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1. A modified FIV-1 envelope gpl40 profein, comprising a gpl20
polypeptide and a gpd1 polypeptide, wherein the N-terminus of heptad 1 region (HRI) of
the gpdl polypeptide is replaced with a loop sequence of about 6 to gbout 14 amino acid
residues in length thet stebilizes the pre-fusion gpl40 structure.

2. The modified HIV-1 gpl140 protein of claim 1, wherein the gpdl
polypeptide is gpdigcre.

3. The modified HIV-1 gpl4¢ protein of claim 1, which is & trimer,

4, The modified HIV-1 gp140 protein of claim 1, wherein the gp120 and
gpdt polvpeptides are from different HIV-1 strains.

5. The modificd HIV-1 gp140 protein of claim 1, which is derived from
HIV-1 strain BGS0S,

6, The modified HIV-1 gp 140 protein of claim 1, wherein the loop
sequence comprises (G8n (SEQ 1D NG:23), wherein u is any integer between 3 and 7,
molusive.

7. The modified HIV-1 gp140 protein of claim 1, wherein the loop
sequence comprises {GS) (SEQ 1D NG:24).

8. The modified HIV-1 gp140 protein of clalim 1, wherein the loop
sequence comprises 10 amino acid residues.

%, The modified HIV-1 gp140 protein of claim §, wherein the loop
seguence comprises sny one of 3B ID NQGs: 1§,

18, The modified HIV-1 gpi40 protein of claim 1, wherein the loop
sequence comprises 8 aminoe ackd residues.

11. The modified HIV-1 gpl48 protein of claim 10, wherein the loop

sequence comprises any one of SEQ 15 NGs:6-10,
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$2. The modified HIV-1 gpl40 protein of claim 1, further comprising a
flexible Hnker sequence that substitutes for the clegvage site sequence betwoen gpi20 and
epdl,

13. The modified HIV-1 gp140 protein of claim 12, whereln the linker
sequence comprises (G (SEQ 13 MOH22) or SG3 and substiutes for residues 308-311
at the cleavage site,

14, The modified HIV-1 gp140 protein of claim 12, wherein the Hnker
sequence comprises § amine ackd residues and substitutes for residues 501-518 at the
cleavage site, and wherein numbering of the amino acid residues corresponds to that of
HIV-1 strain BGSGS, SOSIP.664 gpldil.

15, The modified HIV-1 gpi40 protein of claim 14, wherein the Haker

sequence comprises the sequence shown in any one of SEQ 1D NOs: 16-20.

16, The modified HIV-1 gp140 protein of glaim 1, further comprising (a)
an engineered disulfide bond between gpl20 and gpdl anddor (b) a stabilizing mutation in
gpidl,

17. The modified HIV-1 gpl40 protein of claim 16, wherein the
engingersd disuifide bond is between residuss ASG1C and T60SC, and the stabilizing
muiation is (859P,

B4, The modified HIV-1 gpl40 protein of clsim 1, comprising a gpld
irimer with cach monomer comprising a gpl120 polypeptide and 3 gpdisoro polypeptide,
wherein the gpdirero polypeptide is derived from HIV-1 strain BGS03, and wherein the
N-terminus of heptad 1 region (HR 1) (SEQ 1D NO:28) in the gpdlucm polypeptide is
replaced with a loop sequence shown in SEQ [D NG,

19, The modified HIV-1 gpi40 protein of claim 18, further comprising {a}
g linker sequence (Ge8) (SEQ D NO:22) that substitutes for residues 508-511 at the

cleavage site, and (b) an engineered disulfide bond between residues ASOIT and THO3C,

28, An HIV-1 vaccine immunogen, comprising a modified wimeric HIV-

1 envelope gpl4d protein of claim 1.
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31 A HIV-1 waccine composition, comprizing an HIV-1 Env-derived
trimer immunogen presented on a seif-assembling nanoparticle or & virus-like particle
{VLPY.

22. The HIV-1 vaccine composition of claim 21, wherein the HIV-1

Erv-derived trimer imnanogen is Y1V2, gpl20 or gpldd

23. The HIV-1 vaccine composition of claim 21, wherein the HIV-1
Rav-derived trimer immunogen is a modified gp 140 protein comprising a gpi20
polypeptide and a gpd Igero polvpeptide, and whereln the Neterminus of heptad 1 region
{HR1) of the gpd1gcro polypeptide is replaced with a loop sequence of about 6 to abont

14 amino acid residues that stabilizes the pre-fusion gpl40 structure.

24. The HIV-1 vaccine composition of claim 23, whereln the loop
sequence comprises (2} (GSin (SEQ [0 N(:23), wherein n is any integer between 3 and

7, inclusive or {b) a rationally redesigned sequence via ensemble-based protein design,

25. The HIV-1 vaccine composition of claim 23, wherein the modified

gp140 protein is covalently fused to the nanopatticle platform.

26. The HIV-1 vaccine composition of ¢laim 23, wherein the nanoparticle

platform comprises & irimeric segquence.

¥7. The HIV-1 vaccine composition of claim 23, wherein the
nanoparticle platform comprises dibydrolipoy! acyltransferase (E2P), ferritin, or
fumazine synthase (L5}
28. The HIV-1 vaccine composition of claim 23, wherein the nanoparticle
platform has one or more 3-fold axes on the surface with the N-terminus of each
monomer subunit being in close proximity to the 3-fold axis, and the spacing of the three

N-termini matching the spacing of the C-termini of the modified gp140 protein trimer.

28, The HIV-1 vaccine composition of claim 23, wherein the C-ierminusg
of the modified gp140 protein sequence is fused to the N-terminus of the subunit of the

nanoparticle platform sequence.
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38, The HIV-1 vaccine composition of olaim 23, the nanoparticle
platform comprises a self-assembling nanoparticle with a diameter of about 20pm or less

that is assembled fom 12 or 24 subuniis.

31, The HIV-1 vaccine composition of claim 23, further comprising an

adiuvant,

32, The HIV-1 vaccine composition of claim 23, whersin the gp140 trimer
is derived from HIV-1 strain BGS03, and the loop sequence has a sequence shown in
SEQ D NOS,

33. The modified HIV-1 gp140 protein of claim 32, further comprising {a)
a lnker sequence (GgS); (SEQ 1D NO:22) that substitutes for residues 508511 at the

cleavage site, and (b} an engineered disulfide bond between residues ASO1C and T603C,

34. A method of preventing HIV-1 infection in a subject, comprising
administering to the subject a therapentically effective amount of the vaccine immunogen

of claim 20, thereby preventing HIV-1 infection in the subject.

38, A method of treating HIV-1 infection or eliclting an immune response
against HIV-1 in 2 subject, comprising administering to the subject s pharmaceatical
composition comprising a therapeutically effective amount of the vaccine immunogen of
claim 28, thereby treating HIV-1 infection or eliciting an immune response against HIV-1

in the subject.



