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SELF-ASSSEMBLING NANOSTRUCTURE VACCINES

CROSS REFRENCE

{0001 'This application claimos priority to U.S. Provisional Patent Application Serial Nos.
62/636,757 filed Febroary 28, 2018 and 62/724,721 filed August 30, 2018, cach incorporated

by reference herein in its entirety.

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

6002} This application is being filed electromically via EF5-Web and includes an
clectronically submitted sequence listing in txt format. The .txt file contains a sequence
listing entitled “ICVX 001 0ZWO _Seqglist 5T251xt” created on February 27, 2019 and

having a size of ~ 373 kilobytes.

FIELD OF THE INVENTION

HEEIRY The present disclosure relates generally to vaccmes and methods of use thereof,
Specifically, the disclosure relates to nanostructure-based vaccines capable of eliciting
immune responses fo antigens, such as antigenic proteins of varnious infectious agents,

meluding bactena, viruses, and parasites.

BACKGROUND OF THE INVENTION

004} Vaccination is a treatment modality used to prevent or decrease the sevenity of
mfection with various mfectious agents, including bacteria, viruses, and parasites.
Development of new vaccines bas important commercial and public health implications. In
particular, lvme disease, pertussis, herpes virus, orthomyxovirus, paramyxovirus,
preumovirus, filovirus, flavivirus, reovirus, retrovirus, and malaria are infectious agents for

which vaccines already exist, are being developed, or would be desirable.

[005] Subunit vaceines are vaccines made from isolated antigens, usually proteins
expressed recombinantly in bacterial, msect, or mammalian cell hosts. Typically, the

antigenic component of a subunit vaccine is selected from among the proteins of an infectious
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agent observed to elicit a natural immune response upon infection, although m some cases
other components of the infectious agent can be used. Typical antigens for use in subunit
vaccines mclude protein expressed on the surface of the target infectious agent, as such
surface-expressed envelope glveoproteins of viruses. Preferably, the antigen is a target for
neutralizing antibodics. More preferably, the antigen is a target for broadly neutralizing
antibodics, such that the immune response to the antigen covers immunity against multiple
strains of the infectious agent. In some cases, glvcans that are N-linked or O-linked to the
subunit vaccine may also be important n vaceination, either by contributing to the epitope of
the antigen or by guiding the immune response to particular epriopes on the antigen by steric
hindrance. The immune response that occurs 1 response to vaccination may be direct to the
protein itself, to the glvean, or to both the protein and linked glycans. Subunit vaccines have
various advantages mcloding that they contain no live pathogen, which climinates concerns
about infection of the patient by the vaccine; they may be designed using standard genetic
engincering techniques; they are more homogenous than other forms of vaccine; and they can
be manufactured in standardized recombinant protein expression production systems using
well-characterized expression systems. In some cases, the antigen may be genetically
engineered to favor generation of desirable antibodies, such as neutralizing or broadly
neutralizmg antibodics. In particular, structural information about an antigen of intercst,
obtained by X-ray crystallography, electron microscopy, or nuclear magnetic resonance

experiments, can be used to guide rational design of subunit vaccines.

HEEEY! A known hmtation of subunit vaccines 1s that the imunune response elicited may
sometimes be weaker than the immune response to other tvpes of vaccines, such as whole
virus, live, or live attenuated vaccines. The present inventors have recognized and herein
disclose that nanostracture-based vaccmes have the potential to harness the advantages of
subunit vacoines while increasing the potency and breadth of the vaccine-induced immune
response through multivalent display of the antigen in syounetrically ordered arrays.
Nanostructure-based vaccines are one form of “nanoparticle vaccine” In the present
disclosure, nanostructure-based vaccines are distinguished from nanoparticle vaccines,
because the term nanoparticle vaccine has been used in the art o refer to protein-based or
glycoprotein-based vaccines {see, e.g. U.S. Patent No. US 9,441,019), polymerized liposomes
(see, e.g., US Patent No. 7,285,289}, surfactant mucelles (see. e.g., US Patent Pub. No. US
2004/G038406 A1), and synthetic biodegradable particles (see, ez, US Patent No. US

8,323,696). Nanostructurc-based vaccination represents a paradigm in vaccination with
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significant commercial and public health mmplications. Thus, there exists a nced for
nanostructure-based vaccines and methods of use thereof for eliciting immune responses to
nfectiocus agents, such as bactena, viruses, and parasites; and for preventing or decreasing the
severity of infection with an infectious agent mcluding, for example and without himitation,
lyme discase, pertussis, herpes virus, orthomyxovirgs, paramyxovirus, poeumovirgs,

flovieus, flavivinis, reovirus, retrovirus, meningococcus, and malaria,

SUMMARY OF THE INVENTION

[6007] Described herein are nanostructures, vaccines, methods of use thereof, and

methods of making said nanostructures.

[B008] In one aspect, the present disclosure provides nanostructures comprising a first
plurality of polypeptides, wherein the first pluraiity of polypepiides are arranged according to
at least one symmetry operator; the nanostructure comprises a first plurality of antigens; each
of the first plurality of the antigens hag a proximal end and a distal end; and the proximal

ends of the antigens are cach attached o a member of the first plurality of polypeptides.

{089 In another aspect, the present disclosure provides vaccines comprising any of the
nanostructures of the present disclosure, wherein the vaccine is capable of ehiciting a
neutralizing antibody response to an infectious agent. In an embodiment, the vaccine i3

provided in a pharmaceutical composition.

{6014} In another aspect, the present disclosure provides methods of generating immunity
to an infoctious agent in a subject, comprising administering any of the vaccines of the

present disclosure.

{6611} In another aspect, the present disclosure provides methods of making any of the
nanostructures of the present disclosure by in vifro assembly of component purified from one
or more recombinant expression systems. In another aspect, the present disclosure provides
methods of making anv of the nanostructures of the present disclosure by co-expression of all
coraponents n a recombinant expression system, thereby generating the nanostructure, and

purifying the nanostructure.

{6612} In an embodiment of the nanostructures of the present disclosure, the

nanostructure further comprises a second plurality of polypeptides, wherein the second

3



WO 2019/169120 PCT/US2019/020029

plurality of polvpeptides is attached to the first plurality of polypeptides. In an embodiment,
the nanostructure further comprises a second plurality of antigens. In an embodiment, the
nanostructure further comprises a second plurality of antigens, cach of the second plurality of
second antigens has a proximal end and a distal end, and the proximal ends of the second
antigens are each attached to a member of the second plurality of polypeptides; and
optionally, the proximal cnds of the antigens are the N termini of the antigens or the C

termini of the antigens.

{601 3] In an embodiment of the nanostructures of the present disclosure, the plurality of
antigens is a plurality of antigenic proteins or antigenic fragments thereof. In an embodiment,
the antigenic protein of the nanostructure is selected from SEQ ID NQGs: 52-88 and 90-113 or
a variant thereof; or the antigenic protein is at feast 73, 80, 85, 90, 95, or 99% identical to a
polypeptide selected from SHQ 1D NOs: 52-88 and 90-97; or the antigenic proten is any of
the following: HIV Env, RSV F, Influenza HA EBV gp350, UMV gB, CMV ULI28, CMV
UL130, CMV UL131A, CMV gH, CMV gL, Lyvme OspA, Pertussis toxin, Dengue E. SARS
8, MERS S, Zaire ebolavirus GP, Sudan ebolavirus GP, Marburg virus GP, Hanta virus Gn,
Hanta virus Ge, HepB surface anuigen, Measles H, Zika envelope domain 11, Malana CSP,
Malaria P£325, MenB fHbp, MenB NadA, MenB NHBA | Nipah virus F, Nipah viras G,
Rotavirus VP4, Rotavirus VP8*, hMPV F hMPV G, PV F, or PV HN &,

{6614] In an embodiment, the nanostructure is configured to display a target epitope of
the antigen; and optionally, the target epitope is accessible to an antibody as detined herein
below. In any embodiment where the nanostructure comprises a plurality of antigenic
proteins, optionally the nanostructure is configured to elicit an immune response to the first
plurality of antigenic proteins, which immune response is preferentially directed to a target
epitope of the antigenic protein. In embodiments of the present disclosure, the target epitope
is conserved, it is an epifope for neutralizing antibodies, 1t 15 an epitope for cross-reactive

antibodies, or it 1s an epitope for a broadly-neutralizing antibody.

{601 5] In an embodiment of the nanostructures of the present disclosure, the plurality of
antigens comprises at keast one mutation selected from the group consisting of an interface-
stabilizing mutation, complementary cvsicine mutations configured to result in a disulfide
bond, deletion of a loop, addition of an N-linked glycosviation site, removal of an N-linked
glveosylation site, an epitope-destroying mutation, and an epitope-creating mutation. In an
embodiment, the plurality of antigens comprises an antigenic oligosaccharide.

4
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{0016} In an embodiment of the vaceines of the present disclosure, the neutralizing
antibody response is protective against mfection by an infectious agent. In an embodiment,
the neutralizing antibody response is broadly-neutralizing against diverse strains of an
mfectious agent. fn an embodiment, the infectious agent is any of the following: lyme
discase, pertussis, herpesviras, orthomyxovirus, paramyxovirus, pneumovirus, filovirus,
Havivirus, reoviras, retrovirus, meningococcus, of malana. In an embodiment, the infectious
agent is a virus selected from the followmg: HIV, RSV, Influenza, EBY, CMV, Dengue,
Severe Acute Respiratory Syndrome (SARS) virus, Middle East Respiratory Syndrome
{MERS) virus, Ebola virus, Marburg viras, Hanta virus, Hepatitis B, HPVY, Measles, Nipah
virus, Rotavirus, Metapneumo virus, Parainfluenza virus, and Zika. In an embodiment, the
mfectious agent is lyme disease or pertusais. In an embodiment, the mnfectious agent is

malana. In an embodiment, the infectious agent 18 meningococcus.

{6617} In an embodiment of the methods of generating immunity of the present
disclosure, the method further compnises adounistering an adjuvant. In an embodiment, the
method further comprises administering the vaccing repeatedly. In an cmbodiment, the
method further comprises admmistering a second vaccine which 1s selected from following: a
nanoparticle-based vaccine, a protein-based vaccine, a live vaccine, a live attenuated vaccine,
a whole germ vaccine, a DNA vaccine, or a RNA vaccine; and optionally the first vaccine is
a prime and the second vaccine is a boost, or optionally the second vaceine is a prime and the
first vaceine 1s a boost. In an embodiment, the method induces directed affinity maturation. In

an embodiment, the method results in a broadly-neutralizing iramune response.

{3018} In an embodiment of the methods of making any of the nanostructures of the
present disclosure, the method achieves i vifro assembly of the nanostructure by sequentially
or non-sequentially expressing the first plurality of polvpeptides in a first recombinant
expression system, expressing the fivst plurality of antigens in a second recombinant
expression system, purifying the first plurality of polvpeptides, purifving the first phurality of
antigens, provided that expression of each component precedes purification of that
coraponent; and then mixing the first plurality of polypeptides and the fust plurality of

antigens; thereby generating the nanostructurs,

{6619} In an embodiment of the methods of making a nanostruciure, the method achieves
in vifro assembly of the nanostructure by sequentially or non-sequentially expressing the first
plurality of polypeptides in a first recombinant expression system, expressing the first

5
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plurality of antigens in a second recombinant expression system, expressing the second
plurality of polypeptides in a third recombinant expression system, purifving the first
plurality of polypeptides, punifying the first plurality of antigens, purifying the second
plurality of polypeptides, provided that expression of each component precedes purification
of that component; and mixing the first plurality of polypeptides, the first plurality of
antigens, and the second plurality of polypeptides; thereby generating the nanostructure.
Optionally, the first recombinant expression system and the second recombinant expression
system are the same, and the first plurality of polypeptides and the first plurality of antigens

are purified together.

6020} In an embodiment of the methods of making a nanostructure, the method
comprises cxpressing the first plurality of polypeptides and the first plurality of antigens in a
single recombinant expression system, thercby gencrating the nanostructure, and purifving
the nanostructure. In an embodiment, the method comprises expressing the first plurality of
polypeptides, the first plurality of antigens, and the second plurality of polypeptides m a
single recombinant expression system, thereby generating the nanostructure, and punfying
the nanostructure. In an embodiment, optionally, the first plurality of polypeptides and the
first phurality of antigens are encoded by a single open reading frame; and optionally, the
single open reading frame encodes a fusion protein of the polypeptide and the antigen; and

optionally, the single open reading frame encodes a self-cleaving peptide.

{0021 The foregoing paragraphs are not intended to define every aspect of the invention,
and additional aspects arc desenibed in other sections, such as the Detailed Description. The
entire document is intended to be related as a unificd disclosure, and 1t shouold be understood
that all combinations of features described herein are contemplated, even if the combination
of teatures are not found together in the same sentence, or paragraph, or section of this
document. The invention mcludes, as an additional aspect, all embodiments of the invention
narrower in scope in any way than the varations defined by specific paragraphs above. For
example, where certain aspects of the invention that are described as a genus, it should be

understood that every member of a genus 1s, individually, an aspect of the invention.

BRIEF DESCRIPTION OF THE BRAWINGS

{6022} FIG. 1A shows a schematic diagram of the production of antigen-bearing

nanostructures by ir vifro assembly. The two components or building blocks of a given

6
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nanostructure can be expressed and purtfied mdividually, which allows assembly of the

nanosteucture to be mitiated by mixing the purified components in vifro, a process referred to
as in vitro assembly. In some embodiments, the two components of the nanostructure may be
expressed in different expression hosts (e.g., human HEK293F cells or bactenal £, cofi cells).
The figure schematically depicts assembly of a 120-subunit nanostructure bearing 20 trimeric
antigens {60 antigen subunits) via in vifro assembly of an antigen-nanostructure trimer fision

protein produced mn HEKZ293F cells and a nanostructure pentamer protein produced in £, cofi.
{0023} FIG. 1B depicts example nanostructure architectures.

1006247 FiGs. 2A-2C shows graphs tllustrating detection of secreted DS-Cavl (FIG. 2A),
DS-Cavi-toldon-T33-31A (FIG. 2B), and D5-Cavl-T33-31A (FIG. 2C) fusion proteins in
tissue colture supernatants, ELISA assavs were performed on tissue culture supernatants from
cells expressing DS-Cavl (top). DS-Cav-1-foldon-T33-31A/T33-318 (bottom left}), and D5~
Cav-1-T33-31A/T33-31B (botiom right). Four different monoclonal antibodics that bind RSV
F were used to evaluate the presence of DS-Cavl or BS-Cavl fusion proteins in the
supernatants. The results confirm the secretion of proteins comprising well-folded RSV F

antigen.

180251  FIG. 3 shows size-exclusion chromatography of DS-Cavi-I53-50A. Protein
purified from tissue culture supernatants by immaobilized metal affinity chromatography was
applied 1o a Superose 6 10/300 GL size exclusion column. The protemn eluted as a single,

monodisperse species.

18026] FIG. 4 shows size exclusion chromatography of in vitro-assembled DS-Cavl1-153-
50 nanostructures. Purified DS-Cav1-153-50A and [33-50B 4PT1 proteins were mixed at an
approximately 1:1 molar ratio, incubated overnight at 4 °C, and then applied to a Sephacryl
5-500 16/60 HR size exclusion column. The assembled nanostructure eluted as a single,
monodisperse peak around 63 mL, while excess BS-Cav1-133-50A trimeric component

ehuted around 90 mL.

86277  FIG. 5 shows a negative stain electron micrograph and two-dimensional class
averages of in virro-assembled DS-Cav1-153-50 nanostructares. In vitro-assembled DS-
Cav1-I53-30 nanostructures, purified by size exclusion chromatography, were imaged by
negative stain electron microscopy (top). Averaging many nanostractures yielded two-
dimensional class averages {(bottom) that indicate that the 153-50 portion of the

7
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nanostructures is highly ordered and consistent, while the precise three-dimensional position
of the displayed antigen vanes shightly dug to the flexible nature of the linker between the

D5-Cavl and 153-50A domains of the DS-Cav1-153-50A fusion protein.

[0028]  FiGs. 6A-6C shows a serics of graphs depicting the antigenicity of DS-Cavl-[33-
50 nanostructures. Analyais of purified D5-Cav1-153-30 nanostructures by ELISA (FIG. 6A)
using four RSV F-gpecific monoclonal antibodies, including the prefusion-specific antibodies
MPES, D25, and RS5D35, indicated that the DS-Cavl antigen is correctly folded and
maintained in the prefusion state when multivalently displaved on DS-Cavi-153-50
nanostructures. This finding was confirmed by surface plasmon resonance measurements
using multiple RSV Fegpeaific antibodies, which, when compared to trimenc DS-Cavl (FIG.
6(), further suggested that multivalent display of DS-Cavl (FIG. 6B) resalis in an avidity

effect that reduces the dissociation rate of the antibodies.

{0029]  FIG. 7 is a graph depicting DS-Cavl-specific serum antibody titers from mice
mmunized with DS-Cav 1-153-30 nanostructures. Groups of mice were immunized with 153-
50 nanostructures lacking additional antigen, trimeric DS-Cavl, or 153-50 nanostructores
bearing DS-Cavi antigen at 33%, 66%, or 100% valency. BS-Cavi-gpecific serum antibody
titers were measured by ELISA on plates coated with DS-Cavl. Serum antibody titers for
cach mouse are plotted as circles, with the geometric mean within cach group plotted as a

horizontal line and reported mumerically at bottom.

[8038]  FIG. 8 is a graph depicting serum neutralization activity clicited by immunization
with D8-Cav1-153-50 nanostructures. Groups of mice were immunized with 153-50
nanostructures lacking additional antigen, trimeric D8-Cavl, or I53-50 nanostructures
bearing D5-Cav] antigen at 33%, 669, or 100% valency. Neutralization titers for cach
mouse are plotted as circles, with the geometric mean within each group plotted as a

hornzontal line.

10631} FIGs. SA-9B arc graphs depicting immunogenicity in a primate immune system
clicited by tmmunization with DS-Cavi-foldon 153-50 nanostructures. Rhesus macaques
were injected with DS-Cavi-foldon-153-30 nanostructures intramuscularly at weeks 0 and 4
with either free DS-Cavl tnmer or BS-Cav1-foldon-153-50 nanostructures displaying DS-
Cavl at 100% valency . In both cases, the dose of DS-Cavl antigen was 30 pg, and the

mmunogens were formulated with the MF39-like, squalene-based oil-in-water emulsion
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adjuvant SWE. Sera obtained from the animals at weeks 6 and 16 were evaluated for anti-DS-

Cavl antibody titers (FIG. 9A} and RSV -neutralizing antibody titers (FIG. 9A).

{032] FIG. 10 1s a graph depicting the physical stability of BS-Cavl when fused to {53-
50A and/or when further assembled into the icosahedral nanostructure. Samples of timeric
DS-Cavl, trimenc DS-Cavi-foldon—153-304, and DS5-Cavi-foldon—153-30 nanostructures
containing equivalent concentrations (50 nM) of BS-Cavl were split into four aliquots and
mcubated at 20, 50, 70 or 80 °C for 1 hour. After cooling to room temperature, D25 binding

was assayed by surface plasmon resonance (SPR).

{033] FiGs. 11A-11J arc graphs depicting physical stability of the
nanostructurcs. Chemical denaturation in guaniding hydrochloride (GdnHC), monitored by
miringic tryptophan fluorescence, was used as a second, antibody-independent technigue to
evaluate physical stability of tnmeric DS-Cavl (FIG. 1A and FIG. 1B), DS-Cavl-foldon-
1533-50A (FIG. 1C and FIG. 1D}, DS-Cav-foldon-I53-530 (FIG. 1E and FIG. 1F), I53-50
(FI1G. 1G and FIG. TH), and I53-50A (FIG. 1{ and FIG. 11]). The data indicate superior
physical stability of the DS-Cavl antigen when genetically fused to the I53-30A

nanostructure component.

DETAILED DESCRIPTION

{6634} The present disclosure relates to nanostructures and nanostructore-based vaccings.
Some nanostructures of the present disclosure display antigens capable of cliciting imnwne
responses to infectious agents, such as bacteria, viruses, and parasites. Some vaceines of the
present disclosure are useful for preventing or decreasing the severity of mfection with an
mfectious agent including, for example and without limitation, lyme disease, pertussis, herpes
virus, orthomyxovirus, paramyxovirus, pneumovirus, filovirus, flavivirus, reovirus,
retrovirus, meningococcus, and malara. The antigens may be attached to the core of the
nanostructure either non-covalently or covalently, including as a fusion protein or by other
means disclosed herein. Multimeric antigens may optionally be displayed along a symmetiry
axis of the nanostructure. Also provided are proteins and nucleic acid molecules encoding

such proteins, formulations, and methods of use.

{8635} Before the present invention is further described, it 1 {0 be understood that this
mvention is not hmited to particular embodiments described, as such may, of course, vary. It

9
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is also to be understood that the terminology used herein 1s for the purpose of describing
particular embodiments only, and is not intended to be limiting, since the scope of the present

mvention will be luntted only by the claims.

1. Overview of Nanostruciures

[0036] The nanostructures of the present invention may comprise multimeric protein
assemblies adapted for display of antigens or antigenic fragments. The nanostructures of the
present vention comprise at feast a first plurality of polypeptides. The first plurality of
polypeptides may be denved from a naturally-occurring protein sequence by substitution of at
least one amino acid residue or by additional at the N- or C-termunus of one or more residues.
In some cases, the first plurality of polypeptides comprises a gene sequence determined de
novo by computational methods. This first plurality of polypeptides may form the entire
nanostructure; or the nanostructure may comwise one or more additional polvpeptides, such
that the nanostructure comprises two, three, four, five, six, seven, or more pluralities of
polypeptides. In some cases, the first plurality will form trimers related by 3-fold rotational
symmetry and the second phurabity will form pentamers related by 5-fold rotational
symmetry. Together these one or more pluralities of polypeptides may be arranged such that
the members of each plurality of polypeptides are related to one another by symmetry
operators. A general computational method for designing self-assembling protein materialg,
mvolving sviametrical docking of protein building blocks in a target synmetric architecture,

1s disclosed i U.S. Patent Pub. No. 1S 2015/0356240 A 1.

{6637} The “core” of the nanostructure is used herein to describe the central portion of
the nanostructure that links together the antigens or antigenic fragments displaved by the
nanostructure. In an embodiment, the core and the displayed antigens are the same
polypeptide, meaning that antigens arc themselves capable of scif-assembly into a
nanostructure. An advantage of designing the antigens themselves to self-assemble 1s that the
entire nanostructure then acts as the antigenic component of the vaccine. But in an
embodiment, the cores of the nanocstructures of the present disclosure are genernic platforms
adaptable for display of anv of various antigens that one might sclect tor inclusion in a
vaccine. An advantage of designming a core to be a generic platform is that the one or more
pluralities of polypeptides that comprise the core can be designed and optimized in advance
and then applied to different antigens. It will be vnderstood that in some ¢ases, the same
polypeptide may form a portion of the “core” and then extend outward as either an adaptor

10
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for attachment of an antigen and as the antigen itself (i.e., a fusion protein with the antigen).
In embodiments of the present disclosure, the antigen 1s a protein, glveoprotein, or

oligosaccharide of an infectious agent.

{6638} In some cases, self-assembly may be further promoted by multimerization of the
antigen even though the core would, in absence of the antigen, be independently capable of
self-assembly. This would be the case for example when a homo-trimeric antigen (such as
HIV gpl40, influenza HA. or RSV F protein) is the antigen, or one of scveral antigens,
displaved on the particle. In some cases, a trimeric antigen placed along a 3-fold axis of the
nanostructure promotes proper folding and conformation stability of the antigen and makes
self-assembly of the nanostructure a cooperative process, in that the antigen is trimerized
property in part due 1o its display on a 3-fold axis of the core of the nanocstructure, and the
nanostructure is stabilized in its assembled form, at feast in part, by non-covalent or covalent
mteractions amongst the trimer units. In some cases, introduction of mutations to the antigen
or to the nanostructure components may optionally further stabilize assembly, in particular if
cvstcine residues are position to create intramaolecular disulfide bonds. In some examples, a
dimeric, trimeric, tetrameric, pentameric, or hexameric anfigen is displayed upon a core
designed to have a matching 2-fold, 3-fold, 4-fold, 5-fold, or 6-fold symmetry axis sach that
the core accommodates the arrangement of the multimeric antigen with the native symmetry

of the antigen.

2. Various Non-Limiting Examples of Nanestructures

{6639] A non-limiting example of an embodiment 15 shown in FIG. 1A, which depicts
the RSV F protein genetically fused to a component (a first plurality of polvpeptides) of the
nanostructure, which is expressed recombinantly in 293F cells; along with a pentameric
protein assembly (a second plurality of polypeptides), which is expressed recombimantly in £
coli cells, these two pluralities of polypeptides self-assembling into a nanostructure (a
“designed nanoparticle immunogen”} displaying 20 F-protein trimers around an icosahedral
core. fn this embodiment. the core has a generic design. As explaimed below, o other
embodiments, the RSV F protein is replaced with other another antigen protein, such as a
trimeric glycoprotein from another virus. In some embodiments, the nanostructure comprises
the trimeric glveoproteins of HIV-1, HIV-2, EBY, CMV, RSV influenza, Ebola, Marburg,
DBengue, SARS, MERS, Hantaan, or Zika virus. In some embodiments, the nanostructore
coraprses the trimeric glvcoproteins of viruses that arc related evolutionarily or in sequence
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wentity to any of these exemplary virnus, including without limitation, a herpes virus,
orthomyxovirus, paramyxovirus, pneamovirys, filovirus, flavivirus, reoviras, or retrovirus. in
an cmbodiment, the nanostructure comprises the extraceliular domain or domains of a
transmembrane protein or glycoprotein, or an antigenic fragment thereof. In some
embodiments, the nancstructure comprises the antigen proteins or protein fragments or
antigenic oligosaccharides of a bacterial pathogen, including without limitation, Neisseria
meningitides (also known as “meningococcus™), Haemophilus influenzae type B,

Streptococcus prewmonia, and Listeria monocyviogenes.

(040} Trimeric antigens that may be used with this or similar nanostruciures are in some
cases, without imitation, HIV gp140, influenza HA | dengue E protein, or Ebola sGP. When
other trimeric antigens are used, they may optionally be placed on the 3-fold symmetry axis
of the nanostructure. fn some cases, the antigen chosen 1s monomerie and nevertheless placed
on a 3-fold axis. Thus, the nanostructure depicied in FIG, 1A 13 capable of displaying 20
timeric antigens or 60 monomeric antigens. Additionally or altematively the pentameric
coraplexes of the nanostructure 1s used to display a 12 pentamceric antigens or 70 monomeric
antigens. In an embodiment, the nanostructure comprises 20 copies of a trimeric antigen and

12 copies of a pentameric antigen.

2.1, Napostructure Cores

[6041] Other potential arrangements of polypeptides of the present disclosure are shown
m FIG. 1B. In some embodiments, the nanostructure is adapted for display of up to 8 trimers;
& timers and 12 dimers; 6 tetramers and 12 dimers; 6 tetramers and 8 trimers; 20 trimers and
30 dimers; 4 tnmers and 6 dimers; 4 first trimers and 4 second trimers, or & trimers; 12
pentamers and 20 trimers; or 12 pentamers and 30 dimers; or 4 timers. In some cases, one of
the symmetric axes is not used for antigen display, thus, in some embodiments the
nanostructure is adapted for display of up to 8 trimers; 12 dimers; 6 tetramers; 20 trimers; 30
dimers; 4 trimers; 6 dimers; 8 trimers; or 12 pentamers. In some cases, monomeric antigens
arc displaved and thus, the nanostructure is adapted for display of up to 12, 24, 60, or 70
monomeric anfigens. In some cases, the nanostructure comprises mixed pluralities of
polypeptides such that otherwise identical polypeptides of the core of the nanostructure
display different antigens or no antigen. Thus, depending on the ratio of polypeptides, the
nanostructure is in some cases adapted for display of between 1 and 130 antigens {e.g., on the

152 particle) where cach of the antigens displaved may be the same or may be different
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members of mixed population in proportion to any ratio chosen. The antigens may be co-
expressed in a recombinant expression system and self-assembled before purification.
Alternatively, the antigens may be cxpressed separately and then mixed together, cither
before or atter purification from expression host and associated contammants. In various
embodiments, 1,2,3,4,5,6,7,8 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24,
25,26, 27,28, 29, 30, or more antigens are displaved. Non-linuting exemplary nanostructures
are provided in Bale ot al. Science 333:389-94 (2016); Heinze et al. J. Phays. Chem B.
120:5945-5952 (2016}, King et al. Naure 510:103-108 (2014); and King et al. Science
336:1171-71 (2012).

2.2, Mixed Nanostructures

[0042] In some embodiments, the nanostructure displays two or more antigens from the
same orgamism, such as without limitation HIV gpl140 and HIV gp41; or Ebola virus GP, and
GPy; or Measles H and F proteins; or CMV gB and CMY UL128, UL130, UL131A, gH
{(UL75} and gl (UL 115}, on the same nanostructure. In some cases, the nanostracture
displays two antigenic proteins or glveoprotemns that arc generated by post-transeriptional
cleavage, such as cleavage of RSV F protem or mfluenza HA protein by proteases

endogenous to the recombinant expression system, or by proteases supphied exogenously.

[3043] In some cases, the nanostructare is adapted to display the same antigen from two
or more diverse strain of a pathogenic organism. In non-limiting examples, the same
nanostructure displays mixed populations of homotrimaeric protein antigens or mixed
heterotrimers of protein antigens trom different strains of the infectious agent. In an
embodiment, the nanostructure displays the HA proteins of an HINT influenza A and of an
H3N2 influcnza A proteins. In an embodiment, the nanostructure displays the HA proteins of
an influenza A and of an influenza B. In an embodiment, the gpl40 proteins from diverse
strains of HIV are displayed on a single nanostructure. Two, three, four, five, or six straing of
HIV may be displayed by the same nanostructure. Without being bound by theory, an
advantage of such a mixed nanostructure is that it promotes the generation of cross-reactive
or broadly neutralizing immune responses. In some cases, the nanostructure-based vaccing of
the present disclosure 18 a universal nfluenza vaccine. In some cases, the nanostructure-based
vaccing of the present disclosure s an HIV vaccing. In some case, the nanostructure-based
vaccine of the present disclosure provides enduring protection agamst HIV. In some case, the

nanostructure-based vaccine of the present disclosure provides enduring protection agamst
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mfluenza. In an embodiment, the nanostracture 1s adapted for display of the E proteins of
Dengue type 1, type 2, type 3, and tvpe 4. In an embodiment, the nanostructure-based vaccine
coraprises nanostructures that individually display the protein E from each of Dengue type 1,
type 2, type 3, and type 4. In an embodiment, the nanostructure-based vaccine of the present
disclosure provides immunity to Dengue virus without increased risk of dengue hemorrhagic

fever or dengue shock syndrome.

{0044} When mixed nanostructures are made, it may be advantageous o ensure
homomerization in a strain-specific manner rather than permit heterodumerization, such that,
for example all HINT influenza A HA proteins are displayed on one 3-fold axis ofa T33
particle whereas all H3N2 influenza A HA protems are displayed on the other 3-fold axis of
the T33 particle. This may be achieved by use a nanostructure cComprising two or more
pluralitics of polypeptides as the core of the nanostructure with each plurality of polypeptides
attached to a different antigen. Alternatively, a nanostractare may be enginecred with one or
more svimmetry-breaking mutations, such as knob-in-hole mutations or mtramolecular
disulfide mutations, which have the cffect of preventing trimer formation between the
different antigens. In that case, the nanostructure displays multimeric antigens from different
strains at symmetrically equivalent positions on the nanostructure, but each position on the
nanostructure is occupied by homomers from the same strain, with only an insignificant
proportion of inter-strain heteromeric antigens. In some cases, the antigen itself may be
genetically engineered to prevent inter-straim heterodimerization. In an embodiment, the
nanostructure is enginecred to prevent heteromization of two antigenic proteins with
conserved structure but divergent antigenicity, such as for cxample, an HA protein from the
2009 HINI California influenza and the HA protein from the 1999 HINI New Caledonia
mfluenza. Furthermore, when mixed nanostructures are made and the antigens are displayved
as fusion proteins, the nanostructure will comprise three or more different proteins, as the
fusion proteins will share identical {or equivalent} domains used to form the core of the
nanostructure with different antigenic domains, one for cach antigen displayed on the

nanostructure.

2.3. Attachment Modalities

{0045] The nanostractures of the present disclosure display antigens in various ways
mcluding as gene fusion or by other means disclosed herein. As used herein, “attached to”

denotes any means known in the art for causing two polvpeptides to associate. The
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association may be direct or indirect, reversible or frreversible, weak or strong, covalent or

non-~covalent, and selective or nonselective.

{(3046] In some embodiments, attachment is achieved by genetic engineering to create an
N~ or C-ternunus fusion of an antigen to one of the pluralities of polypeptides composing the
nanostruciure. Thus, the nanostructure may consist of, or consist essentially of, one, two,
three, four, five, six, seven, eight, nine, or ten pluralities of polypeptides displaying one, two,
three, four, five, six, seven, eight, nine, or ten pluralities of antigens, where at least one of the
pluralitics of antigen 1s genctically fused to at least one of the plurality of polypeptides. In
some cases, the nanostructure consists essentially of one plurality of polypeptides capable of
self-assembly and comprising the plarality of antigens genetically fused thereto. In some
cases, the nanostructure consists essentially of a first plurality of polypeptides comprising the
plurality of antigens genctically fused thercto; and a second plurality of polypeptides capable
of co-assembling into two-component nangstructure, one plurality of polyvpeptides linking the
antigen to the nanostructure and the other plurality of polypeptides promoting self-assembly

of the nanostructure.

[6047] In some embodiments, attachment is achieved by post-translational covalent
attachment between one or more pluralities of polypeptides and one or more pluralities of
antigen. In some cases, chenucal cross-linking 1s used to non-specifically attach the antigen
to the nanostructure polypeptide. In some cases, chemical cross-hinking is used to specifically
attach the antigen to the nanostructure polypeptide. Various specific and non-specific cross-
hinking chemistries are known in the art, such as Click chemistry and other methods. In
general, any cross-linking chemistry used to hink two proteins may be adapted for use in the
presently disclosed nanostructures. In particolar, chemistries used in creation of
mmunoconjugates or antibody drug conjugates mav be used. In some cases, an antigen-
nanostruciure conjugate (ANC) 1s created using a cleavable or non-cleavabie linker.
Processes and methods for conjugation of antigens to carriers are provided by, e.g., US.
Patent Pub. No. US 2008/0145373 Al In an embodiment, the antigen is a polysaccharide. In
some cases, the antigen 1s a polysacchande and the nanostructure acts as a hapten. In an
embodiment, the target antigen is a protein and conjugation of the target antigen (o a
potysaccharide is used to enhance the immune response. Processes for preparing protein-
polysaccharide conjugates are provided i, e.g., U.S. Patent No. 6,248,334, The conjugation

of proteins to polvsaccharides in some cases converts a polysaccharide from a weakly
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mnmunogenic T-cell independent antigen to a T-cell dependent antigen that recnuts T-cell
help, and thus stimulates heightened immune responses. See J. M. Cruse, et al. {Editors),
Conjugate Vaccines, Karger, Basel, (1989); and R. W. Ellis, et al. (Editors), Development

and Chinical Uses of Haemophilus B Conjugate Vaceines, Marcel Dekker, New York (1994},

{0048} In an embodiment, attachment is achieved by non-covalent attachment between
one or more phuralities of polypeptides and one or more pluralitics of antigen. In some cases,
the antigen is engingered to be negatively charged on at least one surface and the polypeptide
is engmceered to be positively charged on at least one surface, or positively and negatively
charged, respectively. This promotes intermolecular association between the antigen and the
polypeptides of the nanostructure by electrostatic force. In some cases, shape
complementarity is emploved to cause linkage of antigen to nanostructure. Shape
complementarity can be pre-cxisting or rationally designed. In some cases, computational
designed of protein-protein interfaces 15 used to achieve attachment. In an embodiment, the
antigen is biotin-labeled and the polypeptide comprises a streptavidin, or vice versa. In an
embodiment, streptavidin is displayed by gene fusion or otherwise as a tetramer on a 4-fold
axis of the nanostructure and the biotin-labeled antigen is monomeric, dimeric, or tetrameric,
permitting association to the nanostruchire in a configuration appropriate for native
multimerization of the antigen. In some cases, a protein-based adaptor is used to capture the
antigen. {n some cases, the polvpeptide is fused to a protein capable of binding a
complementary protein, which is fused to the antigen. In an embodiment, the polypeptide is
fused to the rotavirus VP6 protein, which forms a trimer, and the antigen is N-terminally
fused to the N-termmal peptide of rotavirus VP7, permitting trimer-to-iruner association of
antigen to nanostructure. See Chen et al. Molecular inferactions in rotavirus assembly and

uncoating seen by high-resolution crvo-EM. PNAS 2009 Junc, 106 (26) 10644-10648.

0049] In an embodiment, each of the first plurality of the antigenic proteins has a
proximal end and a distal end, and the proxumal ends of the antigenic proteins are gach
attached to a member of the first plurality of polypeptides. Thus, the distal end of the
antigenic protein 1s defined as the portion of the antigen furthest from the center of the
nanostructure. In an embodiment, the antigenic protein comprises target epitope, and the
nanostructure is configured to display the target eprtope. In some cases, the antigenic protemn
may comprisc more than one target epitope and the nanostructure is configured to display

cach of the target epitopes. Epitopes progressively closer to the distal end are {(without being
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bound by theory) i some cases preferentially accessible to the immune system. The distal
end of the antigenic protein may be its N terminus, its C terminus, or neither terminos. Thus,
depending on how the antigenic protein is attached to the nanostructure, the antigenic protein
may be displayed in any orientation. In some cases, the antigenic protein is displaved so that
one or more known epitopes are oriented at or towards the distal end of the antigenic protein,
such that these epitope(s) are preferentially accessible o the immung system. In some cases,
the orientation will recapitulate the orientation of a viral protein with respect to the virus.
Thus, in the case of mfluenza HA | the antigenic protein HA may be ortented so that the
receptor binding site is at the distal end of the protein, similar to the onentation of HA 1n the
whole virus; or alternatively, the influenza HA protein may be oriented such that the stem
epitope is preferentially aceessible to the immune system. The choice of onentation may
direct the immune system fo one or the other epitope. In this example, the immune response
to wfluenza may be guided to the receptor binding site or o the stem by choice of orientation,
Similarly, the orientation of other antigens may influence the immune response. In some
embodiments, orientation of the antigen results in an immune response targeted to a preferred
epitope. In the case of HIV, the antigenic protein i3 in some embodiments the Env protein of
HIV-1 or HIV-2, or an antigenic tragment thereof. The origntation of the Env or fragment
thereof will in some cases recapitulate that the onentation of Env protem with respect to the
HIV viron, such that the proximal end is the membrane-proximal end of the Env protein or
fragment thereof. In some cases, the preferred epitope is selected from the group consisting of
the CD4-binding site (CD4bs); the V2 proteoglvean motcty on the trimer apex of Env; the V3
proteoglvean moiety on the high mannose patch of Env; the membrane proximal external
region (MPER) of the Env transmembrane domain; and the gpi20-gp4 1 mterface with or
without fusion peptide. In some cases, epitope preference 15 control by other means, such as
posttioning of glycans on the nanostructure by addition or subtraction of the N-linked glycan
sequence motif N-X-{T/§] at predetermined positions in the amino acid sequence of any of
the polypeptides of the nanostructure including i the amino acid sequence of the antigen. In
some cases, the epitopes found at mmtermediate distances from the proximal to the distal end
will be the preferred over epitopes more distally located depending on various considerations
meluding but not imited to the overall geometry of the nanostructure, surface
hydrophobicity, surface charge, and competitive binding of proteins endogenously present in
the subject or proteins exogenously provided in the vaccine composition. The present
disclosure encompasses all known methods of rational design of protein structure and the
foregoing is not intended to be limiting.
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2.4. Nanostructure Polypeptide Sequences

{6650] The one or more pluralities of polypeptides of the present disclosure may have
any of various amino acids sequences. U 5. Patent Pub No. US 2015/0356240 A1 describes
various methods for designing nanostructures. As disclosed in US Patent Pub No. US
2016/0122392 Al and in International Patent Pub. No. WO 2014/124301 A1, the isolated
polypeptides of SEQ D NOS:1-51 were designed for their ability to sclf-assemble in pairs to
form nanostructures, such as icosahedral nanostructures. The design mvolved design of
suttable interface residues for each member of the polvpeptide pair that can be assembled o
form the nanostructure. The nanostructures so formed melude svmmetrically repeated, non-
natural, non-covalent polvpeptide-polypeptide interfaces that orient a first assembly and a
second assembly into a nanostructure, such as one with an tcosahedral symmetry. Thas, in
ong embodiment the first and second polypeptides are selected from the grovp counsisting of

SEQ 13 NOS:1-51. In cach case, the N-terminal methionine residue s optional.

TABLE1

HName Amine Acid Sequence Identified intexrface
residues

I53-34A MEGMDPLAVLAESRLLPLLTVRGGEDLAGLATVLELMGVG, LT TEKG I53-34A:

{ LKEEP At PEQG VK\’LK YAEVEPEVRILPTGE
SEQ [0 NO:1 IKEEHLPHYAALPNLLAVGGSWLLOGDLAAVMEKVKAAKATLLSPOAPG

153348 MTERVGIVITTEARYDMARAAT RTLKALSPNIKI TRETVEGIKOLRPVACKKLL

. EEEGCDIVMALGMPGKARKDEVCAHEASLGLMLAQLMTNKHT IEVEVHEDEAK

z DDDELDILALY EHAANVYYLLFKR 'RMAGKGLROGREDAGPARE
153-40A VDMASAAT SPN

- PGRAEKDKY uAHEZ\%JCLV 109,112,111
SEQ ITD NO:3 .

ALNVYY LLEKPE

e

ACQTITCID

/GPYGDIRLMPTGG
ARLTREIVEQVND

SEQ ID NO:4

ITEeSNIDNY LAIPQW ALGE

474 MPTPTLNTD
TNPAAFG
VEHNGTTF

153-478 MNQ SDRFAVDVEDVE | I53-478:
S60 LD NO: S GAYEIPLHARTLAETGRYGAVLE SAVIDGMMNVOLAT | 28,31, 35,36,39,131,132,13
wEe LY ° GVPVLSAY LY PHRYRUSARHARFY. BT LABREKIAA 5,139,146
I53-50A MKMEELFKKHKIVAVLRANSVEEAI EKAVAVEAGCVHLI EITFTVPDARTVI 153-50A 29,33,54,5
B GAGTVTSV 0 KCVF
SEQ ID NO VRAMKLG FPNVKEVPTEGEY
AGVLAVGVGSALVKGT PREVREKAKAFVEKIRGCTE
I53-50B I53-50B
SEO ID NO: S ”‘M\N\K(:[V" -, Z24,28,36,124,125,127,128,
E NO: 8 C5G  qan qam 1ma das <ag
S B LFLALFAVEGM 129, 131,132,133,135,139
CNTNVINKRVGKDS PLVNFLGDLDELNSFE I53-51A
LSTOSSKKKIDESYVIWLLAATATL LPC 3C,83,86,87,88,90,91,94,1

G az.E]\Ao VLHVTRIVARRVERNAVKYTKELPEINEMI IVYLNRLS3LLFAMALY
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ANKRRNQSEKIYEIGK3W 56,172,176

153-51B MNQHSHEDYETVRIAVVREARWHZ
GAYEIPLHARTLAETGR

AMADAGCDREAVDVEDVE
rIEF‘ /ASAVIDGMMNVQLAT

VEASNIV
AT BT A
TADS VQF G .NRV, LDTG \/P‘ S IFPGVLTVL
SHNRGEDWGCLAAVEMGVRREDWAAGKTE

Q0

I A\/Q RLY

I52-03B MYEVDHADVYDLEYLCRCGKDYAARASDIADLVRERTPEASELLOVACGTGT
EHEFTKEFGDTAGLEL SEDMLTHARKRLPDATLHQGDMRD FQLGRKE SAVYVSME
KTVARELGAAVASFARHLEPGEVVVWEPWWERPET FADGWVSADVVRRE
ATRMEVHEPTVADPGKGVREF S DVHLITLFHQREY BAAY

LEVGVPA

THL

206,213

LGDONTEKVAKEVM
FGEI PPN TALEMVMKTEDVRVITTGINMPMLVELLT

LLENISKIGKDGIKVIEKSSLKM

MEYDG3KLRIGILHARWNLEI IAALVAGATKRLOEFGVKAENT
SKLEVE ]\QKPT.( <P VLIKG3TMHFEYICDS
IFVIFGVLTCLTDE GHMHNHG AABY

IETVPGSFE
TTHOLMELNIR
ATKEN

SEQ ID NO:l14

152-33A MAVKGLGEVDOKY DG
TTRTVE

THQIMELNEE

ATKEN

LRIGILHARWNRKIILALVE
N \/]“K\,]\ RLGKPLDAITFRIG

LRLLEFGVEAENT
EYICDST
AVEY

[52-33A: 33,41,44,50

SEQ ID NG:1%

I52-33B ANWYLDNESSRL3FTSTKNADIAEVARFLYVLEGKVDPKGLAEVEVETESTS I52-33B:
SRVLVEQVSKE AQLDMRPINNLAPGAQLELRLEPLTVSL 51,63, €¢
CKSHSYNAELLATRIDERRFQVVILEPLVIHAQDI DMV RAFNALRLVAGLEA 4,155

L3VPVGAVLIFTAR

EEY

SEQ ID NG:16

I32-0eRn ADLRHIP
CDARMVAE
NTRSAAALDLWLPHIEGSIVATIGNA
MPVGEVGAAESKDELAANSRGVPYVIVRG

YRLAVRVIHACEMVDOVANDLA
IRSRLPADNRVI
APTALFRLFELLDACGAPKPALI TS

SSAMTARAAVNALASERE

TLEDPSVPREL

ds
hS}
<
W
<
[
W
w
.

(2]
<3l
O
=
w]
=
o
iy
2

MITVEGLKS
DRSDDYTV]
HCWGFRGRTGDSARDLDYDIYV

RFLCLEKEDFYYPE
IRAHDVEITIKEQPA

/YNIPTGGYEPPNLTAISPPONSZIVGTAYTYV
SVLAL QEQNHE CVIST

o
VST
G\/ CS_ CA

=
o
el

W

N

w b
G o

A\/ GTNVQLK

IEVDRLVSE

[32-198 MSCGMRVYLCADHAGY ELKQAT TAFLEMTGHEP IDCGALRYDADDDY PAFCIAA
SEQ ID NO:2C ATRTVADPGSLGIVLGGSGNGEQTIAANKVPGARCALAWS \/\_)“‘”FQ&LJ\RE’L{NW—\Q 1
Ve LIGIGGRMHTLERALRIVEAFVTTPWS Klyr\H()kR] DILARYERTHEAPPVE

APA

GCDDARIAAT QIGVLLARPLPDDVRAALSATQHDLEDI CIFP
SHAATTEDHLLRIATLWLVEYNGS LEEFTLPGCARGAALARVCRTVCRRAE
SIKALGASEPLNIAPAAYVNLLADLLEVILARVLNRAAGGADVLWDRTRAH

G:21

&

132-28B M L'USA}* QQ } 'I' LRH PHC ALAGVORLRCGLDSDEEQVWCELLY
sERAWVAVSGQATAAT

VI LLLVAMALPQGLAAGLPEA

122,122,137,14

SEMAF
SEQ ID NO:22 MA

I53-40A.1 MTKKVGIVDTTEFARVDMASAAT LTLRKMESPNIKI IRKTVPGT
KEKDEVCAHE AdLCLV 1\4‘41 MTNKHT

NYYLLERRPEY LS GLERQ

KOLPVACKKLL
IEVEVHEDEAK
IDAGPARE

;108,112,111

ONAEDIIPLG

I52-408. 1 MODINNGLKRLKVIEVI 4
VOALAAKEAGADFVVE PGENEPNTVRAL ‘) 510 | 47,51,54,58, 74,102

TR T
MLLRSA

ENel
AG

e T IVPGVYNNPSTVEQALEMGLTTLEKFFPAEASGGISMVEKILVGPYCDIRIMPTGE

REIVEQVNE

ITPDNID!

NYLATPOVLACGETWMVDKKLVRNLG

153-47a.1 MPIFTLNINIRKADDVESDEL fl 153-47A
. P TNPAAFCTLMS IGGIEPDKNRDHSAVLEDHLNAMLGIP 22,25,29,72,79,86,87
SEQ ID NG:25 VOWNGTTE
VEWNG
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I53- MPIFTINTNIKADDVPRDFLSLT3RLVGLILSEPGSYVAVHEINTDQQOLSFGGS I53-47A:
471, 1NegTZ TNPAAFGTLMS IGGIEPDKNEDHSAV LI DHLNAMLG I PKNRMY THI'VDLDEDD 2
VEWNGTTE

15, 87

SEQ ID NO:Z¢

I53-478.1 CGGDREAVDVIDVP
PLBAR [ DGMMNVQLDT

VPVLSAVLTPHRYRDSDER ‘iF FPEAAHFAVKGVEAARACIETLNAREKIAA

VYN
SEQ ID NQ:27 Vvl

HETVRIAVVRARW "a,)T‘vYDZ\C‘\/’EZ\EE i IQ:]\J\ LGGDREAVDVEDVP I
VIDGMMNVQLDT 28,2 /L , :‘5 ;36,399,131 1
o

EILNAREKIAA

B.IlNeg©T2

SEQ ID N0:28

.1 MEMEELIKKHKIVAVLRAN SVEEATEKAVAVIAGGVHLIEITETVPRADTVIK I53-50A: 25,29,33,54,57
ALSVLK I CREKAVESCAEFIVEP] SQFCREKGVE
LVKAMEKLGHDI LKLEPGEVVGPQFVRKAMKGPEPNVKEVPTGGY
GVLAVGVGDAL { \ VKK EPVEKIRGCTR

ITIGAGTVTBVE

153 MEME ANSV 153-50A: 25,289,33,54,57
50A.1NegT2 ALSVLRE I IGAGTVT B VE C‘H,RKA‘/ SQFCREKGY
SEO D NO:30 YMEGVE 5 LVIKAMI PG Y TPNVKIEVPTGGEY
SEQ ID NG:3C -
b DLDDVCEWEDAGVLAVC > v SCTE
HRIVAVL 153-50A: 25,289,33,54,57

7 T IGAGT 'T, EIV3PT
L LVIKAME TPGEVVGPQOEVEKAM

NLDNVCKWEFKAGVLAY KCKPDEVREKAKKEFVKE

IAVVRARWEAEIVDACVEAFPEAANMRDIGG AVDVEDVER
T CRYGAVLETAFVYVNGGIYRHEFVASAVIDGMMNVOLDT
PHRYRBRDSCARTLLE LALEAVKEMEAARACVE T LAARER I AA

153~ MNQHSHEDHETVRIAVVEARWHARIVDACVSATEAAMRDIGCDREAVDVEDVE
S0B. 1NegT2 GAYEIPLHARTLAETGRYGAVLGTAFVVDGGIYDHAEFVASAVIDGMMNVOLDT
Q

5,127,228,
135,13¢

GVPVLSAVLTPHEYED KGMEAARACVETI LAAREKIAA

SDADTLLILALIAN

ID NO:33

MNQHSHEDHET VR
GAYEIPLHARTLAET

iPV L APHNYD

AAMRDIGGDREAVDVEDVE
(RAEEVASAVINGMMNYVQLNT
CVEILAAREKIAA

MTKKVGIVDTTFARVDMASAAT LTLKMESPNIKITRKTVPGT VDLPVA"KKLL
EERGCDIVMALGMPGK (A7 K] ERDEVCAHFASLGLMIAQLMTNRH I TEVEVHE

. ) . DEAKDDAE LAARBATEHALNVYYLLFKPEY LTRMAGKCLROGEEDAGEAR
SEQ ID NO:35 =

I53-40 B M(3/D) {(T/D) INN QTVU‘/R)YV,‘/*“\/I]\‘DJALD IPLGKVLAENGLPAAE
genus DTFRESAAVEA TMLL A (T/E)}"\/:P

GENPNTVRACQITGIDIVPGV! Q) ALEMG FEPARAS 3
SMVKSLVG PYCDIR‘ MPTGGITP{S/D}NIDNYLAT PQ\/ LACGGTWMVDEKLY
{'T/R} NG EIVEQVNP

SEQ ID NO:3¢

47A genus MPIPTINTNIKA (T/D) BVRPSDELSLTSRLVEL
QOLSFGGSTNPAAFGTIMSTIGGIEP (3/D) KN (R

PKNRMYIHEV (N/D)L{N/D} GDDVGWNGTTE

) EGSYVAVHINTD
LEDHLNAMLG]

AVVRARWHADIVDACV!
GRYGAVLGTAFVV (N T
H R/E“((E /B (A/D)
VKGVEAARACTIEIL (A/N) AREKIAA

I53-478 genus | MNQHSHKD (Y/H) ETVRIJ
PLHAARTLAR
MNVOL (
(R/E) FEARH

TVASA

(H/D)H

SEQ ID NO:38

[PVLIAY

IS3-50A genus { MKMEELFKKHKIVAVLRANSVEEATEKAVAVFAGGVHLIEITEFTVPDADTVIK

ALSVLEKEKGAI TGAGTVT SVEQURKAVES GAENIVS PHLDEEI3QFCKEKGVE
YMPGVMTPTELVKAMKLEH (T/0) TLKLFPGEVVGE (Q/E) FV (K/E) AMKGP
FPNVKEVPTGEV (N/D) LD (N/D)VC (E/K)WF (¥K/D) AGVLAVGVG (3/K/D
)ALV (K/B)YG(T/0/K) PDEVRE (K/D) AR (A/R/K) &V (1
TE

SEQ ID NG:3%

153-50B genus MNQHSHKD (Y/H) 8TVRIAVVRARWHAE T VDACVSAFRAAM

V
4 ;/
o (D NG 40 AVDVFDVEGAYEIPLHART LAETGRY GAVLGTAFVV (N/ )cciY(P
3 ) L + ; .
e VASAVT {D/N) GMMNVOL { €/D/N) TGVEVLSAVLT PH (R/E/N) Y (
(D/K} S (D/K)A(H/D) TLLELALFAVKGMEAARACVET LAAREKTAA
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T32-28A

SEQ ID NO:41

IGILELT STAKGMEL

SEQ [0 NO:42

HATLVE Y
IPYTVEEIVALPIAEGNREYL

T33-08B MVRGIRGA DT I TIELLLKMLEANGIQRYEELAAVIFTVTEDL
1 LWN TPQDRVRHY

SWEPIYQVIPDEQDY
DRMMPGEGELMRAE
AVEPATIPYCIDIMES

SEQ [0 NO:46

LCAVLAEAVAGGG

T33-28A

JIFDNGQEAVLRIGRTGEPAD)

SEQ [0 NO:4%

33-288

> ID NOG:5C

G ;‘]N’ ”“I E

T33-31A MEEVVLT

LLLVE

TVPSALVA

TDA

{0051} Table 1 provides the amino acid sequence of the first and second polypeptides
from embodiments of the present disclosure. In cach case, the pairs of sequences together
from an 153 icosahedron. The right hand column in Table 1 identifics the residue numbers in
cach exemplary polypeptide that were identified as present at the imnterface of resulting
assembled nanostructures {1.¢.; “identified interface residues™). As can be seen, the number of
mterface residucs for the exemplary polvpeptides of SEQ 1D NGO 1-34 range from 4-13. In
various embodiments, the first and second poivpupﬂdes comprise an amino acid sequence
that 1s at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
wdentical over its length, and identical atleastat 1,23, 4,5, 6,7, 8,9, 10, 11, 12, 0r 13
wdentified interface positions (depending on the number of interface residues for a given
polvpeptide), to the amino acid sequence of a polypeptide selected from the group consisting
of SEQ 1D NOS: 1-34. SEQ ID NOs: 35-51 represent other aming acid sequences of the first
and second polypeptides trom embodiments of the present disclosure. fn other embodiments,

the first and second polypeptides comprise an amino acid sequence that 1s at least 75%, 30%
21
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85%, 90%, 919, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical over its length,
and 1dentical at least at 20%, 25%. 33%, 40%, 50%, 60%, 70%, 75%. 80%, 90%, or 100% of
the identified interface positions, to the amino acid sequence of a polvpeptide selected from

the group consisting of SEQ [D NOS:1-51.

10052} As 1s the case with proteins in general, the polyvpeptides are expecied to tolerate
some variation in the designed sequences without disrupting subsequent assembly o
nanostructures: particularly when such variation comprises conservative amino acid
substitutions. As used here, “conservative aming acid substitution” means that: hydrophobic
ammno acids (Ala, Cys, Gly, Pro, Met, Val, lle, Leu) can only be substituted with other
hydrophobic amine acids; hydrophobic amino acids with bulky side chains (Phe, Tyr, Trp}
can onfy be substituted with other hydrophobic amino acids with bulky side chains; amino
acids with positivelv charged side chains {(Arg, His, Lys} can only be substituted with other
aming acids with posttively charged side chains: amino acids with negatively charged side
chains {Asp, Glu} can only be sabstitisted with other amino acids with negatively charged
side chains; and amino acids with polar uncharged side chains (Ser, Thr, Asn, Glu) can only

be substituted with other amino acids with polar uncharged side chains.

{6653} In various embodiments of the nanostructure of the invention, the first
polvpeptides and the second polypeptides comprise polyvpeptides with the anuno acid
sequence selected from the following pairs, or modified versions thereof {1.¢.; permissible
modifications as disclosed for the polypeptides of the invention: isolated polypeptides
corprising an amino acid sequence that 1s at least 73% identical over its length, and/or
identical at least at one identified interface position, to the amino acid sequence mdicated by
the SEQ ID NO )

SEQ ID NO:1 and SEQ D NO:2 (153-34A and 153-34B);

SEQ ID NO:3 and SEQ ID NG:4 (153-40A and 153-40B);

SEQ ID NO:3 and SEQ ID N(G:24 (I53-40A and [53-40B.1);

SEQ D NO:23 and SEQ 1D NO:4 (153-40A 1 and 153-40B);

SEQ 1D NO:35 and SEQ ID NG:36 (I53-40A genus and 153-40B genus);

SEQ ID NG5 and SEQ ID NO:6 {(153-47A and 153-478):

SEQ ID NGO and SEQ 1D NO:27 (153-47A and 153-47B.1);

SEQ ID NO:S and SEQ 1D NO:28 (153-47A and 153-478.1MNegT2);

SEQ ID NGO:25 and SEQ 1D NO:6 (153-47A.1 and 153-47B);
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SEQ ID NO:25 and SEQ 1D NG:27 (J53-47A.1 and 153-47B.1});

SEQ I NO:25 and SEQ 1D NO:28 (153-47A.1 and 153-478B.1NegT2);

SEQ 1D NO:26 and SEQ 1D NO:6 (I53-47A 1NegT?2 and 153-478);

SEQ ID NO:26 and SEQ ID NO:27 (153-47A INegT2 and 153-478.1);

SEQ ID NO:26 and SEQ ID NG:28 (153-47A INegT2 and 153-47B . 1NegT2);
SEQ ID NG:37 and SEQ 1D NO:3% (153-47A genus and 153-478 genus);
SEQ ID NGO:7 and SEQ 1D NO:8 (153-30A and 153-30B);

SEQ 1D NO:7 and SEQ 1D NO:32 (153-50A and 153-50B.1);

SEQ D NO:7 and SEQ 1D N(G:33 (§33-50A and 153-308.1NegT2);

SEQ 1D NGO:7 and SEQ 1D NO:34 (I53-30A and 153-50B 4PosTl);

SEQ ID NG:29 and SEQ 1D NO:8 (IS3-50A.1 and 153-50B);

SEQ ID NG:29 and SEQ 1D NG:32 (153-50A.1 and 153-50B.1);

SEQ ID NO:29 and SEQ 1D NO:33 (153-50A.1 and 153-50B . 1NegT2);

SEQ ID NGO:29 and SEQ D NO:34 (153-50A.1 and I53-50B 4PosT1);

SEQ ID NO:30 and SEQ 1D NO:8 (I533-50A . 1NegT?2 and 153-30B);

SEQ D NO:30 and SEQ 1D NO:32 (153-50A 1NegT?2 and 153-308.1);

SEQ 1D NO:30 and SEQ 1D NO:33 (I53-50A. iNegT2 and 153-30B.1NegT2);
SEQ ID NO:30 and SEQ ID NO:34 (153-50A. INeg T2 and 153-50B .4PosTl);
SEQ ID NG:31 and SEQ ID NG:8 (I53-30A 1PosT!1 and 153-50B);

SEQ ID NO:31 and SEQ 1D NO:32 (153-50A 1PosT1 and [53-50B.1)

SEQ ID NO:31 and SEQ 1D NO:33 (153-50A . 1PosT1 and [53-530B.1NegT2);
SEQ 1D NO:31 and SEG 1D NO:34 (J53-50A 1PosT1 and 153-50B 4PosT1);
SEQ 1D NO:39 and SEQ 1D NO:40 {I53-50A genus and 153-508 genus);
SEQ 1D NO:9 and SEQ ID NO:10 (I53-51A and 153-51B);

SEQ IDNQG:11 and SEQ ID NG: 12 (152-03A and 152-03B);

SEQ ID NG 13 and SEQ ID NG: 14 (152-32A and 152-32B);

SEQ ID NO:15 and SEQ 1D NO:16 (152-33A and 152-33B)

SEQ ID NG:17 and SEQ D NO:18 (132-06A and 132-068),

SEQ IDNO:19 and SEQ 1D NO:20 (132-19A and 132-19B);

SEQ ID NQO:21 and SEQ 1D NO:22 (J32-28A and 132-28B3;

SEQ 1D NO:23 and SEQ ID NO:24 (153-40A.1 and 153-40B.1);

SEQ ID NG:41 and SEQ ID NO:42 (T32-28A and T32-28B):

SEQ ID NG 43 and SEQ ID NG44 (T33-09A and T33-09B8):

SEQ ID NG:45 and SEQ ID NO:46 (T33-15A and T33-15B):
23
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SEQ ID NO:47 and SEQ 1D NO:48 (T33-21A and T33-21B);

SEQ 1D NO:49 and SEQ 1D NO:50 (T33-28A and T32-28B); and

SEQ 1D NO:51 and SEQ 1D NO:44 (T33-31A and T33-09B (also referred to as T33-
31B))

16054 In one embodiment, the one or more proteins, or antigenic fragments thereof, are
expressed as a fusion protein with the first and/or second polypeptides. In these
embodiments, one or more proteins, or antigenic fragments thercof are present at the N
terminus of the fusion protein, whenever this configuration can tacilitate presentation of the
one or more proteins, or antigenic fragments thereof on an exterior of the nanostructare. A
preference for the presence of the protein at the N terminus of the fusion protein occurs
whenever from the location of the € terminus of the proteins 15 at proximal end of the protein.
In these embodiments, one or more proteins, or antigenic fragments thereof are present at the
€ terminus of the fusion protein, whenever this configuration can facilitate presentation of the
one or more proteins, or antigenic fragments thereof on an exterior of the nanostructure. A
preference for the presence of the protein at the C terminus of the fusion protein occurs
whenever from the location of the M terminus of the proteins 1s at proximal end of the

protein.

