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HIV-1 ENV FUSION PEPTIDE NANOPARTICLE CARRIER CONJUGATES
AND THEIR USE

CROSS REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Provisional Application No. 62/735,188, filed September 23,

2018, which is incorporated by reference in its entirety.

FIELD
This disclosure relates to immunogenic conjugates including HIV-1 envelope (Env) fusion peptides
conjugated to a self-assembling protein nanoparticle carrier and their use to induce an immune response in a

subject.

BACKGROUND

Millions of people are infected with HIV-1 worldwide, and 2.5 to 3 million new infections have
been estimated to occur yearly. Although effective antiretroviral therapies are available, millions succumb
to AIDS every year, especially in sub-Saharan Africa, underscoring the need to develop measures to prevent
the spread of this disease.

An enveloped virus, HIV-1 hides from humoral recognition behind a wide array of protective
mechanisms. The major envelope protein of HIV-1 is a glycoprotein of approximately 160 kD (gp160).
During infection, proteases of the host cell cleave gp160 into gp120 and gp41. Gp41 is an integral
membrane protein, while gp120 protrudes from the mature virus. Together gp120 and gp41 make up the
HIV-1 Env spike, which is a target for neutralizing antibodies.

It is believed that immunization with an effective immunogen including epitopes of the HIV-1 Env
glycoprotein can elicit a neutralizing response, which may be protective against HIV-1 infection. However,

despite extensive effort, a need remains for agents capable of such action.

SUMMARY

This disclosure provides novel immunogenic conjugates for eliciting an immune response to HIV-1
Env in a subject.

The immunogenic conjugates comprise a self-assembling protein-nanoparticle carrier conjugated to
HIV-1 Env fusion peptides. The self-assembling protein-nanoparticle carrier is comprised of a multimer of
fusion proteins. Each fusion protein in the multimer comprises a self-assembling protein nanoparticle
subunit fused to a heterologous carrier protein. The fusion proteins self-assemble to form the self-
assembling protein-nanoparticle carrier. The HIV-1 Env fusion peptides conjugated to the self-assembling
protein-nanoparticle carrier, comprise, from the N-terminus, the amino acid sequence of residue 512 to one
of residues 514-521 of a human immunodeficiency virus type 1 (HIV-1) Envelope (Env) protein (according

to the HXB2 numbering system). In some embodiments, the fusion proteins in the self-assembling protein
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nanoparticle carrier further comprise a heterologous T-cell helper epitope. The immunogenic conjugate can
be used elicit an immune response to HIV-1 Env in a subject.

Immunogenic compositions including a disclosed immunogenic conjugate are also provided. The
composition may be a pharmaceutical composition suitable for administration to a subject, and may also be
contained in a unit dosage form. The composition can further include an adjuvant.

Methods of generating an immune response to HIV-1 Env protein in a subject are disclosed, as are
methods of treating, inhibiting or preventing an HIV-1 infection in a subject. In such methods a subject,
such as a human subject, is administered an effective amount of a disclosed immunogenic conjugate to elicit
the immune response. In several embodiments, the method comprises a prime-boost immunization protocol,
where a disclosed immunogenic conjugate is used for the prime immunization. The subject can be, for
example, a human subject at risk of or having an HIV-1 infection.

The foregoing and other features and advantages of this disclosure will become more apparent from
the following detailed description of several embodiments which proceeds with reference to the

accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

FIGs. 1A-11 depict embodiments of the self-assembling protein nanoparticle carrier disclosed herein
conjugated (FIGs. 1C-1I) or not (FIGs. 1A and 1B) to HIV-1 Env fusion peptides. As shown in FIG. 1A, the
self-assembling protein nanoparticle carrier is a multimer of fusion proteins, each including a self-
assembling protein nanoparticle subunit fused to a heterologous carrier protein. In some embodiments, the
fusion protein can further include a T-cell helper epitope (FIG. 1B), which is then included in the self-
assembling protein nanoparticle carrier. The location of the T-cell-helper epitope can be varied in the fusion
protein. FIGs. 1C-11, the HIV-1 Env fusion peptides (FP) are conjugated to the self-assembling protein
nanoparticle carrier. The HIV-1 Env fusion peptides can be conjugated to any suitable aspect of the self-
assembling protein nanoparticle carrier. In some instances, sulfosuccinimidyl (4-iodoacetyl)aminobenzoate
(Sulfo-STAB) conjugation chemistry is used to conjugate the HIV-1 Env fusion peptides to exposed lysine
residues of the self-assembling protein nanoparticle carrier. FIGs. 1G-11 illustrate additional embodiments
that further include a targeting moiety that targets the immune system in a subject to enhance the immune
response to the HIV-1 Env fusion peptide on the immunogenic conjugate. The depictions in FIGs. 1A-11 are
for illustration purposes and are not drawn to scale and do not necessarily show the number or relative
location of self-assembling protein nanoparticle subunits, carrier proteins, HIV-1 Env fusion peptides, and
T-cell helper epitopes that are present in a disclosed immunogenic conjugate.

FIG. 2 shows a set of images illustrating structural differences between KLH nanoparticles and
KLH subunits, and a graph presenting data showing that immunization with KLH nanoparticles conjugated
to FP8 peptide (AVGIGAVF, residues 1-8 of SEQ ID NO: 1) elicits a much greater immune response to the

HIV-1 Env trimer than immunization with KLH subunit conjugated to FP8 peptide.
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FIGs. 3A-3C shows a nanoparticle carrier assembly through genetic fusion of LS nanoparticle
subunit and rTT carrier. FIG. 3A. Schematic of the fusion protein used to produce genetically fused rTT-LS
nanoparticle. FIG. 3B. SEC profile of purified rTT-LS nanoparticle. FIG. 3C. Electron micrographs of
genetically fused rTT-LS nanoparticle carrier shows particle species.

FIG. 4 shows electron micrographs of genetically fused rTT-LS nanoparticle carrier with a IgG
hinge linking the rTT and LS subunit.

FIG. 5 shows electron micrographs for another example of a genetically fused nanoparticle carrier,
formed from subunits of H influenzae protein D fused to phosphopantetheine adenylyltransferase
nanoparticle subunit fused to rTT (HiD-6CCQ-rTT). The sequence of the fusion protein used to generate
these nanoparticle carrier is provided as SEQ ID NO: 179. The observed particles were generally consistent
in size and shape with the known phosphopantetheine adenylyltransferase crystal structure (PDB 6CCQ).

FIGs. 6A-6C shows a nanoparticle carrier assembled through isopeptide bond fusion of lumazine
synthase nanoparticle subunit and r'TT carrier. FIG. 6A. Schematic of the lumazine synthase-spytag and
rTT-spycatcher fusion proteins used to produce isopeptide bond-fused trTT-LS nanoparticle. Subsequent to
formation of the trTT-LS nanoparticle, HIV-1 fusion peptide (FP8) was conjugated to the nanoparticle-carrier
by a PEG linker. FIG. 6B. Coomassie stained SDS-PAGE shows the individual purified proteins. FIG. 6C.
SEC profile of purified rTT-LS nanoparticle.

FIG. 7 is a series of electron micrograph images of the purified rTT-SpyC fusion protein, the LS-
SpyT nanoparticle, the LS-SpyT nanoparticle joined to the rTT-SpyC fusion protein (LS-Spy-1TT), and the
LS-SpyT nanoparticle joined to the rTT-SpyC fusion protein further conjugated to HIV-1 Env fusion peptide
FP8v1 by a PEG linker (LS-Spy-rTT-FP8v1/PEG2).

FIG. 8 shows results of isothermal calorimetry assays to determine the number of HIV-1 Env fusion
peptides conjugated to monomeric rTT (FP-rTT) compared to the number of HIV-1 Env fusion peptides
conjugated to the LS-SpyT nanoparticle joined to the rTT-SpyC fusion protein (LS-Spy-rTT-FP8v1/PEG2
nanoparticle carrier). The results show that each FP-r'TT monomer entity has six competent VRC34 Fab
binding sites, whereas each LS-Spy-rTT-FP8v1/PEG2 nanoparticle carrier has 152 — 402 competent
VRC34.01 Fab binding sites.

FIG. 9 depicts an immunization protocol used to assess the LS-Spy-r'TT-FP8v1/PEG2 nanoparticle
carrier. For the first three immunizations (weeks 0, 3, and 6), mice received a 25 g dose of either FP8v1-
TT monomer (Groups 1 and 2) or LS-Spy-tTT-FP8v1/PEG2 nanoparticle carrier (Groups 3 and 4). For the
following three immunizations, mice received a 25 ug dose of either BG505 DS-SOSIP trimer (Groups 1
and 3) or the BG505 DS-SOSIP trimer conjugated to a lumazine synthase nanoparticle (Groups 2 and 4).
Adjuplex was used as adjuvant for each immunization. Blood was drawn at weeks 0, 2, 5, 8, 11, 14, and 17.

FIGs. 10A-10C show binding and neutralization characteristics for sera from FP-immunized mice.
FIG. 10A. Week 2 and Week 5 sera was assessed for FP binding by octet binding assay. FIG. 10B. Week,
2,5, and 8 sera was assessed for BG505 trimer binding by ELISA. FIG. 10C. Week 17 sera was assessed
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for neutralization of BG505 virus with a mutation to remove glycan 611, as this viral variant is more
sensitive to fusion peptide-directed antibodies (Kong ez al. Science 352, 828-833, 2016).

FIG. 11 shows a SDS-PAGE gel illustrating purification of an encapsulin nanoparticle subunit fused
to a spytag. The encapsulin subunit includes G53C-R94C mutations to introduce a disulfide bond that
stabilizes nanoparticles formed for the subunit.

FIG. 12 shows a SDS-PAGE gel illustrating purification of an encapsulin nanoparticle subunit fused
to a spytag (EN-spytag), r'TT carrier fused to a spycatcher moiety (rTT-spyC), and the encapsulin-rTT fusion
(r'TT-EN) formed from these two molecules. The encapsulin subunit includes G53C-R94C mutations to
introduce a disulfide bond that stabilizes nanoparticles formed for the subunit.

FIG. 13 shows a series of electron micrograph images of the purified encapsulin-spytag, rTT-spy-

encapsulin fusion, and FP8v1-1rTT-spy-encapsulin.

SEQUENCE LISTING
The nucleic and amino acid sequences listed in the accompanying sequence listing are shown using
standard letter abbreviations for nucleotide bases, and three letter code for amino acids, as defined in 37
C.F.R. 1.822. Only one strand of each nucleic acid sequence is shown, but the complementary strand is
understood as included by any reference to the displayed strand. The Sequence Listing is submitted as an
ASCII text file in the form of the file named “Sequence.txt” (~1.5 MB), which was created on September

22,2019, which is incorporated by reference herein.

DETAILED DESCRIPTION

As the HIV-1 pandemic continues to infect millions of people each year, the need for an effective
vaccine increases. However, the development of such a vaccine has been stymied due to the difficulty in
developing an immunogen capable of eliciting broadly neutralizing antibodies. The current disclosure meets
these needs.

One of the major hurdles to the construction of an effective HIV-1 vaccine is focusing the immune
response to regions of HIV proteins which mostly produce broadly neutralizing antibodies. As disclosed
herein, a series of immunogens that elicit immune responses to the HIV-1 Env fusion peptide has been
constructed. Such molecules have utility as both potential vaccines for HIV and as diagnostic molecules (for

example, to detect and quantify target antibodies in a polyclonal serum response).

L Summary of Terms

Unless otherwise noted, technical terms are used according to conventional usage. Definitions of
common terms in molecular biology may be found in Benjamin Lewin, Genes X, published by Jones &
Bartlett Publishers, 2009; and Meyers et al. (eds.), The Encyclopedia of Cell Biology and Molecular
Medicine, published by Wiley-VCH in 16 volumes, 2008; and other similar references.
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[T TS

As used herein, the singular forms “a,” “an,” and “the,” refer to both the singular as well as plural,
unless the context clearly indicates otherwise. For example, the term “an antigen” includes single or plural
antigens and can be considered equivalent to the phrase “at least one antigen.” As used herein, the term
“comprises” means “includes.” It is further to be understood that any and all base sizes or amino acid sizes,
and all molecular weight or molecular mass values, given for nucleic acids or polypeptides are approximate,
and are provided for descriptive purposes, unless otherwise indicated. Although many methods and
materials similar or equivalent to those described herein can be used, particular suitable methods and
materials are described herein. In case of conflict, the present specification, including explanations of terms,
will control. In addition, the materials, methods, and examples are illustrative only and not intended to be
limiting. To facilitate review of the various embodiments, the following explanations of terms are provided:

Adjuvant: A vehicle used to enhance antigenicity. In some embodiments, an adjuvant can include
a suspension of minerals (alum, aluminum hydroxide, or phosphate) on which antigen is adsorbed; or water-
in-oil emulsion, for example, in which antigen solution is emulsified in mineral oil (Freund incomplete
adjuvant), sometimes with the inclusion of killed mycobacteria (Freund's complete adjuvant) to further
enhance antigenicity (inhibits degradation of antigen and/or causes influx of macrophages). In some
embodiments, the adjuvant used in a disclosed immunogenic composition is a combination of lecithin and
carbomer homopolymer (such as the ADJUPLEX™ adjuvant available from Advanced BioAdjuvants, LLC,
see also Wegmann, Clin Vaccine Immunol, 22(9): 1004-1012, 2015). Additional adjuvants for use in the
disclosed immunogenic compositions include the QS21 purified plant extract, Matrix M, AS01, MF59, and
ALFQ adjuvants. Immunostimulatory oligonucleotides (such as those including a CpG motif) can also be
used as adjuvants. Adjuvants include biological molecules (a “biological adjuvant™), such as costimulatory
molecules. Exemplary adjuvants include IL-2, RANTES, GM-CSF, TNF-a, [FN-y, G-CSF, LFA-3, CD72,
B7-1, B7-2, OX-40L, 4-1BBL and toll-like receptor (TLR) agonists, such as TLR-9 agonists. Additional
description of adjuvants can be found, for example, in Singh (ed.) Vaccine Adjuvants and Delivery Systems.
Wiley-Interscience, 2007). Adjuvants can be used in combination with the disclosed immunogens.

Administration: The introduction of a composition into a subject by a chosen route.
Administration can be local or systemic. For example, if the chosen route is intravenous, the composition
(such as a composition including a disclosed immunogen) is administered by introducing the composition
into a vein of the subject. Exemplary routes of administration include, but are not limited to, oral, injection
(such as subcutaneous, intramuscular, intradermal, intraperitoneal, and intravenous), sublingual, rectal,
transdermal (for example, topical), intranasal, vaginal, and inhalation routes.

Amino acid substitution: The replacement of an amino acid in a polypeptide with one or more
different amino acids.

Antigen: A compound, composition, or substance that can stimulate the production of antibodies or
a T cell response in an animal, including compositions that are injected or absorbed into an animal. An
antigen reacts with the products of specific humoral or cellular immunity, including those induced by

heterologous antigens, such as the disclosed HIV antigens. Examples of antigens include, but are not limited

-5-
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to, polypeptides, peptides, lipids, polysaccharides, combinations thereof (such as glycopeptides) and nucleic
acids containing antigenic determinants, such as those recognized by an immune cell. A vaccine antigen is
an antigen that, when administered to a subject, elicits a prophylactic or therapeutic immune response in the
subject.

Carrier protein: An immunogenic protein to which an antigen can be linked. When linked to a
carrier, the antigen may become more immunogenic. Carriers are chosen to increase the immunogenicity of
the antigen and/or to elicit antibodies against the carrier which are diagnostically, analytically, and/or
therapeutically beneficial. Useful carrier proteins include polymeric carriers, which can be natural (for
example, proteins from bacteria or viruses), semi-synthetic or synthetic materials containing one or more
functional groups to which a reactant moiety can be attached.

Conjugated: A first moiety joined to a second moiety by a covalent bond. For example, a peptide
(such as an HIV-1 Env fusion peptide) joined to a carrier (such as a self-assembling protein nanoparticle
carrier as described herein) by a chemical linker (such as a Sulfo-SIAB linker).

Conservative variant: “Conservative” amino acid substitutions are those substitutions or deletions
that do not substantially affect or decrease a function of a protein, such as the ability of the protein to elicit
an immune response when administered to a subject. The term conservative amino acid substitution also
includes the use of a substituted amino acid in place of an unsubstituted parent amino acid. Furthermore,
individual substitutions, deletions or additions which alter, add or delete a single amino acid or a small
percentage of amino acids (for instance less than 5%, in some embodiments less than 1%) in an encoded
sequence are conservative variations where the alterations result in the substitution of an amino acid with a
chemically similar amino acid.

The following six groups are examples of amino acids that are considered to be conservative
substitutions for one another:

1) Alanine (A), Serine (S), Threonine (T);

2) Aspartic acid (D), Glutamic acid (E);

3) Asparagine (N), Glutamine (Q);

4) Arginine (R), Lysine (K);

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).

Non-conservative substitutions are those that reduce an activity or function of the recombinant Env
protein, such as the ability to elicit an immune response when administered to a subject. For instance, if an
amino acid residue is essential for a function of the protein, even an otherwise conservative substitution may
disrupt that activity. Thus, a conservative substitution does not alter the basic function of a protein of
interest.

Consists essentially of and Consists Of: A polypeptide comprising an amino acid sequence that
consists essentially of a specified amino acid sequence does not include any additional amino acid residues.

However, the residues in the polypeptide can be modified to include non-peptide components, such as labels

-6-
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(for example, fluorescent, radioactive, or solid particle labels), sugars or lipids, and the N- or C-terminus of
the polypeptide can be joined (for example, by peptide bond) to heterologous amino acids, such as a cysteine
(or other) residue in the context of a linker for conjugation chemistry. A polypeptide that consists of a
specified amino acid sequence does not include any additional amino acid residues, nor does it include
additional biological components, such as nucleic acids lipids, sugars, nor does it include labels. However,
the N- or C-terminus of the polypeptide can be joined (for example, by peptide bond) to heterologous amino
acids, such as a peptide tag, or a cysteine (or other) residue in the context of a linker for conjugation
chemistry.

A polypeptide that consists or consists essentially of a specified amino acid sequence can be
glycosylated or have an amide modification. A polypeptide that consists of or consists essentially of a
particular amino acid sequence can be linked via its N- or C-terminus to a heterologous polypeptide, such as
in the case of a fusion protein containing a first polypeptide consisting or a first sequence that is linked (via
peptide bond) to a heterologous polypeptide consisting of a second sequence. In another example, the N- or
C-terminus of a polypeptide that consists of or consists essentially of a particular amino acid sequence can
be linked to a peptide linker (via peptide bond) that is further linked to one or more additional heterologous
polypeptides. In a further example, the N- or C-terminus of a polypeptide that consists of or consists
essentially of a particular amino acid sequence can be linked to one or more amino acid residues that
facilitate further modification or manipulation of the polypeptide.

Control: A reference standard. In some embodiments, the control is a negative control sample
obtained from a healthy patient. In other embodiments, the control is a positive control sample obtained
from a patient diagnosed with HIV-1 infection. In still other embodiments, the control is a historical control
or standard reference value or range of values (such as a previously tested control sample, such as a group of
HIV-1 patients with known prognosis or outcome, or group of samples that represent baseline or normal
values).

A difference between a test sample and a control can be an increase or conversely a decrease. The
difference can be a qualitative difference or a quantitative difference, for example, a statistically significant
difference. In some examples, a difference is an increase or decrease, relative to a control, of at least about
5%, such as at least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about
50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, at least about 100%, at
least about 150%, at least about 200%, at least about 250%, at least about 300%, at least about 350%, at least
about 400%, at least about 500%, or greater than 500%.

Covalent bond: An interatomic bond between two atoms, characterized by the sharing of one or
more pairs of electrons by the atoms. The terms “covalently bound” or “covalently linked” refer to making
two separate molecules into one contiguous molecule. The terms include reference to conjugating an
antigen (such as an HIV-1 Env fusion peptide) either directly or indirectly to a carrier molecule, for example

indirectly with an intervening linker molecule.



10

15

20

25

30

35

WO 2020/061564 PCT/US2019/052419

Effective amount: An amount of agent, such as an immunogen, that is sufficient to generate a
desired response, such as an immune response in a subject. It is understood that to obtain a protective
immune response against an antigen of interest can require multiple administrations of a disclosed
immunogen, and/or administration of a disclosed immunogen as the “prime” in a prime boost protocol
wherein the boost immunogen can be different from the prime immunogen. Accordingly, an effective
amount of a disclosed immunogen can be the amount of the immunogen sufficient to elicit a priming
immune response in a subject that can be subsequently boosted with the same or a different immunogen to
generate a protective immune response.

In one example, a desired response is to induce an immune response that inhibits or prevents HIV-1
infection. The HIV-1 infected cells do not need to be completely eliminated or prevented for the
composition to be effective. For example, administration of an effective amount of the immunogen can
induce an immune response that decreases the number of HIV-1 infected cells (or prevents the infection of
cells) by a desired amount, for example, by at least 50%, at least 60%, at least 70%, at least 80%, at least
90%, at least 95%), at least 98%, or even at least 100% (elimination or prevention of detectable HIV-1
infected cells), as compared to the number of HIV-1 infected cells in the absence of the immunization.

Expression: Transcription or translation of a nucleic acid sequence. For example, a gene is
expressed when its DNA is transcribed into an RNA or RNA fragment, which in some examples is
processed to become mRNA. A gene may also be expressed when its mRNA is translated into an amino
acid sequence, such as a protein or a protein fragment. In a particular example, a heterologous gene is
expressed when it is transcribed into an RNA. In another example, a heterologous gene is expressed when
its RNA is translated into an amino acid sequence. The term “expression” is used herein to denote either
transcription or translation. Regulation of expression can include controls on transcription, translation, RNA
transport and processing, degradation of intermediary molecules such as mRNA, or through activation,
inactivation, compartmentalization or degradation of specific protein molecules after they are produced.

Expression Control Sequences: Nucleic acid sequences that regulate the expression of a
heterologous nucleic acid sequence to which it is operatively linked. Expression control sequences are
operatively linked to a nucleic acid sequence when the expression control sequences control and regulate the
transcription and, as appropriate, translation of the nucleic acid sequence. Thus expression control
sequences can include appropriate promoters, enhancers, transcription terminators, a start codon (ATG) in
front of a protein-encoding gene, splicing signal for introns, maintenance of the correct reading frame of that
gene to permit proper translation of mRNA, and stop codons. The term “control sequences” is intended to
include, at a minimum, components whose presence can influence expression, and can also include
additional components whose presence is advantageous, for example, leader sequences and fusion partner
sequences. Expression control sequences can include a promoter.

A promoter is a minimal sequence sufficient to direct transcription. Also included are those
promoter elements which are sufficient to render promoter-dependent gene expression controllable for cell-

type specific, tissue-specific, or inducible by external signals or agents; such elements may be located in the
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5" or 3' regions of the gene. Both constitutive and inducible promoters are included (see for example, Bitter
et al., Methods in Enzymology 153:516-544, 1987). For example, when cloning in bacterial systems,
inducible promoters such as pL of bacteriophage lambda, plac, ptrp, ptac (ptrp-lac hybrid promoter) and the
like may be used. In one embodiment, when cloning in mammalian cell systems, promoters derived from
the genome of mammalian cells (such as metallothionein promoter) or from mammalian viruses (such as the
retrovirus long terminal repeat; the adenovirus late promoter; the vaccinia virus 7.5K promoter) can be used.
Promoters produced by recombinant DNA or synthetic techniques may also be used to provide for
transcription of the nucleic acid sequences.

Fusion protein: A single polypeptide chain including the sequence of two or more heterologous
proteins, often linked by a peptide linker. Reference to a first protein “fused” to a second protein indicates
that the first and second proteins are contained within a single contiguous polypeptide chain. The first and
second protein may be directly linked (for example, the C-terminus of the first protein is linked to the N-
terminus of the second protein by a peptide bond), or indirectly linked (for example, the C-terminus of the
first protein is directly linked to the N-terminus of a peptide linker by a peptide bond, and the C-terminus of
the peptide linker is directly linked to the N-terminus of the second protein by a peptide bond).

Heterologous: Originating from a different genetic source.

Host cells: Cells in which a vector can be propagated and its DNA expressed. The cell may be
prokaryotic or eukaryotic. The term also includes any progeny of the subject host cell. It is understood that
all progeny may not be identical to the parental cell since there may be mutations that occur during
replication. However, such progeny are included when the term “host cell” is used.

Human Immunodeficiency Virus Type 1 (HIV-1): A retrovirus that causes immunosuppression
in humans (HIV-1 disease), and leads to a disease complex known as the acquired immunodeficiency
syndrome (AIDS). “HIV-1 disease” refers to a well-recognized constellation of signs and symptoms
(including the development of opportunistic infections) in persons who are infected by an HIV-1 virus, as
determined by antibody or western blot studies. Laboratory findings associated with this disease include a
progressive decline in T cells. Related viruses that are used as animal models include simian
immunodeficiency virus (SIV), and feline immunodeficiency virus (FIV). Treatment of HIV-1 with
HAART has been effective in reducing the viral burden and ameliorating the effects of HIV-1 infection in
infected individuals.

HIV-1 envelope protein (Env): The HIV-1 Env protein is initially synthesized as a precursor
protein of 845-870 amino acids in size. Individual precursor polypeptides form a homotrimer and undergo
glycosylation within the Golgi apparatus as well as processing to remove the signal peptide, and cleavage by
a cellular protease between approximately positions 511/512 to generate separate gp120 and gp41
polypeptide chains, which remain associated as gp120-gp41 protomers within the homotrimer. The
ectodomain (that is, the extracellular portion) of the HIV-1 Env trimer undergoes several structural
rearrangements from a prefusion mature (cleaved) closed conformation that evades antibody recognition,

through intermediate conformations that bind to receptors CD4 and co-receptor (either CCRS or CXCR4), to
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a postfusion conformation. The HIV-1 Env ectodomain comprises the gp120 protein (approximately HIV-1
Env positions 31-511) and the gp41 ectodomain (approximately HIV-1 Env positions 512-644). An HIV-1
Env ectodomain trimer comprises a protein complex of three HIV-1 Env ectodomains. As used herein
“HIV-1 Env ectodomain trimer” includes both soluble trimers (that is, trimers without gp41 transmembrane
domain or cytoplasmic tail) and membrane anchored trimers (for example, trimers including a full-length
gp4l).

Mature gp120 includes approximately HIV-1 Env residues 31-511, contains most of the external,
surface-exposed, domains of the HIV-1 Env trimer, and it is gp120 which binds both to cellular CD4
receptors and to cellular chemokine receptors (such as CCRS5). A mature gp120 polypeptide is an
extracellular polypeptide that interacts with the gp41 ectodomain to form an HIV-1 Env protomer that
trimerizes to form the HIV-1 Env ectodomain trimer. The mature gp120 wild-type polypeptide is heavily N-
glycosylated, giving rise to an apparent molecular weight of 120 kD. Native gp120 includes five conserved
regions (C1-C5) and five regions of high variability (V1-V5).

Mature gp41 includes approximately HIV-1 Env residues 512-860, and includes cytosolic-,
transmembrane-, and ecto-domains. The gp41 ectodomain (including approximately HIV-1 Env residues
512-644) can interact with gp120 to form an HIV-1 Env protomer that trimerizes to form the HIV-1 Env
trimer. The HIV-1 Env fusion peptide is located at the N-terminus of gp41. Prior use of the HIV-1 Env
fusion peptide for immunization (e.g., as described in Dingens et al, Plos Pathog., 14(7), e1007159, 2018;
and Xu et al., Nat. Med., 24(6):857-867, 2018, each of which is incorporated by reference herein) illustrated
HIV-1 Env fusion peptide-based immunization protocols.

The prefusion mature closed conformation of the HIV-1 Env ectodomain trimer is a structural
conformation adopted by HIV-1 Env ectodomain trimer after cellular processing to a mature prefusion state
with distinct gp120 and gp41 polypeptide chains, and before specific binding to the CD4 receptor. The
three-dimensional structure of an exemplary HIV-1 Env ectodomain trimer in the prefusion mature closed
conformation is known (see, e.g., Pancera et al., Nature, 514:455-461, 2014). In the prefusion mature closed
conformation, the HIV-1 Env ectodomain trimer includes a V1V2 domain “cap” at its membrane distal apex,
with the V1V2 domain of each Env protomer in the trimer coming together at the membrane distal apex. At
the membrane proximal aspect, the prefusion mature closed conformation of the HIV-1 Env ectodomain
trimer includes distinct o6 and a7 helices. CD4 binding causes changes in the conformation of the HIV-1
Env ectodomain trimer, including disruption of the V1V1 domain cap, which “opens” as each V1V2 domain
moves outward from the longitudinal axis of the Env trimer, and formation of the HR1 helix, which includes
both the a6 and a7 helices (which are no longer distinct). These conformational changes bring the N-
terminus of the fusion peptide within close proximity of the target cell membrane, and expose “CD4-
induced” epitopes (such as the 17b epitope) that are present in the CD4-bound open conformation, but not
the mature closed conformation, of the HIV-1 Env ectodomain trimer.

Unless context indicates otherwise, the numbering used in the disclosed HIV-1 Env proteins and

fragments thereof (such as a gp120 and gp41) is relative to the HXB2 numbering scheme as set forth in
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Numbering Positions in HIV Relative to HXB2CG Bette Korber et al., Human Retroviruses and AIDS 1998:
A Compilation and Analysis of Nucleic Acid and Amino Acid Sequences. Korber et al., Eds. Theoretical
Biology and Biophysics Group, Los Alamos National Laboratory, Los Alamos, NM, which is incorporated
by reference herein in its entirety. For reference, the amino acid sequence of HIV-1 Env of HXB? is set
forth as SEQ ID NO: 154 (GENBANK® GI:1906382, incorporated by reference herein as present in the

database on June 20, 2014).

HXB2 (Clade B, SEQ ID NO: 13):
MRVKEKYQHLWRWGWRWGTMLLGMLMICSATEKLWVIVYYGVPVWKEATTTLECASDAKAYDTEVHNVWATHACVPTDPN
PQEVVLVNVTENENMWKNDMVEQMHEDIISLWDQSLKPCVKLTPLCVSLKCTDLKNDTNTNSSSGRMIMEKGEIKNCSEN
ISTSIRGKVQKEYAFFYKLDIIPIDNDTTSYKLTSCNTSVITQACPKVSEFEPIPIHYCAPAGEFAILKCNNKTENGTGPCT
NVSTVQCTHGIRPVVSTQLLLNGSLAEEEVVIRSVNEFTDNAKTIIVQLNTSVEINCTRPNNNTRKRIRIQRGPGRAFVTI
GKIGNMRQAHCNISRAKWNNTLKQIASKLREQEFGNNKTIIFKQSSGGDPEIVTHSENCGGEFFYCNSTQLENSTWENSTW
STEGSNNTEGSDTITLPCRIKQIINMWQKVGKAMYAPPISGQIRCSSNITGLLLTRDGGNSNNESE IFRPGGGDMRDNWR
SELYKYKVVKIEPLGVAPTKAKRRVVQREKRAVGIGALFLGFLGAAGSTMGAASMTLTVQARQLLSGIVQQOONNLLRAIE
AQOHLLOQLTVWGIKQLQARILAVERYLKDQQLLGIWGCSGKLICTTAVPWNASWSNKSLEQIWNHTTWMEWDREINNYTS
LIHSLIEESQNQOEKNEQELLELDKWASLWNWENITNWLWYIKLEIMIVGGLVGLRIVFAVLSIVNRVRQGYSPLSEFQTH
LPTPRGPDRPEGIEEEGGERDRDRSIRLVNGSLALIWDDLRSLCLEFSYHRLRDLLLIVTRIVELLGRRGWEALKYWWNLL
QYWSQELKNSAVSLLNATAIAVAEGTDRVIEVVQGACRAIRHIPRRIRQGLERILL

HIV-1 neutralizing antibody: An antibody that reduces the infectious titer of HIV-1 by binding to
HIV-1 Env protein and inhibiting HIV-1 function. In some embodiments, neutralizing antibodies to HIV-1
can inhibit the infectivity of multiple strains of HIV-1, Teir-2 strain from multiple clades of HIV-1. In some
embodiments, a disclosed immunogen can be administered to a subject to elicit an immune response that
includes production of antibodies that specifically bind to the HIV-1 Env fusion peptide and neutralize Teir-
2 strains of HIV-1 from multiple HIV-1 clades.

Immune response: A response of a cell of the immune system, such as a B cell, T cell, or
monocyte, to a stimulus. In one embodiment, the response is specific for a particular antigen (an “antigen-
specific response”). In one embodiment, an immune response is a T cell response, such as a CD4+ response
or a CD8+ response. In another embodiment, the response is a B cell response, and results in the production
of specific antibodies. “Priming an immune response” refers to treatment of a subject with a “prime”
immunogen to induce an immune response that is subsequently “boosted” with a boost immunogen.
Together, the prime and boost immunizations produce the desired immune response in the subject.
“Enhancing an immune response” refers to co-administration of an adjuvant and an immunogenic agent,
wherein the adjuvant increases the desired immune response to the immunogenic agent compared to
administration of the immunogenic agent to the subject in the absence of the adjuvant.

Immunogen: A protein or a portion thereof that is capable of inducing an immune response in a
mammal, such as a mammal infected or at risk of infection with a pathogen.

Immunogenic composition: A composition comprising a disclosed immunogen that elicits a
measurable CTL response against the immunogen, or elicits a measurable B cell response (such as
production of antibodies) against the immunogen, when administered to a subject. For in vivo use, the
immunogenic composition will typically include the immunogen in a pharmaceutically acceptable carrier

and may also include other agents, such as an adjuvant.
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Immunogenic conjugate: A composition including of at least two heterologous molecules (such as
an HIV-1 Env fusion peptide and a carrier, such as a self-assembling protein nanoparticle carrier) conjugated
together. In a non-limiting example, a peptide (such as AVGIGAVF peptide, residues 1-8 of SEQ ID NO:
1) is linked to a protein carrier by a linker including a heterologous cysteine residue fused to the C-terminal
residue of the peptide by peptide bond and a heterobifunctional moiety, wherein the heterobifunctional
moiety is linked to a lysine residue on the carrier and the cysteine residue. In this example, the peptide is
indirectly covalently linked to the carrier by the linker. Immunogenic conjugates are conjugates that are
useful for eliciting a specific immune response to a molecule in the conjugate in a vertebrate. In some
embodiments where the conjugate includes a viral antigen, the immune response is protective in that it
enables the vertebrate animal to better resist infection from the virus from which the antigen is derived.

Inhibiting or treating a disease: Inhibiting the full development of a disease or condition, for
example, in a subject who is at risk for a disease such as acquired immunodeficiency syndrome (AIDS).
“Treatment” refers to a therapeutic intervention that ameliorates a sign or symptom of a disease or
pathological condition after it has begun to develop. The term “ameliorating,” with reference to a disease or
pathological condition, refers to any observable beneficial effect of the treatment. Inhibiting a disease can
include preventing or reducing the risk of the disease, such as preventing or reducing the risk of viral
infection. The beneficial effect can be evidenced, for example, by a delayed onset of clinical symptoms of
the disease in a susceptible subject, a reduction in severity of some or all clinical symptoms of the disease, a
slower progression of the disease, a reduction in the viral load, an improvement in the overall health or well-
being of the subject, or by other parameters that are specific to the particular disease. A “prophylactic”
treatment is a treatment administered to a subject who does not exhibit signs of a disease or exhibits only
early signs for the purpose of decreasing the risk of developing pathology.

Isolated: An “isolated” biological component has been substantially separated or purified away
from other biological components, such as other biological components in which the component naturally
occurs, such as other chromosomal and extrachromosomal DNA, RNA, and proteins. Proteins, peptides,
nucleic acids, and viruses that have been “isolated” include those purified by standard purification methods.
Isolated does not require absolute purity, and can include protein, peptide, nucleic acid, or virus molecules
that are at least 50% isolated, such as at least 75%, 80%, 90%, 95%, 98%, 99%, or even 99.9% isolated.

Linked: The term “linked” means joined together, either directly or indirectly. For example, a first
moiety may be covalently or noncovalently (e.g., electrostatically) linked to a second moiety. This includes,
but is not limited to, covalently bonding one molecule to another molecule, noncovalently bonding one
molecule to another (e.g. electrostatically bonding), non-covalently bonding one molecule to another
molecule by hydrogen bonding, non-covalently bonding one molecule to another molecule by van der Waals
forces, and any and all combinations of such couplings. Indirect attachment is possible, such as by using a
“linker”. In several embodiments, linked components are associated in a chemical or physical manner so
that the components are not freely dispersible from one another, at least until contacting a cell, such as an

immune cell.
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Linker: One or more molecules or groups of atoms positioned between two moieties. Typically,
linkers are bifunctional, i.e., the linker includes a functional group at each end, wherein the functional
groups are used to couple the linker to the two moieties. The two functional groups may be the same, i.e., a
homobifunctional linker, or different, i.e., a heterobifunctional linker. In several embodiments, a peptide
linker can be used to link the C-terminus of a first protein to the N-terminus of a second protein. Non-
limiting examples of peptide linkers include glycine-serine peptide linkers, which are typically not more
than 10 amino acids in length. In a non-limiting example, a peptide (such as AVGIGAVF peptide, residues
1-8 of SEQ ID NO: 1) is linked to a protein carrier by a linker including a heterologous cysteine residue
fused to the C-terminal residue of the peptide by peptide bond and a heterobifunctional moiety, wherein the
heterobifunctional moiety is linked to a lysine residue on the carrier and the cysteine residue.

Nucleic acid molecule: A polymeric form of nucleotides, which may include both sense and anti-
sense strands of RNA, cDNA, genomic DNA, and synthetic forms and mixed polymers of the above. A
nucleotide refers to a ribonucleotide, deoxynucleotide or a modified form of either type of nucleotide. The
term “nucleic acid molecule” as used herein is synonymous with “nucleic acid” and “polynucleotide.” A
nucleic acid molecule is usually at least 10 bases in length, unless otherwise specified. The term includes
single- and double-stranded forms of DNA. A polynucleotide may include either or both naturally occurring
and modified nucleotides linked together by naturally occurring and/or non-naturally occurring nucleotide
linkages. “cDNA” refers to a DNA that is complementary or identical to an mRNA, in either single stranded
or double stranded form. “Encoding” refers to the inherent property of specific sequences of nucleotides in a
polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates for synthesis of other polymers
and macromolecules in biological processes having either a defined sequence of nucleotides (i.e., rRNA,
tRNA and mRNA) or a defined sequence of amino acids and the biological properties resulting therefrom.

Pattern recognition receptor: A protein receptor expressed by cells of the immune system to
identify pathogen-associated molecular patterns (PAMPS) as well as damage associated molecular patterns
(DAMPs). PAMP or DAMP activation of pattern recognition receptors induces an intracellular signaling
cascade resulting in the alteration of the host cell’s transcription profile to induce expression of pro-
inflammatory and pro-survival genes that enhance adaptive immunity. Non-limiting examples of pattern
recognition receptors (PRRs) include Toll-like receptors (TLR), Stimulator of Interferon Genes receptor
(STING), C-type lectin receptors (CLR), RIG-I-like receptors (RLR), and NOD-like receptors (NLR). In
some embodiments, agonists of such pattern recognition receptors can be linked to a disclosed immunogenic
conjugate to target the conjugate to pattern recognition receptor expressing cells (i.e., cells of the immune
system) to enhance the immune response to the immunogenic conjugate.

Toll-like receptors (TLRs) 1-13 are transmembrane PRRs that recognize a diverse range of PAMPs.
TLRs can be divided into two broad categories - those that are localized to the cell surface and those that are
localized to the endosomal lumen. TLRs that are present on the cell surface are important in recognition of
bacterial pathogens. TLRs that are localized to the lumen of endosomes, such as TLRs 3, 7, 8, and 9, serve

to recognize nucleic acids and are thus thought to be important in the promotion of antiviral immune
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responses. TLR-7 and TLR-8 recognize ssSRNA. Several different imidazoquinoline compounds are known
TLR-7/8 agonists. TLR-9 recognizes unmethylated deoxycytidylate-phosphate-deoxyguanylate (CpG)
DNA, found primarily in bacteria.

The NOD-like receptors (NLRs) and the RIG-I-like receptors (RLRs) are localized to the cytoplasm.
Non-limiting examples of RLRs include RIG-I, MDAS, and LGP2. There are 22 human NLRs that can be
subdivided into the five structurally related NLR families A, B, C, P, and X. All NLRs have three domains:
an N-terminal domain involved in signaling, a nucleotide-binding NOD domain, and a C-terminal leucine
rich region (LRR) important for ligand recognition. Non-limiting examples of NLRs include NALP3 and
NOD2.

For more information on pattern recognition receptors, see Wales et al., Biochem Soc
Trans., 35:1501-1503, 2007.

Pharmaceutically acceptable carriers: The pharmaceutically acceptable carriers of use are
conventional. Remington’s Pharmaceutical Sciences, by E. W. Martin, Mack Publishing Co., Easton, PA,
19th Edition, 1995, describes compositions and formulations suitable for pharmaceutical delivery of the
disclosed immunogens.

In general, the nature of the carrier will depend on the particular mode of administration being
employed. For instance, parenteral formulations usually comprise injectable fluids that include
pharmaceutically and physiologically acceptable fluids such as water, physiological saline, balanced salt
solutions, aqueous dextrose, glycerol or the like as a vehicle. For solid compositions (e.g., powder, pill,
tablet, or capsule forms), conventional non-toxic solid carriers can include, for example, pharmaceutical
grades of mannitol, lactose, starch, or magnesium stearate. In addition to biologically neutral carriers,
pharmaceutical compositions to be administered can contain minor amounts of non-toxic auxiliary
substances, such as wetting or emulsifying agents, preservatives, and pH buffering agents and the like, for
example, sodium acetate or sorbitan monolaurate. In particular embodiments, suitable for administration to
a subject the carrier may be sterile, and/or suspended or otherwise contained in a unit dosage form
containing one or more measured doses of the composition suitable to elicit the desired anti-HIV-1 immune
response. It may also be accompanied by medications for its use for treatment purposes. The unit dosage
form may be, for example, in a sealed vial that contains sterile contents or a syringe for injection into a
subject, or lyophilized for subsequent solubilization and administration or in a solid or controlled release
dosage.

Polypeptide: Any chain of amino acids, regardless of length or post-translational modification (e.g.,
glycosylation or phosphorylation). “Polypeptide” applies to amino acid polymers including naturally
occurring amino acid polymers and non-naturally occurring amino acid polymer as well as in which one or
more amino acid residue is a non-natural amino acid, for example, an artificial chemical mimetic of a
corresponding naturally occurring amino acid. A “residue” refers to an amino acid or amino acid mimetic

incorporated in a polypeptide by an amide bond or amide bond mimetic. A polypeptide has an amino
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terminal (N-terminal) end and a carboxy terminal (C-terminal) end. “Polypeptide” is used interchangeably
with peptide or protein, and is used herein to refer to a polymer of amino acid residues.

Prime-boost immunization: An immunotherapy including administration of multiple immunogens
over a period of time to elicit the desired immune response.

Recombinant: A recombinant nucleic acid molecule is one that has a sequence that is not naturally
occurring, for example, includes one or more nucleic acid substitutions, deletions or insertions, and/or has a
sequence that is made by an artificial combination of two otherwise separated segments of sequence. This
artificial combination can be accomplished by chemical synthesis or, more commonly, by the artificial
manipulation of isolated segments of nucleic acids, for example, by genetic engineering techniques.

A recombinant virus is one that includes a genome that includes a recombinant nucleic acid
molecule.

A recombinant protein is one that has a sequence that is not naturally occurring or has a sequence
that is made by an artificial combination of two otherwise separated segments of sequence. In several
embodiments, a recombinant protein is encoded by a heterologous (for example, recombinant) nucleic acid
that has been introduced into a host cell, such as a bacterial or eukaryotic cell, or into the genome of a
recombinant virus.

Self-assembling protein nanoparticle: A multi-subunit protein-based nanoparticle formed from
subunit monomers that self-assemble under suitable conditions to form the nanoparticle (typically globular
in shape). Non-limiting examples of self-assembling protein nanoparticles include ferritin nanoparticles
(see, e.g., Zhang, Y. Int. J. Mol. Sci., 12:5406-5421, 2011, incorporated by reference herein), encapsulin
nanoparticles (see, e.g., Sutter ez al., Nature Struct. and Mol. Biol., 15:939-947, 2008, incorporated by
reference herein), Sulfur Oxygenase Reductase (SOR) nanoparticles (see, e.g., Urich et al., Science,
311:996-1000, 2006, incorporated by reference herein), lumazine synthase nanoparticles (see, e.g., Zhang et
al., J. Mol. Biol., 306: 1099-1114, 2001), and pyruvate dehydrogenase nanoparticles (see, ¢.g., Izard et al.,
PNAS 96: 1240-1245, 1999, incorporated by reference herein). Ferritin, encapsulin, SOR, lumazine
synthase, and pyruvate dehydrogenase are monomeric proteins that self-assemble into a globular protein
complexes that in some cases consists of 24, 60, 24, 60, and 60 protein subunits, respectively. In some
examples, ferritin, encapsulin, SOR, lumazine synthase, or pyruvate dehydrogenase subunits are fused to a
disclosed heterologous carrier protein (such as an r'TT, CRM197, or HiD carrier protein) and self-assembled
into a protein nanoparticle presenting the carrier protein, which can subsequently be conjugated to HIV-1
Env fusion proteins to generate an immunogenic conjugate to elicit or prime an immune response to HIV-1
Env in a subject.

Sequence identity: The similarity between amino acid sequences is expressed in terms of the
similarity between the sequences, otherwise referred to as sequence identity. Sequence identity is frequently
measured in terms of percentage identity; the higher the percentage, the more similar the two sequences are.
Homologs, orthologs, or variants of a polypeptide will possess a relatively high degree of sequence identity

when aligned using standard methods.
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Methods of alignment of sequences for comparison are well known in the art. Various programs and
alignment algorithms are described in: Smith & Waterman, Adv. Appl. Math. 2:482, 1981; Needleman &
Wunsch, J. Mol. Biol. 48:443, 1970; Pearson & Lipman, Proc. Natl. Acad. Sci. USA 85:2444, 1988; Higgins
& Sharp, Gene, 73:237-44, 1988; Higgins & Sharp, CABIOS 5:151-3, 1989; Corpet et al., Nuc. Acids Res.
16:10881-90, 1988; Huang et al. Computer Appls. In the Biosciences 8, 155-65, 1992; and Pearson et al.,
Meth. Mol. Bio. 24:307-31, 1994. Altschul et al., J. Mol. Biol. 215:403-10, 1990, presents a detailed
consideration of sequence alignment methods and homology calculations.

Variants of a polypeptide are typically characterized by possession of at least about 75%, for
example, at least about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence
identity counted over the full length alignment with the amino acid sequence of interest. Proteins with even
greater similarity to the reference sequences will show increasing percentage identities when assessed by this
method, such as at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% sequence
identity. When less than the entire sequence is being compared for sequence identity, homologs and variants
will typically possess at least 80% sequence identity over short windows of 10-20 amino acids, and may
possess sequence identities of at least 85% or at least 90% or 95% depending on their similarity to the
reference sequence. Methods for determining sequence identity over such short windows are available at the
NCBI website on the internet.

As used herein, reference to “at least 90% identity” (or similar language) refers to “at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98 %, at
least 99%, or even 100% identity” to a specified reference sequence.

Signal Peptide: A short amino acid sequence (e.g., approximately 18-30 amino acids in length) that
directs newly synthesized secretory or membrane proteins to and through membranes (for example, the
endoplasmic reticulum membrane). Signal peptides are typically located at the N-terminus of a polypeptide
and are removed by signal peptidases after the polypeptide has crossed the membrane. Signal peptide
sequences typically contain three common structural features: an N-terminal polar basic region (n-region), a
hydrophobic core, and a hydrophilic c-region). An exemplary signal peptide sequence is set forth as
MDSKGSSQKGSRLLLLLVVSNLLLPQGVVA (SEQ ID NO: 220).

Specifically bind: When referring to the formation of an antibody:antigen protein complex, or a
protein:protein complex, refers to a binding reaction which determines the presence of a target protein,
peptide, or polysaccharide (for example, a glycoprotein), in the presence of a heterogeneous population of
proteins and other biologics. Thus, under designated conditions, a particular antibody or protein binds
preferentially to a particular target protein, peptide or polysaccharide (such as an antigen present on the
surface of a pathogen, for example, gp120) and does not bind in a significant amount to other proteins or
polysaccharides present in the sample or subject. Specific binding can be determined by standard methods.
A first protein or antibody specifically binds to a target protein when the interaction has a Kp of less than 10

® Molar, such as less than 107 Molar, less than 10 Molar, less than 10”, or even less than 107'° Molar.
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Subject: Living multicellular vertebrate organisms, a category that includes human and non-human
mammals. In an example, a subject is a human. In a particular example, the subject is a newborn infant. In
an additional example, a subject is selected that is in need of inhibiting of an HIV-1 infection. For example,
the subject is either uninfected and at risk of HIV-1 infection or is infected in need of treatment.

Under conditions sufficient for: A phrase that is used to describe any environment that permits a
desired activity.

Vaccine: A pharmaceutical composition that elicits a prophylactic or therapeutic immune response
in a subject. In some cases, the immune response is a protective immune response. Typically, a vaccine
elicits an antigen-specific immune response to an antigen of a pathogen, for example a viral pathogen, or to a
cellular constituent correlated with a pathological condition. A vaccine may include a polynucleotide (such
as a nucleic acid encoding a disclosed antigen), a peptide or polypeptide (such as a disclosed antigen), a
virus, a cell or one or more cellular constituents. In one specific, non-limiting example, a vaccine reduces
the severity of the symptoms associated with HIV-1 infection and/or decreases the viral load compared to a
control. In another non-limiting example, a vaccine reduces HIV-1 infection compared to a control.

VRC34: An antibody that binds to the fusion peptide of HIV-1 any neutralizing HIV-1 infection.
VRC34. Unless context indicates otherwise, “VRC34” refers to the VRC34.01 antibody disclosed by Kong
et al. (Science, 352, 828-833, 2016). Sequences of the heavy and light chain variable regions of the
VRC34.01 antibody are available, for example, as GenBank Accession Nos. ANF29805.1 and ANF29798.1,
respectively, each of which is incorporated by reference herein. The VRC34 antibody can be used to assess
the antigenicity fo the disclosed immunogenic conjugates of HIV-1 Env fusion peptides conjugated to a self-

assembling protein nanoparticle carrier.

