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The unique cytokine interleukin-18 (IL-18) acts synergisti-
callywith IL-12 to regulateT-helper 1 and2 lymphocytes and, as
such, seems to underlie the pathogenesis of various autoim-
mune and allergic diseases. Several anti-IL-18 agents are in clin-
ical development, including the recombinant human antibody
ABT-325, which is entering trials for autoimmune diseases.
Given competing cytokine/receptor and cytokine/receptor
decoy interactions, understanding the structural basis for rec-
ognition is critical for effective development of anti-cytokine
therapies. Here we report three crystal structures: the murine
antibody 125-2H Fab fragment bound to human IL-18, at 1.5 Å
resolution; the 125-2HFab (2.3 Å); and theABT-325Fab (1.5 Å).
These structures, alongwithhuman/mouse IL-18 chimera bind-
ing data, allow us tomake three key observations relevant to the
biology and antigenic recognition of IL-18 and related cyto-
kines. First, several IL-18 residues shift dramatically (>10 Å)
upon binding 125-2H, compared with unbound IL-18 (Kato, Z.,
Jee, J., Shikano, H., Mishima, M., Ohki, I., Ohnishi, H., Li, A.,
Hashimoto, K., Matsukuma, E., Omoya, K., Yamamoto, Y.,
Yoneda, T., Hara, T., Kondo, N., and Shirakawa, M. (2003) Nat.
Struct. Biol. 10, 966–971). IL-18 thus exhibits plasticity that
may be common to its interactionswith other receptors. Related
cytokines may exhibit similar plasticity. Second, ABT-325 and
125-2H differ significantly in combining site character and
architecture, thus explaining their ability to bind IL-18 simulta-
neously at distinct epitopes. These data allow us to define the
likelyABT-325 epitope and thereby explain the distinct neutral-
izing mechanisms of both antibodies. Third, given the high
125-2H potency, 10 well ordered water molecules are trapped
upon complex formation in a cavity between two IL-18 loops
and all six 125-2Hcomplementarity-determining regions. Thus,
counterintuitively, tight and specific antibody binding may in
some cases be water-mediated.

Interleukin (IL)3-18 is a proinflammatory cytokine that par-
ticipates in the regulation of innate and acquired immunity (2,

3). IL-18 acts alone or in concert with IL-12 to amplify the
induction of proinflammatory and cytotoxicmediators, such as
interferon-�. For example, in IL-18 knock-out mice, levels of
interferon-� and cytotoxicT cells decrease despite the presence
of IL-12. Inhibition of IL-18 activity has been found to be ben-
eficial in several autoimmune disease animal models (e.g. colla-
gen-induced arthritis (4) and colitis (5)). Furthermore, IL-18
expression is dramatically increased by the chronic inflamma-
tory state extant in human autoimmune diseases, such as rheu-
matoid arthritis (6), multiple sclerosis (7, 8), and Crohn’s dis-
ease (9). These observations suggest that blockade of IL-18may
be a useful human therapeutic modality (10).
Despite functional divergence from the IL-1 cytokine family,

IL-18 shares many similarities with IL-1. First, human IL-18 is
synthesized as a biologically inactive 24-kDa precursor. Like
IL-1�, IL-18 is activated and secreted following cleavage by
caspase-1 (and possibly other proteases) that generates the
mature 18-kDa polypeptide. Despite low sequence homology to
IL-1� (17%), the three-dimensional structure of IL-18 closely
resembles the IL-1� �-trefoil fold, as shown by a recent IL-18
NMR structure determination (1). The IL-1 and IL-18 recep-
tors are also homologous; IL-18 binds either to the IL-18R�
chain alone or to the heterodimeric IL-18R�/IL-18R� receptor
complex. IL-18 binds to IL-18R� with �20 nM affinity, but sig-
naling occurs only upon formation of the high affinity (0.2 nM)
IL-18R��IL-18�IL-18R� ternary complex (11, 12). Surface
mutational analysis has identified two sites for IL-18 binding to
IL-18R� that are similar to those observed in the IL-1��IL-1R�
binary complex (13) as well as one site important for binding to
IL-18R� (1).
In a recent study, a potent (0.2 nM) IL-18-neutralizingmurine

monoclonal antibody (mAb), 125-2H, inhibited binding of
IL-18 to IL-18R� alone but not the heterodimeric IL-18R�/IL-
18R� receptor complex, despite rendering the ternary complex
with IL-18 non-functional (14). The structural basis for the
unusual properties of 125-2H are unclear; the authors sug-
gested that conformational changes in IL-18R� occur upon for-
mation of the IL-18R�/IL-18R� receptor, thereby altering the
interactions with 125-2H (14).
To understand the intricate interactions between IL-18 and

this antibody, we have determined the co-crystal structure of
human IL-18 and the 125-2H antigen-binding fragment (Fab)
at 1.5 Å resolution. This structure rationalizes epitopemapping
data, based onhuman/murine IL-18 chimeras (14), inwhich the
primary antigenic recognition loop is located near the COOH

□S The on-line version of this article (available at http://www.jbc.org) contains
supplemental material, Figs. 1 and 2, and Table 1.

The atomic coordinates and structure factors (codes 2VXV, 2VXU, and 2VXT)
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terminus. A secondary loop bolsters the interactions between
IL-18 and several 125-2H complementarity-determining
regions (CDRs). Comparison of this complex structure with
that of the unbound 125-2H Fab (2.3 Å resolution) shows that
125-2H is preorganized for antigen binding. Last, we also have
determined the 1.5 Å resolution crystal structure of the Fab
fragment of a fully humanmAb, ABT-325, that binds a distinct
IL-18 epitope, as confirmed by biochemical studies. ABT-325 is
entering clinical trials for a variety of autoimmune disease
indications.

