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Disclosed herein are nanostructures and their use, where the nanostructures include (a) a plurality of first assemblies, each first
assembly comprising a plurality of identical first polypeptides; (b) a plurality of second assemblies, each second assembly
comprising a plurality of identical second polypeptides, wherein the second polypeptide differs from the first polypeptide; wherein

thereof, on an exterior of the nanostructure.

the plurality of first assemblies non-covalently interact with the plurality of second assemblies to form a nanostructures; and wherein
the nanostructure displays multiple copies of one or more paramyxovirus and/or pneumovirus F proteins or antigenic fragments
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Self-assembling protein nanostructures displaying paramyxovirus and/or
pneumovirus F proteins and their use

Cross Reference
This application claims priority to U.S. Provisional Patent Application Serial No.
62/481331 filed April 4, 2017, incorporated by reference herein in 1ts entirety

Background

Molecular self- and co-assembly of proteins mnto highly ordered, symmetric
supramolecular complexes 1s an elegant and powerful means of patterning matter at the
atomic scale. Recent years have seen advances 1n the development of self-assembling
biomatenals, particularly those composed of nucleic acids. DNA has been used to create,
for example, nanoscale shapes and patterns, molecular containers, and three-dimensional
macroscopic crystals. Methods for designing self-assembling proteins have progressed
more slowly, yet the functional and physical properties of proteins make them attractive

as building blocks for the development of advanced functional materials.

Summary of the Invention

In one aspect, nanostructures are provided comprising;

(a) a plurality of first assemblies, each first assembly comprising a plurality of
1dentical first polypeptides:

(b) a plurality of second assemblies, each second assembly comprising a plurality
of 1dentical second polypeptides, wherein the second polypeptide differs from the first
polypeptide:

wherein the plurality of first assemblies non-covalently interact with the plurality
of second assemblies to form a nanostructure; and

wherem the nanostructure displays multiple copies of one or more paramyxovirus
and/or pneumovirus F proteins, or antigenic fragments thereof, on an exterior of the
nanostructure.

In one embodiment, (a) the first polypeptides comprise a polypeptide having at
least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or

SUBMTITUTE SHEET (RULE 26)
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100% 1dentity along 1ts full length to the amino acid sequence of a polypeptide selected
from the group consisting of SEQ ID NOS:1-51; and

(b) the second polypeptides comprise a polypeptide having at least 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%. 96%. 97%, 98%, 99%, or 100% 1dentity
along 1ts full length to the amino acid sequence of a polypeptide selected from the group
consisting of SEQ ID NOS:1-51.

In another embodiment, the one or more paramyxovirus and/or pneumovirus F
proteins, or antigenic fragments thereof, comprise a polypeptide having at least 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%. 99%, or 100% 1dentity
along 1ts full length to the amino acid sequence of a polypeptide selected from the group
consisting of SEQ ID NOS: 53, 61-68, and 101.

In various embodiments:

(a) the first polypeptide comprises a polypeptide having at least 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full
length to the amino acid sequence of T33-31A (SEQ ID NO:51) and the second
polypeptide comprises a polypeptide having at least 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the
amino acid sequence of T33-09B/T33-31B (SEQ ID NO:44);

(b) the first polypeptide comprises a polypeptide having at least 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%., or 100% 1dentity along 1ts full
length to the amino acid sequence of T33-15B (SEQ ID NO:46) and the second
polypeptide comprises a polypeptide having at least 75%, 80%, 85%, 90%, 91%, 92%,
93%., 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the
amino acid sequence of T33-15A (SEQ ID NO:45);

(c)  the first polypeptide has at least 75%, 80%, 85%, 90%, 91%, 92%, 93%.,
94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the amino acid
sequence of a polvpeptide selected from the group consisting of 153-50A (SEQ ID NO:7),
[53-50A.1 (SEQ ID NO:29), [53-50A.1NegT2 (SEQ ID NO:30), and 153-50A.1PosT1
(SEQ ID NO:31), and the second polypeptide has at least 75%, 80%, 85%., 90%, 91%,
92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the
amino acid sequence of a polypeptide selected from the group consisting of 153-50B
(SEQ ID NO:8), [53-50B.1 (SEQ ID NO:32), 153-50B.1NegT2 (SEQ ID NO:33), and
[53-50B.4PosT1 (SEQ ID NO:34): or

SUBMTITUTE SHEET (RULE 26)
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(d)  the first polypeptide comprises a polypeptide having at least 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%., 98%, 99%, or 100% 1dentity along 1ts
full length to the amino acid sequence of 132-28A (SEQ ID NO:21) and the second
polypeptide comprises a polypeptide having at least 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the
amino acid sequence of 132-28B (SEQ ID NO:22).

In one embodiment, the one or more paramyxovirus and/or pneumovirus F
proteins, or antigenic fragments thereof, are expressed as a fusion protein with the first
polypeptides. In one such embodiment, the plurality of first assemblies each comprise
1dentical first polypeptides; in another such embodiment, the plurality of first assemblies
in total comprise two or more paramyxovirus and/or pneumovirus F proteins, or antigenic
fragments thereofl. In another embodiment, only a subset of the first polypeptides
comprise a fusion protein with an F proteimn or antigenic fragment thereof. In a further
embodiment, each first assembly comprises a homotrimer of the first polypeptide.

In another embodiment, the fusion protein comprises an amino acid linker
positioned between the first polypeptide and the paramyxovirus and/or pneumovirus F
proteins, or antigenic fragment thereof. In one such embodiment, the fusion protein
comprises an amino acid linker positioned between the first polypeptide and the
paramyxovirus F proteins, or antigenic fragment thereof.

In one embodiment the amino acid linker sequence comprises one or more trimerization
domain; 1n another embodiment the amino acid linker sequence comprises a Gly-Ser
linker.

In various embodiments, the first polypeptides comprise or consist of first
polypeptides having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or 100% 1dentity along their full length to the amino acid sequence of a
polypeptide selected from the group consisting of DS-Cavl-foldon-T33-31A (SEQ ID
NO:69), DS-Cav1-T33-31A (SEQ ID NO:70), DS-Cavl-foldon-T33-15B (SEQ ID
NO:71), DS-Cav1-T33-15B (SEQ ID NO:72), DS-Cav1-foldon-153-50A (SEQ ID
NO:73), DS-Cav1-I53-50A (SEQ ID NO:74), and DS-Cav1-132-28A (SEQ ID NO:75).
In other embodiments.

(a) when each first polypeptide has at least 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the
amino acid sequence of DS-Cav1-foldon-T33-31A (SEQ ID NO:69) or DS-Cav1-T33-
31A (SEQ ID NO:70), each second polypeptide has at least 75%, 80%, 85%, 90%, 91%,

3
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92%, 93%, 94%, 95%, 96%, 97%, 98%., 99%, or 100% 1dentity along 1ts full length to the
amino acid sequence of T33-31B (SEQ ID NO:44);

(b)  when each first polypeptide has at least 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the
amino acid sequence of DS-Cav1-foldon-T33-15B (SEQ ID NO:71) or DS-Cav1-T33-
15B (SEQ ID NO:72), each second polypeptide has at least 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the
amino acid sequence of T33-15A (SEQ ID NO:45);

(C) when each first polypeptide has at least 75%, 80%, 85%, 90%, 91%, 92%.,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the
amino acid sequence of DS-Cav1-foldon-I53-50A (SEQ ID NO:73) or DS-Cav1-I153-50A
(SEQ ID NO:74), each second polypeptide has at least 75%. 80%, 85%. 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the
amino acid sequence of a polypeptide selected from the group consisting of153-50B (SEQ
ID NO:8), I53-50B.1 (SEQ ID NO:32). I53-50B.1NegT2 (SEQ ID NO:33), or I53-
50B.4PosT1 (SEQ ID NO:34); or

(d)  when each first polypeptide has at least 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the
amino acid sequence of DS-Cav1-132-28A (SEQ ID NO:75), each second polypeptide has
at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%., 99%, or
100% 1dentity along 1ts full length to the amino acid sequence of 132-28B.

In one embodiment, the one or more paramyxovirus and/or pneumovirus F
proteins, or antigenic fragments thereof comprises a polypeptide having at least 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%, 99%, or 100% 1dentity
along 1ts full length to the amino acid sequence of DS-Cavl(SEQ ID NO:53). In one
such embodiment, each first polypeptide comprises a fusion polypeptide of a polypeptide
having at least 75%, 80%, 85%, 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%, 99%,
or 100% 1dentity along its full length to the amino acid sequence of DS-Cavl linked via
an amino acid linker to a polypeptide having at least 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the
amino acid sequence of SEQ ID NO:7 (I53-50A). In another embodiment, the amino acid
linker comprises a Gly-Ser linker. In a further embodiment, each fusion protein
comprises a polypeptide having at least 75%. 80%. 85%, 90%, 91%. 92%. 93%, 94%,
95%, 96%, 97%, 98%, 99%., or 100% 1dentity along 1ts full length to the amino acid

A
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sequence selected from the group consisting of SEQ ID NOS:69-100. In a specific
embodiment, each fusion protein comprises a polypeptide having at least 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts
full length to the amino acid sequence of SEQ ID NO:76 (F10). In other embodiments,
each second polypeptide comprises a polypeptide having at least 75%. 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%. or 100% 1dentity along its full length
to the amuno acid sequence selected from the group consisting of 153-50B (SEQ ID
NO:8), I53-30B.1 (SEQ ID NO:32), I53-50B.1NegT2 (SEQ ID NO:33), or I533-
50B.4PosT1 (SEQ ID NO:34). In a specific embodiment, each second polypeptide
comprises a polypeptide having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%. 96%, 97%, 98%, 99%, or 100% 1dentity along 1ts full length to the amino acid
sequence of 153-50B.4PosT1 (SEQ ID NO:34).

In other aspects, recombinant expression nucleic acids expressing the first
polypeptide fusions, recombinant expression vectors comprising the recombinant nucleic
acids linked to a promoter, and recombinant host cells comprising the recombinant
expression vectors are provided.

Also provided are immunogenic compositions comprising the nanostructure of
any embodiment or combination of embodiments disclosed herein, and a
pharmaceutically acceptable carrier. In one embodiment, the immunogenic compositions
may further comprise an adjuvant.

In other aspects, methods for generating an immune response to RSV F protein in
a subject, or for treating or limiting a RSV infection 1n a subject are provided, comprising
administering to the subject 1n need thereof an effective amount of the nanostructure or
Immunogenic composition of embodiment or combination of embodiments disclosed
herein to generate the immune response or to treat or prevent RSV infection in the
subject.

Also provided are processes assembling the nanostructures of any embodiment or
combination of embodiments disclosed herein, comprising mixing two or more
nanostructures components 1n aqueous conditions to drive spontaneous assembly of the

desired nanostructures.

Brief Description of the Drawings
The foregoing aspects and many of the attendant advantages of this mnvention will

become more readily appreciated as the same become better understood by reference to

5
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the following detailed description, when taken in conjunction with the accompanying
drawings.

FI1G. 1 shows a schematic diagram of the production of antigen-bearing
nanostructures by in vitro assembly. The two components or building blocks of a given
nanostructure can be expressed and purified individually, which allows assembly of the
nanostructure to be mitiated by mixing the purified components 1n vitro, a process
referred to as 1n vitro assembly. In some embodiments, the two components of the
nanostructure may be expressed in different expression hosts (e.g., human HEK293F cells
or bacterial E. coli cells). The figure schematically depicts assembly of a 120-subunit
nanostructure bearing 20 trimeric antigens (60 antigen subunits) via in vitro assembly of
an antigen-nanostructure trimer fusion protein produced in HEK293F cells and a
nanostructure pentamer protein produced in E. coli.

