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SI Materials and Methods
Protein Expression and Purification.Theantibodies used in this study
were produced and purified, and Fab fragments were cleaved
similarly to previously described methods (1). Briefly, NIH45-46,
chimera (germ-line heavy chain/mature light chain), and germ-line
IgGs were expressed by transiently transfecting HEK293-6E cells
with two vectors containing the appropriate heavy and light chains.
Secreted IgGswere purified from cell supernatants using proteinA
affinity chromatography (GE Healthcare). For neutralization as-
says, IgGs were diluted to 1 mg/mL stocks in 20 mM Tris, pH 8.0,
and 150 mM sodium chloride (TBS buffer). Purified IgGs were
digestedwith immobilized papain (Pierce) at 10mg/mL to produce
Fab fragments. The Fabs were separated from the mixture by
capturing the Fc-containing proteins using protein A chromatog-
raphy and Superdex 200 16/60 (GE Healthcare) size exclusion
chromatography. Fabs were concentrated to ∼10 mg/mL in TBS
buffer supplemented with 0.02% (wt/vol) sodium azide.
A truncated gp120 from the HIV-1 strain 93TH057 was pro-

duced exactly as described previously (1). Briefly, pACgp67b
vector encoding His-tagged gp120 was used to make infectious
baculovirus particles using BaculoGold (BD). Protein was ex-
pressed in Hi5 cells, captured on Ni2+-nitrilotriacetic acid (NTA)
column, and further purified using Superdex 200 16/60 size ex-
clusion chromatography (GE Healthcare).
For crystallization experiments, purified NIH45-46chim Fab and

93TH057 gp120 were incubated at a 1:1 molar ratio and treated
with 40 kU Endoglycosidase H (New England Biolabs) for 16 h
at 37 °C. The complex was purified after the incubation by Su-
perdex 200 10/300 size exclusion chromatography (GE Health-
care) and then concentrated to OD280 = 12.0 in TBS buffer.

Crystallization. Crystallization conditions were screened using va-
por diffusion in sitting drops set using a Mosquito crystallization
robot (TTP Laboratories) in a final volume of 400 nL per drop (1:1
protein to reservoir ratio) using commercially available crystalli-
zation screens (Hampton). Initial crystallization hits for Fab
NIH45-46GL and NIH45-46chim–93TH057 complex were identi-
fied using the PEGRx Screen (Hampton) and then manually
optimized. Crystals of Fab NIH45-46GL (space group P212121, a =
56.0 Å, b = 70.1 Å, c = 225.1 Å; two molecules per asymmetric
unit) were obtained on mixing a protein solution at 11 mg/mL
with 30% (wt/vol) polyethylene glycol 3350, 0.2 M ammonium
sulfate, and 0.1 M Bis·Tris, pH 5.5, at 20 °C. Crystals were briefly
soaked in mother liquor solution supplemented with 25% (vol/
vol) glycerol before flash cooling in liquid nitrogen. Crystals of
the NIH45-46chim–93TH057 complex (space group P212121, a =
60.7 Å, b = 66.1 Å, c = 206.7 Å; one molecule per asymmetric unit)
were obtained on mixing a protein solution at OD280 = 12 with 5%
isopropanol, 16% (wt/vol) polyethylene glycol 10,000, 0.1 M
Bis·Tris, pH 6.5, and 80 mM ammonium sulfate at 20 °C. Complex
crystals were cryocooled by covering the crystallization drops with
paraffin oil to prevent evaporation, adding an excess of 30% (vol/
vol) isopropanol, 20% (wt/vol) polyethylene glycol 10,000, 0.1 M
sodium citrate, pH 5.0, 0.1 M Bis·Tris, pH 6.5, and 80 mM am-
monium sulfate to the drops before mounting, and flash cooling
the crystals in liquid nitrogen.