IL. Immunogenic Conjugates

Immunogenic conjugates are provided herein that include HIV-1 Env fusion peptides conjugated to
a self-assembling protein nanoparticle carrier. In several embodiments, the immunogenic conjugates can be
used to generate a neutralizing immune response to HIV-1 in a subject, for example, to treat or prevent an
HIV-1 infection in the subject. The immunogenic conjugate provides a multivalent platform with superior
binding capability for engaging HIV-1 Env fusion peptide-directed broadly neutralizing antibodies and can
be used, for example, to prime an immune response in a subject that targets the HIV-1 Env fusion peptide

epitope. The components of the immunogenic conjugate are discussed in more detail below.

A. Self-Assembling Protein Nanoparticle Carrier

The immunogenic conjugates provided herein include HIV-1 Env fusion peptides conjugated to a
self-assembling protein nanoparticle carrier. The self-assembling protein nanoparticle carrier is formed from
a multimer of fusion proteins that each include a self-assembling protein nanoparticle subunit fused to a
heterologous carrier protein. The subunit and the carrier protein can be directly fused (the C-terminus of one

is linked by peptide bond to the N-terminus of the other) or indirectly fused via a peptide linker. Following
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expression of the fusion proteins (typically in a cellular system where the fusion proteins are secreted into
the supernatant), the self-assembling protein nanoparticle subunits of the fusion proteins self-assemble under
suitable conditions into the protein nanoparticle, forming a protein complex containing the protein
nanoparticle and displaying the heterologous carrier proteins (at least one of which is fused to each self-
assembling protein nanoparticle subunit). This protein complex is the self-assembling protein nanoparticle
carrier to which HIV-1 Env fusion peptides are conjugated to form an immunogenic conjugate of the present

disclosure.

1. Self-assembling protein nanoparticle subunit

The fusion proteins of the self-assembling protein nanoparticle carrier include a self-assembling
protein nanoparticle subunit fused to a heterologous carrier protein. The self-assembling protein
nanoparticle subunit is a monomer of a self-assembling protein nanoparticle, or a fragment of such a
monomer that retains the portion of the monomer required for self-assembly. Non-limiting examples of self-
assembling protein nanoparticle subunits that can be included in the fusion protein to form a self-assembling
protein nanoparticle carrier include lumazine synthase nanoparticle subunits, ferritin nanoparticle subunts,
encapsulin nanoparticle subunits, Sulfur Oxygenase Reductase (SOR) nanoparticle subunits, Bacteriophage
Q Beta Capsid protein (gbeta) subunits, Dihydrolipoyl transacetylase protein (e2p) subunits,
Phosphopantetheine Adenylyltransferase (6ccq) subunits, Glutamate Synthase (1£52) subunits,
Calcium/calmodulin dependent protein kinase Ila (CaMKIlIa), C-terminal fragment (SU6Y) subunits, HIV
capsid oligomerization domain subunits, Hexamer subunits, and T4 fibritin Foldon domain (Fd) subunits. In
a preferred embodiment, the self-assembling protein nanoparticle subunit included in the fusion protein is a
ferritin subunit. In another preferred embodiment, the self-assembling protein nanoparticle subunit included

in the fusion protein is a lumazine synthase subunit.

a. Ferritin

In some embodiments, any of the disclosed heterologous carrier proteins (such as an tTT, CRM197,
or HiD carrier protein) can be linked to a ferritin subunit to construct a self-assembling ferritin nanoparticle
carrier including a ferritin nanoparticle fused to a plurality of the heterologous carrier proteins. Ferritin
nanoparticles and their use for immunization purposes (e.g., for immunization against influenza antigens)
have been disclosed, for example, in Kanekiyo et al. (Nature, 499:102-106, 2013, incorporated by reference
herein in its entirety). Ferritin is a globular protein that is found in all animals, bacteria, and plants, and
which acts primarily to control the rate and location of polynuclear Fe(II)>O; formation through the
transportation of hydrated iron ions and protons to and from a mineralized core. Ferritin nanoparticles are
formed from 24 copies of the ferritin subunit. The globular form of the ferritin nanoparticle is made up of
monomeric subunits. Non-limiting examples of the sequence of self-assembling ferritin subunits for use in

the embodiments provided herein include:
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DIEKLLNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLEFLEFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEOKFEGLT
QIFQKAYEHEQHISESINNIVDHAIKSKDHATENFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKS
RKS (SEQ ID NO: 14)

DIIKLLNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLELEFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPHAKEFHGLT
HIFOKAYHHEQHISESINNIVDHAIKSKDHATENFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKS
RKS (SEQ ID NO: 15)

DIIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLDGAGLELEFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEOKFEGLT
QIFQKAYEHEQHISESINNIVDHAIKSKDHATENFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKS
RKS (SEQ ID NO: 16)

DIIKLLNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLELEFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEOKFEGLT
QIFQKAYEHEQHISESINNIVDHAIKSKDHATENFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKS
RKS (SEQ ID NO: 17)

DIIKLLNEQVNKEMDSSNLYMSMSSWCYTHSLDGAGLELEFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEOKFEGLT
QIFQKAYEHEQHISESINNIVDHAIKSKDHATENFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKS
RKS (SEQ ID NO: 18)

and the following two sequences which include C-terminal truncations:

DIIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLDGAGLELEFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEOKFEGLT
OIFQKAYEHEQHISESINNIVDHAIKSKDHATENFLOWYVAEQHEEEVLEFKDILDKIELIG (SEQ ID NO: 19)

DIIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLDGAGLF LFDHAAREYEHAKKLI IFLNENNVPVQLTSISAPEHKFEGLT
QIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLOWYVAEQHEEEVLFKDILDKIELIGNEN (SEQ ID NO: 20)
Additional ferritin subunits are provided with one or more cysteine substitutions to introduce non-native
disulfide bond(s) that stabilize the ferritin nanoparticle formed from the self-assembled subunits. As used
herein, a non-native disulfide bond introduced into a self-assembling protein nanoparticle subunit that
“stabilizes” the nanoparticle formed from oligomerization of the subunit increases retention of the assembled
nanoparticle compared to a control nanoparticle formed from subunits lacking the disulfide bond. The
“stabilization” of the nanoparticle can be, for example, an increase in resistance to disassembly of the
subunits compared to a corresponding native subunit sequence. Non-limiting examples of ferritin subunits
are provided with one or more cysteine substitutions to introduce non-native disulfide bond(s) that stabilize

the ferritin nanoparticle formed from the self-assembled subunits include:

Ferr_Hp_DSO01
MLSKDIIKLLNEQVNKEMGSSNLYMSMSCWCYTHSLDGAGLFLEFDHAAEEYEHAKKLIIFLNENNVPLQLTSISAPEHKE
EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHOTENF LOWYVAEQUEEEVLFKDILDKIELIGNENHGLYLADQYVKG
IAKSRKS (SEQ ID NO: 258)

Ferr_Hp_DS02
MLSKDIIKLLNEQVNKEMQ§§NLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTGCISAPEHK
FEGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHOTENFLOWYVAEQUEEEVLEFKDILDKIELIGNENHGLYLADQYVK
GIAKSRKS (SEQ ID NO: 259)

Ferr_Hp_DSO03
MLSKDIIKLLNEQVNKEMGSSNLYMSMSSWCYTHSLDGAGLFLEFDHAAEEYEHAKKLITIFLNENNVPVQLTUISTUPEHKE
EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHOTENF LOWYVAEQUEEEVLFKDILDKIELIGNENHGLYLADQYVKG
IAKSRKS (SEQ ID NO: 260)

Ferr_Hp_DS04
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MLSKDIIKLLNEQVNKEMgSSNLYMSMSSWCYTHSLDGAGLELEFDHAAEEYEHAKKLITIFLNENNVPVQLTSUSAPEHKE
EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHUTENFLOWYVAEQUEEEVLFKDILDKIELIGNENHGLYLADQYVKG
IAKSRKS (SEQ ID NO: 261)

Ferr_Hp_DS05
MLSKDIIKLLNEQVNKEMGSSNLYMSMSOWCYTHSLDGAGLFLEFDHAAEEYEHAKKLIIFLNONNVPOQLTSISAPEHKE
EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATENFLOWYVAEQHEEECLFKDILDKIELIGNENHGLYLADQYVKG
IAKSRKS (SEQ ID NO: 262)

Ferr_Hp_DS06
MLSKDIIKLLNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNONNVPVQLTGUISAPEHK
FEGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATEFNFLOQWYVAEQHEEESLFKDILDKIELIGNENHGLYLADQYVK
GIAKSRKS (SEQ ID NO: 263)

Ferr_Hp_DS07
MLSKDIIKLLNEQVNKEMGSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNONNVPVQLTCISCPEHKE
EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATENFLOWYVAEQHEEELLFKDILDKIELIGNENHGLYLADQYVKG
IAKSRKS (SEQ ID NO: 264)

Ferr_Hp_DS08
MLSKDIIKLLNEQVNKEMgZSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNONNVPVQLTSOSAPEHKE
EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATENFLOWYVAEQHEEEQLFKDILDKIELIGNENHGLYLADQYVKG
IAKSRKS (SEQ ID NO: 265)

Ferr_Hp_DS09
MLSKDIIKLLNEQVNKEMGSSNLYMSMSCWCYTHSLDGAGLFLEFDHAAEEYEHAKKLIIFLNENNVPLQLTSISAPEHKE
EGLTQIFQKAYEHEQHISESINNICDHAIKSKDOATENFLOWYVAEQHEEEVLEFKDILDKIELIGNENHGLYLADQYVKG
IAKSRKS (SEQ ID NO: 266)

Ferr_Hp_DS10
MLSKDIIKLLNEQVNKEMQ§§NLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTGCISAPEHK
FEGLTQIFQKAYEHEQHISESINNICDHAIKSKDOATENFLOWYVAEQHEEEVLEFKDILDKIELIGNENHGLYLADQYVK
GIAKSRKS (SEQ ID NO: 267)

Ferr_Hp_DS11
MLSKDIIKLLNEQVNKEMGSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTOISUPEHKE
EGLTQIFQKAYEHEQHISESINNICDHAIKSKDLATENFLOWYVAEQHEEEVLEFKDILDKIELIGNENHGLYLADQYVKG
IAKSRKS (SEQ ID NO: 268)

Ferr_Hp_DS12
MLSKDIIKLLNEQVNKEM§§§NLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTSCSAPEHKF
EGLTQIFQKAYEHEQHISESINNIGDHAIKSKDCATENF LOWYVAEQHEEEVLEFKDILDKIELIGNENHGLYLADQYVKG
IAKSRKS (SEQ ID NO: 269)

Ferr_pf_DSO01
MLSERMLKALNDQLNRELYSAYLYFAMACYFEDLGLEGEFANWMKAQAEEEIGHALRFYNYIYORNGRUELDEIPKPPKEW
ESPLKAFEAAYFHEKFISKSIYELAALAEEEKDYSTRAFLEWEFINEQVEEEQSVKKILDKLKFAKDSPQILFMLDKELSA
RAPKLPGLLMQGGE (SEQ ID NO: 270)

Ferr_pf_DS02
MLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKAQAEEEIGHALRFYNYIYORNGRVELDUIPOIPPKEW
ESPLKAFEAAYFHEKFISKSIYELAALAEEEKDYSTRAFLEWEFINEQVEEECSVKKILDKLKFAKDSPQILFMLDKELSA
RAPKLPGLLMQGGE (SEQ ID NO: 271)

Ferr_pf_DS03
MLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKAQAEEEIGHALRFYNYIYORNGRVELDECPKPPKEW
ESPLKAFEAAYEHEKFISKSIYELAALAFREEKDYSTRAFLEWF INEQVEEESSVKKILDKLKFAKDSPQILFMLDKELSA
RAPKLPGLLMQGGE (SEQ ID NO: 272)

Ferr_pf_DS04
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MLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKAQAEEEIGHALREFYNYIYORNGRVELDOIPKPPKEW
ESPLKAFEAAYEHEKFISKSIYELAALAEEEKDYSTRAFLEWE INEQVEEECSVKKILDKLKFAKDSPQILEMLDKELSA
RAPKLPGLLMQGGE (SEQ ID NO: 273)

Ferr_pf_DSO05
MLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKAQAEEEIGHALRFYNYIYORNGRVELDGUIPKPPKE
WESPLKAFEAAYFEHEKFISKSIYELAALAEEEKDYSTRAFLEWEF INEQVEEECSVKKILDKLKFAKDSPQILFMLDKELS
ARAPKLPGLLMQGGE (SEQ ID NO: 274)

Ferr_pf_DS06
MLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKAQAEEEIGHALRFYNYIYORNGRVELDE IPKPPKEW
ESPLKAFEAAYFHEKFISKSIYELAALAEEEKDYSTRAFLEWEFINEQVEEELSVKKILDKLKFAKDSPQILFMLDKELSA
RAPKLPGGRS (SEQ ID NO: 275h)

Ferr_pf_DS07
MLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKAQAEEEIGHALRFYNYIYURNGRVELDEIPKPPKEW
ESPLKAFEAAYFHEKFISKSIYELAALAEEEKDYSTRAFLEWFINEQVEEELSVKKILDKLKFAKDSPQILFMLDKELSA
RAPKLPGEG { (SEQ ID NO: 276)

Ferr_pf_DS08
MLSERMLKALNDQLNRELYSAYLYFAMACYFEDLGLEGEFANWMKAQAEEEIGHALRFYNYIYDRNGRUELDEIPKPPKEW
ESPLKAFEAAYFHEKFISKSIYELAALAEEEKDOSTRAFLEWEFONEQVEEEASVKKILDKLKFAKDSPQILFMLDKELSA
RAPKLPGLLMQGGE (SEQ ID NO: 277)

Ferr_pf_DS09
MLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKAQAEEEIGHALRFYNYIYDRNGRVELDUIPOIPPKEW
ESPLKAFEAAYFHEKFISKSIYELAALAEEEKDOSTRAFLEWEFONEQVEEEASVKKILDKLKFAKDSPQILFMLDKELSA
RAPKLPGLLMQGGE (SEQ ID NO: 278)

Ferr_pf_DS10
MLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKAQAEEEIGHALRFYNYIYDRNGRVELDEUPKPPKEW
ESPLKAFEAAYEHEKF ISKSIYELAALAFREEKDUSTRAFLEWEFONEQVEEEASVKKILDKLKFAKDSPQILFMLDKELSA
RAPKLPGLLMQGGE (SEQ ID NO: 279)

Ferr_pf_DS11
MLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKAQAEEEIGHALRFYNYIYDRNGRVELDOIPKPPKEW
ESPLKAFEAAYFHEKFISKSIYELAALAFREEKDUSTRAFLEWEFONEQVEEEASVKKILDKLKFAKDSPQILFMLDKELSA
RAPKLPGLLMQGGE (SEQ ID NO: 280)

Ferr_pf_DS12
MLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKAQAEEEIGHALRFYNYIYDRNGRVELDGOIPKPPKE
WESPLKAFEAAYFEHEKFISKSIYELAALAEEEKDUSTRAFLEWEFONEQVEEEASVKKILDKLKFAKDSPQILFMLDKELS
ARAPKLPGLLMQGGE (SEQ ID NO: 281)

Ferr_pf_ DS13
MLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKAQAEEEIGHALREYNYIYDRNGRVELDEIPKPPKEW
ESPLKAFEAAYFHEKFISKSIYELAALAEEEKDOSTRAFLEWEONEQVEEEASVKKILDKLKFAKDSPQILFMLDKELSA
RAPKLPGAXIY (SEQ ID NO: 282)

Ferr_pf_DS14
MLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKAQAEEEIGHALREYNYIYDRNGRVELDEIPKPPKEW
ESPLKAFEAAYFHEKFISKSIYELAALAEEEKDOSTRAFLEWEONEQVEEEASVKKILDKLKFAKDSPQILFMLDKELSA
RAPKLPGEQWD (SEQ ID NO: 283)

Ferr_Mt_DSO01

MTEYEGPKTKFHALMQEQIHNEF TAAQQYVOIAVYFDSEDLPQLAKHEFYSQAVEERNHAMMLVQHLLORDLRVEIPGVDT
VRNQFDRPREALALALDQERTVIDQOVGRLTAVARDEGDEF LGEQFMOWF LQEQIEEVOLMATLVRVADRAGANLFELENEV
AREVDVAPAASGAPHAAGGRL (SEQ ID NO: 284)

Ferr_Mt_DS02
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MTEYEGPKTKFHALMQEQIHNEFTAAQQYVAIAVYFDSEDLPQLAKHEFYSQAVEERNHAMMLVQHLLIURDLRVEIPGODT
VRNQFDRPREALALALDQERTVTDOVGRLTAVARDEGDFLGEQFMOWEF LOEQIEEVULMATLVRVADRAGANLFELENEV
AREVDVAPAASGAPHAAGGRL (SEQ ID NO: 285)

Ferr_Mt_DS03

MTEYEGPKTKFHALMQEQIHNEF TAAQQYVAIAVYFDSEDLPQLAKHEFYSQAVEERNHAMMLVQHLLORDLRVEIPGVDT
VRUQFDRPREALALALDQERTVTDQVGRLTAVARDEGDEFLGEQFMOWFLQEQIEEVOLMATLVRVADRAGANLFELENEV
AREVDVAPAASGAPHAAGGRL (SEQ ID NO: 286)

Ferr_Mt_DS04

MTEYEGPKTKFHALMQEQIHNEF TAAQQYVAIAVYFDSEDLPQLAKHEFYSQAVEERNHAMMLVQHLLORDLRVEIPGVDT
VRNQFDRPREALALALDQERTVIDQOVGRLTAVARDEGDEF LGEQFMOWF LQEQIEEVOLMATLVRVADRAGANLFELENEV
AREVDVAPAASGAPHAAGGRY (SEQ ID NO: 287)

Ferr_Mt_DS05

MTEYEGPKTKFHALMQEQIHNEF TAAQQYVAIAVYFDSEDLPQLAKHEFYSQAVEERNHAMMLVQHLLIRDLRVEIPGVDT
VRNQFDRPREALALALDQERTVIDQOVGRLTAVARDEGDEF LGEQFMOWF LQEQIEEVILMATLVRVADRAGANLFELENEV
AREVDVAPAASGAPHAAGGR®. (SEQ ID NO: 288)

Ferr_Mt_DSO06

MTEYEGPKTKFHALMQEQIHNEF TAAQQYVIIAVYFDSEDLPQLAKHFYSQAVEERNHAMMLVQHLLDRDLRVESPGVDT
VRNQFDRPREALALALDQERTVTIDQOVGRLUAVARDEGDULGEQFMOWF LQEQIEEVALMATLVRVADRAGANLFELENEV
AREVDVAPAASGAPHAAGGRL (SEQ ID NO: 289)

Ferr_Mt_DS07

MTEYEGPKTKFHALMQEQIHNEF TAAQQYVAIAVYFDSEDLPQLAKHEFYSQAVEERNHAMMLVQHLLDRDLRVEIPGCDT
VRNQFDRPREALALALDQERTVIDOVGRLOAVARDEGDULGEQFMOWF LQEQIEEVALMATLVRVADRAGANLFELENEV
AREVDVAPAASGAPHAAGGRL (SEQ ID NO: 290)

Ferr_Mt_DSO08

MTEYEGPKTKFHALMQEQIHNEF TAAQQYVAIAVYFDSEDLPQLAKHEFYSQAVEERNHAMMLVQHLLDRDLRVIIPGVDT
VREQFDRPREALALALDQERTVTDQVGRLEUAVARDEGDULGEQEFMOWEF LQEQIEEVALMATLVRVADRAGANLFELENEV
AREVDVAPAASGAPHAAGGRL (SEQ ID NO: 291)

Ferr_Mt_DS09
MTEYEGPKTKEFHALMQEQIHNEFTAAQQYVAIAVYFDSEDLPQLAKHFYSQAVEERNHAMMLVQHLLDRDLRVEIPGVDT
VRNQFDRPREALALALDQERTVIDQVGRL{UAVARDEGDULGEQFMOWEFLQEQIEEVALMATLVRVADRAGANLFELENEV
AREVDVAPAASGAPHAAGGRY (SEQ ID NO: 292)

Ferr_Mt_DS10
MTEYEGPKTKEFHALMQEQIHNEFTAAQQYVAIAVYFDSEDLPQLAKHFYSQAVEERNHAMMLVQHLLDRDLRVEIPGVDT
VRNQFDRPREALALALDQERTVIDQOVGRLOAVARDEGDULGEQFMOWE LQEQIEEVALMATLVRVADRAGANLFELENEV
AREVDVAPAASGAPHAAGGRI (SEQ ID NO: 293)

Ferr_ec_DS01
MLKPEMIEKLNEQMNLELYSSLLYQOMSAWCIYHTFEGAAAFLRRHAQEEMTHMQRLFDYLODTGNLPRINTVESPFAREY
SSLDELFQETYKHEQLITQKINELIHAAMTINQDOPTENF LOWYVSEQHEEEKLEFKSIIDKLSLAGKSGEGLYFIDKELST
LDTQON (SEQ ID NO: 294)

Ferr_ec_DS02

MLKPEMIEKLNEQMNLELYSSLLYQOMSAWCSYHTFEGAAAF LRRHAQEEMTHMQRLFDYLTDTGNLPRINCVESPFARY
SSLDELFQETYKHEQLITQKINELIHAAMTINQDCPTENF LOWYVSEQHEEEKLEFKSIIDKLSLAGKSGEGLYFIDKELST
LDTQN (SEQ ID NO: 295)

Ferr_ec_DS03

MLKPEMIEKLNEQMNLELYSSLLYQOMSAWCSYHTFEGAAAF LRRHAQEEMTHMQRLFDYLTDTGNLPRINTOESPFAREY
SSLDELFQETYKHEQLITQKINELUHAAMTINQDSPTENF LOWYVSEQHEEEKLFKSIIDKLSLAGKSGEGLYFIDKELST
LDTQN (SEQ ID NO: 296)

Ferr_ec_DS04
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MLKPEMIEKLNEQMNLELYSSLLYQOMSAWCIYHTFEGAAAFLRRHAQEEMTHMORLEDYLUDTGNLPRINTVESPFAEY
SSLDELFQETYKHEQLITOKINELAHAAMTINQDY TENFLOWYOSEQHEEEKLEFKSIIDKLSLAGKSGEGLYFIDKELST
LDTON (SEQ ID NO: 297)

Ferr_ec_DS05

MLKPEMIEKLNEQMNLELYSSLLYQOMSAWCSYHTFEGAAAF LRRHAQEEMTHMOQRLFDYLTDTGNLPRINUVELPFAREY
SSLDELFQETYKHEQLITQKINELAHAAMTINQDYCTENF LOWYUSEQHEEEKLEFKSIIDKLSLAGKSGEGLYFIDKELST
LDTON (SEQ ID NO: 298)

Ferr_ec_DS06

MLKPEMIEKLNEQMNLELYSSLLYQOMSAWCSYHTFEGAAAF LRRHAQEEMTHMQRLFDYLTDTGNLPRINTOESPFAREY
SSLDELFQETYKHEQLITQKINELAHAAMTNQDYUTENF LOWYOSEQHEEEKLEFKSIIDKLSLAGKSGEGLYFIDKELST
LDTON (SEQ ID NO: 299)

Ferr_ec_DS07

MLKPEMIEKLNEQMNLELYSSLLYQOMSAWCCYHTFEGAAAF LRRHAQEEMTHMOQRLFDYLUDTGNLPRINTVESPFAREY
SSLDELFQETYKHEQLITQKINELAHAAMTNQDYUTENFLOWYVSEQUEEEKLFKSIIDKLSLAGKSGEGLYFIDKELST
LDTON (SEQ ID NO: 300)

Ferr_ec_DS08

MLKPEMIEKLNEQMNLELYSSLLYQOMSAWCIYHTFEGAAAF LRRHAQEEMTHMQRLFDYLUDTGNLPRINTVESPFAREY
SSLDELFQETYKHEQLITQKINELAHAAMTNQDY O TENFLOWYVSEQUGEEEKLFKSIIDKLSLAGKSGEGLYFIDKELS
TLDTQON (SEQ ID NO: 301)

Ferr_ec_DS09

MLKPEMIEKLNEQMNLELYSSLLYQOMSAWCSYHTFEGAAAF LRRHAQEEMTHMQRLFDYLTDTGNLPRINCVESPFARY
SSLDELFQETYKHEQLITQKINELAHAAMTINQDYCTENF LOWYVSEQUEEEKLFKSIIDKLSLAGKSGEGLYFIDKELST
LDTON (SEQ ID NO: 302)

Ferr_ec_DS10

MLKPEMIEKLNEQMNLELYSSLLYQOMSAWCSYHTFEGAAAF LRRHAQEEMTHMOQRLFDYLTDTGNLPRINUVELPFAREY
SSLDELFQETYKHEQLITQKINELAHAAMTINQDYSTENF LOWYVSEQUGEEEKLEFKSIIDKLSLAGKSGEGLYFIDKELS
TLDTQON (SEQ ID NO: 303)

Ferr_ec_DS11

MLKPEMIEKLNEQMNLELYSSLLYQOMSAWCSYHTFEGAAAF LRRHAQEEMTHMOQRLFDYLTDTGNLPRINTOESPFAREY
SSLDELFQETYKHEQLITQKINELAHAAMTNQDYUTENFLOWYVSEQUGREEEKLEFKSIIDKLSLAGKSGEGLYFIDKELS
TLDTQON (SEQ ID NO: 304)

Ferr_frog_DSO01
MVSQURONYHSDCEAAVNRMLNLELYASYTYSSMYOFFDRDDVALHNVAEFFKEHSHEEREHAEKEMKYQNKRGGRIVLQ
DIKKPERDEWGNTLEAMQAALQLEKTVNQALLDLHKLATDKVDPHLCDFLESEYLEEQVKDIKRICDFITNLKRLGLPEN
GMGEYLFDKHSVKESS (SEQ ID NO: 305)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to a ferritin subunit including an amino
acid sequence at least 80% (such as at least 85%, at least 90%), at least 95%, or at least 97 %) identical to
amino acid sequence set forth as any one of SEQ ID NOs: 14-20 or 258-305.

In additional embodiments, any of the disclosed heterologous carrier proteins can be linked to an
insect ferritin subunit to construct the self-assembling ferritin nanoparticle carrier including the ferritin
nanoparticle fused to the plurality of the heterologous carrier proteins. Insect ferritin protein nanopartciles
and their use and production are described, for example, in PCT. Pub. No. WO 2018/005558, which is
incorporated by reference herein. Unlike bacterial ferritin, insect ferritin includes twelve copies of two
different subunits (termed heavy and light chains; 24 subunits total). The insect ferritin heavy chains

trimerize and the insect ferritin light chains trimerize (forming four trimers of heavy chains and four trimers
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of light chains) and self-assemble into the globular nanoparticle. In several embodiments, each insect
ferritin heavy chain includes an N-terminal fusion to a first heterologous carrier protein, and each insect
ferritin light chain includes an N-terminal fusion to a second heterologous carrier protein. This allows for
display of two diverse carrier proteins on the same ferritin nanoparticle.

In several embodiments, the insect ferritin heavy and light chains can be from the Lepidoptera order
of insects, such as ferritin heavy and light chains from Trichoplusia (such as Trichoplusia ni), or ferritin
heavy and light chains from manduca. Exemplary ferritin heavy and light chain amino acid sequences for
Trichoplusia ni and manduca proteins are provided below:

Exemplary insect ferritin heavy and light chain sequences with N-terminal truncations that can be
included in the fusion protein are set forth below:

Trichoplusia ni ferritin heavy chain with 18-aa N-terminal truncation (ntl9)
RSCRNSMROQIQMEVGASLOYLAMGAHF SKDVVNRPGFAQLFFDAASEEREHAMKL IEYLLMRGELTNDVSSLLQVRPPT

RSSWKGGVEALEHALSMESDVTKSIRNVIKACEDDSEENDYHLVDYLTGDEFLEEQYKGORDLAGKASTLKKLMDRHEALG
EFIFDKKLLGIDV (SEQ ID NO: 21)

Trichoplusia ni ferritin light chain with 29-aa N-terminal truncation (nt30)
EYGSHGNVATELQAYAKLHLERSYDYLLSAAYFNNYQTNRAGE SKLEKKLSDEAWSKTIDIIKHVTKRGDKMNEDQHSTM
KTERKNYTAENHELEALAKALDTOQKELAERAFYIHREATRNSQHLHDPEIAQYLEEEF IEDHAEKIRTLAGHTSDLKKEI
TANNGHDLSLALYVEDEYLQKTV (SEQ ID NO: 22)

Manduca ferritin heavy chain with 38-aa truncation (nt39)
RSCRDSMRROIOMEVGASLQYLAMGAHF SKDKINRPGFAKLFFDAAGEEREHAMKLIEYLLMRGELTNDVTSLIQVRAPQ
RNKWEGGVDALEHALKME SDVTKSIRTVIKACEDDPEFNDYHLVDYLTGEFLEEQYKGQRDLAGKASTLKKMLDRNSALG
EFIFDKKLMGMDI (SEQ ID NO: 23)

Manduca ferritin light chain with 48-aa N-terminal truncation (nt49)
EYGHHGNVAKEMOAYAALHLERSYEYLLSSSYFNNYQTNRAGESKLEFRKLSDDAWEKTIDLIKHITMRGDEMNEFAQRSTQ
KSVDRKNYTVELHELESLAKALDTQKELAERAFFIHREATRNSQHLHDPEVAQYLEEEF IEDHAKTIRNLAGHTTDLKRE
VSGDNGQDLSLALYVEDEYLQKTV (SEQ ID NO: 24)

In some embodiments, the insect ferritin heavy chain can be a Trichoplusia ni ferritin heavy chain
with an 18 amino acid N-terminal truncation and the insect ferritin light chain can be a Trichoplusia ni
ferritin light chain with a 29 amino acid N-terminal truncation. For example, the insect ferritin heavy chain
comprises an amino acid sequence at least 90% identical to SEQ ID NO: 21, and the insect ferritin light
chain comprises an amino acid sequence at least 90% identical SEQ ID NO: 22 In some embodiments, the
insect ferritin heavy chain comprises an amino acid sequence set forth as SEQ ID NO: 21, and the insect
ferritin light chain comprises an amino acid sequence set forth as SEQ ID NO: 22.

In some embodiments, the insect ferritin heavy chain can be a manduca ferritin heavy chain with a
38 amino acid N-terminal truncation and the insect ferritin light chain can be a manduca ferritin light chain
with a 48 amino acid N-terminal truncation. For example, the insect ferritin heavy chain comprises an
amino acid sequence at least 90% identical to SEQ ID NO: 23, and the insect ferritin light chain comprises
an amino acid sequence at least 90% identical to SEQ ID NO: 24. In some embodiments, the insect ferritin
heavy chain comprises an amino acid sequence set forth as SEQ ID NO: 23, and the insect ferritin light

chain comprises an amino acid sequence set forth as SEQ ID NO: 24.

24-



10

15

20

25

30

35

40

45

50

WO 2020/061564 PCT/US2019/052419

b. Lumazine Synthase (LS)

In some embodiments, any of the disclosed heterologous carrier proteins (such as an tTT, CRM197,
or HiD carrier protein) can be linked to a lumazine synthase subunit to construct a self-assembling lumazine
synthase nanoparticle carrier including a lumazine synthase nanoparticle fused to a plurality of the
heterologous carrier proteins. Lumazine synthase nanoparticles are formed from 60 copies of the lumazine
synthase subunit.

The globular form of lumazine synthase nanoparticle is made up of monomeric subunits; non-

limiting examples of the sequence of lumazine synthase subunits are provided as:

MQIYEGKLTAEGLREGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGY
LIRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTLEQAIERAGTKHGNKGWEAALSAIEMANLFKSLR (SEQ
ID NO: 25)

QIYEGKLTAEGLRFGIVASRENOHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGVL
IRGATPHEDYIASEVSKGLANLSLELRKPITFGVITADTLEQAIERAGTKHGNKCWEAALSAIEMANLFKSLR (SEQ
ID NO: 26)

QIYEGKLTAEGLRFGIVASRENOHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAAGELARKENISAVIAIGVL
IRGATPHEDYIASEVSKGLADLSLELRKPITFGVITADTLEQAIERAGTKHGNKGWEAALSAIEMANLFKSLR (SEQ
ID NO: 27)

QIYEGKLTAEGLRFGIVASRENHALVDRLVEGAIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGVL
IRGATPHEDYIASEVSKGLADLSLELRKPITFGVITADTLEQAIERAGTKHGNKGWEAALSAIEMANLFKSLR (SEQ
ID NO: 28)

Additional lumazine synthase subunits are provided with one or more cysteine substitutions to
introduce non-native disulfide bond(s) that stabilize the lumazine synthase nanoparticle formed from self-
assembled subunits. In some embodiments, the non-native disulfide bond(s) are introduced with L121C-
K131C, L121CG-K131C, L121GC-K131C, K7C-R40C, 13C-L50C, I82C-K131CG, ESC-R52C, or E95C-
A101C substitutions, or a combination thereof (such as I3C-L50C and I82C-K131CG; E5C-R52C and 182C-
K131CG; or E95C-A101C and I82C-K131CG). The residues numbering is with reference to the lumazine
synthase subunit set forth as SEQ ID NO: 25. Non-limiting examples include:

LS-L121C-K131C
QIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAAGELARKENISAVIAIGVL
IRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTCEQAIERAGTCHGNKGWEAALSATEMANLFKSLR (SEQ
ID NO: 306)

LS-L121CG-K131C
QIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAAGELARKENISAVIAIGVL
IRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTCGEQATIERAGTCHGNKGWEAALSATEMANLFKSLR (SEQ
ID NO: 307)

LS-L121GC-K131C
QIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAAGELARKENISAVIAIGVL
IRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTGCEQATIERAGTCHGNKGWEAALSATEMANLFKSLR (SEQ
ID NO: 308)

LS-K7C-R40C
QIYEGELTAEGLRFGIVASRENHALVDRLVEGAIDAIVCHGGREEDITLVRVPGSWEIPVAAGELARKENISAVIAIGVL
IRGATPHEDYIASEVSKGLADLSLELRKPITFGVITADTLEQAIERAGTKHGNKGWEAALSAIEMANLFKSLR (SEQ
ID NO: 309)
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LS_Ag_DS01 (I3C-L50C, I82C-KI131CG)
OUYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDCIVRHGGREEDITOVRVPGSWE IPVAAGELARKEDIDAVIAIGVL
CRGATPHEDYIASEVSKGLADLSLELRKPITEGVITADTLEQAIERAGTUGHGNKGWEAALSATEMANLEFKSLR (SEQ
ID NO: 310)

LS_Ag_DS02 (E5C-R52C, I82C-KI131CG)
QIYUGKLTAEGLREFGIVASRENHALVDRLVEGAIDCIVRHGGREEDITLVOVPGSWE IPVAAGELARKEDIDAVIAIGVL
URGATPHEDYIASEVSKGLALLSLELRKPITEGVITADTLEQAIERAGTUGHGNKGWEAALSATEMANLEFKSLR (SEQ
ID NO: 311)

LS_Ag_DS03 (E95C-A101C, I82C-K131CG)
QIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGVL
CRGATPHEDYIASCVSKGLULLSLELRKPITEFGVITADTLEQATIERAGTUGHGNKGWEAALSATEMANLEFKSLR (SEQ
ID NO: 312)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to a lumazine synthase subunit including
an amino acid sequence at least 80% (such as at least 85%, at least 90%, at least 95%, or at least 97%)
identical to amino acid sequence set forth as any one of SEQ ID NOs: 25-28 or 306-312.

c. DNA starvation/stationary phase protection protein (DPS)

In some embodiments, any of the disclosed heterologous carrier proteins (such as an rTT, CRM197,
or HiD carrier protein) can be linked to a subunit of a DNA starvation/stationary phase protection protein
(DPS) complex, such as a DPS subunit from Thermosynechococcus elongates, Kineococcuc radiotolerans,
or Nostoc punctiforme, to construct a self-assembling DPS nanoparticle carrier including a DPS nanoparticle
fused to a plurality of the heterologous carrier proteins. Non-limiting examples of the sequence of DPS
subunits that can be included in the fusion proteins of the self-assembling protein nanoparticle carrier are

provided as:

DNA starvation/stationary phase protection protein (Thermosynechococcus
elongates)
SATTTLKEQVLTTLKREQANAVVMYLNYKKYHWLTYGPLFRDLHLLFEEQGSEVFAMIDELAERSLMLDGQPVADPADYL
KVATVIPSSGOLTVKOMIEEATIANHEL ITTEMHODAETATEAGDIGTADLYTRLVOTHQKHRWELKEFLAKGDGLVS
(SEQ ID NO: 29)

DNA starvation/stationary phase protection protein (Kineococcuc radiotolerans)
TTIHDVQTTGLTODAVTGEDASSRLNAGLOQEVLVDLTALHLQGKQAHWNIVGENWRDLHLQLDTLVEAARGEF SDDVAERM
RAVGGVPDARPQTVAASRIGDVGPDEIDTRACVEATIVALVRHTVDTIRRVHDPIDAEDPASADLLHATITLELEKQAWMIG
SENRSPRR (SEQ ID NO: 30)

DNA starvation/stationary phase protection protein (Nostoc punctiforme)
SETQTLLRNFGNVYDNPVLLDRSVTAPVTEGENVVLASFQALYLQYQKHHFVVEGSEFYSLUEFFNEAYNQVQDHIHEIG
ERLDGLGGVPVATFSKLAELTCFEQESEGVYSSRCMVENDLAAECAT IGVIRRQAAQAESLGDRGTRYLYEKILLKTEER
AYHLSHFLAKDSLTLGFVQAAQS (SEQ ID NO: 31)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to a DPS subunit including an amino acid

sequence at least 80% (such as at least 85%, at least 90%, at least 95%, or at least 97%) identical to amino
acid sequence set forth as any one of SEQ ID NOs: 29-31.
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d. Bacteriophage Q Beta Capsid protein (gbeta)

In some embodiments, any of the disclosed heterologous carrier proteins (such as an tTT, CRM197,
or HiD carrier protein) can be linked to a subunit of a Bacteriophage Q Beta Capsid protein (gbeta) complex
to construct a self-assembling gbeta nanoparticle carrier including a gbeta nanoparticle fused to a plurality of
the heterologous carrier proteins. A non-limiting example of the sequence of a gbeta subunit that can be

included in the fusion proteins of the self-assembling protein nanoparticle carrier is provided as:

AKLETVTLGNIGKDGKQTLVLNPRGVNPTNGVASLSQAGAVPALEKRVTIVSVSQP SRNRKNYKVQVKIQNPTACTANGAC
DPSVTIRQAYADVTFSFTQYSTDEERAFVRTELAALLASPLLIDAIDQLNPAY (SEQ ID NO: 32)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to a gbeta subunit including an amino acid
sequence at least 80% (such as at least 85%, at least 90%, at least 95%, or at least 97%) identical to the
amino acid sequence set forth as SEQ ID NO: 32.

e. Dihydrolipoyl transacetylase protein (e2p)

In some embodiments, any of the disclosed heterologous carrier proteins (such as an rTT, CRM197,
or HiD carrier protein) can be linked to a subunit of a dihydrolipoyl transacetylase protein (e2p) complex to
construct a self-assembling e2p nanoparticle carrier including an e2p nanoparticle fused to a plurality of the
heterologous carrier proteins. E2p nanoparticles are formed from 60 copies of the e2p subunit; structural
information is deposited at the Protein Data Bank No. 1B5S. In the globular e2p nanoparticle, the N-
terminus of the subunit is surface exposed and the C-terminus of the subunit is inside the globular
nanoparticle. A non-limiting example of the sequence of an ep2 subunit that can be included in the fusion

proteins of the self-assembling protein nanoparticle carrier is provided as:

AAAKPATTEGEFPETREKMSGIRRAIAKAMVHSKHTAPHVILMDEADVIKLVAIRKKFKAIAAEKGIKLTFLPYVVKALYV
SALREYPVLNTAIDDETEEIIQKHYYNIGIAADTDRGLLVPVIKHIADRKPIFALAQEINELAEKARDGKLTPGEMKGASC
TITNIGSAGGQWF TPVINHPEVAILGIGRIAEKPIVRDGEIVAAPMLALSLSFDHRMIDGATAQKALNHIKRLLSDPELL
LM (SEC ID NO: 33)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to an e2p subunit including an amino acid

sequence at least 80% (such as at least 85%, at least 90%, at least 95%, or at least 97%) identical to the
amino acid sequence set forth as SEQ ID NO: 33.

JA Phosphopantetheine Adenylyltransferase (6¢ccq)

In some embodiments, any of the disclosed heterologous carrier proteins (such as an rTT, CRM197,
or HiD carrier protein) can be linked to a subunit of a Phosphopantetheine Adenylyltransferase (6ccq)
complex to construct a self-assembling 6ccq nanoparticle carrier including a 6ccq nanoparticle fused to a

plurality of the heterologous carrier proteins. Phosphopantetheine Adenylyltransferase nanoparticles are
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formed from 6 copies of the Phosphopantetheine Adenylyltransferase subunit; structural information is
deposited at the Protein Data Bank No. 6CCQ. A non-limiting example of the sequence of a 6ccq subunit

that can be included in the fusion proteins of the self-assembling protein nanoparticle carrier is provided as:

MQKRAIYPGTFDPITNGHIDIVIRATQOMFDHVILAIAASPSKKPMFTLEERVALAQQATAHLGNVEVVGE SDLMANFARN
CHATVLIRGLRAVADFEYEMQLAHMNRHLMPELESVFLMP SKEWSFISSSLVKEVARHQGDVTHF LPENVHQALMAKLAY
D (SEQ ID NO: 34)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to a 6ccq subunit including an amino acid

sequence at least 80% (such as at least 85%, at least 90%, at least 95%, or at least 97%) identical to the
amino acid sequence set forth as SEQ ID NO: 34.

g Glutamate Synthase (1f52)

In some embodiments, any of the disclosed heterologous carrier proteins (such as an rTT, CRM197,
or HiD carrier protein) can be linked to a subunit of a Glutamate Synthase (1f52) protein complex to
construct a self-assembling Glutamate Synthase nanoparticle carrier including a Glutamate Synthase
nanoparticle fused to a plurality of the heterologous carrier proteins. A non-limiting example of the
sequence of a Glutamate Synthase subunit that can be included in the fusion proteins of the self-assembling

protein nanoparticle carrier is provided as:

EHVLTMLNEHEVKFVDLRE TDTKGKEQHVTIPAHQVNAEFFEEGKMEDGSSIGGWKGINESDMVLMPDASTAVIDPFFAD
STLIIRCDILEPGTLQGYDRDPRSIAKRAEDYLRATGIADIVLFGPEPEFFLFDDIRFGASISGSHVAIDDIEGAWNSST
KYEGGNKGHRPGVKGGYFPVPPVDSACDIRSEMCLVMEQMGLVVEAHHIEVATAGONEVATRENTMTKKADEIQIYKYVV
HNVAHRFGKTATFMPKPMEGDNGSGMHCHMSLAKNGINLF SGDKYAGLSEQALYYIGGVIKHAKAINALANPTTNSYKRL
VPGYEAPVMLAYSARNRSASIRIPVVASPKARRIEVRFPDPAANPYLCFAALLMAGLDGIKNK IHPGEPMDKNLYDLPPE
EAKEIPQVAGSLEEALNALDLDREFLKAGGVFTDEAIDAY IALRREEDDRVRMIPHPVEFELYYSV (SEQ ID NO:
35)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to a Glutamate Synthase subunit including
an amino acid sequence at least 80% (such as at least 85%, at least 90%, at least 95%, or at least 97%)

identical to the amino acid sequence set forth as SEQ ID NO: 35.

h. Calcium/calmodulin dependent protein kinase Ila (CaMKlla), C-terminal fragment

(5U6Y)

In some embodiments, any of the disclosed heterologous carrier proteins (such as an rTT, CRM197,
or HiD carrier protein) can be linked to a c-terminal fragment of a Calcium/calmodulin dependent protein
kinase Ila (CaMKIIa) protein to construct a self-assembling CaMKIIa nanoparticle carrier including a
nanoparticle based on the C-terminal fragment of CaMKIIa fused to a plurality of the heterologous carrier
proteins. The CaMKIIa nanoparticle is formed from 12 copies of the c-terminal fragment of CaMKIIa
subunit; structural information is deposited at the Protein Data Bank No. SU6Y. The N-terminus of the c-

terminal fragment is surface exposed in the globular nanoparticle. Non-limiting examples of CaMKIla
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sequences that can be included in the fusion proteins of the self-assembling protein nanoparticle carrier are

provided as:

GGKSGGNKKSDGVKESSESTNTAIEDEDTKVRKQEITKVTEQLIEAISNGDFESY TKMCDPGMTAF EPEALGNLVEGLDE
HREYFENLWSRNSKPVHTTILNPHIHLMGDESACIAYIRITQYLDAGGIPRTAQSEETRVWHRRDGKWQIVHFHRSGA
(SEQ ID NO: 36)

GVKESSESTNTAIEDEDTKVRKQEIIKVIEQLIEAISNGDFESYTKMCDPGMTAFEPEALGNLVEGLDEFHREYFENLWSR
NSKPVHTTILNPHIHLMGDESACIAYIRITQYLDAGGIPRTAQSEETRVWHRRDGKWQIVHFHRSGA (SEQ ID NO:
37)

STNTAIEDEDTKVRKQEIIKVTEQLIEAISNGDFESYTKMCDPGMTAFEPEALGNLVEGLDFHRFYFENLWSRNSKPVHT
TILNPHIHLMGDESACIAYIRITQYLDAGGIPRTAQSEETRVWHRRDGKWQIVHFHRSGA (SEQ ID NO: 38)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to a Glutamate Synthase subunit including
an amino acid sequence at least 80% (such as at least 85%, at least 90%, at least 95%, or at least 97%)

identical to the amino acid sequence set forth as any one of SEQ ID NOs: 36-38.

L HIYV capsid oligomerization domain (HIV)

In some embodiments, any of the disclosed heterologous carrier proteins (such as an rTT, CRM197,
or HiD carrier protein) can be linked to a HIV capsid oligomoization domain (HIV) to construct a self-
assembling HIV capsid oligomerization domain nanoparticle carrier including a nanoparticle based on the
HIV capsid oligomerization domain fused to a plurality of the heterologous carrier proteins. Non-limiting
examples of HIV capsid oligomerization domain sequences that can be included in the fusion proteins of the

self-assembling protein nanoparticle carrier are provided as:

PIVONLQGOMVHQAISCLCLNAWVKVVEEKAF SPEVIPMESALSEGATPODLNTMLNTVGGHQAAMOMLKETINEEAAEW
DRLHPVHAGPIAPGOMREPRGSDIAGTTSTLQEQIGWMTHNPPIPVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEP
FRDYVDREFYKTLRAEQASQEVKNAATETLLVONANPDCKTILKALGPGATLEEMMTACQGVGGPGHKARV (SEQ ID
NO: 39)

PIVONLQGOMVHQAISCLCLNAWVKVVEEKAF SPEVIPMF SALSEGATPQDLNTMLNTVGGHQAAMOMLKET INEEAAEW
DRLHPVHAGPIAPGOMREPRGSDIAGTTSTLOEQIGWMTHNPPIPVGEI YKRWI ILGLNKIVRMY SPTSILDIRQGPKEP
FRDYVDRFYKTLRAEQASQEVKNAATETLLVONANPDCKTILKALGPGATLEEMMTA (SEQ ID NO: 40)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to a HIV capsid oligomerization domain
including an amino acid sequence at least 80% (such as at least 85%, at least 90%, at least 95%, or at least

97%) identical to the amino acid sequence set forth as any one of SEQ ID NOs: 39-40.

J Hexamer
In some embodiments, any of the disclosed heterologous carrier proteins (such as an tTT, CRM197,
or HiD carrier protein) can be linked to a Hexamer subunit to construct a hexamer nanoparticle carrier

including a nanoparticle based on the hexamer sequence fused to a plurality of the heterologous carrier
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proteins. A non-limiting examples of a hexamer sequence that can be included in the fusion proteins of the

self-assembling protein nanoparticle carrier is provided as:

PTLYNVSLVMSDTAGTCY (SEQ ID NO: 41)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to a hexamer subunit including an amino
acid sequence at least 80% (such as at least 85%, at least 90%), at least 95%, or at least 97 %) identical to the
amino acid sequence set forth as SEQ ID NO: 41.

k. T4 fibritin Foldon domain (Fd)

In some embodiments, any of the disclosed heterologous carrier proteins (such as an tTT, CRM197,
or HiD carrier protein) can be linked to a T4 fibritin Foldon domain to construct a hexamer nanoparticle
carrier including a nanoparticle based on the T4 fibritin Foldon domain sequence fused to a plurality of the
heterologous carrier proteins. A non-limiting examples of a T4 fibritin Foldon domain sequence that can be

included in the fusion proteins of the self-assembling protein nanoparticle carrier is provided as:

GYIPEAPRDGQAYVRKDGEWVLLSTEL (SEQ ID NO: 42)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to a T4 fibritin Foldon domain including
an amino acid sequence at least 80% (such as at least 85%, at least 90%, at least 95%, or at least 97%)
identical to the amino acid sequence set forth as SEQ ID NO: 42.

L Encapsulin

In some embodiments, any of the disclosed heterologous carrier proteins (such as an tTT, CRM197,
or HiD carrier protein) can be linked to an encapsulin subunit to construct a self-assembling encapsulin
nanoparticle carrier including an encapsulin nanoparticle fused to a plurality of the heterologous carrier
proteins. Encapsulin nanoparticles are formed from 60 copies of the encapsulin subunit.