{86655} Non-limiting examples of nanostructures useful in vaccines of the present
disclosure include those disclosed in U.S. Patent No. 9,630,994 and U S, Provisional Patent

Application No. 62/481,331, which are incorporated hercin in its entirety.

3. Antigens

[0056] The present disclosure provides nanostructure-based vaccines for any of the
various known bacteria, viruses, or parasites relevant to human or amimal discase. In
particudar, the present disclosure relates to vaceines for lyvme disease, pertussis, herpes virus,
orthomyxovirus, paramyxovirus, pneumoviras, filoviras, flavivires, reovirus, retrovinus,
malaria, viral meningitis, fungal meningitis, and bacterial meningitis including Neisseria
meningitides (also known as “meningococcus”), Haemophilus influenzae tvpe B,
Streptococcus prewmonia, and Listeria monocyviogenes. For each of these organism, antigens
{proteins or polysaccharides) capable of generating protective tmmune responses are known.
The present disclosure relates to incorporation of any of these antigens—particularly

antigenic protems—into nanostructure-based vaccines. Guidance is particularly available
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from studies of the immune response to mfection or vaccination, such as isolation of binding
or neutralizing antibodics, genetic analysis of antigen sequence, structural studies of antigenic
proteins and antibodics, and most particularly clinical and veterinary experience with subunit
vaccines. With few himitations, any known subumit vaccine can be adapted for use with the
nanostructures of the present disclosure by employing the display modalities provided above.
In some embodiments, the nanostructure-based vaccings of the present disclosure comprise
an oligosaccharide {e.g.. a meningococeal ohigosaccharide) comjugated directly or through an
mtermediate protein (e g., diphtheria toxoid, tetanus toxoid, or CRM197) to the
nanosteucture. In some embodiments, the nanostructure-based vaccines of the present

disclosure comprise antigens or antigenic fragments from the list provided 1n Table 2.
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TABLE 2
Nen-Limiting List of Antigens
Infectious Antigens Citation
Agent
Hiv gpl160, opl40, Sck, D, Le, K. M., Vadnais, M., Saye-Francisco, K.

gp21. MPER

L, Jardine, 1. G, Torres, . L. et al. (2017). Rapid
elicitation of broadly neutralizing antibodies to HIV
by immunization in cows. Nature, 548(7663), 108—
111

RSV

F protein
(prefusion}

US20160046675A1, US 2016/0031972 A,
US 2017/0182151 A1, WO 2010/149743 Al
WO 20127158613 AL, WO 2013/139916 Al,
WO 2014/079842 A1, WO 2014/174018 Al
WO 20147202570 A1, WO 2015/013551 AL,
WO 2017/040387 A2, WOZ017172890A1

Influenza

HA - Influenza A
and B

Nabel et al. Induction of unnatural immumity:
prospects for a broadly protective universal influcnza
vaceine. Nat Med. 2010 Dec 16(12):1389-91,

EBV

glycoprotein
350/220 (gp350)

Kanekivo et al. Rational Design of an Epstein-Barr
Virus Vaccine Targeting the Receptor-Binding Site.
Cell. 2015 Aug 27:162(53:1090-100.

CMV

gB; UL12E,
UL130, ULI31A,
gH (UL75) and gl
(UL115)

Ciferr et al. Structural and biochemucal studies of
HCMYVY gH/gl/g( and Pentamer reveal mutaally
exclusive cell entry complexes. Proc. Natl. Acad. Sci.
U.S. A 12, 1767-1772 (2015).

Chandramouli et al. Structure of HCMYV glycoprotein
B in the postfusion

conformation bound to a neutralizing human
antibody. Nat Commun. 2015 Sep 14;6:8176.

Chandramouli ¢t al. Structural basis for potent
antibody-mediated neutralization of human
cvtomegalovirus Sci. Immunol. 2, eaanl457 (2017},

Lyme

Outer Surface
Protein A {UspA)

Ma ct al. Safety, efficacy, and immunogenicity of a
recombinant Osp subonit canine Lyme disease
vaccing. Yolume 14, Issue 14, October 1996, Pages
1366-1374

Pertussis

Pertussis toxin (PT)

Seubert ¢t al. Genetically detoxified pertussis toxin
{(PT-9K/129G}: imphications for immunization and
vaceines. Expert Rev Vaccines, 2014
Oct:13(10):1191-204. doi:
10.1586/14760584.2014.942641. Epub 2014 Sep 3.

Dengue

E protein

Modis, Y., Ogata, S, Clements, . & Harrison, 5. C.
{2003) Proc. Natl. Acad. Sci. USA 160, 6986
6991 poud: 12759475

SARS

Spike (5)
glycoprotein

Structure of SARS coronavirus spike receptor-binding
domain complexed with receptor. Scignce. 2005 Sep
16;309(5742):1864-8, WO2006068663A2
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MERS Spike (5} Immunogenicity and structures of a rationally
glycoprotein designed prefusion MERS-CoV spike antigen. PNAS
2017 August, 114 (35) E7348-E7357.
hitps://dor.org/10.1073/pnas. 1707304114
Ebola EBGOV GP orsGP | Structures of Ebola virus GP and sGP in complex with
{GP) and GP, therapeutic antibodics. Nat Microbiol. 2016 Aug
subunits 8:1¢9):16128. doi: 10.1038/nmicrobiol 2016128,
Marberg Marberg GP or Hashiguchi et al. Structural basis for Marburg virus
sGP neutralization by a cross-reactive human antibody.

Cell. 2015 Feb 26; 160(5): 904-912.

Hantaan virus

Gn and Ge

Hantavirus Gn and Ge Envelope Glycoproteins: Key

envelope Structural Units for Virus Cell Entry and Virus
glycoproteins Assemblv. Viruses. 2014 Apr; 6(4) 1801-1822,
Hepatitis B HepB surface Raldao et al. Virus-like particles m vaccine
antigen (HBs) development. Expert Rev Vaccines. 2010
Oct;9(10):1149-76.
Measles H and F proteins Lobanova et al. The recombinant globular head

domain of the measles virus hemagglutimin protein as
a subunit vaccine against measles. Vaccine. 2012 Apr
26;30(20):3061-7.

Nipah virus

(G and F protein

Satterfield et al. Status of vaccine research and
development of vaccines for Nipah virus. Vaceine.
34(26):2971-2975 (2016).

Rotatvirus VP4 and VPS8 O’Ryan et al. Parenteral protein-based rotavirus
vaccine. Lancet Infectious Discase. 17(8):786-787
(2017).
Human (G and F proteins Aertes et al. Adjuvant effect of the human
Metapneumo metapneumovirus (HMPVY) matnx protein in HMPV
virus subunit vaccines. } Gen Virol. 2015 Apr 96(Pt 43,767
74; US 20180008697 Al
Paramfluenza | HN and F protemns | Morein et al. Protein subunit vaceines of paramfluenza
virus type 3 virus: immunogenic effect in lambs and mice. J
Gen Virol, 1983 Jul:6d (Pt 7):1557-69.
Zika Zika envelope Recurrent Potent Human Neutralizing Antibodies to
domain i Zika Virus in Brazil and Mexaco. Cell. 2017 May
(ZEDHD 4:169(4):597-609 ¢l 1. doi:
10.1016/1.¢e11.2017.04.024.
Malana Pfa2s, Lec et al. Assessment of P£s23 expressed from
CIFCUMSPOTeZOite multiple soluble expression platforms for use as
protein (CSP) transnussion-blocking vaccine candidates. Malar J.

2016; 15: 405.

Plassmever et al. Structure of the

Plasmodim falciparum circumsporozotte protein, a leading
malaria vaccine candidate. J Biol Chem. 2009 Sep
25:284(39):26951-63.
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MenB fHbp, NadA and

NHBA

characterization of the antigens. Vac
30: 36{0 2}: B87-B97.

Davide ¢t al. The new multicomponent vaccine against
meningococcal serogroup B, 4CMenB:
mnmunological, functional and structural

cing. 2012 May

MenA, C, W-
135,and Y

oligosaccharide

2013 Oct 1.31(42):4827-33.

Tontini et al. Comparison of CRM 197, diphtheria
toxoid and tetanus toxoid as protein carriers for
meningococcal glycoconjugate vaccines. Vaccine.

[0057]

In some embodiments, the antigen is an antigenic protein is selected from a

polypeptide of SEQ 1D NOs: 52-88 and 90-113 or a variant thereof, as provided 1n Table 3.

ry - g
TABLE 3
Non-Limiting List of Antigen Sequences
Amine Acid Sequence {UniProt) SEQ ID NO
Human irm [ADALCETBY8 9BIVL Envelope 52
o1 1 immunodeficiency
virus PE= V 1
160 MREVKG AWRGE ! VPV
TLENL
P] CVTLNCTN
NI mj\f@')]\ K\)gA Y
WDNAL
YONT
J WEKELIDNYTDVIYX
LELD KE‘]ASJJWNWFWITFWAWYH\IEIMI\
Human immunod 53
1 ACVET
NMVEQMHEDIT SLWDQSTLKPLVK
gpl20 KNCS NI
GNTTENI
RVVOR
virus o4
gp4l
a.n’u’N./‘uE,)T
Human immuncdeficiency virus 55
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1 {HIv-1) ELDKWASLWNWEDITRWLWYIK

(o2}

GEVNKIENAL

i
RKRRFLGEL LC\/GS7‘ IAC’? [AV3

KVL

HLE

IpwrRc N
PQ}\E"CY‘ YQJNRVFCDTMN
TSKTDVES3VITSLGAIVICYGKRTKITASNKNRGT
YVINKGVDTVEVONT LYYVNRKQEGKSLYVKG EYDPLVEP
QDWV'FDA""SQVN,L KINQ3LAFIRKSIDELLENVNVGKSTTNIMIT
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IKTE3NGC

LY CKARST
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<]
~d

unenza A virus

EKNVTV [
PECZS L3
SEPEREE
NHEDSNKGVTAACPHAG {CNSYP
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SREYSKEFRPEIATREKVRE BMN LVEPGDKITYEATGN
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ITNKY
WIYNA

M ]\n] LVVLLY
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Y D k4 "KV 2
LVLVV3LGAL STWMCS

0

nfluenza B virus = 31AORT40EMSS
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KGTPPQ
ART
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ADCATRRNLSTS!
Human cytomegalovirus >sp | POG4T3|

TPPYDDAETYV

MVA T

=]
o

v
&

velepe glycopreteln
S=Human cytomnegalovirus (strain ADLEY)

gB

[VCLGAAVI3SSTIHATSSTHNGSE
SEAVSHRANETIYNTTLRYEDVVGVNTT
PYRVCSMAQGTDLIRFERNITICTSMKPINEDLDEGIMVVYKRN
IVANTIKVRVY LTFRRSYAYIYTTYLLGSNTEYVARPMWETL
HHINKFAQCYS3VYSRVIGEIVEVAYH] LIPDDY3N
THSTRYVITVKDOW LYRETCNLNCMLTITTARSKYPYH
'STEDVVY : ADKEPRIEFPNYTIVS

o SAQ TREVYSQL

[ REEARDS
TENTSY

YERYGNYVSVEE
ANRSSLNITHRTRRST :anINT'w”Hw..So/EMUFU\'L'\/&
Y LrPL RGY CVDQRRTLEVEKELS ]<
YNKPLA SCVTINQTSVKVLRDMN
“LGEDNE*LAQIH“TFELQLPL:LK
JLSSISTVDSMIALOIDPLENT D
bgKmL.HJSI\\/]'DLI] FIMREFNSYKORVEYVEDKVVDPL
/JKL,H DDLMSGLGAAGKAVGVAL GAVGGAVASVVEGVATEFLK
AT I ILVATAVVITTYLIYT LCTQPLONLEPYLVSA
/TSGITRDTSLOAPE
PPYTNEQAYOMLLALARILL
PNLLDRLREBREN BLEK E
§37|UL1Z8 BCMVA

o
pasiy

Human cytomegalovirus

ULL28 {strain ADI )
MEPKROLTe LT LWL RVPRVBARECCEEPINVNAP PERCY
ICNRETVALRCPDGEVCY SPEKTAEIRGIVITMTHILTRQV
I CNYNPLYLEADGRIRCGKVNDEAL AGEVEYRW
"R [\’(:J .} (%) L RLIDVORARKY
{CMVE Envelope
ucmLc:aA(w;Lus

Human cytow

i GN=UL L3(
MLRLLLRHBEHCLLI
TYSKPHDAATE
YLLYNR
SPERVQISVEDAK
E3WAHVERDYSVIFPQVRLTETEANNG :
Human cvtomegalovirus >sp | PSHETA|U1I31A HCMVM Protelin ULI31A 63

OS=Human 2 ]

IFGARMVPKQTKLLR

virus (strain

UL131A
QRET]AEK NDYYRVPHYWDACSRAL
INFOVLKRINVIEVSLL

PDQT RYKYVEQ

ISDERRON {2 a[\C SLAPHAR "SVELEAN
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4. Assembly Domains and Linkers

[6058] In an embodiment, the nanostructure comprises a trimeric assembly. The trimeric
assembly comprises a protem-protein mierface that induces three copies of the first
polypeptides to self-associate to form trimeric building blocks. Each copy of the first
polypeptides further comprises a surtace-cxposed mtertace that mteracts with a
complementary surface-exposed interface on a second assembly domain. As described in
Kmg et al. (Nature 510, 103-108, 2014}, Bale et al. (Science 353, 389-394, 2016), and patent
publications W02014124301 Al and US20160122392 A1, the complementary protein-
protein interface between the trimeric assembly domain and second assembly domain drives
the assembly of multiple copies of the trimeric assembly domain and second assembly
domain to a target nanostructure. In some embodiments, each copy of the trimeric assembly
domains of the nanostructure bears an antigenic proteins, or antigenic fragment thereof, as a
genetic fusion; these nanostructures display the proteins at full valency. In other
embodiments, the nanostructures of the nvention comprise one or more copies of trimeric
assembly domains bearing antigens proteins, or antigenic fragments thereof as genetic fusions
as well as one or more trimeric assembly domains that do not bear antigenic protems as
genetic fusions; these nanostructures display the F proteins at partial valency. The trimeric
assembly domain can be any polypeptide sequence that forms a tnimer and interacts with a
second assembly domain to drive assembly o a target nanostructure. In some embodiments,
the nanostructure compriscs first and second polvpeptides sclected from those disclosed in
US 20130274441 A1, US 2015/0356240 A1, US 2016/0122392 A1, WO 2018/187325 Al,

cach of which is incorporated by reference herein in s entirety.

[3059] In the nanostructures of the present disclosure, the antigenic protein and the core
of the nanostracture may be genetically fused such that they arg both present in a single
polypeptide. Preferably, the linkage between the protein and the core of the nanostructure
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allows the protein, or antigenic fragment thereof, to be displayed on the extenior of the
nanosteucture. As such, the point of connection to the core of the nanostructure should be on
the exterior of the core of the nanostructure formed. As will be understood by those of skill in
the art, a wide varnety of polypeptide sequences can be used to link the proteins, or antigenic
fragments thergof and the core of the nanostructure. These polypeptide sequences are referred
to as hinkers. Any suitable linker can be used; there {5 no anune acid sequence requirement to
serve as an appropriate linker. There 18 no requirement that the linker impose a rigid relative
orientation of the protein or antigenic fragment thereot to the core of the nanostructure
bevond enabling the protein or antigenic fragment thereof to be displayed on the exterior of
the nanostructure. In some embodiments, the linker includes additional trimenzation domaios
{¢.g., the foldon domain of T4 fibritin} that assist in stabilizing the trimenic form of the F

protein.

>T4 fibritin foldon domain (optional in the linker region}

GYIPEAPRDGOAYVRKDGEWVLLSTEFL (SEQ ID NO: 89

{0060} In some embodiments, the linker may comprise a Gly-Ser linker (7.¢. a hinker
consisting of glycing and serine resudues) of any switable length. In some embodiments, the
Gly-Ser inkermay be 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more
amino acids in length. In some embodiments, the Glv-Ser linker mav comprise or consist of

the amine acid sequence of GEGGSGRGESGGEGSG, GGSGESGS or GRGGSGSG.

8. Assembly of nanostructures

0061 ] In some embodiments, one or more purified samples of pluralities of the
polypeptides for use in forming a nanostructure are mixed in an approximately equimolar
molar ratio in aqueous conditions. The polvpeptides interact with one another to drive
assembly of the target nanostructare. Successful assembly of the target nanostructure can be
confirmed by analvzing the i vifro assembly reaction by common biochemical or
biophvsical methods used to assess the physical size of proteins or protein assemblies,
meluding but not limited to size exclusion chromatography, native (non-denaturing) gel
clectrophoresis, dyvnamic light scattering, malti-angle light scattering, analytical
pltracentrifugation, negative stain clectron microscopy, cryo-electron microscopy, or X-ray
crystallography. If necessary, the assembled nanostructure can be purified from other species

or molecules present in the in vitro assembly reaction using preparative techmques commonly
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used to 1solate proteins by their physical size, including but not limited to size exclusion
chromatography, preparative ultracentrifugation, tangential flow filtration, or preparative gel
clectrophoresis. The presence of the antigenic protein in the nanostructure can be assessed by
techniques commonly used to determine the identity of protein molecules in agueous
solutions, meluding but not limited to SDS-PAGE, mass spectrometry, profein sequencing, or
amino acid analysis. The accessibility of the protein on the exterior of the particle, as well as
its conformation or antigenicity, can be assessed by techniques commonly used to detect the
presence and conformation of an antigen, mchuding but not limited to binding by monoclonal

antibodies, conformation-specific monoclonal antibodies, or anti-sera specific to the antigen.

j3862] In other embodiments, the nanostructures of the mvention comprise two o1 more
distinct first polyvpeptides bearing different antigenic proteins as genetic fusions; these
nanostructures co-display multiple different proteins on the same nanostructure. These multi-
antigen nanostructures are prodaced by performing iz vifro assembly with mixtures of first
polypeptides inn which each first polypeptide bears one of two or more distinct proteing as a
genetic fusion. The fraction of each first polypeptide in the mixture determines the average
valency of cach antigenic protein in the resulting nanostructures.. The presence and average
valency of cach protein-beanng first polvpeptides in a given sample can be assessed by
guantitative analysis using the tochniques described above for evaluating the presence of

antigenic proteins in full-valency nanostructures.

[6063] In various embodiments, the nanostructures are between about 20 nanometers
{nm} to about 40 nm in diameter, with interior lumens between about 15 nn to about 32 nm
across and pore sizes in the protein shells between about 1 nm to about 14 nm in their longest

dimensions.

[0064] In one embodiment, the nanostructure has icosahedral symmetry. In this
embodiment, the nanostructure may comprise 60 copies of a first polypeptide and 60 copies
of a second polypeptide. In one such embodiment, the number of identical first polypeptides
in each first assembly is different than the number of identical second polypeptides in cach
second assembly. For example, in one embodiment, the nanostracture comprises twelve first
assemblies and twenty second assemblies; in this embodiment, each first assembly may, for
example, comprise five copies of the identical first polypeptide, and cach second assembly
may, for example, comprise three copies of the identical second polypeptide. In ancther
embodiment, the nanostructure comprises twelve first assemblies and thirty second
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assemblies; in this embodiment, each first assembly may, for example, comprise five copigs
of the dentical first polypeptide, and cach second assembly may, for example, comprise two
copics of the identical second polypeptide. In a further embodiment, the nanostructure
comprises twenty first assemblies and thirty second assemblics; mn this embodiment, gach
first assembly may, for example, comprise three copics of the identical first polypeptide, and
sach second assembly may, for example, comprise two copies of the identical second
polypeptide. All of these embodiments are capable of forming synthetic nanomaterials with

regular icosahedral symmetry,

[(3065] In various further embodiments, oligomeric states of the first and second

polypeptides are as follows:
153-34A: tnmer + [53-34B: pentamer;
153-40A; pentamer + I53-408: trimer;
I533-47A: trimer + 153-47B: pentamer;
153-50A; trimer + 153-30B: pentamer;
153-51A: trimer + 153-518B: pentamer;
132-06A; dimer + 132-068: trimer;

32-19A: tnimer + 132-198: dimer;

132-28A: trimer + 132-288: dimer;
152-03A; pentamer + I52-038: dimer;
152-32A; dimer + [52-32B: pentamer; and

152-33A; pentamer + 152-338: dimer

6. Mucleic Acids

8066} In another aspect, the present disclosure provides isolated nucleic acids encoding a
fusion protein of the present disclosure. The isolated nucleic acid sequence may comprise
RNA or BNA. As used herein, “isolated nucleic acids™ are those that have been removed
from their normal surrounding nucleic acid sequences in the genome or in ¢DNA seguences.
Such isolated nucleic acid sequences may comprise additional sequences useful for
promoting expression and/or purification of the cncoded protein, ncluding but not himited to
polvA sequences, modified Kozak sequences, and seguences encoding epitfope tags, export
signals, and secretory signals, nuclear localization signals, and plasma membrane localization
signals. It will be apparent to those of skill in the art, based on the teachings herein, what
nucleic acid sequences will encode the proteins of the disclosure.
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8067} In a further aspect, the present disclosure provides recombinant expression vectors
compnsing the isolated nucleic acid of any embodiment or combination of embodiments of
the disclosure operativelv linked a suitable control sequence. “Recombinant expression
vector” includes vectors that operatively link a nucleic acid coding region or gene to any
control sequences capable of effecting expression of the gene product. “Control sequences™
operably hinked to the nucleic acid sequences of the disclosure are nucleic acid sequences
capable of effecting the expression of the nucleic acid molecules. The control sequences need
not be contiguous with the nucleic acid sequences, so long as they function to direct the
expression thereof. Thus, for example, intervening untranslated vet transcribed sequences can
be present between a promoter sequence and the nucleic acid sequences and the promoter
sequence can still be considered “operably linked” to the coding sequence. Other such control
sequences mclude, but are not limited to, polyadenylation signals, termmation signals, and
ribosome binding sites. Such expression vectors can be of any type known in the ast,
mchuding but not limited to plasmid and viral-based expression vectors. The control sequence
used to drive expression of the disclosed nucleic acid sequences in a mammalian system may
be constitutive {driven by any of a variety of promoters, including but not imited to, CMV,
8V40, RSV, actin, EF) or inducible {driven by any of a number of inducible promoters
meluding, but not limited to, tetracveline, ecdysone, steroid responsive}. The construction of
expression vectors for use in transfecting prokaryotic cells is also well known m the art, and
thus can be accomplished via standard techniques. {See, for example, Sambrook, Fritsch, and
Maniatis, in: Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory
Press, 1989; Gene Transfer and Expression Protocols, pp. 109-128, ed. E.J. Murray, The
Humana Press Inc, Clifton, N.J ), and the Ambion 1998 Catalog (Ambion, Austin, TX). The
expression vector must be replicable in the host organisms cither as an episome or by
miegration mnio host chromosomal DNA. In a preferred embodiment, the expression vecior
comprises a plasmud. However, the disclosure 1s intended to mchide other expression vectors

that serve equivalent functions, such as viral vectors.

0068} In another aspect, the present disclosure provides host cells that have been
transfected with the recombinant expression vectors disclosed herein, wherein the host cells
can be either prokarvotic or eukarvotic. The cells can be transiently or stably transfected.
Such transfection of expression vectors into prokaryotic and eukaryotic cells can be
accomplished via any technigue known in the art, including but not limited to standard

bacterial transtormations, calcium phosphate co-precipitation, electroporation, or liposome
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mediated-, BDEAFE dextran mediated-, polycationic mediated-, or viral mediated transfection.
{See, for example, Molecular Cloning: A Laboratory Manual {Sambrook, et al., 1989, Cold
Spring Harbor Laboratory Press; Culture of Animal Cells: A Manual of Basic Technique, Zod
Ed. (RI. Freshney. 1987, Liss, Inc. New York, NY). A method of producing a polvpeptide
according to the disclosure 15 an additional part of the disclosure. The method comprises the
steps of {a} colturing a host according to this aspect of the disclosure under conditiong
conducive to the expression of the polypeptide, and (b} optionally, recovering the expressed

polyvpeptide.

7. Vaccines and Adnunistration

8069} The disclosure also provides vaceines comprising the nanostractures described
herein. Such compositions can be used to raise antibodies m a mammal {e.g. a human}. The
vaccines compositions of the disclosure typically include a pharmaceutically acceptable
carrier, and a thorough discussion of such carriers 1s available in Remington: The Science and

Practice of Pharmacy.

{8678 The pH of the composition s usually between about 4.5 to about 11, such as
between about 5 to about 11, between about 5.5 to about 11, between about 6 to about 11,
between about 5 to about 10.5, between about 5.5 to about 10.3, between about 6 to about
14,5, between about 5 to about 10, between about 3.5 to about 10, between about 6 to about
18, between about 5 1o about 9.3, between about 5.5 o about 9.5, between about & 6 about
9.5, between about 3 to about 9, between about 5.5 to about 9, between about 6 to about 9,
between about 3 to about 8.5, between about 5.5 to about 8.5, between about 6 1o about 8.3,
between about S to about 8, between about 3.5 to about 8, between about 6 to about 8, about
4.3 about 5, about 6.3, about 6, about 6.5, about 7, about 7.5, about 8, about 8.3, about 9,
about 9.5, about 10, about 105, about 11, etc. Stable pH may be maintained by the use of a
buffer e.g. a Tris buffer, a citrate bufter, phosphate buffer, or a histidine buffer. Thus a

composition will generally include a buffer.

{8671} A composition may be sterile and/or pyrogen free. Compostitions may be isotonic

with respect to humans.

[6072] A vaccing composition comprises an immunologically effective amount of #s
antigen(s}. An “mumunoclogically effective amount” is an amount which, when administered
1o a subject, is effective for cliciting an antibody response against the antigen. This amount
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can vary depending upon the health and physical condition of the individual to be treated,
their age, the capacity of the individual's immune system to synthesize antibodics, the degree
of protection desired, the formulation of the vaccing, the treating doctor's agsessment of the
medical sitvation, and other relevant factors. It 1s expecied that the amount will fall m a
relatively broad range that can be determined through routine trials. The antigen content of
compositions of the disclosure will generally be oxpressed in terms of the mass of protein per

dose. A dose of 10-300ug (c.g. 50ug) per antigen can be useful.

[B073] ¥Yaccine compositions may inchide an immunological adjuvant. Exemplary
adjuvants include the following: 1. mmeral-containing compositions; 2. o1l emulsions; 3.
saponin formulations; 4. virosomes and virus-like particles; 5. bacterial or microbial
derivatives; 6. bicadhesives and mucoadhesives; 7. liposomes; 8. polyoxyethylene ether and
polyvoxvethyvience ester formulations; 9. polyvphosphazene (pepp); 10. muramvi pepides; 11
imidazogquinolone compounds; 12, thicsemicarbazone compounds; 13, tryplanthnn
compounds; 14. buman immunomodulators; 15, lipopeptides; 16. benzonaphthyridines: 17.
microparticles; 18, immunostimulatory polvnucleotide (such as ma or dna; ¢.g., cpg-

containing oligonucleotides).

{0074] For example, the composition may include an aluminum salt adjuvant, an oil in
water emulsion (e.g. an oil-in-water emulsion comprising squalene, such as MF539 or AS03),
a TLR7 agonist (such as imidazoguinoline or tmiguimod), or a combination thereof. Suitable
aluminum salts include hydroxades {¢.g. oxvhydroxides), phosphates {c.g.
hydroxyphosphates, orthophosphates). (¢.g. see chapters 8 & 9 of Vaccine Design... (1993)
eds. Powell & Newman, ISBN: 030644867X . Plenum), or mixtures thereof, The salts can
take any suitable form {¢.g. gel, crystalline, amorphous, etc.), with adsorption of antigen to
the salt being an example. The concentration of Al in a composition for administration to a
paticnt may be less than dmg/mi ¢.g. <4 mg/ml, <3 mg/ml, <2 mg/mi, <! mg/mi, ctc. A
preferred range s between 0.3 and 1 mg/ml. A maximuom of 0.85mg/dose is preferred.
Alaminum hydroxide and aluminium phosphate adjuvants are suitable for use with the

disclosure.

{6675] Exemplary adjuvants include, but are not limited to, Adju-Phos, Adjumerim,

atbumin-heparin microparticies, Algal Glucan, Algammulin, Alum, Antigen Formulation,

AS-2 adjuvant, autologous dendntic cells, avtologous PBMO, Avriding™, B7.2, BAK, BAY

R1005, Bupivacaine, Bupivacaine-HCEL BWZL, Caleitriol, Calciom Phosphate Gel, CCR3S
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peptides, CFA, Cholera holotoxm (CT) and Cholera toxin B subumit (CTB), Cholera toxin
Al-subunit-Protein A B-fragment fusion protein, CpG, CRL100S, Cytokine-containing
Liposomes, D-Murapalmitine, DDA, DHEA, Diphtheria toxoid, DL-PGL, DMPC, DMPG,
DOC/ Alum Complex, Fowlpox, Freund’s Complete Adpuvant, Gamma fnulin, Gerbu
Adjuvant, GM-CSF, GMDP, hGM-CSF, hIL-12 (N2221}, hTNF-alpha, IFA, IFN-gamma in
peDNA3Z, IL-12 DNA, IL-12 plasmid, HL-12/GMCSF plasmid {(Svkes), 1L-2 in pcDNAS, L~
2/g plasmid, 1L~-2/1g protein, L4, {L~4 in pcDNA3, Imiquimod, ImmTher™
Immuncliposomes Containing Antibodies to Costimnilatory Molecules, Interferon-ganma,
Interleukin-1 beta, Interleukin-12, Interlevkin-2, Intereukin-7, ISCOM{s}™, fscoprep
7.0.3™ Kevhole Limpet Hemocyanin, Lipid-based Adjuvant, Liposomces, Loxornbine,
LTR192G), LT-0A or LT Oral Adjuvant, LT-R192G, LTK63, LTK72, MF359,
MONTANIDE 15A 51, MONTANIDE I5A 720, MPL. TM., MPL-SE, MTP-PE, MTP-PE
Liposomes, Murametide, Murapalmiting, NAGO, 0T sative Cholera Toxin, Non-lonic
Surfactant Yesicles, non-toxic mutant E1 12K of Cholera Toxin mCT-E112K, p-
Hydroxybenzoique acid methyt ester, pCIL-10, pCIL12, pCMVmCATIL, pCMVN, Peptomer-
NP, Pleuran, PLG, PLGA, PGA, and PLA, Pluronic 1121, PMMA, PODDS™ Poly rA: Poly
U, Polysorbate 80, Protein Cochleates, Q5-21, Quadri A saponin, Quil-A, Rehydragel HPA,
Rehydragel LV, RIBI, Ribilike adjuvant system (MPL, TMD, CWS5), 5-28463, SAF-1,
Sclavo peptide, Sendai Proteoliposomes, Sendai-containing Lipid Matrices, Span 85, Specol,
Squalane 1, Squalene 2, Stearyl Tyrosine, Tetanus toxoid {TT1), Theramide™, Threonyl
muramyl dipeptide (TMDP), Ty Particles, and Walter Reed Liposomes. Selection of an
adjuvant depends on the subject to be treated. Preferably, a pharmaceutically acceptable

adjovant is used.

6076} Omne suitable immunological adjuvant comprises a compound of Formula (I} as
defined m WO2011/027222, or a pharmaceutically acceptable salt thereof, adsorbed to an
aluminum salt. Many further adjuvants can be used, mcluding any of those disclosed it

Powell & Newman (1995},

{6077} Compositions may include an antimicrobial, particularly when packaged in
multiple dose format. Antimicrobials such as thiomersal and 2-phenoxyethanol are
commonty found in vaccines, but sometimes it may be desirable to use either a mercury-free

preservative or no preservative at all,
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[8078] “ompositions may comprise detergent ¢.g. a polysorbate, such as polysorbate 80,

Detergents are generally present at low levels e.g. <0.01%.

[6679] Compositions may include sodium salts {e.g. sodium chloride) to give tonicity. A

concentration of 10+2 mg/ml NaC(l is typical ¢.g. about 9 mg/ml.

{0684] In some embodiments, the buffer in the vaccine composition is a Tris buffer. a
histidine buffer, a phosphate buffer, a citrate butfer or an acctate buffer. The composition
may also include a Ivoprotectant, ¢.g. sucrose, sorbitol or trehalose. In certain embodiments,
the composition includes a preservative e.g. benzalkonium chloride, benzethonium,
chlorohexidine, phenol, m-cresol, benzyl alcohol, methyliparaben, propvlparaben,
chlorobutanol, o-cresol, p-cresol, chlorocresol, phenvimercuric nitrate, thimerosal, benzoic
acid, and various mixtures thereof. In other embodiments, the composition mchudes a bulking
agent, like glycine. [n vet other embodiments, the composition includes a surfactant e g,
polysorbate-20, polysorbate-40, polysorbate- 60, polysorbate-63, polysorbate-80 polysorbate-
35, poloxamer-188, sorbifan monolaurate, sorbitan monopalmitate, sorbitan monostearate,
sorbitan moncoleate, sorbitan trilaurate, sorbitan tristearate, sorbitan irioleaste, ora
combination thereof The composition may also include a tonicity adjusting agent,eg.. a
compound that renders the formulation substantially isotonic or isoosmotic with buman
blood. Exemplary tonicity adjusting agents mclude sucrose, sorbitol, glycine, methionine,
mannitcl, dextrose, inositol, sodium chlornide, arginime and arginine hydrochlonde. In other
embodiments, the composition additionally includes a stabilizer, ¢.g., a molecule which
substantially prevents or reduces chemical and/or physical instability of the nanostructure, in
tvophilized or hiquid form. Exemplary stabilizers include sucrose, sorbitol, glycine, mmositol,

sodium chionde, methionine, arginine, and arginine hydrochlonde.

{0081} In another aspect, the disclosure provides a method of inducing an immune
response against an infectious agent, comprising adminmistering to a subject in need thergof an
mumunclogically effective amount of the immunogenic composition described heremn, which

comprises the nanostructure as described herein.

{6682} In certain embodiments, the immune response comprises the production of
neutralizing antibodies agamst an mfectious agent. In certain embodiments, the neutralizing

antibodies are complement-independent.
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{8083} The tmmune response can comprise a humoral immune response, a cell-mediated
immune response, or both. In some embodiments an immune response 1s induced against
cach delivered antigenic protein. A cell-mediated immume response can comprise a Helper T-
cell (Th) response, a CDE+ cyvtotoxic T-cell {CTL) response, or both. In some embodiments
the immune response comprises a humoral inrmone response, and the antibodies are
neutralizing antibodies. Neutralizing antibodies block viral infection of cells. Viruses infect
epithelial cells and also fibroblast cclis. in some embodiments the immune response reduces
or prevents mfection of both cell types. Neutralizing antibody responses can be complement-
dependent or complement-independent. In some embodiments the neutralizing antibody
response is complement-independent. In some embodiments the neutralizing antibody
response is cross-neutralizing; 1.¢., an antibody generated against an administered

composition neutralizes a virus of a strain other than the strain used in the composition.

0084} A useful measure of antibody potency in the art 18 “50% neutralization titer.” To
determine 30% nowtralizing titer, serum from mmunized animals is dibuted to assess how
dilute serum can be yet retain the ability to block entry of 30% of viruses into celis. For
example, a titer of 700 means that serom retamed the ability to neutralize 50% of virus after
being diluted 700-fold. Thus, higher titers indicate more potent neutralizing antibody
responses. In some embodiments, this titer is in a range having a lower limit of about 200,
about 400, about 500, about 800, about 1000, about 1500, about 2000, about 2500, about
3804, about 3300, about 4000, about 4500, about SG00, about 5500, about 6000, about 6500,
or about 7000, The 50% neutralization titer range can have an upper limit of about 400, about
6500, about 800, about 1000, about 1500, about 2000, about 2500, about 3000, about 3300,
about 4000, about 4500, about 5000, about 5500, about 6000, about 6500, about 7000, about
8000, about 9000, about 10600, about 110006, about 12000, about 13000, about 14000, about
15000, about 16000, about 17000, about 18000, about 19000, about 20000, about 21000,
about 22000, about 23000, about 24000, about 25000, about 26000, about 27000, about
28000, about 29600, or about 30000, For example, the 50% neutralization titer can be about

3000 to about 25000, “About”™ means plus or minus 10% of the recited value.

[085] Compositions of the disclosure will generally be administered directly to a
subject. Direct delivery may be accomplished by parenteral injection {e.g. subcutancously,
mtraperitoncally, intravenously, intramuscularly, or to the interstitial space of a tissue), or by

any other suitable route. For example, intramuscular administration may be used ¢.g. to the
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thigh or the upper am. Injection may be via a needle {e.g. a hypodermic needle}, but needle-

free injection may aliernatively be used. A tvpical intramuscular dosage volume 1s 9.5 ml.

{6086] Dosage can be by a single dose schedule or a multiple dose schedule. Multiple
doses may be used in a primary immunization schedule and/or in a booster tmmunization
schedule. In a multiple dose schedule the various doses may be given by the same or ditferent
routes, €.g., a parenteral prime and mucosal boost, a mucosal prime and parenteral boost, etc.
Multipie doses will typically be administered at least 1 week apart {e.g., about 2 weeks, about
3 weeks, about 4 weeks, about 6 wecks, about 8 weeks, about 10 weeks, about 12 weeks,

about 16 weeks, etc.).

{6087] The subject may be an animal, preferably a vertebrate, more preferablv a
mammal. Exemplary subject includes, ¢.g., a human, a cow, a pig, a chicken, a cat or a dog,
as the infectious agents covered herein may be problematic across a wide range of species.
Where the vaccine 1s for prophyiactic use, the human is preferably a child (¢ g., a toddler or
mfant}, a teenager, or an adult; where the vaccine is for therapeutic use, the human is
preferably a tcenager or an adult. A vaccine intended for children may also be administered to

adulis, ¢.g., to assess safety, dosage, immunogenicity, eic.

{0088} Vaccines of the disclosure may be prophylactic (1.e. to prevent discase) or
therapeutic (i.e. to reduce or eliminate the symptoms of a disease). The term prophylactic
may be considered as reducing the severity of or preventing the onset of a particular
condition. For the avoidance of doubt, the term prophylactic vaccine may also refer to
vaceines that ameliorate the effects of a future infection, for example by reducing the severity

or duration of such an infection.

{0089} Isolated and/or purified nanostructures desenibed herein can be administered alone
ot as either prime or boost in mixed-modality regimes, such as a RNA prme followed by a
protein boost. Benefits of the RNA-prime/protemm-boost strategy, as compared {0 a protein-
prime/protein-boost strategy, include, for example, increased antibody titers, a more balanced
1gG1:IzG2a subtype profile, induction of THI-type CD4+ T cell-mediated mmmune response
that was simlar to that of viral particles, and reduced production of non-neutralizing
antibodies. The RNA prime can increase the immunogenicity of compositions regardiess of

whether they contain or do not contain an adjuvant.
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8094} In the RNA-prime/protein boost-strategy, the RNA and the protein are directed to
the same target antigen. Examples of suitable modes of dehivenng RNAs mclhude virus-like
replicon particles (VRPs), alphavirus RNA,| replicons encapsulated in lipid nanoparticies
(LNPs) or formulated RNAs, such as replicons formulated with cationic nanoemulsions
(CNEs}. Suitable cationic gil-in-water nanoemulsions are disclosed in W02012/006380 ¢ g.
comprising an oil core {¢.g. comprising squalenc} and a cationic lipid {e.g. DOTAP, DMTAP,

DSTAP, DC-~cholesterol, etc ).

{6031 In some embodiments, the RNA molecule is encapsulated in, bound to or
adsorbed on a cationic lipid, a Hiposome, a cochleate, a virosome, an immune-stimulating
complex, a microparticle, a microsphere, a nanosphere, a untlamellar vesicle, a multilamellar
vesicle, an otf-in~water eomulsion, a water-in-oil emulsion, an emulsome, a polyvcationic

peptide, a cationic nanoemulsion, or combinations thercof,

{6092} Also provided herein are kits for administration of nucleic acid {(c.g., RNA},
purified proteins, and purified nanostructures described herein, and instructions for use. The
disclosure also provides a delivery device pre-filled with a composition or a vaceme

disclosed herein.

{8093} The pharmaceutical compositions described herein can be admunistered in
combination with one or more additional therapeutic agents. The additional therapeutic
agents may include, but are not imited to antibiotics or antibacterial agents, antiemetic
agents, antifungal agents, anti-inflammatory agents, antiviral agents, immunomodulatory
agents, cytokines, antidepressants, hormones, alkylating agents, antimetabolites, antitumour
antibiotics, antinmitotic agents, topoisomerase mhibitors, cyiostatic agents, anti-invasion
agents, antiangiogenic agents, inhibitors of growth factor function inhubitors of viral
replication, viral enzyme inhibitors, anticancer agents, g-interferons, B-interferon, ribavirin,
hormones, and other toll-like receptor modulators, immuonoglobuling (Ige), and antibodies

modulating Ig function {such as anti-IgE {omalizumab}}.

{6094} In certain embodiments, the compositions disclosed hercin may be used as a
medicament, ¢.g., for use in inducing or enhancing an immune response in a subject in need

thereof, such as g mammal.
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[8095] In certain embodiments, the compositions disclosed herein may be used in the
manufacture of a medicament for inducing or enhancing an impwnine response in a subject in

need thereof, such as a mammal.

[8096] Une way of checking cfficacy of therapeutic treatment invelves monitoring
mfection by an mfectious agent afier administration of the compositions or vaccines disclosed
herein. One way of checking efficacy of prophylactic treatment wnvolves monttoring immune
responses, systemically {such as monitoring the level of IgG1 and IgG2a production) and/or
mucosally (such as momtoring the level of IgA production), against the antigen. Typically,
antigen-specific serum antibody responses are determined post-immunization but pre-
challenge whereas antigen-specific mucosal antibody responses are determined post-

immunization and post-challenge.

8. Terminology

{6697} All publications and patents mentioned herein are hereby incorporated by
reference 1 their entirety as if cach individual publication or patent was specifically and
mdividually indicated to be incorporated by reference. In case of conflict, the present
application, including any definitions herein, will control. However, mention of any
reference, article, publication, patent, patent publication, and patent application cited herein is
not, and should not be taken as an acknowledgment, or anv form of suggestion, that they
constitute valid prior art or form part of the common general knowledge in any country 1n the

world.

098] Within this application, unless otherwise stated, the techniques utilized may
be found in any of several weli-known references such as: Molecular Cloning: A
Laboratory Manual (Sambrook, et al., 1989, Cold Spring Harbor Laboratory Press), Gene
Expression Technology (Methods m Enzymology, Vol. 185, edited by D. Goeddel, 1991,
Academic Press, San Dicgo, CA), "Guide to Protein Purification” in Merhods in
Enzymology (MLP. Deutsheer, ed., (1990} Academic Press, Inc.), PCR Profocols: 4
Guide to Methods and Applications (lonis, et al. 1990, Academic Press, San Diego, CA),
Culture of Animal Cells: A Manual of Basic Technigue, 2nd Bd (RI Freshney. 1987
Liss, Inc. New York, NY}, Gene Transfer and Expression Protocols, pp. 109-128, ed. E.L
Murray, The Humana Press Inc., Clifton, NJ.), and the Ambion 1998 Catalog (Ambion,

Austin, TX).
48



WO 2019/169120 PCT/US2019/020029

[6695] In the present description, any concentration range, percentage range, ratio range,
or integer range 1s 1o be understood to include the value of any mteger within the recited
range and, when appropriate, fractions thereof (such as one tenth and one hundredth of an
mteger}, unless otherwise indicated. The term “about”, when mmmediately preceding a
number or numeral, means that the number or numeral ranges plus or nunus 10%. It should
be understood that the terms “a” and “an” as used herein refer to “one or more” of the
enumerated components unless otherwise mdicated. The use of the alternative {e.g., “or”)
should be understood to mean either ong, both, or any combination thereof of the alternatives.
The term “and/or” should be understood to mean either one, or both of the alternatives. As

ased herein, the terms “include”™ and “comprise” are used svnonymously.

[B81066] The section headings used herein are for organizational purposes only and are not

to be construed as limiting the subject matter described.

{86161}  Unless specifically defined otherwise, the following terms and phrases, which are

comumon 10 the various embodiments disclosed herein, are defined as follows:
[88102]  As used herein, the term protein refers to a protein or a glveoprotein,

{00193} Asused herein, the term immunogenic refers to the ability of a specific protem, or
a specific region thereof, to elicit an immune response to the speetfic protein, or to proteins
corprising an aminoe acid sequence baving a high degree of identity with the specific protein.
According to the present disclosure, two proteins having a high degree of identity have anuno
acid sequences at least 809 wdentical, at least 85% identical, at least 87% identical, at feast
90% 1dentical, at feast 92% identical, at least 94% 1dentical, at least 96% identical, at least

98% 1dentical or at least 99% 1dentical.

[06104]  Asused herein, an inunune response to a vaccine, or nanostructure, of the present
disclosure is the development in a subject of a humoral and/or a cellular immune response to
an antigenic protein present in the vaccing. For purposes of the present disclosure, a “humoral
immune response” refers to an immune response mediated by antibody molecules, incloding
secretory {IgA) or Ig(G molecules, while a “cellular tmnwne response” is one mediated by T-
hymphocyies and/or other white blood cells. One important aspect of cellular immunity

mvolves an antigen-spectfic response by eytolvtic T-cells (“CTLs™}. CTLs have specificity
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for peptide antigens that are presented in association with proteins encoded by the major
histocompatibility complex {MHC) and expressed on the surfaces of cells. {'T'Ls help mduce
and promote the destruction of intracelular microbes, or the lysis of cells infected with such
microbes. Another aspect of cellular immunity 1nvolves an antigen-specific response by
helper T-cells. Helper T-cells act to help stimulate the function, and focus the activity of|
nonspecific effector cells against cells displaving peptide antigens in association with MHC
molecules on their surface. A cellular immune response also refers to the production of
cytokines, chemokines and other such molecules produced by activated T-cells and/or other

white blood cells, including those derived from CD4+ and CDS+ T-cells.

[08105] Thus, an immunclogical response may be one that stimulates CTLs, and/or the
production or activation of helper T-cells. The production of chemokines and/or cytokines
may also be stimulated. The vaccine may also elicit an antibody-mediated tmmune response.
Hence, an immunological response may melude one or more of the following effects: the
production of antibodies {e.g., IgA or IgG} by B-cells; and/or the activation of suppressor,
cvtotoxic, or helper T-cells and/or T-cells directed specifically to a hemagglutinin protein
present in the vaccine. These responses may serve to neutralize mfectivity, and/or mediate
antibody-complement, or antibody dependent cell cvtotoxicity (ADCC) to provide protection
to an mmunized individual. Such responses can be determined using standard tmmunoassays

and neutralization assavs, well known in the art.

[06106]  As used herein the torm “antibody™ includes intact molecules as well as functional
fragments thereof, such as Fab, F(ab"2, Fv, scFv, dsFv, or single domain molecules such as
VH and VL that are capable of specifically binding to an epitope of an antigen. The term
“antibody” encompasses B-cell receptors. The term “antibedy” further encompasses camehid

antibodies.

{86107]  Asused herein in describing viruses, neutralizing antibodics are antibodies that
prevent virus from completing one round of replication. As defined herein, one round of
replication refers the life cycle of the virus, starting with attachment of the vires to a host cell
and ending with budding of newly formed viras from the host cell. This hife cvele inclades,
but is not lunited to, the steps of attaching to a ccll, entering a cell, cleavage and
rearrangement of viral proteins, fusion ot the viral membrane with the endosomal membrane,
release of viral ribonucleoproteins into the cytoplasm, formation of new viral particles and
budding of viral particles from the host celi membrane.
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[86188]  As used hersin, broadly neutralizing antibodies are antibodies that neutralize more
than one type, subtype and/or strain of bacteria, virus, or parasite. For example, broadly
neutralizing antibodies elictied against an influenza HA protein from a Type

A influenza virus may neutralize a Tvpe B or Type C virus. As a further example, broadly
neutralizing antibodics elicited against an mfluenza HA protem from Group influenza virus
may neutralize a Group 2 virus. As an additional example, broadly neutralizing antibodics
clicited against an HA protein from one sub-type or strain of virus, may neutralize another
sub-tvpe or strain of virus. For example, broadly neutralizing antibodies elicited against an
HA protein from an HI influenza virus may neutralize viruses from one or more sub-tvpes
selected from the group counsisting of H2, H3, H4, H5, H6, H7, H8, H8, HI0, H11, H12, HI3,
Hi4, Hi5 or Hio.

[6610%]  With regard to antigens, it 1s understood by those skilled in the art that antige
proteins from different strains may have different lengths due to mutations (insertions,
deletions) in the protem. Thus, reference to a corresponding region refers to a region of
ancother proteins that is identical, or nearlv so (e.g.. at least 95%, identical, at lcast 98%
wdentical or at least 99% identical}, in sequence, structure and/or function to the region being
compared. For example, with regard to an epitope of a protein, the corresponding region in a
corresponding protein from a different strain of the organism may not have the same residue
numbers, but will bave a similar or nearly identical sequence and will perform the same
function. To better clanify sequences comparisons between strains, numbering sysiems are
used by those in the field, which relate amino acid positions to a reference sequence. Thus,
corresponding amine acid residues i antigen proteins from different strains may not have the
same residue number with respect to their distance from the N-terminal amino acid of the

protein. The use of such numbering systems 1s understood by those skilled m the art.

{00110}  According to the present disclosure, a timerization domain is a series of amino
acids that when joined {also referred to as fused) to a protein or peptide, allow the fusion
protein to interact with other fusion proteins containing the trimerization domain, such that a
trimeric structure 1s formed. Any known trimerization domain can be used 1 the present
disclosure. Examples of trimerization domains inclade, but are not hmited to, the HIV-1 gpdl
trimerization domain, the 51V gp41 trimerization domain, the Ebola virus gp-2 trimerization

domain, the HTLV-1 gp-21 timerization domain, the T4 fibntin trimerization domain (i¢,,
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foldon}, the veast heat shock transcription factor trimerization domain, and the human

collagen trimerization domain,

106118]  As used herein, a vanant refers to a protein, or micleic acid molecule, the
sequence of which is similar, but not wdentical to, a reference sequence, wherein the activity
of the variant protein {or the protein encoded by the variant nucleic acid molecule) is not
significantly altered. These variations in sequence can be natarally ocourring variations or
they can be enginecered through the use of genctic enginecring technique known to those
skilled in the art. Examples of such techniques are found in Sambrook J, Fritsch E F,
Maniauis T et al., 10 Molecular Cloning—A Laboratory Manual, 2od Edition, Cold Spring
Harbor Laboratory Press, 1989, pp. 9.31-9.57}, or in Current Protocols in Molecular Biology,
John Wiley & Sons, NY. {1989}, 6.3.1-6.3.6, both of which are incorporated hersin by

reference in their entirety.

{00112}  With regard to variants, anv type of alteration in the amino acid, or nucleic acid,
sequence is permissible so long as the resulting vanant protein retains the ability to elicit
neutralizing antibodics against an influenza virus. Examples of such vanations include, but
are not limited {o, deletions, msertions, substitutions and combinations thereof. For example,
with regard to proteins, it is well understood by thosc skilled v the art that one or more {¢.g.,
2,3,4,5,6,7, 8,9 or 10}, amino acids can often be removed from the amino and/or carboxy
terminal ends of a protein without significantly affecting the activity of that protein.

7

Sinularly, onc ormore {e.g., 2, 3. 4, 5,6, 7, & 9 or 10) amino acids can oficn be inserted into

a protein without sigmficantly affecting the activity of the protein.

[66113]  Asnoted, variant proteins of the present disclosure can contain amino acid
substitutions relative to the nanostructure antigen proteins disclosed herein. Any amino acid
substitution is permissible so long as the activity of the protein is not significantly affected. In
this regard, it 15 appreciated in the art that aminc acids ¢an be classified into groups based on
their physical propertics. Examples of such groups include, but are not limited to, charged
amino acids, uncharged amingo acids, polar uncharged amino acids, and hydrophobic amino
acids. Preferred variants that contain substititions are those in which an amine acid is
substituted with an amino acid from the same group. Such substitutions are referred to as

conservative substitutions.
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[86114]  As used herein, the amino acid residues are abbreviated as follows: alanine
{Ala; A), asparagine {Asn; N), aspartic acid (Asp; D}, arginine {Arg; R}, cysteing (Cys;
), glutamic acid (Glu; B}, glutamine (Glo; ), glyeine (Gly; ), histidine (His; H),
isoteucine (ile; 1), teucineg (Leu; L), lvsine (Lys; K), methionine (Met; M), phenylalanine
(Phe, 1), praline (Pro; P), serine (Ser; S), threonine (Thr; T), tryptophan (Trp; W),
tyrosing {Tyr; Y), and valine (Val; V). As used herein, "about" means+/~ 5% of the

recited parameter.

{00115  Naturally occurring residucs may be divided into classes based on common side
chamn properties: 1) hvdrophobic: Met, Ala, Val, Leu, He: 2) neutral hydrophilic: Cys, Ser,
Thr; 3y acidic: Asp, Glu: 4) basic: Asn, Gln, His, Lys, Arg; 5} residues that influence chain
orientation: Gly, Pro; and 6} aromatic: Trp, Tyr, Phe. For example, non-conservative
substitutions may involve the exchange of a member of one of these classes for a member

from another class.

[B8116]  In making amino acid changes, the hydropathic index of amino acids may be
considered. Each amino acid has been assigned a hydropathic index on the basis of its
hydrophobicity and charge characteristics. The hydropathic indices are: 1soleucine {(+4.5);
valing (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine {(+2.5); methionine
{(+1.9); alanme (+1.8); glycine (—0.4); threonine {(—0.7); serine {(—0.8); tryptophan {(—0.9};
tyrosine {(—1.3); proling (—1.6); histidine (—3.2); ghitamate {—3.5}; glutamine (-3 .5); aspartate
{—3.5); asparagine (—3.5); lysine (—3.9); and argmine {(—4.5}. The importance of the
hydropathic amino acid index m conferning interactive biological function on a protein is
generally understood in the art (Kyte et al., 1982, J. Mol. Biol. 157:105-31). It is known that
certain amino acids may be substituted for other amino acids having a similar hydropathic
mdex or score and still retain a simiar biological activity. In making changes based upon the
hydropathic mndex, the substitution of amino acids whose hydropathic indices are within £2 is
preferred, those within +1 are particularly preferred, and those within £0.5 are even more

particolarly preferred.

1061171 ks also anderstood in the art that the substitution of like amino acids can be
made cffectively on the basis of hydrophilicity, particularty where the biologically
funcuonally equivalent protein or peptide thereby created 1s intended for use in
mnmunological disclosure, as in the present case. The greatest local average hvdrophilicity of
a protein, as governed by the hydrophilicity of its adjacent amino acids, correlates with its
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mnmunogenicity and antigenicity, 1.¢., with a biological property of the protein. The
following hvdrophilicity values have been assigned to these amino acid residues: arginine
{(+3.0); lysine (+3.0}; aspartate (+3.0=1); glutamate (+3.0+1); serine (+0.3); asparagine
{(+0.2); glutamune {+0.2); glveine (0); threonme (—0.4); prohine {(—0.5+1); alanme (—0.5);
histiding {(—0.5}; cysteine {(—1.0); methionine (—1.3); valine {(—1.5); lsucine {—1 8); isoleucing
(1.8} tyrosing {2 3}; phenylalanine (~2.5}; and tryptophan (-3.4}. In making changes
based upon similar hvdrophilicity values, the substitution of amino acids whose
hydrophilicity values are within 42 is preferred, those within +1 are particularly preferred,
and those within +0.5 are even more particulardy preferred. One may also identify epitopes

from primary amino acid sequences on the basis of hydrophilicity.

{06118]  Desired amino acid substitotions {whether conservative or non-conservative) can
be deternuined by those skilled in the art at the time such substitutions are desired. For
example, amino acid substitutions can be used to identify important residues of the HA
protein, or io merease or decrease the immunogenicity, sclubility or stability of the HA

proteins described hereim. Exemplary amino acid substitutions are shown below in Table 4.

TABLE 4

Armine Acid Substitutions
Original Amino Acid Exemplary Substitutions
Ala Val, Ley, Ile
Arg Lys, Gln, Asn
Asn Gin
Asp Glu
Cys Ser, Ala
Gln Asn
Gly Asp
Gly Pro, Ala
His Asn, Gln, Lys, Arg
fle Leun, Val, Met, Ala
Leu He, Val, Met, Ala
Lys Arg, Gin, Asa
Met Leu, Phe, Hle
Phe Leu, Val, Iie, Ala, Tyr
Pro Ala
Ser Thr, Ala, Cys
Thr Ser
Tmp Tyr, Phe
Tyr Trp, Phe, Thr, Ser
Val He, Met, Leu, Phe, Ala
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[86119]  Asused hersin, the phrase “sigmificantly affect a protein’s activity” refers to a
decrease in the activity of a protein by at least 10%, at least 20%. at least 30%, at least 40%
or at least 50%. With regard to the present disclosure, such an activity may be measured, for
example, as the ability of a protein to elicit neutralizing antibodics aganst a virus. Such
activity may be measured by measuring the titer of such antibodics agamst virus, or by
measuring the nuomber of types, subtypes or strains neutralized by the elicited antibodies.
Methods of determining antibody titers and methods of performing virus neutralization

assays are known to those skilled 1o the art. In addition to the activities described above, other
activities that may be measured include the ability to agglutinate red blood cells and the
binding affinity of the protein for a ccll. Methods of measuring such activities are known to

those skilled 1n the art.

[06126]  As used herein, a fusion protein is a recombinant protein containing amino acid
sequence from at least two unrclated proteins that have been joined together, via a peptide
bond, to make a single protein. The unrelated amine acid sequences can be joined directly to
cach other or they can be joined using a linker sequence. As used herein, proieing are
unrelated, 1f thewr amino acid sequences are not normally found joined together via a peptide
bond in their natural environment(s) {e.g., mside a cell). For example, the amino acid
sequenaes of monomeric subunits that make up a polypeptide, and the amino acid sequences

of antigen proteins are not normally found joined together via a peptide bond.

{66121} The terms individual, subject, and patient are well-recognized in the art, and are
herein used mterchangeably 1o refer to any human or other animal susceptible to mfection.
Examples include, but are not limited to, humans and other primates, inclading non-haman
primates such as chimpanzees and other apes and monkey species; farm antmals such ag
cattle, sheep, pigs, scals, goats and horses; domestic manumals such as dogs and cats;
laboratory amimals including rodents such as mice, rats and guinea pigs; birds, including
domestic, wild and game birds such as chickens, turkeys and other gallinaceous birds, ducks,
geese, and the Like. The terms individual, subject, and patient by themselves, do not denote a
particular age, sex, race, and the like. Thus, individuals of any age, whether male or female,
are mtended to be covered by the present disclosure and mchude, but are not limited to the
eiderly, adublts, children, babies, infants, and toddlers. Likewise, the methods of the present

disclosure can be applied to any race, mcluding, for example, Caucasian (white), Afrcan-

W
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American {black), Native American, Native Hawatian, Hispanic, Latino, Asian, and

European.

1061221 As used herein, a vaccinated subject is a subject that has been administered a

vaccine that is intended to provide a protective effect against a bacteria, virus, or parasite.

{86123}  Asused herein, the torms exposed, exposure, and the like, indicate the subject has
come in contact with a person of animal that is known to be infected with a bacteria, virus, or

parasiie.

[06124] The publications discussed herein are provided solely for their disclosure prior to
the filing date of the present application. Nothing herein s to be construed as an admission
that the present disclosure is not entitled to antedate such publication by virtue of prior
disclosure. Further, the dates of publication provided may be different from the actual

publication dates, which may need to be independently confirmed.

[06125]  Unless detfined otherwise, all technical and scientific terms used herein have the
same meaning as coromonly understood by one of ordmary skill in the art to which this
disclosure belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present disclosure, the
preferred methods and materials are now described. All publications mentioned herem are
mcorporated herein by reference to disclose and deseribe the methods and/or matenals in

connection with which the publications are cited.

{86126} It is appreciated that certain features of the disclosure, which are, for clarity,
described 1o the context of separate embodunents, may also be provided in combination ina
single embodiment. Conversely, various features of the disclosure, which are, for brevity,
described i the context of a single embodiment, may also be provided separately or in any
suitable sub-combination. All combinations of the embodiments are specifically embraced by
the present disclosure and are disclosed herein just as if cach and every combination was
mdividually and explicitly disclosed. In addition, all sub-combinations are also specifically
embraced by the present disclosore and are disclosed hercin just as if each and every such

sub-combination was individually and explicitly disclosed heremn.

