
Figure S1. 293T-expressed JR-FL.JB trimers exhibit proper cleavage and native conformation based on PGT151, PGT145, and A32 
binding. (A) Binding of serially diluted readout IgGs (indicated at the top of each plot) to 293T cell surface-expressed JRFL.JB Env trimers. 
Palivizumab, an antibody specific for respiratory syncytial virus (RSV), was used as a negative control for non-HIV-specific binding. Readout 
antibody binding was detected using a PE-labeled anti-human IgG secondary antibody. (B) The median fluorescence intensity (MFI) of anti-human-
IgG detection antibody is plotted against each concentration of readout antibody for data displayed in (A).
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Figure S2. Enrichment of HIV-1 Env trimers in State 3 using sCD4 and 17b Fab reduced binding of State 1- and State 2-preferring 
antibodies. Raw flow cytometry data for Figure 2A are shown. Binding of serially diluted HIV-1-specific bnAb readout IgGs (indicated at the bottom 
of each plot) to 293T cell surface-expressed, fully cleaved JRFL.JB Env trimers pre-treated with soluble CD4 and 17b Fab (treated - Tx) or with 
PBS are shown. Readout antibody binding was detected using a PE-labeled anti-human IgG secondary antibody. In each plot, experimental 
duplicates are displayed, and readout antibody concentrations (µg/ml) are indicated beneath each pair of duplicates. US, unstained with readout 
antibody. State 1-, 2-, and 3-preferring antibodies are indicated in green, yellow, and red font, respectively. Panels showing PGT145 binding are 
also shown in Figure 1D as a representative example.
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Figure S3. Structural clashes between antibodies and pre-treatment ligands. (A) PDB ID 1RZJ consisting of HIV-1 gp120 core from the HXB2 
strain bound to sCD4 and 17b is colored in red in the left and right panels. (left) An overlay is shown with PDB ID 5FYJ with VRC01 shown in green 
with significant overlap with sCD4. (right) An overlay with PDB ID 6OPA with NC-Cow1, with a comparable binding site to Cow9, is shown in yellow 
with a significant overlap with sCD4. (B) PDB ID 5FUU consisting of HIV-1 Env trimer from the JR-FL strain bound to PGT151 is colored in yellow in 
the left and right panels. (left) An overlay is shown with PDB ID 5FYJ with VRC01 shown in green with significant overlap with PGT151. (right) An 
overlay is shown with PDB ID 6BF4 with VRC-PG05 is shown in dark-green with significant overlap with PGT151.



