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SELF-ASSSEMBLING NANOSTRUCTURE VACCINES 

CROSSREFRENCE 

[0001] Thisapplication claims priority to U.S. Provisional Patent Application Serial Nos.  

62/636,757 filed February 28, 2018 and 62/724,721 filed August 30, 2018, each incorporated 

by reference herein in its entirety.  

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY 

[00021 This application is being filed electronically via EFS-Web and includes an 

electronically submitted sequence listing in .txt format. Tie .txt file contains a sequence 

listing entitled "ICVX_00102WOSeqListST25.txt" created on February 27, 2019 and 

having a size of ~ 373 kilobytes.  

FIELD OF THE INVENTION 

[00031 The present disclosure relates generally to vaccines and methods of use thereof.  

Specifically, the disclosure relates to nanostructure-based vaccines capable of eliciting 

immune responses to antigens, such as antigenic proteins of various infectious agents, 

including bacteria, viruses, and parasites.  

BACKGROUND OF THE INVENTION 

[00041 Vaccination is a treatment modality used to prevent or decrease the severity of 

infection with various infectious agents, including bacteria, viruses, and parasites.  

Development of new vaccines has important commercial and public health implications. In 

particular, lyme disease, pertussis, herpes virus, orthomyxovirus, paramyxovirus 

pneumovirus, filovirus, flavivirus, reovirus, retrovirus, and malaria are infectiousagents for 

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

[00051 Subunit vaccines are vaccines made from isolated antigens, usually proteins 

expressed recombinantly in bacterial, insect, 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 in some cases 

other components of the infectious agent can be used. Typical antigens for use in subunit 

vaccines include protein expressed on the surface of the target infectious agent, as such 

surface-expressed envelope glycoproteins of viruses. Preferably, the antigen is a target for 

neutralizing antibodies. More preferably, the antigen is a target for broadly neutralizing 

antibodies, such that the immune response to the antigen covers immunity against multiple 

strains of the infectious agent. In some cases, glycans that are N-linked or 0-linked to the 

subunit vaccine may also be important in vaccination, either by contributing to the epitope of 

the antigen or by guiding the immune response to particular epitopes on the antigen by steric 

hindrance.'The immune response thatoccurs in response to vaccination may be direct to the 

protein itself, to the glycan, or to both the protein and linked glycans. Subunit vaccines have 

various advantages including that they contain no live pathogen, which eliminates concems 

about infection of the patient by the vaccine; they may be designed using standard genetic 

engineering 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 generationof desirable antibodies, such as neutralizing or broadly 

neutralizing antibodies. In particular, structural information about an antigen of interest., 

obtained by X-ray crystallography, electron microscopy, or nuclear magnetic resonance 

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

[0006] A known limitation of subunit vaccines is that the immune response elicited may 

sometimes be weaker than the immune response to other types of vaccines, such as whole 

virus, live, or live attenuated vaccines. The present inventors have recognized and herein 

disclose that nanostructure-based vaccines have the potential to harness the advantages of 

subunit vaccines while increasing the potency and breadth of the vaccine-induced immune 

response through multivalent display of the antigen in symmetrically 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 to 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 micelles (s e.g., US Patent Pub. No. US 

2004/0038406 A), and synthetic biodegradable particles (see, ejZ., US Patent No. US 

8,323,696). Nanostructure-based vaccination represents a paradigm in vaccination with 
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significant commercial and public health implications. Thus, there exists a need for 

nanostructure-based vaccines and methods of use thereof for eliciting immune responses to 

infectious agents, such as bacteria, viruses, and parasites; and for preventing or decreasing the 

severity of infection with an infectious agent including, for example and without limitation, 

lyme disease, pertussis, herpes virus, orthomyxovirus, paramyxovirus, pneumovirus, 

filovirus, flavivirus, reovirus, retrovirus, meningococcus, and malaria.  

SUMMARY OFTHE INVENTION 

[00071 Described herein are nanostructures, vaccines, methods of use thereof, and 

methods of inaking said nanostructures.  

[00081 In one aspect, the present disclosure provides nanostructures comprising a first 

plurality of polypeptides, wherein the first plurality of polypeptides 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 has a proximal end and a distal end; and the proximal 

ends of the antigens are each attached to a member of the first plurality of polypeptides.  

[00091 In another aspect, the present disclosure provides vaccines comprising any of the 

nanostructures of the present disclosure, wherein the vaccine is capable of eliciting a 

neutralizing antibody response to an infectious agent. In an embodiment, the vaccine is 

provided in a pharmaceutical composition.  

[00101 In another aspect, the present disclosure provides methods of generating immunity 

to an infectious agent in a subject, comprising administering any of the vaccines of the 

present disclosure.  

[00111 In another aspect, the present disclosure provides methods of making any ofthe 

nanostructures of the present disclosure by in vitro assembly of component purified from one 

or more recombinant expression systems. In another aspect, the present disclosure provides 

methods of making any of the nanostructures of the present disclosure by co-expression of all 

components in a recombinant expression system, thereby generating the nanostructure, and 

purifying the nanostructure.  

[00121 In an embodiment of the nanostructures of the present disclosure, the 

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

3
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plurality of polypeptides 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, each 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; nd 

optionally, the proximal ends of the antigens are the N termini of the antigens or the C 

termini of the antigens.  

[0013] 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 NOs: 52-88 and 90-113 or 

a variant thereof; or the antigenic protein is at least 75, 80, 85, 90, 95, or 99% identical to a 

polypeptide selected from SEQ ID NOs: 52-88 and 90-97; or the antigenic protein is any of 

the following: IIV Env, RSV F, Influenza HA, EBV gp350, CMV gB, CMV UL128, CMV 

UL130, CMV UL13IA. CMV gH, CMV gL, Lyme OspA., Pertussis toxin, Dengue E, SARS 

S, MERS S, Zaire ebolavirus GP, Sudan ebolavirus GP, Marburg virus GP, Hanta virus Gn, 

Hlanta virus Ge, HepB surface antigen, Measles -, Zika envelope domain III, Malaria CSP, 

Malaria Pfs25, MenB fl-bp, MenB NadA, MenB NH-BA, Nipah virus F, Nipah virus (, 

Rotavirus VP4, Rotavirus VP8*., hMPV F, hMPV G, PV F, or PV HN 8.  

[0014] 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 defined herein 

below. In any embodiment where the nanostructure comprises a plurality ofantigenic 

proteins, optionally the nanostructure is configured to elicit an immune response to the first 

plurality ofantigenic 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 epitope for neutralizing antibodies, it is an epitope for cross-reactive 

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

[00151 In an embodiment of the nanostructures of the present disclosure, the plurality of 

antigens comprises at least one mutation selected from the group consisting of an interface

stabilizing mutation, complementary cvsteine mutations configured to result in a disulfide 

bond, deletion of a loop, addition of an N-linked glycosylation site, removal of an N-linked 

glycosylation 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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[00161 In an embodiment of the vaccines of the present disclosure, the neutralizing 

antibody response is protective against infection by an infectious agent. In an embodiment, 

the neutralizing antibody response is broadly-neutralizing against diverse strains of an 

infectious agent. In an embodirent, tie infectious agent is any of the following: lyme 

disease, pertussis, herpesvirus, orthomyxovirus, paramyxovirus, pneumovirus, filovirus, 

flavivirus, reovirus, retrovirus, meningococcus, or malaria. In an embodiment, the infectious 

agent is a virus selected from the following: HIV, RSV, Influenza, EBV, CMV, Dengue, 

Severe Acute Respiratory Syndrome (SARS) virus, Middle East Respiratory Syndrome 

(MERS) virus, Ebola virus, Marburg virus, Hanta virus, Hepatitis B, HPV, Measles, Nipah 

virus, Rotavirus, Metapneumo virus, Parainfluenza virus, and Zika. In an embodiment, the 

infectious agent is lyme disease or pertussis. In an embodiment, the infectious agent is 

malaria. In an embodiment, the infectious agent is meningococcus.  

[00171 In an embodiment of the methods of generating immunity of the present 

disclosure, the method further comprises administering an adjuvant. In an embodiment, the 

method further comprises administering the vaccine repeatedly. In an embodiment, the 

method further comprises administering a second vaccine which is 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 vaccine is a prime and the 

first vaccine is a boost. In an embodiment, the method induces directed affinity maturation. In 

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

[00181 In an embodiment of the methods of making any of the nanostructures of the 

present disclosure, the method achieves in vitro assembly of the nanostructure by sequentially 

or non-sequentially expressing the first plurality of polypeptides in a first recombinant 

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

expression system, purifying the first plurality of polypeptides, purifying the first plurality of 

antigens, provided that expressionof each component precedes purification of that 

component; and then mixing the first plurality of polypeptides and the first plurality of 

antigens; thereby generating the nanostructure.  

[00191 In an embodiment of the methods of making a nanostructure, the method achieves 

in vitro assembly of the nanostructure by sequentially or non-sequentially expressing the first 

plurality of polypeptides in a first recombinant expression system, expressing the first
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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, purifying the first 

plurality of polypeptides, purifying 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.  

[00201 In an embodiment of the methods of making a nanostructure, the method 

comprises expressing the first plurality of polypeptides and the first plurality of antigens in a 

single recombinant expression system, thereby generating the nanostructure, and purifying 

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 ina 

single recombinant expression system, thereby generating the nanostructure, and purifying 

the nanostructure. In an embodiment, optionally, the first plurality of polypeptides and the 

first plurality 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.  

[00211 The foregoing paragraphs are not intended to define eer aspectof the invention, 

and additional aspects are described in other sections, such as the Detailed Description. The 

entire document is intended to be related as a unified disclosure, and it should be understood 

that all combinations of features described herein are contemplated, even if the combination 

of features are not found together in the same sentence, or paragraph, or section of this 

document. The invention includes, as an additional aspect, all embodiments of the invention 

narrower in scope in any way than the variations 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 is, individually, an aspect of the invention.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[00221 FIG. 1A shows a schematic diagram of the production of antigen-bearing 

nanostructures by in vitro assembly. The two components or building blocks of a given 
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nanostructure can be expressed and purified individually, which allows assembly of the 

nanostructure to be initiated by mixing the purified components in vitro, 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 H-EK293F cells or bacterial F col cells).  

The figure schematically depicts assembly of a 120-subunit nanostructure bearing 20 trimeric 

antigens (60 antigen subunits) via in vitro assembly of an anticen-nanostructure trimer fusion 

protein produced in HEK293F cells and a nanostructure pentamer protein produced in E coi.  

[00231 FIG. 1B depicts example nanostructure architectures.  

[00241 FIGs. 2A-2C shows graphs illustrating detection of secreted DS-CavI (FIG. 2A), 

DS-Cavl-foldon-T3-3IA (FIG. 2B), and DS-Cavl-T33-31A (FIG. 2C) fusion proteins in 

tissue culture supernatants. ELISA assays were performed on tissue culture supernatants from 

cells expressing DS-CavI (top), DS-Cav--foldon-T33-3IA/T33-31B (bottom left), and DS

Cav-1-T33-3IA/T33-31B (bottom right). Four different monoclonal antibodies that bind RSV 

F were used to evaluate the presence of DS-Cav or DS-Cav fusion proteins in the 

supematants. The results confirm the secretion of proteins comprising well-folded RSV F 

antigen.  

[00251 FIG. 3 shows size-exclusion chromatography of DS-Cavl-53-50A. Protein 

purified from tissue culture supernatants by immobilized metal affinity chromatography was 

applied to a Superose 6 10/300 GL size exclusion column. The protein eluted as a single, 

monodisperse species.  

[00261 FIG. 4 shows size exclusion chromatography of in vitro-assembled DS-Cav1-153

50 nanostructures. Purified DS-Cavl-153-50A and 153-50B.4PTI proteins were mixed at an 

approximately 1:1 molar ratio, incubated overnight at 4 °C, and then applied to a Sephacryl 

S-500 16/60 HR size exclusion column. The assembled nanostructure eluted as a single, 

monodisperse peak around 65 mL, while excess DS-Cavl-53-50A trimeric component 

eluted around 90 mL.  

[00271 FIG. 5 shows a negative stain electron micrograph and two-dimensional class 

averages of in vitro-assembled DS-Cavl-153-50 nanostructures. In vitro-assembled DS

CavI53-50 nanostructures, purified by size exclusion chromatography, were imaged by 

negative stain electron microscopy (top). Averaging many nanostructures 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 varies slightly due to the flexible nature of the linker between the 

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

[00281 FIGs. 6A-6C shows a seriesof graphs depicting the antigenicitv of DS-Cav-153

50 nanostructures. Analysis of purified DS-Cavi-153-50 nanostructures by ELISA (FIG. 6A) 

using four RSV F-specific monoclonal antibodies, including the prefusion-specific antibodies 

MPE8, D25, and RSD5, indicated that the DS-Cavi antigen is correctly folded and 

maintained in the prefusion state when multivalently displayed on DS-Cav-153-50 

nanostructures. This finding was confirmed by surface plasmon resonance measurements 

using multiple RSV F-specific antibodies, which, when compared to trimeric DS-Cavi (FIG.  

6C), further suggested that multivalent display of DS-Cavl (FIG. 6B) results in an avidity 

effect that reduces the dissociation rate of the antibodies.  

[00291 FIG. 7 is a graph depicting DS-Cavl-specific serum antibody titers from mice 

immunized with DS-Cav1-153-50 nanostructures. Groups of mice were immunized with 153

50 nanostructures lacking additional antigen, trimeric DS-Cav1, or 153-50 nanostructures 

bearing DS-Cavi antigen at 33%, 66%, or 100% valency. DS-Cav-specific serum antibody 

titers were measured by ELISA on plates coated with DS-Cavl. Serum antibody titers for 

each mouse are plotted as circles, with the geometric mean within each group plotted as a 

horizontal line and reported numerically at bottom.  

[00301 FIG. 8 is a graph depicting serum neutralization activity elicited by immunization 

with DS-Cavl-153-50 nanostructures. Groups of mice were immunized with 153-50 

nanostructures lacking additional antigen, trimeric DS-Cavl, or 153-50 nanostructures 

bearing DS-Cavi antigen at 33%, 66%, or 100% valency. Neutralization titers for each 

mouse are plotted as circles, with the geometric mean within each group plotted as a 

horizontal line.  

[00311 FIGs. 9A-9B are graphs depicting immunogenicity in a primate immune system 

elicited byimmunization with DS-Cavl-foldon 153-50 nanostructures. Rhesus macaques 

were injected with DS-Cavl-foldon-153-50 nanostructures intramuscularly at weeks 0 and 4 

with either flee DS-Cav trimer or DS-Cavl-foldon-153-50 nanostructures displaying DS

CavI at 100% valency. In both cases, the dose of DS-Cavl antigen was 50 g, and the 

immunogens were formulated with the MF59-like, squalene-based oil-in-water emulsion 

8



WO 2019/169120 PCT/US2019/020029 

adjuvant SWE. Sera obtained from the animals at weeks 6 and 16 were evaluated for anti-DS

Cav l antibody titers (FIG. 9A) and RSV-neutralizing antibody titers (FIG. 9A).  

[00321 FIG. 10 is a graph depicting the physical stability of DS-Cav1 when fused to 153

50A and/or when further assembled into the icosahedral nanostructure. Samples of trimeric 

DS-Cav1, trimeric DS-Cav1-foldon-I53-50A, and DS-CavI-foldon-53-50 nanostructures 

containing equivalent concentrations (50 nM) of DS-Cav Iwere split into four aliquots and 

incubated at 20, 50, 70 or 80 °C for 1 hour. After cooling to room temperature, D25 binding 

was assayed by surface plasmon resonance (SPR).  

[00331 FIGs. IIA-IlJ are graphs depicting physical stability of the 

nanostructures. Chemical denaturation in guanidine hydrochloride (GdnHCI), monitored by 

intrinsic tryptophan fluorescence, was used as a second, antibody-independent technique to 

evaluate physical stability of trimeric DS-Cav l(FIG. IA and FIG. 1B), DS-Cavl-foldon-

153-50A (FIG. IC and FIG. ID), DS-Cavi-foldon-I53-50 (FIG. IE and FIG. IF), 153-50 

(FIG. IGand FIG. 1-), and 153-50A (FIG. 11 and FIG. I J). The data indicate superior 

physical stability of the DS-Cavl antigen when genetically fused to the 153-50A 

nanostructure component.  

DETAILED DESCRIPTION 

[0034] The present disclosure relates to nanostructures and nanostructure-based vaccines.  

Some nanostructures of the present disclosure display antigens capable of eliciting immune 

responses to infectious agents, such as bacteria, viruses, and parasites. Some vaccines of the 

present disclosure are useful for preventing or decreasing the severity of infection with an 

infectious agent including, for example and without limitation, lyme disease, pertussis, herpes 

virus, orthomyxovirus, paramyxovirus, pneumovirus, filovirus, flavivirus, reovirus, 

retrovirus, meningococcus, and malaria. 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 symmetry 

axis of the nanostructure. Also provided are proteins and nucleic acid molecules encoding 

such proteins, formulations, and methods of use.  

[00351 Before the present invention is further described, it is to be understood that this 

invention is not limited 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 is for the purpose of describing 

particular embodiments only, and is not intended to be limiting, since the scope of the present 

invention will be limited only by the claims.  

1. Overview of Nanostructures 

[00361 The nanostructures of the present invention may comprise mutimeric protein 

assemblies adapted for display of antigens or antigenic fragments. The nanostructures of the 

present invention comprise at least a first plurality of polypeptides. The first plurality of 

polypeptides may be derived from a naturally-occurring protein sequence by substitution ofat 

least one amino acid residue or by additional at the N- or C-terminus 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 comprise one or more additional polypeptides, such 

that the nanostructure comprises two, three, four, five, six, seven, or more pluralities of 

polypeptides. In some cases, the first plurality will form timers related by 3-fold rotational 

symmetry and the second plurality 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 materials, 

involving symmetrical docking of protein building blocks in a target symmetric architecture, 

is disclosed in U.S. Patent Pub. No. US 2015/0356240 Al.  

[00371 The "core" of the nanostructure is used herein to describe the central portion of 

the nanostructure that links together the antigens orantigenic fragments displayed by the 

nanostructure. In an embodiment, the core and the displayed antigens are the same 

polypeptide, meaning that antigens are themselves capable of self-assembly into a 

nanostructure. An advantage of designing the antigens themselves to self-assemble is that the 

entire nanostructure then acts as the antigenic component of the vaccine. But in an 

embodiment, the cores of the nanostructures of the present disclosure are generic platforms 

adaptable for display of any of variousantigens that one might select for inclusion in a 

vaccine. An advantage of designing a core to be a generic platform is that the one or more 

pluralities of polypeptides that comprise the core can be designed arid optimized in advance 

and then applied to different antigens. It will be understood that in some cases, the same 

polypeptide may forn a portion of the "core" and then extend outward as either an adaptor 
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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 is a protein, glycoprotein, or 

oligosaccharide of an infectiousagent.  

[00381 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 gp140, influenza HA, or RSV F protein) is the antigen, or one of several antigens, 

displayedon the particle. In some cases., a trimenic 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 

properly in part due to its display on a 3-fold axis of the core of the nanostructure, and the 

nanostructure is stabilized in its assembled form, at least in part. by non-covalent or covalent 

interactions 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 

cysteineresidues arepositiontcreate intramolecular disuilfide bonds. In some examples,a 

dimeric, trimeric, tetrameric, pentameric, or hexameric antigen is displayed upon a core 

designed to have a matching 2-fold, 3-fold, 4-fold, 5-fold, or 6-fold symmetry axis such that 

the core accommodates the arrangement of the multimericantigen with the native symmetry 

of the antigen.  

2. Various Non-Limiting Examples of Nanostructures 

[00391 A non-limiting example of an embodiment is shown in FIG. IA, which depicts 

the RSV F protein genetically fused to a component (a first pluralily of polypeptides) of the 

nanostructure, which is expressed recombinantly in 293F cells; along with a pentameric 

protein assembly (a second plurality of polypeptides), which is expressed recombinantly in P 

coli cells, these two pluralities of polypeptides self-assembling into ananostructure (a 

"designed nanoparticle immunogen") displaying 20 F-protein trimers around an icosahedral 

core. In this embodiment, the core has a generic design. As explained below in other 

embodiments, the RSV F protein is replaced with other another antigen protein, such as a 

trimeric glycoproteinfrom another virus. In some embodimens, the nanostructure comprises 

the trimeric gilycoproteins of HIV-1, HIV-2, EBV, CMV, RSV, influenza, Ebola, Marburg, 

Dengue, SARS, MERS, Hantaan, or Zika virus. In some embodiments, the nanostructure 

comprises the trimeric glycoproteins of viruses that are related evolutionarily orin sequence 
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identity to any of these exemplary virus, including without limitation, a herpes virus.  

orthomvxovirus, paramyxovirus, pneumovirus, filovirus, flavivirus, reovirus, or retrovirus. In 

an embodiment, the nanostructure comprises the extracellular domain or domains of a 

transmembrane protein or glycoprotein, or antanigenic fragment thereof. In some 

embodiments, the nanostructure comprises the antigen proteins or protein fragments or 

antigenic oligosaccharides of a bacterial pathogen, including without limitation, Nisseria 

neningitides (also known as "meningococcus"), Haemophihls influenzae type B, 

Streptococcus pneumoni a, and Listeria monocyvtogenes.  

[00401 Trimeric antigens that may be used with this or similar nanostructures are in some 

cases, without limitation, HIV gpl40, 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. In some cases. the antigen chosen is monomeric and nevertheless placed 

on a 3-fold axis. Thus, the nanostructure depicted in FIG. 1A is capable of displaying 20 

timeric antigens or 60 monomeric antigens. Additionally or alternatively the pentameric 

complexes of the nanostructure is used to display a 12 pentameric antigensor 70 monomeric 

antigens. In an embodiment, the nanostructure comprises 20 copies of a trimeric antigen and 

12 copies of a pentameric antigen.  

2.1. Nanostructure Cores 

[00411 Other potential arrangements of polypeptides of the present disclosure are showxin 

in FIG. 1B. In some embodiments, the nanostructure is adapted for display of up to 8 timers; 

8 timers and 12 diners; 6 tetramers and 12 dimers; 6 tetramers and 8 timers; 20 trimers and 

30 dimers; 4 trimers and 6 dimers; 4 first timers and 4 second timers, or 8 trimers; 12 

pentamers and 20 trimers; or 12 pentamers and 30 dimers; or 4 timers. In some cases, oneof 

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 

diners; 4 trimers 6 dimers; 8 trimers; or 12 pentamers. In some cases, monomeric antigens 

are displayed and thus, the nanostructure is adapted for display of up to 1224, 60, or 70 

monomeric antigens. 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 each of the antigens displayed 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 expressed separately and then mixed together, either 

before or after purification from expression host and associated contaminants. 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 displayed. Non-limiting exemplary nanostructures 

areprovidedinBale et al. Science 353:389-94 (2016); Heinze et al. JPhs. Chem B.  

120:5945-5952 (2016); King et al. Nature 510:103-108 (2014); and King et al. Science 

336:1171-71 (2012).  

2.2. Mixed Nanostructures 

[00421 In some embodiments, the nanostructure displays two or more antigens from the 

same organism, such as without limitation I-V gp140 and HIV gp4; or Ebola virus GP1 and 

GP2 ; or Measles H and F proteins; or CMVgB and CMV UL128, UL130, UL131A, gi 

(UL75) and gL (UL115), on the same nanostructure. In some cases, the nanostructure 

displays two antigenic proteins or glycoproteins that are generated by post-transcriptional 

cleavage, such as cleavage of RSV F protein or influenza HA protein by proteases 

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

[00431 In sonic cases, the nanostructure 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 homotrimeric protein antigens or mixed 

heterotrimers of protein antigens from different strains of the infectious agent. In an 

embodiment, the nanostructure displays the HA proteins of an HINi influenza A and of an 

H3N2 influenza A proteins. In an embodiment, the nanostructure displays the HA proteins of 

an influenza A and of an influenza B. Inan embodiment, the gp140 proteins from diverse 

strains of HIV are displayed on a single nanostructure. Two, three, four, five, or six strains 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 vaccine of 

the present disclosure is a universal influenza vaccine. In some cases, the nanostructure-based 

vaccine of the present disclosure is an HIV vaccine. In some case, the nanostructure-based 

vaccine of the present disclosure provides enduring protection against HIV. In some case., the 

nanostructure-based vaccine of the present disclosure provides enduring protection against 
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influenza. In an embodiment, the nanostructure is adapted for display of the E proteins of 

Dengue type 1, type 2, type 3, and type 4. In an embodiment, the nanostructure-based vaccine 

comprises 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 to ensure 

homomerization in a strain-specific manner rather than permit heterodimerization, such that, 

for example all HIN Iinfluenza A I-A proteins are displayed on one 3-fold axis of a T33 

particle whereas all -3N2 influenza A HA proteins are displayed on the other 3-fold axis of 

the T33 particle. This may be achieved by use a nanostructure comprising two or more 

pluralities of polypeptides as the core of the nanostructure with each plurality of polypeptides 

attached to a different antigen. Alternatively, a nanostructure may be engineered with one or 

more symmetry-breaking mutations, such as knob-in-hole mutations or intramolecular 

disulfide mutations, which have the effect 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-strain heterodimerization. In an embodiment, the 

nanostructure is engineered to prevent heteromization of two antigenic proteins with 

conserved structure but divergent antigenicity, such as for example, an HA protein from the 

2009 HINI California influenza and the I-A protein from the 1999 HINI New Caledonia 

influenza. Furthermore, when mixed nanostructures are made and the antigens are displayed 

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 each antigen displayed on the 

nanostructure.  

2.3. Attachment Modalities 

[0045] The nanostructures of the present disclosure display antigens in various ways 

including as gene fusion or byother means disclosed herein. As used herein, "attached to" 

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

non-covalent, and selective or nonselective.  

[00461 In some embodiments, attachment is achieved by genetic engineering to create an 

N- or C-terminus fusion of an antigen to one of the pluralities of polypeptides composing the 

nanostructure. Thus, the nanostmcture 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 

pluralities of antigen is genetically fused to at least one of the plurality of polypeptides. In 

some cases, the nanostructure consists essentially ofone plurality of polypeptides capable of 

self-assembly and comprising the plurality of antigens genetically fused thereto. In some 

cases, the nanostructure consists essentially of a first plurality of polypeptides comprising the 

plurality of antigens genetically fused thereto; and a second plurality of polypeptides capable 

of co-assembling into two-component nanostructure, one plurality of polypeptides linking the 

antigen to the nanostructure and the other plurality of polypeptides promoting self-assembly 

of the nanostructure.  

[00471 In some embodiments, attachment is achieved by post-translational covalent 

attachment between one or more pluralities of polypeptides andone or more pluralities of 

antigen. In some cases, chemical cross-linking is used to non-specifically attach the antigen 

to the nanostructure polypeptide. In some cases, chemical cross-linking is used to specifically 

attach the antigen to the nanostructure polypeptide. Various specific and non-specific cross

linking chemistries are known in the art, such as Click chemistry and other methods. In 

general, any cross-linking chemistry used to link two proteins may be adapted for use in the 

presently disclosed nanostructures. In particular, chemistries used in creation of 

immunoconugates orantibody drug conjugates may be used. In some cases, an antigen

nanostructure conjugate (ANC) is created using a cleavable or non-cleavable linker.  

Processes and methods for conjugation of antigens to carriers are provided by, e.g., U.S.  

Patent Pub. No. US 2008/0145373 Al. In an embodiment, the antigen is a polysaccharide. In 

some cases, the antigen is a polysaccharide and the nanostnicture acts as a hapten. In an 

embodiment, the target antigen is a protein and conjugation of the target antigen to a 

polysaccharide is used to enhance the immune response. Processes for preparing protein

polysaccharid conjugates are provided in. e.g., U.S. Patent No. 6,248,334. The conjugation 

of proteins to polysaccharides in some cases converts a polysaccharide from a weakly 
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immunogenic T-cell independent antigen to a T-cell dependent antigen that recruits 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 Clinical Uses of Hlaemophilus B Conjugate Vaccines, Marcel Dekker, New York (1994).  

[00481 In an embodiment, attachment is achieved by non-covalent attachment between 

one or more pluralities of polypeptides arid one or more pluralities of antigen. In some cases, 

the antigen is engineered to be negatively charged on at least one surface and the polypeptide 

is engineered to be positively charged on at least one surface, or positively and negatively 

charged, respectively. This promotes intermolecular association between the antigenand the 

polypeptides of the nanostructure by electrostatic force. In some cases, shape 

complementarity is employed to cause linkage of antigen to nanostructure. Shape 

complementarity can be pre-existing or rationally designed. In some cases, computational 

designed of protein-protein interfaces is 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 displayedby gene fusion orotherwise as atetrameron a 4-fold 

axis of the nanostructure and the biotin-labeled antigen is monomeric, dimeric, or tetramenc, 

permitting association to the nanostructure in a configuration appropriate for native 

multimerization of the antigen. In some cases, a protein-based adaptor is used to capture the 

antigen. In some cases, the polypeptide 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-terminal peptide of rotavirus VP7, permitting trimer-to-trimer association of 

antigen to nanostructure. See Chen et al Molecular interactions in rotavirus assembly and 

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

[00491 In an embodiment, each of the first plurality of the antigenic proteins has a 

proximal end and a distal end, aid the proximal ends of the antigenic proteins are each 

attached to a member of the first plurality of polypeptides. Thus, the distal end of the 

antigenic protein is 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 epitope. In some cases, the antigenic protein 

maycomprisemorethanonetarget epitope and the nanostructure is configured to display 

each of the target epitopes. Epitopes progressively closer to the distal end are (without being 
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bound by theory) in 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 terminus. 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 displayed 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 to the immune system. In some cases, 

the orientation will recapitulate the orientation of a viral protein with respect to the virus.  

Thus, in the case of influenza HA, the antigenic protein HA may be oriented so that the 

receptor binding site is at the distal end of the protein, similar to the orientation of HA in the 

whole virus; or alternatively, the influenza HA protein may be oriented such that the stem 

epitope is preferentially accessible to the immune system. The choice of orientation may 

direct the immune system to one or the other epitope. In this example, the immune response 

to influenza may be guided to the receptor binding site or to the stem by choice of orientation.  

Similarly, the orientation ofother 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 is in some embodiments the Env protein of 

HIV- or HIV-2, or antigenic fragment thereof. The orientation of the Env or fragment 

thereof will in some cases recapitulate that the orientation of Env protein with respect to the 

IV 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 proteoglycan moiety on the trimer apex of Env; the V3 

proteoglycan moiety on the high mannose patch of Env; the membrane proximal external 

region (MPER) of the Env transmembrane domain; and the gpI20-gp41 interface with or 

without fusion peptide. In some cases, epitope preference is control by other means, such as 

positioning of glycans on the nanostructure by addition or subtraction of the N-linked glycan 

sequence motif N-X-[T/S] at predetermined positions in the amino acid sequence of any of 

the polypeptides of the nanostructure including in the amino acid sequence of the antigen. In 

some cases, the epitopes found at intermediate distances from the proximal to the distal end 

will be the preferred over epitopes more distally located depending on various considerations 

including but not limited 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 

[00501 The one or more pluralities of polypeptides of the present disclosure may have 

anyofvarou amino acidssequences.US.Patent Pub No. US 2015/0356240 A l 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 Al, the isolated 

polypeptides of SEQ ID NOS:1-51 were designed for their ability to self-assemble in pairs to 

form nanostructures, such as icosahedral nanostructures. The design involved design of 

suitable interface residues for each member of the polypeptide pair that can be assembled to 

form the nanostructure. The nanostructures so formed include symmretrically repeated, non

natural, non-covalent polypeptide-polypeptide interfaces that orient a first assembly and a 

second assembly into a nanostructure, such as one with an icosahedral symmetry. Thus, in 

one embodiment the first and second polypeptides are selected from the group consisting of 

SEQID NOS:1-51. In each case, the N-terminal methionine residue is optional.  

TABLE 1 

Name Amino Acid Sequence Identified interface 
residues 

T53-34A MEGMDPLAVLAE3RLLPLLTVRGGEDLAiLTVLELMGVGALE1'TLRTEKGLE 153-34A: 
7APLRKSGLLLGAGTVRSPKEAA'A F L LVAZAL'AQARG\/P 2, 32,36,37,186, -188,11 

YLPGVLTPTEVERALA LSAL FQPFQV RV9AVFPEVRFLpTGG A2,19 

SE DN:1 IKEEHLPHEYAALPNLLAVGG SWLLDLAAVKKVKAAKALSPQAPG 

153--343 ]MT KVGIIV-EDT V FAVDMAE¾AA [ RTKS PN R NK"KTVPGKDLPVACKKL 53-- 3413: 
EEEGCDIV'1GMPGKEK'DVCP-IE'ASLGLMLAQLMN'KI T EVFVHDEAK 19 2 0,, 23,24, 27, 109,113,11 

ATTQ ID N0:2 
D)DELDB1LALVPA1EHAAVYLLK LRMTAGK'GLRQGREDAGPARE 6, 7,1 2,124,146 

53-40A M'KVVTFARVDMASAAILTLKMESPN I PKITVPGKDLPVACKKLL 13-40A: 
EEEGCDI'VMAILGMPGKAEKDKC A LLAO( MTN'HI TEVFV/HEDEAK 2 0, 2 3, 24, 27, 28, 10 9, 112, 1 SEQ T E10: 3 ,1C24TG 

EI LARA[AN VYLK-EY AKGRQGAA'3FE 1 ' 6,120,124 

5:3 -'4 0BR MTNLALVV EII AENLPAAETFSSAAKAI L53-0 

SMLLQR SA QPE NG A G VQALAKEAAT FVVSPFNPNTVRAQIID 47, 51, 54, 58, 74,102 
IEQ ID'NO: GVNNPS-TEAEMGLTTLKFFPAEASGGIS1VKSLVPGD'RMPTGG 

ITLPSNIDNAPQVACGGTWFVDKLVTNGEWDEIALTEIEQVNP 

~~o3 s ~MIDF"''4']N KT'["'>> I:. '4 'I S 13<'701T11SK '7/Y HKBQ I.60 I53--47A MPELT-ATVSFSTSLGISpGSYV(AVH:TQLFG T S3-- 47A: 
."TNPAA IT L IGI RDHSAVLFDHLNAMLG I PKENRMYI HFVNLN0GD 22, 25 259,72,79,86,87 

SEQ IDT N' ':5 

A53-47B MNQ3HHKDYTAVVFA RWHAIIVDACVE!AFEIAMA1-RFAiVFDV' 153-4B: 
. 7AE"PLHARTLAEFTGRYGAVLGTAFVVNGIYRHEFVASAVIMMVQL , 31 35, 36, 3 3 1, 132 13 

SEQ' ID NO GVAV ' PRYRD1)SAEFREFAAFFAKGVEAARAC",T'EILAAREKIAA , 39, 146 

T53-5CA KV 2 , 3, 54, 57 

SEQ lALKE7 KGAHI GAGTVTSVQCKE SEFIVSP7LDEE A)QFKKGV 

"SEQ rDNO"'"MGVM E 'EKHTILLKLFPGEV'VG AQFVK!AM1KGPFPV>'vKFVPT'E'GGV 

NLDNVCEWFKAGVLAVGVGSALVKGTEDEVREKAKAFVEIRGCTE 

T53-5OB MNQHSTKDEVR/PIRWHAYE1VBACVSAFE AMDGGDFAVDVFDVP 

GA-E']]LH[ALAETGYGAVLGTAFVVNGGIYREEVASAV'[DGMVQ''T 24,28,36,124,125,127,128, 
SEQ ID NO:8 

GVPVLB30AVLTRYRDSBAHTILLFALFA\VKGEAARKACVEILAREKAA 9 31, 132,133,13-,1 

153--51A M1 F1KBSGDDGNNVT-NKEVGKDSPLVNILGD1LELSFEIGATSKIPWEDM1KK 153 -51A 
E"RV L FE1GEDLS'TQSSKKKDESYVL'WILAATAIYRIE V , 83 867,68,9,3 1,94,1 

SE1 ID 

R:9 

GSEEASVLHTRSVRVERN/VKYTKELPEI NRIIVYLNRLSSLLFAMALV 
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ANKRRNQSEK1YEICKSW 66, 172, 176 

53-51B MNQHSHKDYEN TRIVARWHADIVDQCRAFEAFADAGGDRFAVDVFDVP 153-51B: 
CAYETPLHA "JFRTlTRYG AV L V V IYRHEFVASAVDGMMNV

QLST 31,35,36,4C,122,124, 128,1 
3SEQ I D NO:10 GVPLATPYR"""RU >J6S'S2REV/HEEFA/1REHFM VRR'FGVEAAAC LAEA T1,3 2, , 43,46,147 

152--3A MG<TKPTPQQHDG[uSALRGVHARN"T[,M PLIGTKLE]CG VKASNIV :5 2 0-A: 

VQVPG''SW ELIE) -ARLYSASQ SSGPSLSAGDLLGmcS TT T 28, 32 36,39,44,49 
21EQ2 ID NO:C 1 "" fj~''OE'77.'' .2FC9RQDC/''G'"' -"l SSGFAlGVI1KGT MHTFElYlASVHGMRQDTVPFVLV 

TD DQAFKARA(G GHNGFWGL'vVAAVEHMG/RRRDWAAE 

F52--03B MYEVTDADVYDL/LGKDY1AA EAD-'ALVRSRTIFEASSLL DVACGTGTHL 52-03B 

S11 EHFTKEEFGDTAGLEL SDMLT'HARKRLPDATILHQGDMRDFQLGR4, 11F5V, 116, 2 'P 126, 213 
S3SVGYLKTV'AELGAAVASF6AEBLEPGG(CVVVV"E1PWWFPETFADGCIVSA/DV\/RRD 

TVARVSHSVREGNITRMEVHFTPGKGVRHF SDVELITFRHQREY,EFAAF 
MAAGCLRVEYLEGGPSGGLFVGVPA 

152--32A G MEFVII-'THGDFG1LL3SGAE'Il-GKQENViVCTVGLNLGDNIEK/VAKEV\M 152-32A: 
[ 111 AKLEDK13PEI [IVVDFGSP E'[3612FNIALEMM'IT FDVKVG12IPM11VEL1 47, 49,5 53, 34, 37,53, 6 , 3, 8 

3EQ ID NO' 
- S INVYDTTELLENI1SKICKDGIKVIEK3SLTM 7,68 

52-32B M KYDGSKLRICILH'ARWNLEIAALVACAIKRLQEFGVKAENIT IETVPGSFE 52-32B: 19,20,23,33,40 

.PYGSKL.F'VEKQ KLKPLDFAIIP (GVLI(3IKGRTi'H1i3 CDT1T1 H IQLMTLFINFEIB 
SEQ 11D NO:' 4"' C 72ARA1.ICEG{3INHGE31CAAAVF[67FN 

L52-313A MAVKGLGEVDQKYDGSK LIGILARWNRKIILALVAGAVLIRLL3EFGVAENI 52- 33A: 33,41,44,353 

3SEQ ID NO:15 111'P636P6F[/EQRCP1376J7 <0"/f'V-([5' 
TFfQL.MKLN'LGI PV6 FGVPTCTDEQAEAAG1EGMH26GEDGAAEM 

T-52-331B MCPAIWYLDNSSRLSFTSTKNADIAEV-iRFLVLHCKVDPKCLAEVEVETES1S 152-33B: 
TG231PLRDMLLRVL KPV/AQNAQLDMqRPINNLIAPGAQ LELRLE61, 6,63 66, 67, 72, 147, 12, 15 

SEQ ID NO:1 0bR Q ' F7-4,04 R R3 - 4 
RGKSHSYNAEL) LARDERQVT EPVHQFMVPRAFNARLEVAGL-jS A 4 ,1155 

V SL SVPVGA VL IFTAR 
32-6A Ml' .TYIRDG SA FKALS FA FAALHJFDQLA IAMDADAl IS2F6A 

SEQ ID NO:1/ 3CE ' 2/236 31264" R ' " ' ,3 3 
AKK CTRSAALDLWLP 1R-] EG GNF TALFRLFELLDAGAPKP ALFIG 

MPGF\/0'V/AAS"D.L/A'SRG''P"'/V'GRGGATAA AAIERE 

3 6B MTVFGL SK"APRREL 'E I YSSLLGLDPKG<FAFRL C'LEKEFYYP 2-sf3 
DRSCDYTVE u INAGRSETKMLILL[EKL IR I AVE'2T I 76,77,8,3 81, 34,18 

SEQ ID N":18 6 V2uv 66 14,'13 
- HCWGFRG RT GDSARDLDIYV 

132-19A MGSLKLQRFSTCDTSDGLLNVYNTGGYFPNLTA'SP3QNSS TV 319 

LEAPr D DD0' RPAVYI DSVP PNS 1VAL PLQSQ'FP, KTQAMLYGGL'MS' 208,2 3213, 222,225, 226,2 
SEQ IDI NO: 19

R2QYLGTVCF 
RDVDEHRTlHPVTFAYGVG 

CTSCAAVKAVTNIVQLK 29,23' 

]ITDGVTQTI`CPGDY AGDNNGIVRI [PVQL;ETDS KLVTT,(IEKSTlcEVlDRL VSE 
A!GPAAQTRML.KDY 

132--1 9B MM G A K I K E C DD 31 

STQ 1 ( GRVADSIVL NEQIAANVPARCALASVQ'AAL'REHNPNQ 2 0, 2 3, 24, 27, 117, 118, 122, 1 
1F3GIGGRMI'lHITEALRIVKAF71VTTPWSK2A'QHQRRI1ILAEYEIR'1TAPPVG 25 

32A MGDDARJ"-GDVD11LNcQ"IGVLAEPLRDDVRAALT.S A/FQHLFDLG P FE2 2'A 

GHA I-TEDHLLRLALWLVYNGQLPRLTEFILPGAGALC/ANl6[RTCRRAE 60, 61, 64,67,68,71,110,120 
- RSILGASEPLNI APAAYV7NLLSDLLFVLARVLNRAAACCDV'WDRTRAI ,123,124,128 

t2-28B ILS/EQSFT 'EHGQAIALAFEREAAAVQRLIDSDGEQVWGELL 32-2B: 
RVPLLGEVDLPFRSEIVRTPQGAEL1LTLTGE6RAWVAVGQAAAEGGEMF 35,36,5 4,122,123,13,1 40, 

SEQ ID NO:22 
AEQFAHLTPKEGEGAAFVMVAAAG/TLLLVMALPGIAGLPA 141, 144, 148 

EEEGCDIVM'/AL GMPGKKEKD/VC-IE ASLCLMLAQLMN6'KHI TEVFVTHEDFAK 20 ,2 24,27,28,109,112,11 
SE ID O 

DDAELK61AAR1A9EBA2NVYYLLE3PEYLTRMAGKGLIRQGFEDAG"PARE" ,l,120,1_24 

M153'-40B,1 MDDINQLE'E-VADNA DIPLGKL/.AENCGLPAAE"'Q-F 'AVKAF 153 -4B: 

MLL R sAQ IEM FGGT3 NGVAAKAAFV PGNNTR. A IG D 47, 51, 54, 58, 74, 102 
SEQ ID NO:24 i11.~AR VAAR 5 [P

0 0
C'6 2' ~C 4 2' 32 3 

-CIDC IPGVNSTVEQALEMGLTTLKFFPA'ASGGISMIKSLVCPYG DVRLMPTGG 
IITPDNDNYLAPQVIACTWMDKVRNG3E1WDEARLTR3E1V/EQVNP 

152--47A.P M PFL'TN''[NIiADDVPSDTFL.'TSR.VG EKGS/AVINTD!QQF( 153--47A: 

S \D PIT2 TNPAAFGT1MS-GCIEPDKNRDHSAVLFDHLNAIMLRGICC1PKNRMPITYF'/NLNGDD 22,25,2972,79,86,87 
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T53- MPK"LNTIKADDVPSDFLSTRLVGLILSEPGSYVANTDQQLSFGG3 53-47A 

47A,1Neg'2 TNP!ATLMS HI PLGG'I EPDKNEDH)AL P 1F NAMLGPKNRMY F L 22,25,229,72,79,86,7 

SQ ID) NO:2 6 

253-7.1 M1QHSH'K' E AVVRA'RWH AD/VDCEAE11 AA TGGDPRVFAVDVfIP '53 -47 

A AP' LAE'EGP"GAVLGTAFVVNGG YPRH E\SA'' DM''Q 1DT 28 , 3 1, 3,S3,3?, 13', 32, 
SEQ IDI N0: 27 FTATA,`V,\ ELPK', GliC2' CPLSAVLTPHRRDCDPSEH F AliGVEAPAC BLNP IAE 5,139,146 

t53- MNQH'SPHADHETVRA R DVDCVC/K RVH D EAFEIAIGGDRFAVDVFDVP 353-47B: 
47B. 1Ncg'2 'AYE LP lE'ARLAE AVGAVVDGGYDHEFVAAV[IDGMMNVQLDT 28,31, 3, 36,39,'a 31, ' 32,' 3 

SE]Q ' ID NO:28 

'53-5SA, 1 MKMEE1L1 ">FKKK PVAVEANVEF' EKAVAVFAGGV "'I//PF]]T FTVPD 1 15 A : 25,'2, 33, 54, 57 
ALSVL,KK~lGGVSCKVSGAEFIVSPA L1DEEI SQFCKE;KGlVF 

Q ID N29 YMPGVL UCVKAMKLGDLKLFPGEVV'GPQFVKAMKGPyFPNVKFVPTGGV 

NEDNVCEWP EAVAGGAVGDEEKK\/KPGCTE 

53-- 1 BMKMEELFKKB 'VVEANSVE EAEKVA\/AGGVHI EIT F\PEAL' : 53 50A: 25,29,33,54,E7 

50A.lNegT2 ALSVLGAUGA ATV SLV/QCRKA'VESGAEFI VSPLDEE SQFCEKIF 
MPG6VMTPTELKAMKLG ILKLPFGVVGPEF.VEAMKGBPFPNVKFVPTGGVC 

s EQ ID NO:3U 
D)EDDV) C",EEDAGcVL~('CIAVGGilEGDPDEVRED'l~' AMi'EE\/EI'QIPGCTE 

53-- 1 lMKMEElFKKB UVVJ'ANSVE EAEKVA\/AGGVHI EIT F\PEAL' B 53 50A: 25,29,33,54, E7 

5 0A1 lPosT1 ALT SVLKEKGPT7-CGAGTVTSVEQCRKA7VESGPsEFIVSPHLT.DEEI:SQFCKE'KGVF 
YMGVT 'PT ,-e'.ELVKA MG lKFCPGE3VVLI GPQFVLt KAMP KGFPiNVKFV3CPTUGGV 

SEQD NO:31F1)R h E 
NLDNVCKWFKAGVLAVGVGKALVKGKPDEVREKAKK 6 FV BRG'TE 

F53-503B.1 M NQ1HHDHETVRI A'VVARWHAEVD'ACSAEEAAMID TGGDRFAVDtVFP I53-5nB: 
GIAYE'PLAPTLAETG'CAVLGTVVNGGYR//EFVASAV[DMM'QLDT 24,28,36, 12, 25,127,1 

SEQ"I<N'K GVPVSAVLTPH RVYRDSDAHT' LF'ALFAVKGEE'AARAC'VELEAREKBA 1 29,31,1 32,' 33,'35,3 9 

53MNQHSHKDH'TE VVFARWHAE V DASAC'EAAMR/DJ-GGCTL D RFAV1DV[DVP' 3 -350:B 
5 OB. 1NegT2 GAYE PLHART LAETCRYGAVLTCAtFVVD0GGIADHEFV I yDGMMNVQLDT 2 4, 2 36, 124, 125, 127, 28, 

G'VVLS AVLTPHEYEDSADTL LALAVG'' MEAARACVEL APEK- AA 129,13 ,132, 33,135, 139 
SEQ CD NO:33 

153 - MN Q H SHK D-HE' TRAVVFPA RW HAE IV DACV,,SAF EAAMR DJ- GGCTD RFA-VDVlFDVJP 53 - 5'B: 
50B.AP4sT' U1 4 - G P F 1 "LRTLAETGRYGAVLTAlV\/GG1 ''BREFVASAVIN GMMNVTQL N9 T 24,28,36,124,125, 12, 28, 

'</t'S' 3/P[133A' I A,Is'lL/6'' <4. l '2,3,3,3,3, 

SEQ ID NO:34 

T53-40 A MTWKVCGITFARVAII'SAIT"L3MEPNTKITRKTPGTKDLPVACKKLL 

genus EED 'EP (A/ EKCA[['ASLG LAQLMT NKH 921EV-V6 

[DFAKDDAELK I/AARFAt/LS YYLLF KPEYLRMAGKGC~tLGFEDAG/A 
SEQ ID NO:35 E 

53-40 B M (S/D) (T/D) NNQLK _) ("'R) LTVIA'AlEDPIPLGKVE'/2SNGLPAASE 
genus GI SSKAI '' E VQA/ABAA FVVS'P 

. GFNLNTVNRPACQ-I CID'IVPUVNPSSVE(A/Q)A LEMGLTTKFFF AAGGI 
SE14 NO:'316 Al? 3 ['9' VEQS/i

3 

SMVKLVGYGDRLMPTGGITP (S/D) NTDNYLAPIPQV',LA CGGTWMVDKL 
( NT/R NGEWDE A, ",1 VTAFLTREIVEQVNP 

53-- 4A genus ['P ' NT KA' (T/D) D\/PSI']LSLTSPLVGIE'LS(KE) PGSYViAVHNTD 

- ' 503' QQ GTNPAFG TLMSI GG I EP (S/D) (R/E) /DISA LFDH LiAMLG 
SEQ ID NOI:37 

PKNPMYTHFV (N/D) L (N/D) CDVGWNCTTF 

T53-47B geaus MNQHSHKD (Y/ ) ET'RT VVPARWR I DACVEAFET '/AMAAGGDRFAVDV 
FDV//PGA'EPLHAIP'ETGYGVAVLTAFV// (N/D GG '( R/D HEFVA',Ac 

SEQ CD NO:38'o'PSA' -:/ PLCe/tJE-/3I S 1 ) NOl :3 8 v DmcMNVQL S/D)) -TvLSAVTq PH ( R/ E) Y(F R/E) DIS (A/D) E, (H/ D) H 
P/ E ) FFA-FAVKGEAAFACETL WA/N) AREK IAA 

TcA3-50P genus MKIMEELRFKKHK iVVLPAJSVEEAEKAVAVFAGGVLEITFTVPDADTVK 
AL S VKEK' A GTV EERDES`AEF VSP1 L '1DEE'SQFCKEKVF 

ED NO:39 ,`4 
YP C G VMTP ELVKAMKLGH (T/D) LKLFPGEVVGP? (Q/) FV(K/E AMKGP 
FPNKFVPTGGV (N'D L N/'D) VC (E/K) WF (1D) A' GVLAG c (S /K/D 

ALv (K/ E ) C ( /D/K) E R ( 1 - K/ID) AK (A/E/K )V (E / K /E) 1RGC 
TE 

53--50B gnus MNQHS KD (Y/'H)1ETVEAARW' HAlE 'DACVSAFAAM (A/R) D[ 13GGDRE 
VDFDDCA YEI ARTLAETGRYGAVL'GTA FVV (N/D) GY (CR/'D HEF 
VASAVI (D/N) GMENViQL (S/D/N ' TGVPVsAVL Pi (R/E/N) Y (P/D/E) 

(1D/K) S ( D/I A (I'/D) TLFL ALFAVKGEAAACVEpIAEKiAA 

20



WO 2019/169120 PCT/US2019/020029 

T32-28A MGEVP ICDPKELNGMETAAVYTQP MEPR GDLSLADI LEAD iALKNN 
PNGF] PEGFWY] F IA'A A GAIKT GLMPMVADDGPLHYGAN T'AMEK 

SEQ D N:4 'KGGFGVGTYATFI 

T32 - 28B MQlGLLSAGEGALSNDESTSGFLLG A 

- ET 01 [CSQAMESLV LANH PSVLPAI SGLCVD1RQAVGVETWSVA 
SE D NO:42 SAAB A\/KSNVTLVVHA]G GGKCYMVVAD\/LD VAAA/''AALA 

A KG'LLVFYA STPRPHEAMW-, RQMVEG 

T33-09?p MEELIV PSALV VKAALVELERC\VNPV PSQGSVVSEL 

SE B Q I D NO: 43 LHVPEIVALPIAENEYLDWLRENTG 

T33-09B MVRGIRGAITVEESTPAAILAAT'ELLLKLEAIQSYELPAVIFTVTEDL 
TSAFPA]''EPA.LIMHRVPLL'AREVPPSPRES'-RVLALWNTDTPPDRVH 

SEQ D N0O:44 YLAVRLRPDLESAQ 

33-15A S KAKIGIVTVSDPASAG I' TADSG CA T YL TTS EWEP ' ILPTEQDV 
SE[DO:5 IETTLIKDEQDCCLT''TGCTGPPKRDVT PETpATLVCDRMMP'PGFGELMFAE 
S EVPI' ' TAL'RTAG LRGDSL \/] ['LGAS ECCLAVPA BPCD LMEG 

P'LECNIEA' KPFRPKAK 

33-15B MR A CATVDTPT SIAT IL L LKM LEANGIQSYEE;LiAAVFV ED 

T]AFP'AARQC-GM[PLLSAPEVPPSGLPSVi RVLALWNTD PQDRVPI 
SEQ D N 0:46 Y TSEAVP LDESLSAQ 

'T33-21A PPR'TTKVGD'.KGELEEVWKDESP l-EANGTLDELT5SFEAKHYNdVDEEMK 

SEQ ID NO:4- 7 2GGTyESAKLDVCECARRALRKVL/TR i)EGGAAYLASLFLLARV> 

Cu ''KESAK ES;I qEL LSE t'] ELC'BAPYA VS T# 

I EIKNKLKEVS' 

33-21B MPHLVI EATA PLET SPUELLEQAN'KALFASCQFGAD TKSRFVT LEPAYRQG 
TAAVE[RAYLACL S ILR[' -ATTASLCAV LAVAGGGEEGVQVSVEV 

SEQ ID NO:48 EELYKVAQ FIF]P]'.E S'Y Al VvAP iE 

33- 8A ME-S'VNTS LSP SLVIV]' 3RD-DGFA' R]GRT'G 'PADKGD'1[ D L D'MV>RA 

SEQ [D 10:4 AQFLGDDTEDGFKGSBBPHLRCD.DDKHTYN
T
\-VYES> VDL CASEVERETA 

EE KLA LRVAALQVDAEHSCVTQFMKLEEELSE SD PDEKFIB 

T-3--28BEP/QFSP~BKLL[YIVR\LKELMTHSPHF 

SEQ B NT TAVCG V PLC 
GINTNF 

o3- 31A MEEVI' TTV"P SALVAVK7AALVERL\AVJ-TPGTS-YREEGSVVSDESL 
S, B Ik LL'E T' D E 1A1i K['.ESPY ]\/ P QPE VAP [AEGNRE Di[L LET' G 

SEi',Q IDC NO:5 

100511 Table 1 provides the amino acid sequence of the first and second polypeptides 

from embodiments of the present disclosure. In each case, the pairs of sequences together 

from an 153 icosahedron. The right hand column in Table I identifies the residue numbers in 

each exemplary polypeptide that were identified as present at the interface of resulting 

assembled nanostructures (i.e.: "Identified interface residues"). As can be seen, the number of 

interface residues for the exemplary polypeptides of SEQ ID NO:1-34 range from 4-13. In 

various embodiments, the first and second polypeptides comprise an amino acid sequence 

that is at least 75%, 80%, 85%, 90%, 91%, 92, 93%, 94 ,o 95, 96%, 970, 98%, or 99% 

identical over its length, and identical at least at L, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1L, 12, or 13 

identified interface positions (dependingon the number ofinterface residues for agiven 

polypeptide), to the amino acid sequence of a polypeptide selected from the group consisting 

of SEQ ID NOS: 1-34. SEQ ID NOs: 35-51 represent other amino acid sequences of the first 

and second polypeptides from embodiments of the present disclosure. In other embodiments, 

the first and second polypeptides comprise an amino acid sequence that is at least 75%, 80%, 
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85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identicalover its length, 

and identical 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 polypeptide selected from 

the group consisting of SEQ ID NOS:1-51.  

[00521 As is the case with proteins in general, the polypeptides are expected to tolerate 

some variation in the designed sequences without disrupting subsequent assembly into 

nanostructures: particularly when such variation comprises conservative amino acid 

substitutions. As used here, "conservative amino acid substitution" means that: hydrophobic 

amino acids (Ala, Cvs, Gly, Pro, Met, Val, Ile, Len) can only be substituted with other 

hydrophobic amino acids; hydrophobic amino acids with bulky side chains (Phe, Tyr, Trp) 

can only be substituted with other hydrophobic amino acids with bulky side chains; amino 

acids with positively charged side chains (Arg, His, Lys) can only be substituted with other 

amino acids with positively charged side chains; amino acids with negatively charged side 

chains (Asp, Glu) can only be substituted with other amino acids with negatively charged 

side chains; and amino acids with polar uncharged side chains (Scr,Thr, Asn, Gln) can only 

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

[00531 In various embodiments of the nanostructure of the invention, the first 

polypeptides and the second polypeptides comprise polypeptides with the amino acid 

sequence selected from the following pairs, or modified versions thereof (i.e.: permissible 

modifications as disclosed forthe polypeptides of the invention: isolated polypeptides 

comprising an amino acid sequence that is at least 75% identical over its length, and/or 

identical at least at one identified interface position, to the amino acid sequence indicated by 

the SEQ ID NO.): 

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

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

SEQ ID NO:3 and SEQID NO:24 (153-40A and 153-40B.1); 

SEQ ID NO:23 and SEQID NO:4 (153-40A.1 and 153-4013); 

SEQ ID NO35 and SEQID NO:36 (153-40A genus and 153-40B genus); 

SEQ ID NO:5 and SEQID NO:6 (153-47A and 153-47B); 

SEQ ID NO:5 and SEQID NO:27 (153-47A and 153-4713.1); 

SEQ ID NO:5 and SEQ ID NO:28 (153-47A and 153-47B.lNegT2); 

SEQIDNO5andSEQID NO:6 (153-47A.1 and 153-4713); 
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SEQ ID NO:25and SEQ ID NO:27 (153-47A.I and 153-47B.1); 

SEQ ID NO:25 and SEQID NO:28 (I53-47A. Iand 153-47B.INegT2); 

SEQ ID NO:26 and SEQ ID NO:6 (I53-47A.lNgT2and 153-47B); 

SEQ ID NO:26 and SEQID NO:27 (153-47AiNegT2 and 153-47B.1); 

SEQ ID NO:26 and SEQID NO:28 (153-47A.iNegT2 and 153-47B.lNegT2); 

SEQ ID NO:37 and SEQID NO:38 (153-47A genus and 153-47B genus); 

SEQ ID NO:7 and SEQID NO:8 (153-50A and 153-50B); 

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

SEQ ID NO:7 and SEQID NO:33 (153-5OA and 153-5OB.INegT2); 

SEQ ID NO:7 and SEQID NO:34 (153-50A and I53-50B.4PosTI); 

SEQ ID NO:29 and SEQID NO:8 (153-5OA Iand 153-5OB); 

SEQ ID NO:29 and SEQID NO:32 (153-50A.I and 153-50B.I); 

SEQ ID NO:29 and SEQID NO:33 (153-5OA. and 153-5OB.1NegT2); 

SEQ ID NO:29and SEQID NO:34 (153-50A. and 153-50B.4PosTI); 

SEQ ID NO:30and SEQ ID NO:8 (153-50A.lNegT2 and 153-50B); 

SEQ ID NO:30 and SEQID NO:32 (153-50A.iNegT2and 153-50B.1); 

SEQ ID NO:30 and SEQ ID NO:33 (153-50A.INcgT2 and I53-50B.lNegT2); 

SEQ ID NO:30 and SEQID NO:34 (153-50A.iNegT2 and 153-50B.4PosTi); 

SEQ ID NO:31 and SEQID NO:8 (I53-50A.lPosT1 and 153-50B); 

SEQ ID NO:31 and SEQID NO:32 (153-50A.IPosT1 and 153-50B.1); 

SEQ ID NO:31 and SEQ ID NO:33 (53-50A.lPosTI and 153-50B.NegT2); 

SEQ ID NO:31 and SEQ ID NO:34 (153-50A.lPosT1 and 153-50B.4PosT1); 

SEQ ID NO:39 and SEQID NO:40 (I53-50A genus and 153-50B genus); 

SEQ ID NO:9 and SEQID NO:10 (153-5IA and 153-5iB); 

SEQ ID NO:11 and SEQID NO:12 (152-03A and 152-03B); 

SEQ ID NO:13 and SEQID NO:14 (152-32A and I52-32B); 

SEQ ID NO:15 and SEQID NO:16 (152-33A and I52-33B) 

SEQ ID NO:17and SEQID NO:18 (132-06A and 132-06B); 

SEQ ID NO:19 and SEQID NO:20 (I32-19Aand 132-19B); 

SEQ ID NO:21 and SEQ ID NO:22 (132-28A and 132-28B); 

SEQ ID NO:23 and SEQID NO:24 (I53-40A. Iand 153-40B.1); 

SEQ ID NO:41 and SEQID NO:42 (T32-28Aand T32-28B); 

SEQ ID NO:43 and SEQID NO:44 (T33-09A and T33-09B); 

SEQ ID NO:45 and SEQID NO:46 (T33-15A and T33-15B); 
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SEQ ID NO:47 and SEQ ID NO:48 (T33-21A and T33-21B); 

SEQ ID NO:49 and SEQID NO:50 (T33-28A andT32-28B); and 

SEQ ID NO:51 and SEQ ID NO:44 (T33-3IA andT33-09B (also referred to as T33

3 IB)) 

[00541 In one embodiment, the one or more proteins, orantigenic 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 thereof are present at the N 

termiinusof 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 N terminus of the fusion protein occurs 

whenever from the location of the C terminus of the proteins is at proximal end of the protein.  

In these embodiments, one or more proteins, or antigenic fragments thereof are present at the 

C 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 presenceof the protein at the C terminus of the fusion protein occurs 

whenever from the location of the M terminus of the proteins is at proximal end of the 

protein.  

[00551 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 herein in its entirety.  

3. Antigens 

[00561 The present disclosure provides nanostructure-based vaccines for any of the 

various known bacteria, viruses, or parasites relevant to human or animal disease. In 

particular, the present disclosure relates to vaccines for iyme disease, pertussis, herpes virus, 

orthomyxovirus, paramyxovirus, pneumovirus, filovirus, flavivirus, reovirus, retrovirus, 

malaria, viral meningitis, fungal meningitis, and bacterial meningitis including Neisseria 

meningitides (also known as meningococcuss"), Haemophilus influenzae type B, 

Streplococcus pneumonia, and Listeria monoc ytogenes. For each of these organism, antigens 

(proteins or polysaccharides) capable of generating protective immune responses are known.  

The present disclosure relates to incorporation of any of these antigens-particularly 

antigenic proteins-into nanostructure-based vaccines. Guidance is particularly available 
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from studies of the immune response to infection or vaccination, such as isolation of binding 

or neutralizing antibodies, genetic analysis of antigen sequence, structural studies of antigenic 

proteins and antibodies, and most particularly clinical and veterinary experience with subunit 

vaccines. With few limitations, any known subunit 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 vaccines of the present disclosure comprise 

an oligosaccharide (e.g., a meningococcal oligosaccharide) conjugated directly or through an 

intermediate protein (e.g., diphtheria toxoid. tetanus toxoid, or CRMI197) to the 

nanostructure. In some embodiments, the nanostructure-based vaccines of the present 

disclosure comprise antigensor antigenic fragments from the list provided in Table 2.  
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TABLE2 
Non-Limiting List of Antigens 

Infectious Antigens Citation 
Agent 

HIV gp160, gp140, Sok, D.. Le, K. M., Vadnais, M., Save-Francisco, K.  

1p21 MPER L., Jardine, J. G., Torres, J. L., et al. (2017). Rapid 
elicitation of broadly neutralizing antibodies to HIV 
by immunization in cows. Nature, 548(7665), 108
111.  

RSV F protein US20160046675Ai US 2016/0031972 Al, 
profusionn) US 2017/0182151 Al, WO 2010/149745 Al, 

WOW2012/158613 A 1,WO 2013/139916A1, 
WO 2014/079842AlWO2014/174018A1, 
WO 2014/202570 A1, WO 2015/013551 A 1.  
WO 2017/040387 A2, W02017172890A1 

lInfluenza HA Influenza A Nabel etal. Induction of unnatral immunity: 
and B prospects for a broadly protective universal influenza 

vaccine. Nat Med. 2010 Dec;16(12):1389-91.  

EBV glycoprotein Kanekiyo et al. Rational Design of an Epstein-Barr 
350/220 (gp350) Virus Vaccine Targeting the Receptor-Binding Site.  

Cell. 2015 Aug 27;162(5):1090-100.  

CMV gB; L128, Ciferri etal. Structural and biochemical studies of 
3II0, ULI3A, HCMV gH/gL/gO and Pentamer reveal mutually 

gH (UL75) and gI exclusive cell entry complexes. Proc. Nat]. Acad. Sci.  
(UL115) U.S.A. 112,1767-1772 (2015).  

Chandramouli et al. Structure of HCMV glycoprotein 
B in the postfusion 
confornation bound to a neutralizing human 
antibody. Nat Commun. 2015 Sep 14;6:8176.  

Chandramnouli et al. Structural basis for potent 
antibody-mediated neutralization of human 
cytoinegalovirus Sci. Inmunol. 2, eaan1457 (2017).  

