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k¢ can be predicted from the structUre._
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Stability is a function of both rates
’ Plaxco, K. W., Simons, K. T., and Baker, D. (1998)

Flory’s equation predicts k.

AS = -2.1 - 3/2(In n)

Decreased entropy of the unfolded state due to a
disulfide link between residues separated by n.

Flory, P., Statistical mechanics of chain molecules. Carl
Hanser Verlag, 1989 1989, 432




ky 1s more difficult

depends on. ..
® packing of core sidechains

® clectrostatic potential

® number and arrangement of hydrogen'_
bonds

® stiffness of the backbone

® topology




~ Can we learn something about unfolding
kinetics from extremely stable proteins?
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~ Xia, K., et al. (2007) Identifying the subproteome of kinetically stable proteins
via diagonal 2D SDS/PAGE. Proc Natl Acad Sci U S A, 104(44): 17329-34.




Kineticaily stable proteins tend to
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Kinetically stable
proteins have |
characteristic topologies
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A “latch”

1sbp: sulfate-binding protein.
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- To predict kinetics, we need...
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Finding a pathway of

“cut” = {pivot | hinge | break}




How cuts capture topological features

no pivots, only

FeWeP pivots hinges,breaks

blocked latch
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———————————— Variables ------------

f,ul,u2 = {coordinate sets}. (nodes)

cut = {f,ul,u2,cuttype}. (edges)

DAG = directed acyclic graph, {nodes, edges}.

cuttype = (break|pivot|hinge|melt).

kf(cut),ku(cut) = rate constants for folding, unfolding.

C(f), dC(f) = concentration of f, rate of change in concentration of f.

t, dt, F@ = time, time step, protein concentration

———————————— Functions ------------

GetBreak, GetPivot, GetHinge find new geometrically possible cuts,
returning False when there are no more.

Split(f,cuttype) returns two subsets of f using cuttype.
Split(f, melt) returns {@, @}

Exists(f. DAG) returns True if f is already in DAG.

GeoFOLD:

1. ¥ = entire protein

2. DAG = @

3. GetCuts(f, DAG)

4. UnfoldSim(DAG)

GetCuts(f, DAG):

If (f == @) Return

If Exists(f, DAG) Return

while (cuttype # melt) {
If (GetBreak(f)) {cuttype = break}
Elseif (GetPivot(f)) {cuttype = pivot}
Elseif (GetHinge(f)) {cuttype = hinge}
Else {cuttype = melt}
{ul, u2} = Split(f,cuttype)
DAG = DAG v {f, ul, u2, cuttype}

. GetCuts(ul, DAG)

15. GetCuts(u2, DAG)

16. }

UnfoldSim(DAG) :
17. C(1)=F0

18. For All cut € DAG {calculate kf(cut) and ku(cut)}
19. While Not converged {
20. t += dt

21. For All f { dC(F)

22. For All cut € DAG
23. dC(f) = dC(f)

e}

C(f)*ku(cut) + C(ul)*C(u2)*kf(cut)

Lo

24. dC(ul) = dC(ul) + C(F)*ku(cut) - C(ul)*C(u2)*kf(cut)
25. dC(u2) = dC(u2) + C(F)*ku(cut) - C(ul)*C(u2)*kf(cut)
26. }

27. For All f { C(f) = C(f) + dC(f)*dt }

28. Plot t, C

29. If (All |dC| < VerySmall) Then converged

30. }




Native state

An unfolding pathway = A
directed acyclic graph with
bifurcating edges.

Intermediates

unfolded




www.b1oinfo.rpi.edu/geofold

F—

e
O
=
i)
O
i
i)
C
)
O
C
O
O

0.1
time (sec

time




Energy terms

exposed surface

ci

increased entropy

AGsolv = WASAS

surFéle change 1in

s s surface area

other terms

Hydrogen bonding backbone entropy

Buried cavities sidechain entropy
Electrostatic '
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How to stabilize a
protein using
disulfides

S Find the transition state oF the most
energetically favorable unfolding |
pathway.

S Make a SS bond to block that pathway.
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