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Materials and Methods 
 

Generation of 293T cell lines stably transfected with HIV-1 Env constructs 

The expression construct of HIV-1 92UG037.8 gp160 was synthesized by GenScript 

(Piscataway, NJ). The C97ZA012 gp160 plasmid used in this study was kindly provided 

by John Mascola (VRC, NIH). Constructs, gp160∆CT, gp160∆CT-nonHis, gp160-CT30, 

gp160-CT60, gp160-CT90 and gp160-CT120, gp140-GPI, gp140-TM-fd, gp140-FL20-

TM, gp140-FL20-TM-fd and C97ZA012 gp160∆CT were generated by standard PCR-

based protocols and cloned into pCMV-IRES-puro vector (Codex BioSolutions, Inc, 

Gaithersburg, MD) for generation of stable cell lines. All truncations and mutations were 

confirmed by DNA sequencing. The 293T cell lines stably transfected with these 

envelope constructs were generated either in-house or at Codex Biosolutions. Briefly, 

8x105 HEK-293T cells in 2 ml of DMEM containing 10% FBS and no antibiotics were 

seeded on a 6 well-plate and incubated for overnight. The cells were then transfected with 

an Env construct in the pCMV-IRES-puro expression vector using Lipofectamine 3000 

(Life Technologies, Grand Island, NY) following a protocol recommended by 

manufacturer.  24 hours post-transfection, the transfected cells were transferred into a 

medium containing DMEM, 10% FBS and 1 μg/ml puromycin for selection. Single 

colonies were picked in 2-3 weeks, and transferred into 24-well plates in the same 

selective medium. Expression of HIV-1 Env was confirmed by both western blot and a 

fluorescence-activated cell sorting (FACS) assay (see below). Positive clones were 

expanded, frozen and stored at -80°C. 

 

Production of antibodies, Fab fragments and peptides 

We have generated expression constructs of antibodies 2G12, PG9, PG16, PGT145, 

PGT128, 2F5, 4E10, 10E8, 412d using synthetic genes made by GeneArt Gene Synthesis 

(Life Technologies) or GenScript. The VRC01 and PGV04 expression constructs were 

kindly provided by John Mascola (VRC, NIH); the expression constructs of NIH45-46, 

12A12, 8ANC195, 10-1074, 3BC176, 1NC9, 3BNC176 by Michel Nussenzweig 

(Rockefeller University), the constructs of CH01 by Barton Haynes (Duke University), 

the constructs of PGT151 and PGT152 by Dennis Burton and Pascal Poignard (Scripps); 
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the CHO stable line expressing antibody b6 by Dennis Burton (Scripps); 17b, A32, 7b2, 

19b hybridomas by James Robinson (Tulane University); 2158, 3791, 240-D, 246-D, 

1281, 167-D hybridomas by Susan Zolla-Pazner (New York University). The expression 

constructs of 10E8 and 35O22 were obtained from the NIH AIDS reagent program (10E8 

heavy chain (Cat# 12290) and 10E8 light chain (Cat# 12291); 35O22 heavy chain (Cat# 

12584) and 35O22 light chain (Cat# 12585)). The intact antibodies or Fab fragments 

were expressed in 293T cells either by transient transfection or using selected stably 

transfected clones, or from hybridomas or CHO cells. The antibodies were purified by 

affinity chromatography using Gamma bind plus resin (GE Healthcare, Pittsburgh,  

PA), followed by gel-filtration chromatography. Fab preparations by papain digestion 

were carried out as described (34). HR2 (heptad repeat 2; Fig. S1) derived peptides used 

in this study include a histagged T20 

(HHHHHHHHYTSLIHSLIEESQNQQEKNEQELLELDKWASLWNWF), C34 

(WMEWDREINNYTSLIHSLIEESQNQQEKNEQELL) and biotin-C38 (bio-

WMEWDREINNYTSLIHSLIEESQNQQEKNEQELLELDK). T20 and C34 were 

synthesized by Tufts University Core Facility (Boston, MA) and biotin-C38 was 

synthesized in-house using FMOC chemistry on PAL (PE Biosystems, Warrington U.K.) 

supports using Applied Biosystems model 431 peptide synthesizer. 

