Supplemental Data
Materials and Methods
Single-cycle infection assay
Inhibition of T20 and its mutant peptides on HIV-1NL4-3 and HIV-1SF162 pseudoviruses was determined by single cycle infection assay as described previously (50). Briefly, pseudoviruses were generated via cotransfection of HEK293T cells with an Env-expressing plasmid and a backbone plasmid pSG3Δenv that encoded Env-defective, luciferase-expressing HIV-1 genome. Supernatants were harvested 48 h after transfection and the TCID50 was determined in TZM-bl cells. Peptides were prepared in 3-fold dilutions and mixed with 100 TCID50 viruses and then incubated 1 h at room temperature. The mixture was added to TZM-bl cells (104/well) in triplicate and incubated for 48 h at 37 ℃, and luciferase activity was measured. The assays were performed in triplicate and repeated 3 times, and the percentage inhibition and IC50 values were calculated with Graph-Pad Prism software.
Cell-cell fusion assay
Inhibition of T20 and its mutant peptides on HIV-1NL4-3 and HIV-1SF162 Env-mediated cell-cell fusion was measured using A dual split protein (DSP)-base fusion assay. Briefly, a total of 1.5 x 104 HEK293T cells (effector cells) were seeded on 96-well plates, and a total of 8 x 104 U87 CD4+CCR5+ cells (target cells) were seeded on a 24-well plate. On the following day, the effector cells were transfected with a mixture of an Env-expressing plasmid and a DSP1-7 plasmid, and the target cells were transfected with a DSP8-11 plasmid. Forty-eight hours posttransfection, the target cells were resuspended in 300μl prewarmed culture medium, and 0.05 μl EnduRen live cell substrate (Promega) was added to each well. Then, aliquots of 75 μl of the target cell suspension were transferred over each well of the effector cells in the presence or absence of a test inhibitor at graded concentrations. The cells were then spun down to maximize cell-cell contact and incubated for 1 h at 37 °C, and then luciferase activity was measured. Both fusion assays were performed in triplicate and repeated 3 times, and the percent inhibition and IC50 values were calculated using Graph-Pad Prism software.


	Results

Table S1. Data collection and refinement statistics

	
	T20/N39 

	Data collection
	

	Beamline
	SSRF BL17U

	Wavelength (Å)
	0.9792

	Resolution range  
	35.8-2.3(2.4 - 2.3)

	Space group
	P 1 21 1

	Cell dimentions
a, b, c (Å)
,  (°)
	
39.79 38.00 73.08
90 101.5 90

	Redundancy
	3.7

	Total reflections
	35844

	Unique reflections
	9725 (974)

	Wilson B-factor
	43.62

	Completeness (%)
	99.6

	R-merge (%)
	17.4(61.3)

	I / σI
	4.51（1.41）

	Refinement
	

	Reflections used in refinement
	9725 (974)

	Reflections used for R-free
	475 (39)

	R-work
	0.2330 (0.2635)

	R-free
	0.2486 (0.2987)

	Number of non-hydrogen atoms
	1488

	Macromolecules
Ligands                                    
	1464
6

	Protein residues
	184

	RMS(bonds)
	0.010

	RMS(angles)
	0.91

	Ramachandran favored (%)
	96

	Ramachandran allowed (%)
	4.1

	Ramachandran outliers (%)
	0 

	Rotamer outliers (%)
	0.62

	Clashscore
	10.24

	[bookmark: OLE_LINK2]Average B-factor(Å2)
	65.54

	Macromolecules
Ligands
Solvent                                  
	65.75
49.77
54.43


Rwork and Rfree are defined by R = Σhkl||Fobs| - |Fcalc||/Σhkl|Fobs|, where h, k, and l are the indices of the reflections (used in refinement for Rwork; 5%, not used in refinement for Rfree) and Fobs and Fcalc are the structure factors, deduced from intensities and calculated from the model, respectively.


Table S2. Effects of the FPPR and TRM point mutations on the α-helicity and thermostability of the N39/T20 complex
[image: ]
The α-helicity and thermostability of the complexes between N39 and T20 mutant peptides were measured by CD spectroscopy. The experiments were repeated at least two times to verify the results. NA，not applicable for calculation due to too low α-helical contents and Tm values.





Table S3. Inhibitory activities of T20 mutants on HIV-1 Env-mediated cell fusion and viral entry (IC50, nM).
[image: ]
The experiment was performed in triplicate and repeated three times. Data are expressed as means ± standard deviations; IC50 means 50% inhibitory concentration; T test was performed to judge the significance of the difference between T20 and its mutants. *P < 0.05, ** P < 0.01.



