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Figure S1. Plot of the three bending potentials considered in the Brownian Dynamics (BD) 
simulations conducted in this study. The “stiff” potential is a linear combination of the harmonic 
and cosine bending potentials, given in Equation (1c). This new potential is designed to give larger 
end fold energy compared to the other two. Using the convention in our BD simulation, the 
equilibrium angle is set to be 180°. 
Here, we provide detailed derivation for torus and bundle model, respectively. 

To derive the dimensionless free energy for the torus, we first equate the volume of a torus to that 
of a stretched chain and obtain the expression for dimensionless radius of the torus (ܴ∗): 14ܮߨ∗ = ∗ܴߨ୲∗ଶ2ݎߨ ⟹ ܴ∗ =  ୲∗ଶ (S1a)ݎߨ8∗ܮ

We then express the free energy of the torus (ܩ୲) as the sum of surface energy and bending 
energy: ܩ୲ = γୱܣୱ + γୠ ଶܮܴ = γୱሺ2ݎߨ୲2ܴߨሻ + γୠ  ଶ (S1b)ܮܴ

We then scale this free energy by γୱ݀ଶ and all lengths (L, ݎ୲, R) by ݀ to make these quantities 
dimensionless. Inserting ܴ∗ from Equation (S1a) then gives: ܩ୲∗ = ୲γୱσଶܩ = ୲∗ିଵݎ∗ܮߨ12 + γୠγୱσଷ ∗ܮଶߨ64  ୲∗ସ (S1c)ݎ

Setting the first derivative (݀ܩ୲∗ ⁄∗୲ݎ݀ ) equal to 0 and solving for ݎ୲∗ gives the final result: 

∗୲ݎ = ቌ ߨଶ512∗ܮ γୠγୱσଷቍ
ଵହ
 (S1d) 

To derive the dimensionless free energy for the bundle, we first equate the volume of a 
stretched chain to that of a bundle and obtain the expression for dimensionless length of the bundle 
(݈∗): 
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We then express the free energy of the torus (ܩୠ) as the sum of lateral surface energy and the 
end cap energy: ܩୠ = γୱܣୱ + γୣୣܣ = γୱሺ2ݎߨୠ݈ + ୠଶሻݎߨ2 + γୣ2ݎߨୠଶ (S2b) 

We normalize the free energy by γୱ݀ଶ and all length terms (l, ݎୠ) by ݀ to make these quantities 
dimensionless. Inserting ݈∗ from Equation (S2a), gives: ܩୠ∗ = ୠγୱσଶܩ = ୠ∗ିଵݎ∗ܮߨ12 + ୠ∗ଶݎߨ2 + γୣγୱ  ୠ∗ଶ (S2c)ݎߨ2

Setting the first derivative (݀ܩୠ∗ ⁄∗ୠݎ݀ ) equals to 0 and solving for ݎୠ∗ gives: 

∗ୠݎ = 12ቌ 1∗ܮ + γୣγୱቍ
ଵଷ
 (S2d) 
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