FIG. 2 shows graphs illustrating detection of secreted DS-Cav1l, DS-Cavl-
foldon-T33-31A, and DS-Cav1-T33-31A fusion proteins in tissue culture
supernatants. ELISA assays were performed on tissue culture supernatants from cells
expressing DS-Cavl (top), DS-Cav-1-foldon-T33-31A/T33-31B (bottom left), and DS-
Cav-1-T33-31A/T33-31B (bottom right). Four different monoclonal antibodies that bind
RSV F were used to evaluate the presence of DS-Cav1 or DS-Cavl fusion proteins in the
supernatants. The results confirm the secretion of proteins comprising well-folded RSV F
antigen.

FIG. 3 shows size-exclusion chromatography of DS-Cav1-I153-S0A. 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.

FI1G. 4 shows size exclusion chromatography of in vitro-assembled DS-Cavl-
IS3-50 nanostructures. Purified DS-Cav1-153-50A and 153-50B.4PT1 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-Cav1-153-50A
trimeric component eluted around 90 mL.

FIG. 5 shows a negative stain electron micrograph and two-dimensional class
averages of in vitro-assembled DS-Cav1-153-50 nanostructures. In vitro-assembled
DS-Cavl1-153-50 nanostructures, purified by size exclusion chromatography, were imaged

by negative stain electron microscopy (top). Averaging many nanostructures yielded two-

6
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dimensional class averages (bottom) that indicate that the 153-50 portion of the
nanostructures 1s 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 I53-50A domains of the DS-Cav1-153-50A fusion protein.

FIG. 6 shows a series of graphs depicting the antigenicity of DS-Cav1-153-50
nanostructures. Analysis of purified DS-Cav1-153-30 nanostructures by ELISA (A)
using four RSV F-specific monoclonal antibodies, including the prefusion-specific
antibodies MPES, D235, and RSD3J, indicated that the DS-Cav1 antigen 1s correctly folded
and maintained 1n the prefusion state when multivalently displayed on DS-Cav1-153-50
nanostructures. This finding was confirmed by surface plasmon resonance measurements
using multiple RSV F-specific antibodies (B-C), which, when compared to trimeric DS-
Cavl, turther suggested that multivalent display of DS-Cavl1 results in an avidity effect
that reduces the dissociation rate of the antibodies.

FI1G. 7 is a graph depicting DS-Cav1-specific serum antibody titers from mice
immunized with DS-Cav1-153-50 nanostructures. Groups of mice were immunized
with I53-50 nanostructures lacking additional antigen, trimeric DS-Cav1, or 153-50
nanostructures bearing DS-Cavl antigen at 33%, 66%, or 100% valency. DS-Cavl-
spectfic 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.

FIG. 8 15 a graph depicting serum neutralization activity elicited by
immunization with DS-Cav1-I153-50 nanostructures. Groups of mice were immunized
with I53-50 nanostructures lacking additional antigen, trimeric DS-Cav1, or 153-50
nanostructures bearing DS-Cav1 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.

FIG. 9 is a graph depicting immunogenicity in a primate immune system
elicited by immunization with DS-Cav1-foldon I53-50 nanostructures. Rhesus
macaques were 1njected at weeks 0 and 4 with either free DS-Cav1 trimer or DS-Cav1-
foldon-153-50 nanostructures displaying DS-Cavl at 100% valency. In both cases, the
dose of DS-Cavl1 antigen was 50 ug, and the immunogens were formulated with the
MF59-like, squalene-based oil-in-water emulsion adjuvant SWE. Sera obtained from the
animals at weeks 6 and 16 were evaluated for anti-DS-Cavl1 antibody titers (A) and RSV-

neutralizing antibody titers (B).
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FIG. 10 1s a graph depicting the physical stability of DS-Cavl when fused to
[53-50A and/or when further assembled into the icosahedral nanostructure. Samples
of trimeric DS-Cav1, trimeric DS-Cav1-foldon-153-50A, and DS-Cav1-foldon-I53-50
nanostructures containing equivalent concentrations of DS-Cav1 were split into four
aliquots and 1ncubated at 20, 50, 70 or 80 °C for 1 hour. After cooling to room
temperature, D25 binding was assayed by surface plasmon resonance (SPR).

FIG. 11 1s a graph 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-Cavl (A-B), DS-Cavl-foldon-153-50A (C-D),
DS-Cavl-foldon-153-50 (E-F), I53-50 (G-H), and 153-50A (I-J). The data indicate
superior physical stability of the DS-Cavl1 antigen when genetically fused to the 153-50A

nanostructure component.

Detailed Description of the Invention

All references cited are herein incorporated by reference in their entirety. Within
this application, unless otherwise stated, the techniques utilized may be found 1n 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. 183, edited by D. Goeddel, 1991. Academic
Press, San Diego, CA), “Guide to Protein Purification™ in Methods in Enzymology (M.P.
Deutshcer, ed., (1990) Academic Press, Inc.); PCR Protocols: A Guide to Methods and
Applications (Innis, et al. 1990. Academic Press, San Diego, CA), Culture of Animal
Cells: A Manual of Basic Technique, 2" Ed. (R Freshney. 1987. Liss, Inc. New York,
NY), 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).

As used herein, the singular forms "a", "an" and "the" include plural referents
unless the context clearly dictates otherwise. “And”™ as used herein 1s interchangeably
used with “or” unless expressly stated otherwise.

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).
1soleucine (Ile; I), leucine (Leu: L), lysine (Lys; K), methionine (Met; M), phenylalanine
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(Phe; F), proline (Pro; P), serine (Ser; S), threonine (Thr; T), tryptophan (Trp; W),
tyrosine (Tyr; Y), and valine (Val; V).

As used herein, “about” means +/- 5% of the recited parameter.

All embodiments of any aspect of the invention can be used in combination,
unless the context clearly dictates otherwise.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words ‘comprise’, ‘comprising’, and the like are to be construed 1n an
Inclusive sense as opposed to an exclusive or exhaustive sense; that 1s to say, in the sense
of “including, but not limited to”. Words using the singular or plural number also include

2% <

the plural and singular number, respectively. Additionally, the words “herein,” “above,”
and “below” and words of stmilar import, when used 1n this application, shall refer to this
application as a whole and not to any particular portions of the application.

The description of embodiments of the disclosure 1s not intended to be exhaustive
or to limut the disclosure to the precise form disclosed. While the specific embodiments
of, and examples for, the disclosure are described herein for illustrative purposes, various
equivalent modifications are possible within the scope of the disclosure, as those skilled
in the relevant art will recognize.

In a first aspect, the disclosure provides nanostructures, comprising:

(a) a plurality of first assemblies, each first assembly comprising a plurality of
1dentical first polypeptides:

(b) a plurality of second assemblies, each second assembly comprising a plurality
of 1dentical second polypeptides, wherein the second polypeptide differs from the first
polypeptide;

wherein the plurality of first assemblies non-covalently interact with the plurality
of second assemblies to form a nanostructure; and

wherem the nanostructure displays multiple copies of one or more paramyxovirus
and/or pneumovirus F proteins, or antigenic fragments thereof, on an exterior of the
nanostructure.

Self-assembling polypeptide nanostructures are disclosed herein that multivalently
display paramyxovirus and/or pneumovirus F proteins on the nanostructure exteriors.
Multiple copies of pairs of first and second polypeptides are able to self-assemble to form

nanostructures, such as icosahedral nanostructures. The nanostructures include

symmetrically repeated, non-natural, non-covalent polypeptide-polypeptide interfaces that
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orient a first assembly and a second assembly 1nto a nanostructure, such as one with an
1cosahedral symmetry.

The nanostructures of the invention are synthetic, 1n that they are not naturally
occurring. The first polypeptides and the second polypeptides are non-naturally occurring
proteins that can be produced by any suitable means, including recombinant production or
chemical synthesis. Each member of the plurality of first polypeptides 1s 1dentical to each
other (though when the first polypeptide 1s present as a fusion polypeptide with one or
more paramyxovirus and/or pneumovirus F proteins, or antigenic fragments thereof, the F
protein or antigenic fragment thereof may differ from one first polypeptide to another),
and each member of the plurality of second polypeptides 1s 1dentical to each other. The
first proteins and the second proteins are different. There are no specific primary amino
acid sequence requirements for the first and second polypeptides. US published patent
application 20160122392 and published PCT application W02014/124301 describe
methods for designing synthetic nanostructures, where the nanostructures are not
dependent on specific primary amino acid sequences of the first and second polypeptides.

A plurality (2, 3, 4, 5, 6, or more) of first polvpeptides self-assemble to form a
first assembly, and a plurality (2, 3. 4, 5, 6, or more) of second polypeptides self-assemble
to form a second assembly. A plurality of these first and second assemblies then self-
assemble non-covalently via the designed interfaces to produce the nanostructures.

The number of first polypeptides in the first assemblies may be the same or
different than the number of second polypeptides in the second assemblies. In one
exemplary embodiment, the first assembly comprises trimers of the first polypeptides,
and the second assembly comprises dimers of the second polypeptides. In a further
exemplary embodiment, the first assembly comprises trimers of the first polypeptides,
and the second assembly comprises trimers of the second polypeptides. In a further
exemplary embodiment, the first assembly comprises trimers of the first polypeptides,
and the second assembly comprises pentamers of the second polypeptides.

The first and second polypeptides may be of any suitable length for a given
purpose of the resulting nanostructure. In one embodiment, the first polypeptides and the
second polypeptides are typically between 30-250 amino acids in length; the length of the
first polypeptides and the second polypeptides may be the same or different. In various
further embodiments, the first polypeptides and the second polypeptides are between 30-
225, 30-200, 30-175, 50-250, 50-225, 50-200, 50-175, 75-250, 75-225, 75-200, 75-175,

10
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100-250, 100-225, 100-200, 100-175, 125-250, 125-225, 125-200, 125-175, 150-250,
150-225, 150-200, and 150-175 amino acids in length.

The 1solated polypeptides of SEQ ID NOS:1-51 were designed for their ability to
self-assemble 1n 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 symmetrically repeated, non-natural, non-covalent polypeptide-polypeptide
Interfaces that orient a first assembly and a second assembly 1nto a nanostructure, such as
one with an 1cosahedral symmetry. Thus, in one embodiment the first and second
polypeptides are selected from the group SEQ ID NOS:1-51. In each case, the N-terminal

methionine residue 1s optional.

