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Supporting Information

Supplemental Introduction

In the following, we provide details on seven existing models for protection factor (PF) correla-
tions, as shown in Table 1 of the main article.

Model M1: Resing et al.! conducted early studies to predict exchange rates in a kinase protein
(ERK2) by fitting protection factors to an equation of the form log(PF;) = log(kin/knax) = u *
(SA;) +v/(HB;), where ky 4, is the experimentally measured exchange rate of an amide hydrogen,
kin: 1s the intrinsic exchange rate calculated according to Bai et al.,2 SA; is the distance of each
amide hydrogen from the surface of protein in A, and HB; is the hydrogen-bond length of backbone
amide nitrogens to an acceptor. They also used deuterium exchange rates measured by Milne et
al.? for horse heart cytochrome c.

Model M2: Vendruscolo et al.* proposed a model for predictions of HDX rates based on the ex-
ploration of conformations using Monte Carlo (MC) sampling biased by experimental data. They
speculated that the protection of amide hydrogens comes from buried part of the amide group and
also from the hydrogen bonding in the secondary structure which resulted in a phenomenological
expression including the number of contacts of residue i with other residues (N7) and the number
of hydrogen bonds formed by the amide hydrogens of residues (Nl.h), respectively. According to
their definition, hydrogen bonds are present if the angle between the NH vector and the OH vector
is below 0.7 rad and the OH distance is below 2.4 A. Also, two residues are in contact if any pair
of their atoms are closer than 8.5 A.

Model M3: Best et al.> used the same phenomenological expression that Vendruscolo et al.* had
proposed but with minor changes in definition of N{ and Nlh. The contribution of burial in the
model is the number of heavy atoms within a distance of 6.5 A from the amide nitrogen. A
cutoff of 2.4 A between the donor hydrogen and the acceptor was used for identifying a hydrogen
bond without an angle criterion. They optimized the parameters of their model using experimental

protection factors and the corresponding protection factors from a 1 ns conventional MD simulation
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of seven different proteins. They acknowledge that major protein fluctuations were elusive from
short MD simulations that motivated them to conduct a biased simulation of the protein bovine
pancreatic trypsin inhibitor (BPTI) by using hydrogen-exchange restraints with varying values of
the parameters.

Model M4: Kieseritzky et al.® used MD simulations as a complement for hydrogen exchange ex-
periments. They simulated oxidized c-type cytochrome under native conditions (PDB code 1K3H)
with the CHARMM?22 force-field using explicit water molecules modeled using the TIP3P wa-
ter model. The simulation was 3 ns long. They proposed a protection factor definition based on
a linear combination of protection factors log(PF;) = log(kin /knax) = BIPFE; + BoPFE;>. They
optimized parameters ; and 3, to arrive at an agreement between computed (based on MD sim-
ulation data) and measured hydrogen exchange protection factors. The nine different protection
factor correlations in their paper show varieties of error and Pearson’s correlation coefficient out
of which PFE;= [the number of residues which are in contact with corresponding residue] and
PFE>=[the inverse of the backbone atom RMSF] show the least error and the best correlation.
Model M5: A model was suggested by Ma et al.” where NHf-3 is the average number of hydro-
gen bonds between the NH atom of residue i and C=0 backbone oxygen within 2.6 A distance,
and NHfOl is the average number of hydrogen bonds between NH and water oxygen within 3.0 A
distance of residue i. In the original model, NH B is measured in -sheets and the correlation is
marginal PF; = (NH$! —I—NHf3 )/C.NH:°'. They used CHARMM?27 force-field to do MD simula-
tions of different f3-sheet conformations, each of which was for 60 ns.

Model M6: Park et al.3 recently developed a novel model based on a comprehensive HDX-MS
experimental data using Amber 11 ff99SB force-field and a 100 ns long simulation. Their logistics
growth function HDX model consist of one fitting parameter called “base”. NHstat; is defined
as ([the number of snapshots showing H-bonding of amide hydrogen to protein]-[the number of
snapshots showing H-bonding amide hydrogen to water ])/[the total number of snapshots]. They
provided three amide hydrogen-bond models out of which model HB2 has been compared with

other models in their work. In the HB2 model, H-bonding of a given amide hydrogen to the side-
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chain as well as C=0 group in the backbone are counted as H-bonding of amide hydrogens to
protein. The fraction of deuterium incorporation (DI) for each amide hydrogen was computed by
the first order reaction kinetics DI’ = 1 — exp(—kin it / PF;).