Lvine Outer Surface Ma et al. Safety, efficacy,and immunogenicitv of a 
Protein A (OspA) recombinant Osp subunit canine Lyme disease 

vaccine. Volume 14. Issue 14, October 1996, Pages 
1366-1374 

Pertussis Pertuissis toxin (PT) Seubert et al. Genetically detoxified pertussis toxin 
(PT-9K/i29G): implications for immunization and 
vaccines. Expert Rev Vaccines. 2014 
Oct;13(10):1191-204. doi: 
10l1586/14760584.2014.942641.Epub_2014 Sep3.  

Dengue E protein Modis, Y., Ogata, S., Clements. D. & Harrison, S. C.  
(2003) Proc. Natl. Acad. Sci. USA 100, 6986

_ 6991.pmid:12759475 
SARS Spike (S) Structure of SARS coronavirus spike receptor-binding 

glycoprotein domain complexed with receptor. Science. 2005 Sep 
16;309(5742):1864-8; WO2006068663A2 
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MERS Spike (S) fnmunogenicity and structures of a rationally 
lycoprotein designed prefusion MERS-CoV spike antigen. PNAS 

2017 August, 114 (35) E7348-E7357.  
_https://doi.org/I0.1073/pnas.1707304114 

Ebola EBOV GP or sGP Structures of Ebola virus GP and sGP in complex with 
[GP 1 and GP2  therapeutic antibodies. Nat Microbiol. 2016 Aug 
*subunits 8;1(9):16128. doi: 10.1038/inicrobiol.2016.128.  

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 Gc Envelope Gcoproteins: Key 
envelope Structural Units for Virus Cell Entry and Virus 
*lycoproteins Assembly. Viruses. 2014 Apr; 6(4): 1801-1822.  

Hepatitis B TepB surface Raldao et al. Virus-like particles in vaccine 
antigen (HBs) development. Expert Rev Vaccines. 2010 

Oct;9(l0):1149-76.  

Measles H and F proteins Lobanova et al. The recombinant globular head 
domain of the measles virus hemagglutinin protein as 
asubunit vaccine against measles. Vaccine. 2012 Apr 
26;30(20):3061-7.  

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

Rotatvirus VP4and VP8 O'Ryan et al. Parenteral protein-based roavirus 
vaccine. Lancet Infectious Disease. 17(8):786-787 
(2017).  

Human Gand F proteins Aertes etal. Adjuvant effect of the human 
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100571 In some embodiments, the antigen is an antigenic protein is selected from a 

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

TABLE 3 
Non-Limiting List of Antigen Sequences 

Antigen Amino Acid Sequence (UniProt) SEQ ID NO 

Human (r~imoefiencyv'ius >tr|A0AkC9TEE8|A lC9TB"EY8_9EIV1 Envelope 52 

IV) glycpotein gp160 OS=Human immunaodeficiency 
virus 1 GNenv PE=3 SV= 

gp,6 MRVKIKYQHWRGMLGLICGSSAEKF jIVITVY(YG\/PVW,,' 

KEATTT'FCASDAKAQN PEMHN- IWATACVPTDP'NPQEV IKNL 
TEEFNM' PWK'NNMV/EQMHE11 ]D ISWDSLPCKLTLCTLI T 

ALFYKLIIPI-DNNENLNNTNYTSYRLSCNTSVI'TQACPKIT 
FEP P IYCAPAGFAILKCKDKRNG T TQCHGIP 

VVST QLL LNFIG SLEEGFN/VRSE NFTDNAKN TVQLKDPVITC 

-RPNNNTKSITTIGPGPA FYPTGQVIGDTRKAHICDL NGTEWDNiAL 

I V GN FNSG HNC 

AQLFNS TLFNSTWNIP4STERL11GN4DTERTNF DTITLPKIQINMWTP 
QT'FGKAMYAPIRGFR'CSNI[TGL TRDGSGNTTGN'ETFG 
GG,'NKDNWERS ELYKYVK ELVAPT""'lAKRRVVQREKAAGL~ 
GAjLFLGFLGAG' S TMGAASLTLTV SGIVOQ QNNLLRAI 
EFAQQHFLLQLTVWG'KQQVLAVER"yQQL LWGCSGKL 

CETTT]'VPNEASWNKLDIWFENMT WQWEKEIDNYTDVIKE 
ESQNQQEKPNEQELL ELDKWA"LWWFIT WWY "IFIMTVGG 

LVGL'R"VFA'VSVNRV'RQGYSPLS FQLFAEGPDLEGTEEL 

GGFGERDSSLRSAFLGW YLRDLLLIAA 

RIVELLGRRGWEV KYWWSLLQTY KKSAS TL LNATAIAVA 
Q____ ETDRIE]VQRAGRAIE HPRRRQGAERAL F 

Human Errinmunodeficicy vius 12>tr|APp (0ATC9TB B33-524 53 

DPP QEILNL TEEFFINKMEQMEDL II LQSLKEPVK 

TT~SQDKKQQEYAFYKLt PINBNEDL'NNYTSYRL"SCN 
TVI[QACPKI""['TFEP['PIH'C AAGFAL FKCKDLPKGTGPCKN 

VSTVQC"T''GEPVV EQ 'LLNGSEEG\/VLRFSE[AKNI 

VQLKDPIC1 TNNNTKS -IGPGRAFYAT GQVIGDiRKAH 
CDLEWE DPIA LKQ1'IVEL KQYGNTFNS", 1-1 S S SGpGDP"EMH 

LCKIKQVINWQTVGKAMYAPPRIR R 5RCSITG' LIILTRDG 

GNTTGEfPGGGNMD S[E ' IFYK YKVVIEPLGVAPTAKR 

RVV1\,QRE1KR 
Humanl ifuJdeficency virus gp41> trA! C9TBY8543- -733 54 

(H-n MGAASLTLTVQARQLLSGIVQQQNNLLAIEAQQHLLQLTVIcI 
KQLQRVLVERYEDQLLGWCGKLCTTTVFPWNASWSN'K 

gp4 SL DN IWvENTMWKEIDEPTDVIY KEESQQENEQELL 
ET LDKW, J"SLWNWFDTRWL"W"KIFIMTVGGLVGLRTIVFAVILSEIVII 

F"VRQGYSELSFQTL'1 

-uman immunodefi'ci'ency vis > t r I AA1C9TBI-7 55 
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H-IV-1)_ ELDKWA'LW4A]NWFD'TWLWYV 

MPER 

Respiratory syncrytial virus >tr|X 4XY973_9MONO Fuion glycorotein 56 
(RSV) type A FO OS=espiratorysy l iute A 

GFPE=3 SV=1 
F protein MELDMLKTNAI"TTILAPATLCFASSAQNTTEEFYQSTCSA-VSKGY 

LSALRTGK TSV' IEL' NKENKCGTDA<KKLIKQELDKYKN 

AVI'ELQLLMQSTPAN-RPARREPFMNY'TLNN'KNNNV'TLSKK 

RKRRFLGFLLGVGSAIASGAVSVLEGEVNKALLSTNK 

AVVSNGVTfSKVYl)]KNYIDQLLPIVNKQSCSSET'V 

lIEFQQKHNNRLLE TEEF'SVAG 'I'TPVSTM'TNSIEIM iL LiINMNT 
PITNDQKKL 'MNVQIVRQQSS1MS11KEEVLAYVVQLPLYGV 

DETPWKLEISPLCTTNT'[KEGS'iCATRTDGCDAGS\/SEFP 

PQAETCKVAQSNRVFCDTMNSLTLPMEVNLCNIDLFNPYDCKM 

TSKTDV.SVITSLGA'VSCYGKTKCTASNKNRG-TF' INGCD 
YVSNKGVITVSVGNTLY'V"NKhQEGS LYVKGEPI NYDFLVF'P 
SDEFD7sSISQVNEK<NQSLAFRK"DELL1HVNVGKSATNMIT 

TI V \ AVGL C' FLY'KAISTP\/L[K[ DQLSG]IIENNJAF 

SNr 

nouenza A virrus >tr|C3W5X2|G3W"X2_9:3NF Elmaggltinin 57 
uS=Influenza A virus 

GA (A/Calirforia/0 7/20"9 (1) )' FGN=FA PE=1 SV=1 
MK]AILVLLYTFANATLGY HANSTDTVITVLEKNvVIV 

HSVNLLEDKHN CKLRGVAPLHL CN IAGW GNPECESLS 
'TAPSSIVE'TPrSSGCPGi'[CEFI D ,EQLSSVS EERFE 

l-PTSWNDSKVAACPH-'AAKSFY KN-i WLV'KKGN11SYP7 
KLSYNDKGMP EVLVLWGATH STSADQQLNAAVG 

SRYSKEFKPEIAIRPKVRQEGRMNYF WTF VEGDKITFEAlG 
LVVRYAAF-MERNATGGITSDTPVHDCNTTCQTPKGAsINTSLP 
FQNIH1IIGKFKY"'VKSKTKL T "GLPFGAAG 
EIEGEFWTGMVDGWYGYHQNEQYA'ISSTNAIGDT1111 

NVIEKMNTQFTAVGKEFN'LEKRIENLNK' 'DDGFLDIMWTYMA 

ELLVLENERLDY SNVKNLYEKVRusQLKNNA]KEIGMNGCFE' 
THKCDNTCMsVKNGTYDYPKSEEALREE'DGVKESMT 

QIL9'ASTVASL"LVVGA A' sv iSFWMNL C 

Influenza B virus Ctr|A0A14IEM"3'A 14EM _9'NFB 5R 

Hlemagglujtinin OS=-Influenza B3 v-rus 

GA (B/Victoria/A09/2012) G NHA "F ES 
MsMKAi'TS~DRICT'SANSP'lVVKT"AQGEVN's-GV 

P]TT"TPSYANLKTKTRGKLC PDCLCTDLVAGRPMCV 

G''TTP"SAKAiPL'"EV'' PVTSGCFPLLLRGYENI 
RLSTNVIAEKPGGYRLGSGSPNASK 'FFATMAWAV', EI'N 115 F" \I 2 

K DN N KNATNPILTVEVPYiI(I CAEGEDQ TVWGFH IS DN KTQM KN,'LYG' 
DNP QKFT SANGVTTHYV Q GF PDQTE)DGGLPQSGAR T'DY 

lMQKPGKTG'T IVY, QGVL F "CSGE"S KEKSPL 'GEAD 
CLHjEKYGGLNKSKPlYYTG EJTAKlGNP WKPKLANGTYR P F'KTLK 'Ely P"""'CFITsE'tjsG 'HFP''"iEi 

PALKuGFG AAGFLEGGWEGMIAGWHGYSHCGAHCVAA1' 

LDEIV)L PAD' TSQ-EAV' LSNEGLNSEDEMHLLALERKE 

KSMGPSVDJ-GNGCFKHKCNQTCLDR_5IAAGT''NA]EILT 

VSRDNVSCtl-CL 

Epstein-Barr virus (EBV) >spl 1P32UU|G?35U EBVB9 Envelope glycoprcon 519 
GP35' OS=Epstein-Bar' virus (strain B95-8) 

g]ycoproteAiin 350/221 (gp35n) GBELF3 P S= 

MEAL LVCQY'J-QS' 5LHLGPCFFVEIPEFPFYPCNVCITA 

VNV"INDV'EGGKK QLFGQLP TAVQGAFGSENA 

T"LF L ALTSKK'P[MVTTE"EQVSlEMSVDVY 

Q C VYLETV I C P'KWDNCNSTT'AVVRA 

QLVPSTASFVEM Icl-MGEISQ 
V'PG NKFNTCSGYPES'rV' SGGLTSVAT "MIGYAyS'L 

R PTPVSRFLGNN'SILYVIFYSCNGPASGGDYCiQSNIVFSDE 
T-PAS-QDMPTlNTT-DITYVYGDN ,ATYSVPDhWTSPEDANSx\,FIPNTVTAF `W 

AWP1NNTJET DFKCKWTj-LTSGTJPSG3CENT SGAFASNRTFDT) VSGTL 

GTAPKTLITITRTAsTNAlITTTTHVFKPSTSTNTF 

AP' P'SP'NS ]F'G S PM'jiS' PE 

GETSPQAV\NTTLGGTSPTP' VTSQPKNA T v-TGQHN1TS 
ITLQNITKPAPSGQKTAVHPTVT S1TGKANT TGKHTTGH 

ATSIEFTGSERI"H'PS"AT T TSKPRWTI'""'F'T V7PA)FSHI SA G<S"A',P P/'IJ SrAPENG'A,-1'S"ST' EN 
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ADCA]RRN- L1SS''PPYDDAETYV 

Human cvtomegalovr's >sp| PL64 73| GBCVA Enve ope g lycop rotein 

OS=uman cytomegalovirus (strain AD169) 
gB GN-gB P-1SV=1 

ESE WLVV>CVNL CIVCLGAASSSISHAT[STHNGSTR 

TSQTS\/YSQVT SLAX'S[PRNETYNTTKYGDVVGCVNTT 
YPYRVCSMAQCTDL RFEPRNCTSMTKPNEDLDECIt/VYKRN 
TVARTKRVQVLFRYAlYTYLSNTELYVAPPMIj.Fl 

H tQCYSS YSRV' 'GGT VFVAYHRDSTEILKMQY, 1'fN 

THSTRYVTVKDQWHERGPCSTLYETICNLNCMTITTARESKYPY'H 
FAS' TG'5 DVVY'I SP FNG STNASYFENTAiKF I FPNYIV'SD 

FGRP1NVAP'ETHRLAFLEPA'DSXVISEDQDEKNVTCeQLTFWEAt 
ERTI PSEAEIDC"FSAKMI AT FLCQEVNMSDSADCVREAI'' 

Q S9 1S'y' 'LiY'S(3N½'C''>F' I' T V]Q E' P1,S .5 
ELRLsPANRSSLN IRTPRTSDNTTHLSSM'EaIsNLVY~sLQ 

FTYDTLRGYIAis.) AEASCVDQRRLEVFK'IELSIN'PSAl

SA INKP IAARFMGDVLG ASC VT'INQTSVKE'D K I'ESPGR 

CYVSP'VV FNFANSSYVQYGQLGEDNL LGNHRTEECQLPSLK 
I AGNSA"YYVDY9-LEKR' DL 1SS ISTVDSM I ALD DP)ENTD 

RVLELY"SQELRcSSNVFPDLECREENSYKQRVKYVELDL'VVDPL 

PaNPIVA AVIXITY';YTRQRRLCTQPa'LQNLF"YLVS 

DGTVTSGSTKT S LQAPPSYEESVYNSURGPPPSSDAST'A 

PNL .DE IHRKNGY51IHLKDSDEEELNV 

Human cytomegalovius >sp P1 6837|U128 IC]VA 'Uncharaceried 1 

protein UL12 OS=HmRan cvLomeaalovirus 
U28(strlain AD169) GN=UL128 PE1 SV=2 

MsFPKD PLTLLGRV3PL VA E' PRCY 

D F1MCNR FTVALRICP'DGEVXCYS 'KTEP RGIIVMTHSLTEQ 

VINKLT SCNYNPLA["GR PCKVNDP'Q" CLLGA SPW 
INLEYDRK'], '(DI ' T' IPVGLDYLSVCAMGYMLQ 

lunan cyomegalvius >spl F HCP3| I Ll_1 3 iCM Envelope gLyc-opten 62 

UL13i O=Human ytomaegalovirus (strain 

3 Merlin) G=L 1 PE1 V1 
MLRPLRilEFI'CL.LCAVWATPSCLASPWLTAN 4QNPSPSEL 

TYSPDATFY7CPFLYPSSPPSPLQFSGFQRVSTGPECRNETL 
YL LYNIPGQTLV EPSCTWVKKIWYLGIL QER' ASKP 

ESWAV FtRDYVS F Q'VRTFTEANNQT YT FCT P N'HPLI"V 

Huran cytomeaalvirus >sp l FHET4|UlA_ HCVl Prtein UAl31A 63 

oSHuman cy omegalovrus (train Me r i n) 
U'L31A GNL131A PE=1 SV=1 

MRLCRVWLSVCLCAVVLGQCQRETAE3D YYPVPHYDASFAL 

PDQTRYK"YVELVDLTLNYHYID'SIHGL'D"DVLRNV'PASL 
SS]DF RRQN RRGG'TK"T' FN3AACGSAPA RESVRLPAN 

Suman cytmealovirus >spl P2324|G-_HCMVA Envelope glycoproten T 64 

CS=Human c7tomaegalovirus (,train AD169) 
gH (U/7 )GN-gH PDE=1 S\/=

MRPCPYLTVF-'TY LL SI PSQRYGADAASEA DPIAFHL 
TYGP IL'ENTTQC'T"NSSLRNCTVVPIENAINFFQSYNy" 

LAS"RSFSQLSAQD Cy SLGQQTTV PP T S 'SWPPQTTP'H 
DIWKGSHIT.'"'TGLRPTFNQT"C-ILFDGlHDLLFSTV TCLHQGFYLM 

ERL ''P Q:I ' W Li)]IS'">1) DI]> 11 L. 1 1a I5PRVI"KI'S" 

RDNF LQTEKHE LVLAQLNRHYLKDSDFL DALDFNYT 

DLSAL LRNSFHIPYAVDVLSGPCQM LRPVEMAFAYALLFAA 
ARQE'AGEI T SIRATDRQAALL Q QEFM ITC P PR'L

Y"TAVDLAKALWTPDQITDTSLVRLVYILSKQNQQHL PyA 
L LQK A TEa LALSAC FARE LM'S LVHSPMVTT 

RPEI FVETGLCSLAELSHFTAIHEYSDL YT PCSSSGR 

RDHSLERLTRPDAVAVPALS .STMQPSTLETFPDL FC 

TQTDSQTKCEL'T"IMHT' HSAALN1S LENCAF'QSALLIEYuD 

TQGVINIMH'DSD" CALDNEVVTSSPRT YLMLN'TV 

EVID 1V\'DA DSLL 1MMSVYA SAIL C Y LRMLKTC 

Human cytomegal ovirus P J 1 6832 G CIVA EnveIlope gly'copro en L 65 
S HRan cvLoeaaviru(s (t rain AD169 

gLU GNgCLa PE=1 SV=2 
MCIRPDCG']ESS''PPVVLCCLLP 'ISCVAVSVXAT' AAEP' 

AEC PELTRRCLLGEVFQGDKYSESWRPVNTRRDGPLS QL RY 

PVT"PFAANSVL LDD'FL D'TLLINPDQLRALLTLL-SDTAP 
RATVMRG'YSECGDGSPAV'TCVDDLCR 

YDT LSYGRSFT'E 
IVLGFELVPPSLFTNVVAIEA"RTNFAVRLPVSTAlPC GT 

L-FYG'LYNAVK EF1C ERH 1,Q TD)P PLL:.R ,D!)K"YYAGLP PEL,:.KQ-T RVNL: 

PAlSRYGPQAVDAR 
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Lyme >sp 0968IOS PA7_BOREG Cuter sur face prote in 
A OS= Bor relic ell1a b~urgdorferi G3N os pA PE=32 

ujter Surface Protein A SV=1 
(ospA) MKKLIG C LA ACKQNVS SLD)1ESVSVI)VEGGMK%V S 

EKNKDGKYDLATVDVK GTDKNNGSl-L EGVKADKSKVKL 

TVADDLSKTTLEV'JELDTuVVSRKVTSKDKSTTEAKFNEKGELS 
EKTMTRANGTTEQMTNE[DAAKAVETLKNG LKFEGSLASGK 

TAVEI KEGTVTLEaINGKVTVLNDASGSKTEASWQES'TS 
'TTISiADSKTKDL'V'TGT TVQNDSAGTKLGS AIKK 

DELIKNAi.  

B rdetela e rtssis >s| P49 "77'TX OR E' ertusSis tox's 67 

subunit 1 OS= OrdeLcll pertussi Str a n 

Pertussis taxi a(PT cubunis tc Thsama r/ ATCC BAA-59 / NTC 1325 
1-C-GptxSA 1E '1 SV=1 

MRCTPARQT'RTGWTWLAILoVTAPVTSPADDPPATV'YRY 
ESRPPE'D\/FQNGTA FNNDN\DHLTGRSCSSNSAFVSTS 

SSRRY TVYAE(EMEAVEARGTGHFl-G 'YEVRADNNY 

CPSSFEYVD'TYGDNAGRILAGA.LYQELIRPPEN P 
PVTRV HNG EGETTENSNARYVSQQTRPASNN'YSPRSVAS 

yEVGTLAPV GACM'ARQAScSAM.tAWSERAGEAM~VYYS 

A"sSF 

Dengue viu >sp P'"63| 281-775 68 

MRPCVGIGNRDFVELGATWVVVIi'LSCVTTMAKDK35'TLDE 

LI?'C'opec prtei, E'LLKTVTNPA~VRKLCEAKISNTTTDSRCPTQGEAT' LEQDT 
NFVCRRTFDRGWGNCLFGKGSITCUtKFKCVT'.LEGKIV 

ENLKY"S'VVVHTGDQQVGENETTEHGTTVA'ITPQAiTSE QL 

TSGAS'T9'SQERDLLVTKT AlEKKQVVVLGSQEGCAMHTAL' 

TANP VTDKEKVPVN EALPPFGElS''VVGEKALLSWFKKGS 

S'EGKMiEAT SEARGARRMA DTAW'D(5 ("E GVETSVGEi I 

iuman SALRS" coavirs 'SAPS) >sp P59594|SPLKECV'iSA Spikce gycoprotei 69 

OS=buman SAPS coroaviru GN=CS S E=1 SV=1 

piec (a) glycoroetain MIFLLFLTLTSGCDLDTTFD 'DVQAPNVYQHSSMRGnVYPD 

K EIRSDTL'YLTQDLFLPFYSNVTGFTI NHFGNPSVIPFKGI 
FAATEKSNVVRGWVEFGYSTMNNKySVIS'TNVVIPACNSEL 
CDNPFASKPMGTQTTMFDNAFNCTFEYISDAFSLDV.SE'.S 
GSINIFKHL'RENDGFLY\/NKGYQPIDVVND PSGEN' VP I 
NLPLGININFA LTAESPAQIWGT'StAAAYFVGYLKPTT'FL 
3VDENGICT'DAVCSQNPLAELK(CSKFiDKG'1 "QTCINFRVV 
PSG'DV\/RFENITNLCiFGE\/NATKFPiSVYAWI"ELKKISNC\/At' 
SVLYVNaSTF'.FCYGVSATKL NDLCSNVYDVVKG.DDV'RQ 

APGTVIAD"'NYK[LED DFCVLAWNTRNIDAT'STGNNYV 
a"YLRHGKLREPFR'.ISNVPESLDGKPCTPPALNCCYWPLNDYGFY 

'TTTGIGYQaPVVVLSFELLAATVCGPKLSTDLIKNQCVNFN 
INGCC'G(GV2LSSKRFQPFQQFGRDVSDFTD ISVRDPKTSE53LD 

ISPCSFGG.VSVITPGTNASSLVAVLY'QDVSCT DVSTA HDQLT 
PALER"Y'TGNNViQTQAGsCLIAEVDTS"IECDIP GACCAS" 

IN'?LLRS"SQES\/AYTMVS DADSS A"SNTIA PT'SSIS 

LTVM.PVa3MAKTSVDCNMY 'CGDSTECANLLLQYGSCTQLPA 
LCCGIAEQDLNTEVFAQVKQYKTPT LYFGGFNFSQLDPL 
EL'TKRSIED* LFNKVTLADADGFMKQYGECCGINARDLIt'CAQK 

AMQMA"RENGIGVTQNV LENQKQIANQFNNiSy iESLTTT 
TALGKLQDVVSQNAQALNTLV)QLSSNFGA3'5'V'NDELSRK 3 
VEAEVQ9 DRLITGRLQ 0 SLQTYVTQQLPAA'EIFASANLATKMES 

ECLQSEPRVDFE(CGKGHLMSEPQAAPHGVVL VTYV'"PSQIERN 
FTT APA'.CICGAFPRL'EGV SCFNGTSWFITQRNFFaPQo IS 
NTFVSCNCDVVIGCINNTVD~o~aPLODKELD'.VFN-TS 

D'VIELGDISCNAE'VV'SQKEIDPLNE\/AKSLNESL' iLQELGKY 

LEQYEKWPWVWLGFI.EAGLIA VMVTLLCCMTSCCSCLKGACSC 

GCC~FIDDD'EPVLKGVKLHYT' 

Mide Last espiateoryECC >t|RUC7|JCW7_9EL Spike gly.coprotc's 70 

synroe--elated coronairu OS=MiddleA East respiat-er synrom--ri elated 

(MERS) ccosavirus PE=4 a"=1 

Spike (S) gScoprotein PR 9DVS*ADG NVCPG DVYSNITITYQLFEPQGDHGDMYVY 

GTLLRPAEVYCILPRSGNCANSYT'ATYHT5PCDCSDGSN 

LNACLNFE"FNLNCTFMYTYNIT'ED..ILEWFGQ TAQGVHC 
LFSSR'"VDL 'GCNFQFAT.,'L'DIKYY'SP1IPHSRSQDRK 

AWs'AFYVYLQPLTFLLDFaVDIRAIDrC SCFDLaQLHCSYE 
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S FDIVES\[GVYS[VS S FEAKP SGSEQEECFSSSGF F PQV 

YNFKRF'TNCNN SL FSVNDF'CSQ S SPAAI SNCYSS 

LILDYFSYPLSMTSDTSVSSAGCISQFNYKQSFSNPTCL LAT'V 
PHNTT T IKCS RL'K LS DDRTSlIDE' EVPQLVNANQYS PCVS 

iPo'TVWEDGDYRKQLS PLEGGGWVSGSTAMT' EQLQMG FG 

ITVQYGTDTNSVCPKTEFANDTKFASQLGNCVEYSLYGVSGRGV 
IQNCAVGDVRQQR E'/NYAQNLVGY'S[ DGNY'C RAC'VSV[PVS 
VIY'DKE''TAT LFGSVACEH 'SSTMSYSRS' SMLRFDS'TY 

CGPLQT'PVCVLGLVfNtS SL/ VDK PLGQCALPDTPS'L PRF 
SVRSPGENRIAS >IFNPQ\/DQLNSS''FKS PTN]ES]FGVTQ 

EYQTTQKVTVDCKQYVCNGFQKCEQLREYGQFCSKINQLH 
CANLRQDDSV'RNLFASVKISSQSSNPOPGGDENLTLLEPVS S 
TGSNSAFSAED FEDEVTA DPCYMQYDDC'MQQGPASARI 
CAQYVA'yKVPPTLD'VNMEAYTSSLLS CIAGVWTAG LS SFA 

AIP/AQS I"KRLNGV-QQNV SENQK LIKFNQALAMQTGF 
SEAFKVQYDAVN'NAQA~l>KLASELIN' FGA SASI GD Q 

PLDVL'EQDAQIDRL NCRLTTLNAFVAQQVRSESAAELSA'QLAK 

"KVENVKASKN'GFVGQGTHVS E\/VNPNG FMHVGC [PI 

['KADLIIES'' I SI½ Nj'L'j]) ':IINE S&T,D''FVYEAT 
NESYDLKELGNVTYYNKWPWYlWLGFAGVA*vLALCVFF'LCC 

Zaire ebolavius > spQ VGP EBOZ M ON / Envelope g Lycaortein 7 
OSZaire e boavirus st-rain aya 

GP GN VP PE- R L R

PSGVPPKVVS'NYENAGEWAENCYNLv E IKPDSECLPAAPDC ROG' 

EPRCRPYVH-KVS3G'TG(PCAGDF )EAFH'IKEGAFFLYDR '- IEAcSTVl-YRGMT T' 

AECVVAFL ILOAKKDFFSoHPiREPNVIA'EDSSnYST' IRY 
QATCFGTNETEYLFEVDNLTYVQLESRFTPQFLLQLNET'YTSG 
KPSN'TGKI ,K\/NPEID'TIEWEET KEN TKI PSEl.Si 

TVVSNGAKNSGQSNPRTSODPNTTEDHIMASEN'SSAVQ 
SSCE/'V" A 5 SPQ C. ' FPCFLMS"11S'ND'I 

VISQGRAAVSL-TLTFISTSPQSL 7ITTKFGFDNSTH NTPVYKL-" 

D' IATQEQHHR INIDSTAS["PSATAAGPPEAENS' SKS 
TDFLDPATTTSPQN4S'E MNTlGNNNHHQDTGVESESSSGIVLLTN 

IAGVAG 'T GGRRRREA7 IVNQPCNPN E'L EYW'TTDEGA/T-G 
LAW I YFG AAEG TY EVGEHNQDGT V CLQ 'ANET' TQA F 

LPATT'ERTFSLE'RKAIDFTLLQRWGTCH'CILGPDCCEPDWT 
EN ,IDK IDQ IDEI\/DKTLPDQG'DNDNWWTGWRQWPAGIGVT 

VIL-AVI11ALFCICKLFVF 

a rbeg virus >sp N P35253|1 VG NRVM Envelao gD lcop rten 72 
OS Tae Victoi a marb0urvirus (strain 

GF Musoke-80) CG= CFE= SV=1 
MK' TTCFLSLILQGTNLP LEASNN 'QPQNVD'SVVC'GTQNT 

aE'DVHLMFTLSQEKVADSPLEASKRWACFRTGVPPKNVEYTEGNE 

AK'CYNISV'DSG'KLL DPTI RDi N K KCKTI HI QGQNPHA 
QG AIIVEAFF IYDR AS'EYRGKVFTEN5 fAMI VS''KTHK 

IFSEQGQGYRlMNLTS'NE'WTSSNC'TQTNDTCFGALQE'NS 
TKNQTCAPSh I PP L 'TARE KLTSTT 'DAT KLN TIDPSSIDE 
DATSGSGSGEREPTTSDPyTKQCSSTMPPTPSPQPSTPyQ 

GNNTNHISQDATELIDKNNTTAQSM PIHN''TT5 ASNNT'SIKINIS 

TLSAL' N TT'NQSTITENNQTSAP' IN'TCTSNTT iST 
S51EVE/ATTANNEFTOPPPTPSO"TAHLVYFRRIES LWR 

EGDMIF'P ELDG'NAN ['DFPVNT'KT' EDE'SSSSGANSAEEDQHA 

SPNI S TL TN N F EN EAYSENE;NDCDAEIW F SVOEDDLA 
CS' WIEP FG E "GL EYTAL NNLVCRRRLNQTAKS LE 

RVTT EER ISL IRAIDELNEE'LTRIG VLGFDCCG IDL 

SKNISEQ DQIKKNDEC CEGTGGWWSIDDGVLTNLGLL LSIAVLIALSICRIFTKCI 

Hanita virus >spI p8668|19 -648 
LRNVYDKECFSVSFEMSV'iVEL''NPIDTAQMNVPESS 

Gn 0nvelope glyc'pro0ei n CNIMDN-IQSL''KYTQVSWRGADoQSQSSFET'SEVDLK 
oTCVLKHKMVE'S'YERKSVT CYDLSCNSTYCKVLYMN'VPIA 

CSNKSSLNACGPYRVVVY''E'YCMTGVA'I'GK'CFVPNDQ'SVVSI I V D 5'I VF'/SNVS S L-E'EyvEISEES' VHDE 

NKVQGYYICVGGNS'PIYVF DDFRSMEAlTGIFSEICEDS 
AGEE N VASYSTVPANAKVPSSSDT S LAYSISYS SLS 

TSTEAKHVFPGLFPCKLVFN TNCDISAI PIWT MC DLPCYY 

EAVHPNCTVEE"VLSGPGASCEAISEGGEMNITSPMVSKyNRIK 
LTEQQVNFVCQRVDMDI 'VYCGQRKV F IT'T L CI TTS 

LFS LPCVSI ELEVCVPGFGWATVALLTFCFWVL PAIT 
1 ' K EAN I SVSN EL. E EIKEF>'TKCSVi'D 

VCNNECE'TYKELKACVoCPQoQCPYCFTHCEFT EAFQANYKV 
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FLLLESL WAASA 

:anta vr us >sp ' 6 -1135 "4 

Gc envelope glycopotein NFLEEAQ LHITEEEQ"TCVDVH ALGJIWFDCRNLKTSFHCY 

GCTKYEYPWHTAKi /9CFIERDYQ''iSWG'CNPSD'CPCVGTGCTAC.  

GLYT K).PVA'YA I TET IY 'RRVVQTGEEN ClK I ED 
VARHVKIVCIGTVSKFSQGDLLFFGPLEGGGLvFHW CSTCQ 

FGDSGIMSPEDKGFLtPEPGSFRKECNATTP DCEYDGNMVS 

TKDIDFDNIGENPCICGLT C SIEGAWGc EvJ GVCFTTCLSLTEC 
PTF TS LIKACDKAI CYGAEVLTRQNTVEVSGKGGHSGST EP 

CCHECSQ GlAAAPHLDKVTNI SEI ENSKV DD'AoC cK 
(CW F-VKSGEIWT IG I F-GNW FVIVLCVfI FLLSLVLSLPVE 

KKS 

bepatiti B 1>tr|Q9D'lQ9D'X1HBV 3 aSurfae antigern Hlgs/ 
OS=Hept Lis B v rus GN=s PE=4 SV=1 

HepB surface antigen (HBs) MENITGFLCPTLLVLQACFFLLTITPQSLNWWTSLSFIGC 
N'TVCQNSQSPTSNHSTSCiPT'CPGYWMCLRRFI T ]LF'L 

LLIFL' VDYQGMLPVCPPGSSTTSTGPC'CKTPAQ.'T S 
MYPSC'CTKPSDNCTCIPIPSSAF'GI F LWEWAAPFSWL cL 

VPEVQE\/;SVWSV LIWMWYWPSYS IL S PLPL 1 
CL3WY 

Meas les >sp 1 08362 1 EMA MEASE Hemaggluti in 76 
Slcoprotei n SSMeasles v rus (st rai 

H protein Edmnston) G'an N E=1 SV=' 
MSPQRDPNvAFYKDNPHPKGSVRIVINREI LRPYVLLFV 

FLILSIGLAAGL A 'IHK 1TSLDF TNSI EHQV 
KDLT.PLFtK-IGD'T.EVGLRTP 'QRFTD'EKISDKILNjPDREYD 

FRLTWC TNPPERT IKLVDYDQYCALVAAEELMNIA LVNS-TLIET 
TNQiLAVsSKGCSGPTTIRGQiSNMlSLSLLDLYLGRGYNVxSS V 

T 'TSQGMYGG' YV KPNL1SSKRsEL' SQI'YPVFEVGVIRNPC 
LGAPVFMTYLQPSNDSNMVLGLKAALCHED'T I 

PYQGSGKGVSICQLVFLGVWKxSPTDMQlSW\/PLS'DDP1V 11RLYLS 
'HRVNADNQAKWAVPTTRSTDKLRMCETCFQyQACKGK IALCEN 

PEW'PLDE IPSYGVLSVDL) STVE I KLSFICT' 

MID LYSNNVY 's T I P PMKNLALGV '' N L I3 PII'VS P1YIFN 

VSEEDLCHAPTYLPAEVDGDLu SSNLV IPGQDLQYVLT 

YDTS RVElAVVYY'IVYvSPSERSSYFY P , FLI1P TELQVE'FT 
WDQKLWCEHCL ADSESGGHI' HSGMEGMGVSCTV'REDLL NR 

Measles >se P 3 P313FUSMEASE Fusi on glycoprotein FC 

OS Measles virus (strain Edmonston) GN=F 
F protein PE=3 SV= 

MGLKVNV-,SIFMAVL, ,LTL!QTPTGQIHWGNLSKTGVV GTGSASYK 
VM[TlRcSSHQS LVT-LMPNI TLENCRVIAYRELTVLE] 

LRP 'SAEI SIQA~LSTAL-GGDINKVLEKLGY(GGDLLGILESR 
T KARL THVDTESYF7IVLSIAYPTLS EIK<GVl-VHELREGV/SYNI GSc 

QEWY'TVP KYVATQ.GYLISN EDESS ICTEPEG TVCSALPs 
PLQEC RGSTS CARTL VSGSFPG N RF"L QGNEL ' I CK 

'C
5 1

' S27' D F7' K"< NT/ -Y- 1%/GiS' ,//W 5 

EL SHRI/DL GP PSLE R LCDLGNAWLE C LLESSDQC 
RSMKGLS T SI VYIL CV CLiGPALCCCRG RCNKKGEQV 
GMSCRP SLD'TCGT S K SY VvNS 

Z' ka >sp I Q32ZEl 12 91-7 9C 7 
PC CVSNPLVEGMSGGWvD VVL EHGGCV'W''TMAQDKNPTVT E 

Zka enveoce domain I LVT"TTVSNMAEVRSYC"EASSDMADSRCPTQGEAYLDKQSDT 

c-ILERIMLSWVISSvSGMGYEDEDAKVEVT'PNSPREATL/S 

GGFCSLGLDCEPRTGLFSDLYYLTNNKHWLVHLKEWFHDIPL 
WHGASDT P1WNK'EALEEKDA/SKREQTVVVLG CQEA.CV1TA 

'T"TI/WlP27E'j IC'--VTi'Q"C'UiT CEiN''CL'.'P 

P TAN IT'ES' TENSKM M LEPICFGSYVIGVGCDKKLTLIW 
HRSvATGKETRA KRMCSI"SV~v LGWFGVGGvVFNSvLCK 

.TQ I(GAKLITG1GMS1WFQ-TS Q -'L LV ENTKNGS ST 

MalarIa >s| Ip8677| CSPPLAWE Ci rcumpcoazit 7 9 
aten OS=P'asmodium vivax (stran Belem) 

circumsporozoite protein PE=3 SV=2 

C SPE) MKNFLIAVSSILLVDLFPT'HCGHNLT-ISKA INLNGVNFNNVDlA 

SSLGACsVGQ.SAvy GRGGENPcSDDsEEGDAKKKKDGKKA'EPKNPRE 

EKK'QPDApCGQ'P/AGDRA'DGQPAG' DRDGQPACGDRAAG'CQ'PA 
DDGQPACDRADvQPADNADQPADDGQPCAD PA 
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GDRAAGQPAGDADGQPAGDRAAGQPAGDDQPA[PGDR .AGQP 
ACDRAD]GQPAGDRAAGQFPAGDXAAG QPAGDRAAGQPAGDF AGQ 

PACNGCCGQAAGGAGCCQGQNNECA'NPNEKSVKEYLDKVPAT 

Nip vr >sl 
Q9  

63| 1USNkV 1us io g p a E> 80 

O1=N paN virus GNFP P SV= 
Protein MVILDKR I-CI .-LMSEC 1VILE KL PIVKGP 

KYK I'NFLTKD 'VIKMIPNVSNM SQC'TGVMENYKTRLNG0LT 
P I 7K Ejw. VENI Ia.'DPC E'7 RNu>A C 

7
x Iy'C 

PIKGA LETYKNNTHDLVGDV RLA GVIMAl,'G-VA'IGITAA--QTIAGV 
ALYEAl1KNADNNKLKHSS ES TNV/KLE'AEKT 3VVkTA 

D5'TNLV'PTIDKSCKQ'TELSLDLAL6SN"LSDLLFVFGCPNLQD 

IS VPNDLVRNTLISIE GCLITKR'US>VINDWYPMTNNM1 

PIE CGSTEKCPREL'VSSENPREALSNGVLFANIil-SVTCQCQTy 

EGIA SGPVFTDKV DSSQ'iMNQSLQQSPP"KARLLDTV 

NPSLSMLSMILY\/SIAS.CIGCITESEIIVEPKRNS'EN.  

EDNRVP'TSSGDLYK SG 

Nia viru >spQ9162|GLYC NIW PA\/ Glycaprate'n G 8 

C arotein M'PAEKRE NTTSDKGK']CEPSKVIKPSYYGTMDIKKINEGLLDS 
F LSAFTVA LSIV IVNM I INYTSTDNQAV K1DAQ 

GQQQKLAD T EIGPK LI <p DTSSTTIPANCIGLLGSKiS 

QSTASINENV"NE
7
CKETLPP 'NLKECNISCPNFLPERitEN'PQTE 

P935N C '1 CPPE- Sl FEW A 1N'Ca 
GVSNLGLPNNJTD-LQTDSNQ QPLSLPVVGQSGYT A TCITDP 

LLMDGYAY'S1LERIGSCEPCGVSKQR IGVGEVL.DRGDEVPS 

h '11;' P" SPG1)''Ot; SN1'N..k) (YE5 / 

LFMTN\/IWTPNPTVYHCAVNyNEYYVLCAVCTVGP3LNST 

PSGKQGTLP61AGF EK' N DSNCPITKQYSKPEN 
LMG['PIEHtLRSLELNL ESDENKVFEEISDQREGS 

P17 Q13 yP'vtC KSPFS ICHND . S' P D3'vP P 13lyNQN1">F 

P'IDSLQPI(PVFYQSWDTM'KFGDVLTVNPLVVWRNNT 

NQTAkENPVFTVFKWDNEl-LY'RAQLAEDTNACKIT'NCFLLKNKI 
WiL VEhY DTG D[ EPAV IPEQCT 

Ntavius >sc P19 3|Vp' P H Outer capaid o atei 3 

VP4 6'S=Ratavi rus A (strain PVA/Huan/Uni'ted 

VP43 prtein States/Wa/974/GlPlA[S] )PE=t SV=3 
MASLWpYQLTNSY"VDLHDE EQIGSEKTQNVTINPSPFAQTR 

YAVSWGGNSTTVPSNEGNN'PQPLNT TPINCYP'INSNT 

N GVETNNSDFWAVVAF-EPHV K.PVDPQYTFGES KFNVSNP 

-,oWN Y T 'PSSQILIWIPE' 1 s[ NE"') t1ivNs "'s 

IS'FLE'RSSSQNEYN' RTLSDTRFVGILKYGGRVWTF 

HGE PATDSTANLNNIe S3 TyHSEFY3PRSQES'C5NEl'E 
NGLPQNW]61TNLL IQ CWYKPNED SNWTSLWKEMC 

QYNRITIRFKFGNS IV-KGLGYKWSEISYKAANQYNYLRD 

EQVTAN'STTCSVNGVPNNFSYaNGSL'PDFGISEVIKENSYVYV~ 

PN]NGG11FAGT7SFTDEVSNSLR'RSLTVD EN'PNS iL 

4 o 4s7ts.Ha/ -A
4 / 

G51D I S I 3 ElIEE 7315'PI N 

TRTN1YGLPAANPNNNYYiSGRFSLYLVPTND])"QTP M 

FSGKST [ SLTKSkASVKTRiKEPTSE M5-(TNS'DA,-A-S 

SANSISNSIAkISNN'SNVSNVN" LN D STQTSTISK 

FkSEN] IVPVS' I'P DKN P ] NY-R ELN SNP 

Patavirus >spc P'S193| 123 83 
MASL] ''1RQ 3LTNSYSVDLDE EQN[ CGETQNVTIN1P16EAQ P 

NVPS arateint YAPVNWGCHGEINDSTTV'EP LDPYPTFTP PNDYWILNSNT' 
NGVY'ESTNNISD'FWTA/VAEPHV3NPDQYT GEyQNVSN 

DSNKWFLEMFRSSQNEENRRT LT E1T PFVG SL KYGRW 

HGEPiPA T1DSSSANLN I SITSEFC Y]PRaQESKCIflN 
NGLPP'QNTR 

tumnN mtetapneumiru s '(hPV) >plQ6WN98|FUSHMPVC FuNian glycaprotein IC 84 

OS=luman> meapneumo'iruas (strain CAN97--83 
a arote'n GN=F PE = SV 1 

'j (3\ 15 I .Y ,; SG 'F PyillS'715 '71.75'ID I,> I '7T' 

TNVS LEGDENET'SDGPS LIKELLTSALREL'KTSA DQ 

EVTAEKNMTT EAVFD 17 TT DSTQTNVVGTVE K VKNLPTRAT 
ENk IA .6''' K~ I113', .EIN NN>.6'ANN]'. WIS",1E,'31PA 

SNKNKCDS 1DDLMvaStIFNRF LNVVNQESDNNP AI SLD'N 
SA V [-YMQ E [' GVNDP'CWIVK A PSS G' GVN AICLL REDQG 

WYCQNISGSTVY'PEKDtCERDHVFCDT7'AG(NtAEQSECI 

I ST TNYPCEVS' P 5MVALS PL'AACYKGSCS 1 INR 
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VG ]QLNKCS YTNQ['DA' DTVDN) ySKEEQHV KGR 
PVSSSFDP P EDQFNVALDQVEN'ENSQALVDQSNR LSSA 
EKGNTGFIVIILA'VLGS SMLVIFTIKTKKPTGAPPELS 

GVINGFI'jpH 

Human metapseimo rus (hMPV) >sp Q6WB4 A G LHPVC Major sur face 8 

plycoprot-ein C OS=Iuman metapneumoi rus 
G protein (strain CAN97- 3) GN=G PE=1 cV=1 

MEV'KVENRAIDLKYAPRVKNRASKNLIYMl-TTLSAA 

LN "TYLN T' STSEEL HSSPPTESNKEASTTD PDJN 

PNSQHPTQSTEMNPTLANPAAIS\SPSETEPASNTPDTTNRLTSSlDR 
STA''QPIESRTKT PTVTRNNPTASSTQRPPRATTKAREP

T
T 

F]SSTGKRPTTTSVQSDSTTQNHEE TSANPQAcVSTMQN 
eum a aiflenzvrus >spl P12605| FUS_ P -1 HC Fusion gy coparotein FO 86 

(V AS=Human parainfluenza us (strain C39) 
GN=F PE= 2 V=1 

Srotein MQKSE LFN -S LLSSCQ] PNVcKSNVG' VIN EGKL LKA 

CSYESY VLSLlPSIDLEDGCGTTQiYNLLNARLLIPLKDA 

AD LES'ITATDTV 'SANPQSRLFGAVIGTIA 'GVATAAQT 
A-AAEAREAKDALIDSK'MHNSVELIQRG SEQ IALK 

'T'E/'SM RE 1 (3CL ,) ETs AI~ C1 KC'11KCAN TLFVNNE-RPAFGELRCTTAKGKTHSELATSS 
L'T]EK SLTQA SS YSAN TE ELST EKESDYD ITTEQ 

VKGTVD1/DLELYM\ITLL ,,VK PILSE PGVLIYRASS SYNC 

EELHVAPM''IASSLAA'."'NLDVTCIESPL'AYCPRPTQ I P 
AQQKyC LDVSKCP'VKV INN' 'LPKFAFI[N GG VANMCI AsTCT 

CCTNRIP\NQDRSRGVTLTYTNCGLGINGIELYANKRGRDT 
WGNQ E'VPAVS YE ASL A NASAN FLStKEMAE 

SAVGGWHNTVCSTQA I VCCLTT CGILYYLRVRL LTI 

NST NSPVNT'T LESRMRNPYLGNNP SN 

Iuman' paraintfluena v Is >spl P25466|HN_ P2HT Hiemagplutinin- 87 
seurinidasc OS=uLan arai nfluenza 2 vi as 

N paroten (sLrain Tosi' ba) GNHN PE= SV=1 

MEAYSNL SLSPKRCR F RTA'ILG ACTLICSI/LHET 

ILD VSSGLSDSQQGIIQPIES KSLIAfANQ I SINVAT 

NV] L lSA'GT P1NYPT..K FA . PSES'SN' PSE '-~ V 
THCYTHNAVAM'GDCLDE'TTSNQYL AMGCIQQSAAALP LART'E 
YLSDGNRKSCSVINN'PGGCVLYCY/VATRSEKEDYTTDLAArEL 

ACY"YNDTS ERVISLPNT'GQWAT NPAVGSGIHLFL 

P T G SGTPSY'KQSSRYF PKHPN ' CAGNSSEQA/AAASS 

YVRY-SNRLIQSAtILCPLSDMHTA'RCNLVMFNNSQVMCAEG 
RLYV DNNLYYQR"SSWWASL>FR'INTFKG EL EAQWV 

LNENYRFACAL RNESNRNPTFYT'ASAALT G FNNTNHA 
AYT?'CFTGTQKRYCLI EGSLLGEFQI ELARELI P 

La a a >sp P 3 29|OS25_PL7F0 25 kDa okine te 88 
sur fac anti go' OS Plasodiun ' efalarum 

Pfs25 surface antigen (isolate NF54) PE= SV 
MNKLAS FLI QLS TNNAK V VDTV CKPGF ' QMSGH EC 

~EMACN F VJMV'c' , >EPNECV'NeE'MECAAEEC P T DAMJil 

'CS CWGK\/NVQKCSKETKCSLK KENETM K ]AVC 'K 
CDCKDGFAIDNESSTCTAFSAYN NLSTMFIL FSVCFFTM 

scogrop B N'esser a >t|QQCC2|Q6QCC2_NEME Factor H-bindinp 9 
me n i di' s (Men1) prote's TSN essei a mena'tiCis AX=87 

GN-gna1870 PE=-1 SV=1 
fHbp MNRTAFCCL ST ATLILTACSSGGGVAADGAGLADALTAPLD 

11KPVKGLQSLQSVRKNELL AAQGAETYGNG SMLN'GKL 
N'VS'RE FIRQ IEVDGQL TLESGEFQVYKQSHSALTAFQTE' 

IQDN GKMVAKRPQFRI CDAGEHTFKL PEGGPIAT"YRGTAF 
GSDDAGGDLT TD AAKQNC'SKE EL WPENDM'E'AL'AAAI KPD 
GKRHAVSG CSV LYNQAEKGsLGIAFGGKAQAGSAEVKTNG 

7-RHIGLAAKQ 

serogrup Neisseria > rIX5F 9B9]X5F B9NE ME Q ai nopIate synth ase 99 
in iq tdS (MenB) A OS=Nisseri a meningitiis OX=487 GN nadA2 

PE=3 SV=1 
NadA MQT'APRSLAYDMPIQ 'TSACQ> RQAW'AVAAT ' PDEAGR 

FGAEHEAAL' VAGVRFMGSAK ,LCPEKTVLMDLAECSL 

GCPEASACDBDTI'\/VN AM'TSAAVKARADVVT'S\ALE 
7VSYL SaRKLWGFDRHLGDYRRETGADIMLLWQGSC 'FINE 

FKGQtAEAALKAEHPAVVLSESPAQVIEL"VVGSTSKLV 
AVERPEKKFIVAT D)LGILHMQKQAPDKQFIAAPTAGNG GSCKS 

CAF'C PW [AMNSCLGIKYALTSGHNETLLRLGAKLLQRML 
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rogroip 3 Nei sser a >tr|Q9JP1 lQ9JP1 NEIME Gna21 32 OS=Nei sseria 10 
en (Mend B meningitidis OX=487 GNgna2l12 PE=4 SV=1 

MFR SVIAMAC IALACGCCSPDV'KSADTLSKPAPVVSE 
N HBA _EEKDPASGGPSQGDAVENGGAAAT 

DKPENEDECAQNDMPQNTD !SLTP N'H PASNM PAGN M ENQOAP 
DAGEyEPQPDMJANTADGMQGDDPcJAGNANTAQGTNQA.  

ENNQTAGSQNPA3STNPS'ANGGD]FTNVGNSVVIDG'PSQNI 
TTHCKGDSCSCNN FLD ELEFEL SDAKtF SNHYEKKDGKN 
DGKNDKFLVE~.ADSVQMKN.EQY [IFKPPSFRFRSAR'SR 

SLAEMP L. T ,VNQA]T'VDEASLT GHSGNA FPEGYRF.  

TYGAEKLPGGYALRVQGEPSKCEMLATAVYNGEVHFHTENC 

RPSPSPGRFAAKVDFGSKSD G1DSG1C DMG TKFAC' 
GFKGTWT ENGGGDVIS GKFYGUPAG EEVAGKYSYPTDAEKGGG 

FAGKKEOD 

4. Assembly Domains and Linkers 

[00581 In an embodiment, the nanostructurc comprises a trimeric assembly.The trimeric 

assembly comprises a protein-protein interface 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 surface-exposed interface that interacts with a 

complementary surface-exposed interface on a second assembly domain. As described in 

King et al. (Nature 510, 103-108, 2014), Bale et al. (Science 353, 389-394,2016), and patent 

publications W02014124301 Al and US20160122392 Al, the complementary protein

protein interface between the trimeric assembly domain and second assemblydomain 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 invention comprise one or more copies of trimeric 

assembly domains bearing antigens proteins, orantigenic fragments thereof as genetic fusions 

as well as one or more trimenic assembly domains that do not bear antigenic proteins as 

genetic fusions; these nanostructures display the F proteins at partial valency. The trimeric 

assembly domain can be any polypeptide sequence that forms a trimer and interacts with a 

second assembly domain to drive assembly to a target nanostructure. In some embodiments, 

the nanostructure comprises first and second polypeptides selected from those disclosed in 

US20130274441 Al, US 2015/0356240 Al, US 2016/0122392 A l, WO 2018/187325 A1, 

each of which is incorporated by reference herein in its entirety.  

[00591 In the nanostructures of the present disclosure, the antigenic protein and the core 

of the nanostructure may be genetically fused such that they are 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 exterior of the 

nanostructure. As such, the point of connection to the core of the nanostructure should be on 

the exterior of the core of the nanostructure fonned. As will be understood by those of skill in 

the art, a wide variety of polypeptide sequences can be used to link the proteins, or antigenic 

fragments thereof and the core of the nanostructure. These polypeptide sequences are referred 

to as linkers. Any suitable linker can be used; there is no amino acid sequence requirement to 

serve as an appropriate linker. There is no requirement that the linker impose a rigid relative 

orientation of the protein or antigenic fragment thereof to the core of the nanostructure 

beyond enabling the protein or antigenic fragment thereof to be displayed on the exterior of 

the nanostructure. In some embodiments, the linkerincludes additional trimerization domains 

(e.g., the foldon domain of T4 fibritin) that assist in stabilizing the trimeric form of the F 

protein.  

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

GYIPEAPRDGQAYVRKDGEWVLLSTFL (SEQ ID NO: 89) 

[00601 In some embodiments, the linker may comprise a Gly-Ser linker (i.e. a linker 

consisting of glycine and serine residues) of any suitable length. In some embodiments, the 

Gly-Ser linker may be 3, 4, 5, 6, 7, 8, 9, 1 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more 

aminoacids in length In sonm embodiments, the Glv-Ser linker may comprise or consist of 

the amino acid sequence of GSGGSGSGSGGSGSG, GGSGGSGS or GSGGSGSG.  

5. Assembly of nanostructures 

[00611 In some embodiments, one or more purified samples of pluralities of the 

polypeptides for use in fonning a nanostructure are mixed in an approximately equimolar 

molar ratio in aqueous conditions. The polypeptides interact with one another to drive 

assembly of the target nanostructure. Successful assembly of the target nanostructure can be 

confirmed by analyzing the in vitro assembly reaction by common biochemical or 

biophysical methods used to assess the physical size of proteins or protein assemblies, 

including but not limited to size exclusion chromatography, native (non-denaturing) gel 

electrophoresis, dynamic light scattering, multi-angle light scattering, analytical 

ultracentrifugation, negative stain electron 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 techniques commonly 
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used to isolate proteins by their physical size, including but not limited to size exclusion 

chromatography, preparative ultracentrifugation, tangential flow filtration, or preparative gel 

electrophoresis.'The presence of the antigenic protein in the nanostructure can be assessed by 

techniques commonly used to determine the identity of protein molecules in aqueous 

solutions, including but not limited to SDSPAGE, mass spectrometry protein sequencing, or 

amino acid analysis. The accessibility of the protein on the exterior of the particle, as well as 

its conformation or antigenicitv, can be assessed by techniques commonly used to detect the 

presence and conformation of an antigen, including but not limited to binding by monoclonal 

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

[00621 In other embodiments, the nanostructures of the invention comprise two or more 

distinct first polypeptides bearing different antigenic proteins as genetic fusions: these 

nanostructures co-display multiple different proteins on the same nanostructure. These multi

antigen nanostructures are produced by performing in vitro assembly with mixtures of first 

polypeptides in which each first polypeptide bears one of two or more distinct proteins as a 

genetic fusion. The fraction of each first polypeptide in the mixture determines the average 

valency of each antigenic protein in the resulting nanostructures.. The presence and average 

valency of each protein-bearing first polypeptides in a given sample can be assessed by 

quantitative analysis using the techniques described above for evaluating the presence of 

antigenic proteins in full-valency nanostructures.  

[00631 In various embodiments, the nanostructures are between about 20 nanometers 

(nn) 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 min their longest 

dimensions.  

[00641 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 indifferent than the number of identical second polypeptides in each 

second assembly. For example, in one embodiment, the nanostructure 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 each second assembly 

may, for example, comprise three copies of the identical second polypeptide. In another 

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 copies 

of the identical first polypeptide, and each second assembly may, for example, comprise two 

copies of the identical second polypeptide. In a further embodiment, the nanostructure 

comprises twenty first assemblies and thirty second assemblies; in this embodiment, each 

first assembly may, for example, comprise three copies of the identical first polypeptide, and 

each 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.  

[00651 In various further embodiments, oligomeric states of the first and second 

polypeptides are as follows: 

153-34A: trimer + 153-3413: pentamer; 

I53-40A: pentamer -+153-4013 trimmer; 

153-47A: trimer + 153-47B: pentamer; 

153-50A: trimer +153-5013: pentamer; 

153-51A: trimer +153-51B: pentamer; 

132-06A: dimer 132-0613: trimer; 

132-19A: trimer + 132-1913: dimer; 

132-28A: trimer + 132-28B: dimer; 

I52-03A: pentamer -+152-0313: dimer 

152-32A: dimer + 152-3213: pentamer; and 

152-33A: pentamer + 152-3313: dimer 

6. Nucleic Acids 

[00661 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 DNA. As used herein, "isolated nucleic acids" are those that have been removed 

from their normal surrounding nucleic acid sequences in the genome or in cDNA sequences.  

Such isolated nucleic acid sequences may comprise additional sequences useful for 

promoting expression and/or purification of the encoded protein, including but not limited to 

polyA sequences, modified Kozak sequences, and sequences encoding epitope 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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[00671 In a further aspect, the present disclosure provides recombinant expression vectors 

comprising the isolated nucleic acid of any embodiment or combination of embodiments of 

the disclosure operatively 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 linked 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 yet 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 include, but are not limited to, polyadenylation signals, termination signals, and 

ribosome binding sites. Such expression vectors can be of any type known in the art, 

including 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 manmnalian system may 

be constitutive (driven by any of a variety of promoters, including but not limited to, CMV, 

SV40, RSV, actin, EF) or inducible (driven by any of a number of inducible promoters 

including, but not limited to, tetracycline, eedysone, steroid responsive). The construction of 

expression vectors for use in transfecting prokaryotic cells is also well known in 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 either as an episome or by 

integration into host chromosomal DNA. In a preferred embodiment, the expression vector 

comprises a plasmid. However, the disclosure is intended to include other expression vectors 

that serve equivalent functions, such as viral vectors.  

[00681 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 prokaryotic or eukaryotic. The cells can be transiently or stably transfected.  

Such transfection of expression vectors into prokaryotic and eukarvotic cells can be 

accomplished via any technique known in the art, including but not limited to standard 

bacterial transformations, calcium phosphate co-precipitation, electroporation, or liposome 
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mediated-, DEAE 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, 2nd 

Ed. (R.I. Freshney. 1987. Liss, Inc. New York, NY). A method of producing a polypeptide 

according to the disclosure is an additional part of the disclosure. The method comprises the 

steps of (a) culturing a host according to this aspect of the disclosure under conditions 

conducive to the expression of the polypeptide, and (b) optionally, recovering the expressed 

polypeptide.  

7. Vaccines and Administration 

[00691 The disclosure also provides vaccines comprising the nanostructures described 

herein. Such compositions can be used to raise antibodies in 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 is available in Remington: The Science and 

Practice of Pharmacy.  

[00701 The pH of the composition is usually between about 4.5 to about 11, such as 

between about 5 to about I1, 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 10.5, between about 6 to about 

10.5, between about 5 to about 10, between about 5.5 to about 10, between about 6 to about 

10, between about 5 to about 9.5, between about 5.5 to about 9.5, between about 6 to about 

9.5, between about 5 to about 9, between about 5.5 to about 9, between about 6 to about 9 

between about 5 to about 8.5, between about 5.5 to about 8.5, between about 6 to about 8.5, 

between about 5 to about 8, between about 5.5 to about 8, between about 6 to about 8, about 

4.5, about 5, about 6.5, about 6, about 6.5, about 7, about 7.5, about 8, about 8.5, about 9, 

about 9.5, about 10, about 10.5, about 11. etc. Stable pH maybe maintained by the use of a 

buffer e.g. a Tris buffer, a citrate buffer, phosphate buffer, or a histidine buffer. Thus a 

composition will generally include a buffer.  

[00711 A composition may be sterile and/or pyrogen free. Compositions may be isotonic 

with respect to humans.  

[00721 A vaccine composition comprises an immunologically effective amount of its 

antigen(s). An "immunologically effective amount" is an amount whichwhen administered 

to a subject, is effective for eliciting 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 antibodies, the degree 

of protection desired, the formulation of the vaccine, the treating doctor's assessmentof the 

medical situation, and other relevant factors. It is expected that the amount will fall in a 

relatively broad range that can be determined through routine trials. The antigen content of 

compositions of the disclosure will generally be expressed in terms of the mass of protein per 

dose. A dose of 10-500pg (e.g. 5 0 pg) per antigen can be useful.  

[00731 Vaccine compositions may includean immunological adjuvant. Exemplary 

adjuvants include the following: 1. mineral-containing compositions; 2. oil emulsions; 3.  

saponin formulations; 4. virosomes and virus-like particles; 5. bacterial or microbial 

derivatives; 6. bioadhesives and mucoadhesives; 7. liposomes; 8. polyoxyethylene etherand 

polyoxyethylene ester formulations; 9. polyphosphazene (pcpp); 10. muramyl peptides; I.  

imidazoquinolone compounds; 12. thiosemicarbazone compounds; 13. tryptanthrin 

compounds; 14. human inmunomodulators; 15. lipopeptides; 16. benzonaphthyridines; 17.  

microparticles; 18. imnmunostimulatory polyncleotide (such as ma or dna; e.g.. cpg

containing oligonucleotides).  

[00741 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 MF59 or AS3), 

aTLR7agonist s imidazoquinoline or imiquimod), or a combination thereof Suitable 

aluminum salts include hydroxides (e.g. oxyhydroxides), phosphates (e.g.  

hydroxyphosphates, orthophosphates), (e.g. see chapters 8 & 9 of Vaccine Design... (1995) 

eds. Powell & Newman. ISBN: 030644867X. Plenum), or mixtures thereof. The salts can 

take any suitable form (e.g. gel, crystalline, amorphous, etc.), with adsorption of antigen to 

the salt being an example.The concentration of A1- in a composition for administration to a 

patient may be less than 5mg/ml eg. <4 mg/ml, <3 mg/ml, <2 mg/ml, <1 ng/ml, etc. A 

preferred range is between 0.3 and I mg/ml. A maximum of 0.85mg/dose is preferred.  

Aluminum hydroxide and aluminium phosphate adjuvants are suitable for use with the 

disclosure.  

[00751 Exemplary adjuvants include, but are not limited to, Adju-Phos, Adjunerlm, 

albumin-heparin microparticles, Algal Glucan, Algammulin, Alum, Antigen Formulation, 

AS-2 adjuvant, autologous dendritic cells, autologous PBMC, Avidinem, B7-2, BAK, BAY 

R1005, Bupivacaine Bupivacaine-HC, BWZL, Calcitriol, Calcium Phosphate Gel, CCR5 
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peptides, CFA, Cholera holotoxin (CT) and Cholera toxin B subuni (CTB), Cholera toxin 

Al-subunit-Protein A D-fragment fusion protein, CpG CRL1005, Cytokine-containing 

Liposomes, D-Murapalmitine, DDA, DHEA .Diphtheria toxoid, DL-PGL, DMPC, DMPG, 

DOC/Alum Complex, Fowlpox, Freund's Complete Adjuvant, Gamma Inulin, Cerbu 

Adjuvant, GM-CSF, GMDP, hGM-CSF, hIL-12 (N222L), hTNF-alpha, IFA, IFN-gamma in 

pcDNA3, IL-12 DNA, IL-12 plasmid, IL-12/GMCSF plasmid (Sykes), IL-2 in pcDNA3, IL

2/Ig plasnid, IL-2/Ig protein, IL-4, IL-4 in pcDNA3, Imiquimod, inmTherT1, 

Immunoliposomes Containing Antibodies to Costimulatory Molecules, Interferon-gamma, 

Interleukin-1 beta, Interleukin-12, Interleukin-2, Interleukin-7, ISCOM(s)TM, scoprep 

7.0.3T, Keyhole Limpet Hemocyanin, i-pid-based Adjuvant, Liposomes, Loxoribine, 

LT(R-192G), LT-OA or LT Oral Adjuvant, LT-R-192G, LTK63, LTK72, MF59, 

MONTANIDE ISA 51, MONTANIDE ISA 720, MPL.TM., MPL-SE, MTP-PE, MTP-PE 

Liposomes, Murametide, Murapalmitine, NAGO, nCT native CholeraToxin, Non-onic 

Surfactant Vesicles, non-toxic mutant El 12Kof CholeraToxin mCT-El 12K, p

Hydroxybenzoique acid methyl ester, pCIL-10, pCIL12, pCMVmCATI, pCMVN, Peptomer

NP, Pleuran. PLG, PLGA, PGA, and PLA, Pluronic L121, PM A., PODDSTm, Poly vrA: Poly 

rU, Polvsorbate 80. Protein Cochleates. QS-21. Quadri A saponin, Quil-A, Rehydragel HPA, 

Rehydragel LV, RIBI, Ribilike adjuvant system (MPL, TMD, CWS), S-28463, SAF-1, 

Sclavo peptide, Sendai Proteoliposomes, Sendai-containing Lipid Matrices, Span 85, Specol, 

Squalanei , Squalene 2, Stearyl Tyrosine, Tetanus toxoid (IT), heramideTI, Threonyl 

muranyl dipeptide (TMDP), Ty Particles, and Walter Reed Liposomes. Selection of an 

adjuvant depends on the subject to be treated. Preferably, aphamiaceutically acceptable 

adjuvant is used.  

