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Supplementary Figure S1. Impact of ligand length on the NMR structural
calculation of Ebola/NEDD4-WW3 and HTLV1/NEDD4-WW3 complexes. (a)
Shown are the NMR ensembles of the 20 lowest energy models calculated for the Ebola
(left panel) and HLTV1 (right panel) complexes. Structures corresponding to the full-
length peptides are shown as grey cartoons while those corresponding to the shorter
versions of the peptide ligands are shown in orange for HTLV1 and blue for Ebola. (b)
Effect of changing peptide length of the side chain conformations of the ligand in the
HTLV1/NEDD4-WW3 complex.
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Supplementary Figure S2. Solution structures of the NEDD4-WW3 domain in
complex with the HTLV1 (a) and Ebola (b) Late domains. Ribbon representation of
the twenty lowest-energy structures after water refinement. The two representations
show the complexes in the same orientation. The ligands are shown in green and the
WW domain regions corresponding to the 3 strands are indicated in red, the loops in

cyan and the o-helix of the C terminus in blue.



Supplementary Figure S3. Structural comparison of different hNEDD4-WW3
complexes. (a) Structural superposition of the hNEDD4-WW3 complexes with the
HTLV1 (orange, 2KPZ) and Ebola-2KQO (blue, 2KQO0) Late domains, the ARRDC3
(dark green, 4N7H) and ENaC (light green, 2M30) cellular ligands and the NMR (grey)
and Xray (black) structures of the apo domain (4N7F and 1WR?7 respectively). Residues
implicated in the hydrophobic buckle essential for domain stability as shown as
magenta lines and residues conforming the xP and xY pockets as yellow lines. B)
Variability in the orientation of the HTLV1 (orange), Ebola (blue) ARRDC3 (dark
green) and ENaC (light green) ligands on the surface of the ANEDD4-WW3 domain.
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Supplementary Figure S4. Molecular dynamics simulations of NEDD4-WW3. (a)
Sequence alignment of the NEDD4-WW3 constructs used in the MD simulations. (b)
Time course of the backbone root mean square deviation (RMSD) for the free NEDD4-
WW3 domain (4N7F: black lines and 1WR?7: grey lines) and the Ebola (1KQO: blue
lines) and HTLV1 (1KPZ: orange lines) complexes. The RMSD values for the domain
(upper panel) and the ligands (lower panel) are shown separately. To avoid distortions
due to the highly unstructured N- and C- termini, RMSD calculations include residues
845-871 in the domain C) Root mean square fluctuations (RMSF) per residue for the
apo-NEDD4-WW3 domain (4N7F as grey lines and 1WR7 as black lines), the
HTLV1/NEDD4-WW3 complex (orange lines) and Ebola/NEDD4-WW3 complex
(blue lines).
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Supplementary Figure S5. Ligand disposition at the binding site. (a) Structural
superposition of the HTLV1 (2KPZ, orange) and ENaC (2M30, green) complex
structures showing a very similar configuration at the binding site. Shown are the
cartoon representations of the NEDD4-WW3 domains, a ribbon representation of the
two ligands and the stick representation of the most representative side chains in both
the ligands (P,, P, and Y,) and the WW domains. The Y, residue from the Ebola
complex is shown for comparison purposes as dark blue lines. (b) Packing of the
HTLV1 (left) and Ebola (right) ligands at the binding site. Shown are surface
representations of the WW domain and a mesh depiction the ligands highlighting the
corresponding Y, side chains as orange (HTLV1) and blue (Ebola) sticks. Residues

conforming the xY pocket are shown in purple.
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Supplementary Figure S6.- Interfacial interactions in the MD trajectories of the
Ebola and HTLV1 complexes with hNEDD4-WW3. (a) Average contact distance
between ligand residues and the hNEDD4-WW3 domain. Shown are the calculated
average distances between the centroids of the ligand and domain residues colored
according to a rainbow scheme. (b) Frequencies of occurrence of ligand-domain
hydrogen bonds for the Ebola (blue) and HTLV1 (orange) complexes. Shown are all
hydrogen bonds observed for more than 5% of the simulation time.