Figure S4. Enrichment of State 2 using PGT151 Fab causes a minor to moderate reduction in binding of State 1- and State 3-preferring 
antibodies. Raw flow cytometry data for Figure 3A are shown. Binding of serially diluted HIV-1-specific bnAb readout IgGs (indicated at the bottom 
of each plot) to 293T cell surface-expressed, fully cleaved JRFL.JB Env trimers pre-treated with PGT151 Fab (treated - Tx) or with PBS are shown. 
Readout antibody binding was detected using a PE-labeled anti-human IgG secondary antibody. In each plot, experimental duplicates are 
displayed, and readout antibody concentrations (µg/ml) are indicated beneath each pair of duplicates. US, unstained with readout antibody. State 
1-, 2-, and 3-preferring antibodies are indicated in green, yellow, and red font, respectively.
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Figure S5. Enrichment of State 1 using BMS-626529/temsavir has minimal effect on binding of State 2-preferring antibodies but reduces 
binding of State 3-preferring antibodies. Raw flow cytometry data for Figure 4A are shown. Binding of serially diluted HIV-1-specific bnAb
readout IgGs (indicated at the bottom of each plot) to 293T cell surface-expressed, fully cleaved JRFL.JB Env trimers pre-treated with BMS-
626529/temsavir (treated - Tx) or with PBS are shown. Readout antibody binding was detected using a PE-labeled anti-human IgG secondary 
antibody. In each plot, experimental duplicates are displayed, and readout antibody concentrations (µg/ml) are indicated beneath each pair of 
duplicates. US, unstained with readout antibody. State 1-, 2-, and 3-preferring antibodies are indicated in green, yellow, and red font, respectively.
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Figure S6. Enrichment of State 2 using PGT151 Fab has minimal effect on binding of State 1-preferring antibodies, while enrichment of 
State 3 using soluble CD4 and 17b Fab reduces binding of State 1-preferring antibodies. Shown are raw flow cytometry data used for 
determining ABRs in Figures 5C and 6A. (A) Binding of serially diluted HIV-1-specific bnAb readout IgGs (indicated at the bottom of each plot) to 
293T cell surface-expressed, fully cleaved JRFL.JB Env trimers pre-treated with PGT151 Fab (treated - Tx) or with PBS are shown. (B) Antibody 
binding of readout IgGs to trimers pre-treated with soluble CD4 and 17b Fab are shown. Readout antibody binding was detected using a PE-
labeled anti-human IgG secondary antibody. In each plot, experimental duplicates are displayed, and readout antibody concentrations (µg/ml) are 
indicated beneath each pair of duplicates. US, unstained with readout antibody. Raw data for generating State 2 and State 3 ABRs for 10-1074, 
PGT145, and 35O22 are shown in Figures S2 and S4.
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Figure S7. When available State 1 and State 2 structures are aligned by gp41, we predict State 1-preferring antibody epitope RMSDs 
between States 1 and 3 to be about 20-65 angstroms and RMSDs between States 1 and 2 to be about 1-6 angstroms. (A) Ribbon diagrams 
of the HIV-1 Env structure enriched in State 2 (yellow) and State 3 (red) from structures 6MTJ and 5VN3, respectively, are shown as aligned by 
gp41 as viewed from the top and (B) as viewed from the side. The epitope sites of different state-preferring antibodies are indicated by the color-
coded space-filling models. While only one residue for the VRC38.01 epitope was indicated in the 6MTJ structure, the entire epitope is indicated in 
the white space-filling model. RMSDs between epitopes in State 2 and State 3 are indicated below each antibody name in panel A. (C) The RMSD 
of different nAb-bound epitope sites (indicated in different symbols) in State 2 and State 3, as determined from solved structures 5VN3 and 6MTJ
aligned by gp41, is plotted against the ratio of State 2 ABRs and State 3 ABRs measured for different nAbs in the binding assay, and a Pearson 
correlation was calculated when forcing the x and y intercepts through (1,0). (D) The mean ABRs of States 1, 2, and 3 are shown for State 1-
preferring antibodies 10-1074, PGT145, and 35O22. The mean RMSDs (italicized font) of nAb epitope sites between States 1 and 2, and between 
States 1 and 3, were calculated from the ratios of the mean ABRs (as calculated in Figure 6A) and the Pearson correlation shown in Panel C, 
where y is the RMSD and x is the ratio of ABRs. (E) The same analysis shown in Panel D was performed for the individual antibodies 10-1074, 
PGT145, and 35O22.
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BMS State 1

		ALL DATA																				Average AUCs

				Stabilizing State 1 with BMS-626529 (10uM)



						+BMS (Tx)		PBS		AUCP/AUCNP		Averages												+BMS		PBS		Ratio		Averages

		State 1 Preferring mAbs		VRC01		938589		954998		0.9828177651		0.970018117		0.9835401197								VRC01		769627		954998		0.806		0.952

						874756		900102		0.9718409691												VRC-PG05		364986		426593		0.856

						495536		518671		0.9553956169												10-1074		881725		861970		1.023

				VRC-PG05		364986		426593		0.8555836594		0.8555836594										PGT145		388302		392008		0.991

																						35O22		3329671		3067324		1.086



				10-1074		1045114		1002089		1.0429353081		1.0298642074										PGT151		373908		366765		1.019		1.019

						1011727		1032134		0.9802283424

						588335		551687		1.0664289715												sCD4+17b		24566		217417		0.113		0.488

				PGT145		388302		392008		0.9905461113		0.9912015333										447-52D		382736		443596		0.863

						390012		405244		0.9624127686

						386591		378771		1.02064572

				35O22		380517		360815		1.05460416		1.0710330816

						6278824		5773833		1.0874620031





		State 2 Preferring mAbs		Cow9		25328		157116		0.1612057333		0.1588950497		0.5908454812