Table 1

Name Amino Acid Sequence [dentified mterface
residues

[53-34A EGMDPLAVLAESRLLPLLTVRGGEDLAGLATVLELMGV | I53-34A
EITLRTEKGLEALKALRKSGLLLGAGTVRSPKEAEAAL | 28.32.36.37.186.188.191.1
EAGAAFLVSPGLLEEVAALAQARGVPYLPGVLTPTEVERAL | 92,195
ALGLSALKFFPAEPFQGVRVLRAYAEVFPEVRFLPTGGIKE
EHLPHYAALPNLLAVGGSWLLQGDLAAVMKKVKAAKALLSP

QAPG

[53-34B | (M) TKKVGIVDTTFARVDMAEAAIRTLKALSPNIKIIRKTV | 153-34B:
PGIKDLPVACKKLLEEEGCDIVMALGMPGKAEKDKVCAHEA | 19.20.23.24.27.109,113.11

SEQID | s1,6LMLAQLMTNKHI IEVFVHEDEAKDDDELDILALVRATE | 6.117.120.124.148

NO:2 HAANVYYLLFKPEYLTRMAGKGLROGREDAGPARE

[53-40A | (M) TKKVGIVDTTFARVDMASAAILTLKMESPNIKIIRKTV | 53-40A"
PGIKDLPVACKKLLEEEGCDIVMALGMPGKAEKDKVCAHEA | 20.23.24.27.28.109.112.11

SEQID | SLGLMLAQLMTNKHI IEVFVHEDEAKDDAELKILAARRAIE | 3.116.120.124
NO:3 HALNVYYLLFKPEYLTRMAGKGLRQGFEDAGPARE

[53-40B | (M) STINNOLKALKVIPVIAIDNAEDIIPLGKVLAENGLPA | 153-40B:
AEITFRSSAAVKAIMLLRSAQPEMLIGAGTILNGVQALAAK | 47.51.54.58.74.102
SEQID | FAGATFVVSPGFNPNTVRACQIIGIDIVPGVNNPSTVEAAL
NO:4 EMGLTTLKFFPAEASGGISMVKSLVGPYGDIRLMPTGGITP
SNIDNYLAIPOVLACGGTWMVDKKLVTNGEWDEIARLTRET
VEQVNP

[53-47A | (M) PIFTLNTNIKATDVPSDFLSLTSRLVGLILSKPGSYVA | 153-47A:
VHINTDQQLSFGGSTNPAAFGTLMSIGGIEPSKNRDHSAVL | 22.2529.72.79.86.87

SEQ ID

11

SUBMTITUTE SHEET (RULE 26)



CA 0305b879%4 2015-10-01

WO 2018/187325 PCT/US2018/025880

FDHLNAMLGIPKNRMY IHFVNLNGDDVGWNGTTF

[53-478 (M) NQHSHKDYETVRIAVVRARWHADIVDACVEAFETIAMAA | [53-47B:
LIGGDRFAVDVFDVPGAYEIPLHARTLAETGRYGAVLGTAFV | 28,31,35,36,39,131,132,13

SEQ ID VNGGLYRHEEFVASAVIDGMMNVQLSTGVPVLSAVLTPHRYR | 5,139,146

NO:6 DSAEHHRFFAAHFAVKGVEAARACIEILAAREKIAA

[53-50A | (M) KMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGGVHLI | 53-50A: 25.29.33,54.57
EITFTVPDADTVIKALSVLKEKGAIIGAGTVTSVEQCRKAV
SEQID | ESGAEFIVSPHLDEEI SQFCKEKGVEYMPGVMTPTELVKAM
NO:7 KLGHTILKLFPGEVVGPQFVKAMKGPFPNVKFVPTGGVNLD
NVCEWFKAGVLAVGVGSALVKGTPDEVREKAKAFVEKIRGC
TE

[53-50B (M) NOHSHKDYETVRIAVVRARWHAEIVDACVSAFEAAMAD | [53-50B:

LGGDRFAVDVEDVPGAYEIPLHARTLAETGRYGAVLGTAFV | 24.28.36,124,125,127.128,
SEQ 1D VNGGIYRHEFVASAVIDGMMNVQLSTGVPVLSAVLTPHRYR | 129, 131,132,133.135,139

NO:8 DSDAHTLLFLALFAVKGMEAARACVEILAAREKIAA

[53-51A | (M) FTKSGDDGNTNVINKRVGKDSPLVNFLGDLDELNSFIG | 153-51A:
FATSKIPWEDMKKDLERVQVELFEIGEDLSTQSSKKKIDES | 80.83.86.87.88.90.91.94.16
SEQID | vyLWLLAATATYRIESGPVKLFVIPGGSEEASVLHVTRSVA | 6.172.176
NO:9 RRVERNAVKYTKELPEINRMIIVYLNRLSSLLFAMALVANK
RRNQSEKIYEIGKSW

[53-51B | (M)NQHSHKDYETVRIAVVRARWHADIVDOCVRAFEEAMAD | 153-31B:

AGGDRFAVDVEFDVPGAYEIPLHARTLAETGRYGAVLGTAFV | 31.35.36.40.122.124.128.1
SEQID | yNGGIYRHEFVASAVIDGMMNVQLSTGVPVLSAVLTPHRYR | 31.135.139,143.146.147
NO:10 | sSREHHEFFREHFMVKGVEAAAACITILAAREKIAA

[52-03A (M) GHTKGPTPQQHDGSALRIGIVHARWNKTIIMPLLIGTI | [52-03A:;
AKLLECGVKASNIVVQSVPGSWELPIAVOQRLYSASQLQTPS | 28.32.36,39.44 49

SEQID SGPSLSAGDLLGSSTTDLTALPTTTASSTGPFDALIAIGVL

NO:11 LIKGETMHEEY IADSVOHGLMRVQLDTGVPVIEFGVLIVLTDD
QAKARAGVIEGSHNHGEDWGLAAVEMGVRRRDWAAGKTE

[52-03B | (M) YEVDHADVYDLFYLGRGKDYAAEASDIADLVRSRTPEA | 152-03B.
SSLLDVACGTGTHLEHFTKEFGDTAGLELSEDMLTHARKRL | 94.115.116.206.213

SEQID | ppATILHQOGDMRDFOLGRKFSAVVSMES SVGYLKTVAELGAA

NO:12 | yASFAEHLEPGGVVVVEPWWFPETFADGWVSADVVRRDGRT
VARVSHSVREGNATRMEVHFTVADPGKGVREFSDVHLITLE
HOREYEAAFMAAGLRVEYLEGGPSGRGLFVGVPA

[52-32A (M) GMKEKFVLIITHGDFGKGLLSGAEVIIGKQENVHTVGL | [52-32A:
NLGDNIEKVAKEVMRIIIAKLAEDKELILIIVVDLEGGSPENL | 47.49.53.54.57.58.61.83.87
SEQ ID ALEMMKTEFDVKVITGINMPMLVELLTSINVYDTTELLENIS | .88

NO:13 KIGKDGIKVIEKSSLKM

[52-32B (M) KYDGSKLRIGILHARWNLEI TAALVAGATKRLOEFGVK | 152-32B: 19,20,23.30.40
AENIIIETVPGSFELPYGSKLFVEKQKRLGKPLDAIIPIGV

12
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LIKGSTMHFEYICDSTTHQLMKLNFELGIPVIFGVLTCLTD
EQAEARAGLIEGKMHNHGEDWGAAAVEMATKEN

[52-33A | (M) AVKGLGEVDQKYDGSKLRIGILHARWNRKIILALVAGA | 152-33A:33.41.44.50
VLRLLEFGVKAENIIIETVPGSFELPYGSKLFVEKQKRLGK

SEQID | pLDAIIPIGVLIKGSTMHFEYICDSTTHOLMKLNFELGIPV

NO:15 IFGVLTCLTDEQAEARAGLIEGKMHNHGEDWGAAAVEMATK
FN

[52-33B | (M) GANWYLDNESSRLSFTSTKNADIAEVHRFLVLHGKVDP | [52-33B:
KGLAEVEVETESISTGIPLRDMLLRVLVFQVSKFPVAQINA | 61.63.66.67.72.147.148.15
SEQID | 01, DMRPINNLAPGAQLELRLPLTVSLRGKSESYNAELLATR | 4.155
NO:16 | L DERRFQVVTLEPLVIHAQDFDMVRAFNALRLVAGLSAVSL
SVPVGAVLIFTAR

[32-06A (M) TDYIRDGSAIKALSFAITLAEADLRHIPQDLQRLAVRV | [32-06A:
LIHACGMVDVANDLAFSEGAGKAGRNALLAGAPLILCDARMVA | 9.12.13,14,20,30.33.34

SEQID EGITRSRLPADNRVIYTLSDPSVPELAKKIGNTRSAAALDL

NO:17 WLPHIEGS IVAIGNAPTALFRLEFELLDAGAPKPALLIIGMPY
GFVGAAESKDELAANSRGVPYVIVRGRRGGSAMTAAAVNAL
ASERE

[32-06B | (M) ITVFGLKSKLAPRREKLAEVIYSSLHLGLDIPKGKHAI | 132-06B:
RFLCLEKEDFYYPFDRSDDYTVIEINLMAGRSEETKMLLIF | 24.71.73.76.77.80.81.84.85
SEQID | 1L FIALERKLGIRAHDVEI TIKEQPAHCWGFRGRTGDSARD | 88.114.118

NO:138 LDYDIYV

[32-19A | (M) GSDLQKLQRFSTCDISDGLLNVYNIPTGGYFPNLTAIS | I32-19A:
PPONSSIVGTAYTVLFAPIDDPRPAVNYIDSVPPNSILVLA | 208213.218222.2252262

SEQID | 1 EPHLOSOFHPFIKITQAMYGGLMSTRAQYLKSNGTVVEGR | 29,233

NO:19 IRDVDEHRTLNHPVFAYGVGSCAPKAVVKAVGTNVQLKILT
SDGVTQTICPGDYIAGDNNGIVRIPVQETDISKLVTYIEKS

IEVDRLVSEAIKNGLPAKAAQTARRMVLKDYT

[32-19B | (M) SGMRVYLGADHAGYELKQAIIAFLKMTGHEPIDCGALR | [32-19B:
YDADDDYPAFCIAAATRTVADPGSLGIVLGGSGNGEQIAAN | 20.23.2427.117.118.122.1

SEQID | xyPGARCALAWSVOTAALAREHNNAQLIGIGGRMHTLEEAL | 25

NO:20 RIVKAFVTTPWSKAQRHQRRIDILAEYERTHEAPPVPGAPA

132-28A | (M) GDDARIAAIGDVDELNSQOIGVLLAEPLPDDVRAALSAT | I132-28A
QHDLFDLGGELCIPGHAAITEDHLLRLALWLVHYNGQLPPL | 60,61.64.67.68.71.110.120,

SEQID | EEFILPGGARGAALAHVCRTVCRRAERSIKALGASEPINIA | 123.124.128

NO:21 PAAYVNLLSDLLFVLARVLNRAAGGADVLWDRTRAH

132-28B | (M) ILSAEQSFTLRHPHGOAAALAFVREPAAALAGVORLRG | I32-28B:
L.DSDGEQVWGELLVRVPLLGEVDLPFRSEIVRTPQGAELRP | 35.36.54.122.129.137.140,

SEQID 1 1L TGERAWVAVSGOATAAEGGEMAFAFQFQAHLATPEAEG | 141.144.148

NO:22 EGGAAFEVMVQAAAGVTLLLVAMALPQGLAAGLPPA

13
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50A.INe
o2

SEQ ID

(M) TKKVGIVDTTFARVDMASAATLTLKMESPNIKIIRKTYV
PGIKDLPVACKKLLEEEGCDIVMALGMPGKKEKDKVCAHEA
SLGLMLAQLMTNKHI IEVFVHEDEAKDDAELKILAARRAIE
HALNVYYLLFKPEYLTRMAGKGLRQGFEDAGPARE

