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1 Introduction

Polymer-based nanostructures have been extensively studied due to their importance in industrial appli-
cations, particularly in nanodevices and nanomachines. They are also of importance in living cells; DNA
and protein molecules have nano-ordered structures, which show a close relationship with their biologi-
cal functions. Macromolecules in biological systems typically undergo conformational transitions. Since
a lot of macromolecules, particularly biomacromolecules, have ordered, folded structures, there has re-
cently been much attention to semiflexible homopolymers, which show bending rigidity along the chain,
and, as a result, have a rod-like properties, although their contour lengths are long enough to exhibit
overall fluctuations. A semiflexible homopolymer has been extensively studied as a model for a DNA
molecules. In living systems, however, biopolymers such as proteins are, in general, heteropolymers
with complicated sequences of amino acids. Since our understanding of role of heterogeneity in bending
rigidity is still primitive, in this presentation, we propose a minimum model to extend the concept of
semiflexible polymers toward heteropolymers. A single block copolymer is the simplest extension of a
single homopolymer in the direction of single heteropolymers such as proteins. To this end, we concen-

trate on a simple model: diblock copolymers in which two blocks possess different levels of flexibility.

2 Core-shell structure and folding kinetics

We carried out Langevin dynamics simulations to explorer conformation of the rod-coil block copolymer

at folded state. Our results show that the final conformation of the rod-coil copolymer is the uniquely
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determined core-shell structure, in which the flexible block at the core is surrounded by the semiflexible
block (Fig.1C(e)).

We show in Fig. 1 the kinetics of the formation for the core-shell structure, where we suddenly
increase the attractive interaction between monomers € at ¢ = 0. The flexible block collapses at an
early stage, and the semiflexible block then gradually wraps around it. This is contrast to the situation
for flexible and semiflexible homopolymers: flexible polymers exhibit spinodal decomposition in the
folding process, whereas semiflexible polymers undergo a nucleation and coarsening process. Due to a
stochastic feature of nucleation, there is a long lag time before the folding transition in a semiflexible
polymer takes place. These observations indicates that the rod-coil copolymer collapses much more
quickly than a semiflexible polymer. Figure 1 shows the time evolution in the collapse ratio. As we can

see, rod-coil copolymers undergo folding more quickly than semiflexible homopolymers.
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Figure 1: Time evolution of the number of collapsed monomers in the semifiexible block of a rod-coil
copolymer (O) and a semiflexible homopolymer (A). Each polymer has N = 256 monomers, and a
bending elasticity «; = 15 for the semiflexible parts. We change the attractive interaction at ¢ = 0 to
€ = 0.8. Nioiq shows the nuber of monomers in the folded state. The bare data are shown in (A), while
the mean evolution over 30 runs is shown in (B). Snapshots of the polymer conformation during the
transition for a rod-coil copolymer (a-f) and a semiflexible homopolymer (a’-f*) are shown in (C).
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