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SUMMARY
F425-B4e8 (B4e8) is a monoclonal antibody isolated from a human immunodeficiency virus type 1
(HIV-1)-infected individual that recognizes the V3 variable loop on the gp120 subunit of the viral
envelope spike. B4e8 neutralizes a subset of HIV-1 primary isolates from subtypes B, C and D, which
places this antibody among the very few human anti-V3 antibodies with notable cross-neutralizing
activity. Here, the crystal structure of the B4e8 Fab’ fragment in complex with a 24-mer V3-peptide
(RP142) at 2.8 Å resolution is described. The complex structure reveals that the antibody recognizes
a novel V3 loop conformation, featuring a 5-residue α-turn around the conserved GPGRA apex of
the β-hairpin loop. In agreement with previous mutagenesis analyses, the Fab’ interacts primarily
with V3 through side-chain contacts with just two residues, IleP309 and ArgP315, while the remaining
contacts are to the main chain. The structure helps explain how B4e8 can tolerate a certain degree
of sequence variation within V3 and, hence, is able to neutralize an appreciable number of different
HIV-1 isolates.
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INTRODUCTION
The envelope spike of the human immunodeficiency virus type 1 (HIV-1) is responsible for
viral infectivity by binding to cell surface receptors, thus mediating cell entry1. The viral spike
is a membrane-anchored, trimeric assembly formed by the non-covalently associated
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glycoproteins gp120 and gp41. All HIV-1 neutralizing antibodies are directed against these
envelope glycoproteins.

Recent crystal structures of broadly neutralizing anti-HIV antibodies have provided insight
into the epitope targets of these antibodies and, consequently, strategies to neutralize this
constantly evolving virus. One of these epitopes is the membrane proximal region on gp41,
which is recognized by human monoclonal antibodies (mAbs) 4E10, the most broadly anti-
HIV-1 neutralizing antibody known2,3, and 2F54. Another suitable epitope for broad
neutralization by an antibody is the recessed, but conserved, CD4 binding site on gp120, which
is recognized by human mAb b125,6. Structural studies of anti-HIV antibodies have also
revealed unique Fab configurations, such as the domain-swapped architecture of mAb 2G12
Fab, that forms a multivalent paratope, specific for oligomannose clusters on gp1207. In
contrast to these unique broadly neutralizing antibodies, mAbs to the third hypervariable loop
(V3) on gp120 neutralize a much smaller range of primary isolates and many tend to be isolate
specific8-11.

The V3 region of gp120 is critical for viral infectivity. V3 mediates the binding to coreceptor
molecules on target cells and its sequence determines coreceptor tropism12-14. It has been
suggested, based on mutagenesis experiments and structural data, that the relatively conserved
V3 tip interacts with the extracellular loops of CCR5, thus participating in the gp120 chemokine
receptor interaction15,16. During cell entry, gp120 undergoes several structural changes,
during which V3 may change its conformation, disposition and accessibility. Conformational
flexibility in gp120 is supported in part by the crystal structure of unliganded simian
immunodeficiency virus (SIV) gp120 core17,18, which shows significant structural changes
in comparison to CD4-bound HIV gp12019,20 and by an engineered gp120 in complex with
mAb b126.

A recent crystal structure of HIV-gp120 bound to CD4 and neutralizing antibody X5 revealed
the first structural insights into the conformation and relative orientation of the intact V3
loop15. The V3 loop comprises approximately 35 residues, linked by a disulfide bond at its
base (Cys296-Cys331, HXB2 numbering21) and can be subdivided into three parts: the base
(residues 296-300 and 326-331), the stem (residues 301-305 and 321-325) and the tip or crown
(residues 306-320). In the gp120 structure, the stem region is quite flexible, whereas the base
and tip region consist of two antiparallel β-strands that form a β-hairpin loop15. The apex of
this loop (residues 312-315) is conserved with a GPGR motif in many subtype B viruses and
a GPGQ in nearly all non subtype B viruses.