(M) DDINNQLKRLKVIPVIAIDNAEDIIPLGKVLAENGLPA
ABEITFRSSAAVKAIMLLRSAQPEMLIGAGT ILNGVQALAAK
FAGADFVVSPGFNPNTVRACQIIGIDIVPGVNNPSTVEQAL
EMGLTTLKFFPAEASGGLISMVKSLVGPYGDIRLMPTGGITP
DNIDNYLAIPQVLACGGTWMVDKKLVRNGEWDE IARLTREI

VEQVNP

(M) PIFTLNTNIKADDVPSDFLSLTSRLVGLILSKPGSYVA
VHINTDQOQLSEFGGSTNPAAFGTLMSIGGIEPDKNRDHSAVL
FDHLNAMLGIPKNRMY IHFVNLNGDDVGWNGTTF

(M) PIFTLNTNIKADDVPSDFLSLTSRLVGLILSEPGSYVA
VHINTDQOLSFGGSTNPAAFGTLMS IGGLIEPDKNEDHSAV L
FDHLNAMLGIPKNRMY IHFVDLDGDDVGWNGTTE

(M) NQHSHKDHETVRIAVVRARWHADIVDACVEAFETIAMAA
IGGDRFAVDVEDVPGAYE I PLHARTLAETGRYGAVLGTAFV
VNGGIYRHEFVASAVIDGMMNVQLDTGVPVLSAVLTPHRYR
DSDEHHRFFAAHFAVKGVEAARACIEILNAREKIAA

(M) NQHSHKDHETVRIAVVRARWHADIVDACVEAFETIAMAA
IGGDRFAVDVEFDVPGAYEIPLHARTLAETGRYGAVLGTAFV
VDGGLYDHEFVASAVIDGMMNVQLDTGVPVLSAVLTPHEYE
DSDEDHEFFAAHFAVKGVEAARACIEILNAREKIAA

(M) KMEELFKKHKIVAVLRANSVEEATIEKAVAVFAGGVHLI
EITFTVPDADTVIKALSVLKEKGAI IGAGTVTSVEQCRKAV
ESGAEFIVSPHLDEELSQFCKEKGVEYMPGYVMTPTELVKAM
KLGHDILKLFPGEVVGPQFVKAMKGPFPNVKEFVPTGGVNLD
NVCEWFKAGVLAVGVGDALVKGDPDEVREKAKKFVEKIRGC
T

(M) KMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGGVHLI
EITFTVPDADTVIKALSVLKEKGAIIGAGTVTSVEQCRKAV
ESGARFIVSPHLDERLISQFCKEKGVEYMPGVMTPTELVKAM
KLGHDILKLFPGEVVGPEFVEAMKGPFPNVKEVPTGGVDLD

DVCEWFDAGVLAVGVGDALVEGDPDEVREDAKEFVEEIRGC

14
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[53-40A:
20,23.24.27.28.109,112.11
3.116,120.124

[53-40B:
47,51,54,58,74,102

[53-47A:
22,25,29,72,79,86,87

[53-47A.
22.25.29.72.79.86 87

[53-47B:
28.31.35.36.39.131.132.13
5.139.146

[53-47B:
2831.35.36,39.131,132,13
5.139.146

[153-50A: 25,29,33,54,57

[53-50A: 25,29,33,54,57
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[53- (M) KMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGGVHLI | I53-50A: 25.29.33.54.57
50A. 1Pos | EITFTVPDADTVIKALSVLKEKGAIIGAGTVTSVEQCRKAV
T1 ESGAEFIVSPHLDEEISQFCKEKGVEYMPGVMTPTELVKAM

KLGHDILKLEPGEVVGPQEVKAMKGPEFPNVKEVPTGGVNLD
SEQ ID NVCKWFKAGVLAVGVGKALVKGKPDEVREKAKKFVKKIRGC
NO:31 TE

i -

(M) NOHSHKDHETVRIAVVRARWHAE IVDACVSAFEAAMRD
IGGDRFAVDVFDVPGAYEI PLHARTLAETGRYGAVLGTAFV

153-50B:
24.28.36,124.125.127.128.
129.131.132.133.135.139

VNGGLYRHEFVASAVIDGMMNVQLDTGVPVLSAVLTPHRYR
DSDAHTLLFLALFAVKGMEAARACVEILAAREKIAA

[53- (M) NOHSHKDHETVRIAVVRARWHAEIVDACVSAFEAAMRD

50B.1Ne | IGGDRFAVDVFDVPGAYEIPLHARTLAETGRYGAVLGTAEYV

ol2 VDGGIYDHEFVASAVIDGMMNVQLDTGVPVLSAVLTPHEY !
DSDADTLLFLALFAVKGMEAARACVE I LAAREKIAA

[53-50B:
24.28.36.124.125,127.128,
129.131,132,133,135,139

SEQ ID
NO:33

[33- (M) NQHSHKDHETVRIAVVRARWHAEIVDACVSAFEAAMRD

50B.4Pos | IGGDRFAVDVFDVPGAYEIPLHARTLAETGRYGAVLGTAEY

T1 VNGGIYRHEFVASAVINGMMNVQLNTGVPVLSAVLTPHNYD
Ko KAHTLLFLALFAVKGMEAARACVE I LAAREKIAA

[53-50B:
24,28,36,124,125,127,128,
129,131,132,133,135,139

SEQ ID
NO:34

[53-40A genus (SEQ ID NO:335)

(M) TKKVGIVDTTFARVDMASAATLTLKMESPNIKIIRKTVPGIKDLPVACKKLLE!

]

GCDIVMA

LGMPGK (A/K) EKDKVCAHEASLGLMLAQILMTNKHI IEVFVHEDEAKDDAELKILAARRATIEHAL

5 NVYYLLEKPEYLTRMAGKGLRQGEFEDAGPARE

[53-40B genus (SEQ ID NO:36)
(M)

(S/D) (T/D) INNQLK (A/R) LKVIPVIAIDNAEDIIPLGKVLAENGLPAAEITFRSSAAVKAIM

10 LLRSAQPEMLIGAGTILNGVQALAAKEAGA (T/D) FVVSPGFNPNTVRACQIIGIDIVPGVNNPS

TVE (A/Q) ALEMGLTTLKFFPAEASGGI SMVKSLVGPYGDIRLMPTGGITP (S/D) NIDNYLAIP
QVLACGGTWMVDKKLV (T/R) NGEWDETIARLTREIVEQVNP

[53-47A genus (SEQ ID NO:37)
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L]

(M) PIFTLNTNIKA (T/D) DVPSDFLSLTSRLVGLILS (K/E) PGSYVAVHINTDQOLSFGGSTN

) DHSAVLFDHLNAMLGIPKNRMYIHEV (N/D)L (N/D)G

L]

PAAFGTLMSIGGIEP (S/D) KN (R/:
DDVGWNGTTE

5 153-47B genus (SEQ ID NO:38)
(M) NOHSHKD (Y/H) ETVRIAVVRARWHADIVDACVEAFEIAMAATIGGDRFAVDVEDVPGAYEIP

LHARTLAETGRYGAVLGTAFVV (N/D) GGIY (R/D) HEFVASAVIDGMMNVQL (S/D) TGVPVLS
AVLTPH(R/E)Y(R/E)DS(A/D)E(H/D)H(R/E) FFAAHFAVKGVEAARACIEIL (A/N) ARE

KIAA

10

[53-50A genus (SEQ ID NO:39)
(M) KMEELFKKHKIVAVLRANSVEEATEKAVAVFAGGVHLIEITFTVPDADTVIKALSVLKEKGA

[ IGAGTVTSVEQCRKAVESGAEFIVSPHLDEEISQFCKEKGVFYMPGVMTPTELVKAMKLGH (T/

) AMKGPFPNVKFVPTGGV (N/D) LD (N/D) VC (E/K) WF (

L]

D) ILKLEFPGEVVGP (Q/E) FV (K/
15 K/D) AGVLAVGVG (S/K/D)ALV (K/E)G(T/D/K) PDEVRE (K/D) AK(A/E/K) FV (E/K) (K

/E) IRGCTE

[53-50B genus (SEQ ID NO:40)
(M) NOQHSHKD (Y/H) ETVRIAVVRARWHAETIVDACVSAFEAAM (A/R) DIGGDRFAVDVFDVPGA

20 YEIPLHARTLAETGRYGAVLGTAFVV (N/D) GGIY (R/D) HEFVASAVI (D/N) GMMNVQL (S/D
/N) TGVPVLSAVLTPH (R/E/N)Y (R/D/E) (D/K)S(D/K)A (H/D) TLLFLALFAVKGMEAAR

ACVEILAAREKIAA

T32-28A (SEQ ID NO:41)
25 (M) GEVPIGDPKELNGMEIAAVYLOPTEMEPRGIDLAASLADIHLEADIHALKNNPNGEFPEGEWM

PYLTIAYALANADTGAIKTGTLMPMVADDGPHYGANIAMEKDKKGGEGVGTYALTFLISNPERKQG

FGRHVDEETGVGKWFEPEVVTYFEFKYTGTPK

T32-28B (SEQ ID NO:42)
30 (M) SQOATGILELTSTIAKGMELGDAMLKSANVDLLVSKTISPGKFLLIMLGGDIGAIQQATIETGTSO

AGEMLVDSLVLANIHPSVLPALISGLNSVDKROAVGIVETWSVAACISAADLAVKGSNVT LVRVHM

AFGIGGKCYMVVAGDVLDVAAAVATASLAAGAKGLLVYASIIPRPHEAMWROMVEG

T33-09A (SEQ ID NO:43)
35 (M) EEVVLITVPSALVAVKIAHALVEERLAACVNIVPGLTSIYRWOGSVVSDHELLLLVKTTTHA

FPKLKERVKALHPYTVPEIVALPIAEGNREY LDWLRENTG
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T33-09B (SEQ ID NO:44)
(M) VRGIRGAITVEEDTPAATLAATIELLLKMLEANGIQOSYEELAAVIFTVTEDLTSAFPAEAAR

LIGMHRVPLLSAREVPVPGSLPRVIRVLALWNTDTPOQDRVRHVYLNEAVRLRPDLESAQ

5
T33-15A (SEQ ID NO:45)
(M) SKAKTIGIVTVSDRASAGITADISGRKATTLALNLYLTSEWEPIYOVIPDEODVIETTLIKMAD
FODCCLIVTTGGTGPAKRDVTPEATEAVCDRMMPGFGELMRAESLKEVPTATILSROTAGLRGDSL
IVNLPGDPASISDCLLAVFPAIPYCIDLMEGPYLECNEAMIKPFRPKAK

10

T33-15B (SEQ ID NO:46)
(M) VRGIRGATITVNSDTPTSITTATILLLEKMLEANGIQOSYEELAAVIFTVTEDLTSAFPAEAAR

QIGMHRVPLLSAREVPVPGSLPRVIRVLALWNTDTPQDRVRAVYLSEAVRLRPDLESAQ

15  T33-21A (SEQ ID NO:47)
(M) RITTKVGDKGSTRLFGGEEVWKDSPITEANGTLDELTSFIGEAKHYVDEEMKGILEETIQONDT

YRIMGEIGSKGKIEGISEERIAWLLKLILRYMEMVNLKSFVLPGGTLESAKLDVCRTIARRALRK

VLITVIREFGIGAEAAAYLLALSDLLEFLLARVIEIEKNKLKEVRS

20 T33-21B (SEQ ID NO:48)
(M) PHLVIEATANLRLETSPGELLEQANKALFASGOFGEADIKSREVTLEAYROGTAAVERAYTLH

ACLSILDGRDIATRTLLGASLCAVLAEAVAGGGEEGVQVSVEVREMERLSYAKRVVARQR

T33-28A (SEQ ID NO:49)
25 (M) ESVNTSFLSPSLVTIRDEFDNGOFAVLRIGRTGFPADKGDIDLCLDKMIGVRAAQIFLGDDTE

DGFKGPHIRIRCVDIDDKHTYNAMVYVDLIVGTGASEVERETAEEEAKLALRVALOVDIADEHSC

VIQFEMKLREELLSSDSFHPDKDEYYKDF L

T33-28B (SEQ ID NO:50)
30 (M) PVIOQTFVSTPLDHHKRLLLAIIYRIVTRVVLGKPEDLVMMTEFHDSTPMHFFGSTDPVACVRV

EALGGYGPSEPERKVITSIVTAAITAVCGIVADRIFVLYFSPLHCGWNGTNE

T33-31A (SEQ ID NO:51)

(M) EEVVLITVPSALVAVKIAHALVEERLAACVNIVPGLTSIYR!