Model M7: Persson et al.” used a significantly long MD simulation of protein BPTI (0.262 ms
long) generated by Shaw et al.'® using Amber ff99SB-I/TIP4P-Ew force-field. They start with a
description of the standard model in which each amide can be exposed to solvent in an open state
or buried within the protein by a closed state: (N — H), <]]:—;> (N—H), LN (N — D), in which
HDX rate is given as kjgy = kokint / (ko + ke + kins ). The assumption of &,y < ke + k,, which is an
applicable assumption for HDX experiment, results in a simple and practical phenomenological
model kpg; = kint /(PF + 1). The protection factor here is the key for the calculation of hydrogen-
deuterium exchange rate and it is defined as the ratio of residence time in the closed state to
residence time in the open-state which is applicable to MD simulations. The criteria for the open
state and the closed state play an important role in computing protection factors. They speculate
that a direct access to external solvent and disruption of any intramolecular H-bond with the N-H
group are key factors in defining the open-state. A residue is in an open state when the amide
hydrogen has at least two water oxygens within 2.6 A and that the amide hydrogen has no other
polar protein atoms (except in neighboring residues) within 2.6 A.

Other studies: In addition to models highlighted above, Craig et al.'! modeled deuterium incor-
poration of three different proteins using coarse-grained MD simulations. The open state criteria
were evaluated by the number of contacts per residue and the distance changes between the H-
bonded residues compared to their native conformations. Pertuk et al'? studied a kinase protein
(ERK2MAP) using all-atom explicit-water MD simulations and showed that both the whole dy-
namically averaged solvent accessible surface area (SASA) and the number of waters in the first
solvation shell of each amide nitrogen can be used as metrics for predicting deuterium incorpo-
ration. Recently, Adhikary et al.'> have modeled deuterium incorporation using multiple MD

simulations (each 450-ns long) of neurotransmitter sodium symporters.
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Supplemental Methods

System setup: MD simulations

A summary of all MD simulations for RGS4, RGS8, and RGS19 is provided in Table S1. Specifi-
cally, 10 independent MD simulations, each 2 us long, were conducted using both CHARMM and
AMBER force-fields for all apo-RGS proteins.

Table S1: A summary of all MD simulations.

Protein | PDB | system-size (atoms) force-field (trajectory length)
RGS4 1AGR 28160 CHARMM36 (2 us), AMBER (2 us)
1EZT 29275 CHARMM36 (2 us), AMBER (2 us)
RGSS 2IHD 27490 CHARMM36 (2 us), AMBER (2 us)
20DE 30731 CHARMM36 (2 us), AMBER (2 us)
RGS19 | 1ICMZ 29560 CHARMM36 (2 us), AMBER (2 us)

Protocols for HDX Modeling

The HDX-MS experiments provided fragment-based DI whereas in MD simulations, it is feasi-
ble to calculate DI at a residue resolution. In Figure S2, we show details on all fragments and
their residues for RGS4, RGSS8, and RGS19. To compare DI between experiments and simula-
tions, DI of residues (except Prolines that do not have amide hydrogens) were averaged over the

corresponding fragment using Eq. (1).

Li%1 zpro DI

fi
DL™ =
m

; where m is the number of residues in the fragment. (D

For all models, we calculated the intrinsic HDX kinetic rates per Bai et al.% at 273 K, the
temperature at which our HDX-MS experiments were conducted. Initially, we analyzed 100,000
frames for each 2 us MD trajectory by applying the default criteria reported in the literature for
models M1 through M7 to compute PFs of amides for all RGS proteins. We then re-optimized the

parameters of all models by minimizing an objective function (Eq. (2)) which incorporates HDX-
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MS data and MD simulations of all RGS proteins. It should be noted here that the optimization
of parameters were carried out separately for each force-field due to the fact that CHARMM and

AMBER force-fields are parameterized differently for studies of protein dynamics.

