
 

 

 

 

 

 

Illuminating HIV-1 gp120–Ligand Recognition through 

Computationally-Driven Optimization of Antibody-Recruiting 
Molecules 

 

 

Journal: Chemical Science 

Manuscript ID: SC-EDG-02-2014-000484 

Article Type: Edge Article 

Date Submitted by the Author: 13-Feb-2014 

Complete List of Authors: Parker, Christopher; The Scripps Research Institute, Chemical Physiology 

Dahlgren, Markus; Yale University, Department of Chemistry 
Tao, Ran; Yale University, Chemistry 
Li, Don; Yale University, Department of Chemistry 
Douglass, Eugene; Yale University, Department of Chemistry 
Shoda, Takuji; Yale University, Department of Chemistry 
Jawanda, Navneet; Yale University,  
Spasov, Krasimir; Yale University, Pharmacology 
Domaoal, Robert; Yale University,  
Lee, sangil; Bristol-Myers Squib,  
zhou, Nannan; Bristol-Myers Squibb,  
Krystal, Mark; Bristol-Myers Squibb,  
Sutton, Richard; Yale University,  

Anderson, Karen; Yale University, Pharmacology 
Jorgensen, WL; Yale University, Chemistry 
Spiegel, David; Yale University, Department of Chemistry 

  

 

 

Chemical Science



Chemical	
  Science	
   RSCPublishing 	
  

Edge	
  Article	
  	
  

This	
  journal	
  is	
  ©	
  The	
  Royal	
  Society	
  of	
  Chemistry	
  2013	
   J.	
  Name.,	
  2013,	
  00,	
  1-­‐3	
  |	
  1 	
  

Cite this: DOI: 10.1039/x0xx00000x 

Received 00th January 2012, 
Accepted 00th January 2012 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

Illuminating HIV gp120–Ligand Recognition through 
Computationally-Driven Optimization of Antibody-
Recruiting Molecules 
Christopher G. Parker,1 Markus K. Dahlgren,1 Ran N. Tao,1 Don T. Li, 1 Eugene F. 
Douglass Jr.,1 Takuji Shoda,1 Navneet Jawanda,2 Krasimir A. Spasov,3 Sangil Lee,4 
Nannan Zhou,4 Robert A. Domaoal,3 Richard E. Sutton,2 Karen S. Anderson,3,5 William 
L. Jorgensen,1 Mark Krystal,4 David A. Spiegel1,3* 

Here we report on the structure-based optimization of antibody-recruiting molecules targeting 
HIV gp120 (ARM-H).  These studies have leveraged a combination of medicinal chemistry, 
biochemical and cellular assay analysis, and computation. Our findings have afforded an 
optimized analog of ARM-H, which is ~1000 fold more potent in gp120-binding and MT-2 
antiviral assays than our previously reported derivative. Furthermore, computational analysis, 
taken together with experimental data, provides evidence that azaindole- and indole-based 
attachment inhibitors bind gp120 at an accessory hydrophobic pocket beneath the CD4-binding 
site and can also adopt multiple unique binding modes in interacting with gp120. These results 
are likely to prove highly enabling in the development of novel HIV attachment inhibitors, and 
more broadly, they suggest novel applications for ARMs as probes of conformationally flexible 
systems. 

 
Introduction 

 HIV is a global pandemic, which has killed more than 35 
million people since its discovery. Although the development 
of highly active anti-retroviral therapy (HAART) has proven 
effective in reducing HIV/AIDS-related morbidity and 
mortality, the virus remains a serious public health threat. 
Furthermore, the long-term goal of eradicating HIV from the 
human population is far from being realized. Novel therapeutic 
agents and strategies for reducing the spread of HIV, and 
potentially for eradicating the virus altogether, remain highly 
desirable.  To this end, our laboratory has developed a class of 
anti-HIV compounds termed antibody-recruiting molecules 
targeting HIV (ARM-Hs).1   
 Antibody-recruiting molecules, or ARMs, comprise a class 
of bifunctional small molecules that mediate the formation of 
ternary complexes between antibodies and disease-causing 
agents (e.g., cells, viruses, or proteins); ARM-induced antibody 
opsonization results in the immune-mediated destruction of 
these targets. Structurally, ARMs consist of three domains: a 
target binding terminus (TBT), an antibody-binding terminus 
(ABT), and a chemical linker motif.  Variations in TBT and 
linker functionality have led to development of ARMs to target 
viruses, bacteria, and cancer cells.2  
 ARM-Hs are designed to function through three distinct 
mechanisms of action: (1) recruiting antibodies present in the 
human blood stream to virus particles and (2) to virus-infected 
cells, and (3) inhibiting virus attachment to host cells.1 ARMs 
are bifunctional, and are designed to interact simultaneously 

