
Discrete conformations of epitope II on the hepatitis
C virus E2 protein for antibody-mediated neutralization
and nonneutralization
Lu Denga, Li Maa, Maria Luisa Virata
Stephen Feinstoneb, Harvey Alterc,1, and Pei Zhanga,1

aDivision of Hematology, Office of Blood Research and Review, Center for Biologics Evaluation and Research, US Food and Drug Administration, Bethesda,
MD 20892; bDepartment of Biochemistry and Molecular Medicine, George Washington University School of Medicine and Health Sciences,
Washington, DC 20037; and cDepartment of Transfusion Medicine, Warren Grant Magnuson Clinical Center, National Institutes of Health, Bethesda,
MD 20892

Contributed by Harvey Alter, June 17, 2014 (sent for review April 4, 2014)

The X-ray crystal structure of epitope II on the E2 protein of hep-
atitis C virus, in complex with nonneutralizing antibody mAb#12,
has been solved at 2.90-Å resolution. The spatial arrangement of
the essential components of epitope II (ie, the C-terminal α-helix
and the N-terminal loop) was found to deviate significantly from
that observed in those corresponding complexes with neutralizing
antibodies. The distinct conformations are mediated largely by the
flexibility of a highly conserved glycine residue that connects these
components. Thus, it is the particular tertiary structure of epitope
II, which is presented in a spatial and temporal manner, that deter-
mines the specificity of antibody recognition and, consequently,
the outcome of neutralization or nonneutralization.
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Hepatitis C is a major public health problem worldwide. More
than 170 million people are infected by the hepatitis C virus

(HCV) (1). Approximately 70% of infected people fail to clear
the virus during the acute phase of the disease and become
chronic carriers (2). Liver cirrhosis, which develops in about 10–
20% of chronically infected patients, is linked with a high risk for
hepatocellular carcinoma in later life (2, 3). To date, there is neither
an effective immune globulin for prophylaxis nor a vaccine for
the prevention of hepatitis C. The development of a safe and
effective HCV vaccine remains a top priority for the global
control of HCV infections.
The HCV envelope glycoprotein E2 has long been considered

an important immunogenic target in efforts to develop an HCV
vaccine candidate. This consideration is largely based on the role
of the E2 protein in facilitating the entry of HCV into hepatocytes
via interaction with the host entry factors (4–10). Recently, the
crystal structure of the E2 core, in complex with a neutralizing
antibody, was solved (11). The E2 core study described the in-
terface crucial for host entry factor CD81-mediated entry, thus
providing a site of vulnerability that can be exploited in immu-
nogen design. The crystal structure also revealed that nearly 62%
of the E2 core amino acid residues are either disordered or in
loop structures, the overall effect of which indicates a striking
flexibility in the E2 protein structures. Whether the intrinsic
structural heterogeneity of the E2 protein is linked to the viral
entry process or not is currently unknown.
Epitope II resides on the E2 protein between residues 427 and

446, a location that places it in the vicinity of the described
E2–CD81 interface in the flexible area of the E2 protein (11–13).
Paradoxically, different antibodies are able to bind to a similar
set of residues on epitope II; however, their interactions with
these residues can lead to either HCV neutralization or non-
neutralization, as defined in an in vitro HCV cell culture system
(12, 13). In addition, some epitope II-specific nonneutralizing
antibodies were shown to interfere with the neutralization by
antibodies at epitope I, another epitope on the E2 protein

between residues 412 and 426 (12). Furthermore, depletion of
these epitope II-specific antibodies revealed a broader cross-
genotype neutralization by the epitope I-specific antibodies (14).
Previously, we determined the crystal structure of epitope II in
complex with an HCV-neutralizing antibody mAb#8, where
mAb#8 interacts with epitope II through a bifurcated mode of
action at two primary anchor sites within epitope II. Specifically,
the antibody operates by means of hydrophobic interactions
with residues Trp437 and Leu438 in the C-terminal α-helix and
hydrophilic interactions with residues Glu431/Asn434 in the N-
terminal loop (15).
Here we report the crystal structure of epitope II in complex

