wo 2017/165674 A1 [N NI 000000 O 0O O

(43) International Publication Date
28 September 2017 (28.09.2017)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2017/165674 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:

A61K 39/21 (2006.01) AG61K 45/06 (2006.01)
A61K 39/40 (2006.01) A61P 31/18 (2006.01)
A61K 39/42 (2006.01) CO7K 16/10 (2006.01)

International Application Number:
PCT/US2017/023854

International Filing Date:
23 March 2017 (23.03.2017)

Filing Language: English
Publication Language: English
Priority Data:

62/312,190 23 March 2016 (23.03.2016) US
62/384,762 8 September 2016 (08.09.2016) US

Applicants: INTERNATIONAL AIDS VACCINE INI-
TIATIVE [US/US]; 125 Broad Street, 9th Floor, New
York, NY 10004 (US). THE SCRIPPS RESEARCH IN-
STITUTE [US/US]; 10550 North Torrey Pines Road, La
Jolla, CA 92037 (US).

Inventors: STEICHE, Jon; ¢/o The Scripps Research In-
stitute, 10550 North Torrey Pines Road, La Jolla, CA
92037 (US). KULP, Dan; c/o International Aids Vaccine
Intitiative, 125 Broad Street, 9th Floor, New York, NY
10004 (US). HU, Xiaozhen; c/o The Scripps Research In-

(74

(8D

(84)

stitute, 10550 North Torrey Pines Road, La Jolla, CA
92037 (US). MENIS, Sergey; c/o International Aids Vac-
cine Intitiative, 125 Broad Street, 9th Floor, New York,
NY 10004 (US). SCHIEF, William; c¢/o The Scripps Re-
search Institute, 10550 North Torrey Pines Road, La Jolla,
CA 92037 (US). RAEMISCH, Sebastian; c/o The Scripps
Research Institute, 10550 North Torrey Pines Road, La
Jolla, CA 92037 (US).

Agents: KOWALSKI, Thomas, J. ct al.; Vedder Price
P.C., 1633 Broadway, New York, NY 10019 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

[Continued on next page]

(34

Title: IMMUNOGENIC TRIMERS

1. Produce lentivirus
containing antigen tibrary

2. Transduce 2937 celis
Low mot {<0.1)

8. Biophysical
Characterization

FIG. 1

5. Purify genomic DNA,

' PER and sequence

4, Sort celis T

bNab

" ‘Display

—= 3. induce expression {Doxycycline}

(57) Abstract: The invention relates to PGT121-germline-targeting designs, trimer stabilization designs, combinations of those two,
trimers designed with modified surfaces helpful for immunization regimens, other trimer modifications and on development of trimer
nanoparticles and methods of making and using the same.



WO 2017/165674 A1 AT 00T 00T 0 A

TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, Published:

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF,
SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA,

GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2017/165674 PCT/US2017/023854

IMMUNOGENIC TRIMERS
RELATED APPLICATIONS AND INCORPORATION BY REFERENCE

[0001] This application claims benefit of and priority to US provisional patent application
Serial No. 62/312,190 filed March 23, 2016 and Serial No. 62/384,762 filed September 8§,
2016.

[0002] All documents cited or referenced herein (“herein cited documents™), and all
documents cited or referenced in herein cited documents, together with any manufacturer’s
instructions, descriptions, product specifications, and product sheets for any products
mentioned herein or in any document incorporated by reference herein, are hereby
incorporated herein by reference, and may be employed in the practice of the invention.
More specifically, all referenced documents are incorporated by reference to the same extent
as if each individual document was specifically and individually indicated to be incorporated

by reference.
FIELD OF THE INVENTION

[0003] The invention relates to PGT121-germline-targeting designs, trimer stabilization
designs, combinations of those two, trimers designed with modified surfaces helpful for
immunization regimens, other trimer modifications and on development of trimer

nanoparticles and membrane-bound trimers.
FEDERAL FUNDING LEGEND

[0004] This invention was made with government support under Grant Nos. CHAVI-ID
1UMIAI100663 and RO1 AI084817 awarded by the National Institute of Allergy and
Infectious Disease. This invention was also made with government support under Grant No.
P41GM103393 awarded by he National Institutes of Health, National Institute of General

Medical Sciences. The government has certain rights in the invention.
BACKGROUND OF THE INVENTION

[0005] AIDS, or Acquired Immunodeficiency Syndrome, is caused by human
immunodeficiency virus (HIV) and is characterized by several clinical features including
wasting syndromes, central nervous system degeneration and profound immunosuppression
that results in opportunistic infections and malignancies. HIV is a member of the lentivirus
family of animal retroviruses, which include the visna virus of sheep and the bovine, feline,

and simian immunodeficiency viruses (SIV). Two closely related types of HIV, designated
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HIV-1 and HIV-2, have been identified thus far, of which HIV-1 is by far the most common
cause of AIDS. However, HIV-2, which differs in genomic structure and antigenicity, causes
a similar clinical syndrome.

[0006] An infectious HIV particle consists of two identical strands of RNA, each
approximately 9.2 kb long, packaged within a core of viral proteins. This core structure is
surrounded by a phospholipid bilayer envelope derived from the host cell membrane that also
includes virallyencoded membrane proteins (Abbas et al., Cellular and Molecular
Immunology, 4th edition, W.B. Saunders Company, 2000, p. 454). The HIV genome has the
characteristic 5°-LTR-Gag-Pol-Env-LTR-3" organization of the retrovirus family. Long
terminal repeats (LTRs) at each end of the viral genome serve as binding sites for
transcriptional regulatory proteins from the host and regulate viral integration into the host
genome, viral gene expression, and viral replication.

[0007] The HIV genome encodes several structural proteins. The gag gene encodes
structural proteins of the nucleocapsid core and matrix. The pol gene encodes reverse
transcriptase (RT), integrase (IN), and viral protease (PR) enzymes required for viral
replication. The tat gene encodes a protein that is required for elongation of viral transcripts.
The rev gene encodes a protein that promotes the nuclear export of incompletely spliced or
unspliced viral RNAs. The vif gene product enhances the infectivity of viral particles. The
vpr gene product promotes the nuclear import of viral DNA and regulates G2 cell cycle
arrest. The vpu and nef genes encode proteins that down regulate host cell CD4 expression
and enhance release of virus from infected cells. The env gene encodes the viral envelope
glycoprotein that is translated as a 160-kilodalton (kDa) precursor (gpl60) and cleaved by a
cellular protease to yield the external 120-kDa envelope glycoprotein (gpl120) and the
transmembrane 41-kDa envelope glycoprotein (gp41), which are required for the infection of
cells (Abbas et al., Cellular and Molecular Immunology, 4th edition, W.B. Saunders
Company, 2000, pp. 454-456). gpl40 is a modified form of the Env glycoprotein, which
contains the external 120-kDa envelope glycoprotein portion and the extracellular part of the
gp41 portion of Env and has characteristics of both gp120 and gp41. The nef gene is
conserved among primate lentiviruses and is one of the first viral genes that is transcribed
following infection. In vitro, several functions have been described, including down-
regulation of CD4 and MHC class 1 surface expression, altered T-cell signaling and

activation, and enhanced viral infectivity.
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[0008] HIV infection initiates with gp120 on the viral particle binding to the CD4 and
chemokine receptor molecules (e.g., CXCR4, CCRS5) on the cell membrane of target cells
such as CD4+ T-cells, macrophages and dendritic cells. The bound virus fuses with the target
cell and reverse transcribes the RNA genome. The resulting viral DNA integrates into the
cellular genome, where it directs the production of new viral RNA, and thereby viral proteins
and new virions. These virions bud from the infected cell membrane and establish productive
infections in other cells. This process also kills the originally infected cell. HIV can also kill
cells indirectly because the CD4 receptor on uninfected T-cells has a strong affinity for gp120
expressed on the surface of infected cells. In this case, the uninfected cells bind, via the CD4
receptor-gp120 interaction, to infected cells and fuse to form a syncytium, which cannot
survive. Destruction of CD4+ T-lymphocytes, which are critical to immune defense, is a
major cause of the progressive immune dysfunction that is the hallmark of AIDS disease
progression. The loss of CD4+ T cells seriously impairs the body’s ability to fight most
invaders, but it has a particularly severe impact on the defenses against viruses, fungi,
parasites and certain bacteria, including mycobacteria.

[0009] Viruses have evolved a variety of mechanisms to escape antibody recognition,
many of which involve features of the viral surface proteins, such as high variability, steric
occlusion, and glycan coating. For HIV, the dense shield of glycans that decorate the viral
Env protein was once believed to be refractory to antibody recognition, shielding conserved
protein epitopes of important functional significance whose greater exposure would result in
increased susceptibility to antibody neutralization.

[0010] Citation or identification of any document in this application is not an admission

that such document is available as prior art to the present invention.
SUMMARY OF THE INVENTION

[0011] The invention relates to PGT121-germline-targeting designs, trimer stabilization
designs, combinations of those two, trimers designed with modified surfaces helpful for
immunization regimens, other types of trimer modifications (see, for example, IV:
Examples of trimers with combined germline-targeting mutations and stabilization
mutations and VI: Additional trimer modifications that add functionality and that can be
combined with other types of modifications as described herein) and on development of
trimer nanoparticles and membrane-bound trimers. The invention also encompasses

combinations of any of the herein described modifications, such as but not limited to,
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combinations of stabilization and modified surfaces with nanoparticles or membrane-bound

trimers.
[0012] The HIV envelope protein trimer is the target of broadly neutralizing antibodies
(bNAbs). The high mannose patch, including the N332-linked glycan at the base of the V3
loop of gpl20, is frequently targeted by bnAbs during natural infection and hence is an
appealing vaccine epitope. Germline targeting has potential to initiate the elicitation of N332-
dependent bnAbs by vaccination, but no immunogen has been reported to bind germline-
reverted precursors of N332-dependent bnAbs.
[0013] PGTI121 is one of the most broad and potent of the N332-dependent bnAbs. A
structural comparison of the mature PGT121 bnAb with its germline-reverted precursors
suggested structural regions in BG505 SOSIP that should be modified to generate affinity for
the germline. Guided by this structural analysis, Applicants employed mammalian cell
surface display to engineer BG505 SOSIP trimer variants with appreciable affinity for
germline-reverted PGT121. In the process of developing the germline-targeting immunogen,
Applicants produced a series of less mutated trimer immunogens with varying affinities for
germline PGT121 and for partially mutated variants of PGT121. Informed by the binding
affinities and structural features of the intermediate immunogens, Applicants then postulated
sequences of boosting immunogens to guide maturation along different paths following
germline activation.
[0014] The invention also encompasses a protein having at least 90% homology or
identity with the sequence of the protein of any one of the trimers disclosed herein. The
invention also encompasses a protein having at least 95% homology or identity with the
sequence of the protein of any one of trimers disclosed herein.
[0015] The invention also encompasses any nucleic acid encoding the protein of any one
of the trimers disclosed herein. The invention also encompasses a nucleic acid having at least
90% or 95% homology or identity with the sequence of said nucleic acid.
[0016] The present invention also encompasses methods for eliciting an immune response
which may comprise systemically administering to an animal in need thereof an effective
amount of the protein of any one of the trimers disclosed herein. The animal may be a
mammal, advantageously a human.
[0017] Accordingly, it is an object of the invention not to encompass within the invention
any previously known product, process of making the product, or method of using the

product such that Applicants reserve the right and hereby disclose a disclaimer of any
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previously known product, process, or method. It is further noted that the invention does not
intend to encompass within the scope of the invention any product, process, or making of the
product or method of using the product, which does not meet the written description and
enablement requirements of the USPTO (35 U.S.C. §112, first paragraph) or the EPO (Article
83 of the EPC), such that Applicants reserve the right and hereby disclose a disclaimer of any
previously described product, process of making the product, or method of using the product.
It may be advantageous in the practice of the invention to be in compliance with Art. 53(c)
EPC and Rule 28(b) and (c) EPC. Nothing herein is to be construed as a promise.

[0018] It is noted that in this disclosure and particularly in the claims and/or paragraphs,

terms such as "comprises", "comprised", "comprising”" and the like can have the meaning
attributed to it in U.S. Patent law; e.g., they can mean "includes", "included", "including", and
the like; and that terms such as "consisting essentially of" and "consists essentially of" have
the meaning ascribed to them in U.S. Patent law, e.g., they allow for elements not explicitly
recited, but exclude elements that are found in the prior art or that affect a basic or novel
characteristic of the invention.

[0019] These and other embodiments are disclosed or are obvious from and encompassed

by, the following Detailed Description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be provided
by the Office upon request and payment of the necessary fee.

[0021] The following detailed description, given by way of example, but not intended to
limit the invention solely to the specific embodiments described, may best be understood in
conjunction with the accompanying drawings.

[0022] FIG. 1 depicts a mammalian display/ directed evolution overview.

[0023] FIG. 2 depicts a mammalian display strategy using partially mutated PGT121
intermediate antibodies

[0024] FIG. 3 depicts binding affinities (SPR Kd (nM)) of germline-targeting gp120s
(monomeric gp120 used for SPR, but SOSIP used for immunization) NB, no binding; NB**,
no binding at 150 uM.

[0025] FIG. 4 depicts biophysical properties of a SOSIP trimer engineered by mammalian
display directed evolution and having improved thermostability, yield and antigenic profile.

A BG505 SOSIP trimer whole gene saturation mutagenesis library was FACS sorted on the
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surface of mammalian cells for reduced binding to B6 and 4025 and enhanced binding to
PGT145 and PGT151. Addtional combinatorial libraries based on the initial screen as well as
an Env sequence alignment were sorted by the same method. This resulted in BG505 SOSIP-
MD39 which contained 11 mutations and had improved expression and thermostability while
maintaining a native-like antigenic profile. V3 mAb SPR was measured with IgG as the
ligand and trimer as the analyte to allow avidity for maximum sensitivity, whereas bnAb Kds
were measured as monovalent interactions. These stabilizing mutations were combined with
PGT121 germline-targeting mutations to make native-like trimers with enhanced stability that
engage PGT121 germline precursors.

[0026] FIG. 5 depicts postulated sequences of boosting immunogens to guide maturation
along different paths following germline activation.

[0027] FIG. 6A-B depicts a mammalian display-directed evolution design pathway for
PGT121 germline-targeting Env-based immunogens. (FIG. 6A) Models of the PGT121
epitope are shown for each immunogen, with positions of germline-targeting mutations
colored red and glycans depicted with cyan spheres. The epitope of BG505 is colored yellow
(variable loop 1) and pink (variable loop 3). The paratope of PGT122 is mapped onto the
epitope of BGS505 and shown in tube representation (heavy chain in blue, light chain purple)
(FIG. 6B) Binding KDs of mature, intermediately mutated and germline-reverted variants of
PGT121 for BG505-gp120 and germline-targeting gp120s, determined by SPR. SPR Kps are
the average of two or three experiments. *Indicates complex binding kinetics. WB, weak
binding; (-), not done.

[0028] FIG. 7A-C depicts a design of mutations to stabilize BG505-SOSIP and germline-
targeting native-like trimers. (FIG. 7A) Biophysical properties of stabilized BG505-SOSIP
and germline-targeting trimers. Antigenic profile was assessed by SPR, thermostability
measurements were made by DSC, and expression was determined as vield of purified
protein relative to BG505-SOSIP made with PEI or 293Fectin transfection reagents in 293F
cells. Monovalent KDs were measured by SPR with trimer ligand and Fab analyte except for
PGT145 and PGDM1400, for which monovalent KDs were determined with IgG ligand and
trimer analyte. For PGT151, a 1-to-1 binding model gave a relatively poor kinetic fit. (FIG.
7B) Antigenic profile of stabilized BG505-SOSIP and germline-targeting trimers by ELISA.
Data are representative of two independent experiments, each done in duplicate. (FIG.
7C) Mammalian display-directed evolution design pathways for engineering stabilized

native-like trimers.
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[0029] FIG. 8A-F depicts sequential boosting schemes employing a native-like trimer
cocktail and germline-targeting design intermediates. (FIG. 8A) Side view of a single
PGT122 Fab (light blue cartoon and semi-transparent surface) bound to the BG505 SOSIP
native-like gp140 trimer, based on PDB ID: 4NCO. The PGT122-bound gp140 subunit is
shown in wheat-colored cartoon; the V1, V2, V4, V5 variable loops on that subunit, modeled
wherever missing in the crystal structure, are shown in yellow (V1), olive (V2), teal (V4),
magenta (V5); the N332 glycan is shown as red spheres; and the two other gp140 subunits are
shown as gray surfaces. (FIG. 8B) Same model as in (FIG. 8A), except that glycosylation
sites on the trimer have been decorated with Man8GIcNAc2 glycans shown as spheres (V1
glycans, red; V2 glycans, olive; V4 glycans, teal; N156 glycan, magenta; N332 glycan, red;
all other glycans, gray), and all trimer subunits are gray surface. (FIG. 8C) Two-dimensional
histogram of variable loop (V1, V2, V4, V5) length and number of glycosylation sites among
3,897 unique HIV Env sequences isolated from infected individuals obtained from
www.hiv.lanl.gov. Frequency is indicated by the color scale shown for each loop. The
length and number of glycosylation sites for each loop of the native-like VLC trimers are
indicated. Further elaboration of this cocktail could include accounting for sequence
variation at non-variable-loop positions within the N332-epitope region (Figure 14C). (FIG.
8D) Basic scheme in which a germline-targeting prime (10MUT or 11MUTg) is boosted by a
native-like trimer (BG505) and then by a cocktail of native-like trimers. (FIG. 8E) Diagram
illustrating seven boosting schemes employing germline-targeting design intermediates
(7MUT, 6MUT, 5MUT, 3MUT) as boosts after a germline-targeting prime and before a
native-like trimer; the scheme in A is included for reference. Relative affinity drops (in fold
affinity decrease) for each boost, computed from Figure 6B as described in the text, are
indicated as red numbers. (FIG. 8F) Linear diagrams of three of the best boosting schemes as
ranked by favoring those with the smallest maximum affinity drop.

[0030] FIG. 9A-C depicts mammalian display overview related to Figure 6. (FIG. 9A)
Schematic of mammalian display procedure. (FIG. 9B) Example FACS plots for unsorted
mammalian display library (top) and the same library sorted 3 times (bottom), see Extended
Experimental Procedures. (FIG. 9C) Sequences of BG505-SOSIP and BG505-gp120 used for
mammalian display. Leader peptides are shown in red, the cMyc epitope is shown in green

and the PDGFR TM is shown 1n blue.
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[0031] FIG. 10 depicts germline-reverted PGT121 Abs, related to Figure 6. Sequences of
PGTI121 and germline reverted variants with mutations highlighted relative to germline V4-
59/D3-3/J6 (heavy chain) and V3-21/J3 (light chain) genes.

[0032] FIG. 11 depicts PGT121 germline targeting gpl120s and gp140s, related to Figure
6. Designed germline targeting trimer and gp120 sequences are shown with mutations from
BG505-SOSIP  highlighted.  BG505-SOSIP. D664 contains the mutation T332N, not
highlighted.

[0033] FIG. 12A-B depicts SPR binding data for V3 Abs binding to gp140 SOSIPs and
their matching gp120s, related to Figure 7. (FIG. 12A) Comparison of V3 binding between
WT BGS505-SOSIP and BG505-SOSIP variants containing R304V and A319Y V3 mutations.
For the 4025 SPR plots, the gp140 concentrations tested are shown in uM next to each
relevant sensogram and are equivalent for all V3 Abs tested. (FIG. 12B) Comparison of V3
binding to WT gp120 and gp120-MD16 containing the R304V and A319Y mutations. For
the 4025 SPR plots, the gp120 concentrations tested are shown in uM next to each relevant
sensogram and are equivalent for all V3 Abs tested.

[0034] FIG. 13A-C depicts trimers with improved thermostability, expression, or
antigenic profile, related to Figure 7. (FIG. 13A) Sequences of designed stabilized native-like
trimers with mutations from BGS505 SOSIP.D664 highlighted. (FIG. 13B) Melting
temperature of stabilized trimers as assessed by DSC. (FIG. 13C) Native-like trimers with
and without stabilizing mutations were transiently transfected in 293F cells and expression
levels were determined by capture ELISA using PGT145 Fab for immobilization and
PGT151 IgG for detection. Values are the mean + SD of 3 replicate transfections.

[0035] FIG. 14A-C depicts sequences and biophysical properties of the MD39-based
VLC native-like trimer cocktail, and N332-epitope sequence diversity. (FIG. 14A)
Biophysical characterization of the MD39-based VLC cocktail. (FIG. 14B) Sequences of
MD39-based VLC cocktail members, with changes relative to MD39 highlighted in green.
(FIG. 14C) List of interface positions on the BG505 SOSIP trimer near N332-supersite bnAb
epitopes (PGT122, PGT128, PGT135), showing the frequencies of the amino acids found at
those positions in 10% or more of 3,897 unique HIV Env sequences isolated from infected
individuals obtained from www hiv.lanl.goy.

[0036] FIG. 15A-G depicts properties of BG505 Olio6, Olio6 CD4KO, MD39 and
MD37. FIG. 15A. Binding dissociation constants (KDs) measured by SPR for BG505 SOSIP,
BG505 MD39 and BG505 Olio6 binding to various bnAbs. KDs were measured using trimer
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analyte and IgG captured on the sensor as ligand for V1V2 apex antibodies that bind as one
Fab per trimer, but for other antibodies the KDs were measured with trimer captured as
ligand and Fabs as analytes. FIG. 15B. Binding of the native-like trimers BG505 SOSIP and
BGS505 Olio6 and the non-native trimer BG505 gp120 foldon to multiple non-nAbs, assessed
by SPR. Trimers were analytes and IgG were captured on the sensor chip as ligand. Binding
was assessed at 1 uM trimer analyte concentration and is displayed as the ratio of the
observed response units to the reponse units expected for a 1 to 1 binding interaction between
each gp120 on the trimer and each Fab on the IgG. Lower values correspond to less binding.
FIG. 15C. Binding of the native-like trimers BG505 SOSIP, BG505 MD39, BG505 Olio6
and BG505 Olio6 CD4KO, and the non-native trimer BG505 gp120 foldon, to various bnAbs
assessed by ELISA and displayed as the antibody concentration that gives a half-maximal
response (EC50). FIG. 15D. Binding of the native-like trimers BG505 SOSIP, BG505 MD39,
BGS505 Olio6 and BG505 MD37 to various bnAbs by ELISA and displayed as the area under
the curve (AUC). FIG. 15E. Binding of BG505 Olio6 and BG505 Olio6 CD4KO to CD4-1gG
assessed by SPR. CD4-IgG was captured on the sensor as ligand and trimers were analytes.
No binding was detected for BG505 Olio6 CD4KO at a maximum trimer concentration of 1
uM. FIG. 15F. Binding of BG505 SOSIP and BG505 Olio6 CD4KO to human CD4+ T cells
by flow cytometry. Trimers were labelled with two different fluorescent probes, cells were
stained with trimers for 30 mins, and trimer-specific binding was detected as the percentage
of cells in the double-positive population. 99.1% of cells bound to BG505 SOSIP but only
0.1% of cells bound to BG505 Olio6 CD4KO. FIG. 15G. Size exclusion chromatography
coupled inline with multi-angle light scattering (SECMALS) analysis showing as examples
that, in solution, BG505 MD39, BG505 Olio6, BG505 MD39¢, and BG505 MD39 CP1.2
GRSF4 have the molecular weight expected of a trimer.

[0037] FIG. 16A-C depicts biophysical properties of stabilized trimers for BG505 and
other HIV strains. FIG. 16A. Binding dissociation constants (KDs) measured by SPR for
multiple stabilized trimers binding to different bnAbs (PGDM1400, PGT145, PGT121,
PGTI128, VRCO1, 12A12, 3BNC60 and PGT151). Also, the last column shows the melting
temperature (TM) measured by differential scanning calorimetry (DSC). FIG. 16B. DSC
melting data for BG505 MD37, BG505 MD39, BG505 Olio6 and BG505 MD39C. FIG. 16C.
DSC melting data for BG505 MD53, BG505 MD39 CP1.1, BG505 MD39 CP1.2 and BG505
MD?39 link14.
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[0038] FIG. 17A-C depicts properties of BG505 MD39 GRSF4. FIG. 17A. Side and
Bottom views of a model of BG505 MD39 GRSF4, illustrating the locations of the five
newly introduced glycosylation sites at positions 80, 241, 289, 657 and 665. Addition of
these glycosylation sites is intended to mask an otherwise exposed surface on the soluble
BGS505 trimer, a surface that is not targeted by the classes of bnAbs Applicants aim to elicit
against the CD4bs, V2 apex and N332 supersite. Positions 241 and 289 are glycosylation
sites that are relatively conserved across HIV strains but are absent in BG505. Positions 80
and 657 are not glycosylation sites in 2869 HIV Env sequences Applicants examined, and
665 appears as a glycosylation site in 2 of 2869 sequences. FIG. 17B. Binding of the native-
like trimer BG505 MD39 GRSF4 to various bnAbs and the non-nAbs 17b, 3074, 4025 and
B6, assessed by SPR. Trimers were analytes and IgG were captured on the sensor chip as
ligand. Binding was assessed at 1 uM trimer analyte concentration and is displayed as the
ratio of the observed response units to the reponse units expected for a 1 to 1 binding
interaction between each gpl20 on the trimer and each Fab on the IgG. Lower values
correspond to less binding. FIG. 17C. Data illustrating that the additional glycans present in
MD39 GRSF4 serve to block undesired responses to soluble trimers. ELISA area under the
curve (AUC) values are displayed for six VRCO1 gH mice from Applicants’ study in Briney
et al. Cell 2016. These six mice received four immunizations : eOD-GT8 60mer, core
N276D 60mer, and two shots of BGS505 SOSIP N276D, and several of them developed
VRCOl-class responses to the CD4 binding site. Serum from these mice were tested by
ELISA for the capacity to bind to two variants of BG505 MD39 that each have mutations in
the VRCO1 epitope that abrogate VRCOl-class binding ("KO4" mutations). Thus serum
binding to these two variants report on the strength of off-target, non-VRCO1-class responses.
This ELISA analysis shows that the sera from 4/6 mice show considerably stronger reactivity
to BG505 MD39 N276D KO4 compared to BG505 MD39 GRSF4 KO4, demonstrating that a
significant portion of the off-target response in these mice is directed to epitopes in the region
masked by the additional GRSF4 glycans.

[0039] FIG. 18A-D depicts properties of several cleavage-independent trimers. FIG. 18A.
Antigenic profile of the cleavage-independent native-like trimer BG505 CP1.2 GRSF4
compared to the cleavage-depdendent native-like trimer BG505 MD39 and the non-native
trimer BGS505 gp120 foldon. Binding was assessed by SPR to various bnAbs and the non-
nAbs 2557, 3074, 4025, F425, B6 and 17B. Trimers were analytes and IgG were captured on

the sensor chip as ligand. Binding was assessed at 1 uM trimer analyte concentration and is
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displayed as the ratio of the observed response units to the reponse units expected fora 1 to 1
binding interaction between each gp120 on the trimer and each Fab on the IgG. Lower values
correspond to less binding. FIG. 18B. Antigenic profiles of various cleavage-independent
trimers compared to the cleavage-dependent trimers BG505 SOSIP, BG505 MD39 and
BG505 MD39 congly, measured as in A. FIG. 18C. Expression levels of BG505 MD39 and
various cleavage-independent trimers. Applicants reported in Steichen et al. that BG505
MD39 has a significantly higher expression level than BG505 SOSIP. FIG. 18D. Data
illustrating that the circular permutation modification combined with the additional glycans
present in MD39 CP1.2 GRSF4 serve to block undesired responses induced by soluble
trimers. ELISA titrations are shown for a single VRCO1 gH mice that received four
immunizations : eOD-GT8 60mer, core N276D 60mer, and two shots of BG505 MD39
N276D. The mouse serum binds equally well to BG505 MD39 N276D (which has a native
CD4 binding site and VRCO1 epitope except for the elimination of the N276 glycan which
improves VRCO1-class binding) and BG505 MD39 VRC01KO4 (which has mutations in the
VRCO1 epitope that abrogate VRCO1-class binding). Thus, the dominant serum response in
this mouse is focused to off-target, non-VRCO010-class epitopes on the trimer. The serum
shows very little reactivity to BGS505 MD39 CP1.2 GRSF4, demonstrating that the
modifications in this protein serve to block the majority of off-target responses in this mouse.

[0040] FIGS. 19A-D depicts properties of the nanoparticle BG505 MD39 2JD6, an 8-mer
of MD39 trimers based on the ferritin from Pyrococcus Furiousis. FIG. 19A. SECMALS
trace illustrating that the purified particle in solution has the molecular weight expected of a
particle composed of eight MD39 trimers each genetically fused via linkers to the 24-mer
ferritin. FIG. 19B. Negative stain electron microscopy (EM) of BGS505 MD39 2JD6,
illustrating the existence of ordered particles. FIG. 19C. Negative stain electron microscopy
(EM) of BGS505 MD39 2JD6, illustrating the existence of ordered particles, at lower
magnification and depicting a different sample field than in B. FIG. 19D. Antigenic profile of
BG505 MD39 2JD6, assessed by SPR. BG505 MD39 2JD6 particles were captured on the
sensor surface and Fabs of different antibodies were used as analytes to assess monovalent
binding interactions. The SPR kinetic traces and the measured dissociation constants (KDs)
for four bnAbs are shown on the left. SPR kinetics for two non-nAbs are shown at right, and
in those cases the binding signal was significantly weaker than for the bnAbs (note the

different scale on the y-axis).
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[0041] FIGS. 20A-D depicts properties of the nanoparticle BG505 MD39 E2p, a 20-mer
of MD39 trimers based on the Dihydrolipoyl Transacetylase (E2p) from Bacillus
Stearothermophilus. FIG. 20A. SECMALS trace illustrating that the purified particle in
solution has the molecular weight expected of a particle composed of 20 MD39 trimers each
genetically fused via linkers to the underlying E2p 60-mer. FIG. 20B. Negative stain electron
microscopy (EM) of BG505 MD39 E2p, illustrating the existence of ordered particles. FIG.
20C. Negative stain electron microscopy (EM) of BG505 MD39 E2p, illustrating the
existence of ordered particles, at lower magnification and depicting a different sample field
than in B. FIG. 20D. Antigenic profile of BG505 MD39 E2p, assessed by SPR. BG505
MD39 E2p particles were captured on the sensor surface and Fabs of different antibodies
were used as analytes to assess monovalent binding interactions. The SPR kinetic traces and
the measured dissociation constants (KDs) for five bnAbs are shown on the left. SPR kinetics
for two non-nAbs are shown at right, and in those cases the binding signal was significantly
weaker than for the bnAbs (note the different scale on the y-axis).

[0042] FIG. 21A-B depict flow cytometry data demonstrating cell-surface expression and
bnAb-binding of membrane-bound native-like trimers. FIG. 21A. Binding of bnAbs to
membrane-bound stabilized trimers using native transmembrane domains. FIG. 21B. Binding
of bnAbs to membrane-bound stabilized trimers anchored to the membrane by flexible linkers
and PDGFR transmembrane domains.

[0043] FIGS. 22A-F depict results of NHP immunizations with BG505 Olio6 and BG505
Olio6 CD4-KO compared to BG505 SOSIP and two other comparator trimers (BG505 SOSIP
v4.1 and BG505 SOSIP v5.2). The sequence and biophysical properties of BG3505
SOSIP.v4.1 were reported in De Taeye et al. Cell 2015. The sequence and biophysical
properties of BG505 SOSIP.v5.2 are not known. Rhesus macaques (6 animals per
immunogen group) were immunized at 3 time points: week 0, week 8, and week 24. All
immunizations were administered as split doses. Each immunization consisted of 2
subcutaneous injections of 50 pug of Env trimer protein + 37.5 units (U) of Iscomatrix
adjuvant (CSL) in sterile phosphate-buffered saline (PBS) diluent for a total of 100 pg of Env
trimer protein + 75 U of Iscomatrix per immunization per animal. Subcutaneous
immunizations were given in a volume of 0.5mL with a 1 inch, 25 gauge needle at the medial
inner mid-thigh of each leg. Throughout the figure immunogen names are abbreviated as
follows: BG505 SOSIP.664 (664 or BG505 WT), BG505 SOSIP.v4.1 (v4.1), BGS505
SOSIP.v5.2 (v5.2), BG505 SOSIP Olio6 (Olio6), and BG505 SOSIP Olio6 CD4-KO (Olio6
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CD4-KO). All nAb titer and ELISA binding Ab data panels show geometric mean titers with
geometric SD. ns, non-significant. Also see Fig. 23. FIG. 22A. BG505 V3 loop peptide
binding IgG titers in BG505 SOSIP.664, BG505 SOSIP.v4.1, BG505 SOSIP.v5.2, BG505
Olio6, and BG505 Olio6 CD4-KO immunized RMs two weeks after the 3™ immunization.
Olio6 and Olio6 CD4-KO both elicited significantly lower V3 binding antibody responses
than BG505 SOSIP, indicating that the Olio6 and Olio6 CD4-KO retained native structure in
vivo to a greater than BG505 SOSIP. Horizontal dotted line indicates limit of detection. N =6
or 12. FIG. 22B. BG505 SOSIP binding IgG titers in BG505 SOSIP.664, BG505 SOSIP.v4.1,
BG505 SOSIP.v5.2, BG505 Olio6, and BG505 Olio6 CD4-KO immunized RMs two weeks
after the 3™ immunization. Olio6 and Olio6 CD4-KO both elicited significantly lower BG505
SOSIP-binding antibody responses than BG505 SOSIP. Horizontal dotted line indicates limit
of detection. Week 26, N = 6 or 12. FIG. 22C. Ratio of BG505 SOSIP to BG505 V3-peptide
titers (as shown panels B and C) in immunized RMs two weeks after the 3™ immunization.
Olio6 and Olio6 CD4-KO both elicited responses with a significantly higher ratio than
BG505 SOSIP, reflecting the strong suppression of V3 responses by Olio6 and Olio6 CD4-
KO. Week 26, N=6 or 12. FIG. 22D. Tier 1 SF162 nAb titers in BG505 SOSIP.664, BG505
SOSIP.v4.1, BG505 SOSIP.v5.2, BG505 Olio6, and BG505 Olio6 CD4-KO immunized
animals two weeks after the 3 immunization. Olio6 and Olio6 CD4-KO both elicited
significantly lower SF162 tier 1 neutralization responses than BG505 SOSIP, also indicating
that Olio6 and Olio6 CD4-KO retained native structure in vivo to a greater than BG505
SOSIP. Week 26, N = 6 or 12. FIG. 22E. BG505 nAb titers in BG505 SOSIP.664, BG505
SOSIP.v4.1, BG505 SOSIP.v5.2, BG505 Olio6, and BG505 Olio6 CD4-KO immunized
animals two weeks after the 3" immunization. Week 26, N = 6 or 12. FIG. 22F. Ratio of
BG505 and SF162 nAb titers (as shown in panels E and F) in immunized RMs two weeks
after the 3™ immunization. Olio6 and Olio6 CD4-KO both elicited responses with a
significantly higher ratio than BG505 SOSIP, further indicating that Olio6 and Olio6 CD4-
KO retained native structure in vivo to a greater than BG505 SOSIP. Week 26, N=6 or 12.

[0044] FIGS. 23A-D depict additional results of NHP immunizations with BG505 Olio6
and BG505 Olio6 CD4-KO compared to BG505 SOSIP and two other comparator trimers
(BG505 SOSIP v4.1 and BG505 SOSIP v5.2). The data in this figure pertain to the same RM
immunization experiment described in Fig. 22. Throughout the figure immunogen names are
abbreviated as follows: BG505 SOSIP.664 (.664), BG505 SOSIP.v4.1 (v4.1), BG505
SOSIP.v5.2 (v5.2), BG505 SOSIP Olio6 (Olio6), and BG505 SOSIP Olio6 CD4-KO (Olio6
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CD4-KO). ns, non-significant. All nAb titer and ELISA binding Ab data panels show
geometric mean titers with geometric SD. FIG. 23A. BG505 gp120 binding IgG titer 2 weeks
after the 3™ immunization. Olio6 and Olio6 CD4-KO both elicited significantly lower gp120
antibody binding responses than BG505 SOSIP, further indicating that Olio6 and Olio6 CD4-
KO retained native structure in vivo to a greater than BG505 SOSIP. Week 26, N = 6 or 12.
FIG. 23B. Comparison of V3-peptide ELISA titers against the BG505 Olio6 V3 loop peptide
(Olio6) and the BG505 SOSIP.664 V3 loop peptide (WT). V3 loop peptide binding IgG titers
for both of these peptides were measured from plasma of RMs immunized with BG505
SOSIP.664, BG505 Olio6, or BG505 Olio6 CD4-KO, two weeks after the 3™ immunization.
Olio6 and Olio6 CD4-KO both elicited significantly lower V3 binding antibody responses
than BG505 SOSIP, regardless of whether the ELISA measurement is performed with WT or
Olio6 V3 peptides. Week 26, N = 6. FIG. 23C. The ratio of BG505 nAb titer to V3-peptide
binding IgG titer after the 3" immunization. Week 26, N =6 or 12. FIG. 23D. Tier | MW965
nAb titers after the 3 immunization. Week 26, N =6 or 12.

[0045] FIGS. 24A-B depict properties of BG505 MD39 CP1.2 GRSF7 gLoopsl. FIG.
24A. SECMALS analysis showing that the molecule is a trimer in solution. FIG. 24B. SPR
analysis showing that the trimer exhibits a native-like antigenic profile. In particular the
trimer binds well to the trimer-structure-specific bnAb PGT145, as well as two other bnAbs
VRCO1 and PGT121, but does not exhibit significant affinity for non-neutralizing Abs B6 or
4025.

DETAILED DESCRIPTION OF THE INVENTION

[0046] The invention pertains to the identification, design, synthesis and isolation of
mutant trimers disclosed herein as well as nucleic acids encoding the same. The present
invention also relates to homologues, derivatives and variants of the sequences of the mutant
trimers and nucleic acids encoding the same, wherein it is preferred that the homologue,
derivative or variant have at least 50%, at least 60%, at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 93%, at least 95%, at least 97%, at least 98% or at least
99% homology or identity with the sequence of the mutant trimers and nucleic acids
encoding the same. It is noted that within this specification, homology to sequences of the
mutant proteins and nucleic acids encoding the same refers to the homology of the
homologue, derivative or variant to the binding site of the mutant proteins and nucleic acids

encoding the same.
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[0047] The invention still further relates to nucleic acid sequences expressing the mutant
trimers disclosed herein, or homologues, variants or derivatives thereof. One of skill in the art
will know, recognize and understand techniques used to create such. Additionally, one of
skill in the art will be able to incorporate such a nucleic acid sequence into an appropriate
vector, allowing for production of the amino acid sequence of mutant proteins and nucleic
acids encoding the same or a homologue, variant or derivative thereof.

[0048] Where used herein and unless specifically indicated otherwise, the following
terms are intended to have the following meanings in addition to any broader (or narrower)
meanings the terms might enjoy in the art:

[0049] The term "isolated" or “non-naturally occurring” is used herein to indicate that the
isolated moiety (e.g. peptide or compound) exists in a physical milieu distinct from that in
which it occurs in nature. For example, the isolated peptide may be substantially isolated with
respect to the complex cellular milieu in which it naturally occurs. The absolute level of
purity is not critical, and those skilled in the art may readily determine appropriate levels of
purity according to the use to which the peptide is to be put. The term "isolating" when used a
step in a process is to be interpreted accordingly.

[0050] In many circumstances, the isolated moiety will form part of a composition (for
example a more or less crude extract containing many other molecules and substances),
buffer system, matrix or excipient, which may for example contain other components
(including proteins, such as albumin).

[0051] In other circumstances, the isolated moiety may be purified to essential
homogeneity, for example as determined by PAGE or column chromatography (for example
HPLC or mass spectrometry). In preferred embodiments, the isolated peptide or nucleic acid
of the invention is essentially the sole peptide or nucleic acid in a given composition.

[0052] In an advantageous embodiment, a tag may be utilized for purification or
biotinylation. The tag for purification may be a his tag. In another embodiment, the tag for
biotinylation may be an avi-tag. Other tags are contemplated for purification, however,
purification may be accomplished without a tag. In another embodiment, antibody (such as,
not limited to, a broadly neutralizing antibody) affinity columns are contemplated. In
anoother embodiment, lectin columns are contemplated.

[0053] Native-like soluble trimerscan be made by several methods that all involve
stabilizing associations between envelope protein subunits. See, e.g., P. Dosenovic et al.,

“Immunization for HIV-1 broadly neutralizing antibodies in human Ig knockin mice,” Cell,
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161:1-11, 2015; J.G. Jardine et al., “Priming a broadly neutralizing antibody response to
HIV-1 using a germline targeting immunogen,” Science, doi:10.1126/science.aac5894, 2015
and R.W. Sanders et al., “HIV-1 neutralalizing antibodies induced by native-like envelope
trimers,” Science, doi:10.1126/science.aac4223, 2015.

[0054] The proteins and compounds of the invention need not be isolated in the sense
defined above, however.

[0055] The term "pharmaceutical composition" is used herein to define a solid or liquid
composition in a form, concentration and level of purity suitable for administration to a
patient (e.g. a human patient) upon which administration it may elicit the desired
physiological changes. The terms "immunogenic composition" and "immunological
composition" and "immunogenic or immunological composition" cover any composition that
elicits an immune response against the targeted pathogen, HIV. Terms such as "vaccinal
composition" and "vaccine" and "vaccine composition" cover any composition that induces a
protective immune response against the targeted pathogen or which efficaciously protects
against the pathogen; for instance, after administration or injection, elicits a protective
immune response against the targeted pathogen or provides efficacious protection against the
pathogen. Accordingly, an immunogenic or immunological composition induces an immune
response, which may, but need not, be a protective immune response. An immunogenic or
immunological composition may be used in the treatment of individuals infected with the
pathogen, e.g., to stimulate an immune response against the pathogen, such as by stimulating
antibodies against the pathogen. Thus, an immunogenic or immunological composition may
be a pharmaceutical composition. Furthermore, when the text speaks of "immunogen, antigen
or epitope", an immunogen may be an antigen or an epitope of an antigen. A diagnostic
composition is a composition containing a compound or antibody, e.g., a labeled compound
or antibody, that is used for detecting the presence in a sample, such as a biological sample,
e.g., blood, semen, vaginal fluid, etc, of an antibody that binds to the compound or an
immunogen, antigen or epitope that binds to the antibody; for instance, an anti-HIV antibody
or an HIV immunogen, antigen or epitope.

[0056] A "conservative amino acid change" is one in which the amino acid residue is
replaced with an amino acid residue having a similar side chain. Families of amino acid
residues having similar side chains have been defined in the art. These families include amino
acids with basic side chains (e.g. lysine, arginine and histidine), acidic side chains (e.g.

aspartic acid and glutamic acid), non-charged amino acids or polar side chains (e.g. glycine,

16



(a)

(b)

©

(d)

WO 2017/165674 PCT/US2017/023854

asparagine, glutamine, serine, threonine, tyrosine and cysteine), non-polar side chains (e.g.
alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine and tryptophan), beta-
branched side chains (e.g. threonine, valine and isoleucine), and aromatic side chains (e.g.
tyrosine, phenylalanine, tryptophan and histidine).

[0057] The terms “protein”, “peptide”, “polypeptide”, and “amino acid sequence” are
used interchangeably herein to refer to polymers of amino acid residues of any length. The
polymer may be linear or branched, it may comprise modified amino acids or amino acid
analogs, and it may be interrupted by chemical moieties other than amino acids. The terms
also encompass an amino acid polymer that has been modified naturally or by intervention;
for example disulfide bond formation, glycosylation, lipidation, acetylation, phosphorylation,
or any other manipulation or modification, such as conjugation with a labeling or bioactive
component.

[0058] As used herein, the terms “antigen™ or “immunogen” are used interchangeably to
refer to a substance, typically a protein, which is capable of inducing an immune response in
a subject. The term also refers to proteins that are immunologically active in the sense that
once administered to a subject (either directly or by administering to the subject a nucleotide
sequence or vector that encodes the protein) is able to evoke an immune response of the
humoral and/or cellular type directed against that protein.

[0059] The term “antibody” includes intact molecules as well as fragments thereof, such
as Fab, F(ab’),, Fv and scFv which are capable of binding the epitope determinant. These
antibody fragments retain some ability to selectively bind with its antigen or receptor and
include, for example:

Fab, the fragment which contains a monovalent antigen-binding fragment of an
antibody molecule may be produced by digestion of whole antibody with the enzyme papain
to vield an intact light chain and a portion of one heavy chain;

Fab’, the fragment of an antibody molecule may be obtained by treating whole
antibody with pepsin, followed by reduction, to yield an intact light chain and a portion of the
heavy chain; two Fab’ fragments are obtained per antibody molecule;

F(ab’),, the fragment of the antibody that may be obtained by treating whole
antibody with the enzyme pepsin without subsequent reduction; F(ab’), is a dimer of two
Fab’ fragments held together by two disulfide bonds;

scFv, including a genetically engineered fragment containing the variable region

of a heavy and a light chain as a fused single chain molecule.
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[0060] General methods of making these fragments are known in the art. (See for
example, Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory, New York (1988), which is incorporated herein by reference). Fabs, Fv and
scFV may also be made recombinantly, i.e. expressed as Fab, Fv or scFV rather than cleaving
an intact [gG.

[0061] A “neutralizing antibody” may inhibit the entry of HIV-1 virus for example SF162
and/or JR-CSF with a neutralization index >1.5 or >2.0. Broad and potent neutralizing
antibodies may neutralize greater than about 50% of HIV-1 viruses (from diverse clades and
different strains within a clade) in a neutralization assay. The inhibitory concentration of the
monoclonal antibody may be less than about 25 mg/ml to neutralize about 50% of the input
virus in the neutralization assay.

[0062] An “isolated antibody” or “non-naturally occurring antibody™ is one that has been
separated and/or recovered from a component of its natural environment. Contaminant
components of its natural environment are materials that would interfere with diagnostic or
therapeutic uses for the antibody, and may include enzymes, hormones, and other
proteinaceous or nonproteinaceous solutes. In preferred embodiments, the antibody is
purified: (1) to greater than 95% by weight of antibody as determined by the Lowry method,
and most preferably more than 99% by weight; (2) to a degree sufficient to obtain at least 15
residues of N-terminal or internal amino acid sequence by use of a spinning cup sequenator;
or (3) to homogeneity by SDS-PAGE under reducing or non-reducing conditions using
Coomassie blue or, preferably, silver stain. Isolated antibody includes the antibody in situ
within recombinant cells since at least one component of the antibody’s natural environment
will not be present. Ordinarily, however, isolated antibody will be prepared by at least one
purification step.

[0063] The term “monoclonal antibody™ as used herein refers to an antibody obtained
from a population of substantially homogeneous antibodies, i.e., the individual antibodies
which may comprise the population are identical except for possible naturally occurring
mutations that may be present in minor amounts. Monoclonal antibodies are highly specific,
being directed against a single antigenic site. Furthermore, in contrast to polyclonal antibody
preparations that include different antibodies directed against different determinants
(epitopes), each monoclonal antibody is directed against a single determinant on the antigen.
In addition to their specificity, the monoclonal antibodies are advantageous in that they may

be synthesized uncontaminated by other antibodies. The modifier “monoclonal” is not to be
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construed as requiring production of the antibody by any particular method. For example, the
monoclonal antibodies useful in the present invention may be prepared by the hybridoma
methodology first described by Kohler et al., Nature, 256:495 (1975), or may be made using
recombinant DNA methods in bacterial, eukaryotic animal or plant cells (see, e.g., U.S. Pat.
No. 4,816,567). The “monoclonal antibodies” may also be isolated from phage antibody
libraries using the techniques described in Clackson er al., Nature, 352:624-628 (1991) and
Marks et al., J. Mol. Biol., 222:581-597 (1991), for example.

[0064] An “antibody fragment” may comprise a portion of an intact antibody, preferably
the antigen binding or variable region of the intact antibody. Examples of antibody fragments
include Fab, Fab’, F(ab’),, scFV and Fv fragments; diabodies; linear antibodies (see U.S. Pat.
No. 5,641,870; Zapata et al., Protein Eng. 8(10): 1057-1062 [1995]); single-chain antibody
molecules; and multispecific antibodies formed from antibody fragments.

[0065] It should be understood that the proteins, including the antibodies of the invention
may differ from the exact sequences illustrated and described herein. Thus, the invention
contemplates deletions, additions and substitutions to the sequences shown, so long as the
sequences function in accordance with the methods of the invention. In this regard,
particularly preferred substitutions will generally be conservative in nature, i.e., those
substitutions that take place within a family of amino acids. For example, amino acids are
generally divided into four families: (1) acidic--aspartate and glutamate; (2) basic--lysine,
arginine, histidine; (3) non-polar-- alanine, valine, leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan; and (4) uncharged polar--glycine, asparagine, glutamine, cysteine,
serine threonine, tyrosine. Phenylalanine, tryptophan, and tyrosine are sometimes classified
as aromatic amino acids. It is reasonably predictable that an isolated or non-naturally
occurring replacement of leucine with isoleucine or valine, or vice versa; an aspartate with a
glutamate or vice versa; a threonine with a serine or vice versa; or a similar conservative
replacement of an amino acid with a structurally related amino acid, will not have a major
effect on the biological activity. Proteins having substantially the same amino acid sequence
as the sequences illustrated and described but possessing minor amino acid substitutions that
do not substantially affect the immunogenicity of the protein are, therefore, within the scope
of the invention.

[0066] As used herein the terms “nucleotide sequences™ and “nucleic acid sequences™
refer to deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) sequences, including,

without limitation, messenger RNA (mRNA), DNA/RNA hybrids, or synthetic nucleic acids.
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The nucleic acid may be single-stranded, or partially or completely double-stranded (duplex).
Duplex nucleic acids may be homoduplex or heteroduplex.

[0067] As used herein the term “transgene” may used to refer to “recombinant”
nucleotide sequences that may be derived from any of the nucleotide sequences encoding the
proteins of the present invention. The term “recombinant™ means a nucleotide sequence that
has been manipulated “by man” and which does not occur in nature, or is linked to another
nucleotide sequence or found in a different arrangement in nature. It is understood that
manipulated “by man” means manipulated by some artificial means, including by use of
machines, codon optimization, restriction enzymes, etc.

[0068] For example, in one embodiment the nucleotide sequences may be mutated such
that the activity of the encoded proteins in vivo is abrogated. In another embodiment the
nucleotide sequences may be codon optimized, for example the codons may be optimized for
human use. In preferred embodiments the nucleotide sequences of the invention are both
mutated to abrogate the normal in vivo function of the encoded proteins, and codon
optimized for human use. For example, each of the sequences of the invention, such as the
mutant trimers, may be altered in these ways.