1061271 The disclosure is further described in the following Examples, which do not limit
the scope of the disclosure descrbed in the claims.
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9. Examples
9.1. Example 1: Respiratory Syncytial Virus (R8V}
8.1.1. Sequences

[86128] In embodiments of the present disclosure, RSV F protein is present as a fusion
protein with the first polypeptide and a linker s used, the F protein-linker sequence may

comprise the following:

>DS-Cavl-foldon (SEQ ID NO: 90)
(MELLILKANATTTILTAVTFCFASGIQNITEEFYQSTCSAVSKGYLSALRTGWY TSVIT
IELSNIKENKCNGTDAKVKLIKQELDK YKNAVTELQLLMQSTPA TNNRARRELPRFM
NYTLNNAKKTNYTLSKKRKRRFLGFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALL
STNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLL
EITREFSVNAGVTTPVSTY MLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIM
CHKEEVLAYVVOQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNA
GSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLONVDIFNPKY DCKIMTSKTDVSS
SVITSLGAIVSCYGKTKCTASNKNRGHKTFSNGCUDY VSNKGVDTVSVGNTLY YVNK
QEGKSLYVKGEPINFYDPLVFPSDEFDASISQVNEKINQSLAFIR(KSDELL)GYIPEAP
RDGOAYVRKDGEWVLLSTFL

[00129] In vanous further embodiments, the first polypeptides comprise or
consist of first polypeptides having a sequence selected from the following (optional

residues in parentheses):

>DS-Cavi-foldon-T33-31A (SEQ 1D NO: 91
(MELLILKANVIATILTAVTFCFASSQNITEEFYQSTCSAVSKGYLSALRTGWY TS VITE
ELSNIKENECNGTDAEVEKLIKQELDKYKNAVTELQLLMOQSTPATNNRARRELPRFM
NYTENNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALL
STNKAVVYSLSNGYVSVLTFRKVLDLEKNYIDKOQLLPELNKOSCSISNIETVIEFQOKNNRLL
EfTREFSVNAGVTTPVSTYMLINSELLSLINDMPITNDOKKLMSNNVQIVROQSY SIM
CHKEEVLAYVVQLPLYGVIDTPCWELHTSPLCTINTKEGSNICLTRTDRGWYCDNA
GSVSFFPOAETCKVOSNRVFCDTMNSLTLPSEVNLOCNVDIFNPEKYDCKIMTSKTDVSS
SVITSLOAIVSCYGKTRKCTASNKNRGIUKTFSNGCDYVSNKGVDTVSVONTLYYVNK
QEGKSLYVEKGEPHUNFYDPLVEPSDEFDASISQVNEKINQSLAFIR(KSDELLYGYIPEAP
RDGOQAYVRKDGEWVLLSTFLGGSMEEVVLITVPSALVAVKIAHALVEERLAACVNI
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VPGLTSIYREEGSVYSDHELLLEVKTTTBAFPKLKERVEELHPYEVPEIVALPIAEGNR
EYLDWLRENTG

>DS-Cavl-T33-31A (SEQ ID NO: 92)
(MELLILKANVIATILTAVTFCFASS)QNITEEFYQSTCSAVSKGYLSALRTGWY TSVITI
BLSNIKENKCNGTDAKVEKLIKQELDKYKNAVTELQLLMQSTPATNNRARRELPRFM
NYTLNNAKKTNYTLSKKRKRRFLGFLLGVGSAIASGYVAVCKVLHLEGEVNKIKSALL
STNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQOKNNRLL
EITREFSVNAGVTTPVSTY MLTNSELLSLINDMPITNDOQKKLMSNNVQIVROOSYSIM
CHKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTEEGSNICLTRTDRGWYCDNA
GSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLONVDIFNPKY DCKIMTSKTDVSS
SVITSLGAIVSCYGKTKCTASNKNRGIKTESNGCDY VSNKGVDTVSVGNTLY Y VNK
QEGKSLY VKGEPIINFY DPLVFPSDEFDASISQVNEKINQSLAFIR(KSDELLIGGSMEE
VVLITVPSALVAVKIAHALVEERLAACVNIVPGLTSIYREEGSVVSDHELLLLVKTTT
AFPKLKERVKELHPYEVPEIVALPIAEGNREYLDWLRENTG

>DS-Cavl-foldon-T33-15B (SEQ ID NO: 93)
(MELLILKANVIATILTAVTFCFASS)ONITEEFY QSTCSAVSKGYLSALRTGWY TSVITI
BLSNIKENKCNGTDAKVKLIKQELDK YENAVTELQLLMOQSTPATNNRARRELPRFM
NYTLNNAKKTNYTLSKKRKRRFLGFLLGVGSAIASGYAVCKVLHLEGEVNKIKSALL
STNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQOKNNRLL
EITREFSVNAGVTTPVSTY MLTNSELLSLINDMPITNDOQKKLMSNNVQIVROOSYSIM
CHKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTEEGSNICLTRTDRGWYCDNA
GSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLONVDIFNPKY DCKIMTSKTDVSS
SVITSLGAIVSCYGKTKCTASNKNRGIKTESNGCDY VSNKGVDTVSVGNTLY Y VNK
QEGKSLY VKGEPIINFY DPLVFPSDEFDASISQVNEKINQSLAFIR(KSDELLIGYIPEAP
RDGQAYVREKDGEWVLLSTFLGGSMVRGIRGAITVNSDTPTSHIATILLLEKMLEANGI
QSYEELAAVIFTVTEDLTSAFPAEAARQIGMHRYVPLLSAREVPVPGSLPRVIRVLALW
NTDTPODRVRHVYLSEAVRLRPDLESAQ

>DS-Cavl-T33-15B (SEQ ID NO: 94)

(MELLILKANVIATILTAVTFCFASS)QNITEEFYQSTCSAVSKGYLSALRTGWY TSVITI

BLSNIKENKCNGTDAKVEKLIKQELDKYKNAVTELQLLMQSTPATNNRARRELPRFM

NYTLNNAKKTNYTLSKKRKRRFLGFLLGVGSAIASGYVAVCKVLHLEGEVNKIKSALL

STNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQOKNNRLL
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EITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDOQKKLMSNNVQIVROQSYSIM
CHKEEVLAYVVOQLPLYGVIDTPCWRKLHTSPLCTTINTKEGSNICLTRTDRGWYCDNA
GSVSFFPOAETCKVOSNRVFCDTMNSLTLPSEVNLCNVDIFNPKY DCKIMTSKTDVSS
SVITSLGAIVSCYGRTKCTASNKNRGUKTESNGCDY VENKGVDTVAVONTLYYVNK
QEGEKSLYVEGEPHNFYDPLVEPSDEFDASISQVNEKINQSLAFIR(KSDELLYGGSMVR
GIRGAITVNSDTPTSHIATILLLEKMLEANGIQSYEELAAVIFTVTEDLTSAFPAEAARG
IGMHRVPLLSAREVPVPGSLPRVIEVEALWNTDTPOQDRVEHVY LSEAVRLEPDLESA
Q

>D&-Cavi-foldon-1533-50A (SEQ ID NQG: 95)
(MELLILKANAITTILTAVTFCFASGYONITEEFYQSTCSAVSKGYLSALRTGWYTSVIT
IELSNIKENKCNGTDAKVKLIKQELDKYRKNAVTELQLLMQSTPATNNRARRELPRFM
MNYTENNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVCKYVLHLEGEVNKIKSALL
STNKAVVSLSNGVSVLTFKVEDLENYIDKQLLPIENKQSCSISNIETVIEFQOKNNRLL
EITREFSVNAGVTTPVSTY MLTNSELLSLINDMPITNDQKKLMSNNVQIVRQOSYSIM
CHKEEVLAYVVQLPLYGVIDTPOWKLHTSPLCTINTRKEGSNICLTRTDRGWYCDNA
GSVSFFPQAETCKVOSNRVFCDTMNSLTLPSEVNLONVDIFNPKY DCKIMTSKTDVAS
SVITSLOGAITVSCYGRTKCTASNKNRGIKTESNGUDY VSNKGVYVDTVSVONTLYYVNK
QEGKSLYVKGEPINFYDPLVEFPSDEFDASISQVNEKINQSLAFIRGY IPEAPRDGQOAY
VRKDGEWVLLSTFLGSGSHHHHABHHGGSGGSGSEKAAKAREAARKMEELFKKHK
IVAVLRANSVEEAIEKAVAVFAGGVHLIEITFTVPDADTVIKALSVLKEKGAHGAGTVY
TSVEQCRKAVESGAEFIVSPHLDEEISQFCKEKGVFYMPGVMTPTELVKAMKLGHTE
LKLFPGEVVGPOFVEKAMKGPFPNVKFVPTGOVNLDNVCEWFKAGVLAVGYVGRALY
KGTPDEVREKAKAFVEKIRGCTE

>DS-Cavi-183-50A (SEQ 1D NO: 96)
(MELLILKANVIATILTAVTFCFASS)QNITEEFYQSTCSAVSKGYLSALRTOGWY TS VITI
ELSNIKENKONGTDAKVEKLIKQELDKYKNAVTELQLLMQSTPATNNRARRELPRIM
NYTLENNAKKTNYVTLSKKREKRRFLGFLLGVGSAIASGVAVOKVLHLEGEVNKIKSALL
STNEKAVVSLSNGVSVLTFKVLDLKNYIDRKQLLPILNKQSCSISNIETVIEFQOQKNNRLL
EITREFSVNAGVTTPYSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIM
CHKEEVLAYVVOLPLYGVIDTPCWKLHTSPLOTINTRKEGSNICLTRTDRGWYCDNA
GSVSFFPQAETCRKVOSNRVFCDTMNSLTLPSEVNLONVDIFNPEY DCKIMTSKTDVSS
SVITSLGAIVSCYGKTRCTASNENRGITETFSNGCDY VANKGVDTVSVONTLY Y VNI
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QEGKSLYVKGEPUNFYDPLVEPSDEFDASISQVNEKINQSLAFIRGGSGGSGSEKAAK
AEEAARKMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGGVHLUIEITFTVIDADTVIK
ALSVLKEKGAHGAGTYVTSVEQCRKAVESGAEFIVSPHLDEEISQFCKEKGVEYMPGY
MTPTELVKAMKLGHTILKLFPGEVVGPQFVEKAMKGPFPNVKFVPTGGYNLDNVCE
WIFKAGVLAVOVGSALVKGTPREVREKAKAFVEKIRGCTE

>DS-Cavi-132-28A (SEQ 1D NO: 97}
{(MELLILKANAITTILTAVTFCFASGYONITEEFYQSTCSAVSKGYLSALRTGWY TSVIT
TELSNIKENKONGTDAKVKLIKQELDKYKNAVTELQLEMOSTPATNNRARRELPRFM
NYTENNAKKTINVTILSKEREKRRFLGFLLGVGSATASGVAVCEVLHLEGEVNKIKSALL
STNKAVVSLSNGVSVLTFRVLDLKNYIDKQLLPHNKQSCSISNIETVIEFQOQKNNRLL
EITREFSVNAGVTTPVSTYMLTINSELLSLINDMPITNDOKKLMSNNVQIVRQQSYSIM
CHKEEVLAYVVOLPLYGVIDTPCWEKLHTSPLCTINTKEGSNICLTRTDRGWYCDNA
GSVSFFPOAETCKVOSNRVFCDTMNSLTLPSEVNLCNVDIFNPEKYDCKIMTSKTDVSS
SVITSLOAIVSCYGKTRKCTASNKNRGIUKTFSNGCDYVSNKGVDTVSVONTLYYVNK
QEGKSLYVEGEPHUNFYDPLVEPSDEFDASISQVNEKINQSLAFIR(KSDELLYGGSGGS
GSDDARIAAIGDVDELNSQIGVLLAEPLPDDVRAALSAIGHDLFDLGGELCIPGHAALT
EBHELRLALWLVHYNGQLPPLEEFHLPGGARGAALAHVCRTVCRRAERSIKALGASE
PLNIAPAAYVNLLSDLLFVLARVLNRAAGGADVLWDRTRAH

>DS-Cavi-Tr-foldon-T33-31A (SEQ 1D NO: 101)
ONITEEFYQSTCSAVSKGYLSALRTGWY TSVITIELSNIKENKCONGTDAKVKLIKQEL
DKYKNAVTELQLLMQSTPATNNRARRELPRFMNY TLNNAKKTNVTLSKKRKRRFL
GFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTFKVLDL
KNYIDKQLLPILNKQSCSISNIETVIEFQOKNNRLLEITREFSVNAGV TTPVSTYMLTNS
FLLSLINDMPITNDOQRKLMSNNVOIVRQOSY SIMCIKEEVLAYVVQLPLYGVIDTPC
WEKLHTSPLCTTNTKEGSNICLTRTDRGWY CDNAGSVSFFPQAETCKVQSNRVFCDT
MNSLTLPSEVNLCNVDIFNPKY DCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNK
NRGIHKTFSNGCDY VSNKGVDTVSVGNTLY Y VNKQEGKSLY VKGEPUNFYDPLVFPS
DEFDASISQVNEKINQSLAFIRGYIPEAPRDGQAYVRKDGEWVLLSTFLGGSMEEVVL
ITVPSALVAVKIAHALVEERLAACVNIVPGLTSIYREEGSVVSDHELLLLVKTTTDAFP
KLKERVKELHPYEVPEIVALPIAEGNREYLDWLRENTG

>DS-Cavi-Tr-T33-31A (SEQ ID NO: 102)
ONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIK ENKCNGTDAKVKLIKOEL
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DEYKNAVTELQLLMQSTPATNNRARRELPRFMNY TLNNAKKTNVTLSKKRKRRIL
GFLLOVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNRKAVVSLENGVSVLTFKVLDL
KNYIDKQULPILNKOQSCSISNIETVIEFQOQRNNRLLEITREFSVNAGVTTPYVSTYMLTNS
ELLSLINDMPITNDOQKKLMSNNVOQIVROQOQSY SIMCHKEEVLEAYVVQLPLYGVIDTPC
WEKLHTSPLCTINTREGSNICLTRTDROWY CDNAGSVSEFFPQAETCRVQSNRVECDT
MNSLTLPSEVNLOCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTRKCTASNK
MNRGUKTFSNGCDYVSNKGVDTYVSVONTLY YVNKQEGKSLY VKGEPINFYDPLVEPS
DEFDASISQVNEKINQSLAFIRGGSMEEVVLITVPSALVAVEIAHALVEERLAACVNIV
POGLTSIYREEGSVVSDHELLLEVKTTTDAFPKLKERVKELHPYEVPEIVALPIAEGNRE
YLDWLRENTG

>D8-Cavi-Tr-folden-133-158 (SEQ ID NO: 103)
ONITEEFYQSTCSAVSKGY LSALRTOWY TSVITIELSNIKENKCNGTDAKVKLIKQEL
DEYKNAVTELQLLMOQSTPATNNRARRELPRFMNYTENNAKKTNVTLSKKRKRRFL
GFLLOVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNRKAVVSLENGVSVLTFKVLDL
KNYIDKQULPILNKOQSCSISNIETVIEFQOQRNNRLLEITREFSVNAGVTIPYVSTYMLTNS
ELLSLINDMPITNDOQKKLMSNNVOQIVROQOQSY SIMCHKEEVLEAYVVQLPLYGVIDTPC
WEKLHTSPLCTINTREGSNICLTRTDROWY CDNAGSVSEFFPQAETCRVQSNRVECDT
MNSLTLPSEVNLONVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTRKCTASNK
MNRGUKTFSNGCDYVSNKGVDTYVSVONTLY YVNKQEGKSLY VKGEPINFYDPLVEPS
DEFDASISQVNEKINQSLAFIRGYIPEAPRDGQAYVRKDGEWVLLSTFLGGSMVRGIR
GAITVNSDTPTSIHATILLLEKMLEANGIQSYEELAAVIFTVTEDLTSAFPAEAARQIG
MHRVPLLSAREVPVPGSLPRVIRVLALWNTDTPODRVRHVYLSEAVRLRPDLESAQ

>DS-Cavl-Tr-T33-158 (SEQ ID NO: 104)
OQNITEEFYQSTCSAVSKGYLSALRTGWY TSVITIELSNIKENKCNGTDAKVKLIKQEL
DKYENAVTELQLLMQSTPATNNRARRELPRFMNY TLNNAKKTNVTLSKKRKRRFL
GFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTFKVLDL
KNYIDKQLLPILNKOSCSISNIETVIEFQQKNNRLLEITREFSVNAGVTTPYSTY MLTNS
ELLSLINDMPITNDQKKLMSNNVQIVRQQSY SIMCHKEEVLAYVVOLPLYGVIDTPC
WKLHTSPLCTINTKEGSNICLTRTDRGWY CDNAGSVSFFPQAETCKVQSNRVFCDT
MNSLTLPSEVNLOCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGK TKCTASNK
NRGUKTFSNGCDYVSNKGVDTYSVGNTLYYVNKQEGKSLY VKGEPIINFY DPLVFPS
DEFDASISQVNEKINQSLAFIRGGSMVRGIRGAITVNSDTPTSIHATILLLEKMLEANGI
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QSYEELAAVIFTVTEDLTSAFPAEAARQIGMHRVPLLSAREVPVPGSLPRVIRVLALW
NTDTPOQDRVRHVYLSEAVRLRPDLESAQ

>B8-Cavi-Tr-folden-i53-50A (SEQ ID NO: 105)
ONITEEFYQSTCSAVSKGY LSALRTOWY TSVITIELSNIKENKCNGTDAKVKLIKQEL
DEKYEKNAVTELQLLMQSTPATNNRARRELPRFMNYTLNNAKKTNVTLAKKRKRRFL
GFLLOVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNRAVVSLENGVSVLTFKVLDL
KNYIDKOQLLPILNKQSCSISNIETVIEFQOKNNRLLEITREFSVNAGVTTIPYSTYMLTNS
ELLSLINDMPITNDOKKLMSNNVQIVRQQSY SIMCHKEEVLAYVVOLPLYGVIDTPC
WKLHTSPLCTINTREGSNICLTRTDRGWY CDNAGSYSFFPQAETCRVQSNRVECDT
MNSLTLPSEVNLCNVDIFNPKYBCKIMTSKTDVSSSVITSLGAIVSCYGRKTKCTASNK
NRGUKTFSNGCDYVENKGVDTVSVONTLY Y VNKOQEGKSLY VKGEPINFYDPLVEPRS
DEFDASISQVNERKINQSLAFIRGYIPEAPRDGQAYVRKDGEWVLLSTFLGSGSHHHHH
HHHGGSGGSGSEKAAKAEEAARKMEELFEKKHKIVAVERANSVEEAIEKAVAVFAGG
VHLIEITFTVPDADTVIKALSVLKEKGANGAGTVTSVEQURKAVESGAEFIVSPHLDE
EISQFCKEKGVFYMPOYMTPTELVKAMKLGHTILKLFPGEVYVGPOFVKAMEKGPEPN
VKFVPTGGYVNLDNVCEWFKAGVLAVGVGSALVEGTPDEVREKAKAFVEKIRGCTE

>DS-Cavi-Tr-153-50A (SEQ ID NO: 106)
QNITEEFYQSTCSAVSKGYLSALRTGWY TSVITIELSNIKENKCNGTDAKVKLIKQEL
DKYKNAVTELQLLMOSTPATNNRARRELPRFMNY TLNNAKKTNVTLSKKRKRRFL
GFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTFKVLDL
KNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNS
ELLSLINDMPITNDQKKLMSNNVQIVRQQSY SIMCIIKEEVLAYVVOLPLYGVIDTPC
WEKLHTSPLCTTNTKEGSNICLTRTDRGWY CDNAGSVSFFPOAETCKVQSNRVFCDT
MNSLTLPSEVNLOCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGK TKCTASNK
NRGHKTFSNGCDYVSNKGVDTYSVGNTLYYVNKQEGKSLY VKGEPIINFYDPLVFPS
DEFDASISQVNEKINGSLAFIRGGSGGSGSEKAAKAFEAARKMEELFKKHKIVAVLR
ANSVEEAIEKAVAVFAGGVHLIBITFTVPDADTVIKALSVLKEKGAHGAGTVTSVEQ
CRKAVESGAEFIVSPHLDEEISQFCKEKGVFYMPGVMTPTELVKAMKLGHTILKLFP
GEVVGPOFVKAMKGPFPNVKFVPTGGVNLDNVCEWFKAGVLAVGVGSALVKGTP
DEVREKAKAFVEKIRGCTE

>DS-Cavi-Tr-132-284 (SEQ ID NO: 107)
ONITEEFYQSTCSAVSKGYLSALRTGWY TSVITIELSNIKENKCNGTDAKVKLIKQEL
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DEYKNAVTELQLLMQSTPATNNRARRELPRFMNY TLNNAKKTNVTLSKKRKRRIL
GFLLOVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNRKAVVSLENGVSVLTFKVLDL
KNYIDKQULPILNKOQSCSISNIETVIEFQOQRNNRLLEITREFSVNAGVTTPYVSTYMLTNS
ELLSLINDMPITNDOQKKLMSNNVOQIVROQOQSY SIMCHKEEVLEAYVVQLPLYGVIDTPC
WEKLHTSPLCTINTREGSNICLTRTDROWY CDNAGSVSEFFPQAETCRVQSNRVECDT
MNSLTLPSEVNLOCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTRKCTASNK
MNRGUKTFSNGCDYVSNKGVDTYVSVONTLY YVNKQEGKSLY VKGEPINFYDPLVEPS
DEFDASISQVNEKINQSLAFIRGGSGGSGSDDARIAAIGDVDELNSQIGVLLAEPLPDD
VRAALSAIQHBLFDLGGELCIPGHAAITEDHLLRLALWLVHYNGQLPPLEEFILPGGA
RGAALAHVCRTVCRRAERSIKALGASEPLNIAPAAY VNLLSDLLFVLARVENRAAGG
ADVLWDRTRAH

¢.1.2. Methods

Expression and screening of trimeric building blocks comprising an F protein and a

trimeric assembly domain,

[8613¢] Human codon-optimized sequences for trimeric bailding blocks inchuding and
lacking DS-Cavl fusions were ordered from Genscript. Building blocks for single-component
nanostructures (i.¢., 13-01) were cloned into the pcDNA3.1 vector (ThermoFisher Scientific)
containing one CMV promoter, while building blocks for two-component nanostractures
{e.g.. 153-50} were cloned into the pBudCE4 1 vector (ThermoFisher Scientific) containing
both CMV and EF-la promoters. Recombinant proteins were expressed by transient
transfection of Expi293F cells (ThermoFisher Scientific) using polyethyleniming (PET). Cell
cultures were harvested five days post-transfection by centrifugation. Secreted proteins were
analvsed by ELISA, using etther direct coating of the cell supernatants or by sandwich
ELISA. Briefly, 96-well MaxiSorp plates (Nunc} were coated with cell supernatant for direct
ELISA or murine anti-His tag monoclonal antibody (ThermoFisher Scientific) for sandwich
ELISA Seccreted proteins were detected using the human Palivizvumab, MPES, RSDS, and
D25 monoclonal antibodics. Transfected Expi293F cells were fixed and permeabilized with
BD cytofix/cvtoperm (BD Biosciences), meubated with human Palivizumab, MPES, and D23
monoclonal antibodies, and stained with Alexa Fluor 647-conjugated anti-human IgG
antibody (Jackson bnmunoResearch). Stamed cells were counted with a FACS Fortessa flow
cvtometer (BD Biosciences). Analysis was performed with FlowJo software. Cell lines were

routinely tested for mycoplasma contamination.
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Expression and purification of B5-Cav1-I53-36A

[B8131] Lentivirus was produced by transient transfection of 293T (ATCC) cells using
linear 25- kDa polyethyleneimine {(PEL; Polysciences). Briefly, 4x 10° cells were plated onto
10 cm tissue culture plates. After 24 h, 3 ug of psPAX2, 1.5 ug of pMD2G (Addgene
plasmid #12260 and #12239, respectively) and 6 pg of lentiviral vector plasmid were mixed
it 500 pt diluent {5 mM HEPES, 150 mM NaCl, pH = 7.05) and 42 ul of PEI (1 mg/ml) and
meubated for 15 min. The DNA/PE! complex was then added to the plate drop-wise.
Lentivirus was harvested 48 h post-transfoction and concentrated 100-fold by low-speed
centrifugation at 8000g for 18 h. Transduction of the target cell line was carried out in 125
mL shake flasks containing 10 x 10° cells in 10 mL of growth media. 100 uL of 100x
lentiviras was added to the flask and the cells were incubated with shaking (225 pm} at 37

°C, 10 8% CO» for 4-6 h. 20 mi of growth media was added to the shake flask after 4-6 h.

{00132} Transduced cells were expanded every other day to a density of 1 x 10° celis/mi
until a final culture size of 4 L was reached. The media was harvested after 17 days of fotal
incubation after measuring final cell concentration (~3 x 10° cells/mL) and viability (~90%
viable). Colture sapernatant was harvested by low-speed centrifugation to remove cells from
the supernatant. NaCl and NaNs were added to final concentrations of 250 mM and 0.02%,
respectively. The supematant was loaded over one S mL HisTrap FF Crude column (GE
Healthsciences) at 53 ml/mun by an AKTA Pare (GE Healthsciences). The nickel elution was
applied to a Hil.oad 16/600 Superdex 200 pg column (GE Healthsciences) to further purity
the target protein by size-exclusion chromatography. The size-exclusion purified target

protein was snap frozen in liguid nitrogen and stored at -80 °C.
In vitro assembly of DS-Cavl-bearing nanostructures

[B8133]  100% valency particles (20 DS~Cavl trimers per icosahedral nanostructure) were
prepared by nmixing DS-Cavl-foldon-I53-50A trimers and [53-50B.4PT1 pentamers at 50 uM
zach and imcubating with rocking overnight at 4 °C. In some cases, assembled nanostracturgs
were purified from excess components remaining n the 2 vifro assembly reaction using a GE
Sephacryl 5-300 HR 16/60 colummn in a buffer comprising 23 mM Trnis pH §, 250 mM NaCl,
5% glyeerol. Sample load and SEC fractions were analvzed by SDS-PAGE in the presence

and absence of reducing agent. Peak fractions were pooled, concentrated using a GE
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Vivaspin 20 30kDa MWCO centrifugal filter, and quantified using an Agilent 8454

spectrophotometer.

106134]  66% valency particles (~14 BS-Cavl trimers per wcosahedral nanostructure) were
prepared by mixing DS-Cavl-foldon-153-50A trimers, 153-30A truners, and 133-30B 4PosT1
pentamers at 30, 25, and 73 pM, respectively. 33% valency particles (-7 DS-Cavl trimers per
icosahedral nanostructure) were prepared by muixing DS-Cavl -foldon-153-50A trimers, [53-
50A trimers, and 153-50B.4PosT1 peatamers at 25, 50, and 75 pM, respectively. The i vitro
assembly reactions were allowed to incubate with rocking overnight at 4 °C. In some cases,
assembled nanostructures were purified from excess components remaiming in the 7 vitro
assembly reaction using a GE Sephacryl $-500 HR 16/60 column in a buffer comprnsing 25
mM Tris pH 8, 250 mM NaCl, 5% glvcerol. Sample load and SEC fractions were analyzed
by SDS-PAGE in the presence and absence of reducing agent. Peak fractions were pooled,
concentrated using a GE Vivaspin 20 30kDa MWCQ centrifugal filter, and guantified using
an Agilent 8454 spectrophotometer after centrifuging at ~21,000 g for 16 minutes at 4 °C.
Samples were then transferred to cryvogenic tubes in 1 mL aliquots at 1.1 mg/ml for the 33%
valency particles and 0.6 mg/mL for the 66% valency particles, flash frozen in liquid

mitrogen, and stored at -80 °C.
Electron microscopy of DS-Cavl-bearing nanostructures

{00135}  Samples were prepared for negative stain EM by diluting to 0.01 mg/mL usimg 25
mM Tris pH 8, 250 mM NaCl, 5% glyeerol and 3.5 pb was incabated on a glow-discharged,
copper, carbon-coated grid for 20 seconds before blotting away the liguid with a piece of
Whatman No. 1 filter paper. Within scconds of blotting away the saraple, a 3.5 ul. droplet of
stain (2% w/v uranyl formate) was deposited and blotted away immediately, and then a

second eycle of staining/blotting was performed.
Circular dichroism (CD} spectropolarimetry

180136] CD spectra from F proteins (0.5 mg m1™) were recorded on a Chirascan
spectropolarimeter {Applied Photophysics) over the wavelength range of 195 to 260 nm at a
bandwidth of 1 nm, step size of 0.5 nmy, and | s per step. The spectra in the far-ultraviclet
region required an average of three scans and were subtracted from blank spectra performed
with buffer. Thermal denaturation was monitored by performing scans at intervals of 1 °C,
after equilibration for 1 min at each temperature. Data were fitted to a simple first order
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curve. The values of AAZ22 are represented on the v axis as the percentage of the values

recorded at 20 °C.
Enzyme-linked immunosorbent assay (ELISA}

[86137] To test specific binding of antibody or sera, 96-wel MaxiSormp plates (Nune) were
coated with senial dilutions of tissue culture supematants from cells expressing trimeric
building blocks comprising F proteins and a trimeric assembly domain or 2 pg mi™ of the
following purified protemns: Ds-Cavl with foldon, Ds-Cavl fused to a trimeric first
polypeptide or DS-Cav 1-displaying nanocstructures. Plates were blocked with 19 bovine
serum albumin (BSA) and incubated with titrated antibodies (D25, MPE#Z, Palivizamab,
RSD35) or murine sera followed by AP-conjugated goat anti-human IgG {Southem Biotech,
2040-04) or goat anti-mouse IgG {Southem Biotech, 1030-04). Plates were then washed with
PBS buffer {Giboo, Invitrogen), 0.05% Tween-20 and substrate (p-NPP, Sigma) wags added

and plates were read at 405 am.
Surface plasmon resonance (SPR)

[86138] The experiments were carried out at 25 °C on a ProteON XPR-36 instrument {Bio-
Rad Laboratories) in a PBS buffer (Gibeo, Invitrogen), 0.05% Tween-20. The D25 mAb was
mmmobilized on a GLM sensor chip surface through amine coupling at 1000 response units
(RU} and a blank surface with no protein was created under identical coopling conditions for
use as a reference. Monoclonal antibodies (D25, MPES, Palivizumab and 131-2a}) were
mjected at a flow rate of 100 pl/min, at concentrations of 50 nM m differcnt sensor channels.
The data were processed using Proteon sofiware and double referenced by subtraction of the

blank surface and buffer only injection before local fitting of the data.
Vaccination and Serological Analysis

[6613%9] Female BALB/c mice 6-9 wk of age were obtained from Harlan Laboratories fnc.
All procedures were performed m accordance with guidelines of the Swiss Federal Veterinary
Office and after obtaining local ethical approval. Mice were immunized 1.p. with 100 pb of
mmunogen formulation on day 0, 14, and 28. Pnming infection at day 0 was performed with
the Murine TLR9 ligand agonist {ODN 1668, InvivoGen}. Mice were bled on day 10, 20 and
40, and antigen-and site-specific g titers were measured in the serum by ELISA.

Meutralizing titers were also determined on HEp-2 cell as described below.
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Virus nestralization assay and microscopy analysis

[88146] Confluent lavers of HEp-2 cells in 96-well flat-bottom plates were infected with a
fixed amount of Human Respiratory Syncytial Virus with Green Fluorescent Protein (RSV
strain A2, Vira Troc#R121) at MO of 1. 48 hours post-infection the cells were stained with
Hoechst (Sigma#H6024) and images were acquired on BD Pathway bioimaging system.
Percentage of the mfected cells was automatically caleulated by BD AttoVision software.
The number of infected cells was plotted as dose response curves by plotting the relative

mfected cells agamst the antibodies dilutions.
Stability of DS-Cavi-bearing nanestruciures

{00141} Physical stability of the prefusion conformation of designed BS-Cavi-foldon-153-
50 was assessed by incubating protein at various concentrations in a PCR cycler with heated
hid at 80°C for 1 h. Residual prefusion conformation was evaluated by direct coating of the

protein and ELISA with the prefusion-specific antibody D25
Statistical analysis

[B03142] No statistical methods were used to predetermine sample size. Data were analyzed
with Prism 6 (GraphPad Software) using the two-tailed non-parametric Mann-Whitney U test
for two groups’ comparison, or Kruskall-Wailis test (and Duna’s posttest} when three or

more groups were compared.

9.1.3. Results

Trimeric building blocks comprising an F protfein and a trimeric assembly domain

[B03143] Several trimeric building blocks, each comprising an F protein genetically fused to
a trimeric assembly domain, were found to be secreted from HEK293F cells with their F
proteins in a well-folded, prefusion conformation as judged by prefusion-specific monocional
antibody binding in ELISA assays. FIG. 2 shows an example of ELISA data analyzing the
supernatant of HEKZ293F cells expressing DS-Cavi-foldon, DS-Cavi-foldon-T33-314, and
DBS-Cavl-T33-31A. Several other trimernie bailding blocks vielded detectable secretion of

well-folded, prefusion F proteins.

Expression and purification of BS-Cavi-leldon-153-50A
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[86144] A lentiviral vector encoding DS-Cav I-foldon-153-50A was used to transduce
HEK293F cells for large-scale expression. The secreted protein was purified from tissue
culture supematants by imuobilized metal affinity chromatography and size exclusion
chromatography. Size exclusion chromatograms (FIG. 3) indicated that the purified protem

formed a single, monodisperse specics.
Expression and purification of I533-30B.4PT1

[B03145] 153-50B 4PTI1, a pentameric protein comprising a second assembly domain that
mteracts with the trimeric assembly domain in I53-50A or BS-Cav1-foldon-153-530A to drive
assembly of icosahedral 153-50-based nanostructures, was expressed and purified as

descnbed in Bale ot al. and patent publication US20160122392 Al
In vitro assembly and characterization of DS-Cavl-bearing 153-30 nanostructures

[06146]  153-50 is a 120-subunit two-component nanostructure with icosahedral symmetry
comprising 20 trimeric (I53-50A) and 12 pentameric (153-50B) building blocks, as recently
deseribed by Bale et al. The N terminus of [33-30A is exposed on the exterior of the 153-30
nanostructure, which enables the display of antigens on the nanostructure exterior through
genetic fusion to the 153-530A N terminus. Purified BS-Cavi-foldon-153-50A and 153-

S0B 4PT1 were assembled iz vitro to form 120-subunit icosahedral nanostructures displaying
various amounts of BS-Cavl on the nanostructure exteriors by mixing the two purified
proteins in vanous molar ratics. In separate preparations, nanostructures displaying BS-Cavl
at valencies of 100% (20 trimers), 66% (~14 trimers), and 33% (~7 trimers) were prepared as
described above. The species present in the iz vifro assembly reactions after overnight
meabation were assessed by several techniques, mehiding size exclusion chromatography-
multi-angle light scattering (SEC-MALS), dynamic light scattering, and UV/vis
spectroscopy. Assembled, 120-subumit nanostructures were purified from the in vitro
assembly reactions using size exclusion chromatography (an example chromatogram
obtained using the 100% valency nanostructures is presented in FIG. 4). The purified
nanostructurcs were characterized by negative stain electron microscopy, which revealed
fields of monodiperse particles m which DS-Cavl was clearly visible as spikes projecting
outward from the core icosahedral 153-50 assembly (an example micrograph obtained using
the 100% valency particles is presented in FIG. 5). ELISA assays using monomelonal

antibodies specific to the prefusion conformation confirmed that the D5-Cavl thus displayed
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on the nanostructure extenors was well-folded and antigenically ntact (FIG. 6). Surface
plasmon resonance experiments evaluating the kinetics of mounoclonal antibody binding
revealed that antibody dissociation from the 100% valency DS-Cavi-foldon-133-50
nanostructures was slower than from DS-Cav I -foldon trimers, Tikely due to avidity effects
dertving from the multivalent presentation of DS-Cavl on the nanostructure exterior (FI1G. 6},
Together, these experiments confirmed that the DS-Cavi-foldon-153-50 nanostructures
formed monodisperse, icosahedral nanostructures that display well-folded, antigenically
mtact DS-Cavl trimers on their exteriors. These findings motivated experiments to evaluate
the utility of the BS-Cav1-foldon-i153-50 nanostructures as immunogens for inducing

bumoral immune responses against D5-Cavl 1n animals.
Immunogenicity of DS-Cavi-foldon-153-50 nanostructores

{86147} The DS-Cavi-foldon-153-50 nanostructures displaving DS-Cavl at 33%, 66%, and
100% valency were injected into mice using a prime-boost strategy as described above.
Additional groups of mice were mjected with trimeric DS-Cavi-foldon as a benchmark for
the humoral immune response imduced against BS-Cavl by the nanostructures or [53-50
nanostructures lacking displayed DS-Cavl as negative controls for a DS-Cavl specific
response. ELISA assavs of scrum extracted from the mice at defined timepoints aficr the
mjections were used to measure DS-Cavl specific antibody titers present in the sera of the
mjected antmals (FIG. 7). As expected, sera from animals injected with the 153-50
nanostructures lacking displaved DS-Cavl did not contain antibodies specific to DS-Cavl.
Trimeric DS-Cavi-foldon induced DS-Cav l-specific antibodies, in accordance with previous
results (McClellan et al ). The 33%, 66%, and 100% valency DS-Cavl nanostructures all
mduced bigher BS-Cavi-specific antibody titers than trimeric DS-Cavi-foldon. with the
antibody titers increasing with increasing DS-Cavl valeney. DS-Cavl-specific titers were
roughy 2.5-fold higher on average in mice injected with 100% valency DS-Cavi-foldon-153-
50 nanostructures compared to BS-Cavl. These results demonstrate that immunogens in
which paramvxovinus F proteins are multivalently displayved on seif-assembling protein

nanostructures can mduce higher humoral immune responses when mjected into animals.

[06148] The sera from the mice mjocted with the series of immunogens described above
was also evaluated for the presence of neutralizing antibody titers using the standard
neutralization assay in HEp-2 cells (FIG. 8). The trend in serum neutralizing antibody titers
correlated highly with the trend sbserved in D5-Cavi-specific binding antibody titers. Sera
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from animals mjected with the 153-50 nanostructures lacking displaved DS-Cavl did not
neutralize virus, consistent with the lack of DS-Cav1-specific antibodies in these sera. The
sera from animals injected with trimeric DS-Cav-i-foldon neutralized virus with an average
titer (1/1Ds0) of 3,030, The 33%. 66%, and 100% valency D5-Cav1-153-50 nanostructures
mduced higher neutralizing antibody titers than trimeric DS-Cavl-foldon, with average titers
of 9,400, 20,000, and 30,500, respectively. These results demounstrate that the higher response
mduced by immunogens in which paramyxovirus F proteins are multivalently displaved on

self-assemblhing protein nanostructures result in more effective virus neutralization,
Physical stabilization of D5-Cavl by fusion o 133-50A

{00149} Given the key antigenic propertics of prefusion ¥, we used two orthogonal
approaches to measure the physical stability of DS-Cavl when fused to 153-50A and/or when
further assembled mto the icosahedral nanostructure. The first assay measured the retention
of binding bv a prefusion-specific mAb (D25) afier thermal stress, an approach that has been
used previously to characterize prefusion F stability (McLellan et al. 2013; Jovee et al. 20165
Krarap et al. 2015}, Samples of trimeric DS-Cavl, trimeric DS-Cav1-133-50A, and DS-
Cav1-153-50 nanostructures containing equivalent concentrations {50 nM) of DS-Lavi were
split into four aliquots and incubated at 20, 30, 70 or 80 °C for 1 bour. After cooling to room
temperature, D23 binding was assaved by surface plasmon resonance (SPR). We found that
aHl samples bound D25 equivalently at 20 and 30 °C, but lost most of their reactivity o D23
after 1 hour at 80 °C as previously reported for DS-Cavl (Mclellan ot al. 2013; Jovee et al.
2016} (FIG. 10). Interestingly, while D25 was also unable to bind tnimernc D5-Cavl
meubated at 70 °C for 1 hour, tnmeric BS-Cav1-153-30A and the DS-Cav1-153-30
nanostructures retained 30 and 80% of their respactive binding signals (FIG. 10). While the
multivalent nature of the DS-Cavi-I53-30 nanostructures complicates direct guantitative
comparisons to trimeric DS-Cavl, these results indicate that genetic fusion to the I53-30A
trimer further stabilizes the prefusion conformation of DS-Cavl, and suggest that this

mereased stability is maintained in the context of the assembled nanostructure immunogen.

106156] We used chemical denaturation in guanidine hydrochlonde {(GdoHCH, monitored

by mtrinsic tryptophan fluorescence, as a second, antibody~independent technique to evaluate

physical stabilitv. Analyzing fluorescence emission from DS8-Cavl incubated in 0-6.5 M

GdnHCT revealed that the protein undergoes two subtly distinet transttions, ong between 0.25

and 2.25 M GdnHCI and another between 2.25 and 3.75 M (FiGs 11A-11]). In contrast, only
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a single transition is apparent for trimeric BS-Cav1-153-50A, occurring between 2.25 and
6.25 M GdaHCI (FIGs 11A-11)). It is unclear at present whether the transition at lower
[GdoHCH observed for DBS-Cavl 1s absent from trimeric DS-Cav1-153-50A or simply shified
to higher [GdnHCH]. However, it 1s clear that the native conformation of DS-Cavl s
stabilized by genetic fusion to trimeric 153-50A, mirroring the results obtained by measuring
D25 binding after thermal stress. Comparing the data for the DS-Cavi-153-50 nanosiruciure
and the 153-30 nanostructure alone (lacking fused DS-Cavl) indicated that the stabilization is
mamntained upon assembly to the icosahedral nanostructure (FEGs 11A-111). The source of
this effect is likely the extreme stability of the 153-50A trimer. 153-50A is denved from the
KPG aldolase of the hvperthermophilic bacterium 77 maritima and ony began to exhibit

changes in fluorescence at very high (=5.75 M} GdnHCI concentrations (FIGs 11A-11]).

[08151] We made addition constructs to assess the mumber of GS repeats and the need for

a stabilization domain such as the Foldon moiety.

{86152]  Sequence Information

IPD Name MS {Daj | Construct Information

RSV F-10 74005 38 | DS-Cavi-8GS-HelExt-30A (SEQ 1D NO: 108)

RSV F-11 74293.64 | DS-Cavl-12GS-HelExt-30A (SEQ 1D NG: 109)

RSV F-12 74551.87 | DS-Cavl-16GS-HelExt-30A (SEQ ID NG 110)

RSV F-13 77212.97 | BS-Cavl-foldon-10GS-HelExt-30A (SEGQ ID NO: 111D
RSV F-14 77155828 | DS-Cavi-foldon-15GS-HelExt-50A (SEG ID NO: 112)
RSV F-15 77933.62 | DS-Cavl-foldon-20GS-HelExt-50A (SEQ ID NG: 113)

> RSV _F-10 (SEQ ID NG: 108)

ONITEEFYQSTCSAVSKGY LSALRTGWY TSVITIELSNIKENKCNGTBAKVELIKGEL
DRKYKNAVTELQLLMOSTPATNNRARRFLGFLLGVGSAIASGYVAVCKVLHLEGEVNK
IKSALLSTNKAVYSLSNGVSVLTFRVLDLKNYIDKQLEPIENKQSCSISNIETVIEFQOK
NNRLLEITREFSYVNAGVTTPVSTYMLTINSELLSLINDMPITNDOQKKLMSNNVQIVRQQ
SYSIMCHKEEVLAYVVQLPLYGVIDTPCWERKLHTSPLCTINTRKEGSNICLTRTDRGWY
CDNAGSYSFFPOAETCRKVOSNRVEFCDTMNSLTLPSEVNLONVBIFNPKYDCKIMTSK
TOVSSSVITSLGAIVSCYGKTRKCTASNKNRGUKTFSNGCDYVENKGVDTVSVGNTLY
YVNKQEGKSLYVKGEPHNEFYDPLVEPSDEFDASISQVNEKINGSLAFIRGSGGSGSGE
KAAKAEEAARKMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGGVHLIEITFTVEDA
DIVIKALSYVLKEKGAHGAGTVTSVEQURKAVESGAEFIVSPHLDEEISQFCKEKGVFY
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MPOVMTPTELVKAMKELGHTILKLFPGEVVGPOFVEAMKGPFPNVKEVPTGGVNLD
NVCEWFKAGVLAVOYVGSALVKOTPDEVRERKAKAFVEKIRGCTE

> RSV _F-11 (SEQ ID NO: 109)
OQNITEEFYQSTCSAVSKGYLSALRTGWY TSVITIELSNIKENKCNGTDAKVKLIKQEL
DKYKNAVTELQLLMQSTPATNNRARRFLGFLLGVGSAIASGYAVCKVLHLEGEVNK
IKSALLSTNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQK
NNRLLEITREFSVNAGVTTPVSTY MLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQ
SYSIMCHKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWY
CDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSK
TDVSSSVITSLGAIVSCYGKTKCTASNKNRGHKTFSNGCDY VSNKGVDTVSVGNTLY
YVNKQEGKSLY VKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRGSGGSGSGS
GGSEKAAKAEEAARKMEELFKKHKIVAVLRANSVEEATEKAVAVFAGGVHLIEITFT
VPDADTVIKALSVLKEKGAIIGAGTYTSVEQCRKAVESGAEFIVSPHLDEEISQFCKEK
GVFYMPGVMTPTELVKAMKLGHTILKLFPGEVVGPQFVKAMKGPFPNVKFVPTGG
VNLDNVCEWFKAGVLAVGVGSALVKGTPDEVREKAKAFVEKIRGCTE

> RSV _F-12 (SEQ ID NO: 110)
OQNITEEFYQSTCSAVSKGYLSALRTGWY TSVITIELSNIKENKCNGTDAKVKLIKQEL
DKYKNAVTELQLLMQSTPATNNRARRFLGFLLGVGSAIASGYAVCKVLHLEGEVNK
IKSALLSTNKAVVSLSNGVSVLTFKVLDLENYIDKQLLPILNKQSCSISNIETVIEFQOK
NNRLLEITREFSVNAGYTTPVSTY MLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQ
SYSIMCHKEEVLAYVVQLPLYGVIDTPCWEKLHTSPLCTTNTKEGSNICLTRTDRGWY
CDNAGSVSFFPQAETCKVQSNRYFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSK
TDVSSSVITSLGAIVSCYGKTKCTASNKNRGHKTFSNGUDY VSNKGVDTVSVGNTLY
YVNKGEGKSLYVEGEPUNFYDPLVFPSDEFDASISQVNEKINQSLAFIRGSGGSGSGS
GGSGSGGEKAAKAEEAARKMEELFKKHKIVAVLRANSVEEATEKAVAVFAGGVHLI
BITFTVPDADTVIKALSVLKEKGATIGAGTVTSVEQCRKAVESGAEFIVSPHLDEEISQF
CKEKGVFYMPGVMTPTELVKAMKLGHTILKLFPGEVVGPOFVKAMKGPFPNVKFVP
TGGVNLDNVCEWFKAGVLAVGVGSALVKGTPDEVREKAKAFVEKIRGCTE

> RSV_F-13 (SEQ ID NO: 111)

QNITEEFYQSTCSAVSKGYLSALRTGWY TSVITIELSNIKENKCNGTDAKVKLIKQEL

DKYKNAVTELQLLMOQSTPATNNRARRFLGFLLGVGSAIASGVAVCKVLHLEGEVNK

IKSALLSTNKAVVSLSNGVSVLTFKVLDLENYIDKQLLPILNKQSCSISNIETVIEFQOK
72



WO 2019/169120 PCT/US2019/020029

NNRLLEITREFSVNAGVTTIPYSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQ
SYSIMCHKEEVLAYVVOLPLYGVIDTPCWERKLHTSPLCTINTKEGSNICLTRTDRGWY
CDNAGSYSFFPOAETCKVOSNRYFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSK
TDVESSVITSLGAIVSCYGKTKCTASNKNRGHKTFSNGCDY VENKGVDTVAVOGNTLY
YVNKQEGKSLY VKGEPHNFYDPLVFPSDEFBDASISQVNEKINGSLAFIRGSGGSGSGS
GEKAAKAEEAARKMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGGVHLIEITFTVP
DADTVIKALSVLEKEKGANIGAGTVTSVEQURKAVESGAEFIVSPHLDEEISGFCKEKG
VFYMPGVMTPTELVEAMKLGHTILKLFPGEVVGPQFVKAMEGPFPNVEEREVPTGGY
NLDNVCEWFKAGVLAVGVGSALVKGTPDEVREKAKAFVEKIRGCTE

> RSV _F-14 (SEQ ID NO: 112)
ONITEEFYQSTCSAVSKGYLSALRTGWY TSVITIELSNIKENKCNGTDAK VK LIKQEL
DKYKNAVTELQLLMQSTPATNNRARRFLGFLLGVGSAIASGVAVCKVLHLEGEVNK
IKSALLSTNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQK
NNRLLEITREFSVNAGVTTPVSTY MLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQ
SYSIMCHKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWY
CDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSK
TDVSSSVITSLGAIVSCYGKTKCTASNKNRGHKTFSNGCDY VSNKGVDTVSVGNTLY
YVNKQEGKSLY VKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRGYIPEAPRD
GQAYVREKDGEWVLLSTFLGSGGSGSGSGGSGSGEKAAKAEEAARKMEELFKKHKIV
AVLRANSVEEAIEKAVAVFAGGVHLIEITFTVPDADTVIKALSVLKEKGAIIGAGTVT
SVEQCRKAVESGAEFIVSPHLDEEISQFCKEKGVFY MPGVMTPTELVKAMKLGHTIL
KLFPGEVVGPOFVKAMKGPFPNVEFVPTGGVNLDNVCEWFKAGVLAVGYGSALVE
GTPDEVREKAKAFVEKIRGCTE

> RSV_F-15 (SEQ ID NO: 113)
QNITEEFYQSTCSAVSKGYLSALRTGWY TSVITIELSNIKENKCNGTDAKVKLIKQEL
DKYKNAVTELQLLMOQSTPATNNRARRFLGFLLGVGSAIASGVAVCKVLHLEGEVNK
IKSALLSTNKAVVSLSNGVSVLTFKVLDLENYIDKQLLPILNKQSCSISNIETVIEFQOK
NNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVOIVRQQ
SYSIMCHKEEVLAYVVOLPLYGVIDTPCWKLHTSPLCTINTKEGSNICLTRTDRGWY
CDNAGSVSFFPQAETCKVQSNRYVFCDTMNSLTLPSEVNLCNYDIFNPKY DCKIMTSK
TDVSSSVITSLGAIVSCYGK TKCTASNKNRGIIK TFSNGCDY VSNKGVDTVSVGNTLY
YVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRGYTPEAPRD
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GOAYVREDGEWVLLSTFLGSGGSGSGSGGSGSGOSSGSEKAAKAEEAARKMEELFK
KHEKIVAVLRANSVEEAIEKAVAVFAGGVHLIEITFTVPDADTVIKALSVLKEKGAIG
AGTVTSVEQURKAVESGAEFIVSPHLDEEISQFCKEKGVFYMPGVMITPTELVKAMEKL
GHTILKLFPGEVVGPOFVEAMEKGPFPNVEKFVPTGOVNLDNVCEWFKAGVLAVGVYG
SALVRGTPDEVREKAKAFVEKIRGCTE

[86153] Studies were based on expression vield in a small-scale transient transfection.
Plasmids capable of expressing the relevant constructs were transformed into NEB Sa £ coli
cells and selected on LB + carbenicillin agar plates. 1 mbL cultures were prepared by
moculating TB media with a bactenial colony and again selecting with 50 ug/mL
carbenicilbn. A (hagen Mini Prop kit was used to punify plasnid from the £ cofi cultares in
accordance with their protocol. Expi293F™ Cells (ThemmoFisher) were cultured in
Expi293™ Expression Medium (ThermoFisher) supplemented with penicitiin (100 u/ml)

and streptomyein {100 ug/mL) at 8% CO,, 37° C, and 123 rpm shaking.

[B8154]  On the day pnor o transfection, ceils were seeded at a concentration of 2E6
cells/mL. On the day of transfection, cells were counted by a Countess H (ThermoFisher}
with trypan blue to determine cell viability, Cell concentration was adjusted to 2.5E6
cells/ml., and cells where plated into vntreated 12-well plates (Corning) in 1 mL volumes. 1
ug of DNA plasmid were transfected per cach well using Expifectaming™ (ThermoFisher},
following the manufacturer’s directions. Enhancers, components of ThermoFisher's
Expifectamine™ Transfection Kit, were added 18 bours after transfection. The 1 ml cultures
were harvested 3 davs post-transfection, and the cells were pelleted from the supematant by
centrifugation at 1,500xg for 5 minutes at 4° €. Supernatants were filtered through a 0.45 pM

filter with a PVDF membrane.

[861535] Filtered supernatants containing DS-Cav1-153-50A constructs were denatured and
boiled for 10 minutes at 95° C for 10 minutes in 2x Lacmmii buffer with 2-mercaptoethanol.
SDS-PAGE separated the sample fractions, which were then transferred to a nitrocellulose
membrane and probed withpalivizumab, followed with a secondary antibody, anti-human
conjugated to HRP. Blot was imaged using Clarity Western ECL Blotting Substrate (Bio-

Rad).

{00156}  Filtered supernatants containing DS-Cavi-153-30A constructs were bound to

Nunc Maxisorp 96~-well plates in a two-fold dilution series. The pre-fusion conformation-
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specific antibody D25 was used to detect DS-Cav1-153-504, followed by a secondary anti-
human antibody conjugated to HRP. Protein vicld was determined colorimetrically via the

substrate TMB and absorbances were collected at 450 nm.

{00187} The expression viclds and binding of the prefusion-specific mAb D25 (data not
shown} indicate that all constructs express well and are w the prefusion conformation. As is
known to those of skill in the art, a heterologous trimerization domain {e.g., the foldon} is
typically required for proper expression and folding of prefusion F constructs. Our resulis
indicate that the 133-50A nanostructure compounent can support the expression and proper
folding of DS-Cavl without the use of a tnmerization domain like the foldon. Binding of B2S
to these constructs suggests that they are antigenically intact and would be expected to induce
potent immune responses, mcluding neutralizing antibodies, similarty to nanostructures

comprising the DS8-Cavi-foldon—153-50 fusion polypeptide.

9.2. Example 2: Cyvtomegalovirus ({{CMV}

[B03158] Protein-based vaccines for CMYV are described, for example, in U.S. Patent Pub.
Nos. US 2016/0159864 Al and US 2017/0369332 Al; International Patent Pub No.

WO 2016/092460 A3, and Kirchmeier al. Enveloped virus-like particle expression of human
cytomegalovirus glveoprotein B antigen induces antibodies with potent and broad
neutralizing activity. Chin Vaceine Immunol. 2014; 21(2):174-80. The homotrimer complex
of ¢B, the trimeric gH/gl/g( complex, or the pentameric gH/gL/pUL128/pULI30/pHpULIZIA

complex are considered the three major targets for CMV vaccination.

{06139  The first of these targets, gB, forms a trimenc stracture which comprises several
hvdrophobic surfaces. The C terminus of the extraccliular domain of gB 1s proximal to the
transmembrane region and lies near the 3-fold axis of the molecule. See Chandramouli et al.
Structure of HCMYV glveoprotein B in the postfusion conformation bound to a neutralizing
buman antibody. Nat Comamun. 2015 Sep 14:6:8176. By substitution of the transmembrane
region of gB for a hinker, the gB protein of CMV 18 N-teommnally linked to a nanostructure
having a free N terminus at or near the 3-fold axis of the nanostructure. The reaulting
nanostructure has displays 20 copies of the gB trimer on its surface and effectively elicits a
mmune response to CMV gB. Mutations to the gB protein as described in International
Patent Pub No. WO 2016/092460 A3, improve the solubility and immunogenicity of the

nanostructure-based vaccine.
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[86166] The second of these targets, the tnmeric gH/el/g0 complex, and the third of these
targets, the pentameric gH/gl/pULI28/pUL130/pULI31A, form by mutually exclusive
mteractions of the envelope glycoproteins gH/gl. with either gO or
pULI28/pULI3W/pULI3TA . See Cifern et al. Structural and biochemical studies of HCMV
gH/gl /g0 and Pentamer reveal mutually exclusive cell entry complexes. Proc. Natl. Acad.
Sci. US. A 112, 17671772 (2015}. The gH component is targeted by antibodics neutralizing
mfection of both fibroblasts and endothelial/epithelial cells. The UL region contains the

binding sites for potently neutralizing antibodies of epithelial and endothelial cells infection.

{88161} The gH component 1s expressed as a gene fusion to a nanostructure polypeptide
and either gL/g0 or gL/pULIZE/pULI30/pULI31A are co-expressed. The expressed proteins
self-assemble mto either gH/gl/e0 or gH/gl/pUL128/pUL130/pUL 131 A nanostructure-
based vaccines, respectively. Expression and correct folding of the nanostructure s assessed
by binding of the M5L-109 antibody of an Fab fragment thereof to the nanostructure. Correct
folding and antigenicity of the pentameric complex is assessed using antibodics and Fab
fragments described in Chandramouli et al. Structural basis for potent antibody-mediated

neutralization of human cytomegalovirus Sci. Immunol. 2, caan 1437 (2017).

9.3. FExample 3: Epstein-Barr Virus (EBV)

[08162] Epstein-Barr viras (EBV) represents a major global health problem. Though it 1s
assoctated with mfectious mononucleosis and ~200,000 cancers annually worldwide, a
vaccine is not available. The major target of immunity is EBV glycoprotein 350/220 {gp350)
that mediates attachment to B cells through complement receptor 2 {CR2/CD2 1. See
Kanekivo et al. Rational Design of an Epstein-Barr Virus Vaccine Targeting the Receptor-
Binding Site. Cell 162¢5):1090-1100 (2013). The gp350 ectodomain or the D3 fragment of
gp350 1s expressed as a gene fusion o a nanostructure polypeptides as either an N-terminal or
C-ternuinal fusion. The resulting gene fusions are expressed, assembled, and formulated into
nanostructure-based vaccines. Antigenicity 1s deternined using the monoclonal antibodies

72A1 and 2L10.
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What is claimed:

1. A nanostructare, comprising a first plurality of polypeptides, wherem:
the first plurality of polypeptides arc arranged according to at least one
synunetry operator;
the nanostructure comprises a first plurality of antigens;
each of the first plurality of the antigens has a proximal end and a distal end;
and
the proximal ends of the antigens are cach attached to a member of the first

plurality of polypeptides.

2. The nanostructure of claim 1, further compuising a second plurality of polypeptides,

wherein the second plurality of polvpeptides is attached to the first plurality of polypeptides.

3. The nanostructure of claim 1, further comprising a second plurality of antigens.
4 The nanostructure of claim 1, further comprising a second plurality of antigens,
wherein:

each of the second plurality of second antigens has a proximal end and 3 distal
end, and
the proximal ends of the second antigens are cach attached to a member of the

second plurality of polypeptides

5. The nanostructure of claim 1, whercin the proximal ends of the antigens are the N

termini of the antigens.

6. The navostructure of claim 1, wherein the proximal ends of the antigens are the C

termini of the antigens.

7. The nanostructure of claim 1, wherein the plurality of antigens is a plarality of

antigenic proteins or antigenic fragments thereof.

8. The nanostructure of claim 7, wherein the antigenic protein is selected from a

polypeptide of SEQ ID NOs: 52-56, 59-85 .88 and 90-113 or a variant thereof.
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The nanostructure of claim 7, wherein the antigenic protein is at keast 75, 80, 85, 90,

95, or 99% identical to a polypeptide sclected from SEQ 1D NOs: 52-56, 59-85, 88 and 90-

The nanostructure of claim 7, wherein the antigenic protein is selected from the group

congsisting of:

a)
b
)
d)
S}
iy
g)
h)

v)
W,
X}

v}

N

z}

HIV Env,

RSV F,

EBV gp350,
CMV gB,
CMV UL128,
CMV UL130,
CMV ULI314A,
MV gH,
CMV g,
Lyme Osp4,
Pertussis toxin,
Dengac B,
SARS S,
MERS S,

Zaire cbolavirus GP,
Sudan cholavirus GP,

Marburg virus GP,

Hanta virns Gn,

Hanta virus G,

HepB surface antigen,

Measles H,

Zika envelope domam [,

Malaria €SP,
Malaria Ps25,
Nipah virus F,

Nipah virus G,

aa) Rotavirus VP4,
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bb) Rotavirus VP8*,
cc) hMPV F,

dd) hMPV G,

ce) PYF,

ffy PV HN,

gg} MenB fHbp,

bh) MenB NadA, and
1} MenB NHBA.

1l The nanostructure of ¢claim 1, wherem the first plurality of antigens compnises a target

epitope, and the nanostructare 13 configured o display the target epitope.

12 The nanostructure of claim 11, wherein the target epitope 18 accessible to an antibody.
13 The nanostructure of claim 11, wherein the nanostructure is configured to clicit an

imune response to the first plurality of antigenic proteins, said immunce response being

preferentially directed to the target epitope.

14, The nanostructure of claim 11, wherein the target epitope 1 conserved.

15. The nanostructure of claim 11, wherein the target epitope i3 an epitope for

neutralizing antibodies.

16. The nanostructure of claim 11, wherein the target epitope is an epitope for cross-

reactive antibodies.

17.  The nanostructure of claim 11, wherein the target epitope 1s an epitope for a broadly-

neutralizing antibody.

18. The nanostructure of claim 1, wherein the plurality of antigens comprises at least ong
mutation selected from the group consisting of an interface-stabilizing mutation,
complementary cysieine mutations configured to result in a disulfide bond, deletion of a loop,
addition of an N-linked glycosviation site. removal of an N-linked glycosylation site, an

cpitope-destroying mutation, and an epitope-creating mutation.
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19 The nanostructure of claim 1, wherein the plurality of antigens comprises an antigenic
oligosaccharide.
20 A vaccine comprising a nanostroctare of any of claim 1-17, wherein the vaccine is

capable of ehiciting a neutralizing antibody response to an infectious agent.

21 The vaccine of claim 20, wherein the neutralizing antibody response is protective

against infection by an infectious agent.

22, The vaccine of claim 20, wherein the neutralizing antibody response 1s broadly-

neutralizing against diverse strains of an infectious agent.

