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7. Unfolding rates can be measured as k =In(2)/t,,,

3. GeoFold models folding as a series of splittings of three types: break, pivot and hinge.

Protein unfolding i1s modeled as an ensemble of pathways, where each i1s a tree of
intermediate states and branches in the tree represent additional degrees of conformational
freedom. Using a known protein structure, the program (GeoFold) generates a directed
acyclic graph of linked elemental subsystems, each modeling a partitioning of a substructure
into two at topologically allowed positions 1n the chain. The graph begins at the native state
and ends at small fragments representing the fully unfolded state. Each substructure is
assigned a free energy based on its buried solvent accessible surface area, sidechain entropy,
and backbone configurational entropy. Each bifurcating edge, representing the transition
state of a single partitioning, i1s assigned a free energy barrier height based on the principle
that exposed surfaces are solvated before the configurational entropy i1s expressed. To
simulate unfolding on the graph, rates are calculated for each elemental subsystem at each
time step using transition state theory. The model exhibits two-state behavior with respect to
temperature or denaturant and shows the expected linear relationship of overall folding rate
with denaturant. Predicted unfolding rates are compared with experimental values for fifteen
well-studied proteins. Strengths and deficiencies of the model are discussed.

Following the changes 1n
concentration with time, we sum
over all the nodes that represent
small segments of the chain, to get

Unfolding of 1UUF at omega=1.0

-
o
o

@ &) (b) (a)Elemental subsystem for the kinetic model. f 1s a subset of | . 9 /
‘ A\ the protein, and 1s partitioned into u,; and u,, passing over [Unfolded]. The time f‘lt which I
_—— barrier [Unfolded] reaches 50% 1is t,,, the g [Folded]
i | o half-life of unfolding. t,,, depend g - T nflded)
\@ R EATED (b) Topological operators. A pivot motion is a rotation around all-lie ol uniolding. i, depends ; y [Intermediates]
et a point. A hinge is a rotation around two points. A break is on temperature, urea concentration g e
a translation. Rotations and translations must not cross (1/omega in our simulations), and L
chains other parameters of the force field,
including sidechain entropy, void : | | |
e . . . . . 0.00E+00  2.00E-06  4.00E-06  6.00E-06  8.00E-06  1.00E-05  1.20E-05  1.40E-05
" [ Pivots, hinges and breaks have different entropy values AS, volume, pivot entropy, hinge time (s)
_P \ 1 D | because they add different numbers of degrees of freedom entropy, and break entropy.
o the system.
— J— 4
- O
Pivot Hinge Break

8. Simulated k s agree with experimental ks for KS and non-KS proteins
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