with HIV gp120 and anti-dinitrophenyl (anti-DNP) antibodies. 
HIV gp120 – when partnered with gp41 in the HIV membrane-
associated glycoprotein complex – mediates the first step in 
viral entry into human cells by binding the protein CD4; anti-
DNP antibodies are present endogenously in high 
concentrations in the human bloodstream.3-5  By bringing 
together these components, ARM-Hs can mediate the formation 
of a ternary complex, which leads to antibody-mediated 
immune clearance of Env-expressing cells.  Furthermore, 
ARM-Hs bind competitively with CD4, thus inhibiting entry of 
virus into human T-cells and interfering with HIV repliciation 
through multiple complementary mechanisms.  In particular, 
the ability of ARM-H to kill cells displaying the HIV Env 
protein leaves open the possibility of using these agents for 
virus eradication following pre-treatment with latency 
activators, such as prostratin.6 Therefore, development of 
highly potent, efficacious ARM-H derivatives could prove 
profoundly beneficial at the societal level.  
 Here we disclose significantly improved ARM-H 
derivatives, whose development was enabled by a novel 
structural model for the interaction between gp120 and 
azaindole/indole-derived HIV attachment inhibitors.  
Specifically, our model predicts that both BMS-378806 (1, 
Figure 1A) and indolo-furan 7 (see Table 2, below) are capable 
of binding gp120 through at least two distinct orientations, both 
of which are active in inhibiting its interaction with CD4. This 
nuanced structural understanding has enabled us to develop a 
second-generation ARM-H derivative that is about 1,000-fold 
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more potent than our previously published compound.1  
Critically, our analysis benefitted from the unique binding 
properties of ARM-Hs. Structural constraints imposed by 
simultaneous binding to gp120 and antibodies helped define the 
ARM-H orientation in computational simulations, while also 
helping overcome difficulties associated with gp120’s high 
degree of conformational flexibility, which has rendered this 
target resistant to traditional approaches to “rational” ligand 
design.7-10 Therefore, the findings in this manuscript are likely 
to prove useful in the optimization of gp120-binding attachment 
inhibitors, as well as in illuminating ligand-receptor binding 
dynamics in a broad range of conformationally flexible 
systems. 
 
 

 
Figure 1  (A) Images of BMS-378806 (1) and first-generation ARM-H (2).  (B) 
Crystal structure of CD4 bound to HIV gp120 HIV-1 gp120 (PDB 1G9N). CD4 
F43 (light blue) engages conserved hydrophobic residues V255, E370, W427, 
T257 and M475 of gp120 (pink) as well as W112, F382 (orange), which cap a 
hydrophobic accessory pocket lined by F210, L116, Y435, V255 and V208 (dark 
blue).    

  

