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Figure S1:  Sequence alignment of HIV-1 gp120 V1V2 loop region from various HIV-1 

subtypes. V1V2 loop region is variable in sequence identity and length across different subtypes 

of HIV-1.  The sequence information from various subtypes of HIV-1 suggests that V1 and V2 

loop regions can tolerate mutations and insertions. The residues where gp120 was cyclically 

permuted to make trimers are marked. The JRFL and JRCSF sequences which were used for 

making cyclic permutants are highlighted in blue. 



 

 

 

1 JRFL gp120   

EVVLENVTEHFNMWKNNMVEQMQEDIISLWDQSLKPCVKLTPLCVTLNCKDVNATNTTNDSE

GTMERGEIKNCSFNITTSIRDKVQKEYALFYKLDVVPIDNNNTSYRLISCDTSVITQACPKI

SFEPIPIHYCAPAGFAILKCNDKTFNGKGPCKNVSTVQCTHGIRPVVSTQLLLNGSLAEEEV

VIRSDNFTNNAKTIIVQLKESVEINCTRPNNNTRKSIHIGPGRAFYTTGEIIGDIRQAHCNI

SRAKWNDTLKQIVIKLREQFENKTIVFNHSSGGDPEIVMHSFNCGGEFFYCNSTQLFNSTWN

NNTEGSNNTEGNTITLPCRIKQIINMWQEVGKAMYAPPIRGQIRCSSNITGLLLTRDGGINE

NGTEIFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTKAKRRVVQREKR 

2 JRFL-hCMP-V1cyc 

EEDPCACESLVKFQAKVEGLLQALTRKLEAVSKRLAILENTVVRSEGTMERGEIEISKNCSF

NITTSIRDEVQKEYALFYKLDVVPIDNNNTSYRLISCDTSVITQACPKISFEPIPIHYCAPA

GFAILKCNDKTFNGKGPCKNVSTVQCTHGIRPVVSTQLLLNGSLAEEEVVIRSDNFTNNAKT

IIVQLKESVEINCTRPNNNTRKSIHIGPGRAFYTTGEIIGDIRQAHCNISRAKWNDTLKQIV

IKLREQFENKTIVFNHSSGGDPEIVMHSFNCGGEFFYCNSTQLFNSTWNNNTEGSNNTEGNT

ITLPCRIKQIINMWQEVGKAMYAPPIRGQIRCSSNITGLLLTRDGGINENGTEIFRPGGGDM

RDNWRSELYKYKVVKIEPLGVAPTKAKRRVVQREKRGSAGSAGSSRSAGSAGSAGSEVVLEN

VTEHFNMWKNNMVEQMQEDIISLWDQSLKPCVKLTPLCVTLNCKDVNATNTTND 

3 JRCSF-hCMP-V1cyc 

EEDPCACESLVKFQAKVEGLLQALTRKLEAVSKRLAILENTVVASEGMMERGEIKNCSFNIT

KSIRNKVQKEYALFYKLDVVPIDNKNNTKYRLISCNTSVITQACPKVSFEPIPIHYCAPAGF

AILKCNNKTFNGKGQCKNVSTVQCTHGIRPVVSTQLLLNGSLAEEKVVIRSDNFTDNAKTII

VQLNESVKINCTRPSNNTRKSIHIGPGRAFYTTGEIIGDIRQAHCNISRAQWNNTLKQIVEK

LREQFNNKTIVFTHSSGGDPEIVMHSFNCGGEFFYCNSTQLFNSTWNDTEKSSGTEGNDTII

LPCRIKQIINMWQEVGKAMYAPPIKGQIRCSSNITGLLLTRDGGKNESEIEIFRPGGGDMRD

NWRSELYKYKVVKIEPLGVAPTKAKRRVVQREKRGSAGSAGSSRSAGSAGSAGSEVVLENVT

EDFNMWKNNMVEQMQEDVINLWDQSLKPCVKLTPLCVTLNCKDVNATNTTS 

4 JRFLgp120-L6-hCMP 

EVVLENVTEHFNMWKNNMVEQMQEDIISLWDQSLKPCVKLTPLCVTLNCKDVNATNTTNDSE

GTMERGEIKNCSFNITTSIRDKVQKEYALFYKLDVVPIDNNNTSYRLISCDTSVITQACPKI

SFEPIPIHYCAPAGFAILKCNDKTFNGKGPCKNVSTVQCTHGIRPVVSTQLLLNGSLAEEEV

VIRSDNFTNNAKTIIVQLKESVEINCTRPNNNTRKSIHIGPGRAFYTTGEIIGDIRQAHCNI

SRAKWNDTLKQIVIKLREQFENKTIVFNHSSGGDPEIVMHSFNCGGEFFYCNSTQLFNSTWN

NNTEGSNNTEGNTITLPCRIKQIINMWQEVGKAMYAPPIRGQIRCSSNITGLLLTRDGGINE

NGTEIFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTKAKRRVVQREKRASGSAGSAGSEED