5 n
fi fi
OF= Y () DI —DISE )svs @)
SYS=1 frag=1

where OF is the objective function, DI is deuterium incorporation, SYS is the number of simula-
tions for an RGS protein using the same force-field, and frag is the fragment number. All default
and re-optimized parameters of models M1 through M7 are listed in Table S3.

New HDX models M8 and M9 proposed in this work: In addition to existing models (M1-
M7), we revisited and evaluated SASA of amide hydrogens as a metric in prediction of amide PFs
because contradictory observations regarding the use of SASA as a metric have been proposed
in the literature. Published studies indicate that SASA of amide hydrogens reasonably predicts

the number of exchanged hydrogens '>

or is an even better indicator for protected hydrogens than
using H-bonds . ' Contrary to this view, a lack of agreement between HDX experiments and MD
simulations based on SASA has been reported.” Besides, although anticorrelations between the
SASA of amide hydrogens and the residue-resolution protection factors from experiments existed,
Park et al.® chose H-bonds as a metric for HDX modeling to overcome the limitation of using
SASA and they concluded that H-bonds are a generic and suitable metric for the estimation of PFs.

We therefore developed two new models (listed as M8 and M9 in Table S2 and Table S3)
using the distances of amide hydrogens from the first polar atom as an alternative metric along
with SASA of each amide hydrogen to comply with the theory of HDX in which a residue may
be protected by polar atoms despite having large enough SASA.%!> This assertion comes from the
fact that surface exposed hydrogens (with higher values of SASA) can be significantly protected
from hydrogen exchange.! Surprisingly, these two metrics in combination have resulted in trends
and values consistent with experiments.

Specifically, model M8 is an empirical model (similar to models M1 through M6) based upon

SASA of amide hydrogens and distances of amide hydrogens to the first polar atom (except in the
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Table S2: Models proposed in this work.

Model | Protection factor criteria
M8 | In(PF;) = (BsSASA; * + B,D; )
M9 PF;, = 1¢ / To

neighboring residues) (D;) and [n(PF;) is a power function of SASA; and D;. However, model M9 is
a fractional population model® where the same metrics (SASA; and D;) were used for distinguishing
between the open and closed states of amides. We define the open state in model M9 for each amide
hydrogen when its SASA crosses a threshold value (d,y,) and that the amide hydrogen has no other
polar protein atom (except in neighboring residues) within a threshold distance (d),). The values
of thresholds/cut-offs in model M9 and four correlation coefficients in model M8 are obtained by
minimizing the objective function in Eq. (2). The intrinsic exchange rates in new models were also

calculated according to Bai et al.?
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Figure S1: Experimentally measured percentage deuterium incorporation (%DI) of fragments in RGS proteins at t = 0, 3, 10, 30, 100,