 

Immunoprecipitation and western blot 

Whole cell lysates were prepared by resuspending the cells in PBS (phosphate buffered 

saline) at a density of 2x106 cells/ml, followed by treatment with Laemmli Sample Buffer 

(Bio-Rad, Hercules, CA) and boiling for 5 minutes. To prepare cell membrane fractions, 

frozen cell pellets were thawed in a low salt buffer containing 10 mM HEPES, pH 7.5, 10 

mM MgCl2, 20 mM KCl, and EDTA-free complete protease inhibitor cocktail (Roche), 

and washed with the same buffer. The cells were then treated by a hypertonic solution 

containing the low salt buffer with addition of 1M NaCl and the cell membrane fractions 

were pelleted by centrifugation. The pellets were repeatedly washed by the hypertonic 

solution, followed by a final wash in PBS or 25 mM Tris, pH7.5 and 150 mM NaCl to 

remove the high salt. To prepare the cell-surface Env samples by immunoprecipitation, 

Env-expressing cells were incubated with either VRC01 or PGT128 on ice for 30 minutes 
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and washed by PBS three times. The cell pellets were resuspended in an ice-cold Pierce 

IP Lysis Buffer (Thermo Scientific, Waltham, MA) containing protease inhibitors, and 

then incubated on ice for 5-10 minutes with periodic mixing. Cell debris was removed by 

centrifugation at 18,000 xg for 10 minutes at 4°C.  The supernatant was then mixed with 

Capture Select CH1 beads (Life Technologies) and incubated at room temperature for 

additional 30 minutes. The beads were washed with PBS containing 0.2% NP-40, and 

boiled in the Bio-Rad Laemmli Sample Buffer for 5 minutes. 

 

For western blot, Env samples were resolved in 4-15% Mini-Protean TGX gel (Bio-Rad) 

and transferred onto PVDF membranes (Millipore, Billerica, MA) by an Iblot2 (Life 

Technologies). Membranes were blocked with 5% skimmed milk in PBS for 1 hour and 

incubated with anti-V3 loop antibody 3791 for another hour at room temperature. Either 

horseradish peroxidase conjugated anti-human Fab IgG (1:25000) (Sigma-Aldrich, St. 

Louis, MO) or alkaline phosphatase conjugated anti-human Fab IgG (1:5000) (Sigma-

Aldrich) was used as a secondary antibody. Env proteins were visualized using either 

Western Bright ECL (Advansta, Menlo Park, CA) or one-step NBT/BCIP substrates 

(Thermo Scientific).  

 

Flow cytometry 

To obtain high-quality, reproducible antibody binding data using HIV-1 Env expressed 

on cell surfaces by a fluorescence-activated cell sorting (FACS) assay, it was necessary to 

produce stable 293T cell lines expressing constant levels of various HIV-1 Env 

constructs. Env-expressing cells were detached from cell flasks using PBS, and washed 

with ice-cold PBS containing 1% BSA. 106 cells were incubated for 30~40 minutes either 

on ice or at 37ºC with anti-Env monoclonal antibodies at concentrations of 0.005-50 

μg/ml in PBS containing 1% BSA, either in the absence or presence of soluble CD4 at a 

concentration of 3 µM. CD4 was preincubated with the cells for 10 minutes before 

addition of an antibody. The cells were then washed twice with PBS containing 1% BSA 

and stained with R-Phycoerythrin AffiniPure F(ab')2 fragment goat anti-human IgG, 

F(ab')2 Fragment specific secondary antibody (Jackson ImmunoResearch laboratories, 

West Grove, PA) at 5 μg/ml. Bound CD4 was also detected by  an Anti-His antibody 
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conjugated to fluoresceinisothiocyanate (FITC) (Miltenyi Biotec Inc., San Diego, CA). 

To detect the prehairpin intermediate conformation of gp41, a biotinylated, HR-2 derived 

peptide biotin-C38 was used for gp41 binding, and subsequently detected by Brilliant 

Violet 421 Streptavidin (BioLegend, San Diego, CA). All the fluorescently labeled cells 

were washed twice with PBS containing 1% BSA and analyzed immediately using a BD 

LSRII instrument and program FACSDIVA (BD Biosciences, Franklin Lakes, New 

Jersey). Extensive control experiments were carried out to ensure the binding specificity 

and all experiments were repeated at least two times with almost identical results. All 

data were analyzed by FlowJo (FlowJo, LLC, Ashland, OR) and plotted in Excel 

(Microsoft, Redmond, WA) or Cytobank (Cytobank Inc, Mountain View, CA). The Fig. 

3 was generated by MatLab (MathWorks, Inc., Natick, MA). 

 

Antibody neutralization assay  

Neutralizing IC50 values of purified monoclonal antibodies against HIV-1 92UG037.8 

and C97ZA012.29 pseudoviruses were measured using a luciferase-based virus 

neutralization assay in TZM.bl cells as previously described (35). The assay measures the 

reduction in luciferase reporter gene expression in TZM-bl cells following a single round 

of virus infection. The IC50 was calculated as the antibody dilution that resulted in a 50% 

reduction in relative luminescence units compared with the virus control wells after the 

subtraction of cell control relative luminescence units. Briefly, 3-fold serial dilutions of 

antibody samples were performed in duplicate (96-well flat bottom plate) in 10% DMEM 

growth medium (100 μl/well). Virus was added to each well in a volume of 50 µl, and the 

plates were incubated for 1 hour at 37°C. TZM.bl cells were then added (1×104/well in 

100 μl volume) in 10% DMEM growth medium containing DEAE-Dextran (Sigma-

Aldrich) at a final concentration of 11 μg/ml.  Murine leukemia virus (MuLV) negative 

controls were included in all assays.  HIV-1 Env pseudoviruses were prepared as 

previously described (36). 