with mAb#12, an epitope II-specific antibody that lacks mea-
surable activity of HCV neutralization in vitro (13). Further-
more, we compared the crystal structure of the mAb#12–epitope II
complex with the known structures of other antibody–epitope II
complexes. Our studies provide structural insights relevant to
the site specificity of these functionally distinct epitope II-binding
antibodies. We conclude that the particular spatial arrange-
ments of the secondary structural elements in epitope II can
determine how a specific antibody binds it and ultimately
directs the outcomes of either antibody-mediated neutraliza-
tion or nonneutralization.

Results
Overview of the Complex Structure. To obtain high-X-ray-diffraction-
quality crystals suitable for structure determination, the Fab
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fragment of mAb#12, an antibody that binds to epitope II but is
unable to neutralize the virus, was cocrystallized with synthetic
peptides of different lengths, ranging from 13 to 35 mers, which
encompass residues 412–446 of the E2 protein of the HCV
H77 strain (13). Of the 6 peptides we have tested, only the
26-mer peptide (421HINSTALNCNESLNTGWLAGLFYQHK446)
consisting of the entire epitope II and a portion of epitope I
(12, 13) yielded sufficiently high-quality crystals for structure
determination.
The structure of the mAb#12–epitope II complex was refined

to 2.90-Å resolution (Table 1). A difference electron density
map was calculated to reveal the peptide structure. The model
building of the peptide was based exclusively on the visible-
difference electron density map rather than the existing epi-
tope II model from the structure of mAb#8–epitope II. Nine
residues in the 26-mer peptide, from Asn434 to Phe442, could
be built successfully into a difference electron density map
(Fig. 1A). The rest of the residues, including His421–Leu433 of
the N terminus and Tyr443–Lys446 of the C terminus of the 26-mer
peptide, were disordered.
Our previous study showed that the binding of mAb#12 to

epitope II is relatively weaker than that of neutralizing antibody
mAb#8 (13), which may be understood by analyzing these
complex structures. Among the 13 residues of epitope II that
participated in the interaction with mAb#8 (15), only nine were
involved in binding to mAb#12, resulting in a smaller buried
solvent-accessible surface area in the mAb#12–epitope II complex
(1,112 Å2 in mAb#12–epitope II vs. 1,478 Å2 in mAb#8–epitope
II). Contact residues in the mAb#12–epitope II complex were
identified by measuring the distances between atoms, using the
program CONTACT in CCP4 (16). Hydrogen bonds were
calculated using a cutoff distance of 3.4 Å. The cutoff distance
for van der Waals contacts was 4.0 Å. On the basis of these
criteria, mAb#12 was found to make 90 contacts with epitope II,
of which six are hydrogen bonds and 84 are van der Waals
contacts. In contrast, mAb#8 makes substantially more contacts
with epitope II: among its 134 contacts, 17 are hydrogen bonds
and 117 are van der Waals contacts. The relative paucity of
contacts in the mAb#12–epitope II interface contributes to
its poor shape complementarity, according to the calculated
shape correlation statistics of 0.67 (shape correlation = 1.0 for
perfect fits) (17), compared with 0.72 for the interface

between mAb#8 and epitope II. These differences may ac-
count for the weaker interaction of epitope II with mAb#12
compared with that with mAb#8.