						19295		167248		0.1153675978

						18970		94797		0.2001118179

				PGT151 IgG		454969		454017		1.0020968378		1.0227959128

						333114		335164		0.9938835913

						333642		311115		1.0724073092



		State 3 Preferring mAbs		sCD4+17b		28295		306387		0.092350524		0.1164850467		0.4705321478

						5404		43260		0.1249190939

						40000		302605		0.1321855224

				447-52D								0.8628030911



						382736		443596		0.8628030911

				CD4-Ig		212125		549842		0.3857926459		0.4323083055		Shows CD4 can still bind but trimer cannot transition

						214443		479607		0.4471223314

						133704		288149		0.4640099393





PGT151 State 2

		ALL DATA																				Average AUCs

				Stabilizing State 2 with PGT151 Fab (50ug/ml)



						+Fab (AUCP)		No Fab (AUCNP)		AUCP/AUCNP		Averages												+PGT151		PBS		Ratio		Averages

		State 1 Preferring mAbs		VRC01		758479		1070452		0.7085595618		0.7844403094		Sterically inhibited by PGT151 Fab								10-1074		1008568		1169596		0.862		0.821

						855119		1045579		0.8178425542												PGT145		380544		567656		0.670

						846468		1023641		0.8269188124												35O22		208586		224053		0.931

				VRC-PG05		288639		512041		0.5637029066		0.563706644

						293198		520439		0.5633666962												Cow9		173657		186118		0.933		0.932

						284080		503643		0.5640503293

				10-1074		992474		1136775		0.8730610719		0.8618455174		0.7616752821		0.8200764857						sCD4+17b		226817		342232		0.663		0.806

						941762		1161543		0.8107853089												447-52D		190107		200276		0.949

						1091468		1210469		0.9016901713

				PGT145		434680		663170		0.6554578766		0.6674167133

						489612		708213		0.6913343867

						217340		331585		0.6554578766

				35O22		208586		224053		0.9309672265		0.9309672265







		State 2 Preferring mAbs		Cow9		207758		222959		0.9318215457		0.9394674458

						120068		122713		0.9784456415

						193144		212682		0.9081351501

				PGT151 IgG		61390		367978		0.1668306257		0.1723716921		Sterically inhibited by PGT151 Fab

						55559		388891		0.1428652244

						172120		829817		0.2074192262



		State 3 Preferring mAbs		sCD4+17b		225596		352152		0.6406210954		0.6628757769		0.7822227189		0.8060504232

						217340		331585		0.6554578766

						237515		342958		0.6925483587

				447-52D								0.9492250694



						190107		200276		0.9492250694

				CD4-Ig								0.7345673105



						353083		480668		0.7345673105





CD4 17b State 3

		ALL DATA																						Average AUCs

				Stabilizing State 3 with sCD4(1600nM) +17b Fab (50ug/ml)

																										+CD4/17b		PBS		Ratio		Averages

						+sCD4/Fab (AUCP)		No sCD4/Fab (AUCNP)		AUCP/AUCNP		Averages												10-1074		422931		1552495		0.272		0.297

		State 1 Preferring mAbs		VRC01		225596		1330405		0.1695694168		0.1662074544		Sterically inhibited by sCD4/17bFab										PGT145		120193		523650		0.230

						237515		1351253		0.1757738928														35O22		195439		502651		0.389

						205521		1340829		0.1532790535

				VRC-PG05		152293		694170		0.2193886224		0.2196606946												PGT151		197889		810914		0.244		0.244

						145167		709495		0.2046060931

						159520		678845		0.2349873683														447-52D		949462		453783		2.092		2.092

				10-1074		417309		1554946		0.2683752362		0.2724246801		0.2453465377		0.2802881798

						428554		1550044		0.2764786032

						422931		1552495		0.272420201

				PGT145		120160		523650		0.2294662465		0.2298494826

						115437		487222		0.2369289564

						124983		560077		0.223153245

				35O22		28389		292822		0.0969496827		0.3385903765

						290777		601090		0.4837495217

						267152		614041		0.4350719252

										0.2802881798

		State 2 Preferring mAbs		Cow9		278965		608986		0.4580811382		0.2175930832		Sterically inhibited by sCD4/17bFab