 

Cell-cell fusion assays 

To assess the membrane fusion capacity of various Env constructs, syncytium formation 

was visually inspected after mixing Env-expressing cells and TZM-bl cells. Briefly, 
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5x103, 2.5x104, 1.5x105 Env-expressing cells were mixed with 1.5x105 TZM-bl cells 

DMEM medium containing GlutaMax (Life Technologies) and 10% FBS in 24-well 

plate, either in the absence or presence of T20 peptide at 1 µM. The mixed cells were 

incubated at 37°C for 10-24 hours and then evaluated for syncytium formation by visual 

inspection.  

 

To analyze antibody neutralization of modified Env constructs, we have employed 

another quantitative cell-cell fusion assay based on a reporter gene activation technique 

described previously (37). Briefly, 293T cells were cotransfected by the PEI 

(polyethylenimine) method with an Env expression construct and a plasmid expressing 

T7 polymerase; these were designated effector cells. CD4-and CCR5-expressing cells 

with a luciferase reporter gene under the control of a T7 promotor were designated target 

cells. The two types of cells were mixed 30 hour posttrasfection, either in absence or 

presence of a purified antibody at a concentration of 0.5 mg/ml or T20 at 1 µM and then 

incubated at 37 °C for another 6-12 hr.  Fusion activity was measured by a luciferase 

assay (Promega Assay System and Protocol, E1501; Promega, Madison, WI) following 

protocols recommended by the manufacturer.  
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Supplementary Text 
 
Results 
We have reported that the MPER-directed bnAbs appear to neutralize by targeting a 

fusion intermediate of gp41 (6, 25, 26), but we have not previously been able to study 

their properties on intact Env trimers. Because we observed significant CD4-induced 

gp120 shedding at 37°C by the Env trimers on the cell surfaces (fig. S5C), we chose to 

test whether the gp41 intermediate state is accessible during the gp120 shedding process. 

As shown in fig. S28A, an HR2 (heptad repeat 2) derived, biotinylated peptide, biotin-

C38 (38), only bound the Env trimers at 37°C when they had been triggered by CD4. Its 

binding signal decreased when the peptide was added 10 min after CD4, and it 

completely disappeared after 2 hours, suggesting that the transient intermediate 

conformation of gp41 is indeed detectable during CD4-induced gp120 shedding. Under 

the same conditions, binding to 2F5, 4E10 and 10E8 was greatly enhanced (up to 13-fold) 

when CD4 was present, and it increased even further (up to 27-fold) when another HR2-

based peptide C34 (2) was used to capture the intermediate state (fig. S28B). We did not 

detect increased binding by VRC01 and 35O22. The binding signal for the MPER 

antibodies was still weaker than that for VRC01, probably because they detect only the 

small population of cleaved Env from which gp120 has dissociated. Nonetheless, these 

data provide the direct evidence, in the context of the full-length, functional Env trimers, 

that the MPER bnAbs only target a “triggered” form of Env and not the native trimers.  

 
 
Discussion 
There are a number of unexpected findings from our current study which may have far-

reaching implications for HIV-1 vaccine development. First, unlike previous reports (12, 

17), a native Env trimer can indeed adopt a defined and homogenous conformational state 

with only bnAb epitopes exposed and all non-neutralizing epitopes occluded, without 

contamination by any irrelevant forms of Env (12). This is probably true for all difficult-

to-neutralize HIV-1 strains that do not induce autologous neutralizing responses, such as 

the two described in this work, when the intact cytoplasmic tail is present. This native, 

untriggered conformation seems to be independent of the cleavage between gp120 and 
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gp41, since there was a substantial amount of uncleaved gp160 trimer present on cell 

surfaces that did not bind any of the non-neutralizing antibodies. The Env trimers in this 

conformation, cleaved or uncleaved, when produced in large quantities, would thus be an 

ideal immunogen to mimic the native envelope spikes. 

 

Second, it is particularly surprising that the Env cytoplasmic tail has such a large impact 

on the antigenicity of the ectodomain on the other side of membrane. Various gp160-∆CT 

constructs, often with an increased yield, are still widely considered to be faithful 

substitutes for the full-length gp160, despite published evidence suggesting that the 

cytoplasmic tail may influence epitope exposure (31). Our results unambiguously 

demonstrate a role for the cytoplasmic tail in preserving the antigenic characteristics of 

the native Env trimer even in the absence of the matrix protein. In contrast, the Env 

membrane fusion capacity is not affected significantly by deletion of the cytoplasmic tail. 