00761 Onesuitable immunologicaladjuvant comprises a compound of Formula (1) as 

defined in W02011/027222. or a pharmaceutically acceptable salt thereof, adsorbed to an 

aluminum salt. Many further adjuvants can be used, including anyof those disclosed in 

Powell & Newman (1995).  

[0077] Compositions may include an antimicrobial, particularly when packaged in 

multiple dose format. Antimicrobials such as thiomersal and 2-phenoxyethanol are 

commonly 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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[00781 Compositions may comprise detergent e.g. a polysorbate, such as polysorbate 80.  

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

[00791 Compositions may include sodium salts (e.g. sodium chloride) to give tonicity. A 

concentration of 10±2 mg/mi NaC is typical e.g. about 9 mg/mL.  

[0080] In some embodiments, the buffer in the vaccine composition is aTris buffer, a 

histidine buffer, a phosphate buffer, a citrate buffer or an acetate buffer. The composition 

may also include a lyoprotectant, e.g. sucrose, sorbitol or trehalose. In certain embodiments, 

the composition includes a preservative e.g. benzalkonium chloride, benzethonium, 

chlorohexidine, phenol, m-cresol, benzvl alcohol, methylparaben, propylparaben, 

chlorobutanol, o-cresol, p-cresol, chlorocresol, phenyiercuric nitrate, thimerosal, benzoic 

acid, and various mixtures thereof. In other embodiments, the composition includes a bulking 

agent, like glycine. In yet other embodiments, the composition includes a surf-actant e.g., 

polysorbate-20, polysorbate-40, polysorbate- 60, polysorbate-65, polysorbate-80 polysorbate

85, poloxamer-188, sorbitan monolaurate, sorbitan monopalmitate, sorbitan monostearate, 

sorbitan monooleate, sorbitan trilaurate, sorbitan tristearate, sorbitan trioleaste, or a 

combination thereof The composition may also include a tonicity adjusting agent, e.g., a 

compound that renders the formulation substantially isotonic or isoosmotic with human 

blood. Exemplary tonicity adjusting agents include sucrose, sorbitol, glycine, methionine, 

mannitol, dextrose, inositol, sodium chloride, arginine and arginine hydrochloride. In other 

embodiments, the composition additionally includes a stabilizer, e.g., a molecule which 

substantially prevents or reduces chemical and/or physical instability of the nanostructure, in 

lyophilized or liquid form. Exemplary stabilizers include sucrose, sorbitol, glycine, inositol, 

sodium chloride, methionine, arginine. and arginine hydrochloride.  

[00811 In another aspect, the disclosure provides a method of inducing an immune 

response against an infectious agent, comprising administering to a subject in need thereof an 

immunologically effective amount of the immunogenic composition described herein, which 

comprises the nanostructure as described herein.  

[00821 In certain embodiments, the immune response comprises the production of 

neutralizing antibodies against an infectious agent. In certain embodiments, the neutralizing 

antibodies are complement-independent.  
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[00831 The immune response can comprise a humoral immune response, a cell-mediated 

immune response, or both. In some embodiments an immune response is induced against 

each delivered antigenic protein. A cell-mediated immune response can comprise a Helper'T

cell (Th) response, a CD8+ cytotoxic T-cell (CTL) response, or both In son embodiments 

the immune response comprises a Immoral immune response, and the antibodies are 

neutralizing antibodies. Neutralizing antibodies block viral infection of cells. Viruses infect 

epithelial cells and also fibroblast cells. In some embodiments the immune response reduces 

or prevents infection 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; i.e., an antibody generatedagainst an administered 

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

[00841 A useful measure of antibody potency in the art is "50% neutralization titer." To 

determine 50% neutralizing titer, serum from iimunizedanimals is diluted to assess how 

dilute serum can be yet retain the ability to block entry of 50% of viruses into cells. For 

example, a titer of 700 means that serum retained 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 600, about 800, about 1000, about 1500, about 2000, about 2500, about 

3000, about 3500, about 4000, about 4500, about 5000, about 5500, about 6000, about 6500, 

or about 7000. The 50% neutralization titer range can have an upper limit of about 400, about 

600, about 800, about 1000, about 1500, about 2000, about 2500, about 3000, about 3500, 

about 4000, about 4500, about 5000, about 5500, about 6000, about 6500, about 7000, about 

8000, about 9000, about 10000, about 11000, 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 29000, 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.  

[00851 Compositions of the disclosure will generally be administered directly to a 

subject. Direct delivery may be accomplished by parenteral injection (e.g. subcutaneously, 

intraperitoneally, intravenously, intramuscularly, or to the interstitial space of a tissue), or by 

any other suitable route. For example, intramuscular administration may be used e.g. to the 
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thigh or the upper arm. Injection may be via a needle (e.g. a hypodermic needle), but needle

free injection may alternatively be used. A typical intramuscular dosage volume is 0.5 ml.  

[00861 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 immunization 

schedule. In a multiple dose schedule the various doses may be given by the same or different 

routes, e.g., a parenteral prime and mucosal boost, a mucosal prime and parenteral boost, etc.  

Multiple doses will typically be administered at least I week apart (e.g., about 2 weeks. about 

3 weeks, about 4 weeks, about 6 weeks, about 8 weeks, about 10 weeks, about 12 weeks, 

about 16 weeks, etc.).  

[00871 The subject may be an animal, preferablya vertebrate, more preferably a 

mammal. Exemplary subject includes, e.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 is for prophylactic use, the human is preferably a child (e.g., a toddler or 

infant), a teenager, or an adult; where the vaccine is for therapeutic use, the human is 

preferably a teenager or an adult. A vaccine intended for children may also be administered to 

adults, e.g., to assess safety, dosage., immunogenicity, etc.  

[00881 Vaccines of the disclosure may be prophylactic (i.e. to prevent disease) 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 tern prophylactic vaccine may also refer to 

vaccines that ameliorate the effects of a future infection, for example by reducing the severity 

or duration of suchan infection.  

[0089] Isolated and/or purified nanostructures described herein can be administered alone 

oras either prime or boost in mixed-modality regimes, such as a RNA prime followed by a 

protein boost. Benefits of the RNA-prime/protein-boost strategy, as compared to a protein

prime/protein-boost strategy, include, for example, increased antibody titers, a more balanced 

IgG1:igG2a subtype profile, induction ofTHl-type CD4+Tcell-mediated immune response 

that was similar to that of viral particles, and reduced production of non-neutralizing 

antibodies. The RNA prime can increase the immnunogenicity of compositions regardless of 

whether they contain or do not contain an adjuvant.  
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[00901 In the RNA-prime/protein boost-strategy, the RNA and the protein are directed to 

the same target antigen. Examples of suitable modes of delivering RNAs include virus-like 

replicon particles (VRPs), alphavirus RNA, replicons encapsulated in lipid nanoparticles 

(LNPs) or formulated RNAs, such as replicns formulated with cationic nanoemulsions 

(CNEs). Suitable cationic oil-in-water nanoemulsions are disclosed in W02012/006380 e.g.  

comprising an oil core (e.g. comprising squalene) and a cationic lipid (e.g. DOTAP, DMTAP, 

DSTAP, DC-cholesterol, etc.).  

[00911 In some embodiments, the RNA molecule is encapsulated in, bound to or 

adsorbed on a cationic lipid, a liposome, a cochleate, a virosome, an immune-stimulating 

complex, a microparticle, a microsphere, a nanosphere, a unilamellar vesicle, a multilamellar 

vesicle, an oil-in-water emulsion, a water-in-oil emulsion, an emulsome. a polycationic 

peptide, a cationic nanoemuilsion, or combinations thereof.  

[00921 Also provided herein are kits for administration of nucleicacid (e.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 vaccine 

disclosed herein.  

[00931 The pharmaceutical compositions described herein can be administered in 

combination with one or more additional therapeutic agents. The additional therapeutic 

agentsmay include, but are not limited to antibioticsorantibacterial agents, antiemetic 

agents, antifungal agents, anti-inflammatory agents, antiviral agents, immunomodulatory 

agents, cytokines, antidepressants, hormones, alkylating agents. antimetabolites antitumour 

antibiotics, antimitoticagents, topoisomerase inhibitors, cytostatic agents, anti-i invasion 

agents, antiangiogenic agents, inhibitors of growth factor function inhibitorsof viral 

replication, viral enzyme inhibitors, anticancer agents, a-interferons, p-interferon, ribavirin, 

hormones, and other toll-like receptor modulators., immunoglobulins (igs), and antibodies 

modulating Ig function (such as anti-IgE (omalizunab)).  

[00941 In certain embodiments, the compositions disclosed herein may be used as a 

medicament, e.g., for use in inducing or enhancing an immune response in a subject in need 

thereof, such as a mammal.  
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[00951 In certain embodiments, the compositions disclosed herein may be used in the 

manufacture of a medicament for inducing or enhancing an immune response in a subject in 

need thereof, such as a mammal.  

[00961 One way of checking efficacy of therapeutic treatment involves monitoring 

infection by an infectious agent after administration ofthe compositions or vaccines disclosed 

herein. One way of checking efficacy of prophylactic treatment involves monitoring immune 

responses, systemically (such as monitoring the level of IgGi and IgG2a production) and/or 

mucosally (such as monitoring 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 

[0097] All publications and patents mentioned herein are hereby incorporated by 

reference in their entirety as if each individual publication or patent was specifically and 

individually 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 any form of suggestion, that they 

constitute valid prior art or form part of the common general knowledge in any country in the 

world.  

[00981 Within this application, unless otherwise stated, the techniques utilized may 

be found in any of several well-known references such as:.Molecular Cloning: A 

Laboratory Manual (Sambrook, et al., 1989., Cold Spring Harbor Laboratory Press), Gene 

Expression Technology (Methods in Enzymology, Vol. 185, edited by D. Goeddel, 1991.  

Academic Press, San Diego, CA), "Guide to Protein Purification" inMethods in 

Enzymology (M.1. Deutshcer, ed., (1990) Academic Press, Inc.); PCR Protocols: A 

Cuide to Methods andApplications (Innis, et al. 1990. Academic Press, San Diego, CA), 

Culture ofAninal Cells: AManual ofBasic Technique, 2nO Ed (RI. Freshey. 1987.  

Liss, Inc. New York, NY), Gene TransferandExpression Protocols, pp. 109-128, ed. E.J.  

Murray, The Humana Press Inc., Clifton, NJ.). and the Ambion 1998 Catalog (Ambion, 

Austin, TX).  
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[00991 In the present description, any concentration range, percentage range, ratio range, 

or integer range is to be understood to include the value of any integer within the recited 

range and, when appropriate, fractions thereof (such as one tenth and one hundredth of an 

integer). unless otherwise indicated. The term "about", when immediately preceding a 

number or numeral, means that the number or numeral ranges plus or minus 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 indicated. The use of the alternative (e.g., "or") 

should be understood to mean either one, 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 

used herein, the terms "include"and "comprise" are used synonymously.  

[00100] The section headings used herein are for organizational purposes only and are not 

to be construed as limiting the subject matter described.  

[00101] Unless specifically defined otherwise, the following terms and phrases, which are 

common to the various embodiments disclosed herein, are defined as follows: 

[001021 As used herein, the term protein refers to a protein or a glycoprotein.  

[00103] As used herein, the tenn immunogenic refers to the ability of a specific protein, or 

a specific region thereof, to elicit an immune response to the specific protein, or to proteins 

comprising an amino acid sequence having a high degree of identity with the specific protein.  

According to the present disclosure, two proteins having a high degree of identity have anino 

acid sequences at least 80% identical, at least 85% identical, at least 87% identical, at least 

90% identical, at least 92% identical, at least 94% identical, at least 96% identical, at least 

98% identical or at least 99% identical.  

[00104] As used herein, an immune 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 vaccine. For purposes of the present disclosure, a "humoral 

immune response" refers to an immune response mediated by antibody molecules, including 

secretory (IgA) or IgG molecules, while a"cellular immune response" is one mediated byT

lymphocytes and/or other white blood cells. One important aspect of cellular immunity 

involves an antigen-specific response by cytolytic T-cells ("CTLs"). CTLs have specificity 
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for peptide antigens that are presented in association with proteins encoded by the major 

histocompatibilitv complex (HC) and expressed on the surfaces of cells. CILs help induce 

and promote the destruction of intracellular microbes, or the lysis of cells infected with such 

microbes. Another aspect of cellular immunity involves 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 displaying 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 CD8-T-cells.  

[001051 Thus, an immunological 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 immune response.  

Hence, an immunological response may include 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, 

cytotoxic, or helperT-cells and/or'T-cells directed specifically to a hemagglutinin protein 

present in the vaccine. These responses may serve to neutralize infectivity, and/or mediate 

antibody-complement, or antibody dependent cell cytotoxicity (ADCC) to provide protection 

to an immunized individual. Such responses can be determined using standard immunoassays 

and neutralization assays, well known in the art.  

[00106] As used herein the term "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 "antibody" further encompasses camelid 

antibodies.  

[00107] As used herein in describing viruses, neutralizing antibodies 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 virus to a host cell 

and ending with budding of newly formed virus from the host cell. This life cycle includes, 

but is not limited to, the stepsof attaching to a cell, entering a cell, cleavage and 

rearrangement of viral proteins, fusion of 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 cell membrane.  
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[00108] As used herein, broadly neutralizing antibodies are antibodies that neutralize more 

than one type, subtype and/or strain of bacteria, virus, or parasite. For example, broadly 

neutraizing antibodies elicited against an influenza HA protein from aType 

A influenza virus may neutralize a Type B or Type C virus. As a further example, broadly 

neutralizing antibodies elicited against an influenza HA protein from Group I influenza virus 

may neutralize a Group 2 virus. As an additional example, broadly neutralizing antibodies 

elicited against an HA protein from one sub-type orstrain ofvirus, may neutralizeanother 

sub-type or strain of virus. For example, broadly neutralizing antibodies elicited against an 

HA protein from an H influenza virus may neutralize viruses from one or more sub-types 

selected from the group consisting of H2, H3, H4, H5, H6, H7, H8, H8, H I0, HI H12, H13, 

1-114, 115 or H16.  

[00109] With regard to antigen s, it is understood by those skilled in the art that antigen 

proteins from different strains may have different lengths due to mutations (insertions, 

deletions) in the protein. Thus, reference to a corresponding region refers to a region of 

another proteins that is identical, or nearly so (e.g., at least 95%. identical, at least 98% 

identicaloratleast99%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 have a similar or nearly identical sequence and will perform the same 

function. To better clarify sequences comparisons between strains, numbering systems are 

used by those in the field, which relate amino acid positions to a reference sequence. Thus, 

corresponding amino acid residues in 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 is understood by those skilled in the art.  

[00110] According to the present disclosure, a trimerization 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 is formed. Any known trimerization domain can be used in the present 

disclosure. Examples of trimeization domains include, but are not limited to, the HIV-1 gp4 

trimerization domain, the SIV gp41 trimerization domain, the Ebola virus gp-2 trimerization 

domain, the HTLV-1 gp-21 trimerization domain, theT4 fibritin trimerization domain (i.C., 
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foldon), the yeast heat shock transcription factor trimerization domain, and the human 

collagen trimerization domain.  

[001111 As used herein, a variant refers to a protein, or nucleic acid molecule, the 

sequence of which is similar, but not identical 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 naturally occurring variations or 

they can be engineered through the use of genetic engineering technique known to those 

skilled in the art. Examples of such techniques are found in Sambrook J, Fritsch E F, 

Maniatis T et al., in Molecular Cloning-A Laboratory Manual, 2nd Edition, Cold Spring 

Harbor Laboratory Press, 1989, pp. 9.31-9.57), or in Current Protocols in Molecular Biology, 

John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6, both of which are incorporated herein by 

reference in their entirety.  

[00112] With regard to variants, any type of alteration in the amino acid, or nucleic acid, 

sequenceispermissible so long as the resulting variant protein retains the ability to elicit 

neutralizing antibodies against an influenza virus. Examples of such variations include, but 

are not limited to, deletions, insertions, substitutions and combinations thereof For example, 

with regard to proteins, it is well understood by those skilled in the art that one or more (e.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.  

Similarly, one or more (e.g., 2, 3, 4, 5, 6, 7, 8, 9 or 10) amino acids can often be inserted into 

a protein without significantly affecting the activity of the protein.  

[00113] As noted, 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 is appreciated in the art that amino acids can be classified into groups based on 

their physical properties. Examples of such groups include, but are not limited to, charged 

amino acids, uncharged amino acids, polar uncharged amino acids, and hydrophobic amino 

acids. Preferred variants that contain substitutions are those in which an amino acid is 

substituted with an amino acid from the same group. Such substitutions are referred to as 

conservative substitutions.  
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[00114] As used herein, the amino acid residues are abbreviated as follows: alanine 

(Ala; A), asparagine (Asn; N), aspartic acid (Asp; D), arginine (Arg; R), cysteine (Cys; 

C), glutamic acid (Glu; E), glutamine (Gln; Q), glycine (Gly; G), histidine (His; H), 

isoleucine (Ile;I), leucine (Leu; L), lysine (Lys; K), methionine (Met; M), phenylalanine 

(iPhe; F), praline (Pro; P), serine (Ser; S), threonine (Thr; T), tryptophan (Trp; W), 

tyrosine (Tyr; Y), and valine (Val; V). As used herein, "about" means-i- 5% of the 

recited parameter.  

[00115] Naturally occurring residues may be divided into classes based on common side 

chain properties: 1) hydrophobic: Met, Ala, Val, Leu, Ile; 2) neutral hydrophilic: Cys, Ser, 

Thr; 3) acidic: Asp, Glu; 4) basic: Asn, ln, 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 memberof one of these classes for a member 

from another class.  

[00116] 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 

hydrophobicitv and charge characteristics. The hydropathic indices are: isoleucine (+4.5); 

valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (2.5); methionine 

(+1.9); alanine (+18); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9); 

tyrosine (-1.3); proline (-1.6); histidine(-3.2); glutamate (-3.5); glutamine(--3.5); aspartate 

(-3.5); asparagine (-3.5); lysine (-3.9): and arginine (-4.5).The importance of the 

hydropathic amino acid index in conferring 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 otheramino acids having a similar hydropathic 

index or score and still retain a similar biological activity. In making changes based upon the 

hydropathic index, the substitution of amino acids whose hydropathic indices are within +2 is 

preferred, those within 1 are particularly preferred, and those within 0.5are even more 

particularly preferred.  

[001171 It is also understood in the art that the substitution of like amino acids can be 

made effectively on the basis of hydrophiicity, particularly where the biologically 

functionally equivalent protein or peptide thereby created is intended for use in 

immunological disclosure, as in the present case. The greatest local average hydrophilicity of 

a protein, as governed by the hydrophilicity of its adjacent amino acids, correlates with its 
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immunogenicity and antigenicity, i.e., with a biological property of the protein. The 

following hydrophilicity 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); glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5+1); alanine (-0.5); 

histidine (---0.5); cysteine (-1.0); methionine (-1.3);valine(-1.5); leucine (-1.8); isoleucine 

(-1.8); tyrosine (-2.3); phenylalanine (--2.5); and tryptophan (--3.4). In making changes 

based upon similar hydrophilicity values, the substitution of amino acids whose 

hydrophilicity values are within 2 is preferred, those within 1 are particularly preferred, 

and those within ±0.5 are even more particularly preferred. One may also identify epitopes 

from primary amino acid sequences on the basis of hydrophilicitv.  

[001181 Desired amino acid substitutions (whether conservative or non-conservative) can 

be determined 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 to increase or decrease the immunogenicity, solubility or stability of the HA 

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

TABLE 4 
Amino Acid Substitutions 

_OriinalAminoAcid Fxempla _Substitutions 
Ala Val, Leu, Ile 
Arg Lys, Gln, Asn 
Asn Gln 
Asp Glu 
Cys Ser, Ala 
Gln Asn 
Glu Asp 

1 N, Pro, Ala 
Ils Asn, Gln Ly:s Arg 
Ile Leu, Val Met. Ala 
Leu _le, Val MetAla 
Lys Arg, Gln, Asn 
Met Leu, Phe, Ile 
Phe Leu, Val, Ile, Ala, Tyr 
Pro Ala 
Ser Thr, AlaCys 
Thr Ser 
Trp Tyr, Phe 
_T _ _ _ _ __ _ _ _ _ _Tr , Phe, br Se 

Val Ile, MeL Leu Phe, Ala 
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[00119] As used herein, the phrase "significantly 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 antibodies against avins. Such 

activity may be measured by measuring the titer of such antibodies against virus, or by 

measurin the number 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 in the art. In addition to the activities described above, other 

activities thatmaybemeasured include the ability to agglutinate red blood cells and the 

binding affinity of the protein for a cell. Methods of measuring such activities are known to 

those skilled in the art.  

[00120] As used herein, a fusion protein is a recombinant protein containing amino acid 

sequence from at least two unrelated proteins that have been joined together, via a peptide 

bond, to make a single protein. The unrelated amino acid sequences can be joined directly to 

each other or they can be joined using a linker sequence. As used herein, proteins are 

unrelated, if their amino acid sequences are not normally found joined together via a peptide 

bond in their natural environment(s) (e.g., inside a cell). For example, the amino acid 

sequences of monomeric subunits that make up a polypeptide, and the amino acid sequences 

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

[00121] The terms individual, subject, and patient are well-recognized in the art, and are 

herein used interchangeably to refer to any human or other animal susceptible to infection.  

Examples include, but are not limited to, humans and other primates, including non-human 

primates such as chimpanzees and other apes and monkey species; farmi animals such as 

cattle, sheep, pigs, seals, goats and horses: domestic mammals such as dogs and cats; 

laboratory animals 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 

particularage, sex, race, and the like. Thus, individuals of any age, whether male or female, 

are intended to be covered by the present disclosure and include, but are not limited to the 

elderly, adults, children, babies, infants, and toddlers. Likewise, the methods of the present 

disclosure can be applied to any race, including, for example, Caucasian (white), African
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American (black), Native American, Native Hawaiian, -lispanic, Latino, Asian, and 

European.  

[001221 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.  

[00123] As used herein, the terms 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 

parasite.  

[00124] The publications discussed herein are provided solely for their disclosure prior to 

the filing date of the present application. Nothing herein is 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.  

[00125] Unless defined otherwise, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary 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 herein are 

incorporated herein by reference to disclose and describe the methods and/or materials in 

connection withxwhich the publications are cited.  

[00126] It is appreciated that certain features of the disclosure, which are, for clarity, 

described in the context of separate embodiments, mayalso be provided in combination in a 

single embodiment. Conversely, various features of the disclosure, which are, for brevity, 

described in 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 each and every combination was 

individually and explicitly disclosed. In addition, all sub-combinations are also specifically 

embraced by the present disclosure and are disclosed herein just as if each and every such 

sub-combination was individually and explicitly disclosed herein.  

[001271 The disclosure is further described in the following Examples, which do not limit 

the scope of the disclosure described in the claims.  
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9. Examples 

9.1. Example 1: Respiratory Syncytial Virus (RSV) 

9.1.1. Sequences 

[00128] In embodiments of the present disclosure, RSV F protein is presentas a fusion 

protein with the first polypeptide and a linker is used, the F protein-inker sequence may 

comprise the following: 

>DS-Cav1-foldon (SEQ ID NO: 90) 

(MELLILKANAITTILTAVTFCFASG)QNITEEFYQSTCSAVSKGYLSALRTGWYTSVIT 

IELSNIKFNKCNGTDAKVKLIKQELDKYKNAVTELQLLMQSTPATNNRARRELPRFM 

NYTLNNAKKTNVTLSKKRKRRFL(iFLLGVGSAIASGVAVCKVLILEGE'NKIKSALL 

STNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLL 

EITREFS\NAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIM 

CIIKEEVLAYVVQLPLYGVIDTPCWKLIITSPLCTTNTKEGSNICLTRTDRGW YCDNA 

GSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSS 

SVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNK 

QEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIR(KSDELL)GYIPEAP 

RDGOAYVRKDGEWVLLSTFL 

[001291 In various further embodiments, the first polypeptides comprise or 

consist of first polypeptides having a sequence selected from the following (optional 

residues in parentheses): 

>DS-Cav1-foldon-T33-31A (SEQ ID NO: 91) 

(MELLILKANVIATILTAVTFCFASS)QNITEEFYQSTCSAVSKGYLSALR TGWYTSV/ITI 

ELSNIKENKCNGTDAKVKLIKQELDKYKNAVTELQLLMQSTPATNT.NRARRFLPRFM 

NYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALL 

STNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLL 

EITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIM 

CIIKEEVLAYVVQLPLYCiVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNA 

GSVSFFPQAETCKVQSNRVFCDTNNSLTLPSEVN'.-LCNVDIFNPK(YDCKIMTSIKTDVSS 

SVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNK 

QEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIR(KSDELL)GYIPEAP 

RDGQAYVRKDCEWVLLSTFLGGSMEEVVLITVPSALVAVKIAHALVEERLAACVNI 
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VP(iLTSIYREEGSVVSDI-ELLLLVKTTTDAFPKLKERVKELIPYEVPEIVALPIAEGNR 

EYLDWLRENTG 

>DS-Cav1-T33-31A (SEQ ID NO: 92) 

(MELLILKANVIATILTAVTFCFASS)QNITEEFYQSTCSAVSKGYLSALRTGWYTSVIII 

ELSNIKE'NKCNGTDAKVKLIKQELDKYKNAVTELQLLMQSTPATNNRARRELPRFM 

NYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVCKVLILEGE'NKIKSALL 

STNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLL 

EITREFS\NAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIM 

CIIKEEVLAYVVQLPLYGVIDTPCWKLIITSPL CTTNTKEGSNICLTRTDRGW YCDNA 

GSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSS 

SVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNK 

QEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIR(KSDELL)GGSMEE 

VVLITVPSALVAVKIAHALVEERLAACVNIVPGLTSIYREEGSVVSDHELLLLVKTTT 

DAFPKLKERVKELHPYEVPEIVALPIAEGNREYLDWLRENTG 

>DS-Cav1-foldon-T33-15B (SEQID NO: 93) 

(MELLILKANVIATILTAVTFCFASS)QNITEEFYQSTCSAVSKGYLSALRTGWYTSVII 

ELSNIK ENK CNGTDAKVIKLIKQELDKYKNAVTELQLLMQSTPATNNRARRELPRFM 

NYTLNNAKKTNVTLSKKRKRRFLGIFLLGVGSAIASGVAVCKVLHILEGEVNKIKSA LL 

STNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLL 

EITREFS\NAGVTTPVSTYML3TNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIM 

CIIKEEVLAYVVQLPLYGVIDTPCWKLIITSPL CTTNTKEGSNICLTRTDRGW YCDNA 

GSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSS 

SVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNK 

QEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIR(KSDIELL)GYIPEAP 

RDGQAYVRKDGEVX'LLSTFLCiGSMVRGIRGAITVNSDTPTSIIIATILLLEKMLEANGI 

QSYEELAAVIFTVTEDLTSAFPAEAARQL(iMI-RVPLLSAREVPVPGSLPRVIRVLALW 

N TDTPQDRVRHVYLSEAVRLRPDLESAQ 

>DS-Cav1-T33-15B (SEQ ID NO: 94) 

(MELLILKANVIATILTAVTFCFASS)QNITEEFYQSTCSAVSIKGYLSALRTGWYTSVIII 

ELSNIKE'NKCNGTDAKVKLIKQELDKYKNAVTELQLLMQSTPATNNRARREI.PRFM 

NYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIAS(IVAVCKVLIHLE(E'NKIKSALL 

STNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLL 
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EITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIM 

CIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGYCDNA 

GSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSS 

SVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNK 

QEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIR(KSDELL)GGSMVR 

GIRGAITVN SDTPTSIIIATILLLEKMLEANGIQSYEELAAVIFTVTEDLTSAFPAEAARQ 

IGMHRVPLLSAREVPVPGSLPRVIRVLALWNTDTPQDRVRHVYLSEAVRLRPDILESA 

Q 

>DS-Cav1-foldon-153-50A (SEQ ID NO: 95) 

(MELLILKANAITTILTAVTFCFASG)QNITEEFYQSTCSAVSKGYLSALRTGWX'YTSVIT 

IELSNIKENKCNGTDAKVKLIKQELDKYKNAVTELQLLMQSTPA TNNRARRELPRFM 

NYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALL 

STNKAVVSLSNGVSVLTFKVLDLIKNYIDKQLLPILNKQSCSISNIETV/IEFQQKNNRLL 

EITREFSVNAGVTTPVSTY IML'TNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIM 

CIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTT7NTKEGSNICLTR TDRGWYCDNA 

GSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVTNLCNVDIFNPKYDCKIMTSKTDVSS 

SVITSL(AIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNK 

QEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRGYIPEAPRDGQAY 

VRKDGEWVLLSTFLGSGSHHHHHHHHGGSGGSGSEKAAKAEEAARKMEELFKKHK 

IVAVLRANSVEEAIEKAVAVFAG(VHLILEITFTVPDADTVIKALSVLKEKGAIIGAGTV 

TSVEQCRKAVESGAEFIVSPHLDEEISQFCKEKGVFYMPGVMTPTELVKAMKLGHTI 

LKLFPGEVVGPQFVKAMKGPFPNVKFVPTGGVNLDNVCEFKAGVLAVGVGSALV 

KGTPDEVREKAKAFVEKIRGCTE 

>DS-Cav1-I53-50A (SEQ ID NO: 96) 

(MELLILKANVIATILTAVTFCFASS)QNITEEFYQSTCSAVSKGYLSALRTGWYTSVITI 

ELSNIKENKCNGTDAKVKLIKQELDKYKNAVTELQLLMQSTPATNNRARRELPRFM 

NYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALL 

STNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLL 

EITREFSV'.NA(iVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIM 

CIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNA 

GSVSFFPQAETCIKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSS 

SVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKCiVDTVSVCjNTLYYVNK 
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QEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRGGSGGSGSEKAAK 

AEEAARKMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGGVHLIEITFTVPDADTVIK 

ALSVLKEKGAIIGAGTVTSVEQCRKAVESGAEFIVSPHLDEEISQFCKEKGVFYMPGV 

MTPTELVKAMKLGHTILKLFPGEVVGPQFVKAMKGPFPNVKFVPTGGVNLDNVCE 

WFKAGVLAV(iGSALVKGTPDEVREKAKAFVEKIRGCTE 

>DS-Cav1-132-28A (SEQ ID NO: 97) 

(MELLILKANAITTILTAVTFCFA-SG)QNITEEFYQSTCSAVSKGYLSALRTGWY TSVIT 

IELSNIKENKCNGTDAKVKLIKQELDKYKNAVTELQLLMQSTPATNNRARRELPRFM 

NYTLNNAKKTNVTLSKKRKRRFLGFLLGVCGSAIASGVAVCKVLHLEGEVNKIKSALL 

STNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLL 

EITREFSVNAGVTI'PVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIM 

CIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNA 

GSVSFFPQAETCKVQSNRVFCDTMINSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSS 

SVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNK 

QEGKSLYVKGEPIINFYDI)PLVFPSDEFDASISQVNEKINQSLAFIR(KSDELL)GGSGGS 

GSDDARIAAIGDVDELNSQIGVLLA EPLPDDVRAALSAIQHDLFDLGGELCIPGHAAIT 

EDHLLRLALWLVI-IYNGQLPPLEEFILPGGARGAALAHVCRTVCRRAERSIKALGASE 

PLNIAPAAYVNLLSDLLFVLARVLNRAAGGADVLWDRTRAH 

>DS-Cav-Tr-foldon-T33-31A (SEQ ID NO: 101) 

QNITEEFYQSTCSAVSKGYLSALRTGA'YTSVITIELSNIKENKCNGTDAKVKLIKQEL 

DKYKNAVTELQLLMQSTPATNNRARRELPRFMNYTLNAKKTNVTLSKKRKRRFL 

(IFLLGVGSAIASGVAVCKVLHILEGEVNKIKSALLSTNKAVVSLSNGVSVLTFKVLDL 

KNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGVTI'PVSTYMLTNS 

ELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMCIIKEEVLAY\VVQLPLYGVIDTPC 

WKLHTSPLCTTNTKEGSNICLTRTDRGWVYCDNAGSVSFFPQAETCKVQSNRVFCDT 

MNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNK 

NRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPS 

DEFDASISQVNEKINQSLAFIRGYIPEAPRDGQAYVRKDGEWVLLSTFLGGSMEEVVL 

ITVPSALVAVKIA-IALVEERLAACVNIVPGLTSIYREEGSVVSDHELLLLVKTTTDAFP 

KLKERVKELHPYEVPEIVALPIAEGNREYLDWLRENTG 

>DS-Cav1-Tr-T33-31A (SEQ ID NO: 102) 

QNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQEL 
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DKYKNAVTELQLLMQSTPATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFL 

GFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTFKVLDL 

KNYIDKQLLPII;NKQSCSISNIETVIEFQQKN.JNRLLEITREFSVNAGVTTIPVSTYMLTNS 

ELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMCIIKEEVLAYVVQLPLYCVIDTPC 

WKLI-ITSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDT 

MN'SLTLPSEVNLCNVDIFINPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNK 

NRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPILVFPS 

DEFDASISQVNEKINQSLAFIRG(iSMEEVVLITVPSALVAVKIAHALVEERLAACVNIV 

PGLTSIYREEGSVVSDHELLLLVKTTTDAFPKLKERVKELHPYEVPEIVALPIAEGNRE 

YLDWLRENTG 

>DS-Cav1-Tr-foldon-T33-15B (SEQ ID NO: 103) 

QNITEEFYQSTCSAVSIKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKIIKQEL 

DKYKNAVTELQLLMQSTPATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFL 

GFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTFKVLDL 

KNYIDKQLLPII;NKQSCSISNIETVIEFQQKN'.JNRLLEITREFSVNAGVTIJPVSTYMLTNS 

ELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMCIIKEEVLAYVVQLPLYCVIDTPC 

WKLI-ITSPLCTTNTKEGSNICLTRTDRGVYCDNAGSVSFFPQAETCKVQSNRVFCDT 

MN'SLTLPSEVNLCNVDIFINPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNK 

NRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPS 

DEFDASISQ\NEKINQSLAFIRGYIPEAPRDGQAYVRKDGEWVLLSTFLGGSMVRGIR 

GAITVNSDTPTSIIIATILLLEKMLEANGIQSYEELAAVIFTVTEDLTSAFPAEAARQIG 

MHRVPLLSAREVPVPGSLPRVIRVLALWNTDTPQDRVRHVYLSEAVRLRPDLESAQ 

>DS-Cav1-Tr-T33-15B (SEQ ID NO: 104) 

QNITEEFYQSTCSAVSIKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKIIKQEL 

DKYKNAVTELQLLMQSTPATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFL 

GFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTFKVLDL 

KNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGV7TIPVSTYMLTNS 

ELLSLINDMPITNDQKKLMS TNVQIVRQQSYSIMCIIKEEVLAYVVQLPLYcVIDTPC 

WKLI-ITSPLCTTNTKEGSNICLTRTDRGVYCDNAGSVSFFPQAETCKVQSNRVFCDT 

MN'SLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNK 

NRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPS 

DEFDASISQVNEKINQSLAFIRGCGSMV'RGIRGAITVNSDTPTSIIIATILLLEKMLEANGI 
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QSYEELAAVIFTVTEDLTSAFPAEAARQ(iMI-RVPLLSAREVPVPGSLPRVIRVLALW 

N TDTPQDRVRHVYLSEAVRLRPDLESAQ 

>DS-Cav1-Tr-foldon-53-50A (SEQ ID NO: 105) 

QNITEEFYQ STCSAVSIKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKIIKQEL 

DKYKNAVTELQLLMQSTPATNNRARRELPRFMNYTLNNIAKKTNVTLSKKRKRRFL 

GFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTFKVLDL 

KNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGV7LTPVSTYMLTNS 

ELLSLINDMPITNDQKKLMSNN\VQIVRQQSYSIMCIKEEVLAYVVQLPLYGVIDTPC 

WKLIITSPLCTTNTKEGSNICLTRTDRCiWYCDNAGSVSFFPQAETCKVQSNRVFCDT 

MNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNK 

NRGIIKTFSNGCDYVSNKGVDTV SVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPS 

DEFDASISQVNEKINQSLAFIRGYIPEAPRDGQAYVRKDGEWVLLSTFLGSGSHHHHH 

H11H-FLGSGGS(iSEKAAKAEEAARKMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGG 

VHLIEITF'ITVPDADTVIKALSVLKEKGAIIGAGTVTSVEQCRKAVESGAEFIVSPHLDE 

EISQFCKEKGVFYMPGVMTPTELVKAMKLGHTILKLFPGEVVGPQFVKAMKGPFPN 

VKFVPTGGVNLDNVCEWFKA GVLAVGVGSALVKGTPDEVREKAKAFVEKIRGCTE 

>DS-Cav1-Tr-I53-50A (SEQID NO: 106) 

QNITEEFYQSTCSAVSKCiYLSALRTGWX'YTSVITIELSNIKENKCNGTDAKVKLIKQEL 

DKYKNAVTELQLLMQSTPATNNRARRELPRFMINYTLNNAKKTNVTLSKKRKRRFL 

GFLLGVGSAIASGVAVCKVLHLEGEVNKIKSA.LSTNKAVVSLSNGVSVLTFKVLDL 

KNYIDKQLLPILNKQSCSISNIETV1EFQQKNT-NRLLEITREFSNAGViTTPVSTYMLTNS 

ELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMCIIKEEVLAYVVQLPLYGVIDTPC 

WKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDT 

MNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNK 

NRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPS 

DEFDASISQVNEKINQSLAFIRGGSGGSGSEKAAKAEEAARKMEELFKKH-1KIVAVLR 

ANSVEEAIEKAVAVFAGGVHLIEITFTVPDADTVIKALSVLKEKGAIIGAGTVTSVEQ 

CRKAVESGAEFIVSPH-ILDEEISQFCKEKGVFYMPGVMTPTELVKAMKLGI-ITILKLFP 

(EVVGPQFVKAMI(GPFPNVKFVPTG(VNLDNVCEWFKAGVLAVGVGSALVI(GTP 

DEVREKAKAFVEKIRGCTE 

>DS-Cav1-Tr-I32-28A (SEQ ID NO: 107) 

QNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQEL 
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DKYKNAVTELQLLMQSTPATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFL 

GFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTFKVLDL 

KNYIDKQLLPILNKQSCSISNIETVIEFQQKN.JNRLLEITREFSVNAGVTTIPVSTYMLTNS 

ELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMCIIKEEVLAYVVQLPLYCVIDTPC 

WKLI-ITSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDT 

MN'SLTLPSEVNLCNVDIF1NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNK 

NRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPILVFPS 

DEFDASISQVNEKINQSLAFIRG(iSGGSGSDDARIAAIGDVDELNSQIGiVLLAEPLPDD 

VRAALSAIQHDLFDLGGELCIPGHAAITEDHLLRLALWLVHYNGQLPPLEEFILPGGA 

RGAALAHVCR'TVCRRAERSIKALGASEPLNIAPAAY VNLLSDLLFVLARVLNRAAGG 

ADVLWDRTRAH 

9.12. Methods 

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

trimeric assembly domain.  

[00130] Human codon-optimized sequences for trimeric building blocks including and 

lacking DS-Cavl fusions wereordered from Genscript. Building blocks for single-component 

nanostructures (i.e., 13-01) were cloned into the pcDNA3.1 vector (ThermoFisher Scientific) 

containing one CMV promoter, while building blocks for two-component nanostructures 

(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 (ThernioFisher Scientific) using polyethylenimine (PE). Cell 

cultures were harvested five days post-transfection by centrifugation. Secreted proteins were 

analysed by ELISA. using either 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 murinei anti-His tag monoclonal antibody (ThernoFisher Scientific) for sandwich 

ELISA. Secreted proteins were detected using the human Palivizumab, MPE8, RSD5, and 

D25 monoclonal antibodies. Transfected Expi293F cells were fixed and permeabilized with 

BD cytofix/cytoperm (BD Biosciences), incubated with human Palivizumab, MPE8, and D25 

monoclonal antibodiesand stained with Alexa Fluor 647-conjugatedanti-humanIgG 

antibody (Jackson ImmunoResearch). Stained cells were counted with a FACS Fortessa flow 

cytometer (BD Biosciences). Analysis was perfonned with FlowJo software. Cell lines were 

routinely tested for mycoplasma contamination.  
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Expression and purification of DS-Cav1-53-50A 

[00131] Lentivirs was producedby transienttransfection of 293T (ATCC) cells using 

linear 25- kDa polvethyleneimine (PEI; Polysciences). Briefly, 4x 106 cells were plated onto 

10 cm tissue culture plates. After 24 h, 3 pg of psPAX2, 1.5 pg of pMD2G (Addgene 

plasmid #12260 and #12259, respectively) and 6 g of lentiviral vector plasmid were mixed 

in 500 pi diluent (5 mM HEPES, 150 mM NaCi, pH = 7.05) and 42 pl of PEI (1 mg/ml) and 

incubated for 15 min. The DNA/PEI complex was then added to the plate drop-wise.  

Lentivirus was harvested 48 h post-transfection and concentrated 100-fold by low-speed 

centrifigation at 8000g for 18 h. Transduction of the target cell line was carried out in 125 

mL shake flasks containing 10 x 106 cells in 10 miL of growth media. 100 uL of 100x 

lentivirus was added to the flask and the cells were incubated with shaking (225 rpm) at 37 

°C, in 8% CO2 for 4-6 h. 20 mL 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 106 cells/mi 

until a final culture size of 4 L was reached. The media was harvested after 17 days of total 

incubation after measuring final cell concentration (5x106cells/mL) and viability (-90% 

viable). Culture supernatant was harvested by low-speed centrifugation to remove cells from 

the supernatant. NaCI and NaN 3 were added to final concentrations of 250 mM and 0.02%, 

respectively. The supernatant was loaded over one 5 mL HisTrap FF Crude column (GE 

Healthsciences) at 5 mIl/min by an AKTA Pure (GE Healthsciences). The nickel elution was 

applied to a HiLoad 16/600 Superdex 200 pg column (GE Healthsciences) to further purify 

the target protein by size-exclusion chromatography. The size-exclusion purified target 

protein was snap frozen in liquid nitrogen and stored at -80 °C.  

In vitro assembly of DS-Cavl-bearing nanostructures 

[00133] 100% valency particles (20 DS-Cavi timers per icosahedral nanostructure) were 

prepared by mixing DS-Cavl-foldon-53-50A trimers and 153-50B.4PT pentamers at 50 .M 

each and incubating with rocking overnight at 4 °C. In some cases, assembled nanostructures 

were purified from excess components remaining in the in vitro assembly reaction using a GE 

Sepharyl S-500 HR 16/60 column in a buffer comprising 25 mM Tris pH 8, 250 mM NaC, 

5% glycerol. 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 
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Vivaspin 20 30kDa MWCO centrifugal filter, and quantified using an Agilent 8454 

spectrophotoneter.  

[001341 66% valency particles (4DS-Cavl trimers per icosahedral nanostructure) were 

prepared by mixing DS-Cavl-foldon-153-50A trimers, 153-50A trimers, and 153-50B.4PosT1 

pentamers at 50, 25, and 75 pM, respectively. 33% valency particles (-7 DS-Cav Itrimers per 

icosahedral nanostructure) were prepared by mixing DS-CavI -foldon-I53-50A timers, 153

50A trimers, and 153-50B.4PosT1 pentamers at 25, 50, and 75 pM, respectively. The in vitro 

assembly reactions were allowed to incubate with rocking overnightat 4 °C. In some cases, 

assembled nanostrictures were purified from excess components remaining in the in vitro 

assembly reaction using a GE Sephacryl S-500 -IR 16/60 column in a buffer comprising 25 

mM Tris pH 8, 250 mM NaCl, 5% glycerol. 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 NWCO centrifugal filter, and quantified using 

anAgilent 8454 spectrophotoineter after centrifuging at-21,000 g for 10 minutes at 4 °C.  

Samples were then transferred to cryogenic tubes in I mL. aliquots at I Img/mi. forthe 33% 

valency particles and 0.6 mg/mL for the 66% valency particles, flash frozen in liquid 

nitrogen, 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 using 25 

mM Tris pH 8, 250 mM NaC, 5% glycerol and 3.5 pL was incubated on a glow-discharged, 

copper, carbon-coated grid for 20 seconds before blotting away the liquid with a piece of 

Whatman No. I filter paper. Within seconds of blotting away the sample, a 3.5 PL droplet of 

stain (2% w/v uranyl formate) was deposited and blotted away immediately, and then a 

second cycle of staining/blotting was performed.  

Circular dichroism (CD) spectropolarimetry 

[00136] CD spectrafrom F proteins (0.5 mg m14) were recorded on a Chirascan 

spectropolarimeter (Applied Photophysics) over the wavelength range of 195 to 260 nm at a 

bandwidth of I nm, step size of 0.5 nm, and I s per step. The spectra in the far-ultraviolet 

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 I °C, 

after equilibration for 1 mn at each temperature. Data were fitted to a simple first order 
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curve. The values of AA222 are represented on the y axis as the percentage of the values 

recorded at 20 °C.  

Enzyme-linked immunosorbent assay (ELISA) 

[001371] To test specific binding of antibody or sera, 96-well MaxiSorp plates (Nunc) were 

coated with serial dilutions of tissue culture supernatants from cells expressing trimeric 

building blocks comprising F proteins and a trimeric assembly domain or 2 ig ml of the 

following purified proteins: Ds-Cavi with foldon, Ds-Cavi fused to a trimeric first 

polypeptide or DS-Cav1-displaying nanostructures. Plates were blocked with 1% bovine 

serum albumin (BSA) and incubated with titratedantibodies (D25, MPE8, Palivizumab, 

RSD5) or murine sera followed by AP-conjugated goat anti-human IgG (Southern Biotech, 

2040-04) or goat anti-mouse IgG (Southem Biotech, 1030-04). Plates were then washed with 

PBS buffer (Gibco, Invitrogen), 0.05% Tween-20 and substrate (p-NPP, Sigma) was added 

and plates were read at 405 nm.  

Surface plasmon resonance (SPR) 

[00138] The experiments were carried out at 25 °C on a ProteON XPR-36 instrument (Bio

Rad Laboratories) in a PBS buffer (Gibco, Invitrogen), 0.05% Tween-20.The D25 mAb was 

immobilized 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 coupling conditions for 

use as a reference. Monoclonal antibodies (D25, MPE8, Palivizumab and 131-2a) were 

injected at a flow rate of 100 l/miun, at concentrations of 50 nM in different sensor channels.  

The data were processed using Proteon software and double referenced by subtraction of the 

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

Vaccination and Serological Analysis 

[00139] Fenale BALB/c mice 6-9 wk ofage were obtained from Harlan Laboratories Inc.  

All procedures were performed in accordance with guidelines of the Swiss Federal Veterinary 

Office and after obtaining local ethical approval. Mice were immunized i.p. with 100 IL of 

immunogen fonnulation on day 0, 14, and 28. Priming 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 IgG titers were measured in the serum by ELISA.  

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

[00140] Confluentlayers offHEp-2 cells in 96-well flat-botton plates were infectedwith a 

fixed amount of Human Respiratorv Syncytial Virus with Green Fluorescent Protein (RSV 

strain A2, Vira'Trec#R121) at MOI 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 infected cells was automatically calculated by BD AttoVision software.  

The number of infected cells was plotted as dose response curves by plotting the relative 

infected cells against the antibodies dilutions.  

Stability of DS-Cavl-bearing nanostructures 

[00141] Physical stability ofthe prefusion conformation of designed DS-Cav1-foldon-153

50 was assessed by incubating protein at various concentrations in a PCR cycler with heated 

lid at 80°C for I h. Residual prefusion conformation was evaluated by direct coating of the 

protein and ELISA with the prefusion-specific antibody D25.  

Statistical analysis 

[00142] 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-Wallis test (and Dunn's posttest) when three or 

more groups were compared.  

9.1.3. Results 

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

[00143] 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, prefision conformation as judged by prefusion-specific monoclonal 

antibody binding in ELISA assays. FIG. 2 shows an example of ELISA dataanalyzing the 

supernatant of HEK293F cells expressing DS-Cavl-foldon, DS-Cav-foldon-T33-31A, and 

DS-Cavi-T33-31A. Several other trimeric building blocks yielded detectable secretion of 

well-folded, prefusion F proteins.  

Expression and purification of DS-Cavl-foldon-53-50A 
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[00144] A lentiviral vector encoding DS-CavI-foldon-I53-50A was used to transduce 

HEK293F cells for large-scale expression. The secreted protein was purified from tissue 

culture supernatants by immobilized metal affinity chromatography and size exclusion 

chromatography. Size exclusion chromatograms (FIG. 3) indicated that the purified protein 

formed a single, monodisperse species.  

Expression and purification of 153-50B.4PTI 

[00145] 153-50OB4PT1, a pentameric protein comprising a second assembly domain that 

interacts with the trimeric assembly domain in 153-50A or DS-Cav-foldon-53-50A to drive 

assembly of icosahedral 153-50-based nanostructures.,was expressed and purified as 

described in Bale et al. and patent publication US20160122392 A.  

In vitro assembly and characterization of DS-Cav-bearing 153-50 nanostructures 

[001461 153-50isa120-subunittwo-component nanostructurewithicosahedralsymmetry 

comprising 20 trimeric (153-50A) and 12 pentameric (153-50B) building blocks, as recently 

described by Bale et al. The N terminus of153-50A is exposed on the exterior of the 153-50 

nanostructure, which enables the display of antigens on the nanostructure exterior through 

genetic fusion to the 153-530A N terminus. Purified DS-Cavl-foldon-53-50A and 153

50B.4PT1 were assembled in vitro to form 120-subunit icosahedral nanostructures displaying 

various amounts of DS-Cav1 on the nanostructure exteriors by mixing the two purified 

proteins in various molar ratios. In separate preparations, nanostructures displaying DS-CavI 

at valencies of 100% (20 trimers), 66% (~14 trimers), and 33% (~7 trimers) were prepared as 

described above. The species present in the in vitro assembly reactions after overnight 

incubation were assessed by several techniques, including size exclusion chromatography

multi-angle light scattering (SEC-MALS), dynamic light scattering, and UV/vis 

spectroscopy. Assembled, 120-subunit 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 

nanostructures were characterized by negative stain electron microscopy, which revealed 

fields of monodiperse particles in which DS-Cavi 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 monoclonal 

antibodies specific to the prefusion conformation confirmed that the DS-Cavi thus displayed 
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on the nanostructure exteriors was well-folded and antigenically intact (FIG. 6). Surface 

plasmon resonance experiments evaluating the kinetics of monoclonal antibody binding 

revealed that antibody dissociation from the 100% valency DS-Cav-foldon-153-50 

nanostructures was slower than from DS-CavI-foldon trimers, likely due to avidity effects 

deriving from the multivalent presentation of DS-Cav Ion the nanostructure exterior (FIG. 6).  

Together, these experiments confirmed that the DS-Cavl-foldon-I53-50 nanostructures 

formed monodisperse, icosahedral nanostructures that display well-folded, antigenically 

intact DS-Cav Itrimers on their exteriors. These findings motivated experiments to evaluate 

the utility of the DS-Cay-foldon-153-50 nanostructures as immunogens for inducing 

humoral immune responses against DS-Cavi in animals.  

Immunogenicity of DS-Cavl-foldon-153-50 nanostructures 

[00147] The DS-Cavl-foldon-153-50 nanostructures displaying DS-Cavi at 33%, 66%, and 

100% valencv were injected into miceusing a prime-booststrategy as described above.  

Additional groups of mice were injected with trimeric DS-Cavi-foldon as a benchmark for 

the humoral immune response induced against DS-Cav by the nanostructures or 153-50 

nanostructures lacking displayed DS-CavI as negative controls for a DS-Cavi specific 

response. ELISA assays of serum extracted from the mice at defined timepoints after the 

injections were used to measure DS-CavI specific antibody titers present in the sera of the 

injected animals (FIG. 7). As expected, sera from animals injected with the 153-50 

nanostructures lacking displayed DS-Cavl did not contain antibodies specific to DS-Cavl.  

Trimeric DS-Cavl-foldon induced DS-CavI-specific antibodies, in accordance with previous 

results (McClellan et al.). The 33%, 66%, and 100% valency DS-Cavl nanostructures all 

induced higher DS-CavI-specific antibody titers than trimeric DS-Cavl-foldon, with the 

antibody titers increasing with increasing DS-Cav1 valency. DS-Cavl-specific titers were 

rough 2.5-fold higher on average in mice injected with 100% valency DS-Cav-foldon-53

50 nanostructures compared to DS-Cavl. These results demonstrate that immunogens in 

which paranvxovirus F proteins are multivalently displayed on self-assembling protein 

nanostructures can induce higher humoral immune responses when injected into animals.  

[00148] The serafrom the mice injected withthe seriesof 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 observed in DS-CavI-specific binding antibody titers. Sera 
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from animals injected with the 153-50 nanostructures lacking displayed DS-Cav I did not 

neutralize virus, consistent with the lack of DS-Cavl-specific antibodies in these sera. The 

sera from animals injected with trimeric DS-Cav-1-foldon neutralized virus with an average 

titer (1/ID 5 0) of 3,030. The 33%, 66%, and 100% valency DS-Cavl-153-50 nanostructures 

induced higher neutralizing antibody titers than trimeric DS-Cavl-foldon, with average titers 

of 9,400, 20,000, and 30,500, respectively. These results demonstrate that the higher response 

induced by imnunogens in which paranyxovirus F proteins are multivalentily displayed on 

self-assembling protein nanostructures result in more effective virus neutralization.  

Physical stabilization of DS-Cavl by fusion to 153-50A 

[00149] Given the key antigenic propertiesof prefusion F. we used two orthogonal 

approaches to measure the physical stability of DS-Cav Iwhen fused to 153-50A and/or when 

further assembled into the icosahedral nanostructure. The first assay measured the retention 

of binding by a prefusion-specific mAb (D25) after thermal stress, an approach that has been 

used previously to characterize prefusion F stability (McLellan et al. 2013; Joyce et al 2016; 

Krarup et al. 2015). Samples of vl, tricDS-Cavtrimeric DS-Cav --153-50A, and DS

Cay1-1153-50 nanostructures containing equivalent concentrations (50 nM) of DS-CavI were 

split into four aliquots and incubated at 20, 50, 70 or 80 °C for 1 hour. After cooling to room 

temperature, D25 binding was assayed by surface plasmon resonance (SPR). We found that 

all samples bound D25 equivalently at 20 and 50 °C, but lost most of their reactivity to D25 

after 1 hour at 80 °C as previously reported for DS-CavI (McLellan et al. 2013; Joyce et al.  

2016) (FIG. 10). Interestingly, while D25 was also unable to bind trimeric DS-CavI 

incubated at 70 °C for 1 hour, trimeric DS-Cavl-I53-50A and the DS-Cavl--153-50 

nanostructures retained 50 and 80% of their respective binding signals (FIG. 10).While the 

multivalent nature of the DS-Ca1-153-50 nanostructures complicates direct quantitative 

comparisons to trimeric DS-Cavl, these results indicate that genetic fusion to the 153-50A 

trimer further stabilizes the prefusion conformation of DS-Cav l, and suggest that this 

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

[001501 We used chemical denaturation in guanidine hydrochloride (GdnHC), monitored 

by intrinsic tryptophan fluorescence, as a second, antibody-independent technique to evaluate 

physical stability. Analyzing fluorescence emission from DS-Cavi incubated in 0-6.5 M 

GdnI-Cl revealed that the protein undergoes two subtly distinct transitions, one between 0.25 

and 2.25 M GdnHCI and another between 2.25 and 5.75 M (FIGs l lA-IJ). In contrast, only 
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a single transition is apparent for trimeric DS-Cav1---153-50A, occurring between 2.25 and 

6.25 M GdnHCl (FIGs IIA-1IJ). It is unclear at present whether the transition at lower 

[GdnHCI] observed for DS-Cavi is absent from trimeric DS-Cavl-153-50A or simply shifted 

to higher [GdnlHCl]. However, it is clear that the native conformation of DS-Cavl is 

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-Ca---153-50 nanostructure 

and the 153-50 nanostructure alone (lacking fused DS-Cav 1) indicated that the stabilization is 

maintained upon assembly to the icosahedral nanostructure (FIGs IIA-11J). The source of 

this effect is likely the extreme stability of the 153-50A trimer. 153-50A is derived from the 

KDPG aldolase of the hyperthernophilic bacterium T maritime and only began to exhibit 

changes in fluorescence at very high (-5.75 M) CdnHCl concentrations (FIGs I iA-1IJ).  

[001511 We made addition constructs to assess the number of GS repeats and the need for 

a stabilization domain such as the Foldon moiety.  

[00152] Sequence Information 

IPD Name MIS(Da') Construct Information 

RSVF-10 74005.38 DS-Cavl-8GS-HelExt-50A (SEQ ID NO: 108) 

RSVF-11 74293.64 DS-Cavl-12GS-HelExt-50A (SEQ ID NO: 109) 

RSV F-12 7,4551.87 DS-Cavl1i6GS-H-elE.t-50A (SEQ ID NO: 110) 
RSV F-13 77212.97 DS-Cavl-foldon-10GS-HelExt-50A(SEQIDNO: 111) 

RSVF-14 77558.28 DS-Cav-foldon-15GS-HelExt-50A (SEQ ID NO: 112) 

RSVF-iS 779336. DS-Cav -foidon-20GS-HelExt-50A(SEQIDNO:113) 

> RSVF-10 (SEQID NO: 108) 

QNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQEL 

DKYKNAVTELQLLMQSTPATNNRARRFLGFLLGVGSAIASGVAVCKVLHLEGEVNK 

IKSALLSTNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQK 

NNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQ 

SYSI MCIIKEEVLAYVVQLPLYGVIDTPCWKLI-ITSPLCTTNTKEGSNICLTRTDRGWY 

CDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSK 

TDVSSSVITSLGAIVSCYGKTK CTASNKNRGIIKTFSNGCDYVSNKGVDTIVSVGNTLY 

YVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRGSGGSGSGE 

KAAKAEEAARKMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGGVHLIEITFTVPDA 

DTVIKALSVLKEKGAIIGAGTVTSVEQCRKAVESGAEFIVSPHLDEEISQFCKEKGVFY 
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MPGViMTPTELVKAMKLGHTILKLFPGEVVGPQFVKAMKGPFPNVKFVPTGGNLD 

NVCEWFKAGVLAVGVGSALVKGTPDEVREKAKAFVEKIRGCTE 

> RSVF-11 (SEQ ID NO: 109) 

QNITEEFYQSTCSAVSIKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQEL 

DKYKNAVTELQLLMQSTPATNNRARRFLGFLLGVGSAIASGVAVCKVLHLEGEVNK 

IKSALLSTNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQK 

NNRLLEITREFSVNAGVTTPVS'TYMLTNSELLSLINDMIPITNDQKKLMSNNVQIVRQQ 

SYSIMCIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTR'IDRGWY 

CDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSK 

TDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLY 

YVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRGSGGSGSGS 

GGSEKAAKAEEAARKMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGGVHLIEITFT 

VPDADTVIKALSVLKEKGAIIGAGTVTSVEQCRKAVESGAEFIVSPHLDEEISQFCKEIK 

GVFYMPGVMTPTELVKAMKLGHTILKLFPGEVVGPQFVKAMKGPFPNVKFVPTGG 

VNLDNVCEWFKAGVLAVGVGSAL\VKGTPDEVREKAKAFVEKIRGCTE 

> RSVF-12 (SEQ ID NO: 110) 

QNITEEFYQSTCSAVSIKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQEL 

DKYKNAVTELQLLMQSTPATNNRARRFLGFLLGVGSAIASGVAVCKVLHLEGEVNK 

IKSALLSTNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQK 

NNRLITRFFSVNAGV"'TTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQ 

SYSIMCIIKEEVLAYVVQLPLYCVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWY 

CDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKLIMTSK 

TDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLY 

YVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRGSGGSGSGS 

GGSGSGGEKAAKAEEAARKMEELFKKI-IKIVAVLRANSVEEAIEKAVAVFACGVH-ILI 

EITFTVPDADTVIKALSVLKEKGAIIGAGTVTSVEQCRKAVESGAEFIVSPI-ILDEEISQF 

CKEKGVFYMPGVMTPTELVKArMKLGHTILKLFPGEVVGPQFVKAMKGPFPNVKFVP 

TGCVNLDNVCEWFKAGVLAVGVGSA LVKGTPDEVREKAKAFVEKIRGCTE 

> RSVF-13 (SEQIDNO: 111) 

QNITEEFYQSTCSAVSKCiYLSALRTG'JYTSVITIELSNIKENKCNGTDAKVKLIKQEL 

DKYKNAVTELQLLMQSTPATNNRA RRFLGFLLGVGSAIASGVAVCKVLHLEGEVNK 

IKSALLSTNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQK 
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NNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQ 

SYSIMCIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWY 

CDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSK 

TDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVCNTLY 

YVNKQEGKSLYVKGEPIIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRGSGGSGSGSS 

GEKAAKAEEAARKMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGGVHLIEITFTVP 

DADTVIKALSVLKEKGAIIGAGTVTSVEQCRKAVESGAEFIVSPHLDEEISQFCKEKG 

VFYMPGVMTPTELVKAMKLGi-ITILKLFPGEVVGPQFVKAMKGPFPNVKFVPTGGV 

NLDNVCEWFKAGVLAVGVGSALVKGTPDEVREKAKAFVEKIRGCTE 

>RSVF-14 (SEQID NO: 112) 

QNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQEL 

DKYKNAVTELQLLMQSTPATNNRARRFLGFLLGVGSAIASGVAVCKVUHLEGEVNK 

IKSALLSTNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQK 

NNRLLEITREFSVNAGVTTPVS'TYMLTNSELLSLINDMIPITNDQKKLMSNNVQIVRQQ 

SYSIMCIIKEEVLAYVVQLPLYGVIDTPCWVKLHTSPLCTTNTKEGSNICLTR'IDRGWY 

CDNAGSVSFFPQAETCKVQSNRVFCDTMNSL TLPSEVNLCNVDIFNPKYDCKIMTSK 

TDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLY 

YVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRGYIPEAPRD 

GQAYVRKDGEWVLLSTFLGSGGSGSGSGGSGSGEKAAKAEEAARKMEELFKKHKIV 

AVLRANSVEE-IEKAVAVFAG(VHLIEITFTVPDADTVIKALSVLKEKGAIIGAGIVT 

SVEQCRKAVESGAEFIVSPHLDEEISQFCKEKGVFYMPGVMTPTELVKMKLGHTIL 

KLFPGEVVGPQF\VKAMKGPFPNVKFVPTGGVNLDNVCEWFKAGVLAVGVGSALVK 

GTPDEVREKAKAFVEKIRGCTE 

> RSVF-15 (SEQID NO: 113) 

QNITEEFYQSTCSAVSKCiYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQEL 

DKYKNAVTELQLLMQSTPATNNRA RRFLGFLLGVGSAIASGVAVCKVLHLEGEVNK 

IKSALLSTNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQK 

NNRLLEITREFS-V'NAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQ 

SYSIMCIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWY 

CDNAGSVSFFPQAETCKVQSNRVFCDT/INSLTLPSEVNLCNVDIFNPKYDCKIMTSK 

TDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTUY 

YVNKQECKSLYVKGEPINFYDPLVFPSDEFDASISQVNEKINQSLAFIRGYIPEAPRD 
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GQAYVREDGEWVLLSTFLGSGGSGSGSGGSGSGGSSGSEKAAKAEEAARKIMEELFK 

KHKIVAVLRAN SVEEAIEKAVAVFAGGVHLIEITFTVPDADTVIKALSVLKEKGAIIG 

AGTVTSVEQCRKAVESGAEFIVSPHLDEEISQFCKEKGV'FYMPGVMTPTELVKAMKL 

CHTILKLFPGEVVGPQFVKAMKGPFPNVKFVPTGGNLDNVCEWFKACiVLAVCiVG 

SALVKGTPDEVREKAKAFVEKIRGCTE 

[00153] Studies were based on expression yield in a small-scale transient transfection.  

Plasmilds capable of expressing the relevant constructs were transformed into NEB 5a E. coli 

cells and selectedon LB + carbenicillin agar plates. I mL cultures were prepared by 

inoculating TB media with a bacterial colony and again selecting with 50 ug/mL 

carbenicillin. A Qiagen Mini Prep kit was used to purify plasmid from the E coli cultures in 

accordance with their protocol. Expi293FTM Cells (ThermoFisher) were cultured in 

Expi293TM Expression Medium (ThernoFisher) supplemented with penicillin (100 u/mL) 

and streptomycin (100 g/mL) at 8% CO, 37° C, and 125 rpm shaking.  

[00154] On the day prior to transfection, cells were seeded at a concentration of 2E6 

cells/mL. On the day of transfection, cells were counted by a Countess II (ThermoFisher) 

with trypan blue to determine cell viability. Cell concentration was adjusted to 2.5E6 

cells/mL, and cells where plated into untreated 12-well plates (Corning) in I mL- volumes. 1 

pg of DNA plasmid were transfected per each well using Expifectaminem (ThermoFisher), 

following the manufacturer's directions. Enhancers, components of Thermoisher's 

ExpifectamineTM Transfection Kit, were added 18 hours after transfection. The 1 mL cultures 

were harvested 5 days post-transfection, and the cells were pelleted from the supernatant by 

centrifugation at 1,500xg for 5 minutes at 4 C. Supernatants were filtered through a 0.45 IM 

filter with a PVDF membrane.  