A number of crystal structures of anti-V3 Fabs in complex with V3 peptides have been
determined22-28. The Fab interactions are mostly centered around the tip region of V3 with
its β-turn, with an extended β-structure on its N terminal side; these substructures align well
with their corresponding sections in the gp120 structure. V3 peptides have been complexed
with murine antibodies 50.122,23, 59.124,25, 58.223, 83.126, and human mAbs 221927 and
447-52D28. All of these V3-structures contain a type II β-turn around the conserved GPGR
motif, with the exception of 83.1, that adopts a type I β-turn. In agreement with these crystal
structures, the NMR structures of isolated V3-peptides show a high turn propensity around the
apex of the hairpin loop29.

Despite a large repertoire of V3-specific antibodies studied, only a few exhibit neutralization
that is not isolate specific. Of these, the two human mAbs 447-52D and 2219 are the best
characterized. Human mAb 447-52D utilizes its extended CDR H3 loop to form a mixed β-
sheet with the V3-hairpin loop and enlists mainly main-chain interactions to achieve its high
affinity and broad specificity28. However, it also interacts extensively with the conserved
GPGR-crown region, which limits its reactivity to viruses with a GPGR sequence at the V3

Bell et al. Page 2

J Mol Biol. Author manuscript; available in PMC 2009 January 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



tip. Human mAb 2219, on the other hand, binds to the conserved β-structure in the β-hairpin,
namely residues P303 to P309, with the crown region, in this case, exposed to solvent. This
mode of interaction allows mAb 2219 to recognize V3 peptides with unusual crown
sequences27.

B4e8 is an anti-V3 antibody that initially was thought to recognize an epitope at the base of
the V3 loop30. However, a recent study31 re-assessed the epitope designation. It was shown
that B4e8 binds to the tip of V3 and that the presence of IleP309, ArgP315 and PheP317 are
important for high-affinity binding. In this later study, B4e8 also could neutralize a subset of
primary isolates from subtypes B, C and D. In order to investigate the structural basis of this
cross-reactivity, we have now determined the crystal structure of B4e8 in complex with the
V3 peptide RP142 at 2.8 Å resolution.

RESULTS
Fab’ structure

Fab’ B4e8 (human, IgG2, κ) was crystallized in complex with the 24-mer,V3-peptide RP142
(YP301NKRKRIHIP309GP312PGRAFYTTKNIIGCP326) and the structure was determined to
2.8 Å resolution. The heavy and light chains are numbered by the standard Kabat and Wu
numbering system32, whereas the peptide is numbered according to the HXB2 reference
sequence21. B4e8 is the first human IgG2 that has been structurally characterized (Fig. 1). As
expected, the IgG2 CH1 domain is structurally very similar to human IgG1 CH1 (rmsd of 0.7
Å for all CH1 Cα atoms of B4e8 and human IgG1 HIL [PDB ID: 8FAB]); only 6 residues,
corresponding to positions 135, 136, 197, 198, 211 and 222, are different.

The CDR loops L1, L2, H1 and H2 fall into canonical classes33,34 κ2, 1, 1 and 3A, respectively.
B4e8 CDR loop L3 shows an insertion after residue 95 which designates it among CDR L3
loops of canonical class κ5. However, the inserted residue is an Asp and not a Pro, as reported
for other members of that class35 and the overall conformation is different from all previously
described classes. Thus, the CDR L3 in B4e8 represents a new canonical class for κ-light chains
(Fig. 2). The CDR H3 loop is of moderate length (14 residues) compared to other human anti-
HIV-1 antibodies with very long H3 loops, such as 2F5 (22), 447-52D (20) or b12 (18). It has
a kinked base, as predicted from its sequence36.

