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1. Experimental Methods

Synthesis and characterization of 2

To a solution of 1 ( 51.4 mg, 0.1 mmol), prepared as previously described,' and sodium 2,3,5,6-
tetrafluoro-4-hydroxy benzenesulfonate ( 26.8 mg, 0.1 mmol) in anhydrous DMF ( 2.0 mL ) was
added silicone gel - linked DCC ( 30.6 mg, 0.11 mmol). The mixture was stirred at room
temperature overnight under N>. TLC indicated that all starting material was consumed. The
mixture was centrifuged at 14000 rpm for 2 minutes, the supernatant was collected and dried under
high vacuum to remove DMF. Then 150 pL methanol was added to dissolve the product. The
methanol solution was added dropwise with stirring to ether. Precipitants were formed, washed
twice with ether, collected and dried. Afforded 15.2 mg product, yield: 33.8%. LC-MS data was
obtained on an Agilent 1100/Bruker microTOF-Q LC-MS at the Molecular Foundry, Lawrence
Berkeley National Laboratory.

Data for 2: yellow powder; 'H NMR (CDs;OD) 6 8.14 (s, 1H), 8.07 (d, J=7.2 Hz, 1H), 7.90 (s,
1H), 7.86 (m, 1H), 7.58 (t, J = 8.2 Hz, 2H), 7.51- 7.45 (m, 4H), 7.38- 7.34 (m, 2H), 7.30 (t, J =
1.2 Hz, 1H), 7.28 (t, /= 1.2 Hz, 1H), 6.52 (d, J = 2.6 Hz, 1H), 6.49 (d, J = 2.6 Hz, 1H), 5.56 (s,
2H), 5.46 (s, 2H), 3.82 (s, 3H). MS calcd for C3oH25F4N2O7SNa: 764.12; found: 743.14 (M+2H-
Na)". F NMR(CD;OD) 6 -141.16 (q, 2H), -155.47 (q, 2H), referenced to external TFA (-76.55
ppm) (Figure S1)
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Figure S1. 19F NMR spectrum of 2, referenced to external TFA at -76.55 ppm. Spectra were

obtained on a Bruker Avance 400 MHz spectrometer using a QNP probe, and processed using

Topspin.



Reaction of 2 with N-acetyl lysine.

2 (1.7 mM) was added to N-acetyl-lysine (13.3 mM) in sodium phosphate buffer, pH 8 and
incubated at 37°C for 1 — 24 hours. Aliquots were withdrawn at several time points and tested by
HPLC (Figure S2). Reduction of intensity of the peak of 2 at 14.3 min was accompanied by the
appearance and growth of a new peak at 12.9 min, which was confirmed to be the lysine adduct
by ESI-MS (MS calcd 684.29; found: 685.31 (M+H)"). The reaction was also tested in PBS at pH

7.4 with similar results (50% conversion after 5 hours).
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Synthesis and characterization of gp41 protein construct and reaction with 2
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Figure S3. SDS Page
gel of C26(L4)N50

(lane 2, 2pg, lane 3,
6ug). The molecular
weight ladder is shown

in Lane 1.

C26(L4)N50, a designed protein displaying the hydrophobic pocket of
gp41 (see main text) was synthesized by overexpression in E. coli, and
isolated, cleaved and purified into its final form according to previously
described methods.> 1In brief, the protein was prepared as a longer
construct and cleaved at the N-terminus by formic acid digest, which
preferentially selected for a DP in the sequence, leaving proline at
position 1. Details regarding the design of this construct will be given
elsewhere. The molecular weight (9703 Da) was confirmed by Maldi
MS, using an AB SCIEX TF4800 MALDI TOF-TOF Mass
Spectrometer (Molecular Foundry, Lawrence Berkeley National
Laboratory). SDS page gel (Figure S3) showed a small percentage of
a minor impurity produced by cleavage at a DS site at the CHR — loop
junction. This was confirmed by Maldi to be a 56 residue protein
lacking the CHR residues, but still containing the HP binding site
(molecular weight 6367 Da).