EXPERIMENTAL PROCEDURES

Protein Expression and Purification

Human IL-18—Recombinant human pro-IL-18, inwhich the
five cysteine residues at positions 10, 74, 104, 112, and 163 were
mutated to alanine (“pro-IL-18–5C3A”; hereafter simply pro-
IL-18; following UniProt entry Q14116, mature IL-18 com-
prises residues 37–193), was expressed with an amino-terminal
His6 affinity purification tag followed by a tobacco etch virus
protease cleavage peptide in Escherichia coli BL21 cells. The
following procedure was carried out at 4 °C unless specified
otherwise. Cells from a 1-liter culture (stored frozen at�80 °C)
were thawed, resuspended in 25 ml of Buffer A (1� PBS (150
mM NaCl, 10 mM NaH2PO4, pH 7.2 (NaH2PO4 solution in
which the pH was adjusted to 7.2 using NaOH)), 1 “protease
tab” (EDTA-free complete protease inhibitor; Roche Applied
Science, Part 1-873-580), and 10% glycerol), sonicated on ice
(six 30-s iterations, 40% duty cycle, medium output), and cen-
trifuged (GSA rotor, 17,000 rpm, 25 min). A 5-ml Ni2�-nitrilo-
triacetic acid affinity column (Qiagen)was prepared bywashing
sequentially with H2O (25 ml), 100 mM NiCl2 (50 ml), H2O (25
ml), and Buffer B (1� PBS, 10% glycerol, 10 ml). After applying
the cell lysate supernatant to the column (2 ml/min flow rate),
the column was washed with Buffer B plus 25 mM imidazole
until nonspecifically bound proteins were eluted (monitored by
absorbance at 280 nm). Pro-IL-18 was eluted with Buffer B plus
100 mM imidazole. Fractions containing a protein concentra-
tion greater than 0.3mg/ml (Coomassie protein assay; Bio-Rad)
were pooled. The pooled sample was diluted 1:2 with 50 mM

Tris, pH 7.5. Caspase-1 (1 ml of caspase-1 per 36 mg of pro-IL-
18; in a spectrophotometric enzymatic assay, 10 �l of this
preparation gave a signal of 5.0 milliabsorbance units/min at
405 nm in a 10-min assay with 100 �M Ac-YVAD-p-nitro-
anilide (15)) was added to the pro-IL-18, and themixture was
incubated for 40 min at 30 °C. The sample was dialyzed
against Buffer C (50 mM Tris, pH 8.0, 10% glycerol, 1 mM

EDTA, 1 mM dithiothreitol, 1 mM phenylmethylsulfonyl flu-
oride) overnight at 4 °C. The mixture was centrifuged to
remove precipitated protein, filtered (0.2 �m), and loaded
onto a MonoQ 10/10 anion exchange column (GE Health-
care; previously washed with Buffer C (40 ml); 2 ml/min).
The column was washed with 5–7 column volumes (�50 ml)
of Buffer C until the A280 returned to base line. Mature IL-18
was eluted with a linear gradient of 0–0.5 M NaCl in Buffer B
(50 column volumes (�400-ml total volume)). A major peak
eluted at �120 mM NaCl. The sample was concentrated to
�20 mg/ml (Ultrafree-15 Biomax 10,000 molecular weight

cut-off; Millipore) and frozen at �80 °C. Sample purity
and identity were assessed with SDS-PAGE and mass
spectrometry.
125-2H Fab Fragment—Murine IgG 125-2H was prepared

from the hybridoma cell line (16) by the ascites method at
Maine Biotechnology Services (Portland,ME). Papain gel slurry
(Pierce) was activated with 3 volumes of Buffer D (20 mM

Na2HPO4, 10 mM EDTA, 20 mM cysteine). The mAb was con-
centrated from 2.1 to 20 mg/ml in 1� PBS (Ultrafree-15
Biomax, 10 kDa), mixed with 50% papain gel slurry, and incu-
bated at 37 °C for 24 h with gentle shaking. After overnight
dialysis at 4 °C against Buffer E (50 mM Tris, pH 7.0) to remove
cysteine, the sample was applied to a Protein A-Sepharose 4
Fast Flow affinity column (GE Healthcare; 25 ml; prepared by
washing with Buffer E (100 ml)) at 2 ml/min. 125-2H Fab frac-
tions (monitored by A280) were collected in the flow-through.
Fractions containing the 125-2H Fab at �0.3 mg/ml were
pooled, dialyzed overnight against Buffer F (50 mM Tris, pH
8.25), and then applied to a MonoQ 10/10 column (pre-equili-
bratedwith Buffer F) at 2ml/min. The columnwaswashedwith
3 column volumes of Buffer F, followed by elutionwith a 0–50%
gradient of Buffer F/Buffer F � 500 mM NaCl. Four peaks,
which corresponded to four species of the 125-2H Fab with
distinct pI values, eluted. The major first peak was collected,
concentrated (Ultrafree-15 Biomax, 10 kDa) to �20 mg/ml,
and frozen at �80 °C.
ABT-325 Fab Fragment—ABT-325 IgG was expressed in

Chinese hamster ovary cells in SR-286 medium. The superna-
tant after cell lysis was filtered through a 0.5-�m filter and
loaded onto a Protein A affinity column (pre-equilibrated with
1� PBS). After washing, the IgG was eluted with Buffer G (150
mM NaCl, 0.1 M NaOAc, pH 3.5). The pooled IgG was concen-
trated to 20mg/ml; papain digestion and Protein A purification
was performed as described for 125-2H. Fractions containing
the ABT-325 Fab at �0.3 mg/ml were pooled, concentrated to
�20 mg/ml, and frozen at �80 °C.
IL-18�125-2H Fab Fragment Complex—IL-18 and the

125-2H Fab fragment were mixed in a 1:3 mass ratio and incu-
bated for 1 h at 4 °C. After overnight dialysis against Buffer H
(50 mM Tris, pH 8.0, 10% glycerol, 2.5 mM EDTA), the sample
was applied to a MonoQ 10/10 column (pre-equilibrated with
Buffer H) at 2 ml/min. The column was washed with 3 column
volumes of Buffer H, and the IL-18�125-2H Fab complex was
eluted with a 0–40% gradient of Buffer H/Buffer H � 500 mM

NaCl. The complexwas concentrated to�10mg/ml and frozen
at �80 °C.

Crystallization

Frozen 125-2H Fab stock (�13 mg/ml) was thawed on ice.
The Fab (2 �l) was mixed with 2 �l of a reservoir solution
consisting of 10% polyethylene glycol 6000, 100mMHEPES, pH
7.5, 5% 2,4-methylpentanediol and suspended over the reser-
voir (siliconized glass coverslip) at 4 °C. Rodlike crystals
appeared within 1 day.
Frozen ABT-325 Fab stock (�20 mg/ml) was thawed on ice.

The Fab (2 �l) was mixed with 2 �l of a reservoir solution
consisting of 25–30% polyethylene glycol 400, 100 mM CAPS,
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pH 10.5, and suspended over the reservoir at 4 °C. Rodlike crys-
tals appeared within 1 day.
Frozen IL-18�125-2H Fab complex stock (�10 mg/ml) was

thawed on ice. The complex (1.5 �l) was mixed with 1.8 �l of
reservoir solution (30% polyethylene glycol 4000, 100 mM Tris,
pH 8.5, 0.2 M MgCl2), and 0.3 �l of 300 mM Sulfo-Betaine 201.
Themixturewas suspended over the reservoir (siliconized glass
coverslip) at 18 °C. Rodlike crystals appeared within 1 week.