Results and Discussion  

 Our first-generation ARM-H molecule (2, Figure 1A) was 
constructed by incorporating a PEG linker into the structure of 
BMS-378806 (1),11 an attachment inhibitor first disclosed by 
Bristol-Myers Squibb, which advanced through Phase I clinical 
trials before development was stopped due to failure to achieve 
desired target exposure levels (Cmin).12, 13 Our initial choice of 
the C4 azaindole position as the site to incorporate the linker–
DNP functionality was based on previously published modeling 
studies.14, 15 These reports indicated that BMS-378806 may 
serve to mimic F43 in CD4 (Figure 1B, light blue residue) – a 
critical component of the gp120 binding interface – and that the 
C4 methoxy group of 1 is oriented towards solvent. Although 
this ARM-H derivative has proven efficacious both as an 
attachment inhibitor and as a selective antibody-dependent 
cytotoxic agent, it suffers from a fairly low potency, residing in 
the mid-micromolar range.1 
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Table 1. Properties of ARM-H analogs derived from BMS-378806.  Viral 
inhibition was assayed as a function of CD4+ MT-2 T-cell viability after co-
incubation with HIV-1 (IIIB) in the presence of increasing concentrations of 
ligand.  IC50 values are obtained in these assays as the dose required to achieve 
50% protection of infected cells. CD4 inhibition was measured using a 
competition ELISA format, in which the binding of soluble CD4 to immobilized 
HIV-1 gp120 (JRFL) was monitored.  IC50 values in these studies are reported as 
the concentration of ligand required to inhibit 50% of maximal CD4 binding to 
immoblized HIV-1 gp120.  Antibody (Ab) recruiting was determined using an 
ELISA format, in which binding of monoclonal anti-DNP antibodies to ARM-H 
complexed with immobilized HIV-1 gp120 (JRFL) was monitored.  Here, EC50 
values are calculated as the ligand concentration required to obtain 50% maximal 
anti-DNP binding to immobilized HIV-1 gp120.  Values are representative of 
triplicate data and all assays repeated at least two times for each compound. ‘NA’ 
= no activity; ‘NT’ = not tested.  

 To identify an optimized analog of 2, and to probe the 
structural features of ligand-gp120 binding, we initially 
synthesized derivatives 3–6 (Schemes S1-S3). These 
compounds were then evaluated in three previously described 
assays:1 (1) an MT-2 T-cell viability assay to measure ARM-H 
inhibition of HIV-1 (IIIB) mediated cell lysis, (2) a competition 
ELISA to measure inhibition of the gp120-CD4 binding 
interaction, and (3) an antibody-recruiting ELISA to detect the 
ability of ARM-H analogs to interact with anti-DNP antibody 
while simultaneously bound to immobilized gp120. Although 
3–6 did not exhibit any increases in potency compared to 2, 
assay results suggested several inconsistencies with structural 
predictions from previous modeling studies.14, 16, 17  First, the 
300-fold loss in potency upon functionalizing 1 with a linker to 
afford 2 is inconsistent with a picture in which the benzamide 
motif is exposed to solvent (Table 1).14 Also, the complete 
abrogation of activity upon substitution of ortho-, para-, but not 
meta-, positions of the benzamide function suggests a binding 
mode in which the aromatic ring is at least partially obscured 
by interactions with the protein.16, 17   
 

 
Figure 2. Results of computational studies exploring the interaction between 
BMS-378806 and gp120. Analysis of rigid-body computational data revealed 
presence of two “gate-keeper” residues (W112 and F382, orange), which blocked 
a small accessory hydrophobic pocket (blue).  BMS-378806 was docked using 
“induced-fit” protocol, wherein residues W112 and F382 were mutated to alanine 
and then re-incorporated after docking.  The resulting poses suggested that BMS-
378806 could access an accessory hydrophobic pocket in two low-energy 
orientations (Orientations 1 and 2), and a higher-energy exposed orientation 
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(Orientation 3). Note: some residues omitted for ease of view, see Figure S2 
depicting full minimized structures. 