[0069] As regards codon optimization, the nucleic acid molecules of the invention have a
nucleotide sequence that encodes the antigens of the invention and may be designed to
employ codons that are used in the genes of the subject in which the antigen is to be
produced. Many viruses, including HIV and other lentiviruses, use a large number of rare
codons and, by altering these codons to correspond to codons commonly used in the desired
subject, enhanced expression of the antigens may be achieved. In a preferred embodiment,
the codons used are “humanized” codons, i.e., the codons are those that appear frequently in
highly expressed human genes (Andre et al., J. Virol. 72:1497-1503, 1998) instead of those
codons that are frequently used by HIV. Such codon usage provides for efficient expression
of the transgenic HIV proteins in human cells. Any suitable method of codon optimization
may be used. Such methods, and the selection of such methods, are well known to those of
skill in the art. In addition, there are several companies that will optimize codons of
sequences, such as Geneart (geneart.com). Thus, the nucleotide sequences of the invention
may readily be codon optimized.

[0070] The invention further encompasses nucleotide sequences encoding functionally
and/or antigenically equivalent variants and derivatives of the antigens of the invention and

functionally equivalent fragments thereof. These functionally equivalent variants, derivatives,

20



WO 2017/165674 PCT/US2017/023854

and fragments display the ability to retain antigenic activity. For instance, changes in a DNA
sequence that do not change the encoded amino acid sequence, as well as those that result in
conservative substitutions of amino acid residues, one or a few amino acid deletions or
additions, and substitution of amino acid residues by amino acid analogs are those which will
not significantly affect properties of the encoded polypeptide. Conservative amino acid
substitutions are glycine/alanine; valine/isoleucine/leucine; asparagine/glutamine; aspartic
acid/glutamic acid; serine/threonine/methionine; lysine/arginine; and
phenylalanine/tyrosine/tryptophan. In one embodiment, the variants have at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, 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% or at least 99%
homology or identity to the antigen, epitope, immunogen, peptide or polypeptide of interest.
[0071] For the purposes of the present invention, sequence identity or homology is
determined by comparing the sequences when aligned so as to maximize overlap and identity
while minimizing sequence gaps. In particular, sequence identity may be determined using
any of a number of mathematical algorithms. A nonlimiting example of a mathematical
algorithm used for comparison of two sequences is the algorithm of Karlin & Altschul, Proc.
Natl. Acad. Sci. USA 1990; 87: 2264-2268, modified as in Karlin & Altschul, Proc. Natl.
Acad. Sci. USA 1993;90: 5873-5877.

[0072] Another example of a mathematical algorithm used for comparison of sequences
is the algorithm of Myers & Miller, CABIOS 1988;4: 11-17. Such an algorithm is
incorporated into the ALIGN program (version 2.0) which is part of the GCG sequence
alignment software package. When utilizing the ALIGN program for comparing amino acid
sequences, a PAM120 weight residue table, a gap length penalty of 12, and a gap penalty of 4
may be used. Yet another useful algorithm for identifying regions of local sequence similarity
and alignment is the FASTA algorithm as described in Pearson & Lipman, Proc. Natl. Acad.
Sci. USA 1988; 85: 2444-2448.

[0073] Advantageous for use according to the present invention is the WU-BLAST
(Washington University BLAST) version 2.0 software. WU-BLAST version 2.0 executable
programs  for  several UNIX  platforms may be  downloaded from
ftp://blast.wustl.edu/blast/executables. This program is based on WU-BLAST version 1.4,
which in turn is based on the public domain NCBI-BLAST version 1.4 (Altschul & Gish,
1996, Local alignment statistics, Doolittle ed., Methods in Enzymology 266: 460-480;
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Altschul et al., Journal of Molecular Biology 1990; 215: 403-410; Gish & States,
1993;Nature Genetics 3: 266-272; Karlin & Altschul, 1993;Proc. Natl. Acad. Sci. USA 90:
5873-5877, all of which are incorporated by reference herein).

[0074] The various recombinant nucleotide sequences and antibodies of the invention are
made using standard recombinant DNA and cloning techniques. Such techniques are well
known to those of skill in the art. See for example, “Molecular Cloning: A Laboratory
Manual”, second edition (Sambrook et al. 1989).

[0075] The nucleotide sequences of the present invention may be inserted into “vectors.”
The term “vector” is widely used and understood by those of skill in the art, and as used
herein the term “vector” is used consistent with its meaning to those of skill in the art. For
example, the term “vector” is commonly used by those skilled in the art to refer to a vehicle
that allows or facilitates the transfer of nucleic acid molecules from one environment to
another or that allows or facilitates the manipulation of a nucleic acid molecule.

[0076] Any vector that allows expression of the antibodies of the present invention may
be used in accordance with the present invention. In certain embodiments, the antibodies of
the present invention may be used in vitro (such as using cell-free expression systems) and/or
in cultured cells grown in vitro in order to produce the encoded HIV- antibodies, which may
then be used for various applications such as in the production of proteinaceous vaccines. For
such applications, any vector that allows expression of the antibodies in vitro and/or in
cultured cells may be used.

[0077] For applications where it is desired that the antibodies be expressed in vivo, for
example when the transgenes of the invention are used in DNA or DNA-containing vaccines,
any vector that allows for the expression of the antibodies of the present invention and is safe
for use in vivo may be used. In preferred embodiments the vectors used are safe for use in
humans, mammals and/or laboratory animals.

[0078] For the antibodies of the present invention to be expressed, the protein coding
sequence should be “operably linked” to regulatory or nucleic acid control sequences that
direct transcription and translation of the protein. As used herein, a coding sequence and a
nucleic acid control sequence or promoter are said to be “operably linked” when they are
covalently linked in such a way as to place the expression or transcription and/or translation
of the coding sequence under the influence or control of the nucleic acid control sequence.
The “nucleic acid control sequence” may be any nucleic acid element, such as, but not

limited to promoters, enhancers, IRES, introns, and other elements described herein that
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direct the expression of a nucleic acid sequence or coding sequence that is operably linked
thereto. The term “promoter” will be used herein to refer to a group of transcriptional control
modules that are clustered around the initiation site for RNA polymerase II and that when
operationally linked to the protein coding sequences of the invention lead to the expression of
the encoded protein. The expression of the transgenes of the present invention may be under
the control of a constitutive promoter or of an inducible promoter, which initiates
transcription only when exposed to some particular external stimulus, such as, without
limitation, antibiotics such as tetracycline, hormones such as ecdysone, or heavy metals. The
promoter may also be specific to a particular cell-type, tissue or organ. Many suitable
promoters and enhancers are known in the art, and any such suitable promoter or enhancer
may be used for expression of the transgenes of the invention. For example, suitable
promoters and/or enhancers may be selected from the Eukaryotic Promoter Database
(EPDB).

[0079] The vectors used in accordance with the present invention should typically be
chosen such that they contain a suitable gene regulatory region, such as a promoter or
enhancer, such that the antibodies of the invention may be expressed.

[0080] Any suitable vector may be used depending on the application. For example,
plasmids, viral vectors, bacterial vectors, protozoal vectors, insect vectors, baculovirus
expression vectors, yeast vectors, mammalian cell vectors, and the like, may be used. Suitable
vectors may be selected by the skilled artisan taking into consideration the characteristics of
the vector and the requirements for expressing the antibodies under the identified
circumstances.

[0081] In an advantageous embodiment, IgG1 and Fab expression vectors may be utilized
to reconstitute heavy and light chain constant regions if heavy and light chain genes of the
antibodies of the present invention are cloned.

[0082] When the aim is to express the antibodies of the invention in vivo in a subject, for
example in order to generate an immune response against an HIV-1 antigen and/or protective
immunity against HIV-1, expression vectors that are suitable for expression on that subject,
and that are safe for use in vivo, should be chosen. For example, in some embodiments it may
be desired to express the antibodies of the invention in a laboratory animal, such as for pre-
clinical testing of the HIV-1 immunogenic compositions and vaccines of the invention. In
other embodiments, it will be desirable to express the antibodies of the invention in human

subjects, such as in clinical trials and for actual clinical use of the immunogenic compositions
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and vaccine of the invention. Any vectors that are suitable for such uses may be employed,
and it is well within the capabilities of the skilled artisan to select a suitable vector. In some
embodiments it may be preferred that the vectors used for these in vivo applications are
attenuated to vector from amplifying in the subject. For example, if plasmid vectors are used,
preferably they will lack an origin of replication that functions in the subject so as to enhance
safety for in vivo use in the subject. If viral vectors are used, preferably they are attenuated or
replication-defective in the subject, again, so as to enhance safety for in vivo use in the
subject.

[0083] In preferred embodiments of the present invention viral vectors are used. Viral
expression vectors are well known to those skilled in the art and include, for example, viruses
such as adenoviruses, adeno-associated viruses (AAV), alphaviruses, herpesviruses,
retroviruses and poxviruses, including avipox viruses, attenuated poxviruses, vaccinia
viruses, and particularly, the modified vaccinia Ankara virus (MVA; ATCC Accession No.
VR-1566). Such viruses, when used as expression vectors are innately non-pathogenic in the
selected subjects such as humans or have been modified to render them non-pathogenic in the
selected subjects. For example, replication-defective adenoviruses and alphaviruses are well
known and may be used as gene delivery vectors.

[0084] The nucleotide sequences and vectors of the invention may be delivered to cells,
for example if the aim is to express the HIV-1 antigens in cells in order to produce and isolate
the expressed proteins, such as from cells grown in culture. For expressing the antibodies in
cells any suitable transfection, transformation, or gene delivery methods may be used. Such
methods are well known by those skilled in the art, and one of skill in the art would readily be
able to select a suitable method depending on the nature of the nucleotide sequences, vectors,
and cell types used. For example, transfection, transformation, microinjection, infection,
electroporation, lipofection, or liposome-mediated delivery could be used. Expression of the
antibodies may be carried out in any suitable type of host cells, such as bacterial cells, yeast,
insect cells, and mammalian cells. The antibodies of the invention may also be expressed
using including in vitro transcription/translation systems. All of such methods are well known
by those skilled in the art, and one of skill in the art would readily be able to select a suitable
method depending on the nature of the nucleotide sequences, vectors, and cell types used.
[0085] A synthetic mutant trimer may be chemically synthesized in whole or part using
techniques that are well-known in the art (see, e.g., Kochendoerfer, G. G., 2001).
Additionally, homologs and derivatives of the polypeptide may be also be synthesized.
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[0086] Alternatively, methods which are well known to those skilled in the art may be
used to construct expression vectors containing nucleic acid molecules that encode the
polypeptide or homologs or derivatives thereof under appropriate transcriptional/translational
control signals, for expression. These methods include in vitro recombinant DNA techniques,
synthetic techniques and in vivo recombination/genetic recombination. See, for example, the
techniques described in Maniatis et al., 1989.

[0087] The HIV envelope protein (Env) is the target of broadly neutralizing antibodies
(bnAbs) in natural infection. Env is a membrane protein composed of a trimer of gp120 and
gp41 subunits that contains a high degree of sequence diversity and a surface that is shielded
by N-linked glycans. The bnAbs that target Env often have unusual features such as a long
complementarity-determining region (CDR) H3, high levels of somatic hypermutation
(SHM), and insertions and deletions (INDELS). Furthermore, most of the bnAbs recognize
complex epitopes that are typically non-linear and have both protein and glycan components.
[0088] The most common epitope of bnAbs in HIV infected individuals is a high
mannose glycan patch at the base of the variable loop V3 that includes a glycan linked to
N332 (Landais et al. 2016 PLoS Pathog. 12, e1005369). PGT121 and its somatic relatives are
an exceptionally potent family of bnAbs that target this epitope and PGT121 has been shown
to protect macaques in SHIV challenge studies (Walker et al. 2011 Nature. 477, 466-470,
Moldt et al. 2012 Proc Natl Acad Sci. 109, 18921-18925). The elicitation of high and
sustained titers of PGT121-like antibodies by vaccination would therefore have a reasonable
likelihood of providing protection against HIV in humans.

[0089] HIV Env proteins show no detectable affinity for predicted germline precursors of
PGTI121, suggesting that activation of appropriate precursors is a barrier to PGT121-like
bnAb induction that could be addressed by germline-targeting immunogen design. In this
view, vaccine induction of PGT121-like bnAbs might be achieved by a germline-targeting
prime followed by boosts with progressively more native-like Env, similar to what has been
proposed for elicitation of VRCO1-class bnAbs (Jardine, Julien, Menis et al. 2013 Science.
340, 711-716; McGuire et al 2013 J Exp Med. 210, 655-663; Jardine, Ota, Sok et al. 2015
Science. 349, 156-161). BG505 SOSIP.664 was the first soluble native-like Env trimer
(Sanders et al. 2013 PloS Pathog. 9, e1003618). In parallel with Applicants’ germline-
targeting effort a goal was to improve the expression, stability and antigenic profile of BG505
SOSIP.664 in order to have an enhanced trimer platform for germline targeting and boosting.

Using a lentivirus-based method for displaying libraries of immunogens on the surface of
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mammalian cells, and guided by the known structure of BG505 SOSIP.664 (Julien et al. 2013
Science. 342, 1477-1483; Lyumkis et al. 2013 Science. 342, 1484-1490; Pancera et al. 2014
Nature. 514, 455-461) Applicants have engineered a series of soluble native-like trimers with
improved vield, thermostability and antigenic profile, which have progressively increasing
affinity for putative PGT121 germline precursors and intermediately mutated antibodies.
[0090] Applicants have demonstrated that structure-guided mammalian cell surface
display can be used to engineer trimers containing native-like glycans. Native-like trimers
have been developed that bind to predicted PGT121 germline precursors and intermediately
mutated antibodies BGS505 SOSIP trimers were engineered with improved yield,
thermostability and antigenic profile. Tests of priming and boosting strategies are currently
underway in PGT121-GL knock-in mice.

[0091] Applicants claim sequences of different types of immunogen sequences. The
sequences provided below are exemplary examples, the stabilizing mutations, modifications,
(such as, but not limited to, cleavage-independent modifications), and/or a membrane
anchoring strategy (such as, but not limited to, linker plus platelet-derived growth factor
receptor (PDGFR)) described herein are applicable to any HIV strain or clade, such as but not
limited to, those described below.

[0092] As used herein, at least three separate zoonotic transmissions resulted in the
formation of three distinct HIV-1 groups: M (main), O (outlier), and N (non-M/non-0).
[0093] About 90% of HIV-1 infections are classified as group M and these are distributed
worldwide. Group O infections are endemic to several west central African countries and
represent 1 to 5% of all HIV-1 infection in those areas. Group N has only been identified in a
small number of individuals in Cameroon.

[0094] Within the HIV-M group, there is a further division into at least ten subtypes or
clades (groups of genetically related virus). Historically, the distribution of subtypes followed
the geographic patterns listed below.

[0095] Clade or Subtype A: Central and East Africa as well as East European countries
that were formerly part of the Soviet Union.

[0096] Clade or Subtype B: West and Central Europe, the Americas, Australia, South
America, and several southeast Asian countries (Thailand, and Japan), as well as northern
Africa and the Middle East.

[0097] Clade or Subtype C: Sub-Saharan Africa, India, and Brazil.

[0098] Clade or Subtype D: North Africa and the Middle East.
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[0099] Clade or Subtype F: South and southeast Asia.
[00100] Clade or Subtype G: West and Central Africa.
[00101] Clade or Subtypes H, J, and K: Africa and the Middle East.
[00102] Additionally, different subtypes can combine genetic material to form a hybrid
virus, known as a “circulating recombinant form™ (CRFs), of which at least twenty have been
identified (see, e.g., 2.Buonarguro L. Human Immunodeficiency Virus Type 1 Subtype
distribution in the worldwide epidemic: pathogenetic and therapeutic implications. J Virol
81(19):10209-19, 2007).
[00103] The present invention encompasses the stabilizing mutations, modifications,
(such as, but not limited to, cleavage-independent modifications), and/or a membrane
anchoring strategy (such as, but not limited to, linker plus platelet-derived growth factor
receptor (PDGFR)) described herein to all groups and clades of HIV.
[00104] Types I and II are gpl120 molecules (I) and gpl140 trimer molecules (I) with
mutations discovered to improve binding to germline-reverted and/or less-mutated versions
of PGT121. The sequences in I and II can be employed in sequential immunization schemes
to attempt to elicit PGT121-class bnAbs against HIV.
[00105] Type II are gpl40 trimer molecules with stabilizing mutations to increase
expression level and/or increase thermal melting temperature and/or improve antigenic
profile, where a favorable antigenic profile means better affinity for broadly neutralizing
antibodies and no or very weak affinity for non-neutralizing antibodies.
[00106] Type IV are combinations of mutations from II and III: these are gp140 trimers
that contain both stabilizing mutations and germline-targeting mutations. In type IV
Applicants have listed only a few important combinations, but the present invention
encompasses all possible combinations of the mutations from II and III.
[00107] Type V are trimers with modified surfaces or of different strains than BG5035, that
can be employed in strategic boosting regimens.
[00108] Type VI are additional trimer modifications that add extra functionality and that
can be combined with types II, II, IV or V.
[00109] Type VII are examples of native-like trimers from other HIV strains that have
been stabilized by MD39 and Olio6 mutations, demonstrating the general applicability of the
MD39 and Olio6 stabilizing mutations. FIG. 16A provides experimental data supporting

these trimers as native-like.
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[00110] Type VIII are variants of BG505 MD39 that do not require cleavage by furin. We
refer to these as "cleavage-independent" trimers.

[00111] Type IX are glycan masked trimers in which N-linked glycosylation sites have
been added to cover the bottom and sides of the soluble trimer.

[00112] Type X are native-like trimers with variable loops V1, V2b and V4 modified to
both minimize their lengths and maximize the number of glycosylation sites contained within
them.

[00113] Type XI are BG505 MD39-based, single-component, self-assembling
nanoparticles.

[00114] Type XII are BG505 MD39-based, membrane-bound native like trimers.

[00115] Amino acid and nucleic acid sequences are listed below. In the amino acid
sequences, mutations relative to a parent construct are generally indicated in bold.

[00116] L gpl120s with PGT121-class germline-targeting mutations

[00117] BG505-gp120-L111A-2 T135A_T1391 mC (BG505-gp120 3mut)

[00118] VWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEEFNMWKN
NMVEQMHTDIISAWDQSLKPCVKLTPLCVTLQCTNVANNIIDDMRGELKNCSFNMTTELRDK
KQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAG
FAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNT
LVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDI IGDIRQAHCNVSKATWNETLGKVVK
QLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQGSNSTGS
NDSITLPCRIKQITINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGG
GDMRDNWRSELYKYKVVKIEP

[00119] GTGTGGAAAGACGCCGAGACTACTCTGTTCTGTGCCAGCGACGCCAAAGCATACG
AAACTGAAAAGCATAATGTGTGGGCTACTCACGCCTGCGTGCCCACAGACCCAAATCCCCAG
GAAATCCACCTGGAGAATGTCACTGAGGAATTCAACATGTGGAAGAACAATATGGTGGAGCA
GATGCATACCGACATCATTTCAGCCTGGGATCAGAGCCTGAAGCCATGCGTGAAACTGACTC
CCCTGTGCGTCACCCTGCAGTGTACCAACGTGGCCAACAATATCATCGACGATATGCGGGGC
GAACTGAAGAATTGTTCTTTCAACATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTA
CAGTCTGTTTTATAGACTGGATGTGGTCCAGATCAATGAAAACCAGGGGAATCGATCCAACA
ATTCTAACAAGGAGTACCGGCTGATCAATTGCAACACTAGCGCCATTACCCAGGCTTGTCCC
AAAGTGTCCTTTGAACCTATCCCAATTCATTATTGCGCCCCTGCTGGCTTCGCCATCCTGAA
GTGTAAAGATAAGAAGTTCAACGGCACCGGGCCCTGCCCTTCTGTGAGTACAGTCCAGTGTA
CTCACGGGATTAAGCCTGTGGTCAGTACACAGCTGCTGCTGAATGGATCACTGGCTGAGGAA
GAAGTGATGATCCGATCCGAGAACATTACTAACAATGCAAAGAATATCCTGGTGCAGTTCAA
CACCCCTGTCCAGATTAATTGCACTCGCCCAAACAATAACACCCGGAAAAGCATCAGAATTG
GACCAGGCCAGGCATTTTACGCCACCGGGGACATCATTGGAGATATCAGACAGGCACACTGT
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AATGTGTCCAAGGCCACCTGGAACGAAACACTGGGAAAGGTGGTCAAACAGCTGAGAARACA
TTTCGGCAATAACACTATCATTAGGTTTGCTAATAGCTCCGGCGGGGACCTGGAAGTGACTA
CCCACAGCTTCAACTGCGGAGGCGAGTTCTTTTACTGTAACACATCCGGCCTGTTTAATTCT
ACATGGATCAGTAACACTTCAGTGCAGGGCTCAAATAGCACCGGGAGCAACGATTCCATCAC
ACTGCCTTGCCGCATTAAGCAGATCATTAATATGTGGCAGCGAATTGGACAGGCTATGTATG
CACCCCCTATCCAGGGCGTGATTAGATGTGTCTCTAATATCACCGGGCTGATTCTGACACGC
GACGGGGGATCTACAAACAGTACAACTGAGACTTTCAGGCCAGGCGGCGGAGACATGAGGGA
TAACTGGCGCAGCGAACTGTACAAGTATAAAGTGGTCAAAATCGAGCCC

[00120] BG505-gp120-L111A-2 Smut mC (BGS505-gp120 Smut)

[00121] VWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEEFNMWKN
NMVEQMHTDIISAWDQSLKPCVKLTPLCVTLQCTNYTPNLTNDMRGELKNCSFNMTTELRDK
KQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAG
FAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNT
LVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDI IGDIRQAHCNVSKATWNETLGKVVK
QLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQGSNSTGS
NDSITLPCRIKQITINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGG
GDMRDNWRSELYKYKVVKIEP

[00122] GTGTGGAAAGACGCCGAGACTACTCTGTTCTGTGCCAGCGACGCCAAAGCATACG
AAACTGAAAAGCATAATGTGTGGGCTACTCACGCCTGCGTGCCCACAGACCCAAATCCCCAG
GAAATCCACCTGGAGAATGTCACTGAGGAATTCAACATGTGGAAGAACAATATGGTGGAGCA
GATGCATACCGACATCATTTCAGCCTGGGATCAGAGCCTGAAGCCATGCGTGAAACTGACTC
CCCTGTGCGTCACCCTGCAGTGTACCAACTACACACCCAATCTGACCAACGATATGCGGGGC
GAACTGAAGAATTGTTCTTTCAACATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTA
CAGTCTGTTTTATAGACTGGATGTGGTCCAGATCAATGAAAACCAGGGGAATCGATCCAACA
ATTCTAACAAGGAGTACCGGCTGATCAATTGCAACACTAGCGCCATTACCCAGGCTTGTCCC
AAAGTGTCCTTTGAACCTATCCCAATTCATTATTGCGCCCCTGCTGGCTTCGCCATCCTGAA
GTGTAAAGATAAGAAGTTCAACGGCACCGGGCCCTGCCCTTCTGTGAGTACAGTCCAGTGTA
CTCACGGGATTAAGCCTGTGGTCAGTACACAGCTGCTGCTGAATGGATCACTGGCTGAGGAA
GAAGTGATGATCCGATCCGAGAACATTACTAACAATGCAAAGAATATCCTGGTGCAGTTCAA
CACCCCTGTCCAGATTAATTGCACTCGCCCAAACAATAACACCCGGAAAAGCATCAGAATTG
GACCAGGCCAGGCATTTTACGCCACCGGGGACATCATTGGAGATATCAGACAGGCACACTGT
AATGTGTCCAAGGCCACCTGGAACGAAACACTGGGAAAGGTGGTCAAACAGCTGAGAAAACA
TTTCGGCAATAACACTATCATTAGGTTTGCTAATAGCTCCGGCGGGGACCTGGAAGTGACTA
CCCACAGCTTCAACTGCGGAGGCGAGTTCTTTTACTGTAACACATCCGGCCTGTTTAATTCT
ACATGGATCAGTAACACTTCAGTGCAGGGCTCAAATAGCACCGGGAGCAACGATTCCATCAC
ACTGCCTTGCCGCATTAAGCAGATCATTAATATGTGGCAGCGAATTGGACAGGCTATGTATG
CACCCCCTATCCAGGGCGTGATTAGATGTGTCTCTAATATCACCGGGCTGATTCTGACACGC
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GACGGGGGATCTACAAACAGTACAACTGAGACTTTCAGGCCAGGCGGGGGAGACATGAGGGA
TAACTGGCGCAGCGAACTGTACAAGTATAAAGTGGTCAAAATCGAGCCC
[00123] BG505-gp120-L111A-2_ 7mut_mC (BG505-gp120 7mut or BG505 gp120 7TMUT)

[00124] VWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEEFNMWKN
NMVEQMHTDI ISAWDQSLKPCVKLTPLCVTLQCTNYAPNLINDMRGELKNCSFNMTTELRDK
KQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAG
FATILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNI
LVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKATWNETLGKVVK
QLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQGSNSTGS
NDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGG
GDMRDNWRSELYKYKVVKIEP

[00125] GTGTGGAAAGACGCCGAGACTACTCTGTTCTGTGCCAGCGACGCCAAAGCATACG
ARACTGAAAAGCATAATGTGTGGGCTACTCACGCCTGCGTGCCCACAGACCCAAATCCCCAG
GAAATCCACCTGGAGAATGTCACTGAGGAATTCAACATGTGGAAGAACAATATGGTGGAGCA
GATGCATACCGACATCATTTCAGCCTGGGATCAGAGCCTGAAGCCATGCGTGAAACTGACTC
CCCTGTGCGTCACCCTGCAGTGTACCAACTACGCCCCCAAT CTGATCAACGATATGCGGGGC
GAACTGAAGAATTGTTCTTTCAACATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTA
CAGTCTGTTTTATAGACTGGATGTGGTCCAGATCAATGAAAACCAGGGGAATCGATCCAACA
ATTCTAACAAGGAGTACCGGCTGATCAATTGCAACACTAGCGCCATTACCCAGGCTTGTCCC
AAAGTGTCCTTTGAACCTATCCCAATTCATTATTGCGCCCCTGCTGGCTTCGCCATCCTGAA
GTGTAAAGATAAGAAGTTCAACGGCACCGGGCCCTGCCCTTCTGTGAGTACAGTCCAGTGTA
CTCACGGGATTAAGCCTGTGGTCAGTACACAGCTGCTGCTGAATGGATCACTGGCTGAGGAR
GAAGTGATGATCCGATCCGAGAACATTACTAACAATGCAAAGAATATCCTGGTGCAGTTCAA
CACCCCTGTCCAGATTAATTGCACTCGCCCAAACAATAACACCCGGAAAAGCATCAGAATTG
GACCAGGCCAGGCATTTTACGCCACCGGGGACATCATTGGAGATATCAGACAGGCACACTGT
AATGTGTCCAAGGCCACCTGGAACGAAACACTGGGAAAGGTGGTCAAACAGCTGAGAAAACA
TTTCGGCAATAACACTATCATTAGGTTTGCTAATAGCTCCGGCGGGGACCTGGAAGTGALCTA
CCCACAGCTTCAACTGCGGAGGCGAGTTCTTTTACTGTAACACATCCGGCCTGTTTAATTCT
ACATGGATCAGTAACACTTCAGTGCAGGGCTCAAATAGCACCGGGAGCAACGATTCCATCAC
ACTGCCTTGCCGCATTAAGCAGATCATTAATATGTGGCAGCGAATTGGACAGGCTATGTATG
CACCCCCTATCCAGGGCGTGATTAGATGTGTCTCTAATATCACCGGGCTGATTCTGACACGE
GACGGGGGATCTACAAACAGTACAACTGAGACTTTCAGGCCAGGCGGGGGAGACATGAGGGA
TAACTGGCGCAGCGAACTGTACAAGTATAAAGTGGTCAAAATCGAGCCC

[00126] BG505-gp120-L111A-2 10mut mC (BG505-gpl120 10mut or BGS505 gpl20
10MUT)

[00127] VWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEEFNMWKN
NMVEQMHTDIISAWDQSLKPCVKLTPLCVTLQCTNYAPFLINDMRGELKNCSFNMTTELRDK
KQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAG
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FAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNT
LVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYAFGDIIGDIRMAHCNVSKATWNETLGKVVK
QLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQGSNSTGS
NDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGG
GDMRDNWRSELYKYKVVKIEP

[00128] GTGTGGAAAGACGCCGAGACTACTCTGTTCTGTGCCAGCGACGCCAAAGCATACG
ARACTGAAAAGCATAATGTGTGGGCTACTCACGCCTGCGTGCCCACAGACCCAAATCCCCAG
GAAATCCACCTGGAGAATGTCACTGAGGAATTCAACATGTGGAAGAACAATATGGTGGAGCA
GATGCATACCGACATCATTTCAGCCTGGGATCAGAGCCTGAAGCCATGCGTGAAACTGACTC
CCCTGTGCGTCACCCTGCAGTGTACCAACTACGCCCCCTTCCTGATCAACGATATGCGGGGC
GAACTGAAGAATTGTTCTTTCAACATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTA
CAGTCTGTTTTATAGACTGGATGTGGTCCAGATCAATGAAAACCAGGGGAATCGATCCAACA
ATTCTAACAAGGAGTACCGGCTGATCAATTGCAACACTAGCGCCATTACCCAGGCTTGTCCC
AAAGTGTCCTTTGAACCTATCCCAATTCATTATTGCGCCCCTGCTGGCTTCGCCATCCTGAA
GTGTAAAGATAAGAAGTTCAACGGCACCGGGCCCTGCCCTTCTGTGAGTACAGT CCAGTGTA
CTCACGGGATTAAGCCTGTGGTCAGTACACAGCTGCTGCTGAATGGATCACTGGCTGAGGAA
GAAGTGATGATCCGATCCGAGAACATTACTAACAATGCAAAGAATATCCTGGTGCAGTTCAA
CACCCCTGTCCAGATTAATTGCACTCGCCCAAACAATAACACCCGGAAAAGCATCAGAATTG
GACCAGGCCAGGCATTTTACGCCTTCGGGGACATCATTGGAGATATCAGAATGGCACACTGT
AATGTGTCCAAGGCCACCTGGAACGAAACACTGGGAAAGGTGGTCARACAGCTGAGAAAACA
TTTCGGCAATAACACTATCATTAGGTTTGCTAATAGCTCCGGCGGGGACCTGGAAGTGALCTA
CCCACAGCTTCAACTGCGGAGGCGAGTTCTTTTACTGTAACACATCCGGCCTGTTTAATTCT
ACATGGATCAGTAACACTTCAGTGCAGGGCTCAAATAGCACCGGGAGCAACGATTCCATCAC
ACTGCCTTGCCGCATTAAGCAGATCATTAATATGTGGCAGCGAATTGGACAGGCTATGTATG
CACCCCCTATCCAGGGCGTGATTAGATGTGTCTCTAATATCACCGGGCTGATTCTGACACGE
GACGGGGGATCTACAAACAGTACAACTGAGACTTTCAGGCCAGGCGGGGGAGACATGAGGGA
TAACTGGCGCAGCGAACTGTACAAGTATAAAGTGGTCAAAATCGAGCCC

[00129] BG505-gp120-L111A-2 10mut2A_mC

[00130] VWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEEFNMWKN
NMVEQMHTDIISAWDQSLKPCVKLTPLCVTLQCTNYAPFLINNMRGELKNCSFNMTTELRDK
KQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAG
FAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNT
LVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYAFGDI IGDIRMAHCNVSKATWNETLGKVVK
QLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQGSNSTGS
NDSITLPCRIKQITINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGG
GDMRDNWRSELYKYKVVKIEP

[00131] GTGTGGAAAGACGCCGAGACTACTCTGTTCTGTGCCAGCGACGCCAAAGCATACG
AAACTGAAAAGCATAATGTGTGGGCTACTCACGCCTGCGTGCCCACAGACCCAAATCCCCAG
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GAAATCCACCTGGAGAATGTCACTGAGGAATTCAACATGTGGAAGAACAATATGGTGGAGCA
GATGCATACCGACATCATTTCAGCCTGGGATCAGAGCCTGAAGCCATGCGTGAAACTGACTC
CCCTGTGCGTCACCCTGCAGTGTACCAACTACGCCCCCTTCCTGATCAACAACATGCGGGGC
GAACTGAAGAATTGTTCTTTCAACATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTA
CAGTCTGTTTTATAGACTGGATGTGGTCCAGATCAATGAAAACCAGGGGAATCGATCCAACA
ATTCTAACAAGGAGTACCGGCTGATCAATTGCAACACTAGCGCCATTACCCAGGCTTGTCCC
AAAGTGTCCTTTGAACCTATCCCAATTCATTATTGCGCCCCTGCTGGCTTCGCCATCCTGAA
GTGTAAAGATAAGAAGTTCAACGGCACCGGGCCCTGCCCTTCTGTGAGTACAGT CCAGTGTA
CTCACGGGATTAAGCCTGTGGTCAGTACACAGCTGCTGCTGAATGGATCACTGGCTGAGGAA
GAAGTGATGATCCGATCCGAGAACATTACTAACAATGCAAAGAATATCCTGGTGCAGTTCAA
CACCCCTGTCCAGATTAATTGCACTCGCCCAAACAATAACACCCGGAAAAGCATCAGAATTG
GACCAGGCCAGGCATTTTACGCCTTCGGGGACATCATTGGAGATATCAGAATGGCACACTGT
AATGTGTCCAAGGCCACCTGGAACGARACACTGGGAAAGGTGGTCAAACAGCTGAGAAAACA
TTTCGGCAATAACACTATCATTAGGTTTGCTAATAGCTCCGGCGGGGACCTGGAAGTGACTA
CCCACAGCTTCAACTGCGGAGGCGAGTTCTTTTACTGTAACACATCCGGCCTGTTTAATTCT
ACATGGATCAGTAACACTTCAGTGCAGGGCTCARATAGCACCGGGAGCAACGATTCCATCAC
ACTGCCTTGCCGCATTAAGCAGATCATTAATATGTGGCAGCGAATTGGACAGGCTATGTATG
CACCCCCTATCCAGGGCGTGATTAGATGTGTCTCTAATATCACCGGGCTGATTCTGACACGE
GACGGGGGATCTACAAACAGTACAACTGAGACTTTCAGGCCAGGCGGGGGAGACATGAGGGA
TAACTGGCGCAGCGAACTGTACAAGTATAAAGTGGTCAAAATCGAGCCC

[00132] BG505-gp120-L111A-2 11mut2A_mC

[00133] VWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEEFNMWKN
NMVEQMHTDI I SAWDQSLKPCVKLTPLCVTLQCTNYAPNLLSNMRGELKNCSFNMTTELRDK
KQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAG
FAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENI TNNAKNI
LVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYAFGDI IGDIRMAHCNVSKATWNETLGKVVK
QLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLENSTWISNTSVQGSNSTGS
NDSIVLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGG
GDMRDNWRSELYKYKVVKIEP

[00134] GTGTCGGAAAGACGCCGAGACTACTCTGTTCTGTGCCAGCGACGCCAAAGCATACG
AAACTGAAAAGCATAATGTGTGGGCTACTCACGCCTGCGTGCCCACAGACCCAAATCCCCAG
GAAATCCACCTGGAGAATGTCACTGAGGAATTCAACATGTGGAAGAACAATATGGTGGAGCA
GATGCATACCGACATCATTTCAGCCTGGGATCAGAGCCTGAAGCCATGCGTGAAACTGACTC
CCCTETGCGTCACCCTGCAGTETACCAACTACGCCCCCAACCTGCTGAGCAACATGCGGGGC
GAACTGAAGAATTGTTCTTTCAACATGACCACAGAGCTGCCGCGACAAGAAACAGAAAGTGTA
CAGTCTGTTTTATAGACTGGATGTGETCCAGATCAATGAAAACCAGGGCAATCGATCCAACA
ATTCTAACAAGGAGTACCGGCTGATCAATTGCAACACTAGCGCCATTACCCAGGCTTGTCCC
AAAGTGTCCTTTGAACCTATCCCAATTCATTATTGCGCCCCTGCTGGCTTCGCCATCCTGAA
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GTGTAAAGATAAGAAGTTCAACGGCACCGGGCCCTGCCCTTCTGTGAGTACAGTCCAGTGTA
CTCACGGGATTAAGCCTGTGGTCAGTACACAGCTGCTGCTGAATGGATCACTGGCTGAGGAA
GAAGTGATGATCCGATCCGAGAACATTACTAACAATGCAAAGAATATCCTGGTGCAGTTCAA
CACCCCTGTCCAGATTAATTGCACTCGCCCAAACAATAACACCCGGAAAAGCATCAGAATTG
GACCAGGCCAGGCATTTTACGCCTTCGGGGACATCATTGGAGATATCAGAATGGCACACTGT
AATGTGTCCAAGGCCACCTGGAACGAAACACTGGGAAAGGTGGTCAAACAGCTGAGAAAACA
TTTCGGCAATAACACTATCATTAGGTTTGCTAATAGCTCCGGCGGGGACCTGGAAGTGACTA
CCCACAGCTTCAACTGCGGAGGCGAGTTCTTTTACTGTAACACATCCGGCCTGTTTAATTCT
ACATGGATCAGTAACACTTCAGTGCAGGGCTCAAATAGCACCGGGAGCAACGATTCCATCGT
GCTGCCTTGCCGCATTAAGCAGATCATTAATATGTGGCAGCGAATTGGACAGGCTATGTATG
CACCCCCTATCCAGGGCGTGATTAGATGTGTCTCTAATATCACCGGGCTGATTCTGACACGC
GACGGGGGATCTACAAACAGTACAACTGAGACTTTCAGGCCAGGCGGGGGAGACATGAGGGA
TAACTGGCGCAGCGAACTGTACAAGTATAAAGTGGTCAAAATCGAGCCC

[00135] I Trimers with PGT121-class germline-targeting mutations

[00136] BGS505 _SOSIP.D664 JS 3mut_mC (SOSIP-3MUT)

[00137] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHTDI ISLWDQSLKPCVKLTPLCVTLQCTNVANNIIDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVM
IRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVF
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKLTVWGIKQLQARVL
AVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00138] GCTGAAAACCTGTGGGTCACTGTCTACTACGGCGTGCCTGTCTGGAAGGATGCTG
AAACTACTCTGTTCTGTGCCTCTGATGCTAAAGCCTACGAAACCGAGAAGCACAATGTGTGG
GCCACACATGCTTGCGTCCCTACTGACCCAAACCCCCAGGAAATCCACCTGGAGAATGTGAC
AGAGGAATTCAACATGTGGAAAAACAATATGGTGGAGCAGATGCATACTGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACACCACTGTGCGTCACTCTGCAGTGT
ACTAACGTGGCCAACAATATCATCGACGATATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATAGACTGGATG
TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATCAATTGCAACACAAGTGCAATTACTCAGGCCTGTCCAAAAGTGTCATTTGAACCTATCCC
AATTCATTATTGCGCTCCCGCAGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACCGTCCAGTGTACACACGGAATTAAGCCAGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATGAT CAGGAGCGAGAA
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CATTACCAACAATGCAAAGAATATCCTGGTGCAGTTCAACACACCCGTCCAGATTAATTGCA
CCCGCCCTAACAATAACACACGGAAATCTATCAGAATTGGACCCGGCCAGGCATTTTATGCC
ACCGGCGACATCATTGGGGATATCAGACAGGCACACTGTAATGTGAGCAAGGCCACTTGGAA
CGAGACCCTGGGGAAGGTGGTCAAACAGCTGAGAAAGCATTTCGGAAACAACACTATCATCA
GGTTTGCCAATAGCTCCGGCGGGEACCTGGAAGTGACTACCCACAGCTTCAACTGCGGAGGT
GAGTTCTTTTACTGTAACACAAGTGGCCTGTTTAATTCAACCTGGATCAGCAACACATCCGT
GCAGGGATCCAATTCTACAGGCTCTAACGATAGTATCACTCTGCCCTGCCGCATTARAGCAGA
TCATTAATATGTGGCAGCGAATCGGGCAGGCTATGTATGCACCCCCTATCCAGGGAGTGATT
AGATGTGTCAGCAATATCACTGGCCTGATTCTGACCCGCGACGGGGGATCAACTAACAGCAC
AACTGAGACCTTCCGGCCTGGAGGAGGAGACATGAGGGATAACTGGCGCTCCGAACTGTACA
AGTATAAAGTGGTCAAGAT CGAGCCACTGGGAGTGGCACCAACCAGATGCAAACGAAGAGTG
GTCGGAAGGCGACGACGAAGAAGGGCAGTGGGAATTGGAGCTGTCTTCCTGEGCTTTCTGGE
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACCCTGACAGTCCAGGCTCGAAATCTGC
TGTCAGGAAT CGTGCAGCAGCAGAGCAACCTGCTGAGAGCCCCTGAAGCT CAGCAGCATCTG
CTGAAGCTGACCGTGTGGGGCATCAAGCAGCTGCAGGCTAGGETGCTGGCAGTCGAGCGCTA
CCTGCGAGATCAGCAGCTGCTGGGCATCTGGGGETGTTCCGGARAGCTGATTTGCTGTACCA
ATGTGCCATGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACT
TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACCCAGATCATCTACGGCCTGCTGGARGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00139] BGS505 SOSIP.D664 JS Smut mC (SOSIP-5MUT)

[00140] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHTDI ISLWDQSLKPCVKLTPLCVTLQCTNYTPNLTNDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVM
IRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVF
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKLTVWGIKQLQARVL
AVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00141] GCTGAAAACCTGTGGGTCACTGTCTACTACGGCGTGCCTGTCTGGAAGGATGCTG
AAACTACTCTGTTCTGTGCCTCTGATGCTAAAGCCTACGAAACCGAGAAGCACAATGTGTGG
GCCACACATGCTTGCGTCCCTACTGACCCAAACCCCCAGGAAATCCACCTGGAGAATGTGAC
AGAGGAATTCAACATGTGGAAAAACAATATGGTGGAGCAGATGCATACTGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACACCACTGTGCGTCACTCTGCAGTGT
ACTAACTACACCCCCAATCTGACCAACGATATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATAGACTGGATG
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TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATCAATTGCAACACAAGTGCAATTACTCAGGCCTGTCCAAAAGTGTCATTTGAACCTATCCC
AATTCATTATTGCGCTCCCGCAGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGEGCCATGCCCTTCAGTGAGCACCGTCCAGTGTACACACGGAATTAAGCCAGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATGATCAGGAGCGAGAA
CATTACCAACAATGCAAAGAATATCCTGGTGCAGTTCAACACACCCGTCCAGATTAATTGCA
CCCGCCCTAACAATAACACACGGAAATCTATCAGAATTGGACCCGGCCAGGCATTTTATGCC
ACCGGCGACATCATTGGGGATATCAGACAGGCACACTGTAATGTGAGCAAGGCCACTTGGAA
CGAGACCCTGGGGAAGGTGGTCAAACAGCTGAGAAAGCATTTCGGAAACAACACTATCATCA
GGTTTGCCAATAGCTCCGGCGGGGACCTGGAAGTGACTACCCACAGCTTCAACTGCGGAGGT
GAGTTCTTTTACTGTAACACAAGTGGCCTGTTTAATTCAACCTGGATCAGCAACACATCCGT
GCAGGGATCCAATTCTACAGGCTCTAACGATAGTATCACTCTGCCCTGCCGCATTAAGCAGA
TCATTAATATGTGGCAGCGAATCGGGCAGGCTATGTATGCACCCCCTATCCAGGGAGTGATT
AGATGTGTCAGCAATATCACTGGCCTGATTCTGACCCGCGACGGGGGATCAACTARCAGCAC
AACTGAGACCTTCCGECCTGGAGGAGGAGACATGAGGGATAACTGGCGCTCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGAGTGGCACCAACCAGATGCARACGAAGAGTG
GTCGGAAGGCGACGACGAAGAAGGGCAGTGEGAATTGGAGCTGTCTTCCTGGGCTTTCTGGE
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACCCTGACAGT CCAGGCTCGARATCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAACCTGCTGAGAGCCCCTGAAGCTCAGCAGCATCTG
CTGAAGCTGACCGTGTGEGGCATCAAGCAGCTGCAGGCTAGGGTGCTGEGCAGTCGAGCGCTA
CCTGCGAGATCAGCAGCTGCTGGGCATCTGEEGETGTTCCGGARAGCTGATTTGCTGTACCA
ATGTGCCATGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACT
TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACCCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00142] BGS505 SOSIP.D664 JS 7mut mC (SOSIP-7MUT)

[00143] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETH
LENVTEEFNMWKNNMVEQMHTDI ISLWDQSLKPCVKLTPLCVTLQCTNYAPNLINDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVM
IRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVF
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKLTVWGIKQLQARVL
AVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00144] GCTGAAAACCTGTGGGTCACTGTCTACTACGGCGTGCCTGTCTGGAAGGATGCTG
AAACTACTCTGTTCTGTGCCTCTGATGCTAAAGCCTACGAAACCGAGAAGCACAATGTGTGG
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GCCACACATGCTTGCGTCCCTACTGACCCAAACCCCCAGGAAATCCACCTGGAGAATGTGAC
AGAGGAATTCAACATGTGGAAAAACAATATGGTGGAGCAGATGCATACTGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACACCACTGTGCGTCACTCTGCAGTGT
ACTAACTACGCCCCCAATCTGATCAACGATATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATAGACTGGATG
TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATCAATTGCAACACAAGTGCAATTACTCAGGCCTGTCCAAAAGTGTCATTTGAACCTATCCC
AATTCATTATTGCGCTCCCGCAGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACCGTCCAGTGTACACACGGAATTAAGCCAGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATGAT CAGGAGCGAGAA
CATTACCAACAATGCAAAGAATATCCTGGTGCAGTTCAACACACCCGTCCAGATTAATTGCA
CCCGCCCTAACAATAACACACGGAAATCTATCAGAATTGGACCCGGCCAGGCATTTTATGCC
ACCGGCGACATCATTGGGGATATCAGACAGGCACACTGTAATGTGAGCAAGGCCACTTGGAA
CGAGACCCTGGGGAAGGTGGTCAAACAGCTGAGAAAGCATTTCGGAAACAACACTATCATCA
GGTTTGCCAATAGCTCCGGCGGGGACCTGGAAGTGACTACCCACAGCTTCAACTGCGGAGGC
GAGTTCTTTTACTGTAACACAAGTGGCCTGTTTAATTCAACCTGGATCAGCAACACATCCGT
GCAGGGATCCAATTCTACAGGCTCTAACGATAGTATCACTCTGCCCTGCCGCATTAAGCAGA
TCATTAATATGTGGCAGCGAATCGGGCAGGCTATGTATGCACCCCCTATCCAGGGAGTGATT
AGATGTGTCAGCAATATCACTGGCCTGATTCTGACCCGCGACGGGGGATCAACTAACAGCAC
AACTGAGACCTTCCGGCCTGGAGGAGGAGACATGAGGGATAACTGGCGCTCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGAGTGGCACCAACCAGATGCAAACGAAGAGTG
GTCGGAAGGCGACGACGAAGAAGGGCAGTGGGAATTGGAGCTGTCTTCCTGGGCTTTCTGGG
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACCCTGACAGTCCAGGCTCGAAATCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAACCTGCTGAGAGCCCCTGAAGCTCAGCAGCATCTG
CTGAAGCTGACCGTGTGGGGCATCAAGCAGCTGCAGGCTAGGGTGCTGGCAGTCGAGCGCTA
CCTGCGAGATCAGCAGCTGCTGGGCATCTGGGGGETGTTCCGGAAAGCTGATTTGCTGTACCA
ATGTGCCATGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACT
TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACCCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00145] BGS505 SOSIP.D664 JS 10mut mC (SOSIP-10MUT)

[00146] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHTDI ISLWDQSLKPCVKLTPLCVTLQCTNYAPFLINDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVM
IRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYAFGDIIGDIRMAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVF
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LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKLTVWGIKQLQARVL
AVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00147] GCTGAAAACCTGTGGGTCACTGTCTACTACGGCGTGCCTGTCTGGAAGGATGCTG
AAACTACTCTGTTCTGTGCCTCTGATGCTAAAGCCTACGAAACCGAGAAGCACAATGTGTGG
GCCACACATGCTTGCGTCCCTACTGACCCAAACCCCCAGGARATCCACCTGGAGAATGTGAC
AGAGGAATTCAACATGTGGAAAAACAATATGGTGGAGCAGATGCATACTGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACACCACTGTGCGTCACTCTGCAGTGT
ACTAACTACGCCCCCTTTCTGATCAACGATATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATAGACTGGATG
TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATCAATTGCAACACAAGTGCAATTACTCAGGCCTGTCCAAAAGTGTCATTTGAACCTATCCC
AATTCATTATTGCGCTCCCGCAGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACCGTCCAGTGTACACACGGAATTAAGCCAGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATGATCAGGAGCGAGAA
CATTACCAACAATGCAAAGAATATCCTGGTGCAGTTCAACACACCCGTCCAGATTAATTGCA
CCCGCCCTAACAATAACACACGGAAATCTATCAGAATTGGACCCGGCCAGGCATTTTATGCC
TTTGGCGACATCATTGGGGATATCAGAATGGCACACTGTAATGTGAGCAAGGCCACTTGGAA
CGAGACCCTGGGGAAGGTGGTCAAACAGCTGAGAAAGCATTTCGGAAACAACACTATCATCA
GGTTTGCCAATAGCTCCGGCGGGGACCTGGAAGTGACTACCCACAGCTTCAACTGCGGAGGC
GAGTTCTTTTACTGTAACACAAGTGGCCTGTTTAATTCAACCTGGATCAGCAACACATCCGT
GCAGGGATCCAATTCTACAGGCTCTAACGATAGTATCACTCTGCCCTGCCGCATTAAGCAGA
TCATTAATATGTGGCAGCGAATCGGGCAGGCTATGTATGCACCCCCTATCCAGGGAGTGATT
AGATGTGTCAGCAATATCACTGGCCTGATTCTGACCCGCGACGGGGGATCAACTAACAGCAC
AACTGAGACCTTCCGGCCTGGAGGAGGAGACATGAGGGATAACTGGCGCTCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGAGTGGCACCAACCAGATGCAAACGAAGAGTG
GTCGGAAGGCGACGACGAAGAAGGGCAGTGGGAATTGGAGCTGTCTTCCTGGGCTTTCTGGE
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACCCTGACAGT CCAGECTCGARATCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAACCTGCTGAGAGCCCCTGAAGCTCAGCAGCATCTG
CTGAAGCTGACCGTGTGGGGCATCAAGCAGCTGCAGGCTAGGGTGCTGGCAGTCGAGCGCTA
CCTGCGAGATCAGCAGCTGCTGGGCATCTGGGEGTGTTCCGGARAGCTGATTTGCTGTACCA
ATGTGCCATGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACT
TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACCCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00148] BG505_SOSIP.D664 JS 10mut2A_mC