300, and 1000 minutes (RGS4: top row; RGS8: middle row; RGS19: bottom row).
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RGS4 RGS19 RGS8
Residue ID Fragment| Residue ID Residue ID
N:mber PDB : 1AGR Sequences N‘usml::erl PDB : 1CMZ SEquences N:mber PDB : 20DE Secluences
T |67 to 73[INH 1 |8 to 8/ |vasw T_[51 to 57 [TRWADSF
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6 92 to 97 6 105 to 6 61 to 70|LSH
779 o 118 IKSPSKLSPKAKKIYNEF 77105 "o 762t 69 |SH
8 97 0 117 IKSPSKL SPKAKKIYN 8 |108 to 115/ R TEYSE 8 66 10 72
9 98" to 118|ViKKIKSPSKLSPKAKKIYNEF 9 [109 to 115|RTEYSE 9 169 to 77 E
10 "|116 to 123|NEFISVQA 10 [109 to 117|FTEYSE 10 70 w0 74
11 118 to 129 FIstlATKEVNL 11 119 to 122 11 71 to 74
12119 to 129|ISVQATKEVNL 1271119 10 125 12775 10 81 [ TEFSE
13 123 to 129|ATKEVNL 13 126 to 132 EANQ 13 79 to 83|SE
14[130 to 143|DS NMLE 14127 10 "137[IAEANQHVVDE 1278 10 85
15 |130 to 149|DSCTREETSRNMLEPTITCF 15 |129 to 141|[EANQHVVDEKARL 15 |86 to 90
16 |136 to 149|ETSRNMLEPTITCF 16 [130 to 139|ANQHVVDEKA 16|86 to 91
17 143 to 151|EPTITCF 17 133 to 141 HVVDEKAIi.L 17 91 to 101 TRSTAKL
181144 to 143|PTITCF 18 |142 to 145|IVED 18 |91 to 105 TRSTAKLVSKA
19 150 to 159 19 145 to 154|DYVSILSPKE 19 92 to 101 TRSTAKL
50150 to 173 LKSRF 320|147 to 154|VSILSPKE 2092 to 105 |F KK TRSTAKLVSKA
21 [158 10 173 21147 10 157|VSILSPKEVSL 21 |93 to 111[KKTRSTAKLVSKAHRIFEE
22 160 to 165 22 151 to 157|SPKEVSL 22 102 to 111|VSKAHRIFEE
23 [160 to 173 23 |158 to 174|DSRVREGINKKMQEPSA 23102 to 112|VSKAHRIFEEF
24 166 to 173 24 175 to 182|HTF 24 106 to 111|HRIFEE
25 183 to 196 D 25 106 to 112|HRIFEEF
26 188 to 196 D 26 112 to 125 FVDV“Q
27 113 to 120|VDVQAPRE
28 [113 o
29 118 to
307|118 "t
31 126 to
32130 to 140| ATRKNLQEPSL
337|141 1o 153[TC
34 144 to 155
35 [146 to 153
36 154 to 162 D
37 "[152 10 169 D LRSKIIVL
38 |160 to 168 LRSKIIY

Figure S2: Definitions of fragments for each RGS protein. Each fragment comprises residues
whose color determines their location in nine ¢-helices of each RGS protein. Residue names in
connecting loops are highlighted in black, but shown as white cartoons in the protein structure. All
helices are colored and labeled in the protein rendering.
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Table S3: Details on all protection-factor correlation models with the default and re-
optimized values of their parameters. Optimized values based upon simulations conducted
using CHARMM and AMBER force-fields are listed with superscripts ¢k and am, respec-
tively. In addition, details on two new models M8 and M9 proposed in this work are listed.

Model Criteria
Mi! log(PF;) = u(SA;) +v/(HB;)
(1999—resing) u =0.76, v=28.2
=6.15, v" =532
=5.18, v =4.92
M2+ zn(PF> = <ﬂcNf+ﬁthl>
(2003—Vendruscolo) | B. =1, B, =
ﬁch 0.49, ﬁch =0.85
=0.5, B"™=0.9
M3’ ln(PE) = (BN + BN
(2006—Best) BC =0.35, B, =2
=0.23, B =5.40
ﬁam 0.23, B = 4.00
= M40 In(PF;) = (BCN° +B-(N)TH)
§| (2006—Kieseritzky) B.=0.5, B,=0.9
3 B =0.45, B =131
— B¥™ =0.19, B = 6.45
M5’ PF; = (C,NH*' + C.NHP) /C,NH:"!
(2011—Ma) Cch =38. 48e—6 Ch =2.50
C¥m =0.15, C¥" = 1.47¢*
M68 PF; = base/(1 +(\/base)1 —NHstat;)
(2015—Park) base = 108
base = 1.3¢8
base™™ = 0.4¢8
M7° PF; = 1¢/ 7o
(2015—Persson) | dy, =2.6 A, dy =2.6 A
dih =243 A, d" =273 A
de =2.40 A, d“’" 273A
M8 ln(PF) (BSSASAZ %4 B,D; )
=0.72, [36’1 = 2.60e!
e }/Ch 0.53, ¥" =0.99
S Bam = 1. 30e—3 Bam = 3.65¢!
2 Y =264, Y =1.27
= M9 PF; =t/
dsh =9, 15A , dS"=3.00 A

sasa

dm =802 A’ , A" =

sasa

2.99 A
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Figure S3: Deuterium incorporation of fragments in RGS4 . The HDX experiment (blue) and different models with default parameters
(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1AGR and AMBER Force-field.
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Figure S4: Deuterium incorporation of fragments in RGS4. The HDX experiment (blue) and different models with default parameters