[00155] Filtered supernatants containing DS-Cavl--153-50A constructs were denatured and 

boiled for 10 minutes at 95° C for 10 minutes in 2x Laemmli bufferwith 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 WesternECL Blotting Substrate (Bio

Rad) 

[00156] Filtered supernatants containing DS-Cavl---153-50A 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-Cav---I53-50A, followed by a secondary anti

human antibody conjugated to HRP. Protein yield was determined colorimetrically via the 

substrate TMB andabsorbances were collected at 450 nm.  

[00157] The expression yields and binding of the preflusion-specific mAb D25 (data not 

shown) indicate that all constructs express well and are in 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 results 

indicate that the 153-50A nanostructure component can support the expression and proper 

folding of DS-Cavl without the use of a trimerization domain like the foldon. Binding of D25 

to these constructs suggests that they are antigenically intact and would be expected to induce 

potent immune responses,, including neutralizing antibodies, similarly to nanostructures 

comprising the DS-CavI-foldon-i53-50 fusion polypeptide.  

9.2. Example 2: Cytomegalovirus (CMV) 

[00158] Proteiin-based vaccines for CMV are described, for example, in U S.PatentPub.  

Nos. US 2016/0159864 Al and US 2017/0369532 Al; International Patent Pub No.  

WO 2016/092460 A3; and Kirchmeier al. Enveloped virus-like particle expression of human 

cytomegalovirus glycoprotein B antigen induces antibodies with potent and broad 

neutralizing activity. Cin Vaccine Immunol. 2014; 21(2):174-80. The homotrimer complex 

of gB, the trimeric gHgL/gO complex, or the pentameric gHgL/pUL128/pULl30/pUL13IA 

complex are considered the three major targets for CMV vaccination.  

[001591 The first of these targets, gB, forms a trimeric structure which comprises several 

hydrophobic surfaces. The C teninusof the extracelular domain of gB is proximal to the 

transmembrane region and lies near the 3-fold axis of the molecule.See Chandramouli et al.  

Structure of HCMV glycoprotein B in the postfusion conformation bound to a neutralizing 

human antibody. Nat Commun. 2015 Sep 14;6:8176. By substitution of the transmembrane 

region of gB for a linker, the gB protein of CMV is N-terminally linked to a nanostructure 

having a free N terminus at or near the 3-fold axis of the nanostructure. The resulting 

nanostructure has displays 20 copies of the gB timer on its surface and effectively elicits a 

unmune 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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[00160] The second of these targets, the trimericgH/gL/gO complex,andthethirdofthese 

targets, the pentameric gH/gL/pUL128/pULi30/pUL13IA, form by mutually exclusive 

interactions of the envelope glycoproteins gH/gL with either gO or 

pUL128/pUL130/pUL131A.See Ciferri et al. Structural and biochemical studies of HCMV 

g-/gL/gO and Pentamer reveal mutually exclusive cell entry complexes. Proc. Natl. Acad.  

Sci. U.S.A. 112, 1767-1772 (2015). The gH component is targeted by antibodies neutralizing 

infection of both fibroblasts and endothelial/epithelial cells. The UL region contains the 

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

[00161] The gH component is expressed as a gene fusion toa nanostructure polypeptide 

and eithergL/gO or gL/pUL128/pUL130/pUL131A are co-expressed. The expressed proteins 

self-assemble into either gH/gL/gO or gH/gL/pUL128/pUL130/pUL131A nanostructure

based vaccines, respectively. Expression and correct folding of the nanostructure is assessed 

by binding of the MSL-109 antibody of an Fab fragment thereof to the nanostructure. Correct 

folding and antigenicity of the pentameric complex is assessed using antibodies and Fab 

fragments described in Chandramouli etal. Structural basis for potent antibody-mediated 

neutralization of human cytomegalovirus Sci. Immunol. 2, eaan1457 (2017).  

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

[001621 Epstein-Barr virus (EBV) represents a major global health problem. Though it is 

associated with infectious mononucleosis and -200,000 cancers annually worldwide, a 

vaccineisnotavailable. The major target of immunity is EBV glycoprotein 350/220 (gp350) 

that mediates attachmentto B cells through complement receptor 2 (CR2/CD21).&Se 

Kanekiyo et al. Rational Design of an Epstein-Barr Virus Vaccine Targeting the Receptor

Binding Site. Cell 162(5):1090-1100 (2015). The gp350 ectodomain or the D 2 3 fragment of 

gp350 is expressed as a gene fusion to a nanostructure polypeptides as either an N-terminal or 

C-terminal fusion.'The resulting gene fusions are expressed, assembled, and formulated into 

nanostructure-based vaccines. Antigenicity is determined using the monoclonal antibodies 

72A 1 and 2L10.  
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What is claimed: 

1. A nanostructure, comprising a first plurality of polypeptides, wherein: 

the first plurality of polypeptides 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 has a proximal end and a distal end; 

and 

the proximal ends of the antigens are each attached to a member of the first 

plurality of polypeptides.  

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

wherein the second plurality of polypeptides 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 a distal 

end, and 

the proximal ends of the second antigens are each attached to a member of the 

second plurality of polypeptides 

5. The nanostructure of claim1, wherein the proximal ends of theantigens are the N 

tennis of the antigens.  

6. The nanostructure 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 plurality 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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9. The nanostructure of claim 7, wherein the antigenic protein is at least 75, 80, 85, 90, 

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

113.  

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

consisting of: 

a) HIV Env, 

b) RSV F, 

c) EBV gp350, 

d) CMV gB, 

e) CMV UL128, 

f) CMV UL130, 

g) CMV UL13]A, 

h) CMV gl, 

i) CMV gL, 

j)Lyme OspA, 

k) Pertussis toxin, 

I) Dengue E, 

in) SARS S, 

n) MERS S.  

o) Zaire ebolavirus GP, 

p) Sudan ebolavirus GP, 

q) Marburg virus GP, 

r) Hanta virus Gn, 

s) Hana virus Gc, 

t) HepB surface antigen, 

u) Measles H.  

v) Zika envelope domain III, 

w) Malaria CSP, 

x) Malaria Pfs25, 

y) Nipah virus F, 

z) Nipah virus G, 

aa) Rotavirus VP4, 
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bb) Rotavirus VP8*, 

cc) hMPV F, 

dd) hMPV G.  

cc) PV F, 

ff) PV 1-N, 

gg) MenB fHbp, 

hh) MenB NadA, and 

ii) MenB NHBA.  

I1. The nanostructure of claim 1, wherein the first plurality of antigens comprises a target 

epitope, and the nanostructure is configured to display the target epitope.  

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

13. The nanostructure of claim 11, wherein the nanostructure is configured to elicit an 

immune response to the first plurality of antigenic proteins, said immune response being 

preferentially directed to the target epitope.  

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

15. The nanostructure of claim 11, wherein the target epitope is 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 is an epitope for a broadly

neutralizing antibody.  

18. The nanostructure of claim 1, wherein the plurality of antigens comprises at least one 

mutation selected from the group consisting of an interface-stabilizing mutation, 

complementary cysteine mutations configured to result in a disulfide bond, deletion of a loop, 

addition of an N-linked glycosylation site, removal of an N-linked glycosylation site, an 

epitope-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 conprising a nanostructure of any of claim 1-17, wherein the vaccine is 

capable of eliciting 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 is 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 

consisting of lyme disease, pertussis, herpesvirus, parainyxovirus, pneumovirus, filovirus, 

flavivirus, reovirus, retrovirus, meningococcus, and malaria.  

24. The vaccine of claim 21 or 22, wherein the infectious agent is a virus selected from 

the group consisting of 

a) HIV, 

b) RSV, 

c) EBV, 

d) CMV, 

e) Dengue, 

f) Severe Acute Respiratory Syndrome (SARS) virus, 

g) Middle East Respiratory Syndrome (MERS) virus, 

i) Ebola virus, 

i) Marburg virus, 

j)IHanta vins, 

k) Hepatitis B, 

1) HPV, 

in) Measles, 

n) Nipah virus, 

o) Rotavirus, 

80



WO 2019/169120 PCT/US2019/020029 

p) Metapneumo virus, and 

q) Zika.  

25, The vaccine of claim 20, wherein the infectious agent is lyme disease or pertussis.  

26. The vaccine of claim 20, wherein the infectiousagent is malaria.  

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 vaccine is selected from the group consisting of a nanoparticle-based 

vaccine, a protein-based vaccine, a live vaccine, a live attenuated vaccine, a whole gern 

vaccine, a DNA vaccine, or a RNA vaccine.  

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

a boost.  

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

a boost.  

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

maturation.  

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

neutralizing immune response.  

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

36. A method of making the nanostructure of claim I by in vitro assembly, comprising: 
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expressing the first plurality of polypeptides in a first recombinant expression 

system, 

expressing the first plurality of antigens in a second recombinant expression 

system, 

purifying the first plurality of polypeptides, 

purifying the first plurality of antigens, and 

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

thereby generating the nanostrcture.  

37. A method of making the nanostructure of claim 2 by in viro assembly, comprising: 

expressing the first plurality of polypeptides in a first recombinant expression system, 

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

expressing the second plurality of polypeptides in a third recombinant expression 

system, 

purifying the first plurality of polypeptides, 

purifying the first plurality of antigens, 

punfying the second plurality of polypeptides, and 

mixing the first plurality of polypeptides, the first plurality of antigens, and the second 

plurality of polypeptides; 

thereby generating the nanostructure.  

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 polypeptides and the first plurality of antigens are purified 

together.  

39. A method of making the nanostructure of claim I by co-expression, comprising: 

expressing the first plurality of polypeptides and the first plurality of antigens in a 

single recombinant expression system, 

thereby generating the nanostructure, and 

purifying the nanostncture.  

40. A method of making the nanostructure of claim 2 by co-expression, comprising: 

82



WO 2019/169120 PCT/US2019/020029 

expressing the first plurality of polypeptides, the first plurality of antigens, and the 

second plurality of polypeptides in a single recombinant expression system, 

thereby generating the nanostructure, and 

purifying the nanostucture.  

41. The method of claim 38-40, wherein 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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<210>  1
<211>  207
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  1

Met Glu Gly Met Asp Pro Leu Ala Val Leu Ala Glu Ser Arg Leu Leu
1               5                   10                  15

Pro Leu Leu Thr Val Arg Gly Gly Glu Asp Leu Ala Gly Leu Ala Thr
            20                  25                  30

Val Leu Glu Leu Met Gly Val Gly Ala Leu Glu Ile Thr Leu Arg Thr
        35                  40                  45

Glu Lys Gly Leu Glu Ala Leu Lys Ala Leu Arg Lys Ser Gly Leu Leu
    50                  55                  60



Leu Gly Ala Gly Thr Val Arg Ser Pro Lys Glu Ala Glu Ala Ala Leu
65                  70                  75                  80

Glu Ala Gly Ala Ala Phe Leu Val Ser Pro Gly Leu Leu Glu Glu Val
                85                  90                  95

Ala Ala Leu Ala Gln Ala Arg Gly Val Pro Tyr Leu Pro Gly Val Leu
            100                 105                 110

Thr Pro Thr Glu Val Glu Arg Ala Leu Ala Leu Gly Leu Ser Ala Leu
        115                 120                 125

Lys Phe Phe Pro Ala Glu Pro Phe Gln Gly Val Arg Val Leu Arg Ala
    130                 135                 140

Tyr Ala Glu Val Phe Pro Glu Val Arg Phe Leu Pro Thr Gly Gly Ile
145                 150                 155                 160

Lys Glu Glu His Leu Pro His Tyr Ala Ala Leu Pro Asn Leu Leu Ala
                165                 170                 175

Val Gly Gly Ser Trp Leu Leu Gln Gly Asp Leu Ala Ala Val Met Lys
            180                 185                 190

Lys Val Lys Ala Ala Lys Ala Leu Leu Ser Pro Gln Ala Pro Gly
        195                 200                 205

<210>  2
<211>  156
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide



<400>  2

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

Met Ala Glu Ala Ala Ile Arg Thr Leu Lys Ala Leu Ser Pro Asn Ile
            20                  25                  30

Lys Ile Ile Arg Lys Thr Val Pro Gly Ile Lys Asp Leu Pro Val Ala
        35                  40                  45

Cys Lys Lys Leu Leu Glu Glu Glu Gly Cys Asp Ile Val Met Ala Leu
    50                  55                  60

Gly Met Pro Gly Lys Ala Glu Lys Asp Lys Val Cys Ala His Glu Ala
65                  70                  75                  80

Ser Leu Gly Leu Met Leu Ala Gln Leu Met Thr Asn Lys His Ile Ile
                85                  90                  95

Glu Val Phe Val His Glu Asp Glu Ala Lys Asp Asp Asp Glu Leu Asp
            100                 105                 110

Ile Leu Ala Leu Val Arg Ala Ile Glu His Ala Ala Asn Val Tyr Tyr
        115                 120                 125

Leu Leu Phe Lys Pro Glu Tyr Leu Thr Arg Met Ala Gly Lys Gly Leu
    130                 135                 140

Arg Gln Gly Arg Glu Asp Ala Gly Pro Ala Arg Glu
145                 150                 155

<210>  3
<211>  156



<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  3

Met Thr Lys Lys Val Gly 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 Glu Ser Pro Asn Ile
            20                  25                  30

Lys Ile Ile Arg Lys Thr Val Pro Gly Ile Lys Asp Leu Pro Val Ala
        35                  40                  45

Cys Lys Lys Leu Leu Glu Glu Glu Gly Cys Asp Ile Val Met Ala Leu
    50                  55                  60

Gly Met Pro Gly Lys Ala Glu Lys Asp Lys Val Cys Ala His Glu Ala
65                  70                  75                  80

Ser Leu Gly Leu Met Leu Ala Gln Leu Met Thr Asn Lys His Ile Ile
                85                  90                  95

Glu Val Phe Val His Glu Asp Glu Ala Lys Asp Asp Ala Glu Leu Lys
            100                 105                 110

Ile Leu Ala Ala Arg Arg Ala Ile Glu His Ala Leu Asn Val Tyr Tyr
        115                 120                 125

Leu Leu Phe Lys Pro Glu Tyr Leu Thr Arg Met Ala Gly Lys Gly Leu
    130                 135                 140

Arg Gln Gly Phe Glu Asp Ala Gly Pro Ala Arg Glu



145                 150                 155

<210>  4
<211>  209
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  4

Met Ser Thr Ile Asn Asn Gln Leu Lys Ala Leu Lys Val Ile Pro Val
1               5                   10                  15

Ile Ala Ile Asp Asn Ala Glu Asp Ile Ile Pro Leu Gly Lys Val Leu
            20                  25                  30

Ala Glu Asn Gly Leu Pro Ala Ala Glu Ile Thr Phe Arg Ser Ser Ala
        35                  40                  45

Ala Val Lys Ala Ile Met Leu Leu Arg Ser Ala Gln Pro Glu Met Leu
    50                  55                  60

Ile Gly Ala Gly Thr Ile Leu Asn Gly Val Gln Ala Leu Ala Ala Lys
65                  70                  75                  80

Glu Ala Gly Ala Thr Phe Val Val Ser Pro Gly Phe Asn Pro Asn Thr
                85                  90                  95

Val Arg Ala Cys Gln Ile Ile Gly Ile Asp Ile Val Pro Gly Val Asn
            100                 105                 110

Asn Pro Ser Thr Val Glu Ala Ala Leu Glu Met Gly Leu Thr Thr Leu
        115                 120                 125



Lys Phe Phe Pro Ala Glu Ala Ser Gly Gly Ile Ser Met Val Lys Ser
    130                 135                 140

Leu Val Gly Pro Tyr Gly Asp Ile Arg Leu Met Pro Thr Gly Gly Ile
145                 150                 155                 160

Thr Pro Ser Asn Ile Asp Asn Tyr Leu Ala Ile Pro Gln Val Leu Ala
                165                 170                 175

Cys Gly Gly Thr Trp Met Val Asp Lys Lys Leu Val Thr Asn Gly Glu
            180                 185                 190

Trp Asp Glu Ile Ala Arg Leu Thr Arg Glu Ile Val Glu Gln Val Asn
        195                 200                 205

Pro

<210>  5
<211>  114
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  5

Met Pro Ile Phe Thr Leu Asn Thr Asn Ile Lys Ala Thr Asp Val Pro
1               5                   10                  15

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

Lys Pro Gly Ser Tyr Val Ala Val His Ile Asn Thr Asp Gln Gln Leu
        35                  40                  45



Ser Phe Gly Gly Ser Thr Asn Pro Ala Ala Phe Gly Thr Leu Met Ser
    50                  55                  60

Ile Gly Gly Ile Glu Pro Ser Lys Asn Arg Asp His Ser Ala Val Leu
65                  70                  75                  80

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

Ile His Phe Val Asn Leu Asn Gly Asp Asp Val Gly Trp Asn Gly Thr
            100                 105                 110

Thr Phe

<210>  6
<211>  157
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  6

Met Asn Gln His Ser His Lys Asp Tyr Glu Thr Val Arg Ile Ala Val
1               5                   10                  15

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

Phe Glu Ile Ala Met Ala Ala Ile Gly Gly Asp Arg Phe Ala Val Asp
        35                  40                  45

Val Phe Asp Val Pro Gly Ala Tyr Glu Ile Pro Leu His Ala Arg Thr
    50                  55                  60



Leu Ala Glu Thr Gly Arg Tyr Gly Ala Val Leu Gly Thr Ala Phe Val
65                  70                  75                  80

Val Asn Gly Gly Ile Tyr Arg His Glu Phe Val Ala Ser Ala Val Ile
                85                  90                  95

Asp Gly Met Met Asn Val Gln Leu Ser Thr Gly Val Pro Val Leu Ser
            100                 105                 110

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

Phe Phe Ala Ala His Phe Ala Val Lys Gly Val Glu Ala Ala Arg Ala
    130                 135                 140

Cys Ile Glu Ile Leu Ala Ala Arg Glu Lys Ile Ala Ala
145                 150                 155

<210>  7
<211>  205
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  7

Met Lys Met Glu Glu Leu Phe Lys Lys His Lys Ile Val Ala Val Leu
1               5                   10                  15

Arg Ala Asn Ser Val Glu Glu Ala Ile Glu Lys Ala Val Ala Val Phe
            20                  25                  30

Ala Gly Gly Val His Leu Ile Glu Ile Thr Phe Thr Val Pro Asp Ala



        35                  40                  45

Asp Thr Val Ile Lys Ala Leu Ser Val Leu Lys Glu Lys Gly Ala Ile
    50                  55                  60

Ile Gly Ala Gly Thr Val Thr Ser Val Glu Gln Cys Arg Lys Ala Val
65                  70                  75                  80

Glu Ser Gly Ala Glu Phe Ile Val Ser Pro His Leu Asp Glu Glu Ile
                85                  90                  95

Ser Gln Phe Cys Lys Glu Lys Gly Val Phe Tyr Met Pro Gly Val Met
            100                 105                 110

Thr Pro Thr Glu Leu Val Lys Ala Met Lys Leu Gly His Thr Ile Leu
        115                 120                 125

Lys Leu Phe Pro Gly Glu Val Val Gly Pro Gln Phe Val Lys Ala Met
    130                 135                 140

Lys Gly Pro Phe Pro Asn Val Lys Phe Val Pro Thr Gly Gly Val Asn
145                 150                 155                 160

Leu Asp Asn Val Cys Glu Trp Phe Lys Ala Gly Val Leu Ala Val Gly
                165                 170                 175

Val Gly Ser Ala Leu Val Lys Gly Thr Pro Asp Glu Val Arg Glu Lys
            180                 185                 190

Ala Lys Ala Phe Val Glu Lys Ile Arg Gly Cys Thr Glu
        195                 200                 205

<210>  8
<211>  157



<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  8

Met Asn Gln His Ser His Lys Asp Tyr Glu Thr Val Arg Ile Ala Val
1               5                   10                  15

Val Arg Ala Arg Trp His Ala Glu Ile Val Asp Ala Cys Val Ser Ala
            20                  25                  30

Phe Glu Ala Ala Met Ala Asp Ile Gly Gly Asp Arg Phe Ala Val Asp
        35                  40                  45

Val Phe Asp Val Pro Gly Ala Tyr Glu Ile Pro Leu His Ala Arg Thr
    50                  55                  60

Leu Ala Glu Thr Gly Arg Tyr Gly Ala Val Leu Gly Thr Ala Phe Val
65                  70                  75                  80

Val Asn Gly Gly Ile Tyr Arg His Glu Phe Val Ala Ser Ala Val Ile
                85                  90                  95

Asp Gly Met Met Asn Val Gln Leu Ser Thr Gly Val Pro Val Leu Ser
            100                 105                 110

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

Leu Phe Leu Ala Leu Phe Ala Val Lys Gly Met Glu Ala Ala Arg Ala
    130                 135                 140

Cys Val Glu Ile Leu Ala Ala Arg Glu Lys Ile Ala Ala



145                 150                 155

<210>  9
<211>  177
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  9

Met Phe Thr Lys Ser Gly Asp Asp Gly Asn Thr Asn Val Ile Asn Lys
1               5                   10                  15

Arg Val Gly Lys Asp Ser Pro Leu Val Asn Phe Leu Gly Asp Leu Asp
            20                  25                  30

Glu Leu Asn Ser Phe Ile Gly Phe Ala Ile Ser Lys Ile Pro Trp Glu
        35                  40                  45

Asp Met Lys Lys Asp Leu Glu Arg Val Gln Val Glu Leu Phe Glu Ile
    50                  55                  60

Gly Glu Asp Leu Ser Thr Gln Ser Ser Lys Lys Lys Ile Asp Glu Ser
65                  70                  75                  80

Tyr Val Leu Trp Leu Leu Ala Ala Thr Ala Ile Tyr Arg Ile Glu Ser
                85                  90                  95

Gly Pro Val Lys Leu Phe Val Ile Pro Gly Gly Ser Glu Glu Ala Ser
            100                 105                 110

Val Leu His Val Thr Arg Ser Val Ala Arg Arg Val Glu Arg Asn Ala
        115                 120                 125



Val Lys Tyr Thr Lys Glu Leu Pro Glu 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 Ala
145                 150                 155                 160

Asn Lys Arg Arg Asn Gln Ser Glu Lys Ile Tyr Glu Ile Gly Lys Ser
                165                 170                 175

Trp

<210>  10
<211>  157
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  10

Met Asn Gln His Ser His Lys Asp Tyr Glu Thr Val Arg Ile Ala Val
1               5                   10                  15

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

Phe Glu Glu Ala Met Ala Asp Ala Gly Gly Asp Arg Phe Ala Val Asp
        35                  40                  45

Val Phe Asp Val Pro Gly Ala Tyr Glu Ile Pro Leu His Ala Arg Thr
    50                  55                  60

Leu Ala Glu Thr Gly Arg Tyr Gly Ala Val Leu Gly Thr Ala Phe Val
65                  70                  75                  80



Val Asn Gly Gly Ile Tyr Arg His Glu Phe Val Ala Ser Ala Val Ile
                85                  90                  95

Asp Gly Met Met Asn Val Gln Leu Ser Thr Gly Val Pro Val Leu Ser
            100                 105                 110

Ala Val Leu Thr Pro His Arg Tyr Arg Ser Ser Arg Glu His His Glu
        115                 120                 125

Phe Phe Arg Glu His Phe Met Val Lys Gly Val Glu Ala Ala Ala Ala
    130                 135                 140

Cys Ile Thr Ile Leu Ala Ala Arg Glu Lys Ile Ala Ala
145                 150                 155

<210>  11
<211>  201
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  11

Met Gly His Thr Lys Gly Pro Thr Pro Gln Gln His Asp Gly Ser Ala
1               5                   10                  15

Leu Arg Ile Gly Ile Val His Ala Arg Trp Asn Lys Thr Ile Ile Met
            20                  25                  30

Pro Leu Leu Ile Gly Thr Ile Ala Lys Leu Leu Glu Cys Gly Val Lys
        35                  40                  45

Ala Ser Asn Ile Val Val Gln Ser Val Pro Gly Ser Trp Glu Leu Pro
    50                  55                  60



Ile Ala Val Gln Arg Leu Tyr Ser Ala Ser Gln Leu Gln Thr Pro Ser
65                  70                  75                  80

Ser Gly Pro Ser Leu Ser Ala Gly Asp Leu Leu Gly Ser Ser Thr Thr
                85                  90                  95

Asp Leu Thr Ala Leu Pro Thr Thr Thr Ala Ser Ser Thr Gly Pro Phe
            100                 105                 110

Asp Ala Leu Ile Ala Ile Gly Val Leu Ile Lys Gly Glu Thr Met His
        115                 120                 125

Phe Glu Tyr Ile Ala Asp Ser Val Ser His Gly Leu Met Arg Val Gln
    130                 135                 140

Leu Asp Thr Gly Val Pro Val Ile Phe Gly Val Leu Thr Val Leu Thr
145                 150                 155                 160

Asp Asp Gln Ala Lys Ala Arg Ala Gly Val Ile Glu Gly Ser His Asn
                165                 170                 175

His Gly Glu Asp Trp Gly Leu Ala Ala Val Glu Met Gly Val Arg Arg
            180                 185                 190

Arg Asp Trp Ala Ala Gly Lys Thr Glu
        195                 200

<210>  12
<211>  237
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide



<400>  12

Met Tyr Glu Val Asp His Ala Asp Val Tyr Asp Leu Phe Tyr Leu Gly
1               5                   10                  15

Arg Gly Lys Asp Tyr Ala Ala Glu Ala Ser Asp Ile Ala Asp Leu Val
            20                  25                  30

Arg Ser Arg Thr Pro Glu Ala Ser Ser Leu Leu Asp Val Ala Cys Gly
        35                  40                  45

Thr Gly Thr His Leu Glu His Phe Thr Lys Glu Phe Gly Asp Thr Ala
    50                  55                  60

Gly Leu Glu Leu Ser Glu Asp Met Leu Thr His Ala Arg Lys Arg Leu
65                  70                  75                  80

Pro Asp Ala Thr Leu His Gln Gly Asp Met Arg Asp Phe Gln Leu Gly
                85                  90                  95

Arg Lys Phe Ser Ala Val Val Ser Met Phe Ser Ser Val Gly Tyr Leu
            100                 105                 110

Lys Thr Val Ala Glu Leu Gly Ala Ala Val Ala Ser Phe Ala Glu His
        115                 120                 125

Leu Glu Pro Gly Gly Val Val Val Val Glu Pro Trp Trp Phe Pro Glu
    130                 135                 140

Thr Phe Ala Asp Gly Trp Val Ser Ala Asp Val Val Arg Arg Asp Gly
145                 150                 155                 160

Arg Thr Val Ala Arg Val Ser His Ser Val Arg Glu Gly Asn Ala Thr
                165                 170                 175



Arg Met Glu Val His Phe Thr Val Ala Asp Pro Gly Lys Gly Val Arg
            180                 185                 190

His Phe Ser Asp Val His Leu Ile Thr Leu Phe His Gln Arg Glu Tyr
        195                 200                 205

Glu Ala Ala Phe Met Ala Ala Gly Leu Arg Val Glu Tyr Leu Glu Gly
    210                 215                 220

Gly Pro Ser Gly Arg Gly Leu Phe Val Gly Val Pro Ala
225                 230                 235

<210>  13
<211>  138
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  13

Met Gly Met Lys Glu Lys Phe Val Leu Ile Ile Thr His Gly Asp Phe
1               5                   10                  15

Gly Lys Gly Leu Leu Ser Gly Ala Glu Val Ile Ile Gly Lys Gln Glu
            20                  25                  30

Asn Val His Thr Val Gly Leu Asn Leu Gly Asp Asn Ile Glu Lys Val
        35                  40                  45

Ala Lys Glu Val Met Arg Ile Ile Ile Ala Lys Leu Ala Glu Asp Lys
    50                  55                  60

Glu Ile Ile Ile Val Val Asp Leu Phe Gly Gly Ser Pro Phe Asn Ile



65                  70                  75                  80

Ala Leu Glu Met Met Lys Thr Phe Asp Val Lys Val Ile Thr Gly Ile
                85                  90                  95

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

Thr Thr Glu Leu Leu Glu Asn Ile Ser Lys Ile Gly Lys Asp Gly Ile
        115                 120                 125

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

<210>  14
<211>  154
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  14

Met Lys Tyr Asp Gly Ser Lys Leu Arg Ile Gly Ile Leu His Ala Arg
1               5                   10                  15

Trp Asn Leu Glu Ile Ile Ala Ala Leu Val Ala Gly Ala Ile Lys Arg
            20                  25                  30

Leu Gln Glu Phe Gly Val Lys Ala Glu Asn Ile Ile Ile Glu Thr Val
        35                  40                  45

Pro Gly Ser Phe Glu Leu Pro Tyr Gly Ser Lys Leu Phe Val Glu Lys
    50                  55                  60



Gln Lys Arg Leu Gly Lys Pro Leu Asp Ala Ile Ile Pro Ile Gly Val
65                  70                  75                  80

Leu Ile Lys Gly Ser Thr Met His Phe Glu Tyr Ile Cys Asp Ser Thr
                85                  90                  95

Thr His Gln Leu Met Lys Leu Asn Phe Glu Leu Gly Ile Pro Val Ile
            100                 105                 110

Phe Gly Val Leu Thr Cys Leu Thr Asp Glu Gln Ala Glu Ala Arg Ala
        115                 120                 125

Gly Leu Ile Glu Gly Lys Met His Asn His Gly Glu Asp Trp Gly Ala
    130                 135                 140

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

<210>  15
<211>  164
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  15

Met Ala Val Lys Gly Leu Gly Glu Val Asp Gln Lys Tyr Asp Gly Ser
1               5                   10                  15

Lys Leu Arg Ile Gly Ile Leu His Ala Arg Trp Asn Arg Lys Ile Ile
            20                  25                  30

Leu Ala Leu Val Ala Gly Ala Val Leu Arg Leu Leu Glu Phe Gly Val
        35                  40                  45



Lys Ala Glu Asn Ile Ile Ile Glu Thr Val Pro Gly Ser Phe Glu Leu
    50                  55                  60

Pro Tyr Gly Ser Lys Leu Phe Val Glu Lys Gln Lys Arg Leu Gly Lys
65                  70                  75                  80

Pro Leu Asp Ala Ile Ile Pro Ile Gly Val Leu Ile Lys Gly Ser Thr
                85                  90                  95

Met His Phe Glu Tyr Ile Cys Asp Ser Thr Thr His Gln Leu Met Lys
            100                 105                 110

Leu Asn Phe Glu Leu Gly Ile Pro Val Ile Phe Gly Val Leu Thr Cys
        115                 120                 125

Leu Thr Asp Glu Gln Ala Glu Ala Arg Ala Gly Leu Ile Glu Gly Lys
    130                 135                 140

Met His Asn His Gly Glu Asp Trp Gly Ala Ala Ala Val Glu Met Ala
145                 150                 155                 160

Thr Lys Phe Asn

<210>  16
<211>  175
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  16

Met Gly Ala Asn Trp Tyr Leu Asp Asn Glu Ser Ser Arg Leu Ser Phe
1               5                   10                  15



Thr Ser Thr Lys Asn Ala Asp Ile Ala Glu Val His Arg Phe Leu Val
            20                  25                  30

Leu His Gly Lys Val Asp Pro Lys Gly Leu Ala Glu Val Glu Val Glu
        35                  40                  45

Thr Glu Ser Ile Ser Thr Gly Ile Pro Leu Arg Asp Met Leu Leu Arg
    50                  55                  60

Val Leu Val Phe Gln Val Ser Lys Phe Pro Val Ala Gln Ile Asn Ala
65                  70                  75                  80

Gln Leu Asp Met Arg Pro Ile Asn Asn Leu Ala Pro Gly Ala Gln Leu
                85                  90                  95

Glu Leu Arg Leu Pro Leu Thr Val Ser Leu Arg Gly Lys Ser His Ser
            100                 105                 110

Tyr Asn Ala Glu Leu Leu Ala Thr Arg Leu Asp Glu Arg Arg Phe Gln
        115                 120                 125

Val Val Thr Leu Glu Pro Leu Val Ile His Ala Gln Asp Phe Asp Met
    130                 135                 140

Val Arg Ala Phe Asn Ala Leu Arg Leu Val Ala Gly Leu Ser Ala Val
145                 150                 155                 160

Ser Leu Ser Val Pro Val Gly Ala Val Leu Ile Phe Thr Ala Arg
                165                 170                 175

<210>  17
<211>  208
<212>  PRT



<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  17

Met Thr Asp Tyr Ile Arg Asp Gly Ser Ala Ile Lys Ala Leu Ser Phe
1               5                   10                  15

Ala Ile Ile Leu Ala Glu Ala Asp Leu Arg His Ile Pro Gln Asp Leu
            20                  25                  30

Gln Arg Leu Ala Val Arg Val Ile His Ala Cys Gly Met Val Asp Val
        35                  40                  45

Ala Asn Asp Leu Ala Phe Ser Glu Gly Ala Gly Lys Ala Gly Arg Asn
    50                  55                  60

Ala Leu Leu Ala Gly Ala Pro Ile Leu Cys Asp Ala Arg Met Val Ala
65                  70                  75                  80

Glu Gly Ile Thr Arg Ser Arg Leu Pro Ala Asp Asn Arg Val Ile Tyr
                85                  90                  95

Thr Leu Ser Asp Pro Ser Val Pro Glu Leu Ala Lys Lys Ile Gly Asn
            100                 105                 110

Thr Arg Ser Ala Ala Ala Leu Asp Leu Trp Leu Pro His Ile Glu Gly
        115                 120                 125

Ser Ile Val Ala Ile Gly Asn Ala Pro Thr Ala Leu Phe Arg Leu Phe
    130                 135                 140

Glu Leu Leu Asp Ala Gly Ala Pro Lys Pro Ala Leu Ile Ile Gly Met
145                 150                 155                 160



Pro Val Gly Phe Val Gly Ala Ala Glu Ser Lys Asp Glu Leu Ala Ala
                165                 170                 175

Asn Ser Arg Gly Val Pro Tyr Val Ile Val Arg Gly Arg Arg Gly Gly
            180                 185                 190

Ser Ala Met Thr Ala Ala Ala Val Asn Ala Leu Ala Ser Glu Arg Glu
        195                 200                 205

<210>  18
<211>  128
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  18

Met Ile Thr Val Phe Gly Leu Lys Ser Lys Leu Ala Pro Arg Arg Glu
1               5                   10                  15

Lys Leu Ala Glu Val Ile Tyr Ser Ser Leu His Leu Gly Leu Asp Ile
            20                  25                  30

Pro Lys Gly Lys His Ala Ile Arg Phe Leu Cys Leu Glu Lys Glu Asp
        35                  40                  45

Phe Tyr Tyr Pro Phe Asp Arg Ser Asp Asp Tyr Thr Val Ile Glu Ile
    50                  55                  60

Asn Leu Met Ala Gly Arg Ser Glu Glu Thr Lys Met Leu Leu Ile Phe
65                  70                  75                  80

Leu Leu Phe Ile Ala Leu Glu Arg Lys Leu Gly Ile Arg Ala His Asp



                85                  90                  95

Val Glu Ile Thr Ile Lys Glu Gln Pro Ala His Cys Trp Gly Phe Arg
            100                 105                 110

Gly Arg Thr Gly Asp Ser Ala Arg Asp Leu Asp Tyr Asp Ile Tyr Val
        115                 120                 125

<210>  19
<211>  235
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  19

Met Gly Ser Asp Leu Gln Lys Leu Gln Arg Phe Ser Thr Cys Asp Ile
1               5                   10                  15

Ser Asp Gly Leu Leu Asn Val Tyr Asn Ile Pro Thr Gly Gly Tyr Phe
            20                  25                  30

Pro Asn Leu Thr Ala Ile Ser Pro Pro Gln Asn Ser Ser Ile Val Gly
        35                  40                  45

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

Val Asn Tyr Ile Asp Ser Val Pro Pro Asn Ser Ile Leu Val Leu Ala
65                  70                  75                  80

Leu Glu Pro His Leu Gln Ser Gln Phe His Pro Phe Ile Lys Ile Thr
                85                  90                  95



Gln Ala Met Tyr Gly Gly Leu Met Ser Thr Arg Ala Gln Tyr Leu Lys
            100                 105                 110

Ser Asn Gly Thr Val Val Phe Gly Arg Ile Arg Asp Val Asp Glu His
        115                 120                 125

Arg Thr Leu Asn His Pro Val Phe Ala Tyr Gly Val Gly Ser Cys Ala
    130                 135                 140

Pro Lys Ala Val Val Lys Ala Val Gly Thr Asn Val Gln Leu Lys Ile
145                 150                 155                 160

Leu Thr Ser Asp Gly Val Thr Gln Thr Ile Cys Pro Gly Asp Tyr Ile
                165                 170                 175

Ala Gly Asp Asn Asn Gly Ile Val Arg Ile Pro Val Gln Glu Thr Asp
            180                 185                 190

Ile Ser Lys Leu Val Thr Tyr Ile Glu Lys Ser Ile Glu Val Asp Arg
        195                 200                 205

Leu Val Ser Glu Ala Ile Lys Asn Gly Leu Pro Ala Lys Ala Ala Gln
    210                 215                 220

Thr Ala Arg Arg Met Val Leu Lys Asp Tyr Ile
225                 230                 235

<210>  20
<211>  162
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  20



Met Ser Gly Met Arg Val Tyr Leu Gly Ala Asp His Ala Gly Tyr Glu
1               5                   10                  15

Leu Lys Gln Ala Ile Ile Ala Phe Leu Lys Met Thr Gly His Glu Pro
            20                  25                  30

Ile Asp Cys Gly Ala Leu Arg Tyr Asp Ala Asp Asp Asp Tyr Pro Ala
        35                  40                  45

Phe Cys Ile Ala Ala Ala Thr Arg Thr Val Ala Asp Pro Gly Ser Leu
    50                  55                  60

Gly Ile Val Leu Gly Gly Ser Gly Asn Gly Glu Gln Ile Ala Ala Asn
65                  70                  75                  80

Lys Val Pro Gly Ala Arg Cys Ala Leu Ala Trp Ser Val Gln Thr Ala
                85                  90                  95

Ala Leu Ala Arg Glu His Asn Asn Ala Gln Leu Ile Gly Ile Gly Gly
            100                 105                 110

Arg Met His Thr Leu Glu Glu Ala Leu Arg Ile Val Lys Ala Phe Val
        115                 120                 125

Thr Thr Pro Trp Ser Lys Ala Gln Arg His Gln Arg Arg Ile Asp Ile
    130                 135                 140

Leu Ala Glu Tyr Glu Arg Thr His Glu Ala Pro Pro Val Pro Gly Ala
145                 150                 155                 160

Pro Ala



<210>  21
<211>  157
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  21

Met Gly Asp Asp Ala Arg Ile Ala Ala Ile Gly Asp Val Asp Glu Leu
1               5                   10                  15

Asn Ser Gln Ile Gly Val Leu Leu Ala Glu Pro Leu Pro Asp Asp Val
            20                  25                  30

Arg Ala Ala Leu Ser Ala Ile Gln His Asp Leu Phe Asp Leu Gly Gly
        35                  40                  45

Glu Leu Cys Ile Pro Gly His Ala Ala Ile Thr Glu Asp His Leu Leu
    50                  55                  60

Arg Leu Ala Leu Trp Leu Val His Tyr Asn Gly Gln Leu Pro Pro Leu
65                  70                  75                  80

Glu Glu Phe Ile Leu Pro Gly Gly Ala Arg Gly Ala Ala Leu Ala His
                85                  90                  95

Val Cys Arg Thr Val Cys Arg Arg Ala Glu Arg Ser Ile Lys Ala Leu
            100                 105                 110

Gly Ala Ser Glu Pro Leu Asn Ile Ala Pro Ala Ala Tyr Val Asn Leu
        115                 120                 125

Leu Ser Asp Leu Leu Phe Val Leu Ala Arg Val Leu Asn Arg Ala Ala
    130                 135                 140



Gly Gly Ala Asp Val Leu Trp Asp Arg Thr Arg Ala His
145                 150                 155

<210>  22
<211>  157
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  22

Met Ile Leu Ser Ala Glu Gln Ser Phe Thr Leu Arg His Pro His Gly
1               5                   10                  15

Gln Ala Ala Ala Leu Ala Phe Val Arg Glu Pro Ala Ala Ala Leu Ala
            20                  25                  30

Gly Val Gln Arg Leu Arg Gly Leu Asp Ser Asp Gly Glu Gln Val Trp
        35                  40                  45

Gly Glu Leu Leu Val Arg Val Pro Leu Leu Gly Glu Val Asp Leu Pro
    50                  55                  60

Phe Arg Ser Glu Ile Val Arg Thr Pro Gln Gly Ala Glu Leu Arg Pro
65                  70                  75                  80

Leu Thr Leu Thr Gly Glu Arg Ala Trp Val Ala Val Ser Gly Gln Ala
                85                  90                  95

Thr Ala Ala Glu Gly Gly Glu Met Ala Phe Ala Phe Gln Phe Gln Ala
            100                 105                 110

His Leu Ala Thr Pro Glu Ala Glu Gly Glu Gly Gly Ala Ala Phe Glu
        115                 120                 125



Val Met Val Gln Ala Ala Ala Gly Val Thr Leu Leu Leu Val Ala Met
    130                 135                 140

Ala Leu Pro Gln Gly Leu Ala Ala Gly Leu Pro Pro Ala
145                 150                 155

<210>  23
<211>  156
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  23

Met Thr Lys Lys Val Gly 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 Glu Ser Pro Asn Ile
            20                  25                  30

Lys Ile Ile Arg Lys Thr Val Pro Gly Ile Lys Asp Leu Pro Val Ala
        35                  40                  45

Cys Lys Lys Leu Leu Glu Glu Glu Gly Cys Asp Ile Val Met Ala Leu
    50                  55                  60

Gly Met Pro Gly Lys Lys Glu Lys Asp Lys Val Cys Ala His Glu Ala
65                  70                  75                  80

Ser Leu Gly Leu Met Leu Ala Gln Leu Met Thr Asn Lys His Ile Ile
                85                  90                  95

Glu Val Phe Val His Glu Asp Glu Ala Lys Asp Asp Ala Glu Leu Lys



            100                 105                 110

Ile Leu Ala Ala Arg Arg Ala Ile Glu His Ala Leu Asn Val Tyr Tyr
        115                 120                 125

Leu Leu Phe Lys Pro Glu Tyr Leu Thr Arg Met Ala Gly Lys Gly Leu
    130                 135                 140

Arg Gln Gly Phe Glu Asp Ala Gly Pro Ala Arg Glu
145                 150                 155

<210>  24
<211>  209
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  24

Met Asp Asp Ile Asn Asn Gln Leu Lys Arg Leu Lys Val Ile Pro Val
1               5                   10                  15

Ile Ala Ile Asp Asn Ala Glu Asp Ile Ile Pro Leu Gly Lys Val Leu
            20                  25                  30

Ala Glu Asn Gly Leu Pro Ala Ala Glu Ile Thr Phe Arg Ser Ser Ala
        35                  40                  45

Ala Val Lys Ala Ile Met Leu Leu Arg Ser Ala Gln Pro Glu Met Leu
    50                  55                  60

Ile Gly Ala Gly Thr Ile Leu Asn Gly Val Gln Ala Leu Ala Ala Lys
65                  70                  75                  80



Glu Ala Gly Ala Asp Phe Val Val Ser Pro Gly Phe Asn Pro Asn Thr
                85                  90                  95

Val Arg Ala Cys Gln Ile Ile Gly Ile Asp Ile Val Pro Gly Val Asn
            100                 105                 110

Asn Pro Ser Thr Val Glu Gln Ala Leu Glu Met Gly Leu Thr Thr Leu
        115                 120                 125

Lys Phe Phe Pro Ala Glu Ala Ser Gly Gly Ile Ser Met Val Lys Ser
    130                 135                 140

Leu Val Gly Pro Tyr Gly Asp Ile Arg Leu Met Pro Thr Gly Gly Ile
145                 150                 155                 160

Thr Pro Asp Asn Ile Asp Asn Tyr Leu Ala Ile Pro Gln Val Leu Ala
                165                 170                 175

Cys Gly Gly Thr Trp Met Val Asp Lys Lys Leu Val Arg Asn Gly Glu
            180                 185                 190

Trp Asp Glu Ile Ala Arg Leu Thr Arg Glu Ile Val Glu Gln Val Asn
        195                 200                 205

Pro

<210>  25
<211>  114
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  25



Met Pro Ile Phe Thr Leu Asn Thr Asn Ile Lys Ala Asp Asp Val Pro
1               5                   10                  15

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

Lys Pro Gly Ser Tyr Val Ala Val His Ile Asn Thr Asp Gln Gln Leu
        35                  40                  45

Ser Phe Gly Gly Ser Thr Asn Pro Ala Ala Phe Gly Thr Leu Met Ser
    50                  55                  60

Ile Gly Gly Ile Glu Pro Asp Lys Asn Arg Asp His Ser Ala Val Leu
65                  70                  75                  80

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

Ile His Phe Val Asn Leu Asn Gly Asp Asp Val Gly Trp Asn Gly Thr
            100                 105                 110

Thr Phe

<210>  26
<211>  114
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  26

Met Pro Ile Phe Thr Leu Asn Thr Asn Ile Lys Ala Asp Asp Val Pro
1               5                   10                  15



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

Glu Pro Gly Ser Tyr Val Ala Val His Ile Asn Thr Asp Gln Gln Leu
        35                  40                  45

Ser Phe Gly Gly Ser Thr Asn Pro Ala Ala Phe Gly Thr Leu Met Ser
    50                  55                  60

Ile Gly Gly Ile Glu Pro Asp Lys Asn Glu Asp His Ser Ala Val Leu
65                  70                  75                  80

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

Ile His Phe Val Asp Leu Asp Gly Asp Asp Val Gly Trp Asn Gly Thr
            100                 105                 110

Thr Phe

<210>  27
<211>  157
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  27

Met Asn Gln His Ser His Lys Asp His Glu Thr Val Arg Ile Ala Val
1               5                   10                  15

Val Arg Ala Arg Trp His Ala Asp Ile Val Asp Ala Cys Val Glu Ala



            20                  25                  30

Phe Glu Ile Ala Met Ala Ala Ile Gly Gly Asp Arg Phe Ala Val Asp
        35                  40                  45

Val Phe Asp Val Pro Gly Ala Tyr Glu Ile Pro Leu His Ala Arg Thr
    50                  55                  60

Leu Ala Glu Thr Gly Arg Tyr Gly Ala Val Leu Gly Thr Ala Phe Val
65                  70                  75                  80

Val Asn Gly Gly Ile Tyr Arg His Glu Phe Val Ala Ser Ala Val Ile
                85                  90                  95

Asp Gly Met Met Asn Val Gln Leu Asp Thr Gly Val Pro Val Leu Ser
            100                 105                 110

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

Phe Phe Ala Ala His Phe Ala Val Lys Gly Val Glu Ala Ala Arg Ala
    130                 135                 140

Cys Ile Glu Ile Leu Asn Ala Arg Glu Lys Ile Ala Ala
145                 150                 155

<210>  28
<211>  157
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  28



Met Asn Gln His Ser His Lys Asp His Glu Thr Val Arg Ile Ala Val
1               5                   10                  15

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

Phe Glu Ile Ala Met Ala Ala Ile Gly Gly Asp Arg Phe Ala Val Asp
        35                  40                  45

Val Phe Asp Val Pro Gly Ala Tyr Glu Ile Pro Leu His Ala Arg Thr
    50                  55                  60

Leu Ala Glu Thr Gly Arg Tyr Gly Ala Val Leu Gly Thr Ala Phe Val
65                  70                  75                  80

Val Asp Gly Gly Ile Tyr Asp His Glu Phe Val Ala Ser Ala Val Ile
                85                  90                  95

Asp Gly Met Met Asn Val Gln Leu Asp Thr Gly Val Pro Val Leu Ser
            100                 105                 110

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

Phe Phe Ala Ala His Phe Ala Val Lys Gly Val Glu Ala Ala Arg Ala
    130                 135                 140

Cys Ile Glu Ile Leu Asn Ala Arg Glu Lys Ile Ala Ala
145                 150                 155

<210>  29
<211>  205
<212>  PRT
<213>  Artificial Sequence



<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  29

Met Lys Met Glu Glu Leu Phe Lys Lys His Lys Ile Val Ala Val Leu
1               5                   10                  15

Arg Ala Asn Ser Val Glu Glu Ala Ile Glu Lys Ala Val Ala Val Phe
            20                  25                  30

Ala Gly Gly Val His Leu Ile Glu Ile Thr Phe Thr Val Pro Asp Ala
        35                  40                  45

Asp Thr Val Ile Lys Ala Leu Ser Val Leu Lys Glu Lys Gly Ala Ile
    50                  55                  60

Ile Gly Ala Gly Thr Val Thr Ser Val Glu Gln Cys Arg Lys Ala Val
65                  70                  75                  80

Glu Ser Gly Ala Glu Phe Ile Val Ser Pro His Leu Asp Glu Glu Ile
                85                  90                  95

Ser Gln Phe Cys Lys Glu Lys Gly Val Phe Tyr Met Pro Gly Val Met
            100                 105                 110

Thr Pro Thr Glu Leu Val Lys Ala Met Lys Leu Gly His Asp Ile Leu
        115                 120                 125

Lys Leu Phe Pro Gly Glu Val Val Gly Pro Gln Phe Val Lys Ala Met
    130                 135                 140

Lys Gly Pro Phe Pro Asn Val Lys Phe Val Pro Thr Gly Gly Val Asn
145                 150                 155                 160



Leu Asp Asn Val Cys Glu Trp Phe Lys Ala Gly Val Leu Ala Val Gly
                165                 170                 175

Val Gly Asp Ala Leu Val Lys Gly Asp Pro Asp Glu Val Arg Glu Lys
            180                 185                 190

Ala Lys Lys Phe Val Glu Lys Ile Arg Gly Cys Thr Glu
        195                 200                 205

<210>  30
<211>  205
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  30

Met Lys Met Glu Glu Leu Phe Lys Lys His Lys Ile Val Ala Val Leu
1               5                   10                  15

Arg Ala Asn Ser Val Glu Glu Ala Ile Glu Lys Ala Val Ala Val Phe
            20                  25                  30

Ala Gly Gly Val His Leu Ile Glu Ile Thr Phe Thr Val Pro Asp Ala
        35                  40                  45

Asp Thr Val Ile Lys Ala Leu Ser Val Leu Lys Glu Lys Gly Ala Ile
    50                  55                  60

Ile Gly Ala Gly Thr Val Thr Ser Val Glu Gln Cys Arg Lys Ala Val
65                  70                  75                  80

Glu Ser Gly Ala Glu Phe Ile Val Ser Pro His Leu Asp Glu Glu Ile
                85                  90                  95



Ser Gln Phe Cys Lys Glu Lys Gly Val Phe Tyr Met Pro Gly Val Met
            100                 105                 110

Thr Pro Thr Glu Leu Val Lys Ala Met Lys Leu Gly His Asp Ile Leu
        115                 120                 125

Lys Leu Phe Pro Gly Glu Val Val Gly Pro Glu Phe Val Glu Ala Met
    130                 135                 140

Lys Gly Pro Phe Pro Asn Val Lys Phe Val Pro Thr Gly Gly Val Asp
145                 150                 155                 160

Leu Asp Asp Val Cys Glu Trp Phe Asp Ala Gly Val Leu Ala Val Gly
                165                 170                 175

Val Gly Asp Ala Leu Val Glu Gly Asp Pro Asp Glu Val Arg Glu Asp
            180                 185                 190

Ala Lys Glu Phe Val Glu Glu Ile Arg Gly Cys Thr Glu
        195                 200                 205

<210>  31
<211>  205
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  31

Met Lys Met Glu Glu Leu Phe Lys Lys His Lys Ile Val Ala Val Leu
1               5                   10                  15

Arg Ala Asn Ser Val Glu Glu Ala Ile Glu Lys Ala Val Ala Val Phe
            20                  25                  30



Ala Gly Gly Val His Leu Ile Glu Ile Thr Phe Thr Val Pro Asp Ala
        35                  40                  45

Asp Thr Val Ile Lys Ala Leu Ser Val Leu Lys Glu Lys Gly Ala Ile
    50                  55                  60

Ile Gly Ala Gly Thr Val Thr Ser Val Glu Gln Cys Arg Lys Ala Val
65                  70                  75                  80

Glu Ser Gly Ala Glu Phe Ile Val Ser Pro His Leu Asp Glu Glu Ile
                85                  90                  95

Ser Gln Phe Cys Lys Glu Lys Gly Val Phe Tyr Met Pro Gly Val Met
            100                 105                 110

Thr Pro Thr Glu Leu Val Lys Ala Met Lys Leu Gly His Asp Ile Leu
        115                 120                 125

Lys Leu Phe Pro Gly Glu Val Val Gly Pro Gln Phe Val Lys Ala Met
    130                 135                 140

Lys Gly Pro Phe Pro Asn Val Lys Phe Val Pro Thr Gly Gly Val Asn
145                 150                 155                 160

Leu Asp Asn Val Cys Lys Trp Phe Lys Ala Gly Val Leu Ala Val Gly
                165                 170                 175

Val Gly Lys Ala Leu Val Lys Gly Lys Pro Asp Glu Val Arg Glu Lys
            180                 185                 190

Ala Lys Lys Phe Val Lys Lys Ile Arg Gly Cys Thr Glu
        195                 200                 205



<210>  32
<211>  157
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  32

Met Asn Gln His Ser His Lys Asp His Glu Thr Val Arg Ile Ala Val
1               5                   10                  15

Val Arg Ala Arg Trp His Ala Glu Ile Val Asp Ala Cys Val Ser Ala
            20                  25                  30

Phe Glu Ala Ala Met Arg Asp Ile Gly Gly Asp Arg Phe Ala Val Asp
        35                  40                  45

Val Phe Asp Val Pro Gly Ala Tyr Glu Ile Pro Leu His Ala Arg Thr
    50                  55                  60

Leu Ala Glu Thr Gly Arg Tyr Gly Ala Val Leu Gly Thr Ala Phe Val
65                  70                  75                  80

Val Asn Gly Gly Ile Tyr Arg His Glu Phe Val Ala Ser Ala Val Ile
                85                  90                  95

Asp Gly Met Met Asn Val Gln Leu Asp Thr Gly Val Pro Val Leu Ser
            100                 105                 110

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

Leu Phe Leu Ala Leu Phe Ala Val Lys Gly Met Glu Ala Ala Arg Ala
    130                 135                 140



Cys Val Glu Ile Leu Ala Ala Arg Glu Lys Ile Ala Ala
145                 150                 155

<210>  33
<211>  157
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  33

Met Asn Gln His Ser His Lys Asp His Glu Thr Val Arg Ile Ala Val
1               5                   10                  15

Val Arg Ala Arg Trp His Ala Glu Ile Val Asp Ala Cys Val Ser Ala
            20                  25                  30

Phe Glu Ala Ala Met Arg Asp Ile Gly Gly Asp Arg Phe Ala Val Asp
        35                  40                  45

Val Phe Asp Val Pro Gly Ala Tyr Glu Ile Pro Leu His Ala Arg Thr
    50                  55                  60

Leu Ala Glu Thr Gly Arg Tyr Gly Ala Val Leu Gly Thr Ala Phe Val
65                  70                  75                  80

Val Asp Gly Gly Ile Tyr Asp His Glu Phe Val Ala Ser Ala Val Ile
                85                  90                  95

Asp Gly Met Met Asn Val Gln Leu Asp Thr Gly Val Pro Val Leu Ser
            100                 105                 110

Ala Val Leu Thr Pro His Glu Tyr Glu Asp Ser Asp Ala Asp Thr Leu



        115                 120                 125

Leu Phe Leu Ala Leu Phe Ala Val Lys Gly Met Glu Ala Ala Arg Ala
    130                 135                 140

Cys Val Glu Ile Leu Ala Ala Arg Glu Lys Ile Ala Ala
145                 150                 155

<210>  34
<211>  157
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  34

Met Asn Gln His Ser His Lys Asp His Glu Thr Val Arg Ile Ala Val
1               5                   10                  15

Val Arg Ala Arg Trp His Ala Glu Ile Val Asp Ala Cys Val Ser Ala
            20                  25                  30

Phe Glu Ala Ala Met Arg Asp Ile Gly Gly Asp Arg Phe Ala Val Asp
        35                  40                  45

Val Phe Asp Val Pro Gly Ala Tyr Glu Ile Pro Leu His Ala Arg Thr
    50                  55                  60

Leu Ala Glu Thr Gly Arg Tyr Gly Ala Val Leu Gly Thr Ala Phe Val
65                  70                  75                  80

Val Asn Gly Gly Ile Tyr Arg His Glu Phe Val Ala Ser Ala Val Ile
                85                  90                  95



Asn Gly Met Met Asn Val Gln Leu Asn Thr Gly 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 Gly Met Glu Ala Ala Arg Ala
    130                 135                 140

Cys Val Glu Ile Leu Ala Ala Arg Glu Lys Ile Ala Ala
145                 150                 155

<210>  35
<211>  156
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<220>
<221>  misc_feature
<222>  (70)..(70)
<223>  Xaa is Ala or Lys

<400>  35

Met Thr Lys Lys Val Gly 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 Glu Ser Pro Asn Ile
            20                  25                  30

Lys Ile Ile Arg Lys Thr Val Pro Gly Ile Lys Asp Leu Pro Val Ala
        35                  40                  45

Cys Lys Lys Leu Leu Glu Glu Glu Gly Cys Asp Ile Val Met Ala Leu



    50                  55                  60

Gly Met Pro Gly Lys Xaa Glu Lys Asp Lys Val Cys Ala His Glu Ala
65                  70                  75                  80

Ser Leu Gly Leu Met Leu Ala Gln Leu Met Thr Asn Lys His Ile Ile
                85                  90                  95

Glu Val Phe Val His Glu Asp Glu Ala Lys Asp Asp Ala Glu Leu Lys
            100                 105                 110

Ile Leu Ala Ala Arg Arg Ala Ile Glu His Ala Leu Asn Val Tyr Tyr
        115                 120                 125

Leu Leu Phe Lys Pro Glu Tyr Leu Thr Arg Met Ala Gly Lys Gly Leu
    130                 135                 140

Arg Gln Gly Phe Glu Asp Ala Gly Pro Ala Arg Glu
145                 150                 155

<210>  36
<211>  209
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<220>
<221>  misc_feature
<222>  (2)..(2)
<223>  Xaa is Ser or Asp

<220>
<221>  misc_feature
<222>  (3)..(3)
<223>  Xaa is Thr or Asp



<220>
<221>  misc_feature
<222>  (10)..(10)
<223>  Xaa is Ala or Arg

<220>
<221>  misc_feature
<222>  (85)..(85)
<223>  Xaa is Thr or Asp

<220>
<221>  misc_feature
<222>  (119)..(119)
<223>  Xaa is Ala or Gln

<220>
<221>  misc_feature
<222>  (163)..(163)
<223>  Xaa is Ser or Asp

<220>
<221>  misc_feature
<222>  (189)..(189)
<223>  Xaa is Thr or Arg

<400>  36

Met Xaa Xaa Ile Asn Asn Gln Leu Lys Xaa Leu Lys Val Ile Pro Val
1               5                   10                  15

Ile Ala Ile Asp Asn Ala Glu Asp Ile Ile Pro Leu Gly Lys Val Leu
            20                  25                  30

Ala Glu Asn Gly Leu Pro Ala Ala Glu Ile Thr Phe Arg Ser Ser Ala
        35                  40                  45

Ala Val Lys Ala Ile Met Leu Leu Arg Ser Ala Gln Pro Glu Met Leu
    50                  55                  60

Ile Gly Ala Gly Thr Ile Leu Asn Gly Val Gln Ala Leu Ala Ala Lys



65                  70                  75                  80

Glu Ala Gly Ala Xaa Phe Val Val Ser Pro Gly Phe Asn Pro Asn Thr
                85                  90                  95

Val Arg Ala Cys Gln Ile Ile Gly Ile Asp Ile Val Pro Gly Val Asn
            100                 105                 110

Asn Pro Ser Thr Val Glu Xaa Ala Leu Glu Met Gly Leu Thr Thr Leu
        115                 120                 125

Lys Phe Phe Pro Ala Glu Ala Ser Gly Gly Ile Ser Met Val Lys Ser
    130                 135                 140

Leu Val Gly Pro Tyr Gly Asp Ile Arg Leu Met Pro Thr Gly Gly Ile
145                 150                 155                 160

Thr Pro Xaa Asn Ile Asp Asn Tyr Leu Ala Ile Pro Gln Val Leu Ala
                165                 170                 175

Cys Gly Gly Thr Trp Met Val Asp Lys Lys Leu Val Xaa Asn Gly Glu
            180                 185                 190

Trp Asp Glu Ile Ala Arg Leu Thr Arg Glu Ile Val Glu Gln Val Asn
        195                 200                 205

Pro

<210>  37
<211>  114
<212>  PRT
<213>  Artificial Sequence

<220>



<223>  synthetically constructed nanostructure polypeptide

<220>
<221>  misc_feature
<222>  (13)..(13)
<223>  Xaa is Thr or Asp

<220>
<221>  misc_feature
<222>  (33)..(33)
<223>  Xaa is Lys or Glu

<220>
<221>  misc_feature
<222>  (71)..(71)
<223>  Xaa is Ser or Asp

<220>
<221>  misc_feature
<222>  (74)..(74)
<223>  Xaa is Arg or Glu

<220>
<221>  misc_feature
<222>  (101)..(101)
<223>  Xaa is Asn or Asp

<220>
<221>  misc_feature
<222>  (103)..(103)
<223>  Xaa is Asn or Asp

<400>  37

Met Pro Ile Phe Thr Leu Asn Thr Asn Ile Lys Ala Xaa Asp Val Pro
1               5                   10                  15

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

Xaa Pro Gly Ser Tyr Val Ala Val His Ile Asn Thr Asp Gln Gln Leu
        35                  40                  45



Ser Phe Gly Gly Ser Thr Asn Pro Ala Ala Phe Gly Thr Leu Met Ser
    50                  55                  60

Ile Gly Gly Ile Glu Pro Xaa Lys Asn Xaa Asp His Ser Ala Val Leu
65                  70                  75                  80

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

Ile His Phe Val Xaa Leu Xaa Gly Asp Asp Val Gly Trp Asn Gly Thr
            100                 105                 110

Thr Phe

<210>  38
<211>  157
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<220>
<221>  misc_feature
<222>  (9)..(9)
<223>  Xaa is Tyr or His

<220>
<221>  misc_feature
<222>  (82)..(82)
<223>  Xaa is Asn or Asp

<220>
<221>  misc_feature
<222>  (87)..(87)
<223>  Xaa is Arg or Asp



<220>
<221>  misc_feature
<222>  (105)..(105)
<223>  Xaa is Ser or Asp

<220>
<221>  misc_feature
<222>  (119)..(119)
<223>  Xaa is Arg or Glu

<220>
<221>  misc_feature
<222>  (121)..(121)
<223>  Xaa is Arg or Glu

<220>
<221>  misc_feature
<222>  (124)..(124)
<223>  Xaa is Ala or Asp

<220>
<221>  misc_feature
<222>  (126)..(126)
<223>  Xaa is His or Asp

<220>
<221>  misc_feature
<222>  (128)..(128)
<223>  Xaa is Arg or Glu

<220>
<221>  misc_feature
<222>  (150)..(150)
<223>  Xaa is Ala or Asn

<400>  38

Met Asn Gln His Ser His Lys Asp Xaa Glu Thr Val Arg Ile Ala Val
1               5                   10                  15

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



Phe Glu Ile Ala Met Ala Ala Ile Gly Gly Asp Arg Phe Ala Val Asp
        35                  40                  45

Val Phe Asp Val Pro Gly Ala Tyr Glu Ile Pro Leu His Ala Arg Thr
    50                  55                  60

Leu Ala Glu Thr Gly Arg Tyr Gly Ala Val Leu Gly Thr Ala Phe Val
65                  70                  75                  80

Val Xaa Gly Gly Ile Tyr Xaa His Glu Phe Val Ala Ser Ala Val Ile
                85                  90                  95

Asp Gly Met Met Asn Val Gln Leu Xaa Thr Gly Val Pro Val Leu Ser
            100                 105                 110

Ala Val Leu Thr Pro His Xaa Tyr Xaa Asp Ser Xaa Glu Xaa His Xaa
        115                 120                 125

Phe Phe Ala Ala His Phe Ala Val Lys Gly Val Glu Ala Ala Arg Ala
    130                 135                 140

Cys Ile Glu Ile Leu Xaa Ala Arg Glu Lys Ile Ala Ala
145                 150                 155

<210>  39
<211>  205
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<220>
<221>  misc_feature
<222>  (126)..(126)



<223>  Xaa is Thr or Asp

<220>
<221>  misc_feature
<222>  (139)..(139)
<223>  Xaa is Gln or Glu

<220>
<221>  misc_feature
<222>  (142)..(142)
<223>  Xaa is Lys or Glu

<220>
<221>  misc_feature
<222>  (160)..(160)
<223>  Xaa is Asn or Asp

<220>
<221>  misc_feature
<222>  (163)..(163)
<223>  Xaa is Asn or Asp

<220>
<221>  misc_feature
<222>  (166)..(166)
<223>  Xaa is Glu or Lys

<220>
<221>  misc_feature
<222>  (169)..(169)
<223>  Xaa is Lys or Asp

<220>
<221>  misc_feature
<222>  (179)..(179)
<223>  Xaa is Ser, Lys or Asp

<220>
<221>  misc_feature
<222>  (183)..(183)
<223>  Xaa is Lys or Glu

<220>
<221>  misc_feature
<222>  (185)..(185)



