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The human monoclonal antibody 2F5 neutralizes primary human immunodeficiency virus type 1 (HIV-1)
with rare breadth and potency. A crystal structure of a complex of 2F5 and a peptide corresponding to its core
epitope on gp41, ELDKWAS, revealed that the peptide interacts with residues at the base of the unusually long
(22-residue) third complementarity-determining region of the heavy chain (CDR H3) but not the apex. Here,
we perform alanine-scanning mutagenesis across CDR H3 and make additional substitutions of selected
residues to map the paratope of Fab 2F5. Substitution of residues from the base of the H3 loop or from CDRs
H1, H2, and L3, which are proximal to the peptide, significantly diminished the affinity of Fab 2F5 for gp41 and
a short peptide containing the 2F5 core motif. However, nonconservative substitutions to a phenylalanine
residue at the apex of the H3 loop also markedly decreased 2F5 binding to both gp41 and the peptide,
suggesting that recognition of the core epitope is crucially dependent on features at the apex of the H3 loop.
Furthermore, substitution at the apex of the H3 loop had an even more pronounced effect on the neutralizing
activity of 2F5 against three sensitive HIV-1. These observations present a challenge to vaccine strategies based

on peptide mimics of the linear epitope.

The target of human immunodeficiency virus type 1 (HIV-1)
neutralizing antibodies (Abs) is the putative trimer of gp120-
gp41 heterodimers that decorates the surface of HIV-1 (10, 28,
43, 52, 54). In the case of gp41, it appears that antibody access
to neutralizing epitopes may be more restricted than access to
those on gp120, since the relevant epitopes on gp41 probably
become fully exposed only during HIV-1 envelope-mediated
virus-cell membrane fusion (4, 19, 20, 46). The two anti-gp41
monoclonal Abs (MADs) that are the most potent and broadly
neutralizing are the human immunoglobulin G (IgG) MAbs
2FS and 4E10 (12, 14, 16, 21, 47, 49, 58). The core epitope of
2F5, the most studied of the two MADbs, has been defined
conveniently by a short linear sequence, ELDKWA, which is
found at the extreme C-terminal end of the C-heptad repeat
region on the ectodomain of gp41 (37). MAb 4E10 appears to
recognize an epitope immediately C-terminal to the 2F5
epitope. The 4E10 epitope has been defined by the sequence
NWEDIT from mapping with a phage display expression li-
brary of gp160 gene fragments as well as overlapping peptides
(47, 58).

2F5 not only neutralizes primary HIV-1 from several differ-
ent subtypes but confers protection against challenge by im-
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munodeficiency virus by passive transfer in animal models (3,
23, 31, 32). Thus, a justifiable interest has arisen in developing
immunogens capable of eliciting 2F5-like Abs by immuniza-
tion. Unfortunately, despite many attempts, the neutralizing
activity of 2F5 has not been recapitulated by immunizing with
either gp41, gp160, or a variety of immunogens bearing the 2F5
core epitope in different contexts (11, 17, 25, 29, 34, 36). The
importance of residues flanking the ELDKWA sequence in
binding 2F5 has been revealed (25, 34, 39, 48, 58), which could
explain the inability of some, but not all, of the immunogens
tested to elicit neutralizing Abs. A crystal structure of the
peptide ELDKWAS in complex with Fab 2F5 revealed a
B-turn conformation in the peptide (38), which led to design of
a constrained B-lactam bridge that enhanced reactivity of 2F5
to a 13-mer peptide (34). However, this constrained peptide
was still unable to elicit neutralizing antisera in guinea pigs
despite high antipeptide Ab titers.

One interpretation of the inability to elicit 2F5-like Abs in
animals is that it may be difficult to elicit an Ab with a very long
third complementarity-determining region of the heavy chain
(CDR H3), as is found in 2F5. This 22-residue CDR H3 loop
in 2F5 is much longer than the average length of CDR H3s in
humans, rabbits, and mice, ~13, ~11 to 12, and ~9 to 10
residues, respectively (53). (The average length of H3 loops for
guinea pigs has not been determined.) Although H3 loops of
around 20 or more residues are not rare in humans, the im-
munization experiments cited above were done mostly with
mice, rabbits, and guinea pigs. However, it is not clear whether
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FIG. 1. Alignment of 2F5 variable regions with the sequences encoded by the closest germ line genes. The germ line genes for 2F5 are VH2-5
and JH6 for the heavy chain (D segment is not defined) and L4/18a (VK1) and JK4 for the light chain (27). The residues that were chosen for
individual substitution are shown immediately below the alignment (), and their position numbers are indicated directly underneath. The CDR
H3 of 2F5 contains a 14-residue insertion. In numbering by Kabat and Wu (26), these residues are designated 100A, 100B, .. ., and 100N. For
clarity, these inserted residues are denoted with a subscript letter after the number of the residue position so as to avoid confusion with the replaced
residue when referring to substitutions (e.g., F1003A). Residues in CDRs H3 and L3 were replaced by Ala, whereas the other targeted residues

