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ADDITIONAL MATERIAL AND METHODS 19 

NMR measurements. Saturation Transfer Difference and Water-Ligand Observed via Gradient 20 

Spectroscopy. STD and waterLOGSY experiments have been performed on 1 mM PAM in the 21 

presence of 0.05 mM HMGB1 in NMR buffer. STD experiments were acquired using a pulse 22 

scheme (Bruker pulse sequence: stddiffesgp.3) with excitation sculpting with gradients for water 23 
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suppression and spin-lock field to suppress protein signals. The spectra were acquired using 128 24 

scans, a spectral width of 9,600 Hz, and 64 K data points for acquisition. For protein saturation, a 25 

train of 60 Gaussian-shaped pulses of 50 ms was applied, for a total saturation time of 3 s. 26 

Relaxation delay was set to 3 s. On-resonance irradiations were set at 0 ppm. Off-resonance was 27 

always set at 107 ppm. STD spectra were obtained by internal subtraction of the on-resonance 28 

spectrum from the off-resonance spectrum. WaterLOGSY experiments were acquired using a 29 

pulse scheme as described (Dalvit et al. 2000) with excitation sculpting and flip-back for water 30 

suppression. The spectra were acquired using 128 scans, 32 K data points for acquisition, and 31 

mixing time was set to1s. 32 

We also performed buildup STD experiments acquiring the STD spectra at seven different 33 

saturation times (tsat = 0.5, 0.75, 1.25, 1.75, 2.5, 4, 6 s). For each resonance at each tsat we 34 

calculated the STD amplification factor (STDamp) as 35 

 36 

STDamp = IntSTD / IntSTDoff,  37 

 38 

where IntSTD is the peak intensity in the STD spectrum and IntSTDoff is the intensity of the 39 

same peak in the off‐resonance spectrum. The STDamp factors of each PAM proton were plotted 40 

against tsat and to fit the data of the buildup curve the following monoexponential equation was 41 

used:  42 

 43 

STDamp = STDmax(1- e(-ksat))  44 

 45 
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where STDmax is the equilibrium STD intensity and ksat is the rate constant of saturation 46 

transfer. Then the product between STDmax and ksat represents the slope of each curve at tsat = 0 47 

as a T1-unbiased measure of the relaxation time. The slope values of each PAM proton were 48 

then normalized to percentage (STD %) to the maximum one (H4) (Supplementary Table S1).  49 

 50 

Titrations. For NMR titrations, at each titration point a 2D water-flip-back 
1
H-

15
N-edited HSQC 51 

spectrum with 2,048 (160) complex points for 
1
H (

15
N), respectively, apodized by 90° shifted 52 

squared (sine) window functions, and zero filled to 256 points for indirect dimension. 53 

Assignment of the labeled proteins in the presence of the ligands (PAM or unlabeled protein) 54 

was obtained following individual cross-peaks through the titration series. For each residue, the 55 

weighted average of the 
1
H and 

15
N chemical shift perturbation (CSP) was calculated as CSP = 56 

[(
2
HN + 

2
N/25)/ 2]

1/2
. PAM titrations have been performed on 

15
N HMGB1 full-length 57 

protein (20 mM phosphate buffer, pH 7.3, 150 mM NaCl, 1 mM DTT) and on 
15

N CXCL12 (20 58 

mM phosphate buffer, pH 6, 20 mM NaCl) adding 0.25, 0.5, 0.75, 1, 2, 5 equivalents of PAM to 59 

the labeled proteins. To minimize dilution and NMR signal loss, titrations were carried out by 60 

adding small aliquots of concentrated PAM (10 mM in 20 mM phosphate buffer, pH 7.3, 150 61 

mM NaCl) to the 
15

N-labeled protein samples (0.15 mM).  62 

NMR-based antagonist-induced dissociation assays (Krajewski et al. 2007) were performed by 63 

adding 0.5 and 2 equivalents of PAM on 
15

N-HMGB1 in complex with CXCL12 (ratio 1:2) (20 64 

mM phosphate buffer, pH 6, 150 mM NaCl, 308 K). 65 

1
H-

15
N-HSQC assignments of HMGB1 and CXCL12 were taken from the BMRB databank 66 

(HMGB1 accession numbers: 15148, 15149; CXCL12 accession number 16143) and confirmed 67 

via acquisition of 3D HNCA, CBCA(CO)NH experiments.  68 
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 69 