Structure Determination

Crystals of the ABT-325 Fab were harvested directly from
their mother liquor using a fiber loop. Crystals of the
IL-18�125-2H Fab complex and the 125-2H Fab were harvested
in mother liquor plus 20% propylene glycol or 25% glycerol,
respectively. All crystals were then flash-cooled by plunging
into liquid nitrogen and stored in a liquid nitrogen refrigerator
until x-ray diffraction data were collected.
X-ray diffraction data were collected by the rotation method

at a temperature of 100Keither at theCOM-CAT/32-ID (ABT-
325 Fab and IL-18�125-2H Fab complex) or IMCA-CAT/17-ID
(125-2H Fab) beam lines at the Advanced Photon Source
(Argonne, IL). Data were indexed, integrated, and scaled and
merged with HKL-2000 (17) (ABT-325 Fab and IL-18�125-2H
Fab complex) or MOSFLM (18) and SCALA (19) (125-2H Fab)
and then placed on an absolute scale with TRUNCATE (20).
Five percent of the unique reflections for each crystal were ran-
domly assigned to the “free” set, for calculation of the freeR-fac-
tor (21). Further data manipulation was performed with the
CCP4 Program Suite (22). Diffraction data statistics are sum-
marized in Table 1.
The ABT-325 Fab and IL-18�125-2H Fab complex structures

were solved by molecular replacement using AMORE (23) in
space groups P212121 and P21, respectively, using the NMC-4
Fab (Protein Data Bank entry 1FNS (24)) as the search model.
For each, there was one obvious cross-rotation function and

translation function solution. The structure of the 125-2H Fab
was solved using PHASER (25, 26) in space group P212121,
using the (refined) 125-2H Fab coordinates (from the complex)
as the search model. The structure determination was compli-
cated by non-crystallographic translational pseudosymmetry
between the two Fab molecules in the asymmetric unit (177°
rotation axis, offset 2.2° from the a axis; self-Patterson function
peak at [0, 1⁄2, 0.38].

Refinement of the ABT-325 Fab and IL-18�125-2H Fab com-
plex structures began with rigid body refinement using CNS
(commercial version CNX-2002; Accelrys) (27). De novo IL-18
electron density was calculated with ARP/WARP (28). Slow-
cool simulated annealing molecular dynamics refinement (29)
(CNS; 3000 to 300 K) was followed by cycles of Powell posi-
tional refinement at increasingly higher resolutions (up to 1.5
Å), including bulk solvent correction and individual tempera-
ture factor refinement; refinement alternated with manual
rebuilding in the molecular graphics program O (30) into
�A-weighted 2Fo � Fc and Fo � Fc electron density maps (31).
Refinement concluded in REFMAC (32) with the addition of
water molecules, residues in alternate conformations, refine-
ment of overall anisotropic temperature factors, and transla-
tion-libration-screw modeling (33). Refinement of the 125-2H
Fab structure was carried out similarly, using exclusively REF-
MAC. In addition to the proteins and water molecules, the
ABT-325 Fab structure includes one buffer molecule (CAPS)
and one glycerolmolecule; the IL-18�125-2H complex structure
includes one Mg2� and two Cl� ions. Refinement statistics are
summarized in Table 1.
The quality of all models was evaluated using PROCHECK

(34) andWHATCHECK (35). Geometrical parameters and sur-
face areas were calculated with SC, AREAIMOL, and CON-
TACT (22). The surface shape complementarity statistic, Sc, of
the IL-18/125-2H Fab interface is 0.73, which is typical for anti-

TABLE 1
X-ray data collection and refinement statistics

Structure ABT-325 Fab 125-2H Fab IL-18�125-2H Fab complex

Protein Data Bank entry 2vxv 2vxu 2vxt
Data collection
Resolution (Å) 50.0-1.49 17.5-2.33 50.0-1.50
Space group P212121 P212121 P21
Unit cell lengths (Å) a � 64.4 a � 79.1 a � 44.4

b � 74.1 b � 92.5 b � 62.4
c � 107.3 c � 137.7 c � 104.7

Unit cell � angle (degrees) 90 90 100.4
Unique reflections 83,126 41,229 86,865
Mosaicity (degrees) 0.3 0.4 1.0

Overall statistics (highest shell) (Å) 1.54-1.49 2.39-2.33 1.54-1.49
Rsym (%) 0.085 (0.414) 0.046 (0.238) 0.056 (0.354)
I/�I 9.8 (3.1) 18.9 (4.9) 10.4 (2.3)
Data completeness (%) 99.0 (92.3) 94.0 (25.2) 94.8 (56.6)
Mean multiplicity 6.4 (4.1) 5.2 (2.4) 3.5 (2.1)
Wilson plot B-factor (Å2) 16 41 21

Refinement
Reflections used in refinement 78,910 39,136 82,477
Rcryst (%) 15.3 18.4 16.2
Rfree (%) 17.9 24.2 19.6
r.m.s. deviations, bond lengths (Å) 0.015 0.014 0.012
r.m.s. deviations, bond angles (degrees) 1.6 1.5 1.7
Ramachandran plot (% most favored and additionally allowed residues) 99.2 99.4 99.0
Atoms (including alternate conformations; protein, ligands, water molecules) 3554, 20, 576 6702, NA,a 488 4779, 3, 593
Average B-factors (protein, ligands, water molecules) (Å2) 16.0, 26.8, 33.1 49.1, NA, 50.8 21.7, 25.1, 35.9

a NA, not applicable.
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gen/antibody interactions (36). Structural alignmentswere per-
formed with LSQMAN (37), and cavity volumes were defined
with VOIDOO (38). Water molecules were ignored in all sur-
face and cavity calculations. Analysis of pockets and cavities
present in ProteinData Bank structuresmade use of theCASTp
(39) (available on the World Wide Web) and GPSS (40) (avail-
able on the World Wide Web) servers; additional details are
provided in the supplemental material. Figures were prepared
with PyMOL (60) and VMD (41); surfaces and electrostatic
potentials were calculated with MSMS (42) and APBS (43).
Atomic coordinates and observed structure factors have been
deposited at the Protein Data Bank (Table 1).

Epitope Mapping

Human/mouse and mouse/human IL-18 chimeric proteins
were produced by in vitro transcription and translation in the
pro-IL-18 form, with COOH-terminal V5 and His tags.
Caspase-1 cleavage generated the mature, tagged IL-18 chime-
ras. Binding assays in a sandwich enzyme-linked immunosor-
bent assay format were carried out by capturing the IL-18
chimeras with the test antibody, followed by detection with
an anti-tag antibody. Full experimental details are provided
in Ref. 14.