-

EGSVVSDHELLLLVKTTTDA

35 FPKLKERVKELHPYEVPEIVALPIARGNREYLDWLRENTG

17
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Table 1 provides the amino acid sequence of the first and second polypeptides; the
right hand column 1n Table 1 1dentifies the residue numbers in each exemplary
polypeptide that were 1dentified as present at the interface of resulting assembled
nanostructures (1.e.: “1dentified 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 amuno acid
sequence that 1s at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%.,
98%, or 99% 1dentical over 1ts length, and 1dentical atleast at 1, 2, 3,4, 5,6, 7, 8, 9, 10,
11, 12, or 13 1dentified interface positions (depending on the number of interface residues
for a given polypeptide), to the amino acid sequence of a polypeptide selected from the
group consisting of SEQ ID NOS: 1-34. In other embodiments, the first and second
polypeptides comprise an amino acid sequence that 1s at least 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%., or 99% 1dentical over 1ts length, and 1dentical at
least at 20%, 25%, 33%, 40%, 50%, 60%, 70%, 75%, 80%, 90%, or 100% of the
1dentified interface positions, to the amino acid sequence of a polypeptide selected from
the group consisting of SEQ ID NOS:1-51.

As 15 the case with proteins 1n general, the polypeptides are expected to tolerate
some variation in the designed sequences without disrupting subsequent assembly 1nto
nanostructures: particularly when such variation comprises conservative amino acid
substitutions. As used here, "conservative amino acid substitution" means that:
hydrophobic amino acids (Ala, Cys, Gly, Pro, Met, See, Sme, Val, Ile, Leu) 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 chams (Ser, Thr, Asn, Gln) can only be substituted with other amino acids with polar
uncharged side chains.

Table 2 lists surface amino acid residue numbers for each exemplary polypeptide
of the invention denoted by SEQ ID NOS: 1-34. Thus, 1n various embodiments, 1 or
more (atleast 1, 2, 3,4,5,6,7.8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,

2 2 ? 2 2

24, 25, 26, 27 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
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48, 49, 50, or more) of these surface residues may be modified in the polypeptides of the

mvention. Residues in parentheses are optional.

Table 2

Name Amino Acid Sequence surface residues not near
interface

[33-34A EGMDPLAVLAESRLLPLLTVRGGEDLAGLATVLELMGV
EITLRTEKGLEALKALRKSGLLLGAGIVRSPKEAEAAL

[53-34A.
6.8.9.12.14.22.25.48 4950,
32.53.56.73.74.81.94.95.10
1,102,103,
104.119.122.137.140,143.1
47
150,151.153.161.162.163.1
64,
166.167.170.172.184.193.1
08,

199,200,202

[53-34B:
3.12.31.33.35.36.51.54.55.
56.59.69.70.71.74.93.103.1
06.107.108,131.132.133.13
4.138.142.153

[53-40A | (M) TKKVGIVDTTFARVDMASAAILTLKMESPNIKIIRKTV | [53-40A
PGIKDLPVACKKLLEEEGCDIVMALGMPGKAEKDKVCAHER | 3.4,31.33,35.36,37.51,54.5
SEQID | s1,GIMLAOLMTNKHI IEVFVHEDEAKDDAELKILAARRAIE | 3.56.

NO:3 HALNVYYLLFKPEYLTRMAGKGLRQGFEDAGPARE 32’59’69’70’71’74’93’103’1

118.127.128.131.132.133.1
34,
135.138.139.142.150.153
153-40B (M) STINNOLKALKVIPVIATIDNAEDITPLGKVLAENGLPA | I53-40B:

AETTFRSSAAVKATMLLRSAQPEMLIGAGTILNGVQALAAK | 2,3,7.9,10,12,20,21,23,26,2
SEQID | EAGATFVVSPGFNPNTVRACQI IGIDIVPGVNNPSTVEAAL | 7.30, _
NO4 | EMGLTTLKFFPAEASGGISMVKSLVGPYGDIRLMPTGGITP | 3%38:4.60,62,75.85,94.93

o | ax
SNIDNYLAI POVLACGGTWMVDKKLVTNGEWDEITIARLTRET 124.126.134.139.143.151.1

VEQVNP 53,
161.163,166.167.170.172.1
30,
184.185.186.189.190,192. 1
03,
194.195.198.201.202.205.2
08, 209

(M) PIFTLNTNIKATDVPSDFLSLTSRLVGLILSKPGSYVA | [53-47A:

VHINTDQQLSFGGSTNPAAFGTLMSIGGIEPSKNRDHSAVL | 11,13,14,17,34,36,37,45,47

FDHLNAMLGIPKNRMY IHFVNLNGDDVGWNGTTEF ,4,33.56,65,69,70,71,74.9
1.92.93.101,103.105.109.1

FEAGAAFLVSPGLLEEVAALAQARGVPYLPGVLTPTEVERAL
ALGLOALKEFEFPAEPFQGVRVLRAYAEVEPEVRELPTGGLKE
FHLPHYAALPNLLAVGGOSWLLOQGDLAAVMKKVKAAKALLSP
QAPG

[53-34B (M) TKKVGIVDTTFARVDMAEAATRTLKALSPNIKIIRKTV
PGIKDLPVACKKLLEEEGCDIVMALGMPGKAEKDKVCAHEA

SEQ 1D SLGLMLAQLMTNKHI IEVEFVHEDEAKDDDELDILALVRALLE
NO:2 HAANVYYLLFKPEYLTRMAGKGLRQGREDAGPARE

[53-47A

SEQ ID

NO:3
10,112,114
(M) NOHSHKDYETVRIAVVRARWHADIVDACVEAFETAMAA | [53-47B:

IGGDRFAVDVFDVPGAYEIPLHARTLAETGRYGAVLGTAFV | 6,7,39,10,11,13,18,20,21,2
VNGGLYRHEFVASAVIDGMMNVQLSTGVPVLSAVLTPHRYR 4,43,44,51,63,67,70,85,87,

153-47B

SEQ ID
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EHHRFFAAHFAVKGVEAARACIEILAAR: 101,105,122,123,124,125.1
26,147.152,153,154

[53-50A | (M) KMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGGVHLI | I53-50A:
EITFTVPDADTVIKALSVLKEKGAIIGAGTVTSVEQCRKAV | 4,5,6,8,9,11,17,19,23,37,46
SEQID | ESGAEFIVSPHLDEEISQFCKEKGVFYMPGVMTPTELVKAM | 47.59.74,77,78,81,94,95.9
NO:7 KLGHTILKLFPGEVVGPQFVKAMKGPFPNVKFVPTGGVNLD 3,101,102,

_ N . 103,106,119,122,126,139.1
[ 7 " n " 2 2 2 2 2 2
EWFKAGVLAVGVGSALVKGTPDEVREKAKAFVEKIRGC 42.145.149.150.152.160.16

1,162,163,166,169,179,183
1385,188,191,192,194,198,
199

[33-30B (M) NQHSHKDYETVRIAVVRARWHAEIVDACVSAFEAAMAD | [53-50B:

I GGDRFAVDVFDVPGAYEIPLHARTLAETGRYGAVLGTAEV | 6,7,8,9,10,11,13,18,20,21,3
SEQID  yNGGIYRHEFVASAVIDGMMNVQLSTGVPVLSAVLTPHRYR | 4.38,39,40,43,44.48,51.63,

NO:3 DSDAHTLLFLALFAVKGMEAARACVEILAAREKIAA 67,70,87,101,103,113,143,
147.152.153.154

[53-51A | (M) FTKSGDDGNTNVINKRVGKDSPLVNFLGDLDELNSFIG | I53-51A.
FATSKIPWEDMKKDLERVOVELFEIGEDLSTOSSKKKIDES | 19,20,24,28.46,47,51,70,71

SEQID | yYIWLLAATATIYRIESGPVKLEVIPGGSEEASVLHVTRSVA | .73.74.75,76,102,122,130,1

NO:9 RRVERNAVKYTKELPEINRMIIVYLNRLSSLLFAMALVANK | 5°-134,135,136,137,140,16

A - 2,163,164,165,
RRNQSEKIYEIGKSW 169,175,177

153-51B | (M) NOHSHKDYETVRIAVVRARWHADIVDOCVRAFEEAMAD | 153-51B:
AGGDRFAVDVFDVPGAYEIPLHARTLAETGRYGAVLGTAFV | 6.7.89.10,11,13,18.21,27.3
SEQID | yNGGIYRHEFVASAVIDGMMNVOLSTGVPVLSAVLTPHRYR | 4,38,

NO:10 SSREHHEFFREHFMVKGVEAAAACTTILAAREKTAA ‘1‘;’4&63:}6770’85 87,1011

125,126,129,152,133,154
[52-03A (M) GHTKGPTPQQHDGSALRIGIVHARWNKTIIMPLLIGTI | [52-03A:

AKLLECGVKASNIVVQSVPGSWELPTAVQRLYSASQLQTPS | 6.9,10,11,13,15,16,26,48.6
SEQID | sGPSLSAGDLLGSSTTDLTALPTTTASSTGPFDALIAIGVL | 9.75,
NO:1l | IKGETMHFEYIADSVSHGLMRVQLDTGVPVIFGVLTVLTDD | /6:78,79,111,125,127,143,

! i - ] 146,
QAKARAGVIEGSHNHGEDWGLAAVEMGVRRRDWAAGKTE 159.160.161.162.171.175.1

93, 194,196,197,199,200
[52-03B (M) YEVDHADVYDLFYLGRGKDYAAEASDIADLVRSRTPEA | [52-03B:

SSLLDVACGTGTHLEHFTKEFGDTAGLELSEDMLTHARKRL | 2.3,5,6,8,15,17,20,22,23,26
SEQID | ppATLHQGDMRDFQLGRKFSAVVSMFSSVGYLKTVAELGAA | 27,

NO:12 | yASFAEHLEPGGVVVVEPWWFPETFADGWVSADVVRRDGRT | 30-33,3%.39,37,38,30,53,55
VARVSHSVREGNATRMEVHFTVADPGKGVRHESDVHLITLE | 7.2 or2:0102,08,70,71.7

4,77,78,79,
HOREYEAAFMAAGLRVEYLEGGPSGRGLEVGVPA 81 8,2 811 86 791 96 97 9R

111,
127.130,131.132.141,144.1
45,
148.150,154.157.158.159.1
60,
161.171.172.173.174.177.1
87,
189.192.198.199.222 223 2
24, 236
SKEVLIITHGDFGKGLLSGAEVI IGKOENVHTVGL | [52-32A:

3,5,15,18,30,32,35,40.41 4
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[52-33A

SEQ ID
NO:15

NLGDNILE
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KVAKEVMRI I IAKLAEDK!
ALEMMKTEFDVKVITGINMPMLV.