<223>  Xaa is Thr, Asp or Lys

<220>
<221>  misc_feature
<222>  (192)..(192)
<223>  Xaa is Lys or Asp

<220>
<221>  misc_feature
<222>  (195)..(195)
<223>  Xaa is Ala, Glu or Lys

<220>
<221>  misc_feature
<222>  (198)..(198)
<223>  Xaa is Glu or Lys

<220>
<221>  misc_feature
<222>  (199)..(199)
<223>  Xaa is Lys or Glu

<400>  39

Met Lys Met Glu Glu Leu Phe Lys Lys His Lys Ile Val Ala Val Leu
1               5                   10                  15

Arg Ala Asn Ser Val Glu Glu Ala Ile Glu Lys Ala Val Ala Val Phe
            20                  25                  30

Ala Gly Gly Val His Leu Ile Glu Ile Thr Phe Thr Val Pro Asp Ala
        35                  40                  45

Asp Thr Val Ile Lys Ala Leu Ser Val Leu Lys Glu Lys Gly Ala Ile
    50                  55                  60

Ile Gly Ala Gly Thr Val Thr Ser Val Glu Gln Cys Arg Lys Ala Val
65                  70                  75                  80

Glu Ser Gly Ala Glu Phe Ile Val Ser Pro His Leu Asp Glu Glu Ile



                85                  90                  95

Ser Gln Phe Cys Lys Glu Lys Gly Val Phe Tyr Met Pro Gly Val Met
            100                 105                 110

Thr Pro Thr Glu Leu Val Lys Ala Met Lys Leu Gly His Xaa Ile Leu
        115                 120                 125

Lys Leu Phe Pro Gly Glu Val Val Gly Pro Xaa Phe Val Xaa Ala Met
    130                 135                 140

Lys Gly Pro Phe Pro Asn Val Lys Phe Val Pro Thr Gly Gly Val Xaa
145                 150                 155                 160

Leu Asp Xaa Val Cys Xaa Trp Phe Xaa Ala Gly Val Leu Ala Val Gly
                165                 170                 175

Val Gly Xaa Ala Leu Val Xaa Gly Xaa Pro Asp Glu Val Arg Glu Xaa
            180                 185                 190

Ala Lys Xaa Phe Val Xaa Xaa Ile Arg Gly Cys Thr Glu
        195                 200                 205

<210>  40
<211>  157
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<220>
<221>  misc_feature
<222>  (9)..(9)
<223>  Xaa is Tyr or His



<220>
<221>  misc_feature
<222>  (38)..(38)
<223>  Xaa is Ala or Arg

<220>
<221>  misc_feature
<222>  (82)..(82)
<223>  Xaa is Asn or Asp

<220>
<221>  misc_feature
<222>  (87)..(87)
<223>  Xaa is Arg or Asp

<220>
<221>  misc_feature
<222>  (97)..(97)
<223>  Xaa is Asp or Asn

<220>
<221>  misc_feature
<222>  (105)..(105)
<223>  Xaa is Ser, Asp or Asn

<220>
<221>  misc_feature
<222>  (119)..(119)
<223>  Xaa is Arg, Glu or Asn

<220>
<221>  misc_feature
<222>  (121)..(121)
<223>  Xaa is Arg, Asp or Glu

<220>
<221>  misc_feature
<222>  (122)..(122)
<223>  Xaa is Asp or Lys

<220>
<221>  misc_feature
<222>  (124)..(124)
<223>  Xaa is Asp or Lys



<220>
<221>  misc_feature
<222>  (126)..(126)
<223>  Xaa is His or Asp

<400>  40

Met Asn Gln His Ser His Lys Asp Xaa Glu Thr Val Arg Ile Ala Val
1               5                   10                  15

Val Arg Ala Arg Trp His Ala Glu Ile Val Asp Ala Cys Val Ser Ala
            20                  25                  30

Phe Glu Ala Ala Met Xaa Asp Ile Gly Gly Asp Arg Phe Ala Val Asp
        35                  40                  45

Val Phe Asp Val Pro Gly Ala Tyr Glu Ile Pro Leu His Ala Arg Thr
    50                  55                  60

Leu Ala Glu Thr Gly Arg Tyr Gly Ala Val Leu Gly Thr Ala Phe Val
65                  70                  75                  80

Val Xaa Gly Gly Ile Tyr Xaa His Glu Phe Val Ala Ser Ala Val Ile
                85                  90                  95

Xaa Gly Met Met Asn Val Gln Leu Xaa Thr Gly Val Pro Val Leu Ser
            100                 105                 110

Ala Val Leu Thr Pro His Xaa Tyr Xaa Xaa Ser Xaa Ala Xaa Thr Leu
        115                 120                 125

Leu Phe Leu Ala Leu Phe Ala Val Lys Gly Met Glu Ala Ala Arg Ala
    130                 135                 140

Cys Val Glu Ile Leu Ala Ala Arg Glu Lys Ile Ala Ala
145                 150                 155



<210>  41
<211>  159
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  41

Met Gly Glu Val Pro Ile Gly Asp Pro Lys Glu Leu Asn Gly Met Glu
1               5                   10                  15

Ile Ala Ala Val Tyr Leu Gln Pro Ile Glu Met Glu Pro Arg Gly Ile
            20                  25                  30

Asp Leu Ala Ala Ser Leu Ala Asp Ile His Leu Glu Ala Asp Ile His
        35                  40                  45

Ala Leu Lys Asn Asn Pro Asn Gly Phe Pro Glu Gly Phe Trp Met Pro
    50                  55                  60

Tyr Leu Thr Ile Ala Tyr Ala Leu Ala Asn Ala Asp Thr Gly Ala Ile
65                  70                  75                  80

Lys Thr Gly Thr Leu Met Pro Met Val Ala Asp Asp Gly Pro His Tyr
                85                  90                  95

Gly Ala Asn Ile Ala Met Glu Lys Asp Lys Lys Gly Gly Phe Gly Val
            100                 105                 110

Gly Thr Tyr Ala Leu Thr Phe Leu Ile Ser Asn Pro Glu Lys Gln Gly
        115                 120                 125

Phe Gly Arg His Val Asp Glu Glu Thr Gly Val Gly Lys Trp Phe Glu



    130                 135                 140

Pro Phe Val Val Thr Tyr Phe Phe Lys Tyr Thr Gly Thr Pro Lys
145                 150                 155

<210>  42
<211>  184
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  42

Met Ser Gln Ala Ile Gly Ile Leu Glu Leu Thr Ser Ile Ala Lys Gly
1               5                   10                  15

Met Glu Leu Gly Asp Ala Met Leu Lys Ser Ala Asn Val Asp Leu Leu
            20                  25                  30

Val Ser Lys Thr Ile Ser Pro Gly Lys Phe Leu Leu Met Leu Gly Gly
        35                  40                  45

Asp Ile Gly Ala Ile Gln Gln Ala Ile Glu Thr Gly Thr Ser Gln Ala
    50                  55                  60

Gly Glu Met Leu Val Asp Ser Leu Val Leu Ala Asn Ile His Pro Ser
65                  70                  75                  80

Val Leu Pro Ala Ile Ser Gly Leu Asn Ser Val Asp Lys Arg Gln Ala
                85                  90                  95

Val Gly Ile Val Glu Thr Trp Ser Val Ala Ala Cys Ile Ser Ala Ala
            100                 105                 110



Asp Leu Ala Val Lys Gly Ser Asn Val Thr Leu Val Arg Val His Met
        115                 120                 125

Ala Phe Gly Ile Gly Gly Lys Cys Tyr Met Val Val Ala Gly Asp Val
    130                 135                 140

Leu Asp Val Ala Ala Ala Val Ala Thr Ala Ser Leu Ala Ala Gly Ala
145                 150                 155                 160

Lys Gly Leu Leu Val Tyr Ala Ser Ile Ile Pro Arg Pro His Glu Ala
                165                 170                 175

Met Trp Arg Gln Met Val Glu Gly
            180

<210>  43
<211>  103
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  43

Met Glu Glu Val Val Leu Ile Thr Val Pro Ser Ala Leu Val Ala Val
1               5                   10                  15

Lys Ile Ala His Ala Leu Val Glu Glu Arg Leu Ala Ala Cys Val Asn
            20                  25                  30

Ile Val Pro Gly Leu Thr Ser Ile Tyr Arg Trp Gln Gly Ser Val Val
        35                  40                  45

Ser Asp His Glu Leu Leu Leu Leu Val Lys Thr Thr Thr His Ala Phe
    50                  55                  60



Pro Lys Leu Lys Glu Arg Val Lys Ala Leu His Pro Tyr Thr Val Pro
65                  70                  75                  80

Glu Ile Val Ala Leu Pro Ile Ala Glu Gly Asn Arg Glu Tyr Leu Asp
                85                  90                  95

Trp Leu Arg Glu Asn Thr Gly
            100

<210>  44
<211>  122
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  44

Met Val Arg Gly Ile Arg Gly Ala Ile Thr Val Glu Glu Asp Thr Pro
1               5                   10                  15

Ala Ala Ile Leu Ala Ala Thr Ile Glu Leu Leu Leu Lys Met Leu Glu
            20                  25                  30

Ala Asn Gly Ile Gln Ser Tyr Glu Glu Leu Ala Ala Val Ile Phe Thr
        35                  40                  45

Val Thr Glu Asp Leu Thr Ser Ala Phe Pro Ala Glu Ala Ala Arg Leu
    50                  55                  60

Ile Gly Met His Arg Val Pro Leu Leu Ser Ala Arg Glu Val Pro Val
65                  70                  75                  80

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



Asp Thr Pro Gln Asp Arg Val Arg His Val Tyr Leu Asn Glu Ala Val
            100                 105                 110

Arg Leu Arg Pro Asp Leu Glu Ser Ala Gln
        115                 120

<210>  45
<211>  177
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  45

Met Ser Lys Ala Lys Ile Gly Ile Val Thr Val Ser Asp Arg Ala Ser
1               5                   10                  15

Ala Gly Ile Thr Ala Asp Ile Ser Gly Lys Ala Ile Ile Leu Ala Leu
            20                  25                  30

Asn Leu Tyr Leu Thr Ser Glu Trp Glu Pro Ile Tyr Gln Val Ile Pro
        35                  40                  45

Asp Glu Gln Asp Val Ile Glu Thr Thr Leu Ile Lys Met Ala Asp Glu
    50                  55                  60

Gln Asp Cys Cys Leu Ile Val Thr Thr Gly Gly Thr Gly Pro Ala Lys
65                  70                  75                  80

Arg Asp Val Thr Pro Glu Ala Thr Glu Ala Val Cys Asp Arg Met Met
                85                  90                  95

Pro Gly Phe Gly Glu Leu Met Arg Ala Glu Ser Leu Lys Glu Val Pro



            100                 105                 110

Thr Ala Ile Leu Ser Arg Gln Thr Ala Gly Leu Arg Gly Asp Ser Leu
        115                 120                 125

Ile Val Asn Leu Pro Gly Asp Pro Ala Ser Ile Ser Asp Cys Leu Leu
    130                 135                 140

Ala Val Phe Pro Ala Ile Pro Tyr Cys Ile Asp Leu Met Glu Gly Pro
145                 150                 155                 160

Tyr Leu Glu Cys Asn Glu Ala Met Ile Lys Pro Phe Arg Pro Lys Ala
                165                 170                 175

Lys

<210>  46
<211>  122
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  46

Met Val Arg Gly Ile Arg Gly Ala Ile Thr Val Asn Ser Asp Thr Pro
1               5                   10                  15

Thr Ser Ile Ile Ile Ala Thr Ile Leu Leu Leu Glu Lys Met Leu Glu
            20                  25                  30

Ala Asn Gly Ile Gln Ser Tyr Glu Glu Leu Ala Ala Val Ile Phe Thr
        35                  40                  45



Val Thr Glu Asp Leu Thr Ser Ala Phe Pro Ala Glu Ala Ala Arg Gln
    50                  55                  60

Ile Gly Met His Arg Val Pro Leu Leu Ser Ala Arg Glu Val Pro Val
65                  70                  75                  80

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

Asp Thr Pro Gln Asp Arg Val Arg His Val Tyr Leu Ser Glu Ala Val
            100                 105                 110

Arg Leu Arg Pro Asp Leu Glu Ser Ala Gln
        115                 120

<210>  47
<211>  172
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  47

Met Arg Ile Thr Thr Lys Val Gly Asp Lys Gly Ser Thr Arg Leu Phe
1               5                   10                  15

Gly Gly Glu Glu Val Trp Lys Asp Ser Pro Ile Ile Glu Ala Asn Gly
            20                  25                  30

Thr Leu Asp Glu Leu Thr Ser Phe Ile Gly Glu Ala Lys His Tyr Val
        35                  40                  45

Asp Glu Glu Met Lys Gly Ile Leu Glu Glu Ile Gln Asn Asp Ile Tyr
    50                  55                  60



Lys Ile Met Gly Glu Ile Gly Ser Lys Gly Lys Ile Glu Gly Ile Ser
65                  70                  75                  80

Glu Glu Arg Ile Ala Trp Leu Leu Lys Leu Ile Leu Arg Tyr Met Glu
                85                  90                  95

Met Val Asn Leu Lys Ser Phe Val Leu Pro Gly Gly Thr Leu Glu Ser
            100                 105                 110

Ala Lys Leu Asp Val Cys Arg Thr Ile Ala Arg Arg Ala Leu Arg Lys
        115                 120                 125

Val Leu Thr Val Thr Arg Glu Phe Gly Ile Gly Ala Glu Ala Ala Ala
    130                 135                 140

Tyr Leu Leu Ala Leu Ser Asp Leu Leu Phe Leu Leu Ala Arg Val Ile
145                 150                 155                 160

Glu Ile Glu Lys Asn Lys Leu Lys Glu Val Arg Ser
                165                 170

<210>  48
<211>  123
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  48

Met Pro His Leu Val Ile Glu Ala Thr Ala Asn Leu Arg Leu Glu Thr
1               5                   10                  15

Ser Pro Gly Glu Leu Leu Glu Gln Ala Asn Lys Ala Leu Phe Ala Ser
            20                  25                  30



Gly Gln Phe Gly Glu Ala Asp Ile Lys Ser Arg Phe Val Thr Leu Glu
        35                  40                  45

Ala Tyr Arg Gln Gly Thr Ala Ala Val Glu Arg Ala Tyr Leu His Ala
    50                  55                  60

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

Gly Ala Ser Leu Cys Ala Val Leu Ala Glu Ala Val Ala Gly Gly Gly
                85                  90                  95

Glu Glu Gly Val Gln Val Ser Val Glu Val Arg Glu Met Glu Arg Leu
            100                 105                 110

Ser Tyr Ala Lys Arg Val Val Ala Arg Gln Arg
        115                 120

<210>  49
<211>  158
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  49

Met Glu Ser Val Asn Thr Ser Phe Leu Ser Pro Ser Leu Val Thr Ile
1               5                   10                  15

Arg Asp Phe Asp Asn Gly Gln Phe Ala Val Leu Arg Ile Gly Arg Thr
            20                  25                  30

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



        35                  40                  45

Ile Gly Val Arg Ala Ala Gln Ile Phe Leu Gly Asp Asp Thr Glu Asp
    50                  55                  60

Gly Phe Lys Gly Pro His Ile Arg Ile Arg Cys Val Asp Ile Asp Asp
65                  70                  75                  80

Lys His Thr Tyr Asn Ala Met Val Tyr Val Asp Leu Ile Val Gly Thr
                85                  90                  95

Gly Ala Ser Glu Val Glu Arg Glu Thr Ala Glu Glu Glu Ala Lys Leu
            100                 105                 110

Ala Leu Arg Val Ala Leu Gln Val Asp Ile Ala Asp Glu His Ser Cys
        115                 120                 125

Val Thr Gln Phe Glu Met Lys Leu Arg Glu Glu Leu Leu Ser Ser Asp
    130                 135                 140

Ser Phe His Pro Asp Lys Asp Glu Tyr Tyr Lys Asp Phe Leu
145                 150                 155

<210>  50
<211>  113
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  50

Met Pro Val Ile Gln Thr Phe Val Ser Thr Pro Leu Asp His His Lys
1               5                   10                  15



Arg Leu Leu Leu Ala Ile Ile Tyr Arg Ile Val Thr Arg Val Val Leu
            20                  25                  30

Gly Lys Pro Glu Asp Leu Val Met Met Thr Phe His Asp Ser Thr Pro
        35                  40                  45

Met His Phe Phe Gly Ser Thr Asp Pro Val Ala Cys Val Arg Val Glu
    50                  55                  60

Ala Leu Gly Gly Tyr Gly Pro Ser Glu Pro Glu Lys Val Thr Ser Ile
65                  70                  75                  80

Val Thr Ala Ala Ile Thr Ala Val Cys Gly Ile Val Ala Asp Arg Ile
                85                  90                  95

Phe Val Leu Tyr Phe Ser Pro Leu His Cys Gly Trp Asn Gly Thr Asn
            100                 105                 110

Phe

<210>  51
<211>  103
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed nanostructure polypeptide

<400>  51

Met Glu Glu Val Val Leu Ile Thr Val Pro Ser Ala Leu Val Ala Val
1               5                   10                  15

Lys Ile Ala His Ala Leu Val Glu Glu Arg Leu Ala Ala Cys Val Asn
            20                  25                  30



Ile Val Pro Gly Leu Thr Ser Ile Tyr Arg Glu Glu Gly Ser Val Val
        35                  40                  45

Ser Asp His Glu Leu Leu Leu Leu Val Lys Thr Thr Thr Asp Ala Phe
    50                  55                  60

Pro Lys Leu Lys Glu Arg Val Lys Glu Leu His Pro Tyr Glu Val Pro
65                  70                  75                  80

Glu Ile Val Ala Leu Pro Ile Ala Glu Gly Asn Arg Glu Tyr Leu Asp
                85                  90                  95

Trp Leu Arg Glu Asn Thr Gly
            100

<210>  52
<211>  869
<212>  PRT
<213>  Human immunodeficiency virus 1

<400>  52

Met Arg Val Lys Gly Ile Lys Lys Asn Tyr Gln His Trp Trp Arg Gly
1               5                   10                  15

Gly Ile Met Leu Leu Gly Met Leu Met Ile Cys Ser Ser Ala Glu Lys
            20                  25                  30

Leu Trp Val Thr Val Tyr Tyr Gly Val Pro Val Trp Lys Glu Ala Thr
        35                  40                  45

Thr Thr Leu Phe Cys Ala Ser Asp Ala Lys Ala Gln Asn Pro Glu Met
    50                  55                  60

His Asn Ile Trp Ala Thr His Ala Cys Val Pro Thr Asp Pro Asn Pro



65                  70                  75                  80

Gln Glu Val Ile Leu Lys Asn Leu Thr Glu Glu Phe Asn Met Trp Lys
                85                  90                  95

Asn Asn Met Val Glu Gln Met His Glu Asp Ile Ile Ser Leu Trp Asp
            100                 105                 110

Gln Ser Leu Lys Pro Cys Val Lys Leu Thr Pro Leu Cys Val Thr Leu
        115                 120                 125

Asn Cys Thr Asn Ala Glu Ser Leu Asn Cys Thr Ala Thr Asn Gly Thr
    130                 135                 140

Asn Asn Cys Ser Ala Ser Thr Lys Pro Met Glu Glu Met Lys Asn Cys
145                 150                 155                 160

Ser Phe Asn Ile Thr Thr Ser Val Gln Asp Lys Lys Gln Gln Glu Tyr
                165                 170                 175

Ala Leu Phe Tyr Lys Leu Asp Ile Ile Pro Ile Asp Asn Asn Glu Asn
            180                 185                 190

Asp Leu Asn Asn Thr Asn Tyr Thr Ser Tyr Arg Leu Ile Ser Cys Asn
        195                 200                 205

Thr Ser Val Ile Thr Gln Ala Cys Pro Lys Ile Thr Phe Glu Pro Ile
    210                 215                 220

Pro Ile His Tyr Cys Ala Pro Ala Gly Phe Ala Ile Leu Lys Cys Lys
225                 230                 235                 240

Asp Lys Arg Phe Asn Gly Thr Gly Pro Cys Lys Asn Val Ser Thr Val
                245                 250                 255



Gln Cys Thr His Gly Ile Arg Pro Val Val Ser Thr Gln Leu Leu Leu
            260                 265                 270

Asn Gly Ser Leu Ala Glu Glu Gly Val Val Leu Arg Ser Glu Asn Phe
        275                 280                 285

Thr Asp Asn Ala Lys Asn Ile Ile Val Gln Leu Lys Asp Pro Val Asn
    290                 295                 300

Ile Thr Cys Thr Arg Pro Asn Asn Asn Thr Arg Lys Ser Ile Thr Ile
305                 310                 315                 320

Gly Pro Gly Arg Ala Phe Tyr Ala Thr Gly Gln Val Ile Gly Asp Ile
                325                 330                 335

Arg Lys Ala His Cys Asp Leu Asn Gly Thr Glu Trp Asp Asn Ala Leu
            340                 345                 350

Lys Gln Ile Val Glu Glu Leu Arg Lys Gln Tyr Gly Asn Asn Ile Thr
        355                 360                 365

Ile Phe Asn Ser Ser Ser Gly Gly Asp Pro Glu Ile Val Met His Ser
    370                 375                 380

Phe Asn Cys Gly Gly Glu Phe Phe Tyr Cys Asn Thr Ala Gln Leu Phe
385                 390                 395                 400

Asn Ser Thr Trp Leu Phe Asn Ser Thr Trp Asn Ser Thr Glu Arg Leu
                405                 410                 415

Gly Asn Asp Thr Glu Arg Thr Asn Asp Thr Ile Thr Leu Pro Cys Lys
            420                 425                 430



Ile Lys Gln Val Ile Asn Met Trp Gln Thr Val Gly Lys Ala Met Tyr
        435                 440                 445

Ala Pro Pro Ile Arg Gly Leu Ile Arg Cys Ser Ser Asn Ile Thr Gly
    450                 455                 460

Leu Ile Leu Thr Arg Asp Gly Ser Gly Asn Thr Thr Gly Asn Glu Thr
465                 470                 475                 480

Phe Arg Pro Gly Gly Gly Asn Met Lys Asp Asn Trp Arg Ser Glu Leu
                485                 490                 495

Tyr Lys Tyr Lys Val Val Lys Ile Glu Pro Leu Gly Val Ala Pro Thr
            500                 505                 510

Arg Ala Lys Arg Arg Val Val Gln Arg Glu Lys Arg Ala Ala Gly Leu
        515                 520                 525

Gly Ala Leu Phe Leu Gly Phe Leu Gly Met Ala Gly Ser Thr Met Gly
    530                 535                 540

Ala Ala Ser Leu Thr Leu Thr Val Gln Ala Arg Gln Leu Leu Ser Gly
545                 550                 555                 560

Ile Val Gln Gln Gln Asn Asn Leu Leu Arg Ala Ile Glu Ala Gln Gln
                565                 570                 575

His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys Gln Leu Gln Ala Arg
            580                 585                 590

Val Leu Ala Val Glu Arg Tyr Leu Arg Asp Gln Gln Leu Leu Gly Ile
        595                 600                 605



Trp Gly Cys Ser Gly Lys Leu Ile Cys Thr Thr Thr Val Pro Trp Asn
    610                 615                 620

Ala Ser Trp Ser Asn Lys Ser Leu Asp Asn Ile Trp Glu Asn Met Thr
625                 630                 635                 640

Trp Met Gln Trp Glu Lys Glu Ile Asp Asn Tyr Thr Asp Val Ile Tyr
                645                 650                 655

Lys Leu Leu Glu Glu Ser Gln Asn Gln Gln Glu Lys Asn Glu Gln Glu
            660                 665                 670

Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu Trp Asn Trp Phe Asp Ile
        675                 680                 685

Thr Arg Trp Leu Trp Tyr Ile Lys Ile Phe Ile Met Ile Val Gly Gly
    690                 695                 700

Leu Val Gly Leu Arg Ile Val Phe Ala Val Leu Ser Ile Val Asn Arg
705                 710                 715                 720

Val Arg Gln Gly Tyr Ser Pro Leu Ser Phe Gln Thr Leu Phe Pro Ala
                725                 730                 735

Pro Arg Gly Pro Asp Arg Pro Glu Gly Thr Glu Glu Gly Gly Gly Glu
            740                 745                 750

Arg Gly Arg Asp Ser Ser Asp Arg Ser Ala His Gly Phe Leu Ala Leu
        755                 760                 765

Ile Trp Gly Asp Leu Trp Ser Leu Cys Leu Phe Ser Tyr Arg Arg Leu
    770                 775                 780

Arg Asp Leu Leu Leu Ile Ala Ala Arg Ile Val Glu Leu Leu Gly Arg



785                 790                 795                 800

Arg Gly Trp Glu Val Leu Lys Tyr Trp Trp Ser Leu Leu Gln Tyr Trp
                805                 810                 815

Ser Gln Glu Leu Lys Lys Ser Ala Val Ser Leu Leu Asn Ala Thr Ala
            820                 825                 830

Ile Ala Val Ala Glu Gly Thr Asp Arg Ile Ile Glu Ile Val Gln Arg
        835                 840                 845

Ala Gly Arg Ala Ile Ile His Ile Pro Arg Arg Ile Arg Gln Gly Ala
    850                 855                 860

Glu Arg Ala Leu Leu
865

<210>  53
<211>  492
<212>  PRT
<213>  Human immunodeficiency virus 1

<400>  53

Leu Trp Val Thr Val Tyr Tyr Gly Val Pro Val Trp Lys Glu Ala Thr
1               5                   10                  15

Thr Thr Leu Phe Cys Ala Ser Asp Ala Lys Ala Gln Asn Pro Glu Met
            20                  25                  30

His Asn Ile Trp Ala Thr His Ala Cys Val Pro Thr Asp Pro Asn Pro
        35                  40                  45

Gln Glu Val Ile Leu Lys Asn Leu Thr Glu Glu Phe Asn Met Trp Lys
    50                  55                  60



Asn Asn Met Val Glu Gln Met His Glu Asp Ile Ile Ser Leu Trp Asp
65                  70                  75                  80

Gln Ser Leu Lys Pro Cys Val Lys Leu Thr Pro Leu Cys Val Thr Leu
                85                  90                  95

Asn Cys Thr Asn Ala Glu Ser Leu Asn Cys Thr Ala Thr Asn Gly Thr
            100                 105                 110

Asn Asn Cys Ser Ala Ser Thr Lys Pro Met Glu Glu Met Lys Asn Cys
        115                 120                 125

Ser Phe Asn Ile Thr Thr Ser Val Gln Asp Lys Lys Gln Gln Glu Tyr
    130                 135                 140

Ala Leu Phe Tyr Lys Leu Asp Ile Ile Pro Ile Asp Asn Asn Glu Asn
145                 150                 155                 160

Asp Leu Asn Asn Thr Asn Tyr Thr Ser Tyr Arg Leu Ile Ser Cys Asn
                165                 170                 175

Thr Ser Val Ile Thr Gln Ala Cys Pro Lys Ile Thr Phe Glu Pro Ile
            180                 185                 190

Pro Ile His Tyr Cys Ala Pro Ala Gly Phe Ala Ile Leu Lys Cys Lys
        195                 200                 205

Asp Lys Arg Phe Asn Gly Thr Gly Pro Cys Lys Asn Val Ser Thr Val
    210                 215                 220

Gln Cys Thr His Gly Ile Arg Pro Val Val Ser Thr Gln Leu Leu Leu
225                 230                 235                 240



Asn Gly Ser Leu Ala Glu Glu Gly Val Val Leu Arg Ser Glu Asn Phe
                245                 250                 255

Thr Asp Asn Ala Lys Asn Ile Ile Val Gln Leu Lys Asp Pro Val Asn
            260                 265                 270

Ile Thr Cys Thr Arg Pro Asn Asn Asn Thr Arg Lys Ser Ile Thr Ile
        275                 280                 285

Gly Pro Gly Arg Ala Phe Tyr Ala Thr Gly Gln Val Ile Gly Asp Ile
    290                 295                 300

Arg Lys Ala His Cys Asp Leu Asn Gly Thr Glu Trp Asp Asn Ala Leu
305                 310                 315                 320

Lys Gln Ile Val Glu Glu Leu Arg Lys Gln Tyr Gly Asn Asn Ile Thr
                325                 330                 335

Ile Phe Asn Ser Ser Ser Gly Gly Asp Pro Glu Ile Val Met His Ser
            340                 345                 350

Phe Asn Cys Gly Gly Glu Phe Phe Tyr Cys Asn Thr Ala Gln Leu Phe
        355                 360                 365

Asn Ser Thr Trp Leu Phe Asn Ser Thr Trp Asn Ser Thr Glu Arg Leu
    370                 375                 380

Gly Asn Asp Thr Glu Arg Thr Asn Asp Thr Ile Thr Leu Pro Cys Lys
385                 390                 395                 400

Ile Lys Gln Val Ile Asn Met Trp Gln Thr Val Gly Lys Ala Met Tyr
                405                 410                 415

Ala Pro Pro Ile Arg Gly Leu Ile Arg Cys Ser Ser Asn Ile Thr Gly



            420                 425                 430

Leu Ile Leu Thr Arg Asp Gly Ser Gly Asn Thr Thr Gly Asn Glu Thr
        435                 440                 445

Phe Arg Pro Gly Gly Gly Asn Met Lys Asp Asn Trp Arg Ser Glu Leu
    450                 455                 460

Tyr Lys Tyr Lys Val Val Lys Ile Glu Pro Leu Gly Val Ala Pro Thr
465                 470                 475                 480

Arg Ala Lys Arg Arg Val Val Gln Arg Glu Lys Arg
                485                 490

<210>  54
<211>  191
<212>  PRT
<213>  Human immunodeficiency virus 1

<400>  54

Met Gly Ala Ala Ser Leu Thr Leu Thr Val Gln Ala Arg Gln Leu Leu
1               5                   10                  15

Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu Arg Ala Ile Glu Ala
            20                  25                  30

Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys Gln Leu Gln
        35                  40                  45

Ala Arg Val Leu Ala Val Glu Arg Tyr Leu Arg Asp Gln Gln Leu Leu
    50                  55                  60

Gly Ile Trp Gly Cys Ser Gly Lys Leu Ile Cys Thr Thr Thr Val Pro
65                  70                  75                  80



Trp Asn Ala Ser Trp Ser Asn Lys Ser Leu Asp Asn Ile Trp Glu Asn
                85                  90                  95

Met Thr Trp Met Gln Trp Glu Lys Glu Ile Asp Asn Tyr Thr Asp Val
            100                 105                 110

Ile Tyr Lys Leu Leu Glu Glu Ser Gln Asn Gln Gln Glu Lys Asn Glu
        115                 120                 125

Gln Glu Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu Trp Asn Trp Phe
    130                 135                 140

Asp Ile Thr Arg Trp Leu Trp Tyr Ile Lys Ile Phe Ile Met Ile Val
145                 150                 155                 160

Gly Gly Leu Val Gly Leu Arg Ile Val Phe Ala Val Leu Ser Ile Val
                165                 170                 175

Asn Arg Val Arg Gln Gly Tyr Ser Pro Leu Ser Phe Gln Thr Leu
            180                 185                 190

<210>  55
<211>  22
<212>  PRT
<213>  Human immunodeficiency virus 1

<400>  55

Glu Leu Asp Lys Trp Ala Ser Leu Trp Asn Trp Phe Asp Ile Thr Arg
1               5                   10                  15

Trp Leu Trp Tyr Ile Lys
            20

<210>  56



<211>  574
<212>  PRT
<213>  Respiratory syncytial virus type A

<400>  56

Met Glu Leu Pro Ile Leu Lys Thr Asn Ala Ile Thr Thr Ile Leu Ala
1               5                   10                  15

Ala Val Thr Leu Cys Phe Ala Ser Ser Gln Asn Ile Thr Glu Glu Phe
            20                  25                  30

Tyr Gln Ser Thr Cys Ser Ala Val Ser Lys Gly Tyr Leu Ser Ala Leu
        35                  40                  45

Arg Thr Gly Trp Tyr Thr Ser Val Ile Thr Ile Glu Leu Ser Asn Ile
    50                  55                  60

Lys Glu Asn Lys Cys Asn Gly Thr Asp Ala Lys Val Lys Leu Ile Lys
65                  70                  75                  80

Gln Glu Leu Asp Lys Tyr Lys Asn Ala Val Thr Glu Leu Gln Leu Leu
                85                  90                  95

Met Gln Ser Thr Pro Ala Ala Asn Asn Arg Ala Arg Arg Glu Leu Pro
            100                 105                 110

Arg Phe Met Asn Tyr Thr Leu Asn Asn Thr Lys Asn Asn Asn Val Thr
        115                 120                 125

Leu Ser Lys Lys Arg Lys Arg Arg Phe Leu Gly Phe Leu Leu Gly Val
    130                 135                 140

Gly Ser Ala Ile Ala Ser Gly Ile Ala Val Ser Lys Val Leu His Leu
145                 150                 155                 160



Glu Gly Glu Val Asn Lys Ile Lys Asn Ala Leu Leu Ser Thr Asn Lys
                165                 170                 175

Ala Val Val Ser Leu Ser Asn Gly Val Ser Val Leu Thr Ser Lys Val
            180                 185                 190

Leu Asp Leu Lys Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Val Asn
        195                 200                 205

Lys Gln Ser Cys Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln
    210                 215                 220

Gln Lys Asn Asn Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn
225                 230                 235                 240

Ala Gly Val Thr Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu
                245                 250                 255

Leu Leu Ser Leu Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys
            260                 265                 270

Leu Met Ser Asn Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile
        275                 280                 285

Met Ser Ile Ile Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro
    290                 295                 300

Leu Tyr Gly Val Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro
305                 310                 315                 320

Leu Cys Thr Thr Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg
                325                 330                 335



Thr Asp Arg Gly Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe
            340                 345                 350

Pro Gln Ala Glu Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp
        355                 360                 365

Thr Met Asn Ser Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Ile
    370                 375                 380

Asp Ile Phe Asn Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr
385                 390                 395                 400

Asp Val Ser Ser Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys
                405                 410                 415

Tyr Gly Lys Thr Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile
            420                 425                 430

Lys Thr Phe Ser Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp
        435                 440                 445

Thr Val Ser Val Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly
    450                 455                 460

Lys Ser Leu Tyr Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro
465                 470                 475                 480

Leu Val Phe Pro Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn
                485                 490                 495

Glu Lys Ile Asn Gln Ser Leu Ala Phe Ile Arg Lys Ser Asp Glu Leu
            500                 505                 510

Leu His Asn Val Asn Val Gly Lys Ser Thr Thr Asn Ile Met Ile Thr



        515                 520                 525

Thr Ile Ile Ile Val Ile Ile Val Ile Leu Leu Leu Leu Ile Ala Val
    530                 535                 540

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

Lys Asp Gln Leu Ser Gly 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 Ala Asn
1               5                   10                  15

Ala Asp Thr Leu Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Asp Thr
            20                  25                  30

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

Leu Leu Glu Asp Lys His Asn Gly Lys Leu Cys Lys Leu Arg Gly Val
    50                  55                  60

Ala Pro Leu His Leu Gly Lys Cys Asn Ile Ala Gly Trp Ile Leu Gly
65                  70                  75                  80

Asn Pro Glu Cys Glu Ser Leu Ser Thr Ala Ser Ser Trp Ser Tyr Ile
                85                  90                  95



Val Glu Thr Pro Ser Ser Asp Asn Gly Thr Cys Tyr Pro Gly Asp Phe
            100                 105                 110

Ile Asp Tyr Glu Glu Leu Arg Glu Gln Leu Ser Ser Val Ser Ser Phe
        115                 120                 125

Glu Arg Phe Glu Ile Phe Pro Lys Thr Ser Ser Trp Pro Asn His Asp
    130                 135                 140

Ser Asn Lys Gly Val Thr Ala Ala Cys Pro His Ala Gly Ala Lys Ser
145                 150                 155                 160

Phe Tyr Lys Asn Leu Ile Trp Leu Val Lys Lys Gly Asn Ser Tyr Pro
                165                 170                 175

Lys Leu Ser Lys Ser Tyr Ile Asn Asp Lys Gly Lys Glu Val Leu Val
            180                 185                 190

Leu Trp Gly Ile His His Pro Ser Thr Ser Ala Asp Gln Gln Ser Leu
        195                 200                 205

Tyr Gln Asn Ala Asp Ala Tyr Val Phe Val Gly Ser Ser Arg Tyr Ser
    210                 215                 220

Lys Lys Phe Lys Pro Glu Ile Ala Ile Arg Pro Lys Val Arg Asp Gln
225                 230                 235                 240

Glu Gly Arg Met Asn Tyr Tyr Trp Thr Leu Val Glu Pro Gly Asp Lys
                245                 250                 255

Ile Thr Phe Glu Ala Thr Gly Asn Leu Val Val Pro Arg Tyr Ala Phe
            260                 265                 270



Ala Met Glu Arg Asn Ala Gly Ser Gly Ile Ile Ile Ser Asp Thr Pro
        275                 280                 285

Val His Asp Cys Asn Thr Thr Cys Gln Thr Pro Lys Gly Ala Ile Asn
    290                 295                 300

Thr Ser Leu Pro Phe Gln Asn Ile His Pro Ile Thr Ile Gly Lys Cys
305                 310                 315                 320

Pro Lys Tyr Val Lys Ser Thr Lys Leu Arg Leu Ala Thr Gly Leu Arg
                325                 330                 335

Asn Ile Pro Ser Ile Gln Ser Arg Gly Leu Phe Gly Ala Ile Ala Gly
            340                 345                 350

Phe Ile Glu Gly Gly Trp Thr Gly Met Val Asp Gly Trp Tyr Gly Tyr
        355                 360                 365

His His Gln Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Leu Lys Ser
    370                 375                 380

Thr Gln Asn Ala Ile Asp Glu Ile Thr Asn Lys Val Asn Ser Val Ile
385                 390                 395                 400

Glu Lys Met Asn Thr Gln Phe Thr Ala Val Gly Lys Glu Phe Asn His
                405                 410                 415

Leu Glu Lys Arg Ile Glu Asn Leu Asn Lys Lys Val Asp Asp Gly Phe
            420                 425                 430

Leu Asp Ile Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn
        435                 440                 445

Glu Arg Thr Leu Asp Tyr His Asp Ser Asn Val Lys Asn Leu Tyr Glu



    450                 455                 460

Lys Val Arg Ser Gln Leu Lys Asn Asn Ala Lys Glu Ile Gly Asn Gly
465                 470                 475                 480

Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Thr Cys Met Glu Ser Val
                485                 490                 495

Lys Asn Gly Thr Tyr Asp Tyr Pro Lys Tyr Ser Glu Glu Ala Lys Leu
            500                 505                 510

Asn Arg Glu Glu Ile Asp Gly Val Lys Leu Glu Ser Thr Arg Ile Tyr
        515                 520                 525

Gln Ile Leu Ala Ile Tyr Ser Thr Val Ala Ser Ser Leu Val Leu Val
    530                 535                 540

Val Ser Leu Gly Ala Ile Ser Phe Trp Met Cys Ser Asn Gly Ser Leu
545                 550                 555                 560

Gln Cys Arg Ile Cys Ile
                565

<210>  58
<211>  584
<212>  PRT
<213>  Influenza B virus

<400>  58

Met Lys Ala Ile Ile Val Leu Leu Met Val Val Thr Ser Asn Ala Asp
1               5                   10                  15

Arg Ile Cys Thr Gly Ile Thr Ser Ser Asn Ser Pro His Val Val Lys
            20                  25                  30



Thr Ala Thr Gln Gly Glu Val Asn Val Thr Gly Val Ile Pro Leu Thr
        35                  40                  45

Thr Thr Pro Thr Lys Ser Tyr Phe Ala Asn Leu Lys Gly Thr Lys Thr
    50                  55                  60

Arg Gly Lys Leu Cys Pro Asp Cys Leu Asn Cys Thr Asp Leu Asp Val
65                  70                  75                  80

Ala Leu Gly Arg Pro Met Cys Val Gly Thr Thr Pro Ser Ala Lys Ala
                85                  90                  95

Ser Ile Leu His Glu Val Arg Pro Val Thr Ser Gly Cys Phe Pro Ile
            100                 105                 110

Met His Asp Arg Thr Lys Ile Arg Gln Leu Ala Asn Leu Leu Arg Gly
        115                 120                 125

Tyr Glu Asn Ile Arg Leu Ser Thr Gln Asn Val Ile Asp Ala Glu Lys
    130                 135                 140

Ala Pro Gly Gly Pro Tyr Arg Leu Gly Thr Ser Gly Ser Cys Pro Asn
145                 150                 155                 160

Ala Thr Ser Lys Ser Gly Phe Phe Ala Thr Met Ala Trp Ala Val Pro
                165                 170                 175

Lys Asp Asn Asn Lys Asn Ala Thr Asn Pro Leu Thr Val Glu Val Pro
            180                 185                 190

Tyr Ile Cys Ala Glu Gly Glu Asp Gln Ile Thr Val Trp Gly Phe His
        195                 200                 205



Ser Asp Asn Lys Thr Gln Met Lys Asn Leu Tyr Gly Asp Ser Asn Pro
    210                 215                 220

Gln Lys Phe Thr Ser Ser Ala Asn Gly Val Thr Thr His Tyr Val Ser
225                 230                 235                 240

Gln Ile Gly Gly Phe Pro Asp Gln Thr Glu Asp Gly Gly Leu Pro Gln
                245                 250                 255

Ser Gly Arg Ile Val Val Asp Tyr Met Met Gln Lys Pro Gly Lys Thr
            260                 265                 270

Gly Thr Ile Val Tyr Gln Arg Gly Val Leu Leu Pro Gln Lys Val Trp
        275                 280                 285

Cys Ala Ser Gly Arg Ser Lys Val Ile Lys Gly Ser Leu Pro Leu Ile
    290                 295                 300

Gly Glu Ala Asp Cys Leu His Glu Lys Tyr Gly Gly Leu Asn Lys Ser
305                 310                 315                 320

Lys Pro Tyr Tyr Thr Gly Glu His Ala Lys Ala Ile Gly Asn Cys Pro
                325                 330                 335

Ile Trp Val Lys Thr Pro Leu Lys Leu Ala Asn Gly Thr Lys Tyr Arg
            340                 345                 350

Pro Pro Ala Lys Leu Leu Lys Glu Arg Gly Phe Phe Gly Ala Ile Ala
        355                 360                 365

Gly Phe Leu Glu Gly Gly Trp Glu Gly Met Ile Ala Gly Trp His Gly
    370                 375                 380

Tyr Thr Ser His Gly Ala His Gly Val Ala Val Ala Ala Asp Leu Lys



385                 390                 395                 400

Ser Thr Gln Glu Ala Ile Asn Lys Ile Thr Lys Asn Leu Asn Ser Leu
                405                 410                 415

Ser Glu Leu Glu Val Lys Asn Leu Gln Arg Leu Ser Gly Ala Met Asp
            420                 425                 430

Glu Leu His Asn Glu Ile Leu Glu Leu Asp Glu Lys Val Asp Asp Leu
        435                 440                 445

Arg Ala Asp Thr Ile Ser Ser Gln Ile Glu Leu Ala Val Leu Leu Ser
    450                 455                 460

Asn Glu Gly Ile Ile Asn Ser Glu Asp Glu His Leu Leu Ala Leu Glu
465                 470                 475                 480

Arg Lys Leu Lys Lys Met Leu Gly Pro Ser Ala Val Asp Ile Gly Asn
                485                 490                 495

Gly Cys Phe Glu Thr Lys His Lys Cys Asn Gln Thr Cys Leu Asp Arg
            500                 505                 510

Ile Ala Ala Gly Thr Phe Asn Ala Gly Glu Phe Ser Leu Pro Thr Phe
        515                 520                 525

Asp Ser Leu Asn Ile Thr Ala Ala Ser Leu Asn Asp Asp Gly Leu Asp
    530                 535                 540

Asn His Thr Ile Leu Leu Tyr Tyr Ser Thr Ala Ala Ser Ser Leu Ala
545                 550                 555                 560

Val Thr Leu Met Leu Ala Ile Phe Ile Val Tyr Met Val Ser Arg Asp
                565                 570                 575



Asn Val Ser Cys Ser Ile Cys Leu
            580

<210>  59
<211>  907
<212>  PRT
<213>  Epstein-Barr virus

<400>  59

Met Glu Ala Ala Leu Leu Val Cys Gln Tyr Thr Ile Gln Ser Leu Ile
1               5                   10                  15

His Leu Thr Gly Glu Asp Pro Gly Phe Phe Asn Val Glu Ile Pro Glu
            20                  25                  30

Phe Pro Phe Tyr Pro Thr Cys Asn Val Cys Thr Ala Asp Val Asn Val
        35                  40                  45

Thr Ile Asn Phe Asp Val Gly Gly Lys Lys His Gln Leu Asp Leu Asp
    50                  55                  60

Phe Gly Gln Leu Thr Pro His Thr Lys Ala Val Tyr Gln Pro Arg Gly
65                  70                  75                  80

Ala Phe Gly Gly Ser Glu Asn Ala Thr Asn Leu Phe Leu Leu Glu Leu
                85                  90                  95

Leu Gly Ala Gly Glu Leu Ala Leu Thr Met Arg Ser Lys Lys Leu Pro
            100                 105                 110

Ile Asn Val Thr Thr Gly Glu Glu Gln Gln Val Ser Leu Glu Ser Val
        115                 120                 125



Asp Val Tyr Phe Gln Asp Val Phe Gly Thr Met Trp Cys His His Ala
    130                 135                 140

Glu Met Gln Asn Pro Val Tyr Leu Ile Pro Glu Thr Val Pro Tyr Ile
145                 150                 155                 160

Lys Trp Asp Asn Cys Asn Ser Thr Asn Ile Thr Ala Val Val Arg Ala
                165                 170                 175

Gln Gly Leu Asp Val Thr Leu Pro Leu Ser Leu Pro Thr Ser Ala Gln
            180                 185                 190

Asp Ser Asn Phe Ser Val Lys Thr Glu Met Leu Gly Asn Glu Ile Asp
        195                 200                 205

Ile Glu Cys Ile Met Glu Asp Gly Glu Ile Ser Gln Val Leu Pro Gly
    210                 215                 220

Asp Asn Lys Phe Asn Ile Thr Cys Ser Gly Tyr Glu Ser His Val Pro
225                 230                 235                 240

Ser Gly Gly Ile Leu Thr Ser Thr Ser Pro Val Ala Thr Pro Ile Pro
                245                 250                 255

Gly Thr Gly Tyr Ala Tyr Ser Leu Arg Leu Thr Pro Arg Pro Val Ser
            260                 265                 270

Arg Phe Leu Gly Asn Asn Ser Ile Leu Tyr Val Phe Tyr Ser Gly Asn
        275                 280                 285

Gly Pro Lys Ala Ser Gly Gly Asp Tyr Cys Ile Gln Ser Asn Ile Val
    290                 295                 300

Phe Ser Asp Glu Ile Pro Ala Ser Gln Asp Met Pro Thr Asn Thr Thr



305                 310                 315                 320

Asp Ile Thr Tyr Val Gly Asp Asn Ala Thr Tyr Ser Val Pro Met Val
                325                 330                 335

Thr Ser Glu Asp Ala Asn Ser Pro Asn Val Thr Val Thr Ala Phe Trp
            340                 345                 350

Ala Trp Pro Asn Asn Thr Glu Thr Asp Phe Lys Cys Lys Trp Thr Leu
        355                 360                 365

Thr Ser Gly Thr Pro Ser Gly Cys Glu Asn Ile Ser Gly Ala Phe Ala
    370                 375                 380

Ser Asn Arg Thr Phe Asp Ile Thr Val Ser Gly Leu Gly Thr Ala Pro
385                 390                 395                 400

Lys Thr Leu Ile Ile Thr Arg Thr Ala Thr Asn Ala Thr Thr Thr Thr
                405                 410                 415

His Lys Val Ile Phe Ser Lys Ala Pro Glu Ser Thr Thr Thr Ser Pro
            420                 425                 430

Thr Leu Asn Thr Thr Gly Phe Ala Asp Pro Asn Thr Thr Thr Gly Leu
        435                 440                 445

Pro Ser Ser Thr His Val Pro Thr Asn Leu Thr Ala Pro Ala Ser Thr
    450                 455                 460

Gly Pro Thr Val Ser Thr Ala Asp Val Thr Ser Pro Thr Pro Ala Gly
465                 470                 475                 480

Thr Thr Ser Gly Ala Ser Pro Val Thr Pro Ser Pro Ser Pro Trp Asp
                485                 490                 495



Asn Gly Thr Glu 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 Gly Lys Thr Ser Pro Thr Ser
545                 550                 555                 560

Ala Val Thr Thr Pro Thr Pro Asn Ala Thr Ser Pro Thr Leu Gly 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 Gly Lys Thr Ser Pro Thr Ser Ala Val Thr Thr Pro Thr
        595                 600                 605

Pro Asn Ala Thr Gly Pro Thr Val Gly Glu Thr Ser Pro Gln Ala Asn
    610                 615                 620

Ala Thr Asn His Thr Leu Gly Gly Thr Ser Pro Thr Pro Val Val Thr
625                 630                 635                 640

Ser Gln Pro Lys Asn Ala Thr Ser Ala Val Thr Thr Gly Gln His Asn
                645                 650                 655

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



Pro Glu Thr Leu Ser Pro Ser Thr Ser Asp Asn Ser Thr Ser His Met
        675                 680                 685

Pro Leu Leu Thr Ser Ala His Pro Thr Gly Gly Glu Asn Ile Thr Gln
    690                 695                 700

Val Thr Pro Ala Ser Ile Ser Thr His His Val Ser Thr Ser Ser Pro
705                 710                 715                 720

Ala Pro Arg Pro Gly Thr Thr Ser Gln Ala Ser Gly Pro Gly Asn Ser
                725                 730                 735

Ser Thr Ser Thr Lys Pro Gly Glu Val Asn Val Thr Lys Gly Thr Pro
            740                 745                 750

Pro Gln Asn Ala Thr Ser Pro Gln Ala Pro Ser Gly Gln Lys Thr Ala
        755                 760                 765

Val Pro Thr Val Thr Ser Thr Gly Gly Lys Ala Asn Ser Thr Thr Gly
    770                 775                 780

Gly Lys His Thr Thr Gly His Gly Ala Arg Thr Ser Thr Glu Pro Thr
785                 790                 795                 800

Thr Asp Tyr Gly Gly Asp Ser Thr Thr Pro Arg Pro Arg Tyr Asn Ala
                805                 810                 815

Thr Thr Tyr Leu Pro Pro Ser Thr Ser Ser Lys Leu Arg Pro Arg Trp
            820                 825                 830

Thr Phe Thr Ser Pro Pro Val Thr Thr Ala Gln Ala Thr Val Pro Val
        835                 840                 845



Pro Pro Thr Ser Gln Pro Arg Phe Ser Asn Leu Ser Met Leu Val Leu
    850                 855                 860

Gln Trp Ala Ser Leu Ala Val Leu Thr Leu Leu Leu Leu Leu Val Met
865                 870                 875                 880

Ala Asp Cys Ala Phe Arg Arg Asn Leu Ser Thr Ser His Thr Tyr Thr
                885                 890                 895

Thr Pro Pro Tyr Asp Asp Ala Glu Thr Tyr Val
            900                 905

<210>  60
<211>  906
<212>  PRT
<213>  Human cytomegalovirus

<400>  60

Met Glu Ser Arg Ile Trp Cys Leu Val Val Cys Val Asn Leu Cys Ile
1               5                   10                  15

Val Cys Leu Gly Ala Ala Val Ser Ser Ser Ser Thr Ser His Ala Thr
            20                  25                  30

Ser Ser Thr His Asn Gly Ser His Thr Ser Arg Thr Thr Ser Ala Gln
        35                  40                  45

Thr Arg Ser Val Tyr Ser Gln His Val Thr Ser Ser Glu Ala Val Ser
    50                  55                  60

His Arg Ala Asn Glu Thr Ile Tyr Asn Thr Thr Leu Lys Tyr Gly Asp
65                  70                  75                  80

Val Val Gly Val Asn Thr Thr Lys Tyr Pro Tyr Arg Val Cys Ser Met
                85                  90                  95



Ala Gln Gly Thr Asp Leu Ile Arg Phe Glu Arg Asn Ile Ile Cys Thr
            100                 105                 110

Ser Met Lys Pro Ile Asn Glu Asp Leu Asp Glu Gly Ile Met Val Val
        115                 120                 125

Tyr Lys Arg Asn Ile Val Ala His Thr Phe Lys Val Arg Val Tyr Gln
    130                 135                 140

Lys Val Leu Thr Phe Arg Arg Ser Tyr Ala Tyr Ile Tyr Thr Thr Tyr
145                 150                 155                 160

Leu Leu Gly Ser Asn Thr Glu Tyr Val Ala Pro Pro Met Trp Glu Ile
                165                 170                 175

His His Ile Asn Lys Phe Ala Gln Cys Tyr Ser Ser Tyr Ser Arg Val
            180                 185                 190

Ile Gly Gly Thr Val Phe Val Ala Tyr His Arg Asp Ser Tyr Glu Asn
        195                 200                 205

Lys Thr Met Gln Leu Ile Pro Asp Asp Tyr Ser Asn Thr His Ser Thr
    210                 215                 220

Arg Tyr Val Thr Val Lys Asp Gln Trp His Ser Arg Gly Ser Thr Trp
225                 230                 235                 240

Leu Tyr Arg Glu Thr Cys Asn Leu Asn Cys Met Leu Thr Ile Thr Thr
                245                 250                 255

Ala Arg Ser Lys Tyr Pro Tyr His Phe Phe Ala Thr Ser Thr Gly Asp
            260                 265                 270



Val Val Tyr Ile Ser Pro Phe Tyr Asn Gly Thr Asn Arg Asn Ala Ser
        275                 280                 285

Tyr Phe Gly Glu Asn Ala Asp Lys Phe Phe Ile Phe Pro Asn Tyr Thr
    290                 295                 300

Ile Val Ser Asp Phe Gly Arg Pro Asn Ala Ala Pro Glu Thr His Arg
305                 310                 315                 320

Leu Val Ala Phe Leu Glu Arg Ala Asp Ser Val Ile Ser Trp Asp Ile
                325                 330                 335

Gln Asp Glu Lys Asn Val Thr Cys Gln Leu Thr Phe Trp Glu Ala Ser
            340                 345                 350

Glu Arg Thr Ile Arg Ser Glu Ala Glu Asp Ser Tyr His Phe Ser Ser
        355                 360                 365

Ala Lys Met Thr Ala Thr Phe Leu Ser Lys Lys Gln Glu Val Asn Met
    370                 375                 380

Ser Asp Ser Ala Leu Asp Cys Val Arg Asp Glu Ala Ile Asn Lys Leu
385                 390                 395                 400

Gln Gln Ile Phe Asn Thr Ser Tyr Asn Gln Thr Tyr Glu Lys Tyr Gly
                405                 410                 415

Asn Val Ser Val Phe Glu Thr Ser Gly Gly Leu Val Val Phe Trp Gln
            420                 425                 430

Gly Ile Lys Gln Lys Ser Leu Val Glu Leu Glu Arg Leu Ala Asn Arg
        435                 440                 445



Ser Ser Leu Asn Ile Thr His Arg Thr Arg Arg Ser Thr Ser Asp Asn
    450                 455                 460

Asn Thr Thr His Leu Ser Ser Met Glu Ser Val His Asn Leu Val Tyr
465                 470                 475                 480

Ala Gln Leu Gln Phe Thr Tyr Asp Thr Leu Arg Gly Tyr Ile Asn Arg
                485                 490                 495

Ala Leu Ala Gln Ile Ala Glu Ala Trp Cys Val Asp Gln Arg Arg Thr
            500                 505                 510

Leu Glu Val Phe Lys Glu Leu Ser Lys Ile Asn Pro Ser Ala Ile Leu
        515                 520                 525

Ser Ala Ile Tyr Asn Lys Pro Ile Ala Ala Arg Phe Met Gly Asp Val
    530                 535                 540

Leu Gly Leu Ala Ser Cys Val Thr Ile Asn Gln Thr Ser Val Lys Val
545                 550                 555                 560

Leu Arg Asp Met Asn Val Lys Glu Ser Pro Gly Arg Cys Tyr Ser Arg
                565                 570                 575

Pro Val Val Ile Phe Asn Phe Ala Asn Ser Ser Tyr Val Gln Tyr Gly
            580                 585                 590

Gln Leu Gly Glu Asp Asn Glu Ile Leu Leu Gly Asn His Arg Thr Glu
        595                 600                 605

Glu Cys Gln Leu Pro Ser Leu Lys Ile Phe Ile Ala Gly Asn Ser Ala
    610                 615                 620

Tyr Glu Tyr Val Asp Tyr Leu Phe Lys Arg Met Ile Asp Leu Ser Ser



625                 630                 635                 640

Ile Ser Thr Val Asp Ser Met Ile Ala Leu Asp Ile Asp Pro Leu Glu
                645                 650                 655

Asn Thr Asp Phe Arg Val Leu Glu Leu Tyr Ser Gln Lys Glu Leu Arg
            660                 665                 670

Ser Ser Asn Val Phe Asp Leu Glu Glu Ile Met Arg Glu Phe Asn Ser
        675                 680                 685

Tyr Lys Gln Arg Val Lys Tyr Val Glu Asp Lys Val Val Asp Pro Leu
    690                 695                 700

Pro Pro Tyr Leu Lys Gly Leu Asp Asp Leu Met Ser Gly Leu Gly Ala
705                 710                 715                 720

Ala Gly Lys Ala Val Gly Val Ala Ile Gly Ala Val Gly Gly Ala Val
                725                 730                 735

Ala Ser Val Val Glu Gly Val Ala Thr Phe Leu Lys Asn Pro Phe Gly
            740                 745                 750

Ala Phe Thr Ile Ile Leu Val Ala Ile Ala Val Val Ile Ile Thr Tyr
        755                 760                 765

Leu Ile Tyr Thr Arg Gln Arg Arg Leu Cys Thr Gln Pro Leu Gln Asn
    770                 775                 780

Leu Phe Pro Tyr Leu Val Ser Ala Asp Gly Thr Thr Val Thr Ser Gly
785                 790                 795                 800

Ser Thr Lys Asp Thr Ser Leu Gln Ala Pro Pro Ser Tyr Glu Glu Ser
                805                 810                 815



Val Tyr Asn Ser Gly Arg Lys Gly Pro Gly Pro Pro Ser Ser Asp Ala
            820                 825                 830

Ser Thr Ala Ala Pro Pro Tyr Thr Asn Glu Gln Ala Tyr Gln Met Leu
        835                 840                 845

Leu Ala Leu Ala Arg Leu Asp Ala Glu Gln Arg Ala Gln Gln Asn Gly
    850                 855                 860

Thr Asp Ser Leu Asp Gly Gln Thr Gly Thr Gln Asp Lys Gly Gln Lys
865                 870                 875                 880

Pro Asn Leu Leu Asp Arg Leu Arg His Arg Lys Asn Gly Tyr Arg His
                885                 890                 895

Leu Lys Asp Ser Asp Glu Glu Glu Asn Val
            900                 905

<210>  61
<211>  171
<212>  PRT
<213>  Human cytomegalovirus

<400>  61

Met Ser Pro Lys Asp Leu Thr Pro Phe Leu Thr Thr Leu Trp Leu Leu
1               5                   10                  15

Leu Gly His Ser Arg Val Pro Arg Val Arg Ala Glu Glu Cys Cys Glu
            20                  25                  30

Phe Ile Asn Val Asn His Pro Pro Glu Arg Cys Tyr Asp Phe Lys Met
        35                  40                  45



Cys Asn Arg Phe Thr Val Ala Leu Arg Cys Pro Asp Gly Glu Val Cys
    50                  55                  60

Tyr Ser Pro Glu Lys Thr Ala Glu Ile Arg Gly Ile Val Thr Thr Met
65                  70                  75                  80

Thr His Ser Leu Thr Arg Gln Val Val His Asn Lys Leu Thr Ser Cys
                85                  90                  95

Asn Tyr Asn Pro Leu Tyr Leu Glu Ala Asp Gly Arg Ile Arg Cys Gly
            100                 105                 110

Lys Val Asn Asp Lys Ala Gln Tyr Leu Leu Gly Ala Ala Gly Ser Val
        115                 120                 125

Pro Tyr Arg Trp Ile Asn Leu Glu Tyr Asp Lys Ile Thr Arg Ile Val
    130                 135                 140

Gly Leu Asp Gln Tyr Leu Glu Ser Val Lys Lys His Lys Arg Leu Asp
145                 150                 155                 160

Val Cys Arg Ala Lys Met Gly Tyr Met Leu Gln
                165                 170

<210>  62
<211>  214
<212>  PRT
<213>  Human cytomegalovirus

<400>  62

Met Leu Arg Leu Leu Leu Arg His His Phe His Cys Leu Leu Leu Cys
1               5                   10                  15

Ala Val Trp Ala Thr Pro Cys Leu Ala Ser Pro Trp Ser Thr Leu Thr
            20                  25                  30



Ala Asn Gln Asn Pro Ser Pro Pro Trp Ser Lys Leu Thr Tyr Ser Lys
        35                  40                  45

Pro His Asp Ala Ala Thr Phe Tyr Cys Pro Phe Leu Tyr Pro Ser Pro
    50                  55                  60

Pro Arg Ser Pro Leu Gln Phe Ser Gly Phe Gln Arg Val Ser Thr Gly
65                  70                  75                  80

Pro Glu Cys Arg Asn Glu Thr Leu Tyr Leu Leu Tyr Asn Arg Glu Gly
                85                  90                  95

Gln Thr Leu Val Glu Arg Ser Ser Thr Trp Val Lys Lys Val Ile Trp
            100                 105                 110

Tyr Leu Ser Gly Arg Asn Gln Thr Ile Leu Gln Arg Met Pro Arg Thr
        115                 120                 125

Ala Ser Lys Pro Ser Asp Gly Asn Val Gln Ile Ser Val Glu Asp Ala
    130                 135                 140

Lys Ile Phe Gly Ala His Met Val Pro Lys Gln Thr Lys Leu Leu Arg
145                 150                 155                 160

Phe Val Val Asn Asp Gly Thr Arg Tyr Gln Met Cys Val Met Lys Leu
                165                 170                 175

Glu Ser Trp Ala His Val Phe Arg Asp Tyr Ser Val Ser Phe Gln Val
            180                 185                 190

Arg Leu Thr Phe Thr Glu Ala Asn Asn Gln Thr Tyr Thr Phe Cys Thr
        195                 200                 205



His Pro Asn Leu Ile Val
    210

<210>  63
<211>  129
<212>  PRT
<213>  Human cytomegalovirus

<400>  63

Met Arg Leu Cys Arg Val Trp Leu Ser Val Cys Leu Cys Ala Val Val
1               5                   10                  15

Leu Gly Gln Cys Gln Arg Glu Thr Ala Glu Lys Asn Asp Tyr Tyr Arg
            20                  25                  30

Val Pro His Tyr Trp Asp Ala Cys Ser Arg Ala Leu Pro Asp Gln Thr
        35                  40                  45

Arg Tyr Lys Tyr Val Glu Gln Leu Val Asp Leu Thr Leu Asn Tyr His
    50                  55                  60

Tyr Asp Ala Ser His Gly Leu Asp Asn Phe Asp Val Leu Lys Arg Ile
65                  70                  75                  80

Asn Val Thr Glu Val Ser Leu Leu Ile Ser Asp Phe Arg Arg Gln Asn
                85                  90                  95

Arg Arg Gly Gly Thr Asn Lys Arg Thr Thr Phe Asn Ala Ala Gly Ser
            100                 105                 110

Leu Ala Pro His Ala Arg Ser Leu Glu Phe Ser Val Arg Leu Phe Ala
        115                 120                 125

Asn



<210>  64
<211>  743
<212>  PRT
<213>  Human cytomegalovirus

<400>  64

Met Arg Pro Gly Leu Pro Pro Tyr Leu Thr Val Phe Thr Val Tyr Leu
1               5                   10                  15

Leu Ser His Leu Pro Ser Gln Arg Tyr Gly Ala Asp Ala Ala Ser Glu
            20                  25                  30

Ala Leu Asp Pro His Ala Phe His Leu Leu Leu Asn Thr Tyr Gly Arg
        35                  40                  45

Pro Ile Arg Phe Leu Arg Glu Asn Thr Thr Gln Cys Thr Tyr Asn Ser
    50                  55                  60

Ser Leu Arg Asn Ser Thr Val Val Arg Glu Asn Ala Ile Ser Phe Asn
65                  70                  75                  80

Phe Phe Gln Ser Tyr Asn Gln Tyr Tyr Val Phe His Met Pro Arg Cys
                85                  90                  95

Leu Phe Ala Gly Pro Leu Ala Glu Gln Phe Leu Asn Gln Val Asp Leu
            100                 105                 110

Thr Glu Thr Leu Glu Arg Tyr Gln Gln Arg Leu Asn Thr Tyr Ala Leu
        115                 120                 125

Val Ser Lys Asp Leu Ala Ser Tyr Arg Ser Phe Ser Gln Gln Leu Lys
    130                 135                 140



Ala Gln Asp Ser Leu Gly Gln Gln Pro Thr Thr Val Pro Pro Pro Ile
145                 150                 155                 160

Asp Leu Ser Ile Pro His Val Trp Met Pro Pro Gln Thr Thr Pro His
                165                 170                 175

Asp Trp Lys Gly Ser His Thr Thr Ser Gly Leu His Arg Pro His Phe
            180                 185                 190

Asn Gln Thr Cys Ile Leu Phe Asp Gly His Asp Leu Leu Phe Ser Thr
        195                 200                 205

Val Thr Pro Cys Leu His Gln Gly Phe Tyr Leu Met Asp Glu Leu Arg
    210                 215                 220

Tyr Val Lys Ile Thr Leu Thr Glu Asp Phe Phe Val Val Thr Val Ser
225                 230                 235                 240

