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Funnel-gas model for studying protein complex formations under crowded
environment
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As a new coarse-grained protein model for investigating the folding and
complex formations under the crowded environment, we proposed "funnel-gas model™, in which proteins
are treated as particles having funnel-like energy structures.

Firstly, we found theoretically that the excluded-volume effect of the crowded molecules can be
taken into account rigorously in the effective free energy of proteins. Applying this theory to
two model proteins, we showed that the crowded molecules suppress the extended conformations among
the denatured states and as a result the native conformations are stabilized. Secondly, using the
model, we showed that the fibril formation of alpha-synuclein is enhanced by the molecular crowding
effect. Finally, we proposed a random structural network model for describing the protein folding,
and showed that the native states which have mutationally robust funnel-like energy structures are
very rare.
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