The globular form of the encapsulin nanoparticle is made up of monomeric subunits. A non-limiting

example of the sequence of an encapsulin subunit is provided as:
MEFLKRSFAPLTEKQWQE IDNRAREIFKTQLYGRKEFVDVEGPYGWEYARHPLGEVEVLSDENEVVKWGLRKSLPLIELRA
TFTLDLWELDNLERGKPNVDLSSLEETVRKVAEFEDEVIFRGCEKSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFS
KDGIEGPYTLVINTDRWINFLXKEEAGHYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGQDLSIGYEDREKD
AVRLFITETFTFQVVNPEALILLKE (SEQ ID NO: 43)

Additional encapsulin subunits are provided with one or more cysteine substitutions to introduce
non-native disulfide bond(s) that stabilize the encapsulin nanoparticle formed from self-assembled subunits.
In some embodiments, the non-native disulfide bond(s) are introduced with G53C-R94C, G53C-K96C, or

K146C-A185C substitutions, or a combination thereof. The residues numbering is with reference to the

encapsulin subunit set forth as SEQ ID NO: 43. Non-limiting examples include:
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EN G53C-R94C
MEFLKRSFAPLTEKQWQEIDNRAREIFKTQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDENEVVKWGLRKSLPLIELRA
TETLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIFRGCEKSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIES
KDGIEGPYTLVINTDRWINFLKEEAGHYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDEFKLILGODLSIGYEDREKD
AVRLFITETFTFQVVNPEALILLKE (SEQ ID NO: 313)

EN G53C-K96C
MEFLKRSFAPLTEKQWQEIDNRAREIFKTQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDENEVVKWGLRKSLPLIELRA
TETLDLWELDNLErGcPNVDLSSLEETVRKVAEFEDEVIFRGCEKSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIES
KDGIEGPYTLVINTDRWINFLKEEAGHYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDEFKLILGODLSIGYEDREKD
AVRLFITETFTFQVVNPEALILLKE (SEQ ID NO: 314)

EN K146C-A185C
MEFLKRSFAPLTEKQWQEIDNRAREIFKTQLYGRKEVDVEGPYGWEYAAHPLgEVEVLSDENEVVKWGLRKSLPLIELRA
TFTLDLWELDNLErGkPNVDLSSLEETVRKVAEFEDEVIFRGCEKSGVKGLLSFEERKIECGSTPcDLLEAIVRALSIFES
KDGIEGPYTLVINTDRWINFLKEECGHYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDEFKLILGODLSIGYEDREKD
AVRLFITETFTFQVVNPEALILLKE (SEQ ID NO: 315)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to an encapsulin subunit including an
amino acid sequence at least 80% (such as at least 85%, at least 90%, at least 95%, or at least 97%) identical
to amino acid sequence set forth as SEQ ID NO: 43 or 313-315.

Encapsulin proteins are a conserved family of bacterial proteins also known as linocin-like proteins
that form large protein assemblies that function as a minimal compartment to package enzymes. The
encapsulin assembly is made up of monomeric subunits, which are polypeptides having a molecule weight
of approximately 30 kDa. Following production, the monomeric subunits self-assemble into the globular
encapsulin assembly including 60, or in some cases, 180 monomeric subunits. Methods of constructing
encapsulin nanoparticles are described, for example, in Sutter et al. (Nature Struct. and Mol. Biol., 15:939-
947, 2008, which is incorporated by reference herein in its entirety). In specific examples, the encapsulin
polypeptide is bacterial encapsulin, such as Thermotoga maritime or Pyrococcus furiosus or Rhodococcus

erythropolis or Myxococcus xanthus encapsulin.

m. Acinetobacter phage AP205 (AP205)

In some embodiments, any of the disclosed heterologous carrier proteins (such as an tTT, CRM197,
or HiD carrier protein) can be linked to a Acinetobacter phage AP205 domain to construct a self-assembing
nanoparticle carrier including a nanoparticle based on the Acinetobacter phage AP205 domain sequence
fused to a plurality of the heterologous carrier proteins. A non-limiting examples of an Acinetobacter phage
AP205 domain sequence that can be included in the fusion proteins of the self-assembling protein

nanoparticle carrier is provided as:

AP205
MANKPMQPITSTANKIVWSDPTRLSTTESASLLRQRVKVGIAELNNVSGQYVSVYKRPAPKPEGCADACVIMPNENQSIR
TVISGSAENLATLKAEWETHKRNVDTLFASGNAGLGFLDPTAAIVSSDTT (SEQ ID NO: 316)

Additional Acinetobacter phage AP205 subunits are provided with one or more cysteine

substitutions to introduce non-native disulfide bond(s) that stabilize the Acinetobacter phage
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AP205nanoparticle formed from self-assembled subunits. In some embodiments, the non-native disulfide
bond(s) are introduced with T81C (which forms a disulfide with a cysteine already present in AP205),
S53C-H100C, or V82C-R80C substitutions, or a combination thereof. The residues numbering is with
reference to the Acinetobacter phage AP205 subunit set forth as SEQ ID NO: 316. Non-limiting examples

include:

AP205-T81C
MANKPMQPITSTANKIVWSDPTRLSTTESASLLRQRVKVGIAELNNVSGQYVSVYKRPAPKPEGCADACVIMPNENQSIR
<VISGSAENLATLKAEWETHKRNVDTLFASGNAGLGFLDPTAAIVSSDTT (SEQ ID NO: 317)

AP205 S53C-H100C
MANKPMQPITSTANKIVWSDPTRLSTTESASLLRQRVKVGIAELNNVSGQYVeVYKRPAPKPEGCADACVIMPNENQSIR
TVISGSAENLATLKAEWETKRNVDTLFASGNAGLGFLDPTAAIVSSDTT (SEQ ID NO: 318)

AP205 V82C-R80C
MANKPMQPITSTANKIVWSDPTRLSTTESASLLROQRVKVGIAELNNVSGQYVSVYKRPAPKPEGCADACVIMPNENQSI®
CnISGSAENLATLKAEWETHKRNVDTLFASGNAGLGFLDPTAAIVSSDTT (SEQ ID NO: 319)

AP205 C65-C69GC
MANKPMQPITSTANKIVWSDPTRLSTTESASLLRORVKVGIAELNNVSGQYVSVYKRPAPKPEGCADAGIVIMPNENQST
RTVISGSAENLATLKAEWETHKRNVDTLFASGNAGLGEFLDPTAAIVSSDTT (SEQ ID NO: 320)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to a Acinetobacter phage AP205 subunit
including an amino acid sequence at least 80% (such as at least 85%, at least 90%, at least 95%, or at least

97%) identical to the amino acid sequence set forth as SEQ ID NO: 316-320.

n. Hepatitis B capsid protein (HBV)

In some embodiments, any of the disclosed heterologous carrier proteins (such as an tTT, CRM197,
or HiD carrier protein) can be linked to a Hepatitis B capsid protein domain to construct a self-assembling
nanoparticle carrier including a nanoparticle based on the Hepatitis B capsid protein domain sequence fused
to a plurality of the heterologous carrier proteins. A non-limiting examples of an Hepatitis B capsid protein
domain sequence that can be included in the fusion proteins of the self-assembling protein nanoparticle

carrier is provided as:

HBV
MDIDPYKEFGATVELLSFLPSDFFPSVRDLLDTASALYREALESPEHCSPHHTALRQAILCWGELMTLATWVGVNLEDPA
SRDLVVSYVNTNMGLKFRQLLWEFHISCLTFGRETVIEYLVSFGVWIRTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRT
PSPRRRRSQSPRRRRSQSRESQC (SEQ ID NO: 321)

Additional Hepatitis B capsid protein subunits are provided with one or more cysteine substitutions
to introduce non-native disulfide bond(s) that stabilize the Hepatitis B capsid protein domain nanoparticle
formed from self-assembled subunits. In some embodiments, the non-native disulfide bond(s) are
introduced with P25C-R127C, E14C-A36C, D29C-R127C, F18C-A36C, or D29C-R127C substitutions, or a

combination thereof. The residues numbering is with reference to the Hepatitis B capsid protein subunit set

forth as SEQ ID NO: 321. Non-limiting examples include:
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HBV P25C-R127C
MDIDPYKEFGATVELLSFLPSDEFFcSVRDLLDTASALYREALESPEHCSPHHTALRQAILCWGELMTLATWVGVNLEDPA
SRDLVVSYVNTNMGLKEFRQLLWEHISCLTEFGRETVIEYLVSEGVWICTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRT
PSPRRRRSQOSPRRRRSQOSRESQC (SEQ ID NO: 322)

HBV E14C-A36C
MDIDPYKEFGATVcLLSEFLPSDEFFPSVRDLLDTASCLYREALESPEHCSPHHTALRQAILCWGELMTLATWVGVNLEDPA
SRDLVVSYVNTNMGLKEFRQLLWEHISCLTEFGRETVIEYLVSEGVWIRTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRT
PSPRRRRSQOSPRRRRSQOSRESQC (SEQ ID NO: 323)

HBV D29C-R127C
MDIDPYKEFGATVELLSFLPSDEFFPSVRCLLDTASALYREALESPEHCSPHHTALRQAILCWGELMTLATWVGVNLEDPA
SRDLVVSYVNTNMGLKEFRQLLWEHISCLTEFGRETVIEYLVSEGVWICTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRT
PSPRRRRSQOSPRRRRSQOSRESQC (SEQ ID NO: 324)

HBV_DS01 (F18C-A36C)
MDIDPYKEFGATVELLSCLPSDEFFPSVRDLLDTASCLYREALESPEHCSPHHTALRQAILCWGELMTLATWVGVNLEDPA
SRDLVVSYVNTNMGLKERQLLWEHISCLTFGRETVIEYLVSEGVWIRTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRT
PSPRRRRSQSPRRRRSQSRESQC (SEQ ID NO: 325)

HBV_DS02 (D29C-R127C)
MDIDPYKEFGATVELLSFLPSDEFPSVROLLDTASALYREALESPEHCSPHHTALRQAILCWGELMTLATWVGVNLEDPA
SRDLVVSYVNTNMGLKEFRQLLWEHISCLTEFGRETVIEYLVSEFGVWIUTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRT
PSPRRRRSQSPRRRRSQSRESQC (SEQ ID NO: 326)

In some embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise any of the disclosed heterologous carrier proteins fused to a Hepatitis B capsid subunit including
an amino acid sequence at least 80% (such as at least 85%, at least 90%, at least 95%, or at least 97%)
identical to the amino acid sequence set forth as any one of SEQ ID NO: 321-326.

2, Heterologous Carrier Proteins

The heterologous carrier protein included in the fusion protein can be any carrier protein suitable for
use as with a vaccine that is a single polypeptide chain of amino acids (as opposed to a protein complex).
Examples of suitable heterologous carrier proteins are those that can increase the immunogenicity of the
conjugate and/or elicit antibodies against the carrier which are diagnostically, analytically, and/or
therapeutically beneficial. Specific, non-limiting examples of suitable polypeptide carriers include, but are
not limited to, natural, semi-synthetic or synthetic polypeptides or proteins from bacteria or viruses. In one
embodiment, bacterial products for use as carriers include bacterial toxins, such as those that are single
polypeptide chains (or a fragment thereof) that mediate toxic effects, inflammatory responses, stress, shock,
chronic sequelae, or mortality in a susceptible host. Specific, non-limiting examples of such bacterial toxins
include, but are not limited to: single polypeptide chains of B. anthracis PA (for example, as encoded by
bases 143779 to 146073 of GENBANK® Accession No. NC 007322); B. anthracis LF (for example, as
encoded by the complement of bases 149357 to 151786 of GENBANK® Accession No. NC 007322);
bacterial toxins and toxoids, such as tetanus toxin/toxoid (for example, as described in U.S. Patent Nos.
5,601,826 and 6,696,065); diphtheria toxin/toxoid (for example, as described in U.S. Patent Nos. 4,709,017
and 6,696,065), such as tetanus toxin heavy chain C fragment; P. aeruginosa exotoxin/toxoid (for example,

as described in U.S. Patent Nos. 4,428,931, 4,488,991 and 5,602,095); pertussis toxin/toxoid (for example,

-33.



10

15

20

25

30

35

40

WO 2020/061564 PCT/US2019/052419

as described in U.S. Patent Nos. 4,997,915, 6,399,076 and 6,696,065); and C. perfringens exotoxin/toxoid
(for example, as described in U.S. Patent Nos. 5,817,317 and 6,403,094) C. difficile toxin B or A, or analogs
or mimetics of and combinations of two or more thereof. Viral proteins, such as hepatitis B surface antigen
(for example, as described in U.S. Patent Nos. 5,151,023 and 6,013,264) and core antigen (for example, as
described in U.S. Patent Nos. 4,547,367 and 4,547,368) can also be used as carriers, as well as single
polypeptide chains of proteins from higher organisms such as keyhole limpet hemocyanin (KLH), horseshoe
crab hemocyanin, Concholepas Concholepas Hemocyanin (CCH), Ovalbumin (OVA), edestin, mammalian
serum albumins (such as bovine serum albumin), and mammalian immunoglobulins.

In some embodiments, the heterologous carrier protein is selected from one of: a Keyhole Limpet
Hemocyanin (KLH) subunit, recombinant tetanus toxin heavy chain C fragment (1TT), diphtheria toxin
variant CRM197, or H influenzae protein D (HiD). CRM197 is a genetically detoxified form of diphtheria
toxin; a single mutation at position 52, substituting glutamic acid for glycine, causes the ADP-
ribosyltransferase activity of the native diphtheria toxin to be lost. For description of exemplary protein
carriers for vaccines, see Pichichero, Protein carriers of conjugate vaccines: characteristics, development,
and clinical trials, Hum Vaccin Immunother., 9: 2505-2523,2013, which is incorporated by reference herein
in its entirety).

In some embodiments, the heterologous carrier protein is an r'TT protein, for example, comprising

the amino acid sequence set forth as:

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEY
NDMENNEFTVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKE
NAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEK
LYTSYLSITFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPN
NEIDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNA
SLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWIND (SEQ ID NO: 44)

In some embodiments, the heterologous carrier protein is an rTT protein comprising amino acid
substitutions to remove one or more N-linked glycosylation sites. Itis believed that removal of the N-linked
glycosylation sites may improve accessibility of the protein surface for conjugation to the HIV-1 Env fusion
peptide. Exemplary rTT protein sequences with modifications to remove one or more N-linked

glycosylation sites are provided as:

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVIKAMDIEYND
MENQFTVSFWLRVPKVSASHLEQYGTINEYSITSSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVROQITFRDLPDKENA
YLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFITIKRYTPNNE
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASL
GLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 45)

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYND
MENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENA
YLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLY
TSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNE
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 46)

34-



10

15

20

25

30

35

40

45

50

55

WO 2020/061564 PCT/US2019/052419

In some embodiments, the heterologous carrier protein is an rTT protein comprising amino acid
substitutions to remove one or more N-linked glycosylation sites as well as to introduce lysine residues at
surface exposed positions of the carrier. Increasing the number of lysine residues in the heterologous carrier
protein increases the number of available sites for conjugation to the HIV-1 Env fusion peptides with
methods targeting the amino moiety of lysine, such as sulfosuccinimidyl (4-iodoacetyl)aminobenzoate
(Sulfo-SIAB) linkers. Exemplary rTT protein sequences with modifications to remove one or more N-

linked glycosylation sites and/or to add lysine residues are provided as:

NLDCWVDKEEDIDVILKKSTILNLDINKDIISDISkKkENSAVITYPDAQLVPGINGKAIHLVNNEkKSEVIVHKAMKIEYND
MENNETVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENA
YLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNE
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 47)

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYND
MENNETVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENA
YLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNE
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASL
GLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 48)

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYND
MENQFTVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENA
YLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPNNE
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASL
GLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 49)

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYND
MENNETVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENA
YLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNE
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 50)

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYND
MENNETVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENA
YLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNE
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYFVPTDEGWIND (SEQ ID NO: 51)

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYND
MENNETVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENA
YLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNE
IDSFVKSGDEFIKLYVSYkNNEHIVGYPKDGNAFNKLDRILRVGYkAPKIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGkDPNRDILIASNWYEFNHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 52)

NLDCWVDKEEDIDVILKKSTILNLDINKDIISDISkKkENSAVITYPDAQLVPGINGKAIHLVNNEkKSEVIVHKAMKIEYND
MENNETVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENA
YLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNE
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 53)

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYND
MENNFTVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSIGSGWSVSLKGNNLIWTLKDSkGEVROQITFRDLPKKENA
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YLANKWVEFITITNDRkSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNE
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 54)

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYND
MENNETVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENA
YLANKWVEFITITNDRLSSANLYINGVLMGSAEITkLGAIREDNQITLKLDRCkNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTKAPSYTNGKLNIYYRRLYNGLKEITIKRYkPNNk
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGNDPNRDILIASNWYEFNHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 55)

NLDCWVDKEEDIDVILKKSTILNLDINKDIISDISkKkENSAVITYPDAQLVPGINGKAIHLVNNEkKSEVIVHKAMKIEYND
MENNFTVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSIGSGWSVSLKGNNLIWTLKDSkGEVROQITFRDLPKKENA
YLANKWVEFITITNDRkSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNE
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 56)

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYND
MENNETVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENA
YLANKWVEFITITNDRLSSANLYINGVLMGSAEITkLGAIREDNQITLKLDRCkNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTKAPSYTNGKLNIYYRRLYNGLKEITIKRYkPNNk
IDSFVKSGDEFIKLYVSYkNNEHIVGYPKDGNAFNKLDRILRVGYkAPKIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGkDPNRDILIASNWYEFNHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 57)

NLDCWVDKEEDIDVILKKSTILNLDINKDIISDISkKkENSAVITYPDAQLVPGINGKAIHLVNNEkKSEVIVHKAMKIEYND
MENNETVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENA
YLANKWVEFITITNDRLSSANLYINGVLMGSAEITkLGAIREDNQITLKLDRCkNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTKAPSYTNGKLNIYYRRLYNGLKEITIKRYkPNNk
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGNDPNRDILIASNWYEFNHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 58)

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYND
MENNFTVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSIGSGWSVSLKGNNLIWTLKDSkGEVROQITFRDLPKKENA
YLANKWVEFITITNDRkSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNE
IDSFVKSGDEFIKLYVSYkNNEHIVGYPKDGNAFNKLDRILRVGYkAPKIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGkDPNRDILIASNWYEFNHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 59)

NLDCWVDKEEDIDVILKKSTILNLDINKDIISDISkKkENSAVITYPDAQLVPGINGKAIHLVNNEkKSEVIVHKAMKIEYND
MENNFTVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSIGSGWSVSLKGNNLIWTLKDSkGEVROQITFRDLPKKENA
YLANKWVEFITITNDRkSSANLYINGVLMGSAEITkLGAIREDNQITLKLDRCkNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTKAPSYTNGKLNIYYRRLYNGLKEITIKRYkPNNk
IDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 60)

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYND
MENNFTVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSIGSGWSVSLKGNNLIWTLKDSkGEVROQITFRDLPKKENA
YLANKWVEFITITNDRkSSANLYINGVLMGSAEITkLGAIREDNQITLKLDRCkNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTKAPSYTNGKLNIYYRRLYNGLKEITIKRYkPNNk
IDSFVKSGDEFIKLYVSYkNNEHIVGYPKDGNAFNKLDRILRVGYkAPKIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGkDPNRDILIASNWYEFNHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 61)

NLDCWVDKEEDIDVILKKSTILNLDINKDIISDISkKkENSAVITYPDAQLVPGINGKAIHLVNNEkKSEVIVHKAMKIEYND
MENNETVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENA
YLANKWVEFITITNDRLSSANLYINGVLMGSAEITkLGAIREDNQITLKLDRCkNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTKAPSYTNGKLNIYYRRLYNGLKEITIKRYkPNNk
IDSFVKSGDEFIKLYVSYkNNEHIVGYPKDGNAFNKLDRILRVGYkAPKIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGkDPNRDILIASNWYEFNHLKDKILGCDWYFVPTDEGWTIND (SEQ ID NO: 62)
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NLDCWVDKEEDIDVILKKSTILNLDINkKkDIISDISkFNSAVITYPDACLVPGINGKAIHLVNNEKSEVIVHKAMKIEYND
MENNE TVSFWLRVPKVSASHLEQYGTNEYSIISSMKKHkkSIGSGWSVSLKGNNL IWTLKDSkGEVRQITFRDLPKKENA
YLANKWVFITITNDRkSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSITFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKF IIKRYTPNNE
IDSFVKSGDF IKLYVSYKNNEHIVGYPKDGNAFNKLDRILRVGYKAPKIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASL
GLVGTHNGQIGkDPNRDILIASNWYFNHLKDKILGCDWYFVPTDEGWIND (SEQ ID NO: 63)

In some embodiments, the heterologous carrier protein is a fragment of the rTT protein, such as a

fragment of rTT protein comprising, consisting essentially of, or consisting of the amino acid sequence set

forth as:

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYND
MENNETVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENA
YLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLY
TSYLSIT (SEQ ID NO: 64)

In some embodiments, the fusion protein can include an rTT sequence set forth as any one of SEQ
ID NOs: 44-64, or an amino acid sequence at least 90% identical thereto.
In some embodiments, the heterologous carrier protein is a HiD protein, for example, comprising the

amino acid sequence set forth as:

SNMANTOMKSDKIIIAHRGASGYLPEOTLESKALAFAQQADYLEQDLAMTKDGRLVVIHDAFLDGLTDVAKKEPHRHRKD
GRYYVIDFTLKEIQSLEMTENFETKDGKQAQVYPNREPLWKSHERIHTFEDEIEF IQGLEKSTGKKVGIYPEIKAPWEHH
ONGKDIAAETLKVLKKYGYDKKTDMVYLQTEDENELKRIKTELLPOMGMDLKLVQLIAYTDWKETQEKDPKGYWVNYNYD
WMEKPGAMAEVVKYADGVGPGWYMLVNKEESKPDNIVYTPLVKELAQYNVEVHPYTVRKDALPEFEFTDVNOQMYDALLNKS
GATGVETDFPDTGVEFLKGIK (SEQ ID NO: 65)

In some embodiments, the fusion protein can include a HiD sequence set forth as SEQ ID NO: 65,
or an amino acid sequence at least 90% identical thereto.

In some embodiments, the heterologous carrier protein is a HiD protein comprising amino acid
substitutions to remove one or more N-linked glycosylation sites and/or to introduce lysine residues at
surface exposed positions of the carrier. It is believed that removal of the N-linked glycosylation sites may
improve accessibility of the protein surface for conjugation to the HIV-1 Env fusion peptide.

In some embodiments, the heterologous carrier protein is a CRM197 protein, for example,

comprising the amino acid sequence set forth as:
GADDVVDSSKSFVMENFSSYHGTKPGYVDSIQKGIQKPKSGTOGNYDDDWKEFY STDNKYDAAGY SVDNENPLSGKAGGY
VKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEF IKRFGDGASRVVLSLPFAEGSSSVEYINNWEQAKALS
VELEINFETRGKRGCDAMYEYMACACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKENGP IKNKMSE SPNKTIVSE
EKAKQYLEEFHQTALEHPELSELKTVIGTNPVFAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGA
VHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLFQVVHNSYNRPAYSPGHKTQOPFLHDGYAVSWNT
VEDSIIRTGFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVIFCRPKSPVYVG
NGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFFEIKS (SEQ ID NC: 66)

In some embodiments, the fusion protein can include a CRM197 sequence set forth as SEQ ID NO:
66, or an amino acid sequence at least 90% identical thereto.

In some embodiments, the heterologous carrier protein is a CRM197 protein comprising amino acid
substitutions to remove one or more N-linked glycosylation sites. Itis believed that removal of the N-linked
glycosylation sites may improve accessibility of the protein surface for conjugation to the HIV-1 Env fusion
peptide. An exemplary CRM197 protein sequence with modifications to remove one or more N-linked

glycosylation sites is provided as:
37-
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GADDVVDSSKSEFVMENFASYHGTKPGYVDSIQKGIQKPKSGTQGNYDDDWKEF Y STDNKYDAAGY SVDNENPL SGKAGGY
VKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEF IKRFGDGASRVVLSLPFAEGSSSVEYINNWEQAKALS
VELEINFETRGKRGQDAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGP IKNKMSE SPNKAVSE
EKAKQYLEEFHQTALEHPELSELKTVIGTNPVFAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGA
VHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLFQVVHNSYNRPAYSPGHKTQOPFLHDGYAVSWNT
VEDSIIRIGFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKAKTHISVNGRKIRMRCRAIDGDVIFCRPKSPVYVG
NGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFFEIKS (SEQ ID NC: 67)

In some embodiments, the fusion protein can include a CRM197 sequence set forth as SEQ ID NOs:
67, or an amino acid sequence at least 90% identical thereto.

In some embodiments, the heterologous carrier protein is a Meningococcal outer membrane protein
complex (OMPC) protein. An exemplary OMPC protein sequence with modifications to remove one or

more N-linked glycosylation sites is provided as:

DETIQODIRVEGLORTEPSTVENYLPVKVGDTYNDTHGSAIIKSLYATGEEFDDVRVETADGQLLLTVIERPTIGSLNITGA
KMLONDAIKKNLESEFGLAQSQYEFNQATLNQAVAGLKEEYLGRGKLNIQITPKVTKLARNRVDIDITIDEGKSAKITDIEE
EGNQVYSDRKLMROMSLTEGGIWIWLTRSNQEFNEQKEFAQDMEKVIDEYONNGYEFDEFRILDTDIQTNEDKTKQTIKITVHE
GERFRWGKVSIEGDTINEVPKAELEKLLTMKPGKWYERQOMTAVLGEIQNRMGSAGYAYSEISVQOPLPNAETKTVDEVLHT
EPGRKIYVNEIHITGNNKTRDEVVRRELROQMESAPYDTSKLORSKERVELLGYEFDNVQEFDAVPLAGTPDKVDLNMSLTER
STGSLDLSAGWVQODTGLVMSAGVSODNLEGTGKSAALRASRSKTTLNGSLSEFTDPYEFTADGVSLGYDVYGKAFDPRKAST
SIKQYKTTTAGAGIRMSVPVIEYDRVNEGLVAEHLTVNTYNKAPKHYADEF IKKYGKTDGTDGSEFKGWLYKGTVGWGRNKT
DSALWPTRGYLTGVNAEIALPGSKLOYYSATHNQTWEFEFPLSKTEFTLMEGGEVGIAGGYGKTKEIPFFENEYGGGLGSVRG
YESGTLGPKVYDEYGEKISYGGNKKANVSAELLEFPMPGAKDARTVRLSLEFADAGSVWDGKTYDDNSSSATGGRVONIYGA
GNTHKSTFTINELRYSAGGAVIWLSPLGPMKESYAYPLKKKPEDEIQREFQFQLGTTE (SEQ ID NO: 222)

In some embodiments, the heterologous carrier protein is an OMPC protein comprising amino acid
substitutions to remove one or more N-linked glycosylation sites and/or to introduce lysine residues at
surface exposed positions of the carrier. It is believed that removal of the N-linked glycosylation sites may
improve accessibility of the protein surface for conjugation to the HIV-1 Env fusion peptide.

In some embodiments, the heterologous carrier protein is an Quter-membrane lipoprotein carrier
protein comprising amino acid substitutions to remove one or more N-linked glycosylation sites. It is
believed that removal of the N-linked glycosylation sites may improve accessibility of the protein surface for
conjugation to the HIV-1 Env fusion peptide. An exemplary Outer-membrane lipoprotein carrier protein

sequence with modifications to remove one or more N-linked glycosylation sites is provided as:

QAGAVDALKQENNDADGISGSEFTQTVOSKKKTQTAHGTFKILRPGLEKWEYTSPYKQTIVGDGQTVWLYDVDLAQVTKSS
ODQOAIGGSPAAILSNKTALESSYTLKEDGSSNGIDYVLATPKRNNAGYQYIRIGFKGGNLAAMOQLKDSEGNQTSISEGGL
NTINPQLSRGAFKFTPPKGVDVLSN (SEQ ID NO: 223)

In some embodiments, the heterologous carrier protein is a Quter-membrane lipoprotein carrier
protein comprising amino acid substitutions to remove one or more N-linked glycosylation sites and/or to
introduce lysine residues at surface exposed positions of the carrier. It is believed that removal of the N-
linked glycosylation sites may improve accessibility of the protein surface for conjugation to the HIV-1 Env
fusion peptide.

In some embodiments, the heterologous carrier protein is a Cholera Toxin B Subunit comprising
amino acid substitutions to remove one or more N-linked glycosylation sites. It is believed that removal of
the N-linked glycosylation sites may improve accessibility of the protein surface for conjugation to the HIV-
1 Env fusion peptide. An exemplary Cholera Toxin B Subunit sequence with modifications to remove one

or more N-linked glycosylation sites is provided as:
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NGTIPONITDLCAEYHONTQIHTLNDKIFSYTESLAGKREMAIITEFKNGATEQVEVPGSQHIDSQKKAIERMKDTLRIAYLT
EAKVEKLCVWNNKTPHAIAAISMAN (SEQ ID NO: 224)

In some embodiments, the heterologous carrier protein is a Cholera Toxin B Subunit comprising
amino acid substitutions to remove one or more N-linked glycosylation sites and/or to introduce lysine
residues at surface exposed positions of the carrier. It is believed that removal of the N-linked glycosylation
sites may improve accessibility of the protein surface for conjugation to the HIV-1 Env fusion peptide.

Any one of the above disclosed heterologous carrier proteins can be fused to any one of the self-
assembling protein nanoparticle subunits in the fusion protein of the self-assembling protein nanoparticle

carrier.

3. Linker

The heterologous carrier protein fused to the self-assembling protein nanoparticle subunit can be
direct linked (for example, the C-terminus of the heterologous carrier protein is linked to the N-terminus of
the self-assembling protein nanoparticle subunit by a peptide bond), or indirectly linked by a peptide linker
(for example, the C-terminus of the heterologous carrier protein is directly linked to the N-terminus of a
peptide linker by a peptide bond, and the C-terminus of the peptide linker is directly linked to the N-
terminus of the self-assembling protein nanoparticle subunit by a peptide bond). Any suitable linker can be
used to fuse the heterologous carrier protein and the self-assembling protein nanoparticle. In some
embodiments, the linker comprises a camel IgG2a hinge (referred to as calgG2a,
EPKIPQPQPKPQPQPQPQPKPQPKPEPE, SEQ ID NO: 327). In some embodiments, the linker comprises
a CD8 hinge region, such as KPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD
(SEQ ID NO: 328). In some embodiments, the linker comprises an antibody hinge sequence, such as
2gsgEPKSDKTHTPPPAPELL gsgEPKSDKTHTPPPAPELLgsgg (SEQ ID NO: 329). In some
embodiments, the linker comprises a flexible protein sequence, such as a glycine serine linker sequence, for
example, GGGGSGGGGS (SEQ ID NO: 330).

The linker fusing the carrier protein and the self-assembling nanoparticle subunit can be any suitable
length; in some embodiments, the linker is from 10-00 amino acids in length, such as from 10-50 amino
acids in length.

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 44 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CDS linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 45 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CDS linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ

ID NO: 330).
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In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 46 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CDS linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 47 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 48 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 49 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 50 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a tTT carrier protein such as SEQ
ID NO: 51 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a rTT carrier protein such as SEQ
ID NO: 52 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CDS linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ

ID NO: 53 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
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peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 54 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 55 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 56 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a rTT carrier protein such as SEQ
ID NO: 57 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CDS linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 58 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CDS linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 59 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CDS linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 60 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a

peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CDS linker (e.g., SEQ ID NO: 328), an
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antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 61 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 62 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a r'TT carrier protein such as SEQ
ID NO: 63 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a rTT carrier protein such as SEQ
ID NO: 64 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a HiD carrier protein such as SEQ
ID NO: 65 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CDS linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a CRM197 carrier protein such as
SEQ ID NO: 66 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a CRM197 carrier protein such as
SEQ ID NO: 67 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).
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In some embodiments, the fusion protein comprises or consists of a OMPC carrier protein such as
SEQ ID NO: 222 linked to any one of the self-assembling protein nanoparticle subunits provided herein by a
peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CDS linker (e.g., SEQ ID NO: 328), an
antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-serine linker (e.g., SEQ
ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a Quter-membrane lipoprotein
carrier protein such as SEQ ID NO: 223 linked to any one of the self-assembling protein nanoparticle
subunits provided herein by a peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker
(e.g., SEQ ID NO: 328), an antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a
glycine-serine linker (e.g., SEQ ID NO: 330).

In some embodiments, the fusion protein comprises or consists of a Cholera Toxin B Subunit carrier
protein such as SEQ ID NO: 224 linked to any one of the self-assembling protein nanoparticle subunits
provided herein by a peptide linker, such as a calgG2a linker (e.g., SEQ ID NO: 327), a CD8 linker (e.g.,
SEQ ID NO: 328), an antibody hinge linker (e.g., SEQ ID NO: 329), or a flexible linker such as a glycine-
serine linker (e.g., SEQ ID NO: 330).

4, Heterologous T-cell helper epitope

In some embodiments, the fusion protein further comprises a heterologous T-cell helper epitope
sequence. Itis believed that the presence of the heterologous T-cell helper epitope sequence on the self-
assembling protein nanoparticle carrier will improve the immune response elicited by an immunogenic
conjugate containing the carrier conjugated to HIV-1 Env fusion peptides as disclosed herein. Any suitable
heterologous T-cell helper epitope sequence can be included on the fusion protein. In some embodiments,
the amino acid sequence of the T-cell helper epitope is the sequence of a pan DR epitope (PADRE), such as
AKFVAAWTLKAAA (SEQ ID NO: 221). In some embodiments, the amino acid sequence of the T-cell
helper epitope is the sequence of a P2 epitope, such as QYIKANSKFIGITEL (SEQ ID NO: 68). In some
embodiments, the amino acid sequence of the T-cell helper epitope is the sequence of a TpD epitope, such as
ILMQYIKANSKFIGKVSVRQSIALSSLMVAQ (SEQ ID NO: 69). In some embodiments, the amino acid
sequence of the T-cell helper epitope is the sequence of an HIV-1 Env epitope, such as HIV-1 Env residues
31-45 according to the HXB2 numbering system, for example, AENLWVTVYYGVPVW (SEQ ID NO: 70)
or TEKLWVTVYYGVPVW (SEQ ID NO: 71). In some embodiemnts, the amino acid sequence of the T-
cell helper epitope is selected from any one of:

(a) SEQ ID NO: 67,

(b) SEQ ID NO: 68;

(c) SEQ ID NO: 69;

(d) the sequence of HIV-1 Env residues 31-45 according to the HXB2 numbering system (Env31-45

epitope); or
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(e) a combination of any one of (a) and (b); (a) and (c); (a) and (d); (b) and (c); (b) and (d); (c) and
(d); (a), (b), and (c); (a), (b), and (d); (a), (¢), and (d); (b), (¢), and (d); or (a), (b), (¢), and (d).

In some embodiments, the amino acid sequence of the T-cell helper epitope is the sequence of a
p458m epitope, such as NEDQKIGIEIIKRALKI (SEQ ID NO: 225). In some embodiments, the amino acid
sequence of the T-cell helper epitope is the sequence of a P30 epitope, such as
FNNFTVSFWLRVPKVSASHLE (SEQ ID NO: 226). In some embodiments, the amino acid sequence of
the T-cell helper epitope is the sequence of a diphtheria toxin epitope, such as
PVFAGANYAAWAVNVAQVI (DTD271-290, SEQ ID NO: 227), HHNTEEIVAQSIALSSLMV
(DTD321-340, SEQ ID NO: 228), QSTALSSLMVAQAIPLVGEL (DTD331-350, SEQ ID NO: 229),
VDIGFAAYNFVESIINLFQV (DTD351-370, SEQ ID NO: 230), QGESGHDIKITAENTPLPIA (DTD411-
430, SEQ ID NO: 231), or GVLLPTIPGKLDVNKSKTHI (DTD431-450, SEQ ID NO: 232). In some
embodiments, the amino acid sequence of the T-cell helper epitope is the sequence of a tetanus toxin
epitope, such as NSVDDALINSTKIYSYFPSV (TT 580-599, SEQ ID NO: 233), QYIKANSKFIGITEL (TT
830-844, SEQ ID NO: 234), PGINGKAIHLVNNESSE (TT, 916-932, SEQ ID NO: 235),
FNNFTVSFWLRVPKVSASHLE (TT, 947-967, SEQ ID NO: 236). In some embodiments, the amino acid
sequence of the T-cell helper epitope is the sequence of an HIV-1 Env epitope, such as
TQLFENSTWENSTWST (HIV-1 Env 388-402, SEQ ID NO: 237), EQIWNHTTWMEWDRE (HIV-1 Env
620-634, SEQ ID NO: 238), IRGQIRCSSNITGLLLTRDGGNNAAA (HIV_env_DRBO101_1, SEQ ID
NO: 239), QCTHGIRPVVSTQLLLNGSLAEE (HIV_env_DRBO101_2, SEQ ID NO: 240),
NDNTSYRLISCNTSVITQACPKYV (HIV_env_DRBO101_3, SEQ ID NO: 241),
SENFTNNAKIIVQLNESVVINC (HIV_env_DRBO101_5, SEQ ID NO: 242),
EVVIRSENFTNNAKTIIVQLNES (HIV_env_DRBO101_7, SEQ ID NO: 243),
TVQCTHGIRPVVSTQLLLNGSLA (HIV_env_DRBO101_11, SEQ ID NO: 244), or
ESVVINCTRPNNNTRRSIHIGPG (HIV_env_DRBO101_14, SEQ ID NO: 245).

The heterologous T-cell helper epitope can be located at any suitable section of the fusion protein,
including (but not limited to) the N-terminus, the C-terminus, and between the heterologous carrier protein
and the self-assembling protein nanoparticle subunit. In some embodiments, the heterologous T-cell helper
epitope is separated from the carrier protein and/or the self-assembling protein nanoparticle subunit in the

fusion protein by one or more peptide linkers.

5. Targeting Moiety

In some embodiments, the immunogenic conjugate further includes a moiety that targets the immune
system in a subject to enhance the immune response to the HIV-1 Env fusion peptide on the immunogenic
conjugate. The moiety can be, for example, a moiety that binds to components of the immune system in the
subject, such as a pattern recognition receptor, a dendritic cell, or to antigens located in B-cell

developmental regions of the immune system, such as germinal centers.
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In some embodiments, the fusion protein is linked to a moiety that specifically binds to a pattern
recognition receptor agonist, such as a toll-like receptor (TLR) agonist, a Stimulator of Interferon Genes
(STING) agonist, a C-type lectin receptor (CLR) agonist, a RIG-I-like receptor (RLR) agonist, or a NOD-
like receptor (NLR) agonist.

In several embodiments, the moiety can be a pattern recognition receptor agonist. Non-limiting
examples of pattern recognition receptor agonists include TLR-1/2/6 agonists (e.g., lipopeptides and
glycolipids, such as Pam2cys or Pam3cys lipopeptides); TLR-3 agonists (e.g., dsSRNA, such as Polyl:C, and
nucleotide base analogs); TLR-4 agonist (e.g., lipopolysaccharide (LPS) derivatives and small molecule
analogs of pyrimidoindole); TLRS agonists (e.g., Flagellin); TLR-7/8 agonists (e.g., sSSRNA and nucleotide
base analogs, including derivatives of imidazoquinolines, hydroxy-adenine, benzonapthyridine and
loxoribine); and TLR-9 agonists (e.g., unmethylated CpG); Stimulator of Interferon Genes (STING) agonists
(e.g., cyclic dinucleotides, such as cyclic diadenylate monophosphate); C-type lectin receptor (CLR)
agonists (such as various mono, di, tri and polymeric sugars that can be linear or branched, e.g., mannose,
Lewis-X tri-saccharides, etc.); RIG-I-like receptor (RLR) agonists; and NOD-like receptor (NLR) agonists
(such as peptidogylcans and structural motifs from bacteria, e.g., meso-diaminopimelic acid and muramyl
dipeptide); and combinations thereof. In several embodiments, the pattern recognition receptor agonist can
be a TLR agonist, such as an imidazoquinoline-based TLR-7/8 agonist. For example, the adjuvant can be
Imiquimod (R837) or Resiquimod (R848), which are approved by the FDA for human use.

In several embodiments, the moiety can be a TLR-7 agonist, a TLR-8 agonist and/or a TLR-7/8
agonist. Numerous such agonists are known, including many different imidazoquinoline compounds.
Imidazoquinolines are synthetic immunomodulatory drugs that act by binding Toll-like receptors 7 and 8
(TLR-7/TLR-8) on antigen presenting cells (e.g., dendritic cells), structurally mimicking these receptors’
natural ligand, viral single-stranded RNA. Imidazoquinolines are heterocyclic compounds comprising a
fused quinoline-imidazole skeleton. Derivatives, salts (including hydrates, solvates, and N-oxides), and
prodrugs thereof also are contemplated by the present disclosure. Particular imidazoquinoline compounds
are known in the art, see for example, U.S. Patent No. 6,518,265; and U.S. Patent No. 4,689,338. In some
non-limiting embodiments, the imidazoquinoline compound is not imiquimod and/or is not resiquimod.

The moiety that targets the immune system in a subject can be linked to the immunogenic conjugate
by any suitable means.

In some embodiments, the fusion protein includes the sequence of flagellin subunit.

In some embodiments, the fusion protein of the self-assembling protein-nanoparticle carrier includes
a streptavidin sequence, and the moiety that targets the immune system in a subject is biotinylated, for
example, a biotinylated pattern recognition receptor agonist, such as a biotinylated TLR agonist, a
biotinylated STING agonist, a biotinylated CLR agonist, a biotinylated RLR agonist, or a biotinylated NLR
agonist. The biotinylated moiety can be linked to the self-assembling protein-nanoparticle carrier.

In some embodiments, the moiety that targets the immune system in the subject is conjugated to the

self-assembling protein nanoparticle carrier using the same conjugate method as that used to conjugate the
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HIV-1 Env fusion peptide to the self-assembling protein nanoparticle carrier. In some such embodiments,
conjugation of the moiety that targets the immune system and the HIV-1 fusion peptide to the self-
assembling protein nanoparticle carrier can be completed in the same reaction. For example, both the
moiety that targets the immune system in the subject and the HIV-1 Env fusion peptide can be linked to a
cysteine residue for conjugation to the self-assembling protein nanoparticle carrier as described herein. In
some embodiments, the HIV-1 Env fusion peptide linked to a cysteine residue is mixed with a small amount
of TLR-7 or 8 agonist modified to include a reactive —SH group, so that both the HIV-1 Env fusion peptide
and the TLR7/8-agonist are conjugated via a single reaction to a bifunctional crosslinker-activated self-

assembled protein nanoparticle carrier.

6. Exemplary fusion protein embodiments

In several embodiments, the fusion proteins of the self-assembling protein nanoparticle carrier
comprise, consist essentially of, or consist of the amino acid sequence of any one of fusion proteins listed in
the following table (showing SEQ ID NOs: 72-219, 246-257, and 331-397), or an amino acid sequence at
least 90% (such as at least 95%) identical to any one of SEQ ID NOs: 72-219, 246-257, or 331-397 that self-
assembles into a protein nanoparticle under suitable conditions. In some embodiments, the fusion proteins
of the self-assembling protein nanoparticle carrier comprise, consist essentially of, or consist of the amino
acid sequence set forth as any one of SEQ ID NOs: 73, 76, 79, 100, 101, 109, 116, 167, 172, 180, 197, or
211, or an amino acid sequence at least 90% (such as at least 95%) identical to any one of SEQ ID NOs: 73,
76,79, 100, 101, 109, 116, 167, 172, 180, 197, or 211 that self-assembles into a protein nanoparticle under

suitable conditions.

Table 1. Exemplary sequences of fusion proteins containing a protein nanoparticle subunit fused to a

heterologous carrier protein and optionally a heterologous T-cell helper epitope.

SEQ

ID NO Name Sequence

Lumazine Synthase

QIYEGKLTAEGLRFGIVASRFNHALVDRLVEGAIDAIVRAGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTLEQAT
ERAGTKHGNKGWEAALSAIEMANLFKSLRggksggnkksdgvkessesgGADDVVDSSKSEV
MENEFSSYHGTKPGYVDSIQKGIQKPKSGTQGNYDDDWKEFY STDNKYDAAGY SVDNENPLSG
KAGGVVKVTYPGLTKVLALKVDNAET IKKELGLSLTEPLMEQVGTEEF IKREGDGASRVVLS
LPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQACAGNRVRRSVGSSL
SCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNKTIVSEEKAKQYLEEFHQTALEHPELS
ELKTVIGINPVEAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGAVHH
NTEEIVAQSIALSSLMVAQAIPLVGELVDIGEFAAYNEVESIINLEFQVVHNSYNRPAYSPGHK
TOPFLODGYAVSWNTIVEDSIIRTGEFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSK
THISVNGRKIRMRCRAIDGDVIEFCRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDST
GVLGYQKTVDHTKVNSKLSLEEFEIKS

QIYEGKLTAEGLRFGIVASRFNHALVDRLVEGAIDAIVRAGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTLEQAT
ERAGTKHGNKGWEAALSAIEMANLFKSLRggksggnkksdgvkessesgMKNLDCWVDNEED
IDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIOLVNNESSEVIVHKA
MDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSITISSMKKHSLSIGSGWSVSLKGNNL
IWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLG

72 |LS-20-CRM

73 |LS-20-rTT
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ATIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSITEFLRDEWGNPLRY
DTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPNNEI
DSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIPLYKKMEAVKLRDL
KTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDE
GWTND

74

LS-20-HID

QIYEGKLTAEGLRFGIVASRFNHALVDRLVEGAIDAIVRAGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTLEQAT
ERAGTKHGNKGWEAALSAIEMANLFKSLRggksggnkksdgvkessesgSNMANTQMKSDKI
ITAORGASGYLPEHTLESKALAFAQQADYLEQDLAMTKDGRLVVIHODHFLDGLTDVAKKEPH
RHRKDGRYYVIDETLKEIQSLEMTENFETKDGKQAQVYPNRFPLWKSHERIOATFEDEIEFIQ
GLEKSTGKKVGIYPEIKAPWFHHONGKDIAAETLKVLKKYGYDKKTDMVYLQTEDENELKRI
KTELLPOMGMDLKLVQLIAYTDWKETQEKDPKGYWVNYNYDWMEKPGAMAEVVKYADGVGPG
WYMLVNKEESKPDNIVYTPLVKELAQYNVEVHPYTVRKDALPEFFTDVNQMYDALLNKSGAT
GVETDEPDTGVEEFLKGIK

75

LS-PADRE-
Env31-CRM

QIYEGKLTAEGLRFGIVASRFNHALVDRLVEGAIDAIVRAGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTLEQAT
ERAGTKHGNKGWEAALSAIEMANLFKSLRSLVRAKFVAAWTLKAAAGSLVRAENLWVTVYYG
VPVWs1vrgGADDVVDSSKSEVMENE SSYHGTKPGYVDSIQKGIQKPKSGTOGNY DDDWKEF
YSTDNKYDAAGY SVDNENPLSGKAGGVVKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLM
EQVGTEEF IKREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGQODA
MYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNKTVS
EEKAKQYLEEFHQTALEHPELSELKTVIGINPVEAGANYAAWAVNVAQVIDSETADNLEKTT
AALSILPGIGSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGEFAAYNEVES
IINLEFQVVHNSYNRPAYSPGHKTQPFLHDGYAVSWNTIVEDSIIRTGEFQGESGHDIKITAENT
PLPIAGVLLPTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTEFCRPKSPVYVGNGVHANL
HVAFORSSSEKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFEIKS

76

LS-PADRE-
Env31-rTT

QIYEGKLTAEGLRFGIVASRFNHALVDRLVEGAIDAIVRAGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTLEQAT
ERAGTKHGNKGWEAALSAIEMANLFKSLRSLVRSLVRAKFVAAWTLKAAAGSLVRAENLWVT
VYYGVPVWs 1vrgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGEFNSSVITYPDA
QLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEY
SIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITT
TNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNP
KEIEKLYTSYLSITEFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNG
KLNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDE IKLYVSYNNNEHIVGYPKDGNAENNLD
RILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDIL
IASNWYENHLKDKILGCDWYEVPTDEGWTIND

77

LS-PADRE-
Env31-HID

QIYEGKLTAEGLRFGIVASRFNHALVDRLVEGAIDAIVRAGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTLEQAT
ERAGTKHGNEKGWEAALSAIEMANLFKSLRSLVRSLVRAKEVAAWTLKAAAGSLVRAENLWVT
VYYGVPVWs lvrgSNMANTOMKSDKIITIAHRGASGYLPEHTLESKALAFAQQADYLEQDLAM
TKDGRLVVIHODHFLDGLTDVAKKEFPHRHRKDGRYYVIDETLKEIQSLEMTENFETKDGKQAQ
VYPNREPLWKSHFRIHTFEDEIEF IQGLEKSTGKKVGIYPEIKAPWFHHONGKDIAAETLKY
LKKYGYDKKTDMVYLQTEDENELKRIKTELLPOMGMDLKLVQLIAYTDWKETQEKDPKGYWV
NYNYDWMEKPGAMAEVVKYADGVGPGWYMLVNKEESKPDNIVYTPLVKELAQYNVEVHPYTV
RKDALPEFEFTDVNQMYDALLNKSGATGVETDEPDTGVEFLKGIK

78

rTT_degly
-LS

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKATHL
VNNEASEVIVHKAMDIEYNDMENNE TVSFWLRVPKVSASHLEQYGTINEYSI I SSMKKHSLSI
GSGWSVSLKGNNLIWTLKDSAGEVRQI TFRDLPDKFNAYLANKWVFITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLST
TFLRDFWGNPLRYDTEYYLIPVASSSKDVQOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KFIIKRYTPNNEIDSFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDIL IASNWYFNHLKDK
ILGCDWYFVPTDEGWINDGYgsgggsgggsMOI YEGKL TAEGLRFGI VASRFNHALVDRLVE
GAIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGVLIRGATPHFDYTAS
FVSKGLADLSLELRKPITFGVITADTLEQATERAGTKHGNKGWEAALSAIEMANLFKSLR

79

LS-
rTT_degly

QIYEGKLTAEGLRFGIVASRFNHALVDRLVEGAIDCIVRAGGREEDITLVRVPGSWEIPVAA
GELARKEDIDAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTLEQAT
ERAGTKHGNKGWEAALSAIEMANLFKSLRGGSGGGSGGGOMKNLDCWVDNEEDIDVILKKST
ILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIOLVNNEASEVIVHKAMDIEYNDME
NNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAG

EVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNQIT
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LKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLSITFLRDEFWGNPLRYDTEYYLIPV
ASSSKDVOQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEFIIKRYTPNNEIDSEVKSGDE
IKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKL
YDDKQASLGLVGTHANGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWIND

80

rTT_degly
-10£-LS

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATHL
VNNEASEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKEFNAYLANKWVEFITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLST
TEFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKOQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEITKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDK
ILGCDWYFVPTDEGWINDggggsaeaaakeaaakaggggsggggsggggsggggsgyggygsygyg
99s99ggMQOIYEGKLTAEGLRFGIVASRFNHALVDRLVEGCIDCIVRHGGREEDITLVRVPG
SWEIPVAAGELARKEDIDAVIAIGVLIRGATPHFDYTIASEVSKGLANLSLELRKPITEGVIT
ADTLEQATERAGTKHGNKCWEAALSATIEMANLFKSLR