23. The vaccine of claim 21 or 22, wherein the infectious agent is selected from the group
congisting of lvme disease, pertussis, herpesvirus, paramyxovirus, pacumovirgs, filovirus,

flaviviras, reovirus, retrovirus, meningococcus, and malana,

24, The vaccine of claim 21 or 22, wherein the infections agent is a virus selected from
the group consisting of
a) HIV,
b} RSV,
¢} EBVY,
dy CMV,
¢y Dengue,
f} Severe Acute Respiratory Syndrome (SARS) virus,
g} Middle East Respiratory Syndrome (MERS) virus,
h} Ebola virus,
i) Marburg virus,
1} Hanta virus,
k} Hepatitis B,
B HPVY,
m} Measles,
1} Nipah virus,

o} Rotavirus,
&0
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p} Metapneamo virus, and

gy Zaka.
25, The vaccine of claim 20, wherein the infectious agent is lyme disease or pertussis.
26, The vaocioe of claim 20, wherein the mfectious agent {5 malania.
27, A method of generating immunity to an infectious agent in a subject, comprising

administering a vaccine of any of claims 20-26.

28 The method of claim 27, further comprising administering an adjuvant.
29. The method of claim 27, further comprising administering the vaccine repeatedly .
30. The method of claim 27, further comprising administering a second vaccine and

wherein the second vaccing is selected from the group consisting of a nanoparticlie-based
vacceing, a protein-based vaccine, a live vaccine, a live attenuated vaccine, a whole germ

vaccine, a BDNA vaceine, or a RNA vaccing.

31 The method of claim 30, wherein the first vaccine is a prime and the second vaccing ig
a hoost.

32 The method of claim 30, wherein the second vaccine 1 a prime and the first vaccine is
a boost.

33, The method of any of claims 27-32, wherein the method induces directed affinity
maturation.

34.  The method of any of claims 27-33, wheremn the method results in a broadly-

neutralizing immune response.

35, A pharmaceutical composition comprising a vaceine of any of claims 20-26.

36. A method of making the nanostructure of claim 1 by in vifre assembly, comprising:
&1
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expressing the first plurality of polyvpeptides in a first recombinant expression
system,

expressing the first plurality of antigens in a second recombinant expression
systont,

purifying the first plurality of polypeptides,

purifying the first plurality of antigens, and

nuxing the first plurality of polypeptides and the first plurality of antigens;

thereby generating the nanostructure.

37 A method of making the nanostructure of claim 2 by in vifro assembly, comprising:
expressing the fivst plurality of polypeptides i a first recombinant expression system,
expressing the first plurality of antigens i a sccond recombinant expression system,
expressing the second plurality of polvpeptides in a third recombinant expression

system,
purifving the first plurality of polypeptides,
purifving the first plurality of antigens,
purifying the second plurality of polvpeptides, and
mixing the first plurality of polypeptides, the first plurality of antigens, and the second

plurality of polypeptides;

thereby generating the nanostructare.

38. The method of claim 37, wherein:

the first recombinant expression system and the second recombinant expression
system are the same, and

the first plurality of polvpeptides and the furst plurality of antigens are puritied

together.

39, A method of making the nanostructure of claim 1 by co-expression, comprising:
expressing the first plurality of polypeptides and the first plurality of antigens in a
single recombinant expression system,
thereby gencrating the nanostructure, and

purifyimg the nanostructure.

40, A method of making the nanostructure of claim 2 by co-gxpression, comprising:
&2
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expressing the first plurality of polypeptides, the first phirality of antigens, and the
second plurality of polypeptides in a single recombinant expression system,
thereby gencrating the nanostructure, and

purifyimg the nanostructure.

41 The method of claim 38-40, wheremn the first plurality of polypeptides and the first

plurality of antigens are encoded by a single open reading frame.

42, The method of making of claim 41, wherein the single open reading frame encodes a

fusion protein of the polypeptide and the antigen.

43, The method of making of claim 42, wherein the single open reading frame encodes a

self-cleaving peptide.
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<220>
<223>

<400>

Mt Gu Gy Met Asp Pro Leu Al a Val

1

Pro Leu Leu Thr Val

Val Leu Qu Leu Met Gy Val

GQu Lys Ay Leu Au Ala Leu Lys Ala Leu Arg Lys Ser vy
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Patentln version 3.5
1

207

PRT
Artificial Sequence

synthetically constructed nanostructure pol ypeptide

1

5 10

20 25

35 40

55 60

Leu Ala Gu Ser Arg

Arg Ay Ay Gu Asp Leu Ala Ay Leu

Gy Ala Leu Gu Ile Thr

Leu Leu

15

Al a Thr

Arg Thr

Leu Leu



Leu Gy
65

Thr Pro

Lys Phe
130

Tyr Al a
145

Lys Qu

Val Qvy

Lys Val

<210>
<211>
<212>
<213>

<220>
<223>

Al a

Ay

Leu

Thr
115

Phe

Ay

Lys
195

2
156
PRT

Artificial

Ay

Al a

100

Pro

Val

Hi s

Ser
180

Thr

Al a

85

Adn

Val

Al a

Phe

Leu

165

Trp

Al a

Val Arg
70

Phe Leu

Ala Arg

Gu Arg

Au Pro

135

Pro Qu

150

Pro H s

Leu Leu

Lys Al a

Sequence

Ser

Val

Ay

Al a

120

Phe

Val

Tyr

Leu
200

Pro

Ser

Val

105

Leu

Arg

Ay
185

Leu

Lys

Pro

90

Pro

Ay

Phe

Al a

170

Asp

Ser

AQu

75

Ay

Tyr

Leu

Val

Leu

155

Leu

Leu

Pro

Al a

Leu

Leu

Ay

Arg

140

Pro

Pro

Adn

Leu

Pro

Leu

125

Val

Thr

Al a
205

Al a

Au

Ay

110

Ser

Leu

Ay

Leu

Val

190

Pro

Au
95

Val

Arg

Ay

Leu

175

Met

Ay

synthetically constructed nanostructure pol ypeptide

Leu

80

Val

Leu

Leu

Ile
160

Lys



<400>
Met Thr
1

Met Al a

Lys Ile

50

Gy Mt
65

Ser Leu

d u Val

Ile Leu

Leu Leu
130

Arg Gn
145

<210>
<211>

2

Lys

Au

Ile

35

Lys

Pro

Ay

Phe

Al a

115

Phe

Ay

3
156

Lys

Al a

20

Arg

Leu

Ay

Leu

Val

100

Leu

Lys

Arg

Val

Lys

Leu

Lys

Met

85

Hi s

Val

Pro

Ay

Ile

Thr

Au

Al a

70

Leu

Au

Arg

Au

ASp
150

Arg

Val

Au
55

Asp

Tyr
135

Val

Thr

Pro

40

Lys

Ile
120

Leu

Ay

Asp

Leu

25

Ay

Ay

Asp

Leu

Al a

105

Au

Thr

Pro

Thr
10

Lys

Lys

Met

90

Lys

Hi s

Arg

Thr Phe Al a

Al a Leu Ser

Lys Asp Leu
45

Asp Il e Val
60

Val Cys Al a
75

Thr Asn Lys

Asp Asp Asp

Al a Al a Asn
125

Met Ala Gy
140

Arg Gu
155

Arg

Pro

30

Pro

Met

Hi s

Hi s

Lys

Val

15

Asn

Val

Al a

AQu

Ile

95

Leu

Ay

Asp

Leu

Al a

80

Ile

Asp

Tyr

Leu



<212>
<213>

<220>
<223>

<400>
Met Thr
1

Met Al a

Lys Ile

50

Gy Mt
65

Ser Leu

d u Val

Ile Leu

Leu Leu

130

Arg Gn

PRT

Artificial

Sequence

synt hetically constructed nanostructure pol ypeptide

3

Lys Lys Val

Ser

Ile

35

Lys

Pro

Ay

Phe

Al a

115

Phe

Ay

Al a

20

Arg

Leu

Ay

Leu

Val

100

Al a

Lys

Phe

5

Al a

Lys

Leu

Lys

Met

85

Hi s

Arg

Pro

Au

Ay

Ile

Thr

Au

Al a

70

Leu

Au

Arg

Au

Asp

Ile

Leu

Val

Au
55

Asp

Tyr
135

Val

Thr

Pro

40

Au

Lys

Adn

Au

Ile

120

Leu

Ay

Asp

Leu

25

Ay

Ay

Asp

Leu

Al a

105

Au

Thr

Pro

Thr
10

Lys

Lys

Met

90

Lys

Hi s

Arg

Thr Phe

Met Qu

Lys Asp

Asp lle

60

Val Cys
75

Thr Asn

Asp Asp

Al a Leu

Met Al a

140

Arg Gu

Al a

Ser

Leu

45

Val

Lys

Asn
125

Ay

Arg

Pro

30

Pro

Met

Hi s

Hi s

Lys

Val Asp
15

Asn |l e

Val Al a

Al a Leu

Au A a

80

Ile lle

95

Leu Lys

Tyr Tyr

Gy Leu



145

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met Ser
1

Al a Val
50

lle Ay
65

Val Arg

Asn Pro

4
209
PRT

Artificial

150

Sequence

155

synt hetically constructed nanostructure pol ypeptide

4

Thr

Asn
35

Lys

Ay

Ser
115

Ile

ASp
20

Ay

Ay

Cys
100

Thr

Leu

Thr

Thr

85

Adn

Val

Asn

Al a

Pro

Met

Ile

70

Phe

Ile

Au

Adn

Au

Al a

Leu
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Leu

Val

Ile

Al a
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Al a
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Leu

Val

Ay

Al a
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Lys Ala Leu Lys
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Ile Ile Pro Leu
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Arg Ser Ala A n
60

Gy Val dn Ala
75

Ser Pro Ay Phe
90

Ile Asp Ile Val
105

Leu Gu Met Ay

Val

Ay

Arg

45

Pro

Leu

Asn

Pro

Leu
125

Ile Pro
15

Lys Val
30

Ser Ser

A u Mt

Ala Al a

Pro Asn
95

Gy Val
110

Thr Thr

Val

Leu

Al a

Leu

Lys

80

Thr

Asn

Leu



Phe
130

Lys

Leu Val

145

Thr Pro

Ay

Trp Asp

Pro

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Phe

Ay

Ser

Ay

5
114
PRT

Artificial

Pro Al a

Pro Tyr

Asn |le
165

Thr Trp
180

Ile Al a

Gu Ala Ser Ay

135

Gy Asp

150

Asp Asn

Met Val

Arg Leu

Sequence

Ile Arg

Tyr Leu

Asp Lys
185

Thr Arg
200

Ay

Leu

Al a

170

Lys

Il e Ser
140

Met Pro

155

Ile Pro

Leu Val

Il e Val

Met

Thr

Adn

Thr

Au
205

Val Lys

Ay Gy

Val Leu

175

Asn Ay
190

dn Val
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5

Met Pro Il e Phe Thr

1

5

Ser Asp Phe Leu Ser

Lys Pro Ay Ser Tyr Val

35

20

Leu Asn

Leu Thr

Al a

Thr

Ser
25

Val
40

10

Arg Leu Val

45

Asn Ile Lys Ala Thr Asp Val

15

30

Ser

Ile
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Asn
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Gy Leu Ile Leu Ser

Hs Ile Asn Thr Asp G n A@n Leu



Ser Phe
50

e Ay
65

Phe Asp

Ile H's

Thr Phe

<210>
<211>
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<213>

<220>
<223>

<400>

Met Asn
1

Val Arg

Phe G u

Val Phe
50

Ay Ay Ser Thr Asn Pro Ala Ala Phe Ay Thr Leu Met
55 60
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70 75
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85 90 95

Phe Val Asn Leu Asn Ay Asp Asp Val Ay Trp Asn Gy

100 105 110

6

157

PRT

Artificial Sequence
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6

Gn Hs Ser Hs Lys Asp Tyr Qu Thr val Arg lle Al a

5 10 15

Ala Arg Trp His Ala Asp Ile Val Asp Ala Cys Val Gu
20 25 30

Ile Ala Met Ala Ala lle Ay Ay Asp Arg Phe Al a Val
35 40 45

Asp Val Pro Gy Ala Tyr Au Ile Pro Leu His Ala Arg
55 60
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Tyr

Thr

Val

Al a
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Leu Ala Gu Thr dy Arg Tyr Gy Ala Val Leu Ay Thr Al a Phe Val
65 70 75 80

Val Asn Ay Ay Ile Tyr Arg Hi's Gu Phe Val Ala Ser Ala Val lle
85 90 95

Asp Ay Met Met Asn Val A n Leu Ser Thr Ay Val Pro Val Leu Ser
100 105 110

Ala Val Leu Thr Pro His Arg Tyr Arg Asp Ser Ala Qu Hs Hs Arg
115 120 125

Phe Phe Ala Ala H's Phe Ala Val Lys Ay Val Qu Ala Ala Arg Al a
130 135 140

Cys Ile u lle Leu Ala Ala Arg Qu Lys Ile Ala Al a
145 150 155

<210> 7

<211> 205

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed nanostructure pol ypeptide

<400> 7
Met Lys Met Qu Gu Leu Phe Lys Lys His Lys Ile Val Ala Val Leu
1 5 10 15

Arg Ala Asn Ser Val Qu Gu Ala lle Au Lys Ala Val Al a Val Phe
20 25 30

Ala Gy Ay Val Hs Leulle Qu Ile Thr Phe Thr Val Pro Asp Al a



Asp Thr
50

lle Ay
65

A u Ser

Ser dn

Thr Pro

Lys Leu

130

Lys Gy

145

Leu Asp

Val Qvy

Al a Lys

<210>
<211>

Ay

Phe

Thr

115

Phe

Pro

Asn

Ser

Al a

195

8
157

Ay

Cys

100

Pro

Phe

Val

Al a

180

Phe

Lys

Thr

Au

85

Lys

Leu

Ay

Pro

Cys
165

Leu

Val

Val
70

Phe

Val

Asn
150

Val

Au

Leu
55

Thr

Lys

Lys

Val

135

Val

Trp

Lys

Lys

40

Ser

Ser

Val

Ay

Al a

120

Val

Lys

Phe

Ay

Ile
200

Val

Val

Ser

Val

105

Met

Ay

Phe

Lys

Thr

185

Arg

Leu

Pro

90

Phe

Lys

Pro

Val

Al a

170

Pro

Ay

Lys

Adn

75

Hi s

Tyr

Leu

Adn

Pro

155

Ay

Asp

Cys

Au

60

Leu

Met

Ay

Phe

140

Thr

Val

Thr

45

Lys

Arg

Asp

Pro

Hi s

125

Val

Ay

Leu

Val

Ay

Lys

Ay
110

Thr

Lys

Ay

Arg
190

Au
95

Val

Val

Val
175

Ile

Val

80

Ile

Met

Leu

Met

Asn

160

Ay

Lys



<212> PRT
<213>

<220>
<223>

<400> 8
Met Asn A n
1

Val Arg Al a

Phe Au Al a
35

Val Phe Asp
50

Leu Ala G u
65

Val Asn Ay

Asp Ay Mt

Al a Val Leu
115

Leu Phe Leu
130

Cys Val du

Artificial

Hi s

Arg

20

Al a

Val

Thr

Ay

Met

100

Thr

Al a

Ile

Ser

5

Trp

Met

Pro

Ay

Ile

85

Pro

Leu

Leu

Hi s

Hi s

Al a

Ay

Arg

70

Tyr

Val

Hi s

Phe

Al a

Sequence

Lys

Asp

Al a

55

Tyr

Arg

Arg

Al a
135

Al a

Asp

Ile

40

Tyr

Ay

Hi s

Leu

Tyr

120

Val

Arg

Tyr

Ile

25

Ay

Al a

Au

Ser

105

Arg

Lys

Au

Au
10

Val

Ay

Val

Phe

90

Thr

Asp

Ay

Lys

Thr

Asp

Asp

Pro

Leu

75

Val

Ay

Ser

Met

Ile

Val

Arg

Leu

60

Ay

Val

Asp

Al a

Arg

Phe

45

Hi s

Thr

Ser

Pro

Al a
125

Ile

Val

30

Al a

Al a

Al a

Al a

Val

110

Hi s

Al a
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Ser Al a

Val Asp

Arg Thr

Phe Val

80

Val Ile

95

Leu Ser

Thr Leu

Arg Al a
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<213>

<220>
<223>

<400>
Met Phe
1

Arg Val

A u Leu

Asp Met

50

Gy GQu

65

Tyr Val

Gy Pro

Val Leu

9
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PRT

Artificial

150

Sequence
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9

Thr

Ay

Asn

35

Lys

Asp

Leu

Val

Hi s
115

Lys

Lys

20

Ser

Lys

Leu

Trp

Lys

100

Val

Ser Ay Asp Asp

Asp

Phe

Asp

Ser

Leu

85

Leu

Thr

Ser Pro

e Ay

Leu Qu

55

Thr dn

70

Leu Al a

Phe Val

Arg Ser

Leu

Phe

40

Arg

Ser

Al a

Ile

Val
120

Ay

Val

25

Al a

Val

Ser

Thr

Pro

105

Al a

Asn

10

Asn

Ile

Adn

Lys

Al a

90

Ay

Arg

Thr

Phe

Ser

Val

Lys

75

Ay

Arg

Asn

Leu

Lys

Au

60

Lys

Tyr

Ser

Val

Val

Ay

Ile

45

Leu

Arg

Ile

Asp

30

Pro

Phe

Asp

Asn Lys
15

Leu Asp

Trp GQu

A u Ser
80

A u Ser
95

Al a Ser

Asn Al a



Val Lys Tyr Thr Lys Qu Leu Pro Qu Ile Asn Arg Met Ile Ile Val
130 135 140

Tyr Leu Asn Arg Leu Ser Ser Leu Leu Phe Ala Met Ala Leu Val Al a
145 150 155 160

Asn Lys Arg Arg Asn A n Ser Qu Lys Ile Tyr Au Ile Gy Lys Ser
165 170 175

Trp

<210> 10

<211> 157

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed nanostructure pol ypeptide

<400> 10
Met Asn G n His Ser Hs Lys Asp Tyr Gu Thr Val Arg Ile Ala Val
1 5 10 15

Val Arg Ala Arg Trp His Ala Asp Ile Val Asp Gn Cys Val Arg Ala
20 25 30

Phe Gu Gu Ala Met Ala Asp Ala Gy Gy Asp Arg Phe Ala Val Asp
35 40 45

Val Phe Asp Val Pro Ay Ala Tyr Gu Ile Pro Leu Hs Ala Arg Thr
50 55 60

Leu Ala Gu Thr dy Arg Tyr Gy Ala Val Leu Ay Thr Al a Phe Val
65 70 75 80



Val Asn Ay dy lle
85

Asp Ay Met Met Asn
100

Ala Val Leu Thr Pro
115

Phe Phe Arg Qu His
130

Cys Ile Thr Ile Leu
145

<210> 11
<211> 201
<212> PRT

Tyr Arg Hs Qu Phe Val Ala Ser Ala val Ile
90 95

Val G n Leu Ser Thr Ay Val Pro Val Leu Ser
105 110

Hs Arg Tyr Arg Ser Ser Arg Qu His Hs Gu
120 125

Phe Met Val Lys Ay Val Gu Ala Ala Ala Ala
135 140

Ala Ala Arg Qu Lys Ile Ala Ala
150 155

<213> Artificial Sequence

<220>

<223> synthetically constructed nanostructure pol ypeptide

<400> 11

Met Gy H's Thr Lys
1 5

Gy Pro Thr Pro An @n Hs Asp Ay Ser Ala
10 15

Leu Arg Ile Ay Ile Val Hs Ala Arg Trp Asn Lys Thr Ile Ile Met

20

25 30

Pro Leu Leu Ile Ay Thr Ile Ala Lys Leu Leu Qu Cys Gy Val Lys

35

Ala Ser Asn |l e Val
50

40 45

Val G n Ser Val Pro Ay Ser Trp Qu Leu Pro

55 60



Ile
65

Ser Ay

Leu

Asp

Asp

Phe

Leu
145

Asp

Asp Asp

Hs Gy

Arg Asp

<210>
<211>
<212>
<213>

<220>
<223>

Val dn

Pro Ser

Thr Al a
100

Leu Ile
115

Tyr lle

Thr Gy

Adn A a

G u Asp
180

Trp Ala
195

12
237
PRT

Artificial

Arg

Leu
85

Leu

Val

Lys
165

Trp

Leu
70

Ser

Pro

Asp

Pro

150

Ay

Ay

Ser

Tyr

Ala Ay

Thr Thr

Val
120

Ay

Ser
135

Val

Val

Arg

Leu

Thr
200

Lys

Sequence

Asp

Thr

105

Leu

Ser

Phe

Ay

Al a
185

Ser

Leu
90

Hi s

Ay

Val

170

Val

Adn

75

Leu

Ser

Lys

Ay

Val

155

Au

Leu dn

Gy Ser

Ser Thr

Ay

Leu Met

140

Leu Thr

Au

Ay

Met Gy

Thr

Ser

Ay

110

Thr

Arg

Val

Ser

Val
190

Pro

Thr
95

Pro

Met

Val

Leu

Hi s

175

Arg
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80

Thr

Phe

Hi s

Thr
160

Asn

Arg



<400> 12

Met

1

Arg

Arg

Thr

Ay

65

Pro

Arg

Lys

Leu

Thr

145

Arg

Tyr Qu

Gy Lys

Ser Arg

35

Ay Thr

50

Leu Qu

Asp Al a

Lys Phe

Thr Val

115

Au Pro

Phe Al a

Thr Val

Val

Asp

20

Thr

Hi s

Leu

Thr

Ser

100

Al a

Ay

Asp

Al a

Asp

Tyr

Pro

Leu

Ser

Leu
85

Ay

Ay

Arg
165

Hi s

Au

70

Hi s

Val

Leu

Val

Trp

150

Val

Al a

Al a

Al a

Hi s

55

Asp

Adn

Val

Ay

Val

135

Val

Ser

Asp Val

25

Ser Ser
40

Phe Thr

Met Leu

Ay Asp

Ser Met

105

Ala Al a

120

Val Val

Ser Al a

H s Ser

Tyr

10

Ser

Leu

Lys

Thr

Met

90

Phe

Val

Asp

Val
170

Asp

Asp

Leu

Hi s
75

Arg

Ser

Pro

Val
155

Arg

Leu

Asp

Phe

60

Asp

Ser

Ser

Trp

140

Val

Au

Phe

Val

45

Ay

Arg

Phe

Val

Phe

125

Trp

Arg

Ay

Tyr

Asp

30

Asp

Lys

Ay

110

Phe

Arg

Asn

Leu
15

Leu

Thr

Arg

Leu

95

Tyr

Pro

Asp

Al a
175

Ay

Val

Ay

Leu
80

Ay

Leu

Hi s

Ay
160

Thr



Arg Mt Qu Val H's Phe Thr vVal Ala Asp Pro Ay Lys Ay Val Arg
180 185 190

H's Phe Ser Asp Val His Leu Ile Thr Leu Phe Hs G n Arg Au Tyr
195 200 205

Gu Ala Ala Phe Met Ala Ala Gy Leu Arg Val Gu Tyr Leu Au Ay

210 215 220

Gy Pro Ser Ay Arg Ay Leu Phe Val Ay Val Pro Al a

225 230 235

<210> 13

<211> 138

<212> PRT

<213> Artificial Sequence

<220>

<223> synthetically constructed nanostructure pol ypeptide

<400> 13

Met Gy Met Lys Qu Lys Phe Val Leu lle Ile Thr Hs Gy Asp Phe

1 5 10 15

Gy Lys Ay Leu Leu Ser Ay Ala Qu Val llelle dy Lys G@n GQu

20 25 30

Asn Val H's Thr Val Ay Leu Asn Leu Ay Asp Asn Ile dJu Lys Val
35 40 45

Ala Lys Qu Val Met Arg llelle Ile Ala Lys Leu Ala G u Asp Lys

50 55 60
Qu llelle lle Val Val Asp Leu Phe Ay Gy Ser Pro Phe Asn Ile



65 70 75 80

Ala Leu Qu Met Met Lys Thr Phe Asp Val Lys Val Ile Thr Gy lle
85 90 95

Asn Met Pro Met Leu Val G u Leu Leu Thr Ser Ile Asn Val Tyr Asp
100 105 110

Thr Thr Qu Leu Leu Qu Asn Ile Ser Lys Ile Ay Lys Asp Gy lle
115 120 125

Lys Val Ile Qu Lys Ser Ser Leu Lys Met
130 135

<210> 14

<211> 154

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed nanostructure pol ypeptide

<400> 14
Met Lys Tyr Asp Ay Ser Lys Leu Arg Ile Ay Ile Leu Hs Ala Arg
1 5 10 15

Trp Asn Leu u lle Ile Ala Ala Leu Val Ala Gy Ala lle Lys Arg
20 25 30

Leu Gn Gu Phe Ay Val Lys Ala Qu Asn Ile lle Ile Qu Thr Va
35 40 45

Pro Gy Ser Phe A u Leu Pro Tyr Ay Ser Lys Leu Phe Val du Lys
50 55 60



Gn Lys Arg Leu Ay Lys Pro Leu Asp Alalle Ile Prolle Ay Val
65 70 75 80

Leu Ile Lys Ay Ser Thr Met H's Phe Au Tyr Ile Cys Asp Ser Thr
85 90 95

Thr Hs An Leu Met Lys Leu Asn Phe Qu Leu Gy Ile Pro Val lle
100 105 110

Phe Gy Val Leu Thr Cys Leu Thr Asp Au Adn Ala Gu Ala Arg Ala
115 120 125

Gy Leulle Qu Ay Lys Met H's Asn Hs Ay Gu Asp Trp Ay Ala
130 135 140

Ala Ala Val Gu Met Ala Thr Lys Phe Asn
145 150

<210> 15

<211> 164

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed nanostructure pol ypeptide

<400> 15
Met Ala Val Lys Ay Leu Gy GQu Val Asp An Lys Tyr Asp Ay Ser
1 5 10 15

Lys Leu Arg Ile Ay Ile Leu Hs Ala Arg Trp Asn Arg Lys Ile lle
20 25 30

Leu Ala Leu Val Ala Ay Ala Val Leu Arg Leu Leu Gu Phe @y Val
35 40 45



Lys Al a
50

Pro Tyr
65

Pro Leu

Met Hi s

Leu Asn

Leu Thr
130

Met Hi s
145

Thr Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met Gy Ala Asn Trp Tyr

1

A u Asn |

Gy Ser Ly

Asp Ala Il
85

Phe Gu Ty

Phe du Le
115

Asp Au @&

Phe Asn

16

175

PRT
Artificial

ellelle
55

s Leu Phe
70

elle Pro

r lle Cys

udylle

n Ala Qu

Sequence

Au

Val

Ile

Asp

Pro

120

Trp

Thr

Ay

Ser

105

Val

Arg

Ay

Val

Lys

Val

90

Thr

Al a

Al a

Pro

Adn

75

Leu

Thr

Phe

Ay

Al a
155

Ay

60

Lys

Ile

Hi s

Ay

Leu

140

Al a

Ser

Arg

Lys

Adn

Val

125

Val

Phe

Leu

Ay

Leu

110

Leu

Au

Au

Ay

Ser

95

Met

Thr

Ay

Met

synthetically constructed nanostructure pol ypeptide

16

5

10

Leu Asp Asn Qu Ser Ser Arg Leu Ser

15

Leu

Lys

80

Thr

Lys

Lys

Al a
160

Phe



Thr Ser

Leu Hi s

Thr A u

50

Val
65

Leu

Leu

Leu

Tyr Asn

Val Val

130

Val
145

Arg

Ser Leu

<210>
<211>
<212>

Thr Lys

20

Ay
35

Lys

Ser

Val

Phe

Met

Asp

Leu
100

Arg

Al a

115

Thr Leu

Phe

Ser Val

17
208
PRT

Val

Ser

Arg
85

Pro

Leu

Asn

Pro
165

Al a Asp

Asp Pro

Thr Gy
55

Val
70

Ser

Prolle

Leu Thr

Al a

Leu

Leu
135

Pro

Al a
150

Leu

Val Qvy

Lys

Val

Thr

120

Val

Arg

Al a

25

Ay

Pro

Phe

Asn

Ser

105

Arg

Leu

Val

Leu

Leu

Pro

Leu

90

Leu

Leu

Hi s

Val

Leu
170

Val

Al a

Arg

Val

75

Al a

Arg

Asp

Al a

Al a

155

I'le

Hi s

Asp
60

Pro

Ay

Ay

Phe

Arg Phe
30

Val
45

Au

Met

Leu

Ay

Ser
110

Lys

Arg
125

Arg
Asp Phe
Ser

Leu

Thr

Leu

Val

Leu

Adn

95

Hi s

Phe

Asp

Al a

Arg
175

Val

Arg

Al a

80

Leu

Ser

Met

Val
160



<213>

<220>
<223>

<400>
Met Thr
1

Ala lle

A@n Arg

50

Al a Leu

65

Thr Leu

Thr Arg

Ser lle

130

A u Leu

Artificial

Sequence

synthetically constructed nanostructure pol ypeptide

17

Asp

Leu
35

Asp

Leu

Ser

Ser

115

Val

Leu

Tyr

Leu
20

Leu

Thr

Asp
100

Asp

Ile

Al a

Val

Al a

Ay

Arg

85

Pro

Al a

Ile

Al a

Arg

Arg

Phe

Al a

70

Ser

Ser

Ay

Ay
150

Asp

Al a

Val

Ser

55

Pro

Arg

Val

Leu

Asn

135

Al a

Ay

Asp

I'le

40

Au

Leu

Pro

Asp

120

Pro

Ser

Leu

25

Hi s

Ay

Leu

Pro

Leu

Pro

Lys

Al a
10

Arg

Al a

90

Leu

Trp

Thr

Pro

Hi s

Ay

Asp

75

Asp

Leu

Al a
155

Lys

Ay

Lys
60

Lys

Pro

Leu

140

Leu

Pro

Met

45

Arg

Arg

Lys

Hi s

125

Phe

Leu

Adn

30

Val

Ay

Met

Val

I'le

110

I'le

Arg

I'le

Ser

15

Asp

Asp

Arg

Val

Ile

95

Ay

Leu

Ay

Phe

Leu

Val

Asn

Al a

80

Tyr

Asn

Ay

Phe

Met
160



Pro Val

Gy Phe

Val
165

Asn Ser Arg Gy Val

180

Gy Ala Ala du Ser

Pro

Tyr Val

Ser Ala Met Thr Ala Ala Al a Val

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Met Ile
1

Lys Leu

Pro Lys

Phe Tyr
50

Asn Leu
65

Leu Leu

195

18
128
PRT

Artificial

synthetically constructed nanostructure pol ypepti

18

Thr Val

Ala du
20

Gy Lys

35

Tyr Pro

Met Al a

Phe Il e

Phe

Val

Hi s

Phe

Ay

Al a

Ay

Al a

Asp

Arg

70

Leu

200

Sequence

Leu Lys

Tyr Ser

Ile Arg
40

Ile
185

Ser

Ser
25

Phe

Arg Ser Asp

55

Ser u

Gu Arg

Au

Lys

170

Val

Lys

10

Leu

Leu

Asp

Thr

Leu

Lys Asp G u Leu

Arg Ay Arg Arg

Leu

Hi s

Cys

Tyr

Lys

75

Ay

Asn Ala Leu Ala Ser

205

Ala Pro

Leu Gy

Leu Qu
45

Thr Val
60

Met Leu

Ile Arg

190

Au

Arg

Leu

30

Lys

Leu

Al a
175

Ay

Arg

Arg
15

Asp

Au

Ile

Hi s

Al a

Ay

Ile

Asp

Phe
80

Asp



Val du

Gy Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Met Gy
1

Ser Asp

Pro Asn

Thr Al a
50

Val Asn
65

Leu Qu

85 90 95

Ile Thr Ile Lys AQu A n Pro Ala Hs Cys Trp Ay Phe Arg
100 105 110

Thr Ay Asp Ser Ala Arg Asp Leu Asp Tyr Asp Ile Tyr Val

115 120 125

19

235

PRT

Artificial Sequence

synthetically constructed nanostructure pol ypeptide
19

Ser Asp Leu G n Lys Leu Gdn Arg Phe Ser Thr Cys Asp Ile

Gy Leu Leu Asn Val Tyr Asn Ile Pro Thr Gy Ay Tyr Phe
20 25 30

Leu Thr Ala Ile Ser Pro Pro Gn Asn Ser Ser Ile Val Gy
35 40 45

Tyr Thr Val Leu Phe Ala Pro Ile Asp Asp Pro Arg Pro Ala
55 60

Tyr Ile Asp Ser Val Pro Pro Asn Ser Ile Leu Val Leu Al a
70 75 80

Pro Hs Leu dn Ser Gn Phe Hs Pro Phe Ile Lys Ile Thr
85 90 95



Ser Asn

Arg Thr
130

Pro Lys
145

Leu Thr

Il e Ser

Leu Val
210

Thr Al a
225

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met

Ay
115

Leu

Ser

Asp

Lys

195

Ser

Arg

20
162
PRT

Artificial

Tyr Ay
100

Thr Val

Asn H s

Val Val

Asp Gy

165

Asn Asn
180

Leu Val

Arg Met

Ay

Val

Pro

Lys

150

Val

Ay

Thr

Val
230

Leu

Phe

Val

135

Thr

Tyr

Lys
215

Leu

Sequence

Met Ser Thr Arg

Ay

120

Phe

Val

Adn

Val

I'le

200

Asn

Lys

105

Arg

Al a

Ay

Thr

Arg

185

Au

Ay

Asp

Ile Arg

Tyr Ay

Thr Asn
155

Ile Cys

170

Ile Pro

Lys Ser

Leu Pro

Tyr lle
235

Ala dn

Asp Val
125

Val Gy

140

Val dn

Pro Gy

Val dn

Tyr

110

Asp

Ser

Leu

Asp

Leu

Lys

Tyr

175

Thr

Asp

synthetically constructed nanostructure pol ypeptide

20

Lys

Hi s

Ile

160

Asp

Arg

Adn



Met

Leu

Phe

Ay

65

Lys

Arg

Thr

Leu

145

Pro

Ser

Lys

Asp

Cys

50

Val

Leu

Met

Thr
130

Ay

Cys
35

Val

Pro

Hi s
115

Pro

Met

Al a

20

Ay

Al a

Leu

Ay

Arg

100

Thr

Trp

Tyr

Arg

Ay

Al a

85

Leu

Ser

Au

Val

I'le

Leu

Al a

Ay

70

Arg

Hi s

Au

Lys

Arg
150

Tyr

Al a

Arg

Thr

55

Ser

Cys

Asn

Au

Al a

135

Thr

Leu

Phe

Tyr

40

Arg

Ay

Al a

Asn

Al a

120

Adn

Hi s

Ay

Leu

25

Asp

Thr

Leu

Al a

105

Leu

Arg

Al a
10

Lys

Val

Ay

Al a

90

Adn

Arg

Hi s

Al a

Asp

Met

Asp

Au
75

Trp

Leu

Adn

Pro
155

Hi s

Thr

Asp

Asp

60

Ser

Val

Arg
140

Pro

Ay

Asp

45

Pro

Val

Ay

Lys

125

Arg

Val

Ay

Hi s

30

Tyr

Ay

Ile
110

Pro

Tyr

15

Pro

Ser

Thr

95

Ay

Phe

Asp

Ay

Au

Pro

Al a

Leu

Asn

80

Al a

Ay

Val

Al a
160



<210> 21
<211> 157
<212> PRT

<213>

<220>

<223>

<400> 21

Met

Arg

Arg

65

Val

Ay

Leu

Ay Asp

Ser dn

35

Leu Cys
50

Leu Al a

d u Phe

Cys Arg

Al a Ser
115

Ser Asp
130

Artificial

Asp

Ile
20

Leu

Leu

Thr

100

Leu

Al a

Ay

Ser

Pro

Trp

Leu

85

Val

Pro

Leu

Arg

Val

Ay

Leu

70

Pro

Leu

Phe

Sequence

Leu

Hi s

55

Val

Ay

Arg

Val
135

Leu

Adn

40

Hi s

Ay

Arg

Ile

120

Leu

Al a

Al a

25

Hi s

Al a

Tyr

Al a

Al a

105

Al a

Al a

Ile

10

Au

Asp

Ile

Asn

Arg

90

Au

Pro

Arg

Ay

Pro

Leu

Thr

Ay

75

Ay

Arg

Al a

Val

Asp

Leu

Phe

AQu
60

Ser

Leu
140

Val

Pro

Asp

45

Asp

Leu

Al a

I'le

Tyr

125

Asn

Asp

Asp

30

Leu

Hi s

Pro

Leu

Lys

110

Val

Arg

synt hetically constructed nanostructure pol ypeptide

AQu

15

Asp

Ay

Leu

Pro

Al a
95

Leu

Val

Ay

Leu

Leu

80

Hi s

Leu

Leu

Al a



Gy Gy Ala Asp Val

145

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Met Ile
1

An A a

Gy Val

Gy GQu

50

Phe Arg

65

Leu Thr

Thr Al a

H s Leu

22
157
PRT

Artificial

Leu Trp Asp Arg Thr Arg Ala His

150

Sequence

155

synt hetically constructed nanostructure pol ypeptide

22

Leu

Al a

Adn

35

Leu

Ser

Leu

Al a

Al a
115

Ser

Al a

20

Arg

Leu

Thr

Leu

Leu

Val

Ile

Ay
85

Arg

Arg

Val

70

Ay

Au

Phe

Ay

Val

55

Arg

Arg

Ser

Val

Leu

40

Pro

Thr

Met

Phe

Arg

25

Asp

Leu

Pro

Trp

Al a
105

Thr

10

Ser

Leu

Adn

Val

90

Phe

Leu

Pro

Asp

Ay

Ay

75

Al a

Al a

Ay

Arg

Ay

AQu

60

Val

Phe

Ay

Hi s

Au
45

Val

Ser

Al a
125

Pro

Al a

30

Adn

Asp

Leu

Ay

Phe

110

Al a

Hs Gy
15

Leu Al a

Val Trp

Leu Pro

Arg Pro

80

An A a
95

Phe G u



Val Met Val G n Ala Ala Ala Ay Va

130

135

Thr

Leu Leu Leu Val

140

Ala Leu Pro Gn Gy Leu Ala Ala Gy Leu Pro Pro Ala

145

<210> 23

<211> 156
<212> PRT
<213>

<220>
<223>

<400> 23

Met Thr Lys Lys
1

Met Ala Ser Al a
20

Lys Ilelle Arg
35

Cys Lys Lys Leu
50

Gy Met Pro Ay
65

Ser Leu Ay Leu

d u Val Phe Val

Artificial

Val

5

Al a

Lys

Leu

Lys

Met

85

Hi s

150

Ay

I'le

Thr

Au

Lys

70

Leu

Au

Sequence

Ile

Leu

Val

Au

55

Au

Al a

Asp

Val

Thr

Pro

40

Au

Lys

Adn

Au

Asp

Leu

25

Ay

Ay

Asp

Leu

Al a

Thr
10

Lys

Lys

Met
90

Lys

155

Thr

Met

Lys

Asp

Val

75

Thr

Asp

Phe

Au

Asp

Ile
60

Cys

Asn

Asp

Al a

Ser

Leu

45

Val

Lys

Arg

Pro

30

Pro

Met

Hi s

Hi s

Au

Al a Met

synthetically constructed nanostructure pol ypeptide

Val Asp
15

Asn |l e

Val Al a

Al a Leu

Au A a
80

Ile lle
95

Leu Lys



100 105 110

Ile Leu Ala Ala Arg Arg Ala Ile Qu H's Ala Leu Asn Val Tyr Tyr
115 120 125

Leu Leu Phe Lys Pro Gu Tyr Leu Thr Arg Met Ala Ay Lys Gy Leu
130 135 140

Arg Gn Ay Phe u Asp Ala Ay Pro Ala Arg G u
145 150 155

<210> 24

<211> 209

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed nanostructure pol ypeptide

<400> 24
Met Asp Asp Ile Asn Asn G n Leu Lys Arg Leu Lys Val Ile Pro Va
1 5 10 15

Ile Ala Ile Asp Asn Ala Qu Asp Ile Ile Pro Leu Ay Lys Val Leu
20 25 30

Ala Gu Asn Ay Leu Pro Ala Ala Gu Ile Thr Phe Arg Ser Ser Al a
35 40 45

Ala Val Lys Ala Ile Met Leu Leu Arg Ser Ala G n Pro Gu Mt Leu
50 55 60

Ile Ay Ala Gy Thr Ile Leu Asn Gy Val A n Ala Leu Ala Ala Lys
65 70 75 80



Al a

Val

Arg

Pro

Phe
130

Lys

Leu Val

145

Thr Pro

Ay

Trp Asp

Pro

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ay

Ser

115

Phe

Ay

Asp

Ay

25
114
PRT

Artificial

Cys

100

Thr

Pro

Pro

Thr
180

Asp

85

Adn

Val

Al a

Tyr

Ile

165

Trp

Al a

Phe

Ay

150

Asp

Met

Arg

Val

Al a
135

Asp

Val

Leu

Sequence

Val

Ay

Al a

120

Ser

Tyr

Asp

Thr
200

Ser

Ile

105

Leu

Ay

Arg

Leu

Lys

185

Arg

Pro
90

Asp

Ay

Leu

Al a

170

Lys

Ay

Met

Leu

Phe

Val

Ay

Ser

140

Pro

Pro

Val

Val

Pro

Leu

125

Met

Thr

Arg

Pro Asn
95

Gy Val
110

Thr Thr

Val Lys

Gy Gy

Val Leu

175

Asn Ay
190

dn Val

synthetically constructed nanostructure pol ypeptide

25

Thr

Asn

Leu

Ser

Ile
160

Asn



Ser

Lys

Ser

Ile

65

Phe

Thr

Pro

Asp

Pro

Phe

50

Ay

Asp

Hi s

Phe

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Phe

Ay

35

Ay

Ay

Hi s

Phe

26

114
PRT

Artificial

Phe

Leu

20

Ser

Ay

Leu

Val
100

Thr

Ser

Tyr

Ser

Asn
85

Asn

Leu

Leu

Val

Thr

Pro

70

Leu

Asn

Thr

Asn

55

Asp

Met

Asn

Sequence

Thr

Ser

Val

40

Pro

Lys

Leu

Ay

Asn

Arg

25

Hi s

Al a

Asn

Ay

ASp
105

Ile
10

Leu

Arg

Ile
90

Asp

Lys

Val

Phe

Asp

75

Pro

Val

Al a

Ay

Thr

Ay

60

Hi s

Lys

Ay

Asp

Leu

Asp

45

Thr

Ser

Asn

Trp

Asp

Ile

30

Adn

Leu

Al a

Arg

Asn
110

Val

15

Leu

Adn

Met

Val

Met

95

Ay

synthetically constructed nanostructure pol ypeptide

26

Met Pro Il e Phe Thr

1

5

Leu Asn Thr Asn Ile Lys Ala Asp Asp Val

10

15

Pro

Ser

Leu

Ser

Leu

80

Tyr

Thr

Pro



Ser Asp Phe Leu Ser Leu Thr Ser Arg Leu Val Gy Leu Ile Leu Ser
20 25 30

Gu Pro Ay Ser Tyr Val Ala Val His Ile Asn Thr Asp A n G n Leu
35 40 45

Ser Phe Ay Ay Ser Thr Asn Pro Ala Ala Phe Gy Thr Leu Met Ser
50 55 60

lle dy Gy Ile Au Pro Asp Lys Asn Qu Asp H's Ser Ala Val Leu
65 70 75 80

Phe Asp His Leu Asn Ala Met Leu Ay Ile Pro Lys Asn Arg Met Tyr
85 90 95

Ile H's Phe Val Asp Leu Asp Gy Asp Asp Val Ay Trp Asn Gy Thr
100 105 110

Thr Phe

<210> 27

<211> 157

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed nanostructure pol ypeptide

<400> 27
Met Asn G n His Ser Hs Lys Asp His Au Thr vVal Arg Ile Al a Val
1 5 10 15

Val Arg Ala Arg Trp H's Ala Asp Ile Val Asp Ala Cys Val GQu Al a



Phe Qu

Val Phe
50

Leu Al a
65

Val Asn

Asp Ay

Al a Val

Phe Phe
130

Cys lle
145

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ile

35

Asp

Au

Ay

Met

Leu

115

Al a

Au

28
157
PRT

Artificial

20

Ala Met Al a

Val

Thr

Ay

Met

100

Thr

Pro

Ay

Ile

85

Asn

Pro

Hi s

Leu

Ay

Arg

70

Tyr

Val

Hi s

Phe

Asn
150

Al a

55

Tyr

Arg

Adn

Arg

Al a
135

Sequence

Ile

40

Tyr

Ay

Hi s

Leu

Tyr

120

Val

Arg

25

Ay

ASp
105

Arg

Lys

Ay

Val

Phe

90

Thr

Asp

Ay

Lys

Asp

Pro

Leu

75

Val

Ay

Ser

Val

Ile
155

Arg

Leu

60

Ay

Val

Asp

Al a

Phe

45

Hi s

Thr

Ser

Pro

30

Al a

Al a

Al a

Al a

Val

110

Hi s

Al a

Val

Arg

Phe

Val

95

Leu

Hi s

Arg

synthetically constructed nanostructure pol ypeptide

28

Asp

Thr

Val

80

Ser

Arg



Met

Val

Phe

Val

Leu

65

Val

Asp

Phe

Cys
145

Asn

Arg

Phe

50

Asp

Ay

Val

Phe
130

<210>
<211>
<212>
<213>

Ile
35

Asp

Ay

Met

Leu
115

29
205
PRT

Artificial

Hi s

Arg

20

Al a

Val

Thr

Ay

Met

100

Thr

Ser His Lys
5

Trp Hs Al a

Met Ala Al a

Pro Gy Ala
55

Gy Arg Tyr
70

[le Tyr Asp
85

Asn Val dn

Pro Hs du

H s Phe Al a

135

Leu Asn Al a
150

Sequence

Asp

Asp

Ile

40

Tyr

Ay

Hi s

Leu

Tyr

120

Val

Arg

Hi s

Ile

25

Ay

ASp
105

Lys

Au
10

Val

Ay

Val

Phe

90

Thr

Asp

Ay

Lys

Thr

Asp

Asp

Pro

Leu

75

Val

Ay

Ser

Val

Ile
155

Val

Arg

Leu

60

Ay

Val

Asp

Al a

Arg

Phe

45

Hi s

Thr

Ser

Pro

Ile

Val

30

Al a

Al a

Al a

Al a

Val

110

Asp

Al a

Al a

15

Val

Arg

Phe

Val

95

Leu

Hi s

Arg

Val

Asp

Thr

Val

80

Ser



<220>
<223>

<400>

synt hetically constructed nanostructure pol ypeptide

29

Met Lys Met Gu Qu

1

Arg

Asp

Ile

65

Ser

Thr

Lys

Lys
145

Al a

Ay

Thr

50

Ay

Ser

Adn

Pro

Leu

130

Ay

Ay
35

Val

Ay

Phe

Thr

115

Phe

Pro

Ser
20

Val

Ay

Cys
100

Pro

Phe

5

Val

Hi s

Lys

Thr

Au

85

Lys

Leu

Ay

Pro

Leu

Leu

Val
70

Phe

Val

Au

Asn
150

Phe

Leu
55

Thr

Lys

Lys

Val

135

Val

Lys

Au

40

Ser

Ser

Val

Ay

Al a

120

Val

Lys

Lys

Ile

25

Val

Val

Ser

Val

105

Met

Ay

Phe

Hi s

10

Au

Thr

Leu

Pro

90

Phe

Lys

Pro

Val

Lys

Lys

Phe

Lys

Adn

75

Hi s

Tyr

Leu

Adn

Pro
155

Thr

Au

60

Leu

Met

Ay

Phe

140

Thr

Val

Val

Val

45

Lys

Arg

Asp

Pro

Hi s

125

Val

Ay

Al a

Al a

30

Pro

Ay

Lys

Ay

110

Asp

Lys

Ay

Val
15

Val

Asp

Au
95

Val

Val

Leu

Phe

Al a

Ile

Val

80

Ile

Met

Leu

Met

Asn
160



Leu Asp

Val Ay

Al a Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Met Lys
1

Arg Al a

Ala Ay

Asp Thr
50

e Ay
65

A u Ser

Asn Val Cys Gu Trp Phe Lys Ala Ay Val Leu Ala Val Ay
165 170 175

Asp Ala Leu Val Lys Ay Asp Pro Asp Gu Val Arg Au Lys

180 185 190

Lys Phe Val Qu Lys Ile Arg Gy Cys Thr Qu

195 200 205

30

205

PRT

Artificial Sequence

synthetically constructed nanostructure pol ypeptide

30

Met Gu GQu Leu Phe Lys Lys His Lys Ile Val Ala Val Leu
5 10 15

Asn Ser Val u Qu Alalle Qu Lys Ala Val Al a Val Phe

20 25 30

Gy VvVal Hs Leulle u lle Thr Phe Thr Val Pro Asp Al a

35 40 45

Val Ile Lys Ala Leu Ser Val Leu Lys Gu Lys Ay Alalle

55 60
Ala Ay Thr Val Thr Ser Val AQu d@n Cys Arg Lys Al a Val
70 75 80

Gy Ala Qu Phe Ile Val Ser Pro H's Leu Asp Gu du lle

85 90 95



Ser dn

Thr Pro

Lys Leu
130

Lys Gy
145

Leu Asp

Val Gy

Al a Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Phe

Thr
115

Phe

Pro

Asp

Asp

Au

195

31
205
PRT

Cys

100

Pro

Phe

Val

Al a

180

Phe

Lys Gu Lys

Leu Val Lys

Gy GQu Va
135

Pro Asn Val
150

Cys Qu Trp
165

Leu Val Qu

Val du du

Artificial Sequence

Ay

Al a

120

Val

Lys

Phe

Ay

I'le
200

Val

105

Met

Ay

Phe

Asp

Asp

185

Arg

Phe

Lys

Pro

Val

Al a

170

Pro

Ay

Tyr

Leu

Pro
155

Ay

Asp

Met

Ay

Phe

140

Thr

Val

Thr

Pro

Hi s

125

Val

Ay

Leu

Val

Ay
110

Asp

ady

Arg
190

Val Met

Ile Leu

Al a Met

Val Asp
160

Val Ay
175

G u Asp

synthetically constructed nanostructure pol ypeptide

31

Met Lys Met Qu Gu Leu Phe Lys Lys His Lys Ile Va

1

Arg Ala Asn Ser Val

20

5

25

10

Qu QQu Ala lle Qu Lys Ala Va

Al a

Al a
30

Val Leu
15

Val Phe



Asp

Ile

65

Ser

Thr

Lys

Lys

145

Leu

Val

Ay

Thr

50

Ay

Ser

Adn

Pro

Leu

130

Ay

Asp

Ay

Lys

Ay
35

Val

Ay

Phe

Thr

115

Phe

Pro

Asn

Lys

Lys
195

Val

Ay

Cys

100

Pro

Phe

Val

Al a

180

Phe

Hi s

Lys

Thr

Au

85

Lys

Leu

Ay

Pro

Cys
165

Leu

Val

Leu

Val
70

Phe

Val

Asn

150

Lys

Val

Lys

Leu
55

Thr

Lys

Lys

Val

135

Val

Trp

Lys

Lys

Au

40

Ser

Ser

Val

Ay

Al a

120

Val

Lys

Phe

Ay

Ile
200

Ile

Val

Val

Ser

Val

105

Met

Ay

Phe

Lys

Lys

185

Arg

Thr

Leu

Pro

90

Phe

Lys

Pro

Val

Al a

170

Pro

Ay

Phe

Lys

Adn

75

Hi s

Tyr

Leu

Adn

Pro

155

Ay

Asp

Cys

Thr

Au

60

Leu

Met

Ay

Phe

140

Thr

Val

Thr

Val

45

Lys

Arg

Asp

Pro

Hi s

125

Val

Ay

Leu

Val

Pro

Ay

Lys

Ay

110

Asp

Lys

Ay

Arg
190

Asp

Au
95

Val

Val

Val
175

Al a

Ile

Val

80

Ile

Met

Leu

Met

Asn

160

Ay

Lys



<210>
<211>
<212>
<213>

<220>
<223>

<400>
Met Asn
1

Val Arg

Phe G u

Val Phe

50

Leu Al a

65

Val Asn

Asp Gy

Al a Val

Leu Phe
130

32
157
PRT

Artificial Sequence

synthetically constructed nanostructure pol ypeptide

32
Adn H s Ser
5

Ala Arg Trp
20

Ala Ala Mt
35

Asp Val Pro

Gu Thr dy

Gy Ay lle
85

Met Met Asn
100

Leu Thr Pro
115

Leu Al a Leu

Hi s

Hi s

Arg

Ay

Arg

70

Tyr

Val

Hi s

Phe

Lys

Asp

Al a

55

Tyr

Arg

Arg

Al a
135

Asp

Ile

40

Tyr

Ay

Hi s

Leu

Tyr

120

Val

Hi s

Ile
25

Ay

ASp
105

Arg

Lys

Au
10

Val

Ay

Val

Phe

90

Thr

Asp

Ay

Thr

Asp

Asp

Pro

Leu

75

Val

Ay

Ser

Met

Val

Arg

Leu

60

Ay

Val

Asp

Arg

Phe

45

Hi s

Thr

Ser

Pro

Al a
125

Ile

Val

30

Al a

Al a

Al a

Al a

Val

110

Hi s

Al a

Al a Val
15

Ser Al a

Val Asp

Arg Thr

Phe Val

80

Val Ile

95

Leu Ser

Thr Leu

Arg Al a



Cys Val
145

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met
1

Asn

Val Arg

Phe Qu

Val Phe

50

Leu Al a
65

Val Asp

Asp Gy

Al a Val

Qu lle Leu Ala Ala Arg Qu Lys Ile Ala Ala

33
157
PRT

Artificial

150

Sequence

155

synt hetically constructed nanostructure pol ypeptide

33
Adn Hs

Arg
20

Al a
35

Al a

Asp Val

Thr

Ay Gy

Met Met

100

Leu Thr

Ser

Trp

Met

Pro

Ay

Ile

85

Asn

Pro

Hi s

Hi s

Arg

Ay

Arg

70

Tyr

Val

Hi s

Lys

Asp

Al a

55

Tyr

Asp

Adn

Asp

I'le

40

Tyr

Ay

Hi s

Leu

Tyr

Hi s

Ile

25

Ay

Al a

Au

Asp

105

Au

Au
10

Val

Ay

Val

Phe

90

Thr

Asp

Thr Val

Asp

Asp

Arg

Leu
60

Pro

Leu
75

Ay

Val

Ay

Val

Ser Asp

Arg lle

Val
30

Cys

Phe

45

Hi s

Thr

Ser

Val
110

Pro

Al a Asp

Al a

15

Ser

Val

Arg

Phe

Val

95

Leu

Thr

Val

Al a

Asp

Thr

Val

80

Ile

Ser

Leu



Leu Phe
130

Cys Val
145

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Met Asn
1

Val Arg

Phe G u

Val Phe

50

Leu Al a
65

Val Asn

115 120 125

Leu Ala Leu Phe Ala Val Lys Ay Met Gu Ala Ala Arg Ala
135 140
GQu lle Leu Ala Ala Arg Gu Lys Ile Ala Ala
150 155

34

157

PRT
Artificial Sequence
synthetically constructed nanostructure pol ypeptide

34

Adn H s Ser

5

H s Hs du Thr Val

10

Al a Val
15

Lys Asp Arg lle

Al a du Val Val

30

Ile Ser Al a

25

Arg Trp His
20

Asp Al a

Al a
35

Ala Met Arg Phe

45

Ile Val

40

Asp Gy Gy Asp Arg Asp

Val Al a

55

Ile Pro Leu Hi s

60

Asp Pro Gy Tyr Arg Thr

GQu Thr Ay Arg Thr

70

Val Phe Val

80

Tyr Ay Leu Gy

75

Gy H s Phe Val

90

Al a Ser Val

95

Gy lle Tyr Ile

85

Arg



Asn Gy Met Met Asn Val G n Leu Asn Thr Ay Val Pro Val Leu Ser
100 105 110

Ala Val Leu Thr Pro His Asn Tyr Asp Lys Ser Lys Ala His Thr Leu
115 120 125

Leu Phe Leu Ala Leu Phe Ala Val Lys Gy Met u Ala Ala Arg Ala
130 135 140

Cys Val Qu lle Leu Ala Ala Arg Qu Lys Ile Ala Al a
145 150 155

<210> 35

<211> 156

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed nanostructure pol ypeptide

<220>

<221> msc feature
<222> (70)..(70)

<223> Xaa is Ala or Lys

<400> 35

Met Thr Lys Lys Val Gy Ile Val Asp Thr Thr Phe Ala Arg Val Asp
1 5 10 15

Met Ala Ser Ala Ala Ile Leu Thr Leu Lys Met Qu Ser Pro Asn |le
20 25 30

Lys Ile lle Arg Lys Thr Val Pro Ay Ile Lys Asp Leu Pro Val Al a
35 40 45

Cys Lys Lys Leu Leu Gu Gu Qu Ay Cys Asp Ile Val Met Ala Leu



50 55 60

Gy Met Pro Ay Lys Xaa Gu Lys Asp Lys Val Cys Ala Hs Au Ala
65 70 75 80

Ser Leu Ay Leu Met Leu Ala G n Leu Met Thr Asn Lys His Ile lle
85 90 95

Gu Val Phe Val Hs GQu Asp Qu Ala Lys Asp Asp Ala Qu Leu Lys
100 105 110

Ile Leu Ala Ala Arg Arg Ala Ile Qu H's Ala Leu Asn Val Tyr Tyr
115 120 125

Leu Leu Phe Lys Pro Gu Tyr Leu Thr Arg Met Ala Ay Lys Gy Leu
130 135 140

Arg Gn Ay Phe Gu Asp Ala Ay Pro Ala Arg G u
145 150 155

<210> 36

<211> 209

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed nanostructure pol ypeptide

<220>

<221> msc _feature
<222> (2)..(2)

<223> Xaa is Ser or Asp

<220>

<221> msc _feature
<222> (3)..(3)

<223> Xaa is Thr or Asp



<220>

<221> msc _feature
<222> (10)..(10)

<223> Xaa is Ala or Arg

<220>

<221> msc _feature
<222> (85)..(85H)

<223> Xaa is Thr or Asp

<220>

<221> msc _feature
<222> (119)..(119)
<223> Xaa is Ala or @n

<220>

<221> msc _feature
<222> (163)..(163)
<223> Xaa is Ser or Asp

<220>

<221> msc _feature

<222> (189)..(189)

<223> Xaa is Thr or Arg

<400> 36

Met Xaa Xaa Ile Asn Asn G n Leu Lys Xaa Leu Lys Val Ile Pro Va
1 5 10 15

Ile Ala Ile Asp Asn Ala Qu Asp Ile Ile Pro Leu Ay Lys Val Leu
20 25 30

Ala Gu Asn Ay Leu Pro Ala Ala Gu Ile Thr Phe Arg Ser Ser Al a
35 40 45

Ala Val Lys Ala Ile Met Leu Leu Arg Ser Ala G n Pro Gu Mt Leu
50 55 60

Ile Ay Ala Ay Thr Ile Leu Asn Gy Val G n Ala Leu Ala Ala Lys



65 70 75 80

GQu Ala Ay Ala Xaa Phe Val Val Ser Pro Gy Phe Asn Pro Asn Thr
85 90 95

Val Arg Ala Cys An llelle Ay Ile Asp Ile Val Pro Ay Val Asn
100 105 110

Asn Pro Ser Thr Val Qu Xaa Ala Leu Gu Met Gy Leu Thr Thr Leu
115 120 125

Lys Phe Phe Pro Ala Qu Ala Ser Ay Ay Ile Ser Met Val Lys Ser
130 135 140

Leu Val Gy Pro Tyr Ay Asp Ile Arg Leu Met Pro Thr Ay Ay Ille
145 150 155 160

Thr Pro Xaa Asn Ile Asp Asn Tyr Leu Ala Ile Pro An Val Leu Al a
165 170 175

Cys Ay Ay Thr Trp Met Val Asp Lys Lys Leu Val Xaa Asn Ay Qu
180 185 190

Trp Asp Qu Ile Ala Arg Leu Thr Arg Gu Ile Val du A n Val Asn
195 200 205

Pro

<210> 37

<211> 114

<212> PRT

<213> Artificial Sequence

<220>



<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

synthetically constructed nanostructure pol ypeptide

m sc_feature
(13)..(13)
Xaa is Thr or

m sc_feature
(33)..(33)
Xaa is Lys or

m sc_feature
(71)..(72)
Xaa i s Ser or

m sc_feature
(74)..(74)
Xaa is Arg or

m sc_feature
(101)..(101)
Xaa is Asn or

m sc_feature
(103)..(103)
Xaa is Asn or

37

Met Pro Il e Phe Thr

1

5

Ser Asp Phe Leu Ser

20

Asp

Asp

Asp

Asp

Leu Asn Thr

Leu Thr

Xaa Pro Ay Ser Tyr Val

35

Asn Ile Lys Ala Xaa Asp Val Pro
10 15

Arg Leu Val Ay Leu Ile Leu Ser
25 30

Hs Ile Asn Thr Asp G n @ n Leu
45



Ser Phe
50

e Ay
65

Phe Asp

Ile H's

Thr Phe

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

Ay Ay Ser Thr Asn Pro Ala Ala Phe Ay Thr Leu Met
55 60
Gy lle u Pro Xaa Lys Asn Xaa Asp His Ser Al a Va
70 75
H's Leu Asn Ala Met Leu Gy Ile Pro Lys Asn Arg Met
85 90 95
Phe Val Xaa Leu Xaa Ay Asp Asp Val Ay Trp Asn Gy
100 105 110
38
157
PRT
Artificial Sequence

synt hetically constructed nanostructure pol ypeptide

m sc_feature

(9)..(9)