2. Computational Calculations and Sequence Alignment

Computational Docking

Flexible docking of 2 in the hydrophobic pocket of PDB structure 2xra was performed using
Schrodinger software (Schrodinger, LLC, New York, NY, 2017). Ligand three dimensional
conformations were prepared using LigPrep and docked conformations were calculated using
Glide, allowing side chains of residues Trp-571 and GIn-575 to move during the docking. 10
conformers were generated, of which 8 showed an ionic or hydrogen bond interaction with the

side chain amino group of Lys 574. Results were viewed using Maestro.

Calculation of the 3D structure of 2.

The near symmetry of 1, evident from the NMR spectrum (Figure 2), was disrupted by STP
esterification, which was accompanied by downfield shifts of the resonances of one of the two
indole groups. Conformational space sampled by 2 was examined by generating 10 low energy
conformers using Omega2-2.5.1.4 (OpenEye Scientific Software, Santa Fe, NM.

http://www.eyesopen.com).>* Seven out of the ten low energy conformers were consistent with

the observed NMR spectrum in which the sulfotetrafluorophenyl group folds back over the indole
groups. Figure S4 shows the lowest energy conformer. Downfield shifts are consistent with an
edge on association of the fluorine containing ring with indole C. With the exception of the indole

H7’ protons, calculated distances to indole

/ | C protons were in the range of 6.3 — 7.4 A,

N ‘ while distances to indole B protons were

f\ / longer, 7.5 —9.2 A. This suggests that most

of the downfield shifted resonances belong

f~//&5ﬂ:::/’f;2/t‘ﬁz\ ‘ % to indole C. The exceptions are the indole

- 4 ’f‘\/{;@; :6’13;"\6% ) \7\-3\ H7’ protons with the closest fluorine atom
P r U oa\l ‘ b S at5 A for B-H7’ and 5.6 A for C-H7". The
/E ﬁ:ﬁ( identity of the downfield shifted methylene

protons is less clear, with the methylene

Figure S4. Computed 3D structure of 2,
P " between A and B somewhat closer to the

showing distances from fluorine atoms on one . .
8 fluorine ring than that between C and D

edge of the STP ring to indole protons. (6.7 vs. 7 A).



Alignment of gp41 across known clades

Below we show the alignment of gp41 sequences from an HIV sequence database containing
approximately four representatives of each group: M (subtypes A-K), N, O and P as well as 15
circulating recombinant forms.> Residue positions in the hydrophobic pocket (residues 54 — 69 in

the alignment) are either completely or almost completely invariant or involve a conservative

substitution.
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AV-G--IGAVFI-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLKLTVWGIKQLQARVLA
AV-G--IGAVFI-G-FLGAAGSTMGAASMTLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA
AV-T--LGAVFI-G-FLGTAGSTMGAASITLTVQA-RK-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-TGIVQQQ-SNLLKAIEAQQOMLRLTVWGIKQLQARVLA
AV-G--LGAAFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQQLLKLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGAAGSTMGAASLTLTVQA-RQ-LL-SGIVQQQ-SNLLOAIEAQQHLLKLTVWGIKQLQARVLA
IGALFL-G-FLGAAGSTMGAASMTLTVQA-RQ-LL-SGIVQQQ-NNLLRATIEAQQHLLOLTVWGIKQLQARILA
—————— LGAMFL-G-FLGAAGSTMGAASMALTVQA-RQ-LL-SGIVQQQ-NNLLRATEAQQHLLOLTVWGIKQLQARVLA
AV-G--IGAVFL-G-FLGAAGSTMGAASVTLTVQA-RL-LL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-T--LGALFL-G-FLGAAGSTMGAASMTLTVQA-RL-LL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--IGAVFL-G-FLGAAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQTRVLA
—---#--LGALFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHMLOLTVWGIKQLOTRVLA
AV-G--IGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQTRVLA
AV-G--LGAVLL-G-FLGTAGSTMGAASITLTVQA-RQ-LL~-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AI-G--LGAMFL-G-FLGAAGSTMGARSVTLTVQA-RQ-LM-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARILA
AI-G--LGAMFL-G-FLGAAGSTMGAASVTLTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AI-G--LGAMFL-G-FLGAAGSTMGAASLTLTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AI-G--LGALFL-G-FLGTAGSTMGAVSLTLTVQA-RQ-VL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARILA
AA-G--LGALFLGFLGDSREH--MGAASITLTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--LGALFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-A--IGAVFL-G-FLSAAGSTMGAASLTLTVQA-RQ-LL-SGIVQQQ-NNLLQAIEAQQHMLOLTVWGIKQLQARVLA
AV-G--IGALFL-R-FLGAAGSNIGAASITLTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--IGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-NNLLKAIEAQQHLLOLTVWGIKQLQARILA
AV-G--MGAVLF-G-FLGAAGSTMGAAAITLTAQA-RQ-LL~-SGIVQQQ-SNLLKAIEAQQHLLOLTVWGIKQLQARILA
AV-G--MGAMFL~-G-FLGAAGSTMGAASITLTVQA-RN-LL-SGIVQQQ-SNLLKAIEAQQHLLOLTVWGIKQLQARILA
AV-G--IGAVLL-G-FLGAAGSTMGAASMTLTVQA-RQ-LL-SGIVQQQ-NNLLKAIEAQQHLLOLTVWGIKQLQARILA
AV-G--VGAIFL-G-FLGTAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLRARVLA
AV-G--VGAVFL-G-FLGAAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGAAGSTMGAASITLTAQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQSRVLA
AV-G--LGAVLL-G-FLGTAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--MGAFFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL~-SGIVQQQ-SNLLRAIQAQQHMLOLTVWGIKQLQARVLA
-V-G--MGAFFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIQAQQHMLOLTVWGVKQLQARVLA
AV-G--MGASFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIQARQHMLOLTVWGIKQLQARVLA
AV-G--MGAFFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIQAQQHMLOLTVWGVKQLQARVLA