RESULTS

We present here crystal structures of the Fab fragments of
the human IL-18-specificmonoclonal antibodies (mAbs) ABT-
325 (fully human; also known as A-794722.0 or 2.5(E)mg1) and
125-2H (murine), as well as that of the human IL-18�125-2H
Fab complex, at 1.5-, 2.3-, and 1.5-Å resolution.
Throughout, we used a form of human IL-18 in which all

cysteine residues were mutated to alanine. An analogous Cys/
Ser mutant has been reported (44). Expression and purification
of this mutant IL-18 was greatly simplified, compared with the
wild type protein, probably due to inhibition of polymerizing
oxidation of surface-exposed residues Cys74 and Cys104.
Wild type and mutant IL-18 exhibited comparable antibody

binding characteristics and biological activities. Mutant IL-18
binds both 125-2H and ABT-325 (45) with a KD of �0.2 nM.
Both antibodies neutralize recombinant (human myelomono-
cytic cell line KG-1 bioassay; IL-18R�/IL-18R�-driven interfer-
on-� production) and natural (whole blood assay; lipopolysac-
charide � IL-12-driven interferon-� production) human IL-18
with IC50 values of �0.2 nM (14, 45).
Importantly, both mature IL-18 surface cysteines, which are

mutated to alanine in the construct used here (i.e. Ala74 and
Ala104), are located �30 Å from the center of the 125-2H
epitope and �15 Å from the nearest 125-2H residue at the
combining site periphery. The two internal cysteines (here,
Ala112 and Ala163) are similarly distant (center: �15 Å; nearest:
�10 Å). Given these structural observations and the data dem-
onstrating the biological equivalence of wild type and mutant
IL-18s, we consider it very likely that the observations and con-
clusions we present herein will carry over without exception to
natural, wild type IL-18.
Major IL-18 Loop Rearrangements Accompany 125-2H

Binding—In the complex with 125-2H, mature human IL-18
(residues 37–193) adopts the compact, single domain “�-tre-

foil” fold characteristic of IL-1� (Fig. 1). Residues 38–192 were
well ordered; the surface-exposed loops from 90 to 94 and from
166 to 169 were moremobile, and the terminal residues Tyr-37
andAsp-193were not observed. The “top” of IL-18 is formed by
a six-stranded antiparallel �-barrel, and the “bottom” is formed
by three groups of antiparallel �-hairpins. These regular sec-
ondary structural elements are connected by irregular loops
and a short �-helix (residues 70–77), which cover much of the
surface of the molecule. Alternatively, in keeping with the
“�-trefoil” name, IL-18 consists of a three-sided barrel, the sides
of which are composed of three centrally located, highly curved
antiparallel �-sheets surrounded by surface loops (Fig. 2a).
The core of the IL-18 crystal structure reported here is quite

similar to the structure determined in solution using NMR
techniques (Protein Data Bank entry 1J0S) (1). The r.m.s. devi-
ation between the two structures is 1.5 Å (141 C� atoms). It is
apparent that mutation of the four mature cysteine residues to
alanine caused no substantive change to the core IL-18
structure.
The short�-helix fromThr-70 toAsn-77 does pull inward by

�7.5 Å, toward the IL-18 core, compared with the NMR struc-
ture. This inward motion, which is much larger than the void
left bymutation of Cys74 to alanine, occurs on the IL-18 surface
away from the 125-2H binding site. Although weak crystal con-
tacts in this regionmay contribute,most of the altered position-
ing of this helix seems due to the high positional variability of
the helix in the NMR structure (1).
In contrast to this stable core structure, the four IL-18 sur-

face loops that interact with 125-2H undergo significant
rearrangement upon binding to the antibody (Fig. 1). (Some
rearrangement may result from the different pH values used
in the NMR (pH 6.0) and crystallographic (pH 8.5) experi-

FIGURE 1. Free and 125-2H-bound IL-18 exhibit large conformational dif-
ferences. Free (white and orange; NMR (Protein Data Bank entry 1J0S)) and
125-2H-bound (gray and green; x-ray (this work)) IL-18 are overlaid. In these
schematic diagrams, the tube width represents the (equivalent) temperature
factor of the corresponding C� atom (equivalent temperature factor Bequiv �
8�2�u2�/3, where �u2� is the r.m.s. deviation of the 20 NMR models). The four
IL-18 loops that bind to 125-2H are colored orange (free) or green (bound).
Note the significant movement (arrows) of Arg94, Tyr156, Glu177, and Leu180,
and associated surface loops, which far exceeds the observed positional var-
iability (tube diameter) in the structures. See also supplemental Fig. 1, a and b.
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ments; we believe a pH effect is likely to be minor, however,
as the shift of the single histidine residue in IL-18, His-145,
located at the periphery of the binding site, is spatially well
separated from the other, much larger shifts discussed
below.) These loops comprise residues Ser91–Gly95, Arg140–
Lys148, Glu152–Gly158, and Lys176–Arg183. In each case, the

20 reported NMR structural models compare much more
closely with each other than they do with the crystal struc-
ture reported here (Fig. 1). Among the NMR structures, the
r.m.s. deviation within each of these loops is 0.8, 0.9, 0.3, and
0.2 Å, respectively. Between the antibody-bound IL-18 crys-
tal structure and the free NMR structure (the “central” chain

FIGURE 2. 125-2H binds human IL-18 residue Leu180 in a deep pocket, trapping 10 water molecules. a, overview of the complex. The antibody engages the
primary (Leu180) and secondary (Pro143) IL-18 loops. IL-18 is colored as a rainbow, from the NH2 to the COOH terminus; CDRs 1, 2, and 3 of the 125-2H Fab fragment
(purple, heavy chain; pink, light chain) are colored orange, yellow, and green, with the heavy chain in darker tones. The solvent-inaccessible, water-filled cavity trapped
between 125-2H Fab and IL-18 is shown (brown dots). b, the center of the combining site, viewed from the perspective of IL-18 (gray). Note the deep hydrophobic
pocket, formed by heavy and light chain Tyr and Leu residues, that binds Leu180. c, the periphery of the combining site is ringed by charge-charge and hydrogen
bonding interactions involving all six 125-2H CDRs. d, stereoview illustrating the large cavity (brown dots) formed between the IL-18 primary and secondary loops and
the 125-2H CDRs, trapping 10 well ordered water molecules. The detailed hydrogen bond interactions are shown in supplemental Fig. 2.
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for each loop), however, the r.m.s. deviations increase to 2.1,
1.8, 1.6, and 1.4 Å.
These averages belie the true magnitude of the conforma-