KIGKDGIKVIEKSSLKM

(M) KYDGSKLRIGILHARWNL.
AENIIIE
LIKGSTMHE!

(M) AVKGLG!

VLRLL!

PLDAIIPIGVLIKGSTMHE'
IFGVLTCLTDEQAEARAGL IEGKMHNHG.

N

~
B
]

TVPGSFELPYGSKLEV!

GVKAENIIIETVPGSE!

WY ICDSTTHQLMKLNE
EQAEARAGLIEGKMHNHGEDWGAAAV.

2015-10-01

I IIVVDLEFGGSPENL
CSLLTSINVYDTTELLENLS

LI TAALVAGATKRLOEFGVK
LKOQKRLGKPLDATIIPIGY
S LGIPVIFGVLTCLTD

CMATKEN

CVDOKYDGSKLRIGILHARWNRKI I LALVAGA
LLPYGSKLEV!

LKOKRLGK

WY LTCDSTTHQLMKLNFRELGIPY
L DWGAAAVEMATK

PCT/US2018/025880

2 44,
45.65.73.79.91.103,106.10
90.110.111.112.114.115.118
122,123, 125.126.129.131

[52-32B:
17.32.35.42.59.63.6

4.6.79.
4.66.
67.68.69.70,71,73.83.85.90
106,
119.120.121.122.125.131.1
33, 134.135,136.154
[52-33A°
12.14.16,17.19.26.27.46.69
73.74.76.77.78.80.81.83.9
3.95.100,116,129,130,131,
132,145,164

[52-33B

SEQ ID
NO:16

[32-06A

SEQ ID
NO:17

132-06B

SEQ ID
NO:18

(M) GANWY LDN:

KGLAEVE

QLDMRPINNLAPGAQL.
LDERRFQVVTL.

SVPVGAVLIFTAR

LOSRLOFTSTKNADIA

VETESISTGIPLRDMLLRVLVEFQVSKFPVAQINA
L LRLPLTVSLRGKSHSYNAELLATR

CPLVIHAQDEDMVRAFNALRLVAGLSAVS L

(M) TDYIRDGSAIKALSFAIILA]

THACGMVDVANDLAFS.
EGITRSRLPADNRVIYTLSDPSVP.

WLPHI.

GEFVGAAE

ASERE

~
G
-

SIVAIGNAPTALFRLE!

WWVHRELVLHGKVDP

CADLRHIPODLORLAVRY
L GAGKAGRNALLAGAPILCDARMVA
S LAKKIGNTRSAAALDL
L LLDAGAPKPALIIGMPYV

SKDELAANSRGVPYVIVRGRRGGSAMTAAAVNAL

(M) ITVFGLKSKLAPRREKLAEVIYSSLHLGLDIPKGKHATI

REFLCL!

K

EDEYYPFDRSDDYTVI!

LLFIALE

ﬂ

 INLMAGRSE

ETKMLLIF

RKLGIRAHDVEITIKEQPAHCWGFRGRTGDSARD

LDYDIYV

152-33B:
4.6.10,20.21.23.2431.32.3
4,36,
39.40.42.44.46.48.56.73.77
79,
31.83.85.88.89.91.92.96.97
99,
101,103.109.110.111,112.1
14
124.125.138.140,143,158.1
75

[32-06A.
24.26.27.41.47.50.51.56.60
63.64.67.68.77.84.85.86.9
1.93.98.99.
100,101.102,105.108.109.1
14
123.124.125.127.135.142.1
45,
148.149.152.153.169,172.1
73, 176.177.180.187.189
132-06B:
8.9.10.13.14.15.16.17.20.3
436,

45.46.47.50.51,53.54.57.67
70,91,93.95.105,112

[32-19A

SEQ ID
NO:19

(M) GSDLOQKLOQRESTCDISDGLLNVYNIPTGGYFPNLTALS
PPONSSIVGTAYTVLFAPIDDPRPAVNYIDSVPPNSILVLA

I RDVD!

LEVDRLVS

21

LEPHLOSQFHPEF IKITQAMYGGLMSTRAQY LKSNGTVVEGR
CHRTLNHPVEFAYGVGSCAPKAVVKAVGTNVQLKILT
SDGVIQTICPGDY IAGDNNGIVRIPVQ!
CATKNGLPAKAAQTARRMVLKDY I

CTDISKLVIYITEKS
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132-19B (M) SGMRVYLGADHAGYELKOATTAFLKMTGHEPIDCGALR | [32-19B:
4.53133.38.41.42.43.555
6.59,
61,62,83.93.94.101,104.11
3,119,129.131,134.136,137
139,140,
143.144.146,147.150.152.1
53, 156.158.159

[32-28A:
4.6.7.10,14.27.30.31,33.34,
41,44.45.51,52.53,54.55.56
59,76,78.79.80.81,82.83.9
0,103,111,115,116,131,134
142.145.147.150
[32-28B:
3.4.68.12.15.17.18.22.26.2
832,
38.39.41.43.45.46.48.50.60
66,68.71,73.74,79,81,82.8
3.84.86.87,
05.100.103,105,109.111.11
3.151.152.155.156.157
[53-40A:
3.4.31.33.35.36.37.51.54.5
5.56,
57.59.69,70,71,74.93,103.1
06,
118.127.128.131,132.133.1
34,
135.138.,139,142.150.153
(M) DDINNOLKRLKVIPVIATIDNAEDIIPLGKVLAENGLPA | I53-40B:

AEITFRSSAAVKAIMLLRSAQPEMLIGAGTILNGVQALAAK | 2,3,7,9,10,12,20,21,23,26,2
"AGADFVVSPGFNPNTVRACQIIGIDIVPGVNNPSTVEQAL | 7,30,

EMGLTTLRKEFEFPAEASGGLISMVKSLVGPYGDIRLMPTGGLITP 34,38,43,60,62,75,85,94,9

N a1 | 122,
DNIDNYLAIPOQVLACGGTWMVDKKLVRNGEWDE ITARLTREI 124.126.134.139.143.151.1

VEQVNP 53
161.163,166.167.170.172.1
30,
184.185.186.189.190,192. 1
93,
194.195,198.201.202.205.2
08, 209

(M) PTIFTLNTNIKADDVPSDFLSLTSRIVGLILSKPGSYVA | I53-47A:

VHINTDQQLSFGGSTNPAAFGTLMSIGGIEPDKNRDHSAVL | 11,13,14,17,34,36,37,45.47

FDHLNAMLGIPKNRMY IHFVNLNGDDVGWNGTTF ,34,53,56,65,69,70,71,74.9
1.92.93.101.103.105,109.1

10,112,114

YDADDDYPAFCIAAATRTVADPGSLGIVLGGSCNGEQIAAN
SEQID | kvPGARCALAWSVOTAALAREHNNAQLIGIGGRMHTLEEAL
NO:20 RIVKAFVTTPWSKAQRHQRRIDILAEYERTHEAPPVPGAPA

132-28A | (M)GDDARIAAIGDVDELNSQIGVLLAEPLPDDVRAALSAT

OHDLFDLGGELCIPGHAAI TEDHLLRLALWLVHYNGOLPPL
SEQID | EEFI1.PGGARGAALAHVCRTVCRRAERSIKALGASEPLNIA
NO:21 PAAYVNLLSDLLFVLARVLNRAAGGADVLWDRTRAH

[32-28B | (M) ILSAEQSFTLRHPHGOAAALAFVREPAAALAGVORLRG
.DSDGEQVWGELLVRVPLLGEVDLPFRSEIVRTPOGAELRP

SEQID | 171, TGERAWVAVSGOATAAEGGEMAFAFOFOAHLATPEAEG

NO22 [ EGGAAFEVMVOAAAGVTLLLVAMALPOGLAAGLPPA

(M) TKKVGIVDTTFARVDMASAATILTLKMESPNIKIIRKTV
PGIKDLPVACKKLLEEEGCDIVMALGMPGKKEKDKVCAHEA
SLGLMLAQLMTNKHI TEVEFVHEDEAKDDAELKILAARRATE
HALNVYYLLEFKPEYLTRMAGKGLRQGFEDAGPARLE

[33- (M) PIFTLNTNIKADDVPSDFLSLTSRLVGLILSEPGSYVA | [53-47A:

47A INe | VHINTDOQOLSFGGSTNPAAFGTLMSIGGIEPDKNEDHSAVL | 11,13,14,17,34,36,37,45.47
54.55.56.65.69.70,71,74.9

22
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FDHLNAMLGIPKNRMY IHEVDLDGDDVGWNGTTF 1,92.93,101,103,105,109,1
10,112,114

(M) NOHSHKDHETVRIAVVRARWHADIVDACVEAFEIAMAA | [53-47B:
IGGDRFAVDVFDVPGAYEIPLHARTLAETGRYGAVLGTAFV | 6,7,8.9,10,11,13,18,20,21,2

VNGGIYRHEFVASAVIDGMMNVOLDTGVPVLSAVLTPHRYR | 4.43.44,51,63,67.70,85.87,
101,105,122.123.124.125.1

26.147.152,153. 154

DSDEHHRFFAAHFAVKGVEAARACIEILNAREKIAA

(M) NOHSHKDHETVRIAVVRARWHADIVDACVEAFEIAMAA | [53-47B:
IGGDRFAVDVFDVPGAYEIPLHARTLAETGRYGAVLGTAFV | 6,7,39,10,11,13,18,20,21,2
VDGGIYDHEFVASAVIDGMMNVQLDTGVPVLSAVLTPHEYE 4,43,44,51,63,67,70,85.87,

DSDEDHEFFAAHFAVKGVEAARACIEILNAREKIAA 101,105,122,123,124,125,1
26,147.152.153, 154

(M) KMEELFKKHKIVAVLRANSVEEATEKAVAVFAGGVHLI [ [53-50A

EITFTVPDADTVIKALSVLKEKGAIIGAGTVTSVEQCRKAV | 4,5,6,8.9,11,17,19,23.37.46
ESGAEFIVSPHLDEEISQFCKEKGVEYMPGVMTPTELVKAM | »47,99.74,77,78,31,94.95.9
KLGHDILKLFPGEVVGPQFVKAMKGPFPNVKFVPTGGVNLD | S-1V1,102,103,106,119,122

_ S - 126,139,142,143,149,150,
NVCEWFKAGVLAVGVGDALVKGDPDEVREKAKKFVEKIRGC 152.160.161.162.163.166.1

th 69.179,183,185,188,191,19
2,194,198.199
[53- (M) KMEELFKKHKIVAVLRANSVEEAIEKAVAVFAGGVHLI [ I153-50A.
50A.1Ne | EITFTVPDADTVIKALSVLKEKGAIIGAGTVTSVEQCRKAV | 4,5,6,89,11,17,19,23.37 46
oT2 ESGAEFIVSPHLDEEI SQFCKEKGVFYMPGVMTPTELVKAM | »47,99.74,77,78,81,94.95.9
KLGHDILKLFPGEVVGPEFVEAMKGPFPNVKEVPTGGVDLD | 101.102,103,106,119.122