Xaa is Tyr or H's

m sc_feature
(82)..(82)
Xaa is Asn or Asp

m sc_feature
(87)..(87)
Xaa is Arg or Asp

Ser

Leu

80

Tyr

Thr



<220>

<221> msc _feature
<222> (105)..(105)
<223> Xaa is Ser or Asp

<220>

<221> msc _feature
<222> (119)..(119)
<223> Xaa is Arg or Qu

<220>

<221> msc _feature
<222> (121)..(121)
<223> Xaa is Arg or Qu

<220>

<221> msc _feature
<222> (124)..(124)
<223> Xaa is Ala or Asp

<220>

<221> msc _feature
<222> (126)..(126)
<223> Xaa is H's or Asp

<220>

<221> msc _feature
<222> (128)..(128)
<223> Xaa is Arg or Qu

<220>

<221> msc _feature
<222> (150)..(150)
<223> Xaa is Ala or Asn

<400> 38
Met Asn G n His Ser Hs Lys Asp Xaa Qu Thr Val Arg Ile Ala Va
1 5 10 15

Val Arg Ala Arg Trp H's Ala Asp Ile Val Asp Ala Cys Val GQu Al a
20 25 30



Phe G u

Val Phe
50

Leu Al a
65

Val Xaa

Asp Gy

Al a Val

Phe Phe
130

Cys lle
145

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>

Ile
35

Asp

Ay

Met

Leu
115

39
205
PRT

Artificial

Ala Met Al a

Val

Thr

Ay

Met

100

Thr

Pro

Ay

Ile

85

Pro

Hi s

Leu

Ay

Arg

70

Tyr

Val

Hi s

Phe

Xaa
150

Al a
55

Tyr

Xaa

Xaa

Al a
135

Sequence

Ile

40

Tyr

Ay

Hi s

Leu

Tyr

120

Val

Arg

Ay

Xaa
105

Xaa

Lys

Ay

Ile

Val

Phe

90

Thr

Asp

Ay

Lys

Asp

Pro

Leu

75

Val

Ay

Ser

Val

I'le
155

Arg

Leu

60

Ay

Val

Xaa

Al a

Phe

45

Hi s

Thr

Ser

Pro

Al a

Al a

Al a

Al a

Val

110

Xaa

Al a

Val

Arg

Phe

Val

95

Leu

Hi s

Arg

synthetically constructed nanostructure pol ypeptide

m sc_feature
(126)..(126)

Asp

Thr

Val

80

Ser

Xaa



<223> Xaa is Thr or Asp

<220>

<221> msc _feature
<222> (139)..(139)
<223> Xaa is Gn or Gu

<220>

<221> msc _feature
<222> (142)..(142)
<223> Xaa is Lys or Qu

<220>

<221> msc _feature
<222> (160)..(160)
<223> Xaa is Asn or Asp

<220>

<221> msc _feature
<222> (163)..(163)
<223> Xaa is Asn or Asp

<220>

<221> msc _feature
<222> (166)..(166)
<223> Xaa is GQu or Lys

<220>

<221> msc feature
<222> (169)..(169)
<223> Xaa is Lys or Asp

<220>

<221> msc _feature

<222> (179)..(179)

<223> Xaa is Ser, Lys or Asp

<220>

<221> msc _feature
<222> (183)..(183)
<223> Xaa is Lys or Qu

<220>
<221> msc _feature
<222> (185)..(185)



<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<400>
Met Lys
1

Arg Al a

Ala Ay

Thr
50

Asp

Ile
65

Ay

Ser

Xaa is Thr, Asp or Lys

m sc_feature
(192)..(192)
Xaa is Lys or Asp

m sc_feature
(195)..(195)

Xaa is Ala, Qu or Lys

m sc_feature
(198)..(198)

Xaa is Gu or Lys

m sc_feature
(199)..(199)
Xaa is Lys or Qu

39
Met Qu A u Leu Phe
5

Asn Ser Val
20

Au Qu

Gy Val
35

Hs Leu lle

Val Ile Lys Ala Leu

55

Ala Gy Thr Val Thr

70

Gy Ala du Phe lle

Lys

Al a

Au

40

Ser

Ser

Val

Lys Hi's
10

Ile Au
25

Ile Thr
Val Leu
Val

Au

Ser Pro

Lys

Lys

Phe

Lys

Adn

75

Hi s

Thr

AQu
60

Leu

Val

Val Al a

30

Val
45

Pro

Lys Gy

Arg Lys

Asp G u

Val
15

Leu

Val

Phe

Asp Al a

Ala lle

Al a Val

80

AQulle



Ser dn

Thr

Pro

Leu
130

Lys

Lys
145

Ay

Leu Asp

Val Qvy

Lys

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

Phe Cys

100

Thr
115

Phe Pro

Pro Phe

Xaa Val

Al a
180

Xaa

Xaa Phe

195

40
157
PRT

Artificial

Lys

Leu

Ay

Pro

Cys
165

Leu

Val

Val

Asn

150

Xaa

Val

Xaa

Sequence

Lys

Lys

Val

135

Val

Trp

Xaa

Xaa

Ay

Al a

120

Val

Lys

Phe

Ay

Ile
200

Val

105

Met

Ay

Phe

Xaa

Xaa

185

Arg

90

Phe

Lys

Pro

Val

Al a

170

Pro

Ay

Tyr

Leu

Xaa

Pro

155

Ay

Asp

Cys

Met Pro

Gy H's
125

Phe Val
140

Thr Gy

Val

Leu

d u Val

Thr A u

205

Ay

110

Xaa

Xaa

Ay

Arg
190

95

Val Met

Ile Leu

Al a Met

Val Xaa

160

Val
175

Ay

d u Xaa

synthetically constructed nanostructure pol ypeptide

m sc_feature

(9)..(9)

Xaa is Tyr or

Hi s



<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

m sc_feature
(38)..(38)
Xaa is Ala or Arg

m sc_feature
(82)..(82)
Xaa is Asn or Asp

m sc_feature
(87)..(87)
Xaa is Arg or Asp

m sc_feature
(97)..(97)
Xaa is Asp or Asn

m sc_feature
(105)..(105)
Xaa is Ser, Asp or Asn

m sc_feature
(119)..(119)
Xaa is Arg, Gu or Asn

m sc_feature
(121)..(121)
Xaa is Arg, Asp or Qu

m sc_feature
(122)..(122)
Xaa is Asp or Lys

m sc_feature
(124)..(124)
Xaa is Asp or Lys



<220>

<221>
<222>
<223>

<400>

Met

1

Val

Phe

Val

Leu

65

Val

Xaa

Leu

Cys
145

40

Asn d n

Arg

Au A a

35

Phe
50

Asp

Al a

Xaa Ay

Gy Mt

Val Leu

115

Phe
130

Leu

Val du

Hi s

Arg

20

Al a

Val

Thr

Ay

Met

100

Thr

m sc_feature
(126)..(126)
Xaa is H's or Asp

Ser

Trp

Met

Pro

Ay

Ile

85

Asn

Pro

Leu

Leu

Hi s

Hi s

Xaa

Ay

Arg

70

Tyr

Val

Hi s

Phe

Al a
150

Lys

Asp

Al a

55

Tyr

Xaa

Adn

Xaa

Al a
135

Asp

Au

I'le

40

Tyr

Ay

Hi s

Leu

Tyr

120

Val

Arg

Xaa

Ile
25

Ay

Xaa
105

Xaa

Lys

Au
10

Val

Ay

Val

Phe

90

Thr

Xaa

Ay

Lys

Thr Val

Asp

Asp

Arg

Leu
60

Pro

Leu
75

Ay

Val

Val

Ay

Ser

Xaa

Met

Ile Al a
155

Arg

Phe

45

Hi s

Thr

Ser

Pro

Al a
125

Ile

Val

30

Al a

Al a

Al a

Al a

Val

110

Xaa

Al a

Al a Val
15

Ser Al a

Val Asp

Arg Thr

Phe Val

80

Val
95

Ile

Leu Ser

Thr Leu

Arg Al a



Asp

Tyr

65

Lys

Ay

Ay

Phe

Leu

Leu

50

Leu

Thr

Thr

Ay

41
159
PRT

Artificial

Sequence

synthetically constructed nanostructure pol ypeptide

41

Al a

Al a

35

Lys

Thr

Ay

Tyr
115

Arg

Val

Val
20

Thr

Ile
100

Hi s

Pro

5

Tyr

Ser

Asn

Al a

Leu

85

Al a

Leu

Val

Ile

Leu

Leu

Pro

Tyr

70

Met

Met

Thr

Asp

Ay Asp

dn Pro

Al a Asp
40

Asn Ay
55

Al a Leu

Pro Met

G u Lys

Phe Leu

120

Au du

Pro Lys
10

Ile Au
25

Phe Pro

Val Al a
90

Asp Lys
105

Il e Ser

Thr Gy

Au

Met

Leu

Au

Al a

75

Asp

Lys

Asn

Val

Leu

Au

AQu

Ay

60

Asp

Asp

Ay

Pro

Ay

Asn

Pro

Al a

45

Phe

Thr

Ay

Ay

Ay

Arg

30

Asp

Trp

Ay

Pro

Phe

110

Lys

Trp

Met
15

Ay

Met

Hi s

95

Ay

Adn

Phe

Au

Hi s

Pro

Ile

80

Tyr

Val

Ay



130

Th

135

r Tyr
150

Sequence

140

Phe Phe Lys Tyr Thr Gy Thr

155

Pro

Lys

synthetically constructed nanostructure pol ypeptide

Ala lle Ay Ile Leu

5

As

Val

[
85

Pro Phe Val Val

145

<210> 42

<211> 184

<212> PRT

<213> Artificial

<220>

<223>

<400> 42

Met Ser G n

1

Met Gu Leu Ay

20
Val Ser Lys Thr
35

Asp Ile Ay Al a
50

Gy Gu Met Leu

65

Val Leu Pro Al a

Val Gy Ile Val

100

p Ala Met Leu

e Ser

e dn dn

55

70

e Ser Ay

u Thr Trp

Pro

Asp Ser

Ay

40

Al a

Leu

Leu

Ser

Leu
10

Lys Ser

25

Lys Phe

Ile Au

Val Leu

Asn Ser

90

Val
105

Al a

Thr Ser

Al a Asn

Leu Leu

Thr Gy
60

Al a Asn
75

Val Asp

Al a Cys

Ile Al a

Val Asp

30

Met Leu
45

Thr

Ser

Ile H s

Lys Arg

Il e Ser
110

Lys
15

Leu

Ay

Pro

Adn
95

Ay

Leu

Ay

Al a

Ser

80

Al a

Al a



Asp Leu

Al a Phe
130

Leu Asp
145

Lys Gy

Met Trp

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met Qu
1

Lys Ile

Il e Val

Ser Asp
50

Val

Val
140

Arg Val His
125
Ala Ay Asp

Leu Ala Ala dvy

175

Ala Val Lys Ay Ser Asn Val Thr Leu
115 120
Gy lle dy Ay Lys Cys Tyr Mt Val
135
Val Ala Ala Ala Val Ala Thr Al a Ser
150 155
Leu Leu Val Tyr Ala Ser Ile Ile Pro Arg Pro Hs Qu
165 170
Arg Gn Met Val Qu Qy
180

43

103

PRT

Artificial Sequence

synthetically constructed nanostructure pol ypeptide

43

AQu Val Val Leu Ile Thr Val Pro Ser Ala Leu Val Al a

5 10

15

Ala Hs Ala Leu Val Qu GQu Arg Leu Ala Ala Cys Val

20 25

30

Pro Ay Leu Thr Ser Ile Tyr Arg Trp G n dy Ser Val

35 40

45

Hs Gu Leu Leu Leu Leu Val Lys Thr Thr Thr

55

60

H s Al a

Met

Val

Al a
160

Val

Asn

Val

Phe



Pro Lys
65

AQulle

Trp Leu

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Met Val
1

Ala Al a

Al a Asn

Val Thr
50

e Ay
65

Pro Gy

Leu Lys Gu Arg Val
70

Lys Ala Leu Hi's Pro Tyr Thr Val

75

Val Ala Leu Pro Ile Ala u Ay Asn Arg Qu Tyr

85

Arg Gu Asn Thr Gy
100

44

122

PRT

Artificial Sequence

90

Leu
95

synt hetically constructed nanostructure pol ypeptide

44

Arg Gy Ile Arg Gy

Ile Leu Ala Ala Thr
20

Gy lle dn Ser Tyr
35

G u Asp Leu Thr Ser
55

Met His Arg Val Pro
70

Ser Leu Pro Arg Val
85

Al a

Au
40

Al a

Leu

Ile

Au

25

Au

Phe

Leu

Arg

Thr Val

10

Leu Leu

Leu Al a

Pro Al a

Ser Al a

Val
90

75

Leu

Au

Leu

Al a

Au

60

Arg

Al a

Gu Asp

Lys Met
30

Val Ile

45

Ala Al a

du Val

Leu Trp

Thr

15

Leu

Phe

Arg

Pro

Asn
95

Pro
80

Asp

Pro

Au

Thr

Leu

Val

80

Thr



Asp Thr Pro G n Asp Arg Val Arg H's Val Tyr Leu Asn A u Al a Val
100 105 110

Arg Leu Arg Pro Asp Leu Ju Ser Ala Gn
115 120

<210> 45

<211> 177

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed nanostructure pol ypeptide

<400> 45

Met Ser Lys Ala Lys Ile Gy Ile Val Thr Val Ser Asp Arg Al a Ser
1 5 10 15

Ala Gy Ile Thr Ala Asp Ile Ser Gy Lys Ala lle Ile Leu Ala Leu
20 25 30

Asn Leu Tyr Leu Thr Ser Au Trp Qu Pro Ile Tyr Gn Val Ile Pro
35 40 45

Asp Gu d@n Asp Val Ile Au Thr Thr Leu Ile Lys Met Ala Asp Gu
50 55 60

G@n Asp Cys Cys Leu Ile Val Thr Thr Ay Ay Thr Gy Pro Ala Lys
65 70 75 80

Arg Asp Val Thr Pro Au Ala Thr Qu Ala Val Cys Asp Arg Met Met
85 90 95

Pro Gy Phe Ay GQu Leu Met Arg Ala Qu Ser Leu Lys Gu Val Pro



100

Thr Ala Ile Leu Ser Arg
115

I[le Val Asn Leu Pro Ay
130

Ala Val Phe Pro Ala lle
145 150

Tyr Leu Qu Cys Asn Qu
165

Lys

<210> 46

<211> 122

<212> PRT

105

Gn Thr Ala Ay Leu

120

Asp Pro Ala Ser Ile

135

Pro Tyr Cys Ile Asp

Al a Met

<213> Artificial Sequence

<220>

155

Ile Lys Pro
170

110

Arg Ay Asp
125

Ser Asp Cys
140

Leu Met Qu

Phe Arg Pro

Ser Leu

Leu Leu

Gy Pro
160

Lys Al a
175

<223> synthetically constructed nanostructure pol ypeptide

<400> 46

Met Val Arg Ay Ile Arg Gy Ala Ile Thr Val

1 5

Thr Ser Ile lle Ile Ala Thr

20

10

30

Ala Asn Ay Ile @n Ser Tyr Au GQu Leu Ala Ala Vval Ile

35

40

45

Asn Ser Asp Thr Pro

15

I[le Leu Leu Leu Qu Lys Met Leu Gu
25

Phe Thr



Val Thr G u Asp Leu Thr Ser Ala Phe Pro Ala Qu Ala Ala Arg @n
50 55 60

lle Ay Met Hs Arg Val Pro Leu Leu Ser Ala Arg Au Val Pro Va
65 70 75 80

Pro Ay Ser Leu Pro Arg Val Ile Arg Val Leu Ala Leu Trp Asn Thr
85 90 95

Asp Thr Pro G n Asp Arg Val Arg H's Val Tyr Leu Ser GQu Al a Va
100 105 110

Arg Leu Arg Pro Asp Leu Ju Ser Ala Gn
115 120

<210> 47

<211> 172

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed nanostructure pol ypeptide

<400> 47
Met Arg Ile Thr Thr Lys Val Gy Asp Lys Ay Ser Thr Arg Leu Phe
1 5 10 15

Gy Ay u du Vval Trp Lys Asp Ser Prolle Ile u Ala Asn Ay
20 25 30

Thr Leu Asp Gu Leu Thr Ser Phe Ile Ay Qu Ala Lys H's Tyr Va
35 40 45

Asp Gu Qu Met Lys Ay Ile Leu Gu Qu Ile An Asn Asp Ile Tyr
50 55 60



Lys Ile
65

Au Qu

Met Val

Al a Lys

Val Leu
130

Tyr Leu
145

AQulle

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met Gy

Arg lle

Asn Leu
100

Leu Asp
115

Thr Val

Leu Al a

G u Lys

48
123
PRT

Artificial

Al a

85

Lys

Val

Thr

Leu

Asn
165

I'le
70

Trp

Ser

Arg

Ser
150

Lys

Ay

Leu

Phe

Arg

Asp

Leu

Sequence

Ser

Leu

Val

Thr

120

Phe

Leu

Lys

Lys

Lys

Leu

105

Ay

Leu

Ay

Leu

90

Pro

Phe

Val
170

Lys

75

Ay

Arg

Ay

Leu

155

Arg

Leu

Ay

Arg

Al a

140

Leu

Ser

Arg

Thr

Al a
125

Tyr Met
95

Leu Qu
110

Leu Arg

Arg Val

synthetically constructed nanostructure pol ypeptide

48

Met Pro Hs Leu Val

1

5

Ser

80

Au

Ser

Lys

Al a

Ile
160

Ile Au Ala Thr Ala Asn Leu Arg Leu G u Thr

10

15

Ser Pro Ay GQu Leu Leu Gu Gn Ala Asn Lys Ala Leu Phe Al a Ser

20

25

30



Gy @dn Phe Ay Au Ala Asp Ile Lys Ser Arg Phe Val Thr Leu Qu
35 40 45

Ala Tyr Arg An Gy Thr Ala Ala Val GQu Arg Ala Tyr Leu H's Al a
50 55 60

Cys Leu Ser Ile Leu Asp Gy Arg Asp Ile Ala Thr Arg Thr Leu Leu
65 70 75 80

Gy Ala Ser Leu Cys Ala Val Leu Ala Qu Ala Val Ala dy dy Qy
85 90 95

Gu u dy val dn VvVal Ser Val du val Arg Gu Met Qu Arg Leu
100 105 110

Ser Tyr Ala Lys Arg Val VvVal Ala Arg A n Arg
115 120

<210> 49

<211> 158

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed nanostructure pol ypeptide

<400> 49
Met A u Ser Val Asn Thr Ser Phe Leu Ser Pro Ser Leu Val Thr Ile
1 5 10 15

Arg Asp Phe Asp Asn Gy G n Phe Ala Val Leu Arg Ile Ay Arg Thr
20 25 30

Gy Phe Pro Ala Asp Lys Gy Asp Ile Asp Leu Cys Leu Asp Lys Met



50

Gy Phe
65

Lys Hi's

Gy Aa

Al a Leu

Val Thr
130

Ser Phe
145

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met Pro
1

35

Val

Lys

Thr

Ser

Arg

115

Adn

Hi s

50
113
PRT

Artificial

Arg

Ay

Tyr

Val

Phe

Pro

Pro

Asn

85

Val

Asp

Al a

Hi s

70

Al a

Leu

Met

Lys
150

Adn
55

I'le

Met

Arg

Adn

Lys

135

Asp

Sequence

40

Arg

Val

Val
120

Leu

Phe

Ile

Tyr

Thr

105

Asp

Arg

Tyr

Leu

Arg

Val
90

Tyr

Ay

Cys

75

Asp

AQu

Al a

Au

Lys
155

Asp
60

Val

Leu

Asp

Leu
140

Asp

45

Asp

Asp

Leu

Phe

Thr G u Asp

Ile Asp Asp
80

Val Gy Thr
95

Al a Lys Leu

110

Hi s Ser Cys

Ser Ser Asp

Leu

synthetically constructed nanostructure pol ypeptide

50

Val

Ile An Thr

5

Phe

Val

Ser

Thr
10

Pro Leu Asp His Hi s Lys

15



Arg Leu

Gy Lys

Met Hi s
50

Al a Leu
65

Val Thr

Phe Val

Phe

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Met Qu
1

Lys Ile

Leu Leu Ala lle Ile
20

Pro Gu Asp Leu Val
35

Phe Phe Gy Ser Thr
55

Gy Ay Tyr Ay Pro
70

Ala Ala lle Thr Al a
85

Leu Tyr Phe Ser Pro
100

51

103

PRT

Artificial Sequence

Tyr

Met

40

Asp

Ser

Val

Leu

Arg Ile Val
25

Met Thr Phe

Pro Val Al a

Au Pro @u
75

Cys Ay lle
90

Hs Cys Gy
105

Thr
Hi s
Cys
60

Lys
Val

Trp

Arg

Asp

45

Val

Val

Val

30

Ser

Arg

Thr

Asp

Ay
110

Val

Thr

Val

Ser

Arg

95

Thr

synt hetically constructed nanostructure pol ypeptide

51

du Val Val Leu Ile Thr Val

5

Ala Hs Ala Leu Val
20

10

Pro Ser Ala Leu Val

Leu

Pro

Ile
80

Asn

Al a Val

15

Qu Gu Arg Leu Ala Ala Cys Val

25

30

Asn



Ile Val Pro Ay Leu Thr
35

Ser Asp His Qu Leu Leu Leu Leu Val

50

Pro Lys Leu Lys Qu Arg
65 70

Qu lle Val Ala Leu Pro lle Ala Qu

85

Trp Leu Arg Gu Asn Thr
100

<210> 52
<211> 869
<212> PRT

Ser

55

Val

Ay

I[le Tyr Arg Gu

40

Lys Thr

Lys Qu Leu His

90

<213> Human i mmunodeficiency virus 1

<400> 52

Met Arg Val Lys Ay lle
1 5

Gy lle Met Leu Leu Gy
20

Leu Trp Val Thr Val Tyr
35

Thr Thr Leu Phe Cys Al a
50

Hs Asn Ile Trp Ala Thr

Lys

Met

Tyr

Ser

55

Hi s

Lys Asn Tyr
10

75

Gy Asn

Adn

Leu Met Ile Cys

25

dy Vval Pro Val

40

Asp Ala Lys Al a

Al a Cys Val

Pro

Au

Thr

60

Pro

Arg

Hi s

Ser

Trp

Adn

60

Thr

Ay

45

Thr

Tyr

Au

Trp

Ser

Lys

45

Asn

Asp

Ser

Asp

Au

Tyr

Trp

Al a

30

Pro

Pro

Val Val

Al a Phe

Val Pro

80

Leu Asp
95

Arg Ay

15

G u Lys

Al a Thr

Au Mt

Asn Pro



65

Asn

Asn
145

Ser

Asp

Thr

Pro

225

Asp

Asn

Ser

Cys

130

Asn

Phe

Leu

Leu

Ser

210

Lys

Val

Met

Leu

115

Thr

Phe

Asn

195

Val

Hi s

Arg

Val
100

Lys

Ser

Tyr
180

Asn

Tyr

Phe

Leu

85

Au

Pro

Al a

Al a

Thr

165

Lys

Thr

Thr

Asn
245

70

Lys

Adn

Au

Ser

150

Thr

Leu

Asn

Al a
230

Ay

Asn Leu

Met Hi s

Val Lys
120

Ser Leu
135

Thr Lys

Ser Val

Asp lle

Tyr Thr

200

Al a Cys
215

Pro Al a

Thr Gy

Thr

Leu

Pro

Ile

185

Ser

Pro

Ay

Pro

Au

90

Asp

Thr

Cys

Met

Asp

170

Pro

Tyr

Lys

Phe

Cys
250

75

Pro

Thr

Arg

Al a
235

Lys

Phe

Ile

Leu

Al a

140

Lys

Asp

Leu

Thr

220

Asn

Ser

Cys
125

Thr

Met

I'le

205

Phe

Leu

Val

Met

Leu

110

Val

Lys

Asn
190

Ser

Lys

Ser

Trp

95

Trp

Thr

Ay

Asn

Pro

Thr
255

80

Lys

Asp

Leu

Thr

Cys
160

Tyr

Asn

Lys
240

Val



Thr

Ile

305

Ay

Arg

Lys

Phe
385

Ay

Ay

Asp

290

Thr

Pro

Lys

Phe
370

Asn

Ser

Thr

Ser

275

Asn

Ay

Ile
355

Thr

Asp

Hi s
260

Leu

Thr

Arg

Hi s

340

Val

Ser

Ay

Trp

Thr
420

Ay

Lys

Arg

Al a
325

Ser

Ay

Leu
405

Asn

Pro

310

Phe

Asp

Ser

Arg

Arg

I'le

295

Tyr

Leu

Leu

Ay

375

Phe

Asn

Thr

Pro

Ay

280

I'le

Asn

Arg

360

Ay

Phe

Ser

Val
265

Val

Val

Thr

Ay

345

Lys

Asp

Tyr

Thr

ASp
425

Val

Val

Adn

Thr

Ay

330

Thr

Pro

Trp
410

Thr

Ser

Leu

Leu

Arg
315

Tyr

Asn
395

Thr

Arg

Lys

300

Lys

Val

Trp

Ay

I'le

380

Thr

Ser

Thr

Ser
285

Asp

Ser

Asp

Asn

365

Val

Al a

Thr

Leu

Leu
270

Pro

Ay

Asn

350

Met

Adn

Pro
430

Leu Leu

Asn Phe

Val Asn

Thr Ile
320

Asp lle
335

Al a Leu

Ile Thr

H s Ser

Leu Phe
400

Arg Leu
415

Cys Lys



Leu

465

Phe

Tyr

Arg

Ay

Al a

545

Hi s

Val

Lys

Pro

450

Arg

Lys

Al a

530

Val

Leu

Leu

Adn

435

Pro

Leu

Pro

Tyr

Lys

515

Leu

Ser

Leu

Al a
595

Val

Ile

Thr

Ay

Lys

500

Arg

Phe

Leu

Adn

Val

Arg

Arg

Ay

485

Val

Arg

Leu

Thr

Adn

565

Leu

Au

Asn

Ay

Asp

470

Ay

Val

Val

Ay

Leu

550

Thr

Arg

Met

Leu

455

Ay

Asn

Lys

Val

Phe

535

Thr

Val

Tyr

Trp Gn

440

Ile Arg

Ser Ay

Met Lys

A@n Arg

Leu Gy

Val dn

Leu Leu

Trp Ay

585

Leu Arg
600

Thr

ASp
490

Pro

Met

Arg

570

Asp

Val

Ser

Thr

475

Asn

Leu

Lys

Arg
555

Lys

Ay

Ser

460

Thr

Trp

Ay

Arg

Ay
540

Adn

Lys

445

Ay

Arg

Val

Al a

525

Ser

Leu

Leu

Leu
605

Al a

Ser

Al a

510

Al a

Thr

Leu

Al a

Adn

Leu

Met

Thr

Pro

Ay

Met

Ser

Adn

575

Ay

Tyr

Ay

Thr

480

Leu

Thr

Leu

Ay

Ay

560

Arg



Trp

Al a

625

Trp

Lys

Leu

Thr

Leu

705

Val

Pro

Arg

Arg

Ay

610

Ser

Met

Leu

Leu

Arg

690

Val

Arg

Arg

Ay

Trp

770

Asp

Cys

Trp

Leu

Trp

Ay

Adn

Ay

Arg

755

Ay

Leu

Ser

Ser

Trp

Leu

Leu

Leu

Ay

Pro

740

Asp

Asp

Leu

Ay

Asn

Asp

Trp

Arg

Tyr

725

Asp

Ser

Leu

Leu

Lys

Lys

630

Lys

Ser

Lys

Tyr

Ile

710

Ser

Arg

Ser

Trp

Leu
615

Ser

Trp

I'le

695

Val

Pro

Pro

Asp

Ser

775

Al a

I'le

Leu

Ile

Al a
680

Lys

Phe

Leu

Au

Arg

760

Leu

Al a

Cys

Asp

Asp

Adn

665

Ser

Ser

Ay

745

Ser

Arg

Thr

Asn

Asn

650

Leu

Phe

Val

Phe

730

Thr

Leu

Thr Thr Val

Ile
635

Tyr

Trp

Leu

715

Adn

Au

Hi s

Phe

Val

620

Trp

Thr

Lys

Asn

Met

700

Ser

Thr

Ay

Ser
780

Au

Asp

Trp
685

Leu

Ay

Phe

765

Tyr

Leu

Pro

Asn

Val

Phe

Val

Val

Phe

Ay

750

Leu

Arg

Leu

Trp

Met

Ile

655

Asp

Ay

Pro
735

Ay

Arg

Ay

Thr
640

Tyr

Ay

Arg
720

Leu

Leu

Arg



785

Arg Ay

Ser

Ay
850

Arg

<210>
<211>
<212>
<213>

<400>

Leu Trp
1

Thr Thr

Trp GQu

A u Leu
820

Val
835

Al a

Arg Al a

Al a Leu

53
492
PRT

790

Val
805

Leu

Lys Lys

Gu @y

Ile lle

Leu

Lys

Ser

Thr

Hi s
855

Tyr Trp

Al a Val
825

Asp Arg
840

Ile Pro

Human i nmunodefi ci ency virus

53

Val Thr

Val
5

Tyr Tyr dy Val

Leu Phe Cys Ala Ser Asp Ala

20

Hs Asn Ile Trp Ala Thr

An du
50

35

Val

Hs Ala Cys Val

55

25

40

795

Trp Ser
810

Ser Leu

Ile lle

Arg Arg

Pro Val
10

Lys Al a

Pro

Ile Leu Lys Asn Leu Thr Qu GQu

Leu

Leu

Ile
860

Trp

Adn

Thr

Phe
60

Leu

Asn

Ile

845

Arg

Lys

Asn

Asp

45

Asn

800

an Tyr Trp
815

Ala Thr Al a
830

Val Gn Arg

Gn dy Al a

A u Ala Thr
15

Pro Au Mt
30

Pro Asn Pro

Met Trp Lys



Asn
65

Asn

Ser

Al a

145

Asp

Thr

Pro

Asp

Adn
225

Asn

Ser

Asn

Phe

130

Leu

Leu

Ser

Lys
210

Met

Leu

Thr

Cys

115

Phe

Asn

Val

Hi s

195

Arg

Thr

Val

Lys

Asn

100

Ser

Tyr

Asn

Ile

180

Tyr

Phe

Hi s

Au

Pro

85

Al a

Al a

Thr

Lys

Thr

165

Thr

Asn

Ay

Adn
70

Cys

Au

Ser

Thr

Leu

150

Asn

Ay

Ile
230

Met

Val

Ser

Thr

Ser

135

Asp

Tyr

Pro

Thr
215

Arg

Hi s

Lys

Leu

Lys

120

Val

Thr

Al a
200

Ay

Pro

Au

Leu

Asn

105

Pro

Ile

Ser

Pro

185

Ay

Pro

Val

Asp

Thr

90

Met

Asp

Pro

Tyr

170

Lys

Phe

Cys

Val

Ile
75

Pro

Thr

Lys

Ile

155

Arg

Lys

Ser
235

Ile

Leu

Lys

140

Asp

Leu

Thr

I'le

Asn
220

Thr

Ser

Thr

Met
125

Phe

Leu

205

Val

Adn

Leu

Val

Asn

110

Lys

Adn

Asn

Ser

Lys

Ser

Leu

Trp

Thr

95

Ay

Asn

Cys
175

Pro

Thr

Leu

Asp
80

Leu

Thr

Tyr

Asn

160

Asn

Lys

Val

Leu
240



Thr

Ay

Arg

305

Lys

Phe

Ay
385

Ay

Asp

Thr

Pro

290

Lys

Phe

Asn

Ser

370

Lys

Pro

Ser

Asn

Cys
275

Ay

Cys

355

Thr

Asp

Adn

Pro

Al a
245

Leu

Al a
260

Lys

Thr

Arg

Arg

Hi s

Val

Ser
340

Ser

Gy Gy

Trp Leu

Thr du

Val Ile

405

Ile Arg

Asn

Pro

Phe

Asp

310

Ser

Phe

Arg

390

Asn

Ay

Ay

Ile

Asn
280

Tyr Al a

295

Leu Asn

Leu Arg

Ay Gy

Phe Phe

360

Asn
375

Ser

Thr Asn

Met Trp

Leu Ile

Val

Val

265

Thr

Ay

Lys

Asp

345

Tyr

Thr

Asp

Adn

Arg

Val

250

Adn

Thr

Ay

Thr

Pro

Trp

Thr

Thr
410

Cys

Leu

Leu

Arg

Asn

Ile
395

Val

Ser

Arg

Lys

Lys

Val

300

Trp

Ay

Thr

Ser

380

Thr

Ay

Ser

Ser

Asp

Ser

285

Asp

Val

Al a

365

Thr

Leu

Lys

Au

Pro
270

Ay

Asn

Met
350

Adn

Pro

Asn Phe
255

Val Asn

Thr

Asp

Al a Leu

320

Ile Thr

335

H s Ser

Leu Phe

Arg Leu

Cys Lys

400

Met
415

Tyr

Thr Gy



Leu Ile

Phe Arg
450

Tyr Lys
465

Arg Al a

<210>
<211>
<212>
<213>
<400>
Met Gy
1

Ser Ay

Adn dn

Ala Arg
50

Ay lle
65

420 425

Leu Thr Arg Asp Ay Ser Gy
435 440

Pro dy Gy Gy Asn Met Lys

455
Tyr Lys Val Val Lys Ile GQu
470
Lys Arg Arg Val Val G@n Arg
485

54

191

PRT

Human i nunodefi ci ency virus

54
Ala Ala Ser Leu Thr Leu Thr
5

Ile Val An @n dn Asn Asn
20 25

H s Leu Leu A n Leu Thr Val
35 40

Val Leu Ala Val GQu Arg Tyr
55

Trp Ay Cys Ser Gy Lys Leu
70

Thr

Asn

Leu

475

Lys

Leu

Ay

Arg

Cys
75

Thr Ay Asn Gu

Ala Pro

Asp A n

Thr

Leu

Thr
480

Leu

Al a

Adn

Leu

Pro
80



Trp Asn

Met Thr

[le Tyr

An du

Asp lle

145

Ay Gy

Asn Arg

<210>
<211>
<212>
<213>

<400>

Al a

Trp

Lys

115

Leu

Thr

Leu

Val

55
22
PRT

Ser

Met

100

Leu

Leu

Arg

Val

Arg
180

Trp
85

Adn

Leu

Trp

Ay
165

Adn

Ser

Trp

Leu

Leu

150

Leu

Ay

Asn

Asp

135

Trp

Arg

Tyr

Lys Ser

Lys Qu

Ser dn

120

Lys Trp

Tyr lle

Il e Val

Ser Pro
185

Human i nmunodefi ci ency virus

55

G u Leu Asp Lys Trp Ala Ser

1

Trp Leu Trp Tyr

<210>

56

20

5

Ile

Lys

Leu Trp

Leu
90

Lys

Phe
170

Leu

Asp

Asp

Adn

Ser

Ile

155

Al a
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Asn

Leu

140

Phe

Val

Phe

Tyr
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Trp

Thr

110

Lys
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190

A u Asn
95

Asp Val

Asn d u

Trp Phe

Il e Val
160

Il e Val
175

Leu

Asn Trp Phe Asp Ile Thr Arg

10
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<211>
<212>
<213>

<400>
Met Qu
1

Al a Val

Tyr Gn

Arg Thr
50

65

Met A n

Arg Phe

Leu Ser
130

Gy Ser
145

574
PRT

Respiratory syncytia

56

Leu

Thr

Ser

35

Ay

Asn

Leu

Ser

Met

115

Lys

Al a

Pro

Leu

20

Thr

Trp

Lys

Asp

Thr

100

Asn

Lys

Ile

Ile
5

Cys

Cys

Tyr

Lys

85

Pro

Tyr

Arg

Al a

Leu

Phe

Ser

Thr

Asn

70

Tyr
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Thr

Lys

Ser
150

Lys

Al a

Ser
55

Ay

Lys

Al a

Leu

Arg

135

Ay
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Thr

Ser

Val

40

Val

Thr

Asn
120

Arg

Asn

Ser

25

Ser

Asp

Asn

105

Asn

Phe

Al a

Al a
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Adn

Lys

Thr

Al a

Val

90

Arg

Thr

Leu

Val

Ile

Asn

Ay

Lys
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Thr
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Lys

Ay
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155

Thr

Tyr
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60

Val

Arg

Asn

Phe

140

Lys
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Thr

Leu
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Leu

Lys

Leu
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Asn

125

Leu

Val

Ile
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Ser
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Asn

Leu

Leu
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d u Phe
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Leu Leu
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160



Leu

Lys

Adn

225

Leu

Leu

Met

Leu

305

Leu

Ay

Val

Asp

Adn

Lys

Ay

Leu

Met

Ser

290

Tyr

Cys

Val

Leu

195

Ser

Val

Ser

Ser

275

Ay

Thr

Val

Ser

180

Lys

Thr

Leu

260

Ile

Val

Thr

Asn

165

Leu

Asn

Ser

Arg

Thr

245

Ile

Asn

Lys

Asn
325

Lys

Ser

Tyr

Leu
230
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Asn

Val

ASp
310

Thr

Ile

Asn

Ser

215

Leu

Val

Asp

Lys

Lys

Ay

Asp

200

Asn

AQu

Ser

Met

Ile

280

Val

Pro

Au

Asn

Val

185

Lys

Thr

Pro

265

Val

Leu

Cys

Ay

Al a
170

Ser

Au

Thr

Tyr

250

Arg

Trp

Ser
330

Leu

Val

Leu

Thr

Arg

235

Met

Thr

Tyr

Lys
315

Leu

Leu

Leu

Val

220

Leu

Asn

Val
300

Leu

Ser Thr Asn

Thr

Pro

205

Phe

Thr

Asp

Ser

285

Val

Hi s

Cys

Ser
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Au

Ser

Thr

Leu
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Lys

Val

Phe

Val

Ser

255

Lys

Ser

Leu

Ser

Thr
335

Lys

Val

Adn

Asn

240

Lys

Pro
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Arg



Thr

Pro

Thr

Asp

385

Asp

Tyr

Lys

Thr

Lys

465

Leu

Leu

Asp

Adn

Met

370

Val

Ay

Thr

Val

450

Ser

Val

Lys

Hi s

Arg
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355

Phe

Ser

Lys

Phe

435

Ser

Leu

Phe

Ay
340
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Ser

Ser

Thr

420

Ser

Val

Tyr

Pro

Asn

500

Val

Trp

Thr

Leu

Pro

Ser

405

Lys

Asn

Ay

Val

Ser

485

Adn

Asn

Tyr

Thr

Lys

390

Val

Ay

Asn

Lys

470

Asp

Ser

Val

Lys

Leu

375

Tyr

Thr

Cys

Thr

455

Ay

Au

Leu

Ay

Asp

Val

360

Pro

Asp

Thr

Asp

440

Leu

Au

Phe

Al a

Lys

Asn
345

Adn

Ser

Ser

Ser

425

Tyr

Tyr

Pro

Asp

Phe
505

Ser

Lys

Leu
410

Val

Tyr

Ay

Asn

Val

Ile

395

Ay

Lys

Ser

Val

Ile

475

Ser
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Ser Thr Thr

Ser
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Asn

380

Met

Asn
460

Lys

Val Ser
350

Val Phe
365

Leu Cys
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Il e Val

Arg Ay

430

Lys Gy
445

Lys dn
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Ser Asp
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Val
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495

I'le

Phe
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515 520 525

Thr Ilelle lle Val Ile lle Val Ile Leu Leu Leu Leu Ile Al a Val
530 535 540

Gy Leu Phe Leu Tyr Cys Lys Ala Arg Ser Thr Pro Val Thr Leu Ser
545 550 555 560

Lys Asp G n Leu Ser Ay Ile Asn Asn |Ile Ala Phe Ser Asn
565 570

<210> 57

<211> 566

<212> PRT

<213> Influenza A virus

<400> 57
Met Lys Ala Ile Leu Val Val Leu Leu Tyr Thr Phe Ala Thr Al a Asn
1 5 10 15

Ala Asp Thr Leu Cys Ile Ay Tyr H's Ala Asn Asn Ser Thr Asp Thr
20 25 30

Val Asp Thr Val Leu Qu Lys Asn Val Thr Val Thr His Ser Val Asn
35 40 45

Leu Leu Gu Asp Lys H's Asn Gy Lys Leu Cys Lys Leu Arg Ay Val
50 55 60

Ala Pro Leu Hs Leu Ay Lys Cys Asn Ile Ala Ay Trp Ile Leu Gy
65 70 75 80

Asn Pro Qu Cys GQu Ser Leu Ser Thr Ala Ser Ser Trp Ser Tyr lle
85 90 95
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Ser

145

Phe

Lys

Leu

Tyr

Lys
225
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Asp

Arg

130

Asn

Tyr

Leu

Trp

Lys
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Thr
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Tyr

115

Phe
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195
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Au
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Leu
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Ser

Hi s

Asp
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Asn
245

Ser
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Tyr
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Thr

Asp
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Pro
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Trp
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Tyr
215

Ay

Leu
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Trp
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105
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Cys
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Asp

185

Thr

Phe

Ile

Thr

Leu
265

Thr

Leu

Ser
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Lys
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Lys

Ser
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Leu
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Ser

Ser

Hi s
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Lys

Ay

Ay
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235
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Tyr

Ser

Trp
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Ay

Lys

Asp
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220

Lys
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Pro
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Val
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Ay

Adn

205

Ser

Val
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Arg

Ay
110

Ser

Al a

Ser
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190
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Arg

Ay

Tyr
270
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Hi s

Lys
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Leu
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Asp
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255
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Phe
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Ser
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Pro

Val

Leu

Ser
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Val

Thr

305

Pro

Asn

Phe

Hi s

Thr

385

Leu

Leu
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Hi s

290

Ser

Lys

Hi s

370

Adn

Lys
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Asp

Arg
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275

Asp

Leu

Tyr

Pro

Asn

Met

Lys

Ile

435

Thr

Arg
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Ay
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420

Trp

Leu
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Ay
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Thr
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Thr

Leu
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Asn
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Leu
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335
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Arg
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Hi s
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465
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Asn Arg
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<211>
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1

Arg Ser @ n Leu
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| nfl uenza B virus
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5
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495

Lys

Leu

Ser

Ay

480

Val

Leu

Tyr

Val
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Lys

Tyr
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Thr
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Asn
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Phe

Val
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Leu
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Leu

Ay
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90
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Leu
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Ay
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75
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Leu
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Ay

Ile
140

Ay
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Val

Ile
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Ay
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Ser

Leu
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Ser
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Thr

Leu

Phe
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Lys
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Val
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Lys

Asn
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Ser

Adn

225

Ser

Ay
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Lys
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Ay
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Thr
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Trp
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Val
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Ser
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Arg
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Leu
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Ay
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Ay
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235

Asp
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Phe
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Leu
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Leu

Ay

270

Lys

Pro
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Leu
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390

I'le

Lys

Ser
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520

Al a

Tyr

Phe

Adn
425

Leu
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Val
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Ser