1
H resonance assignments of PAM 

1
H resonance assignments of PAM (1 mM dissolved in NMR 70 

buffer) were obtained analyzing 2D TOCSY (Total correlation spectroscopy) (mixing time 50 71 

ms) and NOESY (Nuclear Overhauser effect spectroscopy) (mixing time 400 ms) experiments. 72 

Intermolecular nuclear Overhauser effect (nOes) between PAM and BoxA (residues 1-89) were 73 

obtained from 3D 
13

C-NOESY-HSQC with no evolution on 
13

C dimension (2,048 × 1 × 256 74 

increments) experiments with 
15

N/
13

C filter in F1 (mixing time 200 ms); protein and ligand 75 

concentration were 0.8 and 1.6 mM, respectively, in D2O. 76 

PAM protons were assigned by TOCSY experiments and 2D 1H-1H TOCSY (mixing time: 60 77 

ms) and NOESY (mixing time: 120 ms) spectra.  78 

2D NMR lineshape analysis. The NMR titrations of PAM on both 
15

N-HMGB1 and 
15

N-79 

CXCL12 were in fast-intermediate exchange regime in the NMR time scale inducing significant 80 

line-shape broadening and peak intensity reduction, in particular at high stoichiometric ratio (1:2 81 

and 1:5). We thus plotted the highest stoichiometric ratio at which we could still follow the CSPs 82 

(1:1) (Figure 1A). However, the line-broadening did not allow a proper Kd estimation from 83 

CSPs least-squares fitting. For this reason, we performed 2D NMR lineshape analysis using 84 

TITAN program (Waudby et al. 2016). 85 

Selected residues with CSPs > Avg + SD of PAM-
15

N-HMGB1 (R9, Q20 and R23 in BoxA, 86 

S106, R109 and I158 in BoxB) and PAM-
15

N-CXCL12 (C11, K24, K27 and V49) interactions 87 

were fitted by optimizing the chemical shifts and line widths for the free and the bound state. The 88 

program estimates Kd, koff and n parameters using a fixed stoichiometry of 1:2 and 1:1 binding 89 

models for HMGB1 and CXCL12, respectively. Error estimates for the fit-parameters were 90 
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obtained using the bootstrap resampling of residuals procedure implemented in TITAN (Waudby 91 

et al. 2016). 92 

 93 

Data Driven Docking Models and molecular images. Molecular docking of PAM on BoxA 94 

(residues G3-Y77) and BoxB (A93-G173), whose structures were extracted from 2YRQ (first 95 

structure of the NMR bundle), were performed using the data-driven software HADDOCK 2.2 96 

(Dominguez et al. 2003; Van Zundert et al. 2016) and following the classical three-stage 97 

procedure, which includes: (1) randomization of orientations and rigid body minimization, (2) 98 

simulated annealing in torsion angle space, and (3) refinement in Cartesian space with explicit 99 

water. Ambiguous interaction restraints (AIRs) were defined as residues with CSP > Avg + SD 100 

were used to define active residues, whose solvent accessible surface neighbors were set as 101 

passive (Supplementary Table S2). In the case of CXCL12 (PDB 4UAI), only the residues 102 

located around the Diflunisal binding site (De Leo et al. 2019) were set as active 103 

(Supplementary Table S2). In the case of BoxA, intermolecular nOes were included as 104 

unambiguous restraints in the calculations only in the semi-flexible refinement stage, setting the 105 

m                                          (Supplementary Table S2). 106 

Optimized parameters for liquid simulation (OPLS) were used for the protein (protein-allhdg5-4 107 

and protein-allhdg5-4-caro). The geometric coordinates and parameters for PAM were calculated 108 

and optimized using the PRODRG server (Schüttelkopf and Van Aalten 2004). Calculations 109 

generated 1,000, 1,000, and 500 structures for the rigid body docking (it0), the semi-flexible 110 

refinement (it1), and the explicit solvent refinement (water), respectively. The final 500 111 

structures obtained after water refinement were scored with HADDOCK (HADDOCKscore = 112 

1.0 EvdW + 0.2 Eelec + 1.0 Edesolv + 0.1 EAIR) for a weighted combination of van der Waals 113 
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(vdW) and electrostatic energy terms (Lennard–Jones and Coulomb potentials), empirical 114 

desolvation term (Fernández-Recio et al. 2004), and ambiguous interaction restraint energy term, 115 

which reflects the accordance of the model to the input restraints. 116 

HADDOCK models were clustered based                                                       117 