PCACESLVKFQAKVEGLLQALTRKLEAVSKRLAILENTVV 



Figure S2: Amino acid sequences of JRFL gp120, JRFL-hCMP-V1cyc, JRCSF-hCMP-V1cyc 

and JRFLgp120-L6-hCMP immunogens characterized in this study. The sequence of the hCMP 

trimerization domain is in green, the sequence of flexible soluble linkers is in red and the extra 

amino acid residues in the sequence which are encoded by restriction site nucleotide sequence is 

in blue.  All the sequences were based on JRFL gp120 amino acid sequence except JRCSF-

hCMP-V1cyc, which is based on JRCSF gp120 sequence. The JRFL-hCMP-V1cyc and JRCSF-

hCMP-V1cyc immunogens show 95% similarity and 91% identity with each other in their amino 

acid sequence. The genes coding for these protein sequences were human codon optimized. 



 



Figure S3:  Analysis of purified, soluble JRFL gp120, JRFL-hCMP-V1cyc, JRCSF-hCMP-

V1cyc and JRFLgp120-L6-hCMP in PBS buffer, pH 7.4 at 25°C by SEC-MALS. Proteins were 

analyzed using a Superdex-200 analytical gel filtration column connected to UV, MALS 

(miniDAWN TREOS) and refractive index (Waters) detectors for molecular mass determination. 

Traces for light scattering from SEC-MALS are represented in red. The fitted areas in elution 

peaks are represented in black dots with a red line across the elution peaks. The average 

molecular masses for each elution peak are indicated. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S4: A) 2D classification of cyclically permuted gp120 trimers: 3,682 negative stained 

gp120 particle projections classified into 70 classes. B) 2D classification of cyclically permuted 

gp120 complexed with PGDM1400: 4,586 negative stained gp120 with PGDM1400 particle 

projections classified into 77 classes. 

 



 

 

 

 

 

 

 

 

 

 

 



Figure S5: Cyclically permuted gp120 trimers display high affinity to various broadly 

neutralizing antibodies specific to different regions of gp120. Biacore sensogram overlays for 

binding of different immunogens to surface immobilized IgGs are shown. ~1000 RUs of each 

IgG were immobilized on individual CM5 sensor chips. In panel A, C and D, identical analyte 

concentrations of the four analytes were used ranging from 50-800nM going from bottom to top. 

In panel E, various concentrations of the four analytes were used ranging from 25-900nM. The 

kinetic parameters obtained after fitting the data to a 1:1 Langmuir model or double exponential 

decay equation are given in Table 1. A) Cyclically permuted gp120 trimers bind to CD4 binding 

site specific bNAb, VRC01 with higher affinities and lower dissociation rates than monomeric 

gp120.  Due to undetectable dissociation of JRFL-hCMP-V1cyc and JRCSF-hCMP-V1cyc, the 

KD values are not calculated and only association rate constants are given in the kinetic 

parameters table (Table 1). B) The cyclically permuted gp120 trimers do not dissociate from 

VRC01 immobilized surface even after extended dissociation times. Biacore sensogram traces for 

binding of 200nM each of JRFL-hCMP-V1cyc and JRCSF-hCMP-V1cyc to surface immobilized 

IgG-VRC01 are shown.  The dissociation of these proteins from the VRC01 surface was 

monitored for ~200 minutes to determine the dissociation rates. No dissociation of cyclically 

permuted gp120 trimers from VRC01 was detected even after extended dissociation time. C) 

Cyclically permuted gp120 trimers bind to trimer specific bNAb, PGT145.  JRFL-hCMP-V1cyc 

and JRCSF-hCMP-V1cyc bind to PGT145 while JRFL gp120 and JRFLgp120-L6-hCMP 

immunogens do not bind. D) Cyclically permuted gp120 trimers bind to V3 glycan specific 

bNAb, PGT128 with high affinity. JRFL-hCMP-V1cyc and JRCSF-hCMP-V1cyc showed higher 

association rates and lower dissociation rates with PGT128 relative to JRFL gp120 and 

JRFLgp120-L6-hCMP. E) Cyclically permuted gp120 trimers bind to quaternary epitope specific 

antibody bNAb PGDM-1400. JRFL-hCMP-V1cyc and JRCSF-hCMP-V1cyc bind to PGDM1400 

in agreement with the negative stained EM data, while JRFL gp120 and JRFLgp120-L6-hCMP 

constructs do not show binding.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig S6: Cyclically permuted gp120 trimers did not show high affinities to CD4 binding site non-

neutralizing antibodies F105 and b6 over bNAb VRC01. Biacore sensogram overlays for binding 

of different immunogens to surface immobilized non-neutralizing IgGs F105 and b6 are shown. 