in the variable regions were replaced by germ line-encoded residues.

a long H3 loop is actually a requirement for Abs to interact
with the 2F5 epitope and neutralize HIV-1. In the crystal
structure of Fab 2F5 in complex with ELDKWAS, the apex of
the H3 loop is distant from the bound peptide (38). This lack
of apparent interaction between the apex of H3 and the pep-
tide caused us to reconsider whether the length per se of the
H3 loop of 2F5 is relevant for its neutralizing activity. On the
other hand, the tip of the CDR H3 of 2F5 might be involved in
a crucial interaction with an as yet unidentified determinant on
the virion that might need to be incorporated in an immunogen
designed to elicit 2F5-like Abs.

Since eliciting an Ab with 100% sequence identity to 2F5 is
extremely unlikely, it is beneficial to delineate more precisely
the molecular requirements of 2F5 for binding to its epitope on
gp41. Recently, we reported on an extensive study in which
alanine-scanning mutagenesis was used to map the paratope of
the broadly neutralizing MAb b12 (59) by identifying residues
that are key for recognition of gp120. In that study, the entire
H3 loop of Fab bl2 was “scanned” using Ala mutagenesis.
Furthermore, residues outside CDR H3 of b12 were also mu-
tated; many were “back mutated” to the residue encoded by
the closest germ line gene. Here, we took a similar approach to
mapping the paratope of Fab 2F5. As a first step, the amino
acid sequence of 2F5 (38) was used as the template to engineer
a Fab 2F5 that could be expressed in Escherichia coli. Over-
lapping oligonucleotide primers spanning the Vi and V,_ re-
gions were assembled, in equimolar ratio, by overlap extension
PCR (24). The PCR gene products were cloned sequentially
into the pComb3H vector (56), and sequence errors were cor-
rected with site-directed mutagenesis primers using the
QuikChange mutagenesis kit (Stratagene). The entire syn-
thetic V,_ and V; as well as the C; and Cy1 gene segments of
2FS5 were verified by DNA sequencing.

The sequences of V; and V; of 2F5 (Fig. 1) were aligned
with the closest matching germ line genes, VK-1 (L4/18a) (41)
and VH2-5 (33), respectively, as determined using IgG BLAST
(1) and a previous report (27). Substitutions were introduced
into the 2F5 Fab (see Fig. 1), employing the QuikChange
mutagenesis kit, using pComb3H DNA containing the wild-
type 2F5 V, and V,,; genes as templates. The sequences of the

mutant clones were verified by DNA sequencing within the
variable regions.

The 2F5 Fab mutants were compared in an enzyme-linked
immunosorbent assay (ELISA) for their ability to bind to a
short peptide, GELDKWASLC, and to a fusion protein of the
ectodomain of gp41;y i linked to the C terminus of the mal-
tose binding protein, designated M41xt. To construct M41xt,
the gene segment encoding residues 535 to 681 (MTLTVQA
RLLLSGIV QQQNNLLRAIEAQQRMLQLTVWGIKQLQ
ARVLAVERYLGDQQLLGIWGCSGKLICTTAVPWNA
SWSNKSLDRIWNNMTWMEWEREIDNYTSEIYTLIEE
SONQQEKNEQELLELDKWASLWNWFDITKWLWY) of
gp4l;r . was amplified by PCR using the template
pSyngp140, g (obtained from the National Institutes of
Health Research and Reference Reagent Program and con-
tributed by Eun-Chung Park and Brian Seed [2, 22]). For the
PCR, 5'- and 3'-specific oligonucleotide primers bearing over-
hanging BamHI and Pst1 sites, respectively, were used. The
gene fragment was cloned into the multiple cloning site of the
pMal-p2X vector (New England Biolabs) as a BamHI-PstI
fragment in such a way that the 3’ PstI site was eliminated and
a unique Aatll site was introduced immediately 3’ to the elim-
inated PstI site. M41xt was produced in E. coli and purified
(~90% pure by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) on an amylose column (New England Bio-
labs). Crude Fab supernatants were prepared as described
previously (59). For the Fab ELISA, apparent affinities were
calculated as outlined in Fig. 2.