Epitope II Recognition by Nonneutralizing and Neutralizing Antibodies.
As previously observed in the mAb#8–epitope II structure (15),
the secondary structure of epitope II in mAb#12–epitope II is
likewise composed of two major components: an N-terminal loop
(residues 434–436) and a C-terminal 1.5-turn α-helix (residues
437–442) (Fig. 1 B and C). To understand the structural
characteristics for epitope II recognition by nonneutralizing
and neutralizing antibodies, we compared the interactions of
epitope II with mAb#12 versus those with mAb#8. As in the
case of mAb#8, the complementarity determining region
(CDR) H3 loop of mAb#12 was positioned directly over the
two key contact residues, Trp437 and Leu438 (Fig. 2 A and B),
where amino acid substitutions could diminish the binding of
epitope II by either mAb#8 or mAb#12, regardless of their ca-
pacity to neutralize the virus (13). Residue Trp437 is stabilized
further by a hydrogen bond that forms between its side-chain Ne1

and an acidic residue: Asp99 in mAb#12 or Glu39 in mAb#8 (Fig.
2 A and B).
Despite certain resemblances, mAb#12 interacts with epitope

II in markedly different ways from mAb#8. The number of
residues of epitope II required for mAb#12 binding (i.e., Asn434–
Phe442) is four residues fewer than that bound by mAb#8
(Asn430

–Phe442). As a result, one of the anchors (Glu431) that
was identified in the mAb#8–epitope II structure cannot be
established in the mAb#12–epitope II structure (Figs. 1 and 2)
(15). In addition, the N-terminal loop of epitope II is loosely
held by CDR1 and CDR2 of the heavy chain of mAb#12. In
contrast, this loop is extensively involved in the hydrogen bond
network with CDR2 and CDR3 of the heavy chain in mAb#8–
epitope II (Fig. 2 A and C). Moreover, the hydrophobic patch of
the C-terminal helix in mAb#12–epitope II is packed against
CDR3 of the heavy chain and CDR2 and CDR3 of the light
chain (Fig. 2A), whereas the helix is enwrapped by mAb#8
through all three heavy-chain CDR loops, as well as CDR1 and
CDR3 of the light chain (Fig. 2B).
Superimposing the C-terminal helix of epitope II in the

mAb#12–epitope II structure onto that in the mAb#8–epitope
II structure revealed nearly identical conformations, including
the residue side-chains of the helices, whereas the N-terminal
loops of epitope II in the two structures adopted strikingly dif-
ferent conformations (Fig. 1 B and C). If one attempts to fit an
epitope II that is based on the mAb#12–epitope II conformation
into the binding groove of mAb#8 (or vice versa), it will not be
possible because of the steric clash between the N-terminal loop
and the antibody. This finding suggests that epitope II on the E2
protein of the virus can alternate between at least two discrete
conformations: one that can be recognized by mAb#8 and an-
other that can be recognized by mAb#12.

Comparisons of Epitope II from Different Crystal Structures. Two
structures of the E2 core are currently available (11, 18); how-
ever, only the structure of the E2 core (residues 412–645), in
complex with a neutralizing antibody, AR3C (11), includes epi-
tope II (Fig. 3A). We compared the AR3C–E2 core with our
antibody–epitope II complex structures (Fig. 3 B and C). The
α-helix of epitope II is well-preserved across the three crystal
structures, where the helical parts were superimposed. The side-
chains of Trp437 and Leu438, in particular, adopt almost identical
conformations. However, the N-terminal loop of epitope II in
AR3C–E2 core is positioned differently from that observed in
mAb#12–epitope II and mAb#8–epitope II complexes. In each
of the three complexes, the spatial arrangement of the N-
terminal loop relative to the α-helical element was distinct. In all
6 HCV genotypes, Gly436 is almost never mutated to other

Table 1. X-ray crystallographic statistics

Statistic mAb#12–Epitope II

Data processing statistics
Resolution limit, Å* 2.90 (3.12–2.95)
Space group P4322
Cell dimensions, Å, degrees a = 49.99 c = 390.59
Unique reflections* 11,042 (1,502)
Completeness, %* 99.0 (99.9)
Rmerge, %* 10.9 (27.2)
I/σI * 25.4 (5.9)