Thus, a “functional” Env may not have a fully “native” antigenic surface (defined by 

neutralization), as even a fusion-competent Env trimer can expose non-neutralizing 

epitopes (fig. 3).  Soluble, stable gp140 trimers from 92UG037.8 and C97ZA012 and the  

SOSIP trimers from BG505 and B41 all have antibody-accessible V3 loops  (14-16, 21).  

These trimers are not incorrectly folded; rather, we suggest that they represent states in 

the ensemble of conformations that membrane-anchored gp160 can adopt.  Deletion of 

the cytoplasmic domain, as in our gp160-CT constructs, appears to increase the 

occupancy of those states substantially.  If V3 loop exposure is an early event in the 

transition from an unliganded conformation toward a CD4-bound one, then soluble gp140 

and gp160-CT may represent such a partly "open" structure.  Indeed, some features of the 

SOSIP structure (e.g., full accessibility of all three CD4 binding sites, even though CD4 

binding induces or stabilizes a substantial conformational rearrangement) are consistent 

with this possibility, although we note that full-length BG505 SOSIP Env appears to be 

non-functional even when the disulfide is reduced (39). 

 

The cytoplasmic tail facilitates virus assembly by interacting with the matrix protein and 

mediating incorporation of Env into nascent virus particles. It has been considered not to 

have a defined structure in the absence of the matrix protein and thus to be dispensable. 
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Several intracellular trafficking signals have been found in the CT upstream of residue 

785 (40-42), but they cannot account for the differences in antigenicity between the 

gp160 and the gp160-CT90 (truncated at residue 794) or gp160-CT120 (truncated at 

residue 824). Three membrane-interacting segments (lentiviral lytic peptide (LLP)-2, 3 

and 1) have been identified, but mutational studies indicate that they have little impact on 

viral entry (43, 44). We propose that the cytoplasmic tail restrains the ectodomain, either 

by interacting with the membrane or by forming a defined, oligomeric structure (or both). 

Whatever the mechanism, our results indicate that the cytoplasmic tail can modulate 

antigenic properties of the Env trimer, probably by restricting its conformational 

dynamics, and that certain apparently “harmless” modifications, such as deleting the CT -

- an approach widely used in various vaccine strategies to enhance Env yield and/or 

stability -- can have a strong impact on trimer structure, antigenicity, and potentially 

immunogenicity.  

 

Third, strain-specific neutralizing epitopes, such as the V3 loop and the V1V2 loop, are 

well protected on the native trimer derived from the hard-to-neutralize strains we have 

studied, explaining why it is difficult to induce autologous neutralizing antibody 

responses against such isolates. It is possible that viruses that do induce autologous 

neutralizing responses may simply have their strain-specific epitopes better exposed, as 

on the gp160-∆CT construct described here. Indeed, as proposed in fig. 4, the antigenic 

properties of gp160 and gp160-∆CT may represent, respectively, those of the extreme 

cases of the difficult-to-neutralize primary isolates that cannot induce autologous 

neutralizing responses and the easy-to-neutralize, laboratory-adapted strains that induce 

strong autologous responses, while other isolates (of intermediate susceptibility to 

neutralization) may adopt conformations in between, like those of our partially truncated 

gp160-CT constructs. A few mutations within the entire gp160 sequence can easily 

convert one form into another, perhaps even within a single patient, just as primary and 

laboratory-adapted SHIV or HIV-1 isolates can be interconverted by in vitro and in vivo 

passages, respectively (32, 33). Interconversion thus allows Envs on a closely related 

swarm of viruses to sample a much greater dynamic range at a population level than 

previously appreciated (17). In an infected individual, immune pressure might drive any 
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particular isolate to evolve into one that is difficult-to-neutralize and does not induce 

autologous neutralizing responses (fig. 4). Such viruses significantly raise the barrier to 

vaccine development and may represent an important challenge. If so, Env trimers 

derived from these isolates should be better starting points for designing immunogens 

that mimic the native viral spikes.  

 

Fourth, not all bnAbs recognize the native, untriggered Env trimer. The MPER-directed 

antibodies 2F5, 4E10 and 10E8 clearly recognize only the triggered Env trimers, 

probably the prehairpin intermediate conformation of gp41 after binding to both CD4 and 

co-receptor. The conformational states targeted by 35O22 and 3BC176 remain unknown, 

and further investigation will be needed to dissect the neutralization mechanism of these 

antibodies. Thus, immunogen design based only on bnAb binding could be misleading.  