tional changes. In the first loop, the C� atoms of Pro93 and
Arg94move 4.9 and 5.2 Å into the binding site; the arginine side
chain completely reorients, displacing the C� atom by 14.9 Å.
Asp146 in the second loopmoves 5.9 Å inward (C� atom), drag-
ging the rest of the loop with it. Tyr156 in the third loop shifts
most dramatically, pulling its C� atom 6.0 Å away from a steric
clashwithCDRL1 of 125-2H. The tyrosine side chain flips 180°,
moving Tyr156 O� by 17.6 Å. Finally, at the center of the com-
bining site, Glu177 and Leu180 move 3.4 and 2.8 Å toward 125-
2H, and their side chains move even more (Glu177 C	 8.8 Å;
Leu180 C�, 4.5 Å) to make intimate contact with the antibody.
Thus, significant alteration in the positions of these four IL-18
surface loops occurs upon binding to 125-2H.
All 125-2H Complementarity-determining Regions Contact

IL-18—All six 125-2H CDRs contact IL-18, with VH forming
the bulk of the interactions. Two IL-18 loops, Lys176–Arg183
(primary) and Arg140–Lys148 (secondary), mediate most of the
antigenic contacts (Fig. 2a). Leu180, in themiddle of the primary
loop, plunges deep into the mAb combining site (Fig. 2b). Its
side chain nestles into a pocket formed by aromatic and hydro-
phobic residues contributed byCDRsL1, L3,H1, andH3 (coun-
terclockwise as viewed from IL-18 toward 125-2H: TyrH35,
LeuH96, TyrL34, TyrL91, and TyrL96; LeuL89 forms the pocket
base). The rather short CDR H3 (4 residues) helps to accom-
modate Leu180. The primary loop also makes numerous polar
or charged interactions with 125-2H (Table 2).
The binding site is completed by the three other IL-18 loops.

The secondary loop, Arg140–Lys148, is sandwiched between
CDRsH2 andL3. It provides additional polar and vanderWaals
interactions that buttress the primary interaction. The other
two loops, Ser91–Gly95 andGlu152–Gly158,makemostly vander
Waals contacts with CDRs L1 and L2 (Table 2). Many charge-
charge and hydrogen bonding interactions tie together IL-18
and 125-2H at the periphery of the binding site (Fig. 2c).

Unusually, TyrH35 O� very closely approaches the IL-18
Leu180-Gly181 peptide bond �-system from the side (3.3 Å to
Leu180 C; 2.9 and 3.1 Å to Gly181 N and C�). These residues are

very well ordered (mean B-factors �15 Å2) and lie in unambig-
uous electron density. The approach geometry is poor for a
hydrogen bond between O� and either C� or N (Gly181 N is
hydrogen-bonded to awater). Interestingly, only a small change
in the TyrH35 
1 torsion angle, from 60 to 40°, would bring O�
within 2.3 Å of the glycine carbonyl carbon, approximating
nucleophilic addition into the Leu180-Gly181 peptide bond. The
energetic favorability of this close interaction between IL-18
and 125-2H is unclear.
The IL-18�125-2H Interface Is Large and Filled with Water—

Formation of the IL-18�125-2H complex buries an unusually
large amount of solvent-accessible surface area at the interface.
IL-18 loses �1,250 Å2 of surface area, and the antibody loses
�1,100 Å2 (�600 Å2 from VH, �500 Å2 from VL). The total
buried area, �2,350 Å2, is at the high end for antigen-antibody
complexes (46). IL-18 residue Leu180 contributes �150 Å2 to this
total,muchmore thananyother residue.As such, it qualifies as the
initial “anchor” residue aroundwhich the rest of the complex then
adapts (47). Glu179 andArg183, which each bury�110Å2, serve as
“latch” residues that lock the proteins together (47).
Surprisingly, a cluster of 10 well ordered water molecules is

trapped within a cavity formed by binding of the primary and
secondary IL-18 loops to 125-2H (Fig. 2d). Leu180 and Pro143
define two ends of the cavity, which has a volume of �225 Å3

(38). Another water molecule, hydrogen-bonded to Leu180 O,
PheH33 O, and GlyH95 N, is trapped in its own small void. There
are seven hydrogen-bonding interactions among these water
molecules themselves, 10 additional hydrogen bonds between
the water molecules and 125-2H, and 11 more between the
water molecules and IL-18. Thus, these water molecules form a
well ordered (average temperature factor of 19 Å2), icelike net-
work (35 of 40 possible hydrogen bonds made). This network
fills a substantial void between the two proteins, thereby stabi-
lizing the antigen/antibody interface through both van der
Waals interactions and the nearly maximal number of hydro-
gen bonds that knit the two proteins together.
Have we intercepted an intermediate in the binding process?

Could these water molecules be squeezed out of the binding
interface in some (hypothetical) “final” bound state? Three
points argue against this possibility. First, the intermolecular
interface comprises a realistic and geometrically reasonable
mix of central hydrophobic and peripheral charge-charge or
hydrogen bond interactions. There are no obvious rearrange-
ments of either antibody or antigen that onemight postulate to
convert the observed (“intermediate”?) structure to the “final”
bound state. Second, it is not clear what residues should or
could move, either on 125-2H or IL-18, to “squeeze” the water
molecules out of the interface. Third, the crystallization was
carried out at nearly neutral pH (pH 8.5) in a low ionic strength
solution (i.e. approximately “physiological”), yet the crystals
took a week to appear at room temperature. Thus, there is no a
priori reason to suggest that what we have crystallized and
observe here is a kinetically trapped intermediate rather than
the final, thermodynamically stable bound conformation.
125-2H Is Preorganized to Bind IL-18—Comparison of the

free and IL-18-bound 125-2H structures reveals that 125-2H is
preorganized for binding (Fig. 3). The VH domains superim-
pose with an r.m.s. deviation of 0.4 Å (111 C�), and the VL

TABLE 2
Polar or charged interactions between IL-18 and 125-2H

IL-18 residue/atom 125-2H residue/atom Distance

Å
Primary Loop
Lys176 N� SerL53 O� 2.9
Asp178 O ArgL46 N�1/2 2.8/2.8
Glu179 O�1 ArgH101 N�1 2.8
Glu179 O�2 ArgH94 N� 2.8
Leu180 N GlyH95 O 3.2
Gly181 N TyrH35 O� 2.9
Gly181 O PheH33 N 2.9
Arg183 N AspH31 O 3.0
Arg183 N�1 ThrH30 O 2.9

