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Supplementary Figure 1. Multiple sequence alignments for the IL-1 family system.

(a) The IL-1 family cytokines as well as their (b) primary and (c) co-receptors. The sequence

alignments were generated using Clustal Omega Server' (http://www.ebi.ac.uk/Tools/msa/clustalo/).

The p-bridge and B-strand assigned using DSSP? are shown for the top and bottom sequences. The
secondary structures were from the IL-18/IL-18Ro/IL-18RB (3WO4), IL-1B/IL-1RI (4DEP) and

IL-1RACcP (3040) structures.
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Supplementary Figure 2. Electron density map and temperature factor (B-factor)
representation on the IL-18/IL-18Ra/IL-18Rp structure.

The final 2mFo-DFc map contoured at 1.0 ¢ was overlain on the IL-18/IL-18Ra/IL-18Rp structure,
and the B-factors are colored on the structure surface with the minimum value 40 A’ (blue) and
maximum value 200 A” (red). The IL-18RB-D1 B-factor was clearly greater than for any other
portion of the ternary complex. Based on the partly observed electron-density map as well as the
similarity between IL-1RAcP and IL-18RACcP, the missing IL-18RAcP-D1 region is shown as a

dotted line in a cartoon representation.
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Supplementary Figure 3. The interface between IL-18Ra and IL-18Rp in the signaling
ternary complex.

(a) Structure of the D2:D2 contact region. The Lys134"" side chain amino group forms hydrogen
bonds with the Leul67% backbone oxygen. Phel35** forms backbone-backbone hydrogen bonds
with Gly168"" and a hydrophobic interaction with the Asp209*" and Glu210*" alkyl chains.
Lys172%* Ne-H forms close hydrogen bonds with Asp209*" O3. The Asn174* side chain amide
forms multiple interactions with Thr170*" through the Oy-H and backbone amide. The D3:D3
interaction is formed by (b) electrostatic or (c) aliphatic clusters. The electrostatic interaction is
mainly composed of the Glu273"%, Lys275%%, Lys250"", Asp252% and Arg276"" side chains, while
the hydrophobic cluster is composed of Val216®*, Leu218%, Gly219**, Leu254*" and Val257*".

The inter-receptor interfaces correspond to the IL-1B” system Site IV.
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Supplementary Figure 4. Structural analysis of solution state IL-18/IL-18Ra/IL-18Rp.

(a)-(e) Determining the receptor binding sites on IL-18 through solution NMR spectroscopy; (a)
'H-""N TROSY-HSQC spectra’ for [*H, '’N]-IL18 with or without receptor titration. The spectra
are from IL-18 (blue), [L-18+IL-18Rp (orange) and IL-18+IL-18Ra (green), respectively. (b) IL-18
chemical shift perturbations upon adding (top) IL-18RB or (bottom) IL-18Ra. The amino acid
residues perturbed at the bottom are colored on the IL-18/IL-18Ra crystal structure as indicated in
the inset figures, which demonstrates that the solution binding mode is identical to the crystal
structure binding mode. (c) Cross-saturation experiments’ for [H, ""N]-IL18/IL-18Ra. The
intensity ratio (Izoooms/loms) plots for the assigned, separated cross peaks in the experiments. We
assessed backbone the amide peaks for 108 out of 151 residues, except for the proline residues. (d)
IL-18 chemical shift perturbation between IL-18/IL-18Ra to IL-18/IL-18Ra/IL-18Rp. Significant
changes were observed in the binding site for IL-18Rf but not in the other region, including the
previously defined Site III°. (e) The [*H, '"N]-IL-18/IL-18Ra spectral change upon binding
IL-18Rp. To clarify, we picked assigned peaks that clearly disappeared or moved from the binary to
ternary complex. (f)-(h) IL-18/IL-18Ro/IL-18RB SAXS analysis; (f) the IL-18/IL-18Ra/IL-18Rf
scattering curve. S indicates the momentum transfer 4nsin(6/2)/A; 6 and A are the scattering angle
and X-ray wavelength, respectively. (g) Guinier approximation of the data in the low ¢ region
(qRs<1.3). (h) Distance distribution function for the data. The Dy. was determined through auto
GNOM.
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Supplementary Figure 5. SPR binding experiment with the IL-18 mutants.

(a) The sensorgrams show binding between the preformed IL-18 mutant/IL-18Ra complex and 6 x

His tagged IL-18Rp, which was immobilized on an NTA sensor chip. (b) Sensorgrams for IL-18

mutant binding to immobilized IL-18Ra. The sensorgrams are shown with a schematic figure for

each experiment. The colored lines are the responses at 5 different concentrations.
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Supplementary Figure 6. SPR binding experiment with IL-18R mutants.