#V-G--MGAVFL-G-FLGTAGSTMGAASTALTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHLLRLTVWGIKQLQARILA
AL-G--IGAVFL-G-FLGTAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLKAIEAQQHLLKLTVWGIKQLQARVLA

AV-G--IGAVFL-G-FLGTAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLKAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--IGALFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQOMLOLTVWGIKQLRARVLA
AV-G--LGAVFF-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLRARILA
AV-G--IGAMIF-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AV-G--IGAMIF-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AV-G--IGAMIF-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--LGAFFL-G-FLGVAGSTMGAASITLTVQA-RQ-LL~-SGIVQQQ-SNLLKAIEAQQHILRLTVWGIKQLQARVLA
AV-G--LGAVFI-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHLLRLTVWGIKQLQARVLA
-V-G--LGAVFL-G-FLGAAGSTMGARSITLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--IGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--IGAMFL-G-FLGAAGSTMGAASMTLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLRLTVWGIKQLQARVLA
AV-G--LGALFL-G-FLGAAGSTMGAASLTLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--IGAVFP-GLFLGAAGSTMGAASITLTVQA-RQ-LL-FGIVQQQ-SNLLRAIEAQQQLLRLTVWGVKQLQARVLA
AV-G--VGALLI-G-FLGAAGSTMGAASMTLTVQA-RQ-LL-SGIVQQQ-NNLLQAIEAQQHLLOLTVWGIKQLQARVLA
AM-G--IGAMFL-G-FLAAAGSTMGAASIALTVQA-RQ-LL-SGIVQQQ-NNLLQAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--LGALFL-G-FLGAAGSTMGAASMTLTVQA-RQ-LL-SGIVQQQ-NNLLQAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--LGAMFL~-G-FLGTAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARILA
AV-G--LGAVFL-G-FLGTAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGAAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AA-G--LGALLF-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQTRVLA
AV-G--IGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHLLOLTVWGIKQLQTRVLA
AV-G--IGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQTRVLA
VV-GA#VGAMFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQTRVLA
AV-G--LGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQTRVLA
AV-G--MGALFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHMLRLTVWGIKQLQARVLA
AV-G--MGALFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--MGALFL~-G-FLGAAGSTMGAASMTLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--MGALFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHLLKLTVWGIKQLQARVLA
AI-G--LGAVFL-G-FLGAAGSTMGAASLTLTVQA-RQ-VL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AI-G--LGAMFL-G-FLGAAGSTMGAASLTLTVQA-RQ-LL-SGIVQQQ-NNLLKAIEAQQHLLOLTVWGIKQLQARILA
AI-G--LGAVFL-G-FLGAAGSTMGAASLTLTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AV-G--IGAVLL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHLLKLTVWGIKQLQARVLA
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IGAVLF-G-FLGAAGSTMGAASITLTVQV-RQO-LL-SGIVQQQ-SNLLKATEAQQHLLKLTVWGIKQLOARVLA
AV-G--MGALFL~-G-FLGAAGSTMGAASITLTVQA-RQ-LL~-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--MGALLI-G-FLGATGSTMGAASITLTVQA-KQ-LL-SGIVQQQ-SNLLKAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--IGALFL-G-FLGAAGSTMGAASVTLTVQA-RQ-LL-SGIVQQQ-NNLLQAIEAQQHLLOLTVWGIKQLQARVLA
—---#--LGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLMAIQAQQHMLKLTVWGIKQLOARVLA
AV-G--IGAVFL-G-FLGAAGSTMGAASLTLTVQA-RN-LL-SGIVQQQ-NNLLRAIEAQQQLLKLTVWGIKQLQARVLA
#V-G--LGAVFL-G-FLGAAGSTMGVASLTLTVQA-RQ-LL-SGIVQQQ-NNLLMAIEAQQHLLKLTVWGIKQLQARILA
AV-G--IGALLF-G-FLGAAGSTMGAASMTLTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHMLOLTVWGIKQLQARILA

AV—G——IGALLF G-FLGAAGSTMGAASMTLTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AV-GT-IGAMFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-RNLLKAIEAQQHLLOLTVWGIKQLQARVLA
AV-GT-IGAMFL-G-FLGTAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-RNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-GA-IGVMFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-RNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AV-G--LGAFFL-G-FLGAAGSTMGAASLTLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHLLRLTVWGIKQLQARVLA
————————— #FL-G-FLGAAGSTMGAASVTLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHMLRLTVWGIKQLQARVLA
AV-G--LGAMFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL~-SGIVQQQ-NNLLRAIEAQQHMLOLTVWGIKQLQARVLA

-#MFL-G-FLGAAGSTMGAASIALTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLOARVLA

AV-G--MAAMFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--REAVFP-G-CLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA
-#-G--LGAFFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-AGIVQQQ-SNLLRAIEAQQHLLKLTVWG#KQLOARVLA

AV-G--MGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLKLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLKLTVWGIKQLQARVLA
AM-G--LGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQQLLRLTVWGIKQLQARVLA

AV-G--LGAVFL-G-FLGAAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AI-G--LGAMFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AI-G--LGAMFL-G-FLGAAGSTMGAASVTLTVQA-RQ-LL-SGIVQQQ-NNLLMAIEAQQHLLOLTVWGIKQLQARVLA
AI-G--LGAMFL-G-FLGAAGSTMGAASVTLAVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AL-G--FGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLKLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQXMLRLTVWGIKQLQARVLA
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AV-G--LGAVFL-G-FLGAAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--IGAVLF-G-FLGAAGSTMGAASMALTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGTAGSTMGAASLTLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA

AV-G--LGAVFL-G-FLGAAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-GNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGTAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGTAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLKARLLA

AV-G--LGALFL-G- FLGTAGSTMGAASITLTVQA RQO-LL-SGIVQQQ-SNLLRAIEAQQHVLKLTVWGIKQLQARVLA
AV-G--MGALFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLKLTVWGIKQLQARVLA
AV-G--IGAMFL-G-FLGTAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--IGAMIF-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AV-G--IGALIF-G-FLGAAGSTMGAASITLTVHA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AV-GT-MGAMFL-G-FLGAAGSTMGAASVTLTVQA-RL-LL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-GA-LGALFL-G-FLGAAGSTMGAASMTLTVQA-RQ-LM-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARILA
AV-GT-IGAMFL-G-FLGAAGSTMGAASMTLTVQA-RQ-LL~-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--IGAMFL-G-FLGAAGSTMGAASVALTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-GT-LGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHMLOLTVWGIKQLQARVLA
AL-G--IGAMFL-G-FLGAAGSTMGAASVALTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
—---#--LGAMFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLOTRVLA

AV-G--IGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQTRVLA
AV-G--LGALFF-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQTRVLA
AV-G--LGAVFL-G-FLGTAGSTMGAASITLTVQV-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--IGAMIF-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--IGVMIF-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--IGALIF-G-FLGAAGSTMGAASITLTVQT-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--IGAMIF-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARILA
AV-G--LGAVFI-G-FLGAAGSTMGAASVTLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHVLRLTVWGIKQLQARVLA
AV-G--IGAVFI-G-FLGAAGSTMGAASMTLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLKLTVWGIKQLQARVLA
AV-G--LGAMFI-G-FLGAAGSTMGAASMTLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLKLTVWGIKQLQARVLA
AVVG--LGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--LGAVFL-G-FLGAAGSTMGAASVTLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--MAAVFI-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHMLOLTVWGIKQLQARVLA
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AV-G--MAAVFL-G-FLGAAGSTMGAASITLTVQT-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--MAAMFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AV-GL-LGAMFL~-G-FLGAAGSTMGAASITLTVQA-RQ-LL~-SGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARVLA
AV-G--MGAMFI-G-FLGAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-SNLLKAIEAQQHLLOLTVWGIKQLQARVLA
LGVVFL-G-FLAAAGSTMGAASITLTVQA-RQ-LL-SGIVQQQ-NNLLKAIDAQQOHLLOLTVWGIKQLOARLLA
AV-T--MGAMFL~-G-FLGAAGSTMGAASLTLTVQA-RQ-LL~-SGIVQQQ-NNLLKAIEAQQHLLOLTVWGIKQLQARVLA
AV-T--MGAMFL-G-FLGAAGSTMGAASMTLTVQA-RQ-LL~-SGIVQQQ-NNLLKAIEAQQHMLOLTVWGIKQLQARVLA
—————— LGAMFL-G-FLGAAGSTMGAASMTLTVQA-RQ-LL-SGIVQQQ-NNLLKATEAQQHLLOLTVWGIKQLOARVLA
TMGAASVTLTVQA-RQ-LL-SGIVQQQ-NNLLKAIEAQQHLLOLTVWGIKQLQARVLA

AV-T--IGAMFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL~-SGIVQQQ-RNLLMAIEAQQHMLOLTVWGIKQLQARVLA
AV-G--LGAFFL-G-FLGAAGSTMGAAAVTLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--IGAVFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL~-SGIVRQQ-NNLLKAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--LGAVFF-G-FLGAAGSTMGAASLTLTVQA-RQ-LL-SGIVQQQ-SNLLRAIEAQQHLLKLTVWGIKQLQARVLA

IAVMLF-G-FLGAAGSTMGAASMALTVQA-RQ-LL-SGIVQQQ-NNLLRATIEAQQHLLOLTVWGIKQLQARILA
AA-G--ITALFL-G-FLGAAGSTMGAASMTLTVQODQTNYWTWPYCS-PREQSAERTIEAQQHLLOLTVWGIKQLQARLLA
AV-G--LGALFL-G-FLGAAGSTMGAASITLTVQA-RQ-LL-AGIVQQQ-NNLLRAIEAQQHLLOLTVWGIKQLQARILA
AV-G--FGALFL-G-FLGAAGSTMGAASVALTVQA-RL-LL-SGIVQQQ-NNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AV-G--FGALFL-G-FLGAAGSTMGAASMALTGQA-RL-LL~-SGIVQQQ-NNLLRAIEAQQHMLOLTVWGIKQLQARVLA
AV-G--IGAVFL-G-FLGTARSTMGAASITLTVQA-KQ-LL-SGIVQQQ-SNLLKAIEAQQHLLKLTVWGIKQLQARVLA
AV-G--MGAVFL-G-FLGAAGSTMGAASLTLTVQA-RQ-LL-SGIVQQQ-SNLLOQAIEAQQHMLKLTVWGIKQLQARVLA
AV-G--IGAVFL-G-FLGAAGSTMGAASITLTVHA-RQ-LL-SGILQQQ-SNLLKAIEAQQHLLKLTVWGIKHLQARVLA
AV-G--LGMLFL~-G-VLSAAGSTMGAAATTLAVQT-HT-LL-KGIVQQQ-DNLLRAIQAQQQLLRLSXWGIRQLRARLLA

AV-G--LGMLFL~-G-VLSAAGSTMGAAATALTVRT-HS-VL-KGIVQQQ-DNLLRAIQAQQHLLRLSVWGIRQLRARLQA
AV-G--LGMLFL-G-VLSAAGSTMGAAATALTVQT-HS-LI-KGIVQQQ-DNLLRAIQAQQELLRLSVWGIRQLRARLLA