[00149] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETH
LENVTEEFNMWKNNMVEQMHTDI ISLWDQSLKPCVKLTPLCVTLQCTNYAPFLINNMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
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FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVM
IRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYAFGDI IGDIRMAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVF
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKLTVWGIKQLQARVL
AVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00150] GCTGAAAACCTGTGGGTCACTGTCTACTACGGCGTGCCTGTCTGGAAGGATGCTG
AAACTACTCTGTTCTGTGCCTCTGATGCTAAAGCCTACGAAACCGAGAAGCACAATGTGTGG
GCCACACATGCTTGCGTCCCTACTGACCCAAACCCCCAGGAAATCCACCTGGAGAATGTGAC
AGAGGAATTCAACATGTGGAAAAACAATATGGTGGAGCAGATGCATACTGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACACCACTGTGCGTCACTCTGCAGTGT
ACTAACTACGCCCCCTTTCTGATCAACAACATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATAGACTGGATG
TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATCAATTGCAACACAAGTGCAATTACTCAGGCCTGTCCAAAAGTGTCATTTGAACCTATCCC
AATTCATTATTGCGCTCCCGCAGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACCGTCCAGTGTACACACGGAATTAAGCCAGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATGATCAGGAGCGAGAA
CATTACCAACAATGCAAAGAATATCCTGGTGCAGTTCAACACACCCGTCCAGATTAATTGCA
CCCGCCCTAACAATAACACACGGAAATCTATCAGAATTGGACCCGGCCAGGCATTTTATGCC
TTTGGCGACATCATTGGGGATATCAGAATGGCACACTGTAATGTGAGCAAGGCCACTTGGAA
CGAGACCCTGGGGAAGGTGGTCAAACAGCTGAGAAAGCATTTCGGAAACAACACTATCATCA
GGTTTGCCAATAGCTCCGGCGGGGACCTGGAAGTGACTACCCACAGCTTCAACTGCGGAGGC
GAGTTCTTTTACTGTAACACAAGTGGCCTGTTTAATTCAACCTGGATCAGCAACACATCCGT
GCAGGGATCCAATTCTACAGGCTCTAACGATAGTATCACTCTGCCCTGCCGCATTAAGCAGA
TCATTAATATGTGGCAGCGAATCGGGCAGGCTATGTATGCACCCCCTATCCAGGGAGTGATT
AGATGTGTCAGCAATATCACTGGCCTGATTCTGACCCGCGACGGGGGATCAACTAACAGCAC
AACTGAGACCTTCCGGCCTGGAGGAGGAGACATGAGGGATAACTGGCGCTCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGAGTGGCACCAACCAGATGCAAACGAAGAGTG
GTCGGAAGGCGACGACGAAGAAGGGCAGTGGGAATTGGAGCTGTCTTCCTGGGCTTTCTGGG
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACCCTGACAGTCCAGGCTCGAAATCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAACCTGCTGAGAGCCCCTGAAGCTCAGCAGCATCTG
CTGAAGCTGACCGTGTGGGGCATCAAGCAGCTGCAGGCTAGGGTGCTGGCAGTCGAGCGCTA
CCTGCGAGATCAGCAGCTGCTGGGCATCTGGGGGTGTTCCGGAAAGCTGATTTGCTGTACCA
ATGTGCCATGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACT
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TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACCCAGAT CATCTACGGCCTGCTGGARAGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT
[00151] BG505_SOSIP.D664 JS 11mut2A_mC

[00152] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHTDI ISLWDQSLKPCVKLTPLCVTLQCTNYAPNLLSNMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVM
IRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYAFGDIIGDIRMAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSIVLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVF
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKLTVWGIKQLQARVL
AVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00153] GCTGAAAACCTGTGGGTCACTGTCTACTACGGCGTGCCTGTCTGGAAGGATGCTG
AAACTACTCTGTTCTGTGCCTCTGATGCTAAAGCCTACGAAACCGAGAAGCACAATGTGTGG
GCCACACATGCTTGCGTCCCTACTGACCCAAACCCCCAGGAAATCCACCTGGAGAATGTGAC
AGAGGAATTCAACATGTGGAAAAACAATATGGTGGAGCAGATGCATACTGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACACCACTGTGCGTCACTCTGCAGTGT
ACTAACTACGCCCCAAACCTGCTGTCCAATATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATAGACTGGATG
TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATCAATTGCAACACAAGTGCAATTACTCAGGCCTGTCCAAAAGTGTCATTTGAACCTATCCC
AATTCATTATTGCGCTCCCGCAGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACCGTCCAGTGTACACACGGAATTAAGCCAGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATGAT CAGGAGCGAGAA
CATTACCAACAATGCAAAGAATATCCTGGTGCAGTTCAACACACCCGTCCAGATTAATTGCA
CCCGCCCTAACAATAACACACGGAAATCTATCAGAATTGGACCCGGCCAGGCATTTTATGCC
TTTGGCGACATCATTGGGGATATCAGAATGGCACACTGTAATGTGAGCAAGGCCACTTGGAA
CGAGACCCTGGGGAAGGTGGTCAAACAGCTGAGAAAGCATTTCGGAAACAACACTATCATCA
GGTTTGCCAATAGCTCCGGCGGGGACCTGGAAGTGACTACCCACAGCTTCAACTGCGGAGGC
GAGTTCTTTTACTGTAACACAAGTGGCCTGTTTAATTCAACCTGGATCAGCAACACATCCGT
GCAGGGATCCAATTCTACAGGCTCTAACGATAGTATCGTGCTGCCCTGCCGCATTAAGCAGA
TCATTAATATGTGGCAGCGAATCGGGCAGGCTATGTATGCACCCCCTATCCAGGGAGTGATT
AGATGTGTCAGCAATATCACTGGCCTGATTCTGACCCGCGACGGGGGATCAACTAACAGCAC
AACTGAGACCTTCCGGCCTGGAGGAGGAGACATGAGGGATAACTGGCGCTCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGAGTGGCACCAACCAGATGCAAACGAAGAGTG
GTCGGAAGGCGACGACGAAGAAGGGCAGTGGGAATTGGAGCTGTCTTCCTGGGCTTTCTGGG
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GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACCCTGACAGTCCAGGCTCGAAATCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAACCTGCTGAGAGCCCCTGAAGCTCAGCAGCATCTG
CTGAAGCTGACCGTGTGGGGCATCAAGCAGCTGCAGGCTAGGGTGCTGGCAGTCGAGCGCTA
CCTGCGAGATCAGCAGCTGCTGGGCATCTGGGGGETGTTCCGGAAAGCTGATTTGCTGTACCA
ATGTGCCATGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACT
TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACCCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00154] III. Stabilized trimers with improved expression, thermal stability, and/or

antigenic profile for mature bnAbs
[00155] BGS505 _SOSIP_D664 MD39 mC (BG505 SOSIP-MD39 or MD39)

[00156] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00157] GCCGAAAATCTGTGGGTGACTGTCTACTATGGCGTGCCTGTCTGGAAGGACGCCG
AGACCACACTGTTCTGTGCTTCCGATGCTAAGGCATACGAAACCGAGAAACACAACGTGTGG
GCAACCCATGCCTGCGTCCCAACAGACCCAAACCCCCAGGAAATCCACCTGGAGAATGTGAC
CGAGGAGTTCAACATGTGGAAGAACAATATGGTGGAACAGATGCATGAGGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACCCCACTGTGCGTGACACTGCAGTGT
ACAAACGTCACTAACAATATCACCGACGATATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACTACCGAGCTGAGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATCGCCTGGATG
TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATTAATTGCAACACCAGTGCCATCACACAGGCTTGTCCAAAAGTGTCATTCGAGCCTATCCC
AATTCATTATTGCGCCCCCGCTGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACTGTCCAGTGTACCCACGGAATTAAGCCTGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATCATTAGGTCTGAGAA
CATCACTAACAATGCAAAGAATATTCTGGTGCAGCTGAACACCCCCGTCCAGATCAATTGCA
CTCGCCCTAACAATAACACCGTGAAATCTATCCGAATTGGACCCGGCCAGGCTTTTTATTAC
ACCGGCGACATCATTGGCGACATCAGACAGGCACACTGCAATGTGAGCAAGGCCACATGGAA
CGAGACTCTGGGGAAGGTGGTCAAACAGCTGCGCAAACATTTCGGAAATAACACAATCATTC
GATTTGCACAGAGCAGCGGAGGGGACCTGGAAGTGACAACTCACAGCTTCAATTGCGGAGGC
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GAGTTCTTTTACTGTAACACTAGTGGCCTGTTTAATTCAACTTGGATCAGCAACACCTCCGT
GCAGGGCAGCAACAGCACCGGCTCTAACGATAGTATCACACTGCCATGTCGGATTAAGCAGA
TCATTAACATGTGGCAGAGAATCGGGCAGGCCATGTATGCACCCCCTATCCAGGGAGTGATT
CGATGCGTGAGCAATATCACAGGCCTGATTCTGACTAGAGACGGGGGATCAACAAACAGCAC
CACAGAGACTTTCCGGCCCGGCGGAGGAGACATGCGAGATAACTGGAGAT CCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGCGTGGCTCCCACCAGATGCAAACGAAGAGTG
GTCGGGAGGCGCCGACGGAGAAGGGCTGTGEGEGATTGGAGCAGTCAGCCTGGGCTTTCTGGE
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACTCTGACCGTGCAGGCCAGGAATCTGL
TGTCAGGAATCGTGCAGCAGCAGAGCAACCTGCTGAGGGCTCCCGAACCCCAGCAGCACCTG
CTGAAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCAAGAGTGCTGGCCGTCGAGCATTA
CCTGAGGGATCAGCAGCTGCTGEGCATCTGGGGATGCAGCGGARAGCTGATTTGCTGTACAA
ATGTGCCTTGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACA
TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACTCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00158] BG505 SOSIP D664 MD16_mC stabilizes the V3 loop

[00159] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETH
LENVTEEFNMWKNNMVEQMHTDI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGWAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVM
IRSENITNNAKNILVQFNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVF
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKDTVWGIKQLQARVL
AVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00160] GCTGAAAACCTGTGGGTCACTGTCTACTACGGCGTGCCTGTCTGGAAGGATGCTG
AAACTACTCTGTTCTGTGCCTCTGATGCTAAAGCCTACGAAACCGAGAAGCACAATGTGTGG
GCCACACATGCTTGCGTCCCTACTGACCCAAACCCCCAGGAAATCCACCTGGAGAATGTGAC
AGAGGAATTCAACATGTGGAAAAACAATATGGTGGAGCAGATGCATACTGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACACCACTGTGCGTCACTCTGCAGTGT
ACTAACGTGACCAACAATATCACCGACGATATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATAGACTGGATG
TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATCAATTGCAACACAAGTGCAATTACTCAGGCCTGTCCAAAAGTGTCATTTGAACCTATCCC
AATTCATTATTGCGCTCCCGCAGGCTGGGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACCGTCCAGTGTACACACGGAATTAAGCCAGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATGAT CAGGAGCGAGAA
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CATTACCAACAATGCAAAGAATATCCTGGTGCAGTTCAACACACCCGTCCAGATTAATTGCA
CCCGCCCTAACAATAACACAGTGAAATCTATCAGAATTGGACCCGGCCAGGCATTTTATTAC
ACCGGCGACATCATTGGGGATATCAGACAGGCACACTGTAATGTGAGCAAGGCCACTTGGAA
CGAGACCCTGGGGAAGGTGGTCAAACAGCTGAGAAAGCATTTCGGAAACAACACTATCATCA
GGTTTGCCAATAGCTCCGGCGGGGACCTGGAAGTGACTACCCACAGCTTCAACTGCGGAGGC
GAGTTCTTTTACTGTAACACAAGTGGCCTGTTTAATTCAACCTGGATCAGCAACACATCCGT
GCAGGGATCCAATTCTACAGGCTCTAACGATAGTATCACTCTGCCCTGCCGCATTAAGCAGA
TCATTAATATGTGGCAGCGAATCGGGCAGGCTATGTATGCACCCCCTATCCAGGGAGTGATT
AGATGTGTCAGCAATATCACTGGCCTGATTCTGACCCGCGACGGGGGATCAACTAACAGCAL
AACTGAGACCTTCCGGCCTGGAGGAGGAGACATGAGGGATAACTGGCGCTCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGAGTGGCACCAACCAGATGCAAACGAAGAGTG
GTCGGAAGGCGACGACGAAGAAGGGCAGTGGGAATTGGAGCTGTCTTCCTGGGCTTTCTGGG
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACCCTGACAGTCCAGGCTCGAAATCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAACCTGCTGAGAGCCCCTGAAGCTCAGCAGCATCTG
CTGAAGGACACCGTGTGGGGCATCAAGCAGCTGCAGGCTAGGGTGCTGGCAGTCGAGCGCTA
CCTGCGAGATCAGCAGCTGCTGGGCATCTGGGGGTGTTCCGGAAAGCTGATTTGCTGTACCA
ATGTGCCATGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACT
TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACCCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00161] BGS505 SOSIP D664 splitl 1 mC increases melting temp 10C

[00162] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHECVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHTDI IELWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVM
IRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVF
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKLTVWGIKQLQARVL
AVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00163] GCTGAAAACCTGTGGGTCACTGTCTACTACGGCGTGCCTGTCTGGAAGGATGCTG
AAACTACTCTGTTCTGTGCCTCTGATGCTAAAGCCTACGAAACCGAGAAGCACAATGTGTGG
GCCACACATGAGTGCGTCCCTACTGACCCAAACCCCCAGGAAATCCACCTGGAGAATGTGAC
AGAGGAATTCAACATGTGGAAAAACAATATGGTGGAGCAGATGCATACTGACATCATTGAGC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACACCACTGTGCGTCACTCTGCAGTGT
ACTAACGTGACCAACAATATCACCGACGATATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATAGACTGGATG
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TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATCAATTGCAACACAAGTGCAATTACTCAGGCCTGTCCAAAAGTGTCATTTGAACCTATCCC
AATTCATTATTGCGCTCCCGCAGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACCGTCCAGTGTACACACGGAATTAAGCCAGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATGATCAGGAGCGAGAA
CATTACCAACAATGCAAAGAATATCCTGGTGCAGTTCAACACACCCGTCCAGATTAATTGCA
CCCGCCCTAACAATAACACACGGAAATCTATCAGAATTGGACCCGGCCAGGCATTTTATGCC
ACCGGCGACATCATTGGGGATATCAGACAGGCACACTGTAATGTGAGCAAGGCCACTTGGAA
CGAGACCCTGGGGAAGGTGGTCAAACAGCTGAGAAAGCATTTCGGAAACAACACTATCATCA
GGTTTGCCAATAGCTCCGGCGGGGACCTGGAAGTGACTACCCACAGCTTCAACTGCGGAGGC
GAGTTCTTTTACTGTAACACAAGTGGCCTGTTTAATTCAACCTGGATCAGCAACACATCCGT
GCAGGGATCCAATTCTACAGGCTCTAACGATAGTATCACTCTGCCCTGCCGCATTAAGCAGA
TCATTAATATGTGGCAGCGAATCGGGCAGGCTATGTATGCACCCCCTATCCAGGGAGTGATT
AGATGTGTCAGCAATATCACTGGCCTGATTCTGACCCGCGACGGGGGATCAACTAACAGCAL
AACTGAGACCTTCCGGCCTGGAGGAGGAGACATGAGGGATAACTGGCGCTCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGAGTGGCACCAACCAGATGCAAACGAAGAGTG
GTCGGAAGGCGACGACGAAGAAGGGCAGTGGGAATTGGAGCTGTCTTCCTGGGCTTTCTGGG
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACCCTGACAGTCCAGGCTCGAAATCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAACCTGCTGAGAGCCCCTGAAGCTCAGCAGCATCTG
CTGAAGCTGACCGTGTGGGGCATCAAGCAGCTGCAGGCTAGGGTGCTGGCAGTCGAGCGCTA
CCTGCGAGATCAGCAGCTGCTGGGCATCTGGGGGTGTTCCGGAAAGCTGATTTGCTGTACCA
ATGTGCCATGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACT
TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACCCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00164] BG505 SOSIP_D664 MD39C mC highest melting temp 82.5C

[00165] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHECVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHTDI IELWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVT
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKLTVWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00166] GCCGAGAATCTGTGGGTGACCGTGTACTATGGCGTGCCCGTGTGGAAGGACGCAG
AGACCACACTGTTCTGCGCCAGCGATGCCAAGGCCTACGAGACAGAGAAGCACAACGTGTGG
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GCCACCCACGAGTGCGTGCCTACAGACCCARACCCCCAGGAGATCCACCTGGAGAATGTGAC
CGAGGAGTTTAACATGTGGAAGAACAATATGGTGGAGCAGATGCACACAGACATCATCGAGC
TGTGGGATCAGTCCCTGAAGCCCTGCGTGAAGCTGACCCCTCTGTGCGTGACACTGCAGTGT
ACCAACGTGACAAACAATATCACCGACGATATGAGGGGCGAGCTGAAGAATTGTAGCTTCAA
CATGACCACAGAGCTGCGGGACAAGAAGCAGAAGGTGTACTCCCTGTTTTATAGACTGGATG
TGGTGCAGATCAATGAGAACCAGGGCAATAGGTCTAACAATAGCAACAAGGAGTACCGCCTG
ATCAATTGCAACACCTCTGCCATCACACAGGCCTGTCCTAAGGTGAGCTTCGAGCCTATCCC
AATCCACTATTGCGCCCCAGCCGGCTTCGCCATCCTGAAGTGTAAGGATAAGAAGTTTAACG
GCACCGGCCCATGCCCTTCCETGTCTACCGTGCAGTGTACACACGGCATCAAGCCTGTGGTG
AGCACACAGCTGCTGCTGAATGGCTCCCTGGCCGAGGAGGAAGTGATCATCCGGAGCGAGAA
CATCACCAACAATGCCAAGAATATCCTGGTGCAGCTGAACACACCAGTGCAGATCAATTGCA
CCAGGCCCAACAATAACACAGTGAAGTCTATCCGCATCGGCCCAGGCCAGGCCTTTTACTAT
ACCGGCGACATCATCGGCGACATCAGACAGGCCCACTGTAATGTGAGCAAGGCCACCTGGAA
CGAGACACTGGGCAAGGTGGTGAAGCAGCTGCGGAAGCACTTCGGCAATAACACCATCATCA
GATTTGCACAGAGCAGCGGAGGCGACCTGGAGGTGACCACACACTCCTTCAATTGCGGCGGC
GAGTTCTTTTACTGTAACACATCCGGCCTGTTTAATTCTACCTGGATCTCCAACACATCTGT
GCAGGGCAGCAATTCCACCGGCAGCAACGATTCCATCACACTGCCATGCAGGAT CAAGCAGA
TCATCAACATGTGGCAGAGGATCGGACAGGCAATGTATGCACCACCTATCCAGGGCGETGATC
AGATGCGTGAGCAATATCACCGGCCTGATCCTGACACGCGACGGAGGCTCTACCAACAGCAC
CACAGAGACATTCAGGCCCGGCGGAGGCGACATGAGGGATAACTGGAGAT CTGAGCTGTACA
AGTATAAGGTGGTGAAGATCGAGCCTCTGGGAGTGGCACCAACCAGGTGCAAGAGGAGAGTG
GTGGGCAGGCGCCEGAGAAGGCGCGCAGTGEGCATCGGAGCCETGAGCCTGGGCTTTCTGGEE
AGCAGCAGGCAGCACAATGGGCGCAGCCAGCATGACCCTGACAGTGCAGGCCCGGAATCTGC
TGTCCGGCATCGTGCAGCAGCAGTCTAACCTGCTGAGAGCCCCAGAGCCCCAGCAGCACCTG
CTGAAGCTGACCGTGTGGGGCATCAAGCAGCTGCAGGCCAGAGTGCTGGCCGTGGAGCACTA
CCTGAGAGATCAGCAGCTGCTGEGCATCTGGGGATGCTCCGGCAAGCTGATCTGCTGTACCA
ATGTGCCCTGGAACTCTAGCTGGAGCAATAGAAACCTGTCCGAGATCTGGGACAATATGACC
TGGCTGCAGTGGGATAAGGAGAT CTCCAACTACACACAGAT CATCTATGGCCTGCTGGAGGA
GTCTCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00167] BG505 SOSIP D664 MD9 mC improved yield/stability

[00168] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHTDI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVM
IRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVF
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LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPERQQHLLKDTVWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00169] GCTGAAAACCTGTGGGTCACTGTCTACTACGGCGTGCCTGTCTGGAAGGATGCTG
AAACTACTCTGTTCTGTGCCTCTGATGCTAAAGCCTACGAAACCGAGAAGCACAATGTGTGG
GCCACACATGCTTGCGTCCCTACTGACCCAAACCCCCAGGARATCCACCTGGAGAATGTGAC
AGAGGAATTCAACATGTGGAAAAACAATATGGTGGAGCAGATGCATACTGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACACCACTGTGCGTCACTCTGCAGTGT
ACTAACGTGACCAACAATATCACCGACGATATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATAGACTGGATG
TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATCAATTGCAACACAAGTGCAATTACTCAGGCCTGTCCAAAAGTGTCATTTGAACCTATCCC
AATTCATTATTGCGCTCCCGCAGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACCGTCCAGTGTACACACGGAATTAAGCCAGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATGATCAGGAGCGAGAA
CATTACCAACAATGCAAAGAATATCCTGGTGCAGTTCAACACACCCGTCCAGATTAATTGCA
CCCGCCCTAACAATAACACACGGAAATCTATCAGAATTGGACCCGGCCAGGCATTTTATGCC
ACCGGCGACATCATTGGGGATATCAGACAGGCACACTGTAATGTGAGCAAGGCCACTTGGAA
CGAGACCCTGGGGAAGGTGGTCAAACAGCTGAGAAAGCATTTCGGAAACAACACTATCATCA
GGTTTGCCAATAGCTCCGGCGGGGACCTGGAAGTGACTACCCACAGCTTCAACTGCGGAGGC
GAGTTCTTTTACTGTAACACAAGTGGCCTGTTTAATTCAACCTGGATCAGCAACACATCCGT
GCAGGGATCCAATTCTACAGGCTCTAACGATAGTATCACTCTGCCCTGCCGCATTAAGCAGA
TCATTAATATGTGGCAGCGAATCGGGCAGGCTATGTATGCACCCCCTATCCAGGGAGTGATT
AGATGTGTCAGCAATATCACTGGCCTGATTCTGACCCGCGACGGGGGATCAACTAACAGCAC
AACTGAGACCTTCCGGCCTGGAGGAGGAGACATGAGGGATAACTGGCGCTCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGAGTGGCACCAACCAGATGCAAACGAAGAGTG
GTCGGAAGGCGACGACGAAGAAGGGCAGTGGGAATTGGAGCTGTCTTCCTGGGCTTTCTGGE
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACCCTGACAGT CCAGECTCGARATCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAACCTGCTGAGAGCCCCTGAACGGCAGCAGCATCTG
CTGAAGGACACCGTGTGGGGCATCAAGCAGCTGCAGGCTAGGGTGCTGGCAGTCGAGCACTA
CCTGCGAGATCAGCAGCTGCTGGGCATCTGGGEGTGTTCCGGARAGCTGATTTGCTGTACCA
ATGTGCCATGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACT
TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACCCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00170] BG505 _SOSIP_D664 MD2 mC improved yield

[00171] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHTDI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
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FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVM
IRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDI IGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQITINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVF
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKDTVWGIKQLQARVL
AVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00172] GCTGAAAACCTGTGGGTCACTGTCTACTACGGCGTGCCTGTCTGGAAGGATGCTG
AAACTACTCTGTTCTGTGCCTCTGATGCTAAAGCCTACGAAACCGAGAAGCACAATGTGTGG
GCCACACATGCTTGCGTCCCTACTGACCCAAACCCCCAGGAAATCCACCTGGAGAATGTGAC
AGAGGAATTCAACATGTGGAAAAACAATATGGTGGAGCAGATGCATACTGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACACCACTGTGCGTCACTCTGCAGTGT
ACTAACGTGACCAACAATATCACCGACGATATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACCACAGAGCTGCGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATAGACTGGATG
TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATCAATTGCAACACAAGTGCAATTACTCAGGCCTGTCCAAAAGTGTCATTTGAACCTATCCC
AATTCATTATTGCGCTCCCGCAGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACCGTCCAGTGTACACACGGAATTAAGCCAGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATGATCAGGAGCGAGAA
CATTACCAACAATGCAAAGAATATCCTGGTGCAGTTCAACACACCCGTCCAGATTAATTGCA
CCCGCCCTAACAATAACACACGGAAATCTATCAGAATTGGACCCGGCCAGGCATTTTATGCC
ACCGGCGACATCATTGGGGATATCAGACAGGCACACTGTAATGTGAGCAAGGCCACTTGGAA
CGAGACCCTGGGGAAGGTGGTCAAACAGCTGAGAAAGCATTTCGGAAACAACACTATCATCA
GGTTTGCCAATAGCTCCGGCGGGGACCTGGAAGTGACTACCCACAGCTTCAACTGCGGAGGC
GAGTTCTTTTACTGTAACACAAGTGGCCTGTTTAATTCAACCTGGATCAGCAACACATCCGT
GCAGGGATCCAATTCTACAGGCTCTAACGATAGTATCACTCTGCCCTGCCGCATTAAGCAGA
TCATTAATATGTGGCAGCGAATCGGGCAGGCTATGTATGCACCCCCTATCCAGGGAGTGATT
AGATGTGTCAGCAATATCACTGGCCTGATTCTGACCCGCGACGGGGGATCAACTAACAGCAC
AACTGAGACCTTCCGGCCTGGAGGAGGAGACATGAGGGATAACTGGCGCTCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGAGTGGCACCAACCAGATGCAAACGAAGAGTG
GTCGGAAGGCGACGACGAAGAAGGGCAGTGGGAATTGGAGCTGTCTTCCTGGGCTTTCTGGG
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACCCTGACAGTCCAGGCTCGAAATCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAACCTGCTGAGAGCCCCTGAAGCTCAGCAGCATCTG
CTGAAGGACACCGTGTGGGGCATCAAGCAGCTGCAGGCTAGGGTGCTGGCAGTCGAGCGCTA
CCTGCGAGATCAGCAGCTGCTGGGCATCTGGGGGTGTTCCGGAAAGCTGATTTGCTGTACCA
ATGTGCCATGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACT
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TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACCCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00173] # Computational designed hydrophobic core under the variable loops V1,V2,V3.
(apolarV1V2 + MD39)

[00174] BG505_SOSIP_ D664 olio6 mC

[00175] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFWRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVT
IRSENITNNAKNILVQLNTPVQINCTAPNNFTVKSIRIGPGQAFYYMGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGMFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKLIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQITIY
GLLEESQNQQEKNEQDLLALD

[00176] GCCGAAAACCTGTGGGTGACTGTCTACTATGGCGTGCCCGTCTGGAAGGACGCAG
AGACCACACTGTTCTGCGCTAGCGATGCTAAGGCCTACGAGACCGAGAAACACAACGTGTGG
GCAACCCATGCCTGCGTGCCTACAGACCCAAATCCCCAGGAAATCCACCTGGAGAACGTGAC
CGAGGAGTTCAACATGTGGAAGAACAATATGGTGGAACAGATGCATGAGGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCCTGCGTGAAACTGACCCCTCTGTGCGTCACACTGCAGTGT
ACAAACGTGACTAACAATATCACCGACGATATGCGGGGCGAACTGAAGAACTGTTCTTTCAA
TATGACTACCGAGCTGCGCGACAAGAAACAGAAAGTGTACAGTCTGTTTTGGCGACTGGATG
TGGTCCAGATCAACGAAAATCAGGGGAACCGGAGTAACAACTCAAATAAGGAGTATAGACTG
ATCAACTGCAATACCAGTGCCATTACACAGGCTTGTCCTAAAGTGTCATTCGAGCCTATCCC
AATTCATTACTGCGCCCCAGCTGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACTGTCCAGTGTACCCACGGAATTAAGCCTGTGGTC
TCCACACAGCTGCTGCTGAACGGCTCTCTGGCTGAGGAAGAAGTGATCATTAGATCCGAGAA
TATCACTAACAATGCAAAGAACATTCTGGTGCAGCTGAATACCCCAGTCCAGATCAACTGCA
CTGCCCCCAACAATTTCACCGTGAAATCTATCCGGATTGGACCAGGCCAGGCTTTTTACTAT
ATGGGCGACATCATTGGGGATATTAGACAGGCACACTGTAACGTGAGCAAGGCCACATGGAA
TGAAACTCTGGGGAAGGTGGTCAAACAGCTGCGAAAACATTTCGGAAACAATACAATCATTC
GATTTGCACAGAGCAGCGGAGGGGACCTGGAGGTGACAACTCACAGCTTCAACTGCGGAGGC
ATGTTCTTTTATTGTAATACTAGTGGCCTGTTTAACTCAACTTGGATCAGCAATACCTCCGT
GCAGGGCAGCAACAGCACCGGCTCTAATGATAGTATCACACTGCCATGCAGAATTAAGCTGA
TCATTAATATGTGGCAGAGGATCGGGCAGGCTATGTACGCACCCCCTATCCAGGGAGTGATT
CGGTGCGTGAGCAACATCACAGGCCTGATTCTGACTAGAGACGGGGGATCAACAAATAGCAC
CACAGAGACTTTCAGGCCCGGCGGAGGAGACATGCGAGATAACTGGCGATCCGAACTGTACA
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AGTATAAAGTGGTCAAGATCGAGCCTCTGGGAGTGGCACCAACCCGATGCAAACGAAGAGTG
GTCGGGAGGCGCCGACGGAGAAGGGCTGTGGGGATTGGAGCAGTCTCTCTGGGCTTTCTGGG
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACTCTGACCGTCCAGGCAAGGAACCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAATCTGCTGCGCGCTCCAGAACCCCAGCAGCACCTG
CTGAAGGACACCCATTGGGGCATCAAGCAGCTGCAGGCAAGGGTGCTGGCAGTCGAGCACTA
CCTGCGAGATCAGCAGCTGCTGGGCATCTGGGGATGCAGCGGAAAGCTGATTTGCTGTACAA
ACGTGCCCTGGAACAGCAGCTGGAGCAACCGGAATCTGTCCGAAATCTGGGACAACATGACA
TGGCTGCAGTGGGATAAGGAGATTAGCAATTACACTCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAACCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00177] # Core mutations from mammalian display data to improve apex binding built
onto olio6

[00178] BGS505 _SOSIP D664 MD53 mC

[00179] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFWRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVLSTQLLLNGSLAEEEVT
VRSENITNNAKNILVQLNTPVQINCTAPNNFTVKSIRIGPGQAFYYMGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGMFFFCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKLIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDVWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00180] GCCGAGAACCTGTGGGTGACCGTGTACTATGGCGTGCCCGTGTGGAAGGACGCAG
AGACCACACTGTTTTGCGCCAGCGATGCCAAGGCCTATGAGACAGAGAAGCACAACGTGTGG
GCAACCCACGCATGCGTGCCTACAGACCCAAATCCCCAGGAGATCCACCTGGAGAACGTGAC
CGAGGAGTTCAATATGTGGAAGAACAATATGGTGGAGCAGATGCACGAGGACATCATCTCCC
TGTGGGATCAGTCTCTGAAGCCCTGCGTGAAGCTGACCCCTCTGTGCGTGACACTGCAGTGT
ACCAACGTGACAAACAATATCACCGACGATATGCGGGGCGAGCTGAAGAACTGTTCTTTTAA
TATGACCACAGAGCTGAGGGACAAGAAGCAGAAGGTGTACAGCCTGTTCTGGCGCCTGGATG
TGGTGCAGATCAACGAGAATCAGGGCAACAGGTCTAACAATAGCAATAAGGAGTATCGCCTG
ATCAACTGCAATACCTCCGCCATCACACAGGCCTGTCCTAAGGTGTCTTTTGAGCCTATCCC
AATCCACTACTGCGCCCCAGCCGGCTTTGCCATCCTGAAGTGTAAGGATAAGAAGTTCAACG
GCACCGGCCCATGCCCTTCCGTGTCTACCGTGCAGTGTACACACGGCATCAAGCCTGTGCTG
TCTACACAGCTGCTGCTGAACGGCAGCCTGGCCGAGGAGGAAGTGATCGTGCGGAGCGAGAA
TATCACCAACAATGCCAAGAACATCCTGGTGCAGCTGAATACACCAGTGCAGATCAACTGCA
CCGCCCCCAACAACTTCACCGTGAAGTCCATCCGGATCGGCCCAGGCCAGGCCTTCTACTAT
ATGGGCGACATCATCGGCGACATCAGACAGGCCCACTGTAACGTGTCTAAGGCCACCTGGAA
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TGAGACACTGGGCAAGGTGGTGAAGCAGCTGAGGAAGCACTTTGGCAACAATACCATCATCA
GGTTCGCACAGAGCAGCGGAGGCGACCTGGAGGTGACCACACACTCCTTTAACTGCGGCGGC
ATGTTCTTTTTCTGTAATACAAGCGGCCTGTTCAACTCCACCTGGATCTCCAATACATCTGT
GCAGGGCAGCAACTCCACCGGCAGCAATGATTCCATCACACTGCCATGCCGGATCAAGCTGA
TCATCAATATGTGGCAGAGAATCGGCCAGGCCATGTATGCACCACCTATCCAGGGCGTGATC
AGATGCGTGAGCAACATCACCGGCCTGATCCTGACAAGAGACGGCGGCTCTACCAATAGCAC
CACAGAGACCTTCCGGCCCGGCGGAGGCGACATGAGGGACGTGTGGAGATCCGAGCTGTACA
AGTATAAGGTGGTGAAGATCGAGCCTCTGGGAGTGGCACCAACCAGGTGCAAGAGGAGAGTG
GTGGGCAGGCGCCGGAGAAGGCGCGCAGTGGGCATCGGCGCCGTGTCTCTGGGCTTCCTGGG
AGCAGCAGGCAGCACAATGGGCGCAGCCTCTATGACCCTGACAGTGCAGGCCAGGAACCTGC
TGAGCGGCATCGTGCAGCAGCAGTCCAATCTGCTGCGCGCCCCAGAGCCACAGCAGCACCTG
CTGAAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCCAGAGTGCTGGCCGTGGAGCACTA
CCTGAGAGATCAGCAGCTGCTGGGCATCTGGGGATGCTCCGGCAAGCTGATCTGCTGTACCA
ACGTGCCCTGGAACAGCAGCTGGTCTAACCGGAATCTGAGCGAGATCTGGGACAACATGACC
TGGCTGCAGTGGGATAAGGAGATCAGCAATTACACACAGATCATCTATGGCCTGCTGGAGGA
GTCCCAGAACCAGCAGGAGAAGAATGAGCAGGACCTGCTGGCCCTGGAT

[00181] BGS505 SOSIP D664 MD37

[00182] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIH
LENVTEEFNMWKNNMVEQMHEDTI ISLWDQSLKPCCKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSACTQACPKVS
FEPTPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI
IRSENITNNAKNILVQLNTPVQINCTRPNNNTRKSIRIGPGCAFYATGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTITRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLEFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQITNMWQRIGQCMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQEHILHKDTHWGI KQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSETIWDNMTWLOQWDKEISNYTQITY
GLLEESQNQQEKNEQDLLALD

[00183] D

[00184] (mutations relative to BG505 SOSIP in bold, underline)

[00185] # MD37 has two extra disulfide bonds to stabilize the V3 loop (V120C, Q315C)
and to prevent CD4 induced conformational changes (1201C, A433C).

[00186] IV: Examples of trimers with combined germline-targeting mutations and

stabilization mutations

[00187] #This construct includes germline-targeting mutations built on top of the MD39
stabilization mutations from III

[00188] BGS505 _SOSIP D664 MD39 9mut2A_mC (MD39+9MUT)
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[00189] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNYAPFLINNMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRMAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00190] GCCGAGAATCTGTGGGTGACCGTGTACTATGGCGTGCCCGTGTGGAAGGACGCAG
AGACCACACTGTTCTGCGCCAGCGATGCCAAGGCCTACGAGACAGAGAAGCACAACGTGTGG
GCAACCCACGCATGCGTGCCTACAGACCCAAACCCCCAGGAGATCCACCTGGAGAATGTGAC
CGAGGAGTTTAACATGTGGAAGAACAATATGGTGGAGCAGATGCACGAGGACATCATCTCCC
TGTGGGATCAGTCTCTGAAGCCCTGCGTGAAGCTGACCCCTCTGTGCGTGACCCTGCAGTGT
ACAAACTATGCCCCCTTCCTGATCAACAATATGAGGGGCGAGCTGAAGAATTGTTCTTTTAA
CATGACCACAGAGCTGCGGGACAAGAAGCAGAAAGTGTACAGCCTGTTCTATAGACTGGATG
TGGTGCAGATCAATGAGAACCAGGGCAATAGGTCTAACAATAGCAACAAGGAGTACCGCCTG
ATCAATTGCAACACCTCCGCCATCACACAGGCCTGTCCTAAGGTGTCTTTTGAGCCTATCCC
AATCCACTATTGCGCCCCAGCCGGCTTCGCCATCCTGAAGTGTAAGGATAAGAAGTTTAACG
GCACCGGCCCATGCCCTTCCGTGTCTACCGTGCAGTGTACACACGGCATCAAGCCTGTGGTG
TCTACACAGCTGCTGCTGAATGGCAGCCTGGCCGAGGAGGAAGTGATCATCCGGAGCGAGAA
CATCACCAACAATGCCAAGAATATCCTGGTGCAGCTGAACACACCAGTGCAGATCAATTGCA
CCAGGCCCAACAATAACACAGTGAAGTCCATCCGCATCGGCCCAGGCCAGGCCTTCTACTAT
ACCGGCGACATCATCGGCGACATCAGAATGGCCCACTGTAACGTGAGCAAGGCCACCTGGAA
CGAGACACTGGGCAAGGTGGTGAAGCAGCTGCGGAAGCACTTCGGCAATAACACCATCATCA
GATTTGCACAGAGCAGCGGAGGCGACCTGGAGGTGACCACACACTCCTTCAATTGCGGCGGC
GAGTTCTTTTACTGTAACACAAGCGGCCTGTTTAATTCCACCTGGATCTCCAACACATCTGT
GCAGGGCAGCAATTCCACCGGCAGCAACGATTCCATCACACTGCCATGCAGGATCAAGCAGA
TCATCAACATGTGGCAGAGGATCGGACAGGCAATGTATGCACCACCTATCCAGGGCGTGATC
AGATGCGTGAGCAATATCACCGGCCTGATCCTGACACGCGACGGAGGCTCTACCAACAGCAC
CACAGAGACATTCAGGCCCGGCGGAGGCGACATGAGGGATAACTGGAGATCCGAGCTGTACA
AGTATAAGGTGGTGAAGATCGAGCCTCTGGGAGTGGCACCAACCAGGTGCAAGAGGAGAGTG
GTGGGCAGGCGCCGGAGAAGGCGCGCAGTGGGCATCGGAGCCGTGTCTCTGGGCTTTCTGGG
AGCAGCAGGCTCCACAATGGGCGCAGCCTCTATGACCCTGACAGTGCAGGCCCGGAATCTGC
TGAGCGGCATCGTGCAGCAGCAGTCCAACCTGCTGAGAGCCCCAGAGCCCCAGCAGCACCTG
CTGAAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCCAGAGTGCTGGCCGTGGAGCACTA
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CCTGAGAGATCAGCAGCTGCTGGGCATCTGGGGATGCTCCGGCAAGCTGATCTGCTGTACCA
ATGTGCCTTGGAACTCTAGCTGGTCTAATAGAAACCTGAGCGAGATCTGGGACAATATGACC
TGGCTGCAGTGGGATAAGGAGATCAGCAACTACACACAGATCATCTATGGCCTGCTGGAGGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00191] #This construct includes germline-targeting mutations built on top of the MD39
stabilization mutations from III

[00192] BG505 _SOSIP D664 MD39 10mut mC

[00193] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNYAPFLINDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYFGDIIGDIRMAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00194] GCCGAGAATCTGTGGGTGACCGTGTACTATGGCGTGCCCGTGTGGAAGGACGCAG
AGACCACACTGTTCTGCGCCAGCGATGCCAAGGCCTACGAGACAGAGAAGCACAACGTGTGG
GCAACCCACGCATGCGTGCCTACAGACCCAAACCCCCAGGAGATCCACCTGGAGAATGTGAC
CGAGGAGTTTAACATGTGGAAGAACAATATGGTGGAGCAGATGCACGAGGACATCATCTCCC
TGTGGGATCAGTCTCTGAAGCCCTGCGTGAAGCTGACCCCTCTGTGCGTGACCCTGCAGTGT
ACAAACTATGCCCCCTTCCTGATCAACGATATGAGGGGCGAGCTGAAGAATTGTTCTTTTAA
CATGACCACAGAGCTGCGGGACAAGAAGCAGAAAGTGTACAGCCTGTTCTATAGACTGGATG
TGGTGCAGATCAATGAGAACCAGGGCAATAGGTCTAACAATAGCAACAAGGAGTACCGCCTG
ATCAATTGCAACACCTCCGCCATCACACAGGCCTGTCCTAAGGTGTCTTTTGAGCCTATCCC
AATCCACTATTGCGCCCCAGCCGGCTTCGCCATCCTGAAGTGTAAGGATAAGAAGTTTAACG
GCACCGGCCCATGCCCTTCCGTGTCTACCGTGCAGTGTACACACGGCATCAAGCCTGTGGTG
TCTACACAGCTGCTGCTGAATGGCAGCCTGGCCGAGGAGGAAGTGATCATCCGGAGCGAGAA
CATCACCAACAATGCCAAGAATATCCTGGTGCAGCTGAACACACCAGTGCAGATCAATTGCA
CCAGGCCCAACAATAACACAGTGAAGTCCATCCGCATCGGCCCAGGCCAGGCCTTCTACTAT
TTTGGCGACATCATCGGCGACATCAGAATGGCCCACTGTAACGTGAGCAAGGCCACCTGGAA
CGAGACACTGGGCAAGGTGGTGAAGCAGCTGCGGAAGCACTTCGGCAATAACACCATCATCA
GATTTGCACAGAGCAGCGGAGGCGACCTGGAGGTGACCACACACTCCTTCAATTGCGGCGGC
GAGTTCTTTTACTGTAACACAAGCGGCCTGTTTAATTCCACCTGGATCTCCAACACATCTGT
GCAGGGCAGCAATTCCACCGGCAGCAACGATTCCATCACACTGCCATGCAGGATCAAGCAGA
TCATCAACATGTGGCAGAGGATCGGACAGGCAATGTATGCACCACCTATCCAGGGCGTGATC
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AGATGCGTGAGCAATATCACCGGCCTGATCCTGACACGCGACGGAGGCTCTACCAACAGCAC
CACAGAGACATTCAGGCCCGGCGGAGGCGACATGAGGGATAACTGGAGATCCGAGCTGTACA
AGTATAAGGTGGTGAAGATCGAGCCTCTGGGAGTGGCACCAACCAGGTGCAAGAGGAGAGTG
GTGGGCAGGCGCCGGAGAAGGCGCGCAGTGGGCATCGGAGCCGETGTCTCTGGGCTTTCTGGG
AGCAGCAGGCTCCACAATGGGCGCAGCCTCTATGACCCTGACAGTGCAGGCCCGGAATCTGC
TGAGCGGCATCGTGCAGCAGCAGTCCAACCTGCTGAGAGCCCCAGAGLCCCCAGCAGLCALCCTG
CTGAAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCCAGAGTGCTGGCCGETGGAGCACTA
CCTGAGAGATCAGCAGCTGCTGGGCATCTGGGGATGCTCCGGCAAGCTGATCTGCTGTACCA
ATGTGCCTTGGAACTCTAGCTGGTCTAATAGAAACCTGAGCGAGATCTGGGACAATATGACC
TGGCTGCAGTGGGATAAGGAGATCAGCAACTACACACAGATCATCTATGGCCTGCTGGAGGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00195] #This construct includes germline-targeting mutations built on top of the MD39
stabilization mutations from III

[00196] BG505 SOSIP D664 MD39 10mut2A_mC

[00197] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNYAPFLINNMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYFGDIIGDIRMAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00198] GCCGAGAATCTGTGGGTGACCGTGTACTATGGCGTGCCCGTGTGGAAGGACGCAG
AGACCACACTGTTCTGCGCCAGCGATGCCAAGGCCTACGAGACAGAGAAGCACAACGTGTGG
GCAACCCACGCATGCGTGCCTACAGACCCAAACCCCCAGGAGATCCACCTGGAGAATGTGAC
CGAGGAGTTTAACATGTGGAAGAACAATATGGTGGAGCAGATGCACGAGGACATCATCTCCC
TGTGGGATCAGTCTCTGAAGCCCTGCGTGAAGCTGACCCCTCTGTGCGTGACCCTGCAGTGT
ACAAACTATGCCCCCTTCCTGATCAACAATATGAGGGGCGAGCTGAAGAATTGTTCTTTTAA
CATGACCACAGAGCTGCGGGACAAGAAGCAGAAAGTGTACAGCCTGTTCTATAGACTGGATG
TGGTGCAGATCAATGAGAACCAGGGCAATAGGTCTAACAATAGCAACAAGGAGTACCGCCTG
ATCAATTGCAACACCTCCGCCATCACACAGGCCTGTCCTAAGGTGTCTTTTGAGCCTATCCC
AATCCACTATTGCGCCCCAGCCGGCTTCGCCATCCTGAAGTGTAAGGATAAGAAGTTTAACG
GCACCGGCCCATGCCCTTCCGTGTCTACCGTGCAGTGTACACACGGCATCAAGCCTGTGGTG
TCTACACAGCTGCTGCTGAATGGCAGCCTGGCCGAGGAGGAAGTGATCATCCGGAGCGAGAA
CATCACCAACAATGCCAAGAATATCCTGGTGCAGCTGAACACACCAGTGCAGATCAATTGCA
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CCAGGCCCAACAATAACACAGTGAAGTCCATCCGCATCGGCCCAGGCCAGGCCTTCTACTAT
TTTGGCGACATCATCGGCGACATCAGAATGGCCCACTGTAACGTGAGCAAGGCCACCTGGAA
CGAGACACTGGGCAAGGTGGTGAAGCAGCTGCGGAAGCACTTCGGCAATAACACCATCATCA
GATTTGCACAGAGCAGCGGAGGCGACCTGGAGGTGACCACACACTCCTTCAATTGCGGCGGC
GAGTTCTTTTACTGTAACACAAGCGGCCTGTTTAATTCCACCTGGATCTCCAACACATCTGT
GCAGGGCAGCAATTCCACCGGCAGCAACGATTCCATCACACTGCCATGCAGGATCAAGCAGA
TCATCAACATGTGGCAGAGGATCGGACAGGCAATGTATGCACCACCTATCCAGGGCGTGATC
AGATGCGTGAGCAATATCACCGGCCTGATCCTGACACGCGACGGAGGCTCTACCAACAGCAC
CACAGAGACATTCAGGCCCGGCGGAGGCGACATGAGGGATAACTGGAGATCCGAGCTGTACA
AGTATAAGGTGGTGAAGATCGAGCCTCTGGGAGTGGCACCAACCAGGTGCAAGAGGAGAGTG
GTGGGCAGGCGCCGGAGAAGGCGCGCAGTGGGCATCGGAGCCGETGTCTCTGGGCTTTCTGGG
AGCAGCAGGCTCCACAATGGGCGCAGCCTCTATGACCCTGACAGTGCAGGCCCGGAATCTGC
TGAGCGGCATCGTGCAGCAGCAGTCCAACCTGCTGAGAGCCCCAGAGLCCCCAGCAGLCALCCTG
CTGAAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCCAGAGTGCTGGCCGETGGAGCACTA
CCTGAGAGATCAGCAGCTGCTGGGCATCTGGGGATGCTCCGGCAAGCTGATCTGCTGTACCA
ATGTGCCTTGGAACTCTAGCTGGTCTAATAGAAACCTGAGCGAGATCTGGGACAATATGACC
TGGCTGCAGTGGGATAAGGAGATCAGCAACTACACACAGATCATCTATGGCCTGCTGGAGGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00199] #This construct includes germline-targeting mutations built on top of the MD39
stabilization mutations from III

[00200] BG505_SOSIP D664 MD39 11mut2A_mC
AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNYAPNLLSNMRGELKNCSFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKEFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYFGDIIGDIRMAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSIVLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQOQHLLKDTHWGIKQLQARVLAVEHYLR
DOQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQ
NQQEKNEQDLLALD

[00201] GCCGAAAACCTGTGGGTGACTGTCTATTATGGCGTGCCCGTGTGGAAAGATGCTG
AAACTACTCTGTTCTGTGCAAGCGATGCTAAGGCCTACGAGACAGAGAAGCACAACGTGETGG
GCAACCCACGCATGCGTGCCTACAGACCCAAATCCCCAGGAGATCCACCTGGAGAACGTGAC
AGAGGAGTTCAATATGTGGAAGAACAATATGGTGGAGCAGATGCACGAGGACATCATCTCCC
TGTGGGATCAGTCTCTGAAGCCCTGCGTGAAGCTGACCCCTCTGTGCGTGACCCTGCAGTGT
ACAAATTATGCCCCAAACCTGCTGTCCAATATGAGGGGCGAGCTGAAGAACTGTTCTTTCAA
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TATGACCACAGAGCTGCGGGACAAGAAGCAGAAGGTGTACAGCCTGTTTTATAGACTGGATG
TGGTGCAGATCAATGAGAACCAGGGCAACAGGTCTAACAATAGCAATAAGGAGTACCGCCTG
ATCAATTGCAACACCAGCGCCATCACACAGGCCTGTCCTAAGGTGTCCTTTGAGCCTATCCC
AATCCACTATTGCGCCCCAGCCGGCTTCGCCATCCTGAAGTGTAAGGATAAGAAGTTTAACG
GCACCGGCCCATGCCCTTCCGTGTCTACAGTGCAGTGTACACACGGCATCAAGCCAGTGGTG
TCTACACAGCTGCTGCTGAACGGCAGCCTGGCCGAGGAGGAAGTGATCATCCGGAGCGAGAA
TATCACCAACAATGCCAAGAACATCCTGGTGCAGCTGAATACACCAGTGCAGATCAACTGCA
CCAGGCCCAACAATAACACAGTGAAGTCTATCCGCATCGGCCCCGGCCAGGCCTTCTACTAT
TTTGGCGACATCATCGGCGATATCAGAATGGCCCACTGTAACGTGAGCAAGGCCACCTGGAA
TGAGACACTGGGCAAGGTGGTGAAGCAGCTGCGGAAGCACTTCGGCAATAACACCATCATCA
GATTTGCACAGTCCTCCGGCGGCGACCTGGAGGTGACCACACACTCCTTCAACTGCGGCGGC
GAGTTCTTTTACTGTAATACCAGCGGCCTGTTTAACTCCACCTGGATCTCCAATACATCTGT
GCAGGGCAGCAACTCCACAGGCAGCAATGATTCCATCGTGCTGCCCTGCAGGATCAAGCAGA
TCATCAACATGTGGCAGCGCATCGGCCAGGCCATGTATGCCCCTCCCATCCAGGGCGTGATC
AGATGCGTGAGCAACATTACCGGCCTGATCCTGACAAGAGATGGCGGATCTACCAATAGCAC
AACCGAGACATTCAGGCCCGGCGGCGGCGACATGAGAGATAACTGGAGATCTGAGCTGTACA
AGTATAAGGTGGTGAAGATTGAGCCTCTGGGAGTGGCACCAACAAGATGCAAGAGAAGAGTG
GTGGGCAGGCGCCGGAGAAGGCGCGCAGTGGGCATTGGAGCCGTGTCCCTGGGCTTTCTGGG
AGCAGCAGGATCCACAATGGGAGCAGCCTCTATGACCCTGACAGTGCAGGCCCGGAACCTGC
TGAGCGGCATCGTGCAGCAGCAGTCCAATCTGCTGAGAGCCCCAGAGCCCCAGCAGCACCTG
CTGAAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCACGGGTGCTGGCAGTGGAGCACTA
CCTGAGAGATCAGCAGCTGCTGGGCATCTGGGGCTGTAGCGGCAAGCTGATCTGCTGTACCA
ACGTGCCCTGGAATTCTAGCTGGTCTAATAGAAACCTGAGCGAGATCTGGGACAACATGALCC
TGGCTGCAGTGGGATAAGGAGATCTCCAATTACACACAGATCATCTATGGCCTGCTGGAGGA
ATCACAGAATCAGCAGGAAAAGAACGAACAGGATCTGCTGGCACTGGAT