SEQ ID nrnan 7 ; PURE E VR 126,139.142.145,149,150,
NOA0 DVC WEDAGVLAVGVGDALVEGDPDEVREDARKEEFVEEIRGC 152,160,161,162163’166,1

e 69.179.183.185.188.191.19
2.194.198.199
153 (M) KMEELFKKHKIVAVLRANSVEEA T EKAVAVFAGGVHLT | I53-30A.
50A.1Pos | EITFTVEDADTVIKALSVLKEKGAI IGAGTVTSVEQCRKAY | 4.5,6,8.9,11,17,19,23,37,46
T1 ESGAEFIVSPHLDEEISQFCKEKGVFYMPGVMTPTELVKAM | »47.99.74,77,78,81,94,93.9
KLGHDILKLFPGEVVGPQFVKAMKGPFPNVKFVPTGGVNLD | S 1V1.102,103,106,119.122

SEQ ID , N 126,139,142,145,149,150,
NO3] NVCKWFKAG\ LAVGVGKALVKGKPDEVREKAKKFVKKIRGC 152.160.161.162.163.166.1

tE 69.179.183.185.188.191.19
2.194.198.199

(M) NOHSHKDHETVRIAVVRARWHAE IVDACVSAFEAAMRD | 153-30B:

IGGDRFAVDVFDVPGAYEI PLHARTLAETGRYGAVLGTAFV | 6,7.8.9,10,11,13,18,20,21,3

VNGGIYRHEFVASAVIDGMMNVOLDTGVPVLSAVLTPHRYR | 4.38,39.40,43,44,48,51.63,

DSDAHTLLFLALFAVKGMEAARACVEILAAREKIAA 67,70,87,101,103,118,143,
147.152.153.154

[53- (M) NOHSHKDHETVRIAVVRARWHAEIVDACVSAFEAAMRD | 153-50B:
50B.INe | IGGDRFAVDVFDVPGAYEIPLHARTLAETGRYGAVLGTAFV | 6,7,8,9,10,11,13,1820,21,3
oT?2 VDGGIYDHEFVASAVIDGMMNVQLDTGVPVLSAVLTPHEYE | 4.38,39,40,43,44.48,51.65,
DSDADTLLFLALFAVKGMEAARACVEILAAREKIAA 67,70,87,101,105,118,143,
SEQ ID 147.152.153.154
23
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153- (M) NOHSHKDHETVRIAVVRARWHAEIVDACVSAFEAAMRD | I53-50B:
0B 4Pos | IGCGDRFAVDVFDVPGAYEIPLHARTLAETGRYGAVLGTAFV | 6,7,89,10,11,13,18,20,21,3
T1 VNGGIYRHEFVASAVINGMMNVOLNTGVPVLSAVLTPHNYD | 4.38,39,40,43,44.48,51.63,

KSKAHTLLFLALFAVKGMEAARACVEILAAREKIAA 67,70,87,101,103,118,143,
SEQ ID 147.152,153,154

NO:34

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 (1.e.: permissible
modifications as disclosed for the polypeptides of the invention: 1solated polypeptides
comprising an amino acid sequence that 1s at least 75% 80%, 85%., 90%, 91%, 92%, 93%.,
94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentical over its length, and/or 1dentical at
least at one 1dentified interface position, to the amino acid sequence indicated by the SEQ
ID NO.):

SEQ ID NO:1 and SEQ ID NO:2 (I53-34A and 153-34B);

SEQ ID NO:3 and SEQ ID NO:4 (I53-40A and 153-40B);

SEQ ID NO:3 and SEQ ID NO:24 (I153-40A and 153-40B.1);

SEQ ID NO:23 and SEQ ID NO:4 (I53-40A.1 and 153-40B):

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

SEQ ID NO:5 and SEQ ID NO:6 (I53-47A and 153-47B):

SEQ ID NO:5 and SEQ ID NO:27 (I53-47A and 153-47B.1);

SEQ ID NO:5 and SEQ ID NO:28 (I53-47A and 153-47B.1NegT2);

SEQ ID NO:25 and SEQ ID NO:6 (I153-47A.1 and 153-47B):

SEQ ID NO:25 and SEQ ID NO:27 (I53-47A.1 and 153-47B.1);

SEQ ID NO:25 and SEQ ID NO:28 (I53-47A.1 and 153-47B.1NegT?2);

SEQ ID NO:26 and SEQ ID NO:6 (I153-47A.1NegT2 and 153-47B);

SEQ ID NO:26 and SEQ ID NO:27 (I53-47A.1NegT2 and 153-47B.1);

SEQ ID NO:26 and SEQ ID NO:28 (153-47A.1NegT2 and [53-47B.1NegT?2);

SEQ ID NO:37 and SEQ ID NO:38 (I53-47A genus and 153-47B genus);

SEQ ID NO:7 and SEQ ID NO:8 (I53-50A and I53-30B);

SEQ ID NO:7 and SEQ ID NO:32 (I53-50A and 153-50B.1):

SEQ ID NO:7 and SEQ ID NO:33 (I53-50A and I53-50B.1NegT2);

SEQ ID NO:7 and SEQ ID NO:34 (I53-50A and 153-50B.4PosT1):

24
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SEQ ID NO:29 and SEQ ID NO:8 (I53-50A.1 and 153-50B):

SEQ ID NO:29 and SEQ ID NO:32 (I53-50A.1 and 153-50B.1);

SEQ ID NO:29 and SEQ ID NO:33 (I53-50A.1 and 153-50B. INegT2);

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

SEQ ID NO:30 and SEQ ID NO:8 (I53-50A.1NegT2 and 153-50B);

SEQ ID NO:30 and SEQ ID NO:32 (I53-50A.1NegT2 and 153-50B.1);

SEQ ID NO:30 and SEQ ID NO:33 (I53-50A.1NegT2 and 153-50B.1NegT2).

SEQ ID NO:30 and SEQ ID NO:34 (I53-50A.1NegT2 and 153-50B.4PosT1).

SEQ ID NO:31 and SEQ ID NO:8 (I53-50A.1PosT1 and 153-50B);

SEQ ID NO:31 and SEQ ID NO:32 (I53-50A.1PosT1 and 153-50B.1);

SEQ ID NO:31 and SEQ ID NO:33 (I53-50A.1PosT1 and [53-50B.1NegT?2).

SEQ ID NO:31 and SEQ ID NO:34 (I53-50A.1PosT1 and 153-50B.4PosT1);

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

SEQ ID NO:9 and SEQ ID NO:10 (I53-51A and [53-51B):

SEQ ID NO:11 and SEQ ID NO:12 (I152-03A and 152-03B);

SEQ ID NO:13 and SEQ ID NO:14 (I152-32A and 152-32B);

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

SEQ ID NO:17 and SEQ ID NO:18 (I32-06A and 132-06B);

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

SEQ ID NO:21 and SEQ ID NO:22 (I32-28A and 132-28B);

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

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

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

SEQ ID NO:45 and SEQ ID NO:46 (T33-15A and T33-15B);

SEQ ID NO:47 and SEQ ID NO:48 (T33-21A and T33-21B);

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

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

In one embodiment, the one or more paramyxovirus and/or pneumovirus F
proteins, or antigenic fragments thereof, are expressed as a fusion protein with the first
and/or second polypeptides. In these embodiments, 1t 1s preferred that the one or more
paramyxovirus and/or pneumovirus F proteins, or antigenic fragments thereof are present

at the N termunus of the fusion protein, whenever this configuration can facilitate
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presentation of the one or more paramyxovirus and/or pneumovirus F proteins, or
antigenic fragments thereof on an exterior of the nanostructure. This preference for the
presence of the paramyxovirus and/or pneumovirus F protein at the N terminus of the
fusion protein derives from the location of the C terminus of the paramyxovirus and/or
pneumovirus F proteins at one extreme (the “bottom™) of the F protein trimer; by locating
the genetic fusion at this point, the majority of the F protein structure will be displayed
and accessible on the nanostructure exterior. In a further embodiment, the nanostructures
comprise one or more copies of a fusion protein comprising at least two domains—a
paramyxovirus and/or pneumovirus F protein, or an antigenic fragment thereof, and a
trimeric assembly domain (1.e.: each first assembly 15 a homotrimer of the first
polypeptide)—and one or more copies of a second oligomeric block (1.e.: each second
assembly 1s an oligomer of two or more copies of the second polypeptide). In another
embodiment, the first and or second polypeptides may be modified to permit the one or
more paramyxovirus and/or pneumovirus F proteins, or antigenic fragments thereof, to be
covalently linked to the first and/or second polypeptides. In one non-limiting example,
the first and/or second polypeptides can be modified, such as by introduction of various
cysteine residues at defined positions to facilitate linkage one or more paramyxovirus
and/or pneumovirus F proteins, or antigenic {fragments thereof

In other embodiments, the one or more paramyxovirus and/or pneumovirus F
proteins, or antigenic fragments thereof are attached to the first or second polypeptides
via any suitable technique, including but not limited to covalent chemical cross-linking
(via any suitable cross-linking technique) and non-covalent attachment including

engineered electrostatic interactions.

Trimeric assembly domains

In one embodiment of a trimeric assembly that comprises a trimeric
paramyxovirus and/or pneumovirus F protein, or antigenic fragments thereof, the
paramyxovirus and/or pneumovirus F protein, or antigenic fragment thereof 1s genetically
fused to the first polypeptides that self-assemble into the 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 1n

King et al. (Nature 510, 103—108, 2014), Bale et al. (Science 353, 389-394, 2016), and
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patent publications W02014124301 Al and US20160122392 A1, the complementary
protein-protein interface between the tnmeric assembly domain and second assembly
domain dnives 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 a paramyxovirus and/or
pneumovirus F proteins, or antigenic fragment thereof, as a genetic fusion; these
nanostructures display the F proteins at full valency. In other embodiments, the
nanostructures of the invention comprise one or more copies of trimeric assembly
domains bearing paramyxovirus and/or pneumovirus F proteins, or antigenic fragments
thereof as genetic fusions as well as one or more trimeric assembly domains that do not
bear F 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 one speciiic embodiment, the first polypeptides comprise polypeptides having
at least 75%, 80%, 85%, 90%, 91%., 92%. 93%, 94%. 95%, 96%, 97%, 98%, 99%., or
100% 1dentity along their full length to the amino acid sequence of T33-31A (SEQ ID
NO:51) and the second polypeptides comprise polypeptides having at least 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1dentity along
their full length to the amino acid sequence of T33-09B/T33-31B (SEQ ID NO:44)
(residues 1n parentheses are optional)

T33-31A (SEQ ID NO:51)
(M) EEVVLITVPSALVAVKIAHALVEERLAACVNIVPGLTSIYREEGSVVSDHELLLLVKTTTDA

FPKLKERVKELHPYEVPEIVALPIAEGNREY LDWLRENTG

>T33-31B (SEQ ID NO:44)
(M) VRGIRGAITVEEDTPAATLAATIELLLKMLEANGIOSYEELAAVIFTVTEDLTSAFPAEAAR

LIGMHRVPLLSAREVPVPGSLPRVIRVLALWNTDI PODRVRHAVYLNEAVRLRPDLESAQ

In another specific embodiment, the first polypeptides comprise polypeptides
having at least 75%, 80%, 85%, 90%, 91%, 92%. 93%, 94%, 95%., 96%, 97%, 98%, 99%,
or 100% 1dentity along their full length to the amino acid sequence of T33-15A (SEQ ID
NO:45) and the second polypeptides comprise polypeptides having at least 75%., 80%,
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85%. 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%, 99%., or 100% 1dentity along
therr full length to the amino acid sequence of T33-15B (SEQ ID NO:46).