Ile Asp Asp Asp Thr Pro Met Leu Leu Ile Phe Gly His Leu Pro Arg
                245                 250                 255

Val Leu Phe Lys Ala Pro Tyr Gln Arg Asp Asn Phe Ile Leu Arg Gln
            260                 265                 270

Thr Glu Lys His Glu Leu Leu Val Leu Val Lys Lys Ala Gln Leu Asn
        275                 280                 285

Arg His Ser Tyr Leu Lys Asp Ser Asp Phe Leu Asp Ala Ala Leu Asp
    290                 295                 300

Phe Asn Tyr Leu Asp Leu Ser Ala Leu Leu Arg Asn Ser Phe His Arg
305                 310                 315                 320



Tyr Ala Val Asp Val Leu Lys Ser Gly Arg Cys Gln Met Leu Asp Arg
                325                 330                 335

Arg Thr Val Glu Met Ala Phe Ala Tyr Ala Leu Ala Leu Phe Ala Ala
            340                 345                 350

Ala Arg Gln Glu Glu Ala Gly Thr Glu Ile Ser Ile Pro Arg Ala Leu
        355                 360                 365

Asp Arg Gln Ala Ala Leu Leu Gln Ile Gln Glu Phe Met Ile Thr Cys
    370                 375                 380

Leu Ser Gln Thr Pro Pro Arg Thr Thr Leu Leu Leu Tyr Pro Thr Ala
385                 390                 395                 400

Val Asp Leu Ala Lys Arg Ala Leu Trp Thr Pro Asp Gln Ile Thr Asp
                405                 410                 415

Ile Thr Ser Leu Val Arg Leu Val Tyr Ile Leu Ser Lys Gln Asn Gln
            420                 425                 430

Gln His Leu Ile Pro Gln Trp Ala Leu Arg Gln Ile Ala Asp Phe Ala
        435                 440                 445

Leu Gln Leu His Lys Thr His Leu Ala Ser Phe Leu Ser Ala Phe Ala
    450                 455                 460

Arg Gln Glu Leu Tyr Leu Met Gly Ser Leu Val His Ser Met Leu Val
465                 470                 475                 480

His Thr Thr Glu Arg Arg Glu Ile Phe Ile Val Glu Thr Gly Leu Cys
                485                 490                 495

Ser Leu Ala Glu Leu Ser His Phe Thr Gln Leu Leu Ala His Pro His



            500                 505                 510

His Glu Tyr Leu Ser Asp Leu Tyr Thr Pro Cys Ser Ser Ser Gly Arg
        515                 520                 525

Arg Asp His Ser Leu Glu Arg Leu Thr Arg Leu Phe Pro Asp Ala Thr
    530                 535                 540

Val Pro Ala Thr Val Pro Ala Ala Leu Ser Ile Leu Ser Thr Met Gln
545                 550                 555                 560

Pro Ser Thr Leu Glu Thr Phe Pro Asp Leu Phe Cys Leu Pro Leu Gly
                565                 570                 575

Glu Ser Phe Ser Ala Leu Thr Val Ser Glu His Val Ser Tyr Val Val
            580                 585                 590

Thr Asn Gln Tyr Leu Ile Lys Gly Ile Ser Tyr Pro Val Ser Thr Thr
        595                 600                 605

Val Val Gly Gln Ser Leu Ile Ile Thr Gln Thr Asp Ser Gln Thr Lys
    610                 615                 620

Cys Glu Leu Thr Arg Asn Met His Thr Thr His Ser Ile Thr Ala Ala
625                 630                 635                 640

Leu Asn Ile Ser Leu Glu Asn Cys Ala Phe Cys Gln Ser Ala Leu Leu
                645                 650                 655

Glu Tyr Asp Asp Thr Gln Gly Val Ile Asn Ile Met Tyr Met His Asp
            660                 665                 670

Ser Asp Asp Val Leu Phe Ala Leu Asp Pro Tyr Asn Glu Val Val Val
        675                 680                 685



Ser Ser Pro Arg Thr His Tyr Leu Met Leu Leu Lys Asn Gly Thr Val
    690                 695                 700

Leu Glu Val Thr Asp Val Val Val Asp Ala Thr Asp Ser Arg Leu Leu
705                 710                 715                 720

Met Met Ser Val Tyr Ala Leu Ser Ala Ile Ile Gly Ile Tyr Leu Leu
                725                 730                 735

Tyr Arg Met Leu Lys Thr Cys
            740

<210>  65
<211>  278
<212>  PRT
<213>  Human cytomegalovirus

<400>  65

Met Cys Arg Arg Pro Asp Cys Gly Phe Ser Phe Ser Pro Gly Pro Val
1               5                   10                  15

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

Val Ser Val Ala Pro Thr Ala Ala Glu Lys Val Pro Ala Glu Cys Pro
        35                  40                  45

Glu Leu Thr Arg Arg Cys Leu Leu Gly Glu Val Phe Gln Gly Asp Lys
    50                  55                  60

Tyr Glu Ser Trp Leu Arg Pro Leu Val Asn Val Thr Arg Arg Asp Gly
65                  70                  75                  80



Pro Leu Ser Gln Leu Ile Arg Tyr Arg Pro Val Thr Pro Glu Ala Ala
                85                  90                  95

Asn Ser Val Leu Leu Asp Asp Ala Phe Leu Asp Thr Leu Ala Leu Leu
            100                 105                 110

Tyr Asn Asn Pro Asp Gln Leu Arg Ala Leu Leu Thr Leu Leu Ser Ser
        115                 120                 125

Asp Thr Ala Pro Arg Trp Met Thr Val Met Arg Gly Tyr Ser Glu Cys
    130                 135                 140

Gly Asp Gly Ser Pro Ala Val Tyr Thr Cys Val Asp Asp Leu Cys Arg
145                 150                 155                 160

Gly Tyr Asp Leu Thr Arg Leu Ser Tyr Gly Arg Ser Ile Phe Thr Glu
                165                 170                 175

His Val Leu Gly Phe Glu Leu Val Pro Pro Ser Leu Phe Asn Val Val
            180                 185                 190

Val Ala Ile Arg Asn Glu Ala Thr Arg Thr Asn Arg Ala Val Arg Leu
        195                 200                 205

Pro Val Ser Thr Ala Ala Ala Pro Glu Gly Ile Thr Leu Phe Tyr Gly
    210                 215                 220

Leu Tyr Asn Ala Val Lys Glu Phe Cys Leu Arg His Gln Leu Asp Pro
225                 230                 235                 240

Pro Leu Leu Arg His Leu Asp Lys Tyr Tyr Ala Gly Leu Pro Pro Glu
                245                 250                 255

Leu Lys Gln Thr Arg Val Asn Leu Pro Ala His Ser Arg Tyr Gly Pro



            260                 265                 270

Gln Ala Val Asp Ala Arg
        275

<210>  66
<211>  272
<212>  PRT
<213>  Borreliella burgdorferi

<400>  66

Met Lys Lys Tyr Leu Leu Gly Ile Gly Leu Ile Leu Ala Leu Ile Ala
1               5                   10                  15

Cys Lys Gln Asn Val Ser Ser Leu Asp Glu Lys Asn Ser Val Ser Val
            20                  25                  30

Asp Val Pro Gly Gly Met Lys Val Leu Val Ser Lys Glu Lys Asn Lys
        35                  40                  45

Asp Gly Lys Tyr Asp Leu Met Ala Thr Val Asp Asn Val Asp Leu Lys
    50                  55                  60

Gly Thr Ser Asp Lys Asn Asn Gly Ser Gly Ile Leu Glu Gly Val Lys
65                  70                  75                  80

Ala Asp Lys Ser Lys Val Lys Leu Thr Val Ala Asp Asp Leu Ser Lys
                85                  90                  95

Thr Thr Leu Glu Val Leu Lys Glu Asp Gly Thr Val Val Ser Arg Lys
            100                 105                 110

Val Thr Ser Lys Asp Lys Ser Thr Thr Glu Ala Lys Phe Asn Glu Lys
        115                 120                 125



Gly Glu Leu Ser Glu Lys Thr Met Thr Arg Ala Asn Gly Thr Thr Leu
    130                 135                 140

Glu Tyr Ser Gln Met Thr Asn Glu Asp Asn Ala Ala Lys Ala Val Glu
145                 150                 155                 160

Thr Leu Lys Asn Gly Ile Lys Phe Glu Gly Asn Leu Ala Ser Gly Lys
                165                 170                 175

Thr Ala Val Glu Ile Lys Glu Gly Thr Val Thr Leu Lys Arg Glu Ile
            180                 185                 190

Asp Lys Asn Gly Lys Val Thr Val Ser Leu Asn Asp Thr Ala Ser Gly
        195                 200                 205

Ser Lys Lys Thr Ala Ser Trp Gln Glu Ser Thr Ser Thr Leu Thr Ile
    210                 215                 220

Ser Ala Asn Ser Lys Lys Thr Lys Asp Leu Val Phe Leu Thr Asn Gly
225                 230                 235                 240

Thr Ile Thr Val Gln Asn Tyr Asp Ser Ala Gly Thr Lys Leu Glu Gly
                245                 250                 255

Ser Ala Ala Glu Ile Lys Lys Leu Asp Glu Leu Lys Asn Ala Leu Arg
            260                 265                 270

<210>  67
<211>  269
<212>  PRT
<213>  Bordetella pertussis

<400>  67

Met Arg Cys Thr Arg Ala Ile Arg Gln Thr Ala Arg Thr Gly Trp Leu



1               5                   10                  15

Thr Trp Leu Ala Ile Leu Ala Val Thr Ala Pro Val Thr Ser Pro Ala
            20                  25                  30

Trp Ala Asp Asp Pro Pro Ala Thr Val Tyr Arg Tyr Asp Ser Arg Pro
        35                  40                  45

Pro Glu Asp Val Phe Gln Asn Gly Phe Thr Ala Trp Gly Asn Asn Asp
    50                  55                  60

Asn Val Leu Asp His Leu Thr Gly Arg Ser Cys Gln Val Gly Ser Ser
65                  70                  75                  80

Asn Ser Ala Phe Val Ser Thr Ser Ser Ser Arg Arg Tyr Thr Glu Val
                85                  90                  95

Tyr Leu Glu His Arg Met Gln Glu Ala Val Glu Ala Glu Arg Ala Gly
            100                 105                 110

Arg Gly Thr Gly His Phe Ile Gly Tyr Ile Tyr Glu Val Arg Ala Asp
        115                 120                 125

Asn Asn Phe Tyr Gly Ala Ala Ser Ser Tyr Phe Glu Tyr Val Asp Thr
    130                 135                 140

Tyr Gly Asp Asn Ala Gly Arg Ile Leu Ala Gly Ala Leu Ala Thr Tyr
145                 150                 155                 160

Gln Ser Glu Tyr Leu Ala His Arg Arg Ile Pro Pro Glu Asn Ile Arg
                165                 170                 175

Arg Val Thr Arg Val Tyr His Asn Gly Ile Thr Gly Glu Thr Thr Thr
            180                 185                 190



Thr Glu Tyr Ser Asn Ala Arg Tyr Val Ser Gln Gln Thr Arg Ala Asn
        195                 200                 205

Pro Asn Pro Tyr Thr Ser Arg Arg Ser Val Ala Ser Ile Val Gly Thr
    210                 215                 220

Leu Val Arg Met Ala Pro Val Ile Gly Ala Cys Met Ala Arg Gln Ala
225                 230                 235                 240

Glu Ser Ser Glu Ala Met Ala Ala Trp Ser Glu Arg Ala Gly Glu Ala
                245                 250                 255

Met Val Leu Val Tyr Tyr Glu Ser Ile Ala Tyr Ser Phe
            260                 265

<210>  68
<211>  495
<212>  PRT
<213>  Dengue virus

<400>  68

Met Arg Cys Val Gly Ile Gly Asn Arg Asp Phe Val Glu Gly Leu Ser
1               5                   10                  15

Gly Ala Thr Trp Val Asp Val Val Leu Glu His Gly Ser Cys Val Thr
            20                  25                  30

Thr Met Ala Lys Asp Lys Pro Thr Leu Asp Ile Glu Leu Leu Lys Thr
        35                  40                  45

Glu Val Thr Asn Pro Ala Val Leu Arg Lys Leu Cys Ile Glu Ala Lys
    50                  55                  60



Ile Ser Asn Thr Thr Thr Asp Ser Arg Cys Pro Thr Gln Gly Glu Ala
65                  70                  75                  80

Thr Leu Val Glu Glu Gln Asp Thr Asn Phe Val Cys Arg Arg Thr Phe
                85                  90                  95

Val Asp Arg Gly Trp Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Ser
            100                 105                 110

Leu Ile Thr Cys Ala Lys Phe Lys Cys Val Thr Lys Leu Glu Gly Lys
        115                 120                 125

Ile Val Gln Tyr Glu Asn Leu Lys Tyr Ser Val Ile Val Thr Val His
    130                 135                 140

Thr Gly Asp Gln His Gln Val Gly Asn Glu Thr Thr Glu His Gly Thr
145                 150                 155                 160

Thr Ala Thr Ile Thr Pro Gln Ala Pro Thr Ser Glu Ile Gln Leu Thr
                165                 170                 175

Asp Tyr Gly Ala Leu Thr Leu Asp Cys Ser Pro Arg Thr Gly Leu Asp
            180                 185                 190

Phe Asn Glu Met Val Leu Leu Thr Met Glu Lys Lys Ser Trp Leu Val
        195                 200                 205

His Lys Gln Trp Phe Leu Asp Leu Pro Leu Pro Trp Thr Ser Gly Ala
    210                 215                 220

Ser Thr Ser Gln Glu Thr Trp Asn Arg Gln Asp Leu Leu Val Thr Phe
225                 230                 235                 240

Lys Thr Ala His Ala Lys Lys Gln Glu Val Val Val Leu Gly Ser Gln



                245                 250                 255

Glu Gly Ala Met His Thr Ala Leu Thr Gly Ala Thr Glu Ile Gln Thr
            260                 265                 270

Ser Gly Thr Thr Thr Ile Phe Ala Gly His Leu Lys Cys Arg Leu Lys
        275                 280                 285

Met Asp Lys Leu Thr Leu Lys Gly Met Ser Tyr Val Met Cys Thr Gly
    290                 295                 300

Ser Phe Lys Leu Glu Lys Glu Val Ala Glu Thr Gln His Gly Thr Val
305                 310                 315                 320

Leu Val Gln Val Lys Tyr Glu Gly Thr Asp Ala Pro Cys Lys Ile Pro
                325                 330                 335

Phe Ser Ser Gln Asp Glu Lys Gly Val Thr Gln Asn Gly Arg Leu Ile
            340                 345                 350

Thr Ala Asn Pro Ile Val Thr Asp Lys Glu Lys Pro Val Asn Ile Glu
        355                 360                 365

Ala Glu Pro Pro Phe Gly Glu Ser Tyr Ile Val Val Gly Ala Gly Glu
    370                 375                 380

Lys Ala Leu Lys Leu Ser Trp Phe Lys Lys Gly Ser Ser Ile Gly Lys
385                 390                 395                 400

Met Phe Glu Ala Thr Ala Arg Gly Ala Arg Arg Met Ala Ile Leu Gly
                405                 410                 415

Asp Thr Ala Trp Asp Phe Gly Ser Ile Gly Gly Val Phe Thr Ser Val
            420                 425                 430



Gly Lys Leu Ile His Gln Ile Phe Gly Thr Ala Tyr Gly Val Leu Phe
        435                 440                 445

Ser Gly Val Ser Trp Thr Met Lys Ile Gly Ile Gly Ile Leu Leu Thr
    450                 455                 460

Trp Leu Gly Leu Asn Ser Arg Ser Thr Ser Leu Ser Met Thr Cys Ile
465                 470                 475                 480

Ala Val Gly Met Val Thr Leu Tyr Leu Gly Val Met Val Gln Ala
                485                 490                 495

<210>  69
<211>  1255
<212>  PRT
<213>  Human SARS coronavirus

<400>  69

Met Phe Ile Phe Leu Leu Phe Leu Thr Leu Thr Ser Gly Ser Asp Leu
1               5                   10                  15

Asp Arg Cys Thr Thr Phe Asp Asp Val Gln Ala Pro Asn Tyr Thr Gln
            20                  25                  30

His Thr Ser Ser Met Arg Gly Val Tyr Tyr Pro Asp Glu Ile Phe Arg
        35                  40                  45

Ser Asp Thr Leu Tyr Leu Thr Gln Asp Leu Phe Leu Pro Phe Tyr Ser
    50                  55                  60

Asn Val Thr Gly Phe His Thr Ile Asn His Thr Phe Gly Asn Pro Val
65                  70                  75                  80



Ile Pro Phe Lys Asp Gly Ile Tyr Phe Ala Ala Thr Glu Lys Ser Asn
                85                  90                  95

Val Val Arg Gly Trp Val Phe Gly Ser Thr Met Asn Asn Lys Ser Gln
            100                 105                 110

Ser Val Ile Ile Ile Asn Asn Ser Thr Asn Val Val Ile Arg Ala Cys
        115                 120                 125

Asn Phe Glu Leu Cys Asp Asn Pro Phe Phe Ala Val Ser Lys Pro Met
    130                 135                 140

Gly Thr Gln Thr His Thr Met Ile Phe Asp Asn Ala Phe Asn Cys Thr
145                 150                 155                 160

Phe Glu Tyr Ile Ser Asp Ala Phe Ser Leu Asp Val Ser Glu Lys Ser
                165                 170                 175

Gly Asn Phe Lys His Leu Arg Glu Phe Val Phe Lys Asn Lys Asp Gly
            180                 185                 190

Phe Leu Tyr Val Tyr Lys Gly Tyr Gln Pro Ile Asp Val Val Arg Asp
        195                 200                 205

Leu Pro Ser Gly Phe Asn Thr Leu Lys Pro Ile Phe Lys Leu Pro Leu
    210                 215                 220

Gly Ile Asn Ile Thr Asn Phe Arg Ala Ile Leu Thr Ala Phe Ser Pro
225                 230                 235                 240

Ala Gln Asp Ile Trp Gly Thr Ser Ala Ala Ala Tyr Phe Val Gly Tyr
                245                 250                 255

Leu Lys Pro Thr Thr Phe Met Leu Lys Tyr Asp Glu Asn Gly Thr Ile



            260                 265                 270

Thr Asp Ala Val Asp Cys Ser Gln Asn Pro Leu Ala Glu Leu Lys Cys
        275                 280                 285

Ser Val Lys Ser Phe Glu Ile Asp Lys Gly Ile Tyr Gln Thr Ser Asn
    290                 295                 300

Phe Arg Val Val Pro Ser Gly Asp Val Val Arg Phe Pro Asn Ile Thr
305                 310                 315                 320

Asn Leu Cys Pro Phe Gly Glu Val Phe Asn Ala Thr Lys Phe Pro Ser
                325                 330                 335

Val Tyr Ala Trp Glu Arg Lys Lys Ile Ser Asn Cys Val Ala Asp Tyr
            340                 345                 350

Ser Val Leu Tyr Asn Ser Thr Phe Phe Ser Thr Phe Lys Cys Tyr Gly
        355                 360                 365

Val Ser Ala Thr Lys Leu Asn Asp Leu Cys Phe Ser Asn Val Tyr Ala
    370                 375                 380

Asp Ser Phe Val Val Lys Gly Asp Asp Val Arg Gln Ile Ala Pro Gly
385                 390                 395                 400

Gln Thr Gly Val Ile Ala Asp Tyr Asn Tyr Lys Leu Pro Asp Asp Phe
                405                 410                 415

Met Gly Cys Val Leu Ala Trp Asn Thr Arg Asn Ile Asp Ala Thr Ser
            420                 425                 430

Thr Gly Asn Tyr Asn Tyr Lys Tyr Arg Tyr Leu Arg His Gly Lys Leu
        435                 440                 445



Arg Pro Phe Glu Arg Asp Ile Ser Asn Val Pro Phe Ser Pro Asp Gly
    450                 455                 460

Lys Pro Cys Thr Pro Pro Ala Leu Asn Cys Tyr Trp Pro Leu Asn Asp
465                 470                 475                 480

Tyr Gly Phe Tyr Thr Thr Thr Gly Ile Gly Tyr Gln Pro Tyr Arg Val
                485                 490                 495

Val Val Leu Ser Phe Glu Leu Leu Asn Ala Pro Ala Thr Val Cys Gly
            500                 505                 510

Pro Lys Leu Ser Thr Asp Leu Ile Lys Asn Gln Cys Val Asn Phe Asn
        515                 520                 525

Phe Asn Gly Leu Thr Gly Thr Gly Val Leu Thr Pro Ser Ser Lys Arg
    530                 535                 540

Phe Gln Pro Phe Gln Gln Phe Gly Arg Asp Val Ser Asp Phe Thr Asp
545                 550                 555                 560

Ser Val Arg Asp Pro Lys Thr Ser Glu Ile Leu Asp Ile Ser Pro Cys
                565                 570                 575

Ser Phe Gly Gly Val Ser Val Ile Thr Pro Gly Thr Asn Ala Ser Ser
            580                 585                 590

Glu Val Ala Val Leu Tyr Gln Asp Val Asn Cys Thr Asp Val Ser Thr
        595                 600                 605

Ala Ile His Ala Asp Gln Leu Thr Pro Ala Trp Arg Ile Tyr Ser Thr
    610                 615                 620



Gly Asn Asn Val Phe Gln Thr Gln Ala Gly Cys Leu Ile Gly Ala Glu
625                 630                 635                 640

His Val Asp Thr Ser Tyr Glu Cys Asp Ile Pro Ile Gly Ala Gly Ile
                645                 650                 655

Cys Ala Ser Tyr His Thr Val Ser Leu Leu Arg Ser Thr Ser Gln Lys
            660                 665                 670

Ser Ile Val Ala Tyr Thr Met Ser Leu Gly Ala Asp Ser Ser Ile Ala
        675                 680                 685

Tyr Ser Asn Asn Thr Ile Ala Ile Pro Thr Asn Phe Ser Ile Ser Ile
    690                 695                 700

Thr Thr Glu Val Met Pro Val Ser Met Ala Lys Thr Ser Val Asp Cys
705                 710                 715                 720

Asn Met Tyr Ile Cys Gly Asp Ser Thr Glu Cys Ala Asn Leu Leu Leu
                725                 730                 735

Gln Tyr Gly Ser Phe Cys Thr Gln Leu Asn Arg Ala Leu Ser Gly Ile
            740                 745                 750

Ala Ala Glu Gln Asp Arg Asn Thr Arg Glu Val Phe Ala Gln Val Lys
        755                 760                 765

Gln Met Tyr Lys Thr Pro Thr Leu Lys Tyr Phe Gly Gly Phe Asn Phe
    770                 775                 780

Ser Gln Ile Leu Pro Asp Pro Leu Lys Pro Thr Lys Arg Ser Phe Ile
785                 790                 795                 800



Glu Asp Leu Leu Phe Asn Lys Val Thr Leu Ala Asp Ala Gly Phe Met
                805                 810                 815

Lys Gln Tyr Gly Glu Cys Leu Gly Asp Ile Asn Ala Arg Asp Leu Ile
            820                 825                 830

Cys Ala Gln Lys Phe Asn Gly Leu Thr Val Leu Pro Pro Leu Leu Thr
        835                 840                 845

Asp Asp Met Ile Ala Ala Tyr Thr Ala Ala Leu Val Ser Gly Thr Ala
    850                 855                 860

Thr Ala Gly Trp Thr Phe Gly Ala Gly Ala Ala Leu Gln Ile Pro Phe
865                 870                 875                 880

Ala Met Gln Met Ala Tyr Arg Phe Asn Gly Ile Gly Val Thr Gln Asn
                885                 890                 895

Val Leu Tyr Glu Asn Gln Lys Gln Ile Ala Asn Gln Phe Asn Lys Ala
            900                 905                 910

Ile Ser Gln Ile Gln Glu Ser Leu Thr Thr Thr Ser Thr Ala Leu Gly
        915                 920                 925

Lys Leu Gln Asp Val Val Asn Gln Asn Ala Gln Ala Leu Asn Thr Leu
    930                 935                 940

Val Lys Gln Leu Ser Ser Asn Phe Gly Ala Ile Ser Ser Val Leu Asn
945                 950                 955                 960

Asp Ile Leu Ser Arg Leu Asp Lys Val Glu Ala Glu Val Gln Ile Asp
                965                 970                 975

Arg Leu Ile Thr Gly Arg Leu Gln Ser Leu Gln Thr Tyr Val Thr Gln



            980                 985                 990

Gln Leu Ile Arg Ala Ala Glu Ile  Arg Ala Ser Ala Asn  Leu Ala Ala
        995                 1000                 1005

Thr Lys  Met Ser Glu Cys Val  Leu Gly Gln Ser Lys  Arg Val Asp
    1010                 1015                 1020

Phe Cys  Gly Lys Gly Tyr His  Leu Met Ser Phe Pro  Gln Ala Ala
    1025                 1030                 1035

Pro His  Gly Val Val Phe Leu  His Val Thr Tyr Val  Pro Ser Gln
    1040                 1045                 1050

Glu Arg  Asn Phe Thr Thr Ala  Pro Ala Ile Cys His  Glu Gly Lys
    1055                 1060                 1065

Ala Tyr  Phe Pro Arg Glu Gly  Val Phe Val Phe Asn  Gly Thr Ser
    1070                 1075                 1080

Trp Phe  Ile Thr Gln Arg Asn  Phe Phe Ser Pro Gln  Ile Ile Thr
    1085                 1090                 1095

Thr Asp  Asn Thr Phe Val Ser  Gly Asn Cys Asp Val  Val Ile Gly
    1100                 1105                 1110

Ile Ile  Asn Asn Thr Val Tyr  Asp Pro Leu Gln Pro  Glu Leu Asp
    1115                 1120                 1125

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

Pro Asp  Val Asp Leu Gly Asp  Ile Ser Gly Ile Asn  Ala Ser Val
    1145                 1150                 1155



Val Asn  Ile Gln Lys Glu Ile  Asp Arg Leu Asn Glu  Val Ala Lys
    1160                 1165                 1170

Asn Leu  Asn Glu Ser Leu Ile  Asp Leu Gln Glu Leu  Gly Lys Tyr
    1175                 1180                 1185

Glu Gln  Tyr Ile Lys Trp Pro  Trp Tyr Val Trp Leu  Gly Phe Ile
    1190                 1195                 1200

Ala Gly  Leu Ile Ala Ile Val  Met Val Thr Ile Leu  Leu Cys Cys
    1205                 1210                 1215

Met Thr  Ser Cys Cys Ser Cys  Leu Lys Gly Ala Cys  Ser Cys Gly
    1220                 1225                 1230

Ser Cys  Cys Lys Phe Asp Glu  Asp Asp Ser Glu Pro  Val Leu Lys
    1235                 1240                 1245

Gly Val  Lys Leu His Tyr Thr
    1250                 1255

<210>  70
<211>  1353
<212>  PRT
<213>  Middle East respiratory syndrome-related coronavirus

<400>  70

Met Ile His Ser Val Phe Leu Leu Met Phe Leu Leu Thr Pro Thr Glu
1               5                   10                  15

Ser Tyr Val Asp Val Gly Pro Asp Ser Ile Lys Ser Ala Cys Ile Glu
            20                  25                  30



Val Asp Ile Gln Gln Thr Phe Phe Asp Lys Thr Trp Pro Arg Pro Ile
        35                  40                  45

Asp Val Ser Lys Ala Asp Gly Ile Ile Tyr Pro Gln Gly Arg Thr Tyr
    50                  55                  60

Ser Asn Ile Thr Ile Thr Tyr Gln Gly Leu Phe Pro Tyr Gln Gly Asp
65                  70                  75                  80

His Gly Asp Met Tyr Val Tyr Ser Ala Gly His Ala Thr Gly Thr Thr
                85                  90                  95

Pro Gln Lys Leu Phe Val Ala Asn Tyr Ser Gln Asp Val Lys Gln Phe
            100                 105                 110

Ala Asn Gly Phe Val Val Arg Ile Gly Ala Ala Ala Asn Ser Thr Gly
        115                 120                 125

Thr Val Ile Ile Ser Pro Ser Thr Ser Ala Thr Ile Arg Lys Ile Tyr
    130                 135                 140

Pro Ala Phe Met Leu Gly Ser Ser Val Gly Asn Phe Ser Asp Gly Lys
145                 150                 155                 160

Met Gly Arg Phe Phe Asn His Thr Leu Val Leu Leu Pro Asp Gly Cys
                165                 170                 175

Gly Thr Leu Leu Arg Ala Phe Tyr Cys Ile Leu Glu Pro Arg Ser Gly
            180                 185                 190

Asn His Cys Pro Ala Gly Asn Ser Tyr Thr Ser Phe Ala Thr Tyr His
        195                 200                 205

Thr Pro Ala Thr Asp Cys Ser Asp Gly Asn Tyr Asn Arg Asn Ala Ser



    210                 215                 220

Leu Asn Ser Phe Lys Glu Tyr Phe Asn Leu Arg Asn Cys Thr Phe Met
225                 230                 235                 240

Tyr Thr Tyr Asn Ile Thr Glu Asp Glu Ile Leu Glu Trp Phe Gly Ile
                245                 250                 255

Thr Gln Thr Ala Gln Gly Val His Leu Phe Ser Ser Arg Tyr Val Asp
            260                 265                 270

Leu Tyr Gly Gly Asn Met Phe Gln Phe Ala Thr Leu Pro Val Tyr Asp
        275                 280                 285

Thr Ile Lys Tyr Tyr Ser Ile Ile Pro His Ser Ile Arg Ser Ile Gln
    290                 295                 300

Ser Asp Arg Lys Ala Trp Ala Ala Phe Tyr Val Tyr Lys Leu Gln Pro
305                 310                 315                 320

Leu Thr Phe Leu Leu Asp Phe Ser Val Asp Gly Tyr Ile Arg Arg Ala
                325                 330                 335

Ile Asp Cys Gly Phe Asn Asp Leu Ser Gln Leu His Cys Ser Tyr Glu
            340                 345                 350

Ser Phe Asp Val Glu Ser Gly Val Tyr Ser Val Ser Ser Phe Glu Ala
        355                 360                 365

Lys Pro Ser Gly Ser Val Val Glu Gln Ala Glu Gly Val Glu Cys Asp
    370                 375                 380

Phe Ser Pro Leu Leu Ser Gly Thr Pro Pro Gln Val Tyr Asn Phe Lys
385                 390                 395                 400



Arg Leu Val Phe Thr Asn Cys Asn Tyr Asn Leu Thr Lys Leu Leu Ser
                405                 410                 415

Leu Phe Ser Val Asn Asp Phe Thr Cys Ser Gln Ile Ser Pro Ala Ala
            420                 425                 430

Ile Ala Ser Asn Cys Tyr Ser Ser Leu Ile Leu Asp Tyr Phe Ser Tyr
        435                 440                 445

Pro Leu Ser Met Lys Ser Asp Leu Ser Val Ser Ser Ala Gly Pro Ile
    450                 455                 460

Ser Gln Phe Asn Tyr Lys Gln Ser Phe Ser Asn Pro Thr Cys Leu Ile
465                 470                 475                 480

Leu Ala Thr Val Pro His Asn Leu Thr Thr Ile Thr Lys Pro Leu Lys
                485                 490                 495

Tyr Ser Tyr Ile Asn Lys Cys Ser Arg Leu Leu Ser Asp Asp Arg Thr
            500                 505                 510

Glu Val Pro Gln Leu Val Asn Ala Asn Gln Tyr Ser Pro Cys Val Ser
        515                 520                 525

Ile Val Pro Ser Thr Val Trp Glu Asp Gly Asp Tyr Tyr Arg Lys Gln
    530                 535                 540

Leu Ser Pro Leu Glu Gly Gly Gly Trp Leu Val Ala Ser Gly Ser Thr
545                 550                 555                 560

Val Ala Met Thr Glu Gln Leu Gln Met Gly Phe Gly Ile Thr Val Gln
                565                 570                 575



Tyr Gly Thr Asp Thr Asn Ser Val Cys Pro Lys Leu Glu Phe Ala Asn
            580                 585                 590

Asp Thr Lys Ile Ala Ser Gln Leu Gly Asn Cys Val Glu Tyr Ser Leu
        595                 600                 605

Tyr Gly Val Ser Gly Arg Gly Val Phe Gln Asn Cys Thr Ala Val Gly
    610                 615                 620

Val Arg Gln Gln Arg Phe Val Tyr Asp Ala Tyr Gln Asn Leu Val Gly
625                 630                 635                 640

Tyr Tyr Ser Asp Asp Gly Asn Tyr Tyr Cys Leu Arg Ala Cys Val Ser
                645                 650                 655

Val Pro Val Ser Val Ile Tyr Asp Lys Glu Thr Lys Thr His Ala Thr
            660                 665                 670

Leu Phe Gly Ser Val Ala Cys Glu His Ile Ser Ser Thr Met Ser Gln
        675                 680                 685

Tyr Ser Arg Ser Thr Arg Ser Met Leu Lys Arg Arg Asp Ser Thr Tyr
    690                 695                 700

Gly Pro Leu Gln Thr Pro Val Gly Cys Val Leu Gly Leu Val Asn Ser
705                 710                 715                 720

Ser Leu Phe Val Glu Asp Cys Lys Leu Pro Leu Gly Gln Ser Leu Cys
                725                 730                 735

Ala Leu Pro Asp Thr Pro Ser Thr Leu Thr Pro Arg Ser Val Arg Ser
            740                 745                 750



Val Pro Gly Glu Met Arg Leu Ala Ser Ile Ala Phe Asn His Pro Ile
        755                 760                 765

Gln Val Asp Gln Leu Asn Ser Ser Tyr Phe Lys Leu Ser Ile Pro Thr
    770                 775                 780

Asn Phe Ser Phe Gly Val Thr Gln Glu Tyr Ile Gln Thr Thr Ile Gln
785                 790                 795                 800

Lys Val Thr Val Asp Cys Lys Gln Tyr Val Cys Asn Gly Phe Gln Lys
                805                 810                 815

Cys Glu Gln Leu Leu Arg Glu Tyr Gly Gln Phe Cys Ser Lys Ile Asn
            820                 825                 830

Gln Ala Leu His Gly Ala Asn Leu Arg Gln Asp Asp Ser Val Arg Asn
        835                 840                 845

Leu Phe Ala Ser Val Lys Ser Ser Gln Ser Ser Pro Ile Ile Pro Gly
    850                 855                 860

Phe Gly Gly Asp Phe Asn Leu Thr Leu Leu Glu Pro Val Ser Ile Ser
865                 870                 875                 880

Thr Gly Ser Arg Ser Ala Arg Ser Ala Ile Glu Asp Leu Leu Phe Asp
                885                 890                 895

Lys Val Thr Ile Ala Asp Pro Gly Tyr Met Gln Gly Tyr Asp Asp Cys
            900                 905                 910

Met Gln Gln Gly Pro Ala Ser Ala Arg Asp Leu Ile Cys Ala Gln Tyr
        915                 920                 925

Val Ala Gly Tyr Lys Val Leu Pro Pro Leu Met Asp Val Asn Met Glu



    930                 935                 940

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

Thr Ala Gly Leu Ser Ser Phe Ala Ala Ile Pro Phe Ala Gln Ser Ile
                965                 970                 975

Phe Tyr Arg Leu Asn Gly Val Gly Ile Thr Gln Gln Val Leu Ser Glu
            980                 985                 990

Asn Gln Lys Leu Ile Ala Asn Lys  Phe Asn Gln Ala Leu  Gly Ala Met
        995                 1000                 1005

Gln Thr  Gly Phe Thr Thr Thr  Asn Glu Ala Phe His  Lys Val Gln
    1010                 1015                 1020

Asp Ala  Val Asn Asn Asn Ala  Gln Ala Leu Ser Lys  Leu Ala Ser
    1025                 1030                 1035

Glu Leu  Ser Asn Thr Phe Gly  Ala Ile Ser Ala Ser  Ile Gly Asp
    1040                 1045                 1050

Ile Ile  Gln Arg Leu Asp Val  Leu Glu Gln Asp Ala  Gln Ile Asp
    1055                 1060                 1065

Arg Leu  Ile Asn Gly Arg Leu  Thr Thr Leu Asn Ala  Phe Val Ala
    1070                 1075                 1080

Gln Gln  Leu Val Arg Ser Glu  Ser Ala Ala Leu Ser  Ala Gln Leu
    1085                 1090                 1095

Ala Lys  Asp Lys Val Asn Glu  Cys Val Lys Ala Gln  Ser Lys Arg
    1100                 1105                 1110



Ser Gly  Phe Cys Gly Gln Gly  Thr His Ile Val Ser  Phe Val Val
    1115                 1120                 1125

Asn Ala  Pro Asn Gly Leu Tyr  Phe Met His Val Gly  Tyr Tyr Pro
    1130                 1135                 1140

Ser Asn  His Ile Glu Val Val  Ser Ala Tyr Gly Leu  Cys Asp Ala
    1145                 1150                 1155

Ala Asn  Pro Thr Asn Cys Ile  Ala Pro Val Asn Gly  Tyr Phe Ile
    1160                 1165                 1170

Lys Thr  Asn Asn Thr Arg Ile  Val Asp Glu Trp Ser  Tyr Thr Gly
    1175                 1180                 1185

Ser Ser  Phe Tyr Ala Pro Glu  Pro Ile Thr Ser Leu  Asn Thr Lys
    1190                 1195                 1200

Tyr Val  Ala Pro Gln Val Thr  Tyr Gln Asn Ile Ser  Thr Asn Leu
    1205                 1210                 1215

Pro Pro  Pro Leu Leu Gly Asn  Ser Thr Gly Ile Asp  Phe Gln Asp
    1220                 1225                 1230

Glu Leu  Asp Glu Phe Phe Lys  Asn Val Ser Thr Ser  Ile Pro Asn
    1235                 1240                 1245

Phe Gly  Ser Leu Thr Gln Ile  Asn Thr Thr Leu Leu  Asp Leu Thr
    1250                 1255                 1260

Tyr Glu  Met Leu Ser Leu Gln  Gln Val Val Lys Ala  Leu Asn Glu
    1265                 1270                 1275



Ser Tyr  Ile Asp Leu Lys Glu  Leu Gly Asn Tyr Thr  Tyr Tyr Asn
    1280                 1285                 1290

Lys Trp  Pro Trp Tyr Ile Trp  Leu Gly Phe Ile Ala  Gly Leu Val
    1295                 1300                 1305

Ala Leu  Ala Leu Cys Val Phe  Phe Ile Leu Cys Cys  Thr Gly Cys
    1310                 1315                 1320

Gly Thr  Asn Cys Met Gly Lys  Leu Lys Cys Asn Arg  Cys Cys Asp
    1325                 1330                 1335

Arg Tyr  Glu Glu Tyr Asp Leu  Glu Pro His Lys Val  His Val His
    1340                 1345                 1350

<210>  71
<211>  676
<212>  PRT
<213>  Zaire ebolavirus

<400>  71

Met Gly Val Thr Gly Ile Leu Gln Leu Pro Arg Asp Arg Phe Lys Arg
1               5                   10                  15

Thr Ser Phe Phe Leu Trp Val Ile Ile Leu Phe Gln Arg Thr Phe Ser
            20                  25                  30

Ile Pro Leu Gly Val Ile His Asn Ser Thr Leu Gln Val Ser Asp Val
        35                  40                  45

Asp Lys Leu Val Cys Arg Asp Lys Leu Ser Ser Thr Asn Gln Leu Arg
    50                  55                  60

Ser Val Gly Leu Asn Leu Glu Gly Asn Gly Val Ala Thr Asp Val Pro



65                  70                  75                  80

Ser Ala Thr Lys Arg Trp Gly Phe Arg Ser Gly Val Pro Pro Lys Val
                85                  90                  95

Val Asn Tyr Glu Ala Gly Glu Trp Ala Glu Asn Cys Tyr Asn Leu Glu
            100                 105                 110

Ile Lys Lys Pro Asp Gly Ser Glu Cys Leu Pro Ala Ala Pro Asp Gly
        115                 120                 125

Ile Arg Gly Phe Pro Arg Cys Arg Tyr Val His Lys Val Ser Gly Thr
    130                 135                 140

Gly Pro Cys Ala Gly Asp Phe Ala Phe His Lys Glu Gly Ala Phe Phe
145                 150                 155                 160

Leu Tyr Asp Arg Leu Ala Ser Thr Val Ile Tyr Arg Gly Thr Thr Phe
                165                 170                 175

Ala Glu Gly Val Val Ala Phe Leu Ile Leu Pro Gln Ala Lys Lys Asp
            180                 185                 190

Phe Phe Ser Ser His Pro Leu Arg Glu Pro Val Asn Ala Thr Glu Asp
        195                 200                 205

Pro Ser Ser Gly Tyr Tyr Ser Thr Thr Ile Arg Tyr Gln Ala Thr Gly
    210                 215                 220

Phe Gly Thr Asn Glu Thr Glu Tyr Leu Phe Glu Val Asp Asn Leu Thr
225                 230                 235                 240

Tyr Val Gln Leu Glu Ser Arg Phe Thr Pro Gln Phe Leu Leu Gln Leu
                245                 250                 255



Asn Glu Thr Ile Tyr Thr Ser Gly Lys Arg Ser Asn Thr Thr Gly Lys
            260                 265                 270

Leu Ile Trp Lys Val Asn Pro Glu Ile Asp Thr Thr Ile Gly Glu Trp
        275                 280                 285

Ala Phe Trp Glu Thr Lys Lys Asn Leu Thr Arg Lys Ile Arg Ser Glu
    290                 295                 300

Glu Leu Ser Phe Thr Val Val Ser Asn Gly Ala Lys Asn Ile Ser Gly
305                 310                 315                 320

Gln Ser Pro Ala Arg Thr Ser Ser Asp Pro Gly Thr Asn Thr Thr Thr
                325                 330                 335

Glu Asp His Lys Ile Met Ala Ser Glu Asn Ser Ser Ala Met Val Gln
            340                 345                 350

Val His Ser Gln Gly Arg Glu Ala Ala Val Ser His Leu Thr Thr Leu
        355                 360                 365

Ala Thr Ile Ser Thr Ser Pro Gln Ser Leu Thr Thr Lys Pro Gly Pro
    370                 375                 380

Asp Asn Ser Thr His Asn Thr Pro Val Tyr Lys Leu Asp Ile Ser Glu
385                 390                 395                 400

Ala Thr Gln Val Glu Gln His His Arg Arg Thr Asp Asn Asp Ser Thr
                405                 410                 415

Ala Ser Asp Thr Pro Ser Ala Thr Thr Ala Ala Gly Pro Pro Lys Ala
            420                 425                 430



Glu Asn Thr Asn Thr Ser Lys Ser Thr Asp Phe Leu Asp Pro Ala Thr
        435                 440                 445

Thr Thr Ser Pro Gln Asn His Ser Glu Thr Ala Gly Asn Asn Asn Thr
    450                 455                 460

His His Gln Asp Thr Gly Glu Glu Ser Ala Ser Ser Gly Lys Leu Gly
465                 470                 475                 480

Leu Ile Thr Asn Thr Ile Ala Gly Val Ala Gly Leu Ile Thr Gly Gly
                485                 490                 495

Arg Arg Thr Arg Arg Glu Ala Ile Val Asn Ala Gln Pro Lys Cys Asn
            500                 505                 510

Pro Asn Leu His Tyr Trp Thr Thr Gln Asp Glu Gly Ala Ala Ile Gly
        515                 520                 525

Leu Ala Trp Ile Pro Tyr Phe Gly Pro Ala Ala Glu Gly Ile Tyr Ile
    530                 535                 540

Glu Gly Leu Met His Asn Gln Asp Gly Leu Ile Cys Gly Leu Arg Gln
545                 550                 555                 560

Leu Ala Asn Glu Thr Thr Gln Ala Leu Gln Leu Phe Leu Arg Ala Thr
                565                 570                 575

Thr Glu Leu Arg Thr Phe Ser Ile Leu Asn Arg Lys Ala Ile Asp Phe
            580                 585                 590

Leu Leu Gln Arg Trp Gly Gly Thr Cys His Ile Leu Gly Pro Asp Cys
        595                 600                 605



Cys Ile Glu Pro His Asp Trp Thr Lys Asn Ile Thr Asp Lys Ile Asp
    610                 615                 620

Gln Ile Ile His Asp Phe Val Asp Lys Thr Leu Pro Asp Gln Gly Asp
625                 630                 635                 640

Asn Asp Asn Trp Trp Thr Gly Trp Arg Gln Trp Ile Pro Ala Gly Ile
                645                 650                 655

Gly Val Thr Gly Val Ile Ile Ala Val Ile Ala Leu Phe Cys Ile Cys
            660                 665                 670

Lys Phe Val Phe
        675

<210>  72
<211>  681
<212>  PRT
<213>  Lake Victoria marburgvirus

<400>  72

Met Lys Thr Thr Cys Phe Leu Ile Ser Leu Ile Leu Ile Gln Gly Thr
1               5                   10                  15

Lys Asn Leu Pro Ile Leu Glu Ile Ala Ser Asn Asn Gln Pro Gln Asn
            20                  25                  30

Val Asp Ser Val Cys Ser Gly Thr Leu Gln Lys Thr Glu Asp Val His
        35                  40                  45

Leu Met Gly Phe Thr Leu Ser Gly Gln Lys Val Ala Asp Ser Pro Leu
    50                  55                  60

Glu Ala Ser Lys Arg Trp Ala Phe Arg Thr Gly Val Pro Pro Lys Asn
65                  70                  75                  80



Val Glu Tyr Thr Glu Gly Glu Glu Ala Lys Thr Cys Tyr Asn Ile Ser
                85                  90                  95

Val Thr Asp Pro Ser Gly Lys Ser Leu Leu Leu Asp Pro Pro Thr Asn
            100                 105                 110

Ile Arg Asp Tyr Pro Lys Cys Lys Thr Ile His His Ile Gln Gly Gln
        115                 120                 125

Asn Pro His Ala Gln Gly Ile Ala Leu His Leu Trp Gly Ala Phe Phe
    130                 135                 140

Leu Tyr Asp Arg Ile Ala Ser Thr Thr Met Tyr Arg Gly Lys Val Phe
145                 150                 155                 160

Thr Glu Gly Asn Ile Ala Ala Met Ile Val Asn Lys Thr Val His Lys
                165                 170                 175

Met Ile Phe Ser Arg Gln Gly Gln Gly Tyr Arg His Met Asn Leu Thr
            180                 185                 190

Ser Thr Asn Lys Tyr Trp Thr Ser Ser Asn Gly Thr Gln Thr Asn Asp
        195                 200                 205

Thr Gly Cys Phe Gly Ala Leu Gln Glu Tyr Asn Ser Thr Lys Asn Gln
    210                 215                 220

Thr Cys Ala Pro Ser Lys Ile Pro Pro Pro Leu Pro Thr Ala Arg Pro
225                 230                 235                 240

Glu Ile Lys Leu Thr Ser Thr Pro Thr Asp Ala Thr Lys Leu Asn Thr
                245                 250                 255



Thr Asp Pro Ser Ser Asp Asp Glu Asp Leu Ala Thr Ser Gly Ser Gly
            260                 265                 270

Ser Gly Glu Arg Glu Pro His Thr Thr Ser Asp Ala Val Thr Lys Gln
        275                 280                 285

Gly Leu Ser Ser Thr Met Pro Pro Thr Pro Ser Pro Gln Pro Ser Thr
    290                 295                 300

Pro Gln Gln Gly Gly Asn Asn Thr Asn His Ser Gln Asp Ala Val Thr
305                 310                 315                 320

Glu Leu Asp Lys Asn Asn Thr Thr Ala Gln Pro Ser Met Pro Pro His
                325                 330                 335

Asn Thr Thr Thr Ile Ser Thr Asn Asn Thr Ser Lys His Asn Phe Ser
            340                 345                 350

Thr Leu Ser Ala Pro Leu Gln Asn Thr Thr Asn Asp Asn Thr Gln Ser
        355                 360                 365

Thr Ile Thr Glu Asn Glu Gln Thr Ser Ala Pro Ser Ile Thr Thr Leu
    370                 375                 380

Pro Pro Thr Gly Asn Pro Thr Thr Ala Lys Ser Thr Ser Ser Lys Lys
385                 390                 395                 400

Gly Pro Ala Thr Thr Ala Pro Asn Thr Thr Asn Glu His Phe Thr Ser
                405                 410                 415

Pro Pro Pro Thr Pro Ser Ser Thr Ala Gln His Leu Val Tyr Phe Arg
            420                 425                 430



Arg Lys Arg Ser Ile Leu Trp Arg Glu Gly Asp Met Phe Pro Phe Leu
        435                 440                 445

Asp Gly Leu Ile Asn Ala Pro Ile Asp Phe Asp Pro Val Pro Asn Thr
    450                 455                 460

Lys Thr Ile Phe Asp Glu Ser Ser Ser Ser Gly Ala Ser Ala Glu Glu
465                 470                 475                 480

Asp Gln His Ala Ser Pro Asn Ile Ser Leu Thr Leu Ser Tyr Phe Pro
                485                 490                 495

Asn Ile Asn Glu Asn Thr Ala Tyr Ser Gly Glu Asn Glu Asn Asp Cys
            500                 505                 510

Asp Ala Glu Leu Arg Ile Trp Ser Val Gln Glu Asp Asp Leu Ala Ala
        515                 520                 525

Gly Leu Ser Trp Ile Pro Phe Phe Gly Pro Gly Ile Glu Gly Leu Tyr
    530                 535                 540

Thr Ala Val Leu Ile Lys Asn Gln Asn Asn Leu Val Cys Arg Leu Arg
545                 550                 555                 560

Arg Leu Ala Asn Gln Thr Ala Lys Ser Leu Glu Leu Leu Leu Arg Val
                565                 570                 575

Thr Thr Glu Glu Arg Thr Phe Ser Leu Ile Asn Arg His Ala Ile Asp
            580                 585                 590

Phe Leu Leu Thr Arg Trp Gly Gly Thr Cys Lys Val Leu Gly Pro Asp
        595                 600                 605

Cys Cys Ile Gly Ile Glu Asp Leu Ser Lys Asn Ile Ser Glu Gln Ile



    610                 615                 620

Asp Gln Ile Lys Lys Asp Glu Gln Lys Glu Gly Thr Gly Trp Gly Leu
625                 630                 635                 640

Gly Gly Lys Trp Trp Thr Ser Asp Trp Gly Val Leu Thr Asn Leu Gly
                645                 650                 655

Ile Leu Leu Leu Leu Ser Ile Ala Val Leu Ile Ala Leu Ser Cys Ile
            660                 665                 670

Cys Arg Ile Phe Thr Lys Tyr Ile Gly
        675                 680

<210>  73
<211>  630
<212>  PRT
<213>  Hanta virus

<400>  73

Leu Arg Asn Val Tyr Asp Met Lys Ile Glu Cys Pro His Thr Val Ser
1               5                   10                  15

Phe Gly Glu Asn Ser Val Ile Gly Tyr Val Glu Leu Pro Pro Val Pro
            20                  25                  30

Leu Ala Asp Thr Ala Gln Met Val Pro Glu Ser Ser Cys Asn Met Asp
        35                  40                  45

Asn His Gln Ser Leu Asn Thr Ile Thr Lys Tyr Thr Gln Val Ser Trp
    50                  55                  60

Arg Gly Lys Ala Asp Gln Ser Gln Ser Ser Gln Asn Ser Phe Glu Thr
65                  70                  75                  80



Val Ser Thr Glu Val Asp Leu Lys Gly Thr Cys Val Leu Lys His Lys
                85                  90                  95

Met Val Glu Glu Ser Tyr Arg Ser Arg Lys Ser Val Thr Cys Tyr Asp
            100                 105                 110

Leu Ser Cys Asn Ser Thr Tyr Cys Lys Pro Thr Leu Tyr Met Ile Val
        115                 120                 125

Pro Ile His Ala Cys Asn Met Met Lys Ser Cys Leu Ile Ala Leu Gly
    130                 135                 140

Pro Tyr Arg Val Gln Val Val Tyr Glu Arg Ser Tyr Cys Met Thr Gly
145                 150                 155                 160

Val Leu Ile Glu Gly Lys Cys Phe Val Pro Asp Gln Ser Val Val Ser
                165                 170                 175

Ile Ile Lys His Gly Ile Phe Asp Ile Ala Ser Val His Ile Val Cys
            180                 185                 190

Phe Phe Val Ala Val Lys Gly Asn Thr Tyr Lys Ile Phe Glu Gln Val
        195                 200                 205

Lys Lys Ser Phe Glu Ser Thr Cys Asn Asp Thr Glu Asn Lys Val Gln
    210                 215                 220

Gly Tyr Tyr Ile Cys Ile Val Gly Gly Asn Ser Ala Pro Ile Tyr Val
225                 230                 235                 240

Pro Thr Leu Asp Asp Phe Arg Ser Met Glu Ala Phe Thr Gly Ile Phe
                245                 250                 255



Arg Ser Pro His Gly Glu Asp His Asp Leu Ala Gly Glu Glu Ile Ala
            260                 265                 270

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

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

Ser Ser Leu Ser Ile Leu Thr Ser Ser Thr Glu Ala Lys His Val Phe
305                 310                 315                 320

Ser Pro Gly Leu Phe Pro Lys Leu Asn His Thr Asn Cys Asp Lys Ser
                325                 330                 335

Ala Ile Pro Leu Ile Trp Thr Gly Met Ile Asp Leu Pro Gly Tyr Tyr
            340                 345                 350

Glu Ala Val His Pro Cys Thr Val Phe Cys Val Leu Ser Gly Pro Gly
        355                 360                 365

Ala Ser Cys Glu Ala Phe Ser Glu Gly Gly Ile Phe Asn Ile Thr Ser
    370                 375                 380

Pro Met Cys Leu Val Ser Lys Gln Asn Arg Phe Arg Leu Thr Glu Gln
385                 390                 395                 400

Gln Val Asn Phe Val Cys Gln Arg Val Asp Met Asp Ile Val Val Tyr
                405                 410                 415

Cys Asn Gly Gln Arg Lys Val Ile Leu Thr Lys Thr Leu Val Ile Gly
            420                 425                 430

Gln Cys Ile Tyr Thr Ile Thr Ser Leu Phe Ser Leu Leu Pro Gly Val



        435                 440                 445

Ala His Ser Ile Ala Val Glu Leu Cys Val Pro Gly Phe His Gly Trp
    450                 455                 460

Ala Thr Ala Ala Leu Leu Val Thr Phe Cys Phe Gly Trp Val Leu Ile
465                 470                 475                 480

Pro Ala Ile Thr Phe Ile Ile Leu Thr Val Leu Lys Phe Ile Ala Asn
                485                 490                 495

Ile Phe His Thr Ser Asn Gln Glu Asn Arg Leu Lys Ser Val Leu Arg
            500                 505                 510

Lys Ile Lys Glu Glu Phe Glu Lys Thr Lys Gly Ser Met Val Cys Asp
        515                 520                 525

Val Cys Lys Tyr Glu Cys Glu Thr Tyr Lys Glu Leu Lys Ala His Gly
    530                 535                 540

Val Ser Cys Pro Gln Ser Gln Cys Pro Tyr Cys Phe Thr His Cys Glu
545                 550                 555                 560

Pro Thr Glu Ala Ala Phe Gln Ala His Tyr Lys Val Cys Gln Val Thr
                565                 570                 575

His Arg Phe Arg Asp Asp Leu Lys Lys Thr Val Thr Pro Gln Asn Phe
            580                 585                 590

Thr Pro Gly Cys Tyr Arg Thr Leu Asn Leu Phe Arg Tyr Lys Ser Arg
        595                 600                 605

Cys Tyr Ile Phe Thr Met Trp Ile Phe Leu Leu Val Leu Glu Ser Ile
    610                 615                 620



Leu Trp Ala Ala Ser Ala
625                 630

<210>  74
<211>  487
<212>  PRT
<213>  Hanta virus

<400>  74

Ser Glu Thr Pro Leu Thr Pro Val Trp Asn Asp Asn Ala His Gly Val
1               5                   10                  15

Gly Ser Val Pro Met His Thr Asp Leu Glu Leu Asp Phe Ser Leu Thr
            20                  25                  30

Ser Ser Ser Lys Tyr Thr Tyr Arg Arg Lys Leu Thr Asn Pro Leu Glu
        35                  40                  45

Glu Ala Gln Ser Ile Asp Leu His Ile Glu Ile Glu Glu Gln Thr Ile
    50                  55                  60

Gly Val Asp Val His Ala Leu Gly His Trp Phe Asp Gly Arg Leu Asn
65                  70                  75                  80

Leu Lys Thr Ser Phe His Cys Tyr Gly Ala Cys Thr Lys Tyr Glu Tyr
                85                  90                  95

Pro Trp His Thr Ala Lys Cys His Tyr Glu Arg Asp Tyr Gln Tyr Glu
            100                 105                 110

Thr Ser Trp Gly Cys Asn Pro Ser Asp Cys Pro Gly Val Gly Thr Gly
        115                 120                 125



Cys Thr Ala Cys Gly Leu Tyr Leu Asp Gln Leu Lys Pro Val Gly Ser
    130                 135                 140

Ala Tyr Lys Ile Ile Thr Ile Arg Tyr Ser Arg Arg Val Cys Val Gln
145                 150                 155                 160

Phe Gly Glu Glu Asn Leu Cys Lys Ile Ile Asp Met Asn Asp Cys Phe
                165                 170                 175

Val Ser Arg His Val Lys Val Cys Ile Ile Gly Thr Val Ser Lys Phe
            180                 185                 190

Ser Gln Gly Asp Thr Leu Leu Phe Phe Gly Pro Leu Glu Gly Gly Gly
        195                 200                 205

Leu Ile Phe Lys His Trp Cys Thr Ser Thr Cys Gln Phe Gly Asp Pro
    210                 215                 220

Gly Asp Ile Met Ser Pro Arg Asp Lys Gly Phe Leu Cys Pro Glu Phe
225                 230                 235                 240

Pro Gly Ser Phe Arg Lys Lys Cys Asn Phe Ala Thr Thr Pro Ile Cys
                245                 250                 255

Glu Tyr Asp Gly Asn Met Val Ser Gly Tyr Lys Lys Val Met Ala Thr
            260                 265                 270

Ile Asp Ser Phe Gln Ser Phe Asn Thr Ser Thr Met His Phe Thr Asp
        275                 280                 285

Glu Arg Ile Glu Trp Lys Asp Pro Asp Gly Met Leu Arg Asp His Ile
    290                 295                 300

Asn Ile Leu Val Thr Lys Asp Ile Asp Phe Asp Asn Leu Gly Glu Asn



305                 310                 315                 320

Pro Cys Lys Ile Gly Leu Gln Thr Ser Ser Ile Glu Gly Ala Trp Gly
                325                 330                 335

Ser Gly Val Gly Phe Thr Leu Thr Cys Leu Val Ser Leu Thr Glu Cys
            340                 345                 350

Pro Thr Phe Leu Thr Ser Ile Lys Ala Cys Asp Lys Ala Ile Cys Tyr
        355                 360                 365

Gly Ala Glu Ser Val Thr Leu Thr Arg Gly Gln Asn Thr Val Lys Val
    370                 375                 380

Ser Gly Lys Gly Gly His Ser Gly Ser Thr Phe Arg Cys Cys His Gly
385                 390                 395                 400

Glu Asp Cys Ser Gln Ile Gly Leu His Ala Ala Ala Pro His Leu Asp
                405                 410                 415

Lys Val Asn Gly Ile Ser Glu Ile Glu Asn Ser Lys Val Tyr Asp Asp
            420                 425                 430

Gly Ala Pro Gln Cys Gly Ile Lys Cys Trp Phe Val Lys Ser Gly Glu
        435                 440                 445

Trp Ile Ser Gly Ile Phe Ser Gly Asn Trp Ile Val Leu Ile Val Leu
    450                 455                 460

Cys Val Phe Leu Leu Phe Ser Leu Val Leu Leu Ser Ile Leu Cys Pro
465                 470                 475                 480

Val Arg Lys His Lys Lys Ser
                485



<210>  75
<211>  226
<212>  PRT
<213>  Hepatitis B

<400>  75

Met Glu Asn Ile Thr Ser Gly Phe Leu Gly Pro Leu Leu Val Leu Gln
1               5                   10                  15

Ala Gly Phe Phe Leu Leu Thr Lys Ile Leu Thr Ile Pro Gln Ser Leu
            20                  25                  30

Asn Ser Trp Trp Thr Ser Leu Ser Phe Leu Gly Gly Asn Thr Val Cys
        35                  40                  45

Leu Gly Gln Asn Ser Gln Ser Pro Thr Ser Asn His Ser Pro Thr Ser
    50                  55                  60

Cys Pro Pro Thr Cys Pro Gly Tyr Arg Trp Met Cys Leu Arg Arg Phe
65                  70                  75                  80

Ile Ile Phe Leu Phe Ile Leu Leu Leu Cys Leu Ile Phe Leu Leu Val
                85                  90                  95

Leu Leu Asp Tyr Gln Gly Met Leu Pro Val Cys Pro Leu Ile Pro Gly
            100                 105                 110

Ser Ser Thr Thr Ser Thr Gly Pro Cys Arg Thr Cys Lys Thr Pro Ala
        115                 120                 125

Gln Gly Thr Ser Met Tyr Pro Ser Cys Cys Cys Thr Lys Pro Ser Asp
    130                 135                 140



Gly Asn Cys Thr Cys Ile Pro Ile Pro Ser Ser Trp Ala Phe Gly Lys
145                 150                 155                 160

Phe Leu Trp Glu Trp Ala Ser Ala Arg Phe Ser Trp Leu Ser Leu Ile
                165                 170                 175

Val Pro Phe Val Gln Trp Phe Val Gly Leu Ser Pro Thr Val Trp Leu
            180                 185                 190

Ser Val Ile Trp Met Met Trp Tyr Trp Gly Pro Ser Leu Tyr Ser Ile
        195                 200                 205

Leu Ser Pro Phe Leu Pro Leu Leu Pro Ile Phe Phe Cys Leu Trp Val
    210                 215                 220

Tyr Ile
225

<210>  76
<211>  617
<212>  PRT
<213>  Measles virus

<400>  76

Met Ser Pro Gln Arg Asp Arg Ile Asn Ala Phe Tyr Lys Asp Asn Pro
1               5                   10                  15

His Pro Lys Gly Ser Arg Ile Val Ile Asn Arg Glu His Leu Met Ile
            20                  25                  30

Asp Arg Pro Tyr Val Leu Leu Ala Val Leu Phe Val Met Phe Leu Ser
        35                  40                  45

Leu Ile Gly Leu Leu Ala Ile Ala Gly Ile Arg Leu His Arg Ala Ala
    50                  55                  60



Ile Tyr Thr Ala Glu Ile His Lys Ser Leu Ser Thr Asn Leu Asp Val
65                  70                  75                  80

Thr Asn Ser Ile Glu His Gln Val Lys Asp Val Leu Thr Pro Leu Phe
                85                  90                  95

Lys Ile Ile Gly Asp Glu Val Gly Leu Arg Thr Pro Gln Arg Phe Thr
            100                 105                 110

Asp Leu Val Lys Phe Ile Ser Asp Lys Ile Lys Phe Leu Asn Pro Asp
        115                 120                 125

Arg Glu Tyr Asp Phe Arg Asp Leu Thr Trp Cys Ile Asn Pro Pro Glu
    130                 135                 140

Arg Ile Lys Leu Asp Tyr Asp Gln Tyr Cys Ala Asp Val Ala Ala Glu
145                 150                 155                 160

Glu Leu Met Asn Ala Leu Val Asn Ser Thr Leu Leu Glu Thr Arg Thr
                165                 170                 175

Thr Asn Gln Phe Leu Ala Val Ser Lys Gly Asn Cys Ser Gly Pro Thr
            180                 185                 190

Thr Ile Arg Gly Gln Phe Ser Asn Met Ser Leu Ser Leu Leu Asp Leu
        195                 200                 205

Tyr Leu Gly Arg Gly Tyr Asn Val Ser Ser Ile Val Thr Met Thr Ser
    210                 215                 220

Gln Gly Met Tyr Gly Gly Thr Tyr Leu Val Glu Lys Pro Asn Leu Ser
225                 230                 235                 240



Ser Lys Arg Ser Glu Leu Ser Gln Leu Ser Met Tyr Arg Val Phe Glu
                245                 250                 255

Val Gly Val Ile Arg Asn Pro Gly Leu Gly Ala Pro Val Phe His Met
            260                 265                 270

Thr Asn Tyr Leu Glu Gln Pro Val Ser Asn Asp Leu Ser Asn Cys Met
        275                 280                 285

Val Ala Leu Gly Glu Leu Lys Leu Ala Ala Leu Cys His Gly Glu Asp
    290                 295                 300

Ser Ile Thr Ile Pro Tyr Gln Gly Ser Gly Lys Gly Val Ser Phe Gln
305                 310                 315                 320

Leu Val Lys Leu Gly Val Trp Lys Ser Pro Thr Asp Met Gln Ser Trp
                325                 330                 335

Val Pro Leu Ser Thr Asp Asp Pro Val Ile Asp Arg Leu Tyr Leu Ser
            340                 345                 350

Ser His Arg Gly Val Ile Ala Asp Asn Gln Ala Lys Trp Ala Val Pro
        355                 360                 365

Thr Thr Arg Thr Asp Asp Lys Leu Arg Met Glu Thr Cys Phe Gln Gln
    370                 375                 380

Ala Cys Lys Gly Lys Ile Gln Ala Leu Cys Glu Asn Pro Glu Trp Ala
385                 390                 395                 400

Pro Leu Lys Asp Asn Arg Ile Pro Ser Tyr Gly Val Leu Ser Val Asp
                405                 410                 415