 To obtain a more accurate model for gp120-ligand binding 
we next performed detailed computational studies. Careful 
examination of available gp120 crystal structures revealed a 
cluster of hydrophobic side-chains (F210, L116, Y435, V255 
and V208; Figure 1 and 2, labeled in dark blue), which appears 
to compose a hydrophobic pocket, separated from the CD4 
binding site by two “gate-keeper” residues (W112 and F382, 
Figure 1 and 2, labeled in orange).  Therefore, we speculated 
that entry of ligands into this non-polar environment, a process 
enabled by the highly flexible nature of gp120, might afford a 
stabilizing interaction.  
 To test this hypothesis, we performed induced fit docking 
calculations (See Supporting Information for more detail).  This 
process involved three steps: (1) compound 1 was docked into a 
rigid model of gp120 in which residues W112 and F382 were 
replaced with alanine; (2) side-chains of these residues were 
restored, and for each ligand pose obtained in Step 1, energetic 
minimization of the flexible protein was conducted, and (3) the 
flexible ligand was then re-docked into the optimized protein 
geometry determined in Step 2. Application of the induced fit 
protocol yielded two novel ligand binding poses (Figure 2, 
Orientations 1 and 2), both of which scored significantly more 
favorable energetically than those arising from rigid-body 
docking (Orientation 3).  Interestingly, while the ligand is 
buried deep within the hydrophobic accessory pocket in both 
Orientations 1 and 2, its position is reversed by approximately 
180-degrees.  Specifically, in Orientation 1, the azaindole core 
is buried within the hydrophobic pocket and the phenyl ring is 
exposed to solvent, while in Orientation 2, the phenyl ring is 
tucked within the protein interior and the azaindole is solvent-
exposed.    
 These computational results provide several useful insights 
into our experimental observations.  For example, the solvent 
accessibility of only the meta position on the benzamide ring in 
Orientation 1 provides an explanation for the recovery of 
potency of compound 6, compared to compounds 3–5, in MT-2, 
CD4 inhibition ELISA, and antibody-recruiting studies (Figure 
1).  Notably, the C4-methoxy group is only exposed to solvent 
in Orientation 3, consistent with the extreme loss in potency 
observed on functionalization of this group with a linker motif 
(see above). Taken together, these observations suggest that the 
core azaindole motif of ARM-Hs 2-6 can bind to CD4 F43 
binding pocket on gp120 in such a way that either the alkoxy or 
the phenyl group can be solvent exposed and thus most likely 
interacts with gp120 through multiple distinct orientations. 
 Considering the observed decrease in inhibitory potencies 
of 3–6 relative to 1, as well as modeling data suggesting a 
shortage of solvent exposed sites on the azaindole core suitable 
for linker attachment, we chose a different scaffold upon which 
to optimize ARM-H derivatives. To this end, we selected 
known indolo-furan 7,18 a competitive inhibitor of the gp120–
CD4 interaction reported to bind gp120 several orders of 
magnitude more potently than compound 1.  
 To obtain a more accurate model for gp120-ligand binding 
we once again performed induced fit modeling, as outlined 
above.  Once again, induced fit modeling gave rise to two 
nearly-degenerate binding poses for compound 7, which differ 
in ligand orientation by approximately 180-degrees. To 
examine the ligand binding stability and side-chain interactions 
of these orientations, we performed subsequent molecular 
dynamics (MD) simulations. In Orientation 1, the indole core is 
situated deep in the accessory pocket, sandwiched between 

gp120 residues F210 and Y435.  The phenyl ring is oriented 
towards the solvent and only the meta position is partially 
solvent exposed while the ortho and para positions are blocked. 
In Orientation 2, on the other hand, the indole engages in π-
stacking with W427 and the phenyl group is sandwiched 
between F210 and F382 suggesting that the phenyl ring is not 
solvent exposed, but buried within the accessory pocket. Also, 
in this Orientation, the C4 and C5 substituents on the furan ring 
project directly toward solvent.  In both generated poses, the 
indole C4 methoxy group is situated beneath the CD4 F43 
binding site and therefore predicted to be inaccessible for linker 
functionalization (8).  Furthermore, in order to demonstrate that 
these modeling results were not an artifact of the specific gp120 
starting structure, we repeated calculations for compound 7 
starting from two alternate gp120 structures (PDB 3TGS and 
3JWD).  These simulations yielded ligand poses nearly 
identical to Orientations 1 and 2 (Figure S4).  
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Table 2. ARM-H analogs derived from indole 2. Viral inhibition was assayed as a 
function of CD4+ MT-2 T-cell viability after co-incubation with HIV-1 (IIIB) in 
the presence of increasing concentrations of molecule.  IC50 values are obtained in 
these assays as the dose required to achieve 50% protection of infected cells. CD4 
inhibition was measured using a competition ELISA format, in which the binding 
of soluble CD4 to immobilized HIV-1 gp120 (JRFL) was monitored.  IC50 values 
in these studies are reported as the concentration of ligand required to inhibit 50% 
of maximal CD4 binding to immoblized HIV-1 gp120.  Ab recruiting was 
determined using an ELISA format, in which binding of monoclonal anti-DNP 
antibodies to ARM-H complexed with immobilized HIV-1 gp120 (JRFL) was 
monitored.  Here, EC50 values are calculated as the ligand concentration required 
to obtain 50% maximal anti-DNP binding to immobilized HIV-1 gp120.  Values 
are representative of triplicate data and all assays repeated at least two times for 
each compound. 