415

Met

Asp

Leu

Leu

Ay

495

Asp

Thr

Leu

Leu

Arg
575

400

Leu

Asp

Leu

Ser

Arg

Phe

Asp

Al a

560

Asp



Asn Val

<210>
<211>
<212>
<213>
<400>
Met Qu
1

H s Leu

Phe Pro

Thr Ile
50

Phe Gy
65

Al a Phe

Leu Gy

Ser Cys
580

59
907
PRT

Ser

Epstein-Barr

59

Ala Al a

Thr Gy
20

Phe Tyr
35

Asn Phe

dn Leu

Gy Gy

Ala Ay

100

Val Thr
115

Leu

Pro

Asp

Thr

Ser

85

Thr

Ile Cys

Vi rus

Leu Val

Asp Pro

Thr Cys

Val Qvy

55

Pro H s

70

A u Asn

Leu Al a

Gy Gu

Leu

Cys

Ay

Asn

40

Ay

Thr

Al a

Leu

Adn

Phe

25

Val

Lys

Lys

Thr

Thr

105

Adn

Tyr Thr

10

Phe

Lys

Asn
90

Met

Adn

Ile dAn

Asn Val

Au

Thr Ala Asp

45

Hs dn Leu

Val
75

60

Tyr

Adn

Leu Phe Leu

Arg Ser

Val

Ser

Lys

Leu
125

Ser

Ile

30

Val

Asp

Pro

Leu

Lys

110

Au

Leu
15

Pro

Leu

Arg

Au

95

Leu

Ser

Au

Val

Asp

Ay

80

Leu

Pro

Val



Asp

Asp

Asp

225

Ser

Ay

Arg

Ay

Phe

Val

130

Met

Trp

Ay

Ser

Ay

Thr

Phe

Pro

290

Ser

Tyr

Adn

Asp

Leu

Asn

195

Lys

Ay

Ay

Leu

275

Lys

Asp

Phe

Asn

ASp
180

Phe

Phe

Tyr
260

Ay

Pro

Cys

165

Val

Ser

Met

Leu
245

Ser

Asp

Val

150

Thr

Val

Ile
230

Thr

Tyr

Ay

Pro

Val

135

Tyr

Ser

Leu

Lys

Asp

215

Thr

Ser

Ser

Ser

Ay

295

Al a

Phe

Leu

Thr

Pro

Thr

200

Ay

Thr

Leu

Ile

280

Asp

Ser

Ay

Leu
185

Ser

Ser

Arg

265

Leu

Tyr

Adn

Thr

Pro

Ile

170

Ser

Met

Ay

Pro

250

Leu

Tyr

Asp

Met Trp
140

A u Thr

155

Thr Al a

Leu Pro

Leu Gy

Ser dn

Tyr Qu

235

Val Al a

Thr Pro

Val Phe

Met Pro

Cys

Val

Val

Thr

Asn

205

Val

Ser

Thr

Arg

Tyr

285

Ser

Thr

Hi s

Pro

Val

Ser

190

Leu

Hi s

Pro

Pro

270

Ser

Asn

Asn

H s Al a

Tyr lle
160

Arg Al a
175

Ala dn

Pro Gy

Val Pro

240

Ile Pro

255

Val Ser

Gy Asn

Il e Val

Thr Thr



305

Asp

Thr

Thr

Ser

385

Lys

Hi s

Thr

Pro

Ay

465

Thr

Ser

Trp

Ser

370

Asn

Thr

Lys

Leu

Ser

450

Pro

Thr

Thr

Pro

355

Ay

Arg

Leu

Val

Asn

435

Ser

Thr

Ser

Tyr

Asp

340

Thr

Thr

Ile

420

Thr

Thr

Val

Ay

Val
325

Pro

Phe

Ile

405

Phe

Thr

Hi s

Ser

Al a
485

310

Ay Asp

Asn Ser

Thr du

Ser Ay
375

Asp lle
390

Thr Arg

Ser Lys

Gy Phe

Val Pro
455

Thr Al a
470

Ser Pro

Pro

Thr

360

Thr

Thr

Al a

440

Thr

Asp

Val

Asn
345

Asp

Val

Pro
425

Asp

Val

Thr

Thr

330

Val

Phe

Ser

Thr

410

Pro

Leu

Thr

Pro
490

315

Tyr

Thr

Lys

Ay

395

Ser

Asn

Thr

Ser

475

Ser

Ser

Val

Ser
380

Leu

Thr

Thr

Al a

460

Pro

Pro

Val

Thr

Lys

365

Ay

Ay

Thr

Thr

Thr

445

Pro

Thr

Ser

Pro

Al a

350

Trp

Thr

Thr

Thr

430

Thr

Al a

Pro

Pro

Met

335

Phe

Thr

Phe

Thr

415

Ser

Ay

Ser

Trp
495

320

Val

Trp

Leu

Pro

400

Thr

Pro

Leu

Thr

Ay
480

Asp



Asn Ay Thr Gu Ser Lys Ala Pro Asp Met Thr Ser Ser Thr Ser Pro
500 505 510

Val Thr Thr Pro Thr Pro Asn Ala Thr Ser Pro Thr Pro Ala Val Thr
515 520 525

Thr Pro Thr Pro Asn Ala Thr Ser Pro Thr Pro Ala Val Thr Thr Pro
530 535 540

Thr Pro Asn Ala Thr Ser Pro Thr Leu @y Lys Thr Ser Pro Thr Ser
545 550 555 560

Ala Val Thr Thr Pro Thr Pro Asn Ala Thr Ser Pro Thr Leu Gy Lys
565 570 575

Thr Ser Pro Thr Ser Ala Val Thr Thr Pro Thr Pro Asn Ala Thr Ser
580 585 590

Pro Thr Leu Ay Lys Thr Ser Pro Thr Ser Ala Val Thr Thr Pro Thr
595 600 605

Pro Asn Ala Thr Ay Pro Thr Val Gy GQu Thr Ser Pro G n Al a Asn
610 615 620

Ala Thr Asn H's Thr Leu Ay Ay Thr Ser Pro Thr Pro Val Val Thr
625 630 635 640

Ser G n Pro Lys Asn Ala Thr Ser Ala Val Thr Thr Ay G@n H's Asn
645 650 655

Ile Thr Ser Ser Ser Thr Ser Ser Met Ser Leu Arg Pro Ser Ser Asn
660 665 670



Pro Qu

Pro Leu
690

Val Thr
705

Ala Pro

Ser Thr

Pro dn

Val Pro

770

Gy Lys

785

Thr Asp

Thr Thr

Thr Phe

Thr

675

Leu

Pro

Arg

Ser

Asn

755

Thr

Hi s

Tyr

Tyr

Thr
835

Leu

Thr

Pro

Thr

740

Val

Thr

Ay

Leu

820

Ser

Ser

Ser

Ser

Ay

725

Lys

Thr

Thr

Thr

Ay

805

Pro

Pro

Pro

Ile

710

Thr

Pro

Ser

Ser

Ay

790

Asp

Pro

Pro

Ser

Hi s

695

Ser

Thr

Ay

Pro

Thr

775

Hi s

Ser

Ser

Val

Thr

680

Pro

Thr

Ser

Ay

Ay

Thr

Thr

Thr
840

Ser

Thr

Hi s

Adn

Val

745

Ay

Thr

Ser
825

Thr

Asp

Ay

Hi s

Al a

730

Pro

Lys

Arg

Pro

810

Ser

Al a

Asn

Ay

Val

715

Ser

Val

Ser

Thr
795

Arg

Lys

Ser

Au

700

Ser

Ay

Thr

Ay

Asn

780

Ser

Pro

Leu

Thr

685

Asn

Thr

Pro

Lys

Adn

765

Ser

Thr

Arg

Arg

Thr
845

Ser

Ser

ady

Ay

750

Lys

Thr

Tyr

Pro
830

Val

Hi s

Thr

Ser

Asn

735

Thr

Thr

Thr

Pro

Asn

815

Arg

Pro

Met

Adn

Pro

720

Ser

Pro

Al a

Ay

Thr

800

Al a

Trp

Val



Pro Pro Thr Ser @ n
850

Gn Trp Ala Ser Leu
865

Ala Asp Cys Al a Phe
885

Thr Pro Pro Tyr Asp
900

<210> 60
<211> 906
<212> PRT

<213> Human cytonegal ovi rus

<400> 60
Met Gu Ser Arg lle
1 5

Val Cys Leu Gy Al a
20

Ser Ser Thr H s Asn
35

Thr Arg Ser Val Tyr
50

Hs Arg Ala Asn G u
65

Val Val dy Val Asn
85

Pro Arg
855

Al a Val
870

Arg Arg

Phe

Leu

Asn

Asp Ala Qu

Trp Cys

Al a Val

Gy Ser

Ser dn
55

Thr Ile
70

Thr Thr

Leu

Ser

Hi s

40

Hi s

Tyr

Lys

Ser

Thr

Leu

Thr
905

Val

Ser

25

Thr

Val

Tyr

Asn

Leu

Ser

890

Tyr

Val

10

Ser

Ser

Thr

Thr

Pro
90

Leu

Leu

875

Thr

Val

Ser

Arg

Ser

Thr

75

Tyr

Ser

860

Met

Leu

Leu Leu Leu

Ser

Val

Thr

Thr

Ser

60

Leu

Arg

Hi s

Ser

Thr

45

Au

Lys

Val

Thr

Leu

Hi s

30

Ser

Tyr

Cys

Val

Val

Tyr
895

Cys

15

Al a

Al a

Val

Ay

Ser
95

Leu

Met

880

Thr

Ile

Thr

Adn

Ser

Asp

80

Met



Ala Adn dy

Ser Met Lys
115

Tyr Lys Arg
130

Lys Val Leu
145

Leu Leu Gy

Hs Hs Ile

195

Lys Thr Met
210

Arg Tyr Val
225

Leu Tyr Arg

Ala Arg Ser

Thr

100

Pro

Asn

Thr

Ser

Asn

180

Thr

Adn

Thr

Au

Lys
260

Asp

Ile

Phe

Asn

165

Lys

Val

Leu

Val

Thr

245

Tyr

Leu

Val

Arg

150

Thr

Phe

Phe

Lys
230

Pro

Al a
135

Arg

Al a

Val

Pro

215

Asp

Tyr

Arg

Asp

120

Hi s

Ser

Tyr

Adn

Al a

200

Asp

Adn

Leu

Hi s

Phe

105

Leu

Thr

Tyr

Val

Cys

185

Tyr

Asp

Trp

Phe
265

Asp

Phe

Al a

170

Tyr

Hi s

Tyr

Hi s

Cys

250

Phe

Arg

Au

Lys

Tyr

155

Pro

Ser

Arg

Ser

Ser

235

Met

Al a

Ay

Val

140

Pro

Ser

Asp

Asn

220

Arg

Leu

Thr

Ile

125

Arg

Tyr

Met

Tyr

Ser

205

Thr

Ay

Thr

Ser

Ile

110

Met

Val

Thr

Trp

Ser

190

Tyr

Hi s

Ser

Thr
270

Cys

Val

Tyr

Thr

Ser

Thr

Thr

255

Ay

Thr

Val

Adn

Tyr

160

Val

Thr

Trp

240

Thr

Asp



Val Val

Phe
290

Tyr

Il e Val

305

Leu Val

Asp

Arg

Lys

370

Ser
385

Asp

Adn

Asn

Val

Ay lle

Tyr lle

275

Gy GQu

Ser Asp

Al a Phe

G u Lys

340

Thr
355

Ile

Met Thr

Ser Al a

Il e Phe

Ser Val

420

Lys dn
435

Ser

Phe

Leu

325

Arg

Leu

Asn

405

Phe

Lys

Pro

Ay

310

Val

Ser

Thr

Asp

390

Thr

Ser

Phe

Asp

295

Arg

Arg

Thr

Phe
375

Ser

Thr

Leu

Tyr
280

Lys

Pro

Al a

360

Leu

Val

Tyr

Ser

Val
440

Asn

Phe

Asp

Adn

345

Au

Ser

Arg

Ay
425

Au

Ay

Phe

Ser

330

Leu

Asp

Lys

Asp

Ay

Leu

Thr Asn

Il e Phe
300

Al a
315

Pro

Val

Thr

Phe

Ser

Tyr

Lys

Tyr
Val

Leu

Arg

Arg

285

Pro

Au

Ser

Trp

Hi s

365

Au

I'le

Val

Leu
445

Asn

Thr

Trp

Phe

Val

Lys

Phe
430

Al a

Tyr

Hi s

Asp

335

Ser

Asn

Lys

Tyr

415

Trp

Ser

Thr

Arg

320

Ser

Ser

Met

Leu

400

Ay

Adn

Arg



Ser

Asn
465

Leu

Ser

Leu

545

Leu

Pro

Tyr

Ser

450

Thr

Adn

Leu

Au

Al a

530

Ay

Arg

Val

Leu

Cys
610

Leu

Thr

Leu

Al a

Val

515

Ile

Leu

Asp

Val

Ay

595

Adn

Tyr

Hi s

Tyr

Met

Ile
580

Leu

Val

Leu

Phe

485

Lys

Asn

Ser

Asn

565

Phe

Asp

Pro

Asp

Thr

Ser

470

Thr

Lys

Cys

550

Val

Ser

Tyr

Hs Arg
455

Ser Met

Tyr Asp

Au A a

Leu Ser
520

Prolle
535

Val Thr

Lys Qu

Phe Al a

AQulle
600

Leu Lys
615

Leu Phe

Thr

Thr

Trp

505

Lys

Ser

Asn

585

Leu

Lys

Arg

Ser

Leu
490

Al a

Pro

570

Ser

Leu

Phe

Arg

Arg

Val

475

Arg

Val

Asn

Arg

Adn

555

Ay

Ser

Ay

Met

Ser

460

Hi s

Ay

Asp

Pro

Phe

540

Thr

Arg

Tyr

Al a
620

Ile

Thr

Asn

Tyr

Ser
525

Met

Ser

Val

Hi s

605

Ay

Asp

Ser

Leu

Arg

510

ady

Val

Tyr

Arg

Asn

Leu

Asp

Val

Asn

495

Arg

Asp

Lys

Ser

575

Tyr

Thr

Ser

Ser

Tyr

480

Arg

Thr

Leu

Val

Val

560

Arg

Ay

Ser



625

Il e Ser

Asn Thr

Ser Ser

Tyr Lys
690

Pro Pro
705

Al a Ser

Al a Phe

Leu Ile
770

Leu Phe
785

Ser Thr

Thr

Asp

Asn

675

Tyr

Lys

Val

Thr

755

Tyr

Pro

Lys

630

Val Asp Ser Met lIle
645

Phe Arg Val Leu GQu
660

Val Phe Asp Leu Gu
680

Arg Val Lys Tyr Val
695

Leu Lys Gy Leu Asp
710

Ala val Ay Val A a
725

Val Gu dy Val A a
740

Ile Ile Leu Val Al a
760

Thr Arg An Arg Arg
775

Tyr Leu Val Ser Al a
790

Asp Thr Ser Leu Gn
805

Al a

Leu

665

Au

Au

Asp

Ile

Thr

745

Ile

Leu

Asp

Al a

Leu
650

Tyr

Asp

Leu

Ay

730

Phe

Ay

Pro
810

635

Asp

Ser

Met

Lys

Met

715

Leu

Val

Thr

Ile

Adn

Arg

Val

700

Ser

Val

Lys

Val

Adn
780

Asp

Lys

Val

Ay

Ay

I'le
765

Pro

Thr Thr Val

795

Pro Ser Tyr

Pro

Asp

Leu

Ay

Pro

750

Leu

Thr

Au

Leu
655

Leu

Pro

Ay

Al a

735

Phe

Thr

Ser

AQu

640

Arg

Ser

Leu

Al a

720

Val

Ay

Tyr

Ay
800

Ser



Val Tyr Asn

Ser
835

Al a
850

Leu Leu

Thr
865

Asp Ser

Pro Leu

Leu Lys Asp

<210>
<211>
<212>
<213>

61
171
PRT

<400> 61

Met Ser
1

Ser
820

Thr Ala Al a

Leu

Leu

Ser
900

Ay

Pro

Arg

Asp

Asp

885

Asp

5

Arg

Pro

Leu

Ay

870

Arg

Leu Gy H's Ser Arg Val

Phe Il e Asn
35

20

Val

Lys

Tyr

Asp

855

Leu

Human cyt onmegal ovi rus

Pro Lys Asp Leu Thr

Pro

Ay

Thr

840

Al a

Thr

Arg

Au

Pro

Arg

Pro Pro Pro

825

Ay

Asn Adn A a

Au dn Al a

860

Arg

Thr dn

875

Ay Asp

Hs Arg Asn

890

Lys

Asn
905

Val

Phe Leu Thr Thr

10

Val
25

Arg Ala Gu

Asn Hs Pro Pro Gu Arg Cys Tyr

40

Ser Ser Asp

830

Tyr G n Mt

845

Adn dn Asn

Lys Gy G@n

Ay Tyr Arg
895

Leu Trp Leu
15

G u Cys Cys
30

Asp Phe Lys
45

Leu

Ay

Lys

880

Hi s

Leu

AQu

Met



Tyr
65

Thr

Lys

Pro

Ay

145

Val

<210>
<211>
<212>
<213>

<400>

Asn
50

Arg

Ser Pro

H s Ser

Tyr Asn

Val Asn

115

Tyr Arg
130

Leu Asp

Cys Arg

62
214
PRT

62

Phe

Leu

Pro

100

Asp

Trp

Thr

Lys

Thr

85

Leu

Lys

Tyr

Lys
165

Val Al a

55

Thr
70

Arg

Tyr Leu

Adn

Leu
135

Leu
150

Met Gy

Human cyt onmegal ovi rus

Leu Arg

AQulle

Val Val

Au A a
105

Tyr Leu

120

Gu Tyr

Ser Val

Tyr Met

Arg

Hi s

90

Asp

Leu

Asp

Lys

Leu
170

Pro

Ay

75

Ay

Ay

Lys

Lys

155

Adn

Asp

60

Ile

Lys

Arg

Al a

Ile

140

Hi s

Ay

Val

Leu

Al a
125

Thr

Lys

Au

Thr

Thr

Arg

110

Ay

Arg

Arg

Val

Thr

Ser
95

Cys

Ser

Ile

Leu

Met

80

Ay

Val

Val

Asp
160

Met Leu Arg Leu Leu Leu Arg His His Phe H's Cys Leu Leu Leu Cys

1

Al a

Val

20

5

Trp Ala Thr

10

Pro Cys Leu Al a Ser

25

Pro Trp Ser Thr

30

15

Leu

Thr



Pro

Pro

65

Pro

Tyr

Lys
145

Phe

Arg

Hi s

50

Arg

Au

Thr

Leu

Ser

130

Ile

Val

Ser

Leu

Adn
35

Asp

Ser

Leu

Ser

115

Lys

Phe

Val

Trp

Thr
195

Asn

Pro

Arg

Val

100

Ay

Pro

Ay

Asn

Al a

180

Phe

Pro

Leu

Asn

85

Arg

Ser

ASp
165

Hi s

Thr

Ser

Thr

Adn

70

Arg

Asn

Asp

Hi s

150

Ay

Val

Pro Pro Trp

Phe

55

Phe

Thr

Ser

Adn

Ay

135

Met

Thr

Phe

Al a

40

Tyr

Ser

Leu

Ser

Thr

120

Val

Arg

Arg

Asn
200

Ay

Tyr

Thr

105

Val

Pro

Tyr

ASp
185

Ser

Pro

Phe

Leu

90

Trp

Leu

Lys

Lys

Phe

Adn

75

Leu

Val

Adn

Ile

Adn

155

Met

Ser

Thr

Leu

Leu

60

Arg

Tyr

Lys

Arg

Ser

140

Thr

Cys

Val

Tyr

Thr
45

Tyr

Val

Lys

Met

125

Val

Lys

Val

Ser

Thr
205

Tyr

Pro

Ser

Arg

Val

110

Pro

Leu

Met

Phe

190

Phe

Ser

Ser

Thr

Au

95

Arg

Asp

Leu

Lys

175

Cys

Lys

Pro

Ay

80

Ay

Trp

Thr

Arg

160

Leu

Val

Thr



Hs Pro Asn Leu
210

<210> 63
<211> 129
<212> PRT

<213> Human cytonegal ovi rus

<400> 63

Met Arg Leu Cys
1

Leu Gy A@n Cys
20

Val Pro His Tyr
35

Arg Tyr Lys Tyr
50

Tyr Asp Al a Ser
65

Asn Val Thr du

Arg Arg Ay Gy
100

Leu Ala Pro H s
115

Il e Val

Arg Val

An Arg

Trp Asp

Val du

Hs Gy

70

Val Ser
85

Thr Asn

Ala Arg

Trp

Adn

55

Leu

Leu

Lys

Ser

Leu

Thr

Cys

40

Leu

Asp

Leu

Arg

Leu
120

Ser

Al a

25

Ser

Val

Asn

Thr
105

Val Cys Leu
10

G u Lys Asn

Arg Ala Leu

Asp Leu Thr
60

Phe Asp Val
75

Ser Asp Phe
90

Thr Phe Asn

Phe Ser Val

Asp

Pro

45

Leu

Leu

Arg

Al a

Arg
125

Tyr
30

Asp

Lys

Arg

Al a

110

Leu

Val Val
15

Tyr Arg

dn Thr

Tyr H's

Arg lle

80

A n Asn
95

Gy Ser

Phe Al a



<210>
<211>
<212>
<213>

<400>
Met Arg
1

Leu Ser

Al a Leu

Prolle

50

Ser Leu

65

Phe Phe

Leu Phe

Thr du

Val Ser
130

64
743
PRT

Human cyt onegal ovi rus

64

Pro

Hi s

Asp

35

Arg

Arg

Thr
115

Lys

Gy Leu
5

Leu Pro
20

Pro H s

Phe Leu

Asn Ser

Ser Tyr

85

Gy Pro
100

Leu Qu

Asp Leu

Pro

Ser

Arg

Thr

70

Leu

Arg

Al a

Pro

Phe

Au

55

Val

Tyr

Tyr

Arg

Hi s

40

Asn

Val

Tyr

Au

Adn
120

Leu

Tyr

25

Leu

Thr

Arg

Tyr

Adn
105

Ser Tyr Arg

135

Thr

10

Ay

Leu

Thr

Val

90

Phe

Arg

Ser

Val

Al a

Leu

Adn

Asn

75

Phe

Leu

Leu

Phe

Phe

Asp

Cys
60

Hi s

Asn

Ser
140

Thr

Thr

45

Thr

Ile

Met

Adn

Thr
125

Val

Al a

30

Tyr

Tyr

Ser

Pro

Val

110

Tyr

Adn

Tyr

15

Ser

Ay

Asn

Phe

Arg

95

Asp

Leu

Leu

Arg

Ser

Asn

80

Leu

Leu

Lys



Al a

145

Asp

Asp

Asn

Val

Tyr

225

Val

Thr

Arg

Phe
305

Adn

Leu

Trp

Adn

Thr

210

Val

Asp

Leu

Hi s
290

Asp

Ser

Lys

Thr

195

Pro

Lys

Asp

Phe

Lys

275

Ser

Tyr

Ser

Ile

Ay
180

Asp

Lys

260

Hi s

Tyr

Leu

Leu

Pro

165

Ser

Leu

Thr

Thr
245

Leu

Asp

Ay

150

Hi s

Hi s

Leu

Hi s

Leu

230

Pro

Pro

Leu

Lys

Leu
310

Adn

Val

Thr

Phe

Adn

215

Thr

Met

Tyr

Leu

Asp

295

Ser

Adn

Trp

Thr

Asp

200

Ay

Leu

Val
280

Ser

Al a

Pro

Met

Ser

185

Ay

Phe

Asp

Leu

Arg

265

Leu

Asp

Leu

Thr Thr Val

Pro

170

Ay

Hi s

Tyr

Phe

Ile

250

Asp

Val

Phe

Leu

155

Pro

Leu

Asp

Leu

Phe

235

Phe

Lys

Leu

Arg
315

Adn

Hi s

Leu

Met

220

Val

Ay

Phe

Lys

Asp
300

Pro

Thr

Arg

Leu

205

Asp

Val

Hi s

Al a
285

Ser

Pro

Thr

Pro

190

Phe

Au

Thr

Leu

Leu

270

Adn

Al a

Phe

Pro

Pro

175

Hi s

Ser

Leu

Val

Pro

255

Arg

Leu

Leu

Hi s

Ile

160

Hi s

Phe

Thr

Arg

Ser

240

Arg

Asp

Arg
320



Tyr

Arg

Asp

Leu

385

Val

Adn

Leu

Arg

465

Hi s

Ser

Thr

Arg

Arg

370

Ser

Asp

Thr

Hi s

Thr

Leu

Val

Val

Adn

355

Adn

Leu

Ser

Leu

435

Leu

Thr

Asp

Au
340

Au

Thr

Leu

420

Hi s

Leu

Au

Val

325

Met

Au

Al a

Pro

Lys

405

Val

Pro

Lys

Tyr

Arg

485

Leu

Leu

Leu

Pro

390

Arg

Arg

Adn

Thr

Leu

470

Arg

Ser

Lys

Phe

Ay

Leu

375

Arg

Leu

Trp

Hi s

455

Met

Hi s

Ser

Thr

360

Thr

Leu

Val

Al a

440

Leu

Ay

Phe

Ay

Tyr

345

Au

Thr

Trp

Tyr

425

Leu

Ser

Phe

Thr

Arg
330

Leu

Thr

410

Arg

Ser

Leu

Ile

490

Adn

Leu

Ser

Leu

395

Pro

Leu

Adn

Phe

Val

475

Val

Leu

Phe

380

Leu

Asp

Ser

Leu
460

Hi s

Leu

Met Leu

Leu Phe

350

Pro Arg
365

Met Ile

Tyr Pro

Lys dn

Al a Asp

445

Ser Al a

Ser Met

Thr Gy

Ala H's

ASp
335

Thr

Thr

Thr

415

Phe

Phe

Leu

Leu

495

Pro

Arg

Al a

Leu

Al a
400

Asp

Val
480

Hi s



Hi s

Arg

Val

545

Pro

Thr

Val

Cys

625

Leu

Ser

Au

Asp

530

Pro

Ser

Ser

Asn

Val

610

Au

Tyr

Asp

Tyr
515

Hi s

Thr

Phe

Adn

595

Ay

Leu

Asp

ASp
675

500

Leu

Ser

Thr

Leu

Ser

580

Tyr

Thr

Ser

Asp

660

Val

Ser

Leu

Val

Leu

Ser

Arg

Leu

645

Thr

Leu

Asp

Pro
550

Thr

Leu

Leu

Asn
630

Phe

Leu

Arg

535

Phe

Thr

Lys

Ile

615

Met

Ay

Tyr
520

Leu

Pro

Val

Ay

600

Ile

Hi s

Cys

Val

Leu
680

505

Thr

Thr

Leu

Asp

Ser

585

Thr

Thr

Ile
665

Asp

Pro

Arg

Ser

Leu

570

Ser

Thr

Phe
650

Pro

Cys

Leu

Ile

555

Phe

Hi s

Tyr

Thr

Hi s
635

Tyr

Ser

Phe

540

Leu

Val

Pro

Asp

620

Ser

Met

Asn

Ser

525

Pro

Ser

Leu

Ser

Val

605

Ser

Ser

Tyr

510

Ser Ay

Asp Al a

Thr Met

Pro Leu
575

Tyr Val
590

Ser Thr

dn Thr

Thr Al a

Al a Leu
655

Met Hi s
670

Val Val

Arg

Thr

Ay

Val

Thr

Lys

Al a

640

Leu

Asp

Val



Ser Ser Pro Arg Thr H's Tyr Leu Met Leu Leu Lys Asn Ay
690 695 700

Leu Gu Val Thr Asp Val Val Val Asp Ala Thr Asp Ser Arg
705 710 715

Met Met Ser Val Tyr Ala Leu Ser Ala lle lle Ay Ile Tyr
725 730

Tyr Arg Met Leu Lys Thr Cys
740

<210> 65

<211> 278

<212> PRT

<213> Human cytonegal ovi rus

<400> 65
Met Cys Arg Arg Pro Asp Cys Gy Phe Ser Phe Ser Pro Gy
1 5 10

Val Leu Leu Trp Cys Cys Leu Leu Leu Pro Ile Val Ser Ser
20 25 30

Val Ser Val Ala Pro Thr Ala Ala Qu Lys Val Pro Ala Qu
35 40 45

Gu Leu Thr Arg Arg Cys Leu Leu Ay GQu Val Phe A n Ay
50 55 60

Tyr Gu Ser Trp Leu Arg Pro Leu Val Asn Val Thr Arg Arg
65 70 75

Thr

Leu

Leu
735

Pro
15

Val

Asp

Asp

Val

Leu

720

Leu

Val

Pro

Lys

Ay
80



Pro

Asn

Tyr

Asp

Ay

145

Ay

Hi s

Val

Pro

Leu

225

Pro

Leu

Leu

Ser

Thr

130

Asp

Tyr

Val

Val

210

Tyr

Leu

Lys

Ser

Val

Asn

115

Ay

Asp

Leu

Ile

195

Ser

Asn

Leu

Leu

100

Pro

Pro

Ser

Leu

Ay

180

Arg

Thr

Arg

Thr

Leu

85

Leu

Asp

Arg

Pro

Thr

165

Phe

Asn

Val

Hi s
245

Arg

Asp

Trp

Al a
150

Arg

Lys
230

Leu

Val

Arg

Asp

Leu

Met

135

Val

Leu

Leu

Al a
215

Asp

Asn

Tyr

Arg

Al a Phe

Arg

120

Thr

Tyr

Ser

Val

Thr

200

Pro

Phe

Lys

Leu

105

Al a

Val

Thr

Tyr

Pro

185

Arg

Tyr

Pro

Pro

90

Leu

Leu

Met

Cys

Ay

170

Pro

Thr

Ay

Leu

Tyr

250

Al a

Val

Asp

Leu

Arg

Val

155

Arg

Ser

Asn

Ile

Arg

235

Al a

Hi s

Thr

Thr

Thr

Ay

140

Asp

Ser

Leu

Arg

Thr

220

Hi s

Ay

Ser

Pro

Leu

Leu

125

Tyr

Asp

Phe

Al a

205

Leu

Leu

Arg

Au

Al a

110

Leu

Ser

Leu

Phe

Asn

190

Val

Phe

Leu

Pro

Tyr

Al a
95

Leu

Ser

Thr

175

Val

Arg

Tyr

Asp

Pro

255

Ay

Leu

Ser

Arg

160

Val

Leu

Ay

Pro
240

Pro



dn A a Val
275

<210> 66
<211> 272
<212> PRT
<213>
<400> 66
Met Lys Lys
1

Cys Lys dn

Asp Val Pro
35

Asp Ay Lys
50

Gy Thr Ser
65

Ala Asp Lys

Thr Thr Leu

Val Thr Ser
115

260

Asp Ala Arg

Tyr

Asn

20

Ay

Tyr

Asp

Ser

Leu

Val

Ay

Asp

Lys

Lys

85

Val

Asp

Leu

Ser

Met

Leu

Asn

70

Val

Leu

Lys

Ay

Ser

Lys

Met

55

Lys

Lys

Ser

Borreliella burgdorferi

Ile

Leu

Val

40

Ay

Leu

Thr
120

265

Ay

Asp

25

Leu

Thr

Ser

Thr

Asp

105

Thr

Leu Ile
10

G u Lys

Val Ser

Val Asp

Ay Ile

75

Val Al a
90

Ay Thr

Au A a

Leu

Asn

Lys

Asn

60

Leu

Asp

Val

Lys

Ser

Au

45

Val

Asp

Val

Phe
125

270

Leu

Val

30

Lys

Asp

Ay

Leu

Ser
110

Ile

15

Ser

Asn

Leu

Val

Ser

95

Arg

Au

Al a

Val

Lys

Lys

Lys

80

Lys

Lys

Lys



Gy Gu
130

Gu Tyr

Thr Leu

Thr Al a

Asp Lys

Ser Lys
210

Ser Al a
225

Thr Ile

Ser Al a

<210>
<211>
<212>
<213>

<400>

Leu

Ser

Lys

Val

Asn

195

Lys

Asn

Thr

Al a

67
269
PRT

Ser

Ay

Thr

Ser

Val

Met

Ay

165

Ile

Lys

Lys

Adn
245

Lys

Thr

150

Lys

Val

Ser

Lys

230

Lys

Thr
135

Lys

Thr

Trp

215

Thr

Tyr

Lys

Bordetel |l a pertussis

67

Met

Phe

Ay

Val

200

Adn

Lys

Asp

Leu

Thr

Asp

Au

Thr

185

Ser

Au

Asp

Ser

ASp
265

Arg

Ay

170

Val

Leu

Ser

Leu

Al a
250

Al a
155

Thr

Thr

Val

235

Ay

Leu

Asn

140

Al a

Leu

Leu

Asp

Ser

220

Phe

Thr

Lys

Ay

Lys

Lys

Thr

205

Thr

Leu

Lys

Asn

Thr

Al a

Ser

Arg

190

Al a

Leu

Thr

Leu

Al a
270

Thr

Val

Ay

175

Ser

Thr

Asn

Leu

Leu

Ay

Ay
240

Ay

Arg

Met Arg Cys Thr Arg Ala Ile Arg A n Thr Ala Arg Thr Ay Trp Leu



Thr

Trp

Pro

Asn

65

Asn

Tyr

Arg

Asn

Tyr

145

Arg

Trp

Al a

Au

50

Val

Ser

Leu

Ay

Asn

130

Ay

Ser

Val

Leu

Asp

35

Asp

Leu

Thr
115

Phe

Asp

Thr

Al a

20

Asp

Val

Asp

Phe

Hi s

100

Ay

Tyr

Tyr

Arg
180

Pro

Phe

Hi s

Val

85

Arg

Hi s

Ay

Leu
165

Val

Leu

Pro

Leu

70

Ser

Met

Phe

Ay
150

Tyr

Asn
55

Thr

Thr

Al a

135

Arg

Hi s

Hi s

Val

Thr

40

Ay

Ay

Ser

Au

Ay

120

Ser

Ile

Arg

Asn

Thr

25

Val

Phe

Arg

Ser

Al a

105

Tyr

Ser

Leu

Arg

Ay
185

10

Al a

Tyr

Thr

Ser

Ser

90

Val

Tyr

Ile
170

Pro

Arg

Cys
75

Arg

Tyr

Phe

Ay

155

Pro

Thr

Val

Tyr

Trp

60

Arg

Pro

Ay

Thr

Asp

45

Ay

Val

Tyr

Val
125

Tyr

Leu

Ser
30

Ser

ady

Thr

Arg

110

Arg

Val

Al a

Thr
190

15

Pro

Arg

Ser

AQu
95

Asp

Thr

Ile

175

Thr

Pro

Asp

Ser

80

Val

Ay

Asp

Thr

Tyr

160

Arg

Thr



Thr A u Tyr Ser Asn
195

Pro Asn Pro Tyr Thr

210

Leu Val Arg Met Al a

225

AQu Ser Ser Gu Al a

245
Met Val Leu Val Tyr
260

<210> 68

<211> 495

<212> PRT

<213> Dengue virus

<400> 68

Met Arg Cys Val dy

1 5

Gy Ala Thr Trp Val
20

Thr Met Ala Lys Asp

35

d u Val
50

Thr Asn Pro

Ala Arg

Ser

Pro

230

Met

Tyr

Asp

Lys

Arg
215

Val

Al a

Ay

Val

Pro

Val
55

Tyr Val
200

Arg Ser

e Ay

Ala Trp

Ser lle

265

Asn Arg

Val Leu

25

Thr
40

Leu

Leu Arg

Ser dn

Val Al a

Al a Cys
235

Ser
250

Au

Ala Tyr

Asp Phe

10

Au H s

Asp Ile

Lys Leu

Adn Thr
205

Ser
220

Ile
Met Al a
Arg Al a

Ser Phe

Val du

Gy Ser

A u Leu
45

Cys lle
60

Arg Al a

Val Ay

Arg Gn

Gy GQu
255

Gy Leu

15

Cys Val
30

Leu

Lys

Au A a

Thr

Al a
240

Ser

Thr

Thr

Lys



Il e Ser
65

Thr Leu

Val Asp

Leu Ile

Il e Val
130

Thr Gy
145

Thr Al a

Asp Tyr

Phe Asn

His Lys
210

Ser Thr
225

Lys Thr

Val

Arg

Thr

115

Adn

Asp

Thr

Ay

Ser

Al a

Thr

Ay
100

Tyr

Al a

180

Met

Trp

Adn

Hi s

Thr

Au

85

Trp

Al a

Hi s

Thr

165

Leu

Val

Phe

Au

Al a

Thr

70

Adn

Ay

Lys

Asn

Pro

Thr

Leu

Leu

Thr

230

Lys

Asp

Asp

Phe

Leu

135

Val

Leu

Leu

Asp

215

Trp

Lys

Ser

Thr

Ay

Lys

120

Lys

Ay

Asp

Thr

200

Leu

Asn

Arg

Asn

Cys
105

Tyr

Pro

Cys

185

Met

Pro

Arg

Cys

Phe

90

Ay

Val

Ser

Au

Thr

170

Ser

Au

Leu

Adn

Val

Pro

75

Val

Leu

Thr

Val

Thr

155

Ser

Pro

Lys

Pro

Asp

235

Val

Thr

Phe

Lys

Ile

140

Thr

Arg

Lys

Trp

220

Leu

Val

Arg

Ay

Leu

125

Val

Thr

Ser

205

Thr

Leu

Leu

Ay

Arg

Lys

110

Thr

Hi s

Ay

190

Trp

Ser

Val

Ay

Thr

95

Ay

Ay

Val

Ay

Leu

175

Leu

Leu

Ay

Thr

Ser

Al a

80

Phe

Ser

Lys

Hi s

Thr

160

Thr

Asp

Val

Phe
240



Ser

Met

Ser

305

Leu

Phe

Thr

Lys
385

Met

Asp

Ay

Ay

Asp

290

Phe

Val

Ser

Phe

Thr

Thr

275

Lys

Lys

Adn

Ser

Asn

355

Pro

Leu

Al a

Met

260

Thr

Leu

Leu

Val

Pro

Pro

Lys

Al a

Trp
420

245

Hi s

Thr

Thr

Lys
325

Asp

Phe

Leu

Thr
405

Asp

Thr Ala Leu

Leu

Lys

310

Tyr

Val

Ay

Ser

390

Phe

Phe

Lys
295

Lys

Thr

Trp

Arg

Ay

Al a

280

Ay

Val

Ay

Ay

Asp

360

Ser

Phe

Ay

Ser

Thr
265

Ay

Met

Thr

Val

345

Lys

Tyr

Lys

Ile
425

250

Ay

Hi s

Ser

Au

Asp

330

Thr

Lys

Arg
410

Ay

Leu

Tyr

Thr

315

Al a

Lys

Val

Ay

395

Arg

Ay

Thr

Lys

Val

300

Pro

Pro

Val

380

Ser

Met

Val

Au

Cys

285

Met

Hi s

Cys

Ay

Val

365

Ay

Ser

Al a

Phe

Ile
270

Arg

Cys

Ay

Lys

Arg

350

Asn

Al a

I'le

I'le

Thr
430

255

Leu

Thr

Thr

Ile

335

Leu

Ay

Ay

Leu

415

Ser

Thr

Lys

Ay

Val

320

Pro

AQu

Lys
400

Ay

Val



Gy Lys Leu Ile Hs dn Ile Phe

435

Ser Ay Val
450

Ser Trp Thr

Met

455

440

Lys

Trp Leu Ay Leu Asn Ser Arg Ser

465

Ala Val Ay

<210> 69
<211> 1255
<212> PRT

Met Val
485

470

Thr

Leu

Tyr

<213> Human SARS coronavirus

<400> 69

Met Phe Il e
1

Phe Leu
5

Asp Arg Cys Thr Thr

H s Thr Ser
35

Ser Asp Thr
50

Asn Val Thr
65

20

Ser Met

Leu Tyr

Gy Phe

Leu

Phe

Arg

Leu

Hi s
70

Phe

Asp

Ay

Thr

55

Thr

Leu

Asp

Val

40

Adn

Ay

Ile

Thr

Leu

Thr

Val

25

Tyr

Asp

Thr

Ay

Ser

Ay
490

Leu

10

Adn

Tyr

Leu

Hi s

Al a

Ile

Leu

475

Val

Thr

Al a

Pro

Phe

Thr
75

445

Ay lle

460

Ser Met

Met Val

Ser Ay

Pro Asn

Asp G u
45

Leu Pro
60

Phe Gy

Tyr Ay Val Leu

Leu Leu

Thr Cys

Adn A a
495

Ser Asp
15

Tyr Thr

30

Il e Phe

Phe Tyr

Asn Pro

Phe

Thr

Ile
480

Leu

Adn

Arg

Ser

Val
80



Ile Pro Phe

Val

Ser

Ay

145

Phe

Ay

Phe

Leu

Ay

225

Leu

Val

Val

Phe

130

Thr

Leu

Pro
210

Adn

Lys

Arg

Ile

115

Au

Adn

Tyr

Phe

Tyr

195

Ser

Asp

Pro

Lys Asp

85

Ay
100

Trp

Ile

Leu

Cys

Thr H s

Ser
165

Lys Hi's

180

Val Tyr

Phe

Ay

Thr

Trp

245

Thr Thr

Ay

Val

Asp

Thr

150

Asp

Leu

Lys

Asn
230

Ay

Phe

Tyr

Phe Gy

Ser
120

Asn
135

Pro

Met

Phe

Arg

Gy Tyr

200

Thr
215

Leu
Phe Arg
Thr

Ser

Met Leu

Phe

Ser

105

Thr

Phe

Phe

Ser

Phe

185

Adn

Lys

Lys

Al a
90

Thr

Phe

Asp

Leu

170

Val

Pro

Pro

Ile

Al a

250

Tyr

Al a Thr

Met Asn

Val Val

Al a Val

140

Asn
155

Asp Val

Phe Lys
Ile

Asp

Phe
220

Ile

Leu Thr

235

Ala Tyr

Asp G u

Au

Asn

Ile

125

Ser

Phe

Ser

Asn

Val

205

Lys

Al a

Phe

Lys

Lys

110

Arg

Lys

Asn

Lys

190

Val

Leu

Phe

Val

Ay

Ser
95

Ser

Pro

Lys

175

Asp

Arg

Pro

Ser

Ay

255

Thr

Asn

Adn

Met

Thr

160

Ser

Ay

Asp

Leu

Pro

240

Tyr



Thr Asp

Ser Val
290

Phe
305

Arg

Leu

Val Tyr

Ser Val

Val Ser

370

Asp Ser

385

Thr
Met

Ay

Thr Gy

Al a
275

Lys

Val

Leu

355

Phe

Ay

Cys

Asn
435

260

Val

Ser

Val

Pro

Trp

340

Tyr

Thr

Val

Val

Val

420

Tyr

Asp Cys

Phe G u

Ser
310

Pro

Phe Gy
325

Gu Arg

Asn Ser

Lys Leu

Val Lys

390

Ile Al a
405

Leu

Asn Tyr

Ser

I'le

295

Ay

Lys

Thr

Asn

375

Ay

Asp

Trp

Lys

Adn

280

Asp

Asp

Val

Lys

Phe

360

Asp

Asp

Tyr

Tyr
440

265

Lys

Val

Phe

Ile

345

Phe

Leu

Asp

Thr
425

Arg

Pro

Ay

Val

Asn

330

Ser

Ser

Val

Tyr

410

Arg

Tyr

Leu

Arg

315

Asn

Thr

Phe

Arg

395

Lys

Leu

Tyr
300

Phe

Thr

Phe

Ser

380

Adn

Leu

Arg

Pro

Lys

Val

Lys
365

Pro

Asp

Hi s
445

270

Leu

Thr

Phe

Al a
350

Cys

Val

Al a

Asp

Al a

430

Ay

Lys

Ser

Pro

335

Asp

Tyr

Tyr

Pro

Asp

415

Thr

Lys

Asn

Thr

320

Ser

Tyr

Ay

Ay

400

Phe

Ser

Leu



Arg Pro
450

Lys Pro
465

Tyr Ay

Val Val

Pro Lys

Phe Asn

530

Phe @ n

545

Ser Val

Ser Phe

d u Val

Ala lle
610

Phe

Phe

Leu

Leu

515

Ay

Pro

Arg

Ay

Al a

595

Hi s

Thr

Tyr

Ser

500

Ser

Leu

Phe

Asp

Ay

580

Val

Arg

Pro

Thr

485

Phe

Thr

Thr

Pro

565

Val

Leu

Asp

Asp

Pro

470

Thr

Au

Asp

Ay

Lys

Ser

Tyr

I'le

455

Thr

Leu

Leu

Thr

535

Phe

Thr

Val

Leu
615

Ser

Leu

Ay

Leu

I'le

520

Ay

Ay

Ser

Asp
600

Thr

Asn

505

Lys

Val

Arg

Thr
585

Val

Pro

Val

Ay
490

Leu

Asp

Ile

570

Pro

Al a

Pro

Tyr

475

Tyr

Pro

Thr

Val

555

Leu

Ay

Trp

Phe
460

Trp

Adn

Pro

540

Ser

Asp

Thr

Thr

Arg
620

Ser

Pro

Pro

Thr

Val

525

Ser

Asp

Asn

ASp
605

Pro

Leu

Tyr

Val

510

Ser

Phe

Ser

Al a

590

Val

Tyr

Asp

Arg

495

Phe

Lys

Thr

Pro

575

Ser

Ser

Ser

Ay

Asp

480

Val

Ay

Arg

Asp

560

Ser

Thr

Thr



Ay
625

Hi s

Ser

Tyr

Thr

705

Asn

Adn

Ser
785

Asn Asn

Val Asp

Al a Ser

Il e Val
675

Ser Asn
690

Thr du

Met Tyr

Tyr Ay

Ala du
755

Met Tyr
770

Adn lle

Val

Thr

Tyr

660

Al a

Asn

Val

Ile

Ser

740

Adn

Lys

Leu

Phe

Ser

645

Hi s

Tyr

Thr

Met

Cys

725

Phe

Asp

Thr

Pro

Adn

630

Tyr

Thr

Thr

Pro
710

Ay

Arg

Pro

ASp
790

Thr

Au

Val

Met

Al a

695

Val

Asp

Thr

Thr
775

Pro

Adn

Ser

Ser

680

Ile

Ser

Ser

Adn

Thr

760

Leu

Leu

Al a

Asp

Leu

665

Leu

Pro

Met

Thr

Leu

745

Arg

Lys

Lys

Ay

Ile

650

Leu

Ay

Thr

Tyr

Pro

Cys
635

Pro

Arg

Lys

715

Arg

Val

Phe

Thr
795

Leu

Ser

Asp

Phe

700

Thr

Phe

Ay
780

Lys

Ay

Thr

Ser

685

Ser

Ser

Asn

Leu

Al a

765

Ay

Arg

Ay

Al a

Ser

670

Ser

Ile

Val

Leu

Ser

750

Adn

Phe

Ser

Ay
655

Ser

Asp

Leu

735

Ay

Val

Asn

Phe

Lys

Cys
720

Leu

Lys

Phe

Ile
800



Lys

Asp

Thr

865

Val

Lys

Val

945

Asp

Arg

Asp

Adn

Asp

850

Met

Leu

Ser

Leu

930

Lys

Leu

Leu

Tyr

Adn

835

Met

Ay

Tyr

Adn
915

Leu

Leu

Ay

820

Lys

Trp

Met

Asp

Leu

Ser

Thr

Phe
805

Phe

Thr

Al a

885

Adn

Val

Ser

Arg

965

Ay

Phe
870

Tyr

Val

Ser

950

Leu

Arg

Lys

Leu

Ay

Tyr

855

Ay

Arg

Lys

Ser

Asn

935

Asp

Leu

Val

Ay

Leu

840

Thr

Phe

Leu
920

Phe

Lys

Thr

Asp

825

Thr

Ay

Ile
905

Thr

Ay

Val

Ser

Leu
810

Val

Ay
890

Thr

Leu

Al a

Asn

Leu

Leu

Al a

875

Ile

Thr

Adn

Ile

955

Al a

Adn

Asp

Pro

Val

860

Leu

Ay

Ser

Al a

940

Ser

Au

Thr

Arg

Pro

845

Ser

Adn

Val

Phe

Thr

925

Leu

Ser

Val

Tyr

Ay

Asp

830

Leu

Ay

Thr

Asn
910

Val

Adn

Val

Phe

815

Leu

Leu

Thr

Pro

Adn

895

Lys

Leu

Thr

Leu

I'le

975

Thr

Met

Thr

Phe
880

Ay

Leu

Asn

960

Asp

Adn



980 985 990

An Leulle Arg Ala Ala Qu Ile Arg Ala Ser Ala Asn Leu Ala Al a
995 1000 1005

Thr Lys Met Ser Qu Cys Val Leu Gy G@n Ser Lys Arg Val Asp
1010 1015 1020

Phe Cys dy Lys Gy Tyr H's Leu Met Ser Phe Pro dn Ala Ala
1025 1030 1035

Pro HHs dy Val Val Phe Leu H's Val Thr Tyr Val Pro Ser Gn
1040 1045 1050

Gu Arg Asn Phe Thr Thr Ala Pro Alalle Cys Hs Qu Gy Lys
1055 1060 1065

Ala Tyr Phe Pro Arg Qu Gy Val Phe Val Phe Asn Gy Thr Ser
1070 1075 1080

Trp Phe 1le Thr G n Arg Asn Phe Phe Ser Pro Gn Ile Ile Thr
1085 1090 1095

Thr Asp Asn Thr Phe Val Ser dy Asn Cys Asp Val Val Ile Ay
1100 1105 1110

[le Ile Asn Asn Thr Val Tyr Asp Pro Leu G n Pro du Leu Asp
1115 1120 1125

Ser Phe Lys Gu GQu Leu Asp Lys Tyr Phe Lys Asn His Thr Ser
1130 1135 1140

Pro Asp Val Asp Leu Gy Asp Ile Ser Ay Ile Asn Ala Ser Val
1145 1150 1155



Val Asn Ile dn Lys Qu lle Asp Arg Leu Asn Au Val Ala Lys
1160 1165 1170

Asn Leu Asn GQu Ser Leu Ile Asp Leu dn GQu Leu dy Lys Tyr
1175 1180 1185

Qu dn Tyr Ile Lys Trp Pro Trp Tyr Val Trp Leu dy Phe lle
1190 1195 1200

Ala Ay Leulle Alalle Val Mt Val Thr Ile Leu Leu Cys Cys
1205 1210 1215

Met Thr Ser Cys Cys Ser Cys Leu Lys Ay Ala Cys Ser Cys Gy
1220 1225 1230

Ser Cys Cys Lys Phe Asp Qu Asp Asp Ser Gu Pro Val Leu Lys
1235 1240 1245

Gy Val Lys Leu His Tyr Thr
1250 1255

<210> 70

<211> 1353

<212> PRT

<213> M ddl e East respiratory syndrome-rel ated coronavirus

<400> 70
Met Ile Hs Ser Val Phe Leu Leu Met Phe Leu Leu Thr Pro Thr A u
1 5 10 15

Ser Tyr Val Asp Val Gy Pro Asp Ser Ile Lys Ser Ala Cys Ile Qu
20 25 30



Val

Asp

Ser

65

Hi s

Pro

Thr

Pro

145

Met

Ay

Asn

Thr

Asp

Val

50

Ay

Adn

Val

130

Ay

Thr

Hi s

Pro

Ile
35

Ser

Asp

Lys

Ay

115

Phe

Arg

Leu

Cys
195

Lys

Thr

Met

Leu

100

Phe

Met

Phe

Leu

180

Pro

Thr

Adn

Tyr

85

Phe

Val

Ser

Leu

Phe

165

Arg

Al a

Asp

Thr

Asp

Thr

70

Val

Val

Val

Pro

Ay
150

Ay

Phe

Ay

55

Tyr

Tyr

Arg

Ser

135

Ser

Hi s

Phe

Asn

Ser

Phe
40

Ile

Ser

Asn

I'le

120

Thr

Ser

Thr

Tyr

Ser

200

Asp

Asp

Ile

Ay

Al a

Tyr

105

Ay

Ser

Val

Leu

Cys
185

Tyr

Ay

Lys

Tyr

Leu

Ay

90

Ser

Ay

Val
170

Thr

Thr

Pro

Phe

75

Hi s

Adn

Thr

Asn

155

Leu

Leu

Ser

Tyr

Trp

Adn

60

Pro

Asp

Al a

Ile

140

Phe

Leu

Phe

Pro

45

Ay

Tyr

Thr

Val

Asn

125

Arg

Ser

Pro

Pro

Al a

205

Arg

Arg

Arg

Ay

Lys

110

Ser

Lys

Asp

Asp

Arg

190

Thr

Pro

Thr

Ay

Thr

95

Adn

Thr

Ay

Ay

175

Ser

Tyr

Al a

Tyr

Asp

80

Thr

Phe

Ay

Tyr

Lys

160

Ay

Hi s

Ser



Leu

225

Tyr

Thr

Leu

Thr

Ser

305

Leu

Ser

Lys

Phe
385

210

Asn

Thr

Tyr

Ile

290

Asp

Thr

Asp

Phe

Pro

370

Ser

Ser

Tyr

Thr

Ay

275

Lys

Arg

Phe

ASp
355

Ser

Pro

Phe

Asn

Al a

260

Ay

Tyr

Lys

Leu

Ay

340

Val

Ay

Leu

Lys

Ile
245

Tyr

Leu
325

Phe

Ser

Leu

Ay

Met

Ser

Trp

310

Asp

Asn

Ser

Val

Ser
390

215

Tyr

Val

Phe

I'le

295

Phe

Asp

Ay

Val

375

Ay

Phe

Asp

Hi s

Ser

Leu

Val
360

Thr

Leu

265

Phe

Pro

Phe

Val

Ser

345

Tyr

Pro

Leu

Ile

250

Phe

Hi s

Tyr

Asp

330

Adn

Ser

Al a

Pro

Arg

235

Leu

Ser

Thr

Ser

Val

315

Ay

Leu

Val

Au

Adn
395

220

Ser

Leu

Ile

300

Tyr

Tyr

Hi s

Ser

Ay

380

Val

Cys

Trp

Arg

Pro

285

Arg

Lys

Cys

Ser

365

Val

Tyr

Thr

Phe

Tyr

270

Val

Ser

Leu

Arg

Ser

350

Phe

Au

Asn

Phe

Ay

255

Val

Tyr

Arg
335

Tyr

Phe

Met

240

Ile

Asp

Asp

Adn

Pro

320

Al a

Al a

Asp

Lys
400



Arg

Leu

Pro

Ser
465

Leu

Tyr

Leu
545

Val

Leu Val

Phe Ser

Al a Ser

435

Leu Ser

450

d n Phe

Al a Thr

Ser Tyr

Val Pro

515

Val
530

Pro

Ser

Pro

Al a Met

Phe

Val

420

Asn

Met

Asn

Val

Ile

500

Adn

Ser

Leu

Thr

Thr Asn
405

Asp

Tyr

Lys Ser

Tyr Lys

470

Pro H s

485

Lys
Val

Leu

Thr Val

Ay
550

Cys

Phe

Ser

Asp

455

Asn

Trp
535

Ay

Leu

Thr

Ser

440

Leu

Ser

Leu

Ser

Al a

520

Ay

Tyr

Cys

425

Leu

Ser

Phe

Thr

Arg

505

Asp

Trp

Met

Asn Leu
410

Ser dn

Ile Leu

Val Ser

Ser Asn
475

Thr
490

Ile

Leu

Leu

Tyr

Ay

Asp

Val
555

Leu

Gy Phe

570

Thr

Asp

Ser

460

Pro

Thr

Ser

Ser

Tyr
540

Lys

Ser

Tyr

445

Al a

Thr

Lys

Asp

Pro

525

Tyr

Leu

Pro

430

Phe

Ay

Pro

ASp
510

Arg

Ala Ser Ay

Ay Ile Thr

Leu

415

Ser

Pro

Leu

Leu

495

Arg

Val

Lys

Ser

Val
575

Ser

Al a

Tyr

Ile

480

Lys

Thr

Ser

Adn

Thr
560



Tyr

Asp

Tyr

Val

625

Tyr

Val

Leu

Tyr

Ay

705

Ser

Ay

Thr

Ay

610

Arg

Tyr

Pro

Phe

Ser

690

Pro

Leu

Leu

Thr

Lys

595

Val

Adn

Ser

Val

Ay

675

Arg

Leu

Phe

Pro

Asp

580

Ile

Ser

Adn

Asp

Ser

660

Ser

Ser

Val

ASp
740

Thr

Al a

Ay

Arg

Asp

645

Val

Val

Thr

Thr

Asn

Ser

Arg

Phe

630

Ay

Arg

Pro

710

Asp

Pro

Ser

Ay
615

Val

Tyr

Ser
695

Val

Ser

Val

Leu

600

Val

Tyr

Tyr

Asp

Met

Ay

Lys

Thr

Cys

585

Ay

Phe

Asp

Tyr

Lys

665

Hi s

Leu

Leu

Leu
745

Pro

Cys
650

Lys

Val

Pro

730

Thr

Lys

Cys

Tyr

635

Leu

Thr

Ser

Arg

Leu

715

Leu

Pro

Leu

Val

Cys

620

Adn

Arg

Lys

Ser

Arg

700

Ay

Ay

Arg

Asn

Thr

Thr

685

Asp

Leu

Adn

Ser

Phe

590

Tyr

Al a

Leu

Cys

Hi s

670

Met

Ser

Val

Ser

Val
750

Al a

Ser

Val

Val

Val

655

Ser

Thr

Leu
735

Arg

Asn

Leu

Ay

Ay

640

Ser

Thr

Adn

Tyr

Ser

720

Ser



Val Pro

dn Val
770

Asn Phe
785

Lys Val

Cys Gu

Leu Phe
850

Phe Gy

865

Thr Gy

Lys Val

Met A n

Val Al a

Ay

755

Asp

Ser

Thr

Adn

Leu

835

Ay

Ser

Thr

Adn

915

Ay

Au

Adn

Phe

Val

Leu

820

Hi s

Ser

Asp

Arg

Ile

900

Ay

Tyr

Met

Leu

Ay

Asp

805

Leu

Ay

Val

Phe

Ser

885

Pro

Lys

Arg

Asn

Val
790

Arg

Lys

Asn
870

Asp

Val

Leu

Ser

775

Thr

Lys

Ser

855

Leu

Arg

Pro

Ser

Leu

Al a
760

Ser

Adn

Tyr

Leu

840

Ser

Thr

Ser

Ay

Al a

920

Pro

Ser

Tyr

Au

Tyr

Ay

825

Arg

Adn

Leu

Al a

Tyr

905

Arg

Pro

Phe

Tyr

Val

810

Adn

Ser

Leu

Ile

890

Met

Asp

Leu

Al a

Lys

Ile
795

Cys

Phe

Asp

Ser

Au

Adn

Leu

Met

Phe

Leu
780

Asp

Pro

860

Pro

Asp

Ay

Asp

Asn

765

Ser

Thr

Ay

Ser

Ser

845

Val

Leu

Tyr

Cys

925

Val

Hi s

Thr

Phe

Lys

830

Val

Ile

Ser

Leu

Asp

910

Asn

Pro

Pro

Arg

Pro

Phe

895

Asp

Adn

Met

Thr

Lys

Asn

Ay

Ser

880

Asp

Tyr

Au



930 935 940

Ala Ala Tyr Thr Ser Ser Leu Leu Gy Ser Ile Ala Ay Val Gy Trp
945 950 955 960

Thr Ala Ay Leu Ser Ser Phe Ala Ala Ile Pro Phe Ala G n Ser lle
965 970 975

Phe Tyr Arg Leu Asn Gy Val Ay Ile Thr An dn Val Leu Ser Qu
980 985 990

Asn Gn Lys Leu Ile Ala Asn Lys Phe Asn Gn Ala Leu dy Al a Mt
995 1000 1005

A@n Thr dy Phe Thr Thr Thr Asn Ju Ala Phe Hs Lys Val Gn
1010 1015 1020

Asp Ala Val Asn Asn Asn Ala G@n Ala Leu Ser Lys Leu Ala Ser
1025 1030 1035

GQu Leu Ser Asn Thr Phe Ay Ala lle Ser Ala Ser Ile Gy Asp
1040 1045 1050

Ilelle dn Arg Leu Asp Val Leu Gu An Asp Ala dn Ile Asp
1055 1060 1065

Arg Leu Ile Asn Gy Arg Leu Thr Thr Leu Asn Ala Phe Val Al a
1070 1075 1080

Gn dAn Leu Val Arg Ser Qu Ser Ala Ala Leu Ser Ala @n Leu
1085 1090 1095

Ala Lys Asp Lys Val Asn Gu Cys Val Lys Ala G n Ser Lys Arg
1100 1105 1110



Ser

Ser

Lys

Ser

Tyr

Pro

Phe

Tyr

Ay
1115

Al a
1130

Asn
1145

Asn
1160

Thr
1175

Ser
1190

Val
1205

Pro
1220

Leu
1235

Ay
1250

Phe Cys

Pro

Hi s

Ile

Thr

Pro

Asn

Phe

Tyr

Pro

Leu

Pro

Au

Asp

Ser

Leu

Met Leu

Ay

Ay

Au

Thr

Adn

Leu

Phe

Thr

Ser

Adn

Leu

Val

Cys

Arg

Pro

Val

Ay

Phe

Adn

Leu

Ay
1120

Tyr
1135

Val
1150

Ile
1165

Ile
1180

Thr
1210

Asn
1225

Lys
1240

Ile
1255

Adn
1270

Thr

Hi s

Phe Met

Ser Al a

Ala Pro

Val

Asp

Prolle

Tyr

Thr

Ser

Asn

Val

Thr

dn Val

Hi s

Tyr

Val

Thr

Ay

Ser

Thr

Val

Val

Val

Ay

Trp

Ser

Ile

I'le

Thr

Leu

Lys

Ser
1125

Ay
1140

Leu
1155

Ay
1170

Ser
1185

Leu
1200

Ser
1215

ASp
1230

Ser
1245

Leu
1260

Al a
1275

Phe

Tyr

Tyr

Tyr

Asn

Thr

Phe

Asp

Leu

Val Val

Pro

Tyr

Asp Al a

Phe Il e

Thr

Ay

Thr

Lys

Leu

Asp

Asn

Pro

Leu Thr



Ser Tyr 1le Asp Leu Lys
1280

Lys Trp Pro Trp Tyr Ile
1295

Ala Leu Ala Leu Cys Val
1310

Gy Thr Asn Cys Met Ay
1325

Arg Tyr GQu Gu Tyr Asp
1340

<210> 71

<211> 676

<212> PRT

<213> Zaire ebol avirus

<400> 71

Met Ay Val Thr Ay Ile

1 5

Thr Ser Phe Phe Leu Trp

20

Ile Pro Leu Ay Val
35

Ile

Asp Lys Leu Val
50

Cys Arg

Ser Val Gy Leu Asn Leu

Trp
1300

Phe
1315

Lys
1330

Leu
1345

Leu A n

Val

H s Asn
40

Asp Lys
55

Gu @y

Leu

Leu

Phe

Leu

Au Pro

Ay

Gy Phe

Leu

Lys

Leu Pro Arg
10

Il e Leu Phe
25

Ser Thr Leu

Ser

Leu Ser

Asn Gy Val

Tyr Thr

Asn

His Lys

Tyr Tyr Asn
1290

Ala Gy Leu Val
1305

Cys
1320

Thr Ay Cys

Arg Cys Cys Asp
1335

Val
1350

Hs Val H s

Asp Arg Phe Lys Arg
15

A@n Arg Thr
30

Phe Ser

dn Val
45

Ser Asp Val

Thr Asn A n Leu Arg
60

Ala Thr Asp Val Pro



65

Ser Al a

Val Asn

Ile Lys

130

Gy Pro
145

Leu Tyr

Phe Phe

Pro Ser
210

Phe Gy
225

Tyr Val

Thr

Tyr

Lys

115

Ay

Asp

Ay

Ser

195

Ser

Thr

Adn

Lys

Pro

Phe

Al a

Arg

Val

180

Ser

Ay

Asn

Leu

Arg

85

Al a

Asp

Pro

Ay

Leu

165

Val

Hi s

Tyr

Au

70

Trp

Ay

Ay

Arg

ASp
150

Pro

Tyr

Thr
230

Ay

Ser

Cys

135

Phe

Ser

Phe

Leu

Ser
215

Ser Arg

Phe

Trp

Thr

Leu

Arg

200

Thr

Tyr

Phe

Arg

Al a

105

Tyr

Phe

Val

Ile

185

Thr

Leu

Thr

Ser

90

Au

Leu

Val

Hi s

Ile

170

Leu

Pro

Phe

Pro
250

75

Ay

Asn

Pro

Hi s

Lys

155

Tyr

Pro

Val

Arg

Val

Cys

Al a

Lys

140

Au

Arg

Adn

Asn

Tyr

220

Val

Phe

Pro

Tyr

Al a

125

Val

Ay

Ay

Al a

Al a

205

Adn

Asp

Leu

Pro

Asn

110

Pro

Ser

Thr

Lys

190

Thr

Leu

Lys

95

Leu

Asp

Ay

Phe

Thr

175

Lys

Thr

Leu

Adn
255

80

Val

Ay

Thr

Phe

160

Phe

Asp

Asp

Ay

Thr

240

Leu



Leu

Val

ASp
385

Au

Ile

Phe

290

Leu

Ser

Asp

Hi s

Thr

370

Asn

Thr

Ser

Thr

Trp

275

Trp

Ser

Pro

Hi s

Ser

355

Ser

Asp

Ile
260

Lys

Phe

Lys

340

Ser

Thr

Val

Thr
420

Tyr

Val

Thr

Thr

Arg

325

Ile

Ay

Thr

Hi s

Pro

Thr

Lys

Val

310

Thr

Met

Arg

Ser

Asn

390

Ser

Ser

Pro

Lys

295

Val

Ser

Pro
375

Thr

Hi s

Ay

Au

280

Asn

Ser

Ser

Ser

Al a

360

Adn

Pro

Hi s

Thr

Lys
265

Ile

Leu

Asp

Ser

Val

Arg

Thr
425

Arg

Asp

Thr

Ay

Pro

330

Asn

Val

Leu

Tyr

Arg

410

Al a

Ser

Thr

Arg

Al a

315

Ay

Ser

Ser

Thr

Lys

395

Thr

Thr

Lys

300

Lys

Thr

Ser

Hi s

Thr

380

Leu

Asp

Ay

Thr Thr Ay

Ile
285

Leu
365

Lys

Asp

Pro

270

Ay

Arg

Thr

Met

350

Thr

Pro

Asp

Pro
430

Ser

Ser

Thr

335

Val

Thr

Ay

Ser

Ser

415

Lys

Lys

Trp

Au

Ay

320

Thr

Adn

Leu

Pro



Thr

Hi s

465

Leu

Arg

Pro

Leu

Leu

Thr

Leu

Asn

Thr

450

Hi s

Ile

Arg

Al a
530

Al a

Au

Leu

Thr
435

Ser

Thr

Thr

Leu

515

Trp

Leu

Leu

Adn
595

Asn

Pro

Asp

Asn

Arg

500

Hi s

Met

Arg
580

Arg

Thr

Thr

Thr

485

Arg

Tyr

Pro

Hi s

Thr

565

Thr

Trp

Ser

Ay
470

Trp

Tyr

Asn

550

Thr

Phe

Ay

Lys

Hi s
455

Thr

Phe
535

Ser

Ay

Ser

440

Ser

Au

Ay

Ile

Thr

520

Ay

Asp

Al a

Ile

Thr
600

Thr

Ser

Val

Val

505

Pro

Ay

Leu

Leu
585

Asp

Thr

Al a

490

Asp

Leu

Asn

Hi s

Phe

Ser
475

Ay

I'le
555

Leu

Arg

Leu

Ay

460

Ser

Leu

Ay

Phe

Lys

Leu

ASp
445

Ay

Pro

Al a

525

Ay

Ay

Leu

Ay
605

Pro

Lys

Thr

Lys
510

Leu

Arg

I'le

590

Pro

Al a

Leu

Ay

495

Ile

Tyr

Arg

Al a

575

Asp

Asp

Thr

Thr

Ay

480

Ay

Ay

Phe



Ile
610

Adn
625

Ile

Asp

Ay Val Thr

Phe Val

675

Lys

<210>
<211>
<212>
<213>

72

681
PRT
Lake
<400> 72

Met Lys Thr
1

Lys Asn Leu

Val Asp Ser

35

Leu Met Gy
50

Au Al a Ser
65

Pro

Hi s
630

Trp Trp Thr

645

Ay
660

Val Ile

Phe

H's Asp Trp Thr

Asp Phe Val

Lys
615

Asp Lys

Ay Trp Arg

Ile Al a Val
665

Victoria marburgvirus

Thr Cys Phe

Pro Il e Leu
20

Val Cys Ser

Phe Thr Leu

Lys Arg Trp Al a

70

Leu Il e Ser

Ile Al a
25

Thr
40

Gy Leu

Ser
55

Gy d@n

Phe Arg

Thr

Leu
10

Ser

Lys

Thr

Ile

Leu

635

Trp

Al a

Asn

Lys

Val

Ay
75

Thr Asp
620

Pro Asp

Ile Pro

Leu Phe

Leu Ile

Asn d n

Thr A u

45

Al a Asp
60

Val Pro

Lys

Adn

Cys
670

Pro

30

Asp

Ser

Pro

Ay

Ay

655

Ile

Ay

15

Adn

Val

Pro

Lys

Asp

Asp

640

Cys

Thr

Asn

Hi s

Leu

Asn
80



Val du

Val Thr

Ile Arg

Asn Pro
130

Leu Tyr
145

Thr du

Met Ile

Ser Thr

Thr Gy
210

Thr Cys
225

AQulle

Tyr

Asp

Asp

115

Hi s

Asp

Ay

Phe

Asn
195

Cys

Al a

Lys

Thr

Pro

100

Tyr

Arg

Asn

Ser

180

Lys

Phe

Pro

Leu

Au
85

Ser

Pro

Ile

165

Arg

Tyr

Ay

Ser

Thr
245

Gy Gu

Gy Lys

Lys Cys

Ay Ile
135

Al a Ser
150

Ala Al a

Trp Thr

Al a Leu
215

Lys Ile
230

Ser Thr

Au

Ser

Lys

120

Al a

Thr

Met

Adn

Ser

200

Adn

Pro

Pro

Al a

Leu

105

Thr

Leu

Thr

Ay

185

Ser

Au

Pro

Thr

Lys
90

Leu

Hi s

Met

Val

170

Tyr

Asn

Tyr

Pro

ASp
250

Thr

Leu

Hi s

Leu

Tyr

155

Asn

Arg

Ay

Asn

Leu
235

Asp

Hi s

Trp

140

Arg

Lys

Hi s

Thr

Ser

220

Pro

Thr

Tyr

Pro

Ile

125

Ay

Ay

Thr

Met

Adn

205

Thr

Thr

Lys

Asn

Pro

110

Adn

Lys

Val

Asn

190

Thr

Lys

Al a

Leu

Ile

95

Thr

Ay

Phe

Val

Hi s

175

Leu

Asn

Arg

Asn
255

Ser

Adn

Phe

Phe

160

Lys

Thr

Asp

Adn

Pro

240

Thr



Thr

Ser

Ay

Pro
305

Thr

Thr

Pro

385

Ay

Pro

Asp

Ay

Leu

290

Adn

Leu

Thr

Leu

Ile

370

Pro

Pro

Pro

Pro

Ser

Adn

Asp

Thr

Ser

355

Thr

Thr

Al a

Pro

Ser

260

Arg

Ser

Ay

Lys

Thr

340

Au

Ay

Thr

Thr
420

Ser

Thr

Ay

Asn

325

Pro

Thr
405

Pro

Asp

Pro

Met

Asn

310

Ser

Leu

Pro
390

Ser

Asp G u

H s Thr
280

Pro Pro
295

Asn Thr

Thr Thr

Thr Asn

A n Asn

360

dn Thr

375

Thr Thr

Pro Asn

Ser Thr

Asp Leu
265

Thr Ser

Thr Pro

Asn H s

Asn Thr
345

Thr Thr

Ser Al a

Al a Lys

Thr Thr

410

Ala dn
425

Al a

Asp

Ser

Ser

315

Pro

Ser

Asn

Pro

Ser

395

Asn

Hi s

Thr Ser dy

Al a

Pro

300

Adn

Ser

Lys

Asp

Ser

380

Thr

Leu

Val

285

Adn

Asp

Met

Hi s

Asn

365

Ser

Hi s

Val

270

Thr

Pro

Al a

Pro

Asn

350

Thr

Thr

Ser

Phe

Tyr
430

Ser

Lys

Ser

Val

Pro

335

Phe

Adn

Thr

Lys

Thr

415

Phe

Ay

Thr

Thr

320

Hi s

Ser

Ser

Leu

Lys

400

Ser

Arg



Arg

Asp

Lys

465

Asp

Asn

Asp

Ay

Thr

545

Arg

Thr

Phe

Lys

Ay

450

Thr

Leu
530

Leu

Thr

Leu

Arg
435

Leu

Hi s

Asn

Ser

Val

Leu
595

Ser

Ile

Phe

Al a

Leu

Trp

Leu

Ay

Ile

Asn

Asp

Ser

485

Asn

Arg

Adn
565

Arg

Arg

Leu Trp

Pro

455

Ser

Pro

Thr

Al a

Trp

Phe
535

Pro

Lys Asn

550

Thr Al a

Thr

Phe

Trp Ay

G u Asp

Arg
440

Ser

Tyr

Ser

520

Phe

Adn

Lys

Ser

Ay

600

Leu

Gu @y

Asp Phe

Ser Ser

Ser Leu

490

Ser
505

Ay

Val

Gy Pro

Asn Asn

Ser Leu

570

Leu
585

Thr Cys

Ser Lys

Asp

Asp

Ay

475

Thr

Ay

Leu
555

Lys

Met Phe Pro

Pro

460

Leu

Asn

Asp

Ile

540

Val

Leu

Arg

Val

445

Val

Ser

Ser

ASp
525

Leu

Hi s

Leu

605

Ser

Pro

Al a

Tyr

Asn

510

Leu

Ay

Arg

Leu

Al a

590

Ay

Au

Phe

Asn

Phe
495

Asp

Leu

Leu

Arg

575

Pro

Adn

Leu

Thr

Pro

Tyr

Arg

560

Val

Asp

Asp

Ile



610

Asp An Ile Lys Lys Asp
625 630

Gy Gy Lys Trp Trp Thr
645

Ile Leu Leu Leu Leu Ser
660

Cys Arg Il e Phe Thr Lys
675

<210> 73

<211> 630

<212> PRT

<213> Hanta virus

<400> 73
Leu Arg Asn Val Tyr Asp
1 5

Phe Ay GQu Asn Ser Val
20

Leu Ala Asp Thr Ala A n
35

Asn Hs @n Ser Leu Asn
50

Arg Gy Lys Ala Asp @n
65 70

615

Au dn

Ser Asp

Ile Al a

Tyr lle
680

Met Lys

e Ay

Met Val
40

Thr Ile
55

Ser dn

Lys

Trp

Val

665

Ay

Tyr

25

Pro

Thr

Ser

Au

Ay

650

Leu

Au

10

Val

Au

Lys

Ser

Ay
635

Val

Ile

Ser

Tyr

Adn
75

620

Thr

Leu

Ay

Thr

Al a Leu

Pro

Leu

Ser

Thr

60

Asn

Hi s

Pro

Cys
45

Ser

Trp Ay

Asn Leu
655

Ser Cys
670

Thr Val
15

Pro Val

30

Asn Met

Val Ser

Phe Qu

Leu
640

Ay

Ser

Pro

Asp

Trp

Thr
80



Val

Met

Leu

Pro

Pro

145

Val

Phe

Lys

Ay

225

Pro

Ser

Val

Ser

Ile

130

Tyr

Leu

Ile

Phe

Lys

210

Tyr

Thr

Thr

Au

Cys

115

Hi s

Arg

Ile

Lys

Val

195

Ser

Tyr

Leu

Au

Asn

Al a

Val

Au

Hi s

180

Al a

Phe

Ile

Asp

Val
85

Ser

Ser

Cys

Ay

165

Ay

Val

Au

Cys

ASp
245

Asp

Tyr

Thr

Asn

Val

150

Lys

Lys

Ser

Ile

230

Phe

Leu

Arg

Tyr

Met

135

Val

Phe

Ay

Thr

215

Val

Arg

Lys

Ser

Cys

120

Met

Tyr

Phe

Asp

Asn

200

Ay

Ser

Ay

Arg

105

Lys

Lys

Val

Ile

185

Thr

Ay

Met

Thr

90

Lys

Pro

Ser

Arg

Pro

170

Tyr

Asp

Asn

Ser

Thr

Ser

155

Asp

Ser

Lys

Thr

Ser
235

Val

Val

Leu

Leu

140

Tyr

Val

Phe

Leu Lys

Thr Cys
110

Tyr Met
125

Ile Al a

Ser Val

Hs Ile
190

Phe G u

205

Asn Lys

Prolle

Thr Gy

His Lys
95

Tyr Asp

Il e Val

Leu Gy

Thr Gy
160

Val Ser
175

Val Cys

dn Val

Val dn

Tyr Val

240

Il e Phe
255



Arg Ser Pro Hs Gy GQu Asp H's Asp Leu Ala Ay Au Qu lle Ala
260 265 270

Ser Tyr Ser Ile Val Gy Pro Ala Asn Ala Lys Val Pro His Ser Ala
275 280 285

Ser Ser Asp Thr Leu Ser Leu Ile Ala Tyr Ser Gy Ile Pro Ser Tyr
290 295 300

Ser Ser Leu Ser Ile Leu Thr Ser Ser Thr Qu Ala Lys Hs Val Phe
305 310 315 320

Ser Pro Ay Leu Phe Pro Lys Leu Asn H's Thr Asn Cys Asp Lys Ser
325 330 335

Ala lle Pro Leu lle Trp Thr Ay Met Ile Asp Leu Pro Gy Tyr Tyr
340 345 350

Gu Ala Val Hs Pro Cys Thr Val Phe Cys Val Leu Ser Ay Pro Ay
355 360 365

Ala Ser Cys Gu Ala Phe Ser AQu Gy Gy Ile Phe Asn Ile Thr Ser
370 375 380

Pro Met Cys Leu Val Ser Lys G n Asn Arg Phe Arg Leu Thr Gu Gn
385 390 395 400

A@n Val Asn Phe Val Cys G n Arg Val Asp Met Asp Ile Val Val Tyr
405 410 415

Cys Asn Ay Gn Arg Lys Val Ile Leu Thr Lys Thr Leu Val Ile Gy
420 425 430

Gn Cys Ile Tyr Thr Ile Thr Ser Leu Phe Ser Leu Leu Pro Ay Val



Al a
465

Pro

Lys

Val

Val

545

Pro

Hi s

Thr

Hi s

450

Thr

Al a

Phe

Cys

530

Ser

Thr

Arg

Pro

Tyr
610

435

Ser

Hi s

Lys

515

Lys

Phe

Ay
595

Thr

Thr
500

Tyr

Pro

Arg
580

Phe

Al a

Leu

Phe

485

Ser

Au

Adn

Al a

565

Asp

Tyr

Thr

Val

Leu
470

Phe

Ser

550

Phe

Asp

Arg

Met

Au
455

Val

Adn

Leu

Thr

Trp
615

440

Leu

Thr

Leu

Au

Lys

520

Thr

Cys

Al a

Lys

Leu

600

Ile

Phe

Thr

Asn

505

Thr

Tyr

Pro

Hi s

Lys

585

Phe

Val

Val

490

Arg

Lys

Lys

Tyr

Tyr

570

Thr

Leu

Leu

Pro

Phe

475

Leu

Leu

Ay

Cys

555

Lys

Val

Phe

Leu

Ay

460

Ay

Lys

Lys

Ser

Leu

540

Phe

Val

Thr

Arg

Val
620

445

Phe

Trp

Phe

Ser

Met

525

Lys

Thr

Pro

Tyr
605

Leu

Hi s

Val

Val
510

Val

Hi s

Adn

Lys

Au

Ay

Leu

Al a

495

Leu

Cys

Hi s

Cys

Val

575

Asn

Ser

Ser

Trp

Ile

480

Arg

Asp

Ay

Phe

Arg



Leu Trp Ala Ala Ser Ala

625

<210>
<211>
<212>
<213>

<400>
Ser u
1

Gy Ser

Ser Ser

50

Gy Val

65

Leu Lys

Pro Trp

Thr Ser

74
487
PRT

630

Hanta virus

74

Thr

Val

Ser

35

Adn

Asp

Thr

Hi s

Trp
115

Pro Leu Thr
5

Pro Met H s
20

Lys Tyr Thr

Ser Ile Asp

Val Hs Al a
70

Ser Phe Hi s
85

Thr Al a Lys
100

Gy Cys Asn

Pro

Thr

Tyr

Leu

55

Leu

Cys

Pro

Val

Asp

Arg

40

Hi s

Ay

Tyr

Hi s

Ser
120

Trp

Leu

25

Arg

Hi s

Ay

Tyr

105

Asp

Asn
10

Lys

Trp

Al a
90

Asp

Leu

Leu

Ile

Phe

75

Arg

Pro

Asn

Asp

Thr

Au

60

Asp

Thr

Asp

Ay

Phe

Asn

45

Ay

Lys

Tyr

Val
125

Hi s

Ser

30

Pro

Adn

Arg

Tyr

Adn

Ay

Ay
15

Leu

Leu

Thr

Leu

Au

95

Tyr

Thr

Val

Thr

Asn
80

Tyr

Ay



Al a

145

Phe

Val

Ser

Leu

Ay

225

Pro

Thr

130

Tyr

Ay

Ser

Adn

Ile

210

Asp

Ay

Tyr

Asp

Arg
290

Al a

Lys

Arg

Ay

195

Phe

Ser

Asp

Ser

275

Leu

Hi s

180

Asp

Lys

Met

Phe

Ay

260

Phe

Val

Ay

Ile

Asn

165

Val

Thr

Hi s

Ser

Arg

245

Asn

Adn

Trp

Thr

Leu

Thr

150

Leu

Lys

Leu

Trp

Pro

230

Lys

Met

Ser

Lys

Lys

Tyr
135

Ile

Cys

Val

Leu

Cys

215

Arg

Lys

Val

Phe

Asp

295

Asp

Leu

Arg

Lys

Phe
200

Thr

Asp

Ser

Asn
280

Pro

Asp

Tyr

Ile

185

Phe

Ser

Lys

Asn

Ay

265

Thr

Asp

Asp

Ser

Ile

170

Ay

Thr

Ay

Phe

250

Tyr

Ser

Ay

Phe

Leu

Arg

155

Asp

Ay

Pro

Phe

235

Lys

Thr

Met

Asp

Lys

140

Arg

Met

Thr

Leu

Leu

Thr

Lys

Met

Leu

300

Asn

Pro

Val

Asn

Val

Thr

Val

Hi s

285

Arg

Leu

Val

Cys

Asp

Ser

190

Ay

Ay

Pro

Pro

Met

270

Phe

Asp

Ay

Ay

Val

Cys

175

Lys

Ay

Asp

Ile
255

Thr

Hi s

Ser

Adn

Phe

Phe

Ay

Pro

Phe

240

Thr

Asp



305

Pro

Ser

Pro

Ay

Ser

385

Lys

Ay

Trp

Cys

465

Val

Ay

Thr

Al a

370

Ay

Asp

Val

Ile
450

Val

Arg

Lys

Val

Phe

355

Lys

Pro

435

Ser

Phe

Lys

Ay

340

Leu

Ser

Ay

Ser

Ay

420

Adn

Ay

Leu

Hi s

Ay

325

Phe

Thr

Val

Ay

Adn
405

Leu

Lys
485

310

Leu

Thr

Ser

Thr

Hi s

390

Ser

Ay

Phe

Phe

470

Lys

dn Thr

Leu Thr

360

Leu Thr
375

Ser Ay

Gy Leu

AQulle

Ile Lys
440

Ser Ay
455

Ser Leu

Ser

Ser

Cys
345

Arg

Ser

Hi s

Val

Ser
330

Leu

Cys

Ay

Thr

Al a

410

Trp

Trp

Leu

315

Ile

Val

Asp

Phe
395

Ser

Phe

Leu
475

Ser

Lys

Asn

380

Arg

Lys

Val

Val

460

Ser

Ay

Leu

Al a

365

Thr

Pro

Val

Lys

445

Leu

I'le

Al a

Thr

350

Ile

Val

Hi s

Tyr

430

Ser

I'le

Leu

Trp
335

Au

Cys

Lys

Hi s

Leu

415

Asp

Ay

Val

Cys

320

Ay

Tyr

Val

Ay

400

Asp

Asp

Leu

Pro
480



<210>
<211>
<212>
<213>

<400>
Met Qu
1

Ala Ay

Asn Ser

Leu Gy

50

Cys Pro
65

Leu Leu

Ser Ser

130

75
226
PRT

Hepatitis B

75

Asn |l e

Phe Phe
20

Trp Trp
35

Pro Thr

Phe Leu

Asp Tyr
100

Thr Thr
115

Thr Ser

Thr

Leu

Thr

Ser

Phe
85

Ser

Met

Ser

Leu

Ser

Pro
70

Ay

Thr

Tyr

Ay

Thr

Leu

Ser

55

Ay

Leu

Met

Ay

Pro
135

Phe

Lys

Ser

40

Pro

Tyr

Leu

Leu

Pro

120

Ser

Leu

Ile

25

Phe

Thr

Arg

Leu

Pro
105

Cys

Ay

10

Leu

Leu

Ser

Trp

Cys
90

Val

Arg

Pro

Thr

Ay

Met
75

Leu

Thr

Leu

Ay

Hi s
60

Pro

Thr
140

Leu

Pro

Asn

45

Ser

Leu

Phe

Leu

Lys

125

Lys

Val

Adn

30

Thr

Pro

Arg

Leu

I'le

110

Thr

Pro

Leu

15

Ser

Val

Thr

Arg

Leu

95

Pro

Pro

Ser

Leu

Ser

Phe

80

Val

Ay

Al a

Asp



Ay
145

Asn Cys

Phe Leu Trp

Val Pro Phe

Ser Val Ile

195

Ser
210

Leu Pro

Tyr lle

225

<210>
<211>
<212>
<213>

76
617
PRT
Measl
<400> 76

Met Ser
1

Pro

H's Pro Lys

Asp Arg Pro
35

Leu lle Gy
50

Thr Ile

150

Trp
165

Val
180

Trp

Trp Met Met

Phe Leu Pro

es virus

A@n Arg Asp

Gy Ser Arg

20

Tyr Val Leu

Leu Leu Al a

Pro

Ser

Phe

Trp

Leu
215

Arg

Leu

Ile
55

Ile Pro Ser

Al a Phe

170

Arg

Val Ay Leu

185

Tyr
200

Trp Ay

Leu Pro

Asn Al a
10

Ile

Val Il e Asn

25

Al a Val
40

Leu

Ala Ay lle

Ser

155

Ser

Ser

Pro

Phe

Phe

Arg

Phe

Arg

Trp

Trp

Pro

Ser

Phe
220

Tyr

Au

Val

Leu
60

Al a Phe

Leu Ser

Thr Val

190

Leu
205

Tyr

Leu

Lys Asp

H s Leu

30

Met Phe
45

Hs Arg

Gy Lys
160

Leu Ile
175

Trp Leu

Ser lle

Trp Val

Asn Pro
15

Met Ile

Leu Ser

Ala Al a



Ile

65

Thr

Lys

Asp

Arg

Arg

145

Thr

Thr

Tyr

Adn
225

Tyr

Asn

Leu

Leu

Asn

Leu
210

Ay

Thr Ala GQu

Ser

Val

115

Tyr

Lys

Met

Arg
195

Ay

Met

Ile

Ay

100

Lys

Asp

Leu

Phe

180

Ay

Arg

Tyr

Au

85

Asp

Phe

Phe

Asp

Al a

165

Leu

Adn

Ay

Ay

Ile
70

Hi s

Arg

Tyr

150

Leu

Phe

Tyr

Ay
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Thr 1le Thr Asn Asp Thr
100