                                                                                                 118 

        3 for CXCL12, respectively. Proteins were aligned and fitted on the backbone of active 119 

residues, reported in Supplementary Table S2. The rmsd of PAM was calculated only on the 120 

heavy atoms of the entire scaffold. 121 

To remove any bias of the cluster size on the cluster statistics, the final overall score of each 122 

cluster was calculated on the four lowest HADDOCK scores models in that cluster. For each 123 

protein the cluster with the best fitting relative to the experimentally-driven restraints (lowest 124 

number of violations) and the best HADDOCK score (cluster 1 for BoxA and CXCL12, cluster 2 125 

for BoxB) was selected (Supplementary Figure S3-4 and 7). 126 

The analysis of the docking calculations was performed applying in-house python and tcl scripts. 127 

 128 

Mouse model. Immunocompetent C57BL/6NCrlBR male mice (8-10 weeks of age) were 129 

purchased from Charles River (Calco, Italy), shipped in protective, filtered containers, 130 

transported in climate-controlled trucks, and allowed to acclimatize for at least two days in the 131 

stabulary prior to use. Mice were maintained in the biosafety level 3 (BSL3) facility at San 132 

Raffaele Scientific Institute (Milano, Italia) where 3-5 mice per cage were housed. Mice were 133 

maintained in sterile ventilated cages. Mice were fed with standard rodent autoclaved chow 134 

(VRFI, Special Diets Services, UK) and autoclaved tap water. Fluorescent lights were cycled 12h 135 

on, 12h off, and ambient temperature (23 ± 1°C) and relative humidity (40-60%) were regulated.  136 
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For infection experiments, mice were anesthetized by an intraperitoneal injection of a solution of 137 

Avertin (2,2,2- tribromethanol, 97%) in 0.9% NaCl and administered at a volume of 0.015 ml/g 138 

body weight. Mice were placed in supine position. The trachea was directly visualized by ventral 139 

midline, exposed and intubated with a sterile, flexible 22-g cannula attached to a 1 ml syringe. 140 

An inoculum of 60 μl of planktonic bacterial cells or 50 μl of agar bead suspension was 141 

implanted via the cannula into the lung. After inoculation, all incisions were closed by suture.  142 

Mice were monitored daily for coat quality, posture, attitude, ambulation, hydration status and 143 

body weight. Mice that lost >20% body weight and had evidence of severe clinical disease, such 144 

as scruffy coat, inactivity, loss of appetite, poor locomotion, or painful posture, were sacrificed 145 

before the termination of the experiments with an overdose of carbon dioxide. Gross lung 146 

pathology was noted. 147 

Broncho alveolar lavage fluid (BALF) was extracted with a 22-gauge venous catheter, ligated to 148 

the trachea to prevent backflow. The lungs were washed with three one ml of RPMI-1640 149 

(Euroclone) with protease inhibitors (Complete tablets, Roche Diagnostic) and pooled. 150 

Quantitative bacteriology on BALF was performed by plating serial dilution on tryptic soy agar 151 

(TSA). Total cells present in the BALF were counted using an inverted light optical microscope 152 

after diluting an aliquot of the BALF 1:2 with Tuerk solution in a disposable counting chamber. 153 

BALF cells were centrifuged at 330 x g for 8 min at 4°C. If the pellet was red, erythrocytes were 154 

lysed by resuspending the pellet in 250- 300 µl of RBC lysis buffer diluted 1:10 in ultra-pure 155 

distilled water for 3 min. Then, 2-3 ml PBS were added and cells were centrifuged at 330 x g for 156 

8 min at 4°C. The pellet was resuspended in RPMI 1640 10% fetal bovine serum (FBS) at 157 

concentration of 1x10
6
 cells/ml, and an aliquot of 150 µl was pipetted into the appropriate wells 158 

of the cytospin and centrifuged at 300 x g for 5 min medium brake. Slides were then stained by 159 
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Diff-Quik staining using a commercial kit (Medion Diagnostics, code: 726443), according to the 160 