[00202] V: Trimers with modified surfaces or of different strains than BGS05, that can be

emploved in strategic boosting regimens
[00203] # Variable loop cocktails. Shown on MD39 background
[00204] BGS505 SOSIP MD39 VLCI1-03

[00205] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHEDI ISTWDQSLKPCVKLTPLCVTLQCTDWDNATLANMTGEIK
NCSFNMTTELRDKKQKVYSLFYELDITIPIENEYISNNNTSNTSYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVT
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
ATQWEQTLKGIAAKLLEHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNGSSW
NLNKTKENTTNLENGTITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
NKSAGIETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWGIKQLQARVL
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AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOWDKEISNYTQITIY
GLLEESQNQQEKNEQDLLALD

[00206] GCCGAGAACCTGTGGGTGACCGTGTACTATGGCGTGCCCGTGTGGAAGGACGCAG
AGACCACACTGTTCTGCGCCTCCGATGCCAAGGCCTACGAGACAGAGAAGCACAACGTGTGG
GCAACCCACGCATGCGTGCCTACAGACCCAAATCCCCAGGAGATCCACCTGGAGAATGTGAC
AGAGGAGTTTAACATGTGGAAGAACAATATGGTGGAGCAGATGCACGAGGACATCATCTCCC
TGTGGGATCAGTCTCTGAAGCCCTGCGTGAAGCTGACCCCTCTGTGCGTGACCCTGCAGTGT
ACAGACTGGGATAATGCCACCCTGGCCAACATGACAGGCGAGATCAAGAATTGTTCCTTCAA
CATGACCACAGAGCTGCGGGACAAGAAGCAGAAGGTGTACTCTCTGTTTTATGAGCTGGACA
TCATCCCCATCGAGAACGAGTACATCAGCAACAATAACACCTCTAATACAAGCTATAGACTG
ATCAACTGCAATACCTCTGCCATCACACAGGCCTGTCCTAAGGTGAGCTTCGAGCCTATCCC
AATCCACTATTGCGCCCCAGCCGGCTTCGCCATCCTGAAGTGTAAGGATAAGAAGTTTAACG
GCACCGGCCCATGCCCTAGCGTGTCCACCGTGCAGTGTACACACGGCATCAAGCCTGTGGTG
AGCACACAGCTGCTGCTGAACGGCTCCCTGGCCGAGGAGGAAGTGATCATCAGGAGCGAGAA
TATCACCAATAACGCCAAGAATATCCTGGTGCAGCTGAACACACCAGTGCAGATCAATTGCA
CCCGGCCCAATAACAATACAGTGAAGTCCATCAGAATCGGCCCAGGCCAGGCCTTTTACTAT
ACCGGCGACATCATCGGCGACATCAGGCAGGCCCACTGTAACGTGTCTGCCACCCAGTGGGA
GCAGACACTGAAGGGCATCGCCGCCAAGCTGCTGGAGCACTTCGGCAACAATACCATCATCA
GGTTTGCACAGAGCAGCGGAGGCGACCTGGAGGTGACCACACACTCCTTCAATTGCGGCGGC
GAGTTCTTTTACTGTAACACCTCTGGCCTGTTTAATGGCTCTAGCTGGAACCTGAATAAGAC
AAAGGAGAACACCACAAATCTGGAGAACGGCACCATCACACTGCCATGCAGGATCAAGCAGA
TCATCAACATGTGGCAGAGGATCGGACAGGCAATGTATGCACCACCTATCCAGGGCGTGATC
AGATGCGTGAGCAACATCACCGGCCTGATCCTGACAAGAGATGGCGGCAATAAGAGCGCCGG
CATCGAGACCTTCCGGCCCGGCGGAGGCGACATGAGGGATAACTGGAGATCCGAGCTGTACA
AGTATAAGGTGGTGAAGATCGAGCCTCTGGGCGTGGCCCCAACAAGATGCAAGAGGAGAGTG
GTGGGCAGGCGCCGGAGAAGGCGCGCAGTGGGCATCGGAGCCGTGAGCCTGGGCTTTCTGGG
AGCAGCAGGCAGCACAATGGGCGCAGCCAGCATGACCCTGACAGTGCAGGCCAGGAACCTGC
TGTCCGGCATCGTGCAGCAGCAGTCTAATCTGCTGCGCGCCCCAGAGCCACAGCAGCACCTG
CTGAAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCCAGGGTGCTGGCAGTGGAGCACTA
CCTGAGGGATCAGCAGCTGCTGGGCATCTGGGGATGCAGCGGCAAGCTGATCTGCTGTACCA
ATGTGCCTTGGAACTCCTCTTGGAGCAACCGGAATCTGTCCGAGATCTGGGACAACATGACC
TGGCTGCAGTGGGATAAGGAGATCAGCAATTACACACAGATCATCTATGGCCTGCTGGAGGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00207] BGS05 _SOSIP_MD39 VLC2-04

[00208] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETH
LENVTEEFNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCSDYEGNTTRQNITMKE
EKGEIKNCSFNMTTELRDKKQKVYSLFYKLDITPIEEDNNSNNSSSANSSNSNANYTNYRLT
NCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVS
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TQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYT
GDIIGDIRQAHCNVSGTKWKNTLKQIVKKLGDHFGNNTITIRFAQSSGGDLEVTTHSFNCGGE
FFYCNTSGLENSTWNRTNGTWNDVEGLNYTNGNDTITLPCRIKQI INMWQRIGQAMYAPPIQ
GVIRCVSNITGLILTRDGGNDTDKNETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCK
RRVVGRRRRRRAVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQ
QHLLKDTHWGIKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWD
NMTWLQWDKEISNYTQIIYGLLEESQNQQEKNEQDLLALD

[00209] GCCGAGAACCTGTGGGTGACCGTGTACTATGGCGTGCCCGTGTGGAAGGACGCAG
AGACCACACTGTTCTGCGCCTCTGATGCCAAGGCCTACGAGACAGAGAAGCACAACGTGTGG
GCAACCCACGCATGCGTGCCTACAGACCCAAACCCCCAGGAGATCCACCTGGAGAACGTGAC
CGAGGAGTTTAATATGTGGAAGAACAATATGGTGGAGCAGATGCACGAGGACATCATCTCTC
TGTGGGATCAGAGCCTGAAGCCCTGCGTGAAGCTGACCCCTCTGTGCGTGACACTGCAGTGT
AGCGACTATGAGGGCAACACCACACGGCAGAATATCACCATGAAGGAGGAGAAGGGCGAGAT
CAAGAACTGTTCTTTCAATATGACCACAGAGCTGAGAGATAAGAAGCAGAAGGTGTACAGCC
TGTTTTATAAGCTGGACATCACCCCCATCGAGGAGGATAACAATTCCAACAATAGCTCCTCT
GCCAATAGCTCCAATTCTAACGCCAATTACACAAACTATAGGCTGATCAACTGCAATACCTC
TGCCATCACACAGGCCTGTCCTAAGGTGAGCTTCGAGCCTATCCCAATCCACTACTGCGCCC
CAGCCGGCTTCGCCATCCTGAAGTGTAAGGATAAGAAGTTTAACGGCACCGGCCCATGCCCT
AGCGTGTCCACCGTGCAGTGTACACACGGCATCAAGCCTGTGGTGAGCACACAGCTGCTGCT
GAATGGCTCCCTGGCCGAGGAGGAAGTGATCATCCGCTCCGAGAACATCACCAACAATGCCA
AGAACATCCTGGTGCAGCTGAATACACCAGTGCAGATCAACTGCACCCGGCCCAACAATAAC
ACAGTGAAGTCCATCAGAATCGGCCCAGGCCAGGCCTTTTACTATACCGGCGACATCATCGG
CGACATCCGGCAGGCCCACTGTAACGTGAGCGGCACCAAGTGGAAGAACACACTGAAGCAGA
TCGTGAAGAAGCTGGGCGACCACTTCGGCAATAACACCATCATCAGATTTGCCCAGTCTAGC
GGCGGCGATCTGGAGGTGACCACACACAGCTTCAATTGCGGCGGCGAGTTCTTTTACTGTAA
TACCTCCGGCCTGTTTAACTCTACATGGAACCGGACCAATGGCACATGGAATGACGTGGAGG
GCCTGAACTATACCAACGGCAATGATACCATCACACTGCCATGCAGGATCAAGCAGATCATC
AATATGTGGCAGAGGATCGGACAGGCAATGTACGCACCACCTATCCAGGGCGTGATCAGATG
CGTGAGCAACATCACCGGCCTGATCCTGACAAGAGACGGCGGCAACGACACCGATAAGAATG
AGACATTCAGGCCCGGCGGAGGCGACATGAGGGATAACTGGAGATCCGAGCTGTACAAGTAT
AAGGTGGTGAAGATCGAGCCTCTGGGAGTGGCACCAACCAGGTGCAAGAGGAGAGTGGTGGG
CAGGCGCCGGAGAAGGCGCGCAGTGGGCATCGGAGCCGTGTCCCTGGGCTTTCTGGGAGCAG
CAGGCTCTACAATGGGCGCAGCCAGCATGACCCTGACAGTGCAGGCCAGGAATCTGCTGTCC
GGCATCGTGCAGCAGCAGTCTAACCTGCTGCGCGCCCCAGAGCCACAGCAGCACCTGCTGAA
GGACACCCACTGGGGCATCAAGCAGCTGCAGGCCAGGGTGCTGGCAGTGGAGCACTATCTGC
GCGATCAGCAGCTGCTGGGCATCTGGGGATGCAGCGGCAAGCTGATCTGCTGTACAAACGTG
CCCTGGAACAGCAGCTGGAGCAACAGGAATCTGTCCGAGATCTGGGACAATATGACCTGGCT
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GCAGTGGGATAAGGAGATCAGCAACTACACACAGATCATCTATGGCCTGCTGGAGGAGTCCC
AGAACCAGCAGGAGAAGAATGAGCAGGACCTGCTGGCCCTGGAT
[00210] BGS05 _SOSIP MD39 VLC2-08

[00211] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCVTLKNCSNSNCSISRN
ISIEMDGEIKNCSFNMTTELRDKKQKVYSLEFYRLDIVPIESSNNSQLSNNSQVSNNSQSSNY
SQYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFATILKCKDKKFNGTGPCPSVSTVQCTHG
IKPVVSTQLLLNGSLAEEEVITRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPG
QAFYYTGDIIGDIRQAHCNVSKKDWEKTLQQVATKLGQHFGNNTIIRFAQSSGGDLEVTTHS
FNCGGEFFYCNTSGLFNSTWIRNSSNSTWNSSASNSTELNSNITLPCRIKQIINMWQRIGQA
MYAPPIQGVIRCVSNITGLILTRDGGHETENKTETFRPGGGDMRDNWRSELYKYKVVKIEPL
GVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSN
LLRAPEPQOHLLKDTHWGIKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSN
RNLSEIWDNMTWLQWDKEISNYTQIIYGLLEESQNQQEKNEQDLLALD

[00212] GCCGAGAACCTGTGGGTGACAGTGTACTATGGCGTGCCCGTGTGGAAGGACGCAG
AGACCACACTGTTCTGCGCCAGCGATGCCAAGGCCTACGAGACCGAGAAGCACAACGTGTGG
GCAACACACGCATGCGTGCCTACCGACCCAAATCCCCAGGAGATCCACCTGGAGAATGTGAC
CGAGGAGTTTAACATGTGGAAGAACAATATGGTGGAGCAGATGCACGAGGACATCATCTCCC
TGTGGGATCAGTCTCTGAAGCCCTGCGTGAAGCTGACCCCTCTGTGCGTGACACTGCAGTGC
GTGACCCTGAAGAACTGCAGCAATTCCAACTGTTCTATCAGCAGGAATATCTCCATCGAGAT
GGATGGCGAGATCAAGAATTGTTCTTTCAACATGACCACAGAGCTGCGGGACAAGAAGCAGA
AAGTGTACAGCCTGTTCTACCGGCTGGACATCGTGCCCATCGAGAGCAGCAACAATTCTCAG
CTGAGCAACAATTCCCAGGTGTCTAACAATAGCCAGTCTAGCAACTACTCCCAGTATCGCCT
GATCAATTGCAACACCTCTGCCATCACACAGGCCTGTCCTAAGGTGAGCTTCGAGCCTATCC
CAATCCACTATTGCGCCCCAGCCGGCTTCGCCATCCTGAAGTGTAAGGACAAGAAGTTTAAC
GGCACAGGCCCCTGCCCTTCCGTGTCTACCGTGCAGTGTACACACGGCATCAAGCCTGTGGT
GTCTACCCAGCTGCTGCTGAACGGCAGCCTGGCAGAGGAGGAAGTGATCATCCGGAGCGAGA
ATATCACAAACAATGCCAAGAATATCCTGGTGCAGCTGAACACCCCAGTGCAGATCAATTGC
ACACGGCCCAACAATAACACCGTGAAGTCCATCAGAATCGGCCCAGGCCAGGCCTTTTACTA
TACAGGCGACATCATCGGCGACATCCGGCAGGCCCACTGTAACGTGTCTAAGAAGGACTGGG
AGAAGACACTGCAGCAGGTGGCCACCAAGCTGGGCCAGCACTTCGGCAATAACACCATCATC
AGATTTGCCCAGTCCTCTGGCGGCGATCTGGAGGTGACCACACACTCCTTCAATTGCGGCGG
CGAGTTCTTTTACTGTAACACAAGCGGCCTGTTTAATTCCACCTGGATCAGAAATAGCTCCA
ACTCTACCTGGAACAGCAGCGCCAGCAACTCCACAGAGCTGAATAGCAACATCACCCTGCCA
TGCAGGATCAAGCAGATCATCAACATGTGGCAGAGGATCGGACAGGCAATGTATGCACCACC
TATCCAGGGCGTGATCAGATGCGTGAGCAATATCACAGGCCTGATCCTGACCCGCGATGGAG
GACACGAGACCGAGAACAAGACCGAGACATTCAGGCCCGGCGGAGGCGACATGAGGGATAAT
TGGAGATCCGAGCTGTACAAGTATAAGGTGGTGAAGATCGAGCCTCTGGGAGTGGCACCAAC
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AAGGTGCAAGAGGAGAGTGGTGGGCAGGCGCCGGAGAAGGCGCGCAGTGGGCATCGGAGCCG
TGAGCCTGGGCTTTCTGGGAGCAGCAGGCAGCACAATGGGCGCAGCCTCTATGACCCTGACA
GTGCAGGCCCGGAACCTGCTGAGCGGCATCGTGCAGCAGCAGTCCAATCTGCTGAGAGCCCC
AGAGCCCCAGCAGCACCTGCTGAAGGACACACACTGGGGCATCAAGCAGCTGCAGGCCAGGG
TGCTGGCAGTGGAGCACTACCTGAGGGATCAGCAGCTGCTGGGCATCTGGGGATGCTCCGGC
AAGCTGATCTGCTGTACCAATGTGCCTTGGAACTCCTCTTGGTCTAATCGGAACCTGAGCGA
GATCTGGGACAACATGACATGGCTGCAGTGGGATAAGGAGATCAGCAATTACACCCAGATCA
TCTATGGCCTGCTGGAGGAGTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCC
CTGGAT

[00213] BGS505 SOSIP_MD39 VLC3-13

[00214] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETH
LENVTEEFNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNAALTNVTITNGPNI
TEEIRNCSFNMTTELRDKKQKVYSLFYKLDLVQINGSGGEYRLINCNTSAITQACPKVSFEP
IPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRS
ENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSGTK
WNETLKQVAGKLRKHFGNNTITIRFAQSSGGDLEVTITHSFNCGGEFFYCNTSGLFNSTWPENG
TMEGSNGTITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGNSTTDTET
FRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAAG
STMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQOHLLKDTHWGIKQLQARVLAVEHYLRD
QOLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOWDKEISNYTQITYGLLEESQN
QQEKNEQDLLALD

[00215] GCCGAGAACCTGTGGGTGACCGTGTACTATGGCGTGCCAGTGTGGAAGGACGCCG
AGACCACACTGTTCTGCGCCTCTGATGCCAAGGCCTACGAGACAGAGAAGCACAACGTGTGG
GCAACCCACGCATGCGTGCCAACAGACCCAAACCCCCAGGAGATCCACCTGGAGAATGTGAC
CGAGGAGTTTAACATGTGGAAGAACAATATGGTGGAGCAGATGCACGAGGACATCATCAGCC
TGTGGGATCAGTCCCTGAAGCCCTGCGTGAAGCTGACCCCTCTGTGCGTGACCCTGCAGTGT
ACAAATGCCGCCCTGACCAACGTGACCATCACAAATGGCCCCAACATCACAGAGGAGATCAG
GAATTGTTCCTTCAACATGACCACAGAGCTGCGCGACAAGAAGCAGAAGGTGTACTCTCTGT
TTTATAAGCTGGATCTGGTGCAGATCAATGGCAGCGGCGGCGAGTACCGGCTGATCAATTGC
AACACCAGCGCCATCACACAGGCCTGTCCTAAGGTGTCCTTCGAGCCTATCCCAATCCACTA
TTGCGCCCCAGCCGGCTTCGCCATCCTGAAGTGTAAGGACAAGAAGTTTAACGGCACCGGCC
CATGCCCTTCCGTGTCTACCGTGCAGTGTACACACGGCATCAAGCCTGTGGTGTCCACACAG
CTGCTGCTGAATGGCTCTCTGGCCGAGGAGGAAGTGATCATCAGGAGCGAGAACATCACCAA
CAATGCCAAGAATATCCTGGTGCAGCTGAACACACCAGTGCAGATCAATTGCACCCGGCCCA
ACAATAACACAGTGAAGTCTATCAGAATCGGCCCAGGCCAGGCCTTTTACTATACCGGCGAC
ATCATCGGCGACATCCGCCAGGCCCACTGTAATGTGAGCGGCACCAAGTGGAACGAGACACT
GAAGCAGGTGGCCGGCAAGCTGAGGAAGCACTTCGGCAATAACACCATCATCCGCTTTGCAC
AGAGCAGCGGAGGCGATCTGGAGGTGACCACACACTCCTTCAATTGCGGCGGCGAGTTCTTT

58



WO 2017/165674 PCT/US2017/023854

TACTGTAACACATCTGGCCTGTTTAATAGCACCTGGCCCGAGAACGGCACAATGGAGGGCTC
TAATGGCACCATCACACTGCCTTGCCGGATCAAGCAGATCATCAACATGTGGCAGAGAATCG
GCCAGGCCATGTATGCACCACCTATCCAGGGCGTGATCAGATGCGTGAGCAATATCACCGGC
CTGATCCTGACAAGAGACGGCGGCAACTCCACCACAGATACCGAGACATTCCGGCCCGGCGE
AGGCGACATGAGGGATAACTGGAGAAGCGAGCTGTACAAGTATAAGGTGGTGAAGATCGAGC
CTCTGGGCGTGGCCCCAACCAGATGCAAGAGGAGAGTGETGGECAGGCGCCGGAGARAGGCGC
GCAGTGGGCATCGGAGCCETGTCCCTGEECTTTCTGGGAGCAGCAGGCAGCACAATGGGCGC
AGCCTCCATGACCCTGACAGTGCAGGCCAGGAATCTGCTGTCTGGCATCGTGCAGCAGCAGA
GCAACCTGCTGCGCGCCCCAGAGCCACAGCAGCACCTGCTGAAGGACACCCACTGGGGCATC
AAGCAGCTGCAGGCCAGGETGCTGGCAGTGGAGCACTACCTGAGGGATCAGCAGCTGCTGGE
CATCTGGGGATGCTCCGGCAAGCTGATCTGCTGTACCAATGTGCCTTGGAACTCTAGCTGGT
CCAATAGGAACCTGTCTGAGATCTGGGACAATATGACCTGGCTGCAGTGGGATAAGGAGATC
TCCAACTACACACAGATCATCTATGGCCTGCTGGAGGAGTCTCAGAATCAGCAGGAGAAGAA
CGAGCAGGACCTGCTGGCCCTGGAT

[00216] BGS505 SOSIP VLC1-03 DS21 mC

[00217] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHTDI ISLWDQSLKPCCKLTPLCVTLQCTDWDNATLANMTGETIK
NCSFNMTTELRDKKQKVYSLFYELDITPIENEYISNNNTSNTSYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVM
IRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGCAFYATGDIIGDIRQAHCNVS
ATQWEQTLKGIAAKLLEHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNGSSW
NLNKTKENTTNLENGTITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
NKSAGIETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVF
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKLTVWGIKQLQARVL
AVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00218] GCTGAAAATCTGTGGGTCACTGTGTATTATGGGGTGCCTGTGTGGAAAGACGCTG
AGACTACTCTGTTCTGTGCCTCCGACGCTAAAGCCTACGAAACCGAGAAGCACAACGTGTGG
GCAACCCATGCCTGCGTCCCTACAGACCCAAATCCCCAGGAAATCCACCTGGAGAATGTGAC
AGAGGAGTTCAACATGTGGAAAAACAATATGGTGGAGCAGATGCATACTGACATCATTAGCC
TGTGGGATCAGTCCCTGAAGCCTTGCTGCAAACTGACCCCACTGTGCGTCACCCTGCAGTGT
ACAGACTGGGATAATGCTACCCTGGCAAACATGACAGGCGAAATCAAGAATTGTAGTTTCAA
CATGACCACAGAGCTGAGGGACAAGAAACAGAAAGTGTACTCCCTGTTTTATGAACTGGACA
TCATTCCCATCGAAAACGAGTACATCTCTAACAACAACACAAGTAACACTTCATATCGCCTG
ATCAACTGCAATACTAGCGCCATTACCCAGGCTTGTCCAAAGGTGTCCTTTGAGCCTATCCC
AATTCATTACTGCGCCCCCGCTGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCCGTGTCTACAGTCCAGTGTACTCACGGAATTAAGCCAGTGGTC
AGTACACAGCTGCTGCTGAACGGCTCACTGGCAGAGGAAGAAGTGATGATCCGGAGCGAGAA
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CATCACAAACAACGCTAAGAACATCCTGGTGCAGTTCAACACTCCCGTCCAGATTAATTGCA
CTAGACCTAACAACAACACCCGGAAAAGCATCAGAATTGGACCCGGCTGCGCCTTTTATGCT
ACCGGCGACATCATTGGCGACATCCGGCAGECCCACTGTAACGTGAGCGCTACTCAGTGGGA
ACAGACCCTGAAGGGGATTGCCGCTAAACTGCTGGAGCATTTCGGAAACAATACCATCATTA
GATTTGCCAACAGCTCCGGCGGECACCTGGAAGTGACTACCCACTCTTTCAATTGCGGAGGT
GAGTTCTTTTACTGTAACACTAGTGGACTGTTTAATGGCTCTAGTTGGAACCTGAATAAGAC
CAAAGAAAACACAACTAATCTGGAGAACGGCACCATCACACTGCCCTGCCGAATTAAGCAGA
TCATTAACATGTGGCAGCGGATCGGCCAGGCAATGTATGCCCCCCCTATCCAGGGCGTGATC
AGATGTGTCTCCAACATCACAGGACTGATTCTGACTAGGGATGGGGGAAACAAGTCTGCCGG
GATCGAGACTTTCAGGCCTGGCGGEGGAGACATGAGGGATAACTGGCGCTCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGAGTGGCTCCAACACGATGCAAACGAAGAGTG
GTCGGAAGGCGACGACGAAGAAGGGCTGTGGGAATCGGAGCAGTCTTCCTGEGCTTTCTGGE
GGCAGCCGGATCAACAATGGGCGCTGCAAGCATGACTCTGACCGTGCAGGCACGAAACCTGC
TGTCCGGAATCGTCCAGCAGCAGTCTAATCTGCTGCGAGCTCCTGAAGCACAGCAGCATCTG
CTGAAGCTGACAGTGTGGGGCATCAAGCAGCTGCAGGCACGGETGCTGGCAGTCGAGCGCTA
TCTGCGAGACCAGCAGCTGCTGGGCATCTGGGGETGTTCTGGAAAGCTGATTTGCTGTACCA
ATGTGCCCTGGAACAGCAGCTGGTCTAACAGGAATCTGAGTGAAATCTGGGACAACATGACC
TGGCTGCAGTGGGATAAGGAGATTTCAAATTACACACAGATCATCTACGGCCTGCTGGAAGA
GAGCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00219] BGS505 SOSIP VLC2-04 DS21 mC

[00220] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETH
LENVTEEFNMWKNNMVEQMHTDI ISLWDQSLKPCCKLTPLCVTLQCSDYEGNTTROQNITMKE
EKGEIKNCSFNMTTELRDKKQKVYSLFYKLDITPIEEDNNSNNSSSANSSNSNANYTNYRLT
NCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVS
TQLLLNGSLAEEEVMIRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGCAFYAT
GDIIGDIRQAHCNVSGTKWKNTLKQIVKKLGDHFGNNTIIRFANSSGGDLEVTTHSEFNCGGE
FFYCNTSGLFNSTWNRTNGTWNDVEGLNYTNGNDTITLPCRIKQIINMWQRIGQAMYAPPIQ
GVIRCVSNITGLILTRDGGNDTDKNETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCK
RRVVGRRRRRRAVGIGAVFLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQ
QHLLKLTVWGIKQLQARVLAVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWD
NMTWLQWDKEISNYTQIIYGLLEESQNQQEKNEQDLLALD

[00221] GCCGAAAATCTGTGGGTCACTGTGTATTATGGGGTCCCTGTGTGGAAGGATGCCG
AAACTACTCTGTTCTGTGCCTCCGACGCCAAAGCCTACGAAACCGAGAAGCACAATGTGTGG
GCCACCCATGCTTGCGTCCCTACAGACCCAAACCCCCAGGAAATCCACCTGGAGAACGTGAC
AGAGGAGTTCAACATGTGGAAAAACAATATGGTCGAACAGATGCATACTGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCTGCAAACTGACACCACTGTGCGTCACTCTGCAGTGT
TCCGACTATGAGGGCAACACCACACGGCAGAATATCACCATGAAGGAGGAAAAAGGGGAAAT
TAAGAACTGTTCATTCAATATGACTACCGAGCTGAGAGATAAGAAACAGAAGGTGTACAGCC
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TGTTTTATAAACTGGACATCACTCCCATTGAGGAAGATAACAATAGCAACAATAGCTCCTCT
GCAAATAGTTCAAATTCCAACGCCAATTACACCAACTATAGGCTGATCAACTGCAATACCAG
TGCAATTACACAGGCCTGTCCAAAGGTGTCATTTGAGCCTATCCCAATTCATTACTGCGCTC
CCGCAGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACGGCACCGGGCCATGCCCT
TCAGTGAGCACTGTCCAGTGTACCCACGGGATCAAGCCAGTGETCTCCACACAGCTGCTGCT
GAATGGATCTCTGGCTGAGGAAGAAGTGATGATCAGGAGCGAGAACATTACCAACAATGCAA
AGAACATCCTGGTGCAGTTCAATACACCCGTCCAGATTAACTGCACTCGCCCTAACAATAAC
ACCCGGAAATCCATCAGAATTGGACCCGGCTGCGCATTTTATGCCACCGGCGACATCATTGG
CGACATCAGGCAGGCCCACTGTAATGTGTCTGGCACCAAGTGGAAAAACACACTGAAGCAGA
TTGTGAAGAAACTGGGAGACCATTTCGGCAATAACACAATCATTCGCTTTGCTAATAGCTCC
GGCGGGGATCTGGAAGTGACAACTCACAGCTTCAACTGCGGAGGCGAGTTCTTTTACTGTAA
TACAAGTGGCCTGTTTAACTCAACTTGGAACCGCACAAATGGGACTTGGAATGACGTGGAGG
GGCTGAACTATACCAACGGAAATGATACCATCACACTGCCCTGCCGAATTAAGCAGATCATT
AATATGTGGCAGCGGATCGGCCAGGCTATGTACGCACCCCCTATCCAGGGCGTGATCAGATG
TGTCAGTAACATCACTGGACTGATTCTGACCAGGGACGCGGGAAACGACACAGATAAAAATG
AGACTTTCCGGCCTGGCGGGEGAGACATGAGGGATAACTGGCGCTCTGAACTGTACAAGTAT
AAAGTGGTCAAGATCGAGCCACTGGGAGTGGCCCCCACAAGATGCAAACGAAGAGTGGTCGG
AAGGCGACGACGAAGAAGGGCAGTGEGEATCGGAGCTGTCTTCCTGGGCTTTCTGGGGGECCE
CTGGATCTACTATGGGAGCAGCCAGTATGACTCTGACCGTGCAGGCTCGCAATCTGCTGTCA
GGGATCGTCCAGCAGCAGAGCAACCTGCTGCGAGCCCCTGAAGCTCAGCAGCAT CTGCTGAR
GCTGACCGTGTGGGGCATCAAGCAGCTGCAGGCTCGGETGCTGGCAGTCGAGCGCTACCTGC
GAGATCAGCAGCTGCTGGGCATCTGGGGETGTAGCGGAAAGCTGATTTGCTGTACAAACGTG
CCCTGGAACAGCAGCTGGAGCAACAGAAATCTGTCCGAAATCTGGGACAATATGACTTGGCT
GCAGTGGGATAAGGAGATTTCTAACTACACCCAGATCATCTACGGCCTGCTGGAAGAGAGTC
AGAACCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00222] BGS505 SOSIP VL(C2-08 DS21 mC

[00223] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHTDI ISTLWDQSLKPCCKLTPLCVTLQCVTLKNCSNSNCSISRN
ISIEMDGEIKNCSFNMTTELRDKKQKVYSLFYRLDIVPIESSNNSQLSNNSQVSNNSQSSNY
SQYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFATILKCKDKKFNGTGPCPSVSTVQCTHG
IKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPG
CAFYATGDIIGDIRQAHCNVSKKDWEKTLQQVATKLGQHFGNNTIIRFANSSGGDLEVTTHS
FNCGGEFFYCNTSGLFNSTWIRNSSNSTWNSSASNSTELNSNITLPCRIKQIINMWQRIGQA
MYAPPIQGVIRCVSNITGLILTRDGGHETENKTETFRPGGGDMRDNWRSELYKYKVVKIEPL
GVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSN
LLRAPEAQOHLLKLTVWGIKQLQARVLAVERYLRDQOQLLGIWGCSGKLICCTNVPWNSSWSN
RNLSEIWDNMTWLQWDKEISNYTQIIYGLLEESQNQQEKNEQDLLALD
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[00224] GCCGAAAATCTGTGGGTCACTGTGTATTATGGCGTGCCCGTGTGGAAGGATGCCG
AAACTACTCTGTTCTGTGCCTCCGATGCTAAAGCCTACGAAACCGAGAAGCACAACGTGTGG
GCCACTCATGCTTGCGTCCCTACCGACCCAAATCCCCAGGARATCCACCTGGAGAATGTGAC
AGAGGAGTTCAACATGTGGAAAAACAATATGGTCGAGCAGATGCATACTGACATCATTAGCC
TGTGGGATCAGTCCCTGAAGCCTTGCTGCAAACTGACCCCACTGTGCGTGACACTGCAGTGT
GTCACTCTGAAGAACTGCTCTAATAGTAACTGTTCAATCAGCAGGAATATCAGCATTGAAAT
GGATGGCGAGATTAAGAATTGTTCCTTCAACATGACCACAGAACTGAGAGACAAGAAACAGA
AAGTGTACTCCCTGTTCTACCGGCTGGACATCGTCCCCATTGAGAGCTCCAACAATAGCCAG
CTGTCCAACAATTCTCAGGTGAGTAACAATTCACAGTCTAGTAACTACTCTCAGTATCGCCT
GATCAATTGCAACACTAGTGCAATTACCCAGGCCTGTCCAAAGGTGTCATTTGAGCCTATCC
CAATTCATTACTGCGCTCCCGCAGGCTTCGCCATCCTGAAGTGTAAAGACAAGAAGTTCAAC
GGCACCGEGECCATGCCCTTCCGTGTCTACAGTCCAGTGTACTCACGGCATTAAGCCAGTGGT
CAGCACACAGCTGCTGCTGAACGGETCCCTGGCAGAGGAAGAAGTGATGATCAGGTCTGAGA
ATATTACCAACAATGCCAAGAATATCCTGGTGCAGTTCAACACACCCGTCCAGATTAATTGC
ACACGCCCTAACAATAACACTCGGAAATCTATCAGAATTGGACCCGGCTGCGCATTTTATGC
CACAGGCGACATCATTGGCGACATCAGGCAGGCCCACTGTAACGTGAGCAAGAAAGACTGGE
AGAAGACCCTGCAGCAGGTGGCTACAAAACTGGGACAGCATTTCGGCAATAACACCATCATT
CGCTTTGCAAACTCAAGCGGCGGGEATCTGGAAGTGACTACCCACAGCTTCAATTGCGGAGE
CGAGTTCTTTTACTGTAACACTTCTGGCCTGTTTAATAGTACCTGGATCAGAAACAGCAGCA
ACAGCACCTGGAATAGTTCAGCTAGTAACTCAACAGAGCTGAACAGCAACATCACTCTGCCC
TGCCGAATTAAGCAGATCATTAACATGTGGCAGCGGATCGGGCAGGCTATGTATGCACCCCC
TATCCAGGGAGTGATTCGCTGTGTCAGCAATATCACCGGCCTGATTCTGACACGAGACGGEE
GACATGAAACCGAGAACAAAACAGAGACTTTCCGGCCTGGCGEGGGAGACATGAGGGATAAT
TGGCGCTCCGAACTGTACAAGTATAAAGTGGTCAAGATCGAGCCACTGGGEETGGCCCCCAC
TAGATGCAAACGGAGAGTGGTCGGAAGGCGACGACGAAGAAGGGCAGTGGGAATCGGAGCTG
TCTTCCTGEGCTTTCTGGGAGCAGCTGECAGCACAATGGGCGCAGCCTCTATGACCCTGACA
GTGCAGGCTCGGAACCTGCTGAGTGGCATCGTCCAGCAGCAGTCARATCTGCTGAGAGCCCC
TGAAGCTCAGCAGCACCTGCTGAAGCTGACAGTGTGGGGCATCAAGCAGCTGCAGGCTCGEE
TGCTGGCAGTCGAGCGCTATCTGCGAGATCAGCAGCTGCTGGGCATCTGGCGGTGTAGCGGA
AAGCTGATTTGCTGTACTAATGTGCCCTGGAACAGCAGCTGGTCAAATAGAAACCTGAGCGA
AATCTGGGACAACATGACTTGGCTGCAGTGGGATAAGGAGATTTCTAATTACACCCAGATCA
TCTACGGCCTGCTGGAAGAGAGT CAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCC
CTGGAT

[00225] BG505 SOSIP VLC3-13 DS21 mC

[00226] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETH
LENVTEEFNMWKNNMVEQMHTDI ISTLWDQSLKPCCKLTPLCVTLQCTNAALTNVTITNGPNI
TEEIRNCSFNMTTELRDKKQKVYSLFYKLDLVQINGSGGEYRLINCNTSAITQACPKVSFEP
IPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRS
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ENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGCAFYATGDIIGDIRQAHCNVSGTK
WNETLKQVAGKLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWPENG
TMEGSNGTITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGNSTTDTET
FRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAAG
STMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKLTVWGIKQLQARVLAVERYLRD
QOLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQN
QQEKNEQDLLALD

[00227] GCCGAAAATCTGTGGGTGACTGTCTATTATGGGGTCCCTGTGTGGAAGGATGCCG
AAACTACTCTGTTCTGTGCCAGCGATGCTAAGGCCTACGAAACCGAGAAGCACAATGTGTGG
GCAACCCATGCCTGCGTCCCTACAGACCCAAACCCCCAGGAAATCCACCTGGAGAATGTGAC
CGAGGAGTTCAACATGTGGAAAAACAATATGGTGGAACAGATGCATACAGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCTGCAAACTGACCCCACTGTGCGTCACTCTGCAGTGT
ACCAATGCCGCTCTGACCAACGTGACCATCACAAATGGCCCAAACATCACAGAGGAAATTCG
CAATTGTTCTTTCAACATGACCACAGAGCTGCGAGACAAGAAACAGAAGGTGTACAGCCTGT
TTTATAAACTGGATCTGGTCCAGATCAATGGGTCCGGCGGGGAATACAGGCTGATCAATTGC
AACACAAGTGCTATTACTCAGGCATGTCCAAAGGTGTCATTTGAGCCTATCCCAATTCATTA
TTGCGCCCCCGCTGGCTTCGCCATCCTGAAGTGTAAAGACAAGAAGTTCAACGGAACTGGCC
CCTGCCCTTCAGTGAGCACCGTCCAGTGTACACACGGCATTAAGCCAGTGGTCTCCACCCAG
CTGCTGCTGAATGGGTCTCTGGCTGAGGAAGAAGTGATGATCCGGTCCGAGAACATTACTAA
CAATGCAAAGAATATCCTGGTGCAGTTCAACACCCCCGTCCAGATTAATTGCACTAGACCTA
ACAATAACACCCGGAAATCCATCAGAATTGGGCCCGGATGCGCTTTTTATGCAACCGGGGAC
ATCATTGGCGACATCCGCCAGGCCCACTGTAATGTGTCTGGCACTAAGTGGAACGAGACCCT
GAAACAGGTGGCCGGCAAGCTGCGAAAACATTTCGGGAATAACACAATCATTCGGTTTGCTA
ATAGCTCCGGAGGCGATCTGGAAGTGACTACCCACAGTTTCAACTGCGGGGGAGAGTTCTTT
TACTGTAACACTAGTGGACTGTTTAATTCAACATGGCCTGAAAACGGCACTATGGAGGGCAG
CAATGGCACTATCACCCTGCCATGCAGAATTAAGCAGATCATTAACATGTGGCAGAGGATCG
GGCAGGCCATGTATGCTCCCCCTATCCAGGGAGTGATTCGGTGTGTCTCAAATATCACAGGC
CTGATTCTGACTAGAGACGGCGGGAACAGCACAACTGATACAGAGACTTTCAGGCCCGGAGG
CGGGGACATGAGGGATAACTGGCGCAGCGAACTGTACAAGTATAAAGTGGTCAAGATCGAGC
CACTGGGAGTGGCACCAACCCGATGCAAACGAAGAGTGGTCGGAAGGCGACGACGAAGAAGG
GCAGTGGGCATTGGGGCCGTCTTCCTGGGGTTTCTGGGAGCAGCCGGCTCTACAATGGGAGC
TGCAAGTATGACCCTGACAGTGCAGGCTAGGAATCTGCTGTCAGGCATCGTCCAGCAGCAGA
GCAACCTGCTGCGAGCACCAGAAGCACAGCAGCATCTGCTGAAGCTGACCGTGTGGGGCATC
AAGCAGCTGCAGGCCCGGGTGCTGGCTGTCGAGCGCTACCTGCGAGATCAGCAGCTGCTGGG
GATCTGGGGATGTAGCGGCAAGCTGATTTGCTGTACAAATGTGCCTTGGAACTCTAGTTGGA
GCAATAGAAACCTGTCCGAAATCTGGGACAATATGACATGGCTGCAGTGGGATAAGGAGATT
TCTAACTACACTCAGATCATCTACGGCCTGCTGGAAGAGAGTCAGAATCAGCAGGAGAAGAA
CGAGCAGGACCTGCTGGCCCTGGAT
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[00228]  # Strain B.US.1998.AC10_29. AY835446 stabilized by olio6 mutations

[00229] AC10 SOSIP olio6 mC
AVEQTWVITVYYGVPVWKEANTTLFCASDAKAYNTEVHNVWATHACVPTDPNPQEVELENVTE
NFNMWKNNMVDQMHEDI ISLWDQSLKPCVKLTPLCVTLSCTDNVGNDTSTNNSRWDKMEKGE
IKNCSFNITTNMRDKMQKQYALFWKLDVVPIEEGKNNNSSFTDYRLISCNTSVITQACPKVT
FEPIPIHYCAPAGFALLKCKDKKEFNGTGPCKNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVV
IRSENFSNNARTIIVQLNTSVEIKCIAPNNFTVKGIHIGPGRAFYYMGDIIGDIRQAHCNIS
RONWNNTLKQIAEKLREQFGNKTIVFRQSSGGDPEIVMHTFNCAGMFFYCNTAELFNSTWYA
NGTISIGGGNKTNIILPCRIKLFINMWQEVGKAMYAPPISGQIRCSSNITGLLLTRDGGRGN
QTDNQTEIFRPVGGDMKNNWRSELYKYKVVRIEPLGIAPTRCKRRVVGRRRRRRAVGIGALS
LGFLGAAGSTMGAASMTLTVQARLLLSGIVQQONNLLRAPEPQQOQHLLODTHWGI KQLQARVL
AVEHYLRDQOLLGIWGCSGKLICCTAVPWNVSWNNRSVDDIWENMTWMOQWDREISNYTSLIY
TLIEESQNQQEKNEQELLALD

[00230] GCCGTGGAGCAGACCTGGGTGACAGTGTACTATGGCGTGCCCGTGTGGAAGGAGG
CCAACACCACACTGTTCTGCGCCAGCGACGCCAAGGCCTACAACACCGAGGTGCACAACGTG
TGGGCAACCCACGCATGCGTGCCTACAGATCCAAATCCCCAGGAGGTGGAGCTGGAGAACGT
GACAGAGAACTTCAACATGTGGAAGAACAATATGGTGGACCAGATGCACGAGGACATCATCT
CTCTGTGGGACCAGAGCCTGAAGCCTTGCGTGAAGCTGACCCCACTGTGCGTGACCCTGTCT
TGTACAGACAATGTGGGCAACGATACCAGCACAAACAATTCCAGATGGGATAAGATGGAGAA
GGGCGAGATCAAGAATTGTAGCTTCAACATCACCACAAATATGAGGGACAAGATGCAGAAGC
AGTACGCCCTGTTTTGGAAGCTGGATGTGGTGCCCATCGAGGAGGGCAAGAACAATAACAGC
TCCTTCACCGACTATAGACTGATCTCTTGCAATACCAGCGTGATCACACAGGCCTGTCCAAA
GGTGACATTTGAGCCTATCCCAATCCACTACTGCGCACCAGCAGGATTCGCACTGCTGAAGT
GTAAGGATAAGAAGTTTAATGGCACCGGCCCTTGCAAGAACGTGTCCACCGTGCAGTGTACA
CACGGCATCAAGCCAGTGGTGTCTACACAGCTGCTGCTGAACGGCAGCCTGGCCGAGGAGGA
GGTGGTCATCCGGTCCGAGAATTTCTCTAATAACGCCAGAACCATCATCGTGCAGCTGAACA
CATCCGTGGAGATCAAGTGCATCGCCCCCAATAACTTCACCGTGAAGGGCATCCACATCGGC
CCTGGCAGGGCCTTTTACTATATGGGCGACATCATCGGCGACATCAGGCAGGCCCACTGTAA
CATCTCTCGCCAGAATTGGAATAACACCCTGAAGCAGATCGCCGAGAAGCTGCGCGAGCAGT
TCGGCAATAAGACAATCGTGTTTCGGCAGTCTAGCGGCGGCGACCCAGAGATCGTGATGCAC
ACCTTCAACTGCGCCGGCATGTTCTTTTACTGTAACACAGCCGAGCTGTTTAATTCCACCTG
GTATGCCAACGGCACAATCTCTATCGGCGGCGGCAATAAGACCAACATCATCCTGCCCTGCC
GCATCAAGCTGTTCATCAATATGTGGCAGGAAGTGGGCAAGGCAATGTACGCACCACCTATC
AGCGGACAGATCAGGTGTTCCTCTAACATCACCGGCCTGCTGCTGACACGGGACGGCGGCAG
AGGAAACCAGACCGATAATCAGACAGAGATCTTTAGACCTGTGGGCGGCGATATGAAGAATA
ACTGGCGGTCCGAGCTGTACAAGTATAAGGTGGTGAGAATCGAGCCACTGGGAATCGCACCA
ACCAGGTGCAAGAGGAGAGTGGTGGGCAGGCGCCGGAGAAGGCGCGCAGTGGGCATCGGCGC
CCTGAGCCTGGGCTTTCTGGGAGCAGCAGGCAGCACAATGGGCGCAGCCTCCATGACCCTGA
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CAGTGCAGGCCAGACTGCTGCTGTCCGGCATCGTGCAGCAGCAGAATAACCTGCTGAGGGCC
CCCGAGCCTCAGCAGCACCTGCTGCAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCCAG
GGTGCTGGCAGTGGAGCACTATCTGCGCGATCAGCAGCTGCTGGGCATCTGGGGCTGCTCTG
GCAAGCTGATCTGCTGTACCGCCGTGCCCTGGAACGTGTCCTGGAATAACCGCTCTGTGGAC
GACATCTGGGAGAATATGACATGGATGCAGTGGGACCGGGAGATCAGCAACTACACCTCCCT
GATCTATACACTGATCGAGGAGTCCCAGAACCAGCAGGAGAAGAATGAGCAGGAGCTGCTGG
CCCTGGAT

[00231] # Resurfaced BG505 SOSIP trimer

[00232] BGS05 SOSIP_ MD39 SET224 wLoops 4 mC (BG505 _SOSIP_ R4 mC)

[00233] AENLWVTVYYGVPVWKDAETTLFCASDAKAYSTEKHNVWATHACVPTDPNPQEVV
LENVTENFNMWKNNMVEQMHEDT I SLWDQSLKPCVKLTPLCVTLNCTELNDTNTTATNSSGR
VIEDKEIKNCSFNMTTSLRDKVQRVYSLFNKFDIVPIDNSNDSYRLISCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCNDKEFNGTGPCKSVSTVQCTHGIRPVVSTQLLLNGSLAEEEVT
IRSENFTNNAKTILVQLNEPVVINCTRPNNNTVKSIRIGPGQAFYYTGEI IGDIRQAHCTVS
RETWNKTLGRVVEQLREQFRNKT I IVFNQSSGGDPEIVMHS FNCGGEFFYCNSTQLFNSTWY
GNETETGGTNDTIGNITLPCRIKQI INMWQEVGKAMYAPPIRGQISCSSNITGLILTRDGGN
NNETNTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTKCKRRVVGRRRRRRAVGI GAM
SLGFLGAAGSTMGAASLTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWG IKQLOARV
LAVEHYLRDQQLLGIWGCSGKLICCTNVPWNTSWSNKSLDQIWDNMTWLEWDRE I SNYTQLI
YNLLEESQONQQEKNEQDLLALD

[00234] GCCGAGAATCTGTGGGTGACCGTGTACTATGGCGTECCCATGTGGAAGCACGCAG
AGACCACACTGTTCTGCGCCTCCGATGCCAAGGCCTACTCTACAGAGAAGCACAACGTGTCR
GCAACCCACGCATGCGTGCCTACAGACCCAAATCCCCAGGAGGTGGTGCTGGAGAACGTGAC
CGAGAACTTTAATATGTGGAAGAACAATATGGTGGAGCAGATGCACGAGGACATCATCTCTC
TGTGGGATCAGAGCCTGAAGCCTTGCGTGAAGCTGACCCCACTGTGCGTGACCCTGAATTGT
ACAGAGCTGAACGACACCAATACCACAGCCACAAACAGCTCCGGCAGAGTGATCGAGGATAR
GGAGATCAAGAACTGTAGCTTCAATATGACCACATCCCTGCGGGACAAGGTGCAGAGAGTGT
ACTCCCTGTTCAATAAGTTTGATATCGTGCCTATCGACAACTCCAATGATTCTTATAGACTG
ATCAGCTGCAACACCTCCGCCATCACACAGGCCTGTCCAAAGETGTCTTTTGAGCCTATCCC
AATCCACTACTGCGCACCAGCAGGATTCGCAATCCTCGAAGTGTAACGACAAGGAGTTTAATG
GCACCGECCCTTGCAAGAGCGTGTCCACCGTGCAGTGTACACACGGCATCCGGCCAGTGETG
TCTACACAGCTGCTGCTGAATGGCAGCCTGECCGAGGAGCGAAGTGATCATCAGAAGCGAGAA
CTTCACCAACAATGCCAAGACAATCCTGETEGCAGCTGAACGAGCCCGTEGGTCATCAACTGCA
CCAGGCCTAACAATAACACAGTGAAGTCTATCCGCATCGECCCAGGCCAGGCCTTTTACTAT
ACCGGCGAGATCATCGGCGATATCAGGCAGGCCCACTGTACAGTGAGCCGCGAGACCTGGAR
CAAGACACTGGGAAGGCTGETCGAGCAGCTGACGCAGCAGTTCAGAAATAAGACCATCATCG
TGTTTAACCAGTCTAGCGGCGECGACCCAGAGATCGTGATGCACTCCTTCAACTGCGECEGC
GAGTTCTTTTACTGTAACTCTACCCAGCTGTTTAATAGCACATGETATGGCAACGAGACCGA
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GACAGGCGGCACCAACGATACAATCGGCAATATCACCCTGCCCTGCAGGATCAAGCAGATCA
TCAATATGTGGCAGGAAGTGGGCAAGGCAATGTACGCACCACCTATCAGGGGACAGATCAGC
TGTTCCTCTAACATCACCGGCCTGATCCTGACAAGGGACGGAGGCAATAACAATGAGACCAA
TACCACAGAGACATTCAGACCCGGCGGCGGCGACATGAGGGATAACTGGCGCTCCGAGCTGT
ACAAGTATAAGGTGGTGAAGATCGAGCCACTGGGAGTGGCACCAACCAAGTGCAAGAGGAGA
GTGGTGGGCAGGCGCCGGAGAAGGCGCGCAGTGGGCATCGGCGCCATGAGCCTGGGCTTTCT
GGGAGCAGCAGGATCCACAATGGGAGCAGCCTCTCTGACCCTGACAGTGCAGGCCAGGAATC
TGCTGAGCGGCATCGTGCAGCAGCAGTCCAACCTGCTGAGGGCACCAGAGCCTCAGCAGCAC
CTGCTGAAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCACGGGTGCTGGCAGTGGAGCA
CTATCTGAGAGATCAGCAGCTGCTGGGAATCTGGGGATGCAGCGGCAAGCTGATCTGCTGTA
CCAACGTGCCTTGGAATACATCTTGGAGCAATAAGTCCCTGGACCAGATCTGGGATAACATG
ACCTGGCTGGAGTGGGATAGAGAGATCTCCAATTACACACAGCTGATCTATAACCTGCTGGA
GGAGTCTCAGAACCAGCAGGAGAAGAATGAGCAGGACCTGCTGGCCCTGGAT

[00235] VI Additional trimer modifications that add functionality and that can be

combined with other types of modifications

[00236] # Filling conserved glycan holes on BG505: introduction of conserved glycans
missing from the BG505 strain: N241 is missing and in 97% of HIV strains, N289 is missing
and in 72% of HIV strains

[00237] BGS505 SOSIP_MD39 congly mC

[00238] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCQNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVT
IRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00239] GCCGAGAACCTGTGGGTGACCGTGTACTATGGCGTGCCCGTGTGGAAGGACGCAG
AGACCACACTGTTCTGCGCCAGCGATGCCAAGGCCTACGAGACAGAGAAGCACAACGTGTGG
GCAACCCACGCATGCGTGCCTACAGACCCAAACCCCCAGGAGATCCACCTGGAGAATGTGAC
CGAGGAGTTTAACATGTGGAAGAACAATATGGTGGAGCAGATGCACGAGGACATCATCTCTC
TGTGGGATCAGAGCCTGAAGCCTTGCGTGAAGCTGACCCCACTGTGCGTGACACTGCAGTGT
ACCAACGTGACAAACAATATCACCGACGATATGAGGGGCGAGCTGAAGAATTGTTCTTTCAA
CATGACCACAGAGCTGCGGGACAAGAAGCAGAAAGTGTACAGCCTGTTTTATAGACTGGATG
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TGGTGCAGATCAATGAGAACCAGGGCAATAGGAGCAACAATTCCAACAAGGAGTACCGCCTG
ATCAATTGCAACACCTCTGCCATCACACAGGCCTGTCCTAAGGTGAGCTTCGAGCCTATCCC
AATCCACTATTGCGCACCAGCAGGATTCGCAATCCTGAAGTGTAAGGATAAGAAGTTTAATG
GCACCGGCCCTTGCCAGAACGTGTCCACCGTGCAGTGTACACACGGCATCAAGCCAGTGGTG
AGCACACAGCTGCTGCTGAATGGCTCCCTGGCCGAGGAGGAAGTGATCATCCGGTCTGAGAA
CATCACCAACAATGCCAAGAATATCCTGGTGCAGCTGAACACAAGCGTGCAGATCAATTGCA
CCAGGCCCAACAATAACACAGTGAAGTCCATCCGCATCGGCCCTGGCCAGGCCTTTTACTAT
ACCGGCGACATCATCGGCGACATCAGACAGGCCCACTGTAACGTGAGCAAGGCCACCTGGAA
CGAGACACTGGGCAAGGTGGTGAAGCAGCTGCGGAAGCACTTCGGCAATAACACCATCATCA
GATTTGCACAGAGCAGCGGAGGCGACCTGGAGGTGACCACACACTCCTTCAATTGCGGCGGC
GAGTTCTTTTACTGTAACACATCCGGCCTGTTTAATTCTACCTGGATCTCTAACACAAGCGT
GCAGGGCTCCAATTCTACCGGCTCCAACGATTCTATCACACTGCCATGCAGGATCAAGCAGA
TCATCAACATGTGGCAGAGGATCGGACAGGCAATGTATGCACCACCTATCCAGGGCGTGATC
AGATGCGTGAGCAATATCACCGGCCTGATCCTGACACGCGACGGAGGCAGCACCAACTCCALC
CACAGAGACATTCAGGCCCGGCGGAGGCGACATGAGGGATAACTGGAGATCCGAGCTGTACA
AGTATAAGGTGGTGAAGATCGAGCCACTGGGAGTGGCACCAACCAGGTGCAAGAGGAGAGTG
GTGGGCAGGCGCCGGAGAAGGCGCGCAGTGGGCATCGGAGCCGTGAGCCTGGGCTTTCTGGG
AGCAGCAGGCTCTACAATGGGCGCAGCCAGCATGACCCTGACAGTGCAGGCCCGGAATCTGC
TGTCCGGCATCGTGCAGCAGCAGTCTAACCTGCTGAGAGCCCCCGAGCCTCAGCAGCACCTG
CTGAAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCCAGAGTGCTGGCCGTGGAGCACTA
CCTGAGAGATCAGCAGCTGCTGGGCATCTGGGGATGCTCCGGCAAGCTGATCTGCTGTACCA
ATGTGCCTTGGAACTCTAGCTGGAGCAATAGAAACCTGTCCGAGATCTGGGACAATATGALCC
TGGCTGCAGTGGGATAAGGAGATCTCCAACTACACACAGATCATCTATGGCCTGCTGGAGGA
GTCTCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00240] # C-terminal cysteine constructed used for conjugations. This modification can be
added to any trimer.