Phe Phe Gy Ala Vval Ile
115

Ala Anlle Thr Ala Ay

Ser
215

Leu

Ile

Lys

Ser

55

I'le

Asp

Thr

Ay

Ile
135

Thr

Phe

Pro

Leu

40

Leu

Val

Thr
120

Met A n Asn

Leu

Val

25

Leu

Val

Adn

Leu

Thr

105

Ile

Leu

Ile

10

Asp

Lys

Pro

Tyr

Asp
90

Tyr

Lys

Ser

Lys

75

Leu

Asp

Leu

Ser

Leu

Ile
60

Adn

Ay

Al a
140

Ser

Ser

Ay

45

Asp

Leu

Pro

Val
125

Arg

Leu

Asn

30

Ser

Leu

Leu

Ser

Leu Leu
15

Val Ay

Tyr Qu

80

Leu Ile

95

Ser Arg

Thr Al a

Ala Arg



Lys Asp

145

Val du

Thr Leu

Leu Arg

Hs Tyr

210

Gy GQu

225

Tyr Asp

Asp Leu

Ser u

Asn |l e
305

Leu

Adn

Cys
195

Ser

Lys

Thr

Al a

ASp
180

Ser

Ile

260

Lys

Pro

Ay

Leu

Adn

165

Phe

Thr

Leu

Leu

Ile

245

Tyr

Tyr

Ay

Ile Lys
150

Arg Ay

Val Asn

Thr Al a

Al a Thr

215

Thr Leu
230

Leu Ser

Thr du

Met Val

Val Leu

295

Gu Trp

Asp

Ile

Asn

Leu

200

Al a

Adn

Thr

Adn

Thr

280

Ile

Hi s

Ser

Ay

Lys

Phe

Val

265

Leu

Tyr

Val

Leu

Ser

Leu

Lys

250

Lys

Leu

Arg

Ile

155

Adn

Arg

Ay

Ser

Ser

235

Lys

Ay

Val

Al a

Ile
315

Lys

Pro

Asn
220

Ser

Asp

Thr

Lys

Ser

300

Pro

Thr

Lys

205

Leu

Leu

Lys

Val

I'le

285

Ser

Hi s

Al a

Ile

190

Leu

Ay

Tyr

Ser

I'le

270

Pro

I'le

Tyr

Asn

Leu

175

Ay

Thr

Thr

Ser

Asp

255

Asp

Ile

Ser

Ser
160

Lys

Val

Leu

Tyr

Ile
320



Asn

Ser

Asp

Thr

Ay

385

Arg

Tyr

Ay

Ser
465

Lys

Lys

Arg

Lys
370

Val

Thr

Lys

Pro
450

Leu

Adn

355

Val

Val

Pro

Asn

Arg

435

Thr

Ile

Ser

Al a

340

Adn

Val

Cys

420

Ay

Val

Asn

Ile

Ser

325

Tyr

Lys

Asn

Asn

405

Ay

Arg

Ser

Phe

Ser
485

Leu

Asn

Cys
390

Leu

Asp

Leu
470

Ay

Leu

375

Asp

I'le

Thr

Arg

455

Au

Val

Ay

Pro

Leu

360

Val

Arg

Ay

Thr

440

Pro

Ay

Arg

345

Ay

Pro

Ser

Ser

Ile

425

Trp

Val

Ser

Ay

Asp

330

Asp

Asp

Lys

Thr

Arg

410

Asn

Ay

Asp

Lys

Trp
490

Val

Pro

Val

Phe

Cys
395

Ay

Ay

Ile
475

Hi s

Thr

Thr

Ser

Al a

380

Thr

Val

Ser
460

Asn

Adn

Lys

365

Phe

Cys

Thr

Au

I'le

445

Leu

Leu

Thr

Leu
350

Ay

Phe

Leu
430

Met

Ile

335

Pro

Asn

Thr

Leu

415

Tyr

Lys

Leu

Lys

Ser
495

Au

Pro

Val

Ay

Asn

400

Thr

Val

Al a
480

Thr



Gnillellellelle lle Ile Val Cys

500 505

Ay Ile Leu Tyr Tyr Leu Tyr Arg Val

515 520

Asn Ser Thr His Asn Ser Pro Val Asn

530

535

Met Arg Asn Pro Tyr Ile Gy Asn Asn

545

<210>
<211>
<212>
<213>

<400>

550

87

571

PRT

Human parai nfl uenza virus

87

Met Gu Asp Tyr Ser Asn Leu Ser Leu

5

Cys Arg Ile Ile Phe Arg Thr Ala Thr

Il e Val

20 25

Leu Cys Ser Ser Ile Leu His
35 40

Ser Ser Ay Leu Met Asp Ser Asp Asp

50

55

Prolle lle Au Ser Leu Lys Ser Leu

65

70

Leu Tyr Asn Val Ala lle lle Ile Pro

85

Ile

Arg

Thr

Ser

Lys
10

Ser

Ile

Leu
90

Leu

Arg

Tyr

Asn
555

Ser

Leu

Ile

Al a
75

Lys

Ile

Leu

Thr
540

Ay

Adn
60

Leu

Ile

Leu

525

Leu

Pro

I'le

Hi s

45

Ay

Al a

Asp

Ile Ile Cys

510

Val

Met

Ile

Gu Ser Arg

Lys

Cys

30

Leu

Ser

Arg

15

Thr

Asp

Ile

Ile
95

Thr

Leu

Val

Adn

Ile

80

Au



Thr

Pro

145

Thr

Thr

Phe

ASp
225

Val

Thr

Asn

130

Lys

Ser

Hi s

Thr

Al a

210

Ay

Val

Thr

Asn

115

Ay

Tyr

Pro

Trp

Thr
195

Leu

Thr

Phe
100

Ay

Cys

180

Ser

Phe

Asn

Tyr

ASp
260

Ser

Thr

Asn

Pro

Ay

165

Tyr

Pro

Arg

Cys
245

Leu

Pro

Lys

Leu

150

Thr

Lys
230

Tyr

Leu Lys

Gy Asn
120

Phe Leu
135

Leu Asn

Thr Arg

H s Asn

Tyr Leu

200

Phe Arg

215

Ser Cys

Val Al a

A u Leu

ASp
105

Leu

Val

Val

185

Thr

Ser

Thr

Arg
265

Met Hi s

Leu Leu

Leu Lys

Pro Ser
155

Pro Ser
170

Met Leu

Met Gy

Met Lys

Val Thr
235

Arg Ser
250

Leu Al a

Thr

Hi s

Ser

140

Phe

Phe

Ay

Thr
220

AQu

Phe

Ay

Asp

125

Tyr

Ser

Asp

Ile
205

Lys

Tyr

Ser

110

Asn

Pro

Leu

Cys
190

Tyr

Pro

Tyr
270

Met

Al a

Ay

Ser

Ile

175

Leu

Leu

Ay

Asp

255

Tyr

Ser

Tyr

Thr

Al a

160

Lys

Asp

Ser

Ser

Ay

240

Tyr

Asn



Asp

Trp

Phe

305

Tyr

Thr

Tyr

Phe
385

Pro

Thr

Al a

290

Ile

Asn

Cys

Val

Cys

370

Asn

Asp

Ser

Ile

Phe

275

Thr

Leu

Lys

Ile
355

Pro

Leu

Ile
435

Phe

Adn

Ay

340

Arg

Leu

Ser

Phe
420

Au

Pro

Ser

325

Tyr

Ser

Leu
405

Tyr

Al a

Arg Val

Pro Al a
295

Val Tyr
310

Ser Arg

Ser Ser

H s Ser

Asp Met

375

Val Met

390

Tyr Tyr

Arg lle

An Trp

Ile

280

Val

Ay

Tyr

Asn

360

Hi s

Met

Tyr

Asn

Val
440

Ser

Ay

Ay

Phe

Adn

345

Arg

Thr

Ay

Thr
425

Pro

Leu

Ser

Leu

Ile

330

Leu

Arg
410

Asp

Ser

Pro

Ay

Ile

315

Pro

Arg

Ser

Phe

Tyr

Ile
300

Ser

Lys

Cys

380

Ay

Ser

Ser

Adn

Thr

285

Tyr

Ay

Hi s

Al a

Ser

365

Asn

Arg

Ser

Lys

Val
445

Thr

Hi s

Thr

Pro

Arg

350

Leu

Leu

Trp

Ay

430

Pro

Ay

Leu

Pro

Asn

335

Ser

Val

Val

Tyr

Trp

415

Arg

Adn

Ay

Ser

320

Ser

Leu

Met

Val

400

Ser

Pro

Pro



Gy Val Met Pro Cys Asn Ala Thr Ser Phe Cys Pro Ala Asn Cys Ile
450 455 460

Thr Ay Val Tyr Ala Asp Val Trp Pro Leu Asn Asp Pro Gu Pro Thr
465 470 475 480

Ser G n Asn Ala Leu Asn Pro Asn Tyr Arg Phe Ala Gy Ala Phe Leu
485 490 495

Arg Asn Au Ser Asn Arg Thr Asn Pro Thr Phe Tyr Thr Ala Ser Ala
500 505 510

Ser Ala Leu Leu Asn Thr Thr @y Phe Asn Asn Thr Asn His Lys Ala
515 520 525

Ala Tyr Thr Ser Ser Thr Cys Phe Lys Asn Thr Ay Thr An Lys Ile
530 535 540

Tyr Cys Leu Ile lle lle Qu Mt Ay Ser Ser Leu Leu Ay G u Phe
545 550 555 560

Gnillelle Pro Phe Leu Arg Qu Leu Ile Pro
565 570

<210> 88

<211> 217

<212> PRT

<213> Pl asnodi um fal ci parum

<400> 88
Met Asn Lys Leu Tyr Ser Leu Phe Leu Phe Leu Phe Ile G n Leu Ser
1 5 10 15

Ile Lys Tyr Asn Asn Ala Lys Val Thr Val Asp Thr Val Cys Lys Arg
20 25 30



Ay

Asp

Cys

65

Ay

Val

Lys

ASp
145

Thr

Phe

Leu

50

Asp

Lys

Tyr

Thr

Thr

130

Leu

Asp

Leu
35

Val

Asp

Cys

115

Ay

Lys

Cys

Phe
195

Leu

Lys

Asp

Met

100

Ay

Val

Lys

Lys
180

Ser

Val

Thr

Ay

85

Val

Asn

Asn
165

Asp

Al a

Met

Val
70

Ay

Ser

Ser

150

Ay

Tyr

Ser

Au

55

Asn

Pro

Lys

Cys

135

Lys

Thr

Phe

Ay

40

Au

Lys

Val

Val

Cys
120

Asp

Ile
200

Hi s

Thr

Pro

Ser

Cys
105

Ay

Lys

Ile

185

Leu

Leu

Cys

Cys

Tyr

90

Leu

Ay

Al a
170

Asp

AQu

Au

Ay

75

Al a

Pro

Asp

Lys

Thr

155

Val

Asn

Leu

Cys

Au

60

Asp

Cys

Thr

Val

140

Lys

Asp

Ser

Lys

45

Lys

Phe

Lys

Ser
125

Pro

Ay

Ser

I'le
205

Val

Ser

Cys
110

Asn

Ser

Ser
190

Met

Leu

Lys

Asn

95

Lys

Pro

Val

Leu

Tyr

175

Phe

Lys

Cys
80

Leu

Val

Lys
160

Lys



Leu Phe Ser Val Cys Phe Phe Ile Met
210 215

<210> 89

<211> 27

<212> PRT

<213> Artificial Sequence

<220>
<223> T4 fibritin foldon domain

<400> 89

Gy Tyr Ile Pro Qu Ala Pro Arg Asp Ay d@n Ala Tyr Val Arg Lys
1 5 10 15

Asp Ay Qu Trp Val Leu Leu Ser Thr Phe Leu
20 25

<210> 90

<211> 540

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed Respiratory Synticial Virus antigen

<400> 90
Met Gu Leu Leu Ile Leu Lys Ala Asn Ala Ile Thr Thr Ile Leu Thr
1 5 10 15

Ala Val Thr Phe Cys Phe Ala Ser Gy An Asn Ile Thr Gu du Phe
20 25 30

Tyr A n Ser Thr Cys Ser Ala Val Ser Lys Gy Tyr Leu Ser Ala Leu
35 40 45



Arg

Lys

65

Met

Arg

Leu

Ay
145

Leu

Lys

Thr
50

Phe

Ser

130

Ser

Ay

Val

Asp

Adn

Lys

Ay

Asn

Leu

Ser

Met

115

Lys

Val

Leu
195

Ser

Trp

Lys

Asp

Thr

100

Asn

Lys

Ile

Val

Ser

180

Lys

Tyr

Lys

85

Pro

Tyr

Arg

Asn
165

Leu

Ser

Arg

Thr

Asn

70

Tyr

Al a

Thr

Lys

Ser

150

Lys

Ser

Tyr

Leu

Ser
55

Ay

Lys

Thr

Leu

Arg

135

Ay

Ser
215

Leu

Val

Thr

Asn

Asn

Asn

120

Arg

Val

Lys

Ay

Asp

200

Asn

Asp

Asn
105

Asn

Phe

Ser

Val
185

Lys

Thr

Val
90

Arg

Leu

Val

Al a

170

Ser

Au

Thr

Ile

Lys

75

Thr

Al a

Lys

Ay

Cys

155

Leu

Val

Leu

Thr

Arg

Au
60

Val

Arg

Lys

Phe

140

Lys

Leu

Leu

Leu

Val
220

Leu

Lys

Leu

Arg

Thr

125

Leu

Val

Ser

Thr

Pro

205

Phe

Ser

Leu

Adn

Asn

Leu

Leu

Thr

Phe

190

I'le

Au

Ser

Leu

95

Leu

Val

Ay

Hi s

Asn

175

Lys

Leu

Phe

Val

Lys

80

Leu

Pro

Thr

Val

Leu

160

Lys

Val

Adn



225

Leu

Leu

Met

Leu

305

Leu

Thr

Pro

Thr

Asp

385

Asp

Ay

Leu

Met

Cys

290

Tyr

Cys

Asp

Adn

Met

370

Ile

Val

Val

Ser

Ser

275

Ay

Thr

Arg

Al a

355

Phe

Ser

Thr

Leu

260

Asn

Val

Thr

Ay
340

Ser

Ser

Thr
245

Lys

Asn

325

Trp

Thr

Leu

Pro

Ser
405

230

Pro

Asn

Val

ASp
310

Thr

Tyr

Thr

Lys
390

Val

Val

Asp

Lys

Lys

Leu
375

Tyr

Ser

Met

Ile

280

Val

Pro

Asp

Val

360

Pro

Asp

Thr

Thr

Pro

265

Val

Leu

Cys

Ay

Asn

345

Adn

Ser

Cys

Ser

Tyr
250

Ile

Arg

Trp

Ser

330

Ser

Lys

Leu
410

235

Met

Thr

Tyr

Lys

315

Ay

Asn

Val

Ile

395

Ay

Leu

Asn

Val
300

Leu

Ser

Arg

Asn

380

Met

Al a

Thr

Asp

Ser

285

Val

Hi s

Val

Val

365

Leu

Thr

I'le

Asn

Thr

Leu

Ser

350

Phe

Ser

Val

Ser
255

Lys

Ser

Leu

Ser

Thr

335

Phe

Lys

Ser
415

240

Au

Lys

Pro

Pro

320

Arg

Phe

Asp

Val

Thr
400



Tyr Ay Lys Thr Lys Cys Thr Ala Ser Asn Lys Asn Arg Ay lle lle
420 425 430

Lys Thr Phe Ser Asn Ay Cys Asp Tyr Val Ser Asn Lys Gy Val Asp
435 440 445

Thr Val Ser Val @y Asn Thr Leu Tyr Tyr Val Asn Lys An GQu Gy
450 455 460

Lys Ser Leu Tyr Val Lys Ay Gu Prolle Ile Asn Phe Tyr Asp Pro
465 470 475 480

Leu Val Phe Pro Ser Asp Qu Phe Asp Ala Ser Ile Ser Gn Val Asn
485 490 495

Qu Lys Ile Asn A n Ser Leu Ala Phe Ile Arg Lys Ser Asp GQu Leu
500 505 510

Leu Gy Tyr Ile Pro Qu Ala Pro Arg Asp Ay @n Ala Tyr Val Arg
515 520 525

Lys Asp Gy GQu Trp Val Leu Leu Ser Thr Phe Leu
530 535 540

<210> 91

<211> 646

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed Respiratory Synticial Virus antigen

<400> 91

Met Gu Leu Leu Ile Leu Lys Ala Asn Val Ile Ala Thr Ile Leu Thr



Tyr

Arg

Lys

65

Adn

Met

Arg

Leu

Ay
145

Val

Adn

Thr
50

Phe

Ser

130

Ser

Ay

Val

Thr

Ser

35

Ay

Leu

Ser

Met

115

Lys

Al a

Au

Val

Phe

20

Thr

Trp

Lys

Asp

Thr

100

Lys

Ile

Val

Ser
180

Tyr

Lys
85

Pro

Tyr

Arg

Asn
165

Leu

Phe

Ser

Thr

Asn

70

Tyr

Al a

Thr

Lys

Ser

150

Lys

Ser

Al a

Ser

55

Ay

Lys

Thr

Leu

Arg

135

Ay

Ile

Ser

Val

40

Val

Thr

Asn

Asn

120

Arg

Val

Lys

Ay

Ser
25

Ser

Asp

Asn
105

Phe

Ser

Val
185

10

A n Asn

Lys Gy

Thr Ile

75

Val Thr
90

Arg Al a

Al a Lys

Leu Gy

Val Cys
155

Al a Leu
170

Ser Val

Tyr

Au

60

Val

Arg

Lys

Phe

140

Lys

Leu

Leu

Thr

Leu

45

Leu

Lys

Leu

Arg

Thr

125

Leu

Val

Ser

Thr

Au

30

Ser

Ser

Leu

Adn

Leu

Leu

Thr

Phe
190

15

Au

Leu

95

Leu

Val

Ay

Hi s

Asn

175

Lys

Phe

Leu

Lys

80

Leu

Pro

Thr

Val

Leu

160

Lys

Val



Leu

Lys

Adn

225

Leu

Leu

Met

Leu

305

Leu

Thr

Pro

Asp

Lys

Ay

Leu

Met

Cys

290

Tyr

Cys

Asp

Adn

Leu

195

Ser

Asn

Val

Ser

Ser

275

Ay

Thr

Arg

Al a
355

Lys

Asn

Thr

Leu

260

Asn

Val

Thr

Ay

340

Au

Ser

Arg

Thr

245

Asn

Lys

Asn
325

Trp

Thr

Tyr

I'le

Leu

230

Pro

Val

Asp

310

Thr

Tyr

Cys

Ser

215

Leu

Val

Asp

Adn

Lys

Lys

Asp

200

Asn

Au

Ser

Met

I'le

280

Val

Pro

Asp

Val
360

Lys

Thr

Pro

265

Val

Leu

Ay

Asn
345

Thr

Tyr
250

Arg

Trp

Ser
330

Ser

Leu

Thr

Arg

235

Met

Thr

Adn

Tyr

Lys

315

Asn

Ay

Asn

Leu

Val

220

Leu

Adn

Val

300

Leu

Ser

Arg

Pro

205

Phe

Thr

Asp

Ser

285

Val

Hi s

Cys

Val

Val
365

Ser

Thr

Leu

Ser

350

Phe

Leu

Phe

Val

Ser

255

Lys

Ser

Leu

Ser

Thr

335

Phe

Adn

Asn

240

Lys

Pro

Pro

320

Arg

Phe

Asp



Thr

Asp

385

Asp

Tyr

Lys

Thr

Lys

465

Leu

Leu

Lys

Met

370

Val

Ay

Thr

Val

450

Ser

Val

Lys

Ay

ASp
530

Asn

Phe

Ser

Lys

Phe

435

Ser

Leu

Phe

Tyr
515

Ay

Ser Leu

Asn Pro

Ser Ser
405

Thr Lys
420

Ser Asn

Val Ay

Tyr Val

Pro Ser

485

Asn dn
500

Ile Pro

Gu Trp

Thr

Lys

390

Val

Ay

Lys

470

Asp

Ser

Au

Val

Leu
375

Tyr

Thr

Thr
455

Ay

Leu

Leu
535

Pro

Asp

Thr

Al a

Asp

440

Leu

Au

Phe

Al a

Pro

520

Leu

Ser

Cys

Ser

Ser

425

Tyr

Tyr

Pro

Asp

Phe

505

Arg

Ser

Lys

Leu

410

Asn

Val

Tyr

Asp

Thr

Val

Ile

395

Ay

Lys

Ser

Val

Ile

475

Ser

Arg

Ay

Phe

Asn
380

Met

Asn

Asn
460

Asn

Lys

Adn

Leu
540

Leu

Thr

Ile

Arg

Lys

445

Lys

Phe

Ser

Ser

Al a

525

Ay

Ser

Val

Ay

430

Ay

Tyr

Adn

Asp

510

Tyr

Ay

Asn

Lys

Ser

415

Val

Asp

Val

495

Val

Ser

Val

Thr
400

Cys

Ile

Asp

Ay

Pro

480

Asn

Leu

Arg

Met



Au du Val Val

Val Pro Ay Leu
580

Asp Hs Qu Leu

Lys Leu Lys Gu
610

Ile Val Ala Leu
625

Leu Arg G u Asn

<210> 92
<211> 619
<212> PRT

<213> Artificial

<220>

Leu

Leu

565

Thr

Leu

Arg

Pro

Thr
645

I'le

550

Val

Ser

Leu

Val

I'le

630

Ay

Thr

Au

Leu

Lys
615

Sequence

Val Pro

Gu Arg

Tyr Arg
585

Val Lys
600

A u Leu

Gu @y

Ser

Leu
570

Thr

Hi s

Al a

555

Al a

AQu

Thr

Pro

Arg
635

Leu

Ay

Thr

Tyr
620

Val

Ser

ASp
605

Tyr

Al a Val Lys
560

Val Asn Ille
575

Val Val Ser
590

Al a Phe Pro

Val Pro Qu

Leu Asp Trp
640

<223> synthetically constructed Respiratory Synticial Virus antigen

<400> 92

Met Qu Leu Leu Ile Leu Lys Ala Asn Val

1

5

10

Ile Ala Thr

Ile Leu Thr
15

Ala Val Thr Phe Cys Phe Ala Ser Ser An Asn Ile Thr GQu du Phe

20

25

30



Tyr

Arg

Lys

65

Adn

Met

Arg

Leu

Ay
145

Leu

Adn

Thr
50

Phe

Ser

130

Ser

Ay

Val

Asp

Ser
35

Ay

Leu

Ser

Met

115

Lys

Al a

Au

Val

Leu
195

Thr

Trp

Lys

Asp

Thr

100

Lys

Val

Ser
180

Lys

Cys

Tyr

Lys
85

Pro

Tyr

Arg

Asn
165

Leu

Ser

Thr

Asn

70

Tyr

Al a

Thr

Lys

Ser

150

Lys

Ser

Tyr

Ser

55

Ay

Lys

Thr

Leu

Arg

135

Ay

Asn

Val

40

Val

Thr

Asn

Asn

120

Arg

Val

Lys

Ay

ASp
200

Ser

Asp

Asn
105

Phe

Ser

Val
185

Lys

Lys

Thr

Val
90

Arg

Leu

Val

Al a

170

Ser

Ay

Ile

Lys

75

Thr

Lys

Ay

Cys

155

Leu

Val

Leu

Tyr

Au

60

Val

Arg

Lys

Phe

140

Lys

Leu

Leu

Leu

Leu

45

Leu

Lys

Leu

Arg

Thr

125

Leu

Val

Ser

Thr

Pro
205

Ser

Ser

Leu

Adn

Asn

Leu

Leu

Thr

Phe

190

I'le

Leu

95

Leu

Val

Ay

Hi s

Asn

175

Lys

Leu

Leu

Lys

80

Leu

Pro

Thr

Val

Leu

160

Lys

Val



Lys

Adn

225

Leu

Leu

Met

Leu

305

Leu

Thr

Pro

Thr

Asp

Lys

Ay

Leu

Met

Cys

290

Tyr

Cys

Asp

Adn

Met
370

Ser

Asn

Val

Ser

Ser

275

Ay

Thr

Arg

Al a

355

Asn

Phe

Cys

Asn

Thr

Leu

260

Asn

Ile

Val

Thr

Ay

340

Au

Ser

Asn

Ser

Arg

Thr

245

Asn

Lys

Asn

325

Trp

Thr

Leu

Pro

Leu
230

Pro

Val

ASp
310

Thr

Tyr

Thr

Lys

Ser

215

Leu

Val

Asp

Adn

Lys

Lys

Leu
375

Tyr

Asn

Ser

Met

Ile

280

Val

Pro

Asp

Val

360

Pro

Asp

Thr

Pro

265

Val

Leu

Ay

Asn
345

Ser

Au

Thr

Tyr

250

Ile

Arg

Trp

Ser
330

Ser

Lys

Thr

Arg

235

Met

Thr

Adn

Tyr

Lys

315

Asn

Ay

Val

Val
220

Au

Leu

Adn

Val

300

Leu

Ser

Arg

Asn

380

Met

Ile

Phe

Thr

Asp

Ser

285

Val

Hi s

Val

Val

365

Leu

Thr

Ser

Thr

Leu

Ser

350

Phe

Cys

Ser

Phe

Val

Ser

255

Lys

Ser

Leu

Ser

Thr

335

Phe

Asn

Lys

Asn
240

Lys

Pro

Pro

320

Arg

Phe

Asp

Val

Thr



385

Asp

Tyr

Lys

Thr

Lys

465

Leu

Leu

Leu

Al a

545

Ay

Val

Ay

Thr

Val

450

Ser

Val

Lys

Ay

Val

530

Ser

Ser

Lys

Phe

435

Ser

Leu

Phe

Ay
515

Val

Val

Ser

Thr

420

Ser

Val

Tyr

Pro

Asn

500

Ser

Val

Val

Ser

405

Lys

Asn

Ay

Val

Ser

485

Adn

Met

Lys

Ser
565

390

Val

Ay

Lys
470

Asp

Ser

Val
550

Asp

Ile

Thr

Thr
455

Ay

Leu

Al a
535

Pro

Hi s

Thr

Al a

Asp

440

Leu

Au

Phe

Al a

Val

520

Hi s

Ay

Au

Ser

Ser

425

Tyr

Tyr

Pro

Asp

Phe

505

Val

Leu

Leu

Leu

410

Asn

Val

Tyr

Leu

Leu

Thr

Leu
570

395

Ay

Lys

Ser

Val

Ile

475

Ser

Arg

Ile

Val

Ser

555

Leu

Asn

Asn
460

Asn

Lys

Thr

Leu

Ile

Arg

Lys

445

Lys

Phe

Ser

Ser

Val

525

Tyr

Val

Val

Ay

430

Ay

Tyr

Asp

510

Pro

Arg

Arg

Lys

Ser
415

Val

Asp

Val
495

Ser

Leu

Thr
575

400

Cys

Asp

Ay

Pro
480

Leu



Thr Asp Ala Phe Pro Lys Leu Lys GQu Arg Val Lys Gu Leu H's Pro
580 585 590

Tyr Gu Val Pro Qu Ile Val Ala Leu Pro lle Ala Qu Ay Asn Arg
595 600 605

Gu Tyr Leu Asp Trp Leu Arg Gu Asn Thr Ay
610 615

<210> 93

<211> 665

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed Respiratory Synticial Virus antigen

<400> 093
Met Gu Leu Leu Ile Leu Lys Ala Asn Val Ile Ala Thr Ile Leu Thr
1 5 10 15

Ala Val Thr Phe Cys Phe Ala Ser Ser An Asn Ile Thr GQu du Phe
20 25 30

Tyr A n Ser Thr Cys Ser Ala Val Ser Lys Gy Tyr Leu Ser Ala Leu
35 40 45

Arg Thr Ay Trp Tyr Thr Ser Val Ile Thr Ile GQu Leu Ser Asn lle
50 55 60

Lys A u Asn Lys Cys Asn Gy Thr Asp Ala Lys Val Lys Leu Ile Lys
65 70 75 80

A@n Qu Leu Asp Lys Tyr Lys Asn Ala Val Thr Qu Leu G n Leu Leu



Met

Arg

Leu

Ay
145

Leu

Lys

Adn

225

Leu

Adn

Phe

Ser

130

Ser

Ay

Val

Asp

Adn

Lys

Ay

Leu

Ser

Met

115

Lys

Val

Leu

195

Ser

Val

Ser

Thr

100

Asn

Lys

Ile

Val

Ser

180

Lys

Thr

Leu
260

85

Pro

Tyr

Arg

Al a

Asn

165

Leu

Ser

Arg

Thr
245

Al a Thr

Thr

Lys

Ser

150

Lys

Ser

Tyr

Leu
230

Pro

Asn

Leu

Arg

135

Ay

Ser

215

Leu

Val

Asp

Asn

120

Arg

Val

Lys

Ay

Asp

200

Asn

Ser

Met

Asn
105

Asn

Phe

Ser

Val

185

Lys

Thr

Pro
265

90

Arg

Leu

Val

Al a

170

Ser

Thr

Tyr
250

Al a

Lys

Ay

Cys

155

Leu

Val

Leu

Thr

Arg

235

Met

Thr

Arg

Lys

Phe

140

Lys

Leu

Leu

Leu

Val

220

Leu

Asn

Arg

Thr

125

Leu

Val

Ser

Thr

Pro

205

Phe

Thr

Asp

Asn

Leu

Leu

Thr

Phe
190

Ser

95

Leu

Val

Ay

Hi s

Asn

175

Lys

Leu

Phe

Val

Ser

255

Lys

Pro

Thr

Val

Leu

160

Lys

Val

Adn

Asn

240

Au

Lys



Leu

Met

Leu

305

Leu

Thr

Pro

Thr

Asp

385

Asp

Tyr

Lys

Met Ser Asn Asn

Cys
290

Tyr

Asp

Adn

Met

370

Val

Ay

Thr

275

Ile

Ay

Thr

Arg

Al a

355

Phe

Ser

Lys

Phe
435

Ile

Val

Thr

Ay

340

Ser

Ser

Thr
420

Ser

Lys

Asn

325

Trp

Thr

Leu

Pro

Ser
405

Lys

Asn

Val

Au

Asp

310

Thr

Tyr

Thr

Lys

390

Val

Ay

Adn

Au

295

Thr

Lys

Lys

Leu

375

Tyr

Thr

Cys

I'le
280

Val

Pro

Asp

Val

360

Pro

Asp

Thr

Al a

ASp
440

Val

Leu

Ay

Asn

345

Adn

Ser

Ser

Ser
425

Tyr

Arg

Trp

Ser
330

Ser

Lys

Leu
410

Val

Tyr

Lys

315

Ay

Asn

Val

I'le

395

Ay

Lys

Ser

Adn

Val

300

Leu

Ser

Arg

Asn

380

Met

Ser
285

Val

Hi s

Val

Val

365

Leu

Thr

I'le

Arg

Lys
445

Tyr

Thr

Leu

Ser

350

Phe

Ser

Val

Ay

430

Ay

Ser

Leu

Ser

Thr

335

Phe

Lys

Ser
415

Ile

Val

Pro

Pro

320

Arg

Phe

Asp

Val

Thr

400

Ile

Asp



Thr

Lys

465

Leu

Leu

Lys

Val

545

Ser

Thr

Ay

Val

450

Ser

Val

Lys

Ay

Asp

530

Arg

Ay

Met
610

Ser

Leu

Phe

Tyr
515

Ay

Ay

ASp
595

Hi s

Val Ay

Tyr Val

Ser
485

Pro

Asn
500

Adn

Pro

Trp

Arg

Al a

565

Ser

Thr

Leu

Arg Val

Asn

Lys

470

Asp

Ser

Val

Ay

550

Thr

Tyr

Ser

Pro

Thr
455

Ay

Leu

Leu

535

Al a

Leu
615

Leu

Au

Phe

Al a

Pro

520

Leu

I'le

Leu

Au

Phe

600

Leu

Tyr Tyr Val

Pro

Asp

Phe

505

Arg

Ser

Thr

Leu

Leu

585

Pro

Ser

Ile

Al a

490

Asp

Thr

Val

Leu

570

Al a

Al a

Ile

475

Ser

Arg

Ay

Phe

Asn
555

Arg

Asn
460

Lys

Leu

540

Ser

Lys

Val

Lys dn

Phe Tyr

Ser dn

Ser Asp
510

Al a
525

Tyr

Ay Gy

Asp Thr

Met Leu

Phe
590

Al a
605

Arg

Val Pro

Asp

Val

495

Val

Ser

Pro

Adn

Val

Ay

Pro

480

Asn

Leu

Arg

Met

Thr

560

Val

Ile

Pro



Gy Ser Leu Pro Arg Val Ile Arg Val Leu Ala Leu Trp Asn Thr Asp
625 630 635 640

Thr Pro A n Asp Arg Val Arg His Val Tyr Leu Ser Qu Ala Val Arg
645 650 655

Leu Arg Pro Asp Leu Qu Ser Ala Gn
660 665

<210> 94

<211> 638

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed Respiratory Synticial Virus antigen

<400> 94
Met Gu Leu Leu Ile Leu Lys Ala Asn Val Ile Ala Thr Ile Leu Thr
1 5 10 15

Ala Val Thr Phe Cys Phe Ala Ser Ser An Asn Ile Thr Gu du Phe
20 25 30

Tyr A n Ser Thr Cys Ser Ala Val Ser Lys Gy Tyr Leu Ser Ala Leu
35 40 45

Arg Thr Ay Trp Tyr Thr Ser Val Ile Thr Ile GQu Leu Ser Asn lle
50 55 60

Lys A u Asn Lys Cys Asn Gy Thr Asp Ala Lys Val Lys Leu Ile Lys
65 70 75 80

A@n Qu Leu Asp Lys Tyr Lys Asn Ala Val Thr Qu Leu G n Leu Leu
85 90 95



Met

Arg

Leu

Ay
145

Leu

Lys

Adn

225

Leu

Adn

Phe

Ser

130

Ser

Ay

Val

Asp

Lys

Ay

Leu

Ser

Met

115

Lys

Val

Leu

195

Ser

Val

Ser

Thr

100

Asn

Lys

Ile

Val

Ser

180

Lys

Thr

Leu
260

Pro

Tyr

Arg

Al a

Asn

165

Leu

Asn

Ser

Arg

Thr
245

Al a Thr

Thr

Lys

Ser

150

Lys

Ser

Tyr

Leu
230

Pro

Leu

Arg

135

Ay

Ser

215

Leu

Val

Asp

Asn

120

Arg

Val

Lys

Ay

ASp
200

Ser

Met

Asn
105

Phe

Ser

Val

185

Lys

Thr

Pro
265

Arg

Leu

Val

Al a

170

Ser

Adn

Thr

Tyr
250

Al a

Lys

Ay

Cys

155

Leu

Val

Leu

Thr

Arg

235

Met

Thr

Arg

Lys

Phe

140

Lys

Leu

Leu

Leu

Val

220

Leu

Asn

Arg

Thr

125

Leu

Val

Ser

Thr

Pro

205

Phe

Thr

Asp

Leu

Leu

Thr

Phe
190

Ser

Asn

Leu

Val

Ay

Hi s

Asn

175

Lys

Leu

Phe

Val

Ser

255

Lys

Pro

Thr

Val

Leu

160

Lys

Val

Asn

Asn
240

AQu

Lys



Leu

Met

Leu

305

Leu

Thr

Pro

Thr

Asp

385

Asp

Tyr

Lys

Thr

Met

Cys
290

Tyr

Asp

Met

370

Val

Ay

Thr

Val

Ser

275

Ay

Thr

Arg

Al a

355

Phe

Ser

Lys

Phe

435

Ser

Asn

Ile

Val

Thr

Ay

340

Au

Ser

Asn

Ser

Thr

420

Ser

Val

Asn

Lys

Asn

325

Trp

Thr

Leu

Pro

Ser

405

Lys

Asn

Ay

Val

Au

Asp

310

Thr

Tyr

Thr

Lys

390

Val

Ay

Adn

Au

295

Thr

Lys

Lys

Leu
375

Tyr

Thr

Thr

I'le
280

Val

Pro

Asp

Val

360

Pro

Asp

Thr

ASp
440

Leu

Val

Leu

Ay

Asn

345

Ser

Ser

Ser

425

Tyr

Tyr

Arg

Trp

Ser
330

Ser

Lys

Leu
410

Val

Tyr

Tyr

Lys

315

Ay

Val

I'le

395

Ay

Lys

Ser

Val

Adn

Val

300

Leu

Ser

Arg

Asn

380

Met

Asn

Ser
285

Val

Hi s

Val

Val

365

Leu

Thr

I'le

Arg

Lys

445

Lys

Tyr

Adn

Thr

Leu

Ser

350

Phe

Ser

Val

Ay

430

Ay

Ser

Leu

Ser

Thr

335

Phe

Lys

Ser

415

Ile

Val

Au

Pro

Pro

320

Arg

Phe

Asp

Val

Thr

400

Ile

Asp

Ay



Lys
465

Leu

Leu

Ser

Lys

545

Val

Leu

Ser
625

450

Ser

Val

Lys

Ay

Asp

530

Met

Al a

Val

Trp

610

Au

Leu

Phe

Ay

515

Thr

Leu

Phe

Arg

Pro
595

Tyr

Pro

Asn

500

Ser

Pro

Thr

Adn

Val

Thr

Val

Val

Ser

485

Adn

Met

Thr

Al a

Val

565

Pro

Asp

Arg

Lys

470

Asp

Ser

Val

Ser

Asn

550

Thr

Ay

Ay

Thr

Leu
630

455

Ay

Au

Leu

Arg

I'le

535

Ay

Met

Ser

Pro

615

Arg

Phe

Ay
520

Asp

Hi s

Leu

600

Adn

Pro

Pro

Asp

Phe
505

Leu

Arg

585

Pro

Asp

Asp

Arg

Ser

Thr

570

Val

Arg

Arg

Leu

Ile

475

Ser

Arg

Ay

Thr

Tyr

555

Ser

Pro

Val

Val

460

Lys

Ile
540

Leu

Arg
620

Phe Tyr

Ser dn

Ser Asp
510

Ile Thr
525

Leu Leu

A u Leu

Phe Pro

Leu Ser
590

Arg Val
605

H s Val

Au Ser Ala dn

635

Asp

Val

495

Val

Leu

Al a
575

Leu

Tyr

Pro
480

Asn

Leu

Al a
560

Arg

Leu



<210> 95

<211> 769

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetically constructed Respiratory Synticial Virus antigen

<400> 95
Met Gu Leu Leu Ile Leu Lys Ala Asn Ala Ile Thr Thr Ile Leu Thr
1 5 10 15

Ala Val Thr Phe Cys Phe Ala Ser Gy An Asn Ile Thr Gu du Phe
20 25 30

Tyr A n Ser Thr Cys Ser Ala Val Ser Lys Gy Tyr Leu Ser Ala Leu
35 40 45

Arg Thr Ay Trp Tyr Thr Ser Val Ile Thr Ile GQu Leu Ser Asn lle
50 55 60

Lys A u Asn Lys Cys Asn Gy Thr Asp Ala Lys Val Lys Leu Ile Lys
65 70 75 80

A@n Qu Leu Asp Lys Tyr Lys Asn Ala Val Thr Qu Leu G n Leu Leu
85 90 95

Met G n Ser Thr Pro Ala Thr Asn Asn Arg Ala Arg Arg Gu Leu Pro
100 105 110

Arg Phe Met Asn Tyr Thr Leu Asn Asn Ala Lys Lys Thr Asn Val Thr
115 120 125

Leu Ser Lys Lys Arg Lys Arg Arg Phe Leu Ay Phe Leu Leu Gy Val



Ay
145

Leu

Lys

Adn

225

Leu

Leu

Met

Leu
305

130

Ser Al a

Gy GQu

Val Val

Asp Leu

195

Adn Ser

Lys Asn

Gy Val

Leu Ser

Met Ser
275

Cys lle
290

Tyr Ay

Ile

Val

Ser

180

Lys

Cys

Asn

Thr

Leu

260

Asn

Ile

Val

Al a

Asn

165

Leu

Asn

Ser

Arg

Thr

245

Ile

Asn

Lys

Ser

150

Lys

Ser

Tyr

Leu

230

Pro

Asn

Val

ASp
310

135

Ay

Ser

215

Leu

Val

Asp

Val

Lys

Ay

Asp

200

Asn

Ser

Met

Ile

280

Val

Al a

Ser

Val

185

Lys

Thr

Pro

265

Val

Leu

Val

Al a

170

Ser

Au

Thr

Tyr
250

Arg

Trp

Cys

155

Leu

Val

Leu

Thr

Arg

235

Met

Thr

Tyr

Lys
315

140

Lys

Leu

Leu

Leu

Val

220

Leu

Asn

Val
300

Leu

Val

Ser

Thr

Pro

205

Phe

Thr

Asp

Ser

285

Val

Hi s

Leu

Thr

Phe

190

Au

Ser

Thr

Hi s

Asn

175

Lys

Leu

Phe

Val

Ser

255

Lys

Ser

Leu

Ser

Leu
160

Lys

Val

Adn

Asn

240

Lys

Pro

Pro
320



Leu

Thr

Pro

Thr

Asp

385

Asp

Tyr

Lys

Thr

Lys

465

Leu

Asp

Adn

Met

370

Val

Ay

Thr

Val

450

Ser

Val

Thr

Arg

Al a

355

Phe

Ser

Lys

Phe

435

Ser

Leu

Phe

Thr

Ay

340

Au

Ser

Ser

Thr

420

Ser

Val

Tyr

Pro

Asn

325

Trp

Thr

Leu

Pro

Ser

405

Lys

Asn

Ay

Val

Ser
485

Thr

Tyr

Thr

Lys

390

Val

Ay

Asn

Lys

470

Asp

Lys

Lys

Leu

375

Tyr

Thr

Cys

Thr
455

Ay

Au

Asp

Val

360

Pro

Asp

Thr

Asp

440

Leu

Au

Phe

Ay

Asn

345

Adn

Ser

Ser

Ser

425

Tyr

Tyr

Pro

Asp

Ser Asn
330

Ser Asn

d u Val

Lys Ile
395

Leu Gy
410

Asn Lys

Val Ser

Tyr Val

Ile lle

475

Al a Ser
490

Ser

Arg

Asn

380

Met

Asn
460

Asn

I'le

Cys

Val

Val

365

Leu

Thr

Ile

Arg

Lys

445

Lys

Phe

Ser

Leu

Ser

350

Phe

Ser

Val

Ay

430

Ay

Adn

Tyr

Adn

Thr
335

Phe

Lys

Ser

415

Val

Asp

Val
495

Arg

Phe

Asp

Val

Thr
400

Asp

Ay

Pro
480



Leu

Hi s

545

Val

Val

Val

Lys

625

Arg

Asp

Lys

Pro

Leu

530

Hi s

Pro
610

Ay

Lys

Arg
515

Ser

Ay

Val

Val

595

Asp

Au

Asn

500

Asp

Thr

Ay

Leu
580

Phe

Val

Ile
660

Adn

Ay

Phe

Ser

Arg

565

Arg

Asp

Ser

Leu

Ay

550

Lys

Ay

Thr

Ay

630

Ser

Adn

Leu

Ay
535

Ay

Met

Ay

Val

615

Ay

Phe

Al a

Tyr

520

Ser

Ser

Ser

Val
600

Ay

Phe

505

Val

Ay

Ay

Val

585

Hi s

Lys

Thr

Au

Lys
665

Arg

Ser

Ser

Leu

570

Leu

Val

Phe
650

Arg

Lys

Hi s

Phe

Au

Ile

Leu

Thr

635

Ile

Lys

Ay

Asp

Hi s

540

Lys

Lys

Ser

620

Ser

Val

Ay

Tyr

Ay

525

Hi s

Lys

Ile

605

Val

Val

Ser

Val

Ile
510

Hi s

Hi s

Leu

Au

Pro

Phe
670

Pro

Trp

Hi s

Lys

Lys

575

Lys

Phe

Lys

Adn

Hi s

655

Tyr

Au

Val

Hi s

Al a
560

Thr

Cys
640

Leu

Met



Pro Gy

H s Thr
690

Val Lys
705

Gy Gy

Leu Al a

Val Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met Qu Leu Leu Ile Leu Lys Ala Asn Va

1

Al a Val

Val

675

Ile

Al a

Val

Val

96
730
PRT

Artificial

Met

Leu

Met

Ay
740

Lys

Thr

Lys

Lys

Leu

725

Val

Pro

Leu

Ay

710

Asp

Ay

Lys

Thr

Phe

695

Pro

Ser

Sequence

Au

680

Pro

Phe

Val

Al a

Phe
760

Leu

Ay

Pro

Leu
745

Val

Val Lys

d u Val

Asn Val
715

Gu Trp
730

Val Lys

G u Lys

Val

700

Lys

Phe

Ay

Met Lys
685

Gy Pro

Phe Val

Lys Al a

Thr Pro

750

Arg Ay
765

synthetically constructed Respiratory Synti ci al

96

Thr

5

10

Ile Ala Thr Ile

Leu Gy

d n Phe

Pro Thr
720

Gy Val
735

Asp G u

Cys Thr

Virus antigen

Leu Thr
15

Phe Cys Phe Ala Ser Ser G n Asn Ile Thr Gu G u Phe

20

25

30



Tyr

Arg

Lys

65

Adn

Met

Arg

Leu

Ay
145

Leu

Adn

Thr
50

Phe

Ser

130

Ser

Ay

Val

Asp

Ser
35

Ay

Leu

Ser

Met

115

Lys

Al a

Au

Val

Leu
195

Thr

Trp

Lys

Asp

Thr

100

Lys

Val

Ser
180

Lys

Cys

Tyr

Lys
85

Pro

Tyr

Arg

Asn
165

Leu

Ser

Thr

Asn

70

Tyr

Al a

Thr

Lys

Ser

150

Lys

Ser

Tyr

Ser

55

Ay

Lys

Thr

Leu

Arg

135

Ay

Asn

Val

40

Val

Thr

Asn

Asn

120

Arg

Val

Lys

Ay

ASp
200

Ser

Asp

Asn
105

Phe

Ser

Val
185

Lys

Lys

Thr

Val
90

Arg

Leu

Val

Al a

170

Ser

Ay

Ile

Lys

75

Thr

Lys

Ay

Cys

155

Leu

Val

Leu

Tyr

Au

60

Val

Arg

Lys

Phe

140

Lys

Leu

Leu

Leu

Leu

45

Leu

Lys

Leu

Arg

Thr

125

Leu

Val

Ser

Thr

Pro
205

Ser

Ser

Leu

Adn

Asn

Leu

Leu

Thr

Phe

190

I'le

Leu

95

Leu

Val

Ay

Hi s

Asn

175

Lys

Leu

Leu

Lys

80

Leu

Pro

Thr

Val

Leu

160

Lys

Val



Lys

Adn

225

Leu

Leu

Met

Leu

305

Leu

Thr

Pro

Thr

Asp

Lys

Ay

Leu

Met

Cys

290

Tyr

Cys

Asp

Adn

Met
370

Ser

Asn

Val

Ser

Ser

275

Ay

Thr

Arg

Al a

355

Asn

Phe

Cys

Asn

Thr

Leu

260

Asn

Ile

Val

Thr

Ay

340

Au

Ser

Asn

Ser

Arg

Thr

245

Asn

Lys

Asn

325

Trp

Thr

Leu

Pro

Leu
230

Pro

Val

ASp
310

Thr

Tyr

Thr

Lys

Ser

215

Leu

Val

Asp

Adn

Lys

Lys

Leu
375

Tyr

Asn

Ser

Met

Ile

280

Val

Pro

Asp

Val

360

Pro

Asp

Thr

Pro

265

Val

Leu

Ay

Asn
345

Ser

Au

Thr

Tyr

250

Ile

Arg

Trp

Ser
330

Ser

Lys

Thr

Arg

235

Met

Thr

Adn

Tyr

Lys

315

Asn

Ay

Val

Val
220

Au

Leu

Adn

Val

300

Leu

Ser

Arg

Asn

380

Met

Ile

Phe

Thr

Asp

Ser

285

Val

Hi s

Val

Val

365

Leu

Thr

Ser

Thr

Leu

Ser

350

Phe

Cys

Ser

Phe

Val

Ser

255

Lys

Ser

Leu

Ser

Thr

335

Phe

Asn

Lys

Asn
240

Lys

Pro

Pro

320

Arg

Phe

Asp

Val

Thr



385

Asp

Tyr

Lys

Thr

Lys

465

Leu

Ser

Ser
545

Val

Val Ser

Gy Lys

Thr Phe
435

Val Ser

450

Ser Leu

Val Phe

Lys Ile

Gy Ser

515

A u Leu

Val du

H s Leu

Ser

Thr

420

Ser

Val

Tyr

Pro

Asn

500

Phe

Ser

405

Lys

Asn

Ay

Val

Ser

485

Adn

Lys

Lys

Al a

390

Val

Ay

Lys
470

Asp

Ser

Lys

Ile
550

Ile

Thr

Thr
455

Ay

Leu

Hi s

535

Thr

Thr

Al a

Asp

440

Leu

Au

Phe

Al a

Lys

520

Lys

Lys

Phe

Ser

Ser

425

Tyr

Tyr

Pro

Asp

Phe
505

Thr

Leu

410

Asn

Val

Tyr

Val

Val

Val
570

395

Ay

Lys

Ser

Val

Ile

475

Ser

Arg

Au

Al a
555

Pro

Asn

Asn
460

Asn

Ay

Val
540

Val

Asp

Arg

Lys

445

Lys

Phe

Ser

Ay

Al a

525

Leu

Phe

Val

Ay

430

Ay

Tyr

Ser
510

Arg

Arg

Asp

Ser
415

Val

Asp

Val

495

Ay

Lys

Ay

Thr
575

400

Cys

Asp

Ay

Pro

480

Ay

Met

Ay
560

Val



Ile Lys

Ay Thr

Cys Lys
625

A u Leu

Pro Gy

Phe Pro

Val Cys
690

Al a Leu
705

Phe Val

<210>
<211>
<212>

Val
595

Phe

Val

Asn

675

Val

Au

97
676
PRT

Leu
580

Thr

Lys

Lys

Val

660

Val

Trp

Lys

Lys

Ser

Ser

Val

Ay

Al a

645

Val

Lys

Phe

Ay

Ile
725

Val

Val

Ser

Val

630

Met

Ay

Phe

Lys

Thr

710

Arg

Leu

Pro

615

Phe

Lys

Pro

Val

Al a

695

Pro

Ay

Lys

Hi s

Tyr

Leu

Adn

Pro

680

Ay

Asp

Cys

Cys

Leu

Met

Ay

Phe

665

Thr

Val

Au

Thr

Lys

Arg

Asp

Pro

Hi s

650

Val

Ay

Leu

Val

Ay

Lys

Ay
635

Thr

Lys

Ay

Arg
715

Val

Val
700

Ile

Val

605

Met

Leu

Met

Asn

685

Ay

Lys

Ile

590

Au

Ser

Thr

Lys

Lys

670

Leu

Val

Al a

Ay

Ser

Adn

Pro

Leu

655

Ay

Asp

Ay

Lys

Ay

Phe

Thr

640

Phe

Pro

Ser

Al a
720



<213> Artificial Sequence

<220>
<223> synthetically constructed Respiratory Synticial Virus antigen

<400> 97
Met Gu Leu Leu Ile Leu Lys Ala Asn Ala Ile Thr Thr Ile Leu Thr
1 5 10 15