Secondary loop
Arg140 N�2 AlaL92 O 2.9
His145 N�2 AspH50 O	1 2.8
Lys148 N� AspH52 O	2 2.7

Other loops
Glu152 O�1 LysL32 N� 2.8
Glu157 O�2 SerL31 O� 2.6
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domains align equallywell (0.3Å, 107C�).With prealigned free
and bound VH domains, the free Fab VL domain rotates by
�1.7°, about an axis roughly perpendicular to the FV pseudo-2-
fold axis, upon binding, thereby bringing the CDRs slightly
closer to IL-18.
The CDRs themselves adopt nearly identical conformations

in the free and bound 125-2H structures. Aligning each CDR
individually, r.m.s. deviations range only from 0.1 (L2) to 0.3
(H3) Å. In the context of prealigned free and bound VH or VL
domains, all CDR r.m.s. deviations are less than 0.3Å, except for

L3 (0.4Å) andH3 (0.9Å). CDRH3 is slightly lesswell ordered in
the free Fab structure. GlyH95 C� is displaced by 1.5 Å, but the
rest of the loop is shifted by less than 0.7 Å. Beyond the obser-
vation that the GlyH95-LeuH96 peptide bond adopts two alter-
nate conformations, one of which matches that found in the
complex, all of the CDR side chains that interact with IL-18 are
found in the same conformation in the free and bound 125-2H
structures.
The two crystallographically unique molecules in the free

125-2H Fab structure are essentially identical (r.m.s. deviation
0.4Å, 426C� atoms). In both combining sites, which aremostly
unhindered by crystal lattice contacts, there is unexplained
spherical positive electron difference density (�5�) at the same
position as IL-18 Leu180 C� in the IL-18�125-2H Fab complex,
midway between TyrL34 O� and TyrH35 O�. It is unclear what
this density represents, but it could be a very loosely bound
chloride ion. Overall, the 125-2H Fab itself shows no remarka-
ble structural characteristics compared with other Fab
structures.
Thus, crystallization of the 125-2H Fab either free or

bound to IL-18, in two very different crystal lattices, under
distinctly different crystallization conditions (see “Experi-
mental Procedures”), yields the same detailed three-dimen-
sional structure for the antigen combining site. It appears,
therefore, that 125-2H is extensively preorganized for binding
IL-18, explaining in part its high affinity and capture rate (kon

�1.1 � 105 M�1 s�1).
The ABT-325 and 125-2H Com-

bining Sites Are Distinct—ABT-325
and 125-2H present very different
binding surfaces to IL-18. They dif-
fer in CDR length, conformation,
composition, and surface shape
(Fig. 4). Despite the absence of the
antigen, all ABT-325 CDRs were
well ordered except for a small part
of the center of H3, particularly the
side chain of TrpH99. The combin-
ing sitewasmostly free of crystal lat-
tice contacts, with some interac-
tionswithCDRH2 at the edge of the
site.
A key characteristic that distin-

guishes ABT-325 from 125-2H is
the length of H3 (13 residues in
ABT-325, compared with just 4 in
125-2H). The sinuous conformation
of H3, first out of the center of the
combining site and then back in, is
incompatible with binding to the
125-2H-defined epitope of IL-18;
the primary loop, especially Leu180,
would clash with ABT-325 H3 (Fig.
4b). H3 residue TyrH100 defines the
center of the combining site, thrust-
ing its side chain up toward the anti-
gen. H3 is rich in aromatic and ali-
phatic residues: two tyrosines and

FIGURE 3. 125-2H is preorganized to bind IL-18. Bound (purple) and free
(blue) 125-2H Fab are overlaid. The structure is essentially invariant. Side
chains of residues shown in Fig. 2c are shown here as well.

FIGURE 4. ABT-325 is incapable of binding IL-18 at the 125-2H epitope. ABT-325 and 125-2H differ in CDR
composition and thus electrostatic and steric character. Molecular surface representations of both antibodies,
oriented the same, are shown. The combining sites are viewed from the perspective of IL-18. a, surfaces colored
by electrostatic potential (	25 kT/e). The concentration of positive potential (blue; top middle) on 125-2H is the
Glu177 binding site. The highly negative (red; right), narrow pocket on ABT-325 is presumably where Lys165

binds. b, same view, colored by CDRs (as in Fig. 2). The IL-18 primary and secondary loops are overlaid, showing
the incompatibility of the much larger CDR H3 in ABT-325 with binding Leu180 and the rest of the primary loop.
Other differences, notably L3, provide the combining site with a very different steric character from 125-2H.
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one each of tryptophan, valine, and proline. This hydrophobic
character defines the rest of the combining site; there are two
other tryptophan residues (TrpL94, L3; TrpH33, H1) and a rela-
tive lack of charged residues. An extra L3 residue in ABT-325
compared with 125-2H (10 versus 9 residues) promotes a dis-
tinct conformation as well. Here, TrpL94 swings back into the
center of site, packing against TyrH100 and TrpH33. Thus, com-
paredwith 125-2H,ABT-325 presents amore uniformcombin-
ing site to IL-18, in terms of both shape and electronic
character.
In summary, it appears that ABT-325 binds to a somewhat

more hydrophobic region of IL-18 that is distinct from the
125-2Hepitope, consistentwithBiacore experiments that show
simultaneous binding of both antibodies to IL-18.

DISCUSSION

Three main conclusions may be drawn from our work.
First, despite its small size, IL-18 is an extremely flexible
molecule that adjusts among several conformations, includ-

ing some apparently only rarely
sampled in solution, to bind to its
receptors (here, the murine anti-
body 125-2H). Second, the murine
125-2H and human ABT-325 anti-
bodies present strikingly different
binding surfaces to IL-18 and
thereby bind the cytokine at dis-
tinct epitopes simultaneously.
Third, surprisingly, 10watermol-

ecules are sequesteredwithin a large
cavity that is formed between
125-2H and IL-18 upon binding.
These water molecules, which are
trapped between the two key IL-18
antigenic surface loops (Arg140–
Lys148 and Lys176–Arg183) and the
antibody CDRs, form an icelike
network (see Fig. 2d and supple-
mental Fig. 2) that knits the two
proteins together. Thus, a very
tight interaction between cytokine
and antibody does not appear to
require the complete (or even sub-
stantial) expulsion of surface-
bound water molecules.
How unusual are such large, bur-