Leu Ser Leu Thr Val Glu Leu Lys Ile Lys Ile Ala Ser Gly Phe Gly
            420                 425                 430

Pro Leu Ile Thr His Gly Ser Gly Met Asp Leu Tyr Lys Ser Asn His
        435                 440                 445

Asn Asn Val Tyr Trp Leu Thr Ile Pro Pro Met Lys Asn Leu Ala Leu
    450                 455                 460

Gly Val Ile Asn Thr Leu Glu Trp Ile Pro Arg Phe Lys Val Ser Pro
465                 470                 475                 480

Tyr Leu Phe Asn Val Pro Ile Lys Glu Ala Gly Glu Asp Cys His Ala
                485                 490                 495

Pro Thr Tyr Leu Pro Ala Glu Val Asp Gly Asp Val Lys Leu Ser Ser
            500                 505                 510

Asn Leu Val Ile Leu Pro Gly Gln Asp Leu Gln Tyr Val Leu Ala Thr
        515                 520                 525

Tyr Asp Thr Ser Arg Val Glu His Ala Val Val Tyr Tyr Val Tyr Ser
    530                 535                 540

Pro Ser Arg Ser Phe Ser Tyr Phe Tyr Pro Phe Arg Leu Pro Ile Lys
545                 550                 555                 560

Gly Val Pro Ile Glu Leu Gln Val Glu Cys Phe Thr Trp Asp Gln Lys
                565                 570                 575

Leu Trp Cys Arg His Phe Cys Val Leu Ala Asp Ser Glu Ser Gly Gly
            580                 585                 590

His Ile Thr His Ser Gly Met Glu Gly Met Gly Val Ser Cys Thr Val



        595                 600                 605

Thr Arg Glu Asp Gly Thr Asn Arg Arg
    610                 615

<210>  77
<211>  550
<212>  PRT
<213>  Measles virus

<400>  77

Met Gly Leu Lys Val Asn Val Ser Ala Ile Phe Met Ala Val Leu Leu
1               5                   10                  15

Thr Leu Gln Thr Pro Thr Gly Gln Ile His Trp Gly Asn Leu Ser Lys
            20                  25                  30

Ile Gly Val Val Gly Ile Gly Ser Ala Ser Tyr Lys Val Met Thr Arg
        35                  40                  45

Ser Ser His Gln Ser Leu Val Ile Lys Leu Met Pro Asn Ile Thr Leu
    50                  55                  60

Leu Asn Asn Cys Thr Arg Val Glu Ile Ala Glu Tyr Arg Arg Leu Leu
65                  70                  75                  80

Arg Thr Val Leu Glu Pro Ile Arg Asp Ala Leu Asn Ala Met Thr Gln
                85                  90                  95

Asn Ile Arg Pro Val Gln Ser Val Ala Ser Ser Arg Arg His Lys Arg
            100                 105                 110

Phe Ala Gly Val Val Leu Ala Gly Ala Ala Leu Gly Val Ala Thr Ala
        115                 120                 125



Ala Gln Ile Thr Ala Gly Ile Ala Leu His Gln Ser Met Leu Asn Ser
    130                 135                 140

Gln Ala Ile Asp Asn Leu Arg Ala Ser Leu Glu Thr Thr Asn Gln Ala
145                 150                 155                 160

Ile Glu Ala Ile Arg Gln Ala Gly Gln Glu Met Ile Leu Ala Val Gln
                165                 170                 175

Gly Val Gln Asp Tyr Ile Asn Asn Glu Leu Ile Pro Ser Met Asn Gln
            180                 185                 190

Leu Ser Cys Asp Leu Ile Gly Gln Lys Leu Gly Leu Lys Leu Leu Arg
        195                 200                 205

Tyr Tyr Thr Glu Ile Leu Ser Leu Phe Gly Pro Ser Leu Arg Asp Pro
    210                 215                 220

Ile Ser Ala Glu Ile Ser Ile Gln Ala Leu Ser Tyr Ala Leu Gly Gly
225                 230                 235                 240

Asp Ile Asn Lys Val Leu Glu Lys Leu Gly Tyr Ser Gly Gly Asp Leu
                245                 250                 255

Leu Gly Ile Leu Glu Ser Arg Gly Ile Lys Ala Arg Ile Thr His Val
            260                 265                 270

Asp Thr Glu Ser Tyr Phe Ile Val Leu Ser Ile Ala Tyr Pro Thr Leu
        275                 280                 285

Ser Glu Ile Lys Gly Val Ile Val His Arg Leu Glu Gly Val Ser Tyr
    290                 295                 300



Asn Ile Gly Ser Gln Glu Trp Tyr Thr Thr Val Pro Lys Tyr Val Ala
305                 310                 315                 320

Thr Gln Gly Tyr Leu Ile Ser Asn Phe Asp Glu Ser Ser Cys Thr Phe
                325                 330                 335

Met Pro Glu Gly Thr Val Cys Ser Gln Asn Ala Leu Tyr Pro Met Ser
            340                 345                 350

Pro Leu Leu Gln Glu Cys Leu Arg Gly Ser Thr Lys Ser Cys Ala Arg
        355                 360                 365

Thr Leu Val Ser Gly Ser Phe Gly Asn Arg Phe Ile Leu Ser Gln Gly
    370                 375                 380

Asn Leu Ile Ala Asn Cys Ala Ser Ile Leu Cys Lys Cys Tyr Thr Thr
385                 390                 395                 400

Gly Thr Ile Ile Asn Gln Asp Pro Asp Lys Ile Leu Thr Tyr Ile Ala
                405                 410                 415

Ala Asp His Cys Pro Val Val Glu Val Asn Gly Val Thr Ile Gln Val
            420                 425                 430

Gly Ser Arg Arg Tyr Pro Asp Ala Val Tyr Leu His Arg Ile Asp Leu
        435                 440                 445

Gly Pro Pro Ile Ser Leu Glu Arg Leu Asp Val Gly Thr Asn Leu Gly
    450                 455                 460

Asn Ala Ile Ala Lys Leu Glu Asp Ala Lys Glu Leu Leu Glu Ser Ser
465                 470                 475                 480

Asp Gln Ile Leu Arg Ser Met Lys Gly Leu Ser Ser Thr Ser Ile Val



                485                 490                 495

Tyr Ile Leu Ile Ala Val Cys Leu Gly Gly Leu Ile Gly Ile Pro Ala
            500                 505                 510

Leu Ile Cys Cys Cys Arg Gly Arg Cys Asn Lys Lys Gly Glu Gln Val
        515                 520                 525

Gly Met Ser Arg Pro Gly Leu Lys Pro Asp Leu Thr Gly Thr Ser Lys
    530                 535                 540

Ser Tyr Val Arg Ser Leu
545                 550

<210>  78
<211>  500
<212>  PRT
<213>  Zika virus

<400>  78

Ile Arg Cys Ile Gly Val Ser Asn Arg Asp Phe Val Glu Gly Met Ser
1               5                   10                  15

Gly Gly Thr Trp Val Asp Val Val Leu Glu His Gly Gly Cys Val Thr
            20                  25                  30

Val Met Ala Gln Asp Lys Pro Thr Val Asp Ile Glu Leu Val Thr Thr
        35                  40                  45

Thr Val Ser Asn Met Ala Glu Val Arg Ser Tyr Cys Tyr Glu Ala Ser
    50                  55                  60

Ile Ser Asp Met Ala Ser Asp Ser Arg Cys Pro Thr Gln Gly Glu Ala
65                  70                  75                  80



Tyr Leu Asp Lys Gln Ser Asp Thr Gln Tyr Val Cys Lys Arg Thr Leu
                85                  90                  95

Val Asp Arg Gly Trp Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Ser
            100                 105                 110

Leu Val Thr Cys Ala Lys Phe Thr Cys Ser Lys Lys Met Thr Gly Lys
        115                 120                 125

Ser Ile Gln Pro Glu Asn Leu Glu Tyr Arg Ile Met Leu Ser Val His
    130                 135                 140

Gly Ser Gln His Ser Gly Met Ile Gly Tyr Glu Thr Asp Glu Asp Arg
145                 150                 155                 160

Ala Lys Val Glu Val Thr Pro Asn Ser Pro Arg Ala Glu Ala Thr Leu
                165                 170                 175

Gly Gly Phe Gly Ser Leu Gly Leu Asp Cys Glu Pro Arg Thr Gly Leu
            180                 185                 190

Asp Phe Ser Asp Leu Tyr Tyr Leu Thr Met Asn Asn Lys His Trp Leu
        195                 200                 205

Val His Lys Glu Trp Phe His Asp Ile Pro Leu Pro Trp His Ala Gly
    210                 215                 220

Ala Asp Thr Gly Thr Pro His Trp Asn Asn Lys Glu Ala Leu Val Glu
225                 230                 235                 240

Phe Lys Asp Ala His Ala Lys Arg Gln Thr Val Val Val Leu Gly Ser
                245                 250                 255



Gln Glu Gly Ala Val His Thr Ala Leu Ala Gly Ala Leu Glu Ala Glu
            260                 265                 270

Met Asp Gly Ala Lys Gly Arg Leu Phe Ser Gly His Leu Lys Cys Arg
        275                 280                 285

Leu Lys Met Asp Lys Leu Arg Leu Lys Gly Val Ser Tyr Ser Leu Cys
    290                 295                 300

Thr Ala Ala Phe Thr Phe Thr Lys Val Pro Ala Glu Thr Leu His Gly
305                 310                 315                 320

Thr Val Thr Val Glu Val Gln Tyr Ala Gly Thr Asp Gly Pro Cys Lys
                325                 330                 335

Ile Pro Val Gln Met Ala Val Asp Met Gln Thr Leu Thr Pro Val Gly
            340                 345                 350

Arg Leu Ile Thr Ala Asn Pro Val Ile Thr Glu Ser Thr Glu Asn Ser
        355                 360                 365

Lys Met Met Leu Glu Leu Asp Pro Pro Phe Gly Asp Ser Tyr Ile Val
    370                 375                 380

Ile Gly Val Gly Asp Lys Lys Ile Thr His His Trp His Arg Ser Gly
385                 390                 395                 400

Ser Thr Ile Gly Lys Ala Phe Glu Ala Thr Val Arg Gly Ala Lys Arg
                405                 410                 415

Met Ala Val Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser Val Gly Gly
            420                 425                 430

Val Phe Asn Ser Leu Gly Lys Gly Ile His Gln Ile Phe Gly Ala Ala



        435                 440                 445

Phe Lys Ser Leu Phe Gly Gly Met Ser Trp Phe Ser Gln Ile Leu Ile
    450                 455                 460

Gly Thr Leu Leu Val Trp Leu Gly Leu Asn Thr Lys Asn Gly Ser Ile
465                 470                 475                 480

Ser Leu Thr Cys Leu Ala Leu Gly Gly Val Met Ile Phe Leu Ser Thr
                485                 490                 495

Ala Val Ser Ala
            500

<210>  79
<211>  378
<212>  PRT
<213>  Plasmodium vivax

<400>  79

Met Lys Asn Phe Ile Leu Leu Ala Val Ser Ser Ile Leu Leu Val Asp
1               5                   10                  15

Leu Phe Pro Thr His Cys Gly His Asn Val Asp Leu Ser Lys Ala Ile
            20                  25                  30

Asn Leu Asn Gly Val Asn Phe Asn Asn Val Asp Ala Ser Ser Leu Gly
        35                  40                  45

Ala Ala His Val Gly Gln Ser Ala Ser Arg Gly Arg Gly Leu Gly Glu
    50                  55                  60

Asn Pro Asp Asp Glu Glu Gly Asp Ala Lys Lys Lys Lys Asp Gly Lys
65                  70                  75                  80



Lys Ala Glu Pro Lys Asn Pro Arg Glu Asn Lys Leu Lys Gln Pro Gly
                85                  90                  95

Asp Arg Ala Asp Gly Gln Pro Ala Gly Asp Arg Ala Asp Gly Gln Pro
            100                 105                 110

Ala Gly Asp Arg Ala Asp Gly Gln Pro Ala Gly Asp Arg Ala Ala Gly
        115                 120                 125

Gln Pro Ala Gly Asp Arg Ala Asp Gly Gln Pro Ala Gly Asp Arg Ala
    130                 135                 140

Asp Gly Gln Pro Ala Gly Asp Arg Ala Asp Gly Gln Pro Ala Gly Asp
145                 150                 155                 160

Arg Ala Asp Gly Gln Pro Ala Gly Asp Arg Ala Ala Gly Gln Pro Ala
                165                 170                 175

Gly Asp Arg Ala Ala Gly Gln Pro Ala Gly Asp Arg Ala Asp Gly Gln
            180                 185                 190

Pro Ala Gly Asp Arg Ala Ala Gly Gln Pro Ala Gly Asp Arg Ala Asp
        195                 200                 205

Gly Gln Pro Ala Gly Asp Arg Ala Ala Gly Gln Pro Ala Gly Asp Arg
    210                 215                 220

Ala Asp Gly Gln Pro Ala Gly Asp Arg Ala Ala Gly Gln Pro Ala Gly
225                 230                 235                 240

Asp Arg Ala Ala Gly Gln Pro Ala Gly Asp Arg Ala Ala Gly Gln Pro
                245                 250                 255



Ala Gly Asp Arg Ala Ala Gly Gln Pro Ala Gly Asn Gly Ala Gly Gly
            260                 265                 270

Gln Ala Ala Gly Gly Asn Ala Gly Gly Gly Gln Gly Gln Asn Asn Glu
        275                 280                 285

Gly Ala Asn Ala Pro Asn Glu Lys Ser Val Lys Glu Tyr Leu Asp Lys
    290                 295                 300

Val Arg Ala Thr Val Gly Thr Glu Trp Thr Pro Cys Ser Val Thr Cys
305                 310                 315                 320

Gly Val Gly Val Arg Val Arg Arg Arg Val Asn Ala Ala Asn Lys Lys
                325                 330                 335

Pro Glu Asp Leu Thr Leu Asn Asp Leu Glu Thr Asp Val Cys Thr Met
            340                 345                 350

Asp Lys Cys Ala Gly Ile Phe Asn Val Val Ser Asn Ser Leu Gly Leu
        355                 360                 365

Val Ile Leu Leu Val Leu Ala Leu Phe Asn
    370                 375

<210>  80
<211>  546
<212>  PRT
<213>  Nipah virus

<400>  80

Met Val Val Ile Leu Asp Lys Arg Cys Tyr Cys Asn Leu Leu Ile Leu
1               5                   10                  15

Ile Leu Met Ile Ser Glu Cys Ser Val Gly Ile Leu His Tyr Glu Lys
            20                  25                  30



Leu Ser Lys Ile Gly Leu Val Lys Gly Val Thr Arg Lys Tyr Lys Ile
        35                  40                  45

Lys Ser Asn Pro Leu Thr Lys Asp Ile Val Ile Lys Met Ile Pro Asn
    50                  55                  60

Val Ser Asn Met Ser Gln Cys Thr Gly Ser Val Met Glu Asn Tyr Lys
65                  70                  75                  80

Thr Arg Leu Asn Gly Ile Leu Thr Pro Ile Lys Gly Ala Leu Glu Ile
                85                  90                  95

Tyr Lys Asn Asn Thr His Asp Leu Val Gly Asp Val Arg Leu Ala Gly
            100                 105                 110

Val Ile Met Ala Gly Val Ala Ile Gly Ile Ala Thr Ala Ala Gln Ile
        115                 120                 125

Thr Ala Gly Val Ala Leu Tyr Glu Ala Met Lys Asn Ala Asp Asn Ile
    130                 135                 140

Asn Lys Leu Lys Ser Ser Ile Glu Ser Thr Asn Glu Ala Val Val Lys
145                 150                 155                 160

Leu Gln Glu Thr Ala Glu Lys Thr Val Tyr Val Leu Thr Ala Leu Gln
                165                 170                 175

Asp Tyr Ile Asn Thr Asn Leu Val Pro Thr Ile Asp Lys Ile Ser Cys
            180                 185                 190

Lys Gln Thr Glu Leu Ser Leu Asp Leu Ala Leu Ser Lys Tyr Leu Ser
        195                 200                 205



Asp Leu Leu Phe Val Phe Gly Pro Asn Leu Gln Asp Pro Val Ser Asn
    210                 215                 220

Ser Met Thr Ile Gln Ala Ile Ser Gln Ala Phe Gly Gly Asn Tyr Glu
225                 230                 235                 240

Thr Leu Leu Arg Thr Leu Gly Tyr Ala Thr Glu Asp Phe Asp Asp Leu
                245                 250                 255

Leu Glu Ser Asp Ser Ile Thr Gly Gln Ile Ile Tyr Val Asp Leu Ser
            260                 265                 270

Ser Tyr Tyr Ile Ile Val Arg Val Tyr Phe Pro Ile Leu Thr Glu Ile
        275                 280                 285

Gln Gln Ala Tyr Ile Gln Glu Leu Leu Pro Val Ser Phe Asn Asn Asp
    290                 295                 300

Asn Ser Glu Trp Ile Ser Ile Val Pro Asn Phe Ile Leu Val Arg Asn
305                 310                 315                 320

Thr Leu Ile Ser Asn Ile Glu Ile Gly Phe Cys Leu Ile Thr Lys Arg
                325                 330                 335

Ser Val Ile Cys Asn Gln Asp Tyr Ala Thr Pro Met Thr Asn Asn Met
            340                 345                 350

Arg Glu Cys Leu Thr Gly Ser Thr Glu Lys Cys Pro Arg Glu Leu Val
        355                 360                 365

Val Ser Ser His Val Pro Arg Phe Ala Leu Ser Asn Gly Val Leu Phe
    370                 375                 380



Ala Asn Cys Ile Ser Val Thr Cys Gln Cys Gln Thr Thr Gly Arg Ala
385                 390                 395                 400

Ile Ser Gln Ser Gly Glu Gln Thr Leu Leu Met Ile Asp Asn Thr Thr
                405                 410                 415

Cys Pro Thr Ala Val Leu Gly Asn Val Ile Ile Ser Leu Gly Lys Tyr
            420                 425                 430

Leu Gly Ser Val Asn Tyr Asn Ser Glu Gly Ile Ala Ile Gly Pro Pro
        435                 440                 445

Val Phe Thr Asp Lys Val Asp Ile Ser Ser Gln Ile Ser Ser Met Asn
    450                 455                 460

Gln Ser Leu Gln Gln Ser Lys Asp Tyr Ile Lys Glu Ala Gln Arg Leu
465                 470                 475                 480

Leu Asp Thr Val Asn Pro Ser Leu Ile Ser Met Leu Ser Met Ile Ile
                485                 490                 495

Leu Tyr Val Leu Ser Ile Ala Ser Leu Cys Ile Gly Leu Ile Thr Phe
            500                 505                 510

Ile Ser Phe Ile Ile Val Glu Lys Lys Arg Asn Thr Tyr Ser Arg Leu
        515                 520                 525

Glu Asp Arg Arg Val Arg Pro Thr Ser Ser Gly Asp Leu Tyr Tyr Ile
    530                 535                 540

Gly Thr
545

<210>  81



<211>  602
<212>  PRT
<213>  Nipah virus

<400>  81

Met Pro Ala Glu Asn Lys Lys Val Arg Phe Glu Asn Thr Thr Ser Asp
1               5                   10                  15

Lys Gly Lys Ile Pro Ser Lys Val Ile Lys Ser Tyr Tyr Gly Thr Met
            20                  25                  30

Asp Ile Lys Lys Ile Asn Glu Gly Leu Leu Asp Ser Lys Ile Leu Ser
        35                  40                  45

Ala Phe Asn Thr Val Ile Ala Leu Leu Gly Ser Ile Val Ile Ile Val
    50                  55                  60

Met Asn Ile Met Ile Ile Gln Asn Tyr Thr Arg Ser Thr Asp Asn Gln
65                  70                  75                  80

Ala Val Ile Lys Asp Ala Leu Gln Gly Ile Gln Gln Gln Ile Lys Gly
                85                  90                  95

Leu Ala Asp Lys Ile Gly Thr Glu Ile Gly Pro Lys Val Ser Leu Ile
            100                 105                 110

Asp Thr Ser Ser Thr Ile Thr Ile Pro Ala Asn Ile Gly Leu Leu Gly
        115                 120                 125

Ser Lys Ile Ser Gln Ser Thr Ala Ser Ile Asn Glu Asn Val Asn Glu
    130                 135                 140

Lys Cys Lys Phe Thr Leu Pro Pro Leu Lys Ile His Glu Cys Asn Ile
145                 150                 155                 160



Ser Cys Pro Asn Pro Leu Pro Phe Arg Glu Tyr Arg Pro Gln Thr Glu
                165                 170                 175

Gly Val Ser Asn Leu Val Gly Leu Pro Asn Asn Ile Cys Leu Gln Lys
            180                 185                 190

Thr Ser Asn Gln Ile Leu Lys Pro Lys Leu Ile Ser Tyr Thr Leu Pro
        195                 200                 205

Val Val Gly Gln Ser Gly Thr Cys Ile Thr Asp Pro Leu Leu Ala Met
    210                 215                 220

Asp Glu Gly Tyr Phe Ala Tyr Ser His Leu Glu Arg Ile Gly Ser Cys
225                 230                 235                 240

Ser Arg Gly Val Ser Lys Gln Arg Ile Ile Gly Val Gly Glu Val Leu
                245                 250                 255

Asp Arg Gly Asp Glu Val Pro Ser Leu Phe Met Thr Asn Val Trp Thr
            260                 265                 270

Pro Pro Asn Pro Asn Thr Val Tyr His Cys Ser Ala Val Tyr Asn Asn
        275                 280                 285

Glu Phe Tyr Tyr Val Leu Cys Ala Val Ser Thr Val Gly Asp Pro Ile
    290                 295                 300

Leu Asn Ser Thr Tyr Trp Ser Gly Ser Leu Met Met Thr Arg Leu Ala
305                 310                 315                 320

Val Lys Pro Lys Ser Asn Gly Gly Gly Tyr Asn Gln His Gln Leu Ala
                325                 330                 335



Leu Arg Ser Ile Glu Lys Gly Arg Tyr Asp Lys Val Met Pro Tyr Gly
            340                 345                 350

Pro Ser Gly Ile Lys Gln Gly Asp Thr Leu Tyr Phe Pro Ala Val Gly
        355                 360                 365

Phe Leu Val Arg Thr Glu Phe Lys Tyr Asn Asp Ser Asn Cys Pro Ile
    370                 375                 380

Thr Lys Cys Gln Tyr Ser Lys Pro Glu Asn Cys Arg Leu Ser Met Gly
385                 390                 395                 400

Ile Arg Pro Asn Ser His Tyr Ile Leu Arg Ser Gly Leu Leu Lys Tyr
                405                 410                 415

Asn Leu Ser Asp Gly Glu Asn Pro Lys Val Val Phe Ile Glu Ile Ser
            420                 425                 430

Asp Gln Arg Leu Ser Ile Gly Ser Pro Ser Lys Ile Tyr Asp Ser Leu
        435                 440                 445

Gly Gln Pro Val Phe Tyr Gln Ala Ser Phe Ser Trp Asp Thr Met Ile
    450                 455                 460

Lys Phe Gly Asp Val Leu Thr Val Asn Pro Leu Val Val Asn Trp Arg
465                 470                 475                 480

Asn Asn Thr Val Ile Ser Arg Pro Gly Gln Ser Gln Cys Pro Arg Phe
                485                 490                 495

Asn Thr Cys Pro Glu Ile Cys Trp Glu Gly Val Tyr Asn Asp Ala Phe
            500                 505                 510

Leu Ile Asp Arg Ile Asn Trp Ile Ser Ala Gly Val Phe Leu Asp Ser



        515                 520                 525

Asn Gln Thr Ala Glu Asn Pro Val Phe Thr Val Phe Lys Asp Asn Glu
    530                 535                 540

Ile Leu Tyr Arg Ala Gln Leu Ala Ser Glu Asp Thr Asn Ala Gln Lys
545                 550                 555                 560

Thr Ile Thr Asn Cys Phe Leu Leu Lys Asn Lys Ile Trp Cys Ile Ser
                565                 570                 575

Leu Val Glu Ile Tyr Asp Thr Gly Asp Asn Val Ile Arg Pro Lys Leu
            580                 585                 590

Phe Ala Val Lys Ile Pro Glu Gln Cys Thr
        595                 600

<210>  82
<211>  775
<212>  PRT
<213>  Rotavirus A

<400>  82

Met Ala Ser Leu Ile Tyr Arg Gln Leu Leu Thr Asn Ser Tyr Ser Val
1               5                   10                  15

Asp Leu His Asp Glu Ile Glu Gln Ile Gly Ser Glu Lys Thr Gln Asn
            20                  25                  30

Val Thr Ile Asn Pro Ser Pro Phe Ala Gln Thr Arg Tyr Ala Pro Val
        35                  40                  45

Asn Trp Gly His Gly Glu Ile Asn Asp Ser Thr Thr Val Glu Pro Ile
    50                  55                  60



Leu Asp Gly Pro Tyr Gln Pro Thr Thr Phe Thr Pro Pro Asn Asp Tyr
65                  70                  75                  80

Trp Ile Leu Ile Asn Ser Asn Thr Asn Gly Val Val Tyr Glu Ser Thr
                85                  90                  95

Asn Asn Ser Asp Phe Trp Thr Ala Val Val Ala Ile Glu Pro His Val
            100                 105                 110

Asn Pro Val Asp Arg Gln Tyr Thr Ile Phe Gly Glu Ser Lys Gln Phe
        115                 120                 125

Asn Val Ser Asn Asp Ser Asn Lys Trp Lys Phe Leu Glu Met Phe Arg
    130                 135                 140

Ser Ser Ser Gln Asn Glu Phe Tyr Asn Arg Arg Thr Leu Thr Ser Asp
145                 150                 155                 160

Thr Arg Phe Val Gly Ile Leu Lys Tyr Gly Gly Arg Val Trp Thr Phe
                165                 170                 175

His Gly Glu Thr Pro Arg Ala Thr Thr Asp Ser Ser Ser Thr Ala Asn
            180                 185                 190

Leu Asn Asn Ile Ser Ile Thr Ile His Ser Glu Phe Tyr Ile Ile Pro
        195                 200                 205

Arg Ser Gln Glu Ser Lys Cys Asn Glu Tyr Ile Asn Asn Gly Leu Pro
    210                 215                 220

Pro Ile Gln Asn Thr Arg Asn Val Val Pro Leu Pro Leu Ser Ser Arg
225                 230                 235                 240



Ser Ile Gln Tyr Lys Arg Ala Gln Val Asn Glu Asp Ile Ile Val Ser
                245                 250                 255

Lys Thr Ser Leu Trp Lys Glu Met Gln Tyr Asn Arg Asp Ile Ile Ile
            260                 265                 270

Arg Phe Lys Phe Gly Asn Ser Ile Val Lys Met Gly Gly Leu Gly Tyr
        275                 280                 285

Lys Trp Ser Glu Ile Ser Tyr Lys Ala Ala Asn Tyr Gln Tyr Asn Tyr
    290                 295                 300

Leu Arg Asp Gly Glu Gln Val Thr Ala His Thr Thr Cys Ser Val Asn
305                 310                 315                 320

Gly Val Asn Asn Phe Ser Tyr Asn Gly Gly Ser Leu Pro Thr Asp Phe
                325                 330                 335

Gly Ile Ser Arg Tyr Glu Val Ile Lys Glu Asn Ser Tyr Val Tyr Val
            340                 345                 350

Asp Tyr Trp Asp Asp Ser Lys Ala Phe Arg Asn Met Val Tyr Val Arg
        355                 360                 365

Ser Leu Ala Ala Asn Leu Asn Ser Val Lys Cys Thr Gly Gly Ser Tyr
    370                 375                 380

Asn Phe Ser Ile Pro Val Gly Ala Trp Pro Val Met Asn Gly Gly Ala
385                 390                 395                 400

Val Ser Leu His Phe Ala Gly Val Thr Leu Ser Thr Gln Phe Thr Asp
                405                 410                 415

Phe Val Ser Leu Asn Ser Leu Arg Phe Arg Phe Ser Leu Thr Val Asp



            420                 425                 430

Glu Pro Pro Phe Ser Ile Leu Arg Thr Arg Thr Val Asn Leu Tyr Gly
        435                 440                 445

Leu Pro Ala Ala Asn Pro Asn Asn Gly Asn Glu Tyr Tyr Glu Ile Ser
    450                 455                 460

Gly Arg Phe Ser Leu Ile Tyr Leu Val Pro Thr Asn Asp Asp Tyr Gln
465                 470                 475                 480

Thr Pro Ile Met Asn Ser Val Thr Val Arg Gln Asp Leu Glu Arg Gln
                485                 490                 495

Leu Thr Asp Leu Arg Glu Glu Phe Asn Ser Leu Ser Gln Glu Ile Ala
            500                 505                 510

Met Ala Gln Leu Ile Asp Leu Ala Leu Leu Pro Leu Asp Met Phe Ser
        515                 520                 525

Met Phe Ser Gly Ile Lys Ser Thr Ile Asp Leu Thr Lys Ser Met Ala
    530                 535                 540

Thr Ser Val Met Lys Lys Phe Arg Lys Ser Lys Leu Ala Thr Ser Ile
545                 550                 555                 560

Ser Glu Met Thr Asn Ser Leu Ser Asp Ala Ala Ser Ser Ala Ser Arg
                565                 570                 575

Asn Val Ser Ile Arg Ser Asn Leu Ser Ala Ile Ser Asn Trp Thr Asn
            580                 585                 590

Val Ser Asn Asp Val Ser Asn Val Thr Asn Ser Leu Asn Asp Ile Ser
        595                 600                 605



Thr Gln Thr Ser Thr Ile Ser Lys Lys Phe Arg Leu Lys Glu Met Ile
    610                 615                 620

Thr Gln Thr Glu Gly Met Ser Phe Asp Asp Ile Ser Ala Ala Val Leu
625                 630                 635                 640

Lys Thr Lys Ile Asp Met Ser Thr Gln Ile Gly Lys Asn Thr Leu Pro
                645                 650                 655

Asp Ile Val Thr Glu Ala Ser Glu Lys Phe Ile Pro Lys Arg Ser Tyr
            660                 665                 670

Arg Ile Leu Lys Asp Asp Glu Val Met Glu Ile Asn Thr Glu Gly Lys
        675                 680                 685

Phe Phe Ala Tyr Lys Ile Asn Thr Phe Asp Glu Val Pro Phe Asp Val
    690                 695                 700

Asn Lys Phe Ala Glu Leu Val Thr Asp Ser Pro Val Ile Ser Ala Ile
705                 710                 715                 720

Ile Asp Phe Lys Thr Leu Lys Asn Leu Asn Asp Asn Tyr Gly Ile Thr
                725                 730                 735

Arg Thr Glu Ala Leu Asn Leu Ile Lys Ser Asn Pro Asn Met Leu Arg
            740                 745                 750

Asn Phe Ile Asn Gln Asn Asn Pro Ile Ile Arg Asn Arg Ile Glu Gln
        755                 760                 765

Leu Ile Leu Gln Cys Lys Leu
    770                 775



<210>  83
<211>  230
<212>  PRT
<213>  Rotavirus A

<400>  83

Met Ala Ser Leu Ile Tyr Arg Gln Leu Leu Thr Asn Ser Tyr Ser Val
1               5                   10                  15

Asp Leu His Asp Glu Ile Glu Gln Ile Gly Ser Glu Lys Thr Gln Asn
            20                  25                  30

Val Thr Ile Asn Pro Ser Pro Phe Ala Gln Thr Arg Tyr Ala Pro Val
        35                  40                  45

Asn Trp Gly His Gly Glu Ile Asn Asp Ser Thr Thr Val Glu Pro Ile
    50                  55                  60

Leu Asp Gly Pro Tyr Gln Pro Thr Thr Phe Thr Pro Pro Asn Asp Tyr
65                  70                  75                  80

Trp Ile Leu Ile Asn Ser Asn Thr Asn Gly Val Val Tyr Glu Ser Thr
                85                  90                  95

Asn Asn Ser Asp Phe Trp Thr Ala Val Val Ala Ile Glu Pro His Val
            100                 105                 110

Asn Pro Val Asp Arg Gln Tyr Thr Ile Phe Gly Glu Ser Lys Gln Phe
        115                 120                 125

Asn Val Ser Asn Asp Ser Asn Lys Trp Lys Phe Leu Glu Met Phe Arg
    130                 135                 140

Ser Ser Ser Gln Asn Glu Phe Tyr Asn Arg Arg Thr Leu Thr Ser Asp



145                 150                 155                 160

Thr Arg Phe Val Gly Ile Leu Lys Tyr Gly Gly Arg Val Trp Thr Phe
                165                 170                 175

His Gly Glu Thr Pro Arg Ala Thr Thr Asp Ser Ser Ser Thr Ala Asn
            180                 185                 190

Leu Asn Asn Ile Ser Ile Thr Ile His Ser Glu Phe Tyr Ile Ile Pro
        195                 200                 205

Arg Ser Gln Glu Ser Lys Cys Asn Glu Tyr Ile Asn Asn Gly Leu Pro
    210                 215                 220

Pro Ile Gln Asn Thr Arg
225                 230

<210>  84
<211>  539
<212>  PRT
<213>  Human metapneumovirus

<400>  84

Met Ser Trp Lys Val Val Ile Ile Phe Ser Leu Leu Ile Thr Pro Gln
1               5                   10                  15

His Gly Leu Lys Glu Ser Tyr Leu Glu Glu Ser Cys Ser Thr Ile Thr
            20                  25                  30

Glu Gly Tyr Leu Ser Val Leu Arg Thr Gly Trp Tyr Thr Asn Val Phe
        35                  40                  45

Thr Leu Glu Val Gly Asp Val Glu Asn Leu Thr Cys Ser Asp Gly Pro
    50                  55                  60



Ser Leu Ile Lys Thr Glu Leu Asp Leu Thr Lys Ser Ala Leu Arg Glu
65                  70                  75                  80

Leu Lys Thr Val Ser Ala Asp Gln Leu Ala Arg Glu Glu Gln Ile Glu
                85                  90                  95

Asn Pro Arg Gln Ser Arg Phe Val Leu Gly Ala Ile Ala Leu Gly Val
            100                 105                 110

Ala Thr Ala Ala Ala Val Thr Ala Gly Val Ala Ile Ala Lys Thr Ile
        115                 120                 125

Arg Leu Glu Ser Glu Val Thr Ala Ile Lys Asn Ala Leu Lys Thr Thr
    130                 135                 140

Asn Glu Ala Val Ser Thr Leu Gly Asn Gly Val Arg Val Leu Ala Thr
145                 150                 155                 160

Ala Val Arg Glu Leu Lys Asp Phe Val Ser Lys Asn Leu Thr Arg Ala
                165                 170                 175

Ile Asn Lys Asn Lys Cys Asp Ile Asp Asp Leu Lys Met Ala Val Ser
            180                 185                 190

Phe Ser Gln Phe Asn Arg Arg Phe Leu Asn Val Val Arg Gln Phe Ser
        195                 200                 205

Asp Asn Ala Gly Ile Thr Pro Ala Ile Ser Leu Asp Leu Met Thr Asp
    210                 215                 220

Ala Glu Leu Ala Arg Ala Val Ser Asn Met Pro Thr Ser Ala Gly Gln
225                 230                 235                 240



Ile Lys Leu Met Leu Glu Asn Arg Ala Met Val Arg Arg Lys Gly Phe
                245                 250                 255

Gly Ile Leu Ile Gly Val Tyr Gly Ser Ser Val Ile Tyr Met Val Gln
            260                 265                 270

Leu Pro Ile Phe Gly Val Ile Asp Thr Pro Cys Trp Ile Val Lys Ala
        275                 280                 285

Ala Pro Ser Cys Ser Gly Lys Lys Gly Asn Tyr Ala Cys Leu Leu Arg
    290                 295                 300

Glu Asp Gln Gly Trp Tyr Cys Gln Asn Ala Gly Ser Thr Val Tyr Tyr
305                 310                 315                 320

Pro Asn Glu Lys Asp Cys Glu Thr Arg Gly Asp His Val Phe Cys Asp
                325                 330                 335

Thr Ala Ala Gly Ile Asn Val Ala Glu Gln Ser Lys Glu Cys Asn Ile
            340                 345                 350

Asn Ile Ser Thr Thr Asn Tyr Pro Cys Lys Val Ser Thr Gly Arg His
        355                 360                 365

Pro Ile Ser Met Val Ala Leu Ser Pro Leu Gly Ala Leu Val Ala Cys
    370                 375                 380

Tyr Lys Gly Val Ser Cys Ser Ile Gly Ser Asn Arg Val Gly Ile Ile
385                 390                 395                 400

Lys Gln Leu Asn Lys Gly Cys Ser Tyr Ile Thr Asn Gln Asp Ala Asp
                405                 410                 415

Thr Val Thr Ile Asp Asn Thr Val Tyr Gln Leu Ser Lys Val Glu Gly



            420                 425                 430

Glu Gln His Val Ile Lys Gly Arg Pro Val Ser Ser Ser Phe Asp Pro
        435                 440                 445

Ile Lys Phe Pro Glu Asp Gln Phe Asn Val Ala Leu Asp Gln Val Phe
    450                 455                 460

Glu Asn Ile Glu Asn Ser Gln Ala Leu Val Asp Gln Ser Asn Arg Ile
465                 470                 475                 480

Leu Ser Ser Ala Glu Lys Gly Asn Thr Gly Phe Ile Ile Val Ile Ile
                485                 490                 495

Leu Ile Ala Val Leu Gly Ser Ser Met Ile Leu Val Ser Ile Phe Ile
            500                 505                 510

Ile Ile Lys Lys Thr Lys Lys Pro Thr Gly Ala Pro Pro Glu Leu Ser
        515                 520                 525

Gly Val Thr Asn Asn Gly Phe Ile Pro His Ser
    530                 535

<210>  85
<211>  219
<212>  PRT
<213>  Human metapneumovirus

<400>  85

Met Glu Val Lys Val Glu Asn Ile Arg Ala Ile Asp Met Leu Lys Ala
1               5                   10                  15

Arg Val Lys Asn Arg Val Ala Arg Ser Lys Cys Phe Lys Asn Ala Ser
            20                  25                  30



Leu Ile Leu Ile Gly Ile Thr Thr Leu Ser Ile Ala Leu Asn Ile Tyr
        35                  40                  45

Leu Ile Ile Asn Tyr Thr Ile Gln Lys Thr Ser Ser Glu Ser Glu His
    50                  55                  60

His Thr Ser Ser Pro Pro Thr Glu Ser Asn Lys Glu Ala Ser Thr Ile
65                  70                  75                  80

Ser Thr Asp Asn Pro Asp Ile Asn Pro Asn Ser Gln His Pro Thr Gln
                85                  90                  95

Gln Ser Thr Glu Asn Pro Thr Leu Asn Pro Ala Ala Ser Val Ser Pro
            100                 105                 110

Ser Glu Thr Glu Pro Ala Ser Thr Pro Asp Thr Thr Asn Arg Leu Ser
        115                 120                 125

Ser Val Asp Arg Ser Thr Ala Gln Pro Ser Glu Ser Arg Thr Lys Thr
    130                 135                 140

Lys Pro Thr Val His Thr Arg Asn Asn Pro Ser Thr Ala Ser Ser Thr
145                 150                 155                 160

Gln Ser Pro Pro Arg Ala Thr Thr Lys Ala Ile Arg Arg Ala Thr Thr
                165                 170                 175

Phe Arg Met Ser Ser Thr Gly Lys Arg Pro Thr Thr Thr Ser Val Gln
            180                 185                 190

Ser Asp Ser Ser Thr Thr Thr Gln Asn His Glu Glu Thr Gly Ser Ala
        195                 200                 205



Asn Pro Gln Ala Ser Val Ser Thr Met Gln Asn
    210                 215

<210>  86
<211>  555
<212>  PRT
<213>  Human parainfluenza virus

<400>  86

Met Gln Lys Ser Glu Ile Leu Phe Leu Ile Tyr Ser Ser Leu Leu Leu
1               5                   10                  15

Ser Ser Ser Leu Cys Gln Ile Pro Val Asp Lys Leu Ser Asn Val Gly
            20                  25                  30

Val Ile Ile Asn Glu Gly Lys Leu Leu Lys Ile Ala Gly Ser Tyr Glu
        35                  40                  45

Ser Arg Tyr Ile Val Leu Ser Leu Val Pro Ser Ile Asp Leu Glu Asp
    50                  55                  60

Gly Cys Gly Thr Thr Gln Ile Ile Gln Tyr Lys Asn Leu Leu Asn Arg
65                  70                  75                  80

Leu Leu Ile Pro Leu Lys Asp Ala Leu Asp Leu Gln Glu Ser Leu Ile
                85                  90                  95

Thr Ile Thr Asn Asp Thr Thr Val Thr Asn Asp Asn Pro Gln Ser Arg
            100                 105                 110

Phe Phe Gly Ala Val Ile Gly Thr Ile Ala Leu Gly Val Ala Thr Ala
        115                 120                 125

Ala Gln Ile Thr Ala Gly Ile Ala Leu Ala Glu Ala Arg Glu Ala Arg
    130                 135                 140



Lys Asp Ile Ala Leu Ile Lys Asp Ser Ile Ile Lys Thr His Asn Ser
145                 150                 155                 160

Val Glu Leu Ile Gln Arg Gly Ile Gly Glu Gln Ile Ile Ala Leu Lys
                165                 170                 175

Thr Leu Gln Asp Phe Val Asn Asn Glu Ile Arg Pro Ala Ile Gly Glu
            180                 185                 190

Leu Arg Cys Glu Thr Thr Ala Leu Lys Leu Gly Ile Lys Leu Thr Gln
        195                 200                 205

His Tyr Ser Glu Leu Ala Thr Ala Phe Ser Ser Asn Leu Gly Thr Ile
    210                 215                 220

Gly Glu Lys Ser Leu Thr Leu Gln Ala Leu Ser Ser Leu Tyr Ser Ala
225                 230                 235                 240

Asn Ile Thr Glu Ile Leu Ser Thr Ile Lys Lys Asp Lys Ser Asp Ile
                245                 250                 255

Tyr Asp Ile Ile Tyr Thr Glu Gln Val Lys Gly Thr Val Ile Asp Val
            260                 265                 270

Asp Leu Glu Lys Tyr Met Val Thr Leu Leu Val Lys Ile Pro Ile Leu
        275                 280                 285

Ser Glu Ile Pro Gly Val Leu Ile Tyr Arg Ala Ser Ser Ile Ser Tyr
    290                 295                 300

Asn Ile Glu Gly Glu Glu Trp His Val Ala Ile Pro Asn Tyr Ile Ile
305                 310                 315                 320



Asn Lys Ala Ser Ser Leu Gly Gly Ala Asp Val Thr Asn Cys Ile Glu
                325                 330                 335

Ser Arg Leu Ala Tyr Ile Cys Pro Arg Asp Pro Thr Gln Leu Ile Pro
            340                 345                 350

Asp Asn Gln Gln Lys Cys Ile Leu Gly Asp Val Ser Lys Cys Pro Val
        355                 360                 365

Thr Lys Val Ile Asn Asn Leu Val Pro Lys Phe Ala Phe Ile Asn Gly
    370                 375                 380

Gly Val Val Ala Asn Cys Ile Ala Ser Thr Cys Thr Cys Gly Thr Asn
385                 390                 395                 400

Arg Ile Pro Val Asn Gln Asp Arg Ser Arg Gly Val Thr Phe Leu Thr
                405                 410                 415

Tyr Thr Asn Cys Gly Leu Ile Gly Ile Asn Gly Ile Glu Leu Tyr Ala
            420                 425                 430

Asn Lys Arg Gly Arg Asp Thr Thr Trp Gly Asn Gln Ile Ile Lys Val
        435                 440                 445

Gly Pro Ala Val Ser Ile Arg Pro Val Asp Ile Ser Leu Asn Leu Ala
    450                 455                 460

Ser Ala Thr Asn Phe Leu Glu Glu Ser Lys Ile Glu Leu Met Lys Ala
465                 470                 475                 480

Lys Ala Ile Ile Ser Ala Val Gly Gly Trp His Asn Thr Glu Ser Thr
                485                 490                 495



Gln Ile Ile Ile Ile Ile Ile Val Cys Ile Leu Ile Ile Ile Ile Cys
            500                 505                 510

Gly Ile Leu Tyr Tyr Leu Tyr Arg Val Arg Arg Leu Leu Val Met Ile
        515                 520                 525

Asn Ser Thr His Asn Ser Pro Val Asn Thr Tyr Thr Leu Glu Ser Arg
    530                 535                 540

Met Arg Asn Pro Tyr Ile Gly Asn Asn Ser Asn
545                 550                 555

<210>  87
<211>  571
<212>  PRT
<213>  Human parainfluenza virus

<400>  87

Met Glu Asp Tyr Ser Asn Leu Ser Leu Lys Ser Ile Pro Lys Arg Thr
1               5                   10                  15

Cys Arg Ile Ile Phe Arg Thr Ala Thr Ile Leu Gly Ile Cys Thr Leu
            20                  25                  30

Ile Val Leu Cys Ser Ser Ile Leu His Glu Ile Ile His Leu Asp Val
        35                  40                  45

Ser Ser Gly Leu Met Asp Ser Asp Asp Ser Gln Gln Gly Ile Ile Gln
    50                  55                  60

Pro Ile Ile Glu Ser Leu Lys Ser Leu Ile Ala Leu Ala Asn Gln Ile
65                  70                  75                  80

Leu Tyr Asn Val Ala Ile Ile Ile Pro Leu Lys Ile Asp Ser Ile Glu
                85                  90                  95



Thr Val Ile Phe Ser Ala Leu Lys Asp Met His Thr Gly Ser Met Ser
            100                 105                 110

Asn Thr Asn Cys Thr Pro Gly Asn Leu Leu Leu His Asp Ala Ala Tyr
        115                 120                 125

Ile Asn Gly Ile Asn Lys Phe Leu Val Leu Lys Ser Tyr Asn Gly Thr
    130                 135                 140

Pro Lys Tyr Gly Pro Leu Leu Asn Ile Pro Ser Phe Ile Pro Ser Ala
145                 150                 155                 160

Thr Ser Pro Asn Gly Cys Thr Arg Ile Pro Ser Phe Ser Leu Ile Lys
                165                 170                 175

Thr His Trp Cys Tyr Thr His Asn Val Met Leu Gly Asp Cys Leu Asp
            180                 185                 190

Phe Thr Thr Ser Asn Gln Tyr Leu Ala Met Gly Ile Ile Gln Gln Ser
        195                 200                 205

Ala Ala Ala Phe Pro Ile Phe Arg Thr Met Lys Thr Ile Tyr Leu Ser
    210                 215                 220

Asp Gly Ile Asn Arg Lys Ser Cys Ser Val Thr Ala Ile Pro Gly Gly
225                 230                 235                 240

Cys Val Leu Tyr Cys Tyr Val Ala Thr Arg Ser Glu Lys Glu Asp Tyr
                245                 250                 255

Ala Thr Thr Asp Leu Ala Glu Leu Arg Leu Ala Phe Tyr Tyr Tyr Asn
            260                 265                 270



Asp Thr Phe Ile Glu Arg Val Ile Ser Leu Pro Asn Thr Thr Gly Gln
        275                 280                 285

Trp Ala Thr Ile Asn Pro Ala Val Gly Ser Gly Ile Tyr His Leu Gly
    290                 295                 300

Phe Ile Leu Phe Pro Val Tyr Gly Gly Leu Ile Ser Gly Thr Pro Ser
305                 310                 315                 320

Tyr Asn Lys Gln Ser Ser Arg Tyr Phe Ile Pro Lys His Pro Asn Ile
                325                 330                 335

Thr Cys Ala Gly Asn Ser Ser Glu Gln Ala Ala Ala Ala Arg Ser Ser
            340                 345                 350

Tyr Val Ile Arg Tyr His Ser Asn Arg Leu Ile Gln Ser Ala Val Leu
        355                 360                 365

Ile Cys Pro Leu Ser Asp Met His Thr Ala Arg Cys Asn Leu Val Met
    370                 375                 380

Phe Asn Asn Ser Gln Val Met Met Gly Ala Glu Gly Arg Leu Tyr Val
385                 390                 395                 400

Ile Asp Asn Asn Leu Tyr Tyr Tyr Gln Arg Ser Ser Ser Trp Trp Ser
                405                 410                 415

Ala Ser Leu Phe Tyr Arg Ile Asn Thr Asp Phe Ser Lys Gly Ile Pro
            420                 425                 430

Pro Ile Ile Glu Ala Gln Trp Val Pro Ser Tyr Gln Val Pro Arg Pro
        435                 440                 445



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

Thr Gly Val Tyr Ala Asp Val Trp Pro Leu Asn Asp Pro Glu Pro Thr
465                 470                 475                 480

Ser Gln Asn Ala Leu Asn Pro Asn Tyr Arg Phe Ala Gly Ala Phe Leu
                485                 490                 495

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

Ser Ala Leu Leu Asn Thr Thr Gly Phe Asn Asn Thr Asn His Lys Ala
        515                 520                 525

Ala Tyr Thr Ser Ser Thr Cys Phe Lys Asn Thr Gly Thr Gln Lys Ile
    530                 535                 540

Tyr Cys Leu Ile Ile Ile Glu Met Gly Ser Ser Leu Leu Gly Glu Phe
545                 550                 555                 560

Gln Ile Ile Pro Phe Leu Arg Glu Leu Ile Pro
                565                 570

<210>  88
<211>  217
<212>  PRT
<213>  Plasmodium falciparum

<400>  88

Met Asn Lys Leu Tyr Ser Leu Phe Leu Phe Leu Phe Ile Gln 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



Gly Phe Leu Ile Gln Met Ser Gly His Leu Glu Cys Lys Cys Glu Asn
        35                  40                  45

Asp Leu Val Leu Val Asn Glu Glu Thr Cys Glu Glu Lys Val Leu Lys
    50                  55                  60

Cys Asp Glu Lys Thr Val Asn Lys Pro Cys Gly Asp Phe Ser Lys Cys
65                  70                  75                  80

Ile Lys Ile Asp Gly Asn Pro Val Ser Tyr Ala Cys Lys Cys Asn Leu
                85                  90                  95

Gly Tyr Asp Met Val Asn Asn Val Cys Ile Pro Asn Glu Cys Lys Asn
            100                 105                 110

Val Thr Cys Gly Asn Gly Lys Cys Ile Leu Asp Thr Ser Asn Pro Val
        115                 120                 125

Lys Thr Gly Val Cys Ser Cys Asn Ile Gly Lys Val Pro Asn Val Gln
    130                 135                 140

Asp Gln Asn Lys Cys Ser Lys Asp Gly Glu Thr Lys Cys Ser Leu Lys
145                 150                 155                 160

Cys Leu Lys Glu Asn Glu Thr Cys Lys Ala Val Asp Gly Ile Tyr Lys
                165                 170                 175

Cys Asp Cys Lys Asp Gly Phe Ile Ile Asp Asn Glu Ser Ser Ile Cys
            180                 185                 190

Thr Ala Phe Ser Ala Tyr Asn Ile Leu Asn Leu Ser Ile Met Phe Ile
        195                 200                 205



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

Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys
1               5                   10                  15

Asp Gly Glu 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 Glu 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 Gly Gln Asn Ile Thr Glu Glu Phe
            20                  25                  30

Tyr Gln Ser Thr Cys Ser Ala Val Ser Lys Gly Tyr Leu Ser Ala Leu
        35                  40                  45



Arg Thr Gly Trp Tyr Thr Ser Val Ile Thr Ile Glu Leu Ser Asn Ile
    50                  55                  60

Lys Glu Asn Lys Cys Asn Gly Thr Asp Ala Lys Val Lys Leu Ile Lys
65                  70                  75                  80

Gln Glu Leu Asp Lys Tyr Lys Asn Ala Val Thr Glu Leu Gln Leu Leu
                85                  90                  95

Met Gln Ser Thr Pro Ala Thr Asn Asn Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val
    130                 135                 140

Gly Ser Ala Ile Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu
145                 150                 155                 160

Glu Gly Glu Val Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys
                165                 170                 175

Ala Val Val Ser Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val
            180                 185                 190

Leu Asp Leu Lys Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn
        195                 200                 205

Lys Gln Ser Cys Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln
    210                 215                 220

Gln Lys Asn Asn Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn



225                 230                 235                 240

Ala Gly Val Thr Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu
                245                 250                 255

Leu Leu Ser Leu Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys
            260                 265                 270

Leu Met Ser Asn Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile
        275                 280                 285

Met Cys Ile Ile Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro
    290                 295                 300

Leu Tyr Gly Val Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro
305                 310                 315                 320

Leu Cys Thr Thr Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg
                325                 330                 335

Thr Asp Arg Gly Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe
            340                 345                 350

Pro Gln Ala Glu Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp
        355                 360                 365

Thr Met Asn Ser Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val
    370                 375                 380

Asp Ile Phe Asn Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr
385                 390                 395                 400

Asp Val Ser Ser Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys
                405                 410                 415



Tyr Gly Lys Thr Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile
            420                 425                 430

Lys Thr Phe Ser Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp
        435                 440                 445

Thr Val Ser Val Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly
    450                 455                 460

Lys Ser Leu Tyr Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro
465                 470                 475                 480

Leu Val Phe Pro Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn
                485                 490                 495

Glu Lys Ile Asn Gln Ser Leu Ala Phe Ile Arg Lys Ser Asp Glu Leu
            500                 505                 510

Leu Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg
        515                 520                 525

Lys Asp Gly Glu 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 Glu 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 Gln Asn Ile Thr Glu Glu Phe
            20                  25                  30

Tyr Gln Ser Thr Cys Ser Ala Val Ser Lys Gly Tyr Leu Ser Ala Leu
        35                  40                  45

Arg Thr Gly Trp Tyr Thr Ser Val Ile Thr Ile Glu Leu Ser Asn Ile
    50                  55                  60

Lys Glu Asn Lys Cys Asn Gly Thr Asp Ala Lys Val Lys Leu Ile Lys
65                  70                  75                  80

Gln Glu Leu Asp Lys Tyr Lys Asn Ala Val Thr Glu Leu Gln Leu Leu
                85                  90                  95

Met Gln Ser Thr Pro Ala Thr Asn Asn Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val
    130                 135                 140

Gly Ser Ala Ile Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu
145                 150                 155                 160

Glu Gly Glu Val Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys
                165                 170                 175

Ala Val Val Ser Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val
            180                 185                 190



Leu Asp Leu Lys Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn
        195                 200                 205

Lys Gln Ser Cys Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln
    210                 215                 220

Gln Lys Asn Asn Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn
225                 230                 235                 240

Ala Gly Val Thr Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu
                245                 250                 255

Leu Leu Ser Leu Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys
            260                 265                 270

Leu Met Ser Asn Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile
        275                 280                 285

Met Cys Ile Ile Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro
    290                 295                 300

Leu Tyr Gly Val Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro
305                 310                 315                 320

Leu Cys Thr Thr Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg
                325                 330                 335

Thr Asp Arg Gly Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe
            340                 345                 350

Pro Gln Ala Glu Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp
        355                 360                 365



Thr Met Asn Ser Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val
    370                 375                 380

Asp Ile Phe Asn Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr
385                 390                 395                 400

Asp Val Ser Ser Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys
                405                 410                 415

Tyr Gly Lys Thr Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile
            420                 425                 430

Lys Thr Phe Ser Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp
        435                 440                 445

Thr Val Ser Val Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly
    450                 455                 460

Lys Ser Leu Tyr Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro
465                 470                 475                 480

Leu Val Phe Pro Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn
                485                 490                 495

Glu Lys Ile Asn Gln Ser Leu Ala Phe Ile Arg Lys Ser Asp Glu Leu
            500                 505                 510

Leu Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg
        515                 520                 525

Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu Gly Gly Ser Met
    530                 535                 540



Glu Glu Val Val Leu Ile Thr Val Pro Ser Ala Leu Val Ala Val Lys
545                 550                 555                 560

Ile Ala His Ala Leu Val Glu Glu Arg Leu Ala Ala Cys Val Asn Ile
                565                 570                 575

Val Pro Gly Leu Thr Ser Ile Tyr Arg Glu Glu Gly Ser Val Val Ser
            580                 585                 590

Asp His Glu Leu Leu Leu Leu Val Lys Thr Thr Thr Asp Ala Phe Pro
        595                 600                 605

Lys Leu Lys Glu Arg Val Lys Glu Leu His Pro Tyr Glu Val Pro Glu
    610                 615                 620

Ile Val Ala Leu Pro Ile Ala Glu Gly Asn Arg Glu Tyr Leu Asp Trp
625                 630                 635                 640

Leu Arg Glu Asn Thr Gly
                645

<210>  92
<211>  619
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  92

Met Glu 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 Gln Asn Ile Thr Glu Glu Phe
            20                  25                  30



Tyr Gln Ser Thr Cys Ser Ala Val Ser Lys Gly Tyr Leu Ser Ala Leu
        35                  40                  45

Arg Thr Gly Trp Tyr Thr Ser Val Ile Thr Ile Glu Leu Ser Asn Ile
    50                  55                  60

Lys Glu Asn Lys Cys Asn Gly Thr Asp Ala Lys Val Lys Leu Ile Lys
65                  70                  75                  80

Gln Glu Leu Asp Lys Tyr Lys Asn Ala Val Thr Glu Leu Gln Leu Leu
                85                  90                  95

Met Gln Ser Thr Pro Ala Thr Asn Asn Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val
    130                 135                 140

Gly Ser Ala Ile Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu
145                 150                 155                 160

Glu Gly Glu Val Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys
                165                 170                 175

Ala Val Val Ser Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val
            180                 185                 190

Leu Asp Leu Lys Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn
        195                 200                 205



Lys Gln Ser Cys Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln
    210                 215                 220

Gln Lys Asn Asn Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn
225                 230                 235                 240

Ala Gly Val Thr Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu
                245                 250                 255

Leu Leu Ser Leu Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys
            260                 265                 270

Leu Met Ser Asn Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile
        275                 280                 285

Met Cys Ile Ile Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro
    290                 295                 300

Leu Tyr Gly Val Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro
305                 310                 315                 320

Leu Cys Thr Thr Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg
                325                 330                 335

Thr Asp Arg Gly Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe
            340                 345                 350

Pro Gln Ala Glu Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp
        355                 360                 365

Thr Met Asn Ser Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val
    370                 375                 380

Asp Ile Phe Asn Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr



385                 390                 395                 400

Asp Val Ser Ser Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys
                405                 410                 415

Tyr Gly Lys Thr Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile
            420                 425                 430

Lys Thr Phe Ser Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp
        435                 440                 445

Thr Val Ser Val Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly
    450                 455                 460

Lys Ser Leu Tyr Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro
465                 470                 475                 480

Leu Val Phe Pro Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn
                485                 490                 495

Glu Lys Ile Asn Gln Ser Leu Ala Phe Ile Arg Lys Ser Asp Glu Leu
            500                 505                 510

Leu Gly Gly Ser Met Glu Glu Val Val Leu Ile Thr Val Pro Ser Ala
        515                 520                 525

Leu Val Ala Val Lys Ile Ala His Ala Leu Val Glu Glu Arg Leu Ala
    530                 535                 540

Ala Cys Val Asn Ile Val Pro Gly Leu Thr Ser Ile Tyr Arg Glu Glu
545                 550                 555                 560

Gly Ser Val Val Ser Asp His Glu Leu Leu Leu Leu Val Lys Thr Thr
                565                 570                 575



Thr Asp Ala Phe Pro Lys Leu Lys Glu Arg Val Lys Glu Leu His Pro
            580                 585                 590

Tyr Glu Val Pro Glu Ile Val Ala Leu Pro Ile Ala Glu Gly Asn Arg
        595                 600                 605

Glu Tyr Leu Asp Trp Leu Arg Glu Asn Thr Gly
    610                 615

<210>  93
<211>  665
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  93

Met Glu 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 Gln Asn Ile Thr Glu Glu Phe
            20                  25                  30

Tyr Gln Ser Thr Cys Ser Ala Val Ser Lys Gly Tyr Leu Ser Ala Leu
        35                  40                  45

Arg Thr Gly Trp Tyr Thr Ser Val Ile Thr Ile Glu Leu Ser Asn Ile
    50                  55                  60

Lys Glu Asn Lys Cys Asn Gly Thr Asp Ala Lys Val Lys Leu Ile Lys
65                  70                  75                  80

Gln Glu Leu Asp Lys Tyr Lys Asn Ala Val Thr Glu Leu Gln Leu Leu



                85                  90                  95

Met Gln Ser Thr Pro Ala Thr Asn Asn Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val
    130                 135                 140

Gly Ser Ala Ile Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu
145                 150                 155                 160

Glu Gly Glu Val Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys
                165                 170                 175

Ala Val Val Ser Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val
            180                 185                 190

Leu Asp Leu Lys Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn
        195                 200                 205

Lys Gln Ser Cys Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln
    210                 215                 220

Gln Lys Asn Asn Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn
225                 230                 235                 240

Ala Gly Val Thr Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu
                245                 250                 255

Leu Leu Ser Leu Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys
            260                 265                 270



Leu Met Ser Asn Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile
        275                 280                 285

Met Cys Ile Ile Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro
    290                 295                 300

Leu Tyr Gly Val Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro
305                 310                 315                 320

Leu Cys Thr Thr Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg
                325                 330                 335

Thr Asp Arg Gly Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe
            340                 345                 350

Pro Gln Ala Glu Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp
        355                 360                 365

Thr Met Asn Ser Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val
    370                 375                 380

Asp Ile Phe Asn Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr
385                 390                 395                 400

Asp Val Ser Ser Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys
                405                 410                 415

Tyr Gly Lys Thr Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile
            420                 425                 430

Lys Thr Phe Ser Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp
        435                 440                 445



Thr Val Ser Val Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly
    450                 455                 460

Lys Ser Leu Tyr Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro
465                 470                 475                 480

Leu Val Phe Pro Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn
                485                 490                 495

Glu Lys Ile Asn Gln Ser Leu Ala Phe Ile Arg Lys Ser Asp Glu Leu
            500                 505                 510

Leu Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg
        515                 520                 525

Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu Gly Gly Ser Met
    530                 535                 540

Val Arg Gly Ile Arg Gly Ala Ile Thr Val Asn Ser Asp Thr Pro Thr
545                 550                 555                 560

Ser Ile Ile Ile Ala Thr Ile Leu Leu Leu Glu Lys Met Leu Glu Ala
                565                 570                 575

Asn Gly Ile Gln Ser Tyr Glu Glu Leu Ala Ala Val Ile Phe Thr Val
            580                 585                 590

Thr Glu Asp Leu Thr Ser Ala Phe Pro Ala Glu Ala Ala Arg Gln Ile
        595                 600                 605

Gly Met His Arg Val Pro Leu Leu Ser Ala Arg Glu Val Pro Val Pro
    610                 615                 620



Gly Ser Leu Pro Arg Val Ile Arg Val Leu Ala Leu Trp Asn Thr Asp
625                 630                 635                 640

Thr Pro Gln Asp Arg Val Arg His Val Tyr Leu Ser Glu Ala Val Arg
                645                 650                 655

Leu Arg Pro Asp Leu Glu Ser Ala Gln
            660                 665

<210>  94
<211>  638
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  94

Met Glu 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 Gln Asn Ile Thr Glu Glu Phe
            20                  25                  30

Tyr Gln Ser Thr Cys Ser Ala Val Ser Lys Gly Tyr Leu Ser Ala Leu
        35                  40                  45

Arg Thr Gly Trp Tyr Thr Ser Val Ile Thr Ile Glu Leu Ser Asn Ile
    50                  55                  60

Lys Glu Asn Lys Cys Asn Gly Thr Asp Ala Lys Val Lys Leu Ile Lys
65                  70                  75                  80

Gln Glu Leu Asp Lys Tyr Lys Asn Ala Val Thr Glu Leu Gln Leu Leu
                85                  90                  95



Met Gln Ser Thr Pro Ala Thr Asn Asn Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val
    130                 135                 140

Gly Ser Ala Ile Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu
145                 150                 155                 160

Glu Gly Glu Val Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys
                165                 170                 175

Ala Val Val Ser Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val
            180                 185                 190

Leu Asp Leu Lys Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn
        195                 200                 205

Lys Gln Ser Cys Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln
    210                 215                 220

Gln Lys Asn Asn Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn
225                 230                 235                 240

Ala Gly Val Thr Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu
                245                 250                 255

Leu Leu Ser Leu Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys
            260                 265                 270



Leu Met Ser Asn Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile
        275                 280                 285

Met Cys Ile Ile Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro
    290                 295                 300

Leu Tyr Gly Val Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro
305                 310                 315                 320

Leu Cys Thr Thr Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg
                325                 330                 335

Thr Asp Arg Gly Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe
            340                 345                 350

Pro Gln Ala Glu Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp
        355                 360                 365

Thr Met Asn Ser Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val
    370                 375                 380

Asp Ile Phe Asn Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr
385                 390                 395                 400

Asp Val Ser Ser Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys
                405                 410                 415

Tyr Gly Lys Thr Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile
            420                 425                 430

Lys Thr Phe Ser Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp
        435                 440                 445

Thr Val Ser Val Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly



    450                 455                 460

Lys Ser Leu Tyr Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro
465                 470                 475                 480

Leu Val Phe Pro Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn
                485                 490                 495

Glu Lys Ile Asn Gln Ser Leu Ala Phe Ile Arg Lys Ser Asp Glu Leu
            500                 505                 510

Leu Gly Gly Ser Met Val Arg Gly Ile Arg Gly Ala Ile Thr Val Asn
        515                 520                 525

Ser Asp Thr Pro Thr Ser Ile Ile Ile Ala Thr Ile Leu Leu Leu Glu
    530                 535                 540

Lys Met Leu Glu Ala Asn Gly Ile Gln Ser Tyr Glu Glu Leu Ala Ala
545                 550                 555                 560