(a) IL-18 binding to the IL-18Ra-N297Q mutant. The absence of a sugar chain on N297°"
decreased the binding affinity by three-fold (Supplementary Table 1). (b) IL18/IL18Ra-N236Q
binding to IL18RP. (c) The binding between the preformed binary IL-18/IL-18Ra complex and
immobilized IL-18RP mutants. The sensorgrams are shown with a schematic figure for each

experiment. The colored lines are the responses at 5 different concentrations.
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2mFo-DFc=1.00

Supplementary Figure 7.

(a) The key residues at the IL-18 and IL-18Rp interface, which were determined through the SPR
experiment. Intermolecular structural interactions between amino acids side chains are represented
by lines. The residues with apparent reduction in binding on SPR analysis are indicated by asterisks.
The core of the interaction cluster was framed by a dashed box. (b) The stereo image (cross-eye)
around the dashed box in Fig. 7a. The final 2mFo-DFc map contoured at 1.0 ¢ is overlain on the

structure.
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Supplementary Figure 8. IL-18-neutralization by the proteinous inhibitors.

(a) A comparison of the crystal structures for IL-18/IL-18Ra (blue) and IL-18 complexed with
IL-18BPs (3F62:red and 4EEE:green). IL-18BP mimics IL-18Ra-D3 and binds the IL-18 binding
Site II. (b) Ribbon representation of IL-18/125-2H superimposed with the binary complex
IL-18/IL-18Ra. The anti-IL-18 antibody 125-2H binds to and covers IL-18 Site III, which inhibits
IL-18Rp binding.
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Supplementary Table 1 Functional epitopes of the IL-18 and IL-18 receptors

Ko Ko Ky Kon Ko Kq
1o*Mtshy  107s) (10%M) 10*M'sh (107 s) (10" M)
Ligand: IL-18Ra WT Ligand: IL-18RB WT
Analyte: IL-18 mutant Analyte: IL-18 mutant/IL-18Ro WT complex
IL-18 WT(control) 4.840.1 3.3+0.1 6.9+0.2 IL-18 WT(control) 1.1£0.1 1.6+0.1 1.5+0.1
IL-18 K79A 7.6£0.1 4.1+0.2 5.5+0.2 IL-18 K79A 1.3£0.1 1.7+0.2 1.3+0.0
IL-18 K84A 3.940.1 3.7+0.1 9.4+0.2 IL-18 K84A 1.0£0.1 1.8+0.3 1.8+0.1
IL-18 D98A 5.4+0.2 3.4+0.1 6.4+0.2 IL-18 D98A 1.240.1 1.6+0.2 1.3+0.1
IL-18 G108A 5.240.3 9.5+0.2 18.4+1.4 IL-18 G108A No binding
IL-18 H109A 6.2+0.4 3.0+0.2 4.8+0.1 IL-18 HI09A No binding
IL-18 D110A 10.6+0.1 2.4+0.1 2.3+0.1 IL-18 D110A 1.4+0.1 5.6+0.8 5.6+0.8
IL-18 K112A 6.4+1.1 3.3+0.3 5.1+0.5 IL-18 K112A No binding
IL-18 G145A 5.9+0.6 5.9+0.6 5.7+0.5 IL-18 G145A 8.240.3 2.8+0.1 2.8+0.1
IL-18 R147A 6.8+0.1 6.8+0.1 6.7+0.4 IL-18 R147A 6.9+0.4 5.7+0.3 5.7+0.3
IL-18 MI50A 5.7£0.2 5.7+0.2 5.9+0.4 IL-18 M150A 8.9+0.9 6.0+0.5 6.0+0.5
Ligand: IL-18Ra mutant Ligand: IL-18RB WT
Analyte: IL-18 WT Analyte: IL-18WT/IL-18Ra mutant complex
IL-18Ra WT(control) 4.8+0.1 3.3+0.1 6.9+0.2 IL-18Ra WT(control) 1.1+0.1 1.6+0.1 1.5+0.1
IL-18Ra N297Q 3.4+0.4 8.9+0.5 25.842.6 IL-18Ra N236Q 1.2+0.1 2.0+0.3 1.7+0.3
IL-18Ra T23A-R25A-H27A-T29A No binding
IL-18Ra R123A-T126A-S127A-K128A No binding Ligand: IL-18Rf mutant
IL-18Ra E253A-E254A-E263A No binding Analyte: IL-18 WT/IL-18Ra WT complex
IL-18RB WT(control) 1.1+0.1 1.6+0.1 1.5+0.1
IL-18RB L167A 7.6£1.2 2.5+0.1 3.3+0.4
IL-18RBS169A-T170A 6.8+0.6 5.24+0.2 7.7£0.7
IL-18RB E210A 7.1£1.8 22.240.9 32.7+0.9
Ligand: The interactant collected on the sensor surface IL-18RB Y212A No binding
Analyte: The interactant in free solution IL-18RP Y214A 9.7+0.9 4.8+0.3 5.0£0.5
WT: wild type IL-18RB K313A 10.3£1.0 11.240.8 10.9 £0.9

The values are the means + standard deviations of the results from 3 independent experiments
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