Yersinia spp (Brett et al., Eur J Immunol,
1993, 23:1608-1€14) (SEQ ID NO:22). When present, the
general immunestimulateory domain may include a spacer for
attachment through a peptide,

The peptides of this Invention can be represented
by the formulas:

(B} - (EMDV antigen)-(B)o- (Th)n-X
or
{R)n={Th)n~ (B} o= {FMDV antigen)-X
or
(FMDV antigen)-(B)o~(Th)n= (A} n-X
or

(Th)m— (B)o— (FMDV antigen)-{A)n-X

wherein
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each A is independently an aminc acid or a general
immunostimulatory seguence;

each B is independently chosen from the group
consisting of amino acids, -NHCH{X)CH:SCH:CO-,
~NHCH (X)CH55CH-CO (E-N) Lys~, -NHCH(X)CH:S-succinimidyl {€-N)Lys-
and -NHCH (X)CH:S~(succinimidyl)-;

each Th is independently a sequence of amino acids
that constitutes a helper T cell epitope, or an immune

enhancing analog or segment thereof;

"FMDV antigen" is a synthetic peptide antigen as
defined further below;

oo

is an aminc acid G-CO0H or u-CONHsa;
n is from 0 to aboutr 10;

m is from 1 to about 4; and

o is from 0O to about 10.

The peptide immunogen of the present invention
comprises from about 25 to about 100 amino acid residues,
preferably from about 45 tc about 22 aminc acid residues and
more preferably from about 50 to aboutr 7% amino acid

residues.

When A is an amino acid, it can be any non-
naturally ogccurring cor any naturally occurring amino acid.
Non-naturally occurring amino acids include, but are not
limited to, f-alanine, ornithine, norleucine, norvaline,
hydroxyprecline, thyroxine, Y-amino butyric acid, homoserine,
citrulline and the like. Naturally-occurring amine acids
include alanine, arginine, asparagine, aspartic acid,
cysteine, glutamic acid, glutamine, glycine, histidine,
iscleucine, leucine, lysine, methionine, phenvialanine,
prcline, serine, threonine, tryptcphan, tyrosine and valine.

Moreover, when m is greater than one, and two or more of

the A groups are amino acids, then each amino acid may be
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independently the same or different.

When A is an invasin demain, it is an immune
stimulatory epliltope from the invasin protein of a Yersinia
species. This immune stimulatory property results from the
capability of this invasin domain to interact with the Bl
integrin molecules present on T cells, particularly
activated immune or memory T cells. The specific segquence

for an invasin domain found to interact with the PB1

integrins has beep described by Brett et al. (Eur J Immunol,
1893y, A preferréd empbodiment of the invasin domain {(Inv)
for linkage to a promiscuous Th epitope has been previocusly
described in US 5,759,551, which is incorporated herein by
reference. The preferred Inv domain has the seguence Thr-
Ala-Lys-Ser-Lvs-Lys-Phe-Pro-~Ser-Tyr-Thr~Ala-Thr-Tvr-Gln~Phe
(SEQ ID NO:22), or 1s an immunostimulatory homologue thereof
from the corresponding region in another Yersinia species.
Such homologues thus may contain substitutions, deletions or
insertions of amino acid residues to accommodate strain to
strain varlation, provided that the homologues retain
immunostimulatory properties. (A} preferably includes a
spacer, e.9., Gly-Gly, through which the Inv domain is
linked to the peptide. In one preferred embodiment, (Als is
an invasin domain ({(Inv}), glycine and glycine, in that order,
i.e., [(Inv)-Gly-Gly.

B is a spacer and is an amino acid which can be
naturally occurring or the hon-naturally occurring amino
acids as described above. Each B is independently the same
or different. The amino acids of B can alsoc provide a
spacer, e.g., Gly-Gly, between the promiscucus Th epitope
and the FMDV VPl antigenic site (e.g., SEQ ID NCS:1-21 and
35) or a reactive and immunologically functicnal analog
thereof. 1In addition to physically separating the Th
epitope from the B cell epitope, the Gly-Gly spacer can
disrupt any artifactual secondary structures created by the
joining of the Th epitcpe with the FMDV VPl antigenic and
theréby eliminate interference between the Th and/or B cell
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responses. The amino acids of B can also form a spacer
which acts as a flexible hinge that enhances separation of
the Th and FMDV VPl target antigenic site. Examples of
sequences encoding flexible hinges are found in the
immunoglobulin heavy chain hinge region. Flexible hinge
sequences are often proline rich. One particularly useful
flexible hinge is provided by the sequence Pro-Pro-Xaa-Pro-
Xaa-Pro (SEQ ID NO:23), where Xaa is any amino acid, and
preferably aspartic acid. The conformational separation
provided by the amino acids of B permits more efficient
interactions between the presented peptide immunogen and the
apprepriate Th cells and B cells and thus enhances the
immune responses to the Th epitope and the antibody-
eliciting epitope.

Th is a sequence of amino acids (natural or non-
natural amineo acids) that comprises a Th epitope. A Th
epitope can consist of a continuous or discontinuous
epitope. Hence neot every aminc acid of Th is necessarily
part of the epitope. Accordingly, Th epitopes, including
analocgs and segments of Th epitopes, are capable of
enhancing or stimulating an immune response to the FMDV VP1
antigenic site (e.g., SEQ ID NOS5:1-21,35) and
immunologically functional analogs thereof. Th epitopes
that are immunodominant and promiscuous are highly and
broadly reactive in animal and human populations with widely
divergent MHC types (Partidos et al., 1991; US 5,755,551).
The Th domain of the subjecf peptides has from about 10 to
about 50 amino acids and preferably from about 10 to about
30 amino acids. When multiple Th epitopes are present
(i.e., m 2 2), then each Th epitope is independently the
same or different. Th segments are ccnhntiguous portions of a
Th epitope that are sufficient to enhance or stimulate an
immune response to the FMDV VPl antigenic site.

Th epitopes of the present invention include as
examples, but are not limited to, Th derived from foreign

pathogens, for example HBs Th, HBc Th, PT Th, TT Th, MVF Th,
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CT Th, DT Th, DF Th, 5SM Th, and Tra Th; autologous Th from
FMDV proteins (Table 5, e.g., SEQ ID NO:24), designed
artificial Th {e.g., Table 6, SEQ ID NOS:25, 26, 36, 37, and
38), and immunologically functional analogs.

Immunolegically functional Th analogs include immune-
enhancing analogs, reactive analogs and segments of any of
these Th epitopes. Immunologically functional Th analogs
preferably incorporate conservative substitutions,

additions, deletions and insertions of from one to about 10
amino acid residues in the Th epitope which do not
essentially modify the Th-stimulating function cf the Th
epitope.

“FMDV VPl antigenic site” refers to amino acids
134-168 ¢ the VPl protein of FMDV A.: strain {i.e., SEQ ID
NO:1), and to peptides which are fragments of the VPl
protein of strains of FMDV other than the FMDV Ajr strain
which are homclogous to amino acids 134-168 of the VPl
protein of FMDV Aj» strain. FMDV VPl antigenic site alsc
refers to peptides having a consensus sequence derived from
the amino acid seguence of the VPl protein of FMDV strains
of serotypes A, O or Asia, corresponding to amino acids 134-
168 of the VPl protein of FMDV A,; strain; and peptides
meeting the generic definitions of SEQ ID NOS5: 14, 16, 18,
and 2C. FMDV VPl antigenic site also refers to peptides

which are members of an SSAL, as defined herein.

Reactive and immunologically functional analogs of
the FMDV VPl antigenic sites (e.g., SEQ ID Nos: 1-21, 35)
according to the invention, may further comprise
conservative substitutions, additions, deletions, or
insertions of from one to about four amino acid residues
provided that the peptide analogs are capakle of eliciting
immune responses reactive with the FMDV VPl antigenic sites
{e.g., SEQ ID NOS:1-21 and 35). The conservative
substitutions, additions, and insertions can be accomplished

with natural or non-natural amino acids as defined herein.

The target antigenic sites are preferably modified
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from that of the naturally occurring fMDV VPl sequences of
the G-H loop region by the substituticns Ior the native
asparagine at position 134 and glutamine at position 157 by
cysteines, and the formation of a disulfide bond between
these cysteines s0 as to produce a cyclic structure (SEQ ID
NO:2). These cyclic structures may also comprise 1 to 13
additional amino acids taken from either terminus of the
134-15%7 segment of VPl provided that the single disulfide
looped structure is preserved (SEQ ID NO:3). Modifications
from native sequences are indicated by (N—C), (Q—C), (R—=C)
and by underlined amino acids, in Table 1. Peptide
sequences containing introduced cysteines may be provided as
S$SALs, e.g. SEQ ID NOS: 15, 17, and 12, and these SSALs may
be used as FMDV ¥Pl antigenic sites as well.

Accordingly, preferred peptide immunogens of this
invention are the peptides containing the FMDV VPl antigenic
sites {=.g., SEQ ID NOS:1-Z1 and 35) or immunclogically
functiconal analocgs thereof and Th peptides. The more
preferred peptide immunogens are those constructs containing
an FMDV VPl antigenic site or a reactive and immunolegically
functional analog thereoif; a spacer (e.g., Gly-Gly): a Th
epitope that is an HBs Th, HBc Th, MVF Th, PT

)

Th, TT Th, an

W

autologous FMDV Th (e.g., SEQ ID NO:24) or artificial Th

(e.g., SEQ ID NO5:2%,

n
26, 26, 37, ang 38), or an analogue
thereof; and, cpt

4
0
3
81}
b
—
L

an Inv gomain {SEQ ID NO:22) or
analog thereof.

Vaccines which contain cocktails of the subject
peptide immunogens with two or more of the Th epitcopes may
enhance immunoefficacy in a broader population and thus

provide an improved immune response to the FMDV VP1
antigenic site.

The peptide immunogens of this invention can be
made by chemical synthesis methods which are well known to
the ordinarily skilled artisan. See, for example, Fields et
al., Chapter 3 in Synthetic Peptides: A User'’s Guide, ed.
Grant, W. H. Freeman & Co., New York, NY, 1992, p. 382.
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Hence, peptides can be synthesized using the automated
Merrifield techniques of solid phase synthesis with the -
NH, protected by either t-Boc or Fmoc chemistry using side
chain protected amino acids on, for example, an Applied
Biosystems Peptide Synthesizer Model 430A or 431.
Preparation of peptide constructs comprising structured
synthetic antigen libraries (SSALs) for either B and T cell
epitopes can be accomplished by providing a mixture of
alternative amino acids for coupling at a given variable
position, at the -appropriate ratio as specified in the

design.

After complete assembly of the desired peptide
immunogen, the resin is treated according to standard
procedurss ts cleave the peptide from the resin and deblock
the functional groups on the amino acid side chains. The
free peptide i3 purified by HPLC and characterized
piochemically, for example, by amino acid analysis or by
sequencing. Purification and characterization methods for

peptides are well known to one of ordinary skill in the art.

Other chemical means to generate the synthetic
peptide constructs of the invention containing VPl G-H loops
and Th sites inciude the ligaticn of the haloacetylated and
the cysteinylazted peptide through the formation of a
"thioether" l:nkage. For example, a cysteine can be added
to the C terminus of a Th-containing peptide and the thiol
group of cysteine may be used to form a covalent bond to an
electrophilic group such as an N“ chloroacetyl-modified or a
maleimide~derivatized 0- or €-NH; group of a lysine residue
attached to the N-terminus of a FMDV VPl antigenic site
{e.g., SEQ ID NOS:1-21) or reactive and immunologically
functional analogs thereof. 1In this manner, & construct
with Th- (FMDV VPl antigenic site) or its reverse, (FMDV VPl
antigenic site)-Th, may be obtained.

The subject immunogens may also be polymerized.
Polymerization can be accomplished for example by reaction
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-
i

of the immunogen with a cross-~linking agent, for example by
reaction between glutaraldehyde and the -NH; groups of lysine
residues, using routine methodology. By another method, a
synthetic immunogen, such as for example " ({A)p-Thy,-Gly-Gly-
(FMDV VPl antigenic site)}-X", can be polymerized or co-
polymerized with another immunogen by utilization of an
additional cysteine added to the N-terminus of the synthetic
immunogen. The thiol group of the N-terminal cysteine can

be used for the formation of a "thioether” bond with
haloacetyl-modified amino acid or & maleimide-derivatized a-
NH> or £€-NH; group of a lysine residue that is attached to
the N-terminus of a branched poly-lysyl core molecule (e.g.,
KoK, KyKoK or KgKsK:K). The subject immunogen may also be
prepared as a branched pclymer through synthesis c¢f the
desired peptide construct directly onto a branched poly-

lysyl core resin (Wang et al., Science, 1991; 254: 285-288).