Val Ile Phe Thr Val Thr Glu Asp Leu Thr Ser Ala Phe Pro Ala Glu
                565                 570                 575

Ala Ala Arg Gln Ile Gly Met His Arg Val Pro Leu Leu Ser Ala Arg
            580                 585                 590

Glu Val Pro Val Pro Gly Ser Leu Pro Arg Val Ile Arg Val Leu Ala
        595                 600                 605

Leu Trp Asn Thr Asp Thr Pro Gln Asp Arg Val Arg His Val Tyr Leu
    610                 615                 620

Ser Glu Ala Val Arg Leu Arg Pro Asp Leu Glu Ser Ala Gln
625                 630                 635



<210>  95
<211>  769
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  95

Met Glu 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 Gly Gln Asn Ile Thr Glu Glu Phe
            20                  25                  30

Tyr Gln Ser Thr Cys Ser Ala Val Ser Lys Gly Tyr Leu Ser Ala Leu
        35                  40                  45

Arg Thr Gly Trp Tyr Thr Ser Val Ile Thr Ile Glu Leu Ser Asn Ile
    50                  55                  60

Lys Glu Asn Lys Cys Asn Gly Thr Asp Ala Lys Val Lys Leu Ile Lys
65                  70                  75                  80

Gln Glu Leu Asp Lys Tyr Lys Asn Ala Val Thr Glu Leu Gln Leu Leu
                85                  90                  95

Met Gln Ser Thr Pro Ala Thr Asn Asn Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val



    130                 135                 140

Gly Ser Ala Ile Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu
145                 150                 155                 160

Glu Gly Glu Val Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys
                165                 170                 175

Ala Val Val Ser Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val
            180                 185                 190

Leu Asp Leu Lys Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn
        195                 200                 205

Lys Gln Ser Cys Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln
    210                 215                 220

Gln Lys Asn Asn Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn
225                 230                 235                 240

Ala Gly Val Thr Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu
                245                 250                 255

Leu Leu Ser Leu Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys
            260                 265                 270

Leu Met Ser Asn Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile
        275                 280                 285

Met Cys Ile Ile Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro
    290                 295                 300

Leu Tyr Gly Val Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro
305                 310                 315                 320



Leu Cys Thr Thr Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg
                325                 330                 335

Thr Asp Arg Gly Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe
            340                 345                 350

Pro Gln Ala Glu Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp
        355                 360                 365

Thr Met Asn Ser Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val
    370                 375                 380

Asp Ile Phe Asn Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr
385                 390                 395                 400

Asp Val Ser Ser Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys
                405                 410                 415

Tyr Gly Lys Thr Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile
            420                 425                 430

Lys Thr Phe Ser Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp
        435                 440                 445

Thr Val Ser Val Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly
    450                 455                 460

Lys Ser Leu Tyr Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro
465                 470                 475                 480

Leu Val Phe Pro Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn
                485                 490                 495



Glu Lys Ile Asn Gln Ser Leu Ala Phe Ile Arg Gly Tyr Ile Pro Glu
            500                 505                 510

Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys Asp Gly Glu Trp Val
        515                 520                 525

Leu Leu Ser Thr Phe Leu Gly Ser Gly Ser His His His His His His
    530                 535                 540

His His Gly Gly Ser Gly Gly Ser Gly Ser Glu Lys Ala Ala Lys Ala
545                 550                 555                 560

Glu Glu Ala Ala Arg Lys Met Glu Glu Leu Phe Lys Lys His Lys Ile
                565                 570                 575

Val Ala Val Leu Arg Ala Asn Ser Val Glu Glu Ala Ile Glu Lys Ala
            580                 585                 590

Val Ala Val Phe Ala Gly Gly Val His Leu Ile Glu Ile Thr Phe Thr
        595                 600                 605

Val Pro Asp Ala Asp Thr Val Ile Lys Ala Leu Ser Val Leu Lys Glu
    610                 615                 620

Lys Gly Ala Ile Ile Gly Ala Gly Thr Val Thr Ser Val Glu Gln Cys
625                 630                 635                 640

Arg Lys Ala Val Glu Ser Gly Ala Glu Phe Ile Val Ser Pro His Leu
                645                 650                 655

Asp Glu Glu Ile Ser Gln Phe Cys Lys Glu Lys Gly Val Phe Tyr Met
            660                 665                 670



Pro Gly Val Met Thr Pro Thr Glu Leu Val Lys Ala Met Lys Leu Gly
        675                 680                 685

His Thr Ile Leu Lys Leu Phe Pro Gly Glu Val Val Gly Pro Gln Phe
    690                 695                 700

Val Lys Ala Met Lys Gly Pro Phe Pro Asn Val Lys Phe Val Pro Thr
705                 710                 715                 720

Gly Gly Val Asn Leu Asp Asn Val Cys Glu Trp Phe Lys Ala Gly Val
                725                 730                 735

Leu Ala Val Gly Val Gly Ser Ala Leu Val Lys Gly Thr Pro Asp Glu
            740                 745                 750

Val Arg Glu Lys Ala Lys Ala Phe Val Glu Lys Ile Arg Gly Cys Thr
        755                 760                 765

Glu

<210>  96
<211>  730
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  96

Met Glu 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 Gln Asn Ile Thr Glu Glu Phe
            20                  25                  30



Tyr Gln Ser Thr Cys Ser Ala Val Ser Lys Gly Tyr Leu Ser Ala Leu
        35                  40                  45

Arg Thr Gly Trp Tyr Thr Ser Val Ile Thr Ile Glu Leu Ser Asn Ile
    50                  55                  60

Lys Glu Asn Lys Cys Asn Gly Thr Asp Ala Lys Val Lys Leu Ile Lys
65                  70                  75                  80

Gln Glu Leu Asp Lys Tyr Lys Asn Ala Val Thr Glu Leu Gln Leu Leu
                85                  90                  95

Met Gln Ser Thr Pro Ala Thr Asn Asn Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val
    130                 135                 140

Gly Ser Ala Ile Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu
145                 150                 155                 160

Glu Gly Glu Val Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys
                165                 170                 175

Ala Val Val Ser Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val
            180                 185                 190

Leu Asp Leu Lys Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn
        195                 200                 205



Lys Gln Ser Cys Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln
    210                 215                 220

Gln Lys Asn Asn Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn
225                 230                 235                 240

Ala Gly Val Thr Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu
                245                 250                 255

Leu Leu Ser Leu Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys
            260                 265                 270

Leu Met Ser Asn Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile
        275                 280                 285

Met Cys Ile Ile Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro
    290                 295                 300

Leu Tyr Gly Val Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro
305                 310                 315                 320

Leu Cys Thr Thr Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg
                325                 330                 335

Thr Asp Arg Gly Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe
            340                 345                 350

Pro Gln Ala Glu Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp
        355                 360                 365

Thr Met Asn Ser Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val
    370                 375                 380

Asp Ile Phe Asn Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr



385                 390                 395                 400

Asp Val Ser Ser Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys
                405                 410                 415

Tyr Gly Lys Thr Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile
            420                 425                 430

Lys Thr Phe Ser Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp
        435                 440                 445

Thr Val Ser Val Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly
    450                 455                 460

Lys Ser Leu Tyr Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro
465                 470                 475                 480

Leu Val Phe Pro Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn
                485                 490                 495

Glu Lys Ile Asn Gln Ser Leu Ala Phe Ile Arg Gly Gly Ser Gly Gly
            500                 505                 510

Ser Gly Ser Glu Lys Ala Ala Lys Ala Glu Glu Ala Ala Arg Lys Met
        515                 520                 525

Glu Glu Leu Phe Lys Lys His Lys Ile Val Ala Val Leu Arg Ala Asn
    530                 535                 540

Ser Val Glu Glu Ala Ile Glu Lys Ala Val Ala Val Phe Ala Gly Gly
545                 550                 555                 560

Val His Leu Ile Glu Ile Thr Phe Thr Val Pro Asp Ala Asp Thr Val
                565                 570                 575



Ile Lys Ala Leu Ser Val Leu Lys Glu Lys Gly Ala Ile Ile Gly Ala
            580                 585                 590

Gly Thr Val Thr Ser Val Glu Gln Cys Arg Lys Ala Val Glu Ser Gly
        595                 600                 605

Ala Glu Phe Ile Val Ser Pro His Leu Asp Glu Glu Ile Ser Gln Phe
    610                 615                 620

Cys Lys Glu Lys Gly Val Phe Tyr Met Pro Gly Val Met Thr Pro Thr
625                 630                 635                 640

Glu Leu Val Lys Ala Met Lys Leu Gly His Thr Ile Leu Lys Leu Phe
                645                 650                 655

Pro Gly Glu Val Val Gly Pro Gln Phe Val Lys Ala Met Lys Gly Pro
            660                 665                 670

Phe Pro Asn Val Lys Phe Val Pro Thr Gly Gly Val Asn Leu Asp Asn
        675                 680                 685

Val Cys Glu Trp Phe Lys Ala Gly Val Leu Ala Val Gly Val Gly Ser
    690                 695                 700

Ala Leu Val Lys Gly Thr Pro Asp Glu Val Arg Glu Lys Ala Lys Ala
705                 710                 715                 720

Phe Val Glu Lys Ile Arg Gly Cys Thr Glu
                725                 730

<210>  97
<211>  676
<212>  PRT



<213>  Artificial Sequence

<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  97

Met Glu 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 Gly Gln Asn Ile Thr Glu Glu Phe
            20                  25                  30

Tyr Gln Ser Thr Cys Ser Ala Val Ser Lys Gly Tyr Leu Ser Ala Leu
        35                  40                  45

Arg Thr Gly Trp Tyr Thr Ser Val Ile Thr Ile Glu Leu Ser Asn Ile
    50                  55                  60

Lys Glu Asn Lys Cys Asn Gly Thr Asp Ala Lys Val Lys Leu Ile Lys
65                  70                  75                  80

Gln Glu Leu Asp Lys Tyr Lys Asn Ala Val Thr Glu Leu Gln Leu Leu
                85                  90                  95

Met Gln Ser Thr Pro Ala Thr Asn Asn Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val
    130                 135                 140

Gly Ser Ala Ile Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu
145                 150                 155                 160



Glu Gly Glu Val Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys
                165                 170                 175

Ala Val Val Ser Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val
            180                 185                 190

Leu Asp Leu Lys Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn
        195                 200                 205

Lys Gln Ser Cys Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln
    210                 215                 220

Gln Lys Asn Asn Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn
225                 230                 235                 240

Ala Gly Val Thr Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu
                245                 250                 255

Leu Leu Ser Leu Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys
            260                 265                 270

Leu Met Ser Asn Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile
        275                 280                 285

Met Cys Ile Ile Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro
    290                 295                 300

Leu Tyr Gly Val Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro
305                 310                 315                 320

Leu Cys Thr Thr Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg
                325                 330                 335



Thr Asp Arg Gly Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe
            340                 345                 350

Pro Gln Ala Glu Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp
        355                 360                 365

Thr Met Asn Ser Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val
    370                 375                 380

Asp Ile Phe Asn Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr
385                 390                 395                 400

Asp Val Ser Ser Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys
                405                 410                 415

Tyr Gly Lys Thr Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile
            420                 425                 430

Lys Thr Phe Ser Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp
        435                 440                 445

Thr Val Ser Val Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly
    450                 455                 460

Lys Ser Leu Tyr Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro
465                 470                 475                 480

Leu Val Phe Pro Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn
                485                 490                 495

Glu Lys Ile Asn Gln Ser Leu Ala Phe Ile Arg Lys Ser Asp Glu Leu
            500                 505                 510



Leu Gly Gly Ser Gly Gly Ser Gly Ser Asp Asp Ala Arg Ile Ala Ala
        515                 520                 525

Ile Gly Asp Val Asp Glu Leu Asn Ser Gln Ile Gly Val Leu Leu Ala
    530                 535                 540

Glu Pro Leu Pro Asp Asp Val Arg Ala Ala Leu Ser Ala Ile Gln His
545                 550                 555                 560

Asp Leu Phe Asp Leu Gly Gly Glu Leu Cys Ile Pro Gly His Ala Ala
                565                 570                 575

Ile Thr Glu Asp His Leu Leu Arg Leu Ala Leu Trp Leu Val His Tyr
            580                 585                 590

Asn Gly Gln Leu Pro Pro Leu Glu Glu Phe Ile Leu Pro Gly Gly Ala
        595                 600                 605

Arg Gly Ala Ala Leu Ala His Val Cys Arg Thr Val Cys Arg Arg Ala
    610                 615                 620

Glu Arg Ser Ile Lys Ala Leu Gly Ala Ser Glu Pro Leu Asn Ile Ala
625                 630                 635                 640

Pro Ala Ala Tyr Val Asn Leu Leu Ser Asp Leu Leu Phe Val Leu Ala
                645                 650                 655

Arg Val Leu Asn Arg Ala Ala Gly Gly Ala Asp Val Leu Trp Asp Arg
            660                 665                 670

Thr Arg Ala His
        675

<210>  98
<211>  274



<212>  PRT
<213>  Neisseria meningitidis

<400>  98

Met Asn Arg Thr Ala Phe Cys Cys Leu Ser Leu Thr Thr Ala Leu Ile
1               5                   10                  15

Leu Thr Ala Cys Ser Ser Gly Gly Gly Gly Val Ala Ala Asp Ile Gly
            20                  25                  30

Ala Gly Leu Ala Asp Ala Leu Thr Ala Pro Leu Asp His Lys Asp Lys
        35                  40                  45

Gly Leu Gln Ser Leu Thr Leu Asp Gln Ser Val Arg Lys Asn Glu Lys
    50                  55                  60

Leu Lys Leu Ala Ala Gln Gly Ala Glu Lys Thr Tyr Gly Asn Gly Asp
65                  70                  75                  80

Ser Leu Asn Thr Gly Lys Leu Lys Asn Asp Lys Val Ser Arg Phe Asp
                85                  90                  95

Phe Ile Arg Gln Ile Glu Val Asp Gly Gln Leu Ile Thr Leu Glu Ser
            100                 105                 110

Gly Glu Phe Gln Val Tyr Lys Gln Ser His Ser Ala Leu Thr Ala Phe
        115                 120                 125

Gln Thr Glu Gln Ile Gln Asp Ser Glu His Ser Gly Lys Met Val Ala
    130                 135                 140

Lys Arg Gln Phe Arg Ile Gly Asp Ile Ala Gly Glu His Thr Ser Phe
145                 150                 155                 160



Asp Lys Leu Pro Glu Gly Gly Arg Ala Thr Tyr Arg Gly Thr Ala Phe
                165                 170                 175

Gly Ser Asp Asp Ala Gly Gly Lys Leu Thr Tyr Thr Ile Asp Phe Ala
            180                 185                 190

Ala Lys Gln Gly Asn Gly Lys Ile Glu His Leu Lys Ser Pro Glu Leu
        195                 200                 205

Asn Val Asp Leu Ala Ala Ala Asp Ile Lys Pro Asp Gly Lys Arg His
    210                 215                 220

Ala Val Ile Ser Gly Ser Val Leu Tyr Asn Gln Ala Glu Lys Gly Ser
225                 230                 235                 240

Tyr Ser Leu Gly Ile Phe Gly Gly Lys Ala Gln Glu Val Ala Gly Ser
                245                 250                 255

Ala Glu Val Lys Thr Val Asn Gly Ile Arg His Ile Gly Leu Ala Ala
            260                 265                 270

Lys Gln

<210>  99
<211>  370
<212>  PRT
<213>  Neisseria meningitidis

<400>  99

Met Gln Thr Ala Ala Arg Arg Ser Phe Asp Tyr Asp Met Pro Leu Ile
1               5                   10                  15

Gln Thr Pro Thr Ser Ala Cys Gln Ile Arg Gln Ala Trp Ala Lys Val
            20                  25                  30



Ala Asp Thr Pro Asp Arg Glu Thr Ala Gly Arg Leu Lys Asp Glu Ile
        35                  40                  45

Lys Ala Leu Leu Lys Glu Thr Asn Ala Val Leu Val Ala His Tyr Tyr
    50                  55                  60

Val Asp Pro Leu Ile Gln Asp Leu Ala Leu Glu Thr Gly Gly Cys Val
65                  70                  75                  80

Gly Asp Ser Leu Glu Met Ala Arg Phe Gly Ala Glu His Glu Ala Gly
                85                  90                  95

Thr Leu Val Val Ala Gly Val Arg Phe Met Gly Glu Ser Ala Lys Ile
            100                 105                 110

Leu Cys Pro Glu Lys Thr Val Leu Met Pro Asp Leu Glu Ala Glu Cys
        115                 120                 125

Ser Leu Asp Leu Gly Cys Pro Glu Glu Ala Phe Ser Ala Phe Cys Asp
    130                 135                 140

Gln His Pro Asp Arg Thr Val Val Val Tyr Ala Asn Thr Ser Ala Ala
145                 150                 155                 160

Val Lys Ala Arg Ala Asp Trp Val Val Thr Ser Ser Val Ala Leu Glu
                165                 170                 175

Ile Val Ser Tyr Leu Lys Ser Arg Gly Glu Lys Leu Ile Trp Gly Pro
            180                 185                 190

Asp Arg His Leu Gly Asp Tyr Ile Arg Arg Glu Thr Gly Ala Asp Met
        195                 200                 205



Leu Leu Trp Gln Gly Ser Cys Ile Val His Asn Glu Phe Lys Gly Gln
    210                 215                 220

Glu Leu Ala Ala Leu Lys Ala Glu His Pro Asp Ala Val Val Leu Val
225                 230                 235                 240

His Pro Glu Ser Pro Gln Ser Val Ile Glu Leu Gly Asp Val Val Gly
                245                 250                 255

Ser Thr Ser Lys Leu Leu Lys Ala Ala Val Ser Arg Pro Glu Lys Lys
            260                 265                 270

Phe Ile Val Ala Thr Asp Leu Gly Ile Leu His Glu Met Gln Lys Gln
        275                 280                 285

Ala Pro Asp Lys Gln Phe Ile Ala Ala Pro Thr Ala Gly Asn Gly Gly
    290                 295                 300

Ser Cys Lys Ser Cys Ala Phe Cys Pro Trp Met Ala Met Asn Ser Leu
305                 310                 315                 320

Gly Gly Ile Lys Tyr Ala Leu Thr Ser Gly His Asn Glu Ile Leu Leu
                325                 330                 335

Asp Arg Lys Leu Gly Glu Ala Ala Lys Leu Pro Leu Gln Arg Met Leu
            340                 345                 350

Asp Phe Ala Ala Gly Leu Lys Arg Gly Asp Val Phe Asn Gly Met Gly
        355                 360                 365

Pro Ala
    370



<210>  100
<211>  492
<212>  PRT
<213>  Neisseria meningitidis

<400>  100

Met Phe Lys Arg Ser Val Ile Ala Met Ala Cys Ile Phe Ala Leu Ser
1               5                   10                  15

Ala Cys Gly Gly Gly Gly Gly Gly Ser Pro Asp Val Lys Ser Ala Asp
            20                  25                  30

Thr Leu Ser Lys Pro Ala Ala Pro Val Val Ser Glu Lys Glu Thr Glu
        35                  40                  45

Ala Lys Glu Asp Ala Pro Gln Ala Gly Ser Gln Gly Gln Gly Ala Pro
    50                  55                  60

Ser Ala Gln Gly Gly Gln Asp Met Ala Ala Val Ser Glu Glu Asn Thr
65                  70                  75                  80

Gly Asn Gly Gly Ala Ala Ala Thr Asp Lys Pro Lys Asn Glu Asp Glu
                85                  90                  95

Gly Ala Gln Asn Asp Met Pro Gln Asn Ala Ala Asp Thr Asp Ser Leu
            100                 105                 110

Thr Pro Asn His Thr Pro Ala Ser Asn Met Pro Ala Gly Asn Met Glu
        115                 120                 125

Asn Gln Ala Pro Asp Ala Gly Glu Ser Glu Gln Pro Ala Asn Gln Pro
    130                 135                 140

Asp Met Ala Asn Thr Ala Asp Gly Met Gln Gly Asp Asp Pro Ser Ala
145                 150                 155                 160



Gly Gly Glu Asn Ala Gly Asn Thr Ala Ala Gln Gly Thr Asn Gln Ala
                165                 170                 175

Glu Asn Asn Gln Thr Ala Gly Ser Gln Asn Pro Ala Ser Ser Thr Asn
            180                 185                 190

Pro Ser Ala Thr Asn Ser Gly Gly Asp Phe Gly Arg Thr Asn Val Gly
        195                 200                 205

Asn Ser Val Val Ile Asp Gly Pro Ser Gln Asn Ile Thr Leu Thr His
    210                 215                 220

Cys Lys Gly Asp Ser Cys Ser Gly Asn Asn Phe Leu Asp Glu Glu Val
225                 230                 235                 240

Gln Leu Lys Ser Glu Phe Glu Lys Leu Ser Asp Ala Asp Lys Ile Ser
                245                 250                 255

Asn Tyr Lys Lys Asp Gly Lys Asn Asp Gly Lys Asn Asp Lys Phe Val
            260                 265                 270

Gly Leu Val Ala Asp Ser Val Gln Met Lys Gly Ile Asn Gln Tyr Ile
        275                 280                 285

Ile Phe Tyr Lys Pro Lys Pro Thr Ser Phe Ala Arg Phe Arg Arg Ser
    290                 295                 300

Ala Arg Ser Arg Arg Ser Leu Pro Ala Glu Met Pro Leu Ile Pro Val
305                 310                 315                 320

Asn Gln Ala Asp Thr Leu Ile Val Asp Gly Glu Ala Val Ser Leu Thr
                325                 330                 335



Gly His Ser Gly Asn Ile Phe Ala Pro Glu Gly Asn Tyr Arg Tyr Leu
            340                 345                 350

Thr Tyr Gly Ala Glu Lys Leu Pro Gly Gly Ser Tyr Ala Leu Arg Val
        355                 360                 365

Gln Gly Glu Pro Ser Lys Gly Glu Met Leu Ala Gly Thr Ala Val Tyr
    370                 375                 380

Asn Gly Glu Val Leu His Phe His Thr Glu Asn Gly Arg Pro Ser Pro
385                 390                 395                 400

Ser Arg Gly Arg Phe Ala Ala Lys Val Asp Phe Gly Ser Lys Ser Val
                405                 410                 415

Asp Gly Ile Ile Asp Ser Gly Asp Gly Leu His Met Gly Thr Gln Lys
            420                 425                 430

Phe Lys Ala Ala Ile Asp Gly Asn Gly Phe Lys Gly Thr Trp Thr Glu
        435                 440                 445

Asn Gly Gly Gly Asp Val Ser Gly Lys Phe Tyr Gly Pro Ala Gly Glu
    450                 455                 460

Glu Val Ala Gly Lys Tyr Ser Tyr Arg Pro Thr Asp Ala Glu Lys Gly
465                 470                 475                 480

Gly Phe Gly Val Phe Ala Gly Lys Lys Glu Gln Asp
                485                 490

<210>  101
<211>  615
<212>  PRT
<213>  Artificial Sequence



<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  101

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30

Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala
    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80

Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val Gly Ser Ala Ile Ala Ser Gly Val Ala
        115                 120                 125

Val Cys Lys Val Leu His Leu Glu Gly Glu Val Asn Lys Ile Lys Ser
    130                 135                 140

Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser Leu Ser Asn Gly Val
145                 150                 155                 160



Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys Asn Tyr Ile Asp Lys
                165                 170                 175

Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys Ser Ile Ser Asn Ile
            180                 185                 190

Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn Arg Leu Leu Glu Ile
        195                 200                 205

Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr Thr Pro Val Ser Thr
    210                 215                 220

Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu Ile Asn Asp Met Pro
225                 230                 235                 240

Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn Asn Val Gln Ile Val
                245                 250                 255

Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile Lys Glu Glu Val Leu
            260                 265                 270

Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val Ile Asp Thr Pro Cys
        275                 280                 285

Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr Asn Thr Lys Glu Gly
    290                 295                 300

Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly Trp Tyr Cys Asp Asn
305                 310                 315                 320

Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu Thr Cys Lys Val Gln
                325                 330                 335



Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser Leu Thr Leu Pro Ser
            340                 345                 350

Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn Pro Lys Tyr Asp Cys
        355                 360                 365

Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser Ser Val Ile Thr Ser
    370                 375                 380

Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr Lys Cys Thr Ala Ser
385                 390                 395                 400

Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser Asn Gly Cys Asp Tyr
                405                 410                 415

Val Ser Asn Lys Gly Val Asp Thr Val Ser Val Gly Asn Thr Leu Tyr
            420                 425                 430

Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr Val Lys Gly Glu Pro
        435                 440                 445

Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro Ser Asp Glu Phe Asp
    450                 455                 460

Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn Gln Ser Leu Ala Phe
465                 470                 475                 480

Ile Arg Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val
                485                 490                 495

Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu Gly Gly Ser
            500                 505                 510

Met Glu Glu Val Val Leu Ile Thr Val Pro Ser Ala Leu Val Ala Val



        515                 520                 525

Lys Ile Ala His Ala Leu Val Glu Glu Arg Leu Ala Ala Cys Val Asn
    530                 535                 540

Ile Val Pro Gly Leu Thr Ser Ile Tyr Arg Glu Glu Gly Ser Val Val
545                 550                 555                 560

Ser Asp His Glu Leu Leu Leu Leu Val Lys Thr Thr Thr Asp Ala Phe
                565                 570                 575

Pro Lys Leu Lys Glu Arg Val Lys Glu Leu His Pro Tyr Glu Val Pro
            580                 585                 590

Glu Ile Val Ala Leu Pro Ile Ala Glu Gly Asn Arg Glu Tyr Leu Asp
        595                 600                 605

Trp Leu Arg Glu Asn Thr Gly
    610                 615

<210>  102
<211>  588
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  102

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30



Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala
    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80

Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val Gly Ser Ala Ile Ala Ser Gly Val Ala
        115                 120                 125

Val Cys Lys Val Leu His Leu Glu Gly Glu Val Asn Lys Ile Lys Ser
    130                 135                 140

Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser Leu Ser Asn Gly Val
145                 150                 155                 160

Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys Asn Tyr Ile Asp Lys
                165                 170                 175

Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys Ser Ile Ser Asn Ile
            180                 185                 190

Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn Arg Leu Leu Glu Ile
        195                 200                 205

Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr Thr Pro Val Ser Thr



    210                 215                 220

Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu Ile Asn Asp Met Pro
225                 230                 235                 240

Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn Asn Val Gln Ile Val
                245                 250                 255

Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile Lys Glu Glu Val Leu
            260                 265                 270

Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val Ile Asp Thr Pro Cys
        275                 280                 285

Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr Asn Thr Lys Glu Gly
    290                 295                 300

Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly Trp Tyr Cys Asp Asn
305                 310                 315                 320

Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu Thr Cys Lys Val Gln
                325                 330                 335

Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser Leu Thr Leu Pro Ser
            340                 345                 350

Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn Pro Lys Tyr Asp Cys
        355                 360                 365

Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser Ser Val Ile Thr Ser
    370                 375                 380

Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr Lys Cys Thr Ala Ser
385                 390                 395                 400



Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser Asn Gly Cys Asp Tyr
                405                 410                 415

Val Ser Asn Lys Gly Val Asp Thr Val Ser Val Gly Asn Thr Leu Tyr
            420                 425                 430

Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr Val Lys Gly Glu Pro
        435                 440                 445

Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro Ser Asp Glu Phe Asp
    450                 455                 460

Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn Gln Ser Leu Ala Phe
465                 470                 475                 480

Ile Arg Gly Gly Ser Met Glu Glu Val Val Leu Ile Thr Val Pro Ser
                485                 490                 495

Ala Leu Val Ala Val Lys Ile Ala His Ala Leu Val Glu Glu Arg Leu
            500                 505                 510

Ala Ala Cys Val Asn Ile Val Pro Gly Leu Thr Ser Ile Tyr Arg Glu
        515                 520                 525

Glu Gly Ser Val Val Ser Asp His Glu Leu Leu Leu Leu Val Lys Thr
    530                 535                 540

Thr Thr Asp Ala Phe Pro Lys Leu Lys Glu Arg Val Lys Glu Leu His
545                 550                 555                 560

Pro Tyr Glu Val Pro Glu Ile Val Ala Leu Pro Ile Ala Glu Gly Asn
                565                 570                 575



Arg Glu Tyr Leu Asp Trp Leu Arg Glu Asn Thr Gly
            580                 585

<210>  103
<211>  634
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  103

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30

Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala
    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80

Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val Gly Ser Ala Ile Ala Ser Gly Val Ala
        115                 120                 125



Val Cys Lys Val Leu His Leu Glu Gly Glu Val Asn Lys Ile Lys Ser
    130                 135                 140

Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser Leu Ser Asn Gly Val
145                 150                 155                 160

Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys Asn Tyr Ile Asp Lys
                165                 170                 175

Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys Ser Ile Ser Asn Ile
            180                 185                 190

Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn Arg Leu Leu Glu Ile
        195                 200                 205

Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr Thr Pro Val Ser Thr
    210                 215                 220

Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu Ile Asn Asp Met Pro
225                 230                 235                 240

Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn Asn Val Gln Ile Val
                245                 250                 255

Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile Lys Glu Glu Val Leu
            260                 265                 270

Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val Ile Asp Thr Pro Cys
        275                 280                 285

Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr Asn Thr Lys Glu Gly
    290                 295                 300



Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly Trp Tyr Cys Asp Asn
305                 310                 315                 320

Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu Thr Cys Lys Val Gln
                325                 330                 335

Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser Leu Thr Leu Pro Ser
            340                 345                 350

Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn Pro Lys Tyr Asp Cys
        355                 360                 365

Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser Ser Val Ile Thr Ser
    370                 375                 380

Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr Lys Cys Thr Ala Ser
385                 390                 395                 400

Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser Asn Gly Cys Asp Tyr
                405                 410                 415

Val Ser Asn Lys Gly Val Asp Thr Val Ser Val Gly Asn Thr Leu Tyr
            420                 425                 430

Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr Val Lys Gly Glu Pro
        435                 440                 445

Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro Ser Asp Glu Phe Asp
    450                 455                 460

Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn Gln Ser Leu Ala Phe
465                 470                 475                 480



Ile Arg Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val
                485                 490                 495

Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu Gly Gly Ser
            500                 505                 510

Met Val Arg Gly Ile Arg Gly Ala Ile Thr Val Asn Ser Asp Thr Pro
        515                 520                 525

Thr Ser Ile Ile Ile Ala Thr Ile Leu Leu Leu Glu Lys Met Leu Glu
    530                 535                 540

Ala Asn Gly Ile Gln Ser Tyr Glu Glu Leu Ala Ala Val Ile Phe Thr
545                 550                 555                 560

Val Thr Glu Asp Leu Thr Ser Ala Phe Pro Ala Glu Ala Ala Arg Gln
                565                 570                 575

Ile Gly Met His Arg Val Pro Leu Leu Ser Ala Arg Glu Val Pro Val
            580                 585                 590

Pro Gly Ser Leu Pro Arg Val Ile Arg Val Leu Ala Leu Trp Asn Thr
        595                 600                 605

Asp Thr Pro Gln Asp Arg Val Arg His Val Tyr Leu Ser Glu Ala Val
    610                 615                 620

Arg Leu Arg Pro Asp Leu Glu Ser Ala Gln
625                 630

<210>  104
<211>  607
<212>  PRT
<213>  Artificial Sequence



<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  104

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30

Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala
    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80

Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val Gly Ser Ala Ile Ala Ser Gly Val Ala
        115                 120                 125

Val Cys Lys Val Leu His Leu Glu Gly Glu Val Asn Lys Ile Lys Ser
    130                 135                 140

Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser Leu Ser Asn Gly Val
145                 150                 155                 160



Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys Asn Tyr Ile Asp Lys
                165                 170                 175

Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys Ser Ile Ser Asn Ile
            180                 185                 190

Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn Arg Leu Leu Glu Ile
        195                 200                 205

Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr Thr Pro Val Ser Thr
    210                 215                 220

Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu Ile Asn Asp Met Pro
225                 230                 235                 240

Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn Asn Val Gln Ile Val
                245                 250                 255

Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile Lys Glu Glu Val Leu
            260                 265                 270

Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val Ile Asp Thr Pro Cys
        275                 280                 285

Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr Asn Thr Lys Glu Gly
    290                 295                 300

Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly Trp Tyr Cys Asp Asn
305                 310                 315                 320

Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu Thr Cys Lys Val Gln
                325                 330                 335

Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser Leu Thr Leu Pro Ser



            340                 345                 350

Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn Pro Lys Tyr Asp Cys
        355                 360                 365

Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser Ser Val Ile Thr Ser
    370                 375                 380

Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr Lys Cys Thr Ala Ser
385                 390                 395                 400

Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser Asn Gly Cys Asp Tyr
                405                 410                 415

Val Ser Asn Lys Gly Val Asp Thr Val Ser Val Gly Asn Thr Leu Tyr
            420                 425                 430

Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr Val Lys Gly Glu Pro
        435                 440                 445

Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro Ser Asp Glu Phe Asp
    450                 455                 460

Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn Gln Ser Leu Ala Phe
465                 470                 475                 480

Ile Arg Gly Gly Ser Met Val Arg Gly Ile Arg Gly Ala Ile Thr Val
                485                 490                 495

Asn Ser Asp Thr Pro Thr Ser Ile Ile Ile Ala Thr Ile Leu Leu Leu
            500                 505                 510

Glu Lys Met Leu Glu Ala Asn Gly Ile Gln Ser Tyr Glu Glu Leu Ala
        515                 520                 525



Ala Val Ile Phe Thr Val Thr Glu Asp Leu Thr Ser Ala Phe Pro Ala
    530                 535                 540

Glu Ala Ala Arg Gln Ile Gly Met His Arg Val Pro Leu Leu Ser Ala
545                 550                 555                 560

Arg Glu Val Pro Val Pro Gly Ser Leu Pro Arg Val Ile Arg Val Leu
                565                 570                 575

Ala Leu Trp Asn Thr Asp Thr Pro Gln Asp Arg Val Arg His Val Tyr
            580                 585                 590

Leu Ser Glu Ala Val Arg Leu Arg Pro Asp Leu Glu Ser Ala Gln
        595                 600                 605

<210>  105
<211>  744
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  105

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30

Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala



    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80

Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val Gly Ser Ala Ile Ala Ser Gly Val Ala
        115                 120                 125

Val Cys Lys Val Leu His Leu Glu Gly Glu Val Asn Lys Ile Lys Ser
    130                 135                 140

Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser Leu Ser Asn Gly Val
145                 150                 155                 160

Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys Asn Tyr Ile Asp Lys
                165                 170                 175

Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys Ser Ile Ser Asn Ile
            180                 185                 190

Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn Arg Leu Leu Glu Ile
        195                 200                 205

Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr Thr Pro Val Ser Thr
    210                 215                 220

Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu Ile Asn Asp Met Pro
225                 230                 235                 240



Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn Asn Val Gln Ile Val
                245                 250                 255

Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile Lys Glu Glu Val Leu
            260                 265                 270

Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val Ile Asp Thr Pro Cys
        275                 280                 285

Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr Asn Thr Lys Glu Gly
    290                 295                 300

Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly Trp Tyr Cys Asp Asn
305                 310                 315                 320

Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu Thr Cys Lys Val Gln
                325                 330                 335

Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser Leu Thr Leu Pro Ser
            340                 345                 350

Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn Pro Lys Tyr Asp Cys
        355                 360                 365

Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser Ser Val Ile Thr Ser
    370                 375                 380

Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr Lys Cys Thr Ala Ser
385                 390                 395                 400

Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser Asn Gly Cys Asp Tyr
                405                 410                 415



Val Ser Asn Lys Gly Val Asp Thr Val Ser Val Gly Asn Thr Leu Tyr
            420                 425                 430

Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr Val Lys Gly Glu Pro
        435                 440                 445

Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro Ser Asp Glu Phe Asp
    450                 455                 460

Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn Gln Ser Leu Ala Phe
465                 470                 475                 480

Ile Arg Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val
                485                 490                 495

Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu Gly Ser Gly
            500                 505                 510

Ser His His His His His His His His Gly Gly Ser Gly Gly Ser Gly
        515                 520                 525

Ser Glu Lys Ala Ala Lys Ala Glu Glu Ala Ala Arg Lys Met Glu Glu
    530                 535                 540

Leu Phe Lys Lys His Lys Ile Val Ala Val Leu Arg Ala Asn Ser Val
545                 550                 555                 560

Glu Glu Ala Ile Glu Lys Ala Val Ala Val Phe Ala Gly Gly Val His
                565                 570                 575

Leu Ile Glu Ile Thr Phe Thr Val Pro Asp Ala Asp Thr Val Ile Lys
            580                 585                 590



Ala Leu Ser Val Leu Lys Glu Lys Gly Ala Ile Ile Gly Ala Gly Thr
        595                 600                 605

Val Thr Ser Val Glu Gln Cys Arg Lys Ala Val Glu Ser Gly Ala Glu
    610                 615                 620

Phe Ile Val Ser Pro His Leu Asp Glu Glu Ile Ser Gln Phe Cys Lys
625                 630                 635                 640

Glu Lys Gly Val Phe Tyr Met Pro Gly Val Met Thr Pro Thr Glu Leu
                645                 650                 655

Val Lys Ala Met Lys Leu Gly His Thr Ile Leu Lys Leu Phe Pro Gly
            660                 665                 670

Glu Val Val Gly Pro Gln Phe Val Lys Ala Met Lys Gly Pro Phe Pro
        675                 680                 685

Asn Val Lys Phe Val Pro Thr Gly Gly Val Asn Leu Asp Asn Val Cys
    690                 695                 700

Glu Trp Phe Lys Ala Gly Val Leu Ala Val Gly Val Gly Ser Ala Leu
705                 710                 715                 720

Val Lys Gly Thr Pro Asp Glu Val Arg Glu Lys Ala Lys Ala Phe Val
                725                 730                 735

Glu Lys Ile Arg Gly Cys Thr Glu
            740

<210>  106
<211>  705
<212>  PRT
<213>  Artificial Sequence



<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  106

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30

Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala
    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80

Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val Gly Ser Ala Ile Ala Ser Gly Val Ala
        115                 120                 125

Val Cys Lys Val Leu His Leu Glu Gly Glu Val Asn Lys Ile Lys Ser
    130                 135                 140

Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser Leu Ser Asn Gly Val
145                 150                 155                 160



Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys Asn Tyr Ile Asp Lys
                165                 170                 175

Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys Ser Ile Ser Asn Ile
            180                 185                 190

Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn Arg Leu Leu Glu Ile
        195                 200                 205

Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr Thr Pro Val Ser Thr
    210                 215                 220

Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu Ile Asn Asp Met Pro
225                 230                 235                 240

Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn Asn Val Gln Ile Val
                245                 250                 255

Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile Lys Glu Glu Val Leu
            260                 265                 270

Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val Ile Asp Thr Pro Cys
        275                 280                 285

Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr Asn Thr Lys Glu Gly
    290                 295                 300

Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly Trp Tyr Cys Asp Asn
305                 310                 315                 320

Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu Thr Cys Lys Val Gln
                325                 330                 335

Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser Leu Thr Leu Pro Ser



            340                 345                 350

Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn Pro Lys Tyr Asp Cys
        355                 360                 365

Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser Ser Val Ile Thr Ser
    370                 375                 380

Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr Lys Cys Thr Ala Ser
385                 390                 395                 400

Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser Asn Gly Cys Asp Tyr
                405                 410                 415

Val Ser Asn Lys Gly Val Asp Thr Val Ser Val Gly Asn Thr Leu Tyr
            420                 425                 430

Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr Val Lys Gly Glu Pro
        435                 440                 445

Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro Ser Asp Glu Phe Asp
    450                 455                 460

Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn Gln Ser Leu Ala Phe
465                 470                 475                 480

Ile Arg Gly Gly Ser Gly Gly Ser Gly Ser Glu Lys Ala Ala Lys Ala
                485                 490                 495

Glu Glu Ala Ala Arg Lys Met Glu Glu Leu Phe Lys Lys His Lys Ile
            500                 505                 510

Val Ala Val Leu Arg Ala Asn Ser Val Glu Glu Ala Ile Glu Lys Ala
        515                 520                 525



Val Ala Val Phe Ala Gly Gly Val His Leu Ile Glu Ile Thr Phe Thr
    530                 535                 540

Val Pro Asp Ala Asp Thr Val Ile Lys Ala Leu Ser Val Leu Lys Glu
545                 550                 555                 560

Lys Gly Ala Ile Ile Gly Ala Gly Thr Val Thr Ser Val Glu Gln Cys
                565                 570                 575

Arg Lys Ala Val Glu Ser Gly Ala Glu Phe Ile Val Ser Pro His Leu
            580                 585                 590

Asp Glu Glu Ile Ser Gln Phe Cys Lys Glu Lys Gly Val Phe Tyr Met
        595                 600                 605

Pro Gly Val Met Thr Pro Thr Glu Leu Val Lys Ala Met Lys Leu Gly
    610                 615                 620

His Thr Ile Leu Lys Leu Phe Pro Gly Glu Val Val Gly Pro Gln Phe
625                 630                 635                 640

Val Lys Ala Met Lys Gly Pro Phe Pro Asn Val Lys Phe Val Pro Thr
                645                 650                 655

Gly Gly Val Asn Leu Asp Asn Val Cys Glu Trp Phe Lys Ala Gly Val
            660                 665                 670

Leu Ala Val Gly Val Gly Ser Ala Leu Val Lys Gly Thr Pro Asp Glu
        675                 680                 685

Val Arg Glu Lys Ala Lys Ala Phe Val Glu Lys Ile Arg Gly Cys Thr
    690                 695                 700



Glu
705

<210>  107
<211>  645
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  synthetically constructed Respiratory Synticial Virus antigen

<400>  107

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30

Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala
    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80

Arg Ala Arg Arg Glu 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 Gly Phe Leu Leu Gly Val Gly Ser Ala Ile Ala Ser Gly Val Ala
        115                 120                 125



Val Cys Lys Val Leu His Leu Glu Gly Glu Val Asn Lys Ile Lys Ser
    130                 135                 140

Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser Leu Ser Asn Gly Val
145                 150                 155                 160

Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys Asn Tyr Ile Asp Lys
                165                 170                 175

Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys Ser Ile Ser Asn Ile
            180                 185                 190

Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn Arg Leu Leu Glu Ile
        195                 200                 205

Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr Thr Pro Val Ser Thr
    210                 215                 220

Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu Ile Asn Asp Met Pro
225                 230                 235                 240

Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn Asn Val Gln Ile Val
                245                 250                 255

Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile Lys Glu Glu Val Leu
            260                 265                 270

Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val Ile Asp Thr Pro Cys
        275                 280                 285

Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr Asn Thr Lys Glu Gly
    290                 295                 300



Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly Trp Tyr Cys Asp Asn
305                 310                 315                 320

Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu Thr Cys Lys Val Gln
                325                 330                 335

Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser Leu Thr Leu Pro Ser
            340                 345                 350

Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn Pro Lys Tyr Asp Cys
        355                 360                 365

Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser Ser Val Ile Thr Ser
    370                 375                 380

Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr Lys Cys Thr Ala Ser
385                 390                 395                 400

Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser Asn Gly Cys Asp Tyr
                405                 410                 415

Val Ser Asn Lys Gly Val Asp Thr Val Ser Val Gly Asn Thr Leu Tyr
            420                 425                 430

Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr Val Lys Gly Glu Pro
        435                 440                 445

Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro Ser Asp Glu Phe Asp
    450                 455                 460

Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn Gln Ser Leu Ala Phe
465                 470                 475                 480



Ile Arg Gly Gly Ser Gly Gly Ser Gly Ser Asp Asp Ala Arg Ile Ala
                485                 490                 495

Ala Ile Gly Asp Val Asp Glu Leu Asn Ser Gln Ile Gly Val Leu Leu
            500                 505                 510

Ala Glu Pro Leu Pro Asp Asp Val Arg Ala Ala Leu Ser Ala Ile Gln
        515                 520                 525

His Asp Leu Phe Asp Leu Gly Gly Glu Leu Cys Ile Pro Gly His Ala
    530                 535                 540

Ala Ile Thr Glu Asp His Leu Leu Arg Leu Ala Leu Trp Leu Val His
545                 550                 555                 560

Tyr Asn Gly Gln Leu Pro Pro Leu Glu Glu Phe Ile Leu Pro Gly Gly
                565                 570                 575

Ala Arg Gly Ala Ala Leu Ala His Val Cys Arg Thr Val Cys Arg Arg
            580                 585                 590

Ala Glu Arg Ser Ile Lys Ala Leu Gly Ala Ser Glu Pro Leu Asn Ile
        595                 600                 605

Ala Pro Ala Ala Tyr Val Asn Leu Leu Ser Asp Leu Leu Phe Val Leu
    610                 615                 620

Ala Arg Val Leu Asn Arg Ala Ala Gly Gly Ala Asp Val Leu Trp Asp
625                 630                 635                 640

Arg Thr Arg Ala His
                645

<210>  108



<211>  678
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  RSV F-10 DS-Cav1-8GS-HelExt-50A

<400>  108

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30

Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala
    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80

Arg Ala Arg Arg Phe Leu Gly Phe Leu Leu Gly Val Gly Ser Ala Ile
                85                  90                  95

Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu Glu Gly Glu Val
            100                 105                 110

Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser
        115                 120                 125

Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys
    130                 135                 140



Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys
145                 150                 155                 160

Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn
                165                 170                 175

Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr
            180                 185                 190

Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu
        195                 200                 205

Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn
    210                 215                 220

Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile
225                 230                 235                 240

Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val
                245                 250                 255

Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr
            260                 265                 270

Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly
        275                 280                 285

Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu
    290                 295                 300

Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser
305                 310                 315                 320

Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn



                325                 330                 335

Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser
            340                 345                 350

Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr
        355                 360                 365

Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser
    370                 375                 380

Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp Thr Val Ser Val
385                 390                 395                 400

Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr
                405                 410                 415

Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro
            420                 425                 430

Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn
        435                 440                 445

Gln Ser Leu Ala Phe Ile Arg Gly Ser Gly Gly Ser Gly Ser Gly Glu
    450                 455                 460

Lys Ala Ala Lys Ala Glu Glu Ala Ala Arg Lys Met Glu Glu Leu Phe
465                 470                 475                 480

Lys Lys His Lys Ile Val Ala Val Leu Arg Ala Asn Ser Val Glu Glu
                485                 490                 495

Ala Ile Glu Lys Ala Val Ala Val Phe Ala Gly Gly Val His Leu Ile
            500                 505                 510



Glu Ile Thr Phe Thr Val Pro Asp Ala Asp Thr Val Ile Lys Ala Leu
        515                 520                 525

Ser Val Leu Lys Glu Lys Gly Ala Ile Ile Gly Ala Gly Thr Val Thr
    530                 535                 540

Ser Val Glu Gln Cys Arg Lys Ala Val Glu Ser Gly Ala Glu Phe Ile
545                 550                 555                 560

Val Ser Pro His Leu Asp Glu Glu Ile Ser Gln Phe Cys Lys Glu Lys
                565                 570                 575

Gly Val Phe Tyr Met Pro Gly Val Met Thr Pro Thr Glu Leu Val Lys
            580                 585                 590

Ala Met Lys Leu Gly His Thr Ile Leu Lys Leu Phe Pro Gly Glu Val
        595                 600                 605

Val Gly Pro Gln Phe Val Lys Ala Met Lys Gly Pro Phe Pro Asn Val
    610                 615                 620

Lys Phe Val Pro Thr Gly Gly Val Asn Leu Asp Asn Val Cys Glu Trp
625                 630                 635                 640

Phe Lys Ala Gly Val Leu Ala Val Gly Val Gly Ser Ala Leu Val Lys
                645                 650                 655

Gly Thr Pro Asp Glu Val Arg Glu Lys Ala Lys Ala Phe Val Glu Lys
            660                 665                 670

Ile Arg Gly Cys Thr Glu
        675



<210>  109
<211>  682
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  RSV F-11 DS-Cav1-12GS-HelExt-50A

<400>  109

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30

Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala
    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80

Arg Ala Arg Arg Phe Leu Gly Phe Leu Leu Gly Val Gly Ser Ala Ile
                85                  90                  95

Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu Glu Gly Glu Val
            100                 105                 110

Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser
        115                 120                 125

Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys
    130                 135                 140



Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys
145                 150                 155                 160

Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn
                165                 170                 175

Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr
            180                 185                 190

Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu
        195                 200                 205

Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn
    210                 215                 220

Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile
225                 230                 235                 240

Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val
                245                 250                 255

Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr
            260                 265                 270

Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly
        275                 280                 285

Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu
    290                 295                 300

Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser
305                 310                 315                 320



Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn
                325                 330                 335

Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser
            340                 345                 350

Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr
        355                 360                 365

Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser
    370                 375                 380

Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp Thr Val Ser Val
385                 390                 395                 400

Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr
                405                 410                 415

Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro
            420                 425                 430

Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn
        435                 440                 445

Gln Ser Leu Ala Phe Ile Arg Gly Ser Gly Gly Ser Gly Ser Gly Ser
    450                 455                 460

Gly Gly Ser Glu Lys Ala Ala Lys Ala Glu Glu Ala Ala Arg Lys Met
465                 470                 475                 480

Glu Glu Leu Phe Lys Lys His Lys Ile Val Ala Val Leu Arg Ala Asn
                485                 490                 495



Ser Val Glu Glu Ala Ile Glu Lys Ala Val Ala Val Phe Ala Gly Gly
            500                 505                 510

Val His Leu Ile Glu Ile Thr Phe Thr Val Pro Asp Ala Asp Thr Val
        515                 520                 525

Ile Lys Ala Leu Ser Val Leu Lys Glu Lys Gly Ala Ile Ile Gly Ala
    530                 535                 540

Gly Thr Val Thr Ser Val Glu Gln Cys Arg Lys Ala Val Glu Ser Gly
545                 550                 555                 560

Ala Glu Phe Ile Val Ser Pro His Leu Asp Glu Glu Ile Ser Gln Phe
                565                 570                 575

Cys Lys Glu Lys Gly Val Phe Tyr Met Pro Gly Val Met Thr Pro Thr
            580                 585                 590

Glu Leu Val Lys Ala Met Lys Leu Gly His Thr Ile Leu Lys Leu Phe
        595                 600                 605

Pro Gly Glu Val Val Gly Pro Gln Phe Val Lys Ala Met Lys Gly Pro
    610                 615                 620

Phe Pro Asn Val Lys Phe Val Pro Thr Gly Gly Val Asn Leu Asp Asn
625                 630                 635                 640

Val Cys Glu Trp Phe Lys Ala Gly Val Leu Ala Val Gly Val Gly Ser
                645                 650                 655

Ala Leu Val Lys Gly Thr Pro Asp Glu Val Arg Glu Lys Ala Lys Ala
            660                 665                 670

Phe Val Glu Lys Ile Arg Gly Cys Thr Glu



        675                 680

<210>  110
<211>  686
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  RSV F-12 DS-Cav1-16GS-HelExt-50A

<400>  110

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30

Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala
    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80

Arg Ala Arg Arg Phe Leu Gly Phe Leu Leu Gly Val Gly Ser Ala Ile
                85                  90                  95

Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu Glu Gly Glu Val
            100                 105                 110

Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser
        115                 120                 125



Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys
    130                 135                 140

Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys
145                 150                 155                 160

Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn
                165                 170                 175

Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr
            180                 185                 190

Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu
        195                 200                 205

Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn
    210                 215                 220

Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile
225                 230                 235                 240

Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val
                245                 250                 255

Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr
            260                 265                 270

Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly
        275                 280                 285

Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu
    290                 295                 300

Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser



305                 310                 315                 320

Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn
                325                 330                 335

Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser
            340                 345                 350

Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr
        355                 360                 365

Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser
    370                 375                 380

Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp Thr Val Ser Val
385                 390                 395                 400

Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr
                405                 410                 415

Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro
            420                 425                 430

Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn
        435                 440                 445

Gln Ser Leu Ala Phe Ile Arg Gly Ser Gly Gly Ser Gly Ser Gly Ser
    450                 455                 460

Gly Gly Ser Gly Ser Gly Gly Glu Lys Ala Ala Lys Ala Glu Glu Ala
465                 470                 475                 480

Ala Arg Lys Met Glu Glu Leu Phe Lys Lys His Lys Ile Val Ala Val
                485                 490                 495



Leu Arg Ala Asn Ser Val Glu Glu Ala Ile Glu Lys Ala Val Ala Val
            500                 505                 510

Phe Ala Gly Gly Val His Leu Ile Glu Ile Thr Phe Thr Val Pro Asp
        515                 520                 525

Ala Asp Thr Val Ile Lys Ala Leu Ser Val Leu Lys Glu Lys Gly Ala
    530                 535                 540

Ile Ile Gly Ala Gly Thr Val Thr Ser Val Glu Gln Cys Arg Lys Ala
545                 550                 555                 560

Val Glu Ser Gly Ala Glu Phe Ile Val Ser Pro His Leu Asp Glu Glu
                565                 570                 575

Ile Ser Gln Phe Cys Lys Glu Lys Gly Val Phe Tyr Met Pro Gly Val
            580                 585                 590

Met Thr Pro Thr Glu Leu Val Lys Ala Met Lys Leu Gly His Thr Ile
        595                 600                 605

Leu Lys Leu Phe Pro Gly Glu Val Val Gly Pro Gln Phe Val Lys Ala
    610                 615                 620

Met Lys Gly Pro Phe Pro Asn Val Lys Phe Val Pro Thr Gly Gly Val
625                 630                 635                 640

Asn Leu Asp Asn Val Cys Glu Trp Phe Lys Ala Gly Val Leu Ala Val
                645                 650                 655

Gly Val Gly Ser Ala Leu Val Lys Gly Thr Pro Asp Glu Val Arg Glu
            660                 665                 670



Lys Ala Lys Ala Phe Val Glu Lys Ile Arg Gly Cys Thr Glu
        675                 680                 685

<210>  111
<211>  680
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  RSV F-13 DS-Cav1-foldon-10GS-HelExt-50A

<400>  111

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30

Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala
    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80

Arg Ala Arg Arg Phe Leu Gly Phe Leu Leu Gly Val Gly Ser Ala Ile
                85                  90                  95

Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu Glu Gly Glu Val
            100                 105                 110

Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser
        115                 120                 125



Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys
    130                 135                 140

Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys
145                 150                 155                 160

Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn
                165                 170                 175

Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr
            180                 185                 190

Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu
        195                 200                 205

Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn
    210                 215                 220

Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile
225                 230                 235                 240

Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val
                245                 250                 255

Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr
            260                 265                 270

Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly
        275                 280                 285

Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu
    290                 295                 300



Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser
305                 310                 315                 320

Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn
                325                 330                 335

Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser
            340                 345                 350

Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr
        355                 360                 365

Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser
    370                 375                 380

Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp Thr Val Ser Val
385                 390                 395                 400

Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr
                405                 410                 415

Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro
            420                 425                 430

Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn
        435                 440                 445

Gln Ser Leu Ala Phe Ile Arg Gly Ser Gly Gly Ser Gly Ser Gly Ser
    450                 455                 460

Gly Glu Lys Ala Ala Lys Ala Glu Glu Ala Ala Arg Lys Met Glu Glu
465                 470                 475                 480



Leu Phe Lys Lys His Lys Ile Val Ala Val Leu Arg Ala Asn Ser Val
                485                 490                 495

Glu Glu Ala Ile Glu Lys Ala Val Ala Val Phe Ala Gly Gly Val His
            500                 505                 510

Leu Ile Glu Ile Thr Phe Thr Val Pro Asp Ala Asp Thr Val Ile Lys
        515                 520                 525

Ala Leu Ser Val Leu Lys Glu Lys Gly Ala Ile Ile Gly Ala Gly Thr
    530                 535                 540

Val Thr Ser Val Glu Gln Cys Arg Lys Ala Val Glu Ser Gly Ala Glu
545                 550                 555                 560

Phe Ile Val Ser Pro His Leu Asp Glu Glu Ile Ser Gln Phe Cys Lys
                565                 570                 575

Glu Lys Gly Val Phe Tyr Met Pro Gly Val Met Thr Pro Thr Glu Leu
            580                 585                 590

Val Lys Ala Met Lys Leu Gly His Thr Ile Leu Lys Leu Phe Pro Gly
        595                 600                 605

Glu Val Val Gly Pro Gln Phe Val Lys Ala Met Lys Gly Pro Phe Pro
    610                 615                 620

Asn Val Lys Phe Val Pro Thr Gly Gly Val Asn Leu Asp Asn Val Cys
625                 630                 635                 640

Glu Trp Phe Lys Ala Gly Val Leu Ala Val Gly Val Gly Ser Ala Leu
                645                 650                 655

Val Lys Gly Thr Pro Asp Glu Val Arg Glu Lys Ala Lys Ala Phe Val



            660                 665                 670

Glu Lys Ile Arg Gly Cys Thr Glu
        675                 680

<210>  112
<211>  712
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  RSV_F-14 DS-Cav1-foldon-15GS-HelExt-50A

<400>  112

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30

Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala
    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80

Arg Ala Arg Arg Phe Leu Gly Phe Leu Leu Gly Val Gly Ser Ala Ile
                85                  90                  95

Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu Glu Gly Glu Val
            100                 105                 110



Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser
        115                 120                 125

Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys
    130                 135                 140

Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys
145                 150                 155                 160

Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn
                165                 170                 175

Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr
            180                 185                 190

Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu
        195                 200                 205

Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn
    210                 215                 220

Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile
225                 230                 235                 240

Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val
                245                 250                 255

Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr
            260                 265                 270

Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly
        275                 280                 285

Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu



    290                 295                 300

Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser
305                 310                 315                 320

Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn
                325                 330                 335

Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser
            340                 345                 350

Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr
        355                 360                 365

Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser
    370                 375                 380

Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp Thr Val Ser Val
385                 390                 395                 400

Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr
                405                 410                 415

Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro
            420                 425                 430

Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn
        435                 440                 445

Gln Ser Leu Ala Phe Ile Arg Gly Tyr Ile Pro Glu Ala Pro Arg Asp
    450                 455                 460

Gly Gln Ala Tyr Val Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr
465                 470                 475                 480



Phe Leu Gly Ser Gly Gly Ser Gly Ser Gly Ser Gly Gly Ser Gly Ser
                485                 490                 495

Gly Glu Lys Ala Ala Lys Ala Glu Glu Ala Ala Arg Lys Met Glu Glu
            500                 505                 510

Leu Phe Lys Lys His Lys Ile Val Ala Val Leu Arg Ala Asn Ser Val
        515                 520                 525

Glu Glu Ala Ile Glu Lys Ala Val Ala Val Phe Ala Gly Gly Val His
    530                 535                 540

Leu Ile Glu Ile Thr Phe Thr Val Pro Asp Ala Asp Thr Val Ile Lys
545                 550                 555                 560

Ala Leu Ser Val Leu Lys Glu Lys Gly Ala Ile Ile Gly Ala Gly Thr
                565                 570                 575

Val Thr Ser Val Glu Gln Cys Arg Lys Ala Val Glu Ser Gly Ala Glu
            580                 585                 590

Phe Ile Val Ser Pro His Leu Asp Glu Glu Ile Ser Gln Phe Cys Lys
        595                 600                 605

Glu Lys Gly Val Phe Tyr Met Pro Gly Val Met Thr Pro Thr Glu Leu
    610                 615                 620

Val Lys Ala Met Lys Leu Gly His Thr Ile Leu Lys Leu Phe Pro Gly
625                 630                 635                 640

Glu Val Val Gly Pro Gln Phe Val Lys Ala Met Lys Gly Pro Phe Pro
                645                 650                 655



Asn Val Lys Phe Val Pro Thr Gly Gly Val Asn Leu Asp Asn Val Cys
            660                 665                 670

Glu Trp Phe Lys Ala Gly Val Leu Ala Val Gly Val Gly Ser Ala Leu
        675                 680                 685

Val Lys Gly Thr Pro Asp Glu Val Arg Glu Lys Ala Lys Ala Phe Val
    690                 695                 700

Glu Lys Ile Arg Gly Cys Thr Glu
705                 710

<210>  113
<211>  717
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  RSV F-15 DS-Cav1-foldon-20GS-HelExt-50A

<400>  113

Gln Asn Ile Thr Glu Glu Phe Tyr Gln Ser Thr Cys Ser Ala Val Ser
1               5                   10                  15

Lys Gly Tyr Leu Ser Ala Leu Arg Thr Gly Trp Tyr Thr Ser Val Ile
            20                  25                  30

Thr Ile Glu Leu Ser Asn Ile Lys Glu Asn Lys Cys Asn Gly Thr Asp
        35                  40                  45

Ala Lys Val Lys Leu Ile Lys Gln Glu Leu Asp Lys Tyr Lys Asn Ala
    50                  55                  60

Val Thr Glu Leu Gln Leu Leu Met Gln Ser Thr Pro Ala Thr Asn Asn
65                  70                  75                  80



Arg Ala Arg Arg Phe Leu Gly Phe Leu Leu Gly Val Gly Ser Ala Ile
                85                  90                  95

Ala Ser Gly Val Ala Val Cys Lys Val Leu His Leu Glu Gly Glu Val
            100                 105                 110

Asn Lys Ile Lys Ser Ala Leu Leu Ser Thr Asn Lys Ala Val Val Ser
        115                 120                 125

Leu Ser Asn Gly Val Ser Val Leu Thr Phe Lys Val Leu Asp Leu Lys
    130                 135                 140

Asn Tyr Ile Asp Lys Gln Leu Leu Pro Ile Leu Asn Lys Gln Ser Cys
145                 150                 155                 160

Ser Ile Ser Asn Ile Glu Thr Val Ile Glu Phe Gln Gln Lys Asn Asn
                165                 170                 175

Arg Leu Leu Glu Ile Thr Arg Glu Phe Ser Val Asn Ala Gly Val Thr
            180                 185                 190

Thr Pro Val Ser Thr Tyr Met Leu Thr Asn Ser Glu Leu Leu Ser Leu
        195                 200                 205

Ile Asn Asp Met Pro Ile Thr Asn Asp Gln Lys Lys Leu Met Ser Asn
    210                 215                 220

Asn Val Gln Ile Val Arg Gln Gln Ser Tyr Ser Ile Met Cys Ile Ile
225                 230                 235                 240

Lys Glu Glu Val Leu Ala Tyr Val Val Gln Leu Pro Leu Tyr Gly Val
                245                 250                 255



Ile Asp Thr Pro Cys Trp Lys Leu His Thr Ser Pro Leu Cys Thr Thr
            260                 265                 270

Asn Thr Lys Glu Gly Ser Asn Ile Cys Leu Thr Arg Thr Asp Arg Gly
        275                 280                 285

Trp Tyr Cys Asp Asn Ala Gly Ser Val Ser Phe Phe Pro Gln Ala Glu
    290                 295                 300

Thr Cys Lys Val Gln Ser Asn Arg Val Phe Cys Asp Thr Met Asn Ser
305                 310                 315                 320

Leu Thr Leu Pro Ser Glu Val Asn Leu Cys Asn Val Asp Ile Phe Asn
                325                 330                 335

Pro Lys Tyr Asp Cys Lys Ile Met Thr Ser Lys Thr Asp Val Ser Ser
            340                 345                 350

Ser Val Ile Thr Ser Leu Gly Ala Ile Val Ser Cys Tyr Gly Lys Thr
        355                 360                 365

Lys Cys Thr Ala Ser Asn Lys Asn Arg Gly Ile Ile Lys Thr Phe Ser
    370                 375                 380

Asn Gly Cys Asp Tyr Val Ser Asn Lys Gly Val Asp Thr Val Ser Val
385                 390                 395                 400

Gly Asn Thr Leu Tyr Tyr Val Asn Lys Gln Glu Gly Lys Ser Leu Tyr
                405                 410                 415

Val Lys Gly Glu Pro Ile Ile Asn Phe Tyr Asp Pro Leu Val Phe Pro
            420                 425                 430



Ser Asp Glu Phe Asp Ala Ser Ile Ser Gln Val Asn Glu Lys Ile Asn
        435                 440                 445

Gln Ser Leu Ala Phe Ile Arg Gly Tyr Ile Pro Glu Ala Pro Arg Asp
    450                 455                 460

Gly Gln Ala Tyr Val Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr
465                 470                 475                 480

Phe Leu Gly Ser Gly Gly Ser Gly Ser Gly Ser Gly Gly Ser Gly Ser
                485                 490                 495

Gly Gly Ser Ser Gly Ser Glu Lys Ala Ala Lys Ala Glu Glu Ala Ala
            500                 505                 510

Arg Lys Met Glu Glu Leu Phe Lys Lys His Lys Ile Val Ala Val Leu
        515                 520                 525

Arg Ala Asn Ser Val Glu Glu Ala Ile Glu Lys Ala Val Ala Val Phe
    530                 535                 540

Ala Gly Gly Val His Leu Ile Glu Ile Thr Phe Thr Val Pro Asp Ala
545                 550                 555                 560

Asp Thr Val Ile Lys Ala Leu Ser Val Leu Lys Glu Lys Gly Ala Ile
                565                 570                 575

Ile Gly Ala Gly Thr Val Thr Ser Val Glu Gln Cys Arg Lys Ala Val
            580                 585                 590

Glu Ser Gly Ala Glu Phe Ile Val Ser Pro His Leu Asp Glu Glu Ile
        595                 600                 605

Ser Gln Phe Cys Lys Glu Lys Gly Val Phe Tyr Met Pro Gly Val Met



    610                 615                 620

Thr Pro Thr Glu Leu Val Lys Ala Met Lys Leu Gly His Thr Ile Leu
625                 630                 635                 640

Lys Leu Phe Pro Gly Glu Val Val Gly Pro Gln Phe Val Lys Ala Met
                645                 650                 655

Lys Gly Pro Phe Pro Asn Val Lys Phe Val Pro Thr Gly Gly Val Asn
            660                 665                 670

Leu Asp Asn Val Cys Glu Trp Phe Lys Ala Gly Val Leu Ala Val Gly
        675                 680                 685

Val Gly Ser Ala Leu Val Lys Gly Thr Pro Asp Glu Val Arg Glu Lys
    690                 695                 700

Ala Lys Ala Phe Val Glu Lys Ile Arg Gly Cys Thr Glu
705                 710                 715
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