The effects of Ala substitutions in the H3 loop of 2F5 are
shown in Fig. 2A together with the structure of CDR H3 of 2F5
and bound peptide, ELDKWAS (Fig. 2B); the residues for
which Ala substitution diminished apparent binding affinity by
=10-fold are also indicated (Fig. 2B). Substitutions at the base
of the H3 loop were expected to affect 2F5 activity, since the
base of the CDR H3 is proximal to the peptide in the crystal
structure (38). Indeed, four substitutions near the base of the
H3 loop, R95A, R96A, P98A, and N100, A, diminished the
apparent affinities of 2F5 for both gp41 and the peptide by
about 10-fold. Surprisingly, several residues towards the tip of
H3 also significantly diminished 2F5 affinity, particularly
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FIG. 2. Mutagenesis of the paratope of 2F5 and the effect on binding to gp41 and GELDKWASLC peptide. (A) Alanine-scanning mutagenesis
of the CDR H3 of 2F5. Bars indicate the apparent affinities of Fab mutants relative to wild-type Fab 2F5 for M41xt (residues 535 to 681 of
gp41;g g fused to maltose binding protein) and the peptide GELDKWASLC. For the Fab ELISA, the concentration of Fab was determined with
an anti-Fab ELISA (full curve, threefold dilution series) using simple linear regression; the concentrations of Fab in the samples were generally
within about two- to threefold those of wild-type Fab 2F5. A full ELISA binding curve was also generated for groups of Fab mutants, alongside
wild-type 2F5 and a negative Fab control (i.e., b12) against M41xt or GELDKWASLC peptide. Apparent affinities were calculated as the antibody
concentration at half-maximal binding, as described previously (59). Apparent affinities relative to those of wild-type Fab 2F5 were calculated using
the following formula: [(apparent affinity wild-type)/(apparent affinity mutant)] X 100%. Each mutant Fab was prepared in duplicate and tested
at least twice; the mean was taken as the final reported value. (B) Tube representation of the crystal structure of the 2F5 CDR H3 loop with bound
peptide, ELDKWAS, using the coordinates from the published patent (38). The H3 loop (yellow) and peptide (red) are shown, with H3 residues
for which substitution by Ala diminished binding by =10-fold labeled in black. (C) Further substitution analysis of residues at position 100B in the
CDR H3 of 2F5 and effect of deleting residues from the H3 loop. The CDR H3 truncation mutant, trunc, is one in which residues T99 to A1004
of the CDR H3 loop of 2F5 were replaced with the sequence GSG. (D) Analysis of selected non-H3 substitutions in the paratope of 2F5. The
apparent affinities shown in panels C and D were determined as described in panel A. w.t., wild type.

F100gA (~10% wild-type), but also L100,A, VI100,A, replacement of F100g at the apex of the H3 loop by Ala
I100¢A, and R100,;A (15 to 35% wild-type). Additional sub- produced such a large decrease in affinity of 2F5 for peptide
stitutions to F100; were also made (see below). Several sub- despite the relatively long distance between F100; and any
stitutions in H3 had only a moderate effect (=2-fold) on 2F5 peptide residues in the crystal structure. We decided to inves-
affinity, including T100A, G100-A, P100gA, P100,A, V100LA, tigate the effect of further replacement of F100; on 2F5 activ-
and M100GA. Still other substitutions had no effect on 2F5 ity. Residues G, H, R, V, W, and Y were substituted at this
affinity, including G97A, T99A, A1005G, G100,A, A100,,G, position, and the effects on 2F5 binding were assessed (Fig.
D101A, and V102A. 2C). All five nonaromatic substitutions diminished 2F5 binding