Interestingly, the Fab’ is glycosylated at AsnH28, which is part of framework region (FR) 1,
with interpretable electron density for the core trisaccharide, (GlcNAc)2Man. A single point
mutation in the VH gene segment creates a glycosylation site by mutation of the conserved
ThrH28 to AsnH28. However, the sugar does not contact the antigen and, therefore, does not
participate in Fab’-peptide interaction. Computer modeling of the antibody structure onto the
V3-containing HIV-1 gp120 structure15 also suggests no likely interaction of the sugar with
CD4-bound gp120. Glycosylation of variable antibody domains has been observed
previously37 and at least one other Fab contains a glycosylation site on a conserved framework
region38.

Peptide structure and interactions
The 24-mer V3-peptide RP142 exhibits clear and interpretable electron density in the Fab’-
peptide complex for residues P304-P320, except for the ArgP304 and LysP305 side chains (Fig.
3). A total of 96 contacts, including four hydrogen bonds and one salt bridge, are formed
between B4e8 and RP142 (Table 2). The buried molecular surface area on the Fab’ is 447
Å2 and is contributed slightly unequally by the heavy (57%) and light chain (43%), using CDR
loops L1 (7%), L3 (36%), H1 (8%), H2 (28%) and H3 (22%). No contacts are made by CDR
L2, as frequently observed for haptens and non-protein ligands39. The corresponding area on
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the peptide is 411 Å2 and involves all residues from IleP307 to ThrP319 with the largest
contribution from ArgP315 (24%) and IleP309 (21%) (Table 2).

The interaction between the Fab’ with the V3 peptide is primarily mediated by limited peptide
side-chain, as well as some main-chain, contacts. The side-chain interactions are focussed on
only two residues, IleP309 and ArgP315. Together with main-chain contacts along the peptide
backbone, these residues participate in 83% of the van der Waals contacts, all hydrogen bonds
and the only salt bridge (Fig. 4). Two main-chain hydrogen bonds are formed by AsnH108 with
ProP313 and ArgP315 from the apex of the β-hairpin (Fig. 5). Another main-chain hydrogen
bond between the Fab’ and the V3-peptide is formed between LeuL94 and PheP317, which
further stabilizes their interaction.

The side chain of ArgP315 adopts an unusual rotamer that is sandwiched between TyrL32 (∼3.7
Å) and PheP317 (∼3.7 Å) (Fig. 5). The ArgP315 conformation is stabilized by a salt link and a
hydrogen bond with AspL92. The only other major interaction of the Fab’ with a V3-peptide
side chain involves IleP309, which is buried in a hydrophobic pocket formed by the CDR H2
loop and LeuL94, and complements the overall surface and charge complementarity between
B4e8 and RP142 (Fig. 6). The shape correlation statistic (Sc) of 0.80 is similar to those observed
for other Fab-V3-complexes, such as 2219 (PDB-ID: 2B0S, Sc=0.83), 447 52D (1Q1J, 0.77),
59.1 (1ACY, 0.80), 50.1 (1GGI, 0.79), 58.2 (1F58, 0.80) and 83.1 (1NAK, 0.78).

The side chain of HisP308 is involved in a crystal contact with CDR H2 via a bound Zn2+ ion,
but does not participate in the B4e8-peptide interaction itself and the conformation of
HisP308 is similar to those observed in other Fab-V3 complexes15,23,25-28.

Novel V3-conformation
V3 loop structures typically exhibit a β-hairpin conformation with a canonical β-turn for the
central GPGR sequence at the tip15,23,25-28. The V3 peptide bound to B4e8 adopts this type
of overall hairpin conformation, but forms an α-turn around its apex residues GlyP312 to
AlaP316. α-Turns are defined as five residue turns, with a distance between Cα (i) and Cα (i+4)
of less than 7 Å and a non-helical conformation40,41. Hence, the B4e8-peptide structure
presented here depicts a novel V3 conformation, which does not exhibit the canonical β-turn
for the central GPGR sequence at the tip. The extended N-terminal region of the peptide
(RP304KRIHIP309) is structurally very similar to other Fab-bound V3-peptides or the gp120
structure, as reflected by the similarity of their dihedral angles. The subsequent loop region
(GP312PGRAP316) is twisted, when compared to the 447-52D, 59.1 or the gp120 structures. A
similar twist was observed in the 2219 structure, which resulted from a difference in the ψ
angle of IleP309. Indeed, in the B4e8 structure, this angle is equivalently perturbed, resulting
in conformational similarity of the V3-peptides bound to B4e8 and 2219, but only up to
ProP313, as evident by their similar dihedral angles (Table 3, Fig.7).

