Text S4. SOP model parameterization for CCMV shell.
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In the SOP model (Refs. [36,37] in main text), the parameter ¢;, defines the average strength of
the non-covalent residue-residue contacts that stabilize the native state of the system (biological
particle). The values of €, has to be calculated directly using the equilibrium MD simulations of an
atomic model of the biological particle in question. We performed the all-atom MD simulations of
the atomic structural model of the CCMYV shell in implicit solvent (Fig. S1). To obtain accurate
parameterization of the SOP model for CCMV, we used the crystal structure of the capsid (Viper
Data Base; PDB code: 1CWP [1] with T=3 symmetry) in conjunction with the Solvent Accessible
Surface Area (SASA) model of implicit solvation (CHARMM19 force field) [2]. First, we calculated
the number of native contacts using a standard cut-off distance between the C,-atoms of 8.0 A.
The native contacts were divided into the inter-chain contacts and the intra-chain contacts. For the
CCMYV shell, there are M;,,,~20, 554 intra-chain contacts that stabilize the native state of the
capsid protein, and M;, -3, 405 inter-chain contacts at the interfaces formed by capsid proteins.
Next, we calculated the total energy of non-covalent interactions for each contact group. The total
energy for the intra-chain contacts is Fjpio =25, 898 kecal/mol and the total energy for the inter-chain
contacts is Fypter=3, 746 kcal/mol. Finally, to obtain the values of parameter ¢;, we divided the
two numbers for each contact group. For the CCMV shell, we obtained €;ntro =Fintra/Mintra= 1.26
kcal/mol and €;nter=FEinter/Minter=1.1 kcal/mol. The atomic-level details of biomolecular interac-
tions, contained in these parameters, are then exported into the SOP model based reconstruction of
the full CCMV particle (Fig. S5).
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