 Furthermore, comparison of experimentally-determined B-
factors with RMSD values for α-carbon atoms relative to the 
gp120 apostructure, has given rise to a linear association 
(Figure S1).  This correlation – wherein C-alpha atoms with 
high RMSD values correspond to those with the highest B-
factors – supports that major rearrangements of backbone atoms 
observed in MD simulations is reflective of “real-world” 
phenomena.66, 67  The relatively high B-factors and RMSD 
values observed for “gate-keeper” residues F382 and W112, 
which are mutated during the induced-fit docking, indicates that 
they are likely to possess sufficient flexibility to accommodate 
ligand binding in the proposed Orientations. 
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Figure 3. Results of computational studies of the complex between 7 and gp120 
(PDB 1G9N). Induced-fit docking of the compound in which the “gate-keeper” 
residues (Trp112 and Phe382, orange) were ”trimmed” (mutated to alanine), 
resulted in two low-energy ligand orientations (Orientations 1 and 2; panels A and 
B, respectively), and one high-energy orientation in which the ligand is mostly 
exposed (Orientation 3, panel C).  Subsequent MD simulations indicate that in 
Orientations 1 and 2, compound 7 accesses an accessory hydrophobic pocket 
(blue).  MD simulation for Orientation 1 was performed for 25 ns with an 
equilibrium structure observed after 11 ns. For Orientation 2, MD simulation was 
performed for 214 ns, with equilibrium reached after 178 ns that was stable for the 
remainder of the simulation.  Note: some residues omitted for ease of view, see 
Figure S3 depicting full minimized structures.  

 Experimental assay data obtained for compounds 7–12 
(Schemes S4-S8) proved completely consistent with this 
computational data. As suggested by binding through 
Orientation 2, compound 9, which positions the linker at the 
furan 5-position, is the most potent of the ARM-H derivatives. 
This compound is only 20-fold less potent than the parent 
derivative (7), and this slight drop in potency is thought to 
result from a small degree of steric repulsion between the linker 
and the residues lining the channel leading to solvent. 
Furthermore, compounds 10–12 exhibit a similar trend to that 
seen for BMS-378806-derived ARM-H derivatives, consistent 
with binding through Orientation 1. Specifically, compounds 
functionalized at either the ortho (10) or para (11) positions are 
poor inhibitors of viral cytotoxicity and CD4 binding, while the 
meta-functionalized derivative (12) retains activity in all three 
assays. Interestingly, the potency decrease associated with 
linker attachment in compound 12 is virtually identical to that 
observed for compound 6 in the azaindole series. Unlike in the 
azaindole series, however, linker attachment in place of the 
indole C4 methoxy group almost entirely abrogates compound 
activity (8). Because this methoxy function is completely 
buried within the protein interior in both Orientations 1 and 2, 
this observation might suggest that the energy difference 
between Orientations 1/2 and Orientation 3 is larger for the 
indole than the azaindole series.  Similar activity trends were 
observed in recent work by Sato, et al.19 in which 1 and a 
related analog, BMS-488043, were conjugated to aldolase 
antibody 38C2 in an effort to enhance HIV fusion inhibition.  
Consistent with our model, conjugation could occur at multiple 
positions, with the most significant activity impairmemt 
occuring through conjugation at the C4 site on 1.  Interestingly, 
the inclusion of anti-DNP antibodies significantly enhances 
CD4-binding inhibition (~10-fold) of 9 but has little to no effect 
on its viral neutralization, presumably due to geometric 
differences between immoblized monomeric gp120 verus 
membrane bound trimeric gp120 (See Supporting Information 
and Figure S8 for further discussion).    

 To confirm that changes in activity are indeed reflective of 
changes in gp120 ligand binding affinity, we developed a 
fluorescence polarization (FP) assay using a ARM-H based 
fluorescent probe (S29), which we used to determine binding 
affinities of selected compounds (see Supporting Information 
and Figure S9).  Indeed, observed MT-2 IC50 values correlate 
well with corresponding FP-derived affinities. Taken together, 
these observations are consistent with computational studies, 
and support a model in which indole/azaindole attachment 
inhibitors can bind gp120 through at least two distinct 
orientations. 