						28307		311161		0.0909721977

						28471		274483		0.1037259138

				PGT151 IgG		197855		810914		0.2439901149		0.2440920675

						196887		793076		0.248257418

						198924		828751		0.2400286696

										0.2440920675

		State 3 Preferring mAbs		sCD4+17b		83241		464222		0.1793129149		0.1793158366		Sterically inhibited by sCD4/17bFab

						81842		464847		0.1760622312

						84640		463597		0.1825723635

				447-52D								2.0923260677



						949462		453783		2.0923260677

				CD4-Ig		2466016		8012905		0.3077555518		0.3077555518		Sterically inhibited by sCD4/17bFab









Ratio of ABRs

				ABR St1						ABR St2						ABR St3						ABR St1		ABR St2		ABR St3

		VRC01		0.806				10-1074		0.862				10-1074		0.272				10-1074		1.02		0.915		0.318

		VRC-PG05		0.856				PGT145		0.670				PGT145		0.230				PGT145		1.06		0.667		0.218

		10-1074		1.023				35O22		0.931				35O22		0.389				35O22		1.07		0.943		0.152

		PGT145		0.991																mean		1.05		0.842		0.229

		35O22		1.086				Cow9		0.933				PGT151		0.244



		PGT151		1.019				sCD4+17b		0.663				447-52D		2.092

								447-52D		0.949

		sCD4+17b		0.113

		447-52D		0.863

				St1 --> St2		St1 --> St3		St2 --> St3																		ABR St1		ABR St2		ABR St3

		10-1074		1.186		3.755		3.165																10-1074		1.022		0.915		0.318

		PGT145		1.478		4.316		2.921																PGT145		1.056		0.667		0.218

		35O22		1.166		2.792		2.394																35O22		1.071		0.943		0.152

		mean		1.277		3.621		2.827																mean		1.050		0.842		0.229







Figure S8. Based on ratios of ABRs and available structural data (removing the outlier VRC38.01), we predict State 1-preferring antibody 
epitope RMSDs between States 1 and 3 to be about 50-70 angstroms and RMSDs between States 1 and 2 to be about 3-5 angstroms. (A) 
The RMSD of different nAb-bound epitope sites (indicated in different symbols) in State 2 and State 3, as determined from solved structures 5VN3 
and 6MTJ aligned by the entire Env trimer and by gp41 alone, is plotted against the ratio of State 2 ABRs and State 3 ABRs measured for different 
nAbs in the binding assay, and a Pearson correlation was calculated when forcing the x and y intercepts through (1,0). The outlier VRC38.01 was 
removed for this analysis. (B) The ratios of ABRs between State 1 and State 2, between State 1 and State 3, and between State 2 and State 3 
were calculated for multiple antibodies using the HIV-1 Env cell surface staining assay. Shown in black font are the ratios of the mean of ABRs for 
10-1074, 35O22, and PGT145, the three bnAbs from which we could calculate ABRs to trimers stabilized by each of the three states. On the right,
the mean RMSDs (italicized font) of nAb epitope sites between States 1 and 2 and between States 1 and 3 were calculated from the ratios x of the
measured ABRs shown on the left and the Pearson correlation equations (shown) derived in panel A, where y is the RMSD and x is the ratio of
ABRs.
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Figure S9. Based on ratios of ABRs and available structural data, we predict State 1-preferring antibody epitope RMSDs between States 1 
and 3 to be about 20-55 Å and RMSDs between States 1 and 2 to be about 1-5 Å. (A) The State 1, State 2, and State 3 ABRs for State 1-
preferring antibodies 10-1074, PGT145, and 35O22 are shown, and the ratios of those ABRs are calculated below. (B) The RMSDs (italicized font) 
of nAb epitope sites between States 1 and 2 and between States 1 and 3 were calculated from the ratios x of the measured ABRs shown in panel 
A and the Pearson correlation equation (shown) derived in Figure 5B, where y is the RMSD and x is the ratio of ABRs.
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BMS State 1

		ALL DATA																				Average AUCs

				Stabilizing State 1 with BMS-626529 (10uM)



