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Abstract
Human Immunodeficiency Virus (HIV) research has focused on prevention via 
vaccination or clearing infection through treatments involving broadly neutralizing 
antibodies (bnAbs), but results have been unable to alleviate chronic infection or 
completely prevent new infection. One potential reason for the virus' ability to escape 
immune system response is environmental factors such as pH during HIV 
transmission and understanding how pH modulates the underlying protein-protein 
interactions requires in-depth analysis across a broad combination of HIV proteins 
and bnAbs. Traditional lab experiments may be too expensive or time consuming to 
screen all sequence variations, highlighting the need to analyze such interactions 
theoretically. To fill this need, we generate models of HIV-1 envelope glycoprotein, 
gp120, in complex with bnAbs in computational simulations to the binding energy 
between the two proteins as environmental pH varies. These results are validated 
against lab data performed on the same structures at pH 5.5 and 7.4. Comparing 
experimental and theoretical data presents an 80\% agreement between the two 
approaches and supports the hypothesis that binding is stronger at low pH for bnABs 
that specifically target the CD binding site. We then make observations of binding 
energy predictions across broad spectrum pH which may provide insight into factors 
limiting the effectiveness of bnAbs in vivo.

Introduction
The challenge that scientists face with human immunodeficiency virus 
(HIV) is the overwhelming rate of evolutionary change. The following 
facts lead researchers to conclude an effective vaccine requires a 
greater understanding of the mechanics involved with the infection 
process [5]–[8]:

> The largest population of quasi-species is not responsible for 
transmission from host to host

> Broadly neutralizing antibodies (bnAbs) attack multiple 
regions of envelope protein gp120 [9]–[13]

> The most promising target region is the CD binding site of 
gp120

> bnAbs 3BNC117 and VRC01, show forward direction towards a 
vaccine [14]–[18]. 

Background
Engineering bnAbs to improve breadth and potency of neutralizing 
capacity have provided promising results:

> Modifications of protein structures has a direct effect on 
surface charges which can be determined in computational 
simulations [22]-[26]

> Engineered variants of bnAb 10E8 increased potency without 
diminishing functional breadth [14]

> Engineered variants of CH235 that display increased potency [9]

Methods
> Models of bnAbs and gp120 are computationally generated from x-

ray crystallography representations or similar methods
> The protein models are perturbed into conformations based on other 

crystal structures of similar proteins in their naturally occurring 
states

> Structures of each Complex are placed in individual simulation 
boxes filled with solvent at specific pH values across the range of 
pH 3.0 and 9.0 in 0.1 increments.

> Binding energies were calculated through the advanced Poisson-
Boltzmann solver (APBS) [19][20] to determine the binding free 
energy of the bound Complex and the individual components 
separately.

The following formula determines the binding energy of the Complex at 
each pH value:

Gbe = Gcomplex – GbnAb – Ggp120

Where Gbe is the resulting binding energy of the Complex, Gcomplex is the 
binding free energy of the proteins in the bound state, GbnAb is the binding 
free energy of the bnAb and Ggp120 is the binding free energy of the gp120. 
All methods are detailed by Stieh et al., Morton et al., Howton et al. in [21] 
– [26].
Conclusion
We established a foundation to study binding energies of HIV gp120 in 
computational simulations. We focused this research on bnAbs which 
bind to gp120 CD4bs

> The results are complimented by laboratory experimentation 
and indicate an 80% agreement between the two 
approaches

> Observations of theoretical predictions point to pH as a 
component in binding efficacy of bnAbs and gp120

> Results and observations agree with past research in this 
field where an observable range of predictable outcomes 
indicates a functional range of bnAbs that coincides with 
potency and breadth observations of wild type bnAbs

The information presented here suggests our methods can be used to 
reduced turn around time and provide broader representation of binding 
function that will assist the reverse engineering of bnAbs to mature 
lineages towards a vaccine. 
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Purpose
We apply a computational method of analyzing binding energies and the effect pH has on the interactions of bnAbs and gp120. Observations of 
theoretical data across broad spectrum pH of 3.0 to 9.0 in 0.1 increments provide researchers the ability to observe how the addition, removal, 
replacement or transposition of any residue in bnAb and gp120 structures effects binding efficacy across a wide range of pH. 

Results
Figure 1 is a comparison of lab results to theoretical data. The two sub panels represent lab experiments (top) and theoretical predictions (bottom) 
with blue representing pH 5.5 and red indicating pH 7.4. The + / - markers represent the direction change in binding energy from lower to higher 
pH. The background color for each method set of results indicates agreement between theory and experiment using a green shade, disagreement 
using yellow shading and gray to indicate indeterminate lab results. 
Figure 2 shows four panels with binding patterns of bnAbs: (A) 3BNC117, (B) B12, (C) CH31, and (D) VRC01 across all gp120 assemblies. The 
red vertical bar is conservatively placed at the approximate point where unpredictable binding energies end and predictable outcomes begin with a 
more positive result occurring as pH increases; red shading indicates the functional range of each bnAb. 

 Our observations mostly agree with Mascola et al [8] in terms of breadth and potency vs functional range and starting pH as observed in Figure 2:
> 3BNC117 has good breadth and good potency (+++ and +++) Mascola et al. and good range and good starting pH (5.9–8.5) panel (A)
> B12 has low breadth and moderate potency (+ and ++) Mascola et al. and good range and moderate starting pH (6.2–8.9) panel (B)
> VRC-CH30-34 lineages have good breadth and good potency (+++ and +++) Mascola et al. and low range and moderate starting pH 

(6.3–8.5) panel (C)
> VRC01-03 lineages have wide breadth and good potency (++++ and +++) Mascola et al. and wide range good starting pH (5.6–8.5) panel (D)
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Figure 1 Graph showing the comparison of lab results to theoretical data. The two 
sub panels represent lab experiments (top) and theoretical results (bottom) with 
blue representing pH 5.5 and red indicating pH 7.4. The + / - markers represent 
the direction of change from lower to higher pH. The background color for each 
method set of results indicates agreement between theory and experiment using 
a green shade, disagreement using yellow shading while gray indicates 
indeterminate lab results. Complexes are represented as bnAb/gp120 along the 
horizontal axis.

Figure 2 Broad spectrum binding energy motifs of broadly neutralizing anti-bodies (bnAbs) (A) 3BNC117, (B) B12, (C) CH31, (D) VRC01 displaying the affinity each has binding to 
the eleven Env gp120 proteins analyzed. The red vertical bar is conservatively placed at the approximate pH value where, to the right, outcomes become predictable in their 
positive movement as pH rises. The shaded background indicates the functional range of predictable activity. Data is the normalized mean of ten models per Complex.
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