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Overview

= 9.4 ms of explicit-solvent simulation on Folding@home

Multiple sequences compared by constructing Markov
state models (MSMs) using tICA to achieve a unified set
of metastable states.

Quantitative agreement with experimental kinetics and
structural NMR observables

Multi-modal kinetics are due to specific non-native
kinetic traps

Unfolded-state stabilization and transition state
movement as Trp mutations are introduced

Kinetic frustration and glass-like behavior characterized

[B-capped sequences trpzip4 and trpzip5 are able to
overcome frustration and remain strongly two-state

Results may explain under-representation of Trp in
natural proteins.

Name Sequence

GB1  GEWTYDDATKTFTVTE
trpzip4 GEWTWDDATKTWTWTE
trpzipb5 GEWTYDDATKTFTWTE
trpzip6 GEWTWDDATKTWTVTE

Tobs (1) 77 (1) 7 (1) T (K)
GBI[l] 35 6 6 207
trpzipd[2] 140 149 2340 207

Table 1: Experimental folding rates for GB1 and trpzip hairpins.

Methods

Molecular Simulation

All simulations performed in GROMACS 4.5, using
AMBER {f99sb-ildn + 1507 TIP3P water molecules, 6 Na™
and 3 Cl™ jons in a (364 A)® box

= Average trajectory length of 400 ns, and maximum
trajectory length of >2 ps

MSMBuilder2[3] was used for all MSM construction and
analysis. Hybrid A-medoids clustering into 2000 microstates
was performed using four tICA components based on
backbone+Cj interatomic distances.[4] 150-macrostate
MSMs were calculated similarly, using the combined data
for all sequences, and lumping by the BACE algorithm.[5]

Analysis

= Committor values (pg1q) and pathway fluxes were computed
using Transition Path Theory (TPT).[6]

= Kinetic frustration scores by Savol and Chennubhotla. [7]

= Glass activities were computed using the s-ensemble
method, as by Weber et al.[8]
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Figure 1: Spectrum of ten slowest implied timescales
for 150-macrostate MSM models (10 ns lag time). Line
widths are proportional to equilibrium fluxes ||¢,[|>
through each eigenmode ¢,. Labeled are particular
eigenmodes dominated by trap macrostates T, A, B,

GB1 tpzipd  tpzipS  trpzip6
- .

natve N [-3%: F ¢ ?r:t ?t

kinetic traps
@

unfolded

GB1 hairpin
15 & 15
19 ¥ "é“'.' s o 10
Sl 8 o
o P s
%5 s o o5 00 05 10 %0 5 0 95 00 05 10
et et
trpzip5 trpzip6
15 A 15
. N S0 A
10) " 19 .
o 2 o \3‘ -iI:?N
8 s 8 os v
00 oof ¢
tJ
s o K
%5 s o 05 00 05 10 %20 15 10 05 00 05 10
tict tict

Figure 2: Conformations from selected macrostates
projected onto the first two time-lagged independent
components (tICs).

number of states 2000 150
lagtime 7 10 ns 40 ns 10 ns 40 ns
GB1 20 35 12 26
trpzip4 47 103 32 81
trpzip5 26 63 24 60
trpzip6 17 59 064 17

Table 2: Predicted folding relaxation rates Tobs (115) at 300K.
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Figure 3: Macrostate free energies versus priq (committor) val-
ues for the U—N reaction, for all hairpin sequences, calculated
by Transition Path Theory (TPT). Key macrostates are labeled.
Lines denote the top ten pathways of reactive flux from U—N,
with the top path in red.
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Figure 4: Network representations of 150-macrostate MSMs
for GB1 hairpin, trpzip4, trpzip5 and trpzip6, each built using
the same metastable definitions, with key macrostates labeled.
Nodes are sized in proportion to macrostate equilibrium popu-
lations, and colored according to computed kinetic frustration
scores, fuqi(i). Graph layout was performed using Gephi.
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Figure 5. A schematic cartoon illustrating movement of transition

state intermediates |1, |12 and I3 along a structural reaction coordinate

as tryptophans are introduced.
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Figure 6: (a) Mean activities K(s) versus s computed from 150-
macrostate MSMs. ~ Activities are _the mean number of non-self-
transitions for an ensemble of modified transition matrices T(sﬁ
Ue* + D, where U and D are the off-diagonal and diagonal ele-
ments of an unbiased MSM transition matrix, respectively. %b) Coex-
istence values s* near zero suggests dynamics intermediate between
active and glassy phases, in accordance with findings from Weber et
al. Superposition of results on the plot of 16 MSMs studied by Weber
et al., with dashed line denoting their proposed 10 ps boundary be-
tween active and inactive dynamics. These results suggest that these
hairpins are slightly more inactive than mini-proteins of similar size.
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