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Abstract:  Currently, HIV-1 vaccine development has still been a hot pot in the AIDS research. HIV-1 glycoprotein
Env is the sole target in the virion surface that mediates the membrane fusion between the virion and cell in the HIV-1
infection process. Env protein is the significant immunogen for HIV-1 vaccine development. In recent years, there have
been breakthroughs in the Env trimer research. For example, the strategies including SOSIP, NFL2P, and UFO had been
applied to design and generate HIV-1 Env trimer. The improvement of quantity and stability is beneficial to achieve the
HIV-1 native-like Env trimer for elicitation of strong neutralizing antibody responsing in animal immunization. This
review focuses on the different strategies for Env trimer design and compares their advantages and disadvantages,
combining with our work to give some advice, which might provide relevant information for the future HIV-1
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immunogen design.
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Fig. 1 Design of SOSIP trimer*™.
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*1 Env ZBABUERMEMARSILR
Table 1 The strategies of various Env antigen design

Name of construct

Design strategy

Advantages and disadvantages

SOSIP

NFL2P

UFO

(O Mutation: T332N, 1559P, A501C, T605C,

@ Delete MPER

® REKR to RRRRRR in gp120

@ Add Kozak sequence, the tissue plasm-inogen
activator (tPA) signal peptide replaced the natural
one

® Codon-optimized

O Mutation: T332N, 1559P, A501C, T605C,

@ REKR to (G4S), Linker in gp120

@ Add Kozak sequence, The CD5 signal peptide
replaced the natural one

@ Codon-optimized

® Delete MPER

@ Mutation: T332N, A501C, T605C,

@ Delete MPER

® REKR to (G,S) Linker in gp120

@ Computational procedure used for ensemble-based
de novo protein design of the HR1 region

® Add Kozak sequence, The tissue plasm-inogen
activator (tPA) signal peptide replaced the natural

@O  Advantages: A  series of
modifycational methods of systemic
Env trimer design were proposed,
which made the expression of Env
trimer in vitro possible and showed
good adaptability in BG505 strain

@ Disadvantages: low versatility, low
expression

(O Advantages: greatly improved the
yield and stability of Env trimer
expression in vitro

@ Disadvantages: low universality,
limited strains suitable for this method

(D Advantages: strong versatility
(@)Disadvantages: Purification methods
are too complex to be commercialized

one
® Codon-optimized

fif 22 8-10 1M ZR) P LASE o 25 1 4l Ak iy 2 AN 4
JE . SRR Env SRR AT LIYE /N R
PN R B LT PR RIS 5 DA 2 oy 45 2R
KU, LR Env = RIREE F BEA T S AR A
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Fi e BRI n] 7 HE A SR RO

X =R A AR A R A E— 2P —
AU, AR BELE S YR N R B BT K
N HIV-1 Bl B TR 510 . SR, XL
I H AR UUE TR E R B, i THREEs
W HUACERZT L AL, PRl 2k SEC 4lifb A
RETS B R IERN Y Env = SRIK, XFERY AL 7 ik
AE T Tl AR R il . NG, fEaifl Ty
T30 75 2 — 2 WAL , DU 8R4 HIV-1 Env
=R TS, B R R B AR RELE SR IN
WO BAF AT, H D G52 1) 2l 49y 1A PN 1 3]
VRCO1 2 Hy )" 1% o AT IA B AR SCAGE I L)

http://journals.im.ac.cn/cjbcn

PRI, 7E S SR s A J7 i i it b ik 7 itk
— e At

REFERENCES

[1] Moore PL, Gorman J, Doria-Rose NA, et al.
Ontogeny-based immunogens for the induction of
V2-directed HIV broadly neutralizing antibodies.
Immunol Rev, 2017, 275(1): 217-229.

[2] Sanders RW, van Gils MJ, Derking R, et al. HIV-1
neutralizing antibodies induced by native-like
envelope trimers. Science, 2015, 349(6244): aac4223.

[3] Wu XL, Kong XP. Antigenic landscape of the HIV-1
envelope and new immunological concepts defined
by HIV-1 broadly neutralizing antibodies. Curr Opin
Immunol, 2016, 42: 56—64.

[4] Vijayan A, Garcia-Arriaza J, Raman SC, et al. A
chimeric HIV-1 gp120 fused with vaccinia virus 14K
(A27) protein as an HIV immunogen. PLoS ONE,
2015, 10(7): e0133595.