Data Collection, Structure Solution, and Refinement. X-ray diffrac-
tion data were collected at the Stanford Synchrotron Radiation

Lightsource beamline 12–2 using a Pilatus 6M pixel detector
(Dectris). The data were indexed, integrated, and scaled using
XDS (2). The Fab NIH45-46GL structure was solved by molec-
ular replacement using Phaser (3) and the VHVL, Constant Heavy
(CH) 1, Constant Light (CL), and CH1CL domains of NIH45-46
Fab [Protein Data Bank (PDB) ID code 3U7W] as two separate
search models. The model was then refined to 1.65 Å resolution
using an iterative approach involving refinement using the Phenix
crystallography package (4) and manually fitting models into
electron density maps using Coot (5). The final model (Rwork =
17.4%; Rfree = 20.3%) includes 6,606 protein atoms, 911 water
molecules, and 80 ligand atoms, including glycerol, pentaethylene
glycol, Tris-hydroxymethyl-methyl-ammonium, and a sulfate ion
(Table S1); 98.6%, 1.4%, and 0.0% of the residues were in the
favored, allowed, and disallowed regions, respectively, of the
Ramachandran plot.
For solving theNIH45-46chim/93TH057 complex, we created two

models. The firstmodel included gp120/VHVL (taken fromPDB ID
code 3U7Y) after substituting VH by the newly refined, CDRH3-
truncated VH GL using superimposing. The second model was the
CH1CL domains of NIH45-46 Fab (PDB ID code 3U7W). The
complex structure was refined to 3.25 Å resolution as described for
the Fab structure. In addition to considering I/σI and completeness
of the highest resolution shell (2.1% and 87.1%, respectively), we
used the correlation coefficient between two random halves of the
dataset (CC1/2 statistic) where CC1/2 > 10% (6) to determine the
high-resolution cutoff for our data. XSCALE (2) was used to
compute CC1/2 (78.6% for the highest resolution shell and 99.9%
for the entire dataset), supporting our high-resolution cutoff de-
termination. At this resolution, we expect the positions of protein
domains and loops to be correct, whereas assignment of the correct
side-chain rotamers may not be possible in some cases. For re-
finement, geometrical constrains were derived from the NIH45-
46mature/gp120 structure together with the 1.65 Å structure of
NIH45-46GL Fab. To verify that the model was unbiased, we cal-
culated a simulated annealed composite omit map for the final
model of the NIH45-46chim/gp120 complex, which verified the
backbone traces of the gp120 core and NIH45-46chim (Fig. S4B).
The final model (Rwork = 22.7%; Rfree = 26.7%) includes

5,836 protein atoms and 19 atoms of carbohydrates and sulfate
ions (Table S1); 98.5%, 1.4%, and 0.1% of the residues were in
the favored, allowed, and disallowed regions, respectively, of the
Ramachandran plot. Disordered residues that were not in-
cluded in the model, including residues 1–2 and 209–210 of the
NIH45-46chim light chain, residues 1, 99–99c, 131–139, 194–195,
and 217–221 of the heavy chain, residues 302–309 (V3 sub-
stitution), residues 397–409 (a total of six residues from V4),
residues 492–494, and the 6×-His tag of 93TH057. Solvent-
exposed, highly conformationally variable side chains that were
not observed in the electron density had their occupancies set to
zero (gp120: K46, Q82, E83, E87, K97, K121, K231, K240, E267,
R327, K328, K337, K340, R379, and K419; NIH45-46chim heavy
chain: K19 and R83; NIH45-46chim light chain: K97, K103, K122,
R138, and K186).
Buried surface areas were calculated using AreaIMol in CCP4

