
ossibly  useful  vaccines  against  human 
immunodeficiency virus 1 are designed based on the 
interaction of the A/E 93TH057 gp120 core, variant 
V65C/S115C,  with  antibody NIH45-46,  a  broadly 
neutralizing  antibody.   The  antigenicity  of  this 

gp120 core is modified by replacing all the solvent-accessible 
residues  with  amino acids  that  are  less  reactive,  except  those 
residues  which  constitute  the  epitope  of  NIH45-46.   The 
antibodies elicited by these vaccines are expected to be focused 
on this epitope and should also be broadly neutralizing.

P
INTRODUCTION

To  aid  in  the  development  of  a  vaccine  against  human 
immunodeficiency virus 1 (HIV-1), the complexes of gp120, the 
envelope  glycoprotein  of  the  virus,  with  antibodies  that  can 
neutralize a broad class of the virus are being studied (see, e.g., 
Diskin  et  al.  2011,  Wu et  al.  2011,  Zhou et  al.  2010).   One 
antibody, NIH45-46, has been shown to be particularly broadly 

neutralizing and its binding to gp120 has been analyzed (Diskin 
et al. 2011).  That structural information is used here to design 
possibly useful vaccines against the virus.  The strategy used in 
the design is one that reduces the antigenicity of the surface of 
an  antigen  except  for  a  chosen  site  on the  molecule,  thereby 
accentuating  the  antigenicity  of  that  site;  this  is  proposed  to 
cause the focusing of the antibody response to the chosen site 
(Padlan 2010).  The vaccines that are proposed are based on the 
A/E 93TH057 gp120 core,  variant  V65C/S115C, which is the 
antigen in the NIH45-46 study (Diskin et al. 2011), and the site, 
whose antigenicity is emphasized, is the epitope of NIH45-46. 
Briefly, antigenicity reduction is achieved by replacing surface 
residues  with  amino  acids  whose  physicochemical  properties, 
e.g.,  hydrophilicity,  size  and  polarizability,  and  electronic 
properties (Sandberg et al. 1998, De Genst et al.  2002), make 
them less reactive and thereby contribute less to antigenicity.  In 
addition, in order to preserve the tertiary structure of the antigen 
for proper presentation of the NIH45-46 epitope to the immune 
system, the replacement amino acids are those which have the 
same propensity for secondary structure as the original residues. 
The  replacement  rules,  reproduced  from  Padlan  (2010),  are 
presented in Table 1.  Preservation of tertiary structure is ensured 
by maintaining the interior  of  the molecule,  i.e.,  by replacing 
only the residues that  are exposed to solvent,  and by keeping 
residues that may be crucial to the three-dimensional structure of 
the molecule, e.g., prolines and cysteines.  
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MATERIALS AND METHODS

Sequence and structural data

The amino-acid sequence of the A/E 93TH057 gp120 core, 
variant  V65C/S115C, and  the  crystal  structure  of  its  complex 
with antibody NIH45-46 (Diskin et al. 2011) were obtained from 
the  Protein  Data  Bank  (PDB)  entry  3U7Y.   The  amino-acid 
sequence of this gp120 core is  presented in Table 2.   Several 
residues  were  not  observed  in  the  crystal  structure  and  the 
missing residues were obtained by homology modeling using the 
online facility, SWISS-MODEL (Arnold et al. 2006, Kiefer et al. 
2009,  Peitsch  1995)  (implemented  at 
http://swissmodel.expasy.org/), and using the crystal structure of 
the  gp120  core  in  PDB  entry  3NGB  (Zhou  et  al.  2010)  as 
template.   The  gp120 residues,  which  have  at  least  one  atom 
within  4.0  Angstroms of  an  atom in  the  NIH45-46  antibody, 
were  designated  as  comprising  the  NIH45-46  epitope.   The 
residues in the NIH45-46 epitope are indicated in Table 2.