BAlternatively, the longer synthetic peptide
immunogens can be synthesized by well-known recombinant DNA
techniques. Many standard manuals on molecular cloning
technology provide detailed protocols to produce the
peptides of the invention by expression of recombinant DNA
and RNA. To construct a gene encoding a peptide ¢f this
invention, the amino acid sequence is reverse translated
into a nucleic acid seqguence, preferably using optimized
codon usage for the organism in which the gene will be
expressed. Next, a gene encocding the peptide is made,
typically by synthesizing overlapping oligonuclectides which
encode the peptide and necessary regqulatory elements. The
synthetic gene is assembled and inserted into the desired
expression vector. The synthetic nucleic acid sequences
encompassed by this invention include those which encode the
peptides of the invention, immunoleogicaly functional
homologs and analogs, and nucleic acid constructs
characterized by changes in the non-coding sequences that do
not alter the immunogenic properties of the peptide encoded
thereby. Nucleic acids which comprise seguences that encode

the peptides of this invention are also provided. The
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synthetic gene is inserted into a suitable cloning vecor and
recombinants are obtained and characterized. The peptide is
then expressed under conditions appropriate for the selected
expression system and host. The peptide is purified and
characterized by standard methods.

The efficacy of the peptide composition of the
present invention can be established-by injecting an animal,
for example, guinea pigs and swine, with a formulation of
immunogens (e.g., SEQ ID NO0S:27-34,36) followed by
monitoring the humoral immune response to the FMDV VPl
antigenic site {e.g., SEQ ID N0S:1-21,35%, and reactive and
immunologically functional homologues thereof), as

exemplified in the Examples.

Another aspect of this invention provides a
pharmaceutical composition comprising an immunologically
effective amount of one or more of the peptide immuncgens of
this inventicn in a pharmaceutically acceptable delivery
system. Accordingly, the subiject peptides can be formulated
as a vaccine composition using adjuvants, pharmaceutically-
acceptable carriers or other ingredients routinely provided
in vaccine compesitions., Among the ingredients that can be
used in this invention are adjuvants or emulsifiers
including alum, incomplete Freund's adjuvant, liposyn,
sapenin, sgualene, 1121, emulsigen, monophosphoryl lipid A
MPL), ©S21, IsA 33, 1ISA 206, and ISA 720 as well as the
other efficacious adjuvants and emulsifiers. The
formulations include formulations for immediate release
and/or for sustained release, and for induction of systemic
immunity and/or induction of localized mucosal immunity,
which may be accomplished by, for example, immunogen
entrapment by or ccoadministration with microparticles. Such
formulations are readily determined by one of ordinary skill
in the art. The present vaccines can be administered by any
convenient route including subcutaneous, oral,
intramuscular, or other parenteral or enteral route.

Similarly the vaccines can be administered as a single dose
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or multiple doses. Immunization scnedules are readily
determined by the ordinarily skilled artilsan.

The nucleic acids of this invention may themselves
be useful as components of so-called "DNA vaccines". 1In
this empodiment of the invention, expression of the
immunogenic peptides of the invention is induced in the
patient’'s ownh cells, by introducticn into those cells of
nucleic acids which encode the peptides. Methods ¢f making
and using DNA vaccines are disclesed in US Patents
5,580,859, 5,589,466, and 5,703,035; see also WO 97/02840
and W. McDonnell and F. Askari, New Engl. J. Med., 199¢,
334:2-45, all of which are incorporated herein by reference.

Such methods of making and using the peptides and peptide
conjugates ©f this invention are contempliated to be within

the scope of this invention.

The vaccine compesiticn ¢f the instant invention
contain an effective amount of one or more of the peptide
immuncgens cf the present invention and a pharmaceutically
acceptable carrier. Such a composition in a suitable dosage
unit form generally contains about 0.5 pg to about 1 mg of
the immunogen per kg body welght. When delivered in
multiple doses, 1t may be conveniently divided 1nto an
appropriate amount per dosage unit ifcrm. For example, an

-~

initial dose, =.g. 0.2-2.5 mg; preferaply mg, of immunogen

o)

represented as a peptide composition of the present
invention, is to be administered by injection, preferably
intramuscularly, followed by repeat (booster) doses. Dosage
will depend con the age, weight and general health of the

subject as is well known in the vaccine and therapeutic
arts.

The immune response to FMDV VPl antigenic site
immunogens can be improved by deliverv through entrapment in
or on biodegradable microparticles of the type described by
O'Hagan et al. ({Vaccine, 1881; 2: 7¢8-771). The immunogens
can be encapsulated with or without an adjuvant in

biodegradable microparticles, to potentiate immune
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responses, including localized mucosal immunity, and to
provide time-controllied release for sustained or periodic
responses, for oral administration, and for topical
administration (O“Hagan et al, 18%91; and, Eldridge et al.,
Molec Immunol, 1991; 28:287-294).

Such peptide compositions are useful to induce
neutralizing antibodies to FMDV and as vaccines for the
prevention and eradication of FMD.

Specific peptide immunogens and compositions are
provided in the following examples to illustrate the
invention. These examplies are for purpose of illustration
only, and are not to be construed as limiting the scope of

the inventicn 1n anv manner.

The target antigenic peptides of the Examples were
synthesized by the solid-phase method cutlined in Example 1.
The FMDV VPl antigenic site is exemplified by linear and
cyclized peprtides adapted from known viral isolates,
including analogs and peptide homologues from other FMDV
serotypes and subtypes {(e.g., SEQ ID NOS:1-7) and consensus
sites (e.qg., SEQ ID NOS:8-13) and S$SSAL peptides (e.g., SEQ
ID 14-21 and 35). EZach peptide used for these examples has
Gly-Gly spacers between immunogenic elements (e.g., 3SEQ ID
NOS:30-32) but peptides of the invention may also have other
spacers (e.g., SEQC ID NO:23) or no spacers. Th includes
promiscuous helper sites derived from foreign pathogens such
as hepatitis B virus and others incorporated herein by
reference, autologous Th from FMDV (e.g., SEQ ID NO:24), and
artificial Th {e.g., SEQ ID NOS:25, 26, and 26-38).
Peptides of these examples also include an optional general
immuenostimulatory site {e.g., SEQ ID NO:22).

SUBSTITUTE SHEET (RULE 26}



10

15

20

25

30

35

WO 99/66954 35 PCT/US99/13921
EXAMPLE 1

TYPICAL PROCEDURES FOR EVALUATION OF
TARGET ANTIGENIC PEPTIDES

FMDV related synthetic peptides

Peptides with seguence derived from the FMDV G-H
loop domain of VPl were synthesized by the Merrifield solid-
phase synthesis technique on Applied Biosystems automated
peptide synthesizers (Models 430, 431 and 433A) using Fmoc
chemistry. Preparation of peptide constructs comprising
structured synthetic antigen libraries (SSALs} for either B
or T cell epitopes, e.g., "0 SSAL" (SEQ ID NO:19) or "1,4,9
PALINDROMIC Th"™ (SEQ ID NO:26), was accomplished by
providing a mixture of alternative aminc acids for coupling
at a given variable pocsition, at the appropriate ratio as
specified in the design formulas for the SSALS as shown in
Tables 2, 2, 4, 6 and 10 or at an eguimolar proportion if
not specified in the design formula. After complete
assembly of the desired peptide, the resin was treated
according to standard procedure using trifluorocacetic acid
toc cleave the peptide from the resin and deblock the
protecting groups on the amino acid side chains. For cyclic
peptides, the cleaved peptide was dissolved in 15% DMSO in
water for 48 hrs to facilitate intradisulfide bond formation
between cysteines. The cleaved, extracted and washed
peptides were purified by HPLC and characterized by mass
spectrometry and reverse phase HPLC. They were to be used
either as immunogens for vaccine development or as antigenic
substrate for evaluation of their reactivity with sera
obtained from immunized animals.

Guinea pig and swine immunizations.

Experimental groups of three Duncan Hartley guinea
pigs (female, 9 weeks old, 450 gm, virus free), and swine
(female, 9 weeks old) were used in immunogenicity studies of
synthetic FMDV VPl target antigenic peptide immunogens.

Each animal was immunized intramuscularly with 100 pg per
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3

dose of a FMDV vaccine containing a peptide composition of
the invention, either a single target antigenic peptide or a
mixture thereof, emulsified in a specific adjuvant
formulation at weeks 0 and 3. The animals were bled on

weeks 0, 3, 5 and 8 or 10 for immunogenicity testing.

Immunogenicity evaluation.

Immunogenicity testing of the synthetic target
antigenic peptide immunogens was by synthetic FMDV VP1
peptide-based ELISAs using corresponding FMDV VPl target
antigenic peptides containing only the target neutralizing
site only as sclid phase antigen. Serially diluted
experimental animal sera were tested and positive titers
were exrressed as Logio of the reciprocal dilution.
Sercpositive samples were pooled by group and immunogenicity
testing was extended by determinations of neutralization
activity against various isolates cof FMDV as described
below.

Svnthetic VP! (AA134-168) peptide-based ELISAs.

Peptide-based ELISAs were conductéd in peptide-
coated 96-well plates coated by 1 hr incubation at 37°C with
FMDV VPl site peptides at 5 pg/mlL using 100 ML per well in
10 mL NaHCO; buffer, pH %.5. The peptide coated wells were
incubated with 250 ML of 3% by weiaht ¢f gelatin in PBS at
37°C for 1 hr to block non-specific protein binding sites,
washed three times with PBS containing 0.05% by volume TWEEN
20 and then dried. Test samples were diluted with PBS
containing 20% by veclume normal goat serum, 1% by weight
gelatin and 0.05% by volume TWEEN at dilutions of 1:20
volume to volume unliess indicated otherwise. 100 UL of the
diluted sample was added to each of the wells and allowed to
react for 1 hr at 37°C. The wells were then washed six times
with 0.05% by volume TWEEN 20 in PBS to remove unbound
labeled antibeodies. 100 ML of horseradish peroxidase

labeled goat anti-guinea pig or anti-swine IgG at
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predetermined optimal dilutien in 1% by volume normal goat
serum, G.05% by volume TWEEN 20 in PBS was added to each
well and incubated at 37 C for 15 minutes. The wells were
washed six times with 0.05% by volume TWEEN 20 PBS to remove
unbound labeled antibedy conjugate and reacted with 100 ML
of the substrate mixture containing 0.04% by weight
orthophenylenediamine (OPD) and 0.12% by volume hydrogen
peroxide in sodium citrate buffer pH 5.0, for 15 minutes.
Reactions were stopped by the addition of 100 ML of 1.0 M
H,80; and the absorbance at 492 nm [(Ajq) was measured. ELISA
titers, expressed as Logyp, were calculated based on linear

regression analysis of the absorbances, with cutoff Asg set
at 0.5,

FMDV viruses,

The various strains of FMDV {=.g.,, Az and A of
serotype B; O,, 0, cf serotype ©, etC) were grown in
monoclayers of baby nhamster kidney (BHK) cells, and purified,
under containment at the Plum Island Animal Disease Center,
USDA (Greenport, NY) essentially as described by Brown and
Cartwright (J Gen Microbiol, 1963; 31:179-18¢6), with a
treatment of the pellet by either 1% SDS or % Nonidet P-40
before centrifugation through a 15-45% sucrose gradient.
Purified virus peaks were identified and isolated by pumping
the contents ci <acn centrifuge tube through the flow cell
of a spectrophotometer set at 260 nm.

Serclogical evaluation of FMDV neutralization activity.

Serum samples were processed from blood collected
from swine {(cranial vena cava) and guinea pigs {(cardiac
puncture) and kept at -20°C until tested. Enumeration of the
viruses neutralized by a 1:100 dilution of serum samples was
accomplished by neutralization determinations on a series of
increasing input viral loads, using aliquots (10,000 MPDso)
of the various serotypes prepared as described above. By
the testing method that was performed (Morgan and Moore, Am

J Vet Res, 1990; £1:40-45), animals giving rise to sera
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which provide a 2.5 Logic reduction of FMDV microplaques at
1:100 dilution are highly predictive of protective immunity
against rMDV infection.

EXAMPLE 2
QPTIMIZATION OF FMDV TARGET
ANTIGENIC PEPTIDE BY SEQUENCE
CONFORMATION AND IMMUNOSTIMULATORY ELEMENTS

Seven FMDV VPl serotype A peptides are described
in Table 7. Their corresponding VPl amino acid sequences
are aligned and numbered as in Table 1. The Th-bearing
peptides of this group have the autologous FMDV Th
identified as VPl 21-40 {(SEQ ID NO:24}) described in Table 5,
of the fcliowing seguence: Glu-Thr-Gln-Ile-Gln-Arg-Arg-Gln-
His-Thr-Asp-val-Ser-Phe-Ile-Met-Asp-Arg-Phe-Val (SEQ ID
NO:24y. Inv is the invasin domain sequence (SEQ ID N0:22).