(7) and a 1.4-Å probe. Superimposition calculations were done,
and molecular representations were generated using PyMol (8).
Pairwise Cα-alignments were performed using PDBeFold (9).
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Fig. S1. Detailed sequence alignments of heavy- and light-chain variable domains of NIH45-46mature and NIH45-46GL. Sequence alignments of heavy- and
light-chain variable domains of NIH45-46mature (top lines) and NIH45-46GL (bottom lines) were done with ClustalW (1). Residues are numbered as defined for
NIH45-46mature. Black arrows indicate the boundaries of complementarity determining regions (CDRs) as defined by IMGT (2), and residues within CDR loops as
defined by the structure are marked with blue, green, and red arrows corresponding to CDR1, CDR2, and CDR3, respectively. The locations of framework
regions (FWRs) are indicated before, after, and between the CDRs. Circles mark residues that contact gp120; unfilled circles indicate contacts shared by NIH45-
46mature and NIH45-46GL, blue circles indicate contacts unique to NIH45-46mature, and red circles indicate potent VRC01-like (PVL) -characteristic contacts, all of
which are shared by NIH45-46mature and NIH45-46GL.
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Fig. S2. Crystal structure of NIH45-45GL Fab and comparison with NIH45-46mature. (A) Superimposition of the two NIH45-46GL Fabs in the crystallographic
asymmetric unit. The Fabs are shown as ribbon representations with heavy chain in magenta or blue and light chain in light pink or light gray. Packing
differences in the crystals of NIH45-46GL and NIH45-46mature (PDB ID code 3U7W) Fabs also likely contributed to different orientations of the constant domains
(CH1, CL) relative to the variable domains (VH, VL). (B and D) Lattice contacts in NIH45-46GL Fab crystals. The variable heavy (VH) and variable light (VL) domains
of the two NIH45-46GL Fab molecules in the crystallographic asymmetric unit were nearly identical (rmsd = 0.59 Å; 220 Cα-atoms), except for a small loop
displacement in the vicinity of Gln66HC, likely caused by lattice contacts. Two Fab molecules are shown (heavy chains in purple or gray, light chains in light
pink or light gray). Reoriented regions are highlighted in yellow (part of FWR3) and red (CDRH3). (C) A disulfide bond formed between Cys32HC NIH45-46 and
Cys98 HC NIH45-46 is shown as sticks. The corresponding residues in NIH45-46GL (Cys32 and Tyr98) are also shown as sticks. The antibody heavy-chain backbones are
shown as teal (NIH45-46) and purple (NIH45-46GL) wire diagrams. Oxygen atoms are colored red, and sulfur atoms are colored yellow. (E) Two surface repre-
sentations of the variable domains of NIH45-46GL (Upper; purple, heavy chain; light pink, light chain) and NIH45-46mature (Lower; teal, heavy chain; light teal, light
chain) are shown with residues that differ between them highlighted in red.
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Fig. S3. Biophysical characterization of NIH45-46, NIH45-46chim, and NIH45-46GL. (A) Surface plasmon resonance analysis of IgG binding to immobilized
93TH057 gp120. Sensorgrams are shown for NIH45-46, NIH45-46chim (HCGL/LCmature), and NIH45-46GL injected at concentrations of 62.5 nM, 1 μM, and 1 μM,
respectively. No binding was detected for NIH45-46GL. (B) In vitro neutralization of seven clade B and clade C HIV-1 pseudovirus strains by NIH45-46, NIH45-
46chim, and NIH45-46GL. Tabulated IC50 values are in micrograms per milliliter and representative of at least two duplicate experiments.
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Fig. S4. Comparison of binding interfaces in NIH45-46chim/gp120 and NIH45-46mature/gp120 complexes. (A) Surface area buried by gp120 on Fabs because of
complex formation was calculated with AreaIMol (1) using a 1.4-Å probe. Residues at each contact interface are highlighted on the ribbon diagrams of NIH45-
46chim Fab (Upper Left) or NIH45-46mature (Upper Right) as surfaces enclosing the contact residues. NIH45-46chim: purple, heavy chain; pink, light chain; NIH45-
46mature: teal, heavy chain; light teal, light chain; blue, CDR1; green, CDR2; red, CDR3. Lower shows a table listing buried surface areas (Å2) and ratios between
surface areas buried on the heavy chains, light chains, and combined chains of NIH45-46chim and NIH45-46mature. (B) A simulated annealing composite omit map
(gray mesh, σ = 1.0) is shown over wire representations of NIH45-46chim (purple, heavy chain; light pink, light chain) bound to gp120 core (light yellow, outer
domain; gray, inner domain; orange, bridging sheet; green, loop D; blue, CD4 binding loop; teal, loop V5).
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Fig. S5. The NIH45-46GL VL is positioned to make PVL signature contacts with gp120. (A) The NIH45-46GL VHVL domains (orange, VH; yellow, VL) were super-
imposed on the VHVL domains of NIH45-46chim (purple, VH; light pink, VL) in the NIH45-46chim/gp120 complex (rmsd = 1.28 Å for 209 Cα-atoms). (B) The conserved
interaction between Trp67LC and the N-glycan attached to Asn276gp120 (1) was not observed in the NIH45-45chim/gp120 complex, because the N-glycan was not
present or not resolved in this structure. FWR3LC in NIH45-46GL contains a serine instead of a tryptophan at position 67. Protein backbone atoms are shown as
wire representations, and side chains are shown as sticks. Colors are as in A except for CDRL1 of NIH45-46GL (light blue) and NIH45-46chim (dark blue).