 

Finally, non-neutralizing antibodies are believed to provide protection by Fc receptor-

mediated effector functions such as antibody-dependent cell-mediated cytotoxicity 

(ADCC) and complement-dependent cytotoxicity (CDC) (reviewed in ref (45)). Such 

antibodies would not be effective against viruses such as 92UG037.8 or C97ZA012, since 

none of the non-neutralizing epitopes are exposed and there are no nonfunctional Env for 

them to bind. Exposure of such epitopes induced by CD4 binding could, however, 

enhance ADCC and CDC. Thus, a combination of soluble CD4  and ADCC antibodies 

might be more effective than ADCC antibodies alone.  

 

 
  

10 
 



 
 

Fig. S1. 

 
 

Fig. S1. HIV-1 envelope glycoprotein and viral entry. (A) Schematic representation of 

HIV-1 gp160, the full-length precursor. Segments of gp120 and gp41 are designated as 

follows: C1-C5, conserved regions 1-5; V1-V5, variable regions 1-5; F, fusion peptide; 

HR1, heptad repeat 1; C-C loop, the immunodominant loop with a conserved disulfide 

bond; HR2, heptad repeat 2; MPER, membrane proximal external region; TM, 

transmembrane anchor; CT, cytoplasmic tail. Tree-like symbols represent glycans. (B) 

Membrane fusion by HIV-1 envelope likely proceeds stepwise as follows. 1) Binding of 

gp120 (green) to the receptor CD4 (light blue) and coreceptor CXCR4 or CCR5 

(magenta) allows viral attachment and triggers structural changes in the envelope 

glycoprotein.  2) Dissociation of gp120 and insertion of the fusion peptide (green) of 

gp41 into the target cell membrane leads to the formation of the prehairpin intermediate 

(46).  3) The C-terminal part (HR2 in blue) of gp41 folds back onto the inner core (HR1 

in yellow) and brings the two membranes together.  4) A hemifusion stalk forms and 

resolves into a fusion pore (47).  
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Fig. S2. 
 

 
Fig. S2. Design of Env expression constructs.  (A) Schematic representations of HIV-1 
Env constructs: gp160, the full-length precursor containing gp120 (green), gp41 
ectodomain (gp41ecto; blue), transmembrane anchor (TM; magenta), cytoplasmic tail 
(CT; red), and tree-like symbols representing glycans; gp160∆CT, the gp160 with entire 
CT deleted and addition of a His-tag (orange) at its C-terminus; gp140-GPI, the 
ectodomain of gp160 fused with a GPI anchor (dark blue); gp140-TM-fd, the gp160 with 
the CT replaced with a foldon trimerization tag (fd; gray); gp140-FL20-TM, the 
gp160∆CT construct with a 20-residue linker (SGGGG)4 (yellow) inserted between 
gp120 and gp41; gp140-FL20-TM-fd, the gp140-FL20-TM construct with addition of a 
foldon tag at its C-terminus; gp160-CT30-120,  the gp160 with the serial deletions of CT 
including four different constructs, gp160-CT30, gp160-CT60, gp160-CT90 and gp160-
CT120. Constructs with a name starting with gp160 are functional and those with gp140 
are nonfunctional in cell-cell fusion assays.  (B) Diagrams represent 3-D organizations of 
each Env trimer. All the segments are shown in the same color scheme as in A. 
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Fig. S3. 
 

 
 
Fig. S3. Characterization of the 92UG037.8 Env trimer presented on cell surfaces. 
(A) 92UG037.8 Env mediated cell-cell fusion. 293T cells stably transfected with 
92UG037.8 gp160 (293T-gp160) were mixed with TZM-bl cells in the absence or 
presence of the fusion inhibitor T20. (B) Env samples prepared from the 92UG037.8 
gp160 stable cell line are detected by a V3 antibody 3791. Lane1, total cell lysate; lane 2, 
membrane fraction of the cell; lane 3 and 4, Env trimers on the cell surfaces 
immuneprecipitated by antibody VRC01 and PGT128, respectively. (C) Flow cytometry 
histograms of VRC01 binding to the Env trimer on the 92UG037.8 gp160 cell surfaces in 
the absence or presence of soluble CD4. VRC01 concentration varies from 0.005 to 50 
µg/ml. VRC01 binding at 50 µg/ml to 293T cells is a negative control. 
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Fig. S4. 

 

 
Fig. S4. Flow cytometry histograms of antibody binding to the Env trimer on the 

92UG037.8 gp160 cell surfaces by a FACS assay. Data are summarized in fig. 1. 
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Fig. S5. 

A (Fig. S5A)  
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A (Fig. S5A) continued 
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B (Fig. S5B)  
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C (Fig. S5C)  

 
Fig. S5. Additional antigenic characteristics of the 92UG037.8 gp160 presented on 

cell surfaces. (A) Plots of binding by additional antibodies to the Env trimer on the 

92UG037.8 gp160 cell surfaces in the absence (red) or presence (blue) of soluble CD4. 