[00241] BGS505_SOSIP_ D664 MD39 CtCys mC

[00242] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVT
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALDGTKHHHHHHC
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[00243] GCCGAAAATCTGTGGGTGACTGTCTACTATGGCGTGCCTGTCTGGAAGGACGCCG
AGACCACACTGTTCTGTGCTTCCGATGCTAAGGCATACGAAACCGAGAAACACAACGTGTGG
GCAACCCATGCCTGCGTCCCAACAGACCCAAACCCCCAGGAAATCCACCTGGAGAATGTGAC
CGAGGAGTTCAACATGTGGAAGAACAATATGGTGGAACAGATGCATGAGGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACCCCACTGTGCGTGACACTGCAGTGT
ACAAACGTCACTAACAATATCACCGACGATATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACTACCGAGCTGAGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATCGCCTGGATG
TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATTAATTGCAACACCAGTGCCATCACACAGGCTTGTCCAAAAGTGTCATTCGAGCCTATCCC
AATTCATTATTGCGCCCCCGCTGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACTGTCCAGTGTACCCACGGAATTAAGCCTGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATCATTAGGTCTGAGAA
CATCACTAACAATGCAAAGAATATTCTGGTGCAGCTGAACACCCCCGTCCAGATCAATTGCA
CTCGCCCTAACAATAACACCGTGAAATCTATCCGAATTGGACCCGGCCAGGCTTTTTATTAC
ACCGGCGACATCATTGGCGACATCAGACAGGCACACTGCAATGTGAGCAAGGCCACATGGAA
CGAGACTCTGGGGAAGGTGGTCAAACAGCTGCGCAAACATTTCGGAAATAACACAATCATTC
GATTTGCACAGAGCAGCGGAGGGGACCTGGAAGTGACAACTCACAGCTTCAATTGCGGAGGC
GAGTTCTTTTACTGTAACACTAGTGGCCTGTTTAATTCAACTTGGATCAGCAACACCTCCGT
GCAGGGCAGCAACAGCACCGGCTCTAACGATAGTATCACACTGCCATGTCGGATTAAGCAGA
TCATTAACATGTGGCAGAGAATCGGGCAGGCCATGTATGCACCCCCTATCCAGGGAGTGATT
CGATGCGTGAGCAATATCACAGGCCTGATTCTGACTAGAGACGGGGGATCAACAAACAGCAC
CACAGAGACTTTCCGGCCCGGCGGAGGAGACATGCGAGATAACTGGAGATCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGCGTGGCTCCCACCAGATGCAAACGAAGAGTG
GTCGGGAGGCGCCGACGGAGAAGGGCTGTGGGGATTGGAGCAGTCAGCCTGGGCTTTCTGGG
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACTCTGACCGTGCAGGCCAGGAATCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAACCTGCTGAGGGCTCCCGAACCCCAGCAGCACCTG
CTGAAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCAAGAGTGCTGGCCGTCGAGCATTA
CCTGAGGGATCAGCAGCTGCTGGGCATCTGGGGATGCAGCGGAAAGCTGATTTGCTGTACAA
ATGTGCCTTGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACA
TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACTCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGATGGTACCAAGCACC
ACCATCACCATCACTGT

[00244] # Computational designed mutation knocks out binding of CD4 receptor, yet
retains antigenic profile of BG505 CD4bs. In this case Applicants illustrate the mutation on
the MD39 background.

[00245] BGS505_SOSIP D664 MD39 CD4KO4 mC

[00246] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
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NCSFNMTTELRDKKQKVYSLEFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDI IGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQITINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGTDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQOQHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOWDKEISNYTQITIY
GLLEESQNQQEKNEQDLLALD

[00247] GCCGAAAATCTGTGGGTGACTGTCTACTATGGCGTGCCTGTCTGGAAGGACGCCG
AGACCACACTGTTCTGTGCTTCCGATGCTAAGGCATACGAAACCGAGAAACACAACGTGTGG
GCAACCCATGCCTGCGTCCCAACAGACCCAAACCCCCAGGAAATCCACCTGGAGAATGTGAC
CGAGGAGTTCAACATGTGGAAGAACAATATGGTGGAACAGATGCATGAGGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCTTGCGTGAAACTGACCCCACTGTGCGTGACACTGCAGTGT
ACAAACGTCACTAACAATATCACCGACGATATGCGGGGCGAACTGAAGAATTGTTCTTTCAA
CATGACTACCGAGCTGAGGGACAAGAAACAGAAAGTGTACAGTCTGTTTTATCGCCTGGATG
TGGTCCAGATCAATGAAAACCAGGGGAATCGAAGTAACAATTCAAACAAGGAGTACCGGCTG
ATTAATTGCAACACCAGTGCCATCACACAGGCTTGTCCAAAAGTGTCATTCGAGCCTATCCC
AATTCATTATTGCGCCCCCGCTGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACTGTCCAGTGTACCCACGGAATTAAGCCTGTGGTC
TCCACACAGCTGCTGCTGAATGGCTCTCTGGCTGAGGAAGAAGTGATCATTAGGTCTGAGAA
CATCACTAACAATGCAAAGAATATTCTGGTGCAGCTGAACACCCCCGTCCAGATCAATTGCA
CTCGCCCTAACAATAACACCGTGAAATCTATCCGAATTGGACCCGGCCAGGCTTTTTATTAC
ACCGGCGACATCATTGGCGACATCAGACAGGCACACTGCAATGTGAGCAAGGCCACATGGAA
CGAGACTCTGGGGAAGGTGGTCAAACAGCTGCGCAAACATTTCGGAAATAACACAATCATTC
GATTTGCACAGAGCAGCGGAGGGGACCTGGAAGTGACAACTCACAGCTTCAATTGCGGAGGC
GAGTTCTTTTACTGTAACACTAGTGGCCTGTTTAATTCAACTTGGATCAGCAACACCTCCGT
GCAGGGCAGCAACAGCACCGGCTCTAACGATAGTATCACACTGCCATGTCGGATTAAGCAGA
TCATTAACATGTGGCAGAGAATCGGGCAGGCCATGTATGCACCCCCTATCCAGGGAGTGATT
CGATGCGTGAGCAATATCACAGGCCTGATTCTGACTAGAGACGGGGGATCAACAAACAGCAC
CACAGAGACTTTCCGGCCCGGCGGAACCGACATGCGAGATAACTGGAGATCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCACTGGGCGTGGCTCCCACCAGATGCAAACGAAGAGTG
GTCGGGAGGCGCCGACGGAGAAGGGCTGTGGGGATTGGAGCAGTCAGCCTGGGCTTTCTGGG
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACTCTGACCGTGCAGGCCAGGAATCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAACCTGCTGAGGGCTCCCGAACCCCAGCAGCACCTG
CTGAAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCAAGAGTGCTGGCCGTCGAGCATTA
CCTGAGGGATCAGCAGCTGCTGGGCATCTGGGGATGCAGCGGAAAGCTGATTTGCTGTACAA
ATGTGCCTTGGAACTCTAGTTGGAGCAATCGCAACCTGTCCGAAATCTGGGACAATATGACA
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TGGCTGCAGTGGGATAAGGAGATTAGCAACTACACTCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAATCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00248] # Computational designed mutation knocks out binding of CD4 receptor, yet
retains antigenic profile of BG505 CD4bs. Here the mutation is shown on the olio6
background.

[00249] BG505_SOSIP D664 olio6_ CD4KO4 mC

[00250] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFWRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVT
IRSENITNNAKNILVQLNTPVQINCTAPNNFTVKSIRIGPGQAFYYMGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGMFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKLIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGTDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALD

[00251] GCCGAAAACCTGTGGGTGACTGTCTACTATGGCGTGCCCGTCTGGAAGGACGCAG
AGACCACACTGTTCTGCGCTAGCGATGCTAAGGCCTACGAGACCGAGAAACACAACGTGTGG
GCAACCCATGCCTGCGTGCCTACAGACCCAAATCCCCAGGAAATCCACCTGGAGAACGTGAC
CGAGGAGTTCAACATGTGGAAGAACAATATGGTGGAACAGATGCATGAGGACATCATTTCCC
TGTGGGATCAGTCTCTGAAGCCCTGCGTGAAACTGACCCCTCTGTGCGTCACACTGCAGTGT
ACAAACGTGACTAACAATATCACCGACGATATGCGGGGCGAACTGAAGAACTGTTCTTTCAA
TATGACTACCGAGCTGCGCGACAAGAAACAGAAAGTGTACAGTCTGTTTTGGCGACTGGATG
TGGTCCAGATCAACGAAAATCAGGGGAACCGGAGTAACAACTCAAATAAGGAGTATAGACTG
ATCAACTGCAATACCAGTGCCATTACACAGGCTTGTCCTAAAGTGTCATTCGAGCCTATCCC
AATTCATTACTGCGCCCCAGCTGGCTTCGCCATCCTGAAGTGTAAAGATAAGAAGTTCAACG
GCACCGGGCCATGCCCTTCAGTGAGCACTGTCCAGTGTACCCACGGAATTAAGCCTGTGGTC
TCCACACAGCTGCTGCTGAACGGCTCTCTGGCTGAGGAAGAAGTGATCATTAGATCCGAGAA
TATCACTAACAATGCAAAGAACATTCTGGTGCAGCTGAATACCCCAGTCCAGATCAACTGCA
CTGCCCCCAACAATTTCACCGTGAAATCTATCCGGATTGGACCAGGCCAGGCTTTTTACTAT
ATGGGCGACATCATTGGGGATATTAGACAGGCACACTGTAACGTGAGCAAGGCCACATGGAA
TGAAACTCTGGGGAAGGTGGTCAAACAGCTGCGAAAACATTTCGGAAACAATACAATCATTC
GATTTGCACAGAGCAGCGGAGGGGACCTGGAGGTGACAACTCACAGCTTCAACTGCGGAGGC
ATGTTCTTTTATTGTAATACTAGTGGCCTGTTTAACTCAACTTGGATCAGCAATACCTCCGT
GCAGGGCAGCAACAGCACCGGCTCTAATGATAGTATCACACTGCCATGCAGAATTAAGCTGA
TCATTAATATGTGGCAGAGGATCGGGCAGGCTATGTACGCACCCCCTATCCAGGGAGTGATT
CGGTGCGTGAGCAACATCACAGGCCTGATTCTGACTAGAGACGGGGGATCAACAAATAGCAC
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CACAGAGACTTTCAGGCCCGGCGGAACCGACATGCGAGATAACTGGCGATCCGAACTGTACA
AGTATAAAGTGGTCAAGATCGAGCCTCTGGGAGTGGCACCAACCCGATGCAAACGAAGAGTG
GTCGGGAGGCGCCGACGGAGAAGGGCTGTGGGGATTGGAGCAGTCTCTCTGGGCTTTCTGGG
GGCCGCTGGATCTACAATGGGGGCAGCCAGTATGACTCTGACCGTCCAGGCAAGGAACCTGC
TGTCAGGAATCGTGCAGCAGCAGAGCAATCTGCTGCGCGCTCCAGAACCCCAGCAGCACCTG
CTGAAGGACACCCATTGGGGCATCAAGCAGCTGCAGGCAAGGGTGCTGGCAGTCGAGCACTA
CCTGCGAGATCAGCAGCTGCTGGGCATCTGGGGATGCAGCGGAAAGCTGATTTGCTGTACAA
ACGTGCCCTGGAACAGCAGCTGGAGCAACCGGAATCTGTCCGAAATCTGGGACAACATGACA
TGGCTGCAGTGGGATAAGGAGATTAGCAATTACACTCAGATCATCTACGGCCTGCTGGAAGA
GTCCCAGAACCAGCAGGAGAAGAACGAGCAGGACCTGCTGGCCCTGGAT

[00252] # Filling conserved glycan holes on AC10: introduction of conserved glycans
missing from the AC10 strain: N295 is missing and in 62% of HIV strains, N386 is missing
and in 86% of HIV strains

[00253] AC10 _SOSIP olio6 congly mC

[00254] AVEQTWVIVYYGVPVWKEANTTLFCASDAKAYNTEVHNVWATHACVPTDPNPQEV
ELENVTENFNMWKNNMVDOQMHEDIISLWDQSLKPCVKLTPLCVTLSCTDNVGNDTSTNNSRW
DKMEKGEIKNCSEFNITTNMRDKMQKQYALFWKLDVVPIEEGKNNNSSFTDYRLISCNTSVIT
QACPKVTFEPIPIHYCAPAGFALLKCKDKKFNGTGPCKNVSTVQCTHGIKPVVSTQLLLNGS
LAEEEVVIRSENFSNNARTIIVQLNTSVEINCTAPNNFTVKGIHIGPGRAFYYMGDIIGDIR
QAHCNISRONWNNTLKQIAEKLREQFGNKTIVFRQSSGGDPEIVMHTFNCAGMFFYCNTSEL
FNSTWYANGTISIGGGNKTNIILPCRIKLFINMWQEVGKAMYAPPISGQIRCSSNITGLLLT
RDGGRGNQTDNQTEIFRPVGGDMKNNWRSELYKYKVVRIEPLGIAPTRCKRRVVGRRRRRRA
VGIGALSLGFLGAAGSTMGAASMTLTVQARLLLSGIVQQONNLLRAPEPQOHLLODTHWGIK
QLOARVLAVEHYLRDQQLLGIWGCSGKLICCTAVPWNVSWNNRSVDDIWENMTWMQWDRETS
NYTSLIYTLIEESQONQQEKNEQELLALD

[00255] GCCGTGGAGCAGACCTGGGTGACAGTGTACTATGGCGTGCCCGTGTGGAAGGAGG
CCAACACCACACTGTTCTGCGCCAGCGACGCCAAGGCCTACAACACCGAGGTGCACAACGTG
TGGGCAACCCACGCATGCGTGCCTACAGATCCAAATCCCCAGGAGGTGGAGCTGGAGAACGT
GACAGAGAACTTCAACATGTGGAAGAACAATATGGTGGACCAGATGCACGAGGACATCATCT
CTCTGTGGGACCAGAGCCTGAAGCCTTGCGTGAAGCTGACCCCACTGTGCGTGACCCTGTCT
TGTACAGACAATGTGGGCAACGATACCAGCACAAACAATTCCAGATGGGATAAGATGGAGAA
GGGCGAGATCAAGAATTGTAGCTTCAACATCACCACAAATATGAGGGACAAGATGCAGAAGC
AGTACGCCCTGTTTTGGAAGCTGGATGTGGTGCCCATCGAGGAGGGCAAGAACAATAACAGC
TCCTTCACCGACTATAGACTGATCTCTTGCAATACCAGCGTGATCACACAGGCCTGTCCAAA
GGTGACATTTGAGCCTATCCCAATCCACTACTGCGCACCAGCAGGATTCGCACTGCTGAAGT
GTAAGGATAAGAAGTTTAATGGCACCGGCCCTTGCAAGAACGTGTCCACCGTGCAGTGTACA
CACGGCATCAAGCCAGTGGTGTCTACACAGCTGCTGCTGAACGGCAGCCTGGCCGAGGAGGA
GGTGGTCATCCGGTCCGAGAATTTCTCTAATAACGCCAGAACCATCATCGTGCAGCTGAACA
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CATCCGTGGAGATCAACTGCACCGCCCCCAATAACTTCACCGTGAAGGGCATCCACATCGGC
CCTGGCAGGGCCTTTTACTATATGGGCGACATCATCGGCGACATCAGGCAGGCCCACTGTAA
CATCTCTCGCCAGAATTGGAATAACACCCTGAAGCAGATCGCCGAGAAGCTGCGCGAGCAGT
TCGGCAATAAGACAATCGTGTTTCGGCAGTCTAGCGGCGGCGACCCAGAGATCGTGATGCAC
ACCTTCAACTGCGCCGGCATGTTCTTTTACTGTAACACAAGCGAGCTGTTTAATTCCACCTG
GTATGCCAACGGCACAATCTCTATCGGCGGCGGCAATAAGACCAACATCATCCTGCCCTGCC
GCATCAAGCTGTTCATCAATATGTGGCAGGAAGTGGGCAAGGCAATGTACGCACCACCTATC
AGCGGACAGATCAGGTGTTCCTCTAACATCACCGGCCTGCTGCTGACACGGGACGGCGGCAG
AGGAAACCAGACCGATAATCAGACAGAGATCTTTAGACCTGTGGGCGGCGATATGAAGAATA
ACTGGCGGTCCGAGCTGTACAAGTATAAGGTGGTGAGAATCGAGCCACTGGGAATCGCACCA
ACCAGGTGCAAGAGGAGAGTGGTGGGCAGGCGCCGGAGAAGGCGCGCAGTGGGCATCGGLGL
CCTGAGCCTGGGCTTTCTGGGAGCAGCAGGCAGCACAATGGGCGCAGCCTCCATGACCCTGA
CAGTGCAGGCCAGACTGCTGCTGTCCGGCATCGTGCAGCAGCAGAATAACCTGCTGAGGGCC
CCCGAGCCTCAGCAGCACCTGCTGCAGGACACCCACTGGGGCATCAAGCAGCTGCAGGCCAG
GGTGCTGGCAGTGGAGCACTATCTGCGCGATCAGCAGCTGCTGGGCATCTGGGGCTGCTCTG
GCAAGCTGATCTGCTGTACCGCCGTGCCCTGGAACGTGTCCTGGAATAACCGCTCTGTGGAC
GACATCTGGGAGAATATGACATGGATGCAGTGGGACCGGGAGATCAGCAACTACACCTCCCT
GATCTATACACTGATCGAGGAGTCCCAGAACCAGCAGGAGAAGAATGAGCAGGAGCTGCTGG
CCCTGGAT

[00256] Type VII sequences

[00257] 191084 SOSIP_MD39
TENLWVTVYYGVPVWRDAETTLFCASDAKAYDTEMHNVWATHACVPTDPNPQEIDLENVTEK
FNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLNCTAITNDTRGNETGINRTVETTEM
TNCSFNMTTELRDRKKKVNALFYKLDIVQIGENSSSQYRLINCNTSVITQACPKVTFEPIPI
HYCAPAGFAILKCKDKEFNGTGTCRNVSSVQCTHGIKPVVSTQLLLNGSLAEGQVIIRSENT
SDNAKTIIVQLNESVPINCTRPNNNTVRGIHLGPGQTFFYTDIIGDIRQAHCNVSESKWNKA
LOQEVVKQLROQHWNKTIIFKSSSGGDLEITTHSFNCGGEFFYCNTSGLENSTWNIAGNRTNDT
KSNETITLPCRIKQIVNVWQRVGQAIYAPPIAGVIRCNSNITGLLLVRDGGATNNTDETEFRP
GGGNMRDNWRSELYKYKVVKIEPLGVAPTRCRRRVVERRRRRRAVGLGAVSIGFLGAAGSTM
GAASVTLTVQARQLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLKDQQL
LGIWGCSGKLICCTTVPWNSSWSNKSONEIWDNMTWLOWDKEISNYTQLIYSLIEESQNQQE
KNEQELLALD

[00258] 001428 SOSIP_MD39

[00259] VENLWVIVYYGVPVWKEARTTLFCASDAKAYETEVHNVWATHACVPTDPNPQEMV
LGNVTENFNMWKNDMVDQMHEDVISLWAQSLKPCVKLTPLCVTLECTQVNATQGNTTQVNVT
QVNGDEMKNCSFNTTTEIRDKKQKAYALFYRLDLVPLERENRGDSNSASKYILINCNTSAIT
QACPKVNFDPIPIHYCTPAGYAILKCNNKTFNGTGSCNNVSTVQCTHGIKPVVSTQLLLNGS
LAEEEIIIRSENLTDNVKTIIVHLDQSVEIVCTRPNNNTVKSIRIGPGQTFYYTGDIIGNIR
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EAHCNISEKKWHEMLRRVSEKLAEHFPNKTIKFTSSSGGDLEITTHSFNCRGEFFYCNTSGL
FNSTYMPNGTYMPNGTNNSNSTIILPCRIKQIINMWQEVGRAMYAPPIAGNITCNSNITGLL
LVRDGGKNNNTEIFRPGGGDMRDNWRSELYKYKVVEIKPLGVAPTRCKRRVVGRRRRRRAVG
LGAVSLGFLGAAGSTMGAASITLTVQARQLLSGIVQQQOSNLLQAPEPQQOHLLQDTHWGI KQL
QTRVLAIEHYLKDQQLLGIWGCSGKLICCTAVPWNSSWSNKSLTDIWDNMTWMQWDREVSNY
TGIIYRLLEDSQNQQERNEQDLLALD

[00260] AC10 SOSIP_MD39
AVEQTWVITVYYGVPVWKEANTTLFCASDAKAYNTEVHNVWATHACVPTDPNPQEVELENVTE
NFNMWKNNMVDQMHEDI ISLWDQSLKPCVKLTPLCVTLSCTDNVGNDTSTNNSRWDKMEKGE
IKNCSFNITTNMRDKMQKQYALFYKIDVVPIEEGKNNNSSFTDYRLISCNTSVITQACPKVT
FEPIPIHYCAPAGFALLKCKDKKEFNGTGPCKNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVV
IRSENFSNNARTIIVQLNTSVEIKCIRPNNNTVKGIHIGPGRAFYYTGDIIGDIRQAHCNIS
RONWNNTLKQIAEKLREQFGNKTIVFRQSSGGDPEIVMHTFNCAGEFFYCNTAELFNSTWYA
NGTISIGGGNKTNIILPCRIKQFINMWQEVGKAMYAPPISGQIRCSSNITGLLLTRDGGRGN
QTDNQTEIFRPVGGDMKNNWRSELYKYKVVRIEPLGIAPTRCKRRVVGRRRRRRAVGIGALS
LGFLGAAGSTMGAASMTLTVQARLLLSGIVQQONNLLRAPEPQQHLLODTHWGI KQLQARVL
AVEHYLRDQOLLGIWGCSGKLICCTAVPWNVSWNNRSVDDIWENMTWMOQWDREISNYTSLIY
TLIEESQNQQEKNEQELLALD

[00261] AC10 SOSIP olio6

[00262] AVEQTWVIVYYGVPVWKEANTTLFCASDAKAYNTEVHNVWATHACVPTDPNPQEV
ELENVTENFNMWKNNMVDOQMHEDIISLWDQSLKPCVKLTPLCVTLSCTDNVGNDTSTNNSRW
DKMEKGEIKNCSEFNITTNMRDKMQKQYALFWKLDVVPIEEGKNNNSSFTDYRLISCNTSVIT
QACPKVTFEPIPIHYCAPAGFALLKCKDKKFNGTGPCKNVSTVQCTHGIKPVVSTQLLLNGS
LAEEEVVIRSENFSNNARTIIVQLNTSVEIKCIAPNNFTVKGIHIGPGRAFYYMGDIIGDIR
QAHCNISRONWNNTLKQIAEKLREQFGNKTIVFRQSSGGDPEIVMHTFNCAGMFFYCNTAEL
FNSTWYANGTISIGGGNKTNIILPCRIKLFINMWQEVGKAMYAPPISGQIRCSSNITGLLLT
RDGGRGNQTDNQTEIFRPVGGDMKNNWRSELYKYKVVRIEPLGIAPTRCKRRVVGRRRRRRA
VGIGALSLGFLGAAGSTMGAASMTLTVQARLLLSGIVQQONNLLRAPEPQOHLLODTHWGIK
QLOARVLAVEHYLRDQQLLGIWGCSGKLICCTAVPWNVSWNNRSVDDIWENMTWMQWDRETS
NYTSLIYTLIEESQONQQEKNEQELLALD

[00263] ZMI97TM_MD39

[00264] MEQLWVIVYYGVPVWKEAKATLFCASDAKAYEKEVHNVWATHACVPTDPNPQEIP
LGNVTENFNMWKNDMADQMHEDI ISLWDQSLKPCVKLTPLCVTLNCSDATSNTTKNATNTNT
TSTDNRNATSNDTEMKGEIKNCTEFNITTEVRDRKTKQRALFYKLDVVPLEEEKNSSSKNSSY
KEYRLISCNTSTITQACPKVSFDPIPIHYCAPAGYATLKCNNKTFNGTGPCHNVSTVQCTHG
IKPVVSTQLLLNGSLAEEEIITRSENLTDNTKTIIVHLNESVEINCTRPNNNTVKSVRIGPG
QTFFYTGEIIGDIRQAHCNLSKSNWTTTLKRIEKKLKEHFNNATIKFESSAGGDLEITTHSF
NCRGEFFYCNTSGLFNSSLLNDTDGTSNSTSNATITLPCRIKQIINMWQEVGRAMYASPTIAG
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IITCKSNITGLLLTRDGGNKSAGIETFRPGGGNMKDNWRSELYKYKVVEIKPLGIAPTSCKR
RVVERRRRRRAAGIGAVSLGFLGAAGSTMGAASVMLTVQARQLLSGIVQQQOSNLLRAPEPQQ
HMLQDTHWGIKQLOTRVLATIEHYLKDQQLLGLWGCSGKLICCTAVPWNTSWSNKSKDEIWDN
MTWMQWDREIDNYTQVIYQLLEVSQNQQEKNENDLLALD

[00265] B41 _SOSIP D664 MD39

[00266] AAKKWVIVYYGVPVWKEATTTLFCASDAKAYDTEVHNVWATHACVPTDPNPQEIV
LGNVTENFNMWKNNMVEQMHEDI ISTWDQSLKPCVKLTPLCVTLNCNNVNTNNTNNSTNAT I
SDWEKMETGEMKNCSFNVTTSIRDKIKKEYALFYKLDVVPLENKNNINNTNITNYRLINCNT
SVITQACPKVSFEPIPIHYCAPAGFAILKCNSKTFNGSGPCTNVSTVQCTHGIRPVVSTQLL
LNGSLAEEEIVIRSENITDNAKTIIVQLNEAVEINCTRPNNNTVKSTIHIGPGRAFYYTGDITI
GNIRQAHCNISKARWNETLGQIVAKLEEQFPNKTIIFNHSSGGDPEIVTHSFNCGGEFFYCN
TTPLENSTWNNTRTDDYPTGGEQNITLQCRIKQI INMWQGVGKAMYAPPIRGQIRCSSNITG
LLLTRDGGRDONGTETFRPGGGNMRDNWRSELYKYKVVKIEPLGIAPTACKRRVVQRRRRRR
AVGLGAFSLGFLGAAGSTMGAASMALTVQARLLLSGIVQQONNLLRAPEPQQHMLODTHWGT
KQLOARVLAVEHYLRDQQLLGIWGCSGKIICCTNVPWNDSWSNKT INEIWDNMTWMQWEKET
DNYTQHIYTLLEVSQIQQEKNEQELLELD

[00267] Type VIII sequences

[00268] #gp120-gp41 linker optimized by mammalian display directed evolution
[00269] BGS05 SOSIP MD39 link14

[00270] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIH
LENVTEEFNMWKNNMVEQMHEDTI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK

NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS

FEPTPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI

IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS

KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVITTHSFNCGGEFFYCNTSGLENSTWI

SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG

STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGSGGSGSGGHA

AVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQOHLLKDTHWGI

KOQLOQARVLAVEHYLRDQOILLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKET

SNYTQIIYGLLEESQNQQEKNEQDLLALD

[00271] #The following "CP" designs are all circular permutations of gp140 that eliminate
the need for a cleavage site while maintaining native-like structure.

[00272] #Circular permutation 1, variant 1

[00273] BGS05 SOSIP_MD39 CPl1.1

[00274] VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWG
IKQLOQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKE
ISNYTQIIYGLLEESQNQQEKNEQDLLALDGGSGSGGGSGSGGSSAENLWVIVYYGVPVWKD
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AETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETITHLENVTEEFNMWKNNMVEQMHEDIT
SILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFYRL
DVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPTHYCAPAGFATILKCKDKKF
NGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVITRSENITNNAKNILVQLNTPVQIN
CTRPNNNTVKSIRIGPGQAFYYTGDITIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTI
IRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLEFNSTWISNTSVQGSNSTGSNDSITLPCRIK
QITNMWQRIGQAMYAPPTIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSEL
YKYKVVKIEPLGVAPTRCKRRVVG

[00275]  #Circular permutation 1, variant 2

[00276] BGS505 SOSIP_MD39 CP1.2

[00277] VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWG
IKQLOARVLAVEHYLRDOQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKE
ISNYTQITIYGLLEESQNQQEKNEQDLGGSGSGGGSGSGGSSGSGLWVTVYYGVPVWKDAETT
LFCASDAKAYETEKHNVWATHACVPTDPNPQE ITHLENVTEEFNMWKNNMVEQMHEDI ISLWD
QSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQ
INENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTG
PCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTPVQINCTRP
NNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTITIRFA
QSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQITIN
MWOQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYK
VVKIEPLGVAPTRCKRR

[00278] # Circular permutation 2

[00279] BG3505 SOSIP MD39 CP2

[00280] VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWG
IKQLOARVLAVEHYLRDQQLLGIWGCSGKLICCTGGSGVIVYYGVPVWKDAETTLFCASDAK
AYETEKHNVWATHACVPTDPNPQEIHLENVTEEFNMWKNNMVEQMHEDTI ISLWDQSLKPCVK
LTPLCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNR
SNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTV
QCTHGIKPVVSTQLLLNGSLAEEEVITIRSENITNNAKNILVQILNTPVQINCTRPNNNTVKST
RIGPGQAFYYTGDITIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTI TRFAQSSGGDLE
VITHSFNCGGEFFYCNTSGLEFNSTWISNTSVQGSNSTGSNDSITLPCRIKQITNMWQRIGQA
MYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLG
VAPTRCKRGGSGSGVPWNSSWSNRNLSEIWDNMTWLOWDKEISNYTQITYGLLEESQNQQEK
NEQDLLALD

[00281] # Circular permutation 3

[00282] BG505 _SOSIP_MD39 CP3
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[00283] VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWG
IKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKE
ISNYTQITIYGLLEESGGSGSGAGGLWVTIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWAT
HACVPTDPNPQEIHLENVTEEFNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTN
VINNITDDMRGELKNCSENMTTELRDKKQKVYSLEFYRLDVVQINENQGNRSNNSNKEYRLIN
CNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKEFNGTGPCPSVSTVQCTHGIKPVVST
QLLLNGSLAEEEVIIRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTG
DITIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEF
FYCNTSGLENSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRC
VSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVG
GGSGSGONQQEKNEQDLLALD

[00284] Type IX sequences

[00285] # BGS505 MD39 GRSF4 adds glycosylation sites at positions 80, 241, 289, 657,

and 665 relative to MD39.

[00286] BG505 MD39 GRSF4

[00287] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSE
IHLENVTEEFNMWKNNMVEQMHEDI I SLWDQSLKPCVKLTPLCVTLQCTNVITNNITDDMRG
ELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQAC
PKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCQNVSTVQCTHGIKPVVSTQLLLNGSLA
EEEVIIRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQ
AHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSG
LENSTWISNTSVQGSNSTGSNDSITLPCRIKQITNMWQRIGQAMYAPPIQGVIRCVSNITG
LILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRR
RAVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHW
GIKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWD
KEISNYTQIIYGLLEESQNQQEKNNQSLLALDNGS

[00288] # BGS505 MD39 GRSF7 adds one additional glycosylation site, at position 634,

on top of MD39 GRSF4. Adding this glycosylation site is accomplished by the mutation
E634N, but that breaks a salt bridge with R617, so we added the R617A mutation. In total,
BG505 MD39 GRSF7 contains six extra glycosylation sites relative to BG505 MD39.
[00289] BGS05 MD39 GRSF7

[00290] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSE
IHLENVTEEFNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRG
ELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSATITQAC
PKVSFEPIPITHYCAPAGFATILKCKDKKFNGTGPCQNVSTVQCTHGIKPVVSTQLLLNGSLA
EEEVIIRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQ
AHCNVSKATWNETLGKVVKQLRKHFGNNTI IRFAQSSGGDLEVTTHSFNCGGEFFYCNTSG
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LFNSTWISNTSVQGSNSTGSNDSITLPCRIKQITINMWQRIGQAMYAPPIQGVIRCVSNITG
LILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRR
RAVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHW
GIKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNANLSETWDNMTWLQWD
KNISNYTQITIYGLLEESQNQQEKNNQSLLALDNGS

[00291] # BG505 CP1.2 GRSF4 adds five glycosylation sites relative to BG505 CP1.2,
but some of the additional glycosylation sites are different than those in
BG505_MD39 GRSF4.

[00292] BGS505 MD39 CP1.2 GRSF4

[00293] VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTH
WGIKQLOARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQW
DKEISNYTQIIYGLLEESQNQQEKNEQDLGGNGSGGGSGSGGNGSSGLWVIVYYGVPVWKD
AETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTEEFNMWKNNMVEQMHEDT
ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFEFY
RLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKD
KKFNGTGPCQNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTS
VQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHF
GNNTIIRFAQSSGGDLEVITTHSFNCGGEFFYCNTSGLENSTWISNTSVQGSNSTGSNDSIT
LPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMR
DNWRSELYKYKVVKIEPLGVAPTRCKRR

[00294] #Merges the BG505 MD39 linkl4 modifications with glycan masking
modifications in BG505 MD39 GRSF4.

[00295] BG505 MD39 linkl4 GRSF4

[00296] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSE

IHLENVTEEFNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRG
ELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQAC
PKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCQNVSTVQCTHGIKPVVSTQLLLNGSLA
EEEVIIRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQ
AHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSG
LENSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITG
LILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGS
GGSGSGGHAAVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQ
HLLKDTHWGIKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWD
NMTWLOQWDKEISNYTQIIYGLLEESQNQQEKNNQSLLALDNGS

[00297] #Merges the BG505 MD39 linkl4 modifications with glycan masking
modifications in BG505 MD39 GRSF7.

[00298] BG505 MD39 link14 GRSF7
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[00299] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSE
IHLENVTEEFNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRG
ELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSATITQAC
PKVSFEPIPITHYCAPAGFATILKCKDKKFNGTGPCQNVSTVQCTHGIKPVVSTQLLLNGSLA
EEEVIIRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQ
AHCNVSKATWNETLGKVVKQLRKHFGNNTI IRFAQSSGGDLEVTTHSFNCGGEFFYCNTSG
LFNSTWISNTSVQGSNSTGSNDSITLPCRIKQITINMWQRIGQAMYAPPIQGVIRCVSNITG
LILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGS
GGSGSGGHAAVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQ
HLLKDTHWGIKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNANLSETIWD
NMTWLOQWDKNISNYTQITIYGLLEESQNQQEKNNQSLLALDNGS

[00300] Tvpe X sequences

[00301] #Cleavage-indepdent MD39 with "quiet" loops.

[00302] # V1: DI14IN, R143S (as in VLCI1-03), V1 is already short this adds 1 extra

glycan to c-term of loop

[00303] # V2b: Use VLC3-13 (hotspot, single glycan and 8 AA shorter)

[00304] # V4: Use VLC3-13 (hotspot, 2 glycans and 5 AA shorter)

[00305] BG505 MD39 CP1.2 GRSF4 gloopsl

[00306] VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWG
IKQLQARVLAVEHYLRDQOQLLGIWGCSGKLICCTNVPWNSSWSNRNLSETIWDNMTWLQWDKE
ISNYTQIIYGLLEESQNQQEKNEQDLGGNGSGGGSGSGGNGSSGLWVIVYYGVPVWKDAETT
LFCASDAKAYETEKHNVWATHACVPTDPNSSETHLENVTEEFNMWKNNMVEQMHEDIISLWD
QSLKPCVKLTPLCVTLQCTNVTNNITDNMTGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQ
INGSGGEYRLINCNTSAITQACPKVSFEPIPTHYCAPAGFAILKCKDKKENGTGPCQNVSTV
QCTHGIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTSVQINCTRPNNNTVKST
RIGPGQAFYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLE
VTTHSFNCGGEFFYCNTSGLFNSTWPENGTMEGSNGTITLPCRIKQITNMWQRIGQAMYAPP
IQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTR
CKRR

[00307] # Same as BG505 MD39 CP1.2 GRSF4 gLoopsl, but adds three additional

glycosylation sites (indicated by underline, bold). (This GRSF7 adds more glycans that
BG505_MD39 GRSF7).
[00308] BG505 MD39 CP1.2 GRSF7_qLoopsl

[00309] GGNSSGSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLK
DTHWGIKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWL
QWDKEISNYTQIIYGLLEESQNQNESNEQDLGGNGSGGGSGSGGNGSSGLWVIVYYGVPVWK
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DAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTEEFNMWKNNMVEQMHEDT
ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDNMTGELKNCSFNMTTELRDKKQKVYSLEFYR
LDVVQINGSGGEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCQ
NVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTSVQINCTRPNNN
TVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSS
GGDLEVTTHSEFNCGGEFFYCNTSGLENSTWPENGTMEGSNGTITLPCRIKQIINMWQRIGQA
MYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLG
VAPTRCNRS

[00310] # Cleavage-dependent BG505 MD39 GRSF4

[00311]  but with "quiet" loops from BG505_MD39 CP1.2 GRSF4 qLoopsl

[00312] BG505 MD39 GRSF4 gLoopsl

[00313] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIH
LENVTEEFNMWKNNMVEQMHEDTI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDNMTGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINGSGGEYRLINCNTSAITQACPKVSFEPIPTIHY
CAPAGFATLKCKDKKEFNGTGPCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVITRSENITN
NAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDITIGDIRQAHCNVSKATWNETL
GKVVKQLRKHEFGNNTIIRFAQSSGGDLEVITHSEFNCGGEFFYCNTSGLFNSTWPENGTMEGS
NGTITLPCRIKQITINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGG
GDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAAGSTMGA
ASMTLTVQARNLLSGIVQQQSNLLRAPEPQOHLLKDTHWGIKQLQARVLAVEHYLRDQQLLG
IWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOWDKEISNYTQIIYGLLEESQNQQEKN
NQSLLALDNGS

[00314] Type XI sequences

[00315] # BGS505 SOSIP MD39 fused via GSGG linker to the Pyrococcus furiosus Ferritin

sequence from PDB: 2JD6. Compared to the ferritin sequence in 2JD6, the first position in
ferritin was mutated from M to G to contribute to the linker. Furthermore, another position
within ferritin was mutated from R to K, to eliminate a potential furin cleavage site.

[00316] BGS05 SOSIP MD39 2JD6

[00317] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVT
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWGIKQLQARVL
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AVEHYILRDQOLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITY
GLLEESQNQQEKNEQDLLAILDGSGGLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEG
FANWMKAQAEEETITGHALRFYNYIYDKNGRVELDEI PKPPKEWESPLKAFEAAYEHEKFISKS
IYELAALAEEEKDYSTRAFLEWFINEQVEEEASVKKILDKLKFAKDSPQILFMLDKELSARA
PKLPGLLMQGGE* *

[00318] # BG505 SOSIP MD39 fused via ASG linker to a variant of Dihydrolipoyl

Transacetylase (E2p) from Bacillus Stearothermophilus. The E2p sequence was obtained
from PDB: 1B5S, and the single unpaired cysteine in that sequence was either left in place,
mutated to A, or mutated to T, as indicated by the "[C/A/T]" expression in the sequence
below. Applicants have found that expression levels are superior when the unpaired cysteine
is left intact or when it is mutated to T. The data in FIG. 20 correspond to the particle with an
A at that position.

[00319] BGS05 SOSIP MD39 E2p (also referred to as "MD39-1b5s")

[00320] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVT
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIY
GLLEESQNQQEKNEQDLLALDASGAAAKPATTEGEFPETREKMSGIRRATAKAMVHSKHTAP
HVTLMDEADVTKLVAHRKKFKATIAAEKGIKLTFLPYVVKALVSALREYPVLNT [C/A/T]ID
DETEEIIQKHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQEINELAEKARDGKLTPGEMK
GASCTITNIGSAGGQWFTPVINHPEVAILGIGRIAEKPIVRDGEIVAAPMLALSLSFDHRMI
DGATAQKALNHIKRLLSDPELLLM* *

[00321] Type XII Sequences

[00322] The first set in Type XII are cleavage-dependent, TM-anchored trimers, some
with glycan masking.

[00323] #BGS505 SOSIP MD39 as gp160 but without cytoplasmic domain

[00324] BG505 MD39 gpl60 dCT

[00325] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
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FEPIPIHYCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWOQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQOHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOWDKEISNYTQITY
GLLEESQNQQEKNEQDLLALDKWASLWNWFDISNWLWYIKIFIMIVGGLIGLRIVFAVLSVI
HRVRQGYSPLS* *

[00326] # This is BG505 MD39 gpl60 dCT but adds 3 glycoslyation sites (80, 241,

289). These 3 additional glycans are a subset of the 5 additional glycans present in
BG505_MD39 GRSF4.
[00327] BG505 MD39 gpl60_dCT _GRSF4.1

[00328] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIH
LENVTEEFNMWKNNMVEQMHEDTI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPTPIHYCAPAGFAILKCKDKKFNGTGPCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI
IRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTITRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWOQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGI KQL.QARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSETIWDNMTWLOQWDKEISNYTQITY
GLLEESONQOQEKNEQDLLALDKWASLWNWEFDISNWLWYIKIFIMIVGGLIGLRIVFAVLSVI
HRVRQGYSPLS* *

[00329]  # This is BG505 MD39 gpl160_dCT GRSF4.1 plus the CT domain.

[00330] # Full-length gp160 including the Cytoplasmic domain.

[00331] BG505 MD39 gpl60 GRSF4.1 m

[00332] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVT
IRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWGIKQLQARVL
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AVEHYILRDQOLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITY
GLLEESQNQQEKNEQDLLALDKWASLWNWFDISNWLWYIKIFIMIVGGLIGLRIVFAVLSVI
HRVRQGYSPLSFQTHTPNPRGLDRPERIEEEDGEQDRGRSTRLVSGFLALAWDDLRSLCLFC
YHRLRDFILIAARIVELLGHSSLKGLRLGWEGLKYLWNLLAYWGRELKISAINLFDTIATAV
AEWTDRVIEIGQRLCRAFLHTIPRRIRQGLERALL* *

[00333] #Same as BG505 MD39 gpl60 dCT but using linker and PDGFR TM domain
instead of native TM domain, for better expression.

[00334] BG505 MD39 gpl40-PDGFR

[00335] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIH
LENVTEEFNMWKNNMVEQMHEDTI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK

NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS

FEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI

IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS

KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVITTHSFNCGGEFFYCNTSGLENSTWI

SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG

STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS

LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQOHLLKDTHWGIKQLQARVL

AVEHYLRDQOLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQIIY

GLLEESQNQQEKNEQDLLALDGGGSGGSGGSEQKLISEEDLGGSGGSGGSNAVGQDTQEVIV

VPHSLPFKVVVISAILALVVLTIISLITILIMLWQKKPR**

[00336] #Same as BG505 MD39 gpl60 dCT GRSF4.1 but using linker and PDGFR TM
domain instead of native TM domain, for better expression. Same as BG505 MD39 gp140-
PDGFR but adding 3 glycans at positions 80, 241, 289.

[00337] BG505 MD39 gpl40-PDGFR_GRSF4.1 m

[00338] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVT
IRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVS
LGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQITIY
GLLEESQNQQEKNEQDLLALDGGGSGGSGGSEQKLISEEDLGGSGGSGGSNAVGQDTQEVIV
VPHSLPFKVVVISATILALVVLTIISLIILIMLWQKKPR**
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[00339] The second set of Type XII sequences are cleavage-independent, TM-anchored
trimers, some with glycan masking.

[00340] #BG505 MD39 link14 anchored to membrane by linker and PDGFR TM domain
[00341] BG505 MD39 gpl40-PDGFR _link14

[00342] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIH
LENVTEEFNMWKNNMVEQMHEDTI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPTPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTITRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWOQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGSGGSGSGGHA
AVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQOHLLKDTHWGI
KOQLOQARVLAVEHYLRDQOILLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKET
SNYTQIIYGLLEESQNQQEKNEQDLLALDGGGSGGSGGSEQKLISEEDLGGSGGSGGSNAVG
QDTQEVIVVPHSLPFKVVVISAILALVVLTIISLTIILIMLWQKKPR* *

[00343] #Cleavage-independent, link14 version of BG505 MD39 gpl160 dCT.

[00344] BGS505 MD39 gpl60-dCT link14

[00345] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIH
LENVTEEFNMWKNNMVEQMHEDTI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPTPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI
IRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTITRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWOQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGSGGSGSGGHA
AVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQOHLLKDTHWGI
KOQLOARVLAVEHYLRDQOLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKET
SNYTQIIYGLLEESQNQQEKNEQDLLALDKWASLWNWFDISNWLWYIKIFIMIVGGLIGLRI
VFAVLSVIHRVRQGYSPLS* *

[00346] #Same as BG505 MD39 gpl60-dCT link14 but adding 3 glycans, at positions
80, 241, 289.