81

rTT_degly
-r8-LS

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNE TVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSI
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEFVKSGDEIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYFVPTDEGWTNDacaaakeaaakeaaakeaaakaleacaaakeaaakeaaakeaaa
kaMQIYEGKLTAEGLRFGIVASRFNHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIP
VAAGELARKEDIDAVIAIGVLIRGATPHFDYIASEVSKGLANLSLELRKPITFGVITADTLE
QAIERAGTKHGNKCWEAALSAIEMANLFKSLR

82

rTT_degly
-12ap-LS

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEFVPTDEGWINDgsapapapapapapapapapapapapasgMQIYEGKLTAEGLRE
GIVASRFNHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIA
IGVLIRGATPHAFDYIASEVSKGLANLSLELRKPITFGVITADTLEQAIERAGTKHGNKCWEA
ALSAIEMANLEFKSLR

83

rTT_degly
-10pa-L3s

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEFVPTDEGWTINDapapapapapapapapapapMOIYEGKLTAEGLRFGIVASRFNH
ALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGVLIRGAT
PHFDYIASEVSKGLANLSLELRKPITFGVITADTLEQAIERAGTKHGNKCWEAALSAIEMAN
LFKSLR

84

rTT_degly
-2rf-LS

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYFVPTDEGWINDacaaakeaaakagsgsgsMQOIYEGKLTAEGLRFGIVASRFNHAL
VDRLVEGCIDCIVRAGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGVLIRGATPH
FDYIASEVSKGLANLSLELRKPITEGVITADTLEQAIERAGTKHGNKCWEAALSAIEMANLE
KSLR

85

rTT_degly
-3£-LS

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST

GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
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GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KFIIKRYTPNNEIDSFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDXKQASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDK
ILGCDWYFVPTIDEGWTINDGQQgsqggggsggggsMOI YEGKLTAEGLRFGI VASRFNHALVDR
LVEGCIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGVLIRGATPHFDY
IASEVSKGLANLSLELRKPITFGVITADTLEQAIERAGTKHGNKCWEAALSATEMANLFKSL
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MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWTINDgsgsgsgsgsasgMQIYEGKLTAEGLRFGIVASRFNHALVDRLV
EGCIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGVLIRGATPHFDYIA
SEVSKGLANLSLELRKPITFGVITADTLEQAIERAGTKHGNKCWEAALSAIEMANLFKSLR
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MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWTINDapapapggggsMQIYEGKLTAEGLRFGIVASRFNHALVDRLVEG
CIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGVLIRGATPHFDYIASE
VSKGLANLSLELRKPITFGVITADTLEQAIERAGTKHGNKCWEAALSAIEMANLEKSLR
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MQOIYEGKLTAEGLRFGIVASRFNHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHFDYIASEVSKGLANLSLELRKPITFGVITADTLEQA
IERAGTKHGNKCWEAALSAIEMANLFKSLRacaaakeaaakeaaakeaaakaleaecaaakea
aakeaaakeaaakaMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPD
AQLVPGINGKAIHLVNNEASEVIVHKAMDIEYNDMENNEF TVSEFWLRVPKVSASHLEQYGTNE
YSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITERDLPDKENAYLANKWVEIT
ITNDRLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALN
PKEIEKLYTSYLSITFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTN
GKLNIYYRRLYNGLKEFIIKRYTPNNEIDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNL
DRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDI
LIASNWYENHLKDKILGCDWYFVPTDEGWTND
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MOIYEGKLTAEGLRFGIVASRFNHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHFDYIASEVSKGLANLSLELRKPITFGVITADTLEQA
IERAGTKHGNKCWEAALSAIEMANLFKSLRYgQYSIgggsgggygsggggsggggsacaaake
aaakaggggsMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLY
PGINGKAIHLVNNEASEVIVHKAMDIEYNDMENNE IVSFWLRVPKVSASHLEQYGTNEYSII
SSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVE ITITND
RLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKE I
EXLYTSYLSITFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLN
IYYRRLYNGLKFIIKRYTPNNEIDSFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRIL
RVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIAS
NWYFNHLKDKILGCDWYFVPTDEGWIND
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MQOIYEGKLTAEGLRFGIVASRFNHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHFDYIASEVSKGLANLSLELRKPITFGVITADTLEQA
IERAGTKHGNKCWEAALSAIEMANLFKSLRacaaakeaaakeaaakaleaecaaakeaaakea
aakaMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGK
ATHLVNNEASEVIVHKAMDIEYNDMEFNNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKH
SLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSAN
LYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTS
YLSITFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRL
YNGLKFIIKRYTPNNEIDSFVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNA
PGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNH
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MOIYEGKLTAEGLRFGIVASRENHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHFDYIASEVSKGLANLSLELRKPITFGVITADTLEQA
IERAGTKHGNKCWEAALSAIEMANLFKSLRgsapapapapapapapapapapapapasgMKN
LDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVNN
EASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSG
WSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVL
MGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLSITEL
RDEFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKE I
IKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYK
KMEAVKLRDLKTYSVQOLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDKILG
CDWYEVPTDEGWTND
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MOIYEGKLTAEGLREFGIVASREFNAALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHFDYIASEVSKGLANLSLELRKPITFGVITADTLEQA
IERAGTKHGNKCWEAALSAIEMANLFKSLRapapapapapapapapapapMKNLDCWVDNEE
DIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHK
AMDIEYNDMENNEFTVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNN
LIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGL
GAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITELRDEWGNPLR
YDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNE
IDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIPLYKKMEAVKLRD
LKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTD
EGWTND
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MOIYEGKLTAEGLREFGIVASREFNAALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHFDYIASEVSKGLANLSLELRKPITFGVITADTLEQA
IERAGTKHGNKCWEAALSAIEMANLFKSLRgsgsgaecaaakeaaakaMKNLDCWVDNEEDID
VILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMD
IEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSITISSMKKHSLSIGSGWSVSLKGNNLIW
TLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAT
REDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITELRDEFWGNPLRYDT
EYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPNNEIDS
FVKSGDFIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIPLYKKMEAVKLRDLKT
YSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGW
TND
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MOIYEGKLTAEGLRFGIVASRFNHALVDRLVEGCIDCIVRHGGREEDI TLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHFDYIASEVSKGLANLSLELRKPITFGVITADTLEQA
IERAGTKHGNKCWEAALSAIEMANLFKSLRG99QYsggggsggggsMKNLDCWVDNEEDIDVI
LKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIE
YNDMENNF TVSFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTL
KDSAGEVRQITFRDLPDKFNAYLANKWVEITITNDRLSSANLY INGVLMGSAEITGLGAIRE
DNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITFLRDFWGNPLRYDTEY
YLIPVASSSKDVQOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFIIKRYTPNNEIDSFV
KSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYS
VOLKLYDDKQASLGLVGTHNGOIGNDPNRDILIASNWYFNHLKDKI LGCDWYFVPTDEGWTN
D
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MOIYEGKLTAEGLREFGIVASREFNAALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHFDYIASEVSKGLANLSLELRKPITFGVITADTLEQA
IERAGTKHGNKCWEAALSAIEMANLFKSLRYgsgsgsgsgsasgMKNLDCWVDNEEDIDVILK
KSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYN
DMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKD
SAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDN
QITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITEFLRDEWGNPLRYDTEYYL
IPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEFIIKRYTPNNEIDSEVKS
GDEIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQ
LKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWTIND
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MOIYEGKLTAEGLRFGIVASRFNHALVDRLVEGCIDCIVRHGGREEDI TLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHFDYIASEVSKGLANLSLELRKPITFGVITADTLEQA
IERAGTKHGNKCWEAALSAIEMANLFKSLRggggspapapasgMKNLDCWVDNEEDIDVILK
KSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYN
DMFNNFTVSFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSCWSVSLKGNNLIWTLKD
SAGEVRQITFRDLPDKFNAYLANKWVEITITNDRLSSANLY INGVLMGSAEITGLGAIREDN
QITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITFLRDFWGNPLRYDTEYYL
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GDEIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQ
LKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWTIND
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MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHL
VNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWTINDsgsaGKKGSSQYIKANSKE IGITELMQI YEGKLTAEGLREFGIVA
SRENHALVDRLVEGAIDAIVRAGGREEDITLVRVPGSWEIPVAAGELARKENISAVIAIGVL
IRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTLEQAIERAGTKHGNKGWEAALSA
IEMANLFKSLRAKFVAAWTLKAAA
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MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHL
VNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWINDsgsaMQIYEGKLTAEGLRFGIVASRFNHALVDRLVEGAIDAIVR
HGGREEDITLVRVPGSWEIPVAAGELARKENISAVIAIGVLIRGATPAFDYIASEVSKGLAD
LSLELRKPITFGVITADTLEQAIERAGTKHGNKGWEAALSATIEMANLFKSLRAKEFVAAWTLK
ARA
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MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHL
VNNESSEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSIT
TELRDEWGNPLRYDTEYYLIPVASSSKDVOQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWTINDsgsaKALEAQKQKMQOI YEGKLTAEGLRFGIVASRFNHALVDRLV
EGAIDAIVRHGGREEDITLVRVPGSWEIPVAAGELARKENISAVIAIGVLIRGATPHFDYIA
SEVSKGLADLSLELRKPITFGVITADTLEQAIERAGTKHGNKGWEAALSAIEMANLFKSLR
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MOIYEGKLTAEGLREFGIVASREFNAALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVA
AGELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTLEQA
IERAGTKHGNKGWEAALSAIEMANLFKSLRsgsaKALEAQKOKMKNLDCWVDNEEDIDVILK
KSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYN
DMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKD
SAGEVRQITFRDLPDKENAYLANKWVE ITITNDRLSSANLYINGVLMGSAEITGLGAIREDN
NITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSITEFLRDEFWGNPLRYDTEYYL
IPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPNNEIDSEVKS
GDEIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQ
LKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWTND
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MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHL
[VNNESSEVIVHKAMDIEYNDMENNE TVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSI
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TTTMLATRNE SGGKSGGNKKSDGVKESSESTNTTIEDEDmgiyegkltaeglrfgivasrin
halvdrlvegaidaivrhggreeditlvrvpgsweipvaagelarkeNiSaviaigvlirgL
EVLFQGPGAKFVAAWTLKAAAGDEVDatphfdyiasevskgladlslelrkpitfgvitadt
legaieragtkhgnkgweaalsaiemanlfkslrGGKSGGNKKSDGVNLTDLGLTQSNIQKL
DIDITEGDNAGVQITLTNDQALVKVGNFQTQGSVRDIENLRQTIEAQISDLDSQSNTSNASQ
VALERVROLNNNIENLAGETTQAISIGDNANRSAQTLGKINATFRNAIAQGAADDKASNIRL
GSSLREIATGLASQOSKNLNNQTLLSLSNTNIVQAGSGSARLLSLVNQPVONAQALVSTGAQQ
LIQARSMNSVETAYDSDEIRSRASTLNNVINGLNTIASNEFRNQVAGLDSRLTDVQALAADIK
QLPNE
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MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHL
VNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
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halvdrlvegaidaivrhggreeditlvrvpgsweipvaagelarkeNiSaviaigvlirglL
EVLFQGPGAKFVAAWTLKAAAGDEVDatphfdyiasevskgladlslelrkpitfgvitadt
legaieragtkhgnkgweaalsaiemanlfkslrGGKSGGNKKSDGVNLaDLGLTQSNIQKL
DIDITEGDNAGVQITLTNDQALVKVGNFQTQGSVRDIENLRQTIEAQISDLDSQSNTSNAAQ
VALERVROLNNNIENLAGETTQAISIGDNANRaAQTLGKINAAFRNAIAQGAADDKASNIRL
GSSLREIATGLASQSKNLNNQaLLSLSNINIVQAGSGSARLLSLVNQPVONAQALVSTGAQQ
LIQARSMNSVETAYDSDEIRSRASTLNNVaNGLNTIASNFRNQVAGLDSRLTDVQALAADIK
QLPNE
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MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHL
[VNNESSEVIVHKAMDIEYNDMENNE TVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSI
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TTTMLATRNE SGGKSGGNKKSDGVKESSESTNTTIEDEDmgiyegkltaeglrfgivasrin
halvdrlvegaidaivrhggreeditlvrvpgsweipvaagelarkeNiSaviaigvlirgL
EVLFQGPGAKFVAAWTLKAAAGDEVDatphfdyiasevskgladlslelrkpitfgvitadt
legaieragtkhgnkgweaalsaiemanlfkslrGGKSGGNKKSDGVENPLQKIDAALAQVD
TLRSDLGAVONRENSAITNLGNTVNNLTSARSRIEDSDYATEVSNMSRAQILQOQAGTSVLAQ
ANQVPONVLSLLRGSGSAAQVINTINSLSLLTONNLNKSQSALGTAIERLSSGLRINSAKDDA
AGOAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQS
DLDSIQAEITOQRLNEIDRVSGOTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLG
LDTLN
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MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKATIHL
VNNESSEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTINEYSIISSMKKHSLSI
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLST
TTTMLATRNFSGGKSGGNKKSDGVKESSESINTTIEDEDgsgmgiyvegkltaeglrfgivas
rfnhalvdrlvegaidaivrhggreeditlvrvpgsweipvaagelarkeNiSaviaigvli
rgLEVLFQGPGAKFVAAWTLKAAAGDEVDatphfdyiasevskgladlslelrkpitfgvit
adtlegaieragtkhgnkgweaalsaiemanlfkslrGGKSGGNKKSDGVENPLQKIDAALA
QVDTLRSDLGAVONRENSAITNLGNTVNNLaSARSRIEDSDYATEVSNMaRAQILQQAGTSV
LAQANQVPONVLSLLRGSGSAAQVINTNSLSLLTONNLNKaQSALGTAIERLSSGLRINSAK
DDAAGQATIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLOQRVRELAVQSANSaN
SOSDLDSIQAEITQRLNEIDRVSGOTOFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQ
TLGLDTLN
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NLTDLGLTOSNIQKLDIDITEGDNAGVQITLTNDQALVKVGNEFQTQGSVRDIENLRQTIEAQ
ISDLDSQSNTSNASQVALERVROQLNNNIENLAGETTQAISIGDNANRSAQTLGKINATERNA
IAQGAADDKASNIRLGSSLREIATGLASQSKNLNNQTLLSLSNTNIVQAGSGSARLLSLVNQ
PVONAQALVSTGAQQLIQARSMNSVETAYDSDEIRSRASTLNNVINGLNTIASNFRNQVAGL
DSRLTDVQALAADIKQLPNEGGKSGGNKKSDGVmgiyegkltaeglrfgivasrfnhalvdr
lvegaidaivrhggreeditlvrvpgsweipvaagelarkeNiSaviaigvlirgLEVLEQG
PGAKFVAAWTLKAAAGDEVDatphfdyiasevskgladlslelrkpitfgvitadtlegaie
ragtkhgnkgweaalsaiemanlfkslrTTMLATRNFSGGKSGGNKKSDGVKESSESTNTTI
EDEDMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGK
AIHLVNNESSEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKH
SLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSAN
LYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTS
YLSIT
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SaTyflage
11in-LS-
PADRE~-
rTT-His-
CC-YW-
degly

NLaDLGLTOSNIQKLDIDITEGDNAGVQITLTNDQALVKVGNEFQTQGSVRDIENLRQTIEAQ
ISDLDSQSNTSNAaQVALERVROLNNNIENLAGETTQAISIGDNANRaAAQTLGKINAaFRNA
IAQGAADDKASNIRLGSSLREIATGLASQSKNLNNQaLLSLSNTNIVQAGSGSARLLSLVNQ
PVONAQALVSTGAQQLIQARSMNSVETAYDSDEIRSRASTLNNVaNGLNTIASNFRNQVAGL
DSRLTDVQALAADIKQLPNEGGKSGGNKKSDGVgsgmgiyegkltaeglrfgivasrfnhal
vdrlvegaidaivrhggreeditlvrvpgsweipvaagelarkeNiSaviaigvlirgLEVL
FOGPGAKFVAAWTLKAAAGDEVDatphfdyiasevskgladlslelrkpitfgvitadtleqg
aleragtkhgnkgweaalsaiemanlfkslrTTMLATRNESGGKSGGNKKSDGVKESSESTN
TTIEDEDMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGI
NGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSM
KKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLS
SANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKL
YTSYLSIT

107

revSaTyfl
agellin-

ENPLOKIDAALAQVDTLRSDLGAVONRENSAITNLGNTVNNLTSARSRIEDSDYATEVSNMS

RAQILQQAGTSVLAQANQVPONVLSLLRGSGSAAQVINTINSLSLLTONNLNKSQSALGTAIE
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LS-PADRE-
rTT-His-
CC-YW

RLSSGLRINSAKDDAAGOAIANRFTANIKGLTQASRNANDGISIAQTTEGALNE INNNLQRV
RELAVOSANSTNSQSDLDSIQAEITOQRLNEIDRVSGOTOFNGVKVLAQDNTLTIQVGANDGE
TIDIDLKQINSQTLGLDTLNGGKSGGNKKSDGVmgiyegkltaeglrfgivasrfnhalvdr
lvegaidaivrhggreeditlvrvpgsweipvaagelarkeNiSaviaigvlirgLEVLEQG
PGAKFVAAWTLKAAAGDEVDatphfdyiasevskgladlslelrkpitfgvitadtlegaie
ragtkhgnkgweaalsaiemanlfkslrTTMLATRNF SGGKSGGNKKSDGVKESSESTNTTI
EDEDMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGK
AIHLVNNESSEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKH
SLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSAN
LYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTS
YLSIT
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revSaTyfl
agellin-
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ENPLOKIDAALAQVDTLRSDLGAVONRENSAITNLGNTVNNLaSARSRIEDSDYATEVSNMa
RAQILOQAGTSVLAQANQVPONVLSLLRGSGSAAQVINTNSLSLLTONNLNKaQSALGTAIE
RLSSGLRINSAKDDAAGOAIANREFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRV
RELAVQOSANSaNSQSDLDSIQAEITQRLNEIDRVSGOTQFNGVKVLAQDNTLTIQVGANDGE
TIDIDLKQINSQTLGLDTLNGGKSGGNKKSDGVgsgmgiyvegkltaeglrfgivasrfnhal
vdrlvegaidaivrhggreeditlvrvpgsweipvaagelarkeNiSaviaigvlirgLEVL
FOGPGAKFVAAWTLKAAAGDEVDatphfdyiasevskgladlslelrkpitfgvitadtleqg
aleragtkhgnkgweaalsaiemanlfkslrggTTMLATRNESGGKSGGNKKSDGVKESSES
TINTTIEDEDMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVP
GINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIIS
SMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVROQITFRDLPDKENAYLANKWVEITITNDR
LSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIE
KLYTSYLSIT

246

LS-rTT-
degly

MOIYEGKLTAEGLREGIVASRENHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHEDYIASEVSKGLANLSLELRKPITEFGVITADTLEQA
IERAGTKHGNKCWEAALSAIEMANLFKSLRgsgsgsMKNLDCWVDNEEDIDVILKKSTILNL
DINNDIISDISGENSAVITYPDAQLVPGINGKAIOLVNNEASEVIVHKAMDIEYNDMENNET
VSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRO
ITFRDLPDKENAYLANKWVEITITNDRLSSANLY INGVLMGSAEITGLGAIREDNQITLKLD
RCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITEFLRDEFWGNPLRYDTEYYLIPVASSS
KDVOQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEFITIKRYTPNNEIDSEVKSGDEIKLY
VSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDK
OASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDKILGCDWYEVPTDEGWTND

247

LS-
CRM197-
degly

MOIYEGKLTAEGLREGIVASRENHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHEDYIASEVSKGLANLSLELRKPITEFGVITADTLEQA
IERAGTKHGNKCWEAALSATIEMANLEFKSLRgsgsgsDYKDDDDKgsgGADDVVDSSKSEVME
NEFASYHGTKPGYVDSIQKGIQKPKSGTQGNYDDDWKEFYSTDNKYDAAGY SVDNENPLSGKA
GGVVKVITYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEFIKREFGDGASRVVLSLP
FAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQACAGNRVRRSVGSSLSC
INLDWDVIRDKTIKTKIESLKEOGPIKNKMSESPNKAVSEEKAKQYLEEFHQTALEHPELSEL
KIVIGINPVEAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGAVHENT
EEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNEVESIINLEQVVHNSYNRPAYSPGHKTQ
PELODGYAVSWNTIVEDSIIRTGEFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKAKTH
ISVNGRKIRMRCRAIDGDVTEFCRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGY
LGYQKTVDHTKVNSKLSLEFFEIKS

248

LS-
2xCRM197-
degly

MOIYEGKLTAEGLREGIVASRENHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHEDYIASEVSKGLANLSLELRKPITEFGVITADTLEQA
IERAGTKHGNKCWEAALSAIEMANLFKSLRgsgDYKDDDDKgsgGADDVVDSSKSEVMENEA
SYHGTKPGYVDSIQKGIQKPKSGTOGNYDDDWKEEFY STDNKYDAAGY SVDNENPLSGKAGGY
VKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEF IKRFGDGASRVVLSLPFAE
GSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQACAGNRVRRSVGSSLSCINL
DWDVIRDKTKTKIESLKEHGPIKNKMSESPNKAVSEEKAKQYLEEFHQTALEAPELSELKTV
TGTNPVEFAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGAVHHNTEET
VAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLEFQVVHNSYNRPAYSPGHKTQPEL
HDGYAVSWNTVEDSIIRTGEFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKAKTHISYV
NGRKIRMRCRAIDGDVTIFCRPKSPVYVGNGVHANLOVAFHRSSSEKIHSNEISSDSIGVLGY
OKTVDHTKVNSKLSLEFFEIKSgggsgggsGADDVVDSSKSEFVMENFASYHGTKPGYVDSIQK
GIQKPKSGTQOGNYDDDWKEEFYSTDNKYDAAGY SVDNENPLSGKAGGVVKVTYPGLTKVLALK
VDNAETIKKELGLSLTEPLMEQVGTEEFIKREGDGASRVVLSLPFAEGSSSVEY INNWEQAK

ALSVELEINFETRGKRGODAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIES
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LKEHGPIKNKMSE SPNKAVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVEAGANYAAW
AVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGAVHOINTEEIVAQSIALSSLMVAQA
IPLVGELVDIGFAAYNEVESIINLEFQVVHNSYNRPAYSPGHKTQPFLOADGYAVSWNTVEDST
IRTGFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKAKTHISVNGRKIRMRCRAIDGD
VIFCRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSL
FFEIKS

MOIYEGKLTAEGLRFGIVASRENHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVA
AGELARKEDIDAVIAIGVLIRGATPHEDYIASEVSKGLANLSLELRKPITFGVITADTLEQA
IERAGTKHGNKCWEAALSAIEMANLFKSLRgsgDYKDDDDKgsgsnmantgmksdkiiiahr
gasgylpehtleskalafaggadylegdlamtkdgrlvvihdhfldgltdvakkfphrhrkd
249 LS-HID |gryyvidftlkeigslemtenfetkdgkgagvypnrfplwkshfrihtfedeiefiggleks
tgkkvgiypeikapwfhhgngkdiaaetlkvlkkygydkktdmvylgtfdfnelkriktell
pamgmdlklvgliaytdwketgekdpkgywvnynydwmfkpgamaevvkyadgvgpgwymlv
nkeeskpdnivytplvkelagynvevhpytvrkdalpefftdvngmydallnksgatgvitd
fpdtgveflkgik

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLST
TThc- TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
250 |degly-LS |KFIIKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYFVPTDEGWINDgsgdykddddkgsgMQIYEGKLTAEGLRFGIVASRFNHALVDRL
VEGCIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGVLIRGATPHEDYI
ASEVSKGLANLSLELRKPITEGVITADTLEQATIERAGTKHGNKCWEAALSATEMANLEFKSLR
gsgDYKDDDDKgsg

Snmantgmksdkiiiahrgasgylpehtleskalafaggadylegdlamtkdgrlvvihdhf
ldgltdvakkfphrhrkdgryyvidftlkeigslemtenfetkdgkgagvypnrfplwkshf
rihtfedeiefigglekstgkkvgiypeikapwfhhgngkdiaaetlkvlkkygydkktdmv
HID-LS vigtfdfnelkriktellpgmgmdlklvgliaytdwketgekdpkgywvnynydwmfkpgam
251 aevvkyadgvgpgwymlvnkeeskpdnivytplvkelagynvevhpytvrkdalpefftdvn
agmydallnksgatgvitdfpdtgveflkgikgsgdykddddkgsgMOIYEGKLTAEGLRFGI
VASRENHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIG
VLIRGATPHFDYIASEVSKGLANLSLELRKPITFGVITADTLEQAIERAGTKHGNKCWEAAL
SATEMANLEFKSLR

GADDVVDSSKSEVMENFASYHGTKPGYVDSIQKGIQKPKSGTQOGNYDDDWKEFY STDNKYDA
AGYSVDNENPLSGKAGGVVKVIYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEEF I
KREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSE SPNKAVSEEKAKQYLE
EFHQTALEHPELSELKTVIGINPVEFAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI
CRM197- |GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNEFVESIINLFQVVH
degly-LS [NSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLL
PTIPGKLDVNKAKTHISVNGRKIRMRCRAIDGDVIFCRPKSPVYVGNGVHANLHVAFHRSSS
EKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFFEIKSgsgdykddddkgsgMQIYEGKLT
AEGLREFGIVASREFNHALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKED
IDAVIAIGVLIRGATPHFDYIASEVSKGLANLSLELRKPITEFGVITADTLEQAIERAGTKHG
NKCWEAALSAIEMANLEKSLR

252

GADDVVDSSKSEVMENFASYHGTKPGYVDSIQKGIQKPKSGTOGNYDDDWKEFY STDNKYDA
AGYSVDNENPLSGKAGGVVKVIYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEEF I
KREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSE SPNKAVSEEKAKQYLE
EFHQTALEHPELSELKTVIGINPVEFAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI
GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNEFVESIINLEQVVH
2XCRM197_NSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLL
253 degly-LS PTIPGKLDVNKAKTHISVNGRKIRMRCRAIDGDVIFCRPKSPVYVGNGVHANLHVAFHRSSS

EKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFFEIKSgggsgggsGADDVVDSSKSEVME
NEASYHGTKPGYVDSIQKGIQKPKSGTOQGNYDDDWKEEFY STDNKYDAAGY SVDNENPLSGKA
GGVVKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEF IKREFGDGASRVVLSLP
FAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQACAGNRVRRSVGSSLSC
INLDWDVIRDKTIKTKIESLKEHGPIKNKMSESPNKAVSEEKAKQYLEEFHQTALEHPELSEL
KIVIGTINPVEAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGAVHIANT
EEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLEQVVHNSYNRPAYSPGHKTOQ
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PELHDGYAVSWNTVEDSIIRTGEFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKAKTH
ISVNGRKIRMRCRAIDGDVTEFCRPKSPVYVGNGVHANLOVAFHRSSSEKIHSNEISSDSIGY
LGYQKTVDHTKVNSKLSLFFEIKSgsgdykddddkgsgMQIYEGKLTAEGLRFGIVASRENH
ALVDRLVEGCIDCIVRHGGREEDITLVRVPGSWEIPVAAGELARKEDIDAVIAIGVLIRGAT
PHEDYIASEVSKGLANLSLELRKPITEGVITADTLEQAIERAGTKHGNKCWEAALSATEMAN
LEKSLR

331

LS K7C-
R40C
calgG2a-
rTT

OIYEGCLTAEGLREFGIVASRENHALVDRLVEGAIDAIVCcHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEFGVITADTLEQAT
ERAGTKHGNKGWEAALSATIEMANLFKSLRgsSgGSEPKIPQPOPKPOPQPQPQPKPQPKPEPE
gsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKA
IHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHS
LSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANL
YINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSY
LSITFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLY
NGLKEIIKRYTPNNEIDSEVKSGDE IKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAP
GIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTANGQIGNDPNRDILIASNWYENHL
KDKILGCDWYEVPTDEGWTND

332

LS-L121C-
K131C-
calgG2a-
rTT

OIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEGVITADTCEQAT
ERAGTcHGNKGWEAALSATIEMANLFKSLRgsSgGSEPKIPQPOPKPOPQPQPQPKPOQPKPEPE
gsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKA
IHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHS
LSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANL
YINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSY
LSITFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLY
NGLKEIIKRYTPNNEIDSEVKSGDE IKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAP
GIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTANGQIGNDPNRDILIASNWYENHL
KDKILGCDWYEVPTDEGWTND

333

LS-L121C-
K131CG
calgG2a-
rTT

OIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEGVITADTCEQAT
ERAGTcgHGNKGWEAALSAIEMANLEFKSLRgsgGSEPKIPQPOPKPOQPOPOPOPKPQPKPEP
EgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGK
ATHLVNNESSEVIVHKAMDIEYNDMENNE TVSEWLRVPKVSASHLEQYGTNEYSIISSMKKH
SLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSAN
LYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTS
YLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRL
YNGLKEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNA
PGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENH
LKDKILGCDWYFVPTDEGWTND

334

LS-L121C-
K131GC
calgG2a-
rTT

OIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEGVITADTCEQAT
ERAGTgcHGNKGWEAALSAIEMANLEFKSLRgsgGSEPKIPQPOQPKPOQPOPOPQOPKPQPKPEP
EgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGK
ATHLVNNESSEVIVHKAMDIEYNDMENNE TVSEWLRVPKVSASHLEQYGTNEYSIISSMKKH
SLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSAN
LYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTS
YLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRL
YNGLKEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNA
PGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENH
LKDKILGCDWYFVPTDEGWTND

335

LS-
L121CG-
K131C
calgG2a-
rTT

OIYEGKLTAEGLRFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEDYIASEVSKGLADLSLELRKPITEGVITADTCgEQA
IERAGTcHGNKGWEAALSAIEMANLEFKSLRgsgGSEPKIPQPOPKPOPQPOQPOQPKPQPKPEP
EgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGK
ATHLVNNESSEVIVHKAMDIEYNDMENNE TVSEWLRVPKVSASHLEQYGTNEYSIISSMKKH
SLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSAN
LYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTS
YLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRL
YNGLKEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNA
PGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYEFNH

LKDKILGCDWYEFVPTDEGWTND
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336

LS-
L121GC-
K131C
calgG2a-
rTT

OIYEGKLTAEGLRFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEDYIASEVSKGLADLSLELRKPITEGVITADTgCEQA
IERAGTcHGNKGWEAALSAIEMANLEFKSLRgsgGSEPKIPQPOPKPOPQPOQPOQPKPQPKPEP
EgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGK
ATHLVNNESSEVIVHKAMDIEYNDMENNE TVSEWLRVPKVSASHLEQYGTNEYSIISSMKKH
SLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSAN
LYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTS
YLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRL
YNGLKEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNA
PGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYEFNH
LKDKILGCDWYFVPTDEGWTND

337

LS K7C-
R40C
CD8v1-rTT

QIYEGCLTAEGLRFGIVASRENHALVDRLVEGAIDAIVCcHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITEGVITADTLEQAT
ERAGTKHGNKGWEAALSAIEMANLFKSLRgsgKPTTTPAPRPPTPAPTIASQPLSLRPEALR
PAAGGAVHTRGYgsSgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPD
AQLVPGINGKAIOLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNE
YSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEIT
ITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALN
PKEIEKLYTSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTN
GKLNIYYRRLYNGLKEFIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNL
DRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDI
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QIYEGKLTAEGLRFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITEGVITADTCEQAT
ERAGTcHGNKGWEAALSAIEMANLFKSLRgsgKPTTTPAPRPPTPAPTIASQPLSLRPEALR
PAAGGAVHTRGYgsSgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPD
AQLVPGINGKAIOLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNE
YSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEIT
ITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALN
PKEIEKLYTSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTN
GKLNIYYRRLYNGLKEFIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNL
DRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDI
LIASNWYENHLKDKILGCDWYEFVPTDEGWTND
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QIYEGKLTAEGLRFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITEGVITADTCEQAT
ERAGTcgHGNKGWEAALSAIEMANLFKSLRgsgKPTTTPAPRPPTPAPTIASQPLSLRPEAL
RPAAGGAVHTRGgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYP
DAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTN
EYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVE I
TITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKAL
NPKEIEKLYTSYLSITEFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYT
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GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITEGVITADTCEQAT
ERAGTgcHGNKGWEAALSAIEMANLFKSLRgsgKPTTTPAPRPPTPAPTIASQPLSLRPEAL
RPAAGGAVHTRGgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYP
DAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTN
EYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVE I
TITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKAL
NPKEIEKLYTSYLSITEFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYT
NGKLNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENN
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EYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVE I
TITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKAL
NPKEIEKLYTSYLSITEFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYT
NGKLNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENN
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GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEFGVITADTLEQAT
ERAGTKHGNKGWEAALSATIEMANLFKSLRgsgKPTTITPAPRPPTPAPTIASQPLSLRPEACR
PAAGGAVHTRGLDFACDgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSS
VITYPDAQLVPGINGKAIOHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLE
OYGTINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLAN
KWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERTI
FCKALNPKEIEKLYTSYLSITEFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTN
APSYTNGKLNIYYRRLYNGLKEITIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDG
NAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGN
DPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWTND
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OIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEGVITADTCEQAT
ERAGTcHGNKGWEAALSATIEMANLFKSLRgsgKPTTITPAPRPPTPAPTIASQPLSLRPEACR
PAAGGAVHTRGLDFACDgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSS
VITYPDAQLVPGINGKAIOHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLE
OYGTINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLAN
KWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERTI
FCKALNPKEIEKLYTSYLSITEFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTN
APSYTNGKLNIYYRRLYNGLKEITIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDG
NAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGN
DPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWTND
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OIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEGVITADTCEQAT
ERAGTcgHGNKGWEAALSAIEMANLEFKSLRgsgKPTTTPAPRPPTPAPTIASQPLSLRPEAC
RPAAGGAVHTRGLDFACDgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENS
SVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHL
EQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTILKDSAGEVRQITEFRDLPDKENAYLA
NKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKER
IFCKALNPKEIEKLYTSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLT
NAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKD
GNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIG
NDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWTND
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OIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEGVITADTCEQAT
ERAGTgcHGNKGWEAALSAIEMANLEFKSLRgsgKPTTTPAPRPPTPAPTIASQPLSLRPEAC
RPAAGGAVHTRGLDFACDgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENS
SVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHL
EQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTILKDSAGEVRQITFRDLPDKENAYLA
NKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKER
IFCKALNPKEIEKLYTSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLT
NAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKD
GNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIG
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RPAAGGAVHTRGLDFACDgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENS
SVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHL
EQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLA
NKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKER
IFCKALNPKEIEKLYTSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLT
NAPSYTNGKLNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKD
GNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIG
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GELARKENISAVIAIGVLIRGATPHEDYIASEVSKGLADLSLELRKPITEGVITADTgCEQA
IERAGTcHGNKGWEAALSAIEMANLFKSLRgsgKPTTTPAPRPPTPAPTIASQPLSLRPEAC
RPAAGGAVHTRGLDFACDgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENS
SVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHL
EQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTILKDSAGEVRQITFRDLPDKENAYLA
NKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKER
IFCKALNPKEIEKLYTSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLT
NAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKD
GNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIG
NDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWTND
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GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITEGVITADTLEQAT
ERAGTKHGNKGWEAALSAIEMANLFKSLRggsgEPKSDKTHTPPPAPELLgSgEPKSDKTHT
PPPAPELLgsggMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQ
LVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNE TVSEWLRVPKVSASHLEQYGTNEY S
IISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITIT
NDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNPK
EIEKLYTSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGK
LNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAENNLDR
ILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTANGQIGNDPNRDILT
ASNWYFNHLKDKILGCDWYEVPTDEGWTND
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QIYEGKLTAEGLRFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITEGVITADTCEQAT
ERAGTcHGNKGWEAALSAIEMANLFKSLRggsgEPKSDKTHTPPPAPELLgSsgEPKSDKTHT
PPPAPELLgsggMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQ
LVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNE TVSEWLRVPKVSASHLEQYGTNEY S
IISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITIT
NDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNPK
EIEKLYTSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGK
LNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAENNLDR
ILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTANGQIGNDPNRDILT
ASNWYFNHLKDKILGCDWYEVPTDEGWTND
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QIYEGKLTAEGLRFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITEGVITADTCEQAT
ERAGTcgHGNKGWEAALSAIEMANLFKSLRggsgEPKSDKTHTPPPAPELLgsgEPKSDKTH
TPPPAPELLgsggMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDA
QLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEY
SIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITT
TNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNP
KEIEKLYTSYLSITEFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNG
KLNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDE IKLYVSYNNNEHIVGYPKDGNAENNLD
RILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDIL
IASNWYENHLKDKILGCDWYEVPTDEGWTND
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ERAGTgcHGNKGWEAALSAIEMANLFKSLRggsgEPKSDKTHTPPPAPELLgsgEPKSDKTH
TPPPAPELLgsggMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDA
QLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEY
SIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITT
TNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNP
KEIEKLYTSYLSITEFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNG
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IERAGTCcHGNKGWEAALSATIEMANLEFKSLRggsgEPKSDKTHTPPPAPELLgsgEPKSDKTH
TPPPAPELLgsggMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDA
QLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEY
SIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITT
TNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNP
KEIEKLYTSYLSITEFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNG
KLNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDE IKLYVSYNNNEHIVGYPKDGNAENNLD
RILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDIL
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GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITEGVITADTgCEQA
IERAGTCcHGNKGWEAALSATIEMANLEFKSLRggsgEPKSDKTHTPPPAPELLgsgEPKSDKTH
TPPPAPELLgsggMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDA
QLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEY
SIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITT
TNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNP
KEIEKLYTSYLSITEFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNG
KLNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDE IKLYVSYNNNEHIVGYPKDGNAENNLD
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L5-20-
env31l-TT

.»‘ggksggnkksdgkaLVR;;;
ssengKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSSVITYPDAQL
V_\ N SVIVHKAMDIEYNDMSNMNET ’
ISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAYLANKWVFITITN
DRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNPKE
IEKLYTSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKL
NIYYRRLYNGLKFIIKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRI
LRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIA
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LS-20-
PADRE-TT

T

SNWYFNHLKDKILGCDWYFVPTDEGWTND

b\ggksggnkksdgvkeSLVR
SLVRSsengKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSSVITYPDAQL

LZVIVHKAMDIEYNDME SQYGINEYSIIS
SMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAYLANKWVFITITNDR
LSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIE
KLYTSYLSITFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNI
YYRRLYNGLKEFIIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKDGNAENNLDRILR
VGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASN
WYENHLKDKILGCDWYEVPTDEGWTND

361

LS-hinge-
rTT

OIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEFGVITADTLEQAT
ERAGTKHGNKGWEAALSATEMANLEKSLRyHE JKNLDCWVDN
EEDIDVILKKSTILNLDINNDIISDISGFNSSVITYPDAQLVPGINGKAIHLVNNESSEVIV
HKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKG
NNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEIT
GLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITELRDEWGNP
LRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPN
NEIDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIPLYKKMEAVKL
RDLKTYSVQLKLYDDKNASLGLVGTANGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVP
TDEGWTND

362

LS~
hinge2-
rTT
(remove
the cys
from
hinge)

OIYEGKLTAEGLRFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKEDISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITFGVITADTLEQAI
ERAGTKHGNKGWEAALSATEMANLEFKSLR: o PERPARPELLyoKNLDCWVDNEED
IDVILKKSTILNLDINNDIISDISGFNSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKA
MDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSITISSMKKHSLSIGSGWSVSLKGNNL
IWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLG
ATIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSITEFLRDEWGNPLRY
DTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPNNEI
DSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIPLYKKMEAVKLRDL
KTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDE
GWTND

363

LS-
hinge2.
rTT

OIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEFGVITADTLEQAT
ERAGTKHGNKGWEAALSAIEMANLFKSLRggsgEPKSDKTHTPPPAPELLgsgEPKSDKTHT
PPPAPELLgsggMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQ
LVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTINEYS
IISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITIT
NDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPK
EIEKLYTSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGK
LNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDR
ILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILT
ASNWYENHLKDKILGCDWYEVPTDEGWTIND
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LS-
hinge3-

OIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA

GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEGVITADTLEQAT
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rTT
(mutate
the cys
to Thr in
hinge)

ERAGTKHGNKGWEAALSAIEMANLFKSLRYYEPKSTDKTHTSPPSPAPEL L33 KNLDCWVDN
EEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIOLVNNESSEVIV
HKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKG
NNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEIT
GLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITELRDEWGNP
LRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPN
NEIDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIPLYKKMEAVKL
RDLKTYSVQLKLYDDKNASLGLVGTANGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVP
TDEGWTND

365

LS-extl-
rTT
(extend
the N
terminal
of rTT)

QIYEGKLTAEGLRFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITEGVITADTLEQAT
ERAGTKHGNKGWEAALSATIEMANLEFKSLRS ; SKNLDCWV
DNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEV
IVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSL
KGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAE
ITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITELRDEWG
NPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYT
PNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAV
KLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYE
VPTDEGWTND

366

LS-
calgG2a-
rTT

OIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEGVITADTLEQAT
ERAGTKHGNKGWEAALSATIEMANLFKSLRgsSgGSEPKIPQPOPKPOPQPQPQPKPQPKPEPE
gsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKA
IHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHS
LSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANL
YINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSY
LSITFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLY
NGLKEIIKRYTPNNEIDSEVKSGDE IKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAP
GIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTANGQIGNDPNRDILIASNWYENHL
KDKILGCDWYEVPTDEGWTND

367

LS-CD8-
rTT

OIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEFGVITADTLEQAT
ERAGTKHGNKGWEAALSATIEMANLFKSLRgsgKPTTITPAPRPPTPAPTIASQPLSLRPEALR
PAAGGAVHTRGYgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPD
AQLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNE
YSIISSMKKHSLSIGSGWSVSLKGNNLIWTILKDSAGEVRQITEFRDLPDKENAYLANKWVEIT
ITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIEFCKALN
PKEIEKLYTSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTN
GKLNIYYRRLYNGLKEFIIKRYTPNNEIDSEFVKSGDEIKLYVSYNNNEOIVGYPKDGNAEFNNL
DRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDI
LIASNWYEFNHLKDKILGCDWYEVPTDEGWTND

368

LS-CD8v2-
rTT

OIYEGKLTAEGLREFGIVASRENHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVAA
GELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEFGVITADTLEQAT
ERAGTKHGNKGWEAALSATIEMANLFKSLRgsgKPTTITPAPRPPTPAPTIASQPLSLRPEACR
PAAGGAVHTRGLDFACDgsgMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSS
VITYPDAQLVPGINGKAIOHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLE
OYGTINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLAN
KWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERTI
FCKALNPKEIEKLYTSYLSITEFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTN
APSYTNGKLNIYYRRLYNGLKEITIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDG
NAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGN
DPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWTND

Ferritin

109

rTT-ferr
1

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN
NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITE
LRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFE
ITIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY

KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKIL
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GCDWYEVPTDEGWINDgUsg9gsggASISEKMVEALNRQINAETIYSAYLYLSMASYEFDSIGL
KGFSNWMRVQWQEELMHAMKMEFDFVSRRGGRVKLYAVEEPPSEWDSPLAAFEHVYEAEVNVV
KRIHAELVEMAMQEKDFATYNFLOWYVAEQVEEEASALDIVEKLRLIGEDKRALLFLDKELSL
RQFTPPAEEEK

110

rTT-ferr
2

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKATHLVN
NEASEVIVHKAMDIEYNDMFNQF TVSFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAYLANKWVE ITI TNDRLSSANLY INGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEXKLYTSYLSITF
LRDFWGNPLRYDTEYYLIPVASSSKDVOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKF
IIKRYTPNNEIDSFVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDKIL
GCDWYFVPTDEGWINDGYsgggsggysggsgASISEKMVEALNROQINAEIYSAYLYLSMASY
FDSIGLKGFSNWMRVOWQEE LMHAMKMFDFVSRRGGRVKL YAVEEPP SEWDSPLAAFEHVYE
HEVNVVKRIHELVEMAMOEKDFATYNFLOWYVAEQVEEEASALDIVEKLRLIGEDKRALLFL
DKELSLROFTPPAEEEK

111

rTT-ferr
3

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKATHLVN
NEASEVIVHKAMDIEYNDMFNQF TVSFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAYLANKWVE ITI TNDRLSSANLY INGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEXKLYTSYLSITF
LRDFWGNPLRYDTEYYLIPVASSSKDVOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKF
IIKRYTPNNEIDSFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDKIL
GCDWYFVPTDEGWTINDggdgggdgggdggdgASISEKMVEALNRQINAEIYSAYLYLSMASY
FDSIGLKGFSNWMRVOWQEE LMHAMKMFDFVSRRGGRVKL YAVEEPP SEWDSPLAAFEHVYE
HEVNVVKRIHELVEMAMOEKDFATYNFLOWYVAEQVEEEASALDIVEKLRLIGEDKRALLFL
DKELSLROFTPPAEEEK

112

rTT-ferr
4

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN
NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITE
LRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFE
ITIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKIL
GCDWYEVPTDEGWINDggsg9gsggMLSKDIIKLLNEQVNKEMDS SNLYMSMSSWCYTHSLD
GAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEHRKFEGLTQIFQKAYEAEQHISE
SINNIVDHAIKSKDHATFNFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGI
AKSRKS

113

rTT-ferr
5

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKATHLVN
NEASEVIVHKAMDIEYNDMFNQF TVSFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAYLANKWVE ITI TNDRLSSANLY INGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEXKLYTSYLSITF
LRDFWGNPLRYDTEYYLIPVASSSKDVOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKF
IIKRYTPNNEIDSFVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDKIL
GCDWYFVPTDEGWTINDGYsgggsggysggsgMLSKDI IKLLNEQVNKEMDS SNLYMSMSSWC
YTHSLDGAGLFLFDHAAEEYEHAKKLI IFLNENNVPVOLTSISAPEHKFEGLTOIFQKAYEH
FQHISESINNIVDHAIKSKDHATFNFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLYLAD
OYVKGIAKSRKS

114

rTT-ferr
6

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKATHLVN
NEASEVIVHKAMDIEYNDMFNQF TVSFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAYLANKWVE ITI TNDRLSSANLY INGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEXKLYTSYLSITF
LRDFWGNPLRYDTEYYLIPVASSSKDVOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKF
IIKRYTPNNEIDSFVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDKIL
GCDWYFVPTDEGWTNDggdgggdgggdggdgMLSKD I IKLLNEQVNKEMDS SNLYMSMSSWC
YTHSLDGAGLFLFDHAAEEYEHAKKLI IFLNENNVPVOLTSISAPEHKFEGLTOIFQKAYEH
FQHISESINNIVDHAIKSKDHATFNFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLYLAD
OYVKGIAKSRKS
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rTT_degly
-Fer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHL
[VNNEASEVIVHKAMDIEYNDMENNE TVSEFWLRVPKVSASHLEQYGTNEYSITISSMKKHSLST

GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
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GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEFDHAAEEYEHAKKLIITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

116

rTT_degly
-1nl5-Fer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWINDgggSGGgysggSGGYgDI IKLLNEQVNKEMOSSNLYMSMS SWCY T
HSLDGAGLEFLEFDHAAEEYEAAKKLIIFLNENNVPVQLTSISAPEARKFEGLTQIFQKAYEHEQ
HISESINNIVDHAIKSKDHATEFNFLOWYVAEQHEEEVLEFKDILDKIELIGNENHGLYLADQY
VKGIAKSRKS
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rTT_degly
-1ln25-Fer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKATHL
VNNEASEVIVHKAMDIEYNDMFNNFTVSFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLS T
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAYLANKWVE ITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLXKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLST
TFLRDFWGNPLRYDTEYYLIPVASSSKDVOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KFIIKRYTPNNEIDSFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDXKQASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDK
ILGCDWYFVPTDEGWTINDGggSGGggsggSGEygSCGggSGGyDIIKLLNEQVNKEMOS SNL
YMSMSSWCYTHSLDGAGLF LFDHAAEEYEHAKKLI IF LNENNVPVOLTSISAPEHKFEGLTO
IFOKAYEHEQHISESINNIVDHAIKSKDHATFNFLOWYVAEQHEEEVLFKDI LDKIELIGNE
NHGLYLADQYVKGIAKSRKS
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rTT_degly
-1n35-Fer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKATHL
VNNEASEVIVHKAMDIEYNDMFNNFTVSFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLS T
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAYLANKWVE ITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLXKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLST
TFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KFIIKRYTPNNEIDSFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDXKQASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDK
ILGCDWYFVPTDEGWTINDgggSGEygsggSGEyggSGGggSEGygSGGggSGGgDI IKLLNEQ
VNKEMQSSNLYMSMS SWCYTHSLDGAGLFLFDHAAEEYEHAKKLI IFLNENNVPVOLTSISA
PEHKFEGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNF LOWYVAEQHEEEVLFKD I
LDKIELIGNENHGLYLADQYVKGIAKSRKS
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rTT_degly
-KbA-Fer

MKNLDCWVDkKkEEDIDVILKKSTILNLDINkKDIISDISKEFNSAVITYPDAQLVPGINGKAIHL
VNNEkSEVIVHKAMk IEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHSLSI
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEFDHAAEEYEHAKKLIITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

120

rTT_degly
-KbB-Fer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSI
GSGWSVSLKGNNLIWTLKDSkGEVRQITFRDLPkKENAYLANKWVFITITNDRkSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE

LEFDHAAEEYEHAKKLIITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI

-63-




WO 2020/061564

PCT/US2019/052419

VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

121

rTT_degly
-Kb5C-Fer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITkKLGAIREDNQITLKLDRCKNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TELRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTkAPSYTNGKLNIYYRRLYNGL
KFITIKRYkPNNkIDSEFVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEFDHAAEEYEHAKKLIITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

122

rTT_degly
-KbD-Fer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KFITIKRYTPNNEIDSEFVKSGDE IKLYVSYKNNEHIVGYPKDGNAFNKLDRILRVGYkKAPKIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGkDPNRDILIASNWYEFNHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEFDHAAEEYEHAKKLIITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

123

rTT_degly
-K10A-Fer

MKNLDCWVDkKkEEDIDVILKKSTILNLDINkKDIISDISKEFNSAVITYPDAQLVPGINGKAIHL
VNNEkSEVIVHKAMk IEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSI
GSGWSVSLKGNNLIWTLKDSkGEVRQITFRDLPkKENAYLANKWVFITITNDRkSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEFDHAAEEYEHAKKLIITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