            ’              . A differential cell count was performed at an inverted light optical 161 

microscope. 162 

Lungs were excised aseptically and homogenized in 2 ml PBS added with protease inhibitors 163 

using the homogenizer gentleMACS
TM

 Octo Dissociator. One-        μ                     164 

and 10-fold serial dilutions were spotted onto TSA. CFU were determined after overnight growth 165 

at 37°C.  166 

Infections, treatments and sacrifices in the chronic infection models were all performed in the 167 

late morning, while the sacrifices in the acute infection model were performed in the late 168 

afternoon. In addition, in all the experiments, mice had been subdivided according to the body 169 

weight to have similar mean in all the groups of treatment. 170 

Animal studies were conducted according to protocols approved by San Raffaele Scientific 171 

Institute (Milan, Italy) Institutional Animal Care and Use Committee (IACUC #733) and adhered 172 

strictly to the Italian Ministry of Health guidelines for the use and care of experimental animals. 173 

 174 

Bacteria preparation for acute infection. An aliquot of P. aeruginosa PAO1 reference strain 175 

from glycerol stocks was streaked for isolation on tryptic soy agar (TSA) and incubated at 37°C 176 

O/N. Bacterial glycerol stocks were not used more than three times to avoid variability in the 177 

animal experiments. One colony was picked from the plate and used to inoculate 5 ml of tryptic 178 

soy broth (TSB) (BD, Becton and Dickinson) and placed in a shaking incubator at 37°C 200 rpm 179 

O/N. The O/N bacterial suspension was diluted to 0.1 OD/ml in 20 ml of TSB / flask and grown 180 

for 3 h at 37°C at 200rpm, to reach the log phase (Cigana et al. 2016; Lorè et al. 2012). The 181 

bacteria were pelleted by centrifugation (2,700 g, 15 min, 4°C), resuspended in sterile phosphate-182 
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buffered saline (PBS) and diluted to give the required dose in 60 µl (1x10
6
 colony forming units 183 

- CFU). Mice were anaesthetized by intraperitoneal injection as described before, then infected 184 

intratracheally with P. aeruginosa (planktonic form).  185 

Agar beads preparation for chronic infection. The agar beads P. aeruginosa mouse model 186 

was used (Facchini et al. 2014) (Cigana et al. 2016)(Bragonzi et al. 2009). An aliquot of P. 187 

aeruginosa MDR-RP73 clinical strain from glycerol stocks was streaked for isolation on TSA 188 

and incubated at 37°C O/N. One colony was picked from the plate and used to inoculate 10 ml of 189 

TSB and placed in a shaking incubator at 37°C 200 rpm O/N. The O/N bacterial suspension was 190 

diluted to 0.15 OD/ml in 20 ml of TSB / flask and grown for 4 h at 37°C at 200rpm, to reach the 191 

log phase. The bacteria were pelleted by centrifugation (2,700 g, 15 min, 4°C) and resuspended 192 

in 1 ml PBS (pH 7.4). A starting amount of 2 x10
9 

CFU of P. aeruginosa was used for inclusion 193 

in the agar beads prepared according to the previously described method (Cigana et al. 2016; 194 

Facchini et al. 2014). Bacteria were added to 9 ml of 1.5% TSA (w/v), prewarmed to 50°C. This 195 

mixture was pipetted forcefully into 150 ml heavy mineral oil at 50°C and stirred rapidly with a 196 

magnetic stirring bar for 6 min at room temperature, followed by cooling at 4°C with continuous 197 

slowly stirring for 20 min. The oil-agar mixture was centrifuged at 2700 g for 15 min to sediment 198 

the beads, and washed six times in PBS. The size of the beads was verified microscopically and 199 

only those preparations containing beads of 100 μm to 200 μm in diameter were used as 200 

inoculum for animal experiments. The number of P. aeruginosa CFU in the beads was 201 

determined by plating serial dilutions of the homogenized bacteria-bead suspension on TSA 202 

plates. The inoculum was prepared by diluting the beads suspension with PBS to 1x10
7 