AV-G--LGMLFL~-G-VLSAAGSTMGAAATTLAVQT-HT-LM-KGIVQQQ-DNLLRAIQAQQQLLRLSVWGIRQLRARLLA
-#-G--LGALFL-G-FLGAAGSTMGAASITLTVQA-RT-LL-SGIVQQQ-NNLVRAIEAQQHLLOLSIWGIKQLRAKVLA
G--LGALFL-G-FLGAAGSTMGAASITLTVQA-RT-LL-SGIVQQQ-NILLRATIEAQQHLLOLSIWGIKQLQAKVLA
G--LGALFL-G-FLGAAGSTMGAASITLTVQA-RT-LL-SGIVQQQ-NNLLRAIEAQQHLLOLSIWGIKQLRAKVLA

—# G——LGALFL G-FLGAAGSTMGAASVVLTVQA-RQ-LL-TGIVQQQ-NNLLRAIEAQQHLLOLSVWGIKQLQARVLA
—=--G--LGALFL-G-FLGAAGSTMGAASVVLTVQA-RQ-LL-SGIVQQQ-NNLLRAIEAQQHLLOLSVWGIKQLQARVLA



pKa predictions

The online server Rosie® was used to predict the pKa of all ionizable residues in C26(L4)N50,
using an unpublished crystal structure (to be published) and the neighbor repack option. There
are two chains in the asymmetric unit, represented as Chains A and B. Results are listed below.
In this construct, K64 corresponds to K574 in gp41.

RESIDUE IpKa pKa RESIDUE IpKa pKa
GLU6 A 4.4 4.1 GLUG6B 4.4 3.9

GLU7A 4.4 3.6 GLU7B 4.4 3.1

GLU13 A 4.4 4.8 GLU 13 B 4.4 4.4

GLU 14 A 4.4 4 GLU 14 B 4.4 3.3

GLU20 A 4.4 3.9 GLU20B 4.4 3.4

GLU 21 A 4.4 39 GLU21 B 4.4 3.8

GLUS50 A 4.4 4.4 GLUS5S0B 4.4 5.8

HIS 54 A 6.3 6.3 HIS 54 B 6.3 6.3

LYS64 A 10.4 10.3 LYS 64 B 10.4 9.8

GLU 74 A 4.4 4.5 GLU74 B 4.4 3.2

TYR 76 A 10 8.9 TYR 76 B 10 9.8

LYS78 A 10.4 10.4 LYS78B 10.4 10.4
ASP 79 A 4 4 ASP 79 B 4 4




3. LC- MS/MS Analysis

Protein Site Identification Using Liquid Chromatography with Tandem Mass Spectrometry (LC-
MS/MS)

To form the covalent adduct, 0.63 mM 2 was incubated with 315 uM C26(L4)N50 in 25mM

phosphate buffer, pH 8.at 37°C for 3 hours. The protein was exchanged into formate buffer (pH
2.91) with several rounds of centrifugation using a spin filter (Amicon Ultra — 0.5ml, 3K cutoff,
Sigma). 6 ug was then denatured with 8M urea/100 mM ammonium bicarbonate (pH 8), reduced
with 100 mM dithiothreitol at 60°C for 30 minutes, followed by alkylation with 100 mM
iodoacetamide at room temperature in the dark for 1 hour. The sample was then incubated 4 hours
with trypsin (1:20 weight/weight) at 37°C. The peptides formed from the digestion were further
purified by C18 ZipTips (Millipore) and analyzed by online LC-MS/MS. The LC separation was
carried out on a NanoAcquity UPLC system (Waters) with a linear gradient from 2 - 25% B (0.1%

formic acid in acetonitrile) over 48 mins followed by 25 - 37% B over 6 mins and then 37 — 40%
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Figure S5. Theoretical sequence ions predicted from the peptide

AIEAQQHLLQLTVWGIK(496.1856)QLQAR are listed on the left. The main sequence ions
actually detected by Q Exactive Plus Orbitrap mass spectrometer are highlighted in red.
The mass spectrum obtained from the peptide AIEAQQHLLQLTVWGIK(496.1856)QLQAR
is shown on the right, confirming the formation of the linkage C33H24N203 (m/z
496.1856). The actual mass position of some ions in the spectrum was found to be slightly

different from their theoretical m/z.
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B over 3 mins at a flow rate of 400 nl/min. The MS/MS analysis was performed using Q Exactive
Plus Orbitrap mass spectrometer (Thermo). After a survey scan, 10 most intense precursor ions
were selected for subsequent fragmentation using HCD activation mode, with mass resolution of

70000 and 17500 for precursor and fragment ions, respectively.