124

rTT_degly
-K10B-Fer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITkKLGAIREDNQITLKLDRCKNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TELRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTkAPSYTNGKLNIYYRRLYNGL
KFITIKRYkPNNkIDSEFVKSGDEF IKLYVSYKNNEHIVGYPKDGNAFNKLDRILRVGYkKAPKIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGkDPNRDILIASNWYEFNHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEDHAAEEYEHAKKLITIFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

125

rTT_degly
-K10C-Fer

MKNLDCWVDkKkEEDIDVILKKSTILNLDINkKDIISDISKEFNSAVITYPDAQLVPGINGKAIHL
VNNEkSEVIVHKAMk IEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHSLSI
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITkKLGAIREDNQITLKLDRCKNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TELRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTkAPSYTNGKLNIYYRRLYNGL
KFITIKRYkPNNkIDSEFVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEFDHAAEEYEHAKKLIITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

126

rTT_degly
-K10D-Fer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSI
GSGWSVSLKGNNLIWTLKDSkGEVRQITFRDLPkKENAYLANKWVFITITNDRkSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI

TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL

-64-




WO 2020/061564 PCT/US2019/052419

KFITIKRYTPNNEIDSEFVKSGDE IKLYVSYKNNEHIVGYPKDGNAFNKLDRILRVGYkKAPKIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGkDPNRDILIASNWYEFNHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEFDHAAEEYEHAKKLIITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

MKNLDCWVDkKkEEDIDVILKKSTILNLDINkKDIISDISKEFNSAVITYPDAQLVPGINGKAIHL
VNNEkSEVIVHKAMk IEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSI
GSGWSVSLKGNNLIWTLKDSkGEVRQITFRDLPkKENAYLANKWVFITITNDRkSSANLYIN
GVLMGSAEITkKLGAIREDNQITLKLDRCKNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TELRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTkAPSYTNGKLNIYYRRLYNGL
KFITIKRYkPNNkIDSEFVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEFDHAAEEYEHAKKLIITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

rTT_degly

127 -K15A-Fer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSI
GSGWSVSLKGNNLIWTLKDSkGEVRQITFRDLPkKENAYLANKWVFITITNDRkSSANLYIN
GVLMGSAEITkKLGAIREDNQITLKLDRCKNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TELRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTkAPSYTNGKLNIYYRRLYNGL
KFITIKRYkPNNkIDSEFVKSGDEF IKLYVSYKNNEHIVGYPKDGNAFNKLDRILRVGYkKAPKIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGkDPNRDILIASNWYEFNHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEDHAAEEYEHAKKLITIFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

rTT_degly

128 -K15B-Fer

MKNLDCWVDkKkEEDIDVILKKSTILNLDINkKDIISDISKEFNSAVITYPDAQLVPGINGKAIHL
VNNEkSEVIVHKAMk IEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHSLSI
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITkKLGAIREDNQITLKLDRCKNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TELRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTkAPSYTNGKLNIYYRRLYNGL
KFITIKRYkPNNkIDSEFVKSGDEF IKLYVSYKNNEHIVGYPKDGNAFNKLDRILRVGYkKAPKIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGkDPNRDILIASNWYEFNHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEFDHAAEEYEHAKKLIITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

rTT_degly

129 -K15C-Fer

MKNLDCWVDkKkEEDIDVILKKSTILNLDINkKDIISDISKEFNSAVITYPDAQLVPGINGKAIHL
VNNEkSEVIVHKAMk IEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSI
GSGWSVSLKGNNLIWTLKDSkGEVRQITFRDLPkKENAYLANKWVFITITNDRkSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KFITIKRYTPNNEIDSEFVKSGDE IKLYVSYKNNEHIVGYPKDGNAFNKLDRILRVGYkKAPKIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGkDPNRDILIASNWYEFNHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEFDHAAEEYEHAKKLIITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

rTT_degly

130 -K15D-Fer

MKNLDCWVDkKkEEDIDVILKKSTILNLDINkKDIISDISKEFNSAVITYPDAQLVPGINGKAIHL
VNNEkSEVIVHKAMk IEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSI
GSGWSVSLKGNNLIWTLKDSkGEVRQITFRDLPkKENAYLANKWVFITITNDRkSSANLYIN
GVLMGSAEITkKLGAIREDNQITLKLDRCKNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TELRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTkAPSYTNGKLNIYYRRLYNGL
KFITIKRYkPNNkIDSEFVKSGDEF IKLYVSYKNNEHIVGYPKDGNAFNKLDRILRVGYkKAPKIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGkDPNRDILIASNWYEFNHLKDK
ILGCDWYEVPTDEGWINDgg9gSGGDI IKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLE
LEFDHAAEEYEHAKKLIITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNI
VDHAIKSKDHATENF LOWYVAEQHEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRK
S

rTT_degly

131 -K20-Fer

-65-




WO 2020/061564

PCT/US2019/052419

132

rTT_degly
-K20-
Ilnl5-Fer

MKNLDCWVDkKkEEDIDVILKKSTILNLDINkKDIISDISKEFNSAVITYPDAQLVPGINGKAIHL
VNNEkSEVIVHKAMk IEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSI
GSGWSVSLKGNNLIWTLKDSkGEVRQITFRDLPkKENAYLANKWVFITITNDRkSSANLYIN
GVLMGSAEITkKLGAIREDNQITLKLDRCKNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TELRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTkAPSYTNGKLNIYYRRLYNGL
KFITIKRYkPNNkIDSEFVKSGDEF IKLYVSYKNNEHIVGYPKDGNAFNKLDRILRVGYkKAPKIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGkDPNRDILIASNWYEFNHLKDK
ILGCDWYEVPTDEGWINDgggSGGgysggSGGYgDI IKLLNEQVNKEMOSSNLYMSMS SWCY T
HSLDGAGLEFLEFDHAAEEYEAAKKLIIFLNENNVPVQLTSISAPEARKFEGLTQIFQKAYEHEQ
HISESINNIVDHAIKSKDHATEFNFLOWYVAEQHEEEVLEFKDILDKIELIGNENHGLYLADQY
VKGIAKSRKS

133

rTT_degly
-K20-
1n25-Fer

MKNLDCWVDKEEDIDVILKKSTILNLDINKDIISDISKkFNSAVITYPDAQLVPGINGKATHL
VNNEk SEVIVHKAMK IEYNDMFNNFTVSFWLRVPKVSASHLEQYGTNEYSIISSMKKHkkS T
GSGWSVSLKGNNLIWTLKDSkGEVRQITFRDLPKKFNAYLANKWVE ITITNDRKSSANLYIN
GVLMGSAEITKLGAIREDNQITLXKLDRCKNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTKkAPSYTNGKLNIYYRRLYNGL
KFIIKRYKPNNkIDSFVKSGDFIKLYVSYKNNEHIVGYPKDGNAFNKLDRILRVGYKAPKIP
LYKKMEAVKLRDLKTYSVQLKLYDDXKQASLGLVGTHNGQIGkDPNRDILIASNWYFNHLKDK
ILGCDWYFVPTDEGWTINDGgggSGGggsggSGGygSCGGggSGGyDIIKLLNEQVNKEMOS SNL
YMSMSSWCYTHSLDGAGLF LFDHAAEEYEHAKKLI IF LNENNVPVOLTSISAPEHKFEGLTO
IFOKAYEHEQHISESINNIVDHAIKSKDHATFNFLOWYVAEQHEEEVLFKDI LDKIELIGNE
NHGLYLADQYVKGIAKSRKS

134

rTT_degly
-K20-
1n35-Fer

MKNLDCWVDKEEDIDVILKKSTILNLDINKDIISDISKFNSAVITYPDAQLVPGINGKATHL
VNNEk SEVIVHKAMK IEYNDMFNNFTVSFWLRVPKVSASHLEQYGTNEYSIISSMKKHkkS T
GSGWSVSLKGNNLIWTLKDSkGEVRQITFRDLPKKFNAYLANKWVE ITITNDRKSSANLYIN
GVLMGSAEITKLGAIREDNQITLXKLDRCKNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTKkAPSYTNGKLNIYYRRLYNGL
KFIIKRYKPNNkIDSFVKSGDFIKLYVSYKNNEHIVGYPKDGNAFNKLDRILRVGYKAPKIP
LYKKMEAVKLRDLKTYSVQLKLYDDXKQASLGLVGTHNGQIGkDPNRDILIASNWYFNHLKDK
ILGCDWYFVPTDEGWTINDgggSGEygsggSGEyggSGGggSEGygSGGggSGGgDI IKLLNEQ
VNKEMQSSNLYMSMS SWCYTHSLDGAGLFLFDHAAEEYEHAKKLI IFLNENNVPVOLTSISA
PEHKFEGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNF LOWYVAEQHEEEVLFKD I
LDKIELIGNENHGLYLADQYVKGIAKSRKS

135

rTT_degly
-r8-Ferr

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTINEYSIISSMKKHSLSI
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLST
TELRDEFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KFITIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYFVPTDEGWINDggacaaakeaaakeaaakeaaakaleacaaakeaaakeaaakea
aakaDIIKLLNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLEFLFDHAAEEYEHAKKLIIFLN
ENNVPVQLTSISAPEAKFEGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATENEFLOWYV
AEQAEEEVLFKDILDKIELIGNENAGLYLADQYVKGIAKSRKS

136

rTT_degly
-12pa-
Ferr

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWTINDgsapapapapapapapapapapapapaDI IKLLNEQVNKEMQOSS
NLYMSMSSWCYTHSLDGAGLFLEFDHAAEEYEHARKKLIIFLNENNVPVQLTSISAPEHKFEGL
TQIFQRKAYEHEQAISESINNIVDHAIKSKDHATENF LOWYVAEQHEEEVLEFKDILDKIELIG
NENHGLYLADQYVKGIAKSRKS

137

rTT_degly
-r3-Ferr

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP

LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK

-66-




WO 2020/061564

PCT/US2019/052419

ILGCDWYFVPTDEGWINDggacaaakeaaakeaaakaDIIKLLNEQVNKEMOSSNLYMSMSS
WCYTHSLDGAGLEFLFDHAAEEYEHAKKLITFLNENNVPVQLTSISAPEHKFEGLTQIFQKAY
EAEQHISESINNIVDHAIKSKDHATFNFLOQWYVAEQHEEEVLFKDILDKIELIGNENHGLYL
ADQYVKGIAKSRKS

138

rTT_degly
-3f-Ferr

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKATHL
VNNEASEVIVHKAMDIEYNDMFNNFTVSFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLS T
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAYLANKWVE ITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLXKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLST
TFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KFIIKRYTPNNEIDSFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDXKQASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDK
ILGCDWYFVPIDEGWTNDGg9gsggggsggggsDI IKLLNEQVNKEMOSSNL YMSMS SWCY T
HSLDGAGLFLFDHAAEEYEHAKKLITIFLNENNVPVOLTSISAPEHKFEGLTQIFQOKAYEHEQ
HISESINNIVDHAIKSKDHATFNFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQY
VKGIAKSRKS

139

rTT_degly
-2rf-Ferr

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYFVPTDEGWINDgsacaaakeaaakaDIIKLLNEQVNKEMQOSSNLYMSMSSWCYTH
SLDGAGLEFLFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEHRKFEGLTQIFQKAYEHEQH
ISESINNIVDHAIKSKDHATFNFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYV
KGIAKSRKS

140

rTT_degly
-bga-Ferr

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEFVPTDEGWINDgsgsgsgsgsasgDIIKLLNEQVNKEMOSSNLYMSMSSWCYTHS
LDGAGLEFLFDHAAEEYEHAKKLITFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEHEQHT
SESINNIVDHAIKSKDAATEFNFLOQWYVAEQAEEEVLFKDILDKIELIGNENAGLYLADQYVK
GIAKSRKS

141

rTT_degly
-lrf-Ferr

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEFVPTDEGWINDpapapasgDIIKLLNEQVNKEMOQSSNLYMSMS SWCYTHSLDGAG
LELFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEHKFEGLTQIFQRKAYEAEQHISESIN
NIVDHAIKSKDHATFNFLOWYVAEQHEEEVLEKDILDKIELIGNENHGLYLADQYVKGIAKS
RKS

142

Ferr_delt
aCTl-
linker-
rTT

DIIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNV
PVOLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNIVDAAIKSKDAATFNFLOQWYVAEQH
EEEVLFKDILDKIELIGKALEAQKOKMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDI
SGENSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNE TVSEWLRVPKV
SASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKE
NAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVS
IDKFRIFCKALNPKEIEKLYTSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITD
YMYLTNAPSYTNGKLNIYYRRLYNGLKEFIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEOIV
GYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTH
NGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWIND

143

Ferr_delt
aCT2-
linker-
rTT

DIIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNV
PVOLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNIVDAAIKSKDAATFNFLOWYVAEQH
EEEVLFKDILDKIELIGNENKALEAQKQKMKNLDCWVDNEEDIDVILKKSTILNLDINNDII

SDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRYV
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PKVSASHLEQYGTINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLP
DKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQ
YVSIDKFRIFCKALNPKEIEKLYTSYLSITELRDEWGNPLRYDTEYYLIPVASSSKDVQLKN
ITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNE
HIVGYPKDGNAENNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLV
GTHNGQIGNDPNRDILIASNWYEFNHLKDKILGCDWYEVPTDEGWTND

144

rTT-
linker-
Ferr

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHL
VNNESSEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSIT
TELRDEWGNPLRYDTEYYLIPVASSSKDVOQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWINDKALEAQKQKSKDI IKLLNEQVNKEMNS SNLYMSMSSWCYTHSLD
GAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEHRKFEGLTQIFQKAYEAEQHISE
SINNIVDHAIKSKDHATFNFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGI
AKSRKS

145

rTT-
2xlinker-
Ferr

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHL
VNNESSEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSIT
TELRDEWGNPLRYDTEYYLIPVASSSKDVOQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWINDKALEAQKQKKALEAQKQKSKDI IKLLNEQVNKEMNSSNLYMSMS
SWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEHKFEGLTQIFQKA
YEHEQHISESINNIVDHAIKSKDHATFNFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLY
LADQYVKGIAKSRKS

146

Ferr_delt
aCTl-
linker-
CRM

DIIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNV
PVOLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNIVDAAIKSKDAATFNFLOQWYVAEQH
EEEVLFKDILDKIELIGKALEAQKQKGADDVVDSSKSEVMENE SSYHGTKPGYVDSIQKGIQ
KPKSGTQGNYDDDWKEFYSTDNKYDAAGY SVDNENPLSGKAGGVVKVIYPGLTKVLALKVDN
AETIKKELGLSLTEPLMEQVGTEEF IKRFGDGASRVVLSLPFAEGSSSVEYINNWEQAKALS
VELEINFETRGKRGQODAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKE
HGPIKNKMSESPNKTVSEEKAKQYLEEFHQTALEAPELSELKTVIGTNPVEAGANYAAWAVN
VAQVIDSETADNLEKTTAALSILPGIGSVMGIADGAVHHONTEEIVAQSIALSSLMVAQAIPL
VGELVDIGFAAYNEVESIINLEFQVVINSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDSIIRT
GFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTE
CRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEEFE
IKS

147

Ferr_delt
aCT2-
linker-
CRM

DIIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNV
PVOLTSISAPEHKFEGLTQIFQRKAYEAEQHISESINNIVDAAIKSKDAATFNFLOWYVAEQH
EEEVLFKDILDKIELIGNENKALEAQKQKGADDVVDSSKSEVMENFSSYHGTKPGYVDSIQK
GIQKPKSGTQOGNYDDDWKEEFYSTDNKYDAAGY SVDNENPLSGKAGGVVKVTYPGLTKVLALK
VDNAETIKKELGLSLTEPLMEQVGTEEFIKREGDGASRVVLSLPFAEGSSSVEYINNWEQAK
ALSVELEINFETRGKRGODAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIES
LKEHGPIKNKMSESPNKTVSEEKAKQYLEEFHQTALEOHPELSELKTVIGTINPVEAGANYAAW
AVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGAVHOINTEEIVAQSIALSSLMVAQA
IPLVGELVDIGFAAYNEFVESIINLFQVVHNSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDST
IRTGEFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGD
VI CRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSL
FFEIKS

148

CRM-
linker-
Ferr

GADDVVDSSKSEVMENESSYHGTKPGYVDSIQKGIQKPKSGTQOGNYDDDWKEEFYSTDNKYDA
AGY SVDNENPLSGKAGGVVKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEE T
KREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELE INFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNKTVSEEKAKQYLE
EFHQTALEOPELSELKTVIGINPVEAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI
GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNEFVESIINLEQVVH
NSYNRPAYSPGHKTQPFLHDGYAVSWNTIVEDSIIRTGEFQGESGHDIKITAENTPLPIAGVLL
PTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTECRPKSPVYVGNGVHANLHVAFHRSSS
EKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFFEIKSKALEAQKQKSKDIIKLLNEQVNK

EMNSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEH
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KFEGLTQIFQRKAYEHEQAHISESINNIVDAAIKSKDAATENELOWYVAEQAEEEVLFKDILDK
IELIGNENHGLYLADQYVKGIAKSRKS

149

CRM-
2xlinker-
Ferr

GADDVVDSSKSEVMENESSYHGTKPGYVDSIQKGIQKPKSGTQOGNYDDDWKEEFYSTDNKYDA
AGY SVDNENPLSGKAGGVVKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEE T
KREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELE INFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNKTVSEEKAKQYLE
EFHQTALEOPELSELKTVIGINPVEAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI
GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNEFVESIINLEQVVH
NSYNRPAYSPGHKTQPFLHDGYAVSWNTIVEDSIIRTGEFQGESGHDIKITAENTPLPIAGVLL
PTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTECRPKSPVYVGNGVHANLHVAFHRSSS
EKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFFEIKSKALEAQKQKKALEAQKQKSKDIT
KLLNEQVNKEMNSSNLYMSMSSWCYTHSLDGAGLF LEDHAAEEYEHAKKLIIFLNENNVPV(Q
LTSISAPEARFEGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLOWYVAEQHEEE
VLFKDILDKIELIGNENAGLYLADQYVKGIAKSRKS

150

rTT-ferr
1

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN
NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITE
LRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFE
ITIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKIL
GCDWYEVPTDEGWINDgYsSg9gsggASISERKMVEALNRQINAEIYSAYLYLSMASYFDSIGL
KGEFSNWMRVOWQEELMAAMKMEFDEVSRRGGRVKLYAVEEPPSEWDSPLAAFEHVYEHEVNVV
KRIHELVEMAMQOQEKDFATYNFLOWYVAEQVEEEASALDIVEKLRLIGEDKRALLFLDKELSL
RQFTPPAEEEK

DNA

starvation/stationary phase protection protein (DPS)

151

dps (te) -
rTT 1

SATTTLKEQVLTTLKREQANAVVMYLNYKKYHWLTYGPLFRDLHLLFEEQGSEVFAMIDELA
ERSLMLDGQPVADPADYLKVATVIPSSGQLTVKQMIEEAIANAELIITEMHQODAETATEAGD
IGTADLYTRLVQTHQKHRWE LKEF LAKGDGLVSggsgggsggKNLDCWVDNEEDIDVILKKS
TILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMDIEYNDM
ENQFTVSEWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSA
GEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNQI
TLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITEFLRDEFWGNPLRYDTEYYLIP
VASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITKRYTPNNEIDSEVKSGD
FIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLK
LYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDKILGCDWYEVPTDEGWTND

152

dps (te) -
rTT 2

SATTTLKEQVLTTLKREQANAVVMYLNYKKYHWLTYGPLFRDLHLLFEEQGSEVFAMIDELA
ERSLMLDGQPVADPADYLKVATVTPSSGOLTVKOMIEEAIANHELI I TEMHODAEIATEAGD
IGTADLYTRLVQOTHOKHRWF LKEF LAKGDGLVSggsgggsggysggsgKNLDCWVDNEEDID
VILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMD
IEYNDMENQFTVSFWLRVPKVSASHLEQYGTNEYSI I SSMKKHSLSIGSGWSVSLKGNNLIW
TLKDSAGEVRQITFRDLPDKFNAYLANKWVFITITNDRLSSANLYINGVLMGSAEITGLGAT
REDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITFLRDFWGNPLRYDT
EYYLIPVASSSKDVOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFIIKRYTPNNEIDS
FVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKT
YSVOLKLYDDKNASLGLVGTHNGOIGNDPNRDILIASNWYFNHLKDKILGCDWYFVPTDEGW
TND

153

dps (te) -
rTT 3

SATTTLKEQVLTTLKREQANAVVMYLNYKKYHWLTYGPLFRDLHLLFEEQGSEVFAMIDELA
ERSLMLDGQPVADPADYLKVATVTPSSGOLTVKOMIEEAIANHELI I TEMHODAEIATEAGD
IGTADLYTRLVQTHOKHRWF LKEF LAKGDGLVSggdsggdgggdggdgKNLDCWVDNEEDID
VILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKAIHLVNNEASEVIVHKAMD
IEYNDMENQFTVSFWLRVPKVSASHLEQYGTNEYSI I SSMKKHSLSIGSGWSVSLKGNNLIW
TLKDSAGEVRQITFRDLPDKFNAYLANKWVFITITNDRLSSANLYINGVLMGSAEITGLGAT
REDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITFLRDFWGNPLRYDT
EYYLIPVASSSKDVOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFIIKRYTPNNEIDS
FVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKT
YSVOLKLYDDKNASLGLVGTHNGOIGNDPNRDILIASNWYFNHLKDKILGCDWYFVPTDEGW
TND

154

rTT-
dps(te) 1

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN
NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS

GWSVSLKGNNLIWILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
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LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITF
LRDEFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKE
ITIKRYTPNNEIDSEFVKSGDE IKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDKIL
GCDWYEVPTDEGWINDggsggSATTTLREQVLTTLKREQANAVVMYLNYKKYAWLTYGPLEFR
DLHLLFEEQGSEVFAMIDELAERSLMLDGQPVADPADYLKVATVIPSSGQLTVKQMIEEATA
NHELIITEMHQDAEIATEAGDIGTADLYTRLVQTHQKHRWELKEF LAKGDGLVS

155

rTT-
dps(te) 2

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN
NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITE
LRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFE
ITIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKIL
GCDWYEVPTDEGWINDgYsggsggSATTTLKEQVLTTLEKREQANAVVMYLNYKKYHWLTYGP
LERDLHLLFEEQGSEVFAMIDELAERSLMLDGQPVADPADYLKVATVIPSSGQLTVKQMIEE
AIANHELIITEMHQDAEITATEAGDIGTADLYTRLVQTHQKHRWEF LKEFLAKGDGLVS

156

rTT-
dps(te) 3

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN
NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITE
LRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFE
ITIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKIL
GCDWYEFVPTDEGWINDggdggdggSATTTLKEQVLTTLKREQANAVVMYLNYKKYHWLTYGP
LERDLHLLFEEQGSEVFAMIDELAERSLMLDGQPVADPADYLKVATVIPSSGQLTVKQMIEE
AIANHELIITEMHQDAEIATEAGDIGTADLYTRLVQTHQKHRWF LKEFLAKGDGLVS

157

dps (kr) -
rTT 1

TTIHDVQTTGLTQDAVIGFDASSRLNAGLOEVLVDLTALHLQGKQAHWNIVGENWRDLHLQL
DTLVEAARGFSDDVAERMRAVGGVPDARPQTVAASRIGDVGPDEIDTRACVEAIVALVRHTV
DTIRRVHDPIDAEDPASADLLHAITLELEKQAWMIGSENRSPRRggsSggKNLDCWVDNEEDIT
DVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIOLVNNEASEVIVHKAM
DIEYNDMENQETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNNL I
WILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLY INGVLMGSAEITGLGA
IREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSITEFLRDEFWGNPLRYD
TEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPNNEID
SEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIPLYKKMEAVKLRDLK
TYSVOLKLYDDKNASLGLVGTHANGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEG
WIND

158

dps (kr) -
rTT 2

TTIHDVQTTGLTQDAVIGFDASSRLNAGLOEVLVDLTALHLQGKQAHWNIVGENWRDLHLQL
DTLVEAARGFSDDVAERMRAVGGVPDARPQTVAASRIGDVGPDEIDTRACVEAIVALVRHTV
DTIRRVHDPIDAEDPASADLLHAITLELEKQAWMIGSENRSPRRYgsgggsggKNLDCWVDN
EEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEASEVIV
HKAMDIEYNDMENQFTVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKG
NNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEIT
GLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITEFLRDEWGNP
LRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEFIIKRYTPN
NEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKL
RDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDKILGCDWYEVP
TDEGWTND

159

dps (kr) -
rTT 3

TTIHDVOTTGLTQDAVTGFDASSRLNAGLQEVLVDLTALHLOGKQOAHWNI VGENWRDLHLOL
DTLVEAARGFSDDVAERMRAVGGVPDARPQTVAASRIGDVGPDEIDTRACVEAIVALVRHTV
DTIRRVHDPIDAEDPASADLLHAITLELEKQAWMI GSENRSPRRJYSQJYsgggsggsgKNL
DCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKAIHLVNNE
ASEVIVHKAMDIEYNDMFNQFTVSFWLRVPKVSASHLEQYGTINEYSIISSMKKHSLS IGSGW
SVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLY INGVLM
GSARITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITFLR
DFWGNPLRYDTEYYLIPVASSSKDVQLKQI TDYMYLTNAPSYTNGKLNIYYRRLYNGLKEFI I
KRYTPNNEIDSFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKK
MEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDKILGC
DWYFVPTDEGWIND

160

rTT-
dps(kr) 1

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN

NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
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GWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITF
LRDEFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKE
ITIKRYTPNNEIDSEFVKSGDE IKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDKIL
GCDWYEVPTDEGWINDggsggITTIADVQTTGLTODAVIGFDASSRLNAGLQEVLVDLTALHL
QGKQAHWNIVGENWRDLALQLDTLVEAARGEF SDDVAERMRAVGGVPDARPQTVAASRIGDVG
PDEIDTRACVEAIVALVRHTVDTIRRVHDPIDAEDPASADLLHAITLELEKQAWMIGSENRS
PRRR

161

rTT-
dps (kr) 2

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN
NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITE
LRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFE
ITIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKIL
GCDWYEVPTDEGWINDggsgggsggITTIADVQTTGLTODAVIGFDASSRLNAGLQEVLVDLT
ALALOQGKQAAWNIVGENWRDLHLQLDTLVEAARGEFSDDVAERMRAVGGVPDARPQTVAASRI
GDVGPDEIDTRACVEAIVALVRHTVDTIRRVHDPIDAEDPASADLLHAITLELEKQAWMIGS
ENRSPRRR

162

dps (np) -
rTT 1

SETQTLLRNEFGNVYDNPVLLDRSVTAPVIEGEFNVVLASFQALYLQYQKHHFVVEGSEFYSLH
EFFNEAYNQVQDHIHEIGERLDGLGGVPVATF SKLAELTCFEQESEGVYSSROMVENDLAAE
QAITIGVIRRQAAQAESLGDRGTRYLYEKILLKTEERAYHLSHF LAKDSLTLGFVQAAQSYYS
ggKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIH
LVNNEASEVIVHKAMDIEYNDMENQFTVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLS
IGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYT
NGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLS
ITFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNG
LKEFIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGT
PLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHANGQIGNDPNRDILIASNWYENHLKD
KILGCDWYEVPTDEGWIND

163

dps (np) -
rTT 2

SETQTLLRNEFGNVYDNPVLLDRSVTAPVIEGEFNVVLASFQALYLQYQKHHFVVEGSEFYSLH
EFFNEAYNQVQDHIHEIGERLDGLGGVPVATF SKLAELTCFEQESEGVYSSROMVENDLAAE
QAITIGVIRRQAAQAESLGDRGTRYLYEKILLKTEERAYHLSHF LAKDSLTLGFVQAAQSYYS
gggsggKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGING
KAIHLVNNEASEVIVHKAMDIEYNDMENQF TVSEWLRVPKVSASHLEQYGTNEYSIISSMKK
HSLSIGSGWSVSLKGNNLIWTILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSA
NLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYT
SYLSITFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRR
LYNGLKFIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYN
APGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYEN
HLKDKILGCDWYEVPTDEGWIND

164

dps (np) -
rTT 3

SETQTLLRNFGNVYDNPVLLDRSVTAPVTEGFNVVLASFQALYLQYQOKHHFVVEGSEFYSLH
EFFNEAYNQVODHIHEIGERLDGLGGVPVATFSKLAELTCFEQESEGVYSSROMVENDLAAE
OATIGVIRROAAQAESLGDRGTRYLYEKILLKTEERAYHLSHF LAKDSLTLGFVOAAQSYYsS
9998999sggsgKNLDCWVDNEEDIDVILKKSTILNLDINNDI ISDISGFNSAVITYPDAQL
VPGINGKAIHLVNNEASEVIVHKAMDIEYNDMFNQF TVSFWLRVPKVSASHLEQYGTNEYST
ISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAY LANKWVE ITITN
DRLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKE
IEKLYTSYLSITFLRDFWGNPLRYDTEYYLIPVASSSKDVOLKQITDYMYLTNAPSYTNGKL
NIYYRRLYNGLKFIIKRYTPNNEIDSFVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRI
LRVGYNAPGIPLYKKMEAVKLRDLKTYSVQOLKLYDDKNASLGLVGTHNGQIGNDPNRDILIA
SNWYFNHLKDKILGCDWYFVPTDEGWTND

165

rTT-
dps (np) 1

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN
NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITE
LRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFE
ITIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKIL
GCDWYEVPTDEGWINDggsggMSETQTLLRNFGNVYDNPVLLDRSVTAPVTEGENVVLASEQ

ALYLQYQKHAFVVEGSEFYSLHEFFNEAYNQVQDHIHEIGERLDGLGGVPVATEFSKLAELTC
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FEQESEGVYSSROMVENDLAAEQAIIGVIRRQAAQAESLGDRGTRYLYEKILLKTEERAYHL
SHELAKDSLTLGEVQAAQS

166

rTT-
dps (np) 2

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN
NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITE
LRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFE
ITIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKIL
GCDWYEVPTDEGWINDggsg9gsggMSETQTLLRNFGNVYDNPVLLDRSVTAPVTEGENVVL
ASFQALYLQYQKHHFVVEGSEFYSLAEFFNEAYNQVODHIHEIGERLDGLGGVPVATE SKLA
ELTCFEQESEGVYSSROMVENDLAAEQAIIGVIRRQAAQAESLGDRGTRYLYEKILLKTEER
AYALSHFLAKDSLTLGEVQAAQS

Bacteriophage Q Beta Capsid, Chain A

167

rTT-gbeta
1

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN
NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITE
LRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFE
ITIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKIL
GCDWYEVPTDEGWINDggsg9gsgsggAKLETVILGNIGKDGKQTLVLNPRGVNPTNGVASLS
QAGAVPALEKRVIVSVSQPSRNRKENYKVQVKIQONPTACTANGACDPSVTRQAYADVTFESETQ
YSTDEERAFVRTELAALLASPLLIDAIDQLNPAY

168

rTT-gbeta
2

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN
NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITE
LRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFE
ITIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKIL
GCDWYEFVPTDEGWINDggdgssgdggAKLETVILGNIGKDGKQTLVLNPRGVNPTNGVASLS
QAGAVPALEKRVIVSVSQPSRNRKNYKVQVKIQONPTACTANGACDPSVTRQAYADVTFESETQ
YSTDEERAFVRTELAALLASPLLIDAIDQLNPAY

169

rTT-gbeta
3

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKATHLVN
NEASEVIVHKAMDIEYNDMFNQF TVSFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEXKLYTSYLSITF
LRDFWGNPLRYDTEYYLIPVASSSKDVOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKF
IIKRYTPNNEIDSFVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDKIL
GCDWYFVPTDEGWTINDGYsgggsgggsggsgAKLETVTLGNIGKDGKQTLVLNPRGVNPTNG
VASLSQAGAVPALEKRVTVSVSQPSRNRKNYKVOVKIONP TACTANGACDPSVTROAYADVT
FSFTQYSTDEERAFVRTELAALLASPLLIDAIDOLNPAY

170

rTT-gbeta
4

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKATHLVN
NEASEVIVHKAMDIEYNDMFNQF TVSFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAYLANKWVE ITI TNDRLSSANLY INGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEXKLYTSYLSITF
LRDFWGNPLRYDTEYYLIPVASSSKDVOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKF
IIKRYTPNNEIDSFVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY
KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDKIL
GCDWYFVPTDEGWTNDggdsggdgggdggdgAKLETVTLGNIGKDGKQTLVLNPRGVNPTNG
VASLSQAGAVPALEKRVTVSVSQPSRNRKNYKVOVKIQONP TACTANGACDPSVTROAYADVT
FSFTQYSTDEERAFVRTELAALLASPLLIDAIDOLNPAY

171

rTT-gbeta

NLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHLVN
NEASEVIVHKAMDIEYNDMENQETVSEFWLRVPKVSASHLEQYGINEYSIISSMKKHSLSIGS
GWSVSLKGNNLIWILKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGV
LMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITE
LRDFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKFE
ITIKRYTPNNEIDSEVKSGDEF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLY

KKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKIL
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GCDWYFVPIDEGWINDGQSggppPPprgsggsgAKLETVTLGNIGKDGKQTLVLNPRGVNP NG
VASLSQAGAVPALEKRVTVSVSQOP SRNRKNYKVOVKIONP TAC TANGACDPSVTROAYADVT
FSFTQYSTDEERAFVRTELAALLASPLLIDAIDQLNPAY

CaMKIIa (1l2-mer) C-term fragment (5U6Y)

172

CRM-5U6Y

GADDVVDSSKSEVMENESSYHGTKPGYVDSIQKGIQKPKSGTQGNYDDDWKEEFYSTDNKYDA
AGYSVDNENPLSGKAGGVVKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEF I
KREFGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGP IKNKMSESPNKTVSEEKAKQYLE
EFHOQTALEHPELSELKTVIGTINPVFAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI
GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLEQVVH
NSYNRPAYSPGHKTQPEFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLL
PTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTECRPKSPVYVGNGVHANLHVAFHRSSS
EKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFEIKSggksggnkksdgvkessestnta
iededtkvrkgeiikvteglieaisngdfesytkmcdpgmtafepealgnlvegldfhrfyf
enlwsrnskpvhttilnphihlmgdesaciayiritgyldaggiprtagseetrvwhrrdgk
wgivhfhrsga

173

CRM-5U6Y
2

GADDVVDSSKSEVMENESSYHGTKPGYVDSIQKGIQKPKSGTQGNYDDDWKEEFYSTDNKYDA
AGYSVDNENPLSGKAGGVVKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEF I
KREFGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGP IKNKMSESPNKTVSEEKAKQYLE
EFHOQTALEHPELSELKTVIGTINPVFAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI
GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLEQVVH
NSYNRPAYSPGHKTQPEFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLL
PTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTECRPKSPVYVGNGVHANLHVAFHRSSS
EKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFEIKSgvkessestntaiededtkvrkg
eiikvteglieaisngdfesytkmcdpgmtafepealgnlvegldfhrfyfenlwsrnskpv
httilnphihlimgdesaciayiritqgyldaggiprtagseetrvwhrrdgkwgivhfhrsga

174

CRM-5U6Y
3

GADDVVDSSKSEVMENESSYHGTKPGYVDSIQKGIQKPKSGTQGNYDDDWKEEFYSTDNKYDA
AGYSVDNENPLSGKAGGVVKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEF I
KREFGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGP IKNKMSESPNKTVSEEKAKQYLE
EFHOQTALEHPELSELKTVIGTINPVFAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI
GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIINLEQVVH
NSYNRPAYSPGHKTQPEFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLL
PTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTECRPKSPVYVGNGVHANLHVAFHRSSS
EKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFFEIKSgstntaiededtkvrkgeiikvt
eglieaisngdfesytkmcdpgmtafepealgnivegldfhrfyfenlwsrnskpvhttiln
phihlmgdesaciayiritqgyldaggiprtagseetrvwhrrdgkwgivhfhrsga

175

HID-5U6Y
1

SNMANTOMKSDKIIIAHRGASGYLPEHTLESKALAFAQQADYLEQDLAMTKDGRLVVIHDHE
LDGLTDVAKKFPHRHRKDGRYYVIDFTLKEIQSLEMTENFETKDGKQAQVYPNREFPLWKSHE
RIHTFEDEIEFIQGLEKSTGKKVGIYPEIKAPWEHHONGKDIAAETLKVLKKYGYDKKTDMV
YLOTFDENELKRIKTELLPOMGMDLKLVQLIAYTDWKETQEKDPKGYWVNYNYDWME KPGAM
AEVVKYADGVGPGWYMLVNKEESKPDNIVYTPLVKELAQYNVEVHPYTVRKDALPEFEFTDVN
OMYDALLNKSGATGVFTIDFPDTGVEFLKGIKggksggnkksdgvkessestntaiededtkv
rkgeiikvteqglieaisngdfesytkmcdogmtafepealgnlvegldfhrfyfenlwsrns
kpvhttilnphihlimgdesaciayiritqgyldaggiprtagseetrvwhrrdgkwgivhfhr
sga

176

HID-5U6Y
2

SNMANTOMKSDKIIIAHRGASGYLPEHTLESKALAFAQQADYLEQDLAMTKDGRLVVIHDHE
LDGLTDVAKKFPHRHRKDGRYYVIDFTLKEIQSLEMTENFETKDGKQAQVYPNREFPLWKSHE
RIHTFEDEIEFIQGLEKSTGKKVGIYPEIKAPWEHHONGKDIAAETLKVLKKYGYDKKTDMV
YLOTFDENELKRIKTELLPOMGMDLKLVQLIAYTDWKETQEKDPKGYWVNYNYDWME KPGAM
AEVVKYADGVGPGWYMLVNKEESKPDNIVYTPLVKELAQYNVEVHPYTVRKDALPEFEFTDVN
OMYDALLNKSGATGVFTDFPDTGVEFLKGIKgvkessestntaiededtkvrkgeiikvteqg
lieaisngdfesytkmcdpgmtafepealgnlvegldfhrfyfenlwsrnskpvhttilnph
ihimgdesaciayiritqgyldaggiprtagseetrvwhrrdgkwgivhfhrsga

177

HID-5U6Y
3

SNMANTOMKSDKIIIAHRGASGYLPEOTLESKALAFAQQADYLEQDLAMTKDGRLVVIHDHE
LDGLTDVAKKEPHROHRKDGRYYVIDETLKEIQSLEMTENFETKDGKQAQVYPNREFPLWKSHE
RIOTFEDEIEFIQGLEKSTGKKVGIYPEIKAPWEFHHONGKDIAAETLKVLKKYGYDKKTDMV
YLOTFDENELKRIKTELLPOMGMDLKLVQLIAYTDWKETQEKDPKGYWVNYNYDWME KPGAM
AEVVKYADGVGPGWYMLVNKEESKPDNIVYTPLVKELAQYNVEVHPYTVRKDALPEEFEFTDVN
COMYDALLNKSGATGVFTDFPDTGVEFLKGIKgstntaiededtkvrkgeiikvteglieais
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ngdfesytkmcdpgmtafepealgnlvegldfhrfyfenlwsrnskpvhttilnphihlmgd

esacliayiritqyldaggiprtagseetrvwhrrdgkwgivhfhrsga

Phosphopantetheine Adenylyltransferase (6ccq)

178

CRM-6CCQ-
rTT

GADDVVDSSKSEVMENESSYHGTKPGYVDSIQKGIQKPKSGTQOGNYDDDWKEEY STDNKYDA
AGY SVDNENPLSGKAGGVVKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEE T
KREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNKTVSEEKAKQYLE
EFHQTALEOPELSELKTVIGINPVEAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI
GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNEFVESIINLEFQVVH
NSYNRPAYSPGHKTQPFLHDGYAVSWNIVEDSIIRTGEFQGESGHDIKITAENTPLPIAGVLL
PTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVTECRPKSPVYVGNGVHANLHVAFHRSSS
EKIOSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFFEIKSgg99gsggggsMOKRAIYPGTEFDP
ITNGHIDIVTRATQMFDAVILAIAASPSKKPMEFTLEERVALAQQATAHLGNVEVVGESDLMA
NEFARNQHATVLIRGLRAVADFEYEMQLAAMNRALMPELESVEFLMPSKEWSFISSSLVKEVAR
HOGDVTHFLPENVHQALMAKLAVDg9ggsggggsMKNLDCWVDNEEDIDVILKKSTILNLDI
NNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVS
FWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQIT
FRDLPDKENAYLANKWVEITITNDRLSSANLY INGVLMGSAEITGLGAIREDNNITLKLDRC
NNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLSITELRDEWGNPLRYDTEYYLIPVASSSKD
VOLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDEIKLYVS
YNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNA
SLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWTIND

179

HID-6CCQ-
rTT

SNMANTOMKSDKIIIAHRGASGYLPEOTLESKALAFAQQADYLEQDLAMTKDGRLVVIHODHE
LDGLTDVAKKFPHRHRKDGRYYVIDFTLKEIQSLEMTENFETKDGKQAQVYPNREFPLWKSHE
RIOTFEDEIEFIQGLEKSTGKKVGIYPEIKAPWEHHONGKDIAAETLKVLKKYGYDKKTDMV
YLOTEFDENELKRIKTELLPOMGMDLKLVQLIAYTDWKETQEKDPKGYWVNYNYDWMEKPGAM
AEVVKYADGVGPGWYMLVNKEESKPDNIVYTPLVKELAQYNVEVHPYTVRKDALPEFEFTDVN
OMYDALLNKSGATGVETDEPDTGVEFLKGIKgQ99YSgggysMOKRAIYPGTFDPITNGHIDT
VIRATQMEFDHVILAIAASPSKKPMETLEERVALAQQATAHLGNVEVVGEF SDLMANFARNQHA
TVLIRGLRAVADFEYEMQLAHMNRALMPELESVELMPSKEWSFISSSLVKEVARAQGDVTHE
LPENVHQALMAKLAVD9g999sggggsMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDI
SGENSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNE TVSEWLRVPKY
SASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKE
NAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVS
IDKFRIFCKALNPKEIEKLYTSYLSITFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITD
YMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPNNEIDSEVKSGDEFIKLYVSYNNNEHIV
GYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTH
NGOQIGNDPNRDILIASNWYENHLKDKILGCDWYEFVPTDEGWTND

T4 fibritin Foldon domain (Fd)

180

Fd-
rTT_degly

GYIPEAPRDGQAYVRKDGEWVLLSTFLGSGGGGGOMKNLDCWVDNEEDIDVILKKSTILNLD
INNDIISDISGENSAVITYPDAQLVPGINGKAIOLVNNEASEVIVHKAMDIEYNDMENNETV
SEWLRVPKVSASHLEQYGTNEYSITISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQTI
TERDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDR
CNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSK
DVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEFIIKRYTPNNEIDSEVKSGDEIKLYV
SYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQ
ASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDKILGCDWYEFVPTDEGWTIND

181

rTT_degly
—Td-
TT _degly

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWINDggGSGYIPEAPRDGQAYVRKEDGEWVLLSTFLGSGGGGGOMKNLD
CWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHLVNNEA
SEVIVHKAMDIEYNDMENNEFTVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWS
VSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMG
SAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSITEFLRD
FWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIK
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RYTPNNEIDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIPLYKKM
EAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDKILGCD
WYEFVPTDEGWIND
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Fd-
rTT_degly
-K20

GYIPEAPRDGQAYVRKDGEWVLLSTFLGSGGGGGOMKNLDCWVDkKEEDIDVILKKSTILNLD
INKkDIISDISKENSAVITYPDAQLVPGINGKAIHLVNNEKSEVIVHKAMKkIEYNDMENNETV
SEFWLRVPKVSASHLEQYGTINEYSIISSMKKHkkSIGSGWSVSLKGNNLIWTLKDSkGEVRQI
TERDLPKKENAYLANKWVEITITNDRkSSANLYINGVLMGSAEITKLGAIREDNQITLKLDR
CkNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITFLRDEFWGNPLRYDTEYYLIPVASSSK
DVQLKQITDYMYLTkAPSYTNGKLNIYYRRLYNGLKFIIKRYkPNNkIDSFVKSGDEIKLYV
SYKNNEHIVGYPKDGNAFNkKLDRILRVGYkKAPkIPLYKKMEAVKLRDLKTYSVQLKLYDDKQ
ASLGLVGTHNGQIGkDPNRDILIASNWYEFNHLKDKILGCDWYEVPTDEGWIND
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rTT_degly
_Fd_
TT_degly-
K20

MKNLDCWVDkKEEDIDVILKKSTILNLDINKDIISDISKENSAVITYPDAQLVPGINGKAIHL
[VNNEk SEVIVHKAMKk IEYNDMENNE TVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHkk ST
GSGWSVSLKGNNLIWTLKDSkGEVRQITFRDLPkKENAYLANKWVEITITNDRKSSANLYIN
GVLMGSAEITKLGAIREDNQITLKLDRCkKNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
TFLRDEWGNPLRYDTEYYLIPVASSSKDVOQLKQITDYMYLTkAPSYTNGKLNIYYRRLYNGL
KEIIKRYkKkPNNkIDSEVKSGDFIKLYVSYKNNEHIVGYPKDGNAFNKLDRILRVGYKAPKIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGkDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWINDggGSGYIPEAPRDGQAYVRKDGEWVLLSTFLGSGGGGGOMKNLD
CWVDKEEDIDVILKKSTILNLDINkKDIISDISkENSAVITYPDAQLVPGINGKAIHLVNNEk
SEVIVHKAMKk IEYNDMENNEF TVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHkkSIGSGWS
[VSLKGNNLIWTLKDSkGEVRQITFRDLPkKENAYLANKWVEITITNDRkSSANLYINGVLMG
SAEITKLGAIREDNQITLKLDRCKNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITELRD
FWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTKkAPSYTNGKLNIYYRRLYNGLKFIIK
RYKPNNkIDSFVKSGDEIKLYVSYKNNEHIVGYPKDGNAFNkLDRILRVGYkKkAPkKkIPLYKKM
EAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGkKkDPNRDILIASNWYEFNHLKDKILGCD

WYEVPTDEGWTND

Hexamer

184

rTT_degly
r8_linker
_FC_
Hexamer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNE TVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSI
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLST
TELRDEFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDK
ILGCDWYFVPTDEGWINDggacaaakeaaakeaaakeaaakaleacaaakeaaakeaaakea
2akaEPKSCDKTHTCPKCPAPELLGGPSVFLEFPPKPKDTLMISRTPEVICVVVDVSHEDPEV
KENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVCLODWLNGKEYKCKVSNKALPAPIEKT
ISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWE SNGOPENNYKTTPPV
LDSDGSFEFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSLSLSPGKggsggPTLYNVS
LVMSDTAGTCY

185

rTT_degly
12pa_link
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Hexamer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHL
[VNNEASEVIVHKAMDIEYNDMENNE TVSEFWLRVPKVSASHLEQYGTNEYSITISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWTINDgspapapapapapapapapapapapabkPKSCDKTHTCPKCPAPE
LLGGPSVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVCLODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDE
LTKNQVSLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEFEFLYSKLTVDKSRWQQ
GNVESCSVMHEALONHYTQKSLSLSPGKggsggPTLYNVSLVMSDTAGTCY
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rTT_degly
r3_linker
_FC_
Hexamer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHL
[VNNEASEVIVHKAMDIEYNDMENNE TVSEFWLRVPKVSASHLEQYGTNEYSITISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK

ILGCDWYFVPTDEGWINDggacaaakeaaakeaaakaEPKSCDKTHTCPKCPAPELLGGPSV
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FLEPPKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRV
VSVLTVCLODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVS
LTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSEFELY SKLTVDKSRWQQOGNVE SCS
VMHEALHNHYTQKSLSLSPGKggsggPTLYNVSLVMSDTAGTCY
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rTT_degly
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r-Fc-
Hexamer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHL
[VNNEASEVIVHKAMDIEYNDMENNE TVSEFWLRVPKVSASHLEQYGTNEYSITISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWTINDgsgsgsgsgsasgasgEPKSCDKTHTCPKCPAPELLGGPSVELE
PPKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSV
LTVCLODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTC
LVKGEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSEFEFLY SKLTVDKSRWQQOGNVE SCSVMH
EALONHYTQKSLSLSPGKggsggPTLYNVSLVMSDTAGTCY

188

rTT_degly

3f linker
_FC_

Hexamer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKATHL
VNNEASEVIVHKAMDIEYNDMENNE TVSFWLRVPKVSASHLEQYGTINEYSI I SSMKKHSLSI
GSGWSVSLKGNNLIWTLKDSAGEVRQI TFRDLPDKFNAYLANKWVFITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLST
TFLRDFWGNPLRYDTEYYLIPVASSSKDVQOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KFIIKRYTPNNEIDSFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDIL IASNWYFNHLKDK
ILGCDWYFVPTDEGWTNDYYQgsggggsgggysEPKSCDKTHTCPKCPAPELLGGPSVELFP
PKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVCLODWLNGKEYKCKVSNKALPAPTIEKTISKAKGOPREPQVYTLPP SRDELTKNQVSLTCL
VKGFYPSDIAVEWE SNGOPENNYKTTPPVLDSDGSFFLYSKL TVDKSRWQQGNVESCSVMIE
ALHNHYTQKSLSLSPGKggsggPTLYNVSLVMSDTAGTCY

189

rTT_degly
2rf_linke
r-Fc-
Hexamer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHL
[VNNEASEVIVHKAMDIEYNDMENNE TVSEFWLRVPKVSASHLEQYGTNEYSITISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYFVPTDEGWINDgsacaaakeaaakaEPKSCDKTHTCPKCPAPELLGGPSVELEPP
KPKDTLMISRTPEVICVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
[VCLODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLV
KGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEELY SKLTVDKSRWQOGNVE SCSVMHEA
LHNHYTQKSLSLSPGKgygsggPTLYNVSLVMSDTAGICY

190

rTT_degly
1f_linker
_FC_
Hexamer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHL
[VNNEASEVIVHKAMDIEYNDMENNE TVSEFWLRVPKVSASHLEQYGTNEYSITISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWTINDggggsasgEPKSCDKTHTCPKCPAPELLGGPSVELEPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVCLQODW
LNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGEYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSEFLYSKLTVDKSRWQOGNVESCSVMHEALANHY T
QOKSLSLSPGKggsggPTLYNVSLVMSDTAGTCY
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rTT_degly
1lrf_liner
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Hexamer

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHL
[VNNEASEVIVHKAMDIEYNDMENNE TVSEFWLRVPKVSASHLEQYGTNEYSITISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWTNDpapapasgEPKSCDKTHTCPKCPAPELLGGPSVELEPPKPKDTL
MISRTPEVTICVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVCLQODW

LNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGEYPS
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DIAVEWESNGOPENNYKTTPPVLDSDGSEFEFLYSKLTVDKSRWQQOGNVE SCSVMHEALHANHYT
QKSLSLSPGKggsggPTLYNVSLVMSDTAGTCY

DIHYDROLIPOYL TRANSACETYLASE (e2p)

GADDVVDSSKSEVMENF SSYHGTKPGYVDSIQKGIQKPKSGTQOGNYDDDWKEFY STDNKYDA
AGYSVDNENPLSGKAGGVVKVIYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEEF I
KREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNKTVSEEKAKQYLE
EFHQTALEHPELSELKTVIGINPVEFAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI
GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNEFVESIINLEQVVH
192 |CRM-eZp 1|NSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLL
PTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVIFCRPKSPVYVGNGVHANLHVAFHRSSS
EKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFFEIKggQg9sggggsGAAAKPATTEGEFP
ETREKMSGIRRAIAKAMVHSKHTAPHVITLMDEADVIKLVAOARKKFKATIAAEKGIKLTFLPYV
VKALVSALREYPVLNTAIDDETEEIIQKHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQE
INELAEKARDGKLTPGEMKGASCTITNIGSAGGOWETPVINHPEVAILGIGRIAEKPIVRDG
EIVAAPMLALSLSFDHRMIDGATAQKALNAIKRLLSDPELLLM

SNMANTOMKSDKIITIAHRGASGYLPEOTLESKALAFAQQADYLEQDLAMTKDGRLVVIHODHE
LDGLTDVAKKEFPHRHRKDGRYYVIDFTLKEIQSLEMTENFETKDGKQAQVYPNREFPLWKSHE
RIOTFEDEIEFIQGLEKSTGKKVGIYPEIKAPWEHHONGKDIAAETLKVLKKYGYDKKTDMV
YLOTEFDENELKRIKTELLPOMGMDLKLVQLIAYTDWKETQEKDPKGYWVNYNYDWMEKPGAM
AEVVKYADGVGPGWYMLVNKEESKPDNIVYTPLVKELAQYNVEVHPYTVRKDALPEFEFTDVN
OMYDALLNKSGATGVETDEPDTGVEFLKGIKgQ9UYUS99gysGAAAKPATTEGEFPETRERKMS
GIRRAITAKAMVHASKHTAPAVILMDEADVIKLVAHRKKFKAIAAEKGIKLTFLPYVVKALVSA
LREYPVLNTAIDDETEEITQKHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQEINELAEK
ARDGKLTPGEMKGASCTITNIGSAGGOQWETPVINHPEVAILGIGRIAEKPIVRDGEIVAAPM
LALSLSFDHRMIDGATAQKALNHIKRLLSDPELLLM

193 HID-e2p

GADDVVDSSKSEVMENF SSYHGTKPGYVDSIQKGIQKPKSGTQOGNYDDDWKEFY STDNKYDA
AGYSVDNENPLSGKAGGVVKVIYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEEF I
KREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNKTVSEEKAKQYLE
EFHQTALEHPELSELKTVIGINPVEFAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI
GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNEFVESIINLEQVVH
194 |CRM-eZp Z2|NSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDSIIRTGFQGESGHDIKITAENTPLPIAGVLL
PTIPGKLDVNKSKTHISVNGRKIRMRCRAIDGDVIFCRPKSPVYVGNGVHANLHVAFHRSSS
EKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFFEIKSOg99sggggsGAAAKPATTEGEE
PETREKMSGIRRAIARAMVASKHTAPAVILMDEADVIKLVAHRKKFKAIAAEKGIKLTFLPY
VVKALVSALREYPVLNTAIDDETEEIIQKHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQ
EINELAEKARDGKLTPGEMKGASCTITNIGSAGGOWETPVINAHPEVAILGIGRIAEKPIVRD
GEIVAAPMLALSLSFDARMIDGATAQKALNHIKRLLSDPELLLM

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSITISSMKKHSLSIT
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKEFNAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGATIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLST
TEFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKOQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEFITKRYTPNNEIDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYFVPTDEGWINDggggsggggsggggsggggsacaaakeaaakaggggsggggsgg
gJ9sggggsAAAKPATTEGEFPETREKMSGIRRAIARKAMVHSKHTAPAVTILMDEADVTKLVAH
RKKFKAIAAEKGIKLTFLPYVVKALVSALREYPVLNTAIDDETEEIIQKHYYNIGIAADTDR
GLLVPVIKHADRKPIFALAQEINELAEKARDGKLTPGEMKGASCTITNIGSAGGQWEFTPVIN
HPEVAILGIGRIAEKPIVRDGEIVAAPMLALSLSFDHRMIDGATAQRKALNHIKRLLSDPELL
LM

rTT_degly

1951 10r-m2p

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK

ILGCDWYFVPTDEGWTNDYg99s9999s999959999sggggsggdgsggggsgggygsAAAK
PATTEGEFPETREKMSGIRRAIAKAMVHSKHTAPHVTLMDEADVTKLVAHRKKFKAIAAEKG

rTT_degly

196 " gt mop
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IKLTFLPYVVKALVSALREYPVLNTAIDDETEEIIQKHYYNIGIAADTDRGLLVPVIKHADR
KPIFALAQEINELAEKARDGKLTPGEMKGASCTITNIGSAGGOWETPVINHPEVAILGIGRI
AEKPIVRDGEIVAAPMLALSLSFDHRMIDGATAQKALNHIKRLLSDPELLLM

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
rTT_degly|KFIIKRYTPNNEIDSEFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
-4f-E2p [LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWTINDggQg9sg99ggsgggysggyggsAAARPATTEGEFPETREKMSGIRR
ATAKAMVHSKHTAPHVILMDEADVTRKLVAHRKKFKAIAAEKGIKLTFLPYVVKALVSALREY
PVLNTAIDDETEEIIQKHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQEINELAEKARDG
KLTPGEMKGASCTITNIGSAGGOQWETPVINHPEVAILGIGRIAEKPIVRDGEIVAAPMLALS
LSEDHARMIDGATAQKALNAIKRLLSDPELLLM

197

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGFNSAVITYPDAQLVPGINGKATHL
VNNEASEVIVHKAMDIEYNDMFNNE TVSFWLRVPKVSASHLEQYGINEYSI ISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKFNAYLANKWVFITI TNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLST
TFLRDFWGNPLRYDTEYYLIPVASSSKDVOLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
rTT_degly|KFIIKRYTPNNE IDSFVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
-3f-E2p |LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDK
ILGCDWYFVPTDEGWINDGQQgsggggsqgggysAAAKPAT TEGEFPETREKMSGIRRATAKA
MVHSKHTAPHVTLMDEADVTKLVAHRKKFKATAAEKGIKLTFLP YVVKALVSALREYPVLNT
ATDDETEEITQOKHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQEINELAEKARDGKLTPG
EMKGASCTITNIGSAGGOWFTPVINHPEVAILGIGRIAEKP IVRDGEIVAAPMLALSLSFDH
RMIDGATAQKALNHIKRLLSDPELLLM

198

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
rTT_degly|KFIIKRYTPNNEIDSEFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
-2f-E2p [LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWINDggQ99gsg9gygsAAAKPATTEGEFPETREKMSGIRRATARKAMVHSK
HTAPHVITLMDEADVTKLVAHRKKFKAIAAEKGIKLTFLPYVVKALVSALREYPVLNTAIDDE
TEEITQRKHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQEINELAEKARDGKLTPGEMKGA
SCTITNIGSAGGOWFTPVINAPEVAILGIGRIAEKPIVRDGEIVAAPMLALSLSFDHRMIDG
ATAQKALNHIKRLLSDPELLLM

199

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
rTT_degly|KFIIKRYTPNNEIDSEFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
-1f-E2p [LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWINDggg9gsasgAAAKPATTEGEFPETREKMSGIRRAIAKAMVHSKHT
APHVTLMDEADVTKLVAHRKKFKAIAAEKGIKLTFLPYVVKALVSALREYPVLNTAIDDETE
EITQKHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQEINELAEKARDGKLTPGEMKGASC
TITNIGSAGGOWF TPVINHPEVAILGIGRIAEKPIVRDGEIVAAPMLALSLSFDARMIDGAT
AQKALNHIKRLLSDPELLLM

200

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNE TVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSI
GSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLST
rTT_degly|TFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
-r8-E2p |[KFIIKRYTPNNEIDSEFVKSGDEIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDK
ILGCDWYFVPTDEGWINDggacaaakeaaakeaaakeaaakaleacaaakeaaakeaaakea
aakasgAAAKPATTEGEFPETREKMSGIRRATAKAMVHSKHTAPHVTLMDEADVTKLVAHRK
KFKAIAAEKGIKLTFLPYVVKALVSALREYPVLNTAIDDETEEITQKHYYNIGIAADTDRGL

201
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LVPVIKAADRKPIFALAQEINELAEKARDGKLTPGEMKGASCTITNIGSAGGOQWEFTPVINHP
EVAILGIGRIAEKPIVRDGEIVAAPMLALSLSFDHRMIDGATAQKALNHIKRLLSDPELLLM

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
rTT_degly|KFIIKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
-rl12-E2p |LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDK
ILGCDWYEFVPTDEGWINDgsapapapapapapapapapapapapasglAiAKPATTEGEFPET
REKMSGIRRAIAKAMVHSKATAPHVTILMDEADVTKLVAHRKKFKAIAAEKGIKLTFLPYVVK
ALVSALREYPVLNTAIDDETEEIIQKHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQEIN
ELAEKARDGKLTPGEMKGASCTITNIGSAGGOQWETPVINHPEVAILGIGRIAEKPIVRDGET
VAAPMLALSLSFDHRMIDGATAQKALNHIKRLLSDPELLLM

202

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKATIHL
[VNNEASEVIVHKAMDIEYNDMENNE TVSEFWLRVPKVSASHLEQYGTNEYSITISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLST
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
rTT_degly|KFIIKRYTPNNEIDSFVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
-r3-E2p [LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYFVPTDEGWINDgacaaakeaaakeaaakasgAAAKPATTEGEFPETREKMSGIRR
ATAKAMVHSKHTAPHVILMDEADVTRKLVAHRKKFRKAIAAEKGIKLTFLPYVVKALVSALREY
PVLNTAIDDETEEIIQKHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQEINELAEKARDG
KLTPGEMKGASCTITNIGSAGGOQWETPVINHPEVAILGIGRIAEKPIVRDGEIVAAPMLALS
LSFDHRMIDGATAQKALNAIKRLLSDPELLLM

203

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSAVITYPDAQLVPGINGKAIHL
VNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSI
TELRDEWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMYLTNAPSYTNGKLNIYYRRLYNGL
rTT_degly|KFIIKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIP
-2rf-E2p |LYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDK
ILGCDWYFVPTDEGWINDgsacaaakeaaakasgRAAKPATTEGEFPETREKMSGIRRAIAK
AMVHSKHTAPHVITLMDEADVITKLVAHRKKFKAIAAEKGIKLTFLPYVVKALVSALREYPVLN
TAIDDETEEITQKHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQEINELAEKARDGKLTP
GEMKGASCTITNIGSAGGOWEFTPVINHPEVAILGIGRIAEKPIVRDGEIVAAPMLALSLSED
HRMIDGATAQKALNHIKRLLSDPELLLM

204

Glutamate Synthase, Chain A (1£52)

Snmantgmksdkiiiahrgasgylpehtleskalafaggadylegdlamtkdgrlvvihdhf
ldgltdvakkfphrhrkdgryyvidftlkeigslemtenfetkdgkgagvypnrfplwkshf
rihtfedeiefigglekstgkkvgiypeikapwfhhgngkdiaaetlkvlkkygydkktdmv
vlgtfdfnelkriktellpgmgmdlklvgliaytdwketgekdpkgywvnynydwmfkpgam
aevvkyadgvgpgwymlvnkeeskpdnivytplvkelagynvevhpytvrkdalpefftdvn
gmydallnksgatgvfitdfpdtgveflkgikSAEHVLTMLNEHEVKFVDLRFTDTKGKEQHV
6H-3C- |TIPAHQVNAEFFEEGKMFDGSSIGGWKGINESDMVLMPDASTAVIDPFFADSTLIIRCDILE
HiD-1£52 |PGTLOQGYDRDPRSIAKRAEDYLRATGIADTVLFGPEPEFFLFDDIRFGASISGSHVAIDDIE
GAWNSSTKYEGGNKGHRPGVKGGYFPVPPVDSAQDIRSEMCLVMEQMGLVVEAHHAEVATAG
ONEVATRFNTMTKKADEIQIYKYVVANVAHRFGKTATFMPKPMEFGDNGSGMHCHMS LAKNGT
NLESGDKYAGLSEQALYYIGGVIKHAKAINALANPTTNSYKRLVPGYEAPVMLAYSARNRSA
SIRIPVVASPKARRIEVRFPDPAANPYLCFAALLMAGLDGIKNKIHPGEPMDKNLYDLPPEE
AKEIPQVAGSLEEALNALDLDREFLKAGGVETDEAIDAYIALRREEDDRVRMTPHPVEFELY
YSvV

205

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHL
VNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN

6H-3C~- [GVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSI
rTT-1£52 [TFLRDFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDK
ILGCDWYEVPTDEGWINDSAEAVLTMLNEHEVKEVDLRFTDTKGKEQHVTIPAHQVNAEFFE

206
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EGKMFDGSSIGGWKGINESDMVLMPDASTAVIDPFFADSTLITIRCDILEPGTLOGYDRDPRS
IAKRAEDYLRATGIADTVLEGPEPEFFLEFDDIRFGASISGSHVAIDDIEGAWNS STKYEGGN
KGHRPGVKGGYFPVPPVDSAQDIRSEMCLVMEQMGLVVEAOHAEVATAGONEVATRENTMTK
KADEIQIYKYVVHANVAHRFGKTATFMPKPMFGDNGSGMACAMS LAKNGTNLF SGDKYAGLSE
QALYYIGGVIKAAKAINALANPTTNSYKRLVPGYEAPVMLAYSARNRSASIRIPVVASPKAR
RIEVRFPDPAANPYLCFAALLMAGLDGIKNKIHPGEPMDKNLYDLPPEEAKEIPQVAGSLEE
ALNALDLDREFLKAGGVFTDEAIDAYIALRREEDDRVRMTPHPVEFELYYSV

207

6H-3C-
rTT- 1n4d-
1£52

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHL
VNNESSEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLST
GSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYIN
GVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSIT
TELRDEWGNPLRYDTEYYLIPVASSSKDVOQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGL
KEIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIP
LYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDK
ILGCDWYEFVPTDEGWINDgg9gsSAEAVLTMLNEHEVKEVDLRFTDTKGKEQHVTIPAHQVNA
EFFEEGKMFDGSSIGGWKGINESDMVLMPDASTAVIDPFFADSTLITIRCDILEPGTLQOGYDR
DPRSIAKRAEDYLRATGIADTVLEGPEPEFFLEFDDIRFGASISGSHVAIDDIEGAWNSSTKY
EGGNKGHRPGVKGGYFPVPPVDSAQDIRSEMCLVMEQMGLVVEAAHAEVATAGONEVATREN
TMTKKADEIQIYKYVVHNVAHREFGKTATFMPKPMFGDNGSGMHCHMSLAKNGTNLEF SGDKYA
GLSEQALYYIGGVIKHAKAINALANPTTNSYKRLVPGYEAPVMLAYSARNRSASIRIPVVAS
PKARRIEVRFPDPAANPYLCFAALLMAGLDGIKNKIHPGEPMDKNLYDLPPEEAKEIPQVAG
SLEEALNALDLDREFLKAGGVFTDEAIDAYIALRREEDDRVRMTPHPVEFELYYSV

208

6H-3C~
CRM_degly
-1£52

GADDVVDSSKSEVMENFASYHGTKPGYVDSIQKGIQKPKSGTQOGNYDDDWKEEFYSTDNKYDA
AGY SVDNENPLSGKAGGVVKVTYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEE T
KREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELE INFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPNKAVSEEKAKQYLE
EFHQTALEOPELSELKTVIGINPVEAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI
GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNEFVESIINLEQVVH
NSYNRPAYSPGHKTQPFLHDGYAVSWNTIVEDSIIRTGEFQGESGHDIKITAENTPLPIAGVLL
PTIPGKLDVNKAKTHISVNGRKIRMRCRAIDGDVTECRPKSPVYVGNGVHANLHVAFHRSSS
EKIOSNEISSDSIGVLGYQKTVDHTKVNSKLSLFFEIKSSAEAVLTMLNEHEVKEVDLRETD
TKGKEQAVTIPAHQVNAEFFEEGKMFDGSSIGGWKGINESDMVLMPDASTAVIDPFFADSTL
IIRCDILEPGTLQGYDRDPRSIAKRAEDYLRATGIADTVLEFGPEPEFFLEFDDIRFGASISGS
HVAIDDIEGAWNSSTKYEGGNKGHRPGVKGGYFPVPPVDSAQDIRSEMCLVMEQMGLVVEAH
HHEVATAGONEVATRENTMTKRKADEIQIYKYVVHNVAHRFGKTATFMPKPMEFGDNGSGMHCH
MSLAKNGTNLESGDRKYAGLSEQALYYIGGVIKHAKAINALANPTTNSYKRLVPGYEAPVMLA
YSARNRSASIRIPVVASPKARRIEVRFPDPAANPYLCFAALLMAGLDGIKNKIHPGEPMDEN
LYDLPPEEAKEIPQVAGSLEEALNALDLDREFLKAGGVFETDEAIDAYIALRREEDDRVRMTP
HPVEFELYYSV

209

6H-3C~
CRM_degly
-1ln4-1£52

GADDVVDSSKSEVMENFASYHGTKPGYVDSIQKGIQKPKSGTQOGNYDDDWKEFY STDNKYDA
AGYSVDNENPLSGKAGGVVKVIYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEEF I
KREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSE SPNKAVSEEKAKQYLE
EFHQTALEHPELSELKTVIGINPVEFAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI
GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNEFVESIINLEQVVH
NSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDSIIRTGEFQGESGHDIKITAENTPLPIAGVLL
PTIPGKLDVNKAKTHISVNGRKIRMRCRAIDGDVIFCRPKSPVYVGNGVHANLHVAFHRSSS
EKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFFEIKSgggsSAEHVLTMLNEAEVKEVDL
RETDTKGKEQAVTIPAHQVNAEFFEEGKMFDGSSIGGWKGINESDMVLMPDASTAVIDPFFA
DSTLITIRCDILEPGTLOGYDRDPRSIAKRAEDYLRATGIADTVLEGPEPEFFLFDDIRFGAS
ISGSHVAIDDIEGAWNSSTKYEGGNKGHRPGVKGGYFPVPPVDSAQDIRSEMCLVMEQMGLV
VEAOHHEVATAGONEVATRENTMTKKADEIQIYKYVVANVAHRFGKTATFMPKPMEFGDNGSG
MHCHMSLAKNGTINLESGDKYAGLSEQALYYIGGVIKHAKAINALANPTTNSYKRLVPGYEAP
VMLAYSARNRSASIRIPVVASPKARRIEVRFPDPAANPYLCFAALLMAGLDGIKNKIHPGEP
MDKNLYDLPPEEAKEIPQVAGSLEEALNALDLDREFLKAGGVETDEAIDAYTALRREEDDRV
RMTPHPVEFELYYSV

210

6H-3C~
CRM_degly
-1n8-1£52

GADDVVDSSKSEVMENFASYHGTKPGYVDSIQKGIQKPKSGTQOGNYDDDWKEFY STDNKYDA
AGYSVDNENPLSGKAGGVVKVIYPGLTKVLALKVDNAETIKKELGLSLTEPLMEQVGTEEEF I
KREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRGODAMYEYMAQAC
AGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSE SPNKAVSEEKAKQYLE
EFHQTALEHPELSELKTVIGINPVEFAGANYAAWAVNVAQVIDSETADNLEKTTAALSILPGI

GSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNEFVESIINLEQVVH
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NSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDSIIRTGEFQGESGHDIKITAENTPLPIAGVLL
PTIPGKLDVNKAKTHISVNGRKIRMRCRAIDGDVIFCRPKSPVYVGNGVHANLHVAFHRSSS
EKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFFEIKSgg9sgggsSAEAVLTMLNEAEVK
FVDLRFTDTKGKEQHVTIPAHQVNAEFFEEGKMFDGS SIGGWKGINESDMVLMPDASTAVID
PFFADSTLIIRCDILEPGTLOGYDRDPRSIAKRAEDYLRATGIADTVLFGPEPEFFLFDDIR
FGASISGSHVAIDDIEGAWNSSTKYEGGNKGHRPGVKGGYFPVPPVDSAQDIRSEMCLVMEQ
MGLVVEAHHAEVATAGONEVATRENTMTKKADEIQIYRKYVVANVAHREFGKTATEMPKPMEGD
NGSGMHCHMSLAKNGINLEF SGDKYAGLSEQALYYIGGVIKHAKAINALANPTTNSYKRLVPG
YEAPVMLAYSARNRSASIRIPVVASPKARRIEVRFPDPAANPYLCFAALLMAGLDGIKNKIHA
PGEPMDKNLYDLPPEEAKEIPQVAGSLEEALNALDLDREFLKAGGVFTDEAIDAYIALRREE
DDRVRMTPHPVEFELYYSV

HIV capsid oligerization domain (HIV)

211

HIV-CA-
3POA-rTT

PIVONLQGOMVHQAISCLCLNAWVKVVEEKAFSPEVIPMFSALSEGATPODLNTMLNTVGGH
QAAMOMLKETINEEAAEWDRLAPVHAGPIAPGQOMREPRGSDIAGTTSTLQEQIGWMTHNPP I
PVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNAAT
ETLLVONANPDCKTILKALGPGATLEEMMTACQGVGGPGHKARVKNLDCWVDNEEDIDVILK
KSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEYN
DMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKD
SAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDN
NITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLSITEFLRDEFWGNPLRYDTEYYL
IPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPNNEIDSEVKS
GDEIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQ
LKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWTIND

212

HIV-CA-
3POA-rTT-
858

PIVONLQGOMVHQAISCLCLNAWVKVVEEKAFSPEVIPMFSALSEGATPODLNTMLNTVGGH
QAAMOMLKETINEEAAEWDRLAPVHAGPIAPGQOMREPRGSDIAGTTSTLQEQIGWMTHNPP I
PVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNAAT
ETLLVONANPDCKTILKALGPGATLEEMMTACQGVGGPGHKARVpipfsysKNLDCWVDNEE
DIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHK
AMDIEYNDMENNEFTVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNN
LIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGL
GAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITELRDEWGNPLR
YDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEITIKRYTPNNE
IDSEVKSGDEIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIPLYKKMEAVKLRD
LKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTD
EGWTND

213

HIV-CA-
3POA-rTT-
836

PIVONLQGOMVHQAISCLCLNAWVKVVEEKAFSPEVIPMFSALSEGATPODLNTMLNTVGGH
QAAMOMLKETINEEAAEWDRLAPVHAGPIAPGQOMREPRGSDIAGTTSTLQEQIGWMTHNPP I
PVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNAAT
ETLLVONANPDCKTILKALGPGATLEEMMTACQGVGGPGHKARVskfigitelkkleskink
vEsTpipfsysKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLV
PGINGKAIHLVNNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIT
SSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITND
RLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKET
EKLYTSYLSITEFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLN
IYYRRLYNGLKEFIIKRYTPNNEIDSEVKSGDE IKLYVSYNNNEHIVGYPKDGNAFNNLDRIL
RVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIAS
NWYEFNHLKDKILGCDWYEFVPTDEGWTND

214

HIV-CA-
3POA-rTT-
217-839

PIVONLQGOMVHQAISCLCLNAWVKVVEEKAFSPEVIPMFSALSEGATPODLNTMLNTVGGH
QAAMOMLKETINEEAAEWDRLAPVHAGPIAPGQOMREPRGSDIAGTTSTLQEQIGWMTHNPP I
PVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNAAT
ETLLVONANPDCKTILKALGPGATLEEMMTAigitelkkleskinkvEsTpipfsysKNLDC
WVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIOLVNNESS
EVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSY
SLKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGS
AEITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLSITEFLRDE
WGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKR
YTPNNEIDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAENNLDRILRVGYNAPGIPLYKKME
AVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENOHLKDKILGCDW
YEVPTDEGWTND
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215

HIV-CA-
3POA-rTT-
217-840

PIVONLQGOMVHQAISCLCLNAWVKVVEEKAFSPEVIPMFSALSEGATPODLNTMLNTVGGH
QAAMOMLKETINEEAAEWDRLAPVHAGPIAPGOMREPRGSDIAGTTSTLQEQIGWMTHNPP I
PVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNAAT
ETLLVONANPDCKTILKALGPGATLEEMMTAgitelkkleskinkvEsTpipfsysKNLDCW
VDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSE
VIVOKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSITISSMKKHSLSIGSGWSVS
LKGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSA
EITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLSITELRDEW
GNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRY
TPNNEIDSEVKSGDE IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEA
VKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYEFNHLKDKILGCDWY
FVPTDEGWTND

216

HIV-CA-
3POA-rTT-
217-841

PIVONLQGOMVHQAISCLCLNAWVKVVEEKAFSPEVIPMFSALSEGATPODLNTMLNTVGGH
QAAMOMLKETINEEAAEWDRLAPVHAGPIAPGQOMREPRGSDIAGTTSTLQEQIGWMTHNPP I
PVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNAAT
ETLLVONANPDCKTILKALGPGATLEEMMTAitelkkleskinkvEsTpipfsysKNLDCWV
DNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEV
IVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHSLSIGSGWSVSL
KGNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAE
ITGLGAIREDNNITLKLDRCNNNNQYVSIDKEFRIFCKALNPKEIEKLYTSYLSITELRDEWG
NPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYT
PNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAV
KLRDLKTYSVQLKLYDDKNASLGLVGTHANGQIGNDPNRDILIASNWYENHLKDKILGCDWYE
VPTDEGWTND

217

HIV-CA-
3POA-rTT-
217-842

PIVONLQGOMVHQAISCLCLNAWVKVVEEKAFSPEVIPMFSALSEGATPODLNTMLNTVGGH
QAAMOMLKETINEEAAEWDRLAPVHAGPIAPGQOMREPRGSDIAGTTSTLQEQIGWMTHNPP I
PVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNAAT
ETLLVONANPDCKTILKALGPGATLEEMMTAtelkkleskinkvEsTpipfsysKNLDCWVD
NEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEVI
VHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHSLSIGSGWSVSLK
GNNLIWTLKDSAGEVRQITFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAET
TGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITELRDEWGN
PLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTP
NNEIDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVK
LRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDKILGCDWYEV
PTDEGWTND

218

HIV-CA-
3POA-rTT-
217-843

PIVONLQGOMVHQAISCLCLNAWVKVVEEKAFSPEVIPMFSALSEGATPODLNTMLNTVGGH
QAAMOMLKETINEEAAEWDRLAPVHAGPIAPGQOMREPRGSDIAGTTSTLQEQIGWMTHNPP I
PVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNAAT
ETLLVONANPDCKTILKALGPGATLEEMMTAtelkkleskinkvEsTpipfsysKNLDCWVD
NEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEVI
VHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHSLSIGSGWSVSLK
GNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAET
TGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITELRDEWGN
PLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTP
NNEIDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVK
LRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYFNHLKDKILGCDWYEV
PTDEGWTIND

219

HIV-CA-
3H4E-rTT

PIVONLQGOMVHQCISPRTLNAWVKVVEEKAFSPEVIPMFSALSCGATPODLNTMLNTVGGH
QAAMOMLKETINEEAAEWDRLAPVHAGPIAPGQOMREPRGSDIAGTTSTLQEQIGWMTHNPP I
PVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNAAT
ETLLVONANPDCKTILKALGPGATLEEMMTACQGVGGPGHKARVLKNLDCWVDNEEDIDVIL
KKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEY
NDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLK
DSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIRED
NNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSITELRDEWGNPLRYDTEYY
LIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEFITIKRYTPNNEIDSEVK
SGDEFIKLYVSYNNNEHIVGYPKDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSV
QLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWTIND
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Encapsulin

254

EN-TThc-
degly

MEFLKRSFAPLTEKQWQEIDNRAREIFKTQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDEN
EVVKWGLRKSLPLIELRATFTLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIFRGCE
KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINELKEEAG
HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGODLSIGYEDREKDAVRLEITE
TETEFQVVNPEALILLKFgsgsgsMKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGE
NSAVITYPDAQLVPGINGKAIOLVNNEASEVIVHKAMDIEYNDMENNETVSEWLRVPKVSAS
HLEQYGTNEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTILKDSAGEVRQITEFRDLPDKENAY
LANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNQITLKLDRCNNNNQYVSIDK
FRIFCKALNPKEIEKLYTSYLSITEFLRDEFWGNPLRYDTEYYLIPVASSSKDVQLKQITDYMY
LTNAPSYTNGKLNIYYRRLYNGLKEFIIKRYTPNNEIDSEVKSGDEIKLYVSYNNNEHIVGYP
KDGNAEFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKQASLGLVGTHNGQ
IGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWTND

255

EN-
CRM197-
degly

MEFLKRSFAPLTEKQWQEIDNRAREIFKTQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDEN
EVVKWGLRKSLPLIELRATFTLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIEFRGCE
KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINELKEEAG
HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGODLSIGYEDREKDAVRLEITE
TETEFQVVNPEALILLKFgsgsgsGADDVVDSSKSEVMENFASYHGTKPGYVDSIQKGIQKPK
SGTOGNYDDDWKEEFYSTDNKYDAAGYSVDNENPLSGKAGGVVKVTYPGLTKVLALKVDNAET
IKKELGLSLTEPLMEQVGTEEFIKREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVEL
EINFETRGKRGODAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGP
IKNKMSESPNKAVSEEKAKQYLEEFHQTALEHPELSELKTVIGTNPVEAGANYAAWAVNVAQ
VIDSETADNLEKTTAALSILPGIGSVMGIADGAVHONTEEIVAQSIALSSLMVAQAIPLVGE
LVDIGFAAYNEFVESIINLEQVVHNSYNRPAYSPGHKTQPFLHDGYAVSWNTVEDSIIRTGEQ
GESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKAKTHISVNGRKIRMRCRAIDGDVTIECRP
KSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFEFEIKS

256

EN-
2xCRM197-
degly

MEFLKRSFAPLTEKQWQEIDNRAREIFKTQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDEN
EVVKWGLRKSLPLIELRATFTLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIEFRGCE
KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINELKEEAG
HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGODLSIGYEDREKDAVRLEITE
TETEFQVVNPEALILLKFgsgDYKDDDDKgsgGADDVVDSSKSEVMENFASYHGTKPGYVDST
OKGIQKPKSGTOGNYDDDWKEEFYSTDNKYDAAGY SVDNENPLSGKAGGVVKVTYPGLTKVLA
LKVDNAETIKKELGLSLTEPLMEQVGTEEFIKREGDGASRVVLSLPFAEGSSSVEY INNWEQ
AKALSVELEINFETRGKRGODAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKI
ESLKEHGPIKNKMSESPNKAVSEEKAKQYLEEFHQTALEOPELSELKTVTIGTNPVEAGANYA
AWAVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGAVHHINTEEIVAQSIALSSLMVA
OAIPLVGELVDIGFAAYNEVESIINLEQVVHNSYNRPAYSPGHKTQPFLHDGYAVSWNTVED
SIIRTGEFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKAKTHISVNGRKIRMRCRAID
GDVTEFCRPKSPVYVGNGVHANLOVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKVNSKL
SLEFEIKSgggsggygsGADDVVDSSKSEFVMENFASYHGTKPGYVDSIQKGIQKPKSGTQOGNY
DDDWKEEFYSTDNKYDAAGYSVDNENPLSGKAGGVVKVIYPGLTKVLALKVDNAETIKKELGL
SLTEPLMEQVGTEEFIKREGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETR
GKRGODAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSE
SPNKAVSEEKAKQYLEEFHQTALEHPELSELKTVIGINPVEAGANYAAWAVNVAQVIDSETA
DNLEKTTAALSILPGIGSVMGIADGAVHONTEEIVAQSIALSSLMVAQAIPLVGELVDIGEA
AYNEVESIINLEFQVVHNSYNRPAYSPGHKTQPFLADGYAVSWNIVEDSIIRTGEFQGESGHDI
KITAENTPLPIAGVLLPTIPGKLDVNKAKTHISVNGRKIRMRCRAIDGDVTIECRPKSPVYVG
NGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKVNSKLSLEFEIKS

257

EN-HID

MEEFLKRSEFAPLTEKOWQEIDNRAREIFKTQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDEN
EVVKWGLRKSLPLIELRATFTLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIFRGCE
KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINELKEEAG
HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGODLSIGYEDREKDAVRLEITE
TETFQVVNPEALILLKFgsgDYKDDDDKgsgsnmantgmksdkiiiahrgasgylpehtles
kalafaggadylegdlamtkdgrlvvihdhfldgltdvakkfphrhrkdgryyvidftlkei
gslemtenfetkdgkgagvypnrfplwkshfrihtfedeiefigglekstgkkvgiypeika
pwihhgngkdiaaetlkvlkkygydkktdmvylgtfdfnelkriktellpgmgmdlklvgli
aytdwketgekdpkgywvnynydwmfkpgamaevvkyadgvgpgwymlvnkeeskpdnivyt
plvkelagynvevhpytvrkdalpefftdvngmydallnksgatgvitdfpdtgveflkgik

369

EN -
glyser-

MEFLKRSFAPLTEKQWQEIDNRAREIFKTQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDEN
EVVKWGLRKSLPLIELRATFTLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIFRGCE
KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINELKEEAG

-83-




WO 2020/061564

PCT/US2019/052419

G53C/K96C|HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGQODLSIGYEDREKDAVRLFITE
-rTT TETFQVVNPEALILLKFgggsgggsgggsKnldcwvdneedidvilkkstilnldinndiis
disgfnssvitypdaglvpgingkaihlvnnessevivhkamdieyndmfnnftvsfwlrvp
kvsashlegygtneysiissmkkhslsigsgwsvslkgnnliwtlkdsagevrgitfrdlpd
kfnaylankwvfititndrlssanlyingvlmgsaeitglgairednnitlkldrcnnnngy
vsidkfrifckalnpkeieklytsylsitflrdfwgnplrydteyylipvassskdvglkni
tdymyltnapsytngklniyyrrlynglkfiikrytpnneidsfvksgdfiklyvsynnneh
ivgypkdgnafnnldrilrvgynapgiplykkmeavklrdlktysvglklyddknaslglvg
thnggigndpnrdiliasnwyfnhlkdkilgecdwyfvptdegwtnd
MEFLKRSFAPLTEKOWQEIDNRAREIFKTOQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDEN
EVVKWGLRKSLPLIELRATFTLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIEFRGCE
EN - KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINELKEEAG
370 glyser—- [HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGODLSIGYEDREKDAVRLEFITE
G53C/K96C|TFTFQVVNPEALILLKFgggsggysgggslrdfwgnplrydteyylipvassskdvglknit
- rTT |dymyltnapsytngklniyyrrlynglkfiikrytpnneidsfvksgdfiklyvsynnnehi
vgypkdgnafnnldrilrvgynapgiplykkmeavklrdlktysvglklyddknaslglvgt
hnggigndpnrdiliasnwyfnhlkdkilgcdwyfvptdegwtnd
MEFLKRSFAPLTEKOWQEIDNRAREIFKTOQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDEN
EVVKWGLRKSLPLIELRATFTLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIEFRGCE
EN - KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINELKEEAG
glyser—- [HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGODLSIGYEDREKDAVRLEFITE
371 |G53C/K96C|TFTFQVVNPEALILLKFgggsgggsggys
- rTT |knldcwvdneedidvilkkstilnldinndiisdisgfnssvitypdaglvpgingkaihlv
N249 nnessevivhkamdieyndmfnnftvsfwlrvpkvsashlegygtneysiissmkkhslsig
sgwsvslkgnnliwtlkdsagevrgitfrdlpdkfnaylankwviititndrlssanlying
vimgsaeitglgairednnitlkldrcennnngyvsidkfrifckalnpkeieklytsylsit
MEFLKRSFAPLTEKOWQEIDNRAREIFKTOQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDEN
EN — EVVKWGLRKSLPLIELRATFTLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIEFRGCE
glyser— KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINELKEEAG
HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGODLSIGYEDREKDAVRLEFITE
372 [G53C/K96C . . . . L
. PTT TETFQVVNPEALILLKFggg;gggsgggsknldcwvdneedldyllkkstllnldlnndlls
N193 disgfnssvitypdaglvpgingkaihlvnnessevivhkamdieyndmfnnftvsfwlrvp
kvsashlegygtneysiissmkkhslsigsgwsvslkgnnliwtlkdsagevrgitfrdlpd
kfnaylankwvfititndrlssanlyingvlmgsae
MEFLKRSFAPLTEKOWQEIDNRAREIFKTOQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDEN
EN - EVVKWGLRKSLPLIELRATFTLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIEFRGCE
373 glyser—- |[KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINFLKEEAG
G53C/K96C|HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGQODLSIGYEDREKDAVRLFITE
- rTT N87(TFTFQVVNPEALILLKFgggsgggsgggsKnldcwvdneedidvilkkstilnldinndiis
disgfnssvitypdaglvpgingkaihlvnnessevivhkamdieyndmfnnf
EN — MEFLKRSFAPLTEKOWQEIDNRAREIFKTOQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDEN
1 B EVVKWGLRKSLPLIELRATFTLDLWELDNLErG¢cPNVDLSSLEETVRKVAEFEDEVIEFRGCE
374 K?4gé?;18KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINFLKEEAG
5C - rTT HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGODLSIGYEDREKDAVRLEFITE
N87 TETFQVVNPEALILLKFgggsgggsgggsKnldcwvdneedidvilkkstilnldinndiis
disgfnssvitypdaglvpgingkaihlvnnessevivhkamdieyndmfnnf
MEFLKRSFAPLTEKOWQEIDNRAREIFKTOQLYGRKEVDVEGPYGWEYAAHPLgEVEVLSDEN
EN - EVVKWGLRKSLPLIELRATFTLDLWELDNLErGkPNVDLSSLEETVRKVAEFEDEVIFRGCE
375 glyser—- |[KSGVKGLLSFEERKIECGSTPcDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINFLKEECG
G53C/K96C|HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGQODLSIGYEDREKDAVRLFITE
rTT N87 |TETFQVVNPEALILLKFgggsgggsgggsKnldcwvdneedidvilkkstilnldinndiis
disgfnssvitypdaglvpgingkaihlvnnessevivhkamdieyndmfnnf
MEFLKRSFAPLTEKOWQEIDNRAREIFKTOQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDEN
EN — EVVKWGLRKSLPLIELRATFTLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIEFRGCE
KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINELKEEAG
376 iif%?i;; HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGODLSIGYEDREKDAVRLEFITE
? rETKNSETFTFQVVNPEALILLKFggEPKIPQPQPKPQPQPQPQPKPQPKPEPEggKnldcwvdneedi
dvilkkstilnldinndiisdisgfnssvitypdaglvpgingkaihlvnnessevivhkam
dieyndmfnnf
EN -CD8- [MEFLKRSFAPLTEKQWQEIDNRAREIFKTQLYGRKFVDVEGPYGWEYAAHPLCEVEVLSDEN
377 |G53C/K96C|EVVKWGLRKSLPLIELRATFTLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIFRGCE
-rTT N88 |[KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINFLKEEAG

-84-




WO 2020/061564

PCT/US2019/052419

HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGODLSIGYEDREKDAVRLEFITE
TETFQVVNPEALILLKFggKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD
FACDggKnldcwvdneedidvilkkstilnldinndiisdisgfnssvitypdaglvpging
kaihlvnnessevivhkamdieyndmfnnf

378

EN -
hinge-
G53C/K96C
-rTT N88

MEFLKRSFAPLTEKOWQEIDNRAREIFKTOQLYGRKEVDVEGPYGWEYAAHPLCEVEVLSDEN
EVVKWGLRKSLPLIELRATFTLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIEFRGCE
KSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIFSKDGIEGPYTLVINTDRWINELKEEAG
HYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGODLSIGYEDREKDAVRLEFITE
TFTEFQVVNPEALILLKFggEPKSDKTHTPPPAPELLgsgEPKSDKTHTPPPAPELLggKnld
cwvdneedidvilkkstilnldinndiisdisgfnssvitypdaglvpgingkaihlvnnes

sevivhkamdieyndmfnnf

HBV

379

rTT-
hinge-HBV
P25C/R127
C

KNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIOLV
NNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIG
SGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYING
VLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSIT
FLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLK
FITIKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPL
YKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTANGQIGNDPNRDILIASNWYENHLKDKI
LGCDWYEFVPTDEGWINDggsgEPKSDKTHTPPPAPELLgsgEPKSDKTHTPPPAPELLgSgY
MDIDPYKEFGATVELLSEFLPSDEFcSVRDLLDTASALYREALESPEOHCSPHATALRQATILCW
GELMTLATWVGVNLEDPASRDLVVSYVNTNMGLKFRQLLWEHISCLTEGRETVIEYLVSEGV
WICTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRTPSPRRRRSQSPRRRRSQSRESQC

380

rTT-
hinge-HBV
E14C/A36C

KNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIOLV
NNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIG
SGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYING
VLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSIT
FLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLK
FITIKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPL
YKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTANGQIGNDPNRDILIASNWYENHLKDKI
LGCDWYEFVPTDEGWINDggsgEPKSDKTHTPPPAPELLgsgEPKSDKTHTPPPAPELLgSgY
MDIDPYKEFGATVCLLSEFLPSDEFPSVRDLLDTASCLYREALESPEOHCSPHHTALRQATILCW
GELMTLATWVGVNLEDPASRDLVVSYVNTNMGLKFRQLLWEHISCLTEGRETVIEYLVSEGV
WIRTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRTPSPRRRRSQSPRRRRSQOSRESQC

381

rTT-
hinge-HBV
D29C/R127
C

KNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIOLV
NNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIG
SGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYING
VLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSIT
FLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLK
FITIKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPL
YKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTANGQIGNDPNRDILIASNWYENHLKDKI
LGCDWYEFVPTDEGWINDggsgEPKSDKTHTPPPAPELLgsgEPKSDKTHTPPPAPELLgSgY
MDIDPYKEFGATVELLSFLPSDEFPSVRCLLDTASALYREALESPEOHCSPHATALRQATILCW
GELMTLATWVGVNLEDPASRDLVVSYVNTNMGLKFRQLLWEHISCLTEGRETVIEYLVSEGV
WICTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRTPSPRRRRSQSPRRRRSQOSRESQC

382

rTT-
calgG2a-
HBV
P25C/R127
C

KNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIOLV
NNESSEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIG
SGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYING
VLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSIT
FLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLK
FIIKRYTPNNEIDSEVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPL
YKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKI
LGCDWYEFVPTDEGWTINDgsgGSEPKIPQPOPKPOQPOQPOPQPKPQPKPEPEgSsgMDIDPYKEE
GATVELLSFLPSDEFEFcSVRDLLDTASALYREALESPEHCSPHHTALRQAILCWGELMTLATW
VGVNLEDPASRDLVVSYVNTNMGLKFRQLLWEHISCLTEGRETVIEYLVSEGVWICTPPAYR
PPNAPILSTLPETTVVRRRGRSPRRRTPSPRRRRSQSPRRRRSQSRESQC

383

rTT-
calgG2a-
HBV
E14C/A36C

KNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIOLV
NNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIG
SGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYING
VLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSIT

FLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLK

-85-




WO 2020/061564

PCT/US2019/052419

FITIKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPL
YKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTANGQIGNDPNRDILIASNWYENHLKDKI
LGCDWYEFVPTDEGWINDgsgGSEPKIPQPOPKPOPQPOPQPKPQPKPEPEgsgMDIDPYKEE
GATVcLLSFLPSDFFPSVRDLLDTAScLYREALESPEHCSPHHTALRQAILCWGELMTLATW
VGVNLEDPASRDLVVSYVNTNMGLKEFRQLLWEHISCLTEGRETVIEYLVSEGVWIRTPPAYR
PPNAPILSTLPETTVVRRRGRSPRRRTPSPRRRRSQSPRRRRSQSRESQC

384

rTT-
calgG2a-
HBV
D29C/R127
C

KNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIOLV
NNESSEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIG
SGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYING
VLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSIT
FLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLK
FIIKRYTPNNEIDSEVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPL
YKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKI
LGCDWYEFVPTDEGWTINDgsgGSEPKIPQPOPKPOQPOQPOPQPKPQPKPEPEgSsgMDIDPYKEE
GATVELLSFLPSDEFFPSVRCLLDTASALYREALESPEHCSPHHTALRQAILCWGELMTLATW
VGVNLEDPASRDLVVSYVNTNMGLKFRQLLWEHISCLTEGRETVIEYLVSEGVWICTPPAYR
PPNAPILSTLPETTVVRRRGRSPRRRTPSPRRRRSQSPRRRRSQSRESQC

385

rTT-CD8-
HBV
P25C/R127
C

KNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIOLV
NNESSEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIG
SGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYING
VLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSIT
FLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLK
FIIKRYTPNNEIDSEVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPL
YKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKI
LGCDWYEFVPTDEGWINDgsggsgKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHT
RGLDFACDgsgMDIDPYKEFGATVELLSEFLPSDEFECcSVRDLLDTASALYREALESPEHCSPH
HTALRQAILCWGELMTLATWVGVNLEDPASRDLVVSYVNTNMGLKFRQLLWEHISCLTEGRE
TVIEYLVSEGVWICTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRTPSPRRRRSQSPRRRR
SQSRESQC

386

rTT-CD8-
HBV
E14C/A36C

KNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIOLV
NNESSEVIVHKAMDIEYNDMENNETVSEWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIG
SGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYING
VLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEKLYTSYLSIT
FLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLK
FITIKRYTPNNEIDSEVKSGDFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPL
YKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTANGQIGNDPNRDILIASNWYENHLKDKI
LGCDWYEFVPTDEGWINDgsggsgKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHT
RGLDFACDgsgMDIDPYKEFGATVCLLSFLPSDEFFPSVRDLLDTAScLYREALESPEHCSPH
HTALRQAILCWGELMTLATWVGVNLEDPASRDLVVSYVNTNMGLKFRQLLWEHISCLTEGRE
TVIEYLVSEGVWIRTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRTPSPRRRRSQSPRRRR
SQSRESQC

387

rTT-CD8-
HBV
D29C/R127
C

KNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIOLV
NNESSEVIVHKAMDIEYNDMENNETVSEFWLRVPKVSASHLEQYGTNEYSIISSMKKHSLSIG
SGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKENAYLANKWVEITITNDRLSSANLYING
VLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKFRIFCKALNPKEIEKLYTSYLSIT
FLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLK
FIIKRYTPNNEIDSEVKSGDF IKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPL
YKKMEAVKLRDLKTYSVQLKLYDDKNASLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKI
LGCDWYEFVPTDEGWINDgsggsgKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHT
RGLDFACDgsgMDIDPYKEFGATVELLSEFLPSDFEFPSVRCLLDTASALYREALESPEHCSPH
HTALRQAILCWGELMTLATWVGVNLEDPASRDLVVSYVNTNMGLKFRQLLWEHISCLTEGRE
TVIEYLVSEGVWICTPPAYRPPNAPILSTLPETTVVRRRGRSPRRRTPSPRRRRSQSPRRRR
SQSRESQC

AP205

388

AP205-
glyser-
rTT

MANKPMOPITSTANKIVWSDPTRLSTTESASLLROQRVKVGIAELNNVSGQYVSVYKRPAPKP
EGCADACVIMPNENQSIRIVISGSAENLATLKAEWETHKRNVDTLFASGNAGLGEFLDPTAAT
VSSDTTgggsgggsgggsKnldewvdneedidvilkkstilnldinndiisdisgfnssvit
vpdaglvpgingkaihlvnnessevivhkamdieyndmfnnftvsfwlrvpkvsashleqgyg
tneysiissmkkhslsigsgwsvslkgnnliwtlkdsagevrgitfrdlpdkfnaylankwv
fititndrlssanlyingvlmgsaeitglgairednnitlkldrcnnnngyvsidkfrifck

alnpkeieklytsylsitflrdfwgnplrydteyylipvassskdvglknitdymyltnaps
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vtngklniyyrrlynglkfiikrytpnneidsfvksgdfiklyvsynnnehivgypkdgnaf
nnldrilrvgynapgiplykkmeavklrdlktysvglklyddknaslglvgthnggigndpn
rdiliasnwyfnhlkdkilgcdwyfvptdegwtnd

MANKPMQPITSTANKIVWSDPTRLSTTESASLLRQRVKVGIAELNNVSGQYVSVYKRPAPKP
EGCADACVIMPNENQSIRIVISGSAENLATLKAEWETHKRNVDTLFASGNAGLGELDPTAAT

AP205- ) ) . . . ) )
05 VSSDTTgggsgggsgggsknldewvdneedidvilkkstilnldinndiisdisgfnssvit
389 glyser- ) . . .