ied water clusters at antigen/anti-
body interfaces? To address this
question, we examined the nearly
300 antibody (Fab, scFV, etc.)-pro-
tein complex structures in the Pro-
tein Data Bank (details are provided
in the supplemental material).
Compared with these reference
structures, the water-filled cavity
observed in the IL-18�125-2H Fab
complex appears to be unique.
In terms of both inaccessible cav-

ity volume at the combining site and especially the number of
well ordered, buried water molecules, no extant antigen-anti-
body complexes are comparable with the IL-18�125-2H Fab
complex. For example, several such complexes possess highly
hydrated combining sites, but these generally involve one or
more water-filled crevices rather than inaccessible cavities.
The hen egg white lysozyme�HyHEL-5 complex (Protein
Data Bank entry 1YQV), Kd � 25 pM, does have six buried
water molecules at the interface (48); notably, however,
these water molecules are present in two discrete cavities
(the largest has a volume of 136 Å3) rather than as a single
block of “ice.” Several other lysozyme-Fab (or scFV) com-
plexes (e.g. D1.3, Protein Data Bank entry 1VFB) (49) exhibit
similar small cavities, usually filled with five or fewer water
molecules (see supplemental Table 1).
Perhaps most similar is the complex between the scFV frag-

ment of the KB5-C20 T-cell receptor and a specific, anti-clono-
typic antibody Désiré-1 (Protein Data Bank entry 1KB5) (50).
With a Kd of �4 nM, this complex is �20-fold weaker than the

FIGURE 5. IL-18 chimeras help define binding epitopes. a, human IL-18 and six human (NH2 terminus)/
murine (COOH terminus) chimeras (14). b, murine IL-18 and four murine (NH2 terminus)/human (COOH termi-
nus) chimeras. Human sequences are shown as white boxes; murine sequences are black. Residue ranges, the
first mature IL-18 residue following caspase-1 cleavage (blue triangle), and epitope tags are noted for each
chimera. NT, not tested.
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IL-18/125-2H interaction. About
2,700 Å2 of solvent-accessible sur-
face area are buried at the KB5-
C20/Désiré-1 interface. Seven
water molecules are bound loosely
in a very large, hydrophobic cavity
(718 Å3) that is adjacent to a deep,
water-filled pocket open to bulk
solvent.
Beyond antibody/antigen inter-

faces, similar and even (much)
larger water-filled cavities have
been observed in other protein-
protein complexes. Representative
examples are discussed in a recent
review (51). Buried water-filled
cavities as large as that observed at
the IL-18/125-2H Fab binding
interface are, nonetheless, rather
unusual.
In addition to the interfacial

water molecules, the interaction
between human IL-18 and the
murine antibody 125-2H is domi-
nated by the interaction of the
Arg140–Lys148 and Lys176–Arg183
loops with all of the 125-2H CDRs
(Fig. 2). The most important IL-18
anchor residue, Leu180, binds deeply
into a pocket between the VL and
VH domains of 125-2H. This hydro-
phobic anchoring event is presum-
ably entropically favored, due to
burial of significant hydrophobic
surfaces on both IL-18 and 125-2H,
and it then enables the peripheral,
more hydrophilic, interactions to
latch the two proteins together. Our
structural and biochemical data
allow us to make a number of addi-
tional observations, discussed
below.
125-2H Is Specific for Human

IL-18—The human IL-18�125-2H
Fab structure clearly explains the
inability of this antibody to bind
murine IL-18. Although human and
murine IL-18 exhibit 65% identity
and 83% homology, one key amino
acid difference would be expected
to ablate binding to the murine pro-
tein; the anchor residue Leu180 is
changed to asparagine in murine
IL-18. This single difference proba-
bly dramatically alters the binding
energetics, given the complete bur-
ial of the hydrophobic leucine when
bound to 125-2H (Fig. 2b). Other
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changesmay contribute to loss of binding aswell. The cisGln92-
Pro93 peptide bond in human IL-18 makes a tight turn that
contacts CDR L1 closely. In murine IL-18, the Glu-Val peptide
bond would presumably adopt the trans configuration, extend-
ing the loop so that it would clash with 125-2H. Three other
changes, namely deletion of Asp146 and the E177K and R183K
mutations, would diminish other specific interactions between
IL-18 and 125-2Hby alteration of loop conformation, introduc-
tion of charge-charge repulsion, and loss of multiple hydrogen
bonds, respectively.
The crystallographically defined 125-2H epitope is consist-

ent with and provides a structural explanation for binding and
neutralization data obtained with murine IL-18 and human/
murine IL-18 chimeras (14). In thatwork, 125-2Hwas unable to
bind either to murine IL-18 or to four chimeras in which the
COOH-terminal human IL-18 residues 92–193, 120–193,
146–193, or 177–193 were replaced by the corresponding
murine sequence (Fig. 5a). Each of these chimeras changes the
key Leu180 residue to asparagine. Two other chimeras, in which
residues 1–91 and 177–193 or residues 1–145 and 177–193
were human, with the internal segment taking on the murine
sequence, were tested. 125-2Hwas able to neutralize both, both
of which restored the critical Leu180 residue.
Structural Basis for the Ability of IL-18 to Bind Diverse

Partners—Other antibodies and proteins can bind IL-18 simul-
taneously with 125-2H. For example, Biacore and enzyme-
linked immunosorbent assay binding data demonstrate that
ABT-325 (52) and other antibodies (16), as well as the naturally
occurring IL-18-binding protein (IL-18BP) (14), can do so, indi-
cating that their epitopes do not overlap each other or the
125-2H epitope. Modeling allows access to the structural basis
for how IL-18 is able to bind somanypartners and consequently
the impact of these bound partners upon the ability of IL-18 to
engage its receptor (Fig. 6a).
First, can the 125-2H Fab�IL-18 crystal structure explain the

intricate way in which 125-2H interferes with IL-18 receptor
binding? Recall that although 125-2H inhibits binding of IL-18
to the low affinity IL-18R� receptor, it allows IL-18 binding to
the high affinity, heterodimeric IL-18R�/IL-18R� receptor
complex but renders the ternary complex nonfunctional (14).
Modeling of IL-18 binding to IL-18R� on the basis of the
IL-1��IL-1R1 crystal structure (13), as was done previouslywith
the IL-18 NMR structure (1) but now in the context of bound
125-2H, indicates that the 125-2H heavy chain collides with
domain 2 of IL-18R� (Fig. 6a). Several residues primarily in
CDR H2, but also H1, clash with IL-18R� residues Lys134–
Thr139 (�-strand B) and Glu161–Lys173 (loop and �-strand D)
(Fig. 6b). Simultaneous binding of 125-2H and IL-18R� would
appear to be sterically incompatible, thus explaining the bind-
ing (and hence functional) blockade by the antibody. The IL-18
site onwhich the accessory chain IL-18R�binds, namely Lys115,
Lys120, and Asp134 (“Site 3”) (1) is accessible in the 125-2H