Table 3. Activity profile of compounds 1, 7, and 9 against a panel of laboratory-
derived HIV-1 gp120 pseudotyped viruses in TZM-bl cells (Clade A = green, 
Clade B = blue, Clade C = red).  VSV-G is a non-specific viral glycoprotein 
control.  Value are representative of triplicate data and assay repeated least 2 
times for each compound and pseudotype.  ‘NT’ = not tested.  

 We next examined the inhibitory activity of ARM-H 9 
against a panel of macrophage- and T cell-tropic HIV-1 strains 
that use either CCR5 (M-tropic) or CXCR4 (T-tropic) 
coreceptors to infect cells (Table 3) via a well-established viral 
pseudotyping assay.20-22 Here, compound 9 possesses a potent 
inhibitory profile against laboratory pseudotypes from HIV-1 
Clade A, B and C.  Additionally, in all examined clades,  
compound 9 proved to be more potent than BMS-378806 (1).   
 We also compared the neutralization capacity of 9 to BMS-
626529 (13), the active component of prodrug attachemnt 
inhibitor BMS-663068 (14) currently in clincal development,12, 

23 using a panel of clinical envelope clones in a well established 
cell-cell fusion assay (Table 4).24  Baseline susceptibility of 
clinical envelopes to BMS-626529 has been shown to be 
inherently variable, unlike most other anti-retroviral agents. 
Although the majority of group M envelopes tested are highly 
susceptible (<10 nM EC50) to BMS-626529, baseline 
populations from different individuals can exhibit 
susceptibilities over a range of up to 6 log10.24, 25 An exception 
are viruses from subtype AE, all of which tested thus far have 
exhibited resistant phenotypes, due to 375M and 475I 
polymorphisms found in almost all viruses from this subtype.24 
Even within an infected individual, a large variability in 
susceptibility was observed, as multiple functional envelope 
clones from single individuals were shown to exhibit a 2-3 log10 
range of susceptibility to BMS-626529.24  Thus, in order to 
further examine the relationship between susceptibility to 
BMS-626529 and 9, a series of clinical envelopes were 
examined in a cell-cell fusion assay. Twelve envelopes from 9 
infected individuals were chosen so as to cover a wide range of 
susceptibility to BMS-626529, with EC50s from ~200 pM to > 6 
µM.  The results are shown in Table 4. As observed with virus 
infection, the potency of 9 was reduced (from ~10-50-fold) 

pseudotype 1 IC50 (nM) 7 IC50 (nM) 9 IC50 (nM) 

JR-FL 45 0.2 1.5 
ADA 246 0.14 6.3 

HXBc2 32 0.12 10.3 
BaL NT 0.01 34.8 
LAI 45 0.1 4.3 
YU2 358 0.43 14.6 

11500 >1000 2.1 165 
11502 >1000 0.73 2.8 
11506 >1000 0.11 8.0 
11528 >1000 0.19 5.0 

VSV-G >1000 >1000 >1000 
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compared to BMS-626529 for each of the 12 functional 
envelopes tested.  However, when results were normalized 
using fold-change (FC) compared to the LAI envelope control, 
a good correlation between the activities of the two inhibitors 
against each individual envelope was observed. Most of the 
envelopes exhibited less than a 2-fold difference in FC, with the 
worst being envelope 12N1-13, with a 3.4 fold difference 
between the two inhibitors. This shows that regardless of the 
inherent susceptibility of the envelope to BMS-626529, it 
exhibited a similar degree of reduced susceptibility to 9.  Taken 
together the inhibitory profile of 9 suggests that ARM-H’s may 
be active against a range of clinically relevant HIV-1 subtypes 
comparabile to that of lead attachment inhibitors. 
 