[00347] BG505 MD39 gpl60-dCT link14 GRSF4.1

[00348] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIH
LENVTEEFNMWKNNMVEQMHEDI ISILWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK
NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS
FEPIPIHYCAPAGFAILKCKDKKFNGTGPCQNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVT
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IRSENITNNAKNILVQINTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS
KATWNETLGKVVKQLRKHFGNNTITRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI
SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGSGGSGSGGHA
AVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQOHLLKDTHWGI
KOQLOQARVLAVEHYLRDQOILLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKET
SNYTQIIYGLLEESQNQQEKNEQDLLALDKWASLWNWFDISNWLWYIKIFIMIVGGLIGLRIT
VFAVLSVIHRVRQGYSPLS* *

[00349] #Same as BG505 MD39 gpl60-dCT linkl4 GRSF4.1 but using linker and
PDGFR TM domain instead of native TM domain, for better expression.

[00350] BG505 MD39 gpl40-PDGFR link14 GRSF4.1

[00351] AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIH
LENVTEEFNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELK

NCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVS

FEPIPIHYCAPAGFAILKCKDKKFNGTGPCQNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVI

IRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVS

KATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWI

SNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG

STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGSGGSGSGGHA

AVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGI

KQLOARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKET

SNYTQIIYGLLEESQNQQEKNEQDLLALDGGGSGGSGGSEQKLISEEDLGGSGGSGGSNAVG

QDTQEVIVVPHSLPFKVVVISAILALVVLTIISLIILIMLWQKKPR**

[00352] # BG505 MD39 CP1.2 GRSF4 plus linker and PDGFR TM domain.

[00353] # Similar to BG505_MD39 gpl40-PDGFR_link14 GRSF4.1 but is CP1.2 instead
of link14 and GRSF4.0 instead of GRSF4.1

[00354] BGS505 MD39 gpl40-PDGFR_CP1.2 GRSF4.0

[00355] VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWG
IKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKE
ISNYTQITYGLLEESQNQQEKNEQDLGGNGSGGGSGSGGNGSSGLWVIVYYGVPVWKDAETT
LFCASDAKAYETEKHNVWATHACVPTDPNSSETIHLENVTEEFNMWKNNMVEQMHEDIISLWD
QSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLEFYRLDVVQ
INENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKENGTG
PCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTSVQINCTRP
NNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFA
QSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIIN
MWORIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYK
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VVKIEPLGVAPTRCKRRGGGSGGSGGSEQKLISEEDLGGSGGSGGSNAVGQODTQEVIVVPHS
LPFKVVVISAILALVVLTIISLIILIMLWQKKPR**

[00356] # Different Circular permutation than CP1.2; this one uses native gp41 C-term so
might be better for membrane presentation. Indeed, CP2 doesn’t need flexible linker to the
membrane. This version is gpl60 minus the cytoplasmic domain and has additional
glycosylation sites added to positions 80, 241, 289.

[00357] BG505 MD39 gpl60-dCT _CP2_GRSF4.1

[00358] VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQOHLLKDTHWG
IKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTGGSGVIVYYGVPVWKDAETTLFCASDAK
AYETEKHNVWATHACVPTDPNSSEIHLENVTEEFNMWKNNMVEQMHEDI I SLWDQSLKPCVK
LTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMTTELRDKKQKVYSLFYRLDVVQINENQGNR
SNNSNKEYRLINCNTSAITQACPKVSFEPIPTHYCAPAGFAILKCKDKKFNGTGPCQNVSTV
QCTHGIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTSVQINCTRPNNNTVKST
RIGPGQAFYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLE
VITHSFNCGGEFFYCNTSGLEFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQA
MYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLG
VAPTRCKRGGSGSGVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQITYGLLEESQNQQEK
NEQDLLALDKWASLWNWFDISNWLWYIKIFIMIVGGLIGLRIVFAVLSVIHRVRQGYSPLS*

*

[00359] # BGS505 _MD39 gpl60-dCT_CP2_GRSF4.1 but with two extra glycans
(NQSLLALDNGS) and with linker and PDGFR TM instead of native TM.

[00360] BGS505 MD39 gpl40-PDGFR_CP2_GRSF4.2

[00361] VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWG
IKQLOARVLAVEHYLRDQQLLGIWGCSGKLICCTGGSGVIVYYGVPVWKDAETTLFCASDAK
AYETEKHNVWATHACVPTDPNSSEIHLENVTEEFNMWKNNMVEQMHEDTI ISLWDQSLKPCVK
LTPLCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLEFYRLDVVQINENQGNR
SNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCQNVSTV
QCTHGIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQILNTSVQINCTRPNNNTVKST
RIGPGQAFYYTGDITIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTI TRFAQSSGGDLE
VITTHSFNCGGEFFYCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQA
MYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLG
VAPTRCKRGGSGSGVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQNQQEK
NNQSLLALDNGSGGGSGGSGGSEQKLISEEDLGGSGGSGGSNAVGQDTQEVIVVPHSLPFKV
VVISAILALVVLTIISLIILIMLWQKKPR**

[00362] #BGS505 MD39 gpl60-dCT_CP2 GRSF4.1 but with CT included, so this is full-

length gp160.
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[00363] BG505 MD39 gpl60 CP2 GRSF4.1

[00364] VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWG
IKQLOARVLAVEHYLRDQQLLGIWGCSGKLICCTGGSGVIVYYGVPVWKDAETTLFCASDAK

AYETEKHNVWATHACVPTDPNSSEIHLENVTEEFNMWKNNMVEQMHEDTI ISLWDQSLKPCVK

LTPLCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNR

SNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCQONVSTV

QCTHGIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQILNTSVQINCTRPNNNTVKST

RIGPGQAFYYTGDITIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTI TRFAQSSGGDLE

VITHSFNCGGEFFYCNTSGLEFNSTWISNTSVQGSNSTGSNDSITLPCRIKQITNMWQRIGQA

MYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLG

VAPTRCKRGGSGSGVPWNSSWSNRNLSEIWDNMTWLOWDKEISNYTQITYGLLEESQNQQEK

NEQDLLALDKWASLWNWFDISNWLWYIKIFIMIVGGLIGLRIVFAVLSVIHRVRQGYSPLSF

QTHTPNPRGLDRPERIEEEDGEQDRGRSTRLVSGFLALAWDDLRSLCLFCYHRLRDFILIAA

RIVELLGHSSLKGLRLGWEGLKYLWNLLAYWGRELKISAINLFDTIATAVAEWTDRVIEIGQ

RLCRAFLHIPRRIRQGLERALL* *

[00365] In one embodiment, the nucleic acids of the present invention may be delivered as
a therapeutic mRNA.

[00366] Provided herein are isolated nucleic acids (e.g., modified mRNAs encoding a
peptide described herein) comprising a translatable region and at least two different
nucleoside modifications, wherein the nucleic acid exhibits reduced degradation in a cell into
which the nucleic acid is introduced, relative to a corresponding unmodified nucleic acid. For
example, the degradation rate of the nucleic acid is reduced by at least 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, or 90%, compared to the degradation rate of the corresponding
unmodified nucleic acid. In certain embodiments, the nucleic acid comprises RNA, DNA,
TNA, GNA, or a hybrid thereof. In certain embodiments, the nucleic acid comprises
messenger RNA (mRNA). In certain embodiments, the mRNA does not substantially induce
an innate immune response of the cell into which the mRNA is introduced. In certain
embodiments, the mRNA comprises at least one nucleoside selected from the group
consisting of pyridin-4-one ribonucleoside, 5-aza-uridine, 2-thio-5-aza-uridine, 2-thiouridine,
4-thio-pseudouridine,  2-thio-pseudouridine,  5-hydroxyuridine, = 3-methyluridine, 5-
carboxymethyl-uridine, 1-carboxymethyl-pseudouridine, 5-propynyl-uridine, 1-propynyl-
pseudouridine, 5-taurinomethyluridine, 1-taurinomethyl-pseudouridine, 5-taurinomethyl-2-
thio-uridine, 1-taurinomethyl-4-thio-uridine, S5-methyl-uridine, 1-methyl-pseudouridine, 4-
thio-1-methyl-pseudouridine, 2-thio-1-methyl-pseudouridine, 1-methyl-1-deaza-

pseudouridine, 2-thio-1-methyl-1-deaza-pseudouridine, dihydrouridine,
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dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-dihydropseudouridine, 2-
methoxyuridine, 2-methoxy-4-thio-uridine, 4-methoxy-pseudouridine, and 4-methoxy-2-thio-
pseudouridine. In certain embodiments, the mRNA comprises at least one nucleoside selected
from the group consisting of 5-aza-cytidine, pseudoisocytidine, 3-methyl-cytidine, N4-
acetylcytidine, S-formylcytidine, N4-methylcytidine, 5-hydroxymethylcytidine, 1-methyl-
pseudoisocytidine, pyrrolo-cytidine, pyrrolo-pseudoisocytidine, 2-thio-cytidine, 2-thio-5-
methyl-cytidine, 4-thio-pseudoisocytidine, 4-thio-1-methyl-pseudoisocytidine, 4-thio-1-
methyl-1-deaza-pseudoisocytidine, 1-methyl-1-deaza-pseudoisocytidine, zebularine, 5-aza-
zebularine, 5-methyl-zebularine, 5-aza-2-thio-zebularine, 2-thio-zebularine, 2-methoxy-
cytidine, 2-methoxy-5-methyl-cytidine, 4-methoxy-pseudoisocytidine, and 4-methoxy-1-
methyl-pseudoisocytidine. In other embodiments, the mRNA comprises at least one
nucleoside selected from the group consisting of 2-aminopurine, 2,6-diaminopurine, 7-deaza-
adenine, 7-deaza-8-aza-adenine, 7-deaza-2-aminopurine, 7-deaza-8-aza-2-aminopurine, 7-
deaza-2,6-diaminopurine,  7-deaza-8-aza-2,6-diaminopurine, 1-methyladenosine, N6-
methyladenosine, N6-isopentenyladenosine, N6-(cis-hydroxyisopentenyl)adenosine, 2-
methylthio-N6-(cis-hydroxyisopentenyl) adenosine, N6-glycinylcarbamoyladenosine, N6-
threonylcarbamoyladenosine, 2-methylthio-N6-threonyl  carbamoyladenosine, N6,N6-
dimethyladenosine, 7-methyladenine, 2-methylthio-adenine, and 2-methoxy-adenine. In yet
other embodiments, the mRNA comprises at least one nucleoside selected from the group
consisting of inosine, 1-methyl-inosine, wyosine, wybutosine, 7-deaza-guanosine, 7-deaza-8-
aza-guanosine, 6-thio-guanosine, 6-thio-7-deaza-guanosine, 6-thio-7-deaza-8-aza-guanosine,
7-methyl-guanosine, 6-thio-7-methyl-guanosine, 7-methylinosine, 6-methoxy-guanosine, 1-
methylguanosine, N2-methylguanosine, N2 N2-dimethylguanosine, 8-oxo-guanosine, 7-
methyl-8-oxo-guanosine, 1-methyl-6-thio-guanosine, N2-methyl-6-thio-guanosine, and
N2,N2-dimethyl-6-thio-guanosine.

[00367] In some embodiments, the nucleic acids provided herein comprise a 5'
untranslated region (UTR) and/or a 3'UTR, wherein each of the two different nucleoside
modifications are independently present in the S'UTR and/or 3'UTR. In some embodiments,
nucleic acids are provided herein, wherein at least one of the two different nucleoside
modifications are present in the translatable region. In some embodiments, nucleic acids
provided herein are capable of binding to at least one polypeptide that prevents or reduces an

innate immune response of a cell into which the nucleic acid is introduced.
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[00368] Further provided herein are isolated nucleic acids (e.g., modified mRNAs
described herein) comprising (i) a translatable region encoding a peptide described herein, (ii)
at least one nucleoside modification, and (iii) at least one intronic nucleotide sequence
capable of being excised from the nucleic acid.

[00369] Further provided herein are isolated nucleic acids (e.g., modified mRNAs
described herein) comprising (i) a translatable region encoding a peptide described herein, (ii)
at least two different nucleoside modifications, and (iii) a degradation domain.

[00370] Further provided herein are non-enzymatically synthesized nucleic acids (e.g.,
modified mRNAs described herein) comprising at least one nucleoside modification, and
comprising a translatable region encoding a peptide described herein. In certain
embodiments, the non-enzymatically synthesized mRNA comprises at least two different
nucleoside modifications.

[00371] Further provided herein are isolated nucleic acids (e.g., modified mRNAs
described herein) comprising a noncoding region and at least one nucleoside modification
that reduces an innate immune response of a cell into which the nucleic acid is introduced,
wherein the nucleic acid sequesters one or more translational machinery components. In
certain embodiments, the isolated nucleic acids comprising a noncoding region and at least
one nucleoside modification described herein are provided in an amount effective to reduce
protein expression in the cell. In certain embodiments, the translational machinery component
is a ribosomal protein or a transfer RNA (tRNA). In certain embodiments, the nucleic acid
comprises a small nucleolar RNA (sno-RNA), microRNA (miRNA), small interfering RNA
(siRNA) or Piwi-interacting RNA (piRNA).

[00372] Further provided herein are isolated nucleic acids (e.g., modified mRNAs
described herein) comprising (i) a first translatable region, (ii) at least one nucleoside
modification, and (iii) an internal ribosome entry site (IRES). In certain embodiments, the
IRES is obtained from a picornavirus, a pest virus, a polio virus, an encephalomyocarditis
virus, a foot-and-mouth disease virus, a hepatitis C virus, a classical swine fever virus, a
murine leukemia virus, a simian immune deficiency virus or a cricket paralysis virus. In
certain embodiments, the isolated nucleic acid further comprises a second translatable region.
In certain embodiments, the isolated nucleic acid further comprises a Kozak sequence. In
some embodiments, the first translatable region encodes a peptide described herein. In some
embodiments, the second translatable region encodes peptide described herein. In some

embodiments, the first and the second translatable regions encode peptides described herein.
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[00373] Provided herein are pharmaceutical compositions comprising: (i) an effective
amount of a synthetic messenger ribonucleic acid (mRNA) encoding peptide described
herein; and (ii) a pharmaceutically acceptable carrier, wherein i) the mRNA comprises
pseudouridine, 5'methyl-cytidine, or a combination thereof, or ii) the mRNA does not
comprise a substantial amount of a nucleotide or nucleotides selected from the group
consisting of uridine, cytidine, and a combination of uridine and cytidine, and wherein the
composition is suitable for repeated administration (e.g., intravenous administration) to a
mammalian subject in need thereof. In some embodiments,

[00374] Further provided herein are pharmaceutical compositions comprising and/or
consisting essentially of: (i) an effective amount of a synthetic messenger ribonucleic acid
(mRNA) encoding peptide described herein; (ii) a cell penetration agent; and (iii) a
pharmaceutically acceptable carrier, wherein i) the mRNA comprises pseudouridine,
S'methyl-cytidine or a combination thereof, or i1) the mRNA does not comprise a substantial
amount of a nucleotide or nucleotides selected from the group consisting of uridine, cytidine,
and a combination of uridine and cytidine, and wherein the composition is suitable for
repeated administration (e.g., intravenous administration) to an animal (e.g., mammalian)
subject in need thereof.

[00375] This invention provides nucleic acids, including RNAs such as mRNAs that
contain one or more modified nucleosides (termed "modified nucleic acids"), which have
useful properties including the lack of a substantial induction of the innate immune response
of a cell into which the mRNA is introduced. Because these modified nucleic acids enhance
the efficiency of protein production, intracellular retention of nucleic acids, and viability of
contacted cells, as well as possess reduced immunogenicity, these nucleic acids having these
properties are termed "enhanced nucleic acids" herein.

[00376] The term "nucleic acid," in its broadest sense, includes any compound and/or
substance that is or can be incorporated into an oligonucleotide chain. Exemplary nucleic
acids for use in accordance with the present invention include, but are not limited to, one or
more of DNA, RNA, hybrids thereof, RNAi-inducing agents, RNAi agents, siRNAs,
shRNAs, miRNAs, antisense RNAs, ribozymes, catalytic DNA, RN As that induce triple helix
formation, aptamers, vectors, etc., described in detail herein.

[00377] Provided are modified nucleic acids containing a translatable region encoding a
peptide described herein, and one, two, or more than two different nucleoside modifications.

In some embodiments, the modified nucleic acid exhibits reduced degradation in a cell into

89



WO 2017/165674 PCT/US2017/023854

which the nucleic acid is introduced, relative to a corresponding unmodified nucleic acid. For
example, the degradation rate of the nucleic acid is reduced by at least 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, or 90%, compared to the degradation rate of the corresponding
unmodified nucleic acid. Exemplary nucleic acids include ribonucleic acids (RNAs),
deoxyribonucleic acids (DNAs), threose nucleic acids (TNAs), glycol nucleic acids (GNAs),
peptide nucleic acids (PNAs), locked nucleic acids (LNAs) or a hybrid thereof. In preferred
embodiments, the modified nucleic acid includes messenger RNAs (mRNAs). As described
herein, the nucleic acids of the invention do not substantially induce an innate immune
response of a cell into which the mRNA is introduced.

[00378] In some embodiments, modified nucleosides include pyridin-4-one
ribonucleoside, 5-aza-uridine, 2-thio-5-aza-uridine, 2-thiouridine, 4-thio-pseudouridine, 2-
thio-pseudouridine,  5-hydroxyuridine, 3-methyluridine, 5-carboxymethyl-uridine, 1-
carboxymethyl-pseudouridine, S-propynyl-uridine, 1-propynyl-pseudouridine, 5-
taurinomethyluridine, 1-taurinomethyl-pseudouridine, 5-taurinomethyl-2-thio-uridine, 1-
taurinomethyl-4-thio-uridine, 5-methyl-uridine, 1-methyl-pseudouridine, 4-thio-1-methyl-
pseudouridine, 2-thio-1-methyl-pseudouridine, 1-methyl-1-deaza-pseudouridine, 2-thio-1-
methyl-1-deaza-pseudouridine, dihydrouridine, dihydropseudouridine, 2-thio-dihydrouridine,
2-thio-dihydropseudouridine, 2-methoxyuridine, 2-methoxy-4-thio-uridine, 4-methoxy-
pseudouridine, and 4-methoxy-2-thio-pseudouridine.

[00379] In some embodiments, modified nucleosides include 5-aza-cytidine,
pseudoisocytidine,  3-methyl-cytidine, = N4-acetylcytidine,  5-formylcytidine,  N4-
methylcytidine, 5-hydroxymethylcytidine, 1-methyl-pseudoisocytidine, pyrrolo-cytidine,
pyrrolo-pseudoisocytidine, 2-thio-cytidine, 2-thio-5-methyl-cytidine, 4-thio-
pseudoisocytidine, 4-thio-1-methyl-pseudoisocytidine, 4-thio-1-methyl-1-deaza-
pseudoisocytidine, 1-methyl-1-deaza-pseudoisocytidine, zebularine, 5-aza-zebularine, 5-
methyl-zebularine, 5-aza-2-thio-zebularine, 2-thio-zebularine, 2-methoxy-cytidine, 2-
methoxy-5-methyl-cytidine,  4-methoxy-pseudoisocytidine, and 4-methoxy-1-methyl-
pseudoisocytidine.

[00380] In other embodiments, modified nucleosides include 2-aminopurine, 2,6-
diaminopurine, 7-deaza-adenine, 7-deaza-8-aza-adenine, 7-deaza-2-aminopurine, 7-deaza-8-
aza-2-aminopurine, 7-deaza-2,6-diaminopurine, 7-deaza-8-aza-2,6-diaminopurine, 1-
methyladenosine, N6-methyladenosine, Né6-isopentenyladenosine, N6-(cis-

hydroxyisopentenyl)adenosine, 2-methylthio-N6-(cis-hydroxyisopentenyl) adenosine, N6-
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glycinylcarbamoyladenosine, N6-threonylcarbamoyladenosine, 2-methylthio-N6-threonyl
carbamoyladenosine, N6,N6-dimethyladenosine, 7-methyladenine, 2-methylthio-adenine, and
2-methoxy-adenine.

[00381] In certain embodiments it is desirable to intracellularly degrade a modified nucleic
acid introduced into the cell, for example if precise timing of protein production is desired.
Thus, the invention provides a modified nucleic acid containing a degradation domain, which
is capable of being acted on in a directed manner within a cell.

[00382] In other embodiments, modified nucleosides include inosine, 1-methyl-inosine,
wyosine, wybutosine, 7-deaza-guanosine, 7-deaza-8-aza-guanosine, 6-thio-guanosine, 6-thio-
7-deaza-guanosine, 6-thio-7-deaza-8-aza-guanosine, 7-methyl-guanosine, 6-thio-7-methyl-
guanosine, 7-methylinosine, 6-methoxy-guanosine, 1-methylguanosine, N2-methylguanosine,
N2,N2-dimethylguanosine, 8-oxo-guanosine, 7-methyl-8-oxo-guanosine, 1-methyl-6-thio-
guanosine, N2-methyl-6-thio-guanosine, and N2,N2-dimethyl-6-thio-guanosine.

[00383] Other components of nucleic acid are optional, and are beneficial in some
embodiments. For example, a 5' untranslated region (UTR) and/or a 3'UTR are provided,
wherein either or both may independently contain one or more different nucleoside
modifications. In such embodiments, nucleoside modifications may also be present in the
translatable region. Also provided are nucleic acids containing a Kozak sequence.

[00384] Further, nucleic acids encoding a peptide described herein, and containing an
internal ribosome entry site (IRES) are provided herein. An IRES may act as the sole
ribosome binding site, or may serve as one of multiple ribosome binding sites of an mRNA.
An mRNA containing more than one functional ribosome binding site may encode several
peptides or polypeptides that are translated independently by the ribosomes ("multicistronic
mRNA"). When nucleic acids are provided with an IRES, further optionally provided is a
second translatable region. Examples of IRES sequences that can be used according to the
invention include without limitation, those from picornaviruses (e.g., FMDYV), pest viruses
(CFFV), polio viruses (PV), encephalomyocarditis viruses (ECMYV), foot-and-mouth disease
viruses (FMDYV), hepatitis C viruses (HCV), classical swine fever viruses (CSFV), murine
leukemia virus (MLV), simian immune deficiency viruses (SIV) or cricket paralysis viruses
(CrPV).

[00385] The therapeutic mRNAs as described, for example, in US Patent Nos. 9,464,124,
9.447.164; 9.428.535: 9,334,328: 9.303.079; 9,301,993: 9,295.689: 9.283.287: 9,271,996:
9.255,129: 9.254.311: 9,233,141 9.221.891; 9,220,792: 9,220,755: 9.216,205; 9,192.651;
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9,186,372; 9.181,319; 9,149,506: 9,114,113 9,107.886: 9,095,552: 9.089.604: 9,061,059;
9,050,297: 8,999,380; 8,980,864: 8,822,663 8,754,062: 8,710,200; 8,680,069 and 8,664,194
may be utilized for the present invention.

[00386] Methods for the chemical conjugation of polypeptides, carbohydrates, and/or
lipids are well known in the art (see, for example, Hermanson. Bioconjugate Techniques
(Academic Press; 1992); Aslam and Dent, eds. Bioconjugation: Protein coupling Techniques
for the Biomedical Sciences (MacMillan: 1998); and Wong Chemistry of Protein
Conjugation and Cross-linking (CRC Press: 1991)). For instance, primary amino groups may
be incorporated by reaction with ethylenediamine in the presence of sodium
cyanoborohydride and sulfhydryls may be introduced by reaction of cysteamin
dihydrochloride followed by reduction with a standard disulfide reducing agent.
Heterobifunctional crosslinkers, such as, for example, sulfosuccinimidyl (4-iodoacetyl)
aminobenzoate, which link the epsilon amino group on the D-lysine residues of copolymers
of D-lysine and D-glutamate to a sulthydryl side chain from an amino terminal cysteine
residue on the peptide to be coupled, may be used as well. Chemical conjugation also
includes anything covalently bonded directly via side chain bonds or via a linker or spacer
group.

[00387] The nanoparticle formulations may be a carbohydrate nanoparticle comprising a
carbohydrate carrier and a modified nucleic acid molecule (e.g., mmRNA). As a non-limiting
example, the carbohydrate carrier may include, but is not limited to, an anhydride-modified
phytoglycogen or glycogen-type material, phtoglycogen octenyl succinate, phytoglycogen
beta-dextrin, anhydride-modified phytoglycogen beta-dextrin. (See e.g., International
Publication No. WO2012109121; herein incorporated by reference in its entirety).

[00388] Lipid nanoparticle formulations may be improved by replacing the cationic lipid
with a biodegradable cationic lipid which is known as a rapidly eliminated lipid nanoparticle
(reLNP). Ionizable cationic lipids, such as, but not limited to, DLinDMA, DLin-KC2-DMA,
and DLin-MC3-DMA, have been shown to accumulate in plasma and tissues over time and
may be a potential source of toxicity. The rapid metabolism of the rapidly eliminated lipids
can improve the tolerability and therapeutic index of the lipid nanoparticles by an order of
magnitude from a 1 mg/kg dose to a 10 mg/kg dose in rat. Inclusion of an enzymatically
degraded ester linkage can improve the degradation and metabolism profile of the cationic

component, while still maintaining the activity of the reLNP formulation. The ester linkage
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can be internally located within the lipid chain or it may be terminally located at the terminal
end of the lipid chain. The internal ester linkage may replace any carbon in the lipid chain.
[00389] The average diameter of the nanoparticle employed in the compositions of the
invention can be at least one member selected from the group consisting of about 20
nanometers, about 25 nanometers, about 30 nanometers, about 40 nanometers, about 50
nanometers, about 75 nanometers, about 100 nanometers, about 125 nanometers, about 150
nanometers, about 175 nanometers and about 200 nanometers. In another embodiment, the
average diameter of the particle is at least one member selected from the group consisting of
between about 10 to about 200 nanometers, between about 0.5 to about 5 microns and
between about 5 to about 10 microns. In another embodiment, the average diameter of the
microparticle is selected from the group consisting of about 0.1 um, about 0.2 um, about 0.4
um, about 0.5 um, about 1 um and about 2 um.

[00390] Nanoparticles for use in the compositions of the invention can be made from
lipids or other fatty acids (see, for example, U.S. Pat. Nos. 5,709,879; 6,342,226, 6,090,406,
Lian, et al., J. of Pharma. Sci. 90:667-680 (2001) and van Slooten, et al., Pharm Res. 17:42-
48 (2000)) and non-lipid compositions (see, for example, Kreuter, J. Anat. 189:503-505
(1996), the teachings of all of which are hereby incorporated by reference in their entirety).
The compositions can be bilayer or multilamellar liposomes and phospholipid based.
Polymerized nanoparticles, as described, for example, in U.S. Pat. No. 7,285,289, the
teachings of which are incorporated by reference in their entirety.

[00391] Metallic oxide nanoparticles for use in the compositions of the invention can be
chemically substituted with at least one reactive moiety capable of forming a thioether bond
employing conventionally techniques as described herein and in U.S. Pat. No. 6,086,881, the
teachings of which are hereby incorporated by reference in their entirety. The antigen
described herein can be coupled in a single step onto the metallic oxide particles by the
formation of at least one thioether bond or it may be synthesized or assembled stepwise onto
the metallic oxide particles after the initial thioether bond formation. The chemical
derivatization reagents for the metallic oxide particles can include organosilane reagents that
provide thioalkane functionality or other groups that may readily be converted into thiols or
thiol-reactive moieties. Organosilane reagents which may be utilized for this purpose may be,
but are not limited to, 3-mercaptopropyltrimethoxysilane, 3-aminopropyltriethoxysilane, 3-
iodopropyltrimethoxysilane, 2-chloroethyltrichlorosilane, 3-

glycidoxypropyltrimethoxysilane, vinyltrichlorosilane and 3-acryloxypropyltrimethoxysilane.
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Moieties that include one or more disulfide components may also be joined to the metallic
oxide particle surface and thereby provide the corresponding reactive moiety able to enter
into and form a thioether bond and juncture. Exemplary nanoparticles for use in the
compositions of the invention include at least one member selected from the group consisting

of poly (d.l-lactide-co-glycolide, also referred to as "poly(lactic-co-glycolic acid) and
bisacyloxypropylcysteine.

[00392] Nanoparticles for use in the compositions of the invention can be made of
inorganic material. Nanoparticles for use in the compositions of the invention can be made of
a polymer material, such as at least one member selected from the group consisting of
polystyrene, brominated polystyrene, polyacrylic acid, polyacrylonitrile, polyamide,
polyacrylamide, polyacrolein, polybutadiene, polycaprolactone, polycarbonate, polyester,
polyethylene, polyethylene terephthalate, polydimethylsiloxane, polyisoprene, polyurethane,
polyvinylacetate, polyvinylchloride, polyvinylpyridine, polyvinylbenzylchloride,
polyvinyltoluene, polyvinylidene chloride, polydivinylbenzene, polymethylmethacrylate,
polylactide, polyglycolide, poly(lactide-co-glycolide), polyanhydride, polyorthoester,
polyphosphazene, polyphosophaze, a carbohydrate, carboxymethyl cellulose, hydroxyethyl
cellulose, agar, gel, proteinaceous polymer, polypeptide, eukaryotic and prokaryotic cells,
viruses, lipid, metal, resin, latex, rubber, silicone (e.g., polydimethyldiphenyl siloxane), glass,
ceramic, charcoal, kaolinite and bentonite.

[00393] It is noted that these therapeutics may be a chemical compound, a composition
which may comprise a polypeptide of the present invention and/or antibody elicited by such a
chemical compound and/or portion thereof or a pharmaceutically acceptable salt or a
composition which may comprise a polypeptide of the invention, and may be administered
alone or as an active ingredient in combination with pharmaceutically acceptable carriers,
diluents, and vehicles, as well as other active ingredients.

[00394] The compounds or compositions may be administered orally, subcutaneously or
parenterally including intravenous, intraarterial, intramuscular, intraperitoneally, and
intranasal administration as well as intrathecal and infusion techniques.

[00395] It is noted that humans are treated generally longer than the mice or other
experimental animals which treatment has a length proportional to the length of the disease
process and drug effectiveness. The doses may be single doses or multiple doses over a

period of several days, but single doses are preferred. Thus, one may scale up from animal
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experiments, e.g., rats, mice, and the like, to humans, by techniques from this disclosure and
documents cited herein and the knowledge in the art, without undue experimentation.

[00396] The treatment generally has a length proportional to the length of the disease
process and drug effectiveness and the patient being treated.

[00397] When administering a therapeutic of the present invention parenterally, it will
generally be formulated in a unit dosage injectable form (solution, suspension, emulsion).
The pharmaceutical formulations suitable for injection include sterile aqueous solutions or
dispersions and sterile powders for reconstitution into sterile injectable solutions or
dispersions. The carrier may be a solvent or dispersing medium containing, for example,
water, ethanol, polyol (for example, glycerol, propylene glycol, liquid polyethylene glycol,
and the like), suitable mixtures thereof, and vegetable oils.

[00398] Proper fluidity may be maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size in the case of dispersion and by the
use of surfactants. Nonaqueous vehicles such a cottonseed oil, sesame oil, olive oil, soybean
oil, corn oil, sunflower oil, or peanut oil and esters, such as isopropyl myristate, may also be
used as solvent systems for compound compositions.

[00399] Additionally, various additives which enhance the stability, sterility, and
isotonicity of the compositions, including antimicrobial preservatives, antioxidants, chelating
agents, and buffers, may be added. Prevention of the action of microorganisms may be
ensured by various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, and the like. In many cases, it will be desirable to include isotonic agents,
for example, sugars, sodium chloride, and the like. Prolonged absorption of the injectable
pharmaceutical form may be brought about by the use of agents delaying absorption, for
example, aluminum monostearate and gelatin. According to the present invention, however,
any vehicle, diluent, or additive used would have to be compatible with the compounds.
[00400] Sterile injectable solutions may be prepared by incorporating the compounds
utilized in practicing the present invention in the required amount of the appropriate solvent
with various amounts of the other ingredients, as desired.

[00401] A pharmacological formulation of the present invention, e.g., which may comprise
a therapeutic compound or polypeptide of the present invention, may be administered to the
patient in an injectable formulation containing any compatible carrier, such as various
vehicles, adjuvants, additives, and diluents; or the compounds utilized in the present

invention may be administered parenterally to the patient in the form of slow-release
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subcutaneous implants or targeted delivery systems such as monoclonal antibodies,
iontophoretic, polymer matrices, liposomes, and microspheres.

[00402] A pharmacological formulation of the compound and composition which may
comprise a polypeptide utilized in the present invention may be administered orally to the
patient. Conventional methods such as administering the compounds in tablets, suspensions,
solutions, emulsions, capsules, powders, syrups and the like are usable. Known techniques,
which deliver the compound orally or intravenously and retain the biological activity, are
preferred.

[00403] In one embodiment, a formulation of the present invention may be administered
initially, and thereafter maintained by further administration. For instance, a formulation of
the invention may be administered in one type of composition and thereafter further
administered in a different or the same type of composition. For example, a formulation of
the invention may be administered by intravenous injection to bring blood levels to a suitable
level. The patient's levels are then maintained by an oral dosage form, although other forms
of administration, dependent upon the patient's condition, may be used. In the instance of a
vaccine composition, the vaccine may be administered as a single dose, or the vaccine may
incorporate set booster doses. For example, booster doses may comprise variants in order to
provide protection against multiple clades of HIV.

[00404] The quantity to be administered will vary for the patient being treated and whether
the administration is for treatment or prevention and will vary from a few micrograms to a
few milligrams for an average 70 kg patient, e.g., 5 micrograms to 5 milligrams such as 500
micrograms, or about 100 ng/kg of body weight to 100 mg/kg of body weight per
administration and preferably will be from 10 pg/kg to 10 mg/kg per administration.
Typically, however, the antigen is present in an amount on, the order of micrograms to
milligrams, or, about 0.001 to about 20 wt %, preferably about 0.01 to about 10 wt %, and
most preferably about 0.05 to about 5 wt %.

[00405] Of course, for any composition to be administered to an animal or human,
including the components thereof, and for any particular method of administration, it is
preferred to determine therefor: toxicity, such as by determining the lethal dose (LD) and
LDsy in a suitable animal model e.g., rodent such as mouse; and, the dosage of the
composition(s), concentration of components therein and timing of administering the
composition(s), which elicit a suitable immunological response, such as by titrations of sera

and analysis thereof for antibodies or antigens, e.g., by ELISA and/or RFFIT analysis. Such
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determinations do not require undue experimentation from the knowledge of the skilled
artisan, this disclosure and the documents cited herein. And, the time for sequential
administrations may be ascertained without undue experimentation. For instance, dosages
may be readily ascertained by those skilled in the art from this disclosure and the knowledge
in the art. Thus, the skilled artisan may readily determine the amount of compound and
optional additives, vehicles, and/or carrier in compositions and to be administered in methods
of the invention. Typically, an adjuvant or additive is commonly used as 0.001 to 50 wt %
solution in phosphate buffered saline, and the active ingredient is present in the order of
micrograms to milligrams, such as about 0.0001 to about 5 wt %, preferably about 0.0001 to
about 1 wt %, most preferably about 0.0001 to about 0.05 wt % or about 0.001 to about 20 wt
%, preferably about 0.01 to about 10 wt %, and most preferably about 0.05 to about 5 wt %.
Such determinations do not require undue experimentation from the knowledge of the skilled
artisan, this disclosure and the documents cited herein. And, the time for sequential
administrations may be ascertained without undue experimentation.

[00406] Examples of compositions which may comprise a therapeutic of the invention
include liquid preparations for orifice, e.g., oral, nasal, anal, vaginal, peroral, intragastric,
mucosal (e.g., perlingual, alveolar, gingival, olfactory or respiratory mucosa) etc.,
administration such as suspensions, syrups or elixirs; and, preparations for parenteral,
subcutaneous, intradermal, intramuscular or intravenous administration (e.g., injectable
administration), such as sterile suspensions or emulsions. Such compositions may be in
admixture with a suitable carrier, diluent, or excipient such as sterile water, physiological
saline, glucose or the like. The compositions may also be lyophilized. The compositions may
contain auxiliary substances such as wetting or emulsifying agents, pH buffering agents,
gelling or viscosity enhancing additives, preservatives, flavoring agents, colors, and the like,
depending upon the route of administration and the preparation desired. Standard texts, such
as "REMINGTON'S PHARMACEUTICAL SCIENCE", 17th edition, 1985, incorporated
herein by reference, may be consulted to prepare suitable preparations, without undue
experimentation.

[00407] Compositions of the invention, are conveniently provided as liquid preparations,
e.g., isotonic aqueous solutions, suspensions, emulsions or viscous compositions which may
be buffered to a selected pH. If digestive tract absorption is preferred, compositions of the
invention may be in the "solid" form of pills, tablets, capsules, caplets and the like, including

"solid" preparations which are time-released or which have a liquid filling, e.g., gelatin
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covered liquid, whereby the gelatin is dissolved in the stomach for delivery to the gut. If nasal
or respiratory (mucosal) administration is desired, compositions may be in a form and
dispensed by a squeeze spray dispenser, pump dispenser or aerosol dispenser. Aerosols are
usually under pressure by means of a hydrocarbon. Pump dispensers may preferably dispense
a metered dose or, a dose having a particular particle size.

[00408] Compositions of the invention may contain pharmaceutically acceptable flavors
and/or colors for rendering them more appealing, especially if they are administered orally.
The viscous compositions may be in the form of gels, lotions, ointments, creams and the like
(e.g., for transdermal administration) and will typically contain a sufficient amount of a
thickening agent so that the viscosity is from about 2500 to 6500 cps, although more viscous
compositions, even up to 10,000 cps may be employved. Viscous compositions have a
viscosity preferably of 2500 to 5000 cps, since above that range they become more difficult
to administer. However, above that range, the compositions may approach solid or gelatin
forms, which are then easily administered as a swallowed pill for oral ingestion.

[00409] Liquid preparations are normally easier to prepare than gels, other viscous
compositions, and solid compositions. Additionally, liquid compositions are somewhat more
convenient to administer, especially by injection or orally. Viscous compositions, on the
other hand, may be formulated within the appropriate viscosity range to provide longer
contact periods with mucosa, such as the lining of the stomach or nasal mucosa.

[00410] Obviously, the choice of suitable carriers and other additives will depend on the
exact route of administration and the nature of the particular dosage form, e.g., liquid dosage
form (e.g., whether the composition is to be formulated into a solution, a suspension, gel or
another liquid form), or solid dosage form (e.g., whether the composition is to be formulated
into a pill, tablet, capsule, caplet, time release form or liquid-filled form).

[00411] Solutions, suspensions and gels, normally contain a major amount of water
(preferably purified water) in addition to the active compound. Minor amounts of other
ingredients such as pH adjusters (e.g., a base such as NaOH), emulsifiers or dispersing
agents, buffering agents, preservatives, wetting agents, jelling agents, (e.g., methylcellulose),
colors and/or flavors may also be present. The compositions may be isotonic, i.e., it may have
the same osmotic pressure as blood and lacrimal fluid.

[00412] The desired isotonicity of the compositions of this invention may be accomplished

using sodium chloride, or other pharmaceutically acceptable agents such as dextrose, boric
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acid, sodium tartrate, propylene glycol or other inorganic or organic solutes. Sodium chloride
is preferred particularly for buffers containing sodium ions.

[00413] Viscosity of the compositions may be maintained at the selected level using a
pharmaceutically acceptable thickening agent. Methylcellulose is preferred because it is
readily and economically available and is easy to work with. Other suitable thickening agents
include, for example, xanthan gum, carboxymethyl cellulose, hydroxypropyl cellulose,
carbomer, and the like. The preferred concentration of the thickener will depend upon the
agent selected. The important point is to use an amount that will achieve the selected
viscosity. Viscous compositions are normally prepared from solutions by the addition of such
thickening agents.

[00414] A pharmaceutically acceptable preservative may be employed to increase the
shelf-life of the compositions. Benzyl alcohol may be suitable, although a variety of
preservatives including, for example, parabens, thimerosal, chlorobutanol, or benzalkonium
chloride may also be employed. A suitable concentration of the preservative will be from
0.02% to 2% based on the total weight although there may be appreciable variation
depending upon the agent selected.

[00415] Those skilled in the art will recognize that the components of the compositions
should be selected to be chemically inert with respect to the active compound. This will
present no problem to those skilled in chemical and pharmaceutical principles, or problems
may be readily avoided by reference to standard texts or by simple experiments (not
involving undue experimentation), from this disclosure and the documents cited herein.
[00416] It is generally envisaged that compounds and compositions of the invention will
be administered by injection, as such compounds are to elicit anti-HIV antibodies, and the
skilled artisan may, from this disclosure and the knowledge in the art, formulate compounds
and compositions identified by herein methods for administration by injection and administer
such compounds and compositions by injection.

[00417] The inventive compositions of this invention are prepared by mixing the
ingredients following generally accepted procedures. For example the selected components
may be simply mixed in a blender, or other standard device to produce a concentrated
mixture which may then be adjusted to the final concentration and viscosity by the addition
of water or thickening agent and possibly a buffer to control pH or an additional solute to
control tonicity. Generally the pH may be from about 3 to 7.5. Compositions may be

administered in dosages and by techniques well known to those skilled in the medical arts
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taking into consideration such factors as the age, sex, weight, and condition of the particular
patient, and the composition form used for administration (e.g., solid vs. liquid). Dosages for
humans or other mammals may be determined without undue experimentation by the skilled
artisan, from this disclosure, the documents cited herein, and the knowledge in the art.

[00418] Suitable regimes for initial administration and further doses or for sequential
administrations also are variable, may include an initial administration followed by
subsequent administrations; but nonetheless, may be ascertained by the skilled artisan, from
this disclosure, the documents cited herein, and the knowledge in the art.

[00419] The present invention will be further illustrated in the following Examples which

are given for illustration purposes only and are not intended to limit the invention in any way.
Examples

Example 1: HIV Vaccine Design to Target Germline Precursors of Glycan-Dependent
Broadly Neutralizing Antibodies

[00420] See Steichen et al., Immunity Volume 45, Issue 3, 20 September 2016, Pages
483496, the disclosure of which is incorporated by reference.

[00421] Broadly neutralizing antibodies (bnAbs) against the N332 supersite of the HIV
Envelope (Env) trimer are the most common bnAbs induced during infection, making them
promising leads for vaccine design. Wild-type Env glycoproteins lack detectable affinity for
supersite-bnAb germline precursors and are therefore unsuitable immunogens to prime
supersite-bnAb responses. Applicants employed mammalian cell surface display to design
stabilized Env trimers with affinity for germline-reverted precursors of PGT121-class
supersite bnAbs. The trimers maintained native-like antigenicity and structure, activated
PGT121 inferred-germline B cells ex vivo when multimerized on liposomes, and primed
PGT121-like responses in PGT121 inferred-germline knock-in mice. Design intermediates
have levels of epitope modification between wild-type and germline-targeting trimers; their
mutation gradient suggests sequential immunization to induce bnAbs, in which the germline-
targeting prime is followed by progressively less-mutated design intermediates and lastly
with native trimers. The vaccine design strategies described could be utilized to target other
epitopes on HIV or other pathogens.

[00422] A vaccine is needed for global HIV prevention. Broadly neutralizing antibodies
(bnAbs) directed against relatively conserved epitopes in the otherwise highly antigenically
variable HIV Envelope (Env) glycoprotein trimer offer important guides for vaccine design.

BnAbs have been isolated from a small minority of HIV-infected individuals and have been
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shown to protect against challenge in various animal models, but have not been induced by
vaccination in humans or standard animal models (Burton and Hangartner, 2016; Mascola
and Haynes, 2013; West et al., 2014). BnAbs recovered from natural infection are typically
highly mutated (Klein et al., 2013a; Mouquet et al., 2010; Pancera et al., 2010; Scheid et al.,
2009; Walker et al., 2011; Xiao et al., 2009; Zhou et al., 2010) and many also contain
insertions and/or deletions (Kepler et al., 2014), owing to chronic stimulation of B cells by
mutating Env.  Many bnAbs also possess unusually long or short heavy chain
complementarity determining region 3 loops (Scheid et al., 2011; Walker et al., 2011; Walker
et al., 2009; Wu et al., 2011; Zhou et al., 2010), and some are polyreactive (Haynes et al.,
2005). Less mutated bnAbs with fewer unusual features have been engineered, offering more
tractable goals for consistent vaccine elicitation (Georgiev et al., 2014; Jardine et al., 2016b;
Sok et al., 2013). Overall, bnAb elicitation by vaccination presents a major challenge.

[00423] Recombinant native-like trimers are promising HIV vaccine components because
they contain the conformational epitopes of most known bnAbs and lack many non-
neutralizing epitopes present on less native constructs (Julien et al., 2013; Kong et al., 2016;
Kwon et al., 2015; Lyumkis et al., 2013; Pancera et al., 2014; Sanders et al., 2013; Scharf et
al., 2015). However, native-like trimers have features that may impede bnAb induction: they
are highly glycosylated and expose both strain-specific neutralizing epitopes and non-
neutralizing epitopes. Immunization with native-like trimers in standard mouse, rabbit and
macaque models has thus far elicited either non-neutralizing antibodies (Hu et al., 2015) or
neutralizing antibodies only against the immunogen strain (de Taeye et al., 2016; Sanders et
al., 2015) analogous to the strain-specific responses to the seasonal flu vaccine in humans.
Induction of HIV bnAbs will likely require development of vaccination strategies that focus
responses to relatively conserved, sub-dominant epitopes and avoid or suppress responses to
non-neutralizing and strain-specific epitopes.

[00424] Germline targeting, a vaccine priming strategy to initiate the affinity maturation of
select germline-precursor B cells, could help solve this immunofocusing problem by
preferentially activating bnAb precursors (Dimitrov, 2010; Xiao et al., 2009). The strategy
aims to activate bnAb-precursor B cells, induce productive (bnAb-like) somatic mutations,
and produce memory B cells that can be boosted subsequently to select additional productive
mutations (Dosenovic et al., 2015; Jardine et al., 2015). For some bnAbs, inferred precursors
have affinity for Env from particular HIV isolates (Andrabi et al., 2015; Doria-Rose et al.,
2014; Gorman et al., 2016; Liao et al., 2013), facilitating design of priming immunogens
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based on Env from those isolates (Haynes et al., 2012). For other bnAbs, efforts to identify
wild-type Env that bind inferred precursors have failed (Hoot et al., 2013; Jardine et al.,
2013; McGuire et al., 2013; Scheid et al., 2011; Xiao et al., 2009; Zhou et al., 2010). These
latter cases require design of modified Env to serve as a priming immunogen (Dimitrov,
2010; Pancera et al., 2010; Xiao et al., 2009; Zhou et al., 2010). Proof of principle that
designed germline-targeting immunogens can activate their intended precursors and generate
a potentially boostable memory response was recently demonstrated in knock-in mice with B
cell precursors for VRCO1-class bnAbs directed to the CD4-binding site (Dosenovic et al.,
2015; Jardine et al., 2015; McGuire et al., 2016). Following a germline-targeting prime,
induction of bnAbs is expected to require a succession of boosts, driving a succession of
germinal center reactions, in order to select sufficient mutations (Dimitrov, 2010; Dosenovic
et al., 2015; Haynes et al., 2012; Jardine et al., 2013; 2015; 2016b; Klein et al., 2013b; Liao et
al., 2013; McGuire et al., 2013; 2016; Pancera et al., 2010; Wu et al., 2011; Xiao et al., 2009;
Zhou et al., 2010). Supporting the concept that sequential immunization with different
immunogens will be required to develop a bnAb response, native-like trimers but not
germline-targeting immunogens were found to boost near-bnAb B cells (bearing a mature
VRCO1-class bnAb heavy chain) to induce bnAbs (Dosenovic et al., 2015).

[00425] Glycan-dependent bnAbs in general, and N332-supersite bnAbs in particular, are
important targets for germline-targeting vaccine design. In a recent longitudinal study of HIV
infection in Africa, more than half of the HIV-infected individuals who produced bnAb
responses produced them against glycan-directed epitopes, the majority of which were within
the N332 supersite (Landais et al., 2016). The prevalence of N332-supersite bnAb responses
is probably due in part to the high accessibility of their epitopes on top of the trimer.

[00426] Among N332-supersite bnAbs, PGT121-class bnAbs have been particularly well
characterized, providing strong rationale for germline-targeting efforts. PGT121-class bnAbs
are among the most potent bnAbs (Mouquet et al., 2012; Walker et al., 2011), and PGT121
delivered passively to macaques protects against SHIV infection (Moldt et al., 2012; Shingai
et al., 2014) and can suppress viremia when delivered after infection (Barouch et al., 2013;
Shingai et al., 2013). However, PGT121-class inferred precursors show no measureable
affinity for wild-type Env proteins that have been evaluated (Mouquet et al., 2012; Sok et al.,
2013). Thus, development of a priming immunogen for PGT121-class precursors requires
either design of a modified Env or identification of a natural Env with PGTI121-class

germline-binding capacity. Crystal structures have been determined for several PGT121-
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class bnAbs in complex with either BG505 SOSIP native-like trimers or gp120 (Garces et al.,
2015; Garces et al., 2014; Julien et al., 2013; Kong et al., 2016; Pancera et al., 2014), and for
unliganded structures of two germline-reverted PGT121 variants (Mouquet et al., 2012; Sok
et al., 2013), providing critical information to guide design of modified Env for PGT121-
class germline-targeting.

[00427] PGTI121-class bnAbs interact with conformationally flexible structures on HIV
Env, including several glycans and the V1 variable loop, making computational design of
germline-targeting Env challenging. Here, Applicants developed a structure-guided directed
evolution approach, using mammalian cell surface display, to design PGT121-class germline-
targeting stabilized-trimer immunogens.  Applicants multimerized these trimers on
liposomes, and evaluated trimer and liposome immunogens by biophysical, structural, and ex
vivo B cell activation analyses. Applicants further evaluated germline-targeting trimers by
vaccination in PGTI121 inferred-germline knock-in mice. Applicants design process
produced design intermediates with increasing levels of epitope modification between wild-
type and germline-targeting trimers. These results led to Applicants’ hypothesizing prime-
boosting strategies in which a germline-targeting prime is followed by boosts with
progressively less-modified design intermediates and then with wild-type Env followed
ultimately by a cocktail of Env variants to expand breadth. Evaluation of several of these
prime-boosting strategies in PGT121 germline and chimeric knock-in mice is described in a
related study (Escolano et al., 2016).