						+BMS (Tx)		PBS		AUCP/AUCNP		Averages												+BMS		PBS		Ratio		Averages

		State 1 Preferring mAbs		VRC01		938589		954998		0.9828177651		0.970018117		0.9835401197								VRC01		769627		954998		0.806		0.952

						874756		900102		0.9718409691												VRC-PG05		364986		426593		0.856

						495536		518671		0.9553956169												10-1074		881725		861970		1.023

				VRC-PG05		364986		426593		0.8555836594		0.8555836594										PGT145		388302		392008		0.991

																						35O22		3329671		3067324		1.086



				10-1074		1045114		1002089		1.0429353081		1.0298642074										PGT151		373908		366765		1.019		1.019

						1011727		1032134		0.9802283424

						588335		551687		1.0664289715												sCD4+17b		24566		217417		0.113		0.488

				PGT145		388302		392008		0.9905461113		0.9912015333										447-52D		382736		443596		0.863

						390012		405244		0.9624127686

						386591		378771		1.02064572

				35O22		380517		360815		1.05460416		1.0710330816

						6278824		5773833		1.0874620031





		State 2 Preferring mAbs		Cow9		25328		157116		0.1612057333		0.1588950497		0.5908454812

						19295		167248		0.1153675978

						18970		94797		0.2001118179

				PGT151 IgG		454969		454017		1.0020968378		1.0227959128

						333114		335164		0.9938835913

						333642		311115		1.0724073092



		State 3 Preferring mAbs		sCD4+17b		28295		306387		0.092350524		0.1164850467		0.4705321478

						5404		43260		0.1249190939

						40000		302605		0.1321855224

				447-52D								0.8628030911



						382736		443596		0.8628030911

				CD4-Ig		212125		549842		0.3857926459		0.4323083055		Shows CD4 can still bind but trimer cannot transition

						214443		479607		0.4471223314

						133704		288149		0.4640099393





PGT151 State 2

		ALL DATA																				Average AUCs

				Stabilizing State 2 with PGT151 Fab (50ug/ml)



						+Fab (AUCP)		No Fab (AUCNP)		AUCP/AUCNP		Averages												+PGT151		PBS		Ratio		Averages

		State 1 Preferring mAbs		VRC01		758479		1070452		0.7085595618		0.7844403094		Sterically inhibited by PGT151 Fab								10-1074		1008568		1169596		0.862		0.821

						855119		1045579		0.8178425542												PGT145		380544		567656		0.670

						846468		1023641		0.8269188124												35O22		208586		224053		0.931

				VRC-PG05		288639		512041		0.5637029066		0.563706644

						293198		520439		0.5633666962												Cow9		173657		186118		0.933		0.932

						284080		503643		0.5640503293

				10-1074		992474		1136775		0.8730610719		0.8618455174		0.7616752821		0.8200764857						sCD4+17b		226817		342232		0.663		0.806

						941762		1161543		0.8107853089												447-52D		190107		200276		0.949

						1091468		1210469		0.9016901713

				PGT145		434680		663170		0.6554578766		0.6674167133

						489612		708213		0.6913343867

						217340		331585		0.6554578766

				35O22		208586		224053		0.9309672265		0.9309672265







		State 2 Preferring mAbs		Cow9		207758		222959		0.9318215457		0.9394674458

						120068		122713		0.9784456415

						193144		212682		0.9081351501

				PGT151 IgG		61390		367978		0.1668306257		0.1723716921		Sterically inhibited by PGT151 Fab

						55559		388891		0.1428652244

						172120		829817		0.2074192262



		State 3 Preferring mAbs		sCD4+17b		225596		352152		0.6406210954		0.6628757769		0.7822227189		0.8060504232

						217340		331585		0.6554578766

						237515		342958		0.6925483587

				447-52D								0.9492250694



						190107		200276		0.9492250694

				CD4-Ig								0.7345673105



						353083		480668		0.7345673105





CD4 17b State 3

		ALL DATA																						Average AUCs

				Stabilizing State 3 with sCD4(1600nM) +17b Fab (50ug/ml)