The most unexpected result of the Ala scan of H3 was that by roughly 10-fold, whereas the aromatic substitutions either
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FIG. 3. Model and crystal structure of the 2F5 variable domain with bound peptide. The 2F5 model that was used to predict residues important
for peptide recognition is shown in tube (A) and molecular surface (B) representations. The light and heavy chains of the model are shown in gray
with H3 in yellow, peptide in red, and CDRs labeled. The 2F5 residues for which Ala substitution reduced binding by =10-fold are shown in blue,
and all other residues that were substituted in this study are represented by a yellow Ca atom on the 2F5 backbone. To construct the model of
the 2F5 variable domain, coordinates for H3 residues H93 to H101 and peptide residues ELDKWAS were first obtained from Patent WO-00/61618
(38). The 2F5 light and heavy chain variable sequences were grafted onto template Fab-28 (IHYX.PDB [45]) with SWISS-MODEL (42). The H3
region of the model was then replaced with that from 2F5. Minor adjustments were made to the model to eliminate close contacts, and the model
was then conjugate-gradient energy minimized with the Crystallography & NMR System (9). (C) Superimposition of the model (gray and yellow)
and the actual 2F5 Fab peptide crystal structure (2F5B.PDB) in tube representation. All Ca atoms were used (L1 to L107 and H1 to H113) for
the overlap. The red and turquoise peptides are from the crystal structure and model, respectively. The light and heavy variable domains from the

crystal structure are depicted in pink and blue, respectively.

had no effect (F1005W) or diminished 2F5 activity by about
twofold (F1005Y). The F1005W mutant was subsequently pu-
rified on an anti-Fab column, according to methods described
elsewhere (6), and tested in an ELISA alongside similarly
purified wild-type Fab 2F5. The ELISA confirmed that Fab
F1005W had affinity for both gp41 and the peptide that was
indistinguishable from that of wild-type 2F5 (data not shown).
A truncated H3-loop mutant of 2F5 (trunc) was also engi-
neered, in which residues T99 to A1005 were replaced with the
sequence GSG to ascertain whether a shortened loop would
have any binding activity. The H3 truncation mutant of 2F5
was unable to bind gp41 or the 2F5 peptide in our assay format
(Fig. 2C).

A number of residues outside the H3 loop were also chosen
for mutagenesis, either by virtue of predicted proximity to the
peptide or due to the rarity in occurrence of a certain residue
in a particular position among Abs in the Kabat database (30).
When we began the project, only the coordinates of the CDR
H3 loop and bound peptide were available in the published
patent, so we created a model in which we grafted the H3 loop
of 2F5 onto a preexisting Fab structure (1HYS) that bore good
sequence homology to the 2F5 heavy chain (Fab-28) (45). In
the grafted model, the original relationship between H3 and
the peptide was preserved. At the same time, CDR residues in
the preexisting Fab structure were replaced by residues of the
CDRs of 2F5. The resulting model of 2F5 (see below) allowed
prediction of which residues in the CDRs might be important
for 2F5 binding to the peptide (and, therefore, to gp41 and to
HIV-1). The residues selected for replacement, and the effects
of changing these residues to Ala for CDR L3 and to those
encoded by the closest germ line gene for all others, are shown
in Fig. 2D. All three of the substitutions in L3 (i.e., H92A,

F93A, and Y94A) diminished 2F5 activity by at least 20-fold,
revealing the importance of this CDR in 2F5 epitope recogni-
tion. Similarly, changing F32 of CDR H1 to an S residue and
changing D54 of CDR H2 to an N residue diminished binding
of 2F5 to gp4l and to the 2F5 peptide by about 4-fold and
>30-fold, respectively. In contrast, the substitution R58A in
H2 had no significant effect on 2F5 activity. The residues
R1, P10, V81, and I111 in the heavy chain of 2F5 rarely
occur (<0.5%) at these positions in Abs, as determined using
the AbCheck webtool (http://www.rubic.rdg.ac.uk/abs/seqtest
.html). The corresponding replacements, back to germ line-
encoded residues, namely, R1Q and P10T in framework region
1 (FR1), V81T in FR3, and 1111V in FR4, had no significant
effect on 2F5 binding, indicating that the somatic mutations
that produced these unconventional residues were incidental
and were not required for 2F5 activity.