[00428] Design of Germline-Targeting Gp120s. Applicants identified mammalian cell
surface display as a desirable platform for engineering modified HIV Env constructs with
affinity for inferred-germline PGT121 Abs, as it should allow for optimization of monomeric
or multimeric antigens bearing mammalian glycans (Chen et al., 2008). Therefore,
Applicants developed a lentivirus-based mammalian cell surface display method to carry out
directed evolution of HIV gp120 monomers and gp140 trimers (Figure 9). Structural analysis
of the PGT121 interaction with gp120 (Julien et al., 2013; Pancera et al., 2014) led us to
hypothesize that the V1 and V3 loops were the key sites for germline-targeting mutations.
For selection agents, Applicants assembled a collection of six germline-reverted Abs, all
using heavy chain genes VH4-59, D3-3 and J6 and light chain genes V3-21 and J3, with
varying degrees of mutation in the D gene and L-CDR3 and with differences in the non-
templated regions at the V-D and D-J boundaries (Figure 10). Ranked by similarity to the
germline D and L3 sequences, these Abs are: GLcprswey; (most similar to germline D/L3),
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GLcpRsrev2, GLcpRr3revs, GLeprsrevss GLcprsrevs, and GLeprsma (germline Vo and J genes but
mature CDR3 loops). Applicants began by screening libraries based on BG505 T332N
gpl20 and BGS505 SOSIP T332N gpl40 (Sanders et al., 2013) in which the conserved
glycosylation site at position 332 absent in BG505 was introduced (Figure 6A). These
molecules had no detectable affinity for germline-reverted PGT121 Abs (Figure 6B and
Table 1). Therefore, Applicants employed a “boot-strapping™ approach: for initial screening
Applicants utilized two variants of GLcpr3ma, One with nine PGT121 light chain mutations
(GL+9, with 28 uM affinity for BG505 T332N gp120) and another with three light chain
mutations (GL+3, no detectable affinity for BG505 T332N gp120) (Figure 10). Screening a
gp120 random mutagenesis library for binding to GL+9 led to the molecule 3MUT, with
mutations T135A and T139I to eliminate the V1 loop glycosylation sites at positions 133 and
137 (Figure 6A). Screening a gp140 structure-guided V1 loop library for binding to GL+3 led
to the isolation of SMUT, with four different mutations (V134Y, N136P, 1138L, D140N) in
the V1 loop. Combining the mutations in 3MUT and SMUT produced 7MUT gp120,
Applicants’ first construct with quantifiable affinity for GLcpr3ma (Kp = 44 uM, Figures 6A
and 6B). To improve this affinity further, Applicants screened a gp120 V1 and V3 loop
saturation mutagenesis library for binding to GLcpr3ma; combining the most enriched
mutations (N137F, T320F, Q328M) with 7MUT produced 10MUT, with K = 1 uM for
GL¢pr3mat (Figures 6A and 6B). Finally, to increase affinity and breadth, Applicants
screened a gpl20 V1 loop directed mutagenesis library for binding to GLc¢prsey» and
GLcpr3revs (Figure 10). This approach culminated in 11MUTg, with Kps of ~5 uM, ~3 uM
and ~8 uM for GLcpr3rev: GLepr3revs and GLprsreys, respectively, and detectable but not
quantifiable binding to GLcpr3wevws (Figures 6A, 11, and Table 1). Thus, mammalian display-
directed evolution enabled the design of germline-targeting gpl120 molecules with
appreciable affinity for PGT121 germline-reverted antibodies.

[00429] Design of Stabilized and Germline-Targeting Trimers. For initial design of
germline-targeting and boosting trimers, Applicants transferred the germline-targeting
mutations from the gp120 versions of 3MUT, SMUT, 7MUT and 10MUT onto the BG505
SOSIP trimer platform. These molecules displayed characteristics of native-like trimers,
such as high affinity for the trimer-specific bnAb PGT151 (Falkowska et al., 2014) and a
melting temperature (7y,) similar to BG505 SOSIP (Figure 7A). Furthermore, all had similar
monovalent affinities for PGT121 and GLpr3ma @S their gpl20 counterparts (Figure 7A),

indicating that the germline-targeting mutations were transferable to a native-like trimer.
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[00430] In addition to binding bnAb putative precursors, germline-targeting trimers should
have an otherwise native-like antigenic profile, with high affinity for bnAbs and no
significant affinity for non-neutralizing antibodies directed to epitopes exposed on
monomeric gpl20 but buried or conformationally absent on the trimer. BGS505 SOSIP
gp140, the trimer on which Applicants’ PGT121-class germline-targeting designs were based,
displays undesirable binding to V3 non-neutralizing antibodies (Sanders et al., 2013) (Figures
7B and 12) and induces non-neutralizing V3 responses in mice, rabbits, and macaques (de
Taeye et al., 2016; Hu et al., 2015; Sanders et al., 2015), indicating that this trimer samples
conformational states that expose non-neutralizing epitopes. Furthermore, BG505 SOSIP
gpl140 displayed on mammalian cells via a PDGFR linker showed strong binding to trimer-
structure-dependent bnAbs (PGT151 and PGT145) (Falkowska et al., 2014; Walker et al.,
2011) but also to non-neutralizing antibodies directed to the V3 loop (4025) (Gorny et al.,
2011) and the CD4-binding site (b6) (Barbas et al., 1992) (not shown), suggesting the
coexistence on the cell surface of native-like trimers along with non-native trimers, dimers
and/or monomers. Applicants also found that adding germline-targeting mutations to BG505
SOSIP reduced the already-modest expression by 50% (Figure 7A). Therefore, Applicants
sought to use mammalian display-directed evolution to improve the antigenic profile, thermal
stability and expression level of the BG505 SOSIP trimer and germline-targeting trimers.

[00431] Applicants’ trimer improvement effort focused on two types of libraries:
(i) whole gene saturation mutagenesis libraries and (ii) a combinatorial library sampling the
one or two most common HIV residues at Env positions where BG505 uses rare (frequency
<10%) HIV residues (Figure 7C). The “rare” library, which allowed variation at eleven
positions in gp120 and two in gp41, was screened for binding to trimer structure-preferring
bnAbs PGT145, PGT151 and PG16 and for lack of binding to non-neutralizing antibodies b6
and 4025. This yielded the Rare3 clone with five mutations in gpl120 (T106E, M2711,
F288L, T290A, N363Q) and with the expression level improved by a factor of ~2 and the
melting temperature (7},) increased by 1.4 °C (Figure 13). The saturation mutagenesis library
was constructed in three segments, two covering gp120 and one for gp41 (Figure 7C). Next
generation sequencing and bioinformatics were employed to analyze the results of the first
two sorts (Jardine et al., 2016a), while Sanger sequencing was used to identify enriched
clones that survived four or five sorts. Enriched mutations from both sequencing methods
were combined and tested in soluble trimers and were also assembled into combinatorial

libraries and re-screened using the same antibodies as before. The gp41 library produced
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MD2, with an L568D point mutation that increased expression levels by a factor of ~4, and
MD33, with four additional mutations (F519S, AS61P, V570H, RS85H) that increased the 7,
by 4 °C and improved expression by a factor of ~7 relative to BG505 SOSIP (Figure 13).
The gpl120 library produced MD16, with three mutations (F223W, R304V, A319Y) and
reduced binding to V3 non-neutralizing antibodies (Figure 12). Finally, mutations from
Rare3, MD16 and MD33 were combined to produce MD39 with 11 mutations (F223W and
T290A did not improve the biophysical properties of the trimer and were excluded; data not
shown). Compared to BG505 SOSIP.D664, the MD39 yield improved by a factor of ~7, 7},
increased by °C, and antigenic profile improved by reduced V3 Ab reactivity and similar
bnAb binding except for slightly reduced affinities for V2 apex bnAbs (Figures 7A, 7B and
13)

[00432] Combining the MD39 mutations with germline-targeting mutations produced
germline-targeting trimers with improved properties. MD39-10MUT had 6-fold improved
yield and 6°C higher 7,, compared to 10MUT (Figures 7A and 13). Applicants’ most
advanced germline-targeting trimer, MD39-11MUTg, the only trimer with detectable affinity
for five of six PGT121-germline reverted variants tested (Figure 7B), had excellent yield,
thermal stability and antigenic profile (Figure 7A,B). Directed evolution therefore produced
native-like trimers with improved potential functionality via both stabilization and germline-
targeting mutations.

[00433] Structural Analysis. To ascertain whether stabilized, PGT121-germline-targeting
trimers maintain native-like structure, Applicants conducted crystallography and electron
microscopy (EM) studies. Negative stain EM two-dimensional classification revealed that all
four trimers tested (MD39, 10MUT, MD39-10MUT, and MD39-11MUTg) were
characterized by a high fraction (>95%) of native-like structural features and were similar in
appearance to BG505 SOSIP. The MD39 mutations improved the structural uniformity of
the 10MUT trimer, as the amount of flexible, native open conformations dropped from 35%
to 5% between 10MUT and MD39-10MUT (see methods for description of 2D classification
system). Applicants” best germline-targeting trimer, MD39-11MUTg, exhibited 100% native
closed conformations and was indistinguishable from BG505 SOSIP by EM. For higher
resolution analysis, Applicants solved a 4.5 A resolution crystal structure of MD39-10MUTy,
a variant of MD39-10MUT with one mutation added and another removed (Supplemental
Methods), complexed with 35022 and PGT124 (Garces et al., 2014; Sok et al., 2013). While

this resolution precluded analyses of side-chain conformations, and the interface between
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trimer and PGT124 could not be analyzed due to missing V1 loop density, the structure
accurately determined the backbone positions for most (1659 of 1692) residues of gpl40.
Superposition of the gp140 backbones in this structure and in the 3.0 A structure of BG505
SOSIP N137A complexed with 3H109L and 35022 (PDBid: 5CEZ) or the 3.1 A structure of
BG505 SOSIP bound to PGT122 and 35022 (PDBid: 4TVP) gives backbone rmsd values of
0.7 and 1.1 A, respectively. Applicants conclude that MD39-10MUT,, with 20 mutations
relative to BG505 SOSIP T332N, retains an overall native-like conformation.

[00434] Sequential Boosting Strategies. As noted above, induction of bnAbs following a
germline-targeting prime is expected to require sequential boosting with epitope variants to
mature the response. With PGT121-class germline-targeting candidates (10MUT and
11MUTp) in hand, Applicants developed boosting strategies aiming to select PGT121-like
mutations and induce bnAbs. Applicants hypothesized that any sequential immunization
strategy starting with a germline-targeting trimer should end with a native-like trimer, such as
BG505 MD39 SOSIP, so as to select mutations productive for high-affinity interaction with
the native trimer on the virus. However, in order for PGT121-class antibodies to engage their
epitope including the N137 glycan on the V1 loop, such antibodies must accommodate V1
loops diverse not only in sequence but also in length and number of glycosylation sites
(Figure 8A-C), implying that boosting with a single native-like trimer bearing a single V1
loop may not be sufficient. Indeed, boosting only with a BG505 native-like trimer would
present a V1 loop that is significantly shorter than most (Figure 8B). Furthermore, modeling
of variable loops and glycan conformations (not shown) suggested that diversity in the V2
and V4 loops might potentially impact the PGT121 epitope by altering conformational
sampling of the V1 loop or N332 glycan, respectively (Figure 8 A-C), and immunodominant
responses involving V2 or V4 could potentially sterically interfere with PGT121-class
boosting. Based on these considerations, Applicants hypothesized that a cocktail of native-
like trimers displaying diverse variants of the V1, V2, and V4 loops, especially variants
within “hotspots” of more frequently-occuring combinations of length and number of
glycosylation sites (Figure 8B), might be needed to select PGT121-class mutations favoring
neutralization breadth. Applicants therefore designed and produced four native-like trimers
based on BG505 MD39 SOSIP containing diverse loops for V1, V2, V4, and V5 (Figures 8C,
14A and 14B). These trimers, together with BG505 MD39 SOSIP, form a five-member
variable loop cocktail (VLC) that might broaden PGT121-like responses initiated by a
germline-targeting trimer (Figure 8D).
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[00435]  Applicants then considered the question of what intermediate boosts, if any, might
be employed between a germline-targeting prime and a native-like trimer. Applicants’
germline-targeting design intermediates become increasingly more native-like in the PGT121
epitope (e.g. 7MUT, SMUT and 3MUT have six, four and two epitope mutations,
respectively), but the SMUT and 3MUT mutations are mutually exclusive (3MUT lacks two
V1 glycans while SMUT has those glycans but has four other V1 loop mutations) (Figure
6A). These considerations impose directionality on any boosting scheme (e.g. 7TMUT should
not be used after SMUT or 3MUT or WT, and 3MUT should not be used after SMUT), thus
limiting the number of possible schemes (Table 2). Considering only the most efficient
directional schemes, those employing boosting pairs that differ by more than one mutation or
involve substantial affinity changes (Table 3), Applicants identified a total of seven potential
boosting schemes (Figure 8E).

[00436] Applicants sought to rank these schemes to allow prioritization for experimental
testing. Applicants reasoned that the least mutated antibody that shows measurable affinity
for all of the potential boosting immunogens, GL+9, could serve as a proxy for intermediate
PGT121-class antibodies developing after a germline-targeting prime and before a native-like
boost. Applicants further reasoned that the affinity drop, the ratio of GL+9 affinities for two
immunogens, could be used to estimate the likelihood of successfully boosting memory B
cells when the two immunogens are used in sequence (e.g. the GL+9 Kps for 7TMUT and
3MUT are 3 nM and 1600 nM respectively, so when immunizing with 7MUT followed by
3MUT, the affinity drop would be 1600/3=530). One expects that a boost immunogen with
very different epitope structure from the previous immunogen may result in too large an
affinity drop to activate memory B cells generated by the prior immunogen. Applicants
estimated the affinity drops for all seven boosting schemes (Figure 8E), ranked them
according to the largest affinity drop in that boosting scheme, and listed the three most likely
to succeed (Figure 8F).

[00437] In collaborating work, Escolano and colleagues (Escolano ef al., 2016) evaluated
boosting schemes following the 10MUT trimer prime in PGT121 germline (GLcpr3evs)
knock-in mice and PGTI121 mature-heavy-chain/germline-light-chain knock-in mice.
Relying on the directionality of the boosting immunogens developed here, Escolano ef al.
used serum ELISA against boost candidates after each immunization to select the most
native-like directional boost for which at least weak serum reactivity could be detected; that

process resulted in the testing of the second scheme in Figure 8F and the finding that this
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scheme induces PGT121-like bnAbs with substantial breadth and potency. While the first
scheme in 12F remains to be tested, the data in Escolano et al. support the validity of the
logic underlying these boosting schemes.

[00438] Applicants note that the affinity drop analysis also provides clues on how to
improve boosting schemes: to minimize the probability of a boost failure at a high affinity
drop, one could redesign immunogens to equalize the affinity drops in any given scheme.
Thus the germline-targeting design process is capable of defining potential boost
immunogens and directional boosting schemes, and it can guide prioritization and
improvement of such schemes.

[00439] Germline-targeting vaccine design offers the potential to initiate the induction of
specific classes of protective antibodies against HIV or other pathogens that have eluded
vaccine development. Many protective bnAbs against HIV are directed toward glycan-
dependent epitopes on the trimeric glycoprotein spike (Burton and Hangartner, 2016).
Therefore, methods are needed to develop trimer immunogens for germline targeting and
boosting of glycan-dependent bnAbs. Trimer immunogens should be stabilized, to maximize
the probability of retaining native-like conformational epitopes in vivo and to minimize the
probability of eliciting non-neutralizing Abs that could potentially detract from priming or
boosting the targeted bn Ab responses.

[00440] Here, Applicants (1) developed a mammalian cell surface display directed
evolution method for optimization of multimeric antigens bearing human glycans;
(2) engineered stabilized HIV Env trimers with affinity for both germline and mature
PGT121-class glycan-dependent bnAbs; (3) showed by crystallography and electron
microscopy that these trimers maintain native-like conformations; (4) demonstrated that
germline-targeting trimers multimerized on liposomes potently activate PGT121 germline
and mature B cells ex vivo; and (5) showed that soluble germline-targeting trimers can prime
PGT121-class responses in vivo, in a PGTI21 inferred-germline knock-in mouse.
Applicants’ data indicate that 11MUTg trimers and trimer-liposomes are promising
candidates for priming PGT121-class glycan-dependent bnAb responses in immune systems
with diverse antibody repertoires, although the frequency of PGT121-class precursors in
humans and the germline-targeting affinities/avidities necessary to prime those precursors
remain to be determined.

[00441] This work may provide a more general template for HIV bnAb germline-targeting

compared to previous work on germline-targeting for VRCO1-class bnAbs directed to the
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CD4-binding site. VRCO1-class bnAbs generally do not depend on glycans for their activity,
evidenced by the fact that elimination of glycans surrounding the VRCOI1 epitope generally
increases neutralization potency (Jardine et al., 2016b); this has led to removal of all epitope-
proximal glycans from germline-targeting candidates (Jardine et al., 2013; 2015; 2016a;
McGQGuire et al., 2013; 2014; 2016). However, the activity of many HIV bnAbs requires
engagement of one or more glycans within their epitope, and germline-targeting primes
should probably retain such key glycans, as was the case here with the N332 glycan.
Furthermore, owing to the relative inaccessibility of the VRCO1 epitope on native-like
trimers, efforts to design VRCOl-class germline-targeting primes have converged on
strategies to increase epitope exposure by presentation on minimal domains rather than on
trimers (Jardine et al., 2013; 2015; 2016a; McGuire et al., 2013; 2014; 2016), although
boosting with native-like trimers is anticipated to be required to mature the response (Jardine
et al., 2016b). In contrast, many proteo-glycan epitopes are well exposed on native-like
trimers, and some are formed only on intact trimers, making native-like trimers like those
designed here the preferred platform for germline-targeting. Indeed, multiple different bnAbs
could potentially be primed with a single trimer harboring multiple germline-targeting
epitopes.

[00442] As germline-targeting vaccine design requires developing not only the vaccine
prime but also boost immunogens to mature the response in order to elicit bnAbs, Applicants
developed both a stabilized native-like trimer (MD39) and a cocktail of native-like trimers
(VLC cocktail) that could be employed as boosts to refine and expand the breadth of
responses initiated by a germline-targeting prime. However, considering that memory B cells
induced by the germline-targeting prime may not be sufficiently mutated to be boosted by a
native-like trimer, intermediate boosts may be needed to mature the response prior to native-
like boosts. In the process of developing PGT121-class germline-targeting immunogens,
Applicants created design intermediates with increasing levels of epitope modification
between wild-type and germline-targeting trimers. These molecules are candidate boost
immunogens that if used in sequence offer directional and gradual epitope changes to guide
maturation of the B cell response. Seven potential sequential immunization schemes were
proposed, and Applicants’ analysis of affinity drops provided a ranking of those schemes. In
a related paper (Escolano et al., 2016), a subset of these prime-boosting schemes were
evaluated in PGT121 germline knock-in mice and PGT121 mature-heavy-chain/germline-

light-chain knock-in mice, and one such scheme was found to be effective for inducing
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bnAbs in both mouse models, supporting the germline-targeting vaccine design process
described here and encouraging its expanded use and further improvement.

[00443] While here Applicants have described strategies for designing trimer immunogens
with changes in the structure of an epitope in order to prime and mature an epitope-specific
response, ultimate success of these strategies may also require modification of antigenic
surfaces outside the epitope of interest, to minimize boosting of off-target responses that
might hinder or interfere with the desired epitope-specific response.

[00444] The approaches employed here could be adapted for immunogen design to other
bnAb targets on HIV and other pathogens. The “bootstrapping™ strategy of using partially
mutated antibodies (such as GL+3 and GL+9) as initial selection agents and then using
antibodies closer to germline in successive iterations, could be useful for design of germline-
targeting and boosting immunogens for other bnAbs, such as HIV V2 Apex glycan-
dependent bnAbs (Andrabi et al, 2015; Gorman et al, 2016) or influenza virus
hemagglutinin stem-directed bnAbs. Applicants” mammalian display methods allowing
directed evolution on native-like trimers should be useful in those endeavors and could also
be used to stabilize monomeric or multimeric glycoprotein immunogens for diverse viral
vaccines.

[00445] In summary, Applicants have developed stabilized native-like trimer immunogens
for germline-targeting and boosting of glycan-dependent PGT121-class bnAb responses
against HIV. The immunogens and boosting schemes Applicants created are candidates for
human vaccine testing and further optimization, while the methods developed here are
applicable to immunogen design for other epitopes and pathogens and thus are of relevance
for future vaccine design.

[00446] DNA gene synthesis and protein production. Genes were synthesized by
GenScript. Gpl20s, gpl40s, Fabs and IgGs were expressed in 293 cells and purified as
described below.

[00447] Library assembly. The BG505 SOSIP whole gene saturation mutagenesis and
“rare amino acid” libraries were synthesized by Integrated DNA Technologies and GenScript,
respectively. Libraries for germline targeting were created by error prone PCR (gene
morph II Agilent), site directed mutagenesis (QuikChange Agilent) or 2-step assembly PCR
of degenerate primers using the Q5 High-Fidelity DNA Polymerase (New England Biolabs)
and cloned into a modified version of the gateway cloning entry vector pENTR/D-TOPO
(Ota et al., 2012) using the circularpolymeraseextension cloning (CPEC) method (Quan and
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Tian, 2014) or Gibson Assembly (New England Biolabs) according to manufacturer’s
instructions. All libraries were then transferred to the lentiviral vector pLenti CMVTRE3G
puro Dest (Ota et al., 2012) using the LR Clonase II enzyme mix (Thermo Scientific).

[00448] Lentivirus production and stable cell generation. 293T cells cultured in
Advanced DMEM (Gibco) supplemented with 5% FCS, GlutaMAX (Gibco), 2-
mercaptoethanol (Gibco) and Antibiotic-Antimy cotic (Gibco) were co-transfected with 10.8
ug pLenti CMVTRE3G puro Dest gene library, 7.0 pug psPAX2 and 3.8 ug pMD2.G as
described (Salmon and Trono, 2007). 293T cells stably expressing rtTA3G from the pLenti
CMV 1tTA3G Blast vector (Ota et al., 2012) were transduced at low moi (<0.1) in a T75 or
T225 flask in the presence of 10 pg/mL blasticidin and after 24h transferred to medium
supplemented with 2 ug/mL puromycin.

[00449]  Cell surface expression and FACS. 293T cells containing the stable library were
induced with doxycycline (1ug/mL) and harvested the next day in FACS buffer (HBSS, 1
mM EDTA, 0.5% BSA). Cells containing BG505-SOSIP libraries were transfected with
furin 24 h prior to induction. Cells were stained with IgGs or Fabs for ~30 min, washed with
FACS buffer, and then stained with fluorescein isothiocyanate (FITC)-labeled a-cMyc
(Immunology Consultants Laboratory). IgGs were labeled with phycoerythrin (PE)-
conjugated a-human IgG (Sigma), Fabs containing HA epitope tags (PGT145, PGT151, and
PG16) were labeled with a-HA-PE (Miltenyi Biotec) and Fabs containing V5 epitope tags
(B6 and 4025) were labeled with a-V5-FITC (GeneTex). Cells were sorted on a BD Influx

(BD Biosciences) FACS sorter. Approximately 2x105 double positive cells were collected
and expanded for ~one week in the presence of puromycin and blasticidin before the next
round of enrichment. Once the desired population had been obtained, chromosomal DNA
was extracted from the cell culture using the GenElute Mammalian Genomic DNA Miniprep
Kit (Sigma). The gpl120 or gpl40 gene was PCR amplified from the genomic DNA and
inserted back into the pENTR vector using CPEC cloning or Gibson assembly, transformed
into top10 competent cells (Invitrogen) and colonies were sequenced at Genewiz.

[00450] Next generation sequencing (NGS). Sequencing and bioinformatic analysis of
the BG505-SOSIP whole gene saturation mutagenesis libraries were done essentially as
described previously (Jardine et al., 2016a).

[00451] Trimer-conjugated liposome synthesis and characterization. Unilamellar
liposomes comprised of DSPC:cholesterol:DGS-NTA(Ni) lipids in a 66.5:28.5:5 mole ratio

were synthesized by lipid film rehydration and membrane extrusion, followed by post-
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synthesis binding of 6xHis-tagged trimer for 2 hrs at 4 °C. Unconjugated trimer was
removed by size exclusion chromatography. Total conjugated trimer was quantified by
ELISA in the presence of 1% triton-X and 100 mM imidazole to fully disrupt liposomes and
Ni-6xHis interactions, respectively, for uninhibited detection via an a-6xHis antibody.

Antigenic profiles were determined by ELISA on intact liposomes.

[00452] Ca**-flux measurements and Immunizations. Details about Ca2+-ﬂux assays
and mouse immunizations can be found in Extended experimental procedures and in
(Escolano et al., 2016).

[00453] Negative-stain electron microscopy. Purified SOSIP trimers were analyzed
by negative stain EM using a protocol adapted from (de Taeye et al., 2016).

[00454] Differential scanning calorimetry (DSC) and Surface plasmon resonance (SPR)

methods are described in the Extended experimental procedures.

113



WO 2017/165674 PCT/US2017/023854

[00455] Table 1. The binding affinities of germline targeting gp120s, related to FIG. 6.

8G505- T - GLES‘KS« GLSD-RS- GLCDR} GLCBRE— GLCSR'&- GLCE‘E?‘-GLH-NN 1 218
gp‘? EG PGT{ 21 SH')L GL+Q GL+3 RBE eyl reEd oy} Y2 rewd 1 21L GLL-EN

WT {T332N)| 7.8 250 28000 >1230480 »123000 »~8000 =84000 =128000 - »2008 €88 =33000

MUT 2.7 - 4800 >40000 - - =4G400 - - - 83 »40000
3MUY 4.8 15 4800 >280g0  »21008 - »2E000  =11000 - - 22 »280680
MUY 5.7 8 38 WEB Fig= - »34400 - - - & 130G8
SMUT 14 - 18 =24000 - - >24000 - - - 5 >24000
TMUT 1.2 828 3 122080 44000 - > 36000 - - - 1.3 38000
SMUT, .57 - - 2768 2908 - »70000 - - - - 57¢00
MUT: 1.5 i} - 23300 WEB - »147000 - - - 2204 5000

TOMUT g5 f.04 12 1268 788 WB 1546000 2 WB  »1500086 WB - 47080

FOMUT-KO | 435 - - - 21348 - »21408 - - - 200D >231008
TIRUT, - - - - 1204 - WEB - - - - S10G0
TIMUT, 4045 D075 68 530 §34 7700 WwB 208 - 5208 - -

YValues are Kps {(nh) measured by SPR.
WE, weak binding, not quantifisd.
-, not measured,
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[00456]
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[00457] Table 2. Sequential boosting pairs that were eliminated based on violation of
directionality, related to FIG. 8.

Seguential boasting pair Directionality viefation
118 contains e native residue K127 which is mutates
4B 3 1054 P1E contains the native residue W1 37 which s mutated
g =2 2

af W33 wihichis

6 3 2 5 contains native giycoayiabon sites ot 8133 ard M13Y
b hath are wmutated i 3
& containg native ghycosylation aife st N127 which &
mutated in 2
Any boosting pair in which the first immunogan contains a native residus that is muiated in the

second immunogen is a viclation of directionality. The immunogen names hav
for simplicity.

53 Z

MUT removed
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[00458] Table 3. Characteristics of sequential boosting paris that

related to FIG. 8.

PCT/US2017/023854
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Example 2: Supplemental Experimental Procedures to Example 1

[00459] DNA gene synthesis. Genes were synthesized at Genscript, Inc. Gpl120 and
gpl40 variants in pHLsec contained a C-terminal GTKHHHHHH tag. Genes in pENTR
contained a C-terminal cMyc epitope followed by a PDGFR transmembrane domain. IgGs
were cloned into pFUSEss and Fabs were in a modified version of pFUSEss (pFABss). DNA
was maxi-prepped using a BenchPro 2100.

[00460] Protein production. BG505-gp120 and variants based on BG505 contained the
L11TA mutation for more efficient production of monomer compared to other species
(Hoffenberg et al., 2013) and the T332N mutation and were expressed in 293F cells grown in
293 Freestyle media (Life Technologies) by transient transfection with 293Fectin
(Invitrogen). Protein was harvested from the supernatant 96 h post transfection and purified
by nickel affinity chromatography on a HIS-TRAP column (GE) followed by HiL.oad 16/600
Superdex 200 size exclusion chromatography (GE Healthcare). Gpl140 SOSIPs were
expressed in 293F cells grown in 293 Freestyle media by transient transfection with either
293Fectin or PEL. The protein was purified from the supernatant using a HIS-TRAP column,
starting with a wash buffer (20 mM Imidazole, 500 mM NaCl, 20 mM Na2HPO4) and
mixing with elution buffer (500 mM Imidazole, 500 mM NaCl, 20 mM Na2HPO4) using a

linear gradient. The trimer fraction was collected and further purified on an S200Increase 10-
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300 column (GE) in HBS (10 mM HEPES, 150 mM NaCl). The oligomeric state of the
SOSIP trimers were then confirmed by size exclusion chromatography-multi-angle light
scattering (SECMALS) using the DAWN HELEOS II multi-angle light scattering system
with Optilab T-rEX refractometer (Wyatt Technology). The trimers were frozen in thin-
walled PCR tubes at 1 mg/ml using liquid nitrogen and stored at -80°C (Jardine et al., 2015).
Fabs and mAbs were produced in 293F cells as described previously (Jardine et al., 2013).
For crystallography, SOSIP. MD39 10MUTA was expressed in 2938 cells.

[00461] ELISA quanitification of SOSIP expression. BG505 SOSIP variants were
expressed using the Freestyle 293F expression system (Thermo Scientific) according to
manufacturer’s instructions. After 4 days, supernatants were harvested by centrifugation and
stored at 4°C until analysis. Capture ELISAs were performed essentially as described
previously (Schiffner et al., 2016). Briefly, ELISA plates were coated overnight with trimer
specific PGT145 Fab at 4 ug/mL in PBS at 4°C followed by blocking with 2% w/v bovine
serum albumin (BSA) in washing buffer (PBS + 0.05% v/v tween20). SOSIP expression
supernatants were diluted 100x in sample buffer (washing buffer + 1% w/v BSA) and for
each variant, a standard curve with known concentration of matching purified protein was
prepared in sample buffer.

[00462] Supernatants and standard curves were added to ELISA plates and detected with
trimer preferring IgG PGT151 at 10 pug/mL in sample buffer. Samples were labeled with
horseradish peroxidase coupled Fcg-specific anti-human IgG (Jackson Immunoresearch),
developed and stopped with 1-Step Ultra TMB- ELISA substrate (Thermo Scientific) as per
manufacturer’s instructions, and optical densities were read at 450 nm and 570 nm. After
background subtraction, data were fit to a “one-site specific binding with hill slope™ curve in
graphpad prism, and supernatant concentrations were extrapolated from standard curves.
[00463] Surface plasmon resonance (SPR). Kinetics and affinities of antibody-antigen
interactions were measured on a ProteOn XPR36 (Bio-Rad) using GLC Sensor Chip (Bio-
Rad) and 1x HBS-EP+ pH 7.4 running buffer (20x stock from Teknova, Cat. No H8022)
supplemented with BSA at 1mg/ml. Human Antibody Capture Kit was used according to
manufacturer’s instructions (Cat. No BR-1008-39 from GE) to immobilize about 6000 RUs
of capture mAb onto each flow cell. In a typical experiment, approximately 300-400 RUs of
mAbs were captured onto each flow cell and analytes were passed over the flow cell at 50
uL/min for 3 min followed by a 5 min dissociation time. Regeneration was accomplished

using 3M Magnesium Chloride with 180 seconds contact time and injected four times per

124



WO 2017/165674 PCT/US2017/023854

cycle. Raw sensograms were analyzed using ProteOn Manager software (Bio-Rad),
including interspot and column double referencing, and either Equilibrium fits or Kinetic fits
with Langmuir model, or both, were employed when applicable. Analyte concentrations
were measured on a NanoDrop 2000¢ Spectrophotometer using Absorption signal at 280 nm
(Jardine et al., 2015). Applicants measured kinetics and affinity of antibody-Fab-fragment
antigen interactions on ProteOn XPR36 (Bio-Rad) using HTE Sensor Chip (Bio-Rad) and
running buffer with 20 mM Sodium Phosphate Dibasic, pH 7.4, 500 mM Sodium Chloride,
50 mM Imidazole, supplemented with BSA at 1mg/ml and Tween 20 detergent at 0.05% v/v.
Applicants used 0.1 M Nickel sulfate as activation solution. 0.5 M EDTA was Applicants’
regeneration solution with 300 seconds contact time and injected two times per cycle (one
time each for vertical and horizontal orientation). Raw sensograms were analyzed using
ProteOn Manager software (Bio-Rad), interspot and column double referencing, Equilibrium
or Kinetic with Langmuir model or both where applicable. Analyte concentrations were
measured on NanoDrop 2000¢ Spectrophotometer using Absorption signal at 280 nm.

[00464] Design of PGT121 germline-targeting immunogens.

[00465] BG505-gp120 T332N fused to the PDGFR transmembrane domain (TM) was
subjected to random mutagenesis using error prone PCR (gene morph Il Agilent), and the
resulting PCR product was gel purified and ligated into a modified version of the gateway
cloning entry vector pENTR/D-TOPO (Ota et al., 2012) using the circular polymerase
extension cloning (CPEC) method (Quan and Tian, 2014). The ligated vector containing the
error prone library was purified using the PCR purification kit (Qiagen) and concentrated.
The concentrated library was then transformed into electroMAX DHSa-E competent cells
(Invitrogen) and grown overnight at 37°C in a 125 mL culture. The plasmid was purified
using the BenchPro® 2100 (Invitrogen) and the gp120 insert was transferred to the lentiviral
vector pLenti CMVTRE3G puro Dest (Ota et al., 2012) using the LR Clonase Il enzyme mix
(Invitrogen). The LR clonase reaction was scaled up ~10-fold to increase library size. The
LR clonase product was again purified, concentrated and transformed into electroMAX stbl4
competent cells (Invitrogen) and grown overnight at 30°C in a 125 mL culture. This plasmid
DNA was purified and ready for use in transfection. 293T cells cultured in Advanced DMEM
(Gibco) supplemented with 5% FCS, GlutaMAX (Gibco), 2-mercaptoethanol (Gibco) and
Antibiotic-Antimycotic (Gibco) were co-transfected with the BG505-gp120 error prone PCR
library in pLenti CMVTRE3G puro Dest (10.8 ug), psPAX2 (7.0 ug) and pMD2.G (3.8 ng)
with fugeneHD in a T75 flask (Salmon and Trono, 2007). The cells were kept at 37°C for
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two days and then the media containing the virus was collected and spun down at 500g for
Smin. 293T cells stably expressing tTA3G from the pLenti CMV rtTA3G Blast vector
(obtained from Dave Nemazee; (Ota et al., 2012)) were transduced at low moi (<0.1) in a T75
or T225 flask in the presence of 10 ug/mL blasticidin. The next day cells were selected with
2 pg/mL puromycin. 293T cells containing the stable library were induced with doxycycline
(1pg/mL) and the following day were harvested in FACS buffer (HBSS, 1 mM EDTA, 0.5%
BSA). Cells were stained with either the GL+9 or GL+3 Ab for ~30 min, washed with FACS
buffer, and then stained with fluorescein isothiocyanate (FITC)-labeled a-cMyc
(Immunology Consultants Laboratory) and phycoerythrin (PE)-conjugated o-human IgG
(Sigma). Cells were sorted on a BD Influx (BD Biosciences) FACS sorter. Appoximately

2XlO5 GL+9 positive cells were collected and expanded for ~one week in the presence of
puromycin and blasticidin before the next round of enrichment was carried out. There was no
enrichment for GL+3 positive cells after several rounds of sorting so only the GL+9 positive
cells were sequenced. Once the desired population had been obtained the chromosomal DNA
was extracted from the cell culture using the GenElute Mammalian Genomic DNA Miniprep
Kit (Sigma). The BG505-gp120 gene was PCR amplified from the genomic DNA and
ligated back into the Gateway entry vector using CPEC cloning and transformed into top10
competent cells. Later in the design process Gibson assembly was substituted for CPEC
cloning. Colonies were sequenced at Genewiz. The sequences were highly enriched for two
clones, one containing the N137 glycan knockout by the mutation T1391 and the other
containing the N133 glycan knockout by the mutation T135A in addition to the T1391
mutation. These constructs were called 2MUT (T332N, T1391) and 3MUT (T332N, T135A,
T1391). Measuring the affinities of gpl120-2MUT and gpl120-3MUT against a panel of
partially mutated PGT121 Abs (table S1) indicated that knocking out both glycans gave a
larger boost in affinity compared to only the N137 glycan-KO so 3MUT was used for further
designs.

[00466] In parallel to screening the error prone PCR library, a combinatorial library was
created based on the structure of PGT122 in complex with BG505 SOSIP (PDB IDs 4NCO
and 3J5M). Because the initial SOSIP structures were low resolution and structures of
germline PGT121 showed light chain conformational changes Applicants elected to do a
saturation mutagenesis combinatorial library that would roughly cover the length of the V1
loop that could potentially interact with germline PGT121 Abs. The library was generated by
PCR amplifying the BG505 SOSIP construct in two partially overlapping fragments. The C-
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terminal fragment was amplified with a primer containing the degenerate codon NNK at four
positions in the V1 loop (V134, N136, 1138, and D140) as well as a degenerate base encoding
N or D at position 137. The two PCR products were ligated together using a second round of
PCR, and this second PCR product was inserted into the pENTR vector as described above.
The resulting construct was transferred to the pLenti CMVTRE3G puro Dest vector, and
lentivirus was produced. Stable cells were stained with the GL+3 Ab and a-cMyc, and double
positive cells were sorted. This resulted in a binding population that was sequenced and
found to be a single unique clone containing the mutations V134Y, N136P, 11381, D140N.
This clone was called SMUT (T332N, V134Y, N136P, 1138L, D140N). These mutations
were combined with the T1391 mutation (6MUT) or the T135A/T1391 mutations (7MUT).
[00467] Next, a saturation mutagenesis scanning library was created on the gp120-7MUT
construct using site directed mutagenesis with the QuikChange kit (Agilent Technologies)
with a unique NNK/MNN primer pair for each position that was scanned. 11 positions in the
V1 loop (T132 to M142) and 10 positions in the V3 loop (T320 to Q328) were scanned and
the resulting 21 reactions were pooled, purified, concentrated, and transformed into
electroMAX DH5a-E competent cells and transferred to pLenti CMVTRE3G puro Dest as
described above. This library was then stained separately with GLcpRr3mat. GLcDR3revs, OF @
Chimeric Ab containing the mature PGT121 heavy chain paired with the GLcprsrevs light
chain (121H/GLL-rev4), as well as a-cMyc for expression. Double positive cells were sorted
and 3 mutations were enriched in the GLcpr3mar sSort (N137F, T320F, Q328M) and two
mutations were enriched in the 121H/GLL-rev4 sort (N135R, Q328M) whereas a binding
population was not obtained in the GL¢pgr3reva sort. Combining these mutations with 7MUT
resulted in OMUT, (7MUT + NI137F/Q328M), OMUTy (7MUT + NI135R/Q328M), and
10MUT (7MUT + N137F/T320F/Q328M). The 9MUT; protein showed improved binding to
121H/GLL-rev4 but worse binding to all other PGT121-class antibodies tested compared to
TMUT (from which 9MUTg was derived) and so 9MUTg was not selected for further use
except as a control for the chimeric antibody (data not shown). Gpl120-10MUT showed
better binding to GLcpr3mat compared to gp120-9MUT4 and T320F was used in subsequent
designs with the exception of Applicants SOSIP-10MUTA crystal structure, which lacks the
T320F mutation.

[00468] Having established ~1 uM binding to the GLcpr3mar Ab with I0MUT Applicants’
goal was to improve the immunogen to tolerate more variation within the H-CDR3. For this

Applicants created three more V1 loop combinatorial libraries each containing four NNK
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codons. The three libraries contained NNK codons at positions (A135/P136/F137/L138),
(F137/L138/1139/N140), and (I139/N140/D141/M150). Each library was assembled from
two partially overlapping ultramers (Integrated DNA Technologies) and ligated into the
gp120-10MUT gene using gibson assembly (New England Biolabs). The three libraries were
pooled and screened against zup GLcprieyz and GLceprieva Abs. Sorting against the
GLcpRr3reva Ab resulted in enrichment for the D141N mutation (11MUT,) and sorting against
the GL¢pRrsrev2 Tesulted in enrichment for L139 and S140 with the most frequent clone
containing the sequence N137/L.138/L139/8140. When these mutations were combined with
the D141N mutation as well as a T415V mutation, which Applicants had identified as being
beneficial for binding to PGT121 on an engineered outer domain construct (data not shown),
it resulted in 11MUTy

Development of BG505-SOSIP MD39.

[00469] BGS05 SOSIP “rare amino acid” library. The BG505 SOSIP “rare amino
acid” library was synthesized at GenScript. It was first sorted against PG16 followed by a
sort for a high PGT145/B6 binding ratio. The cells were expanded for 1 week and then
sorted for either high PGT145/B6 or high PGT151/4025. After six rounds of sorting the
library was sequenced (Genewiz). PGT145, PGT151, and PG16 Fabs contained HA epitope
tags and were labeled with a-HA-PE (Miltenyi Biotec). B6 and 4025 Fabs contained V5
epitope tags and were labeled with a-V5-FITC (GeneTex).

[00470] BGS05 SOSIP whole gene saturation mutagenesis. The whole gene saturation
mutagenesis library was synthesized at Integrated DNA Technologies in four segments that
each contained ~150 NNK codons that were cloned into the BG505-SOSIP gene using either
CPEC or Gibson assembly which resulted in four libraries. NNK codons were barcoded with
a silent mutation on each side. The libraries created from the second and third segments were
combined into one. The first, second and third libraries had NNK codons covering residues
Y39-N185, N186-R500 and K502-Q658, respectively. The library that covered gp41 (502-
658) was sorted for high PGT145/cMyc, high PGT145/B6, and high PGT151/cMyc. The
first gp120 library (39-185) was sorted for high PGT145/B6, and high PGT151/4025. The
second gp120 library (186-

[00471] 500) was sorted for high PGT145/cMyc, high PGT145/B6, high PGT151/4025,
and high PGT151/cMyc. The sorted libraries were sequenced and analyzed essentially as
described previously (Jardine et al., 2016). Positions that enriched for the same amino acid

against multiple different mAb sorts (E.g. PGT145(+)/B6(-) and PGT151(+)/4025(-)) were
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favored for testing in follow up combinatorial libraries or directly testing in recombinantly
purified protein. Combinatorial libraries based on the next generation sequencing analysis
were assembled from overlapping ultramers and sorted against the same antibodies described
above.

[00472] Differential scanning calorimetry (DSC). DSC experiments were performed on
a MicroCal VP-Capillary differential scanning calorimeter (Malvern Instruments). The
HEPES buffered saline (HBS) buffer was used for baseline scans and the protein samples
were diluted into HBS buffer to adjust to 0.25 mg/ml. The system was allowed to equilibrate
at 20 °C for 15 min and then heat up till 90°C at a scan rate of 90°C/h. Buffer correction,
normalization, and baseline subtraction were applied during data analysis using Origin 7.0
software. The non-two-state model was used for data fitting.

[00473] ELISA to characterize antigenic profile of native-like trimers. 96-well plates
were coated overnight at 4°C with 6x-His Epitope Tag Antibody (Thermofisher) at 2 mg/ml
in PBS. Plates were washed 3 times with PBS, 0.05% Tween (PBS-T), and blocked with
10% milk PBS for 1h. Subsequently, 2 mg/ml of the purified His-tagged SOSIP protein was
added for 2 h in 1% milk PBS-T, after which the plates were washed three times with PBS-T.
Serial dilutions of mAbs in 1% milk PBS-T were added to the plates for 1 h, after which the
plates were washed again three times with PBS-T before the addition of anti-human Fc
region-conjugated alkaline phosphatase (Jackson Immunoresearch) at 1:1000 for 1 h. After
four final washes, binding was detected by the addition of alkaline phosphatase substrate and
measured by absorbance at 405 nm.

[00474] Development of variable loop cocktail (VLC) trimers. Using BG505 SOSIP
MD39 trimer as a base, a series of new trimers were engineered by replacing the
immunodominant variable loops of the BGS505 strain with loops from alternative strains.
Given the vast number of HIV strains available, Applicants created three separate criteria to
guide loop selection. For the first set of variable loop transplants, Applicants cataloged the
number of glycans within each variable loop and the length of each variable loop (Figure 7C).
Certain combinations of variable loop lengths and glycans were observed more frequently
than others across HIV strains (e.g. 20.48 % of HIV strains have a 14 amino acid variable
loop 2 with one glycan, Figure 7C). Applicants searched for strains that contain the most
common loop length/glycan combination for each of the variable loops (V1,V2,V4,V5). For
the second set of variable loop transplants, Applicants searched for strains with variable loops

of the same length and number of glycans as BG505, but with very different amino acid
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sequence and glycan positioning within the loops as compared to BG505. No single strain
had all the same variable loop lengths and number of glycans as BG505, so Applicants
relaxed criteria and matched each variable loop independently for this set of variable loop
transplants only. For the third set of variable loop transplants, Applicants searched for strains
with exceptionally long variable loops (V1,V2,V4 must be > 4 amino acids longer than
BGS505). Under each of these criteria, Applicants were able to obtain one or two trimers that
had a reasonable level of expression and formed well-behaved native-like trimers (Figure
14A). The loops of the VLCs are defined as: VLC-1 (V1: BES10.EF363127, V2: BL8157.
DQ886035, V4: BF1P51.JQ250880, V5: CZM197.DQ388515), VLC-2(BG505.
DQ208458), VLC-3 (PRLSO08.FJ469757) VLC-4(GHJ193.AB231897), VLC-
5(OUR2478P.EF165541). A region defined as 335-351 (HxB2) underneath V4 was included
when transplanting V4, due to high variability and close contact with V4. Including BG505,
Applicants report a set of 5 trimers with diverse variable loops. One version of the VLC
trimers that did not have the MD39 mutations, and instead contained an extra stabilizing
disulfide (DS21: V120C-Q315C) in order to staple down the tip of the V3, this version of the
VLC trimers was used in an accompanying manuscript (Escolano et al., 2016).
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[00478] Having thus described in detail preferred embodiments of the present invention, it
is to be understood that the invention defined by the above paragraphs is not to be limited to
particular details set forth in the above description as many apparent variations thereof are
possible without departing from the spirit or scope of the present invention.

[00479]  Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined in the appended

claims.
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WHAT IS CLAIMED IS:

1. A non-naturally occurring protein comprising an immunogen comprising a gp120
or gpl40 trimer comprising one or more stabilizing mutations, cleavage-independent
modifications, and/or an anchored membrane.

2. The non-naturally occurring protein of claim 1comprising:

(a) a Type I or Type II immunogen, wherein the Type I immunogen is a gp120 and

the Type II immunogen is a gp140 trimer molecules with one or more mutations that

improve binding to germline-reverted and/or less-mutated versions of PGT121 or

(b) a Type III immunogen, wherein the Type III immunogen is a gpl40 trimer

molecule with one or more stabilizing mutations to increase expression level and/or

increase thermal melting temperature and/or improve antigenic profile, where a

favorable antigenic profile means better affinity for broadly neutralizing antibodies

and no or very weak affinity for non-neutralizing antibodies or

(c) a Type IV immunogen, wherein the Type IV immunogen is a combination of one

or more mutations from the Type II immunogen and Type III immunogen, wherein

the Type IV immunogen is a gp140 trimer comprising both stabilizing mutations and
germline-targeting mutations or

(d) a Type V immunogen, wherein the Type V immunogen is a trimer with a modified

surface or of a strain other than BG505 or

(e) a Type VI immunogen, wherein the Type VI immunogen comprises one or more

additional trimer modifications that add extra functionality and that can be combined

with Types II, III, IV or V or

(f) a Type VII immunogen, wherein the Type VIII immunogen is a native-like trimer

from other HIV strains stabilized by MD39 and Olio6 mutations or

(h) a Type VIII immunogen, wherein the Type VIII immunogen is a cleavage-

independent trimer which is a variant of BG505 MD39 that does not require cleavage

by furin or

(1) a Type IX immunogen, wherein the Type IX immunogen is a glycan masked

trimer in which N-linked glycosylation sites cover the bottom and sides of the soluble

trimer or

() a Type X immunogen, wherein the Type X immunogen is a native-like trimer with

variable loops V1, V2b and V4 modified to minimize their lengths and maximize the

number of glycosylation sites contained within them or
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(1) a Type XI immunogen, wherein the Type XI immunogen is a BG505 MD39-based,

single-component, self-assembling nanoparticle or

() a Type XII immunogen, wherein the Type XII immunogen is a BG505 MD39-

based, membrane-bound native like trimer.