At the tip of the loop, residues GlyP312 to AlaP316 form an α-turn with a hydrogen bond between
GlyP312 N (i) and AlaP316 O (i+4). A search of the PDB revealed that at least 45 other structures
have α-turns with similar dihedral angles. In all V3 structures reported previously, the structural
motif around residues GlyP312 to ArgP315 displays a type II or, in the case of 83.1, a type I β-
turn. Thus, the structure of the B4e8-peptide complex depicts a novel V3 conformation that
highlights its conformational flexibility. The change of the four-residue β-turn
(GP312PGRP315) to a five-residue α-turn conformation spanning GlyP312 to AlaP316 is a result
of the structural insertion of ArgP315 into the apex of the loop. The much wider turn at the loop
tip renders the ArgP315 side chain unusually accessible and close to the CDR L1 and L3 loops,
thus permitting numerous interactions with the Fab’ (Fig. 5).
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As a result of the insertion of ArgP315 into the turn region of the β-hairpin conformation, the
hydrogen bond pattern of the peptide is shifted by one residue compared to other V3-structures.
This register shift is most obvious in a comparison of the peptides bound to B4e8 and human
mAb 2219, where the position of the side chains of residues P316 to P318 in B4e8 is almost
identical to residues P315 to P317 in 2219 (Fig. 7). In the context of gp120, careful inspection
of the V3-containing gp120 structure15 suggests that the shift of the hydrogen bond pattern
can be accommodated by the flexible stem region without major rearrangements of the
conserved V3-base.

The one residue shift is a result of a 180° rotation of the ψ-angle of the central GlyP314 compared
to the 2219 or the V3-containing gp120 core structure (Table 3). As a consequence, all
subsequent residues are correspondingly rotated, which allows the insertion of ArgP315 into
the turn region and the aforementioned displacement in hydrogen bonding pattern. A shift of
the β-strands with respect to each other has been observed before in the NMR structure of a
V3-peptide derived from the HIV strain IIIB in complex with mAb 447-52D42. Furthermore
the B4e8 structure an additional interstrand hydrogen bond is found between LysP305 and
ThrP320, thus extending each β-strand by two residues, compared to the 2219 complex
structure27.

DISCUSSION
Human mAb B4e8 neutralizes a subset of viruses from HIV-1 subtypes B, C and D31. The
structure of the B4e8-Fab’ in complex with the peptide RP142, which comprises the V3-loop
sequence of the MN isolate HIV-1 envelope gp120, was determined to provide structural
insight into the cross-reactivity of B4e8. Our results illustrate how this antibody can tolerate
sequence variability at certain positions within V3. A previous study31 showed that the
interaction of mAb B4e8 with the V3 loop is critically affected by mutating IleP309, ArgP315

or PheP317. IleP309 is buried in a hydrophobic pocket formed by CDR H2 and LeuL94. As a
consequence, position 309 in V3 requires small, hydrophobic residues, such as Ile, Leu and
Val, for high affinity antibody binding. Interestingly, the most commonly found residues at
this position in V3 loops are Ile, Leu, Phe and Met43. Computer modeling suggests that the
side chains of Phe and Met would be too large to be accommodated by the Fab’ hydrophobic
pocket, in good agreement with the inability of B4e8 to neutralize subtype B viruses with a
Met at position 30931.