Supplementary Table S1. Sequences of Late domain peptides

Name Protein source Sequence*
HTLV1 Residues 13 to 24 from HTLV-1-Gag: Uniprot P14078 s SDPQIP;P, P, Y, VEP;
HTLV1-ter Residues 18 to 27 from HTLV-1-Gag: Uniprot P14078 P,P,P,Y,VEPTAP,

Ebola Residues 5 to 16 from Zaire Ebola-VP40: Uniprot Q05128 SILPTAP P, E ' YyMEA;
Ebola-ter Residues 5 to 13 from Zaire Ebola-VP40: Uniprot Q05128 SILPTAP P, E .Yy
Marburg Residues 11 to 22 from Marburg-VP40: Uniprot P35260 sMQYLNP,P,P,Y,ADH;
Rabies Residues 30 to 41 from Rabies-M2: Uniprot P16287 sDLWLPP P, E 'Y, VPL;
p53bp2 Residues 65 to 77 from Human p53 binding protein 2: Uniprot 13625 o+EYPPYPP P, P, Y,PSG;
PPPY Binding consensus motif for class 1 WW domains ' Py;P,P, Y,

* The PPxY core motif in the ligand sequence is marked in bold letters. A second PTAP Late motif, present in some
ligands, has been underlined. Residues have been numbered according to the general recommendations for peptide

ligands of modular domains * .



Supplementary Table S2. intermolecular NOEs

between NEDD4-WW3 and ligands
NEDD4-WW3 HTLV1 Ebola
Residues Proton Residues Proton
He, Q-5"6 T-5° Hp., HB, *Hy
He; Ha, HB, * Hy Ho,” HB
______ B | wweaw o Mo T
H{, - Ho,” HB
WS868 He,4 H61, H62 Ho, H61, H62
""" HS; P3 ~ H&,HS,  Hé,HS,
HQZ Ho, H61, HSZ Ho, H61, H62
______ HS  H3,H& HB,,  HO,H& HB,
#
£R57 He Py’ Hp4, HB,, Hyq, Hy, Hp., HB,, Hyy, Hy,
1859 "Hy, "Hs "He
Hy, "H3, He "H3, "He
HN - "He
____________________________ P
msor M e e
"He "He "He
Ho "He #Hs,#HS
""" Hpy T e s e s
""" Hp, TR e
""" HS, e e
K864 s, | e e
--------------- Y0 e O
H’Y1 He He
Hy, "He "He
T865 HN - Hp, HB,
" Ho L HB:, HB,
T866 "Hy, HN, Ho, HB;, HN, Ho, HB,
R849 He E2’ Hy,, Hys HP2, Hyz

* Protons considered chemically equivalent.



Supplementary Table S3.

YASARA® analysis of intermolecular interactions in
NEDD4-WW3 complexes with Ebola and HTLV1 Late domain peptides.

Hydrogen bonds
Ebola/NEDD4-WW3 HTLV1/NEDD4-WW3
Atoms Distance  Energy Atoms Distance  Energy
Q-5":0-W868:NE1 2.04 25.00
P-37:0-T866:0G1 1.80 21.50
Y0:0-K864:NZ 1.77 21.00
E2":0E1-R849:NH2 1.68 21.88 E2":0E1-R849:NH2 1.64 25.00
E27:0-H861:ND1 2.07 17.00 P37:0T2-H861:ND1 1.70 17.78
Hydrophobic interactions
Ebola/NEDD4-WW3 HTLV1/NEDD4-WW3
Residues # Interact  Strength Residues # Interact Strength
Q-57/W868 1 0.276
P-37/F857 2 1.840 P-37/F857 2 1,079
P-37/ W868 2 1.169 P-37/ W868 4 3,271
P-37/ T866 1 0.975 P-17/ T866 1 0.991
YO0’/ K864 2 1.336 YO0’/ 1859 2 1,545
YO0’/ T866 1 0951 YO0’/ 1861 2 1,966
Cation-n interactions
Ebola/NEDD4-WW3 HTLV1/NEDD4-WW3
Residues # Interact | Strength Residues # Interact Strength
YO/ K864 ! 1.000




Supplementary Table S4.