MR F/HIV-1 Env ZRERRMISHRHE

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Frank S, Kammerer RA, Mechling D, et al.
Stabilization of short collagen-like triple helices by
protein engineering. J Mol Biol, 2001, 308(5):
1081-1089.

Aldon Y, McKay PF, Allen J, et al. Rational design
of DNA-expressed stabilized native-like HIV-1
envelope trimers. Cell 2018, 24(12):
3324-3338.e5.

Sundquist WI, Kréusslich HG. HIV-1 assembly,
budding, and maturation. Cold Spring Harb Perspect
Med, 2012, 2(7): a006924.

Planes R, Serrero M, Leghmari K, et al. HIV-1
envelope glycoproteins induce the production of
TNF-a and IL-10 in human monocytes by activating
calcium pathway. Sci Rep, 2018, 8(1): 17215.

Go EP, Ding HT, Zhang SJ, et al. Glycosylation
benchmark profile for HIV-1 envelope glycoprotein
production based on eleven env trimers. J Virol,
2017, 91(9): e02428-16.

B, Horsburgh BA, Eden JS, et al.
Identification of genetically intact HIV-1 proviruses
in specific CD4" T cells from effectively treated
participants. Cell Rep, 2017, 21(3): 813-822.

Shaik M, Peng HQ, Lu JM, et al. Structural basis of
coreceptor recognition by HIV-1 envelope spike.
Nature, 2019, 565(7739): 318-323.

Sanders RW, Moore JP. Native-like Env trimers as a
platform for HIV-1 vaccine design. Immunol Rev,
2017, 275(1): 161-182.

Huang JH, Kang BH, Pancera M, et al. Broad and
potent HIV-1 neutralization by a human antibody that
binds the gp41-gpl120 Nature, 2014,
515(7525): 138-142.

Wu XL. HIV broadly neutralizing antibodies: VRCO01
and beyond//Zhang LQ, Lewin SR, Eds. HIV
Vaccines and Cure: The Path Towards Finding an
Effective Cure and Vaccine. Singapore: Springer,
2018, 1075: 53-72.

LaBranche CC, McGuire AT, Gray MD, et al. HIV-1
that  permit
neutralization by germline-reverted VRCO1-class
broadly neutralizing antibodies. PLoS Pathog, 2018,

Rep,

Hiener

interface.

envelope glycan  modifications

&: 010-64807509

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

14(11): e1007431.

Duan HY, Chen XJ, Boyington JC, et al. Glycan
masking focuses immune responses to the HIV-1
CD4-binding
VRCO01-class precursor antibodies. Immunity, 2018,
49(2): 301-311.e5.

Sanders RW, Derking R, Cupo A, et al. A
next-generation cleaved, soluble HIV-1 Env trimer,
BG505 SOSIP.664 gpl140,
epitopes broadly
non-neutralizing antibodies.
9(9): €1003618.

Binley JM, Sanders RW, Clas B, et al. A recombinant
human immunodeficiency virus type 1 envelope

site and enhances elicitation of

expresses multiple
neutralizing  but

PLoS Pathog,

not
2013,

for

glycoprotein complex stabilized by an intermolecular
disulfide bond between the gp120 and gp41l subunits
i the
virion-associated structure. J Virol, 2000, 74(2):
627-643.

Binley JM, Sanders RW, Master A, et al. Enhancing
the maturation of
immunodeficiency  virus type 1  envelope
glycoproteins. J Virol, 2002, 76(6): 2606-2616.
Sanders RW, Vesanen M, Schuelke N,
Stabilization of the soluble, cleaved, trimeric form of

is an antigenic mimic of trimeric

proteolytic human

et al.

the envelope glycoprotein complex of human
immunodeficiency virus type 1. J Virol, 2002,
76(17): 8875-88809.

Apellaniz B, Rujas E, Carravilla P, et al.
Cholesterol-dependent membrane fusion induced by
the gp4l membrane-proximal
region-transmembrane domain connection suggests a

external

mechanism for broad HIV-1 neutralization. J Virol,
2014, 88(22): 13367-13377.

Klasse PJ, Depetris RS, Pejchal R, et al. Influences
on trimerization and aggregation of soluble, cleaved
HIV-1 SOSIP envelope glycoprotein. J Virol, 2013,
87(17): 9873-9885.