Refinement statistics
Rwork, % 22.1
Rfree, %† 28.4

rmsds from ideality
Bond lengths, Å 0.008
Bond angles, degrees 1.222

Ramachandran plot statistics
Favored region, % 96.3
Allowed region, % 3.7

*Values in the parentheses are statistics of the highest resolution shell. †Rfree

is calculated for a randomly selected 5.0% of reflections not included in the
refinement.
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residues, as seen by examining the 1,958 E2 protein sequences
deposited in the National Institute of Allergy and Infectious
Diseases Virus Pathogen Database and Analysis Resource (ViPR;
www.viprbrc.org) (Table 2), and serves as a pivot point connecting
the C-terminal α-helix and the N-terminal loop. The intrinsic
flexibility of Gly436 with its remarkable conservation makes it an
essential structural element in determining the general geometry
of epitope II.
To establish quantitative and comparable measurements for

the geometrical positions of the C-terminal α-helix relative to the
N-terminal loop of epitope II, we calculated the angles formed
between two straight lines that were drawn to represent the
C-terminal α-helix and the N-terminal loop of epitope II. Of the
three available structural models, mAb#12–epitope II was cho-
sen as the base (Fig. 3C). One line was drawn from the Cα atom
of Trp437 (the first residue of the helix) to the Cα atom of Phe442

(the last residue of the helix) of the epitope II, whereas the other
was drawn from the Cα atom of Asn434 (the first residue of the
N-terminal loop of the epitope II peptide in mAb#12–epitope
II) to the Cα atom of Trp437. The angles measured between the
helix and the loop of epitope II, in mAb#12–epitope II, mAb#8–
epitope II, and AR3C–E2 core were 114°, 75° and 142°, re-
spectively (Fig. 3C). The observed angle deviations signify a dy-
namic conformational transition that can occur within epitope II.
We noticed that the epitope II residues Trp437 and Leu438,

which are crucial for binding by both nonneutralizing and neu-
tralizing antibodies (mAb#12 and mAb#8), are partially buried

under loop 8 of E2, which connects β-strands g and f in the
AR3C–E2 core structure (Fig. 3C). As a result, epitope II in the
AR3C–E2 core complex appears to be inaccessible to binding by
either mAb#12 or mAb#8. A significant conformational change
has to take place to fully expose both Trp437 and Leu438 to allow
E2 recognition by mAb#12 or mAb#8. These observations led
us to propose that the E2 protein may exist in two different states
in terms of the presentation of epitope II: a closed state, as il-
lustrated by the AR3C–E2 core, where residues Trp437 and
Leu438 of epitope II are partially hidden, and an open state,
where residues Trp437 and Leu438 are solvent accessible, as
revealed by the structures of mAb#12–epitope II and mAb#8–
epitope II.
In addition, we compared the AR3C–E2 core with the crystal

structures of two other human anti-HCV neutralizing antibodies,
HC84-27 and HC84-1 (19), in complex with epitope II (Fig. 3D).
Residues Gly436–Lys446 of epitope II were included in the
structural models of HC84-27–epitope II and HC84-1–epitope II.
As shown in Fig. 3D, the helical parts of epitope II in the
complex structures are almost identical. The positioning of the
antibodies indicates that HC84-27 and HC84-1 clearly recognize
epitope II in the closed state of E2 protein, similar to the posi-
tion shown in the AR3C–E2 core. However, the positions of the
loops consisting of residues Tyr443–Lys446 in HC84-27–epitope II
and HC84-1–epitope II deviate significantly from the position of
this loop in AR3C–E2 core, suggesting that local conformational

Fig. 1. Structure of epitope II in the mAb#12–epitope II complex and comparison with the mAb#8–epitope II complex. (A) The 2Fo-Fc electron density map
(contoured at 1σ) at 2.90-Å resolution with the ball-and-stick representation of epitope II from mAb#12–epitope II. (B) Superimposition of mAb#12–epitope II
and mAb#8–epitope II complex shows the different orientations of the antibodies as they approach epitope II. Epitope II from mAb#12–epitope II is colored in
magenta. Epitope II from mAb#8–epitope II is colored in orange. (C ) A close-up view of the superimposition of epitope II in mAb#12–epitope II and
mAb#8–epitope II.