Fluorescent signal for bound CD4 is shown in the presence of CD4 (cyan) or in the 

absence of CD4 (orange). Antibodies and their epitopes are indicated. The IC50 values 

were determined in a luciferase-based virus neutralization assay using 92UG037.8 gp160 

and purified antibodies. Unless specified, all antibodies used are Fab fragments. (B) Plots 

of binding by selected antibodies to the Env trimer on the 92UG037.8 gp160 cell surfaces 

in the absence (red) or presence (blue) of 4 domain CD4. (C) Plots of binding by selected 

antibodies to the Env trimer on the 92UG037.8 gp160 cell surfaces in the absence (red) or 

presence (blue) of soluble CD4 at 37°C. Original flow cytometry histograms are shown 
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in figs. S6-S8. Extensive control experiments were carried out to ensure the binding 

specificity and the experiments were repeated at least two times with almost identical 

results. 
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Fig. S6. 
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Fig. S6. Flow cytometry histograms of antibody binding to the Env trimer on the 

92UG037.8 gp160 cell surfaces by a FACS assay. Data are summarized in fig. S5A. 
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Fig. S7. 
 

 

 
Fig. S7. Flow cytometry histograms of antibody binding to the Env trimer on the 

92UG037.8 gp160 cell surfaces by a FACS assay. Data are summarized in fig. S5B. 
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Fig. S8. 
 

 
Fig. S8. Flow cytometry histograms of antibody binding to the Env trimer on the 

92UG037.8 gp160 cell surfaces by a FACS assay. Data are summarized in fig. S5C. 
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Fig. S9. 

 

 
 
Fig. S9. Characterization of the 92UG037.8 gp160-∆CT. (A) 92UG037.8 gp160-ΔCT 
mediated cell-cell fusion. 293T cells stably transfected with 92UG037.8 gp160-ΔCT 
(293T- gp160-ΔCT) were mixed with TZM-bl cells in the absence or presence of the 
fusion inhibitor T20. (B) Env samples prepared from the 92UG037.8 gp160-ΔCT stable 
cell line are detected by a V3 antibody 3791. Lane1, total cell lysate of 92UG037.8 gp160 
at a control; lane 2, total cell lysate of 92UG037.8 gp160-ΔCT stable cell line; lane 3, 
membrane fraction of the gp160-ΔCT cell; lane 4 and 5, Env trimers on the 92UG037.8 
gp160-ΔCT cell surfaces immunoprecipitated by antibody VRC01 and PGT128, 
respectively. (C) Flow cytometry histograms of VRC01 binding to the Env trimer on the 
92UG037.8 gp160-ΔCT cell surfaces in the absence or presence of soluble CD4. VRC01 
concentration varies from 0.005 to 50 µg/ml. VRC01 binding at 50 µg/ml to 293T cells is 
a negative control. 
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Fig. S10. 

 
Fig. S10. Western blot of Env samples of various gp160 constructs. Env samples 

prepared from the stable cell lines expressing gp160 (lane 1), gp160-CT120 (lane 2), 

gp160-CT90 (lane 3), gp160-CT60 (lane 4), gp160-CT30 (lane 5) and gp160∆CT-nonHis 

(lane 6) are detected by a V3 antibody 3791. 
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Fig. S11. 

 

 
Fig. S11. Flow cytometry histograms of antibody binding to the Env trimer on the 

92UG037.8 gp160∆CT cell surfaces by a FACS assay. Data are summarized in fig. 2. 
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Fig. S12. 

 
A (Fig. S12A)  

 
 
A (Fig. S12A) continued  
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B (Fig. S12B)  

 
Fig. S12. Additional antigenic properties of the 92UG037.8 gp160-∆CT presented on 

cell surfaces. (A) Plots of binding by additional antibodies to the Env trimer on the 

92UG037.8 gp160-ΔCT cell surfaces in the absence (red) or presence (blue) of soluble 

CD4. Unless specified, all antibodies used are Fab fragments. Fluorescent signal for 

bound CD4 is shown in the presence of CD4 (cyan) or in the absence of CD4 (orange). 

(B) Plots of binding by selected antibodies to the Env trimer on the 92UG037.8 

gp160ΔCT-nonhis cell surfaces in the absence (red) or presence (blue) of soluble CD4. 

The 92UG037.8 gp160ΔCT-nonHis does not contain a histag at its C-terminus. Original 

flow cytometry histograms are shown in figs. S13 and S15. The experiments were 

repeated at least two times with almost identical results. 
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Fig. S13. 
 

 
 

. 

Fig. S13. Flow cytometry histograms of antibody binding to the Env trimer on the 
92UG037.8 gp160∆CT cell surfaces by a FACS assay. Data are summarized in fig. 
S12A. 
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Fig. S14. 
 