Design of the vaccines

The solvent accessibilities of the amino-acid side chains of 
the  modeled  gp120  core  were  computed  by  the  method  of 
Connolly  (1983),  using  programs  developed  by  Sheriff  et  al. 
(1985) and adapted by the author.  The secondary structure of the 
modeled  gp120  core  was  predicted  using  the  program  DSSP 
(Kabsch and Sander 1983).  Amino-acid replacements designed 
to  reduce  the  antigenicity  of  the  parts  outside  the  NIH45-46 

epitope were then made on the basis of  solvent  exposure and 
secondary structure using the rules presented in Table 1.

Two exposure levels were used in deciding which gp120 
residues to replace.  In the first case, residues whose side chains 
are  at  least  40%  accessible  to  solvent  were  replaced;  in  the 
second case,  those with at  least  25% exposure were replaced. 
The 40% and 25% exposure levels are reasonable estimates of 
the solvent accessibility of amino-acid side chains.  

Antigenicity comparisons

Relative  antigenicities  were  calculated  as  described 
elsewhere  (Padlan  2010)  for  the  A/E  93TH057  gp120  core, 
variant V65C/S115C, and the two mutated molecules.  Briefly, a 
value  for  the  antigenicity  is  assigned  to  each  residue  (alpha-
carbon)  position,  obtained  by combining  the  physicochemical 
variables (Sandberg et al. 1998, De Genst et al. 2002) of all the 
residues within 22 Angstroms of the position, weighted by the 
fractional solvent accessibilities of the residues.    

RESULTS

Shown in Table 2 are the A/E 93TH057 gp120 core, variant 
V65C/S115C,  and  the  two  modified  gp120  sequences.   The 
mutated  sequence,  in  which  the  residues  with  at  least  40% 
exposure had been replaced, is labeled "mut".  The one, in which 
the residues with at least 25% exposure had been replaced, is 
labeled "mut2".  In both the "mut" and "mut2" sequences, the 
NIH45-46 epitope is preserved.  The "mut" sequence is 78.2% 
identical  to  the  unmodified  sequence,  while  "mut2"  is  72.2% 
identical.   Both  of  these  levels  of  sequence  homology  are 
generally accepted  as  indicative  of  close  similarity in  tertiary 
structure.   The  additional  disulfide  bond formed  between  the 
engineered cysteines at positions 65 and 115 (Diskin et al. 2011) 
should contribute to the stability of the tertiary structure.  The 
"mut" and "mut2" sequences are proposed to represent possibly 
useful vaccines against HIV-1.

Antigenicity plots for the A/E 93TH057 gp120 core, variant 
V65C/S115C,  and  the  two  molecules  resulting  from  the 
proposed mutations are presented in Figure 1.

DISCUSSION

The  idea  of  focusing  the  antibody response  to  a  chosen 
region  of  a  protein  antigen  was  first  suggested  by Hopp and 
Woods (1981) using peptide fragments as immunogens.  
However,  since  antibody  epitopes  are  most  probably 
conformational (Benjamin et al. 1984, Davies et al. 1988), it is 
unlikely that a peptide would elicit a strong antibody response to 
that part of the antigen from which the peptide immunogen was 
derived,  especially  since  peptides  can  assume many different 
structures  in  solution.   A procedure that  focuses  the  antibody 
response to a chosen part of an intact antigen is more likely to 
succeed.  

The idea of shifting the antibody response from one epitope 
to other epitopes by the judicious replacement of amino acids 
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Table 1.   Replacement rules for reducing reactivity while 
preserving secondary structure.

Reproduced from Padlan (2010)



was first suggested by Fazekas de St. Groth (1977).  Attempts to 
shift the antibody response to others parts of a protein antigen 
have  been  made  (see,  for  example,  Scheerlinck  et  al.  1993, 
Temoltzin-Palacios et al. 1994, Garrity et al. 1997, Cleveland et 
al.  2000,  émy  Sadeyen  et  al.  2003),  but  to  this  author's 
knowledge no attempt has been made to focus the response to a 
specific part.  

The method proposed earlier by the author (Padlan 2010) 
attempts to focus the antibody response to a particular part of a 
protein  antigen  while  maintaining  the  three-dimensional 
structure of the molecule.  This is accomplished by reducing the 
antigenicity of all the exposed regions of the antigen, except that 
of the chosen part.  The region to which the antibody response is 

focused could be the part that is used for binding to a receptor, 
the  active  site  of  the  molecule,  the  epitope  of  a  neutralizing 
antibody, or a part that is critical to the function of the molecule.  
The method is  used here to  design an  immunogen that  could 
elicit an antibody response to the epitope of an antibody that is 
known to be neutralizing.  The antibodies that are elicited will 
likely be neutralizing also.