1. West AP, Jr., Diskin R, Nussenzweig MC, Bjorkman PJ (2012) Structural basis for germ-line gene usage of a potent class of antibodies targeting the CD4-binding site of HIV-1 gp120. Proc
Natl Acad Sci USA 109(30):E2083–E2090.
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Fig. S6. Comparison of CDRH3 position in NIH45-46mature/gp120 and NIH45-46chim/gp120 complexes. Detailed views of (A) possible causes for CDRH3 loop
displacement in NIH45-46chim/gp120 and (B) gp120 inner domain and gp120 loop D residues contacted by NIH45-46mature but not NIH45-46chim. (A) The CDRH1–
CDRH3 disulfide bond formed in NIH45-46mature between Cys32 and Cys98 cannot form in NIH45-46GL VH, because the CDRH1 residue at position 32 is a tyrosine.
Tyr32NIH45-46 GL as well as Tyr33NIH45-46 GL (Pro33 in NIH45-46mature) would cause a clash. CDRH3NIH45-46 GL adopted the same conformation as CDRH3NIH45-46 mature

in the gp120-bound conformation. (B–E) Detailed views of gp120 (B and C) inner domain and (D and E) loop D contacts made by (B and D) CDRH3NIH45-46 mature

(teal) but not by (C and E) CDRH3NIH45-46 chim (purple). Protein backbones are shown as wire representations, and amino acid side chains are shown as sticks. The
disordered part of CDRH3NIH45-46 chim is shown as a dashed line. A sulfate ion coordinated by Asn474gp120, Lys476 gp120, and Arg480 gp120 in the NIH45-46chim–
bound structure (gp120 residues in gray) but not the NIH45-46mature–bound structure (gp120 residues in white) is shown as sticks. Sulfur, oxygen, and nitrogen
atoms are colored yellow, red, and blue, respectively.
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Table S1. Data collection and refinement statistics (molecular replacement)

NIH 4546 GL Fab
NIH 4546 chimera Fab/ 93TH057

gp120 complex

Data collection
Space group P212121 P212121
Cell dimensions

a, b, c (Å) 55.96, 70.14, 225.11 65.66, 69.82, 207.77
α, β, γ (°) 90.0, 90.0, 90.0 90.0, 90.0, 90.0

Resolution (Å) 39.7–1.65 (1.78–1.65) 29.71–3.25 (3.37–3.25)
Rmerge 0.142 (1.01) 0.075 (0.789)
I/σI 8.8 (2.0) 14.3 (2.1)
Completeness (%) 99.4 (99.2) 98.4 (87.1)
Redundancy 12.9 (10.6) 4.8 (4.7)
CC1/2 (%)* 99.8 (80.6) 99.9 (78.6)

Refinement
Resolution (Å) 1.65 3.25
No. reflections 106,926 15,361
Rwork/Rfree 0.174/0.203 0.227/0.267
No. atoms

Protein 6,606 5,836
Ligand/ion 80 19
Water 911 0

B factors
Protein 24.2 147.1
Ligand/ion 26.7 134.7
Water 35.3 —

rmsd
Bond lengths (Å) 0.008 0.010
Bond angles (°) 1.18 1.64

Values in parentheses are for the highest-resolution shell.
*CC1/2 values were calculated using XSCALE.
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