CFU/ml, 203 

to inoculate about 5x10
5 
CFU/ 0μ . P. aeruginosa beads were prepared the day before 204 

inoculation, stored overnight at 4°C for a maximum of two days. The number of P. aeruginosa 205 
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CFU in the beads inoculated was determined by plating serial dilutions of the homogenized 206 

bacteria-bead suspension on TSA plates of the aliquot used for infection experiment at the day of 207 

the infection. 208 

Mice treatment with PAM. PAM was diluted in PBS for injection. For toxicity and efficacy 209 

experiments, animals were separated into three groups (two doses of PAM, and vehicle). PAM 210 

therapy was initiated five min after the i.t. surgery and was repeated once a day for seven days 211 

for chronic infection. Mice were treated with PAM or vehicle (PBS) by local administration 212 

using Penn-Century MicroSprayer® Aerosolizer (p.c., volume: 50 μ ). Endotracheal 213 

administration with p.c. was carried out under 5% isoflurane–oxygen. PAM toxicity during 214 

treatment was evaluated by a general mouse observation in the cage with cage mates. Next, the 215 

mouse was transferred to a new cage and mouse observation was started. A unique score was 216 

assigned based on clinical symptoms including ruffled hair, kyphosis, abnormal behavior (e.g. 217 

less movement, less exploratory and interactive with the new environment), dyspnea and torpor. 218 

In addition, body weight and rectal body temperature using thermometer were measured during 219 

the follow up. 220 

For efficacy studies, mice were humanely euthanized at different time points, to determine 221 

efficacy of treatment, in accordance with animal welfare regulations. 222 

 223 
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Supplementary Figures 258 

 259 

Figure S1. STD and WaterLOGSY experiments performed on PAM in the presence of 260 

HMGB1. A) Saturation Transfer Difference (STD) results obtained for 1 mM PAM alone (black 261 

line) and with 0.05 mM HMGB1 (red line) in 20 mM phosphate buffer, 150 mM NaCl, 1 mM 262 

DTT pH 7.3 (on resonance: 0 ppm; saturation time: 3 s). STD signals with different intensities 263 

are observed for all protons in the presence of HMGB1, indicating that PAM directly binds to 264 

HMGB1. The numbered peaks correspond to proton resonance assignments on PAM chemical 265 

structure. B) WaterLOGSY spectra obtained for 1 mM PAM alone (black line) and in complex 266 

with 0.05 mM HMGB1 (red line). All PAM protons display signals inversion, indicating binding 267 

to HMGB1.  268 

 269 
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 270 

Figure S2. 2D 
1
H-

15
N HSQC spectra of HMGB1 without and with PAM. Superposition of 271 

the 
1
H-

15
N HSQC spectra of HMGB1 (0.15 mM) without (black) and with (red) equimolar 272 

concentration of PAM, 20 mM phosphate buffer, pH 7.3, 150 mM NaCl, 1 mM DTT. 273 

 274 

Figure S3. HADDOCK score plot of BoxA and PAM. HADDOCK score versus rmsd from the 275 

lowest Haddock energy complex structure between BoxA and PAM. Circles correspond to the 276 

four best structures in each cluster, the cluster averages with the standard deviation are indicated 277 

with the black squares and bars. 278 
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 279 

 280 

Figure S4. HADDOCK score plot of BoxB in complex with PAM. HADDOCK score versus 281 

rmsd from the lowest Haddock energy complex structure between BoxB and PAM. Circles 282 

correspond to the four best structures in each cluster, the cluster averages with the standard 283 

deviation are indicated with the black squares and bars. 284 

 285 

Figure S5. STD buildup experiments A) Stacked 1D STD spectra obtained for 1 mM PAM 286 

with 0.05 mM HMGB1 (red line) at increasing saturation time (from bottom to top: 0.5, 0.75, 287 

1.25, 1.75, 2.5, 4, 6 s) in 20 mM phosphate buffer, 150 mM NaCl, 1 mM DTT pH 7.3 (on 288 

resonance: 0 ppm). The numbered peaks correspond to proton resonance assignments on PAM 289 

chemical structure. Right: STD build-up curves for five PAM protons with as a function of the 290 
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saturation time. Experimental data were fit to a rising exponential to obtain STDmax and the 291 

saturation rate constant ksat. 292 

 293 

 294 

Figure S6: 2D 
1
H-

15
N HSQC spectra of CXCL12 without and with PAM. Superposition of 295 

the 
1
H-

15
N HSQC spectra of CXCL12 (0.15 mM) without (black) and with (red) equimolar 296 

concentration of PAM, 20 mM phosphate buffer, pH 6.5, 20 mM NaCl 297 

 298 
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 299 

Figure S7. HADDOCK score plot of CXCL12 in complex with PAM HADDOCK score 300 

versus rmsd from the lowest HADDOCK energy complex structure between CXCL12 and PAM. 301 