The majority of interactions between B4e8 and V3 involve ArgP315. An Ala or Gln substitution
at this position severely reduces the affinity of B4e8 for V331. Computer modeling of the Arg
to Gln mutation suggests that Gln could maintain the hydrogen bond with AspL92, although
most of the van der Waals contacts with TyrL32 and the salt bridge with AspL92 would not be
formed. Interestingly, B4e8 was able to neutralize one subtype C and one subtype D virus,
albeit at high concentrations, both of which have Gln at this position31. We speculate that the
ability of F425-Be48 to neutralize the two non-B viruses in the previous study could be due to
an optimal presentation of the V3 loop on these viruses to the antibody, thus, compensating
for the fewer number of contacts with Gln315. The reason for the inability of B4e8 to neutralize
the other viruses is not fully clear. It is certainly possible that the V3 region on these other
viruses is not accessible to B4e8. Further studies will be required to adequately address this
issue.

The third residue critical for B4e8 binding is PheP317. Its side chain participates only weakly
in the interaction between Fab’ and peptide (Table 2). However, it is in close contact (∼3.7 Å)
with the guanidino side chain of ArgP315 and presumably stabilizes the unusual rotamer
conformation of ArgP315 by diminishing its structural flexibility (Fig. 6). Therefore, PheP317

participates in positioning ArgP315 for optimal recognition by B4e8.
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The V3 conformation in the complex-structure with B4e8 has not been observed previously
and illustrates the conformational flexibility inherent in certain regions of V3. Despite
significant structural homology among all eight V3 crystal structures determined so far, it has
become apparent that small changes can lead to variable accessibility for the same sets of
residues, as well as differential accessibility for different regions of the V3 loop. This scenario
can limit and vary the exposure of conserved residues for recognition by potential neutralizing
antibodies.

Nevertheless, aside from B4e8, two other moderately broadly neutralizing antibodies, namely
447-52D and 2219, have been elicited against the V3 loop and have been structurally
characterized. These three structures reveal three quite distinct modes of recognition for a
plethora of viral isolates, through main-chain interactions between the CDR H3 loop and the
N-sterminal part of V3 (447-52D), by binding to a conserved face of V3 that allows variation
in the tip (2219), or by recognition of a unique V3 conformation (B4e8).

In summary, these results add substantially towards a complete understanding of the V3 loop
as a potential target for neutralization of HIV-1. In the future, additional neutralizing and non-
neutralizing V3 antibody structures will provide further insights into how such structural
information can be utilized with regard to rational design of V3-based antigens that may elicit
cross-reactive immune responses.

MATERIALS AND METHODS
Fab’ production and purification

Human IgG B4e8 (IgG2, κ) was prepared as previously reported30. Briefly, mononuclear
splenocytes of an HIV-1 infected patient were transformed with Epstein Barr virus for 48 h
and fused with HMMA human myeloma cells44. Hybridomas were selected on their specific
reactivity with HIV-infected cells and their ability to capture a relatively high degree of virions
in a virus capture assay30. Fab’ fragments were prepared by cleavage of B4e8 IgG with 1 %
pepsin (w/w) for 1 h at 37°C and subsequent reduction with 1.5 mM dithiothreitol for 4 h at
37°C. The Fab’ fragment was then purified by size exclusion chromatography in 10 mM Hepes,
pH 7.5 and 150 mM NaCl on a Superdex 200 16/60 column.

Crystallization and data collection
The peptide (YNKRKRIHIGPGRAFYTTKNIIGC) used for co-crystallization was previously
termed RP14245. The B4e8-peptide complex was prepared by mixing the Fab’ and the peptide
in a 1:5 molar ratio in 10 mM Hepes, pH 7.5 and 150 mM NaCl and incubating overnight at
4°C. Crystals were grown by sitting drop vapor diffusion. Drops containing 0.3 μl B4e8-peptide
complex (9 mg/ml) and 0.3 μl well solution were equilibrated against 0.5 ml well solution of
16 % polyethylene glycol (PEG) 8000, 100 mM MES, pH 6.0, and 150 mM zinc acetate.
Crystals appeared after two days and reached their final size of 80 × 20 × 5 μm3 after one week.
Data to 2.80 Å resolution were collected at the Stanford Synchrotron Radiation Laboratory
(SSRL) beamline 11-1, with an overall Rsym of 10.2 %, due to low overall I/σ, and a
completeness of 99.0 %. Data were processed with the HKL2000 package46 (see Table 1 for
complete data collection and refinement statistics).