 

 
Fig. S14. Inhibition of cell-cell fusion mediated by 92UG037.8 gp160 and  

92UG037.8 gp160-ΔCT.  293T cells, transiently cotransfected with the 92UG037.8 

gp160 or 92UG037.8 gp160-ΔCT expression construct and a plasmid expressing T7 

polymerase, were mixed with CD4-and CCR5-expressing cells with a luciferase reporter 

gene under the control of a T7 promotor. Cell-cell fusion led to expression of luciferase 

and thus fusion activity was measured by a luciferase assay. Inhibition of cell-cell fusion 

was indicated by decrease of fusion activity when a monoclonal antibody or the fusion 

inhibitor T20 is present. The experiment was carried out in triplicate and repeated at least 

three times with similar results. Error bars indicate the standard deviation calculated by 

the Excel STDEV function. 
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Fig. S15. 

 

 
Fig. S15. Flow cytometry histograms of antibody binding to the Env trimer on the 
92UG037.8 gp160∆CT-nonHis cell surfaces by a FACS assay. Data are summarized in 
fig. S12B. 
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Fig. S16. 

A (Fig. S16A)  
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B (Fig. S16B)  

 
Fig. S16. Antigenic properties of the C97ZA012 gp160 and C97ZA012gp160ΔCT 

presented on cell surfaces. (A) Plots of binding by selected antibodies to the Env trimer 

on the C97ZA012 gp160 cell surfaces in the absence (red) or presence (blue) of soluble 

CD4. Fluorescent signal for bound CD4 is shown in the presence of CD4 (cyan) or in the 

absence of CD4 (orange). Unless specified, all antibodies used are Fab fragments. (B) 

Plots of binding by selected antibodies to the Env trimer on the C97ZA012gp160ΔCT 

cell surfaces in the absence (red) or presence (blue) of CD4. Original flow cytometry 

histograms are shown in figs. S17 and S18. The experiments were repeated at least two 

times with almost identical results. 
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Fig. S17. 

 

 
 
Fig. S17. Flow cytometry histograms of antibody binding to the Env trimer on the 
C97ZA012 gp160 cell surfaces by a FACS assay. Data are summarized in fig. S16A. 
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Fig. S18. 
 

 
 
Fig. S18. Flow cytometry histograms of antibody binding to the Env trimer on the 
C97ZA012 gp160∆CT cell surfaces by a FACS assay. Data are summarized in fig. 
S16B. 
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Fig. S19. 
 
A (Fig. S19A)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

36 
 



 
 

 
 
B (Fig. S19B)  
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C (Fig. S19C)  
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D (Fig. S19D)  
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E (Fig. S19E)  
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F (Fig. S19F)  
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H (Fig. S19H)  

 
Fig. S19. Antigenic characteristics of the modified 92UG037.8 Env constructs 

presented on cell surfaces. (A) Plots of binding by selected antibodies to the Env trimer 

on the 92UG037.8 gp160-CT120 cell surfaces in the absence (red) or presence (blue) of 

soluble CD4. Fluorescent signal for bound CD4 is shown in the presence of CD4 (cyan) 

or in the absence of CD4 (orange). Unless specified, all antibodies used are Fab 

fragments. (B) Plots of binding by selected antibodies to the Env trimer on the 

92UG037.8 gp160-CT90 cell surfaces. (C) Plots of binding by selected antibodies to the 

Env trimer on the 92UG037.8 gp160-CT60 cell surfaces. (D) Plots of binding by selected 

antibodies to the Env trimer on the 92UG037.8 gp160-CT30 cell surfaces. (E) Plots of 

binding by selected antibodies to the Env trimer on the 92UG037.8 gp140-TM-fd cell 

surfaces. (F) Plots of binding by selected antibodies to the Env trimer on the 92UG037.8 
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gp140-FL20-TM cell surfaces. (G) Plots of binding by selected antibodies to the Env 

trimer on the 92UG037.8 gp140-FL20-TM-fd cell surfaces. (H) Plots of binding by 

selected antibodies to the Env trimer on the 92UG037.8 gp140-GPI cell surfaces. 

Original flow cytometry histograms are shown in figs. S20-S27. The experiments were 

repeated at least two times with almost identical results. 
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Fig. S20. 
 
 

 
 
Fig. S20. Flow cytometry histograms of antibody binding to the Env trimer on the 
92UG037.8 gp160-CT120 cell surfaces by a FACS assay. Data are summarized in Fig. 
S19A. 
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Fig. S21. 
 

 
 
Fig. S21. Flow cytometry histograms of antibody binding to the Env trimer on the 
92UG037.8 gp160-CT90 cell surfaces by a FACS assay. Data are summarized in fig. 
S19B. 
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Fig. S22. 
 

 
 
Fig. S22. Flow cytometry histograms of antibody binding to the Env trimer on the 
92UG037.8 gp160-CT60 cell surfaces by a FACS assay. Data are summarized in fig. 
S19C. 
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Fig. S23. 
 