																										+CD4/17b		PBS		Ratio		Averages

						+sCD4/Fab (AUCP)		No sCD4/Fab (AUCNP)		AUCP/AUCNP		Averages												10-1074		422931		1552495		0.272		0.297

		State 1 Preferring mAbs		VRC01		225596		1330405		0.1695694168		0.1662074544		Sterically inhibited by sCD4/17bFab										PGT145		120193		523650		0.230

						237515		1351253		0.1757738928														35O22		195439		502651		0.389

						205521		1340829		0.1532790535

				VRC-PG05		152293		694170		0.2193886224		0.2196606946												PGT151		197889		810914		0.244		0.244

						145167		709495		0.2046060931

						159520		678845		0.2349873683														447-52D		949462		453783		2.092		2.092

				10-1074		417309		1554946		0.2683752362		0.2724246801		0.2453465377		0.2802881798

						428554		1550044		0.2764786032

						422931		1552495		0.272420201

				PGT145		120160		523650		0.2294662465		0.2298494826

						115437		487222		0.2369289564

						124983		560077		0.223153245

				35O22		28389		292822		0.0969496827		0.3385903765

						290777		601090		0.4837495217

						267152		614041		0.4350719252

										0.2802881798

		State 2 Preferring mAbs		Cow9		278965		608986		0.4580811382		0.2175930832		Sterically inhibited by sCD4/17bFab

						28307		311161		0.0909721977

						28471		274483		0.1037259138

				PGT151 IgG		197855		810914		0.2439901149		0.2440920675

						196887		793076		0.248257418

						198924		828751		0.2400286696

										0.2440920675

		State 3 Preferring mAbs		sCD4+17b		83241		464222		0.1793129149		0.1793158366		Sterically inhibited by sCD4/17bFab

						81842		464847		0.1760622312

						84640		463597		0.1825723635

				447-52D								2.0923260677



						949462		453783		2.0923260677

				CD4-Ig		2466016		8012905		0.3077555518		0.3077555518		Sterically inhibited by sCD4/17bFab









Ratio of ABRs

				ABR St1						ABR St2						ABR St3						ABR St1		ABR St2		ABR St3

		VRC01		0.806				10-1074		0.862				10-1074		0.272				10-1074		1.02		0.915		0.318

		VRC-PG05		0.856				PGT145		0.670				PGT145		0.230				PGT145		1.06		0.667		0.218

		10-1074		1.023				35O22		0.931				35O22		0.389				35O22		1.07		0.943		0.152

		PGT145		0.991																mean		1.05		0.842		0.229

		35O22		1.086				Cow9		0.933				PGT151		0.244



		PGT151		1.019				sCD4+17b		0.663				447-52D		2.092

								447-52D		0.949

		sCD4+17b		0.113

		447-52D		0.863

				St1 --> St2		St1 --> St3		St2 --> St3

		10-1074		1.186		3.755		3.165

		PGT145		1.478		4.316		2.921

		35O22		1.166		2.792		2.394

		mean		1.277		3.621		2.827







Epitope mAb State preference

VRC01 1

Cow9 2

PGT145 1

VRC38.01 1

Outer domain glycan 2G12 1

10-1074 1

PGT121 1

PGT128 1

PGT135 1

silent face center VRC-PG05 1

35O22 1

PGT151 2

CD4-induced epitope 17b 3

V3 loop 447-52D 3

CD4bs

V2 apex

glycan-V3

gp120:gp41 interface

Table S1. Epitope targets and state preferences of 
antibodies used in the study.

Antibody


Sheet1

		VRC01

		VRC-PG05						Epitope		mAb		State preference

		10-1074						CD4bs		VRC01		1

		PGT145								Cow9		2

		35O22						V2 apex		PGT145		1

		PGT151								VRC38.01		1

		17b						Outer domain glycan		2G12		1

		447-52D						glycan-V3		10-1074		1

		Cow9								PGT121		1

		2G12								PGT128		1

		PGT121								PGT135		1

		PGT128						silent face center		VRC-PG05		1

		PGT135						gp120:gp41 interface		35O22		1

		VRC38.01								PGT151		2

								CD4-induced epitope		17b		3

								V3 loop		447-52D		3
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