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Supplementary Figures 

 

Figure S1. Several PNGS on BG505 SOSIP.v4.1 trimers are underoccupied. Related to Figures 1 and 2. (A) 

NS-EM analysis of 2G12/SEC-purified WT proteins, showing the 2D class-averages. (B) HILIC-UPLC analysis 

of the 2G12/SEC-purified WT protein. The color coding of the spectra and pie chart is the same as in Figure 1E 

(C) The data sets show the glycoforms found at each PNGS. Data for oligomannose/hybrid-type glycans are 

shaded in green, fully processed complex type glycans are shaded in magenta, while the absence of a glycan from 

some PNGS is shaded in grey. Oligomannose-type glycans are categorized according to the number of mannose 

residues present, hybrids by the presence/absence of fucose and complex-type glycans by the number of processed 

antenna and the presence/absence of fucose. For further information see Methods. Data that could only be obtained 

from low intensity peptides cannot be allocated into the above categories. They are merged to cover all 

oligomannose/hybrid compositions or complex-type glycans. The data presented in this panel are the mean of two 

independent biological replicates of WT protein. (D) Reducing SDS-PAGE analysis of unpurified WT, NxT and 

NxS proteins expressed in 293T cells, followed by western blotting with the CA13 (ARP3119) MAb. (E) BN-

PAGE analysis of the same proteins, blotted with the 2G12 bNAb. The trimer, dimer and monomer bands are 

indicated. (F) D7324-capture ELISA quantifying the binding of the bNAbs 2G12, VRC01, PGT145 and PGT151 

to the WT, NxT and NxS proteins. (G) Non-reducing and reducing (+ DTT) SDS-PAGE followed by Coomassie 

staining (left panel), and BN-PAGE analysis followed by Coomassie blue staining (right panel) of PGT145- and 

2G12/SEC-purified WT and NxT proteins, as indicated. 



  
 

Figure S2. Glycan occupancy is enhanced by PNGS sequon engineering. Related to Figure 2. (A) NS-EM 

analysis of NxT proteins, showing the 2D class-averages. (B) HILIC-UPLC analysis of the NxT protein. The color 

coding of the spectra and pie chart is the same as in Figure S1B. (C) Quantification of site-specific occupancy 

and composition for 28 PNGS on NxT trimers, purified using the 2G12/SEC and PGT145 methods as indicated. 

The data are derived from LC-ESI MS experiments. The data set shows the glycoforms found at each PNGS. The 

relative under-occupancy and oligomannose and complex/hybrid content at each individual site are summarized, 

using the same color coding as in Figure S1C. (D) Binding of WT and NxT proteins to three V2-apex directed 

bNAbs, PGT145, PGDM1400 and CH01, and also 2G12 for comparison. AUC values derived from derived from 

ELISA titration curves are plotted. (E) Summary of the SPR binding kinetics of bNAbs PGT145 and PGT130 

using data shown in Figure 2F. (F) The EC50 values derived using WT and NxT proteins were plotted and 

compared using Spearman’s correlation coefficient. Binding data were generated for a panel of bNAbs spanning 

all major bNAb epitope clusters (Figure S3). All analyses were performed on NxT proteins produced in HEK293F 

followed by 2G12/SEC purification.  

 



 

Figure. S3. Antigenic characterization of PGT145- and 2G12/SEC-purified WT and NxT proteins. Related 

to Figure 2. (A) Half-maximal binding concentrations (EC50; in ng/ml) were derived from D7324-capture ELISAs 

using PGT145-purified WT and NxT proteins. The values represent the means of 4–10 independent single titration 

experiments for each bNAb. The fold-differences in EC50 values for NxT vs.WT proteins are listed. We also 

tabulated the average AUC values derived from the titration curves for each MAb. Bold numbers indicate values 

where the differences are <0.6- or >3-fold. (B) The same analysis and data presentation but derived using 

2G12/SEC-purified WT and NxT proteins.  