3. The non-naturally occurring protein of claim 1 or 2, wherein the protein comprises
any one of:
(a) BG505-gp120-L111A-2_T135A_T1391 mC (BG505-gp120 3mut)
VWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETHLENVTEEFNMWKNNMVEQMH
TDIISAWDQSLKPCVKLTPLCVTLQCTNVANNIIDDMRGELKNCSFNMTTELRDKKQKVYSL
FYRLDVVQINENQGNRSNNSNKEYRLINCNTSATITQACPKVSFEPIPIHYCAPAGFAILKCK
DKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNILVQFNTP
VQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFG
NNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLEFNSTWISNTSVQGSNSTGSNDSITLP
CRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNW
RSELYKYKVVKIEP
(b) BG505-gp120-L111A-2_5mut_mC (BG505-gp120 Smut)
VWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETHLENVTEEFNMWKNNMVEQMH
TDIISAWDQSLKPCVKLTPLCVTLQCTNYTPNLTNDMRGELKNCSFNMTTELRDKKQKVYSL
FYRLDVVQINENQGNRSNNSNKEYRLINCNTSATITQACPKVSFEPIPIHYCAPAGFAILKCK
DKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNILVQFNTP
VQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFG
NNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLEFNSTWISNTSVQGSNSTGSNDSITLP
CRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNW
RSELYKYKVVKIEP
(¢) BG505-gp120-L111A-2_7mut_mC (BG505-gp120 7mut or BG505 gp120 7MUT)
VWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETHLENVTEEFNMWKNNMVEQMH
TDIISAWDQSLKPCVKLTPLCVTLQCTNYAPNLINDMRGELKNCSFNMTTELRDKKQKVYSL
FYRLDVVQINENQGNRSNNSNKEYRLINCNTSATITQACPKVSFEPIPIHYCAPAGFAILKCK
DKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNILVQFNTP
VQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFG
NNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLEFNSTWISNTSVQGSNSTGSNDSITLP
CRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNW
RSELYKYKVVKIEP
(d) BG505-gp120-L111A-2_10mut_mC (BG505-gp120 10mut or BG505 gp120 10MUT)
VWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETHLENVTEEFNMWKNNMVEQMH
TDIISAWDQSLKPCVKLTPLCVTLQCTNYAPFLINDMRGELKNCSFNMTTELRDKKQKVYSL
FYRLDVVQINENQGNRSNNSNKEYRLINCNTSATITQACPKVSFEPIPIHYCAPAGFAILKCK
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DKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNILVQEFNTP
VQINCTRPNNNTRKSIRIGPGQAFYAFGDIIGDIRMAHCNVSKATWNETLGKVVKQLRKHFG
NNTIIRFANSSGGDLEVITHSENCGGEFFYCNTSGLEFNSTWISNTSVQGSNSTGSNDSITLP
CRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNW
RSELYKYKVVKIEP
(e) BG505-gp120-L111A-2 10mut2A_ mC
VWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEEFNMWKNNMVEQMH
TDIISAWDQSLKPCVKLTPLCVTLQCTNYAPFLINNMRGELKNCSFNMTTELRDKKQKVYSL
FYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCK
DKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNILVQFENTP
VQINCTRPNNNTRKSIRIGPGQAFYAFGDIIGDIRMAHCNVSKATWNETLGKVVKQLRKHEG
NNTIIRFANSSGGDLEVITHSENCGGEFFYCNTSGLEFNSTWISNTSVQGSNSTGSNDSITLP
CRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNW
RSELYKYKVVKIEP
(f) BG505-gp120-L111A-2 11mut2A mC
VWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEEFNMWKNNMVEQMH
TDIISAWDQSLKPCVKLTPLCVTLQCTNYAPNLLSNMRGELKNCSFNMTTELRDKKQKVYSL
FYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCK
DKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNAKNILVQFENTP
VQINCTRPNNNTRKSIRIGPGQAFYAFGDIIGDIRMAHCNVSKATWNETLGKVVKQLRKHEG
NNTIIRFANSSGGDLEVITHSENCGGEFFYCNTSGLEFNSTWISNTSVQGSNSTGSNDSIVLP
CRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNW
RSELYKYKVVKIEP

4. The non-naturally occurring protein of claim 1 or 2r, wherein the trimer comprises
any one of:
(a) BG505_SOSIP.D664 JS 3mut mC (SOSIP-3MUT)
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHTDIISLWDQSLKPCVKLTPLCVTLQCTNVANNIIDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENIT
NNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEAQQHLLKLTVWGIKQLQARVLAVERYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD
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(b) BG505_SOSIP.D664 JS 5mut_mC (SOSIP-5MUT)
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHTDI ISLWDQSLKPCVKLTPLCVTLQCTNYTPNLTNDMRGELKNCSFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENIT
NNAKNILVQEFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEAQQHLLKLTVWGIKQLQARVLAVERYLR
DOQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQ
NQQEKNEQDLLALD

(¢) BG505_SOSIP.D664 JS_7mut_mC (SOSIP-7MUT)
AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHTDIISLWDQSLKPCVKLTPLCVTLQCTNYAPNLINDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENIT
NNAKNILVQEFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEAQQHLLKLTVWGIKQLQARVLAVERYLR
DOQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQ
NQQEKNEQDLLALD

(d) BG505_SOSIP.D664 JS 10mut_mC (SOSIP-10MUT)
AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHTDIISLWDQSLKPCVKLTPLCVTLQCTNYAPFLINDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENIT
NNAKNILVQEFNTPVQINCTRPNNNTRKSIRIGPGQAFYAFGDIIGDIRMAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEAQQHLLKLTVWGIKQLQARVLAVERYLR
DOQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQ
NQQEKNEQDLLALD

(e) BG505_SOSIP.D664 JS_10mut2A_mC
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AENLWVITVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHTDIISLWDQSLKPCVKLTPLCVTLQCTNYAPFLINNMRGELKNCSFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENIT
NNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYAFGDIIGDIRMAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEAQQHLLKLTVWGIKQLQARVLAVERYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD

(f) BG505_SOSIP.D664 JS 11mut2A mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHTDIISLWDQSLKPCVKLTPLCVTLQCTNYAPNLLSNMRGELKNCSFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENIT
NNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYAFGDIIGDIRMAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSIVLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEAQQHLLKLTVWGIKQLQARVLAVERYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD

5. The non-naturally occurring protein of claim 1 or 2, wherein the trimer comprises

any one of:

(a) BG505_SOSIP_D664 MD39 mC (BG505 SOSIP-MD39 or MD39)
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETHLENVTEE
FNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDITIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQITNMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQOHLLKDTHWGIKQLQARVLAVEHYLR
DQOLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD

(b) BG505_SOSIP_D664 MD16 _mC stabilizes the V3 loop
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AENLWVITVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHTDIISLWDQSLKPCVKLTPLCVTLQCTNVINNITDDMRGELKNCSFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGWAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENIT
NNAKNILVQFNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEAQQHLLKDTVWGIKQLQARVLAVERYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD

(c) BG505_SOSIP_D664 splitl 1 mC increases melting temp 10C
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHECVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHTDI IELWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENIT
NNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEAQQHLLKLTVWGIKQLQARVLAVERYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD

(d) BG505_SOSIP_D664 MD39C mC highest melting temp 82.5C
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHECVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHTDI IELWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQOHLLKLTVWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD

(e) BG505_SOSIP_D664 MD9 mC improved yield/stability
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHTDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
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TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENIT
NNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLENSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TEFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPERQQHLLKDTVWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD

(f) BG505_SOSIP_D664 MD2 mC improved yield
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHTDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENIT
NNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEAQQHLLKDTVWGIKQLQARVLAVERYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD

(2) BG505_SOSIP_D664 olio6_mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFWRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTAPNNFTVKSIRIGPGQAFYYMGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGMFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKLIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD

(h) BG505_SOSIP_D664 MD53_mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFWRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVLSTQLLLNGSLAEEEVIVRSENIT
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NNAKNILVQLNTPVQINCTAPNNEFTVKSIRIGPGQAFYYMGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTITHSFNCGGMFFFCNTSGLENSTWISNTSVQG
SNSTGSNDSITLPCRIKLIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDVWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD
(1) BG505_SOSIP_D664 MD37
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCCKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSACTQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTRKSIRIGPGCAFYATGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVITHSFNCGGEFFYCNTSGLENSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQCMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TEFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQEHLHKDTHWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD

6. A The non-naturally occurring protein of claim 1 or 2, wherein the trimer
comprises any one of’
(a) BG505_SOSIP_D664 MD39 9mut2A mC (MD39+9MUT)
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNYAPFLINNMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRMAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD
(b) BG505_SOSIP_D664 MD39 10mut mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNYAPFLINDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
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NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYFGDIIGDIRMAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLEFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQOHLLKDTHWGIKQLQARVLAVEHYLR
DOOLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQ
NQOEKNEQDLLALD
(c) BG505_SOSIP_D664 MD39_10mut2A_mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETHLENVTEE
FNMWKNNMVEQMHEDITSLWDQSLKPCVKLTPLCVTLQCTNYAPFLINNMRGELKNCSFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFATLKCKDKKEFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVITIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYFGDIIGDIRMAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLEFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQOHLLKDTHWGIKQLQARVLAVEHYLR
DOQOLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQ
NQOEKNEQDLLALD
(d) BG505_SOSIP_D664 MD39 11mut2A_mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETHLENVTEE
FNMWKNNMVEQMHEDITSLWDQSLKPCVKLTPLCVTLQCTNYAPNLLSNMRGELKNCSFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFATLKCKDKKEFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVITIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYFGDIIGDIRMAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLEFNSTWISNTSVQG
SNSTGSNDSIVLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQOHLLKDTHWGIKQLQARVLAVEHYLR
DOOLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQ
NQOEKNEQDLLALD

7. The non-naturally occurring protein of claim 1 or 2, that can be employed in
strategic boosting regimens, wherein the trimer comprises any one of:
(a) BG505_SOSIP MD39 VLC1-03
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETHLENVTEE
FNMWKNNMVEQMHEDITSLWDQSLKPCVKLTPLCVTLQCTDWDNATLANMTGEIKNCSFNMT
TELRDKKQKVYSLFYELDITPIENEYISNNNTSNTSYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFATILKCKDKKEFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVITIRSENIT
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NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSATQWEQT
LKGIAAKLLEHFGNNTIIRFAQSSGGDLEVITHSFNCGGEFFYCNTSGLFNGSSWNLNKTKE
NTTNLENGTITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGNKSAGIE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DOQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQ
NQQEKNEQDLLALD

(b) BG505_SOSIP_MD39 VLC2-04
AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCSDYEGNTTROQNITMKEEKGEIKN
CSFNMTTELRDKKQKVYSLFYKLDITPIEEDNNSNNSSSANSSNSNANYTNYRLINCNTSAT
TQACPKVSFEPIPIHYCAPAGFAILKCKDKKEFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNG
SLAEEEVIIRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDI
ROAHCNVSGTKWKNTLKQIVKKLGDHFGNNTI IRFAQSSGGDLEVTTHSFNCGGEFFYCNTS
GLFNSTWNRTNGTWNDVEGLNYTNGNDTITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVS
NITGLILTRDGGNDTDKNETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRR
RRRRAVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDT
HWGIKQLOQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQW
DKEISNYTQIIYGLLEESQNQQEKNEQDLLALD

(¢) BG505_SOSIP_MD39 VL(C2-08
AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCVTLKNCSNSNCSISRNISIEMDG
EIKNCSFNMTTELRDKKQKVYSLFYRLDIVPIESSNNSQLSNNSQVSNNSQSSNYSQYRLIN
CNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVST
QLLLNGSLAEEEVIIRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTG
DIIGDIRQAHCNVSKKDWEKTLQQVATKLGQHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEF
FYCNTSGLFNSTWIRNSSNSTWNSSASNSTELNSNITLPCRIKQIINMWQRIGQAMYAPPIQ
GVIRCVSNITGLILTRDGGHETENKTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRC
KRRVVGRRRRRRAVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEP
QOQHLLKDTHWGIKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIW
DNMTWLOQWDKEISNYTQIIYGLLEESQNQQEKNEQDLLALD

(d) BG505_SOSIP_MD39 VLC3-13
AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNAALTNVTITNGPNITEEIRNC
SFNMTTELRDKKQKVYSLFYKLDLVQINGSGGEYRLINCNTSAITQACPKVSFEPIPIHYCA
PAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENITNNA
KNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSGTKWNETLKQ
VAGKLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLEFNSTWPENGTMEGSNG
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TITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGNSTTDTETFRPGGGD
MRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAAGSTMGAAS
MTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLRDQQLLGIW
GCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQIIYGLLEESQNQQEKNEQ
DLLALD

(e) BG505_SOSIP_VLC1-03 DS21_mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHTDI ISLWDQSLKPCCKLTPLCVTLQCTDWDNATLANMTGEI KNCSFNMT
TELRDKKQKVYSLEFYELDITIPIENEYISNNNTSNTSYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENIT
NNAKNILVQEFNTPVQINCTRPNNNTRKSIRIGPGCAFYATGDIIGDIRQAHCNVSATQWEQT
LKGIAAKLLEHFGNNTIIRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNGSSWNLNKTKE
NTTNLENGTITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGNKSAGIE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEAQQHLLKLTVWGIKQLQARVLAVERYLR
DOQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQ
NQQEKNEQDLLALD

(f) BG505_SOSIP_VLC2-04 DS21_mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHTDIISLWDQSLKPCCKLTPLCVTLQCSDYEGNTTRONITMKEEKGE IKN
CSFNMTTELRDKKQKVYSLFYKLDITPIEEDNNSNNSSSANSSNSNANYTNYRLINCNTSAT
TQACPKVSFEPIPIHYCAPAGFAILKCKDKKEFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNG
SLAEEEVMIRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGCAFYATGDIIGDI
ROAHCNVSGTKWKNTLKQIVKKLGDHFGNNTI IRFANSSGGDLEVTTHSFNCGGEFFYCNTS
GLFNSTWNRTNGTWNDVEGLNYTNGNDTITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVS
NITGLILTRDGGNDTDKNETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRR
RRRRAVGIGAVFLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKLT
VWGIKQLQARVLAVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQW
DKEISNYTQIIYGLLEESQNQQEKNEQDLLAILD

(g) BG505_SOSIP_VL(C2-08 DS21_mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHTDIISLWDQSLKPCCKLTPLCVTLQCVTLKNCSNSNCSISRNISIEMDG
EIKNCSFNMTTELRDKKQKVYSLFYRLDIVPIESSNNSQLSNNSQVSNNSQSSNYSQYRLIN
CNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVST
QLLLNGSLAEEEVMIRSENITNNAKNILVQFNTPVQINCTRPNNNTRKSIRIGPGCAFYATG
DIIGDIRQAHCNVSKKDWEKTLQQVATKLGQHFGNNTIIRFANSSGGDLEVTTHSFNCGGEF
FYCNTSGLFNSTWIRNSSNSTWNSSASNSTELNSNITLPCRIKQIINMWQRIGQAMYAPPIQ
GVIRCVSNITGLILTRDGGHETENKTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRC
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KRRVVGRRRRRRAVGIGAVFLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEA
QOHLLKLTVWGIKQLQARVLAVERYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSETIW
DNMTWLQWDKEISNYTQIIYGLLEESQNQQEKNEQDLLALD

(h) BG505_SOSIP_VLC3-13 DS21 mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETHLENVTEE
FNMWKNNMVEQMHTDI ISLWDQSLKPCCKLTPLCVTLQCTNAALTNVTITNGPNITEEIRNC
SFNMTTELRDKKQKVYSLEFYKLDLVQINGSGGEYRLINCNTSAITQACPKVSFEPIPTHYCA
PAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVMIRSENITNNA
KNILVQFNTPVQINCTRPNNNTRKSIRIGPGCAFYATGDIIGDIRQAHCNVSGTKWNETLKQ
VAGKLRKHFGNNTI IRFANSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWPENGTMEGSNG
TITLPCRIKQITINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGNSTTDTETFRPGGGD
MRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVFLGFLGAAGSTMGAAS
MTLTVQARNLLSGIVQQQSNLLRAPEAQQHLLKLTVWGIKQLOQARVLAVERYLRDQQL.LGIW
GCSGKLICCTNVPWNSSWSNRNLSETIWDNMTWLOWDKEISNYTQI ITYGLLEESQNQQEKNEQ
DLLALD

(1) AC10_SOSIP_olio6 mC
AVEQTWVTVYYGVPVWKEANTTLFCASDAKAYNTEVHNVWATHACVPTDPNPQEVELENVTE
NEFNMWKNNMVDQMHEDI ISTWDQSLKPCVKLTPLCVTLSCTDNVGNDTSTNNSRWDKMEKGE
IKNCSFNITTNMRDKMQKQYALFWKLDVVPIEEGKNNNSSFTDYRLISCNTSVITQACPKVT
FEPTPIHYCAPAGFALLKCKDKKFNGTGPCKNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVV
IRSENFSNNARTIIVQLNTSVEIKCIAPNNFTVKGIHIGPGRAFYYMGDIIGDIRQAHCNIS
RONWNNTLKQIAEKLREQFGNKTIVFRQSSGGDPEIVMHTFNCAGMFFYCNTAELFNSTWYA
NGTISIGGGNKINIILPCRIKLFINMWQEVGKAMYAPPISGQIRCSSNITGLLLTRDGGRGN
QTDNQTEIFRPVGGDMKNNWRSELYKYKVVRIEPLGIAPTRCKRRVVGRRRRRRAVGIGALS
LGFLGAAGSTMGAASMTLTVQARLLLSGIVQQONNLLRAPEPQQHLLODTHWGI KQL.QARVL
AVEHYLRDQQLLGIWGCSGKLICCTAVPWNVSWNNRSVDDIWENMTWMOWDRETI SNYTSLITY
TLIEESQNQQEKNEQELLALD

(j) BG505_SOSIP_SET224 4 mC (BG505_SOSIP_R4 mC(C)
AENLWVTVYYGVPVWKDAETTLFCASDAKAYSTEKHNVWATHACVPTDPNPQEVVLENVTEN
FNMWKNNMVEQMHEDITISLWDQSLKPCVKLTPLCVTLNCTELNDTNTTATNSSGRVIEDKET
KNCSFNMTTSLRDKVQRVYSLFNKFDIVPIDNSNDSYRLISCNTSAITQACPKVSFEPIPIH
YCAPAGFATILKCNDKEFNGTGPCKSVSTVQCTHGIRPVVSTQLLLNGSLAEEEVITIRSENFT
NNAKTILVQLNEPVVINCTRPNNNTVKSIRIGPGQAFYYTGEIIGDIRQAHCTVSRETWNKT
LGRVVEQLREQFRNKTIIVFNQSSGGDPEIVMHSFNCGGEFFYCNSTQLFNSTWYGNETETG
GTNDTIGNITLPCRIKQITINMWQEVGKAMYAPPIRGQISCSSNITGLILTRDGGNNNETNTT
ETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTKCKRRVVGRRRRRRAVGIGAMSLGFLGA
AGSTMGAASLTLTVQARNLLSGIVQQQOSNLLRAPEPQOHLLKDTHWGIKQLQARVLAVEHYL
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RDQOQLLGIWGCSGKLICCTNVPWNTSWSNKSLDQIWDNMTWLEWDREISNYTQLIYNLLEES
QNQQEKNEQDLLALD

8. The non-naturally occurring protein of claim 1 or 2, wherein the trimer comprises
any one of:
(a) BG505_SOSIP_MD39 congly mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCQNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALD
(b) BG505_SOSIP_MD39 CtCys mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALDGTKHHHHHHC
(c) BG505_SOSIP_MD39 CD4K0O4 mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGTDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
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DOOLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQITYGLLEESQ
NQQEKNEQDLLALD
(d) BG505_SOSIP_D664 olio6 CD4K0O4 mC
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNVINNITDDMRGELKNCSFNMT
TELRDKKQKVYSLEFWRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTAPNNFIVKSIRIGPGQAFYYMGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTITRFAQSSGGDLEVTTHSFNCGGMFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKLIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGTDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DOOLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQ
NQQEKNEQDLLALD
(e) AC10_SOSIP_olio6_congly mC
AVEQTWVTVYYGVPVWKEANTTLFCASDAKAYNTEVHNVWATHACVPTDPNPQEVELENVTE
NEFNMWKNNMVDQMHEDI ISTWDQSLKPCVKLTPLCVTLSCTDNVGNDTSTNNSRWDKMEKGE
IKNCSFNITTNMRDKMQKQYALFWKLDVVPIEEGKNNNSSFTDYRLISCNTSVITQACPKVT
FEPTPIHYCAPAGFALLKCKDKKFNGTGPCKNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVV
IRSENFSNNARTIIVQLNTSVEINCTAPNNFTVKGIHIGPGRAFYYMGDIIGDIRQAHCNIS
RONWNNTLKQIAEKLREQFGNKTIVFRQSSGGDPEIVMHTFNCAGMFFYCNTSELFNSTWYA
NGTISIGGGNKINIILPCRIKLFINMWQEVGKAMYAPPISGQIRCSSNITGLLLTRDGGRGN
QTDNQTEIFRPVGGDMKNNWRSELYKYKVVRIEPLGIAPTRCKRRVVGRRRRRRAVGIGALS
LGFLGAAGSTMGAASMTLTVQARLLLSGIVQQONNLLRAPEPQQHLLODTHWGI KQL.QARVL
AVEHYLRDQQLLGIWGCSGKLICCTAVPWNVSWNNRSVDDIWENMTWMOWDRETI SNYTSLITY
TLIEESQNQQEKNEQELLALD

9. The non-naturally occurring protein of claim 1 or 2, wherein the trimer comprises
any one of:
(a) 191084 _SOSIP_MD39
TENLWVTVYYGVPVWRDAETTLFCASDAKAYDTEMHNVWATHACVPTDPNPQEIDLENVTEK
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLNCTAITNDTRGNETGINRTVETTEM
TNCSFNMTTELRDRKKKVNALFYKLDIVQIGENSSSQYRLINCNTSVITQACPKVTFEPIPI
HYCAPAGFAILKCKDKEFNGTGTCRNVSSVQCTHGIKPVVSTQLLLNGSLAEGQVIIRSENT
SDNAKTITIVQLNESVPINCTRPNNNTVRGIHLGPGQTFFYTDIIGDIRQAHCNVSESKWNKA
LOEVVKQLROHWNKTIIFKSSSGGDLEITTHSFNCGGEFFYCNTSGLFNSTWNIAGNRTNDT
KSNETITLPCRIKQIVNVWQRVGQAIYAPPIAGVIRCNSNITGLLLVRDGGATNNTDETFRP
GGGNMRDNWRSELYKYKVVKIEPLGVAPTRCRRRVVERRRRRRAVGLGAVSIGFLGAAGSTM
GAASVTLTVQARQLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLKDQQL
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LGIWGCSGKLICCTTVPWNSSWSNKSONEIWDNMTWLOQWDKEISNYTQLIYSLIEESQNQQE
KNEQELLALD

(b) 001428 SOSIP_MD39
VENLWVTVYYGVPVWKEARTTLFCASDAKAYETEVHNVWATHACVPTDPNPQEMVLGNVTEN
FNMWKNDMVDQMHEDVISLWAQSLKPCVKLTPLCVTLECTQVNATQGNTTQVNVTQVNGDEM
KNCSFNTTTEIRDKKQKAYALFYRLDLVPLERENRGDSNSASKYILINCNTSAITQACPKVN
FDPIPIHYCTPAGYAILKCNNKTFNGTGSCNNVSTVQCTHGIKPVVSTQLLLNGSLAEEEIT
IRSENLTDNVKTIIVHLDQSVEIVCTRPNNNTVKSIRIGPGQTFYYTGDIIGNIREAHCNIS
EKKWHEMLRRVSEKLAEHFPNKTIKFTSSSGGDLEITTHSFNCRGEFFYCNTSGLFNSTYMP
NGTYMPNGTNNSNSTIILPCRIKQIINMWQEVGRAMYAPPIAGNITCNSNITGLLLVRDGGK
NNNTEIFRPGGGDMRDNWRSELYKYKVVEIKPLGVAPTRCKRRVVGRRRRRRAVGLGAVSLG
FLGAAGSTMGAASITLTVQARQLLSGIVQQQOSNLLQAPEPQQOHLLODTHWGIKQLQTRVLAT
EHYLKDQQLLGIWGCSGKLICCTAVPWNSSWSNKSLTDIWDNMTWMOQWDREVSNYTGIIYRL
LEDSQNQQERNEQDLLALD

(c) AC10_SOSIP_MD39
AVEQTWVTVYYGVPVWKEANTTLFCASDAKAYNTEVHNVWATHACVPTDPNPQEVELENVTE
NENMWKNNMVDQMHEDIISLWDQSLKPCVKLTPLCVTLSCTDNVGNDTSTNNSRWDKMEKGE
IKNCSFNITTNMRDKMQKQYALFYKLDVVPIEEGKNNNSSFTDYRLISCNTSVITQACPKVT
FEPIPIHYCAPAGFALLKCKDKKFNGTGPCKNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVV
IRSENFSNNARTIIVQLNTSVEIKCIRPNNNTVKGIHIGPGRAFYYTGDIIGDIRQAHCNIS
RONWNNTLKQIAEKLREQFGNKTIVFRQSSGGDPEIVMHTFNCAGEFFYCNTAELFNSTWYA
NGTISIGGGNKTNIILPCRIKQFINMWQEVGKAMYAPPISGQIRCSSNITGLLLTRDGGRGN
QTDNQTEIFRPVGGDMKNNWRSELYKYKVVRIEPLGIAPTRCKRRVVGRRRRRRAVGIGALS
LGFLGAAGSTMGAASMTLTVQARLLLSGIVQQQONNLLRAPEPQOQHLLODTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTAVPWNVSWNNRSVDDIWENMTWMQWDREISNYTSLIY
TLIEESQNQQEKNEQELLALD

(d) AC10_SOSIP_olio6
AVEQTWVTVYYGVPVWKEANTTLFCASDAKAYNTEVHNVWATHACVPTDPNPQEVELENVTE
NENMWKNNMVDQMHEDIISLWDQSLKPCVKLTPLCVTLSCTDNVGNDTSTNNSRWDKMEKGE
IKNCSFNITTNMRDKMQKQYALFWKLDVVPIEEGKNNNSSFTDYRLISCNTSVITQACPKVT
FEPIPIHYCAPAGFALLKCKDKKFNGTGPCKNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVV
IRSENFSNNARTIIVQLNTSVEIKCIAPNNFTVKGIHIGPGRAFYYMGDIIGDIRQAHCNIS
RONWNNTLKQIAEKLREQFGNKTIVFRQSSGGDPEIVMHTFNCAGMFFYCNTAELFNSTWYA
NGTISIGGGNKTNIILPCRIKLFINMWQEVGKAMYAPPISGQIRCSSNITGLLLTRDGGRGN
QTDNQTEIFRPVGGDMKNNWRSELYKYKVVRIEPLGIAPTRCKRRVVGRRRRRRAVGIGALS
LGFLGAAGSTMGAASMTLTVQARLLLSGIVQQQONNLLRAPEPQOQHLLODTHWGIKQLQARVL
AVEHYLRDQQLLGIWGCSGKLICCTAVPWNVSWNNRSVDDIWENMTWMQWDREISNYTSLIY
TLIEESQNQQEKNEQELLALD
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(e) ZM197M_MD39
MEQLWVIVYYGVPVWKEAKATLFCASDAKAYEKEVHNVWATHACVPTDPNPQEI PLGNVTEN
FNMWKNDMADQMHEDITISLWDQSLKPCVKLTPLCVTLNCSDATSNTTKNATNTNTTSTDNRN
ATSNDTEMKGEIKNCTFNITTEVRDRKTKQRALFYKLDVVPLEEEKNSSSKNSSYKEYRLIS
CNTSTITQACPKVSFDPIPIHYCAPAGYAILKCNNKTEFNGTGPCHNVSTVQCTHGIKPVVST
QLLLNGSLAEEEITIIRSENLTDNTKTIIVHLNESVEINCTRPNNNTVKSVRIGPGQTFFYTG
EITGDIRQAHCNLSKSNWTTTLKRIEKKLKEHFNNATIKFESSAGGDLEITTHSEFNCRGEFF
YCNTSGLENSSLLNDTDGTSNSTSNATITLPCRIKQI INMWQEVGRAMYASPIAGIITCKSN
ITGLLLTRDGGNKSAGIETFRPGGGNMKDNWRSELYKYKVVEIKPLGIAPTSCKRRVVERRR
RRRAAGIGAVSLGFLGAAGSTMGAASVMLTVQARQLLSGIVQQQSNLLRAPEPQOHMLQDTH
WGIKQLOTRVLAIEHYLKDQQLLGLWGCSGKLICCTAVPWNTSWSNKSKDEIWDNMTWMQWD
REIDNYTQVIYQLLEVSQNQQEKNENDLLALD
(f) B41_SOSIP_D664 MD39
AAKKWVITVYYGVPVWKEATTTLFCASDAKAYDTEVHNVWATHACVPTDPNPQEIVLGNVTEN
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLNCNNVNTNNTNNSTNATISDWEKME
TGEMKNCSFNVTTSIRDKIKKEYALFYKLDVVPLENKNNINNTNITNYRLINCNTSVITQAC
PKVSFEPIPIHYCAPAGFAILKCNSKTEFNGSGPCINVSTVQCTHGIRPVVSTQLLLNGSLAE
EEIVIRSENITDNAKTIIVQLNEAVEINCTRPNNNTVKSIHIGPGRAFYYTGDIIGNIRQAH
CNISKARWNETLGQIVAKLEEQFPNKTIIFNHSSGGDPEIVTHSFNCGGEFFYCNTTPLFNS
TWNNTRTDDYPTGGEQNITLQCRIKQIINMWQGVGKAMYAPPIRGQIRCSSNITGLLLTRDG
GRDONGTETFRPGGGNMRDNWRSELYKYKVVKIEPLGIAPTACKRRVVQRRRRRRAVGLGAF
SLGFLGAAGSTMGAASMALTVQARLLLSGIVQQONNLLRAPEPQOHMLODTHWGIKQLQARV
LAVEHYLRDQQLLGIWGCSGKIICCTNVPWNDSWSNKTINE IWDNMTWMQWEKEIDNYTQHT
YTLLEVSQIQQEKNEQELLELD

10. The non-naturally occurring protein of claim 1 or 2, wherein the trimer comprises
any one of’
(a) BG505_SOSIP_MD39 link14
AENLWVITVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHEDITISLWDQSLKPCVKLTPLCVTLQCTNVINNITDDMRGELKNCSFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTITHSFNCGGEFFYCNTSGLENSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TEFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGSGGSGSGGHAAVGIGAV
SLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQOHLLKDTHWGIKQLQARV
LAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSE IWDNMTWLQWDKEISNYTQIT
YGLLEESQNQQEKNEQDLLALD
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(b) BG505_SOSIP_MD39 CP1.1
VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGIKQLQAR
VLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQI
IYGLLEESQNQQEKNEQDLLALDGGSGSGGGSGSGGSSAENLWVTVYYGVPVWKDAETTLEFC
ASDAKAYETEKHNVWATHACVPTDPNPQETHLENVTEEFNMWKNNMVEQMHEDTI I SLWDQSL
KPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINE
NQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCP
SVSTVQCTHGIKPVVSTQLLLNGSLAEEEVITIRSENITNNAKNILVQLNTPVQINCTRPNNN
TVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSS
GGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQ
RIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVK
IEPLGVAPTRCKRRVVG

(¢) BG505_SOSIP_MD39 CP1.2
VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQOQHLLKDTHWGIKQLQAR
VLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQI
IYGLLEESQNQQEKNEQDLGGSGSGGGSGSGGSSGSGLWVTVYYGVPVWKDAETTLFCASDA
KAYETEKHNVWATHACVPTDPNPQEIHLENVTEEFNMWKNNMVEQMHEDTI TSTWDQSLKPCV
KLTPLCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGN
RSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVST
VOQCTHGTIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTPVQINCTRPNNNTVKS
IRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDL
EVTTHSFNCGGEFFYCNTSGLEFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQ
AMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPL
GVAPTRCKRR

(d) BG505_SOSIP_MD39 CP2
VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGIKQLQAR
VLAVEHYLRDQQLLGIWGCSGKLICCTGGSGVIVYYGVPVWKDAETTLFCASDAKAYETEKH
NVWATHACVPTDPNPQEIHLENVTEEFNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVT
LOQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKE
YRLINCNTSAITQACPKVSFEPIPITHYCAPAGFATILKCKDKKEFNGTGPCPSVSTVQCTHGIK
PVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQA
FYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSEN
CGGEFFYCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQ
GVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCK
RGGSGSGVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQNQQEKNEQDLLA
LD

(¢) BG505_SOSIP_MD39 CP3
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VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQOSNLLRAPEPQOHLLKDTHWGIKQLQAR
VLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQT
IYGLLEESGGSGSGAGGLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTD
PNPQEIHLENVTEEFNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITD
DMRGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAIT
QACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGS
LAEEEVIIRSENITNNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIR
QAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSG
LENSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWOQRIGQAMYAPPIQGVIRCVSNITGL
ILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGGGSGSGQ
NQQEKNEQDLLALD
11. The non-naturally occurring protein of claim 1 or 2, wherein the trimer comprises
any one of’
(a) BG505_MD39 GRSF4
AENLWVITVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTE
EFNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVINNITDDMRGELKNCSFN
MTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPI
PIHYCAPAGFAILKCKDKKENGTGPCQNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRS
ENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKA
TWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVITTHSEFNCGGEFFYCNTSGLENSTWIS
NTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAV
SLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQOQHLLKDTHWGIKQLQAR
VLAVEHYLRDQQLLGIWGCSGKLICCTINVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQ
ITYGLLEESQNQQEKNNQSLLALDNGS
(b) BG505 MD39 GRSF7
AENLWVITVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTE
EFNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVINNITDDMRGELKNCSFN
MTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPI
PIHYCAPAGFAILKCKDKKENGTGPCQNVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRS
ENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKA
TWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVITTHSEFNCGGEFFYCNTSGLENSTWIS
NTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAV
SLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQOQHLLKDTHWGIKQLQAR
VLAVEHYLRDQQLLGIWGCSGKLICCTINVPWNSSWSNANLSEIWDNMTWLQWDKNISNYTQ
ITYGLLEESQNQQEKNNQSLLALDNGS

(c) BG505_MD39 CP1.2_ GRSF4
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VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQA
RVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYT
QITYGLLEESQNQQEKNEQDLGGNGSGGGSGSGGNGSSGLWVIVYYGVPVWKDAETTLFCA
SDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTEEFNMWKNNMVEQMHEDI ISLWDQSL
KPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQIN
ENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGP
CONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTSVQINCTRP
NNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRF
AQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQI
INMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELY
KYKVVKIEPLGVAPTRCKRR

(d) BG505_MD39 link14 GRSF4
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTE
EFNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSFEFN
MTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPI
PIHYCAPAGFAILKCKDKKFNGTGPCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRS
ENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKA
TWNETLGKVVKQLRKHFGNNTI IRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLEFNSTWIS
NTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGSGGSGSGGH
AAVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHW
GIKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWD
KEISNYTQIIYGLLEESQNQQEKNNQSLLALDNGS

(e) BG505_MD39 link14 GRSF7
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTE
EFNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSFEFN
MTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPI
PIHYCAPAGFAILKCKDKKFNGTGPCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRS
ENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKA
TWNETLGKVVKQLRKHFGNNTI IRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLEFNSTWIS
NTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGG
STNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGSGGSGSGGH
AAVGIGAVSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHW
GIKQLQARVLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNANLSEIWDNMTWLQWD
KNISNYTQIIYGLLEESQNQQEKNNQSLLALDNGS

12. The non-naturally occurring protein of claim 1 or 2, wherein the trimer comprises
any one of:
(a) BG505_MD39 CP1.2 GRSF4 gLoopsl
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VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQOHLLKDTHWGIKQLQAR
VLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQT
IYGLLEESQNQQEKNEQDLGGNGSGGGSGSGGNGSSGLWVTVYYGVPVWKDAETTLFCASDA
KAYETEKHNVWATHACVPTDPNSSEIHLENVTEEFNMWKNNMVEQMHEDI ISLWDQSLKPCV
KLTPLCVTLQCTNVTNNITDNMTGELKNCSEFNMTTELRDKKQKVYSLEFYRLDVVQINGSGGE
YRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCQNVSTVQCTHGIK
PVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQA
FYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFN
CGGEFFYCNTSGLEFNSTWPENGTMEGSNGTITLPCRIKQITINMWQRIGQAMYAPPIQGVIRC
VSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRR
(b) BG505 MD39 CP1.2 GRSF7_qLoopsl
GGNSSGSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQOHLLKDTHWGIK
QLQARVLAVEHYLRDQOQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEIS
NYTQITIYGLLEESQNONESNEQDLGGNGSGGGSGSGGNGSSGLWVITVYYGVPVWKDAETTLF
CASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVITEEFNMWKNNMVEQMHEDITISLWDQS
LKPCVKLTPLCVTLQCTNVTNNITDNMTGELKNCSFNMTTELRDKKQKVYSLEFYRLDVVQIN
GSGGEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKENGTGPCQNVSTVQC
THGIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRI
GPGQAFYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVT
THSENCGGEFFYCNTSGLFNSTWPENGTMEGSNGTITLPCRIKQI INMWQRIGQAMYAPPIQ
GVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCN
RS
(c) BG505_MD39 GRSF4 qLoopsl
AENLWVITVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTEE
FNMWKNNMVEQMHEDITISLWDQSLKPCVKLTPLCVTLQCTNVINNITDNMTGELKNCSFNMT
TELRDKKQKVYSLFYRLDVVQINGSGGEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFA
ILKCKDKKENGTGPCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILV
QLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQL
RKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWPENGTMEGSNGTITLP
CRIKQITNMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNW
RSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAAGSTMGAASMTLTV
QARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLRDQQLLGIWGCSGK
LICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQITIYGLLEESQNQQEKNNQSLLAL
DNGS

13. The non-naturally occurring protein of claim 1 or 2, wherein the trimer comprises

any one of:
(a) BG505_SOSIP_MD39 2JD6
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AENLWVITVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHEDITISLWDQSLKPCVKLTPLCVTLQCTNVINNITDDMRGELKNCSFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTITHSFNCGGEFFYCNTSGLENSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TEFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQOHLLKDTHWGIKQLQARVLAVEHYLR
DOQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQITIYGLLEESQ
NQQEKNEQDLLALDGSGGLSERMLKALNDQLNRELYSAYLYFAMAAYFEDLGLEGFANWMKA
QAEEEIGHALRFYNYIYDKNGRVELDEIPKPPKEWESPLKAFEAAYEHEKFISKSIYELAAL
AEEEKDYSTRAFLEWFINEQVEEEASVKKILDKLKFAKDSPQILFMLDKELSARAPKLPGLL
MQGGE * *
(b) BG505 SOSIP MD39 E2p (also referred to as "MD39-1b5s")
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITIYGLLEESQ
NQOQEKNEQDLLALDASGAAAKPATTEGEFPETREKMSGIRRAIAKAMVHSKHTAPHVTLMDE
ADVTKLVAHRKKFKAIAAEKGIKLTFLPYVVKALVSALREYPVLNT [C/A/T] IDDETEEII
QKHYYNIGIAADTDRGLLVPVIKHADRKPIFALAQEINELAEKARDGKLTPGEMKGASCTIT
NIGSAGGQWFTPVINHPEVAILGIGRIAEKPIVRDGEIVAAPMLALSLSFDHRMIDGATAQK
ALNHIKRLLSDPELLLM* *

14. The non-naturally occurring protein of claim 1 or 2, wherein the trimer comprises
any one of:
(a) BG505_MD39 gpl60 dCT
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQETIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKENGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
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LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQIIYGLLEESQ
NQQEKNEQDLLALDKWASLWNWEFDISNWLWYIKIFIMIVGGLIGLRIVFAVLSVIHRVRQGY
SPLS**

(b) BG505 MD39 gpl160_dCT _GRSF4.1
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTEE
FNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNVINNITDDMRGELKNCSFNMT
TELRDKKQKVYSLEFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQIIYGLLEESQ
NQQEKNEQDLLALDKWASLWNWEFDISNWLWYIKIFIMIVGGLIGLRIVFAVLSVIHRVRQGY
SPLS**

(¢) BG505_MD39 gpl160 GRSF4.1 m
AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKEFNGTGPCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DOQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQ
NQQEKNEQDLLALDKWASLWNWFDISNWLWYIKIFIMIVGGLIGLRIVFAVLSVIHRVRQGY
SPLSFQTHTPNPRGLDRPERIEEEDGEQDRGRSTRLVSGFLALAWDDLRSLCLFCYHRLRDF
ILIAARIVELLGHSSLKGLRLGWEGLKYLWNLLAYWGRELKISAINLFDTIAIAVAEWTDRV
IEIGQRLCRAFLHIPRRIRQGLERALL* *

(d) BG505_MD39_gp140-PDGFR
AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
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TELRDKKQKVYSLEFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQIIYGLLEESQ
NQQEKNEQDLLALDGGGSGGSGGSEQKLISEEDLGGSGGSGGSNAVGQDTQEVIVVPHSLPF
KVVVISAILALVVLTIISLIILIMLWQKKPR* *

(e) BG505 MD39 gpl40-PDGFR_GRSF4.1 m
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTEE
FNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNVINNITDDMRGELKNCSFNMT
TELRDKKQKVYSLEFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGRRRRRRAVGIGAVSLGFLGAA
GSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGIKQLQARVLAVEHYLR
DQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQIIYGLLEESQ
NQQEKNEQDLLALDGGGSGGSGGSEQKLISEEDLGGSGGSGGSNAVGQDTQEVIVVPHSLPF
KVVVISAILALVVLTIISLIILIMLWQKKPR* *

(f) BG505_MD39 gpl40-PDGFR_link14
AENLWVIVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLQCTNVTNNITDDMRGELKNCSEFNMT
TELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKEFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGSGGSGSGGHAAVGIGAV
SLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQOQHLLKDTHWGIKQLQARV
LAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSE IWDNMTWLQWDKEISNYTQITI
YGLLEESONQQEKNEQDLLALDGGGSGGSGGSEQKLISEEDLGGSGGSGGSNAVGQDTQEVI
VVPHSLPFKVVVISAILALVVLTIISLIILIMLWQKKPR**

(2) BG505_MD39_gpl160-dCT link14
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AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNPQEIHLENVTEE
FNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNVINNITDDMRGELKNCSFNMT
TELRDKKQKVYSLEFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCPSVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTPVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGSGGSGSGGHAAVGIGAV
SLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARV
LAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITI
YGLLEESQNQQEKNEQDLLALDKWASLWNWEFDISNWLWYIKIFIMIVGGLIGLRIVFAVLSV
IHRVRQGYSPLS**

(h) BG505_MD39 gp160-dCT link14 GRSF4.1
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTEE
FNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNVINNITDDMRGELKNCSFNMT
TELRDKKQKVYSLEFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGSGGSGSGGHAAVGIGAV
SLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARV
LAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITI
YGLLEESQNQQEKNEQDLLALDKWASLWNWEFDISNWLWYIKIFIMIVGGLIGLRIVFAVLSV
IHRVRQGYSPLS**

(i) BG505_MD39_gp140-PDGFR _link14 GRSF4.1
AENLWVTVYYGVPVWKDAETTLFCASDAKAYETEKHNVWATHACVPTDPNSSEIHLENVTEE
FNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVTLQCTNVINNITDDMRGELKNCSFNMT
TELRDKKQKVYSLEFYRLDVVQINENQGNRSNNSNKEYRLINCNTSAITQACPKVSFEPIPIH
YCAPAGFAILKCKDKKFNGTGPCONVSTVQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENIT
NNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNET
LGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFNCGGEFFYCNTSGLFNSTWISNTSVQG
SNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTE
TFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCKRRVVGSHSGSGGSGSGGHAAVGIGAV
SLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQQHLLKDTHWGIKQLQARV
LAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQITI
YGLLEESQNQQEKNEQDLLALDGGGSGGSGGSEQKLISEEDLGGSGGSGGSNAVGQDTQEVI
VVPHSLPFKVVVISAILALVVLTIISLIILIMLWQKKPR**
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(j) BG505_MD39_gp140-PDGFR_CP1.2_ GRSF4.0
VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQOQHLLKDTHWGIKQLQAR
VLAVEHYLRDQQLLGIWGCSGKLICCTNVPWNSSWSNRNLSEIWDNMTWLQWDKEISNYTQI
IYGLLEESQNQQEKNEQDLGGNGSGGGSGSGGNGSSGLWVTVYYGVPVWKDAETTLFCASDA
KAYETEKHNVWATHACVPTDPNSSEIHLENVTEEFNMWKNNMVEQMHEDI ISLWDQSLKPCV
KLTPLCVTLQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGN
RSNNSNKEYRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCQNVST
VQCTHGIKPVVSTQLLLNGSLAEEEVIIRSENITNNAKNILVQLNTSVQINCTRPNNNTVKS
IRIGPGQAFYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDL
EVTTHSFNCGGEFFYCNTSGLEFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQ
AMYAPPIQGVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPL
GVAPTRCKRRGGGSGGSGGSEQKLISEEDLGGSGGSGGSNAVGQDTQEVIVVPHSLPFKVVV
ISATLALVVLTIISLIILIMLWQKKPR* *

(k) BG505_MD39 gp160-dCT_CP2_GRSF4.1
VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQOQHLLKDTHWGIKQLQAR
VLAVEHYLRDQQLLGIWGCSGKLICCTGGSGVTVYYGVPVWKDAETTLFCASDAKAYETEKH
NVWATHACVPTDPNSSEIHLENVTEEFNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVT
LOQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKE
YRLINCNTSAITQACPKVSFEPIPIHYCAPAGFAILKCKDKKFNGTGPCQNVSTVQCTHGIK
PVVSTQLLLNGSLAEEEVITRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQA
FYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFEFN
CGGEFFYCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQ
GVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCK
RGGSGSGVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQNQQEKNEQDLLA
LDKWASLWNWEFDISNWLWYIKIFIMIVGGLIGLRIVFAVLSVIHRVRQGYSPLS**

(1) BG505_MD39 _gp140-PDGFR_CP2_GRSF4.2
VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQOSNLLRAPEPQOHLLKDTHWGIKQLQAR
VLAVEHYLRDQQLLGIWGCSGKLICCTGGSGVIVYYGVPVWKDAETTLFCASDAKAYETEKH
NVWATHACVPTDPNSSEIHLENVTEEFNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVT
LOQCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKE
YRLINCNTSAITQACPKVSFEPIPITHYCAPAGFATILKCKDKKENGTGPCQNVSTVQCTHGIK
PVVSTQLLLNGSLAEEEVITRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQA
FYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFEFN
CGGEFFYCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQ
GVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCK
RGGSGSGVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQIIYGLLEESQNQQEKNNQSLLA
LDNGSGGGSGGSGGSEQKLISEEDLGGSGGSGGSNAVGQDTQEVIVVPHSLPFKVVVISAIL
ALVVLTIISLIILIMLWQKKPR* *
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(m) BG505_MD39 gpl60_CP2_GRSF4.1
VSLGFLGAAGSTMGAASMTLTVQARNLLSGIVQQQSNLLRAPEPQQHLLKDTHWGIKQLQAR
VLAVEHYLRDQQLLGIWGCSGKLICCTGGSGVIVYYGVPVWKDAETTLFCASDAKAYETEKH
NVWATHACVPTDPNSSEIHLENVTEEFNMWKNNMVEQMHEDI ISLWDQSLKPCVKLTPLCVT
LOCTNVTNNITDDMRGELKNCSFNMTTELRDKKQKVYSLFYRLDVVQINENQGNRSNNSNKE
YRLINCNTSAITQACPKVSFEPIPITHYCAPAGFATILKCKDKKEFNGTGPCOQNVSTVQCTHGIK
PVVSTQLLLNGSLAEEEVITRSENITNNAKNILVQLNTSVQINCTRPNNNTVKSIRIGPGQA
FYYTGDIIGDIRQAHCNVSKATWNETLGKVVKQLRKHFGNNTIIRFAQSSGGDLEVTTHSFEFN
CGGEFFYCNTSGLFNSTWISNTSVQGSNSTGSNDSITLPCRIKQIINMWQRIGQAMYAPPIQ
GVIRCVSNITGLILTRDGGSTNSTTETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTRCK
RGGSGSGVPWNSSWSNRNLSEIWDNMTWLOQWDKEISNYTQI TYGLLEESQNQQEKNEQDLLA
ILDKWASLWNWEFDISNWLWYIKIFIMIVGGLIGLRIVFAVLSVIHRVRQGYSPLSFQTHTPNP
RGLDRPERIEEEDGEQDRGRSTRLVSGFLALAWDDLRSLCLFCYHRLRDFILIAARIVELLG
HSSLKGLRLGWEGLKYLWNLLAYWGRELKISAINLFDTIATIAVAEWTDRVIEIGQRLCRAFL
HIPRRIRQGLERALL**

15. The non-naturally occurring protein of claim 1 comprising a gpl20 with a
PGT121-class germline-targeting mutation, wherein the protein comprises any one of a
protein comprising the sequence of any one of FIGS. 9-11 or 14.

16. A protein having at least 90% homology or identity with the sequence of the
protein of any one of claims 2 to 15.

17. A protein having at least 95% homology or identity with the sequence of the
protein of any one of claims 2 to 16.

18. A monomeric protein of any one of claims 2 to 15.

19. The protein of any one of claims 2-18 further comprising a tag for purification or
biotinylation.

20. The protein of claim 19 wherein the tag for purification is a his tag.

21. The protein of claim 19 wherein the tag for biotinylation is an avi-tag.

22. The protein of any one of claims 2-21 further comprising an additional cysteine.

23. The protein of any one of claims any one of claims 2-22 fused to a
multimerization motif.

24. A nucleic acid encoding the protein of any one of claims 2 to 23.

25. A nucleic acid having at least 90% homology or identity with the sequence of the
nucleic acid of claim 24,

26. A nucleic acid having at least 95% homology or identity with the sequence of the

nucleic acid of claim 24.
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27. The nucleic acid of any one of claims 23-26 wherein the nucleic acid is a mRNA.

28. A method for eliciting an immune response comprising systemically
administering to an animal in need thereof an effective amount of the protein of any one of
claims 2-23.

29. The method of claim 28, wherein the animal is a mammal.

30. The method of claim 29, wherein the mammal is a human.
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A. Binding to bnAbs assessed by SPR
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C. Binding to bnAbs assessed by ELISA, data as EC50
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E. Binding to CD4 assessed by SPR
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A. Binding KDs for bnAbs from SPR, and melting temperatures {TM}
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B, DSC melting data for BG505 MD37, MD39, Olio6 and MD39C
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BG505MD35 link14
BG505 MD3S (P12

27/42
C. DSC melting data for BG305 MD53, MD39 CP1.1, MD39 CP1.2 and MD39 link14
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C. Expression levels

48

D. Example of Application: blocking off-target antibodies

Mouse 2830

« YRCOl-gH Kl mouse
* (T8, core-boost, 2x
trimer boost

Algs 454010

WO W 8 A W e

Dihution

FIGS. 18C-18D



WO 2017/165674 PCT/US2017/023854
31/42

A. SECMALS

a3 Frotein molar mass maments {gimel}
Mn {profein) ISR

o Muodifier molar mass moments {gfmol]

g5 §n imadifier)

&

&

2

s

=

T 84

]

kS

1
&8 R ny WA it s

finve {min}

FIG. 19A



PCT/US2017/023854

WO 2017/165674

32/42

B. Negative stain EM

.

Z \\\\\.\

. .

o \.\\\\ 7 a7
\ “\\\ \
7

\
.\H\."

.

A \\w\\

7
2
%

.

.
i

.
\\w\m\w\

FIG. 19B



WO 2017/165674 PCT/US2017/023854
33/42

£. Negativestain EM

R

R
.
N

.
‘\\\\\“\\ \\\\\\ \
T

N
N

FIG. 19C



WO 2017/165674 PCT/US2017/023854
34/42

D. Antigenic profile {SPR}
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D. Antigenic profile {SPR)

o
¥

2

AV S

[

¥ . ¥
- M s N
=y et
2 gl 2wt
ANy ® "3
» 2y o= ¥
N o)
2 ol ¥ N
é gi-\“i £ §
3 = 3
¢ .l § i
g % 2 A
] 8§ B a8 3 A
X W & 3
Time {8
DETI%E ¥T=R ATVIT v Dy oy S i em ki B
PETIE 59=8 4575 Smafman expected! response;canncl asessyalid K3
- NE - 5 3 .
g *3
2 ol S 3
AN : -
WO Dol
g .1 g 9
st
2 OANY : $
$ 0 £ gbow
= N i & R A N
X $ 3
& -4 v
g
g 3
g aed
5 N
§
T T T S
e
g § ¢
& & R g
5 ESE

PETIAT

] AT
S w\\:..‘\-\-\w“m‘,»x(m&w

g rsdpsgeshpsigesyssns

22

Respsiasss (LTS

T
[#)]
=4
pue
Loy}
ot

g eey e sy esyadyedy:

NN AN

Wnmgsrsmss (HRL5Y
#

FIG. 20D



WO 2017/165674 PCT/US2017/023854
39/42

A. Binding of bNAbs to constructs with native transmembrane
domains assessed by flow cytometry
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