(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1EZT and AMBER Force-field.
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(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:2IHD and AMBER Force-field.
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Figure S6: Deuterium incorporation of fragments in RGS8. The HDX experiment (blue) and different models with default parameters
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(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:20ODE and AMBER Force-field.
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Figure S7: Deuterium incorporation of fragments in RGS19. The HDX experiment (blue) and different models with default parameters
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(red) are shown in seven discrete times.This figure shows the MD simulation results for PDB:1CMZ and AMBER Force-field.
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Figure S8: Deuterium incorporation of fragments in RGS4 incorporation of fragments in RGS4. The HDX experiment (blue) and different
models with optimized parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1AGR
and AMBER Force-field.
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Figure S9: Deuterium incorporation of fragments in RGS4. The HDX experiment (blue) and different models with optimized parameters
(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1EZT and AMBER Force-field.
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Figure S10: Deuterium incorporation of fragments in RGS8. The HDX experiment (blue) and different models with optimized parameters
(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:2IHD and AMBER Force-field.
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Figure S11: Deuterium incorporation of fragments in RGS8. The HDX experiment (blue) and different models with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:2ODE and AMBER
Force-field.
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Figure S12: Deuterium incorporation of fragments in RGS19. The HDX experiment (blue) and different models with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1CMZ and AMBER
Force-field.
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Figure S13: Deuterium incorporation of fragments in RGS4. The HDX experiment (blue) and the new models (M8, M9) with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1AGR and AMBER Force-field.
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Figure S14: Deuterium incorporation of fragments in RGS4. The HDX experiment (blue) and the new models (M8, M9) with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1EZT and AMBER Force-field.
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Figure S15: Deuterium incorporation of fragments in RGS8. The HDX experiment (blue) and the new models (M8, M9) with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:2IHD and AMBER Force-field.
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Figure S16: Deuterium incorporation of fragments in RGS8. The HDX experiment (blue) and the new models (M8, M9) with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:2ODE and AMBER Force-field.
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Figure S17: Deuterium incorporation of fragments in RGS19. The HDX experiment (blue) and the new models (M8, M9) with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1CMZ and AMBER Force-field.
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Figure S18: Deuterium incorporation of fragments in RGS4. The HDX experiment (blue) and different models with default parameters
(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1AGR and CHARMM Force-field.
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Figure S19: Deuterium incorporation of fragments in RGS4. The HDX experiment (blue) and different models with default parameters

(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1EZT and CHARMM Force-field.
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Figure S20: Deuterium incorporation of fragments in RGS8. The HDX experiment (blue) and different models with default parameters
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(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:2IHD and CHARMM Force-field.
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Figure S21: Deuterium incorporation of fragments in RGS8. The HDX experiment (blue) and different models with default parameters
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(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:20ODE and CHARMM Force-field.
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Figure S22: Deuterium incorporation of fragments in RGS19. The HDX experiment (blue) and different models with default parameters
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(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1CMZ and CHARMM Force-field.
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Figure S23: Deuterium incorporation of fragments in RGS4. The HDX experiment (blue) and different models with optimized parameters
(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1AGR and CHARMM Force-field.
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Figure S24: Deuterium incorporation of fragments in RGS4. The HDX experiment (blue) and different models with optimized parameters
(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1EZT and CHARMM Force-field.
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Figure S25: Deuterium incorporation of fragments in RGS8. The HDX experiment (blue) and different models with optimized parameters
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(red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:2IHD and CHARMM Force-field.
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Figure S26: Deuterium incorporation of fragments in RGS8. The HDX experiment (blue) and different models with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:20DE and CHARMM
Force-field.
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Figure S27: Deuterium incorporation of fragments in RGS19. The HDX experiment (blue) and different models with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1CMZ and CHARMM
Force-field.
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Figure S28: Deuterium incorporation of fragments in RGS4. The HDX experiment (blue) and the new models (M8, M9) with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1AGR and CHARMM Force-
field.
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Figure S29: Deuterium incorporation of fragments in RGS4. The HDX experiment (blue) and the new models (M8, M9) with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1EZT and CHARMM Force-
field.
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Figure S30: Deuterium incorporation of fragments in RGS8. The HDX experiment (blue) and the new models (M8, M9) with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:2IHD and CHARMM Force-
field.
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Figure S31: Deuterium incorporation of fragments in RGS8. The HDX experiment (blue) and the new models (M8, M9) with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:20DE and CHARMM Force-
field.
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Figure S32: Deuterium incorporation of fragments in RGS19. The HDX experiment (blue) and the new models (M8, M9) with optimized
parameters (red) are shown in seven discrete times. This figure shows the MD simulation results for PDB:1CMZ and CHARMM Force-
field.
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Figure S33: Deuterium incorporation is mapped on RGS proteins at = 1000 min as observed
in experiments and as predicted by the models M7, M8, and M9. Data are presented for the
CHARMM-FF simulations of RGS4, RGS8, and RGS19.