 

 

 

 

 

 

 



 
 

Figure S4. NxT sequon engineering is compatible with Env function and virus infectivity. Related to Figure 

2. (A) Infection of TZM-bl reporter cells by WT, NxT and NxS viruses using a range of p24 concentrations (500, 

250, 125, 62.5, 31.25, 16.62 and 7.81 pg). The AUC values derived from the titration curve were plotted. The box 

represents CA-p24 measured in each virus preparation. (B) Correlation between neutralization of WT and NxT 

viruses. The midpoint neutralization concentrations (IC50) were plotted and the Spearman’s correlation coefficient, 

r, was calculated. The outliers, PGT145, PGDM1400 and CH01, are indicated in blue. Polyclonal HIV-Ig is 

indicated in red. (C) Midpoint neutralization concentrations (IC50; in ng/ml) were derived from single cycle 

infection experiments using TZM-bl cells and he indicated bNAbs or HIV-Ig. The values are averages based on 

2-4 independent antibody-titration experiments. The average AUC values derived from the neutralization curves 

are also shown, in the three right-most columns. (D) Representative neutralization curves for the WT and NxT 

virus and the 2G12, PGT145, PGDM1400 and CH01 bNAbs.  

 

 

 



 

Figure. S5. N160 occupancy can be increased by reducing the affinity of a neighboring site for OST. Related 

to Figure 3. (A) NS-EM analysis of NxT 158S trimers, showing the 2D class-averages. (B) HILIC-UPLC analysis 

of the NxT T158S protein. The color coding of the spectra and pie chart is the same as in Figure S1B. (C) 

Quantification of site-specific occupancy and composition for 28 PNGS on NxT T158S proteins, purified using 

the 2G12/SEC and PGT145 methods as indicated. The data are derived from LC-ESI MS experiments. The data 

set shows the glycoforms found at each PNGS. The relative under-occupancy and oligomannose and 

complex/hybrid content at each individual site are summarized, using the same color coding as in Figure S1C.  

 

 

 

 

 

 



 

Figure. S6. N133 occupancy is increased by reducing its affinity for OST. Related to Figure 3. (A) NS-EM 

analysis of NxT T135S T158S proteins, showing the 2D class-averages. (B) Quantification of site-specific 

occupancy and composition for 28 PNGS on NxT T135S T158S proteins, purified using the 2G12/SEC and 

PGT145 methods as indicated. The data are derived from LC-ESI MS experiments. The data set shows the 

glycoforms found at each PNGS. The relative under-occupancy and oligomannose and complex/hybrid content at 

each individual site are summarized, using the same color coding as in Figure S1C. (C) Site-specific analysis of 

the WT and NxT T135S T158S proteins produced in ExpiCHO-S cells. (D) Site-specific changes in glycosylation 

when BG505 SOSIP WT is produced in ExpiCHO-S cells compared to HEK293F cells. A percentage point (p.p.) 

increase represents a higher abundance of a particular glycoform on ExpiCHO-S cells. 



 
 

 

Figure. S7. PNGS sequon engineering on diverse Env isolates. Related to Figure 5. (A) Reducing (+ DTT) 

SDS-PAGE followed by Coomassie staining (top panel), and BN-PAGE analysis followed by Coomassie blue 

staining (bottom panel) of PGT145-purified AMC009, AMC011 and HxB2 WT and NxT T158S proteins, as 

indicated. (B) D7324-capture ELISA quantifying the binding of the bNAbs 2G12, VRC01, PGT145 and PGT151 

to the AMC009, AMC009 NxT T158S, AMC011 and AMC011 NxT T158S proteins. (C) Ni-NTA-capture ELISA 

quantifying the binding of the bNAbs 2G12, VRC01, PGT145 and PGT151 to the HxB2 and HxB2 NxT T158S 

proteins. (D) Glycoforms are grouped for all samples into high mannose (oligomannose- and hybrid-type), 

complex and unoccupied. The percentage change in occupancy between the WT protein and the NxT T158S 

protein is also shown.  

 


