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Abstract. Protein folding is the process of formation of a functional 3D
structure from a random coil. The protein folding problem endures as
one of the most important unresolved problems in science. Despite An-
finsen’s dogma, which states that the native 3D shape (the tertiary struc-
ture) of a protein is completely determined by its primary structure (the
amino acid sequence), with presently available physics-based methods
it is not yet possible to reliably deduce the shape of a biologically active
protein from the corresponding aa sequence.

We monitor the evolution of the protein backbone geometry in terms of a
complete set of structural order parameters — the virtual backbone bond
and torsion angles in the associated with the Ca-atoms Frenet frames.
We inquire how structure emerges during the process of protein folding.
In the vicinity of a local minimum, the expansion of the free energy that
models the thermodynamics of the protein relates to the DNLS energy
function. The modular building blocks of a folded protein can be de-
scribed in terms of the kink solution to this equation. We propose that
the spin chain interpretation of a protein backbone provides a system-
atic framework for understanding and description of the protein folding
process, since the formation of a super-secondary structure can be un-
derstood in terms of a Bloch domain wall that forms along a Heisenberg
spin chain, or along a closely related XY chain.

We aim at developing a next generation, computationally effective pre-
cision multi-scale approach to predict the structure and to model the
dynamics of proteins from their amino acid sequence. The approach
we propose builds on complementarity of stochastic and determinis-
tic steps, substantiated in MCMC (Markov chain Monte Carlo) and MD
(molecular dynamics) approaches. The protocol allows for accelerated
sampling of the conformation space and faster convergence to the bio-
logical fold. It also sheds some light on the existence of exceptions from
Anfinsen’s dogma.
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