In various further specific embodiments, the first polypeptides comprise
polypeptides having at least 75%. 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%. 99%, or 100% 1dentity along their full length to the amino acid sequence of a
polypeptides selected from the group consisting of I53-50A (SEQ ID NO:7), I53-50A.1
(SEQ ID NO:29), I53-50A.1NegT2 (SEQ ID NO:30), and I53-50A.1PosT1 (SEQ ID
NO:31), and the second polypeptides comprise polypeptides having at least 75%, 80%,
85%, 90%, 91%, 92%, 93%., 94%, 95%, 96%, 97%, 98%, 99%, or 100% 1denfity along
their full length to the amino acid sequence of a polypeptide selected from the group
consisting of 153-50B (SEQ ID NO:8), I53-50B.1 (SEQ ID NO:32), 153-50B.1NegT2
(SEQ ID NO:33), and I53-50B.4PosT1 (SEQ ID NO:34).

In another specific embodiment, the first polypeptides comprise polypeptides
having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% 1dentity along their full length to the amino acid sequence of 132-28A (SEQ ID
NO:21) and the second polypeptides comprise polypeptides having at least 75%, 80%,
85%. 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%., or 100% 1dentity along
their full length to the amino acid sequence of 132-28B (SEQ ID NO:22).

The nanostructures of the invention display multiple copies (1.e.: 2, 3, or more) of
one or more paramyxovirus and/or pneumovirus F proteins, or antigenic fragments
thereof, on an exterior of the nanostructure. Exemplary paramyxovirus and/or
pneumovirus include, but are not limited to, respiratory syncytial virus (RSV) and Human
metapneumovirus (hMPV).(C. L. Afonso et al., Taxonomy of the order Mononegavirales:
update 2016. Arch. Virol. 161, 2351-2360 (2016)).

As used herein, “on an exterior of the nanostructure” means that an antigenic
portion of the one or more paramyxovirus and/or pneumovirus F proteins, or antigenic
fragments thereof, must be accessible for binding by B cell receptors, antibodies, or
antibody fragments and not buried within the nanostructure.

The one or more paramyxovirus and/or pneumovirus F proteins, or antigenic
fragments thereof, may comprise any suitable native F proteins, post-fusion, or pre-fusion
(preF) antigens, or mutants thereof capable of inducing an immune response that will
generate antibodies that bind to paramyxovirus and/or pneumovirus F proteins. A
nanostructure may display more than one F protein; thus, in some embodiments the one

or more paramyxovirus and/or pneumovirus F proteins, or antigenic fragments thereof
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comprise 1, 2, 3, 4, or more F proteins or antigenic fragments thereof. In one
embodiment, the one or more paramyxovirus and/or pneumovirus F proteins, or antigenic
fragments thereof may be as defined in patent publication number US 2016/0046675 Al.
In some embodiments, the one or more paramyxovirus and/or pneumovirus F proteins, or
antigenic fragments thereof, are selected from the group consisting of SEQ ID NOS: 1-
350, 370-382, 389-693, 698-1026, 1429-1442, 1456-1468, and 1474-1478 as disclosed in
US published patent application 2016/0046675. In other embodiments, the one or more
paramyxovirus and/or pneumovirus F proteins, or antigenic fragments thereof may be as
defined in WO20121358613, US 20160102123, US20140141037, W02014079842,
WO02014160463, US20140271699, EP2970393, W02014174018, US20140271699,
US20160176932, US20160122398, W02017040387, W02017109629, W0O2017172890,
WO02017207477, Krarup et al. (2015) Nature Communications 6:8143, and
WO02017207480.

In a specific embodiment, the one or more paramyxovirus and/or pneumovirus F
proteins, or antigenic fragments thereof, comprise a polypeptide having at least 75%,
80%, 85%, 90%, 91%, 92%, 93%. 94%, 95%. 96%, 97%, 98%, 99%, or 100% 1dentity
along 1ts full length to the amino acid sequence of DS-Cav1 shown below (residues 1n
parentheses are optional; note that the N-terminal residues in parentheses are cleaved
from the protein during secretion—the mature N termunus begins with QNITEEF ... (SEQ
ID NO:32)). DB5-Cavl comprises a prefusion-stabilized form of the {usion (F}
olvcoprotein, which elicits improved protective responses against respiratory syncytial
virus (RSV) in mice and macaques compared to postfusion RSV F (McLellan et al.
{(2013) Science 342.592-8}.

DS-Cavl (SEQ ID NO:53):
(MELLILKANAITTILTAVTFCFASG) ONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIEL

SNIKENKCNGTDAKVKLIKQELDKYKNAVTELOQLLMOSTPATNNRARRELPRFMNY TLNNAKKTN

VILSKKRKRRFLGEFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTFEK

VLDLEKNYIDKQLLPILNKQSCSIONIETVIEFOQOKNNRLLELITREFSVNAGVTTPVSTYMLTNSE

LLSLINDMPITNDQKKLMSNNVQIVRQOSYSIMCIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPL

CTTNTRKEGSNICLTRTDRGWYCDNAGSVSEFFPOQAETCKVQSNRVECDTMNSLTLPSEVNLCNVDI
FNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGI IKTESNGCDYVSNKGVDTVS

VGNTLYYVNKQEGKSLYVKGEPIINFYDPLVEFPSDEFDASISQVNEKINQSLAFIR (KSDELL)
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In other embodiments, the F protein may comprise a polypeptide having at least
75%, 80%, 85%, 90%, 91%. 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99%., or 100%
1dentity along 1ts full length to a polypeptide selected from:

RSV F

5¢9-10 DS-Cav1 A149C Y458C (SEQ ID NO:61)
(MELLILKANAITTILTAVTEFCEFASG) ONITEEFYQOSTCSAVSKGYLSALRTGWYTSVITIELSN

IKENKCNGTDAKVKLIKQELDKYKNAVTELOQLLMOQSTPATGSGSAICSGVAVCKVLHLEGEVNKI

KOALLSTNRKAVVSLONGVSVLTEFRKVLDLKNY IDKQLLPILNKQSCS ISNIETVIEFQQKNNRLLE

ITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVROOQSYSIMCI IKEEVL

AYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSEFPQAETCKVQS

NRVECDIMNSRTLPSEVNLCNVDIEFNPKYDCKIMISKTDVOoOVITOLGALIVSCYGKTKCTASNK
NRGLIKTFSNGCDYVSNKGVDTVSVGNTLYCVNKOQEGKSLYVKGEPIINFYDPLVEPSDEFDAST

SQVNEKINQSLAFIR (KSDELL)

5¢9-10 DS-Cavl A149C Y438C S46G K465Q S215P E92D (SEQ ID NO:62)
(MELLILKANAITTILTAVTFCFASG) QNITEEFYQSTCSAVSKGYLGALRTGWYTSVITIELSN

IKENKCNGTDAKVKLIKQELDKYKNAVIDLOQLLMOSTPATGSGOAICSGVAVCKVLHLEGEVNKI
KSALLSTNKAVVSLOSNGVSVLTFKVLDLKNY IDKOLLPILNKQSCSIPNIETVIEFQOKNNRLLE

ITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVROOSYSIMCL IKEEVL

AYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSEFEFPQAETCKVQS

NRVFCDTMNSRTLPSEVNLCNVDIEFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNK
NRGILIKTEFSNGCDYVSNKGVDTVSVGNTLYCVNKOEGQSLYVRKGEPI INFYDPLVEPSDEFDAST

SOVNEKINQSLAFIR (KSDELL)

SEQ 1D NO:61-62 represent second-generation stabilized DS-Cavl immunogens;
mutations relative to DS-Cavl are noted and 1t should be noted that the present disclosure
contemplates the use of DS-Cavl mutants that differ by a single one of the noted amino
acid substitutions in SEQ ID NO:61 or 62 above, or two or more of the amino acid
substitutions noted. In other embodiments, the F protein may comprise one or more of
the following, each of which may additionally inciude 1, 2, or more of the noted amino

acid substitutions in SEQ ID NO:61 or 62 above:

RSV F SC-DM (N671, S215P) (SEQ ID NO:63)
(MELLILKANATITTILTAVTEFCEFASG) ONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSN

IKKIKCNGTDAKIKLIKQELDKYKNAVIELOQLLMOSTPATNNQARGSGSGRSLGELLGVGSALAS

GVAVSKVLHLEGEVNKIKSALLSTNKAVVSLOSNGVSVLTSKVLDLKNY IDKOQLLPIVNKQSCS 1P

NIETVIEFQOKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQ I
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L]

VROQOSYSIMS I IKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGOSNICLTRTDRGWY CDN

AGSVSEFFPOQAETCKVQSNRVECDTMNSLTLPSEVNLCNVDIEFNPKYDCKIMTSKTDVSSSVITSL

GALVSCYGKTKCTASNKNRGL IKTEFSNGCDYVOSNKGVDTVSVGNTLYYVNRKQEGKSLYVRKGEPTL

NFYDPLVFPSDEFDASISQVNEKINQSLAFIR (KSDELLSAIGGYIPEAPRDGQAYVRKDGEWVL
LSTFL)

SC-TM (N671, S215P, and E487Q) (SEQ ID NO:64)
(MELLTILKANATTTILTAVTEFCFASG) ONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSN

IKKIKCNGTDAKIKLIKQELDKYKNAVTELQLLMOSTPATNNQARGSGSGROLGEFLLGVGSALAS

GVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNY IDKOQLLPIVNKQSCS 1P

NIETVIEFOQOKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQI

VROOSYSIMS I IKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGOSNICLTRTDRGWY CDN

AGSVSFFPQARETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSSSVITSL

GAIVSCYGKTRKCTASNKNRGL IKTESNGCDYVSNKGVDTVSVGNTLY YVNKOQEGKSLYVKGEPIL

NEYDPLVFPSDQFDASISQVNEKINQSLAFIR (KSDELLSAIGGYIPEAPRDGQAYVRKDGEWVL

LSTFL)

HMPYV F protein, strain CAN97-83 (A2) (SEQ ID NO:65)
(MSWKVVIIFSLLITPQHG) LKESYLEESCSTITEGYLSVLRTGWYTNVFTLEVGDVENLTCSDG

L]

PSLIKTELDLTKSALRELKTVSADQLAR.

EQIENPROSRFVLGAIALGVATAAAVTAGVAIAKTIL

SEVITAIKNALKTTNEAVSTLGNGVRVLATAVRELKDFVSKNLTRAINKNKCDIDDLKMAVSE

RL.

L]

SQFNRRFLNVVRQEFSDNAGITPALISLDLMTDAELARAVOSNMPTSAGQ I KLMLENRAMVRRKGEGL

L]

LIGVYGSSVIYMVQLPIFGVIDTPCWIVKAAPSCSGKKGNYACLLREDQGWYCQNAGSTVYYPN!

KDCETRGDHVEFCDTAAGINVAEQSKECNINISTTNY PCRKVSTGRHPISMVALSPLGALVACYKGV

L]
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