Fu QS, Shaik MM, Cai YF, et al. Structure of the
membrane proximal region of HIV-1
envelope glycoprotein. Proc Natl Acad Sci USA,
2018, 115(38): E8892-E8899.

external

B<: cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q ¥ LFE%:4f ChinJ Biotech

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Julien JP, Lee JH, Cupo A, et al. Asymmetric
recognition of the HIV-1 trimer by broadly
neutralizing antibody PG9. Proc Natl Acad Sci USA,
2013, 110(11): 4351-4356.

Ringe RP, Pugach P, Cottrell CA, et al. Closing and
opening holes in the glycan shield of HIV-1 envelope
glycoprotein  SOSIP  trimers the
neutralizing antibody response to newly
unmasked epitopes. J Virol, 2019, 93: 4.

Joyce MG, Georgiev IS, Yang YP, et al. Soluble
prefusion closed DS-SOSIP.664-env trimers of
diverse HIV-1 strains. Cell Rep, 2017, 21(10):
2992-3002.

Ringe RP, Ozorowski G, Rantalainen K, et al.
Reducing V3 antigenicity and immunogenicity on
soluble, native-like HIV-1 Env SOSIP trimers. J
Virol, 2017, 91(15): e00677-17.

Sullivan JT, Sulli C, Nilo A, et al. High-throughput
protein engineering improves the antigenicity and
stability of soluble HIV-1 envelope glycoprotein
SOSIP trimers. J Virol, 2017, 91(22): e00862-17.

M, Turner HL, Nogal B, et al
Electron-microscopy-based epitope mapping defines
specificities of polyclonal antibodies elicited during
HIV-1 BG505 envelope trimer
Immunity, 2018, 49(2): 288-300.e8.
Ozorowski G, Cupo A, Golabek M, et al. Effects of
adjuvants on HIV-1 envelope glycoprotein SOSIP
trimers in vitro. J Virol, 2018, 92(13): e00381-18.

He LL, De Val N, Morris CD, et al. Presenting
HIV-1 with
self-assembling nanoparticles. Nat Commun, 2016, 7:
12041.
Sharma

redirect
the

can

Bianchi

immunization.

native-like  trimeric antigens

SK, De Val N, Bale S, et al
Cleavage-independent HIV-1 Env trimers engineered
as soluble native spike mimetics for vaccine design.

http://journals.im.ac.cn/cjbcn

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Cell Rep, 2015, 11(4): 539-550.
Yang LF, SK, Cottrell C, et al
structure-guided redesign improves NFL HIV Env

Sharma

trimer integrity and identifies an inter-protomer
disulfide permitting post-expression cleavage. Front
Immunol, 2018, 9: 1631.

Dubrovskaya V, Guenaga J, De Val N, et al. Targeted
N-glycan deletion at the receptor-binding site retains
HIV Env NFL trimer integrity and accelerates the

elicited antibody response. PLoS Pathog, 2017,
13(9): €1006614.
Soldemo M, Adori M, Stark JM, et al

Glutaraldehyde cross-linking of HIV-1 Env Trimers
skews the antibody subclass response in mice. Front
Immunol, 2017, 8: 1654.

Bale S, A, Wilson R, et al
Cleavage-independent HIV-1 trimers from CHO cell
lines elicit robust autologous Tier 2 neutralizing
antibodies. Front Immunol, 2018, 9: 1116.

Guenaga J, Garces F, De Val N, et al. Glycine

Martiné

substitution at helix-to-coil transitions facilitates the
structural determination of a stabilized subtype C
HIV envelope glycoprotein. Immunity, 2017, 46(5):
792-803 €3

Kong L, He LL, de Val N, et al. Uncleaved
prefusion-optimized gp140 trimers derived from
analysis of HIV-1 envelope metastability. Nat
Commun, 2016, 7: 12040.

He LL, Kumar S, Allen JD, et al. HIV-1 vaccine
design through minimizing envelope metastability.
Sci Adv, 2018, 4(11): eaau6769.

Morris CD, Azadnia P, De Val N, et al. Differential
antibody responses to conserved HIV-1 neutralizing
epitopes in the context of multivalent scaffolds and
native-like gpl40 mBio, 2017, 8(1):
€00036-17.

trimers.

(K354 RN 7)