Figure S1. N39 and T20 mutant peptides. (a) N39 and its mutant peptides; (b) T20 and its mutant peptides. The FPPR on N39 and the TRM on T20 were respectively underlined. The mutated residues are marked in red.
a. N39 and its mutants
N39         Ac-STMGAASMTLTVQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39S17A      Ac-ATMGAASMTLTVQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
[bookmark: _GoBack]N39T18A      Ac-SAMGAASMTLTVQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39M19A      Ac-STAGAASMTLTVQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39G20A      Ac-STMAAASMTLTVQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39A21G      Ac-STMGGASMTLTVQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39A22G       Ac-STMGAGSMTLTVQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39S23A      Ac-STMGAAAMTLTVQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39M24A      Ac-STMGAASATLTVQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39T25A      Ac-STMGAASMALTVQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39L26A      Ac-STMGAASMTATVQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39T27A      Ac-STMGAASMTLAVQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39V28A      Ac-STMGAASMTLTAQARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39Q29A      Ac-STMGAASMTLTVAARQLLSGIVQQQNNLLRAIEAQQHLL-NH2
N39A30G      Ac-STMGAASMTLTVQGRQLLSGIVQQQNNLLRAIEAQQHLL-NH2
b. T20 and its mutants
T20         Ac-YTSLIHSLIEESQNQQEKNEQELLELDKWASLWNWF-NH2
T20W155A     Ac-YTSLIHSLIEESQNQQEKNEQELLELDKAASLWNWF-NH2
T20A156G     Ac-YTSLIHSLIEESQNQQEKNEQELLELDKWGSLWNWF-NH2
T20S157A     Ac-YTSLIHSLIEESQNQQEKNEQELLELDKWAALWNWF-NH2
T20L158A     Ac-YTSLIHSLIEESQNQQEKNEQELLELDKWASAWNWF-NH2
T20W159A     Ac-YTSLIHSLIEESQNQQEKNEQELLELDKWASLANWF-NH2
T20N160A     Ac-YTSLIHSLIEESQNQQEKNEQELLELDKWASLWAWF-NH2
T20W161A     Ac-YTSLIHSLIEESQNQQEKNEQELLELDKWASLWNAF-NH2
T20F162A     Ac-YTSLIHSLIEESQNQQEKNEQELLELDKWASLWNWA-NH2


[bookmark: _Hlk507074680][bookmark: _Hlk507075097][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Figure S2. Structural basis of HIV-1 resistance to T20. (a) Residues involved in Gly-36-mediated resistance are shown in stick models with labels. Final 2Fo-Fc electron density (1.5 s contour) for this site is shown as blue mesh. (b) Residues involved in Ile-37- and Val-38-mediated resistance are shown as stick models with the superimposed final 2Fo-Fc electron density (1.5 s contour) in blue mesh. (c) Residues involved in Gln-40- and Asn-43-mediated resistance are shown in stick models with labels. Hydrogen bonds are indicated in dashed black lines. Water molecules are shown as red balls. Final 2Fo-Fc electron density (1.5 s contour) for this site is shown as blue mesh. (d) Residues involved in Leu-45-mediated resistance are shown in stick models with labels. Final 2Fo-Fc electron density (1.5 s contour) for this site is shown as blue mesh.
[image: ]
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                          HIV-1

NL4-3

                        HIV-1

SF162

Inhibitor Cell fusion Pseudovirus Cell fusion Pseudovirus

T20 1.9 ± 0.4 9.85 ± 2.31 5.17 ± 0.25 8.52 ± 1.89

T20

W155A

9.45 ± 0.2** 18.32 ± 0.37* 10.80 ± 4.4 9.29 ± 0.97

T20

A156G

7.15 ± 2.35 19.84 ± 3.95 16.53 ± 7.09 18.85 ± 2.74*

T20

S157A

2.85 ± 0.06 7.36 ± 0.94 5.75 ± 1.92 10.10 ± 1.46

T20

L158A

4.61 ± 1.51 20.16 ± 4.48 9.00 ± 2.78 19.14 ± 3.61

T20

W159A

10.46 ± 1.5* 26.62 ± 2.2* 23.13 ± 4.93* 30.25 ± 0.02**

T20

N160A

2.48 ± 1.12 5.14 ± 0.17 4.45 ± 0.6 5.86 ± 0.27

T20

W161A

7.47 ± 1.77* 43.44 ± 8.4* 13.66 ± 2.76* 47.43 ± 2.23**

T20

F162A

11.60 ± 3.88* 52.52 ± 7.29* 20.46 ± 3.46* 56.18 ± 12.97*
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