STT N193 vpdaglvpgingkaihlvnnessevivhkamdieyndmfnnftvsfwlrvpkvsashleqgyg
tneysiissmkkhslsigsgwsvslkgnnliwtlkdsagevrgitfrdlpdkfnaylankwv
fititndrlssanlyingvlmgsae

AP205- MANKPMOPITSTANKIVWSDPTRLSTTESASLLROQRVKVGIAELNNVSGQYVSVYKRPAPKP
390 1vser— EGCADACVIMPNENQSIRIVISGSAENLATLKAEWETHKRNVDTLFASGNAGLGEFLDPTAAT
ng NS7 VSSDTTgggsgggsgggsKnldewvdneedidvilkkstilnldinndiisdisgfnssvit
vpdaglvpgingkaihlvnnessevivhkamdieyndmfnnf
MANKPMOPITSTANKIVWSDPTRLSTTESASLLROQRVKVGIAELNNVSGQYVSVYKRPAPKP
AP205- |EGCADACVIMPNENQSIRTIVISGSAENLATLKAEWETHKRNVDTLFASGNAGLGEFLDPTAAT
391 | caIgG2a- [VSSDTTgsgEPKIPQPQPKPQPOPOPQPKPQPKPEPEgsgKnldecwvdneedidvilkksti
rTT N87 |Inldinndiisdisgfnssvitypdaglvpgingkaihlvnnessevivhkamdieyndmfn
nt
MANKPMOPITSTANKIVWSDPTRLSTTESASLLROQRVKVGIAELNNVSGQYVSVYKRPAPKP
AD205- EGCADACVIMPNENQSIRIVISGSAENLATLKAEWETHKRNVDTLFASGNAGLGEFLDPTAAT
392 | cogoprr |VSSDTTgSGKPTTT
PAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDgsgKnldcecwvdneedidvil
N87 . . . . ) . . . .
kkstilnldinndiisdisgfnssvitypdaglvpgingkaihlvnnessevivhkamdiey
ndmfnnf
MANKPMOPITSTANKIVWSDPTRLSTTE SASLLRQRVKVGIAELNNVSGQYVSVYKRPAPKP
AP205- |EGCADACVIMPNENQSIRTIVISGSAENLATLKAEWETHKRNVDTLFASGNAGLGFLDPTAAT
393 |hinge-rTT[VSSDTITgsgEPKSDKTHTPPPAPELLgsgEPKSDKTHTPPPAPELLgsgKnldcwvdneedi
N87 dvilkkstilnldinndiisdisgfnssvitypdaglvpgingkaihlvnnessevivhkam
dieyndmfnnf
AD205 MANKPMOPITSTANKIVWSDPTRLSTTE SASLLRQRVKVGIAELNNVSGQYVSVYKRPAPKP
T81C— EGCADACVIMPNENQSIRCVISGSAENLATLKAEWETHKRNVDTLFASGNAGLGFLDPTAAT
394 hin e_rTTVSSDTTgSgEPKSDKTHTPPPAPELLgngPKSDKTHTPPPAPELLgngnldcwvdneedi
387 dvilkkstilnldinndiisdisgfnssvitypdaglvpgingkaihlvnnessevivhkam
dieyndmfnnf
AD205 MANKPMOPITSTANKIVWSDPTRLSTTESASLLRQRVKVGIAELNNVSGQYV . VYKRPAPKP
S53C/HlooEGCADACVIMPNENQSIRTVISGSAENLATLKAEWETCKRNVDTLFASGNAGLGFLDPTAAI
395 . VSSDTTgsgEPKSDKTHTPPPAPELLgsgEPKSDKTHTPPPAPELLgsgKnldcwvdneedi

C- hinge- ) ; ) .. ) ) ) ) )
dvilkkstilnldinndiisdisgfnssvitypdaglvpgingkaihlvnnessevivhkam

rTT N87 .
dieyndmfnnf

AD205 MANKPMOPITSTANKIVWSDPTRLSTTE SASLLRQRVKVGIAELNNVSGQYVSVYKRPAPKP

VSZC/RSOCEGCADACVIMPNENQSICtCISGSAENLATLKAEWETHKRNVDTLFASGNAGLGFLDPTAAI

396 ) VSSDTTgsgEPKSDKTHTPPPAPELLgsgEPKSDKTHTPPPAPELLgsgKnldcwvdneedi

-hinge- ) ; , . . \ ) . .
dvilkkstilnldinndiisdisgfnssvitypdaglvpgingkaihlvnnessevivhkam

rTT N87 .
dieyndmfnnf

AD205- MANKPMOPITSTANKIVWSDPTRLSTTESASLLROQRVKVGIAELNNVSGQYVSVYKRPAPKP

C65/C69GCEGCADA@CVIMPNENQSIRTVISGSAENLATLKAEWETHKRNVDTLFASGNAGLGFLDPTAA

397 hinge— IVSSDTTgsgEPKSDKTHTPPPAPELLgsgEPKSDKTHTPPPAPELLgsgKnldcwvdneed
TT 387 idvilkkstilnldinndiisdisgfnssvitypdaglvpgingkaihlvnnessevivhka

mdieyndmfnnf

The fusion protein of the self-assembling protein nanoparticle carrier can include various tags and

sequences for production and purification. Typically such protein tags are linked to the N- or C-terminus of

the monomer and are ultimately removed (for example by selective protease cleave) from the monomer. For

production in cells, the fusion protein of the self-assembling protein nanoparticle carrier can further include

a signal peptide that is cleaved off during cellular processing. The fusion proteins can be expressed in

appropriate cells (e.g., HEK 293 Freestyle cells) and the fusion proteins are secreted from the cells and self-

assemble into the protein nanoparticle carrier. The protein nanoparticle carrier can be purified using known
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techniques, for example by a few different chromatography procedures, ¢.g. Mono Q (anion exchange)

followed by size exclusion (SUPEROSE® 6) chromatography.

B. HIV-1 Env Fusion Peptide

Any combination of HIV-1 Env fusion peptide and self-assembling protein nanoparticle carrier may
be selected from the specific HIV-1 Env fusion peptide and self-assembling protein nanoparticle carriers
provided herein to generate the immunogenic conjugate.

HIV-1 can be classified into four groups: the “major” group M, the “outlier” group O, group N, and
group P. Within group M, there are several genetically distinct clades (or subtypes) of HIV-1. The HIV-1
Env fusion peptide included in the immunogenic conjugate can be the fusion peptide from any subtype of
HIV, such as groups M, N, O, or P or clade A, B, C, D, F, G, H, J or K and the like.

The HIV-1 Env fusion peptide included in the immunogenic conjugate can consist essentially of or
consist of residue 512 to one of residues 514-521 (such as residues 512-519) of HIV-1 Env (HXB?2)
numbering of the Env protein from any subtype of HIV, such as groups M, N, O, or P or clade A, B, C, D, F,
G, H, J or K and the like. In some embodiments, the HIV-1 Env fusion peptide included in the
immunogenic conjugate can consist essentially of or consist of residue 512 to one of residues 515-521 of
HIV-1 Env (HXB2) numbering of the Env protein from any subtype of HIV, such as groups M, N, O, or P or
clade A, B, C, D, F, G, H, J or K and the like. In some embodiments, The HIV-1 Env fusion peptide
included in the immunogenic conjugate can consist essentially of or consist of residue 512 to one of residues
516-521 of HIV-1 Env (HXB2) numbering of the Env protein from any subtype of HIV, such as groups M,
N, O,orPorclade A, B, C, D, F, G, H, J or K and the like. HIV Env fusion peptides from the different HIV
clades, as well as nucleic acid sequences encoding such proteins and methods for the manipulation and
insertion of such nucleic acid sequences into vectors, are known (see, e.g., HIV Sequence Compendium,
Division of AIDS, National Institute of Allergy and Infectious Diseases (2003); HIV Sequence Database
(hiv-web.lanl.gov/content/hiv-db/mainpage.html); Sambrook et al., Molecular Cloning, a Laboratory
Manual, 2d edition, Cold Spring Harbor Press, Cold Spring Harbor, N. Y. (1989); Ausubel et al., Current
Protocols in Molecular Biology, Greene Publishing Associates and John Wiley & Sons, New York, N. Y.
(1994)).

In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of from 5 to 10 residues (such as 5, 6, 7, 8, 9, or 10 residues or 7-9 residues
or 8-10 residues or 6-8 residues) from the N-terminus of the amino acid sequence set forth as
AVGIGAVFLG (SEQ ID NO: 1). These residues correspond to HIV-1 Env positions 512-521 (HXB2
numbering). In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of the amino acid sequence set forth as residues 1-8 of SEQ ID NO:1.

In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of from 5 to 10 residues (such as 5, 6, 7, 8, 9, or 10 residues or 7-9 residues

or 8-10 residues or 6-8 residues) from the N-terminus of the amino acid sequence set forth as

-88-



10

15

20

25

30

35

WO 2020/061564 PCT/US2019/052419

AVGLGAVFLG (SEQ ID NO: 2). These residues correspond to HIV-1 Env positions 512-521 (HXB2
numbering). In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of the amino acid sequence set forth as residues 1-8 of SEQ ID NO: 2.

In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of from 5 to 10 residues (such as 5, 6, 7, 8, 9, or 10 residues or 7-9 residues
or 8-10 residues or 6-8 residues) from the N-terminus of the amino acid sequence set forth as
AVGIGAMIFG (SEQ ID NO: 3). These residues correspond to HIV-1 Env positions 512-521 (HXB2
numbering). In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of the amino acid sequence set forth as residues 1-8 of SEQ ID NO: 3.

In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of from 5 to 11 residues (such as 5, 6,7, 8,9, 10, or 11 residues or 7-9
residues or 8-10 residues or 6-8 residues) from the N-terminus of the amino acid sequence set forth as
AVGTIGAMFLG (SEQ ID NO: 4). These residues correspond to HIV-1 Env positions 512-521 (HXB2
numbering). In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of the amino acid sequence set forth as residues 1-8 of SEQ ID NO: 4.

In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of from 5 to 10 residues (such as 5, 6, 7, 8, 9, or 10 residues or 7-9 residues
or 8-10 residues or 6-8 residues) from the N-terminus of the amino acid sequence set forth as
AVGIGAMFLG (SEQ ID NO: 5). These residues correspond to HIV-1 Env positions 512-521 (HXB2
numbering). In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of the amino acid sequence set forth as residues 1-8 of SEQ ID NO: 5.

In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of from 5 to 10 residues (such as 5, 6, 7, 8, 9, or 10 residues or 7-9 residues
or 8-10 residues or 6-8 residues) from the N-terminus of the amino acid sequence set forth as
AVGIGALFLG (SEQ ID NO: 6). These residues correspond to HIV-1 Env positions 512-521 (HXB2
numbering). In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of the amino acid sequence set forth as residues 1-8 of SEQ ID NO: 6.

In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of from 5 to 10 residues (such as 5, 6, 7, 8, 9, or 10 residues or 7-9 residues
or 8-10 residues or 6-8 residues) from the N-terminus of the amino acid sequence set forth as
AIGLGAMEFLG (SEQ ID NO: 7). These residues correspond to HIV-1 Env positions 512-521 (HXB2
numbering). In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of the amino acid sequence set forth as residues 1-8 of SEQ ID NO: 7.

In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of from 5 to 10 residues (such as 5, 6, 7, 8, 9, or 10 residues or 7-9 residues
or 8-10 residues or 6-8 residues) from the N-terminus of the amino acid sequence set forth as

AVGLGAVFIG (SEQ ID NO: 8). These residues correspond to HIV-1 Env positions 512-521 (HXB2
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numbering). In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of the amino acid sequence set forth as residues 1-8 of SEQ ID NO: 8.

In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of from 5 to 10 residues (such as 5, 6, 7, 8, 9, or 10 residues or 7-9 residues
or 8-10 residues or 6-8 residues) from the N-terminus of the amino acid sequence set forth as
AVGIGAVLLG (SEQ ID NO: 9). These residues correspond to HIV-1 Env positions 512-521 (HXB2
numbering). In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of the amino acid sequence set forth as residues 1-8 of SEQ ID NO: 9.

In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of from 5 to 10 residues (such as 5, 6, 7, 8, 9, or 10 residues or 7-9 residues
or 8-10 residues or 6-8 residues) from the N-terminus of the amino acid sequence set forth as
AVGIGAVFIG (SEQ ID NO: 10). These residues correspond to HIV-1 Env positions 512-521 (HXB2
numbering). In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of the amino acid sequence set forth as residues 1-8 of SEQ ID NO: 10.

In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of from 5 to 10 residues (such as 5, 6, 7, 8, 9, or 10 residues or 7-9 residues
or 8-10 residues or 6-8 residues) from the N-terminus of the amino acid sequence set forth as
AIGLGALFLG (SEQ ID NO: 11). These residues correspond to HIV-1 Env positions 512-521 (HXB2
numbering). In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of the amino acid sequence set forth as residues 1-8 of SEQ ID NO: 11.

In some embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate
consists essentially of or consists of from 5 to 9 residues (such as 3, 6, 7, 8, or 9 residues or 7-9 residues or
8-9 residues or 6-8 residues) from the N-terminus of the amino acid sequence set forth as AALGAVFLG
(SEQ ID NO: 12). These residues correspond to HIV-1 Env positions 512-521 (HXB2 numbering). In some
embodiments, the HIV-1 Env fusion peptides included in the immunogenic conjugate consists essentially of
or consists of the amino acid sequence set forth as residues 1-8 of SEQ ID NO: 12.

In some embodiments, the immunogenic conjugate comprises any of the above HIV-1 Env fusion
peptides (such as AVGIGAVF, residues 1-8 of SEQ ID NO: 1) conjugated to a self-assembling protein
nanoparticle carrier formed from fusion proteins comprising a tetanus toxoid heavy chain C fragment and a
lumazine synthase nanoparticle subunit, wherein the HIV-1 Env fusion peptides are conjugated to the self-
assembling protein nanoparticle carrier by linkers between lysine residues on the self-assembling protein
nanoparticle carrier and a heterologous cysteine residue fused to a C-terminal residue of the HIV-1 Env
fusion peptides.

In some embodiments, the immunogenic conjugate comprises any of the above HIV-1 Env fusion
peptides (such as AVGIGAVF, residues 1-8 of SEQ ID NO: 1) conjugated to a self-assembling protein
nanoparticle carrier formed from fusion proteins comprising H influenzae protein D (HiD) and a lumazine

synthase nanoparticle subunit, wherein the HIV-1 Env fusion peptides are conjugated to the self-assembling

-90-



10

15

20

25

30

35

WO 2020/061564 PCT/US2019/052419

protein nanoparticle carrier by linkers between lysine residues on the self-assembling protein nanoparticle
carrier and a heterologous cysteine residue fused to a C-terminal residue of the HIV-1 Env fusion peptides.

In some embodiments, the immunogenic conjugate comprises any of the above HIV-1 Env fusion
peptides (such as AVGIGAVF, residues 1-8 of SEQ ID NO: 1) conjugated to a self-assembling protein
nanoparticle carrier formed from fusion proteins comprising diphtheria toxoid or a variant thereof (such as
CRM197) and a lumazine synthase nanoparticle subunit, wherein the HIV-1 Env fusion peptides are
conjugated to the self-assembling protein nanoparticle carrier by linkers between lysine residues on the self-
assembling protein nanoparticle carrier and a heterologous cysteine residue fused to a C-terminal residue of
the HIV-1 Env fusion peptides.

In some embodiments, the immunogenic conjugate comprises any of the above HIV-1 Env fusion
peptides (such as AVGIGAVF, residues 1-8 of SEQ ID NO: 1) conjugated to a self-assembling protein
nanoparticle carrier formed from fusion proteins comprising a tetanus toxoid heavy chain C fragment and a
ferritin nanoparticle subunit, wherein the HIV-1 Env fusion peptides are conjugated to the self-assembling
protein nanoparticle carrier by linkers between lysine residues on the self-assembling protein nanoparticle
carrier and a heterologous cysteine residue fused to a C-terminal residue of the HIV-1 Env fusion peptides.

In some embodiments, the immunogenic conjugate comprises any of the above HIV-1 Env fusion
peptides (such as AVGIGAVF, residues 1-8 of SEQ ID NO: 1) conjugated to a self-assembling protein
nanoparticle carrier formed from fusion proteins comprising H influenzae protein D (HiD) and a ferritin
nanoparticle subunit, wherein the HIV-1 Env fusion peptides are conjugated to the self-assembling protein
nanoparticle carrier by linkers between lysine residues on the self-assembling protein nanoparticle carrier
and a heterologous cysteine residue fused to a C-terminal residue of the HIV-1 Env fusion peptides.

In some embodiments, the immunogenic conjugate comprises any of the above HIV-1 Env fusion
peptides (such as AVGIGAVF, residues 1-8 of SEQ ID NO: 1) conjugated to a self-assembling protein
nanoparticle carrier formed from fusion proteins comprising diphtheria toxoid or a variant thereof (such as
CRM197) and a ferritin nanoparticle subunit, wherein the HIV-1 Env fusion peptides are conjugated to the
self-assembling protein nanoparticle carrier by linkers between lysine residues on the self-assembling
protein nanoparticle carrier and a heterologous cysteine residue fused to a C-terminal residue of the HIV-1
Env fusion peptides.

In some embodiments, the immunogenic conjugate comprises any of the above HIV-1 Env fusion
peptides (such as AVGIGAVF, residues 1-8 of SEQ ID NO: 1) conjugated to a self-assembling protein
nanoparticle carrier formed from fusion proteins comprising a tetanus toxoid heavy chain C fragment and a
lumazine synthase nanoparticle subunit and further comprising a heterologous T-cell helper epitope (such as
AENLWVTVYYGVPVW (SEQ ID NO: 70) or TEKLWVTVYYGVPVW (SEQ ID NO: 71), wherein the
HIV-1 Env fusion peptides are conjugated to the self-assembling protein nanoparticle carrier by linkers
between lysine residues on the self-assembling protein nanoparticle carrier and a heterologous cysteine

residue fused to a C-terminal residue of the HIV-1 Env fusion peptides.
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In some embodiments, the immunogenic conjugate comprises any of the above HIV-1 Env fusion
peptides (such as AVGIGAVF, residues 1-8 of SEQ ID NO: 1) conjugated to a self-assembling protein
nanoparticle carrier formed from fusion proteins comprising H influenzae protein D (HiD) and a lumazine
synthase nanoparticle subunit and further comprising a heterologous T-cell helper epitope (such as
AENLWVTVYYGVPVW (SEQ ID NO: 70) or TEKLWVTVYYGVPVW (SEQ ID NO: 71), wherein the
HIV-1 Env fusion peptides are conjugated to the self-assembling protein nanoparticle carrier by linkers
between lysine residues on the self-assembling protein nanoparticle carrier and a heterologous cysteine
residue fused to a C-terminal residue of the HIV-1 Env fusion peptides.

In some embodiments, the immunogenic conjugate comprises any of the above HIV-1 Env fusion
peptides (such as AVGIGAVF, residues 1-8 of SEQ ID NO: 1) conjugated to a self-assembling protein
nanoparticle carrier formed from fusion proteins comprising diphtheria toxoid or a variant thereof (such as
CRM197) and a lumazine synthase nanoparticle subunit and further comprising a heterologous T-cell helper
epitope (such as AENLWVTVYYGVPVW (SEQ ID NO: 70) or TEKLWVTVYYGVPVW (SEQ ID NO:
71), wherein the HIV-1 Env fusion peptides are conjugated to the self-assembling protein nanoparticle
carrier by linkers between lysine residues on the self-assembling protein nanoparticle carrier and a
heterologous cysteine residue fused to a C-terminal residue of the HIV-1 Env fusion peptides.

In some embodiments, the immunogenic conjugate comprises any of the above HIV-1 Env fusion
peptides (such as AVGIGAVF, residues 1-8 of SEQ ID NO: 1) conjugated to a self-assembling protein
nanoparticle carrier formed from fusion proteins comprising a tetanus toxoid heavy chain C fragment and a
ferritin nanoparticle subunit and further comprising a heterologous T-cell helper epitope (such as
AENLWVTVYYGVPVW (SEQ ID NO: 70) or TEKLWVTVYYGVPVW (SEQ ID NO: 71), wherein the
HIV-1 Env fusion peptides are conjugated to the self-assembling protein nanoparticle carrier by linkers
between lysine residues on the self-assembling protein nanoparticle carrier and a heterologous cysteine
residue fused to a C-terminal residue of the HIV-1 Env fusion peptides.

In some embodiments, the immunogenic conjugate comprises any of the above HIV-1 Env fusion
peptides (such as AVGIGAVF, residues 1-8 of SEQ ID NO: 1) conjugated to a self-assembling protein
nanoparticle carrier formed from fusion proteins comprising H influenzae protein D (HiD) and a ferritin
nanoparticle subunit and further comprising a heterologous T-cell helper epitope (such as
AENLWVTVYYGVPVW (SEQ ID NO: 70) or TEKLWVTVYYGVPVW (SEQ ID NO: 71), wherein the
HIV-1 Env fusion peptides are conjugated to the self-assembling protein nanoparticle carrier by linkers
between lysine residues on the self-assembling protein nanoparticle carrier and a heterologous cysteine
residue fused to a C-terminal residue of the HIV-1 Env fusion peptides.

In some embodiments, the immunogenic conjugate comprises any of the above HIV-1 Env fusion
peptides (such as AVGIGAVF, residues 1-8 of SEQ ID NO: 1) conjugated to a self-assembling protein
nanoparticle carrier formed from fusion proteins comprising diphtheria toxoid or a variant thereof (such as
CRM197) and a ferritin nanoparticle subunit and further comprising a heterologous T-cell helper epitope

(such as AENLWVTVYYGVPVW (SEQ ID NO: 70) or TEKLWVTVYYGVPVW (SEQ ID NO: 71),
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wherein the HIV-1 Env fusion peptides are conjugated to the self-assembling protein nanoparticle carrier by
linkers between lysine residues on the self-assembling protein nanoparticle carrier and a heterologous
cysteine residue fused to a C-terminal residue of the HIV-1 Env fusion peptides.

Typically, the HIV-1 Env fusion peptides are conjugated to the self-assembling protein nanoparticle
carrier by a linker. Suitable linkers include, but are not limited to, straight or branched-chain carbon linkers,
heterocyclic carbon linkers or peptide linkers. For an immunogenic conjugate from two or more
constituents, each of the constituents will contain the necessary reactive groups. Representative
combinations of such groups are amino with carboxyl to form amide linkages or carboxy with hydroxyl to
form ester linkages or amino with alkyl halides to form alkylamino linkages or thiols with thiols to form
disulfides or thiols with maleimides or alkylhalides to form thioethers. Hydroxyl, carboxyl, amino and other
functionalities, where not present may be introduced by known methods. Likewise, a wide variety of linking
groups may be employed. In some cases, the linking group can be designed to be either hydrophilic or
hydrophobic in order to enhance the desired binding characteristics of the fusion peptide and the carrier.
The covalent linkages should be stable relative to the solution conditions under which the conjugate is
subjected.

In some embodiments, the linkers may be joined to the constituent amino acids through their side
chains (such as through a disulfide linkage to cysteine) or to the alpha carbon, amino, and/or carboxyl
groups of the terminal amino acids.

The procedure for attaching a molecule to a polypeptide varies according to the chemical structure
of the molecule. Polypeptides typically contain a variety of functional groups; for example, carboxylic acid
(COOR), free amine (-NH>) or sulfhydryl (-SH) groups, which are available for reaction with a suitable
functional group on a polypeptide. Alternatively, the polypeptide is derivatized to expose or attach additional
reactive functional groups. The derivatization may involve attachment of any of a number of linker
molecules such as those available from Pierce Chemical Company, Rockford, IL.

In some embodiments, a sulfosuccinimidyl (4-iodoacetyl)aminobenzoate (Sulfo-SIAB) linker is
used to link the HIV-1 Env fusion peptides to the self-assembling protein nanoparticle carrier. In some
embodiments an m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS) linker is used to link the HIV-1
Env fusion peptides to the self-assembling protein nanoparticle carrier.

The immunogenic conjugate includes a plurality of HIV-1 Env fusion peptides conjugated to the
self-assembling protein nanoparticle carrier. In several embodiments, the conjugation of multiple HIV-1
Env fusion peptides to a single self-assembling protein nanoparticle carrier is possible because the carrier
has multiple lysine or cysteine side-chains that can serve as sites of attachment. The amount of HIV-1 Env
fusion peptide reacted with the amount of self-assembling protein nanoparticle carrier may vary depending
upon the specific HIV-1 Env fusion peptide and the self-assembling protein nanoparticle carrier. The
resulting number of HIV-1 Env fusion peptides linked to a single self-assembling protein nanoparticle
carrier molecule may vary depending upon the specific HIV-1 Env fusion peptides and the self-assembling

protein nanoparticle carrier.
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Following conjugation of the HIV-1 Env fusion peptide to the protein nanoparticle carrier, the
conjugate can be purified by appropriate techniques. One goal of the purification step is to separate the
unconjugated HIV-1 Env fusion peptide or protein nanoparticle carrier from the conjugate. One method for
purification, involving ultrafiltration in the presence of ammonium sulfate, is described in U.S. Patent No.
6,146,902. Alternatively, the conjugates can be purified away from unconjugated HIV-1 Env fusion peptide
or protein nanoparticle carrier by any number of standard techniques including, for example, size exclusion
chromatography, density gradient centrifugation, hydrophobic interaction chromatography, or ammonium
sulfate fractionation. See, for example, Anderson et al., J. Immunol. 137:1181-86, 1986 and Jennings &
Lugowski, J. Immunol. 127:1011-18, 1981. The compositions and purity of the conjugates can be
determined by GLC-MS and MALDI-TOF spectrometry, for example.

In several embodiments, the disclosed immunogenic conjugates can be formulated into
immunogenic composition (such as vaccines), for example by the addition of a pharmaceutically acceptable
carrier and/or adjuvant.

It is understood that some variations can be made in the amino acid sequence of a protein without
affecting the activity of the protein. Such variations include insertion of amino acid residues, deletions of
amino acid residues, and substitutions of amino acid residues. These variations in sequence can be naturally
occurring variations or they can be engineered through the use of genetic engineering techniques. Examples
of such techniques are found in see, e.g., Sambrook et al. (Molecular Cloning: A Laboratory Manual, 4™ ed,
Cold Spring Harbor, New York, 2012) and Ausubel et al. (In Current Protocols in Molecular Biology, John
Wiley & Sons, New York, through supplement 104, 2013, both of which are incorporated herein by
reference in their entirety. Thus, the sequence of the fusion proteins of the disclosed self-assembling protein
nanoparticle carrier can include modifications, such as amino acid substitutions, deletions or insertions,
glycosylation and/or covalent linkage to unrelated proteins (e.g., a protein tag), as long as the fusion proteins

self-assemble to form the self-assembling protein nanoparticle carrier.

II1. Nanoparticles linked to carrier by isopeptide bond

Also provided herein are embodiments of a self-assembling nanoparticle-carrier protein where the
nanoparticle is linked to carrier proteins by an isopeptide bond between a first tag on the subunits of the
nanoparticle and a second tag on the carrier protein. In one example, the first and second tags are based on
the Streptococcus pyogenes fibronectin binding protein Fbab-B, such as in the SpyTag/SpyCatcher fusion

system. The sequence of Streptococcus pyogenes fibronectin binding protein Fbab-B is provided as follows:

GAMVDTLSGLSSEQGQSGDMT IEEDSATHIKE SKRDIDGKELAGATMELRDSSGKTISTWISDGOVKDEYLMPGKYTEVE
TAAPDGYEVATAITFTVNEQGQVTVNGKATKGDAHIVMVDAYKPTK (SEQ ID NO: 398)

The final 13 residues of Streptococcus pyogenes fibronectin binding protein Fbab-B can be used as a

first tag (the spytag) and the remaining residues of Streptococcus pyogenes fibronectin binding protein Fbab-
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B are the second tag (spycatcher). When mixed under appropriate conditions the two Streptococcus
pyogenes fibronectin binding protein Fbab-B segments bind and form a covalent isopeptide bond.

Any of the nanoparticle subunits disclosed herein can be linked to any of the carrier proteins
disclosed herein using the spytag/spycatcher (or other suitable isopeptide bond tag) to generate a
nanoparticle-carrier protein to which one or more vaccine antigens (such as an HIV-1 Env fusion peptide as
disclosed herein) can be conjugated. In several embodiments, the spytag/spycatcher (or other suitable
isopeptide bond tag) is substituted for the peptide linker separating the nanoparticle subunit and carrier
protein.

In some embodiments, a lumazine synthase subunit is fused to a spytag and combined with any of
the carrier proteins described herein that has been fused to a corresponding spycatcher tag. Non-limiting
examples of lumazine synthase subunits fused to a spytag for use in the disclosed embodiments, include:
LS-SpyTag
AHIVMVDAYKPTKgsgsaMQIYEGKLTAEGLRFGIVASRENHALVDRLVEGAIDAIVRHGGREEDI TLVRVPGSWE IPVA

AGELARKENISAVIAIGVLIRGATPHEFDYIASEVSKGLADLSLELRKPITEGVITADTLEQATERAGTKHGNKGWEAALS
AIEMANLEFKSLR (SEQ ID NO: 399)

LS-SpyTag LODS3 (single Cysteine?)
AHIVMVDAYKPTKgsgsaMQIYEGKLTAEGLRFGIVASREFNHALVDRLVEGCIDAIVRHGGREEDITLVRVPGSWEIPVA
AGELARKENIsAVIATIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITEFGVITADTLEQATERAGTKHGNKGWEAALS
AIEMANLFKSLR (SEQ ID NO: 400)

LS-SpyTag LODS5 (intra-protomer)
AHIVMVDAYKPTKgsgsaMQIYEGKLTAEGLRFGIVASREFNHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVA
AGELARKENIsAVIATIGVLIRGATPHFDYIASEVSKGLADLSLELRKPICEFGVITADTLEQATERAGTKHGNKGWEAALC
AIEMANLFKSLR (SEQ ID NO: 401)

LS-SpyTag DS2-49
AHIVMVDAYKPTKgsgsaMcIYEGKLTAEGLRFGIVASREFNHALVDRLVEGAIDAIVRHGGREEDICLVRVPGSWEIPVA
AGELARKENISAVIAIGVLIRGATPHEDYIASEVSKGLADLSLELRKPITFGVITADTLEQAIERAGTKHGNKGWEAALS
ATEMANLFKSLR (SEQ ID NO: 402)

LS-SpyTag DS54-142
AHIVMVDAYKPTKgsgsaMQIYEGKLTAEGLRFGIVASREFNHALVDRLVEGAIDAIVRHGGREEDITLVRVCGSWEIPVA
AGELARKENIsAVIATIGVLIRGATPHFDYIASEVSKGLADLSLELRKPITEGVITADTLEQATERAGTKHGNKGWEAAL C
ATEMANLFKSLR (SEQ ID NO: 403)

LS-SpyTag DS95-101
AHIVMVDAYKPTKgsgsaMQIYEGKLTAEGLRFGIVASREFNHALVDRLVEGAIDAIVRHGGREEDITLVRVPGSWEIPVA
AGELARKENIsAVIATIGVLIRGATPHEFDYIASCcVSKGLCDLSLELRKPITEGVITADTLEQATERAGTKHGNKGWEAALS
AIEMANLFKSLR (SEQ ID NO: 404)

In some embodiments, a ferritin subunit is fused to a spytag and combined with any of the carrier
proteins described herein that has been fused to a corresponding spycatcher tag. Non-limiting examples of
ferritin subunits fused to a spytag for use in the disclosed embodiments, include:

Ferr 96N SpyTag N-2-THS
AHIVMVDAYKPTKgggsgDPMLSKDIIKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIE

LNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQNISESINNIVDHAIKSKDHATENEFLOQWYVAEQHEEEVLEFKDILDK
IELIGNENHGLYLADQYVKGIAKSRKS (SEQ ID NO: 405)

Ferr 148S SpyTag N5-THS
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AHIVMVDAYKPTKgggsgDIIKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLEFLFDHAAEEYEHAKKLIIFLNENNY
PVOLTSISAPEHKFEGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATENFLOQWYVAEQHEEEVLEFKDILDKIELIGN
EsHGLYLADQYVKGIAKSRKS (SEQ ID NO: 406)

In some embodiments, an encapsulin subunit is fused to a spytag and combined with any of the
carrier proteins described herein that has been fused to a corresponding spycatcher tag. A non-limiting

examples of an encapsulin subunit fused to a spytag for use in the disclosed embodiments, includes:

EN G53C-R94C - spytag
MEFLKRSFAPLTEKQWQEIDNRAREIFKTQLYGRKEFVDVEGPYGWEYAAHPLCEVEVLSDENEVVKWGLRKSLPLIELRA
TETLDLWELDNLECGKPNVDLSSLEETVRKVAEFEDEVIFRGCEKSGVKGLLSFEERKIECGSTPKDLLEAIVRALSIES
KDGIEGPYTLVINTDRWINFLKEEAGHYPLEKRVEECLRGGKIITTPRIEDALVVSERGGDFKLILGODLSIGYEDREKD
AVRLFITETFTEFQVVNPEALILLKFgggsgAHIVMVDAYKPTK (SEQ ID NO: 410)

The spycatcher tag can be genetically fused to any of carrier proteins provided herein for subsequent
isopeptide bond linkage to a nanoparticle subunit fused to a corresponding spytag. In some embodiments, a
peptide linker is included between the carrier protein and spycatcher tag or between the nanoparticle subunit
and spytag. In one example, the rTT carrier protein fused to the spycatcher tag comprises an amino acid

sequence set forth as:

MKNLDCWVDNEEDIDVILKKSTILNLDINNDIISDISGENSSVITYPDAQLVPGINGKAIHLVNNESSEVIVHKAMDIEY
NDMENNEFTVSEWLRVPKVSASHLEQYGTINEYSIISSMKKHSLSIGSGWSVSLKGNNLIWTLKDSAGEVRQITEFRDLPDKE
NAYLANKWVEITITNDRLSSANLYINGVLMGSAEITGLGAIREDNNITLKLDRCNNNNQYVSIDKERIFCKALNPKEIEK
LYTSYLSITFLRDEWGNPLRYDTEYYLIPVASSSKDVQLKNITDYMYLTNAPSYTNGKLNIYYRRLYNGLKEIIKRYTPN
NEIDSEVKSGDEFIKLYVSYNNNEHIVGYPKDGNAFNNLDRILRVGYNAPGIPLYKKMEAVKLRDLKTYSVQLKLYDDKNA
SLGLVGTHNGQIGNDPNRDILIASNWYENHLKDKILGCDWYEVPTDEGWINDgsgDSATHIKE SKRDEDGKELAGATMEL
RDSSGKTISTWISDGOVKDEYLYPGKYTEVETAAPDGYEVATAITETVNEQGOVTIVNGKATKGDAHI (SEQ ID NO:
407)

In one example, the spytag (e.g., AHIVMVDAYKPTK, SEQ ID NO: 408) is genetically fused to the
self-assembling protein nanoparticle subunit, and the nanoparticle with spytag is produced under standard
conditions. The spycatcher tag (e.g.,
DSATHIKFSKRDEDGKELAGATMELRDSSGKTISTWISDGQVKDFYLYPGKYTFVETAAPDGYEVA
TAITFTVNEQGQVTVNGKATKGDAHI, SEQ ID NO: 409) is genetically fused to the carrier protein (e.g.,
rTT), and the carrier protein with spycatcher is produced under standard conditions. The nanoparticle/spytag
and carrier/spycatcher are subsequently mixed under conditions sufficient for the spycatcher/spytag to form
an isopeptide bond and covalently link the nanoparticle and carrier proteins. The resulting nanoparticle
carrier can be used immediately or stored for subsequent conjugation to one or more vaccine antigens of

interest.
Iv. Self-assembling protein nanoparticles

Additionally provided herein are novel self-assembling protein nanoparticles and subunits thereof.

In some embodiments, the self-assembling protein nanoparticle subunit comprises or consists of any one of
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the self-assembling protein nanoparticle subunit discussed above in Section II.A.1 for fusion with a
heterologous carrier and generation of an immunogenic conjugate.

In some embodiments, the self-assembling protein nanoparticle subunit is a lumazine synthase
nanoparticle subunit comprising cysteine substitutions to introduce one or more non-native disulfide bonds
to increase stability of the nanoparticle, wherein the cysteine substitutions comprise 121C and 131C
substitutions, 121CG and 131C substitutions, 121GC and 131C substitutions, 7C and 40C substitutions, 3C
and 50C substitutions, 82C and 131CG substitutions, 5C and 52C substitutions, or 95C and A101C
substitutions, or a combination thereof, wherein residue numbering corresponds to a reference lumazine
synthase subunit set forth as SEQ ID NO: 25. In some embodiments, the self-assembling protein
nanoparticle subunit is a lumazine synthase nanoparticle subunit comprising or consisting of the amino acid
sequence set forth as any one of SEQ ID NOs: 306-312, or an amino acid sequence at least 90% (such as at
least 95%, at least 98 %, or at least 99%) identical thereto.;

In some embodiments, the self-assembling protein nanoparticle subunit is an encapsulin nanoparticle
subunit comprising cysteine substitutions to introduce one or more non-native disulfide bonds to increase
stability of the nanoparticle, wherein the cysteine substitutions comprise 53C and 94C substitutions, 53C and
96C substitutions, or 146C and 185C substitutions, or a combination thereof, wherein residue numbering
corresponds to a reference lumazine synthase subunit set forth as SEQ ID NO: 43. In some embodiments,
the self-assembling protein nanoparticle subunit is an encapsulin nanoparticle subunit comprising or
consisting of the amino acid sequence set forth as any one of SEQ ID NOs: 313-315, or an amino acid
sequence at least 90% (such as at least 95%, at least 98%, or at least 99%) identical thereto.;

In some embodiments, the self-assembling protein nanoparticle subunit is an acinetobacter phage
AP205 nanoparticle subunit comprising cysteine substitutions to introduce one or more non-native disulfide
bonds to increase stability of the nanoparticle, wherein the cysteine substitutions comprise a T81C
substitution, 53C and 100C substitution, or 82C and 80C substitutions, or a combination thereof, wherein
residue numbering corresponds to a reference lumazine synthase subunit set forth as SEQ ID NO: 316. In
some embodiments, the self-assembling protein nanoparticle subunit is a Acinetobacter phage AP205
protein subunit comprising or consisting of the amino acid sequence set forth as any one of SEQ ID NOs:
317-320, or an amino acid sequence at least 90% (such as at least 95%), at least 98%, or at least 99%)
identical thereto.; or

In some embodiments, the self-assembling protein nanoparticle subunit is a Hepatitis B capsid
protein nanoparticle subunit comprising cysteine substitutions to introduce one or more non-native disulfide
bonds to increase stability of the nanoparticle, wherein the cysteine substitutions comprise 25C and 127C
substitutions, 14C and 36C substations, 29C and 127C substitutions, 18C and 36C substitutions, or 29C and
127C substitutions, or a combination thereof, wherein residue numbering corresponds to a reference
lumazine synthase subunit set forth as SEQ ID NO: 321. In some embodiments, the self-assembling protein

nanoparticle subunit is a Hepatitis B capsid protein subunit comprising or consisting of the amino acid
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sequence set forth as any one of SEQ ID NOs: 322-326, or an amino acid sequence at least 90% (such as at
least 95%, at least 98 %, or at least 99%) identical thereto..

In some embodiments, the self-assembling protein nanoparticle subunit is a ferritin nanoparticle
subunit comprising or consisting of the amino acid sequence set forth as any one of SEQ ID NOs: 258-305,
or an amino acid sequence at least 90% (such as at least 95%, at least 98%, or at least 99%) identical thereto.

In some embodiments, the recombinant self-assembling nanoparticle subunit is fused to a
heterologous carrier protein, such as any of the heterologous carrier proteins discussed above in Section
I.A.2 for fusion with a self-assembling protein nanoparticle subunit and generation of an immunogenic
conjugate. In some embodiments, the recombinant self-assembling nanoparticle subunit is fused to a tetanus
toxin heavy chain C fragment, a diphtheria toxin variant CRM197, and an H influenzae protein D, a Keyhole
Limpet Hemocyanin (KLH) functional unit, a Meningococcal outer membrane protein complex protein, an
Outer-membrane lipoprotein carrier protein, or a Cholera toxin B subunit. Fusion of the heterologous cattier
protein to the recombinant self-assembling nanoparticle subunit can be direct (e.g., vis peptide bond between
the nanoparticle subunit and the carrier) or indirect via a peptide linker. Any suitable peptide linker may be
used, such as the linkers discussed above discussed above in Section II.A.3 for fusion with a self-assembling
protein nanoparticle subunit and generation of an immunogenic conjugate.

Also provided are self-assembled protein nanoparticles formed from the nanoparticle subunits. If
the nanoparticle subunit is fused to a heterologous carrier protein, then the self-assembled protein
nanoparticle will include multiple copies of the heterologous carrier.

In further embodiments, the self-assembled protein nanoparticle is conjugated to a vaccine antigen.

V. Polynucleotides and Expression

Polynucleotides encoding a disclosed fusion protein that forms a self-assembling protein
nanoparticle carrier or self-assembling protein nanoparticle are also provided. These polynucleotides
include DNA, cDNA and RNA sequences which encode the fusion protein. The genetic code can be used to
construct a variety of functionally equivalent nucleic acids, such as nucleic acids which differ in sequence
but which encode the same protein sequence, or encode a conjugate or fusion protein including the nucleic
acid sequence.

In several embodiments, the nucleic acid molecule encodes a precursor of a disclosed fusion protein
and/or nanoparticle subunit, that, when expressed in cells under appropriate conditions, is processed and
self-assembles into the protein nanoparticle carrier or protein nanoparticle. For example, the nucleic acid
molecule can encode a N-terminal signal sequence for entry into the cellular secretory system that is
proteolytically cleaved in the during processing of the fusion protein.

Exemplary nucleic acids can be prepared by cloning techniques. Examples of appropriate cloning
and sequencing techniques, and instructions sufficient to direct persons of skill through many cloning

exercises are known (see, e.g., Sambrook et al. (Molecular Cloning: A Laboratory Manual, 4™ ed, Cold
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Spring Harbor, New York, 2012) and Ausubel ez al. (In Current Protocols in Molecular Biology, John Wiley
& Sons, New York, through supplement 104, 2013).

Nucleic acids can also be prepared by amplification methods. Amplification methods include
polymerase chain reaction (PCR), the ligase chain reaction (LCR), the transcription-based amplification
system (TAS), the self-sustained sequence replication system (3SR). A wide variety of cloning methods,
host cells, and in vitro amplification methodologies are well known to persons of skill.

The polynucleotides encoding a disclosed fusion protein and/or nanoparticle subunit can include a
recombinant DNA which is incorporated into a vector into an autonomously replicating plasmid or virus or
into the genomic DNA of a prokaryote or eukaryote, or which exists as a separate molecule (such as a
cDNA) independent of other sequences. The nucleotides can be ribonucleotides, deoxyribonucleotides, or
modified forms of either nucleotide. The term includes single and double forms of DNA.

Polynucleotide sequences encoding a disclosed fusion protein and/or nanoparticle subunit can be
operatively linked to expression control sequences. An expression control sequence operatively linked to a
coding sequence is ligated such that expression of the coding sequence is achieved under conditions
compatible with the expression control sequences. The expression control sequences include, but are not
limited to, appropriate promoters, enhancers, transcription terminators, a start codon (i.e., ATG) in front of a
protein-encoding gene, splicing signals for introns, maintenance of the correct reading frame of that gene to
permit proper translation of mRNA, and stop codons.

DNA sequences encoding the disclosed fusion protein and/or nanoparticle subunit can be expressed
in vitro by DNA transfer into a suitable host cell. The cell may be prokaryotic or eukaryotic. The term also
includes any progeny of the subject host cell. It is understood that all progeny may not be identical to the
parental cell since there may be mutations that occur during replication. Methods of stable transfer, meaning
that the foreign DNA is continuously maintained in the host, are known in the art.

Hosts can include microbial, yeast, insect and mammalian organisms. Methods of expressing DNA
sequences having eukaryotic or viral sequences in prokaryotes are well known in the art. Non-limiting
examples of suitable host cells include bacteria, archea, insect, fungi (for example, yeast), plant, and animal
cells (for example, mammalian cells, such as human). Exemplary cells of use include Escherichia coli,
Bacillus subtilis, Saccharomyces cerevisiae, Salmonella typhimurium, SFO cells, C129 cells, 293 cells,
Neurospora, and immortalized mammalian myeloid and lymphoid cell lines. Techniques for the propagation
of mammalian cells in culture are well-known (see, e.g., Helgason and Miller (Eds.), 2012, Basic Cell
Culture Protocols (Methods in Molecular Biology), 4™ Ed., Humana Press). Examples of commonly used
mammalian host cell lines are VERO and HeLa cells, CHO cells, and WI38, BHK, and COS cell lines,
although cell lines may be used, such as cells designed to provide higher expression, desirable glycosylation
patterns, or other features. In some embodiments, the host cells include HEK293 cells or derivatives thereof,
such as GnTI” cells (ATCC® No. CRL-3022), or HEK-293F cells.

Transformation of a host cell with recombinant DNA can be carried out by conventional techniques.

In some embodiments, if the host is prokaryotic, such as, but not limited to, E. coli, competent cells which
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are capable of DNA uptake can be prepared from cells harvested after exponential growth phase and
subsequently treated by the CaCl, method. Alternatively, MgCl> or RbCl can be used. Transformation can
also be performed after forming a protoplast of the host cell if desired, or by electroporation.

When the host is a eukaryote, such methods of transfection of DNA as calcium phosphate
coprecipitates, conventional mechanical procedures such as microinjection, electroporation, insertion of a
plasmid encased in liposomes, or viral vectors can be used. Eukaryotic cells can also be co-transformed with
polynucleotide sequences encoding a disclosed antigen, and a second foreign DNA molecule encoding a
selectable phenotype, such as the herpes simplex thymidine kinase gene. Another method is to use a
eukaryotic viral vector, such as simian virus 40 (SV40) or bovine papilloma virus, to transiently infect or
transform eukaryotic cells and express the protein (see for example, Viral Expression Vectors, Springer
press, Muzyczka ed., 2011). Appropriate expression systems such as plasmids and vectors of use in
producing proteins in cells including higher eukaryotic cells such as the COS, CHO, HeLa and myeloma cell
lines can be utilized.

Modifications can be made to a nucleic acid encoding a disclosed fusion protein and/or nanoparticle
subunit without diminishing its biological activity. Some modifications can be made to facilitate the cloning
or expression of the fusion protein. Non-limiting examples of such modifications include termination
codons, a methionine added at the amino terminus to provide an initiation site, additional amino acids placed
on either terminus to create conveniently located restriction sites, or additional amino acids (such as poly

His) to aid in purification steps.

VI Immunogenic Compositions

Immunogenic compositions comprising a disclosed immunogenic conjugate and a pharmaceutically
acceptable carrier are also provided. Such pharmaceutical compositions can be administered to subjects by a
variety of administration modes, for example, intramuscular, subcutaneous, intravenous, intra-arterial, intra-
articular, intraperitoneal, or parenteral routes. [Actual methods for preparing administrable compositions are
described in more detail in such publications as Remingtons Pharmaceutical Sciences, 19" Ed., Mack
Publishing Company, Easton, Pennsylvania, 1995.

Thus, an immunogenic conjugate described herein can be formulated with pharmaceutically
acceptable carriers to help retain biological activity while also promoting increased stability during storage
within an acceptable temperature range. Potential carriers include, but are not limited to, physiologically
balanced culture medium, phosphate buffer saline solution, water, emulsions (e.g., oil/water or water/oil
emulsions), various types of wetting agents, cryoprotective additives or stabilizers such as proteins, peptides
or hydrolysates (e.g., albumin, gelatin), sugars (e.g., sucrose, lactose, sorbitol), amino acids (e.g., sodium
glutamate), or other protective agents. The resulting aqueous solutions may be packaged for use as is or
lyophilized. Lyophilized preparations are combined with a sterile solution prior to administration for either

single or multiple dosing.
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Formulated compositions, especially liquid formulations, may contain a bacteriostat to prevent or
minimize degradation during storage, including but not limited to effective concentrations (usually =1%
w/v) of benzyl alcohol, phenol, m-cresol, chlorobutanol, methylparaben, and/or propylparaben. A
bacteriostat may be contraindicated for some patients; therefore, a lyophilized formulation may be
reconstituted in a solution either containing or not containing such a component.

The immunogenic compositions of the disclosure can contain as pharmaceutically acceptable
vehicles substances as required to approximate physiological conditions, such as pH adjusting and buffering
agents, tonicity adjusting agents, wetting agents and the like, for example, sodium acetate, sodium lactate,
sodium chloride, potassium chloride, calcium chloride, sorbitan monolaurate, and triethanolamine oleate.

The immunogenic composition may optionally include an adjuvant to enhance an immune response
of the host. Suitable adjuvants are, for example, toll-like receptor agonists, alum, AIPO4, alhydrogel, Lipid-
A and derivatives or variants thereof, oil-emulsions, saponins, neutral liposomes, liposomes containing the
vaccine and cytokines, non-ionic block copolymers, and chemokines. Non-ionic block polymers containing
polyoxyethylene (POE) and polyxylpropylene (POP), such as POE-POP-POE block copolymers, MPL™ (3-
O-deacylated monophosphoryl lipid A; Corixa, Hamilton, IN) and IL-12 (Genetics Institute, Cambridge,
MA) may also be used as an adjuvant (Newman et al., 1998, Critical Reviews in Therapeutic Drug Carrier
Systems 15:89-142). These adjuvants have the advantage in that they help to stimulate the immune system in
a non-specific way, thus enhancing the immune response to a pharmaceutical product.

In some embodiments, the immunogenic composition can be provided as a sterile composition. The
immunogenic composition typically contains an effective amount of a disclosed immunogenic conjugate and
can be prepared by conventional techniques. Typically, the amount of immunogenic conjugate in each dose
of the immunogenic composition is selected as an amount which elicits or primes an immune response
without significant, adverse side effects. In some embodiments, the immunogenic composition can be
provided in unit dosage form for use to elicit or prime an immune response in a subject, for example, to
prevent HIV-1 infection in the subject. A unit dosage form contains a suitable single preselected dosage for
administration to a subject, or suitable marked or measured multiples of two or more preselected unit

dosages, and/or a metering mechanism for administering the unit dose or multiples thereof.

VII. Methods of Inducing an Immune Response

The disclosed immunogenic conjugates and compositions including same can be administered to a
subject to induce an immune response to HIV-1 to prevent, inhibit, and/or treat an HIV-1 infection. The
immune response can be a protective immune response, for example a response that prevents or reduces
subsequent infection with HIV-1. Elicitation of the immune response can also be used to treat or inhibit
infection and illnesses associated with HIV-1 infection. Thus, the disclosed immunogenic conjugates and
compositions including same can be used in methods of preventing, inhibiting, or treating an HIV-1

infection. In several embodiments, an effective amount of an immunogenic conjugate or composition

-101-



10

15

20

25

30

35

WO 2020/061564 PCT/US2019/052419

including same can be administered to a subject in order to generate a neutralizing immune response to HIV-
1.

When inhibiting, treating, or preventing HIV-1 infection, the methods can be used either to avoid
infection in an HIV-1 seronegative subject (e.g., by inducing an immune response that protects against HIV-
1 infection), or to treat existing infection in an HIV-1 seropositive subject. The HIV-1 seropositive subject
may or may not carry a diagnosis of AIDS. Hence in some embodiments the methods involve selecting a
subject at risk for contracting HIV-1 infection, or a subject at risk of developing AIDS (such as a subject
with HIV-1 infection), and administering a disclosed immunogenic conjugate or composition including same
to the subject to elicit an immune response to HIV-1 in the subject.

Treatment of HIV-1 by inhibiting HIV-1 replication or infection can include delaying the
development of AIDS in a subject. Treatment of HIV-1 can also include reducing signs or symptoms
associated with the presence of HIV-1 (for example, by reducing or inhibiting HIV-1 replication). In some
examples, treatment using the methods disclosed herein prolongs the time of survival of the subject.

