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Fig. S1 Protocol for the Modelling of VEGF165 dimer. Top: available experimental structures of 

N-terminal of VEGF165 (receptor binding domain (RBD)), C-terminal (heparin binding domain 

(HBD)) and VEGF165 dimer/VEGFR-2 signaling complex. Bottom: VEGF165 models built in 

complex with VEGFR-2. VEGF165 monomer model 1 (a) and model 2 (b). VEGF165-RBD are 

shown in dark and light grey cartoon for each monomer, the modelled Arg110 connecting RBD 

and HBD is highlighted in red, HBD111-114 and HBD115-165 are in blue cartoon and surface, 

respectively, and VEGFR-2 in yellow surface and cartoon 
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Fig. S2 Recognition of GAGs by the VEGF165 dimer. Schematic visualization of different 

binding modes predicted for VEGF165 in twisted conformation: parallel to HBD (orange) and 

perpendicular (red) from (a) docking and (b) MD-refined structure; and for the VEGF165 in 

straight conformation: parallel (orange) and parallel-curved joining two HBDs (green) from (c) 

docking and (d)-(e) MD-refined structure. VEGF165 is depicted in surface representation. RBD 

is highlighted in grey (dark and light representing each monomer), and HBD is highlighted in 

blue (dark and light representing each monomer). Per-residue binding energy contribution 

calculated with MM-GBSA from MD simulations of polymeric sulfated GAGs dp6 (f) and 

oligohyaluronans dp4 (g) in complex with VEGF165 twisted conformation in the HBD-GAG-HBD 

stacking refined structure 
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Fig. S3 RMSD for the psHA dp4 and dp6 interaction with the two VEGF165-HBD of the VEGF165 

dimer in twisted and straight conformations for 40 ns MD simulations 
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Fig. S4 Per-residue binding energy contribution calculated with MM-GBSA from MD 

simulations of VEGF165 twisted and straight conformations in complex with polymeric sulfated 

GAGs dp6 (sHA1, CS, sHA3 and sCS3) (a)-(b), with tetrameric sulfated oligohyaluronans 

(sHA1, sHA26 and psHA) (c)-(d) and psHA dp4 (black dots) vs. psHA dp6 (red dots)  (e)-(f) 

in the HBD-GAG-HBD stacking structure. VEGF165 residues from the second monomer are 

distinguished by a dash. The errors bars represent the standard error of the mean  

 

 

 

 

 



6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S5 Isothermal titration calorimetry data of a 60 µM solution of psHA dp4 titrated to VEGF-

HBD (15 µM) is shown in (a) and (b), (c) buffer to buffer titration, (d) a 60 µM solution of psHA 

dp4 titrated to buffer, (e) buffer titrated to a 15 µM VEGF-HBD solution (n = 2) 
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Fig S3 Per-residue binding energy contribution calculated with MM-GBSA from MD 

simulations of VEGF165 twisted and straight conformations in complex with polymeric sulfated 

GAGs dp6 (sHA1, CS, sHA3 and sCS3) (a)-(b), with tetrameric sulfated oligohyalu 

 

 

 

Fig. S6 Isothermal titration calorimetry data of a 60 µM solution of psHA dp4 titrated to VEGF-

HBD (15 µM) is shown in (a), (b) and (c), (d) buffer to buffer titration, (e) a 60 µM solution of 

psHA dp4 titrated to buffer, (f) buffer titrated to a 15 µM VEGF-HBD solution (n = 3) 
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Fig. S7 Isothermal titration calorimetry data of a 50 µM solution of psHA dp6 titrated to VEGF-

HBD (15 µM) is shown in (a), (b) and (c), (n = 3)  

a b c a b c 
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Fig. S8 Per-residue binding energy contribution calculated with MM-GBSA from MD 

simulations of VEGF165 twisted (a) and (b), and straight (c) and (d) conformations in complex 

with two molecules of VEGFR-2 in the presence (red dots) and absence (black dots) of sHA3 

dp6 . VEGF165 residues from the second monomer in (b) and (d) are distinguished by a dash 
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Table S1. Schematic visualization of different binding sites of GAG derivatives in complex with 

VEGFR-2 (yellow cartoon) predicted by molecular docking and MM-GBSA binding free 

energies (left column) and interacting residues determined by per-residue energy 

decomposition from MD simulations. For illustrative purposes, VEGF165-RBD (not taken into 

account for calculations) is shown in grey transparent cartoon (left column) 

 GAG VEGFR-2 recognition site ΔGGAG-VEGFR-2 

(kcal/mol) 

sHA3 dp6 sulfated 

at C4,C6,C3’ 

(cluster 1) 

K142, R249, R275, K278, 

T279, Q280, S281, S283, 

K286, K287 

-22.8  3.2 

sHA3 dp6 sulfated 

at C4,C6,C3’ 

(cluster 2) 

K143, R176, R222 -9.9  2.1 

sHA3 dp6 sulfated 

at C4,C6,C3’ 

(cluster 3) 

N245, R275, L277, K278, T279, 

Q280, K286, K287, L289 
-19.0  7.1 

psHA dp4 (cluster 1) K271, R275, K278, K286 -2.0  5.9 

psHA dp4 (cluster 2) K271, R275, L277, K278, T279, 

S281, K286, K287, L289 
-43.0  4.4 

psHA dp4 (cluster 3) Q132 -6.5  1.3 
 