Fab�IL-18 complex (Fig. 6a). In analogy with an earlier sugges-
tion (14), it appears that IL-18 and/or IL-18R� conformational
changes occur upon binding of IL-18R�. Those changes pre-
sumably alter the position of �-strands B and D, which need to
shift only a few Å to allow binding of 125-2H. However, these
conformational changes presumably also alter the relative posi-
tioning of 125-2H, IL-18, IL-18R�, and IL-18R�, such that the
antibody-cytokine-heterodimeric receptor quaternary com-
plex cannot achieve the signaling-competent configuration
accessible by the normal cytokine-heterodimeric receptor ter-
nary complex.
A model for how IL-18 binds to IL-18BP has been proposed

(53), again based on homology with IL-1� and IL-1R1 and the
IL-1��IL-1R1 complex crystal structure (13). When two pro-
posed IL-18/IL-18BP interface residues, Glu42 and Lys89, were
mutated to alanine, the mutant IL-18 could no longer be neu-
tralized by IL-18BP (53, 54). Thus defined, the IL-18BP epitope
is rotated �90° from the 125-2H epitope observed here (Fig.
6c), explaining how 125-2H and IL-18BP are able to bind simul-
taneously. Our modeling, which was completed 2 years ago, is
completely in accord with the recent IL-18�poxvirus IL-18BP
crystal structure (55).
In the absence of an ABT-325�IL-18 complex structure, what

can we say about the ABT-325 binding site on IL-18? Epitope
mapping of ABT-325 was performed using the aforementioned
human/murine IL-18 chimeras (14). Murine IL-18 does not
bind to ABT-325, and neither do chimeras in which the
COOH-terminal human IL-18 residues 92–193, 120–193, or
146–193 were replaced by the correspondingmurine sequence
(Fig. 5a). But, unlike the case with 125-2H, the human (residues
37–176)/murine (residues 174–192) IL-18 chimera did bind to
ABT-325, approximately equivalently to human IL-18. Thus,
there is an important contribution to the ABT-325 epitope
between residues 146 and 176, since only restoration of this
portion restored binding. No significant binding contribution
comes from residues 177–193, or binding there is due only to
residues conserved between human andmurine IL-18.We also
tested four reversed IL-18 chimeras (NH2 terminus murine,
COOH terminus human) (Fig. 5b), which comprise human
IL-18 residues 92–193, 120–193, 146–193, or 177–193 (14).
ABT-325 was unable to bind to any of these chimeras, indicat-
ing that an additional critical epitope lies within residues 37–91
of human IL-18.
Excluding regions that either overlap the 125-2H epitope or

that are internal, IL-18 residues 146–176 contain a prominent,
highly charged surface loop, Glu164–Leu169, which is rotated
�90° from the crystallographically determined 125-2H epitope
(Fig. 6c). Furthermore, only residues 59–76 are adjacent to this
loop, surface-exposed, and within the extreme NH2-terminal
(residues 37–91) segment. Thus, the chimera binding data sug-
gest thatABT-325 binds to a conformational epitope consisting
of residues 59–76 and 164–169. Engagement of this bipartite

FIGURE 6. Multiple IL-18 epitopes mediate binding to multiple receptors. IL-18R� and IL-18BP were modeled based on the IL-1R1 crystal structure (13)
(Protein Data Bank entry 1ITB) and are shown bound to IL-18. a, engagement of IL-18 (gray) by IL-18R� completely blocks the proposed ABT-325 epitope
(magenta), and �-strands B and D (red) in domain 2 collide with 125-2H CDR H2. The IL-18BP (red) and IL-18R� (green; “Site 3” (see Ref. 1)) epitopes are also
shown. b, close up view of the collision between 125-2H and IL-18R�, viewed from behind relative to a. c, 125-2H, ABT-325, and IL-18BP can all bind IL-18
simultaneously, since their epitopes do not overlap.
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epitope by ABT-325 is consistent with simultaneous binding of
ABT-325 and both 125-2H and IL-18BP to human IL-18
(Fig. 6c).
Modeling was attempted to further refine the ABT-325

epitope. Docking was performed with the ZDOCK (56), Clus-
Pro (DOT) (57, 58), and GRAMM-X (59) Web servers, using
the IL-18�125-2H Fab complex as a positive control. Neither
ZDOCK nor ClusPro could reproduce the known complex
structure, whereas the top GRAMM-Xmodel matched crystal-
lographic IL-18 perfectly, with an impressive r.m.s. deviation of
0.3 Å (155 C� atoms; 1.2° rotation, 
0.3 Å translation; 125-2H
Fabs superimposed first). Unfortunately, although GRAMM-X
provided many plausible models for the ABT-325�IL-18 com-
plex, none clearly distinguished itself based on visual examina-
tion of putative binding interactions combined with the known
epitope and simultaneous co-binding data. One model, on
which the positioning of ABT-325 in Fig. 6c is based, scored
ninth; slight manual adjustment allowed Phe57, Leu65, Met69,
and Leu169 to make hydrophobic interactions with several
ABT-325 CDRs and Lys165 to engage the negatively charged
pocket in CDR H2 (Fig. 4), among other plausible antigen/an-
tibody interactions.
Our inability to provide a more detailed model of how IL-18

andABT-325 interact is probably due to two factors. First, CDR
H3 is slightly disordered in the ABT-325 Fab structure. TrpH99

especially was poorly resolved, yet the well resolvedmain chain
trace around this residue indicates that it projects in toward
IL-18. Alteration of the tryptophan side chain conformation
upon binding IL-18 or all or part of CDR H3 could preclude
successful docking.
Second, more significantly, as shown in Fig. 1, the surface

loops of IL-18 exhibit large positional variability between the
crystal structure reported here and the earlier NMR structure
(1). Suchmobility is probably an attribute of IL-18 that allows it
to bind to many different receptors (IL-18BP (e.g. see Ref. 55),
the low affinity receptor IL-18R�, the high affinity receptor
IL-18R�/IL-18R�, and of course many different antibodies) in
distinct fashions. Given that many IL-18 residues moved �5 Å
between solution structure and 125-2H complex, any similar
mobility accompanying ABT-325 binding would prevent suc-
cessful docking with the protocols we used. The loop mobility
exhibited by IL-18 is probably a feature common to related
cytokines, which also bind a panoply of partners.
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