Clone ID 
 

EC50 (nM) 
Fold Change (vs 

LAI) 
FC Ratio 

 9 13 9 13 9/13 
27N4-20 7.4 0.2 0.22 0.20 1.1 
36N3-5 5.5 0.4 0.16 0.40 0.40 
P15-2-18 62 1.2 1.8 1.2 1.5 
P23-1-13 110 2.4 3.2 2.4 1.3 
P22-2-45 73 2.5 2.1 2.5 0.84 
66N2-8 160 8.6 4.7 8.6 0.55 
66N2-16 350 22 10 22 0.45 
12N1-13 550 56 16 56 0.29 
21N4-169 4300 120 130 120 1.1 
21N4-170 11000 860 320 860 0.38 
16N4-17 >40000 6200 >1200 6200  
16N4-25 >40000 6400 >1200 6400  
LAI 34 1.0 1 1  

N N
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Table 4. Activity profile of compounds 9 and clinical lead BMS-626529 against a 
panel of functional HIV-1 subtype B clinical envelope clones from 9 subjects in 
cell-cell (transfected HeLa cells) fusion susceptibility assays.  Values provided as 
averages from three replicates.   

 We have previously reported that 2 has the capacity to 
direct an antibody-mediated, cytotoxic immune response 
against Env-expressing cells.1  Thus we investigated whether 
the ternary complex formed between 9, anti-DNP antibodies 
and HIV-1 Env-expressing HEK293T cells26 could similarly 
activate complement proteins, thus inducing a specific 
cytotoxic immune response.  To this end, complement 
preserved serum was added to Env-expressing 293T cells in the 
presence of a fixed amount of anti-DNP antibodies, and ARM-
Hs 2 (black) or 9 (dark blue), or corresponding analog that 
lacks the DNP group (S26, turqouise).  As shown in Figure 4, 
cytotoxicity was only observed for target cells expressing 
gp120 (red versus purple curves), and for ARM-H molecules 
possessing the DNP group (turquoise curve). Furthermore, 
removal of anti-DNP antibodies and serum also prevented 
ARM-H-dependent cytotoxicity (salmon and green curves).  
Taken together, this data indicates that ARM-H activity 
depends on the presence of gp120, the DNP group, and anti-
DNP antibodies. Perhaps most notably, compound 9 was found 
to be more potent, and to gave rise to a larger degree of 
cytotoxicity at high concentrations (i.e., more efficacious), 
compared to 2 (blue versus black curve). These observations 
most likely reflect compound 9’s enhanced binding affinity for 
gp120 versus compound 2..  

 

 
Figure 4.  ARM-H 9 and 2 mediated killing in HIV-1 Env (JRFL)-expressing 
HEK293T cells.  Env-expressing 293T cells (+ gp120) or control cells lacking 
Env (- gp120) were treated with ARM-H 2 or 9 or control compound S26 at the 
indicate concentrations in the presence (+Ab) or absence (-Ab) of complement 
preserved rabbit serum (10%) and rat anti-DNP IgG antibodies (50 µg/mL).  Each 
data point represents the mean ± standard error of at least sextuplicate data.  The 
data trends were reproduced on at least three separate occcasions. 

Conclusions 

 Herein we disclose an intriguing computational model for 
the binding of HIV gp120 to HIV fusion inhibitors of the 
azaindole/indole series.  Development of this model has 
exploited the bifunctional nature of ARM-Hs as a molecular 
tool, which has allowed us to probe ligand binding orientation 
by virtue of the requirement of the linker to be solvent exposed 
to bind anti-DNP antibodies while bound to gp120.27-29  This 
model has led us to hypothesize that the azaindole BMS-
378806 (1), and the indole 7, are capable of interacting with 
gp120 through at least two binding modes within the CD4 F43 
binding pocket on gp120. Upon linker attachment, the binding 
interactions become restricted, resulting in a loss of affinity.  
Using this model, we have also been able to develop a novel 
ARM-H scaffold (9) that is close to 1000-fold more potent than 
our previously published derivative. Evaluation of this new 
ARM-H analog against a panel of laboratory and clinical HIV 
pseudotypes has revealed activity against viral subtypes 
representing Clades A, B, and C.  Finally, we have 
demonstrated that this increase in gp120-binding affinity is 
accompanied by an enhancement in gp120-targeted immuno-
toxicity.  Overall, our conclusions are likely to provide broad-
based insights into the development of novel HIV attachment 
inhibitors with implications in both fundamental and 
therapeutically relevant settings.11, 15, 30-34 
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See supplementary materials 
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