The model of 2F5, in which the CDR H3 loop of 2F5 was
grafted onto an existing Fab structure together with replace-
ment of the scaffold residues by residues from the other CDRs
of 2F5, is shown in Fig. 3A. The peptide appears to lie between
the base of H3 and L3, distant from L1 and L2, and with the
crucial Asp, Trp, and Lys residues of the peptide pointing in
the direction of R95 of H3, F32 of H1, and D54 of H2, respec-
tively. A surface rendering of the model complex helps depict
the key interactions as determined by our mutational analysis
(Fig. 3B). At the time of submission, the full coordinates of the
Fab 2F5-peptide complex became available (2F5B.PDB). The
actual crystal structure of the Fab 2F5-peptide complex is
shown superimposed on the model in tube format (Fig. 3C).
Reassuringly, the model very closely matches the structure
with root-mean square deviations of 0.87 A for L1 to L107 and
0.84 A for H1 to H113. Note that without the H3-peptide
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FIG. 4. Neutralization of HIV-1 and HIV-1 pseudoviruses by Fab and IgG 2F5 and 2F5-Fab mutants, F1005W and F100gR. (A) Ability of IgG
and Fab 2F5, as well as 2F5-Fab mutants, F100gW and F100gR, to neutralize HIV-1, by using p24 as the endpoint and H9 cells as target cells
(60). (B and C) Ability of the MAbs in panel A to neutralize the pseudovirions, HIV-1,z, (B) and HIV-1y,4, (C), using relative light units (RLU)
produced by luciferase activity following a single round of infection of U87.CD4.CCRS or CXCR4 cells (8) as the endpoint (13), as described
previously (60). Neutralizing activity is expressed as a percentage of inhibition of infection. The error bars indicate standard deviations.

coordinates from the patent, the model would probably not
have been so accurate.

We wanted to compare the abilities of the mutant Fabs to
neutralize HIV-1, but it was impractical to make this compar-
ison for all of the 2F5 mutants. To limit the search, we rea-
soned (although we do not prove) that the mutants that sig-
nificantly diminish 2F5 affinity for gp41 would have a similar
effect on 2F5-mediated neutralization of HIV-1. In addition,
the most obvious hurdle for vaccine design involving 2F5 may
be the difficulty of eliciting Abs with H3s as long as 2F5.
Therefore, we focused on the F1005,W mutant, which binds at
wild-type levels to gp41 but bears a mutation at the very tip of
the long H3 loop of 2F5. If a highly specific interaction be-
tween F100; and an unidentified determinant on HIV-1 was
crucial for neutralization of HIV-1 by 2F5, then F100;W may
not neutralize virus. We tested F1005,W and wild-type Fab 2F5
in two neutralization assay formats. In the first format, p24 was
used as the endpoint (60), and the T-cell-line-adapted strain,
HIV-1,,n, and HO cells were used as the virus and target cells,
respectively. The second format was a single-round infectivity
assay using the T-cell-line-adapted strain, HIV-1;;,5,, Or a
2F5-sensitive mutant of HIV-1; ¢, which we designate HIV-
1;r> and will describe elsewhere (M. B. Zwick and D. R.
Burton, unpublished data). The viruses were pseudotyped
using pNL4-3.luc.R"E"(13,60), and U87.CD4.CCR5 (or
CXCR4) cells were used as target cells (8). Equivalent neu-
tralizing activity for F1005W and wild-type 2F5 Fab was ob-
served against all three viruses, demonstrating no special re-
quirement for an F residue at position 1005 for HIV-1
neutralization (Fig. 4A, B, and C).

It may be argued that because W and F are both chemically
similar residues, W1005; might substitute for F100; even for a
fairly specific interaction, such as that involving burying an F or
W residue in a hydrophobic cavity. We therefore also tested
F1005R, a mutant bearing an extended, positively charged side
chain at position 100g. This mutant was shown to bind to gp41
and the peptide with ~10-fold-lower affinity (Fig. 2C). The
mutant was then evaluated in both neutralization assay formats
and shown to neutralize the three standard viruses, but the

50% inhibitory concentrations were ~42-, 67- and 160-fold
lower than with the wild-type Fab 2F5 for MN, JR2, and HxB2,
respectively (Fig. 4A, B, and C). The loss in neutralization
potency of F1005R can be partially explained by the ~10-fold
decrease in binding to the epitope peptide and gp41, but its
magnitude suggests additional factors may be involved. Thus, it
might be that the epitope of 2F5 is larger on the virus than
hitherto appreciated from prior peptide mapping studies. Al-
ternatively, the F100zR Fab might be restricted in some way
from accessing the 2F5 epitope on HIV-1. The neutralization
assay results with F100zR can be considered in light of studies
that show that neutralization of HIV-1, as well as of other
viruses, does not necessarily correlate with antibody affinity to
isolated (glyco)proteins from the virus but is considered rather
a function of antibody affinity to the relevant determinants on
the surface of the infectious virion particle (40). In the case of
2F5, this situation is made more complex by the fact that the
antibody likely recognizes an intermediate in the fusion pro-
cess (4, 18, 19, 21). Whether Abs nonhomologous to 2F5 would
need to interact with HIV-1 in a way similar to that of 2F5 in
order to neutralize HIV-1 remains unknown but should be
addressed in light of HIV-1 vaccine development strategies
involving the 2F5 epitope.