Fig. 2. Comparison of the different epitope II–antibody interfaces. The CDR loops are color-coded as follows: CDR H1 in yellow, CDR H2 in blue, CDR H3 in
violet, CDR L1 in cyan, CDR L2 in green, and CDR L3 in wheat. Epitope II from mAb#12–epitope II is in magenta. Epitope II from mAb#8–epitope II is in orange.
The side chains of interacting residues are drawn as ball-and-stick representations. Hydrogen bonds are represented by black dotted lines. (A) MAb#12–
epitope II interface; (B) MAb#8–epitope II interface showing the interactions between mAb#8 and the C-terminal helix of epitope II; and (C) MAb#8–epitope II
interface showing the interactions between mAb#8 and the N-terminal loop of epitope II.
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changes are needed when epitope II is presented in the closed
state of E2 to AR3C, HC84-27, and HC84-1.

Discussion
The critical role played by the E2 protein in the interactions with
host receptors for HCV, particularly the key entry factor CD81,
makes the E2 protein one of the most important targets for
HCV vaccine design. A recent AR3C–E2 core study showed that
CD81 binds to the same surface on the E2 core as the neutral-
izing antibody, AR3C, and thus defined the structural interface
crucial for the E2–CD81 interaction (11). Although the structural

determination of the E2 core singled out a promising site for
immunogen design, it also confirmed a high degree of flexibility in
E2. The E2 structure is inherently heterogeneous and includes
several hypervariable regions and multiple N-linked glycans that
are expected to affect, indirectly or directly, the optimal pre-
sentation of the immunogenic sites of interest. For vaccine de-
velopment, it is thus essential to understand how the flexibility of
E2 structures is controlled during the virus life cycle, especially
during the viral entry process.
Our X-ray crystallographic analysis of epitope II in complex

with mAb#12, an antibody that binds specifically to epitope II
but is unable to neutralize the virus in vitro, showed an absence
of the bifurcated mode of interaction with epitope II that was
observed previously in the complex structure of neutralizing
antibody mAb#8–epitope II (15). The binding of mAb#12
appears to be directed toward the C-terminal α-helix of epitope
II with a reduced total number of contacts. Furthermore, the
spatial arrangement of the essential components of epitope II,
that is, the C-terminal α-helix and the N-terminal loop, which are
bound by the nonneutralizing antibody mAb#12, departs sig-
nificantly from that observed in the corresponding complex with
neutralizing antibody. Therefore, within the open state of E2
when epitope II is exposed, at least two conformations are
possible for these functionally distinct antibodies. It also should
be mentioned that the structural basis for the role of interference
associated with mAb#12 at epitope I, as shown in our previous
biochemical studies (12, 13), could not be clearly addressed, al-
though the peptide we used in the present study contains a part

Fig. 3. Comparison of epitope II from different complex structures. The antibodies are shown as surface representations with AR3C in gray, mAb#12 in light
blue, mAb#8 in yellow, HC84-27 in cyan, and HC84-1 in wheat. (A) Crystal structure of the AR3C–E2 core with its epitope II from the E2 core (green) overlaid
with the corresponding epitope II from mAb#12–epitope II (magenta) and mAb#8–epitope II (orange). (B) The complex structures of mAb#12–epitope II and
mAb#8–epitope II superimposed onto E2 core. (C) A close-up view of the superimposition of epitope II from the complex structures shows the angles formed
between the helix and the loop of epitope II, in mAb#12–epitope II (magenta), mAb#8–epitope II (orange), and AR3C–E2 core (green). (D) Superimposition of
epitope II from HC84-27–epitope II (violet) and HC84-1–epitope II (dark brown) onto E2 core.