 
 
Fig. S23. Flow cytometry histograms of antibody binding to the Env trimer on the 
92UG037.8 gp160-CT30 cell surfaces by a FACS assay. Data are summarized in fig. 
S19D. 
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Fig. S24. 
 

 
 
Fig. S24. Flow cytometry histograms of antibody binding to the Env trimer on the 
92UG037.8 gp140-TM-fd cell surfaces by a FACS assay. Data are summarized in Fig. 
S19E. 
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Fig. S25. 
 

 
Fig. S25. Flow cytometry histograms of antibody binding to the Env trimer on the 
92UG037.8 gp140-FL20-TM cell surfaces by a FACS assay. Data are summarized in 
fig. S19F. 
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Fig. S26. 
 

 
Fig. S26. Flow cytometry histograms of antibody binding to the Env trimer on the 
92UG037.8 gp140-FL20-TM-fd cell surfaces by a FACS assay. Data are summarized 
in fig. S19G. 
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Fig. S27. 
 

 
Fig. S27. Flow cytometry histograms of antibody binding to the Env trimer on the 
92UG037.8 gp140-GPI cell surfaces by a FACS assay. Data are summarized in fig. 
S19H. 
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Fig. S28. 
 
 

 
 
Fig. S28. MPER-directed bnAbs recognize a triggered Env trimer. (A) HR-2 derived 

peptide C38 binds the triggered Env trimers on the 92UG037.8 gp160 cell surfaces. The 

Env trimers were triggered by soluble CD4 at 37°C, which led to significant gp120 

dissociation. Biotinylated peptide biotin-C38 was added to the cell surfaces at three 

different time point: 0 min, 10 min and 120 min. Biotin-C38 binding to the Env trimers 

was measured by FACS. (B) Antibodies, VRC01, 2F5, 4E10, 10E8 and 35O22, were 

incubated with the gp160 cells either alone or in the presence of another HR-2 derived 

peptide C34, or CD4, or both C34 and CD4. Antibody binding was detected by FACS. 

The experiments were repeated at least two times with almost identical results. 
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Table S1. 
 
 
Table S1. List of monoclonal antibodies targeting HIV-1 Env used in this study. 
  

Epitope antibody reference 
CD4 binding site VRC01, PGV04, NIH45-

46, 12A12, 1NC9 and b6 
ref (48-53) 

N160 glycan dependent, 
trimer-specific epitope 

PG9, PG16, CH01 and 
PGT145 

ref (54-56) 

N332 glycan dependent 
epitope 

2G12, PGT128 and 10-1074 ref (57-59) 

CD4i epitope 17b, A32 and 412d ref (60, 61) 
V2 2158 ref (62) 
V3 3791, 19b ref (63-65) 
MPER 2F5, 4E10 and 10E8 ref (66-68) 
gp120-gp41 interface PGT151/152, 8ANC195, 

35O22 
ref (27, 69-71) 

gp41 cluster I 240-D, 246-D and 7b2 ref (72-75) 
gp41 cluster II 1281 and 167-D ref (72-75) 
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Table S2. 

 
Table S2. Summary of antigenic properties of gp160 and gp160∆CT 

Antibody gp160 binding gp160∆CT binding 
epitope name Neut.a -CD4 +CD4 -CD4 +CD4 
CD4 bs VRC01b + ++++c - ++++ - 

PGV04 + ++++ - ++++ - 
NIH45-46 + ++++ - ++++ - 

12A12 + ++++ - ++++ - 
b6 - - - ++ - 

CD4i 17b - - +++ + +++ 
412d - - +++ - ++ 
A32 - - - - - 

V1V2-
glycan 

PG9 + ++++ - ++ - 
PG16 + ++++ - ++ - 

PGT145 + +++++ - ++ - 
V2 2158 - - + ++ ++ 
V3 3791 - - ++++ +++ ++++ 

19b - - +++ ++ ++ 
V3-glycan PGT128 + ++++ - +++ + 

10-1074 + ++++ ++ ++++ ++++ 
glycan 2G12 - ++ ++ ++++ ++++ 

unknown 3BC176 + - - - - 
MPER 2F5 + - - - - 

4E10 + - - - - 
10E8 + - - - +/- 

cluster I 240-D - - +++ + ++ 
246-D - - +++ + ++ 

7b2 - - +++ + ++ 
cluster II 1281 - - - - - 

167-D - - - - - 
gp120-
gp41 

35O22  + - - - - 
PGT151 - - - - - 

8ANC195 + + - + + 
aNeut., neutralization. bAntibodies highlighted in bold are bnAbs that neutralize the HIV-1 isolate 
92UG037.8.  c“+++++” and “++++” = strong binding; “+++” and “++” = moderate binding”; “+” 
= “weak binding” and “-” = no binding.  
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