In the present study, the reactivity profile of the 2F5 epitope
peptide was similar to that observed for gp41 for all of the
mutant Fabs tested. In a related study involving mutants of Fab
b12, the reactivity profile of a mimotope peptide, B2.1, had
significant differences from that observed for gp120 (57). The
contrasting results of the two studies can be explained in that
the 2F5 peptide and gp41 share similar contacts with 2F5,
whereas the B2.1 mimotope peptide and gp120 each make
quite different contacts with b12. The 2F5 epitope peptides
would be expected to more closely “mimic” the corresponding
epitope on gp41, which is at least somewhat linear in nature,
whereas the B2.1 peptide was selected using phage display to
bind to an Ab that targets a discontinuous epitope that over-
laps the CD4 binding site on gp120 (57).

Perhaps the most puzzling result from this study was the
large negative effect on 2F5 binding to peptide of so many of
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the substitutions at F100g, despite a minimum distance of
around 18 A between the peptide and F100; in the crystal
structure (38). This distance is inconsistent with a specific in-
teraction (i.e., H bonding or hydrophobic interaction) between
F100; and the peptide. The F1005W mutant retained full
binding activity, suggesting a preference for aromatic residues
at position 1005, but a Y substitution still diminished 2F5
activity by twofold. The interpretation of these results is not
readily forthcoming, nor is the interpretation of some other
functional hot spots, as discovered by alanine scanning and
described in the literature (15). Indeed, it has been shown that
somatic mutations that increase the affinity of an antibody to
an antigen quite often are not involved in direct contact with
the antigen (50, 51, 55). It might be that certain substitutions to
1005 can somehow perturb the orientation of key residues at
the base of the H3 loop or reduce the free energy associated
with the ground state of 2F5. Finally, F100; might be involved
in initial hydrophobic interactions that draw the core of the
epitope into the binding site. The importance of the tip of the
H3 loop is reinforced by the complete lack of gp41-binding
affinity of the 2F5 truncation mutant (trunc) in our assay for-
mat. We note here that the 2F5 frunc mutant was found to be
somewhat poorly produced in crude bacterial supernatants
relative to the wild type (~10-fold reduction; data not shown),
suggesting a possible effect on folding or stability for this Fab.

It is interesting that other potent and broadly neutralizing
MAbs against HIV-1, including IgG1 b12 (44, 59) and Fab X5
(35), also have H3 loops of above-average length (18 and 22
amino acids, respectively), although there are nonneutralizing
anti-HIV-1 antibodies with long H3s as well (5, 7). Whether or
not long H3s will be a general trend found in HIV-1-neutral-
izing antibodies will await the discovery of more such antibod-
ies. However, it might be that the long H3 loop is a common
feature contributing to the difficulty of eliciting neutralizing
antibodies to HIV-1.

With respect to vaccine development, eliciting neutralizing
Abs against the elusive 2F5 target will require increased efforts
to precisely determine the 2F5 epitope on gp4l. A crystal
structure of a complex of 2F5 with a longer peptide, or even
gp41 itself, would provide a more precise structural context for
designing structurally constrained immunogens. Since 2F5 can
neutralize HIV-1 following its attachment to host cells, it is
therefore likely that the preponderance of Abs raised against
recombinant gp41 or the ELDKWAS-displaying immunogens
cannot access, or bind poorly to, the relevant epitope on the
gp41 fusion-intermediate, which is poorly immunogenic. We
have now identified paratope residues that are key determi-
nants of the neutralizing activity of 2F5 and show that the long
CDR H3 loop appears to contribute to its ability to neutralize
HIV-1. Hence, it would seem imprudent to pursue efforts to
elicit 2F5-like Abs in mice, which produce Abs with much
shorter H3s. The paratope map of 2F5 adds to our understand-
ing of the interaction 2F5 makes with HIV-1 and may facilitate
the design of molecules that are able to elicit 2F5-like activi-
ties.
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