Table 2. Sequence conservation of amino acid residues 434–442
(n = 1,958)

Position Residue/number of strains in which it occurred

434 N/1041 Q/348 D/235 H/162 E/64 R/11 S/32 T/9 X/7
435 T/1916 A34 S/5 X/2 P/1
436 G/1957 E/1
437 F/1219 W/730 L/3 C/3 X*/2 S/1
438 I/835 L/831 V/248 F/25 X*/4 P/1 A/1
439 A/1895 V/30 T/20 S/9 X*/2 K/1 H/1
440 G/1249 A/569 S/132 X*/3 R/2 E/1 T/1 P/1
441 L/1950 P/3 X*/2 C/1 S/1 V/1
442 F/1697 L/136 I/109 M/7 V/5 X/3 S/1

X*, residue not defined; bold, residues presented in this study.
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of epitope I. In view of the AR3C–E2 core and our mAb#12–
epitope II structures, epitope I is disordered. Further investigations
are necessary to establish the structural relationship of these two
epitopes for interpreting the phenomenon of interference.
Our results highlight that epitope II can be presented in different

conformations on the E2 protein that determines the specificity of
antibody recognition. Depending on the probability that HCV will
present a particular form of epitope II on its surface, the host im-
mune system may be skewed toward producing neutralizing or
nonneutralizing antibodies against a specific conformation. This
proposal may be related to the developmental pathways by which
antibodies are generated in patients, wherein certain molecular
characteristics are acquired during the affinity maturation of these
antibodies. Clinically, it remains a paradox that broadly neutralizing
antibodies directed to the E2 protein are rarely detected at the early
stages of HCV infection. These neutralizing antibodies, if detectable
at all, are essentially ineffective in vivo, despite neutralizing activity
that can be demonstrated in vitro (20). It appears likely that such
antibodies are overwhelmed by the substantial amounts of non-
neutralizing antibodies already in circulation (14, 21). If epitope II is
indeed undergoing structural transitions in vivo, this structural
heterogeneity may become an important factor in determining how
the neutralizing antibodies and nonneutralizing antibodies are eli-
cited during the natural course of HCV infection.
The dynamic transition among these conformations could be

expected to occur at epitope II on the E2 protein. This structural
transition is made possible by the presence of Gly436, which connects
the C-terminal helix and the N-terminal loop of epitope II similar to
a ball joint. The flexibility conferred by this highly conserved glycine
residue meets the requirements for permitting the spatial and tem-
poral relationships of the C-terminal α-helix and the N-terminal loop.
This finding is consistent with the generally accepted role of glycine
in providing the freedom necessary for the regulation of both folding
and function of a protein (22–28). In addition, it has been found
experimentally that Gly436 has a functional role in the entry
process of the virus (6). More specifically, HCV entry was
severely diminished by using E1–E2 pseudoparticles that
contained a G436A or G436S substitution, which led to a corre-
sponding loss of binding to the CD81 large extracellular loop (6).
Intriguingly, the replacement of Gly436 by a proline residue on
the E2 protein, which converted the flexible conformation of
epitope II into a rigid structure, resulted in a significant loss of
viral entry, even though the substitution did not diminish the
ability of E2 to bind to CD81 (6). It therefore appears that the
removal of the intrinsic flexibility conferred by Gly436 is, in itself,
sufficient to affect virus entry into the liver cell.
Antibody-mediated neutralization of HCV can thus be viewed