S44



——CHARMM

--—-AMBER
A.1°§4 §
CZ) 8
m A
0 @
- L R
A2°< 4 B
B B
Cé) N
2
B.1 og4 §
; z
F’-‘dﬂ A
_ 3 8
B2 .44 ® @
3 o]
Céi =
=
— o
C 4 5 =
~— N 2
= o @
~

=]

10 30 50 70 90 110
residue

Figure S34: Root mean squared fluctuations (RMSF) per residue across protein sequences are
shown from 2-us long MD simulations of (A) RGS4 (PDB: 1AGR, 1EZT), (B) RGS8 (PDB:
2IHD, 20DE), and (C) RGS19 (PDB: 1CMZ). Color bars indicate helical regions.
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Figure S35: Modeled deuterium incorporation at + = 1000 min at a single-residue resolution
(RGS4, CHARMM-FF).
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Figure S36: Modeled deuterium incorporation at # = 1000 min at a single-residue resolution
(RGS8, CHARMM-FF).
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Figure S37: Modeled deuterium incorporation at + = 1000 min at a single-residue resolution
(RGS4, AMBER-FF).
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Figure S38: Modeled deuterium incorporation at # = 1000 min at a single-residue resolution
(RGS8, AMBER-FF). S47



RGS19-1CMZ

PSPEEVQSWAQSFDKLMHSPAGRSVFRAFLRTEYSEENMLFWLACEELKAEANQHVVDEKARLI

M7
mM7*
Msﬂ L L% .1
M9
0.5

YEDYVSILSPKEVSLDSRVREGINKKMQEPSAHTFDDAQLQIYTLMHRDSYPRFLSSPTYRALL

M7

m7*

ms | B

M9 0
o7 a8

Figure S39: Modeled deuterium incorporation at # = 1000 min at a single-residue resolution
(RGS19, CHARMM-FF).
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Figure S40: Modeled deuterium incorporation at # = 1000 min at a single-residue resolution
(RGS19, AMBER-FF).
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Figure S41: The residues protected by hydrogen-bonds or salt-bridging interactions are highlighted
(panels A and B). The traces for distances between the centers-of-masses of residue pairs are shown
in panel C (S120-Q122) and panel D (E84-R119 and E111-R119).
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Figure S42: SASA data similar to Figure 5 are shown from MD simulations of all RGS proteins
for both force-fields (CHARMM-FF, panel A; AMBER-FF, panel B). Color and labeling details

are similar to Figure 5.
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Figure S43: Corrected mean residence times for open-states of amide hydrogens are shown. Other

details are similar to Figure 6.
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Figure S44: Residue-residue correlations among open states of all amide-hydrogens (CHARMM-
FF, RGS4 (PDB code 1AGR), model M7). The correlation matrix is calculated based on the
probability that two amide-hydrogens simultaneously explore open states; C(i,j) = (P(i,j) —

P@i)P(j)/(P())P(j)(1 = P()(1=P(j)))*>.”
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Figure S45: Data similar to Figure S44 are shown for RGS8 (CHARMM-FF, RGS8 (PDB code
20DE), model M7).°
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Figure S46: Probability of a closed to open transition in a given amide vs. simulation length (tts)
is presented based upon Poisson statistics.” Data are shown for PFs = 102, 10%, 10°, and 10'! with
To = 20 ps and 100 ps.
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