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The structural models of the asymmetric unit of the cTBSV in which at the C-

terminal of each CP the tLyp1/CooP peptide was inserted by means of a GGPGG 

linker have been generated by homology modeling. The template consisted of 

the atomic coordinates of TBSV (PDB id: 2TBV (A, B, C), [1, 2]. The calcium ions, 

which are known to play an important role in the stability of the viral particle, 

were also included during the construction of the models. The cTBSV models 

were then generated by expanding the asymmetric unit using the 60 transfor-

mation matrices provided by VIPERdb database tools [3; http://vi-

perdb.scripps.edu]. All structural models used or homology builded or obtained by 

docking procedure and used as starting structure for the MD simulations are available at 

GitHub link: https://github.com/mspodda/TBSV-nanoparticles-as-a-platform-

for-drug-delivery-to-Shh-dependent-medulloblastoma-PDB-models.  

The MD simulations were performed by using the all-atom AMBER 99sb-ildn 

force field [4] for the peptides and proteins. The force field parameters for oleic 

acid (OLA) ligand were generated using the LigPar server [5-7]. Most of the sys-

tems (tLyp1-NRP-1, tuftsin-NRP-1, CPtLyp1-NRP-1 and CPCooP-FABP3) were 

placed in a dodecahedric box, whereas the remaining systems (CooP-FABP3 and 

OLA-FABP3) were placed in a cubic box and filled with TIP3P water model [8]. 

All the systems were neutralized using NaCl at the physiological concentration 

of 150 mM. Periodic boundary conditions were applied to avoid edge effects. 

The systems were energy minimized by steepest descent (SD) [9], heated and 

equilibrated for 400 ps. MD simulations were carried out in the NPT ensemble 

for 100 ns, each step of 2 fs. The v-rescale algorithm [10] was used to keep the 

temperature at 310 K (tt=0.1 ps). The average pressure was kept at 1 bar (tp=2 ps) 

by using the isotropic Parrinello-Rahman barostat [11]. The particle mesh Ewald 

(PME) method was used to compute the long-range electrostatics and Van der 

Waals interactions with a cut-off of 1 nm. An equal cut-off was used for short-

range electrostatics and Van der Waals interactions. Rotation and translational 

motions of systems were removed, and all bonds were constrained with the 

LINCS algorithm [12]. Initial velocities were assigned according to Maxwell-

Boltzmann distribution.  

Cluster analysis was performed with the standard gromos-clustering algorithm 

[13]. The method counts the number of neighbours for each structure using a 

root mean square displacement (rmsd) cutoff distance (<0.15 nm) and assigns 

the structure with the largest number of neighbours along with all its neighbours 

to a cluster. Once assigned to a cluster, the structures are discharged from the 

pool of structures. The procedure is repeated until the exhaustion of all the struc-

tures. Hydrogen bond (H-bond) analyses were performed using VMD. An H-
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bond was assumed to exist during the simulation if the donor to acceptor dis-

tance was shorter than 0.35 nm and the hydrogen-donor-acceptor distance was 

shorter than 30°. Absolute binding free energies were evaluated through the 

MM/PBSA (molecular mechanics/Poisson-Boltzmann solvent accessible surface 

area) method by using the g mmpbsa tool of GROMACS [14, 15]. The average 

free energies of solvation (ΔGbinding) between the residues of the active site of 

the receptors and the tLyp1 and CooP peptides (both in their free version or as 

fusion to the viral CP) were calculated for four different temporal windows: 0-

25 ns, 25-50 ns 50 – 75 ns and 75-100 ns. 
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