The crystals were indexed in monoclinic space group P2 with unit cell dimensions a=82.9Å,
b=39.9Å and c=98.0Å with β-=108.5° and one B4e8-peptide complex in the asymmetric unit.
The Matthews’ coefficient47 was 3.0 Å3/Da corresponding to a solvent content of ∼59%.
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Structure determination, refinement and analysis
The structure was determined by molecular replacement using MERLOT48 and Phaser49. The
former program was used to search a library of 243 Fab molecules to obtain the best fitting
variable domain. Phaser was used for the consecutive rotation and translation of the models.
The Fab’ constant and variable domains were treated as separate search models using
equivalent fragments from PDB entries 1N0X50 and 1JHL51, respectively. After initial rigid
body and restrained refinement, Rcryst dropped to 35.4 % with an Rfree of 42.7 %. Several cycles
of model building and restrained refinement, with maintenance of the same test set of 5 % of
reflections throughout, were carried out using Coot52 and Refmac553, respectively. No
interpretable density was found for residues H128 to H136 and residues H196 to H199;
therefore, these residues were not built into the model. Final refinement statistics are outlined
in Table 1. The quality of the structure was analyzed using the programs MolProbity54 and
WHATIF55. Buried molecular surface areas were calculated with the program MS56 using a
probe radius of 1.7 Å and standard van der Waals radii57. Shape correlation statistics (Sc) were
calculated with CCP4 Sc, version 2.058. Hydrogen bonds were evaluated with the
HBPLUS59 and van der Waals contacts were analyzed with Contacsym60,61. The elbow angle
was determined to be 134° using RBOW62.

Protein Data Bank accession code
The atomic coordinates and structure factors have been deposited with the RCSB Protein Data
Bank and are available under accession code 2QSC.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Crystal structure of the B4e8-RP142 complex. The peptide is colored in yellow and the Fab’
heavy and light chains in dark and light gray, respectively; the Fab’ CDR loops are colored in
orange for L1, purple for L2, red for L3, cyan for H1, salmon for H2 and light green for H3.
The sugar and AsnH28, to which it is linked, are shown in stick representation and colored in
dark green. Images were produced with Pymol (http://pymol.sourceforge.net/).
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Figure 2.
New canonical class for CDR L3. (a) Comparison of the CDR L3 loop of B4e8 (red) to members
of canonical class κ-1 (PDB-code: 1REI, lightblue), κ-2 (2FBJ, yellow), κ-3 (1YQV,
aquamarine), κ-4 (1DFB, salmon) and κ-5 (palegreen, 1BAF). (b) The B4e8 kappa chain CDR
L3 has an Asp instead of the usual Pro at position 95a and represents a new canonical structure.
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Figure 3.
Electron density (2Fobs-Fcalc) for the RP142-peptide in complex with B4e8, contoured at
1.0σ. All residues, except the side chains of LysP305 and ArgP304, are well defined.
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Figure 4.
Specific binding interactions between B4e8 and RP142. Atomic coloring is used for the atoms
with the carbon atoms of the peptide colored in yellow, carbon atoms of the heavy chain in
light blue and those of the light chain in pale green. Only those residues of the Fab’ that make
contact to the peptide are shown in stick representation. Residues GlyP312 - AlaP316 form a
five residue α-turn.
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Figure 5.
Detailed view of the exposed ArgP315 and its interactions with B4e8. Hydrogen bonds and salt
bridges are shown by dashed lines. Color coding is as in Fig. 4. ArgP315 is sandwiched between
PheP317 and TyrL32 and stabilized by a salt bridge and a hydrogen bond to the side chain and
backbone of AspL92. The unusual α-turn conformation is stabilized by two hydrogen bonds
between AsnH100d and the backbone of ArgP315 and ProP313, respectively.
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Figure 6.
Molecular surface representation of the antigen-binding pocket colored by electrostatic
potential, calculated in APBS63, and mapped onto the surface with the color code ranging from
-10 kT/e (bright red) to +10 kT/e (dark blue). IleP309 is accommodated in a hydrophobic pocket,
whereas ArgP315 forms a salt bridge with AspL92.
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Figure 7.
Comparison of V3-peptides RP142 and MN bound to B4e8 (atomic coloring with carbon atoms
in yellow) and 2219 (carbon atoms in light blue), respectively. Identical residues in both
peptides are labeled only for B4e8 (black). Identical hydrogen bonds are marked by dashed
lines and shown only for B4e8. Due to the conversion from a type II β-turn in 2219 to an α-
turn in B4e8, one hydrogen bond in the apex of RP142 is lost in the complex with B4e8. The
β-hairpin conformation is maintained by a one-residue shift accompanied by a 180° rotation
of AlaP316 and all subsequent residues. Residues P304 to P306 and P319 to 320 are omitted
for clarity.
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Table 1
Data collection and refinement statistics