The seguences for five of the seven constructs of Table 7
are detailed according to SEQ ID NOS:1, 2, and 27-25. These
peptides wers synthesized and immune sera generated for
immunogenicity evaluation. Sera obtained from five weeks
post initial immunization were assayed for their FMDV VP1
peptide reactivity by peptide-ELISA and their ability to
neutralize FMDV cof serotype A by the standard FMDV

neutralization assay using strain Arp as the target virus.

Potency oI the sera was expressed as Logio anti-
FMDV VPl ELISA titer and Logis of FMDV Apr (MPDsp) neutralized
at a serum dilution of 1:100.

RESULTS:

The A32{134-158) peptides p2228a without Th and
cyclization, and p222%c without cyclization elicited anti-
peptide antibody response in one out of three and two out of
three cf the animals respectively. In contrast, longer
peptide p2224a, Ai; (134-169), and the longer cyclized
peptides were immunogenic in three out of three animals.
Also, cyclized 2,:(134-159) peptide p2233c was immunogenic in

three out of three guinea pigs. Among the immunoreactive
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serum samples, the ELISA titers were similar for all seven
peptide constructs.

However, significant differences were observed
between the peptide constructs as evaluated by serum
neutralization activity (shown in Table 7) and graded as:
p2228a < p2224a < p2229%c < p2225c < p2223a < p2236cC.

Based on this grading of neutralization efficacy,
the following conclusicns were drawn regarding optimization
of FMDV VPl antigenic peptide:

(1) Longer peptide constructs covering AA
residues from 134-16% provide higher neutralization efficacy
and are thus preferred than those of shorter sequences
(ARA134-1%9) i(e.g., p2224a > p2228a, p2225c > p2229c, and
p2236c > p2233c);

{2) Artificially cyclized synthetic constructs
provide better conformation and are thus more preferred than

their corresponding non-cyclized constructs (e.g., p2223a >
p2228c and p2236c > p2225c);

Synthetic constructs containing immunostimulatory
elements provide higher neutralization efficacy and are thus
more preferred than those without (e.g., p2236c > pZ2Z223a;
p2229c » p2228a; and p2225c > p2224a).

EXAMPLE 3
SYNTHETIC CONSTRUCTS EMPLOYING CONSENSUS
SEQUENCES FOR THE HYPERVARIABLE REGIONS OF
VP1 PROTEIN PRCVIDE FOR BROAD FMDV NEUTRALIZATION

Two synthetic cyclic constructs employing
consensus VPl target antigenic sites were designed in
accordance with a consensus serotype O sequence shown in
Table 1 {(SEQ ID NO:11l}). One consensus peptide was
synthesized with immunostimulatory elements including the
Inv domain (SEQ ID NO:22} and the artificial SSAL Th shown
in Table & (SEQ ID NO:26}. The other was synthesized
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without additicnal immunostimulatory sequences. The overall
structures of these FMDV VPl constructs are depicted as
p256%a in Table 8a (SEQ ID NO:11l) and p2570c in Table 8b

(SEQ ID NO:30).

Sera obtained from hyperimmunized guinea pigs
three and five weeks post initial immunization were
evaluated for their FMDV VPl peptide reactivities by
peptide~ELISA and their ability to neutralize FMDV of
multiple sexrctypes O, A and Asia by the standard FMDV
neutralization aséays using FMDV strains &gp, 0-1PI, 0-1
Taiwan, Opran: OTaiwans OKauf and Asia 1 as the target

viruses.

High anti-FMDV VPl peptide antibody titer was
observed by week 3 zfrer a2 single immunization demonstrating
high immunopctency for both synthetic FMDV immunogens.
However, the high neutralizing activity of the serum seen as
early as 3 weeks post initial immunization, and the breadth
of its specificity across serotypes A, O, and Asia, was
unexpected. Neutralizing activity of such broad range is

rarely observed for even the best FMDV vaccines prepared
from inactivated virus stocks.

The consensus design for FMDV target antigenic
peptids provides the basisl for an FMDV vaccine of broadly

reaciive neutralization activity.

EXAMPLE 4
ARTIFICIAL Th AND SSAL TARGET ANTIGENIC PEPTIDE
FCR IMPROVED FMDV VPl IMMUNOGENICITY AND
BREADTH CF FMDV NEUTRALIZATION

Two target antigenic peptides, pl522b (SEQ ID
NC:31) and pl592c¢c {SEQ ID N(C:32), were designed, each with a
FMDV target antigenic site prepared as a structured
synthetic antigen library (SSAL). These two peptides are
described in Table 2. Th SSAL target antigenic site of
pl52Zb (SEQ ID NO:31) is a complete representation of the G-
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H loop VPl regions compiled from the subtypes of serotype O
in Table 3. This target antigenic site was designed in
accordance with the "O SSAL (COMPLETE:" segquence shown in
Table 3 by SEQ ID NO:19. Similarly, pi3%Zc comprises an
SSAL target antigenic site that represents all the G-H loop
sequences listed in Table 4 for subtypes of serotype Asia.
This SSAL site for Asia was designed in accordance with the
"Asia SSAL" sequence shown in Table 4 by SEQ ID NO:21. The
artificial Th termed "Syn Th(l,2,4}" of Table €& (SEQ ID
NO:25) was linked to 1522b and pl5%2c¢ for immunogenicity,
and the Inv immunostimulatory site (SEQ ID NC:22) was
coupled to pl5B2c.

These two SSAL target antigenic peptides were
synthesized ana used to hyperimmunize Zroups of 3 guinea
pigs, as described (Example 1). Sera cbtained from five and
ten weeks post initial immunization wers evaluated for their
FMDV VPl peptide reactivity by peptide-zZLISA and their
ability to neutralize FMDV of serotypes O, A and Asia by the
standard FMDV neutralization assay using FMDV strains Al,
Bl2gsp, Ap,, A23, O~1la4, O-1 p2 and Asia . as the target
viruses. Results are shown in Table @

High anti-peptide titers againstl the target
antigenic sites (>%2.0 Logip) were evoked by both pl52Zb and
p1592c by 5 weeks post initial immurnizstion {earlier bleeds
were not taken). Broad and effective FMDV neutralization of
all seven FMDV strains belonging to three different
serotypes (i.e., A, 0 and Asia) were observed for both anti-
sera despite the wide variations in sequence between these
strains and serotypes. This demonstrates the usefulness of
SSAL in the design of a synthetic peptide based vaccine

directed against a target antigenic/functional site of high
variability.

The SSAL design for FMDV target antigenic peptides
provide the basis fo an FMDV vaccine of broadly reactive
neutralization activity.
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EXAMPLE 5
MULTIPLE SEROTYPE MIXTURE
FOR EFFECTIVE FMDV NEUTRALIZATION

A mixture of three SSAL target antigenic peptides,
having synthetic peptides pl520b, pl522b, and pl888b (SEQ ID
NO:33,31, &nd 34) 1s described in Table 10. This mixture
comprises SSAL target antigenic sites representing serotype
A {SEQ ID NO:15, Table 2}, serotype O (SEQ ID NC:19, Table
3), and serotype Asia (SEQ ID NO:35, Table 10) linked to
artificial Th epitope "Syn Th (1,2,4)" (SEQ ID NO:25). This
mixture was used to immunize a group of 3 swine. Doses of
100 ug were administered 3 weeks apart in Freund's Complete
Adiuvant on week 0 and Freund's Incomplete on week 3. Sera
obtained after the initial immunization were evaluated for
immunogenicity by peptide ELISA for the FMDV VPl antigenic
site and FTMDV neutralization assay where a strain of unknown
VPl seqguence, 01-Taziwan, from a recent ocutbreak, was
employed as the target virus. All three pigs responded to
the immunization with high anti-peptide reactivity (an
average FMDV VPl ELISA titer of 3.7 Log:o). Despite the
unknown nature cf the FMDV 01-Taiwan VPl sequence, the 1:100
diluted ard pooled serum obtained from the three immunized
hosts demonstratec & significant neutralization activity of
4.5 Logie. This level of neutralization activity 1is
predictive of protective immunity for FMDV infection. Based
on the extensive experience accumulated at the Plum Island
Animal Disease Center, USDA (Morgan and Moore, 1890} for the
prediction of a vaccine's FMDV protective nature, sera that
can neutralize 2 Logic of FMDV (MPDsg) by in vitro assay
predicted effective protection against FMDV infection in the
vaccinated hosts.

This observation correlates immune response to
vaccination by a peptide composition of the invention with
protection from infection in swine, one of the vaccine’s
targeted hests. It demonstrated the potential of an FMDV

VPl peptide composition of the invention to perform as an
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effective universal FMDV vaccine (i.e., effective against
the antigenically variable isclates of multiple serotypes),
an accomplishment not achieved since the introduction of
inactivated FMDV vaccines in the early 1350s.

EXAMPLE 6
PEPTIDES FCOR EVALUATION OF IMMUNOLOGICAL STATUS

Peptides of the invention were incorporated into
an ELISA test for evaluation of the serological reactivities
of herds of known status regarding exposure to FMDV and
vaccination. The peptides used were selected to be
representative of the strains of FMDV used to vaccinate and
were believed tc be of the same serotype of the field

strains to which the animals may have been exposed.

Kits for the diagnostic tests were prepared and
used as described in the “Synthetic VPl (AR134-168) peptide-
based ELISAs” section of EXAMPLE 1. The plates were coated
with VPl peptides corresponding to strain OlCampos
{(p2463=RA128-158 (T—>C)~169) and strain OlManisa (p2466=AR128-
158 (T—>C)-169) as solid phase antigens. These kits were used
to test serum samples collected from herds of a country
which had experienced an outbreazk of FMD 9 months
previously. The herds were classified by their known status
as "Infection Suspected"” and "Infection Suspected with
Vaccination" (from regions that experienced the
outbreak),"Vaccinated", and "Normal" {from regions that were
believed to be free of FMDV). Samples that displayed
absorbances at or above a cutoff value of 0.2 times the
absorbance for a Strong Reactive Control were scored as
reactive. Results are shown in Table 11.

These results show that reactivity to the peptide-~
based ELISA is predictive of herd exposure. The herds that
were exposed displayed significant reactivities of about 20%
while animals from the normal herd had no reactivities. The
20% reactivity for the exposed herds may have been higher if
the tests had been performed closer in time to the outbreaks

368843_1
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than 9 months. The results for the vaccinated herds
displayed a surprising amount of variability, reflective of
high variability in the efficacy of various vaccination
programs that used conventional vaccines obtained from

several suppliers.

All of the references recited hereinabove are

hereby incorporated by reference.
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Table 5
FMDV T Cell Helper Epitopes (Th)
Source of FMDV Th Host Reference
Species

VPl (35-33) Cattle Van Lierop et al., Immunology
84:79, 1985

VP2 (74-88) Cattle Van Lierop =t al., Immunology
B4:79, 19985

vPd4d (20-34) Cattle Collen et al., J. Gen. Virology
71:309, 19%¢C

VPl (21-40) Cattle Collen et al., J. Immunology

(SEQ ID NO:24) 146:74G, 1201

VPl (135-144) Mouse Zarcorano et al., Virology 212:614,
19295

VPl {(62-70) Pig Redriguez et al., Virology 205:24,
1954

VPl (83-104) Pig Rodriguez et al., Virclogy 205:24,
1994

VPl (188-209) Pig Rodriguez et al., Virology 205:24,
1594

VPl (111-132) Pig

Rodriguez et ail.,

1994

Virology 205:24,
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Table 6
Sequences for Artificial T Cell Helper Epitopes (Th)
Description Amino acid Seguence |Seg. ID No.
Syn Th (1, 2, 4) KKKIITITRIITIITTID |SEQ ID NO:25
IS{l, 4, 9 PALINDROMIC)LF ISISEIKGVIVHKIEGILF | SEQ ID NO:26
simplified Th T RT TR T
IS(1, 4, 9 PALINDROMIC)LF Th ISISETKGVIVHKIEGILE | SEQ ID NO:38
MT RT TRM TM
L L v
{1, 4, 9 PALINDROMIC)}Th ISEIKGVIVHKIEGT SEQ ID NO:36
MT RT TRM TM
L L Vv
(1, 4, 9 ISEIKGVIVHKIEGI SEQ ID NO:37
PALINDROMIC)simplified Th T RT TR T
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Table 11
Reactivity By ELISA for Herds
of Known Immunological Status
Species Herd Status n Ne. ELISA % ELISA
Reactive Reactive
swine Infection 108 21 19.4%
suspected
swine 31 Infection 70 16 22.8%
suspected with
vaccination
swine Vaccinated 100 92 82.0%
swine Vaccinated 31 17 54.8%
swine Vaccinated 70 26 37.1%
goat Vaccinated 288 155 53.8%
bovine Vaccinated 33 5 15.1%
bhovine Vaccinated 30 2 6.7%
swine Normal 100 0 0%
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CLAIMS

1. A peptide selected from the group consisting of
SEQ IDb NO:1;

{a)

(b)

(c)

(d)

peptides, which are fragments of the VPl protein
of strains of FMDV other than the FMDV A, strain,
and which are homologous to amino acids 134-168 of
the VPl protein of FMDV 2A;; strain;

peptides having a consensus sequence derived from
the amino acid sequence of the VPl protein of FMDV
strains of serotypes A, O or Asia, corresponding
to amino acids 134-168 of the VPl protein of FMDV
A2 strain;

peptides meeting the definitions of SEQ ID NOS:
14, 16, 18, and 20; and

peptides as defined in (i) through (iv) above,
wherein the amineo acids present at positions
corresponding to amino acids 134 and 157 cf the
VPl protein of FMDV A); strain have been replaced
by cysteines.