Typical subjects intended for treatment with the therapeutics and methods of the present disclosure
include humans, as well as non-human primates and other animals. To identify subjects for prophylaxis or
treatment according to the methods of the disclosure, accepted screening methods are employed to determine
risk factors associated with a targeted or suspected disease or condition, or to determine the status of an
existing disease or condition in a subject. These screening methods include, for example, conventional
work-ups to determine environmental, familial, occupational, and other such risk factors that may be
associated with the targeted or suspected disease or condition, as well as diagnostic methods, such as various
ELISA and other immunoassay methods to detect and/or characterize HIV-1 infection. These and other
routine methods allow the clinician to select patients in need of therapy using the methods and
pharmaceutical compositions of the disclosure.

The disclosed immunogenic conjugates and compositions including same can be used in coordinate
(or prime-boost) immunization protocols or combinatorial formulations. In certain embodiments, novel
combinatorial immunogenic compositions and coordinate immunization protocols employ separate
immunogenic conjugate or formulations, each directed toward eliciting an anti-HIV-1 immune response,
such as an immune response to HIV-1 Env protein. Separate immunogenic conjugates and compositions
including same that elicit the anti-HIV-1 immune response can be combined in a polyvalent immunogenic
composition administered to a subject in a single immunization step, or they can be administered separately
(in monovalent immunogenic compositions) in a coordinate immunization protocol.

In one embodiment, a suitable immunization regimen includes at least two separate inoculations
with one or more immunogenic compositions including a disclosed immunogen, with a second inoculation
being administered more than about two, about three to eight, or about four, weeks following the first
inoculation. A third inoculation can be administered several months after the second inoculation, and in
specific embodiments, more than about five months after the first inoculation, more than about six months to

about two years after the first inoculation, or about eight months to about one year after the first inoculation.
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Periodic inoculations beyond the third are also desirable to enhance the subject's “immune memory.” The
adequacy of the immunization parameters chosen, e.g., formulation, dose, regimen and the like, can be
determined by taking aliquots of serum from the subject and assaying antibody titers during the course of the
immunization program. Alternatively, the T cell populations can be monitored by conventional methods. In
addition, the clinical condition of the subject can be monitored for the desired effect, e.g., prevention of
HIV-1 infection or progression to AIDS, improvement in disease state (e.g., reduction in viral load), or
reduction in transmission frequency to an uninfected partner. If such monitoring indicates that
immunization is sub-optimal, the subject can be boosted with an additional dose of immunogenic
composition, and the immunization parameters can be modified in a fashion expected to potentiate the
immune response.

It is contemplated that there can be several boosts, and that each boost can be a different HIV-1
immunogen. It is also contemplated in some examples that the boost may be the same immunogen as
another boost, or the prime.

In some embodiments, the prime comprises administration of an immunogenic conjugate as
described herein, and the boost (or boosts) comprises administration a recombinant HIV-1 Env ectodomain
trimer that is stabilized in a prefusion mature closed conformation, for example, as described in PCT App.
No. PCT/US2015/048729 (incorporated by reference herein in its entirety).

The prime and the boost can be administered as a single dose or multiple doses, for example, two
doses, three doses, four doses, five doses, six doses or more can be administered to a subject over days,
weeks or months. Multiple boosts can also be given, such one to five, or more. Different dosages can be
used in a series of sequential inoculations. For example, a relatively large dose in a primary inoculation and
then a boost with relatively smaller doses. The immune response against the selected antigenic surface can
be generated by one or more inoculations of a subject.

In several embodiments, the immunogenic conjugate can be administered to the subject
simultaneously with the administration of an adjuvant. In other embodiments, the immunogenic conjugate
can be administered to the subject after the administration of an adjuvant and within a sufficient amount of
time to elicit the immune response.

Determination of effective dosages in this context is typically based on animal model studies
followed up by human clinical trials and is guided by administration protocols that significantly reduce the
occurrence or severity of targeted disease symptoms or conditions in the subject, or that elicit a desired
response in the subject (such as a neutralizing immune response). Suitable models in this regard include, for
example, murine, rat, porcine, feline, ferret, non-human primate. Alternatively, effective dosages can be
determined using in vitro models (for example, immunologic and histopathologic assays). Using such
models, ordinary calculations and adjustments can be used to determine an appropriate concentration and
dose to administer an effective amount of the composition (for example, amounts that are effective to elicit a
desired immune response or alleviate one or more symptoms of a targeted disease). In alternative

embodiments, an effective amount or effective dose of the immunogenic conjugate may simply inhibit or
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enhance one or more selected biological activities correlated with a disease or condition, as set forth herein,
for either therapeutic or diagnostic purposes.

Dosage can be varied by the attending clinician to maintain a desired concentration at a target site.
Higher or lower concentrations can be selected based on the mode of delivery, for example, trans-epidermal,
rectal, oral, pulmonary, or intranasal delivery versus intravenous or subcutaneous delivery. The actual
dosage of disclosed immunogenic conjugate will vary according to factors such as the disease indication and
particular status of the subject (for example, the subject’s age, size, fitness, extent of symptoms,
susceptibility factors, and the like), time and route of administration, other drugs or treatments being
administered concurrently, as well as the specific pharmacology of the composition for eliciting the desired
activity or biological response in the subject. Dosage regimens can be adjusted to provide an optimum
prophylactic or therapeutic response.

A non-limiting range for an effective amount of the disclosed immunogenic conjugate within the
methods and immunogenic compositions of the disclosure is about 0.0001 mg/kg body weight to about 10
mg/kg body weight, such as about 0.01 mg/kg, about 0.02 mg/kg, about 0.03 mg/kg, about 0.04 mg/kg,
about 0.05 mg/kg, about 0.06 mg/kg, about 0.07 mg/kg, about 0.08 mg/kg, about 0.09 mg/kg, about 0.1
mg/kg, about 0.2 mg/kg, about 0.3 mg/kg, about 0.4 mg/kg, about 0.5 mg/kg, about 0.6 mg/kg, about 0.7
mg/kg, about 0.8 mg/kg, about 0.9 mg/kg, about 1 mg/kg, about 1.5 mg/kg, about 2 mg/kg, about 2.5 mg/kg,
about 3 mg/kg, about 4 mg/kg, about 5 mg/kg, or about 10 mg/kg, for example, 0.01 mg/kg to about 1 mg/kg
body weight, about 0.05 mg/kg to about 5 mg/kg body weight, about 0.2 mg/kg to about 2 mg/kg body
weight, or about 1.0 mg/kg to about 10 mg/kg body weight. In some embodiments, the dosage includes a set
amount of a disclosed immunogenic conjugate such as from about 1-300 ug, for example, a dosage of about
1,2,3,4,5,6,7,8,9, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, or about 300 pg.

The dosage and number of doses will depend on the setting, for example, in an adult or anyone
primed by prior HIV-1 infection or immunization, a single dose may be a sufficient booster. In naive
subjects, in some examples, at least two doses would be given, for example, at least three doses. In some
embodiments, an annual boost is given, for example, along with an annual influenza vaccination.

For any application, immunization with a disclosed immunogenic conjugate can be combined with
anti-retroviral therapy, such as HAART. Antiretroviral drugs are broadly classified by the phase of the
retrovirus life-cycle that the drug inhibits. The therapeutic agents can be administered before, during,
concurrent to and/or after retroviral therapy. In some embodiments, the therapeutic agents are administered
following a course of retroviral therapy. The disclosed therapeutic agents can be administered in
conjunction with nucleoside and nucleotide reverse transcriptase inhibitors (nRTT), non-nucleoside reverse
transcriptase inhibitors (NNRTI), protease inhibitors, Entry inhibitors (or fusion inhibitors), Maturation
inhibitors, or a broad spectrum inhibitors, such as natural antivirals. Exemplary agents include lopinavir,
ritonavir, zidovudine, lamivudine, tenofovir, emtricitabine and efavirenz.

HIV-1 infection does not need to be completely eliminated or reduced or prevented for the methods

to be effective. For example, elicitation of an immune response to HIV-1 with one or more of the disclosed
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immunogenic conjugates (or an immunization protocol involving a disclosed immunogenic conjugate) can
reduce or inhibit HIV-1 infection by a desired amount, for example, by at least 10%, at least 20%, at least
50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 98 %, or even at least 100%
(elimination or prevention of detectable HIV-1 infected cells), as compared to HIV-1 infection in the
absence of the therapeutic agent. In additional examples, HIV-1 replication can be reduced or inhibited by
the disclosed methods. HIV-1 replication does not need to be completely eliminated for the method to be
effective. For example, the immune response elicited using one or more of the disclosed immunogens can
reduce HIV-1 replication by a desired amount, for example, by at least 10%, at least 20%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 98%, or even at least 100%
(elimination or prevention of detectable HIV-1 replication), as compared to HIV-1 replication in the absence
of the immune response.

To successfully reproduce itself, HIV-1 must convert its RNA genome to DNA, which is then
imported into the host cell's nucleus and inserted into the host genome through the action of HIV-1
integrase. Because HIV-1's primary cellular target, CD4+ T-Cells, can function as the memory cells of the
immune system, integrated HIV-1 can remain dormant for the duration of these cells' lifetime. Memory T-
Cells may survive for many years and possibly for decades. This latent HIV-1 reservoir can be measured by
co-culturing CD4+ T-cells from infected patients with CD4+ T-Cells from uninfected donors and measuring
HIV-1 protein or RNA (See, e.g., Archin et al., AIDS, 22:1131-1135, 2008). In some embodiments, the
provided methods induce an immune response in the subject that reduces or eliminates of the latent reservoir
of HIV-1 infected cells in a subject. For example, a reduction of at least 10%, at least 20%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 98%, or even at least 100%
(elimination of detectable HIV-1) of the latent reservoir of HIV-1 infected cells in a subject, as compared to
the latent reservoir of HIV-1 infected cells in a subject in the absence of immunization with one or more of
the provided immunogenic conjugates.

Following immunization of a subject, serum can be collected from the subject at appropriate time
points, frozen, and stored for neutralization testing. Methods to assay for neutralization activity and include,
but are not limited to, plaque reduction neutralization (PRNT) assays, microneutralization assays, flow
cytometry based assays, single-cycle infection assays (e.g., as described in Martin et al. (2003) Nature
Biotechnology 21:71-76), and pseudovirus neutralization assays (e.g., as described in Georgiev et al.
(Science, 340, 751-756, 2013), Seaman et al. (J. Virol., 84, 1439-1452, 2005), and Mascola et al. (J. Virol.,
79, 10103-10107, 2005), each of which is incorporated by reference herein in its entirety. In some
embodiments, the serum neutralization activity can be assayed using a panel of HIV-1 pseudoviruses as
described in Georgiev et al., Science, 340, 751-756, 2013 or Seaman et al. J. Virol., 84, 1439-1452, 2005.
Briefly, pseudovirus stocks are prepared by co-transfection of 293T cells with an HIV-1 Env-deficient
backbone and an expression plasmid encoding the Env gene of interest. The serum to be assayed is diluted
in Dulbecco's modified Eagle medium-10% FCS (Gibco) and mixed with pseudovirus. After 30 min, 10,000
TZM-bl cells are added, and the plates are incubated for 48 hours. Assays are developed with a luciferase
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assay system (Promega, Madison, WI), and the relative light units (RLU) are read on a luminometer (Perkin-
Elmer, Waltham, MA). To account for background, a cutoff of IDsy > 40 can be used as a criterion for the
presence of serum neutralization activity against a given pseudovirus.

In some embodiments, administration of an effective amount of one or more of the disclosed the
immunogenic conjugates to a subject elicits a neutralizing immune response in the subject, wherein serum
from the subject neutralizes, with an IDso > 40, at least 10% (such as at least 15%, at least 20%), at least 30%,
at least 40%, at least 50%, or at least 70%) of pseudoviruses is a panel of pseudoviruses including the HIV-1
Env proteins listed in Table S5 or Table S6 of Georgiev et al. (Science, 340, 751-756, 2013), or Table 1 of
Seaman et al. (J. Virol., 84, 1439-1452, 2005).

EXAMPLES
The following examples are provided to illustrate particular features of certain embodiments, but the

scope of the claims should not be limited to those features exemplified.

Example 1
Immunogenic conjugate of HIV-1 Env fusion peptides conjugated to a self-assembling protein
nanoparticle carrier
This example illustrates immunogenic conjugates including HIV-1 Env fusion peptides conjugated
to a self-assembling protein nanoparticle carrier. The immunogenic conjugate provides a multivalent
platform with superior binding capability for engaging HIV-1 Env fusion peptide-directed broadly
neutralizing antibodies and can be used, for example, to prime an immune response in a subject that targets
the HIV-1 Env fusion peptide epitope.
FIG. 1 illustrates the design of certain embodiments of the immunogenic conjugate. As shown in

FIG. 1A, the self-assembling protein nanoparticle carrier is a multimer of fusion proteins, each including a
self-assembling protein nanoparticle subunit fused to a heterologous carrier protein. In some embodiments,
the fusion protein can further include a T-cell helper epitope (FIG. 1B), which is then included in the self-
assembling protein nanoparticle carrier. The location of the T-cell-helper epitope can be varied in the fusion
protein. As shown in FIGs. 1C-11, the HIV-1 Env fusion peptides (FP) are conjugated to the self-assembling
protein nanoparticle carrier. FIGs. 1G-11 illustrate additional embodiments that further include a targeting
moiety that targets the immune system in a subject to enhance the immune response to the HIV-1 Env fusion
peptide on the immunogenic conjugate. The HIV-1 Env fusion peptides and the targeting moiety can be
conjugated to any suitable aspect of the self-assembling protein nanoparticle carrier. In some instances,
sulfosuccinimidyl (4-iodoacetylaminobenzoate (Sulfo-SIAB) conjugation chemistry is used to conjugate the
HIV-1 Env fusion peptides and/or the targeting moiety to exposed lysine residues of the self-assembling

protein nanoparticle carrier.
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Example 2
HIV-1 Env fusion peptide immunization using a nanoparticle format
To illustrate the effectiveness of the nanoparticle format for immunization with the HIV-1 Env
fusion peptide, the FP8 peptide (AVGIGAVF, residues 1-8 of SEQ ID NO: 1) was conjugated to KLH
nanoparticles or to KLH monomeric subunits (FIG. 2). The resulting conjugates were administrated to mice,
and immune sera assessed for binding to BG505 HIV-1 Env trimer. As shown in FIG. 2 the nanoparticle
based immunogen elicited a much greater immune response to the HIV-1 Env trimer than the subunit-based

immunogen.

Example 3
Nanoparticle-carriers for display of vaccine antigens

This example illustrates self-assembling protein nanoparticles fused to heterologous carrier proteins
for display of vaccine antigens.

Using structure based design, protein nanoparticle subunits were selected for genetic fusion with
heterologous carrier proteins by a variety of peptide linkers.

The nanoparticle subunits were ferritin subunits, lumazine synthase subunits, encapsulin subunits,
DNA starvation/stationary phase protection protein subunits, T4 fibritin subunits, Sulfur Oxygenase
Reductase subunits, Bacteriophage Q Beta Capsid protein (gbeta) subunits, Dihydrolipoyl transacetylase
protein (e2p) subunits, Phosphopantetheine Adenylyltransferase (6ccq) subunits, Glutamate Synthase (1£52)
subunits, Calcium/calmodulin dependent protein kinase Ila (CaMKIIa) C-terminal fragment (5U6Y)
subunits, HIV capsid oligomerization domain subunits, Hexamer subunits, acinetobacter phage AP205
subunits, and Hepatitis B capsid subunits.

The heterologous carrier proteins were tetanus toxin heavy chain C fragment (rTT), diphtheria toxin
variant CRM197 (CRM197), H influenzae protein D, Keyhole Limpet Hemocyanin (KLH) functional unit,
Meningococcal outer membrane protein complex protein, Quter-membrane lipoprotein carrier protein, and
Cholera toxin B subunit.

The linkers were an IgG hinge, a camel IgG2a hinge, a CD8 hinge, and a glycine serine linker.
Combinations of self-assembling nanoparticle subunit, heterologous carrier, and linker were
assessed computationally for formation of a multimerized protein nanoparticle with the heterologous carrier
protein fused to each subunit displayed on the exterior surface of the nanoparticle. These design assays led
to the identification of the fusion proteins set forth as SEQ ID NOs: 72-219, 246-257, and 331-397, which

self-assemble to form nanoparticle carrier proteins.

To illustrate the nanoparticle-forming capacity of the identified fusion proteins, a fusion protein
containing a lumazine synthase nanoparticle subunit fused to rTT by a 20 amino acid peptide linker (LS-20-
rTT) was assessed for nanoparticle self-assembly (FIG. 3). The fusion protein is depicted in FIG. 3A and
the sequence is set forth as SEQ ID NO: 73. A mammalian expression construct encoding LS-20-rTT was

expressed in mammalian cells using a standard protocol for generating lumazine synthase nanoparticles (see,
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Zhang et al. “X-ray structure analysis and crystallographic refinement of lumazine synthase from the
hyperthermophile Aquifex aeolicus at 1.6 A resolution: determinants of thermostability revealed from
structural comparisons.” J Mol Biol., 306(5):1099-114, 2001 and Duan et al., “Glycan Masking Focuses
Immune Responses to the HIV-1 CD4-Binding Site and Enhances Elicitation of VRCO01-Class Precursor
Antibodies,” Immunity, 49(2):301-311, 2018, each of which is incorporated by reference herein), and the
resulting nanoparticles self-assemble in the tissue culture media. The nanoparticles were purified and
separated by size-exclusion chromatography (FIG. 3B) and assessed by electron microscopy (FIG. 3C). As
shown, the resulting nanoparticles are uniform and stable, and ready for conjugation with vaccine antigen.

Additionally, a fusion protein containing a lumazine synthase nanoparticle subunit fused to rTT by
an IgG hinge linker (LS-hinge2-1rTT) was assessed for nanoparticle self assembly (FIG. 4). The fusion
protein sequence is set forth as SEQ ID NO: 362. A mammalian expression construct encoding LS-hinge2-
r'TT was expressed in mammalian cells as above, and the resulting nanoparticles were purified and assessed
by electron microscopy. Again, the resulting nanoparticles are uniform and stable, and ready for conjugation
with vaccine antigen.

Additionally, a fusion protein containing a phosphopantetheine adenylyltransferase nanoparticle
subunit was assessed for nanoparticle self assembly (FIG. 5). This fusion protein contained two carrier
proteins: the fusion protein contained H influenzae protein D carrier fused to the phosphopantetheine
adenylyltransferase nanoparticle subunit fused to tTT carrier (HiD-6CCQ-rTT). The fusion protein
sequence is set forth as SEQ ID NO: 179. A mammalian expression construct encoding HiD-6CCQ-rTT
was expressed in mammalian cells as above, and the resulting nanoparticles were purified and assessed by
electron microscopy. The observed particles were generally consistent in size and shape with the known
phosphopantetheine adenylyltransferase crystal structure (PDB 6CCQ). Again, the resulting nanoparticles

are uniform and stable, and ready for conjugation with vaccine antigen.

Example 4
Conjugation of HIV-1 Env fusion peptide to nanoparticle carrier
The following provides a non-limiting example of a method of conjugating a HIV-1 Env fusion
peptide (FP8, AVGIGAVF, residues 1-8 of SEQ ID NO: 1) to a self-assembling protein nanoparticle carrier
(formed from LS-PADRE-Env31-rTT fusion proteins, SEQ ID NO: 76) via a sulfosuccinimidyl (4-
iodoacetyhaminobenzoate (Sulfo-SIAB) linker. The protocol used to link the fusion peptide to carrier can
be performed according to standard methods (see, e.g., Hermanson. Bioconjugation Techniques, 3" ed.,

Chap. 6, p. 306-308. Academic Press, 2013). Briefly, the conjugation protocol includes:

Expression of the self-assembling protein nanoparticle carrier
An expression construct encoding the LS-PADRE-Env31-rTT fusion protein (SEQ ID NO: 76)
including an N-terminal signal peptide is expressed in HEK 293 Freestyle cells. The fusion proteins are

secreted from the cells and self-assemble into the protein nanoparticle carrier in the supernatant. The
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resulting protein nanoparticle carrier is purified using chromatography procedures, including anion exchange

followed by size exclusion chromatography.

Activation of LS-PADRE-Env31-rTT nanoparticle carrier:

1. Prepare 10mM stock of sulfo-SIAB crosslinker.

2. Prepare a 1 mg/mL LS-PADRE-Env31-rTT nanoparticle carrier stock in conjugation buffer (10%
glycerol, 50mM Na/KPOj, buffer, pH 8.5, ImM EDTA).

3. Add sulfo-SIAB to LS-PADRE-Env31-rTT nanoparticle carrier using a 1:1 molar ratio of
crosslinker to total Lys on LS-PADRE-Env31-rTT nanoparticle carrier

4. Letreaction proceed at 25°C (room temperature) for 1 hr.

5. At4°C, pass through a 10 ml Zebra Spin Desalting Column, 7K MWCO (Thermofisher) to remove

low molecular weight compounds.

Conjugation of peptide to activated carrier:
1. Prepare a 12 mM stock of FP§ peptide.
2. Allow activated LS-PADRE-Env31-rTT nanoparticle carrier to warm up to 25°C (room
temperature). Gradually add peptide to activated carrier using a 1:1 (w/w) ratio.
3. Spin for 2 min; use supernatant and discard precipitate.
4. Incubate reaction supernatant at 4°C overnight.
5. Usea 10 ml Zebra Spin Desalting Column, 7K MWCO (Thermofisher) to remove low molecular
weight compounds.
6. Dialyze conjugate against 1XPBS.
7. Analyze product: degree of conjugation by mass spectrometry and antigenic properties by Octet.
Following purification of the FP8-LS-PADRE-Env31-1TT nanoparticle carrier conjugate,
antigenicity can be assessed by binding to fusion peptide specific antibody VRC34.
The conjugation protocol and chemistry illustrated in this example can readily be extended to other

fusion peptide sequences and other carrier proteins.

Example 5

Nanoparticle-carriers conjugated to vaccine antigens and related immunization assays

This example illustrates self-assembling protein nanoparticles fused to a heterologous carrier and
conjugated to vaccine antigens (HIV-1 Env fusion peptide) and immunization therewith.

For the assays described in this example, the nanoparticle subunit was linked to the heterologous
carrier by isopeptide bond using the spytag/spycatcher linkage system. FIG. 6 depicts the construction and
purification protocol. rTT carrier was genetically fused to the spycatcher tag, and the lumazine synthase
subunit was genetically fused to the spytag. The sequence of the LS-spytag fusion is provided as SEQ ID
NO: 399. The sequence of the rTT-spycatcher fusion is provided as SEQ ID NO: 407. The rTT-spyC fusion

-109-



10

15

20

25

30

35

WO 2020/061564 PCT/US2019/052419

protein was produced and purified, and lumazine synthase nanoparticles formed form the LS-spytag fusion
were produced purified. The rTT-spyC fusion protein and the lumazine synthase nanoparticles formed form
the LS-spytag fusion were mixed, allowing the spytag/spycatcher proteins to spontaneously join by
isopeptide bond, resulting in a lumazine synthase nanoparticle linked to tTT via the spycatcher/tag linker.
Subsequently, the FP8 fusion peptide was conjugated to the purified nanoparticle-carrier by a PEG linker.

The structure of rTT-spyC, LS-SpyT, LS-Spy-rTT, and LS-Spy-rTT-FP8 were assessed by EM
(FIG. 7). Further, the LS-Spy-rTT-FP8 nanoparticle carrier was assessed for the number of conjugated HIV-
1 Env fusion peptides using ITC, and this was compared to the corresponding number of HIV-1 Env fusion
peptides conjugated to monomeric tTT (FIG. 8). The results show that each FP-rTT monomer entity has six
competent VRC34.01 Fab binding sites, whereas each LS-Spy-rTT-FP8v1/PEG2 nanoparticle carrier has
152 — 402 competent VRC34.01 Fab binding sites. The VRC34.01 antibody specifically binds to the HIV-1
Env fusion peptide.

The immunogenicity of the LS-Spy-tTT-FP8v1/PEG2 nanoparticle carrier was assessed in a mouse
model. The immunization protocol is shown in FIG. 9. For the first three immunizations (weeks 0, 3, and
6), mice received a 25 ug dose of either FP8v1-rTT monomer (Groups 1 and 2) or LS-Spy-rTT-FP8v1/PEG2
nanoparticle carrier (Groups 3 and 4). For the following three immunizations, mice received a 25 ug dose of
either BG505 DS-SOSIP trimer (Groups 1 and 3) or the BG505 DS-SOSIP trimer conjugated to a lumazine
synthase nanoparticle (Groups 2 and 4). BG505 DS-SOSIP trimer is a known HIV-1 Env immunogen
described in Kwon et al. (“Crystal structure, conformational fixation and entry related interactions of mature
ligand-free HIV-1 Env,” Nat Struct Biol., 22(7):522-531, 2015, incorporated by reference herein). For these
assays BG505 DS-SOSIP trimer was linked to lumazine synthase nanoparticles by standard conjugation
chemistry. Blood was drawn at weeks 0, 2, 5, 8, 11, 14, and 17.

Thus, this immunization assay interrogates the ability of the LS-Spy-rTT-FP8v1/PEG2 nanoparticle
carrier to generate an immune response in an animal model, and also whether this construct can prime an
immune response for subsequent immunization with HIV-1 Env trimer.

As shown in FIG. 10, the LS-Spy-tTT-FP8v1/PEG2 immunogen elicited a far superior immune
response to HIV-1 Env fusion peptide compared to monomeric FP-r'TT (FIGs. 10A and 10B), and also
provided superior priming for subsequent immunization with the BG505 trimer or BG505 trimer on
lumazine synthase particle. These results illustrate the effectiveness of the self-assembled protein

nanoparticle carrier fusion for use as a immunization tool.

Example 6
Disulfide-stabilized nanoparticle subunits for nanoparticle carriers
This example illustrates self-assembling protein nanoparticles fused to heterologous carrier proteins
for display of vaccine antigens that are modified to contain a non-native disulfide bond to increase retention

of the nanoparticle format.
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Using structure based design, self-assembling protein nanoparticle subunits were mutated to contain
one or more cysteine substitutions to introduce a non-native disulfide bond that stabilizes the corresponding
nanoparticle formed by the subunits. Stabilization increases resistance to disassembly of the nanoparticle
compared to a corresponding native subunit sequence under similar conditions. The mutations were assessed
computationally to determine whether they would form a disulfide bond that would stabilize the resulting
nanoparticle.

Based on this assessment, ferritin subunits set forth as SEQ ID NOs: 258-303, lumazine synthase
subunits set forth as SEQ ID NOs: 306-312, encapsulin subunits set forth as SEQ ID NOs: 313-315,
Acinetobacter phage AP205 subunits set forth as SEQ ID NOs: 317-320, and Hepatitis B capsid subunits set
forth as SEQ ID NOs: 322-326, were identified, which self-assemble to form nanoparticles containing one or
more non-native disulfide bonds that stabilize that nanoparticle relative to nanoparticles formed from
unmodified subunits. Specific examples of the disulfide stabilized protein nanoparticles fused to carrier
proteins are provided as SEQ ID NOs: 331-354, 369-387, 394-397.

To illustrate the nanoparticle-forming capacity of subunits containing the indicated disulfide bonds,
an encapsulin subunit containing G53C-R94C mutations to introduce a stabilizing disulfide bond was fused
to a spytag, expressed in cells and the corresponding self-assembled nanoparticles were purified and mixed
with rTT-spycatcher (FIGs. 11-13) to form encapsulin-rTT nanoparticle carriers, with the carrier protein
linked to the nanoparticle via the spytag/catcher isopeptide bond. The sequence of the encapsulin G53C-
R94C spytag fusion is provided as SEQ ID NO: 410, and the sequence of the rTT-spycatcher is provided as
SEQ ID NO: 407. The purified nanoparticle-carrier was conjugated to FP8 fusion protein using a STAB
linker. FIG. 13 shows by EM that the resulting HIV-1 Env fusion peptide nanoparticle carrier is uniform

and stable.
It will be apparent that the precise details of the methods or compositions described may be varied

or modified without departing from the spirit of the described embodiments. We claim all such

modifications and variations that fall within the scope and spirit of the claims below.
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It is claimed:

1. An immunogenic conjugate, comprising:

a self-assembling protein-nanoparticle carrier comprising a multimer of fusion proteins, wherein
each fusion protein comprises a self-assembling protein nanoparticle subunit fused to a heterologous carrier
protein, and wherein the fusion proteins self-assemble to form the self-assembling protein-nanoparticle
carrier; and

HIV-1 Env fusion peptides conjugated to the self-assembling protein-nanoparticle carrier, wherein
the HIV-1 Env fusion peptides comprise, from the N-terminus, the amino acid sequence of residue 512 to
one of residues 514-521 of a human immunodeficiency virus type 1 (HIV-1) Envelope (Env) protein
according to the HXB2 numbering system; and

wherein the immunogen elicits an immune response to HIV-1 Env.

2. The immunogenic conjugate of claim 1, wherein the heterologous carrier protein is selected
from any one of a tetanus toxin heavy chain C fragment, a diphtheria toxin variant CRM197, an H
influenzae protein D, a Keyhole Limpet Hemocyanin (KLLH) functional unit, a Meningococcal outer
membrane protein complex protein, an OQuter-membrane lipoprotein carrier protein, or a Cholera toxin B

subunit.

3. The immunogenic conjugate of claim 2, wherein the heterologous carrier protein is the

tetanus toxin heavy chain C fragment.

4. The immunogenic conjugate of claim 2 or claim 3, wherein:

the heterologous catrier protein is the tetanus toxin heavy chain C fragment and comprises the
amino acid sequence set forth as any one of SEQ ID NOs: 44-64, or an amino acid sequence at least 90%
identical thereto;

the heterologous carrier protein is the diphtheria toxin variant CRM197 and comprises the amino
acid sequence set forth as SEQ ID NO: 65, or an amino acid sequence at least 90% identical thereto;

the heterologous carrier protein is the H influenzae protein D and comprises the amino acid
sequence set forth as any one of SEQ ID NOs: 66-67, or an amino acid sequence at least 90% identical
thereto;

the heterologous carrier protein is the Meningococcal outer membrane protein complex protein and
comprises the amino acid sequence set forth as SEQ ID NO: 222, or an amino acid sequence at least 90%
identical thereto;

the heterologous carrier protein is the Outer-membrane lipoprotein carrier protein and comprises the
amino acid sequence set forth as any one of SEQ ID NOs: 223, or an amino acid sequence at least 90%

identical thereto; or
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the heterologous carrier protein is the Cholera toxin B subunit and comprises the amino acid

sequence set forth as any one of SEQ ID NOs: 224, or an amino acid sequence at least 90% identical thereto.

5. The immunogenic conjugate of any one of the prior claims, wherein the self-assembling
protein nanoparticle subunit is a ferritin subunit, a lumazine synthase subunit, an encapsulin subunit, a DNA
starvation/stationary phase protection protein subunit, a T4 fibritin subunit, a Sulfur Oxygenase Reductase
subunit, a Bacteriophage Q Beta Capsid protein (gbeta) subunit, a Dihydrolipoyl transacetylase protein (e2p)
subunit, a Phosphopantetheine Adenylyltransferase (6ccq) subunit, a Glutamate Synthase (1£52) subunit, a
Calcium/calmodulin dependent protein kinase Ila (CaMKIla) C-terminal fragment (5U6Y) subunit, a HIV
capsid oligomerization domain subunit, a Hexamer subunit, an acinetobacter phage AP205 subunit, or a

Hepatitis B capsid subunit.

6. The immunogenic conjugate of claim 5, wherein the self-assembling protein nanoparticle

subunit comprises the lumazine synthase subunit or the ferritin subunit.

1. The immunogenic conjugate of claim 5, wherein the self-assembling protein nanoparticle
subunit comprises:

the ferritin subunit and comprises or consists of the amino acid sequence set forth as any one of SEQ
ID NOs: 14-24 or 258-305, or an amino acid sequence at least 90 % identical thereto;

the lumazine synthase subunit and comprises or consists of the amino acid sequence set forth as any
one of SEQ ID NOs: 25-28 or 306-312, or an amino acid sequence at least 90 % identical thereto;

the DNA starvation/stationary phase protection protein subunit and comprises or consists of the
amino acid sequence set forth as any one of SEQ ID NOs: 29-31, or an amino acid sequence at least 90 %
identical thereto;

the encapsulin subunit and comprises or consists of the amino acid sequence set forth as any one of
SEQ ID NOs: 43 or 313-315, or an amino acid sequence at least 90 % identical thereto;

the T4 fibritin subunit and comprises or consists of the amino acid sequence set forth as SEQ ID
NO: 42, or an amino acid sequence at least 90 % identical thereto;

the gbeta subunit and comprises or consists of the amino acid sequence set forth as SEQ ID NO: 32,
or an amino acid sequence at least 90 % identical thereto;

the e2p subunit and comprises or consists of the amino acid sequence set forth as SEQ ID NO: 33, or
an amino acid sequence at least 90 % identical thereto;

the phosphopantetheine adenylyltransferase subunit and comprises or consists of the amino acid
sequence set forth as SEQ ID NO: 34, or an amino acid sequence at least 90 % identical thereto;

the glutamate Synthase subunit and comprises or consists of the amino acid sequence set forth as

SEQ ID NOs: 35, or an amino acid sequence at least 90 % identical thereto;
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the CaMKIIa C-terminal fragment subunit and comprises or consists of the amino acid sequence set
forth as any one of SEQ ID NOs: 36-38, or an amino acid sequence at least 90 % identical thereto;

the HIV capsid oligermerization domain subunit and comprises or consists of the amino acid
sequence set forth as any one of SEQ ID NOs: 39-40, or an amino acid sequence at least 90 % identical
thereto;

the Hexamer subunit and comprises or consists of the amino acid sequence set forth as SEQ ID NO:
41, or an amino acid sequence at least 90 % identical thereto;

the acinetobacter phage AP205 subunit and comprises or consists of the amino acid sequence set
forth as any one of SEQ ID NOs: 316-320, or an amino acid sequence at least 90 % identical thereto; or

the Hepatitis B capsid subunit and comprises or consists of the amino acid sequence set forth as any

one of SEQ ID NOs: 321-326, or an amino acid sequence at least 90 % identical thereto;.

8. The immunogenic conjugate of any one of the prior claims, wherein the heterologous carrier

protein is fused to the subunit of the self-assembling protein nanoparticle by a peptide linker.

9. The immunogenic conjugate of claim 8, wherein the peptide linker is an IgG hinge, a camel

IgG2a hinge, a CD8 hinge, or a glycine serine linker.

10. The immunogenic conjugate of claim 8 or claim 9, wherein the peptide linker comprises or

consists of an amino acid sequence set forth as any one of SEQ ID NOs: 327-330.

11. The immunogenic conjugate of any one of the prior claims, wherein the fusion protein

further comprises at least one heterologous T-cell helper epitope sequence.

12. The immunogenic conjugate of claim 11, wherein the at least one heterologous T-cell helper
epitope sequence is selected from any one of SEQ ID NOs: 68-69, 221, or 225-245, or the sequence of HIV-
1 Env residues 31-45 according to the HXB2 numbering system (Env31-45 epitope), or a combination of

two or more thereof.

13. The immunogenic conjugate of claim 12, wherein the HIV-1 Env residues 31-45 comprise
the amino acid sequence set forth as any one of:

AENLWVTVYYGVPVW (SEQ ID NO: 70)

TEKLWVTVYYGVPVW (SEQ ID NO: 71)

14. The immunogenic conjugate of any one of the prior claims, wherein the fusion protein
comprises or consists essentially of an amino acid sequence at least 90% identical to any one of SEQ ID

NOs: 72-219, 246-257, or 331-397.
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15. The immunogenic conjugate of any one of the prior claims, wherein the fusion protein
comprises or consists essentially of the amino acid sequence of any one of SEQ ID NOs: 72-219, 246-257,
or 331-397.

16. The immunogenic conjugate of any one of the prior claims, wherein the HIV-1 Env fusion

peptides comprise, consist essentially of, or consist of HIV-1 Env residues 512-519 (HXB2 numbering).

17. The immunogenic conjugate of any one of the prior claims, wherein the HIV-1 Env fusion
peptides comprise, consist essentially of, or consist of the amino acid sequence set forth as any one of:
residues 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, or 1-10 of any one of AVGIGAVFLG (SEQ ID NO: 1),
AVGLGAVFLG (SEQ ID NO: 2), AVGIGAMIFG (SEQ ID NO: 3), AVGIGAMFLG (SEQ ID NO: 5),
AVGIGALFLG (SEQ ID NO: 6), AIGLGAMFLG (SEQ ID NO: 7), AVGLGAVFIG (SEQ ID NO: 8),
AVGIGAVLLG (SEQ ID NO: 9), AVGIGAVFIG (SEQ ID NO: 10), AIGLGALFLG (SEQ ID NO: 11);
residues 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, or 1-11 of AVGTIGAMFLG (SEQ ID NO: 4); or
residues 1-4, 1-5, 1-6, 1-7, 1-8, or 1-9 of AALGAVFLG (SEQ ID NO: 12).

18. The immunogenic conjugate of any one of the prior claims, wherein the HIV-1 Env fusion
peptide comprises, consists essentially of, or consists of the amino acid sequence set forth as AVGIGAVF

(residues 1-8 of SEQ ID NO: 1).

19. The immunogenic conjugate of any one of the prior claims, wherein the HIV-1 Env fusion

peptides further comprise a C-terminal cysteine residue.

20. The immunogenic conjugate of any one of the prior claims, wherein the HIV-1 Env fusion

peptides are no more than 15 amino acids in length.

21. The immunogenic conjugate of any one of the prior claims, wherein the HIV-1 Env fusion
peptides are conjugated to the self-assembling protein nanoparticle carrier by a sulfosuccinimidyl (4-
iodoacetyl)aminobenzoate (Sulfo-SIAB) or a m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS)

crosslinker.

22. The immunogenic conjugate of any one of the prior claims, further comprising a

heterologous moiety that targets the immune system.
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23. The immunogenic conjugate of claim 22, wherein the heterologous moiety is a flagellin
protein fused to the fusion protein of the self-assembling protein nanoparticle carrier or a pattern recognition

receptor agonist conjugated to the self-assembling protein nanoparticle carrier.

24. The immunogenic conjugate of any one of the prior claims, wherein

the HIV-1 Env fusion peptides comprise, consist essentially of, or consist of the amino acid
sequence set forth as AVGIGAVF (residues 1-8 of SEQ ID NO: 1); and

the fusion proteins of the self-assembling protein nanoparticle carrier comprise the recombinant
tetanus toxin heavy chain C fragment fused to the lumazine synthase subunit and further comprise the
heterologous T-cell helper epitope sequence of HIV-1 Env residues 31-45 according to the HXB2

numbering system.

25. A method of producing an immunogenic conjugate, comprising:

expressing a nucleic acid molecule encoding the fusion protein comprising the heterologous carrier
protein and the self-assembling protein nanoparticle subunit of any one of claims 1-21 in a host cell;

purifying expressed fusion proteins;

incubating the expressed fusion proteins under conditions sufficient for self-assembly of protein
nanoparticle subunits into protein nanoparticles; and

conjugating HIV-1 Env fusion peptides to the protein nanoparticles, wherein the HIV-1 Env fusion
peptides comprise, from the N-terminus, the amino acid sequence of residue 512 to one of residues 517-521
of a human immunodeficiency virus type 1 (HIV-1) Envelope (Env) protein according to the HXB2
numbering system; and

purifying the protein nanoparticles conjugated to the HIV-1 Env fusion peptides; thereby producing

the immunogenic conjugate.

26. The immunogenic conjugate produced by the method of claim 22.

27. An immunogenic composition comprising the immunogenic conjugate of any of claims 1-24
or 26.

28. A method for generating an immune response to HIV-1 Env in a subject, comprising

administering to the subject an effective amount of the immunogenic conjugate or immunogenic

composition of any one of claims 1-24 or 26-27 to generate the immune response.

29. The method of claim 28, wherein the immune response treats or inhibits HIV-1 infection in

the subject.
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30. The method of claim 28-29, wherein administration of the immunogenic conjugate or
immunogenic composition to the subject primes a protective immune response to HIV-1 infection in the

subject.

31. Use of the immunogenic conjugate or immunogenic composition of any one of claims 1-24

or 26-27 to elicit an immune response to HIV-1 Env in a subject.

32. A recombinant self-assembling nanoparticle subunit, comprising:

a lumazine synthase nanoparticle subunit comprising cysteine substitutions to introduce one or more
non-native disulfide bonds to increase stability of the nanoparticle, wherein the cysteine substitutions
comprise 121C and 131C substitutions, 121CG and 131C substitutions, 121GC and 131C substitutions, 7C
and 40C substitutions, 3C and 50C substitutions, 82C and 131CG substitutions, 5C and 52C substitutions, or
95C and A101C substitutions, or a combination thereof, wherein residue numbering corresponds to a
reference lumazine synthase subunit set forth as SEQ ID NO: 25;

an encapsulin nanoparticle subunit comprising cysteine substitutions to introduce one or more non-
native disulfide bonds to increase stability of the nanoparticle, wherein the cysteine substitutions comprise
53C and 94C substitutions, 53C and 96C substitutions, or 146C and 185C substitutions, or a combination
thereof, wherein residue numbering corresponds to a reference lumazine synthase subunit set forth as SEQ
ID NO: 43;

an acinetobacter phage AP205 nanoparticle subunit comprising cysteine substitutions to introduce
one or more non-native disulfide bonds to increase stability of the nanoparticle, wherein the cysteine
substitutions comprise a T81C substitution, 53C and 100C substitution, or 82C and 80C substitutions, or a
combination thereof, wherein residue numbering corresponds to a reference lumazine synthase subunit set
forth as SEQ ID NO: 316; or

a Hepatitis B capsid protein nanoparticle subunit comprising cysteine substitutions to introduce one
or more non-native disulfide bonds to increase stability of the nanoparticle, wherein the cysteine
substitutions comprise 25C and 127C substitutions, 14C and 36C substations, 29C and 127C substitutions,
18C and 36C substitutions, or 29C and 127C substitutions, or a combination thereof, wherein residue

numbering corresponds to a reference lumazine synthase subunit set forth as SEQ ID NO: 321.

33. A recombinant self-assembling nanoparticle subunit, comprising:

a ferritin nanoparticle subunit comprising or consisting of the amino acid sequence set forth as any
one of SEQ ID NOs: 258-305;

a lumazine synthase nanoparticle subunit comprising or consisting of the amino acid sequence set
forth as any one of SEQ ID NOs: 306-312;

an encapsulin nanoparticle subunit comprising or consisting of the amino acid sequence set forth as

any one of SEQ ID NOs: 313-315;
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a Acinetobacter phage AP205 protein subunit comprising or consisting of the amino acid sequence
set forth as any one of SEQ ID NOs: 317-320; or
a Hepatitis B capsid protein subunit comprising or consisting of the amino acid sequence set forth as

any one of SEQ ID NOs: 322-326.

34. The immunogenic conjugate of claim 33, wherein the recombinant self-assembling

nanoparticle subunit is fused to a heterologous carrier protein.

35. The immunogenic conjugate of claim 34, wherein the heterologous carrier protein is
selected from any one of a tetanus toxin heavy chain C fragment, a diphtheria toxin variant CRM197, and an
H influenzae protein D, a Keyhole Limpet Hemocyanin (KLH) functional unit, a Meningococcal outer
membrane protein complex protein, an OQuter-membrane lipoprotein carrier protein, or a Cholera toxin B

subunit.

36. The immunogenic conjugate of claim 35, wherein the heterologous carrier protein is the

tetanus toxin heavy chain C fragment.

37. A nucleic acid molecule encoding the recombinant self-assembling nanoparticle subunit of

any one of claims 32-36.

38. A recombinant self-assembling nanoparticle comprising the recombinant self-assembling

nanoparticle subunit of any one of claims 32-37.

39. The recombinant self-assembling nanoparticle of claim 38, conjugated to a vaccine antigen.
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FIG. 1B
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FIG. 1C
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FIG. 1D
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FIG. 1E
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FIG. 1F
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FIG. 1G
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FIG. 1H
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FIG. 11
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FIG. 4
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FIG. 6B
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FIG. 8

Number of Conjugated FP on Nanoparticle Surface: ITC
Analysis
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. Each FP-rTT monomer entity has 6 competent VRC34 Fab
binding sites
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402 competent VRC34.01 Fab binding sites
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FP response
(Octet binding to FP)

8-
WeeX 2 Weaek &
Rk Rk Rk R
I Y f 1,
. 8“ &
g &{3 $§§
R £ Eaﬁﬁ
@. %
b T2 r Tegy
% 4 49BF
=R
F I G . 1 OA % 2 € g o
& A
& Ta o
2" :.‘Q
& Q‘.i
»
pu-t .
e '3 5 O
X X X X
o oV o oV
N =R N R
& & & &°

Anti-BG505 trimer response

waekd weekd weaskR
s ad
LR SRRR Fk &
) . S s g
»
GV
&
‘é: * WRER WA £
A oAl SRR . R
3
FIG. 10B % : oo -
. ot ~§3-m3 % e
& o
2l @ » %
2 R *
E AR
oK 16 W R * »
d:{}‘s * k) < ¢ k2 L3
™
R SN S
& <°°Q o“'e o°5 o“'g o°Qs
Q) (ORI & & )

PCT/US2019/052419



WO 2020/061564

55 ABY1 Weulralization

FIG. 10C

Week 17 sera

Wb
R
gressseesssseessscesssseessscecey
s
! 1 g ¥ ®
L
X » &
® Te ®
» & -:\W\Qﬁ 2
&
®
% @
&
&
Y R
# ﬁ(&‘
Easesasaans e
@
&
& -3
&
E]
& %
&
& ¥

) ™
oQ\' qu’ N R

& & &°

20/23

PCT/US2019/052419



000000000000000000000000000000

111111

Disulfide bond stabilized nanoparticle carrier
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FIG. 12

DS Stabilized Encapsulin Nanoparticle Carrier Is Stable
During FP8-Conjugation
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-31

An immunogenic conjugate, comprising:a self-assembling
protein-nanoparticle carrier comprising a multimer of fusion
proteins, wherein each fusion protein comprises a
self-assembling protein nanoparticle subunit fused to a
heterologous carrier protein, and wherein the fusion
proteins self-assemble to form the self-assembling
protein-nanoparticle carrier, and HIV-1 Env fusion peptides
conjugated to the self-assembling protein-nanoparticle
carrier, wherein the HIV-1 Env fusion peptides comprise,
from the N-terminus, the amino acid sequence of residue 512
to one of residues 514-521 of a human immunodeficiency virus
type 1 (H1V-1) Envelope (Env) protein according to the HXB2
numbering system, and wherein the immunogen elicits an
immune response to HIV-1 Env; Method for producing said
immunogenic conjugate; Method for generating an immune
response to HIV-1 Env in a subject, using said immunogenic
conjugate.

2. claims: 32-39(partially)

A recombinant self-assembling nanoparticle subunit,
comprising: a lumazine synthase nanoparticle subunit
comprising cysteine substitutions to introduce one or more
non-native disulfide bonds to increase stability of the
nanoparticle, wherein the cysteine substitutions comprise
121C and 131C substitutions, 121CG and 131C substitutions,
121GC and 131C substitutions, 7C and 40C substitutions, 3C
and 50C substitutions, 82C and 13 ICG substitutions, 5C and
52C substitutions, or 95C and A101C substitutions, or a
combination thereof, wherein residue numbering corresponds
to a reference lumazine synthase subunit set forth as SEQ ID
NO: 25; or a lumazine synthase nanoparticle subunit
comprising or consisting of the amino acid sequence set
forth as any one of SEQ ID NOs: 306-312; Nucleic acid
molecule encoding the recombinant self-assembling
nanoparticle subunit; Nanoparticle comprising the
recombinant self-assembling nanoparticle subunit.

3. claims: 32-39(partially)

A recombinant self-assembling nanoparticle subunit,
comprising: an encapsulin nanoparticle subunit comprising
cysteine substitutions to introduce one or more non-native
disulfide bonds to increase stability of the nanoparticle,
wherein the cysteine substitutions comprise 53C and 94C
substitutions, 53C and 96C substitutions, or 146C and 185C
substitutions, or a combination thereof, wherein residue
numbering corresponds to a reference lumazine synthase
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

subunit set forth as SEQ ID NO: 43; or an encapsulin
nanoparticle subunit comprising or consisting of the amino
acid sequence set forth as any one of SEQ ID NOs: 313-315;
Nucleic acid molecule encoding the recombinant
self-assembling nanoparticle subunit; Nanoparticle
comprising the recombinant self-assembling nanoparticle
subunit.

4. claims: 32-39(partially)

A recombinant self-assembling nanoparticle subunit,
comprising: an acinetobacter phage AP205 nanoparticle
subunit comprising cysteine substitutions to introduce one
or more non-native disulfide bonds to increase stability of
the nanoparticle, wherein the cysteine substitutions
comprise a T81C substitution, 53C and 100C substitution, or
82C and 80C substitutions, or a combination thereof, wherein
residue numbering corresponds to a reference lumazine
synthase subunit set forth as SEQ ID NO: 316; or a
Acinetobacter phage AP205 protein subunit comprising or
consisting of the amino acid sequence set forth as any one
of SEQ ID NOs: 317-320, Nucleic acid molecule encoding the
recombinant self-assembling nanoparticle subunit;
Nanoparticle comprising the recombinant self-assembling
nanoparticle subunit.

5. claims: 32-39(partially)

A recombinant self-assembling nanoparticle subunit,
comprising: a Hepatitis B capsid protein nanoparticle
subunit comprising cysteine substitutions to introduce one
or more non-native disulfide bonds to increase stability of
the nanoparticle, wherein the cysteine substitutions
comprise 25C and 127C substitutions, 14C and 36C
substations, 29C and 127C substitutions, 18C and 36C
substitutions, or 29C and 127C substitutions, or a
combination thereof, wherein residue numbering corresponds
to a reference lumazine synthase subunit set forth as SEQ ID
NO: 321; or a Hepatitis B capsid protein subunit comprising
or consisting of the amino acid sequence set forth as any
one of SEQ ID NOs: 322-326; Nucleic acid molecule encoding
the recombinant self-assembling nanoparticle subunit;
Nanoparticle comprising the recombinant self-assembling
nanoparticle subunit.

6. claims: 33-39(partially)

A recombinant self-assembling nanoparticle subunit,
comprising: a ferritin nanoparticle subunit comprising or
consisting of the amino acid sequence set forth as any one
of SEQ ID NOs: 258-305; Nucleic acid molecule encoding the
recombinant self-assembling nanoparticle subunit;
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Nanoparticle comprising the recombinant self-assembling
nanoparticle subunit.
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