Data Collection
  Wavelength (Å) 0.979
  Resolution (Å) 2.80 (2.87 - 2.80)a
  Space group, cell P2
  dimension a, b, c (Å), β (°) 82.9, 39.9, 98.0, 108.5
  Unique reflections 15,169 (962)
  Redundancy 3.7 (3.2)
  Completeness (%) 99.0 (94.6)
  Rsym (%)b 10.2 (47.6)
  Avg I/σ 12.6 (2.3)
Refinement statistics for all reflections >0.0 σF
  Resolution 50.0 - 2.80
  No. of reflections (working) 14,414
  No. of reflections (test) 755
  Rcryst (%)c 21.9 (33.0)
  Rfree (%)d 26.4 (40.7)
  No. of Fab atoms 3,229
  No. of peptide atoms 125
  No. of water molecules 15
  No. of ions (Zn2+ / Cl-) 4 / 4
Overall B value (Å2):
  Variable domain 49.3
  Constant domain 49.4
  Peptide 49.4
  Water 35.9
  Ions 53.6
  Sugar 80.0
  Wilson B value (Å2) 60.8
Ramachandran plot (%)e
  Favored 96.7
  Allowed 3.1
  Disallowedf 0.2
Root mean square deviations
  Bond length (Å) 0.005
  Angle (°) 0.95

a
Numbers in parenthesis are for the highest resolution shell.

b
Rsym = ∑hkl | I - <I> | / ∑hkl | I |

c
Rcryst = ∑hkl | Fobs - Fcalc | / ∑hkl | Fobs |

d
Rfree is the same as Rcryst except for 5% of the data excluded from the refinement.

e
Evaluated with MolProbity 39

f
ProH149, which is part of a conserved loop region and in clearly interpretable density.
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Table 2
Total hydrogen bond and van der Waals contacts of peptide with B4e8 and buried surface areas of the V3 peptidea

Peptide residue Mainb Sideb Surface (Å2)

IP307 0 / 0 0 / 0 8.6
HP308 0 / 0 0 / 0 7.4
IP309 0 / 2 0 / 13 87.9
GP312 0 / 1 0 / 0 9.8
PP313 1 / 5 0 / 4 41.9
GP314 0 / 6 0 / 0 19.5
RP315 1 / 5 1 / 29 96.3
AP316 0 / 6 0 / 2 34.1
FP317 1 / 9 0 / 3 45.7
YP318 0 / 0 0 / 7 51.7
TP319 0 / 0 0 / 0 10.2

a
Residues with no buried surface area are not listed.

b
Shown as: hydrogen bonds / van der Waals contacts
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