2. A peptide having an amino acid seguence which comprises:

(a)

(b}

the amino acid sequence of a peptide of claim 1,
and

the amino acid seguence of a helper T cell epitope
(Th) .

3. A peptide having an amino acid sequence which comprises:

(a)

(b}

the amino acid sequence of a peptide of claim 2,
and

the amino acid sequence of a general

immunostimulatory sequence.
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The peptide of claim 1 wherein the amino acids present
at positions corresponding to amino acids 134 and 157 of
the VPl protein of FMDV A;»; strain have been replaced by
cysteines.

The peptide of claim 4 wherein at least one peptide is
selected from the group consisting of SEQ ID NO:2 and
homologous sequences derived from other strains of FMDV.

The peptide of claim 4 in which the peptide further
comprises 1 to 13 additional amino acids taken from
either terminus of the 134-157 segment of VPl.

The peptide of claim 6 wherein at least one peptide is
selected from the group consisting of SEQ ID NO:3 and
homolecgous sequences derived from other strains of FMDV.

The peptide of claim 1 wherein the ¥MDV VPl target
antigenic site is selected from the group consisting of
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:5, SEQ
ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID
NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID
NO:27, SEQ ID NO:28, SEQ ID NO:29 and SEQ ID NO:30.

A structured synthetic antigen library wherein said
library comprises a plurality of peptides selected from
the group consisting of SEQ ID NQ:14, SEQ ID NO:15, SEQ
ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ
ID NO:20, SEQ ID NO:21, and SEQ ID NO:35.

A peptide or peptide conjugate represented by the
formula

{A)n— (FMDV antigen}-(B)o=(Th}n~X
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or

(A} p= (Th}m~ (B)o—- {(FMDV antigen)-X
or

(FMDV antigen)=(B)o= (Th)m= (A)n-X
or

(Th)n= (B} o= (FMDV antigen)—{A)a-X

wherein

each A is independently an amino acid or a general

immunostimulatory sequence;

each

B is independently chosen from the group consisting of

amino acids,

each

-NHCH (X} CH2SCH2CO-,

-NHCH (X) CH,SCH2CO {€-N} Lys-,

-NHCH {¥X) CH;S-succinimidyl (e-N)Lys-, and
-NHCH (X) CH;S- (succinimidyl}-;

Th is independently a sequence of amino acids that

constitutes a helper T cell epitope, or an immune enhancing

analog or segment thereof;

"FMDV antigen" is an amino acid sequence selected from the

group consisting of

(i) the sequence of a peptide of claim 1, and

{1ii) SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:1e6, SEQ ID
NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NOC:20,
SEQ ID NO:21, and SEQ ID NO:35;

an amino acid o-COQH or o-CONH»:
from 0 to about 10;
from 1 to about 4; and

from O to about 10,
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15,

16.

17.

18.

59

The peptide or peptide conjugate of claim 10 wherein
the Th epitope is selected from the group consisting of
known FMDV Th, known Th from foreign pathogens, SEQ ID
NOS:25, 26, 36, and 37, and immunostimulatory analogs or
segments thereof.

The peptide or peptide conjugate 0f claim 10 wherein at
least one A is an invasin domain {(Inv).

The peptide or peptide conjugate of claim 12 wherein
the invasin domain is selected from the group consisting
of SEQ ID NO:22 and immunostimulatory analogs and
segments thereof.

The peptide or peptide conjugate of claim 10 wherein at
least one B is Pro-Pro~Xaa-Pro-Xaa-Pro {8EQ ID NO:23),
where Xaa is any amino acid.

The peptide or peptide conjugate of Claim 10 wherein n
is 3, and (A}s is (invasin domain)-Gly-Gly.

A pharmaceutical composition comprising an
immunologically effective amount of one or more peptides
of claim 11 and a pharmaceutically acceptable carrier.

The pharmaceutical composition of Claim 16, wherein
said immuncleogically effective amount is about 0.5 Hg to

about 1 mg per kilogram body weight per dose.

The pharmaceutical composition of claim 16 wherein at
least one peptide is selected from the group consisting
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22.

23.
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of SEQ ID NOS:1-231 and SEQ ID NO:35.

The pharmaceutical composition of claim 16 wherein the
peptide or peptides are selected from the group
consisting of SEQ ID NOS:1-21 and SEQ ID NO:35.

A method for inducing anti-FMDV antibodies in a mamma l
which comprises administering to said mammal the
pharmaceutical composition of Claim 16 for a time and
under conditions to produce said antibodies in said

mammal .

The method of claim 19 wherein said mammal is selected
from the group consisting of cattle, pigs, sheep and
goats.

A nucleic acid having a seguence which encodes for a
peptide of claiml.

A method of diagnosing FMDV infection in a mammal,

comprising the steps of:

{a} attaching a peptide according to claim 1 to a
solid support,

(b} exposing said peptide attached to said solid
support to a sample containing antibodies from
said mammal, under conditions conducive to binding
of the antibody to the peptide, and

(c) detecting the presence of antibodies bound to said
peptide attached to said solid support.
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SEQUENCE LISTING

(1) GENERAL IHFORMATION:

{i) APPLICANT: Wang, Chang Yi
Shen, Ming

{ii) TITLE OF INVENTION: SYNTHETIC PEPTIDE VACCINES FOR
FOOT-AND-MOUTH DISEASE
{iii) NUMBER OF SEQUENCES: 37
{iv) CORRESPONDENCE ADDRESS:
(A) ADDREéSEE: Morgan & Finnegan, L.L.P.
(B} STREET: 345 Park Avenue
(Cy CITY: New York
(D) STATE: NY
(E} COUNTRY: USA
(F) 2IP: 10154~-0054
{v) COMPUTER READABLE FORM:
{h) MEDIUM TYPE: Floppy disk
B} COMPUTER: IBM PC compatible
{C) COPERATING SYSTEM: Windows 95
{D)} SOFTWARE: Word 87
(vi} CURRENT APPLICATION DATA:
(A) APPLICATICN NOUMBER: US 09/100, 600
iB) FILING DATE: 20~Jun-1998
{C) CLASSIFICATION:
{viii) ATTORNEY/AGENT INFORMATION:
(A} NAME: Maria C.H, Lin
{B) REGISTRATION NUMBER: 29,323
{C) REFERENCE/DOCKET NUMBER: 1151-4156
(ix) TELECOMMUNICATION INFORMATION:
{A) TELEPHONE: 212-758-4800
(B} TELEFAX: 212-751-6849
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{2} INFORMATION FOR SEQ ID NO:1l:
{1} SEQUENCE CHARACTERISTICS:

(A} LENGTH: 35 amino acids
{B) TYPE: amino acid
{b} TOPOLOGY: linear
{iij MOLECULE TYPE: peptide
(i) SEQUENCE DESCRIPTION: SEQ ID NO:1:
Asn Lys Tyr Ser Ala Ser Gly Ser Gly Val Arg Gly
1 5 10
Asp Phe Gly Ser Leu Ala Pro Arg Val Ala Arg Gin
15 20

Leu Prc Ala Ser Phe Asn Tyr Gly Ala Ile Lys

(K]
tn

30 35

(27 INFORMATION FOZ 3SEQ ID NO:2Z:
(i) SZQUENCE CHARACTERISTICS:
(AY LENGTH: 35 amino acids
{B) TYPE: amino acid
1D) TCPOLOGY: linear
;11) MOLECULZ TYPE: peptide
{xi)} SEQUENCE DESCRIPTION: 3EQ ID NC:Z:
Cys Lvs Tvr Ser Ala Ser Gly Ser Gily Val Arg Gly
1 s iC
hsp Phe Glv Ser lLeu Alg Pro Arg Val Ala Arg Cys
15 © 20
Leu Pro Ala Ser Phe Asn Tyr Gly Ala Ile Lys
25 30 35

(2) INFORMATION FOR SEQ ID NO:3:
{1} SEQUENCE CHARACTERISTICS:
(R} LENGTH: 46 aminoc acids

B} TYPE: amino acid
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Ser

[gn)

3
a3
31

~J
w

{D)

TOFQOLOGY: linear

{ii) MOLECULE TYPE: peptide

(1)

Leu 2la Thr Val Tyr Asn Gly Thr

SEQUENCE DESCRIPTION: SEQ ID NO:3:

5

Ala Ser Gly Ser

15

Leu Ala Prc Arg

Phe Asn Tyr Giy

40

INFORMATION FOR

I
V-

i0

Gly val Arg Gly Asp Phe Gly

20

Val Ala Arg Cys Leu Pro Ala

30 35
Ala Ile Lys Ala Glu

45

SEQ ID NO:4:

SEQUENCE CHARACTERISTICS:

‘A, LENGTH: 36 amino acigs
(2) TYPE: amino acid
D) TOPOLOGY: linear
MOLECULE TYPZ: peptide
SEQUENCE TISCRIPTION: ESRQ ID NC:4:
Tyr Ser Ser Lys Ala Val Pro Asr Val Arg
s 9
Lev Asn Vai Leu Glu Gln Lys Rlz Ala Arg
15 20
Pro Trhr Ser Phe Asn Tyr Gly Alz Ile Lys

30 35

INFORMATION FOR SEQ ID NO:5:

(i)

SEQUENCE CHARACTERISTICS:

{A)
(B)
(D)

LENGTH:

TYPE:

36 aminc acids

amine acid

TOPCLOCGY: linear
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Cys

Gly

Cys

25

(2}

Arg

Met

Pro

Cys

{ii) MOLECULE TYPE: peptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
Lys Tyr Ser Ser Lys Ala Val Pro Asn Val Arg
5 10
bsp Leu Asn Val Leu Glu Gln Lys Ala Ala Arg
15 20
Leu Pro Thr Ser Phe Asn Tyr Gly Ala Ile Lys

30 35

INFORMATION FOR SEQ ID NO:é6:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTE: 34 amingc acids
{B} TYPE: amino acid
{D) TOPOLOGY: linear
{ii)} MOLECULE TYPE: peptide
(%xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
ro Tyr Gly Glu Thr Thr Ser Arg Arg Gly Asp
5 10
Ala Ala Leu Ala Gln Arg Leu Ser Ala Arg Leu
15 20
Thr Ser Phe Asn Tyr Gly Ala Val Lys
30

INFORMATION FOR SEQ ID NO:7:
{i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 34 amino acids
{B} TYPE: amino acid
(D) TOPOLOGY: linear
{(ii} MOLECULE TYPE: peptide
{xi} SEQUENCE DESCRIPTION: SEQ ID NO:7:

Pro Tyr Gly Glu Thr Thr Ser Arg Arg Gly Asp
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1 5 10

Met BAla Ala Leu BAla Gln Arg Leu Ser Ala Cys Leu
15 20

Pro Thr Ser Phe Asn Tyr Gly Ala Val Lys

25 30

{2) INFORMATION FOR SEQ ID NO:8:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 35 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide
{x1) SEQUENCE DESCRIPTION: SEQ ID NC:8:
Asn Lys Tyr Ser Val Ser Glv Ser Gly Arg Arg Gly
1 3 10
Asp Leu Gly Ser Leu Ala ARla Arg Val Ala Lys Gln
15 20

Leu Pro Ala Ser Phe Asn Tyr Gly Bla Ile Lys

29
o

30 35

(2, ZINFORMATION FOR SEQ ID NO:9:
{1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 35 amino acids
(B) TYPE: amino acid
{D} TOPOLOGY: linear
{i1i} MOLECULE TYPE: peptide
{x%i) SEQUENCE DESCRIPTION: SEQ ID NO:9:
Cys Lys Tyr Ser Val Ser Gly Ser Gly Arg Arg Gly
1 5 10
Asp Leu Gly Ser Leu Ala Ala Arg Val Ala Lys Cys

15 20
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Leu Pro Ala Ser Phe Asn Tyr Gly Ala Ile Lys

25 ' 30

{2} INFORMATION FOR SEQ 1D NO:1G:
(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 36 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

35

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

- al

7

15 20

Thr Leu Brs Thr Ser Phe aAsn Tyr Gly Ala

25 30

12} INFORMATION FCOR SEQ ID NO:1i:
11} SEQUENCE CHARACTERISTICS:
f{A) LENGTH: 36 amino acids
(B} TYPE: amino acid
(DY TOPOLOGY: linear