Ala Val Thr Phe Cys Phe Ala Ser Gy An Asn Ile Thr Gu du Phe
20 25 30

Tyr A n Ser Thr Cys Ser Ala Val Ser Lys Gy Tyr Leu Ser Ala Leu
35 40 45

Arg Thr Ay Trp Tyr Thr Ser Val Ile Thr Ile GQu Leu Ser Asn lle
50 55 60

Lys Gu Asn Lys Cys Asn Gy Thr Asp Ala Lys Val Lys Leu Ile Lys
65 70 75 80

A@n Qu Leu Asp Lys Tyr Lys Asn Ala Val Thr Qu Leu G n Leu Leu
85 90 95

Met G n Ser Thr Pro Ala Thr Asn Asn Arg Ala Arg Arg Gu Leu Pro
100 105 110

Arg Phe Met Asn Tyr Thr Leu Asn Asn Ala Lys Lys Thr Asn Val Thr
115 120 125

Leu Ser Lys Lys Arg Lys Arg Arg Phe Leu Ay Phe Leu Leu Ay Val
130 135 140

Ay Ser Alalle Ala Ser Gy Val Ala Val Cys Lys Val Leu Hs Leu
145 150 155 160



Leu

Lys

Adn

225

Leu

Leu

Met

Leu

305

Leu

Ay

Val

Asp

Lys

Ay

Leu

Met

Cys
290

Tyr

Cys

Val

Leu

195

Ser

Val

Ser

Ser

275

Ay

Thr

Val

Ser

180

Lys

Thr

Leu

260

Ile

Val

Thr

Asn

165

Leu

Asn

Ser

Arg

Thr

245

Ile

Asn

Lys

Asn
325

Lys

Ser

Tyr

Leu
230

Pro

Val

ASp
310

Thr

I'le

Asn

Ser

215

Leu

Val

Asp

Lys

Lys

Ay

Asp

200

Asn

Au

Ser

Met

Ile

280

Val

Pro

Au

Ser Al a Leu

Val
185

Lys

Thr

Pro

265

Val

Leu

Cys

Ay

170

Ser

Adn

Au

Thr

Tyr

250

Arg

Trp

Ser
330

Val

Leu

Thr

Arg

235

Met

Thr

Tyr

Lys
315

Leu

Leu

Leu

Val

220

Leu

Val
300

Leu

Ser Thr Asn

Thr

Pro

205

Phe

Thr

Asp

Ser

285

Val

Hi s

Cys

Phe

190

Au

Ser

Asn

Tyr

Adn

Thr

Leu

175

Lys

Leu

Phe

Val

Ser

255

Lys

Ser

Leu

Ser

Thr
335

Lys

Val

Asn

Asn
240

Lys

Pro

Pro
320

Arg



Thr

Pro

Thr

Asp

385

Asp

Tyr

Lys

Thr

Lys

465

Leu

Asp

Met

370

Val

Ay

Thr

Val

450

Ser

Val

Lys

Arg

Al a

355

Phe

Ser

Lys

Phe

435

Ser

Leu

Phe

Ile

Ay

340

Au

Ser

Asn

Ser

Thr

420

Ser

Val

Tyr

Pro

Asn
500

Trp

Thr

Leu

Pro

Ser

405

Lys

Asn

Ay

Val

Ser

485

Adn

Tyr

Thr

Lys

390

Val

Ay

Lys
470

Asp

Ser

Lys

Leu

375

Tyr

Thr

Cys

Thr

455

Ay

Au

Leu

Asp

Val

360

Pro

Asp

Thr

Asp

440

Leu

Au

Phe

Al a

Asn
345

Ser

Ser

Ser

425

Tyr

Tyr

Pro

Asp

Phe
505

Ser

Lys

Leu
410

Val

Tyr

Ay

Asn

Val

Ile

395

Ay

Lys

Ser

Val

Ile

475

Ser

Arg

Ser

Arg

Asn

380

Met

Asn

Asn

460

Asn

I'le

Lys

Val

Val

365

Leu

Thr

Ile

Arg

Lys

445

Lys

Phe

Ser

Ser

Ser
350

Phe

Cys

Ser

Val

Ay

430

Ay

Tyr

Adn

ASp
510

Phe

Lys

Ser

415

Val

Asp

Val
495

Phe

Asp

Val

Thr
400

Asp

Ay

Pro

480

Asn

Leu



Leu

Arg

Pro

Arg

Thr

Ay

Ay

530

Pro

Leu

Thr

Ay

Ay

610

Arg

Val

Arg

<210>
<211>

Ay

515

Asp

Leu

Phe

Adn
595

Ser

Leu

Al a
675

98
274

Ser

Val

Pro

Asp

Asp

580

Leu

Al a

Tyr

Asn
660

Hi s

Ay

Asp

Asp

Leu

565

Hi s

Pro

Leu

Lys

Val

645

Arg

Ay

Asp

550

Ay

Leu

Pro

Al a
630

Ser

Leu

535

Val

Ay

Leu

Leu

Hi s

615

Leu

Leu

Ay

520

Asn

Arg

Au

Arg

Val

Ay

Leu

Ay

Ser

Ser

Leu

Leu
585

Ser

Ay
665

Asp

Adn

Cys

570

Phe

Arg

Ser

ASp
650

Asp

Leu

555

Leu

Thr

Leu

Asp

Ay

540

Ser

Pro

Trp

Leu

Val

620

Pro

Leu

Val

Arg
525

Val

Ay

Leu

Pro

605

Leu

Phe

Leu

Leu

Hi s

Val

590

Ay

Arg

Asn

Val

Trp
670

Leu

Al a
575

Hi s

Ay

Arg

Leu
655

Asp

Hi s
560

Tyr

Al a
640

Arg



<212>
<213>

<400>

Met
1

Leu

Ay

Leu

65

Ser

Phe

Ay

Adn

Lys
145

Asn

Thr

Ay

Leu

50

Lys

Leu

Thr
130

Arg

PRT _
Nei sseria neningitidis

98

Arg Thr Al a

Leu

35

Leu

Asn

Arg

Phe

115

Adn

Cys
20

Ser

Thr

Adn

Phe

5

Ser

Asp

Leu

Al a

Ay

85

Val

Ile

Arg

Phe

Ser

Thr

Adn

70

Lys

Tyr

Adn

Ile
150

Ay

Leu

Leu

55

Ay

Leu

Val

Lys

Asp

135

Ay

Ay

Thr

40

Asp

Lys

Asp

Asp

Leu

Ay
25

Asn

Ay
105

Ser

Ser

10

Ay

Pro

Ser

Lys

Asp

90

Hi s

Hi s

Leu

Val

Leu

Val

Thr

75

Lys

Leu

Ser

Ser

Ay
155

Thr Thr Al a

Asp

Arg

60

Tyr

Val

Ay
140

Hi s

45

Lys

Ay

Ser

Thr

Leu

125

Lys

Hi s

Asp
30

Lys

Asn

Arg

Leu

110

Thr

Met

Thr

Leu
15

Asp

Ay

Phe

95

Al a

Val

Ser

Ay

Lys

Lys

Asp

80

Asp

Ser

Phe

Phe
160



Asp

Ay

Al a
225

Tyr

Lys

<210>
<211>
<212>
<213>

<400>

Lys Leu

Ser Asp

Lys dn
195

Val
210

Asp

Val

Ser

Leu

d u Val

Adn

99
370
PRT

99

Pro

Asp

180

Ay

Leu

Ser

Ay

Lys
260

Ay

Ay

Ay

Ser
230

Ay

Il e Phe

245

Thr Val

Ay

Ay

Lys

Al a

215

Val

Ay

Asn

Arg

Lys

Ile

200

Asp

Leu

Ay

Ay

Nei sseria neningitidis

Met A n Thr Ala Ala Arg Arg Ser

1

dn Thr

20

5

Al a

Leu

185

Au

Tyr

Lys

Ile
265

Thr Tyr
170

Thr Tyr

H s Leu

Lys Pro

Asn dn

235

Al a
250

Arg H's

Arg

Thr

Lys

Asp

220

Al a

AQu

Ile

Ay

Ser
205

Ay

Val

Ay

Thr Al a
175

Asp Phe

190

Pro

Lys Arg

Lys Gy

Ay
255

Leu
270

Phe

Leu

Hi s

Ser

240

Ser

Phe Asp Tyr Asp Met Pro Leu lle

25

10

15

30

Pro Thr Ser Ala Cys An Ile Arg A n Ala Trp Ala Lys Val



Lys

Val

65

Ay

Thr

Leu

Ser

Adn

145

Val

Asp

Asp

Al a

50

Asp

Asp

Leu

Cys

Leu

130

Hi s

Lys

Val

Arg

Thr

35

Leu

Pro

Ser

Val

Pro

115

Asp

Pro

Al a

Ser

Hi s
195

Pro

Leu

Leu

Leu

Val

100

Leu

Asp

Arg

Tyr

180

Leu

Asp

Lys

Ile

Au

85

Al a

Lys

Ay

Arg

Al a

165

Leu

Ay

Arg

Adn

70

Met

Ay

Thr

Thr

150

Asp

Lys

Asp

Au

Thr

55

Asp

Al a

Val

Val

Pro

135

Val

Trp

Ser

Tyr

Thr

40

Asn

Leu

Arg

Arg

Leu

120

Au

Val

Val

Arg

Ile
200

Al a Val

Al a Leu

Phe Gy
90

Phe Met
105

Met Pro

Au A a

Val Tyr

Val Thr
170

Gy GQu
185

Arg Arg

Arg

Leu

AQu

75

Ay

Asp

Phe

Al a

155

Ser

Lys

Leu

Val

60

Thr

Leu

Ser

140

Ser

Leu

Thr

Lys Asp

45

Ala H's

Gy Gy

Hs Qu

Ser Al a

110

Al a Phe

Thr Ser

Val Al a

190

Gy Aa
205

Tyr

Al a
95

Lys

Leu
175

Ay

Asp

Ile

Tyr

Val

80

Ay

Asp

Al a

160

Pro

Met



Leu

Hi s

Ser

Phe

Ser

305

Ay

Asp

Asp

Pro

Leu

210

Leu

Pro

Thr

Pro

290

Ay

Arg

Phe

Al a
370

Trp

Ser

Val

275

Asp

Lys

Lys

Al a
355

Adn

Ser

Lys

260

Lys

Ser

Lys

Leu
340

Ay

Leu

Pro

245

Leu

Thr

Cys

Tyr

325

Ay

Ay

Ser

Lys

230

Leu

Asp

Phe

Al a
310

Leu

Cys

215

Ser

Lys

Leu

I'le

295

Phe

Leu

Lys

Ile

Au

Val

Al a

Ay

280

Al a

Cys

Thr

Al a

Arg
360

Val

Hi s

Pro

Ser

Lys

345

Ay

Hi s

Pro

Leu

Pro

Trp

Ay

330

Leu

Asp

Asp

235

Leu

Ser

Hi s

Thr

Met

315

Hi s

Pro

Val

Ay

Arg

Al a
300

Leu

Phe

Phe

Val

Asp

Pro

Met

285

Ay

Met

Asn
365

Lys Gy

Val Leu

Val Val
255

G u Lys

A n Lys

Asn Ser

Ile Leu
335

Arg Met
350

Gy Mt

Adn

Val

240

Ay

Lys

Ay

Leu

320

Leu

Leu

Ay



<210> 100
<211> 492
<212> PRT

<213>

<400> 100

Met
1

Al a

Thr

Ser

65

Ay

Ay

Thr

ASp
145

Phe Lys

Leu Ser
35

50

Pro Asn
115

Arg

Ay

20

Lys

Asp

Ay

Ay

Asn

100

Hi s

Pro

Asn

Ser
5

Ay

Pro

Ay

Al a

85

Asp

Thr

Asp

Thr

Val

Ay

Pro

Adn

70

Met

Pro

Al a
150

Ay

Al a

Adn

55

Asp

Al a

Pro

Al a

Ay

135

Asp

Nei sseria neningitidis

Ay

Pro

40

Met

Thr

Adn

Ser

120

Ay

Met

Ser

25

Val

Ay

Asp

Asn

105

Ser

Met

Al a Cys
10

Pro Asp

Val Ser

Ser dn

Al a Val

75

Lys Pro
90

Met Pro

Gn dy
155

Val

Ay
60

Ser

Lys

Asp

Pro
140

Asp

Phe

Lys

Lys

45

Adn

Thr

Ay
125

Asp

Al a

Ser

30

Au

Ay

Au

Au

Asp

110

Asn

Pro

Leu
15

Thr

ASp
95

Ser

Met

Ser

Ser

Asp

Au

Pro

Thr

80

AQu

Leu

Au

Pro

Al a
160



Ay

Pro

Cys
225

Adn

Ay

Al a
305

Ay

Ser

Ser

210

Lys

Leu

Tyr

Leu

Phe

290

Arg

A u Asn

Al a
195

Val Val

Ay Asp

Lys Ser

Lys Lys

260

Val
275

Al a

Tyr

Lys

Ser Arg

Al a Asp

Al a
165

Thr

Asn

Ser

Asp

Asp

Pro

Arg

Thr
325

Ay

Ser

Asp

Cys

230

Phe

Ay

Ser

Lys

Ser

310

Leu

Ay

Ay

Ay

215

Ser

Lys

Val

Pro

295

Leu

Thr

Ser

Ay

200

Pro

Ay

Lys

Pro

Val

Adn
185

Asp

Ser

Leu

Asp

265

Met

Ser

Al a

Asp

Al a
170

Phe

Ser

250

Ay

Lys

Phe

Au

Ay
330

Pro

Ay

Phe

235

Asp

Lys

Ay

Met
315

Ay

Arg

Ile
220

Leu

Arg
300

Pro

Thr Asn

Ser Ser

190

Thr
205

Asn

Thr Leu

Asp

Asp Lys

Asp Lys

270

Asn
285

Phe

Arg

Leu

Val Ser

Adn

175

Thr

Val

Thr

Ile

255

Phe

Tyr

Arg

Pro

Leu
335

Al a

Ay

Hi s

Val

240

Ser

Val

Ser

Val
320

Thr



Ay

Thr

Asn

385

Ser

Asp

Phe

Ay

Hi s

Tyr

Ay

370

Ay

Arg

Ay

Lys

Ay

450

Val

Phe

<210>
<211>
<212>
<213>

Ser

Ay
355

Ay

Al a
435

Ay

Ay

101
615
PRT

Artificial

Ay

340

Pro

Val

Arg

Ile

420

Al a

Ay

Ay

Val

Au

Ser

Leu

Phe

405

Asp

Ile

Asp

Lys

Phe
485

Lys

Lys

Hi s

390

Ser

Asp

Val

Tyr
470

Phe

Leu

Ay

375

Phe

Ay

Ay

Ser

455

Ser

Ay

Sequence

Ala Pro Qu

Pro

360

Hi s

Lys

Asp

Asn

440

Ay

Tyr

Lys

345

Ay

Met

Thr

Val

Ay

425

Ay

Lys

Arg

Lys

Ay

Leu

Asp

410

Leu

Phe

Phe

Pro

Ay

Ser

Asn

395

Phe

Hi s

Lys

Tyr

Thr
475

Tyr

Ay

380

Ay

Ay

Met

Ay

Ay

460

Asp

Asp

Tyr

Al a

365

Thr

Arg

Ser

Ay

Thr

445

Pro

Arg
350

Leu

Pro

Lys

Thr
430

Trp

Tyr

Arg

Val

Ser

Ser

415

Adn

Thr

Ay

Lys

Leu

Val

Tyr

Pro

400

Val

Lys

AQu

Au

Ay
480



<220>
<223> synthetically constructed Respiratory Synticial Virus antigen

<400> 101
G@n Asn Ile Thr Au Gu Phe Tyr A n Ser Thr Cys Ser Ala Val Ser
1 5 10 15

Lys Gy Tyr Leu Ser Ala Leu Arg Thr Ay Trp Tyr Thr Ser Val Ile
20 25 30

Thr Ile Qu Leu Ser Asn Ile Lys GQu Asn Lys Cys Asn Ay Thr Asp
35 40 45

Ala Lys Val Lys Leu Ile Lys Gn Qu Leu Asp Lys Tyr Lys Asn Al a
50 55 60

Val Thr Qu Leu dn Leu Leu Met A n Ser Thr Pro Ala Thr Asn Asn
65 70 75 80

Arg Ala Arg Arg Gu Leu Pro Arg Phe Met Asn Tyr Thr Leu Asn Asn
85 90 95

Ala Lys Lys Thr Asn Val Thr Leu Ser Lys Lys Arg Lys Arg Arg Phe
100 105 110

Leu Gy Phe Leu Leu Ay Val Gy Ser Ala lle Ala Ser Gy Val Al a
115 120 125

Val Cys Lys Val Leu H's Leu Qu Gy GQu Val Asn Lys Ile Lys Ser
130 135 140

Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser Leu Ser Asn Gy Val
145 150 155 160



Ser

Thr

Tyr

225

Arg

Trp

Ser
305

Val

Leu

Thr

Arg

210

Met

Thr

Adn

Tyr

Lys

290

Asn

Ay

Leu

Leu

Val

195

Leu

Adn

Val

275

Leu

Ser

Thr

Pro

180

Phe

Thr

Asp

Ser

260

Val

Hi s

Cys

Val

Phe
165

Ser

Adn
245

Tyr

Thr

Leu

Ser
325

Lys

Leu

Phe

Val

Ser

230

Lys

Ser

Leu

Ser

Thr

310

Phe

Val

Asn
215

Lys

Pro

Pro

295

Arg

Phe

Leu

Lys

Leu

Leu

Met

Leu

280

Leu

Thr

Pro

Asp

Adn

185

Lys

Ay

Leu

Met

Cys
265

Tyr

Asp

Adn

Leu
170

Ser

Val

Ser

Ser

250

Ay

Thr

Arg

Al a
330

Lys

Thr

Leu
235

Val

Thr

Ay
315

Asn

Ser

Arg

Thr
220

Lys

Asn
300

Trp

Thr

Leu
205

Pro

Val

Asp

285

Thr

Tyr

Cys

Ser

190

Leu

Val

Asp

Lys

Cys

Lys

ASp
175

Ser

Met

Ile

255

Val

Pro

Asp

Val
335

Lys

Thr

Pro

240

Val

Leu

Ay

Asn
320



Ser Asn

d u Val

Lys Ile

370

Leu Gy

385

Asn Lys

Val Ser

Tyr Val

Ile lle

450

Al a Ser

Ile Arg

Arg Lys

Met Qu

Arg

Asn

355

Met

Asn

Asn
435

Asn

Ay

Asp

Val
340

Leu

Thr

Arg

Lys

420

Lys

Phe

Ser

Tyr

Ay

500

Val

Phe

Ser

Val

Ay

405

Ay

Tyr

Ile
485

Au

Val

Asn

Lys

Ser

390

Val

Asp

Val

470

Pro

Trp

Leu

Asp

Val

Thr
375

Asp

Ay

Pro
455

Val

Thr

Asp

360

Asp

Tyr

Lys

Thr

Lys

440

Leu

Leu

Thr

Met

345

Val

Ay

Thr

Val

425

Ser

Val

Lys

Pro

Leu

505

Val

Asn

Phe

Ser

Lys

Phe

410

Ser

Leu

Phe

Arg
490

Ser

Pro

Ser

Asn

Ser

Thr

395

Ser

Val

Tyr

Pro

Asn

475

Asp

Thr

Ser

Leu

Pro

Ser

380

Lys

Asn

Ay

Val

Ser

460

Adn

Ay

Phe

Al a

Thr

Lys

365

Val

Ay

Lys
445

Asp

Ser

Leu

Leu

Leu
350

Tyr

Thr

Thr
430

Ay

Leu

Al a

Ay

510

Val

Pro

Asp

Thr

Asp

415

Leu

Au

Phe

Al a

Tyr

495

Ay

Al a

Ser

Cys

Ser

Ser

400

Tyr

Tyr

Pro

Asp

Phe

480

Val

Ser

Val



Lys Ile
530

Il e Val
545

Ser Asp

Pro Lys

AQulle

Trp Leu
610

<210>
<211>
<212>
<213>

<220>
<223>

<400>

515

Pro

Hi s

Leu

Val
595

Arg

102
588
PRT

Artificial

synthetically constructed Respiratory Synti ci al

102

Hi s

Ay

Lys
580

Al a

Leu

Leu

565

Au

Leu

Leu

Thr

550

Leu

Arg

Pro

Thr

Val

535

Ser

Leu

Val

I'le

Ay
615

Sequence

520

Au

Leu

Lys

Al a
600

Gu Arg

Tyr Arg

Val Lys

570

A u Leu
585

Gu @y

Leu Al a
540

Au du

555

Thr Thr

Hs Pro

Asn Arg

525

Al a

Ay

Thr

Tyr

Au
605

Cys Val

Ser Val

Asp Al a
575

d u Val
590

Tyr Leu

A@n Asn Ile Thr Qu Ju Phe Tyr G n Ser Thr Cys Ser Al a Val

1

Lys Gy

Tyr

5

10

15

Leu Ser Ala Leu Arg Thr @y Trp Tyr Thr Ser Val

20

25

30

Asn

Val

560

Phe

Pro

Asp

Virus antigen

Ser

Ile



Thr

Val
65

Arg

Leu

Val

Al a

145

Ser

Thr

Ile

Lys

50

Thr

Al a

Lys

Ay

Cys

130

Leu

Val

Leu

Thr

Arg

Au
35

Val

Arg

Lys

Phe

115

Lys

Leu

Leu

Leu

Val
195

Leu

Lys

Leu

Arg

Thr

100

Leu

Val

Ser

Thr

Pro

180

Phe

Ser

Leu

Au

85

Asn

Leu

Leu

Thr

Phe
165

Ser

Leu

70

Leu

Val

Ay

Hi s

Asn

150

Lys

Leu

Phe

Val

Lys

55

Leu

Pro

Thr

Val

Leu

135

Lys

Val

Adn

Lys

40

Adn

Met

Arg

Leu

Ay

120

Au

Al a

Leu

Lys

Adn

Al a

Phe

Ser

105

Ser

Ay

Val

Asp

Adn

185

Lys

Ay

Leu

Ser

Met

90

Lys

Val

Leu

170

Ser

Asn

Val

Lys

Asp

Thr

75

Asn

Lys

Ile

Val

Ser

155

Lys

Cys

Asn

Thr

Lys

60

Pro

Tyr

Arg

Asn
140

Leu

Ser

Arg

Thr

Asn
45

Tyr

Thr

Lys

Ser

125

Lys

Ser

Tyr

Leu
205

Pro

Ay

Lys

Thr

Leu

Arg

110

Ay

Asn

Ser
190

Leu

Val

Thr

Asn

Asn

95

Arg

Val

Lys

Ay

ASp
175

Ser

Asp

Asn
80

Phe

Ser

Val

160

Lys

Thr



Tyr
225

Arg

Trp

Ser

305

Ser

Lys

Leu
385

210

Met

Thr

Tyr

Lys

290

Ay

Asn

Val

Ile

370

Ay

Leu

Asn

Val
275

Leu

Ser

Arg

Asn

355

Met

Al a

Thr

Asp

Ser

260

Val

Hi s

Val

Val

340

Leu

Thr

Ile

Asn

Adn

245

Tyr

Thr

Leu

Ser

325

Phe

Ser

Val

Ser
230

Lys

Ser

Leu

Ser

Thr

310

Phe

Lys

Ser
390

215

Au

Lys

Pro

Pro

295

Arg

Phe

Asp

Val

Thr
375

Leu

Leu

Met

Leu

280

Leu

Thr

Pro

Thr

Asp

360

Asp

Tyr

Leu

Met

Cys
265

Tyr

Asp

Met
345

Val

Ay

Ser

Ser

250

Ay

Thr

Arg

Al a

330

Asn

Phe

Ser

Lys

Leu
235

Asn

Val

Thr

Ay

315

Ser

Ser

Thr
395

220

Ile

Asn

Lys

Asn

300

Trp

Thr

Leu

Pro

Ser
380

Lys

Val

ASp
285

Thr

Tyr

Thr

Lys
365

Val

Asp Met

Adn lle

255

d u Val

Thr Pro

Lys Qu

Cys Asp

Lys Val

335

Leu Pro

350

Tyr Asp

Ile Thr

Thr Al a

Pro
240

Val

Leu

Ay

Asn

320

Ser

Ser

Ser
400



Asn Lys

Val Ser

Tyr Val

Ile lle

450

Al a Ser

Ile Arg

Al a Leu

530

Thr Thr
545

Pro Tyr

Asn

Asn

Asn
435

Ay

Val

Cys

515

Ser

Asp

Au

Arg Ay
405

Lys Gy
420

Lys dn

Phe Tyr

Ser dn

Gy Ser

485

Al a Val

500

Val Asn

Val Val

Al a Phe

Val Pro
565

Ile

Val

Au

Asp

Val

470

Met

Lys

Ser

Pro
550

Au

Asp

Ay

Pro
455

Val

ASp
535

Lys

Lys

Thr

Lys
440

Leu

Pro

520

Hi s

Leu

Val

Thr

Val

425

Ser

Val

Lys

Val

Hi s

505

Ay

Lys

Al a

Phe

410

Ser

Leu

Phe

Val

490

Al a

Leu

Leu

Leu
570

Ser

Val

Tyr

Pro

Asn

475

Leu

Leu

Thr

Leu

Arg

555

Pro

Asn

Ay

Val

Ser

460

Adn

Ile

Val

Ser

Leu

540

Val

I'le

Ay

Lys

445

Asp

Ser

Thr

I'le
525

Leu

Lys

Al a

Thr
430

Ay

Leu

Val

Tyr

Val

Au

ASp
415

Leu

Phe

Pro

495

Arg

Arg

Lys

Leu

Ay
575

Tyr

Tyr

Pro

Asp

Phe

480

Ser

Leu

Thr

Hi s
560



Arg Gu Tyr Leu Asp Trp Leu Arg Qu Asn Thr Ay
580 585

<210> 103
<211> 634
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetically constructed Respiratory Synticial Virus antigen

<400> 103
G@n Asn Ile Thr AQu Gu Phe Tyr A n Ser Thr Cys Ser Ala Val Ser
1 5 10 15

Lys Gy Tyr Leu Ser Ala Leu Arg Thr Ay Trp Tyr Thr Ser Val Ile
20 25 30

Thr Ile Qu Leu Ser Asn Ile Lys GQu Asn Lys Cys Asn Ay Thr Asp
35 40 45

Ala Lys Val Lys Leu Ile Lys G n Qu Leu Asp Lys Tyr Lys Asn Al a
50 55 60

Val Thr Qu Leu A n Leu Leu Met A n Ser Thr Pro Ala Thr Asn Asn
65 70 75 80

Arg Ala Arg Arg Gu Leu Pro Arg Phe Met Asn Tyr Thr Leu Asn Asn
85 90 95

Ala Lys Lys Thr Asn Val Thr Leu Ser Lys Lys Arg Lys Arg Arg Phe
100 105 110

Leu Gy Phe Leu Leu Ay Val Gy Ser Ala lle Ala Ser Gy Val Al a
115 120 125



Val

Al a

145

Ser

Thr

Tyr
225

Arg

Trp

Cys

130

Leu

Val

Leu

Thr

Arg

210

Met

Thr

Adn

Tyr

Lys
290

Lys

Leu

Leu

Leu

Val

195

Leu

Adn

Val
275

Leu

Val

Ser

Thr

Pro

180

Phe

Thr

Asp

Ser

260

Val

Hi s

Leu

Thr

Phe

165

Au

Ser

Adn
245

Tyr

Thr

Hi s

Asn

150

Lys

Leu

Phe

Val

Ser

230

Lys

Ser

Leu

Ser

Leu
135

Lys

Val

Adn

Asn

215

Lys

Pro

Pro
295

Au

Al a

Leu

Lys

Leu

Leu

Met

Leu

280

Leu

Ay

Val

Asp

Adn

185

Lys

Ay

Leu

Met

Cys
265

Tyr

Val

Leu

170

Ser

Val

Ser

Ser

250

Ay

Thr

Val

Ser

155

Lys

Cys

Asn

Thr

Leu

235

Asn

Ile

Val

Thr

Asn

140

Leu

Asn

Ser

Arg

Thr
220

Lys

Asn
300

Lys

Ser

Tyr

Leu
205

Pro

Val

ASp
285

Thr

Asn

Ser

190

Leu

Val

Asp

Lys

Lys

Ay

ASp
175

Ser

Met

Ile

255

Val

Pro

Ser

Val

160

Lys

Thr

Pro

240

Val

Leu

Cys

Ay



Ser Asn
305

Ser Asn

du Val

Lys Ile
370

Leu Gy
385

Asn Lys

Val Ser

Tyr Val

Ile lle

450

Al a Ser
465

Ser

Arg

Asn

355

Met

Asn

Asn
435

Asn

Ile

Cys

Val

Val

340

Leu

Thr

Ile

Arg

Lys

420

Lys

Phe

Ser

Leu

Ser

325

Phe

Ser

Val

Ay

405

Ay

Tyr

Adn

Thr
310

Phe

Asn

Lys

Ser

390

Val

Asp

Val
470

Arg

Phe

Asp

Val

Thr
375

Asp

Ay

Pro
455

Thr

Pro

Thr

Asp

360

Asp

Tyr

Lys

Thr

Lys

440

Leu

Asp Arg

330

Met Asn
345

Il e Phe

Val Ser

Gy Lys

Thr Phe

410

Val Ser

425

Ser Leu

Val Phe

Lys Ile

Ay

315

AQu

Ser

Asn

Ser

Thr

395

Ser

Val

Tyr

Pro

Asn
475

Trp

Thr

Leu

Pro

Ser

380

Lys

Asn

Ay

Val

Ser

460

Adn

Tyr

Thr

Lys

365

Val

Ay

Lys
445

Asp

Ser

Lys

Leu

350

Tyr

Thr

Cys

Thr

430

ady

Au

Leu

Asp

Val

335

Pro

Asp

Thr

ASp
415

Leu

Phe

Asn
320

Ser

Ser

Ser

400

Tyr

Tyr

Pro

Asp

Phe
480



Ile

Arg

Met

Thr

Al a

545

Val

Pro

Asp

Arg
625

Arg

Lys

Val

Ser

530

Thr

Ay

Ay

Thr

610

Leu

<210>
<211>
<212>
<213>

Ay

Asp

Arg

515

Ay

Met

Ser
595

Pro

Arg

104
607
PRT

Tyr

Ay

500

Ay

Asp

Hi s

580

Leu

Pro

Ile Pro Qu
485

GQu Trp Val

lle Arg Gy

Ile Ala Thr
535

G@n Ser Tyr
550

Leu Thr Ser
565

Arg Val Pro

Pro Arg Val

Asp Arg Val
615

Asp Leu Qu
630

Artificial Sequence

Ala Pro

Leu Leu
505

Ala lle
520

Ile Leu

Al a Phe

Leu Leu
585

Ile Arg
600

Arg H's

Ser Al a

Arg Asp

490

Ser Thr

Thr Val

Leu Leu

Leu Al a

555

Pro Al a

570

Ser Al a

Val Leu

Val Tyr

Adn

Ay

Phe

Al a

AQu

Arg

Leu
620

Leu

Ser
525

Lys

Val

Leu
605

Ser

Al a

Ay

510

Asp

Met

Al a

Val

590

Trp

Au

Tyr

495

Ay

Thr

Leu

Phe

Arg

575

Pro

Asn

Val

Ser

Pro

Thr

560

Val

Thr

Val



<220>
<223> synthetically constructed Respiratory Synticial Virus antigen

<400> 104
G@n Asn Ile Thr AQu Gu Phe Tyr A n Ser Thr Cys Ser Al a Val Ser
1 5 10 15

Lys Gy Tyr Leu Ser Ala Leu Arg Thr Ay Trp Tyr Thr Ser Val Ile
20 25 30

Thr Ile Qu Leu Ser Asn Ile Lys GQu Asn Lys Cys Asn Ay Thr Asp
35 40 45

Ala Lys Val Lys Leu Ile Lys G n @u Leu Asp Lys Tyr Lys Asn Al a
50 55 60

Val Thr Qu Leu dn Leu Leu Met A n Ser Thr Pro Ala Thr Asn Asn
65 70 75 80

Arg Ala Arg Arg Gu Leu Pro Arg Phe Met Asn Tyr Thr Leu Asn Asn
85 90 95

Ala Lys Lys Thr Asn Val Thr Leu Ser Lys Lys Arg Lys Arg Arg Phe
100 105 110

Leu Gy Phe Leu Leu Ay Val Gy Ser Ala lle Ala Ser Gy Val Al a
115 120 125

Val Cys Lys Val Leu H's Leu Qu Gy GQu Val Asn Lys Ile Lys Ser
130 135 140

Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser Leu Ser Asn Gy Val
145 150 155 160



Ser

Adn

Thr

Tyr
225

Arg

Trp

Ser
305

Ser

Val

Leu

Thr

Arg

210

Met

Thr

Tyr

Lys

290

Ay

Asn

Leu

Leu

Val

195

Leu

Adn

Val

275

Leu

Ser

Arg

Thr

Pro

180

Phe

Thr

Asp

Ser

260

Val

Hi s

Cys

Val

Val

Phe
165

Ser

Asn

Adn

245

Tyr

Adn

Thr

Leu

Ser

325

Phe

Lys

Leu

Phe

Val

Ser

230

Lys

Ser

Leu

Ser

Thr

310

Phe

Val

Asn

Asn
215

Lys

Pro

Pro

295

Arg

Phe

Asp

Leu

Lys

Leu

Leu

Met

Leu

280

Leu

Thr

Pro

Thr

Asp

Adn

185

Lys

Ay

Leu

Met

Cys
265

Tyr

Asp

Adn

Met

Leu
170

Ser

Val

Ser

Ser

250

Ay

Thr

Arg

Al a

330

Asn

Lys

Thr

Leu
235

Val

Thr

Ay

315

Ser

Ser

Arg

Thr
220

Lys

Asn

300

Trp

Thr

Leu

Leu

205

Pro

Asn

Val

ASp
285

Thr

Tyr

Thr

Ser

190

Leu

Val

Asp

Lys

Lys

Leu

ASp
175

Asn

Ser

Met

Ile

255

Val

Pro

Asp

Val
335

Pro

Lys

Thr

Pro

240

Val

Leu

Ay

Asn

320

Adn

Ser



Lys

Leu
385

Val

Tyr

Val

Ile

370

Ay

Lys

Ser

Val

Ile

450

Ser

Arg

Ser

Lys

Asn
355

Met

Asn

Asn
435

Ay

Asp

Met
515

340

Leu

Thr

Arg

Lys

420

Lys

Phe

Ser

Ay

Thr

500

Leu

Ser

Val

Ay

405

Ay

Tyr

Adn

Ser

485

Pro

Lys

Ser

390

Val

Asp

Val

470

Met

Thr

Val

Thr
375

Cys

Asp

Ay

Pro

455

Asn

Val

Ser

Al a Asn

Asp

360

Asp

Tyr

Lys

Thr

Lys

440

Leu

Arg

Ay
520

345

Val

Ay

Thr

Val

425

Ser

Val

Lys

Ay

Ile
505

Phe

Ser

Lys

Phe

410

Ser

Leu

Phe

Ile
490

Adn

Asn

Ser

Thr

395

Ser

Val

Tyr

Pro

Asn

475

Arg

Al a

Ser

Pro

Ser

380

Lys

Asn

Ay

Val

Ser

460

Adn

Ay

Thr

Tyr

Lys
365

Val

Ay

Asn

Lys

445

Asp

Ser

350

Tyr

Thr

Thr
430

Ay

Leu

Leu
510

Asp Cys

Thr Ser

Al a Ser
400

Asp Tyr
415

Leu Tyr

Au Pro

Phe Asp

Al a Phe

480

Thr Val
495

Leu Leu

Leu Al a



Ala Val 1le Phe
530

Qu Ala Ala Arg

545

Arg Au Val Pro

Ala Leu Trp Asn

580

Leu Ser u Al a
595

<210> 105

<211> 744

<212> PRT

<213> Artificial

<220>

<223>

<400> 105

G@n Asn Ile Thr AQu Gu Phe Tyr dn Ser Thr Cys

1

Lys

Thr

Al a

Gy Tyr

Ile Au Leu Ser Asn Ile Lys Au Asn Lys Cys

35

Lys Val

Leu Ser Ala Leu Arg Thr Gy Trp Tyr

20

Lys Leu Ile Lys A n GQu Leu Asp Lys

Thr Val

Adn lle
550

Val
565

Pro

Thr Asp

Val Arg

5

Thr G u Asp
535

Gy Met His

Gy Ser Leu

Thr Pro @ n

585

Leu Arg Pro
600

Sequence

25

40

Leu

Arg

Pro

570

Asp

Asp

10

Thr

Val
555

Arg Val

Arg Val

Leu

Ser Al a

540

Pro Leu

Ile

Arg

A u Ser
605

synthetically constructed Respiratory Synti ci

Ser

Thr

Asn

45

Tyr

Phe

Leu

Arg

Hi s

590

Al a

al

Al a

Ser

30

Ay

Lys

Pro Al a

Ser Al a
560

Val
575

Leu
Val

Tyr

Adn

Virus antigen

Val
15

Ser

Val

Ile

Thr Asp

Asn Al a



Val
65

Arg

Leu

Val

Al a

145

Ser

Adn

Thr

Tyr
225

50

Thr

Al a

Lys

Ay

Cys

130

Leu

Val

Leu

Thr

Arg

210

Met

Au

Arg

Lys

Phe

115

Lys

Leu

Leu

Leu

Val

195

Leu

Leu

Arg

Thr

100

Leu

Val

Ser

Thr

Pro

180

Phe

Thr

Au

85

Leu

Leu

Thr

Phe
165

Ser

Asn

Leu

70

Leu

Val

Ay

Hi s

Asn

150

Lys

Leu

Phe

Val

Ser
230

55

Leu Met A n

Pro

Thr

Val

Leu

135

Lys

Val

Asn

Asn
215

Arg

Leu

Ay
120

Leu

Lys

Leu

Phe

Ser

105

Ser

Ay

Val

Asp

Adn

185

Lys

Ay

Leu

Ser

Met

90

Lys

Val

Leu

170

Ser

Val

Ser

Thr

75

Asn

Lys

Ile

Val

Ser

155

Lys

Cys

Asn

Thr

Leu
235

60

Pro

Tyr

Arg

Asn
140

Leu

Ser

Arg

Thr
220

Al a Thr

Thr Leu

Lys Arg
110

Ser Ay
125

Lys Ile

Ser Asn

Tyr lle

Il e Ser

190

Leu Leu
205

Pro Val

Asn Asp

Asn

95

Arg

Val

Lys

Ay

Asp

175

Asn

Ser

Met

Asn
80

Asn

Phe

Ser

Val

160

Lys

Thr

Pro
240



Arg

Trp

Ser

305

Ser

Lys

Leu
385

Thr

Tyr

Lys

290

Ay

Val

Ile

370

Ay

Lys

Val
275

Leu

Ser

Arg

Asn

355

Met

Asp

Ser

260

Val

Hi s

Val

Val

340

Leu

Thr

Ile

Arg

Adn

245

Tyr

Adn

Thr

Leu

Ser

325

Phe

Ser

Val

Ay
405

Lys

Ser

Leu

Ser

Thr

310

Phe

Lys

Ser
390

Lys

Pro

Pro

295

Arg

Phe

Asp

Val

Thr

375

Ile

Leu

Met

Leu

280

Leu

Thr

Pro

Thr

Asp

360

Asp

Tyr

Lys

Met Ser Asn Asn

Cys
265

Tyr

Asp

Adn

Met

345

Val

Ay

Thr

250

Ile

Ay

Thr

Arg

Al a

330

Phe

Ser

Lys

Phe
410

Ile

Val

Thr

Ay

315

Ser

Ser

Thr
395

Ser

Lys

Asn

300

Trp

Thr

Leu

Pro

Ser
380

Lys

Asn

Val

Au

Asp

285

Thr

Tyr

Thr

Lys

365

Val

Ay

Adn

Au

270

Thr

Lys

Lys

Leu

350

Tyr

Thr

Cys

Ile
255

Val

Pro

Asp

Val

335

Pro

Asp

Thr

ASp
415

Val

Leu

Ay

Asn

320

Adn

Ser

Ser

Ser
400

Tyr



Val Ser

Tyr Val

Ile lle

450

Al a Ser

Ile Arg

Arg Lys

Ser H s

Ser u

Leu Phe

545

Leu Ile

Asn

Asn
435

Ay

Asp

Hi s

515

Lys

Lys

Al a

Au

Lys

420

Lys

Phe

Ser

Tyr

Ay

500

Hi s

Lys

Ile
580

Ay

Tyr

Adn

I'le

485

Au

Hi s

Al a

Hi s

Au

565

Thr

Val

Au

Asp

Val

470

Pro

Trp

Hi s

Lys

Lys

550

Lys

Phe

Asp Thr

Gy Lys
440

Pro Leu
455

Asn d u

Val Leu

Hs H s
520

Ala du

535

Il e Val

Al a Val

Thr Val

Val

425

Ser

Val

Lys

Pro

Leu

505

Hi s

Au

Pro
585

Ser

Leu

Phe

Arg
490

Ser

Ay

Val

Val
570

Asp

Val

Tyr

Pro

Asn

475

Asp

Thr

Ay

Leu
555

Phe

Ay

Val

Ser

460

Adn

Ay

Phe

Ser

Arg

540

Arg

Asp

Asn

Lys

445

Asp

Ser

Leu

Ay

525

Lys

Ay

Thr

Thr

430

Ay

Au

Leu

Al a

Ay

510

Ay

Met

Ay

Val
590

Leu

Phe

Tyr
495

Ser

Ser

Ser

Val
575

Tyr

Pro

Asp

Phe

480

Val

Ay

Ay

Val
560

Hi s

Lys



Al a Leu

Val Thr
610

Phe Il e
625

G u Lys

Val Lys

d u Val

Asn Val

690

Gu Trp

Val Lys

G u Lys

<210>
<211>
<212>
<213>

Ser

595

Ser

Val

Ay

Val
675

Lys

Phe

Ay

106
705
PRT

Val

Val

Ser

Val

Met

660

Ay

Phe

Lys

Thr

Arg
740

Leu Lys Gu

615

Pro H s Leu
630

Phe Tyr Met
645

Lys Leu Gy

Pro d n Phe

Val Pro Thr
695

Ala Gy Val
710

Pro Asp Gu
725

Gy Cys Thr

Artificial Sequence

Lys

600

Arg

Asp

Pro

Hi s

Val

680

Ay

Leu

Val

Au

Ay

Lys

Au

Ay

Thr

665

Lys

Ay

Arg

Val
650

Val

Val

Ile

Val

Ile

635

Met

Leu

Met

Ay
715

Lys

Ile

Ser

Thr

Lys

Lys

Leu

700

Val

Ay
605

Ser

Pro

Leu

Ay

685

Asp

Ay

Lys

Ay

Phe

Thr

Phe

670

Pro

Ser

Ay

Al a

Cys

Pro

Phe

Val

Phe
735

Thr

Au

Lys

640

Leu

Ay

Pro

Leu
720

Val



<220>
<223> synthetically constructed Respiratory Synticial Virus antigen

<400> 106
G@n Asn Ile Thr AQu Gu Phe Tyr A n Ser Thr Cys Ser Al a Val Ser
1 5 10 15

Lys Gy Tyr Leu Ser Ala Leu Arg Thr Ay Trp Tyr Thr Ser Val Ile
20 25 30

Thr Ile Qu Leu Ser Asn Ile Lys GQu Asn Lys Cys Asn Ay Thr Asp
35 40 45

Ala Lys Val Lys Leu Ile Lys G n @u Leu Asp Lys Tyr Lys Asn Al a
50 55 60

Val Thr Qu Leu dn Leu Leu Met A n Ser Thr Pro Ala Thr Asn Asn
65 70 75 80

Arg Ala Arg Arg Gu Leu Pro Arg Phe Met Asn Tyr Thr Leu Asn Asn
85 90 95

Ala Lys Lys Thr Asn Val Thr Leu Ser Lys Lys Arg Lys Arg Arg Phe
100 105 110

Leu Gy Phe Leu Leu Ay Val Gy Ser Ala lle Ala Ser Gy Val Al a
115 120 125

Val Cys Lys Val Leu H's Leu Qu Gy GQu Val Asn Lys Ile Lys Ser
130 135 140

Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser Leu Ser Asn Gy Val
145 150 155 160



Ser

Adn

Thr

Tyr
225

Arg

Trp

Ser
305

Ser

Val

Leu

Thr

Arg

210

Met

Thr

Tyr

Lys

290

Ay

Asn

Leu

Leu

Val

195

Leu

Adn

Val

275

Leu

Ser

Arg

Thr

Pro

180

Phe

Thr

Asp

Ser

260

Val

Hi s

Cys

Val

Val

Phe
165

Ser

Asn

Adn

245

Tyr

Adn

Thr

Leu

Ser

325

Phe

Lys

Leu

Phe

Val

Ser

230

Lys

Ser

Leu

Ser

Thr

310

Phe

Val

Asn

Asn
215

Lys

Pro

Pro

295

Arg

Phe

Asp

Leu

Lys

Leu

Leu

Met

Leu

280

Leu

Thr

Pro

Thr

Asp

Adn

185

Lys

Ay

Leu

Met

Cys
265

Tyr

Asp

Adn

Met

Leu
170

Ser

Val

Ser

Ser

250

Ay

Thr

Arg

Al a

330

Asn

Lys

Thr

Leu
235

Val

Thr

Ay

315

Ser

Ser

Arg

Thr
220

Lys

Asn

300

Trp

Thr

Leu

Leu

205

Pro

Asn

Val

ASp
285

Thr

Tyr

Thr

Ser

190

Leu

Val

Asp

Lys

Lys

Leu

ASp
175

Asn

Ser

Met

Ile

255

Val

Pro

Asp

Val
335

Pro

Lys

Thr

Pro

240

Val

Leu

Ay

Asn

320

Adn

Ser



Lys

Leu
385

Val

Tyr

Val

Val

Ile

370

Ay

Lys

Ser

Val

Ile

450

Ser

Arg

Au

Al a

Asn
355

Met

Asn

Asn
435

Ay

Val
515

340

Leu

Thr

Arg

Lys

420

Lys

Phe

Ser

Ay

Al a

500

Leu

Ser

Val

Ay

405

Ay

Tyr

Adn

Ser

485

Arg

Arg

Lys

Ser

390

Val

Asp

Val

470

Ay

Lys

Val

Thr
375

Cys

Asp

Ay

Pro

455

Asn

Ay

Met

Asn

Asp

360

Asp

Tyr

Lys

Thr

Lys

440

Leu

Ser

Ser
520

345

Val

Ay

Thr

Val

425

Ser

Val

Lys

Ay

Phe

Ser

Lys

Phe

410

Ser

Leu

Phe

Ser
490

Leu

Au

Asn Pro

Ser Ser
380

Thr Lys
395

Ser Asn

Val Ay

Tyr Val

Pro Ser

460

Asn d n

475

G u Lys

Phe Lys

Au A a

Lys
365

Val

Ay

Asn

Lys

445

Asp

Ser

Lys

I'le
525

350

Tyr

Thr

Thr
430

Ay

Leu

Hi s
510

Asp

Thr

ASp
415

Leu

Phe

Al a

Lys

495

Lys

Lys

Cys

Ser

Ser

400

Tyr

Tyr

Pro

Asp

Phe
480



Val

Val

545

Lys

Arg

Asp

Pro

Hi s

625

Val

Ay

Leu

Val

Al a

530

Pro

Ay

Lys

Ay
610

Thr

Lys

Ay

Arg
690

Val

Asp Al a

Val

Val
675

Phe

Ile

Val

580

Met

Leu

Met

Asn

660

Ay

Lys

Al a

Asp

Ile

565

Au

Ser

Thr

Lys

Lys

645

Leu

Val

Al a

Ay

Thr

550

Ay

Ser

Pro

Leu

630

Ay

Asp

Ay

Lys

Ay
535

Val

Ay

Phe

Thr

615

Phe

Pro

Asn

Ser

Al a
695

Val

Ay

Cys

600

Pro

Phe

Val

Al a

680

Phe

Hi s

Lys

Thr

Lys

Leu

Ay

Pro

Cys
665

Leu

Val

Leu

Val
570

Phe

Val

Asn
650

Val

Au

Ile

Leu

555

Thr

Lys

Lys

Val

635

Val

Trp

Lys

Lys

Au lle Thr

540

Ser

Ser

Val

Ay

Al a

620

Val

Lys

Phe

Ay

I'le
700

Val

Val

Ser

Val

605

Met

Ay

Phe

Lys

Thr

685

Arg

Leu

Pro

590

Phe

Lys

Pro

Val

Al a

670

Pro

ady

Phe

Lys

Adn

575

Hi s

Tyr

Leu

Pro

655

Ay

Asp

Cys

Thr

Leu

Met

Ay

Phe

640

Thr

Val

Au

Thr



Au
705

<210> 107
<211> 645
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetically constructed Respiratory Synticial Virus antigen

<400> 107
G@n Asn Ile Thr AQu Gu Phe Tyr A n Ser Thr Cys Ser Ala Val Ser
1 5 10 15

Lys Gy Tyr Leu Ser Ala Leu Arg Thr Ay Trp Tyr Thr Ser Val Ile
20 25 30

Thr Ile Qu Leu Ser Asn Ile Lys GQu Asn Lys Cys Asn Ay Thr Asp
35 40 45

Ala Lys Val Lys Leu Ile Lys G n Qu Leu Asp Lys Tyr Lys Asn Al a
50 55 60

Val Thr Qu Leu A n Leu Leu Met A n Ser Thr Pro Ala Thr Asn Asn
65 70 75 80

Arg Ala Arg Arg Gu Leu Pro Arg Phe Met Asn Tyr Thr Leu Asn Asn
85 90 95

Ala Lys Lys Thr Asn Val Thr Leu Ser Lys Lys Arg Lys Arg Arg Phe
100 105 110

Leu Gy Phe Leu Leu Ay Val Gy Ser Ala lle Ala Ser Gy Val Al a
115 120 125



Val

Al a

145

Ser

Thr

Tyr
225

Arg

Trp

Cys

130

Leu

Val

Leu

Thr

Arg

210

Met

Thr

Adn

Tyr

Lys
290

Lys

Leu

Leu

Leu

Val

195

Leu

Adn

Val
275

Leu

Val

Ser

Thr

Pro

180

Phe

Thr

Asp

Ser

260

Val

Hi s

Leu

Thr

Phe

165

Au

Ser

Adn
245

Tyr

Thr

Hi s

Asn

150

Lys

Leu

Phe

Val

Ser

230

Lys

Ser

Leu

Ser

Leu
135

Lys

Val

Adn

Asn

215

Lys

Pro

Pro
295

Au

Al a

Leu

Lys

Leu

Leu

Met

Leu

280

Leu

Ay

Val

Asp

Adn

185

Lys

Ay

Leu

Met

Cys
265

Tyr

Val

Leu

170

Ser

Val

Ser

Ser

250

Ay

Thr

Val

Ser

155

Lys

Cys

Asn

Thr

Leu

235

Asn

Ile

Val

Thr

Asn

140

Leu

Asn

Ser

Arg

Thr
220

Lys

Asn
300

Lys

Ser

Tyr

Leu
205

Pro

Val

ASp
285

Thr

Asn

Ser

190

Leu

Val

Asp

Lys

Lys

Ay

ASp
175

Ser

Met

Ile

255

Val

Pro

Ser

Val

160

Lys

Thr

Pro

240

Val

Leu

Cys

Ay



Ser Asn
305

Ser Asn

du Val

Lys Ile
370

Leu Gy
385

Asn Lys

Val Ser

Tyr Val

Ile lle

450

Al a Ser
465

Ser

Arg

Asn

355

Met

Asn

Asn
435

Asn

Ile

Cys

Val

Val

340

Leu

Thr

Ile

Arg

Lys

420

Lys

Phe

Ser

Leu

Ser

325

Phe

Ser

Val

Ay

405

Ay

Tyr

Adn

Thr
310

Phe

Asn

Lys

Ser

390

Val

Asp

Val
470

Arg

Phe

Asp

Val

Thr
375

Asp

Ay

Pro
455

Thr

Pro

Thr

Asp

360

Asp

Tyr

Lys

Thr

Lys

440

Leu

Asp Arg

330

Met Asn
345

Il e Phe

Val Ser

Gy Lys

Thr Phe

410

Val Ser

425

Ser Leu

Val Phe

Lys Ile

Ay

315

AQu

Ser

Asn

Ser

Thr

395

Ser

Val

Tyr

Pro

Asn
475

Trp

Thr

Leu

Pro

Ser

380

Lys

Asn

Ay

Val

Ser

460

Adn

Tyr

Thr

Lys

365

Val

Ay

Lys
445

Asp

Ser

Lys

Leu

350

Tyr

Thr

Cys

Thr

430

ady

Au

Leu

Asp

Val

335

Pro

Asp

Thr

ASp
415

Leu

Phe

Asn
320

Ser

Ser

Ser

400

Tyr

Tyr

Pro

Asp

Phe
480



Hi s

Al a
545

Tyr

Al a
625

Arg

Arg

ASp
530

Arg

Pro
610

Arg

Thr

<210>

Ay

Ay

Pro

515

Leu

Thr

Ay

Ay

Arg

595

Val

Arg

108

Ay

Asp

500

Leu

Phe

Al a
580

Ser

Leu

Ser

485

Val

Pro

Asp

Asp

Leu
565

Tyr

Hi s
645

Ay

Asp

Asp

Leu

Hi s

550

Pro

Leu

Lys

Val

Arg
630

Ay

Asp

Ay

535

Leu

Pro

Asn
615

Ser

Leu

Val

520

Ay

Leu

Leu

Hi s

Leu

600

Leu

Ay

Asn

505

Arg

Arg

Val

585

Ay

Leu

Ay

Ser Asp
490

Ser dn

Leu Cys

Leu Al a

555

d u Phe

Cys Arg

Al a Ser

Ser Asp

Gy Aa
635

Asp

Leu

Ile
540

Leu

Thr

Leu
620

Asp

Ay

Ser

525

Pro

Trp

Leu

Val

Pro

605

Leu

Val

Arg

Val

510

Ay

Leu

Pro

Cys

590

Leu

Phe

Leu

Ile
495

Leu

Hi s

Val

Ay

575

Arg

Asn

Val

Trp

Leu

Hi s
560

Ay

Arg

Leu

ASp
640



<211>
<212>
<213>

<220>
<223>

<400>

A n Asn

Lys Gy

Thr Ile

50

Val Thr

65

Arg Al a

Al a Ser

Asn Lys

Leu Ser
130

678
PRT

Artificial

Sequence

RSV F- 10 DS- Cav1l1-8GS- Hel Ext - 50A

108

Ile

Tyr

Au

35

Val

Arg

Ay

Ile
115

Thr

Leu

20

Leu

Lys

Leu

Arg

Val

100

Lys

Ay

Au

Ser

Ser

Leu

Adn

Phe

85

Al a

Ser

Val

Au

Leu

70

Leu

Val

Al a

Ser

Phe

Leu

Lys
55

Leu

Ay

Cys

Leu

Val
135

Tyr

Arg

Lys

40

Adn

Met

Phe

Lys

Leu

120

Leu

Adn Ser
10

Thr Gy
25

A u Leu

Adn Ser

Leu Leu

90

Val Leu
105

Ser Thr

Thr Phe

Thr

Trp

Lys

Asp

Thr

75

Ay

Hi s

Asn

Lys

Cys

Tyr

Lys

60

Pro

Val

Leu

Lys

Val
140

Ser

Thr

Asn

45

Tyr

Al a

Ay

Al a
125

Leu

Al a

Ser

30

Ay

Lys

Thr

Ser

Ay

110

Val

Asp

Val

15

Val

Thr

Asn

Al a

95

Val

Leu

Ser

Asp

Asn
80

Val

Ser

Lys



Asn
145

Ser

Arg

Thr

Asn
225

Lys

Trp

Thr
305

Leu

Leu

Pro

Asn

210

Val

Asp

Thr

Tyr

290

Cys

Thr

Ser

Leu

Val

195

Asp

Thr

Lys

275

Lys

Leu

Asp

Asn

Met

Val

Pro

260

Asp

Val

Pro

Lys

Ile

165

Thr

Pro

Val

Leu

245

Ay

Adn

Ser

Au

Thr

Tyr

I'le

Arg

230

Trp

Ser

Ser
310

Leu

Thr

Arg

Met

Thr

215

Tyr

Lys

Ay
295

Asn

Val

Leu

Val

Leu
200

Asn

Val

Leu

Ile

280

Ser

Arg

Asn

Pro

Phe

185

Thr

Asp

Ser

Val

Hi s

265

Cys

Val

Val

Leu

Ile

Adn

Tyr

Leu

Ser

Phe

Cys

Leu

155

Phe

Val

Ser

Lys

Ser

235

Leu

Ser

Thr

Phe

Cys
315

Asn

Adn

Asn

Lys

220

Pro

Pro

Arg

Phe

300

Asp

Val

Lys

Adn

Leu

205

Leu

Met

Leu

Leu

Thr

285

Pro

Thr

Asp

Lys

Ay

190

Leu

Met

Cys

Tyr

Cys

270

Asp

Adn

Met

Ser

Asn

175

Val

Ser

Ser

Ay

255

Thr

Arg

Al a

Asn
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Lys

Ay
510

Val

Ay

Phe

Thr

590
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Pro
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Ser Val
495
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Ile Lys

Ay Thr
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575
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660 665 670

GQu Lys Ile Arg Ay Cys Thr Qu
675 680

<210> 112
<211> 712
<212> PRT
<213> Artificial Sequence

<220>
<223> RSV_F-14 DS- Cavl-fol don- 15GS- Hel Ext - 50A

<400> 112
G@n Asn Ile Thr AQu Gu Phe Tyr A n Ser Thr Cys Ser Ala Val Ser
1 5 10 15

Lys Gy Tyr Leu Ser Ala Leu Arg Thr Ay Trp Tyr Thr Ser Val Ile
20 25 30

Thr Ile Qu Leu Ser Asn Ile Lys GQu Asn Lys Cys Asn Ay Thr Asp
35 40 45

Ala Lys Val Lys Leu Ile Lys G n @u Leu Asp Lys Tyr Lys Asn Al a
50 55 60

Val Thr Qu Leu A n Leu Leu Met A n Ser Thr Pro Ala Thr Asn Asn
65 70 75 80

Arg Ala Arg Arg Phe Leu Ay Phe Leu Leu Ay Val Gy Ser Ala lle
85 90 95

Ala Ser Ay Val Ala Val Cys Lys Val Leu Hs Leu Qu Ay Gu Val
100 105 110



Leu

Asn

145

Ser

Arg

Thr

Asn
225

Lys

Asn

Trp

Lys

Ser

130

Tyr

Leu

Pro

Asn

210

Val

Asp

Thr

Tyr

Ile
115

Asn

Ser

Leu

Val
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Adn

Thr

Lys
275

Cys

Lys

Ay

Asp

Met

Val
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260
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Ser
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Lys

Ile

165

Thr
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Leu

245

Ay

Ser

Thr

Tyr
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Leu
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215
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Tyr

Lys

Asn

Ay

Leu
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Leu

Leu

Val

Au

Leu

200

Adn

Val

Leu

Ile

280

Ser

Ser Thr Asn

Thr

Pro

Phe

185

Thr

Asp

Ser

Val

Hi s

265

Val

Phe

Tyr

Leu

Ser

Lys

Leu

155

Phe

Val

Ser

Lys

Ser

235

Leu

Ser

Thr

Phe

Lys

Val
140

Asn

Lys

220

Pro

Pro

Arg

Phe

Al a
125

Leu

Lys

Leu
205

Leu

Met

Leu

Leu

Thr

285

Pro

Val

Asp

Lys

Ay
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Leu

Met
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Tyr
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Leu
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Asn
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Val

Ser

Ser

Ay
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Thr

Arg
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Asn
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Leu

Asn
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Val

Thr
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Au



Thr

305

Leu

Pro

Ser

Lys

Asn

385

Ay

Val

Ser
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465
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Lys
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Cys
370
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Asp
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450
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355
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Ay
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Asp

340
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325

Ser
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Tyr

405

Pro
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Phe
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Ser

310

Au
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Leu

Asn
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390
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470

295

Asn
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Ay

Lys

375

Ser
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Ser
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455

Lys
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Asn

Met
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360

Asn

Asn

Ile

440

Ay

Asp

Val Phe
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Thr Ser

345

Il e Val

Arg Ay

Lys Gy
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Phe Tyr

425

Ser dn
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315
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395
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Asp
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Pro

Trp
475

300

Asp
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Thr

Ile

380

Asp

Ay
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Asp
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365

Lys

Thr

Lys

Leu
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Met

Val

350
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Thr
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Ser
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430

Lys

Pro
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Asn

Phe
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Ser
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415

Phe

Arg
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Ser

320
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Thr

Ser

Val

400

Tyr

Pro

Asp

Thr
480



Phe

Ay

Leu

Leu
545

Val

Phe

Val
625

Leu

Au

Phe

Leu

Thr

Lys
610

Lys

Val

Gy Ser

Lys Al a
500

Lys Lys
515

Ser Val

Ser Val
580

Val Ser

595

Gy Val

Al a Met

Val Ay

Ay

485

Al a

Hi s

Au

Thr

Leu

565

Au

Pro

Phe

Lys

Pro
645

Ay

Lys

Lys

Lys

Phe

550

Lys

Hi s

Tyr

Leu
630

Ser Ay Ser Ay Ser Gy

Al a
535

Thr

Leu

Met

615

Ay

Phe

Au

Val

520

Val

Val

Lys

Arg

Asp

600

Pro

Hi s

Val

Au
505

Al a

Pro

Ay

Lys

585

Ay

Thr

Lys

490

Al a

Val

Val

Asp

Al a

570

Al a

Au

Val

Al a
650

Al a

Leu

Phe

Al a

555

Val

Met

Leu
635

Met

Arg

Arg

Al a

540

Asp

Ser

Thr

620

Lys

Lys

Ay

Lys

Al a

525

Ay

Thr

Ay

Ser

Adn

605

Pro

Leu

Ay

Ser

Met

510

Asn

Ay

Val

Ay

590

Phe

Thr

Phe

Pro

Ay

495

Au

Ser

Val

Ay
575

Pro

Phe
655

Ser

Val

Hi s

Lys

560

Thr

Lys

Leu

Ay

640

Pro



Asn Val Lys

G u Trp Phe
675

Val Lys Ay

690

GQu Lys Ile
705

<210>
<211>
<212>
<213>

113
717
PRT

<220>
<223>
<400> 113
Adn Asn Ile
1

Lys Gy Tyr

Thr Ile Qu

35

Al a Lys Val
50

Val
65

Thr du

Phe
660

Lys

Thr

Val Pro Thr

Ala Gy Val

Pro Asp Gu

695

Gy dy Vval
665

Leu Al a Val
680

Val

Arg Ay Cys Thr Gu

Artificial

Thr

Leu

20

Leu

Lys

Leu

710

Sequence

A u du Phe
5

Ser Al a Leu

Ser Asn Ile

Leu Ile Lys
55

A n Leu Leu
70

dn Ser
10

Tyr

Arg Thr Ay
25

Lys G u Asn
40

Adn du Leu

Met A n Ser

Arg Gu Lys Al a

Asn Leu Asp

Gy val dy

685

Lys
700

RSV F- 15 DS- Cavl-f ol don-20GS- Hel Ext - 50A

Thr Ser

Cys

Trp Tyr Thr

Asn
45

Lys

Asp Lys

60

Tyr

Thr
75

Pro Al a

Asn Val
670

Cys

Ser Al a Leu

Al a Phe Val

Al a Val

15

Ser

Ser
30

Val

Gy Thr Asp

Lys

Thr Asn

80



Arg

Asn

Leu

Asn

145

Ser

Arg

Thr

Asn
225

Lys

Ala Arg

Ser Ay

Lys Ile
115

Ser Asn
130

Tyr lle

Il e Ser

Leu Leu

Pro Val
195

Asn Asp
210

Val dn

Arg

Val

100

Lys

Ay

Asp

Asn

Met

Ile

Val

Phe
85

Leu

Al a Val

Ser

Val

Lys

Ile

165

Thr

Pro

Val

Leu
245

Ser

Thr

Tyr

Arg
230

Ay

Leu

Val

135

Leu

Thr

Arg

Met

Thr

215

Adn

Tyr

Phe

Lys

Leu

120

Leu

Leu

Val

Au

Leu

200

Asn

Adn

Val

Leu

Val
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Ser

Thr

Pro

Phe
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Thr

Asp

Ser

Val

Leu

90

Leu
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Phe

Adn

Tyr

Ay

Hi s

Asn

Lys

Leu
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Phe

Val

Ser

Lys

Ser

235

Leu

Val

Leu

Lys

Val
140

Adn

Lys
220

Pro

Ay

Al a

125

Leu

Lys

Adn

Leu

205

Leu

Met

Leu

Ser

Ay

110

Val

Asp

Lys

Ay

190

Leu

Met

Cys

Tyr

Al a

95

Val

Leu

Ser

Asn

175

Val

Ser

Ser

Ile

Ay
255

Ile

Val

Ser

Lys

Cys

160

Asn

Thr

Leu

Asn

Ile

240

Val



Trp

Thr

305

Leu

Pro

Ser

Lys

Asn

385

Ay

Val

Asp

Thr

Tyr

290

Cys

Thr

Lys

Val

Cys

370

Ay

Asn

Lys

Thr

Lys
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Lys

Leu

Tyr
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355

Thr
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Ay
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260

Asp

Val
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Asp

340
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Leu

Trp
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310

Ser
325

Lys
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Leu
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Tyr
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Asn
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360

Ay
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Ser Lys

Val
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Ser

Adn

Ay

465

Phe

Ay

Arg

Arg

Al a

545

Asp

Ser
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Al a
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Ay
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Ay
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Leu
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Val
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Trp
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Lys

Lys
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Lys
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Hi s

Tyr
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Val

Ay
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540

Thr

Leu
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Ay

Au
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Lys
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Lys
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Leu
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Ay
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Ay

Arg
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Ay
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Thr

625

Lys

Lys

Leu

Val

Al a
705

610

Pro

Leu

Ay

Asp

Ay
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Lys

Thr du

Phe Pro

Pro Phe
660

Asn Val
675

Ser Al a

Al a Phe

Leu

Ay
645

Pro

Cys

Leu

Val

Val
630

Au

Au

Val

615

Lys Al a

Val Val

Val Lys

Trp Phe
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Lys Gy
695

Lys Ile
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Phe
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Thr

Arg

Lys

Pro
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Val

Pro

Ay

Leu
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Adn

Pro

Ay
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Gu Val Arg Qu Lys
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