domain complexes

¥ 1 dihedral angles for Thr 866 and Ile/Val 859 in Class | WW

WW domains from E3 ubiquitin ligases

PDB-ID Complex Ligand Kd T866-x1  1859-x1  Type
4NTF* NEDD4-WW3 (human) -- -54.5/-543  -60.1/60.1 -
2KPZ HTLV1/hNEDD4-WW3 QIPPPYVEP 61 uM +41,1 -45.7 I-HTLV
2KQO0 Ebola/hNEDD4-WW3 TAPPEYMEA 147 uM  -176.5 +42.9 II-Ebola
2M30° oENaC/hNEDD4-WW3 TAPPPAYATLG 45 uM +39.2 -44.7 I-HTLV
4N7H* ARRDC3h/hNEDD4-WW3 EAPPSYAEV 3,3 uM +67.7 -60.3 I-HTLV
2EZ5’ Comm/dNEDD4-WW3 TGLPSYDEALH 3,1 uyM +65,1 -64.8 I-HTLV
115H° BENaC/hNEDD4-WW3 GSTLPIPGTPPPNYDSL 21 pM +173.1 +178.3 111
2N8T 8 CX43-Cter/rNEDD4-WW2 APLpSPMpSPPGYKLV 430 uM -79,2 +554 (V) 10
2MPT ° HECT-Cterm/hNEDD4L-WW3  RLDLPPYETFEDI 4,0 uM +450 =722 II-Ebola
2LTY"Y Smad7/NEDD4L-WW2 ELESPPPPYSRYPMD 42 uM +175.8 -66.8 (V) II-Ebola
2J09 ! Epstein-Barr/hITCHY-WW3 EEPPPPYED 52 uM +40.8 +24.4 (V) 1II-Ebola
5DWS TXNYP/hITCHY-WW3 PEAPPCYMDVI - +64.5 -174,7 (V) 1II
5DZD TXNYP/hITCHY-WW4 TPEAPPCYMDVI - +58.,8 1758 (V) I
2JMF" Notch/SU(dx)-WW4 NTGAKQPPSYEDCIK 45 uM +50,7 +176,9 I-HTLV
4L.CD" Sna3/RSP5-WW3 AQPPAYDEDDE - +56.,5 -173,7 111
2LB1%* Smadl/SMURF1-WW2 DTPPPAYLPPEDP - +52.8 -69.6 (V) I-HTLV
2LTX" Smad7/SMURF1-WW2 ELESPPPPYSRYPMD 42 uM -51.1 -68.7 (V) 111
2LTZY Smad7/SMURF2-WW3 ELESPPPPYSRYPMD 45 uM -171.7 -76.7 (V) 111
2DJY® Smad7/SMURF2-WW3 GPLGSELESPPPPYSRY 40 uM +42.9 -166,6 (V) 1II
YAP WW domains

PDB-ID Complex Ligand T866-x1  1859-x1  Type
1KO9R '° PLPPY/hYAP-WW1 PLPPY 500 M +64.6 -1539 II-Ebola
1K9Q 16 GPPPY/hYAP-WW 1 GPPPY 700 M +67.8 -85,6 I-HTLV
1JIMQ 16 WBP1/hYAP-WW 1 GTPPPPYTVG 40 pM +54 .8 -68.4 111
2LTV 1© Smad7/hYAP-WW2 ELESPPPPYSRYPMD 60 uM -30,3 472 II-Ebola
2LTW ' Smad7/hYAP-WW1 ELESPPPPYSRYPMD 6.9 uM -42.8 -90,3 111
2LAW!™ Smadl/hYAP-WW2 DTPPPAYLPPEDP - -57,0 60,3 111




Supplementary Table S5.- Structure-based prediction of binding enthalpies for WW

domain complexes

Ligand 4H,, (25C)  AASA,,  AASA,,  AH, (25C)  AH..,
(kJ-mol”) (A) (A°) (kJ-mol’)  (kJ-mol”)
Ebola (2KQO0) -50,7 49285 27598 -20,69 -30,01
HTLV1 (2KPZ) -68,2 -549,66  -270,51 -18,23 -49.97
ARRDC3 (4N7H) 754 57142 217,86 -10,73 -64,67
ENaC (2M30) -58,2 53629 -203.23 991 -48,29

Binding enthalpies were calculated from the corresponding high resolution structures
according to the equation: AH,;,, (25 °C) = 4H,,,, (25 °C) + 4H,,, (25 °C) = 4AH,,;(25 °C) -
7,35- AASA,, + 31,06- AASA,,, as described in "’
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