as the outcome from blocking access to the structurally defined
E2–CD81 interface not only during the closed state of E2, when
epitope II is hidden, but also during the open state of E2, when
epitope II is fully exposed, from locking epitope II in a particular
conformation that precludes virus entry into the liver cell. Con-
versely, if this transition process is taken advantage of by the
virus, the virus may present an epitope II conformation that is
capable of avoiding neutralization, thus allowing it to persist in
patients. Although our study focused on the association between
the specific tertiary structures of epitope II on the E2 and antibody-
mediated neutralization and nonneutralization, it should not be
interpreted as the sole mechanism for neutralization or non-
neutralization occurring at epitope II. The potential role of the
binding affinity of an antibody, for instance, in regulating its cor-
responding diverse bioactivities should not be ignored. Further
examination of the binding kinetics and physicochemical

properties of epitope II-specific antibodies should provide us
with more comprehensive knowledge on this complicated bi-
ological process. Nonetheless, our structural insights into the key
determinants of antibody-mediated neutralization and non-
neutralization may contribute to, but are not limited to, the
immune prophylaxis of HCV infection and the development
of an effective HCV vaccine.

Materials and Methods
Protein Preparation and Peptide Synthesis. Ascites containing mAb#12 IgG
were produced by Harlan Bioproducts for Science (Indianapolis, IN), as pre-
viously described (13). A HiTrap Protein G column (GE Healthcare Life Sci-
ences, Piscataway, NJ) was used to extract the IgG from the ascites solution.
The Fab fragment of mAb#12 was prepared with the Fab preparation kit
from Thermo Scientific (Rockford, IL) by following the manufacturer’s
instructions. The Fab fragment was then further purified to homogeneity by
a Mono S ion-exchange column (GE Healthcare Life Sciences). All peptides
were chemically synthesized by the Core Laboratory of the Center for Bio-
logics Evaluation and Research (CBER) at the US Food and Drug Adminis-
tration (FDA), with an Applied Biosystems (Foster City, CA) model 433A
peptide synthesizer. The mAb#12–epitope II complex was made by mixing
the 26-mer peptide (421HINSTALNCNESLNTGWLAGLFYQHK446) with mAb#12
Fab (molar ratio of 4:1).

Crystallization and Data Collection. Crystallization screenings were carried out
robotically with a Mosquito liquid dispenser (TTP LabTech, Cambridge, MA)
by using the hanging-drop vapor diffusion method in a 96-well format and
commercially available high-throughput screening kits (Hampton Research,
Aliso Viejo, CA; Emerald Biosystems, Bainbridge Island, WA). Subsequent
optimizations were done manually by mixing 1 μL protein and 1 μL pre-
cipitant solution. Crystals of the mAb#12–epitope II complex were grown
in 0.1 M imidazole buffer (pH 7.0), and 14% (wt/vol) polyethylene glycol
monomethyl ether 550 at 21 °C. Twenty percent glycerol was used as a
cryoprotectant. X-ray diffraction data were collected at beamline ×29 of the
Brookhaven National Synchrotron Light Source with an ADSC Quantum-315
CCD detector (Brookhaven National Laboratory, Upton, NY). All data were
indexed, integrated, and scaled with the program HKL2000 (29). Data col-
lection statistics are in Table 1.

Structure Determination and Refinement. Orientation and position parameters
for the structure of the mAb#12–epitope II complex were obtained by molecular
replacement with the program Phaser (30) in the CCP4 program suite (16). The
search model is the anticholera toxin antibody (PDB ID code 1ZEA). The CDR
loops were deleted in the initial refinement with RefMac 5.0 (31) and built into
positions where an unambiguous electron density was shown with the program
COOT (32). The difference electron-density map clearly showed the peptide at
the mAb#12 antigen binding site. The peptide was then built into electron
density. Final refinement statistics are in Table 1. Contact residues in the
mAb#12–epitope II complex were identified with the program CONTACT in
CCP4 and were defined as residues containing an atom ≤ 4.0 Å from
a residue of the binding partner (16). Buried surface areas were calculated
by the program AREAlMOL in CCP4 with a 1.4-Å probe radius (16). PyMOL
(www.pymol.org) was used to prepare the structural figures.
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