{(ii} MOLECULE TYPE: peptide

Gly Asp Leu Gln Val Leu Ala Gln Lvs Ala

vs Lys Tyr Gly Glu Asn Ala Val Thr Asn Val Arg

Aila Arg

Ile Lys

{xi) SEQUENCE DESCRIPTION: SEQ ID MO:11:

Cys Lys Tyr Gly Glu Asn Ala Val Thr Asn Val Arg

1 5

Gly Asp Leu Gln Val Leu Ala Gln Lys Ala Ala Arg

15 20

Cys Leu Pro Thr Ser Phe Asn Tyr Gly Ala Ile Lys

25 30

35
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(2}

Thr

Met

kY
I
o

ey
n

Cys

Met

Pro

25

(2)

INFORMARTION FOR SEQ ID NO:12:
{i) SEDQUENCE CHARACTERISTICS:
{A) LENGTH: 34 amino acids
iB} TYPE: amino acid
{0} TOPOLOGY: linear
(ii} MOLECULE TYPE: peptide
{xi} SEQUENCE DESCRIPTION: SEQ ID NO:12:

Thr Tyr Gly Thr Gln Pro Ser Arg Arg CGly Asp

Ln

10

Ala Ala Leu Rla Gln Arg Leu Ser Arg Arg Leu

15 20

nr Ss=r Pre Lan Tur Giy Bla Val Lvs

L.
(o]

INFORMATION TOR SEQ ID NO:13:

{i} SZQUENCE CHARACTERISTICS:

i3]

v LENGTE: 34 aming acids

y £

By TYRE: emino acid

(#i) SZQUENZTE CTZSCRIBTION: SEZ¢ ID MO:il:
Thr Tyr ¢ly Thr CGln Pro Ser Arg Arg Gly Asp
g 10
Ala Ala Leu Ala Gln Arg Leu Ser Arg Cys Leu
15 20
Thr Ser

e

h

iD
g
4]
3

n Tyr Gly Ala Val Lys
30

INFORMATION FOR SEQ ID NO:14:

(1) SEQUENCZ CHARACTERISTICS:
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(A) LENGTH: 35 amino acids

(B) TYPE: amino acid

(D} TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide
{ix) FEATURE:

(B} NAME/KEY: Modified-~site

(B) LOCATION: 1

(D) OTHER INFORMATION: /note= "Asn, Ser or Gly"
{ix) FEATURE:

{A) NAME/KEY: Modified-site

(B} LOCATION;: 4

{D) OTHER INFORMATION: /note= "Ser, Thr or Ala"
{1x) FEATURE:

(A} NAME/KEY: Modified-site

{B} LOCATION: 5

{D} OTHER INFORMATION: /note= "Val or Ala"
{ix) FEATURE:

{A) NAME/KEY: Modified-site

{B) LOCATION:; &

{D) OTHER INFORMATION: /ncte= "Ser, Gly or Asp"
{ix) FEATURE:

[A) NAME/KEY: Modified-site

(B; LOCATION: 8

(D} OTHER INFORMATION: /note= "Ser, Thr or Met”
{ix) FEATURE: '

{A} NAME/KEY: Modified-site

{By LOCATION: 9

{D) OTHER INFCRMATION: /note= "Gly or Asn"
{ix) FEARTURE:

(A) NAME/KEY: Modified-site

{B} LOCATION: 10

{C) OTHER INFORMATION: /note= "Arg or Val"
{(ix) FEATURE:
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{A) NAME/KEY: Modified-sits=s

{B) LOCATION: 1i4

(D} OTHER INFORMATION: /note= "Leu,

(ix) FEATURE:
(A} NAME/KEY: Modified-site
{B) LOCATION: 15
(D} OTHER INFORMATION: /note= "Gly
{(ix)} FEATURE:
{A) NAME/KEY: Mcdified-site
(B) LOCATION: 16
{0) OTHER INFORMATION: /note= "Ser
{ix) FEARTURE:
tA) NAME/KEY: Modified-site
(B} LOCATION: 19
(D) OTHER INFORMATION: /note= "Ala
{ix} FEATURE:
(A) NAME/KEY: Modified-site
{B) LOCATION: 22
{D) OTHER INFORMATICN: /note= "Ala
{ix) FEATURE:
{A}) NAME/KEY: Modified-site
(B) LOCATION: 23
(D) OTHER INFORMATION: /note= "Lys,
(ix) FEATURE:
{A) NAME/KEY: Modified-site
(B LOCATION: 24
{D) OTHER INFORMATION: /note= "Gln
(ix) FEATURE:
(A} NAME/KEY: Modified-site
{B) LOCATION: 27
(D) OTHER INFORMATION: /note= "Ala
{ix) FEATURE:

(A} NAME/KEY: Modified-sirte
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)
W
m

Asp ¥

Leu

25

- 10 -

(B} LOCATICHN: 31

(D) OTHER INFORMATION: /note= "Tyr or
11x) FEATURE:

{A) NAME/KEY: Modified-site

{B} LOCATION: 34

(D} OTHER INFORMATION: /note= "Ile or
{ix} FEATURE:

{A) NBME/KEY: Modified-site

{B) QQCATION: 35

(D} OTHER INFORMATION: /note= "Lys or
{xi)} SEQUENCE DESCRIPTION: SEQ ID NO:14:
Lvs

16

Tyr Xaa Xaa Xaa Gly Xaa Xaa Xaa Rrg G

za »aa Xaa Llsu Ala Xaa RArg Val Xaa Xaa Xaa
15 20
Prg Xaa Zer FBhe Asn Xaa Gly Alas ¥aa Xas
30 35
INFORMATION ©CP SEQ ID NO:15:
(i} SEQUENCE CHARACTERISTICS
vA) LENGT 2% amino acids
By TYFZ: zminoc acid
(D) TOPOLOGY: linear
(ii} MOLECULE TYPE: peptide
{ix)} FEATURE:
{A) NAME/KEY: Modified-site
(B) LOCATION: 4
(D) OTHER INFORMATION: /note= "Ser,
(ix) FEATURE:
{A) NAME/KEY: Modified-site
{BY LOCATION: 5
(D) OTHER INFORMATICN: /note=

SUBSTITUTE SHEET {(RULE 26)
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{ix) TEATURE:
{A) NAME/KEY: Mcodified-site
18y LOCATION: o

iD) OTHER INFORMATION: /note= "3Ser, Gly or Asp”

FEATURE:

(h) NAME/KEY: Modified-site

{B) LOCATION: 8

(D) OTHER INFORMATICHN: /note= "Ser, Thr or Met"
(ix) FEATURE:

(A) NAME/KEY: Modified-site

{8) LOCATION: 9

(D) OTHER INTORMATICON: /note= "Gly or BAsn"

JR) O NRME/KEY: Modified-size
') LOCATION: 10

10y OTHER INECRMATION: /note= "Arg or val"

[
L7

FEATURE:

{3} NAME/KEY: Modified-site

{3} LOCATION: -4

‘%) OTHER INFORMATION: /note= "Leu, Met or Phe"

J1¥) FEATURE:

‘L) NAME/RKEY: Modifiea=-site
‘b LOCATICH: LG

{2y OTHER INFORMATION: /note= "Gly

tq
)

lU"

O

{ix) FRATURE:

(A} NAME/KEY: Modified-site

{B) LOCATION: 16

(D) OTHER INFORMATICN: /note= "Ser or Fro"
(ix) FEATURE:

(A} NAME/KEY: Modified-site

(B) LOCATION: 19

{D) OTHER INFORMATION: /note= "Rla or Pro"

{ix) FEATURE:
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(AR} NAME/KEY: Modified-site
{B) LOCATION: 22
(D) OTHER INPFORMATION: /note= "Ala or Val"
(ix) FEATURE:
(A) NAME/KEY: Mcdified-site
(B} LOCATION: 23
{D} OTHER INFORMATION: /note= "Lys, Arg or Ala"
(ix} FEATURE:
{A} NAME/KEY: Modified-site
(By LOCATION: 27
{D) OTHER INFORMATION: /ncte= "Ala or Thr"
{ix) FERATURE:
{A) NAME/KEY: Modified-site
(B} LOCATION: 31
(D) OTHER INFORMATION: /note= "“Tyr or Phe"
(i} FEATURE:
(A] NAME/KEY: Modifiecd-site
(B} LOCATION: 34
(D) OTHER INFORMATION: /note= "Ile or Val”
(ix} FEATURE:
{&} NAME/KEY: Modified-site
(B) LOCATION: 35
(D) OTHER INFORMATICN: /note= "Lys or Gin™
(¥1) SEQUENCE DESCRIPTION: SEQ ID NOC:15:
Cys Lys Tyr Xaa Xaa Xaa Gly Xaa Xaa Xaa Arg Gly
1 5 10
Asp Xaa Xaa Xaa Leu Ala Xaa Arg Val Xaa Xaa Cys
15 20
Leu Pro Xaa Ser Phe Asn Xaa Gly Ala Xaa Xaa

25 30 35

(2) INFORMATION FOR SEQ ID NO:16:
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(i} SEQUENCE CHARACTERISTICE:
(A) LENGTH: 34 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: linear
(ii} MOLECULE TYPE: peptide
{ix) FEATURE:
(A) NAME/KEY: Modified-site
{B} LOCATION: 1
(D} OTHER INFORMATION: /note= "Asn, Ser or Gly"
{ix) FEATURE:
(A} NAME/KEY: Modified-site
{B} LOCATION: 2
{D) OTHER INFORMATION: /note= "Lys or Arg"
{ix)y FEATURE:
{A) NAME/KEY: Modified-site
(B) LOCATION: 3
(D) OTHER INFORMATION: /note= "Tyr or Ser"
{(i») FEATURE:
(A) NAME/KEY: Mcdified-site
{8) LOCATION: 4
(D} OTHER INFORMATION: /note= "Ser or Pro”
{ix) FEATURE:
(&) NAME/KEY: Modified-site
{B) LOCATION: 5
{D) OTHER INFORMATION: /note= "Thr, Ala, Pro, Arg, Ser or Asn"
{izx) FEATURE:
{A) NAME/KEY: Mcdified-site
{B) LOCATICN: 6
{D}) OTHER INFORMATION: /note= "Asp, Gly, Ser, Ala,Pro cor Leu"
{ix) FEATURE:
(A) NAME/KEY: Modified-site

(B) LOCATION: 7

(D)} OTHER INFORMATION: /note= "Gly, Asp or Arg"
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{ix) FEATURE:

(A} NAME/KEY: Modified-site
(23 LOCATION: B
(D) OTHER INFORMATION: /note= "Prg, Ser, Arg, Thr, Val, Gln or

Leu"
{(ix} CEATURE:
{3} NAME/KEY: Modified-site
{B} LOCATION: 9
{D) OTHER INFORMATION: /note= "Arqg, CGly or Tyr"
{ix) FERTURE:
{A} NAME/KEY: Modified-site
{B) LOCATION: 10
‘D) COTEER INFORMATION: /rnote= "Rrg, Ser, Ala, Gly, or Pro"
{(A] NEME/REZY: Modified-site
{3) LOCATION: 11
(D) OTHER INFORMATICN: /nove= "Giy or Asp”
(ix) FEATURE:
{A} NAME/KXEY: Modified-site
{B) LOCATION: 12

(D) OTHER INFORMATIOM: /note= "Asp Pro”

(o]
X

(AY MAME/KEY: Modifiled-sits

i8) LOCATION: i3

=

{D) OTHER INFORMATION: /note= "Leu, Met, Thr or Arg"
{ix) FZATURE:

{A} NAME/KEY: Modified-site

(B) LOCATION: 14

{D) OTHER INFORMATION: /note= "Gly, Pro or Trp"
{(ix) FEATURE:

{A) NAME/KEY: Modified-site

(B) LOCATICN: 15

iD) OTHER INFORMATION: /note= "Ser, Pro, Ala or Arg"
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{ix)

{ix)

{ix}

{ix)

(ix)

Ile"

TYr il

-5 - PCT/US99/13821

FEATURE:

(A) NAME/KEY: Modified~site

(B) LOCATION: 18

(DY OTHER INFORMATION: /note= "Leu, Pro, Thr or Ile"
FEATURE:

{A) NAME/KEY: Modified-site

{B) LOCATION: 17

iD) OTHER INFORMATION: /note= "Ala, Thr, Leu, Arg, or
FEATURE:

(A} NAME/KEY: Mcdified~site

{B) LOCATION: 18

(D) OTHER INFORMATION: /note= "Ala, Giy, Thr or Gln"
FZATURE:

tA) NAME/®ZY: Modified-site

{®) LOCATION: 19

:3) OTHER IWTORMATION: /ncte= "Arg, $iu or Lys"
FEATURE:

‘%) NAME/KEY: Modified-site

{B} LOCATION: 20

{D) OTHIR IWFDORMATION: /note= "Rla, Val, Asp, Thr or
TEATURE

(n) HAME/KEY: Mcodifica-site

(B LOCATICH: Z1

() OTHER INFORMATION: /note= "21la or Arg"
FEATURE:

{A) NAME/KEY: Modified-site

(B) LOCATION: 22
(D) OTHER INFORMATICN: /note= "Lys, Thr, Arg or Ala"
FEATURE:

() NAME/KEY: Modified-site

(B) LOCATION: 24

{D} OTHER INFORMATION: /note= "Leu or Pro"
FEATURE:
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(&) NAME/KEY: Modified-site

(B} LOCATION: 25

{D) OTHER INFORMATION: /note= "Pro or Ser"
{ix) FEATURE:

{A} NAME/KEY: Modified-site

(B) LOCATION: 26

(D) OTHER INFORMATION: /note= "Ala or Thr"
{ix} FEATURE:

(A) QAME/KEY: Modified-site

(B) LOCATION: 30

(D) OTHER INFORMATION: /note= "Tyr or Phe"
{ix)} FEATURE:

(R} NAME/KEY: Modified-site

(B} LOCATION: 33

L

(D) OTHER INFORMATION: /note= "Ile or Val"
{ix) FEATURE:
{A) NAME/KEY: Modified-site
(B) LCCATION: 34
{D} OTHER INFORMATION: /note= "Arg, Lys or Gln"
{xi) SEQUENCE DESCRIPTICN: SEQ ID NO:16:
Xaa Xaa Xaza Xaa ¥Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10
Xaa xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Gln Xaa
15 20
Xaa Xaa Ser Phe Asn Xaa Gly Ala Xaa Xaa
25 30

(2) INFCRMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 amino acids
(B) TYPE: amino acid

(D) TOPOLOGY: linear
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Leu

or Leu”

- 17 -

{ii) MOLECULE TYPE: peptide
{ix) FEATURE:
{h) NAME/KEY: Modified-site
(B} LOCATION: 2
(D} OTHER INFORMATICN: /note= "Lyr or Arg"
{ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 3
(D} QTHER INFORMATION: /note= "Tyr or Ser"
{ix) FEATURE:
{A) NAME/KEY: Modified-site
(B) LOCATION: 4
iD) OTHER INFORMATION: snots= "Ser or Pro”
{ix) FEATURE:
(&) NAME/KEY: Modified-site
(B} LOCATION: 5
(D) OTHER INFORMATION: /notve= "Thr, Ala, Pro, Arg, Ser or Asn®
{ix) FEATURE:
{A} NAME/KEY: Modified-site
{B) LOCATION: 6

(D) OTHER INFORMATICN: /note= "Asp, Gly, Ser, Ala, Pro or

{ix} FEATURE:
{A) NAME/KEY: Modified-site
(B) LOCATION: 7

(D} OTHER INFORMATION: /note= "Gly, Asp or Arg"

{(ix) FEATURE:

(A) NAME/KEY: Modified-site
(B) LOCATION: 8

(D) OTHER INFORMATICN: /note= "Pro, Ser, Arg, Thr, Val, Gln

{ix) FEATURE:
(A) NAME/KEY: Modified-site

(B} LOCATION: 9
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{D) OTHER INFORMATION: /noze= "Arg, Gly or Tyr"
ix) FEATURE:
{A) NAME/KEZY: Modified-site
{B) LOCATION: 10
{D) OTHER INFORMATION: /note= "Arg, Ser, Ala, Gly, or Pro"
vix) FREATURE:
{A) NAME/KEY: Mcdified-site
{B) LOCATION: 11
(D) OTHER INFORMATION: /note= "Gly or Asp"
1ix) FEATURL:
{BR) NAME/KEY: Modified-sice
{B}y LOCATICHN: 12

)

o]

THER IHFORMATION: /note= "Zsp cr Pro®

2%} FEATURE:

(A} NAME/KEY: Modified-site
8y LOCATION: 13
{0} GTHER INFORMATION: /nore= "Lzu, Met, Thr or Arg"

iix) FEATURE:

I
'

} NAME/KEY: Modified-site

Ny

i

yOLOCATION: 14

%

o

10} OTHER IUFORMATION: /note= "Gly, Pro cor Trp®
vix} FEATURE:
JAF NAME/HEY: Modifiied-si-e
tB) LOCATION: 13
{2} OTHER INFORMATION: /note= "Ser, Pro, Ala or Arg"
(ix] FEATURE:
{A) NAME/KEY: Modified-site
{B) LOCATION: 16
(D} OTHER INFORMATION: /note= "Leu, Pro, Thr or Ile”
{1x) FEATURE: '
() NAME/KZY: Modified-site
{B) LOCATION: 17

iD) OTHER INFORMATION: /note= "Ala, Thr, Leu, Arg or Ile"
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(i)

{ix)

3 I
[ R

{1x)

(ix}

{ix)
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TEATURE:
‘A) NAME/KEY: Modified-site
{5) LOCATICON: 18
(D) OTHER INFORMATION: /note= "Ala, Gly, Thr or Gla"
FEATURE:
{A} NAME/KEY: Modified-site
{8} LOCATION: 19
{D} OTHER INFORMATION: /note= "Arg, Glu or Lys"”
FEARTURE:
(A} NAME/KEY: Modified-site
{B} LOCATION: 20
(D! OTHER INFORMATION: /note= "Rlz, Val., Asp, Thr or Tyr"
TEATURE:
A NAME/YEY: Modified-site
:B) LCCATION: i
‘D) OTHEZR IRFORMATION: /neote= "Lla or Arg”
FEATURE
(A) NAME/KEY: Modified-site
(Bj LOCATION: Z2
"5y OTHER IWFORMATION: /note= "Lys, Thr, Arg or Ala"
TZRTURE:
{AY NEME/KEY: Modiiled-site
13; LCCARTICH: Z4
iD) OTHER INFORMATICHM: /note= "Leu or Pro"
FERTURE:
{A) NAME/KEY: Modified-site
{B) LOCATION: 25
{0} OTHER INFORMATION: /note= "Pro cr Ser”
FEATURE:
{A) NEME/KEY: Modified-site
{B) LCOCATION: 26
(D) CTHER INFORMATION: /note= "Ala or Thr"
FEATURE:
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{A) NAME/XEY: Modified-site
(B) LOCATION: 30
{D) OTHER INFORMATICN: /note= "Tyr or Phe"
(ix} FEATURE:
(A) NAME/KEY: Modified-site
{B) LOCATION: 33
(D) OTHER INFORMATION: /note= "Ile or Val"
(ix) FEATURE:
{4} NAME/KEY: Modified-site
(B) LOCATION: 34
(D) OTEER INFORMATION: /note= "Arg, Lys or Gln"
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
ve Xaa Xaz Xaa Xaa Xaa Xea Xaa Xaa Xaa Xas Xaa
1 5 10
¥aa Xaa Xaa Xaa Xaa Xaa Xaa Xaaz Xaa Xaa Cys Xaa
15 20
Xaa Xaa Ser Phe Asn Xaa Gly Ala Xaa Xaa

25 3¢

{Z) INFORMATION FOR SEQ ID NQ:18:
{1} SEQUENCE CHARACTERISTICS:

{A) LENGTH: 36 aminc acids
(B} TYPE: aminoc acid
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

{ix) FEATURE:
{A) NAME/KEY: Modified-site
(B} LOCATION: 1
(D) OTHER INFORMATION: /nore= "Cys or Ser"”

(ix) FEATURE:

(A) NAME/KZY: Modified-site

(B} LOCATION: 2
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Asn"”

(ix)

{(ix)

(ix)

1ix)

-
™

{ix)

(i)

21 PCT/US99/13921

{D) OTHER INFORMATION: /note= "Lys, Arg or Gln"
FEATURE:

{A) NAME/KEY: Modified-site

(B) LOCATION: 4

(D) OTHER INFCRMATION: /note= "Gly, Ser cr Asn"
FEATURE:
{A) NAME/KEY: Modified-site
{B) LOCATICN: 5§

(D) OTHER INFORMATION: /note= "Glu, Ser, Asp, Thr, Lys or

FEATURE:
(B) NAME/KEY: Modified-site
{8} LOCATION: €
‘D) OTHER INFCRMATION: /note= "Asn, Ser, Gly, Val or Trp"
FEATURE:
{A) NAME/KEY: Modified-site
{B) LOCATION: 7
{D} OTHER INFORMATIONM: /note= "Ala, Ser, Thr or Gly"
FEATURE:
(A) NAME/KEY: Modified-site
{B) LOCATION: 9
{D) OTHER INFORMATION: /note= "Thr, Pro or Ala"
FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 10
(D} OTHER INFORMATION: /note= "Asn or Ala"
FEATURE:
(A) NAME/KEY: Modified-site
{B) LOCATICN: 11
(D} OTHER INFORMATION: /note= "Val, Ile ¢r Leu"
FEATURE:
{A) NAME/KEY: Modified-site
(B) LOCATION: 15
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iD) OTHER INFORMATION: snote= "Leu, Pro or Gln*
{ix) FEATURE:
{A] NAME/KEY: Modified-site
{B) LOCATION: 16
(D} OTHER IWFORMATION: /note= "Gln cor Asn"
(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 17
(o OIBER INFORMATION: /note= "Vazl, Ala or Leu"
{i®) TEATURE:
{(A] NAME/KEY: Modified-site
{B) LOCATION: 19
‘DY CTHER IHTORMATION: /note= "Rla, 31lu or Ser™
.iz} FTZATURE:
() NABME/KEY: Modified-site
(2} LOCATION: 20
{0} OTHEE INFORMATION: /note= "Gln or Arg"
{ix} FERTURE:
{A) NAME/KEY: Modified-site
(B} LOCATION: 22
{0y OTHER INFORMATION: /fnote= "Rla or Val"
.1%) FEZATURE:
(a) NAME/RIY: Modifisa-sits
{8) LOCATION: 23
{D) OTHER INFORMATION: /note= "Ala or Glu"
{ix) FEATURE:
{A} NRME/KEY: Modified-site
{B} LOCATION: 25
(D) OTHER INFORMATION: /note= "Thr, Ala or Met™
{ix) FEATURE:
() NAME/KEY: Modified-site
{B) LOCARTION: 28

{D} OTHER INFORMATION: /note= "Thr or Ala"
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{ix} FEATURE:
(A} NAME/KEY: Modified-site
‘B} LOCATION: 29
(D) OTHER INFORMATION: /note= "Ser or Tyr"
{ix) FEATURE:
(A} NRME/KEY: Modified-site
(B} LOCATION: 36
{Dy OTHER INFORMATION: /note= "Lyr or Arg"
{wi) SEQUEN?E DESCRIPTION: SEQ ID HO:18:
Xaa xaa Tyr Xaa Xaa Xaa Xaa Val Xaa Xaa Xaa Arg
1 5 io
Gly Asp Xaa Xaa Xaa Leu Xaa Xaa Lys Xaza ¥Xaa Arg

o 20

i
[V}
i
I
(i
o
s
LR
oy
"
W
-
\I)
41}
0
J
4

Asn Tyr Gly

:—1
—
[\]]
=)
-
)]
e
pr
n

2
n
L
pro¢
wn

La)

ra

NFORMATION FOR SEQ ID NO:19:

1

ia)

il SOUENCE CHARAUTERISTICS:
c2' LENGTH: 36 aminc acicds
‘2: TYPE: amaino acid

(D) TOPOLOGY: linear

(ii: MOLECULE TYTI: peptide

(A) NAME/KEY: Modified-site

{8) LOCATION: 2

(D) OTHER INFQRMATION: /note= "Lys, Arg or Gln"
{ix} FEARTURE:

(A) NAME/KEY: Modified-site

{B) LOCATION: ¢

i} OTHER INFORMATION: /note= "Gly, Ser or Asn"
(ix) FEATURE:

{A} NAME/KEY: Mcdified-site
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{ixr)

(ix)

(i)

{in)

{(ix)

(ix)

{ix)

{(ix)

- 24 -

{B} LOCATION: 5

PCT/US99/13921

(D) OTHER INFORMATICN: /note= "Glu, Ser, Asp, Lys or Asn"

FEATURE:
(A) NAME/KEY: Modified-site

{B} LOCATION: 6

{D) OTHER INFORMATION: /note= "Asn, Ser, Gly, or Trp"

FEATURE:

{A}) NAME/KEY: Modified-site
(B} LOCATION: 7
(D) OTHRER INFORMATION: /note= "“Ala, Ser, or
FEATURE:

{R) NAME/KEY: Modified-site

{8) LOCATION: ¢

(D) OTHER INFORMATION: /note= "Thr, Pro or
FEATURE:

{A) NAME/KEY: Modified-site

{B) LOCATION: 10

(D) OTHER INFORMATION: /note= "Asn or Ala"
FEATURE:

(A} NAME/KEY: Modified-site

(B} LOCATION: 11

D) OTHER INFORMATION: /note= "Val, Iie or
FEATURE:

{A) NAME/KEY: Modified-site

(B) LOCATION: 15

(D) OTHER INFORMATION: /note= "Leu, Pro or
FEATURE:

{A} NAME/KEY: Modified-site

(B} LOCATION: 16

(D) OTHER INFORMATION: /note= "Gln or Asn"
FEATURE:

(A) NAME/KEY: Modified-site

{B) LOCATION: 17

SUBSTITUTE SHEET (RULE 25)
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{DY OTHER INFORMATION: /note= "Val, Ala or Leu"
{ix) FEATURE:
{A} NAME/KEY: Modified-site
(B} LOCATION: 18
(D) OTHER INFORMATION: /notre= "Ala, Glu or Ser”
{ix) FEATURE:
(A} NAME/KEY: Modified-sire
(B} LOCATION: 20
(D) OTHER INFORMATION: /note= "Gin or Arg"
(ix) FEATUAE:
{A) NAME/KEY: Modified-site
{B) LOCATION: 22
(D} OTHER INFORMATION: /note= "Ala or Val"”
{ix} FEATURE:
(A} NAME/KEY: Modified-site
{B} LOCATION: 23
{D} OTHER INFORMATION: /note= "Ala or Glu"
{ix) FEATURE:
(A) NAME/KEY: Mcdified-site
{B) LOCATION: 25
{D) OTHER INFORMATION: /note= "Thr, Alé or Met"
{ix) FEATURE:
(A) NAME/KEY: Modified-site
(Bl LOCATION: 28
(D} OTHER INFORMATION: /note= "Thr or Ala"
(ix) FEATURE:
(A) NAME/KEY: Modified-site
{B) LOCATION: 29
{D} OTHER INFORMATION: /note= "Ser or Tyr"
{ix} FEATURE:
(A} NAME/KEY: Modified-site
{B) LOCATION: 36

(D] OTHER INFORMATION: /note= "Lyr or Arg"”
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(xi) SEQUENCE DESCRIFTION: SEQ ID NO:19:

Cys Xaa Tyr Xaza Xaa Xaa Xaa Val Xasa Xaa Xaz Arg

1 5 10

Gly Asp Xaa Xaa Xaa Leu Xaa Xaa Lys Xaa Xaa Arg

15 20
¥aa L2u Pro Xaa Xaa Phe Asn Tyr Gly Ala Ile Xaa
zZ5 30 35

{2) INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 24 amino acids
{B) TYrFE: aminc acid
(D) TOPCLOCGY: linear
{1i) MOLECULE TYPE: peptide
{ix) FEATURE:
{A) NAME/KEY: Modified-site
{B) LOCATICN: 1
{D} OTHER INFORMATION: /note= “Thr, Pro or Arg"
{iz} FEATURE:
{A) NAME/KEY: Meodified-~site
{2y LOCATION: 2
«DY OTHER IWFORMATION: /note= "Thr or Pro”
"ix%) FEATURE:
{(A) NAME/KEY: Modified-site
(B} LOCATION: 5
(O} OTHER INTORMATION: /note= "Thr, Glu or Lys"
(ix) FEATURE:
{A) NAME/KEY: Modified-site
{B} LOCATICN: 6
(C) OTHER INFORMATION: /note= "Gln or Thr"
(ix} FEATURE:

{A} NAME/KEY: Modified-site
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{B) LOCATION: 7

{D) OTHER INFORMATION: /note= "Pro or Thr"
{ix) FEATURE:

{A) NAME/KEY: Modified-site

{B) LOCATION: §

(D) OTHER INFORMATION: /note= "Ser gr Thr"
{ix} TEATURE:

{B) NAME/KEY: Modified~site

{B) LOCATION: 13

(D) OTHER INFORMATION: /note= "Met or Leu"
(ix) FEATURE:

Ay NAME/KEY: Modified-site

1

LOCARTICH: 1t

'2) OTHZR INEFORMATION: /note= "Ala or Val"®
{ix}) FEATURE:

;2Y NAME/KEY: Modified-site

:B, LOCATION: 20

(D} OTHER INFORMATION: /note= "Leu Val"

G
tg

{ix) FEATURE:
‘AY NAME/KEY: Modified-site
.B8) LOCATION: 22
107 OTHER INFORMATION: /note= "Arg, Asn or Ala"
{ix; rZATURE:
(A} NAME/KEY: Modified-site
‘BY LOCATION: 23
(D) OTHER INFORMATION: /note= "Arg or Gln"
{xi) SEQUENCE DESCRIPTIOM: SEQ ID NQ:20:
Xaa Xaa Tyr Gly Xaa Xaa Xaa Xaa Arg Arg Gly Asp
1 5 10
Xaa Ala Xaa Leu Ala Gln Arg Xaa Ser Xaa Xaa Leu
15 20
Pro Thr Ser Phe Asn Tyr Gly Ala Val Lys

25 30
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{2) INFORMATICN FOR SEQ ID NO:21:
(i) SEQUENCE CHARACTERISTICS:
{AR) LENGTH: 34 amino acids
({B) TYPE: amino acid
(D) TCPOLOGY: linear
{1i) MOLECULE TYPE: peptide
{ix) FEATURE:
() NAME/KEY: Modified-site
(B} LOCATION: 2
{D} OTHER INFORMATICON: /note= "Thr or Pro"
{ix) FEATURE:
{A) NAME/KEY: Modified~site
{B} LOCATION: 5
{D) OTHER INFORMATION: /note= “Thr, Glu or Lys™"
{ix) FEATURE:
(A) NBME/KEY: Modified-site
{B) LOCATION: &
(D) QTHER INFORMATION: /note= "Gln or Thr”
(i=) FEATURE:
(A) NAME/KEY: Modified-site
{B} LOCATION: 7
(D) OTHER INFORMATION: /note= "Pro or Thr"
(ix) FEATURE:
(A) NAME/KEY: Modified-site
{B) LOCATICN: 8
{D) OTHER INFORMATION: /note= "Ser or Thr"
(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B)Y LOCATION: 13
(D} OTHER INFORMATION: /note= "Met or Leu”
{ix) FEATURE:
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(A} NAME/KEY: Modified-site
{B) LOCATION: 15
{D} OTHER INFORMATION: /note= “ARla or Val"
(ix) FEATURE:
{A) NAME/KEY: Modified-site
{B) LOCATIONW: 20
{0} OTHER INFORMATION: /note= "Leu or Val"
{ix) FEATURE:
(A) Nng/KEY: Modified-site
(R) LOCATION: 22
(D} OTRER INFORMATION: /note= "Arg, Asn or Ala"
{xi} SEQUENCE DESCRIPTION: SEQ ID WNO:21:
Cvs ¥aa Tyvr Gly Xaa Xaa Xaa Xaa Arg Arg Gly Asp
1 5 10
Xaa Ala Xaa Leu Ala Gln Arg Xaa Ser Xaa Cys Leu
15 20
Pro Thr Ser Phe Asn Tyr Gly Ala Val Lys
25 30

{2) INFORMATION FOR SEQ ID NO:22:
{1) SEQUENCE CHARACTERISTICS:
{R) LENGTH: 16 amino acids
{(B) TYPE: amino acid
(D) TOPOLOGY: linear
{ii} MOLECULE TYPE: peptade
(xi} SEQUENCE DESCRIPTION: SEQ ID NO:22:
Thr Ala Lys Ser Lys lys Phe Pro Ser Tyr Thr Ala

1 5 10
Thr Tyr Gln Phe

15
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{2) INFORMATION FOR SEQ ID NO:Z2:
(1) SEQUENCE CHARACTERISTICS:
{&) LENGTH: 6 amino acids
(B} TYPE: amino acid
(D} TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
Fro Pro Xaa Pro Xaa Pro

1 5

5]
e

INFORMATION FOR SEQ ID NO:24:
(i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 20 amino acigs
(B) TYPE: amino acig
(D) TOPOLGGY: linear
{ii}) MOLECULE TYPE: peptide
(xi} SEQUENCE DESCRIPTION: SEQ ID NO:24:
Glu Thr Gin Ile Gln Arg Arg Gln His Thr Asp Val
1 5 10
Ser Phe Ile Met Asp Arg Phe Val

15 20

{2y INFORMATICN TOR SEQ ID NO:25;
i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 18 amino acids
(BY TYPE: amino acid
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: peptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:
Lvys Lys Lys Ile 1le Thr Ile Thr Arg Ile Ile Thr

1 5 10
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Ile Ile Thr Thr Ile Asp

15

{2} INFORMATION FOR SEQ ID NO:Z6:

(1)

(i1}

(ix)

{ix)

{ix}

SEQUENCE CHARACTERISTICS:

(A} LENGTH: 19 amino acids

{B) TYPE: amino acid

{DY TOPOLOGY: linear
MOLECULE TYPE: peptide
FEATURE:

{A) NAME/KEY: Modified-

“BY LCOCATION: 4

iDy OTHER INFORMATION:
FZATURE:

By NAME/KEY: Modified-

{8y LOCATION: 7

!0} OTHER INFGQRMATION:
TEATURE:

{A) NAME/XEY: Modified-

‘B) LOCATION: B

(D) OTHER INFORMATION:
TZATURE:

{A) NAME/KEY: Modified-

{BY LOCATION: 12°

{D} OTHER INFORMATION:
TEATURE:

(A) NAME/KEY: Modified-

{B) LOCATION: 13

(D} OTHER INFORMATION:
FEATURE:

{A) NAME/KEY: Modified-

(B} LOCATION: 16

site

/note=

gite

/note=

site

/Jncce=

site

/note=

site

/note=

site

nT

Lvr

"Gly

"His

"Lys
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(DY OTHER INFORMATION: /note= "Gly or Thr"
{xi) SEQUENCE DESCRIPTION: SEQ ID NC:26:
Iie Ser Ile Xaa Glu Ile Xaa Xaa Val Ile Val Xaa
1 5 10
¥aa Ile Glu Xaa Ile Leu Phe

15

{2) INFORMATION FOR SEQ ID NO:27:
(i} SEQUE&CE CHARACTERISTICS:
{A) LENGTH: 65 aminoc acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide
{#i) SEQUENCE DESCRIPTION: SEQ ID NO:27:
Thr Ala Lys Ser Lys Lys Fhe Pro Ser Tvr Thr Ala
1 5 10
Thr Tyr Gln Phe Gly Gly Glu Thr Gln Ile Gln Arg
15 20
Arg Gln His Thr Asp Val Ser Phe Ile Met Asp Arg
25 30 35 |
Phe Val Gly Gly Cys Lys Tyr Ser Ala Ser Gly Ser
40 45
Gly Val Arg Gly Asp Phe Gly Ser leu Ala Pro Arg
50 55 60
Val Ala Arg Cys Leu
€5

{2) INFORMATION FOR SEQ ID NO:28:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 75 amino acids

(B)y TYPE: amino acid
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Thx

Thr

Arg

25

Phe

Gly

val A

Ala

Thr

Thr

Arg

25

Phe

(%1)

{D) TOPOLOGY:

{1i} MOLECULE TYPE: peptide

SEQUENCE DESCRIPTION: SEQ ID NO:28:

linear

Bla Lys Ser Lys Lys Phe Pro Ser

Tyr

Gln

Val

Val

50

Gln

15

His

Gly

Arg

hryg

Lys
75

5

Phe Gly Gly

Thr Asp Val
3C

Glg Asn Lys

40

Gly Asp Phe

Gln Leu Pro

&5

Glu

Ser

Tyr

Gly

55

Ala

Thr

20

Phe

Ser

Ser

Ser

Gln

Iile

Ala

45

Leu

Phe

INFORMATICN FOR SEQ ID NO:29:

(i}

{11)

(xi}

SEQUENCE CHARACTERISTICS:

{RY LENGTH: 75 amino acids

{B) TYPE: amino acid

(D) TOPOLOGY:

linear

MOLECULE TYPE: peptide

SEQUENCE DESCRIPTION:

Tyr

10

Ile

Met

Ser

ARla

Asn

70

Thr

SEQ ID NO:2%:

Ala

Arg

Arg

Ser

Arg

&0
Gly

Ala Lys Ser Lys Lys Phe Pro Ser Tyr Thr Ala

5

10

Tyr Gln Phe Gly Gly Glu Thr Gln Ile Gln Ary

15

20

Gln His Thr Asp Val Ser Phe Ile Met Asp Arg

30

35

Val Gly Gly Cys Lys Tyr Ser Ala Ser Gly Ser

40

45
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34

Gly Val Arg Gly Asp Phe Gly Ser

50

55

Val Ala Arg Cys Leu Pro ARla Ser

Bla

Ile Lys
75

65

Leu Ala Pro Arg

60

Phe Asn Tyr Gly

{2} INFCRMATION FOR SEQ ID NO:30

Thr

Thr

Lys

Fhe

(1) SEQUENCE CHARACTERISTICS:

(A)
(B)

(D}

LENGTH:

TYPE:

amino acid

TOPOLOGY :

linear

(ii) MOLECULE TYPE: peptide

(vi) SEQUENCE DESCRIPTICN:

Rla Lys

Glu Asn Ala

Val

Ser

50

Leu Ala

Phe Asn

75

ser

Ile

Val

40

Val

Gln

Tyr

Lys

=,
]

Gly

Val t

3
<
H

Thr

Lys
65

Gly

80 aminc acids

SEQ ID NO:30:

70

Lys Phe Pro Ser Tyr

Asn

Ala

Ala

y Ile

Lys

Gly

Val

55

hla

Ile

Ser

20

Ile

Asn

Arg

Arg

Lys
20

Ile

Glu

45

Gly

Cys

{2) INFORMATION FOR SEQ 1D NQ:31:

(1) SEQUENCE CHARACTERISTICS:

10

Ser

Gly

Lys

Asp

Thr

Ile
35

Tyr

Pro
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(A} LENGTH: 26 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
{xi} SEQUENCE DESCRIPTICN: SEQ ID NO:31:
Lvs Lys Lys Ile Ile Thr Iie Thr Arg ile Iie Thr
1 5 10
Ile Ile Thr Thr Ile Asp Gly Gly Cys Lys Tyr Gly
15 20
Glu Asn Ala Val Thr Asn Val Arg Gly Asp Leu Gln
25 30 35
Val Leu &la Gln Lys Ala Ala Arg Cys Leu Pro Thr

390 45

w1
l§1]
A
ry
g
(]

Asn T

s
=

Gly Ala Ile Lys
50 55

12) INFORMATION FOR SZ¢Q ID NO:32:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 72 amino acids
{B) TYPE: amino acid
{D) TOPOLCGY: linear
+ii) MOLECULE TYPZI: peptide
(i} SEQUENCE DESCRIPTION: SEQ 1D NO:32:
Thr Ala Lys Ser Lvs Lys Phe Pro Ser Tyr Thr Ala
1 5 10
Thr Tyr Gln Phe Gly Gly Lys Lys Lys Ile 1le Thr
15 20
Ile Thr Arg Ile Ile Thr Ile Ile Thr Thr Ile Asp
25 30 35
Gly Gily Cys Thr Tyr Gly Thr Gln Pro Ser Arg Arg
40 45

Gly Asp Met Ala Ala Leu Ala Gln Arg Leu Ser Arg
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50 55 60
Cys Leu Pro Thr Ser Phe Asn Tyr Gly Ala Val Lys
65 70

{2) INFORMATION FOR SEQ ID NO:33:
(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 55 amino acids
(B) TYPE: amino acid
{Dy TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:
Lys Lys Lys Ile Ile Thr Ile Thr Arg Ile Ile Thr
1 5 10
Ile Ile Thr Thr Ile Asp Gly Gly Cys Lys Tyr Ser
15 20

Val Ser Gly Ser Gly Arg Arg Gly Asp Leu Gly Ser

25 30 35

Leu Ala Ala Arg Val Ala Lys Cys Leu Pro Ala Ser
40 45

Phe Asn Tyr Gly Ala Ile Lys

50 55

{2} INFORMATION FOR SEQ ID NO:34:
{i) SEQUENCE CHARRACTERISTICS:
{A) LENGTH: 54 amino acids
(B} TYPE: amino acid
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide
(i) SEQUENCE DESCRIPTION: SEQ ID NO:34:

Lys Lys Lys Ile Ile Thr Ile Thr Arg Ilé Ile Thr

SUBSTITUTE SHEET (RULE 26)
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5 10

Iié Thr Thr Ile Asp Gly Gly Cys Lys Tyr Ser

15 20

Asp Gly Pro Arg Arg Gly Asp Met Gly Ser Leu

30 35

Ala Arg Ala Ala Lys Cys Leu Pro Ala Ser Phe

40 45

Tyr Gly Ala Ile Arg

50

INFORMATION FOR SEQ ID NO:35:

(i}

(i)

(ix)

(ix)

{ix)}

(ix)

SEQUENCE CHARACTERISTICS:
(A} LENGTH: 34 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear
MOLECULE TYPE: peptide
FEATURE:
{A) NAME/KEY: Modified-site
{B) LOCATION: 2
{D) OTHER INFORMATION: /note= "Lys, Thr, Pro or Arg"
FEATURE:
(&} NAME/KEY: Modified-site
{B) LOCATION: 3
(D} OTHER INFORMATION: /note= "Tyr or Ser"
FEATURE:
{A} NAME/KEY: Modified-site
{B) LOCARTION: 4
(D} OTHER INFORMATION: /note= "Ser, Gly or Pro"
FEATURE:
{A) NAME/KEY: Mcdified-site
{B) LOCATION: 5

SUBSTITUTE SHEET (RULE 26)
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(D} OTHER INFORMATION: /note= “Thr, Ala, Glu, Lys, Asn, Pro,
Arg or Ser"
(ix) FEATURE:
{(A) NAME/KEY: Modified-site
(BY LOCATION: 6

(D) OTHER INFORMATION: /note= "Asp, Gly, Gln, Ser, Ala, Pro,
Leu or Thr" .

{(ix) FEATURE:
(A} NAME/KEY: Modified-site
(B) LOCATION: 7
(D) OTHER INFORMATION: /note= "Gly, Pro, Asp, Arg or Thr"
(ix) FEATURE:
{A} NAME/KEY: Modified-site
(B} LOCATION: 8

(D} OTHER INFORMATION: /note= "Pro, Ser, Thr, Arg, Val, Gln
or Leu”

(ix) FEATURE:
{A) NAME/KEY: Modified-site
(B) LOCATION: 9
{D) OTHER INFCRMATION: /note= "Arg, Gly or Tyr"
(ix) FEATURE:
(A) NAME/KEY: Modified-site
{B) LOCATION: 10
(D) OTHER INFORMATION: /note= "Arg, Ser, Ala, Gly or Pro"
{ix) FEATURE:
{A} NAME/KEY: Modified-site
(B} LOCATION: 11
(D} OTHER INFORMATION: /note= "Gly or Asp"
(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 12
{D} CTHER INFORMATION: /note= "Asp or Pro"
{ix) FEATURE:

{A) NAME/KEY: Modified-site

SUBSTITUTE SHEET (RULE 26)
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Tyr n

(ix)

{ix)

(ix)

(ix)

(i}

{ix)

(ix)

39 PCT/US99/13921

(B} LOCATION: 13

(D} OTHER INFORMATION: /notre= "Met, Leu, Thr or Arg"
FEATURE:

{A) NAME/KEY: Modified-site

{B) LOCATION: 14

(DY OTHER INFORMATICN: /note= “Gly, Ala, Pro or Trp"
FEATURE:

(A} NAME/KEY: Modified-site

(B LOCATION: 15

{D) OTHER INFORMATION: /note= "Ser, Pro, Ala, Val or Arg"
FEATURE:

(A) NAME/KEY: Modified-site

{B) LOCATION: 16

(D} OTHER INFORMABTION: /note= "Leu, Pro, Thr or Ile"”
FEATURE:

{a) NAME/KEY: Modified-site

(B LOCATION: 17

(D} OTHER INFORMATION: /note= Ala, Thr, Leu, Ile or Arg"
FEATURE:

{R) NAME/KEY: Modified-site

{B} LOCATION: 18

{D) OTHER INFORMATICN: /note= "Ala, Gln, Gly or Thr"
FEATURE:

{Ah) WAME/KEY: Modified-site
(B) LOCATION: 19

{D) OTHER INFORMATION: /note= "“Arg, Glu or Lys"
FEATURE:

{3} NAME/KEY: Modified-site
(B} LOCATION: 20

(D} OTHER INFORMATION: /note= "Ala, Val, Leu, Asp, Thr or

FEATURE:

(A} NAME/KEY: Modified-site

SUBSTITUTE SHEET (RULE 28)



WO 99/66954 - a0 - PCTNUS99/13921
(BY LOCATION: 21
(D) OTHER INFORMATION: /note= "Ala, Ser or Arg"
(ix) FEATURE:
(AR} NAME/KEY: Modified-site
(B) LOCATION: 22
(D) OTHER INFORMATION: /note= "Lys, Arg, Thr, Asn or Ala”
{ix} FEATURE:
{a) NAME/KEY: Modified-site
(B) LOCATION: 24
{D) OTHER INFORMATION: /note= "Leu, Pro or Thr"
{ix) FEATURE:
{A) NAME/KEY: Modified-site
{B) LOCATION: 25
(DY OTHER INFORMATION: /note= "Pro or Ser™
{ix) FEATURE:
(A) NAME/KEY: Modified-site
(B} LCCATION: 26
(D} OTHER INFORMATION: /note= "Ala or Thr"”
1ix) FEATURE:
(AR} NAME/KEY: Modified-site
{BY LOCATION: 30
{D) OTHER INFORMATION: /note= "“"Tyr or Phe"
(ix) FEATURE:
{A) NAME/KEY: Modified-site
(B) LOCATION: 33
(D) OTHER INFORMATION: /note= "Ile or Val"
(ix} FEATURE:
(A) NAME/KEY: Modified-site
(B} LOCATION: 34
(D} OTHER INFORMATION: /note= "Arg, Lys or Gln"
{xi} SEQUENCE DESCRIPTION: SEQ ID NO:35:
Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

1 5 10

SUBSTITUTE SHEET (RULE 26)
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Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa

15 20
¥Xaa Xaa Ser Phe Asn Xaa Gly Ala Xaa Xaa
25 30

{2} INFORMATION FOR SEQ ID NO:36:
(i) SEQUENCE CHARACTERISTICS:
N FENGTH: 15 amine acids
(B} TYPE: amino acid
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
{ix} FEARTURE:
(A} NAME/KEY: Modified-site
{B) LOCATION: 1
{D} OTHER INFORMATION: /note=
{(ix) FEATURE:
{AY NAME/KEY: Modified-site
(B) LOCATION: 2
{D) OTHER INFCRMATION: /notes=
(ix} FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 4
(D) OTHER INFCORMATICON: /note=
{ix) FEATURE:
{Ah) NAME/KEY: Modified-site
{B} LOCATION: 5
(D} OTHER INFORMATION: /note=
f{ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 10
(D) OTHER INFORMATION: /notes=
(ix} FEATURE:

"Ile,

"Ser

"Ile

"LYS

"His

SUBSTITUTE SHEET (RULE 26)
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{1x}

{ix}

{xi)
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{A) NAME/KEY: Modified-site
(B} LOCATION: 11

(D} OTHER INFORMATION: /note= "Lys or Arg"

FEATURE:

{A) NAME/KEY: Modified-site

(B} LOCATION: 12

(D) OTHER INFORMATION: /note= "Ile, Met or Leu"™
FEATURE:

(A} NAME/KEY: Modified-site

(B) LOCATION: 14

(D) OTHER INFORMATIONW: /note= "Gly or Thr"
FEATURE:

{A) NAME/KEY: Modified-site

(B} LOCATION: 15

{D) OTHER INFORMATION: /note= "Ile, Met or Val"
SEQUENCE DESCRIPTION: SEQ ID NO:36:

Xaa Xaa Glu Xaa Xaa Gly Val Ile Val Xaa Xaa Xaa

1

5 10

Glu Xaza Xaa

18

{2} INFORMATION FOR SEQ ID NO:37:

(1)

(ii)

{ix)

(ix)

SEQUENCE CHARARCTERISTICS:
(A) LENGTH: 15 amino acids
{B) TYPE: amino acid
(D} TOPOLOGY: linear

MOLECULE TYPE: peptide

FEATURE:

(A) NAME/KEY: Modified-site
{B] LOCATION: 2

(D) OTHER INFORMATION: /note= "Ser or Thr"
FEATURE:

{RY NAME/KEY: Modified-site

SUBSTITUTE SHEET (RULE 26)
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{B) LOCATION: 5
(D) OTHER INFORMATION: /note= "Lys or
{ix) FEATURE:
{A} NAME/KEY: Modified-site
(B) LOCATION: 6
(D} OTHER INFORMATION: /note= "Gly or
(ix) FEATURE:
{A) NAME/KEY: Modified~site
(B) LOCATION: 10
(D} OTHER INFORMATION: /note= "“His or
(ix) FEATURE:
{a) NAME/KEY: Modified-site
{B) LOCATION: 11
(D} OTHER INFORMATION: /note= "Lys or
(ix) FEATURE:
(A} NAME/KEY: Modified-site
(B) LOCATION: 14
(D) OTHER INFORMATICN: /note= "Gly or
{xi) SEQUENCE DESCRIFTION: SEQ ID NO:37:
Tle ¥Xaa Glu 1le Xaa Xaa Val Ile Val Xaa Xaa Ile
1 5 10
Glu Xaa Ile

15

SUBSTITUTE SHEET (RULE 26)
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