Circles correspond to the four best structures in each cluster, the cluster averages with the 302 

standard deviation are indicated with the black squares and bars. 303 

 304 

 305 

Figure S8. Toxicity of PAM after repeated aerosol treatment in mice. C57BL/6NCrlBR male 306 

mice (aged 8–10 weeks) received intratracheal inoculation with PBS to mimic the surgery 307 

applied to infected mice. Treatment started five minutes after surgery, with PAM (1 mM and 3 308 

mM) or vehicle administered via aerosol by Penn Century daily for seven days. Before each 309 
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administration, mice were weighted, and the percentage change from the initial body weight was 310 

averaged for each group of mice. Data are presented as mean ± SEM. Data are pooled from 4 311 

mice/group.  312 

 313 

 314 

315 
Figure S9. Efficacy of aerosol treatment with PAM (1 mM and 3 mM) in a mouse model of 316 

acute P. aeruginosa airway infection. C57BL/6NCrlBR male mice (aged 8–10 weeks) received 317 

intratracheal inoculation with 1×10
6
 CFU of planktonic PAO1 strain. Five minutes after 318 

infection, PAM 1 mM, PAM 3 mM or vehicle were administered via an aerosolizer. After six 319 

hours, mice were sacrificed, bronchoalveolar lavage fluid (BALF) was collected, and the lungs 320 

were excised and homogenized. Neutrophils elastase concentration was evaluated in the 321 

supernatants of BALF (A) and lung homogenate (B) by ELISA assay. Data are presented as 322 

mean ± SEM. Data are pooled from three independent experiments (n=14-15 mice).  323 

 324 
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 325 

Figure S10. Efficacy of aerosol treatment with PAM (1 mM and 3 mM) in a murine model 326 

of P. aeruginosa MDR-RP73 chronic airways infection. C57BL /6NCrlBR male mice (aged 327 

8–10 weeks) received intratracheal inoculation with 5×10
5
 CFU of MDR-RP73 strain embedded 328 

in agar beads. Treatment started five minutes after infection, with PAM (1 mM and 3 mM) or 329 

vehicle administered via an aerosolizer daily for seven days. At day seven post-infection, mice 330 

were sacrificed, BALF was collected and lungs were excised and homogenized. MPO 331 

concentration was evaluated in the supernatant of BALF (A) and lung homogenate (B) and 332 

neutrophils elastase concentration was evaluated in the supernatants of lung homogenate (C) by 333 

ELISA assay. Data are presented as mean ± SEM. Data are pooled from three independent 334 

experiments (n=15-16 mice).  335 
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Supplementary Table S1. The slope values of each PAM proton as determined by fitting the 336 

STD build-up curves. The slope values are normalized to percentage (STD %) to the maximum 337 

proton (H4). The symbols are the same as in Figure S2. 338 

Proton Slope % 

H1  3.5 73 

H2  4.1  85  

H3 4.7  98  

H4 4.8 100 

H5  3.3 69 

 339 

 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 
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Supplementary Table S2. List of Ambiguous Interaction Restraints (AIRs) and of 352 

Unambiguous (nOe) restraints used in HADDOCK calculations. 353 

 Ambiguous Unambiguous
a,b

 

Domain  Active Passive  

Box A 

Y15, A16, F17, F18, 

V19
nOe

, Q20, R23, 

V35
 nOe

, F37
 nOe

, S41, 

S45  

R9, Y15, F17, F18, 

V19, Q20, R23, E24, 

H26, K27, V35, F37, 

E40, S41, C44, W48 

HG*V19-H3 PAM;  

or HG*V19-H4 PAM;  

or HD*F37-H3/4PAM 

or HE*F37-H3/4PAM;  

HGAV35-H3/4 PAM 

Box B 

C105, R109, I112, 

K113, I121, V124, 

A125, K127, L128 

F102, F104, S106, 

H116, G118, L119, 

S120, D123, K126, 

G129, E130 

n.d. 

CXCL12 

E15, 17, V18, N45, 

R47, Q48, V49 

S4, 7, 9, C11, V23, 

K24, H25, L26, K27, 

Q48  

n.d. 

n.d. Not determined  

a
 OPLS force field nomenclature of protein hydrogens  

b 
PAM hydrogens (Figure S1) 

 354 