The acquired MS/MS raw data was converted into peaklists using an in-house software PAVA and
then analyzed using Protein Prospector search engine. The peaklists were searched against the
sequence of interest (Figure S5). The Max. missed cleavages was set to 3 and the precursor and

fragment mass tolerances were set at 20 ppm each.
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4. Cell-based assays

Cell- cell fusion assay

Cell-cell fusion was measured as previously published' using cell lines obtained through the NIH
HIV Reagent Program, Division of AIDS, NIAID, NIH. Target cells were TZM-bl cells (#8129,
contributed by J.C. Kappes, X. Wu and Tranzyme Inc.) expressing CD4, CCR5 and CXCR4,” and
containing an integrated reporter gene for firefly luciferase under control of HIV-1 LTR.® Effector
cells were HL2/3 (#1294, contributed by B.K. Felber and G.N. Pavlakis) which produce HXB2
Env, Tat and Rev.’? Serially diluted inhibitors were added to 96 well plates containing 20,000 TZM-
bl cells per well cultured overnight. 40,000 HL2/3 cells were added per well, and fusion allowed
to proceed for 6 hours in reduced serum medium (OptiMEM, Gibco) with a final concentration of
1% DMSO. Cells were lysed (Luciferase Cell Culture Lysis 5x reagent, Promega) and luciferase
expression was measured using Luciferase Assay Reagent (Promega) according to the
manufacturer’s instructions. Controls containing 1ul DMSO with and without HL2/3 cells were

measured for each compound

Pseudotyped virus infectivity assay

Pseudotyped viruses were prepared by transfection of 293T cells with 1.6 pg Env deficient HIV-
1 backbone vector pSG3Aenv (NIH HIV Reagent Program, Division of AIDS, NIAID, NIH,
contributed by Dr’s John C. Kappes and Xiaoyun Wu) and 0.8 ug Env expression vector pSM-
HXB2-WTgpl160, pJRFL-WTgp160, or pAmphoMLV-Env (donated by C. Weiss, FDA), using
FuGENE HD transfection reagent (Promega). Pseudovirus containing culture supernatants were
harvested 2 days after transfection, passed through 0.45 um filters and stored in aliquots at —80
°C. For infectivity studies, 20,000 TZM-bl cells per well were plated overnight at 37°C, 5% CO»
in Dulbecco’s modified Eagle’s medium (DMEM, Gibco) supplemented with 10% fetal bovine
serum (FBS, Atlanta Biologicals) and 50 pg/ml Penicillin-Streptomycin (Cellgro). The
following day, the medium was removed and pseudovirus particles in OptiMEM (Gibco)
containing 25 pg/ml DEAE dextran (Sigma) were added at 10 tissue culture infective doses per
well (TCIDso), in the absence or presence of serially diluted inhibitors. Positive and negative
controls were included by omitting compounds or virus respectively. The final DMSO
concentration was 1% in all wells. Cells were incubated at 37°C, 5% CO2 for 5 hours, after which

virus and compounds were washed out and the medium replaced with DMEM. After further
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incubation for 24 hours, cells were lysed (Luciferase Cell Culture Lysis 5x reagent, Promega)
and luminescence measured in a Biotek Synergy 2 plate reader using Luciferase Assay Reagent

(Promega, Cat#E153A), following the manufacturer’s instructions.

Cell viability assay

The cytotoxic effect of the compounds was determined using the identical cell culture procedure
and plates as described above for viral infectivity or cell-cell fusion, but measuring cell viability
by fluorescence using a resazurin cell viability reagent (Presto Blue, Invitrogen-Thermo Fisher)
following the manufacturer’s protocols. Fluorescence was measured using a SpectraMax M5 plate

reader (Molecular Devices). The lower bound reading was obtained from wells containing 15%

DMSO.
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