The  antigen  is  the  core  of  gp120,  the  molecule  on  the 
surface  of  HIV-1  which  binds  to  the  CD4  of  the  target 
lymphocyte to gain entry into the cell.  HIV-1 is highly variable, 
but antibodies elicited by the gp120 core have been shown to 
neutralize  a  wide  spectrum  of  HIV-1  variants.   One  such 
antibody is NIH45-46; its epitope is known (Diskin et al. 2011) 
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Table  2. Sequence  of  the  A/E  93TH057  gp120  core,  variant 
V65C/S115C, and those of  the proposed possibly useful  vaccines 
against HIV-1

The  amino  acid  sequence  of  the  A/E  93TH057  gp120  core, 
variant  V65C/S115C,  is  from PDB entry  3U7Y.  The sequence 
mutated to replace residues whose side chains are at least 40% 
exposed  to  solvent  is  labeled  "mut"  and  that  in  which  the 
residues replaced are at least 25% exposed is labeled "mut2". 
The numbering scheme is sequential. The gp120 core in PDB 
entry 3U7Y starts  at  residue position 44 and ends at  position 
492. The segments which had been excised to produce the core 
(residues  125-197,  302-317,  356,  and  398-403  in  the  3U7Y 
numbering  scheme)  are  indicated  by  the  dots.  The  residues 
which could not be located in the crystal structure are indicated 
by italicized, lower-case letters.  The gp120 residues in contact 
with the NIH45-46 antibody are shown bold and underlined.  The 
amino acid replacements are shown bold and in red.

Figure 1. Plots depicting the relative antigenicity of the A/E 
93TH057  gp120  core,  variant  V65C/S115C,  and  the 
mutated  sequences  plotted  against  residue  position. 
Numbering follows that in Table 2.  



and is indicated in Table 2.  Note that the NIH45-46 epitope is 
composed of amino acids from several segments of the amino-
acid  sequence.   It  is  this  epitope  that  is  the  target  of  the 
procedure used here.  Two possible vaccines were designed and 
their sequences are presented in Table 2.

An attempt to illustrate the accentuation of the antigenicity 
of the NIH45-46 epitope as a result of the procedure is presented 
in Figure 1, where a measure of antigenicity is plotted against 
residue position.  In the absence of a structure for the antibody-
antigen  complex,  it  is  not  possible  to  accurately delineate  an 
antibody epitope since antigens are usually not regular in shape 
and antibody combining sites show great variation.  The NIH45-
46 epitope is elongated and a radius of 22 Angstroms is needed 
to include all the side-chain atoms in the epitope.  That radius 
was used in the computations of the relative antigenicities.  The 
potential contribution of each residue to the relative antigenicity 
of an epitope is simply correlated with its reactivity, as expressed 
by the physicochemical descriptors derived by Sandberg et al. 
(1998) and used by De Genst et al. (2002).

In  Figure  1,  a  general  reduction  in  antigenicity  is  seen 
except at certain positions as shown by peaks.  Notably, the two 
most  prominent  peaks  correspond  to  the  longest  stretches, 
around residues 163 and 322, in the NIH45-46 epitope (Table 2). 
The peaks around positions 186 and 225 are probably artifacts in 
view of the deletions at those parts of the molecule.

CONCLUSION

It is proposed that the "mut" and "mut2" sequences in Table 
2, which are the result of a purposeful focusing of the antibody 
response  to  the  epitope  of  the broadly neutralizing  NIH45-46 
antibody, represent possibly useful vaccines against  HIV-1.  A 
more faithful preservation of the gp120 core structure would be 
expected with the "mut" sequence.  On the other hand, a greater 
accentuation of the NIH45-46 epitope would be expected with 
the "mut2" sequence.  Which of the two would make a better 
vaccine can only be known by actual testing.
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