In all cases, surface density was ~1000 RUs, buffer PBS (pH 7.4) P20, flow rate 30 µl/min, 

temperature 25°C. A) Binding of immunogens to F105 antibody was monitored over 

concentrations ranging from 12.5-1600 nM (from bottom to top). B) Binding of immunogens to 

b6 antibody was monitored over concentrations ranging from 43-800 nM (from bottom to top). 

The kinetic parameters obtained after fitting the data to a 1:1 Langmuir model are listed in Table 

1.  

 

 

 

 

 

 



 

 

Figure S7: Cyclically permuted gp120 trimers bind tightly to CD4 induced epitopes in the 

presence of sCD4. Biacore sensogram overlays for binding of different immunogens to surface 

immobilized IgG-17b are shown. ~1000 RUs of IgG-17b were immobilized on a CM5 chip. 

Binding of various immunogens to 17b antibody was monitored over a range of concentrations 

(50nM to 400nM) in the absence (left) and presence (right) of sCD4. All immunogens showed 

low but detectable binding to 17b antibody in the absence of sCD4 and high binding in the 

presence of sCD4.  

 



 

 

 

Figure S8:  Binding of VRC01 antibody to cyclically permuted gp120 trimers stabilized 

quaternary interactions in gp120 trimers. Biacore sensogram overlays for sequential binding of 

different immunogens and PGT145 antibody to surface immobilized VRC01 antibody. VRC01 

antibody was immobilized on a CM5 sensor chip and sequential injection of different 

immunogens followed by PGT145 antibody was carried out. These experiments suggest that 

cyclically permuted gp120 trimers retained binding to quaternary epitope specific antibody 

PGT145 even after VRC01 interaction. 

 



 

Figure S9: Neutralizing activity of week 34.5 (terminal bleed) sera for Tier 2 viruses from clade 

B and clade C (TRO.11 and Ce1176). Week 34.5 sera show detectable neutralization to Tier 2 

viruses though the titers were 2-3 fold lower than the corresponding week 20 titers.  

 

 

 

 

 

 

 



 

 

 

Figure S10: Neutralizing activity of VRC01, PG9 and PGT128 antibodies against wt-JRFL and 

JRFL Env mutant pseudoviruses in a TZM-bl assay. N279A mutation in Env abolishes the 

neutralizing activity of VRC01. N156K and N160K mutations in Env abolish neutralizing activity 

of PG9 or PG16 like NAbs. N332T mutation in Env substantially reduces the neutralizing activity 

of PGT128.  To map the neutralizing specificities present in antisera elicited by cyclically 

permuted gp120 trimers, N279A, N156K, N160K and N332T mutations were introduced into 

JRFL Env, pseudoviruses were made and TZM-bl assays were conducted with VRC01, PG9 and 

PGT128 bNAbs for monitoring neutralizing activity. 

 



 

Figure S11: Binding of pooled antisera to JRFL gp120 and JRFL gp120-D368R. Antigens were 

coated directly onto ELISA plate wells and probed with pooled antisera from week 20. The 

absorbance at 410 nm (binding) was plotted as a function of antiserum dilution. Antisera from 

cyclically permuted gp120 trimers show marginally lower binding to the CD4 binding site 

mutant, JRFL gp120-D368R, than antisera from JRFL gp20 and JRFLgp120-L6-hCMP. 

 



 

Figure S12: Neutralizing activity of IgG purified from pooled week 20 sera against wt-JRFL, 

JRFL-N156K, JRFL-N160K and JRFL-N332T pseudoviruses. Introduction of N156K or N160K 

mutation in Env makes JRFL pseudovirus resistant to neutralization by glycan dependent, V1V2 

quaternary epitope specific Nabs (1) and N332T mutation makes JRFL pseudovirus resistant to 

neutralization by V3 loop glycan specific Nabs (2). Error bars represent the standard deviation 

from two independent experiments. Neutralizing activity of IgG from antisera of cyclically 

permuted gp120 trimers was not altered in the presence of N160K and N332T mutations. 

Increased neutralizing activity was observed when the N156K mutation was introduced in JRFL 

pseudoviruses. 

 



 

 

Figure S13: Conserved linear epitopes in the V2 and V3 regions of gp120. Multiple sequence 

alignment of gp120 amino acids of Tier-2 HIV-1 isolates used for neutralization assays. Multiple 

alignment of amino acid sequences was generated by Weblogo 3 server 

(http://weblogo.threeplusone.com/create.cgi). The height of an amino acid represents its level of 

conservation at that particular position. The amino acids marked in red are negatively charged 

residues and in blue are positively charged residues. A) The residue conservation at each position 

in the region V1V2 (residues 126-196) of gp120 is represented and the conserved linear epitope 

in the V2 region is indicated with a dotted green arrow. B) The residue conservation at each 

position in the V3 region (residues 301-332) of gp120 is represented and the conserved linear 

epitopes are indicated with a dotted green arrow. These conserved epitopes in the V2 and V3 

region are surface accessible and immunodominant in nature (3-5). 
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